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2.3.9 Repetitive extragenic palindromic peR (REP-peR) 

To investigate the genetic relationship among the newly identified anaerobic bacteria, the 

profile of each sample was determined by REP-peR according to the methods of Redkar 

et ai. (1996) in the laboratory of Dr. Vito Delvecchio, Scranton, USA. The primer 

employed, RW3A, was derived from a Mycoplasma pneumoniae repetitive sequence 

(Wenzel and Herman, 1988). 

2.4 RESULTS 

2.4.1 peR amplification of the 16S rDNA genes and restriction digestion of the 

cloned DNA 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

",1 kb 

1.1KD---..../ 

",1 kb 

1.1 KD---.../ 

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

B 

1.7 kb -----' 

"'1.5 kb 

Figure 2.4. PCR amplification of the 16S rDNA genes using primer pairs (A). FIR3 (top) and F3R5 
(bottom) (8). FIRS. Lane 1, 'A.-Pst I digest; lane 2, CIa; lane 3, X18; lane 4, X25; Jane 5, TC30; lane 6, 
TC26j lane 7, X13; lane 8, X5; lane 9, TC5; lane 10, TCI4; lane 11, TC23; lane 12, B2; lane 13, sterile 
distilled water and lane 14, 'A.-PstI digest. Sizes of the amplified products are shown in kb. 
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TC26; lane 7, X13; lane 8, XS; lane 9, TCS; lane 10, TCI4; lane 11, TC23; lane 12,82; lane 13, sterile 
distilled water and lane 14, A.-PstI digest. Sizes of the amplified products are shown in kb. 
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With the aid of the universal eubacterial 16S rDNA primers FIR3, F3R5 and FIR5, the 

16S rDNA gene sequences of all the isolates were successfully amplified. Amplification 

with the Fl R3 and F3R5 primer pairs yielded PCR fragments that were about 1 kilobase 

pair (kb) in size (Figure 2.4A). The FIRS primer pair yielded a fragment of about 1.5 kb 

which represents the complete 16S rDNA gene sequence (Figure 2.4B). 

Following amplification, the PCR products were either directly sequenced or cloned into 

SK (Figure 2.5). Digestion of recombinant plasmids with the restriction endonuclease 

PvuII would generate two DNA fragments of 2.9 kb and 1.45 kb in size, the latter 

representing the insert (lanes 2, 8 and 9). 

1 2 3 4 5 6 7 8 9 

1.45 kb 
1.7 kb 

Figure 2.5. Restriction digestion of the 16S rDNA peR products cloned into SK pBluescript and 
digested with Pvull. Lane 1, A- PstI digest; lanes 2, 8 and 9 represent the recombinant plasmids 
containing the 1.45 kb insert. Sizes of the digested plasmids are shown in kb. 

2.4.2 Sequence analysis of the 16S rDNA gene sequences 

The 16S rDNA gene sequences ranged in size from 1368 to 1527 nucleotides (Appendix 

E). To determine whether they were homologous to any known sequences, a homology 

search of the GenBank database was performed using BLAST (Table 2.1). This indicated 

that the cellulolytic isolates Cia, X 18, X25 and TC30 were members of the genus 

Ruminococcus. Strains Cia, X 18 and TC30 were highly homologous to the species 

Ruminococcus flavefaciens, showing 97%, 96% and 95% sequence identity respectively, 
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44r--------15acl~ro 

,..--__ /:'OirlJti!vnJm,')ntIS circumdentaria 

'-----r,')rvflvl~o"!Onas endodontalis ATCC35406 

,..--___ Prevotella ruminicola ruminicola ATCC19189 

'-----Prevotella brevis GA33 

lO0r------Prevotella albensis M384 
Prey 

,-----Prevotella mfC,UHl.f"(}V''','-f.t:fJ. ATCC25845 

I..--___ Prevotella bivia ATCC29303 

'--____ Prevotella disiens ATCC29426 

.--_____ TCI4 Bac 

,...-----TC5 

100 
'-----.Bacteroides 

ATCC25285T 

.--__ Bacteroides caccae A TCC43185T 

Bacteroides thetaiotaomicron ATCC29148 Bac 

LltactenJtd,~s ovatus ATCC8483T 

eggerthii NCTCl1185 

ATCC8492 

.--_________ Flavobacterium 

lytica 
0.1 

2.8. Unrooted phylogelletlic 
distance matrix from a sequence <0"<01",,,;,, 

TC23 and X5 in the Bacteroides within the Bacteroides duster of the CFB 
"o,ot"rr"," values as of 1000 are 
The abbreviations Por and Prey the and 

Prevotella dusters resmecttvellv .. ",." .. ~ .. ,,,,,,,,t,, 0.1 nucleotide substitutions per site. 
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2.4.5 Repetitive extra genic palindromic PCR (REP-PCR) 

The rep-PCR genomic fingerprint (Figure 2.9) showed that all of the newly identified 

bacteria had distinct patterns. This method was effective in showing that strains CIa (lane 

2), TC30 (lane 3) and X 18 (lane 4) which were all identified as members of the type 

species R. flavefaciens, are indeed different strains. Similarly, it also showed that strains 

TC5 (lane 10) and TC14 (lane 9) are distinct strains, even though they were had 92% and 

89% sequence identity to Bacteroides sp. AR29 respectively. 

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

Figure 2.9. Rep-PCR fingerprints of the ostrich hindgut bacteria. Lane 1, l-kb ladder; lane 2, CIa; 
lane 3, TC30; lane 4, X18; lane 5, X25; lane 6, TC26; lane 7, X13; lane 8, TC23; lane 9, TC14j lane 
10, TC5; lane 11, X5; lane 12, B2; lane 13, M2 and lane 14, 100-bp marker. 

2.5 DISCUSSION 

The 16S rDN A gene sequences of 11 bacterial strains were amplified using PCR and 

their nucleotide sequences were determined either through direct sequencing of the PCR 

products or after cloning the PCR products into SK. The sequence strategy employed 

resulted in the derivation of approximately 90% of their complete 16S rDNA primary 

structures (> 1300 nucleotides per gene). The derived 16S DNA sequences have not been 

deposited in any of the available data libraries. 
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3.1. Schematic of the for transferred DNA 
rl1lrliOlilOl't'ivplv labelled FDI and rBacPre. Lanes 1, 3 and 5 of A had the domestic sanllpll~s 

D2 and D3 Lanes 6, 7, 8, 9 and 10 had the unlabelled FDI ...... , ........ """"'1:"'''''''''' 
from B. DNA from P. ruminicola sterile distilled water 
and ATCC9343 Gel B had the same controls and order 
as Gel A it had the unlabelled rBacPre in lane 6 instead of the unlabelled FDI .... " ........ 
Gels C and D also had the same controls and order as in Gels A and B but had the wild 
fecal instead of the domestic Sizes of the are shown in kb. 
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The genomic DNA obtained using the two methods of fecal DNA extraction is depicted 

in Figures 3.2A and 3.2B. Methods A and B gave very similar yields of DNA. For 

example, using extraction method A (100 mg feces), domestic sample 1 yielded 414 

ng/Ill of DNA while Method B (100 mg feces) yielded 432 ng/Ill of DNA. However, 

when comparing Figures 3.2A and 3.2B, it appears as though Method B yielded more 

intact DNA with less DNA degradation. Prior to amplification, the genomic fecal DNA 

and total 16S rDNA was diluted to the following concentrations, 0.1, 0.5, 1, 10, 100 and 

200 ng. 

1 2 3 4 

A 

1 2 3 4 5 6 7 

B 

Figure 3.2. Yields of DNA obtained from two methods of fecal DNA extraction. (A) Method A fecal 
DNA from the domestic samples. Lane 1, A-PstI digest; lanes 2, 3, and 4, domestic samples 1, 2 and 3 
respectively. (B) Method 8 fecal DNA from the domestic and wild fecal samples. Lane 1, A-PstI 
digest; lanes 2, 3, and 4, domestic samples 1,2, and 3 respectively; lane 5, 6, and 7, wild samples 1,2, 
and 3 respectively. 

As previously described in Chapter 2, the primer pair Fl R5 yields a 1.5-kb PCR fragment 

which encompasses the entire 16S rDNA of all bacterial species. Therefore the PCR 

products depicted in Figure 3.3 represent the total 16S rDNA genes of most, if not all of 

the bacteria present in the domestic and wild fecal samples. 
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Figure 3.3. peR amplification of the total 16S rDNA amplified from 50 ng of genomic fecal DNA 
obtained from Methods A (A) and B (B ) with the primer pair FIRS. Lane 1, 'A-PstI digest; lane 2, 3 
and 4, domestic samples 1,2 and 3 respectively; lane 5, 6 and 7, wild samples 1, 2and 3 respectively 
and lane 8, 'A-Pst I digest (A). Sizes of the amplified products are shown in kb. 

3.4.2 Bijidobacterium detection in fecal samples using Bijidobacterium-specific 

primers 

Primers Bifl64 and Bif662 were proven to be specific for Bifidobacterium since positive 

signals were only obtained for B. breve 2257 and B. longum 2259. No signals were 

obtained for the negative controls employed, L. acidophilus, B. fibrisolvens ATCC19171 

and sterile distilled water (data not shown). Figures 3.4A and 3.4B clearly show that after 

the fecal samples were spiked with genomic DNA from B. breve 2257, the amplification 

reactions were not inhibited by any substances since positive signals were obtained in all 
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Figure 3.3. peR amplification of the total 16S rDNA amplified from SO ng of genomic fecal DNA 
obtained from Methods A (A) and B (B ) with the primer pair FIRS. Lane 1, 'A-Pst! digest; lane 2, 3 
and 4, domestic samples 1,2 and 3 respectively; lane S, 6 and 7, wild samples 1, 2and 3 respectively 
and lane 8, 'A-Pst! digest (A). Sizes of the amplified products are shown in kb. 

3.4.2 BiJidobacterium detection in fecal samples using BiJidobacterium-specific 

primers 

Primers Bif164 and Bif662 were proven to be specific for Bifidobacterium since positive 

signals were only obtained for B. breve 2257 and B. longum 2259. No signals were 

obtained for the negative controls employed, L. acidophilus, B.fibrisolvens ATCC19171 

and sterile distilled water (data not shown). Figures 3.4A and 3.4B clearly show that after 

the fecal samples were spiked with genomic DNA from B. breve 2257, the amplification 

reactions were not inhibited by any substances since positive signals were obtained in all 
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primers 

Primers Bif164 and Bif662 were proven to be specific for Bifidobacterium since positive 

signals were only obtained for B. breve 2257 and B. longum 2259. No signals were 

obtained for the negative controls employed, L. acidophilus, B.fibrisolvens ATCC19171 

and sterile distilled water (data not shown). Figures 3.4A and 3.4B clearly show that after 

the fecal samples were spiked with genomic DNA from B. breve 2257, the amplification 

reactions were not inhibited by any substances since positive signals were obtained in all 
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the fecal samples. This is evident from the 523 bp fragment generated. This experiment 

also shows the specificity of the Bifidobacterium primers (lanes 15 and 16). 

1 l 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1.16 kb 

1.1 kb 
523 bp 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1.7 kb 

523 bp 

Figure 3.4. Genomic DNA and total 16S rDNA (100 ng) from Method A (A) and Method B (B) spiked 
with 5 ng of genomic DNA from B. breve 2257. Lane 1, 'A-Pst! digest; lanes 2, 3 and 4, genomic DNA 
from domestic samples 1, 2 and 3 respectively; lanes 5, 6 and 7, genomic DNA from wild samples 1, 2 
and 3 respectively; lane 8, sterile distilled water; lanes 9, 10 and 11, total 16S rDNA from domestic 
samples 1, 2 and 3 respectively; lanes 12, 13 and 14, total 16S rDNA from wild samples 1, 2 and 3 
respectively; lane 15, 10 ng of amplified DNA from B. bifidum 2203; lane 16, 10 ng of amplified DNA 
from B.fibrisolvens ATCCI9171 and lane 17, 'A-Pstl digest. Sizes of the amplified products are shown 
in kb and bp. 

Bifidobacterium was not detected in the domestic and the wild fecal samples using the 

genomic DNA and the total 16S rDNA obtained from methods A and B. Various 

concentrations including 0.1 ng, 0.5 ng, 1 ng, 10 ng, 100 ng and 200 ng of the fecal DNA 

were used as a template for screening. 
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3.4.3 Bacteroides and Prevotella detection in fecal samples using 

BacteroideslPrevotella-specific primers 

Positive signals were only obtained from the controls B. fragilis ATCC9343 and P. 

ruminicola ATCC23. No signals were obtained for the negative controls B. breve 2257, 

B. fibrisolvens A TCC 19171, L. acidophilus and sterile distilled water (data not shown). 

Therefore primers FD1 and rBacPre were specific for Bacteroides and Prevotella. 

Since positive signals were obtained when the genomic DNA samples were spiked with 

genomic DNA from Bifidobacterium (Figure 3.4), it was not necessary to spike the fecal 

samples with Bacteroides. When the genomic DNA obtained from extraction method A 

was employed as a template, Bacteroides and Prevotella were detected at fecal 

concentrations of 0.5 ng, 1 ng and lOng. This is evident from the 900-bp fragments 

generated in Figure 3.SA. 

1.7 KO---
1. 16KD---

B 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

900 bp 

900 bp 

Figure 3.5. PCR samples employing 
the genomic DNA obtained from method A (A) or the total 16S rDNA product amplified from 
method A genomic DNA (B). Lane 1, A-Pstl digest; lanes 2, 3,4,5,6 and 7, Dl at 0.1 ng, 0.5 ng, 1 ng, 
10 ng, 100 ng and 200 ng respectively; lanes 8, 9, 10, 11, 12 and 13, D2 at 0.1 ng, 0.5 ng, 1 ng, 10 ng, 
100 ng and 200 ng respectively; lanes 14, 15, 16, 17, 18 and 19, D3 at 0.1 ng, 0.5 ng, 1 ng, 10 ng, 100 
ng and 200 ng respectively and lane 20, genomic DNA from B. jragilis A TCC9343. 
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Figure 3.6. Estimation of the contribution of Bacteroides and Prevotella 16S rDNA to total eubacterial 
16S rDNA sequences. Figures A and B, 16S rDNA amplified from genomic DNA obtained from 
method A and figures C and D, 16S rDNA amplified from genomic DNA obtained from method B. 
Amplified sequences were transferred onto a nylon membrane by Southern blotting and probed with 
either the universal 16S eubacterial probe FDI (Figures A and C) or rBacPre probe (Figures Band 
D). Lanes 1,3 and 5, total16S rDNA from domestic fecal samples 1,2 and 3; lane 6, unlabelled FDI 
primer (Figures A and C) and unlabelled rBacPre primer (Figures B and D); lane 7, amplified DNA 
from B. fibrisolvens ATCCI9171 control; lane 8, amplified DNA from P. ruminicola ATCC23 
control; lane 9, sterile distiUed water and lane 10, amplified DNA from B. fragilis ATCC9343 control. 
Sizes of the products are shown in kb. 
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16S rDNA sequences. Figures A and B, 16S rDNA amplified from genomic DNA obtained from 
method A and figures C and D, 16S rDNA amplified from genomic DNA obtained from method B. 
Amplified sequences were transferred onto a nylon membrane by Southern blotting and probed with 
either the universal 168 eubacterial probe FDI (Figures A and C) or rBacPre probe (Figures Band 
D). Lanes 1,3 and 5, total16S rDNA from domestic fecal samples 1,2 and 3; lane 6, unlabelled FDI 
primer (Figures A and C) and unlabelled rBacPre primer (Figures B and D); lane 7, amplified DNA 
from B. fibrisolvens ATCC19171 control; lane 8, amplified DNA from P. ruminicola ATCC23 
control; lane 9, sterile distiUed water and lane 10, amplified DNA from B. fragilis A TCC9343 control. 
Sizes of the products are shown in kb. 
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primer (Figures A and C) and unlabelled rBacPre primer (Figures B and D); lane 7, amplified DNA 
from B. fibrisolvens ATCC19171 control; lane 8, amplified DNA from P. ruminicola ATCC23 
control; lane 9, sterile distiUed water and lane 10, amplified DNA from B. fragilis A TCC9343 control. 
Sizes of the products are shown in kb. 
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Figure 3.7. Estimation of tile contribution of Bacteroides and Prevotella to the total eubacterial 16S 
rDNA of the domestic samples Dl, D2 and D3 amplified from method A (A) and method B (B) 
genomic DNA (derived from data in Table 3.1, excluding the control sample data). 

3.5 DISCUSSION 

The two extraction methods employed produced similar yields of genomic DNA although 

method B seems to have yielded DNA with less degradation. DNA obtained from method 

B was subjected to less chemical and mechanical procedures than DNA obtained from 

method A. In addition, method B was far more rapid than method A and therefore the 

DNA was less likely to be degraded by DNA-degrading enzymes. Method B which is 

based on a silica-gel membrane, for purification of DNA, was less hazardous than 

method A since it is devoid of phenol-chloroform extraction procedures and the use of 

CT AB, a detergent which has been reported to effectively remove PCR inhibitors from 
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Figure 3.7. Estimation of the contribution of Bacteroides and Prevotella to the total eubacterial 16S 
rONA of the domestic samples Dl, 02 and 03 amplified from method A (A) and method B (B) 
genomic DNA (derived from data in Table 3.1, excluding the control sample data). 
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were 

FI 5' CGC CAG GGT TIT CCC AGT CAC GAC ~~~~'-'-"-'~~~~~= 3 ' 

RI 5'CAG GAA ACAGCTATGAC ~~~~~~~~~~~~3' 

F3 5' CGC CAG GGT TIT CCC AGT CAC ~"",",,"=~~-=::"="'-"-.ut.;!~~ 

R3 5' CAG GAA ACA GCT ATG .--,:=.A;=~~,"",,-,-="'-"-'~-"'='~= 3 ' 

F5 5' CGC CAG GGT TIT CCC AGT CAC GAC ==~~~-"'-"~'-='~=~=..::.. G 3 ' 

R5 5' CAG GAA ACA GCT ATG 

I or 

were UV,LUV'~V;;;,v to 

to 

106 

were 

FI 5' CGC CAG GGT TIT CCC AGT CAC GAC ~~~~'-'-"-'~~~~~= 3 ' 

RI 5'CAG GAA ACAGCTATGAC ~~~~~~~~~~~~3' 

F3 5' CGC CAG GGT TIT CCC AGT CAC ~"",",,"=~~-=::"="'-"-.ut.;!~~ 

R3 5' CAG GAA ACA GCT ATG .--,:=.A;=~~,"",,-,-="'-"-'~-"'='~= 3 ' 

F5 5' CGC CAG GGT TIT CCC AGT CAC GAC ==~~~-"'-"~'-='~=~=..::.. G 3 ' 

R5 5' CAG GAA ACA GCT ATG 

I or 

were UV,LUV'~V;;;,v to 

to 

106 

were 

FI 5' CGC CAG GGT TIT CCC AGT CAC GAC ~~~~'-'-"-'~~~~~= 3 ' 

RI 5'CAG GAA ACAGCTATGAC ~~~~~~~~~~~~3' 

F3 5' CGC CAG GGT TIT CCC AGT CAC ~"",",,"=~~-=::"="'-"-.ut.;!~~ 

R3 5' CAG GAA ACA GCT ATG .--,:=.A;=~~,"",,-,-="'-"-'~-"'='~= 3 ' 

F5 5' CGC CAG GGT TIT CCC AGT CAC GAC ==~~~-"'-"~'-='~=~=..::.. G 3 ' 

R5 5' CAG GAA ACA GCT ATG 
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were UV,LUV'~V;;;,v to 

to 
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5' CGC CAG GGT TIT CCC AGT CAC GAC GGG TGG 
TAA TGC CGG ATG 3 ' 

5'CAG GAA ACA GCT ATG ACC CAC CGT TAC ACC 
GGG AA / 

5 ' AGA GTT TGA TCC TGG CTC AG 3 ' 

5 'TCA CCG TTG CCG GCG TAC TC ' 

5 ./' CGC CAG GGT TIT CCC AGT CAC GAC 3 ' 

5 ' CAG GAA ACA GCT ATG AC 3' 
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5 1 
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5 ' AGA GTT TGA TCC TGG CTC AG 3 ' 
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5 ' CAG GAA ACA GCT ATG AC 3' 
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5 ' AGA GTT TGA TCC TGG CTC AG 3 ' 
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1 

5 1 
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TATCTTAGTG GCGGACGGGT GAGTAACACG TGAGCAACCT GCCTTTGAGA 

GAGGGATAGC 

61 TTCTGGAAAC GGATGGTAAT ACCTCATAAC GTATTGAGAC 

TGATACCAAA 

12 GATTTATCAC TCAAAGATGG GATTAGCTAG ATGGTGAGGT 

AACGGCTCAC 

181 CATGGCGACG ATCAGTAGCC GGACTGAGAG GTTGAACGGC CACATTGGGA 

CTGAGACACG 

241 CTACGGGAGG CAGCAGTGGG GAATATTGCA CAATGGGGGA 

AACCCTGATG 

301 CAGCGATGCC GCGTGGAGGA AGAAGGTTTT CGGATTGTAA ACTCCTGTCT 

TAWAGGACGA 

361 TAATGACGGT ACTTTAGGAG GAAGCTCCGG CTAACTACGT GCCAGCAGCC 

GCGGTAATAC 

421 GTAGGGAGCG AGCGTTGTCC GGAATTACTG GGTGTAAAGG GAGCGTAGGC 

GGGAGTGCAA 

481 GTCAGATGTG AAATACATGG GCTCAACCCA TGGGCTGCAT TTGAAACTGC 

541 TGAAGTAGAG GTAAGCGGAA TTCCTGGTGT AGCGGTGAAA TGCGTAGATA 

TCAGGAGGAA 

601 CACCGGTGGC 

AAGCGTGGGG 

661 

TAGGTGTGGG 

721 

GGAGTACGGC 

781 

GTATGTGGTT 

ATTAGATACC CTGGTAGTCC ACGCTGTAAA CGATGATTAC 

CCTTCCGTGC CGCAGTTAAC ACAATAAGTA ATCCACCTGG 

AAACTCAAAG GAATTGACGG GGGCCCGCAC AAGCAGTGGA 

116 

TATCTTAGTG GCGGACGGGT GAGTAACACG TGAGCAACCT GCCTTTGAGA 

GAGGGATAGC 

61 TTCTGGAAAC GGATGGTAAT ACCTCATAAC GTATTGAGAC 

TGATACCAAA 

12 GATTTATCAC TCAAAGATGG GATTAGCTAG ATGGTGAGGT 

AACGGCTCAC 

181 CATGGCGACG ATCAGTAGCC GGACTGAGAG GTTGAACGGC CACATTGGGA 

CTGAGACACG 

241 CTACGGGAGG CAGCAGTGGG GAATATTGCA CAATGGGGGA 

AACCCTGATG 

301 CAGCGATGCC GCGTGGAGGA AGAAGGTTTT CGGATTGTAA ACTCCTGTCT 

TAWAGGACGA 

361 TAATGACGGT ACTTTAGGAG GAAGCTCCGG CTAACTACGT GCCAGCAGCC 

GCGGTAATAC 

421 GTAGGGAGCG AGCGTTGTCC GGAATTACTG GGTGTAAAGG GAGCGTAGGC 

GGGAGTGCAA 

481 GTCAGATGTG AAATACATGG GCTCAACCCA TGGGCTGCAT TTGAAACTGC 

541 TGAAGTAGAG GTAAGCGGAA TTCCTGGTGT AGCGGTGAAA TGCGTAGATA 

TCAGGAGGAA 

601 CACCGGTGGC 

AAGCGTGGGG 

661 

TAGGTGTGGG 

721 

GGAGTACGGC 

781 

GTATGTGGTT 

ATTAGATACC CTGGTAGTCC ACGCTGTAAA CGATGATTAC 

CCTTCCGTGC CGCAGTTAAC ACAATAAGTA ATCCACCTGG 

AAACTCAAAG GAATTGACGG GGGCCCGCAC AAGCAGTGGA 

116 

TATCTTAGTG GCGGACGGGT GAGTAACACG TGAGCAACCT GCCTTTGAGA 

GAGGGATAGC 

61 TTCTGGAAAC GGATGGTAAT ACCTCATAAC GTATTGAGAC 

TGATACCAAA 

12 GATTTATCAC TCAAAGATGG GATTAGCTAG ATGGTGAGGT 

AACGGCTCAC 

181 CATGGCGACG ATCAGTAGCC GGACTGAGAG GTTGAACGGC CACATTGGGA 

CTGAGACACG 

241 CTACGGGAGG CAGCAGTGGG GAATATTGCA CAATGGGGGA 

AACCCTGATG 

301 CAGCGATGCC GCGTGGAGGA AGAAGGTTTT CGGATTGTAA ACTCCTGTCT 

TAWAGGACGA 

361 TAATGACGGT ACTTTAGGAG GAAGCTCCGG CTAACTACGT GCCAGCAGCC 

GCGGTAATAC 

421 GTAGGGAGCG AGCGTTGTCC GGAATTACTG GGTGTAAAGG GAGCGTAGGC 

GGGAGTGCAA 

481 GTCAGATGTG AAATACATGG GCTCAACCCA TGGGCTGCAT TTGAAACTGC 

541 TGAAGTAGAG GTAAGCGGAA TTCCTGGTGT AGCGGTGAAA TGCGTAGATA 

TCAGGAGGAA 

601 CACCGGTGGC 

AAGCGTGGGG 

661 

TAGGTGTGGG 

721 

GGAGTACGGC 

781 

GTATGTGGTT 

ATTAGATACC CTGGTAGTCC ACGCTGTAAA CGATGATTAC 

CCTTCCGTGC CGCAGTTAAC ACAATAAGTA ATCCACCTGG 

AAACTCAAAG GAATTGACGG GGGCCCGCAC AAGCAGTGGA 

116 
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841 

AGTCTAGAGA 

901 TAGATGAAAT TCCTTCGGGG 

CAGCTCGTGT 

961 CGTGAGATGT 

TTGTACGCAA 

1021 GAGCACTCTA 

CGTCAAATCA 

1081 

AAGAGAAGCG 

1141 

1261 

GAAGTCGGTA 

TCAGATTGCA 

CCCGTCACAC CATGGGAGTC GGTAACACCC 

1321 GTCTAACAGC AATGAGGACG CCGCCGAAGG TGGGATTGAT GACTGGGGTG 

AAGTCGTAAC 

1381 AAGGTAA 

, 3 ') 

117 

841 

AGTCTAGAGA 

901 TAGATGAAAT TCCTTCGGGG 

CAGCTCGTGT 

961 CGTGAGATGT 

TTGTACGCAA 

1021 GAGCACTCTA 

CGTCAAATCA 

1081 

AAGAGAAGCG 

1141 1 GACGGTGAC GTGGAGCGAA TCTCAAAAAA TTGTCCCAGT TCAGATTGCA 

GGCTGCAl CT 

1201 (GCCTGCATG AAGTCGGAAT TGCTAGTAAT CGCGGATCAG CATGCCGCGG 

TGAATAC(TT 

1261 (CCGGGCCTT GTACACACCG CCCGTCACAC CATGGGAGTC GGTAACACCC 

GAAGTCGGTA 

1321 GTCTAACAGC AATGAGGACG CCGCCGAAGG TGGGATTGAT GACTGGGGTG 

AAGTCGTAAC 

1381 AAGGTAA 

, 3 ') 

117 

841 

AGTCTAGAGA 

901 TAGATGAAAT TCCTTCGGGG 

CAGCTCGTGT 

961 CGTGAGATGT 

TTGTACGCAA 

1021 GAGCACTCTA 

CGTCAAATCA 

1081 

AAGAGAAGCG 

1141 1 GACGGTGAC GTGGAGCGAA TCTCAAAAAA TTGTCCCAGT TCAGATTGCA 

GGCTGCAl CT 

1201 (GCCTGCATG AAGTCGGAAT TGCTAGTAAT CGCGGATCAG CATGCCGCGG 

TGAATAC(TT 

1261 (CCGGGCCTT GTACACACCG CCCGTCACAC CATGGGAGTC GGTAACACCC 

GAAGTCGGTA 

1321 GTCTAACAGC AATGAGGACG CCGCCGAAGG TGGGATTGAT GACTGGGGTG 

AAGTCGTAAC 

1381 AAGGTAA 

, 3 ') 

117 
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1 GTTTTGAGAG CTTGCTCTTA 

ATATCATTAC 

121 

241 

GAATATTGCA 

301 

CGGATTGTAA 

361 

CTAACTACGT 

421 

GGTGTAAAGG 

481 

AGCGGTGAAA 

601 TGCGTAGATA 

721 

GCAATAAGTA 

AGATATCAAA 

AACGGCTCAC 

CTGAGACACG 

AACCTTGATG 

ATCCACCTGG GGAGTACGGC 

841 

GGTCTTGACA 

ATCAGTAGCC 

CTACGGGAGG CAGCAGTGGG 

GCGTGAGGGA AGAAGGTTTT 

GAAGCTCCGG 

AGCGTTATCC GGAATTACTG 

AAATATGCCG GCTCAACTGG 

TTCCTAGTGT 

ATTAGATACC CTGGTAGTCC 

CGGAGCAAAC 

AAACTCAAAG GAATTGACGG 

901 TCGAGTGAAG GACTAAGAGA TTAGTTTCGC CTTCGGGCAC AAAGACAGGT 

CAACGAGCGC 

118 

ATATCATTAC 

121 

241 

GAATATTGCA 

301 

CGGATTGTAA 

361 

CTAACTACGT 

421 

GGTGTAAAGG 

AGCGGTGAAA 

601 

721 

GCAATAAGTA 

CTTGCTCTTA 

AGATATCAAA 

AACCTTGATG 

ATCCACCTGG GGAGTACGGC 

841 

GGTCTTGACA 

ATCAGTAGCC 

GCGTGAGGGA AGAAGGTTTT 

AGCGTTATCC GGAATTACTG 

TTCCTAGTGT 

CGGAGCAAAC 

AAACTCAAAG GAATTGACGG 

901 TCGAGTGAAG GACTAAGAGA TTAGTTTCGC CTTCGGGCAC AAAGACAGGT 

CAACGAGCGC 

118 

ATATCATTAC 

121 

GATTAGC 

181 

GTTGAAC 

241 

GAATATTGCA 

301 

361 

CTAACTACGT 

421 

GGTGTAAAGG 

AGCGGTGAAA 

601 

721 

GCAATAAGTA 

AGATATCAAA GATTTATCGC TGAGAGATGG GCTCGCGTCT 

AACGGCTCAC CAAGGCAACG ATCAGTAGCC GGACTGAGAG 

CTGAGACACG GCCCAGACTC CTACGGGAGG CAGCAGTGGG 

AACCTTGATG GCGTGAGGGA AGAAGGTTTT 

AAGCGTGGGG AGCAAACAGG ATTAGATACC CTGGTAGTCC 

TAGGTGTGGG GGGACTGACC CCTTCCGTGC CGGAGCAAAC 

ATCCACCTGG GGAGTACGGC AAACTCAAAG GAATTGACGG 

841 

GGTCTTGACA 

901 TCGAGTGAAG GACTAAGAGA TTAGTTTCGC CTTCGGGCAC AAAGACAGGT 

118 
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1021 ATTAGTTGCT ACGCAAGAGC 

AGGAAGGTGG 

10 1 

ACAATGGCAA 

1141 TAAAACAGAG GGAAGCAATA 

TCTCAGTTCG 

1201 GATTGCAGGC 

AGATCAGCAT 

1261 

GGGAGTCGGT 

GACTGCCGTT 

TCGGAATTGC 

GTCACACCAT 

1321 AACACCCGAA GCCAGTAGTC TAACCGCAAG GAGGACGCTG TCGAAGGTGG 

GATTGATGAC 

81 TGGGGTGAAG TCGTAACAAG GTATCCGTGT C 

( 1 1 

119 

1021 ATTAGTTGCT ACGCAAGAGC 

AGGAAGGTGG 

10 1 

ACAATGGCAA 

1141 TAAAACAGAG GGAAGCAATA 

TCTCAGTTCG 

1201 GATTGCAGGC 

AGATCAGCAT 

1261 

GGGAGTCGGT 

GACTGCCGTT 

TCGGAATTGC 

GTCACACCAT 

1321 AACACCCGAA GCCAGTAGTC TAACCGCAAG GAGGACGCTG TCGAAGGTGG 

GATTGATGAC 

81 TGGGGTGAAG TCGTAACAAG GTATCCGTGT C 

119 

1021 ATTAGTTGCT ACGCAAGAGC 

AGGAAGGTGG 

10 1 

ACAATGGCAA 

1141 TAAAACAGAG GGAAGCAATA 

TCTCAGTTCG 

1201 GATTGCAGGC 

AGATCAGCAT 

1261 

GGGAGTCGGT 

GACTGCCGTT 

TCGGAATTGC 

GTCACACCAT 

1321 AACACCCGAA GCCAGTAGTC TAACCGCAAG GAGGACGCTG TCGAAGGTGG 

GATTGATGAC 

81 TGGGGTGAAG TCGTAACAAG GTATCCGTGT C 

119 
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1 ATTTATTCAG AATTCTTAGT GGCGGACGGG TGAGTAACAC GTGAGCAACC 

TGCCTTTGAG 

61 

AGGCATCTTA 

121 

181 

CCACATTGGG 

241 

301 

AACTCCTGTC 

GGAATATTGC 

TCGGATTGTA 

361 TTAAAGGACG ATAATGACGG TACTTTAGGA GGAAGCTCCG GCTAACTACG 

421 

GGAGCGTAGG 

81 

TTTGAAACTG 

541 

CGTAGGGAGC GAACGTTGTC CGGAATTACT GGGTGTAAAG 

601 ATCAGGAGGA ACACCGGTGG TTAACTGACG 

661 AAAGCGTGGG TAGCAAACAG GATTAGATAC CCTGGTAGTC CACGCTGTAA 

ACGATGATTA 

721 CTAGGTGTGG GGGGACTGAC CCCTTCCGTG CCGCAGTTAA CACAATAAGT 

841 

ATCGTATGCA 

90 

TGGTTGTCGT 

AGGTGGTGCA 

120 

1 ATTTATTCAG AATTCTTAGT GGCGGACGGG TGAGTAACAC GTGAGCAACC 

TGCCTTTGAG 

61 

AGGCATCTTA 

CCACATTGGG 

AACTCCTGTC 

361 TTAAAGGACG ATAATGACGG TACTTTAGGA GGAAGCTCCG GCTAACTACG 

GGAGCGTAGG 

81 

TTTGAAACTG 

541 T~GTTCTTGA GTGAAGTAGA GGTAAGCGGA ATTCCTGGTG TAGCGGTGAA 

ATGCGTAGiT 

601 A~CAGGAGGA ACACCGGTGG CGAAGGCGGC TTACTGGGCT TTAACTGACG 

CTGAGGCTCG 

661 AAAGCGTGGG TAGCAAACAG GATTAGATAC CCTGGTAGTC CACGCTGTAA 

ACGATGATTA 

721 CTAGGTGTGG GGGGACTGAC CCCTTCCGTG CCGCAGTTAA CACAATAAGT 

AATCCACC'lG 

781 GCGAGTACGG CCGCAAGGTT GAAACTCAAA GGAATTGACG GGGGCCCGCA 

CAAGCAGTCG 

841 ACTATGTGGT TTAATTCGAA GCAACGCGAA GAACCTTACC AGGTCTTGAC 

90 

TGGTTGTCGT 

120 

1 ATTTATTCAG AATTCTTAGT GGCGGACGGG TGAGTAACAC GTGAGCAACC 

TGCCTTTGAG 

61 

AGGCATCTTA 

CCACATTGGG 

AACTCCTGTC 

361 TTAAAGGACG ATAATGACGG TACTTTAGGA GGAAGCTCCG GCTAACTACG 

GGAGCGTAGG 

81 

TTTGAAACTG 

541 T~GTTCTTGA GTGAAGTAGA GGTAAGCGGA ATTCCTGGTG TAGCGGTGAA 

ATGCGTAGiT 

601 A~CAGGAGGA ACACCGGTGG CGAAGGCGGC TTACTGGGCT TTAACTGACG 

CTGAGGCTCG 

661 AAAGCGTGGG TAGCAAACAG GATTAGATAC CCTGGTAGTC CACGCTGTAA 

ACGATGATTA 

721 CTAGGTGTGG GGGGACTGAC CCCTTCCGTG CCGCAGTTAA CACAATAAGT 

AATCCACC'lG 

781 GCGAGTACGG CCGCAAGGTT GAAACTCAAA GGAATTGACG GGGGCCCGCA 

CAAGCAGTCG 

841 ACTATGTGGT TTAATTCGAA GCAACGCGAA GAACCTTACC AGGTCTTGAC 

TGGTTGTCGT 

120 
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1021 GCTACGCAAG AGCACTCTAA TGGGACTGCC GTTGACAAAA 

CAATTAACAA 

1201 GCTGCAACTC GCCTGCATGA AGTCGGAATT GCTAGTAATC GCGGATCAGC 

ACGCCACGGT 

1261 GAATACGTTC CCGGGCCTTG TACACACCGC CCGTCACACC ATGGGAGTTG 

GTTTTACCTG 

1321 AAGACGGTGC GCTAACCGAA AAGGGGGCAG CCGGCCACGG TAGGGTCAGC 

GACTGGGGTG 

1381 AAGTCGTAAC AAGGTA 

, 3 ') 

121 

8. 

GCTACGCAAG AGCACTCTAA TGGGACTGCC GTTGACAAAA 

CAATTAACAA 

1201 GCTGCAACTC GCCTGCATGA AGTCGGAATT GCTAGTAATC GCGGATCAGC 

ACGCCACGGT 

1261 GAATACGTTC CCGGGCCTTG TACACACCGC CCGTCACACC ATGGGAGTTG 

GTTTTACCTG 

1321 AAGACGGTGC GCTAACCGAA AAGGGGGCAG CCGGCCACGG TAGGGTCAGC 

GACTGGGGTG 

1381 AAGTCGTAAC AAGGTA 

, 3 ') 

121 

8. 

GCTACGCAAG AGCACTCTAA TGGGACTGCC GTTGACAAAA 

CAATTAACAA 

1201 GCTGCAACTC GCCTGCATGA AGTCGGAATT GCTAGTAATC GCGGATCAGC 

ACGCCACGGT 

1261 GAATACGTTC CCGGGCCTTG TACACACCGC CCGTCACACC ATGGGAGTTG 

GTTTTACCTG 

1321 AAGACGGTGC GCTAACCGAA AAGGGGGCAG CCGGCCACGG TAGGGTCAGC 

GACTGGGGTG 

1381 AAGTCGTAAC AAGGTA 

, 3 ') 

121 

8. 
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1 GAGTTTGATC TTGGCTCAGG ACGAACGCTG GCGGCACCTA AACACAAGCA 

AGTCGAACGG 

61 AGATAATTGA GTATACTTAG TTATCTTAGT 

GTGAGCAACC 

121 

CATATACTTA 

181 

TGATTAGCTA 

241 

301 

GCTAACTACG 

4 

601 TTTAAAACTG nml~mrnnIT'mn 

721 CTGAGGCTCG AAAGCGTGGG 

CACGCTGTAA 

781 

CACAATAAGT 

841 AATCCACCTG GGGAGTACGG 

GGGGCCCGCA 

901 CAAGCAGTGG 

TGGTGCATGG 

122 

GGCTCGCGTC 

CGCGTGGAGG AAGAAGGTTT 

TACTTTAGGA GGAAGCTCCG 

GAGCGTTGTC CGGAATTACT 

GAAACTCAAA 

1 GAGTTTGATC TTGGCTCAGG ACGAACGCTG GCGGCACCTA AACACAAGCA 

AGTCGAACGG 

61 AGATAATTGA GTATACTTAG TTATCTTAGT 

GTGAGCAACC 

121 

CATATACTTA 

181 

TGATTAGCTA 

241 

GCTAACTACG 

721 CTGAGGCTCG AAAGCGTGGG 

CACGCTGTAA 

781 

CACAATAAGT 

841 AATCCACCTG GGGAGTACGG 

GGGGCCCGCA 

901 CAAGCAGTGG 

TGGTGCATGG 

122 

GGCTCGCGTC 

CGCGTGGAGG AAGAAGGTTT 

TACTTTAGGA GGAAGCTCCG 

GAGCGTTGTC CGGAATTACT 

GAAACTCAAA 

1 GAGTTTGATC TTGGCTCAGG ACGAACGCTG GCGGCACCTA AACACAAGCA 

AGTCGAACGG 

61 AGATAATTGA GTATACTTAG TTATCTTAGT 

GTGAGCAACC 

121 

CATATACTTA 

181 

TGATTAGCTA 

241 

GCTAACTACG 

721 CTGAGGCTCG AAAGCGTGGG 

CACGCTGTAA 

781 

CACAATAAGT 

841 AATCCACCTG GGGAGTACGG 

GGGGCCCGCA 

901 CAAGCAGTGG 

TGGTGCATGG 

122 

GGCTCGCGTC 

CGCGTGGAGG AAGAAGGTTT 

TACTTTAGGA GGAAGCTCCG 

GAGCGTTGTC CGGAATTACT 

GAAACTCAAA 
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1021 TTGTCGTCAG CTCGTGTCGT GAGATGTTGG GCAACGAGCG 

CAACCCTTAC 

1081 CTTTAGTTGC TACGCAAGAG CACTCTAAAG GGACTGCCGT TGACAAAACG 

TACAATGGCA 

1201 

TCCCAGTTCG 

AGCAGCAAAG CCAAAAATTG 

1261 

AGATCAGAAT 

TGCAACTCGC CTGCATGAAG TCGGAATTGC TAGTAATCGC 

1321 GTCACACCAT 

GGGAGTCGGT 

1381 AACACCCGAA GCCTGTAGTC TAACGAAAGA GGACGCAGTC GAAGGTGGGA 

TTGATGACTG 

1441 GGGTGAAGTC GTAACAAGGT ATCCGT 

( '- 3 ') 

123 

1021 TTGTCGTCAG CTCGTGTCGT GAGATGTTGG GCAACGAGCG 

CAACCCTTAC 

1081 CTTTAGTTGC TACGCAAGAG CACTCTAAAG GGACTGCCGT TGACAAAACG 

1261 

AGATCAGAAT 

1321 

GGGAGTCGGT 

GTCACACCAT 

1381 AACACCCGAA GCCTGTAGTC TAACGAAAGA GGACGCAGTC GAAGGTGGGA 

TTGATGACTG 

1441 GGGTGAAGTC GTAACAAGGT ATCCGT 

( '- 3 ') 

123 

1021 TTGTCGTCAG CTCGTGTCGT GAGATGTTGG GCAACGAGCG 

CAACCCTTAC 

1081 CTTTAGTTGC TACGCAAGAG CACTCTAAAG GGACTGCCGT TGACAAAACG 

CAAATCATCA TGCCCCTTAT GACCTGGGCT ACACACGTAC 

AGATCAGAAT 

1321 GTCACACCAT 

GGGAGTCGGT 

1381 AACACCCGAA GCCTGTAGTC TAACGAAAGA GGACGCAGTC GAAGGTGGGA 

TTGATGACTG 

1441 GGGTGAAGTC GTAACAAGGT ATCCGT 

( '- 3 ') 

123 
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TCGCCAGGGT TTTCCAGTCA CGACGAGTTT GATCCTGGCT CAGGATGAAC 

GCTGGCGGCG 

61 TGCTTAACAC ATGCAAGTCG AACGAAGCAC TTTACTTGAT TTCTTCGGAA 

TGATTGTTCT 

121 GTGACTGAGT ~~~~~~~~~~~~~~~~~~~~ 

AGGGGGATAA 

181 

CAGTGTGAAA 

241 

361 

GCAGGGAAGA 

481 

721 

AAAGCGTGGG 

841 

GGGAGTACGT 

901 

AGCATGTGGT 

GATCAGTAGC GGGTGACCGG CCACATTGGG 

ACAATGGGGG 

CGCGTGAGCA AGAAGTATTT CGGTATGTAA AGCTCTATCA 

TGCCAGCAGC 

TTGGAAACTG 

ATGCGTAGAT 

124 

TCGCCAGGGT TTTCCAGTCA CGACGAGTTT GATCCTGGCT CAGGATGAAC 

GCTGGCGGCG 

61 TGCTTAACAC ATGCAAGTCG AACGAAGCAC TTTACTTGAT TTCTTCGGAA 

TGATTGTTCT 

121 GTGACTGAGT 

AGGGGGATAA 

181 

CAGTGTGAAA 

GCAGGGAAGA 

AAAGCGTGGG 

GGGAGTACGT 

901 

AGCATGTGGT 

GATCAGTAGC GGGTGACCGG CCACATTGGG 

ACAATGGGGG 

CGCGTGAGCA AGAAGTATTT CGGTATGTAA AGCTCTATCA 

TGCCAGCAGC 

TTGGAAACTG 

ATGCGTAGAT 

124 

TCGCCAGGGT TTTCCAGTCA CGACGAGTTT GATCCTGGCT CAGGATGAAC 

GCTGGCGGCG 

61 TGCTTAACAC ATGCAAGTCG AACGAAGCAC TTTACTTGAT TTCTTCGGAA 

TGATTGTTCT 

121 GTGACTGAGT 

AGGGGGATAA 

181 

CAGTGTGAAA 

GCAGGGAAGA 

AAAGCGTGGG 

GGGAGTACGT 

901 

AGCATGTGGT 

GATCAGTAGC GGGTGACCGG CCACATTGGG 

ACAATGGGGG 

CGCGTGAGCA AGAAGTATTT CGGTATGTAA AGCTCTATCA 

TGCCAGCAGC 

TTGGAAACTG 

ATGCGTAGAT 

124 
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1021 AATGTAGCCT CTCTTCGGAG CATCGGTGAC AGGTGGTGCA 

CAGCTCGTGT 

1081 

AGCCAGCGGT 

1141 TCGGTCGGGC ACTCTAGGGA GACTGCCAGG GATAACCTGG AGGAAGGTGG 

GGATGACGTC 

120 

AAACAAAGGG 

1261 

ATTGTAGTCT 

CTCAGTTCGG 

1321 GCAACTCGAC TGGAATCGCT AGTAATCGCG AATCAGAATG 

TCGCGGTGAA 

81 TACGTTCCCG GGTCTTGTAC ACACCGCCCG TCACACCATG GGAGTTGGTA 

1441 TCAGTGACCC AACCGCAAGG AGGGAGCTGC CGAAGGCAGG ATCGATAACT 

GGGGTGAAGT 

1501 CGT 

, 3 ') 

125 

1021 AATGTAGCCT CTCTTCGGAG CATCGGTGAC AGGTGGTGCA 

CAGCTCGTGT 

1081 

AGCCAGCGGT 

1141 TCGGTCGGGC ACTCTAGGGA GACTGCCAGG GATAACCTGG AGGAAGGTGG 

120 

AAACAAAGGG 

1261 

ATTGTAGTCT 

CTCAGTTCGG 

1321 GCAACTCGAC TGGAATCGCT AGTAATCGCG AATCAGAATG 

TCGCGGTGAA 

81 TACGTTCCCG GGTCTTGTAC ACACCGCCCG TCACACCATG GGAGTTGGTA 

1441 TCAGTGACCC AACCGCAAGG AGGGAGCTGC CGAAGGCAGG ATCGATAACT 

GGGGTGAAGT 

1501 CGT 

, 3 ') 

125 

1021 AATGTAGCCT CTCTTCGGAG CATCGGTGAC AGGTGGTGCA 

CAGCTCGTGT 

1081 

AGCCAGCGGT 

1141 TCGGTCGGGC ACTCTAGGGA GACTGCCAGG GATAACCTGG AGGAAGGTGG 

AAACAAAGGG 

1261 CTCAGTTCGG 

ATTGTAGTCT 

1321 GCAACTCGAC TGGAATCGCT AGTAATCGCG AATCAGAATG 

TCGCGGTGAA 

81 TACGTTCCCG GGTCTTGTAC ACACCGCCCG TCACACCATG GGAGTTGGTA 

1441 TCAGTGACCC AACCGCAAGG AGGGAGCTGC CGAAGGCAGG ATCGATAACT 

GGGGTGAAGT 

1501 CGT 

, 3 ') 

125 
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1 GAGTTTGATC ATGGCTCAGG ATGAACGCTG GCGGCGTGCT TAACACATGC 

AAGTCGAACG 

61 AAGCACTTTA CTTGATTTCT TCGGAATGAT TGTTCTGTGA CTGAGTGGCG 

121 GGATAACAGT 

TGCTAATACC 

181 ACAGTACTGC GTGAAAAACT CCGGTGGTAT 

241 

AGTAGCCGAC 

301 AGACACGGCC CAAACTCCTA 

361 

TGAGCGAAGA 

42 

TGACTTAAGA 

481 ATGGTGCAAG 

541 CTGATGTGAA 

601 TCGGAGGGGT 

AAGTGGAATT 

661 AGGAGGAACA CCAGTGGCGA 

AGGCGGCTTA 

721 

TAGATACCCT 

781 AGCATAGCTT 

AATAAGTATT 

ACTCAAAGGA 

901 TTCGAAGCAA 

126 

1 GAGTTTGATC ATGGCTCAGG ATGAACGCTG GCGGCGTGCT TAACACATGC 

AAGTCGAACG 

61 AAGCACTTTA CTTGATTTCT TCGGAATGAT TGTTCTGTGA CTGAGTGGCG 

121 GGATAACAGT 

TGCTAATACC 

181 ACAGTACTGC GTGAAAAACT CCGGTGGTAT 

241 

AGTAGCCGAC 

301 AGACACGGCC CAAACTCCTA 

361 

TGAGCGAAGA 

42 

TGACTTAAGA 

481 ATGGTGCAAG 

541 

601 TCGGAGGGGT 

AAGTGGAATT 

661 

AGGCGGCTTA 

721 

TAGATACCCT 

781 

AATAAGTATT 

ACTCAAAGGA 

126 

1 GAGTTTGATC ATGGCTCAGG ATGAACGCTG GCGGCGTGCT TAACACATGC 

AAGTCGAACG 

61 AAGCACTTTA CTTGATTTCT TCGGAATGAT TGTTCTGTGA CTGAGTGGCG 

121 

TGCTAATACC 

181 

241 

AGTAGCCGAC 

301 

361 

TGAGCGAAGA 

42 

TGACTTAAGA 

481 

601 

AAGTGGAATT 

661 

AGGCGGCTTA 

721 

ACTCAAAGGA 

ACAGTACTGC GTGAAAAACT CCGGTGGTAT 

AGACACGGCC CAAACTCCTA 

ATGGTGCAAG 

TCGGAGGGGT 

126 
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1021 GGTGACAGGT GGTGCATGGT TGTCGTCAGC TCGTGTCGTG AGATGTTGGG 

TTAAGTCCCG 

1081 CAACGAGCGC AACCCTTATC CTTAGTAGCC AGCGGTTCGG CCGGGCACTC 

TAGGGAGACT 

1141 GCCAGGGATA ACCTGGAGGA AGGTGGGGAT GACGTCAAAT CATCATGCCC 

CTTATGACTT 

1201 GGGCTACACA CGTGCTACAA TGGCGTAAAC AAAGGGAAGC AAAACCGTGA 

GGTCGAGCAA 

1261 ATCTCAAAAA TAACGTCTCA GTTCGGATTG TAGTCTGCAA CTCGACTACA 

TGAAGCTGGA 

1321 ATCGCTAGTA ACCGCGAACC AGAATGTCGC GGTGAATACG TTCCCGGGTC 

TTGTACACAC 

1381 CGCCCGTCAC ACCATGGGAG TTGGTAATGC CCGAAGTCAG TGACCCAACC 

GCAAGGAGGG 

1441 AGCTGCCGAA GGCAGGATCG ATAACTGGGG TGAAGTCGTA ACAAGGTATC 

CGTATC 

'- 3 ') 

127 

1021 GGTGACAGGT GGTGCATGGT TGTCGTCAGC TCGTGTCGTG AGATGTTGGG 

TTAAGTCCCG 

1081 CAACGAGCGC AACCCTTATC CTTAGTAGCC AGCGGTTCGG CCGGGCACTC 

TAGGGAGACT 

1141 GCCAGGGATA ACCTGGAGGA AGGTGGGGAT GACGTCAAAT CATCATGCCC 

CTTATGACTT 

1201 GGGCTACACA CGTGCTACAA TGGCGTAAAC AAAGGGAAGC AAAACCGTGA 

GGTCGAGCAA 

1261 ATCTCAAAAA TAACGTCTCA GTTCGGATTG TAGTCTGCAA CTCGACTACA 

TGAAGCTGGA 

1321 ATCGCTAGTA ACCGCGAACC AGAATGTCGC GGTGAATACG TTCCCGGGTC 

TTGTACACAC 

1381 CGCCCGTCAC ACCATGGGAG TTGGTAATGC CCGAAGTCAG TGACCCAACC 

GCAAGGAGGG 

1441 AGCTGCCGAA GGCAGGATCG ATAACTGGGG TGAAGTCGTA ACAAGGTATC 

CGTATC 

'- 3 ') 

127 

1021 GGTGACAGGT GGTGCATGGT TGTCGTCAGC TCGTGTCGTG AGATGTTGGG 

TTAAGTCCCG 

1081 CAACGAGCGC AACCCTTATC CTTAGTAGCC AGCGGTTCGG CCGGGCACTC 

TAGGGAGACT 

1141 GCCAGGGATA ACCTGGAGGA AGGTGGGGAT GACGTCAAAT CATCATGCCC 

CTTATGACTT 

1201 GGGCTACACA CGTGCTACAA TGGCGTAAAC AAAGGGAAGC AAAACCGTGA 

GGTCGAGCAA 

1261 ATCTCAAAAA TAACGTCTCA GTTCGGATTG TAGTCTGCAA CTCGACTACA 

TGAAGCTGGA 

1321 ATCGCTAGTA ACCGCGAACC AGAATGTCGC GGTGAATACG TTCCCGGGTC 

TTGTACACAC 

1381 CGCCCGTCAC ACCATGGGAG TTGGTAATGC CCGAAGTCAG TGACCCAACC 

GCAAGGAGGG 

1441 AGCTGCCGAA GGCAGGATCG ATAACTGGGG TGAAGTCGTA ACAAGGTATC 

CGTATC 

'- 3 ') 

127 
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1 

61 AGGAAGATTA ATACGGGATG GTATCACGAG 

AAGATACTTC 

121 

ACCTAGTCTA 

181 

CGGTCCAAAC 

241 

GCAGCCAAGT 

301 

TAAAGTGAGG 

361 

TGCCAGCAGC 

421 

GGAGCGTAGA 

481 

ATTGATACTG 

541 

601 

TTGATGCTCG 

661 

ACGATGAATA 

841 

CACTCGAATA 

901 

TATAAAGGAA 

TTTTTGTATG ATAAGGATCG GCTAACTCCG 

GAGCGTTATC GGGTTTAAAG 

GGCTCAACCG TAAAATTGCA 

ATTCGTGGTG TAGCGGTGAA 

CTACTAAACT GCCACTGACA 

TATCAAACAG CCTGGTAGTC CACACGGTAA 

GTTAAGTATT 

ATTGACGGGG GCCCGCACAA 

CCTTACCCGG GCTTGAATTG 

GCTGCATGGT 

128 

1 

61 AGGAAGATTA ATACGGGATG GTATCACGAG 

AAGATACTTC 

121 

ACCTAGTCTA 

181 

CGGTCCAAAC 

241 

GCAGCCAAGT 

301 

TAAAGTGAGG 

361 

TGCCAGCAGC 

421 

GGAGCGTAGA 

481 

ATTGATACTG 

541 

601 

TTGATGCTCG 

661 

ACGATGAATA 

TTTTTGTATG 

TATCAAACAG 

ATAAGGATCG GCTAACTCCG 

CCTGGTAGTC CACACGGTAA 

721 CTCGCTGTTT GCGATATACT GCAAGCGGCC AAGCGAAAGC GTTAAGTATT 

781 AGTACGCCGG CAACGGTGAA ACTCAAAGGA ATTGACGGGG GCCCGCACAA 

841 ATGTGGTTTA ATTCGATGAT ACGCGAGGAA CCTTACCCGG GCTTGAATTG 

CACTCGAATA 

901 TAGCGGAAAC GTTATAGCTA GCAATAGCGA GTGTGAAGGT GCTGCATGGT 

961 TCGTGCCGTG AGGTGTCGGC TTAAGTGCCA TAACGAGCGC AACCCTTGTC 

128 

1 

61 AGGAAGATTA ATACGGGATG GTATCACGAG 

AAGATACTTC 

121 

ACCTAGTCTA 

181 

CGGTCCAAAC 

241 

GCAGCCAAGT 

301 

TAAAGTGAGG 

361 

TGCCAGCAGC 

421 

GGAGCGTAGA 

481 

ATTGATACTG 

541 

601 

TTGATGCTCG 

661 

ACGATGAATA 

TTTTTGTATG 

TATCAAACAG 

ATAAGGATCG GCTAACTCCG 

CCTGGTAGTC CACACGGTAA 

721 CTCGCTGTTT GCGATATACT GCAAGCGGCC AAGCGAAAGC GTTAAGTATT 

781 AGTACGCCGG CAACGGTGAA ACTCAAAGGA ATTGACGGGG GCCCGCACAA 

841 ATGTGGTTTA ATTCGATGAT ACGCGAGGAA CCTTACCCGG GCTTGAATTG 

CACTCGAATA 

901 TAGCGGAAAC GTTATAGCTA GCAATAGCGA GTGTGAAGGT GCTGCATGGT 

961 TCGTGCCGTG AGGTGTCGGC TTAAGTGCCA TAACGAGCGC AACCCTTGTC 

128 
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1021 AACAGGTCAT GCTGAGGACT CTATGGAGAC TGCCATCGTA AGATGTGAGG 

AAGGTGGGGA 

1081 TGACGTCAAA TCAGCACGGC CCTTACGTCC GGGGCCACAC ACGTGTTACA 

ATGGGGGGTA 

1141 CAGAGGGCCG CTACCACGCA AGTGGATGCC AATCCCGAAA GCCTCTCTCA 

GTTCGGACTG 

1201 GAGTCTGCAA CCCGACTCCA CGAAGCTGGA TTCGCTAGTA ATCGCGCATC 

AGCCATGGCG 

1261 CGGTGAATAC GTTCCCGGGC CTTGTACACA CCGCCCGTCA AGCCATGGGA 

GCCGGGGGTA 

1321 CCTGAAGTGC GTAACCGCAA GGAGCGCCCT AGGGTAAAAC TGGTGACTGG 

GGCTAAGTCG 

1381 TA 

of , 3 ') 

129 

1021 AACAGGTCAT GCTGAGGACT CTATGGAGAC TGCCATCGTA AGATGTGAGG 

AAGGTGGGGA 

1081 TGACGTCAAA TCAGCACGGC CCTTACGTCC GGGGCCACAC ACGTGTTACA 

ATGGGGGGTA 

1141 CAGAGGGCCG CTACCACGCA AGTGGATGCC AATCCCGAAA GCCTCTCTCA 

GTTCGGACTG 

1201 GAGTCTGCAA CCCGACTCCA CGAAGCTGGA TTCGCTAGTA ATCGCGCATC 

AGCCATGGCG 

1261 CGGTGAATAC GTTCCCGGGC CTTGTACACA CCGCCCGTCA AGCCATGGGA 

GCCGGGGGTA 

1321 CCTGAAGTGC GTAACCGCAA GGAGCGCCCT AGGGTAAAAC TGGTGACTGG 

GGCTAAGTCG 

1381 TA 

of , 3 ') 

129 

1021 AACAGGTCAT GCTGAGGACT CTATGGAGAC TGCCATCGTA AGATGTGAGG 

AAGGTGGGGA 

1081 TGACGTCAAA TCAGCACGGC CCTTACGTCC GGGGCCACAC ACGTGTTACA 

ATGGGGGGTA 

1141 CAGAGGGCCG CTACCACGCA AGTGGATGCC AATCCCGAAA GCCTCTCTCA 

GTTCGGACTG 

1201 GAGTCTGCAA CCCGACTCCA CGAAGCTGGA TTCGCTAGTA ATCGCGCATC 

AGCCATGGCG 

1261 CGGTGAATAC GTTCCCGGGC CTTGTACACA CCGCCCGTCA AGCCATGGGA 

GCCGGGGGTA 

1321 CCTGAAGTGC GTAACCGCAA GGAGCGCCCT AGGGTAAAAC TGGTGACTGG 

GGCTAAGTCG 

1381 TA 

of , 3 ') 

129 
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1 TCGCAGGGTT TCCAGTCACG ACGAGTTTGA TCTTGGCTCA GGATGAACGC 

TAGCTACAGG 

61 CTTAACACAT GCAAGTCGAG GGGCAGCGGG ATTGAAGCTT GCTTCAATTG 

CCGGCGACCG 

121 

181 AAAGATTAAT ACCTGATAGT ATGGTAAGAT TGCATGATAA TACCATTAAA 
GATTTATCGG 
241 TAAACGATGG GGATGCGTTC TAGGCGGGGT AACGGCCCAC 

301 ATGGATAGGG GTTCTGAGAG GAAGGTCCCC CACATTGGAA CTGAGACACG 

GTCCAAACTC 

361 CAATGGGCGA GAGCCTGAAC 

421 GCGTGAAGGA TGAAGGTTCT ATGGATTGTA AACTTCTTTT ATAAGGGGAA 

TGCCAGCAGC 

541 

GGAGCGTAGA 

601 

ATGCTTAGAT 

721 

901 

GCGGAGGAAC 

ACTCCAATTG TTGCTGGAGC GTAACTGACG 

GCGATATACG AAGCGAAAGC ATTAAGTATT 

l30 

1 TCGCAGGGTT TCCAGTCACG ACGAGTTTGA TCTTGGCTCA GGATGAACGC 

TAGCTACAGG 

61 CTTAACACAT GCAAGTCGAG GGGCAGCGGG ATTGAAGCTT GCTTCAATTG 

CCGGCGACCG 

181 AAAGATTAAT ACCTGATAGT ATGGTAAGAT TGCATGATAA TACCATTAAA 
GATTTATCGG 
241 TAAACGATGG GGATGCGTTC TAGGCGGGGT AACGGCCCAC 

301 ATGGATAGGG GTTCTGAGAG GAAGGTCCCC CACATTGGAA CTGAGACACG 

GTCCAAACTC 

CAATGGGCGA GAGCCTGAAC 

421 GCGTGAAGGA TGAAGGTTCT ATGGATTGTA AACTTCTTTT ATAAGGGGAA 

TGCCAGCAGC 

541 

GGAGCGTAGA 

ATGCTTAGAT 

721 

GCGGAGGAAC 

ACTCCAATTG 

GCGATATACG 

TTGCTGGAGC GTAACTGACG 

AAGCGAAAGC ATTAAGTATT 

l30 

1 TCGCAGGGTT TCCAGTCACG ACGAGTTTGA TCTTGGCTCA GGATGAACGC 

TAGCTACAGG 

61 CTTAACACAT GCAAGTCGAG GGGCAGCGGG ATTGAAGCTT GCTTCAATTG 

CCGGCGACCG 

181 AAAGATTAAT ACCTGATAGT ATGGTAAGAT TGCATGATAA TACCATTAAA 
GATTTATCGG 
241 TAAACGATGG GGATGCGTTC TAGGCGGGGT AACGGCCCAC 

301 ATGGATAGGG GTTCTGAGAG GAAGGTCCCC CACATTGGAA CTGAGACACG 

GTCCAAACTC 

CAATGGGCGA GAGCCTGAAC 

421 GCGTGAAGGA TGAAGGTTCT ATGGATTGTA AACTTCTTTT ATAAGGGGAA 

TGCCAGCAGC 

541 

GGAGCGTAGA 

ATGCTTAGAT 

721 

GCGGAGGAAC 

ACTCCAATTG 

GCGATATACG 

TTGCTGGAGC GTAACTGACG 

AAGCGAAAGC ATTAAGTATT 

l30 
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1021 TTTGGAGACA GATGAGCCGC AAGGCCATGT 

TCGTCAGCAC 

1081 GTGCCGTGAG GTGTCGGCTT AAGTGCCATA ACGAGCGCAA CCCTTTCTGC 

CAGTTACTAA 

1141 CAGGTTGAGC TGAGGACTCT GGCGGTACTG CCATCGTAAG ATGTGAGGAG 

GGTGGGGATG 

1201 ACGTCAAATC AGCACGGCCC TTACGTCCTT TTCTACACAC GTGTTACAAT 

GGGGGGTACA 

1261 GAAGGCAGCT TGCCGGCGAC GGTTGGCCAA TCCCAAAAGC CTCTCTCAGT 

TCGGACTGGA 

1321 GTCTGCAACC CGACTCCACG AAGCTGGATT CGCTAGTAAT CGCGCATCAG 

CCACGGCGCG 

1381 GTGAACACGT TCCCGGGCCT TGTACACACC GCCCGTCAAG CCATGAAAGC 

CGGGAGTACC 

1441 TGAAGTGCGT AACCGCAAGG AGCGCCCTAG GGTCCTGGTA ATTGGGGCTA 

AGTCGTAACA 

1501 AGGTAGCCGT GTCATAGCTG TTTCCTG 

(l '- 3 ') 

131 

1021 TTTGGAGACA GATGAGCCGC AAGGCCATGT 

TCGTCAGCAC 

1081 GTGCCGTGAG GTGTCGGCTT AAGTGCCATA ACGAGCGCAA CCCTTTCTGC 

CAGTTACTAA 

1141 CAGGTTGAGC TGAGGACTCT GGCGGTACTG CCATCGTAAG ATGTGAGGAG 

GGTGGGGATG 

1201 ACGTCAAATC AGCACGGCCC TTACGTCCTT TTCTACACAC GTGTTACAAT 

GGGGGGTACA 

1261 GAAGGCAGCT TGCCGGCGAC GGTTGGCCAA TCCCAAAAGC CTCTCTCAGT 

TCGGACTGGA 

1321 GTCTGCAACC CGACTCCACG AAGCTGGATT CGCTAGTAAT CGCGCATCAG 

CCACGGCGCG 

1381 GTGAACACGT TCCCGGGCCT TGTACACACC GCCCGTCAAG CCATGAAAGC 

CGGGAGTACC 

1441 TGAAGTGCGT AACCGCAAGG AGCGCCCTAG GGTCCTGGTA ATTGGGGCTA 

AGTCGTAACA 

1501 AGGTAGCCGT GTCATAGCTG TTTCCTG 

(l '- 3 ') 

131 

1021 TTTGGAGACA GATGAGCCGC AAGGCCATGT 

TCGTCAGCAC 

1081 GTGCCGTGAG GTGTCGGCTT AAGTGCCATA ACGAGCGCAA CCCTTTCTGC 

CAGTTACTAA 

1141 CAGGTTGAGC TGAGGACTCT GGCGGTACTG CCATCGTAAG ATGTGAGGAG 

GGTGGGGATG 

1201 ACGTCAAATC AGCACGGCCC TTACGTCCTT TTCTACACAC GTGTTACAAT 

GGGGGGTACA 

1261 GAAGGCAGCT TGCCGGCGAC GGTTGGCCAA TCCCAAAAGC CTCTCTCAGT 

TCGGACTGGA 

1321 GTCTGCAACC CGACTCCACG AAGCTGGATT CGCTAGTAAT CGCGCATCAG 

CCACGGCGCG 

1381 GTGAACACGT TCCCGGGCCT TGTACACACC GCCCGTCAAG CCATGAAAGC 

CGGGAGTACC 

1441 TGAAGTGCGT AACCGCAAGG AGCGCCCTAG GGTCCTGGTA ATTGGGGCTA 

AGTCGTAACA 

1501 AGGTAGCCGT GTCATAGCTG TTTCCTG 

(l '- 3 ') 

131 
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1 TTGCTTGCAA ACTGAAGATG GCGACCGGCG 

AAAACCGCAT 

121 GGTTTTACTA TTAAAGAATT TCGGTTATCG 

CCCCCACATT 

241 GGAACTGAGA 

361 

ATGAATAAGG 

421 ATCGGCTAAC 

TATCCGGATT 

481 AAAGGGAGCG 

ATACCCTGGT 

721 

781 AAGCATTAAG 

GTTCCATTAG 

TGAGGAATAT 

AATACGGAGG ATCCGAGCGT 

GTTAAGTCAG TTGTGAAAGT 

ATTGCGAAGG 

TACAGTAAGC 

TGAAACTCAA 

AGGAATTGAC 

841 ACAAGCGGAG GAACATGTGG TTTAATTCGA TGATACGCGA 

TGTTGTGAAG 

961 

CATAACGAGC 

132 

AAAACCGCAT 

CCCCCACATT 

24 GGAACTGAGA 

TCAATGG 

30 

TG AAACTTC 

36 

ATGAATAAGG 

421 ATCGGCTAAC 

TATCCGGATT 

ACTGAAGATG GCGACCGGCG 

TTAAAGAATT TCGGTTATCG GTTCCATTAG 

TGAGGAATAT 

AATACGGAGG ATCCGAGCGT 

48 AAAGGGAGCG GTTAAGTCAG TTGTGAAAGT 

CGGCTCA 

AATTCGT 

CTCACTA 

ATACCCTGGT 

AGGAATTGAC 

TGTTGTGAAG 

961 

CATAACGAGC 

ATTGCGAAGG 

TACAGTAAGC 

TGAAACTCAA 

ACAAGCGGAG GAACATGTGG TTTAATTCGA TGATACGCGA 

132 

AAAACCGCAT 

CCCCCACATT 

24 GGAACTGAGA 

TCAATGG 

30 

TG AAACTTC 

36 

ATGAATAAGG 

421 ATCGGCTAAC 

TATCCGGATT 

48 AAAGGGAGCG 

CGGCTCA 

AATTCGT 

CTCACTA 

ATACCCTGGT 

AGGAATTGAC 

TGTTGTGAAG 

961 

CATAACGAGC 

TGAGGAATAT 

AATACGGAGG ATCCGAGCGT 

GTTAAGTCAG TTGTGAAAGT 

132 
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1021 GCAACCCTTA TCTTTAGTTA 

1081 GTAAGATTTG AGGAAGGTGG 

1141 

GCTAATCCCA 

1201 AAAACCTCTC 

GGATTCGCTA 

1261 

ACACCGCCCG 

ATCAGCCATG 

ATGCTGAGGG 

AAATCAGCAC 

1321 TCAAGCCATG AAAGCCGGGG GTACCTGAAG TACGTAACCG CAAGGAGC 

, 3 ') 

133 

1021 

GCTAATCCCA 

1201 AAAACCTCTC 

1261 

ACACCGCCCG 

ATGCTGAGGG 

1321 TCAAGCCATG AAAGCCGGGG GTACCTGAAG TACGTAACCG CAAGGAGC 

, 3 ') 

133 

1021 

GCTAATCCCA 

1201 AAAACCTCTC 

1261 

ACACCGCCCG 

ATGCTGAGGG 

1321 TCAAGCCATG AAAGCCGGGG GTACCTGAAG TACGTAACCG CAAGGAGC 

, 3 ') 

133 
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1 ATGACGCTAG CTACAGGCTT AACACATGCA AGTGGAGGGG CAGCAGGGAT 

GTAGCAATAC 

61 ATTGCTGGCG ACCGGCGCAC GGGTGAGTAA CACGTATCCA 

121 TAGCCTTTCG AAAGAAAGAT TAATACTGGA TAGTATAACG AGAAGGCATC 

TTCTCGTTAT 

181 

CGGGAGTCTG 

361 

TTATATGGGA 

421 

GGCTAACTCC 

481 

601 

GTAGCGGTGA 

661 

TGTAACTGAC 

781 

CATTAAGTAT 

841 

GGCCCGCACA 

90 

GGCTTAAATT 

961 

CTGCATGGCT 

TGGGGATGCG TTTCATTAGT TTGTTGGCGG 

GAGGAATATT GGTCAATGGA 

AATAAGGATC 

CGGCTCAACC 

AATTGACGGG 

TTCGGGCAGT TGTGAAGGTG 

134 

1 ATGACGCTAG CTACAGGCTT AACACATGCA AGTGGAGGGG CAGCAGGGAT 

GTAGCAATAC 

61 ATTGCTGGCG ACCGGCGCAC GGGTGAGTAA CACGTATCCA 

121 TAGCCTTTCG AAAGAAAGAT TAATACTGGA TAGTATAACG AGAAGGCATC 

TTCTCGTTAT 

181 

421 

GGCTAACTCC 

481 

661 

TGTAACTGAC 

841 

GGCCCGCACA 

90 

961 

CTGCATGGCT 

GAGGAATATT GGTCAATGGA 

AATAAGGATC 

CGGCTCAACC 

134 

1 ATGACGCTAG CTACAGGCTT AACACATGCA AGTGGAGGGG CAGCAGGGAT 

GTAGCAATAC 

61 ATTGCTGGCG ACCGGCGCAC GGGTGAGTAA CACGTATCCA 

121 TAGCCTTTCG AAAGAAAGAT TAATACTGGA TAGTATAACG AGAAGGCATC 

TTCTCGTTAT 

181 

421 

GGCTAACTCC 

481 

661 

TGTAACTGAC 

841 

GGCCCGCACA 

90 

961 

CTGCATGGCT 

GAGGAATATT GGTCAATGGA 

AATAAGGATC 

CGGCTCAACC 

134 
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1081 TTAGTTACTA ACAGGTTATG CTGAGGACTC TGCCGTCGTA 

1141 AAGGTGGGGA TGACGTCAAA CCTTACGTCC 

ACGTTGTTAC 

1201 AATGGGGGGT ACAGAAGGCA GCTACACGGC GACGTGATGC TAATCCCCAA 

AACCTCTCTC 

1261 AGTTCGGATT GGAGTCTGCA ACCCGGACTC CATGAAGCTG GATTCGCTAG 

TAATCGCGCA 

1321 CGCGGTGAAT ACGTTCCCGG GCCTTGTACA CACCGCCCGT 

CAAGCCATGA 

1381 AAGCCGGGGG 'rA 

'- 3 ') 

135 

1081 TTAGTTACTA ACAGGTTATG CTGAGGACTC TGCCGTCGTA 

1141 AAGGTGGGGA TGACGTCAAA CCTTACGTCC 

ACGTTGTTAC 

1201 AATGGGGGGT ACAGAAGGCA GCTACACGGC GACGTGATGC TAATCCCCAA 

AACCTCTCTC 

1261 AGTTCGGATT GGAGTCTGCA ACCCGGACTC CATGAAGCTG GATTCGCTAG 

TAATCGCGCA 

1321 CGCGGTGAAT ACGTTCCCGG GCCTTGTACA CACCGCCCGT 

CAAGCCATGA 

1381 AAGCCGGGGG 'rA 

'- 3 ') 

135 

1081 TTAGTTACTA ACAGGTTATG CTGAGGACTC TGCCGTCGTA 

1141 AAGGTGGGGA TGACGTCAAA CCTTACGTCC 

ACGTTGTTAC 

1201 AATGGGGGGT ACAGAAGGCA GCTACACGGC GACGTGATGC TAATCCCCAA 

AACCTCTCTC 

1261 AGTTCGGATT GGAGTCTGCA ACCCGGACTC CATGAAGCTG GATTCGCTAG 

TAATCGCGCA 

1321 CGCGGTGAAT ACGTTCCCGG GCCTTGTACA CACCGCCCGT 

CAAGCCATGA 

1381 AAGCCGGGGG 'rA 

'- 3 ') 

135 
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1 CGAGTTGATC ATGGCTCAGA TTGAACGCTG GGCGGCGTGC TTAACACATG 

CAAGTCGTAC 

61 GCGAAAGGGA CTTCGGTCCC GAGTAAAGTG GCGCACGGGT GAGTAACACG 

TGGATAATCT 

121 GCCTCTATGA TGGGGATAAC AGTTGGAAAC GACTGCTAAT ACCGAATAGG 

CTCATGATGA 

181 ACTTTGTGAG GAAAGGTGGC CTCTGCTTGC AAGCTATCGC ATAGAGATGA 

GTCCGCGTCC 

241 CATTAGCTAG TTGGTGGGGT AACGGCCTAC CAAGGCAACG ATGGGTAGCC 

GATCTGAGAG 

30 GATGATCGGC CACACTGGAA CTGAAACACG GTCCAGACTC CTACGGGAGG 

CAGCAGTGGG 

361 GAATATTGCG CAATGGGCGA AAGCCTGACG CAGCGACGCC GCGTGAGGGA 

TGAAGGTCTT 

421 CGGATCGTAA ACCTCTGTCA GAAGGGAAGA AACTAGGGTG CTCTAATCAT 

CATCCTACTG 

481 ACGGTACCTT CAAAGGAAGC ACCGGCTAAC TCCGGCCAGC AGCCGCGGTA 

ATACGGAGGG 

541 TGCAAGCGTT AATCGGAATC ACTGGGCGTA AAGCGCACGT AGGCTGTTAT 

GTAAGTCAGG 

601 GGTGAAATCC CACGGCTCAA CCGTGGAACT GCCCTTGATA CTGCACGACT 

TGAATCCGGG 

61 AGAGGGTGGC GGAATTCCAG GTGTAGGAGT GAAATCCGTA GATATCTGGA 

GGAACATCAG 

721 TGGCGAAGGC GGCCACCTGG ACCGGTATTG ACGCTGAGGT GCGAAACGTG 

GGGAGCAAAC 

781 AGGATTAGAT ACCCTGGTAG TCCACGCCGT AAACGATGGA TGCTAGATGT 

CGGGATGTAT 

841 GTCTCGGTGT CGTAGTTAAC GCGTTAAGCA TCCCGCCTGG GGAGTACGGT 

CCCAAGGCTG 

1 AAACTCAAAG AAATTGACGG GGGCCCGCAC AAGCGTKGGA GTATGTGGTT 

TAATTCGATG 

961 CAACGCGAAG AACCTTACCT AGGTTTGACA TCTGGGGAAC CCTCCCGAAA 

AGGAGGGGTG 

136 

1 CGAGTTGATC ATGGCTCAGA TTGAACGCTG GGCGGCGTGC TTAACACATG 

CAAGTCGTAC 

61 GCGAAAGGGA CTTCGGTCCC GAGTAAAGTG GCGCACGGGT GAGTAACACG 

TGGATAATCT 

121 GCCTCTATGA TGGGGATAAC AGTTGGAAAC GACTGCTAAT ACCGAATAGG 

CTCATGATGA 

181 ACTTTGTGAG GAAAGGTGGC CTCTGCTTGC AAGCTATCGC ATAGAGATGA 

GTCCGCGTCC 

241 CATTAGCTAG TTGGTGGGGT AACGGCCTAC CAAGGCAACG ATGGGTAGCC 

GATCTGAGAG 

30 GATGATCGGC CACACTGGAA CTGAAACACG GTCCAGACTC CTACGGGAGG 

CAGCAGTGGG 

361 GAATATTGCG CAATGGGCGA AAGCCTGACG CAGCGACGCC GCGTGAGGGA 

TGAAGGTCTT 

421 CGGATCGTAA ACCTCTGTCA GAAGGGAAGA AACTAGGGTG CTCTAATCAT 

CATCCTACTG 

481 ACGGTACCTT CAAAGGAAGC ACCGGCTAAC TCCGGCCAGC AGCCGCGGTA 

ATACGGAGGG 

541 TGCAAGCGTT AATCGGAATC ACTGGGCGTA AAGCGCACGT AGGCTGTTAT 

GTAAGTCAGG 

601 GGTGAAATCC CACGGCTCAA CCGTGGAACT GCCCTTGATA CTGCACGACT 

TGAATCCGGG 

61 AGAGGGTGGC GGAATTCCAG GTGTAGGAGT GAAATCCGTA GATATCTGGA 

GGAACATCAG 

721 TGGCGAAGGC GGCCACCTGG ACCGGTATTG ACGCTGAGGT GCGAAACGTG 

GGGAGCAAAC 

781 AGGATTAGAT ACCCTGGTAG TCCACGCCGT AAACGATGGA TGCTAGATGT 

CGGGATGTAT 

841 GTCTCGGTGT CGTAGTTAAC GCGTTAAGCA TCCCGCCTGG GGAGTACGGT 

CCCAAGGCTG 

1 AAACTCAAAG AAATTGACGG GGGCCCGCAC AAGCGTKGGA GTATGTGGTT 

TAATTCGATG 

961 CAACGCGAAG AACCTTACCT AGGTTTGACA TCTGGGGAAC CCTCCCGAAA 

AGGAGGGGTG 

136 

1 CGAGTTGATC ATGGCTCAGA TTGAACGCTG GGCGGCGTGC TTAACACATG 

CAAGTCGTAC 

61 GCGAAAGGGA CTTCGGTCCC GAGTAAAGTG GCGCACGGGT GAGTAACACG 

TGGATAATCT 

121 GCCTCTATGA TGGGGATAAC AGTTGGAAAC GACTGCTAAT ACCGAATAGG 

CTCATGATGA 

181 ACTTTGTGAG GAAAGGTGGC CTCTGCTTGC AAGCTATCGC ATAGAGATGA 

GTCCGCGTCC 

241 CATTAGCTAG TTGGTGGGGT AACGGCCTAC CAAGGCAACG ATGGGTAGCC 

GATCTGAGAG 

30 GATGATCGGC CACACTGGAA CTGAAACACG GTCCAGACTC CTACGGGAGG 

CAGCAGTGGG 

361 GAATATTGCG CAATGGGCGA AAGCCTGACG CAGCGACGCC GCGTGAGGGA 

TGAAGGTCTT 

421 CGGATCGTAA ACCTCTGTCA GAAGGGAAGA AACTAGGGTG CTCTAATCAT 

CATCCTACTG 

481 ACGGTACCTT CAAAGGAAGC ACCGGCTAAC TCCGGCCAGC AGCCGCGGTA 

ATACGGAGGG 

541 TGCAAGCGTT AATCGGAATC ACTGGGCGTA AAGCGCACGT AGGCTGTTAT 

GTAAGTCAGG 

601 GGTGAAATCC CACGGCTCAA CCGTGGAACT GCCCTTGATA CTGCACGACT 

TGAATCCGGG 

61 AGAGGGTGGC GGAATTCCAG GTGTAGGAGT GAAATCCGTA GATATCTGGA 

GGAACATCAG 

721 TGGCGAAGGC GGCCACCTGG ACCGGTATTG ACGCTGAGGT GCGAAACGTG 

GGGAGCAAAC 

781 AGGATTAGAT ACCCTGGTAG TCCACGCCGT AAACGATGGA TGCTAGATGT 

CGGGATGTAT 

841 GTCTCGGTGT CGTAGTTAAC GCGTTAAGCA TCCCGCCTGG GGAGTACGGT 

CCCAAGGCTG 

1 AAACTCAAAG AAATTGACGG GGGCCCGCAC AAGCGTKGGA GTATGTGGTT 

TAATTCGATG 

961 CAACGCGAAG AACCTTACCT AGGTTTGACA TCTGGGGAAC CCTCCCGAAA 

AGGAGGGGTG 

136 



Univ
ers

ity
 of

 C
ap

e T
ow

n

021 CCTTCGGGGA GCCCCAAGAC AGGTGCTGCA TGGCTGTCGT CAGCTCGTGT 

CGTGAGATGT 

1081 TGGGTTAAGT CCCGCAACGA GCGCAACCCC TATGCATAGT TGCCAGCAGG 

TAAAGCTGGG 

1141 CACTCTATGC AGACTGCCCG GGTTAACCGG GAGGAAGGTG GGGACGACGT 

CAAGTCATCA 

1201 TGGCCCTTAC ACCTAGGGCT ACACACGTAC TACAATGGCA CGCACAAAGG 

1261 CGTGAGGTGG AGCCAATCCC AAAAAACGTG TCCCAGTCCG GATTGCAGTC 

TGCAACTCGA 

1321 CTGCATGAAG TCGGAATCGC TAGTAATTCG AGGTCAGCAT ACTCGGGTGA 

ATGCGTTCCC 

1381 GGGCCTTGTA CACACCGCCC GTCACACCAC GAAAGTCGGT TTTACCCGAA 
GCCGGTGAGC 
1441 CAACTAGCAA TAGAGGCAGC CGTCTACGGT AGGGCCGATG ATTGGGGTGA 

AGTCGTAACA 

50 AGGTAACCGT GTCATAGCTG TTTC 

1 

137 

021 CCTTCGGGGA GCCCCAAGAC AGGTGCTGCA TGGCTGTCGT CAGCTCGTGT 

CGTGAGATGT 

1081 TGGGTTAAGT CCCGCAACGA GCGCAACCCC TATGCATAGT TGCCAGCAGG 

TAAAGCTGGG 

1141 CACTCTATGC AGACTGCCCG GGTTAACCGG GAGGAAGGTG GGGACGACGT 

CAAGTCATCA 

1201 TGGCCCTTAC ACCTAGGGCT ACACACGTAC TACAATGGCA CGCACAAAGG 

1261 CGTGAGGTGG AGCCAATCCC AAAAAACGTG TCCCAGTCCG GATTGCAGTC 

TGCAACTCGA 

1321 CTGCATGAAG TCGGAATCGC TAGTAATTCG AGGTCAGCAT ACTCGGGTGA 

ATGCGTTCCC 

1381 GGGCCTTGTA CACACCGCCC GTCACACCAC GAAAGTCGGT TTTACCCGAA 
GCCGGTGAGC 
1441 CAACTAGCAA TAGAGGCAGC CGTCTACGGT AGGGCCGATG ATTGGGGTGA 

AGTCGTAACA 

50 AGGTAACCGT GTCATAGCTG TTTC 

1 

137 

021 CCTTCGGGGA GCCCCAAGAC AGGTGCTGCA TGGCTGTCGT CAGCTCGTGT 

CGTGAGATGT 

1081 TGGGTTAAGT CCCGCAACGA GCGCAACCCC TATGCATAGT TGCCAGCAGG 

TAAAGCTGGG 

1141 CACTCTATGC AGACTGCCCG GGTTAACCGG GAGGAAGGTG GGGACGACGT 

CAAGTCATCA 

1201 TGGCCCTTAC ACCTAGGGCT ACACACGTAC TACAATGGCA CGCACAAAGG 

1261 CGTGAGGTGG AGCCAATCCC AAAAAACGTG TCCCAGTCCG GATTGCAGTC 

TGCAACTCGA 

1321 CTGCATGAAG TCGGAATCGC TAGTAATTCG AGGTCAGCAT ACTCGGGTGA 

ATGCGTTCCC 

1381 GGGCCTTGTA CACACCGCCC GTCACACCAC GAAAGTCGGT TTTACCCGAA 
GCCGGTGAGC 
1441 CAACTAGCAA TAGAGGCAGC CGTCTACGGT AGGGCCGATG ATTGGGGTGA 

AGTCGTAACA 

50 AGGTAACCGT GTCATAGCTG TTTC 

1 

137 
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[!'UitJaC'T:er,la contortum 5 
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138 
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IS 1 

man 

31. 

structure 
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caeca 

1. 
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a 

t'rI"VfJlreu,a. a new to AU""' ........ "" i<nr,for.nuj'o 
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tract to Pf()atlctllon 

1 

mass, rate 

rnlfnPII/" var. UU,rHc.H 
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vectors 8 vectors. 
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