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Supplementary table 1

Supplementary table 1. Primers designed in this study

|ReLp anatysis

PFOS_0106

AGTAAGGGTGAATTGACAGGACAG

CGCACTAGGTGATICTGGTGGATC

a) Quantitative real-time PCR primer pairs for chramosome mapping of var genes
Ch Gene name. Forward primer Reverse primer
Chr1 FFAD50w CAGTGGGTTAGTGGTAGTGA CCTGATGAAGAGGAGGATGE
chr2 FFB04%0C TCATGOCCCCTCBACGATET CCAAAACTTCCAGTTCGTCC
chr3 FFCDB15w GACAACTTCAAGGACATCAAGC GTTTTAATTCTTTTTGAAGACACG
Chrd FF3D7_04 CATGAGAACTOGTGCTGCTT GGGTCATCOTTACCACAGAA
Chr.5 PFEOS30w AATACAGCAGGAGCATAATTCC TCCTTATCATTCTTAGTATTCC
chrs FFFOS65C ACTCCAGAATTTGAAAGATCCTTG GTTCTTGGAAGCATIGTGCACE
che7 FFO7_0073 AAGTAGCAGGTCATCGTGGTT CATTCTTCCATAA
chrs FF08_0118 GAAACCAAAGCATOGACGAC GOCATAATTCATGATOGOCG
Chr.9 PFI500w ACAAAGACTACACCATTATATCG TTTCATTTTCTGTATAACTTCCC
Chr.10 PF10_0027 ACTCAGGACGATATTAATCGCT TGGTGCACTTTOCTTTACCT
chr.11 FF11_0481 Amw@o&emem‘rasﬁr TCTGTACATAAACGAGCAAAACCA
chr.12 FFLIS10c TGCECAATGETTTGTGCTTGT ACATGATAAAAAATGATCTCTCC
Chr.13 MAL13P1.151 AA‘ITGGGCGTGTGATDCUW AGCATCGACTTCGTCTTTCG
Chr.14 PF14_0425 TGTACCACCAGCCTTACCAG TTOCTTGCCATGTGTTCAAT

FFADD0SW CTGCTGGTAGTAGTGGTGAGG CCAGCTAATICGCTCAAAATIGAT

FFD10050 CCATCACGAAGAACAAGACGC TGGGTGATGTCTICTGAGGC

FFD1245¢ GGATGACTATAAGGATGCAAAGGAC GTGCCACCTGTTTCTCCACTAGCA

PFO7_0048 A GGCACCGATG GOGLGCA GG ACCTCCG

HB3var2csaB AGTACAAGCACTATTGGTGACA TTCCATCAGATGAATTTIGETG
[b) Quantitative real-time POR primer pairs for var exon 1 extremibes

var_gene 5-end prirrer pairs 3-end primer pars
i rd primer rse primer [Forw ard primer: rimer.
307 PF10_0406 GTGCACCAAAAGAAGCTCAA ACAAAACT T [ GATGATGACGAATCCCTTGAAG TTGGTTCTCTGTGCCTICAC
307 FFLOD20W TCGATTATGTGCCGCAGTAT TICCCGTACAATCGTATCCA |CATGOGGTCCAGATACATCTC CAGAATGICACGATTGAAGGGTT
307 MAL13P1.356 CGGAATTAGTTGCCTICACA CATIGGCCACCAAGTGTATC ACCAACATAGOGACAATCCAC GTTGGCATATCTCCACAAATCTTC
307 FFD1235w AAACACGTTGAATGGCGATA GACGCCGAGGAGGTAAATAG | ATCAGAGGGGGAGGCTAAAAC ATCAAGTTCGCACGGATTTCC
307 PFE1640w AAGAAAGTGCCACAACATGC GTTCGTACGCCTGTCGTTTA [ TTCTGCTTTCAGTCAAGGAC ATCCACATAACATAGCGTGC
307 PFO8_D142 GTCGTGGAAAAACGAAAGGT TATCTATCCAGGGCCCAAAG [AAAGTGGGAAAACCAGCAAT AAAACACTATCGAAGTTAACGC
307 FFO8_0107 CCTAAAAAGGAGGCAGAAGG CCAGCAACACTACCACCAGT |CCAGAGGAACCAAAAGAGAC AGTGAACGCAGCAAAACS
307 FFADO 150 TCATTATGGGAAGCACGATT TGATTTCTACCATCGCAAGG TGGAACTAATCATCCGAAAAATAC  CAAAATATCCTOCTTGGTATTOC
307 FF08_0140 ATGGTGGCAAACTTGTGAGA TCCAATTGG cA | ACACCAAGAAACAACCCAAA STTC
307 PFADOO5wW CCAGCTAATTOGCTCAAAATTGAT [AACTAGTGAAGGCACAGAGAACT GTTGTGGTTTGGGTTGTGGTTCCA
307 MAL7P1.212 TCAGGTTGGTGGGGATGACTAC GATGCTTGTGACAACAGTOCTGE GTAGTACCTGAGAAAAAAGIGCG  CTTTTTTTICTIGACCACCACG
307 FFD06256 CTAGCAAAAGGTTCTGGTGTGG GGTCTACATCTICTTTTICCTGTTG CGATACAACAGAACAACAAGAGG  GTTOGAGGGTTOGTCGTGGTOS
307 FF11_0008 GGGTCACAAACATCAAAATTTIC TIGGCATCTCTCAAATTTCCC | GACGGCTACCACAGAGACAA CGTCATCATCGTCTICGTTT
307 FFF1585c CGGGGATGGTATTGAGGATACCACG CCTGGTGTTTGTGGATOGCTTTC [ TATATGTACOGCATGCTCCT AGGTGTATTTGGTGTATOGC
307 FFFO010W CCGAAGATICTAACAAGAGTG CCCCAAAATTGATGAGCTTGE ACTAATGCGCGTTCAAAATG COAACAATGGCAAMACTGTT
307 MALTP1.50 GTGCAGCTCTGATTATACTAAAC GATGTTTAGCATTACTACTATGATG GATACACCGTGACCCATTAG GTGGGATGGGTATICAATGE
307 MALTP1.55 CCGCGAGGAGGTAGCGTTGGTGS GTTTGTAGACOCTCTGGTTG TAGATGAACACGCTTGGAAA AATAAAAGCGCAATCGAAGTC
307 MALTP1.56 TGCTGATGGTACTGCTAARAAATA TITATTATICGTACATICTGCTC TCTAGTGAAGAACCOGACAA TAAAAGCGCAATCGAAGTCA
3p7 FFO7_0048 CGGAAACAACTGGCACOGATG GOGOGCAGGCGOCAACCTOSG TGTGAAGAGAACCACAAACC TCTTCTGTTTCCTCAAGGGT
307 PFO7_DOS0 GAACTGAAGGGAAAATTATGG CATCTTCTATCACATGGGTC [CCCCAAAACTGCTAATCACA GACAAAACTCGTCAGTCCAT
307 FFO7_0051 CACCCATAAACCATGCAATTTTGAT GCBECAAAATCCTTATAATGAG GAAACAGAAGAAAAACCAGAGG  GGGTTTTTCTTTGTCGGTTTCS
307 MAL7P1.187 TTTCGGAATTAGCTGGCATC GCTCCTTCAGCATTAGTACATTTC | TGAGGACGATAAATGGGAAA TICTTTTGGAGCAGGGAGTT
307 PFO8_0103  TCGACGCTAGGAGGTGGTAC GAAGTAAGCATGGATTTGG] [GTGACATTAACAATAGGTATGAG GGTGGTTTAACATCATCTGTATC
307 FFO8_0106 GTAAGGGTGAATTGACAGGACAG AAACCGGTTTACATCTTCTCS TTTGTCCGGAAGACGATACA ATCTGGEGCAGAATIACCAC
307 FF11_0007 GCTGCAGATTATAGAAGTTCTTTAC TAATTGGGAAGCAGTACCAGTATCS GAGGAAAACACAGTGGAACA AAGTGAATGCAGCAAAACCA
307 FF11_0521 GGGAATGCAATACCAGCGACTCE CCTATAATCAAGATCACAGGCAC |GATACAGAGGAATCGBLCGT TICTCGTGACAATCGTITIGGTCG
307 MAL13PL1 CTAAGATGGAGGOGACAGAAGCAG GTGAGGTGTAGATGOCTCATCGTCG |ACAAAGGAACGTOCATCTC GOGAATAGTOGACATGATCG
307 PF13_0003 AAAAGAGAGTAAACATGTAAGGC TAAGCAGACCTTAAATCAOCACG [GAAGAAGAAGCACCACCAAAATC CGCCGTGATCTTCATCTTOCT
307 FRAOTGSC AAGTATAAAAGTGCCAAAAATGOC CCTTACTACGATATTGCTCTACAC ATGACTGTTGTGAACAAGCA GCAATAGAAGTCAAGGCC
307 FFBO01Ow TAGTGGGGGCGATAGTICAC ATACTETTGACCAAAACCATG GATGTATCAACTGOGGGTAG COCACACATOCGATATAGGA
307 FFOD005wW GGAAAATAGTGCACGAAAAAGC TATTTCCTGGTGTTTGTTGGE |GAAGATAGTOGATCOGAGGA AATAAAAGCGCAATEGAAGTC
307 FRC1120c COGCAAAAGAACCTGACTATAGTAG TGCTOGGACGGATCAATTACG |GAAAAGGGTGAAGGATCACS AACEAAGCTGTAAAAGGGTC
307 PFDO00SW ATGGTGAGD\GQGGAGGTAGEGGFG TCGGGTTAATATTTGGTGCTTTC [GAAGAAACTGAAAACCCAGTGG GAATCTGGGGTACTTICATC
307 FFD0020c GAGGCGA CAGTAACCCTIATTTTATCACTATT AAAACAGATGCTCCTCAACT TTTCTTCAAAAATAAAAGCGCAA
307 FFD0895c GYGGTAGTGGTGGTGTTAC’TGCTC GATCACGTATTAATGACTGTGC CCAGCTGCACCTGATAATAG TTTCTTTAGTAGAAAGTAACTCAAC
307 FFEDO05w IMAL13P!. 1 [GGTATTACTGGTACGCAGGG TCTATTATATGTACATTGACTTCG ACTGATAAAGCAGAACGTGG CAGGGGTGTATICTTGACAC
307 PFIO00SwW CAATTTCAGGTCGTTATCGAC CGCGATTTGCGTCOCACCAAG [CGATAAAGGCCCAGAACAAGC ACTCCACATGATGGTAGAAGAC
307 FFIB30C AGGATAAGTATAAAAATGECAAGG AGGCTGCTAACTGTTTGCCTC CACACGTGGACGTCAAGAAS ARAACCGATGOCAATACTCS
307 FFLO030C GGATAAATCAAGTATIGCTAAC CATAAGGAGGTGGTATTCTA GATGATACTTGGACTGATTTGG TICAACTTCAGAAATTGCCGACG
307 FFLO0935¢ CAAAGAGTTAAGTGGAAAAATGGGT ATGGAGCGCAAGCACCACAATTG GCAGACGAAGACAAATATACG AGTACCACTTCAATCAACGT
307 PFL1960w GGAACAGGAAAAGAAGACGATTC ATCATCTAATTTTTTTITTTTCACC [CAAATAGTGACACACCACCA GTCCAACGTATGACGTGATG
307 FFF1580c GGTAGTACGCTGGATGAAAG GTTTGCATGATICTGACTGG TAAAAAGCCAGCTGTACCAG ATCGATCCTAATGCTAACGE
307 FF10_0001 AGGTAAAGGAGGTAAGAGTGC GTCATGATAAGGTATIAATGACTC TIGTAAACGAGCAGAGGAACCA ATGCCAGCGCAATACCTAAAG
307 FFO7_0049 TATTAGTGGTAGTCTTGCTICTGG TICTATATGGAGGACAGGCTC GAGGGAACAGATGACAAGTG TIGTIGGTGTTGGTTTGACT
307 FF08_0141 AACCTGTGGATAGAAGCGATG CCAAAGATATITCGCTGGCTC [CCTGATTCOCCAATTCTTCC TITCTTTATGAAAAGGAACGCT
307 MALBP1.220 GTCCTCTATGTGGAGTGAAAAAGAA AGTACCGTTATCTGGGTTTATAGGC [CAAAAGCATCCTGTGAAGAATCOC CTTTCTTICTTTIGCAGGTTGTTICG
|3o7 FED1015¢ TGCAACGAAACATTAGCACA AGGAGGGGATGATGCTITAC |CGOCTGACGAAACTTTIGAG ATTCGCCTTCTTGATCCAGTGE

HE3 VB3var 16 CGGTGGTGOAGGTGTTGATAAAG TGICGATICTGIACGACTIGTATE. [GAAATAAATTTGATGGTTTGCAGGC  ATCTITITGCCCATTGACTTITICE
HB3 HEavar4s AGAAAAAGAAGOGCATAAAGATGG TGAGCTGTAGTAACAGTGCTTTCA TACGTTCATGAAAGCAGTCAGTGC  CCAAAAAGACTGAGAGAAGAAACG
HE3 HB3var2csaB AGTACAAGCACTATTGGTGACA TTCCATCAGATGAATTTTGCTG [CCTATGAAACTCTGGAGGAAACTC GGAACAGGAAAGCGATIGAACTTA
HE3 HEavar0s CGTGTACGACGAAATAGTGGA CAAGTTGGCATGGACGAGCAC GATGGTAAAGAAGCTCATCTGTAC  GCTATTGATCCTAATGCCAACG
HB3 HBdvar22 COCAAAAGAACCTGACTATAATAG CATTATIGTAACCACTGGTAACAG GCOCTTCTTTCTGCTGCAATG TATGCCGTATCGTCEACCATAT
HB3 HB3var29 TAGTGGGGGTGCTCATGGTGGE CAGAAAGTGTTGCAAATGACAC [CGTACACTACAGCTGGAGAC CTTTCCTOCAGGGCATGTCA
HB3 HEavar13 AAACGTGATGAAGTTGTICGTGO CATITTTAGCATTAGTACTATCATC AGAGTTTCATAAACCAGAGGAAACA  TTTCGTGTATCACOCTTGCA
HE3 HB3varicsa CATTAGAGGGAGAGGCTAGAAGC GAAATTCTGCTTTCGTTAAATOC [ACATCCTGGTTCATGTTTIGTTGA CGCTATCAAACCTAACGOCG
HE3 HB3var17 CAGCATCCACTGAAAATAGAAC GAAACCATCGGTAACATTAGTG [CACCGACTTTATATCACGCCCAC TTTACCACCATTTTCCACCTTACAC
HE3 HEdvar2e CGTGCACCTAGGTATGATC TCATTTGGTGTTICTGGATCG AGATGAGTTCGAAAAGTCAAAGGA  GTTTGACCTGGTTTGCCACT
HB3 HB3var19 CTCGTGGTGGTAGTAGTGGTG cmcmrrerrrcrm\amc CAGAACCAGTGGAAGACAAAGAC  GTTTGTTCAGAGTTGGAGCCTT
B3 HB3var18 ACCTTCACCTGTGCCTAAG GCGATGCCTGAACTCCTTG |AGCTGCAGAATCCOCTAGTAAA TIGGTTTCGGATTOGGGGT
HE3 HB3var10 GATTTCCACATCGCAATGGGTTCG TGCI'ACFATGAWADGCI'ITATFDG [ TTGGATGTAAATGOGCTAAGAGC AGGTCAAGGGTTTGTTGTGATG
HB3 HEavar21 GTCGTAGTGOCAGGGATATAC GTTTICTGGCGTTGTTCCTATIG TITIGATTCCTOCTAGAAGAAGGC  CCAAAATTTGTTTGTGATCTGTACS
HB3 HEGvar3s CAACAAGTGCACGAAGAAATAG ACTACGATATTCCTCTACAAGTG | CACAAACCTAGTGGCGATACC CTGGGGTACTATCTGCTGRT
B3 HB3varZesaA GAAAAAATTGAAGAATACTTAAAGG GTCATTATCGCCATAAGGTAG |AAACAGGCTGGAGGAGACAC AACTOCCAGACTCACATGCA
HE3 HB3var31 TGGGGATGGTATTIGATAAACGAAG GCAAATCACCATTACTACGTCGTT [ACCTGATGAGGAAGAGGAACTCC GCCGTTTCTTCACTATTTICTGC
HB3 Hgavar11 GGAATGACTATAGTAAAGCCACTG GAAACATGCGATGGCAGAAATCG CGAAATGTGCATCTGCTGAATG TCATGAGCTTCTCTACCAGCTG
HB3 HE3var2s TCGTGGTGGTACGCAGGTIGA TAGTATGAAGAGAGTGATCAAGAAG CAACCCACCTGCATATCGAG TCCATICTCGAAACCATOGC
HB3 HBdvardd GCAAGGTAGTGGAGGCCAG TTCTACTCTTGATAAAAACCCATGT AGACAGCTTAAATOCATGTATGCA  CCGGTTGCATCATCTCCAAA
HB3 HB3varo1 GCAGAAATAATAAACAAGGAGGTA AGCAAGGATTACTAGGAGGTGTCC AAAGGGGATTGCAATGATGGAAAG  AGCCTCCTGTAAATCACCATCTT
HE3 HB3var27 ATAAAAATGCCCCGGATGCTAAG GACCCATTTCCTCAACAAAAATIGA [CTTACCTGATGAGGAACCCG TTCCTTACTAGGTGCTGGTGG
HB3 HB3var28 GTAGOGGTGGTACGCAGGA GTTCCGTTCAATTTCTOCCTAAAG TGTGTTACCAMARACAGAAACAGG  CGCTGGGTCACCATCTTCTTC
HB3 HE3vars GTATAAAGCAACAGGCAGCTGCTG GTATICCATGTATGATICAAACCAC TGTCTTCAAGAATCAACCAGAAAAG  TGCACAACAAATCCAGTCCAC
HB3 HB3var3 TACGTACAGTAGTGCCAAGGATT CTGTGAAGGCAGCTGATTOCT CACCAACAGAACOGGAAGAAAC  TAGGATGGTAGAGTOGAAAGGT
HB3 HB3vari2 CAGGTGGGGATGGTATTGATCATGC TCGCATGGATCTGTAGCTTTGTTG [GGTGGTAGTGAGGGATCATCA. TGGATTCGGTTTOGACCTTG
HB3 HBGvar32 TAGTGCTGGTGGAGTGGGTGAA CTTTTGCTTCOTGTAACTTTOCT CCTOCAGCAAAGGTACCTAAAG CAACGGGAAGGAAGAGATOGA
HB3 HEBvar04 GATAGGCACATTATCAAGAGCACA GATTTTCTTTICTTCGATGACAAGG GTTCCTGAAGCTTTOGATTATCCT TGCTGCAGATTCTACGCAATT
HB3 HB3vards GOCTACOGCAACAATIGACTATAC AAACGTIGGTTTTATGACCTCCAG |GATGAACAAAACCAAGTGARAGEG  TTGATGGAGCTAGGGCACCA
c) Full exan 1 var PCR primer d amplified fragment
Application Gene name. Forward primer Reverse primer Amplified from genome(s):
Sequencing FF11_0008 AATGACATIGGAGCGTGTGOGC TTCGGOCCATICGGTCATC
sequencing FFO8_0141 TAATGGTGGTTGOGGAGCCTET GGGGGTGCAGGTTTTGGTICAG
sequencing FFE1640w ATCATCAGAGGGGGCTAAAAATCC CCCTGAACCCTAAACCTGAAGATTG
Sequencing PF13_0003 TAACATGTAGAGCCCCAAACGGG GTTGTTCCAAGGATCCAGTGGATG
Sequencing FFD1235w CATCAGAGGGGGAGGCTAAAACC CTOCTATATICATTGGACTCTCCG
Sequencing FFD00200 GAGAGGCGATTTATCAAGAGCACG GGTGGAGGW{XLTCTGTG(XIWC
Sequencing GAATGCAATACCAGCGAGTOOGG TIGTOGTGAGAATOGTTTTGGTCG
sequencing TTTTGGGGGAAACAGOGAGCAC mocrsmmammm
Sequencing TAGCGGTGGTAGTACGCTGGATG GAAGGAAGGGGTTCTACCTCAGG
Sequencing T TCCS! GCTAATGGTGGAGGCGCGE6TG
Sequencing GGGTEC CTGCTIGGATGGEGAGTAGCTC
Sequencing GTCAGGGTGGGAGTGGTGAG TCGCTATTATCAGGTGCAGCTGE
Sequencing CAATTTTGGGGGAATCAGCTGGC AACACTGAAAAGGTCCACACGAGG
sequencing OGOCGCAAAGTAGTGEGEETAGTG TCACCAGGGCBGGTATGACAATGG
Sequencing CTTACGGCCAGAAATGAAGGAG TICAACTTCAGAAATTGCCBACG
Sequencing HB3 var2csa B CTTACGGCCAGAAATGAAGGAG TICAACTTCAGAAATTGCCGACG
RFLP analysis MAL7P1.212 CAGGTTGGTGGGGATGACTACAG GTGCOGGGGGTGGATCAGAT
RFLP analysis PFAOODSW GCTGCTGGTAGTAGTGGTEAGG GTTGTGGTTTGGGTTGTGGTTCCA
ReLP analysis PFO000SW GOGAATTCATGGTGAGGACAGGAGGTAGCOGTE  GLGCGGLOGCETOGTGAATCTGGGGTACTITCATC
RFLP onalysis PFLO020w GCTCTAGACGTCTGACTATAAGGATGOCCAGG  GOGCGGCOGCETGTATCTGGACCBCATGTTCTTOC
RFLP analysis PFI3PL356 GCTCTAGAGCAAGGAGGTAGCGGTGATCCG GCBLGGCOGCCATCTGCTGRTTGTGTTGGTTCAGG
RFLP analysis MAL7P1.55 GCCAGGAGGTAGCGTTGGTGC TCGTCACCTGTIGTTGCCGGTTGC
RFLP analysis PFIODOSW GACTCAATTTCAGGTCGTTATCGAG TCGGCTTGTTCTGGGLCTTTATCG
RFLP analysis PFO7_0048 OGGAAACAACTGGCACOGATGATC TGTTTCOGCTICTGGTGTTGGTGC
ReLP onalysis PF10 0405 TTGAGGATACAACTGCCAAACATGC TITGATCACAGGGGGTTGETTCTC
RFLP analysis PF08_0103 GTCGACGCTAGGAGGTGGTACTG TITTGGTCTTGGTGOCACTTTTGS
RFLP analysis PFFD020c GGATCAGATTATICGTCACCAGGG GGCTOCAGAACAACTTCTATCAACG
RFLP analysis MALTPLS0 TCGCAAAGTGGTGGAGGTAGTCS AGTTCETCTGTGCCTTCACCACTC
ReLP analysis PF10.0001 GTAAAGGTAAAGGAGGTAAGAGTGE TGGTTCCTCTGCTOGTTTACAAGS:
RFLP onalysis PFLO93SC ATGGTGGCAGCGGCCAAAGRTG TGTCTTOGTCTGCATCACCTTCCA
RFLP analysis MAL13P1.1 GOGAATTCACTAACATGGAGGCGACAGAAGCAC GOGCGGCOGOCACGTTCCTTTGTGOCTTCACTAG




Supplementary figure 1
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Supplementary Figure 1 | Parent and progeny Karyotype and chromosomal positions of var gene
repertoires of the parental and seven progeny clones

a) Pulsed Field Gel Electrophoresis (PFGE) karyotypes of parent (3D7 & HB3) and three progeny
clones (X47, X5 & X4). For illustration chromosome excisions used for X4 var mapping using QPCR
are shown. b) Chromosomal positions of 3D7 (gray) and HB3 (black) var genes and their inheritance in
seven progeny clones X4, X5, X2, X10, X12, X47 and X67. The chromosomal orientation (arrows) and
ups promoter type (upsA: green; upsB: red; upsC: yellow) is shown for each gene. Solid black vertical
lines indicate chromosomes within each PFGE separated chromosomal excision. Horizontal dashed lines
delimit the centromere and telomere-proximal chromosome regions. Mapping estimates are based on
QPCR data and chromosomal locations and orientations of specific genes and ups-types from 3D7 and
HB3 genome assemblies (PlasmoDB and Broad institute [6,12]. The analysis of the var gene segregation
in progeny clones illustrates the plasticity of P. falciparum’s telomeric regions and that meiosis imposes
a Mendelian inheritance of var repertoires.
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Supplementary figure 2
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Key: A = annotation (71 NTS, B DBLa, M CIDRa, [ DBELS, M CIDRB, [ DBLy, I DBL, M DBLZ, M DBLs)
S = predicted DNA secundary structures (- )
b

Recombination Site 1

PFB1055C Yy p ¢ K NL K ¢ I TN EZERF S D TUL GG C TN K K I KGN E Y
.......... L O L

Chimer GGTATCCGTGTACAGAGTTAGGTGARARAGTA GAACCACGTTTTTCGGATACACTTGGTGGCCAGTGTACTAACAAAAAAATAAAAGGTAATGAATATA
Yy p C T E L G E K V - E P R F § D T L G G ¢ ¢C T N K K I K G N E Y
............................................................. €
PFAOOOSW Yy p C T E L G E KV - E P R F S8 D TL G G @ C TN K K I E G N K Y

Recombination Site 2

PFB1055C Q R T N E D S P S Q I C T MULAUR S FADTIGT DTIVRGIEKDTLTF Y

........................................................... Ao .. To L ToLAALLAL ... T.A.T.TAT.
Chimer CAACGAACTAATGAGGATTCTCCTTCTCAAATATGTACTATGTTGGCACGAAGTTTTGCTGATATAGGAGATATCGTACGCGGTAAAETCTGTA CGG

Q R T NED sSs P s oI ¢CTMULAURSFADTIGDTI VR GEKDTIL Y L

e o BALLLLAT..CCT...A. AR ... Teoonon. 0
PFAQ005W QRTYPDTNSQLCTVLARSFADIGDIVRGKDLYL

Recombination Sites 3 & 4

PFB1055c T A T R V K D K CURZCI KUDENUGI K K?P G S NADOQV P T Y F DY V P Q Y L
A L. C. Bl T . s aT . c i s et i soonesssssesonssasssssussnsoasssssnsssesnsostassnssasomssssnssassossassnssassnssosnnssss

Chimer TCAGGAGAATGGGCTAAAGACAAATGCCGCTGTAAGGACGAARACGGCAAAAAGCCEGGCTCAAATGCCGACCAAGTCCCCACATATTTTGACTACGTGCCGCAGTATCT
S G E WA KUDI KU CRTZ CIEKUDENGI KT K?PGSNADOQVPTYFUDYV P QY L
............................. Gootiiinn, e

PFAQ005w s G EWAZ KD KT CRTCEKD - - - - - - - - - - DI KWV PTUZYFDJYV P QY L



PFB1055¢c R W FEEWA AETUDV FU CRI KI KI KI KT KT LTEIZ KT LEUGQOQTCR
.................................... GAA..AA...A.G......G..A.GTTGG..C.AC.G.....C
Chimer TCGCTGGTTCGAGGAATGGGCAGAAGACTTTTGTAGATTAAGGAARCATARAATTARAAGATGCTAAAAACARATGTCGT
R W F E E WAZEUDVFCRULURI KUHIE KT LI KD AIZ KNI KCR
..................... L
PFA0005w R W FEEWA AZETUDV FU CRTULIRIEKUHEIE KT LI KU DA AIEKNDNIZ K CR

Recombination Sites 5

PFB1055¢c W K C VvV s s G E K S VAT AGS S GGA T G K S G D K G A I CV P P

..... A.A...ATA.AGTGGTG_EE_EﬂiG_ TTG.C.C. .CCGGT.GT. .« cGTG. t sttt en et ettt aa e sansonsanansan

Chimer TGGAAGTGTGTCACA CCAAGTGGTAACACGAGTGACACCACTGGCAARAGTGGTGATAAGGGTGCCATTTIGTGTGCCACCC
wW & Ccv T - - - - - - P 5 GWMNTsDTTGIZ K S GD K GATITCUV P P
............................................................. T............C.CCACC.GTGG.A..A.TTGTGIG
PFAQ005w w & c v T - - - - - - P 5 G N T s DT TV K S G DT TG G § I C V

RECOMBINATION SITES 6 & 7

inter domain region

PFBO010W I T H H D G EHS SDTETDTETETETETETETETET G QT Q- - P PAETGTTETG QTGTE E K
JS P S PP WP oD c oS C.GCCG..G.AA...ACG. . ACAGGG. . .0 .u...
Chimer ATCACCCACCACGACGGCGAACACTCCTCAGACGARGACGAAGAAGARGARGAAGAGGAGGAGGAARAGGARAACGCCGACGCAGGCGGCGAAGATGGCARGGAGGAGAA

I T H E D GEUH S S DEUDEETEEETEEEEI KEWNA ADASGTGETDGUEKE E K

B N e L G 0 0] e V{7 X L PN
PFA0765C N T E D D DA EEDEEDEEEEEEEEEI KENAUDA AGTGE D G K E E K
inter domain region
PFBOO10W S E S K E
Chimer GTCGGAGTCCAAGGAG
S E 8 K E
....... GRA......
PFA0765C S E E K E

RECOMBINATION SITE 8
DBLy S1 s s
PFBOO10W I A pp S G T T S GEKXKD GATICVPPIRTUOQETLTCTLY Y L KTEUL S D
...................................................... AC.A.C..A.G..T...G.T..T.TT.TT..AA...AT.GAGTGAC

Chimer TATCGCACCTAGTGGTACCACTAGTGGAAAAGACGGTGCTATATGTGTGCCACCCAGGAGACGAAAACTATACATACAGAAACTACCAGACGTCGAATTT
I AP S GG T T s G KD GATICVWV P PRI R RIKITLY I QKL P DV E F

PFA0765C

RECOMBINATION SITE 9

HB3varl4 M Vv T L G G G G G s 8§ GG D A E K ¥ K ¥ V N D A K H L L D M I G E T
..................................... A..C...GA.GTA.A.GT.TGT.AACGA...T..G...C.T.......TG..T..AG...CT.
ATGGTGACGCTAGGAGGTGGTGGTGGARGTAGTGGTGGTGAGGATGATATTGATAAAACA - —~AGTGCCAAACATTTATTGGATAGCATAGGGAAAATAG

Chimer M VvV T L@ G G G G S s G GG E DD IDI KT - S AKHTULTILDS I G XKTI

HB3varl0 M V T Q S G G G A G S G G E D DI DI KT - S A KHTUILTULD S I G K I



RECOMBINATION SITES 10, 11 & 12

HB3varld g I R E Y WWE L NRE TV W KA ATITCEASGS G - K Y F R P T CG D S5 G

LLWALTL L. e L T T PO GG.GATAQT..

CAATTAAGGGAAGACTGGTGGGAACTTAATAGAGAAACAGTATGGAAAGCTATCACGTGCGAAGCTGGGAGTGGT AAATATTTTCGACCAACATGTAAT GG
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Supplementary Figure 2 | Alignments of donor and chimer sequence regions containing
recombination sites

a) Schematic presentation of Figure 1 showing numbered recombination sites. b) Alignments of DNA
sequence regions surrounding each of the 13 observed recombination sites with annotated domains of the
encoded protein. Dots indicate base pairs identical to the chimeric sequence. Examples of quasi-
palindromic sequences are highlighted by bold and under/over-lined formatted nucleotides.
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Supplementary figure 3 | Density distribution of 50-mer DNA folding energies in P. falciparum real
and shuffled genes

The distribution of 50-mer folding free energies in each of five P. falciparum gene groups is plotted
with solid lines, while dashed lines show the distribution of 50-mer folding free energies in the
same gene groups with each gene sequence randomly shuffled. The folding free energy reflects

the probability of a DNA 50-mer to form a DNA secondary structure (DSS); with lower folding free
energy 50-mers having higher likelihood of forming DSS. The var genes contain the 50-mers with
the lowest folding free energies, but all telomeric antigen gene families (var, rif and stevor) contain
significantly higher proportions of 50-mers predicted to form DSS (folding free energy cut-off set at
<-6.27 kcal/mol) compared to the group of all other P. falciparum genes (p<2e-16 for all
comparisons). In var, rif and stevor genes, the proportion of 50-mers with folding free energy <6.27
kcal/mol is 5.6%, 8.2% and 5.6%, respectively. For comparison the proportion of the

group of all other P. falciparum genes is 2.1%. In all P. falciparum gene groups the folding free
energy of 50-mers is lower than would be expected from the nucleotide composition alone.



DSS near recombination site 1:
PFB1055w 176-225

DSS near recombination site 6:
PFAO765c 2390-2439

DSS near recombination site 11:
HB3var10 817-866

Supplementary figure 4

DSS near recombination site 2:

PFAOOO5w 571-620 PFB1055w 757-806

DSS near recombination site 7:
PDB0010w 2550-2599

DSS near recombination site 8:
PFAQ765c 2863-2912

DSS near recombination site 12:
HB3varl14 815-864

Supplementary figure 4 | Examples of var 50-mer DNA secondary structures
Examples of minimum free energy structures of var 50-mers predicted by RNATfold. 50-mers, which are
located near recombination sites, and that have a high propensity of forming secondary structures are shown.

DSS near recombination site 3:

DSS near recombination site 13:
DD2var23 3392-3441

DSS near recombination site 5:
PFB1055w 2886-2935

DSS near recombination site 10:
HB3varl4 676-725
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Supplementary Figure 5 | Location of low folding free energy DNA 50-mers in P. falciparum

var genes

The DNA 50-mers in var genes with the highest potential to form DNA secondary structures (DSS) (folding free
energy <-6.27 kcal/mol) are shown as brown dots superimposed onto of 366 domain annotated PFEMP1 sequences
from seven different P. falciparum genomes (31) originating from Central America (HB3), Africa (PFCLIN, IT/
FCR3) and Asia (RAJ116, IGH, DD2). 3D7 is the Schiphol airport canal isolate. For simplicity, only non-
overlapping 50-mers are plotted. PFEMP1 are aligned by composition of phylogentically distinct DBL and CIDR
domain sub-classes flanked by N-terminal (NTS) and C-terminal acidic segments (ATS) (see colour code). Frames
indicate previously identified recombination hotspots, which are particularly enriched for DSS. These include
hotspots in "'mid var gene inter-domain region” (a) [6,7], the boundary between DBL subdomain 2 and 3 (b) (31),
DBL3 of var2csa (¢) (47) and (d) the first DBL of var3 (31). Plots using varying folding free energy thresholds
yield similar results as those presented here.



Supplementary data file 1

Fasta file with chimeric var sequences

>X4PFA0765c_PFB0010w
TAGTGGGGGCGATAGTTCACGGGATGAAAGTGTCAAAGATTTATTTGATAGAATAGGGAAGAA
AGTTTACGAAAAAACAGAAAAGATTGCAAAACGATATACTACTGAATTGCATGGTGATTTGTC
AAAAGCAACATATCCAAATGATAAACATCCTGAAGGATCAACAGAAAATAATCCATGCAAACT
TCAATATGATTATAATACTAATGTTACTCATGGTTTTGGTCAAGAGTATCCTTGTGAAACGGAC
ATAGTAGAACGTTTTTCTGATACAGAAGGAGCACAATGTGATAAGAAAAAAATAAAAGATAAT
AGTGAAGGAGCTTGCGCTCCATATAGACGATTACATGTATGCGTTAGAAATTTGGAAAATATCA
ATGATTATAGTAAAATTAATAATAAACATAATTTATTGGTAGAAGTGTGTCTTGCAGCCAAATA
TGAAGGGGAATCAATAACAGGTCGTTATCCACAACATCAAGAAACTAATCCTGATACTAAATC
TCAACTATGTACTGTATTAGCACGAAGTTTTGCAGATATAGGTGATATTATAAGAGGAAAAGAT
CTGTATCGTGGTGGTAATACCAAAGAAAAAAAAAAAAGAAAAAAATTAGAAGAAAATTTAAA
AACGATTTTCGGGCATATATATGATGAATTGAAGAATGGGAAGACGAATGGGGAGGAGGAGCT
ACAAAAACGCTACCGAGGTGATAAAGATAATGATTTTTATCAATTACGAGAAGATTGGTGGGA
CGCTAATCGAGAAACGGTATGGAAAGCTATCACATGCAACGCTGGAAGTTATCAATATTCTCA
ACCAACATGTGGTCGTGGAGAAATTCCATATGTGACGCTTAGTAAATGCCAATGTATTGCTGGA
GAAGTTCCTACATATTTTGACTATGTCCCACAATATTTGAGATGGTTCGAGGAATGGGCAGAAG
ACTTTTGTCGTAAAAAAAAAAAAAAAATACCAAACGTTAAAACAAATTGTCGTCAGGTACAGA
GGGGTAAAGAAAAATATTGTGATCGTGATGGATATAATTGTGATGGTACTATTAGAAAGCAAT
ATATTTATCGTTTGGATACTGATTGTACTAAATGTTCTCTTGCATGTAAGACTTTTGCGGAATGG
ATTGATAACCAAAAAGAACAATTTGACAAACAAAAACAAAAATATCAAAATGAAATATCAGGT
GGTGGTGGTAGGAGGCAAAAACGGAGTACACATAGTACTAAAGAGTATGAAGGATATGAAAA
ACATTTTAATGAAGAACTACGAAATGAAGGCAAAGATGTGAGAAGCTTTTTACAATTGTTAAGT
AAAGAAAAAATATGTAAAGAAAGAATTCAAGTAGGAGAAGAAACAGCAAATTATGGTAATTT
CGAAAATGAAAGTAATACTTTTTCTCATACGGAATACTGCGATCGTTGTCCTTTGTGTGGAGTT
GATTGCAGCAGTGATAACTGTAGAAAAAAGCCAGATAAATCATGCGATGAACAAATTACTGAC
AAAGAATACCCTCCTGAAAATACTACGAAAATCCCAAAACTTACCGCTGAAAAAAGAAAGACA
GGTATACTAAAGAAATATGAAAAGTTTTGTAAAAATAGTGATGGTAATAACGGTGGTCAAATT
AAAAAATGGGAATGTCATTATGAAAAAAATGATAAAGATGATGGCAATGGTGACATTAATAAT
TGCATACAAGGAGATTGGAAAACTTCTAAAAACGTATATTACCCTATATCCTATTATTCATTTTT
TTATGGTTCGATTATTGATATGTTAAACGAATCTATTGAGTGGAGAGAAAGACTTAAGAGTTGT
ATAAATGATGCGAAATTAGGAAAATGTAGAAAAGGATGTAAAAATCCATGTGAATGTTATAAA
CGATGGGTTGAAAAAAAAAAAGACGAATGGGACAAAATAAAAGAATTTTTTCGCAAGCAAAA
AGATTTGCTAAAAGACATTGCAGGAATGGATGCTGGCGAACTTCTTGAATTTTATTTGGAAAAT
ATTTTTTTGGAAGATATGAAAAATGCTAATGGAGATCCAAAAGTAATAGAAAAATTTAAAGAA
ATTTTGGGAAAGGAAAATGAGGAAGTTCAAGATCCTTTAAAAACGAAAAAAACAATTGATGAC
TTTCTCGAAAAGGAATTAAACGAAGCCAAAAACTGCGTAGAAAAAAATCCAGATAACGAATGT
CCAAAACAAAAAGCCCCCGGCGATGGTGCCGCCCCCTCCGACCCACCACGTGAAGACATCACC
CACCACGACGGCGAACACTCCTCAGACGAAGACGAAGAAGAAGAAGAAGAGGAGGAGGAAA
AGGAAAACGCCGACGCAGGCGGCGAAGATGGCAAGGAGGAGAAGTCGGAGTCCAAGGAGGTG
GTAGAACAACAAGAGACACCACAAAAAGACACAGAAAAGACGGTACCAACAACAACACCAAC
AGTAGACGTTTGCGACACAGTGAAAACCGCACTCGCGGACACGGGCAGTCTCAATGCTGCATG
TTCCCTCAAATATGTTACTGGTAAAAACTACGGCTGGCGGTGTATCGCACCTAGTGGTACCACT
AGTGGAAAAGACGGTGCTATATGTGTGCCACCCAGGAGACGAAAACTATACATACAGAAACTA
CCAGACGTCGAATTTGACGACAAGTCATTACGTAAGTGGTTTATAGAGACGGCAGCTATAGAG
ACTTTTTTCTTATGGGATAGATATAAAAAAATAAAAGCAAAAGAGAAAAAAGAAAAAGAGGAT
GCAAAAGGACAAATATATGAATCAGCCGGTGAAGACGACGAAGACAAAGACCCCCAAGAGGA
ATTACAACGTGGAGATATACCTGATGGTTTCTTGCGGCAGATGTTTTATACATTAGGAGATTAT



AGAGATATATTAGAAGGGAAAAACGATATCCTAATTGGAAAAACAGGTACTGGTAGTGCAAAA
GATGAAATGGCTGATAAAGAAAATAAAATAAAAGAAGCTATAAAAAAGTTTTTTCAAAATGGT
GATTCCCAACTTCCTAGTGGAAAACCTGGTGATGAACGCAAAAAATTTTGGGAAGCAAATGAA
AAACATATATGGAATGCTATGGTATGTGCTCTAACCTATGAAGAGAAGACAAGTAGTGCTAGT
GGTGGAGAAAAAAACACAACTATTACACAGGACGATGGTTTGAAAGGTGCACTTATCAAAGAT
GGCAATCCCAAAAACCCCCAATACCATTACGAAAAAGTGACACTCGAAAATAGTGGTCCCAGC
CCCAAACTCCAAACCGGCTCCCCCGGCACTAGTGGTGATAACACCCCCCTCACCCAATTTGTGA
AAATACCTACATTTTTTCGTTGGTTACATGAGTGGGGAAGCGACTTTTGTGGTACGCGGAAGAG
GATGTTGGATAAAATAATATTTGAATGTCGTGGTAATGGAAAGGTTTGTAGTGGAGATGGGGA
GGACTGTAAAGATCAGCTTAAACACAATCCTAGTACTGTTCGGGATTTTTTGTGTCCGACGTGT
GGCAGACATTGTAGTTTTTATAAAAAATGGATAGACATAAAAAAAAAGGAATTTGAGGAACAA
TCAAATGCATATACTGGACAAAAAGACAAATGCAAAAAGGATAGTAATAATGGATTTTATAGA
AAACTACAAACATATAATGAAGCTAAAGACTTCTTACAAACGTTAAGACCATGTAAAACTAAT
AATGAGAATAATAATGGAGATGATAAATTAGATTTTACAAATCCAAAGGAAACATTTAGACCT
GCGAAAAATTGTAAACCATGTTCTGAATTTAAAGTTAAATGTGATTATGATAATTGTACTGGTG
CTAATGCAAATACGTGCACTACACGAAAGATTTCTCCAAAAGATATTGACGAAAAGACAGATC
CTAATGGAAACATAGAAATGCTTGTGAGTGATGACAGTGCAACGGGATTTGCAGGTGATTTAA
ACGATGATTGTAAAAATGCACATATTTTTAAAGCTTTTAGAGAAGATGTATGGACATGTGGTAA
GGTATGTGGTTATAATGTATGTAAACCGGTAAAAGTTAATGGGGAAACATTCGATGCAAAAAA
AAAAGGCGAAAACCAAATTATAATTATTAGGGCATTGTTTAAAATATGGTTAGAATATTTTTTA
GAAGATTATAATAAAATTAAAAAAAAATTAAATCCATGTAGGAATAATGGTGAGGTATCCAAA
TGTATAAATGATTATGACGAAAAACATAAATGTGTAGAACAATGGATAGAGAAGAAAAGAGC
AGAATGGGAAAAAATAAAAAAACATTACAAAAGACAAAATGAAAAGGGTGACACAGAAATGA
TATCTTTGGTTAGAAATTTTTTGGGTGACGTGCAACCCCAAACTGAAGTTCACAAAGCTATACA
ACCTTGTAAAGATTTAGATAAGTTTCAAGATTCAAGTTATTGTACTGTCAATGGGAGCTCAGCA
AAAGGTAAAGACGGTACACAAAAAGATATCGTAGAATGTTTGTTTCAAAAGCTTGAAGAAAAA
GCAAAAACGTGTTCCACCTCAACTAGTGAAGAAACCCAAAACACAGCACAGTGTCAAGATACC
CACCCTGATGATGACTTATCCCTTGAAGAAACAGAGGAGGTGAAGGCGCCAAACATTTGTCCA
AAAGACCCTGAATCAAAAAAAGATGAACCAGATGACTGTTGTGAACAAGCAAAGGCACTACCA
AAAGAAACAGCGGATGTAGTAGCAGATAATGGTAGTGGAAACGATGAAGTACAAGAGGAAGA
AGA
ATCCGAAGAAAAAAATAAAGGAGATGCTGCCCCATTACCGGAAAAACCATCAGGTGATTCCAC
CTCTACCGACCAAACCGAACCCCCAGCACCAGCACCACAACCACTCCCAAGTGATAATACCAG
CGATATATTAAAAACTACTATCCCGTTTGGTATTGCTTTGGCCTTGACTTCTATTGC

>X5PFAQ0005w_PFB1055c¢
TGCTGCTGGTAGTAGTGGTGAGGAAGATGCCAAACATGTATTGGATGAATTTGGGCAACAAGT
GTACAATGAAAAAGTGGAAAAGTATGCTAATTCTAAAATATATAAAGAGGCGTTGAAAGGAGA
TTTGTCACAAGCATCAATTTTGAGCGAATTAGCTGGCACCTATAAACCATGTGCCCTTGAATAT
GAATATTATAAGCATACTAATGGCGGTGGTAAGGGTAAAAGGTATCCGTGTACAGAGTTAGGT
GAAAAAGTAGAACCACGTTTTTCGGATACACTTGGTGGCCAGTGTACTAACAAAAAAATAAAA
GGTAATGAATATAGTACTAAAAGTGGTAAAGATTGTGGAGCATGTGCACCATACCGACGTCTA
CATTTATGTAGTCATAATTTGGAATCTATAGACACAACGTCGATGACGCATAAGTTGTTGTTAG
AGGTGTGTATGGCAGCAAAATACGAAGGAAACTCAATAGATACACATTATCCACAACATCAAC
GAACTAATGAGGATTCTCCTTCTCAAATATGTACTATGTTGGCACGAAGTTTTGCTGATATAGG
AGATATCGTACGCGGTAAAGATCTGTATCTCGGTAATCCACAAGAAAGTACACAAAGAATAAT
ATTAGAAAATAATTTGAAAGATATTTTCGCGAAAATACATAGTGACGTGATGTCAACGAGCGG
GAGTAATGGGAGGGCGCTACAAAAACGCTACAAAGATACTGATAATTATTATGAATTGAGAGA
AGATTGGTGGGCACTTAATAGAGACCAAGTATGGAAAGCTATCACATGCAATGCTGGGGGTGG
TAATAGATATTTTCGACAAACATGTGGTTCAGGAGAATGGGCTAAAGACAAATGCCGCTGTAA
GGACGAAAACGGCAAAAAGCCCGGCTCAAATGCCGACCAAGTCCCCACATATTTTGACTACGT
GCCGCAGTATCTTCGCTGGTTCGAGGAATGGGCAGAAGACTTTTGTAGATTAAGGAAACATAA
ATTAAAAGATGCTAAAAACAAATGTCGTGGAGATAGTGGTAACGATAGATATTGTGATCTTAA



TAGGTATGATTGCACACAAACTATTAGAGGAAATGAACATTTTGTTGAAAAGGATGATTGTAA
AGGTTGTCAGTATTCGTGCGCTCATTTTGTGAACTGGATAGATAACCAAAAACTAGAATTTGAA
AAACAAAAAGAAAAATATACAAAAGAAATTAAAAAAAAGCATCCAACAACCATAATAATAAA
AACTGCAAATCGAAAAACAACTATTAATAACTTATATGTAAAAGAATTTTATAAAAAACTTCAA
GAGAAATATGGAGATGTCGAAAATTTTTTACAAAAATTAAATGAAGAACAAATATGCAAAAAT
CAACCGTACAATGATGAAAGTAGTATTGATATTAATTTCAAAAGTATTAAAGATATTGACATAT
TTTCTCATACGGAATACTGTCAAGCATGTCCATGGTGCGGGGCCAAACGTAAAGGTAAAGGAT
GGGAACCTAAAGAAAAAACCTGTGGAAAAACAAAGACATACGATCCTAAGAAAACAACGAAT
ATACCAATACTTACCCCTTATATATCACAGCAAAGTATACTAAAAAAATATAATAAATTTTGTA
ATGGTAATGGTGGAAATGGTGCACCTGCTACTGCAACTGGTGGTGGTCAAATTAAAAATTGGC
AATGTCATTATGAAGGTGATAATAATGATAATTGTGTAGAAGGAGAATGGAAAGAGTTTAAAG
AGGGTAAAAACGTTATGTCCTATAATGCTTTTTTTTGGAAGTGGGTTCATGATATGTTAATCGAC
TCTATGCAATGGAGAAATGAACATGGAAATTGTATAAATAAAGATAATGACAACACATGTAAA
AATTCATGCAAAAGACCATGTGAATGTTTTAAAAGATGGGTAGATCAAAAAAAAAAAAACGAA
TGGGAGGCAATAAAAGACCATTTTAAAAAGCAAAATATTGCAGCTGAAACACAATGTGATCCT
GGCGTAACTCTTCAATGGGTTTTGATATTAGACTTTTTGAAAGACGAATCCACAGAAGATAAGG
AAAATAAGGTGAGTGCAGAGGAGGCAAAGGAAATAAAACACCTTCGCCAAATGTTGCAACAA
GCAGGCGTTGATGATCCTGCTGCTTTTGCTCGTCCGTGTACTGAAGATGGTGTCGCTGAACAGG
ACACTATAATGGATAAATTGCTCAATCGCGAAGAAAACGATGCCACTGAATGCAAAAAATGCG
ACAAACCACCACCAGCACCCACTGCAGGAGATCGTGGCCCTGGAGCCCGCGCCGACCCCCACG
ACGTCCAACAGCCACGACCTCCTGGTAGTGGCCCCGGCACGGACGCCAACGACGAAGACGATG
ATGACGATGATGACGATGATGACGAAGAAGACGGTGAAGCCAAAGAAGAAGAAGAAGACGAG
GAAAAACAAGAGGACGTCCACCAGGAGGAAAAGGCAAAGAAGGAAGAACCACAAAAAGAGG
AGGTGGCACGAACACCAAAAGACGATGTAAATGTGTGCAATATAGTGAACAATGTGTTTACAG
ACGGCAGTAGTCTCCAAGCAGCGTGCTCTCTCAAATATGGCAAAAACGCACCCACAAGTTGGA
AGTGTGTCACACCAAGTGGTAACACGAGTGACACCACTGGCAAAAGTGGTGATAAGGGTGCCA
TTTGTGTGCCACCCAGGAGGCGACGACTATACGTGGGTGGGTTAACCAAGTTGACAAGTGCTG
GCACGTCTAGTGAGTCACCACAGGGGGGTAGTGAGTCATCACGGGCGAGTGATGTGTCACAAG
GTAACGGCGGCGACGACATCACCACCACCGAGTCATTACGTAAGTGGTTTATAGAGACGGCAG
CTATAGAGACTTTTTTCTTATGGCATAGATATAAAAAAGAGTGGGAGGCACAAAAGAAGGCGG
AACTACAACGAAATGGATTACTACTCGGCACAGGTGCTAGCCTCAACCTTGGTGGTGATGACTC
CAACCCCCAAACACAATTACAAAAAAGTGGTACCATACCCCTCGATTTCTTGAGATTAATGTTT
TATACTTTAGGTGATTATAGAGATATTTTGGTACGAGGTGTTGCTGACGACAAAAACGGTGGCA
ACAACATAATACTTAATGCGAGTGGTAACAAGGATGAAAAACAGAAAATGGAGAAAATACAA
GAGAAAATAGAACAAATTCTTCCAACTAGTGGTAACAAAGAAACTCGTGGCCCCCAAAATAGT
GTCAATGACCGTCAATCCTTGTGGGATAGAATCGCCGAACATGTTTGGCATGGAATGGTTTGCG
CATTAACATATAAAGATGACGACAATGGCCTCAAAGGCGTCGTAAAAAAACCACAAAAGATTG
AAAATCCGGAGAAACTTTGGAACGAAACAACCAAAAAACCCAAAGACGAGAAATACCAATAC
CAAACTGCCAAACTCGAAGATGAAAGTGGCGAAAAACGACCAGACTCCTCAGCCAGTGGTACG
AAATTAACCGACTTCATCAAACGCCCCCCTTATTTCCGTTACCTTGAAGAATGGGGTCAAAATT
TTTGTAAAAAACGAACAGAGATGTTGGGGAAGATAAAGGAGGAT
TGCTACAAAAATGGTGGACGTTGTAGTGGTGATGGTTTGAAATGTAACGAAATAGTTATAGATA
AGGAAAAAATTTTTGGCGATTTACTTTGTCCGACGTGTGCCAGACATTGTAGATTTTATAAAAA
GTGGATAAACACAAAAAGGGACGAATTTAATAAACAATCAAATGCATATTCTGAACAAAAAAA
AAAATACGAAGAGGAAAATGATAGTGCTCAAAAGAATAATGGAGTTTGCGGAACACTAAAAG
ATGACGCTGCAGAATTTTTAAATAGGTTAAAAAACGGACCATGTAAAAATGAGAGTGAAGAGA
ATAAAAAAGCAGAGGATGAAATAGATTTTAAGAAACCAGATGATACATTTAAAGATGCAGATA
ATTGTAAACCATGTTCTGAATTTAAAATTAAATGTGAAAATCATAATTGCAGCAGTGGTGGTAA
TACACAAGGGAAGTGCGATGGAAAAACGACTATTGCTGCAACAGAAATTGAAAATATAAAAAC
AAATACTAAAGAAGTTACTATGCTTGTGAGTGATGACAGTAAAAGTGCAACGGAATTTAAGGA
TGGTTTAAGCGAATGTAAAGATAAAGGTATATTTAAAGGTATTAGAAAAGATGAATGGGAATG
TGGCAAAGTATGTGGTGTAGATATATGTAATCTGAAAAAAAAAGATAACATTGGGAAAGAAGC
GATAAAAAATATATCATAATGAAAGAATTGCTTAAACGATGGTTAGAATATTTTTTAGAAGATT



ATAATAAAATTAAACATAAAATTTCACATTGTACGAAAAATGGTAAAGGATCCAAATGTATAA
AAGGTTGCGTAGATAAATGGGTACAACAGAAAAAGGAAGAATGGAAACAAATAAAAGAACGT
TTCAATGAACAATATAAAAGTAAAACCTCAGATGAATATTTTAACGTTAAAAGTTTTTTGGAGA
CCTGGATACCTAAAATTGCTGTTGTAAATGATCAAGATAATGTTATAAAATTAAGTAAGTTCGG
TAATTCTTGTGGATGTAGTGCCAGTGCGATCTCAACAAATGGTAATGAGGAGGATGCTATAGAT
TGTATGATTAAAAAGCTTGAAAAAAAAATTGACGAATGCAAAAGGAAACCTGGCGAAAATAGT
GGTCAAACATGTAACGAAACACTAACACATCCCCTTGACGTTCAGGATGAAGATGAACCCCTT
GAAGAAACAGAAGAAAACCCAGTGGGAAAACAACACCCATCATTTTGTCCGCCAGTGGAAGAT
AAAAAAAAAGAGGAAGAAGGAGAAACTTGTACACCGGCATCACCAGCACCAGCACCAGCACC
AGCACCAGCATCTCCATCCCCGACACCGGCCCCTGCGGATGAACCGTTTGACCCAACTATACTA
CAAACAACCATTCCTTTAGGTATTGCGCTGGCATTAGGATCCATTGCTTTTTTATTTTTGAAGGT
AATATATATATGTGTGGTATATATGTATATATATATGTGTTTCTGTATATATATGTATGTGTGGG
TGTGTTTGGATATATATATATGTGTATGTATAAGTGTTTGTGTATATGTATGTGATTTATATATA
TTTTATATA

>X96DD2varl8 DD2var23
TGCTGGTAGTAGTGGTGAGGAAGATAAAGATGCCAAAAATATGTTTGATAGGATAGGGAAAAT
AGTGCATGACAAAGTAAAAGAGGAAGCTAAAAAATATATTGAAAAATTGAAAGGAGATTTGA
AGAAAGCAACAAATCGTAGTGGGGAAACAGCATACACCCTTGATCCGTGCATGTTTGATTATA
CTACACATTTTGATGCTAACAGTGAACGGCATCCGTGCAAAAA
TTTAAAAGGAATTACAAATGAAGAACGTTTTTCGGATACACTTGGTGGCCAGTGTACTAAGGAA
AAAATAAGTGGTAGTACAAATACATGTGGTGCTTGTGCTCCATACCGACGCTTACATTTATGTA
ATCATAATTTGGAAACCATAAACAATACAACGTCGATGACGCATAAGTTGTTGGCAGAAGTGT
GTTATGTAGCAAAAGAGGAAGGGGCATCAATAACACGAGATTATCCAAAATATCAAACAACAT
ATGAGGGTTCTGGTTTTACATTGTGTACTATGCTGGCACGAAGTTTTGCAGATATAGGAGACAT
CGTACGCGGTAAAGATCTTTTCCTCGGTAATGATAAAGAAAAAGAAAAAAGAAAACAATTAGA
TGATAAGTTGAAAGATATTTTCAAGCAAATACATAAGGAAGTGACGAAGACGAATAGCGCGTT
ACAAGCTCGCTACGAAGGTGATAAAGAAAATTTTTATCAATTACGAGAAGATTGGTGGGATGC
GAATCGCGCCACAGTATGGAAAGCCATCACATGTAAGGCGGACACTGGTAATGCATACTTTCG
ACCAACGTGCAGTGATGGAAAGAGTCAGTCTCAAGCTAAAAACAAATGCACGTGTAACAATGG
TGATGTCCCCACATATTTTGACTATGTGCCGCAGTTTCTTCGCTGGTTCGAAGAATGGGCAGAA
GACTTTTGTCGATTAAGGAAACATAAATTAAAAGATGCTAAAGAACAATGTCGTAAACCAAAT
GGTGAAGATAAATATTGTGATCTTAATAGGTATGATTGTGAAAAAACAGCTAGCGGAAAACAT
GATTTTTTTGAAGAGGATGTTTGTAAAGATTGTCAGTATTCGTGCGCTCGTTTTGTAAAATGGAT
AGATAACCAAAAAAAAGAATTTGAAAAACAAGAAAAAAAATATACAAAAGAAATAAAAAAAG
ATCATGGTACAACATTACAAGTTGGAAAAACAACTATTAATAACTTATATGTAGATGATTTTTA
TAAAATACTGAAAAAATATTATCCAACAGTTGATAAATTTTTAGAAAAATTAAGTAAAGAAAA
AATATGCGAAAAGCAGCCTGAAGTGGAAGGAAAAGGAAAGTCTATCGATTTCAATGATGAACC
TGACGACATATTTTCTCGTACAAAATATTGTCGTGCATGTCCTTTGTGTGGAGTAAATGGCCCCA
AAGGAAAATGGAAAGATATAGATGATGGAGTATGTGCAAATTTAAATAAAAAAAAGAATTAC
AAAGAAGATAATATTACCGATATACCAGTACTTACCCCTGAAAAAGGAAAGACAGGTATACTA
AAAAAATATGAAACGTTTTGTGCAACTGGTGTTGGTCAAATTAAAAAATGGGAATGTTATTATG
ATGAAGATAAGCCTAGTGGTCAAAATAATAATTGCATACTAGGAAAATGGGAAAGTTTTACAG
GGGAAGAAGACGTTATGTCCTATAATGCATTTTTTTGGAAGTGGGTTTCAGAAATGTTGGACGA
TTCTATAAAATGGAGGGCAGAACTTGATAAATGCTTAAAAAATGATAAGAAAACATGTGGAAA
AAAAAAATGTAATAGAGACTGTAAATGTTATAAAAAATGGGTTAAAAAAAAAGAAACCGAAT
GGGAAGAAATAGAAAAACATTTTCGCAAGCAAAAAGATATGGAAAATGAAGGATTGAACTTTG
AAATGGCACTTAAAATTCTTTTAAATGATGTTTTTTTGCAAGATATGATAGATGCTAATGGAGA
TCCACAACAAATAGCGAAAATTAAAGAACTGAAGGAAAAGAAAAACGACGAACGTGAGGATT
ATTCCAAAGCGAAAACTATAATTGATTTGTTGATCGATGAAGAAGAACAAGACGCCGATNNNA
ATGTGTAACAAATAATCCAGATAACGAATGCAAACAAGCACCAACAGATGGAGAAAGTCCCTT
GCGTTCCGACACTCCCACACCATCATCACCTGCCCCCTCTTCCCCCCCCAAAAAAGAGGATTCC
GACTCCGAAGAAGAGGAGGAAGAAGAAGAAGGTGAAGGTGAGGATCACACCGCAGAAGACAC



CAAGGTGAACGGGGAGGTGGCACAACCAGAACCAACAACAGATAAGACTACACCACTGGACG
TTTGCAACATAGTGGAAACACTATTTACTACACCGAAAAGCCTCGATGAAGCCTGCAACCAAA
AATATAGCGAACCCAACAGATATTGGGGGTGGAAATGTATACCAACTAGTGGTGGTAGTGGTG
AAGCCAAAAGTCGTCACAAACGTGATCTCGCCCCATCTAGTGGTACTAACCAGGGTTCCATTTG
TGTTCCACCCAGGAGGCGAAAATTATATGTGGGGAAATTGGAACAGTGGGCAAAAACAGTGGT
AGAACCACGGCCGGGTGAGACAACACAGGTTTCCACTTCGGCGGGAACTTCGTCGCCGTCCAA
CTCACGCGACGTCGACTTGCGCAACGCCTTCGTGGAATCGGCCGCGGTTGAGACGTTTTTCTTA
TGGGATAGATATAAAAAAGAGTGGTTGGCACAAAAGAAGGCGGAACAAGCACGACAAAATGG
AGAACTCCTCTTTCTCAACGGCGGATCACCACAACCACCCGGTTCAGGCAGTGATGACAATAAC
CCCCAAAAGAAATTACAAGAAAGTGGTGAAATCCCCCCCGATTTTTTGAGATTAATGTTTTATA
CTTTAGGAGATTATAGGGATATATTATACAGTGGTGATAAGGAAAATGGTAGTAAGTACATGTT
GGTTGAGGATATTAAAAATATATCTGAGAAAATTAAGAGTATTTTGAACAATGAAAATGACGC
CAAAACAACAGCACAACAATGGTGGGATAAAAATGCAAAACATATTTGGAAAGGGATGATTTG
TGCTTTAACCTATGAAGAAAGTGGAGCAATAGGCGGAA
AACCAACAGAAGATCCCACTGTGAAAGAGGCCTTTTTTGGCACCCAAAACGGAAAACCTGGAC
CCCAAAATGGCACAGCCGCAACCCCAACCGGCACATACGAAAAAACCTACAAATACGATAAAG
TGGAACTTAAAGAACAAAATGGTACGGAAGCCAAACCTATCATCGCCTCAGCCTCTAGTGATA
CCCCCACCATCAACAACCCCAAATTGACAGAATTTGTGGTAAGACCCCCCTACTTCCGTTACCT
TGAAGAATGGGGAGAAACATTTTGTCGACAAAGGACACGTATGTTGAAAGATGTGAAGGATAA
TTGTCGTAATAGTGACAATCCAGGTCACCATTATTGTAGTGGGGATGGGCATGATTGTACTGAT
AAAAATCATAGACATAGGAATATGTTTGCAAATTTAGATTGTCGTCCTTGTTATGAACAATGTA
GAAAATATAGAAAATGGATAGATATGAAATTCGTAGAATATCATAAGCAAGAAAAGAAATATA
AAGATGAATATGGAAAATTAACAGAACGTAATTGTAGTGGTAGTGGTGATGATAATAATTGTT
GTGAACAAATAAAAAAACATTCTACTGCTGCAGATTTTTTGAAATCATTGAAACATTGCAAACC
TGGCGACGATGATGGTGATACAGATAATAAACTAGATTTTGAGGAACCTCTCAAAACGTTTGGC
CCTTTAGAATATTGTAAAACATGTCCTCCCAATAAAGTTAATTGTCGTACACGTGGTAGAACTG
ATACAAAACCATGTACACCAGATAATGGAAATAAGTGGCAAAGTGTTTTTGATAAAATACGTA
AAAACAATGAAAATAGTACTACTATTAATGTAGAAATGGTTGATCGTAGGGGAATTAATATTG
ATAAGAAATTTGAACAATTGTTTAAAGAATCATATCTTTTTAAAAGTGTAAGAGAACAAAACTG
GGAATGTAAAGTTATTAATAATGATACGGATGTGTGTCACCTTACTAATTTTAATGACAAAATA
GACCTTAATGACTATACTACATTTAAAGTATTTCTAGAATATTGGTTAGAAGATTTTTTATATGG
TTATTATTTATTGAAAAAAAAAATCGATCTATGTACACAAAAAGAAGGAAAGACATGTGAGGA
AGATTCTAAAAATGATTGTGCATGTGTGAAAAAATGGGTAGAACAAAAGAGTACCCAGTGGGG
AAAAATACAAGAACATTTTCAGAAACAAAAAAATGCTAATGGTGATGATATTAAGTCTAAAGT
TAAATTTTTTTTCCAGCAGGAACCGTTTGAAAGTGATCTCAAAAAAGCTAAAGGAAATTTTGAA
AGTTTAGAGGAGTTAGAGACGTCACTTAAATGTAATGACACTGATTCCTCACAAAAGGATATCA
TAGAATGTATTCTTAAAGATCTTCAGAAAAAAATTGACGATTGTAAATCCCAACCTGGCCAAAA
ACAACAACCCTGTGTTGACAACCCCTCCCCTAGTGGTGAAAATTCCATCCTTGACGACGAAAAC
CTTGACCAAACAACGATAGAAATTCCTGGGGTTTGTAATACAGTGGAAGAGCCGGAAGAGACG
ACGAAGGATAAGAAGGAACCAAAAAAGGAACAGGTACCGGAACCTTCACCAAAAAAGAAAGA
TACAATTACATGTAAGACTAATAAATTTAAAAGTACTGAACCTAAAATACCTATGAATTGTGTA
GAAAAAATAGCAAAGGAATTACAAGAGAATTTTGAAAATGATATGGATTGTATATTGAAACAA
AATATAACACCTATTGATTGTACAAATGAGAGTAAACAATCTTCTCCTGGTAATATTAGTTGCG
ACCTGAAAATACCTTTATTGTGCAATAATTATGCATACACAAGAAACCCATGTGATAATAAAGG
AAAAAATCAGTTTAATGTCGACAGGGAATGGAAATGTTATAAAATTTTTAGGCGTCATCGGGA
AAATAAAGGAGTATGTGTACCTCCTAGAAGAGAAATTATGTGCACAAAAGCACTAGAATATAT
GAGAACATCAAATTATTCTAATACTGAAAAATTGTTAAATATAGTATTACTTACAGCAGCATAT
GAAGGAAAAAATTTAAAAGAACAATGGGAAAAAATAAAAGATCGGAAAATAAAAAGGTACGA
ATTATGTGATGCTATGAAATACAGTTTTGCTGATTTAGGTGATATTATAAGAGGAAGAGATAAA
TATACAGACATTAGATATACTGGTAGAAATAGTAAAAAAATTGAGGAAAATTTAAAAAAAGTT
TTTGAAAATATACAAAAAACAAATACATATTTTCAAAAAGAGTATCCCAATCTGAAAACATTTC
GTTCTGCCTGGTGGGATGCTAATAGAGAATATGTTTGGAAAGCAATGACTTGTTCTGCACCAGA
AAATTTCTATTTTGTAAAGAGAGGAAAAGGTGATGGAAGTGATTTCGAAGTTTTAACATTTTCA



GAACATATAAAATGTGGACATAAAGAACCTCCACCTGTTGATGATTATATACCCCAACGTTTAA
GATGGATGACTGAATGGTCTGAATATTTCTGTAAAGCAATGAATAAAAATATTGATGAAATGA
AAGTTGAATGTGATAAATGTACAAGTGGAAAATGTTCAAATGATACTGAGGGAAAATTTTGTA
TCCGGTGTAAAGAAAAATGTAAATCTTATAGTGAATTTATTAATAAATGGAAAGAACAGTTG
GAAACACAATCAAAATCATATAAAAAATTGTATGAAATGTCTGAAACTTATAGTAGTTTTAGTG
AGGATGTTAAATTGTTTGTAAAAAAATTGAAGGAAAATCAAAAGGATTGTTCAGTTAAAAACG
CATTTGAATATATACATAAAACGAGTAATTGCGTCAATTATAAATTTAATGAAAATGATGGTTC
TTCTAATATACGATCATATGCTTTCGAAGAAACACCAAAAAGTTATAAAGAAGCTTGCAGTTGT
ACATTACATTCTAAGAATCCATTGGATAATTGTCCTACCGATCAAAACAAAGATGGATGTAAGG
AATTACAAACTTGTACCTTCTGCTCGAAGAATGATTATGATAATAATCTTGATAATTGGAACGC
ATACCTTGTTCTTAATAGTTCAGATGATAACAAAGGTGTATTGATTCCTCCAAGAAGAAGACAT
TTATGTACAAGACCTATCACTGCA
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CAATACTCCCATAACATACGCAATACGCCACCACCACCGCCCACACGAACCATGCAAGCTCCA
AAATATATGTATGACATGACATAATGTAGTCGCGAACGATAAACAAAAATGGTGACGCTAGGA
GGTGGTGGTGGAAGTAGTGGTGGTGAGGATGATATTGATAAAACAAGTGCCAAACATTTATTG
GATAGCATAGGGAAAATAGTGCACGACCAAGTGAAAACTGAAGCTGAAAAACGTGGTAAAGG
CTTGCAAGGAGATTTGAAAGAAGCAAGATTTCCACATCGCAATGGGTTCGATCATCCCCAACA
GAATCCATGCTTATTTGATCACACTAGAGATACTAATGTTACCAGTGGTGGTGGTAAAGAGAAT
CCTTGTTACGGTAGACAAGGTGTTCGTTTTTCTGATACAAAAGGAGCAAAATGTTATTCTTATG
GAATAAAGGGTAATGATAGTAGC
ATTGGTTTTTGTGCTCCTTATAGAAGGTTACATCTGTGTGTTCAAAATCTGGAACAGATAAAGC
CTGATCAAATTACAAGTACTCATAATTTATTGGTTGATGTATTACTTGCAGCAAAATATGAAGG
ACAATCAATAACACGAGATTATCCAAAATATCAAGCAACATATGGTTATTCTCCTTCTGAAATA
TGTACTATGTTGGCACGCAGTTTTGCAGATATAGGTGATATTATACGAGGAAAAGATCTGTATC
GTCGTGATAGTAGAACAGATAAATTAGAAGAGAATTTAAGAAAAATTTTCGGGATAATATATG
GAAAATTGAAGGATGCACAAAGTCATTACAGTGATACTACGAATTTTTATCAATTAAGGGAAG
ACTGGTGGGAACTTAATAGAGAAACAGTATGGAAAGCTATCACGTGCGAAGCTGGGAGTGGTA
AATATTTTCGACCAACATGTAATGGAGGAAAATCTTCGACTCCTAATAAATGCCGGTGTGACGG
CGCAAATACCGATCCCCCAACCTATTTTGACTACGTGCCGCAGTATCTTCGCTGGTTCGAGGAA
TGGGCAGAAGACTTTTGCAGGAAAAAAAAAAAAAAAGTAGAAAATTTGGAACAACAATGTCG
TGGAAAAAGTGAGGAGGGTGAACCAAGATATTGTGATCGTAATGGATTTGATTGCGAACGAAC
TAAATATAAAAAAGGTTACTTTGTTATAGATAAAGGTTGCAATACGTGTTCTGTTTGGTGTCGT
CTGTATGAATCTTGGATAGATAACCAAAAAAAAGAATTTCTAAAACAAAAAAAAAAATGTGAA
AACGAAATATCAGGTAAACCTAGGCAAAAACGGGATGCAGGTAGTAGTGGTAGTAGTAGTGAT
GATAATGGGTATGAAAAAAAATTTTATGACATACTTAAAAATGATGGATATGGAAAAGTTGAT
AAATTTTTAGATTTATTAAGTAAAGAAGAAGTATGCAAAAAGTTTAGTGAAGACGAAGGAAAA
ATTGATTTTACCAAACATGATAATAAAAATAATGATCAGAAAGGAACATTTTATCGTTCGAAAT
ATTGTGAAGAATGTCCTCTATGTGGGGTGAAAAAGAAAAGTAATGGTGGTAGTGGTAATCAAT
GGGAAGAGAAAGACACTAATCAATGCACGAGTGGAAACCTTTATACTATTTCAACTAGTGCCA
ACCCTATTGATATCAACGTCCTTTCCTTTGGTGATAAACGCGAAGATAGAGAAACAAAATTAAA
CAAATTTTGTGCTGAAAAAAATGGTGGTGGTGGTGTTGGTGGTCGTGGTGGTGGTGGTGGTAGT
GGTACGGGTGGTCGTGGTGATAGTGGCACTAGTGATAGTAAGGAACTGTATCAAGAATGGAAA
TGTTATAAAGGTGAAGATGTAGAGATAGATGGTGAGGATGAAGACTATGAACACGATTATCAC
AGTGAGGTAGAAAATGCAGGCGGATTATGTATATTGGAAAACAAAAATAAAACGTCTGATAAT
GACCCTAAGGAATTCCAAAAGACGTTCAATAATTTTTTTTACTTTTGGATAGTACGTTTTTTGAA
CGATTCTATGTATTGGAGAGACAAAATTAATAATTGTATAGAAAAAGCCAAAAAAGGAAAATG
TCAAAATGATTGTGAAAAGCTTTGTGGTTGTTTTAAAGAATGGATTGGAAAAAAAAAAACCGA
ATGGGGGCAAATCAAAACGCATTTTGACACGCAAAAAGGTTTTGACAAAGCAGATATTAGCAG
TCAATTAGGTTTCAACTTACGTATGACCGCTGATTTTGTTCTTAAAACAGTTTTGAAATTAGATG
AACTTTTCAATAATATTAAATCGGGTTATGGGGATGTAAAGGAATTAAAAGGAATTAATAAAA
TATTGGAAGAGGAAAAACAAAAAAGTCAAGCAGAAGTTGGTGCCGACAATCAAAATAATACC




ACAATTGATAAATTACTAAAACATGAAGGAGAAGAAGCCGGTGAATGCCTAAAAACACACAA
AGAAAAATGCGAAAAAAAAGCAAAACCAGAAAGTGTCGCCCGCTCCGAAGACAACCAACCAG
CACTACCTGACCCCACCGTCAACCCAGACGAAAACGCCGACGACGACGCCGAAGAAGACGAA
GAAGAAGATGGCAACGAAGTCGAGGAGGACGAACCACACACGCAAGAAACGGAACAGGCAAC
AAAAGATGAGGTGACACCAGAACCAAAAGTGGAAGTAAATCCATGTGAAATAGTAAAGACAC
TATTTAGTAGCGTGGAAAATCTCACAAAGGCATGTGAACAAAAATATGGTTACCCACAACGAC
ATTGGGGGTGGAAATGTATAAGTGACAAAACAGCCACACGTGGTGGTGTTACAGCCATAGGTG
GTGGTGCCGATCCCGCCAAAGCTAGTGGTACTAACCAGGGTTCCATTTGTGTGCCACCCAGGAG
GCGAAAACTATACGTGGGGAAATTACAGGAGTGGGCC



