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Supplementary table 1  



Supplementary figure 1 

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. 

3D7 Chr. 1 Chr. 2 Chr. 3 Chr. 4 Chr. 5 Chr. 6 Chr. 7 Chr. 8 Chr. 9 Chr. 10 Chr. 11 Chr. 12 Chr. 13 Chr. 14

↓B PFA0005w ↓B PFB0010w ↓B PFC0005w ↓B PFD0005w ↓B PFE0005w ↓B PFF0010w ↓B PF08_0142 ↓B PFI0005w ↓B PF10_0001 ↓B PF11_0007 ↓B PFL0005w ↓B MAL13P1.1

Telomeric ↑A PFA0015c ↑A PFD0020c ↑A PFF0020c ↑A PF08_0141 ↑A PF11_0008 ↓B PFL0020w ↑A PF13_0003
↓B PF08_0140 ↑E PFL0030c

↑C PFD0615c ↑B PFL0935c

↑C PFD0625c ↑C PF07_0048

↑C PFD0630c ↑C PF07_0049 B MAL7P1.212*

↑B PFD0635c ↑C PFF0845c ↑B MAL7P1.50 ↓C PF08_0107

↑C PFD0995c ↑B PF07_0050 ↓B PF08_0106 ↑B PFL1950w

↑C PFD1000c ↑C PF07_0051 ↓B PF08_0103 ↑B PFL1955w

↑B PFD1005c ↑B MAL7P1.55 ↑C PFL1960w
↑C PFD1015c ↑C MAL7P1.56

Telomeric ↓A PFD1235w* ↓A PFE1640w ↑B PFF1580c ↓A PFI1820w ↓A PF11_0521
↑B PFA0765c ↑B PFB1055c ↑B PFC1120c ↑B PFD1245c ↑B PFF1595c ↑B MAL7P1.187 ↑B MAL8P1.220 ↑B PFI1830c ↑B PF10_0406 ↑B PFL2665c ↑B MAL13P1.356

Chr. 1 Chr. 2 Chr. 3 Chr. 4 Chr. 5 Chr. 6 Chr. 7 Chr. 8 Chr. 9 Chr. 10 Chr. 11 Chr. 12 Chr. 13 Chr. 14

HB3 ↓B HB3var16 ↓B HB3var39 ↓B HB3var20 ↓B HB3var14 ↓B HB3var10

Telomeric ↑A HB3var04 ↑A HB3var02 ↑A HB3var05^
↑E HB3var2csaA

↓B HB3var19

↓B HB3var21

↑B HB3var27 ↓B HB3var35 ↓B HB3var23

↑C HB3var28 ↓B HB3var17 ↑C HB3var33 ↓C HB3var26

↑C HB3var29 ↓C HB3var34 ↓C HB3var36 ↑B HB3var22 ↑A HB3var06

↑B HB3var50 ↓B HB3var30

↑C HB3var32 ↑B HB3var24 ↓C HB3var31
↑C HB3var25 ↑B HB3var12

↑B HB3var09 ↑B HB3var48^

Telomeric ↓E HB3var2csaB ↓A HB3var1csa ↓A HB3var01 ↓A HB3var05^ ↓A HB3var03
↑B HB3var48^ ↑B HB3var08 ↑B HB3var11 ↑B HB3var47 ↑B HB3var13 ↑B HB3var07 ↑B HB3var18^ ↑B HB3var18^ ↑B HB3var40

Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B HB3var16 ↓B PFB0010w ↓B PFC0005w ↓B PFD0005w ↓B PFE0005w ↓B HB3var39 ↓B PF08_0142 ↓B PFI0005w ↓B PF10_0001 ↓B PF11_0007 ↓B MAL13P1.1

Telomeric ↑A PFD0020c ↑A PF08_0141 ↑A PF11_0008 ↑A PF13_0003
X2 ↓B PF08_0140 ↑E HB3var2csaA

↑B PFL0935c

↑C PF07_0048

↑B HB3var27 ↑C PF07_0049 ↓B HB3var23

↑C HB3var28 ↑C PFF0845c ↑B MAL7P1.50 ↑C HB3var33 ↓C HB3var26
↑C HB3var29 ↑B PF07_0050 ↑B HB3var22 ↑A HB3var06

↑C PF07_0051 ↑B HB3var50 ↓B HB3var30

↑C HB3var32 ↑B MAL7P1.55 ↑B HB3var24 ↓C HB3var31
↑C MAL7P1.56 ↑C HB3var25 ↑B HB3var12

↑B HB3var48^

Telomeric ↓A PFD1235w* ↓A HB3var1csa ↑B PFF1580c ↓A PF11_0521
↑B PFA0765c ↑B PFB1055c ↑B PFC1120c ↑B PFD1245c ↑B HB3var13 ↑B PFF1595c ↑B MAL7P1.187 ↑B MAL8P1.220 ↑B PF10_0406 ↑B MAL13P1.356 ↑B HB3var40

X10 Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B HB3var16 ↓B PFB0010w ↓B PFC0005w ↓B PFE0005w ↓B PFF0010w ↓B PF08_0142 ↓B PF10_0001 ↓B PF11_0007 ** ↓B MAL13P1.1 ↓B HB3var10
Telomeric ↑A PFF0020c ↑A PF08_0141 ↑A PF11_0008 ↑A PF13_0003

↓B PF08_0140 ↑E PFL0030c

↑B PFL0935c

↑C PF07_0048

↑B HB3var27 ↑C PF07_0049 B Mal7P1.212

↑C HB3var28 ↑C PFF0845c ↑B MAL7P1.50

↑C HB3var29 ↑B PF07_0050 ↓C PF08_0107 ↑B PFL1950w

↑C PF07_0051 ↓B PF08_0106 ↑B PFL1955w

↑C HB3var32 ↑B MAL7P1.55 ↓B PF08_0103 ↑C PFL1960w
↑C MAL7P1.56

Telomeric ↓E HB3var2csaB ↓A HB3var1csa ↑B PFF1580c ↓A PFI1820w ↑A HB3var05^ ↓A HB3var03
↑B HB3var48^ ↑B PFB1055c ↑B HB3var11 ↑B HB3var47 ↑B HB3var13 ↑B PFF1595c ↑B MAL7P1.187 ↑B MAL8P1.220 ↑B PFI1830c ↑B PFL2665c ↑B MAL13P1.356

X12 Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B HB3var16 ↓B PFC0005w ↓B PFF0010w ↓B HB3var20 ↓B PFI0005w ↓B PF10_0001 ↓B PFL0005w ↓B MAL13P1.1 ↓B HB3var10

Telomeric ↑A HB3var04 ↑A PFF0020c ↑A HB3var02 ↑A HB3var05^ ↓B PFL0020w ↑A PF13_0003
↑E PFL0030c

 ↑B PFL0935c

↓B HB3var21

↑B HB3var27 ↓B HB3var35 B MAL7P1.212

↑C HB3var28 ↓B HB3var17 ↑C HB3var33  

↑C HB3var29 ↓C HB3var34 ↓C HB3var36 ↑B HB3var22 ↑B PFL1950w

↑B HB3var50  ↑B PFL1955w

↑C HB3var32 ↑B HB3var24 ↑C PFL1960w
↑C HB3var25

Telomeric ↓E HB3var2csaB ↓A PFE1640w ↑B PFF1580c ↓A HB3var01 ↓A HB3var03
↑B HB3var48^ ↑B HB3var08 ↑B PFC1120c ↑B HB3var47 ↑B PFF1595c ↑B MAL7P1.187 ↑B PF10_0406 ↑B PFL2665c ↑B MAL13P1.356

X47 Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B HB3var16 ↓B PFC0005w ↓B PFD0005w ↓B PFE0005w ↓B HB3var39 ↓B PF08_0142 ↓B PFI0005w ↓B PF10_0001 ↓B PF11_0007 ↓B PFL0005w ↓B MAL13P1.1 ↓B HB3var10

Telomeric ↑A PFD0020c ↑A HB3var02 ↑A PF08_0141 ↑A PF11_0008 ↓B PFL0020w ↑A PF13_0003
↓B PF08_0140 ↑E PFL0030c

↑C PFD0615c ↑B PFL0935c

↑C PFD0625c ↓B HB3var21

↓B HB3var35 B MAL7P1.212 ↓B HB3var23

↑B PFD0635c ↓B HB3var17 ↑C HB3var33 ↓C HB3var26

↑C PFD0995c ↓C HB3var34 ↓C HB3var36 ↑B HB3var22 ↑A HB3var06

↑C PFD1000c ↑B HB3var50 ↓B HB3var30

↑C PFD1015c ↑B HB3var24 ↓C HB3var31
↑C HB3var25 ↑B HB3var12

↑B HB3var09

Telomeric ↓A PFD1235w* ↓A PFE1640w ↑B PFF1580c ↓A PFI1820w ↑A HB3var05^

↑B PFA0765c ↑B PFB1055c ↑B HB3var11 ↑B PFD1245c ↑B PFF1595c ↑B MAL7P1.187 ↑B PFI1830c ↑B HB3var18^ ↑B PFL2665c ↑B MAL13P1.356 ↑B HB3var40

Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

X67 ↓B HB3var16 ↓B PFB0010w ↓B PFF0010w ↓B PFI0005w ↓B PF10_0001 ↓B PFL0005w ↓B MAL13P1.1

Telomeric ↑A HB3var04 ↑A PFF0020c ↑A HB3var02 ↑A HB3var05^ ↓B PFL0020w ↑A PF13_0003
↑E PFL0030c

↑B PFL0935c

↓B HB3var21

↑B HB3var27 ↓B HB3var35 ↑A HB3var06

Centromeric ↑C HB3var28 ↓B HB3var17 ↑C HB3var33 ↓C HB3var26

↑C HB3var29 ↓C HB3var34 ↓C HB3var36 ↑B HB3var22 ↓C HB3var31

↑B HB3var50 ↓B HB3var30

↑C HB3var32 ↑B HB3var24 ↓B HB3var23
↑C HB3var25 ↑B HB3var12

Telomeric ↓E HB3var2csaB ↓A PFE1640w ↑B PFF1580c ↓A PFI1820w ↑A HB3var05^ ↓A HB3var03
↑B HB3var48^ ↑B PFB1055c ↑B HB3var11 ↑B HB3var47 ↑B PFF1595c ↑B MAL7P1.187 ↑B PFI1830c ↑B PFL2665c ↑B MAL13P1.356

1 2 3 4 5 6 7 8

X4 Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B PFA0005w ↓B X4_Chimera ↓B HB3var20 ↓B PFI0005w ↓B PFL0005w ↓B HB3var14 ↓B HB3var10

Telomeric ↑A PFA0015c ↑A HB3var02 ↑A HB3var05^ ↓B PFL0020w
↑E PFL0030c

↑B PFL0935c

↑C PF07_0048

↑B HB3var27 ↑C PF07_0049

Centromeric ↑C HB3var28 ↑B MAL7P1.50 ↑C HB3var33

↑C HB3var29 ↓C HB3var34 ↑B PF07_0050 ↑B HB3var22 ↑B PFL1950w

↑C PF07_0051 ↑B HB3var50 ↑B PFL1955w

↑C HB3var32 ↑B MAL7P1.55 ↑B HB3var24 ↑C PFL1960w
↑C MAL7P1.56 ↑C HB3var25

Telomeric ↓A HB3var1csa ↑B PFF1580c ↓A HB3var01 ↑A HB3var05^ ↓A PF11_0521
↑B HB3var08 ↑B HB3var11 ↑B HB3var47 ↑B HB3var13 ↑B PFF1595c ↑B MAL7P1.187 ↑B PFL2665c ↑B MAL13P1.356 ↑B HB3var40

!

X5
Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr.11 Chr.12 Chr.13 Chr.14

↓B HB3var16 ↓B HB3var39 ↓B HB3var20 ↓B PFI0005w ↓B PF10_0001 ↓B PFL0005w ↓B HB3var14 ↓B HB3var10

Telomeric ↑A HB3var05^ ↓B PFL0020w
↑E PFL0030c

↑B PFL0935c

↑C PF07_0048

↑B HB3var27 ↑C PF07_0049

Centromeric ↑C HB3var28 ↑B MAL7P1.50 ↑C HB3var33

↓C HB3var34 ↑B PF07_0050 ↑B HB3var22 ↑B PFL1950w

↑C HB3var32 ↑C PF07_0051 ↑B HB3var50 ↑B PFL1955w

↑B MAL7P1.55 ↑B HB3var24 ↑C PFL1960w
↑C MAL7P1.56 ↑C HB3var25 ↑B HB3var12

Telomeric ↓E HB3var2csaB ↓A HB3var1csa ↓A HB3var01 ↓A PF11_0521
↑B HB3var48^ ↑B X5_Chimera ↑B HB3var11 ↑B HB3var47 ↑B HB3var13 ↑B HB3var07 ↑B MAL7P1.187 ↑B PF10_0406 ↑B PFL2665c ↑B MAL13P1.356

Centromeric

Centromeric

Centromeric

Centromeric

Centromeric

Centromeric

a) 

b) 



Supplementary figure 2 





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. 

 



Supplementary figure 3 

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. 



Supplementary figure 4 

Supplementary figure 4 | Examples of var 50-mer DNA secondary structures 

Examples of minimum free energy structures of var 50-mers predicted by RNAfold. 50-mers, which are 

located near recombination sites, and that have a high propensity of forming secondary structures are shown. 





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 

 

>X5PFA0005w_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 
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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 


