
















 



 













 





 







 





 



 





 



 











 























































 

































 













 



 











 













 





 















 



 







 

 





 











 











 







 















 







 











 





 



 







 



 



 



 



 



There is a clear distinction in the mode and genetic mechanisms of segmentation between the 

anterior prosoma and the posterior opisthosoma in the spider. Previous work on spiders 

showed that opisthosomal segments are sequentially added from a posterior growth zone and 

their specification depends on Wnt signaling (McGregor et al., 2008b) as well as Notch-Delta 

signaling (Akiyama-Oda and Oda, 2006; Schoppmeier and Damen, 2005b; Stollewerk et al., 

2003). Both signaling pathways are also used by vertebrates to sequentially pattern their 

somites from the unsegmented presomitic mesoderm (Dequéant and Pourquié, 2008). This 

thesis provides evidence that, in contrast, the prosomal segments are patterned via a 

mechanism more reminiscent of Drosophila segmentation. The prosomal segments do get not 

patterned sequentially but more or less simultaneously from a pre-existing field of cells. This 

is also obvious from how the stripes of segmentation genes like At-h and At-en appear in 

these regions respectively. For example, the L2-L4 At-h stripes form by splitting of an initial 

broad stripe, while the six prosomal At-en stripes appear in a stereotypic, but not strict 

anterior-to-posterior pattern shortly after each other. Most strikingly however, hb is required 

for the correct formation of these stripes like in Drosophila, and this gene controls the more 

or less simultaneous patterning of the leg-bearing segments in the prosoma.  

The use of distinct upstream genetic pathways for segmentation of the prosoma and 

the opisthosoma is most obvious from the RNAi experiments. No segmentation defects were 

observed in the opisthosomal segments of At-hb RNAi embryos, while in At-Wnt8 RNAi 

embryos all prosomal segments form, but the opisthosoma was missing (McGregor et al., 

2008b). Also in Cupiennius, embryonic RNAi against Cs-Delta or Cs-Notch resulted only in 

truncated opisthosomas, but the prosomal segments were properly segmented (Schoppmeier 

and Damen, 2005b; Stollewerk et al., 2003). The spider thus seems to utilize a “Drosophila”-

like genetic mode to pattern its anterior segments and a vertebrate-like way to pattern its 

posterior segments. The spider data provide the first functional evidence for the hypothesis 

that short germ arthropods may employ two separate mechanisms to segment their anterior 

and posterior body regions (Dearden and Akam, 2001; Peel and Akam, 2003; Peel et al., 

2005; Schoppmeier and Damen, 2005b).  







 



 



AGR CGN GGN CGN CAR ACN TA 

TTC CAY TTC ATN CGN CKR TTW TG 

AAR CAY CAY YTN GAR TAY CA 

AAY CAY TTY GGN WSN AAR CC 

RTG RCA RTA YTT NGT NGC RTA 

CAY WSN GGN GTN AAY CAR YTN GGN GG 

AAC CAN ACY TGD ATN CKN GCY TCN GG 

ACN MGN CAR AAR ATH GTN GAR YTN GC 

TAR TGN GTN CKY TCR AAY TCY TTY TC 

GTN TGY GAR ACN YTN GAR GA 

TTY TTR AAC CAR TTN CCN AC  

CAR GCN ATG TGG YTN GAR GC 

GGR TTN GGR TAN GGR TCY TG 





 









 





 





























 



 

 P  T  S  S  Y  G  Q  H  R  M  Y  P  Y  V  S  L  S  P  Q  S    20  
CCAACCTCTAGTTACGGGCAACACAGGATGTATCCCTATGTATCACTCTCCCCCCAAAGT   60  
 
 S  M  S  V  S  G  N  L  Y  Y  T  S  N  A  D  F  A  K  S  C    40  
AGCATGTCCGTCTCAGGAAACCTCTACTATACGTCGAATGCCGATTTTGCCAAGAGTTGC  120  
 
 R  Y  N  S  T  Q  A  N  G  L  D  G  P  G  Y  S  F  G  L  Q    60  
CGGTACAACAGCACCCAGGCGAACGGACTGGATGGGCCCGGCTATTCATTTGGCTTGCAA  180  
 
 N  A  G  P  G  A  T  P  T  M  M  T  P  G  Q  F  F  T  H  P    80  
AATGCGGGCCCCGGAGCCACACCAACCATGATGACCCCTGGTCAGTTTTTCACACACCCC  240  
 
 A  S  T  D  L  S  S  S  I  T  S  C  N  Q  L  G  M  R  Q  L   100  
GCATCGACGGACCTCAGCTCGTCTATCACCTCCTGCAACCAACTAGGGATGCGACAACTG  300  
 
 D  P  I  P  D  V  P  R  Y  P  W  M  S  I  A  A  L  N  F  A   120  
GATCCCATTCCGGATGTCCCGCGTTACCCTTGGATGTCCATAGCTGCCCTGAACTTTGCA  360  
 
 G  P  N  G  C  P  R  R  R  G  R  Q  T  Y  T  R  F  Q  T  L   140  
GGACCGAATGGCTGTCCTCGCCGGCGAGGAAGACAAACCTACACCCGATTCCAGACGCTG  420  
 
 E  L  E  K  E  F  H  F  N  H  Y  L  T  R  R  R  R  I  E  I   160  
GAACTTGAGAAGGAATTTCACTTCAACCACTACTTAACACGCCGACGGCGTATAGAAATT  480  
 
 A  H  A  L  C  L  T  E  R  Q  I  K  I  W  F  Q  N  R  R  M   180  
GCTCACGCCTTGTGCCTCACCGAGCGACAAATAAAGATATGGTTCCAAAATCGACGCATG  540  
 
 K  L  K  K  E  M  R  A  V  K  E  I  N  E  Q  A  R  M  E  S   200  
AAGCTCAAGAAAGAGATGAGAGCCGTCAAAGAAATCAACGAACAAGCTCGTATGGAATCC  600  
 
 S  K  V  K  E  E  D  K  D  K  N  G  V  D  H  Q  A  K  R  E   220  
TCCAAAGTCAAAGAGGAGGACAAAGACAAGAATGGAGTAGACCACCAAGCCAAGAGGGAG  660  
 
 D  R  K  S  S  S  E  H  P  P  S  I  I  T  A  P  T  S  L  I   240  
GACAGGAAGTCCTCATCTGAACACCCACCTTCCATCATCACTGCTCCCACATCTCTCATA  720  
 
 L  E  D  K  I  R  N  P  K  P  *                              250 
TTAGAGGACAAAATCAGAAATCCGAAACCATAATTAAATAACAGGTACAACCGTAATTAA  780  
GTAACAGGTATGGTGAACAAAAACACCATCTTTATGCCATAGATACGTTCCATATTTTGG  840  
AGTTGCATATACGTATTAACACAATCTTAACAATGACATTAATGATATACGTGTGATTAT  900  
TATCGGTGATCGTACTAAATATACGTACTTGCATTGCATACCCGATACGTAAGAACTACT  960  
TAAACGAACTGTTGCCGCAAAGTATTAGCCAAGAGTCTTCGAGAAAGAACAGATGAGTGT 1020  
GTTTGCAGTTTGTTCATATTCCACACGCATCTTACAAACTTTGATGTTCTTTCTTTGTGT 1080  
AAGTATTGTCATTTAATTTTTGAGAGATTTTCGTAAACATTTTAATTTATTAAATTCTTT 1140  



TTCACATTCTGAACTAATAAAATGGCATGCCGTGTGTTTAAAGAGGAGAATCAGTATGCT 1200  
TTTTCATTGAGTACGTCTGCTCACTCCTGGTGCAATGAACTAGTCTCTCAGGAAAACAAA 1260  
AAAACTTATGACACCCCCCATCAAAATGTTGTAAACACCCTACATTTCACACCACAAATC 1320  
TTACAGCATCAGTTTTGTTTGTGATTAGTTTTCTTAATTGTTATTTTGTGGTGTGCTTAT 1380  
TATTTATAAGCATACCGCAATTCTTAAGGTGTTGTGTCATGTTTTGTTGTTATGTAGCCT 1440  
ACGAACAATAATTTGATTTAGTCCCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA     1496  

 
                                                           M   1 
CGATTCCCAAAGCCCACCAGGACACTATTACACCCAGTGCAGTCAATCTCAGGGCAACAT  60 
 
  P  Q  P  A  H  Q  T  P  Q  H  T  P  L  T  H  P  N  A  Y  V  21 
GCCCCAACCGGCACATCAGACACCACAACACACACCTTTAACACATCCTAACGCCTATGT 120 
 
  P  Q  D  G  V  Q  Q  N  C  R  G  S  P  T  E  A  Q  S  M  V  41 
ACCACAGGATGGTGTACAACAGAACTGTAGGGGCTCCCCGACGGAAGCCCAAAGTATGGT 180 
 
  P  Q  Q  F  S  S  C  K  L  Q  Q  Q  P  N  Q  Q  V  M  M  Q  61 
ACCACAGCAGTTTTCCAGTTGCAAACTTCAACAGCAACCGAATCAGCAGGTGATGATGCA 240 
 
  D  P  N  G  V  H  R  P  V  N  P  D  C  A  A  N  N  M  H  P  81 
GGATCCCAACGGAGTACATCGGCCTGTGAATCCGGATTGTGCTGCCAACAATATGCATCC 300 
 
  Q  H  C  Q  S  P  V  H  S  P  Q  Q  M  Y  P  P  N  H  V  Q 101 
GCAACACTGTCAAAGTCCTGTACATTCCCCGCAACAAATGTACCCACCGAATCACGTACA 360 
 
  Q  Q  P  P  N  P  Q  N  V  N  Q  V  Q  P  A  S  G  G  P  S 121 
ACAACAGCCTCCCAATCCACAGAACGTCAACCAAGTTCAACCAGCTAGTGGTGGACCTAG 420 
 
  P  L  Y  P  W  M  R  S  Q  F  E  R  K  R  G  R  Q  T  Y  T 141 
TCCTTTGTATCCATGGATGCGGAGTCAGTTTGAGAGGAAACGTGGTCGGCAGACCTACAC 480 
 
  R  Y  Q  T  L  E  L  E  K  E  F  H  F  N  R  Y  L  T  R  R 161 
TCGCTACCAGACCCTTGAATTAGAGAAGGAATTTCATTTCAATCGCTACTTGACGCGTCG 540 
 
  R  R  I  E  I  A  H  T  L  C  L  T  E  R  Q  I  K  I  W  F 181 
GCGTCGGATCGAGATCGCTCACACTCTCTGCTTGACGGAGCGACAGATCAAGATCTGGTT 600 
 
  Q  N  R  R  M  K  W  K  K  E  N  K  S  K                   200 
CCAGAACCGACGCATGAAGTGGAAAAAAGAAAACAAGTCAAAGAG                664

 
 Y  P  W  M  K  K  X  H  X  G  T  V  A  A  N  G  N  F  P  G    20  
TACCCGTGGATGAAGAAAGTNCATNTTGGGACAGTTGCTGCCAATGGAAATTTCCCTGGA   60  
 
 V  E  P  K  R  Q  R  T  A  Y  T  R  H  Q  I  L  E  L  E  K    40  
GTAGAACCTAAAAGGCAAAGGACAGCCTATACTCGCCACCAGATCCTAGAATTGGAAAAA  120  
 



 E  F  H  F  N  R  Y  L  T  R  R  R  R  I  E  I  A  H  A  L    60  
GAATTCCATTTCAACAGATACCTAACTCGGCGAAGAAGAATAGAGATTGCTCACGCGTTA  180  
 
TGCCTCTCTGAAAGGCAGATCAAGATTTGGTTTCAGAATCGAAGGATGAAATGGAAAAAA  240  
 C  L  S  E  R  Q  I  K  I  W  F  Q  N  R  R  M  K  W  K  K    80  
 
 D  N  K  L  P  N  T  K  N  V  K  K  K  N  P  N  N  A  N  N   100  
GATAATAAGTTACCAAATACGAAGAACGTCAAGAAGAAAAATCCAAATAACGCGAATAAC  300  
 
 N  N  N  N  N  N  N  A  S  N  N  N  N  N  N  N  N  N  P  D   120  
AATAACAACAACAATAATAACGCCAGCAACAACAATAATAATAACAACAACAATCCGGAC  360  
 
 Q  Q  N  A  N  R  L  S  N  P  Q  S  Q  P  P  M  L  Q  P  V   140  
CAACAAAATGCAAATAGGTTATCCAATCCTCAATCGCAACCACCAATGTTGCAACCAGTG  420  
 
 V  P  P  P  Q  A  T  N  H  M  V  G  P  S  P  H  S  Q  P  N   160  
GTACCACCCCCTCAAGCGACCAATCATATGGTTGGTCCATCACCTCATTCTCAACCAAAC  480  
 
 S  L  G  V  D  T  K  T  D  Y  G  L  T  E  L  *               175  
TCTCTTGGGGTGGACACTAAGACCGATTATGGACTAACAGAACTGTGATGATCAAGTGTT  540  
 
AAGTCCACAATTTTTTTCGTGTGTGCGTGTTTGTACTTTCTAACATTCCAGAACAATATA  600  
AATGTAAACAGAACTTGTAAAAATGTATGAAAAGCTCTCTGCGGACAAGACTAGACGATT  660  
GCGCAAATATATAGACACGAATATATGTGAATTCACATTGGATTTGAGATGTTGACATGC  720  
CTTAAAAAGAGATCAATCGAATTATGTGCTCGAGACTGATGATTATCATAATTTCCTTTT  780  
TTTTTGGAAAATTAGTTCAATTTCGGGTGCATTTTAAAGGTTCGAGTAGTGATAATGTTC  840  
CTTTTAAAGTTTTATTAAACTATACAATTAGTGCAATACAAAATAAAGCTGATGGGTGAT  900  
GTAGTTGAAAAACGCACATCAAAGGATATTATTAAAATTTTTGTTTGTATAAATATGCAG  960  
AATATATAGCAAACAGGGTATCTTAAGATTAAAAGGATTTTGCATTCTTGAAAAAAAAAA 1020  
AAAAAAAAAAAAAAAAAAAAAAA                                      1043  

 
CGTCGTGTTGAAATAGCTCATACACTTGGTCTTACAGAAAGGCAAATTAAGATATGGTTT  60 
 R  R  V  E  I  A  H  T  L  G  L  T  E  R  Q  I  K  I  W  F   20 
 
CAGAATCGCAGAGTGAAAGCTAAGAAGGAAAACAAATTTCCAAATCCAGTTCCTTCCACA 120 
 Q  N  R  R  V  K  A  K  K  E  N  K  F  P  N  P  V  P  S  T   40 
 
AGTCCATTGAGCAATCCAAATTGCGATCCTGATCTTCCTGAAATTTTACAAAATAAACAA 180 
 S  P  L  S  N  P  N  C  D  P  D  L  P  E  I  L  Q  N  K  Q   60 
 
ACTCTTATGCATATTTCTGGTTTTACACTTAGTCACGACAGCAGCAAAGATGGGATGTTT 240 
 T  L  M  H  I  S  G  F  T  L  S  H  D  S  S  K  D  G  M  F   80 
 
TTTCTTCCACAACAACGAGAAACTATACTAACCTAAGTTTGTTAAGCAATATTCGTGATA 300 
 F  L  P  Q  Q  R  E  T  I  L  T  *                           91 
 
ATCTTTATACATTATATTCGAGAGCAGTATTTTTATATGCACTTTCTTTTGAGTTGCACT 360 
ATGAATTAGTGTAATTGGTAATTATCTGCAGTGAATTGTCAGAAGGTAATTATCACCAAT 420 
GATTTGTTAAATGGTAATTATCTGTAATGAATTGTCAGATTGCAACTATCATGAATTGTC 480 
TTATGATAATTATCAGGAATGGGTTGTGAGACAGTAAATATCATCGAAACGGGTACTGAA 540 
TTTTTAAAGAAGAGCAAACAATCAAATGGTAATCCTTATATGCACAAAAATGTGATTTTA 600 
AAGACAAGTTTATAAAATAAATTTTTTTTAAACAGCAAAAAAAAAAAAAAAAAAAAAA   658 
 



 
GCAGTGTGTGATACTGTGTTGGGATGTTCAATGCAAGTCAACAAGTTTTTTTTTAGTTTT   60 
TTCCCTTCAGAAATAGAGAGTGGCTACTTTTTGAGAAGAACCTGTGAGCGTGTTTGATGG  120 
ATGAAAAGAACTTGTTCTTGTGAAAAGTAATTTGGATAATAAAGAGAGAGAAATCTGATN  180 
 
                                        M  S  V  E  C  Q  T     7 
AATTCTATTGCGCGATAAACAACTTTACAGGCCTCATAAATGAGCGTCGAGTGTCAGACT  240 
 
 R  T  F  I  Q  S  S  N  N  P  A  D  L  S  F  N  M  A  P  L    27 
CGTACATTCATCCAATCATCAAACAATCCGGCTGATTTAAGCTTCAATATGGCTCCCCTA  300 
 
 G  D  M  Q  Q  D  M  Q  K  H  S  E  S  V  I  Y  H  P  H  S    47 
GGAGACATGCAACAGGACATGCAGAAGCACTCAGAAAGTGTGATATACCATCCCCATTCA  360 
 
 A  K  N  C  Q  S  T  P  V  S  S  P  M  T  S  M  G  S  G  S    67 
GCAAAGAATTGTCAAAGTACACCTGTATCGAGTCCCATGACTTCCATGGGATCGGGATCC  420 
 
 S  P  R  Y  T  E  D  P  M  S  M  E  D  N  L  D  P  A  P  I    87 
TCCCCTCGATACACGGAAGATCCCATGAGCATGGAAGACAATCTCGATCCTGCGCCGATT  480 
 
 D  L  S  S  D  D  S  C  L  Y  S  E  D  E  M  Q  N  M  S  S   107 
GATTTGTCTTCGGATGACAGCTGTTTATATTCAGAAGATGAAATGCAAAACATGTCATCG  540 
 
 N  P  L  N  E  L  Q  N  S  L  D  K  N  G  F  L  G  Q  S  L   127 
AATCCCTTGAACGAGTTGCAAAATTCTCTGGACAAAAACGGATTTTTAGGGCAAAGCCTG  600 
 
 S  A  R  P  N  G  T  N  G  R  G  D  S  A  E  D  S  D  S  M   147 
TCTGCGAGGCCCAATGGAACAAACGGCCGTGGGGATTCTGCCGAAGATTCTGATTCGATG  660 
 
 N  K  G  V  E  T  L  E  C  H  L  C  N  F  Q  A  V  S  P  E   167 
AACAAAGGGGTCGAAACCCTAGAGTGTCACCTGTGTAATTTTCAAGCTGTTTCTCCCGAA  720 
 
 E  Y  S  H  H  I  D  G  H  F  D  H  K  C  P  I  C  D  Y  T   187 
GAATACAGTCATCACATCGATGGTCATTTTGACCACAAATGCCCGATTTGTGATTACACG  780 
 
 S  R  T  E  G  R  L  N  R  H  I  Q  D  F  H  S  E  V  P  P   207 
TCACGAACTGAGGGACGCTTGAACAGGCATATTCAGGATTTCCATTCGGAAGTGCCTCCG  840 
 
 E  S  W  A  G  K  K  K  P  N  Q  V  R  D  D  K  P  E  N  S   227 
GAAAGCTGGGCTGGAAAAAAGAAGCCCAACCAAGTCAGAGACGATAAACCCGAAAACTCG  900 
 
 S  S  S  S  P  A  S  Q  K  A  K  I  N  R  C  K  Q  C  N  F   247 
AGTTCATCCTCTCCTGCCTCGCAAAAAGCAAAAATAAACAGATGCAAACAATGCAACTTC  960 
 
 S  C  D  N  K  P  E  Y  Y  K  H  L  Q  E  V  H  M  K  K  D   267 
AGCTGCGACAATAAACCCGAGTATTATAAGCATTTGCAGGAAGTTCACATGAAGAAAGAT 1020 
 
 K  I  L  Q  C  P  N  C  C  F  V  T  E  Y  K  H  H  F  E  Y   287 
AAAATCTTGCAATGTCCCAATTGCTGCTTCGTTACAGAGTACAAACATCACTTCGAATAT 1080 
 
 H  L  R  N  H  V  G  S  K  P  F  R  C  D  K  C  N  Y  S  C   307 
CATCTTCGTAACCACGTTGGGTCGAAACCCTTCAGATGCGACAAATGCAATTATAGTTGT 1140 
 
 V  N  K  S  M  L  N  S  H  E  K  S  H  S  K  I  Y  P  Y  R   327 
GTGAACAAATCGATGTTGAACAGCCACGAAAAATCTCATTCCAAGATTTATCCATACCGC 1200 
 
 C  A  N  C  K  Y  A  T  K  Y  C  H  S  L  K  M  H  L  R  K   347 
TGTGCTAATTGCAAGTACGCGACTAAATACTGCCACAGTTTGAAGATGCACCTCCGAAAA 1260 
 



 Y  G  H  S  Q  G  Q  I  L  N  P  D  G  T  P  N  H  N  P  I   367 
TACGGCCACAGTCAGGGACAGATTCTCAATCCAGATGGCACCCCGAACCATAATCCGATA 1320 
 
 I  D  V  H  G  R  R  R  G  P  K  G  K  S  G  G  K  N  K  Q   387 
ATTGATGTGCATGGTAGAAGAAGGGGTCCCAAAGGAAAATCGGGCGGTAAAAATAAACAA 1380 
 
 K  C  L  T  Y  S  D  I  P  S  P  N  I  C  N  A  K  T  E  M   407 
AAGTGTTTAACCTACAGCGATATTCCTTCTCCAAACATTTGCAATGCAAAAACCGAGATG 1440 
 
 S  T  Q  P  F  L  Y  P  T  P  H  F  P  P  K  T  F  S  S  M   427 
TCCACGCAACCGTTTCTATATCCAACACCTCATTTCCCTCCTAAAACCTTTTCTTCCATG 1500 
 
 L  M  G  P  T  S  L  D  L  Q  I  P  S  F  S  V  W  P  R  P   447 
CTTATGGGACCCACTTCTTTGGACTTACAAATTCCTTCGTTTTCGGTGTGGCCGAGACCT 1560 
 
 F  K  C  H  Y  C  D  F  M  T  E  S  L  D  L  Y  Q  Q  H  A   467 
TTCAAGTGTCACTACTGCGATTTCATGACAGAGTCCCTCGATCTTTACCAACAACATGCT 1620 
 
 V  A  H  A  V  K  E  N  S  D  L  M  R  T  C  N  I  N  P  D   487 
GTAGCCCATGCCGTTAAAGAGAATTCTGATTTGATGCGCACCTGCAACATCAATCCGGAC 1680 
 
 I  F  H  L  Q  A  Q  H  L  T  F  N  N  Y  P  Q  N  S  I  H   507 
ATATTTCATTTGCAAGCTCAGCATCTGACCTTTAATAACTATCCTCAAAATTCCATACAC 1740 
 
 H  V  D  E  V  S  R  S  M  H  K  N  E  I  E  K  K  I  V  C   527 
CATGTTGACGAAGTCTCTAGGTCAATGCATAAAAATGAAATTGAAAAAAAGATCGTGTGC 1800 
 
 S  T  A  S  E  N  A  R  S  H  S  I  H  S  E  N  A  I  I  S   547 
AGCACTGCTTCGGAGAACGCTCGAAGTCATTCAATTCATAGCGAAAACGCAATAATATCC 1860 
 
 T  G  N  S  I  Y  S  S  S  A  E  N  K  I  P  L  T  N  S  V   567 
ACTGGCAACAGCATTTATTCATCCTCCGCAGAGAATAAAATTCCACTTACAAATTCCGTT 1920 
 
 P  Q  I  P  D  S  K  T  Y  S  P  V  S  I  S  S  D  G  T  K   587 
CCTCAGATTCCTGATTCCAAAACATATTCTCCGGTGAGCATAAGCTCGGATGGAACAAAA 1980 
 
 N  I  S  D  N  H  K  P  S  S  D  Y  P  E  I  L  P  R  Y  S   607 
AATATTTCAGATAATCACAAACCATCCTCGGATTATCCTGAGATCCTTCCTAGATATTCA 2040 
 
 P  P  A  R  H  T  S  P  V  H  F  S  T  Y  N  E  N  G  N  N   627 
CCTCCTGCTCGTCATACTTCGCCGGTGCATTTTTCTACTTACAATGAAAATGGAAATAAC 2100 
 
 H  T  S  S  D  K  Q  S  L  T  S  P  Q  E  A  L  S  I  S  E   647 
CATACATCAAGCGACAAACAAAGCCTAACTTCACCCCAAGAAGCCCTTTCCATCTCAGAA 2160 
 
 C  S  P  K  S  S  S  F  N  S  D  E  N  A  R  N  S  F  E  C   667 
TGCTCACCCAAGTCGAGTTCCTTTAATTCTGACGAGAACGCTAGAAACTCGTTTGAGTGC 2220 
 
 Q  N  E  E  H  S  P  L  D  L  S  G  P  K  I  S  E  P  I  S   687 
CAAAATGAGGAGCATTCCCCATTGGATTTAAGTGGACCTAAAATCTCTGAGCCCATATCC 2280 
 
 R  G  V  K  I  E  H  H  T  A  K  R  K  L  S  P  N  D  V  A   707 
CGAGGAGTCAAAATCGAGCATCACACTGCAAAGAGGAAACTTTCACCCAATGATGTCGCT 2340 
 
 S  T  N  Q  D  S  Q  S  R  N  R  R  K  G  K  A  F  K  L  D   727 
TCTACAAATCAGGACAGCCAATCGAGGAACAGACGAAAAGGAAAAGCTTTTAAACTCGAC 2400 
 
 H  Y  I  Q  C  E  D  S  P  I  K  T  D  L  D  A  A  S  D  F   747 
CACTACATCCAGTGCGAAGATTCGCCCATCAAAACCGATCTGGATGCTGCATCCGATTTC 2460 
 
 K  Y  F  V  G  S  E  D  T  A  K  R  E  A  S  Q  L  L  D  S   767 
AAATACTTCGTAGGCTCTGAAGACACTGCTAAAAGAGAAGCGAGTCAACTTTTAGACTCA 2520 
 



 T  G  N  R  P  K  E  T  T  P  E  E  T  P  K  Q  Y  M  Q  N   787 
ACCGGAAATCGTCCCAAAGAAACTACGCCAGAGGAGACACCAAAGCAGTACATGCAGAAT 2580 
 
 F  N  Q  P  P  K  T  T  A  S  S  K  S  L  E  K  E  K  L  V   807 
TTTAATCAACCACCGAAAACCACGGCCTCTTCGAAATCTTTGGAAAAAGAAAAACTAGTC 2640 
 
 S  T  A  S  S  L  S  T  Q  R  P  L  S  P  E  F  T  I  N  H    27 
TCCACTGCGTCTTCATTGTCCACTCAACGACCCCTCTCCCCCGAGTTCACCATCAATCAC 2700 
 
 N  N  N  L  D  S  S  N  E  S  D  S  N  I  Q  S  E  V  P  K   847 
AACAACAATCTAGATTCCTCTAATGAATCTGATTCAAATATACAATCGGAAGTGCCAAAA 2760 
 
 V  E  S  D  E  A  N  F  K  S  T  N  G  Y  A  C  K  Y  C  E   867 
GTGGAATCTGACGAGGCGAATTTCAAATCGACAAACGGCTATGCGTGTAAATACTGTGAA 2820 
 
 M  T  F  M  D  C  A  M  Y  T  M  H  M  G  Y  H  G  L  G  H   887 
ATGACATTCATGGATTGTGCCATGTACACCATGCATATGGGATACCATGGACTAGGTCAC 2880 
 
 P  Y  R  C  N  T  C  G  S  V  C  Q  D  K  V  E  F  F  L  H   907 
CCATACAGGTGCAACACGTGTGGCAGCGTTTGCCAAGACAAAGTTGAATTCTTTCTTCAC 2940 
 
 L  I  R  V  A  H  T  *                                       914 
CTCATTCGTGTTGCGCACACGTGAGCAAGACGAACCTTTCATTATAAAAACAATTACCTC 3000 
TTGGCAGCGTCATCGGATATAAAGTTCCTTAAATTATTAACAAGCATATCCATGTTGTGA 3060 
TATCTACTTATATATATTAGATCTGCATTGGGAAGAGCGTGTATTTTTAGAACTATTTAA 3120 
ATGCTATAAACAAAACGGAAAAAAAAACTGTTACCCTGGCTGATCCCGAACTGATTCTGT 3180 
TGTGATTGCAGTCAAGCAAAAAACTACTTTGTCGATTACAACACAAAAAAAAGTGGGAAC 3240 
TGTTAAGCAAAGGCAATGCAGATCTTCCAATAGGAACTATTTTGTRGACACAGATCTTAT 3300 
TCTGTTGCTTTAAATGTTCGAAAAATCTTAATTGTTAAAACACTTTGGTTCATTTAAATT 3360 
ATTTTACAACTCGATACTGTTAAACACGGTGTTTGAATGCTAGTCATGTAGTCCTGTGTG 3420 
GAAGCAATATTCATAGCAAATAGTGTGAAACAAAAACAAACAACAACAAAAAAATCAAAA 3480 
TTTAGGGGGTGATCCCCTATTGTGTTTTGGATCAAAAAAAAAAAAAAAAAAAAAAAAAAA 3541 

  
GTAAACGTTTGTATTGTATTGAGCGTTGTTAAGCAGATGAAAACGAAATAGAACTCATTT   60  
AAAGGCTTTAGTTATATCATTAAAAGAAATTATATATATTGGGTCTTACTCTATAATCAT  120 
TGGCCCTCCAACTAATCATGTGACCTGGGAGGACATCATCAACTCTACGATGGGACAACA  180 
 
M  C  H  T  S  K  W  K  K  S  S  T  S  K  N  K  K  L  Y  R     20 
TGTGCCATACTTCAAAATGGAAAAAATCATCAACATCTAAAAATAAAAAACTTTACCGGA  240 
 
T  V  M  P  F  K  T  P  L  S  P  Y  I  N  N  N  S  C  Y  A     40 
CTGTTATGCCATTTAAGACTCCCCTTTCTCCTTATATAAATAATAACAGTTGTTACGCCA  300 
 
T  A  S  P  D  L  V  A  K  G  F  D  G  G  G  S  G  D  Q  N     60 
CTGCATCTCCAGATTTGGTGGCAAAGGGTTTCGATGGGGGTGGTTCAGGGGACCAAAATG  360 
 
D  H  P  H  D  E  D  S  S  G  N  S  Q  V  I  L  D  I  E  D     80 
ACCACCCCCACGATGAAGATAGCTCAGGTAATTCTCAAGTCATCCTAGACATTGAGGACA  420 
 
T  S  N  H  D  E  G  S  Q  L  D  E  E  Q  Q  K  L  L  L  L    100 
CAAGTAATCACGATGAAGGCTCTCAACTAGACGAGGAACAACAAAAACTCCTACTGTTGT  480 
 
S  R  S  L  C  Q  E  Q  N  S  P  P  V  A  P  S  T  Y  T  S    120 
CTAGAAGTTTATGCCAAGAACAGAATAGTCCACCTGTTGCTCCTTCAACTTATACTTCAG  540 
 



A  F  T  S  I  K  L  F  N  P  F  Q  G  R  L  Q  N  L  S  P    140 
CTTTCACTTCAATAAAACTTTTCAACCCCTTTCAGGGGAGGCTACAAAACCTGTCCCCCT  600 
 
F  S  P  Q  L  E  E  E  E  T  P  R  D  D  K  S  P  S  F  D    160 
TTTCACCGCAACTAGAAGAGGAAGAAACCCCCCGTGATGACAAGAGTCCTTCATTTGATA  660 
 
N  V  E  Y  L  N  Y  R  E  D  K  S  R  N  V  S  S  E  D  Q    180 
ATGTTGAATATTTGAATTATAGAGAGGATAAATCAAGAAATGTGTCAAGTGAGGATCAAA  720 
 
K  L  F  P  S  R  E  D  A  E  D  M  F  V  N  K  P  I  Y  P    200 
AACTTTTTCCTTCTAGAGAGGATGCGGAGGATATGTTTGTAAATAAACCAATTTATCCTT  780 
 
W  M  V  D  S  R  H  N  T  K  N  R  Q  S  Q  V  Y  E  S  S    220 
GGATGGTTGATTCAAGACATAATACAAAAAATAGACAGTCTCAAGTATATGAAAGCAGTA  840 
 
K  D  Q  F  S  Q  Y  L  G  D  Q  P  A  K  R  A  R  T  A  Y    240 
AAGATCAATTTAGTCAATATTTAGGAGACCAGCCAGCGAAGCGTGCAAGGACGGCTTACA  900 
 
T  S  A  Q  L  V  E  L  E  K  E  F  H  F  N  R  Y  L  C  R    260 
CCAGTGCCCAATTGGTGGAACTAGAGAAAGAATTTCACTTTAATCGCTACCTATGCAGAC  960 
 
P  R  R  I  E  M  A  S  L  L  N  L  T  E  R  Q  I  K  I  W    280 
CAAGGAGAATTGAAATGGCATCTTTACTTAACCTAACAGAGCGTCAGATCAAAATATGGT 1020 
 
F  Q  N  R  R  M  K  Y  K  K  E  Q  K  S  K  G  I  F  C  Q    300 
TCCAAAACCGTCGCATGAAGTACAAAAAAGAACAAAAATCAAAAGGTATTTTTTGCCAGG 1080 
 
A  V  D  K  E  T  P  C  S  G  G  S  L  P  G  S  S  P  I  T    320 
CTGTGGACAAGGAAACTCCATGTTCCGGTGGGAGTTTACCTGGCTCATCTCCAATAACAC 1140 
 
H  S  P  T  S  P  N  T  A  S  N  S  N  C  N  L  S  N  S  G    340 
ATTCACCTACATCTCCGAATACAGCTTCGAATTCTAATTGTAACTTGTCTAATTCCGGAA 1200 
 
T  Q  A  A  A  L  D  S  T  N  Q  S  F  T  A  Y  G  L  D  C    360 
CTCAAGCTGCTGCTTTGGATAGTACTAATCAGTCATTTACAGCATATGGATTAGATTGTT 1260 
 
S  P  S  N  T  G  V  L  E  S  C  S  L  R  T  H  S  D  P  L    380 
CACCAAGCAACACAGGGGTTTTGGAATCTTGTTCACTTCGAACTCATTCCGATCCACTTT 1320 
 
L  S  S  P  I  K  A  S  V  S  Q  A  S  N  F  L  S  N  K  P    400 
TAAGTTCACCCATTAAGGCATCAGTTTCCCAAGCTTCAAATTTTCTAAGCAATAAGCCAT 1380 
 
F  N  T  S  S  N  N  R  P  V  Q  P  Y  Q  N  L  F  S  D  A    420 
TTAATACGTCAAGTAATAATCGACCAGTGCAACCATACCAGAATCTCTTTTCTGATGCAA 1440 
 
N  L  Q  H  R  H  L  Q  Q  E  L  C  F  A  Q  N  E  K  K  S    440 
ATCTACAGCATCGCCATTTGCAACAAGAATTATGTTTCGCTCAAAATGAGAAGAAGAGTG 1500 
 
V  M  S  S  P  S  A  S  S  T  P  S  Q  S  V  S  T  P  P  S    460 
TCATGTCATCCCCCTCGGCATCCTCAACACCATCTCAAAGTGTCTCTACGCCACCATCTC 1560 
 
P  S  S  P  F  Q  L  N  F  Q  P  V  T  A  D  S  P  M  N  V    480 
CTTCATCACCATTTCAACTTAATTTCCAACCTGTCACTGCAGATTCACCGATGAATGTAC 1620 
 
P  F  M  S  D  M  D  S  G  T  K  N  N  A  F  Y  Y  N  S  G    500 
CATTCATGTCAGACATGGATTCCGGCACGAAAAACAACGCTTTTTATTACAATTCAGGCA 1680 
 
M  A  S  R  F  V  V  Q  P  H  S  A  W  D  Q  S  G  V  G  M    520 
TGGCTTCGAGATTTGTGGTGCAACCACACTCTGCTTGGGATCAAAGTGGTGTAGGCATGC 1740 
 
Q  L  Q  N  N  I  Q  S  S  M  G  L  L  C  T  A  V  D  Y  S    540 
AACTTCAGAATAATATTCAGAGTTCTATGGGGCTACTTTGTACAGCGGTGGATTATTCAG 1800 
 



A  T  N  N  V  R  A  I  V  N  N  S  A  Y  Q  A  Q  L  H  S    560 
CAACGAACAATGTTCGAGCTATCGTTAATAATTCCGCGTATCAAGCTCAGTTGCATTCTG 1860 
 
G  S  Y  Y  Y  P  H  P  Q  Q  M  I  A  S  S  P  M  T  H  E    580 
GATCCTATTACTATCCGCATCCACAACAAATGATAGCAAGCAGTCCAATGACACATGAAT 1920 
 
W  L  V  Q  S  Q  E  A  S  R  G  Q  K  Y  A  F  P  S  T  S    600 
GGCTCGTGCAATCTCAAGAAGCTAGTAGAGGTCAAAAATATGCTTTTCCATCTACGTCCC 1980 
 
P  K  L  A  H  L  *                                           606 
CTAAACTTGCTCATTTATGAAGGAACATTCATAGATAATGCGAATCAAAATAGCTGTTCA 2040 
AGATATTATATCCCTTGAATTTGAGCTCATATTTTAAATGGAAACCATCTAGTAATATTT 2100 
CATAATGTTTAGACATCTACGTGGTAGACTTCTACTTGCATTTTATACTAAATTTTAGTG 2160 
TGTTTTAAAAAAAAAAAAAAAAA                                      2183 
 

 
   A  H  S  G  A  R  P  C  D  I  S  R  I  L  Q  V  S  N  G    19 
TTGCGCACAGCGGGGCTCGGCCGTGCGATATCTCCCGTATCCTACAGGTGTCTAACGGCT  60 
 
C  V  S  K  I  L  G  R  Y  Y  E  T  G  S  I  R  P  R  A  I    39 
GCGTATCTAAGATACTCGGTCGTTACTACGAGACCGGATCCATCCGTCCCAGGGCGATTG 120 
 
G  G  S  K  P  R  V  A  A  P  D  V  V  A  K  I  A  H  F  K    59 
GGGGCAGTAAGCCCCGGGTCGCCGCCCCTGACGTCGTTGCCAAGATCGCCCATTTCAAGA 180 
 
R  E  C  P  S  I  F  A  W  E  I  R  D  R  L  L  S  E  G  A    79 
GGGAGTGCCCCTCCATCTTTGCTTGGGAAATCAGAGATAGGCTACTGTCTGAGGGTGCCT 240 
 
C  T  N  D  S  V  P  S  V  S  S  I  N  R  V  L  R  N  L  A    99 
GCACTAACGATAGCGTCCCAAGTGTATCGTCCATAAACCGAGTGCTTAGGAATCTGGCAG 300 
 
A  Q  K  E  Q  A  Q  V  Q  A  Q  D  A  V  Y  D  K  L  R  M   119 
CGCAAAAAGAACAAGCGCAAGTACAGGCCCAGGATGCCGTATACGACAAGTTACGAATGC 360 
 
L  N  G  Q  G  W  P  R  P  N  P  W  Y  P  G  G  T  T  F  G   139 
TCAATGGTCAAGGGTGGCCTAGGCCTAATCCTTGGTACCCTGGTGGCACGACTTTTGGAG 420 
 
G  I  A  P  S  Y  I  A  P  V  T  T  P  A  T  P  L  E  N  G   159 
GAATTGCACCAAGTTATATTGCTCCTGTAACTACACCAGCAACTCCTTTGGAAAATGGCC 480 
 
L  N  P  K  R  E  G  S  V  T  E  A  S  T  P  S  D  Q  S  G   179 
TCAACCCTAAAAGAGAAGGAAGCGTAACGGAGGCATCAACACCCAGTGATCAAAGTGGTA 540 
 
S  G  E  E  D  S  A  A  R  L  R  L  K  R  K  L  Q  R  N  R   199 
GTGGTGAGGAGGATTCAGCGGCGAGGTTAAGGTTGAAAAGAAAACTACAAAGAAATAGAA 600 
 
T  S  F  T  P  E  Q  I  E  A  L                              219 
CATCTTTCACACCAGAACAAATAGAAGCTCTT                             632 

 



 
CATAATTCATCAAAATTGCGAGGTTGTTCTTCGGGGAAAAATTATAGCCTGCTCCACAAA   60  
 
              M  S  S  Y  Q  F  V  N  S  L  T  S  C  Y  S  Q   16  
TCAAACGGAACTTATGAGTTCGTATCAGTTCGTAAACTCGCTGACGTCGTGCTATAGTCA  120  
 
  A  R  Q  D  P  T  A  Q  D  Y  Y  T  P  P  V  Q  A  Y  G  N   36  
AGCCAGGCAGGACCCGACGGCTCAGGACTATTACACGCCGCCGGTTCAGGCGTACGGAAA  180  
 
  C  Y  N  G  P  S  S  P  V  Q  P  Q  T  Y  G  A  P  Y  S  Q   56  
CTGTTATAACGGGCCATCTTCCCCGGTCCAGCCTCAGACGTATGGGGCCCCTTATTCCCA  240  
 
  H  L  Q  N  Q  N  G  D  P  H  H  F  S  S  C  S  Q  Q  Q  R   76  
ACATTTGCAAAATCAGAATGGGGACCCGCATCATTTTAGTAGTTGTTCTCAACAACAGAG  300  
 
  L  G  H  S  L  S  S  Q  S  S  R  T  P  T  P  S  A  T  P  V   96  
ACTTGGTCATTCCCTTAGTAGTCAGAGTTCGAGGACCCCCACACCATCGGCGACGCCGGT  360  
 
  P  S  C  K  Y  A  E  P  P  T  V  H  A  A  S  P  Q  D  L  L  116  
ACCCAGTTGCAAGTATGCCGAACCACCGACTGTTCATGCGGCATCACCACAAGATCTTTT  420  
 
  T  T  S  S  S  S  Q  P  P  E  S  P  E  Q  G  D  S  P  T  P  136  
GACCACAAGCAGCAGTTCTCAACCCCCAGAAAGTCCTGAACAGGGAGATTCACCCACTCC  480  
 
  P  T  S  K  S  S  T  S  R  H  L  S  P  D  S  S  P  Q  E  S  156  
ACCCACTTCAAAATCCTCGACTAGCCGTCACCTAAGTCCTGATTCATCACCACAGGAATC  540  
 
  S  P  Q  Q  S  P  S  P  Q  S  S  T  T  S  Q  K  G  N  A  A  176  
CAGTCCTCAGCAGTCACCATCACCTCAAAGTTCTACAACATCTCAAAAAGGCAATGCTGC  600  
 
  F  Q  G  N  P  P  Q  I  Y  P  W  M  R  K  V  H  V  G  Q  N  196  
TTTTCAAGGCAATCCTCCTCAGATTTATCCCTGGATGAGAAAAGTTCATGTCGGGCAAAA  660  
 
  G  V  N  S  M  G  E  T  K  R  Q  R  T  S  Y  T  R  Y  Q  T  216  
TGGTGTGAACTCCATGGGAGAAACAAAGCGCCAAAGAACATCCTACACCCGGTATCAAAC  720  
 
  L  E  L  E  K  E  F  H  F  N  R  Y  L  T  R  R  R  R  I  E  236  
ATTGGAGCTCGAGAAAGAGTTTCATTTTAACCGGTATTTAACCAGACGACGGCGGATTGA  780  
 
  I  A  H  A  L  C  L  T  E  R  Q  I  K  I                    250  
GATAGCTCATGCCCTGTGTCTGACAGAAAGACAAATTAAAATC                   823  
 
 

 
TAGGGTGAGAAAAAATATCACCGACCCCTTGACGTAACCAAAATAATATCCCCCCTTGAT   60  
TTCTTCTCGTGCTGTGACTGAGCATCAACCTCTGGGGTGATAAGTTTCCTTCGTATTGTG  120  
 
 



                                          M  M  N  T  Y  F      6  
AATGTCGTCTGCTTTATTATTGAAATATCGCTTTAAAACTGATGATGAATACGTATTTTG  180  
 
E  Q  G  G  F  Y  N  G  S  A  A  T  P  A  E  P  Q  S  Y  R     26  
AGCAGGGTGGATTCTATAACGGATCTGCCGCCACTCCTGCCGAACCGCAGTCGTACCGTT  240  
 
F  P  Q  S  L  L  V  P  P  Y  G  Q  G  P  T  P  R  N  A  H  E  46  
TTCCGCAGAGTTTGCTCGTACCGCCGTACGGCCAGGGTCCGACACCTAGAAATGCACACG  300  
 
   S  T  P  Y  A  D  A  N  G  G  P  N  G  A  C  K  L  Y  T     66  
AATCAACCCCTTATGCAGATGCAAATGGTGGACCAAACGGTGCTTGCAAGCTATATACAA  360  
 
S  G  E  P  T  F  K  A  E  C  L  A  K  E  T  N  G  F  V  K     86  
GCGGCGAACCCACATTTAAAGCTGAGTGTTTGGCCAAAGAAACTAATGGATTTGTGAAAG  420  
 
D  M  V  T  N  W  P  A  M  A  A  R  V  A  N  E  Q  M  R  S    106  
ACATGGTCACGAACTGGCCCGCCATGGCGGCCAGAGTTGCCAATGAGCAAATGAGGTCAT  480  
 
F  A  S  E  N  S  V  T  P  R  A  N  E  S  W  Q  Q  C  C  Q    126  
TTGCATCGGAAAATTCCGTGACCCCCAGAGCAAATGAGTCATGGCAGCAGTGCTGTCAAA  540  
 
S  S  P  T  I  G  Q  T  Q  S  N  T  F  Y  P  W  M  A  V  Q    146  
GTTCTCCGACCATTGGTCAAACTCAGAGCAACACATTTTATCCATGGATGGCCGTACAAG  600  
 
G  P  N  G  M  R  R  R  G  R  Q  T  Y  T  R  Y  Q  T  L  E    166  
GTCCAAATGGCATGAGGAGAAGAGGTCGCCAAACTTACACACGTTACCAGACTCTGGAAC  660  
 
L  E  K  E  F  H  T  N  H  Y  L  T  R  R  R  R  I  E  M  A    186  
TAGAAAAAGAATTCCACACCAATCATTACCTAACACGAAGAAGACGGATTGAAATGGCGC  720  
 
H  S  L  C  L  T  E  R  Q  I  K  I  W  F  Q  N  R  R  M  K    206  
ATTCCCTTTGTTTAACAGAGCGCCAAATTAAGATTTGGTTTCAGAATCGGCGGATGAAAT  780  
 
L  K  K  E  I  Q  A  I  K  E  L  S  E  Q  E  R  Q  S  Q  Q    226  
TGAAGAAAGAAATTCAGGCCATCAAAGAATTGAGTGAACAAGAACGCCAATCTCAACAAG  840  
 
A  K  A  T  T  T  V  S  T  N  S  N  M  T  H  S  S  S  T  T    246  
CCAAGGCCACTACCACTGTATCAACCAATTCAAATATGACTCACTCCAGTTCCACCACCA  900  
 
N  S  N  P  A  K  N  V  D  V  S  A  P  I  S  A  T  K  T  *    266  
ATTCCAATCCCGCCAAAAATGTGGATGTTAGTGCGCCAATCAGTGCCACAAAAACGTAAG  960  
ATCTGAAGACAATCCACATGGACCTAAGTTCCAAAATGCTTGAAGTTTTTATACTCAAGT 1020  
TGAACTTGATGATCTTACGATCACTACTCGGCCGGGACTTAATGTTGTTCAGTATTGTTC 1080  
CATTGAACATTATTAATTGGTGTGATTGAACAACGACTTTTTTTTACCTCGGCTTCCCTG 1140  
TATACGATGAAAAGTTGTACATAATACGTAAATTGAGACATTTTTTCCCCTCTGTTCGCC 1200  
GTTCACACTTCATTATGTTGTTTCAAGTATTCGCCAATGCACCTACATTGTATTTATTGA 1260  
ACTAAAATGTATTTCTGCATCTTCTCATATTGCCGAAAGATCAAGTGTAATCTTGTATAT 1320  
TTGAACTCATAATTTAGCTGTAATTTTGTCTTAACCCACAAATCAGTCATTTAAGAAAGT 1380  
GAGAACAAATTTTAAGCAGTATTCTAAATATACTTCTGTAGAAATATTCAAAATCGTGTA 1440  
ATAATATACGTATTTGCCGTAATTCTATTGGATTCCATCTGTTGTGCTTATATTGCACAC 1500  
TGTATCGGGTGCAATCTAGCTAATATATGTTGTAAAAATTTTGAATAAAATGTATTTAAT 1560  
CTCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA                        1597 
 












