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

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

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
I:l on paper or in the form of an image file.

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

C. I_—___I fumished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13fer. 1(a)).
I:‘ on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713).
2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. I:] Claims Nos.:

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

2. D Claims Nos.:

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

3. IZ Claims Nos.: 4-17, 22-29
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international apﬁ)lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: claims 1-3, 30, 32, 33, drawn to a multiplexed target detection method for detecting a plurality of nucleic acid targets, and a
composition comprising a nucleic acid target bound to a concatemers of tandem repeat sequence.

Group li: claims 18-21, 31, drawn to a multiplexed target detection method for detecting a plurality of protein or peptide targets, and a
composition comprising a protein target indirectly linked to a concatemers of tandem repeat sequence.

- Please see extra sheet for continuation -

<
1. M As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
¢laims.

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

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

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

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

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

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12Q 1/68, GO1N 33/53 (2018.01)
CPC

- C12Q 1/6853, C12Q 1/6806, C12Q 1/6804, GO1N 33/5308, GO1N 2458/10

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

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

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

See Search History Document

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

pg 4901, col 1, para 1, Fig. 1

X US 2003/0165917 A1 (Uliman et al.) 04 September 2003 (04.09.2003) para (0023, [0019], 30
- [0049], [0051), [0056], Figs. 1, 5 e
Y 1-3, 18-21, 32,33
X US 2007/0003950 A1 (Shen et al.) 04 January 2007 (04.01.2007) para [0023], [0086], [0095], 31
- [0162] ----
Y 18-21
Y WO 2016/123419 A1 (PRESIDENT AND FELLOWS OF HARVARD COLLEGE) 04 August 1-3, 18-21
2016 (04.08.2016) pg 9, In 14 to pg 10, In 7, Fig. 3A
Y Wu et al. "A Nonenzymatic Hairpin DNA Cascade Reaction Provides High Signal Gain of mMRNA | 32, 33

Imaging inside Live Cells" J. Am. Chem. Soc. 2015, 137, 4900-4903; pg 4900, col 2, para 3, to

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

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

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

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

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

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

the priority date claimed

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

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

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

03 July 2018

Date of mailing of the international search report

11JUL 2018

Name and mailing address of the ISA/US

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

Facsimile No. §71-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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Continuation of:
Box NO |Il. Observations where unity of invention is lacking

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group | includes the special technical feature of a method for detecting nucleic acid targets, not required by Group Il.
Group I} includes the special technical feature of a method for detecting protein targets, not required by Group |.
Common Technical Features

The inventions of Groups | and I share the technical feature of a multiplexed target detection method and a composition comprising a
target linked to a concatemers of tandem repeat sequence.

However, these shared technical features do not represent a contribution over prior art in view of US 2003/0165917 A1 to Ullman et al.
(hereinafter 'Ullman’) and WO 2016/123419 A1 to PRESIDENT AND FELLOWS OF HARVARD COLLEGE (hereinafter ‘Harvard’).

Uliman teaches (instant claim 1) a multiplexed target detection method (para {0023], The method...in detecting one or more target
nucleic acids, particularly where multiplexing is desirable.), comprising:

(a) combining a sample containing a plurality of nucleic acid targets with a plurality of probe strands, each probe strand comprising (i) an
unpaired 5' target domain complementary to one of the nucleic acid targets (para [0051], The first example is shown in FIG. 1. This
example is best suited to detection of RNA and mixtures of RNA....The long strand of the stemvloop probe can hybridize to target nucleic
acid.) and (ji) an unpaired 3' primer domain (para [0051], The short strand is initially hybridized to the long strand except for its 3' end,
which comprises a 1-3 base sequence that does not hybridize to the long strand.), and producing a first reaction mixture comprising
molecular targets bound to probe strands (para [0051], Upon binding to the target, the short strand is displaced and becomes available
for binding to the hybridizing reagent.);

(b) combining the first reaction mixture produced in step (a) with dNTPs, strand-displacing polymerase, and a plurality of catalytic
molecules (para {0019), the stem/loop probe is contacted with the sample comprising a complex mixture of nucleic acids and the
hybridizing reagent, the enzyme(s) appropriate for the protocol and, when needed, the appropriate nucleotide triphosphates for nucleic
acid formation.), each catalytic molecule comprising a circular DNA, and producing a second reaction mixture comprising nucleic acid
concatemers bound to molecular targets (para [0056] In FIG. 5, as in the prior examples the target polynucleotide binds to a stem/loop
probe with the short strand at the 3' end. Upon release of the short strand from hybridization, the short strand is available to bind to the
hybridizing reagent, which in this case is circular DNA. In the presence of a DNA polymerase, the short strand is extended indefinitely
with concatenated versions of the complement of the circular hybridizing reagent.);

(c) combining the second reaction mixture produced in step (b) with a plurality of signal strands, each signal strand linked to a different
detectable molecule and comprising a domain complementary to the unpaired 3' primer domain of one of the probe strands, and
producing concatemers labeled by a plurality of signal strands (para [0049), The amplified product may then serve to bind a labeled
complementary sequence at each site, or labeled antibodies to RNA/DNA hybrids, or other conventional technique may be employed for
detection.).

Uliman does not specifically teach applying a catalytic molecule comprising, 5'to 3', a first domain, a second domain, and a third domain
wherein the first domain is bound to the second domain, and the third domain is an unpaired 3' toehold domain complementary to the
unpaired 3' primer domain of one of the probe strands (see instant Specification, Figs. 3-4, a hairpin with 3' toehold). Harvard teaches
that contacting free probe with hairpin having a complimentary region to said free probe would have produced concatemers of
polynucleotide (pg 9, In 14 to pg 10, In 7, Fig. 3A shows a schematic overview of the autocyclic copy-and-release of an example of a
hairpin-encoded DNA template domain t onto multiple copies of primer strand a, producing sequences a* - t*;....Fig. 3D shows DNA
records indicative of barcodes having different lengths and different proximities to one another.....while isolated probes generate half -
records.). Although Harvard does not specifically teach that concatemers of polynucleotide are generated form the autocyclic copy-and-
release of hairpin-encoded DNA-template, however, concatemers of polynucleotide would have generated from the reaction (see instant
Specification, Figs. 3-4). Accordingly, it would have been obvious to one of the ordinary skill in the art to have applied hairpin-encoded
DNA template of Harvard for the circular DNA template of Uliman, because Harvard teaches that polynucleotides can be generated from
hairpin-encoded DNA template by strand displacement.

As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups | and Il therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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