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DECODING METHODS FOR MULTIPLEXING ASSAYS AND ASSOCIATED
FLUIDIC DEVICES, KITS, AND SOLID SUPPORTS

STATEMENT OF FEDERAL SUPPORT
[0001] This invention was made with government support under Grant No. HR0011-
12-2-0001 awarded by the United States Department of Defense (DARPA). The government

has certain rights in the invention.

FIELD OF THE INVENTION
[0002] The present invention relates to the analysis of samples and may be

particularly suitable for analyses carried out using fluidic devices.

BACKGROUND

[0003] The ability to measure low abundance analytes from biological samples is
highly important to numerous fields including clinical diagnostics. See, e.g., Rissin et al.,
Single-molecule enzyme-linked immunosorbent assay detects serum proteins at
subfemtomolar concentrations.‘ Nat. Biotechnol. 2010, 28, 595-599.; Walt, D. R., Optical
Methods for Single Molecule Detection and Analysis, Anal. Chem. (Washington, DC, U. S.)
2013, 85, 1258-1263; and Witters et al., Digital microfluidics-enabled single-molecule
detection by printing and sealing single magnetic beads in femtoliter droplets, Lab Chip
2013, 13,2047-2054.

[0004] Many protein and nucleic acid diagnostic biomarkers are present at low
endogenous concentrations requiring that methods for their analysis have very low limits of
detection. Increasingly common strategies for performing such sensitive measurements utilize
beads functionalized with biorecognition elements (such as antibodies, oligonucleotides,
etc.). See, Rissin et al.,, Simultaneous Detection of Single Molecules and Singulated
Ensembles of Molecules Enables Immunoassays with Broad Dynamic Range, Anal. Chem.
(Washington, DC, U. S.) 2011, 83, 2279-2285; Song et al., Direct Detection of Bacterial
Genomic DNA at Sub-Femtomolar Concentrations Using Single Molecule Arrays, Anal.
Chem. (Washington, DC, U. S.) 2013, 85, 1932-1939; Woolley et al., Emerging technologies
for biomedical analysis, Analyst (Cambridge, U. K.) 2014, 139, 2277-2288; and Culbertson et
al.,, Micro Total Analysis Systems: Fundamental Advances and Biological Applications,

Anal. Chem. (Washington, DC, U. §S.) 2014, 86, 95-118.
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[0005] The addition of thousands to millions of microspheres per sample provides
high surface area for target capture, thus efficiently and selectively preconcentrating target
analytes from large sample volumes. See, Chang et al., Single molecule enzyme-linked
immunosorbent assays: Theoretical considerations, J. Immunol. Methods 2012, 378, 102-115;
and Walt, D. R, Protein measurements in microwells, Lab Chip 2014, 14, 3195-3200.

[00006] Although this approach is beneficial for measuring various individual analytes,
a key advantage of such bead-based methods is the abilit}; to multiplex analyses and quantify
numerous targets from a single sample. See, Rissin et al.,, Multiplexed single molecule
immunoassays, Lab Chip 2013, 13,2902-2911; and Kingsmore, S. F., Multiplexed protein
measurement: téchnologies and applications of protein and antibody arrays, Nat. Rev. Drug
Discovery 2006, 5, 310-320. This can be especially valuable in biological testing
applications (e.g. clinical and point-of-care (POC) diagnostics) where a panel of disease
biomarkers may be screened in a single test. See, Nie et al., An automated integrated
platform for rapid and sensitive multiplexed protein profiling using human saliva samples,
Lab Chip 2014, 14, 1087-1098; Shen et al., Multiplexed Quantification of Nucleic Acids with
Large Dynamic Range Using Multivolume Digital RT-PCR on a Rotational SlipChip Tested
with HIV and Hepatitis C Viral Load, Journal of the American Chemical Society 2011, 133,
17705-17712; and Chin et al. Commercialization of microfluidic point-of-care diagnostic
devices, Lab Chip 2012, 12,2118-2134,

[0007] Typical multiplexed bead-based diagnostics methods encode various types of
affinity beads with different combinations of dyes at different intensity levels. See, Manesse
et al., Dynamic microbead arrays for biosensing applications. Lab Chip 2013, 13, 2153-2160;
and Nie et al., Multiplexed Salivary Protein Profiling for Patients with Respiratory Diseases
Using Fiber-Optic Bundles and Fluorescent Antibody-Based Microarrays. Anal. Chem.
(Washington, DC, U. S.) 2013, 85, 9272-9280.

[0008] Beads can be decoded by acquiring an image at appropriate
excitation/emission wavelengths for each of the encoding dyes used. See, Rissin et al.,
Multiplexed single molecule immunoassays. Lab Chip 2013, 13, 2902-2911. Beads are then
assigned to a population based on pre-established fluorescence emission intensity thresholds.
See, e.g., Nic et al., Multiplexed Salivary Protein Profiling for Patients with Respiratory
Diseases Using Fiber-Optic Bundles and Fluorescent Antibody-Based Microarrays, Anal.
Chem. (Washington, DC, U. S.) 2013, 85, 9272-9280. While this approach can produce
several populations of encoded beads, it can require that the spectral properties of the

different encoding dyes and each of the intensity levels be well resolved to ensure that each
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bead population can be distinguished from another. Therefore, there is a practical upper limit
to the number of multiplexing levels that can be used with this approach, even with
specialized equipment such as a flow cytometer. There remains a need for alternate
encoding/decoding systems that can allow for increased multiplexing and/or detection speed.

[0009] The contents of the documents cited hereinabove in the Background section of

the patent application are hereby incorporated by reference as if recited in full herein.

SUMMARY OF EMBODIMENTS OF THE INVENTION
[0010] Embodiments of the invention provide decoding measurements of encoded
devices, which can provide for additional levels of rnultipleking believed to be unattainable
by conventional encoding methods.
[0011] In contrast to using only single time point encoding measurements, as is
typically done for traditional decoding measurements, embodiments of the present
application provide methods that employ a time domain to obtain a plurality of decoding
measurements taken at different time periods to distinguish and/or identify (decode) different
populations. The decoding measurements can be based on encoding agents (e.g., dyes), such
as, for example, encoding agents with similar spectral properties.
[0012] The encoding agents can have similar spectral properties such that they may
be indistinguishable in a first image (e.g., before a defined event), and can include one that is
stable (e.g., produces the same fluorescence intensity at different points in time both before
and after a defined cvent) and one that is physically and/or chemically changed in responsc to
a defined event (e.g., exhibits an increase or decrease in fluorescence intensity at different
points in time after the defined event compared to the fluorescence intensity before the
defined event and/or is selectively activated).
[0013] The encoding agents can include stable, partially stable, relatively stable and
unstable agents.
[0014] Some or all of the encoding agents can include similar spectral properties such
that they may be indistinguishable in a first image and the unstable encoding agent can
generate a reduced or an increased fluorescence intensity due to a physical and/or chemical
change, which may be caused by exposure to a defined event (e.g., a thermal, optical,
chemical, magnetic, and/or electrochemical event).
[0015] Decoding measurements can be taken at different points in time, including
before, during, and/or after a defined event that causes a physical and/or chemical change

associated with a respective solid support (which may be all or a portion thereof), which can
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‘cause the encoding signal for the respective solid support (which may be all or a portion
thereof) to change (e.g., the luminescence intensity generated by the respective solid substrate
(which may be all or a portion thereof) with at least one encoding agent may change). In
some embodiments, luminescence intensity may be measured, which may include
fluorescence and/or phosphorescence intensity. Other decoding measurements of a solid
support include detecting a change in magnetic behavior, pH, light scattering, physical size,
shape, refractive index, solubility, light absorbance and/or emission intensity or maxima
wavelengths shifts, conductivity, dielectric constant, viscosity, and radioactive decay events’,
and combinations of the above.

[0016] For example, in some embodiments, solid supports such as, but not limited to,
beads, can be encoded with an encoding agent (e.g., dye or dyes), and where more than one
encoding agent is used, the encoding agents may have similar spectral properties (e.g., similar
initial spectral properties), but different stabilities.  Although indistinguishable by
conventional decoding methods, the methods of the present invention can allow different
populations of solid supports to be resolved. In some embodiments, to identify at least two
different populations, at least two different encoding agents may be used. Alternatively or in
addition, in some embodiments, one encoding agent (e.g. the same dye and/or active moiety)
may be used to identify at least two different populations, but for at least one of the
populations the encoding agent, in response to a defined event, provides a different encoding
signal than the other such that the population can be identified, which may, for example, be
that the encoding agent includes an element that is not present in the other and that is
selectively activated or changed in response to the defined event. For example, the encoding
agents for two different populations may include the same dye, but may be attached to a solid
support differently and one attachment method may include a bond that is disrupted by a
defined event, which changes the fluorescence intensity of the encoding agent or of the solid
support.

[0017] Soli‘d supports of the present invention can yield many more distinct encoding
states than can be achieved with static, single time-point measurements.

[0018] Methods of the present invention can identify increased populations with
additional encoding signals provided by a rphysical and/or chemical change associated with
the solid support, which can cause the encoding signal for a respective solid support and/or
portion thereof to change over time, typicélly based on a defined event, such as, for example,
the defined event causing a change in a chemical and/or physical property of an encoding

agent and/or solid substrate.



WO 2017/112025 PCT/US2016/055407

[0019] The increased multiplexing capabilities may not require additional filter sets or
other costly optical equipment, which can provide a low cost, relatively simple analytical
platform.

[0020] While there are many ways to implement time-dependent measurements in
and/or on a solid substrate (e.g., bead), photostability and/or thermal stability may be
particularly suitable parameters to exploit to identify multiplexed beads.

[0021] In some embodiments, first and second encoding signals of a respective solid
support (which may be all or a portion thereof) can be obtained and analyzed to identify
different populations. In some embodiments, the first encoding signal can be based on and/or
obtained from a first image with different solid supports in different locations. The second
encoding signal can be based on and/or obtained from a second image with the different solid
supports in the corresponding (same) locations. In some embodiments, the first encoding
signal can be based on and/or obtained from a first image with encoded molecular reco gnition
elements in different locations on and/or in a sample on a solid support, and the second
encoding signal can be based on and/or obtained from a second image with the different
encoded molecular recognition elements in the corresponding (same) locations. The actual
number of different encoding signals in the first and second images can be the same.
However, the encoding signal of respective solid support(s) can change over time (e.g., shift
from one level into another, such as high to low or vice versa), which can increase the
number of detectable encoding states.

[0022] For example, in some embodiments, an analysis system can be configured to
detect the same number of defined intensity levels between the first and second images, such
as, for example, three (3) intensity levels (low, med, high). However, due to a change in the
intensity level between the first and second images for at least some of the populations,
additional populations can be defined based on populations that remained the same and
populations that changed (1. initial low intensity and stayed at low intensity, 2. initial
medium intensity and bleached to low intensity, 3. initial medium intensity and stayed at
medium intensity, 4. initial high intensity and bleached to low intensity, 5. initial high
intensity and bleached to medium intensity, 6. initial high intensity and stayed at high
intensity). .

[0023] Further, employing the ability to get brighter as a quencher is eliminated or a
caged dye is released, an analysis system can be configured to detect all of 1-6 above, plus 7.
initial low intensity that increased to medium intensity, 8. initial low intensity that increased

to high intensity, 9. initial medium intensity that increased to high intensity. That is, 9
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populations from only 3 intensity levels. If a second dye set (e.g., encoding agent) is used,
one can yield 81 populations.

[0024] Other encoding signals can be employed including physical and/or chemical
changes of a solid substrate as will be discussed further below.

[0025] In some embodiments, a method of decoding solid supports is provided, the
method including: detecting a first encoding signal and a second encoding signal for solid
supports in a pluralit}; of solid supports (e.g., a multiplexing bead set); comparing the first
encoding signal and the second encoding signal for a respective solid support in the plurality
of solid supports, wherein the second encoding signal for the respective solid support is
detected during or after at least one chemical and/or physical change associated with the solid
support and the first and second encoding signals for the respective solid support are
different; and decoding the plurality of solid suppdrts based at least in part on the comparison
of the first and second encoding signals.

[0026] In some embodiments, a method of decoding a solid support is provided, the
method including providing a plurality of molecular recognition elements (such as, e.g.,
antibodies, aptamers, and/or nucleic acid probes), wherein at least some of the plurality of
molecular recognition elements including one or more encoding agents; binding at least a
portion of the plurality of molecular recognition elements to at least a portion of a sample on
the solid support; detecting a first encoding signal and a second encoding signal for molecular
recognition elements in the plurality of molecular recognition elements; comparing the first
encoding signal and the second encoding signal for a respective molecular recognition
element in the plurality of molecular recognition elements, wherein the second encoding
signal for the respective molecular recognition element is detected during or after at least one
chemical and/or physical change associated with the molecular recognition element and the
first and second encoding signals for the respective molecular recognition element are
different; and decoding the plurality of molecular recognition elements based at least in part
on the comparison of the first and second encoding signals. The solid support may be a
microscope slide holding a biologicél sample such as, e.g., a tissue section. In some
 embodiments, the solid support may be a glass, silicon, or plastic slide holding arrays of
proteins and/or nucleic acids involved in a direct or sandwich type of assay.

[0027] Some embodiments include a method of decoding a sample, including
detecting a first encoding signal and a second encoding signal for encoded elements (e.g.,
encoded solid supports and/or encoded molecular recognition elements) in a plurality of

encoded elements; comparing the first encoding signal and the second encoding signal for a
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respective encoded element in the plurality of encoded elements, wherein the second
encoding signal for the respective encoded element is detected during or after at least one
chemical and/or physical change associated with the encoded element and the first and
second encoding signals for the respective encoded element are different; and decoding the
plurality of encoded elements based at least in part on the comparison of the first and second
encoding signals.

[0028] Other embodiments are directed to analysis systems. An assay decoding
system may be provided including a circuit comprising at least one processor; a fluidic
ahalysis chip comprising a plurality of solid supports (e.g., a multiplexing bead set); and a
source in communication with the plurality of solid supports, wherein the circuit activates the
source to cause at least one detectable physical and/or chemical change associated with at
least some of the plurality of solid supports and compares first and second encoding signals
for a respective solid support in the plurality of solid supports to decode different populations
of solid supports in the plurality of solid supports. The source may include at least one of a
thermal source or a light source in communication with the plurality of solid supports,
wherein the circuit activates the at least one of the thermal source or the light source to cause
at least one detectable physical and/or chemical change associated with at least some of the
plurality of solid supports.

[0029] - In some embodiments, the system may include a controller, a detector in
communication with the controller, an image processor with a module configured to identify
signal present in signal detection segments of reaction wells of a device holding the reaction
wells at different points in time for a single sample, and a dynamic decoding module.

[0030] The reaction wells can have at least one‘bead retention segment

[0031] The module can be configured to identify a positive assay signal after a
reaction and later before and after at least one defined event.

[0032] The module can be configured to carry out multiplexed bead decoding based
on identified positive assay signals after a reaction event and before and after a defined event.
[0033] Centerlines of bead wells holding respective beads can be spaced apart at a
distance of between 0.2 and 1000 pm.

[0034] Further aspects of the invention include a plurality of solid supports (e.g., a
multiplexing bead set) including a first population of solid supports including at least one
encoding agent at a first concentration and/or ratio; and a second population of solid supports
including the at least one encoding agent at a second concentration and/or ratio and at least

one additional encoding agent, wherein a fluorescence excitation and emission wavelength
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for the at least one encoding agent and the at least one additional encoding agent overlap, and
wherein the first and second concentrations of the at least one encoding agent are different
and the different concentrations and/or ratios of the at least one encoding agent on respective
solid supports in the first and second populations provide a plurality of encoding states.
[0035] A further aspect of the present invention includes a plurality of encoded
molecular recognition elements, wherein the plurality of encoded molecular recognition
elements includes a first population of molecular recognition elements including at least one
encoding agent at a first concentration and/or ratio; and a second population of molecular
recognition elements comprising the at least one encoding agent at a second concentration
and/or ratio and at least one additional encoding agent, wherein a fluorescence excitation and
emission wavelength for the at least one encoding agent and the at least one additional
encoding agent overlap, and wherein the first and second concentrations of the at least one
encoding agent are different and the different concentrations and/or ratios of the at least one
encoding agent on respective molecular recognition elements in the first and second
populations provide a plurality of encoding states.

[0036] In some embodiments, an encoded molecular recognition element includes
two or more (e.g., 2, 3, 4, or more) encoding agents.

[0037] Another aspect of the present invention is directed to a kit comprising a
plurality of solid supports as described herein.

[0038] It is noted that aspects of the invention described with respect to one
embodiment, may be incorporated in a different embodiment although not specifically
described relative thereto. That is, all embodiments and/or features of any embodiment can
be combined in any way and/or combination. Applicant reserves the right to change any
originally filed claim and/or file any new claim accordingly, including the right to be able to
amend any originally filed claim to depend from and/or incorporate any feature of any other
claim or claims although not originally claimed in that manner. These and other objects
and/or aspects of the present invention are explained in detail in the specification set forth
below. Further features, advantages and details of the present invention will be appreciated
by those of ordinary skill in the art from a reading of the figures and the detailed description
of the preferred embodiments that follow, such description being merely illustrative of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are incorporated in and constitute a part



WO 2017/112025 PCT/US2016/055407

of the specification, illustrate embodiments of the invention and, together with the
description, serve to explain principles of the invention.

[0040] Fig. 1A is a schematic illustration of an analysis system according to
embodiments of the preseht invention.

[0041] Fig. 1B is a schematic illustration of yet another analysis system according to
embodiments of the present invention.

‘[0042] Fig. 1C is a schematic illustration of a timing diagram for obtaining images,
shown as an image I; at a first time T, before a Defined Event ("DE") and an image I, at
second time T, after a Defined Event (DE) according to embodiments of the present
invention,

[0043] Fig. 1D is yet another schematic illustration of a timing diagram for obtaining
images, shown as an image I; at a first time T, during a Defined Event ("DE") and an image
I at second time T, after a Defined Event (DE) according to embodiments of the present
invention.

[0044] Fig. 2A is a graph of temperature for a solid support over time that illustrates
the points in time at which a first, second and third image, I, I, and I3, can be obtained with
respect to at least one Defined Event (DE) involving photobleaching for a suitable time
according to embodiments of the present invention.

[0045] Fig. 2B is a graph of temperature for a solid support over time that illustrates
the points in time at which a first, second and third image, [;, I, and I,can be taken with
respect to.a Defined Event (DE) involving thermal quenching according to embodiments of
the present invention. ‘
[0046] Figs. 3A-C show three images (i.e., Figs. 3A, 3B, and 3C) of different
encoded bead populations that were loaded into a single fluidic device and
electroni/cally/optically distinguished in obtained images by changes in fluorescence caused
by photobleaching as the Defined Event. Fig. 3A shows that the initial fluorescence
intensities for each bead population were similar. Fig. 3B shows that the populations were
casily resolved after prolonged photoexposure. Figs. 3A and 3B are shown at identical
brightness/contrast settings of the camera. Fig. 3C illustrates a map depicting the position
and identity of individual phycoerythrin PE (solid), quantum dots QD (small dots), and Mix
(stripes) encoded beads in the array wells.

[0047] Fig. 4 is a graph of photobleaching profiles (normalized fluorescence versus
time/seconds) for populations of beads encoded with PE, QDs, or a mixture of both PE and
QD dyes. Five replicate microchips loaded with each bead population are depicted.
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[0048] Fig. 5 is a graph of frequency (%) versus endpoint normalized fluorescence
intensities for each bead population sorted into histograms after photobleaching. Each bead
set (PE, QD and Mix) was well resolved from the neighboring population(s) which can allow
for high identification accuracy.
[0049] Fig. 6 is a graph of normalized fluorescence (%) versus temperature (degrees
C) for encoded beads sealed within a microwell array of a fluidic device that was heated to
the indicated temperature for a thermal Defined Event. Elevated temperatures preferentially
quenched fluorescence from phycoerythrin (PE) above 80 °C.
[0050] Fig. 7 is a graph showing frequency (%) versus normalized fluorescence
intensities for each bead population after being heated. Thermal decoding allowed for
different bead populations with similar initial fluorescence to be distinguished from one
another.

- [0051] | Fig. 8 is a top view of a microfluidic device with an exemplary bead well

array according to embodiments of the present invention.

[0052] Fig. 9A is a top view of a microfluidic device with a conventional bead well
array.

[0053] Fig. 9B is a side perspective view of the conventional bead wells shown in
Fig. 9A.

[0054] Fig. 10A is a top view of an exemplary bead well array according to
embodiments of the present invention.

[0055] Fig. 10B is a side perspective view of the bead wells shown in Fig. 10A.
[0056] Fig. 11A is a top view of another exemplary bead well array according to

embodiments of the present invention.

[0057] Fig. 11B is a side perspective view of the bead wells shown in Fig. 11A.
[0058] Fig. 12A is a top view of yet another bead well array according to
embodiments of the present invention.

[0059] Fig. 12B is a side perspective view of the bead wells shown in Fig. 12A.
[0060] Figs. 13A-13C are schematic illustrations of exemplary analysis systems

according to embodiments of the present invention.

[0061] Fig. 14A is a top view of an exemplary microfluidic chip according to
embodiments of the present invention.

[0062] Figs. 14B and 14C are top views of exemplary attz}chable substrates for the

microfluidic chip shown in Fig. 14A according to embodiments of the present invention.
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[0063] Fig. 14D is a sectional Viéw of a microfluidic chip illustrating an optional
spacer according to embodiments of the present invention.

[0064] Fig. 14E is a section view of an exemplary microfluidic chip illustrating the
use of a sealing agent between adjacent reaction wells according to embodiments of the
present invention.

[0065] Fig. 15 is a schematic illustration of an analysis system according to
embodiments of the present invention.

[0066] Figs. 16-18 are flow charts representing exemplary methods of embodiments
of the present invention. |

[0067] Fig. 19 is an illustration of a package with a kit according to embodiments of
the present invention.

[0068] Fig. 20 is a schematic illustration of an example flow cytometry system
according to embodiments of the present invention.

[0069] Fig. 21 is yet another schematic illustration of an example flow cytometry
system according to embodiments of the present invention.

[0070] Fig. 22 is a graph of average fluorescence values over time for cach
population with the top and bottom 5% of fluorescence values plotted using dashed lines.
[0071] Fig. 23 is a graph of raw fluorescence intensity data over time from the six
encoded bead populations. Initial fluorescence values distinguish the “high” and “low”
populations from one another while photobleaching determines the specific encoding dye(s)

used.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0072] The present invention now will be described hereinafter with reference to the
accompanying drawings and examples, in which embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.

[0073] Like numbers refer to like elements throughout. In the figures, the thickness
of certain lines, layers, components, elements or features may be exaggerated for clarity. The
abbreviations "FIG. and "Fig." for the word "Figure" can be used interchangeably in the text
and figures.

[0074] The terminology used herein is for the purpose of describing particular

11
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embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms "a," "an" and "the" are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms "comprises"
and/or "comprising," when used in this specification, specify the presence of stated features,
steps, operations, elements, and/or components, but do not preclude the presence or addition
of one or more other features, steps, operations, elements, components, and/or groups thereof.
As used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items. As used herein, phrases such as "between X and Y" and "between
about X and Y" should be interpreted to include X and Y. As used herein, phrases such as
"between about X and Y" mean "between about X and about Y." As used herein, phrases
such as "from about X to Y" mean "from about X to about Y." |
[0075] Unless otherwise defined, all terms (including 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. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the specification and relevant art and should
not be interpreted in an idealized or overly formal sense unless expressly so defined herein.
Well-known functions or constructions may not be described in detail for brevity and/or
clarity.

[0076] It will be understood that when an element is referred to as being "on,"
"attached" to, "connected" to, "coupled" with, "contacting," etc., another element, it can be
directly on, attached to, connected to, coupled with or contacting the other element or
intervening elements may also be present. In contrast, when an element is referred to as
being, for example, "directly on," "directly attached" to, "directly connected" to, "directly
coupled" with or "directly contacting”" another element, there are no intervening elements
present. It will also be appreciated by those of skill in the art that references to a structure or
feature that is disposed "adjacent" another feature may have portions that overlap or underlie

the adjacent feature.

nn nn

upper"

and the like, may be used herein for ease of description to describe one element or feature's

[0077] Spatially relative terms, such as "under," "below," "lower," "over,
relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For

example, if the device in the figures is inverted, elements described as "under" or "beneath"
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other elements or features would then be oriented "over" the other elements or features.
Thus, the exemplary term "under" can encompass both an orientation of "over" and "under."
The device may be otherwise oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accordingly. Similarly, the terms

non

"upwardly," "downwardly," "vertical," "horizontal" and the like are used herein for the
purpose of explanation only unless specifically indicated otherwise.

[0078] It will be understood that, although the terms "first," "second," etc. may be
used herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. Thus, a "first" element
discussed below could also be termed a "second" element without departing from the
teachings of the present invention. The sequence of operations (or steps) is not limited to the
order presented in the claims or figures unless specifically indicated otherwise.

[0079] The terms "microchip" and "microfluidic chip" are used interchangeably and
referto a substahtially planar, thin device. The microfluidic chip can be rigid, semi-rigid or
flexible. The term "thin" refers to a thickness dimension that is 10 mm or less such as
between 10 mm and 0. 1 mm, and can be about 3 mm, about 2.5 mm, about 2 mm, about 1.
S mm, about 1 mm, or about 0.5 mm. The microchip typically has a width and length that is
less than about 6 inches, more typically between about 1 inch and 6 inches. The microchip
can have a width dimension that is less than a length dimension. The microfluidic chip can
have a width dimension that is about 2.13 inches (54 mm) and a length dimension that is
about 3.4 inches (85.5 mm), in some embodiments. The microchip can include micro-sized
and/or nano-sized fluidic channels.

[0080] The term "primary dimension" refers to a width and/or depth dimension of a
fluidic channel.

[0081] The terms "micro-sized" and "microfluidic" with respect to a fluidic channel
refer to a fluid flow channel that has sub-millimeter or smaller size width and/or depth (e.g.,
the term includes micrometer and nanometer size channels) and includes channels with at
least a segment having a width and/or depth in a size range of hundreds of microns or less,
typically less than 900 microns and greater than 1 nm. A fluidic channel or portion thereof
may include a nanochannel having a primary dimension between 1 nm and about 900 nm,
more typically between about 10 nm and 500 nm.

[0082] A channel of bead wells of a bead well array can have sidewalls and a floor
formed into one or more substrates to have an open top surface and a closed bottom surface

with the sidewalls extending therebetween. One or more spacers, top substrates, membranes

13



WO 2017/112025 PCT/US2016/055407

or covers may be used. The top substrate, membrane or cover can seal, cover or otherwise
close the upper surface of a fluidic channel(s) and/or array of reaction wells.

The term "about" refers to parameters that can vary between +/- 20% or less, such as, e.g., +/-
10% or 5%. 4

[0083] The term "solid support" includes one or more of an object such as, e.g., a
microbead, chip, plate, slide, pin, plate well, bead, microsphere, nanoparticle, microwell or
other member that may be used to provide a probe and/or primer and/or that may be coupled
to or labeled with an encoding agent (such as, e.g., a fluorescent compound, a
chemiluminescent compound, a radioactive element, and/or an enzyme) and/or a dynamic
element. An encoding agent and/or a dynamic element may be directly or indirectly attached
to a solid support, such as, for example, by covalent attachment, noncovalent attachment,
and/or physical incorporation. In some embodiments, a solid support may be a printed array
on a solid surface. In some embodiments, a solid support may be a microsphere. In some
embodiments, a solid support may be a solid surface on which a sample, such as, e.g., a
chemical and/or biological component (e.g., a tissue sample), is provided and a molecular
recognition element comprising one or more encoding agent(s) may be attached to a portion
of the sample. The molecular recognition element may comprise or may be an antibody,
aptamer, DNA hybridization probe, oligonucleotide, peptide, protein, and/or combinations
thereof. In some embodiments, a solid support may comprise a labile reagent and/or support
bond, each of which may allow for cleavage from the solid support. In some embodiments,
one or more encoding agents may be attached to a solid support (e.g., a bead or microsphere)
to provide an encoded solid support (e.g., an encoded bead or encoded microsphere). In
some embodiments, one or more encoding agents may be attached to a molecular recognition
element (¢.g., an antibody) to provide an encoded molecular recognition element (e.g., an
encoded antibody). In some embodiments, an encoded molecular recognition element may
be attached to a particle and/or may attach to a particle, such as, for example, a nanoparticle.
In some embodiments, an encoded molecular recognition element may attach to a solid
surface on which a sample is provided due to the binding affinity of the encoded molecular
recognition element to an element in and/or on the sample on the solid surface. Thus, in
some embodiments, an encoding agent may not be attached to a solid support until an assay is
begun or complete or unless the encoded molecular recognition element binds to an element
on and/or in a sample on a solid support. Accordingly, methods of the present invention may
include providing or binding one or more encoding agents onto a solid support. In some

embodiments, methods of the present invention comprise providing a plurality of encoded
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molecular recognition elements and binding at least a portion of the encoded molecular
recognition elements to a sample on a solid support. In some embodiments, methods of the
present invention may be used in fluorescence microscopy applications including, for
example, immunofluorescence mapping of tissues, cells, and/or receptors and/or fluorescence
in situ hybridization (FISH).

[0084] The term "bead" or "beads" refers to solid phase members such as particles,
granules or microspheres, typically magnetic microspheres, that can be porous, superficially
porous, or nonporous of material(s) such as, e.g., polymers, plastics, glass, silicon didxide,
metal or semimetal oxides (including but not limited to aluminum oxides, titanium oxides,
zirconium oxides or other oxides), quantum dots, metal particles, and/or the like, which may
be appropriate for use in the reaction wells. In some embodiments, a multiplexing bead set
may be provided comprising a plurality of beads (e.g., microspheres) that are uniquely
encoded to distinguish one population of beads from another.

[0085] The term ‘"circuit" refers to an entirely hardware embodiment or an
embodiment combining software and hardware.

[0086] The analyte in a sample can be any analyte of interest from a sample
including, for example, various mixtures including synthetic and/or biological
macromolecules, nanoparticles, small molecules, DNA, nucleic acids/polynucleic acids,
peptides, proteins and/or the like. The analyte can be one or more analyte molecules. The
sample or analyte of a sample can include one or more polar metabolites such as, e.g., amino
acids and/or charged molecules, peptides, and/or proteins. The sample and/or analyte may
also or alternatively include molecules extracted from biofluids, blood, serum, urine, dried
blood, cell growth media, lysed cells, beverages and/or food. The sample may also or
alternatively include environmental samples such as water, air and/or soil.

[0087] . The term "oligonucleotide" refers to a nucleic acid sequence of at least about
five nucleotides to about 500 nucleotides (e.g., 5, 6, 7, 8, 9, 10, 12, 15, 18, 20, 21, 22, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450
or 500 nucleotides). In some embodiments, for example, an oligonucleotide can be from.
about 15 nucleotides to about 50 nucleotides, or about 20 nucleotides to about 25 nucleotides,
which can be used, for example, as a primer in a polymerase chain reaction (PCR)
amplification assay and/or as a probe in a hybridization asséty or in a microarray.
Oligonucleotides of this invention can be natural or synthetic, e.g., DNA, RNA, PNA, LNA,

modified backbones, etc., or any combination thereof as are well known in the art.
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[0088] Probes and primers, including those for either amplification and/or detection,
can comprise oligonucleotides (including naturally occurring oligonucleotides such as DNA
and synthetic and/or modified oligonucleotides) of any suitable length, but are typically from
5, 6, or 8 nucleotides in length up to 40, 50 or 60 nucleotides in length, or more.

[0089] Probes and/or primers may be immobilized on or coupled to a solid support
such as, e.g., a bead, chip, pin, or microtiter plate well, and/or coupled to or labeled with an
encoding agent such as, e.g., a fluorescent compound, a chemiluminescent compound, a
radioactive element, and/or an enzyme.

[0090] The term "encoding agent" refers to one or more agents (e.g., chemicals,
proteins, etc.) associated with (e.g., applied to, attached to, bound to, compounded with, used
to fabricate or create, etc.) a solid support and/or a material of the solid support and/or a
material in contact with the solid support that provide and/or will generate an encoding signal
for the respective solid support (which may be all or a portion thereof). In some
embodiments, one or more encoding agents provide and/or generate a detectable encoding
signal that allows for differentiation of a solid support (e.g., bead) population or sub-
popuiation. For example, in some embodiments, one or more encoding agents may provide
and/or generate a detectable encoding signal for an individual solid support (e.g., a bead) to
which the one or more encoding agents are attached and/or one or more encoding agents may
provide and/or generate a detectable encoding signal for a particular portion of a solid support
to which the one or more encoding agents are attached (e.g., the portion of the solid support
to which a molecular'recognition element comprising the one or more encoding agents
binds).

[0091] An encoding signal may be provided and/or generated by one or more
encoding agents associated with a solid support and/or by the solid support itself and/or a
material (e.g., compound) associated with the solid support. In some embodiments, the
encoding signal is a signal (e.g.,-an optical and/or electrical signal) that is generated by one or
more encoding agents (e.g., chemicals, proteins, etc.) associated with (e.g., applied to,
attached to, bound to, compounded-with, used to fabricate or create, etc.) a solid support
and/or by the solid support. A detectable encoding signal may be optically and/or
electronically detectable, which may be perceived visually with the human eye and/or
electronically read, detected, and/or obtained. The detectable encoding signal can comprise
intensity, typically at or above a defined threshold value, a color (e.g., color hue, color
intensity, and/or color value), a color and intensity, and/or a change in size, shape, and/or

radioactivity. In some embodiments, the detectable encoding signal comprises a
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luminescence intensity, which may include a fluorescence, phosphorescence, and/or
chemiluminescence intensity,

[0092] The encoding signal for a respective solid support (which may be all or a
portion thereof) may be detectable (e.g., detectable optically, electronically,
electrochemically, electrostatically, magnetically, etc.) or may not be detectable. In some
embodiments, the encoding signal for a respective solid support (which may be all or a
portion thereof) may change. For example, the encoding signal for a respective solid support
may change from detectable to not detectable, from not detectable to detectable, from a
greater value to a lower value (e.g., from a greater signal amplitude, fluorescence intensity
value, diameter, etc.), and/or from a lower value to a greater value. The change in an
encoding signal for a respective solid support may occur over time and/or may occur due to at
least one chemical and/or physical change associated with the solid support. In some
embodiments, an encoding signal for a solid substrate may change and/or may be provided
and/or generated by a change in the environment in which the solid support is present (e.g., a
change in a solution in which the solid suppbrt and/or encoding agent is in contact with). For
example, an encoding signal for a solid support may change and/or may be provided and/or
generated by a change in magnetic behavior, pH, light scattering, physical size (increase or
decrease), shape, refractive index, solubility, light absorbance and/or emission intensity or
maxima wavelengths shifts, conductivity, dielectric constant, viscosity, and radio emission
from isotopic decay, and combinations of the above.

[0093] "Encoding state" refers to a particular combination of encoding signals
(detectable or not detectable) for a respective solid support in a plurality of solid supports,
such as, for example two or more encoding signals for a particular solid support at two or
more points in time, and/or to a particular combination of encoding signals (detectable or not
detectable) for a particular portion of a solid support (e.g., a speciﬁc\area or part of a sample
on the solid support providing the particular combination of encoding signals). For a
respective solid support, the particular encoding signal at two or more points in time may
allow for differentiation and/or identification of a particular population or sub-population
(e.g., a particular solid support (e.g., bead) population or sub-population). In some
embodiments, the particular encoding signal for the respective solid support at two or more
points in time may be the same and/or may be different. Each encoding state may be unique
from another encoding state and/or detectable (e.g., optically and/or electronically) and
distinguishable from another encoding state to provide distinguishable populations.

However, an encoding signal at a first point in time for a respective population may be the
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same as the encoding signal at the first point in time for a different population, but at a
second point in time the encoding signals for the two populations may be different, such that
the two populations may be distinguished and/or identified. In some embodiments, the
encoding signal for a first population and second population may start out at different levels
(e.g., have different signal amplitudes or values) but end up at the same level. i
[0094] The term "decoding" refers to (typically electronic/programmatic)
identification of different populations of a respective sample (including e.g., a sample of solid
supports and/or a sample comprising a plurality of encoded molecular recognition elements)
based at least in part on the encoding signal from encoded solid support(s) and/or encoded
molecular recognition elements. In some embodiments, decoding is based at least in part on
comparing two or more encoding signals for a respective solid support (which may be all or a
portion thereof) before, during and/or after at least one chemical and/or physical change
associated with the respective solid support and/or by comparing two or more encoding
signals at different points in time. In some embodiments, decoding is based at least in part on
comparing two or more encoding signals for an individual solid support before, during and/or
after at least one chemical and/or physical change associated with the individual solid support
and/or by comparing two or more encoding signals for the individual solid support at
different points in time. For example, a sample comprising a plurality of solid supports may
comprise 6 different populations and, thus, 6 different encoding states. Detection and/or
identification of one or more encoding signals can allow for the decoding of the sample to
determine the identity of the particular solid support population. In some embodiments,
decoding is based at least in part on comparing two or more encoding signals for a particular
portion of a solid support (e.g., a specific area or part of a sample on the solid support)
before, during and/or after at least one chemical and/or physical change associated with that
portion of the solid support and/or by comparing two or more encoding signals for that
portion of the solid support at different points in time. Different encoded molecular
recognition elements may provide a plurality of encoding states and detection and/or
identification of one or more encoding signals can allow for the decoding of the sample to
determine the identity and/or location of a particular population, such as, e.g., the identity
and/or location of an element that binds the encoded molecular recognition element for
particular population.

[0095] The term "dynamic decoding" or "time-domain encoding", referred to
interchangeably herein, refer to the (typically automated) analysis of encoding signals of a

sample (including e.g., a sample of solid supports and/or encoded molecular recognition
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elements) based on a plurality (e.g., 2 or more) of measurements (typically from images) to
obtain encoding signals of the solid support(s) over time. Different populations (e.g.,
populations of solid supports or molecular recognition elements) in the sample can have
respective encoding signals that can change over time. The change can be used to identify
populations. For example, in some embodiments, time-domain encoding may incorporate
photobleaching kinetics to decode different populations. By incorporating the time domain,
time-domain encoding can unlock additional multiplexing levels that are unattainable by
conventional decoding methods.

[0096] Two or more measurements (e.g., 2, 3, 4, 5, 6, etc.) may be taken to obtain two
or more encoding signals (e.g., 2, 3, 4, 5, 6, etc.) for respective solid supports in a sample
comprising a plurality of solid supports and/or for a respective solid support with at least one
portion of the solid support providing the two or more encoding signals. In some
embodiments, a first encoding signal measurement can be taken at a first point in time and a
second encoding signal measurement can be taken at a second point in time. The first
encoding signal measurement(s) can be based on a first image that is taken at the first point in
time (e.g., before, during or after an assay is carried out e.g., after a hybridization reaction)
and/or on the detection of an optical or electrical signal obtained at the first point in time.
The second encoding signal measurement may be obtained after or later than the first point in
time. In some embodiments, the second encoding signal measurement and one or more
subsequent measurements may be taken after any exited state lifetime of a compound (e.g.,
an encoding agent) associated with the solid support and/or at a time greater than 1 ms (e.g.,
10 ms, 100 ms, or 1, 2, 3, 4, 5 second(s)) after the immediately preceding measurement. The
second encoding signal measurement can be based on a second image taken at the second
point in time and/or on the detection of an optical or electrical signal obtained at the second
point in time. The two or more encoding signal measurements may be taken and/or obtained
to detect the encoding signal at a point in time (e.g., at a first and second point in time) for a
specific solid support in the sample of solid supports.

[0097] In some embodiments, an encoding signal measurement may be taken and/or
obtained before, after, and/or during a Defined Event. The term "Defined Event" means a
planned event that can cause or result in a physical and/or chemical change associated with a
solid support. The Defined Event can be passive or dynamic. In some embodiments, a
Defined Event may cause or result in a physical and/or chémical change in a dynamic

element. In some embodiments, a Defined Event may cause or result in a physical and/or
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chemical change in an encoding agent (e.g. a dye, protein, etc.) and/or a solid support (e.g., a
microsphere).

[0098] A "dynamic element" as used herein refers to a chemical and/or biological
compound that provides or exhibits a physical and/or chemical change in response to a
Defined Event. The physical and/or chemical change may modify the encoding signal for a
respective solid support (which may be all or a portion thereof) at a point in time compared to
the encoding signal at a different (e.g., earlier) point in time and may be detectable (e.g.,
optically and/or electrically detectable). A "dynamic element" may include an encoding
agent (e.g. a dye, protein, etc.) and/or a solid support (e.g., a microsphere). The physical
and/or chemical change may be a physical and/or chemical change that affects a solid support
(e.g., the change may be a change in the charge and/or color of a solid support and/or may be
a change in the size and/or shape of a solid support). Thus, the dynamic element may be the
solid support and/or a compound attached and/or associated with the solid support. In some
embodiments, the physical and/or chemical change is a physical and/or chemical change that
affects an encoding agent associated with the solid support (e.g., the change may be in the
stability of a linker bin&ing the encoding agent to the solid support, the solvent accessibility
of an encoding agent, and/or the presence and/or absence of a quencher). Thus, the dynamic
element may be the encoding agent and/or a compound attached to and/or associated with the
encoding agent (e.g., a quencher). The physical and/or chemical change may be reversible or
irreversible. In some embodiments, the dynamic element may be an encoding agent. In some
embodiments, a Defined Event may selectively activate or deactivate an encoding agent.

Example Defined Events are provided in Table 1.

Table 1. Example Defined Events.

e Addition/removal of a ligand, base pairing, quencher, etc. that effects a chemical
binding and/or cleavage

e pH change

e Photobleaching/Photoactivation

¢ Solvent environment change

e Protein/nucleic acid conformation/shape change (via complex formation or disruption,
breakage of disulfide bonds, denaturation, etc.)

e Interaction with another chemical species that results in an observable change

e Thermal event (hot or cold)
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e Pressure change

e Passage of time greater than 1 ms (e.g., greater than 10 ms, 1 second, etc.) and/or a
passage of time after any exited state lifetime of a compound associated with the solid
supports

[0099] One or more Defined Events may be used to decode a solid support and/or a
plurality of solid supports, and an encoding signal for a respective solid support (which may
be all or a portion thereof) may or may not change in response to each of the one or more
Defined Events. The Defined Event may not be one that typically occurs in an assay and/or
analysis in which the solid support(s) are used in. In some embodiments, the Defined Event
is an event (e.g., a heating or light exposure) that occurs during an assay in which the solid
support(s) are used in. A Defined Event may force a chemical and/or physical change in a
portion of the solid support(s) (e.g., optionally in an encoding agent attached to and/or
associated with the solid support), which can result in a change in the encoding signal for that
portion of the solid support(s) that is associated with a particular eﬁcoding state. Example
static encoding signals and time-domain encoding signals are provided in Table 2. In some
embodiments, a static encoding signal may be used to decode at least one population in a

sample in addition to one or more time-domain encoding signals.

Table 2. Example static encoding signals and time-domain encoding signals.

Static Encoding Signals: Time-domain Encoding Signals:
Absorbance/Emission maxima A change in Absorbance/Emission maxima wavelengths
wavelengths
Emission Intensity A change in Emission Intensity
Shape A change in Shape (cube to sphere, etc.)
Size A change in Size (shrinkage, swelling, dissolution)
Magnetic Properties A change in Magnetic Properties

A change in Radioactivity (via natural decay or removal of

Presence of Radioactivity the radioisotope)

pH ' A change in pH
Degree of Light Scattering A change in the Degree of Light Scattering
Refractive Index A change in Refractive Index
Conductivity A change in Conductivity
Dielectric Constant A change in Dielectric Constant
Any of the above Solubility (measured I;Zr: ncl};?;ge of a static encoding
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[00100] An encoding signal is not to be confused with an assay dye signal, if present,
and the dynamic element, encoding agent, and Defined Event should be configured and/or
selected so that they do not interfere with the assay. In some embodiments, if a dye is
utilized in an assay for which dynamic decoding is utilized, then the assay dye may be
distinguishable from the one or more dynamic elements and/or encoding agents used in the
dynamic decoding. For example, the assay dye signal may be spectrally shifted from the
signal associated with the dynamic element's signal and/or encoding agent's signal and/or the
assay dye may use a detectable parameter different than the encoding agent(s) and/or
dynamic element(s). Alternatively, the encoding agent and/or dynamic element may be
spectrally similar and/or of the same magnitude and/or intensity of the assay dye; however, in
such a case the Defined Event can cause a change in the encoding agent signal and/or
dynamic element signal such that it is no longer spectrally similar and/or of the same
magnitude and/or intensity of the assay dye and thus is distinguishable from the assay dye
and/or no longer interferes with the assay.

[00101] The same solid support in the same device (e.g., fluidic device, typically the
same beads which may be in the same reaction wells or virtual arrays), may be used for the
first and second images or for detecting the first and second optical and/or electrical signals.
The encoding agents and/or dynamic elements for the different images can have similar
spectral properties.

[00102] A Defined Event may cause and/or result in one or more physical and/or
chemical changes associated with a solid support. In some embodiments, a Defined Event
may cause and/or result in a change in an environment of the solid support, which can, in
response, cause or induce a physical and/or chemical change in a dynamic element (e.g., an
encoding agent and/or solid support) to provide a change in the encoding signal for the solid
support (e.g., a change in the encoding signal for a particular solid support in a plurality of
solid supports or a change in the encoding signal for a particular portion of a solid support,
the solid support containing a plurality of encoding signals at different portions of the solid
support), which can be visually and/or electronically detected (if the latter, the detection can
be via an optical or electrical detector).

[00103] Time-domain encoding may comprise comparing an encoding signal for a
respective solid support at a particular point in time (e.g., prior to the Defined Event) to an
encoding signal for the respective solid support at a different point in time (e.g., after the
Defined Event) to identify the particular population the encoding signal and/or solid support

belongs to. In some embodiments, a first encoding signal for a respective solid support is
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obtained in a first reading (e.g., detection of an optical or electrical signal) and/or first image
before or during a Defined Event and at least one second reading and/or second image is
obtained after the first image to obtain a second encoding signal for the respective solid
support. The first and/or second readihg and/or image may comprise multiple different
encoding signals that correspond to discrete solid supports or to discrete locations of and/or
entities on and/or in a sample on a solid support. The different encoding signal
measurements and/or images can be obtained from a common detector, e.g., when the fluidic
device and/or solid supports of the fluidic device is or are held at the same temperature and
the detector is operated at the same wavelength during an analysis of a sample. The different
encoding signal measurements and/or images may be obtained within about 1 microsecond to
about 50 hours of each other, and in some embodiments between about 1 ms to about 10
minutes of each other (e.g., 1 second to 1 minute or 1 second to about 10 minutes of each
other).

[00104] Two or more (e.g., 2, 3, 4, 5, 6, etc.) encoding signal measurements and/or
images may be obtained before, during and/or after one or more Defined Event(s) and/or one
or more physical and/or chemical change(s) associated with a solid support. The encoding
signal measurements and/or images may be obtained using one or more wavelength bands
(e.g., 1,2, 3,4, 5, ctc.). In some embodiments; two or more encoding signal measurements
and/or images may be obtained before a Defined Event and/or at least one physical and/or
chemical change associated with a solid support. For example, a first image may be obtained
in a blue excitation wavelength band, a second image may be obtained in a green excitation
wavelength band, and a third image may be obtained in a red excitation wavelength band,
with each of the first, second and third images being obtained before a Defined Event and/or
at leasf one physical and/or chemical change associated with a solid support. In some
embodiments, two or more encoding signal measurements and/or images may be obtained
during and/or after a Defined Event and/or at least one physical and/or chemical change
associated with a solid- support. For example, an image may be obtained in each of the
following: a blue excitation wavelength band, a green excitation wavelength band, and a red
excitation wavelength band, with each of the thiee images being obtained during and/or after
a Defined Event and/or at least one physical and/or chemical change associated with a solid
support. Thus, embodiments of the present invention may include obtaining multiple
encoding signal measurements and/or images that may be obtained in multiple wavelength
bands. In some embodiments, two or more encoding signal measurements and/or images

may be obtained before, during and/or after two or more Defined Event(s) and/or two or more
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physical and/or chemical change(s) associated with a solid support. For example, a first
image may be taken before a first Defined Event and/or a first physical and/or chemical
change associated with a solid support, a second image may be taken after the first Defined
Event and/or the first physical and/or chemical change associated with a solid support, and a
third image may be taken subsequent to the second image and after a second Defined Event
and/or a second physical and/or chemical change associated with a solid support (optionally
the same or a different solid support).

[00105] The Defined Event can provide a physical and/or chemical change in a
dynamic element that is, e.g., é thermally induced change (which may also be used for the
assay), a pressure induced change, an optically induced change, a natural radioactive isotope
decay, a chemically induced change, or combinations of any of the above. Time-domain
encoding canéxploit a defined stable, partially stable, selectively activatable, and/or unstable
property (e.g., denaturation of an organic protein dye and/or an alteration in a chemical
structure due to pH, heat or photosensitive labile bond, for example) of a respective encoding
agent to force a change in the encoding signal, such as, e.g., the encoding signal for the solid
support attached to the respecfive encoding agent or for the molecular recognition element
attached to the respective encoding agent. For example, where the encoding signal is an
intensity value, the physical and/or chemical change can result in an increase or decrease in
the intensity value, e.g., by at least 0.01% between the first and second images and/or
readings, more typically an increase or decrease by at least 1-20% between the first and
second images and/or readings. The increase or decrease can be sufficient to move the
intensity level from high to low, low to high, medium to low, low to medium, high to
medium or medium to high, zero to low, high or medium or high, low or medium to zero, for
example. The terms high, medium, and low refer to a first, second and third level,
respectively, where the first is greater than the second and third, the second is between the
. first and third, the third is less than the first and second. In some embodiments, two or more
different levels may be provided between the high and low levels (i.c., there may be more
than one level between the high and low levels).

[00106] The encoding agent can comprise a caged dye which is photosensitive and is
selectively activated upon sufficient photo (light) exposure to increase intensity.

[00107] The terms "similar spectral properties” or "spectrally similar" as used herein
refer to encoding agents (e.g., dyes) and/or dynamic elements that have similar excitation

and/or emission wavelengths and generate detectable fluorescence intensities in response to a
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light source operated at a single wavelength or a single wavelength range or band pass such
that they would be indistinguishable in an image and/or reading.

[00108] The term "quenching" refers to deactivation of an excited molecular entity
(e.g., an encoding agent) intermolecularly by an external environmental influence (such as a
quencher) or intramolecularly by a substituent through a non-radiative process. A quencher
is a molecular entity that deactivates (quenches) an excited state of an encoding agent, either
by energy transfer, electron transfer, or by a chemical mechanism.

[00109] The fluorescence intensity of at least one encoding agent and/or dynamic
element may decrease after a quenching evént as the Defined Event. Alternatively, the

fluorescence intensity of at least one encoding agent and/or dynamic element may increase

after the Defined Event.
[00110] The term "bleaching" refers to the loss of absorption or emission intensity.
[00111] Polymerase chain reaction (PCR) may be carried out in accordance with

known techniques. See, e.g., U.S. Pat. Nos. 4,683,195; 4,683,202; 4,800,159; and 4,965,188.
In general, PCR involves, first, treating a nucleic acid sample (e.g., in the presence of a heat
stable DNA polymerase) with one oligonucleotide primer for each strand of the specific
sequence to be detected under hybridizing conditions so that an extension product of each
~ primer is synthesized which is complementary to each nucleic acid strand, with the primers
sufficiently complementary to each strand of the specific sequence to hybridize therewith so
that the extension product syﬁthesized from each primer, when it is separated from its
complement, can serve as a template for synthesis of the extension product of the other
primer, and then treating the sample under denaturing conditions to separate the primer
extension products from their templates if the sequence or sequences to be detected are
present. These steps are cyclically repeated until the desired degree of amplification is
obtained. Detection of the amplified sequence may be carried out by adding to the reaction
product an oligonucleotide probe capable of hybridizing to the reaction product (e.g., an
oligonucleotide probe of the present invention), the probe carrying a detectable label, and
then detecting the label in accordance with known techniques, or by direct visualization on a
gel. The amplified sequence can also be detected by adding an intercalating dye to the
reaction mixture and monitoring the fluorescence signal strength, which will be proportional
to the total mass of double stranded DNA. Although embodiments according to the present
invention are described with respect to PCR reactions, or nucleic acid and protein ELISAs, it

should be understood that other nucleic acid amplification methods can be used, such as
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reverse (ranscription PCR (RT-PCR) including isothermal amplification techniques such as
rolling circle amplification or loop-mediated isothermal amplification (LAMP).

[00112] DNA amplification techniques such as the foregoing can involve the use of a
probe, a pair of probes, or two pairs of probes which specifically bind to DNA containing a
polymorphism or mutation of interest, but do not bind to DNA that does not contain the
polymorphism of interest under the same hybridization conditions, and which serve as the
primer or primers for the amplification of the DNA or a portion thereof in the amplification
reaction. Such probes are sometimes referred to as amplification probes or primers herein.
[00113] The term "reagent" refers to any substance or compound, including primers,
the nucleic acid template and the amplification enzyme, that is added to a system in order to
bring about a chemical reaction, or added to see if a reaction occurs. Amplification reagents
or reagent refer to those reagents (deoxyribonucleotide triphosphates, buffer, etc.) generally
used for amplification except for primers, nucleic acid template and the ampliﬁéation
enzyme. Typically, amplification reagents along with other reaction components are placed
and contained in a reaction vessel (test tube, microwell, etc.).

[00114] The term “magnetic” as used herein includes ferromagnetic, paramagnetic and
super paramagnetic propetties.

[00115] In general, an oligonucleotide pfobe which is used to detect DNA containing a
polymorphism or mutation of interest is an oligonucleotide probe which binds to DNA
encoding that mutation or polymorphism, but does not bind to DNA that does not contain the
mutation or polymorphism under the same hybridization conditions. The oligonucleotide
probe is labeled with a suitable detectable group, such as those set forth below. Such probes
~ are sometimes referred to as detection probes or primers herein.

[00116] Fig. 1A is a schematic illustration of a fluidic analysis system 100 with a
control circuit 100c comprising a controller 12, a detector 150 with at least one optical filter
set 18 and a decoding module 40 configured to analyze encoding signals from solid supports
10 associated with an assay using a microfluidic device 20. Fig. 1B is an exemplary
embodiment of another fluidic analysis system 100 with a control circuit 100c comprising a
controller 12, a detector 150 with at least one optical filter set 18 and a decoding module 40,
where the detector 150 can generate the Defined Event (e.g., optical excitement,
photobleaching, etc.). This embodiment illustrates that no additional hardware components
over conventional assay systems are required in contrast to other embodiments. The at least
one optical filter set 18 can be configured to bperate at a desired emission wavelength, such

as, but not limited to, a single discrete range of wavelength and/or band pass, such as between
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about 10 nm to 1000 nm for excitation and imaging, and in particular embodiments for
excitation about 545/30 nm and for imaging about 620/60 nm In some embodiments, the
optical filter set 18 may be configured to operate at a wavelength in the ultraviolet (UV)
range (e.g., at a wavelength in a range of 400 nm to 10 nm), infrared (IR) range (e.g., at a
wavelength in a range of 700 nm to 1 mm), and/or visible light range (e.g., at a wavelength in
a range of 390 nm to 700 nm) and/or any range and/or individual value therein. In some
embodiments, the optical filter set 18 may not be fluorescence-based and may be optics, such
as, e.g., polarization filters, to detect changeé in light scattering. If the change is sized-based,
then no filters may be needed, but rather the ability to image and measure size.

[00117] The microfluidic device 20 can have a bead well array 30 with an arrangement
of bead wells 10 that hold respective beads 25. The controller 12 is also in communication
with at least one device 125 (c.g., a thermal and/or light source) that can generate a Defined
Event, which may change the environment of the beads 25 in the bead wells 10 for the
dynamic decoding and/or may cause a physical and/or chemical change in the dynamic
element.

[00118] The decoding module 40 can include or be in communication with a
correlation table and/or database of different populations associated with different encoding
agents of defined bead populations:

[00119] The device 125 can include a light source (;onﬁgured to emit light at a defined
wavelength for a defined time to selectively activate, photoquench and/or photobleach beads
25 with one or more dynamic elements (e.g., encoding agents) responsive to same and/or a
‘heat source configured to elevate the beads 25 to a critical temperature and/or \a liquid source
in fluid communication with the beads 25 in the bead wells 10 for altering the well
environment and the like. The system 100 can be configured to evaluate recovery of the at
least one detectable parameter after photobleaching. This recovery can be different for
different materials/fluorophores in different environments and the differences can be
exploited for decoding.

[00120] As shown by Fig. 1C, the Defined Event (DE) may occur after a first image I,
is obtained by the detector 150 and before a second image I, is obtained. Alternatively, as
shown by Fig. 1D, the act of acquiring a first image I; can in and of itself be the Defined
Event that results in a measureable change for the second image I, that is obtained after the
first image I;. 7
[00121] In sorﬁe embodiments, the Defined Event DE can generate a defined

environmental change to, in and/or about the bead well array 30 such as at least one actively
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forced or applied thermal change T (which can be an increase or decrease in temperature,
although typically an increase and can, e.g., exploit a thermal instability of a dynamic
element (e.g., an encoding agent) at a defined temperature), a chemical change C, (e.g., a
change in pH which can be introduced in a number of manners), and/or an optical change O,
such as introduction of light, optionally at a defined wavelength of light and/or intensity, e.g.,
for exposure sufficient to provide a quenching action to exploit a photo-instability. A second
image I, can be obtained after the Defined Event DE. The system 100 can compare the
intensity values 32s from the first and second images [;, I to identify solid support (e.g.,
bead) populations/sub-populations. As shown, the second imége I, can include stable
(substantially unchanged encoding signals 32s;) and changed \intensity values 32s, and this
"fingerprint" or encoding signal(s) can be used for multiplexing the assay. The first image I,
second image I, and/or further images obtained subsequently in response to another Defined
Event DE can be used in a multiplexed analysis to identify targets of a respective single
sample. Additional Defined Events can be the same type, e.g., if temperature, then a higher
temperature than the temperature at the first defined event can be used. Additional Defined
Events may be a different type of Defined Event than that of a first or prior Defined Event,
c.g. a temperature change after photobleaching. Additional Defined Events may cause
changes in the same properties as preceding Defined Events, e.g. a change in temperature that
results in decreased fluorescence intensity for some populations can follow a photobleaching
event that results in decreased ﬂuoréscence intensity for the same and/or different populations
of the solid supports. Alternatively or in addition, additional Defined Events may cause
changes in properties of the solid supports that are different from the preceding Defined
Events, e.g. a change in temperature that results in some populations of solid supports
changing in size by either swelling or dissolving can follow a photobleaching event that
resulted in decreased fluorescence intensity for the same and/or different populations of the
solid supports. |

[00122] In some embodiments, photostability differences between quantum dots (QD)
and fluorescent organic dyes and/or fluorescent proteins can be used for encoding the solid
supports, e€.g., beads, particularly if both have similar spectral properties. For example,
photobleaching kinetics may be used to decode solid supports. Organic dyes can produce
high fluorescence intensity but can be susceptible to photobleaching upon prolonged
photoexposure. Quantum dots, however, do not typically photobleach but rather tend to
maintain or increase fluorescent emission following additional photoexposure. See, e.g.,

Bouzigues et al., Biological Applications of Rare-Earth Based Nanoparticles. ACS Nano
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2011, 5, 8488-8505; and Wang et al., Luminescent nanomaterials for biological labelling.
Nanotechnology 2006, 17, R1-R13. The contents of these documents are hereby incorporated
by reference as if recited in full herein.

[00123] As is known to those of skill in the art, a quantum dot is a nanoscale particle of
semiconducting material that can be used for various experimental purposes, such as labeling
proteins in conventional use. In some embodiments, QDs of a defined wavelength, e.g.,
about 605 nm, can be used as an encoding agent along with an organic dye (OD), and/or a
fluorescent protein (FP). The organic dye (OD) can be a small molecule. A QD, organic dye
and/or fluorescent protein can have different thermostabilites. QDs, ODs and/or FP can have
similar fluorescence excitation/emission wavelengths. Non-limiting examples of
excitation/emission wavelengths include 545/30 nm and 620/60 nm and can be imaged with a
single filter set. Any quantum dot, fluorescent profein, and/or organic dye useful for
luminescence (e.g., fluorescence) or other detectable parameter for time-domain encoding are
contemplated by embodiments of the present invention. Examples of quantum dots that can
be used in a method of the present invention include, but are not limited to, those including
cadmium, indium, lead, sulfur, selenium, tellurium, zinc, and/or phosphorus, such as, e.g.,
CdS, CdSe, CdTe, InP, PbS, PbSe, and ZnS. Examples of organic dyes that can be used in a
method of the present invention include, but are not limited to, fluorescein, Cy3 (Cy3.18),
TAMRA, Texas Red (sulforhod-amine 101), Nile Red, Cy5 (Cy5.18), Atto740, Cy7, Alexa
Fluor 750, IR125 (ICQ). See, e.g., http://www.fluorophores.tugraz.at/substance. Examples of

fluorescent proteins (FP) include, but are not limited to, phycoerythrin, allophycocyanin, and
green fluorescent protein (GFP).

[00124] Beads or other solid supports can be encoded with an organic dye, a
fluorescent protein (or protein dye), a QD, or a mixture of two or more of the same or
different types (Mix) to produce comparable initial fluorescence signals. Beads or other solid
supports can then be utilized in an assay, such as, ¢.g., the beads may be loaded into
microfluidic microwell array devices, sealed with oil to isolate individual bead wells from
their neighbors, and successively imaged before, after, and/or during a Defined Event. For
example, referring to Fig. 2A, the temperature of a éolid support, e.g., beads, may be held at a
defined temperature, and a first image I; may be taken prior to a Defined Event, DE, (e.g.,
prior to a 1 microsecond-50 hour photobleach, typically between about a 1 second to about a
3 minute photobleach) and second and third images I, and I3 may be taken after the Defined
Event, such as, e.g., after DE; and/or DE,. Photobleaching can be based on luminous energy,

which can be delivered over any relevant or practical timescale, depending on the assay.
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[00i25] Fig. 2B illustrates another embodiment for an exemplary thermal quenching
and imaging sequence in which the temperature of a solid support, e.g., beads, is increased at
least once to a defined threshold (critical temperature) value for a Defined Event, and a first
image I; may be taken prior to the Defined Event (e.g., the first increase in temperature) and a
second image I, may be taken once the temperature is returned to a set value (to have the
same relative operating parameters for the detector). The term "critical temperature” refers to
a temperature at which the physical and/or chemical change occurs for a dynamic element
(e.g., an encoding agent). Fig. 2B also illustrates a second Defined Event at a higher
threshold temperature after which a third image I3 can be obtained. In some embodiments,
the Defined Event may include photoexposure (e.g., photobleaching) of the encoded solid
support for a given period of time, such as, e.g., 1 microsecond or more, typically between
about 1 second and 10 minutes such as, 5 seconds or more, such as, for example, 1, 5, 10, 15,
20, 25, 30, 35, 40, 45 seconds or 1, 2, 3, 4, 5, or more minutes.

[00126] In some embodiments, obtaining a first image, readout, and/or detecting of an
optical or electrical signal of a solid support (e.g., a plurality of solid supports), which can
include a first image [, may be taken before an assay and the assay itself can generate the
Defined Event (e.g., thermal and/or light exposure during the assay). In some embodiments,
the first image, readout, and/or detecting of an optical or electrical signal of a solid support
can be taken after an assay is completed, but prior to a Defined Event, and the image,
readout, and/or detecting may be used to determine initial fluorescence intensity and/or to
serve as a refereﬁce for data normalization. Comparison of images, readouts, and/or signals
before (including a reference image) and after a Defined Event can illustrate if a chemical
and/or physical change associated with a solid support occurred following the Defined Event
(Figs. 3A-C).

[00127] As shown in Fig. 3A, prior to photoexposure, in the image, beads encoded
with FP, QDs, or a mixture of both produced comparable initial fluorescence signals that
were indistinguishable as they have similar spectral properties. In contrast, as shown in Fig,
3B, after photoexposure, beads encoded with FP experienced significant bleaching over the
course of 3 min while QD-encoded beads were unaffected by prolonged illumination as
evidenced by their stable fluorescence over the same duration. Fig. 3B also shows that beads
labeled with a mixture of both dyes exhibited moderate bleaching, less extensive than the FP
-encoded population. Thus, different mixtures of both dyes can provide beads that exhibit
different levels of bleaching to provide a number of different fluorescence encoding states,

which can be used to identify each bead population (Fig. 3C). Plotting the fluorescence
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decay profiles shows that each bead set was well-resolved from the others (Fig. 4). The
precision of this dynamic decoding approach was also demonstrated to be high given the
similar bleaching rates observed within each bead population (n=>5 replicate microchips each,
>50k beads total).

[00128] "Indistinguishable" as used herein with reference to an encoding agent,
dynamic element, and/or signal (e.g., a fluorescence signal) refers to a signal and/or
parameter (e.g., a color, size, and/or intensity value (e.g., a fluorescence intensity value) at a
given wavelength) that is within the standard deviation, confidence interval, and/or standard
error of a population of supports for a given measurement system. Thus, when two encoding
agents and/or dynamic elements are indistinguishable (e.g., the fluorescence signals for two
encoding agents and/or dynamic elements are indistinguishable), the signal or parameter
(e.g., the intensity values for the fluorescence signals) for the two encoding agents and/or
dynamic elements cannot be used to identify and/or separate which encoding agent and/or
dynamic element a signal or parameter corresponds to. Accordingly, it cannot be determined
which signal (e.g., fluorescence signal) is from one of the two encoding agents and/or
dynamic elements. There may be a distribution range within which an encoding signal for an
ehcoded element (e.g., an encoded bead or an encoded molecular recognition element) in a
particular population may fall within. As long as a distribution range for another encoded
element does not overlap or fall within the distribution range of another population, then the
encoding state can be determined for the two populations such that they can be distinguished.
In some embodiments, each encoding state may be defined by a range of values due to
variations in the measurements of encoded elements in a single population. This range may
not be the standard deviation of the measurement of a single encoded element.

[00129] In some embodiments, in a sample comprising a plurality of solid supports, a
portion of the solid supports may have indistinguishable initial intensities and another portion
of the solid supports may have distinguishable initial intensities. In some embodiments, even
though two solid supports may have distinguishable intensities, the solid supports may
encode the same solid support population if the intensity values fall within the distribution
range for that solid support population. Some embodiments include two or more different
populations where the subpopulations have discrete and distinguishably different intensity
levels, but these subpopulations may contain additional subpopulations that are only
distinguishable after a Defined Event.

[00130] Endpoint fluorescence decay values can be measured for each individual bead

popuiation. For example, the endpoint fluorescence decay values were measured for the
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beads encoded with FP, OD, QDs, or a mixture of agents, and these values were then
normalized to the initial bead intensity and sorted into histograms. Fig. 5 illustrates the
distribution of intensities by bead type. The three different populations measured in this
example were very well resolved from one another producing identification accuracies of
>99.98%. This high resolution will allow beads combined together in a single sample to be
readily identified without ambiguity once loaded into an array and dynamically decoded.
[00131] In some embodiments, a solid support and/or molecular recognition element
may include one, two or more encoding agents in order to provide two or more, typically
between about 2 to about 10,000 (or greater) different encoding signals representing different
populations (e.g., about 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 50, 100, 200, 500, 1,000, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, or more) that may be distinguished and/or
identified using one or more Defined Events. Some embodiments include different
populations (e.g., different solid support populations and/or different molecular recognition
element populations) at or able to generate different fluorescence levels relative to each other
using one or more Defined Events. For example, a solid support may include a first encoding
agent that corresponds to a first population and a second encoding agent that corresponds to a
second population, the first and second encoding agents may be the same or different and
each may have an initial fluorescence intensity level. In some embodiments, the initial
fluorescence intensity level for the first and second (encoding agents is the same or
substantially the same. In other embodiments, the initial fluorescence intensity level for the
first encoding agent is different than the initial fluorescence intensity level for the second
encoding agent. Not all solid substrates are required to have an encoding agent or some
populations may have a single dye. The dye may be stable and may not generate and/or
exhibit a physical and/or chemical change for some solid substrate populations.

[00132] Each of the first and second populations may include one or more sub-
populations, such as described above, where each sub-population may have the same or
substahtially the same initial fluorescence intensity level. Recognizing that different systems
will operate with different resolution and capability, in some particular embodiments, the
term the "same or substantially the same" with respect to a fluorescence intensity level can, in
some embodiments, refer to a variation of + 0.15 or less (e.g., £ 0.1 or 0.05) for a normalized
fluorescence intensity value and/or a value such that it remains within a defined range of a
defined level, e.g., high, medium, low. For example, and without limitation, a bead with an

encoding agent may have a normalized fluorescence intensity value of 0.7 and beads having
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the same or substantially the same fluorescence intensity level may have a normalized
fluorescence intensity value in a range of 0.55 to 0.85.

[00133] Using beads encoded with FP or QDs, or a mixture, as described above, initial
fluorescence intensity levels that were substantially similar (unable to be reliably or
accurately distinguished) to each other but different than the initial fluorescence intensity
level shown in Fig. 3A (less bright/intense) were generated. These beads were shown to
photobleach similarly to the brighter beads producing three more bleaching-distinguishable
subpopulations or encoding states similar to those depicted in Figs. 3A-C. This ultimately
provided additional multiplexing capability with single wavelength identifying three
distinguishable changes in intensity (FP, QD, and Mix).

[00134] Accordingly, incorporation of the time domain into decoding and/or a
multiplexing assay (e.g., a multiplexing bead-based bioassay) can greatly increase the number
of distinct multiplexing encoding states. While only two encoding levels could have been
achieved with conventional methods, the dynamic decoding methods produced at least six
resolvable populations or encoding stafes. These benefits can significantly enhance the
multiplexing capability of bead-based POC assays while also minimizing cost and
complexity of the required analytical equipment.

[00135] In some embodiments, additional solid support (e.g., bead) populations at a
single initial fluorescence intensity level may be provided. In some embodiments, more bead
populations at a single initial fluorescence intensity level may be provided by pre-sorting
encoded beads. In some embodiments, the approach may be expanded to other wavelengths
without using a single, common detection wavelength for the analysis (e.g., 1,2, 3,4, 5, 6, 7,
8, 9, 10, or more different wavelengths or spectral bands or ranges) to incree;se the amount of
multiplexing levels that could be achieved.

[00136] Incorporation of the time domain into solid support decoding strategies can be
performed using strategies beyond differences in photostability of the different encoding
dyes. In some embodiments, an alternative or additional dynamic encoding strategy is to
exploit the thermal stabilities of an encoding agent. For example, a protein and/or organic
dye can be susceptible to heat denaturation at elevated temperatures. QDs, however, are
semiconductor materials that are stable at elevated temperatures. These properties for these
dyes can be utilized in dynamic decoding embodiments.

[00137] Microspheres were labeled with FPs or QDs so that each population exhibited
indistinguishable initial fluorescence. Each bead population was then loaded into microchips

for imaging as previously described. Images were first acquired at 25 °C to determine the
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initial fluorescence intensity and also to serve as a reference for data normalization. Chips
were then heated to elevated temperatures to denature the FP, then cooled back to 25 °C and
imaged again. The loss of fluorescence intensity between the pre- and post-heating images
allowed for the identity of the bead populations to be determined. Fig. 6 illustrates the
decrease in normalized fluorescence signal upon heating the beads. A decrease in signal is
observed as temperature is increased due to disruption of streptavidin-biotin bonds at
temperatures >70 °C. Both FP and QDs were conjugated to the beads via streptavidin-biotin
chemistry. However at higher temperatures, FP begins to denature and its fluorescence drops
significantly. This differential quenching can be used to identify differently encoded beads
with good resolution (Fig. 7).

[00138] As illustrated by Figs. 6 and 7, incorporation of a dynamic element (i.e., the
fluorescent protein (FP), which is denatured as the temperature changes over time) allows for
previously unattainable encoding levels of multiplexing to be gained without complicating
the imaging system. In some embodiments, incorporation of a temperature change in the
time domain may be used for PCR-based assays where heating elements are already in place
for thermocycling, thereby requiring no additional components for thermally-resolved
multiplexing. In some embodiments, the concentration of a dye on a solid support (e.g., a
bead) and/or a buffer composition may be modiﬁed to accentuate and/or increase resolution
between solid support populations and/or allow additional distinguishable populations to be
produced and identified.

[00139] According to some embodiments, a time domain measurement may be used to
decode an encoded solid support (e.g., a bead set) where one or more compounds (e.g.,
dynamic elements such as encoding agents) have been added to a portion of the solid support
(e.g., a subset of beads). The one or more compounds may be dynamic elements that
provide a physical and/or chemical change in response to a Defined Event. In some
embodiments, the physical and/or chemical change may be an observable change. For
example, in some embodiments, the one or more compounds may provide for a change in
fluorescence signal that is observed over the course of a temperature change caused by a
change of quantum efficiency of one or more of the compounds (e.g., encoding dyes). In
some embodiments, the addition of a heat-labile or photoactivated compound (e.g. a
photoactivated acid like triarylsulfonium/hexafluoroantimonate salt) to one or more portions
of a solid support, upon activation, may result in a change in chemical properties of the solid
support (e.g. pH) that affects a change in fluorescence properties of an encoding agent (e.g.

fluorescein). Alternatively, solid supports contained in reaction wells that either have or
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constitute sensors or electrodes or electrode arrays that are sensitive to pH or conductivity
changes (e.g. the Ton Torrent platform,
https://www.thermofisher.com/us/en/home/brands/ion-torrent.html) can measure these
chaﬁges directly. |

[00140] In some embodiments, a portion of a plurality of solid supports may include
labile attachment chemistries for one or more dynamic elements that, upon activation (e.g.,
temperature chaqge, pH change, solvent addition/removal, etc.) provide a physical and/or
chemical change that results when one or more of the encoding compounds is lost to the
surrounding solution (e.g. FITC-biotin released from a streptavidin-coated bead upon heating,
and detected in the fluid contained within the assay well). In some embodiments, a mix of
'~ labile and non-labile (e.g. heat-labile or photocleavable streptavidin-biotin bonds and stable
covalent chemical bonds, respectively) encoding agents may be used.

[00141] Some embodiments include the use of encoding agents (e.g., dyes) as dynamic
elements that have varying degrees of susceptibility to quenching agents (oxygen, dabsyl,
Black Hole Quenchers, Iowa Black, etc.) so that upon addition or removal of such quenching
agents, a different population (e.g., a bead population) ‘can be identified. In some
embodiments, the dynamic element may include a quencher and one or more compounds may
be protected from the quencher (e.g., by encapsulation, binding to a protein, etc.) and this
may be used to accentuate differences between dyes and allow for different populations to be
identified. In some embodiments, this can be affected in flow cytometry formats by the
addition of a quencher into the sheath flow liquid after an initial read upstream in the system.
An example flow cytometry system is shown in Fig. 20 in which measurements before and
after photobleaching are depicted. A further eXample flow cytometry system is shown in Fig.
21 in which measurements before and after a pH shift are depicted. Alternatively, a pH,
organic solvent strength, ionic strength, or other such property can change by the addition of
the sheath flow to affect a detectable change in the solid supports’ encoding properties
[00142] In some embodiments, methods for dynamic decoding solid support
populations can employ the time domain in a chemical and/or biochemical assay. Example
assays include, but are not limited to, immunoassays, nucleic acid hybridization arrays, PCR,
RT-PCR, RT-qPCR, etc.

[00143] Methods of the present invention may be used with solid supports, such as,
e.g., beads and substrates that are not beads, such as printed arrays on a solid surface. In
some embodiments, a method of the present invention may include photoresist or “printed”

barcode reagents where strips or sections of each particle may vary and thereby create a
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distinct population. Compounds that may be used in a method of the present invention
include, but are not limited to, fluorophores, chromophores, photocleavable or photoactivated
compounds, heat activated or heat cleavable compounds or functional groups, and/or
compounds that incorporate radioactive isotopes or magnetic or electrically conductive
elements. Solid supports may also be engineered to change conformation, shape, and/or other
physical properties in response to a Defined Event by methods such as, but not limited to, the
use of different polymers with different physical and thermal properties or varying the degree
of crosslinking between polymer strands for certain populations.

[00144] In some embodiments, a method of the present invention is used to detect two
or more different populations of nucleic acids after PCR. PCR has many applications, for
example the detection of trace amounts of nucleic acids to determine the presence of disease
causing organisms, gene expression, genotyping, genetic engineering or modification, and
forensic séience applications. PCR amplification provides outstanding target identification
and quantification over a large range of analyte concentrations. However, simultaneous and
quantitative analysis of many analytes by PCR has proven to be extremely challenging.
Intercalating dye fluorescence-based detection is only capable of determining total dsSDNA
concentration and therefore concurrent analysis of multiple templates in a single reaction
vessel is not possible using this detection method. Fluorescent probe technologies (e.g.,
Tagman, molecular beacons, or other chemistries) can be used for low-level multiplexing of
reactions as each target-can be amplified using a different color fluorescence probe as a
signaling reporter. Probes are also sequence specific, reducing false positives from primer-
dimer formation or nonspecific amplification. A typical method for multiplexing with either
conventional microtiter plate or microfluidic real-time-PCR (rt-PCR) is to use a small number
of reaction wells, each containing three different color probes. However, it is generally
considered challenging to design multiplexed primer and probe sets as they require an
additional level of careful design and optimization to insure compatibility with each other.
Multiplexing by this method is ultimately limited, by instrumentation and spectral overlap
between dyes, to four-color detection, with one color typically reserved for an internal
standard dye. However, the present invention may provide a method of increasing the
multiplexing of the assay.

[00145] Fig. 8 shows a microfluidic device 20 with a bead well array 30 according to
embodiments of the present invention. The device 20 can include freeze-thaw valves 22 with

microfluidic channels 20ch in fluid communication with the bead well array 30.
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[00146] Referring to Figs. 9A, 9B, 10A, 10B, 11A, 11B, 12A and 12B, examples of
bead wells 10 with geometries for improved signal detection are shown. As shown in Figs.
9A and 9B, the solid substrates 25 can cooperate with conventional bead wells 10 having
circular perimeters (typically cylindrical or conical wells) that are configured to hold a bead.
In other embodiments, as shown in Figs. 10A, 10B, 11A, 11B, 12A and 12B, for example,
bead wells 10 according to embodiments of the present invention have geometries with a
bead retention segment 11 in fluid communication with a signal detection segment 15 that is
adjacent the bead retention segment 11.

[00147] The bead wells 10 can be provided in a relatively dénse array 30 of closely
spaced apart bead wells 10. The bead wells 10 can be aligned in rows and columns or be
offset from each other. The bead wells 10 can be provided in a regularly repeating pattern, an
irregular repeating pattern, or in other patterns. The term "dense" means that a footprint of a
fluidic arialysis device can have between about 100-6000 wells 10 per mm?” and/or between
10,000 to 5,000,000 wells 10 per cmz, typically between about 6,000 to about 2,000,000
wells 10 per cm?, more typically between about 500,000 to about 2,000,000 wells 10 per cm®.
[00148] Some or all of the neighboring wells 10 can have a separation distance of
between 0.11-1,000 pm such as about 1 pum, 2 pm, 3 um, 4 pm, 5 pm, 6 um, 7 pm, 8 um, 9
pm, 10 um, 11 pm, 12 pm, 13 pm, 14 pm, 15 pm, 16 um, 17 pm, 18 pm, 19 pm, 20 um,
100 pm, 200 pm, 300 pm, 400 um, 500 um, 600 pm, 700 um, 800 pm, 900 um, 1000 pm or
any fractional number therebetween, measured centerline to centerline of the neighboring
bead retention segments 11.

[00149] Some or all of the wells 10 can all be reaction wells 10 that cooperate with
amplification reagents. Some or all of the wells 10 can process sub-pL reaction volumes.
[00150] The signal detection segment 15 can optionally comprise a short and/or
elongate fluidic channel 15ch that connects an end of the signal detection segment 15e with
the bead retention segment 11. The signal detection segment 15 can include an end 15e that
is spaced apart a distance "L" from the bead retention segment 11, typically by between 30%
to about 10,000% (.3X to about 100X) of a diameter of a target bead, more typically between
about .3X to about 10X of the diameter of a target bead. In some embodiments, L. can be
between 1X and 5X the diameter of a target bead. For example, for 3.2 um diameter beads,
the length L can be between about 1 to about 320 um, more typically between 1 and 32 pm,
and in particﬁlar embodiments can be between about 3.2 and 16 um. To be clear, a number

with the letter "X" refers to a multiplier, one times (1X), ten times (10X) and the like.
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[00151] In some embodiments, L. can be between about 1 pm to about 100um, more
typically between 1 and 20 um, such as about 1 um, about 2 um, about 3 pm, about 4 um,
about 5 pm, about 6 um, about 7 um, about 8 um, about 9 um, about 10 pm, aboﬁt 11 pm,
about 12 pm, about 13 um, about 14 um, about 15 um, about 16 um, about 17 um, about 18
pum, about 19 um, and about 20 pm. The length L can be measured from a centerline of the
bead retention segment 11 or from a line completing the diameter of the bead retention
segment drawn over the channel 15¢ connecting the bead retention segment 11 with the end
of the signal detection segment 15e.

[00152] Figs. 10A and 10B illustrate that the signal detection segment 15 can
optionally be configured as a narrow channel or "slit", typically héving a width that is 25%-
75% less than a width of the bead retention segment 11.

[00153] Figs. 11A and 11B illustrates that the signal detection segment 15 can have an
end portion that is arcuate 15a, with a radius of curvature less than that of the bead retention
segment 11. The distance "d" between centerlines of the bead retention segment and the
arcuate end 15e can be the same as the length "L" discussed above.

[00154] Figs. 12A and 12B illustrate that the signal detection segment 15 can have an
end that has an annular channel 17 surrounding an internal upwardly projecting member 19.
The projecting member 19 can have a height sufficient to extend above the fluid in the
annular channel 17 of the signal detection segment 15. This configuration can define a
detectable signal comprising a portion with an annular shape.

[00155] The new geometries of the bead wells 10 are believed to improve detection in
microbead array-based technologies. These well geometries can be configured such that one
area of the well 11 is for magnetic loading and bead retention, and another region of the well
15 can be used (primarily or only) for detection of a signal. In some embodiments, after
loading the beads 25 (shown by way of example with a solid circle in one of the wells in each
of Figs. 10A, 11A and 12A) in the bead regions 11 of the wells 10, a small volume of reagent
fluid can be isolated in the wells 10 using a method such as immiscible fluid sealing or
pushing against another surface such as a gasket or other substrate as is known to those of
skill in the art.

[00156] While some exemplary embodiments are shown in Figs.- 10A, 10B, 11A, 11B,
12A and 12B, other embodiments may include other geometries, typically configured so that
the bead retention region 11 has a pocket or receptacle with an opening diameter that is

between about 101 - 195% of the diameter of the bead 25, and may be between about 105%
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and 150% in some embodiments. The depth of the well in the bead retention region 11 can
be between about 50% and 185% that of the bead diameter.

[00157] The depth of the well 10 at some or all of the signal detection region 15 maybe
the same, deeper or more shallow than the well at the bead retention segment 11. The depth
may decrease as the channel 15ch travels away from the bead retention segment 11. The
depth may increase as the channel 15ch travels away from the bead retention segment 11
toward the end of the signal detection segment 15. The walls of the well 10 may taper
outwardly or inwardly in a direction into the well 10.

[00158] Different wells 10 may have different volumetric capacities, geometrical
shapes patterns and/or sizes.

[00159] In some embodiments, the signal detection segment or region 15 can have a
channel 15ch such as a pocket or slit or other geometric shape into which a target bead
cannot physically enter. Both regions 11, 15 are fluidically connected so that reagents and/or
analytes released from the bead 25 can diffuse or otherwise mix throughout the common
solution volume of the well 10. By spatially separating the bead 25 from the detection region
11, the contribution of bead fluorescence to the signal can be reduced or eliminated,
improving signal to noise ratio.

[00160] The geometries of the wells 10 can allow high, single occupancy loading of
reaction wells 10 while increasing a respective reaction volume, potentially improving
reaction efficiency.

[00161] Fig. 13A illustrates an analysis system 100 with a Defined Event device 125
comprising at least one heater input 125h as the Dynamic Event applicator. The heater 125h
can be a heating element residing under and/or over the array 30, an oven or heat gun or other
appropriate heater. The thermal Defined Event input can be configured to elevate the
temperature to above ambient temperature, typically to at least 1 degree above 25 degrees C,
typically between about 35 °C and 200 °C. The heater 125h can apply the critical
temperature to the array 30 for between 1 microsecond -50 hours, typically between about 1
second to about 5 minutes, in some embodiments. The solid supports 10 can return to
ambient or room temperature and/or to about 25 °C or other temperature, typically to about
the same temperature as that used for the decoding image taken before the Defined Event,
before the detector 150 takes a post Defined Event image(s). Forced cooling or passive
cooling may be used once the heat input is removed.

[00162] ~ Fig. 13B illustrates an analysis system 100 with a Defined Event device 125

comprising at least one light source 1251 as the Dynamic Event applicator. The light source

39



WO 2017/112025 PCT/US2016/055407

125I can be a single emitter that transmits light at a defined wavelength or wavelength range
or may comprise a plurality of emitters at different wavelengths, wavelength ranges or a
plurality of emitters at the same wavelength or wavelength range to cover a larger area, for
example. The Defined Event input 1251 can be configured to actively transmit light to the
solid supports 10 for a suitable time, such as between about 1 microsecond to 50 hours,
typically between 1 second and 5 minutes, as described above.

[00163] Fig. 13C illustrates an analysis system 100 with a circuit 100c where the
detector 150 is the Defined Event device, which includes associated light emission sources as
known to those of skill in the art.

[00164] As illustrated in Figs. 14A-14E, a microfluidic device 20 may include a well
array 30 with a plurality of wells 10. The wells 10 can hold beads 25 in the bead retention
segments 11. The beads 25 can optionally comprise primers attached thereto and may
optionally be pre-loaded into the bead retention segments 11 of the wells 10. The device 20
may comprise upper and lower substrates S0u, SO0b (Figs. 14B, 14C) that attach together.
The upper substrate 50u may be the same or different from the lower substrate S0b. Either or
both substrates S0u can be rigid and comprise glass, quartz, silicon, or a suitable metal for
example. Fither or both substrates 50b may be polymeric, such as silicone or other
polymeric material (such as PMMA, COC, COP, PDMS, PP, PE, PTFE, or Kapton
(polyamide), among many others), and it can provide the array of bead wells 10. The upper
or lower substrate 50u can have at least one port S0p in fluid communication with the wells
10. The reaction wells 10 can optionally be perpendicular to flow through the array chamber
with the array of wells 30 during reagent filling and/or oil sealing, for example: however,
other alignment configurations may be used.

[00165] Fig. 14A shows that the microfluidic chip 20 can be configured so that the
array of bead wells 30 occupy a footprint "F" (typically between 1 mm and 10 cm) with a
dense array wells. The fluidic microchip 20 can include transport channel(s) for a sample and
reagents or other chemical additions that can be in fluid communication with the array 30 as
is well known to those of skill in the art.

[00166] Fig. 14D illustrates an optional spacer 50s that may reside between the upper
and lower substrates 50u, S0b. The spacer 50s can define sidewalls of some or all of a
respective well 10. The spacer 50s can comprise a photoresist used as both a gasket and
spacer.

[00167] Fig. 14E illustrates that a sealing agent 75 such as sealing oil can separate
adjacent wells 10 with beads 25 as is well known to those of skill in the art. Hydrophobic
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membrane(s) may also or alternatively be used. The sealing agent 75 (e.g., oil) can extend
over the top of the bottom substrate S0b. The sealing agent 75 can have a thickness or depth
associated with the spacer/gasket 50s. The sealing agent 75 and can cover everything but the
bead/reaction well 10. The sealing agent 75 can comprise mineral, silicone, hydrocarbon or
fluorocarbon-based oil and/or waxes. The reaction solution 23, e.g., an aqueous solution,
does not typically touch the top substrate S0u.

[00168] This technology may be particularly advantageous for bead-based assays
inklolving amplification methods such as the polymerase chain reaction (PCR) or enzyme-
linked immunosorbent assays (ELISA) that use fluorescence signal readout in analog or
digital detection modes. In these assays, zero, one, or multiple analyte molecules are
captured by a solid support, which may optionally comprise a bead such as a magnetic bead.
The solid support can then be loaded into a microwell arr\ay 30 with a geometry that restricts
the loading of the solid supports 25 to one or zero per well 10. A small volume of
ampliﬁcatibn reagents can be sealed in each reaction well 10 with the solid support 25, and a
chemical reaction can be performed to produce a fluorescence signal if the analyte molecule
is present. The assay fluorescence signal can then be measured, processed, and used to
determine analyte conceéntration in the sample.

[00169] Singleplex Reactions in a Compact Array (SiRCA) is a massively parallel
amplification and detection method using a microbead-array f;)rmat that has the potential to
perform, hundreds, thousands, millions or billions of isolated, singleplex rt-PCR reactions for
many different target sequences simultaneously. See, e.g., U.S. Patent Application Serial
Number 14/402,565, describing, for example, bead-based delivery of reagents for parallel
assays on a multiplexed-in-space microfluidic device; the contents of this document are
~ hereby incorporated by reference as if recited in full herein. ,

[00170] The ability to perform single copy, digital quantification at low analyte
’concentrations and multiple copy, analog rt-PCR quantification at high analyte concentrations
gives a large dynamic range with aM LODs. In some embodiments, the arrays 30 can be
used with individual sets of biotinylated primers that are attached to dye encoded,
streptavidin-labeled, magnetic microspheres or beads. A bead set library containing up to
tens to hundreds of bead types can be made, each with a different primer set for a different
target sequence, and new bead sets can be added to the bead mixture at will. When the bead
mixture is incubated with analyte DNA or RNA, the primers attached to the beads act as
hybridization probes, capturing and purifying the nucleic acid sequence specific to that bead.

Sample matrix interferents (extraneous DNA, RNA, cell membrane components, etc.) can be
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removed by separating the beads magnetically and washing. After cleanup, polymerase,
dNTPs, and intercalating dye are added, and the beads are loaded into individual wells 10 and
sealed from one another using an immiscible oil or hydrophobic membrane. Stochastically
loading individual, encoded primer beads into separate microreaction wells can be
accomplished in a matter of seconds to minutes, unlike hand pipetting or reagent printing.
Magnetic loading of beads into optimized geometries can be more efficient than random
isolation by dilution into droplets or reaction wells that do not contain regions designed for
bead capture and/or a separate detection region for a well 10. The streptavidin/biotin
interaction is very stable at temperatures below 50 °C; however, elevated temperatures used
for denaturation during PCR may allow the subsequent release of the primers during the first
rt-PCR cycle initiating amplification of target DNA. |

[00171] In order to evaluate the performance of SiRCA in sub-pL reactions,
preliminary testing without beads using primers and gDNA was performed in silicon fluidic
chips with arrays of wells 3.7 um in diameter, 5 pm deep (cylindrical with volume =~ 50 fL)
with a center-to-center spacing of 10 um, fabricated by deep reactive ion etching (DRIE) in
silicon. Thus, the rt-PCR performed in = 50 fL. cylindrical reaction wells with primers and
gDNA free in solution without beads. Chips were pretreated with octyltrichlorosilane in
heptane to render the surfaces hydrophobic. The chips were wet with ethanol, then water,
and then blocked with loading buffer (20 mM Trizma, 50 mM KCI, 2.5 mM MgCl,, 1%
BSA, and 0.1% Tween 20). Master mix (1x Platinum Quantitative PCR SuperMix-UDG
with 0.0625 units/pl additional Platinum 7aq DNA polymerase, 0.5% BSA, 2.7 uM primers,
gDNA from S. mutans, and 3x SYBR Green) was added to the chip and then Krytox GPL104
perfluorinated oil was pulled through the chip to seal the reaction volumes from one another.
[00172] Embodiments of the invention comprise reaction wells 10 with geometries
-configured to contain more than one bead so that a reaction between reagents released from
one or more beads and reacting in solution or upon the surface of one or more beads ot any
combination thereof can be studied at a designated detection region(s) as shown or
alternatively upon a bead’s surface. The bead well arrays 30 can include variations where
some wells 10 hold one bead 25, some wells 10 hold two beads 25, and some wells 10 hold
more than two beads 25 on a single substrate or fluidic device or on separate substrates or
devices. Where a well 10 includes more than one bead retention segment 11, a plurality
(typically each) of bead retention segments 11 can be in fluid communication with each other
via a signal detection segment such as a fluidic channel 15¢h. Kits useful for carrying out

the methods of the present invention can, in general, comprise one or more sets of beads
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having encoding agents and, optionally, reagents attached thereto for carrying out the
methods as described above, such as restriction enzymes, optionally packaged with suitable
instructions for carrying out the methods. The kits may also include containers for housing
elements included therein. Such containers include, but are not limited to vials, microfluidic
chips with bead well arrays and cartridges, including preloaded bead devices. Fig. 19
illustrates a package with a kit 500 of: encoded beads 25 suitable for a dynamic decoding
protocol. The kit 500 may include one type/population of encoded beads 25 (i.e., beads that
all have the same encoding signal or "fingerprint") or may include two or more different
types/populations of encoded beads 25 (i.e., at least two different bead populations, one
having a first encoding signal and one having a second encoding signal that is different than
the first). When the kit 500 includes a two or more different types of encoded beads 25, the
kit 500 may include the encoded beads 25 as a mixture in a single package or may separately
package each encoded bead population (e.g., separately package the bead population with the
first encoding signal and separately package the bead population with the second encoding
signal).

[00173] In some embodiments, the beads 25 may have primers attached thereto. The
primers may be a pair of biotinylated primers, and the beads 25 may be streptavidin-labeled
such that binding of the biotinylated primers to the beads occurs. In some embodiments, the
beads 25 may include a marker, such as an optical marker, that may be used during analysis
to identify the primers anchored to the respective beads 25. For example, different encoded
beads of the same or different sizes may be marked for identification of different attached
primer sets during analysis. Various pre-encoding methods may be used to provide a marker
on the beads 25, including a predefined size, shape, magnetic property and/or fluorescence
doping used alone or in combination with other encoding methods. Both custom-sequence
biotinylated primers and streptavidin labeled paramagnetic magnetic beads can be readily
purchased from commercial vendors or made in a suitable quantity in an appropriately
equipped laboratory.

[00174] As noted above, although embodiments according to the present invention are
also described herein with respect to PCR reactions, it should be understood that the
microfluidic devices, beads and reaction methods described herein may be used in various
other reactions, e.’g., where reagents are cleaved from a bead into a well to participate in a
reaction. For example, any nucleic acid transcription and/or amplification-related reaction is
within the scope of the current invention, including but not limited to PCR reactions, real-

time PCR (rt-PCR), digital PCR (dPCR), reverse transcription of RNA into cDNA (RT), PCR

43



WO 2017/112025 PCT/US2016/055407

of cDNA from previous RT step (RT-PCR), RT-PCR using real-time or digital quantification,
immuno-PCR (iPCR ) and its variants, loop-mediated isothermal amplification (LAMP),
rolling circle replication, and/or non-enzymatic nucleic acid amplification methods (e.g.,
"DNA circuits"). Other reactions that are included within the scope of the present invention
include but are not limited to enzyme-linked immunosorbent assays (ELISA), single
molecule array (SiMoA) or digital ELISAs, ELISAs where the fluorogenic substrate is bound
to the support surface to be cleaved at some point for subsequent reaction, reactions in which
multiple beads are used to deliver different reagents for combinatorial chemistry, reactions
where the beads deliver a catalyst reagent, and/or reactions where “click” chemistry reagents
are delivered in stoichiometries determined by stochastic bead loading.

[00175] Fig. 15 is a schematic illustration of an analysis system 100. The system 100
can include at least one controller 12 (typically comprising at least one processor) in
communication with a signal detector 150 such as a camera or other imaging device. The
signal detector 150 can be configured to detect a signal (e.g., an assay signal and/or an
encoding signal) of the solid substrate(s) such as beads 25 in a bead well array 30 of a
respective microfluidic chip 20 with an array of wells 30. The controller 12 can be in
communication with an input device 125. Although shown as a separate device, the input
device 125, can exist as a part of the system instrumentation. For example, the input device
125 can be the and/or a part of the optics system, imaging device, thermal device, etc. The
controller 12 can be in communication with an image processor 211 having a signal detectidn
with analysis module 221 (e.g., computer program) configured to identify if an assay signal is
present in signal detection segments of the reaction wells and a decoding module 40
configured to obtain encoding signal(s). The image processor module 211 can be totally or
partially onboard or remote from the controller and/or signal detector 150. The image
processor module 211 can be configured to combine a plurality of post-assay images of the
wells to assess whether a well has a positive readout. The image processor module 211 may
remove the background noise from the bead retention segment of respective wells. The
module 211 may be configured to identify the presence of a signal from the detection
segment(s) of a respective well to identify whether a positive assay reaction occurred based
on an assay readout 222. The detector 150 can also detect encoding signal(s) using a
decoding readout 40R.

[00176] Fig. 16 is a flow chart of example operations that can be used to carry out
analysis methods according to embodiments of the present invention. A fluidic device with

bead wells is provided (block 250). An encoding signal is obtained from the wells while
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beads are retained in bead wells, which may include obtaining a first image of beads retained
in the bead wells (block 260). A physical and/or chemical change then occurs for at least
some of the beads (block 272). A second image is then obtained (block 274). Different bead
populations are distinguished by comparing the encoding signals from respective beads in the
first and second images (block 276). _
[00177] In these and/or other embodiments, an encoding signal can be read from the
bead containing segment (i.e. directly from the bead) to ascertain what reagent(s) and/or
analyte the bead may contain. In this manner, the array can be decoded to determine the
meaning of a positive or negative assay signal. Beads may be encoded by means known to
those skilled in the art, including fluorescent dye staining by one or more dyes at one or more
intensity levels, bead diameter, bead shape, or any combination of defined and/or observable
or detectable properties. Beads may also be encoded by any of the methods described herein.
[00178] The bead wells can be arranged as a dense array of bead wells that define
reaction wells (block 252). The bead wells can have a bead retention segment can have a
geometry and diameter that is the same or greater than a diameter of the bead and the signal
detection segment, where used, has a geometry with a width that is less than the diameter of
the bead (block 254).

[00179] The signal detection segment can comprise an elongate channel that is
narrower than the diameter of the bead and the bead well geometry may be configured to
have one or more of (a) a slit, (b) asymmetrical circular perimeters spaced apart by an
elongate channel, (c) a bulls-eye pattern (i.e., an elongate channel merging into an annular
channel), (d) a plurality of spaced apart circular and/or curvilinear perimeters joined by at

least one elongate channel extending therebetween (block 256).

[00180] The bead retention segment can be sized and configured to hold only a single
magnetic bead (block 257).

[00181] The bead wells can contain one or more amplification reagent(s) (block 258).
[00182] The bead wells can have a detection segment can be spaced apart a distance L

of between .3X and 100X the diameter of a target bead, e.g., between 1 to 1000 pum, from the
corresponding bead retention segment (block 259).

[00183] The signal can include a fluorescence signal (with a tail) if an analyte
molecule is present (block 261).

[00184] Fig. 17 is a flow chart of a method of fabricating exemplary devices according
to embodiments of the present invention. An array of wells is patterned (e.g., formed) in a

substrate; the wells have a volumetric capacity of between 1 al. to 100 puL, more typically
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between 1fI. and 1uL, and one or more defined geometries in a defined footprint with linear
dimensions between 1 mm and 10 cm, the defined geometries including a bead retention
segment in fluid communication with a signal detection segment that is spatially separated
from the bead retention segment (block 300).

[00185] The array of wells can be formed by etching ihto a substrate (block 302).
[00186] The array of wells can be molded into a substrate (block 304). Other
fabrication methods are contemplated, e.g., photolithography, FIB milling, embossing,
stamping and the like.

[00187] The bead wells may have a bead retention segment with a diameter in a range
of about 10 nm and 5,000 um, typically between about 3.1-3300 pm that merges into a
channel with a width between about 2-3 um with a length L of between .3X and 100X the
diameter of a target bead, e.g., between 1-100 pm and/or between 1-10 pum, in some

embodiments, forming the optional signal detection segment (block 306).

[00188] Sterilizing the substrate and providing in a package and/or kit for fluidic
analysis of target analytes using magnetic beads that cooperate with the wells (block 308).
[00189] The wells can be reaction wells with one or more amplification reagents.
[00190] The array of wells can be arranged in a density of 6000/mm?* to about

10,000/mm?, typically about 6,000/mm? (block 312).

[00191] The array of wells can be prévided in a density of between 6,000/cm? to about
5,000,000/cm?, more typically 6,000/cm” to about 2,000,000/cm?, (block 314).

[00192] The bead retention segment can have a perimeter with a width that is the same
or within about 195% of a diameter of a target (e.g., magnetic) bead, e.g., between 101% and

195% or 150% of the diameter of a target bead (block 316).

[00193] The wells can have a reaction volume of between 100-150 fL. with a bead
volume of 20 fL. (block 318).
[00194] Fig. 18 is a flowchart of a method of evaluating an assay according to

embodiments of the present invention. Assay signal is electronically detected from a
plurality of reaction wells with beads (block 350). The term "electronically" refers to all
forms of machine based detection (not human vision) such as a camera, e.g., a CCD camera,
a CMOS camera, an array of electrodes, a SEM, and the like. The signal can be an increase
in intensity, fluorescence, one or more defined colors, a defined pixel parameter and the like,
including a change in light scattering properties (transparence), a change in transmittance or
absorbance, chemiluminescence or combinations of different parameters. Before, during,

and/or after the assay is completed, a plurality of images are obtained including a first image
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and obtaining a subsequent image after a Defined Event to identify encoding signals to
decode the assay to identify bead populations in the assay sample (block 370).

[00195] The reaction wells can optionally have signal readout segments, and the
method can electronically detect assay signal from an array of bead wells, each having a
signal readout segment spatially separated from the bead retention segment, after a reaction
has occurred to identify positives (block 352).

[00196] The signal readout segments comprise an elongate channel with a width and/or
depth that is less than a diameter of the bead retention segment(s) (block 354).

[00197] The signal readout segments comprise an annular fluid channel in fluid
communication with the bead retention segment(s) (block 356).

[00198] The assay signal is for a PCR or ELISA-based assays (block 358).

[00199] Multiple primer sets can be screened against each other or against different
reference genomes using the same size beads or different size beads, at least two beads being
held by a single reaction well with two (optionally different size) bead retention segments and
at least one separate readout segment(s) (block 360). These beads may be encoded by any of
the methods listed herein or those sources referenced herein.

[00200] The assay signal can be for nucleic acid profiling of clinical or laboratory

samples using a defined bead set (block 362).

Prophetic Examples 1-10

[00201] The prophetic example embodiments below are described with respect to a
plurality of beads that can be decoded using methods of the present invention to identify
different bead populations. However, other types of solid supports may be utilized. In
addition, each of the below prophetic example embodiments may be combined with one or
more embodiments that utilize the time domain with respect to the same and/or a different
Defined Event. For example, a plurality of beads may include one or more populations of
beads that can be identified using an encoding agent that physically and/or chemically
changes in response to photoexposure at a given wavelength and may include one or
populations of beads that can be identified using an encoding agent that physically and/or
chemicélly changes in response to photoexposure at the same and/or a different wavelength
and/or that changes in response to temperature and/or the chemical environment. For
example, the encoding signal generated by the encoding agent for a respective bead prior to
the physical and/or chemical change rhay be different than the encoding signal generated by

the encoding agent for the respective bead after the physical and/or chemical change
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[00202] In each of Examples 1-10, a plurality of encoded beads may be provided that
includes different bead populations/subsets that can be identified by comparing the
fluorescence intensity from first and/or second encoding agents attached to each bead at a
first point in time before a Defined Event and an additional point in time during and/or after
the Defined Event. A first bead population may include a first encoding agent (e.g., FP,
organic dye and/or quantum dot) attached thereto and a second bead population may include
a second encoding agent (e.g., FP, organic dye and/or quantum dot) attached thereto.
Additional bead populations may include both the first and second encoding agents attached
thereto in different ratios (e.g., in a ratio of first encoding agent:second encoding agent of
25:75, 50:50, or 75:25). For example, a third population may have a ratio of 30:70, a fourth
population may a ratio of 50:50, etc. The first and second encoding agents may have the
same and/or similar fluorescence excitation/emission properties and/or intensities such that
the first, second, and additional bead populations are indistinguishable at the first point in
time prior to the Defined Event. However, at least one of the encoding agents may not be
stable with respect to the Defined Event. Thus, during and/or after exposure to the Defined
Event, the first and second encoding agents may exhibit different fluorescence intensities,
which allows for the two encoding agents to be distinguished. Thus, the first and second
bead populations may be identified by comparing the fluorescence intensity before the
Defined Event with the fluorescence intensity during and/or after the Defined Event. The
additional bead populations may also be identified by the fluorescence intensity or change in
fluorescence intensity after the Defined Event as the ratio provides different levels or a
gradient of fluorescence intensities between the intensities for the first and second encoding
agents. The number of additional bead populations that may be provided may depend on the
number of additional fluorescence intensities that can be identified (i.e., that are
distinguishable) at a point in time during and/or after the Defined Event.

[00203] In these examples, it should be noted that it would be advantageous to have
many populations of substrates that can be distinguished based upon an initial reading or
measurements of their properties, but within each initially distinguishable population there
are different subpopulations that may not be initially identifiable. After the Defined Event
(or a series of Defined Events or multiple simultaneously occurring Defined Events), the
different subpopulations will be distinguishable and identifiable by a comparison of their
initial signal measurements to the signal measurements occurring after and/or during the
Defined Event(s). In this manner, all multiplexed populations are resolved from one another

by the decoding. Although populations may be described below as indistinguishable, it
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should be noted that they can describe initialiy indistinguishable subpopulations of larger
substrate sets that may have some distinguishable properties that allow an initial
classification. Although Defined Events may be described below to cause physical and/or
chemical changes that create different intensity levels for a given subpopulation, it should be
noted that these resulting intensity levels are “different” as compared to that measured for
that particular subpopulation before the Defined Event and may, in some cases, correspond to
intensity levels that are similar to or the same as initial intensity levels or final intensity levels
for other subpopulations that were distinguished from the given subpopulation by another
distinguishable property either before, after, or during the Defined Event. Thus, comparison
of the encoding signal for a particular bead at different points in time, which may include
points in time before, after, or during a Defined Event, may be used to distinguish the bead

from another bead.

[00204] Example 1
[00205] Photostability of organic dyes in the time domain may be used to decode the

plurality of encoded beads. A first bead population may include a first organic dye attached
thereto and a second bead population may include a second organic dye attached thereto.
Additional bead populations may include both the first and second organic dyes attached
thereto in different ratios as described above. The first and second organic dyes may have the
same and/or similar fluorescence excitation/emission properties and/or intensities such that
the first, second, and additional bead populations are indistinguishable at the first point in
time prior to the Defined Event. The first and second organic dyes may be susceptible to
different levels of photobleaching upon exposure to light for a defined time, typically
between about 30 seconds and five minutes, such as about 1 minute, about 2 minutes, about 3
minutes or more. Thus, after photobleaching for the defined time, e.g., at least one
microsecond, the different bead populations have different fluorescence intensities. For
example, the first organic dye may be not as susceptible (i.e., more stable) to photobleaching
compared to the second organic dye (i.e., the dynamic element) and the fluorescence intensity
for the first organic dye may only reduce by 10% after 1 minute, whereas the fluorescence
intensity for the second organic dye may reduce by 90% after 1 minute. Thus, the first and
second bead populations may be identified by the fluorescence intensity after the Defined
Event (i.e., photobleaching). The additional bead populations may also be identified by the
fluorescence intensity after the defined event as the ratio provides different levels or a
gradient of fluorescence intensities between the intensities for the first and second organic

dyes.

49



WO 2017/112025 PCT/US2016/055407

[00206] Example 2
[00207] Photostability of an organic dye and quantum dot in the time domain may be

used to decode the plurality of encoded beads. A first bead population may include an
organic dye attached thereto and a second bead population may include a quantum dot
attached thereto. Additional bead populations may include both the first organic dye and
organic dot attached thereto in different ratios as described above. The first organic dye and
quantum dot may have the same and/or similar fluorescence excitation/emission properties
and/or intensities such that the first, second, and additional bead populations are
indistinguishable at the first point in time prior to the Defined Event. The first organic dye
(i.e., the dynamic element) may be susceptible photobleaching upon exposure to light for 1
. minute or more, whereas the quantum dot is not susceptible to photobleaching. Thus, after
photobleaching for at least one minute the different bead populations have different
fluorescence intensities. For example, the fluorescence intensity for beads with only the first
- organic dye may by significantly reduced after a defined time, e.g., 1 minute, whereas the
fluorescence intensity for beads with only the quantum dot may not be reduced after 1
minute. Thus, the first and second bead populations may be identified by the fluorescence
intensity after the Defined Event (i.e., photobleaching). The additional bead populaﬁons may
also be identified by the fluorescence intensity after the Defined Event as the ratio provides
different levels or a gradient of fluorescence intensities between the intensities for the first

organic dye and quantum dot.

[00208] Example 3
[00209] Thermal stability of an encoding agent may be used to decode the plurality of

encoded beads by comparing the fluorescence intensity from first and/or second encoding
agents attached to each bead at a first point in time before a thermal Defined Event and at an
additional point in time during and/or after the thermal Defined Event. A first bead
population may include a first encoding agent (e.g., organic dye and/or quantum dot) attached
thereto and a second bead population may include a second encoding agent (e.g., organic dye
and/or quantum dot) attached thereto. Additional bead populations may include both the first
and second encoding agents attached thereto in different ratios as described above. At least
one of the encoding agents may not be stable to an increase or decrease in temperature. For
example, an encoding agent (i.e., the dynamic element) in response to a defined thermal event
may change in structure and/or charge, which may provide a change in the fluorescence
intensity of the encoding agent. In some embodiments, the thermal Defined Event may cause

a change and/or disrupt the chemical bonds associated with the encoding agent and/or bead,
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such as, e.g., the chemical bonds of a binding pair (e.g., streptavidin-biotin) attaching the
encoding agent to the bead. Thus, during and/or after exposure to a change in temperature,
the first and second encoding agents méy exhibit different fluorescence intensities that allows
for the two encoding agents to be distinguished. Thus, the first and second bead populations
may be identified by the fluorescence intensity after the Defined Event (i.e., increase or
decrease in temperature). The additional bead populations may also be identified by the
fluorescence intensity after the Defined Event as the ratio provides different levels or a

gradient of fluorescence intensities between the intensities for the first and second encoding

agents.
[00210] Example 4
[00211] A thermal Defined Event may activate or deactivate an agent (e.g., a

quencher) that affects the fluorescence intensity of at least one of the encoding agents (i.e.,
the dynamic element). For example, a heat-labile compound may be activated by a thermal
Defined Event where the temperature is increased. The agent in response to the thermal
Defined Event may interact with an encoding agent, no longer interact with the encoding
agent, and/or may affect the chemical properties of the environment in which the encoding
agent is present (e.g., change the pH), which may provide a change in the fluorescence
intensity of the encoding agent. Thus, during and/or after exposure to the thermal Defined
Event, the first and second encoding agents may exhibit different fluorescence intensities that
allows for the two encoding agents to be distinguished. Thus, the first and second bead
populations may be identified by the fluorescence intensity after the defined event (i.e.,
increase or decrease in temperature). The additional bead populations may also be identified
by the fluorescence intensity after the defined event as the ratio provides different levels or a

gradient of fluorescence intensities between the intensities for the first and second encoding

agents.
[00212] Example 5
[00213] An optical Defined Event may activate or deactivate an agent (e.g., a

quencher) that affects the fluorescence intensity of at least one of the encoding agents (i.e.,
the dynamic element). For example, a photoactivated compound may be present with the
encoded beads and may be activated by an optical Defined Event where light is exposed to
the encoded beads a1:1d agent. The agent in response to the Defined Event may interact with
an encoding agent, no longer interact with the encoding agent, and/or may affect the chemical
properties of the environment in which the encoding agent is present (e.g., change the pH),

which may provide a change in the fluorescence intensity of the encoding agent. Thus,
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during and/or after exposure to the optical Defined Event, the first and second encoding
agenﬁts may exhibit different fluorescence intensities that allows for the two encoding agents
to be distinguished. Thus, the first and second bead populations may be identified by the
fluorescence intensity after the defined optical event (e.g., exposure to light of a given
wavelength and/of wavelength range). The additional bead populations may also be
identified by the fluorescence intensity after the Defined Event as the ratio provides different
levels or a gradient of fluorescence intensities between the intensities for the first and second

encoding agents.

[00214] Example 6 \
[00215] A chemical Defined Event may be used to identify different bead

populations/subsets. A change in the chemical environment may cause a change in the
fluorescence intensity of at least one of the encoding agents. For example, the chemical
Defined Event may cause and/or provide a change in pH of the bead environment, change the
composition (e.g., remove and/or add a chemical/ingredient and/or change a solvent), activate
or deactivate an agent (e.g., a quencher) that affects the fluorescence intensity of at least one
of the encoding agents, and/or change the stability of a binding complex, which may cause a
change in fluorescence intensity of the encoding agent. Accordingly, during and/or after the
Defined Event, the first and second encoding agents may exhibit different fluorescence
intensities that allows for the two encoding agents to be distinguished. Thus, the first and
second bead populations may be identified by the fluorescence intensity after the Defined
Event. The radditional bead populations may also be identified by the fluorescence intensity
after the defined event as the ratio provides different levels or a gradient of fluorescence

intensities between the intensities for the first and second encoding agents.

[00216] Example 7
[00217] In some embodiments, an additional population (e.g., a third population) to

those described in Examples 1-6 above may be identified if the Defined Event provides a
fluorescence intensity that is exhibited after the Defined Event that was not present before the
Defined Event and is different than the fluorescence intensity of the other bead populations.
For example, a third bead population may include an encoding agent that does not exhibit
fluorescence at a first point in time before the Defined Event. Thus, the first, second, and
third bead populations are indistinguishable at a first point in time using fluorescence
intensity. However, the Defined Event may activate the fluorescence of the encoding agent
so that after the Defined Event a third fluorescence intensity is provided that is different than

that for the first and second bead populations.
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[00218] Example 8
[00219] Table 3 shows a conventional fluorescence encoding scheme where three

intensity levels (low, medium, and high) of two different color dyes (red and blue) are used to

encode nine populations of solid supports.

Table 3.
Low Blue (LLB) | Medium Blue High Blue (HB)
(MB)
Low Red (LR) LR (LB) LR (MB) LR (HB)
Medium Red (MR) MR (LB) MR (MB) MR (HB)
High Red (HR) HR (LB) HR (MB) HR (HB)

[00220]

stable, blue unstable i.e. only two total colors) using mixtures to obtain 6 different dynamic

Table 4 shows how encoding with four dyes (red stable, red unstable, blue

properties (Low that stay low, medium that stays medium, medium that bleaches low, high
that stays high, high that bleaches medium, and high that bleaches low) for each color results
in 36 different populations that can be distinguished using a measurement of only two colors

(red and blue) and three intensities (low, medium, and high) before and after a Defined Event.

Table 4.
Low Medium | Medium High Blue | High Blue | High Blue to
Blue Blue Blue to (HB) to Low Blue
(LB) (MB) Low Blue Medium | (HB>LB)
' (MB>LB) Blue
(HB>MB)
Low Red LR (LB) | LR (MB) | LR LR (HB) |LR LR
(LR) (MB>LB) (HB>MB) | (HB>LB)
Medium Red | MR MR MR MR (HB) | MR MR
(MR) (LB) (MB) (MB>LB) (HB>MB) | (HB>LB)
Medium Red | MR>LR | MR>LR | MR>LR ‘MR>LR | MR>LR | MR>LR
to Low Red (LB) (MB) (MB>LB) | (HB) (HB>MB) | (HB>LB)
(MR>LR)
High Red HR (LLB) | HR (MB) | HR HR (HB) | HR HR
(HR) (MB>1B) (HB>MB) | (HB>LB)
High Red to HR>MR | HR>MR | HR>MR HR>MR | HR>MR | HR>MR
Medium Red | (LB) (MB) (MB>LB) | (HB) (HB>MB) | (HB>LB)
| (HR>MR)
High Red to HR>LR | HR>LR | HR>LR HR>LR HR>LR | HR>LR
Low Red (LB) (MB) (MB>LB) | (HB) (HB>MB) | (HB>LB)
(HR>LR)
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[00221] Example 9
[00222] Table S shows a conventional encoding a scheme where two colors (red and

blue), three intensities (low, medium, high), and two sizes (small and big) are used to encode
18 populations of substrates. It should be noted that the populations in Table § are similar to

those in Table 3, but by adding a bead size dimension with two levels (small and big), the

number of available conventional encoding levels was doubled from 9 to 18.

Table 5.
Low LB and Medium MB and High Blue | HB and
Blue small Blue (MB) | small (HB) and | small
(LB) and big big
and big
Low Red LR (LB) | LR (LB) | LR (MB) LR (MB) |LR(HB) |LR (HB)
(LR) big small big small big small
Medium Red | MR MR (LB) | MR (MB) | MR (MB) | MR (HB) | MR (HB)
(MR) (LB) big | small big small big small
High Red HR (LB) | HR(LB) | HR(MB) |HR(MB) | HR (HB) | HR (HB)
(HR) big small big small big small -
[00223] Table 6 shows how the dynamic decoding approach described herein can be

applied to further increase the number of distinguishable populations or encoding states by
the addition of two dynamic dimensions related to bead size: an increase in size by swelling
or a decrease in size by dissolving. This results in 54 different populations that can be
distinguished based upon changes observed (or observed not to occur) after a Defined Event.
This gain in potential multiplexing is achievable’by measuring only two colors (red and blue)
at three intensities (low, medium, and high), and four sizes (big, bigger, small, dissolves/not
detected). This encoding scheme can be further expanded by the incorporation of any of the

. other methods described herein.

Table 6.

Low Blue | LBand’ |Medium | MB and High Blue | HB and

N (LB) and | small Blue small (HB) and | small
big (MB) and big
big

Low Red LR(@EB) [LR(@B) |LR(MB) {LR(MB) |LR((HB) |LR (HB)
(LR) big small big small big small
Low Red LR(LB) |LR({@B) |LR(MB) |LRMB) |[LR(HB) |LR (HB)
(LR) dissolves | big small big small big small

dissolves | dissolves | dissolves | dissolves | dissolves | dissolves
Low Red LR(@LB) |LR({@B) |LR(MB) |LR(MB) |[LR((HB) |LR (HB)
(LR) swells big swells | small big swells | small big swells | small swells
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swells swells
Medium Red | MR (LB) | MR (LB) | MR (MB) | MR (MB) | MR (HB) | MR (HB)
(MR) big small big small big small
Medium Red | MR (LLB) | MR (LB) | MR (MB) | MR (MB) | MR (HB) | MR (HB)
| (MR) big small big small big small
dissolves dissolves | dissolves | dissolves | dissolves | dissolves | dissolves
Medium Red | MR (LB) | MR (LB) | MR (MB) | MR (MB) | MR (HB) | MR (HB)
(MR) swells big swells | small big swells | small big swells | small swells
swells swells
High Red HR(LB) | HR(LB) | HR(MB) | HR (MB) | HR (HB) | HR (HB)
(HR) big small big small big small
High Red HR(LB) |HR(LB) |HR(MB) | HR(MB) | HR (HB) | HR (HB)
(HR) dissolves | big small big small big small
dissolves | dissolves | dissolves | dissolves | dissolves | dissolves
High Red HR(LB) |HR(LB) |HR(MB) | HR (MB) |HR (HB) | HR (HB)
(HR) swells big swells | small big swells | small big swells | small swells
swells swells
[00224] Example 10
[00225] Figs. 20 and 21 show examples of instrumentation that is not array based but

utilizes a flow cytometer to make a measurement of a bead before or after a Defined Event. In
Fig. 20 solid supports are measured before and after illumination photobleaches an encoding
agent or agents. Fig. 21 shows an example where solid supports are measured before and
after a sheath flow or additional reagent stream is mixed into the stream containing the beads.
This flow can contain an agent such as but not limited to a buffer of a different pH, solvent,
or ligand that affects at least one encoding agent or the solid support structure to cause a
physical and/or chemical change. A comparison of the optical properties of the solid supports
before and after the Defined Event can be used to decode one population or subpopulation

from another,

[00226] Example 11
[00227] Multiplexing bead-based bioassays typically requires that each type of

microsphere be uniquely encoded to distinguish one type from another. Microspheres are
typically encoded using fluorescent dyes with different spectral properties and varying
concentrations. However, i)ractical limits exist on the number of dyes that can be spectrally
resolved or the number of distinguishable intensity levels with each dye. To expand the
number of encoding levels, a method was developed that incorporates photobleaching
kinetics into bead decoding, unlocking additional multiplexing levels unattainable by
conventional decoding methods. To demonstrate this technique, beads were encoded with

two dyes havihg overlapping fluorescence excitation and emission wavelengths but different

55



WO 2017/112025 PCT/US2016/055407

photostabilities. All beads initially exhibited similar fluorescence intensities; however,
following appropriate photoexposure, the less photostable dye had reduced emission intensity
due to photobleaching. By comparing the original fluorescence emission intensity to that
obtained after photobleaching, multiple different populations could be reliably identified.
Using only a single excitation/emission band, two different initial intensity levels were
optimized to produce six uniquely identifiable bead populations whereas only two could have
been achieved with conventional decoding methods. Incorporation of this encoding strategy
into bead-based microwell array assays significantly increases the number of encoding levels
available for multiplexed assays without increasing the complexity of the imaging
instrumentation.

[00228] The method incorporated a dynamic element into the decoding process.
Rather than using single time-point encoding measurements, the method described herein
employs the photobleaching kinetics to distinguish bead populations. Two dyes with
overlapping spectral properties, but different photostabilities, were utilized to encode beads
that could then be differentiated based on simple photobleaching rate measurements. The
methods reported here monitor photobleaching, which occurs on the seconds timescale for
these experiments, significantly increasing the multiplexing capacity of bead-based assays

without increasing the complexity of the analytical platform.

[00229] MATERIALS AND METHODS
[00230] Bead Encoding Procedure
[00231] Streptavidin-functionalized ProMag magnetic microspheres, nominally 3 um

in diameter, were purchased from Bangs Laboratories (Fishers, IN). R-phycoerythrin (PE)
biotin conjugate and 605 Qdots (QDs) biotin conjugate (Life Technologies; Carlsbad, CA)
were used as the encoding dyes for this study. “High” level beads were labeled with 5 nM
PE, 250 nM QDs, or an 18 nM PE/ 22 nM QD mixture. The “low” level beads were labeled
with 0.6 nM PE, 4 nM QDs, or a 0.45 nM PE/ 2 nM QD mixture. The buffer utilized
throughout this encoding procedure was comprised of 1x Tris-buffered saline, pH 7.2
(Thermo Scientific; Waltham, MA) and 0.1% Tween 20 (Sigma Aldrich; St. Louis, MO).

[00232] A 10 upL aliquot of bead stock solution (2.6% solids) was used for each
labeling reaction. Beads were first washed 3x with 100 uL aliquots of buffer, magnetically
collected, and then resuspended in 10 pL. Encoding was performed by adding 15 pL of dye
solution to the beads and incubating for 1 h at ambient temperature. Dye labeling bead

solutions were shielded from light and placed in a rotator (Labnet International; Edison, NJ)
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to ensure beads remained suspended for the duration of the labeling reaction. After
functionalization, beads were washed 3x and then resuspended in 20 p,L‘ of buffer and stored
at 4 °C.

[00233] Microwell Array Fabrication

[00234] Microwell array chips for these studies were fabricated using silicon and glass.
Silicon wafers were purchased from University Wafer (South Boston, MA) and coated with
chromium and positive photoresist by NanoFilm (Westlake Village, CA). The array
containing 3.5 um diameter bead wells was photolithographiqally patterned onto the wafers
using a Heidelberg Instruments DWL FS66 laser writer (Heidelberg, Germany). Following
development of the photoresist and removal of the exposed chromium, wafers were etched in
an Alcatel AMS 100 deep reactive ion etcher to a depth of =5 pm.23 After etching, the
remaining photoresist and chromium were removed from the wafer. SU-8 2050 (MicroChem; -
Westborough, MA) was then patterned onto the wafer to form the outer fluidic boundaries of
the device. To complete the microchip, a glass substrate containing vias for fluid and bead
access was aligned over the silicon array and epoxied into place (Loctite 120 HP). Once
bonded, chips were treated with a 1% trichloro(octyl)silane (Sigma Aldrich) in heptane
(Fisher Scientific; Pittsburgh, PA) to render the surfaces hydrophobic.

[00235] Encoding Experiments

[00236] Microchips were conditioned with a buffer containing 20 mM Tris, pH 8.0
(Life Technologies), 50 mM KCl (Life Technologies), 2.5 mM MgCl2 (Fluka; St. Louis,
MO), 0.1% Tween 20, and 1% bovine serum albumin (Thermo Scientific). Beads were
pipetted into a via and pulled over the array magnetically where uniform loading was
achieved throughout the chip. Following loading, chips were sealed with Krytox oil (DuPont;
Wilmington, DE) to isolate individual wells from each other. Sealed chips were kept in
darkness until ready for imaging.

[00237] - The imaging system utilized in these experiments was comprised of a Nikon
AZ100 fluorescence microscope (Melville, NY), a Prior Scientific Lumen 200Pro
fluorescence illumination system (Rockland, MA), and a Hamamatsu ORCA Flash 4.0
CMOS camera (Middlesex, NJ). Loaded chips were placed on the microscope stage and 2s
exposures were acquired every 2.5 s using Micro-Maﬁager software. The excitation source
shutter was fully open only during the exposure. Subsequent data plots in this manuscript
display x-axis time points as real time (i.e. 2.5 s per image) rather than exposure time (i.e. 2 s

per image). Images for both PE- and QD-encoded beads were acquired using a single filter
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set (545/30 nm excitation, 620/60 nm emission).

[00238] To evaluate bleaching behavior, replicate chips were loaded with a single bead
type and repeatedly imaged. This was conducted for all bead populations. The resulting
images were processed with FIJI software.26 After the location of each bead in the array
wells was determined, fluorescence signals were ascertained throughout the set of images.
The fluorescence intensity was plotted as a function of optical irradiance exposure time to
compare population decay profiles. For histogram analysis, normalized intensity values from
the ﬁhal three images terminating at a given time point (e.g. when evaluating 90 s of
exposure, the t=80 s, 85 s, and 90 s images were utilized) were averaged to minimize
fluctuations in the signal and reduce noise. These endpoint decay values were then sorted to

determine appropriate histogram bin ranges specific to each bead population.

[00239] RESULTS AND DISCUSSION
[00240] Photobleaching Rates
[00241] Differences in the photostabilities of quantum dots and organic dyes offer an

intriguing opportunity for encoding microspheres when they have sufficiently overlapping
excitation or emission maxima. The fluorescent protein phycoerythrin has a high fluorescence
quantum yield but is susceptible to photobleaching upon prolonged photoexposure. In
contrast, quantum dots are generally resistant to photobleaching and maintain (or even
increase) their observed emission following additional exposure. By encoding one bead set
with PE and another with QDs, it was hypothesized that the initial fluorescence between the
two populations would appear the same, but that they could be distinguished after extended
exposure. Introduction of photobleaching kinetics into such encoding measurements would
therefore enable additional encoding levels to be achieved for increased multiplexing
unattainable by conventional, single-image decoding methods.

[00242] Bead sets encoded with PE, QDs, or a mixture of both dyes were loaded into
| microwell array chips and repeatedly imaged. Inspection of the resulting images illustrated
that beads underwent a differential change following prolonged imaging (see, e.g., Figs. 3A,
3B, and 3C). As predicted, beads encoded with PE experienced significant reduction in
fluorescence signal as the dye bleached over the course of 3 min while the fluorescence
signal from the QD-encoded beads was largely unaffected by photoexposure over the same
duration. Beads labeled with a mixture of both dyes exhibited a moderate decrease in
fluorescence signallthat was less severe than the PE-encoded population. A plot of the
fluorescence decay profiles shows good resolution between each bead set. Very similar

bleaching rates were observed within each bead population indicating high precision for this
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dynamic decoding approach.

[00243] Bleaching Duration and Population Overlap

[00244] Although the average fluorescence decay profiles of each bead set were quite
distinct from one another, each population exhibited variance in photobleaching.
Consequently, the boundaries of each population were inspected to verify that they did not
overlap with one another in order to avoid bead misidentification. Fig. 22 illustrates the
photobleaching profiles from the top and bottom 5% of beads from each population. These
traces show that not only is the average decay of each bead population well-resolved from
one another, but the range within each group is resolved as well. Fig. 22 also suggests that 3
min of photobleaching under these conditions is somewhat excessive since each population
appears to be identifiable in a shorter time period.

[00245] Given that both throughput and performance of bioassays will benefit from a
reduction in decoding time, the minimum photobleaching duration required to obtain
acceptable resolution between populations was sought within the parameters of our
experimental setup. Endpoint fluorescence values for individual beads were binned into
histograms after different lengths of photobleaching, where bleaching was characterized as
“fast” (PE beads), “moderate” (Mix beads), and “slow” (QD beads) (Table 7). Each
population had >50k beads in the data set (n=5 chips) to provide a sufficiently large sample
size to accurately represent the population distribution. Decoding data revealed that the
different bead sets were fairly well resolved within 30 s, although some overlap was still
observed between the Mix beads and the other populations. The maximum misidentification
after 30 s of ‘bleaching was 1.7%, occurring between the PE and Mix beads. While this error
may be acceptable for certain applications where a small amount of misidentification is
tolerable, it is too high for many digital, low LOD assays. In general, the percentage of bead
misidentification should be less than the noise of the bioassay to ensure it does not
significantly impact the measurement precision. Additionally, this short bleaching time
required that 2.5% of both PE and Mix beads be excluded from the data set because they
exhibited fluorescence in overlap regions between adjacent bead populations. Removing this
fairly small percentage of beads was found to significantly improve identification accuracy
and remove ambiguity from the analysis. |

[00246] Extending the photobleaching duration increased resolution between the bead
populations (Table 7). After 1.5 min of bleaching, identification accuracy increased to
>99.9% with <0.8% of beads excluded due to ambiguity. However, diminishing returns were

observed when bleaching time was further extended. Identification accuracy following 3 min
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+ of bleaching was >99.98% while the exclusion rate was <0.3%. Although superior, the extra
resolution was deemed superfluous for most bioassays where non-specific binding causes a
background signal of 0.1-1%.7 Due to the combination of high encoding accuracy, low
exclusion rate, and faster throughput, photoexposure times of 1.5 min were deemed optimal
for bead decoding under these experimental parameters. Other systems with higher intensity

lamps, broader band-pass filter sets, etc. may be used to reduce this time further.

[00247] Table 7: The percentages of beads in each population were sorted into three
photobleaching bins (“fast”, “moderate”, and “slow”) based on endpoint fluorescence decay.
The percentage of misidentified beads diminished as bleaching time was increased. Beads
exhibiting decay values in ambiguous overlap regions between populations were omitted

(“excluded”) from the data sets.

0.5 min 1.5 min 3 min

Bleaching | pg Mix QD PE Mix QD PE Mix QD

Fast 97.19 1.67 0 99.14 0.087 0 99.89 0.018 0
Moderate 0.304 95.78 0.024 0.084 99.26 0.004 0.015 99.68 0

Slow 0 0.050 99.89 0 0.016 99.96 0 0.020 99.99
Excluded 2.50 2.51 0.085 0.773 0.639 0.036 0.100 0.280 0.013

[00248] Additional Encodiqg States

[00249] To further enhance‘ the number of encoding states with this dynamic decoding

technique, new sets of beads at a lower initial intensity level were developed using lower dye
concentrations (“low” beads). The amounts of each dye were optimized to obtain similar
initial fluorescence values for the three bleaching-distinguishable bead types (PE, QD, and
Mix, as before) while also ensuring they underwent a resolvable degree of photobleaching
decay. Following optimization of dye concentrations, bleaching profiles for three populations
were measured. Each bead population exhibited similar normalized photobleaching to its
corresponding profile the “high” intensity beads described in the previous section) with high
precision. Histograms were constructed to measure the overlap between these “low” intensity
bead populations after bleaching. Overlap between the three bead sets was indicating that
“low” intensity level beads perform as well as “high” intensity beads, and both can be readily
implemented into multiplexed bead assays.

\[00250] While optimizing dye concentrations, care was taken to ensure the “low”

intensity populations did not overlap in initial intensity with the “high” encoding populations.
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This is crucial since normalized decay cannot be used to distinguish between beads encoded
with the same dye. Sorting the data into histograms validated that the “high” and “low”
intensity levels demonstrated no overlap. It can also be seen that the wide range in
fluorescence values of the “high” population makes it difficult to achieve an intermediate
encoding level, a common limitation that precludes high degrees of multiplexing with
conventional bead encoding approaches. However, with the incorporation of the time ddmain,
multiple additional encoding levels were attained despite the high variance in initial intensity.
[00251] Ultimately, combining beads of two intensity levels (“high” and “low”), each
with three distinguishable subpopulations (PE, QD, and Mix ), enabled a total of six distinct
encoding states to be achieved with single wavelength detection. Individual beads were first
assigned to the “high” or “low” bins based on the t=0 fluorescence and then repeatedly
imaged to identify the specific encoding dye(s) used (Fig. 23). This approach was shown to
significantly enhance the multiplexing capability of bead-based POC assays compared to
conventional encoding approaches while also minimizing cost and complexity of the assay
optical system.

[00252] Theoretical Considerations

[00253] Standard encoding is typically based upon a single time point observation of
wavelengths and intensities. The number of available encoding states is determined by the
number of distinguishable populations for each excitation/emission band and can be
expressed according to the following equation for three bands:

[00254] Teonventionar = (M + 1) * (n; + 1) * (g + 1)

[00255] where Teonventional 1S the total number of encoding states, n;, nj, and n are the
number of encoded intensity levels in excitation/emission bands I, J, and K, respectively. The
lowest level of fluorescence is the level 0, or non-encoded, where the presence of an
encoding dye cannot be detected.

[00256] Mixing two or more dyes with similar spectral properties, but different
stabilities, provides additional states of encoding within the distinguishable fluorescence
intensity levels. Figure S3 shows a diagram of the process whereby two spectrally similar
~ dyes are mixed together at different ratios to achieve 0-5 encoding levels. The lowest level, 0,
uses no dye. The next level, 1, can use one equivalent of either the stable or the labile dye.
Level 2 can use two equivalents of either dye or a mix of one equivalent of each dye. It can
be observed that for band /, for each intensity level i, there are i+1 dye combinations that will

react differently to lphotoexposure. The total number of available encoding states (Tgynamic)
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can be expressed as a function of the number of distinguishable fluorescence levels:

[00257)  Taymamic = (Zftol + 1) * (27,6 + 1)) * (Thto(k + 1)

[00258] where i, j, and k represent intensity levels in excitation/emission bands I, J and
K. For five different encoding levels and three excitation/emission bands, a traditional single
time point measurement will yield 216 unique encoding states. Using a time-domain
approach with five different intensity levels results in 21 different types of uniquely encoded
beads and the theoretical number of unique encoding states for three excitation/emission
bands is 9,261.

[00259] Prophetic Example 12

[00260] The photostability of organic dyes in the time domain may be used to decode a

biological sample. A first antibody may include a first organic dye attached thereto and a
second antibody may include a second organic dye attached thereto. A third antibody may
include both the first and second organic dyes attached thereto in different ratios as described
above. The first and second organic dyes may have the same and/or similar fluorescence
excitation/emission properties and/or intensities such that the first, second, and additional
antibodies are indistinguishable at the first point in time prior to the Defined Event. The first
and second organic dyes may be susceptible to different levels of photobleaching upon
exposure to light for a defined time, typically between about 30 seconds and five minutes,
such as about 1 minute, about 2 minutes, about 3 minutes or more. Thus, after-
photobleaching for the defined time, e.g., at least one microsecond, the different antibodies
have different fluorescence intensities. For example, the first organic dye may be not as
susceptible (i.e., more stable) to photobleaching compared to the second organic dye (i.e., the
dynamic element) and the fluorescence intensity for the first organic dye may only reduce by
10% after 1 minute, whereas the fluorescence intensity for the second organic dye may
reduce by 90% after 1 minute. Thus, the first and second antibody populations may be
identified by the fluorescence intensity after the Defined Event (i.e., photobleaching). The
third antibody population may also be identified by the fluorescence intensity after the
Defined Event as the ratio provides different levels or a gradient of fluorescence intensities
between the intensities for the first and second organic dyes. A biological sample (e.g., a
tissue) may be contacted with the first, second and third antibodies. Each of the encoded
antibodies may bind to a portion of the sample. The fluorescence intensity at different
locations on the sample may be compared at different time points to identify the location of

each antibody in and/or on the sample, and may be used to identify what elements are present
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in a sample and/or where the elements are in a sample.

[00261] The foregoing is illustrative of the present invention and is not to be construed
as limiting thereof. Although a few exemplary embodiments of this invention have been
described, those skilled in the art will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such modifications are intended to be included
within the scope of this invention as defined in the claims. Therefore, it is to be understood
that the foregoing is illustrative of the present invention and is not to be construed as limited
to the specific embodiments disclosed, and that modifications to the disclosed embodiments,
as well as other embodiments, are intended to be included within the scope of the appended
claims. The invention is defined by the following claims, with equivalents of the claims to be

included therein.
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THAT WHICH IS CLAIMED:

1. A method of decoding solid supports, comprising:

detecting a first encoding signal and a second encoding signal for solid supports in a
plurality of solid supports (e.g., a multiplexing bead set);

comparing the first encoding signal and the second encoding signal for a respective
solid support in the plurality of solid supports, wherein the second encoding signal for the
respective solid support is detected during or after at least one chemical and/or physical
change associated with the solid support and the first and second encoding signals for the
respective solid support are different; and

decoding the plurality of solid supports based at least in part on the comparison of the

first and second encoding signals.

2. The method of claim 1, wherein the plurality of solid supports comprises at least
one population of solid supports for which the first encoding signal is not detectable (e.g.,
not optically detectable) and the second encoding signal is detectable (e.g., optically
detectable).

3. The method of claim 1, wherein the plurality of solid supports comprises at least
one population of solid supports for which the first encoding signal is detectable (e.g.,
optically detectable) and the second encoding signal not detectable (e.g., not optically
detectable).

4. The method of claim 1, wherein the plurality of solid supports comprises at least
one population of solid supports for which the first encoding signal has a greater value (e.g., a
greater signal amplitude, fluorescence intensity value, or diameter) than and the second

encoding signal.

5. The method of claim 1, wherein the plurality of solid supports comprises at least
one population of solid supports for which the second encoding signal has a greater value
(e.g., a greater signal amplitude, fluorescence intensity value, or diameter) than and the first

encoding signal.
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6. The method of claim 1, wherein the plurality of solid supports comprises at least
two populations of solid supports that have different concentrations of at least one encoding

agent on respective solid supports in the at least two populations of solid support.

7. The method of claim 1, wherein the plurality of solid supports comprises at least
two populations of solid supports that have different concentrations and/or ratios of two or
more encoding agents on respective solid supports in the at least two populations of solid
supports, and at least one of the first encoding signal and the second encoding signal for one
of the at least two populations is detectable and distinguishable from the first encoding signal

or the second encoding signal of the other population.

8. The method of claim 1, wherein the plurality of solid supports comprises at least
one population of solid supports for which the first and second encoding signals are not

different.

9. The method of claim 1, wherein the at least one chemical and/or physical change
associated with the solid support is a chemical and/or physical change in the solid support

and/or a compound attached to the solid support.

10. The method of claim 1, wherein the at least one chemical and/or physical change
associated with the solid support is a chemical and/or physical change in an encoding agent

attached to a solid support and/or a compound attached to the encoding agent.

11. The method of claim 1, wherein the detecting of the first encoding signal and/or
the second encoding signal comprises obtaining an optical measurement, optionally wherein
the obtaining of the optical measurement comprises obtaining a fluorescence emission

measurement for the plurality of the solid supports.
12. The method of claim 1, wherein the detecting of the first encoding signal and/or

the second encoding signal comprises obtaining three or more images, optionally wherein the

three or more images are obtained in two or more different wavelength bands.
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13. The method of claim 1, further comprising exposing the plurality of solid supports
to an optical input, and wherein the at least one chemical and/or physical change occurs

during or after the exposing of the plurality of solid supports to the optical input.

14. The method of claim 1, further comprising photobleaching encoding agents (e.g.,
dyes or labels) attached to at least some solid supports in the plurality of solid supports, and
wherein the at least one chemical and/or physical change occurs during or after the

photobleaching of the plurality of solid supports.

15. The method of claim 1, further comprising at least one of heating or cooling the
plurality of solid supports, and wherein the at least one chemical and/or physical change

occurs during or after the at least one of heating or cooling the plurality of solid supports.

16. The method of claim 1, wherein the at least one chemical and/or physical change

is an actively induced change and is permanent.

17. The method of claim 1, wherein the at least one chemical and/or physical change

is reversible.

18. The method of claim 1, wherein the detecting of the second encoding signal
comprises obtaining the second encoding signal at a time greater than 1 ms after the first

encoding signal is detected.

19. The method of claim 18, wherein the second encoding signal is obtained at a time

that is less than 5 minutes after the first encoding signal is obtained.

20. The method of claim 1, wherein the detecting of the first encoding signal
comprises obtaining a first image of the plurality of solid supports in an array (e.g., a bead
well array) and detecting the second encoding signal comprises obtaining a second image of

the plurality of solid supports in the array.

21. The method of claim 1, wherein the first and second encoding signals comprise

fluorescence intensity values.
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22. The method of claim 1, wherein the comparing the first and second encoding
signals comprises comparing color (e.g., color hue, color intensity, and/or color value) for the
respective solid support in the plurality of solid supports before the at least one chemical
and/or physical change with the color of the respective solid support during or after the at

least one chemical and/or physical change.

23. The method of claim 1, wherein the detectirfg of the first and second encoding
signals comprises continuously detecting encoding signals for the plurality of solid supports

for a period of time.

24. The method of claim 1, wherein the comparing of the first and second encoding
signals comprises comparing size and/or shape of the respective solid support before the at
least one chemical and/or physical change with the size and/or shape of the respective solid

support during or after the at least one chemical and/or physical change.

25. The method of claim 1, further comprising providing the plurality of solid
supports prior to the detecting step.

26. The method of claim 1, wherein the detecting of the first encoding signal and/or

the second encoding signal comprises obtaining an image of the plurality of solid supports.

27. The method of claim 1, wherein the detecting of the first encoding signal and/or
the second encoding signal comprises detecting an optical or electrical signal for the

respective solid support in the plurality of solid supports (e.g., a multiplexing bead set).

28. The method of claim 1, wherein a first population of solid supports in the
plurality of solid supports comprises one encoding agent attached to respective solid supports
in thé first population, and a second population of solid supports in the plurality of solid
supports comprises two or more encoding agents bonded to respective solid supports in the

second population.

29. The method of claim 1, further comprising generating the at least one chemical

and/or physical change.
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30. The method of claim 1, wherein the generating of the at least one chemical and/or

physical change comprises waiting for a period of time to pass.

31. The method of claim 1, further comprising denaturing a compound (e.g., a

peptide or protein) associated with a solid support in the plurality of solid supports.

32. The method of claim 1, further comprising removing a quencher associated with a

solid support in the plurality of solid supports.

33. The method of claim 1, further comprising measuring a change in fluorescence

decay rate of an encoding agent attached to a solid support in the plurality of solid supports.

34, The method of claim 1, wherein the comparing of the first and second encoding

signals is carried out electronically.

35. The method of claim 1, wherein the detecting of the first and second encoding
signals comprises obtaining first and second images of the plurality of solid supports, and
obtaining each of the first and second images comprises imaging for about 2 milliseconds to

about 5 seconds.

36. The method of claim 35, further comprising photobleaching encoding agents
(e.g., dyes or labels) associated with at least some solid supports in the plurality of solid
supports for about 5 seconds to about 5 minutes, optionally wherein the photobleaching

occurs during and/or after the first image is obtained.

37. The method of claim 1, wherem each of the solid supports in a subset of the
plurahty of solid supports comprises a dynam1c element and an encoding agent, and

wherein different ratios and/or concentrations of the encoding agent and dynamic
element on respective solid supports in the subset of the plurality of solid supports provides a

plurality of encoding states that are used to decode the plurality of solid supports.

38. The method of claim 1, wherein the plurality of solid supports comprises at least

one population that has solid supports encoded with at least two encoding agents (e.g., dyes
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or labels) that have overlapping fluorescence excitation bands and fluorescence emission

bands, optionally wherein the at least two encoding agents have different photostabilities.

39. The method of claim 38, wherein at least one of the at least two encoding agents

is stable and the other is unstable.

40. The method of claim 1, further comprising generating a first chemical and/or
physical change associated with a first solid support in the plurality of solid supports to
define a first population in the plurality of solid supports, and generating a second chemical
and/or physical change associated with a second solid support in the plurality of solid
supports to define a second population in the plurality of solid supports, optionally wherein
the generating of the first and/or second chemical and/or physical change comprises

photobleaching and/er denaturing an encoding agent associated with the solid support.

41. The method of claim 40, wherein the generating of the first and/or second
chemical and/or physical change occurs at the same time and/or using the same conditions

(e.g., the same wavelength band, temperature, chemical environment, and/or pressure).

42. The method of claim 40, wherein the generating of the first and/or second
chemical and/or physical change occurs at different times and/or using different conditions

(e.g., different wavelength bands, temperatures, chemical environments, and/or pressures).

43, The method of claim 40, wherein the generating of the first and/or second
chemical and/or physical change further defines sub-populations within the first and/or

second populations.

44, The method of claim 40, wherein solid supports in the sub-populations within the
first population and/or the second population have different ratios and/or concentrations of at
least two encoding agents on respective solid supports to provide a plurality of encoding

states that are used to decode the plurality of solid supports.

45, An assay decoding system, comprising:

a circuit comprising at least one processor;
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a fluidic analysis chip comprising a plurality of solid supports (e.g., a multiplexing
bead set); and

at least one of a thermal source or a light source in communication with the plurality
of solid supports,

wherein the circuit activates the at least one of the thermal source or the light source
to cause at least one detectable physical and/or chemical change associated with at least some
of the plurality of solid supports and compares first and second encoding signals for a
respective solid support in the plurality of solid supports to decode different populations of
solid supports in the plurality of solid supports.

46. The system of claim 45, wherein the at least one of the thermal source or the light

source is a photobleaching light source.

47. The system of claim 45, wherein the at least one of the thermal source or the light

source is the thermal source.

48. The system of claim 45, wherein a portion of the plurality of solid supports
comprises solid supports having a first dye and a second dye in different concentrations
and/or ratios, optionally wherein the first and the second dye have different photostabilities

and/or thermal stabilities.

49, The system of claim 48, wherein the different concentrations and/or ratios of the

first and second dyes provide at least five different populations.

50. The system of Claim 49, wherein the at least five different populations are

optically and/or electronically detectable.

51. The system of Claim 48, wherein the first dye is light stable and the second dye is
light unstable (labile).

52. The system of Claim 45, further comprising an optical detector configured to emit

light at one or more defined wavelengths in communication with the circuit and the fluidic

analysis chip.
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53. The system of Claim 52, wherein the circuit directs the optical detector to obtain
a first image of the plurality of solid supports and to obtain a second image of the plurality of
solid supports, wherein the at least one detectable physical and/or chemical change causes at

least one difference in the first image compared to the second image.

54. The system of Claim 53, wherein the first image is before the at least one
detectable physical and/or chemical change occurs and the second image is after or while the

at least one detectable physical or chemical change occurs.

55. The system of Claim 53, wherein the second image is after the circuit activates

the at least one of the thermal source or the light source.

56. The system of Claim 53, wherein the optical detector emits light onto the
plurality of solid supports at a first wavelength to obtain the first and second images, and
wherein a subset of the solid supports in the plurality of solid supports generate different

fluorescence intensities in the first and second images to provide a decoding signal.

57. The system of Claim 45, wherein the at least one of the thermal source or the light
source causes an irreversible, detectable physical and/or chemical change in a subset of solid
supports in the plurality of solid supports for the at least one detectable physical or chemical

change.

58. The system of Claim 53, wherein the optical detector emits light to the plurality of
solid supports at an excitation wavelength for the first and/or second image and transmits
light at a different wavelength that causes the at least one detectable physical or chemical

change.

59. The system of Claim 45, wherein at least some solid supports in the plurality of
solid supports comprise first and second spectrally similar encoding agents (e.g., dyes) at a
first point in time, wherein one of the first and second spectrally similar encoding agents is
stable and the other is unstable (e.g., labile), and

wherein different ones of the solid supports have the first and second encoding agents

in different ratios and/or concentrations to provide a plurality of (e.g., 1-5) different
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distinguishable fluorescence intensity levels before and/or after the at least one detectable

physical and/or chemical change to provide a plurality of encoding states.

60. The system of Claim 59, wherein a photobleaching event using the light source

causes the at least one detectable physical and/or chemical change.

61. The system of Claim 59, wherein the plurality of encoding states is from about 2

to about 10,000.

62. A plurality of solid supports (e.g., a multiplexing bead set) comprising:

a first population of solid supports comprising at least one encoding agent at a first
concentration and/or ratio; and

a second population of solid supports comprising the at least one encoding agent at a
second concentration and/or ratio and at least one additional encoding agent,

wherein a fluorescence excitation and emission wavelength for the at least one
encoding agent and the at least one additional encoding agent overlap, and

wherein the first and second concentrations of the at least one encoding agent are
different and the different concentrations and/or ratios of the at least one encoding agent on
respective solid supports in the first and second populations provide a plurality of encoding

states.

63. The plurality of solid supports of claim 62, wherein respective solid supports in
the first and second populations of solid supports generate a first encoding signal that is not

detectable (e.g., not optically detectable).

64. The plurality of solid supports of claim 62, wherein respective solid supports in
the first and second populations of solid supports generate a first encoding signal that is
detectable (e.g., optically detectable) and the first encoding signal for the first and second

populations of solid supports is not distinguishable.
65. The plurality of solid supports of claim 62, wherein the at least one encoding

agent has a different stability compared to the stability of the at least one additional encoding

agent, and wherein the different stability of the at least one additional encoding agent causes
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respective solid supports in the second population to generate a second encoding signal that is

different than the first encoding signal.

66. The plurality of solid supports of claim 62, wherein the at least one encoding
agent is stable and the at least one additional encoding agent is unstable (e.g., labile), and
wherein the instability of the at least one additional encoding agent causes respective solid
supports in the second population to generate a second encoding signal that is different than

the first encoding signal.

67. The plurality of solid supports of claim 62, further comprising a third population
of solid supports, and respective solid supports in the third population comprise an encoding
agent that does not have a fluorescence excitation and emission wavelength that overlaps

with the at least one encoding agent or the at least one additional encoding agent.

68. The plurality of solid supports of claim 62, wherein the at least one encoding

agent and the at least one additional encoding agent have different photostabilities.

69. The plufality of solid supports of claim 62, wherein the at least one encoding

agent and/or the at least one additional encoding agent comprises a dye.

70. The plurality of solid supports of claim 62, wherein respective solid supports in

the first and second populations generate similar initial fluorescence intensities.

71. The plurality of solid supports of claim 65, wherein the at least one additional
encoding agent has a different stability in response to temperature, time, photoexposure,

and/or chemical environment than the at least one encoding agent.

72. The plurality of solid supports of claim 71, wherein the second encoding signal
for the respective solid supports in the second population has a different (e.g., reduced or
increased) fluorescence emission intensity than the first encoding signal for the respective

solid supports in the second population.
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73. The plurality of solid supports of claim 71, wherein the at least one additional
encoding agent physically and/or chemically changes in response to temperature, time,

photoexposure, and/or chemical environment.

74. The plurality of solid supports of claim 62, wherein the at least one encoding
agent and the at least one additional encoding agent are separately attached to respective solid

supports in the second population of solid supports.

75. The plurality of solid supports of claim 62, wherein the at least one additional

encoding agent comprises an organic dye and/or a quantum dot.

76. The plurality of solid supports of claim 62, wherein the at least one additional

encoding agent comprises a quencher.

77. The plurality of solid supports of claim 62, wherein the at least one additional

encoding agent and the at least one encoding agent have different photobleaching kinetics.

78. The plurality of solid supports of claim 62, wherein the plurality of solid supports
encodes a number of encoding states, and the number of encoding states is determined by

formula (1):
Taynamic = (Zitoli + 1) * (T7200 + 1)) » (Tpko(k + 1)) ),
wherein i, j, and k are intensity levels in excitation/emission bands I, J, and K,

respectively, and nj, n;, and ny are each the number of encoded intensity levels in

excitation/emission bands 1, J, and K, respectively.

79. The plurality of solid supports of claim 62, wherein the plurality of solid supports

comprises at least 20 differently encoded solid supports.
80. The plurality of solid supports of claim 79, wherein the plurality of solid supports
encodes at least 1,000 encoding states that are detectable (e.g., optically and/or electronically

detectable).

81. A kit comprising the plurality of solid supports of any one of claims 62-80.
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82. The kit of claim 81, further comprising a microfluidic device.
83. The kit of claim 81, wherein the kit is in a sterile package.

84. The kit of any one of claims 81-83, wherein the plurality of solid supports are

used in a method of any one of claims 1-44.

85. The kit of any one of claims 81-83, wherein the plurality of solid supports are

used for forensic barcoding and/or counterfeit detection.

86. A method of decoding a solid support, cpmprising:

providing a plurality of molecular recognition elements, wherein at least some of the
plurality of molecular recognition elements comprise one or more encoding agents;

binding at least a portion of the plurality of molecular recognition elements to at least
a portion of the solid support;

detecting a first encoding signal and a second encoding signal for molecular
recognition elements in the plurality of molecular recognition elements;

comparing the first encoding signal and the second encoding signal for a respective
molecular recognition element in the plurality of molecular recognition elements, wherein the
second encoding signal for the respective molecular recognition element is detected during or
after at least one chemical and/or physical change associated with the molecular recognition
element and the first and second encoding signals for the respective molecular recognition
element are different; and

decoding the plurality of molecular recognition elements based ét least in part on the

comparison of the first and second encoding signals.

87. A method of decoding a sample, comprising:

detecting a first encoding signal and a second encoding signal for encoded elements
(e.g., encoded solid supports and/or encoded molecular recognition elements) in a plurality of
encoded elements;

comparing the first encoding signal and the second encoding signal for a respective
encoded element in the plurality of encoded elements, wherein the second encoding signal for

the respective encoded element is detected during or after at least one chemical and/or
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physical change associated with the encoded element and the first and second encoding
signals for the respective encoded element are different; and
decoding the plurality of encoded elements based at least in part on the comparison of

the first and second encoding signals.

88. A plurality of encoded molecular recognition elements comprising:

a first population of molecular recognition elements including at least one encoding
agent at a first concentration and/or ratio; and

a second population of molecular recognition elements comprising the at least one
encoding agent at a second concentration and/or ratio and at least one additional encoding
agent,

wherein a fluorescence excitation and emission wavelength for the at least one
encoding agent and the at least one additional encoding agent overlap, and

wherein the first and second concentrations of the at least one encoding agent are
different and the different concentrations and/or ratios of the at least one encoding agent on
respective molecular recognition elements in the first and second populations provide a

plurality of encoding states.

76



WO 2017/112025

oL
i

God
mmm
m?"ﬂ“u
et

S
a

(ONTROLLER

12

e e e e B

1
t

PCT/US2016/055407

£

DI S

fT i

p

=~ =

FILTE

¥

THERMAL/

LIGHT
SOURCE




WO 2017/112025 PCT/US2016/055407

7/22
(iﬁﬁ
100 DECODING
DETECTOR | CONTROLLER | MODULE
10 12 40
18 T S
FILTER SET ! }5
20
s
55 /: N
SO0
O O Q] —
Lol 10




WO 2017/112025 PCT/US2016/055407

3/21
RMULTIPLEXED
» ANALYSIS
OF TARGETS
I 3% I OF SINGLE
! 11 SAMPLE
& O O & O O
<o e o + ol =L =—=
o 8 O (g/g;\é\o
e
o \ngs 3%
=8
=
=
S

1 / (TIME) -
CHEMICAL/

PHYS MICROSECONDS/ SECONDS/MINUTES

DECODING
FIG. 1(

CHANGE



WO 2017/112025 PCT/US2016/055407

4/11
32s
I 3% Iy

WE’ @O 2\ st

o 0 + Q;%OO 7 MULTIPLEXED ANALYSIS/DECODING

o © o o = 1.D. POPULATION
o
=
=5

T Ty .

z

1 \
(HEMICAL/ PHYSICAL  MICROSECONDS/SECONDS/MINUTES
DECODING CHAMNGE

F16.1D



PCT/US2016/055407

WO 2017/112025

LD
PORT
ERATURE

[ e N
(o

1t

]

ONDS/MI

(

FI6. 2A

TIME {SEC/MIN)

FI6. 2B



WO 2017/112025 PCT/US2016/055407

& @

.0 ¢ &

P00 C0Ve0nCg®

@ O




PCT/US2016/055407

WO 2017/112025

DNDSHONT GIIVWEON

TIME(3)

Eﬁm
W )
NV
.
 I—
7
v
| VNN
|
it
[ ANERRRNY
LAANANY AN SASRANINANNNAN
EIRRESE
{ § t
[ [ o] <3
L= =g ol

NORMALIZED FLUORESCENCE

FIG. 5



PCT/US2016/055407

WO 2017/112025

= &= Lo T o ] [
o] o = o [

(%) TINDSTHONT GIZNVWHON

TEMPERATURERC)

L1aD
Zhy3

£
f

AN

ASAAEERRAAEENRRNY

ATTEEEHTEE LA EEUAEERAAAERRASRER AR R,

FIG.7



WO 2017/112025 PCT/US2016/055407

9/22

2015 UNCCHAPEL HILL, ALL RIGHTS RESERVED

zzwm 22 VALY 3 wm
fSTEmNﬁARY SECONDARY
REAGENT 2.63 \ REAGENT 3 -BUFFER INPUT 60
L SEALING OIL INPUT 66
RPN B oo -VALVE 14
................................. ittt . . R S E." ] ; 22
BETECTION
T SUBSTRATE OR PCR
MASTER MIX
| > B X
CHAMBER .
52 i
VALVE 8 i BEAD WELL ARRAY 30
(0?&?@)?;2?@1?}/
\\ BEAD ARRAY
VALVE 7 TEMPERATURE
(ON TOP OF CHIP} ™ | CONTROL TEC
77
VALVE 6
27
20 =7 CHANNELS £~ FREEZE-THAW VALVE FOOTPRINT "F") (ALL BUT 2 UNDER THE CHIP)

TS THROUGH HOLES = PTFE AIR PERMEABLE MEMBRANE (ON TOP OF (HIF)

FIG. 8



PCT/US2016/055407

WO 2017/112025




PCT/US2016/055407

WO 2017/112025

DECODING

=¥ 2
s | (O
j—'} o | soooag Rndthel
Sy oy p) gy Jed
= £ =5
P vove o w
Rodod 25 S ot e
s -
R
[
GG
3=
pualll
i
2 &
AY
o -
= d €ef
Lond L L £} B
S|17 ) =~ T &
= B
o e Sena
annnnd £%,., wooed oo
[ Mg e
P> = e =
o el o =
= = &
Yo G

DEVICE -




WO 2017/112025

(lﬂ@_

DECODING
MODULE

CONTROLLER
17

|

DETECTOR (WITH
LIGHT EMISSION
EXCITATION
SOURCE)

150

FUDic] 20
DEVICE L

4

10,30

FI6. 13

PCT/US2016/055407



PCT/US2016/055407

WO 2017/112025

o S il O |




WO 2017/112025 PCT/US2016/055407

R
s
\
Fonend
Fonend

50

N

o

|
7

G

@)

I

&

’@W 7 /b%%{ i N0
NOTT0 SCALE
FIG. 14

N\
Ny

75
)
// /SA‘:’ REA\@E&T TRAPPED IN WELL

SPACER/GASKET — 1=



WO 2017/112025 PCT/US2016/055407

15/22
100
IMAGE SIGNAL DETECTION
PROCESSOR | DECODING MODULE i Wﬁgg §§§§sz§
21 4 1
CONTROLLER |
.'E-z- =
125~
2 ‘ |
[ T INPUT DEVICE o
MICROFLUIDIC CHIP DiTero
== 150
150 |
ta
ASSAY READOUT OF
ASSAY DETECTION
REGIONS OF BEAD
WELLS.
7
DECODING
READOLT
408




PCT/US2016/055407

WO 2017/112025

i
f w7
P = soncod bood foond
mﬁﬁamm _ T “ A I e Gaﬂhwms
?ﬂnﬂlgmnﬂy t i &% e 70 e £
1 ey e S 2 _ = R s e k5 D B
_ﬁwsnmﬁ,,ui;%ﬁ _ “ e ﬁgmﬁﬁ%ﬁ&ﬂé
ISHESEs . ”Emﬁﬁ m ﬁwﬂd?%@&ﬁ%ﬁ
£
i e R £ -3 1622 Kint Tl o i X ww Mﬁhﬁwﬂﬂu
SG?EREEGI_ =L A d el AR D e o
——— Eﬂﬁ%%ﬁmﬁ_ e s ﬁﬁ%iﬁmm%
iiiiiiii At St Bt [~ Clone TR Bk [ el o
{ v i ke LT & s o P 6D ] el s o ] P R s
£3 gy - =17 . = 2 i £ ooy =g e
| e o Bt .t == N RWE === foked
R X~ P, :@NRE@ i Pogs Fom i = f _vﬂfﬁuﬁﬂu !
mﬁﬂﬁkﬂm& - Co fooen miwvaE?BMg i i — i &
_NEQEB et P o Pt E@Fm Y ! i b !
HEZ?ﬁ "mﬂNE{ P nBQEﬁuﬂﬂU e
ﬁmlﬁﬁ»ﬂr&?&; et 25 i B ) = B3 o B _ PR £
“RNEEAQENNWN&@EW“_ _%”BLA i i
: oot £22% it Bl o7y Sy = e
[ - £ e R L !
et e 3 PSR = i e
_ﬁmmﬁm Zﬁﬁﬁm p— ! e
MWMWM@M M_BG% m”J EEEEEEEEEE %@A
i P ledad i d
=] = e ; s X B
Ll -t = e i =
_!!!a\w.!!.z%!! O 7 S focens 0 % iwﬂmg.ﬁn
- T . ") Joood et o o, W2 L e et o,
& & B, P TsSQAM 2es e 20 5 B
% B & vy e =% &5 £5 8 1y i £ > ﬁmw
s e ﬂwﬂlllflﬁi B fecd S
ey 23 AEE IaBQMN ME Roduck g
=L b oo _ et D Hﬁ,YﬂEAHGH e
" v v o029 L Sodioo
D= SEwT = A= = = g5
g2 | | gg®| [5TeET JEE | |
"gEE | | gE®| = T E- i
zwmﬁ NA | b BT =4 §
sZ== =¥ _ %EYRMBH%&M n
%wﬂ _Nwﬂm@h@ f:asfnuﬁﬁﬂmu i
o m@.ﬁ EMREAETH
W HFHN uﬂﬂiﬂvﬁﬂuw\uwﬂl }
X s m?FﬂUMﬁﬁmﬂﬂgwﬁﬂu ;
K | e ! “ma%wEmaH%mE% !
e ; P ; EEe==8 S
i = .l I FE
- = e 58 Egey | _%MMﬁH%%KmRME% !
T - L bkod Ldek R D Y ey mg{IEnU}SELiLiIIEE w3l
- i i e Rﬁﬂﬂﬂ o oo g g % ! j e ﬂWwﬂiB Em —— _
u Ewn - H@M?ﬁv%WHB ! ai@ﬁgﬁﬁﬁcﬁwﬁﬁmmﬁgﬁ_
BRHEEE _NNGAMMMDE%AAﬁ o “Eﬁmﬂuﬁﬁﬁfﬁmﬁﬁﬁ%ﬁ M
i i o o nnUNm,u i i foor 2% ot g
mﬁmﬁm P o el g A ! Vi oo e T e B o 05 ;
i H B Rt ﬁwﬁ! =1 e 53 Mfa\ @j P =
| oA £ e WO X B =g B o e ; EoZ .5 e e, e~
S Eid man i P ey o = e Eont [ ) 1 ' HFARE 878 foowon
f uﬁAﬁU{WE o=l i o RUHHRA :
Y < e i i ﬂﬁ?ﬂﬁ&ﬂi e i TTNPET!!;\EE
ok — g = T ik?;V:nLE e e e J— = A =y o= el i
aoood [l i i ERE o G = S § o £ Gl €D e, §ED mad HN
bR L £ o (0 = B 803 = ) < = 20 ] P ek Yo B2 b |
! n 2 e MO 2E o s | S b o d =a UM
i Tk D o B2 B e o i L ) “GEWAEGmﬂUET‘, s _
i Rkl gooc 3,00 H GHT!ET!; GMA HISHHU P — RME
SR en i i mm%MMTFEREEGHM { _(wmnﬁmV:%wEmnnnE M
g s i i S B v 1= _EPREA@RN?PP
ESMYN i | es e w3 { ﬁMxﬂnﬁuMM~ == _
EEKA% i i (o] I3 [ i mvsiﬁﬁ Suno?
| E e = _ m,.
i -
= i o
A e



WO 2017/112025 PCT/US2016/055407

17/22
THE ARRAY OF WELLS { THEWELLS CAN BE
(AN BE FORMED BY | | REACTION WELLS WITH
ETCHING INTOA  {=r .1 ONEORMORE
SUBSTRATE. | | PATTERNING AN T AMPLIFICATION
309 " ARRAYOFWELISINA = | REAGENTS.
T SUBSTRATE, THE E 310
THE ARRAY OF WELLS WELISTN A s ——————
(AN BEMOLDED INTO @ SUBSTRATE, THE i THE ARRAY OF WELLS CANBE |
ASUBSTRATE. WELLS HAVING A . ARRANGED IN A DENSITY OF |
304 o YOLBMEIRIC - 6,000/mm2 YO ABOUT |
A (APACITY OF U 10,000/mm?, TYPICALLY
| THEBEADWELLS | BETWEEN 1alTO | | | BOUT 6,000/mm?.
(AN HAVEA BEAD ABGUT 100 uL TYPICALLY ; 312

RETENTION SEGMENT ABOUT | ul AND S ——

WITH A DIAMETER IN HAVING ONE OR . THE ARRAY OF WELLS CANBE |
A RANGE OF ABOUT | ™ MORE DEFINED . PROVIDED IN A DENSITY OF g

3.2-37 umTHAT | CEOMETRIES IR A | BETWEEN 6,000/cm? TO ABOUT |
MERGESINTOA | | DEFINEDFOOTPRINT || | _5,000000/cm? MORE
(HANNELWITHA = THAT IS BETWEEN 1 | TYPICALLY 6,000/cm 10
WIDTH BETWEEN mm AND 10 em, ! 2,000,000/ cm?.

ABOUT 2-3 yum WITH THE DEFINED L L ]
A LENGIH JETHEN GEOMETRIES " THE BEAD RETENTION SEGMENT
1-10 um FORMING | TNCLUDING A BFAD |

; + (AN HAVE A PERIMETER WITH A
THESIGNAL | RETENTION SEGMENT ,
DETECTION SEGMENT, | 1N FLUID _— WIDTH THAT IS THE SfoE OR
06 | COMMUNICATION ki | WITHIN ABGUT 195% OF A
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WITH A SIGNAL :  DIAMETER OF A TARGET BEAD
THAT IS SPATIALLY . TYPICALLY BETWEEN ABOUT |
SEPARATED FROM THE {101% AND 150% OF A DIAMETER
BEAD RETENTION b . OF ATARGET MAGNETIC BEAD. §
SEGMENT. [ — L —
30 1 THE WELLS CaW
A {1 HAVE A REACTION
e * . VOLUME OF BETWEEN
_____________ S | 100-150 fFLWITH A
STERTLIZING THE | {BEAD VOLUME OF 20 fL.
SUBSTRATE AND | .
PROVIDINGINA ¢
PACKAGE AND/OR KIT !
FOR FLUIDIC ANALYSIS!
QOF TARGET ANALYTES
USING MAGNETIC
BEADS THAT
(OOPERATE WITH THE
: WELLS.
............. = B FIG. 17




PCT/US2016/055407

WO 2017/112025

f
el
. I
i
-t -
i ooes
= - | S e = _
2. o = === mmEMHﬁmﬂ _
:E@M Bdd KGEMEE& = GEA?S “mmiirgﬁz_
§ :ﬁﬁRMRﬁﬁZ?ﬁﬂﬂﬁi mmﬁuﬂw@w _“Sﬁﬁmﬂﬁém
ek i ot ot 2 25 e o b be £33 wnd o 03 B b 21 e o
| P e _?iuﬂﬁﬁgﬂggg %NE@ES £ bk :AHGBE
15 €5 oy H_LGREllFﬁT%?ﬁEW e wa s GRS
HAE £ bofod NELNIS ﬂﬂ& LEom = B 20 ;
oD e bid i = o B o 2T e b 3 O, o Lid o Re= o
ﬁ%%ﬂ%_m“mmWHmﬁ%&M@%mm EF fed:- mmem%mm |
b2 ¥ e o3} S b o bt 1 o L St & 22 pid &52 oy I e e
. peE 3 m_IRHmHRNﬁ%E& = a8 B = W E !
_Sﬁi :NEEA%EEE =3 % el f = S
P T 'k S = = b &5 & =% Sl T _gﬂs
Bkt o :Rm el = ST T
b ™ e
! s...:.» aaaaaaaaaaaaaaaa
SR Y Sttt £
& e
&7 oo
Ve e ey [ fpoooo ot |
Poi 2,855 =-
SLSM@EBU o =g e PY'N Seod 5,5% L gy g
= = T ey WY EAGNESEPE
SES>=3 EENEEES Lo =
F==3 el o BQ&AEB
P o == Ty e ) oy = froo Lo
SESZSES MMA@mwﬁmmmw 2
ELEECE SEEFTg St s -
ﬂmﬁmﬁﬁw - !
Bodhol oo ey e eme mm
o & L =T = e i
- L =77 S~ = .
. e -5 - L Sosz | 5 =258 . |
i 2o & S ﬂmwﬁﬁﬁ ! _WEANRW%@H w
iiiiiiiii et = i = o B o
T e T S WHNAKWSN “ _% ﬁﬁﬁsmmﬁ i MﬁﬂﬁmmE%M%sm
i facaa fomce RWN bl SAAAE oo [ e EMSm
- %ﬁﬂﬂ&ﬁﬂﬂﬁ%EﬂAMﬁ% “_amﬁﬁﬁrmmm%WjMMW&ﬁﬁMﬁﬁ m
L ﬁﬁ@giﬁﬂi oo oo e i K=" SK&TEAAA ] I3 — o e ]
i ] b soopen g Bofod oot faie - e = = Fooon g ]
ﬁﬁ.ﬁagﬁ Wil A £ <h oof o Lo ,U?&SE!L REBHQ& ! §ers bbd SR el 7%
i e oo et U oaf S bded ] o it e = = oo oo &3 &Y g3 1
& = R SNa e T o b PRI ?aﬂw = p o el T T
syt o g o £33 1 SZ =X s = i
e = S WY o et w] EHEMEﬁBS__ =L o 3
_gﬂim§MRHﬁ TERHIE Beded 09 Ggﬁﬁﬁﬁﬁ Bociod B e
[ o ool frr] <L ot g | soaons poE e
D 2 D B2 %HA%%%M%QER L&A QGHE%% polgE
mﬁnﬂgﬁffﬁ@u{ﬁm Aﬁﬁ@ﬁﬂu L4 ﬂﬂﬂf?ﬁ “
i &Vwﬁu ELE_E:APU e ] L ! | oo =
e MB@EEGE%%@ESMM = A
_?:M @AWE o it =
! Rl = e Ve E
=
=



WO 2017/112025 PCT/US2016/055407

O
O
0O
OO
QR
N\

Ol OO




PCT/US2016/055407

WO 2017/112025

ONIHOVING LY wmmﬁwmmmﬁﬁ

JNTHIVITE 240438 DIWIHNSYIW

O | s e

DAY
ANWMWNV ]
V

O 1< unsvw |

MO 40 NOIDIA .ﬁ

ABIIW0LA) RO GIIVIAWDS

HvIg 0l
IVIGVHdL 2




PCT/US2016/055407

WO 2017/112025

1791

—o | J|o|¢=

MO HIVIHS SRDNCORINT ¥ILIV DNIWNNSIW

MO 40 NOTDI Q \

Do je=
MO HLVIHS INDNQOULINT 380438 DIWIENSYIR

AYLEWOLA MO GILYVIAWDS

NIVDY
JUNSIN €

MO HIVIHNS
NI L4IHS Hd
DNGOUINI'Z




PCT/US2016/055407

WO 2017/112025

i S

- ef

DRDISHONH GZITYWECH

TIME {5}

FI6.22

-

e o

e % it cx 1 sy

5 ==
SE==Eg
g uﬁavawm EL.,VA:
bRk

1

T

|

1

|

/

/

/

/
\
\
\\ \x\
1
{ i
[ o ]
[ Lo
2 R

1

TIME {5}

FI6. 23



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings

