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Chapter 4. Structures of Genes Encoding TAT A Box-binding 

Proteins from Trimeresurus flavoviridis and 

Trimeresurus gramineus. 

In T. gramineus and T. flavoviridis venom gland PLA2 isozyme genes, the 

protein-coding regions have been evolving at much higher rate than the noncoding 

regions including introns. It was noted that the evolutionary rates for introns are almost 

equivalent to those for all the noncoding regions, indicating that the evolutionary rates are 

almost equal between introns and other noncoding regions in venom gland PLA2 isozyme 

genes. To gain a further insight into the evolutionary feature of venom gland PLA2 

isozyme genes, it is of interest to compare the evolutionary rates of introns of venom 

gland PLA2 isozyme genes with those of introns of general (nonvenomous) genes. 

TATA box-binding protein (TBP) is commonly present in all cell types and its gene could 

be assumed to have evolved under neutrality. Therefore, the author determined the entire 

nucleotide sequences of the genes encoding TBPs of T. gramineus and T. flavoviridis. 

TAT A box-binding protein (TBP) is a cellular protein that recognizes and binds to 

T A TA box, and is required for all transcription by RNA polymerases I, II, and III of 

genes (Schultz et al., 1992; Cormac and Strohl., 1992; Sharp., 1992; Comai et al., 

1992). Complementary DNAs of TBPs from various organisms have been cloned and 

sequenced (Apsit et al., 1993; Lichtsteiner and Tjian., 1993; Rowland et al., 1994; Marsh 

et al., 1994). The nucleotide sequences of TBP genes of Arabidopsis thaliana (Gasch et 

al., 1990), Acanthamoeba castellanii (Wong et al., 1992), Schizosaccharomyces pombe 

(Hoffmann et al., 1990), Saccharomyces cerevisiae (Horikoshi et al., 1989), and 

archaebacteria (Rowlands et al., 1994; Marsh et al., 1994) have been determined. 

However, the whole nucleotide sequences of TBP genes of higher animals have not been 

worked out although the nucleotide sequences of cDNAs for human (Kao et al., 1990) 

and mouse TBPs (Tamura et al., 1991) have been determined and the loci of introns of 

mouse TBP gene have been assigned (Sumita et al., 1993). This chapter describes the 
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cloning and the nucleotide sequences of the genes encoding T. gramineus TBP (TgTBP) 

and T. flavoviridis TBP (TITBP) . 

EXPERIMENTAL PROCEDURES 

Materials. Restriction endonucleases and other enzymes were obtained from 

Takara Shuzo (Kyoto) . [a-32p]dCTP (3,000 Ci/mmol; 1 Ci = 37 GBq) , [a-35S]dATP 

(1,000 Ci/mmol), ['y-32p]ATP (5,000 Ci/mmol) and [35S]L-Met (1,000 Ci/mmol) were 

from Amersham. Other reagents were of reagent grade. 

Labeling of DNAs and Oligonucleotides. DNA fragments were labeled 

with [a-32P]dCTP (3,000 Ci/mmol) by the random priming method (Feinberg and 

Vogelstein, 1983) . Oligonucleotides were labeled at the 5'-0H end with ['y-32p] A TP 

(5,000 Ci/mmol ) and T4 polynucleotide kinase (Sambrook et al., 1989). 

Screening of eDNA Library. AT. gramineus venom gland eDNA library 

made in .Agt1 0 (Chapter 3) was screened by the plaque hybridization method with human 

TBP eDNA (this eDNA clone was a generous gift from Dr. Arnold J. Berk; Kao et al., 

1990) . Hybridization was carried out in 1 mM EDT N0.5 M NaHP04, pH 7.2/7% SDS 

(Church and Gilbert., 1984) at 42°C overnight. One positive clone was obtained, and the 

insert was subcloned into pUC118. The sequence was determined by the dideoxy chain 

termination method (Sanger et al., 1977; Hattori and Sakaki., 1986). 

Screening of T. gramineus and T. flavoviridis Genomic DNA 

Libraries. Two genomic libraries (from T. gramineus and T. flavoviridis) made with 

EMBL3 (Chapters 2 and 3) were screened with full-length TgTBP eDNA using the 

standard method (Sambrook et al., 1989) . Trimeresurus gramineus phage clones Tg-1, 

Tg-2, and Tg-7 contain fragments A and B, fragment C, and fragment D, respectively 

(see text) . Trimeresurus flavoviridis phage clones Tf-17, Tf-6, and Tf-7 contain 

fragment E, fragments F and G, and fragments H and I, respectively (see text) . These 

fragments were subcloned into pUC19 or 118. The DNA sequences were determined by 

the dideoxy chain termination method (Sanger et al., 1977; Hattori and Sakaki., 1986) . 
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Primer Extension Analysis. Total cellular RNAs from T. gramineus and T. 

flavoviridis venom gland were fractionated (Chirgwin et al., 1979). An antisense 18-mer 

oligonucleotide primer (5'-GCTCCAGAAGTTCTCCCG-3', nucleotide positions 84 to 

101 of TgTBP gene as well as TfTBP gene) was used to map the initiation site. The 

[32P] end labeled primer (1 pmol) was anealed to 50 �g of total venom gland RNAs and 

extended with reverse transcriptase (Sambrook et al., 1989). The products were loaded 

onto 6% polyacrylamide-? M urea sequencing gel and electrophoresed. 

RESULTS AND DISCUSSION 

Screening of T. gramineus Venom Gland eDNA Library. The T . 

gramineus venom gland eDNA library (Chapter 3) was screened with human TBP eDNA 

(Kao et al., 1990). One positive clone was obtained from 5 x 1 QS plaques. This clone 

was 1778-bp long and contained a single open reading frame (Fig. 15) which encodes a 

protein highly homologous in the C-terminal half to TBPs of other organisms. Its 

nucleotide sequence contained two in-frame stop codons (TAG, nucleotides -120 to -118 

and nucleotides -51 to -49) and the sequence matched well the consensus sequence 

flanking the ATG initiator codon (Kozak., 1986). The RNA derived from the cloned 

eDNA was translated in a reticulocyte lysate and [35S]methionine-labeled protein gave a 

single band of 33-kDa in SDS-PAGE which corresponds to the size expected from the 

deduced amino acid sequence (data not shown). Therefore, we judged that this clone 

synthesizes TgTBP. 

Screening of T. gramineus and T. flavoviridis Genomic DNA 

Libraries. Trimeresurus gramineus and T. jlavoviridis genomic DNA libraries (1.6 

xl Q6 plaques each) constructed with EMBL3 as a vector (Chapters 2 and 3) were 

screened with full-length TgTBP eDNA (Feinberg and Vogelstein, 1983) and 13 and 20 

positive clones were obtained, respectively. As shown in Fig. 16, T. gramineus phage 

clones Tg-1, Tg-2, and Tg-7 contained fragments A and B, fragment C, and fragment D, 

respectively. T. jlavoviridis phage clones Tf-17, Tf-6, and Tf-7 contained fragment E, 
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-211 CGGCTCAGGTCGGGAGAACTTCTGGAGCCGTCTGCA/\CCTTTATTTTATA TACTTGATGTTTTATCAAATATGTCAATACAGACTGCAIIAC�TTTTTGGGATGCTTCI\ACClvVIGCTI\ 

-91 CTTCCTTAAGGCAGATGTTGTGAAGCTTGA TTTCTGGA TT.L1.G,TTTCTCCAAGTAA TCCTCA TTTGACTGGACACTTACTTGATTGCTACAATGGA 'TC AAAACAAC AGT':.''T ACC ACCC'T A 

(1) M 0 0 N N S L P 

30 TGCTCAGGGCTTAGCATCCCCACAGAG TGCAATGACTCCAG GCATCCCTA1TTTCAGTCCTATGATGCCCTACGGCAC1GGGC'TCACACCCCAACCTGC'TCAGAGTACCAACAG 

( 1 1 ) A 0 G L A S P 0 S A M T ? G I ;) I F S P M t". P Y G :;' G L �, ? 0 P A 0 S ':' t\ S 

150 

( :J 1 ) 

2-10 

( 91) 

390 

( 1 J 1) 

�10 

( 1 71) 

630 

( 2. 1) 

7�C 

(251) 

870 

( 2 91) 

990 

1110 

1230 

1350 

1470 

TATCCTGGAAGAACAACAGAGGCAGCAGCAGCAGCAGCAAGCAGCAGCACAGCAG:CCACrTCACAACCAACACAAGCACCATC�GGTCAAACCCCAC:AGC 

L E E Q Q R Q Q 0 Q Q Q A A A Q Q S 1 S 0 P T 0 A P S G Q 1-l s 

CACGACTGCTCCTTTACCAGGAACCACACCTC':'C':'ACCCCTCTCCAATGAC'fCCCA'l GACTCC rATAACGCC :'GCCACCCC'TGC .'�CCGi\AAGC'.:'CCGGGA r I'C':" ACCGCACC 

T T A P L P G T P ' Y ? S ? M 1 P � T P : r 2 A � r A S E S S G I V ? 0 

TAT'TGTGTCTACAGTAAATCTTGGTTGCAAACt�GACCTAAAAACCAfTGCCCT CGTGCICGAAATGCTGAA�ACAATCCCAAGCGTT1TCC1GC:GTAAffA�CAGAA�AA 

I v s T v N L G c 1\ :, D i 1\ '!' : A l· R /\ R N {\ :·: y i\ p i\ I� F (I A v I ['/ I� 

ACGTACCACAGCCCfCATATTCAGCTCTGGAAAAATGGTGTGCACGGGAGC'fAAA/\GTG/\/\GAGCAGTCCAGAC�GG CI'GCCACAAAGT/\I'CC1ACAGT'TGI'ACAGA/\G��GCGC�11CC 

R T T A L I F' S S G 1\ M V C T G A i\ S S F: 0 S H ., A /\ q r< Y /\ H V V 0 t\ _, G F P 

TGCAAAATTCTTGGATTTTAAA/\TTC/\A/\ATATGGTTGGCAGTTGfGATGTAAAA�TCCCT/\TCAGACTfGAAGCATTGG7�C:�ACACATCAACAGfTTAGC/\CT,ATGAACCACAA1 

/\ K F L D F K I Q N M V G S C � V K F P I R L E G l V � 1 H 0 0 F S S Y 

GTTTCCTGGTTTAA'TCTACAGAATGATCAAACCAAGAATTGTACTACTCATATTTGTTTCTGGAAAGCT/\GTT��AACT GGTGCAAAAGTCAGAGGTGAAAT7TATGAAGCATTI'GAAAA 

F P G L 1 'f. R M I i:\ P � 1 V L - F' V S C X V V � T G A K V R G i· I Y F. A F E N 

T ATTT ATCCTATTTT AAAAGGATTCAGAAAAAC AACGT AA CAGTTCCGTGTGCTTA TTCA TGAAGCTGGA GTACATTTTTAAAGGTGTT AA TTA TGGCACAGTAA TAACACACACA TC/l.G 

I 'f. P I L K G F R K T T "" ( 302) 

GACTTGGAA TCCA TCTTCCCAGA TAGTGCCTCTTTCCCTGTTTTTCACGGGAAGGGAACA TA TCACTGTGTGTTTCGTCTGCACTAAGTTACTGTGCA TTGCTTTTCCG'TGTTCTCACAC 

AAGAAA.AACAGTTTATTTATA TTTCTGGCTCTTAAAACAGCTAA TTTTTAAAATCTGAGAGTCTTA TGGTGGCAAGCTGGCTAAACTGTATTATCCAACA TTTAAAACCCTGGCGTTACA 

GTATTCTTTCAACCATGGATTTTATAATCAGAAATGTTAATTTTATGCTTTTAGACCTACTTCCACATTCCCTACATTTCCAGTGTTCAGCAGGACAGAAACTTTGCTAGTGAAGACAAA 

TGGCTGTACATATTTCTCATTTTGAGAAGCAATTCTAAATGTATAATTACTTGACTAAATAATTTGAATAGTAAAATTTGTGGTCAATCTTTGCTTTTGCTGTTTTAATGTGCTAACTGC 

ATGCATATAGCTAAAATAACTTGATTTTTATAAGATTTTTATTAACAATCCCAGTATTAAAGTAATGTTATTTGAAATGTT (A) 17 15 67 

FIG. 15. The nucleotide sequence and deduced amino acid sequence of TgTBP. The 1778-bp fragment encoding TgTBP is numbered + 1 

corresponding to the first nucleotide of the ATG start codon. The amino acid positions are numbered (in parentheses) starting at Met+ 1. 
In-frame stop codons in the upstream sequence of the ATG start codon are underlined. The putative polyadenylation signal is bolded. 
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FIG. 16. The schematic representation of the structures of TgTBP and TITBP genes. Trimeresurus gramineus phage clones Tg-1, Tg-2, and 
Tg-7 contain fragments A and B, fragment C, and fragment D, respectively. Trimeresurusjlavovirisus phage clones Tf-17, Tf-6, and Tf-7 
contain fragment E, fragments F and G, and fragments Hand I, respectively. These fragments were subcloned into pUC 19 or 118. The DNA 
sequences of TgTBP and TITBP are numbered + 1 corresponding to their transcription start site determined by the primer extension analysis. 
Exons are indicated by boxes, and the conserved 180-amino acid C-terminal regions are indicated by black boxes. Partial restriction maps are 
indicated. The symbols are: B, Bam HI; H, Hin dill. 
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fragments F and G, and fragments H and I, respectively. These fragments were 

subcloned into plasmid vector pUC19 or 118 and sequenced (Fig. 17). 

Determination of Transcription Initiation Site. Primer extension analysis 

was carried out for RNAs extracted from T. gramineus and T. Jlavoviridis venom glands 

to determine the transcription initiation site (Fig. 18 a). An 18-mer oligonucleotide 

primer complementary to positions 84 to 101 of TgTBP gene whose sequence is identical 

to the corresponding positions of TfTBP gene was employed. The both extended 

products were 101 nucleotides in length, so that the transcription initiation site was 

assigned to the thymidine residue bolded in the sequences shown in Fig. 18 b. In the 

region upstream from the transcription initiation site, there are GC-rich sequences which 

are assumed to be potential binding sites for transcription factor Sp 1 (Jones and Tjian., 

1985; Kadonaga., 1986). They, however, have neither "TATA" nor "CAAT" consensus 

sequence. This is in contrast to the genes coding for T AT A box-binding proteins of S. 

pombe (Hoffmann et al., 1990) and A. castellanii (Wong et al., 1992) which have a 

"TAT A" consensus sequence. 

Structures of T. gramineus and T. flavoviridis TBP Genes. Primer 

extension analysis for RNAs extracted from T. gramineus and T. flavoviridis venom 

glands (Sam brook et al., 1989) indicated the transcription initiation site to be the 

thymidine residue numbered nucleotide+ 1 in Figs. 16, 17, and 18. Both TgTBP and 

TfTBP genes spanned over 15-kb and contained eight exons and seven introns (Figs. 16 

and 17). The loci of introns were conserved with each other. Similarly to TgTBP and 

TfTBP genes, A. thaliana and mouse TBP genes have ten and seven exons, respectively. 

However, it is conceivable from the present study that the mouse TBP gene may have 

one more exon in the 5' untranslated region, since the transcription start point has not 

been determined (Sumita et al., 1993). On the other hand, S. pombe and A. castellanii 

TBP genes have only three and two exons, respectively. The TBP genes of higher 

eukaryotes appear to have greater numbers of exon than lower eukaryotes. TgTBP 

encoded a protein of 302 amino acid, whereas TfTBP encoded a protein of 300 amino 

acid which is 2 amino acids shorter in the Q-run region than TgTBP (Fig. 17). Two 

65 



TfTBP -518 GGATCCGCATTTTGAAATTAGAAGATGGGAATCGCTGATAGAAAATCCATACAACAGGCAGAACCAAGTCACA 

TgTBP -505 . . . .. . A .......................... A ............ T ....... T ................. . 

-445 CCATAGCTTCTCTGAACACTGAAAGCCAGCCTGGCTGAAATAAGTAGTACAGAGTACAGAGAGGA-----GTAATTCTAC 

-432 ................................. C ............................... GTACC ......... . 

-370 CTGCCTGTCCCGGGATCTTTGCATGTTCTGTGCTCTCCTTCATCGATCCCTTAAACTCTACTGCGTTTTAGCAGTCCGCC 

-352 . . . . . . . . .  T ............................................. A ....................... . 

-290 CACCTCGTTGCACCTGGGCGCTTAGAAACTCGAGGGATGGGTCTGATGGGTTTCCCCCCCCTCCTCCACGTTTACCTTTT 

-272 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . T .......... T .......... -- - . . . . .. . . . . . .  . 

-210 AGGTCTTCATAATTTTTCTTTTACTGCTGCCTCCCCTCCACCCACCTACATGAATTAATATATTATTTGCATGAATTAAT 

-1 95 . . . . . . . . . . . . .... . . . .  AA ........................... --------------CCC ............ G. 

-130 ATATTATTCCCGTGCGCTGGCTGGGCGCGCGGCGCTGCAAACGATTTCTTCGAGGCAGAACTTTAGAACGCAACTTCGCA 

-129 ......................... -.......................................... G • . .  G . • . . • • .  

-50 CCGCCGCCCTCCCTGCCGCCCTTAAGAAATGTGGTGCCCGCAGTAACTGCTGGTGAAGGCTATCGGCGCCTGGCTTGATG 

-50 . . . T . • • • • . •  G . • . • . . . . • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • •  A . • • • • • • • • • • • • • •  

31 ACGCAGAAGAGGCGCGCCGCCGAATGAGCCGAGCGCGGGGGCACGGCTCAGGTCGGGAGAACTTCTGGAGCGGTAAGTCG 

31 . . . . . . . . . .. . T . . . . . . . . . . . . . . .  G • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • •  

111 CCGGGCCCGGCAGCCTTTATTTCTCGCGGGTGCCTCTGTCTGCCGGCCCCGGG---AGAGAGTCTCTTTTTTAGGGGGCT 

1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. G • • • • • • • • • • • • • • • • •  ecce . G • • • • • • • • • • • • • • • • • • • • •  

188 TCTCAAGAGCGGAGGAGATCTGGCCGAAAGCGGTTGCAAACC-TTAAGCACCCCACTCCCGGTCACTTCGGGACGTAGAG 

191 . . . . . . . . . . . ... . . . G • • • • • • • • . . . • • • • • • • • . • • • •  C • • • • • • • • • • • • • • • • . • . • • • • • • • • • • • • • • • • • •  

267 TTAGCGTGTCCGTTGAGTGTTGCTTGGGCCCGCAGGGTCGAGTTCACTTTTTGTCAAATGGAACCGCTGGAAGAGGCGCT 

271 . . . . T ..... T ......................... - . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

347 TTGCTTTCTCTTCCCTCCCTCGCTTTTTCTTCTGCCAGGGTGGTTTCGCCAACCTTGAAGAGTCAATGCTATTGGCGTGC 

349 . . . . . . . . ... . . . . . . . . C . . . . . . . . . . • . . . . . . . . • • . • • • . • • • • • • . . • • . • . . • . . . • . . .  T . • . . . • • . . T. 

427 CTGTAACTCCTGTATATTAACAACAGACCGATCCTTGGGCATGTTTG-CTGGAAACATCTCATCCTCTGTCCAGTAGGAC 

429 . . . . . . . . . . . . . . . . . . . . . .  -........................ T • . • • . • • • . . . • . . . . . . . . . . . • . • . . . . . .  

506 TGATTTGCAAAGAAGTGGGCGCGCTCGTCCGTGAAAAGAAAAGAAAAA--TATCCCTGGGGTGAACAAAGAGGTGTAGAG 

508 . . . . . . . . . . . ... . . . ... . . . . . . . . . .... . . . . . . . T.T.T.T.TA ............................. . 

584 TAGGTATGAATGTGTCTCTGAAACTCACTCGGTGTCATTTGAATTGACTTGC-GCTGC-TTGAGATGGTTGAAGGACTTT 

588 . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . ...... . . . T.A ..... C .................... . 

662 TGCTAACGCGGATGTATGGCACGGGCTCTTAAGAATGGAATCGTTTTGCAATTTTAGACTTTGCACTTAATGCAAAGTCA 

668 . .. . . . . . . . . . . . . . . . . . . . . .  A ....... C ................. G .................. -....... CT. 

742 CCCCATATTTAGGTGGCAATGTGTGTGATTCGGTTTATTCAAAAATTGGTGAGACAGTCCTGCTACGTTTGGGAAATTTT 

747 .. . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . • . . • • • • • • • . . . . . . . • • • • . . • . . . • . . . . .  T . . • • • • . • • • . • . •  

822 CTGTTAAGTGGAGCTCTGGAATCTTGTTCCAAAATTCTTCCTTAATGGCCCCAGTAGCCATAAATCTGTTTTCAATGGAT 

827 

902 GTATAGTAGTTCAAGTATTTAATGTAAATGGATCAACCAAAGAAAGAAATCTGGTAATGTCTTTACATTGTTGTTCTAAA 

907 C ....... A ........ C ............................................................. . 

982 GGTATTAATGGTAAAGGAATATTAAGTTCATTGTATCAGACAAATCTGTTTGATGTCTTTGAGAACCCCCATTTGCAATT 

9 8 7 . . . . . . . . . . . . . . . . . . . . T . C ...... CG ......... - - -- . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . 

FIG. 17. Nucleotide sequences of TfTBP and TgTBP genes. Exons are italicized. 
The corresponding amino acid sequences are indicated directly below. Dashed marks 
indicate the deleted nucleotides, and dots and asterisks represent the positions identical 
to TfTBP gene in the nucleotide and amino acid sequences, respectively. The 
translation initiation site ATG is underlined, and the transcription initiation site and 
potential polyadenylation signal A TT AAA are balded. 
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062 TCCCCCTAAATGTACTTCAAAGATGAAGTGGTATTTATAGGCATCATATTCCCTACTTAAGCTTATATTCAAGTTAGGAT 

1063 .. . .  A .................... T ........... G ......................................... . 

1142 CTGTCTGGTGGCTGCTTATGTGTACTGGGGAGGAAAGCAAAATCCTATACCACTTCTGTTGTGATCCCTTATCCATTTTG 

1 4 3 • • • • . . • • . • • • • • . • • . . • • . . . . . . . • . • • . • • • • • • • • • • • • • • • • • • . • • • • . • . • . . • • . • . • . • • • • • • • • • • •  

1222 GGAATCTACTATACATTAGAAGCATTCTTGTTATCTTCTTACAGTATTTTAGAAACCACTGCAGATAATTGGTCAAAATG 

1 223 

1302 TAGAGATTCTGTGGGAAATGAAGGGGTTAATTATCACCAGTGAGCTTAGTCATGCTTGGTTTTCTCATGAAACTGAGAAT 

1302 

1382 AAGAGAATAAATTTATATATTGTTTTATTTATTTATTTATTTATTTATTATTTAAATTTATATACCGCCCTATCTCCCTT 

1382 . . . . . . . . . . . . .. . . . . . . . . . .. . .  AA.G.------------------------------------------------

1462 ACGGGACTCAGGGCGGTGAACAGGCAATAATAAAAATCACAGTAAATATTACATAAAAGCCTGCTCTAAAATATAAAATC 

1542 CCTAACAAAACCCAATCAAAACTACGCCAGGCTGGCCGCATGGAACAGATGAGTTTTCAGGGCTCGGCGGAAGAGGCGCA 

1622 GGTCTGCAATTGTACGTAGGTCGGGGGGCAGGTCATTCCAGAGGGCAGGAGCTGCCACAGAGAAGGCTCTCCCCCTGGGG 

1702 GTCGCCAGCCGGCATTGGCTGGCCAACGGTACCCTAAGGAGCCCCTCTCTGTGGGAGCGGACTGGTCGAAGGGAGATATT 

1782 TGGTAGGAGGCGGTCTTGCAAATACCTAGGTCCATTGCCATGGAGCGCTTTAAAAGTTGTTACTAACACCTTGAAGCGCA 

1862 CCCGGAAGGCCACCGGCAGCCAGTGCAGCTCGCGCAGGAGAGGTGTTACATGGGAGCATCTAGAGGCCCCCAAAATCCCC 

1942 CGCGCAGCCGCATTCTGAACTAGCTGGAGCCTCCAGGTGCACCTCAAGGGGAGCCCCATGTAGAGAGCATTGCAATAGTC 

2022 CAGGCGGGAAACAACGAGGGCTTGAGTGACCGTGCGTAGGGCGTCCCGATCCAGAAAGGGGTGCAACTGGCGTATCAGGC 

2102 GAACCTGATAAAAAGCCCCCCTGCCACGGCCGTCACATGGTCGTCTAAAGACAGCCGAGCATCCAGGAGGACGCCCAGGT 

2182 TGCGGGCCCTCTCCGCGGGAGCTAATGACTCGCCCCCGATAGCCAGAGATGGAACCAACTGGCTATGACGTGACGCCGGA 

2262 AACCACAGCCACTCGGTCTTGGACGGGTTGAGACGAAGCCTGTTCCACCCCATCCAGACTCGCACGGCCTCCAGGCACCG 

2342 GGACATCACTTCCGCGGCATCGTTGGGGTGGTCCGGGGTGGAGATGTACAGCTGGGTGTCATCTGTGTACTGATGAAACT 

2422 CCACCCCGAAACCACGGATGATCTCACCCAGTGGCTTCATATAAATGTTGAACAGGAGAGGCGAGAGGACCGACCCCTGT 

2502 TGTACCCCACAAGTGAGGCGCCTCGAGGTTGACCTCTGCCCCCCTGCCAACACAAATTGCGTCCGGTCTGAGAGGTAGGA 

2582 GGAGAACCTCCGTAAAACGGTGCCCCCCAACCCCAACCCCCCTAACCGATGCAACAAGATACCATGGTCGATGGTATCAA 

2662 AAGCCGCTGAGAGGTCTAGCAGGACCAGGATAGAGGAACAGCCTCTATCCCGAGCCCTCCAGAGATCATCAACCAATGCG 

2742 ACCAATGCCGTTTCCGTGCTGTGCCCAGGCCTGGCGCGAGTCTAGATAGACAGTTTCTTCCAGGTGCTGAGGGAGCTGTC 

FIG. 17 continued 
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2822 GGAACTGTAGAGTTAATTGTGGCAGTTTAATATTTGCTTTGATTTTATTTGTGTTTGATAAAAATTAGAGAAATAGATGA 

1414 AA ......... C ................................................................... . 

2902 GATTTCTTAATCCCATTTAAACTACAGACATATTAGTTTAAATATTAATGCCAGTACATACATTCTTCCAAATATTGATA 

1 494 

2982 AAATGTAACCAAAGTGTAACAGGTCTTTTTATAATTTAGTCCTCTGCATGTATAAATTCTATGGTTAATGTTGCTTATAG 

1 57 4 

3062 ACACAAAACCACAAAACCATACATAAACTACAAAACGAGAAATAAGTCCCTTTGAATTTAGAATATTTTGCTGATGGGTC 

1 654 . . . . . . . . . . . --------................. A .......................................... . 

3142 GTTGGTTTTCTCTGAGCTTGGTTGTTTTCTTGCAGAGGTTTCCTTACCCAAACTAGTAACCTCAGTGCTTGCCCTATCTG 

1726 . . . . . . . . . .  c ........................... c ........................................ . 

3222 TGTTGGTGGGAGTGGTCCTAGAGGGTCTTTGGTTGAGCCCTTTACTGTTATCTTGTTTGGCAGTTCCTTGATTGGGGTAT 

1806 

3302 TGATTACTTCTTGATTGTTGGCCTGATGTTAATCCTGGTGTTAATCTATGCTCTTTGGGGTATTGATTGCTGGTGGGCAG 

886 

3382 GTATTTTGGTCTTTTTGTTCCCTTTTTGCCTTGTAATTGGTTAAGACTTATTGTCATAGTTTCAACTGGCAAATTGACCG 

1966 . . . . . . . . . .  T . . . . • . • • • • • • • . • . • . . • • .  C • • . • • • • • • • • • • • • • • • • • • . . • • . • . . • • • • • • • . • • . • • . • .  A 

3462 TCCTAGACCAAGCCAAGTCCAAAAATTCTAGAGAATTCTTAGAAATTGGCCATCAATAGACATAAACAACATCTACATGC 

2046 

3542 TGTGCAAAAGAAACAGCCAACAAGCTAAAAAGGGAACAAAAAACCC-AAAACATCTCCCCACCTGCAATCATCACTCTGA 

2126 . . . . . . . . . . . . . . .  AT ........ C .................... C ................................ . 

3621 TGAGCATAGATTAATACCAAGATTAACATCAGACCAACAATCAAGAAGTAAACAATACCCCAATTAAGGAAGTGCAAAAC 

2206 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c .............. . 

3701 AAGATAACAGCGAAAAGCCCAACCAAAGAATCTCCCAAGACCACTCCCACCAGCAGGGCATGCCATCAGAATATACATTG 

2286 . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . . . . . . . . . . . . • • . . . . . . .  C . . . • • . . . . . . . . . 

3781 AGAGCAAACTCCAGTTCTTACTAGCACTGATGATATTTGGTTTGGGTACTGAAACCTCTGCCAGAAAACAACCAAGGTCA 

2366 ............................................................................... . 

3861 GAGGTCACCAAAAACCAGTCATTTCAAGCCTGAACTGGAAATATTCTCCTTTTTTGGhATTTGCCGTTTGTCACACTTTC 

2446 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  A . • • • . • • . . • • . . • • . . . . • . . • • . . • 

3941 TTGTTCACTTTTTACAGGTAGGATATTTAGACCTTTCCATTCTGATTACATTTTTT-GCAGATAGAAATATTTATGCAAA 

2526 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T • . . . • . . • . . • . • . . . . . .  G .. . 

4020 GAGATTTTTAAAGTACTGATTTATTTATGGTTTTTAGCTAGATCATTATTGAAGTTATCCATCCAATTGAATAAGCATTA 

2606 

4100 AATTTGATTTTTCATTTTCACTGCTGCACTGTTAAATCATAATTCTT-AAAAAAAATGACTTCTCCTACCGGTAGTAGTG 

2686 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A • . • • • • . • •  TT • • • • • • . . • • . . • • . . . . • . . • • • . • • • • • •  

4 79 GGAATGAATATTATTATAAATTGGCTGTTCTAATGGGGATGACTAAACAAACTACAGAATCTGTGATTTATTTAGTAAAT 

2766 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G ...... ATGACT .. A ............................. GG. 

4259 GCAAATAGAGAATTCTTGTGCTACCTTTGTAACAAATTAGAATTGATAACATAGTTCTTGTTTTTTTATAACTTGTTCTG 

2846 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AA .......... G ....... . 

4339 GGTGGGATAAAGTGACAAGGATCCTCTTT-------GTGCTAAATATGCAATGAAAGATTTCTTGGATTCTTTATCACCT 

2926 . . . . . . .  G ..................... TCCATTT ........................................... . 

4412 TCTGCTAAAAGGAACACCACAAAGAGACTGACTGAACTAGTCATGATAAGCTAGAATTCTTCAGAATACTAGCTAAGAGT 

3006 ............................................................................... . 

4492 GACATACAGATGAGTTATTTAATTGAACTATGTACAGTAATCCAAAGGCCTAGTTAATCAAGTCTTGTTTATTAAAATGG 

3086 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c ............. ........ ..... . 
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4572 TGTTAGAATCTTAGACTAAGATGGAGCCACATAGTCCATTAATCAACTCATGATTTGTGTAGGAATTCAAATTTAATCAT 

3166 . . .  G . . . • . . • . • • . . . • •  C . . . . . . • . .  T . • . . • . • • • •  G • . • . • . . . . . . • • • . • • . • . . . . . . • . • • . . • . . . • • • .  

4652 CTCCAATCATTGGTTATTTAGGCTTATCTTAAAACACATTTGGTGAAGCGAATCAGTTTCCCGGTTAAACTGTTCTTTCT 

3246 ............................................................................... . 

4732 GTTAGGAAAAGATTTTGTAAGTCAAAATATGTCTTCCTGTAACTTAAATCTGTTATTCTATGTGCAATATTCTGGACTGT 

3326 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TT ..... T .................................... . 

4812 AAGTCTTAGTTTTCTTCTCTGTGATATACTTTCAGGTTTTGAAGAGTGGTATTGCATTGTTTTGTGGTCCTCTCATGCTC 

3406 . . . . . . . .  A ............. A .......................................... A ............. . 

4892 CTTCAACCTTTCTTTATTGGTCTTAATTCTAGCCTTGAATCATCCTTATTATGCTTCTGTGAACCAATTTTAATCAGTCT 

3486 ............................................................................... . 

4972 AAATCATTCTTTAAGTGCGCTGTCCAGTATGGGTCACATAAATTCAAAGTGGAGTTTGCCTCATGGAGAATAAAGTATGT 

3566 ............................................................................... . 

5052 AGAACACTTCCCATAGGTTACTACATTTCTATAAATGCATACTCAATATCAGGCCTATCCAATCTATGGCCCATGGGACC 

3646 . . . . . . . . . . . .  TAT ........................ C .................................... CTG. 

5132 ATGCAGTGGCTCCACAAGATAATAAACTTTTAACATTATTATGTGATTTACACACATTAATTATATAT-TTTATATGTGG 

3726 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .  T • • • • • . • . • . • . . • .  A • • • • • • • • . • .  

5211 CCTGTGACAATTCCTCTTCACTTAATGCAACCCAGGCAAGCCAAAAGGGTGGACACCATGTTCAATATTCATTTGCCCCT 

3806 ............................................................................... . 

5291 TTTGCTGCTATATTTGTTCTTT-CTGGAGTGAATCATTCCTGGGGTAATTCAGCAGTAGCAAAAAATACATTTTTTAGAT 

3 8 8 6 . . . . . . . . . . . . . . .  A .. T ... T ............. G ............................... T .. CC ...... . 

5370 CAGCACTGGTTCAGTGTGTTCTGGGAGTGATCTCACCCCAAAGCAGACCTTTTGAGGCCAGAACGCCACGTCTTGAAACA 

3966 . . . . . . . . . . . . . . . . . . . . .. . . . . . .... . . . . .. . ... . . . .... . . . . . . .. . . . . . . .. A • • •  T • • • • • • • • • • •  

5450 GTTACTGCTAAGAATATTTTGATATTTGTTTTTACTGAGCCTTTGCATTAGGTTTATCAATTACTTGGAGTAATCAGGTA 

4046 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c. 

5530 TTAACTTACTAGCCAGTGTTTCTTAATTATTTGGTAATTGAAAATCATCCAGTGCATCCAGCCCTCTCTACATTTTTGTC 

4126 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .... . . . . . . . . A • • . • . . . . . • • • • • • • • • • . • . . • •  

5610 TTTAAAGTCATTACACATATTTGGGAAGAAATAATTTTAGTTGCATGTATGCATACTTGCCATTTCCTTCATTTTCAAAG 

4206 . . .. . .  A • • . . . . . . . . • . . . . . • . . . . • • • . • • • • • • • • • • • • • • • • • • • • • . •  T . . • . . . . . • • • . • • . • • • •  T . . . •  

5690 GCCTTTTAAACCAAATTCGGTACCAAATATTAAACATTAAACATTTATTTACTATTTCAATTATTTTATGGCATTACAAA 

4286 

5770 AAAAATTCTTCGCACTTTTTGTCAAATGCATTCTTCAGTAAACATGTTGAGGGGCTAAGGGTGGAGGAATGACTAGGTTA 

4366 . . . . .  A ..... A .................................................. A ................ C 

5850 CCATTCCAATGAAGCCCTGTTTTTAGGTGTTCATCATCCTATTTCCTATTTGCTCTTTTCTTTTGGAACTGCTTGTGCAA 

4446 

5930 AAATCACAGTGCCACTTAACACAGCACAGGTGGACTCATTGTCAGGTTCTGTGCTTGAGACCTTTTTATTATGATCAGTT 

4 52 6 . . -......................... T ................. AA ...... C ................ CA ...... . 

6010 TTCCAAATGTTAATAAACCAGTTTTTAGCCACTAATCCATTTTTGCAAGCCAGTGACTAGTCTTCAAAATGGGGAAGTGA 

4605 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . G ..... C ................ . 

6090 GAGCTGAGGTGATGAACACACTCTGGCTTGGGAGGCAGTAAGTTGAGGCAACAATTTGAAACAATGCGCAGGCTGTGGCT 

4685 . . . . . . . .  A ............................ A ......................................... . 

6170 GGTGAATTCAGGAAGGTTGCAGCAGACCACTCCATGAAACACGGTTCAAGAATCGCTGCTATTAAAGTAGTTGGCACAAA 

4765 . . . . G ................... A ...... A ................................. - . . . . . . . . . . . . .  . 

6250 ATAAATAAAAACCGTAACAATATTTTGTTTTACCTTACTTCGGCTGTGTTTACCTCACCTTTTCTAGCTAAATGTATGCA 

484 4 . . . . . . . . . . .  A ............................ T ............ ------------ ........ A ..... . 
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6330 AAGAAAAATGGTTGTATGCATGATATAAGTGAAAGGACTGGGCAAGAATCCTTTCTGCCTAGAAATTTGCTTCAAGAGAA 

4912 . . . .  G .......................................... -............. A ................. . 

6410 GGTAGATGACAGTCGTGAAATAAAAAAAATAGGACAAAACTAATTTAAGTATTTTTAATTTACTCAGTAAGTTTTGTTTT 

4991 . . . . . . . . . . . . . . A . . . • . . . . • . . . .  
-

• • . • . • • • • • • • • • • • • • • • • • . • • . . • • • . . . • • • • • • • . . • . . • • . . • •  

6490 TTTTCTTTGGAAACAGTTTGGTAATGGTTAATAGAAATTTATTTCATCTTTTTTAGGTTAGTTCAGGGATGTCAAACTCA 

5070 . . .  -..................... A . • • . . • • • • • . • • • • •  C • • • • • • • . . . • . • • • . . . . •  
--

-
-----

--
-------

6570 ATTTCATTGAGGGCCGCATCAGCATTGCGTTGCCCTCAGAGGGGTGGGGGGGTGGCCAGGGTGGTGTGGCCTACTGGGGG 

6650 GGCATGGCAGCTCTACATTGTTCGCGTCAAGGGTGCCTGTGGGGGCCTGGGCAGGAGTGGGGCAGATCTGAGGGTCTCTG 

6730 GCAGAAGGGGGTGGGACCGGAGCAAGCGCAAGGCATGGTCCATTTCTTCATTCCTCACAAAGGGTGACACCTCCCCAGCA 

6810 TGCACCCAGGGGCGGGGCGACACGCAGGGGCTGGTTCCTTGCTGGTTCCAGGCGGCCTTGTGGAGCTAAGACTGAATGCG 

6890 TTTCAGCATAGATGGCCACCACAAAATTGTACATTGGCTCCCGGCCGGCCTGGGCAGGGCAAGGCAGTGGGGGCCGTTCC 

6970 CTCACTGTTTCCAGGATGGCTTCGCAGGCCACATGAAACCACTTCGCGGGCCGCATCCGACCCCCGGGCCTTGTGTTTGA 

7050 CATGTCTGGGTTTGGTTGGTTGGTTTGTTCTCAGTAGTTACAATGGACTATAAAAGTAACAAGCTGTGACAAACCGATTT 

5133 --- ----- --------........................................................ G. T . . . • .  

7130 GCTGTTCCTTGTTATGCTTCCAAACTGTAACTATATTCCTTAATTCAGGGCATTATTGAGTTAAA-GTTAAAAGTTAATT 

5196 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . • . . . • . •  G. 

7209 TTTTTTAATGTGTATACCCTTTGTTTTCAAAGTTCAGTCTTGGGTAATGTAATTTTTTTTT-TTTTGCCCATTTTCTGGG 

5276 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AA ............. G ... . 

7288 AACCCTCCCCCCCCCCCCCCAAACAGGTACTCTCCTTATGTACTTTTTGCTATGATTTTAAATGTTATATTGCACTAATA 

5356 GG-AAAAA ... A .. A .. A.-.................. G ........................................ . 

7368 CATTT----AAATGAAAGCTGCAAAGATTTATCTTTTCGGATTTTTAATTGACATTTTGTGTATATTAACTTATATAACT 

5434 . . . . . ATTT ........................... G.A ...................... AT .. ACT ........... . 

7444 AATTACTGAATCCCATTCCTGTGGTGCTGGAAACAACAAACTTGATAACATTAGTTTGTCTGTGAAAAAATAGTTACTCC 

5514 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C . .  C . . . . . . . . • • . . . . • . . . . . . . .  

7524 AGCACAGCAGTAATGTATGTTATGAGTTTTACTTGAACACAGTAATCTGAGACTTTTTTATCTTTTTCAGGTCTGGAACC 

5594 . . . . . . . . . . . . . . . . . . . . . . . . .  A ................................ - . . . . . . . . . . . . ... . . . . . . 

7604 TTTATTTTATATACTTGA-TGTTTTATCAAATATGTCAATACAGACTGCAAACTAGTTTTTGGGATGCTTCAAGGAAAGC 

5673 . . . . . . . . . . . . . . . . . .  A ............................................................ . 

7683 TACTTCCTTAAGGCAGATGTTGTGAAGCTTGATTTCTGGATTTAGTTTCTGGAAGTAATCCTCAATTGACTGGACACTTA 

5753 . . . . . . . . . . . .  A ................................................... T . . . • . . . . . . . . . . .  

7763 CTTGATTGCTACA&IGGATCA�CAACAGTTTACCACCCTATGCTCAGGGCTTAGCATCCCCACAGGTAATATATATAT 

MetAspGlnAsnAsnSerLeuProProTyrAlaGlnGlyLeuAlaSerProGln 

5833 

* 

7843 ATAAACTAATGAACTTATTGAAAATCAAAATTTTCAAAACAGTTTTTAGAGACCTGTAGTGTTGAATGGGTTGTGGATTC 

5913 

7923 CACTTTATTTTTTAACCTTTCTTTGCTGTTTCTTTTCCCTGAATTTTAAAGCAGCCTTGTTTATAATCTCTTTATAGCTC 

5993 . . . . .. -...................................................................... T .. 

8003 AATATTTGATTGGTTGTTACTTGCCATGCCAGCCTCTCTGCAGGTTAGGACAAGTTTTTGTTAATTCTTATCTCTTATTT 

6072 . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c. 
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8083 TTTCAATGACATGAGTGATGGATATGAAAGCAGTAAGAACTGTTTATTGTTGTACAATTTTCATTATTGAAACTCTTGGC 

6152 . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . ... . . . .... . . .. . . . . . . . . . . . . . . . . . . . . ... . . C ..... . 

8 63 ATGAACAGAACAATAATTGCTTGACAGCTAACTCTTCAGGTTTATCTGCCTCAGATATACATATGGACATATTTCTTGAT 

6232 . . . . . . . . . .. . . . . . . . .. . . . . . . . . ... . . . . . . . .. C ..... A .... G ...................... T .. T .. 

8243 TTATGTCCCTCTATATTAAGGCTTTACAACCTTCTTATTGGAACCAGAACAAAAAGCATTTTCTCCTCCTTTATTCTTTG 

6312 . .  T ....................... T ................................................. G .. . 

8323 AATTTTTT-CTAATA--TTTATTAAAGATTATTTTGATCAAATAAAATTAATATAAAAATCTAATACAAACATA-----A 

6392 T ....... T ...... GT .......... T ..................... G ........................ TATTA. 

8395 AAAAGAAAAAA-GTGAGAGACCGCCC-AAGAAACTAAACAGTAGGAAAAGGAAACTTCCCCCTTCATCACCAGCAAGTAT 

6472 . . . . . . . . ... A .... A ..... C ... C ................ A ................................... . 

8473 TATTCAGCATTAACAGCTTATTACTGTCTATTAAAATATAGTATAGTAACTGTGAGAGGGATCTCGGAGTCCTAGTGGAC 

6552 ...... . . . . . . . . . . . .... C .. G .................................. A ................... . 

8553 AATCACTTAAATATGAGCCAGCAGTGTGCTGCAGCTGCCAAAAAAGCCAACACAGTGCTAGGCTGCATTAACAGAGGGAT 

6632 .. . .. T ......................................................................... . 

8633 AGAATCAAGATCACGTGAAGTATTAATACCCCTTTACAATGCCTTGGTAAGGCCACACTTGAAATACTGCATCCAGTTTT 

6 7 1 2 G ..... TT .................... T ...................................... A ........... . 

8713 GGTCACCGCGATGTAAAAAAGATGTTGCGACTCTAGAAAGAGTACAGAGAAGAGCAACAAAGATGATAAGAGGACTGGAG 

6 7 9 2 . . • • • • • • • • . . • . • • • • • • • • . • • • • • • • . • • . • • • • • • • • • • . • • • . . • • • . .  TT .......... T .. - . . . . . . . .  . 

8793 GCTAAAACATATAAGGAACGGTTGCTGGAATTGGGTATGTCTAGTTTAATGAAGAGAAGGACGAGGGGGGACATGATAGC 

6871 .. . ... G .............. C .............................................. A .......... . 

8873 AGTGTTCCAATATCTCAGGGGCTGCCACAAAGGAGAGGGAGTCAAGCTATTCTCCAAAGCATCTGAGGGAAAGACAAGCT 

6951 . . . . . . . . . . . . .  T.G ... A ............ A .............................................. A 

8953 ATGGATGGAAACTAATCAAGGAGAGAAGCAACCTAGAACTAAGGAGAAACTTGCTGACAGTTAGAACAATTAACCAATGG 

7031 . . . . . . .  A ............................................ C ....................... G .. . 

9033 AACAACCTGCCTCCAGAAGTGGTGAATGCTCCAACACTGGAAGTTTTTAAGAAGAGACTGGACAGCCATTTGTCCGAAAT 

7111 . . .. . . . . . . . . . T ..... CA .......................................................... . 

9113 GGTATAGGGTTTC-T-CCTGAGCAGGGGGTTGGACTAGATGACCTCCAAGGCCCCTTCCAACATTGTTGTTGTTGTTGTT 

7191 . . . . .. . . . . .. . C.G .......... A .... A ..................................... C .... A .. A .. 

9191 GTTGTTATTATTATTATTATTATTATTATTATCATCATCATCATCATCATCATCAAATATATCTTCTTTCCATACCTCAA 

7271 A .. A ..... ------------------------------------------....................... T .... . 

9271 CCCCTTTTCTATCAATTAATCTCTAAATCTTCAACCCTCCTTATTCAATCAGCAGAGATCTAGCAACAAATACCCCAAAT 

7309 . . . . . . . . . .. . . . . . . . . . . . . . . . . ...... -.......................... C ........... T ...... . 

9351 ACCTAATAACATAAGTATATAATATCCCTTTCCATTTAGTCTGAATCCCCTAAAATCTATATTTTGCTTCATTCTGTGAG 

7388 . . ......... . . . .. . .... . . . C ......... G ............................................ . 

9431 TTGAGTGTTCTCCTCTAATTGTAATCTTTAGTTCCCTCTAGTATCCAAGTTTTAAAGTTTTATGGGTTTTTTTTTTTTAA 

7 4 6 8 . . . . . . . . . . .. . . . . . . . . . . . . .  T ...................................... CT ...... AAAAAA .. 

9511 AAAAATCAAAACTGAAGAAGCATTTTCCCACAGGAAGGATTCTTTATAATGGATTCCA----------------------

7548 . . . T .......................... T ........................... AAATCTTATTTGATCTTTTATC 

7628 TGAAGCCTTAGTTCTGGGGTAGGCAACCTTGGCTCTTTTATAACTCGTGGACTTCAACTCCCAGAATTCCTGAGCCAGCA 

7708 TGGCTAGCTCAGGAATTCTGGGAGTTGAAGTCTACAAGTCATAAAAGAGCCAAGGTTGCTACCTGCCTTAGTCCATTTTT 

7788 AACTTTCTAAAATCAAAGTTTTAACCATATTTTTGCTGTTTGTCTCTCTCCCTCCCCCGCAAAACAAAAAGTTCCTAAAC 
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7868 CTGTAGTTAGCGCTTCTTCTGCTAAGGATTGAAGGAAAATCATTTTGGTGCTTTAAAAACGCGCTGCTCCAAGGGTTCCC 

7948 AATAGTTGAAAAACAGTTAACAAACAATTTCCAGAAGCAATTAGAAAGGAAGTATGTGAGCCTATTATCTTGAAATGTGC 

8028 TGACCAGAGTTTGAACGAGATGGCTATTCTCTCATCTCCCAGAGCAGTAAACCTGCTGGAGACTGCTGTCTTGTGGTTTC 

8108 CTTGCAAGGAATTGCTGCCTGGAGCACTTGTAGGTAATCTCACATCCTCTCCTTGTCTGGAGGGAAATATCAAAAGCCAG 

8188 TTTGCTTACTGGCTCTTCATTCCACTGCAGTCATCTGATCCACTTTTTTCAGACCTTCAGTTCATTTCTTCCCCAGAAGT 

8268 CCCTTTTACAGTTCAGTTTTTGTGGCCCCCTAGAATACAAGTAATCCCCGAGTTATGAGCATTCCCTTAGCAAATGTTTG 

8348 AAGTTATGCGATAAGCTCCCCCAAGTGTTTATGAAAAAGTCCCGAAATTATTAATGTTGCCACACCACGGCAGTTGTTCA 

8428 CCCTTACAAACTGGTTGCTGAAGCAACCGTTTGCAAAGTGCTTCTTGGAATCCTGGTCTGTTCGTCTTGTTTGCAACGTG 

8508 TTCCTGTGGACTATTTCCTTCCTTTGGACTTGAGTTTTGCTGTTTGTGTTTTGGACTTATTGACAGGTTTGTCACCCAAA 

8588 TAAAAGGGATTTTGTTTTGTTTTAAAGTCTCCAGCCTATTGTATCAGCAGGGGTTTGGTCCTTGTGCCTCTAACAAGGAC 

8668 GGCAATAGGCTGGGATAGAACACCCCCCGAGTCTACCTAGGCCAGTGATGGCGAACCTTTTAGAGGCCAAGTGCCCAAAC 

8748 TGCAACCCAAAACCCACTTATGCATCGTCGGTCCTGGGTGGGTGTAGCCCATTGGGTGGGTGTGGCCCATTGGGTGGGCG 

8828 TGGCTGCAGTGGTAACAGCAGACTGGGTGGGACTAAAATGTTCAATCAATCAATTCCAACTTTGCAAGATCTTTTTTTTC 

8908 CCGCGAGAAGTTGAAATTGACTGATTGAACCTTTTTTTTTTTTTACACGGCGGCGGACACCTAAAGCGAAAAGGTTTTAT 

8988 AAAACCCAGCTAAAGGCCTAGGACTGGGGCGACGGTGCACGTGCCCACAGAGAGGGCTCTGAGTGCCGCCTCTGGCACCC 

9068 GTGCATAGGTTCGCCACCACTGACCTAGGCACTAGGCCTTGGATACTCAACTTGCGAAGATCGAGATCCTTCGCTTTCTT 

9570 ------------------------------------------------------------CGTGAGATCAGTGGCGTGAG 

9148 GGCTGCTCCAGGCTTTCGGTGCATTCGCAGAGAATGGAGGCCTAAAGTAATGCAAGAACA .............. T .... . 

9589 ATCTCATGCTACTGATCTCACGGTACTTTAGGCCTCTGCAACAGATAACAACAGAGCGGAAGCCGGGGGAGGCTTCTGCG 

9228 .......................................... -- ................................ c .. . 

9669 TGCCTCTGGAGGCCTGATCCAGGTGTTAGAAGTCTTTTCCGGGCCACTGCTGCCCAGAAAAGAGGCCAGGGGAAACCTCC 

9306 . ... . ...................... T .. G .......................................... C ..... . 

9749 ACAGACCTCTGGAGGCCTGATCCCGGGCATCAGAGGCCTTTTTTAGGCTGCTGATGACTGGAAAAGAGGCTGGGGGACAC 

9386 ... . ... . ............... - .......... T ............................................ . 

9829 TTCTTTGGACCTCTGGAGGCCCAATCTGAGCCTCAGACGCGTTTTCCGGGCTGCTGCCGCCCAGAAAGGAGCCTGGAGGA 

9465 ........................................ C .............................. G ....... . 

9909 TGCTTTCATGGGCCTCCGGAGATCCGTTCTGGGCCTTGGAGGCCTCCCTCTGCTCTTGCCAGGAGCAGGGAAAGAAACAG 

9545 ..... C ............... G .. T ..... A ......................... ....................... . 
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9989 AGAGGCTGGAGAGGAGACAGATCTTCACAAGGTAGGTGACCTGGCACAGCAGGATTGGGCAGGGGAGCAATTGTGGGGAT 

9625 . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . A . . . • . • . . • • . • • • • • • • • • • . . • . . • . . • • • • • • • • . . • • • • . •  

0069 CCCAGGGGAGGGAGCATGAGGTAAAATGAGGACCCAGATTGTTGGGGGCAATATGGTGGTTCTGTAAGGCCTGCTTAAAG 

9 7 0 5 T ...... A ....................... G .................................... CT ......... . 

10 49 AGGGCTGTAAAGCGCTATGAAGTGATATATAAGTGCTATTGCTATTGCAAGATATCCAGAATACAACAGCCATTCTTTAA 

9785 . . ... . . . . .. A ................................................................... . 

10229 ATAACACTATGCATTCCTAATCTTGTTCGTGATAGTTCATGTATGTTGTAGACTTTTGATTTTTTTAAAATTGTATTTAT 

9 8 6 5 . . . . . T .. GC ............. C .... A ......................... C .......... - . . . . . . . . . . . . .  . 

10309 TTTGTAGAGTGCAATGACTCCAGGCATCCCTATTTTACGTCCTATGATGCCCTACGGCACTGGGCTCACACCCCAACCTG 

SerAlaMetThrProGlyileProileLeuArgProMetMetProTyrGlyThrGlyLeuThrProGlnProA 

9944 

* 

1 0389 CTCAGAGTACCAACAGTTTATCTATCCTGGAAGAACAACAGAGGCAGCAGCAG------CAAGCAGCAGCACAGCAGTCC 

laGlnSerThrAsnSerLeuSerileLeuGluGluGlnGlnArgGlnGlnGln - - GlnAlaAlaAlaGlnGlnSer 

1 002 4 . . . .... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . ... . . . ........ . CAGCAG • • • . . • . • . . . . • • • . . . . • .  

* * GlnGln * * 

1 0 4 6 3 ACTTCA CAACCGACA CAAGCACCATCTGGTCAAA CCCCA CAGCTCTTCCATTCA CAGA CTCTCACGA CTGCTCCTTTA CC 

ThrSerGlnProThrGlnAlaProSerGlyGlnThrProGlnLeuPheHlsSerGlnT�rLeuTheTheAlaProLeuPr 

10104 . . . . . . . . .... . . .. . .... . . . . . ...... . . . .... . . . . . . . . . . . c ............................ . 

* * 

10543 AGGAACCACACCTCTCTACCCCTCTCCAATGACTCCCATGACTCCTATAACGCCTGCCACCCCTGCTTCCGAAAGCTCCG 

oGlyThrThrProLeuTyrProSerProMetThrProMetThrProileThrProAlaThrProAlaSerGluSerSerG 

10184 

10623 GGATTGTACCGCAGCTCCAGTAAGTGCAGGTTCTACTCTGCTCACAGATCCTGTACTTTTCATGATGGTACTTTTTAAGA 

lyileValProGlnLeuGl 

10264 . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  C ......................... A ...................... . 

0703 GGGAATTTTATATTGCTATTTTTTTAGAGCAAGATGGGCAACCTGCGTTCTGAGTTCATGCTGCCAAATGGCTATGTTTC 

10344 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G ....................................... C .... . 

10783 AGTAGCATATGTAGCTATGTTGAATGCTTGGCAAAAAAAAAAAAA--ACACCTTTGAAAACAGGTTCCTTGCAGGCATTT 

1 0 4 2 4 . . . . . . . . . . . . T ... G ...................... C .. C .. CAC ................. AT ............ . 

10861 ATTCAGAACGCCAATGCATTAAGTTGGATTTAAAAATACTTTCTTTCAGTT---TACAATTTATTTGATGTCTCTGAGGT 

10504 . . . . . . .. . . . . . . . . ... . . . . . . . . ... . . . . .. . . . ... . . . . . . . . . GTT .. AC ..................... . 

10938 TTTTTAGTTTAGATTTTGACGGGTATTGTGGCTTGTAACTAGTGCTCACATAGTTACTGTTGTAATAAGTTTTTGTTGTT 

10584 . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. A ....... G ............ . 

110 8 GTTGTTAGTTGCGAAGTCATGTCTGACCCATCTCGACCCTATGGACGACGTTCCTCCAGGCCTTCCTGTCCTCTACCATC 

10664 . . . . . .. . . . . . . . . . . . G .... C ........ A.A .... C ...... C.T . . . .... . .. . . . . . . .. . . . . . . . . . . . .  . 

11098 TTCTAGAGTCCATTTAAGCACACGCCTACTGCTTCAGTGACTCCATCCAGCCACCTCATTCTCTGTCATTCCCTTCTTCT 

1 0 7 4 4 .... G .............. T .. T .................. A ........................ TG . C ......... . 

11178 ATTGCCCTCAATCTTTCC-CAGCATTAGGCTCTTCTGCAGTGAGTCCTTCCTTCTCATTAGGTGGCCAAAGTACTTGAGT 

1 0 8 2 4 . . . . . . . . . . . . . . . C . . T . . . . . . . . . . G . . . . . . CT . . . . . . . . . . . . . ----------------. . . . . . . . C . . . . 

11257 TTCAGCTTCAG-ATCTGGCCTTCTAAAGAGCATCAGG-GTTGATCTAGGGTGGCTTTATTTGAAGTTTTTAAGATTGCCT 

0888 . . . .  A ...... G .............. G ..... GTT .. A ........................... C .......... A .. . 

1335 AATATATCTGCAAATTCTCTCTAGGAATATTGTGTCTACAGTAAATCTTGGTTGCAAACTTGACCTAAAAACCATTGCCC 

nAsnileValSerThrvalAsnLeuGlyCysLysLeuAspLeuLysThrileAlaL 

0968 
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1 �15 TTCGTGCTCGAAATGCTGAATACAATCCCAAGGTAAGATATAATGGAGAGATAACAACTAATCTTAGATTAATCAGTGAT 

euArgAlaArgAsnAlaGluTyrAsnProLys 

1 i 048 . . . . . . . . . . . . . . . . . .. . . . . . . .... . . . . . . . . . . . . .. . . . . . . .  T ............................ . 
* 

11495 GATTGTTTGCTATTTTTGCTTCTGATAGCTCACGTGACTTGCTTCAGTTACTGCAAAGGAGATTTCTGAGTATGCTTTTT 

11128 .................. T .................. T ...................... T .................. . 

11575 AAATGTAGCCAAGAAAAAAA-TCTTTGTGGCTGCAGTAATAGCCTTAAAGAACAATGCCACTATGTAGTCACGTTGTGTC 

11208 . . . . . . . . . . . . ...... . .  A .................................................. T ....... . 

1654 AAGCCATTTTATACTAAAAACTTTGCAAATCTTTTTGTAAAGTATGAAATAACTTATTTCAGTGCTTTTGAAAGTATTTT 

11 288 . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .  A ................. . 

11734 AGATTTACTCTGTTTTGTTTGCAAAAGAGTTTTTGAGCTCCAAAATTCCCCTAGAATGCTCAGAGCTTCCCATTTTATTT 

11368 . . . . . . . . . ... . . .... . . . . . . .  -.................... G ....... G ....................... A. 

11814 TGGAATTTCACGAGGGTTCATGCTTGAAATGGTTCATATTTTAAATTTTGTACACCACTACATACGTCCGGTCATTTTAA 

11 447 . . . . .. . .. .. .. .. .. . . .. . .. .. .. . . .. .. .. . .. . . . .. . .. ..  0 .. .  0 .. . .. . .. .. . . . .. . .. ... .. .... .. .. .. .. . . . .. . .. . .. .. .. .. .. .. . . .  . 

11894 GACTTGCTATATAAGCATATAATCATTTGTTGTGATATATGGTAGTTTTGATAAAAT-AAAAGGTAACATTTGACAGCAC 

11527 .G ....................................... -......... C ... G.T ................. G ... . 

11973 TAGTAGATCCCATCTCTAATTGGCCATAAAGAATGGTTTACAAAGCTGGCTGGGTTCATACCTCATGCCAAGCAACCTAC 

11606 .................. G .................................................. TT ........ . 

12053 ATTGTGACTTTGCCTTCTGGTAGTAATTGTGGGATGAAGATCTTGTTAACCGTTTTGTAAAAGAAGGCATAGGAACAAGG 

11686 . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . .. c .. . . .. . . ... ... ...... .. . ... . . 

2133 GCAAAGCTTTGCAATTAAACAAAAGTTTTGCAAAGAAATGAA-GTATTACATGAAAACAAGAAGCAATTGTTTTCACTTA 

1 1 7 6 6 . . . . . • • . . . • . . • • . • . . •  G • • . . . . . . • . . . . . • . • . . • .  TT ................................... . 

2212 AGCATTCATAAAGCAGTCTCTTCTAGAATTAATTTGATGAAAAAGTACTGTCTATTCTACTTGAATTCAACTTAGACATG 

1846 . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . .  A .... T ........ . 

12292 ACCCTCAAACCAAATTTATTC-AATGTTTTGGCTAT-AAAGAAGTTTGAGAAATGTATTTTCCATAAACAAACAAAGGTA 

1926 . . . . . .. . . . . . . . . . . .. . . C.G ............ C ................... C ............... ------ --

2370 ACTAACTAATATAATTATTATATGATACATTACATTGTATTTGTAATTGTAGATGTTTTAATATTTTTTTGAAGTGAAGA 

11998 G ............ T ........................... C ..................................... . 

12450 ATGGAGATTAGTGCAACTTCAACTTACTAATGTACGTTTAGATATTTGTTGTTATTGTTGTTGTTATAAAAGTGTTCTTC 

12078 . . . . . . . . . . . . . . . .  -.................................... G ..... ------.............. G 

12530 TTGTTTCAGCGTTTTGCTGCTGTAATTATGAGAATAAGAGAGCCACGTACCACAGCCCTCATATTCAGCTCTGGA4AAAT 

ArgPheAlaAlavalileMetArgileArgGluProArgThrThrAlaLeuil ePheSerSerGlyLysMe 

1 2151 . .. .  0 . . . . .. . . .. . .. .. . 0 . . .. . .. . . . .. . ... . .. .. . .. . .. . . . .. .. . . .. . .. . . .. .. .. .. .... .. . . .. . . . . .. .. .. . . .. . ..  .. 

* 

12610 GGTGTGCACGGGAGCTAAAAGGTATGCAAGCCCAAGCCGAAGCAATTATCTGCAGCCATTTAACTTATTAGCATTTGGCC 

tValCysThrG yAlaLysSe 

12228 . . . . . . . ... . . . . .. . . ... . .  · · · · · · · ·  . . . . . . . . . . . . . . . . . . .. c .. . . . . . . . . -----.. . .. . . . . .. . . 

12690 CAACAGATATGGTTATTTGACA---------------------GCTAATAGGTATGTAATTTACAAACTGTGT--ATATC 

2303 . . . . . . . . . .... C ........ TAGGTACTCTGATAAAAGCCA .......... C ................... GTG ... . 

12747 ATTCAGAGTTTCCTTGATGAAATAACAACGCATCTTATACTTTTTCAGTGAAGAGCAGTCCAGACTGGCTGCGAGAAAGT 

rGluGluGlnSerArgLeuAlaAlaArgLysT 

2383 . . . . . . . . . . . . . . . . G .............................................................. . 

12827 ATGCTAGAGTTGTACAGAAGTTGGGCTTTCCTGCAAAATTCTTGGATTTTAAAATTCAAAATATGGTTGGCAGTTGTGAT 

yrAlaArgValValGlnLysLeuGlyPheProAlaLysPheLeuAspPheLysileGlnAsnMetValGlySerCysAsp 

2463 • • •  0 • • •  0 • •  0 .. . . 0 .. .. .. . .. . .. .. . . . .  0 .. . .. .. . .. . .. .. .. .. .. . .. .. . .. . . .. . . .. . .. .. . .. .. . .. .. . . .. .. . .. . . .. .. ... .. . . .. . 
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2907 GTAAAATTCCCTATCAGACTTGAGGGATTGGTTCTTACACATCAACAGTTTAGCAGGTAGGCCAAAAAATGATGTTATCT 

ValLysPheProileArgLeuGluGlyLeuValLeuThrHlsGlnGlnPheSerSe 

12543 . . . . . . . . . . . .. . . . . . . . . . .  A ............................................ G.T ........ . 

* * 

12987 TAAATGTGTATTAAAAATACTTTTTTTATTTTGTGTTTCTCAGTTTTATTTACTCATAGTTTTTTGGAGTCATTTATGTA 

12623 . . .. . . . . . . . . . . . . . . . . . . . . . . c- .. . ................... .... ......................... . 

3067 CTTTCTCTGAATGCAAAAGAGGGACAGCTGTAGGCAATTCTGATGTATCTGTGATGTATAGGTAATTTCAAACTATTTTA 

12702 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CA ........................................... A ..... . 

3147 AATCTGTATAGTTCTTTAATATTCTGTGTTTGATTCTTCAATACTGAAACAAAAAAGCTTTGTTATTTAAACAAAAA-TC 

1 2 7 8 2 . . . . . . . . . • . • . . . . . • . . • . . . • . . . • • . . • . . . • . . . . . . . • • • • • • • • • • • . •  T . . .  T . . . . . . .  C ....... AC. 

13226 GATTATCTGTTGATATGTATTGGTGTAATTTAAATCCTTAAGAATAGTAAGATAAGACACATTGCTAATTGAGCAGCTCT 

12862 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T ................... . .  . 

13306 AAAAGTGAAATCTGAATTTCACACTAGCCCAGCATCTTTAAAATGTTCTTGGCCTTACAGTATAGAATTGTTCAATAATT 

12942 

13386 CTTATGTGCAGTCTTGTATATATTTTACCTGAAAGTTTTGTGTATATACCCACTTGAGGAATTAGCACTAATAATGAAAA 

13022 

13466 GTACAGATAGGCCCTGGGGGTACATAAGACATGACTTAGTATCATCTCAGCTTAATCAACGTGTGGCAGAAGAAAAAA-T 

13102 . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . A.G ........... A. 

13545 GCATGTCTGTTCCTCAGCAAATACTTTACATTTTACTTATATTGAACTTTTCTTTCAGTTATGAACCAGAATTGTTTCCT 

rTyrGluProGluLeuPhePro 

1 3182 

* 

13625 GGTTTAATCTACAGAATGATCAAACCAAGAATTGTACTACTCATATTTGTTTCTGGAAAGGTAGTTTTAACTGGTAAGCC 

GlyLeuileTyrArgMetileLysProArgileValLeuLeuilePheValSerGlyLysValValLeuThrGlyLysA 

13262 

* 

13705 -ATATTTGAAATTACTGCACTGACTATAGCAAACTGAAAGATACCCCAAAAATATTTCAAATAGCTAATTAACAAATACA 

13342 C ....................................................... C .. C ................... . 

13784 AATATATCGATGCATTGGTTTGTTCCTTTTTTGTACTTTATTATAATATACTGTTTGGGTGCATTTTATACCCAAATATT 

13422 . . . . . . . T . . . . . . . • . . • . . . . • • . . . . • . • • • . . • . . . . • • • . • . . . . • • . • • • • • • • . • • • • . • • . . . . . • .  G . • . .  

13864 TTTATTTGTCCTGTAGTGTTAACATGTTGCAGCAATTAAATGTGTTAATGTGCCTTTAAAG-CCCCCAGAAAATACAGTT 

13502 . . . . ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . • • • . . . . . . . . . . . . .  

13943 GGTACACAATGCAGCCATGTCATGGGCTGCTGGATGCAGTGAACATACTATTCCTGTGCTGCAGGCCCAGCCGTGGCTGC 

1 3 58 2 . . . .  T ................... T ..... C ..... G ............. C ..................... A ...... . 

14023 CTGTAAGTTTTCGGGTGCAATTTAGAATGCAAGTTTTGTCTGATGAAGTCCTATTTGGCTTGGTGCTGCAGGACCTGTAG 

366 2 . . . . . . . . . .  C ....................... ---------------..... A ........................ . 

14103 GACTGCCTCTTTCAACAGAATCCGATTGTTGGTAGCTCCCTGTTACTATGGAATGGAGGAGGAAATGCTTTTCTACTACG 

13727 . . . . . . . . . . . . . . . . . . . . . .  T ........................................................ . 

14183 GCTTCTGTTTTGTCGAATAGACTTCCATTATCTGGTGGCCTTTGGGAAGCAGGTTAAAAACTCTTCCAGAGGGCTTTTTA 

13807 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c . . . . . . . . . . . . . . . . . . .  G.------- . . . . . . . .  . 

14263 ACTAGTGCCATAGGAATTGTTCATATATTGCTCCAGTTTTAAATAAATAAAACTAACCAAAGAGAGAAGCAACCTAGAAC 

1 3880 ............................................................................... . 

14343 TAAAGAGAAACTTCCTGACAGAACAATTAATCAGTGGAACAACCTGCCTCCAGAAGCTGTGAATGCTCCAACAATTGAAG 

13960 . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c . .. . . . . .  e.G . . .  . 

4423 TCTTTAAGAAGAGATTGGACAGACATTTGTCTGAAATGGTATAGGGTTTCCTGCCTGAGC-GGGAGGTGGACTAGATGAC 

4040 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . A ... GA ............. . 

14502 CTCCAAGGTCCCTTCCAACTTTTTTATTATTATTATTAAATGTTAAGTATTGTTTTATCACCAGATAGTGATGACGAGGG 

14120 . . . . . . .  A .............. A ........... ---............ C ............................. . 
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14582 CATGGGTTACTGCCAAAGGTTACTGTCACAAAGTCCTCCTATGGAGTCCAGATTAAGACTGGTCTACCAGCTGAGCAATA 

14197 . . . . . .. . . . . . . .. . . . . . . . . . . . .  G ... G ............................................... . 

4662 GCTCTATGAATTCAATGCACTGGTTTGAATTATGAGCAATTTCCACATACACAATTTGTTAACGCTTTCTTAAGAAAATT 

4277 ... . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... A ............... . 

4742 AGGAAP.CTAATGATACAGAATCTCTGTAGCATGTACATAGTGGTTAAATATATTCCTTTCTTTGTAGGTGCAAAAGTCAG 

rgAlaLysvalAr 

14357 . . . . . . . . . . . . .. · · · · · · · · · · · · · · · · · ·  . . . . . . . .  · · · · · · · · · · ·  .. . . . . . . . . . .  c .......... . . .. .  . 

14822 AGGTGAAATTTATGAAGCATTTGAAAATATTTATCCTATTTTAAAAGGATTCAGAAAAACAACGTAACAGTTCCGTGTGC 

gGlyGluileTyrGluAlaPheGluAsnileTyrProileLeuLysGlyPheArgLysThrThrXXX 

4437 

* * 

14902 TTATTCATGAAGCTGGAGTACATTTTTAAAGGTATTAATTATGGCACAGTAATAACACACACATCAGGACTTGGAATTCA 

1 4517 . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . .  c . .  

4982 TCTTCCCAGATAGTGCCTCTTTCCCTGTTTTTCACGGGAAGGGAACATATCACTGTGTGTTTCGTCTGCACTAAGTTAC-

14597 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T 

15061 GTGCATTGCTTTTCCGTGTTCTCACACAAGAAAAACAGTTTATTTATATTTCTGGCTCTTA�CGGCTAATTTTTAAAA 

14677 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A ............. . 

15141 TCTGAGAGTCTTATGCTGGCAAGCTGGCTAAACTGTATTATCCAACATTTAAAACCCCGGCGTTACAGTATTCTTTCAAC 

4757 . . . . . . . . . . . . . . .  G ......................................... T ..................... . 

15221 CATGGATTTTATAATCAGAAATGTTAATTTTATGCTTTTAGACCTACTTCCACATTCCCTACATTTCCAGTGTTCAGCAG 

14837 

15301 GACAGAAACTTTGCTAGTGAAGACAAATGGCTGTACATATTTCTCATTTTGTGAAGCAATTCTAAATGTATAATTACTTG 

1 491 7 

15381 ACTAAATAATTTGAATAGTAAAATTTGTGGTCAATCTTTGCTTTTGCTGTTTTAATGTGCTAACTGCATGCATATAGCTA 

14997 

15461 AAATAACTTGATTTTTA��GATTTTTATTAACAATCCCAGTATTAAAGTAATGTTATTTGA-------AAAGTTATTTT 

1 5077 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AATGTTC .......... . 

15534 TGTGTTGTTTCTTAGTAGTGTCTTAGTTTGAGGTCTTT-ATCTCAAAGAGGACTTACAGCTTACAGTGTAACAGTTTTTC 

15157 . .. . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . T ...................... -..... A ........... . 

15613 CCTCCAGTATTAAGAGGAAGAATGTGTTAATGATAGAAATAGCTTTCTGTCTCCAATTGGTTCTTTCCACTAGCAGAAAA 

15236 . . . . . . ... . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T ...... . 

15693 AAAGAACGTGAAGCAGACCAGGTGTTGTACCAGAAGGGAACATGAATTCTGTATATCCAAAGCCCTCATGTCAAGTTATC 

15316 .. . . . .  TA ................ C ................................................. C .... . 

15773 CCACTCACATTACTATTTTCCTATTAGGTTGGAGTGGAGAGGGATTTATACATATTTAAGTGCCAAATAAAAAAGCATTT 

15396 . . . . . ... . C .... G.A ................ A ............................................. . 

15853 CTTCCTCATCCGTCCCCTATAAAACAAGCAGGTGAATTTCAGATATAATTTCTCTTCAAATTCCTT-CCTTCCTTCCTTC 

15476 . . ..... . .. . A ................ T ............................ G ........ T ............ . 

15932 CTTCCTTC--------------------------ATTTATGGTCAATTCCTGTAGAAGAAGTTGAGCCATTCAATGCCAA 

55 56 .. . . . . . .  CTTCCTTCCTTCCTTCCTTCCTTCCA ......................... G ........ G .......... . 

5986 AATGACAAGACTTTACCTCCATCCTATTGTTTTCAGTGTAAATTGATCTAAAATTTCAATAAACCATAATGAGTGATGTC 

15636 . . . . . . . . . . . . . . . . . ... C .......................................... G ............... . 

16066 AGACCACAGCCAATAAAAAGAATAGGACATACTGTATTCAGAAATATACATAGCTTATTTTCCATTTTTATTGAAATACA 

1 571 6 

16146 TTGTAAATCATCATTGAAACTTAGAACTCAAAATTAAAGCTTCCTATCTATTTGTACTTCAAGACTCATTCCACTGGTTT 

15796 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G ........................... T ..... . 

16226 ATTTCCACTGCAATGACAAATAGCCATTATTCATTTTGTGAATTGTCAACTA-----------ATTTCTTAATGAAAACA 

1 5876 . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . .. . . . . . .. . .  CAAACCAACCA ......... A ...... . 
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16295 ACCTTTTCCAACAGGATGAATGTGAAAATTCTAGATTCTTGAATGAGTGAATGTCTTCTCAAATATGAATGGCATATTCC 

5956 ................................................... C ......... G ....... C ......... . 

16375 AGCCAACATACTGAAGAGTATTTTTTAAAAATGTGCTTCATTTGCCTTTTTACTAAACTGTGTTTCAAGGATGCTAATCT 

6036 ....................................... G ....................................... . 

6455 TTTACTTCAATTTCTCATCAAAGAAACTAAAGAATCGGTGCCTGGATGGGATCATCTCACTATAGCTC-ATAGTTATATA 

16116 ................................. ---................ G ... C .. T ..... T .. C .......... . 

16534 ACGGAATAAACTATACATTTCGTATTTCTAATTCCATTCCATACCTGGTTTTGCCAAAACTTTCCTGGTTTGTTAAATTA 

16193 ................... C ... G ............ C .... C ..................... A ............... . 

16614 TATTTCAAAGTAATTAGTCCTTTGAACCAGACTATAACCAAAATAAGCACAATGAAGAATAAGTGATGAGGAGTCTCTCC 

16273 ............................................ G ..................... C ..... - ... . .. . 

16694 CATAAAGCAACCAATGGTAACACAAGAGCAAATTCACCTAAAGCTTATTCAGACAGGCTCTTAAGATC (17279 bp) 

16352 . . ............... . . . .. . ..................... A ....................... CTTTACCAAGGG 

6432 TGGCAATGGGAAAGGTTTCAGGAATGGGTGGAGGAAAATAAACAGTGGAAACAACAATTTATCATTTGATTCTTTACTAT 

16512 AGTAAATTTATCATGTCTATCATGATTTGATTTTTTTTTTTCATTTCAAAGTTCTAGCAAAATAATCACCTCTCTGGTCT 

16592 CAGATTGATTTTATATTCTTATTCTATAACTGATGTGGAAGTTCAAGCAATGGCGATCATTGTTATCAGTTGAATATTAA 

6672 AAGGTGAGAAAAATTTATGATAACGGAAGAAACTTATCTCACTGCTTAAGCTTTGCAGACATTAAACAGAATTGGAAATG 

16752 TCCTGCTTCCAGATGAACTCTTCAACATAGTGGTTTCCTAGATCACAATTCTCAGCACATGTGTAGATAGCCAGTGTTCC 

16832 CCAGTCAATACTTTCTCCAAGACTGTCGAC (17366 bp) 
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18 
18 
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GGATCCACATTTTGAAATTAGAAGATGGGAATCACTGATAGAAAATTCATACAATAGGCA 
.. .. ... . . ... ... . . . . . . . . . . . . .. . . .. . .. . . . . .. . . .. .. . . .. . .. .. .. . . .. . . . . . .. . .. . . . . . . . ..  

GAACCAAGTCACACCATAGCTTCTCTGAACACTGAAAGCCAGCCTGCCTGAAATAAGTAG 
. . • . . . . . . . • . . . • . . . . • . . . . . . . . . . . • . • . • . . . • . . • • . • G • . . . . . . . • • . . .  

TACAGAGTACAGAGAGGAGTACCGTAATTCTACCTGCCTGTCTCGGGATCTTTGCATGTT 
.................... -----................. c ..... ........... . 

CTGTGCTCTCCTTCATCGATCCCTTAAAATCTACTGCGTTTTAGCAGTCCGCCCACCTCG 
............................ c .............................. . 

TTGCACCTGGGCGCTTAGAAACTCGAGGGATGGGTTTGATGGGTTTTCCCCCCCTCC---
• . • • . • • • • • • . . • . • . . • . . • • • • • • • • . . • • • •  C . • • • • . • • • •  C • • • • . . • . . .  TCC 

ACGTTTACCTTTTAGGTCTTCATAATTTTTCTTAAACTGCTGCCTCCCCTCCACCCACCT 
. . . • • . . . . • . . • . . . . . . . . . . . . . • • . . . • .  TT . . . . . • . • . . . . . . .  · · · · · · · · · · 

ACCCC--------------TTGCATGAATTAGTATATTATTCCCGTGCGCTGGC1[GG-G 
.. ATGAATTAATATATTAT ............ A ....................... .. C. 

�TGCAAACGATTTCTTCGAGGCAGAACTTTAGAAGGCAGCTTCGCACCG�CGC 
.:...:...:._:d · · · · · . . . . . . . . . . . .. . . . . . . . . . . . . . . .  C • . .  A . . . . . . . . . .  � . .  . 

GC-r GC-r 
or 

Sp1 �C��T�rCGCC��G�:G:��TG����C��:��:��:��T�����
T
�:���� 

Sp1 

GCCTGGCTTGATGACGCAGAAGAGGTGCGCCGCCGAATGAGGCGAGCGCGGGGGCACGGC 
......................... c ............... c ................. . 

TCAGGTCGGGAGAACTTCTGGAGC G 

FIG. 18. Determination of the transcription initiation site of two snake TBP genes. (a) Primer extension analysis. The products were loaded 
onto 6% polyacrylamide-7 M urea sequencing gel and electrophoresed. Lanes Tf and Tg indicate the products from Tflavoviridis and T 
gramineus venom gland total RNAs, respectively. Products of 101 base length are indicated by arrows. (b) The sequences of the 5' flanking 
region and exon 1 of two snake TBP genes. The numbers are relative to the transcription initiation site (the bolded T in the sequence). The 
sequences of the 5' flanking regions, italicized; G+C-rich region (GC-r) and possible Sp1-binding site, boxed. The locus of the antisense 
primer sequence are underlined. 
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silent mutations were found in the coding regions of the TgTBP and TfTBP genes 

(nucleotide positions 11031 and 13448 in terms of TfTBP gene). Southern blot analysis 

of Bam HI- or Hin dill-digested T. gramineus and T. flavoviridis genomic DNAs with 

TgTBP eDNA indicated that there is one TBP gene per haploid genome (data not shown). 

Comparison of T. gramineus and T. flavoviridis TBPs with Those 

from Other Organisms. The amino acid sequence of TgTBP was compared with 

those of TBPs from mouse (Tamura et al., 1991) , A. thaliana (Gasch et al., 1990) , S. 

pombe (Hoffmann et al., 1990), and A. castellanii (Wong et al., 1992) (Fig. 19). 

TgTBP is highly homologous to mouse TBP. TBPs of other three eukaryotes are 24 to 

55 amino acids shorter than TgTBP in theN-terminal domain. 

In contrast with the conserved C-terminal domain, the N-terminal domain of 

TBPs are greatly diversified. The numbers of Gln in the Q-run of TgTBP and TITBP are 

6 and 4, respectively, and they are intermediate between those of TBPs from Xenopus 

laevis (amphibian) (Hashimoto et al., 1992) and mouse (mammalian). It appears that the 

Q-run was getting longer with evolution by base slippage during chromosome 

replication. The C-terminal 180 amino acids which are necessary for basal transcription, 

however, were highly conserved among TBPs from various organisms as pointed out by 

Apsit et al (1993). It is noted that the C-terminal domains are 100% conserved among 

TBPs of vertebrate origin such as human (Kao et al., 1990), mouse, and Xenopus 

(Hashimoto et al., 1992). However, TgTBP and TITBP have Ala-282 (the numbering in 

TgTBP) but others have Gly at this position. 

Fig. 19 also shows the loci of introns and the positions of f3-sheets and a-helices 

found in the crystal structure of A. thaliana TBP2 (Kim et al., 1993; Nikolov et al., 

1992). The structure of A. thaliana TBP consists of curved ten-strand anti parallel f3-

sheets, generating a saddle-shaped structure with four a-helices lying on its upper 

surface. The C-terminal domains of TgTBP and TfTBP are split by five introns as in the 

case of mouse TBP (Fig. 19). The loci of introns of TBPs from other eukaryotes are not 

completely the same as those of snake TBPs. However, three highly conserved loci of 

introns are noted among TBPs from various eukaryotes. The first conserved intron site (4 
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Tg MDQNNSLPPYAQGLASPQ� AMTPG I P I FSPMMPYGTGLTPQPAQSTNSLS I LEE 54 

m . ... . . . . . .. 1 ...... G ............. . . ........ I . N . . . . . . . . . 54 

a-2 
sp 
ac 

QQRQQQQQQ-----------AAA--Q-QSTS-QPTQAPSGQTPQLFHSQTLTTAPLPGTT 99 

......... QQQQQQQAVAT ... SV ...... Q .... GA. . . . . . . . . . . . . . . . . . . . . . 113 

MDFALP.TASQA.AFMNNSS.TFPV 25 

MSGITLPSLTNVLQSAGMAVHGHPSAPGSTQLPPLHQLNISSQPSSQP.QPS 52 

I Sl > I Hl I � 
����:������������������:�::������r�������������������������� ��� 

MTDQ-GLEGSN. VDLSKHP . . . . . T. . ....... D ...... A ... Q. . . . . . s2 

LPNANNEATNE. ADSGDAEVSKNEGV ..... T ..... A . . .. ¢. R ........ H. . . . . . 85 

LQYSEPAQSTAASDDMDSDVDRTKHP ..... T. I ... . ..... . ... . . N ... H ...... 112 

Gil � UL::) I H2 I L 

����������������������������������������������������������� ::� 
. .  '

I
' . ...... . . . . K ...... A ... · I · ....... DF .KM ... · I · .. I .......... K ,. 112 

............... KS ..... A ..... VL. G ... DD. K .. S ..... I I ..... N ... T. 145 

• • . • • • • • • • • • . • •  K • . • • . •  A • . • • . . . • . . . . .  A .......... I I  ..... A . • • . .  172 

Sl' > HI' � � U4 � 

��������:�������������������:f����������������������������� �:� 
. . . . .  I ....... . ....... A Y S . AA ................ KV. K ... . ... . . .  I . I 17 2 

. . . . .  I ............... AYS.GT ................ V .. KV ......... I . . 2os 

. . . . .  I ...... R ........ AFA. NHYC .............. VQ. K .......... I . . 2 32 

=> H2' 

T4AKVRGEIYEAFENIYP I LKGFRK--TT 302 Tg 
·I· . . . .  A. . . . . . . . . . . . . . . . . . . . . . 320 m 

. . . ·1M . D . T . K . . . . . . . V . S E . . . . I Q Q 2 o o a- 2 

...... E ... Q ... A ... V.SE ... H 231 sp 

...... E ... E ....... V.TEYK.... 258 ac 

FIG. 19. Aligned amino acid sequences of TBPs whose genomic structures have been determined. Tg, T. 
gramineus; m, mouse; a-2, A. taliana TBP2; sp, S. pombe; ac, A. castellan.ii. �-strands S 1 to S5 and S 1' to 
S5' and a-helices Hl, H2, H1 ', and H2' are indicated in the upper region of the amino acid sequences 
according to the crystal structure of A. thaliana TBP2. The loci of introns in each amino acid sequence are 
displayed by vertical line (1). Dashes indicate the gaps for alignment purpose and dots represent the amino 

acid residues identical to those of TgTBP. 
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of 5 TBPs) is located in the middle of f)-strand 1 (S1). According to the crystal structure, 

this site is in the boundary of two subdomains. This is consistent with the idea that most 

of introns are located in the boundaries of modules (Go., 1981; Blake., 1981). The 

second conserved intron site (4 of 5 TBPs) is located in the loop forming a stirrup which 

is in the boundary between S2 and S3. It is known that introns are often located in the 

loop regions of protein structures (Branden and Tooze., 1991). The third conserved 

intron site (5 of 5 TBPs) is in S2'. Since it I unlikely that introns were inserted by 
\ 

chance into the same positions of genes, it seems that previously existing introns in the 

TBP genes of lower eukaryotes such as S. pombe (Hoffmann et al., 1990) and A. 

castellanii (Wong et al., 1992) were lost from the C-terminal domain during evolution 

(Go., 1983). It is worthy to note that Trimeresurus and mouse TBPs have only one 

intron in the N-terminal domain but at different positions in spite of their quite similar 

sequences (Fig. 19). 

Recently it has been reported that archaebacterium Pyrococcus woesei TBP 

consists of 191 amino acids with homology to the conserved C-terminal domains of 

eukaryotic TBPs and has noN-terminal domain (Rowlands et al., 1994). On the other 

hand, eukaryotic TBPs have the N-terminal domains of the varying lengths (Fig. 19). 

Thus, it appears that the N- and C-terminal domains of eukaryotic TBP genes have 

evolved independently and fused together during evolution. 
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Chapter 5. The Accelerated Substitutions in the Protein-coding 

Regions Are Responsible for Darwinian Evolution of 

Venom Gland PLA2 Isozymes Genes to Acquire New 

Physiological Activities. 

In T. gramineus and T. flavoviridis venom gland PLA2 isozyme genes, the 

protein-coding regions have been evolving at much higher rate than the noncoding 

regions including introns and the evolutionary rates for all introns are almost equivalent to 

those for all the noncoding regions. For example, when gPLA2-I and gPLA2-VI were 

compared, KN values for all introns and for all the noncoding regions were computed to 

be 0.0716 and 0.0635, respectively. This holds for all the pairs of genes compared 

between species, indicating that the evolutionary rates are almost equal between introns 

and other noncoding regions in venom gland PLA2 isozyme genes. To gain a further 

insight into the evolutionary feature of venom gland PLA2 isozyme genes, the 

evolutionary rate of introns were compared with those of introns of T. gramineus and T. 

flavoviridis TAT A box-binding protein (TBP) gene, which are assumed to be a general 

gene ubiquitously present in all cell types. Based on the data obtained in the present 

study, it became evident that Darwinian evolution is universal in crotalinae snake venom 

gland PLA2 isozyme genes. 

EXPERIMENTAL PROCEDURES 

Data Analysis. For the nucleotide sequences of T. gramineus and T. 

flavoviridis TBP genes which contain eight exons and seven introns (Chapter 4), the 

numbers of nucleotide substitutions per site (KN) for the noncoding regions including 

introns and the numbers of nucleotide substitutions per synonymous site (Ks) and per 

nonsynonymous site (KA) for the protein-coding regions were computed according to the 

method of Miyata and Yasunaga (1980) with corrections for multiple substitutions 



(Kimura, 1983). The KN, Ks, and KA values were compared with those of T. 

gramineus and T. jlavoviridis PLA2 isozyme genes (Chapters 2 and 3) 

RESULTS AND DISCUSSION 

Acce le rated Substitutions in the Protein-coding Regions are 

Responsible for Darwinian Evolution of Venom Gland PLA2 Isozyme 

Genes. The KN, Ks and KA values were computed from the nucleotide sequences of 

T. gramineus TBP (TgTBP) and T. jlavoviridis TBP (TfTBP) genes (Table 6). Those 

values are compared with those for a pair of venom gland PLA2 isozyme genes, 

gPLA2-VI and BP-I, as an example (Fig. 20). It is noted that KN values for venom 

gland PLA2 isozyme genes are comparable to that of TBP genes (Tables 3 and 6 and Fig. 

20). This indicates that introns of PLA2 isozyme genes have evolved at similar rates to 

introns of TBP genes which could be assumed to have evolved under neutrality (Kimura, 

1983; Nei, 1987). Some functional constraints in the introns of PLA2 isozyme genes that 

had once been considered because of their high homology compared with exons could be 

excluded. Thus, the highly accelerated substitutions in the protein-coding regions are 

responsible for Darwinian evolution of venom gland PLA2 isozyme genes to acquire new 

physiological activities. 

The fact that the nucleotide sequences of T. gramineus venom gland PLA2 

isozyme genes showed the same characteristics as found for those of T. flavoviridis 

venom gland PLA2 isozyme genes reveals that accelerated evolution is rationally assumed 

to be universal for crotalinae snake venom gland PLA2 isozyme genes. Recently, it was 

reported that in the genes encoding mojave toxins from Crotalus scutulatus scutulatus 

(crotalinae), which are heterodimeric neurotoxic PLA2s, the noncoding regions including 

introns are much more conserved than the protein-coding regions (John et al., 1994). 

This further supports the consequence which has been drawn from the present study. 

Mechanism of Acquisition of Diverse Physiological Activities. Some 

mechanisms have been suggested for proteins to acquire diverse functions, that is, 
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Table 6. KNIKs and KAIKs values for T. gramineus and T. flavoviridis TBP genes 

Pair of genes KN Ks KNIKs 

T.e;TBP - TfTBP 0.0365 0.0095 3.84 
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KA KAIKs 
0.000 0.000 



0.5 �------------------------------� 
A 

0.4 

0.3 

0.2 

0.1 

D KN; Flanking 
regions 

0 KN;UTRs 

� KN; lntrons 
hlill)

Ks 

.
KA 

·� . .. .. . 
Exl 1-Ex2---1 �Ex3-f �Ex4_, �Ex5� �Ex6� �Ex7� 1-Ex8� 

FIG. 20. Schematic representation of sectional KN, Ks. and KA values for a pair of gPLA2-
VI and BP-I (A) and those for T. gramineus and T. jlavoviridis TBP genes (B). Ex 
designates exons and introns are parts sandwiched between exons. Each K is expressed by 
different patterns as indicated at right upper region of A. In PLA2 isozyme genes (A), Ks for 
Exl is zero. In TBP genes (B), Exl contains the UTR only. In TBP genes, KA for Ex3 and 
Ex6 and Ks and K A for Ex2, Ex4, Ex5, Ex7, and Ex8 are all zero. It is also evident from A 
that in PLA2 isozyme genes, Ks and KA values are much greater than KN values. 
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diversification of gene expression, alternative splicing, and posttranslational modification. 

Furthermore, three mechanisms, gene duplication, gene conversion, and natural 

selection, have often contributed to increment of functional diversities of proteins while 

associating with former mechanisms. These are known to be of great importance for 

evolution of multigene families (Ohta, 1991a). 

The simplest way to acquire new functions would be through duplication of a 

whole gene with subsequent differentiation by nucleotide substitutions in new genes 

while original gene retains necessary function. Genes encoding proteins which have 

critical roles such as immunoglobulins (Tonegawa, 1983) and MHC (Steinmetz and 

Hood, 1983) form multigene families generated by gene duplication. This mechanism 

has been thought to be important for adaptive (Darwinian) evolution. Although there are 

multigene families such as ribosomal RNA genes and histone genes in which many 

uniform genes are arranged in series, it has been thought that this large gene population is 

required for increment of gene products rather than generation of their diverse functions. 

In the mechanism of gene conversion, heteroduplex is formed and one gene 

converts the other gene to its own nucleotide sequence. This mechanism also contributes 

to acquire diverse physiological activities and was found in many multigene families such 

as genes encoding MHC (Ohta, 1991b) and kallikreins and their inhibitors (Ohta and 

Basten, 1992). The two mechanisms for generating hypervariability at the reactive center 

of serine proteases and their inhibitors are gene conversion followed by natural selection 

and natural selection for point mutation (Ohta and Basten, 1992). Natural selection is 

thought to help the survival of genes with desired variability that occurred by gene 

conversion. If the number of synonymous substitutions at the variable region exceeds 

that at the conserved region, gene conversion between loci is thought to be operative. In 

the case of kallikrein and MHC multigene families, Ks values at the variable region of 

kallikreins which contains an active site that interacts with the inhibitors and at the antigen 

recognition site of MHC are larger than those in the remaining regions (Ohta and Basten, 

1992; Hughes and Nei, 1988). 
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In the case of venom gland PLA2 isozyme genes, Ks values of exons, especially 

the protein-coding regions, exceed KN values in the noncoding regions including introns. 

Moreover, it is found that the noncoding regions of PLA2 isozyme genes have been 

evolving at normal rate because their KN values are compa!"able to those of introns of 

TBP genes from T. flavoviridis and T. gramineus snakes. Therefore, there might be a 

mechanism that includes gene conversion specific for the protein-coding regions of 

exons. The most significant constructional difference between mammalian PLA2 genes 

and snake venom PLA2 genes is that the former is a single copy gene and the latter is a 

multigene family. Thus, it could be inferred that mammalian PLA2 genes have not been 

able to evolve in a similar manner as snake venom gland PLA2 isozyme genes and that 

formation of multigene family and gene conversion are important mechanisms for 

accelerated substitutions of venom gland PLA2 isozyme genes. 

If the number of nonsynonymous substitutions exceeds that of synonymous 

substitutions at a certain region, positive Darwinian selection for point mutation is thought 

to have operated (Ohta and Basten, 1992; Hill and Hastie, 1987; Hughes and Nei, 1988). 

Since the KA values are close to or larger than Ks values in the protein-coding regions of 

venom gland PLA2 isozyme genes, it is highly likely that positive Darwinian selection 

occurred in these regions so as to acquire diverse physiological activities. 
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