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ABSTRACT 

The invention provides for systems, methods, and composi 
tions for manipulation of sequences and/or activities of target 
sequences. Provided are vectors and vector systems, some of 
which encode one or more components of a CRISPR com 
plex, as well as methods for the design and use of Such 
vectors. Also provided are methods of directing CRISPR 
complex formation in eukaryotic cells and methods for 
selecting specific cells by introducing precise mutations uti 
lizing the CRISPR/Cas system. 
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CGGGACAAGAGCCGGCAAGAAA CTGGAECC GAAGCCGACGCECGC 
CAACAGAAACCAGCAGCTGATCCACGACGA CAGCCTGACCTTAAAGAGGACA 
CCAGAAAGCCCAGGTGTCCGGCCAGGGCGAAGCC GCACGAGCACATTGCCAA 
CTGGCCGGCAGCCCCGCCAAAGAAGGGCATCCTGCAGACAGTGAARGGTCGTGGA 
CGAGCTCTGAAAGTAGGGCCGGCACAAGCCCGAGAAATCGTGACGAAATGG 
CCAGAAAACCAA CACCCAGAAGGGACAGAAGAACAG CCGCAGAGAAGAA 
GCGGATCGA, AGAGCGGCATCAA AGAGTGGGCAGCCAGATCC GAAA GAA CACCCC 
GTGAAAACACCCACGCAGAA CAAAGCTGTACCGTACTACTGCAGAAG: 
{{CG. GATAE GTACGTGACCAGAA CTGGA:ATCAA CCGCTTCCGACACA 

FG, SB 
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{TGACAATCGTCCEAACCAAGAGACCACAAACAACTG 
CTGACCAGAA CACAAGAACGGCCAAGACGA8 AAGE GCCCCGAAAGES 
CGTGAAGAAGATGAAGAACTACTGGCGGCAGCGCTGAACGCCAAGCTGATTACC 
CAGAGAAA GTCRACAATCGACCAAGGCCGAGAGA (GGGGCCTGARGCGAACTG 
AAAGGCGGCTCATCAA GAGA8 AGTGGAA ACCGA CGACACAAAKGCAC 
{TGAAG ACG (ACTCCCGATGAAACAATACGACCAGAAEGACAA{SCT 
{BATCCGG{AAGTEAAA ACACCCTAAGTCCAA{{CGTG CGACRGA 
AGGATTTCCA GTTTTACAAAGTGCGCGAGATCAACAAC ACCACCACGCCCACGAC 
{{CTACCGAACGCGTGGGGAA CCCCTGATCAAAAAG ACCCAAGCEGGA 
AAG{CACGTGACG-CA (A&AAGTTAGACGEGCGAAAATCGCCA. 
A GAGCCA (CAGAAATCGGCA AG CACCCCAAG ACTCTCEACA CAA CAC 
ATGAACT CAA&ACCGASA. TACCCTGCCAA CGGCAGATCCCCAAGCGGCC 
TTGATCGAGAAAACKGCGAAACCKGGAGATCGTGTGGGAAA GGGCCGGGAT 
CCACGTCCCAAA GT CACAEGCCCAAGAAAC(TKAAAAAG ACC 
GAG{TCAGACAGSCGGCTTAGAAAACTACCCCCAAGAGA ACAGCCA 
TAAGCGATCGCCAGAAAGAAGGACTGGGACCCAAGAAGTACGGCGGCTCGACA 
GCCCA CGGRGCTACTTGTGGTGGTGGCCAAA GTGGAAAAGGGCAAGTC 
AAGAAA CGAAGAGAAAGAGC (CGGACACCACA GAAAAAGA 
{SCTECGAGA AGAA CCATCGAC TCTGAACCCAAGCACAAAGAA (TGAAA 
AAG{ACTGATCATA ACT (CCEAAGTAC CT(TCA (CCAA AACCC 
(AACACAATCGC CTCCCGCRAACCAGAAC(AAAGAA; GCCCC 
{CCAAAATCGAACTTGACCGGCAGCACAGAGAACAAGGGT 
CCCCCGAGAAAACAGAAACAGCC CAACACACAA{ACTACT 
{GA CAA CATCA CAGATCAGCCA TCTCCA, AGAGAGTGACCGCCGACGC 
AATCGGACAAAGCGCCGCCTACA ACAA CACCGGGATAAG CCCACAGAG 
ACAGGCCGAGAAATCACCACCGTACE GACCAAECTGGGAGCCCTGCCG 
{AAG ACEGA8 ACCACACAG.A.AGAGAA CACACCAA AGAG 
GGCTGAGCCACCCGACCACCACA (ACACGCC TAGAGACACGA 
CACCGTCTCA (CTGGARGCGACAAAAGGCCGGCGCACAAAAAKGCCGGC 
CAGGCAAAAAAGAAAAAG 

P2A-EP 
ggaag.cggagccactaactictocetgttgaaacaa.gcaggggagicgaagaga atccegggc.catiTGAGCAAGGGCGA 
{{AGRCTGTEAC GTGTG CARCT(TCA (CTGACGRGCACAAACG 
GCCAAAGTAGCGTTCGCGAGGGAGGG (GAGCACTACGGA, AGTG 
A8 EAATCAT 
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cigaglica aitcecage:taxacaggiggct cacaiaccattgaatgggatctgatgcCCC titctggggtigaagacCacaa.gigta 
teacata33333333 CTCCTCTCTCTTETEAAAGA GAAA GTCCCAG 
EA GAAEACCAAGTAATGAAAA GTG""(TCCAAEAGAGCCAAAA 
CAAATACTCTTE a AGCACTGGAAAEGTACCAAGGAACTAaTTTTEATTTgAAGEGTaA 
CTGGACAGAGA CATAATGAACTTGTGGAEACAGAAACAATGAA 
"AAC"TCACACAA (CAATAAAGAAAAAAAATGAACT CAGTA 
CCTATTTGAAA CTOCTAGCTTACTAACTTGTGCTTCACTA ACA AAGCG 
AAAGTAAGTGACCAATAAAAAAAGAAGAATGATAATGA 
TCAAAAAGAGGGCCAGAGTFTACCAGCCAGTGTGGTGTEGCCTTATGCC 
AACCCAGCACTCTGGAGGCAGAGACAGGCAGATC CTGAGTG.A.GCCCAGCCTG 
St CACACATCAAGTECACTAGGAEAGSCAGAATAAA AGAAAICCTGG 
GGAGGGGGGCCTAATTCATAAAAAAATCGAAGCATCCCTA AGAGCCAC 
AGATGGGCAAATCCGTCACCCGAGAGAGGTATTACG 
CTGGGTC (BCEGACACTCCGC AAA{SCCTTC:GC 
CAGTGGTTC GTBGCTACTAACTTCRCACGC AAAGATGGTTTTERC 

CAA CGCCA CTCAGATEGA (CCTAETCCAG8 CG GCCAAATC 
TE CAAACACAAAATTGTCC TAATTTTTTTTAAAAAATCGG AATAATAAA 
{TAAAAAAGTTAACGGATAGGGACAATAAAaTRGA (GCECT 
AAAAAAGCEAAAGGTTTGTCTATACEAACE "E"EE"E"AAA GT (TAT 
TTTAGAA CCAAGGGCTTAGACTTTTAGA ACAGAAAC GT (CATCGCTA ACA 
GA"""A GTCAAATCA (AAACAAATCACA (CCAAATCAAATAA 
GAACTGACEAAGTA3CACGGAATAEaAAAAGAAGCECC 
{GAKGGCARGGGTCATA GTATCC GCGA CTCCAAAAGATAGAGACTAAA 
GEECTGCCC"GTCCCEGAAACAAGE EAAAAGAAAACGGAA 
CGCATCAGATTCAAGGGACACACAARGAGCC GTRATAGTGG 
EAAAtgttgttiaagttgatgaaaa-citgaatiatiate:accgcaactacttittaaaaaaaaaagcCaggectgttagagcaigctaaggg 
acccitaggacitgctgagcacaca AGAGTAGt ACTTGGCAGGCTCCTGGTGAGAGCAATTCAA 
AAAAAAGGCAGACAACCAAAAACTACA tAAG GTACCTGT a AACCA. T 
GCATA ACACAGOSAATAAAAAECCAAAAAACACAAECCCC 
ATCAAATTGGGACAGGATTTCCCGGTGAATAGGCAGACTGAAACTAAACAAA 
{TGS STATEEGAAA G"""AAGAACTA.A.A.8 CATAGAA 
ACA ACAAAGTG (TA"E"CAG CEEEGCTATATAAACAC CTECSE 
TCCC (CACTAC(ATCATTCTAGCC ACT ACTARTTT CAAAT 
8 AATAAGTECGCAGGTGAGCAAGAAAAAAGCAAAACAG 
TATATATGAAAATTT GTACTAATGGAAAGTAGGT CGTGGT 

F.G. 5OF 
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Walidation of Cas9 nuclease activity by Surveyor 
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Average Stav 
pCAG-expipAloxp-N.S. Sp(ass. NS-2A-GFP Core 3.: .. 

Core 2 3. 3. 
of 323 35. 
ice 4 39. 3. 

pCAG-NS-SpCas9-NS-2A-3FP Core ts. 3. 
(of e2 33. . 

G. 54 
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