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1 AGCACCATAATGTGT

2 CTTGTAAGCTGTCTA

. CTCTGTCAGGTCCGA

4 CCTCCTCCTCCAGAA

5 TCGCTGGTATTCCAA

6 GCTTACTTGTGAAGA

7 TAACCGTATGGTTGA

8 GATGGCGCTATCTCA

9 CTACCAGTGAGGAAG

10 GAGTCCAATTCGCAG

11 ATCAAGGCTTAACGG

12 TGTTGAATCCTAGCG

13 GTGCGTTGCGAATTG

14 CGGTAATGTACCGGC

15 ATTGCGTAGTTGGCC

16 CACTTGGTCGCAATC

17 GTAAGCCTTCGTGTC

18 CCTAGATCAGAGCCT
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/37226

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  C12Q 1/68, C12P 19/34 (2021.01)

CPC - c12Q 1/6837, G120 1/6844, C12Q 1/6858, C12Q 1/6874, C12Q 1/6808

Agcording to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

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 figlds searched
See Search History document

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

‘C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citarion of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2016/0264958 A1 (TWIST BIOSCIENCE CORPORATION) 15 Septamber 2016 1-4, 6-9, 11-13, 15, 20-
- (15.09.2016); espacially abstract; para [00041{D006}, [00091-40010], [0030]-[0031], [0034}- 24, 2729
¥ [0035], [0044), [0072], [0075], [0084], [0127], [0162) -

- 5,14, 16-19
A —
10
Y US 2010/0105052 A1 (DRMANAC et al.) 22 April 2010 (29.04.2010); especially para [0067], 5, 14,16, 18
[0145], [0258], [0368], {0369}, (0511}
Y WO 2018/227025 A1 (ARC BIQ, LLC) 13 December 2018 (13.12.2018); especially para [00448] [ 17
-[00447], [004561-[00457)
Y | GIBSON et al. Enzymatic assembly of DNA molacules up to several hundred kilobases. Nature § 19
Methods, May 2009, Vol. 6, No. 5, pg 343-345; especially abstract; Figure 1
A US 2009/0089034 A1 (AHLQUIST et al.) 16 April 2009 (16.04.2008); especially para [0018]; 10
SEQ ID NO: 40 .
A WO 2008/133643 A2 (MONSANTO TECHNOLOGY, LLC} 8 Novernber 2008 {06.11.2008), 10
especially SEQ ID NO: 8165
D Further documents are listed in the continvation of Box C. D See patent family annex.
* Special categories of cited documents: “T"  later documnent published after the intﬁrna;ionul filing date or priority
“A* document defining the general state of the art which is not considered date and not in conflict with the application but cited 10 unc
to be of particular relevance the principle or theory underlying the invention
“D" document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannol be
“E™ earlier application or patent but published on or after the international - considered novel or cannot b considered to involve an inventive step
filing date when the document is taken alone
“L™ document which may throw doubts on priority claim(s} or which "¥Y" document of particular relevance; the claimed invention cannot
is cited 1o establish the publication date of another citation or other be considered to involve an inventive step when the document is
special reason {as specified) combined with one or more other such documents, such combination

“0"  documentreferringto an oral disctosure, use, exhibition or ather means being abvious to a person skitled in the art

“P"  document published prior to the international filing date but later than  “&™ document member of the same patent family )
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
10 November 202+ DE c 08 2021

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Kari Rodriquez

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application No.

PCTIUS 21/37226

Box No. 1 Observations where certain claims were found wnsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. I:I Claims Nos.:
because they relate to parts of the international apptication that do not comply with the prescribed requirements 10 such an
extent that no meaningful intemational search can be carried out, specifically:

3. D Claims Nos.: .

because they are dependent claims and ar¢ not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

Thig International Searching Authority found multiple inventions in this international application, as follows:
This application contalns the following inventions or groups of inventions which are not sa linked as to form a single general inventive
concapt undar PCT Rule 13.1. In order for ali inventlons to be searched, the appropriate additional search fees must be paid.

Continued on Supplemental Page

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

2, D As all searchable ¢laims 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, % o 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.:
1-24, 27-29 limited to SEQ ID NO: 1

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

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

D No protest accompanied the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet {2)) (July 2019)
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INTERNATIONAL SEARCH REPORT Tnternational application Ne.

PCT/US 21/37226

Continued from Box No. Il Observations where unity of invention is lacking

Groups I+: Claims 1-24, 27-29, drawn to a method for preparing an array nucleic acid sequence, the method comprising: oblaining a
plurality of input nucleic acid sequence within each input nudleit atid is of approximately 30 kilobases in iength or shonter; attaching one
or more adapter sequences to the plurality of input nucleic acid sequences. The method will be searched to the extent that the adapter
sequence encompasses SEQ 1D NO: 1. It is believed that claims 1-24, 27-29 encompass thig first named invention, and thus these
claims will be zearched without fee to the extent that they encompass SEQ ID NO: 1. Additional adapter sequence(s) will be searched
upon the payment of addilional fees. Applicants must specify the claims that encompass any additionally elected adapter sequenca(s).
Applicants must further indicate, if applicable, the claims which encompass the first named invention, if differant than what was indicated
abave for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group{s) will result in
only the first ¢lalmed inventlon to be searched. Ari examplary election would ba an adapter sequance comprising SEQ ID NO: 2 (Claims
1-24, 27-29).

Group II: Claim 25, drawn to a method for obtaining isoform sequencing Information.
Group lll: Claim 26, drawn to a method for performing mitochondrial lineage tracing.

Groups IV+: Claims 30-31, drawn to a composition comprising a plurality of adapter sequences. Group IV+ will be searched upon
payment of additionaf fees, The compaosition may be searched, for exampla, to the extent that the adagpter sequence encompasses SEQ
1D NO: 1 for an additional fee and election as such. It is believed that claims 30-31 read on this examplary invention. Additional adapter
sequence(s) will be searched upon the paymant of additional fees. Applicants must specify the claims that encompass any additionally
elected adapter sequence(s). Failure to clearly identify how any pald addltional invention fees ara to be applied to the"+" group(s) will
rasult in anly the first claimed invention to be searched. Anather exemplary election would be an adapler sequence comprising SEQ 1D
NO: 2 (Claims 30-31).

Group V: Claims 32-52, drawn o a methadfsystem for identifying discrete sequence elements within indlvidual nucleic acid sequence
reads of a pppulation of nucleic acid eequence roads, wherein each of the lingar array of sequence elemantis comprises two or more

nucleic acid sequence elements drawn from a library of high complexity flanked nucieic acid sequences drawn from a library of low
complexity.

The invantions listad as Groups I+, IL, Wi, v+, V do nat relate to a single genernl inventive concepl under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same ar comesponding special technical features for the following reasons:
Special Technical Features

Groups i+, It and 11t inchude the special technical feature of a method which differs from the special technical feature of a composition, as
disclosed by Groups V+. .

Graups I+ include the special technical feature of a method of preparing an aray nuclaic atid sequence wherein each input nucleic acid
saquence within the plurality of Inpul nucleic acid sequences is of approximately 30 kilobases in length ar shorter, not required by
Groups I, lll and V.

Graup 1l includes the special tachnical feature of a mathod of analyzing the sequence information obtained from the linear array nucleic
acid gequance 1o obtain isolorm sequencing information, not required by Groups I+, [il and V.

Graup Il includes the special technical feature of a method of analyzing the sequence information obtained from the array nuclsic acld
sequence to trace mitechondrial lineage, not required by Groups I+, Il and V.

Group VY includes the special technical feature of a method for identifying discrete sequenca comprising: applylng one or more statistical
annotation madels ta séquence data of the population of nucleic acid sequance reads, to pradict within the population of nuglsic acid
sequence reads reglons of individual nu¢leic acid sequence elements drawn from a library of high complexity and regions of nucleic acid
sequences drawn from a library of low complexity, not required by Groups i+, 11, Il and IV+.

No technical features are sharad between the polynuclestide sequences of Groups I+ and IV+, accordingly, these groups lack unity a
priot.

Common Technical Faatures
The inventions of Groups I+, H, 11, IV+ and V share the technical feature of a linear array of sequence elements.

The inventions of Groups I+, 1], Il and IV+ share the technical feature of a plurality of nucleic acid sequences, wherein at least two of the
plurality of nucleic acid sequences comprise an adapter sequences.

The inventions of Groups |+, || and Il share the technical feature of a methad for preparing an array nucleic acid sequence.

Continued on Next Supplemental Page

Form PCT/ISA/210 (extra sheet) (July 2019)
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INTERNATIONAL SEARCH REFORT Intemational application No.
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Contlnued from Previous Supplemaental Page

However, these shared technical features do not represent a contribution over prior art in view of US 2016/0264958 A1 to Twist
Biosclence Corporation (hereinafter Twist).

Twist discloses {instant claim 27) a method for preparing an array nucleic acid sequence (abstract - "Methods and compositions are
pravided for assembly of large nucleic acids..."}, the method comprising:

i} obtaining a plurality of input nucleic acid sequences (para [0005] - "Methads are provided herein for nucleic acid assembly,
cornprising: providing a predetermined nucleic acid sequence...”; para [3072] - "In some cases, a precursor nucleic acid sequence is
assembled with another precursar nucleic acid sequence via annealing and ligation of complemantary sticky ends, fellowed by additional
rounds of slicky end generation and assembly with other precursor fragment(s) 1o generate a long target nucleic acid sequence”),
whergin each input nucleic acid sequence within the plurality of Input sequences is of approximately 300 kiobases in length or shortar
(para [9005] - "Methods are further provided wherein the predetermined nucleic acid sequance is 1 kb to 100 kb in length."};

ii} contacting the plurality of input nucleic acid sequences with paired amplification primers (para [00035] - "...each precursor double-
stranded nucleic acid fragment having twa strands, wherein each of the two strands comprises a sticky end sequence... providing
primers comprising a nicking andonuclease recognition site and a sequence... corresponding to each of the differant sticky end
sequences..."},

wherein at least one primer within the paired amplification primers comprises an adapter sequence comprising an internal dU on ane
strand (para [0005] - *...providing primers comprising a nicking endonuclease recognition site and a sequence comprising (i) 5-A {Nx) M-
3" (SEQ ID NO.: 82) corresponding to each of the different sticky end sequences... wherein M is 8 non-canonical base... Methods are
further provided wherein the uracil is in a deoxyuridine-deoxyadenosine base pair. ... Methods are further providad whersin the
pracursor double-stranded nucleic acid fragmenls comprise an adapior sequence comprising the nicking endonuclease racagnition
site."), and

performing at least one round of amplification, thereby ganerating a pepulation of adapted nucleic acid sequences {para [0005] -
"...performing a polynucleotide extension reaction to form double-strandad nucleic acid fragments...™);

iii} contacting the population of adapted nucleic acid sequences with Uracil DNA glycosylase and Endonudiease VII (para [0006] -
"Methods are further provided wherein the first nicking enzyme comprisas uracl-DNA glycosylase (UDG). ... Methods are furthar
provided wherein the first nicking enzyme comprises endonuclease VI, para [0084] - "For example a glycosylase, such as UDG, alone
or In combination with an AP endonuctease, such as endonuclease VI, is used to exclse uracil and creale a gap. "), thereby forming a
population of adapted nucleic acid sequances having single-stranded ends (para [0006) - "Methods are further provided wherein the first
nicking enzyme comprises endonucigase VL"), and

iv) contacling the population of adapted nucleic acid sequences having single-siranded ends with a ligase, thereby farming an array
nucleic acid sequence {para [0006] - "...and annealing the double-stranded nucleic acid fragments to form a nudleic acid engoding for
the predetermined nucleic acid sequence that does not include the nicking endonuclease recognition site. ... Methods are further
provided wherein the methad further comprises ligating the annealed double-stranded nucleic acid fragments.”; para [0072] - "In some
cases, a plurality of precursar nucleic acid fragments are prepared with sticky ends, and the sticky ends are annealed and ligated to
generate the predetermined target nuclelc acid sequence”; para [0127}] - "Nucieic Acid Assembly. Provided herein are methods where
two ar more of the cleavage, annealing and ligation reactions are parformed concurrently within the same mixiure and the mixture
cemprises a ligase.").

Twist discloses {instant claim 30} a composition comprising a plurality of nucleic acid sequences, wherein at ieast two of the plurality of
nucleic acid sequences comprise an adapter sequance {pasa [0005] - "... synthesizing a plurality of precursor double-siranded nuclaic
acid fragmenits... Methods are further provided wherein the precursor double-stranded nucleic acid fragments comprise an adaptor
sequence comprising the nicking endonuclease recognition site.").

As said technical features wera known in the art at the time of the invention, these cannot be considered special technical features that
waould ctherwise unify the groups.

Groups i+, II, I, v+, V therefaore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
featura.

*Mote: Claims 31 and 32 run together as there is no whitespace between the end of claim 31 and the claim numbered 32.

Form PCT/ASA/210 {extra sheet) (July 2019}
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