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ACGTG CTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGAC CTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGGGCT CTCGATATA

GCTCGCGACA™ "~ "~~~ "7~ UeT T T T "AACAGCTC
CGACACAGC1 o N P o ACACGTGC
TAGCTAGCT C ° TAGCTCGC
Une petite partie du génome humain
AGCTC GCACA ® GCTAGCTA
GCTCCTCTCC GCGACACA
CACAGATATA ’ V4 ° ACAGCTCG
CACACCGCTC ~y 1 O O O O | t d TAGCTCCT
CTCGAGACGT n u C e O I e S ACACAGAT
ATATAGCGCT CACACCGC
TCGAGACCTC CTCGAGAC
GTAGGGCTCT 4 ~ ° TATATAGC
o | @ genome total est ~31 OIS plus gran acrconcn
CCTGACCTGA ’ ACGTAGGG
CTCTCGATAT GCGCTCCC

TGAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAGCTCCTCTCGAGA CGTAGGGCTCTCG
ATATAGCTCGCGA CACACACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGAC CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCAC
ACCGCTCGAGACCTGACCTGA CACGTGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACACACAGATAT
ATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTCCGACACAGCTCGCACACCGCT
CGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATAT
AGCGCTCCCTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCGCACA
CCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCG
AGACG TAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATA
TAGCG CTCCCTGAAACA GCTCCGACACAG CTCG CACACCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGC TCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGC TCGAGACCTGACCTGACACG TGCT AGCTAGCT CCTCTCGAGACGT
AGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACACCGC TCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGACGAGA
CGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATAGCTC GCGA CACACACAGATATATAG
CGCTCCCTGAAACAGCT CCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCGCACACCGCTCGAG
ACCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGG
GCTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCC
CTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCG
CTCCCTGAAACAG CTCC GACA CAGCTCGCACAC CGCT CGAGATAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTA GGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGGGCT CTCGATATAGCT C
GCGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGC TCCT CTCG ACGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGACGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCGCACACCGCTCGAGACCTTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGA GACG TAGG GCTCTCGATATAGCTCGCGAC
ACACACAGATATT ATAG CTCG CGACACACACAGATAT ATAG CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGA CCTGACACGTGC TAGCTAGC TCCT CTCGACGAG
ACGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGATATATA
GCGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAA ACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCTGACCTGACA
CGTGCTAGCTAGCTCCT CTCGAGACGTTATAGC TCGC GACA CACA CAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTCCGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACGTGCTAGCT A
GCTCCTCTCGACGAGACGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATAGCTCGCGAC
ACACACAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCACACCGCTCG
AGACCTGACCTGACACGTGCT AGCT AGCT CCTCTCGA GACG TAGA CGTA GGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACAGCTC CGACACAGCTCGC
ACACCGCTCGAGATAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCG CACACCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGAGACGTAGGGCTCT
CGATATAGC TCGC GACA CACA CAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGC TCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA CGAGACGT AGGG C
TCTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACACACAGATATATAGCGCTCCCT
GAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGC
TAGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGC
TAGCT CCTCTCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTGACCT GACAC
GTGCT AGCT AGCT CCTCTCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACGTGCTAGCT A
10 / 11 / 201 CTCCTCTCGAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCGGTCGAGAC CTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACA
CAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCG
CACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGA CACACACAGATATATAGCGC TCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTICT CGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGA



1470 pages

248 nucléotides par ligne

31’775 nucléotides par page

46’709’983 nucléotides
10/11/2014.6% du génome
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ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG
ATATAGCTCGCGA CACACACAGATATATAGCGCTCCCT

GAAACAGCTCCGACACAGC ~

TGACCTGACACGT GCTAGC
GGGCT CTCGATATAGCT CG!
GCGCT CCCTGAAACAGCTC
CTCGAGACCTGACCTGACA
CGAGA CGTAGGGCTCTCGA
AGATATATAGCGCTCCCTG
CGCACACCGCTCGAGACCT!
AGCTCCTCT CGAGACGTAG
GACACACACAGATATATAG!
GACACAGCT CGCACACCGC
GTGCTAGCTAGCT CCTCTC
ATAGCTCGCGACACACACAI
AACAGCTCCGACACAGCTC
ACCTGACACGTGCTAGCTA!
GCTCT CGATATAGCTCGCG.
GCTCCCTGAAACAGCTCCG
CGAGACCTGACCTGACACG
AGACGTAGGGCTCTCGATA
ATATATAGCGCTCCCTGAA
CACACCGCT CGAGACCT GA!
CTCCT CTCGAGACGTAGGG!
CACACACAGATATATAGCG!
CACAGCTCGCACACCGCTC
GCTAGCTAGCTCCTCTCGA
AGCTCGCGACACACACAGA
CAGCT CCGACACAGCTCGC
CTGACACGT GCTAGCTAGC
TCTCGATATAGCT CGCGAC
TCCCT GAAACAGCTCCGAC
AGACCTGACCTGACACGTG
ACGTAGGGCTCTCGATATA!
ATATAGCGCTCCCTGAAAC
CACCGCTCGAGACCTGACC
CCTCT CGAGACGT AGGGCT!
CACACAGATATATAGCGCT
CAGCT CGCA CACCGCTCGA!
TAGCT AGCT CCTCTCGA GA!
CTCGCGACACACACAGATA
GCTCCGACACAGCTCGCAC
GACCGTGCTAGCTAGCTCC
CGATATAGCTCGCGACACA
CTGAAACAGCTCCGACACA!
CCTGACCTGAACGTGCTAG!
AGGGCTCTCGATATAGCTC
AGCGCTCCCTGAAACAGCT!
GCTCGAGAC

ACGTGCTAGCTAGCTCCTCT(
ATATA GCTCGCGA CACA CAC/
GAAACAGCT CCGACACAGC™
TGACCTGACACGT GCTAGC
GGGCT CTCGATATAGCT CG!
GCGCT CCCT CAGCTC!
CTCGAGACC CTGACAI
CGAGA CGTAGGGCTCTCGA'
AGATATATAGCGCTCCCTG
CGCACACCGCTCGAGACCT!
AGCTCCTCT CGAGACGT AG!
GACACACACAGAT ATATAG!
GACACAGCT CGCACACCGC
GTGCTAGCT AGCT CCTCTC
ATAGC TCGC GACA CACA CAl
AACAG CTCCGACACAGCTCH
ACCTGACACGTGCTAGCTA!
GCTCT CGATATAGCTCGCG
GCTCCCTGAAACAGCTCCG
CGAGACCTGACCTGACACG
AGACGTAGGGCTCTCGATA
ATATATAGCGCTCCCTGAA
CACACCGCT CGAGACCT GAl
CTCCT CTCGAGACGTAGGG!
CACACACAGATATATAGCG!
CACAGCTCGCACACCGCTC
GCTAGCTAGCTCCTCTCGA!
AGCTCGCGACACACACAGA
CAGCT CCGACACAGCTCGC
CTGACACGT GCTAGCTAGC
TCTCGATAT AGCT CGCGAC
TCCCT GAAACAGCTCCGAC
AGACCTGACCTGACACGTG!
ACGTAGGGCTCTCGATATA!
ATATAGCGCTCCCTGAAAC
CACCGCTCGAGACCTGACC
CCTCT CGAGACGT AGGGCT!
CACACAGAT ATATAGCGCT!
CAGCT CGCA CACCGCTCGA!
TAGCT AGCT CCTCTCGA GA!
CTCGCGACACACACAGATA
GCTCCGACACAGCTCGCACG
GACCGTGCTAGCTAGCTCC
CGATATAGCTCGCGACACAl
CTGAAACAGCTCCGACACAI
CCTGACCTGAACGTGCT AG!
AGGGCTCTCGATATAGCTC!
AGCGCTCCCTGAAACAGCT!
GCTCGAGAC

En moyenne, un nouveau-né
porte 50 a 100 nouvelles
mutations:

Chaque copie accumule des changements
des mutations

TGACCTGACACGT GCTAGCT,
GGGCT CTCGATAT AGCT CGCt
GCGCT CCCT CAGCTCC
CTCGAGACC CTGACAC
CGAGA CGTAGGGCTCTCGAT,
AGATATATAGCGCTCCCTGA
CGCACACCGCTCGAGACCTG
AGCTCCTCT CGAGACGT AGG!
GACACACACAGAT ATATAGC!
GACACAGCT CGCACACCGCT!
GTGCTAGCTAGCT CCTCTCG
ATAGCTCGC GACA CACA CAG
AACAG CTCCGACACAGCTCG!
ACCTGACACGTGCTAGCTAG!
GCTCT CGATATAGCTCG CGA!
GCTCCCTGAAACAGCTCCGA!
CGAGA CCTGACCT GACACGT!
AGACGTAGGGCTCTCGATAT,
ATATATAGCGCTCCCTGAAA!
CACACCGCT CGAGACCT GAC!
CTCCTC AGACGTAG GGC
CACACA ATATATAGCGC
CACAGCTCGCACACCGCTCG
GCTAGCTAGCTCCTCTCGAG
AGCTCGCGA CACACACAGAT,
CAGCT CCGA CACAGCTCGCA!
CTGACACGT GCTAGCTAGCT!
TCTCGATAT AGCT CGCGACA!
TCCCT GAAACAGCTCCGACA!
AGACCTGACCTGACACGTGC
ACGTAGGGCTCTCGATATAG!
ATATAGCGCTCCCTGAAACA!
CACCGCTCGAGACCTGACCT!
CCTCT CGAGACGT AGGGCTC
CACACAGAT ATAT AGCGCTCt
CAGCT CGCACACCGCTCGAG
TAGCT AGCT CCTCTCGAGAC!
CTCGCGACACACACAGATAT,
GCTCCGACA CAGCTCGCACA!
GACCGTGCT AGCT AGCT CCT!
CGATATAGCTCGCGACACAC
CTGAAACAG CTCCGACA CAG!
CCTGACCTGAACGTGCTAGC
AGGGCTCTCGATATAGCTCG!
AGCGCTCCCTGAAACAGCTC
GCTCGAGAC

ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG
ATATA GCTCGCGA CACACACAGATATATAGCGCTCCCT
GAAACAGCTCCGACACA

TGACCTGACACGT GCTA
GGGCT CTCGATATAGCT
GCGCT CCCLGAAA CAGC
CTCGA GA@ )AC CTGA
CGAGA CGTAGGGCTCTC
AGATATATAGCGCTCCC
CGCACACCGCTCGAGAC
AGCTCCTCT CGAGACGT
GACACACACAGAT ATAT
GACACAGCT CGCACACC
GTGCT AGCTAGCT CCTC
ATAGCTCGCGACACACA
AACAG CTCCGACA CAGC
ACCTGACACGTGCTAGC
GCTCT CGATATAGCTCG
GCTCCCTGAAACAGCTC
CGAGACCTGACCT GACA
AGACGTAGGGCTCTCGA
ATATATAGCGCTCCCTG
CACACCGCT CGAGACCT
CT CC‘ ;’CG AGACGTAG
CACACACAGATAT ATAG
CACAG CTCG CACACCGC
GCTAGCTAGCTCCTCTC
AGCTCGCGACACACACA
CAGCT CCGACACAGCTC
CTGACACGT GCTAGCTA
TCTCGATAT AGCT CGCG
TCCCT GAAACAGCTCCG
AGACCTGACCTGACACG
ACGTAGGGCTCTCGATA
ATATAGCGCTCCCTGAA
CACCGCTCGAGACCTGA
CCTH GAGACGT AGGG
CAC TATAT AGCG
CAGCT CGCACACCGCTC
TAGCT AGCT CCTCTCGA
CTCGCGACA CACACAGA
GCTCCGACACAGCTCGC
GACCGTGCT AGCT AGCT
CGATATAGCTCGCGACA
CTGAAACAGCTCCGACA
CCTGACCTGAACGTGCT
AGGGCTCTCGATATAGC
AGCGCTCCCTGAAACAG
GCTCGAGAC

ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG

ATATAGCTCG
GAAACAGCT
TGACCTGACACGT GCTAG(
GGGCT CTCGATAT AGCT C(
GCGCT CCCT CAGCT(
CTCGAGACC CTGAC/
CGAGACGTAGGGCTCTCG/
AGATATATAGCGCTCCCT(C
CGCACACCGCTCGAGACCT
AGCTCCTCT CGAGACGT A(
GACACACACAGATATAT A(
GACACAGCT CGCACACCG(
GTGCTAGCTAGCT CCTCT(
ATAGCTCGCGACACACA/
AACAG CTCCGACACAGCT(
ACCTGACACGTGCTAGCT/
GCTCT CGATATAGCTCGC(
GCTCCCTGAAACAGCTCC(C
CGAGA CCTGACCT GACA
AGACGTAGGGCTCTCGAT/
ATATATAGCGCTCCCTGA/
CACACCGCT CGAGACCT G/
CTCCT C@AGAC GTAGG(
CACACA ATATATAGC(
CACAGCTCG CACACCGCT(
GCTAGCTAGCTCCTCTCG/
AGCTCGCGA CACACACAG!
CAGCT CCGACACAGCTCG(
CTGACACGT GCTAGCTAG(
TCTCGATAT AGCT CGCGAC
TCCCT GAAA CAGCTCCGA(C
AGACCTGACCTGACACGT(C
ACGTAGGGCTCTCGATAT/
ATATA GCGCTCCCTGAAA(
CACCGCTCGAGACCTGA(
CCTCLLGAGACGT AGGGCT
CAC AT ATATAGCGCT
CAGCT CGCACACCGCTCG/
TAGCT AGCT CCTCTCGA G/
CTCGCGACACACACAGAT/
GCTCCGACA CAGCTCGCA(
GACCGTGCT AGCT AGCT C(
CGATATAGCTCGCGACAC/
CTGAAACAGCTCCGACA Y
CCTGACCTGAACGTGCT A(
AGGGCTCTCGATATAGCT(
AGCGCTCCCTGAAACAGCT
GCTCGAGAC
5

CACA CACAGATATATAGCGCTCCCT
CAGC— "7 7~ T

ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG

GAAACAGCT
TGACCTGACACGT GCTAGCT
GGGCT CTCGATAT AGCT CGC
GCGCT CCCTG, CAGCTCC
CTCGAGACC ﬁ CTGACAC
CGAGACGTA CTCTCGAT
AGATATATAGCGCTCCCTGA
CGCACACCGCTCGAGACCTG
AGCTCCTCT CGAGACGT AGG
GACACACACAGAT ATAT AGC
GACACAGCT CGCACACCGCT
GTGCTAGCT AGCT CCTCTCG
ATAGCTCGCGACA CACACAG
AACAG CTCCGACACAGCTCG
ACCTGACACGTGCTAGCTAG
GCTCT CGATATAGCTCGCGA
GCTCCCTGAAACAGCTCCGA
CGAGACCTGACCT GACACGT
AGACGTAGGGCTCTCGATAT
ATATATAGCGCTCCCTGAAA
CACACC CGAGACCTGAC
CTCCTC IAGACGTAG GGC
CACACACAGATAT ATAG CGC
CACAG CTCGCACACCGCTCG
GCTAG CTAGCTCCTCTCGAG
AGCTCGCGA CACACACAGAT
CAGCT CCGACACAGCTCGCA
CTGACACGT GCTAGCTAGCT
TCTCGATAT AGCT CGCGACA
TCCCT GAAACAGCTCCGACA
AGACCTGACCTGACACGTGC
ACGTAGGGCTCTCGATATAG
ATATAGCGCTCCCTGAAACA
CACCGCTCGAGACCTGACCT
CCTH AGACGT AGGGCTC
CAC AT ATAT AGCGCTC
CAGCT CGCA CACCGCTCGAG
TAGCT AGCT CCTCTCGAGAC
CTCGCGACACACACAGATAT
GCTCCGACACAGCTCGCACA
GACCGTGCTAGCTAGCT CCT
CGATATAGCTCGCGACACAC
CTGAAACAG CTCCGACACAG
CCTGACCTGAACG TGCT AGC
AGGGCTCTCGATATAGCTCG
AGCGCTCCCTGAAACAGCTC
GCTCGAGAC

ATATAGCTC G@ACA CACAGATATATAGCGCTCCCT
T

ACAGCT™ """~ 7777777

ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCG
ATATAGCTCG CACACACAGATATATAGCGCTCCCT
GAAACAGCT Ci ACAGCTCGCACACCGCTCGAGACC
TGACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGTA
GGGCT CTCGATAT AGCT CGCGACACACACAGATATATA

GCGCT CCCT G, CAGCTCCGACACAGCT CGCACACCG
CTCGAGACC CTGACACGTGCTAGCTAGCT CCTCT
CGAGACGTA CTCTCGATATAGCTCGCGACACACAC

AGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCT
CGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCT
AGCTCCTCT CGAGACGT AGGG CTCT CGATATAGCTCGC
GACACACACAGAT ATAT AGCGCTCCCTGAAACAGCTCC
GACACAGCT CGCA CACCGCTCGAGACCTGACCTGACAC
GTGCTAGCT AGCT CCTCTCG CGTAGGGCTCTCGAT
ATAGCTCGCGACACACA CAGQ §§ ATAGCGCTCCCTGA
AACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT G
ACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAGG
GCTCT CGAT ATAG CTCG CGACACACACAGATAT ATAGC
GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAG
ATATATAGCGCTCCCTGAAACAGCT CCGACACAGCTCG

CACACCG GAGACCT GACCTGACACGT GCTAGCTAG
CTCCTCT CGTAGGGCT CTCGATAT! CGCGA
CACACACAGATAT ATAG CGCT CCCT GAAACAGCTCCGA

CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGT
GCTAG CTAGCTCCTCTCGAGA CGTAGGGCTCTCGATAT
AGCTCGCGA CACACACAGATATATAGCGCTCCCTGAAA
CAGCT CCGA CACAGCTCGCACACCGCTCGA CTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAG A@GGG C
TCTCGATAT AGCT CGCGACACACACAGATATATAGCGC
TCCCT GAAA CAGC TCCGACACAGCT CGCACACCGCTCG
AGACCTGACCTGACACGTGCTAGCTAGCT CCTCTCGAG
ACGTAGGGCTCTCGATATAGCTCGCGACACACACAGAT
ATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCA
CACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCT

CCT GAGACGT AGGG CTCT CGATATAG CTCGCGACA
CAC AT ATAT AGCG CTCCCTGAAACAGCTCCGACA
CAG GCA CACCGCTCGAGACCTGACCT GACACGTGC

TAGCT AGCT CCTCTCGAGACGTAGGGCTCTCGATATAG
CTCGCGACA CACACAGATATATAGCGCTCCCTGAAACA
GCTCCGACA CAGCTCGCACACCGCT CGAGACCTGACCT
GACCGTGCT AGCT AGCT CCTCTCGAGACG TAGGGCTCT
CGATATAGC TCGC GACA CACACAGATATATAGCGCTCC
CTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGA
CCTGACCTGAACGTGCTAGCTAGCT CCTCTCGAGACGT
AGGGCTCTCGATATAGCTCGCGACACACACAGATATAT



ACGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CACA GCTC GCAC ACCG CTCG AGAC CTGA CCTGACAC GTGC TAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATATA
GCTCG CGAC ACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTGAAACAGCT C
CGACA CAGC TCGC ACAC CGCT CGAGACCT G# AGCT CGCA CACC GCTC GAGA CCTGACCT GACA CGTGC
TAGCT AGCT CCTC TCGA GACG TAGG GCTC T¢ . . / ) GCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCGC
GACACACACAGAT ATAT AGCG CTCC CTGA A/ Va r‘ I at I O n S d a n S Ia S e u e n C e d A D N CACAGATA TATA GCGC TCCC TGAAACAG CTCCGACAC
AGCTC GCAC ACCG CTCGAGAC CTGA CCTG A( CACA CCGC TCGA GACC TGAC CTGA CACG TGCTAGCT A
GCTCC TCTC GAGA CGTAGGGC TCTC GATA T CTCGAGAC GTAG GGCT CTCGATAT AGCT CG CA
CACAGATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CA! cG
CACAC CGCT CGAG ACCT GACC TGAC ACGT GCTAGCTA GCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCCT
CTCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGAC CGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGAT
ATATAGCGC TCCCTG AG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGAA CGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CACA GCTC GCACACCG C
TCGAGACCT GACCTG GT GCTA GCTA GCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCC TCTC GAGA C
GTAGGGCTCTCGATA TC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGAC ACGT GCTA GCTA GCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG C
GCTCC CTGAAACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAGA
CCTGA CCTGACAC GTGC TAGC TAGC TCCT CTCG AGAC GTAG GGCT CTCG ATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG G
CTCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CACA GCTC GCAC ACCG CTCG AGAC CTGA CCTG ACAC GTGC TAGC TAGC TCCT CTCG AGAC GTAG GGCT CTCGATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC C
TGAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CACA GCTC GCAC ACCG CTCGAGAC CTGAC
CTGACACGT GCTAGCTAGCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG CTAG CTCC TCTC GAGA CGTAGGGC TCTC G
ATATAGCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGAC CGAG ACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAGATAT ATAG CGCT CCCT GAAA CAGC TCCG ACACAGCT CGCAC
ACCGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGACACGT GCTAGCTAGCTC CTCT C
GAGAC GTAG GGCT CTCGATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC f\lﬁ& TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATAT

ATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGAT, CT CGCGACACACACAGATATAT AGCG CTCCCTGAAACA GCTCCGACACAGCTCGCACACCGCT
CGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTG AGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGCTCG CACACAGATATAT
AGCGCTCCCTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGC GAGA CGTA GGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGC ACACAGCTCGCACA
CCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCG
AGACG TAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATA
TAGCG CTCCCTGAAACA GCTCCGACACAG CTCG CACACCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGC TCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAG {T CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCTAGCT CCTCTCGAGACGT
AGGGC TCTCGATATAGC TCGC GACA CA TATATAGCGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGA AACA GCTCCGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGACGAGA
CGTAGGGCT CTCGATAT AGCT CGCGACAGACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATAGCTC GCGA CACACACAGATATATAG
CGCTCCCTGAAACAGCT CCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCGCACACCGCTCGAG
ACCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGG
GCTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCC
CTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCG
CTCCCTGAAACAG CTCC GACA CAGCTCGCACAC CGCT CGAGATAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTA GGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGGGCT CTCGATATAGCT C
GCGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGC TCCT CTCG ACGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGACGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCG CACACCGCTCGAGACCTTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTAGGGC TCT TAGCTCGCGACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGC GCTC CCT CAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGA GACG TAGGGCTCTCGATATAGCTCGCGAC

ACACACAGATATT ATAG CTCG CGACACACACAGATAT ATAG CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTC GCACACCG CTCGAGAC CTGA CCTGACACGTGC TAGC TAG! CTCGACGAG
ACGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAG! ACACCGCTCGAGACCTGACCTGACACGTGC TAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACA AGATATATA
GCGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGAGACG TAS CTCGATATAGCTCGCGA CACACACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGC TCGCACACCGCT CGAJACCT GACCTGACA

CGTGC TAGC TAGC TCCT CTCG AGAC GTTA TAGC TCGC GACA CACA CAGA TATA TAGC GTAG GGCT CTCGATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC CTGA CACG TGCT AGCT A
GCTCC TCTC GACG AGAC GTAG GGCT CTCG ATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATAGCTC GCGA C
ACACA CAGA TATA TAGC GCTC CCTG AAAC AGCT CCGA CACA GCTC GCAC ACCG CTCG AGAC CTTA GCTA GCTC CTCT CGAG ACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACCGCTCG
AGACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GGAC GTAG GGCT CTCG ATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG C
ACACC GCTC GAGA TAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTCT
CGATA TAGC TCGC GACA CACA CAGA TATA TAGC GTAG GGCT CTCG ATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA CGAG ACGT AGGG C
TCTCGATAT AGCT CGCG ACAC ACAC AGAT ATAT AGCG CTCC CTGA AACA GCTC CGAC ACAG CTCG CACA CCGC TCGA GACC TGAC CTGA CACG TGCT AGCT AGCT CE TC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATATATAGCGC TCCCT
GAAAC AGCT CCGA CACA GCTC GCAC ACCG CTCGAGAC CTTA GCTA GCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAGC
TAGCT CCTC TCGA TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA CGTG CTAG C
TAGCT CCTCTCGA CGT AGGG CTCT CGAT ATAG CTCG CCTC GCGA CACA CACA GATA TATA GCGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTGACCT GACAC
GTGCT AGCT AGCT QCTC TCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG ATAT ATAG CGCT CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA C
AGCTC GCAC ACCG CTCG AGAC CTGA CCTG ACAC GTGC TAGC TAGC TCCT CTCG AGAC GTAG GGCT CTCG AT AT AFr T A AC A S AC S ACAT ATAT ACCr FTAC CTEA AACA SO CCAC ACAC CTC CAC A CECC IO CACCTEA S CTOA CACE TOrT ACCT A

CTCC TCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATA TAGC GCTC CCTG AAAC A C 4

10/11/201 CAGATAT ATAG CGCT CCCT GAAA CAGC TCCG ACAC AGCT CGCA CACC GCTC GAGA CCTG ACCT GACA NO us so mmes tO us dlffel'en tS ’€S uns des au tres
CACAC CGCT CGAG ACCT GACC TGAC ACGT GCTA GCTA GCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG €
CTCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACA GATA TATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGC ACAC CGCT CGAG ACCT GACC TGAC ACGT GCTA GCTA GCTC CTCT CGAG ACGT AGGG CTCT CGAT ATAG CTCG CGAC ACAC ACAG A



ACGTG CTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGAC CTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGGGCT CTCGATATA
GCTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACC GCTC GAGA CCTGACCT GACA CGTG CTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT C
CGACA CAGCTCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTC CTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTC GAGA CCTGACCT GACACGTGC
TAGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAAACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGATATAGCTCGC
GACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACAC
AGCTCGCACACCG CTCGAGACCTGA CCTGACACGTGCTAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGACCTGA CACGTGCTAGCT A
GCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACA
CACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCG
CACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCT
CTCGAGACG TAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACCGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGCGACACACACAGAT
ATATAGCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGAA CGTG CTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGC
TCGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATATAGC
GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACACCGCT CGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGAGACG TAGG G
CTCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCGCTCCC
TGAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAGCTCCTCTCGAGA CGTAGGGCTCTCG
ATATAGCTCGCGA CACACACAGATATATAGCGC TCCCTGAAACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGAC CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCAC
ACCGCTCGAGACCTGACCTGACACGTGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACGTGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATAGCTC GCGA CACACACAGATAT
ATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAGCTCGCACACCGCT
CGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTC GAGC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACACGTGC TAGCTAGCTCCT CTCGA
GACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATAT
AGCGCTCCCTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCGCACA
CCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCG
AGACG TAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATA
TAGCG CTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCTCGCACACCGCTC
GAGAC CTGA CCTGACACGTGCTAGCTAGCTCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGACACGTGCT AGCTAGCT CCTCTCGAGACGT
AGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTCTCGACGAGA
CGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACACACAGATATATAG
CGCTCCCTGAAACAGCT CCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTC CGACACAG CTCGCACACCGCTCGAG
ACCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGG
GCTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCC
CTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCG
CTCCCTGAAACAG CTCC GACA CAGCTCGCACAC CGCT CGAGATAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTAGGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAGGGCT CTCGATATAGCT C
GCGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCTCGCACACC
GCTCGAGACCTGA CCTGACACGTGCTAGC TAGC TCCT CTCG ACGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGACGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCGCACACCGCTCGAGACCTTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTGA
AACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGACGAGA CGTAGGGC TCTCGATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGA GACG TAGG GCTCTCGATATAGCTCGCGAC
ACACACAGATATT ATAG CTCG CGACACACACAGATAT ATAG CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGA CCTGACACGTGC TAGCTAGC TCCT CTCGACGAG
ACGTAGGGCTCTCGATATAGC TCGC GACA CACACAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGATATATA
GCGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAA ACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCTGACCTGACA
CGTGCTAGCTAGCTCCT CTCGAGACGTTATAGC TCGC GACA CACA CAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTCCGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACGTGCTAGCT A
GCTCCTCTCGACGAGACGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATAGCTCGCGAC
ACACACAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCACACCGCTCG
AGACCTGACCTGA CACGTGCT AGCT AGCT CCTC TCGA GACG TAGA CGTAGGGC TCTC GATA TAGC TCGC GACA CACA CAGA TATATAGC GGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACAGCTCCGACACAGCTCGC
ACACCGCTCGAGATAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCG CACACCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGAGACGTAGGGCTCT
CGATATAGC TCGC GACA CACA CAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGC TCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA CGAGACGT AGGG C
TCTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACACACAGATATATAGCGCTCCCT
GAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGC
TAGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGC
TAGCT CCTCTCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTGACCT GACAC
GTGCT AGCT AGCT CCTCTCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAG CTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCT A
10 / 11 / 201 CTCCTCTCGAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCGGTCGAGAC CTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACA
CAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCG
CACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGA CACACACAGATATATAGCGC TCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTICT CGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGA



TAGCT AGCT CCTCTCGAGACG TAGGGCTCTCGATATAGCTC G ™ ™™ = 77 77w T T T T T T T T T T T T T T P e e P e 2 P 2 77 GCTAGCTC CTCT CGAGACGT AGGG CTCT CGATATAGCTCG C

GACACACACAGAT ATAT AGCGCTCCCTGAAACAGCTCCGACA .CACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC

AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCT - - ICTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGAGA CGTAGGGCTCTCGATATAGCTCGCGACAC O u m e r a r ' a ' O n TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACA
CACAGATAT ATAG CGCT CCCT GAAACAGCTCCGACACAGCTC .CAGATATATAGCGCTCCCTGAAACAGCT CCGACACAGCTCG
CACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCC .CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCT
CTCGAGACG TAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACCGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGCGACACACACAGAT
ATATAGCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGAA CGTG CTAG CTAG CTCCTCTC GAGA CGTA GGGC TCTC GATA TAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGC
TCGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGG GCTCTCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATATAGC
GCTCCCTGAAACAGCTCCGACACAG CTCG CACA CCGCTCGAGACCTGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACACCGCT CGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGA GACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGAGACG TAGG G
CTCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCGCTCCC
TGAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGAC
CTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAGCTCCTCTCGAGA CGTAGGGCTCTCG
ATATA GCTC GCGA CACA CACAGATATATA GCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGAC CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGCTCCGACACAGCT CGCAC
ACCGCTCGAGACCTGACCTGACACGTGCT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCTC
GAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGAAACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTC TCGAGACG TAGG GCTC TCGATATAGCTC GCGA CACACACAGATAT
ATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTCCGACACAGCTCGCACACCGCT
CGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCGAGCGAG TAGGGCTCTCGATATAGC TCGC GACA CACACAGATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATATA CT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATAT
AGCGCTCCCTGAAACAG CTCCGACA CAGCTCGCACACCGCT CGAG ECT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGACACAGCTCGCACA
CCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAG @EGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTCG
AGACG TAGG GCTCTCGATATAGCTCGCGA CACACACAGATAT, TCCCTGAAACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGATATAG CTCGCGACACACACAGATATA
TAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGA CACGTGCT AGCT AGCT CCTCTCGA GACG TAGG GCTCTCGATATAGCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCTCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACACCGC TCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTCTCGAGACGT
AGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACG TGCT AGCT AGCT CCTCTCGACGAGA
CGTAGGGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTCTCGA GACG TAGG GCTCTCGATATAGCTC GCGA CACACACAGATATATAG
CGCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGCTAGCTCCT CTCGAGACTATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGA CCTGACCGAGACGTAGGGCT CTCGATATA
GCTCGCGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTG CTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACACAGATATATAGC GCTCCCTGAAACAGCT C
CGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGC
TAGCT AGCT CCTCTCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAA ACAG CTCC GACA CAGC TCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGATATAGCTCGC
GACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGCTCGAGACCTGACCTGA CACG TGCT AGCT AGCT CCTC TCGA GCGAGACG TAGG GCTC Ty TAGCTCGCGA CACACACAGATATATAGCGCTCCCTGAAACAGCTCCG
ACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACARN TC CGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACGTGCTA
GCTAGCTCCTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGAC GCTAGCTAGCTCCT CTCGAGACGCGAGACGTAGGGCTCTCGATATAG
CTCGCGACA CACACAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCG CTCGAGACCTGA CCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT GATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACAGCTCC
GACACAGCT CGCACACCGCTCGAGA CCTGACCT GACACGTGCTAGCTAGCTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACACAGATATATAGCGCTCCCTG CT CCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCT
AGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGCTCGCG
ACACA CACAGATATATAGCGC TCCCTGAA ACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAACAGCTCCGACACA
GCTCGCACACCGCTCGAGACCTGACCTGA CACGTGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGATATA GCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAACAGCTCCGACACA
GCTCG CACACCGCTCGAGACCTGACCTGA CACGTGCT AGCT AGCT CCTC TCGA CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGA CCTGACCT GACACGTGCTAGC
TAGCT CCTCTCGAGACG TAGG GCTCTCGATATAGCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACA CAGC TCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGATATAGCTCGCGACA
CACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACA CCGC TCGA GACCTGAC CTGA CACG TGCT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACACAGCT
CGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACA GCTC CGACACAG CTCG CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCT C
CTCTCGAGA CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACA
GATAT ATAG CGGA CGTA GGGC TCTC GATATAGC TCGC GACA CACA CAGA TATATAGC GCTC CCTG AAACAGCT CCGA CACAGCTCGCACACCG CTCGAGAT AGCT AGCT CCTC TCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGCT
CCCTGAAACAGCT CCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG TAGG GCTC TCGATATA GCTC GCGA CACACACAGATATATAGCGCT
CCCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGAC CTGA CCTGACACGTGC TAGC TAGC TCCT CTCGACGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAA ACAG CTCC GACA CAGC TCGCACACCGCT CGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCC CTGA AACA GCTC CGACACAG CTCG CACACCGCTCGAGACCTTAG CTAG CTCCTCTC GAGA CGTAGGGC TCTCGATATAGCT
CGCGA CACACACAGATATATAGCGC TCCCTGAA ACAG CTCCGACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGTAGGGC TCTCGATATAGCT
CGCGA CACACACAGATATATA GCGCTCCCTGAA ACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAGCTA GCTC CTCT CGAC GAGA CGTAGGGC TCTC GATATAGC TCGC GACA CACA CAGATATATAGC GCTCCCTGAAACAGCT C
CGACA CAGCTCGCACACCGCT CGAGACCT GACCTGACACGT GCTAGCTAGCTCCTCT CGAGACGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAG CGCT CCCT GAAA CAGC TCCGACACAGCT CGCA CACCGCTCGAGACCTTAGCTAGCT CCTCT
CGAGA CGTAGGGCTCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACA GCTC GCACACCG CTCGAGACCTGA CCTGACACGTGC TAGC TAGC TCCT CTCGAGAC GTAG GGCT CTCGATAT AGCT CGCGACACACACAGATA
TATAG CGTAGGGC TCTCGATATAGC TCGC GACA CACA CAGATATATAGC GCTC CCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGC TAGC TCCT CTCGACGA GACG TAGG GCTC TCGATATAGCTCGCGA CACACACAG
ATATATAGC GCTCCCTGAAACAGCT CCGA CACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC TAGC TAGC TCCT CTCGAGACGTAG GGCT CTCGATAT AGCT CGCGACACACACAGAT ATAT AGCG CTCCCTGAAACAGCTCCGACACAGCTCGCACAC
CGCTCGAGA CCTT AGCT AGCT CCTCTCGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATTAT AGCT CGCGACACACACAGAT ATAT AGCG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATAGCGC TCCCTGAAACAG CTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC TAGC TCCT CTCGACGA GACG TAGG GCTC TCGA TATA GCTC GCGA CACA CACAGATATATA GCGC TCCC TGAAACAG CTCC GACA CAGC TCGCACAC CGCT CGAGACCT GACCTGACACGT GCTAG
1 0/ 1 1/ 2 0 1 gTAG(‘ TCCTCTCGAGAC GTAGGGCTCTCGATATAGCT CGCGACAC ACAC AGATATATAGCGCTCC CTGAAACAGCTC CGAC ACAGCTCGCACAGCGC TCGAGACCTTAGCTAGCTCCTCTC GAGA CGTAGGGC TCTCGATATAGC TCGCGACACACACAGATATAT
TATA GCTC GCGA CACA CACAGATATATA GCGT AGGG CTCT CGAT ATAG CTCG CGACACACACAGATAT ATAGCGCT CCCT G

NOUS sommes tous différents Ies uns deS AULres. :ATATAGCTCGCGACACACACAGATAT ATAGCGCT CCCT GAAA CAGC TCCGACACAGCT CGCACACC GCTC GAGACCTGA

ACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGA
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Historique

10/11/2018

1955

Dr Eva Sedlackova
Anomalies du palais et
particularités
morphologiques

1976

Drs Takao et Kinouchi
Malformation cardiaque,
particularités
morphologiques

1965

Dr Angelo DiGeorge
Anomalie du thymus,
hypocalcémie,
malformation cardiaque

1978

Dr Schprintzen

Anomalie cardiaque, fente
palatine, particularités
morphologiques




1992 : Identification de la délétion
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Technologies de détection : array-CGH
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T
Microdélétion 22qg11 : symptomes

N
* Malformation cardiaque
 Anomalies du palais (fente palatine,

insuffisance vélo-palatine,..) -
e Trouble du développement variable
* Particularités faciales
* Trouble immunitaire variable
* Hypocalcémie
* Troubles psychiatriques
* Autres malformations : vertébrales,
uro-génitales, gastro-intestinales,....
v
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Fréquence

* Environ 1/3’500-4’000 naissances vivantes; 1/1’000 foetus

e Mode de survenue

* Dans 93% des cas, de novo
* Dans 7% des cas, héritée d’'un parent

* Hérédité autosomique dominante
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Fabrication des ovocytes et spermatozoides
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Pourquoi et comment |la délétion survient-elle ?

LCR : Low Copy Repeat
Portions de génome
présentes plus d’'une
fois dans le génome et

qui se ressemblent a
plus de 90%
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Taille de la délétion ?

Entre 1.5 et 3 millions de nucléotides

Chromosome 22
Environ 12% de LCR
ldentiquesa 99.7%
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LCR22

22911.2 region

22575 - N25

D.

i
Q
S8

>
S
cen A LhibLheheeilt B CCeCe) C Goit D ERXFQGIGRHI

15% des patients

22

3 Mb standard deletion 85% des patients

2 Mb atypical nested deletion

1.5 Mb deletion

B-D nested deletion

Distal deletion




Pourquoi la microdélétion 22g11 est-elle si fréquente ?

* A cause des LCRs
* On connait encore mal la séquence des LCRs.

* Importance d’identifier cette séquence
* Variabilité d’expression ?
e Cela aurait-il un effet sur le risque d’avoir un enfant atteint ?
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Published 1n final edited form as:

Nat Rev Dis Primers. ; 1: 15071. do1:10.1038/nrdp.2015.71.

Que contient la région 2211 ?

22911.2 deletion syndrome

FISH probes
Chr22 19.000.0%500.000 20,000,000 20,500,000 21,000,000 21,500,000
Cen)ifl LCR22A | -a——— | LCR22B LCR22C=@
DGCR2 HIRA TBX1 COMT RTN4R CRKL HIC2
DGCR6 DGCR14  MRPL40 GNBIL DGCR8 DGCR6L MED15
TSSK2 C220rf39 C220rf29 TRMT2A INF74 PI4KA  AIFM3
GSC2 UFD1L TXNRD2 mir-4761* mir-1286* SERPIND1
CDC45 ARVCF  USP41 KLHL22 THAP7
CLTCL1 ~ CLDNS TANGOZ  LOC101927859 PZRX6
SEPTS mir-185* mir-6816* SLC7A4
RANBP1 mir-649*
ZDHHC8 LRRC748
CCDC188
LINC00896*

mir-1306* mir-3618*

Typical, LCR22A-LCR22D, 3 Mb
LCR22A-LCR228, 1.5 Mb
LCR22A-LCR22C, 2 Mb
LCR22B-LCR22D, 1.5 Mb
LCR22C-LCR22D, 0.7 Mb
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Quel contenu en genes ?

Entre 30 et 46 genes
codant pour des
protéines selon la taille
de la délétion
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RefSeq Genes chr22: 18,630,000 - 21,810,000 (GRCh37/hg19)

22q11.2 Genes
deletion region (proximal to distal)

Vi1

Gene type
(within 22q11.2 deletion region)

Protein coding (n = 46)
Pseudogene (n = 27)
ncRNA (n = 10)

miRNA (n =7)

Expressed in brain

@ Yes

w4 No
) Unknown

Decreased expression in blood

with hemizygosity

# Yes

gu1

DU

aydn

| CytoHD deletion breakpoints
OHighly conserved gene




Questions ?

Comprendre pour pouvoir agir : prévenir et traiter

* Quel gene est responsable de quel symptome ?

* Comment expliquer la variabilité d’expression ?
Eléments prédicteurs ?
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Outils a disposition
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T
Modeles animaux : principes

Sont utiles parce
que la plupart des
genes sont
conserves et
I P identiques entre

ADN étranger AAAAAAAAAAAAALEEELLL AAAAALEEAAAALERRENLE

HH Réparation W Ilhumain Et Ies
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*:2':::;:::-1 modeles animaux.
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Protéine Cas9

Appariement puis coupure
de la séquence génomique




Quels modeles pour la microdélétion 22q11 ?

* Modele murin
* Mammifere avec anatomie développementale similaire a
I"lhumain
* Facile a gérer au laboratoire

* Autres modeles animaux : mouche, poisson-zebre, ver
* Moins chers que le modele murin
* Plus rapides

. Jerome LA. Papaioannou VE. DiGeorge syndrome phenotype in mice mutant for the T-box gene

Tbx1. Nat. Genet. 2001: 27:286-291. [PubMed: 11242110] By using mouse model approaches ] ' } o . , o am 11 A , _
Tbx1 was found to be required for craniofacial, thymus and parathyroid gland as well as cardiac Guna A. Butcher NJ. Bassett AS. Comparative mapping of the 22q11.2 deletion region and the

development. This is a seminal paper in the field. 29 potential of simple model organisms. J. Neurodev. Disord. 2015: 7:18. [PubMed: 26137170]



Quel gene est responsable de quel symptome ?

* Modeles animaux utiles pour I'étude anatomique,
mais moins performants pour I'étude cognitive fine.

* Malformation cardiaque : TBX1, UFD1L, CRKL
* Fente: TBX1
 Anomalies thymiques et parathyroides : TBX1

. Jerome LA. Papaioannou VE. DiGeorge syndrome phenotype in mice mutant for the T-box gene

Tbx1. Nat. Genet. 2001: 27:286-291. [PubMed: 11242110] By using mouse model approaches ] ' } o . , o am 11 A , _
Tbx1 was found to be required for craniofacial, thymus and parathyroid gland as well as cardiac Guna A. Butcher NJ. Bassett AS. Comparative mapping of the 22q11.2 deletion region and the

development. This is a seminal paper in the field. 30 potential of simple model organisms. J. Neurodev. Disord. 2015: 7:18. [PubMed: 26137170]



Nat Genet. 2001 Mar;27(3):286-91.

TBX 1 DiGeorge syndrome phenotype in mice mutant for the T-box gene, Thx1.

Jerome LA, Papaioannou VE.

* Est exprimé dans les régions embryonnaires
responsables de former la région
craniofaciale, le thymus, les parathyroides
et I'arc aortique

* Ce gene est tres sensible a un effet de
dosage

* U'inactivation du gene chez la souris
reproduit certains symptomes de
microdélétion 22q11

Fig. 3. Thx1 expression in the craniofacial region of the developing
mouse embryo at E14.5 (A-D). Thx1 5 expressed mn the ncsor and
molar tooth pevms (A C), epathelum of the nasal cawiy (A B), apvthelium
of the fusedpalatal shelves (B-D) moluding the midpalral seam larrowed)
and the pharyngeal andoderm and mesodsrm (D).
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TBX1

e Patients avec mutation dans TBX1
e Tableau de microdélétion 22q11
 Malformation cardiaque

FISH probes

Chr22 19,000,000 19,500,000 20,000,000 20,500,000 21,000,000 21,500,000
N25 | TUPLE

Py ) . p
| Cen)/H LCR22A | = = LCR22B LCR22C CR22D }
A 4 I
DGCR2 HIRA MT RTN4R HIC2
DGCR6 DGCR14 MRPL40 &ntIL DCGCR8  DGCR6L MED15

TSSK2 C220rf39 C220rf29 TRMT2A INF74 PI4KA AlFM3
GSC2 UFD1L TXNRDZ2 mir-4761* mir-1286* SERPIND1
CDC45 ARVCF USP41 KLHL22 THAP7
CLTCL1 CLDNS5S TANGOZ  LOC101927859 PZRX6
SEPTS mir-185* mir-6816* SLC7A4
RANBP1 ir-649*

ZDHHCS8 LRRC748
1

LINC00896*
mir-1306* mir-3618*
Typical, LCR22A-LCR22D, 3 Mb
LCR22A-LCR22B, 1.5 Mb
LCR22A-LCR22C, 2 Mb
LCR22B-LCR22D, 1.5 Mb
LCR22C-LCR22D, 0.7 Mb

* Mais n’explique pas tous les symptomes

* Et certains patients avec délétions atypiques qui n‘emportent pas
TBX1 ont qguand méme des malformations cardiaques : effet en aval

sur CRKL ?

* Les souris mutantes dans CRKL ont le méme tableau clinique que

celles mutantes dans TBX1



UFD1L
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a Genetic Basis for
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Defects
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Quels sont les genes impliqués dans le trouble
développemental ou les symptomes psychiatriques ?

* Etudes en fonction du tissu d’expression de chaque gene

 Compliquécar la plupart des genes de la microdélétion sont exprimés dans le
cerveau

* Etudes selon la fonction des genes
* COMT
* PRODH
* GNBI1L
* PIKACA
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* Etudes en fonction de comparaison entre les patients

>

& W N S B 0

& O &
& & I SE &9 Q‘y 9“'3?'
; 1 X 1 — 1 - . - ;
Mb 17.0 175 18.0 185 18.0 195 200
LCR B | D |
SCZ Typical deletions
L ]
‘.- |
Current patients

SCZ

Previously described patients
AMERICAN JOURNAL OF
medical ¢enetics
8
Verhagen JMA, Diderich KEM, Oudesluijs G,
Mancini GMS, Eggink AJ, Verkleij-Hagoort
Yu 201

AC, Groenenberg IAL, Willems PJ, du Plessis
FA, de Man SA, Srebniak MI, van Opstal D,
Hulsman LOM, van Zutven LJCM, Wessels

MW. 2012. Phenotypic variability of atypical
22q11.2 deletions not including TBX1I.

s AN Gt P 5sA 31240 Encore beaucoup d’incertitudes




Comment s’explique la variabilité d’expression ?

- € 22q11.2
- Deletion

11T Hl e
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Etude de cohortes de patients

* Sous-groupes en fonction du tableau clinique
* Phénotypage extrémement fin
* Etudes radiologiques
e Séquencage a haut-débit ou array-CGH tres puissants

Mol Psychiatry. 2018 Jun 13. doi: 10.1038/s41380-018-0078-5. [Epub ahead of print]

Large-scale mapping of cortical alterations in 22g11.2 deletion syndrome: Convergence with
idiopathic psychosis and effects of deletion size.

Psychol Med. 2018 Oct;48(14):2375-2383. doi: 10.1017/S0033291717003920. Epub 2018 Jan 17.

Cortical morphology development in patients with 22g11.2 deletion syndrome at ultra-high risk of
psychosis. . S W o
Padula MC' Schaer M! Armando M' Sandini C', Zsller D! Scariati E'. Schneider M' Eliez 8. The Danish 22911 research initiative

Henriette Schmock™? Anders Vangkildel'z, Kit Melissa Larsen'***, Elvira Fischer'*, Michelle Rosgaard Birknow”,
Jens Richardt Mallegaard Jepsen®’, Charlotte Olesen®, Flemming Skovby®, Kerstin Jessica Plessen®'”
Morten Merup®, Ollie Hulme®, William Frans Christiaan Baaré®, Michael Didriksen®", Hartwig Roman Siebner™''",
Thomas Werge'*'%" and Line Olsen'?"

'
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Conclusions

e Condition tres étudiée
* Génétique
* Clinique

* Modeles animaux

* Cohorte de patients

* Modele pour I'étude de la schizophrénie (sans microdélétion
22q11)
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