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

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

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

□ 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:

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

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

This International Searching Authority found multiple inventions in this international application, as follows:
go to Extra Sheet for continuation

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

2. 1 I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 . 1 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.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report
restricted to me invention first mentioned in the claims; it is covered by claims Nos.:
1-28

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/lSA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box III (Lack of Unity of Invention)

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 1-28, drawn to a method of altering target DNA in a cell comprising introducing into a cell a TALEN lacking repeat
sequences 100 bp or longer wherein the TALEN cleaves the target DNA and the cell undergoes nonhomologous end joining to produce
altered DNA in the cell.

Group II: Claims 29-58, drawn to a method of altering target DNA in a cell comprising combining within a cell a TALEN lacking repeat
sequences 100 bp or longer and a donor nucleic acid sequence wherein the TALEN cleaves the target DNA and the donor nucleic acid
sequence is inserted into the DNA in the cell

Group III: Claims 59-78, drawn to a virus (a composition) including a nucleic acid sequence encoding a TALEN lacking repeat
sequences 100 bp or longer.

Group IV: Claims 79-102, drawn to a cell (a composition). including a nucleic acid sequence encoding a T ALEN lacking repeat
sequences 100 bp or longer.

Group V: Claim 103, drawn to a method of making a TALE comprising combining an endonuclease, a DNA polymerase, a DNA ligase,
an exonuclease, a plurality of nucleic acid dimer blocks encoding repeat variable diresidue domains and a TALE-N/TF backbone vector
including an endonuclease cutting site,
activating the endonuclease to cut the TALE-N/TF backbone vector at the endonuclease
cutting site to produce a first end and a second end,
activating the exonuclease to create a 3' and a 5' overhang on the TALE-N/TF backbone vector and the plurality of nucleic acid dimer
blocks and to anneal the TALE-N/TF backbone vector and the plurality of nucleic acid dimer blocks i a desired order,
activating the DNA polymerase and the DNA ligase to connect the TALE-N/TF backbone vector and the plurality of nucleic acid dimer
blocks.

Group VI: Claims 104-119, drawn to a method of altering target DNA in a stem cell expressing an enzyme that forms a colocalization
complex with RNA complementary to the target DNA and that cleaves the target DNA in a site specific manner comprising
(a) introducing into the stem cell a first foreign nucleic acid encoding an RNA complementary to the target DNA and which guides the
enzyme to the target DNA, wherein the RNA and the enzyme are members of a co-localization complex for the target DNA,
introducing into the stem cell a second foreign nucleic acid encoding a donor nucleic acid sequence,
wherein the RNA and the donor nucleic acid sequences are expressed,
wherein the RNA and the enzyme co-localize to the target DNA, the enzyme cleaves the target DNA and the donor nucleic acid is
inserted into the target DNA to produce altered DNA in the stem cell.

Group VII: Claims 120-141, drawn to a stem cell (a composition) including a first foreign nucleic acid encoding for an enzyme that forms
a colocalization coriiplex with RNA complementary to target DNA and that cleaves the target DNA in a site specific manner. Certain
claims in Group VII may include a promoter (claims 133-1 35), a transposase (claims 136-1 38), or a first foreign nucleic acid reversibly
inserted into genomic DNA of the cell (claims 139-141).

Group VIII: Claims 142-158, drawn to a method of altering target DNA in a cell expressing an enzyme that forms a colocalization
complex with RNA complementary to the target DNA and that cleaves the target DNA in a site specific manner comprising
(a) introducing into the cell a first foreign nucleic acid encoding a donor nucleic acid sequence, introducing into the cell from media
surrounding the cell an RNA complementary to the target DNA and which guides the enzyme to the target DNA, wherein the RNA and
the enzyme are members of a co-localization complex for the target DNA,
wherein the donor nucleic acid sequence is expressed, wherein the RNA and the enzyme co-localize to the target DNA, the enzyme
cleaves the target DNA and the donor nucleic acid is inserted into the target DNA to produce altered DNA in the cell.

The inventions listed as Groups l-VIII 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:

continued on next sheet
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continued from previous sheet-

Special Technical Features:

Groups l-V have the technical feature of genome editing with TALEN (Transcription Activator-Like Effectors Nucleases) [i.e. engineered
site-specific DNA binding protein fused to a nuclease], not required by Groups VI-VIII.

Groups VI-VIII have the technical feature of genome editing with CRISPR/Cas9 [i.e. RNA guided DNA nuclease complex], not required
by Groups l-V.

Group I has the special technical feature of being a method of using TALENs that requires a cell to undergo nonhomologous end joining
(NHEJ), not required by Groups II or V.

Group II has the special technical feature of being a method of using TALENs that requires the introduction of donor nucleic acid into a
cell, where the donor nucleic acid sequence is inserted into the DNA of the cell, not required by Groups I or V.

Group V has the special technical feature of being a method of constructing TALEs, not required by Groups I or II.

Group III has the special technical feature of being a virus composition encoding a TALEN, not required by Group IV.

Group IV has the special technical feature of being a cell composition encoding a TALEN, not required by Group III.

Group VI has the special technical feature of being a method where a first foreign nucleic acid encoding an RNA is introduced into a cell
and is expressed in the cell to produce the RNA, not required by Group VIII.

Group VIII has the special technical feature of being a method of introducing into a cell from the media surrounding the cell an RNA, .
where the RNA is uptaken by the cell and can be continuously added and is not expressed by the cell recombinantly [see instant
application pg 17 In 33-36], not required by Group VII.

Common Technical Features:

1. Groups l-VIII share the common technical feature of site-specific DNA-binding nucleases. Groups I, II, VI, VIII further share the
common technical feature altering target DNA in a cell with site-specific DNA-binding nucleases.

2. Groups l-V share the common technical feature of TALENs lacking repeat sequences 100 bp or longer. Groups I, II further share the
common technical feature of cleaving target DNA with TALENs lacking repeat sequences 100 bp or longer.

3. Groups VI-VIII share the common technical feature of an enzyme [e.g., Cas9] that forms a colocalization complex with guide RNA
complementary to the target DNA; and Groups VI and VIII further share the common technical feature of cleaving the target DNA in a
site specific manner [CRISPR/Cas system].

4. Groups II, VI and VIII share the common technical feature of introducing a foreign donor nucleic acid into a cell that is ultimately
inserted into site-specific cleavage site made by TALEN or Cas9.

However said common technical features do not represent a contribution over the prior art and are obvious over the publication titled "
ZFN, TALEN, and CRISPPJCas-based methods fofgenome engineering" by GAJ et al. (hereinafter "Gaj") [ePiib 9 May 2013 in Trends
Biotechnol Vol 3 1 No 7 Pages 397-405], in view of the publication titled "Differential integrity of TALE nuclease genes following
adenoviral and lentiviral vector gene transfer into human cells" by HOLKERS et al. [ePub 28 December 2012 in Nucleic Acids Res Vol
4 1 No 5 Pages e63 1-14].

Concerning common technical feature # 1, Gaj teaches methods for altering target DNA in a cell with site-specific DNA-binding
nucleases (abstract; "Zinc-finger nucleases (ZFNs) and transcription activator-like effector nucleases (TALENs) comprise a powerful
class of tools that are redefining the boundaries of biological research. These chimeric nucleases are composed of programmable,
sequence-specific DNA-binding modules linked to a nonspecific DNA cleavage domain. ZFNs and TALENs enable a broad range of
genetic modifications by inducing DNA double-strand breaks that stimulate error-prone nonhomologous end joining or homology-
directed repair at specific genomic locations. Here, we review achievements made possible by site-specific nuclease technologies and
discuss applications of these reagents for genetic analysis and manipulation. In addition, we highlight the therapeutic potential of ZFNs
and TALENs and discuss future prospects for the field, including the emergence of clustered regulatory interspaced short palindromic
repeat (CRISPR)/Cas-based RNA-guided DNA endonucleases").

Concerning common technical feature #3, Gaj further teaches a genome editing system involving an enzyme [e.g., Cas9] that forms a
colocalization complex with RNA complementary to the target DNA [i.e. guide RNA or gRNA] and that cleaves the target DNA in a site
specific manner [CRISPR/Cas system] (pg 402 col 2 para 2; "Genome editing using programmable RNA-guided DNA endonucleases:
Recent work has shown that target recognition by the Cas9 protein requires a "seed" sequence within the crRNA and a conserved
dinucleotide-containing protospacer adjacent motif (PAM) sequence upstream of the crRNAbinding region [99]. The CRISPR/Cas
system can thereby be retargeted to cleave virtually any DNA sequence by redesigning the crRNA. Significantly, the CRISPR/Cas
system has been shown to be directly portable to human cells by co-delivery of plasmids expressing the Cas9 endonuclease and the
necessary crRNA components [1007103]. These programmable RNA-guided DNA endonucleases have demonstrated multiplexed gene .
disruption capabilities [102] and targeted integration in iPS cells [103]")").

continued on next sheet
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continued from previous sheet

Concerning common technical feature #4, Gaj further teaches introducing a foreign donor nucleic acid into a cell that is ultimately
inserted into site-specific cleavage site made by TALEN (pg 401 Table 1 TALEN; Gene addition into Oct4 and also AAVS1 [i.e. also
known as PPP1R12C gene locus] indicated; CRISPR/Case: Gene addition into AAVS1 indicated).

Concerning common technical feature #2, cleaving target DNA with TALENs lacking repeat sequences 100 bp or longer, Gaj teaches
the structure of TALEs used for genomic editing (pg 399 col 1 para 2 and pg 399 fig 1c, d; " TA Es are naturally occurring proteins from
the plant pathogenic bacteria genus Xanthomonas, and contain DNA-binding domains composed of a series of 33-35-amino-acid repeat
domains that each recognizes a single base pair (Figure B). TALE specificity is determined by two hypervariable amino acids that are
known as the repeat-variable di-residues (RVDs)"). Gaj does not specifically teach TALENs lacking repeat sequences 100 bp or longer.
An artisan would have recognized that the repeat monomer domains [TALEs were well known in the art to constitute about 15.5 of
these repeat domains], with the exception of the RVDs, essentially constitute approximately 100 bp (33 amino acids) repeat domains,
repeated about 15 times (15 monomer repeats) in the TALE. Holkers teaches the repeat domains are subject to deletions and
rearrangements when using certain viral [i.e. lentiviral] vectors (pg 10 col 2 para 4; "We report that HIV-1-based lentiviral vector
genomes bearing TALEN sequences are prone to rearrangements in target cells. In this regard, the structural analyses of these
genomes in HeLa cell populations and in individual HeLa cell clones by PCR, Southern blot and DNA sequencing indicate that most of
the rearrangements occurred through recombination events involving the TALE repeat array, ultimately leading to deletions with various
sizes. The DNA sequence analyses in particular revealed that these rearrangements of the TALE array, albeit variable in number,
consisted of precise as opposed to randomly truncated deletions of individual TALE repeats"). Holkers also suggests a method to
prevent rearrangement or deletion of the monomer domains by exploiting the degeneracy of the genetic code for most amino acids when
engineering the repeat domains (pg 13 col 1 para 1; For instance, by exploiting the degeneracy of the genetic code, the individual TALE
motifs within the array could be re-engineered by the introduction of judiciously chosen silent substitutions to increase sequence
divergence among repeats. Regarding this issue, it has been shown via a lentiviral vector direct repeat deletion assay that deletion
frequencies can decrease steeply with incremental repeat sequence divergence"). It would have been obvious for an artisan of ordinary
skill in the art to have tried using codon degeneracy to re-engineer and increase nucleotide diversity (while maintaining same amino
acids, i.e. silent mutation) of the TALE motifs to lack repeats of more than 100 bp in the lentiviral vector, as recommended by Holkers,
with a reasonable probability of success in recognizing the target sequence and cleaving the genomic DNA (parallel result to success
taught by Holker (abstract) for adenovirus vector with same exact TALEN—but without using codon degeneracy to contruct it ).

As the common technical features were known in the art at the time of the invention, they cannot be considered common special
technical. features that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups l-VIII lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special technical
feature

Note concerning claims 80-102: Claims 80-102 are written to depend from claim 70, but claim 70 lacks antecedent precedent for a "cell
encoding a TALEN". For the purposes of the ISR, claims 80-102 will be interpreted to depend from claim 79, which includes a "cell
encoding a TALEN".

Form PCT/ SA 210 (extra sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 14/48140

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

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 filed or furnished:

(means)

on paper

X in electronic form

(time)

□ in the international application as filed

together with the international application in electronic form

subsequently to this Authority for the purposes of search

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 in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
GenCore ver 6.4.1 SEQ ID NOs: 2,3,4,24

Form PCT SA 2 10 (continuation of first sheet (1)) (July 2009)
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