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Presented for filing is a new continuation patent application for prioritized examination of*

Inventor(s): MARK S. CHEE
Title: SPATIALLY ENCODED BIOLOGICAL ASSAYS

This is a continuation of U.S. Patent Application Serial No. 17/321,090, filed on May 14,
2021, which is a continuation of U.S. Patent Application Serial No. 17/145,210, filed on
January 8, 2021 (issued as U.S. Patent No. 11,067,567), which is a continuation of U.S.
Patent Application Serial No. 16/669,246, filed on October 30, 2019 (issued as U.S. Patent
No. 10,982,268), which is a continuation of U.S. Patent Application Serial No. 16/437,637,
filed on June 11, 2019, (issued as U.S. Patent No. 10,494,667), which is a continuation of
U.S. Patent Application Serial No. 16/430,015, filed on June 3, 2019, which is a
continuation of U.S. Patent Application Serial No. 16/414,213, filed on May 16, 2019
(issued as U.S. Patent No. 10,787,701), which is a continuation of U.S. Patent Application
Serial No. 16/402,098, filed on May 2, 2019 (issued as U.S. Patent No. 10,472,669), which
is a continuation of U.S. Patent Application Serial No. 16/276,235, filed on February 14,
2019 (issued as U.S. Patent No. 10,480,022), which is a continuation of U.S. Patent
Application Serial No. 15/187,661, filed on June 20, 2016 (issued as U.S. Patent No.
10,308,982), which is a continuation of U.S. Patent Application Serial No. 13/080,616, filed
on April 5, 2011 (issued as U.S. Patent No. 9,371,598), which claims the benefit of U.S.
Provisional Patent Application Serial No. 61/321,124, filed on April 5, 2010, each of which
is incorporated herein by reference in its entirety.

Enclosed are the following papers, including those required to receive a filing date under 37
C.FR. § 1.53(b):

Pages

Specification 45
Claims 1
Abstract 1
Declaration 1
Drawing(s) 5
Enclosures:

— Application Data Sheet, 9 pages.

— Power of Attorney, 2 pages.

— Certification and Request for Prioritized Examination (Track One), 2 pages
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Basic Filing Fee
Search Fee
Examination Fee

Publication fee
Track One processing fee
Track One prioritized examination fee

Total Claims 1 over 20 0 x $100
Independent Claims 1 over 3 0 x $480
Fee for Multiple Dependent claims

Application size fee for each 50 pages over 100
Total Sheets: 52 x .75 - 100/50 = Ox

Total Filing fee

$320
$700
$800

$0
$140
$4200

$0
$0
$0

$0

$6160

Please apply any necessary charges or credits to Deposit Account 06-1050, referencing Attorney

Docket No. 47706-0004038.

I hereby authorize the USPTO to communicate in response to email communications from the
undersigned and practitioners under Customer No. 159367 in accordance with 37 C.F.R. § 1.33
and 37 C.F.R. § 1.34 concerning any subject matter of this application via email. I understand
that a copy of these communications will be made of record in the application file. (M.P.E.P.

§ 502.03).

If this application is considered to be incomplete, or if a telephone conference would otherwise

be helpful, call the undersigned at +1 (617) 956-5937.

Send all correspondence to:

159367

Customer Number

Respectfully submitted,
/Tiffany A. Reiter/

Tiffany A. Reiter, Ph.D.
Registration No. 61,359

Enclosures
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Doc Code: TRACK1.REQ
Document Description: TrackOne Request
PTO/AIA/424 (03-14)

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

First Named Non provisional Application Number (if
Inventor: Mark 8. Chee known):

Title of Spatially Encoded Biological Assays

Invention:

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), the prioritized examination fee set forth in
37 CFR 1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have
been filed with the request. 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.

2. | 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.

3. The applicable box is checked below:

l. X] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original non provisional 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 non provisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. 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.

Il. []Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

ii. The application is an original non provisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

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

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

signature  /Tiffany Reiter/ Date September 21, 2021

Name
(Print/Typed) Tiffany Reiter

Practitioner
Registration Number 61,359

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 forms are submitted.

62795553 .doc
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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 of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information 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 information, 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 you in this form will be subject to the following routine uses:

1.

Page 2

The information on this form will be treated confidentially to 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 of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

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.

A record 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 to the subject matter of the record.

A record 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 a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record 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 International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

A record 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.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 shall not be used to make determinations about individuals.

A record 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 or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record 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 violation of law or regulation.
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 47706-0004038

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
] Mark S. Chee ]

Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | [pan Diego State/Province | [CA | Country of Residencd | IS

Mailing Address of Inventor:

Address 1 1125 Flintkote Avenue

Address 2 Suite A

City | S5an Diego State/Province | |CA
Postal Code 92121 Countryi | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 59367

Email Address apsi@fr.com | AddEmail | |Remove Email

Application Information:

Title of the Invention Spatially Encoded Biological Assays
Attorney Docket Number| ¥47706-0004038 Small Entity Status Claimed [ |
Application Type Nonprovisional v
Subject Matter ility v
Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any)
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PTO/AIA/4 (02-18)

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 contains a valid OMB control number.

Attorney Docket Number | 47706-0004038

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country

filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ¢ Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number 159367

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 17321090 2021-05-14

4

Curio EX1050-p. 6
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PTO/AIA/M 4 (02-18)

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

U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 47706-0004038
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention | Spatially Encoded Biological Assays
Prior Application Status | Patented v
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
17321090 Continuation of +| [17145210 2021-01-08 11067567 2021-07-20
Prior Application Status | Patented - Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
17145210 Continuation of ] 16669246 2019-10-30 10982268 2021-04-20
Prior Application Status | |Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16669246 Continuation of | heasres7 2019-06-11 10494667 P019-12-03
Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16437637 Continuation of ~| 16430015 2019-06-03
Prior Application Status | Patented
Application .- Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16430015 Continuation of H 16414213 2019-05-16 10787701 0020-09-29
Prior Application Status | |Patented v
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16414213 Continuation of ~| (16402098 2019-05-02 10472669 2019-11-12
Prior Application Status | Patented v Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16402098 Continuation of H 16276235 019-02-14 10480022 2019-11-19
Prior Application Status | [Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16276235 Continuation of ~| (15187661 2016-06-20 10308982 2019-06-04
Prior Application Status | Patented v Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15187661 Continuation of H 13080616 P011-04-05 9371598 P016-06-21
Prior Application Status | [Expired v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number {(YYYY-MM-DD)

13080616

[Claims benefit of provisional v

61321124

2010-04-05

EFS Web 2.2.13
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PTO/AIA/4 (02-18)

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 contains a valid OMB control number.

. Attorney Docket Number | 47706-0004038
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

Additional Domestic Benefit/National Stage Data may be generated within this form ~dd
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When pricrity is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign prionty application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.

Statement under 37 CFR 1.55 or 1.78 for AIlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/4 (02-18)

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 contains a valid OMB control number.

. Attorney Docket Number | 47706-0004038
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
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 (EPO), 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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PTO/AIA/4 (02-18)

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 contains a valid OMB control number.

Attorney Docket Number | 47706-0004038

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

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 Prognosys Biosciences, Inc.

Mailing Address Information For Applicant:

Address 1 11125 Flintkote Avenue

Address 2 Suite A

City 5an Diego State/Province CA
Country | s Postal Code 92121
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 assignment recorded by the Office.
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PTO/AIA/4 (02-18)

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

U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 47706-0004038

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

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 assignee-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. X
Organization Name Prognosys Biosciences, Inc.
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 11125 Flintkote Avenue
Address 2 Suite A
City 5an Diego State/Province CA
Countryi Us Postal Code 92121
Phone Number Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

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 more 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 |[(Tiffany Reiter/ Date (YYYY-MM-DD)| 2021-09-21
First Name | [Tiffany Last Name | Reiter Registration Number | 61359
Additional Signature may be generated within this form by selecting the Add button.
EFS Web 2.2.13 Curio EX1050-p. 11
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PTO/AIA/4 (02-18)

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

U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 47706-0004038

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Spatially Encoded Biological Assays

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
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SPATIALLY ENCODED BIOLOGICAL ASSAYS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This is a continuation of U.S. Patent Application Serial No. 17/321,090, filed on May
14, 2021, which is a continuation of U.S. Patent Application Serial No. 17/145,210, filed on
January 8, 2021 (issued as U.S. Patent No. 11,067,567), which is a continuation of U.S. Patent
Application Serial No. 16/669,246, filed on October 30, 2019 (issued as U.S. Patent No.
10,982,268), which is a continuation of U.S. Patent Application Serial No. 16/437,637, filed
on June 11, 2019, (issued as U.S. Patent No. 10,494,667), which is a continuation of U.S.
Patent Application Serial No. 16/430,015, filed on June 3, 2019, which is a continuation of
U.S. Patent Application Serial No. 16/414,213, filed on May 16, 2019 (issued as U.S. Patent
No. 10,787,701), which is a continuation of U.S. Patent Application Serial No. 16/402,098,
filed on May 2, 2019 (issued as U.S. Patent No. 10,472,669), which is a continuation of U.S.
Patent Application Serial No. 16/276,235, filed on February 14, 2019 (issued as U.S. Patent
No. 10,480,022), which is a continuation of U.S. Patent Application Serial No. 15/187,661,
filed on June 20, 2016 (issued as U.S. Patent No. 10,308,982), which is a continuation of U.S.
Patent Application Serial No. 13/080,616, filed on April 5, 2011 (issued as U.S. Patent No.
9,371,598), which claims the benefit of U.S. Provisional Patent Application Serial No.
61/321,124, filed on April 5, 2010, each of which is incorporated herein by reference in its

entirety.

FIELD OF THE INVENTION

[0002] This invention relates to assays of biological molecules, and more particularly to
assays for determining spatial distributions of a large number of biological molecules in a

solid sample simultaneously.

BACKGROUND OF THE INVENTION

[0003] In the following discussion certain articles and methods will be described for
background and introductory purposes. Nothing contained herein is to be construed as an

"admission" of prior art. Applicant expressly reserves the right to demonstrate, where

1
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appropriate, that the articles and methods referenced herein do not constitute prior art under
the applicable statutory provisions.

[0004] Comprehensive gene expression analysis and protein analysis have been useful tools
in understanding mechanisms of biology. Use of these tools has allowed the identification of
genes and proteins involved in development and in various diseases such as cancer and
autoimmune disease. Conventional methods such as in sifu hybridization and other
multiplexed detection of different transcripts have revealed spatial patterns of gene
expression and have helped shed light on the molecular basis of development and disease.
Other technologies that have enabled the quantitative analysis of many RNA sequences per
sample include microarrays (see Shi, et al., Nature Biotechnology, 24(9):1151-61 (2006); and
Slonim and Yanai, Plos Computational Biology, 5(10):€1000543 (2009)); serial analysis of
gene expression (SAGE) (see Velculescu, et al, Science, 270(5235):484-87 (1995)), high-
throughput implementations of qPCR (see Spurgeon, et al., Plos ONE, 3(2):e1662 (2008)) and in
situ PCR (see Nuovo, Genome Res., 4:151-67 (1995)). As useful as these methods are,
however, they do not enable simultaneous measurement of the expression of many genes or the
presence and/or activity of multiple proteins at many spatial locations in a sample. Laser capture
microdissection has permitted the analysis of many genes at a small number of locations, but it is
very expensive, laborious, and does not scale well. Certain PCR assays in a 2D format preserve
spatial information (see Armani, et al., Lab on a Chip, 9(24): 3526-34 (2009)), but these methods
have low spatial resolution because they rely on physical transference of tissue into wells, which
also prevents random access to tissue samples and high levels of multiplexing.

[0005] At present, no practical method exists to analyze at high resolution the spatial
expression patterns of large numbers of genes, proteins, or other biologically active
molecules simultaneously. There is thus a need for reproducible, high-resolution spatial maps

of biological molecules in tissues. The present invention addresses this need.

SUMMARY OF THE INVENTION

[0006] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key or essential features of the claimed subject matter, nor is it intended
to be used to limit the scope of the claimed subject matter. Other features, details, utilities,
and advantages of the claimed subject matter will be apparent from the following written

2
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Detailed Description including those aspects illustrated in the accompanying drawings and
defined in the appended claims.

[0007] The invention encompasses assay systems that provide high-resolution spatial maps
of biological activity in tissues. The assay system comprises an assay capable of high levels
of multiplexing where encoded probes are provided to a biological sample in defined spatial
patterns; instrumentation capable of controlled delivery of reagents according to the spatial
patterns; and a decoding scheme providing a readout that is digital in nature. In short, the
present invention provides the ability to look at many biological targets in many locations,
providing the resolution of in situ hybridization with the highly- parallel data analysis of
sequencing.

[0008] Thus, in some embodiments, the invention provides an assay system to determine
spatial patterns of abundance or activity or both of multiple biological targets at multiple sites
in a sample, where the assay system performs the following steps: providing a sample affixed
to a support; delivering encoded probes for the multiple biological targets to the multiple sites
in the sample in a known spatial pattern, where each encoded probe comprises a probe region
that may interact with the biological targets and a coding tag that identifies a location of the
site to which the encoded probe was delivered; allowing the encoded probes to interact with
the biological targets; separating encoded probes that interact with the biological targets from
encoded probes that do not interact with the biological targets; determining all or a portion of
a sequence of the encoded probes, and associating the abundance or activity or both of the
multiple biological targets to the locations of the sites in the sample.

[0009] In particular aspects of the invention the biological targets comprise nucleic acids and
the encoded probes are oligonucleotides, and in some aspects, there are two encoded probes
for each of the multiple nucleic acid targets. In some aspects, the multiple biological targets
comprise proteins, the probe regions of the encoding probes are proteins and the coding tags
comprise oligonucleotides. In some aspects the multiple biological targets comprise enzymes.
In some aspects the probe regions of the encoded probes comprise antibodies, aptamers or
small molecules.

[0010] Some aspects of the assay system further comprise an amplification step between the
separating step and the determining step. In some aspects, the determining step is performed
by nucleic acid sequencing, and in preferred aspects, the sequencing is high- throughput

digital nucleic acid sequencing.
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[0011] In some aspects of the invention, the product of the multiple biological targets

being assayed and the multiple sites in the sample is greater than 20, in some aspects product
of the multiple biological targets being assayed and the multiple sites in the sample is greater
than 50, in some aspects the product of the multiple biological targets being assayed and the
multiple sites in the sample is greater than 75, 100, 150, 500, 750, 1,000, 5,000, 10,000,
25,000, 50,000, 100,000, 500,000, or 1,000,000 or more. In other aspects, the sequence of at
least fifty thousand encoding probes are determined in parallel, in other aspects the sequence
of at least one hundred thousand encoding probes are determined in parallel, in some aspects
the sequence of at least five hundred thousand encoding probes are determined in parallel,
and in some aspects the sequence of at least one million, ten million, one hundred million,
one billion, ten billion, one hundred billion or more encoding probes are determined in
parallel.

[0012] In some aspects, the known spatial pattern is determined by histological features of
the sample. Also in some aspects, software programmed hardware performs at least two steps
of the delivering step, the separation step, the determining step and the associating step.
[0013] In some aspects, the probe regions of the encoded probes are proteins and the
separating step is accomplished by encoded probes that interact with the biological targets
being captured by an affinity capture agent. In some aspects the probe regions of the
encoding probes are nucleic acids and the separating step is accomplished by a washing of the
sample.

[0014] In other embodiments there is provided an assay system to determine spatial patterns
of abundance or activity or both of multiple nucleic acid targets at multiple sites in a sample,
where the assay system performs the following steps: providing a sample affixed to a support;
delivering oligonucleotide probes for multiple nucleic acid targets to the multiple sites in the
sample in a known spatial pattern; allowing the oligonucleotide probes to hybridize with the
nucleic acid targets; washing unhybridized encoded oligonucleotide probes from the sample;
delivering one or more encoding agents to locations of the multiple sites in the sample
according to a known spatial pattern, where the combination of encoding agents delivered to
each site is different; coupling the encoding agents and the oligonucleotide probes to form
encoded probes; determining all or a portion of a sequence of the encoded probes using high-
throughput sequencing, and associating the abundance or activity or both of multiple

biological targets to the locations of multiple sites in the sample.
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[0015] Other embodiments of the invention provide an assay system to determine spatial
patterns of abundance or activity or both of multiple protein targets at multiple sites in a
sample, where the assay system performs the following steps: providing a sample affixed to a
support; delivering encoded probes for the multiple protein targets to the multiple sites in the
sample in a known spatial pattern, where each encoded probe comprises a protein probe
region that may interact with the protein targets and a coding tag that identifies a location of
the site to which the encoded probe was delivered and the protein probe region of the
encoding probe of which the coding tag is part; allowing the encoded probes to interact with
the protein targets; separating encoded probes that interact with the protein targets from
encoded probes that do not interact with the protein targets; determining all or a portion of a
sequence of the encoded probes by high throughput sequencing, and associating the
abundance or activity or both of the multiple protein targets to the locations of the multiple
sites in the sample.

[0016] Other embodiments provide an assay system to determine spatial patterns of abundance or
activity or both of multiple biological targets at multiple sites in a sample, where the assay system
performs the following steps: providing a sample affixed to a support; delivering encoded probes
for the multiple biological targets to the multiple sites in the sample in a known spatial pattern,
where each encoded probe comprises a probe region that may interact with the biological targets
and a coding tag that identifies a location of the site to which the encoded probe was delivered and
identifies the biological target; allowing the encoded probes to interact with the biological targets;
determining all or a portion of a sequence of the encoded probes, and associating the abundance or
activity or both of the multiple biological targets to the locations of the sites in the sample.

[0017] The assay system of the invention can utilize various detection mechanisms, based
on the molecules to be detected and the reagents needed for such detection system.
Exemplary methods that can be used with the assay systems of the invention are described in

more detail below.

DESCRIPTION OF THE FIGURES

[0018] Figure 1 provides a simplified overview of the assay system of the present
invention.

[0019] Figure 2 provides a simplified overview of one embodiment of the assay system of
the present invention for detecting nucleic acids.

5
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[0020] Figure 3 is a representational depiction of one embodiment of the assay overviewed
in Figure 2.

[0021] Figure 4A-C illustrates a general mechanism for one embodiment of a combinatorial
encoding scheme of the assay systems of the invention. Figure 4A shows two target-
specific/encoding oligonucleotide constructs specifically bound to a target nucleic acid of
interest in a sample. Figure 4B shows a scheme for delivering twenty different coding tags,
al through al10 and b1 through b10, to a sample to form a 10x10 coding tag grid. Figure 4C
shows a tissue section sample to which the coding tags are delivered, forming the coding tag
grid in the sample.

[0022] Figure S provides a simplified, specific example of the embodiment of a

combinatorial encoding scheme shown in Figure 4.

DEFINITIONS

[0023] The terms used herein are intended to have the plain and ordinary meaning as
understood by those of ordinary skill in the art. The following definitions are intended to aid
the reader in understanding the present invention, but are not intended to vary or otherwise
limit the meaning of such terms unless specifically indicated.

[0024] The term "antibody" as used herein is intended to refer to an entire immunoglobulin
or antibody or any functional fragment of an immunoglobulin molecule which is capable of
specific binding to an antigen (antibodies and antigens are "binding partners" as defined
herein). "Antibody" as used herein is meant to include the entire antibody as well as any
antibody fragments capable of binding the antigen or antigenic fragment of interest.
Examples of such peptides include complete antibody molecules, antibody fragments, such as
Fab, F(ab')2, CDRS, VL, VH, and any other portion of an antibody which is capable of
specifically binding to an antigen. Antibodies for assays of the invention are immunoreactive
or immunospecific for, and therefore specifically and selectively bind to, proteins either
detected (i.e., biological targets) or used for detection (7.e., probes) in the assays of the
invention.

[0025] The term "binding agent" as used herein refers to any agent that specifically

binds to a biological molecule of interest
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[0026] "Complementary" or "substantially complementary" refers to the hybridization or
base pairing or the formation of a duplex between nucleotides or nucleic acids, such as, for
instance, between the two strands of a double-stranded DNA molecule or between an
oligonucleotide primer and a primer binding site on a single-stranded nucleic acid.
Complementary nucleotides are, generally, A and T (or A and U), or C and G. Two single-
stranded RNA or DNA molecules are said to be substantially complementary when the
nucleotides of one strand, optimally aligned and compared and with appropriate nucleotide
insertions or deletions, pair with at least about 80% of the other strand, usually at least about
90% to about 95%, and even about 98% to about 100%).

[0027] "Hybridization" refers to the process in which two single-stranded polynucleotides bind
non-covalently to form a stable double-stranded polynucleotide, The resulting (usually) double-
stranded polynucleotide is a "hybrid" or "duplex," "Hybridization conditions" will typically
include salt concentrations of approximately less than 1M, often less than about 500 mM and may
be less than about 200 mM. A "hybridization buffer" is a buffered salt solution such as 5%
SSPE, or other such buffers known in the art. Hybridization temperatures can be as low as 5°C,
but are typically greater than 22°C, and more typically greater than about 30°C, and typically in
excess of 37°C. Hybridizations are often performed under stringent conditions, i.e., conditions
under which a primer will hybridize to its target subsequence but will not hybridize to the other,
non-complementary sequences. Stringent conditions are sequence-dependent and are different in
different circumstances. For example, longer fragments may require higher hybridization
temperatures for specific hybridization than short fragments. As other factors may affect the
stringency of hybridization, including base composition and length of the complementary strands,
presence of organic solvents, and the extent of base mismatching, the combination of parameters
is more important than the absolute measure of any one parameter alone. Generally stringent
conditions are selected to be about 5°C lower than the Tm for the specific sequence at a defined
ionic strength and pH. Exemplary stringent conditions include a salt concentration of at least 0.01
M to no more than 1M sodium ion concentration (or other salt) at a pH of about 7.0 to about
8.3 and atemperature of at least 25°C. For example, conditions of 5xSSPE (750 mM NaCl, 50
mM sodium phosphate, S mM EDTA at pH 7.4) and a temperature of approximately 30°C are
suitable for allele-specific hybridizations, though a suitable temperature depends on the length
and/or GC content of the region hybridized.

[0028] "Ligation" means to form a covalent bond or linkage between the termini of two or

more nucleic acids, e.g., oligonucleotides and/or polynucleotides, in a template-driven
7
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reaction. The nature of the bond or linkage may vary widely and the ligation may be carried
out enzymatically or chemically. As used herein, ligations are usually carried out
enzymatically to form a phosphodiester linkage between a 5' carbon terminal nucleotide of

one oligonucleotide with a 3' carbon of another nucleotide.

non
2

[0029] "Nucleic acid", "oligonucleotide", "oligo" or grammatical equivalents used herein
refers generally to at least two nucleotides covalently linked together. A nucleic acid
generally will contain phosphodiester bonds, although in some cases nucleic acid analogs
may be included that have alternative backbones such as phosphoramidite,
phosphorodithioate, or methylphophoroamidite linkages; or peptide nucleic acid backbones
and linkages. Other analog nucleic acids include those with bicyclic structures including
locked nucleic acids, positive backbones, non-ionic backbones and non-ribose backbones.
Modifications of the ribose-phosphate backbone may be done to increase the stability of the
molecules; for example, PNA:DNA hybrids can exhibit higher stability in some
environments.
[0030] "Primer" means an oligonucleotide, either natural or synthetic, that is capable, upon
forming a duplex with a polynucleotide template, of acting as a point of initiation of nucleic
acid synthesis and being extended from its 3' end along the template so that an extended
duplex is formed. The sequence of nucleotides added during the extension process is
determined by the sequence of the template polynucleotide. Primers usually are extended by a
DNA polymerase.
[0031] The term "SNP" or "single nucleotide polymorphism" refers to a genetic variation
between individuals; e.g., a single nitrogenous base position in the DNA of organisms that is
variable. SNPs are found across the genome; much of the genetic variation between
individuals is due to variation at SNP loci, and often this genetic variation results in
phenotypic variation between individuals. SNPs for use in the present invention and their
respective alleles may be derived from any number of sources, such as public databases (U.C.
Santa Cruz Human Genome Browser Gateway (http://genome.ucsc.edu/cgi-bin/hgGateway)
or the NCBI dbSNP website (http://www.ncbi.nlm.nih.gov/SNP/), or may be experimentally
determined as described in U.S. Pat No. 6,969,589; and US Pub. No. 2006/0188875 entitled
"Human Genomic Polymorphisms." Although the use of SNPs is described in some of the
embodiments presented herein, it will be understood that other biallelic or multi-allelic
genetic markers may also be used. A biallelic genetic marker is one that has two polymorphic
forms, or alleles. As mentioned above, for a biallelic genetic marker that is associated with a
3
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trait, the allele that is more abundant in the genetic composition of a case group as compared
to a control group is termed the "associated allele," and the other allele may be referred to as
the "unassociated allele." Thus, for each biallelic polymorphism that is associated with a
given trait (e.g., a disease or drug response), there is a corresponding associated allele. Other
biallelic polymorphisms that may be used with the methods presented herein include, but are
not limited to multinucleotide changes, insertions, deletions, and translocations. It will be
further appreciated that references to DNA herein may include genomic DNA, mitochondrial
DNA, episomal DNA, and/or derivatives of DNA such as amplicons, RNA transcripts,
cDNA, DNA analogs, etc. The polymorphic loci that are screened in an association study may
be in a diploid or a haploid state and, ideally, would be from sites across the genome.

[0032] The term "selectively binds", "selective binding" and the like as used herein,
when referring to a binding partner (e.g.. protein, nucleic acid, antibody or other affinity
capture agent, etc.), refers to a binding reaction of two or more binding partners with high
affinity and/or complementarity to ensure selective hybridization under designated assay
conditions. Typically, specific binding will be at least three times the standard deviation of
the background signal. Thus, under designated conditions the binding partner binds to its
particular "target" molecule and does not bind in a significant amount to other molecules

present in the sample.

non
2

[0033] "Sequencing", "sequence determination” and the like means determination of
information relating to the nucleotide base sequence of a nucleic acid. Such information may
include the identification or determination of partial as well as full sequence information of
the nucleic acid. Sequence information may be determined "with varying degrees of statistical
reliability or confidence. In one aspect, the term includes the determination of the identity and
ordering of a plurality of contiguous nucleotides in a nucleic acid, "High throughput digital
sequencing" or "next generation sequencing" means sequence determination using methods
that determine many (typically thousands to billions) of nucleic acid sequences in an
intrinsically parallel manner, i.e. where DNA templates are prepared for sequencing not one
at a time, but in a bulk process, and where many sequences are read out preferably in parallel,
or alternatively using an ultra-high throughput serial process that itself may be parallelized.
Such methods include but are not limited to pyrosequencing (for example, as commercialized
by 454 Life Sciences, Inc., Branford, CT); sequencing by ligation (for example, as
commercialized in the SOLiD™ technology, Life Technology, Inc., Carlsbad, CA);
sequencing by synthesis using modified nucleotides (such as commercialized in TruSeq™

9
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and HiSeq™ technology by Illumina, Inc., San Diego, CA, HeliScope™ by Helicos
Biosciences Corporation, Cambridge, MA, and PacBio RS by Pacific Biosciences of
California, Inc., Menlo Park, CA), sequencing by ion detection technologies (Ion Torrent,
Inc., South San Francisco, CA), sequencing of DNA nanoballs (Complete Genomics, Inc.,
Mountain View, CA); nanopore-based sequencing technologies (for example, as developed
by Oxford Nanopore Technologies, LTD, Oxford, UK), and like highly parallelized
sequencing methods.

[0034] The term "Tm" is used in reference to the "melting temperature." The melting
temperature is the temperature at which a population of double-stranded nucleic acid molecules
becomes half dissociated into single strands. Several equations for calculating the Tm of nucleic
acids are well known in the art. As indicated by standard references, a simple estimate of the
Tn value may be calculated by the equation, Tm=81.5+0.41 (% G+C), when a nucleic acid
is in aqueous solution at 1M NaCl (see e.g., Anderson and Young, Quantitative Filter
Hybridization, in Nucleic Acid Hybridization (1985)). Other references (e.g., Allawi and
Santal.ucia, Jr., Biochemistry, 36:10581-94 (1997)) include alternative methods of computation
which take structural and environmental, as well as sequence characteristics into account for the

calculation of Tm.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The practice of the techniques described herein may employ, unless otherwise
indicated, conventional techniques and descriptions of organic chemistry, polymer
technology, molecular biology (including recombinant techniques), cell biology,
biochemistry, and sequencing technology, which are within the skill of those who practice in
the art. Such conventional techniques include polymer array synthesis, hybridization and
ligation of polynucleotides, and detection of hybridization using a label. Specific illustrations
of suitable techniques can be had by reference to the examples herein. However, other
equivalent conventional procedures can, of course, also be used. Such conventional techniques
and descriptions can be found in standard laboratory manuals such as Green, et al., Eds.,
Genome Analysis: A Laboratory Manual Series (Vols. I-1V) (1999); Weiner, Gabriel, Stephens,
Eds., Genetic Variation: A Laboratory Manual (2007); Dieffenbach, Dveksler, Eds., PCR Primer:
A Laboratory Manual (2003); Bowtell and Sambrook, DNA Microarrays: A Molecular Cloning

Manual (2003); Mount, Bioinformatics: Sequence and Genome Analysis (2004); Sambrook and
10

Curio EX1050-p. 23
Curio v Prognosys



Attorney Docket No.: 47706-0004038

Russell, Condensed Protocols from Molecular Cloning: A Laboratory Manual (2006); and
Sambrook and Russell, Molecular Cloning: A Laboratory Manual (2002) (all from Cold Spring
Harbor Laboratory Press); Stryer, Biochemistry (4th Ed.) (1995) W.H, Freeman, New York N.Y ;
Gait, "Oligonucleotide Synthesis: A Practical Approach” (2002) IRL Press, London; Nelson and
Cox, Lehninger, Principles of Biochemistry (2000) 3" Ed., W. H. Freeman Pub., New York,
N.Y,; and Berg, et al., Biochemistry (2002) 5" Ed., W. H. Freeman Pub., New York, N.Y, all
of which are herein incorporated in their entirety by reference for all purposes.

[0036] Note that as used herein and in the appended claims, the singular forms "a," "an,"
and "the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a nucleic acid" refers to one or more nucleic acids, and reference to
"the assay" includes reference to equivalent steps and methods known to those skilled in the
art, and so forth.

[0037] 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 this
invention belongs. All publications mentioned herein are incorporated by reference for the
purpose of describing and disclosing devices, formulations and methodologies that may be
used in connection with the presently described invention.

[0038] Where a range of values is provided, it is understood that each intervening value,
between the upper and lower limit of that range and any other stated or intervening value in
that stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges, and are also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either both
of those included limits are also included in the invention,

[0039] In the following description, numerous specific details are set forth to provide a more
thorough understanding of the present invention. However, it will be apparent to one of skill
in the art that the present invention may be practiced without one or more of these specific
details. In other instances, well-known features and procedures well known to those skilled in

the art have not been described in order to avoid obscuring the invention.

11

Curio EX1050-p. 24
Curio v Prognosys



Attorney Docket No.: 47706-0004038

The Invention in General

[0040] The assay systems of the invention provide spatially-encoded, multiplexed assays
comprising 1) an assay capable of high levels of multiplexing with an efficient spatial
encoding scheme; 2) instrumentation capable of delivering reagents according to a spatial
pattern; and 3) decoding determined by a readout that is digital in nature. The assay systems
of the invention detect the presence or absence and relative amount of a biological target or
biological activity indicative of a biological target, as well as the location of the biological
target or activity in a biological sample, e.g., a tissue section or other biological structure
disposed upon a support such as a microscope slide or culture dish.

[0041] The assay system further provides instrumentation with an ability to deliver reagents
in a spatially-defined pattern. This instrumentation, together "with software, reagents and
protocols, provides a key component of the highly innovative assay system of the invention,
allowing for measurement of numerous biological targets or activities in a meaningful spatial
environment, including gene expression and peptide localization, An encoding scheme used
in these assay systems allows one to determine the location of biological targets or activity
(or lack thereof) in the biological samples after the products of the multiplexed assay are
removed from the biological sample and pooled for analysis. Decoding of the encoding
scheme can be performed by, e.g., next-generation sequencing, which easily provides
millions to trillions of data points at low cost. The assay results such as the amount or activity
of biological targets can then be mapped back to specific location in the biological sample.
The assay systems open a new analytical window into the complex spatial patterns of cellular
function and regulation in biological samples.

[0042] A simplified overview of the assay system 100 of the present invention is provided
at Figure 1, At step 110, a biological sample affixed to a support is provided. The biological
sample contains biological targets of interest. Biological targets can include any molecule of
interest, such as nucleic acids (including, e.g, RNA transcripts, genomic DNA sequences,
cDNAs, amplicons, or other nucleic acid sequences) and proteins, enzymes and the like. At
step 120, encoded probes are delivered to the biological sample according to a known spatial
pattern. Encoded probes comprise probes, which can interact "with biological targets of
interest, and coding tags, which identify the positions in the sample of the biological targets
being assayed, and thus can be used to link assay results back to locations in the sample.
Coding tags in most embodiments are oligonucleotides. However, coding tags may also be
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mass tags, fluorescent labels, or other moieties.

[0043] In some embodiments, the probe and coding tag portions of the encoded probe are
pre-coupled before being delivered to the biological sample, For example, in the case where
the encoded probes are oligonucleotides, both the probe and coding tag sequence can be
synthesized as a single oligonucleotide. Alternatively, the probe and coding tag portions of
the encoding probes can be synthesized or obtained separately and combined before delivery
to the biological sample (e.g., two separate oligonucleotides can be synthesized and coupled
by, e.g., ligation; or an antibody and an oligonucleotide can be prepared separately and
conjugated before delivery to the biological sample). Also, as is described in Figures 2-5, the
probes and the coding tags (in encoding oligonucleotides) are synthesized separately, and are
delivered to the biological sample at different steps (e.g., probes first and coding tags
thereafter, or vice versa) in the assay.

[0044] At step 130, the encoded probes are allowed to react or interact with the biological
targets, 7.e., conditions are provided to allow e.g., oligonucleotides to hybridize to nucleic
acid targets, enzymes to catalyze reactions with protein targets, antibodies to bind epitopes,
etc. In the case where the biological targets are nucleic acids, the encoded probes are typically
oligonucleotides and hybridize to the target nucleic acids. In the case that the biological
targets are proteins, the encoded probes typically are aptamers, small molecules, or
oligonucleotide-conjugated proteins that interact with target proteins by binding to them or by
reacting with them (that is, one of the proteins is a substrate for the other). Encoding
oligonucleotides may be coupled to the probes (proteins) by conjugation, chemical or photo-
crosslinking via suitable groups and the like.

[0045] Once encoded probes interact with the biological targets, the encoded probes that
interacted with the biological targets must be separated from the encoded probes that did not
interact with the biological targets at step 140. In the case where the biological targets are
nucleic acids and the encoded probes are oligonucleotides, the separation can be
accomplished by, e.g., washing the unhybridized encoded probes from the sample. Similarly,
for other assays that are based on affinity binding, including those using aptamer, small
molecule, and protein probes, washing steps can be used to remove low affinity binders. In
the case where the probe is transformed via interaction with the target, e.g., in the case of a
peptide, e.g., via cleavage by a protease or phosphorylation by a kinase, it is convenient to
collect, all encoded probes--both encoded probes that interacted with the biological targets
and were transformed and encoded probes that were not transformed. After collection or
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pooling, an antibody or other affinity capture agent can be used to capture probes that were
transformed by addition of a moiety (e.g., a phosphate group). In cases where probes have
been transformed via cleavage, the transformed probes can be separated, e.g., by capturing
the non-transformed probes via a tag that is removed from the transformed probes during the
transformation (e.g., by cleavage), or by adding a new tag at the site of cleavage.
[0046] Once the reacted (transformed) or interacted encoded probes are separated from the
unreacted or un-interacted encoded probes, the sequence of the reacted and/or interacted
encoded probes is determined at step 150 by, preferably, sequencing. The sequence of the
encoded probes allows the mapping of the assay results at step 160 back to locations in the
biological sample.
[0047] Figure 2 provides a simplified overview of an assay system 200 of the present
invention embodying an efficient implementation of a combinatorial coding scheme for the
encoding of spatial information. For purposes of this overview, the probes are
oligonucleotides, but as explained elsewhere, other types of probes can also be used. In step
210, a biological sample affixed to a support, e.g., a tissue sample or other biological
structure, is provided. In step 220, one or more oligonucleotide probes are delivered to
the biological sample, where the oligonucleotide probes are capable of hybridizing with
biological targets in the biological sample. In step 230, the oligonucleotide probes are
allowed to interact with (hybridize to) the nucleic acid targets; that is, appropriate
conditions are provided where oligonucleotide probes can hybridize to the target nucleic
acids.
[0048] In step 240, the oligonucleotide probes that did not hybridize to target nucleic
acids are removed, and thereby separated from oligonucleotide probes that did hybridize
to target nucleic acids. In this embodiment, separation can be accomplished by, e.g.,
washing the sample to remove unhybridized oligonucleotide probes. Next, in step 250,
encoding oligonucleotides (the encoding agents) are delivered to the biological sample
according to a chosen spatial pattern, where the encoding oligonucleotides comprise
coding tags that are used to encode the location of biological targets in the biological
sample. Note that in contrast to the assay system of Figure 1, here the probes and
encoding agents (encoding oligonucleotides) are delivered in separate steps. In step 260,
the encoding oligonucleotides are coupled to the oligonucleotide probes to create
encoded probes. In this case where the probes are oligonucleotides, the encoding
oligonucleotides may be coupled to the oligonucleotides probes by, e.g., ligation.
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Alternatively, the information in the encoding oligonucleotides can be transferred by
using a DNA polymerase to extend a probe oligonucleotide that acts as a primer, and
thereby copy and incorporate the sequence of the encoding oligonucleotides.

[0049] In step 270, the sequence of the coding tags in the encoded probes as well as the
sequence or a portion of the sequence of the probe itself is determined, and in step 280,
the target nucleic acids are mapped back to the biological sample. In some embodiments,
the abundance of sequences reveals the relative quantity of biological targets at the
location. Although this embodiment shows the individual steps in a particular order, so as
to better explain the invention, the precise order of the steps can be varied. For example,
steps 220 and 250 can be combined, so that a mixture of the probes and encoding
oligonucleotides is delivered according to a chosen spatial pattern. Coupling step 260 can
then be carried out immediately after the combined steps 220 and 250, or concomitantly
with them. In this case, step 240 would then occur after step 260. It can therefore be
appreciated that the two key results of this series of steps, i.e., the location-specific
encoding of probe molecules and the separation of probe molecules based on their ability
to interact with corresponding target molecules, can be accomplished with some
flexibility in the implementation of the particular steps. Similarly, there is considerable
flexibility in the design of the coding scheme. As described infia, the assays of the

invention are particularly amenable to combinatorial methods.

[00050] Thus, the present invention provides an ability to look at many different biological
targets in many locations, providing the resolution of in situ hybridization with the highly-parallel
data analysis of sequencing. In some embodiments, the sum of the multiple biological targets being
assayed and the multiple sites in the biological sample is greater than 20, in other embodiments, the
sum of the multiple biological targets being assayed and the multiple sites in the biological sample
is greater than 50, in other embodiments, the sum of the multiple biological targets being assayed
and the multiple sites in the biological sample is greater than 100, greater than 500, 1,000, 10,000,
25,000, 100,000, 500,000, 1,000,000. It will be appreciated that, due to the spatial encoding
dimension of the invention, even much larger numbers can be contemplated. For example, assaying
10,000 targets per location x 10,000 locations would generate 10® different assays, and even larger
numbers than these can easily be contemplated, particularly if spatial locations with resolution on
the order of that of single cells are utilized. Further, in embodiments where high-throughput digital
sequencing is employed, the sequences of at least 1,000 encoding probes are typically determined

in parallel. More typically, using a digital readout, it is desirable to obtain multiple sequence reads
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for each assay (defined by a probe and a spatial location code). It is desirable to obtain an average
of at least 3 copies per assay, and more typically at least 10 or at least 30 copies per assay,
depending on the design of the experiment and requirements of the assay. For a quantitative readout
with suitable dynamic range, it may be desirable to obtain at least 1,000 reads per assay. Therefore,
if 1,000,000 assays are carried out, the number of sequence reads may be 1 billion or more. With
high-throughput digital sequencing, and allowing for redundancy, the sequence of at least 10,000
encoding probes are determined in parallel, or the sequence of at least 100,000, 500,000, 1,000,000,
10,000,000, 100,000,000, 1,000,000,000 or more encoding probes are determined in parallel.

Assays

[0051] The assay portion of the assay systems of the present invention comprise the
following general steps: delivering probes and encoding agents where the encoding agents
(in some embodiments pre-coupled to the probes) are delivered to the sample according to a
known spatial pattern, allowing the probes to interact or react with biological targets in the
sample, and, if the probes and encoding agents have not been pre- coupled, coupling the
encoding agents to probes.

[0052] The samples of the present invention include virtually any biological sample or
samples that can be affixed to a support or provided essentially in a two-dimensional manner,
where the ability to tie an assayed biological target or activity back to the location within the
biological sample is important. Exemplary biological samples include tissue sections (e.g.,
including whole animal sectioning and tissue biopsies), cell populations on slides or culture
dishes, and the like. The assay systems of the invention are particularly advantageous in that
they are compatible with numerous biological sample types, including fresh samples, such as
primary tissue sections, and preserved samples including but not limited to frozen samples
and paraformalin-fixed, paraffin-embedded (FFPE) samples. An important aspect of the assay
systems of the invention is that the biological samples are immobilized on a substrate surface
having discrete, independently measurable areas.

[0053] The biological targets to be detected can be any biological molecules including
but not limited to proteins, nucleic acids, lipids, carbohydrates, ions, or multicomponent
complexes containing any of the above. Examples of subcellular targets include organelles,
e.g., mitochondria, Golgi apparatus, endoplasmic reticulum, chloroplasts, endocytic vesicles,

exocytic vesicles, vacuoles, lysosomes, etc.
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[0054] In some particular embodiments, the assay system isused to analyze nucleic
acids, e.g., by genotyping, quantitation of DNA copy number or RNA transcripts, localization
of particular transcripts within samples, and the like. Figure 3 illustrates an overall scheme
for an exemplary assay for, e.g., detecting single nucleotide polymorphisms (SNPs) that can
be used with the assay system of the invention. In Figure 3, two oligonucleotide probes are
provided. Each oligonucleotide probe comprises a target-specific region (located on either
side of the SNP to be analyzed) seen at 305 and 307, and ligation regions, seen at 301 and
303, The oligonucleotide probes are allowed to hybridize to a target nucleic acid (not shown)
in the biological sample. At step 302, one of the oligonucleotide probes is extended to
incorporate the SNP sequence and ligated to the other probe to form an extended probe
comprising target nucleic acid region 309 and ligation regions 301 and 303.

[0055] Two encoding agents, both comprising a coding tag (seen at 315 and 317), a
ligation region (seen at 311 and 313), and a primer region (seen at 319 and 321) are combined
with and ligated to the extended probe at step 304 to form an encoded target- specific
oligonucleotide. Again, in contrast with Figure 1, the probes and encoding agents are delivered at
separate steps. Doing so allows use of the combinatorial embodiments described infra. In
preferred embodiments, the encoding oligonucleotides within a pair of encoding oligonucleotides
ligate specifically to one side of the target sequence or the other (i.e., 5’ or 3' of the target
sequence) in step 306. Also, typically, the ligation and primer regions of the encoding
oligonucleotides and probes are universal; that is, the set of ligation and primer regions used in
constructing the probes and encoding oligonucleotides are constant, and only the target-specific
regions of the probes and the coding tags of the encoding oligonucleotides differ. However, again
in alternative embodiments, the ligation and primer regions are not universal and differ between
probes and encoding agents.

[0056] Following ligation, the encoded probes are eluted, pooled, and, optionally,
sequencing adapters are added to the encoded probes via PCR. In alternative embodiments,
sequencing primers may be ligated to the encoding oligonucleotides, or sequencing primer
sequences can be included as part of the encoding oligonucleotide. As seen in Figure 3, each
sequencing adapter comprises primer region 319 or 321, compatible with the primer regions
319 and 321 on the encoded probes. The final construct comprising first adapter 327, first
primer region 319, first coding tag 315, ligation regions 311 and 301, target region 309,
ligation regions 313 and 303, second coding tag 317, second primer region 325 and second
adapter 329 is now ready for input into a digital high-throughput sequencing process.
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[0057] A combination of extension and ligation reactions are exemplified in Figure 3, but it
should be appreciated that a variety of reactions may be used to couple the encoding
oligonucleotides to the target-specific oligonucleotides, including ligation only (e.g., for
oligonucleotides that hybridize to contiguous portions of the target nucleic acid sequence).
Alternatively, an assay utilizing an additional oligonucleotide, such as in the
GOLDENGATE® assay (see Fan, et al., Cold Spring Symp. Quant. Biol., 68:69-78 (2003);
(Ilumina, Inc., San Diego, CA)), may be employed.

[0058] In other embodiments, the assay system of the invention also can be used to
analyze peptides or proteins, the presence of antibodies, enzymatic and other protein
activities, posttranslational modifications, active and non-active forms of peptides, as well as
peptide isoforms in a biological sample. Accordingly, the probes may comprise an active
region of an enzyme, a binding domain of an immunoglobulin, defined domains of proteins,
whole proteins, synthetic peptides, peptides with introduced mutations, aptamers and the like.
[0059] In certain aspects, the probes are substrates for enzymes or proenzymes, e.g.,

kinases, phosphatases, zymogens, proteases, or fragments thereof. In certain aspects, the
probes are phosphorylation substrates used to detect proteins involved in one or more signal
transduction pathways, e.g., a kinase or a phosphatase. In another specific aspect of the
invention, the probes are specific protease substrates that associate only with individual
proteases or classes of proteases. In other aspects, the probes are different processed forms,
isoforms and/or domains of an enzyme. Protein-based probes are typically conjugated or
otherwise linked to oligonucleotide encoding agents. The oligonucleotide encoding agents in
this case would also include a nucleotide sequence component that allows for identification of
the protein probe.

[0060] In certain aspects, the present invention provides assays for evaluating differences in
the amount and/or activity of biological targets between different locations in a sample and/or
between samples. The method includes determining a plurality of encoded results from the
biological sample and evaluating the differences in quantity of the biological targets at each

location in the biological sample.

Combinatorial Embodiments

[0061] To maximize the efficiency of encoding, a combinatorial approach using pairs of

coding tags in the encoding oligonucleotides can be used. By de-coupling the target-specific
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information and the coding tags, the number of oligonucleotides required is dramatically
reduced, with a concomitant decrease in cost.
[0062] Figure 4 illustrates a general mechanism for one embodiment of a combinatorial
encoding scheme of the assay systems of the invention, where nucleic acids in a
representative tissue section (shown at 416) are assayed. Figure 4 at A shows two
target-specific/encoding oligonucleotide constructs 420 and 422 (e.g., formed between steps
302 and 304 of Figure 3) specifically bound to a target nucleic acid 402 of interest, The first
encoded probe 420 comprises coding tag 408, associated with, e.g., a universal priming site
for amplification of the assay products or an adapter to enable identification of the coding
identifiers using sequencing technologies 404. The second encoded probe 422 comprises
coding tag 4006, associated with, e.g., a universal priming site for amplification of the assay
products or an adapter to enable identification of the coding identifiers using sequencing
technologies 410.
[0063] Figure 4 at B shows the spatial pattern that may be used for twenty different
coding tags, al through al0 (coding tag 406 on encoded probe 420) and b1 through b10
(coding tag 408 encoded probe 422). Coding tag al., for example, is deposited on the
biological sample in ten discrete areas or spots (shown as the first horizontal line of spots in
412). Coding tag a2 is deposited on the biological sample in ten spots on the second
horizontal line in 412. Coding tag a3 is deposited on the biological sample in ten spots on the
third horizontal line in 412, and so on. Whereas the "a" tags are deposited in ten horizontal
rows, the "b" tags are deposited in ten vertical rows as shown in 414. For example, coding tag
b1 is deposited on the biological sample in ten discrete spots in the first vertical row of 414,
coding tag b2 is deposited on the biological sample in ten discrete spots in the second vertical
row of 414, and so on. Using such a configuration allows for twenty coding tags to uniquely
define 100 different locations on the biological sample.
[0064] Figure 4 at C shows a representative tissue section 416 coincident with coding tag
grid 418. The arrows show how the "a" coding tags and the "b" coding tags are deposited on
grid 418 that is coincident with tissue section 416. If, once sequenced, coding tags al and b4,
e.g., are associated with a target nucleic acid sequence, then that target nucleic acid sequence
(i.e., biological target) was present in the tissue section at location al, b4.
[0065] Figure S provides a simplified, specific example of the encoding scheme of the
assay systems of the invention. Figure 5 shows encoding oligonucleotides 510, comprising
al, a2, a3, a4 and b1, b3, b3 and b4. Target-specific oligonucleotides (TSOs) (probes) 1 and 2
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are shown at 520. A deposit or dispensing scheme is shown at 530. Like the grid exemplified
in Figure 4, encoding oligonucleotides al through a4 are deposited in spots in a pattern (here,
in a vertical pattern), and encoding oligonucleotides bl through b4 are deposited in spots in a
pattern (here, a horizontal pattern). The grid though shown as a square with spots is actually a
deposition pattern on a biological sample (not shown) such as tissue section 416 shown in
Figure 4.

[0066] The target-specific oligonucleotides are delivered to the biological sample, where
the target-specific oligonucleotides hybridize to target nucleic acids in the biological sample
if target nucleic acids are present. Unhybridized target-specific oligonucleotides are then
removed, e.g., by washing. The encoding oligonucleotides are then delivered to the biological
sample according to the spatial pattern shown at 530. The encoding oligonucleotides are
ligated (or, e.g., extended and ligated) to any target-specific oligonucleotides that hybridized
to the target nucleic acid in the biological sample, the ligated constructs are then eluted from
the biological sample, pooled, and sequencing adapters are added through, e.g., PCR or
ligation, if the sequences were not previously included in the encoding oligonucleotides. The
ligated constructs are sequenced by, e.g., high throughput or "next generation" sequencing.
[0067] The pool of resulting sequences is shown at 540. A sequence readout was obtained
for target-specific oligonucleotide 1 only at a4bl, a4b2, alb3, a2b3, a3b3, a4b3 and a4b4
(positions shown with horizontal lines). A sequence readout was obtained for target-specific
oligonucleotide 2 only at albl (position shown with vertical lines). A sequence readout was
obtained for both target-specific oligonucleotides 1 and 2 at positions a2b1, a3bl, alb2, a2b2,
and a3b2 (positions shown with cross-hatching). No sequence readout was obtained for either
target-specific oligonucleotides at alb4, a2b4 or a3b4 (positions shown without shading).
Thus, in the biological sample on which the assay took place the first target nucleic acid was
detected in a large portion of the left side and at the bottom of the biological sample, the
second target nucleic acid was detected only in the upper left portion of the biological sample,
and neither target nucleic acid was detected in the upper right portion of the biological
sample. The differential expression of the two target nucleic acids now can be mapped back
to the biological sample and to the biological structures or cell types in these locations in the
biological sample, as shown in 550.

[0068] In addition to location information, information relating to relative abundance of the
encoded tags can be obtained. For example, if it is found that there are ten times as many

a4T1bl sequences occurring in the data set as compared to a4T1b2 sequences, this would
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indicate that target nucleic acid sequence 1 is ten times more abundant at the a4T1b1 location
than at the a4T1b2 location.

[0069] In the case of nucleotide analysis as shown in Figure 3, by ligating the coding tags
directly to target-specific oligonucleotides, only 2n target-specific oligonucleotides are
needed for n targets. For example, using the combinatorial approach outlined in Figure 2,
assaying 100 different targets at 10,000 spatial locations would require 2 x 100 target-specific
oligonucleotides and 2 x 100 encoding oligonucleotides. The total count of assay
oligonucleotides would be only 400 (200 target-specific and 200 encoding), not counting
universal primers. In contrast, if the coding oligonucleotides were not decoupled from the
target-specific oligonucleotides, (n x X positional codes) + (n x Y positional codes) would be
needed, or in the above example, 20,000 oligonucleotides, not counting universal primer
sequences. Moreover, though the embodiments shown in Figures 2- 5 depict a combinatorial
scheme using two encoding agents (coding tags), three, four or more encoding agents and
coding tags may be used, and attached to the probe or one another by varying means and in
varying combinations of steps.

[0070] Due to the spatial encoding aspect of the assay system of the invention, a large
amount of information can be generated with even a modest number of assays. For example,
five or more biological targets assayed at five or more positions in the sample generates 25 or
more combinations. Using digital sequencing as a readout, the optimum number of sequence
reads per combination depends on the sensitivity and dynamic range required, and can be
adjusted, For example, if for each combination on average 100 reads are sampled, the total
for 25 combination is 25,000 reads. If 1,000 targets are assayed at 1,000 locations with an
average sampling depth of 1,000, then 10” reads are required. These numbers, although large,
are within the capacity of intrinsically parallel digital sequencing methods, which can
generate datasets of billions or even trillions of reads in a reasonable timeframe and at a
very low cost per read. Therefore, by varying the numbers of positions interrogated or
biological targets assayed, or both, and using digital sequencing, large amounts of
information can be obtained. In specific aspects, multiple locations are interrogated for

two or more biological molecules.

Reagent Delivery Systems

[0071] The reagent delivery system of the invention includes instrumentation that
allows the delivery of reagents to discrete portions of the biological sample, maintaining
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the integrity of the spatial patterns of the encoding scheme. Reagent delivery systems of
the assay systems of the invention comprise optional imaging means, reagent delivery
hardware and control software. Reagent delivery can be achieved in a number of different
ways. It should be noted that reagent delivery may be to many different biological
samples at one time. A single tissue section has been exemplified herein; however,
multiple biological samples may be affixed and analyzed simultaneously. For example,
pions of a tissue sample can be analyzed in parallel and the data combined to build a 3D
map.

[0072] Integral to the assay system of the invention is instrumentation that allows for
spatial patterning of reagents onto the biological sample. Technologies for formulating
and delivering both biological molecules (e.g. oligonucleotides or antibodies) and
chemical reagents (e.g., small molecules or ANTPs) are known in the art, and uses of
these instrument systems are known to one skilled in the art and easily adaptable to the
assay systems of the invention. One example of a suitable reagent delivery system is the
Labcyte™ Echo acoustic liquid handier, which can he used to deliver nanoliter scale
droplets containing biological molecules with high precision and reproducibility. One
skilled in the art could incorporate this reagent delivery device into the overall system,
using software to specify the locations to which reagents should be delivered.

[0073] Other instruments that can be used for the deposition of agents and/or coding
identifiers onto biological samples include, but are not limited to, ink jet spotting;
mechanical spotting by means of pin, pen or capillary; micro contact printing;
photochemical or photolithographic methods; and the like. For several applications, it
may be preferred to segment or sequester certain areas of the biological samples into one
or more assay areas for different reagent distributions and/or biological target determination.
The assay areas may be physically separated using barriers or channels.

[0074] In one exemplary aspect, the reagent delivery system may be a flow-based
system. The flow-based systems for reagent delivery in the present invention can include
instrumentation such as one or more pumps, valves, fluid reservoirs, channels, and/or reagent
storage cells. Reagent delivery systems are configured to move fluid to contact a discrete
section of the biological sample. Movement of the reagents can be driven by a pump
disposed, for example, downstream of the fluid reagents. The pump can drive each fluid
reagent to (and past) the reaction compartment. Alternatively, reagents may be driven through

the fluid by gravity. US Pub. Nos. 20070166725 and 20050239192 disclose certain general-
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purpose fluidics tools that can be used with the assay systems of the invention, allowing for
the precise manipulation of gases, liquids and solids to accomplish very complex analytical
manipulations with relatively simple hardware.

[0075] In a more specific example, one or more flow-cells can be attached to the substrate-
affixed biological sample from above. The flow-cell can include inlet and outlet tubes
connected thereto and optionally an external pump is used to deliver reagents to the flow-cell
and across the biological sample. The flow cells are configured to deliver reagents only to
certain portions of the biological sample, restricting the amount and type of reagent delivered
to any specific section of the biological sample.

[0076] In another aspect, a microfluidic system can be integrated into the substrate upon
which the biological sample is disposed or externally attached on top of the substrate.
Microfluidic passages for holding and carrying fluid may be formed on and/or above the
planar substrate by a fluidics layer abutted to the substrate. Fluid reagents can be selected and
delivered according to selective opening and closing of valves disposed between reagent
reservoirs.

[0077] Pumps generally include any mechanism for moving fluid and/or reagents
disposed in fluid. In some examples, the pump can be configured to move fluid and/or
reagents through passages with small volumes (i.e., microfluidic structures). The pump can
operate mechanically by exerting a positive or negative pressure on fluid and/or on a structure
carrying fluid, electrically by appropriate application of an electric field(s), or both, among
other means. Exemplary mechanical pumps may include syringe pumps, peristaltic pumps,
rotary pumps, pressurized gas, pipettors, etc. Mechanical pumps may be micromachined,
molded, etc. Exemplary electrical pumps may include electrodes and may operate by
electrophoresis, electroendoosmosis, electrocapillarity, dielectrophoresis (including traveling
wave forms thereof), and/or the like.

[0078] Valves generally include any mechanism for regulating the passage of fluid through
a channel. Valves can include, for example, deformable members that can be selectively
deformed to partially or completely close a channel, a movable projection that can be
selectively extended into a channel to partially or completely block a channel, an
electrocapillary structure, and/or the like.

[0079] An open gasket can be attached to the top of the biological sample and the sample
and reagents can be injected into the gasket. Suitable gasket materials include, but are not

limited to, neoprene, nitrile, and silicone rubber. Alternatively, a watertight reaction chamber
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may be formed by a gasket sandwiched between the biological sample on the substrate and a
chemically inert, water resistant material such as, but not limited to, black-anodized
aluminum, thermoplastics (e.g., polystyrene, polycarbonate, etc), glass, etc.

[0080] In an optional embodiment, the assay system comprises imaging means to determine
features and organization of the biological sample of interest. The images obtained, e.g., may
be used to design the deposition pattern of the reagents, Imaging means are optional, as an
individual can instead view the biological sample using, e.g., a microscope, analyze the
organization of the biological sample, and specify a spatial pattern for delivery assay
reagents. If included, the delivery system can comprise a microcircuit arrangement including
an imager, such as a CCD or IGFET-based (e.g., CMOS-based) imager and an ultrasonic
sprayer for reagent delivery such as described in US Pub. No. 20090197326, which is
incorporated herein by reference. Also, it should be noted that although Figures 4 and 5
illustrate using a x,y grid configuration, other configurations can be used, such as, e.g.,
following the topology of a tissue sample; targeting certain groups of cells, cell layers and/or
cell types in a tissue, and the like.

[0081] In yet another alternative, the reagent delivery system controls the delivery of
reagents to specific patterns on a biological sample surface using semiconductor techniques
such as masking and spraying. Specific areas of a biological sample can be protected from
exposure to reagents through use of a mask to protect specific areas from exposure. The
reagents may be introduced to the biological sample using conventional techniques such as
spraying or fluid flow. The use of masked delivery results in a patterned delivery scheme on
the substrate surface.

[0082] In a preferred aspect of the invention, the reagent delivery instrumentation is
based on inkjet printing technology. There are a variety of different ink-jetting mechanisms
(e.g., thermal, piezoelectric) and compatibility has been shown with aqueous and organic ink
formulations. Sets of independently actuated nozzles can be used to deliver multiple reagents
at the same time, and very high resolutions are be achieved.

[0083] In order to target specific sites of interest, an informative image of the biological
sample to be assayed may be used to assist in the reagent delivery methods and associated
encoding scheme. Sample regions of the biological sample can be identified using image
processing (e.g., images of cell types differentiated by immunohistochemistry or other
staining chemistries) integrated with other features of the assay system. In some aspects,

software is used to automatically translate image information into a reagent delivery pattern.
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A mechanism to register and align very precisely the biological sample for reagent delivery is
thus an important component of the assay systems of the invention. Mechanisms such as the
use of fiducial markers on slides and/or other very accurate physical positioning systems can
be adapted to this purpose.

[0084] The invention preferably comprises a complete suite of software tailored to the
assay system. Optionally, oligonucleotide design software is used to design the encoding
nucleotides (and in embodiments where nucleic acids are assayed, the target-specific
oligonucleotides) for the specific assay to be run, and may be integrated as a part of the
system. Also optionally, algorithms and software for reagent delivery and data analysis (i.e.,
sequence analysis) may be integrated to determine assay results. Integrated data analysis is
particularly useful, as the type of dataset that is generated may be massive as a consequence
of scale. Algorithms and software tools that are specifically designed for analysis of the
spatially-associated data generated by the assay systems, including pattern-analysis software
and visualization tools, enhance the value of the data generated by the assay systems.

[0085] In certain aspects, the assay system comprises processes for making and carrying
out the quality control of reagents, e.g., the integrity and sequence fidelity of oligonucleotide
pools. In particular, reagents are formulated according to factors such as volatility, stability at
key temperatures, and chemical compatibility for compatibility with the reagent delivery

instrumentation and may be analyzed by instrumentation integrated within the assay system.

Sequencing

[0086] Numerous methods can be used to identify the coding tags and probe sequences in
the encoded probes of the assay systems of the invention. The coding tags can be detected
using techniques such as mass spectroscopy ( e.g., Maldi-T of, LC-MS/MS), nuclear
magnetic resonance imaging, or, preferably, nucleic acid sequencing. Examples of techniques
for decoding the coding tags of the present invention can be found, for example, in US Pub.
No. 20080220434, which is incorporated herein by reference. For example, the coding tags
may be oligonucleotide mass tags (OMTs or massTags). Such tags are described, e.g., in US
Pub. No. 20090305237, which is incorporated by reference in its entirety. In yet another
alternative, the encoded probes can be amplified and hybridized to a microarray. This would
require separate amplification reactions to be carried out, in which each amplification is

specific to a particular spatial code or subset of codes, accomplished by using code-specific
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primers. Each amplification would also incorporate a different resolvable label (e.g.
fluorophor). Following hybridization, the relative amounts of a particular target mapping to
different spatial locations in the sample can he determined by the relative abundances of the
resolvable labels.

[0087] In one particularly preferred aspect, the resulting coding tags according to the
assay system are substrates for high-throughput, next-generation sequencing, and highly
parallel next-generation sequencing methods are used to confirm the sequence of the coding
tags, for example, with SOLiD™ technology (Life Technologies, Inc.) or Genome Ananlyzer
(Illumina, Inc.). Such next-generation sequencing methods can be carried out, for example,
using a one pass sequencing method or using paired-end sequencing. Next generation
sequencing methods include, but are not limited to, hybridization-based methods, such as
disclosed in e.g., Drmanac, U.S. Pat. Nos. 6,864,052; 6,309,824; and 6,401,267; and Drmanac
et al, U.S. patent publication 2005/0191656; sequencing-by-synthesis methods, e.g., U.S. Pat
Nos. 6,210,891; 6,828,100; 6,969,488: 6,897,023; 6,833,246; 6,911,345: 6,787,308;
7,297,518; 7,462,449 and 7,501,245; US Publication Application Nos. 20110059436;
20040106110; 20030064398; and 20030022207, Ronaghi, et al, Science, 281: 363-365
(1998); and Li, et al, Proc. Natl. Acad. Sci., 100: 414-419 (2003); ligation-based methods,
e.g., U.S, Patent Nos. 5,912,148 and 6,130,073; and U.S. Pat. Appln Nos. 20100105052,
20070207482 and 20090018024; nanopore sequencing e.g., U.S. Pat. Appln Nos.
20070036511; 20080032301; 20080128627; 20090082212; and Soni and Meller, Clin Chem
53:1996-2001 (2007)), as well as other methods, e.g., U.S. Pat. Appln Nos. 20110033854,
20090264299; 20090155781; and 20090005252; also, see, McKeman, et al., Genome Res.,
19:1527-41 (2009) and Bentley, et al., Nature 456:53-59 (2008), all of which are incorporated

herein in their entirety for all purposes.

Applications of Assay System

[0088] It will be apparent to one skilled in the art upon reading the present disclosure that
there are numerous important areas of biological research, diagnostics, and drug development
that will benefit from a high throughput multiplexed assay system that can measure
simultaneously the amount and spatial location of a biological target in a biological sample.
For example, combining the ability to estimate the relative abundance of different RNA
transcripts with the ability to reconstruct an image of spatial patterns of abundance across many

locations, which may be as small as or even smaller than individual cells, in a tissue enables
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many different areas of basic research. The following are exemplary uses and are by no means
meant to be limiting in scope.
[0089] In one example, 3-dimensional patterns of gene expression are determined by
analyzing a series of tissue sections, in a manner analogous to image reconstruction in CT
scanning, Such a method can be used to measure changes in gene expression in disease
pathology, e.g., in cancerous tissue and/or a tissue upon injury, inflammation or infection.
With the assay systems of the invention, more detailed information on gene expression and
protein localization in complex tissues is obtained, leading to new insights into the function
and regulation both in normal and diseased states, and provides new hypotheses that can be
tested. For example, an assay system of the invention may enable some of the insights gained
from many individual studies and larger programs like ENCODE (Bimey, et al., Nature,
447:799-816 (2007)) and modENCODE to be integrated at the tissue level. The assay
systems also aid computational efforts to model interacting networks of gene expression in
the field of systems biology.
[0090] The assay systems also provide a novel approach to analysis of somatic variation,
e.g., somatic mutations in cancer or variability in response to infectious organisms. For
example, tumors are typically highly heterogeneous, containing cancer cells as well as
genetically normal cells in an abnormal local environment. Cancer cells undergo mutation
and selection, and in this process it is not unusual for local clones to develop. Identifying
relatively rare somatic mutations in the context of tumors may enable the study of the role of
key mutations in the selection of clonal variants. Transcriptional patterns associated with
angiogenesis, inflammation, or other cancer-related processes in both cancer and genetically
normal cells can be analyzed for insights into cancer biology and assist in the development of
new therapeutic agents for the treatment of cancers. In another example, individuals have
varying susceptibility to infectious organisms, and the assay systems of the invention can be
used to study the interaction between microbes and tissues or the various cell types within the
tissue.
[0091] Importantly, in addition to providing spatially-associated information, the invention
allows a great increase in the sensitivity of detecting rare mutations, as signal to noise can he
dramatically increased since only a small location is assayed in any given reaction. In a
typical assay for rare mutations in a mixed sample, the sample is treated in bulk, i.e., nucleic
acids are extracted from many cells into a single pool. Thus, if a mutation is present in one
cell in 10,000, it must be detected against a background of normal DNA from ~10,000 cells.
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In contrast, with the assay systems of the invention many cells can be analyzed, but
individual cells or small groups of cells would be identified by the spatial coding system.
Therefore, in the assay systems of the present invention, background is reduced by orders of
magnitude, greatly increasing sensitivity. Furthermore, the spatial organization of mutant
cells can be observed, which may be particularly important in detecting key mutations in
tissue sections in cancer. Already molecular histological analyses are yielding insights into
cancer biology and may have potential for use in diagnostics. The technology of the
invention promises to greatly increase the power of such approaches.

[0092] The present invention provides assays, assay systems, and methods of using
such assays in spatially encoded biological assays. The invention provides an assay system
comprising one or more agents provided in defined spatial patterns on a substrate surface, and
a detection system for identifying the presence or absence, relative amount, and location of a
biological molecule. Such biological molecules include, but are not limited to, nucleic acids,
peptides, carbohydrates, cellular components, and the like. The assay system is a novel
multiplexing approach, as it allows multiple molecules and their respective multiple locations
to be identified in a single system using a unique encoding scheme. This encoding scheme
uses both molecule-specific binding agents and coding identifiers to provide a practical and
cost-effective determination of information on multiple biological molecules, including
specific positional information of such molecules in a biological sample, e.g., a tissue
section. The single molecule detection analysis using the encoding system also allows
relative amounts of biological molecules to be detected, thus providing information
on expression levels, sequestering in specific locales, and the like.

[0093] The assay systems detect the presence or absence, and relative amount, of a biological
molecule at more than one spatial location in a sample. In addition, the assays provide
methods for doing this for multiple biological molecules simultaneously. The assay systems
utilize one or more binding agents that specifically bind to the biological molecule of interest
and unique coding identifiers associated with specific binding agents. The detection system
utilizes a method for identifying the presence and spatial address of the agent binding based
on the positive and/or negative results that are obtained using detection of the agent and
identifier and the encoding scheme of the spatial patterns on the substrate surface. In a
specific aspect, the encoding scheme employs limited reagent delivery to the spatial patterns
on the substrate surface, and access of the coding identifiers and/or binding agents to
portions of the sample is controlled through such limited delivery.
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[0094] In one aspect, the assay system detects the presence or absence and spatial location of
a biological molecule based on the positive and/or negative results that are obtained using
limited reagent delivery and the encoding scheme of the spatial patterns on the substrate
surface.

[0095] The assay system and methods of the invention are based on relational, solid-state
substrates with positions that represent specific spatial locations within a biological sample,
e.g., a cell, organelle or tissue. The ability to use encoding features to represent locations
allows high-throughput analysis of the presence or absence, and relative amount, of a
biological molecule at more than one spatial location in a sample. The encoding features also
allow provide assaying of multiple biological molecules at these multiple locations
simultaneously.

[0096] A primary feature of the invention is the preservation of the spatial organization of
elements in a sample of interest through the use of an encoding scheme. For example, the
assay may be designed to preserve the relative position of cells in a tissue, and the assay may
interrogate the individual cells for genomic DNA variation (including epigenetic
modifications), and RNA and protein expression.

[0097] In one specific aspect, the encoding scheme of the assay system comprises the use of
two or more coding patterns, each comprising regions defined by spatial patterns on the
substrate surface. For example, the assay system can utilize an encoding scheme that
comprises a 2-dimensional grid format based on the discrete positioning of the binding agents
in the substrate surfaces. In another example, the spatial patterns may be based on more
randomized cell locations, e.g., the patterns on the substrate surface follow an underlying
biological structure rather than a strict, X,y grid pattern. This aspect includes systems with
two or more substantially identical spatial patterns using different binding agents and/or
coding identifiers, as well as systems having different patterns for different agents and/or
coding identifiers. The encoding scheme of the systems can be controlled by delivery of
different reagents to discrete regions on the substrate surfaces, which allows different
reactions to take place on substantially similar agents of known location on the substrate
surfaces.

[0098] In one specific aspect, the invention provides high resolution, high- throughput
analysis of nucleic acids and/or expression levels that provides both detection and spatial

identification of large numbers of nucleic acids, e.g., DNA or RNA.
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[0099] In another specific aspect, the invention provides high resolution, high- throughput
analysis of proteins that provides both detection and spatial identification of large numbers of
such proteins, e.g., kinases or proteases.

[00100] Numerous reagent delivery systems can be used with the assay system of the
invention. The primary criteria of such reagent delivery systems is the ability to direct
delivery of specific agents based on spatial patterns on the substrate surface.

[00101] In one preferred aspect, the encoding scheme utilizes a reagent delivery system
based on printing and informatics technologies to implement the spatial patterns used for
identification and localization of the biological materials. For example, the patterns found in
the encoding scheme may be created using ink jet printing technology to provide reagents at
specific locations on one or more substrate surfaces. The desired patterns are set out in
specific coding patterns on the substrate surface.

[00102] In certain aspects of the invention, the binding agents are immobilized directly
to the substrate surface, and the location of the binding agents is known or determined prior
to use of the substrate surface in the assay system. In another aspect, the binding agents are
immobilized onto beads or other separate structural elements that are then provided in known
locations on the substrate surface. In yet another aspect, the binding agents may be
provided in or on features of the substrate surface, e.g., provided in wells or channels.
[00103] In specific aspects of the invention, the binding agents are nucleic acids
immobilized directly or indirectly to the substrate surface, e.g., directly through the use of
amino groups on the substrate surface or indirectly through the use of a linker. The location
of the nucleic acid sequences is known or determined prior to use of the substrate surface in
the assay system. In another specific aspect, the nucleic acids may be immobilized directly or
indirectly onto beads that are then provided in known locations on the substrate surface. In
yet another aspect, the nucleic acids may be provided in or on features of the substrate
surface, e.g., provided in wells.

[00104] In these aspects involving nucleic acid agents, any methods of sequence
determination can be used, e.g., sequencing, hybridization and the like. In a preferred aspect,
nucleic acid sequencing, and preferably next-generation sequencing, is used to decode the
spatial encoding scheme in the assay system of the invention. This provides a very wide
dynamic range for very large numbers of assays, allowing for efficient multiplexing.

[00105] In some aspects, the assay utilizes two or more oligonucleotides, the
oligonucleotides comprising a universal primer region and a region that correlates
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specifically to a single spatial pattern within the spatial encoding scheme. In a specific aspect,
the assay comprises two allele specific oligonucleotides and one locus specific
oligonucleotides. These oligonucleotides allow the identification of specific SNPs, indels or
mutations within an allele. This is useful in the identification of genetic changes in
somatic cells, genotyping of tissues, and the like.

[00106] In other specific aspects of the invention, the binding agents are peptides. In
one aspect, these peptides are associated directly or indirectly to known locations on a
substrate surface, e.g., using binding protein pairs or through oligonucleotide linkers
complementary to oligonucleotides on the substrate surface. In another aspect, the binding
agents are peptides are immobilized directly or indirectly onto beads or other separate
structural elements that are then provided in known locations on the substrate surface. In yet
another aspect, the peptides may be provided in or on features of the substrate surface, e.g.,
provided in wells.

[00107] In yet other specific aspects of the invention, the binding agents are chemical
entities ( e.g., small molecules) that are coded, e.g. using sequence tags or mass spectroscopy
tags as coding identifiers. In one aspect, these chemical entities can be are immobilized
directly to the substrate surface. In another aspect, the binding agents are immobilized onto
beads or other separate structural elements that are then provided in known locations on the
substrate surface. In yet another aspect, the binding agents may be provided in or on features
of the substrate surface, e.g., provided in wells.

[00108] The assay system of the invention can utilize various detection mechanisms,
based on the molecules to be detected and the reagents needed for such detection system.
Exemplary methods that can be used with the assay systems of the invention are described

in more detail below.

[00109] The Invention in General

[00110] The assay system and methods of the invention are based on relational methods that allow
extraction of data to detect the presence or absence and relative amount of a biological molecule,
and the location of this molecule in a sample having a distinct structure, e.g., a tissue section or
other biological structure with distinct locations of specific biological molecules. The encoding
scheme used in these systems corresponds to the structural elements of the sample, and the
information obtained using a two-dimensional coding system is indicative of the spatial addresses

of these molecules in a sample of interest.
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[00111] Integral to the assay system of the invention is a method for spatial patterning of
reagents. Technologies for formulating and delivering both biological molecules (" e.g. DNA or
antibodies) and chemical reagents (e.g., small molecules or dNTPs) have already been
demonstrated, and use of these systems will be available to one skilled in the art and easily
adaptable upon reading this specification.

[00112] The assay design of the invention provides an accurate and easily scalable spatial
encoding system. The ability to deliver reagents in a spatially defined pattern together with
software, reagents and protocols comprises a novel and highly innovative assay system for
spatial analysis of various biological molecules and activities. This allows the assays to measure
numerous biological functions in a meaningful spatial environment, including functions such as
gene expression and peptide localization. The systems provide the potential to open a new
analytical window into the complex spatial patterns of cellular function and regulation in
biological systems.

[00113] The biological molecules to be detected can be any biological molecules such as
proteins, nucleic acids, lipids, carbohydrates, ions, or multicomponent complexes containing any
of the above. Further examples of subcellular objects include organelles, e.g., mitochondria,
Golgi apparatus, endoplasmic reticulum, chloroplast, endocytic vesicle, exocytic vesicles,
vacuole, lysosome, etc.

[00114] Fig. 4 illustrates such a target-specific assay system for identification of nucleic acid
sequences in a sample. In this system, two reagents 420, 422 that specifically bind to a biological
molecule of interest are associated with coding identifiers 406, 408 that encode for a spatial
location in the sample. These coding identifiers 406, 408 are optionally associated with sites that
assist in their identification in the assay format, e.g., universal priming sites 404, 410 for
amplification of the assay products or adapters to enable identification of the coding identifiers
and the binding agents using sequencing technologies. The sample that is tested, here shown as a
tissue section 416 is encoded using the combination of the patterns 412, 414 created using the
separate coding identifiers 406, 408 which provide a two dimensional code 418 that shows the
location of any positive detection of the biological molecule 402 as well as quantifying the
biological molecule 402 at each location assayed in the tissue.

[00115] The assay systems of the invention are particularly advantageous in that they are
compatible with numerous samples types, such as fresh samples, such as primary tissue sections,
and preserved samples including but not limited to frozen samples and paraformalin-fixed,

paraffin-embedded (FFPE) samples. An important aspect of the assay systems of the invention is
32

Curio EX1050-p. 45
Curio v Prognosys



Attorney Docket No.: 47706-0004038

that the binding agents are immobilized on a substrate surface in discrete, independently
measureable areas. These discrete areas can be formed by spatially selective deposition of the
binding agents on the substrate surface. Numerous methods can be used for the deposition of the
agent and the coding identifiers associates with the agent. For example, the coding identifiers can
be delivered together or separately from the agent. If delivered together they can be attached
(e.g., synthesized as a single molecule or attached through ligation or a chemical coupling
mechanism) or simply mixed together to be attached after delivery to the substrate. In a preferred
aspect, the agent and the coding identifier are made separately, mixed together for attachment, and
delivered either attached or as a mixture to be attached on the surface. In a specific aspect the
binding agents are delivered generally over the substrate surface and the coding identifiers are
delivered in a pattern-specific manner.

[00116] Examples of methods that can be used for deposition of agents and/or coding identifiers
onto the substrate surface include, but are not limited to, ink jet spotting, mechanical spotting by
means of pin, pen or capillary, micro contact printing, fluidically contacting the measurement
areas with the biological or biochemical or synthetic recognition elements upon their supply in
parallel or crossed micro channels, upon exposure to pressure differences orto electric or
electromagnetic potentials, and photochemical or photolithographic immobilization methods.
[00117] For several applications, it may be preferred to arrange the substrates into segments of
one or more measurement areas for reagent distribution and agent determination. These regions
may be physically separated using barriers or channels. They may still comprise several additional
discrete measurement areas with agents that are different or in different combination from each
other.

[00118] In certain aspects, the present invention provides a method, e.g., a machine-based method,
for evaluating changes in the presence and/or location of a biological molecule over time. The
method includes providing a plurality of encoded array results representative of the biological
molecule over time and evaluating the differences in detection and/or localization of the biological

molecules.

Nucleic Acid Detection and Localization

[00119] In a particular aspect, the assay system is used to analyze nucleic acids, e.g genotyping,

gene expression analysis, localization of particular transcripts within samples, and the like.
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[00120] Genotyping may be performed using any technique known to those of skill in the art.
Preferred techniques permit rapid, accurate determination of multiple variations with a minimum
of sample handling. Some examples of suitable techniques involve but are not limited to direct
DNA sequencing, capillary electrophoresis, hybridization, allele-specific probes or primers,
single-strand conformation polymorphism analysis, nucleic acid arrays, bead arrays, restriction
fragment length polymorphism analysis, cleavage fragment length polymorphism analysis,
random amplified polymorphic DNA, ligase detection reaction, heteroduplex or fragment analysis,
differential sequencing with mass spectrometry, atomic force microscopy, pyrosequencing, FRET
(e.g., TagMan (Applied Biosystems, Inc., Foster City, Calif.) and Molecular Beacon (Stratagene,
La Jolla, Calif)) assays), and other related techniques. Several methods for DNA sequencing
are well known and generally available in the art. See, for example, Sambrook, et al., Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory, New York) (2001); Ausubel,
et al., Current Protocols in Molecular Biology (John Wiley and Sons, New York) (1997),
Twyman, et al. (2003) "Techniques Patents for SNP Genotyping", Pharmacogenomics 4(1):67-
79; and Kristensen, et al. (2001) "High-Throughput Methods for Detection of Genetic Variation",
BioTechniques 30(2):318-332. For details on the use of nucleic acid arrays (DNA chips) for the
detection of, for example, SNPs, see U.S. Pat. No. 6,300,063 issued to Lipshultz, et al., and U.S.
Pat. No. 5,837,832 to Chee, et al., HUSNP Mapping Assay, reagent kit and user manual,
Affymetrix Part No. 90094 (Affymetrix, Santa Clara, Calif.). The molecular inversion probe
(MIP) assay format (Hardenbol et al., 2003) is another example of a highly multiplexable assay
that may be used with the assay systems of the invention.

[00121] In one exemplary and preferred method for analyzing nucleic acids using the assay
system of the invention, the detection of nucleic acids uses two allele- specific oligonucleotides
and alocus specific oligonucleotide. The assay methods are carried out according to the
strategy outlined in Fig. 2 using next-generation sequencing or another highly parallel nucleic acid
assay technology. In this assay, a set of two oligonucleotides is designed to hybridize to each
target sequence, with a common oligonucleotide and two unique coding identifiers. The allele can
be determined, e,g, by primer extension of the locus specific oligonucleotide. Following primer
extension and ligation, an amplifiable template is formed with universal primer sequences at either
end. Assay oligonucleotides are annealed to a template and enzymatic reactions are used to join
the two oligonucleotides only when both are correctly annealed. The detection techniques and
read out parameters used in this system of the invention include a much shorter tag than the
oligonucleotides used in the assays that are based on capture by hybridization. These shorter tags
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are designed to be read out by sequencing or, preferably, used to ligate codes onto both ends of the
fragment as illustrated in Fig. 2.

[00122] In Figure 3, two target-specific assay oligonucleotides are ligated together 302
following in sifu hybridization to target sequences. At the same time, encoding oligonucleotides
containing tag sequence sets X and Y are ligated 304 to the target specific oligonucleotides.
Oligonucleotides containing X ligate specifically to one side of the targeting construct and
oligonucleotides containing Y ligate to the other. The oligonucleotides contain universal primer
sites Pl and P2. Following ligation, the constructs are eluted and, optionally, sequencing adapters
can be attached 306, e.g., via PCR.

[00123] In one preferred aspect, the final construct created from the assay method is a substrate
for next-generation sequencing, and highly parallel next-generation sequencing methods are used
to confirm the sequence of constructs. Such sequencing methods can be carried out, for example,
using a one pass sequencing method or using paired-end sequencing. Next generation sequencing
methods include, but are not limited to, hybridization-based methods, such as disclosed in
Drmanac, U.S. Pat. Nos. 6,864,052; 6,309,824; and 6,401,267, and Drmanac et al, U.S. patent
publication 2005/0191656, and sequencing by synthesis methods, e.g., Nyren et al, U.S. Pat. No.
6,210,891; Ronaghi, U.S. Pat. No. 6,828,100; Ronaghi et al (1998), Science, 281: 363-365;
Balasubramanian, U.S. Pat. No. 6,833,246; Quake, U.S. Pat. No. 6,911,345; Li et al, Proc. Natl.
Acad. Sci., 100: 414-419 (2003); Smith et al, PCT publication WO 2006/074351; use of reversible
extension terminators, e.g., Turner, U.S. Pat. No. 6,833,246 and Turner, U.S. Pat. No. 6,833,246
and ligation-based methods, e.g., Shendure et al (2005), Science, 309: 1728-1739, Macevicz, U.S.
Pat. No. 6,306,597, which references are incorporated by reference. Soddart et al., PNAS U S A.
2009 Apr 20; Xiao et al., Nat Methods. 2009 Mar;6(3):199-201. Epub 2009 Feb 8.

[00124] To maximize the efficiency of encoding, a combinatorial approach using pairs of
oligonucleotides can be used. For example, with only two sets of 100 codes, a substrate can
theoretically encode up to 10,000 locations. The number of assay oligonucleotides required is
dramatically reduced, the cost decreased, and the robustness of the approach increased by
decoupling the coding sequences from the genome-specific sequences. Alternative assay formats
can also be used (e.g. ligation or primer extension followed by ligation).

[00125] By ligating the codes on separately, only 2n target-specific assay oligonucleotides are
needed for n targets. For example, assaying 100 different targets at 10,000 spatial locations would
require 2 x 100 targeting oligonucleotides and 2 x 100 encoding oligonucleotides, using a

combinatorial approach outlined in Fig. 2. The total count of assay oligonucleotides would be only
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400 (200 target- specific and 200 encoding), not counting universal primers. In contrast, if the
coding oligonucleotides were not decoupled, (n x X positional codes) + (n x Y positional codes)
would be needed, or in the above example, 20,000 oligonucleotides, not counting universal primer
sequences.

[00126] Due to the matrix system of the invention, a large amount of information can be obtained
even using five or more positions interrogated for five or more biological molecules. By varying
one or the other of these, large amounts of information can be obtained, both in terms of locations
and/or specific biological In specific aspects, multiple locations are interrogated for two or more
biological molecules. As an example, for each datapoint ~1,000 reads may be sampled, for a total

of -10E9 reads for 10E6 datapoints.

Peptide Detection Systems

[00127] The assay system of the invention can be used to analyze biological molecules using
peptide agents that are associated with the substrate surface in a spatial pattern. Such peptides may
comprise an active region of an enzyme, a binding domain of an immunoglobulin, defined
domains of proteins, whole proteins, synthetic peptides, peptides with introduced mutations, etc.
[00128] The assay system of the invention allows the identification and spatial location of
various forms of peptides, including isoforms and peptides that have undergone posttranslational
modification. Importantly, certain aspects of the invention allow the identification of active versus
non-active forms of such peptides in a sample. This allows the identification of the presence or
absence of specific peptide isoforms, and also acts as a proxy for identification of peptide activity
in a sample.

[00129] In certain aspects of the invention, the binding agents associated with the substrate
surfaces of the assay system include substrates for enzymes or proenzymes, e.g., akinase, a
phosphatase, a zymogen, a protease, or a fragment thereof. In certain aspects, the binding
agents associated with the substrate surfaces are phosphorylation substrates used to detect
proteins involved with one or more signal transduction pathways, e.g., a kinase or a phosphatase.
In another specific aspect of the invention, the binding agents are specific protease substrates that
associate only with individual or classes of proteases. In other aspects, the binding agents on the

substrate surface are different processed forms, isoforms and/or domains of an enzyme.
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Reagent Delivery

[00130] The reagent delivery system of the invention can be any system that allows the
delivery of reagents to discrete portions of the array in order to keep the integrity of the defined
spatial patterns of the encoding scheme. Such discrete delivery can be achieved in a number of
different ways.

[00131] In one exemplary aspect, the reagent delivery system can be a flow-based system. The
flow-based systems for reagent delivery in the present invention can include one or more pumps,
valves, fluid reservoirs, channels, and/or reagent storage cells. Such a reagent delivery system is
configured to move fluid in contact with a discrete section of the substrate surface. Movement of
the reagents can be driven through a fluid by a pump disposed, for example, downstream of the
fluid reagents. The pump can drive each fluid reagent to (and past) the reaction compartment.
Alternatively, the reagents may be driven through the fluid by gravity.

[00132] US Appln Nos. 20070166725 and 20050239192 disclose certain general- purpose
fluidics tools that can be used with the assay systems of the invention. These allow the precise
manipulation of gases, liquids and solids to accomplish very complex analytical manipulations
with relatively simple hardware.

[00133] In a more specific example, one or more flow-cells can be attached to the substrate from
above. The flow-cell can include inlet and outlet tubes connected thereto and optionally an
external pump can be used to deliver the sample or reagents to the flow-cell and across the
substrate. The flow cell is configured to deliver reagents only to certain portions of the array,
restricting the amount and type of reagent delivered to any specific section of the array.

[00134] In another aspect, a microfluidic system can be integrated into the substrate or
externally attached on top of the substrate. Microfluidic passages for holding and carrying fluid
can be formed on and/or above the planar substrate by a fluidics layer abutted to the substrate.
Fluid reagents can be selected according to selective opening and closing of valves disposed
between reagent reservoirs.

[00135] Pumps generally include any mechanism for moving fluid and/or reagents disposed in
fluid. In some examples, the pump can be configured to move fluid and/or reagents through
passages with small volumes (i.e., microfluidic structures). The pump can operate mechanically
by exerting a positive or negative pressure on fluid and/or on a structure carrying fluid, electrically
by appropriate application of an electric field(s), or both, among others. Exemplary mechanical
pumps may include syringe pumps, peristaltic pumps, rotary pumps, pressurized gas, pipettors,
etc. The mechanical pumps may be micromachined, molded, etc. Exemplary electrical pumps
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can include electrodes and may operate by electrophoresis, electroendoosmosis,
electrocapillarity, dielectrophoresis (including traveling wave forms thereof), and/or the like.
[00136] Valves generally include any mechanism for regulating the passage of fluid through a
channel. The valves can include, for example, deformable members that can be selectively
deformed to partially or completely close a channel, a movable projection that can be selectively
extended into the channel to partially or completely block the channel, an electrocapillary
structure, and/or the like.

[00137] In yet another aspect, an open gasket can be attached to the top of the substrate and the
sample and reagents can be injected into the gasket. Suitable gasket materials include, but are not
limited to, neoprene, nitrile, and silicone rubber. Alternatively, a watertight reaction chamber
formed by a gasket sandwiched between the substrate and a chemically inert, water resistant
material such as, but not limited to, black-anodized aluminum, thermoplastics (e.g., polystyrene,
polycarbonate, etc), glass, etc.

[00138] In a specific aspect of the present invention, the delivery system can compnse a
microcircuit arrangement including an imager, such as a CCD or IGFET-based (e.g., CMOS-
based) imager and an ultrasonic sprayer for reagent delivery such as described in US Appln No.
20090197326, which is incorporated herein by reference.

[00139] In yet another aspect of the invention, the reagent delivery system controls the delivery
of reagents to specific patterns on a substrate surface using semiconductor techniques such as
masking and spraying. Specific areas of a substrate surface can be protected from exposure to
reagents through use of a mask to protect specific areas from exposure. The reagents may be
introduced to the substrate using conventional techniques such as spraying or fluid flow. The use
of the masked substrate delivery results in a patterned delivery scheme on the substrate surface.
[00140] In a preferred aspect of the invention, the reagent delivery instrumentation is based on
inkjet printing technology. There are a variety of different ink-jetting mechanisms (" e.g., thermal,
piezoelectric) and compatibility has been shown with aqueous and organic ink formulations. Sets
of independently actuated nozzles can be used to deliver multiple reagents at the same time, and

very high resolutions can be achieved.

Software for use in the Assay System

[00141] In order to target specific sites of interest, an informative image of the biological section
to be analyzed can be used to assist in the reagent delivery methods and associated encoding
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scheme. Sample regions can be identified using image processing ("e.g., images of cell types
differentiated by immunohistochemistry or other staining chemistries) integrated with the other
features of the assay system. In some aspects, software is used to automatically translate this
information into a reagent delivery pattern. A mechanism to register and align very precisely the
biological sample in a targeting system is thus a preferred component of the assay systems of the
invention. Mechanisms such as the use of fiducial markers on slides and other very accurate
physical positioning systems can be adapted to this purpose.

[00142] Additional software components will also be key components that will be part of a
complete assay system. The invention thus preferably comprises a complete suite of software
tailored to the assay system. Optionally, oligonucleotide design software will be customized for
the specific assay to be run, and may be integrated as a part of the system. Also optionally,
algorithms and software for data analysis may be integrated to assist in determination of results of
the assays. This can be especially useful, as the type of dataset that will be generated will be
novel, particularly as a consequence of scale. The ability to provide algorithms and software tools
that are specifically designed for analysis of spatially-associated data for significant patterns,
including pattern-analysis software and visualization tools, is a novel feature that will enhance
the value of the data generated by the assay systems.

[00143] In certain aspects, the assay system will comprise processes for making and carrying
out quality control of reagents, e.g., the integrity and sequence fidelity of oligonucleotide pools.
In particular, reagents will need to be formulated for compatibility with the reagent delivery
instrumentation. Factors such as volatility, stability at key temperatures, and chemical

compatibility can be optimized by those skilled in the art upon reading the present disclosure.

Applications of Assay System

[00144] It will be apparent to one skilled in the art upon reading the present disclosure that
there are numerous very important areas of biological research, diagnostics, and drug
development that will benefit from a high throughput means to simultaneously measure the
presence or absence and spatial location of a biological molecule in a sample. For example, this
technology combining the ability to analyze semi-quantitatively the expression of many
different genes with the ability to image the spatial organization of expression across many cells
in a tissue 1s enabling for many different areas of basic research. The following are exemplary

uses and are by no means meant to be limiting in scope.
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[00145] In one example, 3-dimensional patterns of expression can be determined by analyzing
a series of tissue sections, in a manner analogous to image reconstruction in CT scanning. This
can be used to measure changes in gene expression in disease pathology, e.g., in cancerous tissue
and/or a tissue upon injury, inflammation or infection. With the assay systems of the invention,
more detailed information on gene expression and protein localization in complex tissues can be
obtained. This may lead to new insights into the function and regulation both in normal and
diseased states, and is likely to provide new hypotheses that can be tested. For example, a system
of the invention may enable some of the insights gained from many individual studies and larger
programs like ENCODE (Birney et al., 2007) and modENCODE to be integrated at the tissue
level. The assay systems will also aid in computational efforts to model interacting networks of
gene expression in the field of systems biology.

[00146] The assay systems also provide a novel approach that enables the analysis of somatic
variation, e.g., somatic mutations in cancer or variability in response to infectious organisms. For
example, tumors are typically highly heterogeneous, containing cancer cells as well as
genetically normal cells in an abnormal local environment. Cancer cells undergo mutation and
selection, and in this process it is not unusual for local clones to develop. Identifying relatively
rare somatic mutations in the context of tumors may enable the study of the role of key mutations
in the selection of clonal variants. Transcriptional patterns associated with angiogenesis,
inflammation, or other cancer related processes in both cancer and genetically normal cells can be
analyzed for insights into cancer biology and assist in the development of new therapeutic agents
for the treatment of cancers.

[00147] In another example, different people have varying susceptibility to infectious
organisms, and much of this may be to underlying genetic differences in individuals and/or
populations. Identifying these differences will aid in an understanding of the underlying disease
pathologies and assist in the development of vaccines or therapeutics to prevent or ameliorate
these disease states.

[00148] Importantly, in addition to providing spatially associated information, the technology of
the invention will allow a great increase in the sensitivity of detecting rare mutations. The reason
is that signal to noise can be dramatically increased because the approach of the invention assays a
small location in any given reaction. In a typical assay for rare mutations in a mixed sample, the
sample is treated in bulk, i.e. nucleic acids are extracted from many cells into a single pool. Thus,
if a mutation is present in 1 cell in 10,000, it must be detected against a background of normal

DNA from ~10,000 cells. In contrast, with the systems of the invention many cells can be
40

Curio EX1050-p. 53
Curio v Prognosys



Attorney Docket No.: 47706-0004038

analyzed, but individual cells or small groups of cells would be identified by the spatial coding
system. Therefore, the background can be reduced by orders of magnitude, greatly increasing
sensitivity. Furthermore, the spatial organization of mutant cells can be observed. This may be
particularly important in detecting key mutations in tissue sections in cancer. Already, molecular
histological analyses are yielding insights into cancer biology and may have potential for use in
diagnostics (Choe et al., 2003). The technology of the invention promises to greatly increase the

power of such approaches.

EXAMPLES

[00149] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventor regards as his
invention, nor are they intended to represent or imply that the experiments below are all of or
the only experiments performed. It will be appreciated by persons skilled in the art that
numerous variations and/or modifications may be made to the invention as shown in the
specific embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive.

[00150] Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperature, etc.) but some experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by weight, molecular weight is weight average
molecular weight, temperature is in degrees centigrade, and pressure is at or near

atmospheric.

EXAMPLE 1: Initial Proof of Concept of Encoding Scheme

[00151] As an initial proof of concept, a model system is developed using a microarray to
demonstrate a working single-plex assay. The basic design validates the concept of the assay,
and establishes a working assay prior to addressing issues related to the analysis of a more
complicated biological sample. Conventional sequencing is used as a readout for this proof of

concept.
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[00152] A microarray is used as a proxy for a tissue section. The target sequences of the
microarray are fully specified, so that the composition of the targets are known and can be
varied systematically. Synthetic oligonucleotide templates are attached to a glass slide viaa 5'
amino modification. Each slide has a single oligonucleotide template sequence, and the
assays that are carried out may employ either ligation, or extension followed by ligation as
this may be useful in determining certain polymorphisms.

[00153] Once the in situ part of the assay is complete, the reaction products are eluted and
analyzed by qPCR to determined presence or absence of a product and estimate yield, and by
conventional sequencing to determine the structure of the assay products. The single plex
assays that are tested include appropriate positive and negative controls, and a single

nucleotide variant (SNV) to check ability to discriminate single base variants.

EXAMPLE 2: Scalability

[00154] The complexity of the assay system is increased to establish scalability of the
assay for use in high throughput studies. Scalability of both the spatial encoding and assay
systems is demonstrated by carrying out a 24-plex x 24-site assay using a microarray model
system.

[00155] The amount of biological target, here a DNA target sequence, at each assay
location is systematically varied on microarray substrate. For example, in a microarray with
50 micron spot size (center to center), a | mm? area contains ~400 spots. The region around
each site is optionally occupied by a region that is devoid of these spots to allow individual
resolvability of the target sequences. Alternatively, the spots may be clustered, with two or
more directly adjacent spots surrounded by or adjacent to a region that is devoid of target
sequences.

[00156] In order to demonstrate that spatial encoding is accurate, the sites comprise
different target compositions to show that the assay readout matches the expected
composition of each site. With 24 target sequences, a simple digital pattern is made with each
site having a different set of 12 targets present and 12 targets absent, to make a binary code
(0= absent, 1=present). The assay readout is then determined to show that the detected
regions match the expected signal after spatial decoding. In this particular example, the code
space is large enough (2%%) so that even a few errors would not result in different codes being

mixed up. Moreover, this design allows identification of errors and allows an estimation not

42

Curio EX1050-p. 55
Curio v Prognosys



Attorney Docket No.: 47706-0004038

only of accuracy of spatial encoding but also of accuracy calling the presence or absence of
target sequences.

In an exemplary aspect, a 4 x 4 arrangement of 16 sequences is used for the array
configuration. A white square indicates that the sequence is absent and a black square that it
is present, i.e. 8 of the 16 possible sequences are present in this sample. In a different sample,
a different pattern of absent and present sequences can be constructed. In this way, unique
patterns are associated with spatial locations so that the accuracy of spatial encoding can be
measured.

[00157] The ability to detect quantitative differences is evaluated by generating dose-
response curves for each of the 24 assays that are carried out at each site in a 24-site assay.
This allows estimation of the limit of detection, dynamic range, and power to detect a given
fold-change across the range.

[00158] In one aspect, a latin square design is used to represent individual targets at
different ratios by varying the number of features for each target. In other words, with
multiple spots in a site, the number of spots allocated to each of the 24 target sequences can
be varied and each of the 24 sites can have a different composition. A 1 x 3 inch microarray
is sufficiently large to permit multiple replicates. This larger set of 24 sequences will require
deconvolution, and this is accomplished using high throughput techniques such as next-
generation sequencing technologies (e.g., SOLiD™ technology (Life Technologies, Inc.,
Carlsbad, CA) or Genome Analyzer (Illumina, Inc., San Diego, CA)). The use of the 24-plex
assay demonstrates both the accuracy of spatial encoding and decoding, and the quantitative

response of the assay system.

EXAMPLE 3: Adaptation of the assay to preserved samples.

[00159] Genomic DNA is assayed as a proof of concept for assaying RNA, as it provides a
way to establish a single-copy reference signal. Once a working assay is developed for FFPE
samples, it is adapted to an RNA assay. To this end, assay oligonucleotide concentrations are
assayed to ensure compatibility with high multiplexing. Assuming a cell diameter of 10
microns, and delivery of a 10 micron diameter reagent droplet to an individual cell, the
volume of the droplet will be ~500 p1 and can contain ~3 x 10! molecules ata 1 uM
concentration. To assay 1,000 target sequences in 10,000 cells, ~2,000 targeting

oligonucleotides would be required in a droplet. Therefore, each droplet could contain ~160
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million copies of each assay oligo, a vast excess over the few thousand target sequences in a
cell.

[00160] The handling of small absolute numbers of product molecules generated from
very small or compromised samples are enhanced to counter the issue of low recovery
efficiency; that is, elution is efficient and losses resulting from adsorption of molecules to
surfaces are prevented. An approach to addressing the latter issue is to include a carrier

material, such as glycogen or carrier nucleic acids.

Example 4: Adapting the Assay to a Biological Sample.

[00161] A control RNA template is immobilized to a solid support in order to create an
artificial system. The assay is performed using T4 DNA ligase, which can repair nicks in
DNA/RNA hybrids. Assays are carried out on matched slides, or different sections of the
same slide, where in one case gDNA is assayed and in the other RNA is assayed. When
assaying gDNA the slide can be pretreated with RNase, and when assaying RNA the
slide is pretreated with DNase. Results of the assay are confirmed by extracting gDNA or
RNA and quantitating the relative amounts by qPCR or RT-qPCR respectively.

[00162] In order make the tissue section RNA assays as informative as possible, pre-
existing information on expression levels in specific tissues to target transcripts across a
range of abundances are used in the assay design. Both high abundance transcripts, as
well as some medium and low abundance transcripts, are targeted to enable an initial
assessment of the quantitative performance characteristics of the assay.

[00163] The preceding merely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention as well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents include both

currently known equivalents and equivalents developed in the future, i.e., any elements
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developed that perform the same function, regardless of structure. The scope of the present
invention, therefore, is not intended to be limited to the exemplary embodiments shown and
described herein. Rather, the scope and spirit of present invention is embodied by the
appended claims. In the claims that follow, unless the term "means" is used, none of the
features or elements recited therein should be construed as means-plus-function limitations

pursuant to 35 U.S.C. §112, §6.
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Claims:

1. An assay system to determine spatial patterns of abundance or activity or both of multiple
biological targets at multiple sites in a sample, wherein the assay system performs the
following steps:

providing a sample affixed to a support;

delivering encoded probes for the multiple biological targets to the multiple sites in
the sample in a known spatial pattern, wherein each encoded probe comprises a probe region
that may interact with the biological targets and a coding tag that identifies a location of the
site to which the encoded probe was delivered,;

allowing the encoded probes to interact with the biological targets;

separating encoded probes that interact with the biological targets from encoded probes
that do not interact with the biological targets;

determining all or a portion of a sequence of the encoded probes, and

associating the abundance or activity or both of the multiple biological targets to the

locations of the sites in the sample.
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SPATIALLY ENCODED BIOLOGICAL ASSAYS

Abstract of the Disclosure

The present invention provides assays and assay systems for use in spatially encoded biological
assays. The invention provides an assay system comprising an assay capable of high levels of
multiplexing where reagents are provided to a biological sample in defined spatial patterns;
instrumentation capable of controlled delivery of reagents according to the spatial patterns; and a

decoding scheme providing a readout that is digital in nature.
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(37 CFR §1.98(b)) September 21 5 2021

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
2704 2002/0055100 5/9/2007 Kawashima
27201 20020064779 5/30/2002 | Landegren
2731 2002/0132246 9/19/2002 | Kallionicnd ot al.
2741 2002/013703 9/26/2002 Wolber
2751 2002/0150909 10/17/2002 | Stuelpnagel
276, 4 2002/0164611 11/7/2002 | Bamdad
2771 2002/0168645 11/14/2002 | Tavior
278. | 2003/0022207 1/30/2003 | Balasubramanian
279 | 2003/0040035 2/27/2003 | Slamon
280 1 2603/0064398 4/3/2003 Barnes
281 | 2003/0087232 5/8/2003 Christians
282, 1 2003/0096323 5/22/2003 | James
283, 1 2003/0113713 6/19/2003 | Glezer
284, 1 3003/0124595 77372003 Lizardi
285, 1 2003/0138879 7/24/2003 | Lambalot
285 | 2003/0148335 &/7/2003 Shen ot al.
287, 1 2003/0153850 8/14/2003 | Davis et al.
258, 1 20030162216 §/28/2003 Gold
289. | 2003/0165948 9/4/2003 Alsmadi ot al.
290 | 2603/0170637 9/11/2003 | Pirmung et al.
96 20030175947 9/18/2003 | Linetal
292, 1 2003/0190744 10/9/2003 | McGarry et al,
293, 1 20030205632 11/6/2003 | Kimetal.
294, 1 2003/0215936 11/20/2003 | Kallioniemi et al.
2931 2003/0224419 12/4/2003 | Corcoran
296. 1 2003/0232348 12/18/2003 | Jones ct al
297, 1 200340232382 12/18/2003 | Breonan
Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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(37 CFR §1.98(b)) September 21 5 2021

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
298, 1 2003/0239535 12/25/2003 | Zhou
299, 1 200341235857 12/25/2003 | Roberts
3001 2004/0002090 1/1/2004 Maver et al.
30L 1 2604/0019005 1/29/2004 | Van Ness
3021 20040023320 2/5/2004 Siciner ot al.
303, 1 2004/0033499 2/19/2004 | Hsley etal
3041 0004/0050699 3/18/2004 | Goncalves
J03. 1 2004/0067492 4/8/2004 Peng ot al,
306, | 2004/0067493 4/8/2004 Matsuzaki
3071 2604/0082059 4/29/2004 | Webb
308 1 2004/0096853 5/20/2004 | Mayer
3091 2004/0106110 6/3/2004 Balasubramanian
0.1 5004/0112442 6/17/2004 | Maerkl
UL 2004/0121456 6/24/2004 | Fischer
3121 2004/0175822 9/1/2004 Timperman et al
3131 20040224326 11/11/2004 | Kimetal
311 2004/0248325 12/1/2004 | Bukusoglu et al
3151 2004/0259105 12/23/2004 | Fanetal.
6. 1 20050003431 1/6/2003 Wucherpiennie
3171 20050019776 1/27/2005 | Callow etal,
3181 2605/0026188 2/3/2005 Van Kessel
3191 200510037362 2/17/2005 | Remacle ct al,
320, 1 2005/0037393 2L7/2005 | Gunderson et al,
3201 9605/0042695 2/24/2005 | Meares et al
322, 1 2005/0048580 3/3/2005 Labser
323, 1 2005/0064460 3/24/2005 | Holliger et al,
324, 1 200510079520 4/14/2005 | Wa
Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass

3251 2005/0100900 5/12/2005 | Kawashima et al,
326, 1 20050130173 6/16/2005 | Leamon et al.
3271 2005/0130188 6/16/2005 Wait
328. 1 2005/0136414 6/23/2005 | Gunderson et al.
3291 200510164292 7/28/2005 | Faroonui
3301 2005/0179746 8/18/2005 | Rouxetal.
3361 0005/0191636 9/1/2005 Drmanac et al.
3321 20050191698 9/1/2005 Chee et al
3331 2005/0196786 9/8/2005 Lovy
3341 agos50227271 10/13/2005 | Kwon
3351 200510239192 10/27/2005 | Nasarabadi et al.
336. 1 06035/0244850 11/3/2005 | Huang
3371 2005/0255548 11/17/2005 | Lipovsek et al.
338, 1 2005/0260653 11/24/2005 | LaBaer
3391 2006/0003394 1/5/2006 Song
3401 2006/0039823 2/23/2006 | Yamakawa ot al.
34101 2006/00463 13 3/2/2006 Roth
34201 2006/0079453 4/13/2006 | Sidney et al.
3.1 2006/0105352 5/18/2006 | Qiac et al
3441 2006/0110739 5/25/2006 | Heyduk
3451 2006/0134669 6/22/2006 | Casasanta
3461 2006/0164490 7/27/2006 | Kimetal,
347 1 0006/0183150 8/17/2006 | Coben et al.
8.1 2006/0188873 B/24/2006 | Coxetal
3491 2006/0188901 8/24/2006 | Barnes et al.
330, 1 2006/0194331 $/31/2006 | Pamula ctal.
35301 2006/0199183 9/7/2006 Valat et al.

Examiner Signature

Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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(37 CFR §1.98(b)) September 21 5 2021

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
332, 1 0606/0199207 9/7/2006 Matysiak
333, 1 2006021 1001 9/21/2006 | Yuetal.
3541 2006/0216721 9/28/2006 | Kozlov et al.
355 1 2006/0216775 9/28/2006 | Burkart ot al.
355, 1 2006/0228758 10/12/2006 | Muchhal et al.
3571 2006/0240439 10/26/2006 | Smith et al.
358 1 2006/0263789 11/23/2006 | Kincaid
3591 2006/0275799 12/7/2006 | Banerjee et al.
360 1 2006/0281109 12/14/2006 | Bam Ost et al.
36L 1 2607/0003954 1/4/2007 Kodadek et al.
362, 1 2007/0014810 1/18/2007 | Bakeretal.
3631 2007/0020625 1/25/2007 | Duchaud et al
364, 1 5007/0020640 1/25/2007 | McCloskey et al.
3651 2007/0020669 1/25/2007 | Ericsson
366. 1 2007/0023292 2/1/2007 Kim ot al.
367, 1 2007/0026430 2/1/2007 Andersen et al,
368, 1 2007/0036511 2/15/2007 | Lundquist et al.
3691 2007/0048812 3/1/2007 Moravec et al.
3701 20070054288 3/8/2007 Suctal.
371 2007/0099208 54312007 Drmanac et al
37201 2607/0128624 6/7/2007 Gorniley et al.
37301 2007/0128656 6/7/2007 Agrawal
3741 2007/0134723 6/14/2007 | Kozlov et al.
37501 2007/0141718 6/21/2007 | Buietal
376 1 2007/0161029 7/12/2007 | Lietal
3771 2007/0166705 7/19/2007 | Milion etal
3781 20070166725 7/19/2007 | McBdde et al.
Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Foim
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(37 CFR §1.98(b)) September 21 5 2021

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
3791 2007/0172873 7/26/2007 | Brenner et al,
380, 1 2007/0178503 8/2/2007 Jiang
38L | 2007/0207482 9/6/2007 Church et al.
382, 1 2007/0231823 10/4/2007 | McKermnan
3831 20070251824 11/1/2007 | Patton
3841 2007/0254305 11/1/2007 | Paik et al.
3851 0007/0264656 117152007 | Kawamura
386 | 5607/0269805 11/22/2007 | Hogers
287 - i o De La Torre-Bueno
| 2007/0280517 12/6/2007 | etal

3881 2008/0009420 1/10/2008 | Schroth et al,
3891 2008/0032301 2/7/2008 Rank et al.
3901 2008/0038734 2/14/2008 | Sorge ctal.
3951 20080047835 2/28/2008 | MacConnell
3921 2008/0071071 3/20/2008 | LaBacr et al.
3931 2008/0108082 3/8/200% Rank et al.
3941 2008/01085304 5/8/2008 Hayashizaki ¢t al.
395 1 2008/0124252 5/29/2008 | Marchand ct al.
396, | 2008/0124810 5/29/2008 | Terbrucggen ot al
397, 1 2008/0128627 6/5/2008 Lundguist et al.
398, 1 20080132429 6/5/2008 Peroy ¢t al.
3991 2008/0153086 6/26/2008 | Wong
400, 1 2008/0160580 7/3/2008 Adessi et al.
0L | 20080199929 8/21/2008 | Yeung etal.
4021 2008/0220434 9/11/2008 | Thomas
4031 2008/022008 1 9/11/2008 | McGregor
404 | H0080261204 10/23/2008 | Lexow

Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Foim
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.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
4051 2008/0280773 11/13/2008 | Fedurco ot al.
406, | 20080286795 11/20/2008 | Kawashima et al.
407, 1 2008/0293591 11/27/2008 | Taussig et al.
A08. 1 2008/0312103 12/18/2008 | Nemoto et al.
409, 1 20090005252 1/1/2009 Drmanac et al.
0.} 2609/0006002 1172009 Honisch et al.
AL 2009/0018024 1/15/2009 | Church et al.
20| 20090026082 17292009 | Rothberg ctal.
3.1 2009/0036323 2/3/2009 van Fijk et al.
4141 2009/0062148 3/5/2009 Goldberg
5.1 2009/0082212 3/26/2009 | Williams
4H6. | 2609/009904] 4/16/2009 | Church stal.
4171 20509/0105959 4/23/2009 | Braverman et al.
8.1 200910117573 5/7/2009 Fu et al,
9.1 2609/0127589 5/21/2009 | Rothberg et al.
420, 4 2009/0155781 6/18/2008 | Drmanac et al.
4214 2009/0170713 77242009 van Fijk et al.
4221 2009/0192044 7/30/2009 | Fouillet
423. | 2009/0197326 %/6/2009 El Gamal et al
4241 2009/0213633 8/27/2009 | van Fijk et al.
4251 2009/0233802 9/17/2009 | Bignell et al.
426, | 2009/0239232 9/24/2009 | Kum
A27. 1 2009/0253163 10/8/2009 | Xicetal
428, | 20090233551 10/8/2009 | van Bijk et al.
4291 2009/0253582 10/8/2009 | Penaet al
430, 1 2009/0264299 10/22/2009 | Drmanac etal.
4311 2009/0280487 11/12/2009 | Huog etal.
Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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Filing Date

September 21, 2021
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.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
432, 1 2609/0283407 11/19/2009 | Van Eijk
433, 1 20090289184 11/26/2009 | Deininger
434 - ' ( Weisinger-Mayr ¢t
| 2009/0291854 11/26/2009
433, 1 2009/0305237 12/10/2009 | Cantor et al
436, 1 2009/0312193 12/17/2009 | Kimet al.
4374 20090321262 12/31/2009 | Adachi et al.
438. 1 3010/0009871 1/14/2010 | Reedetal.
4391 2010/0014537 1/21/2010 | Jacquet et al,
440} 2610/0035249 2/11/2010 | Hayashizaki et al.
L1 2010/0055733 3/4/2010 Lutolf et al.
442} 2610/0069263 3/18/2010 | Sheodure et al.
4431 2010/0096266 4/22/2010 | Kimetal
4441 2010/0099103 4/22/2010 | Hsichet al
4451 2610/0105052 4/29/2010 | Drmanac et al.
H6. | H010/0105112 4/29/2010 | Heltze et al.
4471 2010/01117658 5/6/2010 Banerjee et al.
448. 1 20100113302 5/6/2010 Williams
9.1 30100120043 5/13/2010 | Soodetal.
430, 1 2610/0120097 5/13/2010 | Matzetal
4301 20100120098 5/13/2010 | Grunenwald et al.
452, | 2010/0126862 5/27/2010 | Sabinetal.
433 | 2010/0129874 5/27/2010 | Mitra et al.
4341 20100137143 6/3/2010 Rothberg et al.
4531 2010/0145037 6/10/2010 | Makaroy et al
456, | 2010/0151464 6/17/2010 | Stuclpnagel et al.
457 | 2010/0151511 6/17/2010 | Gereenizer et al.

Examiner Signature

Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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by Applicant

Attorney Docket No.
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Application No.
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Filing Date

September 21, 2021

Group At Unit

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
438 | 2610/0159446 6/24/2010 | Haffet al.
4394 20100173384 7/8/2010 Johusson et al.
460. | 3010/0184614 7/22/2010 | Yeetal
461, 1 2610/0210475 8/19/2010 | Leeetal
462, 1 3010/0227329 9/9/2010 Cuppens
463. 1 2010/0282617 11/11/2010 | Rothberg et al.
464 | 2011/0024511 2/3/2011 Rietzler ot al.
463 | 20110027772 2/3/2011 Aha et al,
466, 1 2011/0033854 2/10/2011 | Drmanac et al
467 | 2011/0045462 /24/2011 | Fuetal,
468 | 20110048951 3/3/2011 Wu
469 | 2611/0059436 3/10/201 ] Hardia et al.
4701 201140059863 3/10/2011 | Smithetal,
4711 2011/0086774 4/14/2011 | Dunaway
A72. 1 2011/0151451 6/23/2011 Lemaire et al,
473, 1 20110152111 6/23/2011 | Fanetal
4741 2011/0172115 7/14/2011 | Thompson et al
475 4 201140201515 8/18/2011 | Webster et al.
476, | 201140223613 9/15/2011 | Gut
771 2011/0244448 10/6/2011 | Shitai etal.
478 | 2011/0245101 10/6/2011 | Chee etal.
479 | 20110245111 10/6/2011 | Chee
480 | 26110275077 11/10/2011 | James
48 | 201140287435 11/24/2011 | Gruncnwald et al.
482, | 2012/0046175 2/23/2012 | Rodesch et al.
483 B Van Den Boomet
| 20120046178 22372012 | al

Examiner Signature

Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Foim
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Information Disclosure Statement

by Applicant

(Uise several sheets if necessary)

(37 CFR $L.950)

Attorney Docket No.

47706-0004038

Application No.

17/480,914

Applicant

Prognosys Biosciences, fnc.

Filing Date

September 21, 2021

Group At Unit

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass

484 | 2612/006508] 37152012 | Chee
485, 1 20120077693 3/29/2012 | Cazalis etal,
486. | 3012/0129248 5/24/2012 | Chee etal.
A87. 1 20612/013587] 5/31/2012 | vao Fijk et al.
488. 1 3012/0142014 6/7/2012 Cai
489. 1 2012/0157322 6/21/2012 | Myllvkangas
490, | 2612/0160683 6/28/2012 | Yeetal
491 | 9612/0195810 %/2/2012 Cohen et al.
192, 1 2012/0196297 8/2/2012 Yost et al
4931 20120202698 8/9/2012 van Eijk et al.
4941 2012/0202704 8/9/2012 Fan ot al.
495 | 2612/0245053 9/27/2012 | Shiraietal,
496, | 201240258871 10/11/2012 | Kozlov et al.
497, 1 2012/0270305 10/25/2012 | Reedetal.
498. 1 2012/0270748 10/25/2012 | Chee et al.
499, 1 2012/0289414 11/15/2012 | Mitra et al.
S0C. 1 2013/0005600 1/3/2017 Olek
S0E 4 20130035239 2/7/2013 Kong et al.
S02. 1 2013/0079232 3/28/2013 | Kainetal.
S03. 1 2013/0096033 4/18/2013 | Routenberg
S04 1 2013/0109595 5/2/2013 Routenberg
S05. 1 2013/0122516 5/16/2013 | Hongetal
306 1 2613/0171621 7/4/2013 Luo et al.
SUT. 1 201340211249 8/13/2013 | Barnett etal.
SO8. 1 2013/0260372 10/3/2013 | Buermann et al.
3091 2013/0261019 10/3/2013 | Linetal
0.1 201410065609 3/6/2014 Hicks et al.

Examiner Signature

Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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(37 CFR §1.98(b)) September 21 5 2021

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
SILF 0614/0066318 3/6/2014 Fisen ot al.
1204 20140121118 5/1/2014 Warner
S50 1 2014/0155274 6/5/2014 Xig et al.
3141 2014/0227705 8/14/2014 | Vogelstein et al.
1501 20140342921 11/20/2014 | Weiner
S16. 1 2015/0051085 2/19/2015 | Vogelstein et al,
S17. 1 2015/0072867 3/12/2015 | Soldatov
S8 1 20150087027 3/26/2015 | Makaroy et al.
5191 2015/0344942 12/3/2015 | Frisen et al.
520, 1 2016/0003812 172016 Porreca et al.
SIL 1 2016/0024576 1/28/2016 | Chee
322, 1 2016/0138091 5/19/2016 | Checetal
3231 2016/0145677 5/26/2016 | Chee etal
S24. 1 2016/0298180 10/13/2016 | Chee
325, 1 2016/0333403 11/17/2016 | Chee
326, | 201740058339 3/2/2017 Chee
32701 2017/0058340 3/2/2017 Chee
328 | 2p17/0058345 3/2/2017 Chee
329 1 2017/0088881 3/36/2017 | Chee
5301 2017/0166962 6/15/2017 | van Fijk et al.
5361 20180094316 4/5/2018 Scott et al.
5321 2018/0112209 4/26/2018 | Eshoo
533, 1 0018/0201923 7/19/2018 | Stocmers et al.
3341 20180201950 7/19/2018 | Chee etal
S35 1 2018/0247017 8/30/2018 | van Eijk et al.
336. 1 2018/0291439 10/11/2018 | van Eijk et al.
3371 2019/0017106 1/17/2019 | Frisen et al.
Examiner Signature Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with

next communication to applicant.
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U.5. Department of Comumerce
Patent and Tradewmark Office
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by Applicant
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(37 CFR $L.950)

Attorney Docket No.
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Application No.
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Applicant

Prognosys Biosciences, fnc.

Filing Date

September 21, 2021

Group At Unit

.8, Patent Documenis

Examiner | Desig. Pubilication Filing Date
initial i Document Number Date Pateniee if Appropriate Class | Subclass
5381 0619/0024153 1/24/2019 | Frisenetal.
3391 20190024154 1/24/2019 | Frisen et al.
S40. 1 2019/0203275 7/4/2019 Friesen ef al.
S4L 1 2619/0218276 7/18/2019 | Regev et al.
201 2019/0264268 8/29/2019 | Frisen ¢t al,
5431 2020/0109443 4/9/2020 Chee
S44 N o Ramachandran fyer
| 20200277663 9/3/2020 ctal.
5451 202000277664 9/3/2020 Frenz
546, 1 2020/0399687 12/24/202¢ | Frisen et al.
ST 1 2020/0407781 12/31/2020 | Schuail-Levin ot al
S48 1 0621/0010068 1/14/2021 ce et al
3491 2021/0010070 1/14/2021 | Schnall-Levinetal
556 1 2021/0017583 1/21/2021 | Chee etal
5L 4 2001/0140982 5/13/2021 Uytingco
3521 0210172007 6/10/2021 | Chee etal.
553 2021/0189475 6/24/2021 | Tentori et al.
354 1 2021/0198741 7/1/2021 Williams
3331 202170199660 77172021 Williarus et al.
536, | 2021/0214785 7/15/202 ] Stoeckius
357 4 021022241 7/22/2021 | Bharadwaj
538, 1 20210222242 7/22/2021 | Ramachandran Iyer
3391 2021/0222253 7/22/2021 Uvtingoo
360 1 2021/0223227 7/22/2021 | Stoeckius
5611 202170230681 7/29/2021 | Pauerson et al.
302 | 2021/0230692 7/29/202 1 Daugharthy ef al.
3631 2021/0238664 R/5/2021 Bava

Examiner Signature

Date Considered

EXAMINER: iniials citation considered. Draw fine through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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