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AAGCTTCGCCAGGCTGTARATCCCGTGAGTCGTCCTCACARATCATCAAGCAGGTGTCCTCAGGGAGACTGCCTGACTGAGT TATGCTAATTCCTTTCTACTT TGGCGTGGTCACGTGT
AACCATATCCGAATCATTTCTCTAGCCCTACGAACAGGTARGAGCGCTAGGGATGTCCGTGGAGTAGTGTGCTTACTCGATARTATTCAGT TGGGACTACCAGCGAGGCGCTCGCTTTG
CTCACGCAATGCCTGAGACAGTTGCAGAATGAATGGTAACCGACAAACGCGTTCATATGCGTTTTCAAACTTAGTAGACGCGTACTGTCTGAAACTGGCGGTCACAGGCACCAGATAAC
GCCCTTGGCATCGGCATGTCTCGTACAGAGGT TGCCACGACTTCTARAT GACAGGCTGGTCTTTTGTCTTACCACGTATTAG GTGCGATTTCTCGGAGC
GCACCTGTTCAACACTAGAAAACGGAGTTTCCTGATCGAGAAGCCACCACCTTTCcAGAAGTTGAACGCTAGCATGTCATTCGATTTTCACCCccCGCGTAGTTCCTGTGTGTCATTCG
TTGTCGAGACAACTCTGTCCCGCCCCGGTGCTGTTCCATATGCGTGACTTTCCCGCAATTTTTTCAGACTTTCAGGARAGACAGGCTCCGGARCGATCTCGTCCATGACTGGTARATCC

ACGACACCGCAATGGCCCCCAGCACCTCTATCTCTCGTGCCAGGGGACTAACGTTGTATGCGTCTGCGTCTTGTCTTTTT TTCGCTTTCCAAAAAAGAGAGCCATCCGTTCCCCCG
CACATTCAACGC GTGCGGTTTTTGTCTTTTTTGAGTGGTAGGACGCTTTTCATGCGCGRACTACGTGGACATTAAGT TCCATTCTCTT TTTCGACAGCACGARACCTTGCATTC
ARR CCCGCGGAAGATCCGATCTTGCTGCTGTTCGCAGTCCCAGTAGCGTCCTGTCG! CGCCGTCTCTGTTGGT GCCGCTACACCTGTTATCTGACTGCCGTGCGCGA

ARATGACGCCATTTTTGGGAAAATCGGGGAACTTCATTCTTTARRAGTATGCGGAGGTTTCCTTTTTCTTCTGT TCGTTTCTTTTTCTCGGGTTTGATARCCGTGTTCGATGTARGCAC
TTTCCGTCTCTCCTCCGTGCTTTGTTCGACATCGAGACCAGGTGTGCAGATCCTTCGCTTGTCGATCCGGAGACGCGTGTCTCGTAGAACCTTTTCATTTTACCACACGGCAGTGCGGA
GCACTGCTCTGAGTGCAGCAGGGACGGGTGAAGTTTCGCTTTAGTAGTGCGTTTCTGCTCTACGGGGCGTTGTCGTGTCT GATGCAGARACCGGTGTGTCTGGTCGTCGCGATG
ACCCCCARGAGGGGCATCGGCATCARCAACGGCCTCCCGTGGCCCCACTTGACCACAGATTTCARACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCCTGAACGG
GTGGCTTCCCAGGRAATTTGCARAGACGGGCGACTCTGGACTTCCCTCTCCATCAGTCGGCARGAGATTCARCGCCGTTGTCATGGGACGGARAACCTGGGAAAGCATGCCTCGARAGT
TTAGACCCCTCGTGGACAGATTGAACATCGTCGTTTCCTCTTCCCTGTGAGCACACACAGTAGTCGCCACACGCTGTTTGAGACGTGTCARTCTCCARGAGTGTGGACGCTGTTCCACG
TCTTCARATGTTTCCCAACATCCGTCGTCTAGTAGACACACCARCARAAAGCACACGGCGAATCTGCTCAT CGGGGGGCACACARCTATCCTCAACTCTCGAACGA
ACATATCCGGGGCCGCGAAGACGTCCAGTCTCTCARATCCAACCCGGAACGCARACATTTCTGCATCAAGTCACGATTGCGCCGGTACCTCCATGTGTARGCAGTTCCATGAAACCTCC
GATATTACACACGACTGTGGATATGRATTATATGCAGATGCATATATACTGAGACGCCGATGCAACTATAGGT TTCCTGGCCCTCCATGGATATTTCAGACCTTCCTCTCACATTTGGT

TTGCCCGTACACCTCCGTTACGCTTTTTTTCTGGCTTTCTTCTTCGTCTCTGTTTATCAG! TTGCG! CTCAAGCTGARGGCCAGC: CGTCCGAG
TCTGTGCTTCACTCCCAGCAGCTCTCAGCCTTCTGGAGGARGAGTACAAGGATTCTGTCGACCAGATTTTTGTCGTGGGTATGTTGTCCTARACTCCTT CTCCATTCTTGGTCAG
AAACGTACTGARACTGTATACATGTATATACAGATGTATGGATAATATCT, GAT. TGGCAAGGAT! GACATGCAGCTTTAACGAAGCAGAGGGCATTGGC

GAGAGGGACGCCCGTTATGCTGTGTGATGTGGCTGTGARTCTTACCTCGCCGTTTGACTTGCTGCAGCGCTTTGTCCACTTGARCGTGACTTCTTGTTTCTACCTTCCCCAACGCCTTC
TATTCCCTTCACTGCGARAGCGCGCTCAGTGGGCCGTCACCGRACACCCTTGGTTCTTTCGTTCAGCTGTTGTCCTCTTTCTCGCGTTGCTTCCTGTGGCGTCGTGGCTCGGCTTCTCT

CTCTTTCCTGTTGGTGCGTCCAGACTATGTCGCCTGTTTCC CCTTCTCGGCTTGTGCTTTCAGGAGGAGCGGGACTGTACGAGGCAGCGCTGTCTCTGGGCGTTGCCTCTCACCT
GTACATCACGCGTGTAGCCCGCGAGTTTCCGT CGTTTTCTTCCCTGCGTTCCCCGGAGATGACATTCTTTCAAACARATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGAGTCTG
TGTTCGTTCCCTTTTGTCCGGAGCTCGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCAGACAACGGGGTACCCTACGACTTTGTGGTTCTC
CTGCGGAACCGGTRAGAGGCARCCGAAGCGCGTAGAT. TGCGGA
G TGGATTT. GATATCAAGAGCAATGCTTTGTGGAGATTTTTTTTAATTCAGTAGAGACACCCGCCGTGCGAGGTGTGT: T FTGCGACCCTF CAGAGATG
CCGCGAGTACACCACTTGTCGTTTTTCCTCCTATGTTCATGACGGGTGCTGARCGTCTATCGTACTTAATTGGAGGAGTCGTCTCCGARGCAGCTTTGGCTGGCC:
CTTGTTCCTG: GCCAGAAGGCGCTCCACAGTGAGGCGATATACAGGGACGCCTACCGGAGCCCCGTTTTCTGCCTTTGTCGACTCTT! GAGCAACGCAATGAGCTCCTTGACGT
CCACGRGGGAGACRACTCCCGTGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCATTGCCCCGGTGTTGGCGTGGAT! C GCGAG! TG
ATTCGGGCCGTTCCGCATGTTCACTTTAGAGGCCATGAAGRATTCCAGTACCTTGATCTCATTGCCGACATTATTAACAAT! TGGATGAC CGGGTAACGGCGACTG
CGAGAAAAAGCCACACCGTTTTCTCCTGTGATTCTGTCCGC CCTCTTTTGCTTCATCCACCCTTTGCTATTCTCCGCCGCCTTCCTTTTCTGCTCCATGTTCAATTCGTTCGCTT

CTTCAGTCTTTCCATCTTCCCCTGTTACCTCTGTCATTCGTTTTCTTGCCTCTATTTAACTGTGT TCTACTCACAGTCTGCATTCCGCGATAGACGAGCTTCCACGTCTTGCGTCTCGA
CAAGCRACTGTCATTTGTACGCGCCTCCCTCCACCGTGAATCGGATTGTCGGTTCGCCGGTTCCTGEGTCAGRARAGGCCTGCGCCAGTATTCTGARTAATACCCTTCGCCATTGTARR
GAGGCGAAGGAACAAAGAGATATTTCGGCGCA1 TTTTGTG! GCGTTTCCTCGTGCTTCACACCGATGCCCTTCTGTGCATGTCTTCTGCTCCTCGTCCTTCTCTCTTTTTCCCT
TGTCATCTCCAAATTCGGCTGCACTATGCGCTACTCGCTGGATCAGGCCTTTCCACTTCTCACCACARAGCGTGTGTTCTGGARAGGGTAAGGGCGTCTTCAGTGAR
TGCATATATTTGACTTCAGACATTCTTAACTGTTTGACAACCAACGTACAAATTTGTTTGTCCGTGTGCGTGTTcGACATGTCAAGTATGTGAAGAGTCGCTACTGTAGACTAACGCAC
GRACCAGATTTGTTTATCTGCATGCGCTGTGCACCCGTTTCTGAGTGTCTGGAGTTTCCGCARCCTTCCTTTGAATTTCTGGGTTCGTTTTTT TATGCGCGCACTGGTTTGCATGTGGC
CTGAGRGAGCACAGATCGAAGGTGGGGTGATGTGGCGTCGCT! TCCGGCG: GACAGAT. TGGAAATCATTGARCAGTGTCGGTCGTCTGTTGTTTCGC
AGGGTCCTCGAAGAGTTGCTGTGGTTCATTCG! ‘CGACACGAACGCAAACCATCTTTCTGAGAAGGGCGTGAAGGCAAGTCTACGTTGTACCTCTTGTCTCTGCCGAAGCTCAGATGT
CTCCACGGCGTTGGTTTCTTTTCGTTTTTGCTTTCGTGGCATTACCATCGAGTCACCACTCATAGTTGCGTGTGTCTACATGTTTTCTAGAACGTCCGTTGTGTTGCCTCGTGGCGACT
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AAGCTTCGCCAGGCTGTAAATCCCGTGAGTCGTCCTCACARATCATCAAGCAGGTGTCCTCAGGGAGACTGCCTGACTGAGT TATGCTAATTCCTTTCTACTTTGGCGTG
GTCACGTGTAACCATATCCGAATCATTTCTCTAGCCCTACGARCAGGTARGAGCGCTAGGGATGTCCGTGGAGTAGTGTGCTTACTCGATAATATTCAGTTGGGACTACC
AGCGAGGCGCTCGCTTTGCTCACGCAATGCCTGAGACAGTTGCAGAATGAATGGTAACCGACAAACGCGTTCATATGCGTTTTCAAACTTAGTAGACGCGTACTGTCTGA
AACTGGCGGTCACAGGCACCAGATAACGCCCTTGGCATCGGCATGTCTCGTACAGAGGT TGCCACGACTTCTARATCCGGCGACAGGCTGGTCTTTTGTC
TTACCACGTATTAGCccGCGTGCGATTTCTCGGAGCGCACCTGTTCAACACTAGAAAACGGAGTTTCCTGATCGAGAAGCCACCACCTTTCCAGAAGTTGAACGCTAGCA
TGTCATTCGATTTTCACCCCCCGCGTAGTTCCTGTGTGTCATTCGTTGTCGAGACAACTCTGTCCCGCCCCGGTGCTGTTCCATATGCGTGACTTTCC! ATTTTTT
AGACTTTCAGGAAAGACAGGCTCCGGAACGATCTCGTCCATGACTGGTAAATCCACGACACCGCAATGGCCCCCAGCACCTCTATCTCTCGTGCCAGGGGACTAACGTTG
TATGCGTCTGCGTCTTGTCTTTTTGCATTCGCTTTCC. GAGAGCCATCCGTTC! GCACATTCAACGCCG! TGCGGTTTTTGTCTTTTTTGAGTGGT
ACGCTTTTCATGCGCGAACTACGTGGACATTARGTTCCATTCTCTTTTTCGACAGCACGARACCTTGCATTCARACC GCGGARGATCCGATCTTGCTGCTGTT
CAGTCCCAGTAGCGTCCTGTCGGCCGCGCCGTCTCTGTTGGTGGGCAGCCGCTACACCTGTTATCTGACTGCCGTGCGCGRAAATGACGCCATTTTTGGGRARAATCGGGG
AACTTCATTCTTTAARAGTATGCGGAGGTTTCCTTTTTCTTCTGTTCGTTTCTTTTTCTCGGGTTTGATAACCGTGTTCGATGTAAGCACTTTCCGTCTCTCCTCCGTGE
TTTGTTCGACATCGAGACCAGGTGTGCAGATCCTTCGCTTGTCGATCCGGAGACGCGTGTCTCGTAGAACCTTTTCATTTTACCACACGGCAGTGCGGAGCACTGCTCTG
AGTGCAGCAGGGACGGGTGAAGTTTCGCTTT GTAhJULblllLJbLJ TACGGGGCGTTGTCGTGTCT GATGCAGARZ GTGTG TC c
ACCACAG, T TCG ~ACA

AAGAGGG! CG

TGRACGG CTTCCCAGGAA ACCTGGGARA
AGCATGCCTCGARAGTTTAGE 2 GTGAGCACACACAGTAGTCGCCACACGCTGTTTGAGACGTGTCAATCT
CCAAGAGTGTGGACGCTGTT GTCTT TGTTTC! CATCCGTCGTCTAGTAGACACACCAACAAAAAGCACACGGCGAATCTGCTCATCGGAGGGAGGAGCT

GGGGGGCACACAACTATCCTCARCTCTCGARCGARCATATCCGGGGCCGCGRAGACGTCCAGTCTCTCARATCCAACCCGGAACGCARRCATTTCTGCATCAAGTCACGA
TTGCGCCGGTACCTCCATGTGTAAGCAGTTCCATGAAACCTCCGATATTACACACGACTGTGGATATGAATTATATGCAGATGCATATATACTGAGACGCCGATGCARCT
ATAGGTTTCCTGGCCCTCCATGGATATTTCAGACCTTCCTCTCACATTTGGTTTGCCCGTACACCTCCGTTACGCTTTTTTTCTGGCTTTCTTCTTCGTCTCTGTTTAT:

AGCRAA GACATTGCGGCGGA “CTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGCAGCTCTCAGCCTTCTGGAGGAAGAGTACAA
GGATTCTGTCGACCAGATTTTTGTCGTGGGTATGTTGTCCTARACTCCTTGGAACTCCATTCTTGGTC, GAAACGTACTGAAACTGTATACATGTATATACAGATGTATG
GATAATATCT, T: TGGCAAGGAT! TGCAGCTTT: GCAG: CATT! GCCCGTTATGCTGTGTGATGTG
GCTGTGAATCTTACCTCGCCGTTTGACTTGCTGCAGCGCTTTGTCCACTTGAACGTGACTTCTTGTTTCTACCTTCC! GCCTTCTATTCCCTTCACTGCGARAGCG
CGCTCAGTGGGCCGTCACCGAACACCCTTGGTTCTTTCGTTCAGCTGTTGTCCTCTTTCTCGCGTTGCTTCCTGTGGCGTCGTGGCT TTCTCTCTCTTTCCTGTT

GGACTGTA:
ACATTCTTTC,
ACCCATCT!

AGGCAG
AR

TCCAGACTATGTCGCCTGTTTCCC CTTCTCGGCTTGTGCTTT!

GGAGGE

A
CGACGTAT

ACARTGA

Y C C AAGAGAGAA
A(TT"GT(GTT(T”qAGAAGAuAAqqAAGACTCA\GACGCAuk”

CTGCGGAACCGGTAAGAGGCAACCGAAGCGCGTAGAT.
TGC CGTGGATTTAC: TATCAAGAGCAATGCTTTGTGGAGATTTTTTTTAATTCAGTAGAGACACCCGCCGTGCGAGGTGTG
T. TAACTGCGACCCTG! CAGAGATGCCGCGAGTACACCACTTGTCGTTTTTCCTCCTATGTTCATGACGGGTGCTGAACGTCTATCGTACTTARTTGGAGGAG
TCGTCTCCGAAGCAGCTTTGGCTGECCATCCGTGTGTTTGCCTTGTTCCTGAARAGCC GGCGCTCCACAGTGAG! TATAC) CGCCT GAGCCCCGT

g TGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCATTG

GTGTT! TGGATG GCG? CTGATTCG TCCGCATGTTCACTTTAGA ATGAAGAATTCCAGTA
CTTGATCTCATTGCCGACATTATTAACAAT! GGACAATGGATGACCGAACGGGT: CGACTGCGAG. CACCGTTTTCTCCTGTGATTCTGTCCGCA
AGCCCTCTTTTGCTTCATCCACCCTTTGCTATTCTCCGC TTCCTTTTCTGCTCCATGTTCAATTCGTTCGCTTCTTCAGTCTTTCCATCTTCCCCTGTTACCTCTG
TCATTCGTTTTCTTGCCTCTATTTAACTGTGTTCTACTCACAGTCTGCATTCCGCGATAGACGAGCTTCCACGTCTTGCGTCTCGACAAGCARCTGTCATTTGTACGCGC
CTCCCTCCACCGTGAATCGGATTGTCGGTTCGCCGGTTCCTGGGTCAGARRAGGCCTGCGCCAGTATTCTGAATAATACCCTTCGCCATTGTARAGAGGCGARGGAACAA
AGAGATATTT GCATCTTTTGTGCGGCGCGTTTCCTCGTGCTTCACACCGATGCCCTTCTGTGCATGTCTTCTGCTCCTCGTCCTTCTCTCTTTTTCCCTGTTTAGG
CGTTGGTGTCATCTCCAAARTTCGGCTGCACTATGCGCTACTCGCTGGATCAGGCCTTTCCACTTCTCAC! GCGTGTGTTCT! T; GTCTTCAGT
GAATGCATATATTTGACTTCAGACATTCTTAACTGTTTGACAACCAACGTACARATTTGTTTGTCCGTGTGCGTGTTCGACATGTCAAGTATGTGAAGAGTCGCTACTGT
AGACTAACGCACGAACCAGATTTGTTTATCTGCATGCGCTGTGCACCCGTTTCTGAGTGTCTGGAGTTT ‘CAACCTTCCTTTGAATTTCTGGGTTCGTTTTTTTATGC

AAGCTTCGCCAGGC CCGTGAGTCGTCCTCACAAATCATCAAGC] C ATTCCTTTCTACTT
GTCACGTGTAACCATATCCGAATCATTTCTCTAGCCCTACGAAC GC! « TC TACC
AGCGAGGCGCTCGCTTTGCTCACGCAATGCCTGAGACAGTTGC! CGACAAACGCGTTCATATGCGTTTTCAAAC GCGTACTGTCTGA
AACTGGCGGTCACAGGC ACGCCCTTGGCATCGGC AGAGGTCC CACGACTTCTAA GACAGGCTGGTCTTTTGTC
TTACCACK CCGCGTGCGATTTCTCGGAGCGCACCTGTTCAACAC GAGAAGCCACCACCTTTCC 'GCTAGCA
TGTCATTCGATTTTCACCCCCCGCGTAGTTCC ATTCGTTGTCGAGACAACTCTGTCCCGCCCCGGTGCTGTTCCATATGCGTGACTTTCCCG

AGACTT"

AGGCTCCGGAACGATCTCGTCCATGAC CACGACACCGCAATGGCCCCCAGCACCTCTATCTCTCGTGCCAGGGGACTAACGTTG

TATGCGTCTGCGTCT TGCATTCGCTTTCC TCCGTTCCCCCGCACATTCAACGCC
ACGCTTTTCATGCGCGAACTACK C: CATTCTCTTTTTCGACAGCACGAAACC' AAACCCGCCCGC « TGCTGTTCG
CAGTCCCAGTAGCGTCCTGTCGGCCGCGCCGTCTC AGCCGCTACACCTGTTATCTGACTGCCGTGCGC GCC 'GGGG
AACTTCATTC CTTTTTCTTCTGTTCGTTTCTTT ACTTTCCGTCTCTCCTCCGTGC
TTTGTTCGACATCGAGAC GATCCTTCGCTTGTCGATCCGGAGACGCGTGTCTCGTAGAACCTTTTCATTTTACCACACGGCAGTGCGGAGCACTGCTCTG
AGTGCAGCAGGGAC GC TCTGCTCTACGGGGCGTTGTC AGAAACC TGGTCGTCGCGATGAC
CCCCAAGAGGGGCATCGGCATCAACAACGGCCTCCCGTGGCCCCACTTGACCACAGATTTCAAACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCC
TGAACGGGTGGCTTCCCAGGAAATTTGCAAAGACGGGCGACTCTGGACTTCCCTCTCCATCAGTCGGCA. AACGCCGTTGTCATGGGACGGAAAACCTGGGAA
AGCATGCCTC CCCTCGTGGAC! ACATCGTCGTTTCCTCTTCCCTGTGAGCACACACAGTAGTCGCCACACGCTGTTT GTGTCAATCT

((n‘\;LLACGTCTTFA TTCCCAACATCCGTCGTCTAGTAGACACACCAACAAAAAGCACACGGCGAATCTGCTCATCGGAGGGAGGAGCC
GGGGGGCACACAACTATCCTCAACTCTCGAACGAACATATCCGGGGCCGCGAAGACGTCCAGTCTCTCAAATCCAACCCGGAACGCAAACATTTCTGCATCAAGTCACGA
TTGCGCCGGTACCTCCATGTGTAAGCAGTTCCATGAAACCTCC ACACGAC AGATGC! TGAGACGCCGATGCAACT
ATAGGTTTCCTGGCCCTCC TTCAGACCTTCCTCTCACATTTGGTTTGCCCGTACACCTCCGTTACGCTTTTTTTCTGGCTTTCTTCTTCGTCTCTGTTTATC
AGCAAAGAAGAAGACATTGCGGCGGAGAAGCCTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGCAGCTCTCAGCCTTCTGGAGGAAGAGTACAR
GGATTCTGTCGACC! TTGTCCTAAACTCCTTGGAACTCCATTCTTGGTCAGAAACGTACTGAAACTGTATACATGTATATACAGATGTATG
GATAATATCTAGAGAAGATACAGGGAAGACTGGCAAGGATGAAAAGACATGCAGCTTTAACGAAGCAGAGGGCATTGGCGAGAGGGACGCCCGTTATGCTGTGTGATGTG
GCTGTGAATCTTACCTCGCCGTTTGACTTGCTGCAGCGCTTTGTCCACTTGAACGTGACTTCTTGTTTCTACCTTCCCCAACGCCTTCTATTCCCTTCACTGCGARAGCG
CGCTCAGTGGGCCGTCACCGAACACCCTTGGTTCTTTCGTTCAGCTGTTGTCCTCTTTCTCGCGTTGCTTCCTGTGGCGTCGTGGCTCGGCTTCTCTCTCTTTCCTGTTG

GTGCGTCCAGACTATGTCGCCTGTTTCCCCACCCTTCTCGGCTTGTGCTTTC GGGACTGTACGAGGCAGCGCTGTCTCTGGGCGTTGCCTCTCACCTGTAC
ATCACGCGTGTAGCCCGCGAGTTTCCGTGCGACGTTTTCTTCCCTGCGTTCCCC ATTCTTTCAAACAAATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGA
GTCTGTGTTCGTTCCCTTTTGTCCGGAGCTCGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCAGACAACGGGGTACCCTACG
ACTTTGTGGTTCTC TGACGACGCAGCCACTGCGGAACC AACCGAAGCGC!
C AGAGCAATGCTT TTTTTTTAATTC: ACCCGCCGTG!

TAGAAATAACTGCGACCCTGGAGAC! LbLbAGTACACCALAAbJLbJJLLALLJLLJ TGTTCATGACGGGTGCTGAACGTCTATCGTACTTAATTGGAGGAG
TCGTCTCCGAAGCAGCTTTGGCTGGCCATCC T CTTGTTCCTGAAAAGCCAGAAGGCGCTCCAC ‘GATATACAGGGACGCCTACCGGAGCCCCGT
TTTCTGCCTTTGTCGACTCTTGCAGAGCAACGCAATGAGCTCCTTGACGTCCAC AACTCCCGTGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCATTG
ceec C GCGAGC: TGATTCGGGCCGTTCCGCATGTTCACTTTAGAGGCCATGAAGAATTCCAGTAC
CTTGATCTCATTGCCGACATTATTAACAATGGAAGGACAATGGATGACCGAACK GACTGC CACACCGTTTTCTCC' TGTCCGCA

AGCCCTCTTTTGCTTCATCCACCCTTTGCTATTCTCCGCCGCCTTCCTTTTCTGCTCCATGTTCAALlLblALbLLJLAALAbLLLllLLAALLLLuLLAbLLACCTCTG
TCATTCGTTTTCTTGCCTCTATTTAACTGTGTTCTACTCACAGTCTGCATTCCGCGATAGACGAGCTTCCACGTCTTGCGTCTCGACAAGCAACTGTCATT!

CTCCCTCCACCGTGAATC GGTTCGCCGGTTCCTGGGTC CTGCGCCAGTATTC CCTTCGCCAT AR
GGCGCATC GGCGCGTTTCC TGCTTCAC 'GCCCTTCTGT TCTGCTCCTCGTCCTTCTCTCTTTTTCCC

C ATCTCC TGCACTATGCGCTACTCGCTGGATCAGGCCTTTCCACTTCTCACCACAAAGC! 'CTTCAGT

GAATGC TTCAGACATTCTTAAC AACCAACGTAC] CGTGTGCGTGTTCGACATGTC GCTACTGT

AGACTAACGCACGAACC: TT" TGCATGCGCTGTGCACCCGTTTC CGCAACCTTCCTTTGAATTTCTGGGTTCGTTTTTTTATGC




AAGCTTCGCCAGGC CCGTGAGTCGTCCTCACAAATCATCAAGC] C ATTCCTTTCTACTT
GTCACGTGTAACC ATTTCTCTAGCCCTACGAAC GC TTACTC c
AGCGAGGCGCTCGCTTTGCTCACGCAATGCCTGAGACAGTTGC! CGACAAACGCGTTCATATGCGTTTTCAAAC GCGTACTGTCTGA
AACTGGCGGTCACAGGCACCAGATAACGCCCTTGGCATC! TCGTACAGAGGTCC CACGACTTCTAAATCCGGCGACAGGCTGGTCTTTTGTC
TTACCAC CCGCGTGCGATTTCTCGGAGCGCACCTGTTCAACAC GAGAAGCCACCACCTTTCC 'GCTAGCA
TGTCATTCGATTT'FFAFF(‘F(‘r‘r‘r‘r'r GTTCC TCGTTGTCGAGACAACTCTGTCCCGCCCC C TTTCCCGC
AGAC! AGGCTCCGGAACGATCTCGTCCATGAC CACGACACCGCAATGGCCCCCAGCACCTCTATCTCTCGTGCCAGGGGACTAACGTTG
TATGCGTCTGCGTCTTGTCTTTTTGCAT'ICGCTTTN CATCCGTTCCCCCGCACATTCAACGCCGCGAGTGC
ACGCTTTTCATGCGCGAACTAC C CATTCTCTTTTTCGACAGCACGAAACC AAC CCGC C TGCTGTTCG
CAGTCCCAGTAGCGTCCTGTCGGCCGCGCCGTCTC T GCCGCTACACCTGTTATCTGACTGCCGTGCGCGAAAATG) CATTTTT! AAATCGGGG
AACTTCATTCTTTAAAAGTATGCGGAGGTTTCCTTTTTCTTCTGTTCGTTTCTTTTTCTCGGGTTT CCGTGTTCGATGTAAGCACTTTCCGTCTCTCCTCCGTG
TTTGTTCGACATCGAGACCAGGTGTGCAGATCCTTCGCTTGTCGATCCGGAGACGCGTGTCTCGTAGAACCTTTTCATTTTACCACACGGCAGTGCGGAGCACTGCTCTG
AGTGCAGCAGGGACGGGTGAA TTTCGCTTTAGTAGTGCGTTTCTGCTCTACGGGGCGTTGTCGTGTC AGATGCAGAAACC TGGTCGTCGCGATGAC
TCGGCATCAACAACGGCCTCCCGTGGCCCCACTTGACCACAGATTTCAAACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCC
TGAACGGGTGGCTTCCCAGGAAATTTGCAAAGACGGGCGACTCTGGAL TTCCCTCTCCATCAGTCGGCA 'AACGCCGTTGTCATGGGACGGAAAACCTGGGAA
AGCATGCCTCGAAI ‘CCCTCGTGGAC: ACATCGTCGTTTCCTCTTCCCTGTGAGCACACACAGTAGTCGCCACACGCTGTTTGAGACGTGTCAATCT
cc; GCTGTTCCACGTCTTCA TTCCCAACATCCGTCGTCTAGTAGACACACCAACAAAAAGCACACGGCGAATCTGCTCATCGGAGGGAGGAGCC
GGGGGGCACACAACTATCCTCAACTCTCGAACGAACATATCCGGGGCCGCGAAGACGTCCAGTCTCTCAAATCCAACCCGGAACGCARACATTTCTGCATCAAGTCACGA
TTGCGCCGGTACCTCCATGTGTAAGCAGTTCCATGAAACCTCC ACACGAC AGATGC! TGAGACGCCGATGCAACT
ATAGGTTTCCTGGCCCTCC: AGACCTTCCTCTCACATTTGGTTTGCCCGTACACCTCCGTTACGCTTTTTTTCTGGCTTTCTTCTTCGTCTCTGTTTATC
AGC ATTGCGGC CTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGCAGCTCTCAGCCTTCTGGAGGAAGAGTACAA
GGATTCTGTCGACC! CTAAACTCCTTGGAACTCCATTCTTGGTCAGAAACGTACTGAAACTGTATACATGTATATACAGATGTATG
GATAATATCTAGAGAAGATACAGGGAAGACTGGCAAGGATGAAAAGACATGCAGCTTTAACGAAGCAGAGGGCATTGGCGAGAGGGACGCCCGTTATGCTGTGTGATGTG
GCTGT TTACCTCGCCGTTTGACTTGCTGCAGCGCTTTGTCCACTTGAACGTGACTTCTTGTTTCTACCTTCCCCAACGCCTTCTATTCCCTTCACTGCGARAGCG
CGCTCAGTGGGCCGTCACCGAACACCCTTGGTTCTTTCGTTCAGCTGTTGTCCTCTTTCTCGCGTTGCTTCCTGTGGCGTCGTGGCTCGGCTTCTCTCTCTTTCCTGTTG
GTGCGTCCAGACTATGTCGCCTGTTTCCCCACCCTTCTCGGCTTGTGCTT’!‘( GGGACTGTACGAGGCAGCGCTGTCTCTGGGCGTTGCCTCTCACCTGTAC
GTTTCCGTGCGACGTTTTCTTCCCTGCGTTCCCC ATTCTTTCAAACAAATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGA
GTCTGTGTTCGTTCCCTTTTGTCCGGAGCTCGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCAGACAACGGGGTACCCTACG
ACTT" TC TGACGACGCAGCCACTGCGGAACC ACCGAAGCGCGTAGAT CAA 'GAAA(
C AGAGCAATGCTT TTTTTTTAATTC: ACCCGCCGTGC
TGCGACCCTGGAGAC: CGCGAGTACACCACTTGTCGTTTTTCCTCCTATGTTCATGACGGGTGCTGAACGTCTATCGTACTTAATTGGAGGAG
TCGTCTCCGAAGCAGCTTTGGCTGGCCATCC T CTTGTTCCTGAAAAGCCAGAAGGCGCTCCAC '‘GATATACAGGGACGCCTACCGGAGCCCCGT
TTTCTGCCTTTGTCGACTCTTGCAGAGCAACGCAATGAGCTCCTTGACGTCCAC! AACTCCCGTGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCATTG
ceec C GCGAGC: TGATTCGGGCCGTTCCGCATGTTCACTTTAGAGGCCATGAAGAATTCCAGTAC
CTTGATCTCATTGCCGAC: CGAACGGGT: GCGACTG! AR ACACCGTTTTCTCCTGTGATTCTGTCCGCA
AGCCCTCTTTTGCTTCATCCACCCTTTGCTATTCTCCGCCGCCTTCCTTTTCTGCTCCATGTTCAATTCGTTCGCTTCTTCAGTCTTTCCATCTTCCCCTGTTACCTCTG
TCATTCGTTTTCTTGCCTCTATTTAACTGTGTTCTACTCACAGTCTGCATTCCGCGATAGACGAGCTTCCACGTCTTGCGTCTCGACAAGCAACTGTCATTTGTACGCGC
CTCCCTCCACCGTGAATCGGATTGTCGGTTCGCCGGTTCCTGGGTCAGAARAGGCCTGCGCCAGTATTCTGAATAATACCCTTCGCCATTGTARAGAGGCGAAGGAACAA

GGCGCATC GGCGCGTTTCCTCGTGCTTCACACCGATGCCCTTCTGTGCATGTCTTCTGCTCCTCGTCCTTCTCTCTTTTTCCC
C ATCTCC LMCTATGCGCTALALL:LLWATCN:L:LLLLlLLACT"‘f""f'm"f'lf'lllm" 'CTTCAGT
GAATGC! TTC; ACCAACGTAC GCTACTGT
AGACTAACGCACGAACC TT! TGCATGCGCTGTGCACCCGTTTC CGCAACCTTCC TGGGTTCGTTTTTTTAT

ATGCAGAAACCGGTGTGTCTGGTCGTCGCGATGACCCCC ATCGGCATCAACAACGGCCTCCCGTGRCCCE
ACTTGACCACAGATTTCAAACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCCTGAACGGGTGGCT
TCCCAGGAAATTTGCAAAGACGGGCGACTCTGGACTTCCCTCTCCATCAGTCGGCAAGAGATTCAACGCCGTTGTCATG
GGACGGAAAACCTGGGAAAGCATGCCTCGAAAGTT CCCTCGTGGAC: ATCGTCGTTTCCTCTTCCC
AAAGAAGAAGACATTGCGGCGGAGAAGCCTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGC
AGCTCTCAGCCTTC GGGACTGTACGAG
GCAGCGCTGTCTCTGGGCGTTGCCTCTCACCTGTACATCACGCGTGTAGCCCGCGAGTTTCCGTGCGACGTTTTCTTCC
CTGCGTTCCCC GACATTCTTTCAAACAAATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGAGTCTGTGTTCGT
TCCCTTTTGTCCGGAGCTCGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCA
GACAACGGGGTACCCTACGACTTTGTGGT! TC 'TGACGACGCAGCCACTGCGGAACCGAGCA
ACGCAATGAGCTCCTTGACGTCCAC ACTCCCGTGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCAT
TeCCCC C GCGAGCAAAAGGAACTGATTCGGGCCGTTCCGCAT
GTTCACTTTAGAGGCCATGAAGAATTCCAGTACCTTGATCTCATTGCCGAC
ACCGAACGG

>Translation Frame 1
MQKPVCLVVAMTPKRGIGINNGLPWPHLTTDFKHFSRVTKTTPEEASRLN
GWLPRKFAKTGDSGLPSPSVGKREFNAVVMGRKTWESMPRKFRPLVDRLNT
VVSSSLKEEDIAAEKPQAEGQORVRVCASLPAALSLLEEEYKDSVDQIFV
VGGAGLYEAALSLGVASHLYITRVAREFPCDVFFPAFPGDDILSNKSTAA
QAAAPAESVFVPFCPELGREKDNEATYRPIFISKTFSDNGVPYDFVVLEK
RRKTDDAATAEPSNAMSSLTSTRETTPVHGLQAPSSAAAIAPVLAWMDEE
DRKKREQKELIRAVPHVHFRGHEEFQYLDLIADIINNGRTMDDRT




Terminology

transcriptional ATG stopcodon  polyA
stert —» v v v

exon A intron — Ao exon ——

CDS:
(coding sequence hi)

— —
protens. S —
(3) - -
tanscipt. —
(COS + UTRs, if avail) -—

qenomic:

. > I
{inciuces introns)

Eukaryotic Relationships ca. 2005

Plantae Streptophytes Discicristates Excavates
Heterolobosea
jLand pisoits Kinetoplastids
Green Algae Charophytes Diplonemids
Chiorophytes Euglenids
Trebouxiophytes Core jakobids
Ulvophytes Trimastix
Prasinophytes Oxymonads
Mesostigma Trichomonads
Hypermastigotes
Red Algae Hlodioptyies Carpediemonas
Bangiophytes Retortamonads
Cyanidiophytes Diplomonads

Glaucophytes Malawimonads

Cercomonads

Euglyphids
Cercozoa
e
Thaumatomonads
D"“’"'o"":'r:: Chlorarachniophytes
Alveolates Pm:"y it Phytomyxids.
c"’l'm. Haplosporidia
Foraminifera
Colponema Polycystines
Ellobiopsids Acantharia Rhizaria
Diatoms
Raphidiophytes Ascomycetes
Eustigmatophytes Basidiomycetes
Chrysophytes Zygomycetes
Phaeophytes Microsporidia ,\",@?
Bolidophytes Chytrids
Blastocystis Nucleariids
Actinophryids AnEais ]
Stramenopiles Labyrinthulids oanofiagellates. j
L Thraustrochytrids c.i:m""' Opisthokonts
Oomycetes Ichthyosporea
Opalinids
Bicosoecids - stolids
lyxogas!
Haotoptes Protostelids
Cryptomonads Lebasua
Archamoebae
Chromalveolates Amoebozoa ‘Unikonts’

——— Keeling, 2005
TRENDS in Ecology & Evolution




Synteny = large regions of
chromosomes containing the same genes

Mouse
chromosome 11

80 85 90 95 100 105 110 115

Ancestral
chromosome (3

Human
chromosome 17 ()
Figure 13-15
Introduction to Genetic Analysis, Ninth Edition
©2008 W.H. Freeman and Company

Synteny among Plasmodia

Annotated Genes

PF11_0341 PF11_0343 PF11_0346 PF11_0348
-
hupothetiical protein hupothetical protein, conserved hypothetical protein hupothétic

PF11_0342 PF11_0344 PF11_0347
CI— —_——

apical menbrane antigen 1, AMAL

etical protein

othetical'protein

P. vivax Syntenic Genes

PYX_092260 PYX_092270 PYX_092280 PYX_092295
|| & 4

¢4l protein, conserved

PYX_092265

hypothe

ical protein, hypothetical protein

cal f 1, |conserved e antigen 1 .l -
PYX_092285 PVX_092300
hypothetical protein, conserved hupothétic
P. knowlesi Syntenic Genes
PKH_093080 PKH_093110 PKH_093140
|| _—— N
cal protein, conserved in Plasmodium species apical merozoite antigen 1 hypothetical protein,| conserved
PKI 3090 PKH_093120
4§ 4
hypo 1 protein; conserved in Plasmodiun species hu ved in Plasmodiun s
PKH_093100 PKH_093150
-
hypothetical protéin, consefved in Plasmoditm species hypot
PKH_093130
<
hupothetical| protein, cohserved in Plasmadiur
P. yoelii Syntenic Genes
PY01034 PY01036 PY01581 PY00241 PY05313
hypothetiical protein hypothetical proteih apical membrane antigent1 | hypothetical protein linnamed pr
PY01035 PY00797 PY01582
< —
ANE PROTEIN PFEMP3 “hyfothetical |protein hypbthetical protein

PY00240

FHA domain, pltative
P. berghei Syntenic Genes
PB100408.00.0 PB000822.01.0 PB000968.01.0 PB107517.00.0
Bl I e [ 4




Homology

Early Globin Gene

——"”’T;::::;;;::;:J\\\‘\\\

a-chain gene -chain gene

o frog o chick o mouse mouse chick frog
|\ T J
. 'PARALOGS‘
ORTHO'LOGS ORTH'OLOGS
I
HOMOLOGS

Evolutionary relationships

* Homology - related by evolutionary descent
not equivalent to similarity

» Orthology - same gene in different
organisms, e.g. alpha hemoglobin in humans
and chimps

* Paralogy - genes within an organism related
by gene duplication, e.g. alpha and beta
hemoglobin in humans

» Xenology - genes related by gene transfer




RNA sequence/Expression Data

Data Technolgy

- cDNA - Sanger

+ Expressed Sequence * Next-gen (454, Illuming,
Tags (EST) etc)

* RNA-Seq * Microarray-slides

* Microarray * Microarray-chips

+ Ditag (SAGE-tags) + SAGE
Small RNA’ s (various
types)

Expression Profiles

* The pattern of expression of one or
more genes over time or a set of
experimental conditions, e.g. during
development or a drug treatment or
in a genetic mutant such as a gene
knock-out.

- Always... has a time and space
component

10



Microarrays

-cDNA microarrays
-“GeneChip” in situ synthesized
oligonucleotide arrays
-Oligomer (~70mer) arrays

Experiments are almost always
Competitions between conditions or stages

al The RNA samples from the
S. cerevisiae test and the control are
labeled with different colors
{ ; in a reverse-transcription
N C%’W reaction and then
Z}m - hybridized, together,
\,W zi,m competitively to a slide or
‘ ‘ chip containing gene

sequences in multiple

ASEON copies.

11



Ratios of experimental to
control expression are
often expressed as colors
rather than numbers

fold repressed fold induced

>20X >10X >3X 1:1 >3X  >10X >20X

Figure 2

Clustered

Microarray
Data

Genes with
Similar
Expression
Profiles are
Grouped
together

12



Other RNA expression

+ Expressed Sequence

Tags, ESTs

- Usually represent
partial cDNA

- Often clustered

- Come from libraries
that may, or may not be
normalized

- Often used to identify

?enes in genomes and
ocations of introns

- SAGE-tags (Serial
Analysis of Gene
Expression)

- Primary purpose is
relative levels of
gene expression

* RNA-Seq (NGS)
- Little sequence bias
- Quantitative

- Can be strand-
specific

Genes can be located on either

DNA strand
Gene 2 Gene 3
1 1
3N/ 5 e\ 5
5’_ _____ 3,
Gene 1
1
5’ /NN 3’
3,_—  —— — 5’
/
Template strand
forgene 1

Figure 8-3
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company

13



Overview of transcription: Either strand can serve as a template for a gene

(a) Template strand
RNA of gene 2

|JnRewinds 5
7300 —@m SYNTNINING, YN
DNA N —
RNA Template strand RNA Nontemplate strand RNA
polymerase of gene 1 | | of gene 2 polymerase
Gene 1 Gene 2
(b) ) P
s £ Addition at 3’ end of growing chain
5/
kg ;
5
- r r r r r r r
1 | | e R | | G|
DNA
el slers e e e e :
Figure 8-4

Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company

Sequences of DNA and transcribed RNA

Convention
Gene location = non-template strand,
i.e. same as the mRNA

Nontemplate
Stl’and 5’ — CIGCCATTGICAGACATGTIATACCCCGTIACGICITCCCGAGCGAAAACGATCTGCGCT G
Template DNA
strand 3/ — GACGGIAACAGICIGIACAIAIGGGGCAIGCAGAAGGGCICGCITIIGCTIAGACGCGACG — 5'
5’ — CUGCCAUUGUCAGACAUGUAUACCCCGUACGUCUUCCCGAGCGAARACGAUCUGCGCUGE — 3' mRNA
Figure 8-6

Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company
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Complex patterns of eukaryotic mRNA splicing: What is a Gene?

Primary 1a 2a 2b 1b 3 4 5
pre-mRNA e
transcript

Striated o TN T TN N
muscle — - L=l
Smooth A Tl P
muscle — _o.
Brain e
TMBr-1 e - o e
Brain R N S
TMBr-2 — . -
Brain — .
TMBr_3 —_— — -
Fibroblast ___ "™ " o\,
™-2 — " W
Fibroblast . "™ o "
TM_3 —_— [— — [ —_—
Fibroblast Ny Ny Ay
TM_Sa P——— Ju—— -
Fibroblast —
TM_sb —— S e -
Figure 8-14

Introduction to Genetic Analysis, Ninth Edition
© 2008 W. H. Freeman and Company

6a6b 7 8 9a 9 9c

P o p o it
Y] Y] Y] i

,
]

,,
Y]

9d

Bioinformatics uses algorithms

» Algorithms are sets of rules for solving
problems or identifying patterns

» Algorithms can be general or case specific
and often need to be trained

- Computational analysis, like wet-bench
analyses are only as good as the tools,
techniques and material allow, and all
interpretations come with caveats (like the
experimental conditions, often call
parameters in bioinformatics.

15



How to find an intron

* Usually begins with 6T and end with AG
* Must be longer than 19 nucleotides
* Must contain a branchpoint “A”

* Donor GT often followed by a sequence
pattern. This pattern is species-specific

- Acceptor AG often proceeded by
pyrimidine stretch

* Has a mean length of “X” as is observed in
this species

Donor Site Acceptor site

Generated by http://www.bio.cam.ac.uk/seqlogo/log Generated by http:/www.bio.cam.ac.uk/seqlogo/logo.

iigxxIIiIxHiIIII é

DONOIOT=ANMNMINHONDOD

Computed using alpro and makelogo (Schneider & Stephens, 1990)

16



Different prediction methods
often generate different
results

— Prediction 1 EEEE—

Prediction 2 EEEE—

Protein Expression/Sequence

Data Technology
* MW-Isoelectric point + 2D gel electrophoresis
- MW * Mass spectrometry
* Sequence/spans + Tandem MS (MS-MS, LC
i MS-MS etc)
Typical 2 D gel

17



High throughput mass
spectrometry

-Direct identification of proteins from biological

sample.

-Capillary liquid chromatography apparatus (LC)
coupled with...

‘Electrospray fandem mass spectroscopy (MS/MS)
-“Sequest”, Mascot, or other software links mass

spectra with genomic sequence database.

How Tandem MS Works

Collision Inducted

Liquid
chromatography Dissociation (CID)
Complex mixture *
Protein *_b . - -
~ . /= -
o+ o+ + + + + _ —-—
J-c- . V v = =
\ ‘bJ ) ::::::: Isolation Fragmentation Measurement
Q:.L‘ \
( ) —
—
~—r
Peptides

18



Sequest Database Search

Mass Spectrometer Protein Database T
Nucleic Acid Database
EST Database

[
Tandem Mass Spectrum ! N

Theoretical Mass Spectrum

Correlation Analysis

Ranked Score of Matched Peptides

Peptide database

ENNPCKLQYDYNTNVTHGFGQEYPCETDIVERFSDTEGAQCDKKKIKDNSEGACAPYRRL
HVCVRNLENINDYSKINNKHNLLVEVCLAAKYEGESITGRYPQHQETNPDTKSQLCTVLA
RSFADIGDIIRGKDLYRGGNTKEKKKRKKLEENLKTIFGHIYDELKNGKTNGEEELQKRY
RGDKDNDFYQLREDWWDANRETVWKAITCNAGSYQYSQPTCGRGEIPYVTLSKCQCIAGE
VPTYFDYVPQYLRWFEEWAEDFCRKKKKKIPNVKTNCRQVORGKEKYCDRDGYNCDGTIR
KQYIYRLDTDCTKCSLACKTFAEWIDNQKEQFDKQKQKYQNEISGGGGRRQKRSTHSTKE
YEGYEKHFNEELRNEGKDVRSFLQLLSKEKICKERIQVGEETANYGNFENESNTFSHTEY
CDRCPLCGVDCSSDNCRKKPDKSCDEQITDKEYPPENTTKIPKLTAEKRKTGILKKYEKF
CKNSDGNNGGQIKKWECHYEKNDKDDGNGDINNCIQGDWKTSKNVYYPISYYSFFYGSII
DMLNESIEWRERLKSCINDAKLGKCRKGCKNPCECYKRWVEKKKDEWDKIKEFFRKQKDL
LKDIAGMDAGELLEFYLENIFLEDMKNANGDPKVIEKFKEILGKENEEVQDPLKTKKTID
DFLEKELNEAKNCVEKNPDNECPKQKAPGDGAAPSDPPREDITHHDGEHSSDEDEEEEEE
EEQQPPAEGTEQGEEKSESKEVVEQQETPQKDTEKTVPTTTPTVDVCDTVKTALADTGSL

LFLGRYIGNDEDR NGUR RD
GGKKTLTETYN 'GTKLNEFASRPSFLRWMTEWGDQFCRERITQLQILKER

i DKGKDDKKEKCTEACTYYKEWLTNWQDNYKKQNQRYTEVKGTSPYKEDSDVK
ESKYAHGYLRKILKNIICTSGTDIAYCNCMEGTSTTDSSNNDNIPESLKYPPIEIEEGCT
CKDPSPGEVIPEKKVPEPKVLPKPPKLPKRQPKERDFPTPALKNAMLSSTIMWSIGIGFA
TFTYFYLKKKTKSTIDLLRVINIPKSDYDIPTKLSPNRYIPYTSGKYRGKRYIYLEGDSG
TDSGYTDHYSDITSSSESEYEELDINDIYAPRAPKYKTLIEVVLEPSGNNTTASGNNTPS
DTQNDIQNDGIPSSKITDNEWNTLKDEFISQYLQSEQPNDVPNDYSSGDIPLNTQPNTLY
FDNPDEKPFITSIHDRDLYSGEEYSYNVNMVNTNNDIPISGKNGTYSGIDLINDSLNSNN

Note: ORFs in addition to predicted
Genes must be searched

19



Homologous chromsomes
(in a diploid)

Allele for purple flowers

Allele for white flowers

Loci, alleles and SNPs in a
population

A CCTCATC
a CCTCATC

Chromosome

o
|
o

B = B
c g C
D gD
Eg§E
FEF
N
cla
H g H
-
N
JB

Homozygous Heterozygous
Alleles Alleles

SNP =Single Nucleotide Polymorphism

20



Alleles and Phenotype

- Some phenotypes are caused by a single
locus in the genome and a single allele at
that locus (e.g. some flower colors, or
Drosophila eye color)

* Other phenotypes (Type-TI diabetes,
heart disease are multi-locus or
“complex” (i.e. many genes are involved,
each potentially with many alleles)

Population data

Data Technology
+ Single Nucleotide * Chip-Seq
Polymorphisms, SNPs . NGS

+ Alleles
* Allele frequency
* Haplotypes

21



The AlLlele FREquency Database

Alleles have
frequencies in
different

populations

ScamAmeria

O
e g s v —

Karitians (SADOOSK 166, 7192030) 1

=y

L

TS

Populations and alleles have
geographic boundaries

A parasite isolate comes from a particular population, a
particular location and will have a specific haplotype (e.g.
representation of alleles) often characterized via SNPs

Percent of
population

that has the

0 blood type

[ 5080 [ 7080

[ lso0-70 I s0-30 [ 90-100
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Parasite Isolates

Data Technology

+ Species, Strain, PCR-RFLP

+ Isolate + Sequencing
* Location, Date + SNP chip

+ SNP + GPS

+ Sequence

+ Allele

* phenotpe

Infectious Dlsease Paradigm

U ' -~ f
l)k().\;uPH\ll A
Frult Flles | §
—‘5‘_ :
A »:
2

Pathogen
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