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WHAT IS CLAIMED IS:

L. A method for modifying the genetic material of a cell, comprising:

(a) providing a cell containing a target DNA sequence; and

(b) introducing a transcription activator-like (TAL) effector -DNA modifying
enzym\g into the cell, the TAL effector-DNA modifying enzyme comprising:

\) @ DNA modifying enzyme domain that can modify double stranded DNA, and

(i)} TAL effector domain comprising a plurality of TAL effector repeat
sequences tha¥, in combination, bind to a specific nucleotide sequence in the target DNA
sequernce,
such that the TAL dffector-DNA modifying enzyme modifies the target DNA within or

adjacent to the specifl nucleotide sequence in the cell or progeny thereof.

2. The method of claym 1, further comprising providing to the cell a nucleic acid
comprising a sequence homdJogous to at least a portion of the target DNA sequence, such

that homologous recombinatiol occurs between the target DNA sequence and the nucleic

acid,

3. The method of claim 1, wherel the cell is a eukaryotic cell.

4, The method of claim 1, wherein th¢ cell is a mammalian cell.

5. The method of claim 1, wherein the ceél] is a plant cell.

6. The method of claim 1, wherein the cell is\y prokaryotic cell.

7. The method of claim 1, wherein the target DNA is chromosomal DNA.

8. The method of claim 1, wherein the introducing coXyprises transfecting the cell

with a vector encoding the TAL effector-DNA modifying enzyme.

9. The method of claim 1, wherein the introducing compriscy mechanically injecting

the TAL effector-DNA modifying enzyme into the cell as a protein.
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10.  The method of claim 1, wherein the introducing comprises delivering the TAL

ector-DNA modifying enzyme into the cell as a protein by means of the bacterial type

12.  The metkod of claim 1, wherein the DNA modifying enzyme domain is an

endonuclease.

13, The method of daim 12, wherein the endonuclease is a type II restriction

endonuclease.
14, The method of claim 13\ wherein the type II restriction endonuclease is Fokl.

15.  The method of claim 1, whek¢in the TAL effector domain that binds to a specific
nucleotide scquence within the target BNA comprises 10 or more DNA binding repeats,

more preferably 15 or more DNA binding\repeats.

16.  The method of claim 15, wherein each\DNA binding repeat comprises a repeat
variable-dircsidue (RVD) that determines recogniXjon of a basc pair in the target DNA
sequence, wherein each DNA binding repeat is respopsible for recognizing one base pair
in the target DNA sequence, and wherein the RVD comgrises one or more of:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G or A;

NS for recognizing Aor Cor Gor T,

N* for recognizing C or T, wherein * represents a gap in the secohd position of
the RVD;

HG for recognizing T,

H* for recognizing T, wherein * represents a gap in the second position o
RVD;

IG for recognizing T;
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NK for recognizing G;
HA for recognizing C;
ND for recognizing C;
for recognizing C;

for recognizing G;

and wherein the RVD comprises
HA for recognizing C;
ND for recognizing C;
HI for recognizing C,
HN for recognizing G;
NA for recognizing G;
SN for recognizing G or A;
YG for recognizing T; and
NK for recognizing G,
and one or more of:
HD for recognizing C;
NG for recognizing T;
NI for recognizing A;
NN for recognizing G or A;
NS for recognizing AorCorGor T,
N* for recognizing C or T, wherein * represents a gap in the second position of
the RVD;
HG for recognizing T;

H* for recognizing T, wherein * represents a gap in the second position of the
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RVD; and

IG for recognizing T.

18. \, A method for generating a nucleic acid encoding a TAL effector specific for a
selected\nucleotide sequence, comprising:

(1 Ninearizing a starter plasmid with PspXJ, the starter plasmid comprising a
nucleotide sejuence that encodes a first TAL effector DNA binding repeat domain having
a repeat variablddiresidue (RVD) specific for the first nucleotide of the selected
nucleotide sequenck, wherein the first TAL effector DNA binding repeat domain has a
unique PspXI site E‘lt'i‘ \J’ end;

(2) ligating into ti¢ starter plasmid PspXI site a DNA module encoding one or
more TAL effector DNA binging repeat domains that have RVDs specific for the next
nucleotide(s) of the selected nu§leotide sequence, wherein the DNA module has X0l
sticky ends; and

(3) repeating steps (1) and (2 N\until the nucleic acid encodes a TAL effector

capable of binding to the selected nucled{ide sequence.

19.  The method of claim 18, further comMyising, after the ligating, determining the
orientation of the DNA module in the PspXI sits

20.  The method of claim 18, comprising repeating steps (1) and (2) from one to 30

times.

21. A method for generating a nucleic acid encoding a t scription activator-like
effector endonuclease (TALEN), comprising:

(a) identifying a first unique nucleotide sequence in the gme of a cell; and

(b) synthesizing a nucleic acid encoding a TALEN that com ses (i) a plurality of
DNA binding repeats that, in combination, bind to the first unique nuclé Qtide sequence,
and (ii) an endonuclease that generates a double-stranded break at a seco \ucleotide
sequence within or adjacent to the first nucleotide sequence, wherein each D \ binding
repeat comprises a RVD that determines recognition of a base pair in the target b A,
wherein each DNA binding repeat is responsible for recognizing one base pair in th

target DNA, and wherein the TALEN comprises one or more of the following RVDs:
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HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G or A;

for recognizing Aor Cor Gor T;

HI for recognizing C;
HN for recognizing G;
NA for recognizing G;
SN for recognizing G or A; and
YG for recognizing T.

22.  The method of claim 21, wherein the T

following RVDs:
HA for recognizing C;
ND for recognizing C;
HI for recognizing C;
HN for recognizing G;
NA for recognizing G;
SN for recognizing G or A;
YG for recognizing T;and
NK for recognizing G,
and one or more of:
HD for recognizing C;
NG for recognizing T;
NI for recognizing A;
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NN for recognizing G or A;
NS for recognizing AorCorGor T,
N* for recognizing C or T,
G for recognizing T;
for recognizing T; and
IG foxrecognizing T.

23.  The methogd of claim 21, wherein the first nucleotide sequence meets at least one
of the following critdga:

i) isa minimu‘ N pf 15 bases long and is oriented from 5" to 3’ witha T
immediately preceding thoite at the 5' end;

ii) does not have a T Iy the first (5°) position or an A in the second position;

iii) endsin T at the last | '} position and does not have a G at the next to last
position; and

iv) has a base composition of I\63% A, 11-63% C, 0-25% G, and 2-42%T.

24,  The method of claim 23, comprising\dentifying a first nucleotide sequence and a
second nucleotide sequence in the genome of the cell, wherein the first and second
nucleotide sequences meet at least one of the critéyja set forth in claim 23, and are

separated by 15-18 bp.

25.  The method of claim 24, wherein the endonucleasy generates a double-stranded

break between the first and second nucleotide sequences.

26.  ATALEN comprising an endonuclease domain and a TAL effector DNA binding
domain specific for a target DNA, wherein the DNA binding domain cymprises a
plurality of DNA binding repeats, each repeat comprising a RVD that detégmines
recognition of a base pair in the target DNA, wherein each DNA binding repdat is
responsible for recognizing one base pair in the target DNA, and wherein the TALEN
comprises one or more of the following RVDs:

HD for recognizing C;

NG for recognizing T;
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27.

NI for recognizing A;

NN for recognizing G or A;

NS for recognizing Aor Cor Gor T;
* for recognizing C or T;

HGNpr recognizing T,

H* forysgcognizing T;

IG for recdgnizing T;

ND for recognizing

HI for recognizing C;

HN for recognizing G;

NA for recognizing G;

SN for recognizing G or A; and
YG for recognizing T.

The TALEN of claim 26, wherein the T.

following RVDs:

HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G;

NA for recognizing G;

SN for recognizing G or A;
YG for recognizing T; and
NK for recognizing G,

and at least one or more of :
HD for recognizing C;

NG for recognizing T;

NI for recognizing A,

NN for recognizing G or A;

NS for recognizing Aor Cor Gor T;
96

PCT/US2010/059932

EN comprises one or more of the




WO 2011/072246 PCT/US2010/059932

N* for recognizing C or T;
HG for recognizing T;
H* for recognizing T; and

1G for recognizing T.

28. ¢ TALEN of claim 26, wherein the endonuclease domain is from a type II

restriction eydonuclease.
29.  The TADEN of claim 28, wherein the type II restriction endonuclease is Fokl.

30. A TALEN coxpprising an endonuclease domain and a TAL effector domain,
wherein the amino acid\equence of said TALEN is selected from the group consisting of
SEQ 1D NO:33 to SEQ ID\NO:55, SEQ ID NO:72, and SEQ ID NO:73.

31. A method for generating an animal, comprising:
providing a eukaryotic ceN comprising a target DNA sequence into which it is
desired to introduce a genetic modifi¢ation;
generating a double-stranded bi¢ak within the target DNA sequence with a
TALEN comprising an endonuclease donkin and a TAL effector domain that binds to the
target DNA sequence; and
generating an animal from the cgll or progeny thereof in which a double-

stranded break has occurred.

32.  The method of claim 31, further comprising:
introducing into the cell an exogenous nucleic ack] comprising a sequence
homologous to at least a portion of the target DNA, whereil the introducing is under
conditions that permit homologous recombination to occur belyeen the exogenous
nucleic acid and the target DNA sequence in the cell or progeny ¥ereof; and
generating an animal from the cell or progeny thereof in whi¢h homologous

recombination has occurred.

33, The method of claim 31, wherein the animal is a mammal.
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34.  The method of claim 31, wherein the genetic modification comprises a

bstitution, an insertion, or a deletion.

35. | A method for generating a plant, comprising:
oviding a plant cell comprising a target DNA sequence into which it is desired
to introducy a preselected genetic modification;
genera¥{ng a double-stranded break within the target DNA sequence with a
TALEN comprisig an endonuclease domain and a TAL effector domain that binds to the
target DNA sequencg; and
generatiyg a plant from the cell or progeny thereof in which a double-

stranded break has occurr

36.  The method of claim 35, further comprising:

introducing into the plant ¥¢ll an exogenous nucleic acid comprising a sequence
homologous to at least a portion of the target DNA sequence, wherein the introducing is
under conditions that permit homologodg recombination to occur between the exogenous
nucleic acid and the target DNA sequence Y the cell or progeny thereof; and

generating a plant from the cell or progeny thereof in which homologous

recombination has occurred.

37. A method for targeted genetic recombination ¥ a cell, comprising:
introducing into the cell a nucleic acid encoding § TAL cffector endonuclcase
targeted to a selected DNA target sequence;
inducing expression of the TAL effector endonuclease Within the cell; and

identifying a cell in which the selected DNA target sequenge exhibits a mutation.

38.  The method of claim 37, wherein the mutation is selected from\the group
consisting of deletion of genetic material, insertion of genetic material, ahd both deletion

and insertion of genetic material.
39.  The method of claim 37, further comprising introducing donor DNA into\the cell.

40.  The method of claim 37, wherein the cell is an insect cell, a plant cell, a fish c§]l,

or a mammalian cell.
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41. A method for generating a TAL effector having enhanced targeting capacity for a

arget DNA, said method comprising generating a nucleic acid encoding a TAL effector

wherein said §gnerating comprises incorporating a nucleic acid encoding a variant Oth
DNA binding repgat sequence with specificity for A, C, or G, thus climinating the

requirement for T a\position -1 of the binding site,

42. A method for gehgrating a TAL effector having enhanced targeting capacity for a
target DNA, said method cymprising generating a nucleic acid encoding a TAL effector
that comprises DNA binding dpmain having a plurality of DNA binding repeats, wherein
each repeat comprises a RVD th¥{ determines recognition of a base pair in the target
DNA, wherein each DNA binding rgpeat is responsible for recognizing one base pair in
the target DNA,

wherein said generating comprises incorpQrating one or more nucleic acids encoding TAL
cffector DNA binding domains that contain RVDs having cnhanced specificity for G, and
wherein said RVDs are selected from the groupzconsisting of RN, R*, NG, NH, KN, K*,
NA, NT, DN, D*, NL, NM, EN, E*, NV, NC, QN\\Q*, NR, NP, HN, H*, NK, NY, SN,
S*,ND, NW, TN, T*, NE, NE, YN, Y*, and NQ, wh¥ycin * indicatcs a gap at the sccond
position of the RVD,

43. A method for producing a polypeptide that selectively recognizes at least one base
pair in a target DNA sequence, the method comprising synthesking a polypeptide
comprising a repeat domain, wherein the repeat domain comprised,at least one repeat unit
derived from a transcription activator-like (TAL) effector, wherein th¢ repeat unit
compriscs a hypervariable region which determinces recognition of a bad¢ pair in the
target DNA sequence, wherein the repeat unit is responsible for the recogmtion of one
base pair in the DNA sequence, and wherein the hypervariable region comprisgs a
member selected from the group consisting of:

(a) HD for recognition of C/G;
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(b) NI for recognition of A/T,

(c) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
€) NN for recognition of G/C or A/T;

(tNG for recognition of T/A;

(g) NX{or recognition of C/G;

(h) HG 1§r recognition of C/G or T/A;

(i) H for redggnition of T/A; and

(j) NK for recdgnition of G/C.

44. A polypeptide prodyced by the method of claim 43.

45. A DNA comprising a coying sequence for the polypeptide produced by the
method of claim 43.

46.  An expression cassette comprislyg a promoter operably linked to the DNA of

claim 45,
47. A non-human host cell comprising the &gpression cassette of claim 46.

48. A transformed, non-human organism compriging the expression cassette of claim
46.

49. A mcthod for sclectively recognizing a basc pair in A\DNA scquence by a
polypeptide, the method comprising constructing a polypeptidcomprising a repeat
domain, wherein the repeat domain comprises at least one repeat Wit derived from a TAL
effector, wherein the repeat unit comprises a hypervariable region wiNch determines
recognition of a base pair in the DNA sequence, wherein the repeat unit\g responsible for
the recognition of one base pair in the DNA sequence, and wherein the hypgrvariable
region comprises a member selected from the group consisting of:

{a) HD for recognition of C/G;

(b) NI for recognition of A/T;

(¢) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
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(e) NN for recognition of G/C or A/T;
(£) IG for recognition of T/A;
(g) N for recognition of C/G;
(h) HG for recognition of C/G or T/A;

50. A method\of modulating expression of a target gene in a cell, wherein cells are
provided which con¥gin a polypeptide wherein the polypeptide comprises a repeat
domain, wherein the régeat domain comprises at least one repeat unit derived from a TAL
effector, wherein the repedt unit comprises a hypervariable region which determines
recognition of a base pair in § DNA sequence, wherein the repeat unit is responsible for
the recognition of one base pairNn the DNA sequence, and wherein the hypervariable
region comprises a member selected from the group consisting of:
(a) HD for recognition of C/
(b) NI for recognition of A/T,
(¢} NG for recognition of T/A;
(d) NS for rccognition of C/G or A/T ox T/A or G/C;
{(e) NN for recognition of G/C or A/T;
() IG for recognition of T/A;

(g} N for recognition of C/G;

(h) HG for recognition of C/G or T/A,
(1) H for recognition of T/A; and

(i) NK for recognition of G/C .

51. A polypeptide comprising a repeat domain, wherein the repe® domain comprises
at least one repeat unit derived from a TAL effector, wherein the repeat Wnit comprises a
hypervariable region which determines recognition of a base pair in a DNAscquence,
wherein the repeat unit is responsible for the recognition of one base pair in thg DNA
sequence, and wherein the hypervariable region comprises a member selected fr
group consisting of:

(a) HD for recognition of C/G;
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(b) NI for recognition of A/T,

(c) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
¢) NN for recognition of G/C or A/T;

(ENG for recognition of T/A;

52. A DNA comprising } coding sequence for the polypeptide of claim 51.

53. A DNA which is modifieq to include a base pair located in a target DNA sequence
so that the base pair can be specificlly recognized by a polypeptide comprising a repeat
domain, wherein the repeat domain colgprises at least one repeat unit derived from a TAL
effector, wherein the repeat unit comprise§ a hypervariable region which determines
recognition of a base pair in the DNA sequenge, wherein the repeat unit is responsible for
the recognition of one base pair in the DNA seqience, and wherein, to receive a selective
and determined recognition by the hypervariable région, the base pair is selected from the
group consisting of:

(a) C/G for recognition by HD,;

(b) A/T for recognition by NI;

(c) T/A for recognition by NG;

(d) CT or A/T or T/A or G/C for recognition by NS;

(e) G/C or A/T for recognition by NN,;

(f) T/A for recognition by 1G;

{g) C/G or T/A for recognition by N;

(h) T/A for recognition by HG;

(i) T/A for recognition by H; and

() G/C for recognition by NK.

54. A vector comprising the DNA of claim 53.
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55.  Anon-human host cell comprising the DNA of claim 53.
56\, A transformed, non-human organism comprising the DNA of claim 53.

57. method for producing a DNA comprising a target DNA sequence that is
selectivelyNecognized by a polypeptide comprising a repeat domain, wherein the repeat
domain comp¥ses at least one repeat unit derived from a TAL effector, wherein the repeat
unit comprises a {yypervariable region which determines recognition of a base pair in the
target DNA sequency, and wherein the repeat unit is responsible for the recognition of
one base pair in the targt DNA sequence, the method comprising synthesizing a DNA
comprising a base pair tha\js capable of being recognized by the repeat unit, wherein the
base pair is selected from the\group consisting of:

{(a) C/G for recognition by HD;

(b) A/T for recognition by

(¢) T/A for recognition by NG;

(d) CT or A/T or T/A or G/C for ré¢ognition by NS;

(e} G/C or A/T for recognition by

(f) T/A for recognition by IG,

(g) C/G or T/A for recognition by N;

(h) T/A for recognition by HG;

(1) T/A for recognition by H; and

(j) G/C for recognition by NK.
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WHAT IS CLAIMED IS:

1. A method for modifying the genetic material of a cell, comprising:
(a) providing a cell containing a target DNA sequence; and
(b) introducing into the cell a vector encoding a transcription activator-like (TAL)
effector endonuclease, the TAL effector endonuclease comprising:
(i) an endonuclease domain that can cleave double stranded DNA, wherein
the endonuclease domain is from a type Il restriction endonuclease, and
(ii) a TAL effector domain comprising a plurality of TAL effector repeat
sequences that, in combination, bind to a specific nucleotide sequence in the
target DNA sequence,
such that the TAL effector endonuclease cleaves the target DNA sequence within

or adjacent to the specific nucleotide sequence in the cell or progeny thereof.

2. The method of claim 1, further comprising providing to the cell a nucleic acid
comprising a sequence homologous to at least a portion of the target DNA sequence, such

that homologous recombination occurs between the target DNA sequence and the nucleic

acid.

3. The method of claim 1 or claim 2, wherein the cell is 28 mammalian cell.

4. The method of claim 1 or claim 2, wherein the cell is a plant cell.

5. The method of any one of claims 1 to 4, wherein the introducing comprises

transfecting the cell with a vector encoding the TAL effector endonuclease.

6. The method of any one of claims 1 to 5, wherein the type II restriction

endonuclease is Fokl.

7. The method of any one of claims 1 to 6, wherein the TAL effector domain that
binds to a specific nucleotide sequence within the target DNA sequence comprises 10 or
more TAL effector repeat sequences, more preferably 15 or more TAL effector repeat

sequences.
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8. The method of claim 7, wherein each TAL effector repeat sequence comprises a
repeat variable-diresidue (RVD) that determines recognition of a base pair in the target
DNA sequence, wherein each TAL effector repeat sequence is responsible for
recognizing one base pair in the target DNA sequence, and wherein the RVD comprises
one or more of:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G;

NS for recognizing A;

HG for recognizing T;

I1G for recognizing T;

NK for recognizing G,

HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G; and

NA for recognizing G.

9. A method for generating a nucleic acid encoding a TAL effector endonuclease,
said method comprising:

(a) identifying a first unique nucleotide sequence in the genome of a cell; and

(b) synthesizing a nucleic acid encoding a TAL effector endonuclease that
comprises (i) a plurality of TAL effector repeat sequences that, in combination, bind to
the first unique nucleotide sequence, and (ii) an endonuclease that generates a double-
stranded break within or adjacent to the first nucleotide sequence, wherein each TAL
effector repeat sequence comprises a RVD that determines recognition of a base pair in
the target DN A, wherein each TAL effector repeat sequence is responsible for
recognizing one base pair in the target DNA, and wherein the TAL effector endonuclease
comprises one or more of the following RVDs:

HD for recognizing C; |

NG for recognizing T;
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NI for recognizing A;
NN for recognizing G;
NS for recognizing A;
HG for recognizing T;
IG for recognizing T;
NK for recognizing G;
HA for recognizing C;
ND for recognizing C;
HI for recognizing C;
HN for recognizing G; and
NA for recognizing G.

10.  The method of claim 9, wherein the first nucleotide sequence meets at least one of
the following criteria:

i) is a minimum of 15 bases long and is oriented from 5’ to 3' witha T
immediately preceding the site at the 5’ end;

ii) does not have a T in the first (5') position or an A in the second position;

iii) ends in T at the last (3') position and does not have a G at the next to last
position; and

iv) has a base composition of 0-63% A, 11-63% C, 0-25% G, and 2-42% T.

il. The method of claim 9 or claim 10, further comprising identifying a-second
nucleotide sequence in the genome of the cell, wherein the first and second nucleotide

sequences are separated by 15-18 bp.

12. The method of any one of claims 9 to 11, wherein the endonuclease generates a

double-stranded break between the first and second nucleotide sequences.

13. A TAL effector endonuclease monomer comprising an endonuclease domain and
a TAL effector DNA binding domain specific for a target DNA, wherein the
endonuclease domain is from a type Il restriction endonuclease, wherein the DNA
binding domain comprises a plurality of TAL effector repeat sequences, each TAL

effector repeat sequence comprising a RVD that determines recognition of a base pair in
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the target DNA, and wherein each TAL effector repeat sequence is responsible for

recognizing one base pair in the target DNA.

14. The TAL effector endonuclease monomer of claim 13, wherein the type II restriction

endonuclease is Fokl.

15. The TAL effector endonuclease monomer of claim 14, wherein said monomer
functions as a dimer with another monomer across a bipartite recognition site with a
spacer, allowing Fokl to dimerize and create a double-strand break in said target DNA

within said spacer.

16. The TAL effector endonuclease monomer of claim 13, wherein the TAL effector
endonuclease monomer comprises one or more of the following RVDs:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G;

NS for recognizing A;

HG for recognizing T;

1G for recognizing T;

NK for recognizing G;

HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G; and

NA for recognizing G.

17. The TAL effector endonuclease monomer of claim 13, wherein the amino acid
sequence of said TAL effector endonuclease has at least 95% identity to a sequence

selected from SEQ ID NO:33 to SEQ ID NO:55, SEQ ID NO:72, and SEQ ID NO:73.

18. A method for generating non-human animal, comprising:

i) providing a eukaryotic cell comprising a target DNA sequence into which it is
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desired to introduce a genetic modification, wherein the cell comprises a nucleic acid
encoding a TAL effector endonuclease according to any one of claims 13 to 17;

i1) generating a double-stranded break within the target DNA sequence with the
TAL effector endonuclease; and

111) generating non-human animal from the cell or progeny thereof in which a

double-stranded break has occurred.

19.  The method of claim 18, further comprising:
introducing into the cell an exogenous nucleic acid comprising a sequence
homologous to at least a portion of the target DNA, wherein the introducing is under
conditions that permit homologous recombination to occur between the exogenous
nucleic acid and the target DNA sequence in the cell or progeny thereof; and
generating non-human animal from the cell or progeny thereof in which

homologous recombination has occurred.

20. A method for generating a plant, comprising:

i) providing a plant cell comprising a target DNA sequence into which it is
desired to introduce a preselected genetic modification, wherein the plant cell comprises
a nucleic acid encoding a TAL effector endonuclease according to any one of claims 13
to 17; |

i1) generating a double-stranded break within the target DNA sequence with the
TAL effector endonuclease; and

ii1) generating a plant from the cell or progeny thereof in which a double-stranded

break has occurred.

21.  The method of claim 20, further comprising:

introducing into the plant cell an exogenous nucleic acid comprising a sequence
homologous to at least a portion of the target DNA sequence, wherein the introducing is
under conditions that permit homologous recombination to occur between the exogenous
nucleic acid and the target DNA sequence in the cell or progeny thereof; and

generating a plant from the cell or progeny thereof in which homologous

recombination has occurred.
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22, A method for targeted genetic recombination in a cell, comprising:

1) introducing into the cell a nucleic acid encoding a TAL effector endonuciease
according to any one of claims 13 to 17, wherein said TAL effector endonuclease is
targeted to a selected DNA target sequence;

i1) inducing expression of the TAL effector endonuclease within the cell; and

iti) identifying a cell in which the selected DNA target sequence exhibits a

mutation.

23.  The method of claim 22, wherein the mutation is selected from the group
consisting of deletion of genetic material, insertion of genetic material, and both deletion

and msertion of genetic material.
24.  The method of claim 22, further comprising introducing donor DNA into the cell.

25.  The method of any one of claims 22 to 24, wherein the cell is an insect cell, a

plant cell, a fish cell, or a mammalian cell.

26. A nucleic acid encoding a TAL effector endonuclease comprising (i) ah
endonuclease domain that can cleave double stranded DNA, wherein the endonuclease
domain is from a type II restriction endonuclease, and (ii} a TAL effector domain
comprising a plurality of TAL effector repeat sequences that, in combination, bind to a

selected target DNA sequence.
27. The nucleic acid of claim 26, wherein said endonuclease domain is from Fokl.

28.  An expression cassette comprising a promoter operably linked to the nucleic acid

of claim 26 or claim 27.

29. A host cell comprising the expression cassette of claim 28.
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