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(SEQ ID NO: 1)

PCT/US2013/027459

Nucleotide Sequence of a Human Fetal Hemoglobin (HbF) Silencing Region

b1
101
151
201
251
301
351
401
451
501
051
601
651
701
/51
801
851

901

951
1001
1051
1101
1151
1201
1251

(chr11:5212342-5215944 in HG18)

CCAGTGAGCAGGTTGGTTTAAGATAAGCAGGGTTTCATTAGTTTGTGAGA
ATGAAAAATGAACCTTCATTCCACTATTCCCTTAACTTGCCCTGAGATTG
GCTGTTCTGTCATGTGTGTCTTGACTCAGAAACCCTGTTCTCCTCTACAT
ATCTCCCCACCGCATCTCTTTCAGCAGTTGTTTCTAAAAATATCCTCCTA
GTTTCATTTTTGCAGAAGTGTTTTAGGCTAATATAGTGGAATGTATCTTA
GAGTTTAACTTATTTGTTTCTGTCACTTTATACTAAGAAAACTTATCTAA
AAGCAGATGTTTTAACAAGTTGACTCAATATAAAGTTCTTCTTTGCCTCT
AGAGATTTTTGTCTCCAAGGGAATTTTGAGAGGT TGGAATGGACAAATCT
ATTGCTGCAGTTTAAACTTGCTTGCTTCCTCCTTCTTTTGGTAAATTCTT
CCTATAATAAAACTCtaattttttattatattgaaataaatatccattaa
aagaatatttaaaaaatGAATAGTGTTTATTTACCAGTTATTGAAATAGG
TTCTGGAAACATGAATTTTAAGGTTAACATTTTAATGACAGATAAAATCA
AATATTATATACAAATATTTTGAATGTTTAAAATTATGGTATGACTAAAG
AAAGAATGCAAAGTGAAAAGTAGATTTACCATATTCAGCCAGATTAAATT
TAACGAAGTTCCTGGGAATATGCTAGTACAGAACATTTTTACAGATGTGT
TCTTAAAAAAAAATGTGGAATTAGACCCAGGAATGAAGATCCCAGTAGTT
TTTCACTCTTTTCTGAATTCAAATAATGCCACAATGGCAGACAAATACAC
ACCCATGAGCATATCCAAaaggaaggattgaaggaaagaggaggaagaaa
tggagaaaggaaggaaggaagaggggaagagagaggatggaagggatgga
ggagaagaaggaaAAATAAATAATGgagaggagaggagaaaaaaggagag
gagaggagaggagaagggatagggaagagaaagagaaagggaagggaaga
gaggaaagaagagaagaggagagaaaagaaacgaagagaggggaagggaa
ggaaaaaaaagaggaaaaaagagacaagagaagagalaagactgacagtt
caaattttggtggtgatatggatcaatagaaactcaaactctgttggtga
cactgtacaatagtataacccctttggaaaacctttaatagtatccacaa
atgctggatgcttgataagtctattacctageaattacatttttagatat
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tcagaaacacatgcatgtgtgtatccaaagacatgtatagaaatgcttat
gacagcaataatcataaaaacctcaaaccggtagecacttaaatgcttac
caacagtagaattgataaattacggtatagtcaaagaatagaatattaca
cagaaatgaaaagaatcaactactgcttaacacgtagcgatacaaatgca
ttttacagcatttggttgattaaaagtaaccagaggtgagttcaaactat
atgactttatttgtatatagAAAGATGGATGATGTGCCTGAGATTCTGAT

CACAAGGGGAAATGTTATAAAATAGGGTAGAGAGGAGCCATGAATGACCT
TTAAACTTTGTTACAAGTTATTTTTCTGTAACCTggaagccaacgaaaga

tattgaataattcaagaaaggtggtggcatggtttgatttgtgtetttaa
aagattattctcacttagtgaagaaatgtattttagaagtagagaaaaty
ggagacaaatagctgggcttctgtigcagtaGGGAAGAAAGTGACAATGE

CATTTCTATTATCAGACTTGGACCATGACGGTGATGTCAGTCGTGAACAC
AAGAATAGGGCCACATTTGTGAGTTTAGTGGTACGATaaaatcagaaata

cagtcttggatacattgtattgtatgcactcttgtaaaatgcaaaaagat

gtacttagatatgtggatctggagetcaghPAGAATACAACCAGGTCAAG

AATACAGAATGGAACAGAACATACAAGAACAGATCATAATGTGCTGTGTG
AATCACTACCACTACCTGTTAAAAATGACAGATGATGTACTTCATCaata
tctecttaaaatcttagaatgtatttgtgagggaggaattatgtitccaa

ttcatatataagaaaattgattctaaaaaaaatgttaggtaaatictiaa
99cCaTGAGGACTGTTATTTGATCTTTGTCTGTTAATTCCARAGACTTGG

CTTTTCACTTTAATTCTGTTCTACCTGAAATGATTTTACACATTGGGAGA
TCTGGTTACATGTTTATTCTATATGGATTGCATTGAGAGGATTTGTATAA
CAGAATAAGGTCEttttttcttttetettetgagatggagttteatecct

attgcccaagetagagtgcaatggtgcaatcetaggetcaccgeaaccict
gectectgggttcaageaattctectgecteagecacctgaatagetggg
actgcaggcatgeaccacacgeccggcetgattttgtatttitagtagaga
tggogtttcaccatgttggtcaggctogtettgaactectgacctcaagt
gatctgectgecttggecteccaaagtgctgggtttacaagectgageca
ccgcatccagcCAGGATAAGGTCTAAAAGTGGAAAGAATAGCATCTACTC
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6

TTGTTCAGGAAACAATGAGGACCTGACTGGGCAGTAAGAGTGGTGATTAA

TAGATAGGGACAAATTGAAGCAGAATCGAACTGTTGATTAgaggtaggga
aatgattttaatctgtgaccttggtgaatgggcaagtagetatctaatya

ctaaaatggaaaacactggaagagaaacagttttagtataacaagtgaaa
tacccatgctgagtctgaggtgectataggacatctatataaataagece
agtacattgtttgatatatgggtttogcactgaggttggaggtcagaggt
tagaaatcagagttgggaattgggattatacaggctgtatttaagagtit
agatataactgtgaatccaagagtgtgaTRAATACAAAGTTAAATGAAGG

ACCTTTAATGAACACCAACATTTAATGTGAAATCTCAAGGAAGTATGAAG
TAAGACATAGTCCCCAAAATCCCCGATGATTTTAGAACTCAGTATCGATT
TTAATTAGTGTAATGCCAATGTGRRTTAGAATGGAAGTCAACTTGCTGTT
GGTTTCAGAGCAGGTAGGAGATAAGGTTCTAGATTTTGACACAGTGAAAA
GCTGAAACAAAAAGGAAAAGGTAGGGTGAAAGATGGGAAATGTATGTAAG
GAGGATGAGCCACATGGTATGGGAGGTATACTAAGGACTCTAGGGTCAGA
GAAATATGGGTTATATCCTTCTACAAAATTCACATTCTTggctgggtatg
gtggctcacgcctgtgatcccagcactttcagaggccgaggagggtggat
cacctgatgttaggagttcgagatcagcctgaccaacatggtgaaacccc

cta
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(SEQ ID NO: 2)

PCT/US2013/027459

Nucleotide Sequence of a 350 bp Portion of a Human HbF Silencing Region

bl
101

151

201
251
301

(Including Sites for Bell1a Occupancy)

AAAGATGGATGATGTGCCTGAGATTCTGATCACAAGGGGAAATGTTATAA
AATAGGGTAGAGAGGAGCCATGAATGACCTTTAAACTTTGTTACAAGTTA
TTTTTCTGTAACCTggaagccaacgaaagatattgaataattcaagaaag

gtggtggcatggtttgatttgtgtctttaaaagattattctecacttagty
dagaaatgtattttagaagtagagaaaatgggagacaaatagctgggctt
ctgttgcagtaGGGAAGAAAGTGACAATGCCATTTCTATTATCAGACTTG
GACCATGACGGTGATGTCAGTCGTGAACACAAGAATAGGGCCACATTTGT

FIG. 7
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(SEQ ID NO: 13)

Human b-globin Gene from 1 kb Upstream of the
Cap Site through the PolyA Site

GCAATGAAAATAAATGTTTTTTATTAGGCAGAATCCAGATGCTCAAGGCC
CTTCATAATATCCCCCAGTTTAGTAGTTGGACTTAGGGAACAAAGGAACC
TTTAATAGAAATTGGACAGCAAGAAAGCGAGCTTAGTGATACTTGTGGGC
CAGGGCATTAGCCACACCAGCCACCACTTTCTGATAGGCAGCCTGCACTG
GTGGGGTGAATTCTTTGCCAAAGTGATGGGCCAGCACACAGACCAGCACG
TTGCCCAGGAGCTGTRGGAGGAAGATAAGAGGTATGAACATGATTAGCAA
AAGGGCCTAGCTTGGACTCAGAATAATCCAGCCTTATCCCAACCATAAAA
TAAMAGCAGAATGGTAGCTGGATTGTAGCTGCTATTAGCAATATGAAACC
TCTTACATCAGTTACAATTTATATGCAGAAATATTTATATGCAGAGATAT
TGCTATTGCCTTAACCCAGAAATTATCACTGTTATTCTTTAGAATGGTGC
AAAGAGGCATGATACATTGTATCATTATTGCCCTGAAAGAAAGAGATTAG

GGAAAGTATTAGAAATAAGATAAACAAAAAAGTATATTAAAAGAAGAAAG
CATTTTTTAAAATTACAAATGCAAaattaccctgatttggtcaatatgty
tacacatattaaaacattacactttaacccataaatatgtataatgatta
tgtatcaattasaaataaaaGAAAATAAAGTAGGGAGATTATGAATATGC
AAATAAGCACACATATATTCCAAATAGTAATGTACTAGGCAGACTGTGTA
AAGTTTTTTTTTAAGTTACTTAATGTATCTCAGAGATATTTCCTTTTGTT
ATACACAATGTTAAGGCATTAAGTATAATAGTAAAAATTGCGgagaagaa
addaaaagaaagcaagaattaaacaaaagaaaacaattgttatgaacage
aaataaaagaaactaaaaCGATCCTGAGACTTCCACACTGATGCAATCAT
TCGTCTGTTTCCCATTCTAAACTGTACCCTGTTACTTATCCCCTTCCTAT
GACATGAACTTAACCATAGAAAAGAAGGGGAAAGAAAACATCAAGCGTCC
CATAGACTCACCCTGAAGTTCTCAGGATCCACGTGCAGCTTGTCACAGTG
CAGCTCACTCAGTGTGGCAAAGGTGCCCTTGAGGTTGTCCAGGTGAGCCA
GGCCATCACTAAAGGCACCGAGCACTTTCTTGCCATGAGCCTTCACCTTA
GGRTTGCCCATAACAGCATCAGGAGTGGACAGATCCCCAAAGGACTCAAA
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GAACCTCTGEGTCCAAGGRTAGACCACCAGCAGCCTAAGGGTGGRAAAAT
AGACCAATAGGCAGAGAGAGTCAGTGCCTATCAGAAACCCAAGAGTCTTC
TCTGTCTCCACATGCCCAGTTTCTATTGGTCTCCTTAAACCTGTCTTGTA
ACCTTGATACCAACCTGCCCAGGGCCTCACCACCAACTTCATCCACGTTC
ACCTTGCCCCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGATG
CACCATGGTGTCTGTTTGAGGTTGCTAGTGAACACAGTTGTGTCAGAAGC
AAATGTAAGCAATAGATGGCTCTGCCCTGACTTTTATGCCCAGCCCTGGC
TCCTGCCCTCCCTRCTCCTRRGAGTAGATTGGCCAACCCTAGGGTGTGGC
TCCACAGGGTGAGGTCTAAGTGATGACAGCCGTACCTGTCCTTRGCTCTT
CTGGCACTGGCTTAGGAGTTGGACTTCAAACCCTCAGCCCTCCCTCTAAG
ATATATCTCTTGGCCCCATACCATCAGTACAAATTGCTACTAAAAACATC
CTCCTTTGCAAGTGTATTTACGTAATATTTGGAAt cacagettggtaage

atattgaagatcgttttcccaattticttattacacaaataagaagtiga
tgcactaaaagtggaagagttttgtctaCCATAATTCAGCTTTGGGATAT

GTAGATGGATCTCTTCCTGCGTCTCCAGAATATGCAAAATACTTACAGGA
CAGAATGGATGAAAACTCTACCTCGGTTCTAAGCATATCTTCTCCTTATT
TGGATTAAAACCTTCTGGTAAGAAAAGAAAAAGtatatatatatatgtgt

gtatatatacacacatacatatacatatatatGCATTCATTIGTTGTTGT

TTTTCTTAATTTGCTCATGCATGCTAATAAATTATGTCTAAAAATAGAAT
AAATACAAATCAATGTGCTCTGTGCATTAGTTACTTATTAGGTTTTGGGA
AACAAGAGATAAAAAACTAGAGACCTCTTAATGCAGTCAAAAATACAAAT
AAATAAAAAGTCACTTACAACCCAAAGTGTGACTATCAATGGGGTAATCA
GTGGTGTCAAATAGGAGGTTAACTGGGGACATCTAACTGTTTCTGCCTGG
ACTAATCTGCAAGAGTGTCTGGGGGAACAAAAAGCCTCTGTGACTTAGAA
AGTAGGGGTAGGAGGGGAAAAGGTCTTCTACTTGGCTCAGATTATTTTTT
TCCTCTAGTCCACTAAGAATACTGCGTTTTAAAATCATTTCCTTGATTCA
AGTTCC
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(SEQ ID NO: 14)

606 bp Region of Human b-globin Spanning from the Promoter into Intron 2
(Mutations within this Region Result in Thalassemias and Sickle Cell Disease)

1 CACCCTGAAGTTCTCAGGATCCACGTGCAGCTTGTCACAGTGCAGCTCAC 50
51 TCAGTGTGGCAAAGGTGCCCTTGAGGTTGTCCAGGTGAGCCAGGCCATCA 100
101 CTAAAGGCACCGAGCACTTTCTTGCCATGAGCCTTCACCTTAGGGTTGCC 150
151 CATAACAGCATCAGGAGTGGACAGATCCCCAAAGGACTCAAAGAACCTCT 200
201  GGGTCCAAGGGTAGACCACCAGCAGCCTAAGGGTGGGAAAATAGACCAAT - 250
251 AGGCAGAGAGAGTCAGTGCCTATCAGAAACCCAAGAGTCTTCTCTGTCTC 300
301 CACATGCCCAGTTTCTATTGGTCTCCTTAAACCTGTCTTGTAACCTTGAT 350
351 ACCAACCTGCCCAGGGCCTCACCACCAACTTCATCCACGTTCACCTTGCC 400
401 CCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAGATGCACCATGG 450
451 TGTCTGTTTGAGGTTGCTAGTGAACACAGTTGTGTCAGAAGCAAATGTAA 500
501 GCAATAGATGGCTCTGCCCTGACTTTTATGCCCAGCCCTGGCTCCTGCCC 550
551 TCCCTGCTCCTGGGAGTAGATTGGCCAACCCTAGGGTGTGGCTCCACAGG 600

601 GTGAGG 600

FIG.9
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(SEQ ID NO: 24)
Nucleotide Sequence of Human Bellla cDNA (CCDS1862.1)

ATGTCTCGCCGCAAGCAAGGCAAACCCCAGCACTTAAGCAAACGGGAATT
CTCGCCCGAGCCTCTTGAAGCCATTCTTACAGATGATGAACCAGACCACG
GCCCGTTGRRAGCTCCAGAAGGGGATCATGACCTCCTCACCTGTGGGCAG
TGCCAGATGAACTTCCCATTGGGGGACATTCTTATTTTTATCGAGCACAA
ACGGAAACAATGCAATGGCAGCCTCTGCTTAGAAAAAGCTGTGGATAAGC
CACCTTCCCCTTCACCAATCGAGATGAAAAAAGCATCCAATCCCGTREAG
GTTGGCATCCAGGTCACGCCAGAGGATGACGATTGTTTATCAACGTCATC
TAGAGGAATTTGCCCCAAACAGGAACACATAGCAGATAAACTTCTGCACT
GGAGGGGCCTCTCCTCCCCTCGTTCTGCACATGGAGCTCTAATCCCCACG
CCTGGGATGAGTGCAGAATATGCCCCGCAGGRTATTTGTAAAGATGAGCC
CAGCAGCTACACATGTACAACTTGCAAACAGCCATTCACCAGTGCATGGT
TTCTCTTGCAACACGCACAGAACACTCATGGATTAAGAATCTACTTAGAA
AGCGAACACGGAAGTCCCCTGACCCCRCGGGTTGGTATCCCTTCAGRACT
AGGTGCAGAATGTCCTTCCCAGCCACCTCTCCATGGGATTCATATTGCAG
ACAATAACCCCTTTAACCTGCTAAGAATACCAGGATCAGTATCGAGAGAG
GCTTCCGACCTRGCAGAAGGGCGCTTTCCACCCACTCCCCCCCTRTTTAG
TCCACCACCGAGACATCACTTGGACCCCCACCGCATAGAGCGCCTERGEG
CGGAAGAGATGGCCCTGGCCACCCATCACCCGAGTGCCTTTGACAGGGTG
CTGCGATTGAATCCAATGGCTATGGAGCCTCCCGCCATGGATTTCTCTAG
GAGACTTAGAGAGCTGGCAGGGAACACGTCTAGCCCACCGCTGTCCCCAG
GCCGGCCCAGCCCTATGCAAAGGTTACTGCAACCATTCCAGCCAGGTAGC
AMGCCGCCCTTCCTRECGACGCCCCCCCTCCCTCCTCTGCAATCCGCCCE
TCCTCCCTCCCAGCCCCCGGTCAAGTCCAAGTCATGCGAGTTCTGCGGCA
AGACGTTCAAATTTCAGAGCAACCTGGTGGTGCACCGGCGCAGCCACACG
(GGCGAGAAGCCCTACAAGTGCAACCTGTGCGACCACGCGTGCACCCAGGE
CAGCAAGCTGAAGCGCCACATGAAGACGCACATGCACARATCGTCCCCCA
TGACGGTCAAGTCCGACGACGGTCTCTCCACCGCCAGCTCCCCGGAACCE

FIG. 10
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GGCACCAGCGACTTGGTGGACAGCGCCAGCAGCGCGCTCAAGTCCGTGGT |

GGCCAAGTTCAAGAGCGAGAACGACCCCAACCTGATCCCGGAGAACGREG
ACGAGGAGGAAGAGGAGGACGACGAGGAAGAGGAAGAAGAGGAGGAAGAG
GAGGAGGAGGAGCTGACGGAGAGCGAGAGGGTGGACTACGGCTTCGRGLT
GAGCCTGGAGGCGGCGCGCCACCACGAGAACAGCTCGCGRGGCGCRGTCG
TGGGCGTERGCGACGAGAGCCGCGCCCTRCCCGACGTCATGCAGGRCATG
GTGCTCAGCTCCATGCAGCACTTCAGCGAGGCCTTCCACCAGGTCCTGGG
CGAGAAGCATAAGCGCGGCCACCTGRCCGAGGCCRAGGGCCACAGGGACA
CTTGCGACGAAGACTCGGTGGCCGGCRAGTCGEACCGCATAGACGATGGC
ACTGTTAATGGCCGCGGCTGCTCCCCGRRCGAGTCRGCCTCARREEECCT
GTCCAAAAAGCTGCTGCTGGGCAGCCCCAGCTCGCTGAGCCCCTTCTCTA
AGCGCATCAAGCTCGAGAAGGAGTTCGACCTGCCCCCGGRCCGCGATRCCC
AACACGGAGAACGTGTACTCGCAGTGGCTCACCAGCTACGCGGCCTCCAG
GCAGCTCAAAGATCCCTTCCTTAGCTTCGGAGACTCCAGACAATCECCTT
TTGCCTCCTCRTCGGAGCACTCCTCGGAGAACGGGAGTTTGCGCTTCTCC
ACACCGCCCGRGGAGCTGRACGGAGGGATCTCAGGGCACAGCEECACGGG
AAGTGGAGGGAGCACGCCCCATATTAGTGGTCCGRACCCGEACAGGCCCA
GCTCAAMAGAGGGCAGACGCAGCGACACTTGTGAGTACTGTGEGAAAGTC
TTCAAGAACTGTAGCAATCTCACTGTCCACAGGAGAAGCCACACGGGCGA
AAGGCCTTATAAATGCGAGCTGTGCAACTATGCCTGTGCCCAGAGTAGCA
AGCTCACCAGGCACATGAAAACGCATGGCCAGRTGGGGAAGGACGTTTAC
APATGTGAAATTTGTAAGATGCCTTTTAGCGTGTACAGTACCCTGGAGAA
ACACATGAAAAAATGGCACAGTGATCGAGTGTTGAATAATGATATAAAAA
CTGAATAG

FIG. 10 (Cont.)
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(SEQ ID NO: 28)

Nucleotide Sequence of I-HjeMI, Codon
Optimized for Expression in E.coli

ATGGATCCCACATGGACCTGACCTACGCTTACCTGGTTGGTCTGTTOGA
AGGTGACGGTTACTTCTCTATCACCAAAAAGGGTAAATACCTGACCTACG
AACTGGGTATCGAACTGTCTATCAAAGACGTTCAGCTGATCTACAAAATC
AAAGACATCCTGRGTGTTGRTAAAGTTTCTTTCCGTAAACGTAACGAAAT
CGAAATGGRTTTCTCTGCGTATCCGTGACAAGAATCACCTGAAAARACTTCA
TCCTGCCGATCTTCGACAAATACCCGATGCTGTCTAACAAGCAGTACGAC
TACCTGCGTTTCAAAGACGCTCTCCTGTCTAACATTATCTACTCTGACGA
TCTGCCGGAATACGCTCGTTCTAACGAATCTATCAACTCTGTTGACTCTA
TTATCAACACCTCTTACTTCTCTGCTTGACTGGTTGGTTTCATCGAAGCT
GAAGGTTGCTTCTCTACCTACAAACTGAACAAAGATGACGATTACCTGAT
CGCTTCTTTCGACATCGCTCAGAAAGACGGTGACATCCTGATCTCTGCTA
TCCACAAATACCTGTCTTTCACCACGAAAATCTACCTGGACARAACCAAC
TGCTCTCGTCTGAAAGTGACCGGTGTACGTTCTGTTAAAAACGTGGTTAA
ATTCATCCAGGGTGCTCCGGTTAAACTGCTCGRTAACAAGAAACTGCAGT
ACAAACTGTGGATCAAACAGCTGCGTAAAATCTCTCGTTACTCTGAAAAA
ATCCAGCTGCCGTCTAACTAC
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(SEQ ID NO: 29)

Nucleotide Sequence of I-HjeMI, Codon Optimized for
Expression in Mammals

1 ATGGGCAGCCACATGGACCTGACCTACGCCTATCTGGTCGGCCTGTTCGA 50

51 GGGCGACGGCTATTTTAGCATAACCAAGAAGGGCAAGTATCTGACGTATG 100
101 AACTGGGCATCGAGCTCTCCATCAAGGACGTGCAGCTCATCTACAAGATC 150
151  AAGGACATCCTCGGCGTGGGCAAAGTGTCTTTTAGGAAGAGGAACGAGAT 200
201 CGAGATGGTCAGCCTGCGAATCAGGGACAAAAACCACCTGAAGAACTTCA 250
251  TCCTGCCCATCTTCGACAAGTACCCCATGCTGAGCAACAAGCAGTACGAC 300
301 TATCTCCGATTCAAGGATGCCCTCCTGTCCAACATCATCTATAGCGACGA 350
351 CCTGCCOGAGTACGCCAGGAGCAACGAGTCAATCAATAGCGTGGACAGCA - 400
401 TCATCAACACCTCATACTTCAGCGCCTGGCTGGTTGGCTTCATCGAGGCC 450
451 GAGGGCTGCTTCAGCACCTACAAGCTCAACAAGGACGACGATTATTTGAT 500
501 CGCGAGCTTCGATATAGCCCAGAAGGACGGCGACATTCTCATCTCCGCGA 550
551 TCCACAAATACCTGAGCTTCACGACCAAAATCTACCTGGACAAGACCAAC 600
601  TGTAGCAGGCTCAAGGTCACCGGCGTGAGGAGCGTCAAGAACGTGGTTAA 650
651 GTTCATCCAGGGTGCGCOGGTCAAGTTGCTGGGTAACAAGAAGCTGCAGT 700
701  ACAAACTTTGGATAAAGCAGCTGCGCAAGATCTCCCGATACAGCGAGAAA - 750
751 ATCCAGCTGCCCAGTAACTAC /71
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(SEQ ID NO: 30)

Amino Acid Sequence of the Homing Endonuclease I-HjeMI

MGDLTYAYLVGLFEGDGYFSITKKGKYLTYELGIELSIKDVQLIYKIKDI
LGVGKVSFRKRNETEMVSLRIRDKNHLKNF ILPTFDKYPMLSNKQYDYLR
FKDALLSNITYSDOLPEYARSNESINSVDSTINTSYFSAWLVGFIEAEGC
FSTYKLNKDDDYLIASFDIAQKDGDIL ISATHKYLSFTTKIYLDKTNCSR
LKVTGYRSVKNVVKF TQGAPVKLLGNKKLQYKLWIKQLRKISRYSEKIQL
PSNY
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(SEQ ID NO: 31)

Nucleotide Sequence for a BCL11A Gene Targeting Nuclease
Based on the Homing Endonuclease I-HjeMI

(Codon Optimized for Expression in E.coli and Obtained
through Directed Evolution in IVC and in Bacteria)

ATGGGATCCCACATGGACCTGACCTACGCTTACCTGGTTGGTCTGTTCGA
AGGTGACGGTTACTTCACTATCGCTAAAGCGGGTAAGTACCTGAATTACG
AGCTGGGTATCACGCTGTCTATCAAAGACGCTCAGCTGATCTACAAAATC
APAGACATCCTGGGTGTTGGTAATGTTTATTTCCGGAAATATAGGCAGCA
TGARATGGTTTCTCTGCRGATCCAGGACAAGAATCACCTGAAARACTTCA
TCCTGCCGATCTTCGACAAATACCCGATGCTGTCTAACAAGCAGTACGAC
TACCTGCGTTTCAAAGACGCTCTCCTGTCTAACATTATCTACTCTGACGA
TCTGCCGGAATACGCTCGTTCTAACGAATCTATCAACTCTGTTGACTCTA
TTATCAACACCTCTTACTTCTCTGCTTGGCTGRTTGRTTTCATCGAAGCT
GAAGGTTGCTTCACGACCTACAAAGCGAGTAAAGATAAGTACCTGACGGC
TGGGTTCAGTATCGCTCAGAAAGACGGTGACATCCTGATCTCTGCTATCC
ACAAATACCTGTCTTTCACCACGAAACCGTACAAGGACAAAACCAACTGC
TCTCATCTGAAGGTGACCGGTGTACGTTCTGTTAACAACGTGGTTAAATT
CATCCAGGGTGCTCCGGTTAAACTGCTCGRTAACAAGAAACTGCAGTACA
AACTGTGGATCAAACAGCTGCGTAAAATCTCTCGTTACTCTGAAAAAATC
CAGCTGCCGTCTAACTAC
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(SEQ ID NO: 32)

Nucleotide Sequence of a BCL11A Gene Targeting Nuclease
Based on the Homing Endonuclease I-HjeMI

(Codon Optimized for Expression in Mammals and Obtained
through Directed Evolution in IVC and in Bacteria)

1 ATGGGCAGCCACATGGACCTGACCTACGCCTATCTGGTCGGCCTGTTCGA 50
b1 GGGCGACGGCTATTTTACAATAGCtAAGYCCGGCAAGTATCTGACTACG 100
101 AGCTGGGCATCacaCTCTCCATCAAGGACGCECAGCTCATCTACAAGATC 150
151 AAGGACATCCTCGGCGTGGGCAACGTGLaCTTTAGGAAGEacAggcAaca 200
201 tGAGATGGTCAGCCTGCGAATCCaGGACAAAMACCACCTGAAGAACTTCA 250
251 TCCTGCCCATCTTCGACAAGTACCCCATGCTGAGCAACAAGCAGTACGAC 300
301 TACCTGCGATTCAAGGATGCCCTCCTGTCCAACATCATCTATAGCGACGA 350
351 CCTGCCCGAGTACGCCAGGAGCAACGAGTCAATCAATAGCGTGGACAGCA 400
401 TCATCAACACCTCATACTTCAGCGCCTGGCTGGTTGGCTTCATCGAGGCC 450
451 GAGGGCTGCTTCACCACCTACAAGgCatcCAAGGACRAGTACCTGACAGE 500
501 GgGCTTCLCcATAGCCCAGAAGGACGRCGACATTCTCATCTCCGCGATCC 550
551  ACAAATACCTGAGCTTCACGACCAAACCCTACaaaGACAAGACCAACTGT 600
601 AGCcacCTCAAGGTCACCGGCGTGAGGAGCGTCAATAACGTGGTTAAGTT 650
651 CATCCAGGGTGCGCCGGTCAAGCTGCTGGGTAACAAGAAGCTGCAGTACA 700
701 AACTTTGGATAAAGCAGCTGCGCAAGATCTCCCGATACAGCGAGAARATC 750
/51 CAGCTGCCCAGTAACTAC 768
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(SEQ ID NO: 33)

Amino Acid Sequence of a BCL11A Gene Targeting
Nuclease Based on the Homing Endonuclease I-HjeMI

MGSHMDLTYAYLVGLFEGDGYFTIAKAGKYLNYELGITLSIKDAQLIYKI
KDILGVGNVYFRKYRQHEMVSLRIQDKNHLKNF TLPTFDKYPMLSNKQYD
YLRFKDALLSNITYSDDLPEYARSNESINSVDSTINTSYFSAWLVGFIEA
EGCFTTYKASKDKYLTAGFSIAQKDGDILISATHKYLSFTTKPYKDKTNC
SHLKVTGYRSVNNVVKF IQGAPVKLLGNKKLQYKLWIKQLRKISRYSEKT
QLPSNY |
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Activity of a BCL11A Gene-targetingEndonuclease
in a Two-plasmid Cleavage Assay
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(SEQ ID NO: 34)
Nucleotide Sequence of [-Onul, Codon Optimized for Expression in E. coli
(parental enzyme for HEs targeting the HbF silencing)

1 ATGTCCGCCTACATGTCCCATCGCGAGTCCATTAACCCRTGGATTCTCAC 50
bl  CGGTTTCGCCRACGCRRAAGGCTCCTTTTTGCTGCGCATCCGCAACAACA 100
101 ACAAGTCCAGCGTCGGCTACTCCACTGAGCTCGGCTTCCARATTACACTT 150
151 CATAACAAGGACAAGAGCATTCTTGAGAACATCCAGTCAACATGGAAGGT 200
201 GGGOGTGATCGCCAACAGCGGTGACAACGCCGTGTCGCTGAAGGTCACGE 250
251 GTTTTGAGGACCTGAAGGTCATTATCGACCATTTTGAAAAATACCCACTG 300
301 ATTACGCAGAAGCTCGGTGACTACATGCTGTTTAAGCAGGCGTTTTGCGT 350
351 CATGGAGAACAAGGAGCATTTGAAGATTAATGGTATCAAGGAGCTGGTGC 400
401 GCATTAAGGCAAAGCTCAATTGGGGTCTGACGGATGAGCTGAAGAAGGCC 450
451  TTTCCGGAGATCATCTCGAAGGAGCGCTCCCTCATCAACAAGAACATCCC 500
501 TAATTTCAAGTGGCTGGCGGGTTTTACCTCAAGCGAGGGTTGCTTCTTTG 550
551 TTAACCTGATCAAGTCAAAGTCGAAGCTAGGTGTCCAGGTGCAGCTGGTG 600
601 TTCAGCATTACCCAACACATCAAGGATAAGAACCTCATGAACTCTCTGAT 650
651  TACCTACTTGGGCTGCGGCTACATTAAGGAGARAAACAAGAGTGAGTTCT 700
701 CCTGACTTGACTTCGTCGTCACGAAATTCTCCGACATCAACGACAAGATC 750
751 ATTCCGGTCTTTCAGGARAACACGCTCATCGGCGTGAAGCTCGAGGACTT - 800
801 CGAGGATTGGTGTAAGGTCGCTAAGCTGATCGAGGAGAARAAGCACCTGA 850
851 CAGAAAGTGGCCTGGACGAGATCAAGAAGATTAAGCTGAACATGAACAAG 900
901 GGCAGAGTATTC 912
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(SEQ IDNO: 15)
Amino Acid Sequence of I-Onulhoming endonuclease.

SAYMSRREST NPWILTGFAD AEGSFLLRIR NNNKSSVGYS TELGFQITLH NKDKSILENI 60
(STWKVGYTA NSGDNAVSLK VTRFEDLKVI IDHFEKYPLI TQKLGDYMLF KQAFCVMENK 120
EHLKINGIKE LVRIKAKLNW GLTDELKKAF PEIISKERSL INKNIPNFKW LAGFTSGEGC 180
FFUNLIKSKS KLGVQUQLVF SITQHIKDKN LMNSLITYLG CGYIKEKNKS EFSWLDFVVT 24(
KFSDINDKIL PVFQENTLIG VKLEDFEDWC KVAKLIEEKK HLTESGLDET KKIKLNMNKG 300
RVF 303
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Ladder ~ fGlobinOnu (L) {GlobinOnu (L) fGlobinOnu (R}  fGlobinOnu (R)
(-)control () (+) control (+)

1500 bp

1000 bp
700 bp
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(SEQ ID NO: 35)
Nucleotide Sequence of MegaTAL:5.5 RVD +Y2 I-Anil

1 gtggatctacgcacgetcggetacagtcageageagcaagagaagatcaa 50
b1 accgaagatgcgttcgacagtggegeageaccacgaggcactggtaggee 100
101 atgggtttacacacgcgcacatcgttgcgetcagecaacacceggeageg 150
151 ttagggaccgtcgctgteacgtateageacataatcacggegttaecaga 200
201 ggcgacacacgaagacatcgtiggegteggeaaacagtggtecggegeac 250
251 gegeectggaggecttgcteacggatgcgggggagttgagaggtecgecg 300
301 ttacagttggacacaggccaacttgtgaagattgcaaaacgtageggegt 350
3b1 gaccgcaatggaggeagtgcatgcategegeaatgcactgacgggtacee 400
401 ccctgaacctgacceeggaccaagtgatggctategecageaacaatgge 450
451 ggcaagcaagegctcgaaacggtgcageggetgttgceggtgctgtgeca 500
501 ggaccatggectgactecggaccaagtggtggctategecagecacgatg 590
551 geggcaagcaagegetcgaaacggtgcageggctattgecggtactatae 600
601 caggaccatggectgaccecggaccaagtggtggetategecageaacat 650
651 tggcggcaagcaagegctegaaacggtgcagegactgttgecgatactat 700
701 gccaggaccatggectgaccecggaccaagtggtggetategecageaac /50
751 aatggcggcaagcaagegetegaaacggtgcageggetgttgecggtact 800
801 gtgccaggaccatggectgactecggaccaagtygtggetategecagee 850
851 acgatggcggcaageaagegetcgaaacggtgcageggetgttaeeggty 900
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01 ctgtgecaggaccatggectgaccecggaccaagtggtagetategecag 950
%1 caacggtggeggcaageaagegetegaaageattytygeccagetgagee 1000
1001 ggcetgateeggegttagecgegt tgaccaacgaccacctegtegectty 1050
1051 gectgecteggegaacgtectgecatggatacagtgaaaaagggattgee 1100
1101 gcacgegecggaattoatcagaagagtcaategeegtattggegaacgea 1150
1151 cgteccategegttgegatatetagagtoggaggaagegatettacgtac 1200
1201 gegtatttagttggtctetacgaaggggatgoatactttagtatcaccaa 1250
1251 gaaaggcaagtacttgacttatgaattaggtattgagctgagcatcaaag 1300
1301 acgtccaattgatttacaagatcaagaaaatectaggtattggeategta 1350
1351 agcttcaggaagagaaacgagattgaaatggttgcattoaggateegtga 1400
1401 taagaatcatctaaaatctaagatattgcctatatttgagaagtatecaa 1450
1451 tgttttccaacaaacagtacgactattitaagaticaggaatgcattgtta 1500
1501 tctggcattatatacctagaagacttgcctgattacactagaagtgacga 1550
1551 accattgaattctatagaatccattatcaacacatcatacttctecgeet 1600
1601 ggctagttggatttatagaagctgagggetgtttcagtgtatacaagety 1650
1651 aacaaagacgatgactacttgattgcttcattcgacattgcccaaagaga 1700
1701 tggtgatatcttgatttcagcaattaggaagtacttaagtticactacta 1750
1751 aggtttacctagacaagactaattgtagcaaattgaaggteactagtatt 1800
1801 agatccgtcgagaacatcattaagtttictgcagaatgctectgteaaatt 1850
1851 gttaggcaacaagaaactgcaatacaagtigtggttgaaacaactaagga 1900
1901 'agatttctaggtattccgagaagatcaagattccatcaaactacgtcgac 1950
1951 cgagcatcttaccgecatttatacceatatitgttctgtttttcttga 1998
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(SEQ ID NO: 36)
Amino Acid Sequence of MegaTAL:5.5 RVD + Y2 [-Anil

1 VDLRTLGYSQQQQEKTKPKVRSTVAQHHEALVGHGF THAHIVALSQHPAA 50
51 LGTVAVTYQHIITALPEATHEDIVGVGKQWSGARALEALLTDAGELRGPP 100
101 LQLDTGQLVKIAKRGGVTAMEAVHASRNALTGAPLNLTPDQVVAIASNNG 150
151  GKQALETVQRLLPVLCQDHGLTPDQVVATASHDGGKQALETVARLLPVLE 200
201 QDHGLTPDQVVATASNIGGKQALETVORLLPVLCQDHGLTPDQUVAIASN - 250
251 NGGKQALETVQRLLPVLCQDHGLTPDQVVAIASHDGGKQALETVORLLPY 300
301 LCQDHGLTPDQUVAIASNGGGKQALESTVAQLSRPDPALAALTNDHLVAL 350
351 ACLGGRPAMDAVKKGLPHAPELIRRVNRRIGERTSHRVAISRVGGSDLTY 400
401 AYLVGLYEGDGYFSITKKGKYLTYELGIELSIKDVQLIYKIKKILGIGIV 450
451 SFRKRNEIEMVALRIRDKNHLKSKILPIFEKYPMFSNKQYDYLRFRNALL 500
501 SGITYLEDLPDYTRSDEPLNSIESTINTSYFSAWLVGF IEAEGCFSVYKL 550
551 NKDDDYLIASFDIAQRDGDILISAIRKYLSFTTKVYLDKTNCSKLKVTSY 600
601 RSVENTIKFLONAPVKLLGNKKLQYKLWLKQLRKISRYSEKIKIPSNYVD 650
651  RASYRHLYPYLFCFS 005
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(SEQ ID NO: 37)
Nucleotide Sequence of Cas9 Endonuclease
(from Mali ef al., Science (2013))

1 gccaccATGGACAAGAAGTACTCCATTGGGCTCGATATCGGCACAMCAG 50

51 CGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAMAAT 100
101  TCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATT 150
151 GGCGCCCTCCTGTTCRACTCOGRRGAGACGGCCGAAGCCACGCGGETCAA 200
201 AAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACC 250
251  TGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTTTCTTC 300
301 CATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCG 350
351 CCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCRTACCATGAARAGT 400
401 ACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAG 450
451 GCTGACTTGCGGTTGATCTATCTCGOGCTGRCGCATATGATCAMATTTCG 500
501 GBGACACTTCCTCATCGAGGGRGACCTGAACCCAGACAACAGCGATATCG 550
551 ACAMACTCTTTATCCAACTGGTTCAGACTTACAATCAGCTTTTCGAAGAG 600
601 AACCOGATCAACGCATCCGGAGTTGACGCCAMGCAATCCTGAGCGCTAG 650
651 GCTGTCCAAATCCCRGOGRCTCGAAMACCTCATCGCACAGCTCCCTRGEG /00
701 AGAAGAAGAACGGCCTGTTTGRTAATCTTATCGCCCTGTCACTCRGRCTG 750
751 ACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCA 800
801 ACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGA 850
851 TOGGCGACCAGTACGCAGACCTTTTTTTGGCGGCAAAGAACCTGTCAGAC 900
901 GOCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGC 950
051 TCCGCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACT 1000
1001 TGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAG 1050
1051 GAMATTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGACGG 1100
1101 CGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAM 1150
1151  AMATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTG 1200
1201 TTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCA 1250
1251 CCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCT 1300
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1301 TTTTGAAAGATAACAGGGAAAAGATTGAGAARATCCTCACATTTCGGATA 1350
1351 CCCTACTATGTAGGCCCCCTCGCCCGRGGARATTCCAGATTCGCATGGAT 1400
1401 GACTCGCAAATCAGAAGAGACCATCACTCCCTGRAACTTCGAGGAAGTCG 1450
1451 TGGATAAGGGGGCCTCTGCCCAGTCCTTCATCGAMGGATGACTAACTTT 1500
1501  GATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTA 1550
1651 CGAGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAG 1600
1601 AAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATC 1650
1651 GTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAA 1700
1701 AGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGARATCAGCG 1750
1751 GAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTG 1800
1801  AMATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACAT 1850
1851 TCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGA 1900
1901 TTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGACAAAGTCATG 1950
1951 AMACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAA - 2000
2001  ACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAGACAATCCTGGATT - 2050
2051 TTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCAT 2100
2101 GATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTTCTGG 2150
2161 CCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAG 2200
2201 CTATCAAMAGGGAATACTGCAGACCGTTAAGRTCGTGGATGAACTCGTC 2250
2251 AAAGTAATGGGAAGGCATAAGCCCGAGAATATCATTATCGAGATGGCCCG 2300
2301 AGAGAACCAAACTACCCAGAAGGGACAGAAGAACAGTAGGGARAGGATGA - 2350
2351 AGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAA - 2400
2401 CACCCAGTTGAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTA 2450
2451 CCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATC - 2500
2501 GGCTCTCCGACTACGACGTGGATCATATCGTGCCCCAGTCTTTTCTCAAA 2550
2551  GATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGG 2600
2601  GAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATCAAAMATT 2650
2061  ATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGAT 2700
2701 AATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATARAGCCGG 2750
2151 CTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGR 2800
2801  CCCAAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACARA 2850
2851 CTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGA 2900
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2901 TTTCAGAAAGGACTTTCAGTTTTATAAGGTGAGAGAGATCAACAATTACC 2950
2951 ACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATC 3000
3001 AAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGT 3050
- 3051 GTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGG 3100
3101 CCACCGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACC 3150
3151 GAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAC 3200
3201 AAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGRATTTCGCGA 3250
3251 CAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGACC 3300
3301  GAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAA 3350
3351 CAGCGACAAGCTGATCGCACGCAAAAAAGATTGGRGACCCCAAGAAATACG 3400
3401  GCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCARA 3450
3451 GTGGAGAAAGGGAAGTCTAAAAAACTCAAMAGCGTCAAGGAACTGCTGRG 3500
3501  CATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTC 3550
3551  TCGAGGCGAAAGGATATAAAGAGGTCARAAAAGACCTCATCATTAAGCTT 3600
3601  CCCAAGTACTCTCTCTTTGAGCTTGAARACGGCCGGAAACGAATGCTCGC 3050
3651  TAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCCTCTARAT - 3700
3701 ACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCT 3750
3751 CCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTA 3800
3801 CCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCC 3850
3851  TCGCCGACGCTAACCTCGATAAGRTGCTTTCTGCTTACAATAAGCACAGG 3900
3901  GATAAGCCCATCAGGGAGCAGGCAGAARACATTATCCACTTGTTTACTCT 3950
3951  GACCAACTTGGGCGCGCCTGCAGCCTTCAAGTACTTCGACACCACCATAG 4000
4001  ACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATT 4050
4051 CATCAGTCAATTACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCT 4100
4101  CGGTGGAGACAGCAGRGCTGACCCCAAGAAGAAGAGGAAGGTGTGA 4046
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(SEQ ID NO: 38)
Nucleotide Sequence of RNA Guide Strand for use with Cas9 Endonuclease
(from Mali et al., Science (2013))

1 TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGG 50
51 TACCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATT 100
101 TGCATATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACT 150
151 GTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATT 200
201 TCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATA 250
251 TGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTG 300
301 TGGAAAGGACGAAACACCGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTA 350
351 GAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGG 400
401 CACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGG 450
451 CATTA | 455
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(SEQ ID NO: 62)
Nucleotide Sequence of a [-CpaMI homing endonuclease

(OREF, codon optimized for mammalian expression)

ATGAACACCA GCTCTAGCTT CAATCCCTGG TTCCTGACCG GCTTTAGCGA TGCAGAGTGC 60
TCTTTCAGCA TCCTGATACA GGCCAACAGC AAGTACTCCA CCGGTTGGAG GATCAAGCCC 120
GTGTTCGCCA TCGGCTTGCA CAAGAAGGAC CTGGAGCTTC TGAAGAGAAT CCAGAGCTAT 180
CTGGGCGTGG GCAAGATACA CATTCACGGC AAAGACAGCA TTCAGTTCAG GATTGACAGC 240
CCCAAGGAGC TGGAGGTGAT CATCAACCAC TTTGAGAACT ACCCCCTGGT AACCGCCAAG 300
TGGGCCGACT ACACCCTCTT TAAGAAGGCC CTGGACGTAA TTCTGTTGAA GGAGCACCTG 360
AGCCAGAAGG GCCTGCTTAA ACTGGTAGGC ATTAAGGCGA GCCTGAATCT CGGGTTGAAC 420
GGCAGCCTCA AGGAGGCGTT CCCGAACTGG GAAGAACTGC AGATCGACAG GCCGAGCTAC 480
GTGTTCAAGG GCATCCCCGA CCCCAACTGG ATCAGCGGCT TCGCGTCAGG CGATAGCAGC 540
TTTAATGTGA AAATCAGCAA CTCCCCCACG TCACTGCTCA ATAAAAGGGT GCAGCTGAGG 600
TTCGGCATCG GACTGAACAT CAGAGAGAAA GCCCTTATCC AATACCTGGT GGCCTACTTT 660
GACCTGTCAG ACAACCTGAA GAACATCTAC TTCGACCTGA ACAGCGCACG GTTCGAGGTG 720
GTGAAGTTCA GCGACATCAC CGACAAGATC ATCCCCTTCT TCGACAAGTA CAGCATACAA 780
GGCAAGAAGA GCCTGGACTA CATCAACTTC AAGGAAGTGG CCGACATTAT CAAGAGCAAG 840
AACCATCTTA CTAGCGAGGG CTTCCAGGAA ATCTTGGACA TCAAAGCCAG TATGAACAAG 900
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(SEQ ID NO: 63)
Amino Acid Sequence of I-CpaMI homing endonuclease

MNTSSSFNPW FLTGFSDAEC SFSILIQANS KYSTGWRIKP VFAIGLHKKD LELLKRIQSY 60
LGVGKIHIHG KDSIQFRIDS PKELEVIINH FENYPLUTAK WADYTLFKKA LDVILLKEHL 120
SQKGLLKLVG IKASLNLGLN GSLKEAFPNW EELQIDRPSY VFKGIPDPNW ISGFASGDSS 180
FNVKISNSPT SLLNKRVQLR FGIGLNIREK ALIQYLVAYF DLSDNLKNIY FDLNSARFEV 240
VKFSDITDKI IPFFDKYSIQ GKKSLDYINF KEVADIIKSK NHLTSEGFQE ILDIKASMNK 300
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Psl- 266 - C_TGCAG
Notl- 264- GC'GGCC_GC
PspX| - 290 - VCTCGA_Gb

Spel - 232-ACTAG T
BamHI - 226 - GGATC_C
Sacl -224-G_AGCTC
Konl- 218 -G_GTACC
Acc5l- 214 - GGTAC C
Hindlll - 208 - AAGCT T
Asel - 38 ATTA AT———

Cal -2-ATCG_AT——

EspHI - 2702 - TCATG_A

Aval - 290 - CyCGr G

Xhol - 290 - C'TCGA_G
BmeT1101- 291 - Cy'CG _1G
Nspi - 299 - r_CATGY
Sphl- 299 - G_CATGC
Xbal - 302 - TCTAG_A
PspOMI - 308 - GGGCC_C
Apal - 312- G_GGCC'C

Sacll - 2960 - CC_GC'GG

Bmil - 2519 - G_CTAGC
Nhel - 2515 - GCTAG_C

Acll - 1872 - ANCG_TT

f lac
colE1

lacZa-ccdB

pCedB wib
3374 bp

' cat (CAVR)

Pvul - 463 - CG_AT'(CG
BsiW! - 493 - CGTAC_G
BstGl - 553 - TGTAC_A

Ascl- 804 - GGCGCG._CC
BssHil - 804 - GCGCG._C
Afll- 829 - ACryG T
Bl - 913 -AGATC T

target NgoMIV - 1089 - GCCGG_C

Bll - 1253 - TGATC_A- dam methylated!
Agel - 1353 - ACCGG_T

Ncol - 1656 - CCATG_G

Styl - 1656 - CCwwG_G
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(SEQ ID NO: 64) |
Nucleotide sequence of BCL11A gene targeting nuclease-encoding plasmid
(pExodusBCL11Ahje)

GACGGATCGGGAGATCTCCCGATCCCCTATRGTGCACTCTCAGTACAATCTGCTCTGATRCCGCATAGTTAAGCCAGTAT
CTGCTCCCTRCTTGTGTGTTGGAGGTCGCTGAGTAGTGCRCGAGCAARATT TAAGCTACAACAAGGCAAGGCTTGACCGA
CAATTGCATGAAGAATCTGCTTAGGGT TAGGCAT TTTRCRCTGCTTOGCGATGTACGRGCCAGATATACGCGTTGACATT
GATTATTGACTAGTTATTAATAGTAATCAAT TACGGGGTCATTAGTTCATAGCCCATATATGGAGT TCCGCGTTACATAA
CTTACGGTAAATGGCCCRCCTGGCTGACCGCCCAACGACCCCOGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTAT TTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT
ATCATATGCCAAGTACGCCCCCTAT TGACGTCAATGACGGTAAATGGCCCGCCTRGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGRCAGTACATCTACGTATTAGTCATCGCTATTACCATGRTGATGCGGT TTTGGCAGTACATCAA
T666CaTEEATAGCRGTTTGACTCACGGRGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTRTTTTGGCACC
ARAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGRTAGGCGTGTACGGTGEGAG
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG
GGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCTGC
AGGTACGTTGACGCCGCCACCATGGGATATCCATACGATGTCCCAGATTATGCGCCACCTAAGAAGAACGCAAAGTCCC
CGRGEGCAGCCACATRGACCTGACCTACGCCTATCTEGTCRGCCTRTTCGAGGGCGACRGCTATTTTACAATAQCEAAGY

CCHGCAAGTATCTGARCTACGAGCTGGGCATCacaCTCTCCATCAAGGACGCT CAGCTCATCTACAAGATCAAGGACATC
CTCGRCGTGAGCAACGTGEaCTTTAGGAAGE acAgycAacat GAGATGRTCAGCCTGCGAATCCaGRACARARACCACCT

GAAGRACTTCATCCTGCCCATCTTCGACAAGTACCCCATRCTGAGCAACAAGCAGTACGACTACCTGLGAT TCAAGGATG
CCCTCCTGTCCAACATCATCTATAGCGACGACCTRCCCGAGTACGCCAGGAGCAACGAGTCAATCAATAGCGTGGACAGL
ATCATCAACACCTCATACTTCAGCGCCTGGCTGGTTGGCTTCATCGAGGCCGAGRRCTRCT TCACCACCTACAAGgCate

CAAGGACAGTACCTRACAGCGORCTTCECCATAGCCCAGAAGGACGGCGACATTCTCATCTCCGCGATCCACARATACC

TGAGCTTCACGACCAAACCCTACaaaGACAAGACCAACTGTAGCCacCTCAAGGTCACCRGUGTGAGGAGCGTCAATAAC
GTRGTTAAGTTCATCCAGGRTGOGCCGRTCAAGCTGCTGRGTAACAAGAAGCTGCAGTACAAACT TTGGATAAAGCAGCT
GCGCAAGATCTCOCGATACAGCGAGAMAATCCAGCTGCCCAGTAACTACTAATCTAGAGGGCCCGTTTAAACCOGCTGAT
CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTATTTGCCCCTCCOCCRTGCCTTCCTTRACCCTGRAAGGTRCC
ACTCCCACTRTCCTTTCCTAATAMATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGEGTCE
(6TGGGGCAGGACAGCAAGGEGRAGGAT TROGAAGACAATAGCAGGCATGCTGRGGATACAGTGGEC TCTATRGCTTCTG
AGGCHGAAAGAACCAGCTGRGGCTCTAGGGGRTATCCCCACGCGOCCTRTAGCGRCCAT TAAGCGCHGCRGGTRTGATG
GTTACGCGCAGCGTGACCGCTACACTTGCCAGCRCCCTAGCGCCCRCTCCTTTCRCTTTCTTCCCTTCCTTTCTCGCCAC
GTTOGCCACTTTCOCCRTCAAGCTCTAMATCAGGEGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGRCACCTCGACC
CCAAMAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCOCTGATAGACGGT TTTTCRCCCTTTGACGTTGGAG
TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATA
AGGGATTTTRCCGATTTCGRCCTATTGGTTAAMAATGAGCTGATTTAACAARAATTTAACGCGAATTARTTCTGTGGAA
TGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCCTATCAGGACATAGCGTTG
GCTACCCATGATATTGCTGAAGAGCT TGGCGGCGAATGGECTGACCGCTTCCTCATGCTTTACGETATCGCCGETCCCGA
TTOGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGEGT TCGARATGACCGACCAAGC
GACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGRTTGGECTTCRGAATCGTTTTCCGGG
ACGCOGGCTRGATGATCCTCCAGCRCEGEGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTAT TGCAGCTTAT
ATGRTTACARATAMGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTC
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CAMACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTRGCATAATCATGRTCATAGCTRT
TTCCTGTGTGAAATTGTTATCOGCTCACAATTCCACACAACATACGAGCCGGAAGCATAMGTGTAAAGCCTGGGGTGCC
TAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCOGRARACCTGTCGTGCCAGCTRCA
TTAATGAATCHGCCAACGCGCGRGGAGAGRCRGT TTGCGTATTGRGCGCTCTTCCGCTTCCTCGCTCACTGACTCRCTAC
GCTCGATCRTTCGACTGCRGCRAGCGRTATCAGCTCACTCAAAGGCRGTAATACGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAMAGGCCAGCARAAGGCCAGGAACCGTAAMAAGGCCRCRTTGCTRRCGTTTTTCCATAG
GCTCCGCCCCCCTGACGAGCATCACAAMAATCRACGCTCAAGTCAGAGGTGRCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCOCCCTGRAAGCTCCCTCRTGCGCTCTCCTGTTCCGACCCTRCCGCTTACCRGATACCTRTCCGCCTTTCTC
CCTTORGEAAGCRTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGRTGTAGGTCGTTCRCTCCAAGCTGEG
CTGTGTGCACGAACCCCCCGT TCAGCCOGACCRCTGCGCCTTATCCRGTAACTATCGTCTTGAGTCCAACCCGRTAAGAC
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGRTGCTACAGAGTTCTTG
AAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGRTATCTEOGCTCTGCTGAAGCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGRCAAACARACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCA
GAARARAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACRGRGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGGTCATGAGATTATCARAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTARAG
TATATATGAGTARACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTT
CATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGRGAGGGCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATARACCAGCCAGCCGEAAGRGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGT T
TGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCC
CAACGATCAAGGCGAGTTACATGATCCCCCATRTTRTGCAARAAAGCGGTTAGCTCCTTCGGTCCTCOGATCGTTRTCAG
AMGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCT TACTGTCATGCCATCCGTAAGAT
GCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGLGGCEACCGAGT TRCTCTTGCCCGGCG
TCAATACGGGATAATACCGOGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAARACGT TCTTCHGRGCGAAMACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTT
TCACCAGCGTTTCTGRGTGAGCAAMAACAGGAAGGCAARATGCCGCAAAAAGGGAATAAGGGCGACACGGARATGTTGA
ATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAMAATAAACARATAGGGGTTCCGCGCACATTTCCCCRAARAGTGCCACCTGACGTC
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(SEQ ID NO: 65)

Nucleotide sequence of TREX2-encoding plasmid (pExodus CMV. Trex2)
gacggatcgggagatcteecgatecectatggtycactetcagtacaatetgctetgatgecgeatagtt
aagccagtatetgcteectgcttatgtgttogaggteactgagtagtgcgegageaaaatttaagetaca
acaaggcaaggctigaccgacaattgcatgaagaatctgcttagggttaggcgtittgegetacttcgeg
atgtacgggccagatatacgcgttgacattoattattgactagttattaatagtaatcaattacggggte
attagttcatagcccatatatggagticegegttacataacttacggtaaatggecegectggctgacey
cccaacgacccccgeecattgacgtcaataatgacgtatgtteccatagtaacgecaatagggactttee
altgacgtcaatqgatggagtatttacggtaaactgcccactiggeagtacatcaagtagtateatatgce
aagtacgccccctattgacgtcaatgatggtaaatggcccgcctggcattatgcccagtacatgacctta
tgggactttcctacttggeagtacatctacgtattagtcategetattaccatggtgatacggtttigae
agtacatcaatgggcgtggatagegatttgactcacggggatttecaagtetecaccecattgacgteaa
tgggagtttgttitggcaccaaaatcaacgggactttccaaaatgtegtaacaacteegecceattgacy
caaatgggcggtagacgtgtacggtgggaggtctatataageagagetetetggctaactagagaaccea
ctgcttactggcttatcgaaattaatacgactcactatagggagacccaagetggctageatgtetgage
cacctegggetgagacctitgtattcctggacctagaagecactgggcteccaaacatggaccetgagat
tgcagagatatcectitttgetgttcaccgetettccctggagaacccagaacgggatgatictagtice
ttggtactgceccgtgttctggacaagetcacactgtgcatgtgcccggagegeccctttactgecaagg
ccagtgagattactggtttgagcagcgaaagectgatgcactgcgggaaggctggtitcaatggegetgt
ggtaaggacactgcagggcticctaagecgecaggagggecccatetgecttgtggeccacaatggettc
gattatgacttcecactgctatocacggagetacaacgtetaggtgcccatetgccccaagacactgtet
gcetggacacactgcctgcattgcggggectggaccgtgeteacagecacggeaccagggctcaaggecy
caadagctacagectggecagtetettccaccgetacttecaggetgaacccagtgetgeccattcagea
gaaggtgatgtgcacaccctgcttctgatcticctgcategtgctectgagetgctegectgggcagaty
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agcaggecegeagetoggeteatattgageccatgtacgtgecacctgatggtecaagectcgaagecty
aattctgcagatatecageacagtggeggeegctegagtetagagggecegtitaaaccegetgatcage
'ctcgactgtgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttgaccctggaa
ggtgccacteecactgtectttcctaataaaatgaggaaatigeategeattgtetoagtagytyteatt
ctattctggdagqtgaggtygggcaggacageaagggggagdattoggaagacaatageaggcatyctyg
ggatgcagtgggctctatggettctgaggeggaaagaaccagetggggetctagggggtatecceacycy
ccetgtageggegeattaagegeggegqatatagtagttacgegeagegtgaccgetacacttgecageg
ccetagegeeegetectttegetttettecettecttictegecacgttcgecggettteceegtcaage
tctaaategggggcteectttagggticegatttagtactttacggeacctcgaccecaaaaaacttgat
tagggtgatggtteacgtagtgggecategecctgatagacggtttttegeectttgacgttggagteca
cqttctttaatagtggactettgticcaaactggaacaacactcaaccetateteggtctaticttitya
tttataagggattitgccgattteggectattggttaaaaaatgagetgatitaacaaaaatttaacgeyg
aattaattctgtggaatgtgtgtcagttagggtgtggaaagtecccaggetececageaggcagaagtat
gcaaagcctatcaggacatagegttggctacccgtgatattgetyaagagettageggegaatggactya
ccgettectegtactttacagtategecgeteccgattegeagegeategecttetategecticttgac
gagttcttctgagcgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgaga
tttcgattccaccgeegecttctatgaaaggttgggettcggaategtittecgggacgecggctggaty
atcctecagegeggggateteatgetggagtteticgeccaceccaacttatttattgcagettataaty
gttacaaataaagcaatagcatcacaaatttcacaaataaagcatttittticactgcattctagttigtag
tttgtccaaactcatcaatqtatcttatcatgtetgtataccgtegacctetagetagagettggcgtaa
tcatggtcatagetgtitectgtgtgaaattgttatecgcteacaattccacacaacatacgagecggaa
gcataaagtgtaaagectggggtgcctaatgagtgagetaactcacattaattgcgttgcgeteactyce
cgctttccagtcgggaaacctgtegtgccagetgcattaatgaatcggecaacgcgcggggagaggegat
ttgcgtattgagegctettecgettectegeteactgactegetgegeteggtegtteggetgcggcgag
cggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacat
gtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttactagegtttttccataggcte
cgeeecectgacgageatcacaaaaatcgacgctcaagtcagaggtygcgaaacccgacaggactataaa
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gataccaggegtttecccctggaageteectegtgcgetetectgttecgaceetgecgettaccggata
cetgtecgecttteteccticgggaagegtagegettteteatageteacgctataggtatetcagticg
gtgtaggtegttegetecaagetgggetgtgtacacgaacceccegtteageecgaccgetgegectiat
ccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaa
caggattagcagagegaggtatgtaggcggtgctacagagtictigaagtygtggectaactacggctac
actagaagaacagtatttggtatctgcgetetgctgaagecagttacctteggaaaaagagtiggtaget
cttgatccggcaaacaaaCcaccgctggtagcggtttttttgtttgcaagcagcagattacgcgcagaaa
aaaaggatctcaagaagatectttoatetttctacggggtetgacgeteagtggaacgaaaactcacyt
taaggoattttygtcatgagattatcaaaaaggatcttcacctagatectttiaaattaaaaatgaagtt
ttasatcaatctaaagtatatatgagtaaacttggtetgacagttaccaatgcttaatcagtgaggcacc
tatctcagegatctgtetatttegticatecatagtigectgacteecegtegtgtagataactacgata
cgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatt
tatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccat
ccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgtt
gccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaac
gatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgt
tgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtc
atgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgc
ggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagt
gctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcg
atgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaa
aaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactctt |
ccttittcaatattattgaageatttatcagggttattgteteatgageggatacatattigaatgtatt
tagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtc
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