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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 II 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 a 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 FokI. 

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;         

 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. 

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 DNA, 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’ with a 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. 

11. 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 II 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 FokI. 

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 FokI 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;        

 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. 

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 



94 
 

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;  

 ii) generating a double-stranded break within the target DNA sequence with the 

TAL effector endonuclease; and       

 iii) 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;  

 ii) generating a double-stranded break within the target DNA sequence with the 

TAL effector endonuclease; and        

 iii) 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:  

 i) introducing into the cell a nucleic acid encoding a TAL effector endonuclease 

according to any one of claims 13 to 17, wherein said TAL effector endonuclease is 

targeted to a selected DNA target sequence;  

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

 iii) 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 insertion 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) an 

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 FokI. 

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. 
 


