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(57) Abstract: Growing demand in RNA-targeted therapies and promise of miRNA-based drugs creates a need for tools that can ac-
curately identify and quantify miRNA target interactions at scale. Chimeric miRNA:mRNA reads provide a direct read out of miRNA
targets by capturing interaction of miRNA and targeted transcripts. In aspects described herein are methods for enriching microRNA
(miRNA) targeted RNA molecules. [nyet further aspects described herein are methods for enriching chimeric microRNA (miRNA)-tar-
geted RNA molecules.
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METHODS AND KITS FOR ENRICHING FOR POLYNUCLEOTIDES

CROSS-REFERENCE TO RELATED APPLICATIONS
0001} This application claims the benefit of US. Provisional Application No.

63/105,741 filed on October 26, 2020, which is hereby incorporated by reference in its entirety.
3 P b 3

FIELD OF THE INVENTION
[0002] This mvention relates to methods and system for enriching RNA molecules
from a sample. More particularly, this invention relates to methods and systems for using

Argonaute proteins to enrich a sample for chumeric microRNA molecules.

BACKGROUND
{80663} MicroRNAs {nuiRNAs) represent an important class of small non-coding
RNAs {sRNAs} that regulate gene expression by targeting messenger RNAs {mRNAg).
miRNAs directly bind to many mRNAs {0 regulate their translation or stability. Thousands of
miRNAs have been identified m animals and plants by cloning and deep sequencing; however,

determuning the targets of these miRNAS 13 an ongoing challenge.

REFERENCE TO SEQUENCE LISTING

18004} The present application s filed with a Sequence Listing in Flectronic
format. The Sequence Listing 1s provided as a file entitled EBIOCO3W(O SEQLIST ixt,
created October 25, 2021, which s approxumately 5 kb m size.  The information in the

electronic format of the sequence listing 1s mcorporated herein by reference in its entirety.

SUMMARY
8005} Some embodiments of the present disclosure relate to a method of enriching
microRNA (miRNA} targeted RNA molecules. The method comprises: 1} contacting an RNA
sample with target specific miRNA molecules in the presence of Argonaute 2 (Ago2) proteins
to form a complex, 2) isolating the complex, 3) higating the miRNA molecules to the RNA

molecules within each complex to form chimeric RNA molecules, 4) enriching non-chimeric
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RNA molecules of interest and chimeric RNA molecules, or ¢cDBNA molecules thereof, with
probes, 5} amplifying enriched non-chimeric RNA molecules and chimeric RNA molecules,
or cDNA molecules thereof, by PCR, 6) sequencing the PCR products, and 7} wdentifying
computationally non-chimeric RNA molecules of mnterest and/or chimeric RNA molecules.

(8006} Some embodiments of the present disclosure relate to a method of enriching
roicroRNA (muRNA) targeted RNA molecules. The method comprises: 1} providing AgoZ
proteins and fixing or crosslinking nuRNAs and RNAs inside the Ago?2 proteins to form Ago2-
RNA complexes, 2) isolating Ago2-RNA complexes, 3) ligating the miRNA molecules to the
RNA molecules within each Ago2-RNA complex to form clhumeric RNA molecules, 4)
entiching non-chumeric RNA molecules and chimeric RNA molecules of interest with probes,
5Y amplifying enriched non-~chimeric RNA molecules and chimeric RNA molecules by PCR,
&) sequencing the PCR products, and 7) identifving computationally chumernic RNA molecules
of 1nterest.

86671 In some embodiments, the RNA sample s from cells or tissue. In some
embodiments, the method further comprises lysing cells prior to 1solating the complexes. In
some embodiments, wherein contacting the RNA sample further comprises crosshinking the
complex together by UV hght or a chemical crosshink agent  In some embodiments, the
chemical crosslink agent s selected from formaldehyde, formahln, acetaidehyde,
prionaldehyde, water-soluble carbomudides, phenylglyoxal, and UDP-dialdehvde.  In some
embodiments, the RNA sample comprises mRNA molecules or mRNA fragments. In some
embodiments, solating the complex 18 by mumunoprecipitation of the complex. In some
embodiments, the immunoprecipitation comprises contacting the complex with an Ago2
antibody. In some embodiments, the contacting step 1s followed converting associated RNA
into libraries that can be subjected to high-throughput sequencing to quantify association. In
some embodiments, the non-chimeric RNA molecules of interest are miRNA molecules. In
some embodiments, the probes are anti-sense nucleic acid probes mn a length between 10 bp
and 100 bp. In some embodiments, the probes are 100% complementary to the nmuRNA
molecules. Insome embodiments, the non-chumeric RNA molecules of interest map to specific
genes or 3'-UTR of genes. In some embodiments, the probes are anti-sense nucleic acid probes
in a length between 10 bp and 5000 bp. In some embodiments, the cDNA molecules are formed

by reverse transcribing RNA molecules into the cDNA molecules before the enriching step.
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In some embodiments, the probes are RNA, single stranded DNA (ssDNA)Y, or synthetic
nucleic acids, such as LNA. In some embodiments, the method further comprises digesting
the Ago2 proteins prior to the enriching step. In some embodiments, the enrichment step
produces about 5% to about 30% chimeric reads out of all uniquely mapped reads. In some
embodiments, the enrichment step increases the proportion of chimeric reads in the hibrary. In
some embodiments, the overall chimeric read population 1s increased by at least 20-fold In
somne embodiments, the method does not include a gel clean up step. In some embodiments,
wherein omitting a gel clean up step creates a simplified high throughput of enriched miRNA.
In sore embodiments, the enrchment step further comprises an expression of nuRNA. In
some embodiments, the Ago2 is an anti-human Ago2 antibody.  In some embodiments,
wherein the Ago2 includes a gene selected from APP, ATGOA, BTG2, and ULKY. Tn some
embodiments, the method further comprises imamunoprecipitating RNA end repair. In some
embodiments, the RNA end repawr utilizes at least one of FastAP, a phosphatase that removes
S'-phosphate from RNA-DNA chimeric molecules, and T4 PNK. In some embodiments, the
complexes are incubated with proteases to digest the Ago2 protein and release the hgated RNA
fragments from the formed complexes. In some embodiments, the probes are selected from
RNA, ssDNA, and synthetic nucleic acid. In some embodiments, the synthetic nucleic acid 13
ENA. In some embodiments, after the enniching step a sequencing adapter with a UMI or
Randomer 15 higated to the enriched and non-enriched molecules.

8008} Some embodiments relate to a method of enriching chimeric microRNA
{(miRNA -targeted RNA molecules. In some embodiments, the method comprises providing
Ago2 proteins, fixing or crosslinking muiRNAs and RNAs inside the Ago2 proteins to form
Ago2-RNA complexes, isolating the AgoZ-RINA complexes, ligating the muRNA molecules to
the RNA molecules within each Ago2-RNA complex to form chimeric RNA molecules,
enriching non-chimeric RNA molecules and chimeric RNA molecules of interest with probes,
amplifying enriched non-chimeric RNA molecules and chimeric RNA molecules by PCR,
sequencing the PCR products; and wdentifying computationally chimeric RNA molecules of
interest. In some embodiments, the RNA molecules of interest 1s APP, ATGSA, BTGZ, and
ULK1. Insome embodiments, the fixing or crossing linking is by UV light or a chemical cross
link agent. In some embodiments, the chemical crosshink agent is selected from formaldehvyde,

formalin, acetaldehyde, prionaldehvde, water-soluble carbomudides, phenylglyoxal, and
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UDP-dialdehyde. In some embodiments, isolating the complex is by immunoprecipitation of
the complex. In some embodiments, the immunoprecipitation comprises contacting the
complex with an AgoZ2 antibody. In some embodiments, the method further comprises
digesting the AgoZ proteins prior to the enriching step. In some embodiments, the enrichment
step produces about 5% to about 30% chimeric reads out of all uniquely mapped reads. In
some embodiments, the enrichment step increases the proportion of chumeric reads n the
library. In some embodients, the method does not include a gel clean up step. In some
embodiments, wherein omitting a gel clean up step creates a simplified hugh throughput of
enriched nuRNA. In some embodiments, the enrichment step further comprises expressing
miRNA. In some embodiments, the method further corprises nomunoprecipitating RNA end
repair.  In some embodiments, the RNA end repair utilizes at least one of FastAP, a
phosphatase that removes S'-phosphate from RNA-DNA chimeric molecules, and T4 PNK.

[0009] Some embodiments relate to a method for short probe capture-based
miRNA enrichment. In some embodiments, the method comprises pre-coupling ssBNA
hiotinylated probes (o streptavidin beads to form a complex, mpang a sample of muR+adapter,
mRNA-+adapter, chimera miR+mRNA-+adapter, the complex and a hybridization buffer,
incubating the sample, the complex, and the hybridization buffer at 60°C for 1 to 2 hours,
rinsing the sample and the complex to remove background binding and to keep muR-specific
molecules, eluting the complex with DNase, and sequencing the sample. In some
embodiments, the ssBNA biotinylated probes are anti-sense to 1uRs. In some embodiments,
the ssDNA biotinylated probes are 100% anti-sense to miRs. In some embodiments, the
complex obtains both chimeric reads an miRNA reads.

18010} Some embodiments relate to a method for identifving specific mRNA-
miRNA binding from cells or tissues which contain RNA molecules, miRNA molecules, and
Ago2 protein. In some embodiments, the method comprises crosslinking cells or tissues to
link miRNA to AgoZ, miRNA-mRNA to0 Ago2, and mRNA to Ago2, lysing cells or tissues
with RNase 1 to partially fragment RNA,| coupling the fragmented RNA with beads which are
pre-coupled to an Ago2 antibody, washing the beads, running intermolecular ligation to form
chimeric miRNA-mRNA molecules, washing the miRNA-mRNA molecules, repairing RNA
ends using FastAP, DNase or T4 pNK, ligating the miIRNA-mRNA molecules with a sequence

adapter with UMlI/randomer, digesting Ago2 protein to release RNA fragments, reverse
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transcribing RNA molecules to convert into cDNA, amplving the cDNA with PCR, sequencing
the libraries made from the PCR, and analyzing the libraries.

(8011} These and other features, aspects, and advantages of the present disclosure
will become better understood with reference to the following description and appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

8012} Fig 1 15 a bar graph depicting the frequency of clumeric fragments
libraries taken from different tissue types. Fig | shows that chimeric rate 1s greater with added
chimeric higation than without {AGO2 eCLIP v. miR-eCLIP and CLEAR CLIP) and that
chimeric rate with Probe Enrichment 13 greater than with No Entichment. Clumeric rate 18
expressed as a ratio of PCR deduplicated uruquely mapped chimeric reads and a sum of counts
of deduphcated uniquely mapped chimneric and non~chimeric reads. Error bars show standard
deviation.

1641 3] Fig. 2 15 a bar graph depicting the chimeric rate of a standard eCLIP method
{n =2} versus two versions of Total Chimeric nuR-eCLIP method: no-gel {(n =2} and with-gel
{n=2).

8014} Fig 315 a scatterplot depecting AGO2 correlation of IP/nput enrichment in
chusters of non~-chimeric reads between rephicate 1 of no-gel (y-axis) and replicate 1 of with-
gel (x~axis) Total Chimeric miR-eCLIP assays.

(861 5] Fig. 4 13 a scatterplot depicting chimeric nuR reads only. Shows correlation
of chimeric read RPMs per each miRNA between no-gel {y-axis} and with-gel {x-axis) Total
Chimeric miR-eCLIP assays.

18016} Fig. 5 is a bar graph depiciting PCR duplication rates. PCR duplication rate
based on non-chimeric mapping of reads from AGO2 eCLIP ("eCLIP”) and chimeric miR-
eCLIP experiments. A comparison is made to external third party published data sets QCLIP
and CLEAR-CLIP methods).

180171 Fig. 6 1s a cartoon illustration showing generating chimeras using a

moditied eCLIP protocol.

(9]
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0018} Fig. 7 15 a bar graph depiciting RNA peaks as a percentage from gel and no
gel results. Distribution of peaks called with non-chimeric reads in Total Chimeric with-gel
and no-gel experiments {n = 2, replicates shown separately).

[6019] Fig 8 15 a set of four scatterplots, showing correlation of RPMs of per-
miRNA non-chimeric reads (x-axis} and chumeric reads (y-axis} in two Total Chumeric.

(6020} Fig 9 15 a bar graph depicting chimeric reads in total chimeric AGO2
eCLIP. RPM of chumeric reads per top 75 nuRNAs mn Total Chimeric with-gel expeniments.

6021} Fig 10 s shows fraction of chimernic reads with target portions containing
a seed roatch for cognate nuRNA (error bars show standard deviation, n =2},

(60221 Fig. 11 18 a bar graph depicting fractions of chimeric reads. Shows
distribution of chumeric reads from with-gel Total Clumeric experiments between intergenic
and genic partitions.

[8023] Fig. 12 13 a cartoon tllustration of a sunplified protocol of an embodiment
of the disclosure.

18024} Fig. 13 1s a graph depicting read density distributions of non-chimeric and
chimeric eCLIP reads with gel and no gel libranies.

002 5] Fig. 1413 a scatterplot depicting the correction between no-gel non-chimeric
RPM with gel nonchimeric RPM,
| i Fig. 15 1s a bar graph depicting chimeric reads from five miRs.

186271 Fig 16 15 a bar graph depicting chimeric reads from muR-17 fanuly.

| i Fig. 17 1s a bar graph depicting chimer reads from let-7 family.

i 1 Fig. 18 is a scatterplot depicting the distribution of chimeric reads among
individual miRNa specific to Smirs.

18036} Fig. 19 is a scatterplot depicting the distribution of chimeric reads among
individual miRNa specific to miR17.

18031} Fig. 20 1s a scatterplot depicting the distribution of chimeric reads among
mdividual miRNa specific to let7.

18632} Fig 21 13 a scatterplot depicting the proportion of reads with seed matches
to cognate miRINAs varies between different miRNas.

9033} Fig 22 1s a scatterplot depicting the proportion of reads with seed matches

to cognate miRNAs varies between different miRNas.
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8034} Fig 23 1s a scatterplot depicting the proportion of reads with seed matches
to cognate miRNAs varies between different miRNas.
8035} Fig. 24 1s bar graph depicting the increased representation of chimeras for

miRNAs of the interest among chimeric reads.

8036} Fig 25 15 a scatterplot depicting analysis of per-miRNA read counts.
(6037} Fig 26 15 a scatterplot depicting analysis of per-niRNA read counts.
[6038] Fig. 27 1s a scatterplot depicting seed matching sites for miRNA targeting.
(6039} Fig 28 15 a scatterplot depicting seed matching sites for nuRNA targeting,
[6046] Fig. 29 1s a scatterplot depicting enrichment of chimeric reads for ULK1L.
06041} Fig 30 15 a scatterplot depicting enrichment of chimneric reads for APP.
60421 Fig 31 s a scatterplot depicting enrichment of chimeric reads for ULKL.
(8043} Fig 32 15 a scatterplot depicting enrichment of chimeric reads for APP.
[0044] Fig. 33 5 a graph depicting distinct peaks i chumeric read density

wdentifying four and five actively engaged nuRNA target sites 1n 37 UTRs of ULK 1

[3045] Fig. 34 15 a graph depicting distinct peaks in chimeric read density
wdentifying four and five actively engaged nuRNA target sites in 37 UTRs of APP.

18046} Fig. 35 15 a scatterplot depicting DESeq2 to guantfy differential gene
expression upon miRNA overexpression.

6047} Fig. 36 1s a bar graph depicting 3"UTRs of downregolated muR-1 and miR-
124 seed matches.

180438} Fig. 37 1s a line graph depicting miR-124 seed matching site enrichment m
miR-124 over-expression experiment.

8049} Fig 38 15 a line graph depicting miR-1 seed matching site enrichment in
miR-1 over-expression experiment.

8050} Fig 39isa bar graph depicting miR eULIP targets for miR-124 transfection.

18051} Fig. 40 15 a bar graph depicting miR eCLIP targets for miR-1 transfection.

18052} Fig 41 15 a box and whisker graph depicting miR-124 transfection.

18053} Fig. 42 15 a box and whisker graph depicting miR-1 transfection.

[0054] Fig 43 15 a schematic diagram depicting one embodiment of a protocol for

enriching of chumeric RNA sequences. In this protocol, the Ago2 complexes containing

~1
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miRNA and mRNA fragments are isolated, miRNA and mRNA fragments are ligated o one
another to form a chimeric RNA molecule, and the chimeric molecules are then segeuenced.

80551 Fig 44 s a flow diagram depicting the steps in the total chumeric-eCLIP
protocol in one embodiment.

80561 Fig 45 s a schematic diagram depicting the muoxture of muRNA, mRNA,
and miRNA-mRNMNA chimeric molecules that are 1solated by digesting Ago2 complexes. Total
chimeric eCLIP hibraries are comprised of miRNA, mRNA and suRNA-mRNA chimeric
olecules. The nuRNA-mRNA chimeric molecules of interest comprise approximately 1% of
the final hibrary.

(80587} Fig 46 shows the limuations of PCR-based ouRNA specific chimeric
eCLIP and complexity of nuRNA farmily members.

[B0SE] Fig 47 1s a flow diagram and description of an enrichment protocol for
performing the probe capture-based miRNA-enrichment.

[8059] Fig 48 i3 an experimental outhine of a capture-based nmiRNA-specific
experiment using anti-miRNAs probes,

{8060} Fig 49 shows that enriched motifs in mRNA targets using probe capture-
hased targeted chimeric eCLIP match the reverse complement of the targeted muRNA seed
sequence. The presence of the reverse complement of the nuRNA seed sequence in chimeric
molecules 1 an ndication that mRNA targets are correctly identified, as miRNAs require seed
sequence complementarity to bind to mRNA targets.

18061} Fig. 50 15 a flow diagram showing one embodiment of a method for
performing gene-specific capture-based targeted chimeric eCLIP using RNA probes.

0062} Fig 51 1s a diagram showing capture-based gene-specific preparation using

antisense nucleic acid RNA probes.

DETAILED DESCRIPTION
[0063] in the Summary Section above and the Detailed Description Section, and
the claims below, reference is made to pariicular features of the disclosure. It is o be
understood that the disclosure in this specification includes all possible combinations of such
particular features. For example, where a particular feature 15 disclosed in the context of a

particular aspect or embodiment of the disclosure, or a particular claim, that feature can also
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be used, to the extent possible, in combination with and/or in the context of other particular
aspects and embodimenis of the disclosure, and in the disclosure generally.

80641 Some embodiments relate methods and system for enriching a sample for
particular microRNA (miRNA) targeted RNA molecules. In some embaodiments, the method
includes contacting an RNA sample from a tissue or other biological source with target specific
miRNA molecules in the presence of Argonaute 2 (Ago2) proteins. Thus will form a complex
between the nuRNA, target RNA, and Ago? protemn. Next the complex can be 1solated away
from other portions of the biological sample. The miRNA molecules and the RNA molecules
in the complex can then be ligated to each other within each complex to form chimeric RNA
moolecules. The complexed and higated nuRNARNA complexes can then be enriching for
non-chirperic RNA molecules of interest and chumeric RNA molecules, or ¢cDNA molecules
thereof, with probes. The enriched non-chimeric RNA molecules and clumeric RNA
molecules, or ¢DNA molecules thereof, can then be amplified by PCR.  The resulting
amplicons can then be sequenced to computationally identify the chumeric and/or non-chimeric

RNA molecules of mterest and chimeric RNA molecules in the sample.

Definitions

[8065] Unless defined otherwise, all technical and scientific terms used herem have
the same meaning as 18 commonly understood by one of ordinary skill i the art. All patents,
apphications, published applications and other publications referenced herewn are mcorporated
by reference 1n their entirety unless stated otherwise. In the event that there is a plurality of
definitions for a term herein, those in this section prevail unless stated otherwise.

| 8066} “Ago2” i1s a member of the Argonaute (Ago) protemn family. The famuly
members are needed for nuRNA-~induced silencing. They bind the mature miRNA and orient
it for interaction with a target mRNA. Ago family members are needed for niRNA-mduced
silencing. They bind to the mature nuRNA and onent 1t for interaction with a target RNA. The
miRNA binds to its targeted RNA molecules through complementary binding inside the Ago2
complex. The miRNA, its targeted RNA, and the AgoZ2 protein form a complex which can then
be fixed or crosslinked and purified out of solution.

8067} “LNA,” locked nucleic acid, often referred to as inaccessible RNA, s a

modified RNA nucleotide 1n which the ribose moiety 15 modified with an extra bridge

9



WO 2022/093701 PCT/US2021/056471

connecting the 2' oxvgen and 4' carbon. The bridge “locks” the ribose in the 3'-endo (North)
conformation, which is often found in the A-form duplexes. ENA nucleotides can be mixed
with DNA or RNA residues i the oligonucleotide whenever desired and hybridize with DNA
or RNA according to Watson-Crick base-pauring rules. The locked ribose conformation
enhances bhase stacking and backbone pre-organization. This significantly increases the
hybridization properties {(melting terperature) of oligonucleotides.

[0068] As used herem, the term “eCLIP” broadly describes an enhanced version of
the crosshinking and imomunoprecipitation ({CLIP) assay, and 15 used to wdentify the binding
sites of RNA binding proteins (RBPs).

(8069} As used herem, the term “nuR-eCLIP” broadly describes a method for
wdentification of nuRNA target sites for all expressed miRNAs and target RNA transcripts
transcriptome-~wide or after enrichiment for miRNAs of interest or after ennichment for target
transeripts of mterest. Broadly speaking, the miR-eCLIP method enables precise mapping of
direct miRNA-mRNA mnteractions transcriptome wide.

34

18676} As used herein, the term “fotal chimeric miR-eCLIP” describes a total
chimeric with gel miR-eCLIp and/or a total chumeric no gel miR-eCLIP.

108671} As used herein, the term "miR-eCLIP + miR" describes a Total Chimeric
No Gel miR-eCLIP with an added probe captare enrichment for miRNAs of interest.

18672} As used heremn, the term "miR-eCLIP + Gene” describes a Total Chimeric
No Gel miR-eCLIP with an added probe capture enrichment for transcripts of a gene of interest.

18673} As used herein, the term "miR-eCLIP + siRNA" describes a Total Chimeric
No Gel miR-eCLIP with added probe capture enrichment for siRNA.

007 4] The term “about” or “approximately” means within an acceptable error
range for the particular value as determined by one of ordmary skill in the art, which will
depend in part on how the value s measured or determined, e g, the limitations of the
measurement system. For example, “abowt” can mean within 1 or more than 1 standard
deviations, per the practice in the art. Alternatively, “about” can mean a range of up to 20%,
ap to 10%, up to 5%, and up to 1% of a given value. Alternatively, particularly with respect to
biological systems or processes, the term can mean within an order of magnitude, within 5-

fold, and within 2-fold, of a value. Where particular values are described in the application and

10
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claims, unless otherwise stated the term “about” meaning within an acceptable error range for
the particular value should be assumed.

[8075] Terms and phrases used in this application, and variations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to limiting. As examples of the foregoing, the term “mcluding’” should
be read to mean “including, without linutation,” “including but not hmuted to,” or the like; the
termn ‘comprising’ as used herein 18 synonymous with Cincluding,” ‘containing,” or
‘characterized by,” and 1s inclusive or open-ended and does vot exclude additional, unrecited
elements or method steps; the term “having” should be interpreted as “having at least;” the term
‘mncludes’ should be mnterpreted as “includes but 1s not hiouted to;” the term “example’ 13 used
to provide exemplary nstances of the item m discussion, not an exhaustive or limiting list
thereof; and use of terms like ‘preferably,” “preferred,” “desived,” or “desirable,” and words of
similar meaning should not be understood as implying that certain features are critical,
essential, or even important to the structure or function, but instead as merely miended to
hghlight alternative or additional features that may or may not be utiized 1 a particudar
embodiment. In addition, the term “comprising” 18 to be mterpreted synonymously with the
phrases "having at least” or "inclading at least”. When used in the context of a process, the
term "comprising” means that the process mcludes at least the recited steps but may nclude
additional steps. When used 1 the context of a compound, composition or device, the term
"comprising” means that the compound, composition or device mcludes at least the recited
features or components but may also include additional features or components. Likewise, a
group of items finked with the conjunction ‘and’ should not be read as requuring that each and

o but rather should be read as “and/or” unless

&0

every one of those items be present in the groupin
expressly stated otherwise. Similarly, a group of items linked with the conjunction “or” should
not be read as requiring mutual exclusivity among that group, but rather should be read as
‘and/or” unless expressly stated otherwise.

18076} With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or apphication. The various
singular/plural permutations may be expressly set forth herein for sake of clanty. The

mdefinite article “a” or “an” does not exclude a plurality. A single processor or other unit may

11
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fulfiil the functions of several items recited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does not indicate that a combmation of these
measures cannot be used to advantage. Any reference signs in the claims should not be
construed as limiting the scope.

19677} All references cited herein, including but not limited to published and
unpublished applications, patents, and hterature references, are mcorporated herein by
reference in their entivety and are hereby made a part of thus specification,

[0078] Where a range of values s provided, it 15 understood that the upper and
lower limit, and each mtervening value between the upper and lower Lt of the range 18

encompassed within the embodiments,

Methods and Uses
180791 MicroRNAs {(nuRNAs) are small non-coding RNAs that regulate target

genes via complementarity to messenger RNAs (mRNA}, resulting in post-transcriptional
repression of hundreds of mRNAs, The repertoire of nuiRNA targets 15 therefore a key
determunant of the biological role of a given muRNA. Regulation via muRNA-mediated
repression of gene expression has been shown to be mvolved 1 nearly every physiological
systemn. Misregulation of miRNA biology has been implicated n a broad spectrum of diseases
ranging from cancer to cardiac fatlure. Many nuRNAs also display tissue-, cell type-, or
condition-specific expression patterns and play key roles in the regulation of developmental
programs. Consequently, nuRNAs have become attractive tools and targets for biomedical
advancements. Currently several small molecules and antisense oligos that target miRNA
biogenesis as well as miRNA mimics themselves are in chinical trials as candidate therapies
for diseases such as non-small cell hung cancer, keloid, chronic hepatitis C, cutaneous T-cell
lymphoma and Alport’s syndrome. Active research and development in the area of RNA-
targeted therapies creates a need for tools that can accurately profile miRNA mRNA target
interactions in different cell cultures and tissues at scale.

8086} Generally, miRNAs exert their repressive regulatory function by guiding
the RNA-induced silencing complex (RISC) to complementary target sites in the 3
untranslated region (UTR} of target mRNAs resulting in mRNA degradation, translation

inhibition, or sequestration. Building upon this principle of sequence complementarity, dozens
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of algorithms have been developed to predict miRNAmRNA interactions throughout the
transcriptome. Computational approaches typically focus on a small set of kev features,
meluding sequence complementarity particularly in nucleotides 2-8 (comumonly referred to as
the ‘seed’ region of the miRNA), and sequence conservation across species. However, many
verified targets do not meet these standard criteria, and the reliance on conservation limiis
detection of species-specific mteractions. Experimental identification of nuRNA mieractions
has been more challenging, and as describe below may rely on mmunoprecipitation (IP) of
argonaut {Ago} RISC compouents, followed by converting associated RNA juto hibraries that
can be subjected to hugh-throughput sequencing in order to quantify association, with methods
such as RNA Immunoprecipitation (RIP), Crosshinking and Tramunoprecipiiation (CLIP),
Cross-linking and sequencing of hybnds (CLASH), CLEAR-CLIP. These assays generate
chimeric miRNAmRNA reads that originate from a higation of a rmoolecule of nuRNA and the
target RNA molecule that the miRNA 1s bound to. Chimeric reads link miRNA and RNA of
their targets, and by this provide a snap shot of iz vivo miIRNA'mRNA interactions. Despite
their value, practical application of chimeric reads may be himuted because of a hugh complexity
of chimeric hibrary preparation and a low rate of chimeric reads n final librartes. CLASH and
CLEAR-CLIP mcorporated a dedicated step ammed at faciliating muBRNA:mRNA hgation,
however frequency of chimeric fragments in resulting hibraries remamed low (arocund 5%, Fig,
1)

8081} Thousands of miRNAs have been identified v animals and plants by
clomng and deep sequencing. To date, a large number of target prediction computer programs
have been developed, such as TargetScan, PicTar, miRanda, PITA, and RNA22Z for ammal
miRNA targets, and miRYU and TargetFinder for plant miRNA targets. In addition, several
resources have been established to systematically collect and describe both expenimentally
validated miRNA targets (TarBase, miRecords) and predicted miRNA targets {miRGator,
MiRNAMap}. However, miRNA regulation of an animal mRNA requires base pairing with
only few nucleotides of the 3'-UTR region of the target mRNA; thus, a miRNA could regulate
a broad range of targets, and different target prediction programs produce different resulis and
have high false positive rates. In addition, many miRNAs are present in closely related miRNA

families, complicating interpretation of loss of function studies in mammals. One caveat
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common to all of these studies 15 their mability to detfimitively distinguish direct from indirect
miRNA-target interactions.

180821 Some embodiments relate to a method of enriching microRNA (miRNA)
targeted RINA molecules. In some embodiments, the method comprises 1} contacting an RNA
sample with target specific miRNA molecules in the presence of Argonaute 2 {(Ago2) proteins
to form a complex, 2) isolating the complex, 3) higating the miRNA molecules to the RNA
molecules within each complex to form climeric RNA molecules, 4) enriching non-chimeric
RNA molecules of interest and chimenic RNA molecules, or ¢BNA molecules thersof, with
probes, Sy amplifying enriched non-clhimeric RNA molecules and chumeric RNA molecules,
or ¢DNA molecules thereot, by PCR, 6} sequencing the PCR products, and 7) identifying
computationally chimeric and/or non-chimernic RNA molecules of interest and chimenc RNA
roolecules,

[0083] Some embodiments of the present disclosure relates to a method of
enriching microRNA (miRNA) targeted RNA molecules. In some embodiments, the method
comprises. 1} providing Ago2 proteins and fixing or crosshinking miRNAs and RNAs nside
the Ago2 protems to form Ago2-RNA complexes, 2) 1solating Ago2-RNA complexes, 3}
ligating the miRNA molecuales to the RNA molecules within each Ago2-RNA complex to form
chimeric RNA molecules, 4} enriching non-chimeric RNA molecules and chimeric RNA
molecules of 1nterest with probes, 5y amphfving enriched non-chimeric RNA molecules and
chimeric RNA molecules by PCR, 6) sequencing the PCR products, and 73 identifying
computationally chimeric RNA molecules of interest.

18084} in some embodiments, a method provided herein may be integrated during
the chimeric ligation step into a method described herein to boost chimeric read production.
In some embodiments, the read production may be increased by at least 2-fold. In some
embodiments, the read production may be increased by at least 3-fold. In some embodiments,
the read production may be increased by at least 4-fold.  In some embodiments, the read
production may be increased by at least 5-fold.  In some embodiments, the read production
may be increased by at least 6-fold. In some embodiments, the read production may be
increased by at least 7-fold. In some embodiments, the read production may be increased by
at least 8-fold. In some embodiments, the read production may be increased by at least 9-fold.

In some embodiments, the read production may be increased by at least 10-fold.
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D085} in some embodiments, beads can be added to an embodiment described
herein. In some embodiments, the beads may be approximately 1 um in size. In some
embodiments, the beads may be a magnetic bead. In some embodiments, the beads may be a
superparamagnetic particle with a bound protein. In some embodiments, the bound protein
may be selective for biotin. In some embodiments, the bound protein s Streptavidin. In some
embodiments, the beads are streptavidin magnetic beads. In sorme embodirnents, the beads are
a dynabeads. In some embodiments, the bead 15 a BcMag magnetic beads. In some
embodunents, the beads are monoavidin magonetic beads. In some embodiments, a simple on-
bead probe can be added to an embodiment described berein.  In some embodiments, the
sirnple on-bead probe can target and enrich libranies 1 chimeric reads specific to one or more
nmiRNAs of interest.

[8086] In some embodiments, the enrichment step increases proportion of chimeric
reads 1o the library. In some embodiments, the enrichment step may produce chimeric reads
out of all uniquely mapped reads of at least 5%, 6%, 7%, &%, 9%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%. 25%, 26%, 27%, 28%, 29%, 30%,
31%, 32%, 33%, 34%, 35%, or ranges mcluding and/or spanning the aforementioned values.
In some embodiments, the enrichment step may produce 7% to 28% chimeric reads out of all
uniguely mapped reads.

16087} In some embodiments, the methods described herein can omit a gel clean
up step.  In some embodiments, omitting the gel clean up step may create a simplified high
throughput version of the method.

8088} In some embodiments, the overall chimenic read population may be
mcreased by at least 5-foid, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 35-fold, 40-fold, or
ranges including and/or spanning the aforementioned values, more specific for miRNAs of
mterest. In some embodiments, the overall chimeric read population may be mncreased by at
least 28-fold more specific for miRNAs of interest.

[0089] In some embodiments, a method provided herein may provide a high
enrichment of chimeric reads for miRNAs of interest in cell cultures. In some embodiments,
a method provided herein may provide a high enrichment of chimeric reads for miRNAs of
interest in tissues. In some embodiments, a method provided herein may provide a high

enrichment of chimeric reads for both miRNAs of interest in cell cultures and tissues. In some
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embodiments, the cell culture may be from HEKZ93xT cell ine. In some embodiments, the
tissue may be from a mouse liver. In some embodiments, the cell cultures and tissues may be
from a mammalian source. In some embodiments, the mammalian source 1s human.

|6090) Some embodiments of the present disclosure relate to a method that can
definitively identify direct miRNA-target interactions with targeted RNA, mRNA or ¢cDNA.
Some embodiments relate to a method for identitying miRINAs capable of targeting a gene of
mnterest. In some embodiments, the method comprises 1) contacting an RNA samople with
target specific muRNA molecules in the presence of Argonaute 2 {Ago?) protens to form a
complex, 2) isolating the complex, 3) ligating the miRNA molecules to the RNA molecules
within each complex to form chumneric RNA molecules, 4) enniching non-chimeric RNA
molecules of mterest and chimeric RNA molecules, or ¢cDNA molecules thereof, with probes,
Sy amplifving enriched non-chimeric RNA molecules and chimeric RNA molecules, or ¢cDNA
molecules thereof, by PCR, 6) sequencing the PCR products, and 7) wdentifying
computationally clumeric and/or non-chimeric RNA molecules of iterest and chumeric RNA
molecules.

8091} Some embodiments relfate to a method for detection of nuRNAs capable of
targeting a gene of nterest. In some embodiments, the method comprises 1) contacting an
RNA sample with target specific nuRNA molecules in the presence of Argonate 2 {Ago2)
proteins to form a complex, 2} 1solating the complex, 3) higating the miRNA molecules to the
RNA molecules within each complex to form chimeric RNA molecules, 4} enriching non-
chimeric RNA molscules of interest and chimeric RNA molecules, or ¢DNA molecules
thereof, with probes, 5) amphifving enriched non-chimeric RNA molecules and chimeric RNA
molecules, or cDNA molecules thereof, by PCR, 6) sequencing the PCR products, and 7}
identifying computationally chimeric and/or non-chimeric RNA molecules of interest and
chimeric RNA molecules.

180921 Some embodiments relate to a method for mapping individual target sites
along the gene transcript with high resclution. In some embodiments, the method comprises
1} contacting an RNA sample with target specific miRNA molecules in the presence of
Argonaute 2 {Ago2) proteins to form a complex, 2} isolating the complex, 3) ligating the
miRNA molecules to the RNA molecules within each complex to form chimeric RNA

molecules, 4) enriching non-chimeric RNA molecules of interest and chimeric RNA
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molecules, or ¢DNA molecules thereof, with probes, 5) amplifying enriched non-chimeric
RINA molecules and chimeric RNA molecules, or cDNA molecules thereof, by PCR, 6)
sequencing the PCR products, and 7} wdentifying computationally chimeric and/or non-
chimeric RNA molecules of interest and chimeric RNA molecules.

0093} In some embodiments, the target RNA sample is taken from cells or tissue.
Some embodiments further include lysing cells prior to 1solating the complexes formed from
the RNA and Ago?2 proteins. During the lysing process, cells are incubated with lysis buffer
and sonicated. In some embodiments, the lysing process further includes using RNase, such as
RNase I, to partially fragroent RNA molecules.

(86094} In some embodiments, after the nuRNA and target RNA are bound mio a
complex with the Ago2 protein, the RNA and protein are crossiinked together by UV Light
and/or a chemucal crosshinking agent.  Exemplary suitable chemical crosshinking agents
melude formaldebyde; formaling acetaldehyde; prowonaldehvde; water-soluble carbodimides
(RN = C = NR "), which include 1-ethyl-3- 3-dimethylaminopropy) ~carbodimde (EDC), 1-
ethyl-3-  (3-dimethylaminopropyl} -carbodimide hydrochlonide, 1-cyclohexyl-3 - (2-
morpholinyl-  {(4d-ethyly  carbodiimide metho-para-toluenesulfonate  (CM{), N, N’
dicyclohexylcarbodumide {(BCC) and N, N'-dusopropylearbodnmide (DIC), and thew
dertvatives, as well as N-hydroxysucomimude (NHS), phenyiglvoxal, and / or UDP-
daldehyde. The UV light or chemical crosshinking agent hinks the miRNA and target RNA to
the Ago2 protemn. This can preserve the RNA mtegnity and also the binding relationship
between the miRNA and s target RNA during the punification steps.

8095} in some embodiments, the genes for a method provided herein may include
APP, ATGOA, BTGZ, and ULK1. In some embodiments, these genes were selected based on
their enrichment in a method provided herein. APP 15 3 beta-amyloid precursor, transeript
variant 1, foll length 3583nt. ATGOA 15 an autophagy related 9A, transcript variant 1, witha
full length 3770nt. BTGZ s BTG anti-proliferation factor 2, 2729 nt full transcript length
ULK1 1s Unc-51 like autophagy activating kinase 1, only 2289nt (3"-UTR + 530bp upsiream
of stop codon} used for probe, full transcript length 1s 5322nt.

| 8096} in some embodiments, the target RNA sample comprises messenger RNA
(mRNA) molecules. In some embodiments, the miRNA binds to one or more mRNAGs resulting

in either mRNA target cleavage or translation inhibition. In amumals, miRNAs usually require
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complementarity to a site in the 3-UTR of an mRNA; whereas in plants, miRNA
complementarity is generally within coding regions of mRNAs.

80971 In some embodiments, isolating the RNA/Ago2 complex 15 done by
immunoprecipitation of the complex. In some embodiments, the immunoprecipitation includes
contacting the complex with an antibody that is specific for the AgoZ2 protein. In some
embodiments, the immunoprecipitation includes incubating the crosshinked RNA sample or
tysed cells with magnetic beads which are pre-coupled to a secondary antibody that binds with
the Ago2 primary antibody. The beads will bind to any complexes that contain the Ago2
protein. Using a magnet, the beads along with the AgoZ coroplexes can be separated from the
0IX.

[8098] Some embodiments further mclude mounoprecipitated RNA end repair.
After the Ago2 complexes are isolated, miRNA and its target RNA molecules are higated
together to form nuRNA-~target RNA chumeric molecules. Some emnbodiments further include
repairing RNA ends using FastAP, a phosphatase that removes S-phosphate from RNA-DNA
chimeric molecules, and T4 PNK, which convert 2'-3"-cyclic phosphate to 3'-0OH that 1s needed
for further higation. Some embodiments further include higating a sequencing adapter to RNA
molecules; the sequencing adapter may contain a unique molecular identifier (UMI) and/or
randomer to facihitate further processes, such as PCR duplicate removal.

[8099] In some embodiments, the Ago2 complexes are incubated with proteases to
digest the AgoZ2 protein and release the higated RNA fragments from the formed complex.

[9100] In some embodiments, the non-chimeric RNA molecules of interest are
miRNA molecules within the cell. When the sequences of miRNA molecules are known,
probes can be designed to specifically bind to those miRNA molecules. Such probes can
specifically bind to non-chimeric miRNA molecules, as well as miRNA-target RNA chimeric
molecules for enrichment. In some embodiments, the probes are anti-sense nucleic acid probes
in a length between 10 bp and 100 bp. In some embodiments, the probes are a 100%
complementary to the muRNA molecules and in some cases the probes can mclude additional
sequences to better cover imprecisely processed miRNAs,

[010] In some embodiments, the non-chimeric RNA molecules of interest are
transcribed from genes or 37 untranslated regions (UTRs) of genes. When the sequences of

certain genes or 3-UTRs of genes are known, probes can be designed to specifically bind to
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those genes or 3’UTRs of genes. After genes being transcribed into mRNA molecules, the
mRNA sample can be mixed with specific miRNA molecules in the presence of AgoZ proteins
to form a complex. The designed probes can specifically bind to non-chimeric mRNA, as well
as miRNA-target mRNA chimeric molecules for enrichment. In some embodiments, the
mixture of RNA molecules is reverse transcribed into cDNA molecules before adding probes.
In some embodiments, the probes are anti-sense nucleic acid probes in a length of 10 bp, 20
bp, 30 bp, 40 bp, 50 bp, 60, bp, 70 bp, 80 bp, 90 bp, 100 bp, 150 bp, 200 bp, 250 bp, 300 bp,
350 bp, 400 bp, 4530 bp, 500 bp, 550 bp, 600 bp, 650 bp, 700 bp, 750 bp, 300 bp, 850 bp, 900
bp, 1000 bp, 1100 bp, 1200 bp, 1300 bp 1400 bp, 1500 bp, 1600 bp, 1700 bp, 1800 bp, 1900
by, 2000 bp, 2100 bp, 2200 bp, 2300 bp, 2400 bp, 2500 bp, 2600 bp, 2700 bp, 2800 bp, 2900
bp, 3000 bp, 3100 bp, 3200 bp, 3300 bp, 3400 bp, 3500 bp, 3600 bp, 3700 bp, 3800 bp, 3900
bp, 4000 bp, 4100 bp, 4200 bp, 4300 bp, 4400 bp, 4500 bp, 4600 bp, 4700 bp, 4800 bp, 4900
bp, 5000 bp, or ranges including and/or spanning the aforementioned values. In some
embodiments, the probes are anti-sense mucleic acid probes n a length between 10 bp and §
kb, The probes may also be between 10bp and 1kb, 10bp and 500bp, 10bp and 250bp, 10bp
and 100bp, or 10bp and SCbp n length.

18162} In some embodiments, the probes are RNA, single stranded DNA (ssDBNA),
or synthetic nocleic acids, such as a focked nucleic acid (LNA}. An LNA 15 often referred to
as inaccessible RNA and 1s a modified RNA nucleotide in which the ribose motety i1s modified
with an extra bridge connecting the 2" oxygen and 4' carbon. The bridge “locks” the ribose in
the 3-endo (North) conformation, which s often found mn the A-form duplexes. LNA
nucleotides can be mixed with DNA or RNA residues in the oligonuclestide whenever desired
and hybridize with DNA or RNA according to Watson-Urick base-pairing rules. The locked
ribose conformation enhances base stacking and backbone pre-organization. This significantly
increases the hybridization properties (melting temperature} of oligonuclestides.

18163} in some embodiments, after enriching non-chimeric RNA molecules of
mterest and chimeric RNA molecules with probes, a sequencing adapter with a UMI and/or
Randomer is higated to the enriched and non-enriched molecules. The resulting products are
ampiified by PCR, then sequenced Through data analysis, if the sequences of muRNA
molecules are known, the miRNA’s target RNA can be identified. ¥ the sequence of a gene

or 3-UTR of a gene i1s known, the miRNA molecules that specifically bind to the mRNA
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molecules or cDNA molecules can be identified and these miRNA molecules potentially can
regulate the genes’ function.

0104} In embodiments that include crosslinking, the binding relation between the
miRNA and its target RNA are preserved. Thus, a method according to some embodiments

can definitively identify direct miRNA-target interactions.

[0105] Some embodiments are depicted 1 Figs. 43-51.
9106} Fig. 43 1s a schematic diagram depicting one embodiment of a protoco! for

entiching clumeric RNA sequences. In this protocol, the Ago2 complexes contating nuRNA
and mRNA fragments are 1solated, 0uRNA and mRNA fragments are ligated to one another to
formo a clhimeric RNA molecule, and the chimeric molecules are then sequenced. o this
embodiment, crosshink protein: RNA complexes and immunoprecipitate Ago2 complexes with
miRNA and mRNA fragments mside and a portion will be crosslinked.  Next, ouRNA and
mRNA are ligated inside Ago2 complex mto clhumeric (fusion) RNA molecule. Next, the
sequencing adapter (with UMI/Randomer) can be higated to all chimeric nuRNA and mRNA
molecules of all genes/miRNAs from a lysate (1% or less of total molecules}.

8197} Fig 44 15 a flow diagram depicting the steps  the total chimenic-eCLIP
protocol in one embodiment.

010§} Fig 45 13 a schematic diagram depicting the mixture of muRNA, mRNA,
and siRNA-mRNA chimeric molecules that are 1solated by digesting AgoZ complexes. Total
chimeric eCLIP bibraries are comprised of muRNA, mRNA and muRNA-mRNA chimeric
molecules. The mRNA-mRNA chimeric molecules of mterest compnise approximately 1% of
the final library. Table 1 below provides an example of the approximately 1% of the pool of

molecules 1soldated by digesting Ago2 complexes.

Table 1

Beseription

Total chimeric

nogel Rep 1

Total chimeric

no gel Rep 2

Total chimeric

with gel

Initial Reads

14,508.588

16,261,312

14,041,190

# of veads

containing miRNA

980,668

§62.194

1,036,946
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# of reads after
removing repetitive 258,952 230,058 457 482
clements
# of reads mapped -
174,496 153,765 240,486
to the genome
# of reads after
removing PCR 168,156 146,968 205,212
duplicates
PCR duplication
3.63% 4.42% 14.67%
rate
% chimeric reads 1.16% 0.9% 1.46%

[06109] Fig 46 shows the limuations of PCR-based ouRNA specific chimeric
eCLIP and complexity of nuRNA family members.

(6110} Fig 47 1s a flow diagram and description of an enrichment protocol for
performing the probe capture-based miRNA-enrichment.  In this embodiment, the first step
melodes a pre-coupling ssDNA biotinylated probes {anti-sense to miRs) to Streptavidin beads,
The second step wncludes mixing sample {muR+adapter, mRNA-+adapter, chimeric
miR+mRNA-+adapter) + beads with coupled probes + hybridization buffer, incubate at 60°C
for 1-2 hours {see W2019/078909 for acceptable buffers). Rinse to remove non-specifically
bound molecules. The third step includes eluting from beads (with DNase}. The fourth step
includes finishing hibrary preparation, sequencing, and analyzing.

8111} Some embodiments provide for a method for a probe capture-based ntuRNA
enrichment chimeric eCLIP uses probes antisense to the miRNA of interest. An miRNA of
interest can be enriched using anti-sense nucleic acid probes, resulting in a hibrary containing
miRNA-mRNA chimeric reads and miRNA reads. In some embodiments, the probe-based
capture can be used for miRNA- or siRNA-specific chimeric-eCLIP to get all reads (including
chimeric) for one or many full or partial miIRNAs/siRNAs. In some embodiments, probes can
be nucleic acid probes (RNA, ssDNA, LNA, etc) or any other similar molecules (including
chemical analogs of RNA or ssDNAY, which will allow hybridization and selection/enrichment

from solution. In some embodiments, probes can be 100% anti-sense match to miRNA/siRNA

21



WO 2022/093701 PCT/US2021/056471

or cover miRNA +/- extra sequence (for e.g., to better cover imprecisely-processed miRNAs),
In some embodiments, RNA molecules for miRNA/miRNAs of interest can be captured from
nuxture of all molecules using anti-sense probes to obtain both chimeric reads and miRNA
reads. Someone experienced in the field can easily enrich using probes anti-sense to ¢cDNA or
probes to ligated cDNA (just downstream of library prep protocol). In some embodiments, for
probe capture-based nuRNA enrichment can use RNA molecules as the template and ssDNA-
biotinvlated probes anti~sense to muRNA/BIRNA of interest {oligos). In some embodiments,
some siRNAs, can be ligated to mRNA/RNA targets that are not classic RNAs. For example,
they are analogs of nucleic acids.

0112} Fig 48 illustrates an experimental outline of a capture-based nuRNA-
specific experiment using anti-miRNAs probes. In some embodiments, the experimental setup
mcludes 10 million crosslinked HEK293xT cells were lysed in 1 L of eCLIP lysis buffer,
Agol-mediated complexes were immunoprecipitated using 100 uL of anti-mouse Dynabeads
and 10 ug of Ago2 antibodies (HEchpseBio}, total chimeric was performed as well as probe
capture-based nuRNA enrichment,

8113} Fig 49 shows that enriched motifs in mRNA targets using probe capture-
hased targeted chimeric eCLIP match the reverse complement of the targeted muRNA seed
sequence. The presence of the reverse complement of the nuRNA seed sequence in chimeric
molecules 1 an ndication that mRNA targets are correctly identified, as miRNAs require seed
sequence complementarity to bind to mRNA targets.

[9114] Fig. S0 ilustrates a flow diagram showing one embodiment of a8 method for
performing gene-specific capture-based targeted chumeric eCLIP using RNA probes.

[0115] Fig 51 1s a diagram showing capture-based gene-specific preparation using
antisense nucleic acid RNA probes. In some embodiments, the gene-specific probe capture-
based chimeric-eCLIP obtains chimeric reads as well as mRINA reads for the genes of interest.
in some embodiments, the enrichment is performed by capturing RNA or ¢cDINA or higated
cDINA molecules for gene of mterest {or 3’-UTR of gene/genes of interest) from muxture using
anti-sense nucleic acid probes {short or long (10-5kb) RNA, ssDNA, synthetic nucleic acids
(LNA, etc}] In some embodiments, the chimeric molecules comprise 1% or less of the

molecules isolated by digesting Ago? complexes.
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0116} Also provided by this disclosure are kits for practicing the methods as
described herein. A subject kit may contain one or more of particular miRNA molecules,
ligase, Ago2 protein, anti-Ago2 antibodies, probed, beads, and labeled antibodies which bind
to the anti-Ago?2 antibodies, or a combination thereof In some embodiments, the kit may
comprise gel clean up materials. In some erobodiments, the kit does not include gel clean up
materials. Tn some embodiments, the kit may include materials to solate RNA from cells or
fissues. In some embodiments, the kit may include a chemical crosshnking agent. In some
embodiments, the kit comprises a protease,

{8117} The components of the kit may be combined 1 one container, or each
component may be 1n its own container. For example, the components of the kit may be
combined in a single reaction tube or in one or more different reaction tubes. Further details of
the components of this kit are described above. The kit may also contain other reagents
described above and below that are not essential to the method but nevertheless may be
emploved in the method, depending on how the method 15 going to be implemented.

8118} In addition to above-mentioned components, the subject kits may further
mclude instructions for using the components of the kit to practice the subject methods, 1e., to
provide mstructions for sample analvsis. The mstructions for practicing the present method
may be recorded on a suitable recording medium. For example, the instructions may be printed
on a substrate, such as paper or plastic, etc. As such, the instructions may be present in the kits
as a package nsert, in the labeling of the container of the kit or components thereof (1e,
associated with the packaging or sub-packaging} ete. In other embodiments, the instructions
are present as an electronic storage data file present on a suitable computer readable storage
medium, e.g., CD-ROM, diskette, etc. In vet other embodiments, the actual instructions are not
present in the kit, but means for obtaining the instructions from a remote source, e.g., via the
internet, are provided. An example of this embodiment 15 a kit that includes a web address
where the mstructions can be viewed and/or from which the nstractions can be downloaded.
As with the mstructions, this means for obtaining the instructions is recorded on a suitable
substrate.

(6119 Embodiments also include kits containing the components required to

perform the methods and assays described herein. For example, the kit may contain particular
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miRNA molecules, ligase, Ago2 protein, anti-Ago2 antibodies, and labeled antibodies which

bind to the anti-AgoZ antibodies.

EXAMPLES
{9126} The foliowing examples are given for the purpose of illustrating various
embodiments of the disclosure and are not meant to lunit the present disclosure 1 any fashion,
One skilled in the art will appreciate readily that the present disclosure 1s well adapted to carry
out the objects and obtain the ends and advantages mentioned, as well as those objects, ends
and advantages mberent herein. Changes therein and other uses which are encompassed withmn
the spirit of the disclosure as defined by the scope of the claims will occur to those skilled in

the art,

8121} This example describes one embodiment of a method for identifying
spectfic mRNA~-mIRNA binding from cells or tissues, which contain RNA molecules, miRNA
molecules, and AgoZ protem.

19122} In the first step: Crosshink cells or tissues to link miRNA to Ago2, muRNA-
mRNA to Ago2, and mRNA to Ago? — all inside the Ago2 complex.

19123} In the second step: Lyse cells (Iysis buffer and sonication}, RNase treat
(RNase 1} to partially fragment RNA (mRNA fragmentation), and couple to beads which are
pre-coupled to an Ago2 antibody (Immunoprecipitation of Ago? protein).

19124} in the third step: Perform washes to remove background.

[0125] in the fourth step: Treat RNA ends to support step 5 (intermolecular
ligation): 5-PNK-Phosphotase-minus were used to only phosphorylate 5-RNA ends (both
miRNA and mRNA}. This enzyme is not “opening” 3-RNA ends.

18126} In the fifth step: Run intermolecular hgation to form chimeric miRNA-
mRNA molecules.

19127} in the sixth step: Perform strong washes to remove background.

18§28} in the seventh step: Repair RNA ends using FastAP, DNase and T4 PNK,
leaving 3'-OH that is needed for ligation. Perform any additional washes.

0129} In the eight step: Ligate sequencing adapter with UMI/randomer.
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181364 in the ninth step, part one: Run gels to clean chimeric and non-chimeric
RNA fragments crosslinked to Ago2 protein.

(0131} in the ninth step, part two: Digest AgoZ protein to release RNA fragments.
Clean RNA fragments or enrich for needed RNA fragments with probes, if applicable. When
the sequences of certain miRNA molecules are known, probes are designed to specifically bind
to those nuRNA molecules. Such probes can specifically bind to non-chimeric nuiRNA
molecules, as wel as miIRNA-mRNA chimeric molecules for enrichment.

0132} In the tenth step: Reverse transcribe RNA molecules to convert into ¢DNA.

[6133] In the eleventh step: When the sequences of certam genes or 3-UTR of
genes are known, probes can be designed to specifically bind to transcripts of those genes or
3-UTR of a gene transcript. Enrich for needed ¢DNA with probes, if applicable.

0134} In the twelfth step: Perform 2™ adapter ligation with UMI to enviched and
non-enriched molecules.

8135} In the thirteenth step: PCR amphify and clean up libraries for sequencing,

[8136] In the fourteenth step: Sequence the libraries made of the PCR produets.

(8137} In the fifteenth step: Data analysis. The data analysis can comprise the
followmg: A Trimn N10 UMiIs from the 5" ends of RI reads and save the UM sequences in the
read names to be ulilized m subsequent steps. B, Trim N9 UMIs from the 3" ends of R2 reads
and append these UMI sequences to the N10 UMI sequence within the read names in BRI reads.
C. Trim 3' sequencing adapters and remove reads less than 18bp m length. B Trim 9
nucleotides from the 3' ends of R1 reads {this removes potential UMI sequence). E. “Reverse
map” mature miRNA sequences {downloaded from Mirbase} to reads. F. Filter muRNA-read
alignments on 2 critenia: prioritize hits with the fewest number of mismatches and prioritize +
strand alignments. 3. For each read, identify sequences flanking the miRNA alignments.
Remove flanking sequences that are less than 18bp in length. H. Map reads flanking muRNA
alignments to the reference genome. I Remove PCR duplicates by vtihizing UMI sequences
from the read names and mapping positions. J. Annotate each chimeric read alignment with
the name of the aligned miRNA, as well as the gene and transcript mformation from
GENCODE. The following priority hierarchy 18 used to define the final annotation of
overlapping features: protein coding transcript {CDS, UTRs, intron), followed by non-coding

transcripts {exon, mntron}.
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(0138} if the purpose of the experiment 13 designed to identify mRNA targets for
known nuRNA, such mRNA targets will be identified following the steps described heremn.
Similarly, if the purpose of the experiment is designed to identify what miRNA molecules
target known genes or 3'-UTR of genes, such miRNA molecules will be identified following

the steps described herein.

Example 2

[6139] Cell culture

18140} Human HEK293xT cells were acquired from ATCC. Cells were cultured in
DMEM media ({GIBCO) with 10% FBS 1% peniciflin/streptomycin and grown at 37°C in 5%
CO: Cells were routinely tested with MycoAlert PLUS (Lonza) for myco-plasma
contamination.

[0141]  miR-eCLIP

(09142} eCLIP was performed in HEK293xT cells as previously described in detail
(Van Nostrand et al, 2016 & 2017) but was modified to enhance chimera formation for
chimeric-eCLIP, described below. 15 miliion cells were UV crosslinked (254 nm, 400 mal/cm?®)
onice, cells spun down, supernatant removed, and washed with cold phosphate buttered saline.
Cell pellets were flash frozen on dry ice and stored at -80°C. Lysis was performed m eCLIP
lvsis buffer, followed by sonication and digestion with RNase I {Ambion).
Immunoprecipitation of AGOZ-RNA complexes was achieved with a primary mouse
monoclonal Ago? antibody (elF2C2 (4F9) Santa Cruz, 4°C overmght} using magnetic beads
pre-coupled to the secondary antibody (M-280 Sheep Anti-Mouse IgG Dynabeads,
ThermoFisher 1120213 2% of each immumoprecipitated (IP) sample was saved as Input
control. To phosphorylate the cleaved mRNA 5-ends, beads were washed and treated with T4
polynucleotide kinase (PNK, 3' -phosphatase nunus, NEB} and I mM ATP. Chimera ligation
was performed on-bead at room temperature for one hour with T4 RNA Ligase [ (NEB} and 1
mM ATP 1in a 150 @ total volume  After dephosphoryvlation with alkaline phosphatase
(FastAP, Thermo Fisher) and T4 PNK (NEB}, a barcoded adapter was ligated to the 3'-ends of
the mRNA fragments {T4 RNA Ligase, NEB}. Total chimernic-eCLIP IP samples were then
decoupled from beads and along with mput samples, were run on 4%-12% Bis-Tris protein

gels and transferred to mitrocellulose membranes. The region corresponding to bands at the
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appropriate Ago2 protein size plus 75 kDa was excised and treated with Proteinase K (NEB)
to 1solate RNA. RNA was column purified (Zymo) and reverse transcribed with SuperScript
IV Reverse Transcriptase (Invitrogen), 3 mM manganese chloride, and 0.1 M DTT; then
treated with ExoSAP-IT (Affymetrix) to remove excess oligonucleotides. A §™ Hlumina DNA
adapter {(/5Phos/NNNNNNNNNNAGATCGGAAGAGCGTCGTGT/38pC3 -SEQ 1D NO: 1)
was higated to the 3'-end of ¢DNA fragments with T4 RNA Ligase (NEB) and after on-bead
cleanup (Dynabeads MyOne Siane, ThermoFisher), gPCR was performed on an ahiquot of
each sarmople to wdentify the proper number of PCR cycles. The remainder of the sample was
PCR amplified with barcoded THumina compatible primers {(Q5, NEB) based on gPCR
quantification and size selected using AMPure XP beads {Beckman). Libraries were quantified
using Agilentd200 TapeStation and sequenced on the THumuna Nova Seq 6000 platform to a
depth of approximately > 8 milion reads.

8143} Probe-based miRNA capfure

8144} Samples were directly treated with Protemnase K m place of the SDS-PAGE
and membrane transfer steps described above. Biotinylated DNA probes designed (reverse
complement} to the mRNA of nterest (IDT} were then hybridized (500 picomoles per
sample}, washed on Silane beads, and treated with BNase (Life Technologies). The remaining
reverse transcription and bibrary preparation steps were then performed as described above.

[0145] Probe-based gene capture

(8146} Samples were directly treated with Protemnase K m place of the SDS-PAGE
and membrane transfer described above. Reverse transcription and ¢DBNA adapter higation
steps were performed as above. Prior to PCR amplification, gblocks Gene Fragments (IDT)
designed for the gene of interest were amplified to generate dsDNA templates. Biotinylated
RNA probes were generated using T7 RNA Polymerase and biotinylated nucleotides. The
biotinvlated probes were coupled to streptavidin beads (10 yg per sample) and following
denaturation of clhimeric molecules, hybridized for one hour at 50°C. Beads were washed,
genes-specific probes degraded, and enriched DNA fragments eluted from beads. The
remaring PCR amplification and hibrary preparation steps were then performed as described

ahove.

Example 3
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(9147} Table 2 below shows that the number of usable chimeric reads s low,
particularly for single-miRNA capture samples. The number of usable chimeric reads refers to
the number of reads after mapping to the human genome and removing PCR duplicates.

Table 2
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Example 4

[0148] Table 3 below shows that targeted miRNAs are enriched in probe capture-
based samples over total chimeric samples and that targeting multiple miRNAs gives a higher
percentage of correct targets than targeting a single nuRNA. When targeting a single miRNA,
15-56% of chimeric reads contain the correct targeted nuRNA. When targeting 6 different
miRNAs within the same sample, 83-85% of chimeric reads contain one of the targeted
nuRNAs. In all samples, the targeted nuRNA reads are enriched o the probe capture-based

saroples over the total chumeric samples by at least 20-fold.
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Example 5
0149} Table 4 below shows experimental detads and summary of results for
qmuRNA probe-based capture experiment.

Table 4

Description Summary of Results

Three different individual miRNAs (1/tube) | miRNA-21: over 100-fold (25} enrichment
were  entiched 1n three  independent | of miR-21 chimeric reads in ruR-21 capture
experiments; miR-21, miR-27a, miR-221 vs. total chimeric

miRNA-27a: 46.2-fold (2°>°%) enrichroent
miRMNA-221: 30.7-fold (247 enrichment

Repeated twice: Enrichment of 6 individual | Experiment 1: 21 9-fold {2*%) enrichment
miRNAs at once {6/tube}: of the 6 targeted miR chimeric reads in

miR-27a, miR-27b, miR-221, miR-222, | capture vs. total chimeric

miR-34a, and niR-21

Experiment 2: 20-fold (2**%) enrichment

Example 6
8150} Table S and 6 show that probe capture-based niRNA ennichment chimeric
eCLIP can be used to study nuRNA families.

Table 5

Deseription Usable Chimeric miR-27a-3p reads | miR-27h-3p reads

Reads

Smgle  miRNA
18,466 2,904 3,582

capture: miR-27a

0151} For exarople, muR-27a successfully catching miR-27b: >hsa~-muiR-27a-3p
MIMATO000084 UUCACAGUGGCUAAGUUCCGC (SEQ ID NO: 2), »hsa-nuR-27b-3p
MIMATO000419 UUCACAGUGGCUAAGUUCUGC (SEQ ID NO: 3).

31



WO 2022/093701 PCT/US2021/056471

Table 6
Description Usable Chimeric miR-221-3p reads | miR-222-3p reads
Reads
Single  nuRNA
31,551 17,843 1,034

capture: miR-221

8152} For example, miR-221 successfully catching suR-222:  >hsa-miR-221-3p
MIMAT0000278 AGCUACAU-UGUCUGCUGGGUUULC {SE(Q I NO: 4}, >hsa-nuR-222-
3p MIMATO0000279 AGCUACAUCUGGCUACUGGGU (SEQ ID NO: 5).

Example 7

[0153] This example ilhustrates a gene-specific probe description and protoco! for
performing enrichment for genes of interest. Probes are typically nucleic acid probes {(RNA,
ssDNA, LNA, etc) or any other sinular molecules (including chemical analogs of RNA or
ssEANAY, which will allow hybridization and selection/enrichment from solution. For gene-
specific probe capture-based climeric eCLIP we enriched using ¢DNA molecules (with
attached adapters) as templates and RNA-biotinvlated anti-sense to ¢DNA of gene/genes of
interest as probes. Some siRNAs, higated to mRNA/RNA targets techrnucally are not classic
RINAs — analogs of nucleic acids. Someone experienced in the field can eastly enrich using
probes anti-sense to RNA or probes anti-sense to cDNA {(downstream of library preparation
protocol)

[8154] Short probe capture-based miRNA enrichment protocoh:

[8155] First, pre-couple ssDNA biotinvlated probes {anti-sense to mRNA) to
Streptavidin beads (Dynabeads).

[0156] Second, mux  sample (miR+adapter, wmRNA-+adapter, chimeric
miR+mRBNA-+adapter) + beads with coupled probes + hybridization buffer (see
WO019078909A2 for buffers), incubate at 60°C for 1-2h. Rinse to remove background
binding and to keep mRNA/RNA-specific molecules.

{94157} Third, elute from beads (with DNase).

8158} Fourth, finish hibrary preparation, sequence, and analyze.
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Example 8
[0159) Table 7 below shows that the number of usable chimeric reads ts low for
capture-based gene-specific chimeric eCLIP.

Table 7
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Example 9

[0160) Table 8 shows that targeted genes are enriched compared to non-targeted
controls. Chimeric reads containing the targeted mRNA were enriched in the gene-specific
capture-based samples over the non-targeted control sample by at least 4-fold.

Table 8
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Example 10
0161} Table 9 shows that a higher percentage of chimeric reads overlap with

enriched Ago?2 peaks in gene-specific chimeric than in the supernatant.
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Example 11

0162} Table 10 shows that gene-specific capture-based samples give a low
percentage of the correct target, but high enrichment vs. total chumeric. The percentage of reads
containing the targeted gene 15 2-7%, but the number of chimeric reads containing the targeted
mRNA 15 highly enriched in capture-based samples over total chimeric samples.

Table 10
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Example 12

PCT/US2021/056471

0163} Table 11 i1s a summary of results from gene-specific capture-based
enrichment experiments.
Table 11
Description Summary of resulis

Experiment #1: 3 full-length mRNAs and
one 37-UTR of another mRNA (APP, BTG2,
ATGOA and 37-UTR of ULK) were enriched
in a single expeniment to find nuRNAs

binding those mRNA/3-UTR mRNA,

AR mRBNAs were enriched 4.1-26.8-fold
for chimeric RPM of targeted gene 1 capture
samples vs. chimeric RPM of targeted gene
i control samples (average values of 2

control saraples)

Experiment #2: Ennchment of single
individoal 37-UTR of ULKJ mRNA (part of
mRINA}

Fnrichment for 7.7 3-UTR mRNA was

28.9-fold for capture vs. control samples

Experiments #3, #4, #35 (3 bislogical
replicatesy: full-length APP was enriched

using anti-sense mRNA probes.

APP mRNA was enriched 48.5-84.4-fold
(23 — 2% fold) in gene-specific capture vs.

supernatant

Experiments #6, #7, #8 {3 biological
replicates): 3-UTR of ULK! mRNA was
enriched using anti-sense probes to

partial mRNA (3°-UTK)}.

Enrichment for ULKID 37-UTR mRNA was
256-315-fold (25— 2% fold) for capture vs.

control sample

Note: full genes are “near full-genes”, ~ 90-99.9% of full length

Fxample 13

[8164] Table 12 shows that approximately 100 muRNAs are found to be bound to APP

and ULK1.

Tahie 12

7 # of reads after removing | # of miRNAs bound to
Description o
PCR duplicates targeted gene
Single gene capture: AFP rep ! 51,153 133
Single capture: UZLK7 3 UTR vep | 35,706 109
Single gene capture. APP rep 2 53,428 122
Single capture; ULK7 3'UTR rep 2 27,960 92
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Example 14

[0165] It was found that miRNAs with shared seed sites {members of one seed
family) often co-target the same target sites. Sequencing technology is well suited to address
quantitative biological questions, such as characterizing gene expression with RNA-seq, so it
was reasoned that count of chimeric reads may also provide a quantitative metric predictive of
the impact that an miRNA has on expression of a target. It was validated this assumption using
a standard muRNA munic transfection paradigmn and showed that chumeric read count provides
a quantiative metric that correlates with the strength with whuch targets are repressed on RNA
level following miRNA overexpression,

8166} The unique josight in CLASH methods (that chimernic fragments that
directly link tuRNA and target withun the same sequencing read unambiguously identify
miRNA targets) with the methodological moprovements m eCLIP to develop novel
technologies that enable deep profiling of nuRNA targets was of interest to determine how to
combine these two methods.

19167} miR~-eCLIP adds a specialized chimeric igation to AGO2 eCLIP and boosts
chimeric rate more than eight-fold, it goes up from 0.3% n standard AGO2 ¢CLIP (inchudes
gel step) to 2.7 % m muiR-eCLIP hibraries with gel (Fig 1 and Fig. 2}, Chimernicrate 1s expressed
as a ratio of PCR deduphicated uniguely mapped chimenic reads and a sum of counts of
deduplicated umquely mapped chimeric and non-chimeric reads. As expected, skipping the gel
step resulted in overall lower chimeric rate {1.1% m HER293xT cells) (Fig. 2}, Fig. 2 shows
that chumeric rate in Total Chumeric miR-eCLIP no-gel assay 1s in between AGO2 eCLIP and
Total Chimeric miR-eCLIP with-gel. However, since omission of the gel clean up step greatly
simplifies the workflow making 1t suitable for high throughput automation, and since the gel
omission did not result in a strong bias in [P enrichment or distribution of chimeric reads (Fig.
3 and Fig. 4). It was reasoned that no-gel miR-eCLIP 1s suitable as a platform to develop miR-
eCLIP with an added chimeric read enrichment step. Chimeric rate in miR-eCLIP libraries that
were enriched for chumeras specific {o one or more miRNAs of interest using probe capture
was much higher, ranging from 7% m HEK293xT libraries to almost 30% in mouse liver. It
should be noted that even though total and probe capture enriched miR-eCLIP chimeric
libraries were sequenced at least three-fold deeper than CLEAR-CLIP libraries, miR-eCLIP

libraries with or without enrichment still had a greater complexity resulting in 20% lower PCR
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duplication rate (Fig. 5). Fig. 5 shows greater PCR duplication rate in the external datasets
relative to miR-eCLIP and eCLIP. miR-eCLIP and AGO2 eCLIP experiments performed in
HEK293xT cells, unless labelled otherwise.

[6168] miR-eCLIP recovers miRNA:mRNA chimeras

8169 Chimeric CLIP-seq approaches {(including CLASH, CLEAR-CLIP, and
other chimeric CLIP-seq approaches have shown that chimeric Ligation of miRNAs to their
mRNA targets 1s encouraged by the addition of a ligation step (without adapters) to encourage
proximity-based ligation. Thus, i was desuved to set out to build upon the moproved library
preparation steps in the enhanced CLIP {(eCLIP) procedure was developed by incorporating
this chimeric ligation step. It was observed that the dephosphorvlation steps in standard eCLIP
would whihit chimera generation by removing ternmunal 5 phosphates from the mRNA
fragments generated by hiouting RNase treatment. Therefore, an additional phosphorylation
step (using 3 phosphatase minus T4 Polynucleotide Kinase (NEB)) and an additional higation
step to convert eCLIP to chimeric eCLIP was implemented (Fig. 6). Additionally, the size
selection steps were modified by using less ethanol during beads cleanup, which selectively
reduced binding of shorter fragments and enriched for fragments of at teast 40nt and reduced
miRNA-only reads.

[8176] To test whether this approach successfully recovers microRNA targets,
chimeric eCLIP on HEKZ293T cells using a previously validated AGO2 antibody and a standard
eCLIP hbrary prep was performed, which mcludes polyacrylamide gel step. Two libraries that
were sequenced with 144 and 145 mithon reads each were generated. As the majority of reads
lack chimeras, standard CLIP analysis, including adapter trnimming, repetitive element

removal, genomic mapping, PCR duplicate removal, and peak calling was performed first.

Confirming that the AGQO2 interactions was successfully enriched, it was observed that 59.4%
of peaks were located in 3’ UTRs (with another 14.5% in coding sequence {CDS)) (Fig. 7). Fig.
7 shows about 2-fold greater frequency of intronic, lincRNA and miRNA peaks in no-gel miR-
eCLIP libraries relative to with-gel miR-eCLIP. In summary, these results indicate successful
enrichment of both miRNAs and putative targets in 3’UTR and CDS regions with AGO2Z
eCLIP

{0171} Next, chimeric reads in these libraries were considered, using a modified

pipeline based on a previously published ‘reverse mapping’ strategy. Two rephicate with-gel
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total chumeric-eCLIP libraries prepared from HEK293XT cells contained a total of 451k and
479k unique chimeric reads {0.3% of 145M initial sequenced reads per library, or 2.7% of
uniguely mapped deduplicated reads) (Fig. 1). Fig 1 shows that chimeric rate i1s greater with
added chimeric ligation than without (AGO2 eCLIP v. nuR-eCLIP and CLEAR CLIP) and
that chimeric rate with Probe Enrichment is greater than with No Enrichment. Chimeric rate 1s
expressed as a ratio of PCR deduplicated uruquely mapped chimeric reads and a sum of counts
of deduphcated uniquely mapped chimneric and non~chimeric reads. Error bars show standard
deviation. As expected, it was observed high correlation between miRNA-only and
miRNA chimera reads (Fig. 8). With Gel miR-eCLIP samples miR-eCLIP (TotalGel i,
TotalGel 12), and two Total Chimeric No Gel muiR-eCLIP samples (TotalNoGel rl,
TotalNoGel 12) depiciting a hugh correlation between muRNA-only and miRNA chimera reads
{Pearson Correlation greater than 0.68 for RPM of non-chimeric reads was computed as a sum
of uniquely mapped non-chimeric reads {deduphcated) and multimapped non-~chimeric reads
(also deduphicated) divided by the total nomber of mapped deduplicated reads (both uniquely
mapped and multimapping} times 1M RPM of chumeric reads was calculated as a number of
chimeric reads divided by the sum of mapped non-chimeric reads (deduplicated) and chimeric
reads (deduphcated} times 1M, The dashed line shows wdentity. The curved hine shows loess
fit with 0.95 confidence mtervals. Ningteen percent of chimeric reads were removed from
further analysis because they corresponded to likely erroneously annotated muRNAs with
sequences that can be mapped to rfRNA (list of 15 filtered muRNA IDs. After filtration, these
experiments yielded 5,000 ~ 20,000 chimeric reads per muRNA for the top 10 identified
miRNAs, rapidly declining to less than 1000 chimeric reads for the 50 most abundant miRNA
{Fig. 9). Fig. 9 shows that clumeric abundance s refatively high for top 10 — 15 muRNAs, bt
it peters down beyvond that. Error bars show standard deviation, n = 2. The top-75 list of
miRNAs 15 defined by number of chimeric reads identified for each miRNA. RPM 15 calculated
as number of chimeric reads divided by the sum of mapped non-chimeric reads {(deduplicated)
and chimeric reads (deduplicated} times 1 M. miRNAs belonging to two seed fanulies abundant
in HEK293xT cells are highlighted. Interestingly, miRNAs from two miRNA seed-familigs
{(miR-17-5p and miR-16-5p families) were overrepresented among top muRNAs, which

umpiies that chimeric rate stmilarity can be indicative of a similar miRNA function.
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{9172} To confirm whether the chimeric reads likely reflected true miRINA targets,
a variety of properties were considered. First, sequence analysis showed that for all but one
nmiRNA among the top 20, there was 30 to 100-fold enrichment for presence of the cognate 6-
mer seed matching site in the target portions of chimeric reads relative to background, with a
large percentage of chimeric reads {30% - 62%, depending on muRNA} containing the seed
roatching stte {Fig 10}, Fig 10 shows that the seed matching sites are significantly enriched
n target portions of chimeras of top-20 miRNAs {except miR-4284). Seed maich 1s defined as
sequence reverse complementing positions [ 2:7] of mature nuRNA sequence (from miRBase).
Frequency of occurrence of 5 random 6-mers 15 shown for comparison providing a way to
empirically estimate p.value of seed matching site ennchment: if frequency of the seed maich
occurrence is greater than that of all 5 random 6-mers, then the empirical p.value 13 less than
SO0 = 0.05. Random 6-mers were sampled from the multinomual distribution of single
nucleotides occurrences (A, C, G and T), where frequency of occurrence of each nucleotide
was estimated from target portions of with-gel Total Chimeric reads. Random 6-mers were
controlled to not match seed regions of any human muRNA annotated in miRBase. The
background frequency was approximated as frequency of occurrence of 5 random 6-mers that
were sampled from the multinomal distribution of single nucleotides ocourrences (A, C, G
and T}, where frequency of occurrence of each nucleotide was estimated from target portions
of chimeric reads. Random 6-mers were controlled to not match seed regions of any human
miRNA annotated m miRBase. Frequency of the random 6-mers provides a way to empirically
estimate p~vahue of seed matching site enrichment relative to the background: if frequency of
the seed maich occurrence 13 greater than that of al 5 random 6-mers, then the empirical p-
value is less than 5/100 = 0.05. One exception to this rule was miR-4284, which was found to
be predominantly associated with transcripts of mutochondrial origin without a seed match.
Next, location analysis again indicated an enrichment for expected target regions. With the
exception of miR-4284, 33% of chimeric reads mapped to 3'-UTRs and additional 19% t0 CDS
(Fig. 11). Fig. 11 shows that over 50% of chimeric reads for most miRNAs in top-20 {by
chimeric read count} are mapped to 3'UTR and DS regions. Fractions {expressed as percent,
the y-axis) of each partition s a ratio of the mean count {n = 2} of chimeric reads of each

niRNA mapped to each partition divided by the mean of chimeric reads per miRNA. These
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results indicate that the chimeric reads obtained with chimeric eCLIP modifications have
properties that match previous chimeric CLIP-seq approaches.

[6173] Yalidation of ne-gel chimeric eCLEP for miRNA target profiling

[0174) The standard eCLIP protocol that chimeric eCLIP 1s based includes SDS-
PAGE protein gel electrophoresis, Western blot-like nitrocellulose membrane transfer, and
roanual cutiing of the membrane to 1solate protein-crosshinked RNA. These steps are performed
for two purposes: first, non-crosshinked RNA does not transfer to rutrocellulose and 1s thus
removed, and second, denaturation removes co-immunoprecipitated unwanted proteins of
different size than the targeted protem. However, 1o addition to being complex for novice users
and limiting scalability and automated handling, 1t was observed that this transter and isolation
step by itself drives a dramatic reduction in experimental vield. As experience with other RBPs
suggested that co-immunoprecipitation artifacts were heavily protein- and antibody-
dependent, 1t was thus tested whether removing these steps altered composition of chimeric
eCLIP-reads.

18175] To do this, side-by-side testing with a simplified protocol was performed
that removes the SDS-PAGE and membrane transfer steps and replaces 1t with a simple
Proteiase K {reatment to 1solate the crosshinked RNA ("no-gel” variant of chimeric eCLIP
(Fig. 12} It was observed that removal of the gel transfer steps required on average ~0.5 fewer
PCR cycles of amplification, suggesting ~100-fold increased experimental yvield, Manual
mspection suggested sumilar read density distributions of non-chimeric as well as chimeric
eCLIP reads between with-gel and no-gel libraries {Fig. 13). To explore this further, with-gel
and no-gel enrichment of non-chimeric 1P reads were compared relative to size matched input
libraries across 375k regions identified as clusters of reads in the with-gel IP librarigs by
CLIPper. It was observed that the no-gel approach resulted in a greater enrichment of P
libraries over miRNA genes, indicating that miRNA-only reads make a greater contribution to
the non-chimeric reads in the no-gel libraries (Fig 7). Despite higher contriubtion of miRNA-
only reads, the overall pattern of non-chimeric read density distribution and IP enrichment was
well preserved i the no-gel hibraries. IP/input ratio was strongly correlated between with-gel
and no-gel libraries transcriptome wide (Pearson correlation 0.82, P Value < 2.2»107¢ (Fig. 3).
Fig. 3 shows gverall strong correlation (0.82) of IP/input enrichments values from no-gel and

-

with-gel expertments. Fig. 3 also reveals a plume of clusters, enriched for those over miRNA-
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genes (the light grey points), that have greater IP/input enrichment {(i.e. ratio of RPMs) in the
no-gel assay relative to with-gel. Clusters plotied on this figure were identified i rephicate 1
of Total Chumeric miR-eCLIP with-gel experiments. The top line shows identity, the hottom
line shows least squares hinear model fit. The 95% confidence intervals around the fit are also
shown, but the range s too tight to be seen on the plot.

18176} Composition of miRNAs in non-chimeric reads was also well preserved
between with-gel an no-gel approaches, resulting 1o a high correlation of nuRNA read counts
between the methods (Pearson correlation 0.83, P.Value < 2.22107%) (Fig. 14). Correlation of
non-chimeric and chimeric read counts of miRNAs was suntlarly hugh between with- and no-
gel vaniants {Pearson correlation 0.73 with-gel variant, and 0.85 in the no-gel variant, P.Value
< 221071 (Fig. 8). Finally, high corelation of nuRNA-chirneric read counts between with-gel
and the no-gel versions of the assay (Pearson correlation 0.95, P Value < 2.2¢107'%) shows that
relative composition of chumeric reds was faithfully preserved in the no-gel approach (Fig. 4).
Fig. 4 shows overall strong correlation {0.95) between no-gel and with-gel assays. The top hine
shows 1dentity, the bottom line shows least squares hinear model fit along with 95% confidence
mitervals. Values on x-axis are a mean of RPMs of two replicates of with-gel Total Chimeric
miR-eCLIP experiments, v-axis 15 a mean of RPMs of two rephicates of no-gel experiments.
RPMs here were calculate off chimeric reads only, t.e. RPM was defined as a ratic of chimeric
reads per-miRNA and the total number of chimeric reads in the library.

18177} These and further validations described below indicated that the no-gel
chimeric eCLIP vanant did not mtroduce a substantial bias among chimeric reads and 18 well
suited as an easy-to-use unbiased platform for developing chimeric enrichment approaches.

16178] Targeted enrichment by probe-based capture

18179 To address these concerns, a probe-capture enrichment technique with
moditied cligonucleotides to increase the depth of chimeric read enrichment was tested. Probe-
capture chimeric-eCLIP can enrich for entire miRNA families while preserving the exact
sequence of the specific miRNA bound to each target mRNA, enabling deep profiling of
miRNA families with highly overlapping sequences. Furthermore, it allows for exact
identification of the 5'-end of the miRNA from chimeric reads, which has proven insightful in

understanding the role untemplated 5° nucleotides play in modulating miRNA targeting.
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8186} First, specificity of enrichment of chimeric reads for nuRNAs of mnterest in
a cell line was tested. miR-eCLIP to enrich libraries for chimeras of five muRNAs of mterest
n HEK293xT cells (muR-221-3p, miR-34a-5p, miR-186-5p, miR-21-5p and miR-222-3p} was
applied and compared it to hibraries generated using miR-eCLIP without enrichment {(total
chimeric libraries) (Fig. 15). These miRNAs were chosen to span a range of miRNA
abundances, with the most abundant nuRNA out of the five ranked top-14 most highly
expressed miRNA, while the least abundant ranked top-56 most highly expressed nuRNA n
HEK293xT (according to smallRNA-seq profiling). Overall proportion of chimeric reads
the enriched bibraries was 2.5-fold higher than 1o libraries prepared without enrichment (Fig.
1}, while among the chumeric reads contribution of reads for the targeted muRNAs mcreased
more than 20-fold (Fig. 21}, In sumuoary, the results show that, with respect to inttial libraries
reads, the yield of chimernic reads for enriched nuRNAs mcreased more 30-fold in probe
capture muR~eCLIP lLibraries relative to total (non-targeted) miR-eCLIP. Of note, it was
observed over 50,000 chimeric reads for each of enriched miRNAg; this depth would typically
require mudtiple full sequencing flow cells with traditional chimerie CLIP-seq approaches.

8181} Furthermore, since many investigators are imnterested m studymg families of
miRNAg, probe capture were tested to see if they could simultanecusly and specifically enrich
chimeric reads for members of the same muRNA family, even if famuly members have very
different sviIRNA abundances. It was chosen to target six members of muR-17 family (muR-17-
Sp, miR-93-5p, muR-20a-Sp, miR-20b-5p, miR-1006a-5p, muR-106b-Sp) along with two
miRNAs with related seed sites (nuR-18a-5p, muR-18b-Sp}. muR-17 famuly includes two
highly expressed miRNAs in HEK293xT (2™ most abundant miR-20a-5p, and 5% most
abundant miR-93-5p}, while threg miRNAs {(miR-20b-5p, miR-106a-5p and miR-18b-5p) are
ranked cutside of top-200 most abundant miRNAs {(Fig. 17). Two members of let-7 family (let-
7a-5p and let-7g-5p) were profiled along with two miRNAs of interest that were unrelated to
let-7 family {miR-26a-5p and miR-26b-5p). Members of let-7 miRNA family are highly
similar to each other and as expected, use of probes for let-7a-5p and let-7g-5p resulted in
enrichment of other members of let-7 family (let-7b-5p, let-7¢-5p, let-7d-5p, let-Te-5p, let-71-
Sp and let-71-5p) (Fig. 20} nuRNAs in let-7 family experiment also varied in abundance
(lowest expressed miRNA was let-7d-5p ranked top-1335, and highest expressed was let-7a-3p,

ranked top-8). The preliminary results showed that in a single experiment, probe capture can
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simultanecusly enrich for multiple miRNAs as compared to chimeric read population of the
total (not enriched) librartes. Even though muRNAs that were selected in the nuR-17 famuly
experiment accounted for almost 20% of total chimeric reads without enrichment, miR-eCLIP
still worked to farther increase representation of selected miRNAs resulting in over 94% of
chimeric reads being accounted for by the selected muRNAs after enrichment (4 4-fold
mwerease, (Fig. 16)). Chumeric reads for miRNAs 0 the let-7 family experiment were less
comnon, accounting for less than 3% of total chumeric reads without the entichiment. In miR-
eCLIP bibrary, proportion of chimeric reads for the selected miRNAs have increased to over
84% (28-fold increase, (Fig. 17)). Analysis of distribution of chimeric reads among individual
miRNAs shows that in each experimaent the increase 1 read counts was specific to miRNAs
mtended to be enriched by probe design (Fig. 18, Fig 19, and Fig. 20},

0182} It was found that in the target portions of chimeric reads, 6-mers
complementary to [2:8]-seed sequence of the cognate miRNAs occur over 35-times more
commonly than expected from background frequency of single nucleotides alone. This result
matches a bislogical expectation given role of seed complementarity 1o target recognition and
stabilizing of AGO2 binding to target transcript. The proportion of reads with seed matches
to cognate miRNAs varies between different miRNAs reaching over 50% for three nuRNAs
m miR-17 farmly (Fig. 21, Fig. 22, and Fig. 23},

18183} Finally, accuracy and efficiency of miR-eCLIP  ennchment of
mRNA mRNA chimeras were tested mn a different kind of a clinically relevant sample time, a
mouse hiver tissue. Enriched hibraries were compared to standard AGO2 eCLIP hbraries with
an added chimeric ligation step prepared from the same tissue samples. Two sets of enriched
libraries were prepared, one was enriched for a selection of five nuRNAs {(miR-26a-5p, nuR-
21a-5p, let-7a-5Sp, let-Tc-5p, let-71-5p) and another was enrichment specifically for miR-122-
Sp. Chimeric rate, expressed as a ratio of chumeric reads and all umquely mapped reads, was
at least 4 to 6-fold higher in liver miR-eCLIP libraries than with previously published methods,
resulting i 20% and 30% chimeric rate in libraries enriched for miR-122-5p and a set of five
miRNAg, respectively (Fig. 1}, At the same time, the enrichment also increased representation
of chimeras for miRNAs of interest among chimeric reads (Fig. 24). In the experiments with
five selected miRNAs, proportion of clumeric reads for miRNAs of interest had increased from

9% n total chimeric library to over 70% i miR-eCLIP libraries (7.5-fold increase).



WO 2022/093701 PCT/US2021/056471

Representation of chimers of a highly abundant miR-122-5p muRNA has also increased.
Without enrichment, miR-122-5p chimeras account for 34% of total chimeric reads, while in
nuR-eCLIP enriched libraries, proportion of miR-122-5p chimeras was 68% (2.2-fold
increase). Analysis of per-miRNA read counts showed that increase in chumeric read count
was specific to enriched muRNAs, with only other miRNAs with substantial increase in
chimeric reads being related family merobers (Fig. 25 and Fig. 26). As in HEK293xT libraries,
seed matching sites for nuRNAs in hiver clumeric reads were significantly over-represented in
target portions of chimeric reads relative to background, in agreement with expectations given
biological role of seed complementarity m muRNA targeting (Fig. 27 and Fig. 28). Tn the end,
starting with 40-45M of srutial reads, miR-eCLIP libraries contained from hundreds of
thousands to several million of chimeric reads per nuRNAs of interest, which 15 orders of
magnitude greater than was possible to achieve previously.

8184} Deep profiling of miRNAs targeting gene of inferest

8185} While profiling of genes targeted by mdrvidual nuRNAs 18 important, i 1s
also important to be able to address a reciprocal challenge of comprehensively wdentifying
miRNAs that targeted a specific gene of mterest. Application of miR-eCLIP was tested to
address this question by designing ennichment probes to complement sequence of a gene of
mterest, rather than sequence of miRNAs of interest. Libraries enriched for gene of interest
chimeric reads had overall fewer chumeric reads, but representation of chimeric reads for the
gene of interest has mereased 50-fold and 300-fold 10 APP and ULK1 ennichment experiments,
respectively (Fig. 29 and Fig. 30} This resulted mn identifying of over a thousand chimeric
reads specific to genes of interest 1n each enriched library. Drespite differences in chimeric read
abundance with and without enrichment, counts of chimeric reads per miRNA was highly
correlated between enriched libraries and matched libraries prepared using miR-eCLIP without
probe enrichment {(Pearson correlation > 0.97, (Fig. 31 and 32} This result confirmed that no
major biases in miRNA representation among gene specific chimeras was introduced by a
substitution of gel clean up step with the probe capture enrichment.

0186} Examining chimeric reads mapped to 3'UTRs of enriched genes showed
that chimeric reads profile miRNA targeting a specific gene of interest in an unprecedented
detad. Individual target sites were well separated from each other, visible as distinct peaks in

chimeric read density {(Fig. 39 and Fig. 40), identifying four and five actively engaged ouRNA
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target sites in 3’UTRs of ULK1 and APP transcripts, respectively. All four sites in ULK1, and
four out five sites in APP contained a 6-mer complementary to the seed regions of miRNAs
most highly represented in the chimeric reads mapped to each particular site. A noteworthy
feature of chimeric read distribution was that most of individual sites were targeted by several
different miRNAs, where most abundant nuRNAs targeting the same site had the same seed
site, 1.€., belonged to the same seed fanuly (Fig. 33 and Fig 34). Therefore, miR~-eCLIP showed
that different miRNAs co-target the same sites in target transcripts, which helps to explain
robustness of miRNA regulatory networks and s resilience to mutations of individual
nmiRNAs n knockout experiments.

[61R7] miRNA:mRNA chimeras guantitatively identify functional miRNA
fargets

[01858] As microRNAs often regulate gene expression by imducing RNA
degradation, a common way to validate nuRNA targets at scale 18 to show downregulation
following muRNA overexpression. Indeed, targets identified using CLASH or similar chimeric
ligation approaches showed particular enrichment for functional regulation, confirming that
these methods yield high-quality sets of miRNA targets. To confirm that muR-eCLIP also
wdentifies functional muRNA targets, two mdividual miRNA mimics were overexpressed by
transient transfection {(miR-1 and nuR-124, both of which endogencusly expressed at fow
levels in HEK293xT cells, ranked 65" and 265% most expressed miRNAs, respectively),
followed by miR-eCLIP to identify targets and mRNA-seq to assess the effect of nuRNA
overexpression on global gene expression.

10189} First, using DESeq2 to quantify differential gene expression were used upon
miRNA overexpression (Fig. 35). As expected, 3'UTRs of downregulated contamed miR-1
and miR-124 seed matches more often than 3’UTRs of upregulated genes (Fig. 36} Two 6-
mers that were more highly overrepresented in 3'-UTRs of downregulated genes than any other
6-mers complemented seed sites and the offset seed sites of the two transfected muRNAs (Fig,
37 and Fig. 38} In Fig 37, the y-axis shows negative logi0 transformed hypergeometric test
p-values from tests of 6-mer enrichment in 3’UTRs of genes sorted from downregulated to
upregulated {the x-axis depicts sorted genes). The enrichment of 6-mers corresponding to nuR-
124 seed matching site are shown with top and bottom lines. Al other possible 6-mers are

show (grey lines} demonstrating that enrichment of G-mers for nmiR-124 1 3'UTRs of
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downregulated genes is highly specific. In Fig. 38, The y-axis shows negative loglQ
transformed hypergeometric test p-values from tests of &-mer enrichment in 3’UTRs of genes
sorted from downregulated to upregulated (the x-axis depicts sorted genes). The enrichment of
o-mers corresponding to miR-1 seed matching site are shown with top and bottom lines. All
other possible 6-mers are show {grev lines) demonstrating that enrichment of 6-mers for miR-
I in 3’UTRs of downregulated genes is highly specific.  This analysis confums that
transfection of nuR-1 and miR-124 numics had specifically induced repression of nuR-1 and
iR-~124 targets, respectively.

[196] Next, nuR-eCLIP were applied to wentify targets of miR-124 and nuR-1.
To define reproducible targets, peaks using miR-124 and miR-1 chimeric reads were first
called v each of the two replicates. Targets were then defined as genes with 3'-UTRs
containing such chimenic peaks 1 both biological rephicates, resulting m wdentification of
hundreds of tugh confidence nuRNA targets (Fig. 39 and Fig. 40). Confirming accuracy of
these targets, it was observed that > 75% of muR-eCLIP targets were down-regulated upon
muRNA over-expression {Fig. 41 and Fig 423 In Fig 41, the y-axis shows differential
expression of genes measured using RNA-seq that was performed in parallel with muR-eCLIP
experiments to wdentify miR-124 targets in the transfected cells. This experiment validates
miR~eCLIP targets {dark grey boxes} as functional targets, because they are repressed upon
miR-124 transfection. Moreover, a set of miR-eCLIP targets 1s more highly enniched for
functional targets than purely computational muRNA target predictions (TargetScan target
predictions, shown with the light grey box, are not showing as strong of a repression as miR-
eCLIP targets}. Unlike computational predictions, miR-eCLIP identifies targets quantitatively:
the greater the number of chimeric reads per target (labelled on the x-axis underneath the blue
boxes} the deeper is target repression upon miR-124 transfection. In Fig 42, the y-axis shows
differential expression of genes measured using RNA-seq that was performed in paraliel with
miR-eCLIP experiments to identify miR-1 targets in the transfected cells. This experiment
validates miR-e{CLIP targets {dark grey boxes) as functional targets, because they are repressed
apon miR-1 transfection. Moreover, a set of miR-eCLIP targets is more highly enriched for
functional targets than purely computational miRNA target predictions {TargetScan target
predictions, shown with the light grev box, are not showing as strong of a repression as miR-

eCLIP targets). Unlike computational predictions, miR-eCLIP identifies targets quantitatively:
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the greater the number of chumeric reads per target (labelied on the x-axis underneath the blue
hoxes) the deeper 1s target repression upon miR-1 transfection. The magnitude of repression
mereased among miR-eCLIP targets when more chimeric reads were identified (3, 10 or 25
chimeric reads per peak), indicating that the count of chumeric reads per target provides a
quantitative metric that correlates with the strength of a particular mRNA-muRNA target
mteraction.,

[09191] Finally, these results agamnst TargetScan computationally predicted targets
were compared. Although TargetScan-predicted targets did show significant repression upon
nuRNA over-expression, the magnitude was simular to only the low-confidence (>=3 read)
chimeric eCLIP targets, with >=10 and >= 25 read targets showed deeper repression upon
nuRNA over-expression (Fig. 41 and Fig 42). Therefore, chimeric reads in miR-eCLIP
libraries allow to vary a cutoff for a minimum number of chimeric reads per target adjusting
sensitivity~-specificity balance as well as provide a way to quantitively predict strength of

miRNA targets.
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WHAT IS CLAIMED IS:

1. A method of enriching microRNA {miRNA) targeted RNA molecules, wherein the
method comprises:

comntacting an RNA sample with target specific nuiRNA molecules in the
presence of Argonaute 2 {Ago2) proteins to form a complex;

isolating the complex;

higating the miRNA molecules to the RNA molecules within each complex to
form chimeric RNA molecules;

entiching non-chimeric RNA molecules of interest and chimeric RNA
molecules, or cDNA molecules thereof, with probes;

amphifying enniched non-chimeric RNA molecules and chumenic RNA
molecules, or cDNA molecules thereof, by PCR;

sequencing the PCR products; and

dentifving computationally non-chimeric RNA molecules of interest and/or

chimeric RNA molecules.

The method of claim 1, wheremn the RNA sample 1s from cells or tissue.

£

3. The method of claim 1 or 2, further comprising lysing cells prior to solating the

complexes.

4. The method of claim 1, wherem contacting the RNA sample further comprises

crosslinking the complex together by UV light or a chemical crosshink agent.

5. The method of claim 4, wherein the chemical crosshnk agent is selected from
formaldehyde, formalin, acetaldehyde, prionaldehyde, water-soluble carbomirdides,

phenyvlglvoxal, and UDP-dialdehvde.

6. The method of claim 1, wherein the RNA sample comprises mRNA molecules or

mRNA fragments.

7. The method of claim 1, wherein isolating the complex s by immunoprecipitation

of the complex.
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8. The method of claim 7, wherein the immunoprecipitation comprises contaciing the

complex with an Ago2 antibody.

9. The method of claim 8 wherein the contacting step is followed converting
associated RNA into hibraries that can be subjected to high-throughput sequencing to quantity

association.

10. The method of claim 1, wherein the non-chumeric RNA molscules of interest are

miRNA molecules.

11. The method of claim 10, wherein the probes are anti-sense nucleic acid probes in a

length between 10 bp and 100 bp.

12. The method of claim 11, wherein the probes are 100% complementary to the

miRNA molecules.

13. The method of claim 1, wherein the non-chimeric RNA molecules of interest map

to specific genes or 3-UTR of genes.

14, The method of claim 13, wherem the probes are anti-sense nucleic acid probes n a

length between 10 bp and 5000 bp.

15. The method of claim 13, wherein the cDBNA molecules are formed by reverse

transcribing RNA molecules into the cBDNA molecules before the enrniching step.

16. The method of claim 11 or 14, wherein the probes are RNA single stranded DNA

{ssBNA), or synthetic nucleic acids, such as LNA.

17. The method of claim 1, further comprising digesting the Ago2 proteins prior to the

enriching step.

18. The method of any one of claims 1 to 17, wherein the envrichment step produces

about 5% to about 30% chimeric reads out of all uniquely mapped reads.
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19, The method of any one of claims 1 to 18, wherein the enrichment step increases the

proportion of chimeric reads in the library.

20. The method of claim 19, wherein the overall chimeric read population is increased

by at least 20-fold.

21. The method of any one of claims 1 to 20, wherein the method does not mclude a

gel clean up step.

22 The method of claim 20, wherein onutting a gel clean up step creates a simplified

hugh throughput of enniched nuRNA.

23. The method of any one of clavns 1 to 22, wherein the enrichment step further

comprises an expression of nuRNA,

24. The method of any one of claims 1 to 22, wherein the Ago2 is an anti-human Ago?2

antibody.

25. The method of claim 24, wherein the Ago2 imcludes a gene selected from APP,

ATGOA, BTG2, and ULKL

26. The method of any one of clamms 1 to 25, further comprising irmunoprecipiiating
R’ > fae

RNA end repair.

27. The method of claim 26, wherein the RNA end repair utilizes at least one of FastAP,

a phosphatase that removes S'-phosphate from RNA-DNA chimeric molecules, and T4 PNK.

28. The method of any one of claims 1 to 27, wherein the complexes are incubated with
proteases to digest the Ago?2 protein and release the higated RNA fragments from the formed

complexes.

29. The method of any one of claims 1 to 6, wherein the probes are selected from RNA,

ssDNA, and synthetic nucleic acid.
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30. The method of claim 29, wherein the synthetic nucleic acid 1s LNA

31. The method of any one of claims 1 to 30, wherein after the enriching step a
sequencing adapter with a UMI or Randomer is ligated to the enriched and non-enriched

molecules.

32. A method of enriching chimeric microRNA {miRNA}-targeted RNA molecules,
wherein the method comprises:

providing Ago? proteins;

fixing or crosshinking miRNAs and RNAs mnside the Ago2 protems to form Ago2-RNA
complexes;

isolating the Ago2-RNA complexes;

higating the miRNA molecules to the RNA molecules within each Ago2-RNA complex
to form chimeric RNA molecules;

enriching non-chimeric RNA molecules and chimernic RNA molecules of mterest with
probes;

amplifying enriched non-chimeric RNA molecules and chimeric RNA molecules by
PCR;

sequencimg the PCR products; and

identifying computationally chimeric RNA molecules of mterest.

33, The method of claim 32, wherein the RNA molecules of interest 1s APP, ATGSA,

BTG2, and ULK1.

34, The method of claim 32 or 33, wherein the fixing or crossing linking s by UV hght

or a chemical cross hink agent.

35 The method of claim 34, wherein the chemical crosshink agent is selected from
formaldehyde, formalin, acetaldehyde, prionaldehyde, water-soluble carbomirdides,

phenyiglyoxal, and UDP-dialdehvde.

36. The method of any one of claims 32 1o 35, wherein isolating the complex is by

immunoprecipitation of the complex.
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37. The method of claim 36, wherein the immunoprecipitation comprises contacting

the complex with an Ago2 antibody.

38. The method of claim 32, further comprising digesting the Ago2 proteins prior to

the enriching step.

39 The method of any one of claims 32 to 38, wherein the enrichment step produces

about 5% to about 30% chimeric reads out of all uniguely mapped reads.

490, The method of any one of claims 32 to 38, wherein the enrichment step increases

the proportion of chirneric reads in the hibrary.

41, The method of any one of claims 32 1o 39, wherein the method does not include a

gel clean up step.

42. The method of clamm 41, wherein omutting a gel clean up step creates a simplified

high throughput of enniched nuRNA.

43, The method of any one of clamms 32 to 42, wherein the enrichment step further

comprises expressing nuRNA.

44 The method of any one of claims 32 to 43, further comprising immunoprecipitating
< > get] <

RNA end repair.

45 The method of claim 32, wherein the RNA end repair utilizes at least one of FastAP,

a phosphatase that removes S'-phosphate from RNA-DNA chimeric molecules, and T4 PNK.

46. A method for short probe capture-based muiRNA enrichment, the method
COMprising;

pre-couphing ssDNA biotinylated probes to streptavidin beads to form a complex;

mixing a sample of miR+adapter, mRNA-+adapter, chimera miR+mRNA-+adapter, the

complex and a hybridization buffer;
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mcubating the sample, the complex, and the hybridization buffer at 60°C for 1 t0 2
hours;

rinsing the sample and the complex to remove background binding and to keep miR-
specific molecules;

eluting the complex with DNase; and

sequencing the sample.

47. The method of claim 46, wherein the ssDNA biotinylated probes are anti-sense 1o

miRs.

48, The method of claim 47, wherein the ssDNA biotinylated probes are 100% anti-

sense to nuRs.

49, The method of any one of claims 46 to 48, wherein the complex obtains both

chimeric reads an muRNA reads.

50. A method for identifying specific mRNA-miRNA binding from cells or tissues
which contain RNA molecules, nuRNA molecules, and AgoZ2 protein, the method comprising:

crosshinking cells or tissues to hnk miRNA to Ago2, suRNA-mRNA to Ago2, and

mRNA to AgoZ;

lysing cells or tissues with RNase 1 to partially fragment RNA;

coupling the fragmented RNA with beads which are pre-coupled to an Ago2 antibody;

washing the beads;

running intermolecular ligation to form chimeric miIRNA-mRNA molecules;

washing the niRNA-mRNA molecules;

repairing RNA ends using FastAP, DNase or T4 pNK;

hgating the miIRNA-mRNA molecules with a sequence adapter with UM/ randomer;

digesting Ago2 protein to release RNA fragmenis;

reverse transcribing RNA molecules to convert into cDNA;

amplying the cDBNA with PCR;

sequencing the libraries made from the PCR; and

analyzing the hibranes.



©
™
- -
@
3 z
m —
T —
& L
&)
S T
—
o
=
a t
= m
£3 -
&




WO 2022/093701 2445 PCT/US2021/056471

%

(AGO2 peaks with non-chimeric reads)

iy

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 245 PCT/US2021/056471

{chimeric miR reads only)

Poarsen cor = 0.9

Baa-

rEEA cortamination

2
2k
/

With-gel chimeric %xﬁv {i g}

Fig. 4

SUBSTITUTE SHEET (RULE 26)



e \\\\\\\\\\\\\\\\

PCRd

a181 uonBoIdnp HOd



WO 2022/093701 545 PCT/US2021/056471

Fig. 6

SUBSTITUTE SHEET (RULE 26)



Gi45 PCT/US2021/056471

WO 2022/093701

Annotation mRNA

e

HES i
X
I E&&R
alles olts

e

.....
‘‘‘‘‘

SUBSTITUTE SHEET (RULE 26)



7i45 PCT/US2021/056471

WO 2022/093701

e
3

¢
RS

TRNA derived
&S
TR

e 0475
o w
=
5
L T
* 0
E IS
,u.s.. -
Y
ws
Rt rd

-l

& BERRR ¥

Py
wbi

_;;&\\\\'-é #3598 R 8

{08 Pt SIS

kA
K
e

g P

IRNA FPH fog2)

Fig. 8

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701

miR-17-5p
miRk-20a-5p
miRkR~-82a~-3p
miR-18b-3p
miRk-18a-5p
miR-~-18a-3p
miR-16-5p
miRk-4284
miR-221-3
miR-1&5a-5
miR-108b-5p
miR~1968b-5p
miR~-15b-5
miR-28a-5p
miR-~-93-5p
miR-103a-3p
miR-222-3p
miR-~-320a-3p
miR-25-3p
miRkR-188a-5p
miR~-30c-5p
miRkR-34a-5p
ist-7a-Sp
miR-17-3p
miRk-218-5p
miR-423-3p
mik-8485
miR-30d-5p
miR-424-5p
miR~-5585-3p
miR-21-5p
miRk-30b-5Sp
miR~181a-5p
miR-31-5p
miR-378a-3p
miR-28b-5p
miR-30se-5p
miR-188b-3p
miR-101-3p
maRm‘E Oa-5p
R-484
maR~”§2?’3h -5
miR-574-5p
miR-374a-5p
miR-~-32-5p
miR-27b-3p
miR-338-5p
miRk-148a-3p
miR-1810-5p
miR-181-58p
miR-4485-8p
miR-236-3p
miR-374b~ 5;)
miRk-423-5p
miR-301a-3p
let-7f-8p
mikR-503-5p
miRk-1886-5p
miR-151b
miRk-1973
miR-128-3p
miR~130b~-3p
miRk-744-5p
miRk-24-3p
lat-7e-5p
miRk-454-3p
MiR-183b-3p
miRkR-871-5p
miR-1296-5p
miR-30a-5p
miR~-82h-3p
miRk-27a-3p
miR-1872
MiR~425-5n
miRk-18a- 3;::

PCT/US2021/056471

Seed family

\ maR-—"E? Sp famaiyif

miR 18- 5p famaiy ,,,,,,,,,,,,,,,,,,,,,,,

Other

200

400

800 800

Chimeric reads (RPM)
in total chimeric AGO2 eCLIP

Fig. 9

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 9/45 PCT/US2021/056471

Chime

A o« A )

o 2

e

I "

A -
oy 3
et A

r
%

Z
%

%

SR 8

o AP 8

=3 20a=3p
miR-28-3p
- a}&};\\ }E\ «

& B2

Nandom Gmers @

Fig. 10

SUBSTITUTE SHEET (RULE 26)



10/45 PCT/US2021/056471

WO 2022/093701

25

\.\
l\

S0BE WAL &a Ly

ks
‘\.}“h

25

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 11/45 PCT/US2021/056471

Chimeric eCLIP

eCLIP.

Frotein gel,

mambrane

.

“

Froteinase K,

RNA solation

SUBSTITUTE SHEET (RULE 26)



12/45 PCT/US2021/056471

WO 2022/093701

P
7
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
%

3 IR

152 -0l

\\ \\\\\\\ \ \\\\\\ ) \ ) \\\\ e
Mmm - 0}

M@m\ ol
£-423 [Ndx]

000'€6+°02 0000602

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 13/45 PCT/US2021/056471

Mo-gel nonchim

~
.\\.
¥ ’ " R ¥ 3 $
X - £ ey T8

SAF AR

With-ge! nonchimeric RPM {logd)

SUBSTITUTE SHEET (RULE 26)



14/45 PCT/US2021/056471

WO 2022/093701

g, 7 7
w\\.\.\.N i S\u\.\&
iy L %,

it b

speay OLBWIYL

“\m‘
%
Grrrrry

.
P
%53

LT

06

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701

¢ Heads

Chimer

Chimeric Reads

2
5
%, ,i}

3,’
o

15/45

mik-17 fanily

G
%

Y
4
£

>

»
LR )

ety

e R

gy TR SRR A

SUBSTITUTE SHEET (RULE 26)

PCT/US2021/056471



WO 2022/093701 16/45 PCT/US2021/056471

a

Fillown Frobe

s

TRUE  # palse

i envichyment: 5507 fold: Proportional srvichment: 208 fold

s
s
SRR

ESLIP Srrirs (og 10 P
;;,

Friiee

Ftw

Tatal {log 10 BPM)

Fig. 18

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 17145 PCT/US2021/056471

Fulidown Prabs

TRUE @ paise

kit enrichment 839 3 fold; Froporfiona! srvichment: 4.4 fold

S
n¥

}

3 :

PRt

Total log 10 RPM)

Fig. 19

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 PCT/US2021/056471

18/45

Fulidown Prabs
TRUE # FALSE

:‘3

Fit envichment: 758 6 fold; Proportional enrichment: 28.2 fold

Total (log 10 RPM)

Fig. 20

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701

s

%

e

&

19/45

Hand kemsr 3
Rand k-mer

Rard haer 3
Roard k-mer 4

Fig. 21

PCT/US2021/056471

Seed Matlch

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 50/45 PCT/US2021/056471

#  Seed Match

& Faad ke d

& with & oadeh

Fig. 22

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 51145 PCT/US2021/056471

Phand baver 3 - = ;
: ’ #  BSeed Malch

& Hand kvoar 3

F . Rand bnsr

Chirneno reads with a mateh

Fig. 23

SUBSTITUTE SHEET (RULE 26)



22222222222222222222222222222222222

S chimeras

..... \\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\%1

\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Fig. 24




WO 2022/093701 53145 PCT/US2021/056471

Fit envichment: 248 .9 fold: Proportional envichment 7.6 Umes

A1

miR-4555

eZ
#

Pulidown Probe

Wl-7 fally

miR-26 family
miF-21 farlly

Frookee Cagdure Ervichrrmrnt (g 140
&8

]
ecnd

e R
¥
=

¥ ¥ §
3 N

&)
.~ R
B s =

Tolal (log0 RPM)

&
.

Fig. 25

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 54145 PCT/US2021/056471

Fit envichment: 269 9 fold; Proportional enrichment 2.2 fimes

Flilldown Probe
7 Taigeled
&R tmily

Prodes Capture Borichrment (o

Tolal {log10 RPM)

Fig. 26

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 2545

# Faryd kmer
#  Ford ke 2

e PTeet e s
W Rarg ke g

ke

S

RN

FERTRAE Ry 3

Chimei

reads with am

PCT/US2021/056471

Seed Maleh

%

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 SEBI45 PCT/US2021/056471

Rardkmer s ! e o
& Seed Malch

# Fan ka4

§&  Rand kngy &

¥y
3

7

P

&
%

Chimene reads wilh g mateh

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 57145 PCT/US2021/056471

Enrichment of chimeric reads for ULK1

TERNY
VERNDY o

v
P,

errs

.

R eCLIP chimeric reads

X * x

&Y TR T SO
3} N A8 3
W3 &3 SRAE

Fig. 29

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 58I45 PCT/US2021/056471

Enrichment of chimeric reads for APP

preecd
wad
FUS TNRCsB
KR & @
‘ o ® * & L
. T R Y AR - NN R
- ® x 0 i .3 &*

Total chimeic reads

Pig. 30

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 5G/45 PCT/US2021/056471

Enrichment of chimeric reads for ULK]

Lo GR7s

¥

=
PR

Total chimeric reads

Fig. 31

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 30/45 PCT/US2021/056471

Enrichment of chimeric reads for APP

Cor L.588

ds

3 = X b X
By Lo R TP
i3 R KR ST FERY

Total chimsio reads

Fig. 32

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/056471

31/45

£t Ol

YSIBH PBaS ‘M
says Jebie; yiw
dif€ady w wor--ooos] | OE-BE0 LMW
............. | oy oooe] | GG-P2 P
w e TR Leiente o RO ETITY
. § e {001 - 000768 Qmsmmwammc\m
_______________________ \§ iy - 000w &mawwnmmwﬁ

{001~ - 000w Q@;Q@Q -l
oo -so0zz] | AG-E6-2d1
g 1--ooooed | IG-BOZ -2l
o--oomsed | AG=2 L =3Il
................. - oo | HG-ZE -2
o~ ooe] | AE-GZ-3il
e ooi--0002 | IE~BZ 621U
........ y o jory--oooerd] | A€~ L0 L -HI
_ . ooz | GG~ E-pfiUl
boo-sovos | 3L
loge-ovened | SHBWIID [BI0 ]
iczo-oeesed | cd 108 SO0V

44 008" 18957 4% 009" L8997 44 00v'198'52 4G 002'188'sT dg (00°188°52 44 008'089'57 49 008'088°52 46 00%'88'52
dq /612

WO 2022/093701

AR

SUBSTITUTE SHEET (RULE 26)



32/45 PCT/US2021/056471

WO 2022/093701

$¢ 1]

AR s Oy ez e

sy Do A sy
. . 2918 RV PERS ALR) B7E 28
s 5 ey iy pu pofufus Aprap
BN . e v O W |||
izl de-egz-Hmresy
W ol 45-08-Yuresy
w\\ o de-ag0}-yuresy
& - dg-eQz-yu-esy
W 5211 00-¢ LSy
N\\ Lo BZE-NEsY

M,
e E s
N " POZE-Hiresy
N\ il Aee-asy
w - Sg-eQzE-yiresy
oy

froig
I 108 yiw

S ). )
el doREceY

¥ R f I f %
818 g 00zzs 5 a5 05128184
dag's
o0 y7h A a7 A B b gib 7hib goih B
ﬁ ¥ i ] 1 g%y g g | | W S|

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 33145 PCT/US2021/056471

AR-104 ve sp-value <0.05
miR-124 vs. mock | ot singf

hange)

©Co~

log2(FoldC
o

5 10 15
log2{Expression)

Pig. 35

miR-124 miR-1
O 1250 S : .| Seed match

& 1000 : 3@@ —

B ?ﬁi} \ . ™INo seed match
e

& 25{3 “}ﬁ &
© O

@awn E}Q l{:zww U§3

Fig. 36

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 3445 PCT/US2021/056471

0 == TGCCTT (miR-124

3 40 s GTGCCT (miR-124 §;§ 8))
= o A sw other 8-mers
g

0
0 3000 6000 9000 12000

Sorted genes
{downregulated to upregulated)

"'?"‘7

Fig. 3

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 35145 PCT/US2021/056471

50 Kmer
we CATTCC (miR-1 {2:7])

ol L N s ACATTC (miR-1 [3:8))
2 ag Saen s other B-mers
?5 - ‘-N{t‘“\.
& 20 \
£ 10y
80
" 10

20

s 3000 6000  BOGO 12000

Sorted genes
{downreguiated to upregulated}

Fig. 38

N -124 anskechon

i
%ﬁpj’/h’
P

mik @GMP targels

by count aof chimeric reads

Pig. 39

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 2645 PCT/US2021/056471

mR-1 ransheciion

=l v
LV P o0

miR eCLIP targetls

- e AT TR P 3 ) fg £ py '.‘e‘\ o =
by count of chimeric reads

Fig. 40

i< 194 franslection

;\
miR eCLIP targels

by pount of chimernic reads

Fig. 41

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/056471

WO 2022/093701 37145

FiER~1 ransfection

N E
8.3

o

pan)

e

S ooon

mz R e E I R

)

o

2 A A AN

35

fiy

S L0 W

H J

miR eCLIP targets .

SR Y FEYE & o MY ERRR SR TS S MYy 5
by count of chimeric reads

v an
Fig. 42

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 28145 PCT/US2021/056471

N

e

Chimeric mIRNA-MBNA mplecule

E *
s < &
N NI S
Chimeric miRMNA-MRNA molecules of e
interest with sequencing adapter Non-chimeric molecule

Pig. 43

SUBSTITUTE SHEET (RULE 26)



39/45 PCT/US2021/056471

WO 2022/093701

v 31

4 YOid ™ 2 ™ 4 N
4 A & deud L8 AISS deud Asesqy
S paseg-upn
uonebir \\mm,m\ww dajsuel] ON syndul + sindul + d| Ninlel:
isidepy-6N . +ReDEMm \ ‘ y f y
Sdi
ﬁmmg wvmzm - ™ e ™ 4 N
dvised YSBM 6 dlV + XNd sindu; sAeg
- USBAA
\ S| uonebies ——! :uopejhioydsoyd e
YWy NI =l SSUSBAA di
pus- .G YNdW di

o . . . . Y,

SUBSTITUTE SHEET (RULE 26)




WO 2022/093701

£

40/45

PCT/US2021/056471

'

£

Chimedc muRNA-mRNA fragnent of intersst with sequencing adapters

iR

& Ny P .
& Yy o N
s X S 3
$ Yo 3
ety 3
AN
ARARAR AR AR
AN
BN
B P T TS T L. ULLNY s
B B
N
R Do - J A A A S S S A LA A S AR AR AR AR A AR AR A AR SN S SN
b b
\ ¢ \\

SUBSTITUTE SHEET (RULE 26)




41/45 PCT/US2021/056471

WO 2022/093701

9 "1

dg-eQZ-NTU-2EY< 1HYNDOYIINDVOYARIDNDYTYAN

dg-egT-dTW-25U<  OYNYIVISNOVAINEIONDDYYA

dg-/ T-YTW-esy< OYNSOYIDNOVIYNADINDYYYD

dg -/ T-dTW-esU< (DYNDOVIONDVIVANDDNDYYYD

dg-eQz-NTW-28Y< HYNDHOVIINOVAYANIONIYYYA

Hd AQ PoAIDSSI B JOULIED SPOURIDIID [BIS IUBIGDId

dg- L T-dTU-88U< OYNDDYIDNDYIEANDIDNDVYYD

dg-£6~-dTU-BSU< 1 HYNDOVOONDINNBNODNDOTIYD

, - LIGAOTHET GOBROTVET WP BHS | GISTODNIN| QUZ-AE-ESy
. - TIIOMTHET THOLATMED WAR G067 | 9TSTO0ONM| QpT-nuEsy
. - DIOVRODOT EBEEG000T AP THAT | HE/OOOOIN|G90T-Al-ESy
. ~ QITOLTVET SRIDATHET XD 6/ | ETTOO00IW | BO0T-Huiesy
. - JFACEODOT SOLCE00DT  ZAR 1007 | SGUOD0OIM| g6-usEsy
, + SETISETS SOOISETE  SEAR  [b4 | 9/00000IW| BQ7-Aii-esy
» + I7805CT6 TSZ0GET6  ETAD /506 | Z/00000IW| BET-NNESY
. +  BRO0GET6 SOGOGET6  ETAD 1766 | T/CO000MW| /T-hu-esy
< SOUBPHUOT S DUBHE - R - UK - QUIOSOWOREY < Wl « UOISSRY 1

1000000441M Ajwey

SE0USNbEs JBIWIS DABY SSIILUB) YNMIW

SUBSTITUTE SHEET (RULE 26)



42/45 PCT/US2021/056471

WO 2022/093701

Ly 81

" jusuness ) 4 N 4 iy N
4 N Y 9SBUISIO daud mWMmMNWM EMM
USEA sindus ) 4G1]
uonebin \\mme\Ww ) + sindut + i 4190
sydepy-gN oY J \ J S y
Sl
USEM MNd ~ P N P N
visEd HSEM A dlv+3Nd sinduy sAeg
. - %,,wy UOREDIT419S PN L uoneldioydsoyy kel
VN W-YNYIW Scll SSUSEM ]
pus- .G YNdW di

o . . . . Y,

SUBSTITUTE SHEET (RULE 26)




43/45 PCT/US2021/056471

WO 2022/093701

Probes used in experiment:

G, B, LIRS G 0 Y,

‘s LAY L N N
ISR IR T

1 %, 747 27 g
SRS LI ek B

o Yo ar e
Bt

IS
A

VT 4. 7
ey e B

13

L

&

Chimeric miRNA-mRNA fragments of interest

P

Fig. 48
SUBSTITUTE SHEET (RULE 26)



44745 PCT/US2021/056471

WO 2022/093701

1236

@
3
m
z

=

- \\Y\\“
,\\\\%\\“\@
= \n\\\\
,\\\Mx\\\\\@
s,

Z
\\\\\\\wx\\\Nx\\
i
\\\\\n\\\\\S
vty

\\\\\\\\\

UUAU

r

Single miRNA-21 capture enriched motif:
IMiRNA-21 seed sequence: AG

§
\\\\\\
7 %
ot

L
Py
\\\\\\\\\

o

e

Reverse complement of miRNA-21 seed sequence:

1—723

@
=
o
>
1
[N

P \\\\\\\

ot
0
E
-
9
£Z=
L¥
=
£
i
2
2
(N
o]
£
o]
]
o
<
2
&
E
&
P
£
vy

FHiRNA-27a Seed Sequence: UCACAGU

\\\\\\\\\

\\\\\&

w,

o)

7 %
vt/
i

Py

Reverse complement miRNA-27a seed sequence

i
)

iy,
\\\\

77
o

M§\

>
7

Single miRNA-221 capture enriched maotif:

\\.v\\\\“‘\\k.u
P
7

ZATE

G

MiRNA-221 seed sequence: GTUACAU

ey,

\\\\\\

Reverse complement of miRNA-221 seed sequence:

Fig. 49

SUBSTITUTE SHEET (RULE 26)



WO 2022/093701 45145 PCT/US2021/056471

cDNA of mRNA SNA of mIRNSG

*Can also be done on RNA ar non-ligated cDNA

Fig. 50

N B .y
B \\ N
& ‘
AN
TN m Len mﬂi;ﬂmw
AN Sy RN \
NN 3
I Y D
M ;o
N mMENA only fragments \‘\ Chimeric miRNA-mRNA fragments of interest

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2021/056471

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 9/22; C12N 15/113 (2021.01)

CPC - C12N 9/22; C12N 2310/141; C12N 2320/11; C12Q 2600/178 (2021.08)

According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

‘C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2019/078909 A2 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 25 April 2019 {1-17, 32-35, 38, 45
(25.04.2019) entire document

Y ~ | GROSSWENDT et al., Unambiguous |dentification of miRNA:Target Site Interactions by 1-17, 32-35, 38, 45-50
Different Types of Ligation Reactions, Molecular Cell, 19 June 2014 (19.06.2014), Vol. 54, Iss.
6, Pgs. 1042-1054. entire document

Y WO 2013/053742 A1 (ROYAL COLLEGE OF SURGEONS IN IRELAND et al) 18 April 2013 5,35
(18.01.2013) ontiro documont

Y US 2019/0144850 A1 (SIGMA-ALDRICH CO. LLC et al) 16 May 2019 (16.05.2019) entire 8,9,17,38,50
document

Y US 2015/0284797 A1 (BIOVENTURES INC.) 08 October 2015 (08.10.2015) entire document 15, 46-49

Y WO 2019/070638 A1 (ASTRAZENECA AB et al) 11 April 2019 (11.04.2019) entire document 33

Y US 2013/0029326 A1 (EPICENTRE TECHNOLOGIES CORPORATION) 31 January 2013 45, 50
(31.01.2013) entire document

Y US 2020/0216830 A1 (BECTON DICKINSON AND COMPANY) 09 July 2020 (09.07.2020) 46-49
entire document

Y US 2018/0371006 A1 (SOMAGENICS INC.) 27 December 2018 (27.12.2018) entire document |50

Further documents are listed in the continuation of Box C.

I:I See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D"™ document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t e_AJubllcauon date of another citation or other
special reason (as specified)

“O” documentreferring to an oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X™ document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

17 December 2021

Date of mailing of the international search report

JAN 31 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn; ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Harry Kim

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (secund sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2021/056471

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:

‘Z] in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13¢er. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. ,:I furnished subsequent to the international filing date for the purposes of intemational search only:
L__] in the form of an Annex C/ST.25 text file (Rule 13fer. 1(a)).

|:| on paper or in the form of an image file (Rule 137er.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 18-31, 36, 37, 39-44
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:I No protest accompanied the payment of additional search fees.
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