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(57) ABSTRACT 
This disclosure provides for compositions and methods for 
the use of nucleic acid-targeting nucleic acids and complexes 
thereof. Genome engineering can refer to altering the genome 
by deleting, inserting, mutating, or Substituting specific 
nucleic acid sequences. The altering can be gene or location 
specific. Genome engineering can use nucleases to cut a 
nucleic acid thereby generating a site for the alteration. Engi 
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CSy 4 Sequences 
<213> Pseudomonas aeruginosa 
Met Asp His Tyr Leu. Asp Ile Arg Leu Arg Pro Asp Pro Glu Phe Pro 
Pro Ala Glin Leu Met Ser Val Lieu Phe Gly Lys Lieu. His Glin Ala Leu 
Wall Ala Glin Gly Gly ASp Arg Ile Gly Val Ser Phe PrO Asp Leu. A Sp 
Glu Ser Arg Ser Arc Leu. Gly Glu Arg Lelu Arg Ile His Ala Ser Ala 
Asp Asp Leu Arg Ala Telu Telu Ala Arg Pro Trp Leu Glu Gly Telu Arg 
Asp His Leu Glin Phe Gly Glu Pro Ala Val Val Pro His Pro Thr Pro 
Cyr Arg Glin Val Ser Arg Val Glin Val Lys Ser ASn Pro Glu Arg Tell 
Arg Arg Arg Leu Met Arg Arg His Asp Leu Ser Glu Glu Glu Ala Arg 
Lys Arg Ile Pro Asp Thr Val Ala Arg Ala Lielu Asp Lelu Pro Phe Val 
Thir Leu Arg Ser Glin Ser Thr Gly Gln His Phe Arg Leu Phe Ile Arg 
His Gly Pro Leu Glin Val Thr Ala Glu Glu Gly Gly Phe Thr Cys Tyr 
Gly Leu Ser Lys Gly Gly Phe Val Pro Trp Phe 

Thir Leu Arg Ser Glin Ser Thr Gly Gln His Phe Arg Leu Phe Ile Arc 
ro Lell Glin Ala Thr Ala Glu Glu Gly Gly Phe Thr CyS Tyr 

Gly Leu Ser Lys Gly Gly Phe Val Pro Trp Phe 

<213> Pseudomonas aeruginosa 
Met Asp His Tyr Leu. Asp Ile Arg Leu Arg Pro Asp Pro Glu Phe Pro 
Pro Ala Gln Leu Met Ser Val Tell Phe Gly Lys Lieu. His Glin Ala Telu 
Val Ala Glin Gly Gly Asp Arc Ile Gly Val Ser Phe Pro Asp Leu. Asp 
Glu Ser Arg Ser Arg Lelu Gly Glu Arg Lelu Arg Ile His Ala Ser Ala 
Asp Asp Leu Arg Ala Leu. Leu Ala Arg Pro Trp Leu Glu Gly Leu. Arg 
Asp His Leu Glin Phe Gly Glu Pro Ala Val Val Pro His Pro Thr Pro 
Tyr Arg Glin Val Ser Arg Val Glin Ala LyS. Ser ASI) PrO Glu Arg Leu. 
Ard Arg Arc Leu Met Arc Air C. His ASO Lelu Ser Glu Glu Glu Ala Air C 
Lys Arg Ile Pro Asp Thr Val Ala Arg Thr Leu Asp Leu Pro Phe Val 

A. 

<213> Pseudomonas aeruginosa 
Met Asp His Tyr Lieu. Asp Ile Arc Leu Arg Pro Asp Pro Glu Phe Pro 
Pro Ala Gln Leu Met Ser Val Leu Phe Gly Lys Leu His Glin Ala Leu 
Val Ala Glin Gly Gly Asp ArC Ile Gly Val Ser Phe Pro A.Sp. Leu. A Sp 
Glu Ser Arg Ser Arg Leu Gly Glu Arg Leu Arg Ile His Ala Ser Ala 
Asp Asp Leu His Ala Leu. Leu Ala Arg Pro Trp Leu Glu Gly Leu. Arc 
Asp His Leu Gln Phe Gly Glu Ala Ala Val Val Pro His Pro Thr Pro 
Cyr Arg Glin Val Ser Arc Val Glin Ala Lys Ser Asn Pro Glu Arc Leu 
Arg Arg Arg Lieu Met Arg Arg His Asp Leu Ser Glu Glu Glu Ala Arg 
Lys Arg Ile Pro Asp Thr Val Ala Arg Thr Leu Asp Leu Pro Phe Val 
Thr Leu Arg Ser Glin Ser Thr Gly Gln His Phe Arg Leu Phe Ile Arg 
His Gly Pro Leu Glin Ala Thir Ala Glu Glu Gly Gly Phe Thir Cys Tyr 
Gly Lieu Ser Lys Gly Gly Phe Val Pro Trp Phe 

FIG. 40 
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Cas6 Sequences 

Thermus thermophilus HB8 
Met Val Leu Ala Ala Leu Val Leu Val Lieu. Glu Gly Glu Gly Leu Pro 
Glu Pro Leu Gly Leu Arg Gly Phe Phe Tyr Gly Leu Leu Arg Glu Val 
Ala Pro Glu Val His Asp Gln Gly Glu Asn. Pro Phe Ala Leu Gly Phe 
Gly Gly Arg Glu Gly Ala Ala Trp Ala Arg Val Ser Leu Leu Val Glu 
Gly Telu Tyr Ala Arg Leu Ala Pro Arg Leu Tyr Ala Telu Glu Gly Glu 
Glu Val Arg Lieu Gly Pro Pro Phe Arg Val Arc Ala Val Tell Glin Glu 
Gly His Pro Trp Ala Gly Val Ser Thr Tyr Pro Arg Leu Phe Glin Gly 
Pro Pro Ser Arg Asp Leu Ala Leu Arg Phe Ala Ser Pro Thir Phe Phe 
Arg Arg Lys Gly Val His Tyr Pro Val Pro Glu Pro Arg Leu Val Leu 
Glu Ser Leu. Leu Arg Arg Lell. Glu Ala Phe Gly Pro Leu Lys Ala PrO 
Glu Gly Val Arg Glu Ala Leu. Leu Glu Arg Thir Thr Val Arg Ser Leu 
Glu Gly Arg Thr Leu Pro Ala Arg Thr Glu Val Asp Thr Ala Gly Phe 
Val Gly Arg Val Val Tyr His Leu Pro Arg Ala Thr Glu Glu Glu Ala 
Leu Trp Lell Ser Ala Telu Gly Arg Phe Ala Phe Tyr Ser Gly Val Gly 
Ala Lys Thir Ser Leu Gly Tyr Gly Ard Ala AirC Ala Glu Ser Ala 

Thermus thermophilus HB8 
Met Pro Glin Ala Val Val Leu Glu Leu Val Gly Glu Lys Pro Pro Leu 
Tyr Pro Ala Arg Tyr Ala His Gly Leu Phe Phe Ala Leu Leu Ser Arg 
Val Ser Pro Glu Teu Ala Gln Lys Leu His Glu Ala Pro Arg Llys Pro 
Phe Thr Leu Ala Pro Leu Pro Arg Ala Gly Pro Glu Gly Ala Thr Teu 
Lys Gly Thr Leu Arg Telu Arc Leu Thir Thr Lieu Asp Asp Gly Lieu Phe 
Ala Pro Phe Lelu Arc Ala Leu Lelu Glu Ala Ala Pro ASO Gly Leu Pro 
Leu Gly Asp Ser Ser Tyr Arg Leu Ala Arg Val Leu Ala Thir Arg Glu 
Gly His Pro Leu Ala Gly Ala Thr Ser Trp Glu Glu Lieu Lys Glu Ala 
Pro Lys Arg Glu Lys Ala Thir Phe Arg Phe Leu Thr Pro Thr Val Phe 
Ala Thir Ser Lys Pro Gly Gly Arg Thr Arg Tyr Thr Pro Leu Pro Asp 
Pro Arg Lieu. Ile Ala Gly Ser Leu Leu Asp Lys Trp Glin Ala His Ser 
Pro Phe Pro Tyr ASn Pro Lys Glu Glu Ala Ala Leu Arg Glu Lieu Phe 
Glu Lieu. Asp Leu Glu Val Ala Gly Phe Air C. ASn Lelu Arg Phe His Arg 
Val Glin Ala Gly Lys Gly Phe Phe Pro Gly Phe Thr Gly Glu Ala Thr 
Leu Arg Leu Trp Ser Glin Ser Leu Glu Ala Glin Glu Ala Leu Gly Arg 
Leu His Ala Leu Ala Phe Phe Ser Gly Val Gly Ala Lys Thr Pro Tyr 
Gly Met Gly Leu Ala Val Pro Leu 

FIG. 41A 
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Cas6 Sequences 
Staphylococcus epidermidis RP62A 
Met Ile ASn Lys Ile Thr Val Glu Lell Asp Lell Pro Glu Ser Ile Arg 
Phe Glin Tyr Leu Gly Ser Val Leu His Gly Val Telu Met Asp Tyr Lieu 
Ser Asp Asp Ile Ala Asp Gln Leu His His Glu Phe Ala Tyr Ser Pro 
Leu Lys Glin Arg Ile Tyr His Lys Asn Lys Lys Ile Ile Trp Glu Ile 
Val CyS Met Ser Asp ASn Leu Phe Lys Glu Val Val Lys Leu Phe Ser 
Ser LyS ASn Ser Lell. Leu. Leu Lys Tyr Tyr Glin Thir ASn Ile Asp Ile 
Glin Ser Phe Glin Tle Glu Lys Tle Asn Val Glin Asn Met Met Asn Glin 
Leu Leu Glin Val Glu. Asp Leu Ser Arg Tyr Val Arg Leu ASn Ile Glin 
Thr Pro Met Ser Phe Lys Tyr Glin Asn Ser Tyr Met Ile Phe Pro Asp 
Val Lys Arg Phe Phe Arg Ser Ile Met Ile Glin Phe Asp Ala Phe Phe 
Glu Glu Tyr Arg Met Tyr Asp LyS Glu Thir Lieu. ASn Phe Leu Glu Lys 
Asn Val ASn Tle Val Asp Tyr Lys Lieu Lys Ser Thr Arg Phe ASn Leu 
Glu Lys Val Lys Ile Pro Ser Phe Thr Gly Glu Ile Val Phe Lys Ile 
Tys Gly Pro Leu Pro Phe Leu Gln Leu Thir His Phe Leu Lleu Lys Phe 
Gly Glu Phe Ser Gly Ser Gly Ile Lys Thir Ser Leu Gly Met Gly Lys 
Tyr Ser Ile Ile 

Mycobacterium tuberculosis H37 RV 
Met Ala Ala Arg Arc Gly Gly Ile Arg Arg Thr Asp Leu Lleu Arg Arg 
Ser Gly Glin Pro Arg Gly Arg His Arg Ala Ser Ala Ala Glu Ser Gly 
Teu Thir Trp Tle Ser Pro Thr Leu Tle Leu Val Gly Phe Ser His Arg 
Gly ASO Arg Arg Met Thr Glu His Leu Ser Air C. Leu. Thir Lelu Thir Leu 
Glu Val Asp Ala Pro Lell. Glu Arg Ala Arg Val Ala Thr Leu Gly Pro 
His Leu His Gly Val Telu Met Glu Ser Tle Pro Ala Asp Tyr Val Glin 
Thir Leu His Thr Val Pro Val Asn Pro Tyr Ser Glin Tyr Ala Leu Ala 
Arg Ser Thir Thir Ser Leu Glu Trip Lys Tle Ser Thr Leu Thr Asn Glu 
Ala Arg Glin Glin Ile Val Gly Pro Ile ASn Asp Ala Ala Phe Ala Gly 
Phe Arg Leu Arg Ala Ser Gly Ile Ala Thr Glin Val Thir Ser Arg Ser 
Telu Glu Glin ASn Pro Telu Ser Glin Phe Ala Arg Ile Phe Tyr Ala Arg 
Pro Glu Thir Arg Lys Phe Arg Val Glu Phe Leu. Thr Pro Thr Ala Phe 
Tys Glin Ser Gly Glu Tyr Val Phe Trp Pro Asp Pro Arg Lieu Val Phe 
Gln Ser Leu Ala Gln Lys Tyr Gly Ala Ile Val Asp Gly Glu Glu Pro 
Asp Pro Gly Telu Tle Ala Glu Phe Gly Glin Ser Val Arg Lieu Ser Ala 
Phe Arg Val Ala Ser Ala Pro Phe Ala Val Gly Ala Ala Arg Val Pro 
Gly Phe Thr Gly Ser Ala Thr Phe Thr Val Arg Gly Val Asp Thir Phe 
Ala Ser Tyr Tle Ala Ala Leu Lleu Trp Phe Gly Glu Phe Ser Gly Cys 
Gly Ile Lys Ala Ser Met Gly Met Gly Ala Ile Arg Val Glin Pro Leu 

T y S P r O Ala Pro Arg Glu Lys CyS Val Pro 

FIG. 41B 
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Cas6 Sequences 

StreptOCOCCuS thermophilus LMG 18311 
Met Lys Lys Leu Val Phe Thr Phe Lys Arg Ile Asp His Pro Ala Glin 
Asp Leu Ala Val Lys Phe His Gly Phe Leu Met Glu Gln Leu Asp Ser 
Asp Tyr Val Asp Tyr Leu His Glin Glin Glin. Thir Asn Pro Tyr Ala Thr 
Lys Val Ile Glin Gly Lys Glu Asn. Thr Gln Trp Val Val His Leu Leu 

Asp Asp Ile Glu Asp Lys Val Phe Met Thir Leu. Leu Glin Ile Lys T h l I 

Glu Val Ser Leu As In Asp Leu Pro Lys Leu Ser Val Glu Lys Val Glu 
Ile Glin Glu Leu Gly Ala Asp Lys Lieu. Leu Glu Ile Phe ASIn Ser Glu 
Glu Asn Gln Thir Tyr Phe Ser Ile Ile Phe Glu Thr Pro Thr Gly Phe 
Lys Ser Glin Gly Ser Tyr Val Ile Phe Pro Ser Met Arg Leu Ile Phe 
Glin Ser Leu Met Gln Lys Tyr Gly Arc Leu Val Glu Asn Gln Pro Glu 
Ile Glu Glu Asp Thir Leu Asp Tyr Leu Ser Glu. His Ser Thir Ile Thr 
Asn Tyr Arg Leu Glu Thir Ser Tyr Phe Arg Val His Arg Glin Arg Ile 
Pro Ala Phe Arg Gly Lys Leu Thir Phe Lys Val Glin Gly Ala Glin Thr 
Leu Lys Ala Tyr Val Lys Met Leu Lleu. Thir Phe Gly Glu Tyr Ser Gly 
Leu Gly Met Lys Thr Ser Leu Gly Met Gly Gly Ile Lys Telu Glu Glu 
Arg Lys Asp 

StreptOCOccus sanguinis SK36 
Met Lys Lys Ile Arg Leu. His Leu Ser Lys Val Ser Leu Lys Asp Asp 
Asp Leu Val CyS Lys Leu Gln Gly Phe Leu Met Glu Lys Leu Ser Asp 
Asp Phe Ala Ser Phe Leu. His Glin Glin Glu Thir Asn Pro Tyr Ser Met 
Asn Leu Arg Ser Glu Arg Glu Glu Ser Ile Trp Thr Val Asn Leu Leu 
Ser Glu Glu Ala Glu Glin Glin Ile Leu Pro Glin Telu Telu Ser Lelu Glu 

Met Ile Lys Leu Glu Thr Tyr Ser Glu Glu Ile Leu Val Lys Asn Tle 
G 
A. 

A. 

Glu Tile in Ser Leu Ser Ser Glin Ser Lieu. Leu Glu Val Phe Glin Gly 
Asp Glu Ala Ser His Leu Ile Ser Leu Asn Phe Tyr Thr Pro Thir Thr 
Phe Lys Arg Glin Gly Glin Phe Val Lell Phe Pro Asp Thr Arg Leu Ile 
Phe Glin Ser Leu Met Gln Lys Tyr Ser Arg Lieu Val Glu Gly Lys Ala 
Glu Ile Glu Glu Glu Thir Lieu. Gill. Phe Leu Ala Glu His Ser Glin Ile 
Ser Ser Tyr Arg Leu Lys Ser HiS Tyr Phe Pro Ile His Gly Arg Lys 
Tyr Pro Ala Phe Glu Gly Arg Val Thir Ile Arg Ile Gln Gly Ala Ser 

T. Thir Leu Lys Ala Tyr Ala Gln Met Leu Lell. Arg Phe Gly Glu Tyr Ser 
Gly Val Gly Ala Lys Cys Ser Leu Gly Met Gly Gly Met Arg Ile Glu 
Glu Arg Lys Thr 
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Cas6 Sequences 
Microcystis aeruginosa. NIES-843 
Met Pro Tyr Ser Leu Val Leu. Asn Leu Thr Pro Arg Ser Pro Ile Tyr 
Pro Asn Phe Leu Thr Gly Arg His Leu His Ala Leu Phe Leu Thir Lieu. 
Val Ser Ser Val Asp Glin Glu Lell Gly Lys Ile Lell His Thr Ala Glu 
Ala Asp Lys Ala Phe Thir Leu Ser Pro Leu Gln Met Glin Ser Gly Gly 
Lys. Thir Ile Asn. Ser Pro Gln Trp Arg Tyr Glu Arg Pro Ile Ala Pro 
Glu. Thr Pro CyS Trp Trp Arc. Ile Ser Leu. Leu Asp Asp Arg Leu Phe 
Gly Lys Leu Thr Pro Leu Trip Leu Asn Leu. Asn Pro Lys His Pro Trip 
His Leu Gly Ser Ala Asp Leu Val Ile Thr Ser Val Leu Ala Thr Pro 
Gln Ser Val Glin Pro Trp Ala Asn Ser Cys Thr Tyr Gln Tyr Leu Tyr 
Glu Asn Ala Ser Glu Thir ASn Arg Glu Phe Asp Phe Leu Phe Ala Thr 
Pro Val Thir Phe Arg Glin Gly Lys Phe Asp Ser Ala Leu Pro Thir Arg 
Glu Lieu Val Phe ASn Ser Leu. Leu AS in Arc Trp Asn Ard Tyr Ser Ala 
Ile Pro Phe Asp Ser Ile Val Leu Glu Ser Ile Phe Pro Ser Phe Phe 
Asp Ile Glin Thr Lys Lieu Ala Asp Glu Ala Tyr Lys Asn Glin Ser Phe 
Gly Cys Val Gly Glu Ile His Tyr Arg Leu Lleu Gly Glu Val Glu Pro 
Ala Lys Ile Lys Ala Ile ASn Wall Leu Ala Asp Phe Ala Leu Tyr Ala 
Gly Val Gly Arg Lys Thir Thr Met Gly Met Gly Met Thir Arg Arg Ile 
Ala Lys Glu Lys Arg 

Meiothermus Silvanus DSM 99.46 
Met Met Leu Ala Ala Leu Val Leu Pro Leu Glu Gly Glin Ala Arg Pro 
Asp Pro Asp Gly Trp Arg Gly Lieu Val Tyr Gly Telu Teu Lys Glu Tle 
Asp Pro Glu Lell His Thr Ala Gln His Asn Pro Phe Ser Lell Gly Leu 
Gly Gly Ala Glu Gly Gln Trp Trp Val Arg Ile Ala Leu Lell. Glu Glu 
Gly Leu Tyr Ala Arg Leu Ser Pro His Leu Phe Gly Leu Val Gly Gln 
Ser Wall Lys Leu Lys Glu Pro Phe Arg Val Arc Ala Val Leu Gln Glu 
Glu. His Pro Tro Ala Ser Leu Ser Thir Tyr Pro Arg Leu Phe Glin Gly 
Gln Ala Ser Pro Ser Leu Gly Leu Gln Phe Ala Ser Pro Thr Phe Phe 
Arg Arg Lys Gly Asn Ser Tyr Pro Leu Pro Glu Pro Lys Lieu Val Phe 
Asp Ser Lelu Thr Glin Arg Trp Asn Ala Phe Ala Pro Val LyS Val Pro 
Pro Glu Met Ala Glu. Thir Trp Glu Arg Val Thir Ile Thr Arg Leu Gln 
Gly His Thr Glin Ala Ile Arg Pro Asn Pro Asp Glu Arg Gly Val Gly 
Phe Val Gly Arg Val Val Tyr His Leu Pro Ala Ala Lys Pro Thr Glu 
Ala Glin Trp Met Glin Ala Leu Gly Arg Phe Ala Phe Tyr Ala Gly Val 
Gly Ala Lys Thr Ser Leu Gly Phe Gly Arg Val Arg Gly Phe Asp Pro 
Ile Leu Lys Glu Glu Ser Ala ASn Gly Arg Lell. Asp Ala Gill. Asp Ser 
Ser Ser Leu Ala Thr Pro Glin Asp Pro Gly Ala 
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Cas6 Sequences 
MeiOthermus Silvanus DSM 99.46 

Met Met Leu Ala Ala Leu Val Leu Pro Leu Glu Gly Glin Ala Arg Pro 
Asp Pro Asp Gly Tro Arg Gly Leu Val Tyr Gly Leu. Leu Lys Glu. Ile 
Asp Pro Glu, Leu. His Thr Ala Gln His Asn Pro Phe Ser Leu Gly Leu 
Gly Gly Ala Glu Gly Gln Trp Trp Val Arg Tle Ala Tell Leu Glu Glu 
Gly Leu Tyr Ala Arg Leu Ser Pro His Leu Phe Gly Leu Val Gly Glin 

- A Ser Val Lys Leu Lys Glu Pro Phe Arg Val Arg Ala Val Leu Glin Glu 
Glu. His Pro Trp Ala Ser Leu Ser Thr Tyr Pro Arg Leu Phe Glin Gly 
Glin Ala Ser Pro Ser Leu Gly Leu Glin Phe Ala Ser Pro Thr Phe Phe 
Arc Arg Lys Gly ASn Ser Tyr Pro Leu Pro Glu PrO Lys Leu Val Phe 
Asp Ser Leu Thir Glin Arg Trp Asn Ala Phe Ala Pro Val Lys Val Pro 
PrO Glu Met Ala Glu Thir Trp Glu Arg Val Thir Ile Thir Arg Lell Glin 
Gly His Thr Glin Ala Ile Arg Pro Asn Pro Asp Glu Arg Gly Val Gly 
Phe Val Gly Arg Val Val Tyr His Leu Pro Ala Ala Lys Pro Thr Glu 
Ala Gln Trp Met Glin Ala Leu Gly Arg Phe Ala Phe Tyr Ala Gly Val 
Gly Ala Lys. Thir Ser Leu Gly Phe Gly Arg Val Arg Gly Phe Asp Pro 
Ile Leu Lys Glu Glu Ser Ala ASn Gly Arc Leu ASO Ala Glu Asp Ser 
Ser Ser Leu Ala Thr Pro Glin Asp Pro Gly Ala 

MeiOthermus ruber DSM 1279 

Met. Ile Leu Ala Ala Leu Ile Leu Pro Leu Glu Gly Pro Thr Arg Pro 
Asp PrO ASO Gly Tro Arc Gly Leu Val Tyr Gly Lieu. Leu Lys Glu Ile 
Asp Pro Glu, Leu. His Ala Ala Gln His ASn Pro Phe Ser Leu Gly Leu 
Gly Gly Ala Leu Gly Gln Trp Trp Val Arg Ile Ala Phe Leu Glu Glu 
Gly Lieu Tyr Ala Arg Leu Ser Pro His Leu Phe Gly Leu Ala Gly Glin 
Thr Val Arc Leu Lys Glu Ala Phe Glin Val Arg Ala Val Leul Glin Glu 
Al Trp Ala Gly Val Ser Thr Tyr Pro Lys Leu Phe Glin Gly 
G Ala Ser Leu Gly Leu Gln Phe Ala Ser Pro Thr Phe Phe 
Ard Arg Lys Gly His Ser Tyr Pro Leu Pro Glu Pro Arg Lieu Val Phe 
G T 
G G 
G H 

hir Glin Arg Trp Asn Ala Phe Ala Pro Val Lys Val Pro 
G ln Glu Ala Trp Glu Arg Leu Leu Val Gly Glin Phe Glin 
Al is His Ile Ala Pro Asn Glin Asp Glu Arg Gly Val Gly 

Phe Val Gly Arg Val Val Tyr Tyr Lieu Pro Lys Ala Ser Pro Thr Glu 

A 
Ala Gln Trp Leu Glin Ala Leu Gly Arg Phe Ala Phe Tyr Ala Gly Wall 
Gly Ala Lys. Thir Ser Telu Gly Phe Gly Arg Val Arg Met Phe Asp Pro 
Leu Gln Glin Glu Arg Arg Pro Asp Glu Ser Glu Glin Gly Ala Leu Thr 
Gly Thr Val Gly Gly Val 
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Cas6 Sequences 

Thermus thermophilus HB8 
Met Val Leu Ala Ala Leu Val Leu Val Leu Glu Gly Glu Gly Leu Pro 
Glu Pro Leu Gly Leu Arg Gly Phe Phe Tyr Gly Leu. Leu Arc Glu Val 
Ala Pro Glu Val His Asp Gln Gly Glu Asn. Pro Phe Ala Leu Gly Phe 
Gly Gly Arg Glu Gly Ala Ala Trp Ala Arg Val Ser Leu Leu Val Glu 
Gly Telu Tyr Ala Arg Telu Ala Pro Arg Lieu. Tyr Ala Telu Glu Gly Glu 
Glu Val Arg Telu Gly Pro Pro Phe Arg Val Arg Ala Val Telu Gln Glu 
Gly. His Pro Trp Ala Gly Val Ser Thr Tyr Pro Arg Leu Phe Glin Gly 
Pro Pro Ser Arg Asp Leu Ala Lieu Arg Phe Ala Ser Pro Thr Phe Phe 
Arg Arg Lys Gly Val His Tyr Pro Val Pro Glu Pro Arg Leu Val Leu 
Glu Ser Leu Leu Arg Arg Leu Glu Ala Phe Gly Pro Leu Lys Ala Pro 
Glu Gly Val Arg Glu Ala Leu Lleu Glu Arg Thir Thr Val Arg Ser Leu 
Glu Gly Arg Thr Leu Pro Ala Arg Thr Glu Val Asp Thr Ala Gly Phe 
Val Gly Arg Val Val Tyr His Leu Pro Arg Ala Thr Glu Glu Glu Ala 
Leu Trp Leu Ser Ala Leu Gly Arg Phe Ala Phe Tyr Ser Gly Val Gly 
Ala Lys Thir Ser Leu Gly Tyr Gly Arg Ala Arg Ala Glu Ser Ala 

Thermus thermophilus JT -18 
Met Val Telu Ala Ala Leu Val Teu Val Lieu. Glu Gly Glu Gly Telu Pro 
Glu Pro Leu Gly Leu Arg Gly Phe Phe Tyr Gly Lieu Lelu Arg Glu Val 
Ala Pro Glu Val His Asp Glin Gly Glu Asn Pro Phe Ala Leu Gly Phe 
Gly Gly Arg Glu Gly Ala Ser Trp Ala Arg Val Ser Lieu. Leu Arg Glu 
Glu Lieu Tyr Ala Arg Leu Ala Pro Arg Lieu. Tyr Ala Lell. Glu Gly Glu 
Glu Val Arg Leu Gly Pro Pro Phe Arg Val Arg Ala Wall Leu Gln Glu 
Gly. His Pro Trp Ala Gly Val Ser Thr Tyr Pro Arg Leu Phe Glin Gly 
Pro Pro Ser Arg Asp Leu Ala Leu Arg Phe Ala Ser Pro Thr Phe Phe 
Arg Arg Lys Gly Val His Tyr Pro Val Pro Glu Pro Arg Leu Val Leu 
Glu Ser Leu Lelu Arg Arg Leu Glu Ala Phe Gly Pro Leu Lys Ala Pro 
Glu Gly Val Arg Glu Ala Leu Leu Glu Arg Thir Thr Val Arg Ser Leu 
Glu Gly Arg Thir Leu Pro Ala Arg Thr Glu Val Asp Thir Ala Gly Phe 
Val Gly Arg Val Val Tyr His Leu Pro Arg Ala Thr Gill. Glu Glu Ala 
Leu Trp Leu Ser Ala Leu Gly Arg Phe Ala Phe Tyr Ser Gly Val Gly 
Ala Lys Thir Ser Leu Gly Tyr Gly Arg Ala Arg Ala Glu Ser PrO 
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Cas6 Sequences 

Thermus sp. CCB US3 UF1 
Met Leu Ala Ala Leu Val Lieu. Thir Leu. Glu Gly Glu Ala Pro Pro Glu 
Pro Arg Gly Leu Arg Gly Phe Phe Tyr Gly Leu Leu Gln Glu Val Ala 
Pro Glu Val His Asp Glin Gly Glu Asn Pro Phe Ala Leu Gly Phe Gly 
Gly Lys Glu Gly Ala Tyr Trp Ala Arc Phe Ser Leu Lleu. Glin Glu Gly 
Leu Tyr Ala Arg Lieu Ala Pro Arg Tell Phe Ala Leu Glu Gly Lys Glu 
Val Arc Leu Gly Lys PrO Phe Arc Val Arc Gly Val Lieu. Glin Glu Gly 
His Pro Trp Ala Gly Val Ser Thir Tyr Ala Arg Leu Phe Glin Gly Glu 
Ala Leu Pro Asp Leu Pro Leu Arg Phe Ala Ser Pro Thr Phe Phe Arg 
Arg Lys Gly Val His Tyr Pro Leu Pro Glu Pro Arg Leu Val Val Glu 
Ser Lelu Telu Arg Arg Lieu Glu Ala Phe Gly Pro Leu Lys Ala Pro Glu 
Gly Val Arc Glu Ala Leu Leu Glu Arc. Thir Thr Val Arg Trp Phe Glu 
Gly Lys Thir Leu Lys Ala Glu Thir Glu Val Glu Ala Val Gly Phe Val 
Gly Lys Val Val Tyr His Leu Pro Arc Ala Thr Glu Glu Glu Ala Arg 
Trp Leu Glin Ala Leu Gly Arg Phe Ala Phe Tyr Ser Gly Val Gly Ala 
Lys Thr Gly Telu Gly Tyr Gly Arg Ala Arg Val Gly 

Thermus aquaticus Y51MC23 
Met Val Leu Val Ala Leu Val Lell Val Telu Glu Gly Glu Gly Pro Pro 
Glu Pro Leu Gly Leu Arg Gly Phe Phe Tyr Thir Leu Leu Lys Glu Ala 
Phe Pro Glu, Leu. His Asp Gln Gly Glu ASn Pro Phe Ala Leu Gly Phe 
Gly Lieu Arc Gly Gly Glu Pro Tro Ala Arg Val Ser Leu Lleu. Aro Glu 
Asp Leu Tyr Gly Arg Leu Ser Pro Ala Leu Phe Gly Leu Glu Gly Arg 
Glu Val Arg Lell Gly Arg Lieu Phe Arg Val Arg Ala Wall Lell Glin Glu 
Gly His Pro Trp Ala Gly Leu Thir Thr Tyr Ala Arg Leu Phe Glin Gly 
Pro His Ser Pro Asn Leu Pro Leu. Arg Phe Tyr Ser Pro Thir Phe Phe 
Arg Arg Lys Gly Val Glin Tyr Pro Leu Pro Glu Pro Arg Lieu Val Leu 
Glu Ser Leu. Leu. Arg Arg Leu Glu Ala Phe Gly Pro Leu Lys Ala Pro 
Gln Glu Val Arg Glu Ala Leu Lell. Glu Arg Thir Thr Val Arg Phe Leu 
Glu Gly Arg Thr Gln Met Ala Arg Thr Glu Val Asp Thr Val Gly Phe 
Val Gly Lys Val Val Tyr His Leu Pro Lys Ala Thr Glu Glu Glu Ala 
Leu Tro Leu Ser Ala Leu Gly Ard Tyr Ala Phe Phe Ser Gly Val Gly 
Ala LyS Thir Ser Leu Gly Tyr Gly Leu Ala Arg Ala Phe Thr Glin Val 
Gly Pro Glin Asp Ala Glu Thr 
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Cas6 Sequences 

Marinithermus hydrothermalis DSM 14884 
Met Leu Ala Ala Leu Val Leu Pro Leu Glu Gly PrO Asp Arg Pro 
Gln Pro Leu His Ala Arc Gly Tro Val Tyr Arg Lieu Lelu Arg Glu Ala 
Ala Pro Glu Ile His Asp Ala Glu Gly Pro Lys Pro Phe Thr Val Gly 
Val Gly Gly Arc Pro Asn Ala Val Tro Val Arg Lelu Thir CyS Leu Ala 
Glu Val Tyr Ala Ala Telu Ser Pro Arg Lieu Trp Ser Glin Val Gly 
Telu Val Arg Leu G lu. Asp Thr Tyr Arg Ile Lys Ala Val Leu. 
Glu G HiS PrO T a Gly Lieu Ala Thr Trp Pro Arg Tell Phe 
Glin G Ala Gly Pro A.Sp. Leu Gly Leu Glu Phe Ala Ser Pro Thr 
Phe Phe Arg Arg Glin Gl Asn Tyr Pro Leu Pro Glu Pro Arg Leu 

G 
P A. 

l 

al P 

Wall Leu Gly Ser Leu. u Arg Trp Asn Ala His Ala Pro Thr Pro 
Val Pro Pro Glu Val lu Arg Lieu Val Glu Ala Thir Thr Leu Arc 
Tyr Leu Lys Gly His Thr l Ser Ala Val Gly HiS Asp Arg Thr Val 

C 
a. 

Gly Phe Arg Gly Arc Val Thir Tyr His Leu Pro Arg Ala Ser Thr Glu. 
Glu Ala Arg Trp Teu Ala Ala Leu Gly Arg Phe Ala Phe Phe Ser Gly 
Val Gly Ala Lys Thir Thr Leu Gly Phe Gly Glin Val Arg Pro Tyr Pro 
Leu Lleu Ala Pro Ser Ala Ala Pro Pro Gly Pro 

Thermus thermophilus HB8 
Met Pro Glin Ala Val Val Telu Glu Lell Val Gly Glu Lys Pro Pro Tell 
Tyr Pro Ala Arg Tyr Ala His Gly Leu Phe Phe Ala Leu Leu Ser Arc 
Val Ser Pro Glu Tel Ala Gln Lys Lell His Glu Ala Pro Arg Lys Pro 
Phe Thr Leu Ala Pro Leu Pro Arg Ala Gly Pro Glu Gly Ala Thir Leu 
Lys Gly Thr Lielu Arc Leu Arc Leu Thir Thr Lieu Asp Asp Gly Leu Phe 
Ala PrO Phe Leu Arg Ala Leu. Leu. Glu Ala Ala PrO Asp Gly Leu Pro 
Leu Gly Asp Ser Ser Tyr Arc Leu Ala Arg Wall Leu Ala Thr Ard Glu 
Gly His Pro Leu Ala Gly Ala Thir Ser Trp Glu Glu Leu Lys Glu Ala 
Pro Lys Arg Glu Lys Ala Thr Phe Arg Phe Leu Thr Pro Thr Val Phe 
Ala Thr Ser Lys Pro Gly Gly Arg Thr Arg Tyr Thr Pro Leu Pro Asp 
Pro Arg Leu Ile Ala Gly Ser Leu. Leu Asp Lys Trp Glin Ala His Ser 
Pro Phe Pro Tyr ASn Pro Tys Glu Glu Ala Ala Lieu Arg Glu Tell Phe 
Glu Leu Asp Leu Glu Val Ala Gly Phe Arg ASn Leu Arg Phe His Arg 
Val Glin Ala Gly Lys Gly Phe Phe Pro Gly Phe Thr Gly Glu Ala Thr 
Leu Arg Leu Trp Ser Glin Ser Leu Glu Ala Glin Glu Ala Leu Gly Arg 
Leu His Ala Leu Ala Phe Phe Ser Gly Val Gly Ala Lys Thr Pro Tyr 
Gly Met Gly Leu Ala Val Pro Leu 
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CaS6 Sequences 

Thermus thermophilus HB27 
Met Pro Glin Ala Val Val Lell Glu Lieu Val Gly Glu Lys Pro Pro Leu 
Tyr Pro Ala Arg Tyr Ala His Gly Lieu. Phe Phe Ala Leu Lell Ser Arg 
Val Ser PrO Glu Leu Ala Gln Lys Lieu. His Glu Ala Pro Arg Lys Pro 
Phe Thir Leu Ala Pro Leu Pro Arg Ala Gly Pro Glu Gly Ala Thr Leu 
Lys Gly Thr Telu Arg Lieu. Arg Leu Thir Thr Leu Asp Asp Gly Lieu. Phe 
Ala Pro Phe Leu Arg Ala Leu Leu Glu Ala Ala Pro Asp Gly Leu Pro 
Lell Gly Asp Ser Ser Tyr Arg Leu Ala Arg Val Leu Ala Thr Arg Glu 
Gly His Pro Leu Ala Gly Ala Thir Ser Trp Glu Glu, Leu Lys Glu Ala 
Pro Lys Arg Glu Lys Val Thr Phe Arg Phe Leu Thr Pro Thr Val Phe 
Ala Thir Ser Lys Pro Gly Gly Arg Thr Arg Tyr Thr Pro Leu Pro Asp 
Pro Arg Lieu. Tle Ala Gly Ser Leu Lieu. Asp Lys Trp Glin Ala His Ser 
Pro Phe Pro Tyr Asn Pro Lys Glu Glu Ala Ala Leu Arg Gly Leu Phe 
Glu Leu Asp Lell Glu Val Ala Gly Phe Arg Asn Lieu. Arg Phe His Arg 
Val Glin Ala Gly Lys Gly Phe Phe Pro Gly Phe Thr Gly Glu Met Thr 
Leu Arg Lieu. Trp Ser Glin Ser Leu Glu Ala Arg Glu Ala Leu Gly Arg 
Leu. His Ala Leu Ala Phe Phe Ser Gly Val Gly Ala Lys Thr Pro Tyr 
Gly Met Gly Leu Ala Val Pro Leu 

Thermus thermophilus SGO. 5 JP17-16 
Met Pro Glin Ala Val Val Leu Glu Leu Val Gly Glu Lys Pro Pro Leu 
Tyr Pro Gly Arg Tyr Ala His Gly Leu Phe Phe Ala Leu Leu Ser Arg 
Val Ser Pro Glu Leu Ala Gln Lys Teu. His Glu Ala Pro Arg Lys Pro 
Phe Thr Leu Ala Pro Leu Pro Arg Val Gly Pro Glu Gly Ala Thr Leu 
Lys Gly Ile Leu Arg Lieu. Arg Leu Thr Ala Leu Asp Asp Gly Leu Phe 
Ala Pro Phe Leu Arg Ala Leu Lell. Glu Ala Ala Pro Asp Gly Leu. Pro 
Leu Gly Asp Ser Ser Tyr Arg Leu Ala Arg Val Leu Ala Thir Arg Glu 
Gly His Pro Leu Ala Gly Ala Thir Ser Trp Glu Glu. Leu Lys Glu Ala 
Pro Lys Arg Glu Lys Ala Thr Phe Arg Phe Leu Thr Pro Thr Val Phe 
Ala Thr Ser Lys Pro Gly Gly Arg Thr Arg Tyr Thr Pro Leu Pro Asp 
Pro Arg Lieu. Ile Ala Gly Ser Leu Lleu. Asp Lys Trp Glin Ala His Ser 
Pro Phe Pro Tyr Asn. Pro Lys Glu Glu Ala Ala Leu. Arg Glu Leu Phe 
Glu Leu. Asp Leu Glu Val Ala Gly Phe Arg ASn Leu. Arg Phe HiS Arg 
Val Glin Ala Gly Lys Gly Phe Phe Pro Gly Phe Thr Gly Glu Ala Thr 
Telu Arc Leu Tro Ser Glin Ser Leu Glu Ala Glin Glu Ala Leu Gly Arg 
Leu His Ala Leu Ala Phe Phe Ser Gly Val Gly Ala Lys Thr Pro Tyr 
Gly Met Gly Leu Ala Val Pro Leu 
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Cas6 sequences 

TherInus thermophilus JL-13 
Met Pro Glin Ala Val Val Leu Glu, Leu Val Gly Glu Glu Ser Pro Leu 
Tyr Pro Ala Arg Tyr Ala His Gly Leu Phe Phe Ala Leu Leu Ser Arg 
Val Ser Pro Glu Lieu Ala Gln Lys Tell His Glu Ala Pro Arg Lys Pro 
Phe Thr Lieu Ala Pro Leu Pro Arg Val Gly Ser Glu Gly Ala Thr Leu 
LyS Gly Ile Leu Arg Lelu Arg Lieu. Thir Ile Lell. Asp Asp Gly Leu Phe 
Ala PrO Phe Leu Arg Ala Leu Leu. Glu Ala Ala PrO Asp Gly Leu PrO 
Leu Gly Asp Ser Ser Tyr Arg Leu Ala Arg Wall Leu Ala Thr Arg Glu 
Gly His Pro Leu Ala Gly Ala Thr Ser Tro Glu Glu Leu Lys Glu Ala 
Pro Lys Arg Glu Lys Ala Thr Phe Arg Phe Leu Thr Pro Thr Val Phe 
Ala Thr Ser Lys Pro Gly Gly Arg Thr Arg Tyr Thr Pro Leu Pro Asp 
Pro Arg Lelu Ile Ala Gly Ser Leu Lelu Asp Lys Trp Glin Ala His Ser 
PrO Phe PrO Tyr ASn PrO Lys Glu Glu Ala Ala Leu Arg Glu, Leu Phe 

A 

G 
A. 

Glu Lieu. Asp Leu Glu Val Ala Gly Phe Arg Asn Leu Arg Phe His Arg 
Val Glin Ala Gly Lys Ser Phe Phe Pro Gly Phe Thr Gly Glu Met Thr 
Leu Arg Leu Trp Ser Glin Ser Lieu. Glu Ala Glin Gly Ala Leu Gly Arg 
Leu. His Ala Leu Ala Phe Phe Ser Gly Val Gly Ala Lys Thr Pro Tyr 
Gly Met Gly Leu Ala Val Pro Leu 
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Cas5 sequences 

Desulfovibrio vulgaris str. Hildenborough 
Met Thr His Gly Ala Val Lys Thr Tyr Gly Ile Arg Lieu Arg Val Trp 
Gly Asp Tyr Ala Cys Phe Thr Arg Pro Glu Met Lys Val Glu Arg Val 
Ser Tyr Asp Val Met Pro Pro Ser Ala Ala Arg Gly Ile Leu Glu Ala 
Ile His Trp Llys Pro Ala Ile Arg Trp Ile Val Asp Arg Ile His Val 
Leu Arg Pro Ile Val Phe Asp Asn Val Arg Arg Asn Glu Val Ser Ser 
Lys Ile Pro Lys Pro Asn Pro Ala Thr Ala Met Arg Asp Arg Lys Pro 

Tyr Phe Leu Val Asp Asp Gly Ser ASn Arg Glin Glin Arg Ala Ala 

A 

Leel 

Thir Leu Leu Arg ASI) Val Asp Tyr Val Ile Glu Ala His Phe Glu Lieu 
Thr Asp Lys Ala Gly Ala Glu Asp Asn Ala Gly Lys His Leu Asp Ile 
Phe Arg Arg Arg Ala Arg Ala Gly Glin Ser Phe Glin Gln Pro Cys Leu 
Gly CyS Arg Glu Phe PrO Ala Ser Phe Glu, Leu. Leu Glu Gly Asp Val 
Pro Leu Ser Cy S Tyr Ala Gly Glu Lys Arc ASO Lelu Gly Tyr Met Leu 
Leu. Asp Ile Asp Phe Glu Arg Asp Met Thr Pro Leu Phe Phe Lys Ala 
Val Met Glu Asp Gly Val Ile Thr Pro Pro Ser Arg Thir Ser Pro Glu 
Val Arg Ala 

Neisseria mucosa ATCC 25996 
Met Asn Glin Ile Arg Lieu. His Val Trp Gly Asp Tyr Ala Cys Phe Thr 
Arg Pro Glu Met Lys Val Glu Arg Val Ser Tyr Asp Val Ile Thr Pro 
Ser Ala Ala Arg Gly Ile Leu Ala Ala Val His Trp Llys Pro Ala Ile 
Arg Trp Val Ile Asp Arg Ile Tyr Val Leu Lys Pro Ile Arg Phe Glu 
Ser Val Arg Arg Asn Glu Lelu Gly Gly Lys Ile Ser Ala Gly LyS Val 
Ser Gly Ala Met Lys Arg Lys Ser Val Ala Asp Leu Tyr Thr Lieu. Ile 
Glu Asp Asp Arg Glin Glin Arg Ala Ala Thr Val Leu Lys Asp Val Ala 
Tyr Val Ile Glu Ala His Ala Val Lelu Thir Ala Lys Ala Gly Ala Asp 
Glu Thr Val Thir Lys HiS Ile Glu Met Phe Lys Arg Arg Ala LyS LyS 
Gly Gln Cys Phe Glin Gln Pro Cys Leu Gly Val Arg Glu Phe Pro Ala 
Asp Phe Ala Lieu. Ile Asp Glu Gly Glu Pro Leu PrO Pro Ser Ala Leu 
Ser Glu Ser Glu Ala Asn Arg Asp Leu Gly Trp Met Leu. His Asp Ile 
Asp Phe Asp His Gly Asn Thr Pro His Phe Phe Arg Ala Gln Met Lys 
Asip Gly Val Ile Asp Val Pro Pro Phe Tyr Ala Glu Glu Val Lys Ala 
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CaS5 Sequences 

BaCillus halOCurians C-125 

Met Arg Asn Glu Val Glin Phe Glu. Leu Phe Gly Asp Tyr Ala Leu Phe 
Thir Asp Pro Leu Thir Lys Ile Gly Gly Glu Lys Leu Ser Tyr Ser Val 
Pro Thr Tyr Glin Ala Leu Lys Gly Ile Ala Glu Ser Ile Tyr Trp Lys 
PrC Thr e Val Phe Val Tle Asp Glu Lell Arg Val Met Lys Pro Tle 
Gln Met u Ser Lys Gly Val Arg Pro Ile Glu Tyr Gly Gly Gly Asn 
Thr Tell a His Tyr Thr Tyr Lieu Lys Asp Val His Tyr Glin Val Tys 
Ala His Phe Glu Phe Asn Leu. His Arg Pro Asp Leu Ala Phe Asp Arg 
ASn Glu y Lys His Tyr Ser Ile Leu Glin Arg Ser Lieu Lys Ala Gly 

A Gly Arg Ile Phe Leu Gly Ala Arg Glu Cys Glin Gly Tyr Val S 9 
Ala Pro Cys Glu Phe Gly Ser Gly Asp Gly Phe Tyr Asp Gly Glin Gly 
Lys Tyr His Leu Gly Thr Met Val His Gly Phe ASn Tyr Pro Asp Glu 
Thr Gly Gln His Gln Leu. Asp Val Arg Leu Trp Ser Ala Val Met Glu. 
Asn Gly Tyr Tle Glin Phe Pro Arg Pro Glu Asp Cys Pro Tle Val Arg 
Pro Val Lys Glu Met Glu Pro Lys Ile Phe Asn Pro Asp Asn Val Glin 
Ser Ala Glu Glin Tell Tell His Asp Leu Gly Gly Gl 

Bacillus cereus F65.185 
viet Lys Lys Glu Glu Glu Ser Lell Arg Asn Ser Tle Glu Phe Glu Val 
Phe Gly Asp Tyr Ala Leu Phe Thr Asp Pro Leu Met Lys Met Gly Gly 
Glu Lys Lieu Thr Tyr Glin Val Pro Thr Tyr Glin Ala Ile Lys Gly Ile 
Val Glu Ser Ile Tyr Trp Lys Pro Thir Leu Leu Met Ile Val Asp Lys 
Ile Arg Ile Met Asn Ala Ile Lys Met Glu Ser Lys Gly Ile Arg Pro 
Ile Glu Tyr Gly Gly Gly ASI). Thir Leu Ala ASI) Tyr Thr Tyr Leu LyS 
Asn Val Arg Tyr Glin Val Glin Ala. His Phe Ile Phe Asn Pro His Arc 
PrO Asp Leu Ala Phe Asp Arg ASn Glu Tyr Lys His HiS ASI). Ile Leu. 
Lys Arg Ser Leu Lys Val Gly Gly Arg Arg Asp Ile Phe Leu Gly Thr 
Arg Glu Cys Glin Gly Tyr Val Glu Pro CyS Val Phe Gly Glu Gly Glu 
Gly Phe Tyr Asp Asn Tyr Gly Gly Asp Ile His Leu Gly Thir Met Val 
His Gly Lieu ASn Tyr Pro Asp Glu Thr Gly Arg ASn Glu Lell. Glu Val 
Arg Leu Trp Asn Pro Val Met Arg Asp Gly Ile Ile Glin Phe Ile Arg 
Pro Glu Glu Cys Thr Lys Ile Arg Lys Ile Ser Lys Met Glu Pro Lys 
Ile Phe Asp Ser Ser Asn Val Glu Ser Val Asp Glu Leu Ile Lys Glin 
Leu Glu Glu Gly Gly Glu. 
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Cas5 Sequences 

Selenomonas noxia ATCC 43 541 
Met Arg Asn. Ser Ile Glu Phe Glin Val Tyr Gly Arg Met Ala Leu Phe 
Thir Asp Pro Ile Thir Lys Ile Gly Gly Glu Lys Ala Ser Tyr Ser Val 
Pro Thr Tyr Glin Ala Leu Lys Gly Ile Thr Glu Ser Ile Tyr Trip Lys 
Pro Thir Ile Ile Trp Phe Ile Asp Glu Val Arg Val Met Lys Arg Ile 
Thir Thr Glin Val Arg Gly Wall Lys Pro Leu Lys Tyr Gly Asp Ser Gly 
Asn Asp Leu Ser Tyr Tyr Lys Tyr Leu Ser Asp Val Cys Tyr Glin Val 

G 
G 
G 

Arg Ala His Phe Glu Phe Asn Met His Arg Glu Glu Lieu Lys Glu Asp 
Arg Asp Glu His Lys His His Asn Tle Ala Tys Arg Met Val Glu Arg 
Gly Gly Arg Arg Asp Ile Phe Leu Gly Thr Arg Glu Cys G 
Val Glu Pro Val Lys Tyr Gly Val Gly Lys Gly Tyr Tyr Asp Asn Val 
Asip Glu Leu Pro Leu Gly Ile Met Leu His Gly Phe Asn Tyr Pro Asp 
Glu Thr Gly Glu Asp Llys Lieu Glin Val Arg Phe Trp Llys Pro Thr Met 

A. 
Lys Lys Gly Ile Ile His Phe Arg Arg Pro Glu Lys Cys Glu Met Val 
Arg Asp Tle Arg Glu Val Arg Thr Lys Glin Phe Asp Ala Asp Asn Val 
Phe Phe Ala Glu Glu Glu Glu Lys Glin Leu Glu Gly Gly Hi 
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Docket No. 44287-717.101), U.S. Provisional Application 
No. 61/832,690, filed Jun. 7, 2013 Attorney Docket No. 
44287-719.101), U.S. Provisional Application No. 61/906, 
211, filed Nov. 19, 2013 Attorney Docket No. 44287-719. 
102, U.S. Provisional Application No. 61/900,311, filed 
Nov. 5, 2013 Attorney Docket No. 44287-719.103, U.S. 
Provisional Application No. 61/845,714, filed Jul. 12, 2013 
Attorney Docket No. 44287-721.101), U.S. Provisional 
Application No. 61/883,804, filed Sep. 27, 2013 Attorney 
Docket No. 44287-721.102, U.S. Provisional Application 
No. 61/781,598, filed Mar. 14, 2013 Attorney Docket No. 
44287-722.101), U.S. Provisional Application No. 61/899, 
712, filed Nov. 4, 2013 Attorney Docket No. 44287-727. 
101, U.S. Provisional Application No. 61/865,743, filed 
Aug. 14, 2013 Attorney Docket No. 44287-733.101), U.S. 
Provisional Application No. 61/907,777, filed Nov. 22, 2013 
Attorney Docket No. 44287-734.101), U.S. Provisional 
Application No. 61/903,232, filed Nov. 12, 2013 Attorney 
Docket No. 44287-751.101), U.S. Provisional Application 
No. 61/906,335, filed Nov. 19, 2013 Attorney Docket No. 
44287-752.101), U.S. Provisional Application No. 61/907, 
216, filed Nov. 21, 2013 Attorney Docket No. 44287-753. 
101, the entire contents of which are incorporated herein by 
reference. 

SEQUENCE LISTING 

0002 The instant application contains a Sequence Listing 
which has been submitted electronically in ASCII format and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Mar. 10, 2014, is named 44287-722-601 
SeqList and is U.S. Pat. No. 7,828.964 bytes in size. 

BACKGROUND OF THE INVENTION 

0003 Genome engineering can refer to altering the 
genome by deleting, inserting, mutating, or Substituting spe 
cific nucleic acid sequences. The altering can be gene or 
location specific. Genome engineering can use nucleases to 
cut a nucleic acid thereby generating a site for the alteration. 
Engineering of non-genomic nucleic acid is also contem 
plated. A protein containing a nuclease domain can bind and 
cleave a target nucleic acid by forming a complex with a 
nucleic acid-targeting nucleic acid. In one example, the cleav 
age can introduce double stranded breaks in the target nucleic 
acid. A nucleic acid can be repaired e.g. by endogenous 
non-homologous endjoining (NHEJ) machinery. In a further 
example, a piece of nucleic acid can be inserted. Modifica 
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tions of nucleic acid-targeting nucleic acids and site-directed 
polypeptides can introduce new functions to be used for 
genome engineering. 

SUMMARY OF THE INVENTION 

0004. In one aspect, the disclosure provides for an engi 
neered nucleic acid-targeting nucleic acid comprising: a 
mutation in a P-domain of the nucleic acid-targeting nucleic 
acid. In some embodiments, the P-domain starts downstream 
of a last paired nucleotide of a duplex between a CRISPR 
repeat and a tracrRNA sequence of the nucleic acid-targeting 
nucleic acid. In some embodiments, the engineered nucleic 
acid-targeting nucleic acid further comprises a linker 
sequence. In some embodiments, the linker sequence links 
the CRISPR repeat and the tracrRNA sequence. In some 
embodiments, the engineered nucleic acid-targeting nucleic 
acid is an isolated engineered nucleic acid-targeting nucleic 
acid. In some embodiments, the engineered nucleic acid 
targeting nucleic acid is a recombinant engineered nucleic 
acid-targeting nucleic acid. In some embodiments, the engi 
neered nucleic acid-targeting nucleic acid is adapted to 
hybridize to a target nucleic acid. In some embodiments, the 
P-domain comprises 2 adjacent nucleotides. In some embodi 
ments, the P-domain comprises 3 adjacent nucleotides. In 
Some embodiments, the P-domain comprises 4 adjacent 
nucleotides. In some embodiments, the P-domain comprises 
5 adjacent nucleotides. In some embodiments, the P-domain 
comprises 6 or more adjacent nucleotides. In some embodi 
ments, the P-domain starts 1 nucleotide downstream of the 
last paired nucleotide of the duplex. In some embodiments, 
the P-domain starts 2 nucleotides downstream of the last 
paired nucleotide of the duplex. In some embodiments, the 
P-domain starts 3 nucleotides downstream of the last paired 
nucleotide of the duplex. In some embodiments, the P-do 
main starts 4 nucleotides downstream of the last paired nucle 
otide of the duplex. In some embodiments, the P-domain 
starts 5 nucleotides downstream of the last paired nucleotide 
of the duplex. In some embodiments, the P-domain starts 6 or 
more nucleotides downstream of the last paired nucleotide of 
the duplex. In some embodiments, the mutation comprises 
one or more mutations. In some embodiments, the one or 
more mutations are adjacent to each other. In some embodi 
ments, the one or more mutations are separated from each 
other. In some embodiments, the mutation is adapted to allow 
the engineered nucleic acid-targeting nucleic acid to hybrid 
ize to a different protospacer adjacent motif. In some embodi 
ments, the different protospacer adjacent motif comprises at 
least 4 nucleotides. In some embodiments, the different 
protospacer adjacent motif comprises at least 5 nucleotides. 
In some embodiments, the different protospacer adjacent 
motif comprises at least 6 nucleotides. In some embodiments, 
the different protospacer adjacent motif comprises at least 7 
or more nucleotides. In some embodiments, the different 
protospacer adjacent motif comprises two non-adjacent 
regions. In some embodiments, the different protospacer 
adjacent motif comprises three non-adjacent regions. In some 
embodiments, the mutation is adapted to allow the engineered 
nucleic acid-targeting nucleic acid to bind to a target nucleic 
acid with a lower dissociation constant than an un-engineered 
nucleic acid-targeting nucleic acid. In some embodiments, 
the mutation is adapted to allow the engineered nucleic acid 
targeting nucleic acid to bind to a target nucleic acid with 
greater specificity than an un-engineered nucleic acid-target 
ing nucleic acid. In some embodiments, the mutation is 
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adapted to reduce binding of the engineered nucleic acid 
targeting nucleic acid to a non-specific sequence in a target 
nucleic acid than an un-engineered nucleic acid-targeting 
nucleic acid. In some embodiments, the engineered nucleic 
acid-targeting nucleic acid further comprises two hairpins, 
wherein one of the two hairpins comprises a duplex between 
a polynucleotide comprising at least 50% identity to a 
CRISPR RNA over 6 contiguous nucleotides, and a poly 
nucleotide comprising at least 50% identity to a tracrRNA 
over 6 contiguous nucleotides; and, wherein one of the two 
hairpins is 3' of the first hairpin, wherein the second hairpin 
comprises an engineered P-domain. In some embodiments, 
the second hairpin is adapted to de-duplex when the nucleic 
acid is in contact with a target nucleic acid. In some embodi 
ments, the P-domain is adapted to: hybridize with a first 
polynucleotide, wherein the first polynucleotide comprises a 
region of the engineered nucleic acid-targeting nucleic acid, 
hybridize to a second polynucleotide, wherein the second 
polynucleotide comprises a target nucleic acid, and hybridize 
specifically to the first or second polynucleotide. In some 
embodiments, the first polynucleotide comprises at least 50% 
identity to a tracrRNA over 6 contiguous nucleotides. In some 
embodiments, the first polynucleotide is located downstream 
ofa duplex between a polynucleotide comprising at least 50% 
identity to a CRISPR repeat over 6 contiguous nucleotides, 
and a polynucleotide comprising at least 50% identity to a 
tracrRNA sequence over 6 contiguous nucleotides. In some 
embodiments, the second polynucleotide comprises a 
protospacer adjacent motif. In some embodiments, the engi 
neered nucleic acid-targeting nucleic acid is adapted to bind 
to a site-directed polypeptide. In some embodiments, the 
mutation comprises an insertion of one or more nucleotides 
into the P-domain. In some embodiments, the mutation com 
prises deletion one or more nucleotides from the P-domain. In 
Some embodiments, the mutation comprises mutation of one 
or more nucleotides. In some embodiments, the mutation is 
configured to allow the nucleic acid-targeting nucleic acid to 
hybridize to a different protospacer adjacent motif. In some 
embodiments, the different protospacer adjacent motif com 
prises a protospacer adjacent motif selected from the group 
consisting of: 5'-NGGNG-3',5'-NNAAAAW-3',5'- 
NNNNGATT-3',5'-GNNNCNNA-3', and 5'-NNNACA-3', or 
any combination thereof. In some embodiments, the mutation 
is configured to allow the engineered nucleic acid-targeting 
nucleic acid to bind with a lower dissociation constant thanan 
un-engineered nucleic acid-targeting nucleic acid. In some 
embodiments, the mutation is configured to allow the engi 
neered nucleic acid-targeting nucleic acid to bind with greater 
specificity than an un-engineered nucleic acid-targeting 
nucleic acid. In some embodiments, the mutation is config 
ured to reduce binding of the engineered nucleic acid-target 
ing nucleic acid to a non-specific sequence in a target nucleic 
acid than an un-engineered nucleic acid-targeting nucleic 
acid. 

0005. In one aspect, the disclosure provides for a method 
for modifying a target nucleic acid comprising contacting a 
target nucleic acid with an engineered nucleic acid-targeting 
nucleic acid comprising: a mutation in a P-domain of the 
nucleic acid-targeting nucleic acid, and modifying the target 
nucleic acid. In some embodiments, the method further com 
prises inserting a donor polynucleotide into the target nucleic 
acid. In some embodiments, the modifying comprises cleav 
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ing the target nucleic acid. In some embodiments, the modi 
fying comprises modifying transcription of the target nucleic 
acid. 

0006. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding an engi 
neered nucleic acid-targeting nucleic acid comprising: a 
mutation in a P-domain of the nucleic acid-targeting nucleic 
acid. 

0007. In one aspect the disclosure provides for a kitcom 
prising: an engineered nucleic acid-targeting nucleic acid 
comprising: a mutation in a P-domain of the nucleic acid 
targeting nucleic acid; and a buffer. In some embodiments, 
the kit further comprises a site-directed polypeptide. In some 
embodiments, the kit further comprises a donor polynucle 
otide. In some embodiments, the kit further comprises 
instructions for use. 

0008. In one aspect, the disclosure provides for an engi 
neered nucleic acid-targeting nucleic acid comprising: a 
mutation in a bulge region of a nucleic acid-targeting nucleic 
acid. In some embodiments, the bulge is located within a 
duplex between a CRISPR repeat and a tracrRNA sequence 
of the nucleic acid-targeting nucleic acid. In some embodi 
ments, the engineered nucleic acid-targeting nucleic acid fur 
ther comprises a linker sequence. In some embodiments, the 
linker sequence links the CRISPR repeat and the tracrRNA 
sequence. In some embodiments, the engineered nucleic 
acid-targeting nucleic acid is an isolated engineered nucleic 
acid-targeting nucleic acid. In some embodiments, the engi 
neered nucleic acid-targeting nucleic acid is a recombinant 
engineered nucleic acid-targeting nucleic acid. In some 
embodiments, the bulge comprises at least 1 unpaired nucle 
otide on the CRISPR repeat, and 1 unpaired nucleotide on a 
the tracrRNA sequence. In some embodiments, the bulge 
comprises at least 1 unpaired nucleotide on the CRISPR 
repeat, and at least 2 unpaired nucleotides on a the tracrRNA 
sequence. In some embodiments, the bulge comprises at least 
1 unpaired nucleotide on the CRISPR repeat, and at least 3 
unpaired nucleotides on a the tracrRNA sequence. In some 
embodiments, the bulge comprises at least 1 unpaired nucle 
otide on the CRISPR repeat, and at least 4 unpaired nucle 
otides on a the tracrRNA sequence. In some embodiments, 
the bulge comprises at least one 1 unpaired nucleotide on the 
CRISPR repeat, and at least 5 unpaired nucleotides on a the 
tracrRNA sequence. In some embodiments, the bulge com 
prises at least 2 unpaired nucleotide on the CRISPR repeat, 
and 1 unpaired nucleotide on a the tracrRNA sequence. In 
Some embodiments, the bulge comprises at least 3 unpaired 
nucleotide on the CRISPR repeat, and at least 2 unpaired 
nucleotides on a the tracrRNA sequence. In some embodi 
ments, the bulge comprises at least 4 unpaired nucleotide on 
the CRISPR repeat, and at least 3 unpaired nucleotides on a 
the tracrRNA sequence. In some embodiments, the bulge 
comprises at least 5 unpaired nucleotide on the CRISPR 
repeat, and at least 4 unpaired nucleotides on the tracrRNA 
sequence. In some embodiments, the bulge comprises at least 
one nucleotide on the CRISPR repeat adapted to form a 
wobble pair with at least one nucleotide on the tracrRNA 
sequence. In some embodiments, the mutation comprises one 
or more mutations. In some embodiments, the one or more 
mutations are adjacent to each other. In some embodiments, 
the one or more mutations are separated from each other. In 
Some embodiments, the mutation is adapted to allow the 
engineered nucleic acid-targeting nucleic acid to bind to a 
different site-directed polypeptide. In some embodiments, 
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the different site-directed polypeptide is a homologue of 
Cas9. In some embodiments, the different site-directed 
polypeptide is a mutated version of Cas9. In some embodi 
ments, the different site-directed polypeptide comprises 10% 
amino acid sequence identity to Cas9 in a nuclease domain 
selected from the group consisting of a RuvC nuclease 
domain, and a HNH nuclease domain, or any combination 
thereof. In some embodiments, the mutation is adapted to 
allow the engineered nucleic acid-targeting nucleic acid to 
hybridize to a different protospacer adjacent motif. In some 
embodiments, the mutation is adapted to allow the engineered 
nucleic acid-targeting nucleic acid to bind to a site-directed 
polypeptide with a lower dissociation constant than an un 
engineered nucleic acid-targeting nucleic acid. In some 
embodiments, the mutation is adapted to allow the engineered 
nucleic acid-targeting nucleic acid to bind to a site-directed 
polypeptide with greater specificity than an un-engineered 
nucleic acid-targeting nucleic acid. In some embodiments, 
the mutation is adapted to allow the engineered nucleic acid 
targeting nucleic acid to direct a site-directed polypeptide to 
cleave a target nucleic acid with greater specificity than an 
un-engineered nucleic acid-targeting nucleic acid. In some 
embodiments, the mutation is adapted to reduce binding of 
the engineered nucleic acid-targeting nucleic acid to a non 
specific sequence in a target nucleic acid than an un-engi 
neered nucleic acid-targeting nucleic acid. In some embodi 
ments, the engineered nucleic acid-targeting nucleic acid is 
adapted to hybridize to a target nucleic acid. In some embodi 
ments, the mutation comprises insertion one or more nucle 
otides into the bulge. In some embodiments, the mutation 
comprises deletion of one or more nucleotides from the bulge. 
In some embodiments, the mutation comprises mutation of 
one or more nucleotides. In some embodiments, the mutation 
is configured to allow the engineered nucleic acid-targeting 
nucleic acid to hybridize to a different protospacer adjacent 
motif compared to an un-engineered nucleic acid-targeting 
nucleic acid. In some embodiments, the mutation is config 
ured to allow the engineered nucleic acid-targeting nucleic 
acid to bind to a site-directed polypeptide with a lower dis 
Sociation constant than an un-engineered nucleic acid-target 
ing nucleic acid. In some embodiments, the mutation is con 
figured to allow the engineered nucleic acid-targeting nucleic 
acid to bind to a site-directed polypeptide with greater speci 
ficity than an un-engineered nucleic acid-targeting nucleic 
acid. In some embodiments, the mutation is configured to 
reduce binding of the engineered nucleic acid-targeting 
nucleic acid to a non-specific sequence in a target nucleic acid 
than an un-engineered nucleic acid-targeting nucleic acid. 
0009. In one aspect the disclosure provides for a method 
for modifying a target nucleic acid comprising: contacting the 
target nucleic acid with an engineered nucleic acid-targeting 
nucleic acid comprising: a mutation in a bulge region of a 
nucleic acid-targeting nucleic acid; and modifying the target 
nucleic acid. In some embodiments, the method further com 
prises inserting a donor polynucleotide into the target nucleic 
acid. In some embodiments, the modifying comprises cleav 
ing the target nucleic acid. In some embodiments, the modi 
fying comprises modifying transcription of the target nucleic 
acid. 

0010. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding an engi 
neered nucleic acid-targeting nucleic acid comprising: a 
mutation in a bulge region of a nucleic acid-targeting nucleic 
acid; and modifying the target nucleic acid. 
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0011. In one aspect the disclosure provides for a kitcom 
prising: an engineered nucleic acid-targeting nucleic acid 
comprising: a mutation in a bulge region of a nucleic acid 
targeting nucleic acid; and modifying the target nucleic acid; 
and a buffer. In some embodiments, the kit further comprises 
a site-directed polypeptide. In some embodiments, the kit 
further comprises a donor polynucleotide. In some embodi 
ments, the kit further comprises instructions for use. 
0012. In one aspect the disclosure provides for a method 
for producing a donor polynucleotide-tagged cell compris 
ing: cleaving a target nucleic acid in a cell using a complex 
comprising a site-directed polypeptide and a nucleic acid 
targeting nucleic acid, inserting a donor polynucleotide into a 
cleaved target nucleic acid, propagating the cell carrying the 
donor polynucleotide, and determining an origin of the 
donor-polynucleotide tagged cell. In some embodiments, the 
method is performed in vivo. In some embodiments, the 
method is performed in vitro. In some embodiments, the 
method is performed in situ. In some embodiments, the 
propagating produces a population of cells. In some embodi 
ments, the propagating produces a cell line. In some embodi 
ments, the method further comprises determining a nucleic 
acid sequence of a nucleic acid in the cell. In some embodi 
ments, the nucleic acid sequence determines an origin of the 
cell. In some embodiments, the determining comprises deter 
mining a genotype of the cell. In some embodiments, the 
propagating comprises differentiating the cell. In some 
embodiments, the propagating comprises de-differentiating 
the cell. In some embodiments, the propagating comprises 
differentiating the cell and then dedifferentiating the cell. In 
Some embodiments, the propagating comprises passaging the 
cell. In some embodiments, the propagating comprises induc 
ing the cell to divide. In some embodiments, the propagating 
comprises inducing the cell to enter the cell cycle. In some 
embodiments, the propagating comprises the cell forming a 
metastasis. In some embodiments, the propagating comprises 
differentiating a pluripotent cell into a differentiated cell. In 
some embodiments, the cell is a differentiated cell. In some 
embodiments, the cell is a de-differentiated cell. In some 
embodiments, the cell is a stem cell. In some embodiments, 
the cell is a pluripotent stem cell. In some embodiments, the 
cell is a eukaryotic cell line. In some embodiments, the cell is 
a primary cell line. In some embodiments, the cell is a patient 
derived cell line. In some embodiments, the method further 
comprises transplanting the cell into an organism. In some 
embodiments, the organism is a human. In some embodi 
ments, the organism is a mammal. In some embodiments, the 
organism is selected from the group consisting of a human, a 
dog, a rat, a mouse, a chicken, a fish, a cat, a plant, and a 
primate. In some embodiments, the method further comprises 
selecting the cell. In some embodiments, the donor poly 
nucleotide is inserted into a target nucleic acid that is 
expressed in one cell state. In some embodiments, the donor 
polynucleotide is inserted into a target nucleic acid that is 
expressed in a plurality of cell types. In some embodiments, 
the donor polynucleotide is inserted into a target nucleic acid 
that is expressed in a pluripotent state. In some embodiments, 
the donor polynucleotide is inserted into a target nucleic acid 
that is expressed in a differentiated state. 
0013. In one aspect the disclosure provides for a method 
for making a clonally expanded cell line comprising: intro 
ducing into a cell a complex comprising: a site-directed 
polypeptide and a nucleic acid-targeting nucleic acid, con 
tacting the complex to a target nucleic acid, cleaving the target 
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nucleic acid, wherein the cleaving is performed by the com 
plex, thereby producing a cleaved target nucleic acid, insert 
ing a donor polynucleotide into the cleaved target nucleic 
acid, propagating the cell, wherein the propagating produces 
the clonally expanded cell line. In some embodiments, the 
cell is selected from the group consisting of HeLa cell, Chi 
nese Hamster Ovary cell, 293-T cell, a pheochromocytoma, a 
neuroblastomas fibroblast, a rhabdomyosarcoma, a dorsal 
root ganglion cell, a NSO cell, CV-I (ATCCCCL 70), COS-I 
(ATCC CRL 1650), COS-7 (ATCC CRL 1651), CHO-K1 
(ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC 
CRL 1658), HeLa (ATCC CCL 2), C 1271 (ATCC CRL 
1616), BS-C-I (ATCC CCL 26), MRC-5 (ATCC CCL 171), 
L-cells, HEK-293 (ATCC CRL1573) and PC 12 (ATCC 
CRL-1721), HEK293T (ATCC CRL-11268), RBL (ATCC 
CRL-1378). SH-SY5Y (ATCC CRL-2266), MDCK (ATCC 
CCL-34), SJ-RH30 (ATCC CRL-2061), HepG2 (ATCC 
HB-8065), ND7/23 (ECACC 92090903), CHO (ECACC 
85050302), Vera (ATCC CCL 81), Caco-2 (ATCC HTB37), 
K562 (ATCC CCL 243), Jurkat (ATCC TIB-152), PerC6, 
Huvec (ATCC Human Primary PCS 100-010, Mouse CRL 
2514, CRL 2515, CRL 2516), Huh-7D12 (ECACC 
01.042712), 293 (ATCC CRL 10852), A549 (ATCC CCL 
185), IMR-90 (ATCC CCL 186), MCF-7 (ATC HTB-22), 
U-2OS (ATCC HTB-96), and T84 (ATCCCCL 248), or any 
combination thereof. In some embodiments, the cell is stem 
cell. In some embodiments, the cell is a differentiated cell. In 
Some embodiments, the cell is a pluripotent cell. 
0014. In one aspect the disclosure provides for a method 
for multiplex cell type analysis comprising: cleaving at least 
one target nucleic acid in two or more cells using a complex 
comprising a site-directed polypeptide and a nucleic acid 
targeting nucleic acid, to create two cleaved target nucleic 
acids, inserting a different a donor polynucleotide into each of 
the cleaved target nucleic acids, and analyzing the two or 
more cells. In some embodiments, the analyzing comprises 
simultaneously analyzing the two or more cells. In some 
embodiments, the analyzing comprises determining a 
sequence of the target nucleic acid. In some embodiments, the 
analyzing comprises comparing the two or more cells. In 
Some embodiments, the analyzing comprises determining a 
genotype of the two or more cells. In some embodiments, the 
cell is a differentiated cell. In some embodiments, the cell is 
a de-differentiated cell. In some embodiments, the cell is a 
stem cell. In some embodiments, the cell is a pluripotent stem 
cell. In some embodiments, the cell is a eukaryotic cell line. In 
Some embodiments, the cell is a primary cell line. In some 
embodiments, the cell is a patient-derived cell line. In some 
embodiments, a plurality of donor polynucleotides are 
inserted into a plurality of cleaved target nucleic acids in the 
cell. 

0015. In one aspect, the disclosure provides for a compo 
sition comprising: an engineered nucleic acid-targeting 
nucleic acid comprising a 3' hybridizing extension, and a 
donor polynucleotide, wherein the donor polynucleotide is 
hybridized to the 3' hybridizing extension. In some embodi 
ments, the 3' hybridizing extension is adapted to hybridize to 
at least 5 nucleotides from the 3' of the donor polynucleotide. 
In some embodiments, the 3' hybridizing extension is adapted 
to hybridize to at least 5 nucleotides from the 5' of the donor 
polynucleotide. In some embodiments, the 3' hybridizing 
extension is adapted to hybridize to at least 5 adjacent nucle 
otides in the donor polynucleotide. In some embodiments, the 
3' hybridizing extension is adapted to hybridize to all of the 
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donor polynucleotide. In some embodiments, the 3' hybrid 
izing extension comprises a reverse transcription template. In 
Some embodiments, the reverse transcription template is 
adapted to be reverse transcribed by a reverse transcriptase. In 
Some embodiments, the composition further comprises a 
reverse transcribed DNA polynucleotide. In some embodi 
ments, the reverse transcribed DNA polynucleotide is 
adapted to hybridize to the reverse transcription template. In 
some embodiments, the donor polynucleotide is DNA. In 
some embodiments, the 3' hybridizing extension is RNA. In 
Some embodiments, the engineered nucleic acid-targeting 
nucleic acid is an isolated engineered nucleic acid-targeting 
nucleic acid. In some embodiments, the engineered nucleic 
acid-targeting nucleic acid is a recombinant engineered 
nucleic acid-targeting nucleic acid. 
0016. In one aspect the disclosure provides for a method 
for introducing a donor polynucleotide into a target nucleic 
acid comprising: contacting the target nucleic acid with a 
composition comprising: an engineered nucleic acid-target 
ing nucleic acid comprising a 3' hybridizing extension, and a 
donor polynucleotide, wherein the donor polynucleotide is 
hybridized to the 3' hybridizing extension. In some embodi 
ments, the method further comprises cleaving the target 
nucleic acid to produce a cleaved target nucleic acid. In some 
embodiments, the cleaving is performed by a site-directed 
polypeptide. In some embodiments, the method further com 
prises inserting the donor polynucleotide into the cleaved 
target nucleic acid. 
0017. In one aspect, the disclosure provides for a compo 
sition comprising: an effector protein, and a nucleic acid, 
wherein the nucleic acid comprises at least 50% sequence 
identity to a crRNA over 6 contiguous nucleotides, at least 
50% sequence identity to a tracrRNA over 6 contiguous 
nucleotides; and a non-native sequence, wherein the nucleic 
acid is adapted to bind to the effector protein. In some 
embodiments, the composition further comprises a polypep 
tide comprising at least 10% amino acid sequence identity to 
a nuclease domain of Cas9, wherein the nucleic acid binds to 
the polypeptide. In some embodiments, the polypeptide com 
prises at least 60% amino acid sequence identity in a nuclease 
domain to a nuclease domain of Cas9. In some embodiments, 
the polypeptide is Cas9. In some embodiments, the nucleic 
acid further comprises a linker sequence, wherein the linker 
sequence links the sequence comprising at least 50% 
sequence identity to a crRNA over 6 contiguous nucleotides 
and the sequence comprising at least 50% sequence identity 
to a tracrRNA over 6 contiguous nucleotides. In some 
embodiments, the non-native sequence is located at a position 
of the nucleic acid selected from the group consisting of a 5' 
end and a 3' end, or any combination thereof. In some embodi 
ments, the nucleic acid comprises two nucleic acid mol 
ecules. In some embodiments, the nucleic acid comprises a 
single continuous nucleic acid molecule. In some embodi 
ments, the non-native sequence comprises a CRISPR RNA 
binding protein binding sequence. In some embodiments, the 
non-native sequence comprises a binding sequence selected 
from the group consisting of a Casó RNA-binding sequence, 
a Casó RNA-binding sequence, and a Csy4 RNA-binding 
sequence, or any combination thereof. In some embodiments, 
the effector protein comprises a CRISPR RNA-binding pro 
tein. In some embodiments, the effector protein comprises at 
least 15% amino acid sequence identity to a protein selected 
from the group consisting of Cass, Casó, and Csy4, or any 
combination thereof. In some embodiments, an RNA-binding 
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domain of the effector protein comprises at least 15% amino 
acid sequence identity to an RNA-binding domain of a pro 
tein selected from the group consisting of Casó, Casó, and 
Csy4, or any combination thereof. In some embodiments, the 
effector protein is selected from the group consisting of Casó. 
Cas6, and Csy4, or any combination thereof. In some embodi 
ments, the effector protein further comprises one or more 
non-native sequences. In some embodiments, the non-native 
sequence confers an enzymatic activity to the effector pro 
tein. In some embodiments, the enzymatic activity is selected 
from the group consisting of methyltransferase activity, dem 
ethylase activity, acetylation activity, deacetylation activity, 
ubiquitination activity, deubiquitination activity, deamina 
tion activity, dismutase activity, alkylation activity, depurina 
tion activity, oxidation activity, pyrimidine dimer forming 
activity, transposase activity, recombinase activity, poly 
merase activity, ligase activity, helicase activity, photolyase 
activity or glycosylase activity, acetyltransferase activity, 
deacetylase activity, kinase activity, phosphatase activity, 
ubiquitin ligase activity, deubiquitinating activity, adenyla 
tion activity, deadenylation activity, SUMOylating activity, 
deSUMOylating activity, ribosylation activity, deribosyla 
tion activity, myristoylation activity, remodelling activity, 
protease activity, oxidoreductase activity, transferase activity, 
hydrolase activity, lyase activity, isomerase activity, synthase 
activity, synthetase activity, and demyristoylation activity, or 
any combination thereof. In some embodiments, the nucleic 
acid is RNA. In some embodiments, the effector protein com 
prises a fusion protein comprising an RNA-binding protein 
and a DNA-binding protein. In some embodiments, the com 
position further comprises a donor polynucleotide. In some 
embodiments, the donor polynucleotide is bound directly to 
the DNA binding protein, and wherein the RNA binding 
protein is bound to the nucleic acid-targeting nucleic acid. In 
some embodiments, the 5' end of the donor polynucleotide is 
bound to the DNA-binding protein. In some embodiments, 
the 3' end of the donor polynucleotide is bound to the DNA 
binding protein. In some embodiments, at least 5 nucleotides 
of the donor polynucleotide bind to the DNA-binding protein. 
In some embodiments, the nucleic acid is an isolated nucleic 
acid. In some embodiments, the nucleic acid is a recombinant 
nucleic acid. 

0018. In one aspect, the disclosure provides for a method 
for introducing a donor polynucleotide into a target nucleic 
acid comprising: contacting a target nucleic acid with a com 
plex comprising a site-directed polypeptide and a composi 
tion comprising: an effector protein, and a nucleic acid, 
wherein the nucleic acid comprises at least 50% sequence 
identity to a crRNA over 6 contiguous nucleotides, at least 
50% sequence identity to a tracrRNA over 6 contiguous 
nucleotides; and a non-native sequence, wherein the nucleic 
acid is adapted to bind to the effector protein. In some 
embodiments, the method further comprises cleaving the tar 
get nucleic acid. In some embodiments, the cleaving is per 
formed by the site-directed polypeptide. In some embodi 
ments, the method further comprises inserting the donor 
polynucleotide into the target nucleic acid. 
0019. In one aspect the disclosure provides for a method 
for modulating a target nucleic acid comprising: contacting a 
target nucleic acid with one or more complexes, each com 
plex comprising a site-directed polypeptide and a composi 
tion comprising: an effector protein, and a nucleic acid, 
wherein the nucleic acid comprises at least 50% sequence 
identity to a crRNA over 6 contiguous nucleotides, at least 
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50% sequence identity to a tracrRNA over 6 contiguous 
nucleotides; and a non-native sequence, wherein the nucleic 
acid is adapted to bind to the effector protein, and modulating 
the target nucleic acid. In some embodiments, the site-di 
rected polypeptide comprises at least 10% amino acid 
sequence identity to a nuclease domain of Cas9. In some 
embodiments, the modulating is performed by the effector 
protein. In some embodiments, the modulating comprises an 
activity selected from the group consisting of methyltrans 
ferase activity, demethylase activity, acetylation activity, 
deacetylation activity, ubiquitination activity, deubiquitina 
tion activity, deamination activity, dismutase activity, alkyla 
tion activity, depurination activity, oxidation activity, pyrimi 
dine dimer forming activity, transposase activity, 
recombinase activity, polymerase activity, ligase activity, 
helicase activity, photolyase activity or glycosylase activity, 
acetyltransferase activity, deacetylase activity, kinase activ 
ity, phosphatase activity, ubiquitin ligase activity, deubiquiti 
nating activity, adenylation activity, deadenylation activity, 
SUMOylating activity, deSUMOylating activity, ribosylation 
activity, deribosylation activity, myristoylation activity, 
remodelling activity, protease activity, oxidoreductase activ 
ity, transferase activity, hydrolase activity, lyase activity, 
isomerase activity, synthase activity, synthetase activity, and 
demyristoylation activity, or any combination thereof. In 
Some embodiments, the effector protein comprises one or 
more effector proteins. 
0020. In one aspect the disclosure provides for a method 
for detecting if two complexes are in proximity to one another 
comprising: contacting a first target nucleic acid with a first 
complex, wherein the first complex comprises a first site 
directed polypeptide, a first modified nucleic acid-targeting 
nucleic acid, and a first effector protein, wherein the effector 
protein is adapted to bind to the modified nucleic acid-target 
ing nucleic acid, and wherein the first effector protein com 
prises a non-native sequence that comprises a first portion of 
a split system, and contacting a second target nucleic acid 
with a second complex, wherein the second complex com 
prises a second site-directed polypeptide, a second modified 
nucleic acid-targeting nucleic acid, and a second effector 
protein, wherein the effector protein is adapted to bind to the 
modified nucleic acid-targeting nucleic acid, and wherein the 
second effector protein comprises a non-native sequence that 
comprises a second portion of a split system. In some embodi 
ments, the first target nucleic acid and the second target 
nucleic acid are on the same polynucleotide polymer. In some 
embodiments, the split system comprises two or more protein 
fragments that individually are not active, but, when formed 
into a complex, result in an active protein complex. In some 
embodiments, the method further comprises detecting an 
interaction between the first portion and the second portion. 
In some embodiments, the detecting indicates the first and 
second complex are in proximity to one another. In some 
embodiments, the site-directed polypeptide is adapted to be 
unable to cleave the target nucleic acid. In some embodi 
ments, the detecting comprises determining the occurrence of 
a genetic mobility event. In some embodiments, the genetic 
mobility event comprises a translocation. In some embodi 
ments, prior to the genetic mobility event the two portions of 
the split system do not interact. In some embodiments, after 
the genetic mobility event the two portions of the split system 
do interact. In some embodiments, the genetic mobility event 
is a translocation between a BCR and an Abl gene. In some 
embodiments, the interaction activates the split system. In 
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Some embodiments, the interaction indicates the target 
nucleic acids bound by the complexes are close together. In 
Some embodiments, the split system is selected from the 
group consisting of split GFP system, a split ubiquitin sys 
tem, a split transcription factor system, and a split affinity tag 
system, or any combination thereof. In some embodiments, 
the split system comprises a split GFP system. In some 
embodiments, the detecting indicates a genotype. In some 
embodiments, the method further comprises: determining a 
course of treatment for a disease based on the genotype. In 
Some embodiments, the method further comprises treating 
the disease. In some embodiments, the treating comprises 
administering a drug. In some embodiments, the treating 
comprises administering a complex comprising a nucleic 
acid-targeting nucleic acid and a site-directed polypeptide, 
wherein the complex can modify a genetic element involved 
in the disease. In some embodiments, the modifying is 
selected from the group consisting of adding a nucleic acid 
sequence to the genetic element, Substituting a nucleic acid 
sequence in the genetic element, and deleting a nucleic acid 
sequence from the genetic element, or any combination 
thereof. In some embodiments, the method further comprises: 
communicating the genotype from a caregiver to a patient. In 
Some embodiments, the communicating comprises commu 
nicating from a storage memory system to a remote computer. 
In some embodiments, the detecting diagnoses a disease. In 
Some embodiments, the method further comprises: commu 
nicating the diagnosis from a caregiver to a patient. In some 
embodiments, the detecting indicates the presence of a single 
nucleotide polymorphism (SNP). In some embodiments, the 
method further comprises: communicating the occurrence of 
a genetic mobility event from a caregiver to a patient. In some 
embodiments, the communicating comprises communicating 
from a storage memory system to a remote computer. In some 
embodiments, the site-directed polypeptide comprises at 
least 20% amino acid sequence identity to Cas9. In some 
embodiments, the site-directed polypeptide comprises at 
least 60% amino acid sequence identity to Cas9. In some 
embodiments, the site-directed polypeptide comprises at 
least 60% amino acid sequence identity in a nuclease domain 
to a nuclease domain of Cas9. In some embodiments, the 
site-directed polypeptide is Cas9. In some embodiments, the 
modified nucleic acid-targeting nucleic acid comprises a non 
native sequence. In some embodiments, the non-native 
sequence is located at a position of the modified nucleic 
acid-targeting nucleic acid selected from the group consisting 
of a 5' end, and a 3' end, or any combination thereof. In some 
embodiments, the modified nucleic acid-targeting nucleic 
acid comprises two nucleic acid molecules. In some embodi 
ments, the nucleic acid comprises a single continuous nucleic 
acid molecule comprising a first portion comprising at least 
50% identity to a CRISPR repeat over 6 contiguous nucle 
otides and a second portion comprising at least 50% identity 
to a tracrRNA sequence over 6 contiguous nucleotides. In 
Some embodiments, the first portion and the second portion 
are linked by a linker. In some embodiments, the non-native 
sequence comprises a CRISPRRNA-binding protein binding 
sequence. In some embodiments, the non-native sequence 
comprises a binding sequence selected from the group con 
sisting of a Cas5 RNA-binding sequence, a Casó RNA-bind 
ing sequence, and a Csy4 RNA-binding sequence, or any 
combination thereof. In some embodiments, the modified 
nucleic acid-targeting nucleic acid is adapted to bind to an 
effector protein. In some embodiments, the effector protein is 
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a CRISPR RNA-binding protein. In some embodiments, the 
effector protein comprises at least 15% amino acid sequence 
identity to a protein selected from the group consisting of 
Cass, Casó, and Csy4, or any combination thereof. In some 
embodiments, a RNA-binding domain of the effector protein 
comprises at least 15% amino acid sequence identity to an 
RNA-binding domain of a protein selected from the group 
consisting of Cass, Casó, and Csy4, or any combination 
thereof. In some embodiments, the effector protein is selected 
from the group consisting of Cass, Casó, and Csy4, or any 
combination thereof. In some embodiments, the nucleic acid 
targeting nucleic acid is RNA. In some embodiments, the 
target nucleic acid is DNA. In some embodiments, the inter 
action comprises forming an affinity tag. In some embodi 
ments, the detecting comprises capturing the affinity tag. In 
Some embodiments, the method further comprises sequenc 
ing nucleic acid bound to the first and second complexes. In 
Some embodiments, the method further comprises fragment 
ing the nucleic acid prior to the capturing. In some embodi 
ments, the interaction forms an activated system. In some 
embodiments, the method further comprises altering tran 
Scription of a first target nucleic acidora second target nucleic 
acid, wherein the altering is performed by the activated sys 
tem. In some embodiments, the second target nucleic acid is 
unattached to the first target nucleic acid. In some embodi 
ments, the altering transcription of the second target nucleic 
acid is performed in trans. In some embodiments, the altering 
transcription of the first target nucleic acid is performed incis. 
In some embodiments, the first or second target nucleic acid 
is selected from the group consisting of an endogenous 
nucleic acid, and an exogenous nucleic acid, or any combi 
nation thereof. In some embodiments, the altering comprises 
increasing transcription of the first or second target nucleic 
acids. In some embodiments, the first or second target nucleic 
acid comprises a polynucleotide encoding one or more genes 
that cause cell death. In some embodiments, the first or sec 
ond target nucleic acid comprises a polynucleotide encoding 
a cell-lysis inducing peptide. In some embodiments, the first 
or second target nucleic acid comprises a polynucleotide 
encoding an immune-cell recruiting antigen. In some 
embodiments, the first or second target nucleic acid com 
prises a polynucleotide encoding one or more genes involved 
in apoptosis. In some embodiments, the one or more genes 
involved in apoptosis comprises caspases. In some embodi 
ments, the one or more genes involved in apoptosis comprises 
cytokines. In some embodiments, the one or more genes 
involved in apoptosis are selected from the group consisting 
of tumor necrosis factor (TNF), TNF receptor 1 (TNFR1), 
TNF receptor 2 (TNFR2), Fas receptor, FasL, caspase-8, 
caspase-10, caspase-3, caspase-9, caspase-3, caspase-6, 
caspase-7. Bcl-2, and apoptosis inducing factor (AIF), or any 
combination thereof. In some embodiments, the first or sec 
ond target nucleic acid comprises a polynucleotide encoding 
one or more nucleic acid-targeting nucleic acids. In some 
embodiments, the one or more nucleic acid-targeting nucleic 
acids target a plurality of target nucleic acids. In some 
embodiments, the detecting comprises generating genetic 
data. In some embodiments, the method further comprises 
communicating the genetic data from a storage memory sys 
tem to a remote computer. In some embodiments, the genetic 
data indicates a genotype. In some embodiments, the genetic 
data indicates the occurrence of a genetic mobility event. In 
Some embodiments, the genetic data indicates a spatial loca 
tion of genes. 
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0021. In one aspect, the disclosure provides for a kitcom 
prising: a site-directed polypeptide, a modified nucleic acid 
targeting nucleic acid, wherein the modified nucleic acid 
targeting nucleic acid comprises a non-native sequence, an 
effector protein that is adapted to bind to the non-native 
sequence, and a buffer. In some embodiments, the kit further 
comprises instructions for use. 
0022. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a modified 
nucleic acid-targeting nucleic acid, wherein the modified 
nucleic acid-targeting nucleic acid comprises a non-native 
sequence. In some embodiments, the polynucleotide 
sequence is operably linked to a promoter. In some embodi 
ments, the promoter is an inducible promoter. 
0023. In one aspect the disclosure provides for a vector 
comprising: a polynucleotide sequence encoding: a modified 
nucleic acid-targeting nucleic acid, wherein the modified 
nucleic acid-targeting nucleic acid comprises a sequence con 
figured to bind to an effector protein, and a site-directed 
polypeptide. In some embodiments, the polynucleotide 
sequence is operably linked to a promoter. In some embodi 
ments, the promoter is an inducible promoter. 
0024. In one aspect, the disclosure provides for a vector 
comprising: a polynucleotide sequence encoding: a modified 
nucleic acid-targeting nucleic acid, wherein the modified 
nucleic acid-targeting nucleic acid comprises a non-native 
sequence, a site-directed polypeptide, and an effector protein. 
In some embodiments, the polynucleotide sequence is oper 
ably linked to a promoter. In some embodiments, the pro 
moter is an inducible promoter. 
0025. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a composition comprising: an 
effector protein, and a nucleic acid, wherein the nucleic acid 
comprises at least 50% sequence identity to a crRNA over 6 
contiguous nucleotides, at least 50% sequence identity to a 
tracrRNA over 6 contiguous nucleotides; and a non-native 
sequence, wherein the nucleic acid is adapted to bind to the 
effector protein. 
0026. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a vector comprising a poly 
nucleotide sequence encoding a modified nucleic acid-target 
ing nucleic acid, wherein the modified nucleic acid-targeting 
nucleic acid comprises a non-native sequence. 
0027. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a vector comprising: a poly 
nucleotide sequence encoding: a modified nucleic acid-tar 
geting nucleic acid, wherein the modified nucleic acid 
targeting nucleic acid comprises a sequence configured to 
bind to an effector protein, and a site-directed polypeptide. 
0028. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a vector comprising: a poly 
nucleotide sequence encoding: a modified nucleic acid-tar 
geting nucleic acid, wherein the modified nucleic acid 
targeting nucleic acid comprises a non-native sequence, a 
site-directed polypeptide, and an effector protein. 
0029. In one aspect the disclosure provides for a kitcom 
prising: a vector comprising a polynucleotide sequence 
encoding a modified nucleic acid-targeting nucleic acid, 
wherein the modified nucleic acid-targeting nucleic acid 
comprises a non-native sequence, and a buffer. In some 
embodiments, the kit further comprises instructions for use. 
0030. In one aspect the disclosure provides for a kitcom 
prising: a vector comprising: a polynucleotide sequence 
encoding: a modified nucleic acid-targeting nucleic acid, 
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wherein the modified nucleic acid-targeting nucleic acid 
comprises a sequence configured to bind to an effector pro 
tein, and a site-directed polypeptide, and a buffer. In some 
embodiments, the kit further comprises instructions for use. 
0031. In one aspect the disclosure provides for a kitcom 
prising: a vector comprising: a polynucleotide sequence 
encoding: a modified nucleic acid-targeting nucleic acid, 
wherein the modified nucleic acid-targeting nucleic acid 
comprises a non-native sequence, a site-directed polypeptide, 
and an effector protein, and a buffer. In some embodiments, 
the kit further comprises instructions for use. 
0032. In one aspect, the disclosure provides for a compo 
sition comprising: a multiplexed genetic targeting agent, 
wherein the multiplexed genetic targeting agent comprises 
one or more nucleic acid modules, wherein the nucleic acid 
module comprises a non-native sequence, and wherein the 
nucleic acid module is configured to bind to a polypeptide 
comprising at least 10% amino acid sequence identity to a 
nuclease domain of Cas9 and wherein the nucleic acid mod 
ule is configured to hybridize to a target nucleic acid. In some 
embodiments, the nucleic acid module comprises a first 
sequence comprising at least 50% sequence identity to a 
crRNA over 6 contiguous nucleotides, and a second sequence 
comprising at least 50% sequence identity to a tracrRNA over 
6 contiguous nucleotides. In some embodiments, the compo 
sition further comprises a linker sequence that links the first 
and second sequences. In some embodiments, the one or 
more nucleic acid modules hybridize to one or more target 
nucleic acids. In some embodiments, the one or more nucleic 
acid modules differ by at least one nucleotide in a spacer 
region of the one or more nucleic acid modules. In some 
embodiments, the one or more nucleic acid modules is RNA. 
In some embodiments, the multiplexed genetic targeting 
agent is RNA. In some embodiments, the non-native 
sequence comprises a ribozyme. In some embodiments, the 
non-native sequence comprises an endoribonuclease binding 
sequence. In some embodiments, the endoribonuclease bind 
ing sequence is located at a 5' end of the nucleic acid module. 
In some embodiments, the endoribonuclease binding 
sequence is located at a 3' end of the nucleic acid module. In 
Some embodiments, the endoribonuclease binding sequence 
is adapted to be bound by a CRISPR endoribonuclease. In 
Some embodiments, the endoribonuclease binding sequence 
is adapted to be bound by an endoribonuclease comprising a 
RAMP domain. In some embodiments, the endoribonuclease 
binding sequence is adapted to be bound by an endoribonu 
clease selected from the group consisting of a Casó Super 
family member endoribonuclease, and a Cas6 Superfamily 
member endoribonuclease, or any combination thereof. In 
Some embodiments, the endoribonuclease binding sequence 
is adapted to be bound by an endoribonuclease comprising at 
least 15% amino acid sequence identity to a protein selected 
from the group consisting of Csy4, Casó, and Casó. In some 
embodiments, the endoribonuclease binding sequence is 
adapted to be bound by an endoribonuclease comprising at 
least 15% amino acid sequence identity to a nuclease domain 
of a protein selected from the group consisting of Csy4, Casó. 
and Cas6. In some embodiments, the endoribonuclease bind 
ing sequence comprises a hairpin. In some embodiments, the 
hairpin comprises at least 4 consecutive nucleotides in a stem 
loop structure. In some embodiments, the endoribonuclease 
binding sequence comprises at least 60% identity to a 
sequence selected from the group consisting of 
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5' - GUUCACUGCCGUAUAGGCAGCUAAGAAA-3"; 

5' - GUUGCAAGGGAUUGAGCCCCGUAAGGGGAUUGCGAC-3"; 

5'- GUUGCAAACCUCGUUAGCCUCGUAGAGGAUUGAAAC-3"; 

5' - GGAUCGAUACCCACCCCGAAGAAAAGGGGACGAGAAC-3"; 

5' - GUCGUCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3"; 

5' - GAUAUAAACCUAAUUACCUCGAGAGGGGACGGAAAC-3"; 

5'- CCCCAGUCACCUCGGGAGGGGACGGAAAC-3"; 

5 - GUUCCAAUUAAUCUUAAACCCUAUUAGGGAUUGAAAC-3 '' . 

5' - GUUGCAAGGGAUUGAGCCCCGUAAGGGGAUUGCGAC-3"; 

5'- GUUGCAAACCUCUTUAGCCUCGUAGAGGAUUGAAAC-3"; 

5' - GGAUCGAUACCCACCCCGAAGAAAAGGGGACGAGAAC-3"; 

5' - GUCGUCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3"; 

5' - GAUAUAAACCUAAUUACCUCGAGAGGGGACGGAAAC-3"; 

5'- CCCCAGUCACCUCGGGAGGGGACGGAAAC-3"; 

5'- GUUCCAAUUAAUCUUAAACCCUAUUAGGGAUUGAAAC-3' 

5'- GUCGCCCCCCACGCGGGGGCGUGGAUUGAAAC-3"; 

5'- CCAGCCGCCUUCGGGCGGCUGUGUGUUGAAAC-3"; 

5'- GUCGCACUCUACAUGAGUGCGUGGAUUGAAAU-3"; 

5'-UGUCGCACCUUAUAUAGGUGCGUGGAUUGAAAU-3"; 
and 

5'- GUCGCGCCCCGCAUGGGGCGCGUGGAUUGAAA-3' 

or any combination thereof. In some embodiments, the one or 
more nucleic acid modules are adapted to be bound by dif 
ferent endoribonucleases. In some embodiments, the multi 
plexed genetic target agent is an isolated multiplexed genetic 
targeting agent. In some embodiments, the multiplexed 
genetic target agent is a recombinant multiplexed genetic 
target agent. 
0033. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a multi 
plexed genetic targeting agent, wherein the multiplexed 
genetic targeting agent comprises one or more nucleic acid 
modules, wherein the nucleic acid module comprises a non 
native sequence, and wherein the nucleic acid module is 
configured to bind to a polypeptide comprising at least 10% 
amino acid sequence identity to a nuclease domain of Cas9 
and wherein the nucleic acid module is configured to hybrid 
ize to a target nucleic acid. In some embodiments, the poly 
nucleotide sequence is operably linked to a promoter. In some 
embodiments, the promoter is an inducible promoter. 
0034. In one aspect, the disclosure provides for a geneti 
cally modified cell comprising a multiplexed genetic target 
ing agent, wherein the multiplexed genetic targeting agent 
comprises one or more nucleic acid modules, wherein the 
nucleic acid module comprises a non-native sequence, and 
wherein the nucleic acid module is configured to bind to a 
polypeptide comprising at least 10% amino acid sequence 
identity to a nuclease domain of Cas9 and wherein the nucleic 
acid module is configured to hybridize to a target nucleic acid. 
0035. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a vector comprising a poly 
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nucleotide sequence encoding a multiplexed genetic target 
ing agent, wherein the multiplexed genetic targeting agent 
comprises one or more nucleic acid modules, wherein the 
nucleic acid module comprises a non-native sequence, and 
wherein the nucleic acid module is configured to bind to a 
polypeptide comprising at least 10% amino acid sequence 
identity to a nuclease domain of Cas9 and wherein the nucleic 
acid module is configured to hybridize to a target nucleic acid. 
0036. In one aspect the disclosure provides for a kitcom 
prising a multiplexed genetic targeting agent, wherein the 
multiplexed genetic targeting agent comprises one or more 
nucleic acid modules, wherein the nucleic acid module com 
prises a non-native sequence, and wherein the nucleic acid 
module is configured to bind to a polypeptide comprising at 
least 10% amino acid sequence identity to a nuclease domain 
of Cas9 and wherein the nucleic acid module is configured to 
hybridize to a target nucleic acid, and a buffer. In some 
embodiments, the kit further comprises instructions for use. 
0037. In one aspect the disclosure provides for a kitcom 
prising: a vector comprising a polynucleotide sequence 
encoding a multiplexed genetic targeting agent, wherein the 
multiplexed genetic targeting agent comprises one or more 
nucleic acid modules, wherein the nucleic acid module com 
prises a non-native sequence, and wherein the nucleic acid 
module is configured to bind to a polypeptide comprising at 
least 10% amino acid sequence identity to a nuclease domain 
of Cas9 and wherein the nucleic acid module is configured to 
hybridize to a target nucleic acid, and a buffer. In some 
embodiments, the kit further comprises instructions for use. 
0038. In one aspect the disclosure provides for a method 
for generating a nucleic acid, wherein the nucleic acid binds 
to a polypeptide comprising at least 10% amino acid 
sequence identity to a nuclease domain of Cas9 and hybrid 
izes to a target nucleic acid comprising: introducing the a 
multiplexed genetic targeting agent, wherein the multiplexed 
genetic targeting agent comprises one or more nucleic acid 
modules, wherein the nucleic acid module comprises a non 
native sequence, and wherein the nucleic acid module is 
configured to bind to a polypeptide comprising at least 10% 
amino acid sequence identity to a nuclease domain of Cas9 
and wherein the nucleic acid module is configured to hybrid 
ize to a target nucleic acid into a host cell, processing the 
multiplexed genetic targeting agent into the one or more 
nucleic acid modules, and contacting the processed one or 
more nucleic acid modules to one or more target nucleic acids 
in the cell. In some embodiments, the method further com 
prises cleaving the target nucleic acid. In some embodiments, 
the method further comprises modifying the target nucleic 
acid. In some embodiments, the modifying comprises alter 
ing transcription of the target nucleic acid. In some embodi 
ments, the modifying comprises inserting a donor polynucle 
otide into the target nucleic acid. 
0039. In one aspect the disclosure provides for a modified 
site-directed polypeptide comprising: a first nuclease 
domain, a second nuclease domain, and an inserted nuclease 
domain. In some embodiments, the site-directed polypeptide 
comprises at least 15% identity to a nuclease domain of Cas9. 
In some embodiments, the first nuclease domain comprises a 
nuclease domain selected from the group consisting of a 
HNH domain, and a RuvC domain, or any combination 
thereof. In some embodiments, the second nuclease domain 
comprises a nuclease domain selected from the group con 
sisting of a HNH domain, and a RuvC domain, or any com 
bination thereof. In some embodiments, the inserted nuclease 
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domain comprises a HNH domain. In some embodiments, the 
inserted nuclease domain comprises a RuvC domain. In some 
embodiments, the inserted nuclease domain is N-terminal to 
the first nuclease domain. In some embodiments, the inserted 
nuclease domain is N-terminal to the second nuclease 
domain. In some embodiments, the inserted nuclease domain 
is C-terminal to the first nuclease domain. In some embodi 
ments, the inserted nuclease domain is C-terminal to the 
second nuclease domain. In some embodiments, the inserted 
nuclease domain is in tandem to the first nuclease domain. In 
Some embodiments, the inserted nuclease domain is in tan 
dem to the second nuclease domain. In some embodiments, 
the inserted nuclease domain is adapted to cleave a target 
nucleic acid at a site different than the first or second nuclease 
domains. In some embodiments, the inserted nuclease 
domain is adapted to cleave an RNA in a DNA-RNA hybrid. 
In some embodiments, the inserted nuclease domain is 
adapted to cleave a DNA in a DNA-RNA hybrid. In some 
embodiments, the inserted nuclease domain is adapted to 
increase specificity of binding of the modified site-directed 
polypeptide to a target nucleic acid. In some embodiments, 
the inserted nuclease domain is adapted to increase strength 
of binding of the modified site-directed polypeptide to a target 
nucleic acid. 

0040. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a modified 
site-directed polypeptide comprising: a first nuclease 
domain, a second nuclease domain, and an inserted nuclease 
domain. 

0041. In one aspect the disclosure provides for a kitcom 
prising: a modified site-directed polypeptide comprising: a 
first nuclease domain, a second nuclease domain, and an 
inserted nuclease domain, and a buffer. In some embodi 
ments, the kit further comprises instructions for use. 
0042. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide, 
wherein the polypeptide is modified such that it is adapted to 
target a second protospacer adjacent motif compared to a 
wild-type site-directed polypeptide. In some embodiments, 
the site-directed polypeptide is modified by a modification 
selected from the group consisting of an amino acid addition, 
an amino acid Substitution, an amino acid replacement, and 
an amino acid deletion, or any combination thereof. In some 
embodiments, the modified site-directed polypeptide com 
prises a non-native sequence. In some embodiments, the 
modified site-directed polypeptide is adapted to target the 
second protospacer adjacent motif with greater specificity 
than the wild-type site-directed polypeptide. In some 
embodiments, the modified site-directed polypeptide is 
adapted to target the second protospacer adjacent motif with 
a lower dissociation constant compared to the wild-type site 
directed polypeptide. In some embodiments, the modified 
site-directed polypeptide is adapted to target the second 
protospacer adjacent motif with a higher dissociation con 
stant compared to the wild-type site-directed polypeptide. In 
Some embodiments, the second protospacer adjacent motif 
comprises a protospacer adjacent motif selected from the 
group consisting of 5'-NGGNG-3',5'-NNAAAAW-3',5'- 
NNNNGATT-3',5'-GNNNCNNA-3', and 5'-NNNACA-3', or 
any combination thereof. 
0043. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a modified 
site-directed polypeptide, wherein the polypeptide is modi 
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fied Such that it is adapted to target a second protospacer 
adjacent motif compared to a wild-type site-directed 
polypeptide. 
0044. In one aspect the disclosure provides for a kitcom 
prising: a modified site-directed polypeptide, wherein the 
polypeptide is modified Such that it is adapted to target a 
second protospacer adjacent motif compared to a wild-type 
site-directed polypeptide, and a buffer. In some embodi 
ments, the kit further comprises instructions for use. 
0045. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide, 
wherein the polypeptide is modified such that it is adapted to 
target a second nucleic acid-targeting nucleic acid compared 
to a wild-type site-directed polypeptide. In some embodi 
ments, the site-directed polypeptide is modified by a modifi 
cation selected from the group consisting of an amino acid 
addition, an amino acid Substitution, an amino acid replace 
ment, and an amino aciddeletion, or any combination thereof. 
In some embodiments, the modified site-directed polypeptide 
comprises a non-native sequence. In some embodiments, the 
modified site-directed polypeptide is adapted to target the 
second nucleic acid-targeting nucleic acid with greater speci 
ficity than the wild-type site-directed polypeptide. In some 
embodiments, the modified site-directed polypeptide is 
adapted to target the second nucleic acid-targeting nucleic 
acid with a lower dissociation constant compared to the wild 
type site-directed polypeptide. In some embodiments, the 
modified site-directed polypeptide is adapted to target the 
second nucleic acid-targeting nucleic acid with a higher dis 
Sociation constant compared to the wild-type site-directed 
polypeptide. In some embodiments, the site-directed 
polypeptide targets a tracrRNA portion of the second nucleic 
acid target nucleic acid. 
0046. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a modified 
site-directed polypeptide, wherein the polypeptide is modi 
fied Such that it is adapted to target a second nucleic acid 
targeting nucleic acid compared to a wild-type site-directed 
polypeptide. 
0047. In one aspect the disclosure provides for a kitcom 
prising: a modified site-directed polypeptide, wherein the 
polypeptide is modified Such that it is adapted to target a 
second nucleic acid-targeting nucleic acid compared to a 
wild-type site-directed polypeptide, and a buffer. In some 
embodiments, the kit further comprises instructions for use. 
0048. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modification in a bridge helix as compared to SEQ 
ID: 8. In some embodiments, the composition is configured to 
cleave a target nucleic acid. 
0049. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modification in a highly basic patch as compared to 
SEQID: 8. In some embodiments, the composition is config 
ured to cleave a target nucleic acid. 
0050. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modification in a polymerase-like domain as com 
pared to SEQID: 8. In some embodiments, the composition is 
configured to cleave a target nucleic acid. 
0051. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modification in a bridge helix, highly basic patch, 
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nuclease domain, and polymerase domain as compared to 
SEQ ID: 8, or any combination thereof. 
0052. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a modified 
site-directed polypeptide comprising a modification in a 
bridge helix, highly basic patch, nuclease domain, and poly 
merase domain as compared to SEQID: 8, or any combina 
tion thereof. 
0053. In one aspect the disclosure provides for a kitcom 
prising: a modified site-directed polypeptide comprising a 
modification in a bridge helix, highly basic patch, nuclease 
domain, and polymerase domain as compared to SEQID: 8, 
or any combination thereof, and a buffer. In some embodi 
ments, the kit further comprises instructions for use. In some 
embodiments, the kit further comprises a nucleic acid-target 
ing nucleic acid. 
0054. In one aspect the disclosure provides for a geneti 
cally modified cell a modified site-directed polypeptide com 
prising a modification in a bridge helix, highly basic patch, 
nuclease domain, and polymerase domain as compared to 
SEQ ID: 8, or any combination thereof. 
0055. In one aspect the disclosure provides for a method 
for genome engineering comprising: contacting a target 
nucleic acid with a complex, wherein the complex comprises 
a modified site-directed polypeptide comprising a modifica 
tion in a bridge helix, highly basic patch, nuclease domain, 
and polymerase domain as compared to SEQ ID: 8, or any 
combination thereofanda nucleic acid-targeting nucleic acid, 
and modifying the target nucleic acid. In some embodiments, 
the contacting comprises contacting the complex to a 
protospacer adjacent motif in the target nucleic acid. In some 
embodiments, the contacting comprises contacting the com 
plex to a longer target nucleic acid sequence compared to an 
unmodified site-directed polypeptide. In some embodiments, 
the modifying comprises cleaving the target nucleic acid. In 
Some embodiments, the target nucleic acid comprises RNA. 
In some embodiments, the target nucleic acid comprises 
DNA. In some embodiments, the modifying comprises cleav 
ing the RNA strand of a hybridized RNA and DNA. In some 
embodiments, the modifying comprises cleaving the DNA 
strand of a hybridized RNA and DNA. In some embodiments, 
the modifying comprises inserting into the target nucleic acid 
a donor polynucleotide, a portion of a donor polynucleotide, 
a copy of a donor polynucleotide, or a portion of a copy of a 
donor polynucleotide, or any combination thereof. In some 
embodiments, the modifying comprises modifying transcrip 
tional activity of the target nucleic acid. In some embodi 
ments, the modifying comprises a deleting of one or more 
nucleotides of the target nucleic acid. 
0056. In one aspect the disclosure provides for a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modified nuclease domain as compared to SEQID: 
8. In some embodiments, the composition is configured to 
cleave a target nucleic acid. In some embodiments, the modi 
fied nuclease domain comprises a RuvC domain nuclease 
domain. In some embodiments, the modified nuclease 
domain comprises an HNH nuclease domain. In some 
embodiments, the modified nuclease domain comprises 
duplication of an HNH nuclease domain. In some embodi 
ments, the modified nuclease domain is adapted to increase 
specificity of the amino acid sequence for a target nucleic acid 
compared to an unmodified site-directed polypeptide. In 
Some embodiments, the modified nuclease domain is adapted 
to increase specificity of the amino acid sequence for a 
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nucleic acid-targeting nucleic acid compared to an unmodi 
fied site-directed polypeptide. In some embodiments, the 
modified nuclease domain comprises a modification selected 
from the group consisting of anamino acid addition, an amino 
acid Substitution, an amino acid replacement, and an amino 
acid deletion, or any combination thereof. In some embodi 
ments, the modified nuclease domain comprises an inserted 
non-native sequence. In some embodiments, the non-native 
sequence confers an enzymatic activity to the modified site 
directed polypeptide. In some embodiments, the enzymatic 
activity is selected from the group consisting of nuclease 
activity, methylase activity, acetylase activity, demethylase 
activity, deamination activity, dismutase activity, alkylation 
activity, depurination activity, oxidation activity, pyrimidine 
dimer forming activity, integrase activity, transposase activ 
ity, recombinase activity, polymerase activity, ligase activity, 
helicase activity, photolyase activity or glycosylase activity, 
acetyltransferase activity, deacetylase activity, kinase activ 
ity, phosphatase activity, ubiquitin ligase activity, deubiquiti 
nating activity, adenylation activity, deadenylation activity, 
SUMOylating activity, deSUMOylating activity, ribosylation 
activity, deribosylation activity, myristoylation activity, 
remodelling activity, protease activity, oxidoreductase activ 
ity, transferase activity, hydrolase activity, lyase activity, 
isomerase activity, synthase activity, synthetase activity, and 
demyristoylation activity, or any combination thereof. In 
Some embodiments, the enzymatic activity is adapted to 
modulate transcription of a target nucleic acid. In some 
embodiments, the modified nuclease domain is adapted to 
allow binding of the amino acid sequence to a protospacer 
adjacent motif sequence that is different from a protospacer 
adjacent motifsequence to which an unmodified site-directed 
polypeptide is adapted to bind. In some embodiments, the 
modified nuclease domain is adapted to allow binding of the 
amino acid sequence to a nucleic acid-targeting nucleic acid 
that is different from a nucleic acid-targeting nucleic acid to 
which an unmodified site-directed polypeptide is adapted to 
bind. In some embodiments, the modified site-directed 
polypeptide is adapted to bind to a longer target nucleic acid 
sequence than an unmodified site-directed polypeptide. In 
some embodiments, the modified site-directed polypeptide is 
adapted to cleave double-stranded DNA. In some embodi 
ments, the modified site-directed polypeptide is adapted to 
cleave the RNA strand of a hybridized RNA and DNA. In 
some embodiments, the modified site-directed polypeptide is 
adapted to cleave the DNA strand of a hybridized RNA and 
DNA. In some embodiments, the composition further com 
prises a modified nucleic acid-targeting nucleic acid, wherein 
the modification of the site-directed polypeptide is adapted to 
enable the site-directed polypeptide to bind to the modified 
nucleic acid-targeting nucleic acid. In some embodiments, 
the modified nucleic acid-targeting nucleic acid and the 
modified site-directed polypeptide comprise compensatory 
mutations. 

0057. In one aspect the disclosure provides for a method 
for enriching a target nucleic acid for sequencing comprising: 
contacting a target nucleic acid with a complex comprising a 
nucleic acid-targeting nucleic acid and a site-directed 
polypeptide, enriching the target nucleic acid using the com 
plex, and determining a sequence of the target nucleic acid. In 
Some embodiments, the method does not comprise an ampli 
fication step. In some embodiments, the method further com 
prises analyzing the sequence of the target nucleic acid. In 
Some embodiments, the method further comprises fragment 
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ing the target nucleic acid prior to the enriching. In some 
embodiments, the nucleic acid-targeting nucleic acid com 
prises RNA. In some embodiments, the method the nucleic 
acid-targeting nucleic acid comprises two RNA molecules. In 
some embodiments, the method a portion of each of the two 
RNA molecules hybridize together. In some embodiments, 
the method one of the two RNA molecules comprises a 
CRISPR repeat sequence. In some embodiments, the 
CRISPR repeat sequence is homologous to a crRNA over 6 
contiguous nucleotides. In some embodiments, the CRISPR 
repeat sequence comprises at least 60% identity to a crRNA 
over 6 contiguous nucleotides. In some embodiments, the one 
of the two RNA molecules comprises a tracrRNA sequence. 
In some embodiments, the tracRNA sequence is homologous 
to a tracrRNA over 6 contiguous nucleotides. In some 
embodiments, the tracRNA sequence comprises at least 60% 
identity to a tracrRNA over 6 contiguous nucleotides. In some 
embodiments, the nucleic acid-targeting nucleic acid is a 
double guide nucleic acid. In some embodiments, the nucleic 
acid-targeting nucleic acid comprises one continuous RNA 
molecule wherein the continuous RNA molecule further 
comprises two domains and a linker. In some embodiments, a 
portion of each of the two domains of the continuous RNA 
molecule hybridize together. In some embodiments, the con 
tinuous RNA molecule comprises a CRISPR repeat 
sequence. In some embodiments, the CRISPR repeat 
sequence is homologous to a crRNA over 6 contiguous nucle 
otides. In some embodiments, the CRISPR repeat sequence 
comprises at least 60% identity to a crRNA over 6 contiguous 
nucleotides. In some embodiments, the continuous RNA 
molecule comprises a tracrRNA sequence. In some embodi 
ments, the tracRNA sequence is homologous to a tracrRNA 
over 6 contiguous nucleotides. In some embodiments, the 
tracRNA sequence comprises at least 60% identity to a tracr 
RNA over 6 contiguous nucleotides. In some embodiments, 
the nucleic acid-targeting nucleic acid is a single guide 
nucleic acid. In some embodiments, the contacting comprises 
hybridizing a portion of the nucleic acid-targeting nucleic 
acid with a portion of the target nucleic acid. In some embodi 
ments, the nucleic acid-targeting nucleic acid hybridizes with 
the target nucleic acid over a region comprising 6-20 nucle 
otides. In some embodiments, the site-directed polypeptide 
comprises Cas9. In some embodiments, the site-directed 
polypeptide comprises at least 20% homology to a nuclease 
domain of Cas9. In some embodiments, the site-directed 
polypeptide comprises at least 60% homology to Cas9. In 
Some embodiments, the site-directed polypeptide comprises 
an engineered nuclease domain wherein the nuclease domain 
comprises reduced nuclease activity compared to a site-di 
rected polypeptide that comprises an unengineered nuclease 
domain. In some embodiments, the site-directed polypeptide 
introduces a single-strand break in the target nucleic acid. In 
Some embodiments, the engineered nuclease domain com 
prises mutation of a conserved aspartic acid. In some embodi 
ments, the engineered nuclease domain comprises a D10A 
mutation. In some embodiments, the engineered nuclease 
domain comprises mutation of a conserved histidine. In some 
embodiments, the engineered nuclease domain comprises a 
H840A mutation. In some embodiments, the site-directed 
polypeptide comprises an affinity tag. In some embodiments, 
the affinity tag is located at the N-terminus of the site-directed 
polypeptide, the C-terminus of the site-directed polypeptide, 
a Surface-accessible region, or any combination thereof. In 
Some embodiments, the affinity tag is selected from a group 
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comprising: biotin, FLAG, His6x. His 9x, and a fluorescent 
protein, or any combination thereof. In some embodiments, 
the nucleic acid-targeting nucleic acid comprises a nucleic 
acid affinity tag. In some embodiments, the nucleic acid affin 
ity tag is located at the 5' end of the nucleic acid-targeting 
nucleic acid, the 3' end of the nucleic acid-targeting nucleic 
acid, a Surface-accessible region, or any combination thereof. 
In some embodiments, the nucleic acid affinity tag is selected 
from the group comprising a small molecule, fluorescent 
label, a radioactive label, or any combination thereof. In some 
embodiments, the nucleic acid affinity tag comprises a 
sequence that is configured to bind to Csy4, Cass, Casó, or 
any combination thereof. In some embodiments, the nucleic 
acid affinity tag comprises 50% identity to 5'-GUU 
CACUGCCGUAUAGGCAGCUAAGAAA-3'. In Some 
embodiments, the method further comprises diagnosing a 
disease and making a patient-specific treatment decision, or 
any combination thereof. In some embodiments, the deter 
mining comprises determining a genotype. In some embodi 
ments, the method further comprises communicating the 
sequence from a storage memory system to a remote com 
puter. In some embodiments, the enriching comprises con 
tacting an affinity tag of the complex with a capture agent. In 
Some embodiments, the capture agent comprises an antibody. 
In some embodiments, the capture agent comprises a solid 
Support. In some embodiments, the capture agent is selected 
from the group comprising: Csy4, Cass, and Casó. In some 
embodiments, the capture agent comprises reduced enzy 
matic activity in the absence of imidazole. In some embodi 
ments, the capture agent comprises an activatable enzymatic 
domain, wherein the activatable enzymatic domain is acti 
vated by coming in contact with imidazole. In some embodi 
ments, the capture agent is a Casó family member. In some 
embodiments, the capture agent comprises an affinity tag. In 
Some embodiments, the capture agent comprises a condition 
ally enzymatically inactive endoribonuclease comprising a 
mutation in a nuclease domain. In some embodiments, the 
mutation of a conserved histidine. In some embodiments, the 
mutation comprises a H29A mutation. In some embodiments, 
the target nucleic acid is bound to the complex. In some 
embodiments, the target nucleic acid is an excised nucleic 
acid that is not bound to the complex. In some embodiments, 
a plurality of complexes are contacted to a plurality of target 
nucleic acids. In some embodiments, the plurality of target 
nucleic acids differ by at least one nucleotide. In some 
embodiments, the plurality of complexes comprise a plurality 
of nucleic acid-targeting nucleic acids that differ by at least 
one nucleotide. 

0058. In one aspect the disclosure provides for a method 
for excising a nucleic acid comprising: contacting a target 
nucleic acid with two or more complexes, wherein each com 
plex comprises a site-directed polypeptide and a nucleic acid 
targeting nucleic acid, and cleaving the target nucleic acid, 
wherein the cleaving produces an excised target nucleic acid. 
In some embodiments, the cleaving is performed by a 
nuclease domain of the site-directed polypeptide. In some 
embodiments, the method does not comprise amplification. 
In some embodiments, the method further comprises enrich 
ing the excised target nucleic acid. In some embodiments, the 
method further comprises sequencing the excised target 
nucleic acid. In some embodiments, the nucleic acid-target 
ing nucleic acid is RNA. In some embodiments, the nucleic 
acid-targeting nucleic acid comprises two RNA molecules. In 
some embodiments, a portion of each of the two RNA mol 
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ecules hybridize together. In some embodiments, one of the 
two RNA molecules comprises a CRISPR repeat sequence. In 
some embodiments, the CRISPR repeat sequence comprises 
a sequence that is homologous to a crRNA over 6 contiguous 
nucleotides. In some embodiments, the CRISPR repeat 
sequence comprises a sequence that has at least 60% identity 
to a crRNA over 6 contiguous nucleotides. In some embodi 
ments, one of the two RNA molecules comprises a tracrRNA 
sequence. In some embodiments, the tracRNA sequence is 
homologous to a crRNA over 6 contiguous nucleotides. In 
Some embodiments, the tracRNA sequence comprises at least 
60% identity to a crRNA over 6 contiguous nucleotides. In 
Some embodiments, the nucleic acid-targeting nucleic acid is 
a double guide nucleic acid. In some embodiments, the 
nucleic acid-targeting nucleic acid comprises one continuous 
RNA molecule wherein the continuous RNA molecule fur 
ther comprises two domains and a linker. In some embodi 
ments, a portion of each of the two domains of the continuous 
RNA molecule hybridize together. In some embodiments, the 
continuous RNA molecule comprises a CRISPR repeat 
sequence. In some embodiments, the CRISPR repeat 
sequence is homologous to a crRNA over 6 contiguous nucle 
otides. In some embodiments, the CRISPR repeat sequence 
comprises at least 60% identity to a crRNA over 6 contiguous 
nucleotides. In some embodiments, the continuous RNA 
molecule comprises a tracrRNA sequence. In some embodi 
ments, the tracRNA sequence is homologous to a crRNA over 
6 contiguous nucleotides. In some embodiments, the 
tracRNA sequence comprises at least 60% identity to a 
crRNA over 6 contiguous nucleotides. In some embodiments, 
the nucleic acid-targeting nucleic acid is a single guide 
nucleic acid. In some embodiments, the nucleic acid-target 
ing nucleic acid hybridizes with a target nucleic acid. In some 
embodiments, the nucleic acid-targeting nucleic acid hybrid 
izes with a target nucleic acid over a region, wherein the 
region comprises at least 6 nucleotides and at most 20 nucle 
otides. In some embodiments, the site-directed polypeptide is 
Cas9. In some embodiments, the site-directed polypeptide 
comprises a polypeptide comprising at least 20% homology 
to a nuclease domain of Cas9. In some embodiments, the 
site-directed polypeptide comprises a polypeptide compris 
ing at least 60% homology to Cas9. In some embodiments, 
the site-directed polypeptide comprises an affinity tag. In 
some embodiments, the affinity tag is located at the N-termi 
nus of the site-directed polypeptide, the C-terminus of the 
site-directed polypeptide, a Surface-accessible region, or any 
combination thereof. In some embodiments, the affinity tag is 
selected from a group comprising: biotin, FLAG, His6x. 
His9x, and a fluorescent protein, or any combination thereof. 
In Some embodiments, the nucleic acid-targeting nucleic acid 
comprises a nucleic acid affinity tag. In some embodiments, 
the nucleic acid affinity tag is located at the 5' end of the 
nucleic acid-targeting nucleic acid, the 3' end of the nucleic 
acid-targeting nucleic acid, a Surface-accessible region, or 
any combination thereof. In some embodiments, the nucleic 
acid affinity tag is selected from the group comprising a small 
molecule, fluorescent label, a radioactive label, or any com 
bination thereof. In some embodiments, the nucleic acid 
affinity tag is a sequence that can bind to Csy4, Cass, Casó, or 
any combination thereof. In some embodiments, the nucleic 
acid affinity tag comprises 50% identity to GUUCACUGC 
CGUAUAGGCAGCUAAGAAA. In some embodiments, the 
target nucleic acid is an excised nucleic acid that is not bound 
to the two or more complexes. In some embodiments, the two 
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or more complexes are contacted to a plurality of target 
nucleic acids. In some embodiments, the plurality of target 
nucleic acids differ by at least one nucleotide. In some 
embodiments, the two or more complexes comprise nucleic 
acid-targeting nucleic acids that differ by at least one nucle 
otide. 
0059. In one aspect the disclosure provides for a method 
for generating a library of target nucleic acids comprising: 
contacting a plurality of target nucleic acids with a complex 
comprising a site-directed polypeptide and a nucleic acid 
targeting nucleic acid, cleaving the plurality of target nucleic 
acids, and purifying the plurality of target nucleic acids to 
create the library of target nucleic acids. In some embodi 
ments, the method further comprises screening the library of 
target nucleic acids. 
0060. In one aspect the disclosure provides for a compo 
sition comprising: a first complex comprising: a first site 
directed polypeptide and a first nucleic acid-targeting nucleic 
acid, a second complex comprising: a second site-directed 
polypeptide and a second nucleic acid-targeting nucleic acid, 
wherein, the first and second nucleic acid-targeting nucleic 
acids are different. In some embodiments, the composition 
further comprises a target nucleic acid, which is bound by the 
first or the second complex. In some embodiments, the first 
site-directed polypeptide and the second site-directed 
polypeptide are the same. In some embodiments, the first 
site-directed polypeptide and the second site-directed 
polypeptide are different. 
0061. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding: two or more 
nucleic acid-targeting nucleic acids that differ by at least one 
nucleotide, and a site-directed polypeptide. 
0062. In one aspect the disclosure provides a genetically 
modified host cell comprising: a vector comprising a poly 
nucleotide sequence encoding: two or more nucleic acid 
targeting nucleic acids that differ by at least one nucleotide, 
and a site-directed polypeptide. 
0063. In one aspect the disclosure provides a kit compris 
ing: a vector comprising a polynucleotide sequence encod 
ing: two or more nucleic acid-targeting nucleic acids that 
differ by at least one nucleotide, a site-directed polypeptide, 
and a suitable buffer. In some embodiments, the kit further 
comprises: a capture agent, a Solid Support, sequencing adap 
tors, and a positive control, or any combination thereof. In 
Some embodiments, the kit further comprises instructions for 
US 

0064. In one aspect the disclosure provides for a kitcom 
prising: a site-directed polypeptide comprising reduced enzy 
matic activity compared to a wild-type site-directed polypep 
tide, a nucleic acid-targeting nucleic acid, and a capture 
agent. In some embodiments, the kit further comprises: 
instructions for use. In some embodiments, the kit further 
comprises a buffer selected from the group comprising: a 
washbuffer, a stabilization buffer, a reconstituting buffer, or a 
diluting buffer. 
0065. In one aspect the disclosure provides for a method 
for cleaving a target nucleic acid using two or more nickases 
comprising: contacting a target nucleic acid with a first com 
plex and a second complex, wherein the first complex com 
prises a first nickase and a first nucleic acid-targeting nucleic 
acid, and wherein the second complex comprises a second 
nickase and a second nucleic acid-targeting nucleic acid, 
wherein the target nucleic acid comprises a first protospacer 
adjacent motif on a first strand and a second protospacer 
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adjacent motif on a second strand, wherein the first nucleic 
acid-targeting nucleic acids is adapted to hybridize to the first 
protospacer adjacent motif, and wherein the second nucleic 
acid-targeting nucleic acid is adapted to hybridize to the 
second protospacer adjacent motif, and nicking the first and 
second strands of the target nucleic acid, wherein the nicking 
generates a cleaved target nucleic acid. In some embodi 
ments, the first and second nickase are the same. In some 
embodiments, the first and second nickase are different. In 
Some embodiments, the first and second nucleic acid-target 
ing nucleic acid are different. In some embodiments, there are 
less than 125 nucleotides between the first protospacer adja 
cent motif and the second protospacer adjacent motif. In some 
embodiments, the first and second protospacer adjacent 
motifs comprise of the sequence NGG, where N is any nucle 
otide. In some embodiments, the first or second nickase com 
prises at least one Substantially inactive nuclease domain. In 
Some embodiments, the first or second nickase comprises a 
mutation of a conserved aspartic acid. In some embodiments, 
the mutation is a D10A mutation. In some embodiments, the 
first or second nickase comprises a mutation of a conserved 
histidine. In some embodiments, the mutation is a H840A 
mutation. In some embodiments, there are less than 15 nucle 
otides between the first and second protospacer adjacent 
motifs. In some embodiments, there are less than 10 nucle 
otides between the first and second protospacer adjacent 
motifs. In some embodiments, there are less than 5 nucle 
otides between the first and second protospacer adjacent 
motifs. In some embodiments, the first and second 
protospacer adjacent motifs are adjacent to one another. In 
Some embodiments, the nicking comprises the first nickase 
nicking the first strand and the second nickase nicking the 
second strand. In some embodiments, the nicking generates a 
Sticky end cut. In some embodiments, the nicking generates a 
blunt end cut. In some embodiments, the method further 
comprises inserting a donor polynucleotide into the cleaved 
target nucleic acid. 
0066. In one aspect the disclosure provides for a compo 
sition comprising: a plurality of nucleic acid molecules, 
wherein each nucleic acid molecule comprises a nucleic acid 
binding protein binding site, wherein at least one of the plu 
rality of nucleic acid molecules encodes for a nucleic acid 
targeting nucleic acid and one of the plurality of nucleic acid 
molecules encodes for a site-directed polypeptide, and a 
fusion polypeptide, wherein the fusion polypeptide com 
prises a plurality of the nucleic acid-binding proteins, 
wherein the plurality of nucleic acid-binding proteins are 
adapted to bind to their cognate nucleic acid-binding protein 
binding site. In some embodiments, one or more of the plu 
rality of nucleic acid-binding proteins comprise a non-native 
sequence. In some embodiments, the non-native sequence is 
located at a position selected from the group consisting of the 
N-terminus, the C-terminus, a Surface accessible region, or 
any combination thereof. In some embodiments, the non 
native sequence encodes for a nuclear localization signal. In 
Some embodiments, the plurality of nucleic acid-binding pro 
teins are separated by a linker. In some embodiments, some of 
the plurality of nucleic acid-binding proteins are the same 
nucleic acid-binding protein. In some embodiments, all of the 
plurality of nucleic acid-binding proteins are the same nucleic 
acid-binding protein. In some embodiments, the plurality of 
nucleic acid-binding proteins are different nucleic acid-bind 
ing proteins. In some embodiments, the plurality of nucleic 
acid-binding proteins comprise RNA-binding proteins. In 
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some embodiments, the RNA-binding proteins are selected 
from the group consisting of a Type I Clustered Regularly 
Interspaced Short Palindromic Repeat system endoribonu 
clease, a Type II Clustered Regularly Interspaced Short Pal 
indromic Repeat System endoribonuclease, or a Type III 
Clustered Regularly Interspaced Short Palindromic Repeat 
system endoribonuclease, or any combination thereof. In 
some embodiments, the RNA-binding proteins are selected 
from the group consisting of Cass, Casó, and Csy4, or any 
combination thereof. In some embodiments, the plurality of 
nucleic acid-binding proteins comprise DNA-binding pro 
teins. In some embodiments, the nucleic acid-binding protein 
binding site is configured to bind a nucleic acid-binding pro 
tein selected from the group consisting of Type I, Type II, and 
Type III Clustered Regularly Interspaced Short Palindromic 
Repeat System nucleic acid-binding protein, or any combina 
tion thereof. In some embodiments, the nucleic acid-binding 
protein binding site is configured to bind a nucleic acid 
binding protein selected from the group consisting of Cas6. 
Cass, and Csy4, or any combination thereof. In some embodi 
ments, some of the plurality of nucleic acid molecules com 
prise the same nucleic acid-binding protein binding site. In 
Some embodiments, the plurality of nucleic acid molecules 
comprise the same nucleic acid-binding protein binding site. 
In some embodiments, the none of the plurality of nucleic 
acid molecules comprise the same nucleic acid-binding pro 
tein binding site. In some embodiments, the site-directed 
polypeptide comprises at least 20% sequence identity to a 
nuclease domain of Cas9. In some embodiments, the site 
directed polypeptide is Cas9. In some embodiments, at least 
one of the nucleic acid molecules encodes for a Clustered 
Regularly Interspaced Short Palindromic Repeat endoribo 
nuclease. In some embodiments, the Clustered Regularly 
Interspaced Short Palindromic Repeat endoribonuclease 
comprises at least 20% sequence similarity to Csy4. In some 
embodiments, the Clustered Regularly Interspaced Short Pal 
indromic Repeat endoribonuclease comprises at least 60% 
sequence similarity to Csy4. In some embodiments, the Clus 
tered Regularly Interspaced Short Palindromic Repeat 
endoribonuclease is Csy4. In some embodiments, the plural 
ity of nucleic acid-binding proteins comprise reduced enzy 
matic activity. In some embodiments, the plurality of nucleic 
acid-binding proteins are adapted to bind to the nucleic acid 
binding protein binding site but cannot cleave the nucleic 
acid-binding protein binding site. In some embodiments, the 
nucleic acid-targeting nucleic acid comprises two RNA mol 
ecules. In some embodiments, a portion of each of the two 
RNA molecules hybridize together. In some embodiments, a 
first molecule of the two RNA molecules comprises a 
sequence comprising at least 60% identity to a Clustered 
Regularly Interspaced Short Palindromic Repeat RNA 
sequence over 8 contiguous nucleotides, and wherein a sec 
ond molecule of the two RNA molecules comprises a 
sequence comprising at least 60% identity to a trans-activat 
ing-Clustered Regularly Interspaced Short Palindromic 
Repeat RNA sequence over 6 contiguous nucleotides. In 
Some embodiments, the nucleic acid-targeting nucleic acid 
comprises one continuous RNA molecule wherein the con 
tinuous RNA molecule further comprises two domains and a 
linker. In some embodiments, a portion of the two domains of 
the continuous RNA molecule hybridize together. In some 
embodiments, a first portion of the continuous RNA molecule 
comprises a sequence comprising at least 60% identity to a 
Clustered Regularly Interspaced Short Palindromic Repeat 
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RNA sequence over 8 contiguous nucleotides, and wherein a 
second portion of the continuous RNA molecule comprises a 
sequence comprising at least 60% identity to a trans-activat 
ing-Clustered Regularly Interspaced Short Palindromic 
Repeat RNA sequence over 6 contiguous nucleotides. In 
Some embodiments, the nucleic acid targeting nucleic acid is 
adapted to hybridize with a target nucleic acid over 6-20 
nucleotides. In some embodiments, the composition is con 
figured to be delivered to a cell. In some embodiments, the 
composition is configured to deliver equal amounts of the 
plurality of nucleic acid molecules to a cell. In some embodi 
ments, the composition further comprises a donor polynucle 
otide molecule, wherein the donor polynucleotide molecule 
comprises a nucleic acid-binding protein binding site, 
wherein the binding site is bound by a nucleic acid-binding 
protein of the fusion polypeptide. 
0067. In one aspect the disclosure provides for a method 
for delivery of nucleic acids to a subcellular location in a cell 
comprising: introducing into a cell a composition compris 
ing: a plurality of nucleic acid molecules, wherein each 
nucleic acid molecule comprises a nucleic acid-binding pro 
tein binding site, wherein at least one of the plurality of 
nucleic acid molecules encodes for a nucleic acid-targeting 
nucleic acid and one of the plurality of nucleic acid molecules 
encodes for a site-directed polypeptide, and a fusion polypep 
tide, wherein the fusion polypeptide comprises a plurality of 
the nucleic acid-binding proteins, wherein the plurality of 
nucleic acid-binding proteins are adapted to bind to their 
cognate nucleic acid-binding protein binding sitestoichio 
metrically delivering the composition to the subcellular loca 
tion, forming a unit comprising a site-directed polypeptide 
translated from the nucleic acid molecule encoding for a 
site-directed polypeptide and the nucleic acid-targeting 
nucleic acid, and cleaving a target nucleic acid, wherein the 
site-directed polypeptide of the unit cleaves the target nucleic 
acid. In some embodiments, the plurality of nucleic acid 
binding proteins bind to their cognate nucleic acid-binding 
protein binding site. In some embodiments, an endoribonu 
clease cleaves one of the one or more nucleic acid-binding 
protein binding sites. In some embodiments, an endoribonu 
clease cleaves the nucleic acid-binding protein binding sites 
of the nucleic acid encoding the nucleic acid-targeting 
nucleic acid, thereby liberating the nucleic acid-targeting 
nucleic acid. In some embodiments, the Subcellular location 
is selected from the group consisting of the nuclease, the ER, 
the golgi, the mitochondria, the cell wall, the lysosome, and 
the nucleus. In some embodiments, the Subcellular location is 
the nucleus. 

0068. In one aspect the disclosure provides for a vector 
comprising: a polynucleotide sequence encoding a composi 
tion comprising: a plurality of nucleic acid molecules, 
wherein each nucleic acid molecule comprises a nucleic acid 
binding protein binding site, wherein at least one of the plu 
rality of nucleic acid molecules encodes for a nucleic acid 
targeting nucleic acid and one of the plurality of nucleic acid 
molecules encodes for a site-directed polypeptide; and a 
fusion polypeptide, wherein the fusion polypeptide com 
prises a plurality of the nucleic acid-binding proteins, 
wherein the plurality of nucleic acid-binding proteins are 
adapted to bind to their cognate nucleic acid-binding protein 
binding site Stoichiometrically delivering the composition to 
the subcellular location. In some embodiments, the vector 
further comprises a polynucleotide encoding a promoter. In 

Jan. 28, 2016 

some embodiments, the promoter is operably linked to the 
polynucleotide. In some embodiments, the promoter is an 
inducible promoter. 
0069. In one aspect the disclosure provides for a geneti 
cally modified organism comprising a vector comprising: a 
polynucleotide sequence encoding for a plurality of nucleic 
acid molecules, wherein each nucleic acid molecule com 
prises a nucleic acid-binding protein binding site, wherein at 
least one of the plurality of nucleic acid molecules encodes 
for a nucleic acid-targeting nucleic acid and one of the plu 
rality of nucleic acid molecules encodes for a site-directed 
polypeptide, and a fusion polypeptide, wherein the fusion 
polypeptide comprises a plurality of the nucleic acid-binding 
proteins, wherein the plurality of nucleic acid-binding pro 
teins are adapted to bind to their cognate nucleic acid-binding 
protein binding site stoichiometrically delivering the compo 
sition to the subcellular location. 
0070. In one aspect the disclosure provides for a geneti 
cally modified organism comprising: a composition compris 
ing: a plurality of nucleic acid molecules, wherein each 
nucleic acid molecule comprises a nucleic acid-binding pro 
tein binding site, wherein at least one of the plurality of 
nucleic acid molecules encodes for a nucleic acid-targeting 
nucleic acid and one of the plurality of nucleic acid molecules 
encodes for a site-directed polypeptide; and a fusion polypep 
tide, wherein the fusion polypeptide comprises a plurality of 
the nucleic acid-binding proteins, wherein the plurality of 
nucleic acid-binding proteins are adapted to bind to their 
cognate nucleic acid-binding protein binding site. 
0071. In one aspect the disclosure provides for a kitcom 
prising: a composition comprising: a plurality of nucleic acid 
molecules, wherein each nucleic acid molecule comprises a 
nucleic acid-binding protein binding site, wherein at least one 
of the plurality of nucleic acid molecules encodes for a 
nucleic acid-targeting nucleic acid and one of the plurality of 
nucleic acid molecules encodes for a site-directed polypep 
tide, and a fusion polypeptide, wherein the fusion polypeptide 
comprises a plurality of the nucleic acid-binding proteins, 
wherein the plurality of nucleic acid-binding proteins are 
adapted to bind to their cognate nucleic acid-binding protein 
binding site, and a buffer. 
0072. In one aspect the disclosure provides for a kitcom 
prising: a vector comprising: a polynucleotide sequence 
encoding for a plurality of nucleic acid molecules, wherein 
each nucleic acid molecule comprises a nucleic acid-binding 
protein binding site, wherein at least one of the plurality of 
nucleic acid molecules encodes for a nucleic acid-targeting 
nucleic acid and one of the plurality of nucleic acid molecules 
encodes for a site-directed polypeptide; and a fusion polypep 
tide, wherein the fusion polypeptide comprises a plurality of 
the nucleic acid-binding proteins, wherein the plurality of 
nucleic acid-binding proteins are adapted to bind to their 
cognate nucleic acid-binding protein binding site Stoichio 
metrically delivering the composition to the subcellular loca 
tion, and a buffer. In some embodiments, the kit further com 
prises instructions for use. In some embodiments, the buffer is 
selected from the group comprising: a dilution buffer, a 
reconstitution buffer, and a stabilization buffer, or any com 
bination thereof. 
0073. In one aspect the disclosure provides for a donor 
polynucleotide comprising: a genetic element of interest, and 
a reporter element, wherein the reporter element comprises a 
polynucleotide sequence encoding a site-directed polypep 
tide, and one or more a nucleic acids, wherein the one or more 
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nucleic acids comprises a sequence comprising at least 50% 
sequence identity to a crRNA over 6 contiguous nucleotides 
and a sequence comprising at least 50% sequence identity to 
a tracrRNA over 6 contiguous nucleotides. In some embodi 
ments, the genetic element of interest comprises a gene. In 
Some embodiments, the genetic element of interest comprises 
a non-coding nucleic acid selected from the group consisting 
of a microRNA, a siRNA, and a long non-coding RNA, or 
any combination thereof. In some embodiments, the genetic 
element of interest comprises a non-coding gene. In some 
embodiments, the genetic element of interest comprises a 
non-coding nucleic acid selected from the group consisting 
of a microRNA, a siRNA, and a long non-coding RNA, or 
any combination thereof. In some embodiments, the reporter 
element comprises a gene selected from the group consisting 
of a gene encoding a fluorescent protein, a gene encoding a 
chemiluminescent protein, and an antibiotic resistance gene, 
or any combination thereof. In some embodiments, the 
reporter element comprises a gene encoding a fluorescent 
protein. In some embodiments, the fluorescent protein com 
prises green fluorescent protein. In some embodiments, the 
reporter element is operably linked to a promoter. In some 
embodiments, the promoter comprises an inducible pro 
moter. In some embodiments, the promoter comprises a tis 
Sue-specific promoter. In some embodiments, the site-di 
rected polypeptide comprises at least 15% amino acid 
sequence identity to a nuclease domain of Cas9. In some 
embodiments, the site-directed polypeptide comprises at 
least 95% amino acid sequence identity over 10 amino acids 
to Cas9. In some embodiments, the nuclease domain is 
selected from the group consisting of an HNH domain, an 
HNH-like domain, a RuvC domain, and a RuvC-like domain, 
or any combination thereof. 
0074. In one aspect the disclosure provides for an expres 
sion vector comprising a polynucleotide sequence encoding 
for a genetic element of interest; and a reporter element, 
wherein the reporter element comprises a polynucleotide 
sequence encoding a site-directed polypeptide, and one or 
more a nucleic acids, wherein the one or more nucleic acids 
comprises a sequence comprising at least 50% sequence iden 
tity to a crRNA over 6 contiguous nucleotides and a sequence 
comprising at least 50% sequence identity to a tracrRNA over 
6 contiguous nucleotides. 
0075. In one aspect the disclosure provides for a geneti 
cally modified cell comprising a donor polynucleotide com 
prising: a genetic element of interest; and a reporter element, 
wherein the reporter element comprises a polynucleotide 
sequence encoding a site-directed polypeptide, and one or 
more a nucleic acids, wherein the one or more nucleic acids 
comprises a sequence comprising at least 50% sequence iden 
tity to a crRNA over 6 contiguous nucleotides and a sequence 
comprising at least 50% sequence identity to a tracrRNA over 
6 contiguous nucleotides. 
0076. In one aspect the disclosure provides for a kitcom 
prising: a donor polynucleotide comprising: a genetic ele 
ment of interest; and a reporter element, wherein the reporter 
element comprises a polynucleotide sequence encoding a 
site-directed polypeptide, and one or more a nucleic acids, 
wherein the one or more nucleic acids comprises a sequence 
comprising at least 50% sequence identity to a crRNA over 6 
contiguous nucleotides and a sequence comprising at least 
50% sequence identity to a tracrRNA over 6 contiguous 
nucleotides; and a buffer. In some embodiments, the kit fur 
ther comprises: a polypeptide comprising at least 10% amino 
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acid sequence identity to Cas9; and a nucleic acid, wherein 
the nucleic acid binds to the polypeptide and hybridizes to a 
target nucleic acid. In some embodiments, the kit further 
comprises instructions for use. In some embodiments, the kit 
further comprises a polynucleotide encoding a polypeptide, 
wherein the polypeptide comprises at last 15% amino acid 
sequence identity to Cas9. In some embodiments, the kit 
further comprises a polynucleotide encoding a nucleic acid, 
wherein the nucleic acid comprises a sequence comprising at 
least 50% sequence identity to a crRNA over 6 contiguous 
nucleotides and a sequence comprising at least 50% sequence 
identity to a tracrRNA over 6 contiguous nucleotides. 
0077. In one aspect the disclosure provides for a method 
for selecting a cell using a reporter element and excising the 
reporter element from the cell comprising: contacting a target 
nucleic acid with a complex comprising a site-directed 
polypeptide and a nucleic acid-targeting nucleic acid; cleav 
ing the target nucleic acid with the site-directed polypeptide, 
to generate a cleaved target nucleic acid; inserting the donor 
polynucleotide comprising a genetic element of interest; and 
a reporter element, wherein the reporter element comprises a 
polynucleotide sequence encoding a site-directed polypep 
tide, and one or more a nucleic acids, wherein the one or more 
nucleic acids comprises a sequence comprising at least 50% 
sequence identity to a crRNA over 6 contiguous nucleotides 
and a sequence comprising at least 50% sequence identity to 
a tracrRNA over 6 contiguous nucleotides into the cleaved 
target nucleic acid; and selecting the cell based on the donor 
polynucleotide to generate a selected cell. In some embodi 
ments, selecting comprises selecting the cell from a subject 
being treated for a disease. In some embodiments, selecting 
comprises selecting the cell from a subject being diagnosed 
for a disease. In some embodiments, after the selecting, the 
cell comprises the donor polynucleotide. In some embodi 
ments, the method further comprises excising all. Some or 
none of the reporter element, thereby generating a second 
selected cell. In some embodiments, excising comprises con 
tacting the 5' end of the reporter element with a complex 
comprising a site-directed polypeptide and a nucleic acid 
targeting nucleic acid, wherein the complex cleaves the 5'end. 
In some embodiments, excising comprises contacting the 3' 
end of the reporter element with a complex comprising a 
site-directed polypeptide and a nucleic acid-targeting nucleic 
acid, wherein the complex cleaves the 3'end. In some embodi 
ments, excising comprises contacting the 5' and 3' end of the 
reporter element with one or more complexes comprising a 
site-directed polypeptide and a nucleic acid-targeting nucleic 
acid, wherein the complex cleaves the 5' and 3'end. In some 
embodiments, the method further comprises screening the 
second selected cell. In some embodiments, screening com 
prises observing an absence of all or some of the reporter 
element. 

0078. In one aspect the disclosure provides for a compo 
sition comprising: a nucleic acid comprising: a spacer, 
wherein the spacer is between 12-30 nucleotides, inclusive, 
and wherein the spacer is adapted to hybridize to a sequence 
that is 5' to a PAM; a first duplex, wherein the first duplex is 3' 
to the spacer, a bulge, wherein the bulge comprises at least 3 
unpaired nucleotides on a first strand of the first duplex and at 
least 1 unpaired nucleotide on a second strand of the first 
duplex; a linker, wherein the linker links the first strand and 
the second strand of the duplex and is at least 3 nucleotides in 
length; a P-domain; and a second duplex, wherein the second 
duplex is 3' of the P-domain and is adapted to bind to a site 
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directed polypeptide. In some embodiments, the sequence 
that is 5' to a PAM is at least 18 nucleotides in length. In some 
embodiments, the sequence that is 5' to a PAM is adjacent to 
the PAM. In some embodiments, the PAM comprises 
5'-NGG-3'. In some embodiments, the first duplex is adjacent 
to the spacer. In some embodiments, the P-domain starts from 
1-5 nucleotides downstream of the duplex, comprises at least 
4 nucleotides, and is adapted to hybridize to sequence 
selected from the group consisting of: a 5'-NGG-3' 
protospacer adjacent motif sequence, a sequence comprising 
at least 50% identity to amino acids 1096-1225 of Cas9 from 
S. pyogenes, or any combination thereof. In some embodi 
ments, the site-directed polypeptide comprises at least 15% 
identity to a nuclease domain of Cas9 from S. pyogenes. In 
some embodiments, the nucleic acid is RNA. In some 
embodiments, the nucleic acid is an A-form RNA. In some 
embodiments, the first duplex is at least 6 nucleotides in 
length. In some embodiments, the 3 unpaired nucleotides of 
the bulge comprise 5'-AAG-3'. In some embodiments, adja 
cent to the 3 unpaired nucleotides is a nucleotide that forms a 
wobble pair with a nucleotide on the second strand of the first 
duplex. In some embodiments, the polypeptide binds to a 
region of the nucleic acid selected from the group consisting 
of the first duplex, the second duplex, and the P-domain, or 
any combination thereof. 
0079. In one aspect the disclosure provides for a method of 
modifying a target nucleic acid comprising: contacting a tar 
get nucleic acid with a composition comprising: a nucleic 
acid comprising: a spacer, wherein the spacer is between 
12-30 nucleotides, inclusive, and wherein the spacer is 
adapted to hybridize to a sequence that is 5' to a PAM; a first 
duplex, wherein the first duplex is 3' to the spacer; a bulge, 
wherein the bulge comprises at least 3 unpaired nucleotides 
on a first strand of the first duplex and at least 1 unpaired 
nucleotide on a second strand of the first duplex; a linker, 
wherein the linker links the first strand and the second strand 
of the duplex and is at least 3 nucleotides in length; a P-do 
main; and a second duplex, wherein the second duplex is 3' of 
the P-domain and is adapted to bind to a site directed polypep 
tide; and modifying the target nucleic acid. In some embodi 
ments, the method further comprises contacting with a site 
directed polypeptide. In some embodiments, the contacting 
comprises contacting the spacer to the target nucleic acid. In 
Some embodiments, the modifying comprises cleaving the 
target nucleic acid to produce a cleaved target nucleic acid. In 
Some embodiments, the cleaving is performed by the site 
directed polypeptide. In some embodiments, the method fur 
ther comprises inserting a donor polynucleotide into the 
cleaved target nucleic acid. In some embodiments, the modi 
fying comprises modifying transcription of the target nucleic 
acid. 

0080. In one aspect the disclosure provides for a vector 
comprising a polynucleotide sequence encoding a nucleic 
acid comprising: a spacer, wherein the spacer is between 
12-30 nucleotides, inclusive, and wherein the spacer is 
adapted to hybridize to a sequence that is 5' to a PAM; a first 
duplex, wherein the first duplex is 3' to the spacer; a bulge, 
wherein the bulge comprises at least 3 unpaired nucleotides 
on a first strand of the first duplex and at least 1 unpaired 
nucleotide on a second strand of the first duplex; a linker, 
wherein the linker links the first strand and the second strand 
of the duplex and is at least 3 nucleotides in length; a P-do 
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main; and a second duplex, wherein the second duplex is 3' of 
the P-domain and is adapted to bind to a site directed polypep 
tide. 

I0081. In one aspect the disclosure provides for a kitcom 
prising: a composition comprising: a nucleic acid compris 
ing: a spacer, wherein the spacer is between 12-30 nucle 
otides, inclusive, and wherein the spacer is adapted to 
hybridize to a sequence that is 5' to a PAM; a first duplex, 
wherein the first duplex is 3' to the spacer; a bulge, wherein 
the bulge comprises at least 3 unpaired nucleotides on a first 
strand of the first duplex and at least 1 unpaired nucleotide on 
a second strand of the first duplex; a linker, wherein the linker 
links the first strand and the second strand of the duplex and 
is at least 3 nucleotides in length; a P-domain; and a second 
duplex, wherein the second duplex is 3' of the P-domain and 
is adapted to bind to a site directed polypeptide; and a buffer. 
In some embodiments, the kit further comprises a site-di 
rected polypeptide. In some embodiments, the kit further 
comprises a donor polynucleotide. In some embodiments, the 
kit further comprises instructions for use. 
I0082 In one aspect, the disclosure provides for a method 
of creating a synthetically designed nucleic acid-targeting 
nucleic acid comprising: designing a composition compris 
ing: a nucleic acid comprising: a spacer, wherein the spacer is 
between 12-30 nucleotides, inclusive, and wherein the spacer 
is adapted to hybridize to a sequence that is 5' to a PAM; a first 
duplex, wherein the first duplex is 3' to the spacer; a bulge, 
wherein the bulge comprises at least 3 unpaired nucleotides 
on a first strand of the first duplex and at least 1 unpaired 
nucleotide on a second strand of the first duplex; a linker, 
wherein the linker links the first strand and the second strand 
of the duplex and is at least 3 nucleotides in length; a P-do 
main; and a second duplex, wherein the second duplex is 3' of 
the P-domain and is adapted to bind to a site directed polypep 
tide. 
I0083. In one aspect, the disclosure provides for a pharma 
ceutical composition comprising an engineered nucleic acid 
targeting nucleic acid selected from the group consisting of 
an engineered nucleic acid-targeting nucleic acid comprising: 
a mutation in a P-domain of said nucleic acid-targeting 
nucleic acid; an engineered nucleic acid-targeting nucleic 
acid comprising: a mutation in a bulge region of a nucleic 
acid-targeting nucleic acid 
I0084. In one aspect the disclosure provides for a pharma 
ceutical composition comprising a composition selected 
from the group consisting of: A composition comprising: an 
engineered nucleic acid-targeting nucleic acid comprising a 
3' hybridizing extension, and a donor polynucleotide, 
wherein said donor polynucleotide is hybridized to said 3' 
hybridizing extension; a composition comprising: an effector 
protein, and a nucleic acid, wherein said nucleic acid com 
prises: at least 50% sequence identity to a crRNA over 6 
contiguous nucleotides, at least 50% sequence identity to a 
tracrRNA over 6 contiguous nucleotides, and a non-native 
sequence, wherein said nucleic acid is adapted to bind to said 
effector protein; a composition comprising: a multiplexed 
genetic targeting agent, wherein said multiplexed genetic 
targeting agent comprises one or more nucleic acid modules, 
wherein said nucleic acid module comprises a non-native 
sequence, and wherein said nucleic acid module is configured 
to bind to a polypeptide comprising at least 10% amino acid 
sequence identity to a nuclease domain of Cas9 and wherein 
said nucleic acid module is configured to hybridize to a target 
nucleic acid; a composition comprising: a modified site-di 
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rected polypeptide, wherein said polypeptide is modified 
Such that it is adapted to target a second protospacer adjacent 
motif compared to a wild-type site-directed polypeptide; a 
composition comprising: a modified site-directed polypep 
tide, wherein said polypeptide is modified such that it is 
adapted to target a second nucleic acid-targeting nucleic acid 
compared to a wild-type site-directed polypeptide; a compo 
sition comprising: a modified site-directed polypeptide com 
prising a modification in a bridge helix as compared to SEQ 
ID: 8; a composition comprising: a modified site-directed 
polypeptide comprising a modification in a highly basic patch 
as compared to SEQ ID: 8; a composition comprising: a 
modified site-directed polypeptide comprising a modification 
in a polymerase-like domain as compared to SEQ ID: 8; a 
composition comprising: a modified site-directed polypep 
tide comprising a modification in a bridge helix, highly basic 
patch, nuclease domain, and polymerase domain as compared 
to SEQ ID: 8, or any combination thereof; a composition 
comprising: a modified site-directed polypeptide comprising 
a modified nuclease domain as compared to SEQ ID: 8; a 
composition comprising: a first complex comprising: a first 
site-directed polypeptide and a first nucleic acid-targeting 
nucleic acid, a second complex comprising: a second site 
directed polypeptide and a second nucleic acid-targeting 
nucleic acid, wherein, said first and second nucleic acid 
targeting nucleic acids are different; a composition compris 
ing: a plurality of nucleic acid molecules, wherein each 
nucleic acid molecule comprises a nucleic acid-binding pro 
tein binding site, wherein at least one of said plurality of 
nucleic acid molecules encodes for a nucleic acid-targeting 
nucleic acid and one of said plurality of nucleic acid mol 
ecules encodes for a site-directed polypeptide, and a fusion 
polypeptide, wherein said fusion polypeptide comprises a 
plurality of said nucleic acid-binding proteins, wherein said 
plurality of nucleic acid-binding proteins are adapted to bind 
to their cognate nucleic acid-binding protein binding site; and 
a composition comprising: a nucleic acid comprising: a 
spacer, wherein said spacer is between 12-30 nucleotides, 
inclusive, and wherein said spacer is adapted to hybridize to 
a sequence that is 5' to a PAM, a first duplex, wherein said first 
duplex is 3' to said spacer, a bulge, wherein said bulge com 
prises at least 3 unpaired nucleotides on a first strand of said 
first duplex and at least 1 unpaired nucleotide on a second 
strand of said first duplex, a linker, wherein said linker links 
said first strand and said second strand of said duplex and is at 
least 3 nucleotides in length, a P-domain, and a second 
duplex, wherein said second duplex is 3' of said P-domain and 
is adapted to bind to a site directed polypeptide; or any com 
bination thereof. 

0085. In one aspect, the disclosure provides for a pharma 
ceutical composition comprising a modified site-directed 
polypeptide comprising: a first nuclease domain, a second 
nuclease domain, and an inserted nuclease domain. 
I0086. In one aspect the disclosure provides for a pharma 
ceutical composition comprising a donor polynucleotide 
comprising: a genetic element of interest, and a reporter ele 
ment, wherein said reporter element comprises a polynucle 
otide sequence encoding a site-directed polypeptide, and one 
or more a nucleic acids, wherein said one or more nucleic 
acids comprises a sequence comprising at least 50% sequence 
identity to a crRNA over 6 contiguous nucleotides and a 
sequence comprising at least 50% sequence identity to a 
tracrRNA over 6 contiguous nucleotides. 

Jan. 28, 2016 

I0087. In one aspect the disclosure provides for a pharma 
ceutical composition a vector selected from the group con 
sisting of a vector comprising a polynucleotide sequence 
encoding An engineered nucleic acid-targeting nucleic acid 
comprising: a mutation in a P-domain of said nucleic acid 
targeting nucleic acid; a vector comprising a polynucleotide 
sequence encoding an engineered nucleic acid-targeting 
nucleic acid comprising: a mutation in a bulge region of a 
nucleic acid-targeting nucleic acid; and modifying the target 
nucleic acid; a vector comprising a polynucleotide sequence 
encoding a modified nucleic acid-targeting nucleic acid, 
wherein the modified nucleic acid-targeting nucleic acid 
comprises a non-native sequence; avector comprising: a poly 
nucleotide sequence encoding: a modified nucleic acid-tar 
geting nucleic acid, wherein the modified nucleic acid-target 
ing nucleic acid comprises a sequence configured to bind to 
an effector protein, and a site-directed polypeptide; a vector 
comprising: a polynucleotide sequence encoding: a modified 
nucleic acid-targeting nucleic acid, wherein the modified 
nucleic acid-targeting nucleic acid comprises a non-native 
sequence, a site-directed polypeptide, and an effector protein; 
a vector comprising a polynucleotide sequence encoding a 
multiplexed genetic targeting agent, wherein the multiplexed 
genetic targeting agent comprises one or more nucleic acid 
modules, wherein the nucleic acid module comprises a non 
native sequence, and wherein the nucleic acid module is 
configured to bind to a polypeptide comprising at least 10% 
amino acid sequence identity to a nuclease domain of Cas9 
and wherein the nucleic acid module is configured to hybrid 
ize to a target nucleic acid; a vector comprising a polynucle 
otide sequence encoding a modified site-directed polypeptide 
comprising a modification in a bridge helix, highly basic 
patch, nuclease domain, and polymerase domain as compared 
to SEQID: 8, or any combination thereof; a vector compris 
ing a polynucleotide sequence encoding: two or more nucleic 
acid-targeting nucleic acids that differ by at least one nucle 
otide; and a site-directed polypeptide; a vector comprising: a 
polynucleotide sequence encoding a composition compris 
ing: a plurality of nucleic acid molecules, wherein each 
nucleic acid molecule comprises a nucleic acid-binding pro 
tein binding site, wherein at least one of the plurality of 
nucleic acid molecules encodes for a nucleic acid-targeting 
nucleic acid and one of the plurality of nucleic acid molecules 
encodes for a site-directed polypeptide; and a fusion polypep 
tide, wherein the fusion polypeptide comprises a plurality of 
the nucleic acid-binding proteins, wherein the plurality of 
nucleic acid-binding proteins are adapted to bind to their 
cognate nucleic acid-binding protein binding site Stoichio 
metrically delivering the composition to the subcellular loca 
tion; an expression vector comprising a polynucleotide 
sequence encoding for a genetic element of interest; and a 
reporter element, wherein the reporter element comprises a 
polynucleotide sequence encoding a site-directed polypep 
tide, and one or more a nucleic acids, wherein the one or more 
nucleic acids comprises a sequence comprising at least 50% 
sequence identity to a crRNA over 6 contiguous nucleotides 
and a sequence comprising at least 50% sequence identity to 
a tracrRNA over 6 contiguous nucleotides; and a vector com 
prising a polynucleotide sequence encoding a nucleic acid 
comprising: a spacer, wherein the spacer is between 12-30 
nucleotides, inclusive, and wherein the spacer is adapted to 
hybridize to a sequence that is 5' to a PAM; a first duplex, 
wherein the first duplex is 3' to the spacer; a bulge, wherein 
the bulge comprises at least 3 unpaired nucleotides on a first 
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strand of the first duplex and at least 1 unpaired nucleotide on 
a second strand of the first duplex; a linker, wherein the linker 
links the first strand and the second strand of the duplex and 
is at least 3 nucleotides in length; a P-domain; and a second 
duplex, wherein the second duplex is 3' of the P-domain and 
is adapted to bind to a site directed polypeptide; or any com 
bination thereof. 

0088. In one aspect the disclosure provides for a method of 
treating a disease comprising administering to a Subject: an 
engineered nucleic acid-targeting comprising: a mutation in a 
P-domain of said nucleic acid-targeting nucleic acid; an engi 
neered nucleic acid-targeting nucleic acid comprising: a 
mutation in a bulge region of a nucleic acid-targeting nucleic 
acid; a composition comprising: an engineered nucleic acid 
targeting nucleic acid comprising a 3' hybridizing extension, 
and a donor polynucleotide, wherein said donor polynucle 
otide is hybridized to said 3' hybridizing extension; a compo 
sition comprising: an effector protein, and a nucleic acid, 
wherein said nucleic acid comprises: at least 50% sequence 
identity to a crRNA over 6 contiguous nucleotides, at least 
50% sequence identity to a tracrRNA over 6 contiguous 
nucleotides, and a non-native sequence, wherein said nucleic 
acid is adapted to bind to said effector protein; a composition 
comprising: a multiplexed genetic targeting agent, wherein 
said multiplexed genetic targeting agent comprises one or 
more nucleic acid modules, wherein said nucleic acid module 
comprises a non-native sequence, and wherein said nucleic 
acid module is configured to bind to a polypeptide comprising 
at least 10% amino acid sequence identity to a nuclease 
domain of Cas9 and wherein said nucleic acid module is 
configured to hybridize to a target nucleic acid; a composition 
comprising: a modified site-directed polypeptide, wherein 
said polypeptide is modified Such that it is adapted to target a 
second protospacer adjacent motif compared to a wild-type 
site-directed polypeptide; a composition comprising: a modi 
fied site-directed polypeptide, wherein said polypeptide is 
modified Such that it is adapted to target a second nucleic 
acid-targeting nucleic acid compared to a wild-type site-di 
rected polypeptide; a composition comprising: a modified 
site-directed polypeptide comprising a modification in a 
bridge helix as compared to SEQ ID: 8; a composition com 
prising: a modified site-directed polypeptide comprising a 
modification in a highly basic patch as compared to SEQID: 
8; a composition comprising: a modified site-directed 
polypeptide comprising a modification in a polymerase-like 
domain as compared to SEQ ID: 8; a composition compris 
ing: a modified site-directed polypeptide comprising a modi 
fication in a bridge helix, highly basic patch, nuclease 
domain, and polymerase domain as compared to SEQID: 8, 
or any combination thereof a composition comprising: a 
modified site-directed polypeptide comprising a modified 
nuclease domain as compared to SEQ ID: 8; a composition 
comprising: a first complex comprising: a first site-directed 
polypeptide and a first nucleic acid-targeting nucleic acid, a 
second complex comprising: a second site-directed polypep 
tide and a second nucleic acid-targeting nucleic acid, 
wherein, said first and second nucleic acid-targeting nucleic 
acids are different; a composition comprising: a plurality of 
nucleic acid molecules, wherein each nucleic acid molecule 
comprises a nucleic acid-binding protein binding site, 
wherein at least one of said plurality of nucleic acid molecules 
encodes for a nucleic acid-targeting nucleic acid and one of 
said plurality of nucleic acid molecules encodes for a site 
directed polypeptide, and a fusion polypeptide, wherein said 
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fusion polypeptide comprises a plurality of said nucleic acid 
binding proteins, wherein said plurality of nucleic acid-bind 
ing proteins are adapted to bind to their cognate nucleic 
acid-binding protein binding site; a composition comprising: 
a nucleic acid comprising: a spacer, wherein said spacer is 
between 12-30 nucleotides, inclusive, and wherein said 
spacer is adapted to hybridize to a sequence that is 5' to a 
PAM, a first duplex, wherein said first duplex is 3' to said 
spacer, a bulge, wherein said bulge comprises at least 3 
unpaired nucleotides on a first strand of said first duplex and 
at least 1 unpaired nucleotide on a second strand of said first 
duplex, a linker, wherein said linker links said first strand and 
said second strand of said duplex and is at least 3 nucleotides 
in length, a P-domain, and a second duplex, wherein said 
second duplex is 3' of said P-domain and is adapted to bind to 
a site directed polypeptide; a modified site-directed polypep 
tide comprising: a first nuclease domain, a second nuclease 
domain, and an inserted nuclease domain; a donor polynucle 
otide comprising: a genetic element of interest, and a reporter 
element, wherein said reporter element comprises a poly 
nucleotide sequence encoding a site-directed polypeptide, 
and one or more a nucleic acids, wherein said one or more 
nucleic acids comprises a sequence comprising at least 50% 
sequence identity to a crRNA over 6 contiguous nucleotides 
and a sequence comprising at least 50% sequence identity to 
a tracrRNA over 6 contiguous nucleotides; a vector compris 
ing a polynucleotide sequence encoding An engineered 
nucleic acid-targeting nucleic acid comprising: a mutation in 
a P-domain of said nucleic acid-targeting nucleic acid; a 
vector comprising a polynucleotide sequence encoding an 
engineered nucleic acid-targeting nucleic acid comprising: a 
mutation in a bulge region of a nucleic acid-targeting nucleic 
acid; and modifying the target nucleic acid; a vector compris 
ing a polynucleotide sequence encoding a modified nucleic 
acid-targeting nucleic acid, wherein the modified nucleic 
acid-targeting nucleic acid comprises a non-native sequence; 
avector comprising: a polynucleotide sequence encoding: a 
modified nucleic acid-targeting nucleic acid, wherein the 
modified nucleic acid-targeting nucleic acid comprises a 
sequence configured to bind to an effector protein, and a 
site-directed polypeptide; a vector comprising: a polynucle 
otide sequence encoding: a modified nucleic acid-targeting 
nucleic acid, wherein the modified nucleic acid-targeting 
nucleic acid comprises a non-native sequence, a site-directed 
polypeptide, and an effector protein; a vector comprising a 
polynucleotide sequence encoding a multiplexed genetic tar 
geting agent, wherein the multiplexed genetic targeting agent 
comprises one or more nucleic acid modules, wherein the 
nucleic acid module comprises a non-native sequence, and 
wherein the nucleic acid module is configured to bind to a 
polypeptide comprising at least 10% amino acid sequence 
identity to a nuclease domain of Cas9 and wherein the nucleic 
acid module is configured to hybridize to a target nucleic acid; 
a vector comprising a polynucleotide sequence encoding a 
modified site-directed polypeptide comprising a modification 
in a bridge helix, highly basic patch, nuclease domain, and 
polymerase domain as compared to SEQID: 8, or any com 
bination thereof a vector comprising a polynucleotide 
sequence encoding: two or more nucleic acid-targeting 
nucleic acids that differ by at least one nucleotide; and a 
site-directed polypeptide; a vector comprising: a polynucle 
otide sequence encoding a composition comprising: a plural 
ity of nucleic acid molecules, wherein each nucleic acid mol 
ecule comprises a nucleic acid-binding protein binding site, 
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wherein at least one of the plurality of nucleic acid molecules 
encodes for a nucleic acid-targeting nucleic acid and one of 
the plurality of nucleic acid molecules encodes for a site 
directed polypeptide; and a fusion polypeptide, wherein the 
fusion polypeptide comprises a plurality of the nucleic acid 
binding proteins, wherein the plurality of nucleic acid-bind 
ing proteins are adapted to bind to their cognate nucleic 
acid-binding protein binding sitestoichiometrically deliver 
ing the composition to the Subcellular location; an expression 
vector comprising a polynucleotide sequence encoding for a 
genetic element of interest; and a reporter element, wherein 
the reporter element comprises a polynucleotide sequence 
encoding a site-directed polypeptide, and one or more a 
nucleic acids, wherein the one or more nucleic acids com 
prises a sequence comprising at least 50% sequence identity 
to a crRNA over 6 contiguous nucleotides and a sequence 
comprising at least 50% sequence identity to a tracrRNA over 
6 contiguous nucleotides; and a vector comprising a poly 
nucleotide sequence encoding a nucleic acid comprising: a 
spacer, wherein the spacer is between 12-30 nucleotides, 
inclusive, and wherein the spacer is adapted to hybridize to a 
sequence that is 5' to a PAM; a first duplex, wherein the first 
duplex is 3' to the spacer, a bulge, wherein the bulge com 
prises at least 3 unpaired nucleotides on a first Strand of the 
first duplex and at least 1 unpaired nucleotide on a second 
strand of the first duplex; a linker, wherein the linker links the 
first strand and the second strand of the duplex and is at least 
3 nucleotides in length; a P-domain; and a second duplex, 
wherein the second duplex is 3' of the P-domain and is 
adapted to bind to a site directed polypeptide; or any combi 
nation thereof. In some embodiments, the administering com 
prises administering comprises administering by viral deliv 
ery. In some embodiments, the administering comprises 
administering comprises administering by electroporation. In 
Some embodiments, the administering comprises administer 
ing comprises administering by nanoparticle delivery. In 
Some embodiments, the administering comprises administer 
ing comprises administering by liposome delivery. In some 
embodiments, the administering comprises administering by 
a method selected from the group consisting of intravenously, 
Subcutaneously, intramuscularly, orally, rectally, by aerosol, 
parenterally, ophthalmicly, pulmonarily, transdermally, vagi 
nally, otically, nasally, and by topical administration, or any 
combination thereof. In some embodiments, the methods of 
the disclosure are performed in a cell selected from the group 
consisting of plant cell, microbe cell, and fungi cell, or any 
combination thereof. 

INCORPORATION BY REFERENCE 

0089 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0090. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
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0091 FIG. 1A depicts an exemplary embodiment of a 
single guide nucleic acid-targeting nucleic acid of the disclo 
SUC. 

0092 FIG. 1B depicts an exemplary embodiment of a 
single guide nucleic acid-targeting nucleic acid of the disclo 
SUC. 

0093 FIG. 2 depicts an exemplary embodiment of a 
double guide nucleic acid-targeting nucleic acid of the dis 
closure. 
0094 FIG. 3 depicts an exemplary embodiment of a 
sequence enrichment method of the disclosure utilizing target 
nucleic acid cleavage. 
0.095 FIG. 4 depicts an exemplary embodiment of a 
sequence enrichment method of the disclosure utilizing target 
nucleic acid enrichment. 
0096 FIG. 5 depicts an exemplary embodiment of a 
method of the disclosure for determining off-target binding 
sites of a site-directed polypeptide utilizing purification of the 
site-directed polypeptide. 
0097 FIG. 6 depicts an exemplary embodiment of a 
method of the disclosure for determining off-target binding 
sites of a site-directed polypeptide utilizing purification of the 
nucleic acid-targeting nucleic acid. 
0.098 FIG. 7 illustrates an exemplary embodiment for an 
array-based sequencing method using a site-directed 
polypeptide of the disclosure. 
0099 FIG. 8 illustrates an exemplary embodiment for an 
array-based sequencing method using a site-directed 
polypeptide of the disclosure, wherein cleaved products are 
sequenced. 
0100 FIG. 9 illustrates an exemplary embodiment for a 
next-generation sequencing-based method using a site-di 
rected polypeptide of the disclosure. 
0101 FIG. 10 depicts an exemplary tagged single guide 
nucleic acid-targeting nucleic acid. 
0102 FIG. 11 depicts an exemplary tagged double guide 
nucleic acid-targeting nucleic acid. 
0103 FIG. 12 illustrates an exemplary embodiment of a 
method of using tagged nucleic acid-targeting nucleic acid 
with a split system (e.g., split fluorescent system). 
0104 FIG. 13 depicts some exemplary data on the effect of 
a 5' tagged nucleic acid-targeting nucleic acid on target 
nucleic acid cleavage. 
0105 FIG. 14 illustrates an exemplary 5' tagged nucleic 
acid-targeting nucleic acid comprising a tag linker sequence 
between the nucleic acid-targeting nucleic acid and the tag. 
0106 FIG. 15 depicts an exemplary embodiment of a 
method of multiplexed target nucleic acid cleavage. 
0107 FIG. 16 depicts an exemplary embodiment of a 
method of stoichiometric delivery of RNA nucleic acids. 
0.108 FIG. 17 depicts an exemplary embodiment of a 
method of stoichiometric delivery of nucleic acids. 
0109 FIG. 18 depicts an exemplary embodiment of seam 
less insertion of a reporter element into a target nucleic acid 
using a site-directed polypeptide of the disclosure. 
0110 FIG. 19 depicts an exemplary embodiment for 
removing a reporter element from a target nucleic acid. 
0111 FIG. 20 depicts complementary portions of the 
nucleic acid sequences of a pre-CRISPR nucleic acid and 
target nucleic acid sequences from Streptococcus pyogenes 
SF370. 
0112 FIG. 21 depicts an exemplary secondary structure of 
a synthetic single guide nucleic acid-targeting nucleic acid. 
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0113 FIGS. 22A and B shows exemplary single-guide 
nucleic acid-targeting nucleic acid backbone variants. Nucle 
otides in the boxes correspond to nucleotides that have been 
altered relative to CRISPR sequences labeled as FL-tracr 
crRNA sequence. 
0114 FIG. 23 A-C shows exemplary data from an in vitro 
cleavage assay. The results demonstrate that more than one 
synthetic nucleic acid-targeting nucleic acid backbone 
sequences can Support cleavage by a site-directed polypep 
tide (e.g., Cas9). 
0115 FIG. 24 shows exemplary synthetic single-guide 
nucleic acid-targeting nucleic acid sequences containing 
variants in the complementary region/duplex. Nucleotides in 
the boxes correspond to nucleotides that have been altered 
relative to the CRISPR sequences labeled as FL-tracr-crRNA 
Sequence. 
0116 FIG. 25 shows exemplary variants to the single 
guide nucleic acid-targeting nucleic acid structure within the 
region 3' to the complementary region/duplex. Nucleotides in 
the boxes correspond to nucleotides that have been altered 
relative to the naturally occurring S. pyogenes SF370 
CRISPR nucleic acid and tracr nucleic acid sequence pairing. 
0117 FIG. 26A-B shows exemplary variants to the single 
guide nucleic acid-targeting nucleic acid structure within the 
region 3' to the complementary region/duplex. Nucleotides in 
the boxes correspond to nucleotides that have been altered 
relative to the naturally occurring S. pyogenes SF370 
CRISPR nucleic acid and tracr nucleic acid sequence pairing. 
0118 FIG. 27A-B shows exemplary variant nucleic acid 
targeting nucleic acid structures comprising additional hair 
pin sequences derived from the CRISPR repeatin Pseudomo 
nas aeruginosa (PA14). The sequences in the boxes can bind 
to the ribonuclease Csy4 from PA14. 
0119 FIG. 28 shows exemplary data from an in vitro 
cleavage assay demonstrating that multiple synthetic nucleic 
acid-targeting nucleic acid backbone sequences Support Cas9 
cleavage. The top and bottom gel images represent two inde 
pendent repeats of the assay. 
0120 FIG. 29 shows exemplary data from an in vitro 
cleavage assay demonstrating that multiple synthetic nucleic 
acid-targeting nucleic acid backbone sequences Support Cas9 
cleavage. The top and bottom gel images represent two inde 
pendent repeats of the assay. 
0121 FIG. 30 depicts exemplary methods of the disclo 
Sure of bringing a donor polynucleotide to a modification site 
in a target nucleic acid. 
0122 FIG. 31 depicts a system for storing and sharing 
electronic information. 
0123 FIG. 32 depicts an exemplary embodiment of two 
nickases generating a blunt end cut in a target nucleic acid. 
The site-directed modifying polypeptides complexed with 
nucleic acid-targeting nucleic acids are not shown. 
0.124 FIG.33 depicts an exemplary embodiment of stag 
gered cutting of a target nucleic acid using two nickases and 
generating Sticky ends. The site-directed modifying polypep 
tides complexed with nucleic acid-targeting nucleic acids are 
not shown. 
0.125 FIG. 34 depicts an exemplary embodiment of stag 
gered cutting of a target nucleic acid using two nickases and 
generating medium-sized sticky ends. The site-directed 
modifying polypeptides complexed with nucleic acid-target 
ing nucleic acids are not shown. 
0126 FIG. 35 illustrates a sequence alignment of Cas9 
orthologues. Amino acids with a “X” below them may be 
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considered to be similar. Amino acids with a “Y” below them 
can be considered to be highly conserved or identical in all 
sequences. Amino acids residues without an “X” or a “Y” 
may not be conserved. 
I0127 FIG. 36 shows the functionality of nucleic acid 
targeting nucleic acid variants on target nucleic acid cleavage. 
The variants tested in FIG. 36 correspond to the variants 
depicted in FIG. 22, FIG. 24, and FIG. 25. 
I0128 FIG. 37A-D shows in vitro cleavage assays using 
variant nucleic acid-targeting nucleic acids. 
I0129 FIG.38 depicts exemplary amino acid sequences of 
Csy4 from wild-type P aeruginosa. 
0.130 FIG. 39 depicts exemplary amino acid sequences of 
an enzymatically inactive endoribonuclease (e.g., Csy4). 
I0131 FIG. 40 depicts exemplary amino acid sequences of 
Csy4 from P. aeruginosa. 
I0132 FIG. 41A-J depicts exemplary Casó amino acid 
Sequences. 
0.133 FIG. 42A-C depicts exemplary Casé amino acid 
Sequences. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

I0134. As used herein, “affinity tag can refer to either a 
peptide affinity tag or a nucleic acid affinity tag. Affinity tag 
generally refer to a protein or nucleic acid sequence that can 
be bound to a molecule (e.g., bound by a small molecule, 
protein, covalent bond). An affinity tag can be a non-native 
sequence. A peptide affinity tag can comprise a peptide. A 
peptide affinity tag can be one that is able to be part of a split 
system (e.g., two inactive peptide fragments can combine 
together in trans to forman active affinity tag). A nucleic acid 
affinity tag can comprise a nucleic acid. A nucleic acid affinity 
tag can be a sequence that can selectively bind to a known 
nucleic acid sequence (e.g. through hybridization). A nucleic 
acid affinity tag can be a sequence that can selectively bind to 
a protein. An affinity tag can be fused to a native protein. An 
affinity tag can be fused to a nucleotide sequence. Sometimes, 
one, two, or a plurality of affinity tags can be fused to a native 
protein or nucleotide sequence. An affinity tag can be intro 
duced into a nucleic acid-targeting nucleic acid using meth 
ods of in vitro or in vivo transcription. Nucleic acid affinity 
tags can include, for example, a chemical tag, an RNA-bind 
ing proteinbinding sequence, a DNA-binding protein binding 
sequence, a sequence hybridizable to an affinity-tagged poly 
nucleotide, a synthetic RNA aptamer, or a synthetic DNA 
aptamer. Examples of chemical nucleic acid affinity tags can 
include, but are not limited to, ribo-nucleotriphosphates con 
taining biotin, fluorescent dyes, and digoxeginin. Examples 
of protein-binding nucleic acid affinity tags can include, but 
are not limited to, the MS2 binding sequence, the U1A bind 
ing sequence, stem-loop binding protein sequences, the boxB 
sequence, the eIF4A sequence, or any sequence recognized 
by an RNA binding protein. Examples of nucleic acid affin 
ity-tagged oligonucleotides can include, but are not limited 
to, biotinylated oligonucleotides, 2,4-dinitrophenyl oligo 
nucleotides, fluorescein oligonucleotides, and primary 
amine-conjugated oligonucleotides. 
0.135 A nucleic acid affinity tag can be an RNA aptamer. 
Aptamers can include, aptamers that bind to theophylline, 
streptavidin, dextran B512, adeno sine, guano sine, guanine/ 
Xanthine, 7-methyl-GTP, amino acidaptamers such as aptam 
ers that bind to arginine, citrulline, Valine, tryptophan, cyano 
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cobalamine, N-methylmesoporphyrin IX, flavin, NAD, and 
antibiotic aptamers such as aptamers that bind to tobramycin, 
neomycin, lividomycin, kanamycin, Streptomycin, viomycin, 
and chloramphenicol. 
0136. A nucleic acid affinity tag can comprise an RNA 
sequence that can be bound by a site-directed polypeptide. 
The site-directed polypeptide can be conditionally enzymati 
cally inactive. The RNA sequence can comprise a sequence 
that can be bound by a member of Type I, Type II, and/or Type 
III CRISPR systems. The RNA sequence can be bound by a 
RAMP family member protein. The RNA sequence can be 
bound by a Cas6 family member protein (e.g., Csy4, Casó). 
The RNA sequence can be bound by a Cas5 family member 
protein (e.g., Cass). For example, Csy4 can bind to a specific 
RNA hairpin sequence with high affinity (Kd ~50 pM) and 
can cleave RNA at a site 3' to the hairpin. The Cas5 or Casé 
family member protein can bind an RNA sequence that com 
prises at least about or at most about 30%, 40%, 50%, 60%, 
70%, 75%, 80%, 85%, 90%, 95%, or 100% sequence identity 
and/or sequence similarity to the following nucleotide 
Sequences: 

5' - GUUCACUGCCGUAUAGGCAGCUAAGAAA-3"; 

5 " - GUUCACUGCCGUAUAGGCAGCUAAGAAA-3' 

5' - GUUGCAAGGGAUUGAGCCCCGUAAGGGGAUUGCGAC-3"; 

5'- GUUGCAAACCUCGUUAGCCUCGUAGAGGAUUGAAAC-3"; 

5' - GGAUCGAUACCCACCCCGAAGAAAAGGGGACGAGAAC-3"; 

5' - GUCGUCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3"; 

5' - GAUAUAAACCUAAUUACCUCGAGAGGGGACGGAAAC-3"; 

5'- CCCCAGUCACCUCGGGAGGGGACGGAAAC-3"; 

5 - GUUCCAAUUAAUCUUAAACCCUAUUAGGGAUUGAAAC-3 

5' - GUUGCAAGGGAUUGAGCCCCGUAAGGGGAUUGCGAC-3"; 

5'- GUUGCAAACCUCGUUAGCCUCGUAGAGGAUUGAAAC-3"; 

5' - GGAUCGAUACCCACCCCGAAGAAAAGGGGACGAGAAC-3"; 

5' - GUCGUCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3"; 

5' - GAUAUAAACCUAAUUACCUCGAGAGGGGACGGAAAC-3"; 

5'- CCCCAGUCACCUCGGGAGGGGACGGAAAC-3"; 

5'- GUUCCAAUUAAUCUUAAACCCUAUUAGGGAUUGAAAC-3' 

5'- GUCGCCCCCCACGCGGGGGCGUGGAUUGAAAC-3"; 

5'- CCAGCCGCCUUCGGGCGGCUGUGUGUUGAAAC-3"; 

5'- GUCGCACUCUACAUGAGUGCGUGGAUUGAAAU-3"; 

5'-UGUCGCACCUUAUAUAGGUGCGUGGAUUGAAAU-3"; 
and 

5'- GUCGCGCCCCGCAUGGGGCGCGUGGAUUGAAA-3' 

0.137. A nucleic acid affinity tag can comprise a DNA 
sequence that can be bound by a site-directed polypeptide. 
The site-directed polypeptide can be conditionally enzymati 
cally inactive. The DNA sequence can comprise a sequence 
that can be bound by a member of the Type I, Type II and/or 
Type III CRISPR system. The DNA sequence can be bound 
by an Argonaut protein. The DNA sequence can be bound by 
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a protein containing a Zinc finger domain, a TALE domain, or 
any other DNA-binding domain. 
0.138 A nucleic acid affinity tag can comprise a ribozyme 
sequence. Suitable ribozymes can include peptidyl trans 
ferase 23S rRNA, RnaseP. Group I introns, Group II introns, 
GIRL branching ribozyme, Leadzyme, hairpin ribozymes, 
hammerhead ribozymes, HDV ribozymes, CPEB3 
ribozymes, VS ribozymes, glimS ribozyme, CoTC ribozyme, 
and synthetic ribozymes. 
0.139. Peptide affinity tags can comprise tags that can be 
used for tracking or purification (e.g., a fluorescent protein, 
green fluorescent protein (GFP), YFP, RFP, CFP, mCherry, 
tdTomato, a his tag, (e.g., a 6xHis tag), a hemagglutinin (HA) 
tag, a FLAG tag, a Myc tag, a GST tag, a MBP tag, and chitin 
binding protein tag, a calmodulin tag, a V5 tag, a streptavidin 
binding tag, and the like). 
0140. Both nucleic acid and peptide affinity tags can com 
prise Small molecule tags Such as biotin, or digitoxin, fluo 
rescent label tags, such as for example, fluoroscein, 
rhodamin, Alexafluor dyes, Cyanine3 dye, Cyanine5 dye. 
0141 Nucleic acid affinity tags can be located 5' to a 
nucleic acid (e.g., a nucleic acid-targeting nucleic acid). 
Nucleic acid affinity tags can be located 3' to a nucleic acid. 
Nucleic acid affinity tags can be located 5' and 3' to a nucleic 
acid. Nucleic acid affinity tags can be located within a nucleic 
acid. Peptide affinity tags can be located N-terminal to a 
polypeptide sequence. Peptide affinity tags can be located 
C-terminal to a polypeptide sequence. Peptide affinity tags 
can be located N-terminal and C-terminal to a polypeptide 
sequence. A plurality of affinity tags can be fused to a nucleic 
acid and/or a polypeptide sequence. 
0142. As used herein, "capture agent can generally refer 
to an agent that can purify a polypeptide and/or a nucleic acid. 
A capture agent can be a biologically active molecule or 
material (e.g. any biological Substance found in nature or 
synthetic, and includes but is not limited to cells, viruses, 
Subcellular particles, proteins, including more specifically 
antibodies, immunoglobulins, antigens, lipoproteins, glyco 
proteins, peptides, polypeptides, protein complexes, (strept) 
avidin-biotin complexes, ligands, receptors, or Small mol 
ecules, aptamers, nucleic acids, DNA, RNA, peptidic nucleic 
acids, oligosaccharides, polysaccharides, lipopolysccha 
rides, cellular metablites, haptens, pharmacologically active 
Substances, alkaloids, steroids, vitamins, amino acids, and 
Sugures). In some embodiments, the capture agent can com 
prise an affinity tag. In some embodiments, a capture agent 
can preferentially bind to a target polypeptide or nucleic acid 
of interest. Capture agents can be free floating in a mixture. 
Capture agents can be bound to a particle (e.g. a bead, a 
microbead, a nanoparticle). Capture agents can be bound to a 
Solid or semisolid Surface. In some instances, capture agents 
are irreversibly bound to a target. In other instances, capture 
agents are reversibly bound to a target (e.g. if a target can be 
eluted, or by use of a chemical Such as imidizole). 
0143. As used herein, "Cas5' can generally refer to can 
refer to a polypeptide with at least about 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100% sequence identity 
and/or sequence similarity to a wild type exemplary Casó 
polypeptide (e.g., Casó from D. vulgaris, and/or any 
sequences depicted in FIG. 42). Cas5 can generally refer to 
can refer to a polypeptide with at most about 5%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% sequence 
identity and/or sequence similarity to a wild type exemplary 
Cass polypeptide (e.g., a Cass from D. vulgaris). Casó can 
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refer to the wildtype or a modified form of the Cas5 protein 
that can comprise an amino acid change such as a deletion, 
insertion, Substitution, variant, mutation, fusion, chimera, or 
any combination thereof. 
0144. As used herein, "Casó” can generally refer to can 
refer to a polypeptide with at least about 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100% sequence identity 
and/or sequence similarity to a wild type exemplary Casó 
polypeptide (e.g., a Cas6 from T. thermophilus, and/or 
sequences depicted in FIG. 41). Casó can generally refer to 
can refer to a polypeptide with at most about 5%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% sequence 
identity and/or sequence similarity to a wild type exemplary 
Cas6 polypeptide (e.g., from T. thermophilus). Casó can refer 
to the wildtype or a modified form of the Casó protein that can 
comprise an amino acid change such as a deletion, insertion, 
Substitution, variant, mutation, fusion, chimera, or any com 
bination thereof. 

0145 As used herein, “Cas9' can generally refer to a 
polypeptide with at least about 5%, 10%, 20%, 30%, 40%, 
50%. 60%, 70%, 80%, 90%, 100% sequence identity and/or 
sequence similarity to a wild type exemplary Cas9 polypep 
tide (e.g., Cas9 from S. pyogenes (SEQ ID NO: 8, SEQ ID 
NO: 1-256, SEQ ID NO: 795-1346). Cas9 can refer to can 
refer to a polypeptide with atmost about 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100% sequence identity 
and/or sequence similarity to a wild type exemplary Cas9 
polypeptide (e.g., from S. pyogenes). Cas9 can refer to the 
wildtype or a modified form of the Cas9 protein that can 
comprise an amino acid change such as a deletion, insertion, 
Substitution, variant, mutation, fusion, chimera, or any com 
bination thereof. 

0146. As used herein, a “cell' can generally refer to a 
biological cell. A cell can be the basic structural, functional 
and/or biological unit of a living organism. A cell can origi 
nate from any organism having one or more cells. Some 
non-limiting examples include: a prokaryotic cell, eukaryotic 
cell, a bacterial cell, an archaeal cell, a cell of a single-cell 
eukaryotic organism, a protozoa cell, a cell from a plant (e.g. 
cells from plant crops, fruits, vegetables, grains, soybean, 
corn, maize, wheat, seeds, tomatos, rice, cassava, Sugarcane, 
pumpkin, hay, potatos, cotton, cannabis, tobacco, flowering 
plants, conifers, gymnosperms, ferns, clubmosses, horn 
worts, liverworts, mosses), an algal cell, (e.g., Botryococcus 
braunii, Chlamydomonas reinhardtii, Nannochloropsis 
gaditana, Chlorella pyrenoidosa, Sargassum patens C. 
Agardh, and the like), Seaweeds (e.g. kelp) a fungal cell (e.g., 
a yeast cell, a cell from a mushroom), an animal cell, a cell 
from an invertebrate animal (e.g. fruit fly, cnidarian, echino 
derm, nematode, etc.), a cell from a vertebrate animal (e.g., 
fish, amphibian, reptile, bird, mammal), a cell from a mam 
mal (e.g., a pig, a cow, a goat, a sheep, a rodent, a rat, a mouse, 
a non-human primate, a human, etc.), and etcetera. Some 
times a cell is not orginating from a natural organism (e.g. a 
cell can be a synthetically made, Sometimes termed an artifi 
cial cell). 
0147 A cell can be invitro. A cell can be in vivo. A cell can 
be an isolated cell. A cell can be a cell inside of an organism. 
A cell can be an organism. A cell can be a cell in a cell culture. 
A cell can be one of a collection of cells. A cell can be a 
prokaryotic cell or derived from a prokaryotic cell. A cell can 
be abacterial cellorcan be derived from a bacterial cell. A cell 
can be an archaeal cellor derived from anarchaeal cell. A cell 
can be a eukaryotic cell or derived from a eukaryotic cell. A 

22 
Jan. 28, 2016 

cell can be a plant cell or derived from a plant cell. A cell can 
bean animal cell orderived from an animal cell. A cell can be 
an invertebrate cell orderived from an invertebrate cell. A cell 
can be avertebrate cell orderived from a vertebrate cell. A cell 
can be a mammalian cell or derived from a mammalian cell. 
A cell can be a rodent cellor derived from a rodent cell. A cell 
can be a human cell or derived from a human cell. A cell can 
be a microbe cell orderived from a microbe cell. A cell can be 
a fungi cell or derived from a fungicell. 
0.148. A cell can be a stem cell or progenitor cell. Cells can 
include stem cells (e.g., adult stem cells, embryonic stem 
cells, iPS cells) and progenitor cells (e.g., cardiac progenitor 
cells, neural progenitor cells, etc.). Cells can include mam 
malian stem cells and progenitor cells, including rodent stem 
cells, rodent progenitor cells, human stem cells, human pro 
genitor cells, etc. Clonal cells can comprise the progeny of a 
cell. A cell can comprise a target nucleic acid. A cell can be in 
a living organism. A cell can be a genetically modified cell. A 
cell can be a host cell. 

0149. A cell can be a totipotent stem cell, however, in some 
embodiments of this disclosure, the term “cell” may be used 
but may not refer to a totipotent stem cell. A cell can be a plant 
cell, but in some embodiments of this disclosure, the term 
“cell may be used but may not refer to a plant cell. A cell can 
be a pluripotent cell. For example, a cell can be a pluripotent 
hematopoietic cell that can differentiate into other cells in the 
hematopoietic cell lineage but may not be able to differentiate 
into any other non-hematopoetic cell. A cell may be able to 
develop into a whole organism. A cell may or may not be able 
to develop into a whole organism. A cell may be a whole 
organism. 
0150. A cell can be a primary cell. For example, cultures of 
primary cells can be passaged 0 times, 1 time, 2 times, 4 
times, 5 times, 10 times, 15 times or more. Cells can be 
unicellular organisms. Cells can be grown in culture. 
0151. A cell can be a diseased cell. A diseased cell can 
have altered metabolic, gene expression, and/or morphologic 
features. A diseased cell can be a cancer cell, a diabetic cell, 
and a apoptotic cell. A diseased cell can be a cell from a 
diseased subject. Exemplary diseases can include blood dis 
orders, cancers, metabolic disorders, eye disorders, organ 
disorders, musculoskeletal disorders, cardiac disease, and the 
like. 

0152. If the cells are primary cells, they may be harvested 
from an individual by any method. For example, leukocytes 
may be harvested by apheresis, leukocytapheresis, density 
gradient separation, etc. Cells from tissues such as skin, 
muscle, bone marrow, spleen, liver, pancreas, lung, intestine, 
stomach, etc. can be harvested by biopsy. An appropriate 
Solution may be used for dispersion or Suspension of the 
harvested cells. Such solution can generally be a balanced salt 
Solution, (e.g. normal saline, phosphate-buffered saline 
(PBS), Hank's balanced salt solution, etc.), conveniently 
supplemented with fetal calf serum or other naturally occur 
ring factors, in conjunction with an acceptable buffer at low 
concentration. Buffers can include HEPES, phosphate buff 
ers, lactate buffers, etc. Cells may be used immediately, or 
they may be stored (e.g., by freezing). Frozen cells can be 
thawed and can be capable of being reused. Cells can be 
frozen in a DMSO, serum, medium buffer (e.g., 10% DMSO, 
50% serum, 40% buffered medium), and/or some other such 
common Solution used to preserve cells at freezing tempera 
tures. 
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0153. As used herein, "conditionally enzymatically inac 
tive site-directed polypeptide' can generally refer to a 
polypeptide that can bind to a nucleic acid sequence in a 
polynucleotide in a sequence-specific manner, but may not 
cleave a target polynucleotide except under one or more con 
ditions that render the enzymatic domain active. A condition 
ally enzymatically inactive site-directed polypeptide can 
comprise an enzymatically inactive domain that can be con 
ditionally activated. A conditionally enzymatically inactive 
site-directed polypeptide can be conditionally activated in the 
presence of imidazole. A conditionally enzymatically inac 
tive site-directed polypeptide can comprise a mutated active 
site that fails to bind its cognate ligand, resulting in an enzy 
matically inactive site-directed polypeptide. The mutated 
active site can be designed to bind to ligand analogues, such 
that a ligand analogue can bind to the mutated active site and 
reactive the site-directed polypeptide. For example, ATP 
binding proteins can comprise a mutated active site that can 
inhibit activity of the protein, yet are designed to specifically 
bind to ATP analogues. Binding of an ATP analogue, but not 
ATP can reactivate the protein. The conditionally enzymati 
cally inactive site-directed polypeptide can comprise one or 
more non-native sequences (e.g., a fusion, an affinity tag). 
0154 As used herein, "crRNA can generally refer to a 
nucleic acid with at least about 5%, 10%, 20%, 30%, 40%, 
50%. 60%, 70%, 80%, 90%, 100% sequence identity and/or 
sequence similarity to a wild type exemplary crRNA (e.g., a 
crRNA from S. pyogenes (e.g., SEQ ID NO. 569, SEQ ID 
NO: 563-679). crRNA can generally refer to a nucleic acid 
with at most about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100% sequence identity and/or sequence 
similarity to a wild type exemplary crRNA (e.g., a crRNA 
from S. pyogenes). crRNA can refer to a modified form of a 
crRNA that can comprise an nucleotide change such as a 
deletion, insertion, or Substitution, variant, mutation, or chi 
mera. A crRNA can be a nucleic acid having at least about 
60% identical to a wildtype exemplary crRNA (e.g., a crRNA 
from S. pyogenes) sequence over a stretch of at least 6 con 
tiguous nucleotides. For example, a crRNA sequence can be 
at least about 60% identical, at least about 65% identical, at 
least about 70% identical, at least about 75% identical, at least 
about 80% identical, at least about 85% identical, at least 
about 90% identical, at least about 95% identical, at least 
about 98% identical, at least about 99% identical, or 100% 
identical, to a wild type exemplary crRNA sequence (e.g., a 
crRNA from S. pyogenes) over a stretch of at least 6 contigu 
ous nucleotides. 

O155 As used herein, “CRISPR repeat” or “CRISPR 
repeat sequence' can refer to a minimum CRISPR repeat 
Sequence. 

0156. As used herein, “Csy4’ can generally refer to a 
polypeptide with at most about 5%, 10%, 20%, 30%, 40%, 
50%. 60%, 70%, 80%, 90%, 100% sequence identity and/or 
sequence similarity to a wild type exemplary Csy4 polypep 
tide (e.g., Csy4 from P. aeruginosa, see FIG. 40). Csy4 can 
generally refer to can refer to a polypeptide with at least about 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
100% sequence identity and/or sequence similarity to a wild 
type exemplary Csy4 polypeptide (e.g., Csy4 from Paerugi 
nosa). Csy4 can refer to the wildtype or a modified form of the 
Csy4 protein that can comprise an amino acid change such as 
a deletion, insertion, Substitution, variant, mutation, fusion, 
chimera, or any combination thereof. 
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0157. As used herein, “endoribonuclease' can generally 
refer to a polypeptide that can cleave RNA. In some embodi 
ments, an endoribonuclease can be a site-directed polypep 
tide. An endoribonuclease may be a member of a CRISPR 
system (e.g., Type I, Type II. Type III). Endoribonuclease can 
refer to a Repeat Associated Mysterious Protein (RAMP) 
Superfamily of proteins (e.g., Cas6, Casó, Casó families). 
Endoribonucleases can also include RNase A, RNase H, 
RNase I, RNase III family members (e.g., Drosha, Dicer, 
RNase N), RNase L RNase P. RNase PhyM, RNase T1, 
RNaseT2, RNase U2, RNase V1, RNase V. An endoribonu 
clease can refer to a conditionally enzymatically inactive 
endoribonuclease. An endoribonuclease can refer to a cata 
lytically inactive endoribonuclease. 
0158. As used herein, “donor polynucleotide' can refer to 
a nucleic acid that can be integrated into a site during genome 
engineering or target nucleic acid engineering. 
0159. As used herein, “fixative' or “cross-linker can gen 
erally refer to an agent that can fix or cross-link cells. Fixed or 
cross-linking cells can stabilize protein-nucleic acid com 
plexes in the cell. Suitable fixatives and cross-linkers can 
include, formaldehyde, glutaraldehyde, ethanol-based fixa 
tives, methanol-based fixatives, acetone, acetic acid, osmium 
tetraoxide, potassium dichromate, chromic acid, potassium 
permanganate, mercurials, picrates, formalin, paraformalde 
hyde, amine-reactive NHS-ester crosslinkers such as bissul 
fosuccinimidyl suberate (BS3), 3,3'-dithiobissulfosuccin 
imidylpropionate (DTSSP), ethylene glycol bis 
sulfosuccinimidylsuccinate (sulfo-EGS), disuccinimidyl 
glutarate (DSG), dithiobis succinimidyl propionate (DSP), 
disuccinimidyl suberate (DSS), ethylene glycol bis succin 
imidylsuccinate (EGS), NHS-ester/diazirine crosslinkers 
such as NHS-diazirine, NHS-LC-diazirine, NHS-SS-diazir 
ine, sulfo-NHS-diazirine, sulfo-NHS-LC-diazirine, and 
Sulfo-NHS-SS-diazirine. 

0160. As used herein, “fusion' can refer to a protein and/or 
nucleic acid comprising one or more non-native sequences 
(e.g., moieties). A fusion can comprise one or more of the 
same non-native sequences. A fusion can comprise one or 
more of different non-native sequences. A fusion can be a 
chimera. A fusion can comprise a nucleic acid affinity tag. A 
fusion can comprise a barcode. A fusion can comprise a 
peptide affinity tag. A fusion can provide for Subcellular 
localization of the site-directed polypeptide (e.g., a nuclear 
localization signal (NLS) for targeting to the nucleus, a mito 
chondrial localization signal for targeting to the mitochon 
dria, a chloroplast localization signal for targeting to a chlo 
roplast, an endoplasmic reticulum (ER) retention signal, and 
the like). A fusion can provide a non-native sequence (e.g., 
affinity tag) that can be used to track or purify. A fusion can be 
a small molecule such as biotin or a dye such as alexafluor 
dyes, Cyanine3 dye, Cyanine5 dye. The fusion can provide 
for increased or decreased stability. 
0.161 In some embodiments, a fusion can comprise a 
detectable label, including a moiety that can provide a detect 
able signal. Suitable detectable labels and/or moieties that can 
provide a detectable signal can include, but are not limited to, 
an enzyme, a radioisotope, a member of a specific binding 
pair, a fluorophore; a fluorescent protein; a quantum dot; and 
the like. 

0162. A fusion can comprise a member of a FRET pair. 
FRET pairs (donor/acceptor) suitable for use can include, but 
are not limited to, EDANS/fluorescein, IAEDANS/fluores 
cein, fluorescein/tetramethylrhodamine, fluorescein/Cy 5, 
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IEDANS/DABCYL, fluorescein/QSY-7, fluorescein/LC Red 
640, fluorescein/Cy 5.5 and fluorescein/LC Red 705. 
0163 A fluorophore/quantum dot donor/acceptor pair can 
be used as a fusion. Suitable fluorophores (“fluorescent 
label') can include any molecule that may be detected via its 
inherent fluorescent properties, which can include fluores 
cence detectable upon excitation. Suitable fluorescent labels 
can include, but are not limited to, fluorescein, rhodamine, 
tetramethylrhodamine, eosin, erythrosin, coumarin, methyl 
coumarins, pyrene, Malacite green, Stilbene, Lucifer Yellow, 
Cascade BlueTM, Texas Red, IAEDANS, EDANS, BODIPY 
FL, LC Red 640, Cy 5, Cy 5.5, LC Red 705 and Oregon green. 
0164. A fusion can comprise an enzyme. Suitable 
enzymes can include, but are not limited to, horse radish 
peroxidase, luciferase, beta-galactosidase, and the like. 
0.165 A fusion can comprise a fluorescent protein. Suit 
able fluorescent proteins can include, but are not limited to, a 
green fluorescent protein (GFP), (e.g., a GFP from Aequoria 
victoria, fluorescent proteins from Anguilla japonica, or a 
mutant or derivative thereof), a red fluorescent protein, a 
yellow fluorescent protein, any of a variety of fluorescent and 
colored proteins. 
0166 A fusion can comprise a nanoparticle. Suitable 
nanoparticles can include fluorescent or luminescent nano 
particles, and magnetic nanoparticles. Any optical or mag 
netic property or characteristic of the nanoparticle(s) can be 
detected. 

(0167 A fusion can comprise quantum dots (QDs). QDs 
can be rendered water Soluble by applying coating layers 
comprising a variety of different materials. For example, QDS 
can be solubilized using amphiphilic polymers. Exemplary 
polymers that have been employed can include octylamine 
modified low molecular weight polyacrylic acid, polyethyl 
ene-glycol (PEG)-derivatized phospholipids, polyanhy 
drides, block copolymers, etc. QDS can be conjugated to a 
polypeptide via any of a number of different functional 
groups or linking agents that can be directly or indirectly 
linked to a coating layer. QDs with a wide variety of absorp 
tion and emission spectra are commercially available, e.g., 
from Quantum Dot Corp. (Hayward Calif.; now owned by 
Invitrogen) or from Evident Technologies (Troy, N.Y.). For 
example, QDS having peak emission wavelengths of approxi 
mately 525,535,545,565,585,605,655,705, and 800 nm are 
available. Thus the QDs can have a range of different colors 
across the visible portion of the spectrum and in Some cases 
even beyond. 
0168 Suitable radioisotopes can include, but are not lim 
ited to l'C, H, P. P. 35S, and 125I. 
0169. As used herein, “genetically modified cell' can gen 
erally refer to a cell that has been genetically modified. Some 
non-limiting examples of genetic modifications can include: 
insertions, deletions, inversions, translocations, gene fusions, 
or changing one or more nucleotides. A genetically modified 
cell can comprise a target nucleic acid with an introduced 
double strand break (e.g., DNA break). A genetically modi 
fied cell can comprise an exogenously introduced nucleic 
acid (e.g., a vector). A genetically modified cell can comprise 
an exogenously introduced polypeptide of the disclosure and/ 
or nucleic acid of the disclosure. A genetically modified cell 
can comprise a donor polynucleotide. A genetically modified 
cell can comprise an exogenous nucleic acid integrated into 
the genome of the genetically modified cell. A genetically 
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modified cell can comprise a deletion of DNA. A genetically 
modified cell can also refer to a cell with modified mitochon 
drial or chloroplast DNA. 
0170 As used herein, “genome engineering can refer to a 
process of modifying a target nucleic acid. Genome engineer 
ing can refer to the integration of non-native nucleic acid into 
native nucleic acid. Genome engineering can refer to the 
targeting of a site-directed polypeptide and a nucleic acid 
targeting nucleic acid to a target nucleic acid, without an 
integration or a deletion of the target nucleic acid. Genome 
engineering can refer to the cleavage of a target nucleic acid, 
and the rejoining of the target nucleic acid without an inte 
gration of an exogenous sequence in the target nucleic acid, or 
a deletion in the target nucleic acid. The native nucleic acid 
can comprise a gene. The non-native nucleic acid can com 
prise a donor polynucleotide. In the methods of the disclo 
Sure, site-directed polypeptides (e.g., Cas9) can introduce 
double-stranded breaks in nucleic acid, (e.g. genomic DNA). 
The double-stranded break can stimulate a cells endogenous 
DNA-repair pathways (e.g. homologous recombination (HR) 
and/or non-homologous endjoining (NHEJ), or A-NHEJ (al 
ternative non-homologous end-joining)). Mutations, dele 
tions, alterations, and integrations of foreign, exogenous, 
and/or alternative nucleic acid can be introduced into the site 
of the double-stranded DNA break. 

(0171 As used herein, the term "isolated” can refer to a 
nucleic acid or polypeptide that, by the hand of a human, 
exists apart from its native environment and is therefore not a 
product of nature. Isolated can mean substantially pure. An 
isolated nucleic acid or polypeptide can exist in a purified 
form and/or can existina non-native environment Such as, for 
example, in a transgenic cell. 
0.172. As used herein, “non-native' can refer to a nucleic 
acid or polypeptide sequence that is not found in a native 
nucleic acid or protein. Non-native can refer to affinity tags. 
Non-native can refer to fusions. Non-native can refer to a 
naturally occurring nucleic acid or polypeptide sequence that 
comprises mutations, insertions and/or deletions. A non-na 
tive sequence may exhibit and/or encode for an activity (e.g., 
enzymatic activity, methyltransferase activity, acetyltrans 
ferase activity, kinase activity, ubiquitinating activity, etc.) 
that can also be exhibited by the nucleic acid and/or polypep 
tide sequence to which the non-native sequence is fused. A 
non-native nucleic acid or polypeptide sequence may be 
linked to a naturally-occurring nucleic acid or polypeptide 
sequence (or a variant thereof) by genetic engineering to 
generate a chimeric nucleic acid and/or polypeptide sequence 
encoding a chimeric nucleic acid and/or polypeptide. A non 
native sequence can refer to a 3' hybridizing extension 
Sequence. 

0173 As used herein, a “nucleic acid can generally refer 
to a polynucleotide sequence, or fragment thereof. A nucleic 
acid can comprise nucleotides. A nucleic acid can be exog 
enous or endogenous to a cell. A nucleic acid can exist in a 
cell-free environment. A nucleic acid can be a gene or frag 
ment thereof. A nucleic acid can be DNA. A nucleic acid can 
be RNA. A nucleic acid can comprise one or more analogs 
(e.g. altered backgone, Sugar, or nucleobase). Some non 
limiting examples of analogs include: 5-bromouracil, peptide 
nucleic acid, Xeno nucleic acid, morpholinos, locked nucleic 
acids, glycol nucleic acids, threose nucleic acids, dideoxy 
nucleotides, cordycepin, 7-deaza-GTP florophores (e.g. 
rhodamine or flurescein linked to the Sugar), thiol containing 
nucleotides, biotin linked nucleotides, fluorescent base ana 



US 2016/0024568 A1 

logs, CpG islands, methyl-7-guanosine, methylated nucle 
otides, inosine, thiouridine, pseudourdine, dihydrouridine, 
queuosine, and Wyosine. 

0.174 As used herein, a “nucleic acid sample' can gener 
ally refer to a sample from a biological entity. A nucleic acid 
sample can comprise nucleic acid. The nucleic acid from the 
nucleic acid sample can be purified and/or enriched. The 
nucleic acid sample may show the nature of the whole. 
Nucleic acid samples can come from various sources. Nucleic 
acid samples can come from one or more individuals. One or 
more nucleic acid samples can come from the same indi 
vidual. One non limiting example would be if one sample 
came from an individual’s blood and a second sample came 
from an individual’s tumor biopsy. Examples of nucleic acid 
samples can include but are not limited to, blood, serum, 
plasma, nasal Swab or nasopharyngeal wash, saliva, urine, 
gastric fluid, spinal fluid, tears, stool, mucus, Sweat, earwax, 
oil, glandular secretion, cerebral spinal fluid, tissue, semen, 
vaginal fluid, interstitial fluids, including interstitial fluids 
derived from tumor tissue, ocular fluids, spinal fluid, throat 
Swab, cheek Swab, breath, hair, finger nails, skin, biopsy, 
placental fluid, amniotic fluid, cord blood, emphatic fluids, 
cavity fluids, sputum, pus, micropiota, meconium, breast 
milk, buccal samples, nasopharyngeal wash, other excre 
tions, or any combination thereof. Nucleic acid samples can 
originate from tissues. Examples of tissue samples may 
include but are not limited to, connective tissue, muscle tis 
Sue, nervous tissue, epithelial tissue, cartilage, cancerous or 
tumor sample, bone marrow, or bone. The nucleic acid sample 
may be provided from a human or animal. The nucleic acid 
sample may be provided from a mammal, Vertebrate. Such as 
murines, simians, humans, farm animals, sport animals, or 
pets. The nucleic acid sample may be collected from a living 
or dead Subject. The nucleic acid sample may be collected 
fresh from a subject or may have undergone some form of 
pre-processing, storage, or transport. 
0.175. A nucleic acid sample can comprise a target nucleic 
acid. A nucleic acid sample can originate from cell lysate. The 
cell lysate can originate from a cell. 
0176). As used herein, “nucleic acid-targeting nucleic 
acid can refer to a nucleic acid that can hybridize to another 
nucleic acid. A nucleic acid-targeting nucleic acid can be 
RNA. A nucleic acid-targeting nucleic acid can be DNA. The 
nucleic acid-targeting nucleic acid can be programmed to 
bind to a sequence of nucleic acid site-specifically. The 
nucleic acid to be targeted, or the target nucleic acid, can 
comprise nucleotides. The nucleic acid-targeting nucleic acid 
can comprise nucleotides. A portion of the target nucleic acid 
can be complementary to a portion of the nucleic acid-target 
ing nucleic acid. A nucleic acid-targeting nucleic acid can 
comprise a polynucleotide chain and can be called a “single 
guide nucleic acid' (i.e. a 'single guide nucleic acid-targeting 
nucleic acid). A nucleic acid-targeting nucleic acid can com 
prise two polynucleotide chains and can be called a “double 
guide nucleic acid' (i.e. a "double guide nucleic acid-target 
ing nucleic acid). If not otherwise specified, the term 
“nucleic acid-targeting nucleic acid can be inclusive, refer 
ring to both single guide nucleic acids and double guide 
nucleic acids. 

0177. A nucleic acid-targeting nucleic acid can comprise a 
segment that can be referred to as a “nucleic acid-targeting 
segment' or a “nucleic acid-targeting sequence. A nucleic 
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acid-targeting nucleic acid can comprise a segment that can 
be referred to as a “protein binding segment' or “protein 
binding sequence.” 

0.178 A nucleic acid-targeting nucleic acid can comprise 
one or more modifications (e.g., a base modification, a back 
bone modification), to provide the nucleic acid with a new or 
enhanced feature (e.g., improved stability). A nucleic acid 
targeting nucleic acid can comprise a nucleic acid affinity tag. 
A nucleoside can be a base-Sugar combination. The base 
portion of the nucleoside can be a heterocyclic base. The two 
most common classes of Such heterocyclic bases are the 
purines and the pyrimidines. Nucleotides can be nucleosides 
that further include a phosphate group covalently linked to the 
Sugar portion of the nucleoside. For those nucleosides that 
include a pentofuranosyl Sugar, the phosphate group can be 
linked to the 2', the 3', or the 5’ hydroxyl moiety of the sugar. 
Informing nucleic acid-targeting nucleic acids, the phosphate 
groups can covalently link adjacent nucleosides to one 
another to form a linear polymeric compound. In turn, the 
respective ends of this linear polymeric compound can be 
further joined to form a circular compound; however, linear 
compounds are generally Suitable. In addition, linear com 
pounds may have internal nucleotide base complementarity 
and may therefore fold in a manner as to produce a fully or 
partially double-stranded compound. Within nucleic acid 
targeting nucleic acids, the phosphate groups can commonly 
be referred to as forming the internucleoside backbone of the 
nucleic acid-targeting nucleic acid. The linkage or backbone 
of the nucleic acid-targeting nucleic acid can be a 3' to 5' 
phosphodiester linkage. 
0179 A nucleic acid-targeting nucleic acid can comprise a 
modified backbone and/or modified internucleoside linkages. 
Modified backbones can include those that retain a phospho 
rus atom in the backbone and those that do not have a phos 
phorus atom in the backbone. 
0180 Suitable modified nucleic acid-targeting nucleic 
acid backbones containing a phosphorus atom therein can 
include, for example, phosphorothioates, chiral phospho 
rothioates, phosphorodithioates, phosphotriesters, ami 
noalkylphosphotriesters, methyl and other alkyl phospho 
nates Such as 3'-alkylene phosphonates, 5'-alkylene 
phosphonates, chiral phosphonates, phosphinates, phospho 
ramidates including 3'-amino phosphoramidate and ami 
noalkylphosphoramidates, phosphorodiamidates, thiono 
phosphoramidates, thionoalkylphosphonates, 
thionoalkylphosphotriesters, selenophosphates, and borano 
phosphates having normal 3'-5' linkages. 2'-5' linked analogs, 
and those having inverted polarity wherein one or more inter 
nucleotide linkages is a 3' to 3', a 5' to 5' or a 2 to 2" linkage. 
Suitable nucleic acid-targeting nucleic acids having inverted 
polarity can comprise a single 3' to 3' linkage at the 3'-most 
internucleotide linkage (i.e. a single inverted nucleoside resi 
due in which the nucleobase is missing or has a hydroxyl 
group in place thereof). Various salts (e.g., potassium chloride 
or sodium chloride), mixed salts, and free acid forms can also 
be included. 

0181. A nucleic acid-targeting nucleic acid can comprise 
one or more phosphorothioate and/or heteroatom inter 
nucleoside linkages, in particular —CH2—NH-O- 
CH2—, —CH2—N(CH)—O—CH2— (i.e. a methylene 
(methylimino) or MMI backbone), —CH2—O N(CH)— 
CH , —CH2 N(CH)— N(CH)—CH2— and —O N 
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(CH)—CH2—CH2— (wherein the native phosphodiester 
internucleotide linkage is represented as —O P(=O) 
(OH)—O—CH2—). 
0182. A nucleic acid-targeting nucleic acid can comprise a 
morpholino backbone structure. For example, a nucleic acid 
can comprise a 6-membered morpholino ring in place of a 
ribose ring. In some of these embodiments, a phosphorodia 
midate or other non-phosphodiester internucleoside linkage 
can replace a phosphodiester linkage. 
0183. A nucleic acid-targeting nucleic acid can comprise 
polynucleotide backbones that are formed by short chain 
alkyl or cycloalkyl internucleoside linkages, mixed heteroa 
tom and alkyl or cycloalkyl internucleoside linkages, or one 
or more short chain heteroatomic or heterocyclic internucleo 
side linkages. These can include those having morpholino 
linkages (formed in part from the Sugar portion of a nucleo 
side); siloxane backbones; sulfide, sulfoxide and sulfone 
backbones; formacetyl and thioformacetylbackbones; meth 
ylene formacetyl and thioformacetyl backbones; riboacetyl 
backbones; alkene containing backbones; Sulfamate back 
bones; methyleneimino and methylenehydrazino backbones; 
Sulfonate and Sulfonamide backbones; amide backbones; and 
others having mixed N, O, S and CH2 component parts. 
0184. A nucleic acid-targeting nucleic acid can comprise a 
nucleic acid mimetic. The term "mimetic' can be intended to 
include polynucleotides wherein only the furanose ring or 
both the furanose ring and the internucleotide linkage are 
replaced with non-furanose groups, replacement of only the 
furanose ring can also be referred as being a Sugar Surrogate. 
The heterocyclic base moiety or a modified heterocyclic base 
moiety can be maintained for hybridization with an appropri 
ate target nucleic acid. One such nucleic acid can be a peptide 
nucleic acid (PNA). In a PNA, the sugar-backbone of a poly 
nucleotide can be replaced with an amide containing back 
bone, in particular an aminoethylglycine backbone. The 
nucleotides can be retained and are bound directly or indi 
rectly to aza nitrogen atoms of the amide portion of the 
backbone. The backbone in PNA compounds can comprise 
two or more linked aminoethylglycine units which gives PNA 
an amide containing backbone. The heterocyclic base moi 
eties can be bound directly or indirectly to aza nitrogenatoms 
of the amide portion of the backbone. 
0185. A nucleic acid-targeting nucleic acid can comprise 
linked morpholino units (i.e. morpholino nucleic acid) having 
heterocyclic bases attached to the morpholino ring. Linking 
groups can link the morpholino monomeric units in a mor 
pholino nucleic acid. Non-ionic morpholino-based oligo 
meric compounds can have less undesired interactions with 
cellular proteins. Morpholino-based polynucleotides can be 
nonionic mimics of nucleic acid-targeting nucleic acids. A 
variety of compounds within the morpholino class can be 
joined using different linking groups. A further class of poly 
nucleotide mimetic can be referred to as cyclohexenyl nucleic 
acids (CeNA). The furanose ring normally present in a 
nucleic acid molecule can be replaced with a cyclohexenyl 
ring. CeNA DMT protected phosphoramidite monomers can 
be prepared and used for oligomeric compound synthesis 
using phosphoramidite chemistry. The incorporation of 
CeNA monomers into a nucleic acid chain can increase the 
stability of a DNA/RNA hybrid. CeNA oligoadenylates can 
form complexes with nucleic acid complements with similar 
stability to the native complexes. A further modification can 
include Locked Nucleic Acids (LNAs) in which the 2'-hy 
droxyl group is linked to the 4' carbon atom of the Sugar ring 
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thereby forming a 2-C,4'-C-oxymethylene linkage thereby 
forming a bicyclic Sugar moiety. The linkage can be a meth 
ylene (-CH2-), group bridging the 2' oxygenatom and the 4 
carbon atom wherein n is 1 or 2. LNA and LNA analogs can 
display very high duplex thermal stabilities with complemen 
tary nucleic acid (Tm=+3 to +10° C.), stability towards 
3'-exonucleolytic degradation and good solubility properties. 
0186. A nucleic acid-targeting nucleic acid can comprise 
one or more Substituted Sugar moieties. Suitable polynucle 
otides can comprise a Sugar Substituent group selected from: 
OH: F: O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or 
N-alkynyl: or O-alkyl-O-alkyl, wherein the alkyl, alkenyland 
alkynyl may be substituted or unsubstituted C to Coalkyl or 
C. to Co alkenyl and alkynyl. Particularly suitable are 
O((CH2)nO)mCH, O(CH), OCH, O(CH)NH2, O(CH) 
CH, O(CH), ONH, and O(CH), ON(CH2)CH), 
where n and mare from 1 to about 10. A sugar substituent 
group can be selected from: C to Co lower alkyl, Substituted 
lower alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl or 
O-aralkyl, SH, SCH, OCN, Cl, Br, CN, CF. OCF, SOCH, 
SOCH, ONO., NO, N, NH, heterocycloalkyl, heterocy 
cloalkaryl, aminoalkylamino, polyalkylamino, Substituted 
silyl, an RNA cleaving group, a reporter group, an intercala 
tor, a group for improving the pharmacokinetic properties of 
an nucleic acid-targeting nucleic acid, or a group for improv 
ing the pharmacodynamic properties of an nucleic acid-tar 
geting nucleic acid, and other Substituents having similar 
properties. A Suitable modification can include 2'-methoxy 
ethoxy (2'-O CHCHOCH, also known as 2'-O-(2-meth 
oxyethyl) or 2-MOE i.e., an alkoxyalkoxy group). A further 
Suitable modification can include 2'-dimethylaminooxy 
ethoxy, (i.e., a O(CH)ON(CH) group, also known as 
2'-DMAOE), and 2'-dimethylaminoethoxyethoxy (also 
known aS 2'-O-dimethyl-amino-ethoxy-ethyl O 

2'-DMAEOE), i.e., 2'-O-CH2-O-CH N(CH). 
0187. Other suitable sugar substituent groups can include 
methoxy (—O—CH), aminopropoxy 
(—OCHCHCH-NH), allyl ( CH-CH=CH-), —O-al 
lyl ( O—CH2—CH=CH-) and fluoro (F). 2'-sugar sub 
stituent groups may be in the arabino (up) position or ribo 
(down) position. A suitable 2'-arabino modification is 2'-F. 
Similar modifications may also be made at other positions on 
the oligomeric compound, particularly the 3' position of the 
sugar on the 3' terminal nucleoside or in 2'-5' linked nucle 
otides and the 5' position of 5' terminal nucleotide. Oligo 
meric compounds may also have Sugar mimetics such as 
cyclobutyl moieties in place of the pentofuranosyl Sugar. 
0188 A nucleic acid-targeting nucleic acid may also 
include nucleobase (often referred to simply as “base') modi 
fications or substitutions. As used herein, “unmodified’ or 
“natural nucleobases can include the purine bases, (e.g. 
adenine (A) and guanine (G)), and the pyrimidine bases, (e.g. 
thymine (T), cytosine (C) and uracil (U)). Modified nucleo 
bases can include other synthetic and natural nucleobases 
such as 5-methylcytosine (5-me-C), 5-hydroxymethyl 
cytosine, Xanthine, hypoxanthine, 2-aminoadenine, 6-methyl 
and other alkyl derivatives of adenine and guanine, 2-propyl 
and other alkyl derivatives of adenine and guanine, 2-thiou 
racil, 2-thiothymine and 2-thiocytosine, 5-halouracil and 
cytosine, 5-propynyl ( C=C-CH3) uracil and cytosine 
and other alkynyl derivatives of pyrimidine bases, 6-azo 
uracil, cytosine and thymine, 5-uracil (pseudouracil), 
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy 
droxyl and other 8-Substituted adenines and guanines, 5-halo 


























































































































































































