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NUCLEIC ACID EDITING SYSTEMS
FIELD OF THE INVENTION

The present invention provides novel methods for the production of nucleic acid or

genome editing tools/systems and methods for assessing the same.
BACKGROUND OF THE INVENTION

Genome editing systems such as zinc fingers, Clustered Regularly Interspersed
Short Palindromic Repeats (CRISPR) and Transcription Activator Like Effectors (TALES)
have become powerful tools for transcriptional activation and genome editing™. In
particular, CRISPR and TALE technologies utilise relatively simple molecular biology

6-11

techniques and toolkits are readily available for end users™ . However, the production of

these genome-editing tools is laborious.

It is among the objects of this invention to provide alternate methods for the
production of genome editing systems (including, for example TALENs). The methods
exploit a minimal number of steps and are significantly less complex, time consuming and

error prone than prior art protocols.
SUMMARY OF THE INVENTION

The present invention provides improved methods for generating nucleic
acid/genome editing systems and/or tools. In particular, the invention provides methods for
generating Transcription Activator Like-Effector (TALE) molecules.

Compared to prior art methods, the methods described herein comprise fewer steps,

are significantly less laborious and error prone.

TALE molecules comprise a number of TALE units and the improved methods of this
invention exploit a cohort of newly designed TALE unit encoding nucleic acid sequences.
These TALE unit encoding nucleic sequences may be combined to provide TALE molecule
encoding nucleic acid sequences which may then be synthesised for use. For example, as
will be described in more detail below, synthesised TALE molecule nucleic acid encoding
sequences may be used to facilitate the expression of TALE protein molecules and TALE

fusions for use.

The methods of this invention significantly reduce the reliance on polymerase chain

reaction (PCR) based amplification techniques and may find particular application in the
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production of Transcription Activator Like-Endonuclease (TALENs) molecules which are

widely regarded as efficient genome editing tools.

Throughout this specification the term “TALE molecule” is used and it should be
understood that this term relates both to nucleic acid and/or amino acid sequences which
encode or provide complete TALE molecules. A TALE molecule exhibits specificity/affinity
for a target nucleic acid sequence and comprises multiple TALE units. A TALE unit exhibits
specificity/affinity for a single nucleotide and the term “TALE unit encoding sequence” relates
to those sequences (again nucleic acid or amino acid) which encode or provide TALE units.

The term TALE fusion relates to a nucleic acid and/or amino acid sequence encoding
or providing a fusion comprising a TALE molecule and a heterologous (i.e. non-TALE)
moiety. For example a TALEN may be regarded as a fusion between a TALE molecule and

an endonuclease.

The TALE unit encoding nucleic acid sequences of this invention have been
designed to avoid problems which prevent prior art methods from being used to efficiently
generate TALE molecules. Specifically, the methods used to design the TALE unit encoding
nucleic acid sequences presented herein use the degeneracy of the genetic code to ensure
that when multiple TALE unit encoding nucleic acid sequences are combined (as would be
required in order to form a TALE molecule encoding sequence), the incidence of repetitive
DNA sequences within the resulting TALE molecule encoding sequence is (substantially)
avoided or (significantly) reduced. In other words, by exploiting the degeneracy of amino
acid codons, the inventors have been able to design a series of TALE unit encoding
sequences which, when combined or assembled to generate a TALE molecule encoding

sequence, yield a sequence with much less internal repetition.

Additionally and to further increase the heterogeneity, additional codon alterations
may be made to certain specific positions. For example, certain of the TALE unit encoding
sequences presented herein have been subjected to codon alterations at one or more of the
positions encoding amino acid residues 4, 11 and/or 32. Further detail regarding these

additional modifications is given below.

The reduction in the incidence of repetitive DNA sequences within TALE molecule
encoding sequences generated by the methods of this invention is, for example, in
comparison to the incidence of repetitive sequences in TALE molecule encoding sequences

prepared using multiple copies of TALE units encoding substantially the same sequence.
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One of skill will appreciate that it is easier to synthesise nucleic acids with minimal
sequence repetition. Indeed, reducing the incidence of repetiive DNA sequences in
sequences encoding TALE molecules allows these sequences to be synthesised “in one go”
or as multiple (perhaps two or three) large fragments which can be joined or ligated by some
suitable technique. As such, the methods of this invention offer a vastly simplified means of

generating TALE molecules.

Any given TALE unit encodes a protein sequence which has specificity for a
particular nucleotide. It is known that within each TALE unit, the amino acid residues at
positions 12 and 13 determine DNA binding specificity. For example, the sequence “NN”
binds nucleotide G (guanine), “NI” binds nucleotide A (adenosine), “NG” binds nucleotide T

(thymine) and “HD” binds nucleotide C (cytosine).

As such, it is possible to design TALE molecules with specificity for any given nucleic
acid sequence (a “target” sequence) by selecting and combining those TALE units with
specificity for the nucleic acid residues within the target sequence. For example, if one
required a TALE molecule with specificity for a target nucleic acid sequence comprising 10
residues, one would create a TALE comprising 10 TALE units, each unit having specificity

for one of the residues in the target nucleic acid sequence.

As such, each of the TALE unit encoding sequences provided by this invention
encodes or contains a di-variable amino acid which specifies or determines the binding
affinity/specificity of that unit. Thus the TALE unit encoding sequences of this invention

encode TALE units which bind one of nucleotides G, A, T or C.

CTTACTCCTGATCAAGTTGTGGCTATTGC

# GTGGTAAACAAGCTCTTG
ARAACTGTTCAACGTCTCCTCCCTGTTTTA
TGTCAAGATCATGGT

TALE UNIT

TALE Nucleotide Nucleic acid sequence Amino acid sequence

unit specificity (SEQ ID NOS: 1-64) (SEQ ID NOS: 65—128)

1 G CTTACTCCTGATCAAGTTGTGGCTATTGC | LTPDQVVAIASNNGGKQALETVQRLLPVL

2 WEGGTGGTARACAAGCTCTTG | CODHG
AAACTGTTCAACGTCTCCTCCCTGTTTTA
TGTCAAGATCATGGT
A LTPDOVVAIASNIGGKQALETVQRLLPVL

CQDHG

CTTACTCCTGATCAAGTTGTGGCTATTGC

2 GTGGTAAACAAGCTCTTG
ARAACTGTTCAACGTCTCCTCCCTGTTTTA
TGTCAAGATCATGGT

LTPDQVVAIASNGGGKQALETVQRLLPVL
CQDHG
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C CTTACTCCTGATCAAGTTGTGGCTATTGC | LTPDQVVAIASHDGGKQALETVQRLLPVL
{ GGTGGTAAACAAGCTCTTG | CQDHG
ARAACTGTTCAACGTCTCCTCCCTGTTTTA
TGTCAAGATCATGGT
G CTTACCCCTGAGCAGGTCGTAGCCATCGC | LTPEQVVAIASNNGGKQALETVQRLLPVL
: GGCGGCAAGCAGGCCCTAG | CQDHG
AGACAGTCCAGCGCCTCCTTCCCGTCTTG
TGCCAGGACCACGGC
A CTTACCCCTGAGCAGGTCGTAGCCATCGC | LTPEQVVAIASNIGGKQALETVQRLLPVL
GGCGGCAAGCAGGCCCTAG | CQDHG
AGACAGTCCAGCGCCTCCTTCCCGTCTTG
TGCCAGGACCACGGC
T CTTACCCCTGAGCAGGTCGTAGCCATCGC | LTPEQVVAIASNGGGKQALETVQRLLPVL
3 GGCGGCAAGCAGGCCCTAG | CQDHG
AGACAGTCCAGCGCCTCCTTCCCGTCTTG
TGCCAGGACCACGGC
C CTTACCCCTGAGCAGGTCGTAGCCATCGC | LTPEQVVAIASHDGGKQALETVQRLLPVL
; GGCGGCAAGCAGGCCCTAG | CQDHG
AGACAGTCCAGCGCCTCCTTCCCGTCTTG
TGCCAGGACCACGGC
3 G CTAACACCAGCTCAAGTGGTTGCAATAGC | LTPAQVVAIASNNGGKQALETVQRLLPVL
CTC f GGTGGARAAACAAGCACTAG | CQAHG
AAACAGTACAGCGACTACTACCAGTATTG
TGTCAAGCTCACGGA
A CTAACACCAGCTCAAGTGGTTGCAATAGC | LTPAQVVAIASNIGGKQALETVQRLLPVL
CTCA; GGTGGAAAACAAGCACTAG | CQAHG
AAACAGTACAGCGACTACTACCAGTATTG
TGTCAAGCTCACGGA
T CTAACACCAGCTCAAGTGGTTGCAATAGC | LTPAQVVAIASNGGGKQALETVQRLLPVL
CTC E GGTGGAAAACAAGCACTAG | CQAHG
AAACAGTACAGCGACTACTACCAGTATTG
TGTCAAGCTCACGGA
C CTAACACCAGCTCAAGTGGTTGCAATAGC | LTPAQVVAIASHDGGKQALETVQRLLPVL
Y GGTGGAAAACAAGCACTAG | CQAHG
AAACAGTACAGCGACTACTACCAGTATTG
TGTCAAGCTCACGGA
4 G CTGACGCCGGCCCAGGTAGTCGCGATTGC | LTPAQVVAIANNNGGKQALETVQRLLPVL
2 GGTGGCAAGCAAGCGCTGG | CQAHG
AGACGGTGCAACGGCTGCTGCCGGTGTTA
TGCCAAGCCCATGGG
A CTGACGCCGGCCCAGGTAGTCGCGATTGC | LTPAQVVAIANNIGGKQALETVQRLLPVL
: GGTGGCAAGCAAGCGCTGG | CQAHG
AGACGGTGCAACGGCTGCTGCCGGTGTTA
TGCCAAGCCCATGGG
T CTGACGCCGGCCCAGGTAGTCGCGATTGC | LTPAQVVAIANNGGGKQALETVQRLLPVL
] GGTGGCAAGCAAGCGCTGG | CQAHG
AGACGGTGCAACGGCTGCTGCCGGTGTTA
TGCCAAGCCCATGGG
C CTGACGCCGGCCCAGGTAGTCGCGATTGC | LTPAQVVAIANHDGGKQALETVQRLLPVL
GGTGGCAAGCAAGCGCTGG | CQAHG
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AGACGGTGCAACGGCTGCTGCCGGTGTTA
TGCCAAGCCCATGGG
5 G TTGACTCCCGCACAAGTGGTAGCTATAGC | LTPAQVVAIASNNGGKQALETVQRLLPVL
GGCGGARAGCAGGCATTGG | CQAHG
AGACTGTACAGAGATTGCTCCCGGTTCTC
TGCCAGGCACACGGT
A TTGACTCCCGCACAAGTGGTAGCTATAGC | LTPAQVVAIASNIGGKQALETVQRLLPVL
; GGCGGARAGCAGGCATTGG | CQAHG
AGACTGTACAGAGATTGCTCCCGGTTCTC
TGCCAGGCACACGGT
T TTGACTCCCGCACAAGTGGTAGCTATAGC | LTPAQVVAIASNGGGKQALETVQRLLPVL
: GGCGGARAGCAGGCATTGG | CQAHG
AGACTGTACAGAGATTGCTCCCGGTTCTC
TGCCAGGCACACGGT
C TTGACTCCCGCACAAGTGGTAGCTATAGC | LTPAQVVAIASHDGGKQALETVQRLLPVL
TTCCE GGCGGARAGCAGGCATTGG | CQAHG
AGACTGTACAGAGATTGCTCCCGGTTCTC
TGCCAGGCACACGGT
6 G TTAACCCCAGCGCAGGTTGTCGCCATTGC | LTPAQVVAIANNNGGKQALETVQRLLPVL
; GGCGGTAAGCAAGCGTTAG | CQAHG
AAACGGTTCAAAGGTTACTGCCTGTATTG
TGTCAAGCGCATGGC
A TTAACCCCAGCGCAGGTTGTCGCCATTGC | LTPAQVVAIANNIGGKQALETVQRLLPVL
CAATE GGCGGTAAGCAAGCGTTAG | CQAHG
AAACGGTTCAAAGGTTACTGCCTGTATTG
TGTCAAGCGCATGGC
T TTAACCCCAGCGCAGGTTGTCGCCATTGC | LTPAQVVAIANNGGGKQALETVQRLLPVL
GGCGGTAAGCAAGCGTTAG | CQAHG
AAACGGTTCAAAGGTTACTGCCTGTATTG
TGTCAAGCGCATGGC
C TTAACCCCAGCGCAGGTTGTCGCCATTGC | LTPAQVVAIANHDGGKQALETVQRLLPVL
GGCGGTAAGCAAGCGTTAG | CQAHG
AAACGGTTCAAAGGTTACTGCCTGTATTG
TGTCAAGCGCATGGC
7 G CTTACCCCTGAACAAGTCGTGGCAATCGC | LTPEQVVAIASNNGGKQALETVQRLLPVL
; GGAGGTAAACAAGCTTTAG | CQAHG
ARACCGTTCAGCGTCTCCTCCCAGTGTTA
TGTCAAGACCATGGT
A CTTACCCCTGAACAAGTCGTGGCAATCGC | LTPEQVVAIASNIGGKQALETVQRLLPVL
: GGAGGTAAACAAGCTTTAG | CQAHG
ARACCGTTCAGCGTCTCCTCCCAGTGTTA
TGTCAAGACCATGGT
T CTTACCCCTGAACAAGTCGTGGCAATCGC | LTPEQVVAIASNGGGKQALETVQRLLPVL
GGAGGTAAACAAGCTTTAG | CQAHG
ARACCGTTCAGCGTCTCCTCCCAGTGTTA
TGTCAAGACCATGGT
C CTTACCCCTGAACAAGTCGTGGCAATCGC | LTPEQVVAIASHDGGKQALETVQRLLPVL
i GGAGGTAAACAAGCTTTAG | CQAHG
ARACCGTTCAGCGTCTCCTCCCAGTGTTA
TGTCAAGACCATGGT
5
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8 G CTAACACCAGAGCAGGTGGTGGCGATCGC | LTPEQVVAIANNNGGKQALETVQRLLPVL
i GGAGGGAAGCAAGCTCTGG | CQDHG
ARAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGG
A CTAACACCAGAGCAGGTGGTGGCGATCGC | LTPEQVVAIANNIGGKQALETVQRLLPVL
: GGAGGGAAGCAAGCTCTGG | CQDHG
ARAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGG
T CTAACACCAGAGCAGGTGGTGGCGATCGC | LTPEQVVAIANNGGGKQALETVQRLLPVL
GGAGGGAAGCAAGCTCTGG | CQDHG
ARAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGG
C CTAACACCAGAGCAGGTGGTGGCGATCGC | LTPEQVVAIANHDGGKQALETVQRLLPVL
E GGAGGGAAGCAAGCTCTGG | CQDHG
ARAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGG
9 G CTGACTCCAGATCAAGTTGTTGCCATAGC | LTPDQVVAIASNNGGKQALETVQRLLPVL
: GGTGGCAAACAGGCTCTGG | CQAHG
ARAACCGTCCAAAGATTACTTCCAGTTTTA
TGCCAAGCCCACGGT
A CTGACTCCAGATCAAGTTGTTGCCATAGC | LTPDQVVAIASNIGGKQALETVQRLLPVL
: GGTGGCAAACAGGCTCTGG | CQAHG
ARAACCGTCCAAAGATTACTTCCAGTTTTA
TGCCAAGCCCACGGT
T CTGACTCCAGATCAAGTTGTTGCCATAGC | LTPDQVVAIASNGGGKQALETVQRLLPVL
GGTGGCAAACAGGCTCTGG | CQAHG
ARAACCGTCCAAAGATTACTTCCAGTTTTA
TGCCAAGCCCACGGT
C CTGACTCCAGATCAAGTTGTTGCCATAGC | LTPDQVVAIASHDGGKQALETVQRLLPVL
{ GGTGGCAAACAGGCTCTGG | CQAHG
ARAACCGTCCAAAGATTACTTCCAGTTTTA
TGCCAAGCCCACGGT
10 G TTGACCCCAGACCAGGTCGTCGCTATTGC | LTPDQVVAIANNNGGKQALETVQRLLPVL
¥ GGGGGCAAACAAGCCTTGG | CQDHG
AGACAGTACAAAGGCTTCTCCCCGTTCTA
TGCCAGGATCACGGC
A TTGACCCCAGACCAGGTCGTCGCTATTGC | LTPDQVVAIANNIGGKQALETVQRLLPVL
2 GGGGGCAAACAAGCCTTGG | CQDHG
AGACAGTACAAAGGCTTCTCCCCGTTCTA
TGCCAGGATCACGGC
T TTGACCCCAGACCAGGTCGTCGCTATTGC | LTPDQVVAIANNGGGKQALETVQRLLPVL
: GGGGGCAAACAAGCCTTGG | CQDHG
AGACAGTACAAAGGCTTCTCCCCGTTCTA
TGCCAGGATCACGGC
C TTGACCCCAGACCAGGTCGTCGCTATTGC | LTPDQVVAIANHDGGKQALETVQRLLPVL
; GGGGGCAAACAAGCCTTGG | CQDHG
AGACAGTACAAAGGCTTCTCCCCGTTCTA
TGCCAGGATCACGGC
11 G CTTACGCCAGCTCAAGTAGTAGCGATAGC | LTPAQVVAIASNNGGKQALETVQRLLPVL
GGTGGGAAGCAGGCGCTCG | CQDHG
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AGACAGTTCAACGACTACTCCCGGTATTA
TGTCAAGATCATGGG
A CTTACGCCAGCTCAAGTAGTAGCGATAGC | LTPAQVVAIASNIGGKQALETVQRLLPVL
GGTGGGAAGCAGGCGCTCG | CQDHG
AGACAGTTCAACGACTACTCCCGGTATTA
TGTCAAGATCATGGG
T CTTACGCCAGCTCAAGTAGTAGCGATAGC | LTPAQVVAIASNGGGKQALETVQRLLPVL
i GGTGGGAAGCAGGCGCTCG | CQDHG
AGACAGTTCAACGACTACTCCCGGTATTA
TGTCAAGATCATGGG
C CTTACGCCAGCTCAAGTAGTAGCGATAGC | LTPAQVVAIASHDGGKQALETVQRLLPVL
E GGTGGGAAGCAGGCGCTCG | CQDHG
AGACAGTTCAACGACTACTCCCGGTATTA
TGTCAAGATCATGGG
12 G CTCACACCCGCCCAGGTTGTAGCAATTGC | LTPAQVVAIASNNGGKQALETVQRLLPVL
CTCGAACAACGGCGGCAAGCAAGCACTTG | CQAHG
AGACTGTCCAGCGGCTCTTGCCAGTTCTC
TGCCAGGCACACGGC
A CTCACACCCGCCCAGGTTGTAGCAATTGC | LTPAQVVAIASNIGGKQALETVQRLLPVL
CTCG GGCGGCAAGCAAGCACTTG | CQAHG
AGACTGTCCAGCGGCTCTTGCCAGTTCTC
TGCCAGGCACACGGC
T CTCACACCCGCCCAGGTTGTAGCAATTGC | LTPAQVVAIASNGGGKQALETVQRLLPVL
CTCGE GGCGGCAAGCAAGCACTTG | CQAHG
AGACTGTCCAGCGGCTCTTGCCAGTTCTC
TGCCAGGCACACGGC
C CTCACACCCGCCCAGGTTGTAGCAATTGC | LTPAQVVAIASHDGGKQALETVQRLLPVL
CTCGi GGCGGCAAGCAAGCACTTG | CQAHG
AGACTGTCCAGCGGCTCTTGCCAGTTCTC
TGCCAGGCACACGGC
13 G CTAACTCCAGCACAAGTCGTTGCTATCGC | LTPAQVVAIANNNGGKQALETVQRLLPVL
GGTGGCAAACAGGCATTAG | CQAHG
AAACCGTTCAACGTCTTTTACCGGTCCTG
TGCCAAGCTCACGGC
A CTAACTCCAGCACAAGTCGTTGCTATCGC | LTPAQVVAIANNIGGKQALETVQRLLPVL
; GGTGGCAAACAGGCATTAG | CQAHG
AAACCGTTCAACGTCTTTTACCGGTCCTG
TGCCAAGCTCACGGC
T CTAACTCCAGCACAAGTCGTTGCTATCGC | LTPAQVVAIANNGGGKQALETVQRLLPVL
: GGTGGCAAACAGGCATTAG | CQAHG
AAACCGTTCAACGTCTTTTACCGGTCCTG
TGCCAAGCTCACGGC
C CTAACTCCAGCACAAGTCGTTGCTATCGC | LTPAQVVAIANHDGGKQALETVQRLLPVL
GGTGGCAAACAGGCATTAG | CQAHG
AAACCGTTCAACGTCTTTTACCGGTCCTG
TGCCAAGCTCACGGC
14 G CTGACCCCTGCGCAGGTTGTAGCGATAGC | LTPAQVVAIANNNGGKQALETVQRLLPVL
: GGCGGTAAGCAAGCCCTGG | CQAHG
AAACAGTACAACGTCTACTGCCTGTGTTG
TGCCAAGCTCATGGT
7
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A CTGACCCCTGCGCAGGTTGTAGCGATAGC | LTPAQVVAIANNIGGKQALETVQRLLPVL
; GGCGGTAAGCAAGCCCTGG | CQAHG
AAACAGTACAACGTCTACTGCCTGTGTTG
TGCCAAGCTCATGGT
T CTGACCCCTGCGCAGGTTGTAGCGATAGC | LTPAQVVAIANNGGGKQALETVQRLLPVL
: GGCGGTAAGCAAGCCCTGG | CQAHG
AAACAGTACAACGTCTACTGCCTGTGTTG
TGCCAAGCTCATGGT
C CTGACCCCTGCGCAGGTTGTAGCGATAGC | LTPAQVVAIANHDGGKQALETVQRLLPVL
GGCGGTAAGCAAGCCCTGG | CQAHG
AAACAGTACAACGTCTACTGCCTGTGTTG
TGCCAAGCTCATGGT
15 G TTGACTCCAGAACAAGTAGTCGCCATCGC | LTPEQVVAIANNNGGKQALETVQRLLPVL
3 GGAGGTAAACAGGCTTTAG | CQAHG
AGACTGTGCAAAGACTTCTTCCTGTATTA
TGTCAGGCCCATGGT
A TTGACTCCAGAACAAGTAGTCGCCATCGC | LTPEQVVAIANNNGGKQALETVQRLLPVL
] GGAGGTAAACAGGCTTTAG | CQAHG
AGACTGTGCAAAGACTTCTTCCTGTATTA
TGTCAGGCCCATGGT
T TTGACTCCAGAACAAGTAGTCGCCATCGC | LTPEQVVAIANNGGGKQALETVQRLLPVL
: GGAGGTAAACAGGCTTTAG | CQAHG
AGACTGTGCAAAGACTTCTTCCTGTATTA
TGTCAGGCCCATGGT
C TTGACTCCAGAACAAGTAGTCGCCATCGC | LTPEQVVAIANHDGGKQALETVQRLLPVL
GGAGGTAAACAGGCTTTAG | CQAHG
AGACTGTGCAAAGACTTCTTCCTGTATTA
TGTCAGGCCCATGGT
16 G TTAACGCCAGAGCAGGTTGTTGCAATAGC | LTPEQVVAIANNNGGKQALETVQRLLPVL
; GGAGGTAAACAAGCGCTCG | CQAHG
ARAACGGTCCAACGTCTCTTGCCCGTCCTT
TGTCAAGCGCACGGA
A TTAACGCCAGAGCAGGTTGTTGCAATAGC | LTPEQVVAIANNIGGKQALETVQRLLPVL
¥ GGAGGTAAACAAGCGCTCG | CQAHG
ARAACGGTCCAACGTCTCTTGCCCGTCCTT
TGTCAAGCGCACGGA
T TTAACGCCAGAGCAGGTTGTTGCAATAGC | LTPEQVVAIANNGGGKQALETVQRLLPVL
2 GGAGGTAAACAAGCGCTCG | CQAHG
ARAACGGTCCAACGTCTCTTGCCCGTCCTT
TGTCAAGCGCACGGA
C TTAACGCCAGAGCAGGTTGTTGCAATAGC | LTPEQVVAIANHDGGKQALETVQRLLPVL
: GGAGGTAAACAAGCGCTCG | CQAHG
ARAACGGTCCAACGTCTCTTGCCCGTCCTT
TGTCAAGCGCACGGA

A novel cohort of TALE units is presented in Table 1 below.

Table 1: A cohort of TALE units
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As such, a first aspect of this invention relates to one or more of the TALE unit
sequences presented in TABLE 1. Specifically, the invention relates both to one or more of
the TALE unit nucleic acid sequences and/or one or more of the TALE unit amino acid
sequences of Table 1 (i.e. each of SEQ ID NO: 1-128).

It should be understood that any one of the TALE unit sequences presented in Table
1 and especially the TALE unit encoding nucleic acid sequences, may be modified to include
additional sequences. The additional sequences may be 5 and/or 3’ additional sequences.
The additional sequences may provide or encode sequences which facilitate, for example,
restriction, joining/ligation (of one TALE unit to another) amplification and/or purification. As

such, the invention relates to a TALE unit sequence conforming to the following consensus:
Ai—[TU] - A;
wherein A4 represents an optional additional sequence or modification;

TU represents any one of the 64 TALE unit encoding nucleic acid sequences

presented in Table 1; and
A, represents an optional additional sequence or modification.

Optional sequences A; and A, may comprise, for example, restriction site
sequences, primer binding sites, sequences which facilitate the ligation or joining of one
TALE unit sequence (or molecule comprising the same) to another. In some cases, optional
sequences A; and A, may comprise or further comprise sequences encoding parts of other
TALE unit sequences. Some suitable additional sequences are identified in this application
and it should be understood that any of these sequences may (subject to minor modification)
be appended or added to any of the sequences presented in Table 1. However, one of skill
will be familiar with the types of sequence that can be added to the TALE unit encoding

sequences of this invention.

A second aspect provides a TALE molecule (either a nucleic acid or amino acid
molecule) comprising two or more of the TALE unit (nucleic acid or amino acid) sequences
provided by the first aspect of this invention. A TALE molecule according to this second
aspect of the invention may be a TALE molecule encoding nucleic acid sequence or a TALE
molecule amino acid sequence (namely, the product of the TALE molecule encoding nucleic

acid sequence).

A third aspect provides a sequence encoding a TALE fusion, wherein the TALE

fusion comprises a TALE unit sequence or a TALE molecule sequence fused (optionally via
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a linker moiety) to a heterologous (i.e. non-TALE type) sequence. For example, the TALE
fusion may be nucleic acid fusion (comprising a TALE molecule encoding sequence fused to
a heterologous nucleic acid sequence) or an amino acid fusion comprising a TALE molecule
amino acid sequence fused to a heterologous amino acid sequence. A TALE fusion may, for

example, encode or provide a TALEN.

In a further (fourth) aspect, the invention provides a method of generating a TALE
molecule sequence, said method comprising combining or assembling one or more of the
TALE unit sequences provided by the first aspect of the invention (for example those

presented in Table 1) to provide a TALE molecule encoding sequence or a TALE molecule.

The method of generating a TALE molecule sequence may comprise generating a
TALE molecule encoding nucleic acid sequence. The method may require the user to
combine or assemble together one or more TALE unit encoding nucleic acid sequences in

order to provide a larger TALE molecule encoding nucleic acid sequence.

The method according to the fourth aspect of this invention may further require the
selection and/or analysis of a target nucleic acid sequence; that is a nucleic acid sequence
to which the TALE molecule is to exhibit some binding specificity/affinity. Thus, the method
of the fourth aspect of this invention provides TALE molecule sequences which have binding

specificity/affinity for predetermined target nucleic acid sequences.

For example, using the TALE sequences provided in Table 1, it is possible to select
and combine/assemble those sequences which have binding specificity for some or all of the
nucleotides within a target sequence. Thus the methods of this invention may comprise (on
the basis of target sequence analysis/information) combining the relevant or required

number of TALE unit encoding nucleic acid sequences.

As stated, a TALE molecule may comprise any number of TALE units. For example,
a TALE molecule may comprise 10-30 TALE units, for example 15-20 TALE units. A TALE
molecule may comprise 16 TALE units. The skilled person will however appreciate that while
a TALE molecule may comprise almost any number of TALE units, the actual number of

TALE units used may be determined by the length of the target sequence.

For example, where the target sequence comprises 16 nucleotides, the TALE
molecule may also comprise 16 TALE units, each having specificity for a nucleotide of the
target sequence. Thus, in this case, the method of this invention may require the selection

and combination of 16 of the TALE unit encoding sequences presented in Table 1.
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It should be understood that when generating a TALE molecule, while it is desirable
to use TALE unit encoding sequences which minimise the amount of sequence repetition
across the full length of the nucleic acid encoding the TALE molecule, the same TALE unit
may be used multiple (two or more) times. In any case, when selecting TALE units to
combine, the user will make their selection while all the time trying to minimise incidences of

sequence repetition within the generated TALE molecule sequence.

The method according to the fourth aspect of this invention may comprise
computationally assembling the TALE unit encoding sequences to provide a TALE molecule

sequence.

The term “computationally assembling” should be taken to encompass the act of
using a computer (or other automated device) to provide a suitable (i.e. target sequence
specific) TALE molecule sequence. To create a target molecule specific sequence, the
computer may be imputed with target sequence information - for example the sequence of
the target sequence or region of the target sequence that the TALE molecule is to bind.
Thereafter, the computer may interrogate a database comprising at least the TALE unit
sequences described in the first aspect of the invention/Table 1 so as to provide a suitable
TALE molecule sequence. Again, any method of computationally assembling a TALE
molecule sequence may take into account the need to minimise sequence repetition within

the computationally assembled TALE molecule.

A TALE molecule sequence as provided by a method according to the fourth aspect
of this invention may be synthesised, for example chemically synthesised, to provide a TALE
molecule sequence for use. The synthesised sequences may be nucleic acid sequences

encoding TALE molecules for use.

A method according to the fourth aspect of this invention may yield a nucleic acid
sequence which encodes a complete TALE molecule. In such cases, the TALE molecule
encoding nucleic acid sequence may be synthesised as a single sequence corresponding to

the full length sequence of the required TALE molecule.

Alternatively, the methods of this invention may be exploited in order to provide
multiple (for example 2, 3, 4 or more) fragments each providing part of a complete TALE
molecule encoding nucleic acid sequence. These fragments can be joined together or

ligated by some suitable method.

Where the TALE molecule encoding nucleic acid sequence is to be synthesised as

one or more fragments for joining or ligation, each fragment may comprise 5 and/or 3’
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modifications to permit the joining to or ligation with, other fragments. For example, the 5’
and/or 3’ ends of any of the fragments may comprise sequences which facilitate joining,
ligation, amplification, restriction and/or cloning. Suitable 5 and/or 3’ modifications are

described in relation to the first aspect of this invention and the same definitions apply here.

For example, where the 5 and/or 3° ends of any of the fragments comprise
sequences which harbour restriction sites, by treating with the appropriate restriction
enzyme, it is possible to provide fragments with ends which can be joined to, or ligated with,
the corresponding (restricted) end of another fragment. Additionally or alternatively,
fragments for joining or ligation may comprise other 5 and/or 3' modifications and/or

sequences which facilitate joining and/or ligation.

Fragments with 5 and/or 3’ modifications may be prepared by combining TALE unit
sequences in which the first and last unit sequences have 5 and 3’ modifications
respectively. Additionally, or alternatively, the modifications may be added to the 5’ and/or 3’

end of the fragment later using suitable molecular techniques.

The fragments may be designed so that they are suitable for joining by Gibson
assembly. One of skill in this field will be familiar with Gibson assembly which is a method
allowing the joining of multiple DNA fragments in a single, isothermal reaction. Using this
method, it is possible to simultaneously combine numerous (>10) DNA fragments based on
sequence identity. Gibson assembly methods generally require that the DNA fragments to
be joined contain approximately a 20-40 base pair overlap with adjacent DNA fragments.
The DNA fragments are then mixed with a cocktail of enzymes (for example three enzymes)
and other buffer components. Compared to conventional restriction enzymel/ligation cloning
of recombinant DNA Gibson assembly avoids the need for restriction digest of the DNA
fragments after amplification by PCR. Moreover, DNA joining by Gibson assembly is simpler,
requires fewer steps and takes less time. A further advantage of joining by Gibson assembly
is that the process yields no restriction site scar (i.e. the process is "scarless"). It is also

possible to combine multiple DNA fragments simultaneously in a single-tube reaction.

As such, the methods of this invention may provide multiple (for example 2, 3, 4 or
more) fragments, each fragment providing part of a complete TALE molecule encoding
nucleic acid sequence, wherein the fragments are designed to permit joining by Gibson

assembly.
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Further information regarding ligation and other nucleic acid joining procedures which
may be useful in the methods of this invention are described in Molecular Cloning: A
Laboratory Manual (Hughes & Joseph Sambrook: CSHLP; Fourth Edition) — the contents of
this publication are incorporated herein by reference.

It should be noted that while the present invention may, in part rely on Gibson
assembly, over use of the technique (as occurs with some prior art methods) can be
deleterious. Gibson assembly tolerates mismatches and therefore, when creating large
molecules, the more units joined by Gibson assembly, the more errors can occur. Indeed, if
one attempts to join too many individual units by Gibson assembly based methods, errors

can lead to the generation of partial, rather than full length, clones.

The present invention offers an advantage over prior art methods as it minimises the
use of Gibson assembly. Large fragments for joining are first synthesised as complete
“blocks” and only these fragments are joined by Gibson assembly methods. Indeed, the
inventors have shown that methods in which the fragments are themselves created by the

Gibson assembly of multiple units yield incomplete and partial length TALEN.

A further advantage associated with this invention (which methods exploit minimal
steps and a reduced reliance on Gibson assembly) is that is easily adaptable to
accommodate advances in the field.

The methods of this invention also require minimal use of consumable products.
Methods which are over reliant on Gibson assembly and other methods of joining nucleic
acid sequences, may require large stocks of components — some of which may be
consumed faster than others. The present invention allows for the rapid design and
synthesis of TALE molecules of any length (i.e. comprising any number of TALE units)
without the need to modify complex protocols and procedures. Once the required number of
TALE molecules has been generated, a complete TALE molecule may be generated by
simply assembling together the various synthesised TALE molecules.

Where multiple fragments are assembled by ligation, PCR may then be used to

generate a complete TALE molecule encoding amplicon.

Once generated, a TALE encoding nucleic acid sequence (or a TALE molecule
encoding amplicon) may be introduced into a vector, for example an expression vector. A
TALE encoding nucleic acid sequence may be introduced into a vector using standard
cloning procedures; again, useful protocols are summarised in Molecular Cloning: A
Laboratory Manual (Hughes & Joseph Sambrook: CSHLP; Fourth Edition). By way of
example, restriction enzyme based cloning methods, Golden Gate Cloning and/or Gibson

assembly based methods may be used to facilitate and/or affect the introduction of the TALE
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molecule encoding nucleic acid sequence into a suitable vector. One of skill will appreciate
that the precise method of cloning used may depend on the 5 and/or 3’ features (restriction

sites, sequence and the like) of the TALE molecule encoding nucleic acid sequence.

The selection of vector may depend on whether or not the TALE molecule is to be
joined or fused to a heterologous moiety. If the TALE molecule is to be joined or fused to a
heterologous moiety, then the selected vector may include a sequence encoding said
moiety. The moiety may be an endonuclease and therefore the vector may contain an
endonuclease encoding sequence.

In order to introduce a TALE molecule encoding nucleic acid sequence into a vector
for use in this invention, the vector may be cut or restricted with a suitable enzyme and the
cut vector and TALE molecule sequence to be introduced, incubated together under
conditions which facilitate the introduction (cloning) of the TALE molecule encoding

sequence into the vector.

Introduction of a TALE molecule encoding nucleic acid sequence into a vector which
contains an endonuclease encoding sequence may facilitate the generation of Transcription
Activator Like-Endonuclease (TALEN) molecules. Molecules of this type exploit the DNA
binding specificity of the TALE part to provide efficient genome editing tools.

Expression of a TALE molecule, a TALE molecule fusion (i.e. a TALE :: heterologous
moiety fusion) or a TALEN, may be achieved by introduction of the vector into a suitable host
cell. Host cells may be transfected and/or transformed with vectors by any suitable means
including, for example, heat shock, electroporation and/or chemical based techniques.
Prokaryotic and/or eukaryotic cells may be transformed or transfected with vectors —
including the vectors provided by this invention. As such, bacterial and/or mammalian, for

example human, cells may be transformed and/or transfected.

A transformed/transfected host cell may be maintained under and/or in conditions
which are suitable for the expression of the TALE and any fused, associated or joined
heterologous sequence. For example, the conditions may include the use of agents which
induce expression and/or agents which facilitate the selection of transformed/transfected

cells.

A suitable vector may include a mammalian expression vector such as the FOK1
endonuclease expression vector. As such, a TALE molecule encoding nucleic acid
sequence of this invention and/or prepared according to a method of this invention, may be

introduced into a FOK1 endonuclease expression vector.
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A suitable host cell may be any competent mammalian cell including cells from
established cell lines. The skilled man will be aware of the array of cells that can be used
and such cells may be obtained from culture collections such as those held and catalogued
at hitp/Awww.phe-culiurecoliections.org.uk/. Suitable cells include, but are not limited to,
273FT cells.

In view of the above, the invention provides a method of generating a TALE
molecule, said method comprising the steps of:

combining two or more of the TALE unit encoding nucleic acid sequences provided
in Table 1 to yield a TALE molecule encoding nucleic acid sequence specific for a
predetermined target sequence;

synthesising the TALE molecule encoding nucleic acid sequence;

introducing the TALE molecule encoding nucleic acid sequence into a vector; and

introducing the vector into a host cell and maintaining the host cell under conditions

which facilitate the expression of the TALE molecule encoding nucleic acid sequence.

A TALE molecule prepared by a method of this invention may be purified by any
suitable means. For example, a TALE molecule may be purified using, for example, affinity
chromatography. For example, A TALE molecule may be modified to include a fusion tag (for
example a His tag) at its 5 and/or 3’ end. The fused tag may then be used as a means to
purify or extract the TALE molecule from, for example, a heterogeneous protein mix. For
example, a fusion tagged (His tagged) TALE molecule may be expressed in a bacterial cell
and harvested or purified from the cell lysate. The fused tag (in particular fused 5 or 3’ His

tags) should not affect TALE binding and therefore may not need to be cleaved.

Additionally, or alternatively, a TALE molecule may be expressed with an N-terminal
leader sequence - in this way, it may be possible to facilitate secretion of the TALE molecule

from the cell.

A TALE molecule may be further modified or supplemented with sequences, for

example, viral (TAT) sequences which facilitate, permit or enhance cellular uptake.

In addition, the invention provides a method of generating a TALEN molecule, said
method comprising the steps of:

combining two or more of the TALE unit encoding nucleic acid sequences provided in
Table 1 to yield a TALE molecule encoding nucleic acid sequence specific for a
predetermined target sequence;

synthesising the TALE molecule encoding nucleic acid sequence;
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introducing the TALE molecule encoding nucleic acid sequence into a vector, which
vector comprises an endonuclease encoding nucleic acid to provide a vector which encodes
a TALEN molecule; and

introducing the vector into a host cell and maintaining the host cell under conditions
which facilitate the expression of a TALEN encoding nucleic acid molecule.

Optionally, the expressed protein product of the TALEN encoding nucleic acid
molecule — namely the TALEN molecule protein, may be harvested or purified by any

suitable means.

As described above, a TALEN molecule generated by any of the methods described
herein may be modified to include one or more fusion tags to facilitate purification by, for
example affinity chromatography techniques. Moreover, the TALEN molecule may further
comprise one or more sequences or motifs (for example leader sequences or viral derived

(TAT) sequences) which facilitate TALEN cell export/secretion and/or import (cell uptake).

The TALEN may be expressed in situ (i.e. within the cell in which it is expressed).
The TALEN may be used to genome edit the cell. For example, the TALEN may be used as
a means to affect a mutation by NHEJ in a specific gene and/or to make a reporter line by

introducing a donor cassette vector with a selectable marker or fluorescent protein.

In a fifth aspect, the invention further provides TALE and/or TALEN molecules

obtainable by any of the methods described herein.

It should be noted that when compared to TALE or TALEN molecules prepared by
other (prior art) methods, the TALE and/or TALEN molecules generated (or obtainable) by

any of the methods described herein demonstrate comparable activity.

A method of designing, generating or providing a TALE and/or TALEN molecule (as
described or disclosed herein) may exploit a Computer Aided Design (CAD) program,
wherein the CAD program may perform a method of determining an appropriate or suitable
assembly of TALE unit sequences. For example, a CAD program may be exploited as a
means to produce a TALE and/or TALEN molecule specific for a predetermined target

sequence.

A program for use may require a user to input data (for example sequence data)
relating to a target DNA sequence. The data may be input into a computer and the computer
may execute the CAD program such that it selects an appropriate cohort of TALE units for

the generation of a TALE or TALEN molecule with specificity for the target sequence. The
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computer may inform the user of which units are to be used and in which order they are to

be used to generate a suitable TALE/TALEN molecule.

The computer may comprise or be loaded with the information presented in Table 1
above. As such, upon receipt of data input by a user, for example sequence data, the
computer can select the most suitable TALE units from the library presented in Table 1.
When selecting a Tale unit suitable to bind the first residue in the target sequence, the
computer may select one of the four units presented in Table 1 as unit 1. The same process
may be repeated for the second, third and all subsequent residues of the target sequence.

Where the TALE/TALEN molecule comprises 16 TALE unit encoding sequences
presented in Table 1, the computer program will perform operations to determine the
required assembly of the necessary 16 TALE unit sequences from the information presented
in Table 1. For each necessary TALE unit sequence, the computer program will select a
TALE unit sequences (from the data presented in Table 1) that exhibits the necessary

specificity for a nucleotide of the target DNA sequence.

The computer program may be configured to optimise the TALE unit encoding
sequences or the selection of TALE unit encoding sequences, so as to minimise the amount

of sequence repetition across the full length of a resulting TALE molecule encoding.

A computer program may comprise elements that are executed at least one of
sequentially, in-parallel, in-order or out-of-order. The computer program may be written,
created or synthesised in a language such as “R”, “S”, “S-Plus”, “C”, “C++”, or the like. The
computer program may include algorithms and/or library components for functionality which
comprises table look-up, table search, string operations, matrix operations, vector
operations, statistical operations, or the likes. Further, the term “computer program” may
refer to a computer program, or a macro, script, or any other sequence of operations
executed directly by at least one computer or within another computer program executing on
at least one computer, such as Microsoft Excel™ or the like. The computer program, macro
or script or any other sequence of operations may reside and/or execute on a computer local

to the user, or may reside and/or execute remotely from the user on at least one computer.

In a sixth aspect the invention provides a method of providing TALE units for use. For
example, the TALE units may be for use in a method according to the fourth aspect of this
invention. The method may comprise providing a plurality of TALE units having, relative to a

reference TALE unit encoding sequence, one or more conservative codon modifications.
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In the context of this invention, a conservative codon modification may be taken to be
any modification which, through the degeneracy of the genetic code, preserves the encoded
wild type amino acid residue. For example, where the wild type amino acid residue is
alanine, conservative codon modifications may include selection of any one of the codons

“GCT”; “cee”; “een” or “gea” - all of which encode alanine.

The TALE unit encoding sequences generated or provided by the method according
to the sixth aspect of this invention may each comprise a nucleic acid sequence encoding a
TALE unit with the following sequence (SEQ ID NO: 129):

LTPX;QVVATAX,X3X,GCGKQATL.ETVQRLLPVLCQX:HG

The amino acids at positions 4 (X1), 11 (X2) and 32 (X;) are variable. The skilled
person will appreciate that any number of modifications, in particular conservative
modifications may be made at these positions. Table 2 details a range of conservative
substitutions that may be exploited in this invention. For example the amino acid alanine
(Ala) may be replaced with any one of Pro, Gly, Glu, Asp, GIn, Asn, Ser or Thr.

Hydrophilis:  Ade, Prog Gly lu, &g, Gl den, Ser,
Thr :
Sulphydiyl: O
Aliphatier Vi, Be Len Mar
Rasie: Lyw Arg, Hig
CAromanics Phe, Ty, Tap,

Table 2 — conservative amino acid substitutions

Without wishing to be bound by theory, the amino acid residue at position 4 may be
D (Aspartic acid), E (Glutamic acid) or A (alanine). The amino acid residue at position 11
may be S (serine) or N (Asparagine). The amino acid residue at position 32 may be A
(alanine) or D (aspartic acid).Suitable alterations may manifest as alterations which
modulate (for example improve or enhance) binding between a TALE unit and the nucleotide
it has binding specificity/affinity for.

Residues 12 and 13 (marked XX, above) are also variable and the exact sequence
will depend on the intended binding specificity of the TALE unit. For example, the residues
selected to occupy positions X; and X, may be any suitable to bestow or impart the desired
nucleotide binding specificity to the TALE unit. For example, while there exist many
possibilities and without wishing to be bound by any particular theory, X; and X, may be
selected from the group consisting of NN; NI; NK; NG and HD.
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A codon encoding residue “N” may be AAT or AAC, a codon encoding residue
may be ATT, ATC or ATA, acodonencodingresidue G maybe GGT, GGC, GGA or

GGG, a codon encoding residue “H” may be CAT or CAC; a codon encoding residue “K”

may be AAA or AAG and a codon encoding “D” may be GAT or GAC.

Table 3 below shows available codon selections at each of positions 1-11 and 14-34
in an example TALE unit encoding sequence. It should be noted that at positions 4, 11 and

32, the encoded amino acid is variable and so each variant (together with the codon options)

is presented.

Residue No:

Wild type amino acid residue

CODON selection

1

L

CTT
CTC
CTA
CTG

ACT
ACC
ACA
ACG

CCT
CCC
CCA
CCG

4a

GAA
GAG

4b

GAT
GAC

4c

GCT
GCC
GCA
GCG

CAA
CAG

GTT
CTC
GTA
GTG
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GTT
CTC
GTA
GTG

GCT
GCC
GCA
GCG

ATT
ATC
ATA

10

GCT
GCC
GCA
GCG

11a

AAT
AAC

11b

TCT
TCC
TCA
TCG

12

Xaa

Dependent on
specificity of

TALE unit

13

Xaa

Dependent on
specificity of

TALE unit

14

GGT
GGC
GGA
GGG

15

GGT
GGC
GGA
GGG

16

AV2V-
AAG
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17 Q CAR
CAG

18 A GCT
GCC
GCA
GCG

19 L CTT
CTC

CTA
CTG

20 E GAR
GAG

21 T ACT
ACC
ACA
ACG

22 \ GTT
CTC
GTA
GTG

23 Q CAR
CAG

24 R CGT
CGC
CGA
CGG

25 L CTT
CTC
CTA
CTG

26 L CTT
CTC
CTA
CTG

27 P CCT
ccce
CCA
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CCG

28 \" GTT
CTC
GTA
GTG

29 L CTT
CTC
CTA
CTG

30 C TGT
TGC

31 Q CAR
CAG

32a A GCT
GCC
GCA
GCG

32b D GAT
GAC

33 H CAT
CAC

34 G GGT
GGC
GGA
GGG

TALE unit encoding nucleic acid sequences prepared according to the sixth aspect of
this invention may be modified to include additional sequences. The additional sequences
may be included at the 5 and/or 3’ ends of any of the TALE unit encoding nucleic acid

sequences.

The additional sequences may provide or comprise primer binding sites and/or
restriction sites. The additional sequences may also encode or provide parts of the
sequences of other TALE units. As described above, the additional sequences may
comprise or may further comprise, sequences which encode fusion tags (for purification by,
for example, affinity chromatography), leader sequences or other moieties which facilitate

cell uptake and/or secretion.
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When creating multiple fragments containing combined TALE units, the 5 and/or 3
end of each fragment may contain sequences or additional sequences, which facilitate the
ligation and/or joining of the fragments. For example, the additional sequences may
comprise sequences which facilitate Gibson assembly, restriction sites and/or primer binding

sites.

By way of (non-limiting) example, a TALE molecule encoding nucleic acid sequence
may be generated by first assembling or compiling two, three or more fragments for
synthesis. The first and any subsequent fragments may be compiled/assembled using, for
example, the TALE unit encoding nucleic acid sequences described herein — including those
encompassed by the first aspect of this invention. For example, the first fragment may
comprise, for example, two or more, for example three, four, five, six, seven, eight or more
TALE unit encoding nucleic acid sequences. For example, a fragment comprising seven

TALE unit encoding sequences may be compiled as follows:

one TALE unit is selected from the group consisting of TALE unit sequences 1A, 1C,

1G and 1T (as identified in Table 1); the selected unit is combined with:

one TALE unit is selected from the group consisting of TALE unit sequences 2A, 2C,
2G and 2T (as identified in Table 1):

one TALE unit selected from the group consisting of TALE unit sequences 3A, 3C,
3G and 3T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 4A, 4C,
4G and 4T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 5A, 5C,
5G and 5T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 6A, 6C,
6G and 6T (as identified in Table 1); and

one TALE unit selected from the group consisting of 7A, 7C, 7G and 7T (as identified
in Table 1):

to yield a sequence encoding a TALE molecule comprising 7 TALE units (this may
represent part of a complete TALE molecule comprising, for example, 16 or more TALE

units).

23

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2016/135507 PCT/GB2016/050508

As with other methods in this invention, the step of combining may be done
computationally and the first (and other) fragment(s) may be assembled or compiled

computationally before synthesis.

Each of the TALE unit encoding sequences 1A, 1C, 1G and 1T and/or TALE unit
encoding sequences 7A, 7C, 7G and 7T may be modified to comprise additional sequences
which facilitate or permit subsequent cloning, ligation, amplification and/or joining protocols.
For example, the additional sequence may provide a restriction site and/or primer binding
site at the 5" and/or 3’ end of the relevant TALE unit sequence.

For example, TALE unit encoding sequence 1A may comprise, consist essentially of
or consist of the following sequence (SEQ ID NO: 130):

TCGGACGAGCTGCACCCGCCACTAGCCTATCTAGTGAAGACAAGAAC

TALE unit encoding sequence 1C may comprise, consist essentially of or consist of
the following sequence (SEQ ID NO: 131):

TCGGACGAGCTGCACCCGCCACTAGCCTAT CTAGTGAAGACAAGAACE

TALE unit encoding sequence 1G may comprise, consist essentially of or consist of

the following sequence (SEQ ID NO: 132):

TCGGACGAGCTGCACCCGCCACTAGCCTATCTAGTGAAGACAAGAAC

TALE unit encoding sequence 1T may comprise, consist essentially of or consist of
the following sequence (SEQ ID NO: 133):

TCGGACGAGCTGCACCCGCCACTAGCCTATCTAGTGAAGACAAGAAC!

In each case, a 5’ primer binding sequence (underlined) and a (Bbs1) restriction site

(bold) are shown. The TALE unit encoding sequence is shown in grey highlight. One of skill
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will appreciate that any of the TALE unit encoding sequences may be amended to include
this or any other sequence providing primer binding sequences and/or restriction sites. Such
sequences may be added to either the 5’ and/or 3’ ends of any of the TALE unit encoding
sequences described herein. The precise technical features of any additional sequence
added to the 3’ and/or 5 ends of the TALE unit encoding sequences of this invention may
depend on the sequence of any primers used in later stages of the methods and/or the type

of any restriction enzymes used.

Depending on the size of the first fragment and the number and size of additional
fragments to be used, one or more (for example two further) fragments may be compiled

and/or assembled from the sequences encoding TALE units 8-16.

For example, a second fragment (to be combined with a first fragment encoding 7
TALE units) may comprise 1, 2, 3, 4, 5, 6, 7, 8 or 9 TALE encoding units. Methods exploiting
the assembly of three fragments may exploit a second fragment encoding 3, 4 or 5 TALE

units and a third fragment encoding 6, 5 or 4 fragments respectively.

The skilled person will understand that where the TALE molecule is to comprise, for

example 16 TALE units, the various fragments will together encode 16 TALE units.

By way of example, a second fragment comprising four TALE unit encoding

sequences may be compiled as follows:

one TALE unit is selected from the group consisting of TALE unit sequences 8A, 8C,
8G and 8T (as identified in Table 1); this is combined with:

one TALE unit selected from the group consisting of TALE unit sequences 9A, 9C,
9G and 9T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 10A, 10C,
10G and 10T (as identified in Table 1); and

one TALE unit selected from the group consisting of TALE unit sequences 11A, 11C,
11G and 11T (as identified in Table 1);

to yield a sequence encoding a TALE molecule comprising 4 TALE units (this may
represent part of a complete TALE molecule comprising, for example, 16 or more TALE

units).

Each of TALE unit encoding sequences 8A, 8C, 8G and 8T may be modified to

comprise additional sequences which facilitate or permit subsequent cloning, ligation,
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amplification and/or joining protocols. For example, the additional sequence may provide a

restriction site and/or primer binding site at the 5’ end.

For example, the sequence encoding TALE unit encoding sequence 8G may

comprise, consist essentially of or consist of (SEQ ID NO: 134):

TGGCAATCGCGTCGAACGGGGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTA

TGTCAAGACCATGGT

The sequence encoding TALE unit encoding sequence 8A may comprise, consist
essentially of or consist of (SEQ ID NO: 135):

TGGCAATCGCGTCGAACGGGGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTA

TGTCAAGACCATGGT

The sequence encoding TALE unit encoding sequence 8T may comprise, consist
essentially of or consist of (SEQ ID NO: 136):

TGGCAATCGCGTCGAACGGGGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTA

TGTCAAGACCATGGT

The sequence encoding TALE unit encoding sequence 8C may comprise, consist
essentially of or consist of (SEQ ID NO: 137):

TGGCAATCGCGTCGAACGGGGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTA

TGTCAAGACCATGGT

In each case, a (Hind111) restriction site (bold/underline) is shown with the TALE unit

encoding sequence in grey highlight.

Residues 50-55 of the sequences encoding TALE units 7G, 7A, 7T and 7C define a
Hindlll restriction site (aaccTT). Thus, Hindlll treated fragments comprising sequences
encoding TALE unit 7 (G, A, T or C) and sequences encoding TALE unit 8 (G, A, T or C: see

above) may be joined or ligated together.
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A third fragment comprising five TALE unit encoding sequences may be compiled as

follows:

one TALE unit is selected from the group consisting of TALE unit sequences 12A,
12C, 12G and 12T (as identified in Table 1); this is combined with:

one TALE unit selected from the group consisting of TALE unit sequences 13A, 13C,
13G and 13T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 14A, 14C,
14G and 14T (as identified in Table 1);

one TALE unit selected from the group consisting of TALE unit sequences 15A, 15C,
15G and 15T (as identified in Table 1); and

one TALE unit is selected from the group consisting of TALE unit sequences 16A,
16C, 16G and 16T:

to yield a sequence encoding a TALE molecule comprising 5 TALE units (this may
represent part of a complete TALE molecule comprising, for example, 16 or more TALE

units).

The first (comprising 7 TALE unit encoding sequences), second (comprising 4 TALE
unit encoding sequences) and third (comprising 5 TALE unit encoding sequences) fragments
may then be individually synthesised and joined (for example ligated) together to provide a
complete TALE molecule encoding sequence (comprising 16 TALE units). For example, the

synthesised fragments may be joined by ligation protocols and/or Gibson assembly

The sequence encoding TALE unit encoding sequence 12G may comprise, consist
essentially of or consist of (SEQ ID NO: 138):

GCGATAGCCTCTCATGACGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATG

TCAAGATCATGG

The sequence encoding TALE unit encoding sequence 12A may comprise, consist
essentially of or consist of (SEQ ID NO: 139):

GCGATAGCCTCTCATGACGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATG

TCAAGATCATGG
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The sequence encoding TALE unit encoding sequence 12T may comprise, consist
essentially of or consist of (SEQ ID NO: 140):

GCGATAGCCTCTCATGACGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATG

TCAAGATCATGG

The sequence encoding TALE unit encoding sequence 12C may comprise, consist
essentially of or consist of (SEQ ID NO: 141):

GCGATAGCCTCTCATGACGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATG

TCAAGATCATGG

In each case, a (Xho1) restriction site (bold/underline) is shown with the TALE unit

encoding sequence in grey highlight.

Residues 55-60 of the sequences encoding TALE units 11G, 11A, 11T and 11C
define a Xho restriction site (CTCGAG). Thus, Xho1 treated fragments comprising sequences
encoding TALE unit 11 (G, A, T or C) and sequences encoding TALE unit 12 (G, A, T or C:
see above) may be joined or ligated together.

Once the required number of fragments have been compiled/assembled and
synthesised, they may be treated with the appropriate restriction enzyme so as to yield

restricted ends which may be ligated together.

Fragment 1 may comprise seven TALE unit encoding sequences, each encoding
one of TALE units 1-7 (with G, A, T or C specificity as required). Fragment 2 may comprise
four TALE unit encoding sequences, each encoding one of TALE units 8-11 (with G, A, T or
C specificity as required). Fragment 3 may comprise five TALE unit encoding sequences,
each encoding one of TALE units 12-116 (with G, A, T or C specificity as required).

Fragments 1 and 2 may be contacted with Hindlll. This will yield two fragments with
restricted Hindlll ends which can be ligated together. Fragment 1 may be further contacted

with a restriction enzyme suitable to yield a fragment compatible with a restricted vector.
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Fragments 2 and 3 may be contacted with Xho1. This will yield two fragments with
restricted Xhol ends which can be ligated together. Fragment 3 may be further contacted

with a restriction enzyme suitable to yield a fragment compatible with a restricted vector.

After treatment with the appropriate restriction enzyme, fragments 1, 2 and 3 may be
ligated together to provide a TALE molecule encoding sequence. In this example, the TALE

molecule comprises (in total) 16 TALE units.

As stated, TALE fragments may additionally or alternatively be joined by Gibson

assembly.

Prior to cloning into a vector, the TALE molecule encoding sequence may be
contacted with other restriction enzymes in order that it's 5 and 3’ ends are rendered

compatible with a restricted vector.

A method as substantially described in the description and Figures. For example, one

aspect of the invention provides the method detailed in Figure 1 (as Method 1 or Method 2).

A data carrier or digital medium or storage device comprising (containing, carrying or

loaded with) the information presented in Table 1.
DETAILED DESCRIPTION

The present invention will now be described in detail with reference to the following

Figures which show:
Figure 1. Assembly of AXTALENs The detail of TALEN generation Methods 1 and 2.

Figure 1a: In Method 1 three fragments (F1, F2 and F3) are synthesised to the target
sequence. Fragment 1 is digested with Hind Ill (H), Fragment 2 with Hind lll (H) and Xho 1
(X) and Fragment 3 with Xhol (X). Restriction enzymes are heat denatured and equal
amounts of the three fragments ligated. DNA ligase is heat denatured and the complete
AXTALEN is amplified by PCR with primer gb1 and primer gb2. The resulting amplicon is
then TA cloned. Bacterial colonies are picked and plasmids isolated and validated by
sequencing. Plasmids are then cut with Bbs1 (Bb) and Bsa1l (B) prior to Golden Gate
cloning’? into BsmB1-digested destination FOK1 endonuclease vector. The entire procedure

takes 3 days.

Figure 1b: Single full length AAVS1 AXTALEN R PCR product generated with primer
gb1 and primer gh2. M is 1KB plus DNA ladder.
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Figure 1c: Western blot analysis using an anti-FLAG antibody confirming expression
of full length AAVS1 R AXTALEN protein in transfected 293FT cells. Un-transfected 293FT
cells (UT), and cells transfected with Reverse AAVS1 AXTALEN (AR). Loading control, anti
GAPDH.

Figure 1d: In Method 2 the three fragments 1, 2 and 3 and the BsmB1 destination
FOK1 endonuclease vector are joined by Gibson Assembly in a single step then transformed
into bacteria. Colonies are picked, then plasmids isolated and validated by sequencing. This
method reduces the time to just 2 days

Figure 1e Western blot analysis using anti-FLAG antibody confirming expression of
full length AAVS1 AXTALEN F (AF), OCT4 AXTALEN F and R (OF and OR, respectively)
assembled using Method 2. Lysates from un-transfected 293FT cells (UT) and 293FT cells
transfected with AF, OF and OR. Loading control, anti GAPDH.

Figure 2: Heterogeneity of TALEs and schematic AXTALE design strategy. Figure 2a)
the 34 amino acid TALE repeat showing di-variable residues at position 12 and 13.
Underlined NN bind the DNA base G, NI binds A, NG binds T and HD binds C. Alternative
amino acid preferences at position 4 (E, D or A), position 11 (N or S) and position 32 (A or
D). Figure 2b) the schematic outlines the iterative process of AXTALE design and computer

analysis.

Figure 3. GFP-SplitAx, A novel assay for the functional validation of AXTALENS, zinc
fingers and CRISPR.

Figure 3a: Schematic of the GFP-SplitAx system. The GFP-SplitAx vector consisting
of the N-terminus of GFP (1-157), a genome editing binding site and the C-terminus (158-
end) which is out of frame with the N-terminus. GFP-SplitAx vector with its corresponding
AXTALENs AF, AR, OF, OR, zinc fingers, CRISPR are co-transfected into 293FT cells. The
creation of a double strand break and error prone repair by NHEJ can result in deletions or

insertions that generate the full length open reading frame of GFP.

Figures 3b-3g: Representative flow cytometry plots of 293FT cells 48 hours after
transfection with AAVS1-GFP-SplitAx only (b), co-transfection of AAVS1-GFP-SplitAx and
AF/AR (c), AAVS1-GFP-SplitAx and an AAVS ZFN (d), AAVS1-GFP-SplitAx and AAVS1
CRISPR (e), OCT4-GFP-SplitAx and OF/OR (f) and AAVS1-Zeis Green-SplitAx and AAVS
ZFN (g).

Figures 3h-3l: Graphical representation of flow cytometry data for the GFP-SplitAx
and Zeis Green-SplitAx with their respective AXTALENS, Zinc Fingers or CRISPR. Graphical
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plots show % GFP or % Zeis Green 293FT cells against cells transfected with a plasmid (+),

cells not transfected with a plasmid (-). Data shown as +STDev (n=3).

Figure 4: Targeting of AAVS1 and OCT4 loci in 293FT cells using AXTALENSs. Figure
2a: Schematic overview of the targeting strategy for the AAVS1 locus. The AAVS1 donor
plasmid consists of homology arms left (grey box) and right (yellow box) splice acceptor
(SA), self-cleaving peptide (4A), puromycin resistance gene (Puro), polyadenylation
sequence (PA), pCAG promoter and a fluorescent reporter Zeis Green. Vector specific (A1,
A2) and genomic (A3) PCR primers are indicated. Figure 4b: PCR analysis of genomic DNA
isolated from 293FT cells in which the AAVS locus was targeted using the donor plasmid (a)
and forward (AF) and reverse (AR) AAVS1 AXTALENS. Primers pairs designed to amplify a
fragment within the donor vector (A1/A2) or from the vector to an external sequence (A1/A3)
were used to confirm the correct targeting event. Un-transfected cells (UT), targeting vector
only (V), 2 independent experiments with targeting vector and AAVS1 AXTALENSs (V, AF,
AR) and negative water control (-ve). Figure 4c. Schematic overview of the targeting strategy
for the OCT4 locus. The OCT4 donor plasmid consists of homology arms left (grey box),
right (yellow box), exon 5 in frame with the eGFP reporter, Lox P sites (black triangles)
encompass a PGK promoter and puromycin resistance gene (Puro). Vector specific primers
01, 02 and an external genomic primer, O3 are indicated. Figure 4d: PCR analysis of
genomic DNA isolated from 293FT OCT4 targeted cells using the donor plasmid and OCT4
AXTALENs OF and OR. Primer pairs designed to amplify within the donor vector (O1/02) or
from the vector to an external sequence (O1/03) were used to the correct targeting event.
293FT cells transfected with single AXTALEN (OF), Single AXTALEN (OR), Vector only (V),
co-transfection of OCT4 targeting vector, AXTALEN OCT4-F and -R (OF, OR). Un-

transfected cells (UT) and negative water control (-ve).

Figure 5: Schematic of AAVS1-GFP-SplitAx and validation of SplitAx technology with
AAVS1 AXTALENs, Zinc Fingers and CRISPR. Figure 5a). The GFP-SplitAx vector
consisting of the N-terminus GFP (1-157), AAVS1 binding site and the C-terminus GFP
(158-end) which is out of frame with the N-terminus. Co-transfection of the AAVS1 GFP-
SplitAx vector with AAVS1 AXTALEN F and R (rectangle boxes), zinc fingers L and R,
CRISPR (T2) into 293FT cells. The creation of a double strand break and error prone repair
by NHEJ can result in deletions or insertions that restore the GFP open reading frame of the
C-terminus with N-terminus. N and X are Not1 and Xho1 restriction sites that allow the
binding site to be exchanged for an alternative binding site. Figures 5b-I) Flow cytometry of
293FT cells at 48 hours post transfection of the AAVS1-GFP-SplitAx vector with AAVS1
AXTALENS, AAVS1 Zinc Fingers and AAVS1 CRISPR.
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Figure 6. Schematic of OCT4-GFP-SplitAx and validation of SplitAx technology with
OCT4 AXTALENSs. 6a). The GFP-SplitAx vector consisting of the N-terminus GFP (1-157),
OCT4 binding site and the C-terminus GFP (158-end) which is out of frame with the N-
terminus. Co-transfection of the OCT4 -GFP-SplitAx vector with OCT4 AXTALEN F and R
(rectangle boxes) into 293FT cells. The creation of a double strand break and error prone
repair by NHEJ can result in deletions or insertions that restore the GFP open reading frame
of the C-terminus with N-terminus. N and X are Not1 and Xho1 restriction sites that allow the
binding site to be exchanged for an alternative binding site. 6b-I) Flow cytometry of 293FT
cells at 48 hours post transfection of the OCT4-GFP-SplitAx vector with OCT4 AXTALENS.

Materials and Methods
Computational assembly of AXTALE fragments.

To increase the variability of the TALE DNA sequence, each amino acid codon was varied
using the naturally occurring degeneracy (for example Glutamic acid may be coded by GAA
or GAG). This step wise approach increased the differences between the naturally occurring
TALEs to generate synthetic TALEs which we called AXTALEs. Heterogeneity was further
increased by using alternative amino acids at positions 4, 11 and 32 (Figure 2a). In total 16
major DNA sequence files were created and then the di-variable repeat for G, A, T and C
was included to generate a total of 64 DNA sequence files (see Table 1)

Publicly available ZiFIT software (http://zifit.partners.org/ZiFiT/) was used to identify TALE
target sequences for the AAVS1 and OCT4 locus. A computational build was manually
generated from the 64 AXTALE files against the ZiFit target to generate 3 separate
fragments (fragment 1, 2, and 3). These were chemically generated as Gene Blocks by

Integrated DNA Technologies (htip.//eu.ididna.com/sile).

AXTALEN Method 1

200ng of the AXTALE fragment Oligo was re-suspended in 20ul TE. In separate tubes 30ng
of AXTALE Fragment 1 was cut with restriction enzyme Hind111 (Roche), 30 ng AXTALE
Fragment 2 was cut with the restriction enzymes Hind111 and Xho1 (Roche) and 30ng of
AXTALE Fragment 3 was cut with Xho1 (Roche) for 30 minutes at 37°C. All restriction
digests were prepared in 10l volumes with 10 units of the respective enzyme. The enzymes

were heat denatured at 65°C for 20 minutes.

Rapid DNA ligation (NEB) with equal amounts of the restriction cut fragment 1, 2 and 3 was
carried out at room temperature for 5 minutes. The ligase was denatured at 94°C for 5

minutes.
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PCR with primers gb1 and gb2 was performed with 2yl ligation product and High Fidelity
polymerase (Roche) using the following cycling conditions. 2 minutes at 94°C (1 cycle),
followed by 15 seconds at 94°C, 30 seconds at 60°C, 1 minute 30 seconds at 68°C (35
Cycles). PCR products were gel purified and TA cloned (Life Sciences). Colonies were
picked and the plasmid DNA isolated prior to sequencing (see primer list below). Validated
clones were cut with the restriction enzymes Bbs1 and Bsal and Golden Gate cloned
BsmB1 cut FOK1 endonuclease destination vector (JDS 70, 71, 74 or 78 Joung Addgene).
The completed AXTALENs were verified by Asp718i, BamH1 restriction digest and

sequencing.
AXTALEN Method 2

200ng of the AXTALE fragment oligo was re-suspended in 20ul TE. 30ng of AXTALE
Fragment 1, 30 ng AXTALE Fragment 2 and 30ng of AXTALE Fragment 3 and BsmB1 cut
FOK1 endonuclease destination vector (JDS 70, 71, 74 or 78 Joung Addgene) were joined
by Gibson Assembly (modified protocol) for 1 hour at 50°C. Bacteria were transformed,
plasmid DNA isolated. Full length AXTALENs were verified by Asp718i, BamH1 restriction

digest and sequencing (see primer list below).

Primer list

Table 1: List of primers

Sequencing primers

M13 F GTARARACGACGGCCAG (SEQ ID NO: 142)

M13 R CAGGAAACAGCTATGAC (SEQ ID NO: 143)

JDS2978 TTGAGGCGCTGCTGACTG (SEQ ID NO: 144)
JDS2980 TTAATTCAATATATTCATGAGGCAC (SEQ ID NO: 145)
Gbfrag2_for TGGCAATCGCGTCGAACGGGGGAG (SEQ ID NO: 146)
Gbfrag3_for GCGATAGCCTCTCATGACGGTGGGA (SEQ ID NO: 147)
Gbfraglrev  GAGACGCTGAACGGTTTCTAAAGCT (SEQ ID NO: 148)

Gbfrag2_rev TGGCAATCGCGTCGAACGGGGGAG (SEQ ID NO: 149)
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Method 1 PCR primers
gh1l GACGAGCTGCACCCGCCACTAGCCTATC (SEQ ID NO: 150)

gh2 TCATGGCTAACTGCCTTGGTACTGAGC (SEQ ID NO: 151)

AAVS1 genomic targeting PCR assay primers
A1 CCGTCGACGCTCTCTAGAGCTAG (SEQ ID NO: 152)
A2 TCTCCTGGGCTTGCCAAGGACTCAAAC (SEQ ID NO: 153)

A3 CACACCCACACCTGACCCARACCCAG (SEQ ID NO: 154)

Oct 4 genomic targeting PCR assay primers
O1 CCACTTTGTGGTTCTAAGTACTGTGGTTTC (SEQ ID NO: 155)
02 GGCAAGAGAAAGCCTGGTAAACCAGCTAC (SEQ ID NO: 156)

o3 AACAGGTAACAGCTACATGGTGACT (SEQ ID NO: 157)

Nucleic acid construct (designated “Split-Ax”) for assessment of genome editing

system function

The AAVS1-GFP-SplitAx and AAVS1- Zeis GreenSplitAx were generated as a single double
stranded DNA oligos (hiip://eu.idtdna.com/siie). 50ng was incubated at 72°C with dNTP

and Taq polymerase (Clontech) to add adenine bases for TA cloning (Life Science).

Colonies were grown and plasmid DNA extracted and verified by DNA sequence. The GFP-
SplitAx was sub cloned by EcoR1 digest into EcoR1 pCAG-ASIP.

OCT4-SplitAx design strategy

OCT4 GFP-SplitAx was made by overlapping PCR using Hi Fidelity Tag polymerase
(Roche) TA cloned and then sub-cloned by Not1/Xho1 digest into a pCAG-GFP-SplitAx
Not1/Xho1 cut vector

OCT4-SplitAx_for GCGGCCGCGTCACCTGCAGCTGCCCAGACCTGGC (SEQ ID NO: 158)
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Notl

Oct4-SplitAx_rev CTCGAGCTGACCCTGCCTGCTCCTCTCCTGGGTGCCAGGTCTGGGC (SEQ ID NO:
159)

Xhol

OCT4-GFP-SplitAx: Amino acid Position 158 marked in rssbold underline, followed by Not1
restriction site (under lined). OCT4 genome editing binding site (shaded yaliswgrey) followed
by Xho1 restriction site (broken line: (SEQ ID NO: 160)).

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGC
CACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC
ACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTAC
CCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTC
TTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAG
CTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAC

GTCTATATCATGGCCGACAAGCAGGCGGCCG

TCGAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCA
GCTCGCCGACCACTACCAGCACAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAG
CACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGL
CGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA

Plasmid cloning

The pCAG promoter was cloned into the MCS of the plasmid pZDonor-AAVS1 puromycin
(Sigma Aldrich) with EcoRV. The Zeis Green-poly A was cloned into the EcoR1 site
pZDonor-AAVS1 puromycin pCAG. Note the orientation of the pCAG cassette is in the
opposite direction to AAVS1 (Figure 5a).

Transfection Protocols

1000ng of AXTALENS, Zinc Fingers, CRISPR, hCAS9 were transfected (Xfect, Clontech)
with 500ng respective SplitAx vector into 293FT cells. Flow cytometry was carried out 48
hours post transfection (BD LSR Fortessa) and analysed with FlowJo data analysis

Software.

Genome Targeting of the AAVS1/0OCT4 loci
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AAVS1-AXTALENs F and R with AAVS1 pZDonor-pCAGASIP-Zeis Green targeting vector
and OCT4 AXTALENs F and R with OCT4-eGFP-PGK-PURO targeting vector' were
introduced into 293 FT cells by Xfect transfection (Clontech). At 72 hours genomic DNA was
isolated (using Qiagen DNA extraction kit) for PCR validation assays. Primers used were as
follows: For AAVS1, random insertion A1-A2 and gene targeted events A1-A3. For OCT4,
random insertion O1-O2 and gene targeted events O1-O3.

Results and discussion

Described herein are novel methods for generating TALEN genome editing systems. As
described elsewhere, TALENs are a fusion between a TALE molecule and an endonuclease,
for example a FOK1 endonuclease domain. The methods have a minimal number of steps

and are significantly less laborious than prior art protocols.

Using the degeneracy of amino acid codons to introduce DNA changes and to systematically
reduce the repetitive DNA sequence, sixteen TALEs (TALE 1-16) were generated. To
increase the heterogeneity further we introduced additional amino acid changes at position
4, position 11 and or 32. To each TALE 1-16 the DNA sequence that specifies the di-variable
residue and binding was added to give TALE1 G, TALE1 A, TALE1 T and TALE1 C. This
was repeated for all 16 TALEs. As such, in total 64 different TALE unit encoding sequences
(referred to as “TALE sequence files”) were generated (See Table 1). These TALE sequence
files can be computationally assembled to generate designer TALEs to a desired target DNA
sequence. For example, we have designed and manufactured TALENs specific to the
AAVS1 and OCT4 locus. The activity and/or function of theee TALENS has also been tested

using our novel reporter assay.

Two methods for TALE (targeting the AAVS1 locus) assembly were tested (Figure 1:
Method 1 and 2). In the first method, a TALE molecule was generated by assembling three

fragments (labelled below as F1-3).

F1 (SEQ D NO: 161)

TCGGACGAGCTGCACCCGCCACTAGCCTATCTAGTGCGAAGACAAGAACCTTACTCCTGATCAAGTTGTGGCTATTG

CGTCTAATGGAGGTGGTAAACAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTC
TTACCCCTGAGCAGGTCGTAGCCATCGCATCCAACGGCGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCC
TTCCCGTCTTGTGCCAGGACCACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCAAACGGAGGTGGAAAAC
AAGCACTAGAAACAGTACAGCGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCG
CGATTGCTAATCATGATGGTGGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCC
ATGGGTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGA
GATTGCTCCCGGTTCTCTGCCAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACAACGGCG
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GTAAGCAAGCGTTAGAAACGGTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAG

TCGTGGCAATCGCGTCGAACGGGGGAGGTAAAC ;TAGAAACCGTTCAGCGTCTC

F2 (SEQ ID NO: 162)

TGGCAATCGCGTCGAACGGGGGAGGTAAA! i TAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAG

ACCATGGTCTAACACCAGAGCAGGTGGTGGCGATCGCCAATCACGACGGAGGGAAGCAAGCTCTGGAAACAGTCC
AACGCCTTCTTCCGGTTCTTTGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGAACATTG
GTGGCAAACAGGCTCTGGAAACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACC
AGGTCGTCGCTATTGCTAACCACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTAT
GCCAGGATCACGGCCTTACGCCAGCTCAAGTAGTAGCGATAGCCTCTCATGACGGTGGGAAGCAGGC

CAGTTCAACGACTACTCCCGGTATTATGTCAA

F3 (SEQ ID NO: 163)

GCGATAGCCTCTCATGACGGTGGGAAGCAGGCG ACAGTTCAACGACTACTCCCGGTATTATGTCAAGAT
CATGGGCTCACACCCGCCCAGGTTGTAGCAATTGCCTCGAACATTGGCGGCAAGCAAGCACTTGAGACTGTCCAG
CGGCTCTTGCCAGTTCTCTGCCAGGCACACGGCCTAACTCCAGCACAAGTCGTTGCTATCGCTAACAACATCGGT
GGCAAACAGGCATTAGAAACCGTTCAACGTCTTTTACCGGTCCTGTGCCAAGCTCACGGCCTGACCCCTGCGCAG
GTTGTAGCGATAGCCAACAATGGAGGCGGTAAGCAAGCCCTGGAAACAGTACAACGTCTTTTGCCTGTGTTGTGC
CAAGCTCATGGTTTGACTCCAGAACAAGTAGTCGCCATCGCCAACCATGATGGAGGTAAACAGGCTTTAGAGACT
GTGCAAAGACTTCTTCCTGTATTATGTCAGGCCCATGGTTTAACGCCAGAGCAGGTTGTTGCAATAGCAAATCAC
GATGGAGGTAAACAAGCGCTCGAAACGGTCCAACGTCTCTTGCCCGTCCTTTGTCAAGCGCACGGACTGAAGAGA

CCGGATCCGTACCCGGCTCAGTACCAAGGCAGTTAGCCATGAAT

After Hind111 and Xho1 restriction, fragments F1, F2 and F3 are then “stitched” together
using suitable ligation protocols. The complete ligated sequence is given below (SEQ ID
NO: 164).

TCGGACGAGCTGCACCCGCCACTAGCCTATCTAGTGAAGACAAGAACCTTACTCCTGATCAAGTTGTGGCTATTG

CGTCTAATGGAGGTGGTAAACAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTC
TTACCCCTGAGCAGGTCGTAGCCATCGCATCCAACGGCGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCC
TTCCCGTCTTGTGCCAGGACCACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCAAACGGAGGTGGAAAAC
AAGCACTAGAAACAGTACAGCGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCG
CGATTGCTAATCATGATGGTGGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCC
ATGGGTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGA
GATTGCTCCCGGTTCTCTGCCAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACAACGGCG
GTAAGCAAGCGTTAGAAACGGTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAG

TCGTGGCAATCGCGTCGAACGGGGGAGGTAAAC ;TAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTC

AAGACCATGGTCTAACACCAGAGCAGGTGGTGGCGATCGCCAATCACGACGGAGGGAAGCAAGCTCTGGAAACAG
TCCAACGCCTTCTTCCGGTTCTTTGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGAACA
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TTGGTGGCAAACAGGCTCTGGAAACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAG
ACCAGGTCGTCGCTATTGCTAACCACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTC
TATGCCAGGATCACGGCCTTACGCCAGCTCAAGTAGTAGCGATAGCCTCTCATGACGGTGGGAAGCAGGC

ACAGTTCAACGACTACTCCCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGCAATTGCCT
CGAACATTGGCGGCAAGCAAGCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACACGGCCTAA
CTCCAGCACAAGTCGTTGCTATCGCTAACAACATCGGTGGCAAACAGGCATTAGAAACCGTTCAACGTCTTTTAC
CGGTCCTGTGCCAAGCTCACGGCCTGACCCCTGCGCAGGTTGTAGCGATAGCCAACAATGCGAGGCGGTAAGCAAG
CCCTGGAAACAGTACAACGTCTTTTGCCTGTGTTGTGCCAAGCTCATGGTTTGACTCCAGAACAAGTAGTCGCCA
TCGCCAACCATGATGGAGGTAAACAGGCTTTAGAGACTGTGCAAAGACTTCTTCCTGTATTATGTCAGGCCCATG
GTTTAACGCCAGAGCAGGTTGTTGCAATAGCAAATCACGATGGAGGTAAACAAGCGCTCGAAACGGTCCAACGTC
TCTTGCCCGTCCTTTGTCAAGCGCACGGACTGAAGAGACCGGATCCGTACCCGGCTCAGTACCAAGGCAGTTAGC
CATGAAT

AAVS1 has the sequence shown below together with the divariable TALE residues required

to ensure TALE specificity.

The AxXTALEN-R AAVS]l sequence: T T T C T G T C A C C A A T C C

Di-variable Residue NG NG NG HD NG NN NG HD NI HD HD NI NI NG HD HD

The translated AAVS1 specific TALE is shown below with the di-variable repeats
highlighted. Please note the Bbs1 restriction site is shown in bold text and the Bsa1
restriction site as bold underlined text (SEQ ID NO: 165).

tcggacgagctgcaccegceccactagectatctagtgaagacaagaaccttactcctgatcaa
G R A A P A T s L 85 S E D KN L T P D 0
gttgtggctattgcgtctaatggaggtggtaaacaagctcttgaaactgttcaacgtctce

v v A I A S G G K 9 A L E T V 9 R L

ctccctgttttatgtcaagatcatggtcttacccctgagcaggtecgtageccategecatcee
L p VL C D H G L T P E OOV V A I A S
aacggcggcggcaagcaggccctagagacagtccagegectceccttecegtettgtgecag
G G K ¢ AL E TV 9 R L L P V L C 0

gaccacggcctaacaccagctcaagtggttgcaatagecctcaaacggaggtggaaaacaa

b H 6 L T P A Q V V A I A S

G G K 0
gcactagaaacagtacagcgactactaccagtattgtgtcaagctcacggactgacgceg
AL E T V 9 R L L P V L ¢C ¢ A H G L T P
gcccaggtagtcgecgattgectaatcatgatggtggcaagcaagecgetggagacggtgcaa

A O VvV VvV A I A N G G K 9 A L E T V Q

cggctgctgeccggtgttatgccaagceccatgggttgacteccecgecacaagtggtagetata
R L L. PV L C Q9 A H G L T P A QQ V V A I
gcttccaacggtggcggaaagcaggcattggagactgtacagagattgectecececggttete

A S G 6 K ¢ AL E TV Q R L L P V L

tgccaggcacacggtttaaccccagecgecaggttgtegecattgeccaataacaacggeggt
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aagcaagcgttagaaacggttcaaaggttactgcctgtattgtgtcaagcgcatggectt
K ¢ A L ET V ¢ R L L P V L C 0 A H G L

acccctgaacaagtcecgtggcaatcgegtcgaacgggggaggtaaacaagcectttagaaacc

| T P E O VvV V A I A S G G K 9 A L E T
5 gttcagcgtctcctecccagtgttatgtcaagaccatggtctaacaccagagcaggtggtg
vV ¢ R L L P V L ¢ 0 D H G L T P E Q V V
gcgatcgccaatcacgacggagggaagcaagctctggaaacagtccaacgeccttcetteeg

G G K ¢ A L E T V Q R L L P

|AIAN

gttctttgtcaagatcacgggctgactccagatcaagttgttgeccatagcatcgaacatt

10|VLCQDHGLTPDQVVAIAS
ggtggcaaacaggctctggaaaccgtccaaagattacttccagttttatgccaagecccac

G G K o AL E TV 9 RL L P V L C Q A H
ggtttgaccccagaccaggtcgtcgectattgctaaccacgatgggggcaaacaagecttg

| G L T p D Q V V A I A N ' G G K Q A L

15 gagacagtacaaaggcttctccccgttctatgeccaggatcacggecttacgeccagectcaa
E T v ¢ R L L PV L C Q D H G L T P A ©Q
gtagtagcgatagcctctcatgacggtgggaagcaggcgectcgagacagttcaacgacta
|VVAIAS j

G 6 K ¢ AL E T V 0 R L
ctccecggtattatgtcaagatcatgggectcacaccecgeccaggttgtagcaattgecteg
20 L PV L COQDUHGTLT?PASOQV V A I A S

aacattggcggcaagcaagcacttgagactgtccagecggctcttgeccagttcectectgecag

G 6 K o AL ET V 0 R L L P V L C O
gcacacggcctaactccagcacaagtcgttgctatcgctaacaacatcggtggcaaacag

| A H G L T P A Q V V A I A N G G K Q

25 gcattagaaaccgttcaacgtcttttaccggtcctgtgccaagectcacggectgaccect
A L E T V 0 R L L P V L C O A H G L T P

gcgcaggttgtagcgatageccaacaatggaggecggtaagcaagccctggaaacagtacaa

|AQVVAIAN"GGKQALETVQ
cgtcttttgcctgtgttgtgccaagectcatggtttgactccagaacaagtagtegecate
30 R L L P VL C QA HG UL T PEQV V A I
gccaaccatgatggaggtaaacaggctttagagactgtgcaaagacttcttcectgtatta
G 6 K ¢ AL E TV Q R L L P V L

tgtcaggcccatggtttaacgccagagcaggttgttgcaatagcaaatcacgatggaggt

| c o A H GG L TP EOQV V A I AN
35 aaacaagcgctcgaaacggtcecaacgtcetettgecocgtectttgtcaagegecacggactg
K 0 AL E TV 9 R L L P V L C © A H G L
aagagaccggatccgtacccggctcagtaccaaggcagttagecatgaat
K R P D P Y P A QY © G S - P -

40 PCR using primers, gb1 and gb2 (Figure 1a) generated a single TALE amplicon
(Figure 1b). Subsequent TA cloning, plasmid isolation and sequencing showed that 10% of
the TALE clones were correct. Bbs1/Bsa1restriction digest and Golden Gate Cloning'? into

the BsmB1 digested FOK1 endonuclease destination vector then generated the completed
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TALEN (Joung Laboratory Addgene). Expression of the full length TALEN protein was
verified in 293FT cells by Western blot analysis using an anti-FLAG antibody (Figure 1c).

The efficiency of TALEN production with the correct sequence using the first method
was approximately 10% - this may be due to errors introduced during synthesis of DNA

fragments and at subsequent PCR steps; this despite using a high fidelity polymerase.

In an attempt to improve efficiency, we developed and tested an alternative approach
(Method 2). In this method TALE fragments were generated with complimentary ends that
allowed the joining of fragments and the destination vector by Gibson Assembly’ in a single
step (Figure 1d).

To achieve this, we designed new TALE unit 1, 7, 8, 12 and 16 encoding sequences
(with specificity for each of the nucleotides: G A T C). The sequence of each of these
modified TALE unit encoding sequences is given below. Please note, these sequences are

to be considered as encompassed within the first aspect of this invention.

Sequences 1 (G, A, Tand C) and 7 (G, A, T and C) are used to generate Fragment
1. Sequences 8 (G, A, T and C) and 11 (G, A, T and C) are used to generate Fragment 2.
Sequences 12 (G, A, Tand C) and 16 (G, A, T and C) are used to generate Fragment 3.

1 & (SEQ ID NO: 166)

aatgcgctcaccggggcccccttgaaccttactectgatcaagttgtggetattgegtct
N A L T G A P L N L T P D Q V V A I A S

gtggtaaacaagctcttgaaactgttcaacgtctcctccctgttttatgtcaa
N N G G K ¢ A L E T V ¢ R L L P V L C Q
gatcatggt
D H G

1 a (SEQ ID NO: 167)

aatgcgctcaccggggcccccttgaaccttactectgatcaagttgtggetattgegtct
N A L T G A P L N L T P D Q V V A I A S

= gtggtaaacaagctcttgaaactgttcaacgtctcctccctgttttatgtcaa
N I G G K ¢ A L E T V ¢ R L L P V L C Q
gatcatggt
D H G

1 7 (SEQ ID NO: 168)

aatgcgctcaccggggcccccttgaaccttactectgatcaagttgtggetattgegtct
N A L T G A P L N L T P D Q V V A I A S

gtggtaaacaagctcttgaaactgttcaacgtctcctccctgttttatgtcaa
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N G 6 G K ¢ AL ET V Q R L L P V L C Q
gatcatggt
D H G

1 ¢ (SEQ ID NO: 169)

aatgcgctcaccggggcccccttgaaccttactectgatcaagttgtggetattgegtct
N A L T G A P L N L T P D Q V V A I A S

gtggtaaacaagctcttgaaactgttcaacgtctcctccctgttttatgtcaa
H D 6 ¢ K ¢ A L E T V ¢ R L L P V L C ©Q
gatcatggt
D H G

7 & (SEQ ID NO: 170)

cttacccctgaacaagtcgtggcaatcgegte ggaggtaaacaagctttagaa

L T P E Q V VA I A S NN G G K 0 A L E
accgttc
T V

7 a (SEQ ID NO: 171)

cttacccctgaacaagtcgtggcaatcgegte ggaggtaaacaagctttagaa

L T P E Q V V. A I A S N I G G K 0 A L E
accgttc
T V

7 = (SEQ ID NO: 172)

cttacccctgaacaagtcgtggcaatcgegte ggaggtaaacaagctttagaa

L T P E Q V V. A I A S N G G G K ¢ A L E
accgttc
T V

7 ¢ (SEQ ID NO: 173)

cttacccctgaacaagtcgtggcaatcgegte ggaggtaaacaagctttagaa

L T P E Q V VA I A S HD G G K Q0 A L E
accgttc
T V

& & (SEQ ID NO: 174)

ggaggtaaacaagctttagaaaccgttcagcgtctcecctcccagtgttatgtcaagaccat
G ¢ K ¢ AL ET V Q R L L P V L C Q D H

ggtctaacaccagagcaggtggtggcgatcgccaa

‘ggagggaagcaagctctyg
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G L T P E ©Q V v A I A N N N G G K Q A L
gaaacagtccaacgccttcttcecggttctttgtcaagatcacggg
E T VvV ¢ R L L P V L C Q D H G

& a (SEQ ID NO: 175)

ggaggtaaacaagctttagaaaccgttcagcgtctcecctcccagtgttatgtcaagaccat
G ¢ K ¢ AL ET V Q R L L P V L C Q D H

ggtctaacaccagagcaggtggtggcgatcgccaats gagggaagcaagctctg
G L T P E Q V V A I A N N I G G K Q A L
gaaacagtccaacgccttcttcecggttctttgtcaagatcacggg

E T VvV ¢ R L L P V L C Q D H G

& = (SEQ ID NO: 176)

ggaggtaaacaagctttagaaaccgttcagcgtctcecctcccagtgttatgtcaagaccat
G ¢ K ¢ AL ET V Q R L L P V L C Q D H

ggtctaacaccagagcaggtggtggcgatcgccaats gagggaagcaagctctg

G L T P E ©Q V v A I A N N G G G K Q A L
gaaacagtccaacgccttcttcecggttctttgtcaagatcacggg
E T VvV ¢ R L L P V L C Q D H G

& ¢ (SEQ ID NO: 177)

ggaggtaaacaagctttagaaaccgttcagcgtctcecctcccagtgttatgtcaagaccat
G ¢ K ¢ AL ET V Q R L L P V L C Q D H

ggtctaacaccagagcaggtggtggcgatcgccaa

‘ggagggaagcaagctctyg
G L T P E ¢ Vv v A I A N H D G G K Q A L
gaaacagtccaacgccttcttcecggttctttgtcaagatcacggg
E T VvV ¢ R L L P VvV L C ¢ D H G

11 ¢ (SEQ ID NO: 178)

cttacgccagctcaagtagtagcgatagecctcet

gtgggaagcaggcgctcgag
L T P A ©Q V V A I A S N N G G XK Q©Q A L E
acagttcaacgactactc

T V ¢ R L L

11 a (SEQ ID NO: 179)

cttacgccagctcaagtagtagcgatagecctcet gtgggaagcaggcgctcgag

L T P A Q V V A I A S N I G G K @ A L E

acagttcaacgactactc

T V ¢ R L L
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11 = (SEQ ID NO: 180)

cttacgccagctcaagtagtagcgatagecctcet gtgggaagcaggcgctcgag

L T P A Q V V A I A S N G G GG K @ A L E

acagttcaacgactactc

T V ¢ R L L

11 ¢ (SEQ ID NO: 181)

cttacgccagctcaagtagtagcgatagecctcet gtgggaagcaggcgctcgag

L T P A Q V V A I A S H D G G K Q@ A L E

acagttcaacgactactc

T V ¢ R L L

12 ¢ (SEQ ID NO: 182)

ggcgctcgagacagttcaacgactactccecggtattatgtcaagatcatgggctcacacce
A L E T V ¢ R L L P V L ¢C ©Q D H G L T P

gcccaggttgtagcaattgccteg ggcggcaagcaagcacttgagactgtccag

A Q v v.A I A S N N G G K Q A L E T V Q
cggctcttgccagttctctgeccaggcacacggce
R L L. P V L C Q A H G

12 a (SEQ ID NO: 183)

ggcgctcgagacagttcaacgactactccecggtattatgtcaagatcatgggctcacacce
A L E T V ¢ R L L P V L ¢C ©Q D H G L T P

gcccaggttgtagcaattgccteg ggcggcaagcaagcacttgagactgtccag

A Q v v.A I A S N I G G K O A L E T V ©Q
cggctcttgccagttctctgeccaggcacacggce
R L L. P V L C Q A H G

12 = (SEQ ID NO: 184)

ggcgctcgagacagttcaacgactactccecggtattatgtcaagatcatgggctcacacce
A L E T V ¢ R L L P V L ¢C ©Q D H G L T P

gcccaggttgtagcaattgccteg ggcggcaagcaagcacttgagactgtccag

A Q v v.A I A S N G G G K @ A L E T V Q
cggctcttgccagttctctgeccaggcacacggce
R L L. P V L C Q A H G

12 ¢ (SEQ ID NO: 185)

ggcgctcgagacagttcaacgactactccecggtattatgtcaagatcatgggctcacacce
A L E T V ¢ R L L P V L ¢C ©Q D H G L T P

gcccaggttgtagcaattgccteg ggcggcaagcaagcacttgagactgtccag

A @ VvV v A I A S H D G G K @ A L E T V Q
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cggctcttgccagttctctgeccaggcacacggce
R L L. P V L C Q A H G

16 ¢ (SEQ ID NO: 186)

ttaacgccagagcaggttgttgcaatagcaaac ggaggtaaacaagcgctcgaa

L T P E Q V VA I A NNN G G K Q0 A L E
acggtccaacgtctcttgecccgtecctttgtcaagecgcacggactgacacccgaacaggtyg
T v ¢ R L L P V L ¢ Q A H G L T P E Q V
gtcgccattgcttctaa

v A I A S

16 a (SEQ ID NO: 187)

ttaacgccagagcaggttgttgcaatagcaaac ggaggtaaacaagcgctcgaa

L T P E ¢ v v A I A N N I G G K ©Q A L E
acggtccaacgtctcttgecccgtecctttgtcaagecgcacggactgacacccgaacaggtyg
T vV ¢ R L L P VvV L C ¢ A H G L T P E Q V
gtcgccattgcttctaa

v A I A S

16 = (SEQ ID NO: 188)

ttaacgccagagcaggttgttgcaatagcaaac ggaggtaaacaagcgctcgaa

L T P E ¢ v v A I A N N G G G K Q@ A L E
acggtccaacgtctcttgcccgtectttgtcaagecgcacggactgacacccgaacaggtyg
T vV ¢ R L L P VvV L C ¢ A H G L T P E Q V
gtcgccattgcttctaa

v A I A S

16 ¢ (SEQ ID NO: 189)

ttaacgccagagcaggttgttgcaatagcaaat ggaggtaaacaagcgctcgaa

L T P E ¢ v v A I A N H D G G K Q@ A L E
acggtccaacgtctcttgecccgtecctttgtcaagecgcacggactgacacccgaacaggtyg
T vV ¢ R L L P VvV L C ¢ A H G L T P E Q V
gtcgccattgcttctaa

v A I A S

The above sequences (and others) were then used to generate a TALE molecule

encoding sequence with specificity for the AAVS1 locus

The sequences of Fragment 1, Fragment 2 and Fragment 3 (F1, F2 and F3) as used
in assembly Method 2 are shown below. The complimentary overlapping ends for fragment

1, 2, and 3 as required for Gibson Assembly are underlined. The complimentary overlapping
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ends for fragment 1 and fragment 3 to join to FOK1 endonuclease destination vector using

Gibson Assembly broken underlined.

F1 (SEQ ID NO: 190)

AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTCATGATGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCCACGATGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATCATGATGGCGGTAAGCAAGCGTTAGAAACG
GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGCAC
GACGGAGGTAAACAAGCTTTAGAAACCGTTC

F2 (SEQ ID NO: 191)

GGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCAGAG

CAGGTGGTGGCGATCGCCAATAATATCGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGCACGATGGTGGCAAACAGGCTCTGGAA
ACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCTAAC
CACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTTACG
CCAGCTCAAGTAGTAGCGATAGCCTCTCATGACGGTGGCGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC

F3 (SEQ ID NO: 192)

GGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGC

AATTGCCTCGCATGATGGCGGCAAGCAAGCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACA
CGGCCTAACTCCAGCACAAGTCGTTGCTATCGCTAACAACATCGGTGGCAAACAGGCATTAGAAACCGTTCAACG
TCTTTTACCGGTCCTGTGCCAAGCTCACGGCCTGACCCCTGCGCAGGTTGTAGCGATAGCCAACCATGATGGCGG
TAAGCAAGCCCTGGAAACAGTACAACGTCTACTGCCTGTGTTGTGCCAAGCTCATGGTTTGACTCCAGAACAAGT
AGTCGCCATCGCCAACAATATTGGAGGTAAACAGGCTTTAGAGACTGTGCAAAGACTTCTTCCTGTATTATGTCA
GGCCCATGGTTTAACGCCAGAGCAGGTTGTTGCAATAGCAAACAACAACGGAGGTAAACAAGCGCTCGAAACGGT
CCAACGTCTCTTGCCCGTCCTTTGTCAAGCGCACGGACTGACACCCGAACAGGTGGTCGCCATTGCTTCTAA

Fragments 1, 2 and 3 were then stitched/joined by Gibson Assembly to yield the following
sequence. Again, the complementary ends to join to FOK1 endonuclease destination vector
by Gibson Assembly underlined (SEQ ID NO: 193).
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AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTCATGATGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCCACGATGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATCATGATGGCGGTAAGCAAGCGTTAGAAACG
GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGCAC
GACGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCA
GAGCAGGTGGTGGCGATCGCCAATAATATCGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTT
CTTTGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGCACGATGGTGGCAAACAGGCTCTG
GAAACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCT
AACCACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTT
ACGCCAGCTCAAGTAGTAGCGATAGCCTCTCATGACGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC
CCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGCAATTGCCTCGCATGATGGCGGCAAGCAA
GCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACACGGCCTAACTCCAGCACAAGTCGTTGCT
ATCGCTAACAACATCGGTGGCAAACAGGCATTAGAAACCGTTCAACGTCTTTTACCGGTCCTGTGCCAAGCTCAC
GGCCTGACCCCTGCGCAGGTTGTAGCGATAGCCAACCATGATGGCGGTAAGCAAGCCCTGGAAACAGTACAACGT
CTACTGCCTGTGTTGTGCCAAGCTCATGGTTTGACTCCAGAACAAGTAGTCGCCATCGCCAACAATATTGGAGGT
AAACAGGCTTTAGAGACTGTGCAAAGACTTCTTCCTGTATTATGTCAGGCCCATGGTTTAACGCCAGAGCAGGTT
GTTGCAATAGCAAACAACAACGGAGGTAAACAAGCGCTCGAAACGGTCCAACGTCTCTTGCCCGTCCTTTGTCAA
GCGCACGGACTGACACCCGAACAGGTGGTCGCCATTGCTTCTAA

Translated AAVS1 specific
AAVS1 has the sequence shown below together with the divariable TALE residues required
to ensure TALE specificity.

The AxXTALEN-F AAVS]l sequence: C C C C T C C A C C C C A C A G

Di-variable Residue HD HD HD HD NG HD HD NI HD HD HD HD NI HD NI NN

The translated AAVS1 specific TALE is shown below with the di-variable repeats highlighted
(SEQ ID NO: 194).

aatgcgctcaccggggecccecttgaaccttactecctgatcaagttgtggctattgegtet
N A L T G A P L N L T P D O V V A I A S

catgatggtggaaagcaagctcttgaaactgttcaacgtctceccteccctgttttatgtcaa

G 6 K o AL ET V 0 R L L P V L C O
gatcatggtcttacccctgagcaggtcecgtageccategecateccacgatggecggecaagcecag
b H L T P E OO V V A I A S G G K 0
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gccctagagacagtccagecgectecttececgtettgtgeccaggaccacggectaacacca
AL E T V 9 R L L P VvV L ¢C ¢ D H G L T P
gctcaagtggttgcaatagectcacatgatggtggaaaacaagcactagaaacagtacag
A Q V V A I A S5 i

: G G K 0 AL E T V ©Q
cgactactaccagtattgtgtcaagctcacggactgacgccggecccaggtagtegegatt
R L L. p VL ¢C Q A H G L T P A QO V V A I
gctaatcatgatggtggcaagcaagcgctggagacggtgcaacggectgetgecggtgtta
G 6 K ¢ AL E TV 0 R L L P V L

tgccaagcccatgggttgactcccgcacaagtggtagectatagettccaacggtggegga
c oA H G L T P A Q V V A I A S

aagcaggcattggagactgtacagagattgctccecggttctctgeccaggcacacggttta
K 0 AL E TV ¢ R L L P V L C © A H G L
accccagcgcaggttgtcecgecattgeccaatcatgatggecggtaagcaagegttagaaacg
T P A O V V A I A N G G K 9 A L E T

gttcaaaggttactgcctgtattgtgtcaagcgcatggccttacccctgaacaagtegtyg
v ¢ R L L P V L ¢C 0 A H G L T P E QO V V
gcaatcgcgtcgcacgacggaggtaaacaagctttagaaaccgttcagegtctecctecca

A I A S G G K ¢ A L E T V Q R L L P

gtgttatgtcaagaccatggtctaacaccagagcaggtggtggcgatcgccaataatatce
v L. ¢ ¢ DH G L T P E © V V A I A N
ggagggaagcaagctctggaaacagtccaacgccttctteceggttcectttgtcaagatcac
G G K o AL E TV Q R L L P V L C Q D H
gggctgactccagatcaagttgttgccatagcatcgcacgatggtggcaaacaggctcectg
G L T p D O V V A I A S G G K O A L

gaaaccgtccaaagattacttccagttttatgccaagcccacggtttgaccccagaccag
E T v ¢ R L L P V L C O A H G L T P D 0
gtcgtcgctattgctaaccacgatgggggcaaacaageccttggagacagtacaaaggcett

v v A I A N G G K 9 A L E T V 9 R L

ctccececgttcectatgccaggatcacggecttacgeccagectcaagtagtagecgatagectet
L p VL C 9 D H G L T P A © V V A I A S
catgacggtgggaagcaggcgctcgagacagttcaacgactactccecggtattatgtcaa
G G K ¢ AL E TV 9 R L L P V L C 0

gatcatgggctcacacccgeccaggttgtagcaattgectegecatgatggecggecaagcaa

b H 6 L T P A Q V V A I A S G G K Q

gcacttgagactgtccagcggctcttgecagttcectetgeccaggcacacggectaactcecea
AL E T V 9 R L L P V L ¢C ¢ A H G L T P
gcacaagtcgttgctatcgctaacaacatcggtggcaaacaggcattagaaaccgttcaa
A 0 V V A I A N G G K 0 AL E T V ©Q

cgtcttttaccggtcctgtgeccaagctcacggecctgaccecctgegecaggttgtagegata
R L L. PV L C Q9 A H G L T P A QQ V V A I

gccaaccatgatggcggtaagcaagccctggaaacagtacaacgtctactgectgtgttg

A N B G 6 K 0 AL E T V 0 R L L P V L

tgccaagctcatggtttgactccagaacaagtagtcgeccatcgeccaacaatattggaggt
c o A H GL T P E QQ V V A I A N g

aaacaggctttagagactgtgcaaagacttcttcctgtattatgtcaggcccatggttta
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K ¢ A L ET V ¢ R L L P V L C 0 A H G L
acgccagagcaggttgttgcaatagcaaacaacaacggaggtaaacaagcgctcgaaacg

T P E ©Q V V A I A N

G G K 9 A L E T
gtccaacgtctcttgcececgtectttgtcaagecgcacggactgacacccgaacaggtggte
vV ¢ R L L P V L ¢C 09 A H G L T P E Q V V
gccattgcttctaa

A I A S

Subsequent transformation, isolation of plasmid DNA and restriction digestion with Asp718i
and BamH1 confirmed full length assembled TALENSs in the destination vector. Full length
plasmids were validated by sequencing and a significant improvement in accuracy was

observed: 30% had the correct sequence using Method 2 compared to 10% using Method 1.

Furthermore the single step assembly results in a faster protocol, reducing the time required
from 3 days (Method 1) to 2 days (Method 2).

We also assembled TALENs specific to the OCT 4 locus using Method 2. The various

sequences used are shown below.
Synthetic OCT4 AXTALEN Forward.

The sequence of Fragment 1, Fragment 2 and Fragment 3 (F1, F2 and F3) for use in

assembly Method 2. Complimentary overlapping ends for Gibson Assembly are underlined

F1 (SEQ ID NO: 195)

AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTCATGATGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCAACATAGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACAACGGCGGTAAGCAAGCGTTAGAAACG
GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGCAC
GACGGAGGTAAACAAGCTTTAGAAACCGTTC

F2 (SEQ ID NO: 196)

GGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCAGAG

CAGGTGGTGGCGATCGCCAATAATATCGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGAACAATGGTGGCAAACAGGCTCTGGAA
ACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCTAAC
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CACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTTACG
CCAGCTCAAGTAGTAGCGATAGCCTCTAATGGAGGTGGCGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC

F3 (SEQ ID NO: 197)

GGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGC

AATTGCCTCGAACAACGGCGGCAAGCAAGCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACA
CGGCCTAACTCCAGCACAAGTCGTTGCTATCGCTAACCACGACGGTGGCAAACAGGCATTAGAAACCGTTCAACG
TCTTTTACCGGTCCTGTGCCAAGCTCACGGCTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCCATGATGGCGG
AAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGCCAGGCACACGGTTTGACTCCAGAACAAGT
AGTCGCCATCGCCAACCATGATGGAGGTAAACAGGCTTTAGAGACTGTGCAAAGACTTCTTCCTGTATTATGTCA
GGCCCATGGTTTAACGCCAGAGCAGGTTGTTGCAATAGCAAACAATATCGGAGGTAAACAAGCGCTCGAAACGGT
CCAACGTCTCTTGCCCGTCCTTTGTCAAGCGCACGGACTGACACCCGAACAGGTGGTCGCCATTGCTTCTAA

The sequence of the OCT4 specific TALEN (AXTALEN-F) generated after stitching of
fragments 1, 2 and 3 by Gibson Assembly. Complementary ends to join to FOK1
endonuclease destination vector by Gibson Assembly underlined (SEQ ID NO: 198).

AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTCATGATGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCAACATAGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCAACGGTGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACAACGGCGGTAAGCAAGCGTTAGAAACG
GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGCAC
GACGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCA
GAGCAGGTGGTGGCGATCGCCAATAATATCGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTT
CTTTGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGAACAATGGTGGCAAACAGGCTCTG
GAAACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCT
AACCACGATGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTT
ACGCCAGCTCAAGTAGTAGCGATAGCCTCTAATGGAGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC
CCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGCAATTGCCTCGAACAACGGCGGCAAGCAA
GCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACACGGCCTAACTCCAGCACAAGTCGTTGCT
ATCGCTAACCACGACGGTGGCAAACAGGCATTAGAAACCGTTCAACGTCTTTTACCGGTCCTGTGCCAAGCTCAC
GGCTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCCATGATGGCGGAAAGCAGGCATTGCGAGACTGTACAGAGA
TTGCTCCCGGTTCTCTGCCAGGCACACGGTTTGACTCCAGAACAAGTAGTCGCCATCGCCAACCATGATGGAGGT
AAACAGGCTTTAGAGACTGTGCAAAGACTTCTTCCTGTATTATGTCAGGCCCATGGTTTAACGCCAGAGCAGGTT
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GTTGCAATAGCAAACAATATCGGAGGTAAACAAGCGCTCGAAACGGTCCAACGTCTCTTGCCCGTCCTTTGTCAA
GCGCACGGACTGACACCCGAACAGGTGGTCGCCATTGCTTCTAA

OCT4 has the sequence shown below together with the divariable TALE residues

required to ensure TALE specificity.

The OCT4-F sequence: c A CCTGC AGT CTGTC C C A

Di-variable Residue HD NI HD HD NG NN HD NI NN HD NG NN HD HD HD NI

The translated OCT4 specific TALE is shown below with the di-variable repeats
highlighted (SEQ ID NO: 199).

aatgcgctcaccggggecccecttgaaccttactecctgatcaagttgtggctattgegtet
N A L T G A P L N L T P D O V V A I A S
catgatggtggaaagcaagctcttgaaactgttcaacgtctceccteccctgttttatgtcaa

G G K 9 AL E TV 0 R L L P V L C Q

gatcatggtcttacccctgagcaggtcecgtageccatecgecateccaacataggecggcaagecag

| b H L T P E OO V V A I A S G G K 0
gccctagagacagtccagcecgectcecttecegtettgtgeccaggaccacggectaacacca
AL E T V Q R L L P V L C O D H G L T P

gctcaagtggttgcaatagectcacatgatggtggaaaacaagcactagaaacagtacag

| A QO V V A I A S G G K 0 AL E T V 0
cgactactaccagtattgtgtcaagctcacggactgacgccggecccaggtagtegegatt
R L L. PV L C Q9 A H G L T P A QQ V V A I

gctaatcatgatggtggcaagcaagcgctggagacggtgcaacggectgetgecggtgtta

G 6 K ¢ AL E TV Q R L L P V L

tgccaagcccatgggttgactcccgcacaagtggtagectatagettccaacggtggegga

| c oA H G L T P A Q V V A I A S
aagcaggcattggagactgtacagagattgctcccggttctctgeccaggcacacggttta
K ¢ A L ET V ¢ R L L P V L C 0 A H G L

accccagcgcaggttgtcecgecattgeccaataacaacggcggtaagcaagegttagaaacg

| T P A O V V A I A N G G K 9 A L E T
gttcaaaggttactgcctgtattgtgtcaagcgcatggccttacccctgaacaagtegtyg
v ¢ R L L P vV L ¢ 0 A H G L T P E ©Q V V
gcaatcgcgtcgcacgacggaggtaaacaagctttagaaaccgttcagegtctecctecca

| A I A S G G K ¢ A L E T V Q R L L P

gtgttatgtcaagaccatggtctaacaccagagcaggtggtggcgatcgccaataatatce

| v L. ¢ ¢ DH G L T P E © V V A I A N
ggagggaagcaagctctggaaacagtccaacgccttctteceggttcectttgtcaagatcac
G G K o AL E TV 9 RL L P V L C Q D H
gggctgactccagatcaagttgttgccatagcatcgaacaatggtggcaaacaggctctg

| G L. T p D o V V A I A S G G K Q¢ A L
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gaaaccgtccaaagattacttccagttttatgccaagcccacggtttgaccccagaccag
E T v ¢ R L L PV L C Q A H G L T P D 0
gtcgtcgctattgctaaccacgatgggggcaaacaagceccttggagacagtacaaaggcett

v v A I A N G G K 9 A L E T V 9 R L

ctccececgttcectatgccaggatcacggecttacgeccagectcaagtagtagecgatagectet
L PV L C QD HG UL T P A Q V V A I A S

aatggaggtgggaagcaggcgctcgagacagttcaacgactactcccggtattatgtcaa

G 6 K o AL ET V 0 R L L P V L C O
gatcatgggctcacacccgeccaggttgtagcaattgectecgaacaacggecggcaagcaa
b H L T P A Q V V A I A S G G K 0

gcacttgagactgtccagcggctcttgecagttcectetgeccaggcacacggectaactcecea
AL E T V 9 R L L P V L ¢C ¢ A H G L T P
gcacaagtcgttgctatcgctaaccacgacggtggcaaacaggcattagaaaccgttcaa
A 0 V V A I A N G G K 0 AL E T V ©Q

cgtcttttaccggtcctgtgccaagctcacggecttgacteccecgecacaagtggtagetata
R L L. PV L C Q9 A H G L T P A QQ V V A I
gcttcccatgatggecggaaagcaggcattggagactgtacagagattgetecececggttete

A S G 6 K ¢ AL E TV Q R L L P V L

tgccaggcacacggtttgactccagaacaagtagtcgeccatcgeccaaccatgatggaggt
C QA H G L T PEQ V V A I A N I

aaacaggctttagagactgtgcaaagacttcttcctgtattatgtcaggcccatggttta
K 0 AL E TV ¢ R L L P V L C © A H G L
acgccagagcaggttgttgcaatagcaaacaatatcggaggtaaacaagcgctcgaaacg
T P E 0 VvV V A I A N G G K 9 A L E T

gtccaacgtctcttgcececgtectttgtcaagecgcacggactgacacccgaacaggtggte
vV ¢ R L L P V L ¢C 09 A H G L T P E Q V V
gccattgcttctaa

A I A 3

Synthetic OCT4 AXTALEN Reverse.

The sequence of fragments 1, 2 and 3 (F1, F2 and F3) as used in assembly Method 2

are shown below.

F1 (SEQ ID NO: 200)

AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTAATAACGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCAACATAGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCCATGATGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACGGTGGCGGTAAGCAAGCGTTAGAAACG
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GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGAAC
AATGGAGGTAAACAAGCTTTAGAAACCGTTC

F2 (SEQ ID NO: 201)

GGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCAGAG

CAGGTGGTGGCGATCGCCAATCACGACGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTTCTT
TGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGCACGATGGTGGCAAACAGGCTCTGGAA
ACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCTAAC
AATGGCGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTTACG
CCAGCTCAAGTAGTAGCGATAGCCTCTAATAATGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC

F3 (SEQ ID NO: 202)

GGCGCTCGAGACAGTTCAACGACTACTCCCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGC
AATTGCCTCGCATGATGGCGGCAAGCAAGCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACA
CGGCCTAACTCCAGCACAAGTCGTTGCTATCGCTAACAACGGTGGTGGCAAACAGGCATTAGAAACCGTTCAACG
TCTTTTACCGGTCCTGTGCCAAGCTCACGGCTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCCATGATGGCGG
AAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGCCAGGCACACGGTTTAACGCCAGAGCAGGT
TGTTGCAATAGCAAATCACGATGGAGGTAAACAAGCGCTCGAAACGGTCCAACGTCTCTTGCCCGTCCTTTGTCA
AGCGCACGGACTGACACCCGAACAGGTGGTCGCCATTGCTTCTAA

The sequence of the OCT4 specific TALEN (AXTALEN-R) generated after stitching of
fragments 1, 2 and 3 by Gibson Assembly. Complementary ends to join to FOK1
endonuclease destination vector by Gibson Assembly underlined (SEQ ID NO: 203).

AATGCGCTCACCGGGGCCCCCTTGAACCTTACTCCTGATCAAGTTGTGGCTATTGCGTCTAATAACGGTGGAAAG

CAAGCTCTTGAAACTGTTCAACGTCTCCTCCCTGTTTTATGTCAAGATCATGGTCTTACCCCTGAGCAGGTCGTA
GCCATCGCATCCAACATAGGCGGCAAGCAGGCCCTAGAGACAGTCCAGCGCCTCCTTCCCGTCTTGTGCCAGGAC
CACGGCCTAACACCAGCTCAAGTGGTTGCAATAGCCTCACATGATGGTGGAAAACAAGCACTAGAAACAGTACAG
CGACTACTACCAGTATTGTGTCAAGCTCACGGACTGACGCCGGCCCAGGTAGTCGCGATTGCTAATCATGATGGT
GGCAAGCAAGCGCTGGAGACGGTGCAACGGCTGCTGCCGGTGTTATGCCAAGCCCATGGGTTGACTCCCGCACAA
GTGGTAGCTATAGCTTCCCATGATGGCGGAAAGCAGGCATTGGAGACTGTACAGAGATTGCTCCCGGTTCTCTGC
CAGGCACACGGTTTAACCCCAGCGCAGGTTGTCGCCATTGCCAATAACGGTGGCGGTAAGCAAGCGTTAGAAACG
GTTCAAAGGTTACTGCCTGTATTGTGTCAAGCGCATGGCCTTACCCCTGAACAAGTCGTGGCAATCGCGTCGAAC
AATGGAGGTAAACAAGCTTTAGAAACCGTTCAGCGTCTCCTCCCAGTGTTATGTCAAGACCATGGTCTAACACCA
GAGCAGGTGGTGGCGATCGCCAATCACGACGGAGGGAAGCAAGCTCTGGAAACAGTCCAACGCCTTCTTCCGGTT
CTTTGTCAAGATCACGGGCTGACTCCAGATCAAGTTGTTGCCATAGCATCGCACGATGGTGGCAAACAGGCTCTG
GAAACCGTCCAAAGATTACTTCCAGTTTTATGCCAAGCCCACGGTTTGACCCCAGACCAGGTCGTCGCTATTGCT
AACAATGGCGGGGGCAAACAAGCCTTGGAGACAGTACAAAGGCTTCTCCCCGTTCTATGCCAGGATCACGGCCTT
ACGCCAGCTCAAGTAGTAGCGATAGCCTCTAATAATGGTGGGAAGCAGGCGCTCGAGACAGTTCAACGACTACTC
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CCGGTATTATGTCAAGATCATGGGCTCACACCCGCCCAGGTTGTAGCAATTGCCTCGCATGATGGCGGCAAGCAA
GCACTTGAGACTGTCCAGCGGCTCTTGCCAGTTCTCTGCCAGGCACACGGCCTAACTCCAGCACAAGTCGTTGCT
ATCGCTAACAACGGTGGTGGCAAACAGGCATTAGAAACCGTTCAACGTCTTTTACCGGTCCTGTGCCAAGCTCAC
GGCTTGACTCCCGCACAAGTGGTAGCTATAGCTTCCCATGATGGCGGAAAGCAGGCATTGCGAGACTGTACAGAGA
5 TTGCTCCCGGTTCTCTGCCAGGCACACGGTTTAACGCCAGAGCAGGTTGTTGCAATAGCAAATCACGATGGAGGT
AAACAAGCGCTCGAAACGGTCCAACGTCTCTTGCCCGTCCTTTGTCAAGCGCACGGACTGACACCCGAACAGGTG

GTCGCCATTGCTTCTAA

OCT4 has the sequence shown below together with the divariable TALE residues

10 required to ensure TALE specificity.

The OCT4-R sequence: G A C C C TG C C T G C T C C

Di-variable Residue NN NI HD HD HD NG NN HD HD NG NN HD NG HD HD

The translated OCT4 specific TALE is shown below with the di-variable repeats highlighted
15 (SEQ ID NO: 204).

aatgcgctcaccggggecccecttgaaccttactecctgatcaagttgtggctattgegtet
N A L T GA P L N LT P D Q V V A I A 3
aataacggtggaaagcaagctcttgaaactgttcaacgtctcctcecctgttttatgtcaa
] G G K ¢ AL E TV 9 R L L P V L C 0

gatcatggtcttacccctgagcaggtcecgtageccatecgecateccaacataggecggcaagecag

| b H 6 L T P E Q V V A I A S G G K Q

gccctagagacagtccagcecgectcecttecegtettgtgeccaggaccacggectaacacca
AL E T V 9 R L L P VvV L ¢C ¢ D H G L T P
25 gctcaagtggttgcaatagectcacatgatggtggaaaacaagcactagaaacagtacag
G G K 0 AL E T V ©Q

|AQVVAIAS
cgactactaccagtattgtgtcaagctcacggactgacgccggecccaggtagtegegatt
R L L. p VL ¢C Q A H G L T P A QO V V A I
gctaatcatgatggtggcaagcaagcgctggagacggtgcaacggectgetgecggtgtta
i G G K Q A L E T V Q R L L P V L

tgccaagcccatgggttgactcccgcacaagtggtagectatagettceccatgatggegga

| c oA H G L T P A Q V V A I A S G G
aagcaggcattggagactgtacagagattgctccecggttctctgeccaggcacacggttta
K ¢ A L E TV ¢ R L L P V L C QO A H G L

35 accccagcgcaggttgtcecgecattgeccaataacggtggecggtaagcaagegttagaaacg

| T P A Q V V A I A N G G K 9 A L E T

gttcaaaggttactgcctgtattgtgtcaagcgcatggccttacccctgaacaagtegtyg
v ¢ R L L P V L ¢C 0 A H G L T P E © V V
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gcaatcgcgtcgaacaatggaggtaaacaagctttagaaaccgttcagegtctcecctcecca

| A I A S G G K ¢ A L E T V Q R L L P

gtgttatgtcaagaccatggtctaacaccagagcaggtggtggcgatcgccaatcacgac
| v L ¢ ¢ bH GL T P E OOV V A I A N

5 ggagggaagcaagctctggaaacagtccaacgccttctteceggttcectttgtcaagatcac
G 6 K ¢ AL E TV ©Q R L L P V L C Q D H

gggctgactccagatcaagttgttgccatagcatcgcacgatggtggcaaacaggctcectg

| G L T p D O V V A I A S G G K O A L
gaaaccgtccaaagattacttccagttttatgccaagcccacggtttgaccccagaccag
10 E TV QR L L P V L C QA H G L T P D Q
gtcgtcgctattgctaacaatggcgggggcaaacaageccttggagacagtacaaaggcett

| v v A I A N G G K 9 A L E T V Q R L

ctccececgttcectatgccaggatcacggecttacgeccagectcaagtagtagecgatagectet
L PV L C QD HG UL T P A Q V V A I A S

15 aataatggtgggaagcaggcgctcgagacagttcaacgactactcccggtattatgtcaa

G 6 K o AL ET V 0 R L L P V L C O
gatcatgggctcacacccgeccaggttgtagcaattgectegecatgatggecggecaagcaa
| b H L T P A Q V V A I A S G G K 0

gcacttgagactgtccagcggctcttgecagttcectetgeccaggcacacggectaactcecea
20 AL E T V Q R L L P V L C QA H G L T P

gcacaagtcgttgctatcgctaacaacggtggtggcaaacaggcattagaaaccgttcaa

| A O vV VvV A I A N G G K 0 AL E T V 0
cgtcttttaccggtcctgtgeccaagctcacggecttgactecccgecacaagtggtagectata
R L L. PV L C Q9 A H G L T P A QQ V V A I

25 gcttcccatgatggecggaaagcaggcattggagactgtacagagattgectecccggttete

| A S G G K o AL E TV 0 R L L P V L
tgccaggcacacggtttaacgccagagcaggttgttgcaatagcaaatcacgatggaggt

| c ¢ A H G L T P E ©Q V V A I A N

aaacaagcgctcgaaacggtccaacgtctcttgeccegtectttgtcaagecgecacggactyg
30 K ¢ AL ETV Q9 RL L P V L C Q A H G L

acacccgaacaggtggtcgccattgcttctaa

T P E 0 VvV V A I A S

It was noted that 100% of one TALEN construct (designated “AXTALEN-F”) and 40% of

35 another (designated “AXTALEN-R”) clones had the correct sequence. TALENs specific to
AAVS1 and OCT 4 generated using Method 2 were also validated by Western blotting using
an anti-FLAG antibody (Figure 1e).

Assay for determining and/or assessing the function and/or activity of a genome

editing system.

40 Results and discussion
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Several methods have been developed to assess the functional application of genome
editing systems including the surveyor assay and episomal gene repair assays'*'®. We have

developed a novel quantitative system termed GFP-SplitAx.

This system has been used to assess the function of TALENs designed to target the AAVS1
and OCT4 loci.

The principle of the assay is that eGFP is split into two fragments consisting of a fragment
encoding the N-terminus (amino acid 1-157) and a fragment encoding the C-terminus (amino
acid 158-end)'®. These N- and C-terminal fragments are separated by a TALEN binding site
such that the C-terminus is out of frame with its N-terminus of GFP see SEQ ID NOS: 1-8

above).

Transfection of the e GFP-SplitAx vector and TALENSs introduce double strand breaks which
are repaired by error prone non homologous end joining (NHEJ) resulting in deletions or
insertions of DNA®'". A change in the frame shift in the AAVS1 of -1, -4 or +1 or +4 or any
triplet combination of this will restore the open reading frame with the C-terminal eGFP
fragment and generate a fluorescent signal within the cell (Figure 3a).

We have used this novel GFP-SplitAx assay to confirm the function of the AAVS1
AXTALENSs that were generated using two distinct methods.

To evaluate whether the GFP-SplitAx could also be used to assess other genome editing
tools, we tested AAVS1 Zinc finger nucleases' (Figures 3d and 3i) and an AAVS1
CRISPR’ (Figures 3e and 3j). Each of these genome editing systems performed well in the
GFP-SplitAx assay and the nature of the assay allowed us to quantify their activity (Figure
5). In this assay we demonstrate that the AAVS1 zinc finger nuclease had a higher activity
followed by CRISPR and then TALENS.

To demonstrate that this system could be applied to other loci, we designed a GFP-SplitAx

vector containing an OCT4 TALEN binding site.

The translated OCT4-GFP-SplitAx (SEQ ID NO: 9 nucleic acid) and 10 (amino acid):
Amino acid position 158 (bold underlined) and C-terminus out of frame with the N-terminal
GFP (SEQ ID NO: 205).

atggtgagcaagggcgaggagctgttcaccggggtggtgecccatectggtecgagetggac
MV S K 6 B E L F T GV Vv P I L V E L D
ggcgacgtaaacggccacaagttcagegtgtececggecgagggcgagggecgatgecacctac
G b vV NG H K F S V 5 G E G E G D A T Y

ggcaagctgaccctgaagttcatctgecaccaccggcaagectgecegtgecctggeccace
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G K L T L K F I C¢C T T G K L P V P W P T
ctcgtgaccaccctgacctacggcegtgcagtgecttcageegetacecegaccacatgaag
L v T T L T Y G VvV ¢ C F 38 R Y P D H M K
cagcacgacttcttcaagtccgeccatgcecccgaaggctacgteccaggagegecaccatcette
Q H D F F K s A M P E G Y V Q E R T I F
ttcaaggacgacggcaactacaagacccgcgceccgaggtgaagttcgagggecgacacecctyg
F K D D G N Y K TR AUE V K F E G D T L
gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggecac
vV N R I E L K G I D F K E D G N I L G H
aagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcaggcggec
K L EY N Y N S HN VY I M A D K Q@ A A
gcgtcacctgcagctgecccagacctggecacccaggagaggagcaggcagggtcagetecga
A S P A A A Q T W HU?P G EE Q A G S A R
gaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagegtgea
E E R H Q G E L © D P P Q H R G R O R A
gctcgccecgaccactaccagcagaacacccceccatecggegacggececgtgetgetgeecga
A R R P L P A E H P HRRZR P R A A A R
caaccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagcecgcecgatcea
Q p L P E H P V R P E Q R P Q0 R E A R =S
catggtcctgectggagttegtgacecgecgecegggatcactecteggecatggacgagetgta
H G P A GV R DURIRIRDH S R H G R A V

caagtaa

Qo Vv

The Translated OCT4-GFP-SplitAx with a 1bp deletion: SEQ ID NO: 11 (nucleic acid)

and 12 (amino acid) - this restores GFP N-terminal open reading frame with the C-terminal

GFP (SEQ ID NO: 206).

atggtgagcaagggcgaggagctgttcaccggggtggtgecccatectggtecgagetggac
MV 8§ K G E E L F T G V v P I L V E L D
ggcgacgtaaacggccacaagttcagegtgtececggecgagggcgagggecgatgecacctac
G bV NG H K F S VvV s G E G E G D A T Y
ggcaagctgaccctgaagttcatctgecaccaccggcaagectgecegtgecctggeccace
G K L T L K F I C¢C T T G K L P V P W P T
ctcgtgaccaccctgacctacggcegtgcagtgecttcageegetacecegaccacatgaag
L v T T L T Y G VvV ¢ C F 38 R Y P D H M K
cagcacgacttcttcaagtccgeccatgcecccgaaggctacgteccaggagegecaccatcette
Q H D F F K s A M P E G Y V Q E R T I F
ttcaaggacgacggcaactacaagacccgcgceccgaggtgaagttcgagggecgacacecctyg
F K D D G N Y K TR AUE V K F E G D T L
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gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggecac

vV N R I E L K G I D F K E D G N I L G H
aagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcaggcggec
K L. EY NY N S HN VY I M A D K O A A
gcgtcacctgcagctgecccagacctggecccaggagaggagcaggcagggtcagetegag
A S P A A A Q T WP O E R S R ©Q G Q L E
aagaacggcatcaaggtgaacttcaagatccgeccacaacatcgaggacggcagecgtgecag
K N 6 I K v N F K I R H N I E D G S V 0
ctcgccecgaccactaccagcagaacacccceccatecggcecgacggececgtgetgetgeecgac
L A DHY ©Q ¢ N TP I G D G P V L L P D
aaccactacctgagcacccagtccgceccctgagcaaagaccccaacgagaagcecgecgatcac
N H Y L s T ¢ s A L S K D P N E K R D H
atggtcctgctggagttecgtgaccgeccgecgggatcactcecteggecatggacgagetgtac
M Vv L L EF VT A AGTI T L G M D E L Y
aagtaa

K —

Co-transfection of OCT4 AXTALENs (OF and OR) with the OCT4 GFP-SplitAx vector
resulted in restoration of GFP fluorescence in a significant proportion of cells that could be
monitored by flow cytometry (Figures 3f and 3k and Figure 6)

To demonstrate that the Split-Ax technology could be applicable to other fluorescent proteins
we designed and tested a Zeis Green Split-Ax AAVS1 vector. The Zeis Green Fluorescent
protein was split into two fragments, (N-terminus amino acid 1-157 and the C-terminus
amino acid 158-end) that were separated by the AAVS1 genome editing binding site. The

relevant sequences are shown below as SEQ ID NOS: 13.

SEQ ID NO 13 (nucleic acid) 14 (amino acid): Zeis Green sequence and translated protein
(SEQ ID NO: 207)

atggcccagtccaagcacggcecctgaccaaggagatgaccatgaagtac

M A ©Q S K H G L T K EM T M K Y

cgcatggagggctgegtggacggccacaagttegtgatcaceggecgagggcateggetac
R M E G C VvV D G H K F V I T G E G I G Y
cccttcaagggcaagcaggccatcaacctgtgegtggtggagggeggececttgeectte
P F K 6 K ¢ A I N L C V V E G G P L P F
gccgaggacatcttgtcecgecgecttecatgtacggcaaccgegtgttcaccgagtacecee
A E D I L 8 A A F MY G N R V F T E Y P

caggacatcgtcgactacttcaagaactcctgeccecgecggcectacacctgggacecgetee
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b I vV D Y F K N S C P A G Y T W D R S
ttecctgttecgaggacggegecgtgtgecatectgecaacgecgacatcaccgtgagegtggag
F L F E D GA V C I C N AD I T V 35 V E
gagaactgcatgtaccacgagtccaagttctacggcgtgaacttccececgecgacggecee
E N CM Y HE S K F Y G VvV N F P A D G P
gtgatgaagaagatgaccgacaactgggagccctectgecgagaagatcateccececgtgece
vV M K K M T b N W E P S C E K I I P V P

cagggcatcttgaagggcgacgtgagcatgtacctgctgectgaaggacggtggecge

k o 66 I L K 6DV s MY L L L K D G G R
ttgcgctgeccagttecgacaccgtgtacaaggccaagtececgtgecececgcaagatgececgac
L R C ¢ F DT V Y KA K 3 V P R KM P D
tggcacttcatccagcacaagctgaccecgecgaggaccgcagcgacgeccaagaaccagaaqg
W H F I ¢ H K L T R E D R s D A K N Q K
tggcacctgaccgagcacgccatcgectececggetecgecttgecectga
W H L T E H A I A s G S A L P -

SEQ ID NO: 15 (nucleic acid) and 16 (amino acid): AAVS1- ZeisGreen-SplitAx with
AAVS1 genome editing binding site downstream of N-terminus (highlighted grey). Stop

codons shown as dashes (-): (SEQ ID NO: 208).

atggcccagtccaagcacggcecctgaccaaggagatgaccatgaagtaccgcatggaggge
M A Q S K H G L T K EMTMMI K Y R M E G
tgcgtggacggccacaagttegtgatcaccggegagggcatecggectacecececttcaaggge
c v b 6 H K F V I T G E G I G Y P F K G
aagcaggccatcaacctgtgegtggtggagggecggcecceccttgeccttegecgaggacate
K ¢ A I N L C V V E G G P L P F A E D I
ttgtccgcecgecttecatgtacggcaaccgegtgttcaccgagtaccecccaggacategte
L s A A F MY GNU RV F T E Y P O D I V
gactacttcaagaactcctgecccececgecggctacacctgggaccgectecttectgttegag
b Yy F K N 8 ¢C P A G Y T W D R S F L F E
gacggcgccecgtgtgcatctgecaacgecgacatcaccgtgagegtggaggagaactgecatyg
b G AV C I ¢CNADI TV S V E E N C M
taccacgagtccaagttctacggecgtgaacttceccececgecgacggececcgtgatgaagaag
Y H E s K F Y 6 v. N F P A D G P V M K K

atgaccgacaactgggagccctcctgcgagaagatcatccccgtgccci fgcggccgcea

M T D N W E P s C E K I I P V P A A A
agcttatctgtccceccteccaccceccacagtggggecactagggacaggattggtgacagaaa
s L 3 v ?p s T P Q W G H - G Q D W - Q K
agccccatcecttggatccecctecgagacagggecatecttgaagggecgacgtgagcatgtaccet
s p I L G s L E T G H L E G R R E H V P

gctgctgaaggacggtggccgcttgegetgeccagttegacacecgtgtacaaggccaagte
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A°A E G R W P L A L P V R H RV Q G QO V
cgtgcccecgcaagatgecccgactggcacttcecatccagecacaagetgaccegegaggaccy
R A P © DA RILATILHU®PAOQAD P R G P
cagcgacgccaagaaccagaagtggcacctgaccgagcacgcecategecteceggeteege
R R 0 E P E V A P D R A R H R L R L R
cttgccctga
L A L

SEQ ID NO: 209 (nucleic acid) and 210 (amino acid): Translated AAVS1-ZeisGreen-
SplitAx with a 1bp deletion which restores Zeis Green N-terminal open reading frame with

the C-terminal Zeis Green (SEQ ID NO: 209).
atggcccagtccaagcacggecctgaccaaggagatgaccatgaagtaccgecatggagggce
M A Q S K H G L T K EMTMMI K Y R M E G
tgcgtggacggccacaagttegtgatcaccggegagggcatecggectacecececttcaaggge
c v b 6 H K F V I T G E G I G Y P F K G
aagcaggccatcaacctgtgegtggtggagggecggcecceccttgeccttegecgaggacate
K ¢ A I N L C V V E G G P L P F A E D I
ttgtccgcecgecttecatgtacggcaaccgegtgttcaccgagtaccecccaggacategte
L s A A F MY GNU RV F T E Y P O D I V
gactacttcaagaactcctgecccececgecggctacacctgggaccgectecttectgttegag
b ' ¥y F K N 5 C¢C P A G Y T W D R S F L F E
gacggcgccecgtgtgcatctgecaacgecgacatcaccgtgagegtggaggagaactgecatyg
b G AV C I ¢CNADI TV S V E E N C M
taccacgagtccaagttctacggecgtgaacttceccececgecgacggececcgtgatgaagaag
Y H E s K F Y 6 v. N F P A D G P V M K K
atgaccgacaactgggagccctecctgecgagaagatcatecceccgtgeccaaggeggecgea
M T D N W E P s C E K I I P V P K A A A
agcttatctgtcceccteccaccceccacagtggggecatagggacaggattggtgacagaaaa
s L 8 v P s T P ©Q W G H R D R I G D R K
gccccatccecttggatcececctecgagacagggcatecttgaagggcgacgtgagecatgtacctyg
A P s L D P S R ©Q G I L K G D V s M Y L
ctgctgaaggacggtggccgcttgegetgeccagttcgacacegtgtacaaggeccaagtee
L L K b & G R L R C Q F D T V Y K A K 3
gtgcccecgcaagatgcccgactggcacttcatceccagcacaagectgaccecgegaggaccgce
vV P R K M P D W H F I 0 H K L T R E D R
agcgacgccaagaaccagaagtggcacctgaccgagcacgccatecgectececggetececgee
s D A KN OO K W H L T EH ATI A S G 3 A
ttgccctga
L P -
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SEQ ID NO: 211: AAVS1-ZeisGreen-SplitAx synthesised fragment

ATGGCCCAGTCCAAGCACGGCCTGACCAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGGCCAC
AAGTTCGTGATCACCGGCGAGGGCATCGGCTACCCCTTCAAGGGCAAGCAGGCCATCAACCTGTGCGTGGTGGAG
GGCGGCCCCTTGCCCTTCGCCGAGGACATCTTGTCCGCCGCCTTCATGTACGGCAACCGCGTGTTCACCGAGTAC
CCCCAGGACATCGTCGACTACTTCAAGAACTCCTGCCCCGCCGGCTACACCTGGGACCGCTCCTTCCTGTTCGAG
GACGGCGCCGTGTGCATCTGCAACGCCGACATCACCGTGAGCGTGCGAGGAGAACTGCATGTACCACGAGTCCAAG
TTCTACGGCGTGAACTTCCCCGCCGACGGCCCCGTGATGAAGAAGATGACCGACAACTGGGAGCCCTCCTGCGAG

AAGATCATCCCCGTGCCCAAGGCGGCCGCAAGCTT

GATCCCTCGAGACAGGGCATCTTGAAGGGCGACGTGAGCATGTACCT

GCTGCTGAAGGACGGTGGCCGCTTGCGCTGCCAGTTCGACACCGTGTACAAGGCCAAGTCCGTGCCCCGCAAGAT
GCCCGACTGGCACTTCATCCAGCACAAGCTGACCCGCGAGGACCGCAGCGACGCCAAGAACCAGAAGTGGCACCT
GACCGAGCACGCCATCGCCTCCGGCTCCGCCTTGCCCTGA

Co-transfection of this vector with the AAVS1 zinc fingers restored Zeis Green fluorescence
in a significant proportion of cells (Figure 3g and 3i and Figure 6)

We then tested the AAVS1 TALENSs to show that they could be used to edit the genome in
human 293FT cells using a pZDonor-pCAG-Zeis Green targeting vector (Figure 4a). The
293FT cells were transfected with their respective pair of AXTALENs and a targeting vector
with homologous ends. Genomic DNA PCR with diagnostic primers demonstrated that
homologous recombination at the AAVS1 locus had occurred (Figure 4b). We performed
similar experiments using the OCT4 AXTALENSs to show that they could also be used to edit
the genome in human cells (Figure 4¢). 293FT cells were co-transfected with their
respective pair of OCT4 AXTALENSs and an OCT4 targeting vector*. Genomic DNA PCR with
diagnostic primers demonstrated that targeting of the OCT4 locus had occurred (Figure 4d).
Diagnostic PCR products for both AAVS1 and OCT4 targeting experiments were sequenced
and this confirmed that homologous recombination had occurred.

The GFP-SplitAx described herein can be used to monitor, assess or determine for example,
endonuclease, recomninase, TALEN, zinc finger and/or CRISPR function/activity and/or
efficacy. The assay represents a significant improvement to the Surveyor Assay. For
example, reporter activity can be monitored in real time and the assay provides a

quantitative analysis of activity using flow cytometry.
References

1. Urnov, F.D., et al. Highly efficient endogenous human gene correction using
designed zinc-finger nucleases. Nature 435, 646-651 (2005).

60

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2016/135507 PCT/GB2016/050508

2. Wang, H., et al. One-step generation of mice carrying mutations in multiple
genes by CRISPR/Cas-mediated genome engineering. Cell 153, 910-918 (2013).

3. Gao, X, et al. Reprogramming to pluripotency using designer TALE

transcription factors targeting enhancers. Stem cell reports 1, 183-197 (2013).

4. Hockemeyer, D., et al. Genetic engineering of human ES and iPS cells using
TALE nucleases. (2011).

5. Perez-Pinera, P., et al. RNA-guided gene activation by CRISPR-Cas9-based
transcription factors. Nature methods 10, 973-976 (2013).

6. Cong, L., et al. Multiplex genome engineering using CRISPR/Cas systems.
Science 339, 819-823 (2013).

7. Mali, P., et al. RNA-guided human genome engineering via Cas9. Science
339, 823-826 (2013).

8. Sander, J.D., et al. Targeted gene disruption in somatic zebrafish cells using
engineered TALENSs. Nature biotechnology 29, 697 (2011).

9. Reyon, D., Khayter, C., Regan, M.R., Joung, J.K. & Sander, J.D. Engineering
designer transcription Activator--Like effector nucleases (TALENs) by REAL or REAL-Fast
assembly. Current protocols in molecular biology, 12.15. 11-12.15. 14 (2012).

10. Reyon, D., et al. FLASH assembly of TALENs for high-throughput genome
editing. Nature biotechnology 30, 460-465 (2012).

11. Cermak, T., et al. Efficient design and assembly of custom TALEN and other

TAL effector-based constructs for DNA targeting. Nucleic acids research, gkr218 (2011).

12. Engler, C., Gruetzner, R., Kandzia, R. & Marillonnet, S. Golden gate shuffling:
a one-pot DNA shuffling method based on type lIs restriction enzymes. PloS one 4, 5553
(2009).

13. Gibson, D.G., et al. Complete chemical synthesis, assembly, and cloning of a
Mycoplasma genitalium genome. Science 319, 1215-1220 (2008).

14. Miller, J.C., et al. A TALE nuclease architecture for efficient genome editing.
Nature biotechnology 29, 143-148 (2011).

15. Alwin, S., et al. Custom zinc-finger nucleases for use in human cells.
Molecular Therapy 12, 610-617 (2005).

61

SUBSTITUTE SHEET (RULE 26)



10

WO 2016/135507 PCT/GB2016/050508

16. Crone, D.E., et al. GFP-based biosensors. (2013).

17. Gaj, T., Guo, J., Kato, Y., Sirk, S.J. & Barbas Ill, C.F. Targeted gene knockout
by direct delivery of zinc-finger nuclease proteins. Nature methods 9, 805-807 (2012).

18. DeKelver, R.C., et al. Functional genomics, proteomics, and regulatory DNA
analysis in isogenic settings using zinc finger nuclease-driven transgenesis into a safe

harbor locus in the human genome. Genome research 20, 1133-1142 (2010).

19. Sakuma, T., et al. Repeating pattern of non-RVD variations in DNA-binding
modules enhances TALEN activity. Scientific reports 3(2013).

20. Sanjana, N.E., et al. A transcription activator-like effector toolbox for genome

engineering. Nature protocols 7, 171-192 (2012).

62

SUBSTITUTE SHEET (RULE 26)



WO 2016/135507 PCT/GB2016/050508

Claims

1. A method of generating one or more Transcription Activator Like-Effector (TALE)
molecule encoding sequence(s) or TALE molecule(s), said method comprising combining or
assembling one or more of the TALE unit sequences presented in TABLE 1 or one or more
of the TALE unit nucleic acid sequences and/or TALE unit amino acid sequences of any
SEQ ID NOS: 1-128, to provide one or more TALE molecule encoding sequences or TALE
molecule(s).

2. The method of claim 1, wherein the method is a method of generating a TALE
molecule encoding nucleic acid sequence and the method requires the user to combine or
assemble together one or more of the TALE unit encoding nucleic acid sequences presented
in Table 1 or as SEQ ID NOS: 1-64 to provide a TALE molecule encoding nucleic acid

seqguence.

3. The method of any one of claims 1 or 2, wherein the method is a method of providing
TALE molecule sequences which have binding specificity/affinity for predetermined target
nucleic acid sequences.

4, The method of claim 3, wherein the method comprises the selection and/or analysis
of a target nucleic acid sequence to which the TALE molecule is to exhibit some binding
specificity/affinity.

5. The method of any one of claims 1-4, wherein the method comprises computationally
combining or assembling TALE unit encoding sequences to provide a TALE molecule

seqguence.

6. The method of any one of claims 1-5, wherein the generated TALE molecule

sequence is synthesised for use.

7. The method of claim 6, wherein the TALE molecule is chemically synthesised.

8. The method of claim 6 or 7, wherein the step of synthesising does not require the use
of Gibson assembly or PCR.

9. The method of claims 6-8, wherein the synthesised sequence is a nucleic acid
sequence encoding a TALE molecule for use.
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10. The method of any one of claims 1-9, wherein the method is used to generate
multiple TALE molecule encoding sequences for joining or ligating together.

11. The method of claim 10, wherein one or more of the TALE molecule encoding
sequences comprises 5" and/or 3’ modifications to permit the joining to or ligation with, other
TALE molecule encoding seqguences.

12. The method of claim 10 or 11, wherein one or more of the TALE molecule encoding

sequences comprises is suitable for joining to another by Gibson assembly.

13. A method of generating a sequence encoding a complete Transcription Activator
Like-Effector (TALE) molecule specific for a target sequence, said method comprising:

(a) selecting and/or analysing the target nucleic acid sequence to determine the
required number and type of TALE units of the complete TALE molecule to be encoded;

(b) combining or assembling the relevant one or more TALE unit sequences

presented in TABLE 1 or the relevant one or more TALE unit nucleic acid sequences

and/or TALE unit amino acid sequences of SEQ ID NOS: 1-128 to provide:

(i) a TALE molecule encoding sequence which encodes the complete TALE
molecule; or

(i) a plurality of TALE molecule encoding sequences which each encode a
different part of the complete TALE molecule;

(c) synthesising the products of (b); and where step (c¢) provides a plurality of
synthesised TALE molecule encoding sequences, joining these sequences by Gibson
assembly so as to provide a complete TALE molecule encoding sequence specific for the
target sequence.

14, The method of claim 13, wherein the sequence encoding a complete Transcription

Activator Like-Effector (TALE) molecule is fused to an endonuclease to provide a TALEN.

15. A Transcription Activator Like-Effector (TALE) molecule encoding sequence
obtainable by the method of claim 13.

16. A method of generating a TALE molecule, said method comprising the steps of:
combining two or more of the TALE unit encoding nucleic acid sequences presented
in TABLE 1 or of SEQ ID NOS: 1-64 to provide a TALE molecule encoding nucleic acid
sequence specific for a predetermined target sequence;
synthesising the TALE molecule encoding nucleic acid sequence;
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introducing the synthesised TALE molecule encoding nucleic acid sequence into a
vector; and

introducing the vector into a host cell and maintaining the host cell under conditions
which facilitate the expression of the TALE molecule encoding nucleic acid sequence.

17. A method of generating a Transcription Activator Like-Endonuclease (TALEN)
molecule, said method comprising the steps of:

combining two or more of the TALE unit encoding nucleic acid sequences in TABLE
1 or of SEQ ID NOS: 1-64 to provide a TALE molecule encoding nucleic acid sequence
specific for a predetermined target sequence;

synthesising the TALE molecule encoding nucleic acid sequence;

introducing the synthesised TALE molecule encoding nucleic acid sequence into a
vector, which vector comprises an endonuclease encoding nucleic acid to provide a vector
which encodes a TALEN molecule; and

introducing the vector into a host cell and maintaining the host cell under conditions
which facilitate the expression of a TALEN encoding nucleic acid molecule.

18. A TALE and/or TALEN molecule obtainable by any of the methods of claims 1-17.

19. A Transcription Activator Like-Effector (TALE) unit sequence presented in TABLE 1.

20. A TALE unit nucleic acid sequence and/or one or more of the TALE unit amino acid
sequences of any SEQ ID NO: 1-128

21. A TALE unit sequence conforming to the following consensus:

A -[TU]-A;

wherein A, represents an optional additional sequence or modification;

TU represents any one of the 64 TALE unit encoding nucleic acid sequences
presented in Table 1; and

A, represents an optional additional sequence or modification.

22. The TALE unit sequence of claim 21, wherein optional sequences A, and A,
comprise restriction site sequences, primer binding sites and/or sequences which facilitate
the ligation or joining of one TALE unit sequence to another.
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23. A TALE nucleic acid or amino acid molecule comprising two or more of the TALE unit

(nucleic acid or amino acid) sequences according to claim 19 or 20.

24. The TALE molecule of claim 23, wherein the molecule further comprises a

heterologous sequence.

25. The TALE molecule of claim 24, wherein the heterologous sequence encodes an

endonuclease.

26. A data carrier or digital medium or storage device comprising, containing, carrying or

loaded with, the information presented in Table 1.

27. A method of designing, generating or providing a TALE and/or TALEN molecule ,
said method comprising a Computer Aided Design (CAD) program, wherein the CAD
program performs a method of determining an appropriate or suitable assembly of TALE unit
sequences from those disclosed in Table 1 and/or presented as SEQ ID NOS: 1-128.
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