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GGACTTGGGCCTTCTGTCTTTGGGATCTACTCTCTATGGGCCACACAGATATGTCTTCCAACTTCCCTACACAGGGGGGACTTCAAAGAGTGCCTTGAGCTGATCTGGTGATTGCTTTTTTGTACTGTTATTTATCTTATTCTTTTCATTGTGAGGTACTGATGCAAACACTT
GAAAAGGTCTTTCTCATCTCGGGAGTCCCCGTCTATTTGTCCCGGTCCCTGTTAACCCAGTCCCCGACAGGAGCCCCTTCTGCACCTTGAGCTCTCACCACTCACCGTCCATCCAGCCCCAGCTCTGCCTGCAACCCACCCATCCCTGGGACTCGGGCCTCCCCT
GTGGTCTGGTCATCAGGCCAGGGGCACGTGGAAGAAGCTATCGTGGCAAAGGGAGCAGTCATATCCCCAAAATCTGTGGTTGGTTTACCACCACCATGGAAACCCCAGGGTGGGACTCTAGTTTCAGGTTGGAGCTGAGCCCTGTCGGGAATGAGCTTTCCCCAG
GCTTCTTGGGGCCCCTGTGCCCTGAGCTGTGTCTCCCAGCATCGGGTCCCCACCATGCATATGGCCCACTCAGGCACAGTGCCGCGATGGCTGCATGCGTGAGGGGGGCCTGGGCCCAGGGCTGGGAGTCCTTTGTGTCTCATGGCCATGATTGTCCTTCCGAC
JTATGGTGGCCAATTTCTTTTATTCTGTCGTTCAGAGTGAGTAAATGATGTAGAGTTCATGCAGAAAAAAATACAACAAAAACCAAGGGAACATAGAATTGGAAAACGCGTCACAGCAATGAGTTAAATAGGTAACAAATTTCATCATTTGAAGAAAGACTTAGAGTGCCAAA
SCTCTTAAGTCTCCTTTAAAAAGTAGCAAAATTCATCCCTGAAGAAGCATCTTGGCCTTTTTCATGTACTCAGAGTGCTGGTGAAGAACAAAGATTGCTGAAACATTATGTACCTAACAGCGTTACAGGGTGTAGATAACACACTGGAAAACCTGGTCGTTACAGTGGACAT
CAGGAAGTCCTTGCCTGAGGTTTTCCAAGTTATGGAATTGCTTGAGATTGGAAGAGGCGATGGAGGGTACAACTGTAATGCCCAACCTCATTTTTGCTAACCCTGTTTTTAGACTCTCCCTTTCCTTCAATCACCTAGCCTTCTTTCCACCTGAAAGGACTCTCCCTTAACT
\GAACCGGACAGACTCCATCTTGGCTCTTTCACTGGCAGCCCCTTCCTCAAAGACTTAACTCGTGCAAGCTGACTCCCAGGACATCCGAGAATGCAATTAACTGACAACCTACTGTGGCGAGCTACATCCGCAGTCCCCAGGAATTCGTCCGATTGATAACGCCCAAT
GCGTCTATCACCTTGTAATAGTCTTAAAGCACCTGCACCTGGAACTGTTTACTTTCCTGTAACCATTTATCCTTTTAACATTTTGCCTGATTTACTTATGTAAAATTCTTTTAACTAGACCGCCACTCCCCTTTCTAAACAAAAGTATAAAAGAAAATCTAGCCCCTTCTTTGGGA
AACAATTTTGAGGTTAACGCAGGGTGCCTGTAATCCTAAGGGAGGAGACCGCCACTTCTGCTGCCCTTCCCTTCCCCACACCCCCTTCTCTAGTTTATGAAACAGGGAAAAAGGGAGAAAGCAAAAAGATAAAAAAAACAGAAGTAAGATAAATAGCTAGACGACCTTC
S CACCACCCGGCACTGGTGGTTAAAATAATAATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTGTTCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTCCGATGCTTGCTCGATCTA

ACCCTTTCAAGTGAACCCCTTAGAGTCGTAAACCCTTAAAAGGLCC L CG | GAGLRT CTl, CLRAG CCETATCTCACGIGAGACCAACCCCCAACIACAAAACTCAACCTGGAATTTTCCCAGGACCAAACCCATCTA
GTAACCCGAAACCTCAAAGCCTAACCCTAACCCTAACCCCTA®RG @C’Dﬁ G CHC /g @ @ C G 1@@ C GGGAGCTGGGGGCCACATACAGCTCTCTGAGCTTAAGCCAT
TCCTTCATTCCTTCCTTCCTCCCTCCCTTCCCTTCCTTCCTCC L @ C A0 A G TGACTGCAGCCTCGGACTCCCAGGCTCAAGTTATCTTCCCTI

\GCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACCCAGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCTCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAAT TCAAGAGGATCTTGAAGTTCTGACCTCCTGTCAATATCCCTTCCCCTCACC
>CCTCCCATTCTGCCCCACCTGTCAGGATCACAAGGACCCCCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGTGCTGTCCCGCCCATAAGTACCACCCCCAGACTCCCTGCTCCACCCTCTGGACCACAGGGAGGCCCCATGCTCCATCCCTGAAA
>CCCCAGACCCCCTGCTCCTCCCCACGGGACCGCCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCGGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCAGCTCCTCCCCTCAGGATCATCCCCAGACCCCCGCTCCTCCCATCAGGACCGCCCCC
CCCCCTGCTCCTCCCCACAGGACCACCCCCAGACCCCCGCTCCTCCCCTAAGGACCACCCACAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCAGGACCACCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCAGA
CCTTCCCTCGGCGCCATCCCCAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTGCCCTCGGGACCACGCCCAGACCCCCTGCTCCTCCCCACGAAACCACGCCCAGTAACCCCCCTCTTCTCCCCTCAGGACCACCCCCAGACCCCC
>TCCCCTGGGAACCACCCCCAGACCCCCTGCTCCTCCCCACGAAACCACCCCCAGACTCCCTGCTCCTGTCCTCCGGACCACGCGACTGCTCCTTCCCTCAGCGCCACCCCCAGACTGCCGCTCCTCCTGTCGGGACCCCCTGAGGCTTTCTCCACCCGGAG
GGTAGGGAGCAGACGGAGAGTGACGGAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGTGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAA
ACGAAATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCC T C G TG A GAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAAG
DCGAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAG%@% ic'? G C@mACGCGAGCGAGGGAGGGCGTGGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGCGT
\CCGAGGTGACCCGGGTGGGAGGTGCACCGCCGCCCCCTGGCAGTCTCTCCGCGGAGCCCAAGCCCGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCGGCCCCACCCAGCGCCCGGGCCCACGAGGCCGAGC
,GCGGAGACTAACGGCCCCTGGACCCCAGGCAGCACATGGCCCAGAGCATCCCAGCCCAGTGGAGGGCGGCACATGGCGGGAGGGCGGGAGTCCGTGTCCACTCATGGCCGGGGAGGGGAGGGCAAGTTCTGGTGGCTGGGGAGGCCTAGAGCATCACAC
\GTGGAGGGCTGCACATGGCAGGGGAGGGGAGAGCAAGAGTGTGCGGGCGAGGGAGGAGAGGGCAAGACTGCGTGTCCGCTCCAGTCTCTCTTCCTCATCTTATAAAGCCACGAGTCCCATGACTGGGGACCCAACCTAATAACATTATCTAATCCTAATTGCCTC
AGGCCATATCTCCAATCAGGACATGAATTCGGGGATTAAATTGCCAACACATGGCTGGGCGCGATGGCTTGTGCTTTTTTTTTTTTTTTTTTTGAGACGGAGTCTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGCTATCTCGGCTCACTGCAAGCTCTGCCTCCCC
CACGCCATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCGCCCGCCACCACGCCCAGGTAATTTTTTTTTTTTTTTTTTTGTATTTCTTTGTAGAGACGGGGTTTCACCATGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCACCCATCTCGGT
S AAAGTGCTAGGATTGCAGGCCTGAGCCACCGCACCCAGCTGCCTTGTGCTTTTAATCCCAGCACTTTCAGAGGCCAAGGCAGGCGATCACCTGAGGTCAGGAGTTCAAGACCAGCCTGGCCAACATGGTGAAACCCCATCTCTAATACAAATACAAAAAAAAAAC/
\ACGTTAGCCAGGAATGAGGCCCGGTGCTTGTAATCCTAAGGAAGGAGACCACCACTCCTCCTGCTGCCCTTCCCTTCCCCACACCGCTTCCTTAGTTTATAAAACAGGGAAAAAGGGAGAAAGCAAAAAGCTTAAAAAAAAAAAAAAAAAAACAGAAGTAAGATAAA

AGATGATCTTGGCAGCACCACCCGERCGCTGGTGGTTaAAATAATARTAATAATAATATTAAQCCCTGACCTANACTACTTGTGTTALC LG TAALL T LU AGACA LG LAT GGG ARG C ACTTTCTGT g T TGTGATGCGTGTAGCCCCCAGTCACGTTCCCC

TCCTCGATCTATCACAACCCTTTCAC QWT C%T(FTE%AAC\R mt? C ‘@ C C T, C THRACCCAGTGTCTGAGGAATTTTGTCT(

CTTGTCCTGCCACAATGCCAGCTACC GA CG G A o @ @ A A AA T@AAAAAGAAAAGAAAAAAAATTGCC/
C

SATGAAATCTGGAGAACACATTCAAGCAATAGCACCATATAAATCTGTACATACCTTGCAAACACTGTAAACCTGCCGCATCTCACCTGAGACCAACCCCCAACCGCAAAACCCAGACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCGAAATCTCAA
S TAACCCTAACCCTAACCCCGACAGTTCAGGTCCCCCCGTCCCCGTAGCTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTTTGGTGGGGEGTGGGAGCTGGGGGCCACACACAGCTCTCTGAGCTTAAGCCATTTCCTTCCTTCCTTCATTCCTTH
CTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAAGCTCAAGCGATCTTCCCGCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGI
\[CGCACGTGGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCCCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAATTCAAGAGGATCTGGAAGTTCTGGTCTCCTGTCAATATCCCTTTCTAAGATGAAATGTAGAATCCTCTAATCACCCCAGGATACCTTTTCC
ATATTACCCTTTCCTTTCAGCCGACTAGAGTGGAAGCTCAGCAAAGAACGGATCTATGCCTGCACACAGGCAGCTTTGAACTCACTGAGATCTATAGAAGAATTTTTTAAAATTTGCCAGAATGAAAAAGAAGTATCCTCCAGTGAGCCTCAAGGACAGCCAGGGAAGG!
ACTGGGACCTGCCACTGGCCAGGATTGAGAGAGTCTGAGGTGTCCATTCTCCTATGGATGGGTCACACATCAGAACTGAACCACAAACCCTTTCCTGCTCCCTTGGGACCAGGCTGCCACTCCTTCCTTCCCCTCACCTTGACCCTCCCATTCGGCCCCACCTGTC
TCACAAGGACCCCCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGCGCTGTCCCGCCCAAAAGTACCAACCCCAGACCCCCTGCTCCACCCTCCGAACCACAGGGAGACCCCATGCTCCACCCCTGAAAACCACATGCAGACCCCCGCTCCTCCTC
SsGCCATCCCCAGACCCCCC CJIAC CACCCAGAACCCOCAG ClC T C G [ CCICCCOT C GACCCRCGCT CLIC CLACCC CCCCGCTCCTCCCCTCGG(
- As much as nee tor 95.000 round trips to the moon!!
\GACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAMCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCACCCC
CCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCC
CTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTC
' CACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGAACCCCCGLCTCCTCCH
1GGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACCCCCAGACCCCCCGCTCCTCCCCTCGC
SJACCTCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCTGCTCCCATTTTCCAGACCACACCAGACGGCTTCTTCCCTCGGCACCACCCCCAGACTGCCGCTCCTCCTATCGGGACCTCCTCGGEG
\[CTCCAGACCCTCCCCCCGCTCCACCCCTCGGGTCCCTCTCGGGACCACCCTCAGACCCCCGCTCCTTCCCTCGGGATCACCTCGAGACCTCCCGCTCACCACCATCATTCAGGCCGGGTAGTGGGGAGAGGCCTCTCAGGAGGGACCAGGCCACCCTCCCA
TGAAGGGAGGAGGACAGAGTCACGAGCAGACCAGAAATAACCAGGGACTGACAGACAGCAGGATCGGAGAGGGACGGAAAAGGGCTAAGGGCAGGAAAAGTCCCTGAGGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGAAGG!
CGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGCGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACGAAATTTATCAGAGGGCGACAAAGAGGAA
SAAATGGTGAGATGCAGCCGGCCGAGCCTATTCGGAGATGACGGAAAGTGACGGAGAGGAACGGGGAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAAGATAGCCGAGATTAGCGGGTGGGCTGCAGCCGGGE
CGCCCGAATGGGCGGGACCCCACGGAGTTAGCGAGAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGGGTGGCACCGAGGTGACCCGGGTGGGAGGTGCACCC
SJCCACTCGCAGGTTCTGCGCGGAGCCCAAGCCCGTCTTCTCCGCCCCTTITGCAGACCTCGGCGCCCAGCLCTGGCCCCTGACGLCCLCACCCGLCGGLCCLCCALCCLCAGLGLLCCLGGCLCCACGAGGLCGLAGGAGLCGGLGGAGGLTCGLCGGLCCCCTGGALCCGCAGH




10 micra




5KmM




\SAGAUE RV E RV AL LU/AY I Va\W AW LW a\UA B RWAWAWLAGAUE B RV RV ERAYA R R AV LW AWl RVA VLU E RUE MAVA A AVYLAV LW AL\ ) ) alW Vi Val W R U B RGAV/AA\Y A I R VAGLUE Va\ )\ iU AW AW AW AW AW VL U B )V ValW al\W R BWAGAVE R A /a\V LAUA RUIa RGE RVUIVERWI Al RWLGA R NN AV EVA\YA R W R b Vay B B Vanl 2 B DanV B I 2 S B BRSO I AW B W VW A\ i b

CTGATGCAAACACTTTGTACGAAAAGGTCTTTCTCATCTCGGGAGTCCCCGTCTATTTGTCCCGGTCCCTGTTAACCCAGTCCCCGACAGGAGCCCCTTCTGCACCTTGAGCTCTCACCACTCACCGTCCATCCAGCCCCAGCTCTGCCTGCAACCCACCCATCCC
GGGACTCGGGCCTCCCCTCTCTAGTGGTCTGGTICATCAGGCCAGGGGCACGTGGAAGAAGCTATCGTGGCAAAGGGAGCAGTCATATCCCCAAAATCTGTGGTTGGTTTACCACCACCATGGAAACCCCAGGGTGGGACTCTAGTTTCAGGTTGGAGCTGAGCC!
TGTCGGGAATGAGCTTTCCCCAGCTATGGCTTCTTGGGGCCCCTGTGCCCTGAGCTGTGTCTCCCAGCATCGGGTCCCCACCATGCATATGGCCCACTCAGGCACAGTGCCGCGATGGCTGCATGCGTGAGGGGGGCCTGGGCCCAGGGCTGGGAGTCCTTTG
GTCTCATGGCCATGATTGTCCTTCCGAGTATGATATGGTGGCCAATTTCTTTTATTCTGTCGTTCAGAGTGAGTAAATGATGTAGAGTTCATGCAGAAAAAAATACAACAAAAACCAAGGGAACATAGAATTGGAAAACGCGTCACAGCAATGAGTTAAATAGGTAACAAAT
TCATCATTTGAAGAAAGACTTAGAGTGCCAAAAGTGCCTCTTAAGTCTCCTTTAAAAAGTAGCAAAATTCATCCCTGAAGAAGCATCTTGGCCTTTTTCATGTACTCAGAGTGCTGGTGAAGAACAAAGATTGCTGAAACATTATGTACCTAACAGCGTTACAGGGTGTAG
AACACACTGGAAAACCTGGTCGTTACAGTGGACATATTCCAGGAAGTCCTTGCCTGAGGTTTTCCAAGTTATGGAATTGCTTGAGATTGGAAGAGGCGATGGAGGGTACAACTGTAATGCCCAACCTCATTTTTGCTAACCCTGTTTTTAGACTCTCCCTTTCCTTCAATC
CCTAGCCTTCTTTCCACCTGAAAGGACTCTCCCTTAACTGAGAGAACCGGACAGACTCCATCTTGGCTCTTTCACTGGCAGCCCCTTCCTCAAAGACTTAACTCGTGCAAGCTGACTCCCAGGACATCCGAGAATGCAATTAACTGACAACCTACTGTGGCGAGCTAC
ATCCGCAGTCCCCAGGAATTCGTCCGATTGATAACGCCCAATTACCCGCGTCTATCACCTTGTAATAGTCTTAAAGCACCTGCACCTGGAACTGTTTACTTTCCTGTAACCATTTATCCTTTTAACATTTTGCCTGATTTACTTATGTAAAATTCTTTTAACTAGACCGCCACTC
CCTTTCTAAACAAAAGTATAAAAGAAAATCTAGCCCCTTCTTTGGGACTGAGACAATTTTGAGGTTAACGCAGGGTGCCTGTAATCCTAAGGGAGGAGACCGCCACTTCTGCTGCCCTTCCCTTCCCCACACCCCCTTCTCTAGTTTATGAAACAGGGAAAAAGGGAG!
AAGCAAAAAGATAAAAAAAACAGAAGTAAGATAAATAGCTAGACGACCTTGGCAGCACCACCCGGCACTGGTGGTTAAAATAATAATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTG
TCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTCCGATGCTTGCTCGATCTATCACGACCCITTTCAAGTGAACCCCTTAGAGTCGTAAACCCTTAAAAGGGCCAGGAATTICGTTTTICGGGGAGCTCGGCTCTTICAGGCCCAAGTAAACCTGCCGIATCTCACCTG,
GACCAACCCCCAACTACAAAACTCAACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCGAAACCTCAAAGCCTAACCCTAACCCTAACCCCTACAGTTGAGGTCCCCCCGCCCCTGTGGTTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTG
AGGCCCTCTGGTGGEEGEETGEGAGCTGGGEGGECCACATACAGCTCTCTGAGCTTAAGCCATTTTCTTCCTTCATTCCTTCCTTCCTCCCTCCCTTCCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTG!
AGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAGGCTCAAGTTATCTTCCCTCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACCCAGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCTCGATATTGTCCAGGCTT
GAAGTAGTTCTTGAAATTCAAGAGGATCTTGAAGTTCTGACCTCCTGTCAATATCCCTTCCCCTCACCTTGACCCTCCCATTCTGCCCCACCTGTCAGGATCACAAGGACCCCCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGTGCTGTCCCGCCCAT/
AGTACCACCCCCAGACTCCCTGCTCCACCCTCTGGACCACAGGGAGGCCCCATGCTCCATCCCTGAAAACCACCCCCAGACCCCCTGCTCCTCCCCACGGGACCGCCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCGGACAGCTCCTTCCCTCGGC!
CCATCCCCAGACCCCAGCTCCTCCCCTCAGGATCATCCCCAGACCCCCGCTCCTCCCATCAGGACCGCCCCCAGAACCCCCTGCTCCTCCCCACAGGACCACCCCCAGACCCCCGCTCCTCCCCTAAGGACCACCCACAGACCCCCACGCTTCCCCTCGGGH
CCACCCCCAGACCCCCGCTCCTCCCCTCAGGACCACCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCAGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTGCCCTCGGGACCAL!
CCCAGACCCCCTGCTCCTCCCCACGAAACCACGCCCAGTAACCCCCCTCTTCTCCCCTCAGGACCACCCCCAGACCCCCGCTCCTCCCCTGGGAACCACCCCCAGACCCCCTGCTCCTCCCCACGAAACCACCCCCAGACTCCCTGCTCCTGTCCTCCGGAC
ACGCGACTGCTCCTTCCCTCAGCGCCACCCCCAGACTGCCGCTCCTCCTGTCGGGACCCCCTGAGGCTTTCTCCACCCGGAGTGCGGGGTAGGGAGCAGACGGAGAGTGACGGAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGI
CGAGCGGAGCTGAAGGGCGGCGGAGAGTGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACGAAATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTAATCGGAGA
GACGGAAAGTGACGGAGAGGAACGAGGAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTGAGGGAAGATAGCCGAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCG
GAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCGTG GCCTGCACTGAGGCAGGCATGCGTGGCACCGAGGTGACCCGGGTGGGAGGTGCACCGCCGCCCCCTGGCAGTCTCTCCGCGGAGCCCAAGC
CGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCTGGCCCCTGACGCCCACCCGCHGBECCCCACCCAG CGGGCCCACGAGGCCGAGGAGCGGCGGAGACTAACGGCCCCTGGACCCCAGGCAGCACATGGCCCAGAGCATCCCAGCCCAGTH(
GAGGGCGGCACATGGCGGGAGGGCGGGAGTCCGTGTCCACTCATGGCCGGGGAGGGHAGGGCAAGTTCTGGTGG GGGAGGCCTAGAGCATCACAGCCLHSG I GCGAGBGLCTGCACATGGCAGGGGAGGGGAGAGCAAGAGTGTGCGGGCGAGGGAGH
AGAGGGCAAGACTGCGTGTCCGCTCCAGTCTC TCATCTTATAAAGCCACGAGTCECCATGACTGGGGACCCAACCTAATAACATTATCTAATCCTAATTGELT TCLCCAAAGGCCARNI CTCCAATCAGGACATGAATTCGGGGATTAAATTGCCAACACATGGCTGH
GCGCGATGGCTTGTGCTTTTTTTTTTTTTTTT A TGAGACCHERAG TLLCGCTCTGTCGCLLR AGTGCAGTG G- GCTCACTGCAALS GCCTLCCGGGTTCACCRRATTCTCCTGCCTCAGCCICCTGAGTAGCTGGGACTACAGGCGCCC(
CCACCACGCCCAGGTAATTTTTTTTTTTTTIHTTTTGTATTIC AGAGACGGGHT TTCACCATGTINGCCAGG GG TCTCRATCT SACETCGIGATCCACCZATCTCGGTCTCCCAEI GCTAGGATTGLAGGCCTGAGCCACCGCACCCAGCTGCCTTGT!
CTTTTAATCCCAGCACTTTCAGAGGCCAAGGCAGGCGATTACC NemtaGICABGGAGTTCAAGACCAG eCCAACATGGTSAAACCCCATCTCTAATACAAATACAAAAAAAAAACAAAAAN SRR IA G C (G AATGAGGCCCGGTGCTTGTAATCCTAAGGAAGG
GACCACCACTCCTCCTGCTGCCCTTCCCTTCCCCACACCGCTTCCTTAGTTTATAAAACAGGGAAAAAGGGAGAAAGCAAAAA AAAAAAAAAAAAAA AACAGAAGTAAGATAAATAGCTAGATGATCTTGGCAGCACCACCCGACCCTGGTGGTTAAAATAL
AATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTGTTCTGTIATCTGATGCGTGTAGCCCCCAGTCACGTTCCCCATGCTTCCTCGATCTATCACAACCCTTTCACGTAAACCCCTTAGA
TTGTAAACCCTTAAAAGGGCCAGGAATTTCGTTTTCGGGGAGCTTGGCTCTTCAGGCGCAAGTGTGCCGATGCTCCTGGCAGAGTAAAGCCCTTCCTTCTTTAACCCAGTGTCTGAGGAATTTTGTCTGCGGCTTGTCCTGCCACAATGCCAGCTACCAGGAGGCTG
GGTGTGAGAATCGCTCGAACCTGGGAGGCAGAGGTTGCAGCGAGCCGAGATCCCACGATTGCACTCCAGCCTGGGTGATAGATGACAGAGCAAGACACCATGTCAAAAAGAAAAGAAAAAAAATTGCCAACACATGAAATCTGGAGAACACATTCAAGCAATAGC
CCATATAAATCTGTACATACCTTGCAAACACTGTAAACCTGCCGCATCTCACCTGAGACCAACCCCCAACCGCAAAACCCAGACCTGGAATTTTCCCAGGACCAAACCCATCTATATTCTGTAACCCGAAATCTCAAAGCCTAACCCTAACCCTAACCCCGACAGTTCA(
GTCCCCCCGTCCCCGTAGCTCCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTGCAGGCCCTTTIGGTGGGGGEGTGGGAGCTGGGGGCCACACACAGCTCTCTGAGCTTAAGCCATTTCCTTCCTTCCTTCATTCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCC
CCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAAGCTCAAGCGATCTTCCCGCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACGTGGCGAATTTCTTAAT
[TTATTTTGTAGAGATGAGGCCTCCCGATATTGTCCAGGCTTGGAAGTAGTTCTTGAAATTCAAGAGGATCTGGAAGTTCTGGTCTCCTGTCAATATCCCTTTCTAAGATGAAATGTAGAATCCTCTAATCACCCCAGGATACCTTTTCCAGCTATATTACCCTTTCCTTTCAG!
CGACTAGAGTGGAAGCTCAGCAAAGAACGGATCTATGCCTGCACACAGGCAGCTTTGAACTCACTGAGATCTATAGAAGAATTTTTTAAAATTTGCCAGAATGAAAAAGAAGTATCCTCCAGTGAGCCTCAAGGACAGCCAGGGAAGGCAGCTACTGGGACCTGCCA
TGGCCAGGATTGAGAGAGTCTGAGGTGTCCATTCTCCTATGGATGGGTCACACATCAGAACTGAACCACAAACCCTTTCCTGCTCCCTTGGGACCAGGCTGCCACTCCTTCCTTCCCCTCACCTTGACCCTCCCATTCGGCCCCACCTGTCAGGATCACAAGGACC
CCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGCGCTGTCCCGCCCAAAAGTACCAACCCCAGACCCCCTGCTCCACCCTCCGAACCACAGGGAGACCCCATGCTCCACCCCTGAAAACCACATGCAGACCCCCGCTCCTCCTCTTAGGGCCATCC
CAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCC
GACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAG
CCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCACCCCAG
CCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCGACCCCCTGCTCCTCCTCTTIAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACC
CCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCC
CTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGLCTCCTCCCCTCGGGACCACCCCCAGAACCLCCLC
CTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACCCCCAGACCCCCCGC
CCTCCCCTCGGGACCACCTCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCTGCTCCCATTTTCCAGACCACACCAGACGGCTTCTTCCCTCGGCACCACCCCCAGACTGCCGCTCCTCCTATI
GGGACCTCCTCGGGGCCATCTCCAGACCCTCCCCCCGCTCCACCCCTCGGEGETCCCTCTCGGGACCACCCTCAGACCCCCGCTCCTTCCCTCGGGATCACCTCGAGACCTCCCGCTCACCACCATCATTCAGGCCGGGTAGTGGGGAGAGGCCTCTCAGGAG(
GACCAGGCCACCCTCCCAGGAGTGAAGGGAGGAGGACAGAGTCACGAGCAGACCAGAAATAACCAGGGACTGACAGACAGCAGGATCGGAGAGGGACGGAAAAGGGCTAAGGGCAGGAAAAGTCCCTGAGGCTTTCTCCACCCGGAGTGCGGGEGETAGGG,
GCAGACGGAGAGTGACGAAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGCGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACG!
AATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTATTCGGAGATGACGGAAAGTGACGGAGAGGAACGGGGAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTCGAGGGAAGATAG!
CGAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCGAGAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGGGTH
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CTGATGCAAACACTTTGTACGAAAAGGTCTTTCTCATCTCGGGAGTCCCCGTCTATTTGTCCCGGTCCCTGTTAACCCAGTCCCCGACAGGAGCCCCTTCTGCACCTTGAGCTCTCACCACTCACCGTCCATCCAGCCCCAGCTCTGCCTGCAACCCACCCATCCC
GGGACTCGGGCCTCCCCTCTCTAGTGGTCTGGTICATCAGGCCAGGGGCACGTGGAAGAAGCTATCGTGGCAAAGGGAGCAGTCATATCCCCAAAATCTGTGGTTGGTTTACCACCACCATGGAAACCCCAGGGTGGGACTCTAGTTTCAGGTTGGAGCTGAGCC!
TGTCGGGAATGAGCTTTCCCCAGCTATGGCTTCTTGGGGCCCCTGTGCCCTGAGCTGTGTCTCCCAGCATCGGGTCCCCACCATGCATATGGCCCACTCAGGCACAGTGCCGCGATGGCTGCATGCGTGAGGGGGGCCTGGGCCCAGGGCTGGGAGTCCTTTG
GTCTCATGGCCATGATTGTCCTTCCGAGTATGATATGGTGGCCAATTTCTTTTATTCTGTCGTTCAGAGTGAGTAAATGATGTAGAGTTCATGCAGAAAAAAATACAACAAAAACCAAGGGAACATAGAATTGGAAAACGCGTCACAGCAATGAGTTAAATAGGTAACAAAT
TCATCATTTGAAGAAAGACTTAGAGTGCCAAAAGTGCCTCTTAAGTCTCCTTTAAAAAGTAGCAAAATTCATCCCTGAAGAAGCATCTTGGCCTTTTTCATGTACTCAGAGTGCTGGTGAAGAACAAAGATTGCTGAAACATTATGTACCTAACAGCGTTACAGGGTGTAG
AACACACTGGAAAACCTGGTCGTTACAGTGGACATATTCCAGGAAGTCCTTGCCTGAGGTTTTCCAAGTTATGGAATTGCTTGAGATTGGAAGAGGCGATGGAGGGTACAACTGTAATGCCCAACCTCATTTTTGCTAACCCTGTTTTTAGACTCTCCCTTTCCTTCAATC
CCTAGCCTTCTTTCCACCTGAAAGGACTCTCCCTTAACTGAGAGAACCGGACAGACTCCATCTTGGCTCTTTCACTGGCAGCCCCTTCCTCAAAGACTTAACTCGTGCAAGCTGACTCCCAGGACATCCGAGAATGCAATTAACTGACAACCTACTGTGGCGAGCTAC
ATCCGCAGTCCCCAGGAATTCGTCCGATTGATAACGCCCAATTACCCGCGTCTATCACCTTGTAATAGTCTTAAAGCACCTGCACCTGGAACTGTTTACTTTCCTGTAACCATTTATCCTTTTAACATTTTGCCTGATTTACTTATGTAAAATTCTTTTAACTAGACCGCCACTC
CCTTTCTAAACAAAAGTATAAAAGAAAATCTAGCCCCTTCTTTGGGACTGAGACAATTTTGAGGTTAACGCAGGGTGCCTGTAATCCTAAGGGAGGAGACCGCCACTTCTGCTGCCCTTCCCTTCCCCACACCCCCTTCTCTAGTTTATGAAACAGGGAAAAAGGGAG!
AAGCAAAAAGATAAAAAAAACAGAAGTAAGATAAATAGCTAGACGACCTTGGCAGCACCACCCGGCACTGGTGGTTAAAATAATAATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATTCCAGACACTGTATGAGGAAGCCCTGCAAAACTTTCTC
TCTGTTATCTGATGCGTGTAGCCCCCAGTCACGTTGaS e o o B | TCAGGCCCAAGTAAACCTGCCGTATCTCACCTGY
GACCAACCCCCAACTACAAAACTCAACCTGGAATT AGGATEP A A [A - AV AR Ay AR (07 AGG [ . CCAGCTCAAGACAACCTGCCCCTCCGTGGGTTTG
AGGCCCTCTGGTGGGGGTGGGAGCTGGGGGCCACATACAGCTCTCTGAGCTTAAGCCAI [TTCTTCCI ICAI [CCTTCCI ICCTCCCTCCCTTCCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCCTCCCI [TTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTG
AGTGCAGTGGCATGATCACAGCTGACTGCAGCCTCGGACTCCCAGGCTCAAGTTATCTTCCCTCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACCCAGCGAATTTCTTAATTTTTATTTTGTAGAGATGAGGCCTCTCGATATTGTCCAGGCTT
GAAGTAGTTCTTGAAATTCAAGAGGATCTTGAAGTTCTGACCTCCTGTCAATATCCCTTCCCCTCACCTTGACCCTCCCATTCTGCCCCACCTGTCAGGATCACAAGGACCCCCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGTGCTGTCCCGCCCAT/
AGTACCACCCCCAGACTCCCTGCTCCACCCTCTGGACCACAGGGAGGCCCCATGCTCCATCCCTGAAAACCACCCCCAGACCCCCTGCTCCTCCCCACGGGACCGCCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCGGACAGCTCCTTCCCTCGGC!
CCATCCCCAGACCCCAGCTCCTCCCCTCAGGATCATCCCCAGACCCCCGCTCCTCCCATCAGGACCGCCCCCAGAACCCCCTGCTCCTCCCCACAGGACCACCCCCAGACCCCCGCTCCTCCCCTAAGGACCACCCACAGACCCCCACGCTTCCCCTCGGGH
CCACCCCCAGACCCCCGCTCCTCCCCTCAGGACCACCCCCAGATCCACTGTTCCTGTCCTCCGGACCACACCAGACAGCTCCTTCCCTCGGCGCCATCCCCAGACCCCCACGCTTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTGCCCTCGGGACCALK
CCCAGACCCCCTGCTCCTCCCCACGAAACCACGCCCAGTAACCCCCCT(ICTCCCCTCAGGACCACCCCCAGACCCCCGCTCCTCCCCTGGGAACCAL AGACCCCCTGCTCCTCCCCACGAAACCACCCCCAGACTCCCTGCTCCTGTCCTCCGGAC
ACGCGACTGCTCCTTCCCTCAGCGCCACCCCCAGACTGCCGCTC o R ACCCCCTGAGGCTTTCTCCACCCGGAGTGCGGGGTAGGGAZ o GACGGAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAG(
CGAGCGGAGCTGAAGGGCGGCGGAGAGTGACGGAAAGTGG (LA A ACGE\GTGACGGGGACTGACGGACAGTGACGAAGAGTCACHRT TTATCAGAGGTOE\CAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTAATCGGAGH
GACGGAAAGTGACGGAGAGGAACGAGGAGTAAAGAGGGG GAAAAGAGCCG/ERCTGGTGGAGGCGAAGAACTGAGTGAGGGAAGATAPCGAGATTAGCGGGTCC TGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCG
GAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCIMCGGAGGGCGTGGAGCGECCGTGGGTCCGCCTGCACTGAGGCAGGCATGCGGCACCGAGGTGACCCCERTGGGAGGTGCACCGCCGCCCCCTGGCAGTCTCTCCGCGGAGCCCAAGC
CGTCTTCTCCGCCCCTTTGCAGACCTCGGCGCCCAGCCT(mCCCCTGACGCCCACCUMGGCCCCACCCAGCGCCCGGGCCCACGAGGCHMAGGAGCGGCGGAGACTA/GGCCCCTGGACCCCAGGCAGCACATGGCCCAGAGCATCCCAGCCCAGTI
GAGGGCGGCACATGGCGGEAGGGCGEGAGTCCGTGTCCER TCATGGCCEGGEEAGCGEBAGCGGCAAGTTCTGGTGGCTGGGEAGGCCTAGARCATCACAGCCCAGTGGAGGECTGCACATGGCAGGGGAGGGGAGAGCAAGAGTGTGCGGGCGAGGGAGI
AGAGGGCAAGACTGCGTGTCCGCTCCAGTCTCTCTTCCTCART TATAAAGCCACGAG CCATGACTGGGGACCCAACCTAATAACATTATCTA CTAATTGCCTCCCAAAGGUATATCTCCAATCAGGACATGAATTCGGGGATTAAATTGCCAACACATGGCTGH
GCGCGATGGCTTGTGCTTTTTTTTTTTTTTTTTTTGAGACGGA CGCTCTGTCGCCAGGCTGGAGTGCAGTGGCGCTATCTCGGCTCACTCGWAGCTCTGCCTCCCGGGTTCGCCATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCGCCC(
CCACCACGCCCAGGTAATTTTTTTTTTTTTTTTITTITGTATTTCTTITG N@RAGACGGGGTT MACCATGTTAGCCAGGATGGTCTCGATCTCCTGACCT GATCCACCCATCTCGGTU CCAAAGTGCTAGGATTGCAGGCCTGAGCCACCGCACCCAGCTGCCTTGTH!
CTTTTAATCCCAGCACTTTCAGAGGCCAAGGCAGGCGATCACCTOEMEGTCAGGAG I AAGACCAGCCTGGCCAACATGGTGAAACCCCATCTC ACAAATACAAAAAALASIF CAAAAAACGTTAGCCAGGAATGAGGCCCGGTGCTTGTAATCCTAAGGAAGG
GACCACCACTCCTCCTGCTGCCCTTCCCTTCCCCACACCGCTTC NG TTTATAAARRAGGGAAAAAGGGAGAAAGCAAAAAGCTTAAAAAAAAAL AAAAAACAGAAZGIIR GATAAATAGCTAGATGATCTTGGCAGCACCACCCGACCCTGGTGGTTAAAATAL
AATAATAATAATATTAACCCCTGACCTAAACTACTTGTGTTATCTGTAAATERCAGACAC GAGGAAGCCCTGCAAAACTTTCTGTTCTGTTATCTGA TGTAGCCC( 4 TCACGTTCCCCATGCTTCCTCGATCTATCACAACCCTTTCACGTAAACCCCTTAGA
TTGTAAACCCTTAAAAGGGCCAGGAATTTCGTTTTCGGGGAGCTTG TTCAGGC [ GCCGATGCTCCTGGCAGAGTAAAGC TTAACCCAG GAGGAATTTTGTCTGCGGCTTGTCCTGCCACAATGCCAGCTACCAGGAGGCTG
GGTGTGAGAATCGCTCGAACCTGGGAGGCAGAGGTTGCAGCGAGAGATCCCACGATTS CCAGCCTGGGTGATAGATGAC LS BACACCATGTCAAAARS i\ AAA Ldinill | GCCAACACATGAAATCTGGAGAACACATTCAAGCAATAGC
CCATATAAATCTGTACATACCTTGCAAACACTGTAAACCTGCCGCATCTERCCTGAGACCAACCCCS GCAAAACCCAGACCTCGAATTTTCCCAGGACCAAACCCATCTATATTN AAATCTCAAAGCCTAACCCTAACCCTAACCCCGACAGTTCAC
GTCCCCCCGTCCCCGTAGCTCCAGCTCAAGACAACCTGCCCCTCCOMEGGTTTGCAGGCCCTTTGA GGGTGGGAGCTGGECCACACACAGCTCTCTGAGCTTAAGCCAT I To- CTTCCTTCATTCCTTCCTTCCTCCCTCCCTCCCTCCTTCCCTCCC
CCCTTTTTTTTTTCAGGGTCTTGCTCTGTCACCCAGGCTGGAGTGCAGGCATGATCACAGCTGACTA CCTCGGACTCCCARCTCAAGCGATCTTCCCGCCTCAGCCTCCAGAGTAGGTGGGACTACAGGAGTGTGCCATCGCACGTGGCGAATTTCTTAAT
[TTATTTTGTAGAGATGAGGCCTCCCGATATTGTCCAGGCTTGGAAG TTCTTGAAATTCAAGAGGATCE AAGTTCTGGTCTA TCAATATCCCTTTCTAAGATGAAATGTAGAATCCTCTAATCACCCCAGGATACCTTTTCCAGCTATATTACCCTTTCCTTTCAG!
CGACTAGAGTGGAAGCTCAGCAAAGAACGGATCTATGCCTGCACACAGGCAGCIITGAACTCACTGAG ATAGAAGAATTTTTTARERLL T GCCAGAATGAAS GAAGTATCCTCCAGTGAGCCTCAAGGACAGCCAGGGAAGGCAGCTACTGGGACCTGCCA
TGGCCAGGATTGAGAGAGTCTGAGGTGTCCATTCTCCTATGGATGGGTCAC 4o MACTGAACCACHACCCTTTCCTGCTCCCT IS e S\ CCCTCCCATTCGGCCCCACCTGTCAGGATCACAAGGACC
CCAGATCAGCAGATGGGAACCGGACCAAAAAGAGAAATAGCGCTGTCCCY AAAT AACC AP GACCCCCTGCTCCACCCTCCGAACCACAGGGAGACCCCA AAAACCACATGCAGACCCCCGCTCCTCCTCTTAGGGCCATCC
CAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCECCCTCGGGATE SAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCC
GACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCGGGACCACACCSAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAG
CCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCACCCCAG
CCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCGACCCCCTGCTCCTCCTCTTIAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACACCCAGAACC
CCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCC
CTCCTACCCACGGGACCACACCCAGAACCCCCAGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGLCTCCTCCCCTCGGGACCACCCCCAGAACCLCCLC
CTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCCAGACCCCCTGCTCCTCCTCTTAGGACCATCCCCAGACCCCCCCTCCTACCCACGGGACCACCCCCAGACCCCCCGC
CCTCCCCTCGGGACCACCTCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCGCTCCTCCCCTCGGGACCACCCCAGACCCCCTGCTCCCATTTTCCAGACCACACCAGACGGCTTCTTCCCTCGGCACCACCCCCAGACTGCCGCTCCTCCTATI
GGGACCTCCTCGGGGCCATCTCCAGACCCTCCCCCCGCTCCACCCCTCGGEGETCCCTCTCGGGACCACCCTCAGACCCCCGCTCCTTCCCTCGGGATCACCTCGAGACCTCCCGCTCACCACCATCATTCAGGCCGGGTAGTGGGGAGAGGCCTCTCAGGAG(
GACCAGGCCACCCTCCCAGGAGTGAAGGGAGGAGGACAGAGTCACGAGCAGACCAGAAATAACCAGGGACTGACAGACAGCAGGATCGGAGAGGGACGGAAAAGGGCTAAGGGCAGGAAAAGTCCCTGAGGCTTTCTCCACCCGGAGTGCGGGEGETAGGG,
GCAGACGGAGAGTGACGAAGGGTGACGGAGAGTGACGAAAGTAGACGATGTCTGACGGAGAAGAGCCGAGCGGAGCTGAAGGGCGGCGGAGAGCGACGGAAAGTGGCGAGAATTGACGGAAAGTGACGGGGACTGACGGACAGTGACGAAGAGTCACG!
AATTTATCAGAGGGCGACAAAGAGGAAAGCGAAATGGTGAGATGCAGCCGGCCGAGCCTATTCGGAGATGACGGAAAGTGACGGAGAGGAACGGGGAGTAAAGAGGGGTGACGAAAAGAGCCGAAGCTGGTGGAGGCGAAGAACTGAGTCGAGGGAAGATAG!
CGAGATTAGCGGGTGGGCTGCAGCCGGGGCAGTCGCCCGAATGGGCGGGACCCCACGGAGTTAGCGAGAGGATGCGAACAGCGGCCAGCCGGGCAGCACGCGAGCGAGGGAGGGCGTGGAGGGCCGTGGGTCCGCCTGCACTGAGGCAGGCATGGGTH
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Resolution Gap
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Resolution Gap

Marti-Renom, M. A. & Mirny, L. A. PLoS Comput Biol 7, 1002125 (2011)

INM
DNA length
10° 10° 10° 10° nt
I — | Volume
107 10° 107 10° 10° um?>
- I ! Time
107 10°® 10° 10 107 10° 10° 10° S
Resolution
107 107 10 u



level |: Radial genome organization

Takizawa, T., Meaburn, K. J. & Misteli, T. The meaning of gene positioning. Cell 135, 9-13 (2008).
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Llevel I Euchromatin vs heterochromatin
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level lll: Lamina-genome interactions

B nuclear membrane
I nuclear lamina

e Internal chromatin (mostly active)
lamina-associated domains (repressed)

e Genes
? m RNA Adapted from Molecular Cell 38, 603-613, 2010



level IV: Higher-order organization

Dekker, J., MartirRenom, M. A. & Mimy, L. A. Nat Rev Genet 14, 390-403 (201 3).
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level V: Chromatin loops
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level VI: Nucleosome
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Complex genome organization

Cavalli, G. & Misteli, T. Functional implications of genome topology. Nat Struct Mol Biol 20, 2Q0-299 (201 3).
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Chromosome Conformation Capture
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Complex genome organization

Cavalli, G. & Misteli, T. Functional implications of genome topology. Nat Struct Mol Biol 20, 2Q0-299 (201 3).

Lamina

Transcription hub

Centromere

, cluster
Chromosome

s &
territories :

Active

Non-
coding

Inactive

DNA Chromatin Superdomains
domains

Nucleus

Marina Corral



TADs are tunctional units

Hnisz, D., et al. (2016). Science
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loop-extrusion as a TAD forming mechanism

Fudenberg, G., Imakaev, M., Lu, C., Goloborodko, A., Abdennur, N., & Mirny, L. A. (2018).
Cold Spring Harb Symp Quant Biol 201/, 82: 45-55

| | | | I- - | | ! L B, e
896 89.7 898 899 900 38.0 382 384 386 388
Chr4; Mb Chr4; Mb

38.8 39.0 39.2 39.4 53.8 540 542 544 546
Chr4; Mb Chr14; Mb

'S 1

time

0 6 12 18 24 30 36 42 48 Sl | AR |
T T T l— =AY '\‘ "' < ég’u

Hi-C counts




! Regulatory element
» Ectopic contacts

I Gene
.-'.y,

© Boundary

3

TAD

l

Wild type

TAD

Spielmann Nature Reviews Genetics 2018 (19) 453-467
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Clinical examples of structural variants

Spielmann Nature Reviews Genetics 2018 (19) 453-467
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Duplications —

e FGF2 locus: colorectal cancer
e PRDMG6 locus: medulloblastoma

Cooks syndrome:
Duplications of TADboundary,
KCNJ2 and KCNJ16 cause

aplasia of nails and short digits

e FOXG1 locus: atypical Rett syndrome
» SOX9 locus: campomelic dysplasia
» DLX5 and DLX6 loci: split hand foot

iy T J ! malformation

Hypoplastic corpus callosum
via loss of function of
MEF2C at 5q14.3

Duplications of enhancer

Phenotype Examples

Gain of function:

» SOX9 locus: duplications of gonad
enhancer cause 46,XX sexreversal

 BCL6 locus: duplications of super
enhancers cause B cell lymphomas

» SHH locus: duplications of limb
enhancer causes polydactyly
Loss of function:

» PAX6locus: aniridia

o DLX5 and/or DLX6 loci: split hand foot
malformation

» SOX9 locus: deletions of gonadenhancer
cause 46,XY sexreversal

elements cause preaxial
synpolydactyly of feet

TAD fusion

Deletions

TAD shuffling: gain of function

Inversion

B [l Genes

e GFI1 locus: medulloblastoma

e TALland LMOQO?2 loci: T cell acute
lymphoblastic leukaemia

¢ IRS4 locus: lung squamouscarcinoma,
sarcomaand cervical squamouscarcinoma

» SOX4 locus: mesomelicdysplasia

Adult-onsetdemyelinating
leukodystrophy

e SHH locus: inversion of enhancer
causes short digits (Dsh mouse model)

e SHH locus: inversion of enhancer
causes polysyndactyly

e GFI1 locus: medulloblastoma

e Translocationat the PITX1 locus:
Liebenberg syndrome

F-syndrome:
syndactyly

) § Regulatory elements ¢ Boundaries
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