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ANALYSIS OF TARGET MOLECULES WITHIN A SAMPLE VIA
HYBRIDIZATION CHAIN REACTION

STATEMENT REGARDING FEDERALLY SPONSORED R&D
[0001] This invention was made with government support under Grant No.
ROIEBO006192 awarded by the National Institutes of Health and from DARPA under grant
HRO0011-17-2-0008. The government has certain rights in the invention.

PRIORITY AND CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] This application claims the benefit of U.S. Provisional Application
62/986436 filed on March 6, 2020, which is hereby incorporated by reference in its entirety.

REFERENCE TO ELECTRONIC SEQUENCE LISTING
[0003] The present application is being filed along with an Electronic Sequence
Listing. The Electronic Sequence Listing is provided as a file entitled
MOINSO07WOSEQLIST.txt which is 1,341 bytes in size, created on March 4, 2021. The
information in the Electronic Sequence Listing is incorporated herein by reference in its

entirety.

BACKGROUND

Field
[0004] The present invention relates generally to compositions and methods

relating to hybridization chain reaction.

Description of the Related Art

[0005] Hybridization Chain Reaction (HCR) is a method for the triggered
hybridization of nucleic acid molecules starting from metastable hairpin monomers or other
metastable nucleic acid structures. HCR does not require any enzymes and can operate

isothermally.
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[0006] HCR can involve two or more metastable hairpin monomers. The hairpin
monomers each have at last one single-stranded toehold, a single-stranded loop, and a double-
stranded stem. The energy to drive the self-assembly cascade is stored in the single-stranded
loop and toehold segments of the hairpins.

[0007] Each monomer is caught in a kinetic trap, preventing the system from
rapidly equilibrating. That is, pairs of monomers are unable to hybridize with each other in
the absence of an initiator. Introduction of an initiator strand causes the monomers to undergo
a chain reaction of hybridization events to form a nicked double-stranded polymer. HCR can
be used, for example, to detect the presence of an analyte of interest in a sample by detecting
the analyte with an initiator-labeled probe that carries an HCR initiator, which in turn triggers
HCR signal amplification. HCR signal amplification makes it possible to increase the signal-
to-background ratio for molecular detection and imaging applications by boosting the signal

above the background arising from the sample.

SUMMARY

[0008] Some embodiments provided herein provide for even greater signal-to-
background ratio using probe units comprising two or more fractional initiator probes each
comprising a fractional initiator. If individual fractional initiator probes bind non-specifically
in the sample they do not trigger HCR. However, if they bind specifically to their cognate
target, the fractional initiators within a probe unit are colocalized to form a full HCR initiator,
enabling the triggering of HCR signal amplification. In some embodiments, separating the
initiator into two or more fractional initiators, which only effectively co-localize in the
presence of a target, provides for automatic background suppression during the detection step.
When combined with the automatic background suppression provided by HCR during
amplification, this process provides for automatic background suppression throughout the
protocol (for example, if a reagent, either an individual probe or an individual hairpin monomer
binds in the sample, it will not lead to generation of amplified background).

[0009] In some embodiments presented herein, a probe unit comprises two
fractional initiator probes, each comprising a target-binding region and a fractional initiator,
where the target-binding regions within a probe unit are configured to bind to adjacent binding

sites on the target so as to colocalize a full HCR initiator, and wherein the fractional initiators
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within each probe unit are configured to bind to adjacent binding sites on an HCR hairpin so
as to trigger HCR signal amplification. In some embodiments, the junction between the target,
the fractional initiator probes, and/or the HCR hairpin is energetically unfavorable. In some
embodiments, by configuring the target-binding regions within a probe unit to bind to
overlapping binding sites on the target and/or by configuring the fractional initiators within a
probe unit to hybridize to overlapping binding sites on an HCR hairpin, the junction can relax
into an energetically more favorable conformation, increasing the strength of HCR signal
amplification.

[0010] In some embodiments provided herein, one or more targets can be analyzed
in a sample by generating one or more HCR signals, detecting one or more HCR signals,
removing one or more HCR signals, and repeating one or more of these steps.

[0011] In some embodiments provided herein, HCR signal amplification is used to
mediate catalytic reporter deposition (CARD), leading to even higher signal gain, and allowing
for the long-term archival storage of stained samples for regulatory purposes.

[0012] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided. In some embodiments, the method comprises providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets, providing N probe sets (each targeting one of N target types) each comprising either:
1) one or more HCR initiator-labeled probes, or ii) one or more probe units each comprising
two or more HCR fractional initiator probes, optionally washing the sample, providing M HCR
amplifiers (for M < N; each labeled with a distinct reporter) corresponding to M of the N probe
sets, optionally washing the sample, detecting M signals corresponding to the M reporters,
removing the M signals from the sample; and optionally repeating one or more of the above
steps until signal detection has been performed for all N targets. A probe set comprises either
one or more HCR initiator-labeled probes, or one or more probe units. An HCR initiator-
labeled probe comprises one or more target-binding regions and one or more initiators. A
probe unit comprises two or more HCR fractional initiator probes. An HCR fractional initiator
probe comprises a target-binding region and a fractional initiator. An HCR amplifier
comprises two or more HCR hairpins. An HCR hairpin comprises an input domain comprising

a single-stranded tochold and a stem section. An HCR hairpin further comprises an output
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domain comprising a single-stranded loop and a complement to the stem section. An HCR
hairpin further comprises a reporter.

[0013] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided. In some embodiments, the method comprises providing
a sample possibly containing one or more targets as well as possibly other molecules that are
not targets, providing one or more probe sets each comprising either: i) one or more HCR
initiator-labeled probes, or ii) one or more probe units each comprising two or more HCR
fractional initiator probes, optionally washing the sample, providing one or more HCR
amplifiers (each labeled with one or more reporters), optionally washing the sample, detecting
one or more signals from one or more reporters, optionally removing one or more probe sets
from the sample, optionally removing one or more HCR amplifiers from the sample, optionally
removing one or more reporters from the sample, and optionally removing one or more signals
from the sample. A probe set comprises either one or more HCR initiator-labeled probes, or
one or more probe units. An HCR initiator-labeled probe comprises one or more target-binding
regions and one or more initiators. A probe unit comprises two or more HCR fractional
initiator probes. An HCR fractional initiator probe comprises a target-binding region and a
fractional initiator. An HCR amplifier comprises two or more HCR hairpins. An HCR hairpin
comprises: an input domain comprising a single-stranded tochold and a stem section. An HCR
hairpin further comprises an output domain comprising a single-stranded loop and a
complement to the stem section. An HCR hairpin further comprises one or more reporters.

[0014] In some embodiments, method of repeated signal detection with substrate-
labeled hairpins is provided. In some embodiments, the method comprises a) providing a
sample possibly containing up to N targets as well as possibly other molecules that are not
targets, b) providing N probe sets each comprising either: 1) one or more HCR initiator-labeled
probes, or ii) one or more probe units each comprising two or more HCR fractional initiator
probes, c) optionally washing the sample, d) providing N HCR amplifiers (each labeled with a
distinct substrate) corresponding to the N probe sets, e) optionally washing the sample, f)
providing M label probes (for M < N; each conjugated to a distinct reporter) corresponding to
M of the N distinct substrates, g) optionally washing the sample, h) detecting M signals
corresponding to the M distinct reporters, 1) removing the M signals from the sample, and j)

optionally repeating one or more of steps f-i until signal detection has been performed for all
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N targets. A probe set comprises either one or more HCR initiator-labeled probes, or one or
more probe units. An HCR initiator-labeled probe comprises one or more target-binding
regions and one or more initiators. A probe unit comprises two or more HCR fractional
initiator probes. An HCR fractional initiator probe comprises a target-binding region and a
fractional initiator. An HCR amplifier comprises two or more HCR hairpins. An HCR hairpin
comprises an input domain comprising a single-stranded tochold and a stem section. An HCR
hairpin further comprises an output domain comprising a single-stranded loop and a
complement to the stem section. An HCR hairpin further comprises a substrate. A label probe
comprises a substrate-binding region and a reporter.

[0015] In some embodiments, a method of repeated signal detection with substrate-
labeled hairpins is provided. In some embodiments, the method comprises a) providing a
sample possibly containing one or more targets as well as possibly other molecules that are not
targets, b) providing one or more probe sets each comprising either: i) one or more HCR
initiator-labeled probes, or ii) one or more probe units each comprising two or more HCR
fractional initiator probes, c¢) optionally washing the sample, d) providing one or more HCR
amplifiers (each labeled with a substrate) corresponding to one or more probe sets, e)
optionally washing the sample, f) providing one or more label probes (each conjugated to a
reporter) corresponding to one or more substrates, g) optionally washing the sample, h)
detecting one or more signals corresponding to one or more reporters, i) removing one or more
signals from the sample, and j) optionally repeating any of steps b-i one or more times in any
order. A probe set comprises either one or more HCR initiator-labeled probes, or one or more
probe units. An HCR initiator-labeled probe comprises one or more target-binding regions
and one or more initiators. A probe unit comprises two or more HCR fractional initiator
probes. An HCR fractional initiator probe comprises a target-binding region and a fractional
initiator. An HCR amplifier comprises two or more HCR hairpins. An HCR hairpin comprises
an input domain comprising a single-stranded toehold and a stem section. An HCR hairpin
further comprises an output domain comprising a single-stranded loop and a complement to
the stem section. An HCR hairpin further comprises a substrate. A label probe comprises a
substrate-binding region and a reporter.

[0016] In some embodiments, a method of repeated signal detection with reporter

and/or substrate-labeled hairpins is provided. In some embodiments, the method comprises
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providing a sample possibly containing one or more targets as well as possibly other molecules
that are not targets, providing one or more HCR probe sets each comprising either: i) one or
more HCR initiator-labeled probes, or ii) one or more probe units each comprising two or more
HCR fractional initiator probes, providing one or more HCR amplifiers (each labeled with one
or more reporters and/or one or more substrates) corresponding to one or more probe sets,
optionally providing one or more label probes (each conjugated to one or more reporters)
corresponding to one or more substrates, detecting one or more signals, optionally washing the
sample, optionally removing one or more signals from the sample, optionally removing one or
more reporters from the sample, optionally removing one or more label probes from the
sample, optionally removing one or more HCR amplifiers from the sample, optionally
removing one or more probe sets from the sample, and optionally repeating any of the above
steps in any order. A probe set comprises either one or more HCR initiator-labeled probes, or
one or more probe units. An HCR initiator-labeled probe comprises one or more target-binding
regions and one or more initiators. A probe unit comprises two or more HCR fractional
initiator probes. An HCR fractional initiator probe comprises a target-binding region and a
fractional initiator. An HCR amplifier comprises two or more HCR hairpins. The HCR hairpin
comprises an input domain comprising a single-stranded toehold and a stem section. An HCR
hairpin further comprises an output domain comprising a single-stranded loop and a
complement to the stem section. An HCR hairpin further comprises one or more reporters
and/or one or more substrates. A label probe comprises a substrate-binding region and one or
more reporters.

[0017] In some embodiments, a method of repeated signal detection with reporter
and/or substrate-labeled hairpins is provided. In some embodiments, the method comprises
providing a sample possibly containing one or more targets as well as possibly other molecules
that are not targets, performing any of steps c-g one or more times in any order, providing one
or more HCR probe sets each comprising either: 1) one or more HCR initiator-labeled probes,
or ii) one or more probe units each comprising two or more HCR fractional initiator probes,
providing one or more HCR amplifiers that directly or indirectly generate one or more signals,
optionally washing the sample, detecting one or more signals, and optionally removing one or
more signals, wherein a probe set comprises either one or more HCR initiator-labeled probes,

or one or more probe units. An HCR initiator-labeled probe comprises one or more target-
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binding regions and one or more initiators. A probe unit comprises two or more HCR fractional
initiator probes. An HCR fractional initiator probe comprises a target-binding region and a
fractional initiator. An HCR amplifier comprises two or more HCR hairpins. An HCR hairpin
comprises an input domain comprising a single-stranded tochold and a stem section. An HCR
hairpin further comprises an output domain comprising a single-stranded loop and a
complement to the stem section. An HCR hairpin further comprises one or more reporters
and/or one or more substrates.

[0018] In some embodiments, a method of HCR involving overlapping binding
sites is provided. In some embodiments, the method comprises providing a sample possibly
containing a target as well as possibly other molecules that are not targets, providing a probe
set comprising one or more probe units each comprising two or more HCR fractional initiator
probes where the target-binding regions on the probes within each probe unit are configured
to bind to overlapping binding sites on the target, optionally washing the sample, providing an
HCR amplifier labeled with a reporter and/or a substrate, optionally washing the sample,
optionally providing a label probe (conjugated to a reporter) corresponding to the substrate,
optionally washing the sample, and detecting a signal from the reporter. A probe set comprises
one or more probe units. A probe unit comprises two or more HCR fractional initiator probes.
An HCR fractional initiator probe comprises a target-binding region and a fractional initiator.
The target binding regions on the probes within each probe unit are configured to bind to
overlapping binding sites on the target. An HCR amplifier comprises two or more HCR
hairpins. An HCR hairpin comprises an input domain comprising a single-stranded toehold
and a stem section. An HCR hairpin further comprises an output domain comprising a single-
stranded loop and a complement to the stem section. An HCR hairpin further comprises a
reporter and/or a substrate. A label probe comprises a substrate-binding region and a reporter.

[0019] In some embodiments, a method of HCR involving overlapping binding
sites is provided. In some embodiments, the method comprises providing a sample possibly
containing a target as well as possibly other molecules that are not targets providing a probe
set comprising one or more probe units each comprising two or more HCR fractional initiator
probes where the fractional initiators on the probes within each probe unit are configured to
bind to overlapping binding sites on an HCR hairpin, optionally washing the sample, providing

an HCR amplifier labeled with a reporter and/or a substrate, optionally washing the sample,
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optionally providing a label probe (conjugated to a reporter) corresponding to the substrate,
optionally washing the sample, and detecting a signal from the reporter. A probe set comprises
one or more probe units. A probe unit comprises two or more HCR fractional initiator probes.
An HCR fractional initiator probe comprises a target-binding region and a fractional initiator.
The fractional initiators on the probes within each probe unit are configured to bind to
overlapping binding sites on an HCR hairpin. An HCR amplifier comprises two or more HCR
hairpins. An HCR hairpin comprises an input domain comprising a single-stranded toehold
and a stem section. An HCR hairpin further comprises an output domain comprising a single-
stranded loop and a complement to the stem section. An HCR hairpin further comprises a
reporter and/or a substrate. A label probe comprises a substrate-binding region and a reporter.

[0020] In some embodiments, a method of HCR involving overlapping binding
sites with repeated signal detection is provided. In some embodiments, the method comprises
providing a sample possibly containing one or more targets as well as possibly other molecules
that are not targets providing one or more probe sets each comprising either: i) one or more
HCR initiator-labeled probes, or ii) one or more probe units each comprising two or more HCR
fractional initiator probes where target-binding regions on the probes within each probe unit
are configured to bind to overlapping or non-overlapping binding sites on a target and where
fractional initiators on the probes within each probe unit are configured to bind to overlapping
or non-overlapping binding sites on an HCR hairpin, optionally washing the sample, providing
one or more HCR amplifiers each labeled with one or more reporters and/or substrates,
optionally washing the sample, optionally providing one or more label probes (each conjugated
to one or more reporters) corresponding to one or more substrates, optionally washing the
sample, detecting a signal from one or more reporters, optionally removing one or more signals
from the sample, optionally removing one or more reporters from the sample, optionally
removing one or more label probes from the sample, optionally removing one or more
amplifiers from the sample, optionally removing one or more probe sets from the sample, and
optionally repeating any of the above steps in any order. A probe set comprises either one or
more HCR initiator-labeled probes, or one or more probe units. An HCR initiator-labeled
probe comprises one or more target-binding regions and one or more initiators. A probe unit
comprises two or more HCR fractional initiator probes. An HCR fractional initiator probe

comprises a target-binding region and a fractional initiator. The target-binding regions within
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a probe unit are configured to bind to overlapping or non-overlapping binding sites on the
target. The fractional initiators on the probes within each probe unit are configured to bind to
overlapping or non-overlapping binding sites on an HCR hairpin. An HCR amplifier
comprises two or more HCR hairpins. An HCR hairpin comprises an input domain comprising
a single-stranded toehold and a stem section. An HCR hairpin further comprises an output
domain comprising a single-stranded loop and a complement to the stem section. An HCR
hairpin further comprises one or more reporters and/or one or more substrates. A label probe
comprises a substrate-binding region and one or more reporters.

[0021] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer comprising a first input
domain comprising a first toehold and a first stem section, a first output domain comprising a
first hairpin loop and a complement to the first stem section, and a first hapten molecule, a
second hairpin monomer comprising a second input domain comprising a second toehold and
a second stem section, a second output domain comprising a second hairpin loop and a
complement to the second stem section, and a second hapten molecule, a target molecule, and
incubating the first fractional initiator probe and the second fractional initiator probe with the
target.

[0022] In some embodiments, a method comprises providing at least one initiator-
labeled probe comprising at least one initiator, a first hairpin monomer comprising a first input
domain comprising a first toehold and a first stem section, a first output domain comprising a
first hairpin loop and a complement to the first stem section, and a first hapten molecule, a
second hairpin monomer comprising a second input domain comprising a second toehold and
a second stem section, a second output domain comprising a second hairpin loop and a
complement to the second stem section, and a second hapten molecule, a target molecule, and
incubating the at least one initiator-labeled probe comprising at least one initiator with the
target.

[0023] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer comprising a first input

domain comprising a first toehold and a first stem section, a first output domain comprising a
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first hairpin loop and a complement to the first stem section, and a substrate, a second hairpin
monomer comprising a second input domain comprising a second toehold and a second stem
section, a second output domain comprising a second hairpin loop and a complement to the
second stem section, and the substrate a target molecule, and incubating the first fractional
initiator probe and the second fractional initiator probe with the target.

[0024] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer comprising a first input
domain comprising a first toehold and a first stem section, a first output domain comprising a
first hairpin loop and a complement to the first stem section, and a first fractional substrate, a
second hairpin monomer comprising a second input domain comprising a second toehold and
a second stem section, a second output domain comprising a second hairpin loop and a
complement to the second stem section, and a second fractional substrate, a target molecule,
and incubating the first fractional initiator probe and the second fractional initiator probe with

the target molecule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIGs. 1A and 1B depict some embodiments of in situ amplification via
hybridization chain reaction (HCR).

[0026] FIGs. 2A and 2B depict schematics of in situ HCR using either two-stage
or three-stage protocols.

[0027] FIGs. 3A and 3B depict some arrangements for two adjacent target sections
and two fractional initiator probes that hybridize to these adjacent target sections to colocalize
two fractional initiators.

[0028] FIGs. 4A-4D depict some embodiments of fractional initiator probes
colocalized by a target molecule.

[0029] FIGs. 5A-5E depict some embodiments of fractional initiator probes
colocalized by a target complex.

[0030] FIG. 6 depicts imaging target mRNAs in whole-mount chicken embryos

using unoptimized standard probes and fractional initiator probes.

-10-



WO 2021/221789 PCT/US2021/020919

[0031] FIGs. 7A-7C depict some embodiments of fractional initiator probes
colocalized by a target and displays test tube data demonstrating triggering HCR using
fractional initiator probes colocalized by a target.

[0032] FIGs. 8A-8B depict some embodiments of in situ HCR using fractional
initiator probes.

[0033] FIGs. 9A-9D depicts background and signal-to-background using standard
probes and fractional initiator probes.

[0034] FIGs. 10A-10D depict multiplexed imaging of mRNA expression with high
signal-to-background in a fixed whole-mount chicken embryo using fraction initiator probes
without probe set optimization.

[0035] FIGs. 11A-11B depicts quantitative imaging of mRNA expression with
subcellular resolution in fixed whole-mount chicken embryos using fractional initiator probes.

[0036] FIG. 12 depicts some embodiments of hybridizing a first fractional initiator
probe and a second fractional initiator probe to a target molecule.

[0037] FIG. 13 depicts some embodiments of triggered self-assembly of an HCR
amplification polymer from hairpin monomers upon initiation by an HCR initiator. 1050 in
FIG. 13 depicts a full initiator, from two parts. Only a part of the fractional initiator probes is
depicted. 11 (1050) denotes a full initiator formed by two fractional initiator probes colocalized
by a target.

[0038] FIG. 14 depicts some embodiments of HCR amplification using hairpin
monomers triggered by an HCR initiator. Only a part of the fractional initiator probes is
depicted. I1 denotes a full initiator formed by two fractional initiator probes colocalized by a
target.

[0039] FIG. 15 depicts some embodiments of an HCR mechanism using simplified
HCR hairpin monomers.

[0040] FIGs. 16A-16D depict some embodiments of probe sets comprising one or
more probe units and optionally comprising one or more helper probes.

[0041] FIGs. 17A-17C depict some embodiments of probe units comprising
fractional initiator probes.

[0042] FIGs. 18A-18F depict some embodiments of HCR amplifiers.

11-
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[0043] FIGs. 19A-19B depict some embodiments of HCR amplifiers comprising
four HCR hairpins.

[0044] FIGs. 20A-20F depict some embodiments of label probes.

[0045] FIGs. 21A-21B depict some embodiments of fractional initiator probes
designed to be complementary to overlapping regions of an HCR hairpin.

[0046] FIG. 22 depicts some embodiments of fractional initiator probes designed
to be complementary to overlapping regions of a target.

[0047] FIGs. 23A-230 depicts some embodiments for removal of HCR signal from
the sample. In some embodiments, any one or more of the steps in the processes can be
combined with the other methods of FIGs. 23A-230 and 40A-40N. In some embodiments,
any one of more of the steps in the processes of FIG. 23A-230 can be combined with the other
methods of FIGs. 26A-26T and 40A-40N.

[0048] FIGs. 24A-24B depict some embodiments of increasing the HCR signal
strength using fractional initiator probes designed to be complementary to overlapping regions
of an HCR hairpin.

[0049] FIGs. 25A-25B depict some embodiments of multiplexed in situ
hybridization in cultured human cells via repeated reporter detection.

[0050] FIGs. 26A-26T depict some embodiments of various methods for detecting
one or more targets in a sample using HCR initiator-labeled probes and/or HCR fractional
initiator probes in combination with HCR amplifiers. In some embodiments, any one or more
of the steps in the processes can be combined with the other methods of FIG. 26A-26T.

[0051] FIG. 27 depicts some embodiments of fractional initiator probes designed
to be complementary to overlapping regions of an HCR hairpin and designed to be
complementary to overlapping regions of a target.

[0052] FIGs. 28A-28C depict some embodiments of an example of in vitro
optimization of cooperative probe junctions to enhance fractional initiator HCR suppression
(OFF state) and conversion (ON state).

[0053] FIGs. 29A-29D depict some embodiments of multiplexed HCR
immunohistochemistry to image protein targets in formalin-fixed paraffin embedded mouse

brain sections using initiator-labeled primary antibody probes.
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[0054] FIGs. 30A-30D depict some embodiments of multiplexed HCR
immunohistochemistry to image protein targets in formalin-fixed paraffin embedded mouse
brain sections using unlabeled primary antibody probes and initiator-labeled secondary
antibody probes.

[0055] FIGs. 31A-31C depict some embodiments of simultaneous HCR RNA in
situ hybridization and protein immunohistochemistry in a formalin-fixed paraffin embedded
mouse brain section using DNA fractional initiator probes for mRNA targets and initiator-
labeled primary antibody probes for protein targets, with HCR signal amplification performed
for all targets simultaneously.

[0056] FIGs. 32A-32C depict some embodiments of simultaneous HCR RNA in
situ hybridization and protein immunohistochemistry in a formalin-fixed paraffin embedded
mouse brain section using DNA fractional initiator probes for mRNA targets and unlabeled
primary antibody probes and initiator-labeled secondary antibody probes for protein targets,
with HCR signal amplification performed for all targets simultaneously.

[0057] FIGs. 33A-33E depict some embodiments for using HCR to mediate CARD
signal amplification for a variety of target types.

[0058] FIGs. 34 A-34C depict some embodiments for using HCR to mediate CARD
signal amplification for generic target molecules and target complexes.

[0059] FIG. 35 depicts some embodiments for the placement of haptens in the
context of HCR CARD signal amplification.

[0060] FIGs. 36A-36B depict some embodiments of HCR CARD signal
amplification using substrate-labeled or fractional-substrate HCR hairpins.

[0061] FIGs. 37A-37B depict some embodiments of imaging an RNA target in
formalin-fixed paraffin-embedded human kidney and liver sections using HCR-mediated
CARD signal amplification.

[0062] FIG. 38 depicts some embodiments of fractional initiator probes colocalized
by a target molecule or target complex either directly or indirectly.

[0063] FIGs. 39A-39N depict some embodiments of initiator-labeled probes bound
to a target molecule or a target complex either directly or indirectly.

[0064] FIGs. 40A-40N depict some embodiments for removal of HCR signal from

the sample. In some embodiments, any one or more of the steps in the processes can be
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combined with the other methods of FIGs. 23A-230 and 40A-40N. In some embodiments,
any one of more of the steps in the processes of FIG. 40A-40N can be combined with the other
methods of FIGs. 23A-230 and 26A-26T.

[0065] FIGs. 41A-41C depict some embodiments of quantitative imaging of
mRNA expression with subcellular resolution in a formalin-fixed paraffin-embedded mouse
brain section using fractional initiator probes.

[0066] FIGs. 42A-42F depict some embodiments of initiator-labeled probes
comprising one or more HCR initiators.

[0067] FIGs. 43A-43C depict some embodiments of imaging target microRNAs
and mRNAs in whole-mount zebrafish embryos using initiator-labeled probes.

[0068] FIGs. 44A-447 depict some embodiments of shielded initiator-labeled
probes comprising one or more shielded HCR initiators.

[0069] FIGs. 45A-45B depict some embodiments of an example of using a shielded
initiator-labeled probe to reduce background.

[0070] FIGs. 46A-46M depict some embodiments of shielded initiators for use in
the context of shielded initiator-labeled probes.

[0071] FIG. 47 shows embodiments of sequences used for dehybridizing HCR
hairpins from HCR polymers in FIG. 25A (TABLE 2).

DETAILED DESCRIPTION

[0072] Hybridization Chain Reaction (HCR) is a method for the triggered
hybridization of nucleic acid molecules starting from metastable hairpin monomers or other
metastable nucleic acid structures. See, for example, Dirks, R. and Pierce, N. Proc. Natl. Acad.
Sci. USA 101(43): 15275-15278 (2004), and U.S. Patent Application No. 11/087,937, filed
March 22, 2005, U.S. Pat. Nos. US 8,105,778, January 31, 2012, 8,507,204, August 13, 2013;
and U.S. Pat. Pub. No. 2018/0010166, filed June 30, 2017, each of which is incorporated herein
by reference in its entirety. In a simple version of this process, metastable hairpin monomers
undergo a chain reaction of hybridization events to form a nicked double-stranded polymer
when triggered by a nucleic acid initiator strand. The hairpin monomers store the energy to

drive the polymerization process in their single-stranded loops and toecholds.
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[0073] HCR can involve two or more metastable hairpin monomers. The hairpin
monomers each have at last one single-stranded toehold, a single-stranded loop, and a double-
stranded stem. The energy to drive the self-assembly cascade is stored in the single-stranded
loop and toehold segments of the hairpins.

[0074] Each monomer is caught in a kinetic trap, preventing the system from
rapidly equilibrating. That is, pairs of monomers are unable to hybridize with each other in
the absence of an initiator. Introduction of an initiator strand causes the monomers to undergo
a chain reaction of hybridization events to form a nicked double-stranded polymer. HCR can
be used, for example, to detect the presence of an analyte of interest in a sample by detecting
the analyte with a probe that carries an HCR initiator, which in turn triggers HCR signal
amplification. HCR signal amplification makes it possible to increase the signal-to-background
ratio for molecular detection and imaging applications by boosting the signal above the
background arising from the sample.

[0075] Provided herein are embodiments of HCR. Methods of analysis of a sample
using hybridization chain reaction (HCR) can involve one, two, or all three of the following
aspects: 1) repeated signal detection, 2) overlapping binding sites, and 3) catalytic reporter
deposition (CARD).

[0076] In some embodiments of a method, a sample, possibly containing up to N
targets as well as possibly other molecules that are not targets, is combined with N probe sets
(each targeting one of N target types) each comprising one or more probe units each comprising
two or more HCR fractional initiator probes. M HCR amplifiers (for M < N; each labeled
with a distinct reporter) corresponding to M of the N probe sets are added. Thereafter, M
signals corresponding to the M reporters are detected. The steps of the method are repeated
until signal detection has been performed for all N targets.

[0077] In some embodiments of a method, a sample, possibly containing one or
more targets as well as possibly other molecules that are not targets, is combined with one or
more probe sets each comprising one or more probe units each comprising two or more HCR
fractional initiator probes. One or more HCR amplifiers (each labeled with one or more
reporters) is added, and one or more signals from one or more reporters are detected.

[0078] In some embodiments of a method, a sample, possibly containing up to N

targets as well as possibly other molecules that are not targets, is combined with N probe sets
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each comprising one or more probe units each comprising two or more HCR fractional initiator
probes. N HCR amplifiers (each labeled with a distinct substrate) corresponding to the N probe
sets and M label probes (for M<N; each conjugated to a distinct reporter) corresponding to M
of the N distinct substrates are added. Thereafter, M signals corresponding to the M distinct
reporters are detected. The steps of the method are repeated until signal detection has been
performed for all N targets. In some embodiments, a method of repeated signal detection is
provided. The method includes substrate-labeled hairpins, a sample, possibly containing one
or more targets as well as possibly other molecules that are not targets is combined with one
or more probe sets each comprising one or more probe units each comprising two or more
HCR fractional initiator probes, one or more HCR amplifiers (each labeled with a substrate)
corresponding to one or more probe sets, and one or more label probes (each conjugated to a
reporter) corresponding to one or more substrates. Thereafter, one or more signals
corresponding to one or more reporters are detected. The steps of the method are repeated one
or more times in any order.

[0079] In some embodiments of a method of repeated signal detection with reporter
and/or substrate-labeled hairpins, a sample, possibly containing one or more targets as well as
possibly other molecules that are not targets is combined with one or more HCR probe sets
each comprising one or more probe units each comprising two or more HCR fractional initiator
probes, one or more HCR amplifiers (each labeled with one or more reporters and/or one or
more substrates) corresponding to one or more probe sets, and one or more label probes (each
conjugated to one or more reporters) corresponding to one or more substrates. Thereafter, one
or more signals are detected. The steps of the method are repeated in any order.

[0080] In some embodiments of a method of repeated signal detection with reporter
and/or substrate-labeled hairpins, a sample, possibly containing one or more targets as well as
possibly other molecules that are not targets, is combined with one or more HCR probe sets
each comprising one or more probe units each comprising two or more HCR fractional initiator
probes. One or more HCR amplifiers are added that directly or indirectly generate one or more
signals, which are detected. The steps of the method can be performed one or more times in
any order.

[0081] In some embodiments of a method, a sample, possibly containing a target

as well as possibly other molecules that are not targets is combined with a probe set comprising
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one or more probe units each comprising two or more HCR fractional initiator probes. The
target-binding regions on the probes within each probe unit are configured to bind to
overlapping binding sites on the target. Thereafter, an HCR amplifier labeled with a reporter
and/or a substrate and an optional label probe (conjugated to a reporter) corresponding to the
substrate are added, and a signal detected from the reporter. In some embodiments, the
amplifier can instead be labeled with reporters, making the label on the probe optional.

[0082] In some embodiments of a method, a sample, possibly containing a target
as well as possibly other molecules that are not targets is combined with a probe set comprising
one or more probe units each comprising two or more HCR fractional initiator probes. The
fractional initiators on the probes within each probe unit are configured to bind to overlapping
binding sites on an HCR hairpin. An HCR amplifier labeled with a reporter and/or a substrate
and an optional label probe (conjugated to a reporter) corresponding to the substrate are added.
Thereafter, a signal from the reporter is detected. In some embodiments, the amplifier can
instead be labeled with reporters, making the label on the probe optional.

[0083] In some embodiments of a method, a sample, possibly containing one or
more targets as well as possibly other molecules that are not targets is combined with one or
more probe sets each comprising one or more probe units each comprising two or more HCR
fractional initiator probes. The target-binding regions on the probes within each probe unit are
configured to bind to overlapping or non-overlapping binding sites on a target. The fractional
initiators on the probes within each probe unit are configured to bind to overlapping or non-
overlapping binding sites on an HCR hairpin. One or more HCR amplifiers each labeled with
one or more reporters and/or substrates, and (optionally) one or more optional label probes
(each conjugated to one or more reporters) corresponding to one or more substrates are added.
A signal from one or more reporters is detected. The steps of the method can be repeated in
any order. In some embodiments, the amplifier can instead be labeled with reporters, making
the label on the probe optional.

[0084] In some embodiments of a method, a first fractional initiator probe
comprising a first fractional initiator, a second fractional initiator probe comprising a second
fractional initiator, a first hairpin monomer labeled with zero, one, or more haptens, a second
hairpin monomer labeled with zero, one, or more haptens, and a target molecule are combined.

This results in a binding of the first fractional initiator probe to the target molecule and a
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binding of the second fractional initiator probe to the target molecule. The first hairpin
monomer binds to both the first fractional initiator and the second fractional initiator, and the
second hairpin monomer binds to the first hairpin monomer. An anti-hapten molecule labeled
with one or more reporter entities is provided. The reporter entity is an enzyme that mediates
CARD. One or more CARD-substrates are provided and a signal measured from one or more
deposited reporters generated from the CARD-substrates by the enzyme that mediates CARD.

[0085] In some embodiments of a method, at least one initiator-labeled probe
comprising at least one initiator, a first hairpin monomer labeled with zero, one, or more
haptens, a second hairpin monomer labeled with zero, one, or more haptens, and zero, one, or
more target molecules are combined. This results in a binding of the at least one initiator-
labeled probe comprising at least one initiator to the zero, one, or more target molecules. The
first hairpin monomer binds to the at least one initiator, and the second hairpin monomer binds
to the first hairpin monomer. An anti-hapten molecule labeled with one or more reporter
entities is provided. The reporter entity is an enzyme that mediates CARD. One or more
CARD-substrates are provided and a signal measured from one or more deposited reporters
generated from the CARD-substrates by the enzyme that mediates CARD.

[0086] In some embodiments of a method, a first fractional initiator probe
comprising a first fractional initiator, a second fractional initiator probe comprising a second
fractional initiator, a first hairpin monomer comprising zero, one, or more substrates, a second
hairpin monomer comprising zero, one, or more substrates, and a target molecule are
combined. This results in a binding of the first fractional initiator probe to the target molecule
and a binding of the second fractional initiator probe to the target molecule. The first hairpin
monomer binds to both the first fractional initiator and the second fractional initiator, and the
second hairpin monomer binds to the first hairpin monomer. A substrate-binding region
labeled with one or more reporter entities is provided. The substrate-binding region binds to
the substrate. The reporter entity is an enzyme that mediates CARD. One or more CARD-
substrates are provided, and a signal measured from one or more deposited reporters generated
from the CARD-substrates by the enzyme that mediates CARD.

[0087] In some embodiments of a method, a first fractional initiator probe
comprising a first fractional initiator, a second fractional initiator probe comprising a second

fractional initiator, a first hairpin monomer comprising a first fractional substrate, a second
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hairpin monomer comprising a second fractional substrate, and a target molecule are
combined. This results in a binding of the first fractional initiator probe to the target molecule
and a binding of the second fractional initiator probe to the target molecule. The first hairpin
monomer binds to both of the first fractional initiator and the second fractional initiator, and
the second hairpin monomer binds to the first hairpin monomer, resulting in a full substrate
comprising the first and second fractional substrates. A substrate-binding region labeled with
one or more reporter entities is added. The substrate-binding region binds to the full substrate.
The reporter entity is an enzyme that mediates CARD. One or more CARD-substrates are
provided, and a signal measured from one or more deposited reporters generated from the
CARD-substrates by the enzyme that mediates CARD.

[0088] In some embodiments, the HCR process can be a fractional HCR process.
In some embodiments, the pair or set of fractional initiator probes can have a small amount of
overlap between them. In some embodiments, the initiator is shorter or longer than the input
domain of an HCR hairpin and/or has incomplete complementarity to the input domain of the
hairpin, but is able to hybridize to the input domain of the hairpin to open the hairpin and
initiate the HCR polymerization cascade. In some of the embodiments provided herein, the
fractional initiators within a probe unit are complementary to overlapping regions of an HCR
hairpin (for example, regions that overlap by 1, 2 or more nucleotides), or are substantially
complementary to an HCR hairpin (for example, complementary except for 0, 1, 2, a few, or
several mismatches).

[0089] In some embodiments, the initiators on an initiator-labeled probe can be
shiclded to enhance penetration into the sample (to increase signal) and/or to reduce non-
specific binding of the probe within the sample (to reduce background).

In some embodiments, the HCR process can include a hairpin label that can comprise
a substrate that serves to recruit a reporter entity that comprises an enzyme that mediates
catalytic reporter deposition (CARD).

[0090] In some embodiments, an HCR hairpin label can comprise a fractional
substrate such that a label probe conjugated to a reporter molecule (or to a reporter entity) does
not strongly bind the fractional substrate on an individual hairpin, but such that following HCR
polymerization, neighboring hairpins in the HCR amplification polymer colocalize a full

substrate such that the colocalized full substrate strongly binds a label probe conjugated to a
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reporter molecule (or to a reporter entity comprising an enzyme that mediates CARD signal
amplification.

[0091] In some embodiments, the HCR process can include one or more haptens
(for example see FIGs. 33A-33E, 34A-34C, 35, 36A-36B) that serve to mediate an additional
layer of signal amplification via catalytic reporter deposition (CARD).

[0092] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided. In some embodiments, the method comprises: a)
providing a sample possibly containing up to N targets as well as possibly other molecules that
are not targets; b) providing N probe sets (each targeting one of N target types) each
comprising: one or more probe units each comprising two or more HCR fractional initiator
probes; c) optionally washing the sample; d) providing M HCR amplifiers (for M < N; each
labeled with a distinct reporter) corresponding to M of the N probe sets; e) optionally
washing the sample; f) detecting M signals corresponding to the M reporters; g) removing the
M signals from the sample; and h) optionally repeating one or more of steps b-g until signal
detection has been performed for all N targets.

[0093] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided. In some embodiments, the method comprises: a)
providing a sample possibly containing up to N targets as well as possibly other molecules that
are not targets; b) providing N probe sets (each targeting one of N target types) each comprising
one or more initiator-labeled probes each comprising one or more initiators; c) optionally
washing the sample; d) providing M HCR amplifiers (for M < N; each labeled with a distinct
reporter) corresponding to M of the N probe sets; ¢) optionally washing the sample; f)
detecting M signals corresponding to the M reporters; g) removing the M signals from the
sample; and h) optionally repeating one or more of steps b-g until signal detection has been
performed for all N targets.

[0094] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided. In some embodiments, the method comprises: a)
providing a sample possibly containing up to N targets as well as possibly other molecules that
are not targets; b) providing N probe sets (each targeting one of N target types) each comprising
either: 1) one or more HCR initiator-labeled probes each comprising one or more initiators, or

2) one or more probe units each comprising two or more HCR fractional initiator probes; c)
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optionally washing the sample; d) providing M HCR amplifiers (for M < N; each labeled with
a distinct reporter) corresponding to M of the N probe sets; €) optionally washing the sample;
f) detecting M signals corresponding to the M reporters; g) removing the M signals from the
sample; and h) optionally repeating one or more of steps b-g until signal detection has been
performed for all N targets.

[0095] In some embodiments, the method comprises: a) providing a sample
possibly containing up to N targets as well as possibly other molecules that are not targets; b)
providing N probe sets (each targeting one of N target types) each comprising: one or more
probe units each comprising two or more HCR fractional initiator probes; c¢) washing the
sample; d) providing M HCR amplifiers (for M < N; each labeled with a distinct reporter)
corresponding to M of the N probe sets; e) washing the sample; ) detecting M signals
corresponding to the M reporters; g) removing the M signals from the sample; and h) repeating
one or more of steps b-g until signal detection has been performed for all N targets.

[0096] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets;
b) providing one or more probe sets each comprising one or more probe units each comprising
two or more HCR fractional initiator probes; c) optionally washing the sample; d) providing
one or more HCR amplifiers (each labeled with one or more reporters); e) optionally washing
the sample; f) detecting one or more signals from one or more reporters; g) optionally removing
one or more probe sets from the sample; h) optionally removing one or more HCR amplifiers
from the sample; i) optionally removing one or more reporters from the sample; and j)
optionally removing one or more signals from the sample. The process (all of the steps or a

subset) can be repeated as desired.

Definitions and Embodiments

[0097] “Nucleic Acids” as used herein includes oligomers of some form of DNA
and/or RNA. Nucleic acids may also include analogs of DNA or RNA having modifications
to either the bases or the backbone. For example, nucleic acid, as used herein, includes the use
of peptide nucleic acids (PNA). The term “nucleic acids” also includes chimeric molecules.
The phrase includes artificial constructs as well as derivatives etc. The phrase includes, for
example, any one or more of DNA, RNA, 2°0OMe-RNA, LNA, XNA, synthetic nucleic acid
analogs, and PNA.
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[0098] The term “‘sticky end” refers to a nucleic acid sequence that is available to
hybridize with a complementary nucleic acid sequence. The secondary structure of the “sticky
end” is such that the sticky end is available to hybridize with a complementary nucleic acid
under the appropriate reaction conditions without undergoing a conformational change.
Typically the sticky end is a single stranded nucleic acid.

[0099] “Monomers” are individual nucleic acid oligomers. Typically, at least two
monomers are used in hybridization chain reactions, although three, four, five, six or more
monomers may be used. Typically each monomer comprises at least one region that is
complementary to at least one other monomer being used for the HCR reaction.

[0100] The composition can include (for example, see Figure 13) a first hairpin
monomer (1510), comprising: a) a first input domain (1852), comprising a first tochold (1851)
and a first stem section, b) a first output domain (1854), comprising a first hairpin loop (1853)
and a complement to the first stem section, and c) a first reporter molecule (1850). The
composition can further include a second hairpin monomer (1610), comprising: a) a second
input domain (1952), comprising a second toehold (1951) and a second stem section, b) a
second output domain (1954), comprising a second hairpin loop (1953) and a complement to
the second stem section, and ¢) a second reporter molecule (1950).

[0101] In some embodiments, the monomers are “metastable.” That is, in the
absence of an initiator they are kinetically disfavored from associating with other monomers
comprising complementary regions. “HCR” monomers are monomers that are able to
assemble upon exposure to an initiator nucleic acid to form a polymer.

[0102] As used herein, “polymerization” refers to the association of two or more
monomers to form a polymer. The “polymer” can comprise covalent bonds, non-covalent
bonds or both. For example, in some embodiments two species of monomers are able to
hybridize in an alternating pattern to form a polymer comprising a nicked double-stranded
polymer. The polymers are also referred to herein as “HCR products.”

[0103] An “initiator-labeled probe” comprises one or more target-binding domains
and one or more HCR initiators (for example, FIGs. 39A-39N and 42A-42F).

[0104] A “fractional initiator probe” comprises one or more target-binding

domains and one or more fractional initiator domains (for example, FIGs. 3A-3B, SA-5E, and

22



WO 2021/221789 PCT/US2021/020919

38). The terms “fractional initiator probes” and “fractional-initiator probes” are
interchangeable as used herein.

[0105] A “full initiator” comes from the combination of two or more fractional
initiators that, when colocalized, are able to initiate HCR polymerization. Some initiators
comprise a nucleic acid region that is complementary to the initiator complement region of an
HCR monomer. A fractional initiator is one that, on its own is insufficient to trigger HCR
polymerization, but when colocalized with one (or more) other fractional initiators to form a
full initiator, can trigger HCR polymerization.

[0106] A “probe unit” comprises two or more fractional initiator probes such that
the fractional initiator domains on the fractional initiator probes within the probe unit can be
colocalized to create a full initiator.

[0107] The following terms, in TABLE 1, are indicated as alternative options
(which may vary in breadth depending upon the context) for the terms used herein. The
disclosure of the broadest term not only denotes the broadest concept, but also the narrower
concept herein. This approach and table are merely being used as a shorthand for denoting

both options in a more concise manner.

TABLE 1

Split-initiator probe

Fractional initiator probe

Target-binding sequence

Target-binding section

Proximal subsequence

Target section

Cognate proximal target site

Target section

Target-binding region

Target-binding section

HCR Initiator 11 Full HCR Initiator
Hairpin H1 First Hairpin Monomer
Hairpin H2 Second Hairpin Monomer
HCR Hairpin Hairpin Monomer

Split-initiator probe pair

Fractional initiator probe pair

Cognate target site

Target section

Initiator I1

Full HCR Initiator

Probe 1

First fractional initiator probe
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Probe 2 Second fractional initiator probe
Automatic background suppression Active background suppression
Standard probe Initiator-labeled probe
[0108] As used herein, “substrate” can denote: 1) a substrate domain on a hairpin

(for example, domain “e” in FIGs. 18C, 18E and 36A) that serves as the binding site for the
substrate binding region in label probe 2) CARD-substrates that become deposited reporters
mediated by the CARD enzyme (for example, FIGs. 33A-33E, 34A-34C, 36A-36B). To avoid
confusion, usage (2) substrates are intended to be denoted as “CARD-substrates” so that the
word CARD is attached to “substrate” for that context.

[0109] The section headings used herein are for organizational purposes only and
are not to be construed as limiting the described subject matter in any way. All literature and
similar materials cited and/or in this application, including but not limited to, patents, patent
applications, articles, books, treatises, and internet web pages are expressly incorporated by
reference in their entirety for any purpose. When definitions of terms in incorporated
references appear to differ from the definitions provided in the present teachings, the definition
provided in the present teachings shall control. It will be appreciated that there is an implied
“about” prior to the temperatures, concentrations, times, etc., discussed in the present
teachings, such that slight and insubstantial deviations are within the scope of the present
teachings herein. In this application, the use of the singular includes the plural unless
specifically stated otherwise. Also, the use of “comprise”, “comprises”, “comprising”,
“contain”, “contains”, “containing”, “include”, “includes”, and “including” are not intended to
be limiting. Itis to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive. Unless defined
otherwise, technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. See, for example
Singleton et al., Dictionary of Microbiology and Molecular Biology 2nd ed., J. Wiley & Sons
(New York, N.Y. 1994); Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold
Springs Harbor Press (Cold Springs Harbor, N.Y. 1989). It is to be understood that both the
general description and the detailed description are exemplary and explanatory only and are

not restrictive of the invention as claimed. In this application, the use of the singular includes
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the plural unless specifically stated otherwise. In this application, the use of “or” means
“and/or” unless stated otherwise. Furthermore, the use of the term “including”, as well as other
forms, such as “includes” and “included”, is not limiting. Also, terms such as “element” or
“component” encompass both elements and components comprising one unit and elements and
components that comprise more than one subunit unless specifically stated otherwise. Also,
the use of the term “portion” can include part of a moiety or the entire moiety.

[0110] In some embodiments, any one or more of the optional elements of any one
or more of the figures herein can be combined with any one or more of the other optional steps
of any one or more of the figures herein.

[0111] In some embodiments, any one or more of the elements that are different
for any one or more of the figures herein can be combined with any one or more of the other
steps that are different for any one or more of the figures herein.

[0112] In some embodiments, any one or more of the optional elements that are
different for any one or more of the figures herein can be combined with any one or more of
the other optional steps that are different for any one or more of the figures herein.

[0113] The term “step” denotes an action that occurs and/or can be performed. It
is noted that multiple “steps” can occur at once or in an overlapping period of time and/or
sequentially. Unless denoted otherwise (explicitly or implicitly given the context of the
disclosure) all options are contemplated herein. Furthermore, the steps can be taken in
different order or repeated or have additional intervening or overlapping steps added, unless
denoted otherwise.

[0114] Analysis of target molecules within a sample via hybridization chain
reaction. In some embodiments, a target is detected using a probe set comprising one or more
initiator-labeled probes each comprising one or more HCR initiators (for example, FIGs. 39A-
39N, 42A-42F and 43A). In some embodiments, a target is detected within a sample using a
probe set comprising one or more probe units (for example see the probe sets of Figures 8A-
8B and 16A-16D), where a probe unit comprises two or more HCR fractional initiator probes
(for example see the probe units of Figures 3A-5E, and 17A-17C), where each HCR fractional
initiator probe comprises a target-binding region and a fractional initiator (for example, see the
fractional initiator probes of Figures 12 and 17A-17C). In some embodiments, binding of each

probe within a probe unit to adjacent cognate binding sites on the target colocalizes the
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fractional initiators to form a full HCR initiator (for example, see the full HCR initiators of
Figures 3A-5E, 8A-8B, 16A-16D, 21A-22, 27, and 38) capable of hybridizing to an HCR
hairpin to trigger HCR signal amplification.

[0115] In some embodiments, the HCR signal amplification increases the signal-
to-background ratio for molecular detection and imaging applications by boosting the signal
above the background arising from the sample by about 5, 10, 15, 20, 25, 30, 40, 50, 75, 100,
500, 1000, or 2000-fold, or a value with a range defined by any two of the aforementioned
values.

[0116] In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, 27, and 28). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification. An HCR amplifier comprises two or more HCR hairpins (for example, see the
HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B). In some embodiments, each HCR
hairpin comprises an input domain with a single-stranded toehold and a stem section, and an
output domain with a single-stranded loop and a complement to the stem section (for example,
see the HCR hairpins of Figures 8A-8B, 13, 14, 18A-18F, and 19A-19B). In some
embodiments, the one or more HCR initiators on an initiator-labeled probe each initiate a chain
reaction of polymerization steps in which the initiator hybridizes to the input domain of a first
HCR hairpin, opening the first hairpin to expose its output domain, which in turn hybridizes to
the input domain of a second HCR hairpin, opening the second hairpin to expose its output
domain, and so on and so forth, leading to a chain reaction in which hairpins polymerize to
yield an HCR amplification polymer tethered to the target (for example, see the amplification
polymers of Figures 13, 14, 19A-19B, 29A, 30A, 33A, 33C-33E, 34A, and 41A). In the
absence of a full HCR initiator, HCR hairpins are kinetically trapped and do not polymerize,
suppressing background. However, if the fractional initiator probes within a probe unit bind to
their adjacent cognate binding sites on the target to colocalize a full HCR initiator, the full
HCR initiator initiates a chain reaction of polymerization steps in which the full initiator

hybridizes to the input domain of a first HCR hairpin, opening the first hairpin to expose its
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output domain, which in turn hybridizes to the input domain of a second HCR hairpin, opening
the second hairpin to expose its output domain, and so on and so forth, leading to a chain
reaction in which hairpins polymerize to yield an HCR amplification polymer tethered to the
target (for example, see the amplification polymers of Figures 8A, 13, 14, 18C-18F, and 19A-
19B). In some embodiments, an HCR hairpin further comprises one or more labels, each label
comprising a reporter or comprising a substrate (or a fractional substrate) that recruits a label
probe comprising one or more reporters (for example, see the reporter-labeled, substrate-
labeled, and fractional-substrate-labeled HCR hairpins of Figure 18A-18F). In some
embodiments, the zero, one, or more substrates on an HCR hairpin may comprise haptens (for
example see FIG. 35) that serve to mediate an additional layer of signal amplification via
catalytic reporter deposition (CARD) (see for example, FIGs. 33A-33E, 34A-34D and 37). In
some embodiments, a label probe comprises one or more reporters and further comprises a
substrate-binding region complementary to a substrate on an HCR hairpin or complementary
to a full substrate colocalized within an HCR amplification polymer (for example, see the label
probes of FIGs. 20A-20F and 36A-36B). In some embodiments, signal is generated by one or
more reporters associated with an HCR amplification polymer tethered to the target within the
sample. In some embodiments, signal is removed from the sample (for example, see Figure
23). In some embodiments, HCR signal is generated, detected, and removed from the same
sample one or more times (for example, see FIGs. 23A-230 and 40A-40N).

[0117] In some embodiments, any one or more of the steps provided in any of the
figures provided herein can be combined into one of the other methods provided herein. As
used herein, a generic reference to a set of figures (e.g., FIG. 18) denotes all of the different
figures contained within that number (e.g., 18 A-18F), each combined together, one or more of
them, or each in the alternative, unless otherwise denoted.

[0118] HCR initiators. An initiator-labeled probe comprises one or more HCR
initiators capable of initiating an HCR polymerization cascade. In some embodiments, an
initiator is fully complementary to the input domain of an HCR hairpin such that it hybridizes
to the input domain of the hairpin to open the hairpin and initiate the HCR polymerization
cascade. In some embodiments, the initiator is partially complementary to the input domain of
an HCR hairpin, but sufficiently complementary such that it hybridizes to the input domain of

the hairpin to open the hairpin and initiate the HCR polymerization cascade. In some
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embodiments, the initiator is shorter or longer than the input domain of an HCR hairpin and/or
has incomplete complementarity to the input domain of the hairpin, but is able to hybridize to
the input domain of the hairpin to open the hairpin and initiate the HCR polymerization
cascade. In some embodiments, an HCR initiator might have 60%, 70%, 80%, 90%, or 100%
complementarity to the input domain of an HCR hairpin, and hybridize to the input domain of
the hairpin to open the hairpin and initiate the HCR polymerization cascade. In some situations,
initiator-labeled probes comprising one or more initiators may experience reduced penetration
into the sample due to initiators binding non-specifically near the surface of the sample. In
some situations, initiator-labeled probes comprising one or more initiators may cause increased
background due to non-specific binding of initiators to DNA, RNA, proteins, or other
molecules within the sample. In some embodiments, the initiators on an initiator-labeled probe
are shielded by base-pairing (see for example FIGs. 44A-447, 45A-45B, and 46A-46M) to
enhance penetration into the sample (to increase signal) and/or to reduce non-specific binding
of the probe within the sample (to reduce background). In some embodiments, the initiator can
be shielded by a hairpin structure (for example FIGs. 44A-44E, 44K-441.,, 440-44P, 44S-44T,
44W-44X, 46 A-46E, and 46M). In some embodiments, the initiator can be shielded by one or
more auxiliary oligos (for example FIGs. 44F-44], 44M-44N, 44Q-44R, 44U-44V, 44Y-447,,
46F-46J). In some embodiments, the initiator can be shielded by self-complementarity within
the oligo comprising an initiator and/or complementarity to one or more auxiliary strands (for
example, FIGs. 44A-447 and 46A-46M).

[0119] Automatic background suppression with HCR fractional initiator
probes. In some embodiments, fractional initiator probes automatically suppress background
because the HCR initiator (I1 or I2) is split between a pair of probes (for example, see Figures
8 and 12). In some embodiments, if probes bind specifically to the target at proximal cognate
binding sites, the target colocalizes the two probes within a probe pair to form a full HCR
initiator. In some embodiments, individual probes that bind non-specifically do not trigger
HCR since each probe carries only a fraction of an HCR initiator, and HCR signal amplification
is triggered only if the full HCR initiator is colocalized.

[0120] Automatic background suppression with HCR hairpins. In some
embodiments, HCR hairpins automatically suppress background because HCR hairpins are

kinetically trapped so they do not polymerize in the absence of an HCR initiator (I1 or 12). In
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some embodiments, if both probes within a fractional initiator probe pair bind specifically to
their proximal cognate binding sites on the target, the resulting colocalized full HCR initiator
(I1 or 12) triggers growth of a tethered HCR amplification polymer (for example, see Figure
8). Individual HCR hairpins that bind non-specifically in the sample do not trigger HCR since
they are kinetically trapped.

[0121] Automatic background suppression with HCR fractional initiator
probes and HCR hairpins. The combination of HCR fractional initiator probes for target
detection and HCR amplification hairpins for signal amplification provide automatic
background suppression throughout the protocol, ensuring that reagents will not generate
amplified background even if they bind non-specifically within the sample.

[0122] Full HCR initiator split between 2 or more fractional initiator probes.
We refer to each set of fractional initiator probes that generate a full HCR initiator as a probe
unit (for example, see Figure 17). In some embodiments, a full HCR initiator (I1 or 12) is
generated by a pair of fractional initiator probes that each carry a fraction of the full HCR
initiator such that together they comprise the full HCR initiator (fraction f1 for probe P1 and
fraction f2 for probe P2 such that f1 + f2 = 1); in this case, a probe unit is two fractional initiator
probes (for example, see Figure 17A). The fractions f1 and f2 are sufficiently small compared
to the full HCR initiator (for example, f1 = 0.5 with f2 = 0.5; or f1 = 0.45 with f2 = 0.55; or {1
= 0.4 with {2 = 0.6) such that HCR signal amplification is suppressed if the full HCR initiator
is not colocalized by the target.

[0123] In some embodiments, an HCR initiator (I1 or 12) is split between three
fractional initiator probes (fraction f1 for probe P1, fraction {2 for probe P2, fraction f3 for
probe 3 such that f1 + f2 + f3 = 1); in this case, a probe unit consists of three fractional initiator
probes. In some embodiments, an HCR initiator (I1 or I2) is split between N fractional initiator
probes (fraction f1 for probe P1, fraction 2 for probe P2, ..., fraction fN for probe PN such
that f1 + f2 + ... N = 1; for example, see Figure 17B) with N = 2, 3, 4, or more; in this case,
a probe unit consists of N fractional initiator probes. For any of these values of N, HCR signal
amplification is suppressed if the full HCR initiator is not colocalized by the target.

[0124] In some embodiments, a full HCR initiator is generated by a pair (or set) of
probes that each carry a fraction of an HCR initiator such that the sum of the fraction f1 for

probe P1 and the fraction f2 for probe P2 (f1 + {2) is sufficiently close to 1 (for example, f1 =
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0.47,12=0.47, f14£2 = 0.94) such that HCR signal amplification is triggered by the colocalized
full initiator that results from binding of the pair of probes to their adjacent cognate binding
sites on the target. In some embodiments, the fractional initiator probes within a probe unit
generate a full HCR initiator corresponding to 100% of an HCR initiator. In some
embodiments, the fractional initiator probes within a probe unit generate a sufficient fraction
of an HCR 1initiator to provide efficient HCR signal amplification relative to the rate of signal
amplification when no fractional initiator probes are present or when individual fractional
initiator probes are present but are not colocalized by the target. In some embodiments, the
fraction of a full HCR initiator generated by colocalized probes within a probe unit is 99%,
95%, 90%, 80%, or 60%, including any range above any one of the preceding values or defined
between any two of the preceding values of a full HCR initiator. In some embodiments, a
probe unit comprises 2, 3, 4, 5 or more fractional initiator probes. In some embodiments, the
fractional initiators in the probe unit are sufficient to be functional as an HCR initiator when
the probes within the probe unit are colocalized by binding to their adjacent cognate binding
sites on the target. In some embodiments, while an HCR initiator may have a sequence of a
particular length (e.g., 15 nucleotides), the fractional initiators within a probe unit need not be
the exact same length. For example, in some embodiments, their combined length could be 14
or 13 nucleotides, if, when colocalized, they still function as an HCR initiator.

[0125] In some embodiments, any two or more fractional initiators can be used, as
long as, together, they provide the function of an HCR initiator.

[0126] In some embodiments, a full HCR initiator is generated by a pair of probes
that each carry a fraction of an HCR initiator further comprising one or a few or several
sequence modifications such that the sum of the fraction {1 for probe P1 and the fraction f2 for
probe P2 (f1 + {2) is sufficiently close to 1 (for example, f1 = 0.45, 2 = 0.47, f1+f2 = 0.92)
such that HCR signal amplification is triggered by the colocalized full initiator that results
from binding of the pair of probes to their adjacent cognate binding sites on the target. In some
embodiments, the fractional initiator probes within a probe unit generate a full HCR initiator
that has 100% sequence identity with an HCR initiator. In some embodiments, the fractional
initiator probes within a probe unit generate sufficient sequence identity to an HCR initiator to
enable efficient HCR signal amplification relative to the rate of signal amplification when no

fractional initiator probes are present or when individual fractional initiator probes are present
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but are not colocalized by the target. In some embodiments, the full HCR initiator generated
by colocalized probes within a probe unit has 99%, 95%, 90%, 80%, or 60% sequence identity
with an HCR initiator, including any range above any one of the preceding values or defined
between any two of the preceding values.

[0127] Use of large probe sets to enhance signal-to-background ratio. Signal
increases monotonically with the number of probe units so in some embodiments it is
advantageous to use large probe sets comprising multiple probe units when target length
permits (for example, mRNA, IncRNA, gDNA targets) in order to increase the amount of
signal generated per target molecule. Automatic background suppression ensures that only
probe units that bind specifically to the target trigger HCR signal amplification, so it is typically
unnecessary to test individual probes within a probe set in order to remove those that bind non-
specifically. As a result, automatic background suppression increases ease-of-use by
eliminating the need for probe set optimization when using a new probe set for a new target.
Because signal increases monotonically with probe set size and background is automatically
suppressed for all probe pairs, it is typically advantageous to increase the probe set size in order
to increase the signal-to-background ratio. A probe set comprises 1 or more probe units, each
comprising two or more fractional initiator probes (for example, see Figure 8 and Figure 16).
For example, the number of probe units in a probe set could be in the range 1 to 1000, or 10 to
100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could increase
the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more. Increasing
the number of probe units in a probe set could increase the signal-to-background ratio to be 2,
or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the number of probe
units in the probe set, the level of background inherent to the sample, and the abundance of the
target within the sample.

[0128] Probe set size constrained by transcriptomes and/or genomes within
the sample. In some situations, it is desirable to discriminate one target within a sample from
one or more other targets in the sample that are closely related in sequence. For example: 1) a
target mMRNA within an organism might have a similar sequence to another mRNA within the
organism, including the possibility that the target mRNA might be one splice variant that needs
to be distinguished from other splice variants, 2) a target mRNA might contain multiple regions

that each have sequence similarity to one or more other RNAs within the transcriptome of the
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organism, 3) a target mRNA contained in one organism might be present in a multi-species
sample such that the target mRNA has regions that are similar in sequence to one or more
RNAs within the transcriptome of another species, 4) a target rRNA or gDNA contained in
one organism might be similar in sequence to rRNAs or gDNAsS in other organisms contained
in the sample. One way to discriminate between the target nucleic acid and all other nucleic
acids present in the sample, is to design a probe set for the target nucleic acid that contains
only probe pairs that are selective for the target nucleic acid relative to the transcriptomes
and/or genomes present in the sample. In some situations, this requirement for selectivity can
substantially constrain the size of the probe set. For example, the sequence of the target nucleic
acid might be so similar to one or more other nucleic acids within the sample that the probe set
might contain only a single fractional initiator probe pair.

[0129] Cooperative target binding using probe sets comprising multiple
fractional initiator probe pairs. Probes that bind a target nucleic acid (for example, RNA or
DNA) compete energetically with native secondary structure (i.e., base-pairing) within the
target nucleic acid. For example, a single probe may be unable to bind a domain within a target
nucleic acid that is predominantly base-paired to another domain within the target. The binding
yield for a given probe is the fraction of target molecules with the probe bound at the cognate
probe binding site, varying between 0 and 1 depending on the accessibility of that portion of
target, the degree of affinity between the probe and its cognate probe binding site, and other
factors. Using a probe set comprising multiple fractional initiator probe pairs, the binding of
one probe to the target can improve the binding yield of one or more of the other probes to the
target, leading to cooperative effects in which probes within the probe set collectively improve
the binding yield of other probes within the probe set. Hence, compared to a probe set with N
probes, a probe set with N+M probes can generate more signal not only because the M new
probes will generate signal, but also because the N original probes will have higher binding
yields to the target and thus generate more signal per target molecule on average.

[0130] Increasing signal using helper probes. In order to maintain selectivity for
the target nucleic acid in the context of the one or more transcriptomes and/or genomes present
in the sample, the probe set size is sometimes constrained to be no more than 1 probe unit, or
no more than 2 probe units, or no more than N probe units, where N is less than the number of

probe units, N+M, that would be preferentially used based on sensitivity considerations and/or
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on the length of the target nucleic acid. In this scenario where the probe set size is constrained
by selectivity considerations, the amount of signal generated can be less relative to detection
of the same target using N+M probe units both because the probe set has the potential for
generating M fewer full initiators for triggering HCR signal amplification and because the
absence of the M additional probe units can reduce the binding yield of the N remaining probe
units due to cooperative effects.

[0131] In some embodiments, probes carry fractional initiators as signal probes (for
example, see Figure 16A). In some embodiments, probes do not carry fractional initiators as
helper probes. In order to increase signal without decreasing selectivity, a probe set comprising
N probe units can be augmented with M helper probes (for example, see Figure 16D).

[0132] For example: 1) to detect a target RNA with a unique splice junction, a
probe set could comprise one probe unit that binds to the target spanning the splice junction,
and further comprise 30 (or any number of) helper probes that bind elsewhere to the target
RNA to cooperatively improve the binding yield of the probe unit and thus increase signal
without decreasing selectivity; 2) to detect a target RNA or DNA for which selectivity
considerations lead to a probe set comprising 5 probe units, the probe set can further comprise
45 helper probes; 3) to detect a target RNA or DNA for which selectivity considerations lead
to a probe set comprising N probe units (with N less than 40), the probe set can further comprise
40-N helper probes; 4) to detect a target nucleic acid for which selectivity considerations lead
to a probe set comprising N probe units, and the length of the target nucleic acid restricts the
total number of probes to 2N+M, the probe set can further comprise M helper probes.

[0133] In some embodiments, helper probes will be designed for a target nucleic
acid with less stringent selectivity requirements than those used to design signal probes for the
same target nucleic acid. In some embodiments, helper probes will be used for a target nucleic
acid even though they are equally selective for other off-target nucleic acids within the
transcriptomes and/or genomes present in the sample. In some embodiments, the target-binding
region on signal probes will be the same length as the target-binding region on helper probes.
In some embodiments, the target-binding region on signal probes will be shorter or longer than
the target binding region on helper probes. In some embodiments, the target binding region
may vary across a range of lengths (number of nucleotides) for different signal and/or helper

probes. In some embodiments, the affinity between signal probes and the target nucleic acid
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will be comparable to the affinity between helper probes and the target nucleic acid. In some
embodiments, the affinity between signal probes and the target nucleic acid will be lower or
higher than the affinity between helper probes and the target nucleic acid.

[0134] Increasing signal using signal probes that carry one or two fractional
initiators. In some embodiments, a probe unit comprises two fractional initiator probes that
together generate a full HCR initiator (fraction f1 for probe P1 and fraction f2 for probe P2
such that f1 + f2 = 1). In this situation, each probe participates in one probe unit. If both probes
within the probe unit bind to a given target RNA molecule, a single full HCR initiator is
generated, triggering growth of one HCR amplification polymer tethered to the probe unit.
Consider a situation where the length of the target RNA constrains the probe set size to be N
probe units corresponding to 2N signal probes. In the case where each signal probe participates
in only one probe unit, the maximum number of full HCR initiators would be N, corresponding
to the case where the target mRNA was bound by all of the signal probes in the probe set.
Hence, the maximum number of HCR polymers tethered to a target RNA would be N. In order
to increase the signal per target molecule, now consider a case where a probe can carry two
fractional initiators that contribute to two different probe units (for example, see Figure 16C).
In some embodiments, the following three possibilities are contemplated:

1. In an embodiment, where all 2N signal probes hybridize to adjacent
subsequences along the target RNA, the signal probes at the 5* and 3” ends of
the target each have one neighboring signal probe and all other intervening
signal probes have two neighboring signal probes. In this scenario, if each probe
except for the 5’-most signal probe and the 3’-most signal probe carries two
fractional initiators that contribute to two different probe units, the total number
of probe units increases from N to (2N — 1). As a result, the maximum number
of full HCR initiators increases from N to (2N — 1) and the maximum number
of HCR polymers tethered to the target RNA increases from N to (2N — 1).
Hence, the signal generated per target molecule is increased relative to the case
where each signal probe carries a single fractional initiator.

2. In another embodiment, selectivity considerations resulting from the
transcriptomes and/or genomes present in the sample may lead to a probe set

comprising 2N signal probes and N probe units where no probe unit is proximal
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to another along the target nucleic acid. In this scenario, each signal probe
carries only a single fractional initiator and contributes to only one probe unit
so the maximum number of full HCR initiators is N and the maximum number
of tethered HCR amplification polymers is N.

3. In another embodiment, representing an intermediate case, some signal probes
will be proximal to more than one neighbor so the 2N signal probes will
participate in a number of probe units that is intermediate between N and 2N —
1. For example, if there are 2N signal probes and M of them tile one portion of
the target (with the 5° and 3’ of these signal probes carrying one fractional
initiator and contributing to one probe unit and the other M-2 signal probes
carrying two fractional initiators and contributing to two probe units) and the
other L probes (with 2N = M+L with L even) each bind to the target in pairs
with each signal probe proximal to only one other signal probe (each of L signal
probes carrying one fractional initiator and contributing to one probe unit), then
the total number of probe units will be M-1 + L/2 which will be intermediate
between N and 2N — 1. For example, if there are 40 signal probes (i.e., N = 20)
and 20 of them tile the target proximally (i.e., M = 20) and the other 20 bind to
the target in proximal pairs (i.e., L = 20), the total number of probe units will
be M-1+L/2=20-1+20/2= 29.

[0135] In the related case where a probe unit comprises more than two signal
probes, for example three signal probes, or four or more signal probes, the number of probe
units can again be increased without increasing the number of signal probes, by using some
probes that comprise two fractional initiators and participate in two probe units (one fractional
initiator per probe unit).

[0136] HCR amplifiers with 2 hairpins. In some embodiments, an HCR amplifier
comprises two hairpins (H1 and H2; for example, see Figures 8 and 18). In some embodiments,
each hairpin comprises an input domain with a single-stranded toehold and a stem section, and
an output domain with a single-stranded loop and a complement to the stem section. In the
absence of an HCR initiator (I1 or 12), hairpins H1 and H2 coexist metastably, that is, they are

kinetically trapped and do not polymerize.
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[0137] Initiation with full initiator I1. In some embodiments, an initiator I1
comprises a domain complementary to the toehold of hairpin H1 and a domain complementary
to the stem section of H1. If an H1 hairpin encounters a full initiator 11, the full initiator I1
hybridizes to the input domain of hairpin H1 via toehold-mediated strand displacement,
opening hairpin H1 to expose the output domain of hairpin H1 and form complex I1-H1. The
output domain of hairpin H1 comprises a domain complementary to the toehold of hairpin H2
and a domain complementary to the stem section of H2. If an H2 hairpin encounters an 11-H1
complex, the exposed output domain of H1 hybridizes to the input domain of hairpin H2 via
toehold-mediated strand displacement, opening hairpin H2 to expose the output domain of
hairpin H2 and form complex I1-H1-H2. The output domain of hairpin H2 comprises a domain
complementary to the toehold of hairpin H1 and a domain complementary to the stem section
of H1. If an H1 hairpin encounters an I1-H1-H2 complex, the exposed output domain of H2
hybridizes to the input domain of hairpin H1 via tochold-mediated strand displacement,
opening hairpin H1 to expose the output domain of hairpin H1 and form complex I1-H1-H2-
H1. This polymerization process can repeat with alternating H1 and H2 polymerization steps
to generate polymers of the form I1-H1-H2-H1-H2-H1-H2-..., which we may denote I1-(H1-
H2)n for a polymer that incorporates N alternating copies of hairpins H1 and H2. For example,
a polymer might incorporate several H1 and H2 molecules, or dozens of H1 and H2 molecules,
or hundreds of H1 and H2 molecules, or thousands of H1 and H2 molecules, or tens of
thousands of H1 and H2 molecules, or more. It is also possible for a polymer to end with either
H1 or H2, so I1-(H1-H2)~N-H1 and I1-(H1-H2)x-H1-H2 are both possible, the latter being
equivalent to I1-(H1-H2)ns1.

[0138] Initiation with full initiator I2. In some embodiments, an initiator 12
comprises a domain complementary to the toehold of hairpin H2 and a domain complementary
to the stem section of H2. If an H2 hairpin encounters a full initiator 12, the full initiator 12
hybridizes to the input domain of hairpin H2 via toehold-mediated strand displacement,
opening hairpin H2 to expose the output domain of hairpin H2 and form complex 12-H2. If an
HI1 hairpin encounters an 12-H2 complex, the exposed output domain of H2 hybridizes to the
input domain of hairpin H1 via tochold-mediated strand displacement, opening hairpin H1 to
expose the output domain of hairpin H1 and form complex 12-H2-H1. If an H2 hairpin

encounters an 12-H2-H1 complex, the exposed output domain of H1 hybridizes to the input
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domain of hairpin H2 via toehold-mediated strand displacement, opening hairpin H2 to expose
the output domain of hairpin H2 and form complex 12-H2-H1-H2. This polymerization process
can repeat with alternating H2 and H1 polymerization steps to generate polymers of the form
12-H2-H1-H2-H1-H2-H1..., which can be denoted I2-(H2-H1l)xn for a polymer that
incorporates N alternating copies of H2 and HI1. For example, a polymer might incorporate
several H1 and H2 molecules, or dozens of H1 and H2 molecules, or hundreds of H1 and H2
molecules, or thousands of H1 and H2 molecules, or tens of thousands of H1 and H2 molecules,
or more. It is also possible for a polymer to end with either H1 or H2, so 12-(H2-H1)~-H2 and
12-(H2-H1)~-H2-H1 are both possible, the latter being equivalent to 12-(H2-H1)n+1.

[0139] HCR amplifiers with 4 hairpins. In some embodiments, an HCR amplifier
can comprise more than 2 hairpins. For example, an HCR amplifier might comprise 4 hairpins
H1, H2, H3, H4 (for example, see Figure 19). Just as for 2-hairpin HCR, each hairpin comprises
an input domain comprising a single-stranded toehold and a stem section, and an output domain
comprising a single-stranded loop and a complement to the stem section. In the absence of an
HCR initiator (I1, 12, 13, or 14), hairpins H1, H2, H3, H4 coexist metastably, that is, they are
kinetically trapped and do not polymerize. The output domain of hairpin H1 comprises a
domain complementary to the tochold of hairpin H2 and a domain complementary to the stem
section of H2. The output domain of hairpin H2 comprises a domain complementary to the
toehold of hairpin H3 and a domain complementary to the stem section of H3. The output
domain of hairpin H3 comprises a domain complementary to the toehold of hairpin H4 and a
domain complementary to the stem section of H4. The output domain of hairpin H4 comprises
a domain complementary to the tochold of hairpin H1 and a domain complementary to the
stem section of H1. Initiator I1 comprises a domain complementary to the toehold of hairpin
H1 and a domain complementary to the stem section of H1. Initiator 12 comprises a domain
complementary to the toehold of hairpin H2 and a domain complementary to the stem section
of H2. Initiator I3 comprises a domain complementary to the toehold of hairpin H3 and a
domain complementary to the stem section of H3. Initiator I4 comprises a domain
complementary to the toehold of hairpin H4 and a domain complementary to the stem section
of H4. Analogous to the case of 2-hairpin HCR, if a hairpin H1 encounters a full HCR initiator
I1, the full initiator 11 opens hairpin H1 to form complex I1-H1 with an exposed H1 output

domain, which in turn opens hairpin H2 to form complex I11-H1-H2 with an exposed H2 output
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domain, which in turn opens hairpin H3 with an exposed output domain to form complex I1-
H1-H2-H3 with an exposed H3 output domain, which in turn opens hairpin H4 to form
complex I1-H1-H2-H3-H4 with an exposed H4 output domain, which in turn opens hairpin H1
to form complex 11-H1-H2-H3-H4-H1 with an exposed H1 output domain, and so forth,
leading to polymerization via alternating H1, H2, H3, and H4 polymerization steps to generate
polymers of the form I1-H1-H2-H3-H4-H1-H2-H3-H4-H1-H2-H3-H4..., which can be
denoted I1-(H1-H2-H3-H4)x for a polymer that incorporates N alternating copies of H1, H2,
H3, and H4. It is possible for a polymer to end with H1, H2, H3, or H4, so 11-(H1-H2-H3-
H4)n-H1, 11-(H1-H2-H3-H4)n-H1-H2, 11-(H1-H2-H3-H4)x-H1-H2-H3, and 11-(H1-H2-H3-
H4)n-H1-H2-H3-H4 are all possible, the latter being equivalent to I1-(H1-H2-H3-H4)n+1. It is
possible for HCR polymerization to be triggered by any of the cognate full initiators (I1, 12,
I3, or I4). For example, initiator by full initiator I3 could generate polymers of the form I3-
(H3-H4-H1-H2)~. HCR amplifiers with 4 hairpins are convenient for generating a signal that
is absent in the monomer state and present in the polymer state (for example, Figure 19B
illustrates FRET pairs that are colocalized to generate a FRET signal only when hairpins are
colocalized within an amplification polymer, providing a basis for wash-free methods since
unused hairpins that are not washed from the sample will not participate in FRET, and hence
will avoid generating background).

[0140] HCR amplifiers with 2 or more hairpins. More generally, in some
embodiments, an HCR amplifier may comprise M HCR hairpins (H1, H2, ..., HM) with M an
integer of 2 or more. In the absence of an HCR initiator (I1, 12, ..., IM), hairpins H1, H2, ...,
HM coexist metastably, that is, they are kinetically trapped and do not polymerize. In the
presence of a cognate full HCR initiator, polymerization occurs via alternating polymerization
steps analogous to 2-hairpin or 4-hairpin HCR. For example, initiator I1 would lead to growth
of polymers of the form I1-(H1-H2-...-HM)x for a polymer that incorporates N alternating
copies of H1, H2,...,HM. It is possible for a polymer to end with any of H1,H2,...,HM, so I1-
(H1-H2-...-HM)N-H1, I1-(H1-H2-...-HM)~-H1-H2, ..., and I1-(H1-H2-...-HM)~-H1-H2-...-
HM are all possible, the latter being equivalent to I1-(HI-H2-...-HM)n4+1. It is possible for
HCR polymerization to be triggered by any of the cognate full initiators (I1, 12, ..., IM). For
example, initiator by full initiator I3 could generate polymers of the form I3-(H3-...-HM-H1-
H2)n.
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[0141] HCR hairpin labels. For a given HCR amplifier, each HCR hairpin
comprises zero, one, or more labels. Labels on different hairpins within an amplifier may be
the same or different. For example, an amplifier comprising hairpins H1 and H2 might have:
1) the same label on H1 and H2, 2) different labels on H1 and H2, 3) a label on H1 but no label
on H2, 4) a label on H2 but no label on H1, 5) no label on H1 or H2, 6) zero, one, or more
labels on H1 of which zero, one, or more of them are the same or different as zero, one, or
more labels on H2. Similarly, for an HCR amplifier comprising hairpins H1, H2, H3, H4, each
hairpin may comprise zero, one, or more labels (for example 3, 5, or 10 labels) of which zero,
one, or more of them may be the same as zero, one, or more labels on each of the other hairpins.
In some embodiments, one or more of the labels for a given hairpin can be unique within a
mixture of hairpins and/or hairpin labels. In some embodiments, there are 1, 10, 100, 1000,
10,000, 100,000 or more unique labels within a mixture (including any range defined between
any two of the previous numbers).

[0142] HCR hairpin labels as reporters. In some embodiments, an HCR hairpin
label may comprise a reporter molecule that facilitates measurement of a signal, for example
by generating a signal, by altering a signal, or by eliminating a signal. For example, a reporter
could be a fluorophore, a chromophore, a luminophore, a phosphor, a FRET pair, a member of
a FRET pair, a quencher, a fluorophore/quencher pair, a rare-earth element or compound, a
radioactive molecule, a magnetic molecule, or any other molecule that facilitates measurement
of a signal.

[0143] HCR hairpin labels as substrates. In some embodiments, an HCR hairpin
label may comprise a substrate that serves to recruit a reporter entity that directly or indirectly
mediates localization of reporters in the vicinity of the hairpin label. For example:

1. the hairpin label can comprise digoxigenin (DIG) that recruits anti-DIG
antibody as the reporter entity, where the anti-DIG is directly labeled with one
or more reporters, or with one or more substrates or reporter entities that serve
to directly or indirectly mediate localization of reporters in the vicinity of the
hairpin label.

2. the hairpin label can comprise a nucleic acid domain that serves as a substrate
with full or partial sequence complementarity to a domain within a label probe

that carries one or more reporters (for example FIG. 18C),
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10.

11.

the hairpin label can comprise a nucleic acid domain that serves as a substrate
with full or partial sequence complementarity to a domain within a label probe
that carries one or more substrates that serve to mediate localization of reporters
in the vicinity of the hairpin label.

the hairpin label can comprise a nucleic acid domain that serves as a substrate
for a reporter entity that directly or indirectly mediates localization of reporters
in the vicinity of the hairpin label.

the hairpin label can comprise a substrate that serves to recruit a reporter entity
that indirectly mediates localization of reporters in the vicinity of the hairpin
label.

the hairpin label can comprise a substrate that serves to recruit a reporter entity
that comprises an enzyme that mediates catalytic reporter deposition (CARD)
in the vicinity of the hairpin label (for example FIG. 36A).

the hairpin label can comprise biotin that recruits streptavidin as the reporter
entity, where the streptavidin is directly labeled with one or more reporters, or
with one or more substrates or reporter entities that serve to directly or indirectly
mediate localization of reporters in the vicinity of the hairpin label.

the hairpin label can comprise a hapten that recruits an anti-hapten antibody or
anti-hapten nanobody that directly or indirectly mediates localization of
reporters in the vicinity of the hairpin label via CARD signal amplification. For
example, the anti-hapten antibody or nanobody may comprise a reporter entity
that is an enzyme that mediates CARD (for example, FIG. 33A-33E).

the hairpin label can comprise a hapten that recruits an anti-hapten that directly
or indirectly mediates localization of reporters in the vicinity of the hairpin
label. For example, the anti-hapten may comprise a reporter entity that is an
enzyme that mediates CARD (for example, FIG. 34A-34C).

the hairpin label can comprise an enzyme that mediates CARD signal
amplification to deposit reporter molecules in the vicinity of the hairpin.

the hairpin label can comprise zero, one, or more haptens (for example FIG. 35)
that mediate, directly or indirectly, localization of reporters in the vicinity of

haptens.
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[0144] In some embodiments, a hairpin label can comprise a hapten that recruits an
anti-hapten (for example, an antibody, a nanobody, streptavidin, or another molecule) that is
labeled with reporters.

[0145] In some embodiments provided herein, HCR signal amplification is used to
mediate catalytic reporter deposition (CARD), leading to even higher signal gain. In some
embodiments, the even higher single gain is about 5, 10, 15, 20, 25, 30, 40, 50, 75, 100, 500,
1000, 2000, 5000, or 10,000-fold, or a value with a range defined by any two of the
aforementioned values.

[0146] In some embodiments, an HCR hairpin label may comprise a fractional
substrate such that a label probe conjugated to a reporter molecule does not strongly bind the
fractional substrate on an individual hairpin, but such that following HCR polymerization,
neighboring hairpins in the HCR amplification polymer colocalize a full substrate such that
the colocalized full substrate strongly binds a label probe conjugated to a reporter molecule
(for example FIG. 18D), or to a reporter entity comprising an enzyme that mediates CARD
signal amplification (for example FIG. 36B).

[0147] Haptens and anti-haptens. In some embodiments, hairpin labels that are
substrates comprising a hapten could for example be digoxygenin (DIG), dinitrophenyl (DNP),
a fluorophore, biotin, or any small molecule, biological molecule, or non-biological molecule
that can recruit an anti-hapten. Examples of anti-haptens include antibodies, nanobodies,
streptavidin, aptamers, or any other molecule or complex of molecules that selectively binds a
hapten.

[0148] Label probes. In some embodiments, a label probe comprises a substrate-
binding region and one or more reporters (for example, see FIGs. 18C-E and FIG. 20) or
reporter entities (for example, see FIGs. 33A-33E and 34A-34D). In some embodiments, a
label probe comprises an unstructured strand labeled with one reporter molecule (for example,
see FIG. 20A). In some embodiments, a label probe comprises multiple reporter molecules (for
example, see FIG. 20B). In some embodiments, a label probe comprises a label strand
(conjugated to a reporter) hybridized to a blocker strand (conjugated to a quencher) (for
example, see FIG. 20C). In some embodiments, a label probe has a hairpin structure (for
example, see the label probe of FIG. 20D) or other intramolecular base-pairing. In some

embodiments, a hairpin label probe is conjugated to one or more reporters, quenchers, and/or
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FRET pairs (for example, see FIGs. 20E and 20F). In some embodiments, a label probe
comprises an anti-hapten antibody or nanobody that recognizes a hapten label on the HCR
hairpin and further comprises a reporter entity comprising an enzyme that mediates CARD (for
example, FIGs. 33A-33E). In some embodiments, a label probe comprises an anti-hapten entity
that recognizes a hapten label on the HCR hairpin and futher comprises a reporter entity
comprising an enzyme that mediates CARD (for example, FIGs. 34A-34D). In some
embodiments, a label probe comprises a substrate complement that recognizes a substrate label
on the HCR hairpin, or that recognizes a full substrate colocalized within an HCR amplification
polymer, and further comprises a reporter entity comprising an enzyme that mediates CARD
(for example, FIGs. 36A-36B)

[0149] Enzymes for HCR-mediated Catalytic Reporter Deposition (CARD). In
some embodiments, HCR hairpins mediate signal amplification via catalytic reporter
deposition (CARD) by a reporter entity comprising an enzyme that catalyzes a CARD-
substrate leading to deposition of reporters in the vicinity of the hairpin (see for example FIGs.
33A-33E, 34A-34C, 36A-36B). For example:

1. the enzyme could be horseradish peroxidase (HRP) (or polymer HRP
comprising multiple HRP enzymes) that acts on a CARD-substrate to catalyze
deposition a chromogenic reporter such as AEC, DAB, TMB, or StayYellow,
or that catalyzes a CARD-substrate to catalyze deposition of a fluorescent
reporter such as fluophore-labeled tyramide, or that catalyzes deposition of a
hapten-labeled CARD-substrate such as biotin-labeled tyramide, where the
hapten serves to mediate localization of reporters in the vicinity of the hairpin
label.

2. the enzyme could be alkaline phosphatase (AP) (or polymer AP comprising
multiple AP enzymes) that acts on a CARD-substrate to catalyze deposition of
reporters, for example a chromogenic reporter such as but not limited to
BCIP/NBT, BCIP/TNBT, Napthol AS-MX phosphate + FastBlue BB, Napthol
AS-MX phosphate + FastRed TR, StayGreen.

3. the enzyme could be glucose oxidase that acts on a CARD-substrate to catalyze

deposition of reporters, for example NBT,
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4. the enzyme could be any molecule or complex that directly or indirectly

mediates localization of reporters in the vicinity of a hairpin label.

[0150] In some embodiments, the enzyme that mediates CARD is deactivated (aka
inactivated) after reporter deposition (for example, using chemical or heat denaturation). For
example, the enzyme that mediates CARD can be deactivated using any combination of:

1. Heat {for example, 65 °C or above)

2. Fixative (for example. 4% PFA)

3. Acid (for example, 0.1 M glycine-HCl with 1% Tween 20 at pH 2.2, 0.2N H(l,

10% acetic acid, 10 mM HCD)
4. Other chemieals (for example, hydrogen peroxide (Ho(3:), hydrogen peroxide
+ phenol, sodium azide, DEPC, MAB with 10 mM EDTA)

[0151] In some embodiments, HRP is inactivated using H202. In some
embodiments, AP is inactivated using a combination of heat and acid. In some embodiments,
AP is inactivated with fixative. In some embodiments, deactivation of the enzyme that
mediates CARD enables repeated CARD using the same enzyme in combination with different
substrates for different targets to enable multiplexed target analysis using HCR-mediated
CARD. In some embodiments, deactivation of the enzyme that mediates CARD enables
repeated CARD using different enzymes in combination with different substrates for different
targets to enable multiplexed target analysis using HCR-mediated CARD.

[0152] In some embodiments, CARD enables storage of stained samples for 10 or
more years to enable reimaging in compliance with regulatory requirements for biopharma. In
some embodiments, the CARD based stained sample is adequately stable for 1, 2, 3,4, 5,6, 7,
8,9,10, 11, 12, 13, 14, 15 or more years, and still in compliance with regulatory requirements
for biopharma. In some embodiments, CARD provides for storage of formalin fixed paraffin
embedded (FFPE) samples for decades. In some embodiments, CARD provides for storage of
pathology samples for decades to provide for retrospective scientific and medical studies. In
some embodiments, CARD staining provides for long-term storage of archival samples.

[0153] Target types. In some embodiments, an initiator-labeled HCR probe
comprises one or more target-binding regions and further comprises one or more HCR

initiators. In some embodiments, an initiator-labeled probe can detect a target comprising:
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[0154]

any molecule including but not limited to an RNA molecule (for example,
mRNA, rRNA, IncRNA, siRNA, shRNA, microRNA, non-coding RNA,
synthetic RNA, or modified RNA), a DNA molecule, a non-natural nucleic acid
molecule, a protein molecule, a small molecule, a biological molecule, a
chemically modified biological molecule, a non-biological molecule

any complex of molecules comprising any combination of RNA, DNA, protein,
small molecules, biological molecules, and/or non-biological molecules (for
example, an RNA/RNA complex, an RNA/protein complex, a DNA/protein
complex, and RNA/DNA/protein complex, a protein/protein complex).

A fractional initiator HCR probe comprises one or more target-binding

regions and further comprises one or more fractional initiator regions. A probe unit comprises

two or more fractional initiator probes such that the fractional initiator probes in the probe unit

combine to create a full HCR initiator. A probe unit can detect a target comprising:

1.

[0155]

any molecule including but not limited to an RNA molecule (for example,
mRNA, rRNA, IncRNA, siRNA, shRNA, microRNA, non-coding RNA,
synthetic RNA, or modified RNA), a DNA molecule, a non-natural nucleic acid
molecule, a protein molecule, a small molecule, a biological molecule, a
chemically modified biological molecule, a non-biological molecule,

any complex of molecules comprising any combination of RNA, DNA, protein,
small molecules, biological molecules, and/or non-biological molecules (for
example, an RNA/RNA complex, an RNA/protein complex, a DNA/protein
complex, and RNA/DNA/protein complex, a protein/protein complex)

any collection of proximal molecules or complexes such that the fractional
initiators in the probe unit can colocalize to form a full HCR initiator when the
fractional initiator probes comprising the probe unit are bound to their
respective targets within the collection of proximal molecules or complexes.

In any of the embodiments provided herein, the fractional initiators within

a probe unit are designed to be (or are) complementary to non-overlapping regions of an HCR

hairpin (for example, regions separated by 0, 1, 2, or more nucleotides), or are designed to be

(or are) complementary to overlapping regions of an HCR hairpin (for example, regions that

overlap by 1, 2 or more nucleotides), or are designed to be (or are) substantially complementary
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to an HCR hairpin (for example, complementary except for 0, 1, 2, a few, or several
mismatches).

[0156] In any of the embodiments provided herein, the target-binding regions
within a probe unit are configured to bind to non-overlapping regions of the target (for
example, regions separated by 0, 1, 2, or more nucleotides or regions separated by 0, 1, 2, or
more nm), or are configured to bind to overlapping regions of the target (for example, regions
that overlap by 1, 2 or more nucleotides, or regions that overlap by 1, 2, or more nm).

[0157] Signal probes configured to bind to overlapping or non-overlapping
regions of the target and/or designed to have fractional initiators that hybridize to
overlapping or non-overlapping regions of an HCR hairpin. In some embodiments, a probe
unit comprises two or more fractional initiator probes each comprising a target-binding region
and a fractional initiator. In some embodiments, the fractional initiators within a probe unit:

1. are designed to be complementary to adjacent regions of an HCR hairpin,

2. or are designed to be complementary to non-overlapping regions of an HCR

hairpin (for example, regions separated by 0, 1, 2, or more nucleotides),

3. or are designed to be complementary to overlapping regions of an HCR hairpin

(for example, regions that overlap by 1, 2 or more nucleotides),

4. or are designed to be substantially complementary to an HCR hairpin (for
example, complementary except for 0, 1, 2, a few, or several mismatches)
or are designed to hybridize to adjacent regions of an HCR hairpin,
or are designed to hybridize to non-overlapping regions of an HCR hairpin,

or are designed to hybridize to overlapping regions of an HCR hairpin,

®© =N W

or are designed to have sequences that are complementary to adjacent regions

of an HCR hairpin,

9. or are designed to have sequences that are complementary to non-overlapping
regions of an HCR hairpin,

10.  or are designed to have sequences that are complementary to overlapping
regions of an HCR hairpin,

11.  or are designed to have sequences that are substantially complementary to

adjacent regions of an HCR hairpin,
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12. or are designed to have sequences that are substantially complementary to non-
overlapping regions of an HCR hairpin,

13. or are designed to have sequences that are substantially complementary to
overlapping regions of an HCR hairpin,

[0158] In some embodiments, the target-binding regions within a probe unit:

1. are configured to bind to adjacent regions of the target,

2. or are configured to bind to non-overlapping regions of the target (for example,
regions separated by 0, 1, 2, or more nucleotides, or regions separated by 0, 1,
2, or more nm),

3. or are configured to bind to overlapping regions of the target (for example,

regions overlapping by 1, 2, or more nucleotides, or regions overlapping by 1,

2, or more nm),

are designed to bind to adjacent regions of the target,

or are designed to bind to non-overlapping regions of the target,

or are designed to bind to overlapping regions of the target,

N o s

or are designed to have sequences that hybridize to adjacent regions of the
target,

8. or are designed to have sequences that hybridize to non-overlapping regions of

the target,

9. or are designed to have sequences that hybridize to overlapping regions of the

target,

[0159] In some embodiments, a probe unit comprises two fractional initiator
probes. The two fractional initiator probes bind to the cognate target to colocalize a full HCR
initiator. The colocalized full HCR initiator then binds to the cognate HCR hairpin to initiate
HCR polymerization, with one fractional initiator hybridizing to the hairpin to form a first
duplex and the other fractional initiator hybridizing to the hairpin to form a second duplex. In
some embodiments, there is an energetically unfavorable junction between the two duplexes.
In some embodiments, by configuring the fractional initiators to bind to overlapping regions
of the hairpin, the location of the junction along the hairpin and the tertiary structure of the two
probes and the hairpin in the vicinity of the junction can relax into an energetically more

favorable conformation, increasing the affinity between the colocalized full initiator and the
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HCR hairpin, increasing the amount of amplified HCR signal generated in a given period of
time (for example, FIGs. 27 and 28). In some embodiments the affinity between the two probes
and the cognate target can be increased by configuring the target-binding regions of the two
probes to bind to overlapping regions of the target so as to permit the junction between the
molecules to relax to an energetically favorable conformation.

[0160] In some embodiments, probe sets are designed for multiplexed experiments
in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used to bind to different targets in the
same sample, where 1, 2, 3,4, 5, 10, 20, or 100 or more of the probe sets comprise one or more
initiator-labeled probes. In some embodiments, probe sets are designed for multiplexed
experiments in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used in the same sample,
where more than 1%, more than 2%, more than 5%, more than 10%, more than 30%, more
than 50%, or 100% of the probe sets comprise one or more initiator-labeled probes.

[0161] In some embodiments, probe sets are designed for multiplexed experiments
in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used to bind to different targets in the
same sample, where 1, 2, 3,4, 5, 10, 20, or 100 or more of the probe sets comprise one or more
probe units comprising fractional initiators that are designed to hybridize to overlapping
regions of an HCR hairpin. In some embodiments, probe sets are designed for multiplexed
experiments in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used in the same sample,
where more than 1%, more than 2%, more than 5%, more than 10%, more than 30%, more
than 50%, or 100% of the probe sets comprise one or more probe units comprising fractional
initiators with sequences that are designed to be complementary to overlapping regions of an
HCR hairpin.

[0162] In some embodiments, probe sets are designed for multiplexed experiments
in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used to bind to different targets in the
same sample, where 1, 2, 3,4, 5, 10, 20, or 100 or more of the probe sets comprise one or more
probe units comprising target-binding regions that are designed to bind to overlapping regions
of a target. In some embodiments, probe sets are designed for multiplexed experiments in
which, 3, 4, 5, 10, 20, or 100 or more probe sets are used in the same sample, where more than
1%, more than 2%, more than 5%, more than 10%, more than 30%, more than 50%, or 100%
of the probe sets comprise one or more probe units comprising target-binding regions that are

designed to bind to overlapping regions of a target.
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[0163] In some embodiments, probe sets are designed for multiplexed experiments
in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used to bind to different targets in the
same sample, where 1 or more of the probe sets comprise one or more initiator-labeled probes
and 1 or more of the probe sets comprise one or more probe units each comprising two or more
fractional initiator probes. In some embodiments, probe sets are designed for multiplexed
experiments in which 2, 3, 4, 5, 10, 20, or 100 or more probe sets are used in the same sample,
where more than 0.1%, more than 1%, more than 2%, more than 5%, more than 10%, more
than 30%, or more than 50% of the probe sets comprise one or more initiator-labeled probes,
and where more than 0.1%, more than 1%, more than 2%, more than 5%, more than 10%, more
than 30%, or more than 50% of the probe sets comprise one or more probe units each
comprising two or more fractional initiator probes.

[0164] In some embodiments, a probe unit comprises fractional initiators that are
designed to bind to overlapping regions of an HCR hairpin, where the overlapping regions
overlap by 1 base, or 2 bases, or 3 bases, or 4 bases, or 5 bases, or more bases.

[0165] In some embodiments, a probe unit comprises target-binding regions that
are designed to bind to overlapping regions of the target, where the overlapping regions overlap
by at least 0.1 nm, or at least 0.2 nm, or at least .3 nm, or at least 0.5 nm, or at least 1 nm, or at
least 2 nm, or at least 3 nm, or at least 5 nm. In some embodiments, a probe unit comprises
target-binding regions comprising sequences that are designed to bind to overlapping regions
of the target, where the overlapping regions overlap by at least 1 base, or 2 bases, or 3 bases,
or 4 bases, or 5 bases, or more bases.

[0166] Materials and compositions of initiator-labeled probes. In some
embodiments, an initiator-labeled probe comprises one or more target-binding domains and
one or more HCR initiators (for example, FIGs. 39A-39N and 42A-42F). Each domain may
comprise one or more materials including DNA, RNA, 2°0OMe-RNA, PNA, XNA, chemically
modified nucleic acids, synthetic nucleic acid analogs, amino acids, synthetic amino acid
analogs, and/or any other molecule suited for the purpose of the domain. For example:

1. an initiator-labeled probe may comprise one or more initiators made of DNA

and a target-binding domain made of DNA.
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[0167]

an initiator-labeled probe may comprise one or more initiators made of DNA
and a target-binding domain made of amino acids (for example, an antibody or
a nanobody or an antibody fragment).

an initiator-labeled probe may comprise an initiator made of a synthetic nucleic
acid analog and a target-binding domain made of a combination of DNA and
2°’0OMe-RNA.

an initiator-labeled probe may comprise an initiator made of 2’0OMe-RNA and
a target-binding domain made of a combination of RNA and protein.

an initiator-labeled probe may comprise an initiator made of DNA and a target-
binding domain made of PNA.

an initiator-labeled probe may comprise one or more initiators made of any
nucleic acid or nucleic acid analog and one or more target-binding domains
made of any combination of materials suitable for binding the target molecule.

In some embodiments, an initiator-labeled probe may comprise a single

covalently linked molecule or may comprise two or more molecules (each covalently linked)

that interact non-covalently to form a complex. For example:

1.

[0168]

an initiator-labeled probe may comprise an initiator made of DNA that is
covalently linked to a target-binding domain made of DNA.

an initiator-labeled probe may comprise one or more initiators made of DNA
that are covalently linked to dCas9 (or another Cas) which is non-covalently
bound to a guide RNA (gRNA) such that the target-binding domain comprises
the gRNA:dCas9 complex (or gRNA:Cas complex using another Cas).

an initiator-labeled probe may comprise one or more initiators made of DNA
that are covalently linked to a gRNA that is non-covalently bound to dCas9 (or
another Cas) such that the target-binding domain comprises the gRNA:dCas9
complex (or gRNA:Cas complex using another Cas).

an initiator-labeled probe may comprise an initiator made of a nucleic acid or
nucleic acid analog that is covalently linked or non-covalently bound to a target-
binding domain comprising one or more molecules.

Materials and composition of fractional initiator probes. In some

embodiments, a fractional initiator probe comprises one or more target-binding domains and
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one or more fractional initiator domains (for example, FIGs. 3A-3B, 5A-5E, and 38). Each

domain may comprise one or more materials including DNA, RNA, 2’0OMe-RNA, PNA, XNA,

chemically modified nucleic acids, synthetic nucleic acid analogs, amino acids, synthetic

amino acid analogs, and/or any other molecule suited for the purpose of the domain. For

example:
1.

[0169]

a fractional initiator probe may comprise one or more fractional initiator
domains made of DNA and a target-binding domain made of DNA.

a fractional initiator probe may comprise one or more fractional initiator
domains made of DNA and a target-binding domain made of amino acids (for
example, an antibody or a nanobody or an antibody fragment).

a fractional initiator probe may comprise a fractional initiator domain made of
a synthetic nucleic acid analog and a target-binding domain made of a
combination of DNA and 2’0OMe-RNA.

a fractional initiator probe may comprise a fractional initiator domain made of
2’OMe-RNA and a target-binding domain made of a combination of RNA and
protein.

a fractional initiator probe may comprise a fractional initiator domain made of
DNA and a target-binding domain made of PNA.

a fractional initiator probe may comprise one or more fractional initiator
domains made of any nucleic acid or nucleic acid analog and one or more target-
binding domains made of any combination of materials suitable for binding the
target molecule.

In some embodiments, a fractional initiator probe may comprise a single

covalently linked molecule or may comprise two or more molecules (each covalently linked)

that interact non-covalently to form a complex. For example:

1.

a fractional initiator probe may comprise a fractional initiator domain made of
DNA that is covalently linked to a target-binding domain made of DNA.

a fractional initiator probe may comprise one or more fractional initiator
domains made of DNA that are covalently linked to dCas9 (or another Cas)
which is non-covalently bound to a guide RNA (gRNA) such that the target-
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binding domain comprises the gRNA:dCas9 complex (or gRNA:Cas complex
using another Cas).

3. a fractional initiator probe may comprise one or more fractional initiator
domains made of DNA that are covalently linked to a gRNA that is non-
covalently bound to dCas9 (or another Cas) such that the target-binding domain
comprises the gRNA:dCas9 complex (or gRNA:Cas complex using another
Cas).

4. a fractional initiator probe may comprise a fractional initiator domain made of
anucleic acid or nucleic acid analog that is covalently linked or non-covalently
bound to a target-binding domain comprising one or more molecules. Each
fractional initiator probe within a probe unit may have the same or different
material compositions from the other fractional initiator probes in the probe
unit. Each fractional initiator probe within a probe unit may have target-binding
regions that bind to different detection sites on the same target molecule, or to
different detection sites within a target molecular complex, or to different
detection sites within a target collection of proximal molecules or complexes.

[0170] Wash-free signal generation using fractional initiator probes and HCR

signal amplification. In some embodiments, fractional initiator probes and HCR amplifiers
are used to generate signal using a wash-free protocol where unused probes and amplifiers are
not removed from the sample. In some embodiments, the two or more fractional initiator
probes within a probe unit each comprise a fractional initiator and a target-binding region such
that individual fractional initiator probes are not sufficient to efficiently trigger HCR signal
amplification, but such that upon binding of the target-binding domain of each probe to the
cognate detection site on the target, the fractional initiators are colocalized to generate a full
HCR initiator and trigger growth of a tethered HCR amplification polymer. In some
embodiments, each HCR hairpin is labeled with one or more reporters, and/or one or more
quenchers, and/or one or more components of a FRET pair. In some embodiments, the HCR
amplifier comprises two HCR hairpins H1 and H2 that undergo a polymerization cascade of
alternating H1 and H2 polymerization steps to grow a tethered HCR amplification polymer. In
some embodiments, the HCR amplifier comprises four HCR hairpins H1, H2, H3, H4 that

undergo a polymerization cascade of alternating H1, H2, H3, and H4 polymerization steps to
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grow a tethered HCR amplification polymer. In some embodiments, one or more reporters on
an HCR hairpin are in a quenched state prior to polymerization and in an unquenched state
after polymerization. In some embodiments, two reporters that comprise a FRET pair are not
sufficiently close to perform efficient FRET prior to HCR polymerization but are sufficiently
close to perform efficient FRET after polymerization. In some embodiments, HCR signal
generation is conformation-dependent such that the total HCR signal in the sample is lower
before HCR polymerization than after HCR polymerization due to: a) the conformational
change that HCR monomers undergo when they open to join an HCR polymer, and/or b) the
colocalization of two or more HCR hairpins within an HCR polymer. In some embodiments,
HCR signal is concentrated at the site of targets due to the growth of tethered HCR
amplification polymers. In some embodiments, fractional initiator probes and HCR amplifiers
are used to generate signal using a wash-free protocol where unused probes and amplifiers are
not removed from the sample. In some embodiments, fractional initiator probes and HCR
amplifiers are used to generate signal using a wash-free protocol for a sample comprising one
or more targets within any of: living cells, living organisms, tissue sections, brain slices, a bulk
solution, fixed cells, fixed tissue, fixed embryos. In some embodiments, the targets are not
crosslinked, and/or are not fixed within the sample, and/or are not captured to a solid support.
In some embodiments, HCR hairpins comprise labels that are fractional substrates such that
HCR amplification colocalize full substrates (for example see Figure 18F). In some
embodiments, label probes comprise a label strand (conjugated to a reporter) hybridized to a
blocker strand (conjugated to a quencher) such that hybridization of a label strand to a full
colocalized within an HCR amplification polymer displaces the blocker strand from the label
strand, separating the reporter from the quencher and generating a signal.

[0171] Removal of signal from the sample. In some embodiments, HCR signal
is removed from the sample after detecting the signal (for example, see FIG. 23A-23N and
FIG. 40A-40N). Signal can be removed from the sample by any method that reduces the
number of signal-generating reporters in the sample. For example:

. photobleaching fluorescent reporter molecules using light and/or chemical

reagents (for example, see FIGs. 23A and 40A),

. chemically cleaving reporters from HCR hairpins and washing them from the

sample (e.g., TCEP) (for example, see FIGs. 23B and 40B),
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. chemically cleaving reporters from label probes and washing them from the
sample (for example, see FIGs. 23C and 40C),

. chemically cleaving hairpins to fragment HCR amplification polymers and
washing the fragments from the sample (for example, see FIGs. 23D and 40D),

o chemically cleaving probes to untether HCR amplification polymers from the
target and washing the untethered amplification polymers from the sample (for
example, see FIGs. 23E and 40E),

. using an auxiliary strand to dehybridize hairpins from HCR amplification
polymers and washing the hairpins from the sample (for example, see FIGs.
23F, 40F and 40N),

° using an auxiliary strand to dehybridize label probes from HCR amplification
polymers and washing the label probes from the sample (for example, see FIGs.
23G and 40G),

o using chemical denaturants and/or elevated temperature to destabilize HCR
amplification polymers and then washing the hairpins from the sample (for
example, see FIGs. 23H and 40H),

. using chemical denaturants and/or elevated temperature to destabilize the
interaction between probes and their targets and then washing the untethered
amplification polymers from the sample (for example, see FIGs. 231 and 401),

. using chemical denaturants and/or elevated temperature to destabilize the
interaction between label probes and their substrates and then washing the label
probes from the sample (for example, see FIGs. 23J and 40J),

. using enzymes to degrade amplification polymers and/or probes and washing
the degraded molecules from the sample (for example, see FIGs. 23K and 40K-
40M),

o using DNases to degrade DNA amplification polymers and/or DNA probes
and/or DNA targets and washing the resulting molecules from the sample (for
example, see FIGs. 23K, 40K-40M),

. using RNases to degrade RNA targets and then washing the untethered
amplification polymers from the sample (for example, see FIGs. 23L and 40K-
40M),
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° using proteases to degrade protein targets and then washing the untethered
amplification polymers from the sample (for example, see FIGs. 23M and 40K-
40M)

o using a combination of RNases to degrade RNA targets and DNases to degrade
DNA amplification polymers and/or DNA probes and washing the resulting
molecules from the sample (for example, see FIGs. 23N and 40K-40M)

° using a combination of proteases to degrade protein targets and DNases to
degrade DNA amplification polymers and/or DNA probes and/or DNA targets
and washing the resulting molecules from the sample (for example, see FIGs.
230 and 40K-40M),

o using two or more of the above methods at the same time or at different times.

[0172] Assay formats. In some embodiments, an HCR signal can be measured in
different assay formats including but not limited to: blots, northern blots, western blots,
Southern blots, spot blots, paper assays, flow cytometry assays, fluorescent flow cytometry
assays, cell sorting assays, fluorescence-activated cell sorting assays, magnetic-activated cell
sorting assays, microscopy assays, light microscopy assays, epifluorescence microscopy
assays, confocal microscopy assays, light sheet microscopy assays, microarray assays, bead-
based assays, mass spectrometry assays, fluorescent microscopy assays, mass spectrometry
microscopy assays, mass spectrometry flow cytometry assays, fluorescence assays,
chemiluminescence assays, bioluminescence assays, colorimetric assays, electrochemical
impedance assays, electrochemical chemiluminescence assays, energy dissipation assays,
assays using the human eye, assays using a cell phone camera, gel electrophoresis assays, in
situ hybridization (ISH) assays, RNA-ISH assays, DNA-ISH assays, immunohistochemistry
(IHC) assays, autoradiography assays, or any assay capable of detecting a signal generated by
an HCR amplification polymer.

[0173] Sample types. In some embodiments, an HCR initiator-labeled probes
and/or HCR fractional initiator probes can be used with HCR amplification hairpins to detect
a target in a sample, the target comprising a molecule, a complex, or a collection of proximal
molecules or complexes. The target molecule may be contained within a sample, including for
example: a bacterium, a zebrafish embryo, a chicken embryo, a mouse embryo, a human biopsy

specimen, a human tissue section, an FFPE tissue section, a urine sample, a blood sample, a
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stool sample, a mouse tissue section, a brain slice, a sea urchin embryo, a nematode larva, a
fruit fly embryo, a model organism, a non-model organism, a multi-species mixture of
organisms, an environmental sample containing unknown organisms, a consortium of
organisms (for example, a mixture of protists and bacteria within the gut of another organism),
a termite, a microbiome, a clinical specimen, a diagnostic sample, a sputum sample, a tumor
biopsy sample, a research sample, a sample comprising material from a human, a sample
comprising material from a pet (for example, a dog, cat, rabbit, lizard, snake, or fish), material
from a wild animal (for example, a cheetah, elephant, rhinoceros, or chimpanzee), material
from an extinct animal (for example, a woolly mammoth, a dodo, a giant auk, a triceratops, or
a passenger pigeon), living cells (for example, bacteria or cultured mammalian cells), or a
living organism (for example a living mouse or a living human).

[0174] In some embodiments, the target may be free in solution within the sample.
For example, the target may be free in solution within: a test tube, a cell, an embryo, an
organism, a tissue section, a biological specimen, or other sample.

[0175] In some embodiments, the target may be covalently crosslinked or non-
covalently bound to one or more capture probes covalently or non-covalently attached to a
solid support. For example, bound directly or indirectly to a capture probe covalently linked to
a microarray or bead.

[0176] In some embodiments, the target may be fixed, covalently crosslinked, or
non-covalently bound directly or indirectly to a solid support. For example, the target may be
bound, fixed, or covalently cross-linked to a slide, a blot, a membrane, a paper substrate, or
any other substrate. The target may be fixed or covalently crosslinked to a cell, embryo,
organism, tissue section, biological specimen, or any other sample. The target may be
covalently linked within a sample that is fixed and permeabilized, fixed but not permeabilized,
or not fixed but permeabilized.

[0177] In some embodiments, the target may be free within a living cell, living
embryo, living organism, living ecosystem, or consortium of organisms (for example, the
microbiome within the gut of a mammal). The target may be associated with but exterior to a
cell or organism, or it may be contained within a cell or organism. The target may be covalently
crosslinked within a living cell, living embryo, living organism, living ecosystem, or living

consortium of organisms. The target may be present within or absent from one or more cell
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types within the sample. The target may be present within or absent from one or more species
of organism within the sample. The target may be present in a sample that contains one or more
off-targets that have different degrees of similarity to the target molecule. The target may be
present within an expanded sample. The target may be present within a compressed sample.
The sample may be expanded prior to detecting the target so as to increase the spatial separation
between molecules. The sample may be compressed prior to detecting the target so as to
decrease the spatial separation between molecules. The target and/or other molecules may be
crosslinked to an expanded sample so as to maintain the relative position between molecules
in the sample as the sample expands. The target and/or other molecules may be crosslinked to
a gel, matrix, or other reagents introduced to the sample so as to expand the sample while
maintaining the relative position and/or orientation of molecules in the sample as the sample
expands. The sample may be differentially expanded and/or compressed with different
expansion and/or compression factors in different tissues and/or organs within the sample.

[0178] Fixing the sample. In some embodiments, an target molecules can be
crosslinked to the sample so that they are retained during subsequent steps in an experiment.
For example, target molecules can be crosslinked to the sample using chemical reagents (for
example, formaldehyde, paraformaldehyde, EDC (1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide)).

[0179] Permeabilizing the sample. In some embodiments, the sample can be
treated to enhance the accessibility of target molecules to HCR probes and amplifiers. For
example, the sample (for example, cells, tissue sections, or whole-mount embryos) can be
permeabilized using chemical reagents (for example, methanol, ethanol, detergent) or enzymes
(for example, proteinase K). Target accessibility can also be enhanced via sample
homogenization, microdissection, electroporation, sectioning, heat treatment (for example,
Smith JJ, Gunasekera TS, Barardi CR, Veal D, Vesey G (2004) J Appl Microbiol 96(2):409-
417), and/or microwave treatment (for example, Lan HY, Mu W, NG Y'Y, Nikolic-Paterson
DH, & Atkins RC (1996) J Histochem Cytochem 44(3):281-287). Another option is to deliver
HCR probes and amplifiers across the cell membrane using chemical transfection reagents.

[0180] Sample washes to remove unbound reagents from the sample. In some
embodiments, background can be reduced by washing unused imaging reagents from the

sample. For example, washes can be used to remove probes, HCR initiator-labeled probes,
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HCR fractional initiator probes, HCR amplification hairpins, amplification reagents, label
probes, antibodies, and/or other imaging reagents from the sample. Washes can be performed
at a temperature using chemical reagents such that imaging reagents that are bound specifically
are predominantly not removed (retaining signal) and imaging reagents that are bound non-
specifically are predominantly removed (reducing background). For example, wash buffers
could include denaturing agents (e.g., formamide, urea), salt buffer (e.g., sodium chloride
sodium citrate (SSC), phosphate buffered saline (PBS)), acids (e.g., citric acid), surfactants
(e.g., Tween 20, Triton-X, SDS), or blocking agents (e.g., tRNA, salmon sperm DNA, BSA,
ficoll, polyvinilypyrolidone, heparin). Wash buffer can be combined with wash temperature
(e.g., 25-80 °C) to optimize wash stringency.

[0181] Accurate and precise target quantitation. In some embodiments, HCR
probes and HCR amplifiers provide quantitative analysis of target molecules in an anatomical
context, generating a signal that scales approximately linearly with the number of target
molecules per imaging voxel. This quantitative property follows from summation of signal that
occurs at three levels during imaging: 1) summation over one or more initiator-labeled probes
per target molecule or over one or more probe units (each comprising two or more fractional
initiator probes) per target molecule. 2) Summation over multiple HCR amplification hairpins
per amplification polymer tethered to an initiator-labeled probe or to a probe unit of fractional
initiator probes that colocalize a full initiator. 3) Summation over zero, one, or more target
molecules in an imaging pixel. Quantitative precision can be further increased while still
maintaining subcellular resolution by defining imaging voxels that average the intensities of
neighboring pixels. For example, accurate and precise quantitative imaging with subcellular
resolution is demonstrated for mRNA targets in FIGs. 11A-11B and for protein targets in FIGs.
41A-41C. The quantitative nature of HCR signal follows from the binding properties of HCR
probes, the polymerization properties of HCR amplification hairpins, and the central limit
theorem, which leverage summation and averaging during and after image acquisition to
generate signals that scale approximately linearly with target abundance. The same quantitative
properties apply to other assay formats, with summation and/or averaging occurring during
and/or after data acquisition (for example, by a flow cytometer or a blot scanner).

[0182] Multiplexing using initiator-labeled probes. In some embodiments, HCR

probe sets comprising initiator-labeled probes and HCR amplifiers comprising HCR hairpins
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can be used for multiplexed target analysis (for example, target analysis via imaging, blotting,
flow cytometry, mass cytometry, gel analysis, or any other analysis mode) in which multiple
targets are analyzed in the same sample at the same time. Consider a sample containing some
or all of N target types of interest as well as zero, one, or more additional off-target species
that are not of interest. Each target can be detected using a probe set comprising one or more
initiator-labeled probes (each comprising one or more HCR 1initiators) that selectively bind the
cognate target. In some embodiments, the probe set for each of N target types is labeled with
HCR initiators for a different HCR amplifier. For example, Target 1 can be detected with Probe
Set 1 labeled with HCR initiators for HCR Amplifier 1, Target 2 can be detected with Probe
Set 2 labeled with HCR initiators for HCR Amplifier 2, and so on, with Probe Set N labeled
with HCR initiators for HCR Amplifier N.

[0183] In some embodiments, the N probe sets operate orthogonally such that each
probe set selectively binds its cognate target independent of whether the other probe sets and/or
targets are present in the sample. In some embodiments, the N amplifiers operate orthogonally
such that; 1) the hairpins for each amplifier coexist metastably in the absence of a cognate
HCR initiator, 2) each amplifier is selectively triggered to polymerize if its cognate initiator is
present independent of whether the other amplifiers are present in the sample.

[0184] In some embodiments, the labels carried by each HCR amplifier are
orthogonal such that the analysis method is able to measure the signal generated by each HCR
amplifier whether or not the other labels are present in the sample (for example, fluorescent
labels that can be distinguished using fluorescence microscopy, or rare earth labels that can be
distinguished using mass cytometry).

[0185] For example, multiplexed imaging using initiator-labeled probes and
simultaneous HCR signal amplification for all targets are shown in FIGs. 29, 30, 41, and 43.

[0186] In some embodiments, multiplexed target analysis for N target types (types
j=1,...,N) can be achieved as follows:

1. Using N orthogonal HCR initiator-labeled probe sets to detect all targets

simultaneously (with initiator-labeled probes from probe set j binding to target
j for target types j = 1,...,N),
2. Using N orthogonal HCR amplifiers to amplify the signal for all target types

simultaneously (with hairpins from amplifier j polymerizing in response to
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initiator j to form an amplification polymer j tethered to target type j for
j=1.....N),

3. Analyzing the sample using a measurement device to detect reporter j either
directly carried by one or more of the hairpins in amplifier j or indirectly bound
to one or more of the hairpins in amplifier j, for target types j=1,...,N.

[0187] Multiplexing using fractional initiator probes. In some embodiments,

HCR probe sets comprising fractional initiator probes and HCR amplifiers comprising HCR
hairpins can be used for multiplexed target analysis (for example, target analysis via imaging,
blotting, flow cytometry, mass cytometry, gel analysis, or any other analysis mode) in which
multiple targets are analyzed in the same sample at the same time. Consider a sample
containing some or all of N target types of interest as well as zero, one, or more additional off-
target species that are not of interest. Each target can be detected using a probe set comprising
one or more probe units (each comprising two or more fractional initiator probes) that
selectively bind the cognate target so that each bound probe unit colocalizes a full HCR
initiator. In some embodiments, the probe set for each of N target types colocalizes full HCR
initiators for a different HCR amplifier. For example, Target 1 can be detected with Probe Set
1 that colocalizes one or more full HCR initiators for HCR Amplifier 1, Target 2 can be
detected with Probe Set 2 that colocalizes one or more full HCR initiators for HCR Amplifier
2, and so on, with Probe Set N colocalizing one or more full HCR initiators for HCR Amplifier
N.

[0188] In some embodiments, the N probe sets operate orthogonally such that each
probe set selectively binds its cognate target independent of whether the other probe sets and/or
targets are present in the sample. In some embodiments, the N amplifiers operate orthogonally
such that; 1) the hairpins for each amplifier coexist metastably in the absence of a cognate full
initiator colocalized by the cognate target, 2) each amplifier is selectively triggered to
polymerize if its cognate full initiator is colocalized by its cognate target independent of
whether the other amplifiers are present in the sample.

[0189] In some embodiments, the labels carried by each HCR amplifier are
orthogonal such that the analysis method is able to measure the signal generated by each HCR

amplifier whether or not the other labels are present in the sample (for example, fluorescent

-59-



WO 2021/221789 PCT/US2021/020919

labels that can be distinguished using fluorescence microscopy, or rare earth labels that can be
distinguished using mass cytometry).

[0190] For example, multiplexed imaging using fractional initiator probes and
simultaneous HCR signal amplification for all targets are shown in FIGs. 10 and 11.

[0191] In some embodiments, multiplexed target analysis for N target types (types
j=1,...,N) can be achieved as follows:

1. Using N orthogonal HCR fractional initiator probe sets to detect all targets
simultaneously (with fractional initiator probes from probe set j binding to
target j so as to colocalize a full HCR initiator j for each probe unit in probe set
j for target types j = 1,...,N),

2. Using N orthogonal HCR amplifiers to amplify the signal for all target types
simultaneously (with hairpins from amplifier j polymerizing in response to full
HCR initiator j to form an amplification polymer j tethered to target type j for
j=L.....N),

3. Analyzing the sample using a measurement device to detect reporter j either
directly carried by one or more of the hairpins in amplifier j or indirectly bound
to one or more of the hairpins in amplifier j, for target types j=1,...,N.

[0192] Multiplexing using a combination of initiator-labeled probes and
fractional initiator probes. In some embodiments, multiplexed analysis is performed in a
sample using initiator-labeled probes to detect one or more targets (of possibly different types)
and fractional initiator probes to detect one or more other targets (of possibly different types).
For example, in the same sample, one or more protein targets and one or more small RNA
targets could be detected with orthogonal initiator-labeled probes, one or more mRNA targets
and/or DNA targets could be detected with orthogonal fractional initiator probes, and one or
more complex targets (comprising a complex of two or more non-covalently linked molecules)
could be detected with fractional initiator probes. In some embodiments, the probe set for each
target (comprising one or more initiator-labeled probes or one or more probe units each
comprising two or more fractional initiator probes) would trigger an orthogonal HCR amplifier
that generates (directly or indirectly) an orthogonal signal. In some embodiments, HCR signal

amplification is performed for all target types simultaneously.
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[0193] For example, multiplexed imaging using initiator-labeled probes for one or
more targets and fractional initiator probes for one or more targets with simultanecous HCR
signal amplification for all targets are shown in FIGs. 31 and 32.

[0194] Multiplexing using spectral imaging. In some embodiments, the number
of labels that can be distinguished from each other can be increased using spectral analysis.
For example, if two fluorophores have overlapping emissions spectra such that measurement
of emissions intensity using a bandpass filter would not be able to distinguish between the two
labels, they can be distinguished using spectral imaging in which multiple emissions
measurements at different wavelengths are used to distinguish between the signal coming from
the two labels even though the emissions spectra of the labels are substantially overlapping.
Using spectral imaging, in some embodiments, 10 fluorescent dyes can be spectrally
distinguished, or 20 fluorescent dyes can be spectrally distinguished, or 30 or more fluorescent
dyes can be spectrally distinguished.

[0195] Multiplexing using hybrid spectra using multi-reporter polymers. HCR
polymerization proceeds via alternating H1 and H2 polymerization steps so the resulting HCR
amplification polymer contains either: 1) the same number of H1 and H2 hairpins, 2) one more
H1 hairpin, 3) or one more H2 hairpin. As the length of the polymer increases, the fraction of
H1 hairpins in the polymer approaches 0.5 and the fraction of H2 hairpins in the polymer also
approaches 0.5. In some embodiments, hairpin H1 is labeled with reporter R1 and hairpin H2
is labeled with reporter R2. The signal produced by the HCR amplification polymer is a 1:1
blend of the signal produced by reporter R1 and reporter R2 with a new hybrid spectrum.
Consider a set of N reporters with distinct spectra. The N reporters can be used to create N*(N-
1)/2 hybrid spectra corresponding to the number of distinct pairs of reporters that can be
selected from the set of N reporters. For example: 1) with 6 reporters it is possible to create
6*5/2 = 15 hybrid reporter spectra, 2) with 8 reporters it is possible to create 8*%7/2 = 28 hybrid
reporter spectra, 3) with 15 reporters it is possible to create 15%14/2 = 105 hybrid reporter
spectra, 4) with 50 reporters it is possible to create 50%49/2 = 1225 hybrid reporter spectra, 5)
with 100 reporters it is possible to create 100%99/2 = 4950 hybrid reporter spectra.

[0196] Computational sequence design of orthogonal HCR amplifiers using
NUPACK. In some embodiments, a set of orthogonal HCR amplifiers (with or without

substrates and/or auxiliary strands) is designed using the reaction pathway designer within the
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NUPACK the software suite.”**” In some embodiments, sequence design is formulated as a
multistate optimization problem using a set of target test tubes to represent elementary steps in
the reaction pathway as well as to model global crosstalk.®® In some embodiments, each
elementary step tube contains a set of desired on-target complexes (each with a target
secondary structure and target concentration), corresponding to the on-pathway hybridization
products for a given step, and a set of undesired off-target complexes (each with vanishing
target concentration), corresponding to on-pathway reactants and off-pathway hybridization
crosstalk for a given step.®® In this scenario, these elementary step tubes promote full
conversion of cognate reactants into cognate products and against local hybridization crosstalk
between these same reactants. In some embodiments, to simultaneously design N orthogonal
systems, elementary step tubes are specified for each orthogonal system. In some
embodiments, to design against off-pathway interactions between systems, a single global
crosstalk tube is also specified.’® In some embodiments, in the global crosstalk tube, the on-
target complexes correspond to all reactive species generated during all elementary steps for
all systems (for example, the single-stranded output domains of HCR hairpins that have been
opened via polymerization). In some embodiments, in the global crosstalk tube, the off-target
complexes correspond to noncognate interactions between these reactive species. In some
embodiments, the global crosstalk tube ensemble omits the cognate products that the reactive
species are intended to form (they appear as neither on-targets nor off-targets). In this scenario,
all reactive species in the global crosstalk tube can be forced to either perform no reaction
(remaining as desired on-targets) or to undergo a crosstalk reaction (forming undesired off-
targets), providing the basis for minimization of global crosstalk during sequence optimization.
In some embodiments, sequence design is performed subject to complementarity constraints
inherent to the reaction pathway (for example in FIG. 1A, domain “a” complementary to
domain “a*”, domain “b” complementary to domain “b*”").% In some embodiments, sequences
are optimized by reducing the ensemble defect quantifying the average fraction of incorrectly
paired nucleotides over the multi-tube ensemble.*® In some embodiments, defect weights are

applied within the ensemble defect to prioritize design effort.>®

Optimization of the ensemble
defect implements both a positive design paradigm, explicitly design for on-pathway
elementary steps, and a negative design paradigm, explicitly design against off-pathway

crosstalk.>®

-62-



WO 2021/221789 PCT/US2021/020919

[0197] Multiplexing using repeated reporter detection. In some embodiments,
the number of targets that can be analyzed in a sample can be increased using the same N labels
to detect multiple targets in successive rounds of analysis. For example, N targets can be
imaged using N labels and then removing the signal from the sample and detecting another set
of N targets using the same N labels. This approach is applicable for imaging multiple target
types in the same sample: 1) regardless of whether the expression levels of the different target
types are high, low, variable within each target type, and/or variable across different target
types, 2) regardless of whether the expression patterns of the different target types are spatially
overlapping or non-overlapping within the sample. Example methods for multiplexed analysis
using repeated reporter detection include but are not limited to those described in Methods A-
T below. In some embodiments, in one, more, and/or all of the steps of Methods A-T below,
the choice of probe type can be different for different targets and can, optionally, be mixed
within any process. In some embodiments of methods A-T: 1) all targets may be detected with
initiator-labeled probes, or 2) all targets may be detected with fractional initiator probes, or 3)
one or more targets may be detected with initiator-labeled probes and other targets may be
detected with fractional initiator probes. Thus, the disclosure of one option herein provides
the options for the other and for their combination. For example the statement “Providing N
probe sets each comprising either: a) one or more HCR initiator-labeled probes, or b) one or
more probe units each comprising two or more HCR fractional initiator probes” implies that
any one of the N probe sets can be of either type (a or b), including the possibility that all probe
sets are of the same type (all of type a or all of type b) and the possibility that some probe sets
are of one type and some probe sets are of the other type (some of type a and some of type b).
It is also appreciated that in the disclosures in the specification, the types can be mixed for any
of the embodiments where the “either...or” is denoted in this context (unless explicitly noted
otherwise).

[0198] In some embodiments, any one of the Methods A-T below can be combined
with CARD, enzyme deactivation, and/or repeated CARD. When the phrase “optionally be
modified further by CARD, enzyme deactivation, and/or repeated CARD)” is used, it denotes
that any of the embodiments being discussed can also be combined with any one or more of
the discussed embodiments involving CARD, enzyme deactivation, and/or repeated CARD.

This explicitly allows for the further combination of the various methods provided herein.
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Similarly, when the phrase “optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal” is
used, it denotes that any of the embodiments being discussed can also be combined with any
one or more of the discussed embodiments involving multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal.
These phrases are used as shorthand notations to simplify the disclosure by relying on the other
disclosure parts by reference, rather than repeating them.

[0199] In some embodiments, any one or more of the optional steps of any one or
more of the methods herein can be combined with any one or more of the other optional steps
of any one or more of the methods herein.

[0200] In some embodiments, any one or more of the steps that are different for
any one or more of the methods herein can be combined with any one or more of the other
steps that are different for any one or more of the methods herein.

[0201] In some embodiments, any one or more of the optional steps that are
different for any one or more of the methods herein can be combined with any one or more of
the other optional steps that are different for any one or more of the methods herein.

[0202] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method A (Example 15) (which can optionally be modified further by
CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled
probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes
Optionally washing the sample
Providing an HCR amplifier labeled with a reporter

Optionally washing the sample

®© =N N W

Detecting a signal from the reporter
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[0203] In some embodiments, Method A (Example 15) comprises (see Figure
26A): Step Al: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step A2: Optionally fixing the sample; Step A3: Optionally
permeabilizing the sample; Step A4: providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17); Step AS: Optionally washing the sample; Step A6: Providing
an HCR amplifier labeled with a reporter (for example, see the reporter-labeled amplifiers of
Figures 8 and 18); Step A7: Optionally washing the sample; Step A8: Detecting a signal from
the reporter.

[0204] In some embodiments, Method A (e.g., an example of which is shown in
Example 15) comprises (see Figure 26A): Step Al: Providing a sample possibly containing a
target as well as possibly other molecules that are not targets; Step A2: fixing the sample; Step
A3: permeabilizing the sample; Step A4: providing a probe set comprising either: a) one or
more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,
42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures
8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step AS: washing the sample; Step A6: Providing an
HCR amplifier labeled with a reporter (for example, see the reporter-labeled amplifiers of
Figures 8 and 18); Step A7: washing the sample; Step A8: Detecting a signal from the reporter.

[0205] In some embodiments, a method for multiplexed analysis using repeated
reporter detection includes Method B (e.g., Example 16) (which can optionally be modified
further by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing N probe sets each comprising either: a) one or more HCR initiator-

labeled probes, or b) one or more probe units each comprising two or more HCR

fractional initiator probes
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5. Optionally washing the sample
6. Providing N HCR amplifiers (each labeled with a distinct reporter)
corresponding to the N probe sets

7. Optionally washing the sample

8. Detecting N signals from the N distinct reporters

[0206] In some embodiments, Method B (e.g., Example 16) comprises (see Figure
26B): Step B1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step B2: Optionally fixing the sample; Step B3: Optionally
permeabilizing the sample; Step B4: Providing N probe sets each comprising either: a) one or
more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,
42A-42F, and 43A), or b) one or more probe units (for example see the probe sets of Figures
8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step B5: Optionally washing the sample; Step B6:
Providing N HCR amplifiers (each labeled with a distinct reporter) corresponding to the N
probe sets (for example, see the reporter-labeled HCR amplifiers of Figures 8 and 18); Step
B7: Optionally washing the sample; Step B8: Detecting N signals from the N distinct reporters.

[0207] In some embodiments, Method B (e.g., Example 16) comprises (see Figure
26B): Step B1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step B2: fixing the sample; Step B3: permeabilizing the sample;
Step B4: Providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example see the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,
and 17); Step BS: washing the sample; Step B6: Providing N HCR amplifiers (each labeled
with a distinct reporter) corresponding to the N probe sets (for example, see the reporter-
labeled HCR amplifiers of Figures 8 and 18); Step B7: washing the sample; Step B8: Detecting
N signals from the N distinct reporters.

[0208] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method C (e.g., Example 17) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:
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1. Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets
2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing a probe set (targeting one of the N target types) comprising either: a)
one or more HCR initiator-labeled probes, or b) one or more probe units each
comprising two or more HCR fractional initiator probes
5. Optionally washing the sample
6. Providing an HCR amplifier (labeled with a reporter) corresponding to the
provided probe set
7. Optionally washing the sample
8. Detecting a signal from the reporter
9. Removing the signal from the sample
10. Optionally repeating one or more of Steps C4-C9 until signal detection has been
performed for all N targets
[0209] In some embodiments, Method C (e.g., Example 17) comprises (see Figure
26C): Step C1: providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step C2: optionally fixing the sample; Step C3: optionally
permeabilizing the sample, Step C4: providing a probe set (targeting one of the N target types)
comprising either: a) one or more HCR initiator-labeled probes (for example, see the probes
of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for example see
the probe sets of Figures 8 and 16) each comprising two or more HCR fractional initiator
probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step C5: optionally
washing the sample, Step C6: providing an HCR amplifier (labeled with a reporter)
corresponding to the provided probe set (for example, see the reporter-labeled HCR amplifiers
of Figures 8 and 18); Step C7: optionally washing the sample, Step C8: detecting a signal from
the reporter; Step C9: removing the signal from the sample (for example, see Figure 23); Step
C10: optionally repeating one or more of Steps C4-C9 until signal detection has been
performed for all N targets.
[0210] In some embodiments, Method C (e.g., Example 17) comprises (see Figure
26C): Step C1: providing a sample possibly containing up to N targets as well as possibly other
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molecules that are not targets; Step C2: fixing the sample; Step C3: permeabilizing the sample,
Step C4: providing a probe set (targeting one of the N target types) comprising either: a) one
or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,
42 A-42F, and 43A), or b) one or more probe units (for example see the probe sets of Figures
8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step C5: washing the sample, Step C6: providing an
HCR amplifier (labeled with a reporter) corresponding to the provided probe set (for example,
see the reporter-labeled HCR amplifiers of Figures 8 and 18); Step C7: washing the sample,
Step C8: detecting a signal from the reporter; Step C9: removing the signal from the sample
(for example, see Figure 23); Step C10: repeating one or more of Steps C4-C9 until signal
detection has been performed for all N targets.

[0211] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method D (e.g., Example 18) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing M probe sets (for M < N; each targeting one of M target types) each

comprising either: a) one or more HCR initiator-labeled probes, or b) one or
more probe units each comprising two or more HCR fractional initiator probes
5. Optionally washing the sample
6. Providing M HCR amplifiers (each labeled with a distinct reporter)
corresponding to the M probe sets

7. Optionally washing the sample

8. Detecting M signals corresponding to the M distinct reporters

9. Removing the M signals from the sample

10. Optionally repeating one or more of steps 4-9 until signal detection has been
performed for all N targets

[0212] In some embodiments, Method D (e.g., Example 18) comprises (see Figure
26D): Step D1: Providing a sample possibly containing up to N targets as well as possibly
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other molecules that are not targets; Step D2: Optionally fixing the sample; Step D3:
Optionally permeabilizing the sample; Step D4: Providing M probe sets (for M < N; each
targeting one of M target types) each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example, see the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,
and 17); Step D5: Optionally washing the sample; Step D6: Providing M HCR amplifiers (each
labeled with a distinct reporter) corresponding to the M probe sets (for example, see the
reporter-labeled HCR amplifiers of Figures 8 and 18); Step D7: Optionally washing the
sample; Step D8: Detecting M signals corresponding to the M distinct reporters; Step D9:
Removing the M signals from the sample (for example, see Figure 23); Step D10: Optionally
repeating one or more of steps 4-9 until signal detection has been performed for all N targets.

[0213] In some embodiments, Method D (e.g., Example 18) comprises (see Figure
26D): Step D1: Providing a sample possibly containing up to N targets as well as possibly
other molecules that are not targets; Step D2: fixing the sample; Step D3: permeabilizing the
sample; Step D4: Providing M probe sets (for M < N; each targeting one of M target types)
each comprising either: a) one or more HCR initiator-labeled probes (for example, see the
probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for
example, see the probe sets of Figures 8 and 16) each comprising two or more HCR fractional
initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step D5: washing
the sample; Step D6: Providing M HCR amplifiers (each labeled with a distinct reporter)
corresponding to the M probe sets (for example, see the reporter-labeled HCR amplifiers of
Figures 8 and 18); Step D7: washing the sample; Step D8: Detecting M signals corresponding
to the M distinct reporters; Step D9: Removing the M signals from the sample (for example,
see Figure 23); Step D10: repeating one or more of steps 4-9 until signal detection has been
performed for all N targets.

[0214] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method E (c.g., Example 19) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

-69-



WO 2021/221789 PCT/US2021/020919

2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing N probe sets (each targeting one of N target types) each comprising

either: a) one or more HCR initiator-labeled probes, or b) one or more probe
units each comprising two or more HCR fractional initiator probes

5. Optionally washing the sample

6. Providing an HCR amplifier (labeled with a reporter) corresponding to one of
the probe sets

7. Optionally washing the sample

8. Detecting a signal from the reporter
9. Removing the signal from the sample
10. Optionally repeating one or more of steps 6-9 until signal detection has been

performed for all N targets

[0215] In some embodiments, Method E (e.g., Example 19) comprises (see Figure
26E): Step E1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step E2: Optionally fixing the sample; Step E3: Optionally
permeabilizing the sample; Step E4: Providing N probe sets (each targeting one of N target
types) each comprising either: a) one or more HCR initiator-labeled probes (for example, see
the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for
example, see the probe sets of Figure 8 and 16) each comprising two or more HCR fractional
initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step ES: Optionally
washing the sample; Step E6: Providing an HCR amplifier (labeled with a reporter)
corresponding to one of the probe sets (for example, see the reporter-labeled amplifiers of
Figure 8 and 18); Step E7: Optionally washing the sample: Step E8: Detecting a signal from
the reporter; Step E9: Removing the signal from the sample (for example, see Figure 23); Step
E10: Optionally repeating one or more of steps 6-9 until signal detection has been performed
for all N targets.

[0216] In some embodiments, Method E (e.g., Example 19) comprises (see Figure
26E): Step E1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step E2: fixing the sample; Step E3: permeabilizing the sample;

Step E4: Providing N probe sets (each targeting one of N target types) each comprising either:
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a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of
Figure 8 and 16) each comprising two or more HCR fractional initiator probes (for example,
see the probe units of Figures 3, 4, 5, and 17); Step E5: washing the sample; Step E6: Providing
an HCR amplifier (labeled with a reporter) corresponding to one of the probe sets (for example,
see the reporter-labeled amplifiers of Figure 8 and 18); Step E7: washing the sample: Step ES8:
Detecting a signal from the reporter; Step E9: Removing the signal from the sample (for
example, see Figure 23); Step E10: repeating one or more of steps 6-9 until signal detection
has been performed for all N targets.

[0217] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method F (e.g., Example 20) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing N probe sets (each targeting one of N target types) each comprising

cither: a) one or more HCR initiator-labeled probes, or b) one or more probe
units each comprising two or more HCR fractional initiator probes

5. Optionally washing the sample

6. Providing M HCR amplifiers (for M < N; each labeled with a distinct reporter)
corresponding to M of the N probe sets

7. Optionally washing the sample

8. Detecting M signals corresponding to the M reporters

9. Removing the M signals from the sample

10. Optionally repeating one or more of steps 6-9 until signal detection has been

performed for all N targets
[0218] In some embodiments, Method F (e.g., Example 20) comprises (see Figure
26F): Step F1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step F2: Optionally fixing the sample; Step F3: Optionally
permeabilizing the sample; Step F4: Providing N probe sets (each targeting one of N target
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types) each comprising either: a) one or more HCR initiator-labeled probes (for example, see
the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for
example, see the probe sets of Figure 8 and 16) each comprising two or more HCR fractional
initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step F5: Optionally
washing the sample; Step F6: Providing M HCR amplifiers (for M < N; each labeled with a
distinct reporter) corresponding to M of the N probe sets (for example, see the reporter-labeled
amplifiers of Figure 8 and 18); Step F7: Optionally washing the sample; Step F8: Detecting M
signals corresponding to the M reporters; Step F9: Removing the M signals from the sample
(for example, see Figure 23); Step F10: Optionally repeating one or more of steps 6-9 until
signal detection has been performed for all N targets.

[0219] In some embodiments, Method F (e.g., Example 20) comprises (see Figure
26F): Step F1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step F2: fixing the sample; Step F3: permeabilizing the sample;
Step F4: Providing N probe sets (each targeting one of N target types) each comprising either:
a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of
Figure 8 and 16) each comprising two or more HCR fractional initiator probes (for example,
see the probe units of Figures 3, 4, 5, and 17); Step F5: washing the sample; Step F6: Providing
M HCR amplifiers (for M < N; each labeled with a distinct reporter) corresponding to M of
the N probe sets (for example, see the reporter-labeled amplifiers of Figure 8 and 18); Step F7:
washing the sample; Step F8: Detecting M signals corresponding to the M reporters; Step F9:
Removing the M signals from the sample (for example, see Figure 23); Step F10: repeating
one or more of steps 6-9 until signal detection has been performed for all N targets.

[0220] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method G (e.g., Example 21) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing one or more targets as well as possibly

other molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample
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4. Providing one or more probe sets each comprising either: a) one or more HCR
initiator-labeled probes, or b) one or more probe units each comprising two or
more HCR fractional initiator probes

5. Optionally washing the sample

6. Providing one or more HCR amplifiers (each labeled with one or more
reporters)

7. Optionally washing the sample

8. Detecting one or more signals from one or more reporters

9. Optionally removing one or more probe sets from the sample

10. Optionally removing one or more HCR amplifiers from the sample
11. Optionally removing one or more reporters from the sample

12. Optionally removing one or more signals from the sample

13. Optionally repeating any of steps 2-12 one or more times in any order

[0221] In some embodiments, Method G (e.g., Example 21) comprises (see Figure
26G): Step G1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step G2: Optionally fixing the sample; Step G3:
Optionally permeabilizing the sample; Step G4: Providing one or more probe sets each
comprising either: a) one or more HCR initiator-labeled probes (for example, see the probes
of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for example,
see the probe sets of Figures 8 and 16) each comprising two or more HCR fractional initiator
probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step GS5: Optionally
washing the sample; Step G6: Providing one or more HCR amplifiers (each labeled with one
or more reporters) (for example, see the reporter-labeled HCR amplifiers of Figure 8 and 18);
Step G7: Optionally washing the sample; Step G8: Detecting one or more signals from one or
more reporters; Step G9: Optionally removing one or more probe sets from the sample; Step
G10; Optionally removing one or more HCR amplifiers from the sample; Step G11: Optionally
removing one or more reporters from the sample; Step G12: Optionally removing one or more
signals from the sample (for example, see Figure 23); Step G13: Optionally repeating any of
steps 2-12 one or more times in any order.

[0222] In some embodiments, Method G (e.g., Example 21) comprises (see Figure

26G): Step G1: Providing a sample possibly containing one or more targets as well as possibly
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other molecules that are not targets; Step G2: fixing the sample; Step G3: permeabilizing the
sample; Step G4: Providing one or more probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17); Step G5: washing the sample; Step G6: Providing one or more
HCR amplifiers (each labeled with one or more reporters) (for example, see the reporter-
labeled HCR amplifiers of Figure 8 and 18); Step G7: washing the sample; Step G8: Detecting
one or more signals from one or more reporters; Step G9: removing one or more probe sets
from the sample; Step G10; removing one or more HCR amplifiers from the sample; Step G11:
removing one or more reporters from the sample; Step G12: removing one or more signals
from the sample (for example, see Figure 23); Step G13: repeating any of steps 2-12 one or
more times in any order.

[0223] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method H (e.g., Example 22) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled
probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes
Optionally washing the sample
Providing an HCR amplifier labeled with a substrate
Optionally washing the sample

Providing a label probe (conjugated to a reporter) corresponding to the substrate

R S

Optionally washing the sample

10. Detecting a signal from the reporter

[0224] In some embodiments, Method H (e.g., Example 22) comprises (see Figure
26H): Step H1: Providing a sample possibly containing a target as well as possibly other
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molecules that are not targets; Step H2: Optionally fixing the sample; Step H3: Optionally
permeabilizing the sample; Step H4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17); Step H5: Optionally washing the sample; Step H6: Providing
an HCR amplifier labeled with a substrate (for example, see the substrate-labeled HCR
amplifiers of Figure 18); Step H7: Optionally washing the sample; Step HS8: Providing a label
probe (conjugated to a reporter) corresponding to the substrate (for example, see the label
probes of Figure 20); Step H9: Optionally washing the sample; Step H10: Detecting a signal
from the reporter.

[0225] In some embodiments, Method H (e.g., Example 22) comprises (see Figure
26H): Step H1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step H2: fixing the sample; Step H3: permeabilizing the sample;
Step H4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17);
Step HS5: washing the sample; Step H6: Providing an HCR amplifier labeled with a substrate
(for example, see the substrate-labeled HCR amplifiers of Figure 18); Step H7: washing the
sample; Step H8: Providing a label probe (conjugated to a reporter) corresponding to the
substrate (for example, see the label probes of Figure 20); Step H9: washing the sample; Step
H10: Detecting a signal from the reporter.

[0226] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method I (e.g., Example 23) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample
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4. Providing N probe sets each comprising either: a) one or more HCR initiator-
labeled probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes
5. Optionally washing the sample
6. Providing N HCR amplifiers (each labeled with a distinct substrate)
corresponding to the N probe sets
7. Optionally washing the sample
8. Providing N label probes (each conjugated to a distinct reporter) corresponding
to the N distinct substrates
9. Detecting the N signals from the N distinct reporters
[0227] In some embodiments, Method I (e.g., Example 23) comprises (see Figure
26I): Step I1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step I12: Optionally fixing the sample; Step I3: Optionally
permeabilizing the sample; Step I4: Providing N probe sets each comprising either: a) one or
more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,
42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures
8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step I5: Optionally washing the sample; Step 16:
Providing N HCR amplifiers (each labeled with a distinct substrate) corresponding to the N
probe sets (for example, see the substrate-labeled HCR amplifiers of Figure 18); Step 17:
Optionally washing the sample; Step I8: Providing N label probes (each conjugated to a distinct
reporter) corresponding to the N distinct substrates (for example, see the label probes of Figure
20); Step I9: Detecting the N signals from the N distinct reporters.

[0228] In some embodiments, Method I (e.g., Example 23) comprises (see Figure
26I): Step 11: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step 12: fixing the sample; Step I3: permeabilizing the sample;
Step I4: Providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example, sce the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,

and 17); Step I5: washing the sample; Step 16: Providing N HCR amplifiers (each labeled with
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a distinct substrate) corresponding to the N probe sets (for example, see the substrate-labeled
HCR amplifiers of Figure 18); Step I7: washing the sample; Step I8: Providing N label probes
(each conjugated to a distinct reporter) corresponding to the N distinct substrates (for example,
see the label probes of Figure 20); Step I9: Detecting the N signals from the N distinct reporters.

[0229] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method J (c.g., Example 24) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing up to N targets as well as possibly other

molecules that are not targets

2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing N probe sets each comprising either: a) one or more HCR initiator-

labeled probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes
5. Optionally washing the sample
6. Providing N HCR amplifiers (each labeled with a distinct substrate)
corresponding to the N probe sets
7. Optionally washing the sample
8. Providing M label probes (for M < N; each conjugated to a distinct reporter)
corresponding to M of the N distinct substrates
9. Optionally washing the sample
10.  Detecting M signals corresponding to the M distinct reporters
11.  Removing the M signals from the sample
12. Optionally repeating one or more of steps 8-11 until signal detection has been
performed for all N targets
[0230] In some embodiments, Method J (e.g., Example 24) comprises (see Figure
26J): Step J1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step J2: Optionally fixing the sample; Step J3: Optionally
permeabilizing the sample; Step J4: Providing N probe sets each comprising either: a) one or
more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,

42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures
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8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step J5: Optionally washing the sample; Step J6:
Providing N HCR amplifiers (each labeled with a distinct substrate) corresponding to the N
probe sets (for example, see the substrate-labeled HCR amplifiers of Figure 18); Step J7:
Optionally washing the sample; Step J8: Providing M label probes (for M < N; each conjugated
to a distinct reporter) corresponding to M of the N distinct substrates (for example, see the
label probes of Figure 20); Step J9: Optionally washing the sample; Step J10: Detecting M
signals corresponding to the M distinct reporters; Step J11: Removing the M signals from the
sample (for example, see Figure 23); Step J12: Optionally repeating one or more of steps J8-
J11 until signal detection has been performed for all N targets.

[0231] In some embodiments, Method J (e.g., Example 24) comprises (see Figure
26J): Step J1: Providing a sample possibly containing up to N targets as well as possibly other
molecules that are not targets; Step J2: fixing the sample; Step J3: permeabilizing the sample;
Step J4: Providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example, sce the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,
and 17); Step J5: washing the sample; Step J6: Providing N HCR amplifiers (each labeled with
a distinct substrate) corresponding to the N probe sets (for example, see the substrate-labeled
HCR amplifiers of Figure 18); Step J7: washing the sample; Step J8: Providing M label probes
(for M < N; each conjugated to a distinct reporter) corresponding to M of the N distinct
substrates (for example, see the label probes of Figure 20); Step J9: washing the sample; Step
J10: Detecting M signals corresponding to the M distinct reporters; Step J11: Removing the M
signals from the sample (for example, see Figure 23); Step J12: repeating one or more of steps
J8-J11 until signal detection has been performed for all N targets.

[0232] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method K (e.g., Example 25) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing one or more targets as well as possibly

other molecules that are not targets

2. Optionally fixing the sample
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3. Optionally permeabilizing the sample

4. Providing one or more probe sets each comprising either: a) one or more HCR
initiator-labeled probes, or b) one or more probe units each comprising two or
more HCR fractional initiator probes

5. Optionally washing the sample

6. Providing one or more HCR amplifiers (each labeled with a substrate)
corresponding to one or more probe sets

7. Optionally washing the sample

8. Providing one or more label probes (each conjugated to a reporter)
corresponding to one or more substrates

9. Optionally washing the sample

10.  Detecting one or more signals corresponding to one or more reporters
11.  Removing one or more signals from the sample
12. Optionally repeating any of steps 4-11 one or more times in any order

[0233] In some embodiments, Method K (e.g., Example 25) comprises (see Figure
26K): Step K1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step K2: Optionally fixing the sample; Step K3:
Optionally permeabilizing the sample; Step K4: Providing one or more probe sets each
comprising either: a) one or more HCR initiator-labeled probes (for example, see the probes
of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for example,
see the probe sets of Figures 8 and 16) each comprising two or more HCR fractional initiator
probes (for example, see the probe units of Figures 3, 4, 5, and 17); Step K5: Optionally
washing the sample; Step K6: Providing one or more HCR amplifiers (each labeled with a
substrate) corresponding to one or more probe sets (for example, see the substrate-labeled HCR
amplifiers of Figure 18); Step K7: Optionally washing the sample; Step K8: Providing one or
more label probes (each conjugated to a reporter) corresponding to one or more substrates (for
example, see the label probes of Figure 20); Step K9: Optionally washing the sample; Step
K10: Detecting one or more signals corresponding to one or more reporters; Step K11:
Removing one or more signals from the sample (for example, see Figure 23); Step K12:

Optionally repeating any of steps K4-K11 one or more times in any order.
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[0234] In some embodiments, Method K (e.g., Example 25) comprises (see Figure
26K): Step K1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step K2: fixing the sample; Step K3: permeabilizing the
sample; Step K4: Providing one or more probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17); Step K5: washing the sample; Step K6: Providing one or more
HCR amplifiers (each labeled with a substrate) corresponding to one or more probe sets (for
example, see the substrate-labeled HCR amplifiers of Figure 18); Step K7: washing the sample;
Step K8: Providing one or more label probes (each conjugated to a reporter) corresponding to
one or more substrates (for example, see the label probes of Figure 20); Step K9: washing the
sample; Step K10: Detecting one or more signals corresponding to one or more reporters; Step
K11: Removing one or more signals from the sample (for example, see Figure 23); Step K12:
repeating any of steps K4-K11 one or more times in any order.

[0235] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method L (e.g., Example 26) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing one or more targets as well as possibly

other molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing one or more HCR probe sets each comprising either: a) one or more

HCR initiator-labeled probes, or b) one or more probe units each comprising
two or more HCR fractional initiator probes

5. Providing one or more HCR amplifiers (each labeled with one or more reporters

and/or one or more substrates) corresponding to one or more probe sets

6. Optionally providing one or more label probes (each conjugated to one or more

reporters) corresponding to one or more substrates

7. Detecting one or more signals

8. Optionally washing the sample
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9. Optionally removing one or more signals from the sample

10. Optionally removing one or more reporters from the sample

11. Optionally removing one or more label probes from the sample

12. Optionally removing one or more HCR amplifiers from the sample
13. Optionally removing one or more probe sets from the sample

14. Optionally repeating any of the above steps in any order

[0236] In some embodiments, Method L (e.g., Example 26) comprises (see Figure
26L): Step L1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step L2: Optionally fixing the sample; Step L3: Optionally
permeabilizing the sample; Step L4: Providing one or more HCR probe sets each comprising
either: a) one or more HCR initiator-labeled probes (for example, see the probes of Figures
39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe
sets of Figures 8 and 16) each comprising two or more HCR fractional initiator probes (for
example, see the probe units of Figures 3, 4, 5, and 17); Step L5: Providing one or more HCR
amplifiers (each labeled with one or more reporters and/or one or more substrates)
corresponding to one or more probe sets (for example, see the HCR amplifiers of Figures 8
and 18); Step L6: Optionally providing one or more label probes (each conjugated to one or
more reporters) corresponding to one or more substrates (for example, see the label probes of
Figure 20); Step L7: Detecting one or more signals; Step L8: Optionally washing the sample;
Step L9: Optionally removing one or more signals from the sample (for example, see Figure
23); Step L10: Optionally removing one or more reporters from the sample; Step L11:
Optionally removing one or more label probes from the sample; Step L12: Optionally
removing one or more HCR amplifiers from the sample; Step L13: Optionally removing one
or more probe sets from the sample; Step L14: Optionally repeating any of the above steps in
any order.

[0237] In some embodiments, Method L (e.g., Example 26) comprises (see Figure
26L): Step L1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step L2: fixing the sample; Step L3: permeabilizing the
sample; Step L4: Providing one or more HCR probe sets each comprising either: a) one or
more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,

42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures
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8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17); Step LS: Providing one or more HCR amplifiers (each
labeled with one or more reporters and/or one or more substrates) corresponding to one or more
probe sets (for example, see the HCR amplifiers of Figures 8 and 18); Step L6: providing one
or more label probes (each conjugated to one or more reporters) corresponding to one or more
substrates (for example, see the label probes of Figure 20); Step L7: Detecting one or more
signals; Step L8: washing the sample; Step L9: removing one or more signals from the sample
(for example, see Figure 23); Step L10: removing one or more reporters from the sample; Step
L11: removing one or more label probes from the sample; Step L12: removing one or more
HCR amplifiers from the sample; Step L13: removing one or more probe sets from the sample;
Step L14: repeating any of the above steps in any order.

[0238] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method M (e.g., Example 27) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets
Optionally fixing the sample
Optionally permeabilizing the sample

Performing any of steps 5-9 one or more times in any order:

ook we

Providing one or more HCR probe sets each comprising either: a) one or more
HCR initiator-labeled probes, or b) one or more probe units each comprising
two or more HCR fractional initiator probes

6. Providing one or more HCR amplifiers that directly or indirectly generate one

or more signals

7. Optionally washing the sample

8. Detecting one or more signals

9. Optionally removing one or more signals

[0239] In some embodiments, Method M (e.g., Example 27) comprises (see Figure
26M): Step M1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step M2: Optionally fixing the sample; Step M3:
Optionally permeabilizing the sample; Step M4: Performing any of Steps M5-M9 one or more
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times in any order; Step MS5: Providing one or more HCR probe sets each comprising either:
a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of
Figures 8 and 16) each comprising two or more HCR fractional initiator probes (for example,
see the probe units of Figures 3, 4, 5, and 17); Step M6: Providing one or more HCR amplifiers
that directly or indirectly generate one or more signals (for example, see Figures 8, 18, and
20); Step M7: Optionally washing the sample; Step M8: Detecting one or more signals; Step
MO9: Optionally removing one or more signals (for example, see Figure 23).

[0240] In some embodiments, Method M (e.g., Example 27) comprises (see Figure
26M): Step M 1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step M2: fixing the sample; Step M3: permeabilizing the
sample; Step M4: Performing any of Steps M5-M9 one or more times in any order; Step M5:
Providing one or more HCR probe sets each comprising either: a) one or more HCR initiator-
labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or
b) one or more probe units (for example, see the probe sets of Figures 8 and 16) each
comprising two or more HCR fractional initiator probes (for example, see the probe units of
Figures 3, 4, 5, and 17); Step M6: Providing one or more HCR amplifiers that directly or
indirectly generate one or more signals (for example, see Figures 8, 18, and 20); Step M7:
washing the sample; Step M8: Detecting one or more signals; Step M9: removing one or more
signals (for example, see Figure 23).

[0241] In some embodiments, a method for target analysis is Method N (e.g.,
Example 28) (which can optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)
comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled

probes, or b) one or more probe units each comprising two or more HCR
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fractional initiator probes where the target binding regions on the probes within
each probe unit are configured to bind to overlapping binding sites on the target
Optionally washing the sample

Providing an HCR amplifier labeled with a reporter and/or a substrate

Optionally washing the sample

® =N W

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

9. Optionally washing the sample

10.  Detecting a signal from the reporter

[0242] In some embodiments, Method N (e.g., Example 28) comprises (see Figure
26N): Step N1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step N2: Optionally fixing the sample; Step N3: Optionally
permeabilizing the sample; Step N4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes where the target-binding
regions on the probes within each probe unit are configured to bind to overlapping binding
sites on the target (for example, see the probe units of Figure 22); Step N5: Optionally washing
the sample; Step N6: Providing an HCR amplifier labeled with a reporter and/or a substrate
(for example, see the HCR amplifiers of Figures 8 and 18); Step N7: Optionally washing the
sample; Step N8: Optionally providing a label probe (conjugated to a reporter) corresponding
to the substrate (for example, see the label probes of Figure 20); Step N9: Optionally washing
the sample; Step N10: Detecting a signal from the reporter.

[0243] In some embodiments, Method N (e.g., Example 28) comprises (see Figure
26N): Step N1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step N2: fixing the sample; Step N3: permeabilizing the sample;
Step N4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the target-binding regions on the probes within each

probe unit are configured to bind to overlapping binding sites on the target (for example, see
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the probe units of Figure 22); Step N5: washing the sample; Step N6: Providing an HCR
amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers of
Figures 8 and 18); Step N7: washing the sample; Step N8: providing a label probe (conjugated
to a reporter) corresponding to the substrate (for example, see the label probes of Figure 20);
Step N9: washing the sample; Step N10: Detecting a signal from the reporter.

[0244] In some embodiments, a method for target analysis is Method O (e.g.,
Example 29) (which can optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)
comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled
probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes where the fractional initiators on the probes within
each probe unit are configured to bind to overlapping binding sites on an HCR
hairpin
Optionally washing the sample
Providing an HCR amplifier labeled with a reporter and/or a substrate

Optionally washing the sample

® =N W

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

9. Optionally washing the sample

10.  Detecting a signal from the reporter

[0245] In some embodiments, Method O (e.g., Example 29) comprises (see Figure
260): Step O1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step O2: Optionally fixing the sample; Step O3: Optionally
permeabilizing the sample; Step O4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-

42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
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16) each comprising two or more HCR fractional initiator probes where the fractional initiators
on the probes within each probe unit are configured to bind to overlapping binding sites on an
HCR hairpin (for example, see the probe units of Figure 21); Step O5: Optionally washing the
sample; Step O6: Providing an HCR amplifier labeled with a reporter and/or a substrate (for
example, see the HCR amplifiers of Figures 8 and 18); Step O7: Optionally washing the
sample; Step O8: Optionally providing a label probes (conjugated to a reporter) corresponding
to the substrate (for example, see the label probes of Figure 20); Step O9: Optionally washing
the sample; Step O10: Detecting a signal from the reporter.

[0246] In some embodiments, Method O (e.g., Example 29) comprises (see Figure
260): Step Ol: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step O2: fixing the sample; Step O3: permeabilizing the sample;
Step O4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the fractional initiators on the probes within each probe
unit are configured to bind to overlapping binding sites on an HCR hairpin (for example, see
the probe units of Figure 21); Step O5: washing the sample; Step O6: Providing an HCR
amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers of
Figures 8 and 18); Step O7: washing the sample; Step O8: providing a label probes (conjugated
to a reporter) corresponding to the substrate (for example, see the label probes of Figure 20);
Step O9: washing the sample; Step O10: Detecting a signal from the reporter.

[0247] In some embodiments, a method for target analysis is Method P (c.g.,
Example 30) (which can optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)
comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled

probes, or b) one or more probe units each comprising two or more HCR
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fractional initiator probes where the target binding regions on the probes within
each probe unit are configured to bind to overlapping binding sites on the target
and where the fractional initiators on the probes within each probe unit are
configured to bind to overlapping binding sites on an HCR hairpin

Optionally washing the sample

Providing an HCR amplifier labeled with a reporter and/or a substrate

Optionally washing the sample

® =N oW

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

9. Optionally washing the sample

10.  Detecting a signal from the reporter

[0248] In some embodiments, Method P (e.g., Example 30) comprises (see Figure
26P): Step P1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step P2: Optionally fixing the sample; Step P3: Optionally
permeabilizing the sample; Step P4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes where the target binding
regions on the probes within each probe unit are configured to bind to overlapping binding
sites on the target and where the fractional initiators on the probes within each probe unit are
configured to bind to overlapping binding sites on an HCR hairpin (for example, see the probe
units of Figure 27); Step P5: Optionally washing the sample; Step P6: Providing an HCR
amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers of
Figures 8 and 18); Step P7: Optionally washing the sample; Step P8: Optionally providing a
label probe (conjugated to a reporter) corresponding to the substrate (for example, see the label
probes of Figure 20); Step P9: Optionally washing the sample; Step P10: Detecting a signal
from the reporter.

[0249] In some embodiments, Method P (e.g., Example 30) comprises (see Figure
26P): Step P1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step P2: fixing the sample; Step P3: permeabilizing the sample;

Step P4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
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(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the target binding regions on the probes within each
probe unit are configured to bind to overlapping binding sites on the target and where the
fractional initiators on the probes within each probe unit are configured to bind to overlapping
binding sites on an HCR hairpin (for example, see the probe units of Figure 27); Step P5:
washing the sample; Step P6: Providing an HCR amplifier labeled with a reporter and/or a
substrate (for example, see the HCR amplifiers of Figures 8 and 18); Step P7: washing the
sample; Step P8: providing a label probe (conjugated to a reporter) corresponding to the
substrate (for example, see the label probes of Figure 20); Step P9: washing the sample; Step
P10: Detecting a signal from the reporter.

[0250] In some embodiments, a method for target analysis is Method Q (e.g.,
Example 31) (which can optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)
comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled
probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes where the target binding regions on the probes within
each probe unit are configured to bind to non-overlapping binding sites on the
target and where the fractional initiators on the probes within each probe unit
are configured to bind to overlapping binding sites on an HCR hairpin
Optionally washing the sample
Providing an HCR amplifier labeled with a reporter and/or a substrate

Optionally washing the sample

® =N W

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

9. Optionally washing the sample
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10. Detecting a signal from the reporter

[0251] In some embodiments, Method Q (e.g., Example 31) comprises (see Figure
26Q): Step QI1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step Q2: Optionally fixing the sample; Step Q3: Optionally
permeabilizing the sample; Step Q4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units each comprising two or more HCR fractional
initiator probes where the target binding regions on the probes within each probe unit are
configured to bind to non-overlapping binding sites on the target and where the fractional
initiators on the probes within each probe unit are configured to bind to overlapping binding
sites on an HCR hairpin (for example, see the probe units of Figure 21); Step Q5: Optionally
washing the sample; Step Q6: Providing an HCR amplifier labeled with a reporter and/or a
substrate (for example, see the HCR amplifiers of Figures 8 and 18); Step Q7: Optionally
washing the sample; Step Q8: Optionally providing a label probe (conjugated to a reporter)
corresponding to the substrate (for example, see the label probes of Figure 20); Step Q9:
Optionally washing the sample; Step Q10: Detecting a signal from the reporter.

[0252] In some embodiments, Method Q (e.g., Example 31) comprises (see Figure
26Q): Step Q1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step Q2: fixing the sample; Step Q3: permeabilizing the sample;
Step Q4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units each comprising two or more HCR fractional initiator probes where the target
binding regions on the probes within each probe unit are configured to bind to non-overlapping
binding sites on the target and where the fractional initiators on the probes within each probe
unit are configured to bind to overlapping binding sites on an HCR hairpin (for example, see
the probe units of Figure 21); Step QS5: washing the sample; Step Q6: Providing an HCR
amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers of
Figures 8 and 18); Step Q7: washing the sample; Step QS8: providing a label probe (conjugated
to a reporter) corresponding to the substrate (for example, see the label probes of Figure 20);

Step Q9: washing the sample; Step Q10: Detecting a signal from the reporter.
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[0253]

In some embodiments, a method for target analysis is Method R (e.g.,

Example 32) (which can optionally be modified further by multiplexing, CARD, enzyme

deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)

comprising:

1.

®©® N W

9.

10.
[0254]

Providing a sample possibly containing a target as well as possibly other
molecules that are not targets

Optionally fixing the sample

Optionally permeabilizing the sample

Providing a probe set comprising either: a) one or more HCR initiator-labeled
probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes where the target binding regions on the probes within
each probe unit are configured to bind to overlapping binding sites on the target
and where the fractional initiators on the probes within each probe unit are
configured to bind to non-overlapping binding sites on an HCR hairpin
Optionally washing the sample

Providing an HCR amplifier labeled with a reporter and/or a substrate
Optionally washing the sample

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

Optionally washing the sample

Detecting a signal from the reporter

In some embodiments, Method R (e.g., Example 32) comprises (see Figure

26R): Step R1: Providing a sample possibly containing a target as well as possibly other

molecules that are not targets; Step R2: Optionally fixing the sample; Step R3: Optionally

permeabilizing the sample; Step R4: Providing a probe set comprising either: a) one or more

HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-

42F, and 43A), or b) one or more probe units each comprising two or more HCR fractional

initiator probes where the target binding regions on the probes within each probe unit are

configured to bind to overlapping binding sites on the target and where the fractional initiators

on the probes within each probe unit are configured to bind to non-overlapping binding sites

on an HCR hairpin (for example, see the probe units of Figure 22); Step R5: Optionally
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washing the sample; Step R6: Providing an HCR amplifier labeled with a reporter and/or a
substrate (for example, see the HCR amplifiers of Figures 8 and 18); Step R7: Optionally
washing the sample; Step R8: Optionally providing a label probe (conjugated to a reporter)
corresponding to the substrate (for example, see the label probes of Figure 20); Step R9:
Optionally washing the sample; Step R10: Detecting a signal from the reporter.

[0255] In some embodiments, Method R (e.g., Example 32) comprises (see Figure
26R): Step R1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step R2: fixing the sample; Step R3: permeabilizing the sample;
Step R4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units each comprising two or more HCR fractional initiator probes where the target
binding regions on the probes within each probe unit are configured to bind to overlapping
binding sites on the target and where the fractional initiators on the probes within each probe
unit are configured to bind to non-overlapping binding sites on an HCR hairpin (for example,
see the probe units of Figure 22); Step RS: washing the sample; Step R6: Providing an HCR
amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers of
Figures 8 and 18); Step R7: washing the sample; Step R8: providing a label probe (conjugated
to a reporter) corresponding to the substrate (for example, see the label probes of Figure 20);
Step R9: washing the sample; Step R10: Detecting a signal from the reporter.

[0256] In some embodiments, a method for target analysis is Method S (e.g.,
Example 33) (which can optionally be modified further by multiplexing, CARD, enzyme
deactivation, repeated CARD, repeated reporter detection, and/or repeated signal removal)
comprising:

1. Providing a sample possibly containing a target as well as possibly other

molecules that are not targets

2. Optionally fixing the sample

3. Optionally permeabilizing the sample

4. Providing a probe set comprising either: a) one or more HCR initiator-labeled

probes, or b) one or more probe units each comprising two or more HCR
fractional initiator probes where the target binding regions on the probes within

each probe unit are configured to bind to non-overlapping binding sites on the
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target and where the fractional initiators on the probes within each probe unit
are configured to bind to non-overlapping binding sites on an HCR hairpin
Optionally washing the sample

Providing an HCR amplifier labeled with a reporter and/or a substrate

Optionally washing the sample

® =N W

Optionally providing a label probe (conjugated to a reporter) corresponding to
the substrate

9. Optionally washing the sample

10.  Detecting a signal from the reporter

[0257] In some embodiments, Method S (e.g., Example 33) comprises (see Figure
26S5): Step S1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step2: Optionally fixing the sample; Step S3: Optionally
permeabilizing the sample; Step S4: Providing a probe set comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes where the target binding
regions on the probes within each probe unit are configured to bind to non-overlapping binding
sites on the target and where the fractional initiators on the probes within each probe unit are
configured to bind to non-overlapping binding sites on an HCR hairpin (for example, see the
probe units of Figures 3, 4, 5, 17); Step S5: Optionally washing the sample; Step S6: Providing
an HCR amplifier labeled with a reporter and/or a substrate (for example, see the HCR
amplifiers of Figures 8 and 18); Step S7: Optionally washing the sample; Step S8: Optionally
providing a label probe (conjugated to a reporter) corresponding to the substrate (for example,
see the label probes of Figure 20); Step S9: Optionally washing the sample; Step S10:
Detecting a signal from the reporter.

[0258] In some embodiments, Method S (e.g., Example 33) comprises (see Figure
26S): Step S1: Providing a sample possibly containing a target as well as possibly other
molecules that are not targets; Step2: fixing the sample; Step S3: permeabilizing the sample;
Step S4: Providing a probe set comprising either: a) one or more HCR initiator-labeled probes
(for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more

probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
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HCR fractional initiator probes where the target binding regions on the probes within each
probe unit are configured to bind to non-overlapping binding sites on the target and where the
fractional initiators on the probes within each probe unit are configured to bind to non-
overlapping binding sites on an HCR hairpin (for example, see the probe units of Figures 3, 4,
5, 17); Step S5: washing the sample; Step S6: Providing an HCR amplifier labeled with a
reporter and/or a substrate (for example, see the HCR amplifiers of Figures 8 and 18); Step S7:
washing the sample; Step S8: providing a label probe (conjugated to a reporter) corresponding
to the substrate (for example, see the label probes of Figure 20); Step S9: washing the sample;
Step S10: Detecting a signal from the reporter.

[0259] In some embodiments, a method for multiplexed analysis using repeated
reporter detection is Method T (e.g., Example 34) (which can optionally be modified further
by CARD, enzyme deactivation, and/or repeated CARD) comprising:

1. Providing a sample possibly containing one or more targets as well as possibly

other molecules that are not targets

2. Optionally fixing the sample
3. Optionally permeabilizing the sample
4. Providing one or more probe sets each comprising either: a) one or more HCR

initiator-labeled probes, or b) one or more probe units each comprising two or
more HCR fractional initiator probes where the target binding regions on the
probes within each probe unit are configured to bind to overlapping or non-
overlapping binding sites on a target and where the fractional initiators on the
probes within each probe unit are configured to bind to overlapping or non-
overlapping binding sites on an HCR hairpin

5. Optionally washing the sample

6. Providing one or more HCR amplifiers each labeled with one or more reporters
and/or substrates

7. Optionally washing the sample

8. Optionally providing one or more label probes (each conjugated to one or more
reporters) corresponding to one or more substrates

9. Optionally washing the sample

10. Detecting a signal from one or more reporters
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11. Optionally removing one or more signals from the sample

12. Optionally removing one or more reporters from the sample
13. Optionally removing one or more label probes from the sample
14. Optionally removing one or more amplifiers from the sample
15. Optionally removing one or more probe sets from the sample
16. Optionally repeating any of the above steps in any order

[0260] In some embodiments, Method T (e.g., Example 34) comprises (see Figure
26T): Step T1: Providing a sample possibly containing one or more targets as well as possibly
other molecules that are not targets; Step T2: Optionally fixing the sample; Step T3: Optionally
permeabilizing the sample; Step T4: Providing one or more probe sets each comprising either:
a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units each comprising two or more HCR
fractional initiator probes where the target binding regions on the probes within each probe
unit are configured to bind to overlapping or non-overlapping binding sites on a target and
where the fractional initiators on the probes within each probe unit are configured to bind to
overlapping or non-overlapping binding sites on an HCR hairpin (for example, see the probe
units of Figure 3, 4, 5, 17, 21, 22, 27); Step T5: Optionally washing the sample; Step T6:
Providing one or more HCR amplifiers each labeled with one or more reporters and/or
substrates (for example, see the HCR amplifiers of Figures 8 and 18); Step T7: Optionally
washing the sample; Step T8: Optionally providing one or more label probes (each conjugated
to one or more reporters) corresponding to one or more substrates (for example, see the label
probes of Figure 20); Step T9: Optionally washing the sample; Step T10: Detecting a signal
from one or more reporters; Step T11: Optionally removing one or more signals from the
sample (for example, see Figure 23); Step T12: Optionally removing one or more reporters
from the sample; Step T13: Optionally removing one or more label probes from the sample;
Step T14: Optionally removing one or more amplifiers from the sample; Step T15: Optionally
removing one or more probe sets from the sample; Step T16: Optionally repeating any of the
above steps in any order.

[0261] In some embodiments, Method T (e.g., Example 34) comprises (see Figure
26T): Step T1: Providing a sample possibly containing one or more targets as well as possibly

other molecules that are not targets; Step T2: fixing the sample; Step T3: permeabilizing the
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sample; Step T4: Providing one or more probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units each comprising two or more HCR fractional
initiator probes where the target binding regions on the probes within each probe unit are
configured to bind to overlapping or non-overlapping binding sites on a target and where the
fractional initiators on the probes within each probe unit are configured to bind to overlapping
or non-overlapping binding sites on an HCR hairpin (for example, see the probe units of Figure
3,4,5,17, 21, 22, 27); Step T5: washing the sample; Step T6: Providing one or more HCR
amplifiers each labeled with one or more reporters and/or substrates (for example, see the HCR
amplifiers of Figures 8 and 18); Step T7: washing the sample; Step T8: providing one or more
label probes (each conjugated to one or more reporters) corresponding to one or more
substrates (for example, see the label probes of Figure 20); Step T9: washing the sample; Step
T10: Detecting a signal from one or more reporters; Step T11: removing one or more signals
from the sample (for example, see Figure 23); Step T12: removing one or more reporters from
the sample; Step T13: removing one or more label probes from the sample; Step T14: removing
one or more amplifiers from the sample; Step T15: removing one or more probe sets from the
sample; Step T16: Optionally repeating any of the above steps in any order.

[0262] Multiplexing using single-molecule barcoding. In some embodiments,
the number of targets that can be analyzed in a sample can be increased by analyzing each
target molecule in multiple analysis rounds such that the labels used for different target types
in different analysis rounds are varied so as to create a distinct barcode for each species of
target molecule. The barcode for a given target molecule is then read out as a barcode of signal
measurements. For example, using single-molecule imaging to read out the signal of each
target molecule as a diffraction-limited dot, consider 3 rounds of imaging. For each given target
type, consider assigning a probe set comprising one or more probe units such that each probe
unit in a probe set colocalizes a full HCR initiator corresponding to an HCR amplifier
comprising HCR hairpins labeled with either red or green reporters depending on the target
type and the round of imaging. Then, for example, a target molecule of type 1 can be read out
with barcode (red, red, green; denoting a red dot for round 1 using an HCR amplifier labeled
with red reporters, a red dot for round 2 using an HCR amplifier labeled with red reporters,

and a green dot for round 3 using an HCR amplifier labeled with green rerporters), a target
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molecule of type 2 can have barcode (red, green, red), a target molecule of type 3 can have
barcode (red, red, red), a target molecule of type 4 can have barcode (green, red, green), and
o on.

[0263] In some embodiments, the number of targets that can be analyzed in a
sample can be increased by detecting each target molecule in only a fraction of the barcoding
rounds. For example, in an experiment with 4 rounds, a target molecule of type 1 can be read
out with barcode (red, ---, ---, red; denoting a red dot for round 1, no dot for round 2, no dot
for round 3, a red dot for round 4), a target molecule of type 2 can be read out with barcode

(green, red, ---, ---), and so on.

Additional Embodiments

[0264] Any of the embodiments and/or methods provided herein can be employed
with, or in the alternative form of, any of the following. Thus, for example, the above noted
methods can employ any of the compositions or methods noted below. Similarly, the above
noted methods should be understood to also provide methods employing the methods below
or as being part of the methods noted below.

[0265] Similarly, the embodiments and/or methods provided herein should also be
understood to provide embodiments involved in the method, e.g., compositions, components
of the method, kits, etc. In some embodiments, any of the ingredients in one or more of the
methods and/or steps provided herein can be provided as a kit including one or more of the

noted ingredients (and optionally the target or target sequence or sample).

Compositions

[0266] Some embodiments of compositions are outlined in FIGs. 12 and 13, as well
as other figures provided herein. In some embodiments, a composition is provided that
comprises a first fractional initiator probe (1190) that comprises a first fractional initiator
(1151), and a second fractional initiator probe (1290) that comprises a second fractional
initiator (1251). In some embodiments, the first and second fractional initiators (1151, 1251)
together form a full initiator (1050), from which HCR can progress, via first and second hairpin
monomers (1510, 1610). In some embodiments, the first fractional initiator probe (1190)
further comprises a first target binding section (1141) and the second fractional initiator probe

(1290) further comprises a second target binding section (1241), wherein the first target
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binding section (1141) is configured to bind to a first target section (1100) and the second
target binding section (1241) is configured to bind to a second target section (1200). These
target binding sections are located effectively adjacent on the target molecule, such that when
both fractional initiator probes are bound to both targets, the first and second fractional
initiators (within the fractional initiator probes) are close enough to form a full initiator (1050),
from which HCR can occur. In some embodiments, these fractional initiator probes can be
provided as a kit, along with hairpin monomers for HCR polymerization.

[0267] In some embodiments, a composition is provided comprising a first hairpin
monomer (1510), a second hairpin monomer (1610), a first fractional initiator probe (1190)
comprising a first fractional initiator (1151), and a second fractional initiator probe (1290)
comprising a second fractional initiator (1251). In some embodiments, the first and second
fractional initiators (1151, 1251) together form a full initiator (1050), from which HCR can
progress, via the first and second hairpin monomers (1510, 1610).

[0268] In some embodiments, the fractional initiator probes and the hairpin
monomers can be introduced to the same sample at the same time. In some embodiments, the
fractional initiator probes can be introduced to the sample, followed by a wash, and then the
hairpin monomers can be introduced to the sample, followed by a wash. In some embodiments,
the fractional initiator probes and hairpin monomers can be introduced to the sample at
different times.

[0269] In some embodiments, one or more of the hairpin monomers can include a
reporter molecule, such that polymerization of the hairpin monomers (first and second, and
optionally more), will result in a signaling event that is detectable. In some embodiments, the
reporter molecule can be covalently associated with the hairpin monomer(s). In some
embodiments, the reporter molecule can be subsequently bound to the HCR polymer after
polymerization (e.g., in a subsequent hybridization event). In some embodiments, the first
hairpin monomer (1510) comprises a label-binding site (not depicted) that is configured to
hybridize to a complement to the label-binding site (not depicted). In some embodiments, the
complement to the label-binding site further comprises a reporter molecule.

[0270] In some embodiments, a composition is provided that includes a first hairpin
monomer (1510), comprising: a) a first input domain (1852), comprising a first toehold (1851)

and a first stem section (1755), b) a first output domain (1854), comprising a first hairpin loop
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(1853) and a complement to the first stem section (1756), and c) a first reporter molecule
(1850). The composition can further include a second hairpin monomer (1610), comprising:
a) a second input domain (1952), comprising a second toehold (1951) and a second stem
section (1855), b) a second output domain (1954), comprising a second hairpin loop (1953)
and a complement to the second stem section (1856), and c) a second reporter molecule (1950).
The composition can further include a) a first fractional initiator probe (1190) comprising a
first fractional initiator (1151), and b) a second fractional initiator probe (1290) comprising a
second fractional initiator (1251). As noted above, the first and second hairpin monomers can
be introduced to the sample together with or separately from the first and second fractional
initiator probes. In some embodiments, the monomers can be provided together, but separate
from the first and second fractional initiator probes. In some embodiments, the hairpin
monomers and the fractional initiator probes can be introduced to the same sample at the same
time. In some embodiments, the hairpin monomers and the fractional initiator probes can be
introduced to the same sample, but at different, non-overlapping times (with a wash to remove
unbound molecules).

[0271] In some embodiments, the first stem section has the same sequence as the
second stem section. In some embodiments, the complement to the first stem section has the
same sequence as the complement to the second stem section. In some embodiments, the
complement to the first stem section has the same sequence as the complement to the second
stem section, and the first stem section has the same sequence as the second stem section. In
some embodiments, the toechold sequence of the two hairpin monomers is the same and the
loop sequence of the two hairpin monomers is the same (although the polarity of the two
hairpin monomers is reversed, so the two hairpin monomers are not identical).

[0272] In some embodiments, the first tochold (1851) is complementary to the
second hairpin loop. In some embodiments, the second toehold is complementary to the first
hairpin loop. In some embodiments, this circularity allows for the hybridization chain reaction
to occur. In some embodiments, the first tochold is not 100% complementary to the second
hairpin loop, but is sufficient to allow for hybridization.

[0273] In some embodiments, more than two different input domains can be

employed, for example, 3, 4, 5, 6, 7, 8, 9, 10, 100, 1000, 2000, 4000 or more input domains
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can be employed. In some embodiments, a corresponding number of subparts can be used for
each input domain.

[0274] In some embodiments, any of the compositions described herein comprise
a target molecule (1020) that comprises a first target section (1100) and a second target section
(1200) (as shown, for example, in FIG. 12). In some embodiments, the target molecule
comprises additional target sections, for example, three target sections, four target sections,
five target sections, six target sections, seven target sections or more (e.g., 10, 50, 100, etc.).
In some embodiments, the number of target sections will mean there are a corresponding
number of target-binding sections (e.g., 1141, 1241). In some embodiments, this allows for
greater specificity/selectivity for the initial formation of the full initiator (as it requires more
target binding sections to bind to the target sections). In some embodiments, this allows for
the parallel assaying of more than one target sequence at a time (thus allowing one to assay for
multiple targets at once, each one involving two or more target binding sections/fractional
initiator probes).

[0275] In some embodiments, any of the first fractional initiator probes (1190)
described herein further comprises a first target binding section (1141) and any of the second
fractional initiator probes (1290) described herein further comprises a second target binding
section (1241). In some embodiments, the first target binding section (1141) is configured to
bind to the first target section (1100). In some embodiments, the second target binding section
(1241) is configured to bind to the second target section (1200). In some embodiments, the
first and second fractional initiator probes comprise additional target binding sections, for
example, two target binding sections, three target binding sections, four target binding sections,
five target binding sections, 10, 20, 30, 40, 50, 100, 1000, 10,000, or more.

[0276] In some embodiments, the first target binding section is configured to bind
to the first target section through selective protein-protein interactions (such as via an antibody
as the first target-binding section). In some embodiments, the first target binding section is
configured to bind to the first target section through selective nucleic acid-protein interactions
(such as an aptamer as the first target-binding section). In some embodiments, the second
target binding section is configured to bind to the second target section through selective
protein-protein interactions (such as via an antibody as the second target-binding section). In

some embodiments, the second target binding section is configured to bind to the second target
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section through selective nucleic acid-protein interactions (such as an aptamer as the second
target-binding section). In some embodiments, the first target binding section is configured to
bind to the first target section through hybridization. In some embodiments, the second target
binding section is configured to bind to the second target section through hybridization. In
some embodiments, the first target binding section is configured to bind to the first target
section through covalent bonding or ionic bonding. In some embodiments, the second target
binding section is configured to bind to the second target section through covalent or ionic
bonding.

[0277] In some embodiments, any reporter molecule whose presence or absence
can be monitored can be employed. In some embodiments, the reporter molecule comprises a
fluorescent molecule such as a fluorophore, or a colorimetric compound, that allows the
resulting polymers to be visualized. In some embodiments, the reporter molecule is directly
observable. In some embodiments, the reporter molecule is indirectly observable. In some
embodiments, the reporter molecule comprises an enzyme or is enzymatic, and/or can mediate
enzymatic signaling after HCR polymerization. In some embodiments, reporting is achieved
by catalyzed reporter deposition (“CARD”). In some embodiments, a label binding site on
each hairpin monomer can provide binding of a complement to the label binding site, wherein
the complement to the label binding site carries a reporter molecule. In some embodiments,
one type of reporter molecule carried by the hairpin monomers or the complement to the label
binding site can mediate enzymatic signal amplification (CARD) after HCR polymerization
such that a second type of reporter molecules deposited in the vicinity of HCR polymers/target
molecules will then be detected. In some embodiments, the reporter molecule is at least one
of a luminescent molecule, FRET molecules, fluorophore/quencher molecular pairs, or other
detectable markers. In some embodiments, the reporter molecule can allow for a secondary
molecule (such as a secondary antibody) to be employed for detection of the polymerization
event. In some embodiments, the hairpin monomers can be labeled with reporter molecules
(e.g., a fluorophore and a quencher) such that hairpin monomers are quenched but that the
conformation change that occurs during HCR polymerization leads to fluorescent HCR
amplification polymers.

[0278] In some embodiments, any of the ingredients in one or more of the methods

and/or steps provided herein can be provided as a composition including one or more of the
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noted ingredients (and optionally the target or target sequence or sample). In some
embodiments, any one or more of the molecules or combination of molecules in any one or
more of FIGs. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 4C, 4D, 5A, 5B, 5C, 5D, 3E, 8A, 8B, 12, 13,
14, 15, 16A, 16B, 16C, 16D, 17A, 17B, 17C, 18A, 18B, 18C, 18D, 18E, 18F, 19A, 19B, 20A,
20B, 20C, 20D, 20E, 20F, 21A, 21B, 22, 23A, 23B, 23C, 23D, 23E, 23F, 23G, 23H, 231, 23],
23K, 23L, 23M, 23N, 230, 27, 28A, 29A, 29B, 30A, 30B, 31A, 32A, 33A, 33B, 33C, 33D,
33E, 34A, 34B, 34C, 35, 36A, 36B, 37A, 38, 39A, 39B, 39C, 39D, 39E, 39F, 39G, 39H, 391,
39J, 39K, 39L, 39M, 39N, 40A, 40B, 40C, 40D, 40E, 40F, 40G, 40H, 401, 40J, 40K, 40L,
40M, 40N, 41A, 42A, 42B, 42C, 42D, 42E, 42F, 43A, 44A, 44B, 44C, 44D, 44E, 44F, 44G,
44H, 441, 44], 44K, 44L, 44M, 44N, 440, 44P, 44Q, 44R, 448, 44T, 44U, 44V, 44W, 44X,
44Y, 447, 46A, 46B, 46C, 46D, 46E, 46F, 46G, 46H, 461, 46J, 46K, 46L, and/or 46M
envisioned as their denoted structural components as a composition. In some embodiments,
the composition or components are those added to the sample. In some embodiments, the
compositions or components are those added at each step of the process as denoted in the
figures. In some embodiments, the compositions or components are those added initially in
the reaction and/or those added at any reaction step denoted in the figures. In some
embodiments, the composition is one that includes hybridization of a molecule to a target, as
denoted in any one of FIGs. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 4C, 4D, 5A, 5B, 5C, 5D, 5E,
8A, 8B, 12, 13, 14, 15, 16A, 16B, 16C, 16D, 17A, 17B, 17C, 18A, 18B, 18C, 18D, 18E, 18F,
19A, 19B, 20A, 20B, 20C, 20D, 20E, 20F, 21A, 21B, 22, 23A, 23B, 23C, 23D, 23E, 23F, 23G,
23H, 231, 23], 23K, 23L, 23M, 23N, 230, 27, 28A, 29A, 29B, 30A, 30B, 31A, 32A, 33A, 33B,
33C, 33D, 33E, 34A, 34B, 34C, 35, 36A, 36B, 37A, 38, 39A, 39B, 39C, 39D, 39E, 39F, 39G,
39H, 391, 39J, 39K, 39L, 39M, 39N, 40A, 40B, 40C, 40D, 40E, 40F, 40G, 40H, 401, 40J, 40K,
40L, 40M, 40N, 41A, 42A, 42B, 42C, 42D, 42E, 42F, 43A, 44A, 44B, 44C, 44D, 44E, 44F,
44G, 44H, 441, 44], 44K, 44L, 44M, 44N, 440, 44P, 44Q, 44R, 448, 44T, 44U, 44V, 44W,
44X, 44Y, 447, 46A, 46B, 46C, 46D, 46E, 46F, 46G, 46H, 461, 46], 46K, 46L, and/or 46M
In some embodiments, the compositions or components are those in the last step of the process
or protocol, as denoted in any one of FIGs. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 4C, 4D, 5A, 5B,
5C, 5D, SE, 8A, 8B, 12, 13, 14, 15, 16A, 16B, 16C, 16D, 17A, 17B, 17C, 18A, 18B, 18C, 18D,
18E, 18F, 19A, 19B, 20A, 20B, 20C, 20D, 20E, 20F, 21A, 21B, 22, 23A, 23B, 23C, 23D, 23E,
23F, 23G, 23H, 231, 23], 23K, 23L, 23M, 23N, 230, 27, 28A, 29A, 29B, 30A, 30B, 31A, 32A,
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33A, 33B, 33C, 33D, 33E, 34A, 34B, 34C, 35, 36A, 36B, 37A, 38, 39A, 39B, 39C, 39D, 39E,
39F, 39G, 39H, 391, 39, 39K, 39L, 39M, 39N, 40A, 40B, 40C, 40D, 40E, 40F, 40G, 40H,
40L 40J, 40K, 40L, 40M, 40N, 41A, 42A, 42B, 42C, 42D, 42E, 42F, 43A, 44A, 44B, 44C,
44D, 44E, 44F, 44G, 44H, 441, 44], 44K, 44L, 44M, 44N, 440, 44P, 44Q, 44R, 448, 44T,
44U, 44V, 44W, 44X, 44Y, 447, 46A, 46B, 46C, 46D, 46E, 46F, 46G, 46H, 46I, 46J, 46K,
46L, and/or 46M. In some embodiments, the compositions or components are those with label
attached or associated with a target as denoted in any one of the appropriate (those having label
attached or associated with a target) FIGs. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 4C, 4D, 5A, 5B,
5C, 5D, SE, 8A, 8B, 12, 13, 14, 15, 16A, 16B, 16C, 16D, 17A, 17B, 17C, 18A, 18B, 18C, 18D,
18E, 18F, 19A, 19B, 20A, 20B, 20C, 20D, 20E, 20F, 21A, 21B, 22, 23A, 23B, 23C, 23D, 23E,
23F, 23G, 23H, 231, 23], 23K, 23L, 23M, 23N, 230, 27, 28A, 29A, 29B, 30A, 30B, 31A, 32A,
33A,33B, 33C, 33D, 33E, 34A, 34B, 34C, 35, 36A, 36B, 37A, 38, 39A, 39B, 39C, 39D, 39E,
39F, 39G, 39H, 391, 39, 39K, 39L, 39M, 39N, 40A, 40B, 40C, 40D, 40E, 40F, 40G, 40H,
40L 40J, 40K, 40L, 40M, 40N, 41A, 42A, 42B, 42C, 42D, 42E, 42F, 43A, 44A, 44B, 44C,
44D, 44E, 44F, 44G, 44H, 441, 44], 44K, 44L, 44M, 44N, 440, 44P, 44Q, 44R, 448, 44T,
44U, 44V, 44W, 44X, 44Y, 447, 46A, 46B, 46C, 46D, 46E, 46F, 46G, 46H, 461, 46J, 46K,
46L, and/or 46M.

Methods

[0279] In some embodiments a method is provided. The method comprises (i)
providing a first fractional initiator probe, (1190) a second fractional initiator probe (1290), a
first hairpin monomer (1510), a second hairpin monomer (1610), and a target molecule (1020)
(ii) incubating to allow for binding, and (iii) detecting a signal.

[0280] In some embodiments, a method of performing HCR is provided. The
method comprises (i) adding a first fractional initiator (1151) and a second fractional initiator
(1251) to a sample, wherein together the first fractional initiator (1151) and the second
fractional initiator (1251) provide a full HCR initiator and (ii) adding a set of HCR hairpin
monomers to the sample so as to allow HCR to occur in the presence of the full HCR initiator.
The set of HCR hairpin monomers are configured so as to polymerize via HCR.

[0281] In some embodiments, a method is provided. The method comprises (a)
providing: L. a first fractional initiator probe (1190) comprising a first fractional initiator

(1151), II. a second fractional initiator probe (1290) comprising a second fractional initiator
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(1251). The method can further comprise providing IIl. a first hairpin monomer (1510),
comprising: a. a first input domain (1852), comprising a first toehold (1851) and a first stem
section (1755), b. a first output domain (1854), comprising a first hairpin loop (1853) and a
complement to the first stem section (1756), and c. a first reporter molecule (1850). Further
provided is IV. a second hairpin monomer (1610), comprising: a. a second input domain
(1952), comprising a second toehold (1951) and a second stem section (1855), b. a second
output domain (1954), comprising a second hairpin loop (1953) and a complement to the
second stem section (1856), and c. a second reporter molecule (1950). Further provided is V.
a target molecule (1020). The method further comprises (b) incubating the provided first
fractional initiator probe and the second fractional initiator probe with a target. As noted
herein, the fractional initiator probes can further include target binding sections, so as to
colocalize two fractional initiators to thereby form the full initiator.

[0282] In some embodiments, the fractional initiator probes can be added initially
to the sample that may include a target and then the bulk solution washed away, keeping the
bound fractional initiator probes, and then the hairpin monomers can be added so that fractional
initiator probes that are specifically bound to the target will colocalize fractional initiators and
trigger HCR, but individual fractional initiator probes that are bound non-specifically will not
colocalize a full initiator and will not trigger HCR.

[0283] In any of the methods described herein, any one or more of the following
can be detected and/or assayed for: molecules, DNA molecules, RNA molecules, protein
molecules, small molecules, synthetic molecules, or complexes of molecules. In some
embodiments, the target is more than one target, such as a complex of proteins, or a complex
of a protein and a nucleic acid, etc. Thus, the association of proteins can be assayed by the
present fractional initiator approach. In some embodiments, inorganic or non-organic
materials can also be assayed for. In some embodiments, any target can be detected, as long
as there is a corresponding target binding section that can bind to the target that can be made
part of the fractional initiator probe. In some embodiments, the target is any nucleic acid
molecule. In some embodiments, the target is a protein. In some embodiments, the target
consists of at least one of: mRNA, miRNA, IncRNA, rRNA, non-coding RNA, or genomic
DNA. In some embodiments, the target is comprised of an amino acid sequence. In some

embodiments, the target is comprised of a complex of molecules. In some embodiments, the
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target is at least one of: DNA, RNA, protein, or small molecule target molecules or complexes
in vitro, in situ, or in vivo. In some embodiments, the target is a complex of molecules that is
made up of at least one of: DNA, RNA, protein, or small molecule target molecules. In some
embodiments, the target comprises a molecule or complex in vitro, in situ, or in vivo.

[0284] In some embodiments, the target molecule can be a complex of molecules
such that when the target binding sites within a fractional initiator (aka a split-initiator) probe
pair bind specifically to their target sites within the complex, the two halves of the HCR
initiator are brought into proximity, such that the full initiator becomes capable of initiating
HCR signal amplification. Figure 5 illustrates detection of a target complex using fractional
initiator (aka a split-initiator) probes (panel a), detection of a target complex of nucleic acids
using fractional initiator (aka a split-initiator) nucleic acid probes (panel b), detection of a
target complex of proteins using fractional initiator (aka a split-initiator) antibody probes
(panel c), detection of a target complex of proteins using primary-antibody probes and
fractional initiator (aka a split-initiator) secondary-antibody probes (panel d), detection of a
target protein/nucleic acid complex using split-initiator antibody and nucleic acid probes (panel
e).

[0285] In some embodiments, any of the methods described herein can be used as
part of an in situ process to image DNA, RNA, protein, or small molecule targets, including
DNA in situ hybridization (ISH), RNA in situ hybridization (ISH), or protein
immunohistochemistry (IHC).

[0286] In some embodiments, any of the methods described herein further
comprise applying one or more of the components to a target. In some embodiments, the target
is hydrated. In some embodiments, the target is in a solution, but can be immobilized to a solid
support. In some embodiments, the target is in a solution. In some embodiments, the target is
immobilized on a bead or other support. In some embodiments, the support is a mesh or a gel
or arigid surface. In some embodiments, the target is not immobilized. In some embodiments,
the detection occurs in vivo, in vitro, or in situ. In some embodiments, an HCR method is
provided that comprises an in vitro method in which the target is immobilized on a bead or
microarray. In some embodiments, the target is immobilized on a bead. In some embodiments,
the target is immobilized on a microarray. In some embodiments, an HCR method is provided

that comprises an in vivo or in vitro method in which the target is not immobilized. In some
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embodiments, an HCR method is provided that comprises an in vivo or in vitro method in
which the target is immobilized.

[0287] In some embodiments, incubating results in binding the first fractional
initiator probe (1190) to the target molecule and in binding the second fractional initiator probe
(1290) to a target molecule. The target molecule can be a single molecule or multiple
associated molecules. In some embodiments, incubating occurs at room temperature. In some
embodiments, incubating occurs at 4 °C. In some embodiments, incubating occurs at 37 °C. In
some embodiments, incubating occurs at 45 °C. In some embodiments, incubating occurs at 50
°C. In some embodiments, incubating occurs at 55 °C. In some embodiments, incubating
occurs at 60 °C. In some embodiments, incubating comprises an incubation period of at least
1 minute, for example, 5 minutes, 15 minutes, 30 minutes or 1 hour. In some embodiments,
the incubation period exceeds 1 hour, for example, 2 hours, 4 hours, 12 hours, 16 hours, or 24
hours. In some embodiments, incubating occurs in hybridization buffer containing 0%
formamide. In some embodiments, incubating occurs in hybridization buffer comprises
formamide. In some embodiments, the percent concentration of formamide is between 1% and
80%, for example, between 10% and 70%, or between 30% and 60%. In some embodiments,
the hybridization buffer comprises citric acid. In some embodiments, the molar concentration
of citric acid is between 1nM and 30nM, for example, between 5SnM and 15nM or between
8nM and 12nM. In some embodiments, the hybridization buffer comprises Tween. In some
embodiments, the percent concentration of Tween is between 0% and 1.0%, for example,
between 0.05% and 0.5%. In some embodiments, the hybridization buffer comprises heparin.
In some embodiments, the concentration of heparin is between 20ug/mL and 80ug/mL, for
example, between 30pg/mL and 70 ug/mL, for example, between 40ug/mL and 60pg/mL. In
some embodiments, the hybridization buffer comprises Denhardt’s solution. In some
embodiments, the hybridization buffer comprises dextran sulfate. In some embodiments, the
percent concentration of dextran sulfate is between 1% and 60%, for example, between 40%
and 60%.

[0288] In some embodiments the first fractional initiator (1151) of any of the
methods described herein is part of a first fractional initiator probe (1190) and the second
fractional initiator (1251) is part of a second fractional initiator probe (1290). In some

embodiments, the first fractional initiator probe (1190) further comprises a first target-binding
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section (1141) and the second fractional initiator probe (1290) further comprises a second
target-binding section (1241). In some embodiments, the first target-binding section (1141) is
configured to bind adjacent to the second target-binding section (1241) on a target, when the
first fractional initiator probe (1190) and the second fractional initiator probe (1290) are both
bound specifically to a target (1020).

[0289] While the term “adjacent” is used for binding of the first and second
fractional initiator probes (and/or first and second target-binding sections), binding need not
be immediately adjacent, as long as the first and second initiator probes are close enough to
one another to form a full initiator capable of triggering HCR. In some embodiments, the first
target-binding section binds at least within 10 amino acids of the second target binding section,
for example within 5 amino acids or within 1 amino acid. In some embodiments, the first
target-binding section binds at least within 10 nucleotides of the second target binding section,
for example within 5 nucleotides or within 1 nucleotide. In some embodiments, the first and
second fractional initiator probes (and/or first and second target-binding sections), are within
2,5, 10, 50, 100, 1000, Angstroms of each other. In some embodiments, the first and second
fractional initiator probes can include spacers—so as to allow more space between the two
target sections. Such spacers could include additional nucleic acid sequence, to provide more
flexibility for the location of the first and second (or additional) target sections. In some
embodiments, each target section on the target is proximal enough to one another to allow the
two or more fractional initiators to colocalize a full initiator.

[0290] In some embodiments, the first fractional initiator probe (1190) comprises
more than one target-binding section, for example, two target binding sections, three target
binding sections, four target binding sections, or five target binding sections. This can allow
for assaying of multiple possible targets at a time. In some embodiments, the first fractional
initiator probe (1190) comprises more than five target binding sections. In some embodiments,
the second fractional initiator probe (1290) comprises more than one target-binding section,
for example, two target binding sections, three target binding sections, four target binding
sections, or five target binding sections. In some embodiments, the second fractional initiator
probe (1290) comprises more than five target binding sections.

[0291] In some embodiments, the target binding section (e.g., region) within each

of the fractional initiator (aka a split-initiator) probe pairs can be made of DNA, RNA, 2°OMe-

-106-



WO 2021/221789 PCT/US2021/020919

RNA, PNA, amino acids, or any synthetic nucleic acid analog, or any synthetic amino acid
analog. Figure 4 illustrates detection of a target molecule using fractional initiator (aka a split-
initiator) probes (panel a), detection of a target mRNA using fractioﬁ;i\ initiator (aka a split-
initiator) nucleic acid probes (panel b), detection of a target protein using fractional initiator
(aka a split-initiator) antibody probes (panel c), and detection of a target protein using a
primary-antibody probe and split-initiator secondary-antibody probes (panel d). In each case,
selective binding of the probe pair to the cognate target molecule colocalizes the two halves of
the full HCR initiator, triggering growth of a tethered HCR amplification polymer. The target
molecule can be a protein or small molecule such that when the target binding sites within the
fractional initiator (aka a split-initiator) probe pair bind specifically to their target sites on the
protein or small molecule, the two halves of the HCR initiator are brought into proximity, such
that the full initiator becomes capable of initiating HCR signal amplification.

[0292] In some embodiments, HCR hairpin monomers may be labeled with
reporter molecules that are not fluorescent (e.g., isotopically pure rare earth elements,
chromophores, etc.).

[0293] For Scheme E, each probe within a fractional initiator (aka a split-initiator)
probe pair contains a target binding site and half of an HCR initiator such that when the
fractional initiator (aka a split-initiator) probes base-pair specifically to their target sections
(e.g., cognate proximal target sites), the two halves of the HCR initiator are co-localized; this
functionality can be achieved by arranging the target binding sites and initiator fragments
within the fractional initiator (aka a split-initiator) probe pair in a variety of configurations
(Figure 3).

[0294] In some embodiments, the HCR initiator within a fractional initiator (aka a
split-initiator) probe pair can be split between two probes (not necessarily half-and-half) in
such a way that HCR amplification is only initiated if both probes are proximal.

[0295] In some embodiments, the HCR initiator can be split between two or more
fractional initiator (aka a split-initiator) probes.

[0296] In some embodiments, the target mRNA can be detected using a fractional
initiator probe set (or probe set) containing one or more fractional initiator (aka a split-initiator)
probe pairs; each probe pair contains target-binding sites addressing different subsequences of

the target mRNA. Within a fractional initiator probe set, each fractional initiator (aka a split-
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initiator) probe pair co-localizes to form the same HCR initiator sequence, thus enabling
simultaneous growth of HCR amplification polymers off of multiple probe pairs bound to the
same target mRNA.

[0297] In some embodiments, the target molecule could be an mRNA, a miRNA,
a IncRNA, an rRNA, genomic DNA, or any nucleic acid molecule.

[0298] In some embodiments, the initiator that is split between the two fractional
initiator (aka a split-initiator) probes within a pair could be made of DNA, RNA, 2°OMe-RNA,
PNA, or any synthetic polymer capable of initiating HCR amplification.

[0299] In some embodiments, any of the methods described herein comprise
adding more than a first fractional initiator (1151) and a second fractional initiator (1251), for
example, adding 10, 20, 50, 100, 1000, 10,000 etc.

[0300] In some embodiments, any of the methods described herein can comprise a
2-stage approach with a wash after each stage. In some embodiments, the target is immobilized
and/or the sample is fixed. In some embodiments, the first stage is a detection stage that
comprises binding fractional initiator probe(s) to a target and washing away unbound fractional
initiator probe(s) and the second stage is an amplification stage in which HCR amplification
occurs. This can be followed by washing away unpolymerized HCR monomers (such as
hairpin monomers). In some embodiments, there is more than one wash after each stage, for
example, two washes, three washes, four washes, or five washes. In some embodiments, the
HCR method comprises a single stage with no washes.

[0301] In some embodiments, the HCR hairpin monomers comprise a label-
binding site, rather than directly incorporating a reporter molecule onto the hairpin monomer
itself. In some embodiments, any of the methods described herein further comprises washing
the sample to remove unpolymerized HCR hairpin monomers, adding a label probe that
comprises a complement to the label binding site and a reporter molecule; washing away
unbound label probe, and detecting a presence or absence of the reporter molecule. In some
embodiments, the label probe is a hairpin molecule that further comprises a
flourophore/quencher pair, such that the fluorophore is quenched when the hairpin monomer
is closed, but when the label probe binds the label binding site on an HCR polymer, the
fluorophore is unquenched. In some embodiments, the label probe is a duplex with one strand

carrying a fluorophore and the other strand carrying a quencher such that when the label probe
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binds the label binding site on an HCR polymer, the quencher-labeled strand is displaced and
the fluorophore-labeled strand is bound to the label binding site on the HCR polymer. In some
embodiments, the hairpin monomers carry a reporter that is one part of a FRET pair, and the
label probe carries the other part of a FRET pair, such that upon binding of the label probe to
the label binding site on an HCR polymer, the two parts of the FRET pair are brought into
proximity and can undergo FRET. In some embodiments removing unpolymerized HCR
hairpin monomer through washing results in the removal of greater than 50% of the
unpolymerized HCR hairpin monomers, for example, greater than 55%, greater than 60%,
greater than 65%, greater than 70%, greater than 75%, greater than 80%, greater than 85%,
greater than 90%, greater than 95%, greater than 99%, greater than 99.9%, greater than
99.99%, greater than 99.999%, or greater than 99.9999999%.

[0302] In some embodiments, any of the washes provided herein can result in the
removal of greater than 50% of the fractional initiator (and/or fractional initiator probe) for
example, greater than 55%, greater than 60%, greater than 65%, greater than 70%, greater than
75%, greater than 80%, greater than 85%, greater than 90%, greater than 95%, greater than
99%, greater than 99.9%, greater than 99.99%, greater than 99.999%, or greater than
99.9999999%.

[0303] In some embodiments, a wash results in removal of at least 50 to 99% of
probes that are not bound specifically to the target. In some embodiments, the wash results in
the removal of greater than 50% of the probes, for example, greater than 55%, greater than
60%, greater than 65%, greater than 70%, greater than 75%, greater than 80%, greater than
85%, greater than 90%, or greater than 95%, greater than 99%, greater than 99.9%, greater
than 99.99%, greater than 99.999%, or greater than 99.9999999%..

[0304] Any of the methods described herein can further comprise a first wash. In
some embodiments, the first wash removes unbound first fractional initiator probe (1190) and
unbound second fractional initiator probe (1290) from a sample containing a first target
molecule. In some embodiments, following the first wash colocalized first and second initiator
probes on the target molecules are bound by the first hairpin monomer (1510), which is then
bound by the second hairpin monomer (1610), resulting in HCR amplification. In some
embodiments, following the first wash, unbound hairpin monomers are washed from the

sample. In some embodiments, the method comprises additional washes, for example 2
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washes, 3 washes, 4 washes, 5 washes, 6 washes, or 7 washes. In some embodiments, the
method comprises more than 7 washes.

[0305] In some embodiments, a fractional initiator can be from 1-1000 nucleotides
in length, e.g., 10-80, 10-60, 10-50, 20-50, 20-30 nucleotides in length. In some embodiments,
it can be of any functional length.

[0306] In some embodiments, each target section can be from 1-1000 nucleotides
in length, e.g., 10-80, 10-60, 10-50, 20-50, 20-30 nucleotides in length. In some embodiments,
it can be of any functional length.

[0307] In some embodiments, each target binding section can be from 1-1000
nucleotides in length, e.g., 10-80, 10-60, 10-50, 20-50, 20-30 nucleotides in length. In some
embodiments, it can be of any functional length. In some embodiments, the target binding
section and/or the target section are not nucleic acids, and thus can be proteins etc. as described
herein. In some embodiments, the target binding sections can each be from individual atoms
up to hundreds of kDa (e.g., antibodies etc.) or larger.

[0308] In some embodiments, each full initiator can be as long as the sum of the
fractional initiators that form the full initiator. In some embodiments, each fractional initiator
can be about Y2 the size of the full initiator. In some embodiments, the fractional size of the
fractional initiator depends upon the number of fractional initiators to complete the full
initiator. Thus, when 2, 3, 4, 5, etc. fractional initiators are employed in a single full initiator,
then Y2, 1/3, V4, 1/5, etc. of the initiator will be present in each fractional initiator. In some
embodiments, the size of the initiator need not be evenly divided for each fractional initiator.
The size of the full initiator is adequate to allow for HCR to occur through the full initiator.

[0309] In some embodiments, any of the methods and/or compositions described
herein comprise adding at least one additional fractional initiator probe, for example, adding
three fractional initiators, adding four fractional initiators, adding five fractional initiators,
adding six fractional initiators, adding seven fractional initiators, adding eight fractional
initiators, a nine fractional initiators, adding 10 fractional initiators, adding 11 fractional
initiators, adding 12 fractional initiators, or adding 14 fractional initiators, adding 15 fractional
initiators. In some embodiments, more than 15 fractional initiators are added, for example,

between 16 and 100 fractional initiators or more, e.g., 500, 1000, etc.
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[0310] In some embodiments, the target molecule (1020) comprises a first target
section (1100) and a second target section (1200). The first fractional initiator probe (1190)
can comprise a first target-binding section (1141) and the second fractional initiator probe
(1290) comprises a second target-binding section (1241). The first target section (1100) is
configured to bind to (or be bound by) the first target-binding section (1141) and the second
target section (1200) is configured to bind to (or be bound by) the second target-binding section
(1241).

[0311] In some embodiments, any of the methods described herein further
comprises: binding the first hairpin monomer (1510) to both the first fractional initiator (1151)
and the second fractional initiator (1251), binding the second hairpin monomer (1610) to the
first hairpin monomer (1510), and detecting a signal. The signal can be generated or amplified
via the first and second hairpin monomers going through a hybridization chain reaction to
thereby add and/or concentrate an amount of a reporter molecule that is associated with one or
both of the first and/or second hairpin monomers.

[0312] Wash steps can be performed prior to the addition of the hairpin monomers
and/or detection. In some embodiments, the method comprises a wash to remove unbound
first and second fractional initiator probes from a sample that contains a target. In some
embodiments, the method comprises more than one wash, for example, 2 washes, 3 washes, 4
washes, or 5 washes. In some embodiments, individual fractional initiator probes that remain
within the sample and/or solution after the wash and are not specifically bound to the target do
not colocalize a full initiator and hence do not trigger HCR.

[0313] In some embodiments, any of the methods described herein comprise
binding an additional first hairpin monomer (1510) to the second hairpin monomer (1610)
(which is already bound to a first hairpin monomer). Thus, extending the chain of monomers
can be achieved via HCR polymerization. In some embodiments, there are at least 10
additional first hairpin monomers. In some embodiments there are at least 100 additional first
hairpin monomers, e.g., 1000, 10000, etc. In some embodiments, the method comprises
binding an additional second hairpin monomer to the additional first hairpin monomer, which
is already bound to a second hairpin monomer). In some embodiments, there are at least 10
additional second hairpin monomers. In some embodiments, there are at least 100 additional

second hairpin monomers, e.g., 1000, 10000, etc. In some embodiments, any of the methods
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described herein comprise an alternating cascade of polymerization events in which a full
initiator binds a first hairpin monomer (1510) which in turn binds a second hairpin monomer
(1610) which in turn binds another first hairpin monomer which in turn binds another second
hairpin monomer, and so on, such that the polymer grows via alternating addition of first and
second hairpin monomers. In some embodiments the alternating cascade comprises binding
of more than two hairpin monomers, for example, three hairpin monomers, four hairpin
monomers, five hairpin monomers, six hairpin monomers, seven hairpin monomers, eight
hairpin monomers, nine hairpin monomers, 10 hairpin monomers, 100, 1000, 10000, 100000,
1000000, or more.

[0314] In some embodiments, in any of the binding reactions described herein,
binding comprises hybridization. In some embodiments, binding comprises selective protein-
protein interaction. In some embodiments, binding comprises selective nucleic acid-protein
interaction. In some embodiments, binding comprises ionic binding. In some embodiments,
binding comprises covalent binding.

[0315] In some embodiments, in any of the methods or compositions described
herein, the reporter molecule is a fluorescent molecule. In some embodiments, the reporter
molecule comprises a quenched or FRET arrangement, in which a fluorescent molecule on a
hairpin monomer is dequenched when a polymer configuration is achieved by the first and
second hairpin monomers. In some embodiments, the reporter molecule is a non-fluorescent
molecule. In some embodiments, the reporter molecule is a rare earth element.

[0316] In some embodiments, the first and second hairpin monomers form a FRET
pair when combined as a polymer. In some embodiments, the FRET pair is formed due to a
change in quenching or FRET that occurs when the hairpin monomers open and polymerize.
Thus, in some embodiments, the hairpin monomers are configured to allow for FRET (e.g.,
meeting proximity requirements and reporter molecule pairing requirements for changes in
FRET to be monitored).

[0317] In some embodiments, the first fractional initiator probe (1190) can
comprise an amino acid sequence and the second fractional initiator probe (1290) can
comprises an amino acid sequence. In some embodiments, the probe will also include a nucleic
acid sequence to hybridize to the target sequence(s). These can be the first target binding

sections and the second target binding sections. In some embodiments, the target binding
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sections are complementary to the first and second target sections (1100 and 1200). In some
embodiments, the first and second fractional initiator probes will also include first and second
fractional initiators, which can comprise nucleotides, providing a nucleic acid sequence of
adequate length, which when colocalized, forms the full initiator. In some embodiments, the
first fractional initiator probe (1190) comprises a nucleic acid sequence and the second
fractional initiator probe (1290) comprises a nucleic acid sequence. In some embodiments, the
first and second fractional initiators (1151, 1251) can base-pair with the first hairpin monomer
(1510). In some embodiments, the first fractional initiator probe comprises one or more of the
following: DNA, RNA, 2°0Ome-RNA, LNA, synthetic nucleic acid analog, amino acid,
synthetic amino acid analog, and PNA and the second fractional initiator probe comprises one
or more of the following: DNA, RNA, 2’0Ome-RNA, LNA, synthetic nucleic acid analog,
amino acid, synthetic amino acid analog, and PNA.

[0318] In some embodiments, any of the wash buffers described herein comprises
formamide. In some embodiments, the percent concentration of formamide is between 0% and
80%, for example, between 10% and 70%, or between 30% and 60%. In some embodiments,
the wash buffer comprises citric acid. In some embodiments, the molar concentration of citric
acid is between 1nM and 30nM, for example, between SnM and 15nM or between 8nM and
12nM. In some embodiments, the wash buffer comprises Tween. In some embodiments, the
percent concentration of Tween is between 0% and 1.0%, for example, between 0.05% and
0.5%. In some embodiments, the wash buffer comprises heparin. In some embodiments, the
concentration of heparin is between 20pg/mL and 80ugmlL, for example, between 30ug/mL
and 70 pg/mL, for example, between 40ug/mL and 60ug/mL.

[0319] A fractional initiator is distinct from other conditional probes. For example,
in some embodiments, a fractional initiator is not a conformation-changing probe (e.g., scheme
B in FIG. 2). In some embodiments, the fractional initiator is one that involves two separate
strands of nucleic acids. In some embodiments, the fractional initiator is dependent upon at
least two separate binding events to at least two different target sections (although the two
sections can be on a single molecule).

[0320] In some embodiments, the method provided herein can be used to improve
the signal-to-background ratio for In Situ Signal Amplification via Hybridization Chain

Reaction (HCR).
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[0321] Figure 18C depicts further embodiments involving HCR, in particular, a
three-stage in situ HCR protocol using fractional initiator probes with hairpin monomers that
carry label binding sites. Detection stage: fractional initiator probe pairs are hybridized to the
target mRNA and unused probes are washed from the sample. Each fractional initiator probe
set contains one or more probe pairs that selectively bind to different subsequences along the
target mRNA. Each probe within a pair carries a part of the HCR initiator I1 (e.g., ¥2). Selective
hybridization of the two probes within a pair to their cognate target binding sites colocalizes
the two halves of full HCR initiator I1. Amplification stage: full HCR initiator I1 triggers self-
assembly of tethered amplification polymers and unused H1 and H2 hairpin monomers are
washed from the sample. Each hairpin monomer carries a label binding site. The label binding
sites decorate the resulting HCR amplification polymer. Labeling stage: label probes
comprising a complement to the label binding site and additionally comprising a fluorophore
reporter are hybridized to the amplification polymers and then unbound label probes are
washed from the sample. Stars denote fluorophores. Each of the stages may be repeated,
combined, or separated depending upon the desired results. In some embodiments, the stages
occur in the listed order.

[0322] Figure 15 depicts an HCR mechanism using simplified HCR hairpins.
Metastable fluorescent hairpins self-assemble into fluorescent amplification polymers upon
detection of a cognate initiator. Initiator Il nucleates with hairpin H1 via base-pairing to single-
stranded toehold ‘a’, mediating a branch migration that opens the hairpin to form complex
I1eH]1 containing single-stranded segment ‘a*-b*’. This complex nucleates with the second
hairpin monomer (hairpin H2) by means of base-pairing to toehold ‘a’, mediating a branch
migration that opens the hairpin to form complex I1eH1eH2 containing single-stranded
segment ‘b*-a*’. Thus, the initiator sequence is regenerated, providing the basis for a chain
reaction of alternating H1 and H2 polymerization steps. Stars denote fluorophores. Arrowhead
denotes 3’ end of each strand. Note that the two hairpins have the same sequence domains but
with opposite strand polarity (a-b-a*-b* for hairpin monomer H1 running 5’ to 3’) and (a-b-
a*-b* for hairpin monomer H2 running 3’ to 5°).

[0323] In some embodiments, “domain a” is the same as domain “c” (e.g., as shown
in FIG. 13). That is, both hairpins use the same loop and toehold sequences. This is a special

case of the standard HCR case that uses less sequence space to achieve the same functionality.

-114-



WO 2021/221789 PCT/US2021/020919

Fish

[0324] In some embodiments, the method is part of a biotechnology protocol. In
some embodiments, the method can be part of Fluorescence In Situ Hybridization (FISH).
Fluorescence in situ hybridization methods provide biologists with a crucial window into the
spatial organization of endogenous biological circuitry by revealing the expression patterns of
target mRNAs within cells, tissues, organs, organisms, and ecosystems (1-7). If
autofluorescence within the sample is low, sufficient signal can be generated using a fractional
initiator probe set containing one or more nucleic acid probes, each carrying one or more
fluorescent reporter molecules, and each containing a target binding sequence complementary
to a portion of the target mRNA (8-14); in many settings, including whole-mount vertebrate
embryos and thick brain sections, this approach does not yield sufficient signal, so probes are
instead used to mediate in situ signal amplification to increase the signal-to-background ratio
(3,6,7, 11, 15-31).

[0325] In some embodiments, the method allows one to map target mRNAs within
a sample with a high signal-to-background ratio. In some embodiments, a FISH method
incorporates in situ signal amplification, in which case all fluorescence within the sample is
either amplified signal or some form of background:

[0326] Amplified Signal. Amplified signal is generated when probes hybridized
specifically to their cognate targets and then subsequently mediate generation of fluorescent

amplification products at the site of the target molecule.

[0327] Background. All other fluorescence in the sample is some form of
background:

[0328] Autofluorescence. Autofluorescence is background fluorescence inherent to
the sample.

[0329] Amplified Background. Amplified background is generated when non-
specific binding of a reagent in any stage of a protocol leads to generation of an amplification
product in subsequent stages of the protocol.

[0330] Unamplified Background. Unamplified background is generated if a
fluorescent reagent binds non-specifically in the sample, but does not lead to generation of

amplification products.
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[0331] Hence, the performance of the technique depends both on what goes right
(generation of amplified signal) and on what goes wrong (generation of background from any
of three sources: autofluorescence, unamplified background, amplified background). To
achieve a high signal-to-background ratio in a voxel within an image, it is useful to generate
amplified signal that is significantly higher than the total background within the voxel.

[0332] Programmable in situ amplification based on the mechanism of
hybridization chain reaction (HCR) (32) allows straightforward multiplexing, deep sample
penetration, high signal-to-background, and subcellular resolution in diverse organisms (33-
35). An HCR amplifier includes two kinetically trapped nucleic acid hairpin molecules (H1
and H2) that co-exist metastably in the absence of a cognate initiator strand (I1; Figure 1a).
Arrival of the initiator triggers a chain reaction in which H1 and H2 hairpins sequentially
nucleate and open to assemble into a long nicked double-stranded amplification polymer (32).
Using in situ HCR, DNA probes complementary to mRNA targets carry DNA HCR initiators
that trigger chain reactions in which metastable fluorophore-labeled DNA hairpins self-
assemble into tethered fluorescent amplification polymers (Figure 1b). The same two-stage in
situ hybridization protocol is used independent of the number of target RNAs (Figure 1c): in
the detection stage, all fractional initiator probe sets are hybridized in parallel; in the
amplification stage, orthogonal HCR amplifiers operate in parallel.

[0333] HCR draws on principles from the disciplines of molecular programming
and dynamic nucleic acid nanotechnology to provide isothermal enzyme-free signal
amplification in diverse technological settings (36-39) and it is particularly well-suited to the
demands of in situ amplification (33, 34). First, HCR is programmable, providing the basis for
straightforward multiplexing using orthogonal amplifiers that operate independently and carry
spectrally distinct fluorophores. Use of a two-stage protocol independent of the number of
target mRNAs is convenient for any sample, but essential for delicate samples such as sea
urchin embryos that are easily damaged during serial multiplexing protocols. Second, HCR
hairpin monomers do not self-assemble until they encounter a probe carrying the cognate
initiator, enabling deep sample penetration prior to growth of bright amplification polymers at
the site of target molecules. The use of amplification reagents that are structured hairpins with
a duplex stem reduces the potential for non-specific hybridization within the sample and also

increases the ease of engineering multiple orthogonal amplifiers. The fact that amplification
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polymers can carry hundreds of fluorophores (34) makes it possible to achieve high signal-to-
background even when autofluorescence is high (e.g., in whole-mount vertebrate embryos (34,
40, 41) or in bacteria contained within environmental samples or other organisms (42-44)).
Third, HCR amplification polymers remain tethered to their initiating probes, preventing signal
from diffusing away from targets, and leading to subcellular resolution. Fourth, because HCR
amplifier sequences are independent of mRNA target sequences, previously validated
amplifiers (34) can be used for new studies without modification. To map a new target mRNA,
all that is needed is a new DNA fractional initiator probe set carrying DNA initiators for an
existing DNA HCR amplifier. Taken together, the properties of in situ HCR lead to
straightforward multiplexing, deep sample penetration, high signal-to-background, and
subcellular resolution in diverse organisms, offering biologists a dramatically improved
window into the spatial organization of biological circuitry. Below is described five Schemes
(A, B, C, D, E) that adopt different approaches to optimize the signal-to-background ratio using
HCR in situ signal amplification (Figure 2). A standard in situ HCR approach depicted in
Figure 1b (34) corresponds to Scheme A.

[0334] Scheme A: Two-stage protocol: Target detection with an unstructured probe
followed by probe detection and HCR amplification using HCR hairpin monomers. An
unstructured probe contains a target-binding section (e.g., target binding sequence) and an
unstructured HCR initiator sequence. The initiator is accessible to initiate HCR whether or not
the probe is hybridized to the cognate target mRNA. HCR hairpin monomers predominantly
do not interact except when they are initiated by a cognate HCR initiator; initiation triggers
polymerization via sequential hairpin nucleation and opening, yielding an HCR amplification
polymer base-paired to the initiator.

[0335] Stage 1: Target detection using an unstructured probe: Probes are
hybridized within the fixed sample and unused probes are washed away. Probes predominantly
bind to the cognate target mRNA but a non-negligible fraction of probes bind elsewhere in the
sample. Probes that remain in the sample will trigger amplification during Stage 2, whether or
not they are bound to the cognate target mRNA.

[0336] Stage 2: Probe detection and HCR amplification using HCR hairpin
monomers: HCR hairpin monomers are hybridized within the fixed sample and unused

hairpins are washed away. Probes within the sample initiate growth of tethered HCR
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amplification polymers, generating amplified signal at the site of probes bound to target
molecules and amplified background at the site of probes bound elsewhere in the sample. HCR
hairpin monomers that bind non-specifically in the sample do not trigger HCR polymerization
and hence do not contribute to generation of amplified background, instead contributing a
negligible amount of unamplified background.

[0337] Performance implications: Scheme A is vulnerable to non-specific probe
binding during Stage 1, which leads to generation of amplified background during Stage 2.
Because the probe is unstructured, Scheme A has the benefit that the target binding sequence
and the HCR initiator sequence are independent; as a result, validated HCR initiators and HCR
hairpin monomers can be used for diverse new probes and targets without changing the HCR
initiator and HCR hairpin monomer sequences.

[0338] Scheme B: Two-stage protocol: Target detection using a hairpin probe
followed by probe detection and HCR amplification using HCR hairpin monomers. A hairpin
probe contains a target-binding section (e.g., target binding sequence) and an H CR initiator
sequence; the HCR initiator is initially inaccessible due to base-pairing within the hairpin
probe; if the hairpin probe base-pairs to its cognate target mRNA, the probe changes
conformation and the HCR initiator becomes accessible and capable of initiating HCR
amplification. HCR hairpin monomers predominantly do not interact except when they are
initiated by a cognate HCR initiator; initiation triggers polymerization via sequential hairpin
nucleation and opening, yielding an HCR amplification polymer base-paired to the initiator.

[0339] Stage 1: Target detection using a hairpin probe: Probes are hybridized
within the fixed sample and unused probes are washed away. Probes predominantly bind to
the cognate target mRNA but a non-negligible fraction of probes bind elsewhere in the sample.
A probe hybridized to a cognate target mRNA changes conformation to expose an accessible
HCR initiator, leading to generation of amplified signal in Stage 2. A probe bound elsewhere
in the sample has an inaccessible HCR initiator and thus does not trigger HCR amplification,
avoiding generation of amplified background in Stage 2.

[0340] Stage 2: Probe detection and HCR amplification using HCR hairpin
monomers: HCR hairpin monomers are hybridized within the fixed sample and unused
hairpins are washed away. A probe hybridized to its cognate target triggers growth of a tethered

HCR amplification polymer, generating amplified signal at the site of the target molecule. A
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probe bound elsewhere in the sample does not trigger amplification, avoiding generation of
amplified background. HCR hairpin monomers that bind non-specifically in the sample do not
trigger HCR polymerization and hence do not contribute to generation of amplified
background, instead contributing a negligible amount of unamplified background.

[0341] Performance Implications: Scheme B is not vulnerable to non-specific
probe binding during Stage 1, as non-specifically-bound probes do not trigger HCR
amplification during Stage 2. Hence, Scheme B has the property that even if reagents bind non-
specifically at any stage of the protocol, amplified background will predominantly not be
generated. The drawback of Scheme B is that using hairpin probes, there is some degree of
sequence complementarity between the target -binding sequence and the HCR initiator
sequence. As a result, changing the target-binding section (e.g., target binding sequence)
necessitates changing the HCR initiator and HCR hairpin monomer sequences, which is a
disadvantage compared to the simplicity of Scheme A.

[0342] Scheme C: Three-stage protocol: Target detection with unstructured probe
pairs followed by probe-pair detection using an unstructured bridge followed by bridge
detection and HCR amplification using HCR hairpin monomers. Unstructured probes come in
pairs; each probe contains a target-binding section (e.g., target binding sequence) and half of
an unstructured nucleation sequence; for the two probes within a probe pair, the two target-
binding section (e.g., target binding sequence)s are complementary to target sections (e.g.,
proximal subsequences) of the target mRNA such that when the two probes bind specifically
to their target sections (e.g. cognate target sites), the two halves of the nucleation sequence are
brought into proximity. An unstructured bridge strand contains proximal binding sequences
complementary to the two halves of the nucleation sequence; the unstructured bridge strand
also contains an HCR initiator that is accessible to initiate HCR whether or not the bridge
strand is specifically base-paired to its cognate nucleation site. HCR hairpin monomers
predominantly do not interact except when they are initiated by a cognate HCR initiator;
initiation triggers polymerization via sequential hairpin nucleation and opening, yielding an
HCR amplification polymer base-paired to the initiator.

[0343] Stage 1: Target detection using unstructured probe pairs: Probes are
hybridized within the fixed sample and unused probes are washed away. Probe pairs

predominantly base-pair to their target sections (e.g., cognate target sites), co-localizing the
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two halves of the nucleation sequence; a non-negligible fraction of probes bind elsewhere in
the sample, but probes that are bound non-specifically predominantly do not co-localize the
two halves of the nucleation sequence.

[0344] Stage 2: Probe pair detection using an unstructured bridge: Unstructured
bridge strands are hybridized within the fixed sample under experimental conditions such that
a bridge strand predominantly base-pairs stably to the full nucleation sequence created by a
cognate probe pair specifically base-paired to proximal target sections (e.g., cognate target
sites); furthermore, the experimental conditions are such that the bridge strand predominantly
does not base-pair stably to the half-nucleation site carried by an individual probe that is not
proximal to its partner probe. A non-negligible fraction of bridges bind non-specifically in the
sample; non-specifically bound bridges will trigger HCR amplification during Stage 3,
generating amplified background.

[0345] Stage 3: Bridge detection and HCR amplification using HCR hairpin
monomers: HCR hairpin monomers are hybridized within the fixed sample and unused
hairpins are washed away. Bridge strands within the sample initiate growth of tethered HCR
amplification polymers; for bridge strands base-paired to their cognate nucleation site formed
by a cognate pair of probes base-paired to proximal target sections (e.g., cognate target sites),
these polymers represent amplified signal. For bridge strands bound elsewhere in the sample,
these polymers correspond to amplified background. HCR hairpin monomers that bind non-
specifically in the sample do not trigger HCR polymerization and hence do not contribute to
generation of amplified background, instead contributing a negligible amount of unamplified
background.

[0346] Performance implications: Scheme C is not vulnerable to non-specific
probe binding in Stage 1, as bridges predominantly do not base pair stably to isolated probes
in Stage 2. However, Scheme C is vulnerable to non-specific binding of bridges in Stage 2,
which leads to generation of amplified background in Stage 3. Note that the unstructured bridge
in Stage 2 of Scheme C is subject to the same conceptual weakness as the unstructured probe
in Stage 1 of Scheme A. The benefit of Scheme C relative to Scheme A is that using Scheme
C a library of bridge sequences can be optimized for use in a given species and then those
bridge sequences can be reused for diverse new probes and targets without changing the

bridges sequences. By comparison, using Scheme A, each new probe sequence would need to
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be optimized for use in a given species. However, even using optimized bridge sequences with
Scheme C, a non-negligible fraction of bridges will bind non-specifically in the sample,
generating amplified background in the next stage in the protocol. Likewise, even using
optimized probe sequences using Scheme A, a non-negligible fraction of probes will bind non-
specifically in the sample, generating amplified background in the next stage in the protocol.

[0347] Scheme D: Three-stage protocol: Target detection with unstructured probe
pairs followed by probe-pair detection using a hairpin bridge followed by bridge detection and
HCR amplification using HCR hairpin monomers. Unstructured probes come in pairs; each
probe contains a target-binding section (e.g., target binding sequence) and half of an
unstructured nucleation sequence; for the two probes within a probe pair, the two target-
binding section (e.g., target binding sequence)s are complementary to target sections (e.g.,
proximal subsequences) of the target mRNA such that when the two probes bind specifically
to their target sections (e.g., cognate target sites), the two halves of the nucleation sequence are
brought into proximity. A hairpin bridge contains proximal binding sequences complementary
to the two halves of the nucleation sequence; the hairpin bridge also contains an HCR initiator
that is initially inaccessible due to base-pairing within the hairpin bridge; if the hairpin bridge
base-pairs to both halves of its cognate nucleation sequence, the bridge changes conformation
and the HCR initiator becomes accessible and capable of initiating HCR amplification. HCR
hairpin monomers predominantly do not interact except when they are initiated by a cognate
HCR initiator; initiation triggers polymerization via sequential hairpin nucleation and opening,
yielding an HCR amplification polymer base-paired to the initiator.

[0348] Stage 1: Target detection using unstructured probe pairs: Probes are
hybridized within the fixed sample and unused probes are washed away. Probe pairs
predominantly base-pair to their target sections (e.g., cognate target sites), co-localizing the
two halves of the nucleation sequence; some probes bind elsewhere in the sample, but probes
that are bound non-specifically predominantly do not co-localize the two halves of the
nucleation sequence.

[0349] Stage 2: Probe -pair detection using a hairpin bridge: Hairpin bridge strands
are hybridized within the fixed sample and unused bridges are washed away. Hairpin bridge
strands predominantly base-pair stably to the full nucleation sequence created by a cognate

probe pair specifically base-paired to proximal target sections (e.g., cognate target sites); a
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specifically bound hairpin bridge changes conformation to expose an accessible HCR initiator,
leading to generation of amplified signal in Stage 3. A hairpin bridge bound elsewhere in the
sample has an inaccessible HCR initiator and does not trigger HCR amplification, avoiding
generation of amplified background in Stage 3.

[0350] Stage 3: Bridge detection and HCR amplification using HCR hairpin
monomers: HCR hairpin monomers are hybridized within the fixed sample and unused
hairpins are washed away. Specifically-bound hairpin bridges with exposed HCR initiators
will trigger growth of tethered fluorescent amplification polymers, generating amplified signal
at the site of target molecules. HCR hairpin monomers that bind non-specifically in the sample
do not trigger HCR polymerization and hence do not contribute to generation of amplified
background, instead contributing a negligible amount of unamplified background.

[0351] Performance implications: Scheme D is not vulnerable to non-specific
probe binding in Stage 1, as hairpin bridges predominantly do not base pair stably to isolated
probes in Stage 2. Furthermore, Scheme D is not vulnerable to non-specific hairpin bridge
binding in Stage 2, as non-specifically-bound hairpin bridges do not trigger amplification
during Stage 3. Hence, Scheme D shares the important property with Scheme B that even if
reagents bind non-specifically at any stage in the protocol, amplified background will
predominantly not be generated. The advantage of Scheme D relative to Scheme B is that the
bridge nucleation sites, and hence the HCR initiator and HCR hairpin monomer sequences, are
independent of the target binding sites in the probes; as a result, a validated HCR initiator and
amplifier can be used for diverse new probes and targets without changing the HCR initiator
and amplifier sequences.

[0352] A drawback of Scheme D relative to Scheme B is the increase in number of
stages from two to three.

[0353] Scheme E: Two-stage protocol: Target detection with unstructured
fractional initiator (aka a split-initiator) probe pairs followed by probe -pair detection and HCR
amplification using HCR hairpin monomers. Unstructured fractional initiator (aka a split-
initiator) (a.k.a., fractional initiator) probes come in pairs; each probe contains a target-binding
section (e.g., target binding sequence) and half of an unstructured HCR initiator; for the two
probes within a probe pair, the two target-binding section (e.g., target binding sequence)s are

complementary to target sections (e.g., proximal subsequences) of the target mRNA such that
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when the two probes bind specifically to their target sections (e.g., cognate target sites), the
two halves of the HCR initiator are brought into proximity. HCR hairpin monomers
predominantly do not interact except when they are initiated by a cognate HCR initiator (full
initiator); initiation triggers polymerization via sequential hairpin nucleation and opening,
yielding an HCR amplification polymer base-paired to the initiator (full initiator).

[0354] Stage 1: Target detection using unstructured fractional initiator (aka a split-
initiator) probe pairs: Probes are hybridized within the fixed sample and unused probes are
washed away. Probe pairs predominantly base-pair to their target sections (e.g., cognate target
sites), co-localizing the two halves of the HCR initiator; some probes bind elsewhere in the
sample, but probes that are bound non-specifically predominantly do not co-localize the two
halves of the HCR initiator.

[0355] Stage 2: Probe-pair detection and HCR amplification using HCR hairpin
monomers: HCR hairpin monomers are hybridized within the fixed sample and unused
hairpins are washed away. Probe pairs that are hybridized specifically to their target sections
(e.g., cognate target sites) co-localize the two halves of an HCR initiator, cooperatively
initiating growth of tethered fluorescent HCR amplification polymers, generating amplified
signal at the site of target molecules. Probes bound non-specifically do not co-localize the two
halves of an HCR initiator, do not trigger HCR amplification, and thus avoid generating
amplified background. HCR hairpin monomers that bind non-specifically in the sample do not
trigger HCR polymerization and hence do not contribute to generation of amplified
background, instead contributing a negligible amount of unamplified background.

[0356] Performance Implications: Scheme E is not vulnerable to non-specific
probe binding in Stage 1, as isolated fractional initiator (aka a split-initiator) probes do not
initiate HCR amplification in Stage 2. Hence, Scheme E shares the important property with
Schemes B and D that active background suppression is provided at every stage of the protocol:
even if reagents bind non-specifically at any stage in the protocol, amplified background will
predominantly not be generated.

[0357] Compared to Scheme D, Scheme E has, among other advantages, the
advantage that an HCR hairpin monomer serves the role of the hairpin bridge, thus eliminating
the need for a separate hairpin bridge and reducing the number of stages in the protocol from

three to two. Compared to Scheme C, Schemes D and E have, among other advantages, the
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advantage that the bridge will not contribute to generation of amplified background if it binds
non-specifically. Compared to Scheme B, Scheme E has, among other advantages, the
advantage that the HCR initiator and HCR hairpin monomers sequences are independent of the
target-binding section (e.g., target binding sequences) in the probes. As a result, validated HCR
initiators and HCR hairpin monomers can be used for diverse new probes and targets without
changing the HCR initiator and HCR hairpin monomer sequences. Overall, Scheme E has the
all of the benefits and none of the drawbacks of Schemes A, B, C, and D: the simplicity of a
two-stage protocol, the versatility to re-use validated HCR initiators and HCR hairpin
monomers with new target sequences, and the robustness to avoid generating amplified
background even if reagents bind non-specifically in the sample at any stage of the protocol.

[0358] Figure 1 describes in situ amplification via hybridization chain reaction
(HCR). (a) HCR mechanism. Metastable fluorescent hairpins self-assemble into fluorescent
amplification polymers upon detection of a cognate initiator. Initiator I1 nucleates with the
first hairpin monomer (e.g., hairpin H1) via base- pairing to single-stranded tochold ‘a’,
mediating a branch migration that opens the hairpin to form complex I1 H1 containing single-
stranded segment ‘c*-b*’. This complex nucleates with the second hairpin monomer (hairpin
H2) by means of base-pairing to tochold ‘c’, mediating a branch migration that opens the
hairpin to form complex I1 1 H2 containing single-stranded segment ‘b*-a*’. Thus, the initiator
sequence is regenerated, providing the basis for a chain reaction of alternating H1 and H2
polymerization steps. Stars denote fluorophores. Arrowhead denotes 3’ end of each strand. (b)
In situ hybridization protocol (using standard probes of Scheme A).

[0359] With regard to the detection stage: fractional initiator probe sets are
hybridized to mRNA targets and unused probes are washed from the sample. With regard to
the amplification stage: initiators trigger self-assembly of tethered fluorescent amplification
polymers and unused hairpins are washed from the sample. (c) Experimental timeline. The
same two-stage protocol is used independent of the number of target mRNAs. For multiplexed
experiments (three-color example depicted), fractional initiator probe sets for different target
mRNAs (five probes depicted per set) carry orthogonal initiators that trigger orthogonal HCR
amplification cascades labeled by spectrally distinct fluorophores.

[0360] Figure 2 provides the above noted schematics for five schemes, in summary

form. Scheme A: Two-stage protocol: Target detection with an unstructured probe followed
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by probe detection and HCR amplification using HCR hairpin monomers. Scheme B: Two-
stage protocol: Target detection using a hairpin probe followed by probe detection and HCR
amplification using HCR hairpin monomers. Scheme C: Three-stage protocol: Target detection
with unstructured probe pairs followed by probe-pair detection using an unstructured bridge
followed by bridge detection and HCR amplification using HCR hairpins monomer. Scheme
D: Three-stage protocol: Target detection with unstructured probe pairs followed by probe-
pair detection using a hairpin bridge followed by bridge detection and HCR amplification using
HCR hairpin monomers. Scheme E: Two-stage protocol: Target detection with unstructured
fractional initiator (aka a split-initiator) probe pairs followed by probe-pair detection and HCR
amplification using HCR hairpin monomers. Arrowhead denotes 3’ end of each strand.

[0361] Figure 3: Alternative arrangements for two target-binding sites and two
fractional initiators (HCR initiator fragments) within a split initiator probe pair. For each
Arrangement (1,2,3,4,5), each probe within a probe pair carries half of the full HCR initiator
(aka half of the HCR initiator I1); specific binding of the two probes within a pair to the cognate
target molecule leads to colocalization of the two halves of the full HCR initiator (aka half of
the HCR initiator I1). Arrowhead denotes 3’ end of each strand.

[0362] Figure 4 provides additional embodiments in which the split initiator probes
are colocalized by a target molecule. (a) Fractional initiator (aka a split-initiator) probes. First
fractional initiator probe (Probe 1) and second fractional initiator probe (probe 2) each carry
half of HCR initiator I1; selective binding of first fractional initiator probe (Probe 1) and
second fractional initiator probe (Probe 2) to the target molecule colocalizes the two halves of
HCR initiator I1. (b) Fractional initiator (aka a split-initiator) nucleic acid probes. Nucleic acid
probe 1 and nucleic acid probe 2 each carry half of HCR initiator I1; selective binding of
nucleic acid probe 1 and nucleic acid probe 2 to the target mRNA colocalizes the two halves
of HCR initiator I1. (c) Fractional initiator (aka a split-initiator) antibody probes. Antibody
probe 1 and antibody probe 2 each carry half of HCR initiator I1; selective binding of antibody
probe 1 and antibody probe 2 to the protein target colocalizes the two halves of HCR initiator
I1. (d) Split-initiator secondary-antibody probes. Primary-antibody probe 1 binds selectively
to the protein target; secondary-antibody probe 2 and secondary-antibody probe 3 each carry
half of HCR initiator I1; selective binding of secondary- antibody probe 2 and secondary-
antibody probe 3 to primary-antibody probe 1 colocalizes the two halves of HCR initiator I1.
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[0363] Figure 5 provides additional embodiments regarding fractional initiator (aka
a split-initiator) probes colocalized by a target complex. (a) Fractional initiator (aka a split-
initiator) probes. Target complex comprises molecule 1 bound to molecule 2; first fractional
initiator probe (probe 1) and second fractional initiator probe (probe 2) each carry half of HCR
initiator I1; selective binding of probe 1 to molecule 1 within the target complex and selective
binding of probe 2 to molecule 2 within the target complex colocalizes the two halves of HCR
initiator I1. (b) Fractional initiator (aka a split-initiator) nucleic acid probes. Target complex
comprises nucleic acid target 1 bound to nucleic acid target 2; nucleic acid probe 1 and nucleic
acid probe 2 each carry half of HCR initiator 11; selective binding of nucleic acid probe 1 to
nucleic acid target 1 within the target complex and selective binding of nucleic acid probe 2 to
nucleic acid target 2 within the target complex colocalizes the two halves of HCR initiator I1.
(c) Fractional initiator (aka a split-initiator) antibody probes.

[0364] Target complex comprises protein target 1 bound to protein target 2;
antibody first fractional initiator probe (probe 1) and antibody second fractional initiator probe
(probe 2) each carry half of HCR initiator I1; selective binding of antibody first fractional
initiator probe (probe 1) to protein target 1 within the target complex and selective binding of
antibody second fractional initiator probe(probe 2) to protein target 2 within the target complex
colocalizes the two halves of HCR initiator I1. (d) Fractional initiator (aka a split-initiator)
secondary-antibody probes. Target complex comprises protein target 1 bound to protein target
2; primary-antibody first fractional initiator probe (probe 1) binds selectively to protein target
1 within the target complex and primary-antibody second fractional initiator probe (probe 2)
binds selectively to protein target 2 within the target complex; secondary-antibody probe 3 and
secondary-antibody probe 4 each carry half of HCR initiator I1; selective binding of secondary-
antibody probe 3 to primary-antibody first fractional initiator probe (probe 1) and selective
binding of secondary-antibody probe 4 to primary-antibody second fractional initiator probe
(probe 2) colocalizes the two halves of HCR initiator I1. (e) Fractional initiator (aka a split-
initiator) antibody and nucleic acid probes. Target complex comprises protein target 1 bound
to nucleic acid target 2; antibody probe 1 and nucleic acid probe 2 each carry half of HCR
initiator I1; binding of antibody probe 1 to protein target 1 within the target complex and
binding of nucleic acid probe 2 to nucleic acid target 2 within the target complex colocalizes

the two halves of HCR initiator I1.
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[0365] The schematic of Figure 8§ summarizes in situ HCR for imaging nucleic acid
target molecules using fractional initiator (aka a split-initiator) nucleic acid probes (Scheme
E). In situ HCR using fractional initiator (aka a split-initiator) probes (Scheme E). (a) Two-
stage in situ HCR protocol. Detection stage: fractional initiator (aka a split-initiator) probe
pairs are hybridized to the target mRNA and unused probes are washed from the sample. Each
fractional initiator probe set contains one or more probe pairs that selectively bind to different
subsequences along the target mRNA. Each probe within a pair carries a fraction of HCR
initiator I1. Selective hybridization of the two probes within a pair to their cognate target
binding sites colocalizes the two fractions of HCR initiator I1. Amplification stage: full HCR
initiator I1 triggers self-assembly of tethered fluorescent amplification polymers and unused
H1 and H2 hairpins are washed from the sample. Stars denote fluorophores. (b) Experimental
timeline for a multiplexed experiment. A two-stage protocol is used independent of the number

of target mRNAs.

Hairpin Monomers

[0366] Two or more distinct species of nucleic acid hairpin monomers are
preferably utilized in an HCR reaction. Each hairpin monomer species typically comprises at
least one region that is complementary to a portion of another hairpin monomer species.
However, the monomers are designed such that they are kinetically trapped and the system is
unable to equilibrate in the absence of an initiator molecule that can disrupt the secondary
structure of one of the monomers. Thus, the monomers are unable to polymerize in the absence
of the initiator. Introduction of a full initiator species triggers a chain reaction of alternating
kinetic escapes by the two or more monomer species resulting in formation of a polymer. In
some embodiments, two hairpin monomers polymerize in the presence of an initiator to form
a nicked, double-stranded polymer.

[0367] In some embodiments, two or more hairpin monomers are employed that
have a hairpin structure. The hairpin monomers can comprise loops protected by long stems.
In some embodiments, monomers with a different secondary structure are provided. However,
the secondary structure can be such that the monomers are metastable under the reaction
conditions in the absence of an initiator nucleic acid. In the presence of a full initiator, the
secondary structure of a first hairpin monomer changes such that it is able to hybridize to a

sticky end of a second hairpin monomer species. This in turn leads to a change in the secondary
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structure of the second hairpin monomer, which is then able to hybridize to another first hairpin
monomer and continue the process. In this way, once a single copy of the first hairpin
monomer interacts with a single copy of the initiator, a chain reaction is produced such that
the hairpin monomers are able to assemble into a polymer comprising alternating hairpin
monomer species.

[0368] A number of criteria can be used to design the monomers to achieve the
desired properties. These include, for example and without limitation, sequence symmetry
minimization, the probability of adopting the target secondary structure at equilibrium, the
ensemble defect corresponding to the average number of incorrectly paired nucleotides at
equilibrium relative to the target structure, the test tube ensemble defect corresponding to the
concentration of incorrectly paired nucleotides at equilibrium, and hybridization kinetics.

[0369] Monomers can be synthesized using standard methods, including
commercially available nucleic acid synthesizers or obtained from commercial sources such
as Integrated DNA Technologies (Coralville, IA).

[0370] In some embodiments, monomers are derivitized with a compound or
molecule to increase the molecular weight of the polymer resulting from HCR. Preferably they
are derivitized at a location that does not interfere with their ability to hybridize. In some
embodiments, monomers are derivitized with label binding site. In other embodiments
monomers comprise a fluorophore or colorimetric compound that allows the resulting

polymers to be visualized.

Initiator

[0371] The full initiator can be a nucleic acid molecule. The full initiator is
complementary to a portion of a hairpin monomer, preferably a portion of the hairpin monomer
that is available for hybridization with the full initiator while the hairpin monomer is in its
kinetically trapped state. The full initiator also preferably comprises a sequence that is
complementary to a portion of the hairpin monomer adjacent to the sticky end such that
hybridization of the full initiator to the sticky end causes a conformational change in the hairpin
monomer and begins the HCR chain reaction. For example, the full initiator can comprise a
region that is complementary to the first complementary region of the hairpin monomer, as

described above.
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[0372] In some embodiments, the sequence of the full initiator is complementary
to the sticky end (initiator complementary region) and first complementary region of a first
hairpin monomer. As described herein, in some embodiments this will also influence the
sequence of the second complementary region and the loop of the second hairpin monomer
species.

[0373] In some embodiments, the full initiator is a nucleic acid that is to be detected
in a sample or a portion of a nucleic acid that is to be detected. In this case, the sequence of
the target nucleic acid is taken into consideration in designing the HCR hairpin monomers.
For example, the initiator complement region, preferably a sticky end, of one hairpin monomer
is designed to be complementary to a portion of the target nucleic acid sequence. Because the
second hairpin monomer will hybridize to the first hairpin monomer, the sequence of the
second hairpin monomer will also reflect at least a portion of the sequence of the target nucleic
acid.

[0374] In some embodiments, amplification of diverse recognition events is
achieved by coupling HCR to nucleic acid aptamer triggers. An aptamer is identified that is
able to specifically bind an analyte of interest. The analyte is not limited to a nucleic acid but
may be, for example, a polypeptide or small molecule. The aptamer is linked to a nucleic acid
comprising an initiator region in such a way that the initiator is unavailable to stimulate HCR

in the absence of analyte binding to the aptamer.

Detecting HCR

[0375] The products of HCR are readily detectable by methods known to one of
skill in the art for the detection of nucleic acids, including, for example, agarose gel
electrophoresis, polyacrylamide gel electrophoresis, capillary electrophoresis, and gel-filled
capillary electrophoresis. As the polymers comprise nucleic acids, they can be visualized by
standard techniques, such as staining with ethidium bromide. Other methods also can be
suitable including light scattering spectroscopy, such as dynamic light scattering (DLS),
viscosity measurement, colorimetric systems and fluorescence spectroscopy. As discussed in
more detail, in some methods for in situ imaging and detection, HCR products are fluorescently
labeled.

[0376] In some embodiments HCR is monitored by fluorescence resonance energy

transfer (FRET). Certain monomers are labeled with fluorescent dyes so that conformational
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changes resulting from HCR can be monitored by detecting changes in fluorescence. In one
embodiment, one of a pair of hairpin molecules is labeled with a fluorophore at the junction of
the region complementary to the initiator strand and the duplex region and labeled at the
opposing side of the duplex region with a quencher molecule. Upon polymerization, the
fluorophore and quencher are separated spatially in the aggregated nucleic acid structure,
providing relief of the fluorescence quenching. In this case, the presence of a single initiator
is amplified by the chain of fluorescent events caused by HCR. In the context of in situ
imaging, the presence of a single target molecule can be amplified by the chain of fluorescence
events. In addition, for in situ imaging the quenching of fluorescence in unreacted monomers
reduces background noise. Thus, unreacted monomers do not need to be removed from the
sample.

[0377] Relative target abundance can be quantified for different samples by
immobilizing the targets (e.g., via fixation within an embryo, or via crosslinking to a blot, or
via binding to a bead) and then detecting the targets using fractional initiator probes that are
colocalized by the target to trigger HCR, generating a signal that scales linearly with target
abundance. If one or more of the samples has known target abundance, absolute quantitation

can be performed for the other samples.

Application to in situ imaging

[0378] Some embodiments of HCR provide for an enzyme-free approach to in situ
amplification that can be multiplexed in parallel. Furthermore, HCR amplification triggered
by fractional initiator probes provides a means for reducing the background signal resulting
from nonspecific probe binding. Fractional initiator probes colocalize a full initiator only if
they bind specifically to the cognate target. Hence, they trigger HCR if and only the target is
specifically detected, leading to self-assembly of a tethered (to the target) non-covalent
‘polymer’ built from HCR monomers, preferably hairpin monomers as described above. The
HCR monomers can be fluorescently labeled so that the polymers can be detected and the
presence and/or location of the target determined.

[0379] The HCR hairpin monomers are also referred to herein as “amplifiers”
because the polymerization of the monomers upon triggering by a full HCR initiator produces
a detectable signal, which is amplified compared to the signal that would be produced by the

binding of a single probe to the target. The amplifiers can each be labeled with the same or
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different fluorophores. For example, the system can be designed to use more than two
monomer species per target, with at least one species fluorescently labeled. An HCR amplifier
comprising two types of hairpin monomers can have a different fluorophore type labeling each
of the two hairpin monomer types. An HCR amplifier comprising four hairpin monomer types
can have four different fluorophores, one for each type of hairpin monomer. In such cases, the
HCR amplification polymers would be decorated with multiple types of fluorophores in a
known ratio (e.g., 1:1 for a polymer made from two alternating types of hairpin monomer, or
1:1:1:1 for a polymer made from four alternating types of hairpin monomer). Fluorescent labels
are well known to one of skill in the art and include those, for example, in the “The Handbook
- A Guide to Fluorescent Probes and Labeling Technologies,” 10th Edition.

[0380] In some embodiments, amplifiers within the system are labeled with both a
fluorophore and a quencher to form a construct analogous to a “molecular beacon” (Tyagi et
al. Nature Biotechnology 14:303-308, 1996). For example, a hairpin monomer can comprise
both a fluorophore and a quencher, such that the quencher reduces fluorescence while the
monomer is in the hairpin form but not when the monomer is incorporated into an HCR
polymer. Thus, molecular beacon versions of HCR monomers can reduce background signal
resulting from any unpolymerized monomers, such as those that bind non-specifically or that
simply remain unreacted in the sample.

[0381] For imaging of biological samples, it can be advantageous to use amplifier
components that are small in size to allow penetration into the sample. For example, in some
embodiments HCR components less than about 20 nanometers are used, e.g., less than 15 nm,
10 nm, and between about 8 and 16 nm. In some embodiments the HCR hairpin monomers
are less than about 8§ nm. Standard procedures for in situ imaging can be used to cause the
HCR products to enter the sample. The skilled artisan will be able to select the appropriate
methods for causing the HCR components to enter the sample.

[0382] Advantages of HCR for in situ imaging include, without limitation, the
ability to rapidly amplify a signal based on a small amount of analyte present and the ability to
image a diversity of analytes in the same sample.

[0383] As described herein the use of HCR for in situ detection and imaging
provides a number of advantages. Specificity can be achieved using fractional initiator probes

that colocalize a full initiator only of two or more fractional initiator probes bind specifically
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to their target sections (e.g., cognate target sites). Specificity can be achieved by using triggered
probes that protect the initiators until the probes bind specifically to targets. Self-quenching
HCR monomers can be labeled with fluorophore/quencher pairs that become separated during
self-assembly into tethered amplification polymers. This automatic background suppression is
particularly useful for in vivo applications where unused amplification components cannot be
washed away before imaging. Versatility can be achieved by selecting structure-switching
aptamers (Ellinton et al. Nature 346:818-822, 1990 and Tuerk et al. Science 249:505-510,
1990) that generalize the triggered probe concept to the detection of proteins and small
molecules. Small probe and amplification monomers, preferably with maximum dimensions
of 8-16 nm facilitate sample penetration. Isothermal conditions are ideal for HCR
amplification, avoiding damage to the morphology of fixed samples or their components and
facilitating in vivo imaging. Multiplexing follows naturally from the use of independent HCR
amplifiers that operate simultaneously, for example using spectrally distinct fluorophores to
encode unique combinatorial signatures directly into the structure of each HCR product.
Sensitive quantitative amplification can be achieved using nonlinear HCR mechanisms that
offer exponential growth into tethered polymers of a prescribed finite size. Finally,
biocompatibility for in vivo applications follows from the use of nucleic acid amplifier

components.

Imaging Multiple Analytes

[0384] HCR amplification allows one to amplify multiple targets simultaneously.
HCR targeting a number of analytes (for example, gene transcripts or proteins) can be used
simultaneously. In some embodiments, each HCR system is labeled with a spectrally
distinguishable dye. Accordingly, the number of analytes is equal to the number of spectrally
distinguishable dyes that are available. For many situations, this will be sufficient.

[0385] To study the expression of multiple mRNAs or proteins, it is desirable to
perform multiplexed amplification of all recognition events simultaneously using orthogonal
HCR amplifiers. To increase the number of distinct targets that can be imaged using a limited
supply of spectrally distinct fluorophores, the unamplified combinatorial multiplexing
approach of Levsky and co-workers (Levsky et al. Science 297:836-840, 2002) can be adapted

for HCR amplification by labeling the monomers for each amplifier with different unique dye
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combinations. The use of barcodes with a minimum of two colors provides a basis for screening
single-color signals resulting from probes that are not bound specifically.

[0386] Therefore, in some embodiments only a single probe pair is used for each
target and combinatorial multiplexing is performed by labeling the monomers for each HCR
amplifier with different unique dye combinations.

[0387] If the HI and H2 hairpins are end-labeled with different dyes, the HCR
product will carry an equal number of each dye by construction. In general, N spectrally
distinct fluorophores can be used to address T: N!/[(N-2)!21] targets with dual-color amplifiers
(e.g., 4 dyes for 6 targets, 5 dyes for 10 targets). However, since combinatorial barcodes are
not employed as a background diagnostic using this approach, the number of targets can be
increased to T= N![N-2]!2! + N by allowing single-color amplifiers (e.g., 4 dyes for 10 targets,
5 dyes for 15 targets). Furthermore, it is possible to label HCR monomers with more than one
dye to increase the number of targets that can be addressed up to T = Zg=1 xyN!/[(N-i)!i!] = 2N
- 1 (e.g., 4 dyes for 15 targets, 5 dyes for 31 targets). HCR systems also can be designed that
used M hairpins per amplifier.

[0388] In some embodiments, any one or more of the optional steps of any one or
more of the methods herein can be combined with any one or more of the other optional steps
of any one or more of the methods herein.

[0389] In some embodiments, any one or more of the steps that are different for
any one or more of the methods herein can be combined with any one or more of the other
steps that are different for any one or more of the methods herein.

[0390] In some embodiments, any one or more of the optional steps that are
different for any one or more of the methods herein can be combined with any one or more of
the other optional steps that are different for any one or more of the methods herein.

[0391] Repeated Application Embodiments—Method 1

[0392] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided.

[0393] In some embodiments, the method comprises: a) providing a sample
possibly containing up to N targets as well as possibly other molecules that are not targets; b)
providing N probe sets (each targeting one of N target types) each comprising either: i) one or

more HCR initiator-labeled probes, or ii) one or more probe units each comprising two or more
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HCR fractional initiator probes; c) optionally washing the sample; d) providing M HCR
amplifiers (for M < N; each labeled with a distinct reporter) corresponding to M of the N probe
sets; ¢) optionally washing the sample; f) detecting M signals corresponding to the M reporters;
g) removing the M signals from the sample; and h) optionally repeating one or more of steps
b-g until signal detection has been performed for all N targets. In some embodiments, when
multiple probe sets are used, some of option i) and some of option ii) are used (with respect to
the probe sets).

[0394] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0395] In some embodiments, the method comprises: a) providing a sample
possibly containing up to N targets as well as possibly other molecules that are not targets; b)
providing N probe sets (each targeting one of N target types) each comprising either: 1) one or
more HCR initiator-labeled probes, or ii) one or more probe units each comprising two or more
HCR fractional initiator probes; c) washing the sample; d) providing M HCR amplifiers (for
M < N; each labeled with a distinct reporter) corresponding to M of the N probe sets; e)
washing the sample; ) detecting M signals corresponding to the M reporters; g) removing the
M signals from the sample; and h) repeating one or more of steps b-g until signal detection has
been performed for all N targets. In some embodiments, when multiple probe sets are used,
some of option i) and some of option ii) are used (with respect to the probe sets).

[0396] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or

more initiator-labeled probes. In some embodiments, each probe set comprises one or more

~134-



WO 2021/221789 PCT/US2021/020919

probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0397] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the
level of background inherent to the sample, and the abundance of the target within the sample.

[0398] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42 A-42F).

[0399] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0400] In some embodiments, when multiple probe sets are used, some of option 1)
(one or more HCR initiator-labeled probes) and some of option ii) (one or more probe units
each comprising two or more HCR fractional initiator probes) are used together. In some
embodiments, when N probe sets are used, all of them are option i) or all of them are option
i) or a mix of option i) and ii) are used, so as to result in a ratio of, for example, 1:1000, 1:100,
1:50, 1:25, 1:20, 1:10, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, 10:1. 20:1, 25:1, 50:1, 100:1,

1000:1, or any range defined between any two of the preceding ratios. These mixes and ratios
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can be applied to any of the embodiments provided herein where more than one probe set is
used.

[0401] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction {1 for probe P1 and fraction {2 for probe
P2 such that f1 + f2=1).

[0402] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0403] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0404] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded tochold and a stem section.

[0405] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[04006] In some embodiments, each HCR hairpin comprises an input domain with
a single-stranded toehold and a stem section, and an output domain with a single-stranded loop
and a complement to the stem section (for example, see the HCR hairpins of Figures 8 A-8B,
13, 14, 18A-18F, and 19A-19B). In the absence of a full HCR initiator, HCR hairpins are
kinetically trapped and do not polymerize, suppressing background. However, if the fractional
initiator probes within a probe unit bind to their adjacent cognate binding sites on the target to

colocalize a full HCR initiator, the full HCR initiator initiates a chain reaction of
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polymerization steps in which the full initiator hybridizes to the input domain of a first HCR
hairpin, opening the first hairpin to expose its output domain, which in turn hybridizes to the
input domain of a second HCR hairpin, opening the second hairpin to expose its output domain,
and so on and so forth, leading to a chain reaction in which hairpins polymerize to yield an
HCR amplification polymer tethered to the target (for example, see the amplification polymers
of Figures 8A, 13, 14, 18C-18F, and 19A-19B). In some embodiments, an HCR hairpin further
comprises one or more labels, each label comprising a reporter or comprising a substrate (or a
fractional substrate) that recruits a label probe comprising one or more reporters (for example,
see the reporter-labeled, substrate-labeled, and fractional-substrate-labeled HCR hairpins of
Figure 18A-18F).

[0407] In some embodiments, a label probe comprises one or more reporters and
further comprises a substrate-binding region complementary to a substrate on an HCR hairpin
or complementary to a full substrate colocalized within an HCR amplification polymer (for
example, see the label probes of Figure 20A-20F). In some embodiments, signal is generated
by one or more reporters associated with an HCR amplification polymer tethered to the target
within the sample. In some embodiments, signal is removed from the sample (for example, see
FIGs. 23A-230 and 40A-40N). In some embodiments, HCR signal is generated, detected, and
removed from the same sample one or more times (for example, see FIGs. 23A-230, 26A-
26T, and 40A-40N).

[0408] In some embodiments, an HCR hairpin further comprises a reporter. For
example, a reporter could be a fluorophore, a chromophore, a luminophore, a phosphor, a
FRET pair, a member of a FRET pair, a quencher, a fluorophore/quencher pair, a rare-earth
element or compound, a radioactive molecule, a magnetic molecule, or any other molecule that

facilitates measurement of a signal.

Method 2

[0409] In some embodiments, a method for repeated signal detection with a
reporter-labeled hairpin is provided.

[0410] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets;
b) providing one or more probe sets each comprising either: i) one or more HCR initiator-

labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
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initiator probes; ¢) optionally washing the sample; d) providing one or more HCR amplifiers
(each labeled with one or more reporters); e) optionally washing the sample; f) detecting one
or more signals from one or more reporters; g) optionally removing one or more probe sets
from the sample; h) optionally removing one or more HCR amplifiers from the sample; i)
optionally removing one or more reporters from the sample; and j) optionally removing one or
more signals from the sample. In some embodiments, when multiple probe sets are used, some
of option i) and some of option ii) are used (with respect to the probe sets).

[0411] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0412] n some embodiments, the method comprises: a) providing a sample possibly
containing one or more targets as well as possibly other molecules that are not targets; b)
providing one or more probe sets each comprising either: i) one or more HCR initiator-labeled
probes, or ii) one or more probe units each comprising two or more HCR fractional initiator
probes; ¢) washing the sample; d) providing one or more HCR amplifiers (each labeled with
one or more reporters); ¢) washing the sample; f) detecting one or more signals from one or
more reporters; g) removing one or more probe sets from the sample; h) removing one or more
HCR amplifiers from the sample; i) optionally removing one or more reporters from the
sample; and j) removing one or more signals from the sample. In some embodiments, when
multiple probe sets are used, some of option 1) and some of option ii) are used (with respect to
the probe sets).

[0413] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two

or more fractional initiator probes. In some embodiments, each probe set comprises one or
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more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0414] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the
level of background inherent to the sample, and the abundance of the target within the sample.

[0415] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42A-42F).

[0416] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0417] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction f1 for probe P1 and fraction {2 for probe
P2 such that f1 + f2 =1).

[0418] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within

a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators

-139-



WO 2021/221789 PCT/US2021/020919

to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0419] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0420] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded toehold and a stem section.

[0421] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0422] In some embodiments, an HCR hairpin further comprises one or more
reporters. In some embodiments, the one or more reporters is a fluorophore, a chromophore,
a luminophore, a phosphor, a FRET pair, a member of a FRET pair, a quencher, a
fluorophore/quencher pair, a rare-earth element or compound, a radioactive molecule, a

magnetic molecule, or any other molecule that facilitates measurement of a signal.

Method 3

[0423] In some embodiments, a method of repeated signal detection with substrate-
labeled hairpins is provided.

[0424] In some embodiments, the method comprises: a) providing a sample
possibly containing up to N targets as well as possibly other molecules that are not targets; b)
providing N probe sets each comprising either: i) one or more HCR initiator-labeled probes,
or ii) one or more probe units each comprising two or more HCR fractional initiator probes; c)
optionally washing the sample; d) providing N HCR amplifiers (each labeled with a distinct
substrate) corresponding to the N probe sets; e) optionally washing the sample; f) providing M
label probes (for M < N; each conjugated to a distinct reporter) corresponding to M of the N

distinct substrates; g) optionally washing the sample; h) detecting M signals corresponding to
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the M distinct reporters; 1) removing the M signals from the sample; and j) optionally repeating
one or more of steps f-i until signal detection has been performed for all N targets. In some
embodiments, when multiple probe sets are used, some of option 1) and some of option ii) are
used (with respect to the probe sets).

[0425] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0426] In some embodiments, the method comprises: a) providing a sample
possibly containing up to N targets as well as possibly other molecules that are not targets; b)
providing N probe sets each comprising either: i) one or more HCR initiator-labeled probes,
or ii) one or more probe units each comprising two or more HCR fractional initiator probes; ¢)
washing the sample; d) providing N HCR amplifiers (each labeled with a distinct substrate)
corresponding to the N probe sets; €) washing the sample; ) providing M label probes (for M
< N; each conjugated to a distinct reporter) corresponding to M of the N distinct substrates; g)
washing the sample; h) detecting M signals corresponding to the M distinct reporters; i)
removing the M signals from the sample; and j) repeating one or more of steps f-i until signal
detection has been performed for all N targets. In some embodiments, when multiple probe
sets are used, some of option i) and some of option ii) are used (with respect to the probe sets).

[0427] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the

type of probe set used for each target is selected independently for each target based on the
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details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0428] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the
level of background inherent to the sample, and the abundance of the target within the sample.

[0429] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42A-42F).

[0430] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0431] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction {1 for probe P1 and fraction {2 for probe
P2 such that f1 + {2 = 1).

[0432] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal

amplification. In some embodiments, the target-binding regions within a probe unit are
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configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0433] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0434] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded tochold and a stem section.

[0435] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0436] In some embodiments, an HCR hairpin further comprises a substrate. In
some embodiments, the substrate serves to recruit a reporter entity that directly or indirectly
mediates localization of reporters in the vicinity of the hairpin label.

[0437] In some embodiments, the hairpin label can comprise digoxigenin (DIG)
that recruits anti-DIG antibody as the reporter entity, where the anti-DIG is directly labeled
with one or more reporters, or with one or more substrates that serve to directly or indirectly
mediate localization of reporters in the vicinity of the hairpin label.

[0438] In some embodiments, the hairpin label can comprise a nucleic acid domain
that serves as a substrate with full or partial sequence complementarity to a domain within a
label probe that further comprises one or more reporters,

[0439] In some embodiments, the hairpin label can comprise a nucleic acid domain
that serves as a substrate with full or partial sequence complementarity to a domain within a
label probe that carries one or more substrates that serve to mediate localization of reporters in
the vicinity of the hairpin label.

[0440] In some embodiments, the hairpin label can comprise a nucleic acid domain
that serves as a substrate for a reporter entity that directly or indirectly mediates localization

of reporters in the vicinity of the hairpin label.
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[0441] In some embodiments, the hairpin label can comprise a substrate that serves
to recruit a reporter entity that indirectly mediates localization of reporters in the vicinity of
the hairpin label.

[0442] In some embodiments, the hairpin label can comprise a substrate that serves
to recruit a reporter entity that comprises an enzyme that catalyzes a CARD-substrate leading
to deposition of reporter molecules in the vicinity of the hairpin (see for example, 33A-33E,
34A-34C, 36A-36B). For example:

1. the enzyme could be horseradish peroxidase (HRP) (or polymer HRP
comprising multiple HRP enzymes) that acts on a CARD-substrate to catalyze
deposition a chromogenic reporter such as AEC, DAB, TMB, or StayYellow,
or that catalyzes a CARD-substrate to catalyze deposition of a fluorescent
reporter such as fluophore-labeled tyramide, or that catalyzes deposition of a
hapten-labeled CARD-substrate such as biotin-labeled tyramide, where the
hapten serves to mediate localization of reporters in the vicinity of the hairpin
label.

2. the enzyme could be alkaline phosphatase (AP) (or polymer AP comprising
multiple AP enzymes) that acts on a CARD-substrate to catalyze deposition of
reporters, for example a chromogenic reporter such as but not limited to
BCIP/NBT, BCIP/TNBT, Napthol AS-MX phosphate + FastBlue BB, Napthol
AS-MX phosphate + FastRed TR, StayGreen.

3. the enzyme could be glucose oxidase that acts on a CARD-substrate to catalyze
deposition of reporters, for example NBT,

4. the enzyme could be any molecule or complex that directly or indirectly
mediates localization of reporters in the vicinity of a hairpin label.

[0443] In some embodiments, a label probe comprises one or more reporters and
further comprises a substrate-binding region complementary to a substrate on an HCR hairpin
or complementary to a full substrate colocalized within an HCR amplification polymer (for
example, see the label probes of Figure 20A-20F). In some embodiments, signal is generated
by one or more reporters associated with an HCR amplification polymer tethered to the target
within the sample. In some embodiments, signal is removed from the sample (for example, see

FIGs. 23A-230 and 40A-40N). In some embodiments, HCR signal is generated, detected, and

-144-



WO 2021/221789 PCT/US2021/020919

removed from the same sample one or more times (for example, see FIGs. 23A-230, 26A-
26T, and 40A-40N).

[0444] In some embodiments, an HCR hairpin further comprises a reporter. For
example, a reporter could be a fluorophore, a chromophore, a luminophore, a phosphor, a
FRET pair, a member of a FRET pair, a quencher, a fluorophore/quencher pair, a rare-earth
element or compound, a radioactive molecule, a magnetic molecule, or any other molecule that

facilitates measurement of a signal.

Method 4

[0445] In some embodiments, a method of repeated signal detection with substrate-
labeled hairpins is provided.

[0446] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets;
b) providing one or more probe sets each comprising either: i) one or more HCR initiator-
labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
initiator probes; c¢) optionally washing the sample; d) providing one or more HCR amplifiers
(each labeled with a substrate) corresponding to one or more probe sets; ¢) optionally washing
the sample; f) providing one or more label probes (each conjugated to a reporter) corresponding
to one or more substrates; g) optionally washing the sample; h) detecting one or more signals
corresponding to one or more reporters; i) removing one or more signals from the sample; and
J) optionally repeating any of steps b-i one or more times in any order. In some embodiments,
when multiple probe sets are used, some of option i) and some of option ii) are used (with
respect to the probe sets).

[0447] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.
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[0448] In some embodiments, a method of repeated signal detection with substrate-
labeled hairpins is provided. In some embodiments, the method comprises: a) providing a
sample possibly containing one or more targets as well as possibly other molecules that are not
targets; b) providing one or more probe sets each comprising either: i) one or more HCR
initiator-labeled probes, or ii) one or more probe units each comprising two or more HCR
fractional initiator probes; c) washing the sample; d) providing one or more HCR amplifiers
(each labeled with a substrate) corresponding to one or more probe sets; e) washing the sample;
f) providing one or more label probes (each conjugated to a reporter) corresponding to one or
more substrates; g) washing the sample; h) detecting one or more signals corresponding to one
or more reporters; 1) removing one or more signals from the sample; and j) repeating any of
steps b-i one or more times in any order. In some embodiments, when multiple probe sets are
used, some of option i) and some of option ii) are used (with respect to the probe sets).

[0449] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0450] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the

level of background inherent to the sample, and the abundance of the target within the sample.
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[0451] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42A-42F).

[0452] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0453] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction f1 for probe P1 and fraction f2 for probe
P2 such that f1 + 2 =1).

[0454] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, sec
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0455] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0456] In some embodiments, an HCR hairpin comprises an input domain

comprising a single-stranded tochold and a stem section.
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[0457] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0458] In some embodiments, an HCR hairpin further comprises a substrate. In
some embodiments, the substrate that serves to recruit a reporter entity that directly or
indirectly mediates localization of reporters in the vicinity of the hairpin label.

[0459] In some embodiments, a label probe comprises a substrate-binding region
and a reporter (for example, see Figures 18C-E and 20). For example, a reporter could be a
fluorophore, a chromophore, a luminophore, a phosphor, a FRET pair, a member of a FRET
pair, a quencher, a fluorophore/quencher pair, a rare-carth element or compound, a radioactive

molecule, a magnetic molecule, or any other molecule that facilitates measurement of a signal.

Method 5

[0460] In some embodiments, method of repeated signal detection with reporter
and/or substrate-labeled hairpins is provided.

[0461] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets;
b) providing one or more HCR probe sets each comprising either: i) one or more HCR initiator-
labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
initiator probes; c) providing one or more HCR amplifiers (each labeled with one or more
reporters and/or one or more substrates) corresponding to one or more probe sets; d) optionally
providing one or more label probes (each conjugated to one or more reporters) corresponding
to one or more substrates; e) detecting one or more signals; f) optionally washing the sample;
g) optionally removing one or more signals from the sample; h) optionally removing one or
more reporters from the sample; i) optionally removing one or more label probes from the
sample; j) optionally removing one or more HCR amplifiers from the sample; k) optionally
removing one or more probe sets from the sample; and 1) optionally repeating any of the above
steps in any order. In some embodiments, when multiple probe sets are used, some of option
i) and some of option ii) are used (with respect to the probe sets).

[0462] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two

or more fractional initiator probes. In some embodiments, each probe set comprises one or
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more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0463] In some embodiments, a method of repeated signal detection with reporter
and/or substrate-labeled hairpins is provided. In some embodiments, the method comprises:
a) providing a sample possibly containing one or more targets as well as possibly other
molecules that are not targets; b) providing one or more HCR probe sets each comprising
either: 1) one or more HCR initiator-labeled probes, or ii) one or more probe units each
comprising two or more HCR fractional initiator probes; c) providing one or more HCR
amplifiers (each labeled with one or more reporters and/or one or more substrates)
corresponding to one or more probe sets; d) providing one or more label probes (each
conjugated to one or more reporters) corresponding to one or more substrates; ) detecting one
or more signals; f) washing the sample; g) removing one or more signals from the sample; h)
optionally removing one or more reporters from the sample; i) removing one or more label
probes from the sample; j) removing one or more HCR amplifiers from the sample; k)
removing one or more probe sets from the sample; and 1) repeating any of the above steps in
any order. In some embodiments, when multiple probe sets are used, some of option 1) and
some of option ii) are used (with respect to the probe sets).

[0464] In some embodiments of the method, the probe sets used for zero, one or
more targets cach comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0465] In some embodiments, a probe set comprises one or more initiator-labeled

probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
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in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the
level of background inherent to the sample, and the abundance of the target within the sample.

[0466] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42 A-42F).

[0467] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0468] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction f1 for probe P1 and fraction f2 for probe
P2 such that f1 + f2 =1).

[0469] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR

hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-

-150-



WO 2021/221789 PCT/US2021/020919

specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0470] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0471] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded toehold and a stem section.

[0472] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0473] In some embodiments, an HCR hairpin further comprises one or more
reporters and/or one or more substrates.

[0474] In some embodiments, a label probe comprises a substrate-binding region

and one or more reporters.

Method 6

[0475] In some embodiments, a method of repeated signal detection with reporter
and/or substrate-labeled hairpins is provided.

[0476] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets;
b) performing any of steps c-g one or more times in any order; c¢) providing one or more HCR
probe sets each comprising either: 1) one or more HCR initiator-labeled probes, or ii) one or
more probe units each comprising two or more HCR fractional initiator probes; d) providing
one or more HCR amplifiers that directly or indirectly generate one or more signals; €)
optionally washing the sample; f) detecting one or more signals; and g) optionally removing
one or more signals. In some embodiments, when multiple probe sets are used, some of option
1) and some of option ii) are used (with respect to the probe sets).

[0477] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the

type of probe set used for each target is selected independently for each target based on the
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details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0478] In some embodiments, a method of repeated signal detection with reporter
and/or substrate-labeled hairpins is provided. In some embodiments, the method comprises:
a) providing a sample possibly containing one or more targets as well as possibly other
molecules that are not targets; b) performing any of steps c-g one or more times in any order;
¢) providing one or more HCR probe sets each comprising either: i) one or more HCR initiator-
labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
initiator probes; d) providing one or more HCR amplifiers that directly or indirectly generate
one or more signals; e) washing the sample; f) detecting one or more signals; and g) removing
one or more signals. In some embodiments, when multiple probe sets are used, some of option
1) and some of option ii) are used (with respect to the probe sets).

[0479] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0480] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the

level of background inherent to the sample, and the abundance of the target within the sample.
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[0481] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42A-42F).

[0482] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0483] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction f1 for probe P1 and fraction f2 for probe
P2 such that f1 + 2 =1).

[0484] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, sec
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR
hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0485] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0486] In some embodiments, an HCR hairpin comprises an input domain

comprising a single-stranded tochold and a stem section.
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[0487] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.
[0488] In some embodiments, an HCR hairpin further comprises one or more

reporters and/or one or more substrates.

Method 7

[0489] In some embodiments, a method of HCR involving overlapping binding
sites is provided.

[0490] In some embodiments, the method comprises: a) providing a sample
possibly containing a target as well as possibly other molecules that are not targets; b)
providing a probe set comprising one or more probe units each comprising two or more HCR
fractional initiator probes, where the target-binding regions on the probes within each probe
unit are configured to bind to overlapping binding sites on the target; c) optionally washing the
sample; d) providing an HCR amplifier labeled with a reporter and/or a substrate; ¢) optionally
washing the sample; f) optionally providing a label probe (conjugated to a reporter)
corresponding to the substrate; g) optionally washing the sample; and h) detecting a signal
from the reporter.

[0491] In some embodiments, the method comprises: a) providing a sample
possibly containing a target as well as possibly other molecules that are not targets; b)
providing a probe set comprising one or more probe units each comprising two or more HCR
fractional initiator probes, where the target-binding regions on the probes within each probe
unit are configured to bind to overlapping binding sites on the target; c) washing the sample;
d) providing an HCR amplifier labeled with a reporter and/or a substrate; ¢) washing the
sample; f) providing a label probe (conjugated to a reporter) corresponding to the substrate; g)
washing the sample; and h) detecting a signal from the reporter. The overlap can be 1, 2, 3, 4
or 5 nucleotides, in some embodiments.

[0492] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background

ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
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number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0493] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction {1 for probe P1 and fraction {2 for probe
P2 such that f1 + f2=1).

[0494] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification.

[0495] In some embodiments, the target-binding regions on the probes within each
probe unit are configured to bind to overlapping or non-overlapping regions of the target (for
example, see Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional
initiators within a probe unit are designed to hybridize to overlapping or non-overlapping
regions of an HCR hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual
probes that bind non-specifically in the sample do not colocalize a full HCR initiator,
suppressing HCR signal amplification.

[0496] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0497] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded toehold and a stem section.

[0498] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0499] In some embodiments, an HCR hairpin further comprises a reporter and/or
a substrate.

[0500] In some embodiments, a label probe comprises a substrate-binding region
and a reporter.

[0501] In some embodiments, the hairpin label can comprise a substrate that serves

to recruit a reporter entity that comprises an enzyme that catalyzes a CARD-substrate leading
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to deposition of reporter molecules in the vicinity of the hairpin (see for example, 33A-33E,
34A-34C, 36A-36B). For example:

1. the enzyme could be horseradish peroxidase (HRP) (or polymer HRP
comprising multiple HRP enzymes) that acts on a CARD-substrate to catalyze
deposition a chromogenic reporter such as AEC, DAB, TMB, or StayYellow,
or that catalyzes a CARD-substrate to catalyze deposition of a fluorescent
reporter such as fluophore-labeled tyramide, or that catalyzes deposition of a
hapten-labeled CARD-substrate such as biotin-labeled tyramide, where the
hapten serves to mediate localization of reporters in the vicinity of the hairpin
label.

2. the enzyme could be alkaline phosphatase (AP) (or polymer AP comprising
multiple AP enzymes) that acts on a CARD-substrate to catalyze deposition of
reporters, for example a chromogenic reporter such as but not limited to
BCIP/NBT, BCIP/TNBT, Napthol AS-MX phosphate + FastBlue BB, Napthol
AS-MX phosphate + FastRed TR, StayGreen.

3. the enzyme could be glucose oxidase that acts on a CARD-substrate to catalyze
deposition of reporters, for example NBT,

4. the enzyme could be any molecule or complex that directly or indirectly

mediates localization of reporters in the vicinity of a hairpin label.

Method 8

[0502] In some embodiments, a method of HCR involving overlapping binding
sites is provided.

[0503] In some embodiments, the method comprises: a) providing a sample
possibly containing a target as well as possibly other molecules that are not targets; b)
providing a probe set comprising one or more probe units each comprising two or more HCR
fractional initiator probes, where the fractional initiators on the probes within each probe unit
are configured to bind to overlapping binding sites on an HCR hairpin; c) optionally washing
the sample; d) providing an HCR amplifier labeled with a reporter and/or a substrate; e)
optionally washing the sample; f) optionally providing a label probe (conjugated to a reporter)
corresponding to the substrate; g) optionally washing the sample; and h) detecting a signal

from the reporter.
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[0504] In some embodiments, the method comprises: a) providing a sample
possibly containing a target as well as possibly other molecules that are not targets; b)
providing a probe set comprising one or more probe units each comprising two or more HCR
fractional initiator probes, where the fractional initiators on the probes within each probe unit
are configured to bind to overlapping binding sites on an HCR hairpin; ¢) washing the sample;
d) providing an HCR amplifier labeled with a reporter and/or a substrate; ¢) washing the
sample; f) providing a label probe (conjugated to a reporter) corresponding to the substrate; g)
washing the sample; and h) detecting a signal from the reporter.

[0505] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0506] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction {1 for probe P1 and fraction {2 for probe
P2 such that f1 + f2=1).

[0507] In some embodiments, an HCR fractional initiator probe comprises a target-
binding region and a fractional initiator. In some embodiments, binding of each probe within
a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, sec
Figures 8A-8B, 21A-21B, 22, and 27). In some embodiments, the fractional initiators within a
probe unit are designed to hybridize to overlapping or non-overlapping regions of an HCR

hairpin (for example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-
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specifically in the sample do not colocalize a full HCR initiator, suppressing HCR signal
amplification.

[0508] In some embodiments, an HCR amplifier comprises two or more HCR

hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0509] In some embodiments, an HCR hairpin comprises an input domain

comprising a single-stranded toehold and a stem section.

[0510] In some embodiments, an HCR hairpin further comprises an output domain

comprising a single-stranded loop and a complement to the stem section.

[0511] In some embodiments, an HCR hairpin further comprises a reported and/or

a substrate. In some embodiments, the reporter is a fluorophore, a chromophore, a
luminophore, a phosphor, a FRET pair, a member of a FRET pair, a quencher, a
fluorophore/quencher pair, a rare-earth element or compound, a radioactive molecule, a
magnetic molecule, or any other molecule that facilitates measurement of a signal. In some
embodiments, the substrate that serves to recruit a reporter entity that directly or indirectly
mediates localization of reporters in the vicinity of the hairpin label.

[0512] In some embodiments, a label probe comprises a substrate-binding region

and a reporter (for example, see Figures 18C-E and 20). For example, a reporter could be a
fluorophore, a chromophore, a luminophore, a phosphor, a FRET pair, a member of a FRET
pair, a quencher, a fluorophore/quencher pair, a rare-earth element or compound, a radioactive
molecule, a magnetic molecule, or any other molecule that facilitates measurement of a signal.
[0513] In some embodiments, the hairpin label can comprise a substrate that serves
to recruit a reporter entity that comprises an enzyme that catalyzes a CARD-substrate leading
to deposition of reporter molecules in the vicinity of the hairpin (see for example, 33A-33E,
34A-34C, 36A-36B). For example:

1. the enzyme could be horseradish peroxidase (HRP) (or polymer HRP
comprising multiple HRP enzymes) that acts on a CARD-substrate to catalyze
deposition a chromogenic reporter such as AEC, DAB, TMB, or StayYellow,
or that catalyzes a CARD-substrate to catalyze deposition of a fluorescent
reporter such as fluophore-labeled tyramide, or that catalyzes deposition of a

hapten-labeled CARD-substrate such as biotin-labeled tyramide, where the
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hapten serves to mediate localization of reporters in the vicinity of the hairpin
label.

2. the enzyme could be alkaline phosphatase (AP) (or polymer AP comprising
multiple AP enzymes) that acts on a CARD-substrate to catalyze deposition of
reporters, for example a chromogenic reporter such as but not limited to
BCIP/NBT, BCIP/TNBT, Napthol AS-MX phosphate + FastBlue BB, Napthol
AS-MX phosphate + FastRed TR, StayGreen.

3. the enzyme could be glucose oxidase that acts on a CARD-substrate to catalyze
deposition of reporters, for example NBT,

4. the enzyme could be any molecule or complex that directly or indirectly

mediates localization of reporters in the vicinity of a hairpin label.

Method 9

[0514] In some embodiments, a method of HCR involving overlapping binding
sites with repeated signal detection is provided.

[0515] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets
b) providing one or more probe sets each comprising either: i) one or more HCR initiator-
labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
initiator probes where target-binding regions on the probes within each probe unit are
configured to bind to overlapping or non-overlapping binding sites on a target and where
fractional initiators on the probes within each probe unit are configured to bind to overlapping
or non-overlapping binding sites on an HCR hairpin; ¢) optionally washing the sample; d)
providing one or more HCR amplifiers each labeled with one or more reporters and/or
substrates; ¢) optionally washing the sample; f) optionally providing one or more label probes
(each conjugated to one or more reporters) corresponding to one or more substrates; g)
optionally washing the sample; h) detecting a signal from one or more reporters; i) optionally
removing one or more signals from the sample; j) optionally removing one or more reporters
from the sample; k) optionally removing one or more label probes from the sample; I)
optionally removing one or more amplifiers from the sample; m) optionally removing one or

more probe sets from the sample; and n) optionally repeating any of the above steps in any
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order. In some embodiments, when multiple probe sets are used, some of option 1) and some
of option ii) are used (with respect to the probe sets).

[0516] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for
zero, one, or more other targets each comprise one or more probe units each comprising two
or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0517] In some embodiments, the method comprises: a) providing a sample
possibly containing one or more targets as well as possibly other molecules that are not targets
b) providing one or more probe sets each comprising either: i) one or more HCR initiator-
labeled probes, or ii) one or more probe units each comprising two or more HCR fractional
initiator probes, where target-binding regions on the probes within each probe unit are
configured to bind to overlapping or non-overlapping binding sites on a target, and where
fractional initiators on the probes within each probe unit are configured to bind to overlapping
or non-overlapping binding sites on an HCR hairpin; ¢) washing the sample; d) providing one
or more HCR amplifiers each labeled with one or more reporters and/or substrates; ¢) washing
the sample; f) providing one or more label probes (each conjugated to one or more reporters)
corresponding to one or more substrates; g) washing the sample; h) detecting a signal from one
or more reporters; i) removing one or more signals from the sample; j) removing one or more
reporters from the sample; k) removing one or more label probes from the sample; 1) removing
one or more amplifiers from the sample; m) optionally removing one or more probe sets from
the sample; and n) repeating any of the above steps in any order. In some embodiments, when
multiple probe sets are used, some of option i) and some of option ii) are used (with respect to
the probe sets).

[0518] In some embodiments of the method, the probe sets used for zero, one or
more targets each comprise one or more initiator-labeled probes and the probe sets used for

zero, one, or more other targets each comprise one or more probe units each comprising two
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or more fractional initiator probes. In some embodiments, each probe set comprises one or
more initiator-labeled probes. In some embodiments, each probe set comprises one or more
probe units each comprising two or more fractional initiator probes. In some embodiments, the
type of probe set used for each target is selected independently for each target based on the
details of that target. In some embodiments, the HCR amplifiers further mediate CARD or
repeated CARD.

[0519] In some embodiments, a probe set comprises one or more initiator-labeled
probes. In some embodiments, the number of initiator-labeled probes in a probe set could be
in the range 1 to 1000, or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of initiator-
labeled probes in a probe set could increase the signal-to-background ratio by 2-fold, or 5-fold,
or 10-fold, or 100-fold, or more. Increasing the number of initiator-labeled probes in a probe
set could increase the signal-to-background ratio to be 2, or 5, or 10, or 50, or 100, or 200, or
500, or 1000 or more depending on the number of initiator-labeled probes in the probe set, the
level of background inherent to the sample, and the abundance of the target within the sample.

[0520] In some embodiments, an initiator-labeled probe comprises one or more
target-binding domains and one or more HCR initiators (for example, FIGs. 39A-39N and
42 A-42F).

[0521] In some embodiments, a probe set comprises one or more probe units. In
some embodiments, the number of probe units in a probe set could be in the range 1 to 1000,
or 10 to 100, or 20 to 50, or 30 to 40. Increasing the number of probe units in a probe set could
increase the signal-to-background ratio by 2-fold, or 5-fold, or 10-fold, or 100-fold, or more.
Increasing the number of probe units in a probe set could increase the signal-to-background
ratio to be 2, or 5, or 10, or 50, or 100, or 200, or 500, or 1000 or more depending on the
number of probe units in the probe set, the level of background inherent to the sample, and the
abundance of the target within the sample.

[0522] In some embodiments, a probe unit comprises two or more HCR fractional
initiator probes. In some embodiments, a probe unit comprises two fractional initiator probes
that together generate a full HCR initiator (fraction f1 for probe P1 and fraction f2 for probe
P2 such that f1 + 2 =1).

[0523] In some embodiments, an HCR fractional initiator probe comprises a target-

binding region and a fractional initiator. In some embodiments, binding of each probe within
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a probe unit to adjacent cognate binding sites on the target colocalizes the fractional initiators
to form a full HCR initiator (for example, see the full HCR initiators of Figures 3A-5E, 8A-
8B, 16A-16D, 21A-22, and 27) capable of hybridizing to an HCR hairpin to trigger HCR signal
amplification. In some embodiments, the target-binding regions within a probe unit are
configured to bind to overlapping or non-overlapping regions of the target (for example, see
Figures 8A-8B, 21A-21B, 22, and 27).

[0524] In some embodiments, the fractional initiators within a probe unit are
designed to hybridize to overlapping or non-overlapping regions of an HCR hairpin (for
example, see Figures 8A-8B, 21A-22, and 27). Individual probes that bind non-specifically in
the sample do not colocalize a full HCR initiator, suppressing HCR signal amplification.

[0525] In some embodiments, an HCR amplifier comprises two or more HCR
hairpins (for example, see the HCR amplifiers of Figures 8A-8B, 18A-18F, and 19A-19B).

[0526] In some embodiments, an HCR hairpin comprises an input domain
comprising a single-stranded toehold and a stem section.

[0527] In some embodiments, an HCR hairpin further comprises an output domain
comprising a single-stranded loop and a complement to the stem section.

[0528] In some embodiments, an HCR hairpin further comprises one or more
reporters and/or one or more substrates.

[0529] In some embodiments, a label probe comprises a substrate-binding region
and one or more reporters.

[0530] In some embodiments of the methods herein (e.g., Methods 1-9), the target
is a nucleic acid sequence. Non-limiting examples are dsSDNA, dsRNA, ssDNA, and ssRNA.

[0531] In some embodiments of any of the methods herein (e.g., Method 1 or
Method 3), N is 1 to 1000. In some embodiments, N is 1 to 10, 1 to 50, 1 to 100, 1 to 250, 1
to 500, or 1 to 750.

[0532] In some embodiments of any of the methods herein (e.g., Method 1 or
Method 3), M is 2-10,000. In some embodiments, M is 1 to 10, 1 to 50, 1 to 100, 1 to 250, 1
to 500, 1 to 750, 1 to 1000, 1 to 1250, 1 to 2500, 1 to 3750, 1 to 5000, or 1 to 7500.

[0533] In some embodiments of any of the methods herein, the substrate is selected
from the group consisting of a hapten, digoxigenin (DIG), dinitrophenyl (DNP), a fluorophore,

biotin, a nucleic acid domain comprising 4-50 nucleotides, a substrate that recruits an enzyme
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that catalyzes deposition of reporter molecules, a fractional substrate, a nucleic acid domain
that directly or indirectly mediates localization of reporters.

[0534] In some embodiments of any of the methods herein, the reporter is a
fluorophore, a chromophore, a luminophore, a phosphor, a FRET pair, a member of a FRET
pair, a quencher, a fluorophore/quencher pair, a rare-earth element or compound, a radioactive

molecule, a magnetic molecule.

[0535] In some embodiments of any of the methods herein, further comprise fixing
the sample.
[0536] In some embodiments of any of the methods herein, further comprise

permeabilizing the sample.

[0537] In some embodiments of any of the methods herein, further comprise
removing one or more signals from the sample.

[0538] In some embodiments of any of the methods herein, further comprise
removing one or more reporters from the sample.

[0539] In some embodiments of any of the methods herein, further comprise
removing one or more label probes from the sample.

[0540] In some embodiments of any of the methods herein, further comprise
removing one or more amplifiers from the sample.

[0541] In some embodiments of any of the methods herein, further comprise
removing one or more probe sets from the sample.

[0542] In some embodiments of any of the methods herein, further comprise
repeating any of the above steps in any order.

[0543] In some embodiments of any of the methods herein, the method is
conducted in alphabetical order as lettered in the claim.

[0544] In some embodiments of any of the methods herein, the probe units each
comprise two or more HCR fractional initiator probes, and wherein an HCR fractional initiator
probe comprises a target-binding region and a fractional initiator.

[0545] In some embodiments of any of the methods herein, overlapping binding is
involved and wherein the overlap is at least 1, 2, or 3 nucleotides.

[0546] In some embodiments of any of the methods herein, the hairpin label can

comprise a substrate that serves to recruit a reporter entity that comprises an enzyme that
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catalyzes a CARD-substrate leading to deposition of reporter molecules in the vicinity of the
hairpin (see for example, 33A-33E, 34A-34C, 36 A-36B). For example:

1. the enzyme could be horseradish peroxidase (HRP) (or polymer HRP
comprising multiple HRP enzymes) that acts on a CARD-substrate to catalyze
deposition a chromogenic reporter such as AEC, DAB, TMB, or StayYellow,
or that catalyzes a CARD-substrate to catalyze deposition of a fluorescent
reporter such as fluophore-labeled tyramide, or that catalyzes deposition of a
hapten-labeled CARD-substrate such as biotin-labeled tyramide, where the
hapten serves to mediate localization of reporters in the vicinity of the hairpin
label.

2. the enzyme could be alkaline phosphatase (AP) (or polymer AP comprising
multiple AP enzymes) that acts on a CARD-substrate to catalyze deposition of
reporters, for example a chromogenic reporter such as but not limited to
BCIP/NBT, BCIP/TNBT, Napthol AS-MX phosphate + FastBlue BB, Napthol
AS-MX phosphate + FastRed TR, StayGreen.

3. the enzyme could be glucose oxidase that acts on a CARD-substrate to catalyze
deposition of reporters, for example NBT,

4. the enzyme could be any molecule or complex that directly or indirectly
mediates localization of reporters in the vicinity of a hairpin label.

[0547] In some embodiments of any of the methods herein, the enzyme used to
mediate CARD is inactivated after reporter deposition (for example, using chemical and/or
heat denaturation).

[0548] In some embodiments of any of the methods herein, the hairpin label
comprises one or more haptens that recruit one or more anti-hapten primary antibodies that
further recruit one or more secondary antibodies labeled with reporter entities, wherein the
reporter entity is an enzyme that mediates CARD.

[0549] In some embodiments of any of the methods herein, the hairpin label
comprises one or more first haptens that recruit one or more anti-first-hapten primary
antibodies that further recruit one or more first secondary antibodies labeled with one or more

second haptens that further recruit one or more anti-second-hapten primary antibodies that
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further recruit one or more second secondary antibodies each comprising one or more reporter
entities, where the reporter entity is an enzyme that mediates CARD.

[0550] In some embodiments of any of the methods herein, the hairpin label
comprises one or more first haptens that recruit one or more anti-first-hapten primary
antibodies that further recruit one or more first secondary antibodies labeled with one or more
second haptens that further recruit one or more anti-second-hapten primary antibodies that
further recruit one or more second secondary antibodies each comprising one or more reporter
entities, where the reporter entity is an enzyme that mediates CARD. In some embodiments,
the second hapten is also a reporter entity that is an enzyme that mediates CARD (for example,

HRP or AP).

Method 10

[0551] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer, a second hairpin monomer,
and a target molecule, and incubating the first fractional initiator probe and the second
fractional initiator probe with the target. In some embodiments, the first hairpin monomer
comprises a first input domain comprising a first tochold and a first stem section, a first output
domain comprising a first hairpin loop and a complement to the first stem section, and a first
hapten molecule. In some embodiments, the second hairpin monomer comprises a second
input domain comprising a second toehold and a second stem section, a second output domain
comprising a second hairpin loop and a complement to the second stem section, and a second
hapten molecule (see for example, FIG. 34B).

[0552] In some embodiments of the method, the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

[0553] In some embodiments, the method further comprises binding the first
hairpin monomer to both of the first fractional initiator and the second fractional initiator,
binding the second hairpin monomer to the first hairpin monomer, providing an anti-hapten
molecule labeled with one or more reporter entities. In some embodiments, the reporter entity
is an enzyme that mediates CARD. In some embodiments, the method further comprises

providing one or more CARD-substrates and measuring a signal from one or more deposited
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reporters generated from the CARD-substrate by the enzyme that mediates CARD (see for
example, FIG. 34B).

[0554] In some embodiments of the method, the anti-hapten molecule is an anti-
hapten antibody. In some embodiments of the method, the anti-hapten molecule is an anti-
hapten nanobody. In some embodiments of the method, the anti-hapten molecule is a
combination of anti-hapten antibody and anti-hapten nanobody.

[0555] In some embodiments of the method, the at least one target is a nucleic acid
(See, for example, FIGs. 33B, 36A, and 36B).

[0556] In some embodiments of the method, the at least one target molecule is an
RNA. In some embodiments, the RNA is single-stranded. In some embodiments, the RNA is
double-stranded. In some embodiments, the RNA is both single-stranded and double-stranded.

[0557] In some embodiments of the method, the at least one target molecule is a
DNA. In some embodiments, the DNA is single-stranded. In some embodiments, the DNA is
double-stranded. In some embodiments, the DNA is both single-stranded and double-stranded.

[0558] In some embodiments of the method, the at least one target molecule is a
complex of RNA molecules (for example a ribosomal RNA and an mRNA). In some
embodiments, the RNA is single-stranded. In some embodiments, the RNA is double-

stranded. In some embodiments, the RNA is both single-stranded and double-stranded.

Method 11

[0559] In some embodiments, a method comprises providing at least one initiator-
labeled probe comprising at least one initiator, a first hairpin monomer, a second hairpin
monomer, and one or more target molecules, and incubating the at least one initiator-labeled
probe comprising at least one initiator with the one or more target molecules. In some
embodiments, the first hairpin monomer comprises a first input domain comprising a first
toehold and a first stem section, a first output domain comprising a first hairpin loop and a
complement to the first stem section, and a first hapten molecule. In some embodiments, a
second hairpin monomer comprises a second input domain comprising a second toehold and a
second stem section, a second output domain comprising a second hairpin loop and a
complement to the second stem section, and a second hapten molecule (see for example, FIG.
34A). Optionally, each hairpin may have zero, one, two, or more haptens so long as at least

one hairpin has at least one hapten.
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[0560] In some embodiments of the method, the incubating binds the at least one
initiator-labeled probe comprising at least one initiator to the one or more target molecules.

[0561] In some embodiments the method further comprises binding the first hairpin
monomer to the at least one initiator, binding the second hairpin monomer to the first hairpin
monomer, and providing an anti-hapten molecule labeled with one or more reporter entities.
In some embodiments, the reporter entity is an enzyme that mediates CARD. In some
embodiments, the method further comprises providing one or more CARD-substrates and
measuring a signal from one or more deposited reporters generated from the CARD-substrate
by the enzyme that mediates CARD (see for example, FIG. 34A).

[0562] In some embodiments of the method, the anti-hapten molecule is an anti-
hapten antibody. In some embodiments of the method, the anti-hapten molecule is an anti-
hapten nanobody. In some embodiments of the method, the anti-hapten molecule is an anti-
hapten antibody fragment. In some embodiments of the method, the anti-hapten molecule is a
combination of anti-hapten antibody and an anti-hapten nanobody.

[0563] In some embodiments of the method, the one or more target molecules is a
protein (see for example, FIGs. 33C and 33E). In some embodiments of the method, the one
or more target molecules is a microRNA, a small RNA, or a non-coding RNA.

[0564] In some embodiments of the method, the anti-hapten molecule is an anti-
hapten antibody. In some embodiments of the method, the anti-hapten molecule is an anti-
hapten nanobody. In some embodiments of the method, the anti-hapten molecule is a
combination of anti-hapten antibody and anti-hapten nanobody.

[0565] In some embodiments, the anti-hapten antibody is a primary antibody. In
some embodiments, the method further includes or employs a secondary antibody. In some
embodiments, the anti-hapten antibody comprises a primary antibody that binds the hapten and
the method further comprises a secondary antibody (labeled with one or more reporter entities)

that binds the primary antibody.

Method 12

[0566] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer, a second hairpin monomer,

and a target molecule, and incubating the first fractional initiator probe and the second
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fractional initiator probe with the target molecule. In some embodiments, the first hairpin
monomer comprises a first input domain comprising a first toehold and a first stem section, a
first output domain comprising a first hairpin loop and a complement to the first stem section,
and a substrate. In some embodiments, the second hairpin monomer comprises a second input
domain, comprising a second toehold and a second stem section, a second output domain,
comprising a second hairpin loop and a complement to the second stem section, and the
substrate.

[0567] In some embodiments of the method, the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

[0568] In some embodiments, the method further comprises binding the first
hairpin monomer to both of the first fractional initiator and the second fractional initiator,
binding the second hairpin monomer to the first hairpin monomer, providing a substrate-
binding region labeled with one or more reporter entities, wherein the substrate-binding region
binds to the substrate, and wherein the reporter entity is an enzyme that mediates CARD,
providing one or more CARD-substrates, measuring a signal from one or more deposited
reporters generated from the CARD-substrate by the enzyme that mediates CARD.

[0569] In some embodiments of the method, the at least one target is a nucleic acid
(see for example, FIGs. 33B, 36A, and 36B).

[0570] In some embodiments of the method, the at least one target molecule is an
RNA. In some embodiment, the RNA is single-stranded. In some embodiments, the RNA is

double-stranded. In some embodiments, the RNA is both single-stranded and double-stranded.

Method 13

[0571] In some embodiments, a method comprises providing a first fractional
initiator probe comprising a first fractional initiator, a second fractional initiator probe
comprising a second fractional initiator, a first hairpin monomer, a second hairpin monomer,
and a target molecule, and incubating the first fractional initiator probe and the second
fractional initiator probe with the target. In some embodiments, the first hairpin monomer
comprises a first input domain comprising a first toehold and a first stem section, a first output
domain comprising a first hairpin loop and a complement to the first stem section, and a first

fractional substrate. In some embodiments, a second hairpin monomer comprises a second
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input domain comprising a second toehold and a second stem section, a second output domain
comprising a second hairpin loop and a complement to the second stem section, and a second
fractional substrate.

[0572] In some embodiments of the method, the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

[0573] In some embodiments, the method further comprises binding the first
hairpin monomer to both of the first fractional initiator and the second fractional initiator,
binding the second hairpin monomer to the first hairpin monomer, obtaining a full substrate
comprising the first and second fractional substrate, providing a substrate-binding region
labeled with one or more reporter entities, wherein the substrate-binding region binds to the
full substrate, and wherein the reporter entity is an enzyme that mediates CARD, providing
one or more CARD-substrates, measuring a signal from one or more deposited reporters
generated from the CARD-substrate by the enzyme that mediates CARD.

[0574] In some embodiments of the method, the at least one target is a nucleic acid
(see for example, FIGs. 33B, 36A, and 36B).

[0575] In some embodiments of the method, the at least one target molecule is an
RNA. In some embodiment, the RNA is single-stranded. In some embodiments, the RNA is

double-stranded. In some embodiments, the RNA is both single-stranded and double-stranded.

EXAMPLES
[0576] The following examples are non-limiting and other variants within the

scope of the skill in the art are also contemplated.

Example 1 - Imaging of two target mRNAs in whole-mount chicken embryos using
unoptimized probe sets

[0577] Figure 6 demonstrates imaging of two target mRNAs in whole-mount
chicken embryos using unoptimized probe sets.

[0578] Using standard probes (aka initiator-labeled probes) (Scheme A), non-
specific probe binding leads to amplified background, resulting in low signal-to-background.
Using fractional initiator (aka a split-initiator) probes (Scheme E), automatic background

suppression during both stages of the protocol ensures that non-specific probe binding does
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not lead to amplified background, resulting in high signal-to-background even using an
unoptimized fractional initiator probe set. The automatic background suppression property of
fractional initiator (aka a split-initiator) probes (Scheme E) is extremely beneficial when
mapping the expression pattern of a new target mRNA, allowing rapid generation of high-
quality results without requiring tedious fractional initiator probe set optimization (i.e.,
removal of bad probes observed to bind non-specifically in the sample).

[0579] The benefits of active background suppression are illustrated in Figure 6,
depicting imaging of target mRNAs in whole-mount chicken embryos using unoptimized
probe sets with either standard probes (aka initiator-labeled probes) (Scheme A) or fractional
initiator (aka a split-initiator) probes (Scheme E). Target mRNA Dmbx1: Stage HH 7 embryo;
target mMRNA Sox8: Stage HH10 embryo. With standard probes (aka initiator-labeled probes)
(Scheme A), low signal-to-background was observed using an unoptimized fractional initiator
probe set due to non-specific probe binding, leading to generation of amplified background.
With fractional initiator (aka a split-initiator) probes (Scheme E), high signal-to-background is
achieved even using an unoptimized fractional initiator probe set; probes that bind non-
specifically in the sample do not co-localize the two halves of the HCR initiator, and thus do
not trigger HCR signal amplification, avoiding generation of amplified background. Scheme
A uses a probe set containing 12 unstructured probes, each containing a target binding site for
a different subsequence of the target mRNA. Scheme E uses a fractional initiator probe set
containing 12 probe pairs; these 12 pairs address the same target subsequences as the 12 probes
for Scheme A. Reference images from GEISHA (Darnell, D.K., Kaur, S., Stanislaw, S., Davey,
S., Konieczka, J.H., Yatskievych, T.A., and Antin, P.B. (2007). GEISHA: An In situ
hybridization gene expression resource for the chicken embryo. Cytogenet. Genome Res.

117:30-35).

Example 2 - Cooperative initiation of HCR using fractional initiator (aka a split-initiator)
probes

[0580] Cooperative initiation of HCR using fractional initiator (aka a split-initiator)
probes (Scheme E) (FIG. 7). (a) Target-mediated colocalization of fractional initiator (aka a
split-initiator) probes (Scheme E). Fractional initiator (aka a split-initiator) probes P1 and P2

each carry half of HCR initiator I1. Selective binding of P1 and P2 to the target mRNA
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colocalizes the two halves of HCR initiator 11, allowing cooperative initiation of the HCR
amplification cascade.

[0581] (b) In vitro validation of cooperative initiation of HCR using split-initiator
probes P1 and P2 (Scheme E). Reaction conditions: hairpins H1 and H2 at 0.5 uM each (Lanes
1-7); oligos I1, P1, P2, and/ or Target at 5 nM each (Lanes as noted on the gel); 5 SSCT buffer;
overnight reaction at room temperature. Hairpins H1 and H2 labeled with Alexa 647
fluorophore. dsDNA 1 kb ladder pre-stained with SYBR Gold. Lane 1: Metastable hairpins H1
and H2 exhibit minimal leakage out of their kinetically trapped states in the absence of HCR
initiator I1. Lane 2: Full conversion of HCR hairpin monomers H1 and H2 into amplification
polymer in the presence of HCR initiator I1 (I1 as an oligo). Lane 3: Strong conversion of
hairpins H1 and H2 to polymer in the presence of Target and both fractional initiator (aka a
split-initiator) probes P1 and P2, demonstrating cooperative initiation of HCR. Lanes 4-6:
Minimal conversion of HCR hairpin monomers H1 and H2 into polymer in the presence of
probe P1, probe P2, or both probes P1 and P2, demonstrating active background suppression.
Lane 7: Minimal conversion of HCR hairpin monomers H1 and H2 into polymer in the
presence of Target alone.

[0582] (c) Quantification of the polymer bands in panel c. Multi Gauge software
(Fuji Photo Film) was used to calculate the Alexa 647 intensity profile surrounding the polymer
band for Lanes 1-7. Each intensity profile is displayed for + 3 mm of gel migration distance
with the peak value centered at 0. The quantification percentages were calculated using Multi
Gauge with auto-detection of signal and background; the calculated values were normalized to
the measured value for Lane 2.

[0583] The gel study of Figure 7b demonstrated cooperative initiation of HCR
using fractional initiator (aka a split-initiator) probes (Scheme E). Lane 1 shows that there is
minimal leakage of hairpins H1 and H2 out of their kinetically trapped states in the absence of
HCR initiator I1. As a positive control, Lane 2 demonstrates conversion of metastable HCR
hairpin monomers H1 and H2 into polymer in the presence of full HCR initiator I1 (where I1
is a single oligo).

[0584] Using fractional initiator (aka a split-initiator) probes, strong conversion of
metastable HCR hairpin monomers H1 and H2 into polymer were observed if the target was

present together with fractional initiator (aka a split-initiator) probes P1 and P2. However,
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minimal conversion to polymer was observed if P1 or P2 is present alone (Lanes 4 and 5), or
if P1 and P2 were present together but in the absence of the Target (Lane 6).

[0585] These results demonstrated the active background suppression properties of
fractional initiator (aka a split-initiator) probes (Scheme E): probes that are not colocalized via
selective hybridization to the target predominantly do not trigger HCR amplification. The fact
that in the absence of the target, P1 and P2 do not trigger HCR even when they are both present
in solution (Lane 6), indicates that fractional initiator probes provide automatic background

suppression even in the absence of washes.

Example 3 — Comparison of performance of standard probes and fractional initiator (aka
split-initiator) probes

[0586] Figure 9 compares the performance of standard probes (aka initiator-labeled
probes) (Scheme A) and fractional initiator (aka a split-initiator) probes (Scheme E) as the size
of the probe set is increased for imaging of a mRNA target in whole-mount chicken embryos.
For tests with standard probes, an optimized probe set of 5 probes was used, and then these
probes were augmented with additional unoptimized probes to form probe sets of 10 probes
and 20 probes. For tests with fractional initiator (aka a split-initiator) probes, probe sets were
used with 5, 10, and 20 probe pairs, where each probe pair targets approximately the same
binding site as the corresponding standard probe. Using standard probes, increasing the probe
set size resulted in a substantial increase in background (panel a) and a corresponding decrease
in signal-to-background as a result of some subset of the additional probes binding non-
specifically within the sample.

[0587] These data illustrate the importance of probe set optimization using standard
probes (aka initiator-labeled probes) (Scheme A) that do not provide active background
suppression: if there are any bad probes in the probe set, they will undermine performance by
generating amplified background. In contrast, using fractional initiator (aka a split-initiator)
probes (Scheme E), as the number of probe pairs increases from 5 to 10 to 20, the background
remains approximately constant (panel a) and the signal-to-background ratio increases
monotonically (panel b).

[0588] These data illustrate the significant benefit of automatic background
suppression using fractional initiator (aka a split-initiator) probes: even if there are bad probes

in the fractional initiator probe set, they do not generate amplified background, making it
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straightforward to increase signal-to-background by increasing the number of probes without
performing probe set optimization. Representative images using the probe sets with 20 probes
(standard probes) or 20 probe pairs (fractional initiatory (split-initiator) probes) are shown in
panel c. Representative pixel intensity distributions for these images are shown in panel d.
With fractional initiator (aka a split-initiator) probes, the pixel intensity distributions for
background and signal + background are predominantly non-overlapping.

[0589] The following is provided for slightly more detail for FIG. 9, which presents
background and signal-to-background using standard probes (aka initiator-labeled probes)
(Scheme A) and fractional initiator (aka a split-initiator) probes (Scheme E). (a) Fluorescent
background using probe sets with 5, 10, or 20 probes (standard probes) vs 5, 10, or 20 probe
pairs (fractional initiator (aka a split-initiator) probes). Unoptimized standard probes resulted
in non-specific probe binding, leading to generation of amplified background. Unoptimized
fractional initiator (aka a split-initiator) probes that bind non-specifically in the sample did not
co-localize the two halves of the HCR initiator, and thus did not trigger HCR signal
amplification, avoiding generation of amplified background. (b) Signal-to-background ratio
for the probe sets of panel a. Fractional initiator (aka a split-initiator) probes with active
background suppression outperformed unoptimized standard probes in signal-to-background
measurements. (c) Confocal micrographs in the neural crest of fixed whole-mount chicken
embryos. Probe sets: 20 probes for standard probes of Scheme A, 20 probe pairs for fractional
initiator (aka a split-initiator) probes of Scheme E. (d) Pixel intensity histograms for Sign al +
Background (pixels with in solid boundary in panel c¢) and Background (pixels within dashed
boundary in panel c). For each image, the total number of pixels within solid and dashed

boundaries is the same. Embryos fixed: stage HH10. Target: Sox10.

Example 4 - Imaging four target mRNAs in whole-mount chicken embryos with high signal-
to-background using unoptimized fractional initiator probes

[0590] Figure 10 demonstrates imaging for four target mRNAs in whole-mount
chicken embryos with high signal-to-background using unoptimized fractional initiator (aka a
split-initiator) probes (Scheme E).

[0591] Due to the automatic background suppression property of fractional initiator
(aka a split-initiator) probes, the signal-to-background ranges from approximately 25 to 60 for

the four target mRNAs without performing any probe set optimization.
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[0592] Figure 10. Multiplexed imaging of mRNA expression with high signal-to-
background in a fixed whole-mount chicken embryo using fractional initiator (aka a split-
initiator) probes without probe set optimization (Scheme E). (a) Expression schematics for
four target mRNAs: FoxD3, EphA4, Sox10, Dmbx1. (b) Four-channel confocal micrographs
in the head and neural crest. (c¢) Zoom of depicted region of panel b. (b) Four individual
channels from panel ¢ with signal-to-background measurements. Probe sets: 12-20 pairs of
unoptimized fractional initiator (aka a split-initiator) probes per target. Amplifiers: four
orthogonal HCR amplifiers carrying spectrally distinct fluorophores (one HCR amplifier per
target). Embryo fixed: stage HHI10.

Example 5 - In situ HCR using fractional initiator (aka a split-initiator) probes for
quantitative analysis of mRNA expression with subcellular resolution

[0593] Figure 11 demonstrates that in situ HCR using fractional initiator (aka a
split-initiator) probes (Scheme E) allows for quantitative analysis of mRNA expression with
subcellular resolution within whole-mount chicken embryos.

[0594] Each target mRNA was redundantly detected using two fractional initiator
probe sets that each triggered a different spectrally-distinct HCR amplifier. Plotting a 2-
channel scatter plot of normalized voxel intensities resulted in a tight linear relationship with
approximately zero intercept, indicating that HCR signal scales linearly with the number of
target mRINAs per imaging voxel. Accuracy improves as the distribution becomes linear and
the intercept vanishes; precision improves as the scatter becomes tighter. The 2x2 um voxels
provided subcellular resolution.

[0595] These results demonstrate that in situ HCR with fractional initiator (aka a
split-initiator) probes allows accurate and precise relative quantitation of mRNA expression
with subcellular resolution in an anatomical context without the need for probe set
optimization.

[0596] Figure 11. Quantitative imaging of mRNA expression with subcellular
resolution in fixed whole-mount chicken embryos. (a) Two-channel redundant detection of
target mRNAs. Targets: Dmbx1 and EphA4. Confocal microscopy: 0.2x0.2 pm pixels. Probe
sets: 20 pairs of fractional initiator (aka a split-initiator) probes per channel for each target.

Amplifiers: two orthogonal HCR amplifiers carrying spectrally distinct fluorophores for each
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target. Embryos fixed: stage HH10. (b) Highly correlated normalized signal (Pearson

correlation coefficient, r) for 2x2 pm voxels in the selected regions of panel b.

Example 6 - Comparison of performance of fractional initiator probes that are
complementary to overlapping regions of HCR hairpins to fractional initiator probes that
are complementary to non-overlapping regions of HCR hairpins

[0597] The gel studies of FIG. 24 compare the performance of fractional initiator
probes that are complementary to overlapping regions of HCR hairpins H1 (for example,
Figure 21) to fractional initiator probes that are complementary to non-overlapping regions of
HCR hairpins H1 (for example, Figure 7A).

[0598] Reaction conditions: hairpins H1 and H2 at 0.6 uM each (Lanes 1-11);
oligos I1, P1, P2, and/or Target at 6 nM each (Lanes as noted on the gel); 5 SSCT buffer;
overnight reaction at room temperature. Hairpins H1 and H2 labeled with Alexa 647
fluorophore. Lane 1: Metastable hairpins H1 and H2 exhibit minimal leakage out of their
kinetically trapped states in the absence of HCR initiator I1. Lane 2: Conversion of HCR
hairpin monomers H1 and H2 into amplification polymer in the presence of HCR initiator I1.
Lane 3: Minimal conversion of HCR hairpin monomers H1 and H2 into polymer in the
presence of Target alone. Lanes 4-6, 8-10: Minimal conversion of HCR hairpin monomers H1
and H2 into polymer in the presence of probe P1, probe P2, or both probes P1 and P2,
demonstrating active background suppression using the fractional initiator probes that are
complementary to non-overlapping (Lanes 4-6) or overlapping (Lanes 8-10) regions of HCR
hairpin H1. Lanes 7 and 11: Conversion of hairpins H1 and H2 to polymer in the presence of
Target and both probes P1 and P2 that are complementary to non-overlapping (Lane 7) or
overlapping (Lane 11) regions of HCR hairpin HI.

[0599] Quantification of the polymer bands. MATLAB was used to calculate the
Alexa 647 intensity profile surrounding the polymer band for Lanes 1-11. Each intensity
profile is displayed for + 3.3 mm of gel migration distance with the peak value centered at 0.
The quantification percentages were calculated using MATLAB with auto-detection of signal
and background; the calculated values were normalized to the measured value for Lane 2.

[0600] These results demonstrated conversion of hairpins H1 and H2 to polymer in
the presence of Target and probes P1 and P2 that are complementary to overlapping regions of

HCR hairpins H1 (Lane 11; 85.6% conversion to polymer) is stronger than that of probes P1
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and P2 that are complementary to non-overlapping regions of HCR hairpins H1 (Lane 7; 54.7%
conversion to polymer). The active background suppression properties of fractional initiator

probes remain comparable for both probe types.

Example 7 - Dehybridization of HCR hairpins from HCR amplification polymers using an
auxiliary strand

[0601] FIG. 25A depicts the in vitro validation of dehybridization of HCR hairpins
from HCR amplification polymers using an auxiliary strand (for example, see Figure 23F).
Reaction conditions: hairpins H1 and H2 at 0.6 uM each (Lanes 1-5); HCR initiator 11 at 0.6
UM (Lane 2), 60 nM (Lane 3), and 6 nM (Lanes 4 and 5); auxiliary strand at 6 uM (Lane 5); 5
SSCT buffer; overnight HCR amplification at room temperature; 1 hour auxiliary strand
incubation at room temperature. Hairpins H1 and H2 labeled with Alexa 647 fluorophore. Lane
1: Metastable hairpins H1 and H2 exhibit minimal leakage in the absence of HCR initiator I1.
Lane 2: Formation of short HCR amplification polymers at equimolar HCR initiator I1
concentration. Lanes 3 and 4: Formation of longer HCR amplification polymers at lower HCR
initiator concentrations. Lane 5: Dehybridization of hairpins from HCR amplification
polymers using an auxiliary strand to yield polymer fragments consisting of H1, H2, and the
auxiliary strand.

[0602] Some embodiments of sequences used for dehybridization of HCR hairpins
from HCR amplification polymers (for example, FIG. 25A) are shown below in TABLE 2.

The sequences can be used for any of the embodiments of the methods herein.

TABLE 2
Hairpin H1 including 5-
toehold for auxiliary CGGGTTAAAGTTGAGTGGAGATATAGAGGCAGGGACAAAGTCTAATC
strand nucleation CGTCCCTGCCTCTATATCTCCACTCTATCAT-3’ (SEQ ID NO: 1)
5
Hairpin H2 GTCCCTGCCTCTATATCTCCACTCAACTTTAACCCGGAGTGGAGATAT

AGAGGCAGGGACGGATTAGACTTT-3’ (SEQ ID NO: 2)
5’-GTCCCTGCCTCTATATCTCCACTCAACTTTAACCCG-3’ (SEQ ID NO:
3)
5’-ATGATAGAGTGGAGATATAGAGGCAGGGACGGATTAGACTTT-3’
(SEQ ID NO: 4)

Initiator I1

Auxiliary strand
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[0603] FIG. 25B demonstrated imaging of 3 target mRNAs in FFPE cultured
human cell (HEK293) pellet on a slide using repeated reporter detection (see Figures 23F and
26G). Target mRNAs: GAPDH, ACTB, U6. Probe sets for all three targets were introduced
simultaneously in the detection stage. In the first round of amplification, only GAPDH and
ACTB were detected using amplifiers labeled with spectrally distinct fluorophores (Amplifier
1 labeled with Reporter 1 (Alexa647) for GAPDH, Amplifier 2 labeled with Reporter 2
(Alexa546) for ACTB). Only Amplifier 1 used for GAPDH contained the toehold for auxiliary
strand nucleation. After image acquisition, the sample was incubated with Amplifier 1
auxiliary strands for 1 hour at room temperature to dehybridize Alexa647-labeled hairpins
from amplification polymers tethered to GAPDH mRNAs; resulting polymer fragments were
washed from the sample. In the second round of amplification, a different HCR amplifier
labeled with the same reporter as GAPDH (Amplifier 3 labeled with Reporter 1 (Alexa647))
was used for U6 signal amplification.

[0604] The images demonstrated the cytoplasmic Reporter 1 (Alexa 647) signal for
GAPDH was completely removed by the addition of the Amplifier 1 auxiliary strand followed
by washes and was replaced by the nuclear Reporter 1 (Alexa 647) signal of U6 in the second
round of imaging. ACTB signal strength (Amplifier 2 labeled with Reporter 2 (Alexa 546))

remains comparable between imaging rounds.

Example 8 - Optimization of cooperative probe junctions to enhance fractional initiator
HCR suppression and conversion

[0605] FIG. 28 demonstrates the cooperative probe junctions to enhance fractional
initiator HCR suppression (OFF state) and conversion (ON state). In FIG. 28A, fractional
initiator probes p1l and p2 are complementary to overlapping regions of HCR hairpin h1 (each
contains domains u* and v* complementary to domains u and v in h1) to enable relaxation of
the junction into an energetically favorable conformation. In FIG. 28B, leakage (OFF state) is
assayed by agarose gel using probes with varying degrees of overlap (u* = 0, 1, or 2
nucleotides, v¥ = 0, 1, or 2 nucleotides). The OFF state is characterized by testing HCR
initiation by individual probes pl or p2 (FIG. 28B left), and by quantifying the resulting
polymerization bands in the gel (FIG. 28B right). In FIG. 28C, conversion (ON state) is assayed

by agarose gel using probes with varying degrees of overlap (u* =0, 1, or 2 nucleotides, v* =
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0, 1 or 2 nucleotides). The ON state is characterized by testing HCR initiation by probes pl
and p2 plus target (FIG. 28C left) and by quantifying the resulting polymerization bands in the
gel (FIG. 28C right). The reaction conditions for FIG. 28 were hairpins h1l and h2 at 500 nM
each for OFF state and 60 nM each for ON state (all lanes); initiator i1, probes pl and p2,
and/or DNA target at 0.01x hairpin concentration.

[0606] Testing different junction designs, yields probes p1 and p2 with a clean OFF
state (fractional initiator HCR suppression =0.5% of standard-initiator HCR suppression;
boxed FIG. 28B) and a strong ON state (fractional initiator HCR conversion =99% of standard-
initiator HCR conversion; boxed in FIG. 28C). These results indicate that replacement of a
standard probe (v2.0) with a pair of fractional initiator probes (v3.0) can be engineered to
dramatically decrease amplified background (lane 2 vs lanes 4 and 9 in FIG. 28B) without
significantly decreasing amplified signal (lane 2 vs lane 6 in FIG. 28C). For this probe junction,
the domain dimensions are u* = 0 nucleotides and v* = 2 nucleotides, corresponding to
fractional initiators within a probe unit that hybridize to binding sites in HCR hairpin h1 that

overlap by 2 nucleotides.

Example 9 - Multiplexed immunohistochemistry (IHC) HCR imaging of protein targets

[0607] FIG. 29 and FIG. 30 demonstrate multiplexed immunohistochemistry (IHC)
HCR imaging of protein targets in formalin-fixed paraffin-embedded (FFPE) mouse brain
sections. FIG.

[0608] FIG. 29 employs initiator-labeled primary antibody probes. FIG. 29A
displays the 2-stage IHC protocol consisting of a protein detection stage (initiator-labeled
primary antibody probes bind to protein targets; wash) and an amplification stage (initiators
trigger self-assembly of fluorophore-labeled HCR hairpins into tethered fluorescent
amplification polymers; wash). FIG. 29B displays the multiplexing timeline in which the same
2-stage protocol is used independent of the number of target proteins. FIG. 29C displays a
four-channel epifluorescence micrograph of an FFPE mouse brain section (four target proteins:
TH, GFAP, MBP, MAP2) and FIG. 29D displays zooms for the depicted regions of FIG. 29D.
The approach of FIG. 29 has the advantage that high levels of multiplexing can be achieved
using initiator-labeled primary antibodies where the antibody probes for different protein

targets carry orthogonal HCR initiators that operate independently in the sample at the same
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time. There is no requirement for the primary antibodies to be raised in different organisms,
providing flexibility in establishing a large library of primary antibodies for different targets.

[0609] FIG. 30 employs unlabeled primary antibody probes and initiator-labeled
secondary antibody probes. FIG. 30A displays the 2-stage IHC protocol consisting of a protein
detection stage (unlabeled primary antibody probes bind to protein targets; wash; initiator-
labeled secondary antibody probes bind to primary antibody probes; wash) and an
amplification stage (initiators trigger self-assembly of fluorophore-labeled HCR hairpins into
tethered fluorescent amplification polymers; wash). FIG. 30B displays the multiplexing
timeline in which the same 2-stage protocol is used independent of the number of target
proteins. 4-plex IHC in FFPE mouse brain sections. FIG. 30C displays a four-channel
epifluorescence micrograph of an FFPE mouse brain section (four target proteins: TH, GFAP,
PVALB, MBP) and FIG. 30D displays zooms of the depicted regions of FIG. 30C.

[0610] The approach of FIG. 30 has the advantage that unlabeled primary
antibodies can be used without modification, enabling use of a validated library of initiator-
labeled secondary antibodies, where different secondary antibodies carry orthogonal HCR
initiators that operate independently in the sample at the same time. With this approach, the
primary antibodies must be raised in different organisms so that only one type of initiator-

labeled secondary antibody detects each primary antibody.

Example 10 - Quantitative analysis of protein expression with subcellular resolution by HCR
IHC

[0611] FIG. 41 demonstrates that HCR THC allows for quantitative analysis of
protein expression with subcellular resolution in an anatomical context. Each target protein
was redundantly detected using two initiator-labeled primary antibody probes that each
triggered a different spectrally-distinct HCR amplifier. Plotting a 2-channel scatter plot of
normalized voxel intensities resulted in a tight linear relationship with approximately zero
intercept, indicating that HCR signal scales linearly with the number of target proteins per
imaging voxel.

[0612] FIG. 41A illustrates 2-channel redundant detection of a target protein. The
target protein is detected using two initiator-labeled primary antibody probes that bind different
epitopes, each initiating an orthogonal spectrally distinct HCR amplifier (Ch1: Alexa 546, Ch2:

Alexa 647). FIG. 41B displays epifluorescence micrographs of an FFPE mouse brain section.
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FIG. 41C displays highly correlated normalized signal (Pearson correlation coefficient, r) for
subcellular 2x2 pm voxels in the boxed region of FIG. 41B. In this scatter plot, accuracy
corresponds to linearity with zero intercept and precision corresponds to scatter around the
line. The 2x2 pm voxels provided subcellular resolution.

[0613] These results demonstrate that HCR THC allows accurate and precise

relative quantitation of protein expression with subcellular resolution in an anatomical context.

Example 11 - Multiplexed HCR RNA-ISH and HCR IHC with HCR signal amplification
Jor all mRNA and protein targets simultaneously

[0614] FIG. 31 and FIG. 32 demonstrate multiplexed HCR RNA-ISH and HCR
IHC with HCR signal amplification performed for all mRNA and protein targets
simultaneously.

[0615] FIG. 31 demonstrates multiplexed HCR IHC + RNA-ISH using initiator-
labeled primary antibody probes and fractional initiator DNA probes. FIG. 31A displays a 3-
stage IHC + ISH protocol consisting of a protein detection stage (initiator-labeled primary
antibody probes bind to protein targets; wash), an RNA detection stage (fractional initiator
DNA probes bind to RNA targets; wash), and an amplification stage (initiators trigger self-
assembly of fluorophore-labeled HCR hairpins into tethered fluorescent amplification
polymers; wash). The same 3-stage protocol is used independent of the number of target
proteins and target RNAs. FIG. 31B displays a four-channel epifluorescence micrograph of an
FFPE mouse brain section (two target proteins (TH, MBP) and two target mRNAs (Prkca,
Slc17a7) and FIG. 31C displays zooms of the depicted regions of FIG. 31B.

[0616] FIG. 32 demonstrates multiplexed HCR IHC + RNA-ISH using unlabeled
primary antibody probes, initiator-labeled secondary antibody probes, and fractional initiator
DNA probes. FIG. 32A displays a 3-stage IHC + ISH protocol consisting of a protein detection
stage (unlabeled primary antibody probes bind to protein targets; wash; initiator-labeled
secondary-antibody probes bind to primary-antibody probes; wash), an RNA detection stage
(fractional initiator DNA probes bind to RNA targets; wash), and an amplification stage
(initiators trigger self-assembly of fluorophore-labeled HCR hairpins into tethered fluorescent
amplification polymers; wash). The same 3-stage protocol is used independent of the number

of target proteins and target RNAs. FIG. 32B displays a four-channel epifluorescence
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micrograph of an FFPE mouse brain section (two target proteins (TH, MBP) and two target

mRNAs (Prkca, Slc17a7)) and FIG. 32C displays a zoom of depicted region of FIG. 32B.

Example 12 - HCR-mediated CARD RNA-ISH

[0617] FIG. 37 demonstrates HCR-mediated CARD RNA-ISH in FFPE mouse
liver and kidney sections. FIG. 37A displays a schematic summarizing the HCR-mediated
CARD RNA-ISH protocol, including: detection of the RNA target using a probe set
comprising multiple probe units each comprising two HCR fractional initiator probes, HCR
signal amplification using hairpins h1 and h2 labeled with fluorophore Alexa488 as a hapten,
binding to the hapten using an anti-Alexa488 antibody labeled with polymer HRP enzyme,
providing CARD-substrate DAB which was catalytically deposited as a reporter in the vicinity
of the HCR amplification polymer by the HRP. FIG. 37B (left panel) depicts brightfield
microscopy of GAPDH mRNA expression in FFPE mouse kidney and liver sections; in the

absence of probes, the staining is absent (right panel).

Example 13 - Multiplexed microRNA and mRNA RNA-ISH using initiator-labeled probes

[0618] FIG. 43 demonstrates multiplexed microRNA and mRNA RNA-ISH using
initiator-labeled probes. microRNA targets were detected using initiator-labeled probes
comprising a 2°0OMe-RNA target-binding domain and a DNA initiator (FIG. 43A). mRNA
targets were detected using initiator-labeled probes comprising a DNA target-binding domain
and two DNA initiators (one at each end of the target-binding domain; FIG 43A). HCR signal
amplification was performed for both classes of target RNAs (microRNAs and mRNAs)
simultaneously, achieving high signal-to-background in whole-mount zebrafish embryos. FIG.
43B depicts expression atlases for three target microRNAs (miR-9, miR-96, miR-206) and one
target mMRNA (hbae3). The embryo was fixed 72 hours post-fertilization and imaged by
confocal microscopy (FIG. 43C).

Example 14 - Reduction of background using shielded initiator-labeled antibody probes
[0619] FIG. 45 demonstrates reduction of background using shielded initiator-

labeled antibody probes compared to initiator-labeled antibody probes without shielding for

HCR IHC in whole-mount zebrafish embryos. In either case, the target protein Desmin as

detected with an unlabeled primary antibody, which in turn is bound with either an initiator-
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labeled secondary antibody (FIG. 45A) or a shielded initiator-labeled secondary antibody (FIG.
45B) in which the initiator is partially shielded by base-pairing to the initiator. Reduced
background is observed using shielded initiator-labeled probes compared to initiator-labeled
probes, illustrating that shielding the initiators on a probe can be used to reduce non-specific

binding. Embryos fixed 27 hours post-fertilization and imaged via confocal microscopy.

Example 15 - Multiplexed analysis using repeated reporter detection (Method A) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0620] The present example outlines the process in Figure 26A. Step Al: one
provides a sample possibly containing a target as well as possibly other molecules that are not
targets. Step A2: One fixes the sample; Step A3: one optionally permeabilizes the sample. Step
A4: provide a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17).
Step AS: washing the sample. Step A6: providing an HCR amplifier labeled with a reporter
(for example, see the reporter-labeled amplifiers of Figures 8 and 18). Step A7: washing the

sample; Step A8: Detecting a signal from the reporter.

Example 16 - Multiplexed analysis using repeated reporter detection (Method B) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)

[0621] The present example outlines the process in Figure 26B. Step B1: Provide
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step B2: optionally fixing the sample. Step B3: optionally permeabilizing the sample.
Step B4: providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example see the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,
and 17). Step BS5: optionally washing the sample. Step B6: providing N HCR amplifiers (each
labeled with a distinct reporter) corresponding to the N probe sets (for example, see the
reporter-labeled HCR amplifiers of Figures § and 18). Step B7: optionally washing the sample.
Step B8: detecting N signals from the N distinct reporters.
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Example 17 - Multiplexed analysis using repeated reporter detection (Method C) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0622] The present example outlines the process in Figure 26C. Step C1: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step C2: optionally fixing the sample. Step C3: optionally permeabilizing the sample.
Step C4: providing a probe set (targeting one of the N target types) comprising either: a) one
or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A,
42A-42F, and 43A), or b) one or more probe units (for example see the probe sets of Figures
8 and 16) each comprising two or more HCR fractional initiator probes (for example, see the
probe units of Figures 3, 4, 5, and 17). Step CS: optionally washing the sample. Step C6:
providing an HCR amplifier (labeled with a reporter) corresponding to the provided probe (for
example, see the reporter-labeled HCR amplifiers of Figures 8 and 18). Step C7: optionally
washing the sample. Step C8: detecting a signal from the reporter. Step C9: removing the
signal from the sample (for example, see Figure 23). Step C10: optionally repeating one or

more of Steps C4-C9 until signal detection has been performed for all N targets.

Example 18 - Multiplexed analysis using repeated reporter detection (Method D) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0623] The present example outlines the process in Figure 26D. Step D1: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step D2: optionally fixing the sample. Step D3: optionally permeabilizing the sample.
Step D4: providing M probe sets (for M < N; each targeting one of M target types) each
comprising either: a) one or more HCR initiator-labeled probes (for example, see the probes
of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more probe units (for example,
see the probe sets of Figures 8 and 16) each comprising two or more HCR fractional initiator
probes (for example, see the probe units of Figures 3, 4, 5, and 17). Step D5: optionally washing
the sample. Step D6: providing M HCR amplifiers (each labeled with a distinct reporter)
corresponding to the M probe sets (for example, see the reporter-labeled HCR amplifiers of
Figures 8 and 18); Step D7: Optionally washing the sample. Step DS: detecting M signals

corresponding to the M distinct reporters. Step D10: removing the M signals from the sample
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(for example, see Figure 23). Step D11: optionally repeating one or more of steps 4-9 until

signal detection has been performed for all N targets.

Example 19 - Multiplexed analysis using repeated reporter detection (Method E) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0624] The present example outlines the process in Figure 26E. Step El: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step E2: optionally fixing the sample Step E3: optionally permeabilizing the sample.
Step E4: providing N probe sets (each targeting one of N target types) each comprising either:
a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of
Figure 8 and 16) each comprising two or more HCR fractional initiator probes (for example,
see the probe units of Figures 3, 4, 5, and 17). Step ES: optionally washing the sample. Step
E6: providing an HCR amplifier (labeled with a reporter) corresponding to one of the probe
sets (for example, see the reporter-labeled amplifiers of Figure 8 and 18). Step E7: optionally
washing the sample. Step E8: detecting a signal from the reporter. Step E9: removing the signal
from the sample (for example, see Figure 23). Step E10: optionally repeating one or more of

steps 6-9 until signal detection has been performed for all N targets.

Example 20 - Multiplexed analysis using repeated reporter detection (Method F) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0625] The present example outlines the process in Figure 26F. Step F1: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step F2: optionally fixing the sample. Step F3: optionally permeabilizing the sample.
Step F4: providing N probe sets (each targeting one of N target types) each comprising either:
a) one or more HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N,
41A, 42A-42F, and 43A), or b) one or more probe units (for example, see the probe sets of
Figure 8 and 16) each comprising two or more HCR fractional initiator probes (for example,
see the probe units of Figures 3, 4, 5, and 17). Step F5: optionally washing the sample. Step
F6: providing M HCR amplifiers (for M < N; each labeled with a distinct reporter)
corresponding to M of the N probe sets (for example, see the reporter-labeled amplifiers of

Figure 8 and 18). Step F7: optionally washing the sample. Step F8: detecting M signals
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corresponding to the M reporters. Step F9: removing the M signals from the sample (for
example, see Figure 23). Step F10: optionally repeating one or more of steps 6-9 until signal

detection has been performed for all N targets.

Example 21 - Multiplexed analysis using repeated reporter detection (Method G) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0626] The present example outlines the process in Figure 26G. Step G1: providing
a sample possibly containing one or more targets as well as possibly other molecules that are
not targets. Step G2: optionally fixing the sample. Step G3: optionally permeabilizing the
sample. Step G4: providing one or more probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17). Step GS5: optionally washing the sample. Step G6: providing
one or more HCR amplifiers (each labeled with one or more reporters) (for example, see the
reporter-labeled HCR amplifiers of Figure 8 and 18). Step G7: optionally washing the sample.
Step G8: detecting one or more signals from one or more reporters. Step G9: optionally
removing one or more probe sets from the sample. Step G10; optionally removing one or more
HCR amplifiers from the sample. Step G11: optionally removing one or more reporters from
the sample. Step G12: optionally removing one or more signals from the sample (for example,
see Figure 23). Step G13: optionally repeating any of steps 2-12 one or more times in any

order.

Example 22 - Multiplexed analysis using repeated reporter detection (Method H) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0627] he present example outlines the process in Figure 26H. Step H1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step H2: optionally fixing the sample. Step H3: optionally permeabilizing the sample. Step
H4: providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more

HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5, and 17).
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Step HS: optionally washing the sample. Step H6: providing an HCR amplifier labeled with a
substrate (for example, see the substrate-labeled HCR amplifiers of Figure 18). Step H7:
optionally washing the sample. Step H8: providing a label probe (conjugated to a reporter)
corresponding to the substrate (for example, see the label probes of Figure 20). Step H9:

optionally washing the sample. Step H10: detecting a signal from the reporter.

Example 23 - Multiplexed analysis using repeated reporter detection (Method 1) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0628] The present example outlines the process in Figure 261. Step I1: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step 12: optionally fixing the sample. Step 13: optionally permeabilizing the sample.
Step I4: providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example, see the probe sets of Figures § and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,
and 17). Step I5: optionally washing the sample. Step 16: providing N HCR amplifiers (each
labeled with a distinct substrate) corresponding to the N probe sets (for example, see the
substrate-labeled HCR amplifiers of Figure 18). Step I7: optionally washing the sample. Step
I8: providing N label probes (each conjugated to a distinct reporter) corresponding to the N
distinct substrates (for example, see the label probes of Figure 20). Step 19: detecting the N

signals from the N distinct reporters.

Example 24 - Multiplexed analysis using repeated reporter detection (Method J) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0629] The present example outlines the process in Figure 26J. Step J1: providing
a sample possibly containing up to N targets as well as possibly other molecules that are not
targets. Step J2: optionally fixing the sample. Step J3: optionally permeabilizing the sample.
Step J4: providing N probe sets each comprising either: a) one or more HCR initiator-labeled
probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one
or more probe units (for example, see the probe sets of Figures 8 and 16) each comprising two
or more HCR fractional initiator probes (for example, see the probe units of Figures 3, 4, 5,

and 17). Step J5: optionally washing the sample. Step J6: providing N HCR amplifiers (each
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labeled with a distinct substrate) corresponding to the N probe sets (for example, see the
substrate-labeled HCR amplifiers of Figure 18). Step J7: optionally washing the sample. Step
J8: providing M label probes (for M < N; each conjugated to a distinct reporter) corresponding
to M of the N distinct substrates (for example, see the label probes of Figure 20). Step J9:
optionally washing the sample. Step J10: detecting M signals corresponding to the M distinct
reporters. Step J11: removing the M signals from the sample (for example, see Figure 23).
Step J12: optionally repeating one or more of steps J8-J11 until signal detection has been

performed for all N targets.

Example 25 - Multiplexed analysis using repeated reporter detection (Method K) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0630] The present example outlines the process in Figure 26K. Step K1: providing
a sample possibly containing one or more targets as well as possibly other molecules that are
not targets. Step K2: optionally fixing the sample. Step K3: optionally permeabilizing the
sample. Step K4: providing one or more probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17). Step K5: optionally washing the sample. Step K6: providing
one or more HCR amplifiers (each labeled with a substrate) corresponding to one or more
probe sets (for example, see the substrate-labeled HCR amplifiers of Figure 18). Step K7:
optionally washing the sample. Step K8: providing one or more label probes (each conjugated
to a reporter) corresponding to one or more substrates (for example, see the label probes of
Figure 20). Step K9: optionally washing the sample. Step K10: detecting one or more signals
corresponding to one or more reporters. Step K11: removing one or more signals from the
sample (for example, see Figure 23). Step K12: optionally repeating any of steps K4-K11 one

or more times in any order.

Example 26 - Multiplexed analysis using repeated reporter detection (Method L) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0631] The present example outlines the process in Figure 26L.. Step L1: providing

a sample possibly containing one or more targets as well as possibly other molecules that are
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not targets. Step L2: optionally fixing the sample. Step L3: optionally permeabilizing the
sample. Step L4: providing one or more HCR probe sets each comprising either: a) one or more
HCR initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-
42F, and 43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and
16) each comprising two or more HCR fractional initiator probes (for example, see the probe
units of Figures 3, 4, 5, and 17). Step L5: providing one or more HCR amplifiers (each labeled
with one or more reporters and/or one or more substrates) corresponding to one or more probe
sets (for example, see the HCR amplifiers of Figures 8 and 18). Step L6: optionally providing
one or more label probes (each conjugated to one or more reporters) corresponding to one or
more substrates (for example, see the label probes of Figure 20). Step L7: detecting one or
more signals. Step L8: optionally washing the sample. Step L9: optionally removing one or
more signals from the sample (for example, see Figure 23). Step L10: optionally removing
one or more reporters from the sample. Step L11: optionally removing one or more label
probes from the sample. Step L12: optionally removing one or more HCR amplifiers from the
sample. Step L13: optionally removing one or more probe sets from the sample. Step L14:

optionally repeating any of the above steps in any order.

Example 27 - Multiplexed analysis using repeated reporter detection (Method M) (which
can optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)

[0632] The present example outlines the process in Figure 26M. Step MI:
providing a sample possibly containing one or more targets as well as possibly other molecules
that are not targets. Step M2: optionally fixing the sample. Step M3: optionally permeabilizing
the sample. Step M4: performing any of Steps M5-M9 one or more times in any order. Step
MS5: providing one or more HCR probe sets each comprising either: a) one or more HCR
initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and
43A), or b) one or more probe units (for example, see the probe sets of Figures 8 and 16) each
comprising two or more HCR fractional initiator probes (for example, see the probe units of
Figures 3, 4, 5, and 17). Step M6: providing one or more HCR amplifiers that directly or
indirectly generate one or more signals (for example, see Figures §, 18, and 20). Step M7:
optionally washing the sample. Step M8: detecting one or more signals. Step M9: optionally

removing one or more signals (for example, see Figure 23).
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Example 28 — Target analysis (Method N) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0633] The present example outlines the process in Figure 26N. Step N1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step N2: optionally fixing the sample. Step N3: optionally permeabilizing the sample. Step
N4: providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the target-binding regions on the probes within each
probe unit are configured to bind to overlapping binding sites on the target (for example, see
the probe units of Figure 22). Step NS5: optionally washing the sample. Step N6: providing an
HCR amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers
of Figures 8 and 18). Step N7: optionally washing the sample. Step N8: optionally providing
a label probe (conjugated to a reporter) corresponding to the substrate (for example, see the
label probes of Figure 20). Step N9: optionally washing the sample. Step N10: detecting a

signal from the reporter.

Example 29 — Target analysis (Method O) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0634] The present example outlines the process in Figure 260. Step O1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step O2: optionally fixing the sample. Step O3: optionally permeabilizing the sample. Step
O4: providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the fractional initiators on the probes within each probe
unit are configured to bind to overlapping binding sites on an HCR hairpin (for example, see
the probe units of Figure 21). Step O5: optionally washing the sample. Step O6: providing an
HCR amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers

of Figures 8 and 18). Step O7: optionally washing the sample. Step O8: optionally providing
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a label probes (conjugated to a reporter) corresponding to the substrate (for example, see the
label probes of Figure 20). Step O9: optionally washing the sample. Step O10: detecting a

signal from the reporter.

Example 30 — Target analysis (Method P) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0635] The present example outlines the process in Figure 26P.: Step P1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step P2: optionally fixing the sample. Step P3: optionally permeabilizing the sample. Step P4:
providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the target binding regions on the probes within each
probe unit are configured to bind to overlapping binding sites on the target and where the
fractional initiators on the probes within each probe unit are configured to bind to overlapping
binding sites on an HCR hairpin (for example, see the probe units of Figure 27). Step P5:
optionally washing the sample. Step P6: providing an HCR amplifier labeled with a reporter
and/or a substrate (for example, see the HCR amplifiers of Figures 8 and 18). Step P7:
optionally washing the sample. Step P8: optionally providing a label probe (conjugated to a
reporter) corresponding to the substrate (for example, see the label probes of Figure 20). Step

P9: optionally washing the sample. Step P10: detecting a signal from the reporter.

Example 31 — Target analysis (Method Q) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0636] The present example outlines the process in Figure 26Q Step Q1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step Q2: optionally fixing the sample. Step Q3: optionally permeabilizing the sample. Step
Q4: providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more

probe units each comprising two or more HCR fractional initiator probes where the target
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binding regions on the probes within each probe unit are configured to bind to non-overlapping
binding sites on the target and where the fractional initiators on the probes within each probe
unit are configured to bind to overlapping binding sites on an HCR hairpin (for example, see
the probe units of Figure 21). Step Q5: optionally washing the sample. Step Q6: providing an
HCR amplifier labeled with a reporter and/or a substrate (for example, see the HCR amplifiers
of Figures 8 and 18). Step Q7: optionally washing the sample. Step Q8: optionally providing
a label probe (conjugated to a reporter) corresponding to the substrate (for example, see the
label probes of Figure 20). Step Q9: optionally washing the sample. Step Q10: detecting a

signal from the reporter.

Example 32 — Target analysis (Method R) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0637] The present example outlines the process in Figure 26R. Step R1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step R2: optionally fixing the sample. Step R3: optionally permeabilizing the sample. Step
R4: providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units each comprising two or more HCR fractional initiator probes where the target
binding regions on the probes within each probe unit are configured to bind to overlapping
binding sites on the target and where the fractional initiators on the probes within each probe
unit are configured to bind to non-overlapping binding sites on an HCR hairpin (for example,
see the probe units of Figure 22). Step R5: optionally washing the sample. Step R6: providing
an HCR amplifier labeled with a reporter and/or a substrate (for example, see the HCR
amplifiers of Figures 8 and 18). Step R6: optionally washing the sample. Step R8: optionally
providing a label probe (conjugated to a reporter) corresponding to the substrate (for example,
see the label probes of Figure 20). Step R9: optionally washing the sample. Step R10: detecting

a signal from the reporter.
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Example 33 — Target analysis (Method S) (which can optionally be modified further by
multiplexing, CARD, enzyme deactivation, repeated CARD, repeated reporter detection,
and/or repeated signal removal)

[0638] The present example outlines the process in Figure 26S. Step S1: providing
a sample possibly containing a target as well as possibly other molecules that are not targets.
Step2: optionally fixing the sample. Step S3: optionally permeabilizing the sample. Step S4:
providing a probe set comprising either: a) one or more HCR initiator-labeled probes (for
example, see the probes of Figures 39A-39N, 41A, 42A-42F, and 43A), or b) one or more
probe units (for example, see the probe sets of Figures 8 and 16) each comprising two or more
HCR fractional initiator probes where the target binding regions on the probes within each
probe unit are configured to bind to non-overlapping binding sites on the target and where the
fractional initiators on the probes within each probe unit are configured to bind to non-
overlapping binding sites on an HCR hairpin (for example, see the probe units of Figures 3, 4,
5, 17). Step S5: optionally washing the sample. Step S6: providing an HCR amplifier labeled
with a reporter and/or a substrate (for example, see the HCR amplifiers of Figures 8 and 18).
Step S7: optionally washing the sample. Step S8: optionally providing a label probe
(conjugated to a reporter) corresponding to the substrate (for example, see the label probes of
Figure 20). Step S9: optionally washing the sample. Step S10: detecting a signal from the

reporter.

Example 34 - Multiplexed analysis using repeated reporter detection (Method T) (which can
optionally be modified further by CARD, enzyme deactivation, and/or repeated CARD)
[0639] The present example outlines the process in Figure 26T). Step T1: providing
a sample possibly containing one or more targets as well as possibly other molecules that are
not targets. Step T2: optionally fixing the sample. Step T3: optionally permeabilizing the
sample. Step T4: providing one or more probe sets each comprising either: a) one or more HCR
initiator-labeled probes (for example, see the probes of Figures 39A-39N, 41A, 42A-42F, and
43A), or b) one or more probe units each comprising two or more HCR fractional initiator
probes where the target binding regions on the probes within each probe unit are configured to
bind to overlapping or non-overlapping binding sites on a target and where the fractional
initiators on the probes within each probe unit are configured to bind to overlapping or non-

overlapping binding sites on an HCR hairpin (for example, see the probe units of Figure 3, 4,
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5, 17, 21, 22, 27). Step T5: optionally washing the sample. Step T6: providing one or more
HCR amplifiers each labeled with one or more reporters and/or substrates (for example, see
the HCR amplifiers of Figures 8 and 18). Step T7: optionally washing the sample. Step T8:
optionally providing one or more label probes (each conjugated to one or more reporters)
corresponding to one or more substrates (for example, see the label probes of Figure 20). Step
T9: optionally washing the sample. Step T10: detecting a signal from one or more reporters.
Step T11: optionally removing one or more signals from the sample (for example, see Figure
23). Step T12: optionally removing one or more reporters from the sample. Step T13:
optionally removing one or more label probes from the sample. Step T14: optionally removing
one or more amplifiers from the sample. Step T15: optionally removing one or more probe sets
from the sample. Step T16: optionally repeating any of the above steps in any order.

[0640] Although the foregoing invention has been described in terms of certain
preferred embodiments, other embodiments will be apparent to those of ordinary skill in the art.
Additionally, other combinations, omissions, substitutions and modification will be apparent to
the skilled artisan, in view of the disclosure herein. Accordingly, the present invention is not
intended to be limited by the recitation of the preferred embodiments, but is instead to be defined
by reference to the appended claims. All references cited herein are incorporated by reference
in their entirety.

[0641] The terminology used in the description presented herein is not intended to
be interpreted in any limited or restrictive manner and unless otherwise indicated refers to the
ordinary meaning as would be understood by one of ordinary skill in the art in view of the
specification. Furthermore, embodiments may comprise, consist of, consist essentially of,
several novel features, no single one of which is solely responsible for its desirable attributes
or is believed to be essential to practicing the embodiments herein described. As used herein,
the section headings are for organizational purposes only and are not to be construed as limiting
the described subject matter in any way. All literature and similar materials cited in this
application, including but not limited to, patents, patent applications, articles, books, treatises,
and internet web pages are expressly incorporated by reference in their entirety for any
purpose. When definitions of terms in incorporated references appear to differ from the
definitions provided in the present teachings, the definition provided in the present teachings

shall control. It will be appreciated that there is an implied “about” prior to the temperatures,
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concentrations, times, etc. discussed in the present teachings, such that slight and insubstantial
deviations are within the scope of the present teachings herein.

[0642] Although this disclosure is in the context of certain embodiments and
examples, those of ordinary skill in the art will understand that the present disclosure extends
beyond the specifically disclosed embodiments to other alternative embodiments and/or uses
of the embodiments and obvious modifications and equivalents thereof. In addition, while
several variations of the embodiments have been shown and described in detail, other
modifications, which are within the scope of this disclosure, will be readily apparent to those
of ordinary skill in the art based upon this disclosure. It is also contemplated that various
combinations or sub-combinations of the specific features and aspects of the embodiments may
be made and still fall within the scope of the disclosure. It should be understood that various
features and aspects of the disclosed embodiments can be combined with, or substituted for,
one another in order to form varying modes or embodiments of the disclosure. Thus, it is
intended that the scope of the present disclosure herein disclosed should not be limited by the

particular disclosed embodiments described above.
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WHAT IS CLAIMED:
1. A method for repeated signal detection with a reporter-labeled hairpin, the
method comprising:

a) providing a sample possibly containing up to N targets as well as
possibly other molecules that are not targets;

b) providing N probe sets (each targeting one of N target types) each
comprising either: i) one or more HCR initiator-labeled probes, or ii) one or more probe
units each comprising two or more HCR fractional initiator probes;

c) optionally washing the sample;

d) providing M HCR amplifiers (for M < N; each labeled with a distinct

reporter) corresponding to M of the N probe sets;

e) optionally washing the sample;

f) detecting M signals corresponding to the M reporters;

2) removing the M signals from the sample; and

h) optionally repeating one or more of steps b-g until signal detection has

been performed for all N targets;
wherein a probe set comprises either:
a) one or more HCR initiator-labeled probes, or
b) one or more probe units,
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,
wherein a probe unit comprises: two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator, and
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold; and
a stem section,

wherein an HCR hairpin further comprises an output domain comprising:

-200-



WO 2021/221789 PCT/US2021/020919

a single-stranded loop; and
a complement to the stem section, and
wherein an HCR hairpin further comprises a reporter.
2. A method for repeated signal detection with a reporter-labeled hairpin, the
method comprising:
a) providing a sample possibly containing one or more targets as well as
possibly other molecules that are not targets;
b) providing one or more probe sets each comprising either: i) one or more
HCR initiator-labeled probes, or ii) one or more probe units each comprising two or

more HCR fractional initiator probes;

c) optionally washing the sample;

d) providing one or more HCR amplifiers (each labeled with one or more
reporters);

e) optionally washing the sample;

f) detecting one or more signals from one or more reporters;

2) optionally removing one or more probe sets from the sample;

h) optionally removing one or more HCR amplifiers from the sample;

i) optionally removing one or more reporters from the sample; and

i) optionally removing one or more signals from the sample;

wherein a probe set comprises either:
a) one or more HCR 1initiator-labeled probes, or
b) one or more probe units,
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator;
wherein an HCR amplifier comprises two or more HCR hairpins;

wherein an HCR hairpin comprises: an input domain comprising:
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a single-stranded toehold and
a stem section,
wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section, and

wherein an HCR hairpin further comprises one or more reporters.

3. A method of repeated signal detection with substrate-labeled hairpins, the
method comprising:

a) providing a sample possibly containing up to N targets as well as
possibly other molecules that are not targets;

b) providing N probe sets each comprising either: i) one or more HCR
initiator-labeled probes, or ii) one or more probe units each comprising two or more
HCR fractional initiator probes;

c) optionally washing the sample;

d) providing N HCR amplifiers (each labeled with a distinct substrate)
corresponding to the N probe sets;

e) optionally washing the sample;

D) providing M label probes (for M < N; each conjugated to a distinct
reporter) corresponding to M of the N distinct substrates;

g) optionally washing the sample;

h) detecting M signals corresponding to the M distinct reporters;

1) removing the M signals from the sample; and

i) optionally repeating one or more of steps f-i until signal detection has
been performed for all N targets;

wherein a probe set comprises either:

a) one or more HCR initiator-labeled probes, or
b) one or more probe units;
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,

wherein a probe unit comprises: two or more HCR fractional initiator probes;
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wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator;
wherein an HCR amplifier comprises two or more HCR hairpins;
wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section;
wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section;
wherein an HCR hairpin further comprises a substrate, and
wherein a label probe comprises:

a substrate-binding region and

areporter.
4. A method of repeated signal detection with substrate-labeled hairpins, the
method comprising:
a) providing a sample possibly containing one or more targets as well as

possibly other molecules that are not targets;

b) providing one or more probe sets each comprising either: i) one or more
HCR initiator-labeled probes, or ii) one or more probe units each comprising two or
more HCR fractional initiator probes;

c) optionally washing the sample;

d) providing one or more HCR amplifiers (each labeled with a substrate)
corresponding to one or more probe sets;

e) optionally washing the sample;

) providing one or more label probes (each conjugated to a reporter)
corresponding to one or more substrates;

g) optionally washing the sample;

h) detecting one or more signals corresponding to one or more reporters;
1) removing one or more signals from the sample; and
i) optionally repeating any of steps b-i one or more times in any order;
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wherein a probe set comprises either:

a) one or more HCR initiator-labeled probes, or

b) one or more probe units,
wherein an HCR initiator-labeled probe comprises:

one or more target-binding regions and

one or more initiators,

wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:

a target-binding region and

a fractional initiator,

wherein an HCR amplifier comprises two or more HCR hairpins,

wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section,

wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section,

wherein an HCR hairpin further comprises a substrate, and

wherein a label probe comprises:
a substrate-binding region and
areporter.

5. A method of repeated signal detection with reporter and/or substrate-labeled
hairpins, the method comprising:

a) providing a sample possibly containing one or more targets as well as
possibly other molecules that are not targets;

b) providing one or more HCR probe sets each comprising either: i) one or
more HCR initiator-labeled probes, or ii) one or more probe units each comprising two
or more HCR fractional initiator probes;

c) providing one or more HCR amplifiers (each labeled with one or more

reporters and/or one or more substrates) corresponding to one or more probe sets;
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d) optionally providing one or more label probes (each conjugated to one

or more reporters) corresponding to one or more substrates;

e) detecting one or more signals;

) optionally washing the sample;

g) optionally removing one or more signals from the sample;

h) optionally removing one or more reporters from the sample;

1) optionally removing one or more label probes from the sample;

1 optionally removing one or more HCR amplifiers from the sample;
k) optionally removing one or more probe sets from the sample; and
D optionally repeating any of the above steps in any order;

wherein a probe set comprises either:
a) one or more HCR 1initiator-labeled probes, or
b) one or more probe units,
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator,
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein the HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section,
wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section,
wherein an HCR hairpin further comprises:
one or more reporters and/or
one or more substrates, and

wherein a label probe comprises:
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a substrate-binding region and
one or more reporters.
6. A method of repeated signal detection with reporter and/or substrate-labeled
hairpins, the method comprising:

a) providing a sample possibly containing one or more targets as well as
possibly other molecules that are not targets;

b) performing any of steps c-g one or more times in any order;

c) providing one or more HCR probe sets each comprising either: 1) one or
more HCR initiator-labeled probes, or ii) one or more probe units each comprising two
or more HCR fractional initiator probes;

d) providing one or more HCR amplifiers that directly or indirectly

generate one or more signals;

e) optionally washing the sample;
f) detecting one or more signals; and
g) optionally removing one or more signals;

wherein a probe set comprises either:
a) one or more HCR initiator-labeled probes, or
b) one or more probe units;
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator,
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section,
wherein an HCR hairpin further comprises an output domain comprising:

a single-stranded loop and
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a complement to the stem section, and
wherein an HCR hairpin further comprises:
one or more reporters and/or
one or more substrates.
7. A method of HCR involving overlapping binding sites, the method comprising:
a) providing a sample possibly containing a target as well as possibly other
molecules that are not targets;
b) providing a probe set comprising one or more probe units each
comprising two or more HCR fractional initiator probes where the target-binding
regions on the probes within each probe unit are configured to bind to overlapping

binding sites on the target;

c) optionally washing the sample;

d) providing an HCR amplifier labeled with a reporter and/or a substrate;
e) optionally washing the sample;

f) optionally providing a label probe (conjugated to a reporter)

corresponding to the substrate;
g) optionally washing the sample; and
h) detecting a signal from the reporter.
wherein a probe set comprises one or more probe units,
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator,
wherein the target binding regions on the probes within each probe unit are
configured to bind to overlapping binding sites on the target,
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section,
wherein an HCR hairpin further comprises an output domain comprising:

a single-stranded loop and
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a complement to the stem section,
wherein an HCR hairpin further comprises:
a reporter and/or
a substrate;
wherein a label probe comprises:

a substrate-binding region and

areporter.
8. A method of HCR involving overlapping binding sites, the method comprising:
a) providing a sample possibly containing a target as well as possibly other

molecules that are not targets
b) providing a probe set comprising one or more probe units each
comprising two or more HCR fractional initiator probes where the fractional initiators

on the probes within each probe unit are configured to bind to overlapping binding sites

on an HCR hairpin;
c) optionally washing the sample;
d) providing an HCR amplifier labeled with a reporter and/or a substrate;
e) optionally washing the sample;
f) optionally providing a label probe (conjugated to a reporter)

corresponding to the substrate;
2) optionally washing the sample; and
h) detecting a signal from the reporter.
wherein a probe set comprises one or more probe units;
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator,
wherein the fractional initiators on the probes within each probe unit are
configured to bind to overlapping binding sites on an HCR hairpin,
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein an HCR hairpin comprises an input domain comprising:

a single-stranded toehold and
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a stem section,
wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section,
wherein an HCR hairpin further comprises:
a reporter and/or
a substrate, and
wherein a label probe comprises:
a substrate-binding region and

a reporter.

9. A method of HCR involving overlapping binding sites with repeated signal

detection, the method comprising:

a) providing a sample possibly containing one or more targets as well as

possibly other molecules that are not targets

b) providing one or more probe sets each comprising either: i) one or more

HCR initiator-labeled probes, or ii) one or more probe units each comprising two or

more HCR fractional initiator probes where target-binding regions on the probes within

each probe unit are configured to bind to overlapping or non-overlapping binding sites

on a target and where fractional initiators on the probes within each probe unit are

configured to bind to overlapping or non-overlapping binding sites on an HCR hairpin;

9 optionally washing the sample;

d) providing one or more HCR amplifiers each labeled with one or more

reporters and/or substrates;

e) optionally washing the sample;

) optionally providing one or more label probes (each conjugated to one

or more reporters) corresponding to one or more substrates;

2) optionally washing the sample;

h) detecting a signal from one or more reporters;

i) optionally removing one or more signals from the sample;

i) optionally removing one or more reporters from the sample;

k) optionally removing one or more label probes from the sample;
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D optionally removing one or more amplifiers from the sample;
m) optionally removing one or more probe sets from the sample; and
n) optionally repeating any of the above steps in any order;

wherein a probe set comprises either:
a) one or more HCR initiator-labeled probes, or
b) one or more probe units,
wherein an HCR initiator-labeled probe comprises:
one or more target-binding regions and
one or more initiators,
wherein a probe unit comprises two or more HCR fractional initiator probes,
wherein an HCR fractional initiator probe comprises:
a target-binding region and
a fractional initiator,
wherein the target-binding regions within a probe unit are configured to bind to
overlapping or non-overlapping binding sites on the target,
wherein the fractional initiators on the probes within each probe unit are
configured to bind to overlapping or non-overlapping binding sites on an HCR hairpin,
wherein an HCR amplifier comprises two or more HCR hairpins,
wherein an HCR hairpin comprises an input domain comprising:
a single-stranded toehold and
a stem section,
wherein an HCR hairpin further comprises an output domain comprising:
a single-stranded loop and
a complement to the stem section,
wherein an HCR hairpin further comprises:
one or more reporters and/or
one or more substrates,
wherein a label probe comprises:
a substrate-binding region and

one or more reporters.
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10. The method of any one of claims 1-9, wherein the target is a nucleic acid
sequence.

11. The method of any one of claims 1 or 3, wherein N is 1 to 1000.

12. The method of claims 1 or 3, wherein M is 2-10,000

13. The method of any one of claims 1-12, wherein the substrate is selected from
the group consisting of a hapten, digoxigenin (DIG), dinitrophenyl (DNP), biotin, a
fluorophore, a nucleic acid domain comprising 4-50 nucleotides, a substrate that recruits an
enzyme that catalyzes deposition of reporter molecules, a fractional substrate, a nucleic acid
domain that directly or indirectly mediates localization of reporters.

14. The method of any one of claims 1-13, wherein the reporter is a fluorophore, a
chromophore, a luminophore, a phosphor, a FRET pair, a member of a FRET pair, a quencher,
a fluorophore/quencher pair, a rare-earth element or compound, a radioactive molecule, a

magnetic molecule.

15.  The method of any one of claims 1-14, further comprising fixing the sample.

16. The method of any one of claims 1-15, further comprising permeabilizing the
sample.

17. The method of any one of claims 1-16 further comprising removing one or more

signals from the sample.

18. The method of any one of claims 1-17, further comprising removing one or
more reporters from the sample.

19.  The method of any one of claims 1-18 further comprising removing one or more
label probes from the sample.

20.  The method of any one of claims 1-19 further comprising removing one or more
amplifiers from the sample.

21.  The method of any one of claims 1-20 further comprising removing one or more
probe sets from the sample.

22.  The method of any one of claims 1-21 further comprising repeating any of the
above steps in any order.

23.  The method of any one of claims 1-21, wherein the method is conducted in

alphabetical order as lettered in the claim.

-211-



WO 2021/221789 PCT/US2021/020919

24. The method of any one of claims 1-23, wherein the probe units each comprise
two or more HCR fractional initiator probes, and wherein an HCR fractional initiator probe
comprises a target-binding region and a fractional initiator.

25.  The method of any one of claims 1-24, wherein overlapping binding is involved
and wherein the overlap is at least 1, 2, or 3 nucleotides.

26. A method, comprising:

providing:
a first fractional initiator probe comprising a first fractional initiator;
a second fractional initiator probe comprising a second fractional
initiator;
a first hairpin monomer, comprising:
a first input domain, comprising a first toehold and a first stem
section,
a first output domain, comprising a first hairpin loop and a
complement to the first stem section, and
a first hapten molecule;
a second hairpin monomer, comprising:
a second input domain, comprising a second toehold and a
second stem section,
a second output domain, comprising a second hairpin loop and a
complement to the second stem section, and
a second hapten molecule;
a target molecule; and
incubating the first fractional initiator probe and the second fractional initiator
probe with the target.

27. The method of claim 26, wherein the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

28.  The method of any one of claims 26-27, further comprising:

binding the first hairpin monomer to both of the first fractional initiator and the

second fractional initiator;
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binding the second hairpin monomer to the first hairpin monomer;

providing an anti-hapten molecule labeled with one or more reporter entities,
wherein the reporter entity is an enzyme that mediates CARD;

providing one or more CARD-substrates;

measuring a signal from one or more deposited reporters generated from the
CARD-substrate by the enzyme that mediates CARD.
29.  The method of any one of claims 26-28, wherein the anti-hapten molecule is an

anti-hapten antibody or an anti-hapten nanobody.

30.  The method of any one of claims 26-29, wherein the at least one target is a

nucleic acid.

31.  The method of any one of claims 26-30, wherein the at least one target molecule
is an RNA.
32. A method, comprising:
providing:

at least one initiator-labeled probe comprising at least one initiator;
a first hairpin monomer, comprising:

a first input domain, comprising a first tochold and a first stem
section,

a first output domain, comprising a first hairpin loop and a
complement to the first stem section, and

a first hapten molecule;
a second hairpin monomer, comprising:

a second input domain, comprising a second toehold and a
second stem section,

a second output domain, comprising a second hairpin loop and a
complement to the second stem section, and

a second hapten molecule,
a target molecule; and

incubating the at least one initiator-labeled probe comprising at least one

initiator with the target.
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33. The method of claim 32, wherein the incubating binds the at least one initiator-
labeled probe comprising at least one initiator to the target molecule.
34. The method of any one of claims 32-33, further comprising:
binding the first hairpin monomer to the at least one initiator;
binding the second hairpin monomer to the first hairpin monomer;
providing an anti-hapten molecule labeled with one or more reporter entities,
wherein the reporter entity is an enzyme that mediates CARD;
providing one or more CARD-substrates;
measuring a signal from one or more deposited reporters generated from the
CARD-substrate by the enzyme that mediates CARD.
35.  The method of any one of claims 32-34, wherein the target molecule is a
protein.
36.  The method of any one of claims 32-35, wherein the anti-hapten molecule is an

anti-hapten antibody or an anti-hapten nanobody.

37. The method of claim 36, wherein the anti-hapten antibody is a primary
antibody.
38. The method of claim 36, wherein the anti-hapten antibody comprises a primary

antibody that binds the hapten and the method further comprises a secondary antibody (labeled
with one or more reporter entities) that binds the primary antibody.
39. A method, comprising:
providing:
a first fractional initiator probe comprising a first fractional initiator;
a second fractional initiator probe comprising a second fractional
initiator;
a first hairpin monomer, comprising:
a first input domain, comprising a first toehold and a first stem
section,
a first output domain, comprising a first hairpin loop and a
complement to the first stem section, and
a substrate;

a second hairpin monomer, comprising:
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a second input domain, comprising a second toehold and a
second stem section,

a second output domain, comprising a second hairpin loop and a
complement to the second stem section, and

the substrate,
a target molecule; and

incubating the first fractional initiator probe and the second fractional initiator
probe with the target.

40.  The method of claim 39, wherein the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

41.  The method of any one of claims 39-40, further comprising:

binding the first hairpin monomer to both of the first fractional initiator and the
second fractional initiator;

binding the second hairpin monomer to the first hairpin monomer;

providing a substrate-binding region labeled with one or more reporter entities,
wherein the substrate-binding region binds to the substrate, and wherein the reporter
entity is an enzyme that mediates CARD;

providing one or more CARD-substrates;

measuring a signal from one or more deposited reporters generated from the

CARD-substrate by the enzyme that mediates CARD.

42.  The method of any one of claims 39-41, wherein the at least one target is a
nucleic acid.

43. The method of any one of claims 39-42, wherein the at least one target molecule
is an RNA.

44. A method, comprising:

providing:

a first fractional initiator probe comprising a first fractional initiator;

a second fractional initiator probe comprising a second fractional
initiator;

a first hairpin monomer, comprising:
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a first input domain, comprising a first tochold and a first stem
section,

a first output domain, comprising a first hairpin loop and a
complement to the first stem section, and

a first fractional substrate;
a second hairpin monomer, comprising:

a second input domain, comprising a second toehold and a
second stem section,

a second output domain, comprising a second hairpin loop and a
complement to the second stem section, and

a second fractional substrate,
a target molecule; and

incubating the first fractional initiator probe and the second fractional initiator
probe with the target molecule.

45. The method of claim 44, wherein the incubating binds the first fractional
initiator probe to the target molecule and binds the second fractional initiator probe to the target
molecule.

46.  The method of any one of claims 44-45, further comprising:

binding the first hairpin monomer to both of the first fractional initiator and the
second fractional initiator;

binding the second hairpin monomer to the first hairpin monomer;

obtaining a full substrate comprising the first and second fractional substrate;

providing a substrate-binding region labeled with one or more reporter entities,
wherein the substrate-binding region binds to the full substrate, and wherein the
reporter entity is an enzyme that mediates CARD;

providing one or more CARD-substrates;

measuring a signal from one or more deposited reporters generated from the
CARD-substrate by the enzyme that mediates CARD.
47.  The method of any one of claims 44-46, wherein the at least one target is a

nucleic acid.
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48. The method of any one of claims 44-47, wherein the at least one target molecule

is an RNA.
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