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INTERNATIONAL SEARCH REPORT International application No.
PCTUS 16/16438

A.  CLASSIFICATION OF SUBJECT MATTER
IPC({8) - C40B 20/08, 30104, 40/08, 50/06; C12Q 1/88; C12P 19/34; BO1F 3/08 (2016.01)
CPC - BO1J 2219/00587; C40B 40/06; C12N 1510; C12Q: 1/686; BO1F 2003/0638
According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED
Minimum documentation searched {clagsification %ste.m followed by classification s1yrnbnls)
P 8 (2076.01)

IPC{&); C40B 20/08, 3004, 40406, B0/06; C12G1 1/68; C12P 18/34] BOF 3/0
CPC: BO1J 2218/00587; C408 40/06; C12N 15/10; C12Q 1/686; BO1F 2003/0838

Documentation searched other than minimum documentation to the extent that such documents ere inctuded in the fields searched
CPC: B0O1J 2219/00567; C408 40/06; C12N 15/10; C12Q 1/686; BO1F 2003/0836 (text search)
USPC: 506/6, 9, 16, 26; 435/5.12, 91.2; 516721, 22 {lext search)

Electronic data base consulted during the international search {name of dala base and, where practicable, search tenms used)

Electronic data bages: PatBase; Google Patants; Google Scholar

Search terms: Droplet microfiuidics, multiple emulsions, watar-In-oil-In-water (W/O/W), channel, nuclelc acid, amplification reagents,
PCR, isothermal, detaction, singte nucleic add per droplet, coalesce

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2011/0053798 A1 (HINDSON et al.) 11 March 2011 {11.03.2011). Espacially para [0007- 16, 16-21
-— 0008], [0018], [0047], [0052], [0077), [0092], [0111). sheet 5fig 8. _
Y 31-38, 44-49

Y US 2007/0141593 A1 (LEE et al.) 21 Juna 2007 {21.06.2007}. Especially para [0014], [0087], 31-36, 4449
claim 12, claim 20.

A US 2010046030 A1 (ROTEM et al.) 21 February 2013 {21.02.2013). Espedially para [0026] 1, 16,31, 44

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

*  Special categories of cited documents: “I"  later document published after the international filing date ol;lgrim
I3

“A"  document defining the general state of the art which is not considered daw and not in conflict with the application but cited to un
be of particular relevance the principle or theory underlying the invention

“E” earlier application or patent but p blished on or after the infemational X" document of particular mléva.nce; the claimed invention qmmnt_he
filing date considered novel or canmot b considered to involve an inventive
an donsment wﬂ“::h ml?g mrglw dl?ub% on p?:urity hdﬂin"(s)' of whictus sicp when the document is taken alone
cited 1o esabli publication daic of another cilation or Other wy»  gocument of particular releyance; the claimed invention cannct be
special reason (as specified) o Gongidered o involve an nventive Step when the document 1s
“0" document referring 10 an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P* d published prior to the i ional filing date but later than  « g i
the prioaity date t:lnir'i'led nier ng &" document member of the same palent family
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INTERNATIONAL SEARCH REPCRT International application No.
PCT/US 16116438

Box No. II Observations where certain claims were found chable {Continuation ol item 2 of first sheet)

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

1 I:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, L;:amely:

2. D Claims Nos.: .
because they relate to parts of the international application that do not comply with the preseribed requirements to such an
extent that no meaningfal international search can be carried out, specifically:

3 E Claims Nos.; 7-15, 22-30, 37-43, 50-56, 69 ]
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This Intzrnational Searching Authority found multiple inventions in this international application, as follows:
--(G0 t0 Extra Sheet for continuation-——--

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

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

3. I:] 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. No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-6, 16-21, 31-36, 4440

Remark on Protest I:l The additionat search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

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

D No protest accompanied the payment of additional search fees,

Form PCT/AISA/10 (continuation of Frst sheet (2)} (January 2¢15)
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INTERNATIONAL SEARCH REPORT \nternational application No.

PCT/US 16/18438

—continuation of Box Il (Ladk of Uity of Invention)--——

This application contains the tollowing 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 ali inventions to be examined, the appropriate additional examination fees must ba paid.

Group |: Claims 1.6, 16-21, 31-36, 44-48, drawn to a method of nuclsic add amplification in multi-emulsion fluids, wharsin beth a nucleic
acid and amplification reagents are encapsulatad in a first miscble phasa fluid surrounded by an immiscible shell

Group |I; Claims 57-85, drawn to a mathod of nucleic acid amplification in multiple emulsion fluids, wherein in a nuclei¢ acid {or call
containing a nuclaic acid) is encapsulated in a first miscibla phase fluid surrounded by an immiscible shell, and the amplification
reagents are intnyduced in @ second miscible phase carmier fluid.

Group [: Claims 66-68, drawn to a microfluidic da'viﬂ.

The inventions listad as Groups |-11l do not relata to a single gensral invantive concept under PCT Rute 13,1 beceuss, under PCT Rule
12.2, they lack the samg or corresponding special tachnical leatures for the following reasons:

Special Technical Features:

Group | has tha gpecial lachnical feature whare both a nucleic acld and amplification reagents are encapsulated in a first misclble phase
MNuid, not required by Groups |l or lIl.

Group || has the spacial technical feature where a nuclsic acid (or cell containing the nucleic acid) is encapsulated in a first miscible
phase fluid, and amplification magents are introduced into a second miscibla phase camriar fluid, not required by Greupe | or Il

Group Il has the spedal technical festure of a microfluidic device comprising a sample receiving channel, a8 single emulslon droplet
maker, a double emulsion droplet maker, and a thermal cycter, not required by Groups | or 1.

Common Technical Featura:
1. Groups |-l share the common tachnical faature of a microfiuidic device.
2. Groups | and |l share tha common technlical feature of a multiple emulsion microdroplet comprising flowing a first miscible Auid in a

channel of mirefluidic device, contacting the miscibla phasa of fiuid solution with an immiscible phase fuid, foll d by contacting with a
second miscibla fluld camier phasa.

3. Groups | and || share tha common technical feature of a nucleic add (or a cell contalning a nucleic acid) and amplification reagents in
a microdroplet(s).

4, Groups ¢ and || share the common tachnical feature of subjecting a microfluidic droplet containing a nugielc acid and amplification
reagents to conditions suffictent for the amplification of the nucleic acid.

However, said common technical features do not represent a contribulion over the pfior art, and is anticipated by US 2011/0053798 A1
to HINDSON at al. (hereinaftar *Hindson"). :

As to common tachnical feature #1, Hindson teaches (para [0088] “FIG, 4 shows an exemplary device 2820 for forming a pracursor
emulsion 2822, Devica 2820 may be equipped with a plurality of droplet generators arranged in serlas, such as a first droplet genarator
2824 and a second droplet generator 2828.").

As to common technical faature # 2, Hindson teaches (para [0025]; "In soma embodimants, the multipte gmulsion may be & watar-in-ail-
in-waterIn-oil (W/OW/Q) emulsion or a water-in-cil-in-water (W/0/W} emulsion, when described accarding to the fluid predominant in
each phasa"; (0089), “In other embodiments, the first droplet generator 2824 may form a single amulsion of sample droplets. Second
droplet ganerator 2828, in um, may form precursor emulsion 2822 {a double emulsion) from single emulsion 2828."; see Fig. 4).

As to common technical feature #3, Hindson teaches (para [0111]; "In particular, at least one sample droplet 2698 compirising at (east
ona partition of sampla 2082 and at Ieast one reagant droplet 3000 comprising at least one reagent 2964 are fused [0112] Multiple
ermulsion 2880 may Include a plurality of compound droplats disposed in a continuous camier phase 3006, namely, an immiscible fluid or
liquid, {e.g., watar in this exampla) *).

As to common technlcal featurs #4, Hindson taaches (para [0111]; "In particular, at least one sample droplat 2998 comprising at least
one partitlon of sampls 2892 and at laast one reagent droplat 3000 comprising at least one reagent 2964 are fused, indicated at 3002,
(e.g., fuslon induced by application of heat) to form at least ona fused droplet 3004 that provides a mixture of sample and reagent for
perfonTing an assay, such as @ nucleic acld assay (a.q., nudeic acid amplification in fused dreplets). [0112] Multiple emulsion 2880 may
include a plurality of compound droplets disposed in a continuous carmier phase 3006, namely, an immiscible Nuid or fiquld, (e.g., water
in this example) "}.

—sza8 next extra sheet--—

Form PCTASA/210 (extra sheet) {January 2015)
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continued from prior sheet

As tha commen technical feature was known In the arl at the time of the invention, this cannot be considered a common spacial
technical feature that would ctherwise unity the groups. Tha inventions lack unity with one ancther.

Therafare, Groups |11l lack unity of invention under PCT Rule 13 because they do not share a seme or camesponding special technical
feature

Note conceming itam 4: Claimas 7-15, 22-30, 37-43, 50-56, 69 are mutliple dependent claims and are not drafted according to the second
and third sentences of PCT Rule 6.

Form PCTASAZ 10 (extra sheet) (January 2015)
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