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DocCode — SEQ.TXT

SCORE Placeholder Sheet for IFW Content

Application Number: 17476712 Document Date: 09/16/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Sequence Listing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.
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PTO/AIA/15 (10-17)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number.

UTILITY Attorney Docket No. NATE-037/C02US 321329-2721
First Named Inventor | Joseph M. BEECHEM
PATENT APPLICATION s
TRANSMITTAL Tile | CHEMICAL COMPOSITIONS AND USES THEREOF
Priority Mail Express®
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Label No.
C issi for Patent
APPLICATION ELEMENTS ADDRESS TO- o Box 1450
See MPEP chapter 600 concerning utility patent application contents. ) Alexandria, VA 22313-1450
1. Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS
(PTO/SB/MT or equivalent)
5 IS-\&psl;cg'rziFt{ ?zs;erts small entity status. 10. D Assignment Papers
Applicant certifies micro entity status. See 37 CFR 1.29. (cover sheet & document(s))
. Applicant must attach form PTO/SB/15A or B or equivalent.
4. Specification [Total Pages 106 ] Name of Assignee

Both the claims and abstract must start on a new page.
(See MPEP § 608.01(a} for information on the preferred arrangement)

5. Drawing(s) (35 U.S.C. 113)  [Total Sheets 40 1

6. Inventor’s Oath or Declaration [Total Pages 6 ] 1. 37 CFR 3.73(c) Statement Power of Attorney

(when there is an assignee)
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e))

12. I:I English Translation Document (if applicable)

a D Newl ted (original 13 Information Disclosure Statement
: ewly executed (original or copy) : (PTO/SBIO8 or PTO-1449)
b. A copy from a prior application (37 CFR 1.63(d)) D Copies of citations attached
7. Application Data Sheet * See note below. 14. |:| Preliminary Amendment
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)
8 CD-ROM or CD-R 15 Return Receipt Postcard
’ in duplicate, large table, or Computer Program (Appendix) ’ (MPEP § 503) (Should be specifically itemized)
Landscape Table on CD
9. Nucleotide and/or Amino Acid Sequence Submission 16. Certified Copy of Priority Document(s)
(if applicable, items a. — c. are required) (if foreign priority is claimed)
a. | x | computer Readable Form (CRF) 17.| |MNenpublication Request
Under_35 U.8.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35
b. I:' Specification Sequence Listing on: or equivalent.
i. |:| CD-ROM or CD-R (2 copies); or 18. Other: [ Petition to Accept Color Drawings Under
i I:l Paper 37 C.F.R. § 1.84(A)(2)
Certification and Request for Prioritized
C. Statements verifying identity of above copies Examination Under 37 CFR 1.102(g)

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 141429 OR I:' Correspondence address below

Name

Address

City State Zip Code

Country Telephone Email

Signature / Matthew Pavao / Date September 16, 2021

Name Registration No.

ErintTypey | Matthew Pavao (Attorney/Agent) 50,572
256833304
256835588 v1



Doc Code: PA..

Document Description: Power of Attorney
PTO/AIA/82A (07-13)
Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attomey by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attomey will not be recognized in the application.

Application Number Not Yet Assigned
Filing Date Concurrently Herewith
First Named Inventor Joseph M. BEECHEM
Title

CHEMICAL COMPOSITIONS AND USES THEREOF

Art Unit N/A

Examiner Name Not Yet Assigned

Attorney Docket Number | NATE-037/C02US 321329-2721
SIGNATURE of Applicant or Patent Practitioner

Signature /Robert E. Powers/ Date (Optional)
Name Registration
Robert E. Powers Number 77,802

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of 1 forms are submitted.

256835655 v1



DocuSign Envelope ID: 13F37F89-EA06-4020-B4E0-D1B4584CFB49

Doc Code: PA..
Document Description: Power of Attorney
PTO/AIA/82B (07-13)
Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in gither the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the application

referenced in the attached transmittal letter (form PTO/AIA/82A) or identified above: 141429
OR

| hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR
I:l The address associated with Customer Number:

OR

Firm or
Individual Name

Address

City | state | | zip |
Country

Telephone | Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

NanosString Technologies, Inc.

Inventor or Joint Inventor (title not required below)
|:| Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

|:| Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in
the application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent
The undersigned (whose fitle is g_ugpdlig,d below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature 6V JO(MA,SOVL, Date (Optional) | March 25, 2021
Name Bjorn Johnson

Title Vice President, Legal Affairs

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

D Total of 1 forms are submitted.

247898853 v1



PFTOMIADY {0812}

Approved for use thraugh 113012020, OMB 0651-D032

. 8.8 Patent and Tadamark Offire; 1.8, DEPARTMENT OF CONMMERCE

Usader the Papsiwark Reduciion AGt of 1995, ie sersons A reguired lo fespond lo.g coltection of Informastion vnless f displave 8 valid OMB contiol number.

DECLARATION {37 CFR 1.83) FOR UTILITY OR DEBIGN APPLICATION USING AN

Title of BIOMOLECULAR PROBES AND METHODE OF DETECTING GENE AND PROTEIN
Invention EXPRESSION

Az the below named Inventor, | heraby declgrs thal

This declaration L} The aftached application, of

is directed tor
E United States application or PCT International application number 16827 2,487
filed on 0241172018

The above-identified application was made or aithorized fo be mada by ma,
| balieve that Lam the originad inventor pr an original joint inventor of 2 elalmed nvention In the application.

| hereby acknowladge that any willful false statement mads in this declaration is punishable under 18 US.C, 1001
by fine or imprisonment of not mars than five (8) vears, or both,

WARNING:

Patittonarfappticant is cautioned {0 avold submiling personal information in documents filed in.a patent application that may
contribute to identity theft, Fergonal infarmation such as social secunly ninbers, bank account rumbers, or cradit ¢ard numbers
{other than a check or cradit card authorization form PTO-2088 submilied for payment purposes) ia never reguired by the USPTO
to support & patiifon or an application. If this type of parsonal irformation is included in documents submitted inthe USPTO,
petitfonersfapplicants should cansider redacting such personal information from the documenis before submitiing them to the
USPTO. Palitionerapplicant is sdvised that the recond of a paterd application is available 1o the puldic affer publication of the
application {unless & non-putdication request In compliante with 37 CFR 1,243(s) Is made in the application) orissuance of &
patent. Furthermore, the record from an abandansd application may aiso be avallable io the public if the application s
raferenced In a publishad application or an issusd patent {see 37 OFR 1,14}, Chacks and credit card authorization forms
PTO-2038 subimitied for payment plrposes ane not retained in the application file and thetefors are not publicly available.

LEGAL NAME OF INVENTOR £

g
Py
&

TS
o

nwentor: . Joseph M. BEECHEM Date (Optionaly: s

Signaturg;

N
Nole: An application date sheet (PTOSB/4 or squivalent), including naming the entire inventive entity, must asoompany this form or

rust have been previously fled. Lise an addifional PTOMIMI farm for sach addilional inventar.

189182816 ¥



PTOYAIALGT (B840

Approved for use thraugh 11/30/2020. DMY UGE1-0D32

1.5, Patentand Trademark Office; U8, DERARTMENT OF COMMERCE

Under the Papersvark Reduclion Act of 1895, no parsons e reriired i respand i a callectian of information unfess R dispiays 4 valid OB conteol number,

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEEY (37 CFR 1.76)

Title of BIOMOLECULAR PROBES AND METHODS OF DETECTING GENE AND PROTEIN
Invention EXPRESSION

As the below named Inventor, | hereby dedate that;

This declaration f | The atiached application, or
i divected to: T
{ ﬂ Urdied States application or PCT imternational application number 16272 487
filad on 0241102018

The abuve-dentified application was made or authorized to be mads by me.
i believe that | am the origine! inventsr or an originad joint inventor of a claimed invention in the application,

fhereby acknowledge that any willful false staisment mada indthis dedlaration s punishable under 18 US.C, 1001
by fine.or imprisonment of not more thian flee () vears, or bolh.

WARMING:

Petitionerfapplicant iz cautionad toavold submitting parsanal information invdotuments filed in a patent application that may
conitribute to iderdity thelt. Persansl infenmation such as soclal ssourity nurnbers, bank account numbers, or credit card numbers
{other than a chagk or credit card suthorization form PTO-2038 submitted for paymend purposes) is nover required by the USPTO
te support & petition or an application. if this fype of persanal information is included indocumants submitied tothe USFTO,
patitionarsfapplicants should consider redacting stich persoral information from the documenis before subrmiing tham to the
USRTO. Petitfonsrapplicant is advised that the revord of a patent application s avallable to the public after publication of the
application (unless.a non-publication reguest in compliance with 37 CFR 1.213(a} Is made v the-application) or lssuance of a
patent. Furthermore, the moord from ah abandoned applicalivs may also ba avsilable to the public ¥ the application s
referanced in a publishad application or an isatied patent {ses 37 CFR 194} Cheeks gnd oredil oard authorization farme
FTO-2038 submitted for payment purposes are not retained in the application file and therefurs are nol publicly avaltable.

LEGAL NAME OF INVENTQR

inventor DeeKIM . Drate {Qptionsd) :

e RGNV
3 e N

o

Signature:

Note: An application data sheet (PTOSHBA4 o eyuivalent), including naming the snlive Inventive antity, must scoompaniy this form or
must have baen proviously fled, Use an additional PTOMIADT form for sach addifional inventor,

182183818 ¥



PTOMIANLY (08-12}

Approvng for use through 11/30/2020, OMB 0851-0022

.8, Patent and Trademark Cifiee; U8, DEPARTMENT OF COMMERCE

Usnder o Papersork Redution Aot of 1695, no persons ave regulred 16 fespond to cabecion of infurmation unless it dsplaye & valid OMB control number,

DECLARATION {37 OFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78}

Title of BIOMOLECULAR PROBES AND METHODS OF DETECTING GENE AND FROTEIN
Invention EXPRESSION :

As the below named inventor, | hereby daclars that

This declaration :I The atiached application, of
is directed to!

i X1 United States application or PCT intemational appilcation number 16272487
fited on 0201142018

The above-identified application was made or suthorized (o be mage by me.
| believe that | am the original invenior or an original joint inverdor of & claimed invention In the appiication,

| heraby acknowledge thal any wili false staterment made in this declaration is punishable under 18 U85, 1001
by fine or imprisonment of not more than five (5 years, of haoth,

WARNING:

Peiiionerfapplisant is cautioned to aveid submitting personal information in documents filed in 2 patent application that may
contribute to identity theff. Persons information such as seolal security numbers, bank seccurt ny rbers, or credit card aumbers
{other than a check or credit card avthorzation form PTO-2028 submilled for payment purposes) is never raquired by the USPTO
{o support a petifion or an application. If this typs of personal information is includad i doauments submiitad 10 the USPTO,
peliticners/appiicants should consider redacting such personal infermation from e documents before subraitting thern {o the
USPTO. Pefitionsriapplivant s advised that the record of 2 patent application is avaiizble to the public after putdication ol the
spplication {uniess a non-publication requast In sompllance with 37 ©FR 1.213{a) is matie in the application) or issuance of g
paterd. Furthermnore, the record from an abandonad application may also be available to the publin Tthe application ls
raferenced in a published sppfication or an issued patent (see 37 OFR 1.14). Ghecks and credit card authorizstion forms
PTO-2038 submitted for payment purpoaes sre not retainad i the application file and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

o e/
inventor: Margaret HOANG . Bate (Qptional) : > f N / 20| Og
i A o
Signature: "1«’/ {j o ‘_\ . "-;mm'-f”‘“w-\}r
G o k\)}

Mota: &n application deta sheet (PTCYER4 of equivalent), inctuding naming the antire inventive antity, must rcocompany this form or
must have heen praviously filed, Use an edditionat PTOMAIAGT form for each additional inventor.

188182816 vi



PTOIAIAGT (08-12)

Approved for use through 11/30/2020. OMB 09610032

1.8, Patent and Trademark Offles; U8, DEPARTMENT OF COMMERCE

Under the Papanwork Reduotion Actof 1555, no persons ars regsired b respond i @ collection of infixnalion Liless § dlsplays 3 valit DM conlyol sumber,

DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.78}

Title of BIOMOLECULAR PROBES AND METHODS OF DETECTING GEMNE AND PROTEIN
invention EXPRESSION

As the helow named lnventor, | hereby declare thalt

This dsclarafion [] The attached application, of
fe diractad fa

X] United States application or PCT intsmational application number 166272 487
filed on 0211172018

The above-dantifled application was made or authorized {o be made by me,
i balleve that | am the origing! Inventor or an originat jeint inventor of a claimed Inveniion In the applieation.

| hereby acknowledga that any williul false siatement made in this decleration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not mors than five {5) years, or both,

WARNING:

Patitionerfappiicant ls cautionad to avold submiténg personal information in docurments fited In & patent application that may
contrfbute 1o idantily thelt. Personal informalion such as secial seourlly numbars, bank account numbers, or oredit card numbars
{other thai a chaok or credil card authorization fomy PTO-2038 submitled for paymant purpeses} is never raguired by the USPTO
{0 support @ pelition or an application. If this type of persong information s includad in documents submittad {o the USPTQ,
petitionersfapplicants should consider redacting such personal information from the documents before sibrmnitiing them o the
USPTO. Palilionerappiicant is sdvised that the racord of a patent application is availsble {o the public after publication of the
application {unless a non-publication request in compllance with 37 OFR 1.213(a) is made In the spgiicalion} or lssuance of a
patant. Furthermore, the record from an abandoned appliication may alse be avaliable to the publis ifthe spplication la
referenced In a published application or an issued patent {sse 37 OFR 1.14). Cheoks snd credif card authorization forms

FTO-2038 submitted for payment purposss are nol refained In the application file and therefore are not publioly availabls,

LEGAL NAME OF INVENTOR

- & 4 aoF
invontor: Mark GREGORY Date (Optional - 3/ (1
£ & {' F/f:'”’“‘:-“ s - .
Sighatura: / / {,‘ L™ g i cf'::..w_ut::::wmwm

Nota: &n application dats shest (PTO/SBMY or squivalent), including naming the entire inventive antity, must accompany this form or
must have heen praviously fled. Uss an sdditional PTOAIADT form for each additional inventor,

198182818 vi



RIEAADT B8-13)

Sppsavsd o0 13e Yrough 11230020, GlIE aeE-00%

3.3, Palant and Tradomack Dfice: .5, DEPARTMENT OF COMMERCE

Lirter the Daposee Redorbors AELol Y995, 10 poiani e rogined 1 respond (o & codeciss of Wneiatocruness Sdapings il CUG Lomig eumbes,

DECLARATION (37 CFR 1.83] FOR UTILITY OR DESIGN APPLICATION USING AN
ARPLICATION DATA SHEET (37 CFR 1.78)
Titte of SIOMOLEQUELAR PROBES AND METHODS OF DETECTING GENE AND PROTEIN
fvention | EXPRESSION

L As the below samad Invenier, Thereby dedlnre thatt

This dechwstion | | The atizched applicstion, or
isdiregted oy 7

x| United States application ar PCY imemational application numbes 181272487
fledon 0204 12018

Tha shoveeitenifiod appication was mada or authotzed o be made by ms.
{ batiove that | am e oiging! Invenior or 3o original jolnt Invantor of 2 daimed invention in the application.

§ heraby acknowisdge tral any wilful fehe strlement made in this declaration s punishabls under 18 LLE.G, 1001
By fira or impriscamens of nof mans than Sve {5 years, o balh,

UVARNING:

Fatfionenappitars is sautionsd to svold submitting pemonal information in documants filsd in & patent appiestien that may
coninbute 1o ldentily thefl. Parsonal informabion such as soutal sacuwrily numbsrs, bank Seeount numbers, o cosdl cand numbers
fothier Ihan 3 check o7 oot cand sutharzation forny PTCOR0I0 submitied for paynient plrposes) i never reguired by tha USFTO
1o sugport o gaiion o 40 appication: I Uvs type of personal information is indiuded in documents Stdwnitted fo the LSPTO,
pettisnerslagpioants shouid consider redsction suth parsonal information fram the decuments belore submiting them 10 the
USPTC, Poitonesanplicant iy atvissd thet the recond of @ polient spptication is wvailably to the publis sler publication of the
application juntess 8 norepublication request in comalianos with 37 CFR L2 ) Is mads In the spplivaion} &t lasumnce of 2
paterd. Fuithanmoss, the moond froman abandoned Spplication may sl b availsbls fo the publeif the spplisstion i
sefarosced in g publiched sppiication ur an aved patent fsee 37 CFR 1,14} Chechs and orsdif oaed suthonization fms
PTG-2038 sulsmiiisd for paymant plapases are motretxdned by ibe spplication fle ard thensfony are ol pullicly svallabie.

LEGAL MAME OF INVENTOR

wenton Erin PIAZZA Date Opsonalls 3 ggf { po f?
& A . i ¥
O )

Signatars: f«s:'{éwf} AAAAAAA ff{@ﬁzgfgw

Note: An applicatisn dats shoat (PTCOSENA or squivaleny), Insluding raming e eatiny inveniive enlity, raust scoonmpany this faaw af
st e bean prevkausly Siad. Use sn additionsl PTCAIAIH fom Jor aach stdition fnvantern

RGBT v
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FTOMIA0T {88-12)

Approvad for use througn 19/30/2020, OMB 0881-0082

.8, Patent end Trademark Offfoa; U.S. DEPARTMENT OF COMMERCE

Under e Paperwork Reduction Actof 1885, no persons are rqulred 1o respond 1o 8 nofiection of inforrmation unizss dlsplays & valid OMB control nurmbern

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.78)

Title of BIOMOLECULAR PROBES AND METHODS OF DETECTSNG GENE AND PROTEIN
invention EXFPRESSION

L
¥

]

Asg the pelow named invantor, { hereby dedlare that:

This declaration u The attached spplicaiion, or
is directed o
United Stales application or POT international application number 161272 487

filad on 0211172019

The above-identified application was mada or authorized fo be made by me.
| balleve that | am the original inventor or ain original joint inventor of & claimed invention in the appiication.

i hereby acknowledge that any williul false staterment made in this declaration is punishable under 18 U8.C. 100
by fine or imprisanment of not more than five (B} years, or bolh,

FARMNING:

Pelitionstiapplicant Is cautioned to avoid submitiing personal infornation In documents fied in a patent sppiication that may
contrioute th identity theft. Personsl information stioh as seclal securily numbers, bank agoount numbers, o credit card numbsers
{other than a check or credit card awthorization form PTG-20:38 submified for payment pipeses} is never requined by the UBFTO
to suppart @ petition of an application. If #1is iype of persongd information I inciuded in documents submitled to the USPTG,
petitioners/applicants shouid sonsider redacting such personal information fom the docurnents before submitting them 1o the
USPTD. Petilioner/applicant s advisad that fhe recond of 8 paient applicafion is availsble to the public after publication of the
appiication (unless a non-publication reguast in compfiance with 37 CFR 1 213a) s made in the application} or issuance of &
patent, Fusthermore, the record from an abandoned application may also be availabie o the public If the application is
reforenced in & published application or an issved patent {3ee 37 CFR 1.14). Chacks and credit cand authorizalion foms
PTO-2038 submitted for paviment purposes are not retained in the spplication file and therefors are not publicly avalizhie.

LEGAL NAME OF INVENTOR

A

inventon Denise ZHOU : Date (Optional) ; Mév e in S, 2oy

)
L ¥l Jﬁ/
Signaiurs: e ’\/\\f\

Note: An application dats shast (PTOSSB/14 or esquivalent), nchuding naming the antirs inventive entity, must sccompany thie fom or
miust have been praviously filed, Use an sdditional BTO/MIAGY fom for sach additional inventor.

199183818 v
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Doc Code: TRACK1.REQ
Document Description: TrackOne Request

PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named Nonprovisional Application .
Inventor: Joseph M. BEECHEM Number (if known): Not Yet Assigned
'Il'ltle of . CHEMICAL COMPOSITIONS AND USES THEREOF

nvention:

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1.

The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met because
that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, and
examination fee are filed with the request or have been already been paid. | understand that any
required excess claims fees or application size fee must be paid for the application.

| understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that any
request for an extension of time will cause an outstanding Track | request to be dismissed.

The applicable box is checked below:

m Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

(a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—-OR--—
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

’_‘ Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

A request for continued examination has been filed with, or prior to, this form.
If the application is a utility application, this certification and request is being filed via EFS-Web.

i. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris

a national stage entry under 35 U.S.C. 371.

. This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.
No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

/ Matthew Pavao / September 16, 2021

Signature Date

Name Practitioner
(Print/Typed) Matthew Pavao Registration Number 50,572

Note:

This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

Submit multiple forms if more than one signature is required.”

|:| *Total of 1 forms are submitted.
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Docket No.: NATE-037/C02US 321329-2721

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Inventor: Joseph M. BEECHEM Confirmation No.: N/A
Application No.: Not Yet Assigned Group Art Unit: N/A
Filed: Concurrently Examiner: Not Yet Assigned
Herewith

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Via EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PETITION TO ACCEPT COLOR DRAWINGS UNDER 37 C.F.R. § 1.84(A)(2)

In compliance with 37 C.F.R. § 1.84(a)(2), Applicant respectfully requests and petitions

for the acceptance of color drawings in the above-referenced application.
As directed by 37 C.F.R. § 1.84(a)(2), Applicant submits herewith the following:

(1) The petition fee to accept color drawings in a utility application of $140.00
under 37 CFR 1.17(h);

(i1) One set of color drawings (as the color drawings are being filed electronically

via EFS-Web, only one set of the drawing is submitted); and

(1i1) The following language is contained in the first paragraph of the brief

description of the drawings in the specification as filed herewith:

“The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will
be provided by the Office upon request and payment of the necessary fee.”

256835435
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Docket No.: NATE-037/C02US 321329-2721
Page 2
The color drawings are necessary as the only practical medium by which aspects of the
claimed subject matter may be accurately conveyed and are necessary to illustrate features of the
claims. More specifically, the color drawings are necessary for reasons including, but not limited
to the following:
1. FIG. 23 shows fluorescent micrographs of stained tissue samples. The use of color in
the depictions of these fluorescent micrographs allows the reader to readily appreciate
distinct domains within the tissue sample that are characterized by the expression of a
particular cellular maker (e.g. PanCK, CD3E, Ki67 and SYTO083). It would be nearly
impossible for the reader to discern these distinct domains, let alone their spatial
distribution within the tissue sample, in a black and white depiction of these fluorescent
micrographs.
Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 50-1283, under Order No. NATE-037/C02US 321329-2721

from which the undersigned is authorized to draw.

Dated: September 16, 2021 Respectfully submitted,
COOLEY LLP

USPTO CUSTOMER NO. 141429

By: /Robert E. Powers/

COOLEY LLP Robert E. Powers
ATTN: IP Docketing Department Reg. No. 77,802
1299 Pennsylvania Avenue NW, Suite 700 Matthew Pavao
Washington, DC 20004 Reg. No. 50,572

Tel: (617) 937-2300

Fax: (202) 842-7899

2

256835435 v1

14



Docket No.: NATE-037/C02US (321329-2721)

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Inventor: Joseph M. BEECHEM Confirmation No.: N/A
Application No.: Not Yet Assigned Group Art Unit: N/A
Filed: Concurrently Examiner: Not Yet Assigned
Herewith

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

STATEMENT IN SUPPORT OF COMPUTER READABLE FORM SUBMISSION
UNDER 37 C.F.R. § 1.821

I hereby state that the contents of the computer readable form of the Sequence Listing,
submitted in the above-identified application in accordance with 37 C.F.R. § 1.821, does not
include any new matter that goes beyond the disclosure of the application as filed. The Sequence
Listing is supported by the specification and references incorporated therein. Therefore, no new
matter is added.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 50-1283, under Order No. NATE-037/C02US 321329-NATE-
037/C02US from which the undersigned is authorized to draw.

Dated: September 16, 2021 Respectfully submitted,
COOLEY LLP

USPTO CUSTOMER NO. 141429

COOLEY LLP By: /Robert E. Powers/
ATTN: IP Docketing Department Robert E. Powers
1299 Pennsylvania Avenue NW, Suite 700 Reg. No. 77,802
Washington, DC 20004 Matthew Pavao

Reg. No. 50,572

Tel: (617) 937-2300
Fax: (202) 842-7899
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Attorney Docket No.: NATE-037/C02US (321329-2721)

CHEMICAL COMPOSITIONS AND USES THEREOF

BACKGROUND OF THE INVENTION

[0001] This application is a continuation of U.S. Patent Application No. 16/272,487, filed
February 11, 2019. U.S. Patent Application No. 16/272,487 claims priority to, and the benefit of,
U.S. Provisional Application No. 62/629,180, filed February 12, 2018 and U.S. Provisional
Application No. 62/771,212, tiled November 26, 2018. The contents of each of the

aforementioned patent applications are incorporated herein by reference in their entireties.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted in ASCII
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on September 15, 2021, is named “NATE-037_CO02US_SeqList.txt” and is about 50,019

bytes in size.

BACKGROUND OF THE INVENTION

[0003] Standard immunohistochemical and in situ hybridization methods allow for simultaneous
detection of, at most, six to ten protein or nucleic acid targets, with three to four targets being
typical. There exists a need for probes, compositions, methods, and kits for simultaneous,
multiplexed detection and quantification of protein and/or nucleic acid expression in a user-
defined region of a tissue, user-defined cell, and/or user-defined subcellular structure within

a cell. Furthermore, there is a need for such systems to be adaptable for use with existing

sequencing technologies that are already available to a large number of end users.

SUMMARY OF THE INVENTION

[0004] The present disclosure relates to probes, compositions, methods, and kits for

simultaneous, multiplexed, spatial detection and quantification of protein and/or nucleic acid

256835828
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expression in a user-defined region of a tissue, user-defined cell, and/or user-defined subcellular
structure within a cell.

[0005] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) ligating to the released
identifier oligonucleotide at least one nucleic acid adapter, wherein the nucleic acid adapter
comprises a nucleic acid sequence which identifies the specific location of the tissue sample
from which the identifier oligonucleotide was released, a nucleic acid sequence comprising a
unique molecular identifier, a first amplification primer binding site, a second amplification
primer binding site and optionally, a constant nucleic acid sequence to minimize ligation bias;
(5) amplifying the ligation product produced in step (4); and (6) Identifying the released
identifier oligonucleotide by sequencing the amplified products produced in step (5), thereby
spatially detecting the at least one target analyte in the at least one cell in a tissue sample.

[0006] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) ligating to the released
identifier oligonucleotide at least one nucleic acid adapter, wherein the nucleic acid adapter
comprises: a nucleic acid sequence comprising a unique molecular identifier, a first amplification
primer binding site, a second amplification primer binding site and optionally, a constant nucleic
acid sequence to minimize ligation bias, and wherein at least one of the first or second
amplification primer binding sites identifies the specific location of the tissue sample from which
the identifier oligonucleotide was released; (5) amplifying the ligation product produced in step

(4); and (6) Identifying the released identifier oligonucleotide by sequencing the amplified

256835828
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products produced in step (5), thereby spatially detecting the at least one target analyte in the at
least one cell in a tissue sample.

[0007] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) ligating to the released
identifier oligonucleotide at least one nucleic acid adapter, wherein the nucleic acid adapter
comprises: a nucleic acid sequence comprising a unique molecular identifier, a first amplification
primer binding site, a second amplification primer binding site and optionally, a constant nucleic
acid sequence to minimize ligation bias; (5) amplifying the extension product produced in step
(4) using a first amplification primer capable of binding to the first amplification primer binding
site and a second amplification primer capable of binding to the second amplification primer
binding site, wherein at least one of the amplification primers comprise a nucleic acid sequence
which identifies the specific location of the tissue sample from which the identifier
oligonucleotide was released; and (6) Identifying the released identifier oligonucleotide by
sequencing the amplified products produced in step (5), thereby spatially detecting the at least
one target analyte in the at least one cell in a tissue sample.

[0008] The nucleic acid adapter of step (4) can be a partially double-stranded nucleic acid
molecule. A partially double-stranded nucleic acid adapter can comprise a double-stranded
annealed region, a first single-stranded mismatched region and a second single-stranded
mismatched region. The first single-stranded mismatched region and the second single stranded
mismatched region can be present on opposing sides of the double-stranded annealed region.
[0009] The nucleic acid sequence which identifies the specific location of the tissue sample from
which the identifier oligonucleotide was released can be present in the double-stranded annealed
region of a partially double-stranded nucleic acid adapter.

[0010] The constant nucleic acid sequence to minimize ligation bias can be present in the

double-stranded annealed region of a partially double-stranded nucleic acid adapter.

256835828
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[0011] A unique molecular identifier can be present in at least one of the first or second single-
stranded mismatched regions of a partially double-stranded nucleic acid adapter.

[0012] The first amplification primer binding site can be present in the first single-stranded
mismatched region of a partially double-stranded nucleic acid adapter and the second
amplification primer binding site can be present in the second single-stranded mismatched region
of the same partially double-stranded nucleic acid adapter.

[0013] The methods of the present disclosure described in the preceding can further comprise
prior to step (4), performing an end repair reaction. The methods can also further comprise prior
to step (4), performing a tailing reaction to attach a single nucleotide overhang to the 3’ ends of
the identifier oligonucleotide. The methods can further comprise, prior to step (4), performing an
end repair reaction and a tailing reaction to attach a single nucleotide overhang to the 3’ ends of
the identifier oligonucleotide. The tailing reaction and the end repair reaction can be performed
sequentially or concurrently.

[0014] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a first
amplification primer binding site, and a unique nucleic acid sequence which identifies the target
analyte bound to the target binding domain; (2) providing a force to a location of the tissue
sample sufficient to release the identifier oligonucleotide; (3) collecting the released identifier
oligonucleotide; (4) ligating to the released identifier oligonucleotide at least one nucleic acid
adapter, wherein the nucleic acid adapter comprises a nucleic acid sequence which identifies the
specific location of the tissue sample from which the identifier oligonucleotide was released, a
nucleic acid sequence comprising a unique molecular identifier, a second amplification primer
binding site and optionally, a constant nucleic acid sequence to minimize ligation bias; (5)
amplifying the ligation product produced in step (4); and (6) Identifying the released identifier
oligonucleotide by sequencing the amplified products produced in step (5), thereby spatially
detecting the at least one target analyte in the at least one cell in a tissue sample.

[0015] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target

analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
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domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises: a first
amplification primer binding site and a unique nucleic acid sequence which identifies the target
analyte bound to the target binding domain; (2) providing a force to a location of the tissue
sample sufficient to release the identifier oligonucleotide; (3) collecting the released identifier
oligonucleotide; (4) ligating to the released identifier oligonucleotide at least one nucleic acid
adapter, wherein the nucleic acid adapter comprises a nucleic acid sequence comprising a unique
molecular identifier, a second amplification primer binding site, and optionally, a constant
nucleic acid sequence to minimize ligation bias; (5) amplifying the extension product produced
in step (4) using a first amplification primer capable of binding to the first amplification primer
binding site and a second amplification primer capable of binding to the second amplification
primer binding site, wherein at least one of the amplification primers comprise a nucleic acid
sequence which identifies the specific location of the tissue sample from which the identifier
oligonucleotide was released; and (6) Identifying the released identifier oligonucleotide by
sequencing the amplified products produced in step (5), thereby spatially detecting the at least
one target analyte in the at least one cell in a tissue sample.

[0016] The nucleic acid adapter of step (4) can be a partially double-stranded nucleic acid
molecule. A partially double-stranded nucleic acid adapter can comprise a double-stranded
annealed region and a single-stranded mismatched region.

[0017] The nucleic acid sequence which identifies the specific location of the tissue sample from
which the identifier oligonucleotide was released can be present in the double-stranded annealed
region of a partially double-stranded nucleic acid adapter.

[0018] The constant nucleic acid sequence to minimize ligation bias can be present in the
double-stranded annealed region of a partially double-stranded nucleic acid adapter. The constant
nucleic acid sequence can also comprise a cleavable moiety. The cleavable moiety can be an
enzymatically cleavable moiety. The enzymatically cleavable moiety can be a USER sequence.
[0019] A unique molecular identifier can be present in the single-stranded mismatched region of
a partially double-stranded nucleic acid adapter.

[0020] The second amplification primer binding site can be present in the single-stranded
mismatched region of a partially double-stranded nucleic acid adapter.

[0021] The present disclosure provides a method for spatially detecting at least one target

analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
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analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a first
amplification primer binding site, and a unique nucleic acid sequence which identifies the target
analyte bound to the target binding domain; (2) providing a force to a location of the tissue
sample sufficient to release the identifier oligonucleotide; (3) collecting the released identifier
oligonucleotide; (4) hybridizing to the released identifier oligonucleotide a single stranded
nucleic acid template, wherein the nucleic acid template comprises a region complementary to
the unique nucleic acid sequence of the identifier oligonucleotide, a nucleic acid sequence
comprising a unique molecular identifier, a nucleic acid sequence complementary to a second
amplification primer binding site and optionally, an affinity molecule; (5) extending the
identifier oligonucleotide of step (4) to form an extension product complementary to the single
stranded nucleic acid template, wherein the extension product comprises the identifier
oligonucleotide, the nucleic acid sequence complementary to the unique molecular identifier, and
the second amplification primer binding site; (6) amplifying the extension product produced in
step (5) using a first amplification primer capable of binding to the first amplification primer
binding site and a second amplification primer capable of binding to the second amplification
primer binding site, wherein at least one of the amplification primers comprise a nucleic acid
sequence which identifies the specific location of the tissue sample from which the identifier
oligonucleotide was released; (7) Identifying the released identifier oligonucleotide by
sequencing the amplified products produced in step (6), thereby spatially detecting the at least
one target analyte in the at least one cell in a tissue sample.

[0022] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a first
amplification primer binding site and a unique nucleic acid sequence which identifies the target
analyte bound to the target binding domain; (2) providing a force to a location of the tissue
sample sufficient to release the identifier oligonucleotide; (3) collecting the released identifier
oligonucleotide; (4) hybridizing to the released identifier oligonucleotide a single stranded
nucleic acid template, wherein the nucleic acid template comprises a region complementary to

the unique nucleic acid sequence of the identifier oligonucleotide, a nucleic acid sequence which
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identifies the specific location of the tissue sample from which the identifier oligonucleotide was
released, a nucleic acid sequence comprising a unique molecular identifier, a nucleic acid
sequence complementary to a second amplification primer binding site and optionally, an affinity
molecule; (5) extending the identifier oligonucleotide of step (4) to form an extension product
complementary to the single stranded nucleic acid template, wherein the extension product
comprises the identifier oligonucleotide, the nucleic acid sequence complementary to the nucleic
acid sequence which identifies the specific location of the tissue sample from which the identifier
oligonucleotide was released, the nucleic acid sequence complementary to the unique molecular
identifier and the second amplification primer binding site; (6) amplifying the extension product
produced in step (5); and (7) Identifying the released identifier oligonucleotide by sequencing the
amplified products produced in step (6), thereby spatially detecting the at least one target analyte
in the at least one cell in a tissue sample.

[0023] The single stranded nucleic acid template can further comprise an affinity molecule. In
aspects in which the single stranded nucleic acid template comprises an affinity molecule, the
methods of the present disclosure described in the preceding can further comprise an affinity
purification step between steps (4) and (5).

[0024] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide, a nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and a first amplification
primer binding site, and wherein the second nucleic acid probe comprises a nucleic acid
complementary to a portion of the identifier oligonucleotide, a nucleic acid sequence comprising
a unique molecular identifier and a second amplification primer binding site, and wherein the

first the second nucleic acid probes hybridize to the identifier oligonucleotide such that the first
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and the second nucleic acid probes are adjacent but not overlapping; (5) performing nick repair
such that the hybridized first and second nucleic acid probes are ligated together; (6) amplifying
the ligation product produced in step (5); and (7) Identifying the released identifier
oligonucleotide by sequencing the amplified products produced in step (6), thereby spatially
detecting the at least one target analyte in the at least one cell in a tissue sample.

[0025] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide and a first amplification primer binding site, and wherein the second
nucleic acid probe comprises a nucleic acid complementary to a portion of the identifier
oligonucleotide and a second amplification primer binding site, and wherein at least one of the
first or second nucleic acid probes comprises a nucleic acid sequence comprising a unique
molecular identifier, and wherein at least one of the first or second nucleic acid probes comprises
a nucleic acid sequence which identifies the specific location of the tissue sample from which the
identifier oligonucleotide was released, and wherein the first and the second nucleic acid probes
hybridize to the identifier oligonucleotide such that the first and the second nucleic acid probes
are adjacent but not overlapping; (5) performing nick repair such that the hybridized first and
second nucleic acid probes are ligated together; (6) amplifying the ligation product produced in
step (5); and (7) Identifying the released identifier oligonucleotide by sequencing the amplified
products produced in step (6), thereby spatially detecting the at least one target analyte in the at
least one cell in a tissue sample.

[0026] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding

domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
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unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide, a nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and a first amplification
primer binding site, and wherein the second nucleic acid probe comprises a nucleic acid
complementary to a portion of the identifier oligonucleotide, a nucleic acid sequence comprising
a unique molecular identifier and a second amplification primer binding site, and wherein the
first and the second nucleic acid probes hybridize to the identifier oligonucleotide such that the
first and the second nucleic acid probes are not adjacent and are not overlapping; (5) performing
a gap extension and nick repair reaction such that the hybridized first and second nucleic acid
probes are ligated together; (6) amplifying the ligation product produced in step (5); and (7)
Identifying the released identifier oligonucleotide by sequencing the amplified products
produced in step (6), thereby spatially detecting the at least one target analyte in the at least one
cell in a tissue sample.

[0027] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide and a first amplification primer binding site, and wherein the second
nucleic acid probe comprises a nucleic acid complementary to a portion of the identifier
oligonucleotide and a second amplification primer binding site, and wherein at least one of the
first or second nucleic acid probes comprises a nucleic acid sequence comprising a unique

molecular identifier, and wherein at least one of the first or second nucleic acid probes comprises
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a nucleic acid sequence which identifies the specific location of the tissue sample from which the
identifier oligonucleotide was released, and wherein the first and the second nucleic acid probes
hybridize to the identifier oligonucleotide such that the first and the second nucleic acid probes
are not adjacent and are not overlapping; (5) performing a gap extension and nick repair reaction
such that the hybridized first and second nucleic acid probes are ligated together; (6) amplifying
the ligation product produced in step (5); and (7) Identifying the released identifier
oligonucleotide by sequencing the amplified products produced in step (6), thereby spatially
detecting the at least one target analyte in the at least one cell in a tissue sample.

[0028] In aspects in which the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released is located on the first
nucleic acid probe, the nucleic acid sequence which identifies the specific location of the tissue
sample from which the identifier oligonucleotide was released can be located 5’ to the first
amplification primer binding site.

[0029] In aspects in which a unique molecular identifier is located on the second nucleic acid
probe, the unique molecular identifier can be located 3’ to the second amplification primer
binding site.

[0030] In aspects in which the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and a unique molecular
identifier are present in the first nucleic acid probe, the nucleic acid sequence which identifies
the specific location of the tissue sample from which the identifier oligonucleotide was released
and a unique molecular identifier can be located 5’ to the first amplification primer binding site.
[0031] In aspects in which the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and a unique molecular
identifier are present in the second nucleic acid probe, the nucleic acid sequence which identifies
the specific location of the tissue sample from which the identifier oligonucleotide was released
and the unique molecular identifier can be located 3’ to the second amplification primer binding
site.

[0032] In aspects in which a unique molecular identifier is present in the first nucleic acid probe
and the nucleic acid sequence which identifies the specific location of the tissue sample from
which the identifier oligonucleotide was released is present in the second nucleic acid probe, the

unique molecular identifier can be located 5’ to the first amplification primer binding site and the
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nucleic acid sequence which identifies the specific location of the tissue sample from which the
identifier oligonucleotide was released can be located 3’ to the second amplification binding site.
[0033] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide, a nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released, a first amplification primer
binding site, a nucleic acid sequence comprising a first unique molecular identifier and a first
flow cell binding site, and wherein the second nucleic acid probe comprises a nucleic acid
complementary to a portion of the identifier oligonucleotide, a nucleic acid sequence comprising
a second unique molecular identifier, a nucleic acid sequence comprising a third unique
molecular identifier and a second flow cell binding site, and wherein the first and the second
nucleic acid probes hybridize to the identifier oligonucleotide such that the first and the second
nucleic acid probes are adjacent but not overlapping; (5) performing nick repair such that the
hybridized first and second nucleic acid probes are ligated together; (6) amplifying the ligation
product produced in step (5); and (7) Identifying the released identifier oligonucleotide by
sequencing the amplified products produced in step (6), thereby spatially detecting the at least
one target analyte in the at least one cell in a tissue sample.

[0034] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier

oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
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released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to a portion of the
identifier oligonucleotide, a first amplification primer binding site, a nucleic acid sequence
comprising a first unique molecular identifier and a first flow cell binding site, and wherein the
second nucleic acid probe comprises a nucleic acid complementary to a portion of the identifier
oligonucleotide, a nucleic acid sequence comprising a second unique molecular identifier and a
second flow cell binding site, and wherein at least one of the first or second nucleic acid probes
comprises a nucleic acid sequence comprising a third unique molecular identifier, and wherein at
least one of the first or second nucleic acid probes comprises a nucleic acid sequence which
identifies the specific location of the tissue sample from which the identifier oligonucleotide was
released, and wherein the first and the second nucleic acid probes hybridize to the identifier
oligonucleotide such that the first and the second nucleic acid probes are adjacent but not
overlapping; (5) performing nick repair such that the hybridized first and second nucleic acid
probes are ligated together; (6) amplifying the ligation product produced in step (5); and (7)
Identifying the released identifier oligonucleotide by sequencing the amplified products
produced in step (6), thereby spatially detecting the at least one target analyte in the at least one
cell in a tissue sample.

[0035] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to the identifier
oligonucleotide, a nucleic acid sequence which identifies the specific location of the tissue
sample from which the identifier oligonucleotide was released, a first amplification primer
binding site, a nucleic acid sequence comprising a first unique molecular identifier and a first
flow cell binding site, and wherein the second nucleic acid probe comprises a nucleic acid

complementary to the identifier oligonucleotide, a nucleic acid sequence comprising a second
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unique molecular identifier, a nucleic acid sequence comprising a third unique molecular
identifier and a second flow cell binding site, and wherein the first and the second nucleic acid
probes hybridize to the identifier oligonucleotide such that the first and the second nucleic acid
probes are not adjacent and are not overlapping; (5) performing a gap extension and nick repair
reaction such that the hybridized first and second nucleic acid probes are ligated together; (6)
amplifying the ligation product produced in step (5); and (7) Identifying the released identifier
oligonucleotide by sequencing the amplified products produced in step (6), thereby spatially
detecting the at least one target analyte in the at least one cell in a tissue sample.

[0036] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises a nucleic acid complementary to the identifier
oligonucleotide, a first amplification primer binding site, a nucleic acid sequence comprising a
first unique molecular identifier and a first flow cell binding site, and wherein the second nucleic
acid probe comprises a nucleic acid complementary to the identifier oligonucleotide, a nucleic
acid sequence comprising a second unique molecular identifier and a second flow cell binding
site, and wherein at least one of the first or second nucleic acid probes comprises a nucleic acid
sequence comprising a third unique molecular identifier, and wherein at least one of the first or
second nucleic acid probes comprises a nucleic acid sequence which identifies the specific
location of the tissue sample from which the identifier oligonucleotide was released, and wherein
the first and the second nucleic acid probes hybridize to the identifier oligonucleotide such that
the first and the second nucleic acid probes are not adjacent and are not overlapping; (5)
performing a gap extension and nick repair reaction such that the hybridized first and second
nucleic acid probes are ligated together; (6) amplifying the ligation product produced in step (5);
and (7) Identifying the released identifier oligonucleotide by sequencing the amplified products
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produced in step (6), thereby spatially detecting the at least one target analyte in the at least one
cell in a tissue sample.

[0037] In aspects in which the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and the first unique
molecular identifier are present in the first nucleic acid probe, the nucleic acid sequence which
identifies the specific location of the tissue sample from which the identifier oligonucleotide was
released and the first unique molecular identifier can be located 5’ to the first flow cell binding
site.

[0038] In aspects in which the second and the third unique molecular identifiers are present in
the second nucleic acid probe, the second and the third unique molecular identifiers can be
located 3’ to the second flow cell binding site.

[0039] In some aspects, the first unique molecular identifier can be present in the first nucleic
acid probe and can be located 5’ to the first flow cell binding site. In other aspects, the second
unique molecular identifier can be present in the second nucleic acid probe and can be located 3’
to the second flow cell binding site.

[0040] In some aspects, the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and the third unique
molecular identifier can be present in the first nucleic acid probe and can be located 5’ to the first
flow cell binding site.

[0041] In some aspects, the nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released and the third unique
molecular identifier can be present in the second nucleic acid probe and can be located 3’ to the
second flow cell binding site.

[0042] In some aspect, the third unique molecular identifier can be present in the first nucleic
acid probe and can be located 5’ to the first flow cell binding site. In this same aspect, the nucleic
acid sequence which identifies the specific location of the tissue sample from which the identifier
oligonucleotide was released can be present in the second nucleic acid probe and can be located
3’ to the second flow cell binding site.

[0043] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target

analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
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domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain, a nucleic acid sequence comprising a unique molecular identifier, a first amplification
primer binding site, and a second amplification primer binding site; (2) providing a force to a
location of the tissue sample sufficient to release the identifier oligonucleotide; (3) collecting the
released identifier oligonucleotide; (4) amplifying the released identifier oligonucleotide using a
first amplification primer capable of binding to the first amplification primer binding site and a
second amplification primer capable of binding to the second amplification primer binding site,
wherein at least one of the amplification primers comprises a nucleic acid sequence which
identifies the specific location of the tissue sample from which the identifier oligonucleotide was
released; (5) Identifying the released identifier oligonucleotide by sequencing the amplified
products produced in step (4), thereby spatially detecting the at least one target analyte in the at
least one cell in a tissue sample.

[0044] The present disclosure also provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain, a first amplification primer binding site and a second amplification primer binding site;
(2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) amplifying the released
identifier oligonucleotide using a first amplification primer capable of binding to the first
amplification primer binding site and a second amplification primer capable of binding to the
second amplification primer binding site, wherein at least one of the amplification primers
comprises a nucleic acid sequence which identifies the specific location of the tissue sample
from which the identifier oligonucleotide was released, and wherein at least one of the
amplification primers comprises a nucleic acid sequence comprising a unique molecular
identifier; and (5) Identifying the released identifier oligonucleotide by sequencing the amplified
products produced in step (4), thereby spatially detecting the at least one target analyte in the at

least one cell in a tissue sample.
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[0045] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain and a capture probe binding site; (2) providing a force to a location of the tissue sample
sufficient to release the identifier oligonucleotide; (3) collecting the released identifier
oligonucleotide; (4) hybridizing to the released identifier oligonucleotide a capture probe,
wherein the capture probe comprises an affinity molecule and a region complementary to the
capture probe binding site; and (5) Identifying the released identifier oligonucleotide by
sequencing the amplified hybridized product produced in step (4), thereby spatially detecting the
at least one target analyte in the at least one cell in a tissue sample.

[0046] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain, a capture probe binding site and a multiplexing probe binding site; (2) providing a force
to a location of the tissue sample sufficient to release the identifier oligonucleotide; (3) collecting
the released identifier oligonucleotide; (4) hybridizing to the released identifier oligonucleotide a
capture probe and a multiplexing probe, wherein the capture probe comprises an affinity
molecule and a region complementary to the capture probe binding site, and wherein the
multiplexing probe comprises a nucleic acid sequence which identifies the specific location of
the tissue sample from which the identifier oligonucleotide was released and a region
complementary to the multiplexing probe binding site; and (5) Identifying the released identifier
oligonucleotide by sequencing the hybridized product produced in step (4), thereby spatially
detecting the at least one target analyte in the at least one cell in a tissue sample.

[0047] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding

domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises a
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unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain; (2) providing a force to a location of the tissue sample sufficient to release the identifier
oligonucleotide; (3) collecting the released identifier oligonucleotide; (4) hybridizing to the
released identifier oligonucleotide a first nucleic acid probe and a second nucleic acid probe,
wherein the first nucleic acid probe comprises: a nucleic acid complementary to a portion of the
identifier oligonucleotide, a nucleic acid sequence comprising a unique molecular identifier, a
first amplification primer binding site, and wherein the second nucleic acid probe comprises: a
nucleic acid complementary to a portion of the identifier oligonucleotide, and a second
amplification primer binding site, and wherein the first and the second nucleic acid probes
hybridize to the identifier oligonucleotide such that the first and the second nucleic acid probes
are adjacent but not overlapping; (5) ligating the hybridized first and second nucleic acid probes
together; (6) amplifying the ligation product produced in step (5); and (7) identifying the released
identifier oligonucleotide by sequencing the amplified products produced in step (6), thereby
spatially detecting the at least one target analyte in the at least one cell in a tissue sample.

[0048] The present disclosure provides a method for spatially detecting at least one target
analyte in at least one cell from a tissue sample comprising: (1) contacting at least one target
analyte in at least one cell in a tissue sample with at least one probe comprising a target binding
domain and an identifier oligonucleotide, wherein the identifier oligonucleotide comprises: a
unique nucleic acid sequence which identifies the target analyte bound to the target binding
domain, a nucleic acid sequence comprising a unique molecular identifier, a first amplification
primer binding site, and a second amplification primer binding site; (2) providing a force to a
location of the tissue sample sufficient to release the identifier oligonucleotide; (3) collecting the
released identifier oligonucleotide; (4) amplifying the collected identifier oligonucleotide; (5)
Identifying the released identifier oligonucleotide by sequencing the amplified products
produced in step (4), thereby spatially detecting the at least one target analyte in the at least one
cell in a tissue sample.

[0049] A In all methods of the present disclosure, the ligation process can be a nick ligation
process. The nick ligation process can be a nick repair process.

[0050] In all methods of the present disclosure, the sequencing can be an enzyme free

sequencing method.
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[0051] In all methods of the present disclosure, the identifier oligonucleotide can be double-
stranded. In aspects in which the identifier oligonucleotide is double-stranded, at least one of the
two strands of the identifier oligonucleotide can comprise at least two separate nucleic acid
molecules. Alternatively, at least one 3° end of an identifier oligonucleotide can comprise a
single nucleotide overhang.

[0052] In all methods of the present disclosure, the identifier oligonucleotide can be single-
stranded.

[0053] In all methods of the present disclosure, the unique nucleic acid sequence which
identifies the target analyte bound to a target binding domain can comprise between about 5
nucleotides and about 40 nucleotides preferably about 35 nucleotides, preferably still about 10
nucleotides.

[0054] In all methods of the present disclosure, the nucleic acid sequence which identifies the
specific location of the tissue sample from which the identifier oligonucleotide was released can
comprise between about 6 nucleotides and about 15 nucleotides, preferably about 12 nucleotides,
preferably still about 10 nucleotides.

[0055] In all methods of the present disclosure, at least one of a first nucleic acid probe or a
second nucleic acid probe can comprise an affinity molecule. For example, at least one of a first
nucleic acid probe or a second nucleic acid probe can comprise a biotin.

[0056] In all methods of the present disclosure, an amplification primer binding site can
comprise between about 18 nucleotides and about 40 nucleotides, preferably about 32
nucleotides, preferably still about 25 nucleotides. An amplification primer binding site can
comprise an 17 sequence, wherein the 17 sequence comprises the sequence set forth in SEQ ID
NO: 1. An amplification primer binding site can comprise an i5 sequence, wherein the 15
sequence comprises the sequence set forth in SEQ ID NO: 2.

[0057] In all methods of the present disclosure, an amplification primer can comprise a flow cell
adapter sequence, wherein the flow cell adapter sequence is suitable for sequencing. An
amplification primer can comprise a PS5 flow cell adapter sequence, wherein the PS5 flow cell
adapter sequence comprises the sequence set forth in SEQ ID NO: 3. An amplification primer
can comprise a P7 flow cell adapter sequence, wherein the P7 flow cell adapter sequence

comprises the sequence set forth in SEQ ID NO: 4.
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[0058] In all methods of the present disclosure, a flow cell binding site can comprise a flow cell
adapter sequence, wherein the flow cell adapter sequence is suitable for sequencing. A flow cell
binding site can comprise a P5 flow cell adapter sequence, wherein the PS5 flow cell adapter
sequence comprises the sequence set forth in SEQ ID NO: 3. A flow cell binding site can
comprise a P7 flow cell adapter sequence, wherein the P7 flow cell adapter sequence comprises
the sequence set forth in SEQ ID NO: 4.

[0059] In all methods of the present invention, at least one of the amplification primers can
comprise an affinity molecule. For example, at least one of the amplification primers cam
comprise a biotin.

[0060] In all methods of the present disclosure, amplification can comprise performing PCR.
Performing PCR can comprise an amplification primer.

[0061] An amplification primer can comprise a flow cell binding site. An amplification primer
can comprise a nucleic sequence which identifies the specific location of the tissue sample from
which an identifier oligonucleotide was released. An amplification primer can comprise a nucleic
acid sequence complementary to an amplification primer binding site.

[0062] Any of the above aspects can be combined with any other aspect.

[0063] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the Specification, the singular forms also include the plural unless the context clearly
dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood to be singular or
plural and the term “or” is understood to be inclusive. By way of example, “an element” means
one or more element. Throughout the specification the word “comprising,” or variations such as
“comprises” or “comprising,” will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated
value. Unless otherwise clear from the context, all numerical values provided herein are
modified by the term “about.”

[0064] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are

described below. All publications, patent applications, patents, and other references mentioned
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herein are incorporated by reference in their entirety. The references cited herein are not
admitted to be prior art to the claimed invention. In the case of conflict, the present Specification,
including definitions, will control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be limiting. Other features and advantages of the

disclosure will be apparent from the following detailed description and claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawings will be provided by the Office
upon request and payment of the necessary fee.

[0066] The above and further features will be more clearly appreciated from the following
detailed description when taken in conjunction with the accompanying drawings.

[0067] Figure 1 is a schematic of a two-ended adapter ligation method of the present disclosure.
[0068] Figure 2 is a schematic of a one-ended adapter ligation method of the present disclosure.
[0069] Figure 3 is a schematic of a templated-primer extension method of the present disclosure.
[0070] Figure 4 is a schematic of a template-extended identifier oligonucleotide of the present
disclosure.

[0071] Figure 5 is a schematic of a short probe hybridization method of the present disclosure.
[0072] Figure 6 is a schematic of a short probe hybridization method of the present disclosure.
[0073] Figure 7 is a schematic of a short probe hybridization method of the present disclosure.
[0074] Figure 8 is a schematic of a long probe hybridization method of the present disclosure.
[0075] Figure 9 is a schematic of a long probe hybridization method of the present disclosure.
[0076] Figure 10 is a schematic of a long probe hybridization method of the present disclosure.
[0077] Figure 11 is a schematic of a direct-PCR method of the present disclosure.

[0078] Figure 12 is a schematic of an enzyme free method of the present disclosure.

[0079] Figure 13 is a schematic of a multiplexed enzyme free method of the present disclosure.
[0080] Figure 14 is a schematic of a probe of the present disclosure indirectly binding to a target
nucleic acid.

[0081] Figure 15 is a schematic of an identifier oligonucleotide-short nucleic acid probe complex

of the present disclosure.
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[0082] Figure 16 is a schematic of a short probe hybridization method of the present disclosure.
[0083] Figure 17 is a schematic of an identifier oligonucleotide-short nucleic acid probe complex
of the present disclosure.

[0084] Figure 18 is a schematic of a short probe hybridization method of the present disclosure.
[0085] Figure 19 is a schematic of a direct-PCR method of the present disclosure.

[0086] Figure 20 is a schematic overview of the methods of the present disclosure.

[0087] Figure 21A, Figure 21B, Figure 21C and Figure 21D show the spatial detection of protein
target analytes using the methods of the present disclosure.

[0088] Figure 22A, Figure 22B, Figure 22C and Figure 22D show the spatial detection of RNA
target analytes using the methods of the present disclosure.

[0089] Figure 23 shows the spatial detection of protein target analytes using the methods of the
present disclosure.

[0090] Figure 24 shows the spatial detection of RNA target analytes using the methods of the
present disclosure.

[0091] Figure 25 shows the spatial detection of protein target analytes using the methods of the
present disclosure.

[0092] Figure 26 is a schematic of a probe of the present disclosure. The nucleic acid sequence
shown in Figure 26 corresponds to SEQ ID NO: 175.

[0093] Figure 27 shows the use of probe tiling in the methods of the present disclosure.

[0094] Figure 28 shows the regions of interest selected on a tissue microarray.

[0095] Figure 29 is a series of graphs showing the read depth achieved using the methods of the
present disclosure.

[0096] Figure 30 is a series of graphs showing the spatial detection of RNA target analytes in
negative control samples using the methods of the present disclosure.

[0097] Figure 31 is a series of graphs showing the spatial detection of RNA target analytes in a
HEK?293 sample (top panel) and a Jurkat cell sample (bottom panel) using the methods of the
present disclosure.

[0098] Figure 32 is a series of graphs showing the spatial detection of RNA target analytes in
sixteen FFPE samples using the methods of the present disclosure.

[0099] Figure 33 is a graph showing the spatial detection of RNA target analytes in a HEK293

sample using the methods of the present disclosure.

21

256835828

42



Attorney Docket No.: NATE-037/C02US (321329-2721)

[00100] Figure 34 is a graph showing the spatial detection of RNA target analytes in a Jurkat cell

sample using the methods of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION
[00101] The present disclosure is based in part on probes, compositions, methods, and kits for
simultaneous, multiplexed spatial detection and quantification of protein and/or nucleic acid
expression in a user-defined region of a tissue, user-defined cell, and/or user-defined subcellular
structure within a cell using existing sequencing methods.
[00102] The present disclosure provides a comparison of the identity and abundance of target
proteins and/or target nucleic acids present in a first region of interest (e.g., tissue type, a cell
(including normal and abnormal cells), and a subcellular structure within a cell) and the identity
and abundance of target proteins and/or target nucleic acids present in a second region of
interest. There is no pre-defined upper limit to the number of regions of interest and comparisons
that can be made; the upper limit relates to the size of the region of interest relative the size of
the sample. As examples, when a single cell represents a region of interest, then a section may
have hundreds to thousands of regions of interest; however, if a tissue section includes only two
cell types, then the section may have only two regions of interest (each including only one cell
type).
[00103] The present disclosure provides a higher degree of multiplexing than is possible with
standard immunohistochemical or in situ hybridization methods. Standard immunohistochemical
methods allow for maximal simultaneous detection of six to ten protein targets, with three to four
protein targets being more typical. Similarly, in situ hybridization methods are limited to
simultaneous detection of fewer than ten nucleic acid targets. The present disclosure provides
detection of large combinations of nucleic acid targets and/or protein targets from a defined
region of a sample. The present disclosure provides an increase in objective measurements by
digital quantification and increased reliability and consistency, thereby enabling comparison of
results among multiple centers.
[00104] Various compositions and methods of the present disclosure are described in full detail

herein.
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[00105] In one aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a
method herein referred to as a “two-ended adapter ligation method”.

[00106] A two ended-adapter ligation method of the present disclosure can comprise: (1)
contacting at least one target analyte in a sample with at least one probe of the present disclosure.
The probes and samples of the present disclosure are described in further detail herein. The at
least one target analyte can be a target protein or a target nucleic acid. In the aspect that the at
least one target analyte is a target protein, the probe can comprise a target binding domain that is
a target protein-binding region that can specifically bind to a target protein of interest. In the
aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a target
nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid of
interest. The probe further comprises an identifier oligonucleotide. The identifier oligonucleotide
can comprise a unique nucleic acid sequence which identifies the target analyte bound to the
target binding domain.

[00107] Following contacting the at least on target analyte with the at least one probe, a two-
ended adapter ligation method can further comprise: (2) providing a force to a location of the
sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in aspects
in which the probe comprises a photo-cleavable linker between the identifier oligonucleotide and
the target binding domain, a region-of-interest is excited with light of a sufficient wavelength
capable of cleaving the photo-cleavable linker.

[00108] Following release of the identifier oligonucleotide, a two-ended adapter ligation method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier
oligonucleotides are collected only for probes that are bound to targets within that location,
thereby permitting detection of the identities and quantities of the targets (proteins and/or nucleic
acids) located only within that location.

[00109] Following collection of the released identifier oligonucleotide, a two-ended adapter
ligation method can further comprise: (4) ligating to the released identifier oligonucleotide

collected in step (3) at least one nucleic acid adapter.
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[00110] The nucleic acid adapter can comprise a nucleic acid sequence which identifies the
specific location of the sample from which the identifier oligonucleotide was released. For
example, if the identifier oligonucleotide was released from location of the sample designated
“ROI#17, the nucleic acid adapter would comprise a nucleic acid sequence that corresponds to
“ROI #1”.

[00111] The nucleic acid adapter can also comprise a unique molecular identifier.

[00112] The nucleic acid adapter can also comprise a first amplification primer binding site. In
other aspects, the nucleic acid adapter can also comprise a second amplification primer binding
site.

[00113]In some aspects, the nucleic acid adapter can also comprise a constant nucleic acid
sequence to minimize ligation bias caused by differences in sequences of particular identifier
oligonucleotides.

[00114] The nucleic acid adapter can be a partially double-stranded nucleic acid molecule. In
aspects in which the nucleic acid adapter is partially double-stranded, the nucleic acid adapter
comprises a double-stranded annealed region, a first single-stranded mismatched region, and a
second single-stranded mismatched region. The first single-stranded mismatched region and the
second single stranded mismatched region can be present on opposing sides of the double-
stranded annealed region.

[00115]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
nucleic acid sequence which identifies the specific location of the sample from which the
identifier oligonucleotide was released, the nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released can be present in
the double-stranded annealed region of the nucleic acid adapter.

[00116]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
constant nucleic acid sequence to minimize ligation bias, the constant nucleic acid sequence to
minimize ligation bias can be present in the double-stranded annealed region of the nucleic acid
adapter.

[00117] In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
unique molecular identifier, the unique molecular identifier can be present in at least one of the

first or second single-stranded mismatched regions of the nucleic acid adapter.
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[00118]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
first and a second amplification primer binding site, the first amplification primer binding site
can be present in the first single-stranded mismatched region of the nucleic acid adapter and the
second amplification primer binding site can be present in the second single-stranded
mismatched region of the nucleic acid adapter.

[00119] After ligation of the at least one nucleic acid adapter, a two-ended adapter ligation
method can further comprise: (5) amplifying the ligation product produced in step (4) using
amplification primers that bind to the first and second amplification primer binding sites; and (6)
identifying the released oligonucleotide by sequencing the amplified products produced in step
(5), thereby spatially detecting the at least one target analyte in the sample.

[00120] A two-ended adapter ligation method of the present disclosure can further comprise, prior
to step (4), performing an end repair reaction using methods known in the art. The method can
also further comprise, prior to step (4), performing a tailing reaction to attach a single nucleotide
overhang to the 3’ ends of the identifier oligonucleotide using methods known in the art. In
aspects, the end repair reaction and the tailing reaction can be performed sequentially or
concurrently.

[00121]In preferred aspects of a two-ended adapter ligation method, a nucleic acid adapter is
ligated to both ends of the released and collected identifier oligonucleotide.

[00122]In other aspects of a two-ended adapter ligation method, at least one of the amplification
primers used in step (5) to amplify the ligation product produced in step (4) comprises a nucleic
acid sequence which identifies the specific location of the tissue sample form which the identifier
oligonucleotide was released. For example, if the identifier oligonucleotide was released from
location of the sample designated “ROI #17, at least one of the amplification primers would
comprise a nucleic acid sequence that corresponds to “ROT #17.

[00123]Figure 1 shows a schematic of a preferred aspect of a two-ended adapter ligation method
of the present disclosure. In this aspect, the probe comprises a target binding domain comprising
an antibody that binds to a target protein. In the upper left panel, the probe binds to the target
protein. In the upper right panel, a UV photo-cleavable linker located between the target binding
domain and the identifier oligonucleotide is cleaved, releasing the identifier oligonucleotide. The
identifier oligonucleotide comprises a unique nucleic acid sequence which identifies the target

protein bound to the target binding domain. In the bottom panel, a nucleic acid adapter is ligated
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to both ends of the identifier oligonucleotide. In this non-limiting example, the nucleic acid
adapter is partially double-stranded and comprises a double-stranded annealed region, a first
single-stranded mismatched region, and a second single-stranded mismatched region. Present in
the double-stranded annealed region is a constant nucleic acid sequence to minimize ligation bias
and a nucleic acid sequence which identifies the specific location of the sample from which the
identifier oligonucleotide was released. Present in the first single-stranded mismatched region is
a first amplification primer binding site. Present in the second single-stranded mismatched region
is a unique molecular identifier and a second amplification primer binding site. Following
ligation of the nucleic acid adapters to the identifier oligonucleotide, the product is amplified
using amplification primers that bind the first and the second amplification primer binding sites
and sequenced to identify the target protein bound by the probe.

[00124]In one aspect, the present disclosure provides a composition of an identifier oligonucleotide
dually ligated to two nucleic acid adapters for spatially detecting at least one target analyte in a
sample. An identifier oligonucleotide dually ligated to two nucleic acid adapters comprises an
identifier oligonucleotide, wherein the identifier oligonucleotide comprises a unique nucleic acid
sequence which is capable of identifying a target analyte in a sample. Each end of the identifier
oligonucleotide is attached to a nucleic acid adapter molecule, wherein the nucleic acid adapter
molecule is partially double-stranded and comprises a double-stranded annealed region, a first
single-stranded mismatched region and a second single-stranded mismatched region. The first
single-stranded mismatched region and the second single stranded mismatched region are present
on opposing sides of the double-stranded annealed region. The double-stranded mismatch region
comprises a constant nucleic acid sequence to minimize ligation bias and a nucleic acid sequence
nucleic acid sequence which is capable of identifying a specific location of a sample. The first
single-stranded mismatched region comprises a first amplification primer binding site. The second
single-stranded mismatched region comprises a second amplification primer binding site and a
nucleic acid sequence comprising a unique molecular identifier. A schematic of an identifier
oligonucleotide dually ligated to two nucleic acid adapters is shown in the bottom panel of Figure
1.

[00125]In another aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a

method herein referred to as a “one-ended adapter ligation method”.
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[00126] A one-ended adapter ligation method of the present disclosure can comprise: (1)
contacting at least one target analyte in a sample with at least one probe of the present disclosure.
The at least one target analyte can be a target protein or a target nucleic acid. In the aspect that
the at least one target analyte is a target protein, the probe can comprise a target binding domain
that is a target protein-binding region that can specifically bind to a target protein of interest. In
the aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a
target nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid
of interest. The probe further comprises an identifier oligonucleotide. The identifier
oligonucleotide can comprise a unique nucleic acid sequence which identifies the target analyte
bound to the target binding domain. The identifier oligonucleotide can also comprise a first
amplification primer binding site. In some aspects, the identifier oligonucleotide also comprises
at least one 3° end with a single nucleotide overhang.

[00127] Following contacting the at least one target analyte with the at least one probe, a one-
ended adapter ligation method can further comprise: (2) providing a force to a location of the
sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in aspects
in which the probe comprises a photo-cleavable linker between the identifier oligonucleotide and
the target binding domain, a region-of-interest (ROI) is excited with light of a sufficient
wavelength capable of cleaving the photo-cleavable linker.

[00128] Following release of the identifier oligonucleotide, a one-ended adapter ligation method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier
oligonucleotides are collected only for probes that are bound to targets within that location in
step (3), thereby permitting detection of the identities and quantities of the targets (proteins
and/or nucleic acids) located only within that location.

[00129] Following collection of the released identifier oligonucleotide, a one-ended adapter
ligation method can further comprise: (4) ligating to the released oligonucleotide collected in
step (3) at least one nucleic acid adapter;

[00130] The nucleic acid adapter can comprise a nucleic acid sequence which identifies the
specific location of the sample from which the identifier oligonucleotide was released. For

example, if the identifier oligonucleotide was released from location of the sample designated
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“ROI#17, the nucleic acid adapter would comprise a nucleic acid sequence that corresponds to
“ROI#1”. The nucleic acid adapter can also comprise a unique molecular identifier. The nucleic
acid adapter can also comprise a second amplification primer binding site.

[00131]In some aspects, the nucleic acid adapter can also comprise a constant nucleic acid
sequence to minimize ligation bias caused by differences in sequences of particular identifier
oligonucleotides. The constant nucleic acid sequence can comprise a cleavable moiety. The
cleavable moiety can be enzymatically cleavable. In a non-limiting example, the enzymatically
cleavable moiety can be a USER sequence, wherein the USER sequence comprises the sequence
GUGUATUG.

[00132] The nucleic acid adapter can comprise any combination of the features described above.
[00133] The nucleic acid adapter can be a partially double-stranded nucleic acid molecule. In
aspects in which the nucleic acid adapter is partially double-stranded, the nucleic acid adapter
comprises a double-stranded annealed region and a single-stranded mismatched region.
[00134]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
nucleic acid sequence which identifies the specific location of the sample from which the
identifier oligonucleotide was released, the nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released can be present in
the double-stranded annealed region of the nucleic acid adapter.

[00135]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
constant nucleic acid sequence to minimize ligation bias, the constant nucleic acid sequence to
minimize ligation bias can be present in the double-stranded annealed region of the nucleic acid
adapter.

[00136] In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
unique molecular identifier, the unique molecular identifier can be present in the single-stranded
mismatched region.

[00137]In aspects in which the nucleic acid adapter is partially double-stranded and comprises a
second amplification primer binding site, the second amplification primer binding site can be
present in the single-stranded mismatched region of the nucleic acid adapter.

[00138] After ligation of the at least one nucleic acid adapter, a two-ended adapter ligation

method can further comprise: (5) amplifying the ligation product produced in step (4); and (6)
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identifying the released oligonucleotide by sequencing the amplified products produced in step
(5), thereby spatially detecting the at least one target analyte in the sample.

[00139]In other aspects of a one-ended adapter ligation method of the present disclosure, at least
one of the amplification primers used in step (5) to amplify the ligation product produced in step
(4) comprises a nucleic acid sequence which identifies the specific location of the tissue sample
form which the identifier oligonucleotide was released. For example, if the identifier
oligonucleotide was released from location of the sample designated “ROI #17, at least one of
the amplification primers would comprise a nucleic acid sequence that corresponds to “ROI #1”.
[00140]Figure 2 shows a schematic of a preferred aspect of a one-ended adapter ligation method
of the present disclosure. In this aspect, the probe comprises a target binding domain that is an
antibody that binds to a target protein. In the upper left panel, the probe binds to the target
protein. In upper right panel, the UV photo-cleavable linker located between the target binding
domain and the identifier oligonucleotide is cleaved, releasing the identifier oligonucleotide. The
identifier oligonucleotide comprises a unique nucleic acid sequence which identifies the target
protein and a first amplification primer binding site. In this non-limiting example, the identifier
oligonucleotide is double-stranded with one strand that comprises three separate nucleic acid
molecules. The identifier oligonucleotide also comprises one 3’ end with a single nucleotide
overhang.

[00141] In the bottom panel of Figure 2, a nucleic acid adapter is ligated to the end of the
identifier oligonucleotide that comprises the 3’ single nucleotide overhang. In this non-limiting
example, the nucleic acid adapter is partially double-stranded and comprises a double-stranded
annealed region and a single-stranded mismatched region. Present in the double-stranded
annealed region is a constant nucleic acid sequence to minimize ligation bias and a nucleic acid
sequence which identifies the specific location of the sample from which the identifier
oligonucleotide was released. Present in the single-stranded mismatched region is a unique
molecular identifier and a second amplification primer binding site. Following ligation of the
nucleic acid adapter to the identifier oligonucleotide, the product is amplified using amplification
primers that bind to the first and the second amplification primer binding sites and sequenced to
identify the target protein bound by the probe.

[00142]In one aspect, the present disclosure provides a composition of an identifier oligonucleotide

ligated to one nucleic acid adapter for spatially detecting at least one target analyte in a sample.
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An identifier oligonucleotide ligated to one nucleic acid adapter comprises an identifier
oligonucleotide, wherein the identifier oligonucleotide comprises a unique nucleic acid sequence
which is capable of identifying a target analyte in a sample and a first amplification primer binding
site. One end of the identifier oligonucleotide is attached to a nucleic acid adapter molecule,
wherein the nucleic acid adapter molecule is partially double-stranded and comprises a double-
stranded annealed region and a single-stranded mismatched region and a second single-stranded
mismatched region. The double-stranded mismatch region comprises a constant nucleic acid
sequence to minimize ligation bias and a nucleic acid sequence nucleic acid sequence which is
capable of identifying a specific location of a sample. The single-stranded mismatched region
comprises a second amplification primer binding site. A schematic of an identifier oligonucleotide
ligated to one nucleic acid adapter is shown in the bottom panel of Figure 2.

[00143]1In another aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a
method herein referred to as a “templated-primer extension method”.

[00144] A templated-primer extension method of the present disclosure can comprise: (1)
contacting at least one target analyte in a sample with at least one probe of the present disclosure.
The at least one target analyte can be a target protein or a target nucleic acid. In the aspect that
the at least one target analyte is a target protein, the probe can comprise a target binding domain
that is a target protein-binding region that can specifically bind to a target protein of interest. In
the aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a
target nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid
of interest. The probe further comprises an identifier oligonucleotide. The identifier
oligonucleotide can comprise a unique nucleic acid sequence which identifies the target analyte
bound to the target binding domain. The identifier oligonucleotide can also comprise a first
amplification primer binding site.

[00145]Following contacting the at least one target analyte with the at least one probe, a
templated-primer extension method can further comprise: (2) providing a force to a location of
the sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in
aspects in which the probe comprises a photo-cleavable linker between the identifier
oligonucleotide and the target binding domain, a region-of-interest (ROI) is excited with light of

a sufficient wavelength capable of cleaving the photo-cleavable linker.
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[00146] Following release of the identifier oligonucleotide, a templated-primer extension method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier
oligonucleotides are collected only for probes that are bound to targets within that location in
step (3), thereby permitting detection of the identities and quantities of the targets (proteins
and/or nucleic acids) located only within that location.

[00147]Following collection of the released identifier oligonucleotide, a templated-primer
extension method can further comprise: (4) hybridizing to the released identifier oligonucleotide
collected in step (3) a single stranded nucleic acid template.

[00148] The single stranded nucleic acid template can comprise a region complementary to the
unique nucleic acid sequence of the identifier oligonucleotide, thereby allowing for the
hybridization of the single stranded nucleic acid template and the collected identifier
oligonucleotide.

[00149] The single stranded nucleic acid template can also comprise a nucleic acid sequence
comprising a unique molecular identifier.

[00150] The single stranded nucleic acid template can also comprise a nucleic acid sequence
which identifies the specific location of the sample from which the identifier oligonucleotide was
released.

[00151] The single stranded nucleic acid template can also comprise a nucleic acid sequence that
is complementary to a second amplification primer binding site.

[00152] The single stranded nucleic acid template can comprise any combination of the features
described above.

[00153] Following hybridization of the identifier oligonucleotide to the single stranded nucleic
acid template, a templated-primer extension method can further comprise: (5) extending the
identifier oligonucleotide of step (4) to form an extension produce complementary to the single
stranded nucleic acid template, wherein the extension product comprises the identifier
oligonucleotide and the sequence complementary to the single stranded nucleic acid template; (6)
amplifying the extension product of step (6) using amplification primers that hybridize to the

first and second amplification primer binding sites; and (7) identifying the released identifier
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oligonucleotide by sequencing the amplified products produced in step (6), thereby spatially
detecting the at least one target analyte in the sample.

[00154]In some aspects, the single stranded nucleic acid template can comprise an affinity
molecule. In aspects in which the single stranded nucleic acid template comprises an affinity
molecule, a templated-primer extension method can further comprise an affinity purification step
between steps (4) and (5).

[00155] Figure 3 shows a schematic of a preferred aspect of a templated-primer extension method
of the present disclosure. In this aspect, the probe comprises a target binding domain that is an
antibody that binds to a target protein. In the upper left panel, the probe binds to the target
protein. In upper right panel, the UV photo-cleavable linker located between the target binding
domain and the identifier oligonucleotide is cleaved, releasing the identifier oligonucleotide. The
identifier oligonucleotide comprises a unique nucleic acid sequence which identifies the target
protein and a first amplification primer binding site. In the lower right panel, the identifier
oligonucleotide is hybridized to a single stranded nucleic acid template. In this non-limiting
example, the single-stranded nucleic acid template comprises an affinity molecule, a nucleic acid
sequence complementary to the unique nucleic acid sequence of the identifier oligonucleotide, a
first unique molecular identifier, and a sequence complementary to a second amplification
primer biding site. The identifier oligonucleotide is extended to form an extension product
complementary to the single stranded nucleic acid template. As shown in the lower left panel, the
extension product comprises the identifier oligonucleotide, the nucleic acid sequence
complementary to the first unique molecular identifier, and the second amplification primer
binding site. Following the extension reaction, the primer extension product is amplified using
amplification primers that bind to the first and the second amplification primer binding sites. In
this non-limiting example, one of the amplification primers comprises a nucleic acid sequence
which identifies the specific location of the sample from which the identifier oligonucleotide was
released. The amplified product is then sequenced to identify the target protein bound by the
probe.

[00156]In one aspect, the present disclosure provides a composition of a template-extended
identifier oligonucleotide for spatially detecting at least one target analyte in a sample. The
template-extended identifier oligonucleotide comprises a first flow cell adapter sequence suitable

for sequencing, followed by a first unique molecular identifier, followed by an identifier
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oligonucleotide, followed by a second unique molecular identifier, followed by a second
amplification primer binding site, followed by a third unique molecular identifier, followed by a
second flow cell adapter sequence suitable for sequencing. The identifier oligonucleotide
comprises a first amplification primer binding site and a unique nucleic acid sequence which is
capable of identifying a target analyte in a sample. A schematic of a template-extended identifier
oligonucleotide is shown in the bottom panel of Figure 4.

[00157] In another aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a
method herein referred to as a “short probe hybridization method”.

[00158] A short probe hybridization method of the present disclosure can comprise: (1) contacting
at least one target analyte in a sample with at least one probe of the present disclosure. The at
least one target analyte can be a target protein or a target nucleic acid. In the aspect that the at
least one target analyte is a target protein, the probe can comprise a target binding domain that is
a target protein-binding region that can specifically bind to a target protein of interest. In the
aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a target
nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid of
interest. The probe further comprises an identifier oligonucleotide. The identifier oligonucleotide
can comprise a unique nucleic acid sequence which identifies the target analyte bound to the
target binding domain.

[00159] Following contacting the at least one target analyte with the at least one probe, a short
probe hybridization method can further comprise: (2) providing a force to a location of the
sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in aspects
in which the probe comprises a photo-cleavable linker between the identifier oligonucleotide and
the target binding domain, a region-of-interest (ROI) is excited with light of a sufficient
wavelength capable of cleaving the photo-cleavable linker.

[00160] Following release of the identifier oligonucleotide, a short probe hybridization method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier

oligonucleotides are collected only for probes that are bound to targets within that location in
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step (3), thereby permitting detection of the identities and quantities of the targets (proteins
and/or nucleic acids) located only within that location.

[00161] Following collection of the released identifier oligonucleotide, a short probe
hybridization method can further comprise: (4) hybridizing to the release identifier
oligonucleotide a first nucleic acid probe and a second nucleic acid probe.

[00162] The first or the second nucleic acid probe can comprise a nucleic acid sequence
complementary to a portion of the identifier oligonucleotide. The first or the second nucleic acid
probe can also comprise a nucleic acid sequence which identifies the specific location of the
sample from which the identifier oligonucleotide was released. The first or the second nucleic
acid probe can also comprise a nucleic acid sequence comprising unique molecular identifier.
The first nucleic acid probe can comprise a first amplification primer binding site. The second
nucleic acid probe can comprise a second amplification primer binding site.

[00163] The first or the second nucleic acid probe can comprise any combination of the features
described above. In a preferred aspect depicted in Figure 5, the first nucleic acid probe comprises
a first amplification primer binding site, a nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released and a nucleic acid
sequence complementary to the identifier oligonucleotide. In the same preferred aspect, the
second nucleic acid probe comprises a second amplification primer binding site, a nucleic acid
sequence comprising a unique molecular identifier and a nucleic acid sequence complementary
to a portion of the identifier oligonucleotide. In this preferred aspect, the nucleic acid sequence
which identifies the specific location of the sample from which the identifier oligonucleotide was
released is located 5’ to the first amplification primer binding site and the unique molecular
identifier is located 3’ to the second amplification primer binding site.

[00164]In another preferred aspect depicted in Figure 6, the first nucleic acid probe comprises a
first amplification primer binding site, a nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released, a nucleic acid
sequence comprising a unique molecular identifier and a nucleic acid sequence complementary
to a portion of the identifier oligonucleotide. In this same preferred aspect, the second nucleic
acid probe comprises a second amplification primer binding site and a nucleic acid sequence
complementary to the identifier oligonucleotide. In this preferred aspect, the nucleic acid

sequence which identifies the specific location of the sample from which the identifier
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oligonucleotide was released and the unique molecular identifier are located 5’ to the first
amplification primer binding site.

[00165] In another preferred aspect depicted in Figure 7, the first nucleic acid probe comprises a
first amplification primer binding site and a nucleic acid sequence complementary to a portion of
the identifier oligonucleotide. In this same preferred aspect, the second nucleic acid probe
comprises a second amplification primer binding site, a nucleic acid sequence which identifies
the specific location of the sample from which the identifier oligonucleotide was released, a
nucleic acid sequence comprising a unique molecular identifier and a nucleic acid sequence
complementary to the identifier oligonucleotide. In this preferred aspect, the nucleic acid
sequence which identifies the specific location of the sample from which the identifier
oligonucleotide was released and the unique molecular identifier are located 3’ to the second
amplification primer binding site.

[00166]In another preferred aspect depicted in Figure 15, the first nucleic acid probe comprises a
first amplification primer binding site, a nucleic acid sequence comprising a unique molecular
identifier and a nucleic acid sequence complementary to a portion of the identifier
oligonucleotide. In the same preferred aspect, the second nucleic acid probe comprises a second
amplification primer binding site and a nucleic acid sequence complementary to a portion of the
identifier oligonucleotide. In this preferred aspect, the nucleic acid sequence comprising a unique
molecular identifier is located 3’ to the first amplification binding site.

[00167]In another preferred aspect depicted in Figure 17, the first nucleic acid probe comprises a
first amplification primer binding site, a nucleic acid sequence comprising a unique molecular
identifier and a nucleic acid sequence complementary to a portion of the identifier
oligonucleotide. In the same preferred aspect, the second nucleic acid probe comprises a second
amplification primer binding site and a nucleic acid sequence complementary to a portion of the
identifier oligonucleotide. In this preferred aspect, the nucleic acid sequence comprising a unique
molecular identifier is located 5’ to the first amplification binding site.

[00168] The first nucleic acid probe and the second nucleic acid probe can hybridize to the
identifier oligonucleotide such that the first and the second nucleic acid probes are adjacent and
are not overlapping. Alternatively, the first nucleic acid probe and the second nucleic acid probe
can hybridize to the identifier oligonucleotide such that the first and the second nucleic acid

probes are not adjacent and are not overlapping.
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[00169] Following hybridization of the first and the second nucleic acid probe to the identifier
oligonucleotide, a short probe hybridization method can further comprise: (5) in the aspect in
which the first and the second nucleic acid probe hybridize to the identifier oligonucleotide such
that the first and the second nucleic acid probes are adjacent and are not overlapping, ligating the
first and the second nucleic acid probes together, for example, by performing a nick repair
reaction. Alternatively, in the aspect in which the first and the second nucleic acid probe
hybridize to the identifier oligonucleotide such that the first and the second nucleic acid probes
are not adjacent and are not overlapping, the method comprises ligating the first and the second
nucleic acid probes together, for example, by performing a gap extension reaction and a nick
repair reaction, such that the first and the second nucleic acid probes are ligated together.

[00170] Following ligation of the first and the second nucleic acid probe, a short probe
hybridization method can further comprise: (6) amplifying the ligation product produced in step
(5) using amplification primers that hybridize to the first and second amplification primer
binding sites; and (7) identifying the released identifier oligonucleotide by sequencing the
amplified products produced in step (6), thereby spatially detecting the at least one target analyte
in the sample.

[00171]In one aspect, the present disclosure provides a composition of an identifier
oligonucleotide-short nucleic acid probe complex for spatially detecting at least one target analyte
in a sample. An identifier oligonucleotide-short nucleic acid probe complex comprises an identifier
oligonucleotide hybridized to a first nucleic acid probe and a second nucleic acid probe. The
identifier oligonucleotide comprises a unique nucleic acid sequence capable of identifying a target
analyte in a sample. The first nucleic acid probe comprises a first amplification primer binding
site, followed by a unique nucleic acid sequence capable of identifying a specific location in a
sample, followed by a region complementary to the identifier oligonucleotide. The second nucleic
acid probe comprises a second amplification primer binding site, followed by a nucleic acid
sequence comprising a unique molecular identifier, followed by a region complementary to the
identifier oligonucleotide. A schematic of an identifier oligonucleotide-short nucleic acid probe
complex is depicted in Figure 5.

[00172]In one aspect, the present disclosure provides a composition of an identifier
oligonucleotide-short nucleic acid probe complex for spatially detecting at least one target

analyte in a sample. An identifier oligonucleotide-short nucleic acid probe complex comprises an
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identifier oligonucleotide hybridized to a first nucleic acid probe and a second nucleic acid
probe. The identifier oligonucleotide comprises a unique nucleic acid sequence capable of
identifying a target analyte in a sample. The first nucleic acid probe comprises a first
amplification primer binding site, followed by a nucleic acid sequence comprising a unique
molecular identifier, followed by a region complementary to the identifier oligonucleotide,
wherein the nucleic acid sequence comprising a unique molecular identifier is located 3’ to the
first amplification primer binding site. The second nucleic acid probe comprises a second
amplification primer binding site followed by a region complementary to the identifier
oligonucleotide. A schematic of an identifier oligonucleotide-short nucleic acid probe complex is
depicted in Figure 15.

[00173]1n one aspect, the present disclosure provides a composition of an identifier
oligonucleotide-short nucleic acid probe complex for spatially detecting at least one target
analyte in a sample. An identifier oligonucleotide-short nucleic acid probe complex comprises an
identifier oligonucleotide hybridized to a first nucleic acid probe and a second nucleic acid
probe. The identifier oligonucleotide comprises a unique nucleic acid sequence capable of
identifying a target analyte in a sample. The first nucleic acid probe comprises a first
amplification primer binding site, followed by a nucleic acid sequence comprising a unique
molecular identifier, followed by a region complementary to the identifier oligonucleotide,
wherein the nucleic acid sequence comprising a unique molecular identifier is located 5’ to the
first amplification primer binding site. The second nucleic acid probe comprises a second
amplification primer binding site followed by a region complementary to the identifier
oligonucleotide. A schematic of an identifier oligonucleotide-short nucleic acid probe complex is
depicted in Figure 17.

[00174]Figure 16 shows a schematic overview of an exemplary short probe hybridization method
of the present disclosure. First at least one target analyte in a sample is contacted with at least
one probe of the present disclosure. The at least one target analyte can be a target protein or a
target nucleic acid. In the aspect that the at least one target analyte is a target protein, the probe
can comprise a target binding domain that is a target protein-binding region that can specifically
bind to a target protein of interest. In the aspect that the at least one target analyte is a target
nucleic acid, the probe can comprise a target nucleic acid-binding region that can directly or

indirectly hybridize to a target nucleic acid of interest. The probe further comprises an identifier
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oligonucleotide. The identifier oligonucleotide can comprise a unique nucleic acid sequence
which identifies the target analyte bound to the target domain.

[00175]Following contacting the at least one target analyte with the at least one probe, a force is
then provided to a location of the sample sufficient to release the identifier oligonucleotide. The
identifier oligonucleotide is collected following release, as shown in the top panel of Figure 16.
[00176] As shown in the second panel from the top of Figure 16, the released identifier
oligonucleotide is then hybridized to a first nucleic acid probe and a second nucleic acid probe.
In this non-limiting example, the first nucleic acid probe comprises a first amplification primer
binding site, a nucleic acid sequence comprising a unique molecular identifier and a nucleic acid
sequence complementary to a portion of the identifier oligonucleotide. The nucleic acid sequence
comprising the unique molecular identifier is located 3’ to the first amplification primer binding
site. The second nucleic acid probe comprises a second amplification primer binding site and a
nucleic acid sequence complementary to a portion of the identifier oligonucleotide. In this non-
limiting example, the first and the second nucleic acid probe hybridize to the identifier
oligonucleotide such that the first and the second nucleic acid probes are adjacent and are not
overlapping. Following hybridization to the identifier oligonucleotide, the first and second probe
are ligated together, for example, by performing a nick repair reaction.

[00177] Following ligation of the first and second nucleic acid probes, the ligation product is
amplified via PCR using amplification primers that hybridize to the first and second
amplification primer binding sites. As shown in the second panel from the bottom of Figure 16,
the amplification primer that hybridizes to the second amplification primer binding site
comprises a first flow cell binding site, a first nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released and a nucleic acid
sequence complementary to the second amplification primer binding site. The amplification
primer that hybridizes to the first amplification primer binding site comprises a second flow cell
binding site, a second nucleic acid sequence which identifies the specific location from which the
identifier oligonucleotide was released and a nucleic acid sequence complementary to the first
amplification primer binding site. The PCR product shown in the bottom panel of Figure 16 is
then sequenced to identify the released oligonucleotide, thereby spatially detecting the at least

one target analyte in the sample.
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[00178] Figure 18 shows a schematic overview of an exemplary short probe hybridization method
of the present disclosure. First, at least one target analyte in a sample is contacted with at least
one probe of the present disclosure. The at least one target analyte can be a target protein or a
target nucleic acid. In the aspect that the at least one target analyte is a target protein, the probe
can comprise a target binding domain that is a target protein-binding region that can specifically
bind to a target protein of interest. In the aspect that the at least one target analyte is a target
nucleic acid, the probe can comprise a target nucleic acid-binding region that can directly or
indirectly hybridize to a target nucleic acid of interest. The probe further comprises an identifier
oligonucleotide. The identifier oligonucleotide can comprise a unique nucleic acid sequence
which identifies the target analyte bound to the target domain.

[00179] Following contacting the at least one target analyte with the at least one probe, a force is
then provided to a location of the sample sufficient to release the identifier oligonucleotide. The
identifier oligonucleotide is collected following release, as shown in the top panel of Figure 18.
[00180] As shown in the second panel from the top of Figure 18, the released identifier
oligonucleotide is then hybridized to a first nucleic acid probe and a second nucleic acid probe.
In this non-limiting example, the first nucleic acid probe comprises a first amplification primer
binding site, a nucleic acid sequence comprising a unique molecular identifier and a nucleic acid
sequence complementary to a portion of the identifier oligonucleotide. The nucleic acid sequence
comprising the unique molecular identifier is located 5’ to the first amplification primer binding
site. The second nucleic acid probe comprises a second amplification primer binding site and a
nucleic acid sequence complementary to a portion of the identifier oligonucleotide. In this non-
limiting example, the first and the second nucleic acid probe hybridize to the identifier
oligonucleotide such that the first and the second nucleic acid probes are adjacent and are not
overlapping. Following hybridization to the identifier oligonucleotide, the first and second probe
are ligated together, for example, by performing a nick repair reaction.

[00181] Following ligation of the first and second nucleic acid probes, the ligation product is
amplified via PCR using amplification primers that hybridize to the first and second
amplification primer binding sites. As shown in the second panel from the bottom of Figure 18,
the amplification primer that hybridizes to the second amplification primer binding site
comprises a first flow cell binding site, a first nucleic acid sequence which identifies the specific

location of the sample from which the identifier oligonucleotide was released and a nucleic acid
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sequence complementary to the second amplification primer binding site. The amplification
primer that hybridizes to the first amplification primer binding site comprises a second flow cell
binding site, a second nucleic acid sequence which identifies the specific location from which the
identifier oligonucleotide was released and a nucleic acid sequence complementary to the first
amplification primer binding site. The PCR product shown in the bottom panel Figure 18 is then
sequenced to identify the released oligonucleotide, thereby spatially detecting the at least one
target analyte in the sample.

[00182]In another aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a
method herein referred to as a “long probe hybridization method”.

[00183] A long probe hybridization method of the present disclosure can comprise: (1) contacting
at least one target analyte in a sample with at least one probe of the present disclosure. The at
least one target analyte can be a target protein or a target nucleic acid. In the aspect that the at
least one target analyte is a target protein, the probe can comprise a target binding domain that is
a target protein-binding region that can specifically bind to a target protein of interest. In the
aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a target
nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid of
interest. The probe further comprises an identifier oligonucleotide. The identifier oligonucleotide
can comprise a unique nucleic acid sequence which identifies the target analyte bound to the
target binding domain.

[00184] Following contacting the at least one target analyte with the at least one probe, a long
probe hybridization method can further comprise: (2) providing a force to a location of the
sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in aspects
in which the probe comprises a photo-cleavable linker between the identifier oligonucleotide and
the target binding domain, a region-of-interest (ROI) is excited with light of a sufficient
wavelength capable of cleaving the photo-cleavable linker.

[00185] Following release of the identifier oligonucleotide, a long probe hybridization method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier

oligonucleotides are collected only for probes that are bound to targets within that location in
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step (3), thereby permitting detection of the identities and quantities of the targets (proteins
and/or nucleic acids) located only within that location.

[00186] Following collection of the released identifier oligonucleotide(s), a long probe
hybridization method can further comprise: (4) hybridizing to the released identifier
oligonucleotide a first nucleic acid probe and a second nucleic acid probe.

[00187] The first or the second nucleic acid probe can comprise a nucleic acid sequence
complementary to a portion of the identifier oligonucleotide. The first or the second nucleic acid
probe can also comprise a nucleic acid sequence which identifies the specific location of the
sample from which the identifier oligonucleotide was released.

[00188] The first or the second nucleic acid probe can also comprise a first unique molecular
identifier. The first or the second nucleic acid probe can also comprise a second unique
molecular identifier. The first or the second nucleic acid probe can also comprise a third unique
molecular identifier.

[00189] The first nucleic acid probe can comprise a first amplification primer binding site.
[00190] The first nucleic acid probe can also comprise a first flow cell binding site. The second
nucleic acid probe can comprise a second flow cell binding site.

[00191] The first and the second nucleic acid probes can comprise any combination of the
features described above. In a preferred aspect depicted in Figure 8, the first nucleic acid probe
comprises a first flow cell binding site, a first unique molecular identifier, a first amplification
primer binding site, a nucleic acid sequence which identifies the specific location of the sample
from which the identifier oligonucleotide was released and a nucleic acid sequence
complementary to the identifier oligonucleotide. In the same preferred aspect, the second nucleic
acid probe comprises a second flow cell binding site, a second unique molecular identifier, a
third unique molecular identifier and a nucleic acid sequence complementary to the identifier
oligonucleotide. In this preferred aspect, the nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released and the first unique
molecular identifier are located 5 to the first flow cell binding site and the second and the third
unique molecular identifiers are located 3’ to the second flow cell binding site.

[00192]In another preferred aspect depicted in Figure 9, the first nucleic acid probe comprises a
first flow cell binding site, a first unique molecular identifier, a second unique molecular

identifier, a first amplification primer binding site, a nucleic acid sequence which identifies the
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specific location of the sample from which the identifier oligonucleotide was released and a
nucleic acid sequence complementary to the identifier oligonucleotide. In the same preferred
aspect, the second nucleic acid probe comprises a second flow cell binding site, a third unique
molecular identifier and a nucleic acid sequence complementary to the identifier oligonucleotide.
In this preferred aspect, the first unique molecular identifier, the second unique molecular
identifier and the nucleic acid sequence which identifies the specific location of the sample from
which the identifier oligonucleotide was released are located 5’ to the first flow cell binding site
and the third unique molecular identifier is located 3’ to the second flow cell binding site.
[00193]1n another preferred aspect depicted in Figure 10, the first nucleic acid probe comprises a
first flow cell binding site, a first unique molecular identifier, a first amplification primer binding
site and a nucleic acid sequence complementary to the identifier oligonucleotide. In this same
preferred aspect, the second nucleic acid probe comprises a second flow cell binding site, a
second unique molecular identifier, a third unique molecular identifier, a nucleic acid sequence
which identifies the specific location of the sample from which the identifier oligonucleotide was
released and a nucleic acid sequence complementary to the identifier oligonucleotide. In this
preferred aspect, the first unique molecular identifier is located 5’ to the first flow cell binding
site and the second unique molecular identifier, the third unique molecular identifier, and the
nucleic acid sequence which identifies the specific location of the sample form which the
identifier oligonucleotide was released are located 3’ to the second amplification primer binding
site.

[00194] The first nucleic acid probe and the second nucleic acid probe can hybridize to the
identifier oligonucleotide such that the first and the second nucleic acid probes are adjacent and
are not overlapping. Alternatively, the first nucleic acid probe and the second nucleic acid probe
can hybridize to the identifier oligonucleotide such that the first and the second nucleic acid
probes are not adjacent and are not overlapping.

[00195] Following hybridization of the first and the second nucleic acid probe to the identifier
oligonucleotide, a long probe hybridization method can further comprise: (5) in the aspect in
which the first and the second nucleic acid probe hybridize to the identifier oligonucleotide such
that the first and the second nucleic acid probes are adjacent and are not overlapping, performing
a nick repair reaction such that the first and the second nucleic acid probes are ligated together.

Alternatively, in the aspect in which the first and the second nucleic acid probe hybridize to the
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identifier oligonucleotide such that the first and the second nucleic acid probes are not adjacent
and are not overlapping, the method comprises performing a gap extension and a nick repair
reaction such that the first and the second nucleic acid probes are ligated together.

[00196] The name method can further comprise: (6) amplifying the ligation product produced in
step (5) using amplification primers that hybridize to the first and second amplification primer
binding sites; and (7) identifying the released identifier oligonucleotide by sequencing the
amplified products produced in step (6), thereby spatially detecting the at least one target analyte
in the sample.

[00197]In one aspect, the present disclosure provides a composition of an identifier
oligonucleotide-long nucleic acid probe complex for spatially detecting at least one target analyte
in a sample. An identifier oligonucleotide-long nucleic acid probe complex comprises an identifier
oligonucleotide hybridized to a first nucleic acid probe and a second nucleic acid probe. The
identifier oligonucleotide comprises a unique nucleic acid sequence capable of identifying a target
analyte in a sample. The first nucleic acid probe comprises a first flow cell binding site suitable
for sequencing, followed by a first unique molecular identifier, followed by a first amplification
primer binding site, followed by a unique nucleic acid sequence capable of identifying a specific
location in a sample, followed by a region complementary to the identifier oligonucleotide. The
second nucleic acid probe comprises a second flow cell binding site, followed by a second unique
molecular identifier, followed by a third unique molecular identifier, followed by a region
complementary to the identifier oligonucleotide. A schematic of an identifier oligonucleotide-short
nucleic acid probe complex is depicted in Figure 8.

[00198]In another aspect, the present disclosure provides compositions and methods for spatially
detecting at least one target analyte in a sample using the probes of the present disclosure in a
method herein referred to as a “direct PCR method”.

[00199] A direct PCR method of the present disclosure can comprise: (1) contacting at least one
target analyte in a sample with at least one probe of the present disclosure. The at least one target
analyte can be a target protein or a target nucleic acid. In the aspect that the at least one target
analyte is a target protein, the probe can comprise a target binding domain that is a target protein-
binding region that can specifically bind to a target protein of interest. In the aspect that the at
least one target analyte is a target nucleic acid, the probe can comprise a target nucleic acid-

binding region that can directly or indirectly hybridize to a target nucleic acid of interest. The
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probe further comprises an identifier oligonucleotide. The identifier oligonucleotide can
comprise a unique nucleic acid sequence which identifies the target analyte bound to the target
binding domain. The identifier oligonucleotide can also comprise a first amplification primer
binding site, a second amplification primer binding site, or a unique molecular identifier. The
identifier oligonucleotide can comprise any combination of these features. Any of these features
can also be flanked by regions comprising constant nucleic acid sequences of about 1 nucleotide
to about 10 nucleotides.

[00200] Following contacting the at least one analyte with the at least one probe, a direct PCR
method further comprises: (2) providing a force to a location of the sample sufficient to release
the identifier oligonucleotide. In a non-limiting example, in aspects in which the probe comprises
a photo-cleavable linker between the identifier oligonucleotide and the target binding domain, a
region-of-interest (ROI) is excited with light of a sufficient wavelength capable of cleaving the
photo-cleavable linker.

[00201] A direct PCR method can further comprise: (3) collecting the released identifier
oligonucleotide. By directing the force only to a specific location in step (2), identifier
oligonucleotides are only released from probes within that location and not from probes located
outside that location. Thus, identifier oligonucleotides are collected only for probes that are
bound to targets within that location in step (3), thereby permitting detection of the identities and
quantities of the targets (proteins and/or nucleic acids) located only within that location.

[00202] Following release of the identifier oligonucleotide, a direct PCR method can further
comprise: (4) amplifying the released identifier oligonucleotide using a first amplification primer
capable of binding to the first amplification primer binding site and a second amplification
primer capable of binding to the second amplification primer binding site. In some aspects, at
least one of the amplification primers comprises a nucleic acid sequence which identifies the
specific location of the sample from which the identifier oligonucleotide was released. For
example, if the identifier oligonucleotide was released from location of the sample designated
“ROI#17, at least one of the amplification primers would comprise a nucleic acid sequence that
corresponds to “ROI #17. In still other aspects, at least one of the amplification primers

comprises a unique molecular identifier.
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[00203] Following amplification, a direct PCR method of the present disclosure can further
comprise: (5) identifying the released oligonucleotide by sequencing the amplified products
produced in step (5), thereby spatially detecting the at least one target analyte in the sample.
[00204] Figure 11 shows a schematic of a preferred aspect of a direct PCR method of the present
disclosure. In this aspect, the probe comprises a target binding domain comprising a nucleic acid
sequence that is complementary to a target nucleic acid. In the upper panel, the probe hybridizes
to the target nucleic acid. In the lower panel, a UV photo-cleavable linker located between the
target binding domain and the identifier oligonucleotide is cleaved, releasing the identifier
oligonucleotide. The identifier oligonucleotide comprises a first amplification primer binding
site, a second amplification primer binding site, a unique molecular identifier, and a unique
nucleic acid sequence which identifies the target analyte bound to the target binding domain.
Located between these four features are constant spacer regions that are 3 nucleotides in length.
The identifier oligonucleotide is double-stranded and comprises a strand that comprises 3
separate nucleic acid molecules. After release, the identifier oligonucleotide is amplified using a
first amplification primer that hybridizes to the first amplification primer binding site and
comprises a nucleic acid sequence which identifies the specific location of the sample from
which the identifier oligonucleotide was released and a second amplification primer that
hybridizes to the second amplification primer binding site. The amplified product is then
sequenced to identify the target nucleic acid bound by the probe.

[00205] Figure 19 shows a schematic of a preferred aspect of a direct PCR method of the present
disclosure. In this aspect, the identifier oligonucleotide comprises a first amplification primer
binding site, a nucleic acid sequence comprising a unique molecular identifier, a unique nucleic
acid sequence which identifies the target analyte bound to the target binding domain and a
second amplification primer binding site, as shown in the top panel of Figure 19. The identifier
oligonucleotide is amplified using amplification primers that hybridize to the first and second
amplification primer binding sites. As shown in the middle panel of Figure 19, the amplification
primer that hybridizes to the second amplification primer binding site comprises a first flow cell
binding site, a first nucleic acid sequence which identifies the specific location of the sample
from which the identifier oligonucleotide was released and a nucleic acid sequence
complementary to the second amplification primer binding site. The amplification primer that

hybridizes to the first amplification primer binding site comprises a second flow cell binding site,
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a second nucleic acid sequence which identifies the specific location of the sample from which
the identifier oligonucleotide was released and a nucleic acid sequence complementary to the
first amplification primer binding site. The PCR product shown in the bottom panel of Figure 19
is sequenced to identify the released oligonucleotide, thereby spatially detecting the at least one
target analyte in the sample.

[00206] In one aspect, the present disclosure provides a composition of a direct-PCR compatible
identifier oligonucleotide for spatially detecting at least one target analyte in a sample. A direct-
PCR compatible identifier oligonucleotide comprises a first amplification primer binding site,
followed a unique nucleic acid sequence which is capable of identifying a target analyte in a
sample, followed by a unique molecular identifier, followed by a second amplification primer
binding site. A schematic of a direct-PCR compatible identifier oligonucleotide is depicted in the
lower panel of Figure 11.

[00207]In one aspect, the present disclosure provides a composition of a direct-PCR compatible
identifier oligonucleotide for spatially detecting at least one target analyte in a sample. A direct-
PCR compatible identifier oligonucleotide comprises a first amplification primer binding site,
followed a nucleic acid sequence comprising a unique molecular identifier, followed by a unique
nucleic acid sequence which is capable of identifying a target analyte in a sample, followed by a
second amplification primer binding site. A schematic of a direct-PCR compatible identifier
oligonucleotide is shown in the top panel of Figure 19.

[00208]In some aspects of the methods of the present disclosure at least one, or at least two, or at
least three, or at least four, or at least five, or at least six, or at least seven, or at least eight, or at
least nine, or at least ten, or at least eleven, or at least twelve, or at least thirteen, or at least
fourteen, or at least fifteen, or at least sixteen, or at least seventeen, or at least eighteen, or at
least nineteen, or at least twenty, or at least thirty, or at least forty, or at least fifty, or at least
sixty, or at least seventy, or at least eighty, or at least ninety, or at least one hundred probes can
been to a single target analyte. As used herein, the term “tiling” is used to describe when more
than one probe of the present disclosure is bound to a target analyte. The top panel of Figure 27
shows the tiling of probes onto a target RNA. Tiling multiple probes onto a target analyte means
that each target analyte will be individually detected multiple times, increasing the overall
accuracy of the measurement. In a non-limiting example, as shown in the bottom panel of Figure

27, in the case where 10 probes are tiled onto a single target RNA, one of the probes may be
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incorrectly detected too many times (outlier high count probe), while another probe may be
incorrectly detected too few times (outlier low count probe). However, the other 8 probes may be
detected at a similar level, indicating that the two outliers should be discarded during analysis
and the signals from the 8 probes used to generate a more accurate measurement of the
abundance of the target RNA.

[00209] The present disclosure provides compositions and methods for spatially detecting at least
one target analyte in a sample using the probes of the present disclosure in a method herein
referred to as an “enzyme free method”.

[00210] An enzyme free method of the present disclosure can comprise: (1) contacting at least
one target analyte in a sample with at least one probe of the present disclosure. The at least one
target analyte can be a target protein or a target nucleic acid. In the aspect that the at least one
target analyte is a target protein, the probe can comprise a target binding domain that is a target
protein-binding region that can specifically bind to a target protein of interest. In the aspect that
the at least one target analyte is a target nucleic acid, the probe can comprise a target nucleic
acid-binding region that can directly or indirectly hybridize to a target nucleic acid of interest.
The probe further comprises an identifier oligonucleotide. An identifier oligonucleotide can
comprise a unique nucleic acid sequence which identifies the target analyte bound to the target
binding domain. An identifier oligonucleotide can also comprise a capture probe binding site.
[00211]Following contacting at least one target analyte with at least one probe, an enzyme free
method can further comprise: (2) providing a force to a location of the sample sufficient to
release the identifier oligonucleotide. In a non-limiting example, in aspects in which the probe
comprises a photo-cleavable linker between the identifier oligonucleotide and the target binding
domain, a region-of-interest (ROI) is excited with light of a sufficient wavelength capable of
cleaving the photo-cleavable linker.

[00212] Following release of an identifier oligonucleotide, an enzyme free method can further
comprise: (3) collecting the released identifier oligonucleotide. By directing the force only to a
specific location in step (2), identifier oligonucleotides are only released from probes within that
location and not from probes located outside that location. Thus, identifier oligonucleotides are
collected only for probes that are bound to targets within that location in step (3), thereby
permitting detection of the identities and quantities of the targets (proteins and/or nucleic acids)

located only within that location.
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[00213]Following collection of a released identifier oligonucleotide, an enzyme free method can
further comprise: (4) hybridizing to a released identifier oligonucleotide a capture probe.
[00214] A capture probe can comprise a region complementary to the capture probe binding site.
A capture probe can also comprise an affinity molecule.

[00215] Following hybridization of a capture probe, an enzyme free method can further comprise:
(5) Identifying a released identifier oligonucleotide by sequencing the hybridized product
produced in step (4), thereby spatially detecting the at least one target analyte in the at least one
cell in a tissue sample.

[00216] A hybridized product produced in step (4) can be sequenced using an enzyme free
method of sequencing. Enzyme-free methods of sequencing have been described in, e.g.,
US2014946386 and US15/819,151 (US Patent No. 10,415,080), each of which is incorporated
herein by reference in its entirety.

[00217]Figure 12 shows a schematic of a preferred aspect of an enzyme free method of the
present disclosure. In this aspect, the probe comprises a target binding domain comprising a
nucleic acid sequence that is complementary to a target nucleic acid. In the top panel, the probe
hybridizes to the target nucleic acid. In the middle panel, a UV photo-cleavable linker located
between the target binding domain and the identifier oligonucleotide is cleaved, releasing the
identifier oligonucleotide. The identifier oligonucleotide comprises a unique nucleic acid
sequence which identifies the target nucleic acid bound to the target binding domain and a
capture probe binding site. After release, the identifier oligonucleotide is hybridized to a capture
probe, as depicted in the bottom panel. The capture probe comprises a nucleic acid sequence
complementary to the capture probe binding site and an affinity molecule. The hybridized
product is then sequenced using enzyme free sequencing methods to identify the target nucleic
acid bound by the probe.

[00218]In one aspect, the present disclosure provides a composition of a hybridized identifier
oligonucleotide-capture probe complex for spatially detecting at least one target analyte in a
sample. A hybridized identifier oligonucleotide-capture probe complex comprises an identifier
oligonucleotide hybridized to a capture probe. An identifier oligonucleotide comprises a unique
nucleic acid sequence capable of identifying a specific a target analyte in a sample and a capture

probe binding site. A capture probe comprises an affinity molecule and a region complementary
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to the capture probe binding site. A schematic of a hybridized identifier oligonucleotide-capture
probe complex is depicted in the bottom of panel Figure 12.

[00219] The present disclosure provides compositions and methods for spatially detecting at least
one target analyte in a sample using the probes of the present disclosure in a method herein
referred to as a “multiplexed enzyme free method”.

[00220] A multiplexed enzyme free method of the present disclosure can comprise: (1) contacting
at least one target analyte in a sample with at least one probe of the present disclosure. The at
least one target analyte can be a target protein or a target nucleic acid. In the aspect that the at
least one target analyte is a target protein, the probe can comprise a target binding domain that is
a target protein-binding region that can specifically bind to a target protein of interest. In the
aspect that the at least one target analyte is a target nucleic acid, the probe can comprise a target
nucleic acid-binding region that can directly or indirectly hybridize to a target nucleic acid of
interest. The probe further comprises an identifier oligonucleotide. The identifier oligonucleotide
can comprise a unique nucleic acid sequence which identifies the target analyte bound to the
target binding domain. The identifier oligonucleotide can also comprise a capture probe binding
site. The identifier oligonucleotide can also comprise a multiplexing probe binding site.
[00221]Following contacting the at least one target analyte with the at least one probe, a
multiplexed enzyme free method can further comprise: (2) providing a force to a location of the
sample sufficient to release the identifier oligonucleotide. In a non-limiting example, in aspects
in which the probe comprises a photo-cleavable linker between the identifier oligonucleotide and
the target binding domain, a region-of-interest (ROI) is excited with light of a sufficient
wavelength capable of cleaving the photo-cleavable linker.

[00222] Following release of the identifier oligonucleotide, a multiplexed enzyme free method
can further comprise: (3) collecting the released identifier oligonucleotide. By directing the force
only to a specific location in step (2), identifier oligonucleotides are only released from probes
within that location and not from probes located outside that location. Thus, identifier
oligonucleotides are collected only for probes that are bound to targets within that location in
step (3), thereby permitting detection of the identities and quantities of the targets (proteins

and/or nucleic acids) located only within that location.
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[00223]Following collection of the released identifier oligonucleotide, a multiplexed enzyme free
method can further comprise: (4) hybridizing to the released identifier oligonucleotide a capture
probe and a multiplexing probe.

[00224] A capture probe can comprise a region complementary to the capture probe binding site.
A capture probe can also comprise an affinity molecule.

[00225] A multiplexing probe can comprise a region complementary to the multiplexing probe
binding site. A multiplexing probe can also comprise a nucleic acid sequence which identifies
the specific location of the sample from which the identifier oligonucleotide was released and a
region complementary to the multiplexing probe binding site.

[00226] Following hybridization of a capture probe and a multiplexing probe, a multiplexed
enzyme free method can further comprise: (5) Identifying the released identifier oligonucleotide
by sequencing the hybridized product produced in step (4), thereby spatially detecting the at least
one target analyte in the at least one cell in a tissue sample.

[00227] A hybridized product produced in step (4) can be sequenced using an enzyme free
method of sequencing. Enzyme-free methods of sequencing have been described in, e.g.,
US2014946386 and US15/819,151, each of which is incorporated herein by reference in its
entirety.

[00228] Figure 13 shows a schematic of a preferred aspect of a multiplexed enzyme free method
of the present disclosure. In this aspect, the probe comprises a target binding domain comprising
a nucleic acid sequence that is complementary to a target nucleic acid. In the top panel, the probe
hybridizes to the target nucleic acid. In the middle panel, a UV photo-cleavable linker located
between the target binding domain and the identifier oligonucleotide is cleaved, releasing the
identifier oligonucleotide. The identifier oligonucleotide comprises a unique nucleic acid
sequence which identifies the target analyte bound to the target binding domain, a capture probe
binding site, and a multiplexing probe binding site, as shown in the middle panel. After release,
the identifier oligonucleotide is hybridized to a capture probe and a multiplexing probe as shown
in the lower panel. The capture probe comprises a nucleic acid sequence complementary to the
capture probe binding site and an affinity molecule. The multiplexing probe comprises a nucleic
acid sequence complementary to the multiplexing probe binding site and a nucleic acid sequence

which identifies the specific location of a sample from which the identifier oligonucleotide was

50

256835828

71



Attorney Docket No.: NATE-037/C02US (321329-2721)

released. The hybridized product is then sequenced using enzyme free sequencing methods to
identify the target nucleic acid bound by the probe.

[00229]1In one aspect, the present disclosure provides a composition of a hybridized identifier
oligonucleotide-capture probe-multiplex probe complex for spatially detecting at least one target
analyte in a sample. A hybridized identifier oligonucleotide-capture probe-multiplex probe
complex comprises an identifier oligonucleotide hybridized to a capture probe and a
multiplexing probe. The identifier oligonucleotide comprises a unique nucleic acid sequence
capable of identifying a specific a target analyte in a sample, a capture probe binding site and a
multiplexing probe binding site. The capture probe comprises an affinity molecule and a region
complementary to the capture probe binding site. The multiplexing probe comprises a nucleic
acid sequence which identifies the specific location of a sample from which the identifier
oligonucleotide was released and a region complementary to the multiplexing probe binding site.
A schematic of a hybridized identifier oligonucleotide-capture probe-multiplex probe complex is
depicted in the bottom panel of Figure 13.

[00230] Figure 20 is an exemplary schematic of overview of the methods of the present
disclosure. First, a sample on a microscope slide is contacted with a plurality of probes of the
present disclosure (step 1 in Figure 20). The slide is then imaged and particular regions of
interest (ROIs) are selected (step 2 in Figure 20). A specific ROI is then illuminated by UV light
to release identifier oligonucleotides from probes bound within the ROI. The released identifier
oligonucleotides are then collected via aspiration with a microcapillary. Following aspiration, the
identifier oligonucleotides are transferred to a particular well within a 96 well plate. Steps 4 and
5 are then repeated for each ROI identified in step 2. After all ROIs have been illuminated and
all released identifier oligonucleotides collected, the identifier oligonucleotides are sequenced
using next generation sequencing methods to spatially detect at least one target analyte in the
sample.

[00231] As described in the preceding, the present disclosure provides probes for the
compositions and methods of spatially detecting at least one target analyte in a sample. The
present disclosure provides probes comprising a target binding domain and an identifier
oligonucleotide. The target binding domain is a region of the probe that specifically binds to at

least one target analyte in a sample.
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[00232] Probes of the present disclosure can be used for spatially detecting a target nucleic acid.
In this aspect, the target binding domain can be a target nucleic acid-binding region. The target
nucleic acid-binding region is preferably at least 15 nucleotides in length, and more preferably is
at least 20 nucleotides in length. In specific aspects, the target nucleic acid-binding region is
approximately 10 to 500, 20 to 400, 25, 30 to 300, 35, 40 to 200, or 50 to 100 nucleotides in
length. Probes and methods for binding and identifying a target nucleic acid have been described
in, e.g., US2003/0013091, US2007/0166708, US2010/0015607, US2010/0261026,
US2010/0262374, US2010/0112710, US2010/0047924, and US2014/0371088, each of which is
incorporated herein by reference in its entirety.

[00233] The target nucleic acid-binding region can directly hybridize to a target nucleic acid
present in a sample. Alternatively, the probes of the present disclosure can indirectly hybridize to
a target nucleic acid present in a sample (via an intermediary oligonucleotide). Figure 14
illustrates a probe (or composition) of this aspect. The probe includes a target nucleic-acid
binding domain which binds to a synthetic oligonucleotide (the intermediary oligonucleotide)
that in turn binds to a target nucleic acid in a biological sample. It could be said that the
intermediary oligonucleotide is a probe, as defined herein, since it comprises a nucleic acid
backbone and is capable of binding a target nucleic acid. In these aspects, a probe’s target
nucleic acid-binding region hybridizes to a region of an intermediary oligonucleotide (i.e., a
synthetic oligonucleotide) which is different from the target nucleic acid present in a sample.
Thus, the probe’s target binding region is independent of the ultimate target nucleic acid in the
sample. This allows economical and rapid flexibility in an assay design, as the target (present in
a sample)-specific components of the assay are included in inexpensive and widely-available
synthetic DNA oligonucleotides rather than the more expensive probes. Such synthetic
oligonucleotides are simply designed by including a region that hybridizes to the target nucleic
acid present in a sample and a region that hybridizes to a probe. Therefore, a single set of
indirectly-binding probes can be used to detect an infinite variety of target nucleic acids (present
in a sample) in different experiments simply by replacing the target-specific (synthetic)
oligonucleotide portion of the assay.

[00234] A target nucleic acid may be DNA or RNA and preferably messenger RNA (mRNA) or
miRNA.
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[00235] Probes of the present disclosure can be used for detecting a target protein. In this aspect,
the target binding domain can be a target protein-binding region. A target protein-binding region
includes molecules or assembles that are designed to bind to at least one target protein, at least
one target protein surrogate, or both and can, under appropriate conditions, form a molecular
complex comprising the probe and the target protein. The target-protein binding region can
include an antibody, a peptide, an aptamer, or a peptoid. The antibody can be obtained from a
variety of sources, including but not limited to polyclonal antibody, monoclonal antibody,
monospecific antibody, recombinantly expressed antibody, humanized antibody, plantibodies,
and the like. The terms protein, polypeptide, peptide, and amino acid sequence are used
interchangeably herein to refer to polymers of amino acids of any length. The polymer may be
linear or branched, it may comprise modified amino acids, and it may be interrupted by non-
amino acids or synthetic amino acids. The terms also encompass an amino acid polymer that has
been modified, for example, by disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation, such as conjugation with a labeling component. As
used herein the term amino acid refers to either natural and/or unnatural or synthetic amino acids,
including but not limited to glycine and both the D or L optical isomers, and amino acid analogs
and peptidomimetics. Probes and methods for binding and identifying a target protein have been
described, e.g., in US2011/0086774, the contents of which is incorporated herein by reference in
its entirety.

[00236] An identifier oligonucleotide is a nucleic acid molecule that identifies the target analyte
bound to the target binding domain. The identifier oligonucleotide comprises a unique nucleic
acid sequence that identifies the target analyte bound to the target binding domain of the probe.
In a non-limiting example, a probe with a target binding domain that binds to the protein P53
comprises an identifier oligonucleotide with a unique nucleic acid sequence that corresponds to
P53, while a probe with a target binding domain that binds to the protein P97 comprises an
identifier oligonucleotide with a unique nucleic acid sequence that corresponds to P97.
[00237] An identifier oligonucleotide can be DNA, RNA, or a combination of DNA and RNA.
[00238]In some aspects, an identifier oligonucleotide can comprise at least one amplification
primer binding site. An amplification primer binding site is a nucleic acid sequence capable of

binding to an amplification primer. An amplification primer can be used to amplify the nucleic
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molecule to which it is bound using methods known in the art, including, but not limited to,
polymerase chain reaction (PCR).

[00239]In some aspects, an identifier oligonucleotide can comprise at least one unique molecular
identifier.

[00240] An identifier oligonucleotide can be a single-stranded, a double-stranded, or a partially
double-stranded nucleic acid molecule. In the aspects in which an identifier oligonucleotide is
double-stranded or partially double-stranded, at least one of the two strands can comprise at least
two separate nucleic acid molecules which, without being bound by theory, allows for denaturing
of the identifier oligonucleotide at lower temperatures.

[00241] An identifier oligonucleotide can also comprise at least one 3” end that comprises a single
nucleotide overhang.

[00242] An identifier oligonucleotide can also comprise a capture probe binding site. A capture
probe binding site is a nucleic acid sequence to which a capture probe can bind.

[00243] A capture probe of the present disclosure can comprise a nucleic acid sequence
complementary to a capture probe binding site. A capture probe can also comprise an affinity
molecule.

[00244] An identifier oligonucleotide can also comprise a multiplexing probe binding site. A
multiplexing probe binding site is a nucleic acid sequence to which a multiplexing probe can
bind.

[00245] A multiplexing probe of the present disclosure can comprise a nucleic acid sequence
complementary to a multiplexing probe binding site. A multiplexing probe can also comprise a
nucleic acid sequence which identifies the specific location of the tissue sample from which an
identifier oligonucleotide was released.

[00246] A probe of the present disclosure can include a region which permits the release of an
identifier oligonucleotide following the application of a suitable force. In one non-limited
example, the region is a cleavable motif (e.g., a restriction enzyme site or cleavable linker). The
cleavable motif allows release of an identifier oligonucleotide from a bound target nucleic acid
or protein and the identifier oligonucleotide can then be collected and detected. The region which
permits the release of an identifier oligonucleotide can be positioned between the target-binding
domain and the identifier oligonucleotide, allowing for the release of the identifier

oligonucleotide from the target binding domain. An identifier oligonucleotide is said to be
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releasable when it can be separated (i.e., cleaved and released) from the remainder of the probe.
Examples of cleavable motives include but are not limited to photo-cleavable linkers. Photo-
cleavable linkers can be cleaved by light provided by a suitable coherent light source (e.g., a
laser and a UV light source) or a suitable incoherent light source (e.g., an arc-lamp and a light-
emitting diode (LED)).

[00247]In some aspects, the identifier oligonucleotide is collected from a solution proximal to, e.g.,
at least immediately above or surrounding, the point at which the identifier oligonucleotide is
released or the at least one cell. The proximal solution may be collected by aspirating, e.g., via a
pipette, a capillary tube, a microarray pin, a flow cell comprising holes, or another suitable
aspirating system known in the art or any combination thereof. The capillary tube may comprise
an optical device capable of transmitting a light force, e.g., UV light, to the at least one cell. The
pipette or a microarray pin may be attached to an array comprising a plurality of pipettes or
microarray pins. The proximal solution may comprise an anionic polymer, e.g., dextran sulfate,
and/or salmon sperm DNA and/or the collected signal oligonucleotide may be added to a solution
comprising an anionic polymer, e.g., dextran sulfate, and/or salmon sperm DNA. Other non-
specific blocking agents known in the art in addition to or instead of salmon sperm DNA may be
used.

[00248]In some aspects, the identifier oligonucleotide is collected from a tissue, at least one cell
or proximal to the point at which the identifier oligonucleotide is released via liquid laminar,
turbulent, or transitional flow. The flow may be via a channel, e.g., having 25 to 500 m depth
between the tissue and a fluidic device or impermeable barrier placed over the tissue.

[00249]In aspects where the target-binding domain of a probe is an antibody, the probe can be
prepared using a cysteine bioconjugation method that is stable, site-specific to, preferably, the
antibody’s hinge-region heavy-chain. This preparation method provides relatively controllable
identifier oligonucleotides to antibody stoichiometric ratios. A probe can comprise a plurality
(i.e., more than one, e.g., 2, 3, 4, 5, or more) identifier oligonucleotides per antibody. Generally,
“heavier” probes, which comprise 3 or 4 identifier oligonucleotides per antibody, are
significantly less sensitive than antibodies lacking an identifier oligonucleotide or “lighter”
probes, which comprise 1 or 2 identifier oligonucleotides per antibody.

[00250]In aspects, probes are provided to a sample at concentrations typically less than that used

for immunohistochemistry (IHC) or for in situ hybridization (ISH). Alternately, the
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concentration may be significantly less than that used for IHC or ISH. For example, the probe
concentration may be 2 fold less, 5 fold less, 10 fold less, 20 fold less, 25 fold less, 30 fold less,
50 fold less, 60 fold less, 70 fold less, 80 fold less, 90 fold less, 100 fold less, 200 fold less, 300
fold less, 400 fold less, 500 fold less, 600 fold less, 700 fold less, 800 fold less, 900 fold less,
1000 fold less, 2000 fold less, or less and any number in between. In aspects, probes are
provided at a concentration of 100 nM, 70 nM, 60 nM, 50 nM, 40 nM, 30 nM, 20 nM, 10 nM,
9nM, 8 nM, 7nM, 6 nM, 5 nM, 4 nM, 3 nM, 2 oM, 1 nM, 0.9 nM, 0.8 nM, 0.7 nM, 0.6 nM,
0.5nM, 0.4 nM, 0.3 nM, 0.2 nM, 0.1 nM, 0.09 nM, 0.08 nM, 0.07 nM, 0.06 nM, 0.05 nM,

0.04 nM, 0.03 nM, 0.02 nM, 0.01 nM, and less and any concentration in between.

[00251] Background noise, during protein detection, can be reduced by performing a negative
purification of the intact probe molecule. This can be done by conducting an affinity purification
of the antibody or photo-cleavable linker after collection of eluate from a region of interest.
Normally, released signal oligonucleotides will not be pulled out of solution. A protein-G or -O
mechanism in a pipet tip, tube, or plate can be employed for this step. Such devices and reagents
commercially available.

[00252] Background noise, during nucleic acid detection, can be reduced by performing a
negative purification of the intact probe molecule. This can be done by conducting an affinity
purification of the target binding domain or photo-cleavable linker after collection of eluate from
a region of interest. Normally, released signal oligonucleotides will not be pulled out of solution.
To assist in the negative purification, a universal purification sequence may be included in a
probe, e.g., in the target binding domain.

[00253] Protein-targeting probes and nucleic acid-targeting probes may be applied simultaneously
as long as conditions allow for binding of both a protein target and a nucleic acid target.
Alternately, protein-targeting probes and nucleic acid-targeting probes may be applied
sequentially when conditions allowing for binding of both a protein target and a nucleic acid
target are not possible.

[00254] A set of probes is synonymous with a composition of probes. A set of probes includes at
least one species of probes, i.e., directed to one target. A set of probes preferably includes at least
two, e.g.,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more species of probes. A probe set may

include one or multiple copies of each species of probe.
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[00255] A first set of probes only may be applied to a sample. Alternately, a second set (or higher
number) of probes may be later applied to the sample. The first set and second (or higher
number) may target only nucleic acids, only proteins, or a combination thereof.

[00256]In the present disclosure, two or more targets (i.e., proteins, nucleic acids, or a
combination thereof) are detected; 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 20, 30,
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more targets, and any
number there between, are detected.

[00257] A set of probes may be pre-defined based upon the cell type or tissue type to be targeted.
For example, if the tissue is a breast cancer, then the set of probes will include probes directed to
proteins relevant to breast cancer cells (e.g., Her2, EGFR, and PR) and/or probes directed to
proteins relevant to normal breast tissues. Additionally, the set of probes may be pre-defined
based upon developmental status of a cell or tissue to be targeted. Alternately, the set of probes
may be pre-defined based upon subcellular localizations of interest, e.g., nucleus, cytoplasm, and
membrane. For example, antibodies directed to Foxp3, Histone H3, or P-S6 label the nucleus,
antibodies directed to CD3, CD4, PD-1, or CD45R0O label the cytoplasm, and antibodies directed
to PD-L1 label membranes.

[00258] A probe may be chemically synthesized or may be produced biologically using a vector
into which a nucleic acid encoding the probe has been cloned.

[00259] Any probe or set of probes described herein may be used in methods and kits of the
present disclosure.

[00260] For the herein-described probes, association of a unique nucleic acid sequence to a
specific target nucleic acid or target protein is not fixed.

[00261] As described in the preceding, probes of the present disclosure can be used to detect a target
nucleic acid or target protein present in any sample, e.g., a biological sample. As will be
appreciated by those in the art, the sample may comprise any number of things, including, but not
limited to: cells (including both primary cells and cultured cell lines) and tissues (including
cultured or explanted). In aspects, a tissue sample (fixed or unfixed) is embedded, serially
sectioned, and immobilized onto a microscope slide. As is well known, a pair of serial sections
will include at least one cell that is present in both serial sections. Structures and cell types, located

on a first serial section will have a similar location on an adjacent serial section. The sample can
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be cultured cells or dissociated cells (fixed or unfixed) that have been immobilized onto a slide. A
sample can be a formalin-fixed paraffin-embedded (FFPE) tissue sample.

[00262]In aspects, a tissue sample is a biopsied tumor or a portion thereof, i.e., a clinically-
relevant tissue sample. For example, the tumor may be from a breast cancer. The sample may be
an excised lymph node.

[00263] The sample can be obtained from virtually any organism including multicellular
organisms, e.g., of the plant, fungus, and animal kingdoms; preferably, the sample is obtained
from an animal, e.g., a mammal. Human samples are particularly preferred.

[00264]In some aspects, the probes, compositions, methods, and kits described herein are used in
the diagnosis of a condition. As used herein the term diagnose or diagnosis of a condition
includes predicting or diagnosing the condition, determining predisposition to the condition,
monitoring treatment of the condition, diagnosing a therapeutic response of the disease, and
prognosis of the condition, condition progression, and response to particular treatment of the
condition. For example, a tissue sample can be assayed according to any of the probes, methods,
or kits described herein to determine the presence and/or quantity of markers of a disease or
malignant cell type in the sample (relative to the non-diseased condition), thereby diagnosing or
staging a disease or a cancer.

[00265]In general, samples attached to a slide can be first imaged using fluorescence (e.g.,
fluorescent antibodies or fluorescent stains (e.g., DAPI)) to identify morphology, regions of
interest, cell types of interest, and single cells and then expression of proteins and/or nucleic
acids can be digitally counted from the sample on the same slide.

[00266] Compositions and kits of the present disclosure can include probes and other reagents, for
example, buffers and other reagents known in the art to facilitate binding of a protein and/or a
nucleic acid in a sample, i.e., for performing hybridization reactions.

[00267] A kit also will include instructions for using the components of the kit, including, but not
limited to, information necessary to hybridize labeled oligonucleotides to a probe, to hybridize a
probe to a target-specific oligonucleotide, to hybridize a target-specific oligonucleotide to a
target nucleic acid and/or to hybridize a probe to target protein.

[00268] A region of interest may be a tissue type present in a sample, a cell type, a cell, or a

subcellular structure within a cell.
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[00269] Together, a comparison of the identity and abundance of the target proteins and/or target
nucleic acids present in a first region of interest (e.g., tissue type, a cell type (including normal
and abnormal cells), and a subcellular structure within a cell) and the identity and abundance of
the target proteins and/or target nucleic acids present in second region of interest or more regions
of interest can be made using the methods of the present disclosure.

[00270] As described in the preceding, the products produced by the methods of the present
disclosure can be used for nucleic acid amplification. In a preferred aspect, the nucleic acid
amplification can be solid-phase nucleic acid amplification. Thus, in further aspects the invention
provides a method of solid-phase nucleic acid amplification of template polynucleotide
molecules which comprises: preparing a library of template polynucleotide molecules which
have common sequences at their 5' and 3' ends using the methods of the present disclosure and
carrying out a solid-phase nucleic acid amplification reaction wherein said template
polynucleotide molecules are amplified. Compositions and methods for nucleic acid
amplification and sequencing have been described in, e.g., US9376678, which is incorporated
herein by reference in its entirety.

[00271] The term "solid-phase amplification" as used herein refers to any nucleic acid
amplification reaction carried out on or in association with a solid support such that all or a
portion of the amplified products are immobilized on the solid support as they are formed. In
particular, the term encompasses solid-phase polymerase chain reaction (solid-phase PCR),
which is a reaction analogous to standard solution phase PCR, except that one or both of the
forward and reverse amplification primers is/are immobilized on the solid support.

[00272] Although the invention encompasses "solid-phase" amplification methods in which only
one amplification primer is immobilized (the other primer usually being present in free solution),
it is preferred for the solid support to be provided with both the forward and the reverse primers
immobilized. In practice, there will be a "plurality" of identical forward primers and/or a
"plurality" of identical reverse primers immobilized on the solid support, since the PCR process
requires an excess of primers to sustain amplification. References herein to forward and reverse
primers are to be interpreted accordingly as encompassing a "plurality" of such primers unless
the context indicates otherwise.

[00273] As will be appreciated by the skilled reader, any given PCR reaction requires at least one

type of forward primer and at least one type of reverse primer specific for the template to be
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amplified. However, in certain aspects the forward and reverse primers may comprise template-
specific portions of identical sequence, and may have entirely identical nucleotide sequence and
structure (including any non-nucleotide modifications). In other words, it is possible to carry out
solid-phase amplification using only one type of primer, and such single-primer methods are
encompassed within the scope of the invention. Other aspects may use forward and reverse
primers which contain identical template-specific sequences but which differ in some other
structural features. For example one type of primer may contain a non-nucleotide modification
which is not present in the other.

[00274]In other aspects of the invention the forward and reverse primers may contain template-
specific portions of different sequence.

[00275] Amplification primers for solid-phase PCR are preferably immobilized by covalent
attachment to the solid support at or near the 5' end of the primer, leaving the template-specific
portion of the primer free for annealing to its cognate template and the 3' hydroxyl group free for
primer extension. Any suitable covalent attachment means known in the art may be used for this
purpose. The chosen attachment chemistry will depend on the nature of the solid support, and
any derivatization or functionalization applied to it. The primer itself may include a moiety,
which may be a non-nucleotide chemical modification, to facilitate attachment. In one
particularly preferred aspect the primer may include a sulphur-containing nucleophile, such as
phosphorothioate or thiophosphate, at the 5' end. In the case of solid-supported polyacrylamide
hydrogels (as described below), this nucleophile will bind to a "C" group present in the hydrogel.
The most preferred means of attaching primers and templates to a solid support is via 5'
phosphorothioate attachment to a hydrogel comprised of polymerised acrylamide and N-(5-
bromoacetamidylpentyl)acrylamide (BRAPA).

[00276] The terms "cluster" and "colony" are used interchangeably herein to refer to a discrete
site on a solid support comprised of a plurality of identical immobilized nucleic acid strands and
a plurality of identical immobilized complementary nucleic acid strands. The term "clustered
array" refers to an array formed from such clusters or colonies. In this context the term "array" is
not to be understood as requiring an ordered arrangement of clusters.

[00277] The invention also encompasses methods of sequencing the amplified nucleic acids
generated by solid-phase amplification. Thus, the invention provides a method of nucleic acid

sequencing comprising amplifying a library of nucleic acid templates by the methods of the
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present disclosure described above, using solid-phase amplification as described above to
amplify this library on a solid support, and carrying out a nucleic acid sequencing reaction to
determine the sequence of the whole or a part of at least one amplified nucleic acid strand
produced in the solid-phase amplification reaction.

[00278] Sequencing, as referred to herein, can be carried out using any suitable "sequencing-by-
synthesis" technique, wherein nucleotides are added successively to a free 3' hydroxyl group,
resulting in synthesis of a polynucleotide chain in the 5' to 3' direction. The nature of the
nucleotide added is preferably determined after each nucleotide addition.

[00279] The initiation point for the sequencing reaction may be provided by annealing of a
sequencing primer to a product of the whole genome or solid-phase amplification reaction. In
this connection, one or both of the adapters added during formation of the template library may
include a nucleotide sequence which permits annealing of a sequencing primer to amplified
products derived by whole genome or solid-phase amplification of the template library.

[00280] The products of solid-phase amplification reactions wherein both forward and reverse
amplification primers are covalently immobilized on the solid surface are so-called "bridged"
structures formed by annealing of pairs of immobilized polynucleotide strands and immobilized
complementary strands, both strands being attached to the solid support at the 5' end. Arrays
comprised of such bridged structures provide inefficient templates for nucleic acid sequencing,
since hybridization of a conventional sequencing primer to one of the immobilized strands is not
favored compared to annealing of this strand to its immobilized complementary strand under
standard conditions for hybridization.

[00281]In order to provide more suitable templates for nucleic acid sequencing it is preferred to
remove substantially all or at least a portion of one of the immobilized strands in the "bridged"
structure in order to generate a template which is at least partially single-stranded. The portion of
the template which is single-stranded will thus be available for hybridization to a sequencing
primer. The process of removing all or a portion of one immobilized strand in a "bridged"
double-stranded nucleic acid structure may be referred to herein as "linearization".

[00282] Bridged template structures may be linearized by cleavage of one or both strands with a
restriction endonuclease or by cleavage of one strand with a nicking endonuclease. Other
methods of cleavage can be used as an alternative to restriction enzymes or nicking enzymes,

including inter alfa chemical cleavage (e.g. cleavage of a diol linkage with periodate), cleavage
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of abasic sites by cleavage with endonuclease, or by exposure to heat or alkali, cleavage of
ribonucleotides incorporated into amplification products otherwise comprised of
deoxyribonucleotides, photochemical cleavage or cleavage of a peptide linker.

[00283]1t will be appreciated that a linearization step may not be essential if the solid-phase
amplification reaction is performed with only one primer covalently immobilized and the other
in free solution.

[00284]In order to generate a linearized template suitable for sequencing it is necessary to
remove "unequal" amounts of the complementary strands in the bridged structure formed by
amplification so as to leave behind a linearized template for sequencing which is fully or
partially single stranded. Most preferably one strand of the bridged structure is substantially or
completely removed.

[00285] Following the cleavage step, regardless of the method used for cleavage, the product of
the cleavage reaction may be subjected to denaturing conditions in order to remove the portion(s)
of the cleaved strand(s) that are not attached to the solid support. Suitable denaturing conditions
will be apparent to the skilled reader with reference to standard molecular biology protocols.
[00286] Denaturation (and subsequent re-annealing of the cleaved strands) results in the
production of a sequencing template which is partially or substantially single-stranded. A
sequencing reaction may then be initiated by hybridization of a sequencing primer to the single-
stranded portion of the template.

[00287] Thus, the nucleic acid sequencing reaction may comprise hybridizing a sequencing
primer to a single-stranded region of a linearized amplification product, sequentially
incorporating one or more nucleotides into a polynucleotide strand complementary to the region
of amplified template strand to be sequenced, identifying the base present in one or more of the
incorporated nucleotide(s) and thereby determining the sequence of a region of the template
strand.

[00288] One preferred sequencing method which can be used in accordance with the invention
relies on the use of modified nucleotides that can act as chain terminators. Once the modified
nucleotide has been incorporated into the growing polynucleotide chain complementary to the
region of the template being sequenced there is no free 3'-OH group available to direct further
sequence extension and therefore the polymerase cannot add further nucleotides. Once the nature

of the base incorporated into the growing chain has been determined, the 3' block may be
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removed to allow addition of the next successive nucleotide. By ordering the products derived
using these modified nucleotides it is possible to deduce the DNA sequence of the DNA
template. Such reactions can be done in a single experiment if each of the modified nucleotides
has attached a different label, known to correspond to the particular base, to facilitate
discrimination between the bases added at each incorporation step. Alternatively, a separate
reaction may be carried out containing each of the modified nucleotides separately.

[00289] The modified nucleotides may carry a label to facilitate their detection. Preferably this is
a fluorescent label. Each nucleotide type may carry a different fluorescent label. However the
detectable label need not be a fluorescent label. Any label can be used which allows the detection
of an incorporated nucleotide.

[00290] One method for detecting fluorescently labelled nucleotides comprises using laser light of
a wavelength specific for the labelled nucleotides, or the use of other suitable sources of
illumination. The fluorescence from the label on the nucleotide may be detected by a CCD
camera or other suitable detection means.

[00291] The invention is not intended to be limited to use of the sequencing method outlined
above, as essentially any sequencing methodology which relies on successive incorporation of
nucleotides into a polynucleotide chain can be used. Suitable alternative techniques include, for
example, Pyrosequencing, FISSEQ (fluorescent in situ sequencing), MPSS (massively parallel
signature sequencing) and sequencing by ligation-based methods.

[00292]In methods of the present disclosure, the unique nucleic acid sequence present in the
identifier oligonucleotide of a probe which identifies the target analyte bound to the target
binding domain of the probe can comprise between about 5 nucleotides and about 50
nucleotides. Preferably, the sequence comprises between about 20 nucleotides and about 40
nucleotides. Even more preferably, the sequence comprises about 35 nucleotides. In some
preferred aspects, the sequence comprises 10 nucleotides.

[00293]In methods of the present disclosure, the nucleic acid sequence which identifies the
specific location of the tissue sample from which the identifier oligonucleotide was released
comprises between about 6 nucleotides and about 15 nucleotides. Preferably, the sequence

comprises about 12 nucleotides.
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[00294] In methods of the present disclosure, an amplification primer binding sites comprises
between about 18 nucleotides and about 40 nucleotides. Preferably, an amplification primer
binding sites comprises about 32 nucleotides.

[00295]In some aspects of the methods of the present disclosure, an amplification primer binding
site can comprise an 17 sequence, wherein the 17 sequence comprises the sequence set forth in
SEQ ID NO: 1.

[00296] In some aspects of the methods of the present disclosure, an amplification primer binding
site can comprise an 15 sequence, wherein the 15 sequence comprises the sequence set forth in
SEQ ID NO: 2.

[00297]In some aspects of the methods of the present disclosure, an amplification primer can
comprise a flow cell adapter sequence, wherein the flow cell adapter sequence is suitable for
sequencing. Preferably, at least one amplification primer used in the methods of the present
disclosure comprises a P5 flow cell adapter sequence, wherein the P5 flow cell adapter sequence
comprises the sequence set forth in SEQ ID NO: 3. Preferably still, at least one amplification
primer used in the methods of the present disclosure comprises a P7 flow cell adapter sequence,
wherein the P7 flow cell adapter sequence comprises the sequence set forth in SEQ ID NO: 4.
[00298] In methods of the present disclosure, a unique molecular identifier can comprise between
about 6 nucleotides and about 30 nucleotides. Preferably, a unique molecular identifier can
comprise about 15 nucleotides. The terms unique molecular identifier and random molecular tags
are used interchangeably herein. Using methods known in that art, unique molecular identifiers
are random sequences that can be used to correct for biases in amplification prior to sequencing.
[00299]In methods of the present disclosure, a constant nucleic acid sequence to minimize
ligation bias comprises between about 1 nucleotide and about 15 nucleotides. Preferably, the
constant sequence comprises about 8 nucleotides.

[00300]In some aspects, a flow cell binding site can comprise between about 15 to about 40
nucleotides. A flow cell binding site can comprise about 29 nucleotides. A flow cell binding site
can comprise about 24 nucleotides.

[00301]In some aspects, a target binding domain can comprise between about 10 to about 70
nucleotides. A target binding domain can comprise between about 30 to about 55 nucleotides. A

target binding domain can comprise between about 35 to about 50 nucleotides.
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[00302]In some aspects, a unique nucleic acid sequence which identifies the target analyte bound
to the target binding domain can comprise between about 20 to about 40. A unique nucleic acid
sequence which identifies the target analyte bound to the target binding domain can comprise
about 25 nucleotides, or about 35 nucleotides, or about 12 nucleotides.

[00303]In some aspects, an amplification primer binding site can comprise between about 20 to
about 50 nucleotides. An amplification primer binding site can comprise about 33 nucleotides, or
about 34 nucleotides.

[00304]In some aspects, a nucleic acid sequence which identifies the specific location of the
tissue sample from which the identifier oligonucleotide was released can comprise between
about 1 to about 20 nucleotides. A nucleic acid sequence which identifies the specific location of
the tissue sample from which the identifier oligonucleotide was released can comprise about 8
nucleotides.

[00305]In some aspects, a nucleic acid sequence comprising a unique molecular identifier can
comprise between about 5 to about 20 nucleotides. A nucleic acid sequence comprising a unique
molecular identifier can comprise about 14 nucleotides.

[00306] As used herein, the terms “region of interest” and “ROI” are used in their broadest sense
to refer to a specific location within a sample that is to be analyzed using the methods of the
present disclosure.

[00307] As used herein, the term “adjacent” can mean within about 1 nucleotide, or within about
2 nucleotides, or within about 3 nucleotides, or within about 4 nucleotides, or within about 5
nucleotides, or within about 6 nucleotides, or within about 7 nucleotides, or within about 8
nucleotides, or within about 9 nucleotides, or within about 10 nucleotides, or within about 11
nucleotides, or within about 12 nucleotides, or within about 13 nucleotides, or within about 14
nucleotides, or within about 15 nucleotides, or within about 16 nucleotides, or within about 17
nucleotides, or within about 18 nucleotides, or within about 19 nucleotides, or within about 20
nucleotides, or within about 21 nucleotides, or within about 22 nucleotides, or within about 23
nucleotides, or within about 24 nucleotides, or within about 25 nucleotides, or within about 26
nucleotides, or within about 27 nucleotides, or within about 28 nucleotides, or within about 29
nucleotides, or within about 30 nucleotides, or within about 40 nucleotides, or within about

nucleotides, or within about 50 nucleotides, or within about 60 nucleotides, or within about 70
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nucleotides, or within about 80 nucleotides, or within about 90 nucleotides, or within about 100
nucleotides.

[00308] As used herein, the term “spatially detecting” is used in its broadest sense to refer to the
identification of the presence of a specific target analyte within a specific region of interest in a
sample. Spatially detecting can comprise quantifying the amount of a specific target analyte
present within a specific region of interest in a sample. Spatially detecting can further comprise
quantifying the relative amount of a first target analyte within a specific region of interest in a
sample as compared to the amount of at least a second target analyte within a specific region of
interest in a sample. Spatially detecting can also comprise quantifying the relative amount of a
specific target analyte within a first region of interest in a sample compared to the amount of the
same target analyte in at least a second region of interest in the same sample or different sample.
[00309]In some aspects of the methods and compositions of the present disclosure, a target analyte
can be any molecule within a sample that is to be spatially detected. Target analytes include, but
are not limited to, nucleic acid molecules and protein molecules. When the target analyte is a
protein, the protein can be referred to as a target protein. When the target analyte is a nucleic acid,
the nucleic acid can be referred to as a target nucleic acid. Target nucleic acids can include, but
are not limited to, mRNA molecules, micro RNA (miRNA) molecules, tRNA molecules, rRNA
molecules, gDNA or any other nucleic acid present within a sample.

[00310]In some aspects of the methods and compositions of the present disclosure, the term target
binding domain is used in its broadest sense to refer to a portion of a probe of the present disclosure
that binds to, either directly or indirectly, a target analyte located in a sample. A target binding
domain can comprise nucleic acid, protein, at least one antibody, an aptamer, or any combination
thereof. A target binding domain can comprise DNA, RNA or any combination thereof. A target
binding domain can comprise any number of modified nucleotides and/or nucleic acid analogues.
[00311]In the aspect that the target analyte to be spatially detected is a target protein, a target
binding domain can be a protein-target binding domain. A protein-target binding domain can
comprise an antibody or antibody fragment that binds to the target protein.

[00312]In the aspect that the target analyte to be spatially detected is a target nucleic acid, a target
binding domain can be a target nucleic acid-binding region. A target nucleic acid-binding region

can comprise a nucleic acid that is complementary to the target nucleic acid to be spatially detected.
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A target nucleic acid-binding region can comprise a nucleic acid that hybridizes to the target
nucleic acid to be detected.

[00313] As used herein, the term “hybridize” is used in its broadest sense to mean the formation of
a stable nucleic acid duplex. In one aspect, “stable duplex” means that a duplex structure is not
destroyed by a stringent wash under conditions such as, for example, a temperature of either about
5 °C below or about 5 °C above the Tm of a strand of the duplex and low monovalent salt
concentration, e.g., less than 0.2 M, or less than 0.1 M or salt concentrations known to those of
skill in the art. A duplex can be “perfectly matched”, such that the polynucleotide and/or
oligonucleotide strands making up the duplex form a double stranded structure with one another
such that every nucleotide in each strand undergoes Watson-Crick base pairing with a nucleotide
in the other strand. The term “duplex” comprises, but is not limited to, the pairing of nucleoside
analogs, such as deoxyinosine, nucleosides with 2-aminopurine bases, PNAs, and the like, that can
be employed. A duplex can comprise at least one mismatch, wherein the term “mismatch” means
that a pair of nucleotides in the duplex fail to undergo Watson-Crick bonding.

[00314] As used herein, the term ‘“hybridization conditions,” will typically include salt
concentrations of less than about 1 M, more usually less than about 500 mM and even more usually
less than about 200 mM. Hybridization temperatures can be as low as 5 °C, but are typically greater
than 22 °C, more typically greater than about 30 °C, and often in excess of about 37 °C.
Hybridizations are usually performed under stringent conditions, e.g., conditions under which a
probe will specifically hybridize to its target analyte. Stringent conditions are sequence-dependent
and are different in different circumstances. Longer fragments can require higher hybridization
temperatures for specific hybridization. As other factors can affect the stringency of hybridization,
including base composition and length of the complementary strands, presence of organic solvents
and extent of base mismatching, the combination of parameters is more important than the absolute
measure of any one alone. Certain hybridization conditions will promote the formation of a duplex
between the entire length of a target binding domain and the target analyte. Other hybridization
conditions will promote the formation of a duplex only along certain portions of the target binding
domain.

[00315]In some aspects of the methods and compositions of the present disclosure, a probe can
comprise a target binding domain directly, or indirectly linked to an identifier oligonucleotide. In

the context of a probe, an identifier oligonucleotide is a polynucleotide that comprises a nucleic
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acid sequence that identifies the target analyte bound to the target binding domain of that probe.
That is to say, the identifier oligonucleotide comprises a specific nucleic acid sequence that is a
priori assigned to the specific target analyte bound to the target binding to which the identifier
oligonucleotide is attached. In a non-limiting example, a probe designated as “probe X" designed
to spatially detect “target analyte X”” comprises a target binding domain designated “target binding
domain X” linked to an identifier oligonucleotide designated “identifier oligonucleotide X””. Target
binding domain X binds to target analyte X and identifier oligonucleotide X comprises a nucleic
acid sequence, designated as “nucleic acid sequence X, which corresponds to target analyte X.
Thus, if a skilled artisan practicing the methods of the present disclosure were to collect identifier
oligonucleotides released from a region of interest in sample and obtain nucleic acid sequence X
after sequencing, the skilled artisan would understand that to indicate that target analyte X was
present in that region of interest. The amount, or number of sequencing reads, of nucleic acid
sequence X can be used to determine the quantify, in absolute or relative terms, the amount of
target analyte X within the region of interest.

[00316] As used herein, the term “amplification primer binding site” is used in its broadest sense
to refer to a nucleic acid sequence that is complementary to, or at least partially complementary to
at least one amplification primer, wherein the amplification primer is a short single-stranded or
partially single-stranded oligonucleotide that is sufficient to prime DNA and/or RNA synthesis,
for example, by PCR.

[00317]In some aspects of the methods and compositions of the present disclosure, a target binding
domain can be linked to an identifier oligonucleotide by a cleavable linker. Suitable cleavable
linkers include, but are not limited to, chemically cleavable linkers (e.g. a linker that is cleaved
when exposed to a particular chemical, combination of chemicals or reaction conditions), a photo-
cleavable linker (e.g. a linker that is cleaved when exposed to light of a sufficient wavelength or
light comprising a sufficient range of wavelengths), or an enzymatically cleavable linker (e.g. a
linker that is cleaved by a specific enzyme or class of enzymes). Thus, as used herein the phrase
“providing a force to a location of the sample sufficient to release an identifier oligonucleotide” is
used in its broadest sense to describe changing the conditions within a certain region of interest in
a sample such that, for any probe bound to a target analyte within that region of interest, the linker
between the target binding domain of the probe and the identifier oligonucleotide of the probe is

cleaved, thereby separating the identifier oligonucleotide from the target binding domain so that
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the identifier oligonucleotide can be subsequently collected from solution. For example, in aspects
wherein a probe comprises a chemically cleavable linker between the target binding domain and
the identifier oligonucleotide, providing a force to a location of the sample sufficient to release an
identifier oligonucleotide can comprise exposing that location of the sample to the specific
chemical, combination of chemicals or reaction conditions that catalyze the cleavage of the linker.
In another non-limiting example, in aspects wherein a probe comprises a photo-cleavable linker
between the target binding domain and the identifier oligonucleotide, providing a force to a
location of the sample sufficient to release an identifier oligonucleotide can comprise
exposing/exciting that location of the sample with light of a sufficient wavelength capable of
cleaving the photo-cleavable linker. In another non-limiting example, in aspects wherein a probe
comprises an enzymatically cleavable linker between the target binding domain and the identifier
oligonucleotide, providing a force to a location of the sample sufficient to release an identifier
oligonucleotide can comprise exposing that location of the sample to an amount of enzyme
sufficient to catalyze the cleavage of the linker.

[00318]Providing a force to a location of the sample sufficient to release an identifier
oligonucleotide can result in at least about 10%, or at least about 20%, or at least about 30%, or at
least about 40%, or at least about 50%, or at least about 60%, or at least about 70%, or at least
about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or at least about
99% of probes bound to target analytes within that location of the sample to undergo cleavage of
the linker connecting the target binding domain and the identifier oligonucleotide.

[00319] As would be appreciated by one skilled in the art, the term “unique molecular identifier”
or “UMI” refer to short nucleic acid sequences that are used to quantify and reduce quantitative
bias caused by nucleic acid amplification prior to sequencing reactions.

[00320]In some aspects of the methods and compositions of the present disclosure, an affinity
moiety can comprise biotin, avidin, streptavidin, nucleic acid, or any combination thereof.
[00321]In some aspects of the methods and compositions of the present disclosure, a probe can
comprise at least at least about 5, about 10, at least about 15, at least about 20, at least about 25,
at least about 30, at least about 35 at least about 40, at least about 45, at least about 50, at least
about 55, at least about 60, at least about 65, at least about 70, at least about 75, at least about 80,
at least about 85, at least about 90, at least about 95, at least about 100, at least about 110, at least
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about 120, at least about 130, at least about 140, at least about 150, at least about 160, at least
about 170, at least about 180, at least about 190 or at least about 200 nucleotides.

[00322]In some aspects of the methods and compositions of the present disclosure, a target
binding domain can comprise at least at least about 5, about 10, at least about 15, at least about
20, at least about 25, at least about 30, at least about 35 at least about 40, at least about 45, at
least about 50, at least about 55, at least about 60, at least about 65, at least about 70, at least
about 75, at least about 80, at least about 85, at least about 90, at least about 95, at least about
100, at least about 110, at least about 120, at least about 130, at least about 140, at least about
150, at least about 160, at least about 170, at least about 180, at least about 190 or at least about
200 nucleotides.

[00323]In some aspects of the methods and compositions of the present disclosure, an identifier
oligonucleotide can comprise at least about 5, at least about 10, at least about 15, at least about
20, at least about 25, at least about 30, at least about 35 at least about 40, at least about 45, at
least about 50, at least about 55, at least about 60, at least about 65, at least about 70, at least
about 75, at least about 80, at least about 85, at least about 90, at least about 95, at least about
100, at least about 110, at least about 120, at least about 130, at least about 140, at least about
150, at least about 160, at least about 170, at least about 180, at least about 190 or at least about
200 nucleotides.

[00324]In some aspects of the methods and compositions of the present disclosure, an
amplification primer can comprise at least about 5, at least about 10, at least about 15, at least
about 20, at least about 25, at least about 30, at least about 35 at least about 40, at least about 45,
at least about 50, at least about 55, at least about 60, at least about 65, at least about 70, at least
about 75, at least about 80, at least about 85, at least about 90, at least about 95, at least about
100, at least about 110, at least about 120, at least about 130, at least about 140, at least about
150, at least about 160, at least about 170, at least about 180, at least about 190 or at least about
200 nucleotides.

[00325]In some aspects of the methods and compositions of the present disclosure, a nucleic acid
probe can comprise at least about 5, at least about 10, at least about 15, at least about 20, at least
about 25, at least about 30, at least about 35 at least about 40, at least about 45, at least about 50,
at least about 55, at least about 60, at least about 65, at least about 70, at least about 75, at least
about 80, at least about 85, at least about 90, at least about 95, at least about 100, at least about
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110, at least about 120, at least about 130, at least about 140, at least about 150, at least about
160, at least about 170, at least about 180, at least about 190 or at least about 200 nucleotides.
[00326]In some aspects of the methods and compositions of the present disclosure, a nucleic acid
complementary to a portion of a identifier oligonucleotide can comprise at least about 5, at least
about 10, at least about 15, at least about 20, at least about 25, at least about 30, at least about 35
at least about 40, at least about 45, at least about 50, at least about 55, at least about 60, at least
about 65, at least about 70, at least about 75, at least about 80, at least about 85, at least about 90,
at least about 95 or at least about 100 nucleotides.

[00327]In some aspects of the methods and compositions of the present disclosure, a nucleic acid
sequence comprising a molecular identifier can comprise at least about 5, or at least about 10
nucleotides, or at least about 15, or at least about 20, or at least about 25, or at least about 30, or
at least about 35, or at least about 40, or at least about 45, or at least about 50 nucleotides.
[00328]In some aspects of the methods and compositions of the present disclosure, an
amplification primer binding site can comprise at least about 5, at least about 10, at least about
15, at least about 20, at least about 25, at least about 30, at least about 35, at least about 40, at
least about 45, at least about 50, at least about 55, at least about 60, at least about 65 or at least
about 70 nucleotides.

[00329]In some aspects of the methods and compositions of the present disclosure, a flow cell
adapter sequence suitable for sequencing can comprise at least about 5, at least about 10, at least
about 15, at least about 20, at least about 25, at least about 30, at least about 35 at least about 40,
at least about 45, at least about 50, at least about 55, at least about 60, at least about 65, at least
about 70, at least about 75, at least about 80, at least about 85, at least about 90, at least about 95
or at least about 100 nucleotides.

[00330]In some aspects of the methods and compositions of the present disclosure, a flow cell
binding site can comprise at least about 5, at least about 10, at least about 15, at least about 20, at
least about 25, at least about 30, at least about 35, at least about 40, at least about 45, at least
about 50, at least about 55, at least about 60, at least about 65, at least about 70, at least about 75,
at least about 80, at least about 90, at least about 95 or at least about 100 nucleotides.

[00331]In some aspects of the methods and compositions of the present disclosure, a nucleic acid
sequence which identifies the specific location of the tissue sample from which an identifier

oligonucleotide was released can comprise at least about 5, or at least about 10 nucleotides, or at
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least about 15, or at least about 20, or at least about 25, or at least about 30, or at least about 35,
or at least about 40, or at least about 45, or at least about 50 nucleotides.

[00332]In some aspects of the methods and compositions of the present disclosure, a unique
nucleic acid sequence which identifies the target analyte bound to a target binding domain can
comprise at least about 5, at least about 10, at least about 15, at least about 20, at least about 25,
at least about 30, at least about 35, at least about 40, at least about 45, at least about 50, at least
about 55, at least about 60, at least about 65, at least about 70, at least about 75, at least about 80,
at least about 90, at least about 95 or at least about 100 nucleotides.

[00333]In some aspects of the methods and compositions of the present disclosure, a probe, a
target binding domain, an identifier oligonucleotide, an amplification primer, a nucleic acid
probe, a nucleic acid complementary to a portion of a identifier oligonucleotide, a nucleic acid
sequence comprising a molecular identifier, an amplification primer binding site, a flow cell
adapter sequence, a flow cell binding site, a nucleic acid sequence which identifies the specific
location of the tissue sample from which an identifier oligonucleotide was released, a unique
nucleic acid sequence which identifies the target analyte bound to a target binding domain or any
combination thereof can comprise at least one natural base, can comprise no natural bases, can
comprise at least one modified nucleotide or nucleic acid analog, can comprise no modified
nucleotides or nucleic acid analogs, can comprise at least one universal base, can comprise no
universal bases, can comprise at least one degenerate base or can comprise no degenerate bases.
[00334]In some aspects of the methods and compositions of the present disclosure, a probe, a
target binding domain, an identifier oligonucleotide, an amplification primer, a nucleic acid
probe, a nucleic acid complementary to a portion of a identifier oligonucleotide, a nucleic acid
sequence comprising a molecular identifier, an amplification primer binding site, a flow cell
adapter sequence, a flow cell binding site, a nucleic acid sequence which identifies the specific
location of the tissue sample from which an identifier oligonucleotide was released, a unique
nucleic acid sequence which identifies the target analyte bound to a target binding domain or any
combination thereof can comprise any combination natural bases (e.g. 0, 1,2,3,4,5,6,7, 8,9,
10, or more natural bases), modified nucleotides or nucleic acid analogs (e.g. 0, 1, 2, 3,4, 5,6, 7,
8,9, 10, or more modified or analog nucleotides), universal bases (e.g. 0, 1,2,3,4,5,6,7,8,9,

10, or more universal bases), or degenerate bases (e.g. 0, 1,2,3,4,5,6,7, 8,9, 10, or more
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degenerative bases). When present in a combination, the natural bases, modified nucleotides or
nucleic acid analogs, universal bases and degenerate bases can be arranged in any order.

[00335] The terms “modified nucleotides” or “nucleic acid analogues” include, but are not limited
to, locked nucleic acids (LNA), bridged nucleic acids (BNA), propyne-modified nucleic acids,
zip nucleic acids (ZNA®), isoguanine and isocytosine. Preferably, the modified nucleotides or
nucleic acid analogues are locked nucleic acids (LNAs).

[00336] The term “locked nucleic acids (LNA)” as used herein includes, but is not limited to, a
modified RNA nucleotide in which the ribose moiety comprises a methylene bridge connecting
the 2° oxygen and the 4’ carbon. This methylene bridge locks the ribose in the 3’-endo
confirmation, also known as the north confirmation, that is found in A-form RNA duplexes. The
term inaccessible RNA can be used interchangeably with LNA. The term “bridged nucleic acids
(BNA)” as used herein includes, but is not limited to, modified RNA molecules that comprise a
five-membered or six-membered bridged structure with a fixed 3’-endo confirmation, also
known as the north confirmation. The bridged structure connects the 2” oxygen of the ribose to
the 4’ carbon of the ribose. Various different bridge structures are possible containing carbon,
nitrogen, and hydrogen atoms. The term “propyne-modified nucleic acids” as used herein
includes, but is not limited to, pyrimidines, namely cytosine and thymine/uracil, that comprise a
propyne modification at the C5 position of the nucleic acid base. The term “zip nucleic acids
(ZNA®)” as used herein includes, but is not limited to, oligonucleotides that are conjugated with
cationic spermine moieties.

[00337] The term “universal base” as used herein includes, but is not limited to, a nucleotide base
does not follow Watson-Crick base pair rules but rather can bind to any of the four canonical
bases (A, T/U, C, G) located on the target nucleic acid. The term “degenerate base” as used
herein includes, but is not limited to, a nucleotide base that does not follow Watson-Crick base
pair rules but rather can bind to at least two of the four canonical bases A, T/U, C, G), but not all
four. A degenerate base can also be termed a Wobble base; these terms are used interchangeably
herein.

[00338] As used in this Specification and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise.

[00339] Unless specifically stated or obvious from context, as used herein, the term “or” is

understood to be inclusive and covers both “or” and “and”.
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[00340] Unless specifically stated or obvious from context, as used herein, the term “about” is
understood as within a range of normal tolerance in the art, for example within 2 standard
deviations of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise clear from the
context, all numerical values provided herein are modified by the term “about.”
[00341] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although other probes, compositions, methods, and kits similar, or equivalent, to those
described herein can be used in the practice of the present disclosure, the preferred materials and
methods are described herein. It is to be understood that the terminology used herein is for the
purpose of describing particular aspects only, and is not intended to be limiting.

EXAMPLES

[00342]Example 1—two-ended adapter ligation method for 96 multiplexed samples

[00343]1n this example, a two-ended adapter ligation method of the present disclosure was used
to sequence identifier oligonucleotides collected from 96 multiplexed samples. The nucleic acid
adapters used in this experiment were partially double-stranded. The nucleic acid adapters
comprised a first strand and a second strand. The first strand comprised a 5’ phosphate moiety
for ligation. The first strand also comprised a constant nucleic acid sequence to minimize ligation
bias (GCGTAGTG), a nucleic acid sequence comprising a unique molecular identifier, a unique
nucleic acid sequence which identifies the specific location of the sample from which the
identifier oligonucleotide was released and a first amplification primer binding site (SEQ ID NO:
2). The second strand comprised a single overhanging thymine nucleotide at the 3’ end, a
sequence complementary to the constant nucleic acid sequence to minimize ligation bias present
in the first strand, a sequence complementary to the unique nucleic acid sequence which
identifies the specific location of the sample from which the identifier oligonucleotide was
released present in the first strand and a second amplification primer binding site (SEQ ID NO:
1).

[00344] To form the partially double stranded nucleic acid adapters, first strand oligonucleotides
and second strand oligonucleotides were combined in equimolar proportion for a final total
oligonucleotide concentration of 28 uM in buffer comprising S0 mM NaCl. The oligonucleotide

mixture was heated at 95°C for 2 minutes and cooled at ambient temperature for 30 minutes,
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thereby annealing the first stand and second strand oligonucleotides together to form the partially
double-stranded nucleic acid adapters. Annealed nucleic acid adaptors were diluted to final
concentration ranging between 0.02 uM to 0.002 pM in a solution of 10 mM Tris pH 8 and
0.05% Tween20.

[00345] Collected identifier oligonucleotides were end repaired and A-tailed using NEBNext
Ultra II DNA Library Prep Kit for llumina (New England Biolabs) with a modified protocol.
End repair/A-tail master mix was prepared by combining the following: 627.8 uL. of PCR-grade
H20, 143.9 pL of NEBNext Ultra II End Prep Reaction Buffer, and 61.7 pLL of NEBNext Ultra
IT End Prep Enzyme Mix. 8.3 uL of end repair/A-tail master mix was added to 4 puL of each
sample of identifier oligonucleotides. The reaction was incubated for 30 minutes at 20°C with a
heated lid of >75°C, followed by a second incubation for 30 minutes at 65°C. The repaired/A-
tailed identifier oligonucleotide mixtures were then stored at 4°C.

[00346] Following end repair and A-tailing, the nucleic acid adaptors were ligated to the
repaired/A-tailed identifier oligonucleotides by adding 6.4 pL of NEBNext Ultra II Ligation
Master Mix, 0.2 uL. of NEBNext Ligation Enhancer, and 1 puL of the nucleic acid adapter
dilution to each repaired/A-tailed identifier oligonucleotide mixture. These reactions were
incubated for 15 minutes at 20°C with the heated lid oft and subsequently quenched with 1 pL
0.5M EDTA. All of the reactions were then pooled into a single 15 mL conical tube to form a
pooled adapter-ligated sample.

[00347] The pooled adaptor-ligated sample was purified using diluted Agencourt AMPure XP
magnetic beads (Beckman Coulter Genomics Inc.), which were prepared by combining 350 puL
of AMPure XP beads and 3.15 mL of AMPure XP buffer (2.5M NaCl, 20% PEG8000). AMPure
XP bead cleanup was performed with 3.5 mL of diluted AMPure XP beads and eluted in 200 L
of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20. AMPure XP bead cleanup was
then repeated with 400 uL. of AMPure XP beads and eluted in 20 pL of a buffer comprising 10
mM Tris pH 8 and 0.05% Tween20 to obtain purified adapter-ligated samples.

[00348] Following AMPure XP cleanup, PCR reactions with purified adaptor-ligated sample were
prepared to amplify the adapter-ligated identifier oligonucleotides. To 6 uL of the purified
adapter-ligated sample, 10 uLL of NEBNext Ultra II Q5 Master Mix, 0.2 uL. of 100 uM forward
and reverse primers, and 3.6 uL. of PCR-grade H20 was added. The forward primers comprised

a flow cell adapter sequence suitable for sequencing, a unique molecular identifier and a nucleic
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acid sequence complementary to the first amplification primer binding site located on the first
strand of the nucleic acid adapter. Table 1 provides the sequences of the forward primers used.

Table 1. Forward primers for two-ended adapter ligation.

SEQ ID
NO

5

Primer Sequence

AATGATACGGCGACCACCGAGATCTACACGCTCAGATATAGCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAATAGAGGCACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACCTATCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGGCTCTGAACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAAGGCGAAGACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGATAATCTTAACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACAGGACGTACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGTACTGACACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC

6

10

11

12

[00349] The reverse primers comprised a flow cell adapter sequence suitable for sequencing, a
unique molecular identifier and a nucleic acid sequence complementary to the second
amplification primer binding site located on the second strand of the nucleic acid adapter. Table
2 provides the sequences of the reverse primers used.

Table 2. Reverse primers for two-ended adapter ligation

SEQ ID
NO

13

Primer Sequence

CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAATGAGCGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGAATCTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCTGAATGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACGAATTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT

14

15

16

17

18

CAAGCAGAAGACGGCATACGAGATAGCTTCAGGTGACTGGAGTTCAGACGTGT

GCTCTTCCGATCT 19
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CAAGCAGAAGACGGCATACGAGATGCGCATTAGTGACTGGAGTTCAGACGTGT 20
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCATAGCCGGTGACTGGAGTTCAGACGTG 1
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCGCGGAGTGACTGGAGTTCAGACGTGT 29
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCGCGAGAGTGACTGGAGTTCAGACGTG 3
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTATCGCTGTGACTGGAGTTCAGACGTGT 24
GCTCTTCCGATCT

[00350] The optimal number of PCR cycles was determined empirically with triplicate PCR
reactions. Alternately, the optimal number of PCR cycles could have been determined using real-

time/qPCR. The PCR program used comprised the following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 1 minute at 65°C

(4) Repeating steps (2) and (3) nine times
(5) 5 minutes at 65°C

[00351] The amplified products were purified using 18 puL. of AMPure XP beads and eluting with
20 uL of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20.

[00352] The amplified products were assessed using a High Sensitivity DNA chip on 2100
Bioanalyzer (Agilent Genomics) and KAPA Library Quantification Kit for Illumina Platforms
(Kapa Biosystems). The amplified products were also diluted to 15 pM for sequencing on a
MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit v3 2x75 bp) with
a custom spike-in primer comprising the nucleotide sequence
ACACTCTTTAAGACGACGTCGCTATGGCCTCTCC (SEQ ID NO: 25).

[00353]Example 2—one-ended adapter ligation method for 96 multiplexed samples

[00354]In this example, a one-ended adapter ligation method of the present disclosure was used
to sequence identifier oligonucleotides collected from 96 multiplexed samples. The nucleic acid
adapters used in this experiment were partially double-stranded. The nucleic acid adapters
comprised a first strand and a second strand. The first strand comprised a 5’ phosphate moiety

for ligation. The first strand also comprised a constant nucleic acid sequence to minimize ligation
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bias (CACTACGC), a nucleic acid sequence comprising a unique molecular identifier, a unique
nucleic acid sequence which identifies the specific location of the sample from which the
identifier oligonucleotide was released and a first amplification primer binding site (SEQ ID NO:
1). The second strand comprised a single overhanging thymine nucleotide at the 3’ end, a
sequence complementary to the constant nucleic acid sequence to minimize ligation bias present
in the first strand and a sequence complementary to the unique nucleic acid sequence which
identifies the specific location of the sample from which the identifier oligonucleotide was
released present in the first strand.

[00355] To form the partially double stranded nucleic acid adapters, first strand oligonucleotides
and second strand oligonucleotides were combined in equimolar proportion for a final total
oligonucleotide concentration of 28uM in 50 mM NaCl. The oligonucleotide mixture was heated
to 95°C for 2 minutes and cooled at ambient temperature for 30 minutes, thereby annealing the
first stand and second strand oligonucleotides together to form the partially double-stranded
nucleic acid adapters. Annealed nucleic acid adaptors were diluted to a final concentration
ranging between 0.02 uM to 0.002 puM in a solution of 10 mM Tris pH 8 and 0.05% Tween20.
[00356] Nucleic acid adapters were ligated to the collected identifier oligonucleotides by addition
of 10 pL of 2X rapid ligation buffer (Enzymatics), 1 uL of T4 DNA Rapid Ligase (Enzymatics),
and 1 pL of annealed nucleic acid adapter dilutions to each sample of collected identifier
oligonucleotides. Samples were incubated for 15 minutes at 20°C with the heated lid off and
subsequently quenched with 1 uL. 0.5M EDTA. All of the reactions were then pooled into a
single 15 mL conical tube to form a pooled adapter-ligated sample.

[00357] The pooled adaptor-ligated sample was purified using diluted Agencourt AMPure XP
magnetic beads (Beckman Coulter Genomics Inc.), which were prepared by combining 350 puL
of AMPure XP beads and 3.15 mL of AMPure XP buffer (2.5M NaCl, 20% PEG8000). AMPure
XP bead cleanup was performed with 3.5 mL of diluted AMPure XP beads and eluted in 200 L
of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20. AMPure XP bead cleanup was
then repeated with 400 uL. of AMPure XP beads and eluted in 20 pL of a buffer comprising 10
mM Tris pH 8 and 0.05% Tween20 to obtain purified adapter-ligated samples.

[00358] Following AMPure XP cleanup, PCR reactions with purified adaptor-ligated sample were
prepared to amplify the adapter-ligated identifier oligonucleotides. To 6 uL of the purified
adapter-ligated sample, 10 uLL of NEBNext Ultra II Q5 Master Mix, 0.2 uL. of 100 uM forward
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and reverse primers, and 3.6 uL. of PCR-grade H2O was added. The forward primers comprised a
flow cell adapter sequence suitable for sequencing, a unique molecular identifier and a nucleic
acid sequence complementary to the first amplification primer binding site located on the first
strand of the nucleic acid adapter. Table 3 provides the sequences of the forward primers used.

Table 3. Forward primers for two-ended adapter ligation.

SEQ ID
NO

5

Primer Sequence

AATGATACGGCGACCACCGAGATCTACACGCTCAGATATAGCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAATAGAGGCACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACCTATCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGGCTCTGAACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAAGGCGAAGACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGATAATCTTAACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACAGGACGTACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGTACTGACACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC

6

10

11

12

[00359] The reverse primers comprised a flow cell adapter sequence suitable for sequencing, a
unique molecular identifier and a nucleic acid sequence complementary to the second
amplification primer binding site located on the second strand of the nucleic acid adapter. Table
4 provides the sequences of the reverse primers used.

Table 4. Reverse primers for two-ended adapter ligation.

SEQ ID
NO

13

Primer Sequence

CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAATGAGCGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT

14

15

CAAGCAGAAGACGGCATACGAGATGGAATCTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCTGAATGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT

16

17

CAAGCAGAAGACGGCATACGAGATACGAATTCGTGACTGGAGTTCAGACGTGT

GCTCTTCCGATCT 18
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CAAGCAGAAGACGGCATACGAGATAGCTTCAGGTGACTGGAGTTCAGACGTGT 19
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCGCATTAGTGACTGGAGTTCAGACGTGT 20
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCATAGCCGGTGACTGGAGTTCAGACGTG 1
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCGCGGAGTGACTGGAGTTCAGACGTGT 29
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCGCGAGAGTGACTGGAGTTCAGACGTG 3
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTATCGCTGTGACTGGAGTTCAGACGTGT 24
GCTCTTCCGATCT

[00360] The optimal number of PCR cycles was determined empirically with triplicate PCR
reactions. Alternately, the optimal number of PCR cycles could have been determined using real-
time/qPCR. The PCR program used comprised the following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 1 minute at 65°C

(4) Repeating steps (2) and (3) nine times

(5) 5 minutes at 65°C
[00361] The amplified products were purified using 18 puL. of AMPure XP beads and eluting with
20 uL of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20.
[00362] The amplified products were assessed using a High Sensitivity DNA chip on 2100
Bioanalyzer (Agilent Genomics) and KAPA Library Quantification Kit for Illumina Platforms
(Kapa Biosystems). The amplified products were also diluted to 15 pM for sequencing on a
MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit v3 2x75 bp) with
a custom spike-in primer comprising the nucleotide sequence
ACACTCTTTAAGACGACGTCGCTATGGCCTCTCC (SEQ ID NO: 25).

[00363]Example 3—templated-primer extension method for 96 multiplexed samples

[00364]In this example, a templated-primer extension method of the present disclosure was used
to sequence identifier oligonucleotides collected from 96 multiplexed samples. The single
stranded nucleic acid templates used in this example comprised a 3° biotin moiety, a region
complementary to the unique nucleic acid sequences present in the collected identifier
oligonucleotides, a nucleic acid sequence comprising a unique molecular identifier and a second

amplification primer binding sequence
80

256835828

101



Attorney Docket No.: NATE-037/C02US (321329-2721)

(GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT, SEQ ID NO: 26). Table 5 provides
the sequences of the single-stranded nucleic acid templates used in this example.

Table 5. Single stranded nucleic acid templates for templated-primer extension method

SEQ ID
NO

27

Single-stranded nucleic acid templates

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTTGA
AGCACACCGTTITTTCTTTCTICTTTCACGG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNACCC
ACAGGTTATACGGGATTATCCGGTTATCCA
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCGAC
ACCGAGTTCGACCGTTATGTTGGTAGGATC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCGGT
GTGTAAGCGTAACGATGTTGGTGTCGCTCT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCAGA
CACTGCGACAACTCACGATCATGACACAGA
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNATAT
TCTGTACTCAGTGCCTATCCACCTAATAGG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTTCA
GTTATAATGTGTCCAGCAGAAGCAGGAATT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNGTCC
TTTGTTGGGCGGACCGTAATGAGGAATTTG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNGATG
AGACTTCTACATGTCCGATGTTTTTGTGCT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNACTC
ACACATAGTACTGACACGTAAGATAGGATG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTTAC
CCTATCTCGTCTATGTACGTCAGGCTGAAT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNATCA
ACGTAGGGTAAGGTCATATTTTTACCTTAC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTTCC
CTCTTTCTCCGCTTATGGATGAAAGGACAG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCCTG
CACAGTGAGTTTCTTTCACTCTAACTCTCT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTGTC
GCTCTAGTGTGACTTTTCCACCTCGCATCT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNATAT
CTTTCTCGGGTAAAGATTAGGCGTCCGATA
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCGAT
TAGCCGTAGACGCAACTCATTGCCGAAGAT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTGTG
AGCATTTCAGTACGAGTGATGCAGATAAAC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTATA
GTTACCAAGTACTATGGGTTGGTGGAAGCC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCCAA
TTATACTGTCTGTTATGTTCTCGGATAAGC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTCAG
GTGCTTGTAGGCTCATGATAGGGGTAATGC

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47
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GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCTCT 48
GCTGTAATCTCAGCTCCACTTGTTTCTAAG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNGTGC 49
ATATTGCAGCTGAGCCAGCTCAATTTGAAG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCCGT 50
TGATTTACGCAACAGCGGCTTATATAGCTC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCATC 51
ATCGACAGTTCGCAGCCCTATAACATGATA
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNATCG 59
CAGGATGGTACAGCATCATACATGATGAGC
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCTGA 53
TAAGTCGTAGGAATGTCGCTTAATACGGAT
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNATGG 54
CGGTTTCGGGTCCTGCACTATTCCTAATAA
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNCCAG 55
TACGGGTACTAATAAGTGTCATATCTATTG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNNNNNNNNTGTT 56
GGAGAGGTTAGAGGTGAGGAGGCGAAGATA

[00365] Single stranded nucleic acid templates were ordered from Integrated DNA Technologies,
Inc. and quantified using a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific).
Individual single stranded nucleic acid templates were normalized to a standard concentration
and then pooled to be equimolar. The pool of single stranded nucleic acid templates was diluted
to 0.83 nM in a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20.
[00366] The collected identifier oligonucleotides were hybridized to the single stranded nucleic
acid templates and extended by addition of 10 pL of NEBNext Ultra II Q5 Master Mix (New
England Biolabs), 4 uL of the diluted single stranded nucleic acid template pool and 4 pL of
H20 to 2 uL of each sample of identifier oligonucleotides. The following PCR program was used
to extend the identifier oligonucleotides:

(1) 30 seconds at 98°C, 10x

(2) 1 minutes at 98°C,

(3) 1 minutes at 68°C

(4) 1 minutes at 72°C

(5) Repeating steps (2)-(4) ten times

(6) 2 minutes at 72°C
[00367] The extension products were stored at 4°C. Magnetic streptavidin beads (MyOne
Streptavidin C1 beads, Thermo Fisher Scientific) were washed in 1X Binding and Washing
Buffer (S mM Tris-HCI, 0.5 mM EDTA, 1M NaCl), and 5 pL of streptavidin beads were added
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to each extension product sample. The extension product samples were incubated with the beads
on an orbital mixer for a minimum of 15 minutes. Following incubation, the samples were heated
to 95°C for 3 minutes and transferred to a magnetic plate. Supernatant was extracted
immediately after sufficient bead pelleting to yield the purified extension product samples.
[00368] The purified extension product samples were amplified by adding to 7.5 uL of each
purified extension product sample, 12.5 uL. of NEBNext Ultra II Q5 Master Mix, 0.25 uL of 100
uM forward primer, 1 pL of 25 pM reverse primer and 3.8 uL. of PCR-grade H20. The forward
primer comprised a flow cell adapter sequence suitable for sequencing, a unique molecular
identifier and a nucleic acid sequence complementary to the first amplification primer binding
site located on the identifier oligonucleotide. Table 6 provides the sequences of the forward

primers used in this example.

Table 6. Forward primers for templated-primer extension method.

Primer Sequence SFg%;D
AATGATACGGCGACCACCGAGATCTACACGCTCAGATATAGCCTACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAATAGAGGCACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACCTATCCTACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGGCTCTGAACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAAGGCGAAGACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGATAATCTTAACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACAGGACGTACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGTACTGACACACTCTTTA
AGACGACGTCGCTATGGCCTCTCC

10

11

12

[00369] The reverse primers comprised a flow cell adapter sequence suitable for sequencing, a

unique molecular identifier and a nucleic acid sequence complementary to the second
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amplification primer binding site located single-stranded nucleic acid template. Table 7 provides
the sequences of the reverse primers used.

Table 7. Reverse primers for templated-primer extension method.

SEQID
NO

57

Primer Sequence

CAAGCAGAAGACGGCATACGAGATGTCGGTAAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGGTCACTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGAATCCGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTACCTTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCATGAGGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGACTGACGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCGTATTCGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTCCTAGAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTAGTTGCGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGAGATACGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGGTGTACGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTAATGCCGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCAGACGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGATAGGCTGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGGTACAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCAAGGTCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCTATCCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATATGGAAGGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCAAGGACGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTTACGCAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGTCTGTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77
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CAAGCAGAAGACGGCATACGAGATGCACGTAAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAACCTTGGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATATTGCGTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACCTGGAAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGAGATGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTACTCTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTAACGACGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATATTCCTCCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTGTTCCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAAGCACTGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTAGCAAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGCTTCCAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCTTAGCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAACCGTTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGACATTCCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGACCGTAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGATACTGGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGCGTAGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCGGTTACGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATATGACGTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCTGTAAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCAATGGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATATCTCGCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGCTATTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGTGTCTTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
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CAAGCAGAAGACGGCATACGAGATTCAACTGGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTTCACCAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACGGTCTTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTCGCAAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGAATTGCGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACGGATTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTAAGCGGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGCAGGTAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCAATCGACGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTGCCATAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGTTCGAGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGGAGTTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACGATGACGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGATGTCCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGAACCTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTTCGTTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTTCTGAGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGCTCATGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGTTCGTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTAGCGTCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGCGTTATGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGTGATTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAACTTGCCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCAAGATCGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCGCATTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

86

256835828

107



Attorney Docket No.: NATE-037/C02US (321329-2721)

CAAGCAGAAGACGGCATACGAGATTGTACACCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGCTCCTAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCAATTCGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTTAGGACGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTCCTAAGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAACGTGGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTGTGTTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTTAAGGCGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCACCTTACGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGGTAGCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCAGTGAAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTTCAACCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGGCTATCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTGGAGTAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTCTTCCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTAACGCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGTCAGATGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTCTGGTTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGTGGTACGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCCTATACCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCTCTCGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGTATGCTGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAAGTCGAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAACCGAAGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTGTTGTGGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
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[00370] The PCR program used to amplify the purified extension products comprised the
following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 30 seconds at 65°C

(4) 30 seconds at 72°C

(5) Repeat steps (2)-(4) eighteen times

(6) 2 minutes at 72°C
[00371] The amplified extension products were stored at 4°C. 4 uL of each PCR reaction were
combined into four pools, for 24 samples per pool.
[00372] The pooled PCR reactions were purified using diluted Agencourt AMPure XP magnetic
beads (Beckman Coulter Genomics Inc.), which were prepared by combining 100 uL. of AMPure
XP beads and 400 uL. of AMPure XP buffer (2.5M NaCl, 20% PEGS8000). Purification was
performed with 76.8 pL of diluted AMPure XP beads and eluted in 20 pL of a buffer comprising
10 mM Tris pH 8 and 0.05% Tween20. Beads were retained and cleanup process was repeated
with 24 pL of AMPure XP buffer and eluted in 20 pL of buffer comprising 10 mM Tris pH 8
and 0.05% Tween20.
[00373] The purified PCR products were assessed using a High Sensitivity DNA chip on 2100
Bioanalyzer (Agilent Genomics) and KAPA Library Quantification Kit for Illumina Platforms
(Kapa Biosystems). The purified PCR products were also diluted to 15 pM for sequencing on a
MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit v3 2x75 bp) with
a custom spike-in primer comprising the nucleotide sequence
ACACTCTTTAAGACGACGTCGCTATGGCCTCTCC (SEQ ID NO: 25).

[00374]Example 4—long probe hybridization method for 96 multiplexed samples

[00375]In this example, a long probe hybridization method of the present disclosure was used to
sequence identifier oligonucleotides collected from 96 multiplexed samples. In this example, the
first nucleic acid probe comprises a 5’ phosphate moiety, a nucleic acid sequence complementary
to a portion of the identifier oligonucleotide, a first amplification primer binding site comprising
an 17 sequence (SEQ ID NO: 1), unique nucleic acid sequence which identifies the specific

location of the sample from which the identifier oligonucleotide was released and a P7 flow cell
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adapter sequence (SEQ ID NO: 4). The second nucleic acid probe comprises a nucleic acid
sequence complementary to a portion of the identifier oligonucleotide, a nucleic acid sequence
comprising a unique molecular identifier, a second amplification primer binding site comprising
and 15 sequence (SEQ ID NO: 2) and a P5 flow cell adapter sequence (SEQ ID NO: 3).
[00376] The first and second nucleic acid probes were ordered from Integrated DNA
Technologies, Inc. and quantified using a NanoDrop 1000 spectrophotometer (Thermo Fisher
Scientific). Individual nucleic acid probes were normalized to a standard concentration, pooled to
be equimolar, and diluted to 0.83 nM in a buffer comprising 10 mM Tris pH 8 and 0.05%
Tween20. The nucleic acid probes and the identifier oligonucleotides were hybridized by
combining 0.5 pL of diluted nucleic acid probe pool with 2 pL of a mixture of identifier
oligonucleotides collected from a sample solution in a buffer comprising SO0 mM NaCl. This
mixture was heated for 2 minutes at 95°C and cooled for 30 minutes at ambient temperature to
yield an annealed identifier oligonucleotide-nucleic acid probe mixture.
[00377]In the case in which the first and the second nucleic acid probes hybridized to the
identifier oligonucleotide such that the first and the second nucleic acid probes were not adjacent
and were not overlapping, a gap extension reaction was performed. To 2.5 uL of each annealed
identifier oligonucleotide-nucleic acid probe mixture, 3.8 uL. of NEBNext Ultra II Q5 Master
mix and 1.3 uL. of PCR-grade H2O was added. The mixture was then subjected to the following
Gap extension temperature cycle:

(1) 30 seconds at 98°C

(2) 1 minute at 98°C

(3) 1 minute at 68°C

(4) 1 minute at 72°C,

(5) Repeat steps (2)-(4) ten times

(6) 2 minutes at 72°C
[00378] The gap extension products were then stored at 4°C. The first and second nucleic acid
probes were then ligated together by adding to 1 uL of the gap extension product, 10 uL. of 2X
rapid ligation buffer (Enzymatics), 1 uL of T4 DNA Rapid Ligase (Enzymatics), and 8 uL of
PCR-grade H20. These ligation reactions were incubated for 15 minutes 20°C, subsequently

quenched with 1 pL 0.5M EDTA, and pooled into a single 15 mL conical tube.
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[00379] In the case in which the first and the second nucleic acid probes hybridized to the
identifier oligonucleotide such that the first and the second nucleic acid probes were adjacent and
were not overlapping, nick repair ligation reaction was performed. To 2.5 uL of each annealed
identifier oligonucleotide-nucleic acid probe mixture, 10 uL. of 2X rapid ligation buffer
(Enzymatics), 1 uL. of T4 DNA Rapid Ligase (Enzymatics), and 1 pL of PCR-grade H2O was
added. These ligation reactions were incubated for 15 minutes at 20°C, subsequently quenched
with 1 uL. of 0.5M EDTA, and pooled into a single 15 mL conical tube.
[00380] The pools of quenched ligation reactions were then purified using diluted Agencourt
AMPure XP magnetic beads (Beckman Coulter Genomics Inc.), which were prepared by
combining 350 pL of AMPure XP beads and 3.15 mL of AMPure XP bufter (2.5M NaCl, 20%
PEG8000). The purification was performed with 3.5 mL of diluted AMPure XP beads and eluted
in 200 pL of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20. The AMPure XP bead
cleanup was then repeated with 400 uL. of AMPure XP beads and eluted in 20 pL of a buffer
comprising 10 mM Tris pH 8 and 0.05% Tween20.
[00381] To amplify the purified ligation products, PCR reactions with purified ligation products
and primers were prepared. To 6 uL of purified ligation product, 10 uL. of NEBNext Ultra IT Q5
Master Mix, 0.2 pL of 100 uM forward primer (CAAGCAGAAGACGGCATACGA, SEQ ID
NO: 153) and reverse primer (AATGATACGGCGACCACCGA, SEQ ID NO: 154) and 3.6 uL
of PCR-grade H20 was added. The PCR program used to amplify the purified extension products
comprised the following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 30 seconds at 65°C

(4) 30 seconds at 72°C

(5) Repeat steps (2)-(4) eighteen times

(6) 2 minutes at 72°C
[00382] The amplified products were stored at 4°C. 4 uL of each PCR reaction were combined
into six pools, for 16 samples per pool. The amplified products were further purified using an
AMPure XP bead cleanup with 64 uL. of AMPure XP beads and eluting with 20 uL of a buffer
comprising 10 mM Tris pH 8 and 0.05% Tween20.
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[00383] The purified amplified products were assessed using a High Sensitivity DNA chip on
2100 Bioanalyzer (Agilent Genomics) and KAPA Library Quantification Kit for lllumina
Platforms (Kapa Biosystems). The purified amplified products were also diluted to 15 pM for
sequencing on a MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit
v3 2x75 bp) with either standard sequencing primers or a custom spike-in Read1 primer (SEQ
ID NO: 25).

[00384] Example 5—short probe hybridization method for 96 multiplexed samples

[00385]In this example, a short probe hybridization method of the present disclosure was used to
sequence identifier oligonucleotides collected from 96 multiplexed samples. In this example, the
first nucleic acid probe comprises a 5’ phosphate moiety, a nucleic acid sequence complementary
to a portion of the identifier oligonucleotide, a first amplification primer binding site comprising
an 17 sequence (SEQ ID NO: 1) and a unique nucleic acid sequence which identifies the specific
location of the sample from which the identifier oligonucleotide was released. The second
nucleic acid probe comprises a nucleic acid sequence complementary to a portion of the
identifier oligonucleotide, a nucleic acid sequence comprising a unique molecular identifier and
a second amplification primer binding site comprising an 15 sequence (SEQ ID NO: 2).

[00386] The first and second nucleic acid probes were ordered from Integrated DNA
Technologies, Inc. and quantified using a NanoDrop 1000 spectrophotometer (Thermo Fisher
Scientific). Individual nucleic acid probes were normalized to a standard concentration, pooled to
be equimolar, and diluted to 0.83 nM in a buffer comprising 10 mM Tris pH 8 and 0.05%
Tween20. The nucleic acid probes and the identifier oligonucleotides were hybridized by
combining 0.5 pL of diluted nucleic acid probe pool with 2 pL of a mixture of identifier
oligonucleotides collected from a sample solution in a buffer comprising SO0 mM NaCl. This
mixture was heated for 2 minutes at 95°C and cooled for 30 minutes at ambient temperature to
yield an annealed identifier oligonucleotide-nucleic acid probe mixture.

[00387]In the case in which the first and the second nucleic acid probes hybridized to the
identifier oligonucleotide such that the first and the second nucleic acid probes were not adjacent
and were not overlapping, a gap extension reaction was performed. To 2.5 uL of each annealed
identifier oligonucleotide-nucleic acid probe mixture, 3.8 uL. of NEBNext Ultra II Q5 Master
mix and 1.3 uL. of PCR-grade H2O was added. The mixture was then subjected to the following

Gap extension temperature cycle:
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(1) 30 seconds at 98°C

(2) 1 minute at 98°C

(3) 1 minute at 68°C

(4) 1 minute at 72°C,

(5) Repeat steps (2)-(4) ten times

(6) 2 minutes at 72°C
[00388] The gap extension products were then stored at 4°C. The first and second nucleic acid
probes were then ligated together by adding to 1 uL of the gap extension product, 10 uL. of 2X
rapid ligation buffer (Enzymatics), 1 uL of T4 DNA Rapid Ligase (Enzymatics), and 8 uL of
PCR-grade H20. These ligation reactions were incubated 15 min 20°C, quenched with 1 pL.
0.5M EDTA, and pooled into a single 15 mL conical tube.
[00389]In the case in which the first and the second nucleic acid probes hybridized to the
identifier oligonucleotide such that the first and the second nucleic acid probes were adjacent and
were not overlapping, nick repair ligation reaction was performed. To 2.5 uL of each annealed
identifier oligonucleotide-nucleic acid probe mixture, 10 uL. of 2X rapid ligation buffer
(Enzymatics), 1 uL. of T4 DNA Rapid Ligase (Enzymatics), and 1 pL of PCR-grade H2O was
added. These ligation reactions were incubated for 15 minutes at 20°C, subsequently quenched
with 1 uL. of 0.5M EDTA, and pooled into a single 15 mL conical tube.
[00390] The pools of quenched ligation reactions were then purified using diluted Agencourt
AMPure XP magnetic beads (Beckman Coulter Genomics Inc.), which were prepared by
combining 350 pL of AMPure XP beads and 3.15 mL of AMPure XP bufter (2.5M NaCl, 20%
PEG8000). The purification was performed with 3.5 mL of diluted AMPure XP beads and eluted
in 200 pL of a buffer comprising 10 mM Tris pH 8 and 0.05% Tween20. The AMPure XP bead
cleanup was then repeated with 400 uL. of AMPure XP beads and eluted in 20 pL of a buffer
comprising 10 mM Tris pH 8 and 0.05% Tween20.
[00391] To amplify the purified ligation products, PCR reactions with purified ligation products
and primers were prepared. To 6 uL of purified ligation product, 10 uL. of NEBNext Ultra IT Q5
Master Mix, 0.2 pL of 100 uM forward primer and reverse primer and 3.6 pL of PCR-grade H20
was added. . The forward primers comprised a flow cell adapter sequence suitable for

sequencing, a unique molecular identifier and a nucleic acid sequence complementary to the first
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amplification primer binding site located on the first strand of the nucleic acid adapter. Table 8
provides the sequences of the forward primers used.

Table 8. Forward primers for short probe hybridization method.

SEQ ID
NO

13

Primer Sequence

CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAATGAGCGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGGAATCTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCTGAATGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATACGAATTCGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATAGCTTCAGGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCGCATTAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCATAGCCGGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATTTCGCGGAGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATGCGCGAGAGTGACTGGAGTTCAGACGTG
TGCTCTTCCGATCT
CAAGCAGAAGACGGCATACGAGATCTATCGCTGTGACTGGAGTTCAGACGTGT
GCTCTTCCGATCT

14

15

16

17

18

19

20

21

22

23

24

[00392] The reverse primers comprised a flow cell adapter sequence suitable for sequencing, a
unique molecular identifier and a nucleic acid sequence complementary to the second
amplification primer binding site located on the second strand of the nucleic acid adapter. Table
9 provides the sequences of the reverse primers used.

Table 9. Reverse primers for short probe hybridization method.

Primer Sequence SEI\?OID
AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTTCCCTACA 155
CGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACATAGAGGCACACTCTTITCCCTAC 156
ACGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACCCTATCCTACACTCTTITCCCTACA 157
CGACGCTCTTCCGATCT
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AATGATACGGCGACCACCGAGATCTACACGGCTCTGAACACTCTTTCCCTACA
CGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACAGGCGAAGACACTCTTTCCCTAC
ACGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACTAATCTTAACACTCTTTCCCTACA
CGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACCAGGACGTACACTCTTTCCCTACA
CGACGCTCTTCCGATCT
AATGATACGGCGACCACCGAGATCTACACGTACTGACACACTCTTTCCCTACA
CGACGCTCTTCCGATCT

158

159

160

161

162

[00393] The PCR program used to amplify the purified extension products comprised the
following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 30 seconds at 65°C

(4) 30 seconds at 72°C

(5) Repeat steps (2)-(4) eighteen times

(6) 2 minutes at 72°C
[00394] The amplified products were stored at 4°C. 4 uL of each PCR reaction were combined
into six pools, for 16 samples per pool. The amplified products were further purified using an
AMPure XP bead cleanup with 64 uL. of AMPure XP beads and eluting with 20 uL of a buffer
comprising 10 mM Tris pH 8 and 0.05% Tween20.
[00395] The purified amplified products were assessed using a High Sensitivity DNA chip on
2100 Bioanalyzer (Agilent Genomics) and KAPA Library Quantification Kit for lllumina
Platforms (Kapa Biosystems). The purified amplified products were also diluted to 15 pM for
sequencing on a MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit
v3 2x75 bp) with either standard sequencing primers or a custom spike-in Read1 primer (SEQ
ID NO: 25).
[00396] Example 6—direct PCR method for 96 multiplexed samples

[00397]In this example, a direct PCR method of the present disclosure was used to sequence
identifier oligonucleotides collected from 96 multiplexed samples. In this example, 8 species of
forward amplification primers and 12 species of reverse amplification primers were used. The
forward primers comprised a PS flow cell adapter (SEQ ID NO: 3), a nucleic acid sequence

comprising a unique molecular identifier and a region complementary to a first amplification
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primer binding site present on the identifier oligonucleotide. Table 10 provides the sequences of
the forward amplification primers used.

Table 10. Forward amplification primers for direct PCR method.

Primer Sequence SF;%;D
AATGATACGGCGACCACCGAGATCTACACGCTCAGATATAGCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAATAGAGGCACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACCTATCCTACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGGCTCTGAACACTCTIT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAAGGCGAAGACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGATAATCTTAACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGACAGGACGTACACTCTT
TAAGACGACGTCGCTATGGCCTCTCC
AATGATACGGCGACCACCGAGATCTACACGCTCAGAGTACTGACACACTCTTT
AAGACGACGTCGCTATGGCCTCTCC

10

11

12

[00398] The reverse primers comprised a P7 flow cell adapter (SEQ ID NO: 4), a nucleic acid
sequence comprising a unique molecular identifier and a region complementary to a second
amplification primer binding site present on the identifier oligonucleotide. Table 11 provides the
sequences of the reverse amplification primers used.

Table 11. Reverse amplification primers for direct PCR method.

Primer Sequence SEQ ID
NO

CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 163

CAAGCAGAAGACGGCATACGAGATACATCGGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 164

CAAGCAGAAGACGGCATACGAGATGCCTAAGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 165

CAAGCAGAAGACGGCATACGAGATTGGTCAGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 166

CAAGCAGAAGACGGCATACGAGATCACTGTGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 167

CAAGCAGAAGACGGCATACGAGATATTGGCGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 168

CAAGCAGAAGACGGCATACGAGATGATCTGGTGACTGGAGTTCAGACGTGTGC

TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT 169
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CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACTGGAGTTCAGACGTGTGC 170
TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT
CAAGCAGAAGACGGCATACGAGATCTGATCGTGACTGGAGTTCAGACGTGTGC 171
TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT
CAAGCAGAAGACGGCATACGAGATAAGCTAGTGACTGGAGTTCAGACGTGTGC 172
TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT
CAAGCAGAAGACGGCATACGAGATGTAGCCGTGACTGGAGTTCAGACGTGTGC 173
TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT
CAAGCAGAAGACGGCATACGAGATTACAAGGTGACTGGAGTTCAGACGTGTGC 174
TCTTCCGATCTNNNNNNNNNNNNNNAACGGACAGGATGCAGCAAAAT

[00399]In the case of 8 forward amplification primers and 12 reverse amplification primers,
when the unique molecular identifiers from a pair of forward and reverse primers are combined,
a total of 96 unique combinations can be obtained, allowing for the multiplexing of 96 samples.
[00400] To amplify the collected identifier oligonucleotides for sequencing, PCR reactions with
collected identifier oligonucleotides and forward and reverse amplification primers were
prepared on a 96-well plate with 2 uL of each identifier oligonucleotide sample, 10 uL of
NEBNext Ultra IT Q5 Master Mix, 2 uL of 10 uM forward amplification primer, 2 uL of reverse
amplification primer, and 4 pL. of PCR-grade H20. Each well in the 96-well plate contained an
identifier oligonucleotide sample and a unique combination of forward and reverse amplification
primers. The PCR program used comprised the following steps:

(1) 30 seconds at 98°C

(2) 10 seconds at 98°C

(3) 30 seconds at 65°C

(4) 30 seconds at 72°C

(5) Repeat steps (2)-(4) six to ten times

(6) 2 minutes at 72°C
[00401] The amplified products were stored at 4°C. 10 pL of each PCR reaction was combined
into a single 15 mL conical tube.
[00402] The pooled PCR reactions were purified using diluted Agencourt AMPure XP magnetic
beads (Beckman Coulter Genomics Inc.), which were prepared by combining 115.2 pL of
AMPure XP beads and 1036.8 uL. of AMPure XP buffer (2.5M NaCl, 20% PEGS8000).
Purification was performed with 1152 pL of diluted AMPure XP beads and eluted in 60 uL of a
buffer comprising 10 mM Tris pH 8. The purification process was repeated with 60 pL of
AMPure XP beads and eluted in 70 pL of a buffer comprising 10 mM Tris pH 8.
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[00403] Following AMPure XP cleanup, PCR reactions with universal primers were prepared
with 9 uL of pooled direct PCR product, 15 uL. of NEBNext Ultra IT Q5 Master Mix, 3 puL of 10
uM universal P7 primer (SEQ ID NO: 153) and 2 pL of 10 pM universal PS5 primer (SEQ ID
NO: 154). The PCR program used was:

(1) 30 seconds at 98°C,

(2) 10 seconds at 98°C

(3) 30 seconds at 65°C

(4) 30 seconds at 72°C

(5) Repeat steps (2)-(4) 15 to 24 times

(6) 2 minutes at 72°C
[00404] Two rounds of AMPure XP bead cleanup was performed. The first round was performed
with 30 pL of beads and eluted with 20 puL of a buffer comprising 10 mM Tris pH 8 and the
second round was performed with 20 puL beads and eluted with 11 pL of a buffer comprising 10
mM Tris pH 8.
[00405] These purified PCR products were assessed using a High Sensitivity DNA chip on 2100
Bioanalyzer (Agilent Genomics). The purified PCR products were also diluted for sequencing on
a MiSeq (Illumina) according to manufacturer’s instructions (MiSeq Reagent Kit v3 2x75 bp)
with a custom spike-in primer (SEQ ID NO: 25).
[00406]Example 7—spatially detecting target analytes in a FFPE sample

[00407] The methods of the present invention were used to spatially detect a plurality of different
target analytes, including target proteins and target RNAs, in a sample of inflamed human tonsil
tissue FFPE section.

[00408]In one experiment, 30 different target proteins were spatially detected using the methods
of the present disclosure in two serial sections cut from the inflamed human tonsil tissue FFPE
section. The 30 target proteins are put forth in Table 12. The 30 target proteins included IgG
Rabbit isotype and IgG Mouse isotype as negative controls, as these target proteins should not
have been present in the inflamed human tonsil sample and therefore should not have been
detected.

Table 12. Target Proteins

Target Protein Target Protein
AKT FOXP3
B7-H3 GZMB
97
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Bcl-2 Histone H3
Beta-2-microglobulin Ki67
Beta-catenin CD20
CD14 P-AKT
CDI19 PanCK
CD3 PDI1
CD4 PD-L1
CD44 S6
CD45 STAT3
CD45R0O P-STAT3
CD56 VISTA
CD68 IgG Rabbit isotype (negative control)
CDSA IgG Mouse isotype (control)

[00409] To spatially detect the 30 target proteins, 30 different probes of the present disclosure

were used. Each probe comprised a target binding domain comprising an antibody that

specifically binds to one of the 30 target proteins in Table 12. The two serial sections were

contacted with a plurality of the 30 different probes. Ninety-six regions of interest (ROI) were

then identified. For each ROI, the ROI was illuminated with UV light to release the identifier

oligonucleotides from the probes bound within the ROI. The released identifier oligonucleotides

were then collected and identified using a short probe hybridization method of the present

disclosure, thereby spatially detecting the 30 target proteins in the two serial sections. As shown

in Figures 21A-21D, the number of reads per target protein in each ROI for the two serial

sections were well correlated, demonstrating that the method yields reproducible results.

[00410]In a second experiment, 20 different target RNAs were spatially detected using the

methods of the present disclosure in two different serial sections cut from the inflamed human

tonsil tissue FFPE section. The 20 different target RNAs are put forth in Table 13. The 20 target

RNAs included 6 negative controls(Negative Probe) that should not have been detected in the

sample.

Table 13. Target RNAs

256835828

Target RNA Target RNA Target RNA
CD3E CD40 CTLA4
CD3G CD45 GAPDH

CD4 CD74 KRTI13
CD20 CD79A PDI
98
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PSA RP56 Negative Probe #1
Negative Probe #2 Negative Probe #3 Negative Probe #4
Negative Probe #5 Negative Probe #6

[00411] To spatially detect the 20 Target RNAs, 20 different probes of the present disclosure
were used. Each probe comprised a target binding domain comprising a nucleic acid sequence
complementary to at least one portion of one of the 20 target RNAs. The two serial sections were
contacted with a plurality of the 20 different probes. Ninety-six regions of interest (ROI) were
then identified. For each ROI, the ROI was illuminated with UV light to release the identifier
oligonucleotides from the probes bound within the ROI. The released identifier oligonucleotides
were then collected and identified using a direct PCR method of the present disclosure, thereby
spatially detecting the 20 target RNAs in the two serial sections. As shown in Figures 22A-22D,
the number of reads per target RNA in each ROI for the two serial sections were well correlated,
demonstrating that the method yields reproducible results.

[00412]Example 8—spatially detecting target proteins in a fluorescently stained FFPE sample

[00413]In another experiment, a S um FFPE section of inflamed human tonsil tissue was stained
with 4 fluorescent visualization markers: (1) CD3E, a T-cell marker; (2) PanCK, an epithelial
cell marker; (3) Ki-67, a proliferation marker; and (4) SYTOS83, a DNA stain, as shown in the
left panel of Figure 23. The stained FFPE section was then contacted with the probes directed
against 30 target proteins, as described in Example 7. As shown in the left panel Figure 23, 96
regions of interest (ROIs) were selected. Each ROI was a circle with a S00 um diameter. For
each ROI, the ROI was illuminated with UV light to release the identifier oligonucleotides from
the probes bound within the ROIL. The released identifier oligonucleotides were then collected
and identified using a short probe hybridization method of the present disclosure, thereby
spatially detecting the 30 target proteins in the FFPE section. As shown in the right panel of
Figure 23, PanCK, CD3E and Ki67 were spatially detected in ROIs that correlated with their
fluorescent visualization markers. Thus, the results generated by the methods of the present
disclosure correlate with the results generated using established immunohistochemical method.

[00414]Example 9—spatially detecting target RNAs in a FFPE sample

[00415]In another experiment, a 5 um section from an inflamed human tonsil tissue FFPE block
was contacted with probes directed against 20 target RNAs, as described in Example 7. 96

regions of interest (ROIs) were then selected. Each ROI was a circle with a 500 pm diameter.

99
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For each ROI, the ROI was illuminated with UV light to release the identifier oligonucleotides
from the probes bound within the ROI. The released identifier oligonucleotides were then
collected and identified using a direct PCR method of the present disclosure, thereby spatially
detecting the 20 target RNAs in the two serial sections. The total RNA from a 20 um section
from the same inflamed human tonsil tissue FFPE block was then isolated. The total RNA was
analyzed using the NanoString nCounter® system. Figure 24 shows that the average number of
counts for 11 different RNA targets recorded using the methods of the present disclosure were
well correlated with the average number of counts for the same 11 different RNA targets
recorded using the nCounter® system. Thus, the results generated using the methods of the
present disclosure correlate with the results generated using established direct detection methods.

[00416]Example 10—spatially detecting target RNASs in specific sub-regions of an ROI

[00417]In another experiment, a 5 um section from an inflamed human tonsil tissue FFPE block
was contacted with probes directed against 30 target proteins, as described in Example 7. The
same 5 pm section was also stained with 4 fluorescent visualization markers: (1) CD3E, a T-cell
marker; (2) PanCK, an epithelial cell marker; (3) Ki-67, a proliferation marker; and (4) SYTOS83,
a DNA stain. As shown in Figure 25, 48 regions of interest (ROIs) were identified. For each
ROI, two sub-regions were then identified based on the fluorescent staining. Areas of an ROI
that were fluorescently stained positive for PanCK (PanCK+) were designated a “tumor” sub-
region and the areas of an ROI that lacked PanCK fluorescent staining were designated a “micro-
environment” sub-region, as shown in Figure 25. For each ROI, the tumor sub-region and the
micro-environment sub-region were separately illuminated with UV light to release the identifier
oligonucleotides from the probes bound within each sub-region by creating a custom mask based
on the intensity of PanCK fluorescent staining. The released identifier oligonucleotides were also
separately collected. The collected identifier oligonucleotides were then analyzed using the
short-probe hybridization method of the present disclosure and the NanoString nCounter®
system. As shown in the bottom panel of Figure 25, the results using the NanoString nCounter®
system and the short-probe hybridization method of the present disclosure were well correlated.
Furthermore, in the tumor sub-regions, PanCK was detected at a significantly higher level as
compared to the micro-environment sub-regions. Thus, the spatial detection results provided by

the methods of the present disclosure are consistent with established fluorescent
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immunohistochemical methods and allows for the spatial detection within highly specific regions
of a sample.

[00418]Example 11—96-plex human immuno-oncology panel

[00419] A 96-plex human immuno-oncology panel was designed for use in the direct-PCR

methods of the present invention. The panel comprised a plurality of probes that could be used to

spatially detect 96 different human target RNAs using the direct-PCR methods of the present

disclosure. The 96 target RNAs are shown in Table 14.

Table 14. Target RNAs

Target Target Target Target Target | Target Target Target
AKTI CD3E CEACAMS FOXP3 IFNG KRT1 NCAMI1 SOD2
ARG CDh4 CMKLR1 GZMB IFNGRI1 | KRT10 NKG7 SOX10
B2M CD40 CSF1R H3F3A IL10 KRT14 NT5E STATI1
BATF3 CD40LG CTLA4 HAVCR2 IL12B | KRT17 PDCD1 STAT2
BCL2 CDh44 CTNNBI1 HIFIA IL15 KRT18 | PDCDILG2 | STAT3
BCL2L1 CDh47 CXCL10 | HLA DQA1 | ILIB KRT19 | PECAMI TBX21
CCL5 CD638 CXCL9 HLA DRB IL6 KRT6A PMEL TIGIT
CCND1 CD74 CSCR6 HLA E ITGAM | KRT7 PSMB10 TNF
CDh14 CD86 DKK2 ICAMI ITGAV | LAG3 PTEN TNFRSF9
CD27 CDSA EPCAM ICOSLG ITGAX | LY6E PRTPRC TNFSF4
CD274 | CEACAMI FAS IDO1 ITGB2 | MKI67 RPS6 VEGFA
CD276 | CEACAMS6 FASLG IFNARI1 ITGB8 | MS4A1l S100B VSIR

[00420]In total, the panel comprised 928 different probes. Each of the probes comprised an

identifier oligonucleotide comprising a first amplification primer binding site, a nucleic acid

sequence comprising a unique molecular identifier, a unique nucleic acid sequence which

identified the target RNA bound to the target binding domain and a second amplification primer

binding site. Figure 26 shows a schematic of the probes used in the panel. For each of the 96

target RNAs, there was at least one probe within the 928 probe set comprising a target binding

domain that directly or indirectly hybridized to that target RNA. For most of the 96 target RNAs,

there were 10 different probes that directly or indirectly hybridized to the specific target RNA.

These 10 different probes directly or indirectly hybridized to different locations on the target

RNA to create a “tiling” effect, as shown in the top panel of Figure 27. Tiling multiple probes

256835828
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onto a target RNA means that each target RNA will be individually detected multiple times,
increasing the overall accuracy of the measurement. For example, as shown in the bottom panel
of Figure 27, in the case where 10 probes are tiled onto a single target RNA, one of the probes
may be incorrectly detected too many times (outlier high count probe), while another probe may
be incorrectly detected too few times (outlier low count probe). However, the other 8 probes may
be detected at a similar level, indicating that the two outliers should be discarded during analysis
and the signals from the 8 probes used to generate a more accurate measurement of the
abundance of the target RNA.

[00421] The set of 928 probes also comprised 80 negative control probes. Each of the 80 negative
control probes comprised a target binding domain comprising a scrambled, non-specific nucleic
acid sequence that was designed using guidelines from the External RNA Controls Consortium
such that the target binding domain should not be complementary to RNA molecules present
within a human sample. Thus, these 80 negative control probes should not be detected during
analysis.

[00422] The 96-plex human immune-oncology panel was used to analyze a tissue microarray. The
tissue microarray comprised FFPE samples of 22 common human cell lines, including normal
and cancerous cell types. Some of the cell lines are shown in Table 15.

[00423]Table 15. Cell lines

Cell Line Cell Line Cell Line Cell Line
CCRF-CEM DAUDI H596 H2228
HT29 HUT78 HUH?7 JURKAT
M14 MDA-MB-468 MOLT4 RAJI
SKBR3 SUDHL1 SUDHLA4

[00424] The tissue microarray also comprised one mouse cell line (3T3) as a negative control.
Each of the FFPE samples on the microarray was contacted with a plurality of the 928 different
probes in the imunno-onocology panel. As shown in Figure 28, for each of the FFPE samples, at
least three circular regions of interest (ROIs) with a diameter of 300 um were selected. As a
negative control, ROIs were also selected on regions of the microarray that did not comprise a
FFPE sample (glass negative control). For each ROI, the ROI was illuminated with UV light to
release the identifier oligonucleotides from the probes bound within the ROI The released

identifier oligonucleotides were then collected and identified using a direct PCR method of the
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present disclosure thereby spatially detecting the 96 target RNAs in each of the FFPE samples on
the tissue microarray.

[00425] Figure 29 shows that a sufficient read depth was achieved using a MiSeq v3 flowcell. The
top panel of Figure 30 shows that none of the target RNAs were spatially detected for the glass
negative control ROIs. Likewise, the bottom panel of Figure 30 shows that nearly none of the
target RNAs were detected in the negative control mouse 3T3 FFPE sample. Conversely, as
shown in Figures 31, 33 and 34, specific target RNAs were successfully detected in the HEK293
(human embryonic kidney) FFPE sample and the Jurkat (human T-cell lymphocyte) FFPE
sample. Figures 31, 33 and 34 show that clusters of “tiled” probes were detected for particular
target RNAs, including AKT1, B2M, CD3E, HIF1A, PTEN, RPS6, STAT1, STAT2, STATS3,
VEGF, PTPRC (CD45), and KRT1/10/18/19. These results indicated that there are certain target
RNAs that are differentially transcribed in the two different cells lines. The results of this
experiment were also verified using the NanoString nCounter system to identify the collected
identifier oligonucleotides. As shown in Figure 27, the results using the direct-PCR method of
the present disclosure were consistent with the results obtained using the NanoString nCounter

system.
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What is claimed is:

1. A method comprising:

a) collecting a plurality of oligonucleotides from a first location of a tissue sample;

b) collecting a plurality of oligonucleotides from an at least second location of the tissue
sample;

¢) synthesizing a first plurality of DNA products using the plurality of oligonucleotides
collected in step (a) as templates for the synthesis reaction, wherein the DNA products in the first
plurality of DNA products comprise at least one nucleic acid sequence that identifies the first
location of the tissue sample;

d) synthesizing a second plurality of DNA products using the plurality of
oligonucleotides collected in step (b) as templates for the synthesis reaction, wherein the DNA
products in the second plurality of DNA products comprise at least one nucleic acid sequence
that identifies the at least second location of the tissue sample; and

e) identifying the DNA products synthesized in step (c) and step (d) by sequencing,
thereby spatially detecting the plurality of oligonucleotides collected from the first location of
the tissue sample and the plurality of oligonucleotides collected from the at least second location

of the tissue sample.

2. The method of claim 1, wherein the tissue sample is immobilized onto a microscope
slide.
3. The method of claim 2, wherein the microscope slide comprises a plurality of primers

immobilized on the microscope slide.

4. The method of claim 3, wherein the primers of the plurality of primers are immobilized

on the microscope slide at their 5' ends.

5. The method of claim 4, wherein synthesizing in step (c) and step (d) comprises
performing solid-phase amplification, wherein the solid-phase amplification is carried out in
association with the microscope slide using the plurality of primers immobilized on the

microscope slide.
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6. The method of claim 1, wherein the sequencing is next generation sequencing.

7. The method of claim 1, wherein the sequencing comprises amplifying a library using the

extension products as templates.

8. The method of claim 1, wherein the DNA products in the first plurality of DNA products

further comprise at least one unique molecular identifier.

0. The method of claim 1, wherein the DNA products in the second plurality of DNA

products further comprise at least one unique molecular identifier.

10. The method of claim 1, wherein the DNA products in the first plurality of DNA products

further comprise at least one amplification primer binding site.

11.  The method of claim 1, wherein the DNA products in the second plurality of DNA

products further comprise at least one amplification primer binding site.

12. The method of claim 1, wherein steps (a) and (b) are performed simultaneously.
13. The method of claim 1, wherein steps (c) and (d) are performed simultaneously.
105
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ABSTRACT OF THE INVENTION

The present invention relates to, among other things, probes, compositions, methods, and kits for
simultaneous, multiplexed detection and quantification of protein and/or nucleic acid expression
in a user-defined region of a tissue, user-defined cell, and/or user-defined subcellular structure

within a cell that are adaptable for use with existing sequencing technologies.
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application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | NATE-037C02US 321329-2721

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CHEMICAL COMPOSITIONS AND USES THEREOF

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name NanoString Technologies, Inc.

Mailing Address Information For Applicant:

Address 1 530 Fairview Avenue North

Address 2 Suite 2000

City Seattle State/Province WA
Country | s Postal Code 08109
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | NATE-037C02US 321329-2721

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CHEMICAL COMPOSITIONS AND USES THEREOF

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/ Matthew Pavao / Date (YYYY-MM-DD)| [2021-09-16
First Name | Matthew Last Name | Pavao Registration Number | [50,572
Additional Signature may be generated within this form by selecting the Add button. Add
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U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | NATE-037C02US 321329-2721

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CHEMICAL COMPOSITIONS AND USES THEREOF

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2} furnishing of the informaticn solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested informaticn, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1 Theinformation con this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect tc the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the Internaticnal Bureau of the World Intellectual Property Crganization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U 5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned cr in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Sequence Listing was accepted.

See attached Validation Report.

If yvou need help call the Patent Electronic Business Center at (866)
217-9197 (toll free).

Reviewer: Zhang, Yizhu (ASRC)

Timestamp: [year=2021; month=9; day=17; hr=11; min=2; sec=47; ms=382; ]
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Validated By CRFValidator v 1.0.5

Application No: 17476712

Input Set:

Output Set:

Version No:

Started: 2021-09-16 12:57:45.686

Finished: 2021-09-16 12:57:46.986

Elapsed: 0 hr(s) 0 min(s) 1 sec(s)
Total Warnings: 807
Total Errors: 1
No. of SeqIDs Defined: 175
Actual SeqID Count: 175
Error code Error Description
E 201 Mandatory field data missing in <140>
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
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Input Set:

Output Set:

Started: 2021-09-16 12:57:45.686
Finished: 2021-09-16 12:57:46.986

Elapsed: 0 hr(s) 0 min(s) 1 sec(s) 300 ms
Total Warnings: 807
Total Errors: 1
No. of SeqIDs Defined: 175
Actual SeqID Count: 175
Error code Error Description
W 213 Artificial or Unknown found in <213> in SEQ ID (20)

This error has occured more than 20 times, will not be displayed

W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(27) on line number 395
W 447 n or Xaa used, for: SEQID(28) on line number 415
W 447 n or Xaa used, for: SEQID(28) on line number 415
W 447 n or Xaa used, for: SEQID(28) on line number 415
W 447 n or Xaa used, for: SEQID(28) on line number 415
W 447 n or Xaa used, for: SEQID(28) on line number 415

This error has occured more than 20 times, will not be displayed
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SEQUENCE LISTING

<110> NanoString Techneologies, Inc.
Beechem, Joseph
Kim, Dae
Hoang, Margaret
Gregory, Mark
Piazza, Erin

Zhou, Denise

<120> CHEMICAL COMPOSITIONS AND USES THEREOF

<130> ©NATE-037/C02U3 321329-2721

<140> Us 17/476,712
<141> 2021-09-16

<150> Us 16/272,487
<151> 2019-02-11

<150> US 62/629,180
<151> 2018-02-12

<150> Us 62/771,212
<151> 2018-11-26

<160> 175

<170> PatentIn version 3.5

<z210> 1
<211> 34
<212> DNA

<213> Artificial Sedquence

<220>

<223>» 17 sedquence

<400> 1

agatcggaag agcacacgtc tgaactccag tcac

<210> 2
<211> 30
<212> DNA

<213> Artificial Segquence

<220>

<223>» 15 sedquence

<400> 2

acactctttc cctacacgac gctcecttceccga

<210> 3
<211> 29
<212> DNA
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<213> Artificial Sedquence

<223>» P55 flow cell adapter

<400> 3

aatgatacgg cgaccaccga gatctacac

<210> 4
<211> 24
<212> DNA

<213> Artificial Sedquence

<220>
<223>» P7 flow cell adapter

<400> 4
atctcgtatg ccgtecttcectg cttg

<210> 5
<211> 78
<212> DNA

<213> Artificial Sedquence

<220>
<223> DSP_NGS_i501 Primer

<400> 5

aatgatacgg cgaccaccga gatctacacg ctcagatata

cgtecgetatg gectetcec

<210> 6
<211> 78
<212> DNA

<213> Artificial Sequence

<220>
<223> DSP_NGS_1i502 Primer

<400> 6

aatgatacgg cgaccaccga gatctacacg ctcagaatag

cgtcegetatg goctetcece

<210> 7
<211> 78
<212> DNA

<213> Artificial Sedquence

<220>
<223> DSP_NGS5_i503 Primer

29

24

gcctacactce tttaagacga 60

78

aggcacactc tttaagacga 60

78
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<400> 7

aatgatacgg cgaccaccga dgatctacacg ctcagaccta tcctacactce tttaagacga 60
cgtegectatg gectcectec 78
<210> 8
<211> 78

<212> DNA

<213> Artificial Sedquence

<220>
<223> DS3SP_NGS3 i504 Primer

<400> 8
aatgatacgg cgaccaccga gatctacacg ctcagaggct ctgaacactc tttaagacga 60
cgtcgectatg gectetce 78
<210> 9
<211> 78

<212> DNA

<213> Artificial Sequence

<220>
«<223> DSP_NGS_1i505 Primer

<400> 9
aatgatacgg cgaccaccga gatctacacg ctcagaaggce gaagacactce tttaagacga 60
cgtegetatg geoctctec 78
<210> 10
<211> 78

<212> DNA

<213> Artificial Sedquence

<220>
<223> DSP_NGS5_1i506 Primer

<400> 10
aatgatacgg cgaccaccga datctacacg ctcagataat cttaacactc tttaagacga 60
cgtegetatg gectetec 78
<z1l0> 11
<211> 78

<212> DNA

<213> Artificial Segquence

<220>
<223> DSP_NGS_i507 Primer

<400> 11
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aatgatacgg cgaccaccga gatctacacg ctcagacagg acgtacactc tttaagacga

cgtecgetatg gectetcec

<210> 12
<211> 78
<212> DNA

<213> Artificial Sequence

<220>
<223> DSP_NGS_1508 Primer

<400> 12

aatgatacgg cgaccaccga gatctacacg ctcagagtac tgacacactce tttaagacga

cgtcegetatg goctetcece

<210> 13
<211> 66
<212> DNA

<213> Artificial Sedquence

<220>
<223> NEBNext 1701 Primer

<400> 13
caagcagaag acggcatacg agatcgagta atgtgactgg agttcagacg tgtgectctte

cgatct
<210> 14
<211> 66

<212> DNA

<213> Artificial Segquence

<220>
<223> NEBNext i702 Primer

<400> 14
caagcagaag acggcatacg agattctccecg gagtgactgg agttcagacg tgtgctcttce

cgatct
<210> 15
<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> NEBNext i703 Primer

<400> 15
caagcagaag acggcatacg agataatgag cggtgactgg agttcagacg tgtgctcettce
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78

60

78

60

66

60

66
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cgatct 66

<210> 16
<211> 66
<212> DNA

<213> Artificial Sedquence

<220>
<223> NEBNext 1704 Primer

<400> 16
caagcagaag acggcatacg agatggaatc tcgtgactgg agttcagacg tgtgcectctte 60
cgatct 66
<210> 17
<211> 66

<212> DNA

<213> Artificial Sedquence

<220>
<223>» NEBNext i705 Primer

<400> 17
caagcagaag acggcatacg agatttctga atgtgactgg agttcagacg tgtgctcttce 60
cgatct 66
<210> 18
<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> NEBNext i706 Primer

<400> 18
caagcagaag acggcatacg agatacgaat tcecgtgactgg agttcagacg tgtgctcettce 60
cgatct 66
<z210> 19
<211> 66

<212> DNA

<213> Artificial Sedquence

<220>
<223> NEBNext 1707 Primer

<400> 19
caagcagaag acggcatacg agatagettce agdtgactgg agttcagacg tgtgectctte 60
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cgatct 66

<210> 20
<211> 66
<212> DNA

<213> Artificial Sedquence

<220>
<223>» NEBNext i708 Primer

<400> 20
caagcagaag acggcatacg agatgcgcat tagtgactgg agttcagacg tgtgctcttce 60
cgatct 66
<210> 21
<211> 66

<212> DNA

<213> Artificial Sequence

<220>
<223> NEBNext i709 Primer

<400> 21
caagcagaag acggcatacg agatcatage cggtgactgg agttcagacg tgtgctcettce 60
cgatct 66
<210> 22
<211> 66

<212> DNA

<213> Artificial Sedquence

<220>
<223> NEBNext 1710 Primer

<400> 22
caagcadgaag acggcatacg agatttegeg gagtgactgg agttcagacg tgtgectctte 60
cgatct 66
<210> 23
<211> 66

<212> DNA

<213> Artificial Segquence

<220>
<223> NEBNext i711 Primer

<400> 23
caagcagaag acggcatacg agatgcgcga gagtgactgg agttcagacg tgtgctcttce 60
cgatct 66
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

caagcagaag acggcatacg agatctatcg ctgtgactgg agttcagacg tgtgctcettce

cgatct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24
66
DNA

Artificial Sequence

NEBNext 1712 Primer

24

25
34
DNA

Artificial Sequence

Spike—in primer

25

acactcttta agacgacgtce gctatggcct ctcce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26
34
DNA

Artificial Sequence

Amplification primer binding site

26

gtgactggag ttcagacgtg tgctcecttccg atcet

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

gtgactggag ttcagacgtg tgctcecttcoccg atctnnnnnn nnnnnnnnnt tgaagcacac

27
83
DNA

Artificial Sequence

PO1_PriExtUMI15_tpt

migc_feature
(35)..(49)
i

n s a, ¢, g, or t

27

60

66

34

34

60



cgtttttectt tcttectttca cgg

<210> 28
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> PO3_PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 28

gtgactggag ttcagacgtg tgctcttceccg atctnnnnnn nnnnnnnnna cccacaggtt

atacgggatt atccggttat cca

<210> 29
<211> 83
<212> DNA

<213> Artificial Sequence

<220>
<223> P04_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) ..(49)

<223> n is a, ¢, g, or t

<400> 29

gtgactggag ttcagacgtg tgctcectteccg atectnnnnnn nnnnnnnnnc gacaccgagt

tcgaccgtta tgttggtagg atce

<210> 30
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> PO5_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223»> n is a, <, g, or t
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<400> 30
gtgactggag ttcagacgtg tgctcecttceccecg atctnnnnnn nnnnnnnnnc ggtgtgtaag

cgtaacgatg ttggtgtcge tct

<210> 31
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> PO06_PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 31

gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnc agacactgcecg

acaactcacg atcatgacac aga

<210> 32
<211> 83
<212> DNA

<213> Artificial Sequence

<220>
<223> PO7_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) ..(49)

<223> n is a, ¢, g, or t

<400> 32
gtgactggag ttcagacgtg tgctcectteecg atectnnnnnn nnnnnnnnna tattctgtac

tcagtgccta tccacctaat agg
<210> 33

<211> 83

<212> DNA

<213> Artificial Sedquence
<220>

<223> P09_PriExtUMI15_tpt

<220>

<221> migc_feature
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<222> (35)..(49)

<223»> n 1is a, ¢, g, or t

<400> 33
gtgactggag ttcagacgtg tgctcecttceccecg atctnnnnnn nnnnnnnnnt tcagttataa

tgtgtccage agaagcagga att

<210> 34
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P11l PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 34
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnng tcctttgttg

ggcggacegt aatgaggaat ttg

<210> 35
<211> 83
<212> DNA

<213> Artificial Sequence

<220>
<223> P13_PriExtUMI15_tpt

<220>
<221> misc_feature
<222>  (35)..(49)

<223> n is a, ¢, g, or t

<400> 35
gtgactggag ttcagacgtg tgctectteecg atectnnnnnn nnnnnnnnng atgagactte

tacatgtccg atgtttttgt gct
<210> 36

<211> 83

<212> DNA

<213> Artificial Sedquence

<220>
<223> P15_PriExXtUMI15_tpt

191



<220>
<221> misc_feature
<222> (35) .. (49)

<223»> n 1is a, ¢, g, or t

<400> 36

gtgactggag ttcagacgtg tgectcecttcoccg atctnnnnnn nnnnnnnnna ctcacacata

gtactgacac gtaagatagg atg

<210> 37
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> Pl16_PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 37
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnt taccctatct

cgtctatgta cgtcaggcectg aat

<210> 38
<211> 83
<212> DNA

<213> Artificial Sequence

<220>
<223> P1l7_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223> n is a, ¢, g, or t

<400> 38
gtgactggag ttcagacgtg tgctcecttececg atectnnnnnn nnnnnnnnna tcaacgtagg

gtaaggtcat atttttacct tac

<210> 39

<211> 83

<212> DNA

<213> Artificial Sedquence
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<220>
<223> P18_PriExXtUMI15_tpt

<220>
<221> misc_feature
<222> (35) ..(49)

<223» n is a, ¢, g, or t

<400> 39
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnt tecctcettte 60
tccgettatg gatgaaagga cag 83
<210> 40
<211> 83

<212> DNA

<213> Artificial Sedquence

<220>
<223> P19 PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 40
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnc ctgcacagtg 60
agtttcttte actctaacte tct 83
<210> 41
<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> P20_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) ..(49)

<223> n is a, ¢, g, or t

<400> 41
gtgactggag ttcagacgtg tgctecttcececg atectnnnnnn nnnnnnnnnt gtcegctctag 60
tgtgactttt ccacctcgeca tcet 83
<210> 42
<211> 83
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<212> DNA

<213> Artificial Sedquence

<220>
<223> P21_PriEXtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223»> n 1is a, ¢, g, or t

<400> 42
gtgactggag ttcagacgtg tgctcttceccg atctnnnnnn nnnnnnnnna tatctttcte 60
gggtaaagat taggcgtccg ata 83
<210> 43
<211> 83

<212> DNA

<213> Artificial Sedquence

<220>
<223> P23 _PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 43
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnc gattagccgt 60
agacgcaact cattgccgaa gat 83
<210> 44
<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> P24_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223> n is a, ¢, g, or t

<400> 44
gtgactggag ttcagacgtg tgctcectteccg atectnnnnnn nnnnnnnnnt gtgagecattt 60
cagtacgagt gatgcagata aac 83
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<210> 45
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P25_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223»> n 1is a, ¢, g, or t

<400> 45
gtgactggag ttcagacgtg tgectcecttcoccg atctnnnnnn nnnnnnnnnt atagttacca 60
agtactatgg gttggtggaa gcc 83
<210> 46
<211> 83

<212> DNA

<213> Artificial Sedquence

<220>
<223> P26_PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 46
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnc caattatact 60
gtectgttatg ttctceggata age 83
<210> 47
<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> P27_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35)..(49)

<223> n is a, ¢, g, or t

<400> 47
gtgactggag ttcagacgtg tgctcecttececg atectnnnnnn nnnnnnnnnt caggtgcecttg 60
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taggctcatg ataggggtaa tgc

<210> 48
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P28_PriExXtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, ¢, g, or t

<400> 48
gtgactggag ttcagacgtg tgectcecttcoccg atctnnnnnn nnnnnnnnnc tcetgetgtaa

tctcagectcece acttgtttcet aag

<210> 49
<211> 83
<212> DNA

<213> Artificial Segquence

<220>
<223> P29 PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 49
gtgactggag ttcagacgtg tgctcttcececg atctnnnnnn nnnnnnnnng tgcatattge

agctgagecca gcectcaatttg aag

<210> 50
<211> 83
<212> DNA

<213> Artificial Sequence

<220>
<223> P30_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35)..(49)

<223> n is a, ¢, g, or t
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<400> 50
gtgactggag ttcagacgtg tgctcecttececg atectnnnnnn nnnnnnnnnc cgttgattta

cgcaacagcecg gcecttatatag cte

<210> 51
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P31_PriExXtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, ¢, g, or t

<400> 51

gtgactggag ttcagacgtg tgectcecttcoccg atctnnnnnn nnnnnnnnnc atcatcgaca

gttcgcagee ctataacatg ata

<210> 52
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P32 _PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 52
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnna tcgcaggatg

gtacagcatc atacatgatg agc
<210> 53

<211> 83

<212> DNA

<213> Artificial Sequence
<220>

<223> P33_PriExtUMI15_tpt

<220>
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<221> misc_feature
<222> (35) ..(49)

<223> n is a, <, g, or t

<400> 53
gtgactggag ttcagacgtg tgctcecttececg atectnnnnnn nnnnnnnnna tcgcaggatg

gtacagcatc atacatgatg agce

<210> 54
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P34_PriExtUMI15_tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 54
gtgactggag ttcagacgtg tgectcecttccg atctnnnnnn nnnnnnnnna tggeggttte

gggtcctgeca ctattcctaa taa

<210> 55
<211> 83
<212> DNA

<213> Artificial Sedquence

<220>
<223> P35 PriExtUMI15_ tpt

<220>
<221> misc_feature
<222> (35) .. (49)

<223» n is a, <, g, or t

<400> 55
gtgactggag ttcagacgtg tgctcttceccecg atctnnnnnn nnnnnnnnnc cagtacgggt

actaataagt gtcatatcta ttg
<210> 56

<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> P36_PriExtUMI15_tpt
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<220>
<221> misc_feature
<222> (35) ..(49)

<223> n is a, ¢, g, or t

<400> 56
gtgactggag ttcagacgtg tgctcecttececg atectnnnnnn nnnnnnnnnt gttggagagg 60
ttagaggtga ggaggcgaag ata 83
<210> 57
<211> 66

<212> DNA

<213> Artificial Sedquence

<220>

<223> Reverse primer

<400> 57
caagcagaag acggcatacg agatgteggt aagtgactgg agttcagacg tgtgectctte 60
cgatct 66
<210> 58
<211> 66

<212> DNA

<213> Artificial Sedquence

<220>

<223» Reverse primer

<400> 58
caagcagaag acggcatacg agataggtca ctgtgactgg agttcagacg tgtgctcttce
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examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.
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Inventor(s)
Joseph M. BEECHEM, Eugene, OR;
Dae KIM, Bellevue, WA;
Margaret HOANG, Seattle, WA,;
Mark GREGORY, Boise, ID;
Erin PIAZZA, Edmonds, WA,
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NanoString Technologies, Inc., Seattle, WA;

Power of Attorney: The patent practitioners associated with Customer Number 141429
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This application is a CON of 16/272,487 02/11/2019
which claims benefit of 62/771,212 11/26/2018
and claims benefit of 62/629,180 02/12/2018

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
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Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 09/21/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/476,712

Projected Publication Date: 12/30/2021
Non-Publication Request: No

Early Publication Request: No
Title

CHEMICAL COMPOSITIONS AND USES THEREOF

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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Approved for use through 11/30/2020. OMB 0651-003 1

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwotk Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

SHEET 9 OF 9
Complete if Known
Substitute for form 1449/PTO Application Number 171476,712
Filing Date 09-16-2021
INFORMATION DISCLOSURE First Named Inventor Joseph M. BEECHEM
STATEMENT BY APPLICANT Art Unit 1634
Examiner Name Not Yet Assigned
(Use as many sheets as necessary) Attorney Docket Number | NATE-037/C02US 321329-2721
NON PATENT LITERATURE DOCUMENTS
Examiner’s Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title ofthe item (book,
Initials No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country T2
: where published.
139. [ STEEMERS, F. J. et al., “Screening unlabeled DNA targets with randomly ordered fiber-optic gene arrays,”
Nature Biotechnology, 18:91-94 (2000).
140. | "Strategies for Detecting mRNA Northern blotting, Nuclease Protection Assays, In Situ hybridization, and RT-
PCR," ThermoFisher Scientific. Printed on 9/22/2021, 2 pages.
141. [ THIERY-LAVENANT, G. et al., “Targeted Multiplex Imaging Mass Spectrometry in Transmission Geometry for
Subcellular Spatial Resolution,” Journal of the American Society for Mass Spectrometry, 24:609-614 (2013).
142. [ULLAL, A. V. et al., “Cancer cell profiling by barcoding allows multiplexed protein analysis in fine needle
aspirates,” Science Translational Medicine, 6(219):219ra9 (2015), 22 pages. doi:
10.1126/scitransimed.3007361.
143. [WERNER, J. H. et al., “Current status of DNA sequencing by single molecule detection, Proc. SPIE 3602,
Advances in Fluorescence Sensing Technology IV, pp. 355-366 (1999).
144. [ZINCHUK, V. et al., “Quantitative Colocalization Analysis of Multicolor Confocal Immunofluorescence
Microscopy Images: Pushing Pixels to Explore Biological Phenomena,” The Japan Society of Histochemistry
and Cytochemistry, 40(4):101-111 (2007).
145. [ ZOLLINGER, D. et al., "Abstract 3434 Digital spatial profiling platform allows for spatially resolved, high-plex
quantification of mRNA distribution and abundance on FFPE and fresh frozen tissue sections," AACR Annual
Meeting, April 14-18, 2018, 2 pages.
Examiner Signature: Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at wyiv usgio qay or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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Docket No.: NATE-037/C02US 321329-2721

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Inventor: Joseph M. BEECHEM Confirmation No.: 1004
Application No.: 17/476,712 Group Art Unit: 1634
Filed: September 16, 2021 Examiner: Not Yet Assigned

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Via EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §§ 1.56, 1.97, AND 1.98

In accordance with the duty of disclosure set forth in 37 C.F R. §1.56, Applicant hereby
submits the following information in conformance with 37 C.F.R. §§1.97 and 1.98. Itis
respectfully requested that the information be expressly considered during the prosecution of this
application, and the references be made of record therein and appear among the "References
Cited" on any patent to issue therefrom.

[X]Pursuant to 37 C.F R. §1.98, a copy of non-US patent document Cite No. 127 and
Cite No. 140 cited on the attached Form used in lieu of PTO/SB/08 is enclosed.

[X]No copies of the remaining foreign patent, foreign patent application, or non-
patent literature publications listed on the attached Form used in lieu of
PTO/SB/08 are being provided pursuant to 37 C.F.R. §1.98(d) because the
publications were previously cited by or submitted to the Office in prior
Application Serial No. 16/272.487 to which the above-identified application
claims priority under 35 U.S.C. §120.

[X]No copies of any U.S. patents or U.S. patent application publications listed on the
attached Form used in lieu of PTO/SB/08 are being provided pursuant to 37
CFR §1.98.
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[l

[l

[l

[l

[l

[l

[1

Publication(s) listed on the attached Form used in lieu of PTO/SB/08 were cited
in a foreign search or examination report corresponding to application serial no.
and mailed on .

Enclosed is a copy of a non-English publication(s) Pursuant to §609 of the
M.P.EP., Applicant submits the attached foreign search or examination report,
which cites such non-English language publication(s).

Enclosed is a copy of a non-English publication(s) English language
publication (copy enclosed) claims priority from this non-English
publication.

Enclosed is an explanation of non-English publication(s) for which an
English translation is not available.

Enclosed is an English translation of non-English publication(s) cited on
the attached Form used in lieu of PTO/SB/08.

Enclosed is an English language Abstract of non-English publication(s)
cited on the attached Form used in lieu of PTO/SB/08.

Enclosed is a copy of pending patent Application No.

[X] Applicant would like to draw the Examiner’s attention to the following co-

pending U.S. applications:

U.S. Application No. 16/272 487, filed February 11, 2019
U.S. Application No. 16/596,587, filed October 8, 2019
U.S. Application No. 16/596,596, filed October 8, 2019
U.S. Application No. 17/476,707, filed September 16, 2021

[X] Inaccordance with 37 C.F.R. §1.97(b), no additional fee for submission of this
Information Disclosure Statement is required, as it is filed within any one of the following time

periods:

[l

[l

within three months from the filing date of this national application other than a
CPA under 37 C.F.R. § 1.53(d);

within three months from the date of entry of the national stage as set forth in 37
C.F.R. §1.491 in this international application;

[X]before the mailing date of a first Office action on the merits; or

[1

before the mailing of a first Office action after the filing of a request for continued
examination under 37 CF.R. § 1.114.

In accordance with 37 C.F.R. § 1.97(g), this Information Disclosure Statement shall not

be construed as to mean that a search has been made.
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Application No.: 17/476,712 Docket No.: NATE-037/C02US 321329-2721

In accordance with 37 C.F.R. § 1.97(h), the filing of this Information Disclosure
Statement shall not be construed to be an admission that the information cited in the statement is,

or is considered to be material to patentability as defined by 37 C.F.R § 1.56(b).

Remarks

It is respectfully requested that the Examiner consider the above-noted information and

return an initialed copy of the attached Form used in lieu of PTO/SB/08 to the undersigned.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 50-1283, under Order No. NATE-037/C02US 321329-2721

from which the undersigned is authorized to draw.

Dated: October 1, 2021 Respectfully submitted,
COOLEY LLP

COOLEY LLP By: /Robert E. Powers/

ATTN: IP Docketing Department Robert E. Powers

1299 Pennsylvania Avenue NW, Suite 700 Reg. No. 77,802

Washington, DC 20004 Matthew Pavao

Reg. No. 50,572
Tel: (617) 937-2300

Fax: (617) 937-2400
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 7590 12/03/2021 | AMINR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW CENTRAL, DOCKET
Suite 700
Washington DC 20004 | ART UNIT | PAPER NUMBER |
OPAP
| NOTIFICATION DATE | DELIVERY MODE |
12/03/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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Decision Granting Request for
Prioritized Examination (Track /)

Application No.

Applicant(s)

17/476,712 BEECHEM et al.
Examiner Art Unit AlA (FITF) Status
ANGELA E WALKER OPET Yes

filing a notice of appeal;

I o mmo O

mailing of a notice of allowance;

mailing of a final Office action;

abandonment of the application.

1. THE REQUEST FILED 16 September 2021 IS GRANTED .

filing a request for suspension of action;

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track ).
B. 0J for an application undergoing continued examination (RCE).

completion of examination as defined in 37 CFR 41.102; or

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four
independent claims, more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;

Telephone inquiries with regard to this decision should be directed to ANGELA WALKER at (571)
272-1058. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/IRVIN DINGLE/
Lead Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 7590 12277201 | AMINR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW LU, FRANK WELMIN
Suite 700
Washington DC 20004 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
1272772021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW Suite 700
Washington, DC 20004

In re Application of :

BEECHEM et al. : DECISION ON PETITION
Application No. 17/476,712 : UNDER 37 C.F.R. § 1.84(a)(2)
Filed: 09/16/2021 :

Attorney Docket No. NATE-037C02US 321329-2721

This is a decision on the Petition to Accept Color Drawings under 37 C.F.R 1.84 (a)(2), received
in the United States Patent and Trademark Office (USPTO) on September 16, 2021.

37 C.F.R. § 1.84(a)(2) in part states:

[T]he Office will accept color drawings in utility patent applications only after granting a
petition filed under this paragraph explaining why the color drawings are necessary...
Any such petition must include the following:

1. Payment of the fee set forth under 37 C.F.R. 1.17(h),

2. Submission of three (3) sets of color drawings, or one (1) set of color drawings if filed
by EFS-Web, and

3. The first paragraph of the brief description of the drawings in the Specification
contains the required language pertaining to colored drawings.

A review of U.S. Patent and Trademark records indicates that each of the above three
requirements have been satisfied. Accordingly, the petition under 37 C.F.R. 1.84(a)(2) is
GRANTED.

Should there be any questions about this decision, please contact LORA E DRISCOLL, by letter
addressed to Director, TC 1600, at the address listed above, or by telephone at (571)272-1928, or
by facsimile sent to the general Office facsimile number, 571-273-8300.

/Lora E Barnhart Driscoll/ /ANNE M. GUSSOW/
QAS, Technology Center 1600 Supervisory Patent Examiner, Technology
Center 1600
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
NATE-037C02US
17/476,712 09/16/2021 Joseph M. BEECHEM 321329-2721
CONFIRMATION NO. 1004

141429 PUBLICATION NOTICE

Cooley LLP/NanoString Technologies, Inc

1299 Pennsylvania Avenue NW IR O WA
Suite 700 000000130803867

Washington, DC 20004

Title:CHEMICAL COMPOSITIONS AND USES THEREOF

Publication No.US-2021-0403999-A1
Publication Date:12/30/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 7590 01/06/2022 | AMINR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW LU, FRANK WELMIN
Suite 700
Washington DC 20004 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
01/06/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/476,712 BEECHEM et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
FRANK W LU 1634 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)(J Responsive to communication(s) fledon
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ™ This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-13 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-13 is/are rejected.
8) [0 Claim(s) ____is/are objected to.
9) [J Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(] The specification is objected to by the Examiner.

11)[@ The drawing(s) filed on 9/16/2021 is/are: a){_] accepted or b) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some** ¢) None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) )
. 4) ] Other:
Paper No(s)/Mail Date 10/1/2021,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 12/2021
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Application/Control Number: 17/476,712 Page 2
Art Unit: 1634

DETAILED ACTION
Drawings
1. Some words in Figures 26, 29, 32, and 33 cannot be recognized. Applicant is required to
submit new Figures 26, 29, 32, and 33. No new matter may be introduced in the required
drawing. Each drawing sheet submitted after the filing date of an application must be labeled in

the top margin as either “Replacement Sheet” or “New Sheet” pursuant to 37 CFR 1.121(d).

Claim Objections
2. Claim 1 is objected to because of the following informality: “an at least second location”
in step b) should be “a second location”.
3. Claim 5 is objected to because of the following informalities: (1) “synthesizing in step (c)
and step (d)” should be “each of step (c) and step (d)”; (2) “performing solid-phase
amplification” should be “performing a solid-phase amplification reaction”; and (3) “in
association with” should be “on”.
4. Claim 6 is objected to because of the following informality: “the sequencing is next
generation sequencing” should be “the sequencing step is performed using a next generation
sequencing reaction”.
5. Claim 7 is objected to because of the following informality: “the sequencing” should be
“the sequencing step”.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

6. The following is a quotation of 35 U.S.C. 112(b):
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Application/Control Number: 17/476,712 Page 3
Art Unit: 1634

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

7. Claims 1-13 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor (or for applications subject to pre-AIA 35 U.S.C.
112, the applicant), regards as the invention.

8. Claim 1 recites the limitation “the synthesis reaction” in step c¢) or d). There is
insufficient antecedent basis for this limitation in the claim because there is no phrase “a
synthesis reaction” before “the synthesis reaction”. Applicant can overcome the rejection by
change “the synthesis reaction” in step c¢) or d) to “a synthesis reaction”.

9. Claim 1 is rejected as vague and indefinite in view of step e) because it is unclear that the
DNA products synthesized in step (c) and step (d) are identified by sequencing what. Please
clarify.

10. Claim 7 recites the limitation “the extension products” in the claim. There is insufficient
antecedent basis for this limitation in the claim because there is no phrase “extension products”

in claim 1. Please clarify.

Conclusion
11. No claim is allowed.
12. Papers related to this application may be submitted to Group 1600 by facsimile

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center. The faxing of
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such papers must conform with the notices published in the Official Gazette, 1096 OG 30
(November 15, 1988), 1156 OG 61 (November 16, 1993), and 1157 OG 94 (December 28,
1993)(See 37 CAR § 1.6(d)). The CM Fax Center number is (571)273-8300.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Frank Lu, Ph.D., whose telephone number is (571)272-0746.
The examiner can normally be reached on Monday-Friday from 9 A.M. to 5 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dave Nguyen, can be reached on (571)272-0731.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FRANK W LU/

Primary Examiner, Art Unit 1634
December 31, 2021
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6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

257097397 v1
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UNITED STATES PATENT AND TRADEMARK OFFICE

USPTO Automated Interview Request (AIR)

Feb 3 2022

This paper requesting to schedule and/or conduct an interview is appropriate because:

This submission is requested to be accepted as an authorization for this
interview to communicate via the internet. Recognizing that Internet
communications are not secure, I hereby authorize the USPTO to communicate with
the undersigned concerning scheduling of the interview wvia video conference,
instant messaging, or electronic mail, and to conduct the interview in accordance
with office practice including video conferencing.

Name (s) =
Robert Powers; Matthew Pavao

S—signature:
/Robert Powers/

Registration Number:
77802

U.S. Application Number:
17476712

Confirmation Number:
1004

E-mail Address:
rpowers@cooley.com

Phone Number:
+1 6179372490

Proposed Time of Interview:
2-10-2022 10:00 AM ET

Alternative Proposed Time(s) of Interview:
2-11-2022 10:00 AM ET

Alternative Proposed Time (s) of Interview:
2-11-2022 12:00 PM ET

Prefered Interview Type:
Telephonic

I am the applicant or applicant's representative for this application.

Topic for Discussion:
The objections and rejections of record

) UNITED STATES
PATENT AND TRADEMARK OFFICE
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UNITED STATES PATENT AND TRADEMARK OFFICE

USPTO Automated Interview Request (AIR)

Feb 14 2022

This paper requesting to schedule and/or conduct an interview is appropriate because:

I have previously submitted an authorization for internet communications in a
patent application. See form SB/0439.

Name (s) =
Robert Powers; Matthew Pavao

S—signature:
/Robert Powers/

Registration Number:
77802

U.S. Application Number:
17476712

Confirmation Number:
1004

E-mail Address:
rpowers@cooley.com

Phone Number:
+1 6179372490

Proposed Time of Interview:
2-22-2022 10:00 AM ET

Alternative Proposed Time(s) of Interview:
2—-22-2022 10:30 AM ET

Alternative Proposed Time (s) of Interview:
2-22-2022 11:00 AM ET

Prefered Interview Type:
Telephonic

I am the applicant or applicant's representative for this application.

Topic for Discussion:
The objections and rejections of record

) UNITED STATES
PATENT AND TRADEMARK OFFICE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/476,712 09/16/2021 Joseph M. BEECHEM NATE-037C02US 1004
321329-2721
141429 7590 0212212022 | AMINR |
Cooley LLP/NanoString Technologies, Inc
1299 Pennsylvania Avenue NW LU, FRANK WELMIN
Suite 700
Washington DC 20004 | ART UNIT | PAPER NUMBER |
1634
| NOTIFICATION DATE | DELIVERY MODE |
02/22/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

zIPPatentDocketingMailboxUS @cooley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/476,712 BEECHEM et al.
. s . i A AlA (First Inventor P
Applicant-Initiated Interview Summary IIE)F(&EET/{/ N AT o Fo) Statue age
1634 | Yes 1of1

FRANK W LU Primary Examiner Telephonic
Robert Powers (Reg. No. 77,802) Attorney of Record
Matthew Pavao (Reg. No. 50,572) Attorney

Date of Interview: 17 February 2022

Issues Discussed:

Proposed Amendment(s)

Applicant's representatives and the examiner discussed the rejections in the first office action and
possible amendments. Applicant will send a proposed amendment to the examiner.

/FRANK W LU/ February 17, 2022
Primary Examiner, Art Unit 1634

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 2/2022
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Used in Lieu of PTO/SB/08A/B
(Based on PTO 11-07 version)

SHEET 1 OF 1
Complete if Known
Substitute for form 1449/PTO Application Number 171476,712
Filing Date 09-16-2021
INFORMATION DISCLOSURE First Named Inventor Joseph M. BEECHEM
STATEMENT BY APPLICANT Art Unit 1634
Examiner Name F.W. Lu
(Use as many sheets as necessary) Attorney Docket Number | NATE-037/C02US 321329-2721
U.S. PATENT DOCUMENTS
. . D t Numb L Pages, Columns, Lines, Wh
Do | s | vmberkina Coue' | RO | N e | Reevant Pasages o Reevnt
own) Figures Appear
1. 2021/0403998 12-30-2021 Beechem et al.
NON PATENT LITERATURE DOCUMENTS
Examiner’s Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title ofthe item (book,
Initials No.! magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country T?
' where published.

2. Large Molecules Cross Membranes via Vesicles, printed on 1/10/2022, 1 page;
https:/imww.macmillanhighered.com/BrainHoney/Resource/6716/digital_first_content/trunk/test/hillis2e/
hillis2e_ch05_5.html#:~:text=Macromolecules%20such%20as%20proteins%2C%20polysaccharides,
these%20macromolecules%20in%20specific%20locations.

Examiner Signature: Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at wyiv usgio qay or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

265797257 v1
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Electronic Patent Application Fee Transmittal

Application Number:

17476712

Filing Date:

16-Sep-2021

Title of Invention:

CHEMICAL COMPOSITIONS AND USES THEREOF

First Named Inventor/Applicant Name:

Joseph M. BEECHEM

Filer:

Robert E. Powers/Sylvana Householder

Attorney Docket Number:

NATE-037C02US 321329-2721

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code Quantity Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

251




Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 260
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Electronic Acknowledgement Receipt

EFS ID: 45183948
Application Number: 17476712
International Application Number:
Confirmation Number: 1004
Title of Invention: CHEMICAL COMPOSITIONS AND USES THEREOF
First Named Inventor/Applicant Name: Joseph M. BEECHEM
Customer Number: 141429
Filer: Robert E. Powers/Sylvana Householder
Filer Authorized By: Robert E. Powers
Attorney Docket Number: NATE-037C02US 321329-2721
Receipt Date: 09-MAR-2022
Filing Date: 16-SEP-2021
Time Stamp: 14:18:43
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $260
RAM confirmation Number E202239E18574719
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
108783
NATE-037-
1 Transmittal Letter C02US_321329-2721_IDSTrans no 3
mitta|_pdf 7cd1a41b63235f207aal c06e91331e3afdcf
69da
Warnings:
Information:
215893
5 Information Disclosure Statement (IDS) NATE-037- o 1
Form (5808) C02US_321 329_2721 _S BO8pdf 3c35ef226e39f86c4960753df1051cd57600)]
ead3

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

171912
3 Non Patent Literature LargeMoIecuIestr;)ssMembran no 1
es.p 0a2f47042752ab95f3e7a8a45312c6f5e7el
4cee
Warnings:
Information:
38132
4 Fee Worksheet (SB06) fee-info.pdf no 2
69060bfa0c85bc335%a03ce09028c2ebfefof|
650
Warnings:
Information:
Total Files Size (in bytes): 534720
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: NATE-037/C02US 321329-2721
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor: Joseph M. BEECHEM Confirmation No.: 1004
Application No.: 17/476,712 Group Art Unit: 1634
Filed: September 16, 2021 Examiner: F. W.Lu

For: CHEMICAL COMPOSITIONS AND USES THEREOF

Via EFS

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §§ 1.56, 1.97, AND 1.98

In accordance with the duty of disclosure set forth in 37 C.F R. §1.56, Applicant hereby
submits the following information in conformance with 37 C.F.R. §§1.97 and 1.98. Itis
respectfully requested that the information be expressly considered during the prosecution of this
application, and the references be made of record therein and appear among the "References
Cited" on any patent to issue therefrom.

[X]Pursuant to 37 C.FR. §1.98, a copy of each non-US patent document cited on the
attached Form used in lieu of PTO/SB/08 is enclosed.

[1 No copies of the foreign patent, foreign patent application, or non-patent literature
publications listed on the attached Form used in lieu of PTO/SB/08 are being
provided pursuant to 37 C.F.R. §1.98(d) because the publications were previously
cited by or submitted to the Office in prior Application Serial No(s).  to
which the above-identified application claims priority under 35 U.S.C. §120.

[X]No copies of any U.S. patents or U.S. patent application publications listed on the
attached Form used in lieu of PTO/SB/08 are being provided pursuant to 37
CFR §1.98.

265797792 v1
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Application No.: 17/476,712 Docket No.: NATE-037/C02US 321329-2721

[l

[l

[l

[l

[l

[l

[1

Publication(s) listed on the attached Form used in lieu of PTO/SB/08 were cited
in a foreign search or examination report corresponding to application serial no.
and mailed on .

Enclosed is a copy of a non-English publication(s) Pursuant to §609 of the
M.P.EP., Applicant submits the attached foreign search or examination report,
which cites such non-English language publication(s).

Enclosed is a copy of a non-English publication(s) English language
publication (copy enclosed) claims priority from this non-English
publication.

Enclosed is an explanation of non-English publication(s) for which an
English translation is not available.

Enclosed is an English translation of non-English publication(s) cited on
the attached Form used in lieu of PTO/SB/08.

Enclosed is an English language Abstract of non-English publication(s)
cited on the attached Form used in lieu of PTO/SB/08.

Enclosed is a copy of pending patent Application No.

[X] Inaccordance with 37 C.F.R. §1.97(c), this Information Disclosure Statement is filed
after the period specified in 37 C.F R. § 1.97(b), but before the mailing of any of the following:

a final action under 37 C.F R. §1.113; a notice of allowance under 37 CF R. §1.311; or an action
that otherwise closes prosecution in this application.

In accordance with 37 C.F.R. §1.97(c) also enclosed is:

[X]
[1
[1
[1

265797792 v1

Fee under 37 CF.R. §1.17(p) in the amount of $260.00;
Fee under 37 CF.R. §1.17(p) in the amount of $130.00;
Fee under 37 C.F.R. §1.17(p) in the amount of $65.00; or
Statement as specified in 37 C.F.R. §1.97(e):

[ Each item of information contained in the Information Disclosure
Statement cited herein was first cited in any communication from a
foreign patent office in a counterpart foreign application not more than
three months prior to the filing date of the Information Disclosure
Statement; or

[] No item of information contained in the Information Disclosure Statement
submitted herewith was cited in any communication from a foreign patent
office in a counterpart foreign application, and, to the knowledge of the
undersigned, having made a reasonable inquiry, no item of information
contained in the Information Disclosure Statement was known to any
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Application No.: 17/476,712 Docket No.: NATE-037/C02US 321329-2721

individual designated in 37 C.F.R. §1.56(c) more than three months prior
to the filing date of the Information Disclosure Statement.

In accordance with 37 C.F.R. § 1.97(g), this Information Disclosure Statement shall not

be construed as to mean that a search has been made.

In accordance with 37 C.F.R. § 1.97(h), the filing of this Information Disclosure
Statement shall not be construed to be an admission that the information cited in the statement is,

or is considered to be material to patentability as defined by 37 C.F.R § 1.56(b).

Remarks

It is respectfully requested that the Examiner consider the above-noted information and

return an initialed copy of the attached Form used in lieu of PTO/SB/08 to the undersigned.

The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

The Director is hereby authorized to charge any additional fees which may be required
with respect to this communication, or credit any overpayment, to Deposit Account No. 50-1283,

under Order No. NATE-037/CO2US 321329-2721.

Dated: March 9, 2022 Respectfully submitted,
COOLEY LLP

COOLEY LLP By: /Robert E. Powers/

ATTN: IP Docketing Department Robert E. Powers

1299 Pennsylvania Avenue NW, Suite 700 Reg. No. 77,802

Washington, DC 20004 Matthew Pavao

Reg. No. 50,572
Tel: (617) 937-2300

Fax: (617) 937-2400

265797792 v1
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Used in Lieu of PTO/SB/08A/B
(Based on PTO 11-07 version)

SHEET 1 OF 1
Complete if Known
Application Numb
Substitute for form 1449/PTO ppiication Tumber 1 7/476’ 712
Filing Date 09-16-2021
INFORMATION DISCLOSURE First Named Inventor Joseph M. BEECHEM
STATEMENT BY APPLICANT At Unit 1634
Examiner Name F.W. Lu
(Use as many sheets as necessary) Attorney Docket Number | NATE-037/C02US 321329-2721
U.S. PATENT DOCUMENTS
. . Document Number L Pages, Columns, Lines, Where
Examiner Cite . S Publication Date Name of Patentee or
Initials* | No.! Number-Iind Code” (f MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
known) Figures Appear
FOREIGN PATENT DOCUMENTS
Pages, Columns, T
. . Foreign Patent Document Publication Lines, Where
f:i?il:;;er g:}t? Country Code’-Number*-Kind Date A 111 z::te(:)ff gﬁteedn:)e:cotnen ¢ Relevant Passages
. Code® (if known) MM-DD-YYYY pp v Or Relevant
Figures Appear
CALIFORNIA INSTITUTE
1. WO 2018/026873 A1 02-08-2018 OF TECHNOLOGY
NON PATENT LITERATURE DOCUMENTS
Examiner’s Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title ofthe item (book,
Initials No.! magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country T2
' where published.
Examiner Signature: Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant’s unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at wyiv usgio qay or MPEP 901.04. *Enter Office that
issued the document, by the two-letter code (WIPO Standard ST.3). “For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. °Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.
6Applicant is to place a check mark here if English language Translation is attached. This collection of information is required by 37 CFR 1.97 and 1.98. The information
is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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PTO/SB/133 (05-18)

4 Application Number | 17/476,712 7\
Filing Date 09-16-2021
PATENT TERM ADJUSTMENT Frst Named inventor | Joseph M. BEECHEM,
STATEMENT UNDER 37 CFR 1.704(d) | "™ 1634
Examiner Name F.W. Lu
\_ Practitioner Docket No. | NATE-037/C02US 321329-2721 /

APPLICANT HEREBY STATES THE FOLLOWING (please review 37 CFR 1.704(d) before filing this
form):

IEIEa ch item of information contained in the information disclosure statementwasfirst cited in any
communicationfrom a patent office in a counterpart foreign orinternational application or from the Office,
and this communication was notreceived by any individual designated in 37 CFR 1.56(c)morethanthirty days
prior to thefiling of theinformation disclosure statement.

AND/OR

I:IEa ch item of information contained in theinformation disclosure statementis a communication that was
issued by a patent officeina counterpart foreign or international application or by the Office, and this
communicationwas notreceived by anyindividual designated in 37 CFR 1.56(c) more thanthirty days priorto
the filing of the information disclosure statement.

INSTRUCTIONS:

*  This form will not satisfy the requirement of 37 CFR 1.97(e). The present statementis filed under37 CFR
1.704(d) and will not substitute for compliance with any of therequirements of 37 CFR 1.97 and 1.98. For
aninformation disclosure statementto complywith 37 CFR 1.97(c) or (d), theinformation disclosure
statementmustbe accompanied by a statementunder 37 CFR 1.97(e) notwithstanding any statement filed
under 37 CFR 1.704{(d).

*  The presentform (PTO/SB/133) should be filed concurrently with theinformation disclosure statement to
derivebenefitunder37 CFR 1.704(d).

seawe |/RODEIT E. POwers/ e | March 14, 2022
Typed or Practitioner
P\r/iited Name RObert E POW@rS Regiittration Number 77’802

Note: Signatures of allthe inventors orassignees of record ofthe entire interest ortheirrepresentative(s) are requiredin accordance
with 37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) forthe form ofthe signature. Ifnecessary, submit multiple forms formore
than one signature, see below*.

V *Total of 1 forms are submitted.

Iif you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements ofthe Act, please be advised that: (1) the general authorityfor the collection ofthis information is
35 U.S.C. 2(b)(2); (2) furnishing ofthe information solicited is voluntary; and (3) the principal purpose forwhich
the information is used bythe U.S. Patent and Trademark Office is to process and/orexamine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/orexamine your submission, which mayresultin termination
of proceedings orabandonment ofthe application orexpiration ofthe patent.

The information provided byyou in this form will be subjectto the following routine uses:

1.

The information on this form will be treated confidentiallyto the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system ofrecords
may be disclosedto the Department of Justice to determine whether disclosure of these records is
required by the Freedom oflnformation Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidenceto a court, magistrate, oradministrative tribunal, including disclosures to opposing counselin
the course ofsettlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a requestinwlving an individual, to whom the record pertains, when the individual has
requested assistance from the Memberwith res pectto the subjectmatter ofthe record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need forthe informationin orderto perform a contract. Recipients ofinformation s hall be required
to complywith the requirements ofthe Privacy Act of 1974 ,as amended, pursuantto 5 U.S.C. 552a(m).
A record related to an International Application filed underthe PatentCooperation Treatyin this system
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual
Property Organization, pursuantto the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes ofNational Securityreview (35 U.S.C. 181) and for review pursuantto the Atomic Energy Act
(42U.8.C. 218(c)).

A record from this system of records may be disclosed, as aroutine use, to the Administrator, General
Senvices, orhis/herdesignee, duringan inspection ofrecords conducted by GSA as partofthatagencys
responsibilty to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shallnotbe used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication ofthe application pursuantto 35 U.S.C.122(b) orissuance ofa patent pursuantto 35 U.S.C.
151. Further, a record may be disclosed, subjectto the limitations 0f37 CFR 1.14, as a routine use, o
the publicifthe record was filed in an applicationwhich became abandoned orin which the proceedings
were terminated and which application is referenced by either a published application, an application
opento publicinspection oranissued patent.

A record from this system ofrecords maybe disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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(57) Abstract: The present invention, among other things, provides tech-
nologies for detecting and/or quantifying nucleic acids in cells, tissues,
organs or organisms. Pre-designed barcodes are associated specific mol-
ecular targets through sequential hybridization experiments. A pseudo—
color based barcoding scheme is developed to overcome limitations in
the previous generation of the technology such as lack of visual signals
that can be associated with the probes or small internal within cell when
carrying out in situ experiments.. The current method can be applied to
both in vitro and in situ analysis. According to the method, each barcod-
ing round comprises multiple serial hybridizations where a small number
of colored signals (that are associated with probes) are used in each hy-
bridization experiment within a serial hybridization round. Immages from
each serial hybridization experiment within the same serial hybridization
round are combined to form a composite image for each barcoding round.
In each barcoding round, the same set of molecular targets are analyzed.
Atter all barcoding rounds are completed, associated of the barcode with
these molecular targets is completed.
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SEQUENTIAL PROBING OF MOLECULAR TARGETS BASED ON PSEUDO-COLOR
BARCODES WITH EMBEDDED ERROR CORRECTION MECHANISM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Patent Application No.
15/225,820, filed on August 1, 2016 and entitled “Multiplex Labeling of Molecules by
Sequential Hybridization Barcoding Using Probes With Cleavable Linkers,” United States Patent
Application No. 15/298,219, filed on October 19, 2016 and entitled “Error Correction of
Multiplex Imaging Analysis by Sequential Hybridization,” United States Patent Provisional
Application No. 62/428,910, filed on December 1, 2016 and entitled “Single Molecule Profiling
Through Serial and Barcoded Hybridization,” United States Patent Provisional Application No.
62/456,291, filed on February 8, 2017 and entitled “Imaging-based Transcriptomic and
Translational Profiling of 1000 Genes with in vitro seqFISH,” and United States Patent
Provisional Application No. 62/523,127, filed on June 21, 2017 and entitled “Transcriptome
Profiling of 10,000 mRNAs by RNA SPOTs,” each of which is hereby incorporated by reference

herein in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
[0002] This invention was made with government support under Grant No. HD075605
and under Grant No. OD008530 awarded by the National Institutes of Health. The government

has certain rights in the invention.

BACKGROUND OF THE INVENTION
[0003] Transcription profiling of cells are essential for many purposes. Microscopy
imaging which can resolve multiple mRNAs in single cells can provide valuable information
regarding transcript abundance and localization, which are important for understanding the
molecular basis of cell identify and developing treatment for diseases. Molecular profiling such
as transcriptomic profiling of biological samples is essential for various purposes. For example,
it would allow one to assess gene expression levels to detect and identify abnormal growth states

such as cancers. Using nucleic acid detection as an example, current nucleic acid-based assays
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such as qPCR and microarrays have been useful, but they do not reach single molecule
sensitivity. Next generation sequencing, on the other hand, involves amplification of the sample
and reverse transcription of mRNA which can introduce biases and inaccuracies in
quantification. Moreover, sample preparation and sequencing can be time-consuming and
economically costly. Despite the fact that imaging has been used for mRNA transcripts
quantification, it is limited to a few hundreds of genes. Many scientific questions require
thousands of genes or even the whole transcriptome to be quantified.

[0004] What is needed in the are better methods and systems for carrying out imaging
based transcriptomic profiling at a single molecule sensitivity with high accuracy in a time

efficient manner.

SUMMARY OF THE INVENTION

[0005] The present invention provides certain insights into challenges or defects
associated with existing technologies for profiling transcripts or DNA loci in cells, particularly
for single cells. Moreover, the present invention provides new technologies for achieving
effective such profiling, including of single cells. Provided technologies are broadly useful,
including for example for profiling of isolated cells, cells in tissues, cells in organs, and/or cells
in organisms.

[0006] For example, the present invention provides the insight that existing technologies
such as single cell RNA-seq or gPCR require single cells to be isolated and put into multi-well
format, which is a multiple step process that can be cost prohibitive, labor intensive and prone to
artifacts. Furthermore, the present invention recognizes that existing in situ sequencing
technologies that use enzymatic reactions to convert the mRNA into a DNA template first can be
highly inefficient (for example in the mRNA to DNA conversion process), so that, often, only a
small fraction of the RNAs are converted and detected. The present invention provides the
particular insight that one major downside of such low efficiency, which is estimated at 1% for
RT and 10% for PLA, is that it can introduce significant noise ad bias in the gene expression
measurements. The present invention further recognizes that existing spectral mRNA barcoding
technologies that utilize single molecule fluorescence in situ hybridization (smFISH) require

distinct fluorophores for scale up, and may be limited in the number of barcodes that can be
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generated. smFISH also requires splitting probes into barcoding subsets during hybridization.
Because smFISH often uses two or more colors for a target, it produces high density of objects in
the image, which can increase the complexity of data analysis.

[0007] Among other things, the present inventions provides new technologies for
profiling, for example, transcripts and/or DNA loci, that overcome one or more or all of the
problems associated with methods prior to the present invention. In some embodiments, the
present invention provides methods for detecting multiple targets, e.g., transcripts or DNA loci,

in a cell through a sequential barcoding scheme that permits multiplexing of different targets.

[0008] In one aspect, disclosed herein is a method of barcoding molecular targets. The
method comprises: identifying N molecular targets in a biological sample, wherein the N
molecular targets are immobilized; associating a unique barcode to each molecular target via »
sequential barcoding rounds (where n > 2), wherein each barcoding round comprises m serial
hybridizations of probes collectively bound to the N molecular targets (where m = 2), and
optionally removing probes between two barcoding rounds. In some embodiments, each serial
hybridization in turn further comprises: contacting one or more groups of probes to a subset of
the N molecular targets, the total number of groups of probes corresponding to the number of
molecular targets in the subset, where probes in each group comprise one or more binding
sequences specifically targeting a molecular target in the subset, where each probe is capable of
generating at least one detectable visual signal representing binding of the probe to a molecular
target in the subset, and where probes in the one or more groups generate one or more different
detectable visual signals corresponding to the number of molecular targets in the subset;
detecting the detectable visual signals that reflect the binding between the one or more groups of
probes and the subset of the N molecular targets; and removing the visual signals, when
applicable, prior to the next serial hybridization; wherein the unique barcode to each molecular
target consists of n components, each component is assigned from § unique symbols, where S is
an integer that equal to or greater than ¥/N. N and n are both integer.

[0009] In some embodiments, the detecting the detectable visual signals comprises:

capturing, for cach serial hybridization round, an image of the detectable visual signals that
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reflect the binding between the one or more groups of probes and the subset of the N molecular
targets.

[0010] In some embodiments, the method further comprises: generating, for each
barcoding round, a composite image by superimposing m images corresponding to the m serial
hybridizations, wherein the m images are aligned based on one or more alignment references
whose positions remain constant relative to the biological sample.

[0011] In some embodiments, the method further comprises: applying Gaussian analysis
to super-localize the detectable visual signals in an image.

[0012] In some embodiments, the method further comprises: decoding the detectable
visual signals in each composite image based on the unique barcodes for the N molecular targets
and the S unique symbols.

[0013] In some embodiments, the method further comprises: detecting reference visual
signals associated with the one or more alignment reference.

[0014] In some embodiments, the one or more alignment references comprise one or
more selected from the group consisting of an oligonucleotide sequence immobilized on the
coverslips and detected by a complementary oligo, a common sequence embedded in all probes,
a microscopic object, a metal bead, a gold bead, a polystyrene bead, a PCR handle sequence on a
primary binding probe, and combinations thereof.

[0015] In some embodiments, the » sequential barcoding rounds includes x round for
error correction, where x is an integer equal or greater than 1; and wherein assigning unique
barcodes for each of N molecular targets requires S unique symbols, where S is an integer equal
or greater than " 3/N.

[0016] In some embodiments, the biological sample comprises a tissue sample, a cell
sample, a cell extract sample, a nucleic acid sample, an RNA transcript sample, a protein sample,
an mRNA sample, DNA molecules, protein molecules, RNA and DNA isoform molecules,
single nucleotide polymorphism molecules, or combinations thereof.

[0017] In some embodiments, the method further comprises: determining a secondary
molecular target that are associated with the N molecular targets by contacting the biological

sample with molecules specifically binding to the secondary molecular target.
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[0018] In some embodiments, the secondary molecular target comprises one selected
from the group consisting of a RNA binding protein molecule, ribosome, a DNA binding protein
molecule, a transcription factor, a chromatin binding protein, a protein binding molecule, a
scaffold protein, and combinations thereof.

[0019] In some embodiments, probes in the one or more groups of probes further
comprise: one or more binding sequences each specifically targeting one or more sites within a
molecular target in the biological sample; and n unique readout sequences associated with the
one or more binding sequences, wherein, in each barcoding round, only one unique readout
sequence is associated with a detectable visual signal for a particular molecular target.

[0020] In some embodiments, the one or more binding sequences target multiple
different sites within the same molecular target. In some embodiments, the one or more binding

sequences target multiple different sites within different molecular targets.

[0021] In some embodiments, each probe comprises one or more of the » unique readout
sequences.
[0022] In some embodiments, at least one of the # unique readout sequences is located in

an overhang sequence directly connected to the binding sequence of a probe.

[0023] In some embodiments, at least one of the n unique readout sequences is indirectly
connected to the binding sequence of a probe via one or more intermediate molecules.

[0024] In some embodiments, the one or more intermediate molecules comprise an RNA
bridge probe, a DNA bridge probe, a protein bridge probe, a probe for hybridization chain
reaction (HCR), a hairpin nucleic acid probe, an HCR initiator, an HCR polymer, or
combinations thereof.

[0025] In some embodiments, the one or more binding sequences specifically target one
or more non-nucleic acid sites in the molecular target, and wherein the n unique readout
sequences comprising nucleic acid sequences that are directly or indirectly connected to the
binding sequences of the probes.

[0026] In some embodiments, the detectable visual signal is connected to the binding

sequence of a probe or an intermediate molecule via a cleavable linker.
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[0027] In some embodiments, the one or more binding sequences comprises a peptide
sequence binding to a specific antigen within a particular molecular target, an aptmer, or click
chemistry group.

[0028] In some embodiments, the S unique symbols comprise colors, numbers, letters,
shapes, or combinations thereof.

[0029] In some embodiments, for each serial hybridization, the one or more groups of
probes to a non-overlapping subset of the N molecular targets.

[0030] In one aspect, disclosed herein is a method of hybridization analysis of binding
between labeled probes and molecular targets in a biological sample. The method comprises:
generating multiple composite images of labeled probes bound to a plurality of molecular targets
in the biological sample, wherein each composite image is generated from a plurality of images
of labeled probes collectively bound to the plurality of molecular targets, wherein the plurality of
molecular targets are immobilized within the biological sample, and wherein each image of the
plurality of images reveals: labeled probes bound to a subset of molecular targets within the
plurality of molecular targets, wherein the labeled probes comprise one or more groups of
probes, the total number of groups of probes corresponding to the number of molecular targets in
the subset, wherein probes in each group comprise one or more binding sequences specifically
targeting a molecular target in the subset, and wherein each labeled probe is capable of
generating a visual signal representing binding of the probe to a molecular target; and one or
more reference targets whose positions remain constant in the biological sample for aligning the
plurality of images.

[0031] In some embodiments, the biological sample comprises a tissue sample, a cell
sample, a cell extract sample, a nucleic acid sample, an RNA transcript sample, a protein sample,
an mRNA sample, DNA molecules, protein molecules, RNA and DNA isoform molecules,
single nucleotide polymorphism molecules, or combinations thercof.

[0032] In some embodiments, in each image, the labelled probes bind to a non-
overlapping subset of molecular targets within the plurality of molecular targets.

[0033] In some embodiments, the method further comprises: contacting the one or more
groups of probes with the subset of molecular targets of the plurality of molecular targets;

detecting visual signals that reflect the binding between the one or more groups of probes and
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molecular targets in the subset; and removing the visual signals, when applicable, prior to a next
round of hybridization of labeled probes binding to a new subset of molecular targets within the
plurality of molecular targets.

[0034] In some embodiments, the method further comprises: detecting reference visual
signals associated with the one or more alignment references.

[0035] In some embodiments, the method further comprises: aligning the plurality of

images based on the positions of the one or more alignment references.

[0036] In one aspect, disclosed herein is a sequential hybridization method that
comprises the steps of: identifying a plurality of target genes; and associating, via sequential
hybridization of binding probes to the plurality of target genes, a first plurality of unique codes
with the plurality of target genes, where each target gene in the plurality of target genes is
represented by a unique code in the first plurality of unique codes, where the sequential
hybridization comprises » rounds of hybridization (where » > 2). Here, each round of
hybridization in # rounds of hybridization in turn comprises the steps of contacting the plurality
of target genes with a plurality of binding probes, where cach probe in the plurality of binding
probes comprises: a binding sequence that specifically binds a target sequence in a gene in the
plurality of target genes, where target genes from the plurality of target genes are spatially
transfixed from each other, and where each probe is capable of emitting a detectable visual signal
upon binding of the probe to a target sequence; detecting visual signals that reflect the binding
between the plurality of binding probes and the plurality of target genes; and removing the visual
signals, when applicable, prior to the next round of hybridization. In some embodiments, probes
used in the » rounds of hybridization are capable of emitting at least F types of detectable visual
signals (where F' > 2 and F" is greater than the number of target genes in the plurality of target
genes). In some embodiments, a unique code in the first plurality of unique codes for a target
gene consists of n components. In some embodiments, each component is determined by visual
signals that reflect the binding between binding probes and the target gene during one of the n
rounds of hybridization. In some embodiments, the n rounds of hybridization include m error
correction round (m > 1). In some embodiments, a second plurality of unique codes for the

plurality of target genes is generated after the m error correction round is removed from the n
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rounds of hybridization. In some embodiments, each unique code in the second plurality of
unique codes consists of (n — m) components and uniquely represents a target gene in the
plurality of target genes.

[0037] In some embodiments, the plurality of target genes are located on immobilized
nucleic acids selected from the group consisting of mRNAs, chromosomal DNAs and
combinations thereof. In some embodiments, » is 4 or greater, 5 or greater, or 10 or greater. In
some embodiments, the m error correction round comprises one round of the » rounds of
hybridization. In some embodiments, the one round of the n rounds of hybridization is a repeat
of one of the remaining one or more (n — 1) rounds of the n rounds of hybridization. In some
embodiments, where m < 0.5n.

[0038] In some embodiments, the at least F' types of detectable visual signals comprises
one selected from the group consisting of a fluorescence signal, a color signal, a red signal, a
green signal, a yellow signal, a combined color signal representing two or more colors, and
combinations thereof.

[0039] In some embodiments, a probe in the plurality of binding probes further
comprises a signal moiety that emits a detectable visual signal upon binding of the probe to a
target sequence.

[0040] In some embodiments, the signal moiety is connected to the binding sequence of
the probe via a cleavable linker.

[0041] In some embodiments, each component of a n-component unique code in the first
plurality of unique codes is assigned a numerical value that corresponds to one of the at least F/
types of detectable visual signals; and where at least one component of the n-component unique
code is determined based on the numerical values of all or some of the other #-1 components.

In some embodiments, the n-component unique code is determined as:

{1,732, --- (@F1+ax*2 ...+ an*jn * Cmod F, ..., jn}, where j; is a numerical value that
corresponds the detectable visual signals used in the first round of hybridization, j, is a numerical
value that corresponds the detectable visual signals used in the second round of hybridization,
and jj is a numerical value that corresponds the detectable visual signals used in the nth round of
hybridization; and where ji, j2,... jn, a1, a2, ...8, and n are none zero integers and C is an integer.

[0042] In some embodiments, m, n, F, i, j and k are all integers.
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[0043] In one aspect disclosed herein is a hybridization method that comprises the steps
of: identifying a plurality of target genes; performing sequential hybridization of binding probes
to the plurality of target genes, where the sequential hybridization comprises » rounds of
hybridization (where n > 2). Here, each round of hybridization in n» rounds of hybridization in
turn comprises: contacting the plurality of target genes with a plurality of binding probes, where
each probe in the plurality of binding probes comprises: a binding sequence that specifically
binds a target sequence in a gene in the plurality of target genes, where target genes from the
plurality of target genes are spatially transfixed from each other, and where each probe is capable
of emitting a detectable visual signal upon binding of the probe to a target sequence; detecting
visual signals that reflect the binding between the plurality of binding probes and the plurality of
target genes, where each target gene in the plurality of target genes is represented by visual
signals that are unique for the target gene, and where probes used in the » rounds of
hybridization are capable of emitting at least F types of detectable visual signals (where F > 2,
and F" is greater than the number of target genes in the plurality of target genes); and removing
the visual signals, when applicable, prior to the next round of hybridization; and performing
serial hybridizations against one or more serial target genes, where the expression level of each
serial target gene is above a predetermined threshold value, and where each serial hybridization
in turn comprises: contacting the one or more serial target genes with a plurality of binding
probes, where each probe in the plurality of binding probes comprises: a binding sequence that
specifically binds a target sequence in a serial target gene in the one or more serial target genes,
where one or more serial target genes are spatially transfixed from each other, where each probe
is capable of emitting a detectable visual signal upon binding of the probe to the target sequence,
and where probes binding to target sequences in the same serial target gene emit the same
detectable visual signals; and detecting visual signals that reflect the binding between the
plurality of binding probes and the one or more scrial target gene.

[0044] In some embodiments, the n rounds of hybridization generate a first plurality of
unique codes, where each target gene in the plurality of target genes is represented by a unique
code in the first plurality of unique codes.

[0045] In some embodiments, where a unique code in the first plurality of unique codes

for a target gene consists of n components, and where each component is determined by visual
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signals that reflect the binding between binding probes and the target gene during one of the n
rounds of hybridization.

[0046] In some embodiments, the » rounds of hybridization include m error correction
round (m > 1), where a second plurality of unique codes for the plurality of target genes is
generated after the m error correction round is removed from the » rounds of hybridization, and
where each unique code in the second plurality of unique codes consists of (n — m) components
and uniquely represents a target gene in the plurality of target genes.

In some embodiments, the method of hybridization further comprises the step of: identifying the
one or more serial target genes based on expression levels of candidate target genes.

In some embodiments, the plurality of target genes are located on immobilized nucleic acids
selected from the group consisting of mRNAs, chromosomal DNAs and combinations thereof.
[0047] In some embodiments, the one or more serial target genes are located on
immobilized nucleic acids selected from the group consisting of mRNAs, chromosomal DNAs
and combinations thereof.

[0048] In some embodiments, each unique code in the first plurality of unique codes
consists of n component, where cach component of a n-component unique code in the first
plurality of unique codes is assigned a numerical value that corresponds to one of the at least F’
types of detectable visual signals; and where at least one component of the n-component unique
code is determined based on the numerical values of all or some of the other n-1 components.

In some embodiments, the n-component unique code is determined as:

{1,732, --- (@1 %1+ a2*j2 ...+ ay*j, *Cmod F, ..., ju}, where j; is a numerical value that
corresponds the detectable visual signals used in the first round of hybridization, j, is a numerical
value that corresponds the detectable visual signals used in the second round of hybridization,
and j, is a numerical value that corresponds the detectable visual signals used in the nth round of
hybridization; and where ji, j2,... jn, a1, @2, ...an are none zero integers and C is an integer.

[0049] In one aspect, disclosed herein is a non-transitory computer-readable medium
containing instructions that, when executed by a computer processor, cause the computer processor
to: associate, via sequential hybridization of binding probes to a plurality of target genes, a first
plurality of unique codes with the plurality of target genes, where each target gene in the

plurality of target genes is represented by a unique code in the first plurality of unique codes,

10
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where the sequential hybridization comprises z rounds of hybridization (where n > 2). Here each
round of hybridization in » rounds of hybridization in turn comprises: contacting the plurality of
target genes with a plurality of binding probes, where each probe in the plurality of binding
probes comprises: a binding sequence that specifically binds a target sequence in a gene in the
plurality of target genes, where target genes from the plurality of target genes are spatially
transfixed from each other, and where each probe is capable of emitting a detectable visual signal
upon binding of the probe to a target sequence; detecting visual signals that reflect the binding
between the plurality of binding probes and the plurality of target genes; and removing the visual
signals, when applicable, prior to the next round of hybridization.

[0050] In some embodiments, probes used in the n rounds of hybridization are capable
of emitting at least F types of detectable visual signals (where F > 2 and F" is greater than the
number of target genes in the plurality of target genes). In some embodiments, a unique code in
the first plurality of unique codes for a target gene consists of » components. In some
embodiments, each component is determined by visual signals that reflect the binding between
binding probes and the target gene during one of the » rounds of hybridization. In some
embodiments, the # rounds of hybridization include m error correction round (m > 1). In some
embodiments, a second plurality of unique codes for the plurality of target genes is generated
after the m error correction round is removed from the n rounds of hybridization. In some
embodiments, each unique code in the second plurality of unique codes consists of (n — m)
components and uniquely represents a target gene in the plurality of target genes.

[0051] In one aspect, disclosed herein is a non-transitory computer-readable medium
containing instructions that, when executed by a computer processor, cause the computer processor
to: perform sequential hybridization of binding probes to a plurality of target genes, where the
sequential hybridization comprises » rounds of hybridization (where n > 2).

[0052] Here, each round of hybridization in » rounds of hybridization comprises:
contacting the plurality of target genes with a plurality of binding probes, where each probe in
the plurality of binding probes comprises: a binding sequence that specifically binds a target
sequence in a gene in the plurality of target genes, where target genes from the plurality of target
genes are spatially transfixed from each other, and where each probe is capable of emitting a

detectable visual signal upon binding of the probe to a target sequence; detecting visual signals
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that reflect the binding between the plurality of binding probes and the plurality of target genes,
where each target gene in the plurality of target genes is represented by visual signals that are
unique for the target gene, and where probes used in the # rounds of hybridization are capable of
emitting at least F types of detectable visual signals (where F > 2, and F" is greater than the
number of target genes in the plurality of target genes); and removing the visual signals, when
applicable, prior to the next round of hybridization; and perform serial hybridizations against one
or more serial target genes, where the expression level of each serial target gene is above a
predetermined threshold value, where each serial hybridization comprises: contacting the one or
more serial target genes with a plurality of binding probes, where each probe in the plurality of
binding probes comprises: a binding sequence that specifically binds a target sequence in a serial
target gene in the one or more serial target genes, where one or more serial target genes are
spatially transfixed from each other, where each probe is capable of emitting a detectable visual
signal upon binding of the probe to the target sequence, and where probes binding to target
sequences in the same serial target gene emit the same detectable visual signals; and detecting
visual signals that reflect the binding between the plurality of binding probes and the one or more
serial target gene.

[0053] In any of the embodiments disclosed herein, m, n, F, i, j and k are all integers.
Embodiments disclosed herein can be applied individually or in combination in any aspect
disclosed herein.

[0054] In one aspect, disclosed herein is a composition comprising a plurality of primary
probes, a first plurality of bridge probes, and first plurality of readout probes.

[0055] In some embodiments, each primary probe in the plurality of primary probes
comprises: a primary binding sequence that binds to a complementary target sequence in a target
nucleic acid molecule, and a first overhang sequence connected to one end of the primary
binding sequence.

[0056] In some embodiments, each bridge probe in the first plurality of bridge probes
comprises a binding sequence that specifically binds to all or a part of the first overhang
sequence of a primary probe of the plurality of primary probes, and one or more readout binding

targets connected in series and linked to the binding sequence.
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[0057] In some embodiments, each readout probe in the first plurality of readout probes
comprises: a readout binding sequence that specifically binds to a first readout binding target of
the one or more readout binding targets of a bridge probe of the first plurality of bridge probes,
and a signal moiety linked to the readout binding sequence via a cleavable linker.

[0058] In these embodiments, the signal moiety is capable of emitting a first detectable
visual signal upon binding of each readout probe from the first plurality of readout probes to the
first readout binding target of one of the one or more readout binding targets.

[0059] In some embodiments, the composition further comprises: a second plurality of
readout probes, wherein each readout probe comprises: a readout binding sequence that
specifically binds to a second readout binding target of the one or more readout binding targets in
a bridge probe of the first plurality of bridge probes, and a signal moiety linked to the readout
binding sequence via a cleavable linker.

[0060] In these embodiments, the signal moiety is capable of emitting a second
detectable visual signal upon binding of each readout probe from the second plurality of readout
probes to the second readout binding target of the one or more readout binding targets.

[0061] In some embodiments, the composition further comprises: a second overhang
sequence, linked to the other end of the primary binding sequence.

[0062] In some embodiments, the composition further comprises: a second plurality of
bridge probes, wherein each bridge probe comprises: a binding sequence that specifically binds
to all or a part of the second overhang sequence of a primary probe of the plurality of primary
probes, and one or more additional readout binding targets connected in series and linked to the
binding sequence.

[0063] In some embodiments, the composition further comprises: a third plurality of
readout probes, wherein each readout probe comprises: a readout binding sequence that
specifically binds to a first additional readout binding target of the one or more additional
readout binding targets in a bridge probe of the second plurality of bridge probes, and a signal
moiety linked to the readout binding sequence via a cleavable linker.

[0064] In these embodiments, the signal moiety is capable of emitting a third detectable
visual signal upon binding of each readout probe from the third plurality of readout probes to the

first additional readout binding target of the one or more additional readout binding targets.
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[0065] In some embodiments, the composition further comprises: a fourth plurality of
readout probes. Each readout probe in the fourth plurality of readout probes comprises: a
readout binding sequence that specifically binds to a second additional readout binding target of
the one or more additional readout binding targets in a bridge probe of the second plurality of
bridge probes, and a signal moiety linked to the readout binding sequence via a cleavable linker.
[0066] In these embodiments, the signal moiety is capable of emitting a fourth detectable
visual signal upon binding of each readout probe from the fourth plurality of readout probes to
the second additional readout binding target of the one or more additional readout binding
targets.

[0067] In some embodiments, the cleavable linker is selected from the group consisting
of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction sensitive linker, a
photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted cleavable linker,
and an oxidation sensitive linker.

[0068] In some embodiments, the cleavable linker is a disulfide bond or a nucleic acid
restriction site. In some embodiments, the one or more readout binding targets comprises three
or more readout binding targets.

[0069] In some embodiments where second overhang is present, the additional one or
more readout binding targets comprises three or more readout binding targets.

[0070] In one aspect, disclosed herein is a sequential hybridization method utilizing a
plurality of primary probes, a first plurality of bridge probes, and first plurality of readout probes.
In some embodiments, the method comprises the steps of: a) contacting a target nucleic acid
molecule with a plurality of primary probes, where each primary probe comprises: a primary
binding sequence that binds to a complementary target sequence within the target nucleic acid
molecule, and a first overhang sequence connected to one end of the primary binding sequence;
b) contacting, after step a) the target nucleic acid molecule with a first plurality of bridge probes,
where each bridge probe comprises: a binding sequence that specifically binds to all or a part of
the first overhang sequence of a primary probe of the plurality of primary probes, and one or
more readout binding targets connected in series and linked to the binding sequence; and c)
contacting, after step b) the target nucleic acid molecule with a first plurality of readout probes,

wherein each readout probe comprises: a readout binding sequence that specifically binds to a
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first readout binding target of the one or more readout binding targets of a primary probe of the
plurality of primary probes, and a signal moiety linked to the readout binding sequence via a
cleavable linker.

[0071] In these embodiments, the signal moiety is capable of emitting a first detectable
visual signal upon binding of each readout probe from the first plurality of readout probes to the
first readout binding target of the one or more readout binding targets of a bridge probe of the
first plurality of bridge probes.

[0072] In some embodiments, the method further comprises the steps of: c1) imaging the
target nucleic acid molecule after step c) so that interactions between the first plurality of readout
probes and the first readout binding target of the one or more readout binding targets of a
primary bridge probe are detected by the presence of first detectable visual signal; and c2)
applying, after step cl) a cleaving agent to cleave the linker, thereby eliminating the signal
moiety from each readout probe in the first plurality of readout probes.

[0073] In some embodiments, the method further comprises: d) contacting, after step c),
the target nucleic acid molecule with a second plurality of readout probes. Each readout probe
comprises: a readout binding sequence that specifically binds to a second readout binding target
of the one or more readout binding targets of a bridge probe, and a signal moiety linked to the
readout binding sequence via a cleavable linker.

[0074] In these embodiments, the signal moiety is capable of emitting a second
detectable visual signal upon binding of each readout probe from the second plurality of readout
probes to the second readout binding target of the one or more readout binding targets of a bridge
probe of the first plurality of bridge probes.

[0075] In some embodiments, the method further comprises: d1) imaging the target
nucleic acid molecule after step d) so that interactions between the second plurality of readout
probes and the second readout binding target of the one or more readout binding targets of a
bridge probe are detected by the presence of second detectable visual signal; and d2) applying a
cleaving agent to cleave the linker, thereby eliminating the signal moiety from each readout

probe in the second plurality of readout probes.
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[0076] In some embodiments, each primary probe in the plurality of primary probes
further comprises: a second overhang sequence connected to the other end of the primary binding
sequence.

[0077] In some embodiments, the method further comprises: €) contacting, after step d),
the target nucleic acid molecule with a second plurality of bridge probes. Each bridge probe
comprises: a binding sequence that specifically binds to all or a part of the second overhang
sequence of a primary probe of the plurality of primary probes, and one or more additional
readout binding targets connected in series and linked to the binding sequence.

[0078] In some embodiments, the method further comprises: f) contacting, after step e),
the target nucleic acid molecule with a third plurality of readout probes. Each readout probe
comprises: a readout binding sequence that specifically binds to a first additional readout binding
target of the one or more additional readout binding targets of a bridge probe in the second
plurality of bridge probes, and a signal moiety linked to the readout binding sequence via a
cleavable linker.

[0079] In these embodiments, the signal moiety is capable of emitting a third detectable
visual signal upon binding of each readout probe from the third plurality of readout probes to the
first additional readout binding target of the one or more additional readout binding targets.
[0080] In some embodiments, the method further comprises: fl) imaging the target
nucleic acid molecule after step f) so that interactions between the third plurality of readout
probes and the first additional readout binding target of the one or more additional readout
binding targets of a bridge probe in the second plurality of bridge probes are detected by the
presence of the third detectable visual signal; and f2) applying a cleaving agent to cleave the
linker, thereby eliminating the signal moiety from each readout probe in the third plurality of
readout probes.

[0081] In some embodiments, the method further comprises: g) contacting, after step f),
the target nucleic acid molecule with a fourth plurality of readout probes. Each readout probe
comprises: a readout binding sequence that specifically binds to a second additional readout
binding target of the one or more additional readout binding targets of a bridge probe in the
second plurality of bridge probes, and a signal moiety linked to the readout binding sequence via

a cleavable linker.

16

279



WO 2018/026873 PCT/US2017/044994

[0082] In these embodiments, the signal moiety is capable of emitting a fourth detectable
visual signal upon binding of each readout probe from the fourth plurality of readout probes to
the second additional readout binding target of the one or more additional readout binding
targets.

[0083] In some embodiments, the method further comprises: hl) imaging the target
nucleic acid molecule after step g) so that interactions between the fourth plurality of readout
probes and the second additional readout binding target of the one or more additional readout
binding targets of a bridge probe in the second plurality of bridge probes are detected by the
presence of the fourth detectable visual signal; and h2) applying a cleaving agent to cleave the
linker, thereby eliminating the signal moiety from each readout probe in the fourth plurality of
readout probes.

[0084] In some embodiments, the target nucleic acid molecule is an mRNA or a DNA.
In some embodiments, the target nucleic acid molecule is within an intact mammalian cell. In
some embodiments, the intact mammalian cell is a human cell.

[0085] In these embodiments, the cleavable linker is selected from the group consisting
of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction sensitive linker, a
photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted cleavable linker,
and an oxidation sensitive linker. In these embodiments, the cleavable linker is a disulfide bond
or a nucleic acid restriction site. In these embodiments, the one or more readout binding targets
comprises three or more readout binding targets.

[0086] In these embodiments where a second overhang is present, the additional one or
more readout binding targets comprises three or more readout binding targets.

[0087] In one aspect, disclosed herein is a composition that comprises a plurality of
primary probes and a first plurality of readout probes. In these embodiments, each primary
probe comprises: a primary binding sequence that binds to a complementary target sequence in a
target nucleic acid molecule, and a first overhang sequence connected to one end of the primary
binding sequence, wherein the first overhang sequence comprises one or more readout binding
targets connected in series. Also in these embodiments, each readout probe comprises: a readout
binding sequence that specifically binds to a first readout binding target of the one or more

readout binding targets in a first overhang sequence, and a signal moiety linked to the readout
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binding sequence via a cleavable linker. In these embodiments, the signal moiety is capable of
emitting a first detectable visual signal upon binding of each readout probe from the first
plurality of readout probes to the first readout binding target of one of the one or more readout
binding targets.

[0088] In some embodiments, the composition further comprises: a second plurality of
readout probes, where each readout probe comprises: a readout binding sequence that
specifically binds to a second readout binding target of the one or more readout binding targets in
a first overhang sequence, and a signal moiety linked to the readout binding sequence via a
cleavable linker. In these embodiments, the signal moiety is capable of emitting a second
detectable visual signal upon binding of each readout probe from the second plurality of readout
probes to the second readout binding target of the one or more readout binding targets.

[0089] In some embodiments, a primary probe further comprises: a second overhang
sequence, linked to the other end of the primary binding sequence, where the second overhang
sequence comprises one or more additional readout binding targets connected in series.

[0090] In some embodiments, the composition further comprises a third plurality of
readout probes, where cach readout probe comprises: a readout binding sequence that
specifically binds to a first additional readout binding target of the one or more additional
readout binding targets in a second overhang sequence, and a signal moiety linked to the readout
binding sequence via a cleavable linker. In these embodiments, the signal moiety is capable of
emitting a third detectable visual signal upon binding of each readout probe from the third
plurality of readout probes to the first additional readout binding target of the one or more
additional readout binding targets.

[0091] In some embodiments, the composition further comprises a fourth plurality of
readout probes, where cach readout probe comprises: a readout binding sequence that
specifically binds to a second additional readout binding target of the one or more additional
readout binding targets in a second overhang sequence, and a signal moiety linked to the readout
binding sequence via a cleavable linker. In these embodiments, the signal moiety is capable of
emitting a fourth detectable visual signal upon binding of each readout probe from the fourth
plurality of readout probes to the second additional readout binding target of the one or more

additional readout binding targets.
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[0092] In any embodiments disclosed herein, the cleavable linker is selected from the
group consisting of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction
sensitive linker, a photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted
cleavable linker, and an oxidation sensitive linker.

[0093] In any embodiments disclosed herein, the cleavable linker is a disulfide bond or a
nucleic acid restriction site.

[0094] In any embodiments disclosed herein, the one or more readout binding targets
comprises three or more readout binding targets.

[0095] In embodiments where a second overhang sequence is present, the additional one
or more readout binding targets comprises three or more readout binding targets.

[0096] In some embodiments, the target nucleic acid molecule is an mRNA or a DNA.
In some embodiments, the target nucleic acid molecule is within an intact mammalian cell. In
some embodiments, the intact mammalian cell is a human cell.

[0097] In one aspect, disclosed herein is a sequential hybridization method utilizing with
a plurality of primary probes and a first plurality of readout probes. The method comprises the
steps of: a) contacting a target nucleic acid molecule with a plurality of primary probes. Each
primary probe comprises: a primary binding sequence that binds to a complementary target
sequence within the target nucleic acid molecule, and a first overhang sequence connected to one
end of the primary binding sequence, wherein the first overhang sequence comprises one or more
readout binding targets connected in series; and b) contacting, after step a) the target nucleic acid
molecule with a first plurality of readout probes. Each readout probe comprises: a readout
binding sequence that specifically binds to a first readout binding target of the one or more
readout binding targets of a primary probe of the plurality of primary probes, and a signal moiety
linked to the readout binding sequence via a cleavable linker.

[0098] In these embodiments, the signal moiety is capable of emitting a first detectable
visual signal upon binding of each readout probe from the first plurality of readout probes to the
first readout binding target of one of the one or more readout binding targets.

[0099] In some embodiments, the method further comprises the steps of: bl) imaging the
target nucleic acid molecule after step b) so that interactions between the first plurality of readout

probes and the first readout binding target of the one or more readout binding targets of a
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primary bridge probe are detected by the presence of the first detectable visual signal; and b2)
applying a cleaving agent to cleave the linker, thereby eliminating the signal moiety from each
readout probe in the first plurality of readout probes.

[00100] In some embodiments, the method further comprises the steps of: c¢) contacting,
after step b), the target nucleic acid molecule with a second plurality of readout probes. Each
readout probe comprises: a readout binding sequence that specifically binds to a second readout
binding target of the one or more readout binding targets of a primary probe, and a signal moiety
linked to the readout binding sequence via a cleavable linker.

[00101] In these embodiments, the signal moiety is capable of emitting a second
detectable visual signal upon binding of each readout probe from the second plurality of readout
probes to the second readout binding target of the one or more readout binding targets.

[00102] In some embodiments, the method further comprises the steps of: c1) imaging the
target nucleic acid molecule after step c) so that interactions between the second plurality of
readout probes and the second readout binding target of the one or more readout binding targets
of a primary probe are detected by the presence of the second detectable visual signal; and c2)
applying a cleaving agent to cleave the linker, thereby eliminating the signal moiety from each
readout probe in the second plurality of readout probes.

[00103] In some embodiments, each primary probe in the plurality of primary probes
further comprises: a second overhang sequence connected to the other end of the primary binding
sequence, wherein the second overhang sequence comprises one or more additional readout
binding targets connected in series.

[00104] In some embodiments, the method further comprises the steps of: d) contacting,
after step c), the target nucleic acid molecule with a third plurality of readout probes. Each
readout probe comprises: a readout binding sequence that specifically binds to a first additional
readout binding target of the one or more additional readout binding targets of a primary probe,
and a signal moiety linked to the readout binding sequence via a cleavable linker.

[00105] In these embodiments, the signal moiety is capable of emitting a third detectable
visual signal upon binding of each readout probe from the third plurality of readout probes to the

first additional readout binding target of the one or more additional readout binding targets.
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[00106] In some embodiments, the method further comprises the steps of: d1) imaging the
target nucleic acid molecule after step d) so that interactions between the second plurality of
readout probes and the second readout binding target of the one or more readout binding targets
of a primary probe are detected by the presence of the second detectable visual signal; and d2)
applying a cleaving agent to cleave the linker, thereby eliminating the signal moiety from each
readout probe in the second plurality of readout probes.

[00107] In some embodiments, the method further comprises the steps of: ¢) contacting,
after step d), the target nucleic acid molecule with a fourth plurality of readout probes. Each
readout probe comprises: a readout binding sequence that specifically binds to a second
additional readout binding target of the one or more additional readout binding targets of a
primary probe, and a signal moiety linked to the readout binding sequence via a cleavable linker,

[00108] In these embodiments, the signal moiety is capable of emitting a fourth detectable
visual signal upon binding of each readout probe from the fourth plurality of readout probes to
the second additional readout binding target of the one or more additional readout binding
targets.

[00109] In some embodiments, the method further comprises the steps of: ¢1) imaging the
mRNA after step d) so that interactions between the fourth plurality of readout probes and the
second additional readout binding target of the one or more additional readout binding targets of
a primary probe are detected by the presence of the fourth detectable visual signal; and e2)
applying a cleaving agent to cleave the linker, thereby eliminating the signal moiety from each
readout probe in the fourth plurality of readout probes.

[00110] In some embodiments, the target nucleic acid molecule is an mRNA or a DNA.
In some embodiments, the target nucleic acid molecule is within an intact mammalian cell. In
some embodiments, the intact mammalian cell is a human cell.

[00111] In some embodiments, the cleavable linker is selected from the group consisting
of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction sensitive linker, a
photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted cleavable linker,
and an oxidation sensitive linker. In some embodiments, the cleavable linker is a disulfide bond

or a nucleic acid restriction site.
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[00112] In some embodiments, the one or more readout binding targets comprises three or
more readout binding targets.

[00113] In some embodiments where the second overhang sequence is present, the
additional one or more readout binding targets comprises three or more readout binding targets.
[00114] In one aspect, disclosed herein is a composition comprising a first plurality of
nucleic acid detection probes and an extendible signal motif formed by a first plurality
populations of extender probes {EP;, EP-, ..., EP,}. In some embodiments, each nucleic acid
detection probe in the first plurality of nucleic acid detection probes comprises: a binding region
comprising a binding sequence that binds to a first target sequence; and an initiator sequence
linked to the binding region with a cleavable linker. In some embodiments, each population of
extender probes is represented by EP;, EP», ..., EP,, respectively, where each extender probe in
EP; comprises: a binding sequence that binds to all or a part of the initiator sequence; one or
more target sequences for extender probes in EP, and subsequent populations of extender probes,
and a signal moiety capable of emitting a first detectable signal. In some embodiments, each
probe in EP> and subsequent populations of extender probes comprises: a binding sequence that
binds to all or a part of the previous extender sequence; one or more target sequences for probes
in subsequent populations of extender probes; and a signal moiety capable of emitting the first
detectable signal.

[00115] In some embodiments, the first target sequence is within a primary probe that
directly binds to a target nucleic acid molecule. In some embodiments, the first target sequence
is within a secondary probe that binds to a primary probe that directly binds to a target nucleic
acid molecule. In some embodiments, the first target sequence is within a tertiary probe that
binds to a secondary probe that binds to a primary probe that directly binds to a target nucleic
acid molecule.

[00116] In some embodiments, the target nucleic acid molecule is an mRNA or a DNA.
In some embodiments, the target nucleic acid molecule is within an intact mammalian cell. In
some embodiments, the intact mammalian cell is a human cell.

[00117] In some embodiments, the cleavable linker is selected from the group consisting
of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction sensitive linker, a

photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted cleavable linker,
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and an oxidation sensitive linker. In some embodiments, the cleavable linker is a disulfide bond
or a nucleic acid restriction site.

[00118] In some embodiments, each extender probe of the plurality of extender probes
comprises a binding sequence that is complementary to all or a part of the initiator sequence in
the nucleic acid detection probe, wherein each extender probe forms a hairpin structure, and
wherein the presence of the initiator sequence causes the hairpin structure to unfold and initiates
a hybridization chain reaction.

[00119] In some embodiments, the composition further comprises a second plurality of
nucleic acid detection probes and an extendible signal motif formed by a second plurality
populations of extender probes {EP;;, EPy, ..., EPy}. In some embodiments, each nucleic acid
detection probe in the second plurality of nucleic acid detection probes comprises: a binding
region comprising a binding sequence that binds to a second target sequence; and an initiator
sequence linked to the binding region with a cleavable linker. In some embodiments, each
population of extender probes is represented by EP,:, EP», ..., EPy, respectively, wherein each
extender probe in EP;- comprises: a binding sequence that binds to all or a part of the initiator
sequence; one or more target sequences for extender probes in EP;- and subsequent populations
of extender probes; and a signal moiety capable of emitting a second detectable signal. In some
embodiments, each probe in EP,: and subsequent populations of extender probes comprises: a
binding sequence that binds to all or a part of the previous extender sequence; one or more target
sequences for probes in subsequent populations of extender probes; and a signal moiety capable
of emitting the second detectable signal.

[00120] In one aspect, disclosed herein is a sequential hybridization method. The method
comprises the steps of: a) contacting a target nucleic acid molecule with a first plurality of
nucleic acid detection probes and b) contacting, after step a) the target nucleic acid molecule
with a first plurality populations of extender probes {EP;, EP,, ..., EP,}. In some embodiments,
each nucleic acid detection probe in the first plurality of nucleic acid detection probes comprises:
a binding region comprising a binding sequence that binds to a first target sequence; and an
initiator sequence linked to the binding region with a cleavable linker. In some embodiments,
each population of extender probes is represented by EPy, EP», ..., EP,, respectively, where each

extender probe in EP; comprises: a binding sequence that binds to all or a part of the initiator
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sequence; one or more target sequences for extender probes in EP, and subsequent populations
of extender probes; and a signal moiety capable of emitting a first detectable signal. In some
embodiments, each probe in EP, and subsequent populations of extender probes comprises: a
binding sequence that binds to all or a part of the previous extender sequence; one or more target
sequences for probes in subsequent populations of extender probes; and a signal moiety capable
of emitting the first detectable signal.

[00121] In some embodiments, the method further comprises: bl) imaging the target
nucleic acid molecule after step b) so that interactions between the first plurality of nucleic acid
detection probes and first target sequences are detected by the presence of the first detectable
visual signal; and b2) applying a cleaving agent to cleave the linker, thereby eliminating the
extendible signal motif.

[00122] In some embodiments, the method further comprises: ¢) contacting an target
nucleic acid molecule with a second plurality of nucleic acid detection probes. In some
embodiment, each nucleic acid detection probe in the second plurality of nucleic acid detection
probes comprises: a binding region comprising a binding sequence that binds to a second target
sequence; and an initiator sequence linked to the binding region with a cleavable linker.

[00123] In some embodiments, the method further comprises: d) contacting, after step c)
the target nucleic acid molecule with a second plurality populations of extender probes {EP;,
EP», ..., EP,'}, where each population of extender probes is represented by EP;:, EP», ..., and
EP,’, respectively. In some embodiments, each extender probe in EP;: comprises: a binding
sequence that binds to all or a part of the initiator sequence; one or more target sequences for
extender probes in EP,- and subsequent populations of extender probes; and a signal moiety
capable of emitting a second detectable signal. In some embodiments, each probe in EP,- and
subsequent populations of extender probes comprises: a binding sequence that binds to all or a
part of the previous extender sequence; one or more target sequences for probes in subsequent
populations of extender probes; and a signal moiety capable of emitting the second detectable
signal.

[00124] In some embodiments, the method further comprises: dl) imaging the target
nucleic acid molecule after step d) so that interactions between the second plurality of nucleic

acid detection probes and second target sequences are detected by the presence of the second
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detectable visual signal; and d2) applying a cleaving agent to cleave the linker, thereby
eliminating the extendible signal motif.

[00125] In some embodiments, the second target sequence is within a primary probe that
directly binds to a target nucleic acid molecule. In some embodiments, the second target
sequence is within a secondary probe that binds to a primary probe that directly binds to a target
nucleic acid molecule. In some embodiments, the second target sequence is within a tertiary
probe that binds to a secondary probe that binds to a primary probe that directly binds to a target
nucleic acid molecule.

[00126] In some embodiments, the target nucleic acid molecule is an mRNA or a DNA.
In some embodiments, the target nucleic acid molecule is within an intact mammalian cell. In
some embodiments, the intact mammalian cell is a human cell.

[00127] In some embodiments, the cleavable linker is selected from the group consisting
of an enzyme cleavable linker, a nucleophile/base sensitive linker, reduction sensitive linker, a
photo-cleavable linker, an electrophile/acid sensitive linker, a metal-assisted cleavable linker,
and an oxidation sensitive linker. In some embodiments, the cleavable linker is a disulfide bond
or a nucleic acid restriction site.

[00128] In some embodiments, each extender probe of the plurality of extender probes
comprises a binding sequence that is complementary to all or a part of the initiator sequence in
the nucleic acid detection probe, where each extender probe forms a hairpin structure, and where
the presence of the initiator sequence causes the hairpin structure to unfold and initiates a
hybridization chain reaction.

[00129] The compositions and methods disclosed herein can be used in sequential
hybridizations to identify any suitable cellular targets within an intact cell or in an in vitro
setting. In some embodiments, the cellular targets can be mRNAs or DNAs. In some
embodiments, the cellular targets can be proteins. For example, the initial target-binding primary

probe can be an antibody conjugated with nucleic acid sequence for subsequent bindings.

[00130] One of skill in the art would understand that embodiments disclosed herein can be

applied or combined in any aspect when applicable.
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DEFINITIONS
[00131] Animal: As used herein, the term “animal” refers to any member of the animal
kingdom. In some embodiments, “animal” refers to humans, at any stage of development. In
some embodiments, “animal” refers to non-human animals, at any stage of development. In
certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit,
a monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some embodiments, animals
include, but are not limited to, mammals, birds, reptiles, amphibians, fish, and/or worms. In
some embodiments, an animal may be a transgenic animal, a genetically-engineered animal,
and/or a clone.
[00132] Approximately: As used herein, the terms “approximately” or “about” in
reference to a number are generally taken to include numbers that fall within a range of 5%,
10%, 15%, or 20% in either direction (greater than or less than) of the number unless otherwise
stated or otherwise evident from the context (except where such number would be less than 0%
or exceed 100% of a possible value). In some embodiments, use of the term “about” in reference
to dosages means = 5 mg/kg/day.
[00133] Homology: “Homology’ or “identity” or “similarity” refers to sequence similarity
between two nucleic acid molecules. Homology and identity can each be determined by
comparing a position in each sequence which can be aligned for purposes of comparison. When
an equivalent position in the compared sequences is occupied by the same base, then the
molecules are identical at that position; when the equivalent site occupied by the same or a
similar nucleic acid residue (e.g., similar in steric and/or electronic nature), then the molecules
can be referred to as homologous (similar) at that position. Expression as a percentage of
homology/similarity or identity refers to a function of the number of identical or similar nucleic
acids at positions shared by the compared sequences. A sequence which is “unrelated” or “non-
homologous” shares less than 40% identity, less than 35% identity, less than 30% identity, or
less than 25% identity with a sequence described herein. In comparing two sequences, the
absence of residues (amino acids or nucleic acids) or presence of extra residues also decreases
the identity and homology/similarity.
[00134] In some embodiments, the term “homology” describes a mathematically based

comparison of sequence similarities which is used to identify genes with similar functions or
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motifs. The nucleic acid sequences described herein can be used as a “query sequence” to
perform a search against public databases, for example, to identify other family members, related
sequences or homologs. In some embodiments, such searches can be performed using the
NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-
10. In some embodiments, BLAST nucleotide searches can be performed with the NBLAST
program, score=100, word length =12 to obtain nucleotide sequences homologous to nucleic acid
molecules of the invention. In some embodiments, to obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al., (1997) Nucleic Acids
Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g., XBLAST and BLAST) can be used (See
www.ncbi.nlm.nih.gov).

[00135] Identity: As used herein, “identity” means the percentage of identical nucleotide
residues at corresponding positions in two or more sequences when the sequences are aligned to
maximize sequence matching, i.e., taking into account gaps and insertions. Identity can be
readily calculated by known methods, including but not limited to those described in
(Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988;
Biocomputing: Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New
York, 1993; Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds.,
Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G.,
Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M
Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM J. Applied Math., 48:
1073 (1988). Methods to determine identity are designed to give the largest match between the
sequences tested. Moreover, methods to determine identity are codified in publicly available
computer programs. Computer program methods to determine identity between two sequences
include, but are not limited to, the GCG program package (Devercux, J., et al., Nucleic Acids
Research 12(1): 387 (1984)), BLASTP, BLASTN, and FASTA (Altschul, S. F. et al., J. Molec.
Biol. 215: 403-410 (1990) and Altschul et al. Nuc. Acids Res. 25: 3389-3402 (1997)). The
BLAST X program is publicly available from NCBI and other sources (BLAST Manual,
Altschul, S., et al., NCBI NLM NIH Bethesda, Md. 20894; Altschul, S., et al., J. Mol. Biol. 215:
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403-410 (1990). The well-known Smith Waterman algorithm can also be used to determine
identity.

[00136] In vitro: As used herein, the term “in vitro” refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell culture, efc., rather than within
an organism (e.g., animal, plant, and/or microbe).

[00137] In vivo: As used herein, the term “in vivo™ refers to events that occur within an
organism (e.g., animal, plant, and/or microbe).

[00138] Oligonucleotide: the term "oligonucleotide" refers to a polymer or oligomer of
nucleotide monomers, containing any combination of nucleobases, modified nucleobases, sugars,
modified sugars, phosphate bridges, or modified bridges.

[00139] Oligonucleotides of the present invention can be of various lengths. In particular
embodiments, oligonucleotides can range from about 2 to about 200 nucleotides in length. In
various related embodiments, oligonucleotides, single-stranded, double-stranded, and triple-
stranded, can range in length from about 4 to about 10 nucleotides, from about 10 to about 50
nucleotides, from about 20 to about 50 nucleotides, from about 15 to about 30 nucleotides, from
about 20 to about 30 nucleotides in length. In some embodiments, the oligonucleotide is from
about 9 to about 39 nucleotides in length. In some embodiments, the oligonucleotide is at least 4
nucleotides in length. In some embodiments, the oligonucleotide is at least 5 nucleotides in
length. In some embodiments, the oligonucleotide is at least 6 nucleotides in length. In some
embodiments, the oligonucleotide is at least 7 nucleotides in length. In some embodiments, the
oligonucleotide is at least 8 nucleotides in length. In some embodiments, the oligonucleotide is
at least 9 nucleotides in length. In some embodiments, the oligonucleotide is at least 10
nucleotides in length. In some embodiments, the oligonucleotide is at least 11 nucleotides in
length. In some embodiments, the oligonucleotide is at least 12 nucleotides in length. In some
embodiments, the oligonucleotide is at least 15 nucleotides in length. In some embodiments, the
oligonucleotide is at least 20 nucleotides in length. In some embodiments, the oligonucleotide is
at least 25 nucleotides in length. In some embodiments, the oligonucleotide is at least 30
nucleotides in length. In some embodiments, the oligonucleotide is a duplex of complementary
strands of at least 18 nucleotides in length. In some embodiments, the oligonucleotide is a

duplex of complementary strands of at least 21 nucleotides in length.
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[00140] Predetermined: By predetermined is meant deliberately selected, for example as
opposed to randomly occurring or achieved. A composition that may contain certain individual
oligonucleotides because they happen to have been generated through a process that cannot be
controlled to intentionally generate the particular oligonucleotides is not a “predetermined”
composition. In some embodiments, a predetermined composition is one that can be

intentionally reproduced (e.g., through repetition of a controlled process).

[00141] Probe: As used herein, the term “probe” or “probes™ refers to any molecules,
synthetic or naturally occurring, that can attach themselves directly or indirectly to a molecular
target (e.g., an mRNA sample, DNA molecules, protein molecules, RNA and DNA isoform
molecules, single nucleotide polymorphism molecules, and etc.). For example, a probe can
include an nucleic acid molecule, an oligonucleotide, a protein (¢.g., an antibody or an antigen
binding sequence), or combinations thercof. For example, a protein probe may be connected
with one or more nucleic acid molecules to for a probe that is a chimera. As disclosed herein, in
some embodiments, a probe itself can produce a detectable signal. In some embodiments, a
probe is connected, directly or indirectly via an intermediate molecule, with a signal moiety (e.g.,

a dye or fluorophore) that can produce a detectable signal.

[00142] Sample: As used herein, the term “sample” refers to a biological sample obtained
or derived from a source of interest, as described herein. In some embodiments, a source of
interest comprises an organism, such as an animal or human. In some embodiments, a biological
sample comprises biological tissue or fluid. In some embodiments, a biological sample is or
comprises bone marrow; blood; blood cells; ascites; tissue or fine needle biopsy samples; cell-
containing body fluids; free floating nucleic acids; sputum; saliva; urine; cerebrospinal fluid,
peritoneal fluid; pleural fluid; feces; lymph; gynecological fluids; skin swabs; vaginal swabs;
oral swabs; nasal swabs; washings or lavages such as a ductal lavages or broncheoalveolar
lavages; aspirates; scrapings; bone marrow specimens; tissue biopsy specimens; surgical
specimens; feces, other body fluids, secretions, and/or excretions; and/or cells therefrom, efc. In
some embodiments, a biological sample is or comprises cells obtained from an individual. In
some embodiments, a sample is a “primary sample” obtained directly from a source of interest
by any appropriate means. For example, in some embodiments, a primary biological sample is

obtained by methods selected from the group consisting of biopsy (e.g., fine needle aspiration or
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tissue biopsy), surgery, collection of body fluid (e.g., blood, lymph, feces etc.), efc. In some
embodiments, as will be clear from context, the term “sample” refers to a preparation that is
obtained by processing (e.g., by removing one or more components of and/or by adding one or
more agents to) a primary sample. For example, filtering using a semi-permeable membrane.
Such a “processed sample” may comprise, for example nucleic acids or proteins extracted from a
sample or obtained by subjecting a primary sample to techniques such as amplification or reverse
transcription of mRNA, isolation and/or purification of certain components, etc.

[00143] Subject: As used herein, the term “subject” or “test subject” refers to any
organism to which a provided compound or composition is administered in accordance with the
present invention e.g., for experimental, diagnostic, prophylactic, and/or therapeutic purposes.
Typical subjects include animals (e.g., mammals such as mice, rats, rabbits, non-human
primates, and humans; insects; worms; efc.) and plants. In some embodiments, a subject may be
suffering from, and/or susceptible to a disease, disorder, and/or condition.

[00144] Substantially: As used herein, the term “substantially” refers to the qualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of
interest. One of ordinary skill in the biological arts will understand that biological and chemical
phenomena rarely, if ever, go to completion and/or proceed to completeness or achieve or avoid
an absolute result. The term “substantially” is therefore used herein to capture the potential lack
of completeness inherent in many biological and/or chemical phenomena.

[00145] Suffering from: An individual who is “suffering from™ a disease, disorder, and/or
condition has been diagnosed with and/or displays one or more symptoms of a disease, disorder,
and/or condition.

[00146] Susceptible to: An individual who is “susceptible to” a disease, disorder, and/or
condition is one who has a higher risk of developing the disease, disorder, and/or condition than
does a member of the general public. In some embodiments, an individual who is susceptible to
a disease, disorder and/or condition may not have been diagnosed with the disease, disorder,
and/or condition. In some embodiments, an individual who is susceptible to a disease, disorder,
and/or condition may exhibit symptoms of the disease, disorder, and/or condition. In some
embodiments, an individual who is susceptible to a disease, disorder, and/or condition may not

exhibit symptoms of the disease, disorder, and/or condition. In some embodiments, an
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individual who is susceptible to a disease, disorder, and/or condition will develop the disease,
disorder, and/or condition. In some embodiments, an individual who is susceptible to a disease,
disorder, and/or condition will not develop the disease, disorder, and/or condition.

[00147] Treat: As used herein, the term “treat,” “treatment,” or “treating™ refers to any
method used to partially or completely alleviate, ameliorate, relieve, inhibit, prevent, delay onset
of, reduce severity of, and/or reduce incidence of one or more symptoms or features of a disease,
disorder, and/or condition. Treatment may be administered to a subject who does not exhibit
signs of a disease, disorder, and/or condition. In some embodiments, treatment may be
administered to a subject who exhibits only early signs of the disease, disorder, and/or condition,
for example for the purpose of decreasing the risk of developing pathology associated with the
disease, disorder, and/or condition.

[00148] Wild-type: As used herein, the term “wild-type” has its art-understood meaning
that refers to an entity having a structure and/or activity as found in nature in a “normal” (as
contrasted with mutant, diseased, altered, etc.) state or context. Those of ordinary skill in the art
will appreciate that wild type genes and polypeptides often exist in multiple different forms (e.g.,

alleles).

BRIEF DESCRIPTION OF THE DRAWINGS
[00149] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided by
the Office upon request and payment of the necessary fee.
[00150] Those of skill in the art will understand that the drawings, described below, are
for illustrative purposes only. The drawings are not intended to limit the scope of the present

teachings in any way.

[00151] Figure 1 depicts exemplary embodiments of known methods for coding molecular
targets.
[00152] Figure 2 depicts exemplary sequential barcoding of provided methods. (a)

Schematic of sequential barcoding. In each round of hybridization, multiple probes (e.g.,
24)were hybridized on each transcript, imaged and then stripped by DNase I treatment. The

same probe sequences could be used in different rounds of hybridization, but probes were
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coupled to different fluorophores. (b) Composite four-color FISH Data from 3 rounds of
hybridizations on multiple yeast cells. Twelve genes were encoded by 2 rounds of hybridization,
with the third hybridization using the same probes as hybridization 1. The boxed regions were
magnified in the bottom right corner of each image. The matching spots were shown and
barcodes were extracted. Spots without co-localization, without the intention to be limited by
theory, could be due to nonspecific binding of probes in the cell as well as mis-hybridization.
The number of each barcode were quantified to provide the abundances of the corresponding
transcripts in single cells. (c) Exemplary barcodes. mRNA 1: Yellow-Blue-Yellow; mRNA 2:
Green-Purple-Green; mRNA 3: Purple-Blue-Purple; and mRNA 4: Blue-Purple-Blue.

[00153] Figure 3A illustrates aspects of an exemplary hybridization experiment.

[00154] Figure 3B depicts an exemplary process for performing a pseudo-color based
barcoding scheme.

[00155] Figure 4 depicts an overview illustrating a method for performing a pseudo-color
based barcoding scheme: SPOTs (Sequential Probing Of Targets). (a) RNA molecules are
captured on Locked Nucleic Acid(LNA) poly(dT) functionalized coverslips followed by
hybridization of 28-32 gene specific primary probes. (b) Schematic to generate 12 pseudocolors
used in decoding each RNA species. In each round of serial hybridizations, 3 ‘colors’ are
generated by imaging 3 unique readout probes conjugated with dye Alexa 647, Alexa 594, and
Cy3b. After 4 rounds of serial hybridizations, the images are collapsed into 1 image to generate
an image with 12 pseudo-colors. (c) Schematic of decoding 5 barcoded rounds based on 12
pseudo-colors coding scheme. (d) Digitized image of 12 pseudo-colors switching based on
actual experimental image. After decoding 5 barcoded hyb, up to 20736 unique RNA species
can be decoded with high accuracy and low error rates.

[00156] Figure 5 illustrates mRNA transcripts immobilized on a surface through poly-A-
tail or hydrogel embedment.

[00157] Figure 6 illustrates an exemplary embodiment of gene specific primary probes
design and sequential barcoding hybridization on mRNA immobilized on a surface. (a) Design
of gene specific primary probe. (b) primary probe hybridizations on mRNA on the surface,
alternatively, the primary probes hybridizations can also be done in solution. (c) sequential

barcoding hybridization on the surface. One or multiple 18-30mers secondary readout probes
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conjugated with fluorophore will hybridize to the primary probes during each round of
hybridization.

[00158] Figure 7 illustrates different arrangements of secondary probe binding sites on
primary probes. Assume 24 primary probes are used for each gene, 4 rounds of barcoding
hybridization with 4 different unique secondary probe binding sequences, there are various
combinations of arranging the secondary probe binding sequences on the primary probe. (a) all 4
unique binding sequences a, b, ¢, d are placed on all 24 primary probes. (b) each unique binding
sequence are placed separately into each primary probe. In this case, 6 primary probes have
unique binding sequence a, 6 primary probes will get unique binding sequence b, 6 primary
probes will have unique binding sequence ¢, and 6 primary probes will have unique binding
sequence d. (c). a combination of unique binding sequences is placed on different primary
probes for a gene. In this case, the unique binding sequences combination can be
(a,b),(a,c),(a,d),(b,c),(b,d),(c,d) on each 4 primary probes.

[00159] Figure 8 depicts possible ways to extinguish fluorescent signals via (a) flowing in
high concentration of formamide to ‘melt’ off the secondary readout probe or (b) chemical
cleavage.

[00160] Figure 9 depicts a schematic illustration of serial hybridization to scale up the

number of available ‘fluorophore’. For example, by using 3 fluorophores, and a total of 12
unique secondary readout sequences, 3 unique secondary readout probes were serially flown in.
The probes code for hybl at a time, image, and then extinguish the signal. Then, another 3
unique secondary readout probes were be flowed in and undergo the same process. With a total
of 4 rounds of serial hybridizations (n= 4), 12 unique secondary readouts with 3 colors are used
to generate the barcode color for hybl. The same process was repeated for barcoding hyb 2, ...
to hyb N. Essentially, a combination of serial hybridization and sequential barcoding
hybridization allows us increase the number of fluorophore (F) from 3 to 12, and if number of
barcoding hybridization (N) = 4, the barcode capacity will be (3 x 4)4 = 20736 which can cover

almost the entire transcriptome.

[00161] Figure 10 depicts a table showing possible barcodes obtained using the pseudo-
color barcode scheme.
[00162] Figure 11 depicts an exemplary embodiment of data analysis.
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[00163] Figure 12 depicts an exemplary a raw image from a barcoding experiment.
[00164] Figure 13 depicts exemplary results from data analysis.

[00165] Figure 14 depicts exemplary results from data analysis.

[00166] Figure 15 depicts exemplary results from translational profiling analysis.

[00167] Figure 16 depicts exemplary results from translational profiling analysis.

[00168] Figure 17 illustrates results of gene specific primary probes design. (a) Each

primary probe comprises a 25-nt gene specific sequences complementary to the mRNA, 4
readout sequences, and 2 primers binding sites. Each gene is targeted by a minimum of 28 to 32
primary probes. (b) Both priming regions (grey in the probe schematic) used in synthesizing
gene specific primary probes are also used as a registration marker through the hybridization of
Alexa 488 conjugated readout probes. Majority of the fluorescent spots stay even after 20 rounds
of hybridizations. (Scale bars: 2um.)

[00169] Figure 18 illustrates fluorescent switching through cleavage of disulfide conjugate
dye on readout probes is highly efficient (a) 20 rounds of hybridization are accomplished by
extinguishing fluorescent signals through reduction of disulfide conjugated dye to readout probes
using TCEP, followed by re-hybridization of next unique secondary readout probes. The amide
bond between the Alexa 488 dye (shown in yellow) and primer readout probes used as a
registration marker is not affected by TCEP. (b) The fluorescent signals in each channel after
treatment of SOmM of TCEP for 5 minutes at room temperature is reduced to minimal to none.
(Scale bars: Sum.)

[00170] Figure 19 illustrates RNA Sequential Probing Of Targets (SPOTs) measurement
of 10,212 genes. Correlation of RNA SPOTs with RNAseq in fibroblasts with Pearson r
coefficient of 0.86. (b Two SPOTs replicate experiments, signifies its high reproducibility (c)
Correlation of RNA SPOTs measurement with RNAseq in mESCs, with Pearson r coefficient of
0.90. (d) Correlation of averaged smFISH counts for 24 genes in mESCs. RNA SPOTs has
single molecule sensitivity and highly accurate in transcriptome profiling.

[00171] Figure 20 illustrates RNA SPOTs analysis at lower depth. (a) Correlation between
RNA-seq FPKM and RNA SPOTs SPM from another replicate is high when a total of 376,781
spots are counted. SPM, spots per million; FPKM, fragments per kilobase per million reads. (b)
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High reproducibility of RNA SPOTSs between the two replicates in profiling ES-E14 cell gene
expression (n1=376,781 spots, n2=1,688,747 spots).

[00172] Figure 21 shows raw images of 20 rounds of fluorescent switching in channel 647.
Bright dots are the real targets while dim dots are due to nonspecific binding. The switching
between each round of hybridization is complete, with minimal retention of fluorescent signals
from previous round. (Scale bars: 2pum.)

[00173] Figure 22 depicts assessment of primary probes non-specific binding. (a) Raw
images of 532 channel with the presence of mRNA on coverslips through LNA poly(d)T
capturing. (b) No bright fluorescent signals is observed in the absence of mRNA on coverslips as
a control. The left image has the same contrast as (a) while the right image contrast has been
increased 4.5 fold to illustrate better the non-specific fluorescent signals. (c¢) Quantitative
measurement of fluorescent intensity in channel 647 with and without the presence of mRNA. A
threshold can be set to distinguish between the two populations to identify the real signals. (d) &
(e) same as (c) but for channel 594 and channel 532.

[00174] Figure 23 depicts smFISH measurement in single cells correlates with RNA
SPOTs measurement in NIH/3T3 cells. (a) Raw images of the 7 genes measured by smFISH in
NIH/3T3 cells. (Scale bars: 5um.) (b) The averaged RNA smFISH counts agrees with RNA
SPOTs SPM (spots per million) with a Pearson correlation coefficient of 0.88, indicating RNA
SPOTs quantitation is accurate. Error bars represents the standard error of the mean (SEM)
across different single cells.

[00175] Figure 24 depicts that mRNA can be immobilized by polyacrylamide hydrogel on
a bind-silane treated coverslips. (a) mRNA is trapped in the hydrogel mesh once acrylamide and
bis-acrylamide monomers crosslink completely on the coverslip. (b) smFISH detection of ACTB
once the total RNA is captured on a coverslip through LNA poly(d)T capturing (left) or
polyacrylamide hydrogel (right). Negative control (channel 488) shows that the fluorescent

signals are not coming from nonspecific sources. (Scale bars: 5pm.)

[00176] Figure 25 depicts exemplary reaction scheme for synthesizing DNA probes
conjugated to dye through cleavable disulfide linker.
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[00177] Figure 26. An exemplary embodiment illustrating sequential barcoding using
gene specific primary probes, secondary bridge probes and tertiary readout probes. (a)
Sequential barcoding FISH (seqFISH) with DNA readout probes conjugated with dyes through
disulfide linkage. The scheme begins with hybridization of gene specific primary probes,
followed by secondary bridges with readout binding sites, and a unique tertiary readout probes
with disulfide-linked dye. Once imaged, reducing agent such as TCEP/DTT is used to eliminate
the fluorescent signals. Subsequent hybridization gives fluorescent signals which is not
interfered by previous fluorescent spots. The secondary bridges can be stripped off by using
high concentration of formamide, and replaced by a new set of secondary bridges. (b) An
exemplary embodiment illustrating primary probes with two overhang sequences. One of the
alternate designs of gene specific primary probes and secondary bridges. For example, with 2
overhangs on primary probes, each overhang can bind 1 secondary bridge which consists of 3
unique tertiary readout probes binding sites. By using 4 different colors of fluorophore, one can

scale up the barcodes to 46 = 4096 with this design.

[00178] Figure 27A depicts an exemplary hybridization chain reaction (HCR).
[00179] Figure 27B depicts an exemplary readout probe.
[00180] Figure 27C depicts an exemplary hybridization chain reaction based on readout

probes with cleavable linkers.

[00181] Figure 28 depicts an exemplary embodiment illustrating rehybridization in mouse
embryonic stem cells (mESCs). (a) First hybridization with tertiary readout probes conjugated
with A647. Real fluorescent spots are shown in red dashed box. (b) No fluorescent spots are
observed in channel 594 during the first hybridization. (c) After TCEP treatment and washing
steps, channel 647 is reimaged. The observed dim dots are non-specific sticking of dyes which
does not interfere with subsequent real fluorescent spots identification. (d) Second unique
readout probes are hybridized to the secondary bridge binding sites to give real fluorescent spots
that appear as the same positions in (a).

[00182] We also capture in vitro transcribed polyA-tailed dCAS9-EGFP mRNA on a
dT20 Locked Nucleic Acid (LNA) surface-modified coverslips to show the rehybridization

scheme works on the coverslips.
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[00183] Figure 29 depicts an exemplary embodiments illustrating rehybridization on
mRNA captured on a dT20 LNA surface-modified coverslips. (a) (Left) First round of
hybridization with tertiary probes conjugated with A647. (Right) No fluorescent spots are
observed in channel 594 during first hybridization. (b) (Left) Channel 647 has minimal to no
leftover fluorescent signals. (Right) Fluorescent spots from second round of hybridization which
appear as the same positions as first hybridization.

[00184] Figure 30 illustrates an exemplary process for error correction.

[00185] Figure 31 illustrate an exemplary computer system for implementing the error
correction methods disclosed herein.

[00186] Figure 32 depicts an overview of the Sequential barcode FISH (seqFISH) in brain
slices. A). A coronal section from a mouse brain was mounted on a slide and imaged in all
boxed areas. Each image was taken at 60x magnification. B). Example of barcoding
hybridizations from one cell in field from A. The same points are re-probed through a sequence
of 4 hybridizations (numbered). The sequence of colors at a given location provides a barcode
readout for that mRNA (“barcode composite””). These barcodes are identified through
referencing a lookup table abbreviated in D and quantified to obtain single cell expression. In
principle, the maximum number of transcripts that can be identified with this approach scales to
FN, where F is the number of fluorophores and N is the number of hybridizations. Error
correction adds another round of hybridization. C). Serial smHCR is an alternative detection
method where 5 genes are quantified in each hybridization and repeated N times. Serial
hybridization scales as F*N. D). Schematic for multiplexing 125 genes in single cells. 100
genes are multiplexed in 4 hybridizations by seqFISH barcoding. This barcode scheme is
tolerant to loss of any round of hybridization in the experiment. 25 genes are serially hybridized
5 genes at a time by 5 rounds of hybridization. Each number represents a color channel in single
molecule HCR. As a control, 5 genes are measured both by double rounds of smHCR as well as
barcoding in the same cell. E. SmHCR amplifies signal from individual mRNAs. After
imaging, DNAse strips the smHCR probes from the mRNA, enabling rehybridization on the
same mRNA (step a). The “color” of an mRNA can be modulated by hybridizing probes that
trigger HCR polymers labeled with different dyes (step b). mRNA are amplified following
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hybridization by adding the complementary hairpin pair (step c). The DNAse smHCR cycle is
repeated on the same mRNASs to construct a predefined barcode over time.

[00187] Figure 33 illustrates an example accurate in situ quantification of mRNA levels
generated by seqFISH. A). Image of seqFISH barcoding 100 genes in the outer layer of the
mouse cortex. RNA dots in the image are z projected over 15um. Individual mRNA points are
shown across 4 hybridizations in the inset images. White squares correspond to identified
barcodes, yellow squares correspond to missing transcripts in a particular hybridization, red
squares correspond to spurious false positives and are not counted in any barcode measurements.
Numbers in the squares correspond to barcode indices. B). seqFISH correlates with smHCR
counts. After barcoding, 5 target mRNAs were measured twice by smHCR in the same cells,
providing absolute counts of the transcripts. The two techniques correlate with an R=0.85 and a
slope (m) of 0.84 (n=3851 measurements). The 2D histogram intensity shows the distribution of
points around the regression line. A high density of points is seen along the regression line. The
density falls off steeply around the regression line. C). Error correction results in a median gain
of 373 (25%) counts per cell (n=3497). Red and blue curves correspond to the total barcode
counts per cell before and after error correction. D). Dropped and off-target barcodes represent
a small source of error in seqFISH. 100 on-target barcodes and 525 off-target barcodes are
measured per cell. Dropped barcodes are due to at least two overlapping dots appearing within
the same region. E. Off-target barcodes are rarely observed and contribute minimally to the
expression profile in single cells. Each of the 100 on-target barcodes (blue) and 525 off-target
barcodes (red) are quantified per cell. The mean is shown with shaded regions corresponding to
1 SD (N=41 imaged regions).

[00188] Figure 34 depicts an example illustrating that distinct clusters of cells exhibit
different regional localization in the brain. A). Gene expression of 14,908 cells presented as a Z-
score normalized heatmap. B). Regional compositions of 13 cell clusters are visualized as
stacked bar plots with the area corresponding the number of cells in each region. Hippocampal
regions are: CA3, CAl, Dentate Gyrus (DG). Cortical regions: parietal and temporal. Box plot
of the Z scores of 21 representative genes are plotted for each cell class. The major tick marks
correspond to Z score 0 while every minor tick is a z score interval of 1. Cell type assignments

are shown on the dendrogram. Abbreviations: Hippocampus pyramidal (Hipp), cortex (Cort),
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Dentate Gyrus (DQG), Interneurons (Int), Astrocyes(Astro), Microglia (uGlia). C). Subclusters of
cluster 6 cells and their regional localization and gene expression profile displayed under the
dendrogram. Subcluster 6.1 is enriched in the CA3, while 6.7 is enriched in the DG. D).
Subclusters of cluster 7 cells are shown. Almost all cells are localized in the GCL but have
different combinatorial expression profiles. Note Calbl expression, which marks out granule
cell maturation, differs amongst subclusters. E). Any random subset of 25 genes can recapitulate
approximately 50% of the information in the correlation amongst cells (red), but a larger number
of genes are required to accurately assign cells to cluster using a random forest algorithm (blue)
(n=10 bootstrap replicates; shading is 95% CI), indicating that fine structures in the data require
quantitative measurements of combinatorial expression of many genes. F). Similar to E, while
the first ten PCs explain the coarse structure, a larger number of principal components (PCs) are
required to describe the full data. Expected variation {green) and accuracy in predicting cell
identity using a random forest model (blue).

[00189] Figure 35 depicts an example embodiment, illustrating spatial layering of cell
classes in the Dentate Gyrus (DG). A-B). Suprapyramidal and infrapyramidal blades of DG.
Cells of the subgranular zone (SGZ) and granule cell layer (GCL) are arranged in lamina layers
in mirror symmetric patterns on the upper and lower blades. C). The SGZ stays on the inner
layer of the DG fork. D). Cells are patterned in the crest. Numbered color key corresponds to
cluster numbers in Figure 34b. E). Letters in the cartoon of DG correspond to images. F). 3D
image of the fork region shown in C).

[00190] Figure 36 depicts an example embodiment, illustrating that subregions of the
hippocampus are composed of distinct compositions of cell classes based on the first 125 gene
experiment. Upper right panel. Cartoon of hippocampus with imaged regions labeled. Color
key corresponds to the classes in Figure 39b. A-D). These images are regions from the CAld.
Astrocytes (Astro) are marked in image A) and a microglia cell (uGlia) is marked in image B).
Moving along the hippocampus from CA1 dorsal to ventral, cell classes transition from a
homogenous dorsal population (C to D) to a mixed population in the CA1 intermediate (E-F) to
regions of even larger cellular diversity in the CAl ventral region (G-I). The dotted line in D)
marks the transition point of the CAld to the CAli. E) shows two laterally segregated cell

classes (marked by a dotted line) in the CAli along with cholinergic interneurons (Int) on the
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interior surface of the CAli. The ventral (J-K) and intermediate CA3 (L-M) have similar cell
classes compositions to the CAlv and CAli. The two last regions (O-P) of the dorsal CA3
shows distinct cell classes compositions that are relatively homogeneous within a field but are
different than other fields of CA3. The cell class composition of field P is similar to that of the
CAld, but these cluster 6 cells are grouped into a distinct subcluster.

[00191] Figure 37 depicts an example embodiment, showing mapping of cell types to a
second brain slice with 125 genes. Upper right panel. Cartoon of hippocampus with imaged
regions labeled. Color key corresponds to the classes in Figure 34b. A-D. Similar to the cell
class compositions shown for the hippocampus in Figure 36, CA1d in this second coronal section
from a second mouse is composed of mostly cluster 6 cells. (E) CAli region and (F-G) the CA1l
ventral regions are again composed of similar cell classes to that shown in Figure 36 with
increasing diversity of cell class compositions from the CAld to the CAli to finally the CAlv.
(H-J) CA3 regions. (K-M) DG regions showing the same cell classes and layer pattern of the
GCL and SGZ shown in Figure 35.

[00192] Figure 38 depicts an example embodiments, showing mapping of cell types to a
third brain slice with 249 genes. Upper right panel. Cartoon of hippocampus with imaged
regions labeled. Color key corresponds to the classes in Figure 46C. A-C). Similar to the slice
shown in Figures 36 and 37, CAld is relatively homogenous in cell cluster composition. D-G).
Images from the CAli region show that the cell class composition is different from that of the
CAld. H-K). Again, similar to Figures 36 and 37, images from the CA1l ventral regions shows a
much more complicated cellular composition and a high degree of cellular heterogeneity. L-R).
Images from the CA3 region show that the cellular compositions also creates 3-4 subregions
within the CA3. The cellular heterogeneity of the CA3 subregions mirrors that of the CAl,
where the ventral region of the CA3 is very heterogenous while the dorsal region of the CA3 is
relatively homogenous. S-T). The DG regions show the distinct SGZ versus GCL layering
pattern seen in the previous two brains.

[00193] Figure 39 depicts an example embodiment, showing correlations of the
transcription profile across the pyramidal layer A). mRNA counts in the cell bodies in the
Stratum Pyramidale (SP) are grouped within each field of view. A single cell in the Stratum
Radiatum (SR) is shown to illustrate individual mRNA localization. Stratum Oriens (SO) is
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labeled for orientation. B). mRNAs in different subregions of pyramidal layer show both long-
distance spatial correlations as well as local correlations between neighboring fields. Both CA1
and Dentate Gyrus (DG) show high regional correlations. Correlation is calculated based on the
125 gene experiment. C). [llustration of regional and long distance correlation patterns observed
in B. Correlated regions are colored and long distance correlations are shown as dotted lines
with their median correlation coefficient written over the dotted line.

[00194] Figure 40 depicts an example embodiment, showing barcode assignments for all
genes in the combined hybridization experiment (Figure 32). Barcode assignments in the 125-
gene seqFISH and serial experiment (Figure 32). 125 genes are profiled, 100 of which are
barcoded and 25 are identified by serial smHCR hybridizations. Five control genes (Hdx,
Vpsl3c, Zfp715, Fblll, Slc4a8) were quantified by both techniques. The smHCR round of
hybridization of control genes were performed twice to co-localize signal to obtain an absolute
count.

[00195] Figure 41 depicts an example embodiment, showing smHCR performance metrics
as compared to smFISH, (related to Figure 32). A). Raw data of Pgkl transcripts imaged in a
brain slice. The transcript was targeted with 2 hcr probes sets and 1 smFISH probe set, cach
consisted of 24 oligonucleotide probes. The probe sets were hybridized together and were
imaged in 3 different channels. Green circles are transcripts detected in all channels, yellow
circles signify transcripts detected in 2 out of 3 channels, and red circles represent signal found
in only 1 channel (false positives due to nonspecific binding). T hese images show that smHCR
and smFISH have similar sensitivity, specificity, and spot size. B). Gain of smHCR vs smFISH.
The mean gain of smHCR is 22.1 £+ 11.55 vs smFISH (n=1338). C). True positive detection rate
of smHCR and smFISH per channel. The percent of true positives (transcripts detected with at
least 2 out of 3 probe sets) detected with each probe set (n=1338). D). Falsc positive rate of
smHCR and smFISH. Percent of total dots in a channel not detected in any other channel for 3
color Pgkl (n=1338). E). All the regions imaged in the coronal section are boxed. Each box
represents a field of 216 um x 216 um. The brain section used for Figures 32 and 33 is shown on
the left. The middle section is used for Figure 34 and the right section is used for Figure 38.
[00196] Figure 42 depicts an example embodiment, showing quantitation of seqFISH
(related to Figure 33). A). All control genes show high correlations between seqFISH and

41

304



WO 2018/026873 PCT/US2017/044994

smHCR. B). Number of dropped hybridizations from the barcode. Blue bars represent measured
probability and the red bars represent inferred values from binomial distribution fitting of
measured probability. The ratio of the full barcodes (4 hybridizations) vs 3 hybridization
barcodes indicate that transcripts that are mis-hybridized in 2 rounds are rare. Transcripts missed
in 2 or more hybridizations (red bars) could not be recovered from the error-correction algorithm
and would be dropped from our quantifications (N=2,115,477 total barcodes). C). Intensity of
barcode hybridizations overtime. All dots belonging to barcodes are quantified in each
hybridization and their mean intensity is plotted over time normalized to the first hybridization.
99% CI ratio of mean is plotted as a bar over points, but is not visible due to its small size
(n=60143 to 111284 points per channel). D). Barcoding confidence ratio. Barcode classes in D)
are compared to a null model of barcode observations where random chance observation should
give a ratio of 1. Off target barcodes are observed 0.005 times less than expected, suggesting that
seqFISH has high accuracy in correctly counting barcoded transcripts (n=3493 cells). Dark bars
on top of bar plots correspond to 99.999% confidence interval determined by bootstrap
resampling. E). Comparison of average copy numbers per gene as measured by Zeisel et al. and
seqFISH. Single cell RNA-seq underestimates copy numbers compared to seqFISH.

[00197] Figure 43 depicts an example embodiment, showing gene expression patterns and
clustering of the 125-gene dataset (related to Figure 34). A). Overview of 125 gene expression.
Plots show the distribution of each transcript in all 14,908 imaged cells. Note the last 25 genes
have higher expression and were imaged with serial hybridization. B). Violin plots of Z-score
distribution for 125 genes. C). Sub-cluster hierarchy of each of the 13 clusters identified in
Figure 34B. D). PCA eigenvalue analysis of the cell-to-cell correlation matrix. First 125 PC and
their eigenvalues are shown. As observed in Figure 31, the first 10 PCs explain 59.5% of the
variation in the data, while the remaining 115 PCs are needed to explain remaining data.
Reflecting this, the cigenvalues of the first 10 components are high, while the remaining
eigenvalues are uniform. E). Correlation between gene expression and spatial localization. Each
dot represents a pair of cell classes and their correlations in gene expression space (x) and spatial
localization patterns (y) (N=153 pairwise correlations between classes, R=0.67). Classes that are

similar in expression have similar localization patterns. F). PCA decomposition separates cells
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into coherent clusters corresponding to cell classes. Cells are colored according to the clusters
displayed in the dendrogram.

[00198] Figure 44 depicts an example embodiment, showing robustness of cell classes to
downsampling of cells (related to Figure 34). To measure how well cluster assignments perform
with a limited number of cells, a random forest model was trained on the cell-to-cell correlation
matrix of the 6872 cells in the center field of view. The robustness of the clusters was calculated
by applying this model to classify the remaining cells and determining the percent accuracy of
correct assignment to the clusters presented in Figure 34b. While some classes can be assigned
accurately even with a small number of cells as the initial training set, several classes require
large number of cells to accurately assign (n=10 bootstrap replicates, S.E.)

[00199] Figure 45 depicts an example embodiment, showing cell-to-cell correlation
analysis as a function of dropping genes (related to Figure 34). A). Clustered gene to gene
correlation map for all 125 genes. There are many blocks of highly correlated genes. A few
genes do not fall into any blocks. B). The full cell-to-cell correlation map using all genes in the
data set. C). Representative cell-to-cell correlation with the indicated number of genes used to
construct the matrix indicated above ecach plot. Dropping genes from the data results in
degradation of the fine structure of the correlation map.

[00200] Figure 46 depicts an example embodiment, showing gene expression patterns and
clustering of the 249-gene dataset (related to Figure 38). A). Overview of 249-gene expression.
Plots show the distribution of each transcript in all 2050 imaged cells in the hippocampus. Note
the last 35 genes have higher expression and were imaged with serial hybridization. B). Violin
plots of Z-score distribution for 249 genes. C). Dendogram with regional localization of the 18
cell clusters for the 249-gene experiment. D). Correlation of seqFISH counts to smHCR counts
for the 249-gene experiment. The 2D density histogram shows a high density of points around
the regression line that fall off towards the edges of the distribution. E). Cell-to-cell correlation
for all 2050 cells in the 249-gene dataset. F). Heat map of the percentage of each cell class in
each region of the hippocampus for both the 125-gene experiments. These heat maps show that
in both 125-gene experiments the same cell classes are used in roughly the same proportions in

each subregion. G). Heat map of the percentage of each cell class in each region of the
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hippocampus for the 249-gene experiment. The same patterns are seen as the 125 gene
experiment (i.e., different regions use different cell classes in varying amounts).

[00201] Figure 47 depicts an example embodiment, showing marker genes expression in
the hippocampus (related to Figure 38). A). The top panel outlines the region of the
hippocampus being shown in a yellow box. The images show the raw gene expression patterns
seen using smHCR in our data at the dorsal most tip of the CA3 for a representative set of cell
identity markers used in the 249 gene experiment. The transcript expression profile is shown in
red, Nissl staining is shown in green, and DAPI staining is shown in blue. Each image shown is
the full field of view and a maximum intensity projection over 15 um. B). Set of images
showing the distinction between the GCL and SGZ. The GCL shows a high level of Nissl
staining and expression of neuronal genes such as slc17a7 and camkIl. The SGZ shows an
absence of Nissl staining and terminal neuron marker genes. The transcript expression profile is
shown in red, Nissl staining is shown in green, and DAPI staining is shown in blue. Each image
shown is the full field of view (216 um x 216 um) and a maximum intensity projection over 15
um.

[00202] Figure 48 depicts an example embodiment, showing comparison of SeqFISH
expression data to Allen Brain Atlas expression data (related to Figure 39). A). ISH data from
the Allen Brain Atlas for genes seen to be enriched in the SGZ in the 125 and 249 gene seqFISH
experiments. In the 125 gene experiment, mertk and mfge8 were found to be enriched in the
SGZ. In the 249 gene experiment, nfia and sox11 were seen to be enriched in the SGZ. ABA
ISH data shows similar patterns to those observed with seqFISH for the SGZ. B-C). Comparison
of averaged z-score values per cell from seqFISH to ABA data across hippocampus. B). Amigo2
Z-score profile found across the different fields of the hippocampus using seqFISH is shown on
top and the ABA ISH image for Amigo2 is shown on the bottom. C). Gpc4 Z-score profile
found across the different fields of the hippocampus using seqFISH is shown on top and ABA
ISH image for Gpc4 is shown on the bottom.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
[00203] Among other things, the present invention provides new methods, compositions

and/or kits for profiling nucleic acids (e.g., transcripts and/or DNA loci) in cells.
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[00204] In some embodiments, the present invention provides methods for profiling
nucleic acids (e.g., transcripts and/or DNA loci) in cells. In some embodiments, provide
methods profile multiple targets in single cells. Provided methods can, among other things,
profile a large number of targets (transcripts, DNA loci or combinations thereof), with a limited

number of detectable labels through sequential barcoding.

Pseudo-Color Based Barcoding

[00205] In one aspect, disclosed herein are pseudo-color based barcoding method. For
example, pre-designed barcodes are associated specific molecular targets through sequential
hybridization experiments. A pseudo-color based barcoding scheme is developed to overcome
limitations in the previous generation of the technology such as lack of visual signals that can be
associated with the probes or small internal within cell when carrying out in situ experiments..
The current method can be applied to both in vitro and in situ analysis. According to the method,
each barcoding round comprises multiple serial hybridizations where a small number of colored
signals (that are associated with probes) are used in each hybridization experiment within a serial
hybridization round. Images from each serial hybridization experiment within the same serial
hybridization round are combined to form a composite image for each barcoding round. In each
barcoding round, the same set of molecular targets are analyzed. After all barcoding rounds are
completed, associated of the barcode with these molecular targets is completed.

[00206] To distinguish from existing FISH methods, the currently pseudo-color based
barcoding methods is referred to as Sequential Probing Of Targets (“SPOTSs™).

[00207] SPOTs offers numerous advantageous over existing barcoding methods. For
example, it does not require a user to have a large number of detectable label molecules, which
can save time and money.

[00208] Pseudo-color scheme can overcome this density problem in both in situ and in
vitro applications. In the in vitro cases, implemented with SPOTS, capturing transcripts onto an
oligonucleotide dT surface and adjusting the dilution factors can easily remove the optical
crowding problems and allow the transcriptome to be imaged by seqFISH.

[00209] In addition, pseudo-color is more efficient in terms of imaging time than all

existing imaging methods including expansion microscopy. For example, with 3 fluorophores, it
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takes 37(10-1)=19,683 to code for the transcriptome with one round of error correction. Thus, a
total of 30 frames of imaging is required. In the pseudo color scheme, 20 pseudo-colors can be
used for 4 rounds of hybridization to code for 20"(4-1)=8000 genes in each of the three
fluorophore channels for a total of 24,000 genes. This requires 3x20x4=240 frames to image, a 8
fold increase in the imaging time. However, because the density of mRNA is effectively diluted
into 3x20=60 pseudo-channels instead of 3 fluorophore without pseudo-color coding, the density
problem is alleviated with a factor of 20. The target spots can be localized to nanometer
precision by Gaussian fitting to decrease the density in each pseudo-color channel before
barcode alignment. Thus, the benefit of pseudo-color coding is to decrease the density of the
target spots in the cell, while saving imaging time compared to expansion microscopy, where
expanding the sample by 20 folds requires an additional 20 fold increase in imaging time. Since
imaging time is rate limiting in any sequential imaging method, pseudo-color solves a major

problem in implementing transcriptome profiling in situ.

Overview

[00210] In fluorescence in situ hybridization (FISH) methods, fluorescence labels that are
capable of producing different visual signals are used to detect multiple molecular targets (such
as mRNA transcripts) at the same time in one hybridization experiment.

[00211] Figure 1 illustrates three types of hybridization methods, where combinations of
visual signals (barcoding schemes) are used to specifically encode individual molecular targets.
Figure 1a) shows a spatial barcode scheme where different colored probes are bound to the same
target. The probes of the same color are grouped and spatially separated from another color.
[00212] Figure 1b) depicts a spectral barcode scheme where different colored probes are
no longer separated in groups according to their respective colors. Probes bound along a target
are resolved by spectral methods to create a barcode.

[00213] The approaches in Figures la) and 1b) both rely on combinations of signals
(colors) and are heavily limited by the types of signals that are available and the resolution at
which microscopic instruments can resolve such signals.

[00214] As noted in Figure 1, when 5 different color dyes are associated with probes to

identify different molecular targets, the spatial barcoding scheme in Figure 1a) of Figure 1 will
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lead a barcoding capacity of 720; i.e., up to 720 molecular targets can be uniquely coded. Using
the approach of Figure 1b), only a maximum of 31 molecular targets can be uniquely coded.
[00215] The approach in Figure 1c), known seqFISH, greatly expanded coding capacity.
Here, instead of cramming all coding signals into a single hybridization experiment, barcodes are
formed via temporally separately sequential hybridization experiments. The color of probes
binding to a target can remain the same or change to a different color in different rounds. The
barcode for a target is determined by the order by which each color appears during sequential
rounds of hybridization. Details of this barcoding scheme are depicted in Figure 2 and can be
found in International Patent Publication No. WO 2014/182528, which hereby incorporate by
reference in its entirely.

[00216] This method involves lysing cells and immobilized the mRNA on a surface for
single molecule quantification. However, this technology is not limited to profiling only the
mRNA species, but also applicable to other molecules such as DNA and proteins.

[00217] Since mRNAs are immobilized on a surface, they can be barcoded by introducing
several rounds of hybridizations, imaging the fluorescent spots, and extinguishing the signal for
the next round of hybridization. The number of barcodes available scales as FN where F is the
number of fluorophores and N is the number of barcoding hybridization rounds. For example,
with 3 fluorophores and 9 rounds of hybridizations, the available barcodes are 3°=19683. This
method achieves single molecule sensitivity which allows the determination of gene expression
through counting each identified mRNA molecules on the surface.

[00218] As shown in Figure 2a), in each round of hybridization, multiple probes (e.g., 20-
30) were hybridized to each transcript, imaged and then stripped by DNase I treatment before
another set of probes are used in the next round of hybridization. Probes with different binding
sequences can be used in different rounds of hybridization. Also, the same probe sequences
could be used in different rounds of hybridization, but probes were coupled to different
fluorophores. A barcode for this mRNA is formed by combining the fluorescent colors
associated with the probes in each round of hybridization according to the order or sequence by
which the colors are detected. In the example illustrated in Figure 2a, the barcode for the mRNA
in N rounds of hybridization will be {purple-blue-...-green}, with each color representing a

particular hybridization round.
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[00219] Figure 2b) illustrates exemplary composite four-color FISH images from 3 rounds
of hybridizations on multiple yeast cells. As illustration, the same small region is magnified to
reveal colored spots representing binding to probes to mRNA transcripts. Colored spots
corresponding to the same target from different rounds of hybridization are matched to render a
color barcode for the target. In each round of hybridization, the same spots were detected, but
the dye associated with the transcript can change. The identity of an mRNA is encoded in the
temporal sequence of dyes hybridized. For example, three rounds of hybridizations created the
barcodes in Figure 1¢): mRNA 1: Yellow-Blue-Yellow; mRNA 2: Green-Purple-Green; mRNA
3: Purple-Blue-Purple; and mRNA 4: Blue-Purple-Blue.

[00220] As noted above, the method of Figures 1c¢ and 2 has significantly increased coding
capacity. Based on 5 different visual signals and 7 rounds of hybridization experiments, a total
of 78,125 targets (e.g., genes or mRNA transcripts) can be unique coded.

[00221] However, the types of color signals that can be used in these sequential
hybridization experiments are limited. In order to encode the human genome, which includes
about 20,000 protein encoding genes, at least 7 rounds of hybridization experiments are required.
This many number of hybridization rounds result in long and complex barcodes that are hard to
distinguish from each other, thus resulting in errors and inaccuracies. If one would like to
include error correction in the barcodes, at least 8 rounds of hybridization experiments are
needed, leading to even more complex barcodes and likelihood of more errors and inaccuracies.
[00222] Efforts made for creating more types of visual signals have not led to significant
improvement. More improvements are need to increase coding capacities, enhance detection
accuracies and sensitivities, and reduce errors.

[00223] In one aspect, a novel barcoding scheme is provided. Here, instead of developing
different colors that are suitable for probe design, a counter-intuitive approach is adopted to
create pseudo-colors to expand capacity of barcoding. Although the term “pseudo-color” is
used, one is not limited to using colors in this new coding scheme, symbols, letters, numbers, 2D
barcodes, 3D barcodes, and combinations thereof can be used to uniquely identify molecular
targets. As disclosed herein the number of pseudo-colors far exceeds the number of actual colors

that are associated with the detection probes used in the hybridization experiments.
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[00224] Figure 3A illustrates exemplary aspects that may contribute to error correction
during a sequential hybridization process. Such aspects include but not limited to sample
processing 302, probe design, barcode design, hybridization, image collection, signal removal
and re-hybridization, and data analysis. In practice, any or all of these aspect can contribute to
the quality of analysis.

[00225] Barcoding by sequential hybridization includes multiple rounds of hybridization.
Each round of hybridization in turn is a multiple step process including most or all of the aspects
outline above. Errors and inaccuracies can be introduced at any step during any round of
hybridization. Such errors can lead to misidentification of target genes in a sample.

[00226] Prior to hybridization, samples that will be subject to analysis are processed. The
main purpose of such processing is to immobilize target molecules; for example, mRNAs,
chromosomal DNAs, and proteins. It is essential that the target molecules remain spatially fixed
through different rounds of hybridization.

[00227] Probe design contributes to specificity of binding between the probes and target
sequences. It is possible to apply hybridization chain reaction to allow multiple probes to bind at
the same target sequence to amplify detectable signals. Additionally, as illustrated in Figures 26
and 27, it is possible to insert a cleavable linker between the binding sequence (that binds a target
sequence) and signal moiety (that emits visible signals) of a probe. Here, error can be reduced
because no removal of probes is needed for the next round of hybridization. Instead, only visible
signals are switched.

[00228] Barcodes implemented during the analysis are unique. Nonspecific binding or
other mistakes can render the results from one or more rounds of hybridization unreliable. A
simple solution is to remove data that are unreliable. However, if data from one or more rounds
of hybridization are eliminated from analysis, some of the barcodes would become
indistinguishable from each other.

[00229] During and after hybridization of probes to target sequences, there are also
aspects that are important for improving the quality of the sequential analysis. For example, the
hybridization conditions should be designed to avoid non-specific bindings. This can also be
achieved through sample processing and probe design. Similarly, image collection can also be

affected by a number of factors including sample processing, probe design and barcode design.
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As described above, probes with too many types of color signal in many rounds of hybridization
can lead to barcodes that are hard to resolve or even errors.

[00230] Between hybridization rounds, old probes can be removed before new probes are
added. Here, the removal process can also be associated with errors. For example, if the
removal condition is too harsh, immobilized biological samples can be disturbed. As a result,
positions of visual signals in images from different rounds of hybridization experiments would
change.

[00231] Some of the errors may be corrected or reduced by data analysis. For example, in
most scenario, bindings between probes and target sequences are observed as colored bright
spots over relatively darker background where no binding is observed. The spots are brightest in
the center and fade away at the edges. Gaussian distribution analysis can be used to focus on the
most significant portion of an image thus leading to better resolved image data. In addition,
noise reduction can be used to reduce background signals.

[00232] Figure 3B depicts an exemplary process for performing a pseudo-color based
barcoding scheme. Exemplary embodiment 300 provides an example of a pseudo-color based
barcoding process. Here, instead of using a large number of actual detectable color signals,
which are not available or impractical to obtain, a small number of color probes are repeatedly
used in multiple serial hybridization experiments where non-overlapping sets of molecular
targets are analyzed. Images from the serial hybridization experiment are combined to form a
composite image representing a single barcoding round. In the composite image, at least some
of the would-be redundant colors are replaced with predefined symbols in a pseudo-color based
scheme. The process is repeated multiple times to produce the final multi-component barcodes.
[00233] At step 302 liquid molecular targets in a biological sample that needs to be
barcoded will be identified. In particular, the number of the molecular targets and their
respective identity, such as the name of the target and sequence information of the molecular
target, will be identified to provide information that will be used for specific binding probe
design.

[00234] Prior to actual hybridization experiments, the molecular targets in the biological

sample will be immobilized; for example, on a glass cover slip. As disclosed herein, exemplary
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biological sample includes but is not limited to a tissue sample, a cell sample, a cell extract
sample, a nucleic acid sample, a RNA transcript sample, a protein sample, or an mRNA sample.
[00235] At step 304, depending on the total number of the biological molecular targets,
the number of barcoding rounds will be decided. Because the number of barcoding rounds
corresponds to the size of the barcode that will result, the user should decide on how many
rounds will be needed depending on the sample size of the molecular targets. In some
embodiments, a user may take into consideration the types of color probes that are available. In
some embodiment, three or more barcoding rounds will be used. In some embodiments, four or
more barcoding rounds will be used. In some embodiments, five or more barcoding rounds will
be used. In some embodiments, six or more barcoding rounds will be used. As disclosed air in
one advantage of The method disclosed herein is providing relatively simpler barcodes that are
more error resistant. In general, a five component barcode is more preferred then an eight
component barcode.

[00236] At step 306, the number of symbols in a pseudo-color scheme will be determined
based on the total number of the molecular targets (e.g., N > 2) and the intended for number of
barcoding rounds (e.g., n = 2). As disclosed here in the minimum number of pseudo-color

symbols (e.g., S) can be determined according to the following equation:

S > W/N, where S, n and N are all integers. (D
[00237] In some embodiments, one or more error correction coding rounds (e.g., x rounds
where x = 1) will be implemented. As such, one may choose a higher number of pseudo-color
symbols to avoid too many barcoding rounds. The minimum number of pseudo-color symbols,
when one or more error reaction rounds, can be determined according to the following equation:
S > "%/N, where S, n, x, and N are all integers. 2)
[00238] Although the term pseudo-color is used, the actual codes used in barcodes are not
limited to colors. Any symbol or combination of symbols can be used as codes in a barcode so
long as such symbol or combination of symbols are unique. Exemplary symbol or combination
of symbols include but are not limited to colors, numbers, letters, shapes, or combinations
thereof. It would be understood that a color based scheme would be preferred because
[00239] At step 308, once the total number of symbols to be used in a pseudo-color

barcoding scheme and the number of barcoding rounds are determined, non-redundant and
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unique barcodes will be created. For example, in a n-component barcode using S pseudo-color
symbols, a barcode can be expressed as: {B;, B, ..., By}, where each of B, B, through B, is
selected from the S pseudo-color symbols. Standard code design algorithms can be used such
that the results barcodes are unique.

[00240] During hybridization analysis, barcodes can be shortened due to loss of data from
one or more rounds of hybridization, For example, after the loss of one round of hybridization,
n-component barcodes can become n-1- component barcodes.

[00241] When error correction algorithm is not implemented during probe design, the
resulting n-1- component barcodes may now include redundant codes, making it difficult or
impossible to decode targets based on the coding scheme useless. In a more specific example
using colors as symbols in a pseudo-color coding scheme, two distinct six-component barcodes:
{Red-Blue-Green-Red-Yellow-Blue} and {Red-Blue-Green-Green-Yellow-Blue} can become
{Red-Blue-Green-Red-Yellow-Blue} and {Red-Blue-Green-Green-Yellow-Blue} if data from
the fourth hybridization round becomes unavailable. As a result, the results from the entire set of
experiments will be discard, wasting time and resource.

[00242] The current disclosure also creates barcodes that are drop or error-resistant. In
some embodiments, one or more rounds of error correction can be implemented. Additional
code design algorithms can be applied such that the resulting barcodes are error resistant; for
example, the loss of any one or more rounds of hybridization data would still lead to shortened
barcodes. However, the shortened barcodes are still unique and can be used to specifically
identify a molecular targets.

[00243] In some embodiments, implementing an error correction mechanism involves
removing barcodes that are vulnerable to loss of data. As such, the number of targets that can
detected using the error-corrected scheme will be lower than that of the original scheme without
error correction. To detect the same number of genes, more hybridization rounds would
generally be needed.

[00244] The current method is advantageous in that it does not require additional
hybridization rounds. Instead, coding capacity of the same number of hybridization rounds can

be increased by designating more pseudo-color symbols.
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[00245] At step 308, barcodes for an entire set of hybridization experiments will be
created each corresponding to a particular molecular target. For example, a set of hybridization
experiments including includes 4 barcoding rounds, each of which in turn including includes 4
serial hybridization experiments. In each hybridization experiment, 3 different detectable signals
(such as three different fluorophores) will be associated with probes that bind to a set of
molecular targets. Here, each detectable signal in the same serial hybridization experiment can
be associated with multiple molecular targets; for example, hundreds or even more molecular
targets. For example, 100 or more molecular targets can be assigned barcodes that start with the
same pseudo-color symbol; i.e., all the molecular targets can be labeled with the same detectable
signal. The unique identity of each molecular target will be reflected by symbols used in the
subsequent three positions in the barcodes. To complete the barcoding in the example above will
require that each target 3 molecular target will have a total of 48 hybridization experiments in
four barcoding runs (see, Figure 10). These 48 hybridization experiments can detect a total of
20,736 molecular target (12%) based on 12 pseudo-colors. If one error correction round is
implemented, only up to 1728 (123) molecular targets can be detected. If 1728 different mRNA
transcripts are to be detected with error correction, 1728 unique barcodes with embedded error-
correct mechanism for one round of data loss will be created. Actual hybridization experiments
will be carried out based on these predesigned barcodes.

[00246] At step 310, after unique barcodes are generated, each identified molecular target
will be assigned one of the unique barcodes. For example, for a five component barcode based
on 12 pseudo-color symbols, the barcodes will be generated using the 12 symbols. The first code
can be any one of the 12 symbols, but each subsequent symbol and each subsequent barcode will
be generated taking into consideration the symbols and barcodes that have already been used in
order to avoid redundant barcodes. In some embodiment, additional error correction algorithms
arc implemented in barcode design such that the resulting barcodes are resistant to mistakes such
as the loss of data from an entire barcoding round.

[00247] In some embodiments, probes can be synthesized according to the predetermined
probe designs. Each probe can include a binding sequence that specifically target a site in an
intended molecular target. For each molecular targets, multiple probes with different binding

sequences targeting different sites of the same molecular target can be synthesized. When
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probes with different binding sequences targeting the same molecular target are used in one
hybridization rounds, the probes will be associated with the same detectable signal.

[00248] In some embodiments, a probe can include one or more readout sequences that
can be connected, directly or indirectly, to either side of the binding sequence. In some
embodiments, one or more readout sequences are directly connected to the binding sequence as
one or more overhangs. In some embodiments, one or more readout sequences are indirectly
connected to the binding sequence of the probe via one or more intermediate molecules; for
example, as one or more overhangs of a bridge probe. Exemplary intermediate molecules
include but are not limited to an RNA bridge probe, a DNA bridge probe, a protein bridge probe,
a probe for hybridization chain reaction (HCR), a hairpin nucleic acid probe, an HCR initiator,
an HCR polymer, other known amplification methods, or combinations thereof.

[00249] In some embodiments, the number of different readout sequences is the same as
the number of barcoding rounds. In some embodiments, the number of readout sequences is
greater than a number of barcoding rounds. In some and body months, each type of readout
sequence, when activated, is capable of generating one color signal. In some embodiments,
different readout sequence, when activated, are capable of gencrating the same color signal. Any
detectable signals suitable for hybridization experiments can be used.

[00250] For five barcoding rounds, five groups of probes can be designed and synthesized
for each molecular target. Probes in each group would increase food binding sequences that
target specific sequences within a molecular target. In some embodiments, probes in the same
group will bind to the same target sequence. In other and more preferred embodiments, probes
in the same group will bind to multiple target sequences. As disclosed herein, each barcoding
around 1 to 100 probes can be used targeting a specific molecular target. In some embodiments,
100 or fewer, 80 or fewer, 60 or fewer, 50 or fewer, 40 or fewer, 30 or fewer, 20 or fewer, or 10
or fewer probes can be used. In some embodiments, between 5 and 40 probes are used.

[00251] In some embodiments, these probes will bind to two or more target sequences,
three or more target sequences, four or more target sequences, five or more target sequences, or
six or more target sequences in the same molecular target. And some embodiments, the probes
will be concentrated in one area of the molecular target. In some embodiments the probes will

be spread out along the entire length of the molecular target.
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[00252] At step 310, all probes required to carry out the entire set of hybridization
experiments will be synthesized, each associated via direct or indirect connection to a primary
binding sequence. For example, a set of hybridization experiments including five barcoding
round each including 12 serial hybridizations will have a total of 60 hybridization experiments.
After step 310, all probes required for each hybridization will be designed and synthesized.

[00253] At step 312, serial hybridization experiments can be performed using probes
synthesized in the previous step. Barcodes associated with these probes are stored in a database
or library. Each probe will be associated with a code in the designated barcode for the molecular
target of the probe. The number of hybridization experiments within a serial hybridization round
will be determined based on the availability of different types of detectable signals (such as
colors) and the total number of symbols in the pseudo-color barcoding scheme. As an example,
hybridization experiments based on a 60 pseudo-color scheme will be carried out s using 4
different types of color signals. Then 5 rounds of barcoding with the 60 pseudo-color will be
carried out for 60°= 7.776 x10® number of barcodes. In some embodiments, in each barcoding
round, 15 serial hybridization rounds will be performed. In each of the 15 hybridization round,
all four color signals are used to cach identify a different molecular target. Here, after the
particular round of serial hybridization experiments, 60 unique molecular targets will be labeled
with color signals. In some embodiments, 20 serials hybridization arounds will be performed
using three of the four color signals, each color representing a different molecular target. Again,
after the particular round of serial hybridization experiments, each 60 unique molecular targets
are decoded and associated with a previously assigned pseudo-color symbol. In some
embodiments, any combinations of three colors can be used in the serial hybridization
experiments. In some embodiments, in each hybridization round, two to four color signals can
be used, each representing each representing a different molecular target. In some embodiments,
one color signals can be used in one or more hybridization experiments in a serial hybridization
round. Here, one color must be present in separate hybridization experiments in order to
represent different molecular targets. For example, if one is limited only one type of color
signal, hybridization experiment can be carried out 60 times in each barcoding round. Each
hybridization experiment identifies only one molecular target. It would be understood that

performing a high number of hybridization experiments may not be desired because the
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biological sample being analyzed can be degraded, for example, by enzymes that digest nucleic
acids.

[00254] In some embodiments, during each hybridization experiment in each serial
hybridization round, reference visual signals are introduced. These reference visual signals are
associated with one or more alignment references that are associated with a biological sample
and do not change their positions between hybridization rounds. These alignment references can
serve as standard for subsequent image analysis. They can be part of the biological sample or
external material added to and immobilized with the biological sample. In some embodiments,
alignment references are immobilized at the same time as the biological sample. In some
embodiments, alignment references are immobilized at a different time from when the biological
sample is immobilized. Exemplary alignment references include but are not limited to beads,
oligonucleotide sequences immobilized on the coverslips and detected by a complementary
oligo, microscopic objects (e.g., a metal bead, a gold bead, a polystyrene bead loaded with a
dye), PCR handle sequences on the primary probe, or combinations thereof. As disclosed herein,
the reference signals are fiducial markers for alignment between the different serial and
barcoding hybridizations. They are present throughout all of the hybridizations. In some
embodiments, at least one marker is present per image. They can be probes targeting all of the
primary probes (as shown in Figure 18a, yellow probes), such that all the dots are observed in all
of the hybridizations. In some embodiments, the reference signals can be produced from beads
attached to the cover glass, or other molecules or particles. In some applications, where “super-
resolution™ capabilities are used, signals form the beads can be Gaussian fitted to nanometer
resolution, and images between hybridizations can be aligned to that precision. In some
embodiments, this becomes useful for the in situ application where Gaussian fitting allow more
molecular targets to be detected in each pseudo-color and then collapsed into the composite
image for barcoding.

[00255] At step 314, an image of visible probes bound to the biological sample will be
taken after each hybridization experiment in a serial hybridization round. All images from
hybridization experiment in a serial hybridization round will be aligned using reference visual

signals to create a composite image.
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[00256] At step 316, it will be determined whether there are one or more barcoding rounds
remaining based on the barcodes pre-designed at step 308 If yes, the method returns to steps 312
and 314 and more serial hybridization experiments are carried out to constitute another
barcoding round and produce another composite image.

[00257] If no, the hybridization portion of the analysis is complete and the method
proceeds to step 318. Images and composite images will be subject to further data analysis. For
example, in a sample with limited space, €.g., in a single cell, Gaussian localization analysis can
be carried to generate, for example, more focused color spots each representing binding to a
molecular target. Other data processing methods can also be used to enhance data quality, for
example, a de-noise mechanism can be applied to reduce back signals.

[00258] The method concludes at step 320.

[00259] Figure 4 depicts a schematic overview of Sequential Probing Of Targets (SPOTsS),
targeting RNA samples using a pseudo-color barcode scheme. The method performs
transcriptome level profiling of mRNAs with single molecule sensitivity and high accuracy using
a method based on sequential FISH (seqFISH) [Lubeck 2014]. The initial demonstration of
seqFISH showed promising coding capacity to barcode a large number of molecular species in
cells and tissues [Shah 2016]; however, a major limitation has been identified: when seqFISH is
performed in cells, optical diffraction limit prevents many mRNAs to be resolved simultaneously
due to the limited space in a cell.

[00260] As shown in Figure 4, there are a total of 5 barcoding runs and each barcoding run
has four serial hybridizations. Three different fluorophores (e.g., red, green and blue) are used in
each serial hybridization experiment. For simplicity, each serial hybridization experiment in
Figure 4b only shows one molecular target for each fluorophore. However, in practice, each
fluorophore can represent tens, hundreds or even more molecular targets. In addition, unlike the
illustration in Figure 4b which shows that the same number of targets are tagged in each serial
hybridization, different numbers of molecular targets can be tagged in different serial
hybridizations. For example, for a 1,500 mRNA experiment of 4 barcoding runs, serial
hybridization No. 1 of barcoding round 1 can tag 400 mRNA transcripts with three different
fluorophores (e.g., red, green and blue). Serial hybridization No. 2 of the same barcoding round

can tag 280 mRNA transcripts with the same three fluorophores. 320 mRNA transcripts can be

57

320



WO 2018/026873 PCT/US2017/044994

tagged the same three fluorophores in serial hybridization No. 3. And 500 mRNA transcripts can
be tagged the same three fluorophores in serial hybridization No. 4. As the numbers suggest,
within each serial hybridization, multiple mRNA transcripts can be tagged with the same
fluorophore. In some embodiments, a fluorophore is attached to a probe via multiple readout
sequences, which in turn are connected to a primary binding sequence targeting a specific site in
a molecular target. In some embodiments, the readout sequences can be connected directly to
the primary sequence. In some embodiments, the readout sequences can be connected indirectly
to the primary sequence, for example, via one or more intermediate molecules. In some
embodiments, the one or more intermediate molecules comprise an RNA bridge probe, a DNA
bridge probe, a protein bridge probe, a probe for hybridization chain reaction (HCR), a hairpin
nucleic acid probe, an HCR initiator, an HCR polymer, or combinations thereof.

[00261] In addition, there can be different number of serial hybridizations in two different
barcoding rounds. For example, in the example presented above, 4 serial hybridizations are
included in barcoding round 1. Barcoding round 2 can have 4 or 6 or 3 serial hybridizations, so
long as the results from the two sets of serial hybridizations can reveal the same 1,500 mRNA
transcripts. For example, images from all serial hybridizations in the same barcoding round can
be compiled into a composite image for the barcoding round. In this barcode scheme, 12
pseudo-colors are created, which can be assigned numbers as 1 through 12. In some
embodiments, 12 different colors are assigned as symbols of the 12 pseudo-colors. After all 5
barcoding rounds are completed, the 1,500 mRNA transcripts will be fully coded.

[00262] In some embodiments, the total number of targets revealed in two different
barcoding rounds can differ. For example, there are some problems and only 1,400 mRNA
transcripts are tagged in in barcoding round 1 while 1,350 mRNA are tagged in barcoding run 2.
Subsequent image and data analysis can reveal that only 1,200 of the mRNA transcripts overlap
between the two barcoding rounds. And ultimately only 1,200 mRNA transcripts are fully coded
in all 5 barcoding rounds.

[00263] The pseudo-color scheme can overcome this density problem in both in situ and
in vitro applications. In the in vitro cases, implemented with SPOTS, capturing transcripts onto
an oligonucleotide dT surface and adjusting the dilution factors can easily remove the optical

crowding problems and allow the transcriptome to be imaged by seqFISH.
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[00264] In addition, pseudo-color is more efficient in terms of imaging time than all
existing imaging methods including expansion microscopy. For example, with 3 fluorophores, it
takes 3(1°'l)=19,683 to code for the transcriptome with one round of error correction. Thus, a
total of 30 frames of imaging is required. In a pseudo-color scheme, 20 pseudo-colors can be
used for 4 rounds of hybridization to code for 20%D=8000 genes in each of the three fluorophore
channels for a total of 24,000 genes. This requires 3x20x4=240 frames to image, a 8 fold
increase in the imaging time. However, because the density of mRNA is effectively diluted into
3x20=60 pseudo-channels instead of 3 fluorophore without pseudo-color coding, the density
problem is alleviated with a factor of 20. The target spots can be localized to nanometer
precision by Gaussian fitting to decrease the density in each pseudo-color channel before
barcode alignment. Thus, the benefit of pseudo-color coding is to decrease the density of the
target spots in the cell, while saving imaging time compared to expansion microscopy, where
expanding the sample by 20 folds requires an additional 20 fold increase in imaging time. Since
imaging time is rate limiting in any sequential imaging method, pseudo-color solves a major
problem in implementing transcriptome profiling in situ.

[00265] In some embodiments, for in situ experiments based on a pseudo-color scheme,
fewer number of different detectable signals can be used so that they can be resolved from each
other more clearly due to the limited amount of real estate within a cell. In some embodiments,
with super resolution microscopy, even densely populated detectable signals can be resolved
from each other.

[00266] As an example, three different color signals are used in an in situ experiment. In
some embodiments, for each color, hybridization experiments can be repeated 20 times to
generate a 20 pseudo-color image. Here, each 20 pseudo-color image is compiled from only 1
real color channel although multiple colors can be used. The single-color approach offers
several advantages during imaging analysis. Significantly, there are chromatic aberrations in a
microscope, and aligning images across different actual color channel can be difficult and lead to
errors or inaccuracies. In the current embodiments, all 20 pseudo-color can be from the same
color channel (e.g., the Cy5 channel) then all images are by definition aberration free.

[00267] Using an mRNA hybridization experiment as an example, mRNA transcripts

bound to activated color probes are visualized as dots in the image. In some embodiments,
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Gaussian fitting is applied to localize the RNA dots in cells and generate a higher resolution
image or less dense image of the cell. In some embodiments, Gaussian localization can take
place at one or more time points; for example, for each image corresponding to a serial
hybridization experiment, for the images from all serial hybridization experiments in a barcoding
round; for each composite image corresponding to a barcoding round. In some embodiments,
Gaussian localization can be repeated multiple times.

[00268] In some embodiments, color beads can be used to align the pseudo-color images
to create composite images.

[00269] When multiple color probes are used (e.g., 4 or 5 colors), the resulting image can
be too dense and it can be difficult or impossible to apply the Gaussian fitting process, which
requires discrete dots. By virtually diluting the samples to 60 pseudo-color, then the density
becomes much less of an issue. After the first barcoding round, DNAse can be used to strip the
probes, which carries the RNA targeting sequence and one round of readout sequence. This
ensures that when barcoding is done in cells (in situ), there is no nonspecific binding. A new set
of probes with the 2nd barcode sequence is then hybridized. Another 20 rounds of serial
hybridization with 3 colors is done. In some embodiments, images from the hybridization

experiments are subject to Gaussian fit, and be compiled into 3 sets of 20 color pseudo-color

images.

[00270] This process can be repeated 4 times to generate a 20x20x20x20 barcode in each
color. So 8000 error corrected barcodes are available in each color, to encode a total of 24000
barcodes.

[00271] In this example, the barcode scheme can be actually 3 separate pieces of 8000

barcodes in each of the colors. There can be 60 readout sequences total. Because of the DNAse
stripping step, the readout sequences used in the 2nd barcoding hybridization can be the same as
1st barcoding hybridization.

[00272] For in vitro analysis, all the readout sequences can be added onto the primary
binding probes. In those cases, the readout sequences for the different barcoding hybridizations
have to be different. The approach is possible in vitro because there is very little nonspecific
binding, since the biological sample has often been extracted out of the cells. For in situ, more

stringent conditions are needed to avoid nonspecific binding in cells.
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[00273] An alternative approach is to generate 100 readout sequences all in one color and
just code for 10,000 targets with 3 rounds of hybridization (100x100x100 ) with one round of
error correction. As disclosed herein, any manageable number of readout sequences can be used;
for example, 50 or fewer, 60 or fewer, 80 or fewer, 100 or fewer, 150 or fewer, 200 or fewer, 250
or fewer, 300 or fewer, 400 or fewer, or 500 or fewer. In some embodiments, more than 500
readout sequences can be used.

[00274] As disclosed herein, the pseudo-color scheme is better than expansion microscopy
in solving the density issue. Expansion microscopy is a new technology for imaging biological
samples with fine detail by physically making the samples bigger through a chemical process
that preserves nanoscale isotropy. Expansion microscopy enables super-resolution imaging on a
conventional light microscope. However, expansion is a complicated procedure and the sample
can contract and expand during the rehybridization process, which makes aligning the barcodes
hard. Also, if the tissue sample is expanded 10 times, the tissue will be imaged 10 times longer.
So even though pseudo-color appears to require more hybridizations, the total imaging time is
comparable or even more favorable compared to if one had to expand the sample. For example,
the 60 pseudo-color scheme is basically 20x expansion compared to just a 3 color scheme.
[00275] In a seqFISH experiment, 10 rounds of hybridization are needed to encode 20,000
genes with error correction with 3 colors (3(10'1)=19,683). As disclosed herein, the pseudo-color
scheme use 20x4=80 rounds of hybridizations for each channel. Thus, the number of
hybridizations gone up by 8 fold, but the density is diluted down by a factor of 20. Thus the
current approach is more efficient than expansion microscopy. For example, one can also use 1
channel and 100 pseudo-color and three rounds of hybridization, which correspond to 33.3 fold
(100 pseudo-colors/3 colors) improvement in dilution and only 10 fold increase in imaging time.
As disclosed hercin, 3 color signals and 20 pseudo-color in each channel have produced
excellent results. In practice, one can balance the “dilution™ factor with the number of targets
being analyze to determine the number of the actual color signals and the number of pseudo-
colors.

[00276] In some embodiments, the current approach can also be combined with
correlation FISH (corrFISH, Coskun and Cai, Nature Methods 2016) to quantify the abundances
of highly expressed mRNAs. corrFISH can be applied to decoding samples where the number of
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target dots are so high that they are individually resolvable. This approach can decode the
abundance of the genes, but trade off in spatial resolution. As an example of implementing the
corrFISH scheme in addition to the existing pseudocolor scheme, a 4th channel can be dedicated
to barcode highly abundant transcripts by corrFISH in addition to the 3 colors channels used for
generating the pseudo-colors. The 4th channels can generate 20 pseudo-color through 20 rounds
of serial hybridization. Then corrFISH can be used to code for another 8000 genes, but highly
expressed.

[00277] In some implementations, primary probes can be stripped and signals
extinguished after the pseudocolor schemes and probes targeting another set of targets can be
hybridized. The utility of this can be that multiple types of targets can be probed sequentially in
the same cells. For example, 20,000 intronic RNAs can be first targeted through the pseudo-
color scheme. Then 20,000 mRNAs can follow, with 20,000 proteins after that. Or
alternatively, probes can be used to target specific highly expressed genes to measure their
localizations in cells, especially cells with polarization, such as processes in neurons. Or probes
can be used to target specific isoforms or combination of isoforms of specific targets.

[00278] As disclosed hercin, the approached disclosed herecin can also work with
amplification methods, such as HCR, to implement this work robustly in tissues.

[00279] It will be noted that although the approach above is described in connection with

an in situ experiment, one of more aspects of it can be applied to in vitro experiments as well.

[00280] In one aspect, disclosed herein are readout probes with cleavable linkers. Figure
25 depicts exemplary chemical reactions for synthesizing a readout probe with a disulfide linker.

[00281] In one aspect, sequential barcoding FISH (seqFISH) is performed by using
nucleic acid readout probes that are conjugated with a signal moiety via a cleavable linker. Any
suitable cleavable linkers can be used, including but not limited to an enzyme cleavable linker, a
nucleophile/base sensitive linker, reduction sensitive linker, a photo-cleavable linker, an
electrophile/acid sensitive linker, a metal-assisted cleavable linker, or an oxidation sensitive
linker. Exemplary linkers can be found in Leriche et al., 2012, “Cleavable linkers in chemical
biology,” Bioorganic & Medicinal Chemistry 20:571-582, which is hereby incorporated herein

in its entirety.
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[00282] In some embodiments, the cleavable linker is a disulfide linkage. In some
embodiments, the cleavable linker is a nucleic acid restriction site. In some embodiments, the
cleavable linker is a protease cleavage site.

[00283] An exemplary system utilizing nucleic acid readout probes is shown in Figure 26.
As depicted, a gene specific primary probe binds to a target site; e.g., in an mRNA molecule
under an in situ or in vitro setting. Besides a binding sequence, the primary probe further
includes an overhang sequence at one end of the binding sequence. In some embodiments, a
second overhang sequence is included at the other end of the binding sequence.

[00284] In some embodiments, an overhang sequence includes one or more target
sequences to which one or more nucleic acid readout probes bind. In some embodiments, each
target sequence uniquely interacts with a set of readout probes with specific readout binding
sequences. As disclosed herein, an overhang sequence may include two target sequences, three
target sequences, five or fewer target sequences, seven or fewer target sequences, or ten or fewer
target sequences. In some embodiments, an overhang sequence may include ten or more target
sequences. Similar arrangements can be implemented where there are two overhang sequences.
[00285] In some embodiments, an overhang sequence binds to a bridge probe that
provides target sequences for one or more readout probes to bind, as depicted in Figure 26. A
bridge probe can be interchangeably called an intermediate bridge probe or a secondary bridge
probe. A bridge probe includes a binding sequence that binds to all or a portion of an overhang
sequence in a primary probe. In some embodiments, a bridge probe further includes one or more
readout binding targets that are connection in series and linked to the binding sequence.

[00286] In some embodiments, as depicted in Figure 26, two bridge probes can bind to the
same primary probe via two overhang sequences.

[00287] As disclosed herein, a bridge probe may include two readout binding targets, three
readout binding targets, five or fewer readout binding targets, seven or fewer readout binding
targets, or ten or fewer readout binding targets. In some embodiments, an overhang sequence
may include ten or more readout binding targets. Similar arrangements can be implemented
where there are two bridge probes bound to overhang sequences.

[00288] Exemplary rehybridization schemes utilizing the readout probes are illustrated in

Figure 26. For example, the first round of rehybridization (hybl) begins with the hybridization
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of gene specific primary probes to the target mRNA. Each gene specific primary probes contains
one or more “overhang” sequences that allows the secondary bridge probes to hybridize against.
The secondary bridges contain two or more tertiary readouts binding sites which is the key to
efficient and quick rehybridization. In the first hybridization, unique tertiary readout probes
conjugated with blue dye are hybridized to their unique binding sites on the secondary bridge
probe. Once imaged, the sample is treated with reducing agent such as TCEP or DTT to cleave
off the disulfide-linked dyes. Then, the sample is washed with wash buffers. During the second
round of hybridization, a second set of unique tertiary readout probes with red dye is hybridized
to its unique binding site on the secondary bridge. After two rounds of hybridizations, a
particular mRNA is then barcoded with a color barcode of red and blue. Additional rounds of
hybridization can be applied to create more sophisticated barcoding sequences. Technically, the
scaling factor of seqFISH with this rehybridization method depends on the number of available
secondary bridges with its number of unique tertiary probes binding sites. For example, by
incorporating 2 secondary bridges with total 8 unique tertiary readout binding sites (N=8) , and
with 4 fluorophores (F=4), one can generate up over 64,000 unique barcodes (FN =48 = 65,536).
Moreover, in embodiments where bridge probes are used, it is possible to strip off the secondary
bridges with high concentration of formamide, and flow in another unique set of secondary
bridges to continue the scaling process, which further increases the upper limit of the scaling
factor.

[00289] In one aspect, disclosed herein are methods and systems for amplifying visual
signals during each round of hybridization during sequential hybridization reactions, based on
hybridization chain reaction (HCR). An exemplary embodiment of HCR is illustrated in Figure
27A. During hybridization round 1, probes with overhang initiator sequences are added to a
nucleic acid target molecule such as an mRNA or a DNA. Also added are hairpin nucleic acid
probes bearing sequences complementary to those of the initiator sequences. The presence of
initiator sequences cause unfolding of the hairpin nucleic acid probes and result in chain
reactions that lead to self-assembled extended HCR polymers. Because each hairpin nucleic acid
probe bears a signal, self-assembled extended HCR polymers result in amplification of signals

and better detection of target sites.
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[00290] Figure 27B illustrates an exemplary readout probe embedded with a cleavable
linker. Here, the cleavable linker is a disulfide bond. At one end of the cleavable linker, a
readout probe as disclosed herein includes a binding sequence that allows it to bind to a specific
nucleic acid target. In some embodiments, the nucleic acid target is an mRNA or a DNA. In
some embodiments, the nucleic acid target is within an intact cell or as part of cell extract. In
some embodiments, the nucleic acid target is within a primary binding probe that directly binds
to a target site in an mRNA. In some embodiments, the nucleic acid target is within a secondary
binding probe that binds to a primary binding probe that directly binds to a target site in an
mRNA. In some embodiments, the nucleic acid target is within a tertiary or quaternary binding
probe. One of skill in the art can apply the principle to any level of binding and interaction.
[00291] At the other end of the cleavable linker, a readout probe as disclosed herein
further includes an HCR initiator sequence. When exposed to hairpin nucleic acids bearing
partial or complete complementary sequences, the initiator sequence can trigger a chair reaction
that allows a signal motif formed by multiple extender probes. Each extender probe includes a
signal moiety. Aggregation of multiple extender probes enhances signal detection.

[00292] An exemplary scheme for forming a signal motif with multiple extender probes
during a sequential hybridization process is illustrated in Figure 27C. During the first round of
hybridization, nucleic acid detection probes with embedded cleavable linkers binds to a first
target site within a nucleic acid target sequence. In some embodiments, extender probes are
added after the initial binding of nucleic acid detection probes to the first target sequences. In
some embodiments, extender probes form an aggregate before the aggregated polymer is added
to the reaction mix and binds to the imitator sequence in the nucleic acid detection probes.
[00293] In some embodiments, extender probes are standard hairpin probes each including
a sequence that is partly or completely complementary to the initiator sequence in the readout
probes. In these embodiments, extender probes are very similar or identical to each other. The
size of the resulting extendible signal motif may be controlled by the concentration or absolute
quantity of the extender probes added.

[00294] In some embodiments, extender probes including different types of nucleic acid
sequences can be used to achieve controlled signal amplification. For example, the signal can be

amplified five times if five populations of extender probes are used: {EP,, EP,, EP3;, EP,, and
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EPs}. The first population of extender probes includes a binding sequence that binds to all or a
part of the initiator sequence. The second population of extender probes includes a binding
sequence that binds to a region in the first population of extender sequence. The third population
of extender probes includes a binding sequence that binds to a region in the second population of
extender sequence. The fourth population of extender probes includes a binding sequence that
binds to a region in the third population of extender sequence. The fifth population of extender
probes includes a binding sequence that binds to a region in the fourth population of extender
sequence. In such embodiments of linear amplification, the size of the resulting extendible
signal motif can be controlled by the number of populations of extender probes that are provided.
[00295] In some embodiments, an extender probe may include multiple binding sites for
binding subsequent extender probes. For example, besides binding to the initiator sequence, EP;
may include two or more binding sites for EP», thus allowing further amplification of the signal.
This form of amplification may occur at any level. For example, in the example above, multiple
binding sites for subsequent or downstream extender probes can be implemented in any one or
combinations of EP,, EP,, EP3, or EP4. For example, extender probes from EP», EP3, or EP4 can
all bind to target sites in EP;, which in turn binds to the initiator sequence.

[00296] In some embodiments, the amplification occurs at multiple levels. Generally,
when m populations of extender probes are present, multiple binding sites for subsequent or
downstream extender probes cam be implemented in any one or combinations of EP;, EP», ..., or
EPn1. Additionally, when multiple binding sites are present, they can be connected in series or
arranged in a non-linear fashion (e.g., in a branched or circular arrangement). Depending on the
number and configuration of the binding sites, the resulting extendible signal motif can be a
stick, a ball, a net or in any other applicable form.

[00297] One of skill in the art would understand that any suitable number of populations
of extender probes can be added to achieve an optimal signal to noise ratio for the best imaging
effects. For example, the extender probes can include five or fewer, seven or few, 10 or fewer,
15 or fewer, 20 or fewer, 25 or fewer, 30 or fewer, 40 or fewer, 50 or fewer populations.

[00298] In some embodiments, the extender probes are mixed together prior to being

mixed with the readout probes having the initiator sequence. In some embodiments, the extender
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probes are sequentially added to the readout probes having the initiator sequence where the
readout probes are already bound to its nucleic acid targets.

[00299] As shown in Figure 27C, after imaging analysis, a cleaving agent can be applied
to sever the linker between the binding sequence and the imitator sequence in a readout probe.
The amplified polymers can then be cleaved off and washed away.

[00300] During a second round of rehybridization, new nucleic acid detection probes are
applied. The new nucleic acid detection probes include a different binding sequence that binds
to a second and different target site in the nucleic acid target sequence. The new nucleic acid
detection probes also include a cleavable linker and an initiator sequence. The initiator sequence
can be the same as or different from the initiator sequence from the previous set of nucleic acid
detection probes.

[00301] The new extender probes are used, as described hereinabove, to form amplified
polymers to enhance signal detection. After imaging analysis, the new set of amplified polymers
can be cleaved off and washed away. By using extender probes bearing a different type of visual
signals, barcodes can be established for nucleic acid targets. Depending on the availability of
target sites within a nucleic acid target, multiple rounds of hybridizations can be performed to
create more complex barcodes. For example, there can be three rounds of hybridizations, four
rounds of hybridizations, five rounds of hybridizations, seven or fewer rounds of hybridizations,
10 or fewer rounds of hybridizations, 12 or fewer rounds of hybridizations, 15 or fewer rounds of
hybridizations, 20 or fewer rounds of hybridizations, 30 or fewer rounds of hybridizations, 40 or
fewer rounds of hybridizations, or 50 or fewer rounds of hybridizations.

[00302] The compositions and methods disclosed herein can be used in sequential
hybridizations to identify any suitable cellular targets within an intact cell or in an in vitro
setting. In some embodiments, the cellular targets can be mRNAs or DNAs. In some
embodiments, the cellular targets can be proteins. For example, the initial target-binding primary
probe can be an antibody conjugated with nucleic acid sequence for subsequent bindings.

[00303] As exemplified herein, provided technologies work for a wide variety of samples.
For example, HCR-seqFISH worked in brain slices and that SPIMs can robustly detect single
mRNAs in CLARITY brain slices. In some embodiments, provided technologies are useful for
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profiling targets in mouse models of neurodegenerative diseases, or human brains. No other

technology prior to the present invention can deliver the same quality and quantity of data.

Error Correction Mechanism

[00304] Figure 3A illustrates general aspects of a sequential hybridization analysis that
may contribute to quality of the analysis. Sequential hybridization includes multiple rounds of
hybridization, where cach round of hybridization is a multiple step process. Errors can be
introduced at any step during any round of hybridization. Such errors can lead to

misidentification of target genes in a sample.

Barcodes and Error Correction

[00305] In one aspect, disclosed herein are methods for designing barcodes with built-in
error correction mechanisms such that the multi-component barcodes can withstand the loss of
the data from one or more rounds of hybridization (i.e., drop-safe). As disclosed herein the terms
“barcode” and ““code” are used interchangeably.

[00306] As disclosed herein, by using probes that are associated with F detectable visual
signals (F>2), a sequential hybridization of N rounds (V>2) can generate a total of FN
combinations of visual signals. In some embodiments, these combinations of visual signals can
be used as barcodes to uniquely identify cellular targets such as mRNA, DNA, or even protein.
[00307] Figure 30 illustrates an exemplary process 3000 for generating drop safe barcodes.
[00308] At step 3010, the total number of genes that will be analyzed during the
hybridization experiments is determined. This number sets the threshold values for the number
of detectable visual signals (F) and the total number of rounds in the sequential hybridization (N).
[00309] Once the total number of genes is determined, steps 3020 and 3030 are performed
simultaneously. The number of genes being analyzed must be smaller than the total number of
possible combinations of visual signals (FV). Practical aspects of the hybridization analysis need
to be considered when selecting values for F and N. One would tend to reduce the number of
rounds of hybridization to as few as possible. Theoretically, this can be achieved by using a high

number of detectable visual signals (). In practice, however, too many different types of visual
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signals may interfere with each other. For example, overlapping of visual signals can lead to
barcode misidentification.

[00310] At step 3040, a library of drop-safe unique barcodes are generated by
implementing one or more error correction mechanisms.

[00311] In some embodiments, a repeat round can be performed for any round during a
sequential hybridization of N rounds, rendering a new sequential hybridization of (N + 1) rounds.
The extra repeat round can be an error correction round. The repeat round can be a duplicate of
any round of the » rounds sequential hybridization. The repeat round can take place as any
round during the sequential hybridization (N + 1) rounds.

[00312] After the repeat, there are two rounds of hybridization that should be identical to
each other. Consequently, the complete loss of one of the repeat rounds does not affect the
outcome of the sequential hybridization. As such, either of the repeat rounds is a drop-safe
round.

[00313] Figure 2 illustrates an experiment where 3 rounds of hybridization using probes
with 4 types of detectable visual signals (red: R, yellow: Y, green: G, and cyan: C) are used to
create barcodes for 4 different mRNA molecules. Hybridization round 3 is a repeat of
hybridization round 1, as summarized in Table 1 below.

Table 1. Illustration of the effect of repeat hybridization rounds.

mRNA molecules | Color barcodes (3 Color barcodes Color barcodes
rounds) (dropping round 1) (dropping round 3)
mRNA1 Y-C-Y C-Y Y-C
mRNA2 G-R-G R-G G-R
mRNA3 R-C-R C-R R-C
mRNA4 C-R-C R-C CR
[00314] As shown in the table above, data from one of the repeat rounds can be dropped

completely in case of major experiment error, barcodes derived from the remaining rounds of

hybridization still uniquely represent the mRNA molecules.
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[00315] In some embodiments, even in a questionable hybridization round, most of the
information is still reliable. Only some of the bindings between probes and target sequences
include inaccurate information. In some embodiments, partial data from a questionable round of
hybridization are used. For example, in the illustration above, binding signals can be missing or
ambiguous for a particular location during hybridization round 1, which can produce an
incomplete three letter barcode *-C-Y for the particular location, where * remains undetermined.
In the scheme illustrated, the identity of * is not needed to decipher that the code is for mRNAL.
Similarly, binding signals can be missing or ambiguous for a particular location during
hybridization round 2, which can produce an incomplete three letter barcode R-*-R for the
particular location, where * remains undetermined. Once again, the identity of * is not needed to
decipher that the code is for mRNA3.

[00316] Additionally, data from repeat rounds can validate each other. For example, in
Figure 2C, a circle highlights a cyan data point in the image corresponding to hybridization
round 2. In the same location, the image corresponding to hybridization round 3 reveals a yellow
data point. Based on only information from hybridization rounds 2 and 3, this location would be
identified as part of mRNA1l. However, no signals are identified at the location during
hybridization round 1, which suggests that the highlighted data points may be due to non-specific
binding.

[00317] In some embodiments, a sophisticated barcode generating algorithm is used such
that the resulting barcodes can withstand the loss of any round or even multiple rounds of
hybridization data. In some embodiments, a barcode generator is used to generate the drop-safe
barcodes. For example, Figure 32 illustrates an example, where probes with 5 different visual
signals (blue, green, red, purple and yellow) are used in 4 rounds of hybridization. One of the
hybridization round is an error correction round where barcodes are generated based on barcodes
from the previous 3 rounds. The following is an example that illustrates how barcodes are
generated.

[00318] Designing an error correction code to correct for m number of errors in a message
of n length is analogous to packing as many spheres of radius m in a n dimensional cube. There
are examples of “perfect codes” such as Golay and Hamming codes that can be as efficient as

possible in this packing design. These perfect codes are important in digital communication
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because the word lengths are long, up to billions of letters for gigabytes of data, and many forms
of errors can occur, including deletion and insertions. However, in the seqFISH experiments, as
the code lengths are short, a perfect code correction system is not necessary, especially as the
“correct” codes are already defined. One of the major source of error is deletions due to loss of a
hybridization. Thus, it is possible to design simple correction schemes that are not completely
efficient (i.e. obtain the tightest packing density for the n-spheres) but can achieve good error
correction with just a few extra rounds of hybridization.

[00319] To design a barcode scheme that can tolerate loss of a single round of
hybridization is akin to a problem where any n-dimensional hypercube is collapsed by 1
dimension to a n-1 dimensional hypercube without having any two points on the n-dimensional
hypercube mapping to the same point. In order for this to be true, no two barcodes can be
connected by a 1D line running parallel to any of the axes. There are many solutions to generate
this 1 round loss tolerant code.

[00320] In this example, 4 rounds of hybridization is used. Here, 5 different visual signals
(blue, green, red, purple and yellow) are assigned numerical values. In some embodiments, the
numerical values are integers. For example, blue = 1; green = 2; red = 3; purple = 4; and yellow
= 5. It would be understood that these are mere sample values. Any non-redundant numerical
values can be assigned to represent the different types of visual signals. In some embodiments, a
barcode generator is used to generate the barcodes used in the experiment. In the exemplary
embodiment, a drop-safe barcode for a particular target gene can be defined as a four-component
linear array: {i, (i + j + k)mod 5, j,k}. Here, mod (modulo operation or modulus) finds the
remainder after division of one number by another. For example, 8 mod 5 is 3. 5 mod 5 is O,
which is equivalent to 5.

[00321] In this example, { represents the numerical values corresponding to the visual
signals observed for the particular target gene during the first round of hybridization. The
scheme (i + j + k)mod 5 represents the numerical values corresponding to the visual signals
observed for the particular target gene during the second round of hybridization. j represents the
numerical values corresponding to the visual signals observed for the particular target gene
during the third round of hybridization. k represents the numerical values corresponding to the

visual signals observed for the particular target gene during the found round of hybridization. In
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this example, i, j, and k each can be 1, 2, 3, 4 or 5,or any one of the numerical values that have
been assigned to the five types of visual signals used in the experiment.
[00322] In this example, (i + j + k)mod 5 is determined as the error correction round.
However, once complete barcodes are generated, any of round 1 through round 4 can be dropped
to yield unique 3-component barcodes. As such, the barcodes determined by this method can be
used to correct errors in any round.
[00323] The following table illustrates how the 1 drop tolerant barcodes can be generated
using the equation (i + j + k)mod 5.

Table 2. Illustration of the effect of repeat hybridization rounds.

Genes 1* round of hyb* | 2" round of hyb | 3" round of hyb | 4™ round of hyb
(i+j+ k)ymod5

mRNA1 1 2 4 2

mRNA2 3 3 1 2

mRNA 3 5 1 2 3

mRNA 4 2 3 5 5

mRNA125 |5 2 1 3

*The term “hyb.” stands for hybridization. Numerical values are assigned to color signals as
follows: blue = 1; green = 2; red = 3; purple = 4; and yellow = 5.
[00324] As illustrated above, although the 4™ round of hybridization is generated using an
error correction algorithm, any one round of four rounds of hybridization in Table 2 can be
dropped and still yield a unique set of barcodes for 125 genes.
[00325] More generally, a barcode that can resist the elimination of one round of
hybridization can be defined as:

U (ar*ji+az*jo+ -+ ap*jn+ C)modF, ..., jn} (1)

where j; is a numerical value that corresponds the detectable visual signals used in the
first round of hybridization, j; is a numerical value that corresponds the detectable visual signals
used in the second round of hybridization, and j, is a numerical value that corresponds the
detectable visual signals used in the nth round of hybridization. In some embodiments, ji, j2,... jn
are non-redundant integers. In some embodiments, a;, a,, ...a, can be any integers that are not
none zero. In some embodiments, C is a constant integer. In some embodiments, C is zero. The
remainder of F divided by F is O (F mod F = 0), so F and O are equivalent. There is no limitation

on the number of hybridization. One of such examples is shown in Figure 37.
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[00326] Array (1) is a general representation of a barcode that is safe against the drop or
loss of one round of hybridization. Although (a; *j; +a, *j, + -+ a, * j, + C) mod F is
the designated error correction round, in some embodiments, the barcode is safe against the loss
or drop of any round of hybridization.

[00327] As disclosed herein, array (1) consists of n-component, each corresponding to the
visual signals from a particular round of hybridization. In some embodiments, probes binding to
a particular gene are all associated with the same detectable visual signal, for example, red, green
or blue. In some embodiments, probes binding to a particular gene are all associated with
multiple types of detectable visual signal, for example, green + yellow or blue + red. Through
combinations of visual signals, the total number of different types of detectable visual signals
can be further expanded.

[00328] In some embodiments, barcodes can be designed such that drop or loss of data
from two rounds of hybridization can be tolerated. Using 2 additional rounds of hybridization
does not correct for all possible 2 drops, but it does correct for a large fraction of the 2 drops.
For example, for detecting 100 genes with F=5 dyes, 3 rounds of hybridization are needed for

basic barcoding of these genes. When adding two rounds of hybridization, the error correction

code:

{i,jk, @+ ]+ k)modF, (i — j) mod F} 2)
[00329] Such codes can correct for 2 drops all except dropping hybridization round 3 and
round 4 together. Here, each component in the 5-member array represents one round of
hybridization.
[00330] Similarly, an error correction code such as

{i,jjk, @+ ]+ k) mod F, (i — k) mod F} 3)

can correct for dropping hybridization round 2 and hybridization round 4 together. Again, each

component in the 5-member array represents one round of hybridization.

[00331] For example, to code for most of the transcriptome, only 6 rounds of

hybridization are needed when F=5 (6°=15,625). When adding two rounds of hybridization, the

following error correction code is generated:
irklmn(i+k+l+mi+nymodF,(i—j—k—1+n)modF} “)
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[00332] There are a total of 28 combinations of how 2 rounds of hybridization can be lost
or dropped. This type of code can correct for 24 out of the total 28 combinations. Here, each
component in the 8-member array represents one round of hybridization. Similarly, the 1% error
correction round can be any liner combination of 5 out of 6 rounds of hybridization (e.g., without
j) and 2™ error correction can be a subset of the linear combination of 5 out of 6 rounds of
hybridization (e.g., without m). In these embodiments, in the 2 error correction round, indices
include different coefficients as long as the it is not exactly the same 5 indices used in the 1*
error correction round.
[00333] To correct for all combinations of drop or loss of 2 rounds of hybridization (2
drops) fully, 3 additional hybridizations are needed. Again for 6 rounds of hybridization with 5
types of detectable signals (F=5), three extra rounds of hybridizations are added to create the full
9-member error correction code:
Girklmn(i+j+k+l+m+nymodF,(i—j—k—DmodF,(m—n—j+
k) mod F} )
[00334] In some embodiments, there are many equivalent codes that can correct for 2
drops with 3 additional rounds of hybridization. They can be all empirically determined. The
number of hybridization for any reasonable number can be simulated to determine the complete
correcting barcode.
[00335] In some embodiments, three additional hybridization can correct for majority of
the errors due to drop or loss of three rounds of hybridization. For example, for 6 rounds of
hybridization with 5 types of detectable signals (F=5), three extra rounds of hybridizations are
added to create the full 9-member error correction code:
iklmnE+i—-l+m—mnmodF,(i—1l+j—k+m)ymodF,(l—n—j—k+
i)y mod F} 6)
[00336] Similar to the previous example, 3 additional rounds of hybridizations can correct
for a majority of the loss or drop of 3 rounds of hybridization. There are a total of 84
combinations how 3 rounds of hybridization can be lost or dropped. A 9-componenet code as

illustrated in (6) can correct for 72 out of the 84 combinations.
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[00337] In some embodiments, 4 additional rounds of hybridizations can correct for the

drop or loss of all and any three rounds of hybridization. An example 10-component code is as

follows:

i,k lmnk+i+l+m+nymodF,(i—Il+j—k+m)modF, {—n—j—k+
DmodF,(n—k—i—j+m)modF} @)
[00338] It will be understood that there are many other solutions that can be determined

empirically. For higher number of drops, similar correction schemes can be determined
empirically.

[00339] For 16,000 species, this scheme allows 10 hybs with the ability to correct 3 drops.
In comparison, in MERFISH, 16 hybs are needed to target 140 species, with only 2 round
correction ability. Because the more round of hybridization one implements, the more mistakes
can be made, keeping the number of hybs low is crucial. Thus, this error correction scheme is
very powerful compared to the Hamming Distance scheme used in MERFISH. This is because
hamming distance correction is used in telecommunications with binary numbers, which uses
much longer strings of 0,1.

[00340] As described above, the design disclosed above can correct for loss of 1
hybridization for an arbitrarily long barcode sequence with minimal extra effort. In this example,
only one round of error correction is needed in a total of 4 rounds of hybridization that analyzes
100 genes, which below the capacity of 54 (625).

[00341] For example, 7 rounds of hybridization with 5 colors can cover 5= 78,125
transcripts, more than the transcriptome, with 8 hybridizations the entire transcriptome can be
coded with error correction using the barcoding system disclosed herein.

[00342] Another consideration in designing error-tolerant barcodes is that the mechanism
of re-hybridization should guide the robustness of error correction. In the merFISH
implementation of seqFISH (Chen 2015), null signal, or “0”, along with “1” which is cyS5
fluorescence, is used to form a binary barcode. However, it is difficult to determine whether no
signal is due to mis-hybridization or actual null signal. In the seqFISH implementation using
positive signals as readouts during each round of hybridization reduces the need for error
correction because false positive signal is unlikely to re-occur in the same position during

another hybridization due to DNAse stripping between hybridizations. Thus, implementation of
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seqFISH with 5 colors and 1 extra round of hybridization to error correct is both efficient and
accurate, and allows imaging of a large tissue sections since imaging time is ultimately limiting
in multiplexing experiments.

[00343] At step 3050, sequential hybridization is carried out to associate or assign
barcodes from step 3040 to target genes in a sample. As disclosed herein, the sample can be
immobilized mRNAs, DNAs, chromosomal DNAs, and combinations thereof. For example, in
the 100-gene sequential hybridization example (see Figure 32 and Figure 40), 4 rounds of
hybridization are carried out using probes associated with 5 different types of visual signals.
Barcodes are assigned through selection of probes during the 4 rounds of hybridization
experiment on immobilized nucleic acid samples.

[00344] At step 3060, after hybridization, visual signals are collected and used in further
analysis. For example, images are collected from different hybridization are used to readout the
barcodes for specific locations on the immobilized nucleic acid samples. Such barcodes can then
be used to decipher the identity of the nucleic acid targets (see, for example, Figures 2, 32, 33, 40
and 41).

[00345] In one aspect, sequential hybridization and serial hybridization are combined for
gene identification. In serial hybridization, only one round of hybridization is used to identify
target genes. The method is particularly helpful when analyzing genes whose expression level is
too high. In some embodiments, genes that are highly expressed, if included in hybridization
analysis with genes that are not so highly expressed, would overpower the signals for the genes
that are not so highly expression. In some embodiment, the method can also applied to genes
whose expression level is too low.

[00346] In some embodiments, expression levels of genes are pre-determined. For
example, gene expression levels (e.g., measured by mRNA transcription level) can be already
available for certain species. It is possible to identify highly expressed genes by mining
publically available data, thus obviating the need to conduct additional experiments to measure
expression level.

[00347] In some embodiments, initial experiments are performed to determine relative
expression level of candidate genes. In some embodiments, genes are grouped according to their

expression levels. For example, genes with moderate or low expression levels can be grouped
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together and subject to sequential hybridization analysis. Genes that are highly expressed can be
subject to serial hybridization analysis. In some embodiments, expression levels of different
genes are compared to the same control gene to derive a relative expression level. For example,
the expression level of actin can be used as a control. It will be understood that gene expression
level may vary by organisms and can change with respect to different internal and environmental
controls. In some embodiments, data from existing expression analysis can be used in
identifying highly expressed gene. In some embodiments, preliminary expression analysis is
carried out before sequential and/or serial hybridization analysis.

[00348] In some embodiments, a threshold value is set for high expression. Any genes
having expression level above the threshold will be excluded from sequential hybridization.
[00349] Depending on types of detectable visual signals that are available, a serial
hybridization experiment can detect as many target genes as the number of types of detectable
visual signals. For example, in the experiment illustrated in Figures 32 and 40, 5 genes are
analyzed at the same time during one serial hybridization experiment.

[00350] In some embodiments, when multiple target genes are present in one serial
hybridization round, the number of probes that recognize each target gene is selected such that
overlapping of signals is minimize or avoided. In some embodiments, the concentration of

probes are selected to avoid or minimize overlapping of detectable signals.

Computer System

[00351] Figure 31 depicts a diagram of an example system architecture for implementing
the features and processes of the method disclosed herein, in particular the barcode design
functionalities with embedded error correct mechanism.

[00352] In one aspect, some embodiments can employ a computer system (such as the
computer system 3100) to perform methods in accordance with various embodiments of the
invention. An exemplary embodiment of computer system 3100, includes a bus 3102, one or
more processors 3112, one or more storage devices 3114, at least an input device 3116, at least
an output device 3118, a communication subsystem 3120, working memory 3130 which includes
an operating system 3132, device drivers, executable libraries, and/or other code, such as one or

more application(s) 3134 (one or more for implementing the methods disclosed herein).
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[00353] According to a set of embodiments, some or all of the procedures of such methods
are performed by the computer system 3100 in response to processor 3112 executing one or
more sequences of one or more instructions (which might be incorporated into operating system
3132 and/or other code, such as an application program 3134) contained in working memory
3130. Such instructions can be read into the working memory 3130 from another computer-
readable medium, such as one or more of storage device(s) 3114. Merely by way of example,
exccution of the sequences of instructions contained in working memory 3130 might cause
processor(s) 3112 to perform one or more procedures of the methods described herein.
Additionally or alternatively, portions of the methods described herein can be executed through
specialized hardware. Merely by way of example, a portion of one or more procedures described
with respect to the method(s) discussed above, such as method 3000, and methods illustrated in
Figures 3B and 30, might be implemented by processor 3112.

[00354] In some embodiments, computer system 3100 can further include (and/or be in
communication with) one or more non-transitory storage devices 3114, which can comprise,
without limitation, local and/or network accessible storage, and/or can include, without limitation,
a disk drive, a drive array, an optical storage device, a solid-state storage device, such as a
random access memory (“RAM™), and/or a read-only memory (“ROM™), which can be
programmable, flash-updateable, and/or the like. Such storage devices can be configured to
implement any appropriate data stores, including without limitation, various file systems,
database structures, and/or the like. In some embodiments, the storage device 3114 can be
example of local database of a user device, or the server database of a server.

[00355] In some embodiments, computer system 3100 can further include one or more
input devices 3116, which can comprise, without limitation, any input device that allows a
computer device to receive commands from a user such as a request for barcode design.

[00356] In some embodiments, computer system 3100 can further include one or more
input output devices 3118, which can comprise, without limitation, any output device that can
receive information from a computer device and communicate such information to a user, to
another computer device, to the environment of the computer device, or to a functional
component communicably connected with the computer device. Examples of input devices

include but are not limited to a display, a keyboard, a mouse and etc. For example, the results of
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the barcoding analysis can be presented on any one or more of the output devices, for example,
as two dimensional heat map, cluster map, a list, a table, and etc.

[00357] It would be understood that any applicable input/output devices or components,
such as those disclosed in connection with one or more user device or server, can be applied to
input device 3116 and output device 3118.

[00358] In some embodiments, computer system 3100 might also include a
communications subsystem 3120, which can include without limitation a modem, a network card
(wireless or wired), an infrared communication device, a wireless communication device, and/or
a chipset (such as a Bluetooth. TM. device, an 802.11 device, a WiFi device, a WiMax device,
cellular communication facilities, etc.), and/or the like. Communications subsystem 620 can
include one or more input and/or output communication interfaces to permit data to be
exchanged with a network, other computer systems, and/or any other electrical
devices/peripherals. In many embodiments, computer system 3100 will further comprise a
working memory 3130, which can include a RAM or ROM device, as described above.

[00359] In some embodiments, computer system 3100 also can comprise software
clements, shown as being currently located within the working memory 3130, including an
operating system 3132, device drivers, executable libraries, and/or other code, such as one or
more application(s) 3134, which can comprise computer programs provided by wvarious
embodiments, and/or can be designed to implement methods, and/or configure systems, provided
by other embodiments, as described herein. Merely by way of example, a portion of one or more
procedures described with respect to the method(s) discussed above, such as the methods
described in relation to Figure 30, can be implemented as code and/or instructions executable by
a computer (and/or a processing unit within a computer); in an aspect, then, such code and/or
instructions can be used to configure. and/or adapt a general purpose computer (or other device)
to perform one or more operations in accordance with the described methods.

[00360] A set of these instructions and/or code might be stored on a non-transitory
computer-readable storage medium, such as storage device(s) 3114 described above. In some
cases, the storage medium might be incorporated within a computer system, such as computer
system 3100. In other embodiments, the storage medium might be separate from a computer

system (e.g., a removable medium, such as an optical disc), and/or provided in an installation
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package, such that the storage medium can be used to program, configure, and/or adapt a general
purpose computer with the instructions/code stored thereon. These instructions might take the
form of executable code, which is executable by computer system 3100 and/or might take the
form of source and/or installable code, which, upon compilation and/or installation on the
computer system 3100 (e.g., using any of a variety of generally available compilers, installation
programs, compression/decompression utilities, etc.), then takes the form of executable code.
[00361] It will be apparent to those skilled in the art that substantial variations can be
made in accordance with specific requirements. For example, customized hardware might also
be used, and/or particular elements might be implemented in hardware, software (including
portable software, such as applets, etc.), or both. Further, connection to other computing devices
such as network input/output devices can be employed.

[00362] The terms "machine-readable medium" and "computer-readable medium," as used
herein, refer to any medium that participates in providing data that causes a machine to operate
in a specific fashion. In an embodiment implemented using computer system 3100, various
computer-readable media might be involved in providing instructions/code to processor(s) 3112
for execution and/or might be used to store and/or carry such instructions/code. In many
implementations, a computer-readable medium is a physical and/or tangible storage medium.
Such a medium can take the form of a non-volatile media or volatile media. Non-volatile media
include, for example, optical and/or magnetic disks, such as storage device(s) 3114. Volatile
media include, without limitation, dynamic memory, such as working memory 3130.

[00363] Common forms of physical and/or tangible computer-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium,
a CD-ROM, any other optical medium, any other physical medium with patterns of holes, a
RAM, a PROM, EPROM, a FLASH-EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read instructions and/or code.

[00364] Various forms of computer-readable media can be involved in carrying one or
more sequences of one or more instructions to processor(s) 3112 for execution. Merely by way
of example, the instructions can initially be carried on a magnetic disk and/or optical disc of a

remote computer. A remote computer might load the instructions into its dynamic memory and
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send the instructions as signals over a transmission medium to be received and/or executed by
computer system 3100.

[00365] Communications subsystem 3120 (and/or components thereof) generally will
receive signals, and bus 3102 then might carry the signals (and/or the data, instructions, etc.
carried by the signals) to working memory 3130, from which processor(s) 3112 retrieves and
executes the instructions. The instructions received by working memory 1330 can optionally be
stored on non-transitory storage device 3114 either before or after execution by processor(s)
3112.

[00366] The methods and systems are provided by way of illustration only. They should

in no way limit the scope of the present invention.

[00367] Having described the invention in detail, it will be apparent that modifications,
variations, and equivalent embodiments are possible without departing the scope of the
invention defined in the appended claims. Furthermore, it should be appreciated that all
examples in the present disclosure are provided as non-limiting examples.

[00368] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided by

the Office upon request and payment of the necessary fee.

EXEMPLIFICATION
[00369] The foregoing has been a description of certain non-limiting embodiments of the
invention. Accordingly, it is to be understood that the embodiments of the invention herein
described are merely illustrative of the application of the principles of the invention. Reference
herein to details of the illustrated embodiments is not intended to limit the scope of the claims.
EXAMPLE 1
Pseudo-color Based Barcoding

Sample preparation

[00370] Figure 5 illustrates mRNA transcripts immobilized on a surface through poly-A-
tail or hydrogel embedment. Once cells are lysed, the cell lysate or purified total RNA can be
immobilized on a surface through a coverslips functionalized by DNA or LNA Poly-T by
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