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TTCCGCGTCTTCATTCTTGAAGTCAGTGAGACCAAGAACCCACCAATTCCAGACACACTAGGACCCTGAGACAACCCCTAGAAGAGCACCTGGTTGATAACCCAGTTCCCATCTGGGATTTAGGGGACCTGGACAGCCCGGAAAATGAGCTCCTCATCTCTAACCCAGTTCCCCTGT
TAGGGGACCAGGGACAGCCCGTTGCATGAGCCCCTGGACTCTAACCCAGTTCCCTTCTGGAATTTAGGGGCCCTGGGACAGCCCTGTACATGAGCTCCTGGTCTGTAACACAGTTCCCCTGTGGGGATTTAGGGACTTGGGCCTTCTGTCTTTGGGATCTACTCTCTATGGGCCACA
GTCTTCCAACTTCCCTACACAGGGGGGACTTCAAAGAGTGCCTTGAGCTGATCTGGTGATTGCTTTTTTGTACTGTTATTTATCTTATTCTTTTCATTGTGAGGTACTGATGCAAACACTTTGTACGAAAAGGTCTTTCTCATCTCGGGAGTCCCCGTCTATTTGTCCCGGTCCCTGTTAACCC
CGACAGGAGCCCCTTCTGCACCTTGAGCTCTCACCACTCACCGTCCATCCAGCCCCAGCTCTGCCTGCAACCCACCCATCCCTGGGACTCGGGCCTCCCCTCTCTAGTGGTCTGGTCATCAGGCCAGGGGCACGTGGAAGAAGCTATCGTGGCAAAGGGAGCAGTCATATCCCC
[GTGGTTGGTTTACCACCACCATGGAAACCCCAGGGTGGGACTCTAGTTTCAGGTTGGAGCTGAGCCCTGTCGGGAATGAGCTTTCCCCAGCTATGGCTTCTTGGGGCCCCTGTGCCCTGAGCTGTGTCTCCCAGCATCGGGTCCCCACCATGCATATGGCCCACTCAGGCACAGT
ATGGCTGCATGCGTGAGGGGGGCCTGGGCCCAGGGCTGGGAGTCCTTTGTGTCTCATGGCCATGATTGTCCTTCCGAGTATGATATGGTGGCCAATTTCTTTTATTCTGTCGTTCAGAGTGAGTAAATGATGTAGAGTTCATGCAGAAAAAAATACAACAAAAACCAAGGGAACATAGA/
AACGCGTCACAGCAATGAGTTAAATAGGTAACAAATTTCATCATTTGAAGAAAGACTTAGAGTGCCAAAAGTGCCTCTTAAGTCTCCTTTAAAAAGTAGCAAAATTCATCCCTGAAGAAGCATCTTGGCCTTTTTCATGTACTCAGAGTGCTGGTGAAGAACAAAGATTGCTGAAACATTATC
\CAGCGTTACAGGGTGTAGATAACACACTGGAAAACCTGGTCGTTACAGTGGACATATTCCAGGAAGTCCTTGCCTGAGGTTTTCCAAGTTATGGAATTGCTTGAGATTGGAAGAGGCGATGGAGGGTACAACTGTAATGCCCAACCTCATTTTTGCTAACCCTGTTTTTAGACTCTCCCT
\ATCACCTAGCCTTCTTTCCACCTGAAAGGACTCTCCCTTAACTGAGAGAACCGGACAGACTCCATCTTGGCTCTTTCACTGGCAGCCCCTTCCTCAAAGACTTAACTCGTGCAAGCTGACTCCCAGGACATCCGAGAATGCAATTAACTGACAACCTACTGTGGCGAGCTACATCCGC
CAGGAATTCGTCCGATTGATAACGCCCAATTACCCGCGTCTATCACCTTGTAATAGTCTTAAAGCACCTGCACCTGGAACTGTTTACTTTCCTGTAACCATTTATCCTTTTAACATTTTGCCTGATTTACTTATGTAAAATTCTTTTAACTAGACCGCCACTCCCCTTTCTAAACAAAAGTATAAAA
“TAGCCCCTTCTTTGGGACTGAGACAATTTTGAGGTTAACGCAGGGTGCCTGTAATCCTAAGGGAGGAGACCGCCACTTCTGCTGCCCTTCCCTTCCCCACACCCCCTTCTCTAGTTTATGAAACAGGGAAAAAGGGAGAAAGCAAAAAGATAAAAAAAACAGAAGTAAGATAAATAGC
ACCTTGGCAGCACCACCCGGCACTGGTGGTTAAAATAATAATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTGTTCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTCCGATGCTTGCTCGATCTAT
CCTTTCAAGTGAACCCCTTAGAGTCGTAAACCCTTAAAAGGGCCAGGAATTTCGTTTTCGGGGAGCTCGGCTCTTCAGGCCCAAGTAAACCTGCCGTATCTCACCTGAGACCAACCCCCAACTACAAAACTCAACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCC
CAAAGCCTAACCCTAACCCTAACCCCTACAGTTGAGGTCCCCCCGCCCCTGTGGTTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTCTGGTGGGGGTGGGAGCTGGGGGCCACATACAGCTCTCTGAGCTTAAGCCATTTTCTTCCTTCATTCCTTCCTTCCTCC
‘CCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTITCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAGGCTCAAGTTATCTTCCCTCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTG!
ACCCAGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCTCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAATTCAAGAGGATCTTGAAGTTCTGACCTCCTGTCAATATCCCTTCCCCTCACCTTGACCCTCCCATTCTGCCCCACCTGTCAGGATCACAAGGACCCCCAGATC
[GGGAACCGGACCAAAAAGAGAAATAGTGCTGTCCCGCCCATAAGTACCACCCCCAGACTCCCTGCTCCACCCTCTGGACCACAGGGAGGCCCCATGCTCCATCCCTGAAAACCACCCCCAGACCCCCTGCTCCTCCCCACGGGACCGCCCCCAGATCCACTGTTCCTGTCCTC
ACACCGGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCAGCTCCTCCCCTCAGGATCATCCCCAGACCCCCGCTCCTCCCATCAGGACCGCCCCCAGAACCCCCTGCTCCTCCCCACAGGACCACCCCCAGACCCCCGCTCCTCCCCTAAGGACCACCCACAGACCCCC
,CCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCAGGACCACCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCAGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTGCCCTCGGGACCACG
CCCCCTGCTCCTCCCCACGAAACCACGCCCAGTAACCCCCCTCTTCTCCCCTCAGGACCACCCCCAGACCCCCGCTCCTCCCCTGGGAACCACCCCCAGACCCCCTGCTCCTCCCCACGAAACCACCCCCAGACTCCCTGCTCCTGTCCTCCGGACCACGCGACTGCTCCTTC
CGCCACCCCCAGACTGCCGCTCCTCCTGTCGGGACCCCCTGAGGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGGAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGTGA
STGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACGAAATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTAATCGGAGATGACGGAAAGTGACGGAGAGGAACGAGGAGTAAAGAGGGGTGACGAA
CGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAAGATAGCCGAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCGAGAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCG
_GCCTGCACTGAGGCAGGCATGCGTGGCACCGAGGTGACCCGGGTGGGAGGTGCACCGCCGCCCCCTGGCAGTCTCTCCGCGGAGCCCAAGCCCGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCGGCCCCACCCAGLGCCC
ACGAGGCCGAGGAGCGGCGGAGACTAACGGCCCCTGGACCCCAGGCAGCACATGGCCCAGAGCATCCCAGCCCAGTGGAGGGCGGCACATGGCGGGAGGGCGGGAGTCCGTGTCCACTCATGGCCGGGGAGGGGAGGGCAAGTTCTGGTGGCTGGGGAGGCCTAGAGC
GCCCAGTGGAGGGCTGCACATGGCAGGGGAGGGGAGAGCAAGAGTGTGCGGGCGAGGGAGGAGAGGGCAAGACTGCGTGTCCGCTCCAGTCTCTCTTCCTCATCTTATAAAGCCACGAGTCCCATGACTGGGGACCCAACCTAATAACATTATCTAATCCTAATTGCCTCCCAAA
\TCTCCAATCAGGACATGAATTCGGGGATTAAATTGCCAACACATGGCTGGGCGCGATGGCTTGTGCTTTTTTTTTTITTTTTTITTGAGACGGAGTCTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGCTATCTCGGCTCACTGCAAGCTCTGCCTCCCGGGTTCACGCCATTCTCCT
iCCTCCTGAGTAGCTGGGACTACAGGCGCCCGCCACCACGCCCAGGTAATTTTTTTTTTTITTITITTITTGTATTTCTTITGTAGAGACGGGGTTTCACCATGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCACCCATCTCGGTCTCCCAAAGTGCTAGGATTGCAGGCCTGAGC
ACCCAGCTGCCTTGTGCTTTTAATCCCAGCACTTTCAGAGGCCAAGGCAGGCGATCACCTGAGGTCAGGAGTTCAAGACCAGCCTGGCCAACATGGTGAAACCCCATCTCTAATACAAATACAAAAAAAAAACAAAAAACGTTAGCCAGGAATGAGGCCCGGTGCTTGTAATCCTAAC
GACCACCACTCCTCCTGCTGCCCTTCCCTTCCCCACACCGCTTCCTTAGTTTATAAAACAGGGAAAAAGGGAGAAAGCAAAAAGCTTAAAAAAAAAAAAAAAAAAACAGAAGTAAGATAAATAGCTAGATGATCTTGGCAGCACCACCCGACCCTGGTGGTTAAAATAATAATAATAATAA
CCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTGTTCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTCCCCATGCTTCCTCGATCTATCACAACCCTTTCACGTAAACCCCTTAGAGTTGTAAACCCTTAAAAGGGCCAGGA
[TTCGGGGAGCTTGGCTCTTCAGGCGCAAGTGTGCCGATGCTCCTGGCAGAGTAAAGCCCTTCCTTCTTTAACCCAGTGTCTGAGGAATTTTGTCTGCGGCTTGTCCTGCCACAATGCCAGCTACCAGGAGGCTGAGGTGTGAGAATCGCTCGAACCTGGGAGGCAGAGGTTGCAC
GAGATCCCACGATTGCACTCCAGCCTGGGTGATAGATGACAGAGCAAGACACCATGTCAAAAAGAAAAGAAAAAAAATTGCCAACACATGAAATCTGGAGAACACATTCAAGCAATAGCACCATATAAATCTGTACATACCTTGCAAACACTGTAAACCTGCCGCATCTCACCTGAGAC
CCAACCGCAAAACCCAGACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCGAAATCTCAAAGCCTAACCCTAACCCTAACCCCGACAGTTCAGGTCCCCCCGTCCCCGTAGCTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTTTGGTGGGG
GCTGGGGGCCACACACAGCTCTCTGAGCTTAAGCCATTTCCTTCCTTCCTTCATTCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAAGCT
ATCTTCCCGCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACGTGGCGAATTTCTTAATTTTTATTTITGTAGAGATGAGGCCTCCCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAATTCAAGAGGATCTGGAAGTTCTGGTCTCCTGTCAATATCCCTTTCTAAG!
S TAGAATCCTCTAATCACCCCAGGATACCTTTTCCAGCTATATTACCCTTTCCTTTCAGCCGACTAGAGTGGAAGCTCAGCAAAGAACGGATCTATGCCTGCACACAGGCAGCTTTGAACTCACTGAGATCTATAGAAGAATTTTTTAAAATTTGCCAGAATGAAAAAGAAGTATCCTCCAGT
CAAGGACAGCCAGGGAAGGCAGCTACTGGGACCTGCCACTGGCCAGGATTGAGAGAGTCTGAGGTGTCCATTCTCCTATGGATGGGTCACACATCAGAACTGAACCACAAACCCTTTCCTGCTCCCTTGGGACCAGGCTGCCACTCCTTCCTTCCCCTCACCTTGACCCTCCCATT
CACCTGTCAGGATCACAAGGACCCCCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGCGCTGTCCCGCCCAAAAGTACCAACCCCAGACCCCCTGCTCCACCCTCCGAACCACAGGGAGACCCCATGCTCCACCCCTGAAAACCACATGCAGACCCCCGCTCCTCC
GCCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAG
TGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGLTCCTCCCCTH
CACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGA
CTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTC!
ACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACC
CCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGAACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGA
CCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACCCCCAGACCCCCCGCTCCTCCCCTCGGGACCACCTCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCTG
[TTTCCAGACCACACCAGACGGCTTCTTCCCTCGGCACCACCCCCAGACTGCCGCTCCTCCTATCGGGACCTCCTCGGGGCCATCTCCAGACCCTCCCCCCGCTCCACCCCTCGGGTCCCTCTCGGGACCACCCTCAGACCCCCGCTCCTTCCCTCGGGATCACCTCGAGACCT
CACCACCATCATTCAGGCCGGGTAGTGGGGAGAGGCCTCTCAGGAGGGACCAGGCCACCCTCCCAGGAGTGAAGGGAGGAGGACAGAGTCACGAGCAGACCAGAAATAACCAGGGACTGACAGACAGCAGGATCGGAGAGGGACGGAAAAGGGCTAAGGGCAGGAAAAGT
GGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGAAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGCGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACG
SACGAAGAGTCACGAAATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTATTCGGAGATGACGGAAAGTGACGGAGAGGAACGGGGAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAA!
GAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCGAGAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGGGTGGCACCGAGGT
GGTGGGAGGTGCACCGCCGCCCACTCGCAGGTTCTGCGCGGAGCCCAAGCCCGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCGGCCCCACCCAGCGCCCGGGCCCACGAGGCCGAGGAGCGGCGGAGGCTCGLCGGLCCC
SCAGACCGCGTTCCCGGAGCCCGGCCGAGCCCCGAGTGGGGCCCTCGCGCGGACTGAGAGGGCGGCGGAGGGGCCACGGGGTCCTGCCCAGCCCGCATCGCGCATGCTGCTCGGGACCGGCGGCTGCCTTGGGCCAACCCTGTTCCCGCAGCGGCCCAGCCCCGGGE
CGACCTGGGGGACGCGGGACCCCGCGCGAGCTGCTCGGCCTGTAGGGGGLTGCGLGGELCGGEEGLEEGGELEGEGELCGELLCELCGGELELCCCTCGLCTCCTCGCCCTCCCTCTCTCCCTCCCTCTCTCCCTAAGACACTTTTTCTTCTTTGTGGCACAATATACAAAACACGGAGTTT




TTCCGCGTCTTCATTCTTGAAGTCAGTGAGACCAAGAACCCACCAATTCCAGACACACTAGGACCCTGAGACAACCCCTAGAAGAGCACCTGGTTGATAACCCAGTTCCCATCTGGGATTTAGGGGACCTGGACAGCCCGGAAAATGAGCTCCTCATCTCTAACCCAGTTCCCCTGT
TAGGGGACCAGGGACAGCCCGTTGCATGAGCCCCTGGACTCTAACCCAGTTCCCTTCTGGAATTTAGGGGCCCTGGGACAGCCCTGTACATGAGCTCCTGGTCTGTAACACAGTTCCCCTGTGGGGATTTAGGGACTTGGGCCTTCTGTCTTTGGGATCTACTCTCTATGGGCCACA
GTCTTCCAACTTCCCTACACAGGGGGGACTTCAAAGAGTGCCTTGAGCTGATCTGGTGATTGCTTTTTTGTACTGTTATTTATCTTATTCTTTTCATTGTGAGGTACTGATGCAAACACTTTGTACGAAAAGGTCTTTCTCATCTCGGGAGTCCCCGTCTATTTGTCCCGGTCCCTGTTAACCC

CGACAGGAGCCCCTTCTGCACCTTGAGCTCTCACCACTCACC CATC CCLLA CTGC C CCACCCATCLCT ACZILGGGCCTCCCCTCTCTARTGGTCTGGTCATCAGGGEAGGGGCACGTGGAAGAAGCTATCGTGGCAAAGGGAGCAGTCATATCCCC
I'GTGGTTGGTTTACCACCACCATGGAAACCCCAGGGTGGGAC% Q AGECET TG TAT! Uure GTGEC TaC GCATCGGGTCCCCACCATGCATATGGCCCACTCAGGCACAGT
ATGGCTGCATGCGTGAGGGGGGCCTGGGCCCAGGGCTGGGA CTT % CA @ AG CAhﬁﬁ ﬁ&% T %TTCATGCAGAAAAAAATACAACAAAAACCAAGGGAACATAGA/
AACGCGTCACAGCAATGAGTTAAATAGGTAACAAATTTCATCATT A A A 6 7. . C AR C A GTACTCARA A A G TACTCAGAGTGCTGGTGAAGAACAAAGATTGCTGAAACATTATC
\CAGCGTTACAGGGTGTAGATAACACACTGGAAAACCTGGTCGTTACAGTGGACATATTCCAGGAAGTCCTTGCCTGAGGTTTTCCAAGTTATGGAATTGCTTGAGATTGGAAGAGGCGATGGAGGGTACAACTGTAATGCCCAACCTCATTTTTGCTAACCCTGTTTTTAGACTCTCCCT
\ATCACCTAGCCTTCTTTCCACCTGAAAGGACTCTCCCTTAACTGAGAGAACCGGACAGACTCCATCTTGGCTCTTTCACTGGCAGCCCCTTCCTCAAAGACTTAACTCGTGCAAGCTGACTCCCAGGACATCCGAGAATGCAATTAACTGACAACCTACTGTGGCGAGCTACATCCGC
CAGGAATTCGTCCGATTGATAACGCCCAATTACCCGCGTCTATCACCTTGTAATAGTCTTAAAGCACCTGCACCTGGAACTGTTTACTTTCCTGTAACCATTTATCCTTTTAACATTTTGCCTGATTTACTTATGTAAAATTCTTTTAACTAGACCGCCACTCCCCTTTCTAAACAAAAGTATAAAA
CTAGCCCCTTCTTTGGGACTGAGACAATTTTGAGGTTAACGCAGGGTGCCT! TCmeC Yreyeioy TTE TT1C% C(%W Tﬁ GAAAAAGGGAGAAAGCAAAAAGATAAAAAAAACAGAAGTAAGATAAATAGC
ACCTTGGCAGCACCACCCGGCACTGGTGGTTAAAATAATAATAATAATAATANAACe Aé\ G:plé ggDA ﬁACT T A é éﬁ TTATCTGATGCGTGTAGCCCCCAGTCACGTTCCGATGCTTGCTCGATCTAT
CCTTTCAAGTGAACCCCTTAGAGTCGTAAACCCTTAAAAGGGCCAGGAATTICGTTTTCGGGGAGCTCGGCTCTTCAGGC AGTAAACCTGCCGTATCTCACCTGAGACCAACCCCCAACTACAAAACTCAACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCG
CAAAGCCTAACCCTAACCCTAACCCCTACAGTTGAGGTCCCCCCGCCCCTGTGGTTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTCTGGTGGGGGTGGGAGCTGGGGGCCACATACAGCTCTCTGAGCTTAAGCCATTTTCTTCCTTCATTCCTTCCTTCCTCC
‘CCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTITCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAGGCTCAAGTTATCTTCCCTCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTG!
ACCCAGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCTCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAATTCAAGAGGATCTTGAAGTTCTGACCTCCTGTCAATATCCCTTCCCCTCACCTTGACCCTCCCATTCTGCCCCACCTGTCAGGATCACAAGGACCCCCAGATC
[GGGAACCGGACCAAAAAGAGAAATAGTGCTGTCCCGCCCATAAGTACCACCCCCAGACTCCCTGCTCCACCCTCTGGACCACAGGGAGGCCCCATGCTCCATCCCTGAAAACCACCCCCAGACCCCCTGCTCCTCCCCACGGGACCGCCCCCAGATCCACTGTTCCTGTCCTC
ACACCGGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCAGCTCCTCCCCTCAGGATCATCCCCAGACCCCCGCTCCTCCCATCAGGACCGCCCCCAGAACCCCCTGCTCCTCCCCACAGGACCACCCCCAGACCCCCGCTCCTCCCCTAAGGACCACCCACAGACCCCC
,CCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCAGGACCACCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCAGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTGCCCTCGGGACCACG
CCCCCTGCTCCTCCCCACGAAACCACGCCCAGTAACCCCCCTCTTCTCCCCTCAGGACCACCCCCAGACCCCCGCTCCTCCCCTGGGAACCACCCCCAGACCCCCTGCTCCTCCCCACGAAACCACCCCCAGACTCCCTGCTCCTGTCCTCCGGACCACGCGACTGCTCCTTC
CGCCACCCCCAGACTGCCGCTCCTCCTGTCGGGACCCCCTGAGGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGGAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGTGA

STGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACGAAAITTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGEEAG AGCCGQCCGAGCLTAATCGGAGATGACGGAAAGTGACGGAGAGGAACGAGGAGTAAAGAGGGGTGACGAA
CGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAAGATAGCCGAGATTAGCGGGTG GC C GC CC GG GCiTGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCG
_GCCTGCACTGAGGCAGGCATGCGTGGCACCGAGGTGACCCGGGTGGGAGGTGCAC CGW{&?&C CG CRGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCGGCCCCACCCAGLCGCCC
ACGAGGCCGAGGAGCGGCGGAGACTAACGGCCCCTGGACCCCAGGCAGCACATGG GA Ce&C C G GCASKIGECGG GEGG CCMMTCCACTCATGGCCGGGGAGGGGAGGGCAAGTTCTGGTGGCTGGGGAGGCCTAGAGC
GCCCAGTGGAGGGCTGCACATGGCAGGGGAGGGGAGAGCAAGAGTGTGCGGGCGAGGGAGGAGAGGGCAAGACTGCGTGTCCGCTCCAGTCTCTCTTCCTCATCTTATAAAGCCACGAGTCCCATGACTGGGGACCCAACCTAATAACATTATCTAATCCTAATTGCCTCCCAAA
\TCTCCAATCAGGACATGAATTCGGGGATTAAATTGCCAACACATGGCTGGGCGCGATGGCTTGTGCTTTTTTTTTTITTTTTTITTGAGACGGAGTCTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGCTATCTCGGCTCACTGCAAGCTCTGCCTCCCGGGTTCACGCCATTCTCCT
iCCTCCTGAGTAGCTGGGACTACAGGCGCCCGCCACCACGCCCAGGTAATTTTTTTTTTTITTITITTITTGTATTTCTTITGTAGAGACGGGGTTTCACCATGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCACCCATCTCGGTCTCCCAAAGTGCTAGGATTGCAGGCCTGAGC
ACCCAGCTGCCTTGTGCTTTTAATCCCAGCACTTTCAGAGGCCAAGGCAGGCGATCACCTGAGGTCAGGAGTTCAAGACCAGCCTGGCCAACATGGTGAAACCCCATCTCTAATACAAATACAAAAAAAAAACAAAAAACGTTAGCCAGGAATGAGGCCCGGTGCTTGTAATCCTAAC
GACCACCACTCCTCCTGCTGCCCTTCCCTTCCCCACACCGCTTCCTTAGTTTATAAAACAGGGAAAAAGGGAGAAAGCAAAAAGCTTAAAAAAAAAAAAAAAAAAACAGAAGTAAGATAAATAGCTAGATGATCTTGGCAGCACCACCCGACCCTGGTGGTTAAAATAATAATAATAATAA
CCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTGTTCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTCCCCATGCTTCCTCGATCTATCACAACCCTTTCACGTAAACCCCTTAGAGTTGTAAACCCTTAAAAGGGCCAGGA
[TTCGGGGAGCTTGGCTCTTCAGGCGCAAGTGTGCCGATGCTCCTGGCAGAGTAAAGCCCTTCCTTCTTTAACCCAGTGTCTGAGGAATTTTGTCTGCGGCTTGTCCTGCCACAATGCCAGCTACCAGGAGGCTGAGGTGTGAGAATCGCTCGAACCTGGGAGGCAGAGGTTGCAC
GAGATCCCACGATTGCACTCCAGCCTGGGTGATAGATGACAGAGCAAGACACCATGTCAAAAAGAAAAGAAAAAAAATTGCCAACACATGAAATCTGGAGAACACATTCAAGCAATAGCACCATATAAATCTGTACATACCTTGCAAACACTGTAAACCTGCCGCATCTCACCTGAGAC
CCAACCGCAAAACCCAGACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCGAAATCTCAAAGCCTAACCCTAACCCTAACCCCGACAGTTCAGGTCCCCCCGTCCCCGTAGCTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTTTGGTGGGG
GCTGGGGGCCACACACAGCTCTCTGAGCTTAAGCCATTTCCTTCCTTCCTTCATTCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAAGCT
ATCTTCCCGCCTCAGCCTCCAGAGTAGGTGiACTACAGGAGTGTGCCATCGCACGTGGCGAATTTCTE‘;TTTATTTTGTAGAGATGAGGCCEATATTGTC GGCﬂCﬁTAGTTCTTGAAATTCAAGAGGATCTGGAAGTTCTGGTCTCCTGTCAATATCCCTTTCTAAG/
C
C

STAGAATCCTCTAATCACCCCAGGATACCTTT TAT) Tj CAGCCGACTA TGG TG C 1T T T AT TTGCCAGAATGAAAAAGAAGTATCCTCCAGT

ﬁcc&ﬁm AGA TCT%TG C gmﬁﬁAC ARFAAC T&gCCﬁ F@%CTTCCTTCCCCTCACCTTGACCCTCCCATT
CACCTGTCAGGATCACAAGGACCCCCAGAT AT A ACCAAARAAGAGAAA GC C AAAAG ACCCC C T CCT A GG ATGCTCTACUCCTGAAAACCACATGCAGACCCCCGCTCCTCC
GCCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAG
TGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGLTCCTCCCCTH
CACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGA
|CTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCC:EG CA 7 TGC@T T ACCmC 7 o CCTACCCACGGGACC COuin AGRCOR AGE CCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTC!
ACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGA cC £ @ AC TG g & ACCC AC w i%lAigs(iCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACC
CCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCT 4 C \ o0 EI:!?: iTCGG((E;A CCAEAPCRC CCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGA
CCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACCCCCAGACCCCCLCGCTCCTCCCCTCGGGACCACCTCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCTG
[TTTCCAGACCACACCAGACGGCTTCTTCCCTCGGCACCACCCCCAGACTGCCGCTCCTCCTATCGGGACCTCCTCGGGGCCATCTCCAGACCCTCCCCCCGCTCCACCCCTCGGGTCCCTCTCGGGACCACCCTCAGACCCCCGCTCCTTCCCTCGGGATCACCTCGAGACCT

CACCACCATCATTCAGGCCGGGTAGTGGGGAGAGGCCTCTCAGGAGGGACCAGGCCACCCTCCCAGGAGTGAAGGGAGGAGGACAGAGTCACGAGCAGACCAGAAATAACCAGGGACTGACAGACAGCAGGATCGGAGAGGGACGGAAAAGGGCTAAGGGCAGGAAAAGT
SGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGAAG@%CG%ACGAAAGTAGACG TGTCTGQACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGCGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACG
GQ ® (d

SACGAAGAGTCACGAAATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGG C m'ln GHE Gtg.‘: gm@%@ GGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAA(
AGA ARCAGEAG G G GCAA ATEGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGGGTGGCACCGAGGT

CAAGGACAGCCAGGGAAGGCAGCTACTGG

GAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCECHE G
GGTGGGAGGTGCACCGCCGCCCACTCGCAGGTTCTGCGCGGAGCCCAAGCCCGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCGGCCCCACCCAGCGCCCGGGCCCACGAGGCCGAGGAGCGGCGGAGGCTCGLCGGLCCC
SCAGACCGCGTTCCCGGAGCCCGGCCGAGCCCCGAGTGGGGCCCTCGCGCGGACTGAGAGGGCGGCGGAGGGGCCACGGGGTCCTGCCCAGCCCGCATCGCGCATGCTGCTCGGGACCGGCGGCTGCCTTGGGCCAACCCTGTTCCCGCAGCGGCCCAGCCCCGGGE
CGACCTGGGGGACGCGGGACCCCGCGCGAGCTGCTCGGCCTGTAGGGGGLTGCGLGGELCGGEEGLEEGGELEGEGELCGELLCELCGGELELCCCTCGLCTCCTCGCCCTCCCTCTCTCCCTCCCTCTCTCCCTAAGACACTTTTTCTTCTTTGTGGCACAATATACAAAACACGGAGTTT
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Cavalli lab videos
https://www.youtube.com/@cavallilabvideos8738
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So. ..

The genome is large. .., very large..., huge!

The genome is a physical object that lives in space and time

The genome is very dynamicl

The genome can be seen as a “probabilistic machine”
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Sex determination: a 3,000 year-old enigma

Mythology Theories Genetics

Hermaphrodite primeval men Discovery of Sry gene
Plato’s symposium, 385-370 BC Alexandrian manuscripts, 1st cent. BC Koopman et al., Nature, 1991

(Goodfellow & Lovell Badge labs)



Hi-C & ChlP-seq

Cut with Fill ends

restriction and mark Purify and shear DNA;  Sequence using
Crosslink DNA enzyme with biotin Ligate pull down biotin paired-ends
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Dekker, J., Rippe, K., Dekker, M., & Kleckner, NI. (2002). Science, 295(5558), 13061311

Llieberman-Aiden, E., et al. (2009). Science, 326(5950), 289-293.

Sample fragmentation
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Chromosome 11

Solomon, M. J., Larsen, P. L. & Varshavsky, A. (1988 Cell 53, 937-947.
Park, PJ. (2009) Nature Reviews Genetics 10, 669-680.



Sex-determination as a model for “bipotential” commitment
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Cut with Fill ends -
restriction and mark Purify and shear DNA;  Sequence using
Crosslink DNA enzyme with biotin Ligate pull down biotin paired-ends
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i-C normalization and interaction selection




Spatial lay-out of significant inferactions
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Spatial lay-out of significant inferactions
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Spatial lay-out of significant inferactions
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Spatial lay-out of significant inferactions
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Spatial lay-out of significant inferactions
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Marker (H3K2/ac) into 2D mapping

chr11:110780000-114770000
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local Moran Index
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Quantitying regulatory environments bin by bin

XY E13.5

Sertoli

2 ) Moran Local Scatterplot 7]
- SR log10(Hi-C norm int) , o4z p-value: 1.0e-18 “}:*'
30 WY -0.1 ] e 8. &s
: g2 o ° L t‘.’ li‘-‘,“"“qf - B>
: 8 00 g b)¢ HS [
- %S, s % Enh13
_% ° : @{’»‘::,:0. %.‘—: AN
&+ o8, ToRe %i'he ’\TESCO
o T 3
- g | 2 e Sox9
'-, g f 0 S \‘;\v‘.o
28 R X
8 5
0 & ° asby
_ _ pe g Sasine
A AL o 8 —1o -05 00 05 10 15 20 ® HH /D) ﬂ'::'
- Z- Si |
. T O O 00001 SRR 00000 0 RN = score(Signal LH
1] 101, O . e . o .
[W) ®, < Moran Local Scatterplot ;4‘.‘
-3 o o ".'. o r:0.52 p-value: 4.8e-29 -:‘g‘gv'!{‘
B2 = o, SZ
r [V @, <} : 31 i”f :pgg’
—_ »l e _
o SREN b g -
O % = 5]
025 :  J = 2
. 2 2
r 2]
. 0% —~TESCO H
o TESCO o SNV 5
R 2 ]
) 9N 2o’ " o
& > 7% W 8
= VN 2ap a1y 3 e
7 J Ity geete,  chrlli1a770,000 Q‘;" s N_p H
Ay SIS s °e
i SCSHNEw
2% eres ""5“ 10 -05 00 05 10 15 20 25

RIS Z-score(Signal)



LM Trip tfor Sox@ gene

XY E13.5

Sertoli

High-Low 282

282 High-High

LoglO(pval)

Low-Low 2¢:

D

22 Low-High



Log10(pval)
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Now that we know the genes. ...

Can we identity regulatory elements usingﬁETALQC
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METAloci predictive mode

Fgf9 locus chr14:56,070,000-60,070,000
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METALoci predictive mode

Fgf9 locus chr14:56,070,000-60,070,000
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METAloci predictive mode

Fgf® XY A306 mutant
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METALoci predictive mode

Fgf@ XY A306 mutant
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METALoci predictive mode

FOXL2 FOXL2




METALoci predictive mode

Fgf® XY additional mutants
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Take home messages:

First characterization of the 3D regulatory landscape of sex determination
METALoci is an unbiased approach to quantity gene regulatory activity
METAloci is a predictive tool to identity critical regulatory loci

Discovery of a novel non-coding region controlling sex determination



Take home

3D regulatory hubs
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