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Abstract: Intron sequences of the chloroplast gene rpsl6 from 46 species were used to 
examine phylogenetic relationships indicated by nrDNA ITS sequence variation in the tribe 
Sileneae (Caryophyllacaeae, Caryophylloideae). This region has previously not been 
utilized for phylogenefic purposes but the results presented here suggest that it is a 
consistent and valuable complement to the ITS sequences. The lpsl6 intron trees are 
largely congruent with the ITS trees. All the major hypotheses suggested by the ITS data 
are supported, often at similar bootstrap levels. The joint usage of rpsl6 intron and ITS 
sequences provides a powerful tool for resolving many of the difficult taxonomic issues in 
the tribe Sileneae. 

The development of molecular methods has greatly increased the data available for 
phylogenetic inference. Restriction site analyses, particularly of the chloroplast 
genome, have dominated studies at lower taxonomic levels (SOLTIS & al. 1992), but 
recent advances in PCR and DNA sequencing technologies have made DNA 
sequencing advantageous in several respects. It is comparatively cost-effective and 
requires much less in terms of amount and preservation state of the plant material 
(BOHLE 8¢ al. 1994), especially when the target region is within the abundant 
chloroplast genome or the tandemly repeated ribosomal DNA of the nuclear 
genome. Consequently, plant systematists have recently paid more attention to 
comparative sequencing studies. In particular, the rbcL gene of the chloroplast 
genome has been utilized for higher taxonomic levels (SOLTIS • SOLTIS 1995), 
whereas the internal transcribed spacer (ITS) sequences of the nuclear ribosomal 
DNA are extensively used at lower taxonomic levels (e.g., BALDWIN 8¢ al. 1995). 
However, too much reliance on results from ITS sequences alone may be 
dangerous for several reasons. First, drawing conclusions from one sequence 
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region only suffers from the same risks as do other 'one-character phylogenies' 
(DOYLE 1992). Different genes (or genomes) in the same organism may have 
different histories due to for example introgression (RIESEB~RG & SOLTIS 1991) or 
lineage sorting (PAMILO & NEI 1988). Second, functional dependencies among 
nucleotide sites may inflate misleading signals (see BALDWIN & al. 1995). Third, 
bidirectional interlocus concerted evolution of rDNA paralogues may lead to 
erroneous conclusions (WE~EI~ & al. 1995). 

Recently, the focus of plant molecular systematists has shifted toward more 
rapidly evolving chloroplast DNA (cpDNA) loci. These include the genes matK 
(e.g., JOHNSON & SOLTIS 1995) and ndhF (e.g., OLMS~AD & REEVES 1995). Non- 
coding sequences include the intergenic spacers between rbcL and atpB (e.g., 
Em~ENDO~ER & al. 1994), between trnL (UAA) and trnF (GAA) (e.g., B6I-mE & al. 
1994), and between trnT (UGU) and trnL (UAA) (B6HLE & al. 1994). Intron 
studies include trnL (UAA) (e.g., B6HLE & al. 1994, GreELY & TAB~RLET 1994) and 
rp116 (JORDAN & al. 1996). In this study, we use the intron sequence of the 
ribosomal protein gene rpsl6 to examine the results of a previous ITS sequence 
study of the tribe Sileneae (Caryophyllaceae, OX~LMA_N & LIDgN 1995). 

The rpsl6 exons are separated by a group II (or group III, NEUHAUS & al. 1989) 
intron. Sequencing studies have revealed that the gene is entirely absent from the 
chloroplast genomes of Marchantia polymorpha L. (OHYAMA & al. 1986), Pinus 
thunbergii PAPd~. (Tztmsu~ & al. 1992), Pisum sativum L. (NAGANO & al. 1991), 
and the parasitic Epifagus virginiana (L.) BART. (WOLFE & al. 1992). Hybridization 
studies have further suggested the absence of the entire gene or parts of it in some 
other Leguminosae and a few other taxa (DOWNIE & PALMER 1992, DOYLE & al. 
1995). In the six Genbank accessions available in spring 1995, the length of the 
rpsl6 intron varies from 790 bp (Hordeum vulgare L., SEXTON & al. 1990) to 887 
bp (Sinapis alba L., NEUHAUS & al. 1989). The two Solanaceae sequences 
(Nicotiana tabacum L. and Solanum tuberosum L.) are identical in 95% of the 
aligned positions, whereas the Poaceae sequences (Zea mays L., Hordeum vulgare, 
Oryza sativa L.) have pairwise similarity scores of 85-86%. These scores 
suggested that this region could be valuable for phylogenetic studies at family level 
and below. The possibility to construct 'universal' primers in the flanking exons or 
in the conserved 5' and 3' extremes of the intron, the possibility to cover the whole 
intron with one PCR reaction and two overlapping sequencing reactions using 
optimized automated sequencing protocols (e.g., OXELMAN 1996) made us believe 
that the rpsl6 intron might be an ideal complement to our previous ITS study on 
inter/intrageneric relationships in the tribe Sileneae. 

Our ITS study (OX~LMAN & LIDgN 1995) resulted in five main hypotheses, some 
of which had not been suggested from morphological data. (1) Agrostemma (AGR) 
is sister-group to the rest of the tribe. (2) Eudianthe (EUD), Petrocoptis (PET), 
Heliosperma, Steris ADANS. (= Viscaria ROHL.), Silene sect. Rupifraga, and Silene 
sect. Compactae reside outside of the core of Silene. (3) The latter four taxa 
unexpectedly form a strongly supported clade (in the following denoted STE). (4) 
Lychnis (incl. Coronaria, Uebelinia and Coccyganthe, excl. Polyschemone and 
Steris) form a well supported clade (LYC). (5) Silene forms a weakly supported 
clade with three main subgroups: (i) LYC, (ii) a well supported clade 
approximately corresponding to ROHRBACH'S (1869) sects. Botryosilene and 
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Cincinnosilene (SIL-SIL), and (iii) a weakly supported clade (SIL-OBE) contain- 
ing Cucubalus, Pleconax, Oberna, Melandrium s. 1. and several other taxa. 

The close relationships indicated by the ITS sequences between sect. 
Behenantha and subg. Behen (=  genus Oberna ADANS.) is not reflected in previous 
classifications (but see G~UTER 1995). We suspected that this might be due to 
heterogeneity of sect. Behenantha and we therefore included the New World 
cleistogamous S. anthirrina L., assumed to be similar to the rest of  the section due 
to convergence (GRzm'E~ 1995), and the two Mediterranean species S. cretica L. 
and S. muscipula L. in the present study. Silene littorea BRoa'. resides at an isolated 
position in the ITS tree and preliminary analyses of the rpsl6 sequences also 
showed much deviation. Therefore, S. pendula L., classified in the same section as 
S. littorea (TALAVERA 1979), was included in order to reduce the risk of long 
branches (FEI~SENSTHN 1978). Silene aprica TuRcz. (far East), Lychnis sibirica L., 
and L. lagrangei Coss. are controversial taxa that have recently become available 
to us. Despite these additions, the 81-taxon matrix from the ITS study has been 
reduced to a total of  46 rps16 sequences, which is sufficient for the questions raised 
in this paper. A forthcoming paper will deal more in detail with the congruence 
between the ITS and rpsl6 intron results, as well as with morphological character 
evolution within the group. 

The aims of this study were: to test the conclusions from the nrDNA ITS 
Sileneae phylogeny; to evaluate the usefulness of the rpsl6 intron as a complement 
to nrDNA ITS; to infer the position of some controversial taxa for which molecular 
data have previously been missing. 

Material and methods 

Plant material, DNA extraction, amplification and sequencing. Data on vouchers and 
origins for plants and their affiliation in the ITS tree are presented in Table 1. Total genomic 
DNA from taxa not present in OXELMAN & Lm~N (1995) was extracted as described in that 
paper, with the exception that lysis was performed at 74 °C in a buffer consisting of 2% 
CTAB, 1% PEG 6000, 1.4 M NaC1, 10 mM Tris-HC1, 20 mM EDTA. For DNA from 
herbarium specimens, additional purification was made with GeneClean. The rpsl6 intron 
was amplified with the PCR primers rpsF (GTGGTAGAAAGCAACGTGCGACTT) and 
rpsR2 (TCGGGATCGAACATCAATTGCAAC). The 3 t end of rpsF is located eleven 
positions inside the intron, whereas the 3 / end of rpsR2 is located eighteen positions 
downstream from the 5 / end of exon 2. These oligos were designed using the six EMBL/ 
GenBank angiosperm accessions which are almost invariable for these regions, the 
exception being the fourth position from 5 t on rpsR2, where the grasses have an A instead 
of a G. Usually, one 50 gl reaction per template was run on a Perkin-Elmer Cetus 480 
thermal cycler, each reaction containing 2.5 units Taq polymerase (Advanced Biotechnolo- 
gies), reaction buffer IV supplied by the manufacturer, 10 ~LM tetramethyl ammonium 
chloride (TMAC1), 0.1 mM of each dNTP, 3-10 pmol of each primer, 1-50ng template 
DNA and 1 mM MgC12. Denaturation (2 rain at 95 °C) was followed by 33 cycles of (95 °C 
30 s, 57-60 °C 1 min, 72 °C 2 rain), ending with 7 rain at 72 °C. Presence of fragments was 
checked on 1% SeaKem agarose gels, and amplification products were purified with 
Qiaquick (Qiagen) spin columns according to the manufacturer's instructions. 

Four different sequencing strategies were used: (1) a cycle sequencing protocol with 
initial 31-labelling with 35S described in OXZLMAN & LIr)ZN (1995), (2) a 35S-based 
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Sequenase (version 2, Amersham) protocol modified after THEIN (1990) and HOOT & al. 
(1995), 3) solid-phase sequencing with a Cy5-1abelled rpsR2 primer (a biotinylated rpsF 
primer in the PCR reaction) using the AutoLoad kit (Pharmacia Biotech) according to the 
manufacturers instructions, and (4) cycle sequencing with Thermosequenase (Amersham) 
flourescent labelled primer cycle sequencing kit with 7-deaza-dGTP. For the latter protocol, 
25-100 ng of Qiaquick-purified template DNA and 2.5 pmol Cy5-1abelled primer were 
used per reaction. The Thermosequenase sequencing reactions were performed on a 
Perkin-Elmer Cetus 480 thermal cycler programmed for 2 min at 96 °C followed by 18 
cycles of 30s at 95°C and 40s at 60°C. The program ended with a 5 rain step at 
60 °C. 

35S-labelled fragments were separated on polyacrylamide gels (35 × 45 em) using the 
salt gradient method of SHEEN & SEED (1988). Before loading, the samples were denatured 
at 90 °C for 2 min and then put on ice. With this procedure, 500-600 bases/reaction could 
often be read manually when the Sequenase protocol was used. The cycle sequencing 
reactions tended to generate more background and more ambiguities. 

Cy5-1abelled fragments were separated on 0.5 mm LongRanger Hydrolink (FMC 
Bioproducts) gels on ALFExpress (Pharmacia Biotech) automated sequencers with the 
following electrophoresis conditions preset: 1500 V, 60 mA, 25 W, 55 °C, 2s sampling 
interval, 800 min run time. With the primers rpsF and rpsR2 about 600 bases (rarely up to 
800) long sequences were generated, which, by careful comparison with known sequences, 
gave sufficient overlap for unambiguous base determination in most cases. The initial 
manual protocols demanded, however, the designation of two internal sequencing primers: 
rpsMF (GTGCGGAAATCCCTCGTTCATATGA) and rpsMR2 (GGTTTAGACAT- 
TACTTCGTTGA). 

Multiple sequence alignment and gap coding. Multiple sequence alignment and gap 
coding were made by hand. The following alignment and mutational interpretation criteria 
were used (slightly modified from GOLENBER~ & al. 1993). (1) Indels are placed so as to 
keep the number of substitutions within an aligned region to a minimum. (2) If gaps of 
equal length occur in more than one sequence, they are coded as the same character state if 
they can not be interpreted as different duplication or insertion events. For example, at 
position 273 (Fig. 1). Silene latifolia and Lychnis sibirica share an extra base (T and C, 
respectively). (3) When two or more gaps are not identical but overlapping, overlapping 
portions were considered shared events only when the region could be partitioned into 
informative insertion/duplication regions on at least one side. Thus, the gap from position 
670 to position 681 in Silene bergiana was considered as two separate characters (lack of 
duplicated ATAAATG and CTAAA), whereas the gap from 668 to 683 in S. samia was 
considered a single event with the intervening characters coded as missing. (4) In cases 
where indels were interpreted as duplications of adjacent sequences, the character was 
coded as unordered multistate if duplications could be regarded as additive. For example, 
the T run in region 1091-1097 was recoded as unordered multistate whereas the region 
47-55 was coded as two separate binary characters: duplication of TATAAT and 
duplication of TI'CTATAAT. (5) Indels and substitutions were given equal weights. 

Application of the above criteria was particularly problematic for gap-coding of the 
region 697-711 and the substitutions in positions 664 and 791. Consequently, these were 
excluded from the phylogenetic analysis. Some sequences deviated much from the others 
for short motifs in otherwise very conserved locations without correlated length variation. 
These were interpreted as independent events and the base calls were not included in 
analysis (e.g., S. sordida and S. cryptoneura, position 676-681). 

We believe that the criteria outlined above are conservative and reliable. Our purpose is 
to exclude (or in other ways render phylogenetically uninformative) parts where conficting 
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????????????????TGTGGATTCTTRTATCCATCATTCTATRATS---8 ...... TflAGGATGTTCTTGACTCGACATCATTTGeCCCTGTTCCflCGCGA ........... 

??????????????????????????????????????????????????????????AA~GATGCTCTTAACTCGACATCTTTTG~CTCTGTTCCACTCGAACTCGGTTTGC 

GRRGGACATGATCTGTTGTGGATTCTTATATCCRTCGTTCTRTAAT8---8 ...... AAAGGATGCTCTTARCTCGACATTTTTTTSATCTGTTCCACTCGRACCCGGTTTGT 

???????????TCTGTTGTGGATTCTTRTRTCCATCRTTCTTTAAT8---8 ...... AAAGGATGCTCTTRRCTCGACATCTTTTTSCCTTGTTTCACTCGAACCCGGTTTGT 

???????????TCTGTTGTGGRTTCTTATATCCATCATTCTTTAARe---8 ...... RAAGGATGCTCTTARCTCGACATCTTTTTSCCTTCTHTCRCTCGAACCCGGTTTGT 

GAAGGACATGRTCTGTTGTGGAKTCTTATRTCCRKCAKTCTCTAATS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTNTOCHACGTSTCCCTCGAACCCGGTTTGT 

??????????????????????????????TCCATCATTCTCTAATS---8 ...... AAAGGATGCTCTTARCTCGACATCTTTNTSVTACGTGTCCCTCGAACCCGGTTTGT 

GRAGGACATGATCTGTTGTGGATTCTTATRTCCRTCATTCTCTAAT8---8 ...... AAAGGATGCTCTTARCTCGACATCNNNNNOCTCCGTGTGCCTCGAACCCGGTTTGT 

???????????TCTGTTGTGGMTTCTTATRTCCRTCATTCTCTAATS---8 ...... AAAGGMTGCTCTTAACTCGACATCTTT?TeVTCCGTGTGCCT?GAACCCGGTTTGT 

??????????OTCTGTTGTGGATTCTTATATCCATCATTCTATMRAS---8 ...... AAMGGATGCTCTTAACTCGACATCTTTTTSCTCTGTTTCRCTCGAACCCGATTTGT 

??????????GTCTGTTGTGGATTCTTATATCCRTCATTCTATAAA8---8 ...... AAA5GATGCTCTTAACTCGACATCTTTTTSCTCTGTTTCACTCGAACCCGGTTTGT 

GAAGGACRTGGTCTGTTGTGGATTCTTATATCCATCATTCTATRAAS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTTTSCTCTSTTTCACTCGAACCCNGTTTGT 

???????????????????????????ATATCCATCATTCTATARAB---8 ...... ARAGGATGCTCTTAACTCGACATCTTTTTSCTCTCTTTCACTCGARCCCAGTTTGT 

GAAGGACATGGTCTGTTGTGGATTCTTATATCCATCATTCTATAAAB---8 ...... 8AAGGATGCTCTTAACTCGRCATCTTTTTSNT~TNTTTCA?TCGAACCCAGTTTGT 

??????????????GTTSTGGMTTMTTATATCCATCRTTCTATAANS---8 ...... ~NNGGMTGCTCTTAAVTCGACATMTTTTTSVTUTVNNTCACT?GAACCCAGTTTGT 

GAAGGRCATGATCTGTTGTOGATTCTTATATCCATCATTCTCTAATg---8 ...... RAAGGATGCTCTTAACTCGACATATTTTTSVTUTGTTCCACTCGAACCCNGTTTGT 

??????????????GTTRTGG~TT~TTATATCC~TCATTCTATA~T1TTC8TATAATAAAGGVTGCTCTTAACTCGACAT~TTTTT~TTCT~TTTCACTTGAACCCGGTTTGT 

GAAGGACATGATCTGTTGTGGATTCTTATATCCATCATTCTATAAT1TTC8TATAATAA~GGATGCTCTTAA~TCGACATCTTTTT8TTCTGTNTCANTCGAACCCNGTTTGT 

GAAGGACATGATCTGTTGTGGRTTC~TATAT~CATCATTCTTTAAT1T~TATAATAAAGGATGCTCTTAACTCGACAT~TTTTT8TTCTGTTTTACTCGAACCCGGTTTGT 

?????????GATCTGTTGTGGATTCTTATATCCATCATTCTATAAT1TTC~TATAATAA~GATGCTCTTAACTCGACATCTTTTT~TT~TGTTTCACTCGAA~CCGGTTTGT 

??????CATGATCTGTT•TGG•TTCTTATATCCATCATTCTAAAAT1TTC•TATAATAAAGGGTGCTCTTAA•TCGACATCTTTTT•TTCTGTTTCACTCAAACC¢GGTTTTG 

???????????TCTGTTGT••RTTCTTATATCCATC•TTCTAT•AT1TTC8TATAATAAAGG•T•CTCTTAACTCGACATCTTTTT•NTCT•TNTCACT?AARCCCGGTTTTC 

?????????????TGTTSTGGATTcTTATATCCATCANTCTATAA~1NNN~TATAAT~NAGG?TGCTCTTAACTCGA?ATCTTTTN~NNNTNTNTNANTCGAA~CCGGTTTGT 

??????????????????TGGCTT~TTATAT~CATCANTCTATAAT~---1TNTAATAARGGVTGCTCTTA~CTCGA?ATCTTTTN~NTNTVTNTCACTCGAAC~CGGTTTST 

???????????TCTGTTGTGGATTCTTATATCCRTCATTCTATRATS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTTTI+TCTGTTTAACTCGAACCCGGTTTGT 

7977777~??~?? .............. GTTGTGGATTCTTATATCCATCATTCTATAATS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTTTI-TCTGTTTCACTCGAACCCGGTTTGT 

??????????????GTTGTGGATTCTTATATCCATCATTCTRTRATS---8 ...... AAAGGATGCTCTTARCTCGACATCTTTTTSTTCTGTTTCACTCGAACCCGGTTTGT 

???????????????TTGTGGMTTCTTATATCCATCANTCTATRATS---8 ...... AAAGGVTGCTCTTAASTCGAMATCTTTNNSNTVTVT?TCAVTCGAACCCGGTTTGT 

GAAGGACRTGATCTGTTGTGGATTCTTATATCCATCRTTCTATRATS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTTTSTTCTGTTTCACTCGAACCCGGTTTGT 

??????????????GTTGTGGATTCTTATATCCATCATTCTATAATS---8 ...... AAAGGATGCTCTTAACTCGRCATCTTTTTeTTCTGTTTCACTCGAACCCGGTTTGT 

??????????????????????TTCTTATATCCATCATTCTATARTS---8 ...... AAAGGCTGCTCTTRACTCGACATCTTTTTSTTCTGTTTCACTCGAACCC~GTTTGT 

???????????TCTSTTGTGGMTTCTTATATCCRTCATTCTATRRTS---O ...... AAAGGVTGCTCTTAASTCGACATCTBB?BeBTVTVT?TCACTCGAACCCGGTTTGT 

??????????????GTTGTGGATTCTTATATCCATCATTCTATRATS---O ...... AAA6GATGCTCTTAACTCGACATCTTTTTSTTCTGTTTCACTCGRACCCGGTTTGT 

??????????ATCTGTTGTGGATTCTTATATCCATCATTCTATRATS---O ...... AAAGGRTGCTCTTAACTCGACATCTTTTTeTTCTGTTTCACTCGAACCTGGTTTGT 

???????????????TTGTGGATTCTTATATCCATCATTCTATRATS---O ...... 8AAGGATGCTCTTAACTCGACATCTTTTTBCTCTGTTTCATTTGAACCCGSTTTGT 

??????????????GTTGTGGRTTCTTATATCCATCATTCTATRATS---O ...... AAAGGATGCTCTTARCTCGACATCTTTTTSCTCCGTTTCRCTTGAACC~GGGTTGT 

?AAGGACATGATCTGTTATGGATTCTTATATCCATCATTCTATAATO---O ...... AAAGGATGCTCTTAACTCGACATCTTTTTSSTSTSTTTCACTCGAACCCNGTTTGT 

GAAGGACATGATCT?T?ATGGATTCTTATATCCATCANTCTATRATO---8 ...... AARGGATGCTCTTARCTNGANRTCTTTTTOCTCTGTTTCACTCGAACCCGGTTTGT 

GAAGGACATGATCTSTTATGGATTSTTATAtCCATCRTTCTRTAATO---8 ...... AAAGGATGCTCTTAAVTCGAHATSTTTTTSVTVTUB?TCRVTCGAAYCCNGTTTGT 

GAAGGRCATGATCTSTTGTGGATTCTAATRTCCATCATTCTATAATO---8 ...... AARGGATGCTCTTAACTCGACATCTTTTTSCTCTTTTTCACTCGAACCTAGTTTGT 

????????????????????????????TATCCATCATTCtATARTO---8 ...... AARGTMTGCTCTTARCTCGACATCTTTTTSVTVTUTTTCACTCGAACCTAGTTTGT 

?????????????TGTTGTGGATTCTTATATCCATCATTCTATARTS---8 ...... AARGGATGCTCTTAACTCGACATCTTTTTSCTCTGTTTCRCTCGAACCCGGTTTGT 

?????????????????GTGGATTCTTATATCCATCATTCTATAATS---8 ...... AAAGGATGCTCTTAACTCGACATCTTTTTSCTCTGTTTCACTCGAACCCGGTTTGT 

????????????????????????????????CATCRTTCTATRATS---O ...... AAAGGATGCTCTTAACTCGACATCTTTTTSTTCTGTTTCACTCGAACCCGGTTTGT 

???????????????TTATGGATTCTTATATCCATCATTCTATRATS---O ...... AAAGGATGCTCTTAACTCGRCATCTTTTTSCTCTGTTTCRCTCGAACCCGGTTTGT 

?????????????????GTGGATTCTTATATCC•TCATTCTAT•AT8•••1TATAATA•AGGATGCT•TTAACTCGACATCTTTTT•CTCTGTTTCACTCGA•CCCGGTTTGT 
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TGGGGe-TGTAf lTGGf lA f l ?RGTTAT f lGGf lTGGRGCTCGf lGT f lGR f lRGTTTTT f lGCT f lTTTCTCARGGG . . . . . . . . . . . . . . . . .  f lG f l TG f lATCT f lGGGTT f lGTGT- -C f l f l  

TGGGGe- /GTRATGGAR . . . . . . .  TATGATGGRGCTCGAGTAGAAAGTATTGAGCTRTTTATCARGGG . . . . . . . . . . . . . . . . .  AGAGGGGTCTAGGGTTAATGT- -TAA  

TGGGGS-TGTRATAGAR . . . . . . .  TATGATGÜAGCTTGAGTAGAAAGTATTARGCTRTTTCTCAAGGG . . . . . . . . . . . . . . . . .  AGAGGGGTCTAGGGTTAGTGT- -CAA  

TGGGGS-TGTRf lTAGAA . . . . . . .  TATGATGGRGCTTGAGTAGARRGTATTRAGCTATTTCTCAAGG6 . . . . . . . . . . . . . . . . .  AGAGGGGTCTAGGGTTAGTVT- -CAA  

TGGGGS-TGTRRTGGAf l  . . . . . . .  T f l TGRTGGRGCTCGf lST f lGAAAGTf lTTGf lGCTATTTCTCAAGGG . . . . . . . . . . . . . . . . .  AGAGGGGTCTAGGGTTAGTST- -C f l f l  

TGGGGS-TGTAATGGA8 ....... TRTGRTGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCRAGGG ................. AGAGGGGTCTAGGGTTflGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGRGCTCGAGTAGAAAGTRTTGAGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGB-TGTRATGGAA ....... TATGRTGGAGCTCGA$TRGRRAGTATTGRGCTATTTCTCAAGGG ................. RGRGGGGTCTAGGGTTAGTST--CAR 

TGGGGS-TGTRATGGAA ....... TATGATÜGAGCTCGAGTAGAAAGTATTGCGCTATTTCTCRAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TRTGATGGAGCTCGAGTAGAAAGTATTGCGCTATTTCTCRAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAÜARAGTATTGCGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTRGTGT--CAA 

TGGGGe-TGTAATGGAA ....... TATGATGGRGCTCGRGTAGRRRGTATTGCGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTRGTGT--CAR 

TGGGGe-TGTAATGGAA ....... TATGGTGGAGCTCGAGTAGAAAGTATTGCGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTRGTST--CAA 

TGGGGS-TGTAATGGAA ....... TRTGGTGGAGCTCGRVTAGAAAGTATTGCGCTATTTMTCARGGG ................. AGAGGGGTCTAGGGTTAGTVT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGRGCTC6AGTAGAAAGTATTGAGTTATTTCTCAAGGG ................. AGAGAGGTCTRGGGTTAGCGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGRGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTAT--CAA 

TGGGGe-TGTRATGGAA ....... TATGATGGR6CTCGAGTAGAAAGTATTGAGCTATTTCTCAAGGG ................. AGACGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGRTGGAGCTCGAGTAGAAAATATTGAGCTATTTATCAAGGG ................. AGA?GGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGRA ....... TflTGRTGGAGCTCGAGTAGAAAGTRCTGAGGflflTTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CflA 

GGGGGO-TGTAATGGAA ....... TATGATÜGAGCTCGAGTRGRRAGTATTGAGCTATTTCTCAAGGG ................. AGAGGGGTCTRGGGTTAGTGT--¢AA 

GGGGGS-TGTAATGGRA ....... TATGATGGAGCTCGAGTAG~AAGTATT~AGCTATTTCTCAAGGGAAGCTATTT~TCA~GGGRGAGGGGTCTAGGGTTAGTST~-CAA 

TGGGGS-TGTAATGGAA ....... TATRATGGAGCTCGA?TAGAAAGTNTTGAACTATTTNTNAAGGG ................. RGAGGGGTCTAGGGTTAGTNT--CAA 

WGGGG6-TGTARTGGAA ....... TATDATGGAGCTCGAUTAGAAAGTUTTGAGCTATTT?TMRAGGG ................. RGAGGGGTCTAGGSTTAGTVT--CAA 

TGGGGS-TGTARTGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCAAGAG ................. AGAGGAGTCTAGGGTTAGTAT--CRR 

TGGGGS-TGTAATGGAA ....... TATGCTGGAGCTCGRGTARAAAGTATTGAGCTATTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTTGAGTAGARAGTATTGRGCTRTTTCTCAAGGG ................. AGAGGAGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAR ....... TATGATGGAGCTCGAVTAGARAGTATTGAGCTATTTUTCAAGGG ................. AGAGGGGTCTAGGGTTAGTVT--CA8 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTGTTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCAAGGG .............. =--AGRGGGGTCTAGGGTTRGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTRGAAAGTATTGAGCTATTTCTCAAGGG ................. RGAGGAGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTARTGOAA ....... TATGATGGAGCTTGASTAGAAAGTMTTGAGCTATTTCTCAAGGG ................. RGAGGGGTCTAGGGTTAGTST--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCAAGGG ................. AGAGGAGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAR ....... TATGATGGAGCTCGAGTAGAA .... TT-RGTTRTTTCTCAAGGG ................. AGAGGGGTCTAGGGTTAGTAT--CAR 

TGGSSISTGTAATGSAA ....... TATGATGGRGCTCGAGTAGAAAGTATTGRGCTATTTCTCAAGGG ................. AGAGGGGTCTAAGGTTAGTGT--CAA 

TGGGGIGTGTRATGGAA ....... TATGATGGAGCTCGAGTAGAARGTATTGRGCTATTTCTCAAGGG ................. AGAGGGGTCTAAGGTTAGTAT--CRA 

TGGGGS-TGTAATGGAA ....... TATGRTGGAGCTCGASTAGAAAGTATTGAGCTATTTCTCAAGGG ................. AAAGGGGTCTAGGGTTRGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGA?TAGRAAGTATTGAGCTATTTCTCAAGGG ................. AAAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGB-TGTAATGGAA ....... TRTGATGGAGCTCGAVTAGRAAGTATTGAGCYATYTVTMAAGGG ................. AAAGGGGTCTAGGGTTAGTVT--CAA 

TGGGGS-TGTAATGGRA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTRTCAAGGG ................. AGAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGIGTGTAATGGAA ....... TATGATGGAGCTCGAGTRGAAAGTRTTGAGCTRTTTATCAAGGG ................. AGAGGGGTCTRGGGTTRGTST--CAA 

TGGGGB-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGARAGTATTGAGCTATTTCTCARGGG ................. AGAGGAGTCTRGGGTTAGTGT--CAA 

TGGGGS-TGTARTGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGRGCTATTTCTCAAGRG ................. RGAGGGGTCTAGGGTTAGTGTGTTAA 

TGGGGS-TGGAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCAAGGG ................. AAAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAA ....... TATGATGGAGCTCGAGTAGAAAGTATTGAGCTATTTCTCAAGGG ................. AAAGGGGTCTAGGGTTAGTGT--CAA 

TGGGGS-TGTAATGGAR ....... TAGGATGGRGCTCGAGTAGAAAGTTTTGAGCTATTTCTCAAGGG ................. AGAGGAGTCTAGGGTTAGTGT--CRA 
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TCAAAAGARTAAGTTGGRACAACTTCGTAAGTTATCTTTGACAGAGAATTTGO-AAAG ...... GAACARAASRAflAGCAACTTTAAARTCCeCA~ .... AGGAARTTTTAAT 

TCAAAAGAATAAGTTSTRACARCTTCGTAAGTTATCTTTGACAGAGAAATTGO-AAAG ...... 6ATCAAAASTCAAGCAAATTAAARRTCCCCA~ .... AGGACATTTTART 

TCAASRGARTARGTTGGAACAACTTCGTAAGTTATC~TTGACRTAAAAATRG~-AAR6 ...... GRTCARAASTGRRGCAAATTTTGAATCCCCCO .... ATAATATTT~GAT 

TCAARAGAATARGTTGGAACAACTTCGTAAGTTATCTTTGACA6AAARATAGB-AAAG ...... GATCAflRRSARARGAAATTTTTTRATCCCCT8 .... A6GGCATTTTGAT 

TCAAAAGAVTAASTTGGAACRACTTC6TRAGTTATCTTTGACAGAAARATATS-AAAG ...... GATYAAAABTRAAGCARRTTTTTAATCC~CC8 .... AGGGCATTTTGRT 

TCARAAGRATAAGYTGGAACRACTTCGTAAGTTATCTTTGACAGAAARATAGS-AAAG . . . . . .  6A~CARRAOTCAf lGCAAATTTTGAATCCCCC~ . . . .  AGGACATTTTGAT  

TCARRRGRRTARGTTGGRACRACTTCGTRRGTTRTCTTTGRCRGARRRRTAGS-RRRG . . . . . .  GRTCRRAROTTARGCRAATTTTGAUTCCCCC8  . . . .  RGGRCRTTTTGAT 

TCAAflRGRRTAAGTTGGAACRACTTCGTAAGTTATCTTTGACAGRRRARTRTS-AARG . . . . . .  GRTCflARRSTTRflGCRAATTTTGAATCCCCC~ . . . .  flGGACRTTTTGAT 

TCAARRGAATAAGTTGGAACAACTTC6TAAGTTATCTTTGACAGRRAAATAGS-ARAG ...... GMTCRAAASTTRR6CRAATTTTGAUTCCCCC8 .... AGGACRTTTTGAT 

TCAAAAGAATRRGTTGGAACAACTTCGTRAGTTRTCTTTGACRGARRAATRGS-AAAG ...... GATCAAARSTTAAGCRAATTTTCAACCCCCC9 .... AGGACflTTTTGAT 

TCAAAAGAATAAGTTGGRACAACTTCGTRAGTTATCTTTGACAGRAAAATAGS-ARAG ...... GRTAARARgTCMAGCAAATTTTGRACCCCCC8 .... RGGRCATTTT6AW 

TCAAAAGARTAAGTTGGAACAACTTCGTAAGTTATCTTT6ACAGARRAATAGS-ARA6 ...... 8ATCARARSTCAAGCAAATTTTGRRCCCCCC8 .... AGGRCATTTT6AT 

TCRAARGARTAASTTGGAACARCTTCGTAAGTTATCTTT6RTRG~NNNNN?-NN ................ ? ...................... ? ................. 

TCAARAGRATAASTTGGAACRACT~CGTAAGTTATCTTT6ACAKRRAAATAGS-ARRG ...... GATCAAARSTCAAGCAAATTTTGAACCCCCC8 .... RGGACATTT~GR~ 

TCAARA6AMTARVTTGGAACRACTTCGIRAGTTATCTTTGACATARRRRTRGg-AAR6 ...... 6MTCRRARSTCRAGCAAAT~TTTAACCCCCC8 .... RGGACATTTTGAT 

TAAAAARAATAAGTTGGAACRACTTCGTAAGTTATCTTTGACAGARAAARAGg-AAAG ...... GATCRRARSRAAR6CAAATTTTGAATCCCCC8 .... RGGACATTTTGRT 

TARARAGAATAAGTT6GAACRRCTTCGTAAGTTATCTTTSRCAGARARATATS-AAR6 ...... 6U~CARARSTAAR6CAAAT~TTGAUTCCCCC9 .... AGGACRTTTTGAT 

TAAARAGAATAAGTT6~AACAACTTCGTAR6TTATCTTTGACAGAAAAATA6B-RAA6 ...... GAWSAARRSWCARNCAAAgWWWWAAWCCCCC8 .... AGGRCRWWWWGAW 

TAAARAGAATAASTTGTTCCRACTTCGTAAGTTATCTTTGRYAGAAAAflTAGS-RAAG ...... 8ATCAAAASTCARGCRRATTTTGAATCCCCC9 .... AGGACATTTTGAT 

TRAAAAGRATACGTTGGRACAACTTCGTAAGTTATCTTTGACA6AAAARTRGITAAAG ...... 6RTCAAAASTAARGAAAATTTTGARTCCCCCO .... RGGRGATTTTGAT 

TAAARAGRRTARGTTGGAACAACTTC6TARGTTRTCTTT6RCRGARAARTRGS-AARG ...... 6RTCAARASTCAR6CRRRTTTTGARTCCCCC8 .... AGGRTATTTTGAT 

TRRAARGRATAAGTT66RRCARCTTC6TAA6TTRTCTTTGRCAGAAAAATA68-AAA6 ...... GflTCAARASTCAAGCAARTTTTTRATCCCCC9 .... RGGRTATTTTGAT 

TCAAAAGANTARNTTGTAACAACTTCGTAflGTTflTCTTTGRNAGRNRARTAGS-AAAG ...... 6NTCRARASTCAACCAAATTTTNflN~CCCRC8 .... AGGRCATTTT?AT 

TCARAAGAVT••NTTGGARCAACTTCGTA•GTTATCTTT••?AA•AAAVTAG8-A•A•AG•ARGG•TCAARM8T•••GCAAMTTTTA•NTCCCCC8 .... AGGRCRTTTTRAT 

TCAAAAGAATARGTTG6AACAACTTCGTAAGTTATCTTTGACAGRAAAATAGS-ARAG ...... GATCRARASTCAAGCAAACTTTGAATCCCCC8 .... AGGRTATTTTGAT 

TCAAAAGAATAR6TTGGAACAACTTCGTAAGTTA~CTTTGACAAAAAARTATS-AAAG ...... GATCAAAASTCAAGCAAATTTTGAATCCCCC8 .... AGGRCATTTTGAT 

TCARAAGAATAAGT~GGRRCAACTTCGTARGTTRTCTTTGACRGAAAAATAGS-AAAG ...... GATCAAAASTARAGCRAATTTTGAATCTCCC8 .... AGGRCATTTTGAT 

TCAf lRRGAA~ARGTTGGAACRRCTTCGTAAGTTRTCTTTGACRGAAARATRGS-RAAG . . . . . .  6ATCAf lAASTCAAGCAAATTTTGAATCCCCC8  . . . .  AGGRCATTTTTAT  

TCARRRGARTRRGTTGGRRCRRCTTCGTAAGTTATCTTTGRCRAAAARRTRGICRARG . . . . . .  GATCRRRAeTRRRGCARATTTT6RRTCCCCC8 .... RGGRCATTTTDRT 

TCAAARGAATARGTTSGAACRACTTCGTAAGTTATCTTTGACAAAAAAATRGg-RAAG ...... 6ATCAAAASTAAAGCCAATTTTGAATCCCCC8 .... RGGACATTTTGAT 

TCRRARGAA~RRGTTGGAACAACTTCGTAAGTTATCTTTGACARAARARTRGS-AAAG ...... 6RTCAAARSTAAAGCAARTTTTGAATCCCCC8 .... RGGACATTTTGAT 

TCAARRGAATAAGTTG6AACAACTTCGTAAGTTATCTTTGACAAARAAMTAGg-AAAG ...... 6VTCAAAASTAAAGCAAATTTTGAV~CCCCC8 .... AGGRCATTTTGAT 

TAAAAR6AATAAGTTGGAACAACTTCGTAAGTTATCTTT6ACAGAMAAATAGB-AARG ...... 6ATCAAAAgTCAAGCAAATTTTGAATCCCCC8 .... RGGACRTTTTGAT 

TAAAAAGAATflAGTTGGAACAACTTCGTRAGTTATCTTTGACAAAAAAATAGS-AARA ...... GATCAflAASTCRAGCAAATTTTGARTCCCCC8 .... RGGRCflTTTTAAT 

TCAAAAGAATAAGTTGGRACAACTTCGTAAGTTATCTTTGACASAAAAATATg-AAAG ...... GMTCARAASTCARGCRAATTTTGAATCCCCC8 .... AGGRCATTTTGAT 

TCRAAAGAATRAGTTG6RRCAACTTC6TARGTTATCTTTGACATAAAAATATg-AAA6 ...... GATCAAAASTRAAGCAAATTTTGAATCCCCC9 .... AGGACATTTTGAT 

TCRAAAGARTRAGTTGGAACRACTTCGTAAGTTATCTTTGACAGRAAAATAGS-AAAG ...... RRTMAAAASTAAAVMAARTTTTTAATMM~CC9 .... GGRAWATTTTRAT 

TCAAAAGAATAAGTTGGAACAACTTCGTAAGTTATCTTTGACRGRAAAATATS-AAAG ...... GATCA6AAgTAAATCAARTTTTTAATCCTCC8 .... GGGATRTTTT6AT 

TYAARAGARTAA$TTGGAACRACTTCGTAAGTTATCTTTGRCRGAARAATAGS-AAAG ...... GRTCAAAAgTAAAGCAARTTTTTAATCCCCC9 .... GGGACATTTTGRT 

TCAAAAGAATAAGTTGGAACRACTTCGTAA6TTATCTTTGRCAGRAAAATATS-AAAG ...... GATARAARI ....... AAATTTTARTCCCCC8 .... GGGACA ....... 

TCAAARGAATRAGTTGGAACAACTTCGTAAGTTATCTTTGACAGAAAAATRTg-AAAG ...... GATAAAAAI ....... RAATTTAAATCCCCC8 .... GGGACATTTTGAT 

TCAAAAGAATAAGTTGGRACRACTTCGTAAGTTATCTTTGACAGAAAAATAAg-AAAG ...... GRTCAAAASTAARTCAAATTRTTAATCCCCC8 .... GGGACATTTTGAT 

TCAAAAGAATAAGTTGGAACRACTTCGTAAGTTATCTTTGACAGAflAARTR60-AAAG ...... GATCRAAASTAAA6CCRATTTT6RACCCCTC8 .... 66RRCATTTTGAT 

TCAAAAGAATflA6TTGGAACARCTTCGTRAATTATCTTTGACRTAAAARTRG~-AAAG . . . . . .  6ATCAAAflSTAAAGCAAflTTTTTAACCCCCCICCC--GGACATTTTGAT 

TCRRRAGAATRAGTTGGRACAACTTC6TAAGTTATCTTT6ACRTARAAATAGS-RAR6 ...... GATCRRRASTAAAGCARACT~TTAACCCCCCICCCGG86ACATTTTGAT 

TCAARAGAATAARTTGGAACRACTTC6TAAGTTATCTTTGCCAGAUAAATAAg-AAAG ...... GRTCARAASTAAAGCAAATTATTAATCCCCC8 .... GGGACATTTTGAT 
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AAASAGCTTTe-TCGAT ..... T-AA---ATATATTT-TATATRTTGTGCGG ......... AAATCCACCG .... TATGATTAGATTC-TTT6A6AGRAATAARTRACARAA 

AAASGCCTTGS-TTTAT ..... T-AAATTRTATACTTATATATAGCGTTCGG ......... AAATCC6CTGTTCATATGATTRGRTTC-GTTGAGCGAAATAARTAATAAAA 

AAAOACCTTTS-TAAAT ..... T-AA---TTTGATTTATATATATCGTGT6G ......... AAATCCCTCGTTCATATGATTAAATTCTTTTGATAGAARTAARTAACRAAR 

AAASCCCTTTS-TCART ..... T-AA---TTTGATTTATATATATCGTGCGG ......... AAATGCRTCGTTCATATGATTAGATTC-TTTGRTflSASATAflATRACRAAR 

AAAgCCCTTTO-TCAAT ..... T-AA---TTTGATTTATATRTATSATGTGG ......... AAATGCATCGTTCATATGATTA-ATTC-TTT6ATAGAAAAAAATRACAAAA 

AAASCCCTTTS-TCRAT ..... T-AA---TTTKATTTATATRTATCGTGCGG ......... RARTCCCTCGTTCRTATGATTAGATTC-TTT6ATAGAAATARATAACAARA 

RflROCCCTTTe-TCAAT ..... T-AA---TTTGATTTATATATATCGTGCGG ......... AARTCCCTCGTTCATRTGATTA6ATTC-TTTGATAGRARTRAATAACARAA 

AAAOCCCTTTS-TCART ..... T-AA---TTTGATTTRTATATATCGTGCGG ......... AAATCCCTC6TTCRTATGANTAGATTC-TTTGATAGAAATRAATAACAAAA 

AAAOCCCTTTS-TCART ..... T-AA---TTTGRTTTRTATATATCGTGCGG ......... AAATCCCTCGTTCATRTGATTAGATTC-TTTGATAGAAATAARTAABAAAA 

AAAI-CCTTTO-TCART ..... T-AA---TTTTATTTATATATATTGTGCGG~TT~TGCGGAA~TCCCTC6TTCATATGATTAG~TTA-TTT~T~GARAAAAATA~CAAA~ 

AARI-MCTTTe-TCART ..... T-CA---TTTTATTTATATRTATTGTGS66 ......... AAAWCCCYC6TTCATATGATWAGATTW-TTTGRTNNNNNNNNNNNNNNAAA 

AAAI-CCTTTS-TCAAT ..... T-AA---TTTTATTTATATATATT6TGCGG ......... AAATCCCTCGTTCATATGATTAGATTA-TTTGATAGAAAAAAATAASRARA 

---? ...... ? ...................................................................................... RAAAARATRRCRAAA 

AAAI-CCTTTS-TAAAT ..... T-AA---TTTTRTTTATATATATTGTGCG6 ......... ARATCCCTC6TTCATATGATTA6ATTC-TTT6ATRGRAAAAAATARCRRAA 

8AAI-CMTTTS-TTAAT ..... T-AA---TTTTATTTATATATATTGTGCGG ......... AAATCCCTC6TTCATATGATTAGRTTC-TTTGATRGAAAAAAATRRSARAA 

RRASACCTTTO-TCRAT ..... T-AA---TTT6RTTTATATATATC6TGCGG ......... RAATCCCTCGTTCRTATGATTA6ATTC-TTTGATAGAARTAAATRACARAA 

RRRI-CSTTTS-TCRRT ..... T-AA---TTTGATTTATRTATATC6BGCGG ......... AAATCCCTCGTTCATATGATTCSRTTC-TTTGATAGAAA-AAATARCRAAR 

AAAI-CCTTT~-TCRAT ..... T-AA---TTTTATTTATATAT--CGTGCGG ......... AAATCCCTCGTTCATATGRTTRGATTC-TTTGATAGAAATARATAACAAAR 

RRAI-CCTTTIATTRRT ..... T-AA---TTTGATTTRTRTRTATYTY6Y6G ......... AARTYCCTY ......... ATTRGRTTC-TTTGATRGARATRRATAATAARA 

AAAI-CCTTTS-TCAAT ..... T-AA---TTTGRTTTRTATATATCSTGCGG ......... AAATCCCTCGTTCATATGATTA6ATTC-TTTGRTASAAATAARTAACAARA 

ARRI-CCTTTB-TCART ..... T-AR---TTTGATTTRTATATATCGTGCGG ......... RRATCCCTCGTTCATATGATTRGATTC-GTTGATAGAAATAASTARCARAA 

ARRI-CCTTTS-TCRRT ..... T-AB---TTTGRTTTRTRTATRTBGTGCG6 ......... ARATSCCTCGTTCATATGRTTRGATTC-TTTGRTAGAAATAAATAACRAAA 

RAAI-CSTTTS-TCAST ..... T-AA---TTTGNTTTRTATATATN6TGCGG ......... ARNTCCCTCGTTCATATGATTA6RTT?-TTT6ATRGAARTARRTAACAAAR 

AAAI-CCTTTS-TTRAT ..... T-AM---NTTDATTTATATATRTCGTGCGG ......... AAATCCCTCGTTCATATTRTTAGATTC-TTTGRTAGAAATARATAACARRR 

CAAI-CCTTTS-TCAAT ..... T-AA---TTT6RTTTATATATRTCGTGCG6 ......... RAATCCCTCG~TCRTATGRTTAGATTC-TTTGATAGAAATAAATRACAAAA 

AAAI-CCTTTS-TCAAT ..... T-AA---TTTGATTTATRTATATCGTGCGG ......... AAATCCCTCGTTCATATGATTAGATTC-TTT6ATRGARWTARATAMCAAAA 

ARAI-CTTTTS-TCRAT ..... T-RA---TTTTATTTATRTATATCGTGCGG ......... ARRTCCCTCGTTCRTATGATTRGRTTC-TTTGATAGAAATAAATAACAARA 

RRAI-CCTTTB-TCRAT ..... T-AR---TTT6RTTTRTATATATC6T6C~C ......... ARRTCCCTCATTCRTATGATTAAATTC-TTTGATAGRARTAAATARCARRA 

AAAI-CCTTT~-TTAAT ..... T-AR---TTT6RTTTATATATATCRTGCGG ......... AAATCCCTCGTTCATATTATTRGATTC-TTTGRTAGAAATRRRTAACAAAA 

AAAI-CCTTTS-TTART ..... T-AR---TTTGATTTRTATATATCATGCGG ......... AAATCCCTCGTTCATATTATTAGATTC-TTTGATA~ARATAAATARCARAA 

AAAI-CCTTT8-TTAAT ..... T-AR---TTTGATTTATATATATCG~GCGG ......... ARATCCCTCGTTCATATTATTRGATTC-TTTGATAGARATAAATAACARAR 

AAAI-CCTTTS-TTAAT ..... T-AA---TTT6RTTTATATATRTCG~6C66 ......... AAATCCCTC6TTCATRTTRTTAGATTC-TTT6ATAGARRTAAATAACRAAA 

AAAI-CCTTTS-TCAAT ..... T-AA---TTTGATTTATATATATCGTGCGG ......... AAATCCCTCGTTCATATGATTAGATTC-TTT6ATAGAAATATATAACAAAA 

AAAI-CCTTTS-TCAATATCRATARA---TTT--TTTTIATATRTCGTGCG6 ......... RAATCCCCCGTTCATATGATTAGATTC-TTTGRTAGAAATAAATAACRARR 

flARI-CCTTTS-TCART ..... T-RA---TTT6AITTATATATAACGTGCGG ......... MAATCCCYCGTTCATATGATTAGATTC-TTTGATAGRAATWARTRACRAAA 

AAAI-CCTTT~-TCAAT ..... T-AA---RTBBTTTTATATRTRTCGTGCGG ......... RAATTCCTCGTTCATATGATTAGATTC-TTTGATRGAAflTRAATAACAAAA 

RRAI-MMTTWO-TTAAT ..... T-MR---TTT6ATTTATRTATATMGWGMGG ......... RAATCCCTCGTTCATAT6ATTAGATTC-TTTGATA6AARTAAATAA?ARAA 

AAAI-CCTTTB-TTRAT ..... T-AA---TTTGATTTATATATATCGTGCGG ......... RARTCCCTCGTTCATRTGATTAGATTC-TTTGATAGAAATAAATAATAAAA 

ARAI-CSTTT~-TTAAT ..... T-AR---TTTWATTTRTATATATC6TGCGG ......... RAATCCCTYSTTCA~ATGATTRGARTS-TTT6ATAGASRTARATAATARAA 

-AAI-CCTTTIGTTAAT ..... T-AA---TTTGTTTTATATATATCRTGCGG ......... AAATCCCTCGCTCATATGATTAGATTC-TTTGATRGARATAAR6RRCAAAA 

AAA|-CCTTT16TTAAT ..... T-CA---TTTGCTTTATATATATCflTGCGG ......... ARATCCCTCGCTCATAT6ATTAGATTC-TTTGATRGAAATAAATAACAAAR 

AAAI-CCTTTS-TTAAT ..... T-AA---TTTGATTTATATATATCGTGC6G ......... AAATCCCTCGTTCATRTGATTASATTC-TTTGRTAGAAATARATAACAAAA 

RARI-CTTTT~-TTRAT ..... T-AA---TTT6ATTTATATATRTCGTGCGG ......... RAAT~CCTCGTTCRTATGATTAGATTC-TT~GATAGAARTAAATARCARAA 

AAAI-CCTTTS-TTAAT ..... T-A ......... TATATRTATATC6~GC~6 ......... RRRTCCCTCGTTCRTAT~RTTRGATTC-TTTGATAGARATARATAATARAR 

AAAI-CCTTTS-TTAAT ..... T-A ......... TTTRTATATATCGTGCGG ......... RAATCCCTCGTTCATATGATTAGATTC-TTKGATAGABWTAAATflAWTASR 

AAAI-CCTTTS-TTAAT ..... T-TT---TTTTTTTARTTTATRTCGTGC6G ......... RAATCCCTCGTTCATATGRTTAGATTC-TTTGRTAGAAATAARTAACAAAA 
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fl-GG~RTGTTGCTGCCATTTTTGAAAGGATT . . . . . .  1~C~ATCf l~CGA~GTAATGTCTA~ f lCC~T~ f lTTCA~-~A0T~AGAT- - -~ -~ -~ -AAAGGCTTCCGG~ACAA 

A-GGTATGTTG~TGCCATTTTT~AA~ATTATT---1ACAARTCAACGA~GTAAT~T~TAAACCCAAT~ATTCAA-AAAA~TRAG~T---~---~-ARA~GCTTCCGGAACAA 

A-G~TATGTTGCTGCC~TTTTTKAAA~GATTAAA---8---AATCAACGAAGTAATGTCTAAACCCAATGATTC~A-AAAA8CAAGAT---~---~-~A~GGCTTCCGGAACA~ 

A-GGTATGTTGCTGCCATTTTTGAAAGGATTRAA---~---A~TCAACGAAGT~ATGTCTAA~CCCAATGATTC~A-AAAA6CR~GAT---8---~-RA~GGCTTCCGGAACAR 

A-GGTATGTTGCTGCC~YYYYYGAAAGGATT~AA---8---AATCAACGAAGT~ATGTCTRAACCCAATGATTCAA-AAAA8CAAG~T---~---~-AAAGGCTTCCGTAACAA 

A-GGTATGTT~CTGCCATTTTTG~ARGGATTAAA---8---AATCAA~GAAGT~ATGTCTRAACCCAATGATTCAA-A~AA~CA~G~T---8---~-AAAGGCTTCCGTAACAA 

~-GGTATGTTGCTGCCATTTTTGAAAGGATT~AA---8---AATCAACG~AGT~ATGTCT~RACCTAATGATTCA~-AAA~8AAAGAT---8---8-AAAG~CTTCCGGAACAA 

A-GGTATGTTGCNNCCATTTTTGRA~TTW~R---~---AATCCACSGAGT~ATGYCT~A~CCTAWTGWTTC~A-AAAA~AAGAT---8---8-AAAGGCTTCCGGAACAA 

A-GGTATGTTGCTGCCRTTTTTGAAAGG~TTAAA---8---AATCARCG~AGTA~TGTCTAARCCTAATGATTS~A-AAAA~AAAGAT---8---~-RRA~CTTCCGGAACAA 

A-GGT~TGTTGCTGCCATTTTTGA~GGATTA~A---~---AATCAACGAAGT~ATGTCT~AACCTA~TG~TTCAA-AAAA8CAAG~TCAA8GAT6-AAA~GCTTCCGGAACAA 

~-GGTAT~TTGCTGCCATTTTTGAAAGG~TTT~A---8---A~TCAACG~RGTAATGTCTAA~CCTA~TGATTCAA-A~AA~CRAGAT---8---8-AAA~GCTTCCGGA~CAA 

A-GGTATGTTGCTGCCATTTTTHARAGGATTTAA---8---AATCA~CGAAGTAATGT?T~A~CCTAATG~?TCAA-A~AA8~AAGAT---8---8-AAAGGCTTCCGGAACAA 

A-GGTAT~TTGCTGCCATTTTTGA~AGG~TTAAA---8---AATCAACGAAGTRATGT~TAAACCCAAT?ATTCAA-A~AA8CAA~T---8---8-AAAGGCTTCCGGAACAA 

A-G6TATGTTGCTGCCMBTTTTGAAAGGATTAAA---~---~ATCAACGRAGTA~TGTCTAAACCC~ATGATTCAA-AAAA8CAAGAT---1GAT8-A~G~CTGCCGGAACAA 

~-GGTATGTTGCTGCC~TTTTTG~AGGATTAAATTT8A-AAATC~ACGAAGTAATGTCTAAACCCAATG~TTCAA-AAAA8CA~GAT---1A~T~-AAAGGCTTCCGG~ACAA 

G-GGTATGTTGCTGY?~TTTTTGAAAGGATT~AA---~---RATCAAC~AAGNAATGTCTAAACCC~ATGATTCAA-A~AA8CA~GAT---~G~T~-AAAGGCTTCCGGAACAA 

A-GGTCTGTT~CT~CCATTTTTGAAAGGATTAAA---8---AATCAACGAAGCAATGTCTAAACCC~ATGRTTCAA-AA~A8CA~GAT---~GAT~-~A~GGCTTCCGGAACAA 

G-GGTCTGTTGCTGCCATTTTTG~A~GGATT~AA---~---~ATC~ACGA~GTAATGTCTAAACCCAATGATTCAA-AA~A~CAAGAT-~-~GAT~-AA~GGCTTCCGGAACAA 

~-GGTATGTTGCTGCCATTTTTTAAAGGATTAAA---~---AATCAACGAAGT~ATGTCTA~ACCCA~TGATTCAA~AA~A~CAAGAT---~GAT8-~A~GGCTTCCGGA~CAA 

A-GGTATGTTGCTGCCATTTTTGAA~GG~TTAAA---~---AATCA~CGAAGTAATGTSTARACCCAATGATTCAR-~AAA~CRAG~T---1GAT8-RAA~GCTTCCGGAACA~ 

A-GGTATGTGCCYCCCATTTTTGAAAGG~TTAAA---~---A~TCA~CGAAGTAATGTCTAACCCCAWTGTTTCA~-AAAA8A~AGWT---1GAT1TA~AGGCTTCCGGAACAA 

A-GGTATGTTGCTGCCA ...... AA~NK~TT~AA---8---AATCAACGAAGTRATGTCTAARCCCAATGATTCAA-A~AA~CA~GCT---|GAT~-~RAGGCTTCCGGAACAA 

A-GGTATGTTGCTGCCATTTTTGRA~GRTTCAA---~---AATCA~CGAAGT~ATGTCT~ARCCCAATGATTCAA-AAAA~C~AG~T---1GAT~-A~AGGCTTCCGGAACAA 

A-GGTATGTTGCTGCCATTTTTGAAAGGATTA~A--~---ARTCAACGAAGTAATGTCTAA~CCCAATGATTCAA-AAAA~C~AGAT---|GAT~-AAAGGCTTCCGG~ACAA 

A-GGTATGTTGCTGCCATTTTTGAAATGATTA~A---8--~A~TCAACGAAGTAATGTCTAARCCCAATGATTC~A-AAAA~CAA ...... ?---8-AAAGGCTTCCGGAACAA 

A-GGTATGTTGCTCCCATTTTTGAARGGATTC~A---~---A~TCAACG~AGTA~TGTCTAAACCCAATGATTCAA-AAAA~AGAT---1GAT~TAAAGGCTTCCGGAAC~A 

~-GGTATGTTGCTCCCATTTTTGA~AGGATTCAA---~---A~TCAACG~AGTAATGTCTAAACCCAATGATTCAA-AAAA~A~AGAT---~GAT~-AAAGGCTTCCGGAACAA 

A-GGTATGTTGCT?CCATTTTTGAAAGGATTAAA---~---A~TCAACG~AGTAATGTCT~AACCCAATG~TTC~AAAAAA~A~AGAT---1GAT~-AAADGCTTCCGGAACAA 

A-GGTATGTTGCTCCCATTTTTGAAAGGATTAAA---8---AATCAACG~AGTRAT~TCTAARCCCAATGATTCAA-AAAA~AA~G~T---1GAT~-AAAGGCTTCCGGA~CAA 

A-GGTATGTTGCTGCCATTTTT~AAAGGATTAAA---~---AATCA~CGRAGTAATGTCTAAACCCAATGATTC~A-A~AA8C~AGAT---~GAT8-AAAGGCTTCCGGAACAA 

~-GGTATGTTGCTGCCATTTTTGA~AGGATTAAA---8---AATCAACGAAGTA~TGTCT~AACCCAATGATTCAA-AAAA~CAAAAT---~GAT~-RAAGGCTTCCGAAACAA 

A-GGTATGTTGCC~CCATTTTTGA~AGGDTTAAA---8---AATCMACGAAGTAATG-CCAAACCCAATG~TTCAA-AAAA~CAAGAW---0---~-A~GGCTTCCGGAACAR 

A-GGT~TGTTGCTGCCATTTTTG~RAGGCTT~AA---~---~ATCAACGAAGTAATGTCTA~ACCCAATGATTCAA-ARAA~CAAGAT---~---~-AAAGGCTTCCGGARCA~ 

A-GGTATGTTGCTGCCATTTTTGAAAGGATTAAA---8---AATCAACGAAGTAATGTCTAAACCC~ATGATTCAA-~AAA~CAAGAT---~---~-AAAGGCTTCCGGAACA~ 

A-GGTRTGTTGCTGCCATTTTTGAAAGGATTAAA---~---AATCAACGA~GT~ATGTCTA~ACCCAATGATTCAA-AAAABCAAGAT---0---~-AAAGGCTTCC~GAACAA 

A-GGT~TGTTGCTGCCATTTTTGAAAGGATTAAA---~---AATCAACGARGTAATGT~TAAACCCAATGATTCAA-AA~A~A~AGAT---8---~-AAAGGCTTCCGGAACAA 

A-GGT~TGTTGCTGCCATTTTTGAAAGGATTAAA---~---AATCAACGAAG-AAT~TCTAAACCCAAGGATTCAA-AA~A~-ARG~T---8---~-AAAGGCTTCCGGAACAA 

A-GGT~TGTTGCTGCCATTTTTGARAGGATTAAA---~---AATC~ACGAAGTAATGTSTAA~CCCAAGGATTCAR-AAAA1-~AGAT---8---~TAAAGGCTTCCGGAAC~A 

A-GGTATGTTGCTGCCATTTTTGAAAGGATTAA~---~---AATCAACGAAGTAATGTCTAAACCCAATGATTCAR-AAAA~CAAGAT---~---~-A~AAGCTTCCGGAACRA 

A-GGTATGTTGCTGCCATTTTTGAAAGGATT~AA---~---AATCAACGAAGTAATGTCTAA~CCCAATGATTCAA-AAAA~CAAGAT---~---~-AAAGGCTTCCGGAACAA 

G-GGTATGTTGCTGCCATTTTTGAAAGGATTAAA---~---AATCRACGAAGTAATGTCTAAACCCAATGATTCAA-AAAA~CAAGAT-~-8---~-AAAGGCTTCCGGAACAA 

~GGGTRTGTTGCTGCCATTTTTGAAAGGATTAAA---B---AATC~ACGAAGTAATGTCTAAACCCAAGGATTCAA-AAAA~CAAGAT---~---8-AAAGGCTTCCGG~ACAA 

~-GGT~TGTTGCTGCCCTTTTTGA~AGGATTAAA---~---AATCAACGAAGTAATGTCTAAACCCAATGATTCAA-AAAA~CAAGAT-AA8GAT8-AAAGGCTTCCGG~ACAA 
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GGAflflTflTTCTTTTTI---TTTTflTTGTCGCflfl-CflATTTT .............. flflTCGRTTCTflflflTGflRflTflflflR ...... CflAflGflGTflTTTGflGflCTGCTCR .... 

GGAAAGACTCTTTTT2TTTTTTARTTATCGCAA-AAATKKATTTGGATRARTTCAAATCGATTCTAAATGAGAYAAAA ...... CAAAGKGTATTTGAGR?TUCTCA .... 

GGAAATACTCTTTTT2ATTTTTAATTGTCGCAAGCAAGTTATTGATATCRATAAAA ......... AARTGAGACARAA ...... CAAAGGGTATTTTAGACTGCTCR .... 

GGAAAGACTCTTTTAe ...... AATTGTCGCAA-CAATTGATTGGGATTAATTCAAATCAATTTTAARTGAGATARAA ...... CAAAGGGTATTTTAGACTGCTCA .... 

GGAAAGACTCTTT-Ae ...... AATTGTCGCAA-CAATTGGTTGGGATTAATTCAAATCGATTTTAAATGAGATAAAA ...... CAAAGGGTATTTTAGACTGCTCA .... 

GGAAAAACTSTTTAA8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATTTTAAATGAGACAARA ...... CAAAGGGTATTTTAGACTGCTCA .... 

GGAAAAACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATTTTAAATGASASAAAA ...... CAAASGGTATTTTAGACTGCTCA .... 

GGAAAAACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTAAflATCGATTTTAAATGAGACAAAA ...... CAAAGGGTATTTTRGACTGCTCA .... 

GGAARAACTCTTTTT8 ...... AATTGTCGCAR-CAATTGATTGGGflTCAAT?AAflATCGATTTTAAATGAGACAARR ...... SAARGGGTATTTTAGACTGCTCA .... 

GGAARGACTCTTTTTO ...... AATTGTCGRAA-CTATTGATTGGTATCAATTCAAATAGATGTTAAATGRGACARAA ...... TAAAGGGTRTTTTAGRCTGCTCA .... 

GGAAARACTCTTTTT8 ...... AATTGTCGAAA-CAATTGATTGGTATCARTTCAAATAGRTGTTARRTGRGACARRR ...... CRRRGGGTATTTTAGACTGCTCA .... 

GGRARGACTCTTTTTe ...... ARTTGTCGAAA-CAATTGATTGGTATCAATTCAAATAGATGTTAAATGAGACAAAA ...... CAAAGGGTRTTTTAGACTGCTCA .... 

GGAAAGACTCTTTTT8 ...... ARTTGTCGAAR-CAATTGATTGGTATCAATTCARATCGATGTTAAATGAGACAAAA ...... CAARGGGTATTTTRGACTGCTCA .... 

GGRAAGACTCTTTTTO ...... AATTGTCGAAA-CAATTTATTGGTRTCARTTCAAATCGATGTTAAATTAGACARAA ...... CAAAGGGTATTTTAGACTACTCA .... 

GGRARGA?TCTTTTTO ...... AATT?T?KAAA-CAATTTATTGGHATCAATTNAARTCNATGTTAAATNAGACAAAA ...... CAAAGGGTATTTTAGA?TGCT?A .... 

GGRARGACTCTTTTTO ...... ARTTGTCGCAA-CAATTGATTGGGRTCAATTCAAATCGATTTTAAATGRGACRAAA ...... CAARGGGTATTTTAGACTGCTCA .... 

GGAAAGACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCRAATTGATGTTAAATGRGACAAAA ...... CAAAGGGTATTTTAGACTACTCR .... 

GGRARGACTCTTTTTO ...... AATTGTCGCAA-CARTTGRTTGGGATCAATTCAflATCGATGTTAAATGAGACAAAA ...... GAAAGGGTATTTTAGRCTACTCR .... 

GGAAAGACTCTBTTTO ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAAATGAGACAAAA ...... CAAAGGGTRTTTTAGRCTACTCR .... 

GGAARGACTCTTTTT8 ...... AATTGTCGCAR-CRRTTGRTTGGGATCAATTCARRTCGATGTTAAATGAGACAAAA ...... YAARGGGTRTTTTAGACTACTCR .... 

GGRARGACTCTTTTT8 ...... ARTTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAAATGRGACAAAA ...... CARAGGGTRTTTTAGACTACTCA .... 

GGRAAGACTCTTTTT8 ...... AATTGTCGCAA-CARTTGATTGGGATCAATTCRARTCGATGTTAAATGAGACAAAA ...... CAAAGGGTATTTflAGACTACTCR .... 

GGAARGACTCTTTTTO ...... AATTGTCGCAA-CAATTGATTGGKATCARTTCAAATCGRTGTTAAATGAGACAAAR ...... CAARGGGTATTTTAGACTACTCA .... 

GGRAAGACTCTTTTTe ...... AATTGTCGCAA-CARTTGATTGGGATCARTTCRARTCGATGTTAAATGAGACARAA ...... CAARGGGTATTTTAGACTACTCA .... 

GGAAAGACTCTTTTT9 ...... AATTGTCGCAA-CA•TTGATTGGGATCAATTCRA•TCGATGTTAAATGAGACA•AACCAA•ACAARGGGTATTTTAGACT•CTC• .... 

GGAAAGACTCTTTTT8 ...... AAWTGTCGCAA-TAATTGATTGGGATCAATTCAAATCGRTGTTAAATGAGACARAA ...... CAARGGGTATTTTAGACTACTCR .... 

GGAAAGACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGRTGTTAARTGAGACAAAA ...... CAARGGGTATTTTAGACTACTCAATAA 

GGAAAGRCTCTTTTT8 ...... AATTGTCGCAA-CRATTGATTGGG ...................................... CAAAGGGTATTTTAGACTACTCA .... 

GGAAAGACTCTTTTTe ...... AATTGTCGCAA-CAATTGATTGGGATCARTTCAAATCGRTGTTAAATGAGACflAAA ...... CAGAGGGTATTTTAGACTACTCA .... 

GGARAGACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAARTGAGACARAA ...... CAGAGGGTATTTTAGACTACYCA .... 

GGAAAGACTCTTTTT6 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAAATGAGACAAAA ...... CAAAGGGTATTTTAGACTACTCA .... 

GGAflAGACTCTTTTT8 ...... RATTGTCGCAA-CAATTGATTGGGATCAATTCflAATCGRTGTTAARTGA?AYARAA ...... YAARGGGTATTTTAGACTACTCA .... 

GGAAAGACTCTTTTTe ...... AATTGTCGCRA-CAATTGATTGGGATCAATTCAAATCGATGTTAARTGAGACAAAA ...... CAAAGGGTATTTTAGACTACTCA .... 

GGRAAGACYCTTTTTe ...... AATTGTCGCAA-CAATTGATTGGGRTCAATTCAAATCGATKTWAAAKGGGACAAAA ...... CAAGGGGGATTTTAGACTWCCCA .... 

GGRAAGACYCTTTTT8 ...... ARTTGBCGCAA-AAARTGATTGGGATCAATTCRAATCGATGTTAAATGRGACARAA ...... CAAAGGGTWTTTTAGACTGCTCA .... 

GGRARGACTCTTTTT8 ...... AATTGTCGCAA-AAATTGATTGGGATCAATTCAAATCGATGTTAAATGAGACAAAA ...... CAAAGGGTATTTTAGACTGCTCA .... 

GGAARGACTCTTTTT8 ...... AATTGKCGSAA-CAATTGRTTGGGATCAATTCAAATCGATGGTAAATGAGACARAR ...... CAGAGCGTATTTTAGACTGSTCA .... 

GGAAAAACTCTTTTT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAARTGAGACARAA ...... CAGAGCGTATTTTAGACTGCTCA .... 

GGAAAGACTCTTTTT9 ...... AATTSSCS?AA-CAATTGRTTGGNATCAATTCAAATCGATGKTAARTGAGACAAA ....... CAGAGCGTATTTTAGACTGCTCA .... 

GGAAAGACTCTTTTT6 ...... ARTTGTTGCAA-CARTTGATTAGGATCAATTCAAATCGATGTTAAATGAGATAAAA ...... CAAAGGGTATTTTAGflCTGCTCA .... 

GGAAAGACTCTTTTTg ...... AATTGTCGCAA-CAATTGRTTAGGATCAATTCAAATCGATGTTAAATGAGACARAA ...... CAAAGGGTCTTTTRGACTGCTCA .... 

GGAAAGACTCTTTTTO ...... ARTTGTCGCAR-CflRTTGRTTGGGATCCATTCAAATCGATGTTAAATGAGACAAAA ...... CAAAGGGTATTTGRGflCTGCTCA .... 

GTAAAGACTCTTTTT~ ...... RATTGTCGCAA-CARTTGGTTGGGATCAATTCAAATCGATGTTRAATGAGACAAAR ...... CAAAGGGTATTTTAGACTGCTCA .... 

GGAAAGACTCTTTTTB ...... RATTGTCGCAA-CAATTGATTGGGATCAflCTCAAATCGATGTTAAATAAGACRAAR ...... CAGAGCGTATTTTAGACTGCTCA .... 

GGARAGACTCTTTGT8 ...... AATTGTCGCAA-CAATTGATTGGGATCAATTCARATCGATGTTAAATGRGACRARA ...... CAGRGCGTATTTTA-ACTGCTCA .... 

GGAAAGACTCTTTTTe ...... AATTGTCGCAA-CAATTGATTGGGATCflRTTCAAATCGATGTTARATGAGACAAAfl ...... CAAAGGGTATTTTAGACTGCTCA .... 
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--AtRAATGSATAARCSGO ..... CCAAAGGATTTTTTT-TTATCTTT ...... TGATTT ..... GAAASTTATTCCflCTTGAGTTATGAGTATACAAAT .... 8ATTTTTTT 

--AaAAATCSRAAARTSG8 ..... CTAAAGAATTTTTTT-CTTTTGAN ...... CTATTT ..... RAAAGTTCTTCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AgAAATGSATAAATSG8 ..... CTAAAGGATTCTTTA-TTTTTGC ....... TTCCTT ..... GAAACCTATTCAACTTGAGTTATGRGTRTRCRRAT .... GATTTTTTT 

--AtAAATGSATAAATSA8 ..... CTARAGGATT-TTTT-CTTTTGGG ...... RTCCTT ..... GRAACCTRTCCAACTTGAGTTATGAGTRTACRAAT .... GATTTTTTT 

--AtAAATGSATAAA-?-? .......... GGATTTTTTT-CTTTTGGG ...... 8TCCTT ..... GAAACCTATCCAACTTGRGTTRTGRGTATRCAAAT .... GATTTTTTT 

--AtAAATGSAGAAATSG8 ..... CTAAAGGATTTTTTT-CTTTTGGG ...... CTCCTT ..... GAAACCTRTCCAACTTGAGTTATGAGTRTACAAAT .... 6RTTTTTTT 

--RtAAATGSAGAAATSG8 ..... CTAAASGATTTTTTT-CTTTTGGG ...... CTCCTT ..... GAAACCTATCCRACTTGASTTATGAGTRTRCAAAT .... GAYTTTTTT 

--AtAAATGSATARATSG8 ..... CTAAAGGATTTTTTT-CTTTTGGG ...... CTCCTT ..... GARACCTATYCAACTTGAGTTATGRGTATRCAAATARATGATTTTTTT 

--AtAAATGSRTAAATSG8 ..... CTAAAGGATTTTTTT-VTTTTGGG ...... CBCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTRTACAAAT .... AATTTTTTT 

--AtAAATGSATAAATSG8 ..... CTARAGGRTTTTTTT-AGTTTGGG ...... TTCCTT ..... GAAACCTATCCAACTTGAGTTATGRGTATACRRAT .... GATTTTTTT 

--AtRARTGSRTRAATSG8 ..... CTAAAGGATTTTTTT-AGTTTGGG ...... TTCCTT ..... GAARCCTATCCAACTTGAGTTATGRGTATRCRART .... GATTTTTTT 

--AtAARTGSATAAATSG8 ..... CTAAAGTCTTTTTTT-AGTTTGGG ...... TTCCTT ..... 6AARCCTATCCARCTTGAGTTATGA6TRTRCARAT .... 6ATTTTTTT 

--RtAAATGSATARATSG8 ..... CTAAAGGATTTTTTT-AGTTTGGG ...... CTCCTT ..... GAARCCTATCCAACTTGRGTTATGAGTATA?ARAT .... GRTTTTTTT 

--AtAAATGeRTRAATSG8 ..... CTRAAGGATTTTTTT-RGTTTGGG ...... CTCCTT ..... GRAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGeATARATSG8 ..... CTAAAGGATTTTTTT-RGTTTGGG ...... CTCCTT ..... GAARCCTATCCAACTTGRGTTRTGAGTATACARAT .... GATTTTTTT 

--RtAARTGSAGRRATSG8 ..... CTAAAGKWTTTTTTT .... TT ......... CTCCTT ..... GAAACCTATCCAACTTGRGTTATGAGTATACAAA ..... GATTTTTTT 

--AtRA---? ...... ?-? ....... AAAGGATTTTTTT ...... GGGGGGGG-CTCCTT ..... GAAACCTATCTARCTTGAGTTATGAGTATACAAAT .......... TTT 

--AtAAATGI ...... 8-1CTRAACTAAAGGRTTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACRAAT .... GATTTTTTT 

--RgARATGI ...... 8-1CTAAACTARAGGATTTTTTT-TTTTTGGGGGGG--CTTCTT ..... GAAACCTRTCCAACTTGAGTTATGRGTATACAART .... GATTTTTT- 

--AtAAATGI ...... 8-1CTAAACTRAAGGATTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTRTCCRACTTGAGTTRTGAGTRTACARRT .... GATTTTTTT 

--AtAAATGSAGAAATeGICTAAATTRARGGATTTTTTG-ATTTTAGG ...... CTCCTT ..... GAAACCTATCCRACTTGAGTTATGAGTATACRART .... 6RTTTTTTa 

--AtAAATGSAGAAATSGICTAAACTAAAGGATTTGTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTa 

--RtRAATASAGAAATeGICTAAACTAAAGGATTTTTTT--TTTTG ........ YTCCTT ..... GAARCCTATCCAACTTGRGTTATGAGTATAMARAT .... GATTTTTTT 

--AtAAATGSAGRARTSGICTAAACTAAAGGATTTTTTA--TTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGSAGAAATSGICTAAACTAAAGGRTTTTTTT-ATTTTGGG ...... CTCCTT .... -GAAACCTATTCARCTTGRGTTATGAGTATACAAAT .... GATTTTTTT 

--AtARRTGSAGAARTSGICTRAACTRAAGGATTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCARCTTGAGTTATGRGTATACAAAT .... GATTTTTTT 

ATAtAAATGSAGAAATSGICTAAACTAARGGATTTTTTT-ATTTTGGG ...... TTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACRAAT .... GATTTTTTT 

--AtARATGSATAAATSGICTAAACTAAAGGATTTTTTT ..... TGGGGGGGGACTCCTT ..... GAAACCTATCCRACTTGAGTTRTGAGTRTACRRAT .... GATTTTTTT 

--AtAAATGSAGRAATSGICTARACTAAAGGATTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGSAGARATSGICTARACTAAAGGWTTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCARCTTGAGTTRTGAGTATACAAAT .... GRTTTTTTT 

--AtAAATGSAGAAATeGICTAAACTARAGGATTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGSATAAATSGICTAAACTARAGGABTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTRTCCAACTTGAGTTATGAGTATACAAAT .... GRTTTTTTT 

--AtAARTGSAGAAATeGICTAARCTAAAGGATTTTTTT-ATTTTGGG ...... CYCCTT ..... GAARCCTRTCTAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGSAGAAATSGICTAARCTAAAGGRTTTTTTT--TTTTG ........ CTCCTT ..... GAAACCTRTCCAACTTGAGTTATGRGTATACAAAT .... GATTTTTTT 

--AaAAATGSATAAATIa?atgat-TAAAGGATTTTTTT--TTTTGG ....... CTCCTTGACTTGAAACCTATCCARCTTGAGTTATGRGTATACARAT .... GATTTTTTT 

--RtAAATGSATAAATIa?atgat-TAAAGGATTTTTTTTRTTTTGGG ...... CTCCTT ..... GAAACCTRTCCAACTTGAGTTATGRGTATACAAAT .... GATTTTTTT 

--AtAAATGSATAARTeG8 ..... CTAAAGGATTTTTTT---TTTG ........ CTCCTT ..... GAARCCTATCCAACTTGAGTTATGRGTATA-AAAT .... 8ATTTTTTT 

--AtAAATGSATAAATeG8 ..... CTAAAGGATTTTTTT-TTTTTG ........ CTCCTT ..... GAAACCTATCCAACTTGAGTTATGRGTATACAAAT .... GATTTTTTT 

--AtAAATGSATAAATSG8 ..... CTAAAGGATTTTTTT---TTTNN ....... NTCCNN ..... NAAACCTATCCAACTTGAGTTATGRGTATRCARAT .... GATTTTTTT 

--AtAAATGI ...... 8-8 ..... CTAAAGGATTTTTTT ...... GGGGGGGG-CTCCTT ..... GAAACCGATCCAACTTGAGTTRTGAGTATACAAAT .... GATTTTTTT 

--AtAAATGI ...... 8-~ ............. TTTTTTT ..... TGGGGGGGG-CTCCTT ..... GAAACCGATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGBCTAAATSG8 ..... CTAAAGGATTTTTTT .... TTG ........ CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACARAT .... GATTTTTTT 

--AtAAATGSRGAAATSG8 ..... CTRAAGGATTTTTTT-ATTTTGGG ...... CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACARAT .... GATTTTTTT 

--AtAAATGI ...... 8-8 ..... CTAAAGGATTTTTTT---TTTG ........ CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACAAAT .... GATTTTTTT 

--AtAAATGI ...... 8-1CTAAACTAAAGGATTTTTTT .... TTG ........ CTCCTT ..... GAAACCTATCCAACTTGAGTTATGAGTATACARAT .... GATTTTTTT 

--AtAAATGSATAAATSG8 ..... CTAAAGGATTTTTTT .... TTGG ....... CTCCAT ..... GAAACCTATCCAACTTGRGTTATGAGTATACARAT .... GATTTTTTT 
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e ......... e--GAGGA---?-?-?---8 ...... AAGGGCTAARTTCTTAGTTTAATGCATTTTCATTTI ....... GATGATTTTCTG6AO ...... OCTTIATTT ........ OAT 

e ......... 8--GAGGAAAGSTSaS---e ...... AAGAACTTAATTCTTAGTT ................ ? .......... gaatttttttt9 ...... 9TTT �-CAT ........ TTT 

8 ......... 8--AAGGAAAGSAS-8---e ...... AAGGGCTTAATTCTAAA ........... TCCATTT8 ..... TTGAGGRTTTTAGRGA8 ...... OCTTIATTT ........ GAT 

8 ......... 8--GAGGGRAGSAS-8---8 ...... AAGGGCTTAATTTGAA ............ TTTATTTSGAGGATTRAGGATTTTATAGAITATAGAOCTTS-TTT ........ TTT 

9 ......... 8--GAGGGAAGSAScS---8 ...... AAGGGCTTAATTTGAA ............ TTTRTTTSGAGGATTAAGGATTTTCTAGAITRTAGASCTTS-TTT ........ TAT 

9 ......... 8--GAGGAAAGSAStS---8 ...... AAGGGCTTAATTTTAA ............ TTCRTTTSGAGGRTTGAGGATTTTATAGA8 ...... 8CTTS-TTT ........ GAT 

8 ......... 8--GAGGARASSAS-8---8 ...... ARGGGCTTRRTTTTAA ............ TTCATTTSGAGGATTGAGGATTTTATASA8 ...... gCTTS-TTT ........ GAT 

8 ......... 8--GAGGAAAGSAS-8---8 ...... ARGGGCTTAATTTAAA ............ TTCATTT| ....... GAGGATTTTATAGA8 ...... 8CTTS-TTT ........ AAT 

8 ......... 8--GAGGARAGSAS-8---8 ...... AAGGGCTTAATTTAAA ............ TTCATTTI ....... GAGGATTTTATAGA8 ...... 8CTTS-TTT ........ AAT 

9 ......... 8---AGGAAAGSA8-8---8 ...... AAGGTCTTAATTTTAA ............ TTCATTTSTGGGATTGAGGATTTTATAGA8 ...... 8CTTS-TTT ........ GRT 

8 ......... 8--GAGGAAAGSRS-8---8 ...... AAGGGCTTARTTTTAA ............ TTCATTTSGAGGATTGAGGATTTTATAGA8 ...... 8CTTS-TTT ........ GAT 

8 ......... 9--GAGGAAAGeA9-8---9 ...... AAGGGCTTAATTTAAG ............ T--ATTTSGAGGATTGAGGATTTTATAGA8 ...... I---?-TTT ........ GAT 

8 ......... 8--GAGGAAAGSAS-8---8 ...... ARGGGCTAAATTTGAA ............ TTCATTTSGAGGATTGAGGATTTTCTAGA8 ...... 8CTTe-TTT ........ GOT 

8 ......... 8--GA688AA6888-8---8 ...... AAGGGCTTAATTTTRA ............ TTCATTTI ....... GAGGATTTTCTAGG8 ...... 8CTTe-TTT ........ GRT 

8 ......... 8--GAGGAAAGSASnS---8 ...... AAGGGCTTARTTTTAA ............ TTCATTTSGAGGATTGAGGATTTTCTAGA8 ...... 8CTT �-TTT ........ GAT 

8 ......... 8--GRGGAAAGeRS-8---8 ...... AAGGGCTGARTTCTAA ............ TTCATTTSGAGGRTTGAGGATTTTATAGA8 ...... 8CTTe-TTT ........ TTT 

8 ......... 8--GAGTAAAGSAS-8---8 ...... AAGGGCTTARTTTTAA ............ TTCATTTSGAGGRTTGGGGATTTTATAGA8 ...... 8CTTO-TTT ........ TTT 

8 ......... 8--GAGTAAAGSAS-8---8 ...... AAGGGCTTAATTTTAA ............ TTCATTTSGAGGRTTGAGGATTTTTTAGA8 .... 7-OCTTO-TTT ........ TAT 

8 ......... 8--GAGTAAAGSAItSAAGeTAAAAAAAGGGCTTAATTTTAA ............ TTCATTTSGAGGATTGAGGATTTTATAGA8 ...... 9CTTS-TTT ........ TAT 

8 ......... 8--RAGTAARGeRItSGAGSTAAARAAAGGGCTTARTTTTAA ............ TTCATTTSGAGGATTGAGGATTTTATAGR8 ...... eCTTO-TTT ........ TTT 

taTTCTTTTT?TTGAGTAARGSAS-8--GSTAAAGAAAGGGTTTAATTTTAA ............ TTCATTTSGAGGRTTGAGGATTTT ..... ? ...... ?---?--TT ........ TAT 

IaTTATTTTT?TTGAGTARAGSRS-8-AGSTAAAGAAAGGGCTTRRTTTTAA ............ TTCATTTSGAGRRTTGAGGATTTTATAGA8 ...... I---?-TTT ........ TTT 

8 ......... 8--GAGTAAAGSAS-8---ITRAAGRRAGGGCTTAATTTTAA ............ TTCATTTSGRGGRTTGAGTATTTTATAGA8 ...... 8CTTS-TTT ........ TAT 

8 ......... I-TGAGTAAAGI-8-8---ITAAAGRAAGAGCTTAATTTTAA ............ TTCATTTI ....... GAGGATTTTATAGA8 ...... 8CTCS-TTT ........ TRT 

8 ......... 8--GAGTAAAGeRS-8---ITAAAGRAAGGGCTTAATTTTAA ............ TTCATTTI ....... 8AGGATTTTATAGA8 ...... ?---? ............... 

8 ......... 8--GRGTAAAGSAS-8---ITRRRGRRAGGGCTTARTTTTAA ............ TTCRTTTSGAGGATTGAGGATTTTATAGA8 ...... 8CTTS-TTT ........ TAT 

8 ......... 8--GAGTAAAGSRS-8---ITAAAGRAAGGGCTTARTTTTAA ............ TTCATTTI ....... GAGGATTTTATAGA8 ...... 8CTTe-TTT ........ TAT 

8 ......... 8--GAGTAAAGSRS-e---IT-AAGRAAGGGCTTAATTTTAA ............ TTCATTTSGAGGATTGAGTATTTTATAGA8 ...... 8CTTS-TTT ........ TAT 

8 ......... I-TGAGTAAAGI-8-8---ITAAAGRAAGGGCTTAATTTTRA ............ TTCATTTSGAGGATTGAGGATTTTRTAGA8 ...... 8CTCS-TTT ........ TAT 

8 ......... I-TGAGTAAAGI-8-8---ITAAAGRAAGGGCTTARTTTTAA ............ TTCATTTSGAGGRTTGAGGATTTTATAGA8 ...... 8CTCS-TTT ........ TAT 

8 ......... I-TGAGTAAAGI-e-8---ITAAAGRAAGGGCTTARTTTTAA ............ TTCATTTI ....... GRGGATTTTRTAGA8 ...... 8CTCS-TTT ........ TAT 

8 ......... I-TGAGTAAAGI-8-8---ITAAAGAAAGGGCTTAATTTTAA ............ TTCATTTeGAGGATTGAGGATTTTRTAGR8 ...... 8CTCe-TTT ........ TAT 

8 ......... 8--GAGTAAAGI-e-e---ITAAAGAAAGGGCTTAATTTTAA ............ TTCATTTSGAGGATTGAGGATTTTRTAGA8 ...... 8CCTe-TTT ........ TAT 

8 ......... 8--GATTAAAGI-8-8---ITAAAGAAAGGGCTTAATTTTRR ............ TTCATTTI ....... GAGGATTTTRTAGA8 ...... 8CTTG-TTT ........ T-T 

8 ......... 8--GAGGAAAGSAS-|GAGSGARAGAARGGTCTTAATTTTAA ............ TTCATTCSGAGGATTGAGGATTTTCTAGR8 ...... 8CTTS-TTT ........ OCT 

8 ......... 8--GAGGAAAGSAS-IGGGSGARAGAAAGGGCTTAATTTTAA ............ TTCATTCSGAGGATTGAGTATTTTRGAGR8 ...... 8CTTe-TTT ........ OCT 

8 ......... e--GAGGAAAGSASnS---8 ...... ARGGGCTTAATTTTAA ............ TTCRTTTSGAGGATTGRGGATTTTATAGA8 ...... 8CTTS-TTT ........ GAT 

8 ......... 8--GAGGAAAGSAS-8---8 ...... AAGGGCTTAATTTTAR ............ TTCATTTSGAGGRTTGRGGATTTTATAGA8 ...... 8CTTS-TTT ........ GAT 

8 ......... 8--GAGGAAAGBAScS---8 ...... ARGGGCTTAATTTTAA ............ TTCATTTSGAGGATTGAGGRTTTTATAGA8 ...... 8CTTS-TTT ........ Grit 

8 ......... 2TTGAGGAAAGSAS-8---8 ...... AAAGGCTTCATTTTAA ............ TTCATTTSGAGGATTGAGGATTTTATAGA8 ...... 8CTTS-TTT ........ GAT 

8 ......... 2TTGAGGAAAGSA9-8---8 ...... ARAGGCTTCATTTTAA ............ TTCATTTSGAGGATTGAGAATTTTRTRGA8 ...... 8CTTS-TTT ........ GOT 

8 ......... 8--GAGGAAAGSGSaS---8 ...... AAGGGCTTAATTTAAA--. .......... TTCATTTSGAGGATTGAGGATTTTATAGAO ...... 8CTTS-TTTGATGRTTTGAT 

8 ......... 8--GRGGARRGS88-8---8-ARAGAAAGGGCTTRATTTTAA ............ TTCATTTBGAGGATTGAGGATTTTATAGAO ...... 8CTTS-TTT ........ GAT 

8 ......... 8--GAGGARAGSA9IS---8 ...... AAGGGCTTAATTTTRA ............ TTCATTTSGAGGATTAAGTATTTTATAGA8 ...... 8CTTe-TTT ........ GRT 

8 ......... 8--GAGGAARGSAe-8--GSGAAAGAAAGGGCTTAATTTTAR ............ TTCATTTSGRGGATTGAGGATTTTATAGA8 ...... 8CTT9-TTT ........ GAT 

8 ......... 8--GAGGAARGI-?-8---8 ......... GGCTTAATTTTAR ............ TTCATTTSGAGGATTGAGGATTTTATAGR8 ...... 8CTTe-TTT ........ GAT 

F i g .  1 ( c o n t i n u e d )  
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. . . . . . . . .  ] . . . . . . . . .  I . . . . . . . . .  ] . . . . . . . . .  I . . . . . . . . .  1156 . . . . . .  I 
ARGflGAflRASTTCCTflTASGTTTCCflflGGGGGGTTTflflTCTflTCCCflflTGRGCSG??????? 
AGGflTAARflCTTCCTRTACGTTTCCHAGGGG6GTTflAR???????????????????????? 
AGGRGflRflCCTTCCTATACGTTTCCRR666GG6TTRCRTCTRTCCCflflTGf16?????????? 
AGGflGflAAflCTTCCTflTACGTTTCCflAGG6666TTflflflTCTflTCCCRflTGflGCCGTC????? 
RGGRGARAflCTTCCTflTRCGTTTCCRR66GGGGTTflRflTCTRTCCCRflTGAGCCGTC????? 
RGGRGRRAflMTTCCTRTACGTTTCCARGGGG6?????????????????????????????? 
RRGflGARflflCTTCCTATflCGTTTCCRRGGGGGGTTflCATCTATCCCflflTGflG?????????? 
RGGRGAflARCTTCCTflTflCGTTTCCflRGGGGGGTTACATCTRTCCCAflTGAGCCG??????? 
RGGflGflRflRYTTCCTflTRCGTTTCCflRGGGGGGTTflRRTCTRT??????????????????? 
AG6flTARAflCTTCCTRTRCGTTTCCARGGGG66TTRRRTCTATCCCflATGRGCSGTC????? 
RG6RTflRARCTTCCTATflCGTTTCCRRGGGGGGWTflflflTCTflTCCCRAT6AGCCGTCTR??? 
flGGflTflflflflCTTCCTRTACGTTTCCflflGGGGGGTTACflTCTflTCCC???????????????? 
RGGRTRRflflCTTCCTATACGTTTCCflRGGGGGGT???????????????????????????? 
flGGflTAAflflCTTCCTflTflCGTTTCCflRGGGGGG????????????????????????????? 
AGGRTR???????????????????????????????????????????????????????? 
RAGRGWWWWCTTCCTRTRHGTTTCCRflGGGGG6????????????????????????????? 
AGGRGARAR?TTCCTRTACGTTTCCRRGGGGGGTTRCRTCTRTCCCRATGRGCC???????? 
AGGRGARRRCTTCCTRTACGTTTCCRRGGGGGGTTRRRTCTRTCCCARTGRGCCGTC????? 
AGGRGRRRRCTTCCTATRCGTTTCCRRGGGGGG????????????????????????????? 
AGGRGNHNHCHHCCTATRCGTWTCCRRGGGGGG????????????????????????????? 
RGGRGARRRCTTCCTRTRCGTTTCCRRGGGGGGTTRRRTCTRTCCCRRTGRGCC???????? 
AG6RGRRRRCTTCCTRTRCGTTTCCRAGGGGGGTTAARTCTRTCCCARTGRGCC???????? 
RGGRARRRRCTTCCTRTACGTTTCCAAGGGGGGTTRCRTCTRTCCC???????????????? 
RGGRGRRRRCTTCCTRTRCGTTTCCAAGGGGGGTTAARTCTRTCCCAAT6RGCCGTC????? 
RGGRGRRRRCTTCCTRTRCGGTTCCAAGGGGGGTTCRRTCTRTCCCARTGRGCCGTC????? 
RGGAGRARMCTTCCTRTACGTTTCCAAGGG6GGTTRRRTCTRTCCCRRTGRGCCGTC????? 
RGGRGRARRCTTCCTATRCGTTTCCRRGGGGGGTTRRRTCTATCCCRRTGRGGCGTCT???? 
RGGRGRRRGCTTCCTRTACGTTTCCAAGGGGGGTTACATCTRTCCC???????????????? 
AGGAGRRRRCTTCCTRTRCGTTTCCRAGGGGGGT???????????????????????????? 
flGGRGRARACTTCCTRTACGTTTCCRA6666GGTTRRRTCTAWCCCARTGRGCBGTCTAT?? 
AGRAGAAARMTTCCTATRMGTTTCCAAGGGGGGT???????????????????????????? 
AGGASAARHCTTCCTflTACGTTTCCARGGGGGGTT??????????????????????????? 
AGGAGAARACTTCCTRTACGTTKCCRAGGGGGGT?AAATCTATSCCRATGRGCCGTCTR??? 
RGGAGRARGCTTCCTATACGTTTCCAAGGGG6GTTARRTCTATCCCRRTGRGCYKTCTATC? 
AGGRGAAAACTTCCTATACGTTTCCARGGGGGGTTARATCTATCCCRRTGAG?????????? 
AGGAGAARRCTTCCTATACGTTTCCAAGGGGGGTTARRTCTRTCCCRRTGAGCCGTCTRT?? 
AGGAGAARRCTTCCTATACGTTTCCAflGGGGGGT???????????????????????????? 
AGGRGARRflCTTCCTATACGTTTCCAAGGGGGGTTRARTCTRTCCCRRTGAGCCG??????? 
AGGAGARRRCTTCCTATACGTTTCCRAGGGGGGT???????????????????????????? 
AAGATAAAACTTCCTATRCGTTTCCARGGGGGGTTAAflTCTAYCC????????????????? 
flAGATRRARCTTCCTATRCGTT???????????????????????????????????????? 
AGGAGARAACTTCCTATRCGTTTCCAAGGfiGBGTTAAATCTATCCCRATG???????????? 
AGGAGAAAACTTCCTATACGTTTCCRAGGGGGGTWAARTCTATCCCAATGRGCCGTCTATCG 
AGGATRAAACTTCCTATACGTTTCCAAGGGGGGTTAAATCTATCCCAATGA??????????? 
AGGAGRARACTTCCTRTACGTTTCCflAGGGGGGTTRflATCTATCCCAATGAGCCGTCT???? 
RGGAGRARACTTCCTRTACGTTTCCAAGGGGGGTTAAATCTATCCCAATGAGCCG??????? 

Fig. 1. Aligned rpsl6 intron sequences. Gaps are indicated by -. Unsequenced parts are 
indicated by "?". Uncertain base calls are indicated by the following symbols: R=G or A; 
Y--C or T; M=A or C; K----G or T; S=C or G; W=A or T; B=not A; H--not G; D=not C; 
V---not T; N=A, C, G, or T. Lowercase letters indicate positions that have been coded as 
missing in the phylogenetic analysis due to uncertain alignment. Position 1 in the 
alignment corresponds to the eleventh base in the intron. Informative gap codes have been 
inserted at relevant positions with the different states as numbers 

phylogenetic signal would result from alternative alignments. Of course, many alternative 
alignments are possible by altering gap penalty/substitution costs, but we do not see any 
objective way to choose among these. 

MacClade version 3.05 (MAoDmON & MADDISON 1992) was used for calculation of 
transitions and transversions on the resulting trees (see below). Polytomies were arbitrarily 
resolved and ambiguous base calls were ignored. 

Cladisties. The resulting alignment and the gap codes were analysed using PAUP 
version 3.1.1 (SwoFFoe, o 1993). The most parsimonious solutions were searched for 
heuristically with 50 replicates of random sequence addition, TBR swapping, MULPARS 
on, and uninformative characters ignored. An initial run, with all 46 sequences included, hit 
the absolute limit for MAXTREES, that is 32768. In order to reduce computation time, 
seven sequences that were closely similar to others were removed from the parsimony 
analysis. As measures of the amount of homoplasy in the characters, consistency index (CI) 
and the rescaled consistency index (RC) are presented (FARRIS 1989, SWOFFORO 1993) with 
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autapomorphies excluded. Clade robustness to character perturbations was analysed with 
400 bootstrap replicates, each with 15 random sequence addition replicates, NNI swapping, 
and MULPARS off. One thousand invariable characters were added to the matrix prior to 
the run in order to avoid the effect of irrelevant characters on the bootstrap values 
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Fig. 2. Phylogram of one of the 179 most parsimonious trees found for the reduced taxon 
matrix. Numbers to the right of branching represent estimated Bremer support (i.e. the 
number of extra steps required to collapse that clade). Dashed lines indicate clades that 
were not found after successive character reweighting according to maximum RC values 
(FAR~S 1989, SWO~ORD 1993). Numbers in dots refer to specific clades in the discussion 
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(HARSHMAN 1994). Random sequence addition guarantees that the order of the taxa in the 
matrix does not bias the results, but the heuristic tree-building algorithm may lead to 
underestimation of the support for internal branches (OXELMAN, unpubl.). This effect can 
be expected to be inversely correlated with the ability of the tree-building method to find 
the optimal solution. Preliminary searches indicated that 15 random sequence addition 
replicates were enough for this matrix, as no significant increase in bootstrap values could 
be observed with higher numbers of replicates. Bremer support (BREMER 1988) were 
calculated with the aid of the AutoDecay program (v. 3.03, ERIKSSON & WIKSTROM 1995). 
The PAUP settings used for finding the reversely constrained trees were: ten replicates of 
random sequence addition, TBR swapping, MULPARS on, and uninformative character 
ignored. 

Results 

Figure 1 displays the aligned 46 rps16 intron sequences with the recoding of 
informative gaps included. 498 of the aligned positions include substitutions and 
205 of these are cladistically informative. The length of the rpsl6 intron varies 
from 707 bases (Lychnis chalcedonica) to 951 (Silene bergiana). These two 
sequences are characterised by one large deletion (119 bases) and insertion (148 
bases), respectively. A total of 109 gaps had to be inserted. Fourteen of the gaps 
were interpreted as duplication events and 22 were runs of single bases. Twenty- 
nine gaps are cladistically informative. The AT-content ranges from 66.5% in 
S. bergiana to 70.1% in Lychnis flos-jovis. 

The PAUP search on the reduced matrix resulted in 179 most parsimonous 
trees, each requiring 707 steps (CI excluding autapomorphies = 0.60, RC = 0.40). 
149-150 of these are indels (CI = 0.60 - 0.59, RC = 0.44 - 0.43). One of the 
most parsimonous trees is shown in Fig. 2 with branch lengths and Bremer support 
values indicated. Successive character reweighting according to maximum RC 
values (FAReaS 1989, SWO~ORD 1993) did not converge to a smaller subset of these 
trees. Instead, 442 trees with slight incongruencies relative to the original trees 
(indicated by dashed lines in Fig. 2) were found. The strict consensus tree resulting 
from the 32700 trees identical using the unreduced matrix is shown with bootstrap 
values plotted in Fig. 3. The length (including autapomorphies) of the most 
parsimonious trees is 753 steps (CI excluding autapomorphies = 0.59, RC=  0.41). 

The inferred number of transitions in the 179 trees of the reduced matrix varies 
from 233 to 245, whereas the number of transversions are 312-325. 

Discussion 

At levels of divergence comparable to that in Sileneae, the rps16 intron has several 
properties making it attractive for comparative sequencing studies of angiosperms. 
It is easily amplified compared to rDNA. Multiple sequence alignment is mostly 
straightforward and the variability is rather uniformly distributed over the whole 
intron. The more conserved parts correspond more or less to stem regions in the 
inferred secondary structure of Sinapis alba (NEUHAUS & al. 1989), but there is 
weak, if any, correlation between substitutions. The most AT-rich parts tend to pose 
alignment problems, and may also introduce problems in the sequencing reactions, 
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Fig. 3. Strict consensus tree of the 32700 most parsimonious trees found for the unreduced 
taxon matrix. Numbers above branches indicate bootstrap percentages from 400 replicates, 
* indicates that the taxon is excluded in Fig. 2 

because DNA polymerases sometimes fail to incorporate a base in long A or T 
runs, making the sequences unreadable farther away. This problem was resolved 
with the introduction of TMAC1 in the PCR reaction. 

The cladistic results of this study are largely congruent with the ITS study of 
OXELMAN & LD~N (1995). The sister-group relation (node 1, Figs. 2, 3) between 
Agrostemma and the rest of the tribe is further corroborated. Unfortunately, the 
basal relationships in the remaining clade are still vague. Petrocoptis, Eudianthe, 
and the Steris clade (2) reside outside of the core Silene (3) with moderate support, 
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which is consistent with the ITS results, but the interrelationships among these 
three taxa/clades are poorly resolved. The strong support for the Steris clade (2) 
makes it hard to dismiss from taxonomical considerations. Within the core SiIene 
(3), four clades can be identified with no resolution among them. Lychnis, incl. 
Uebelinia (4) receives strong support with L. lagrangei clearly nested. The SIL- 
SIL clade (5) is weakly supported in this study. The ITS study found two strongly 
supported subgroups in this group: one, represented here by Silene bergiana and S. 
nocturna, corresponding to ROI-IRBACrt'S (1869) section Cincinnosilene (with the 
addition of sect. Rubellae), and one corresponding approximately to his sect. 
Botryosilene (with the addition of Polyschemone and sect. Rigidulae). These 
groups are found also in this investigation with strong support (100% and 92% 
bootstrap values, respectively), but the inclusive clade receives only weak support. 
Notable is that S. schafta, which could not be assigned to any of the two subgroups, 
has an ambiguous position also in this study. Surprising is the strong alliance 
between S. cretica (sect. Behenantha) and S. echinosperma (sect. Rigidulae), 
previously never classified in the same section. They share, however, several 
characters, i.e. glabrous calyx, viscid stem internodes, and similar seed 
morphology. Silene antirrhina and S. muscipula are two other species previously 
classified in sect. Behenantha. They group strongly together but their relationship 
to others is unclear from the rpsl6 sequences alone. GREtrrER (1995) suggested that 
S. fabaria and sect. Behenantha are more related to each other than S. fabaria to 
the S. vulgaris group (to which S. uniflora belongs). The ITS data are in agreement 
with this hypothesis, but the section was then only represented by S. reinholdii. It is 
clear from the present study and accompanying ITS studies (OXELMAN & LID~N, 
unpubl.), that the sect. Behenantha, as traditionally circumscribed, is polyphyletic. 

Silene sordida and S. cryptoneura are two SW Anatolian species that 
previously have been classified closely together in sect. Atocion subsect. 
Delicatulae nom. illeg. (CHOWDHURI 1957). The aberrant morphology of S. sordida 
made OXELMAN (1995) suspect that this classification could be erroneous, and this 
was also indicated by the ITS data. However, the two species form a strongly 
supported rpsl6 intron clade (6). In the ITS study, both species resided in the 
weakly supported SIL-OBE clade. When clade (6) is excluded, SIL-OBE (7) 
receives substantial support from rpsl6 sequences, whereas the ITS sequences only 
gave weak support. As with the ITS sequences, there is not much resolution within 
this clade. The most strongly supported group includes representatives from sect. 
Occidentalis (S. rotundifolia), sect. Physolychnis (S. furcata), sect. Chloranthe (S. 
viscosa), sect. Lasiostemones (S. aprica) and Lychnis sibirica. In the ITS tree, also 
the sect. Odontopetalae (Silene zawadskii, S. oblanceolata) was grouped here with 
high support. Unexpectedly, S. uniflora and S. pendula form a strongly supported 
rpsl6 intron clade. This was double-checked with independent DNA preparations. 
The clade is very difficult to identify by morphological characters, but is an 
agreement with ITS data (unpublished results). 

Conclusion 

The rps16 intron sequences provide valuable additional information to the ITS 
sequences for resolving relationships within the tribe Sileneae. The strong 
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Table 1. Acronyms and geographical origins of plant materials used for cpDNA sequence 
comparisons in this study. Subdivisions here listed are those given in the ITS trees (OxELMAN 
& LmgN 1995). Section designations in square brackets are those used in Silene by 
CHOWDHURI (1957). Species not treated by CHOWDHURI are tentatively assigned to his 
sections. Voucher specimens are deposited at GB unless otherwise stated Ox BENGT 
OXELMAN, KGB Kunming/G6teborg Botanical Expedition to Yunnan 1993; herbarium 
abbreviations according to HOLMGREN & al. 1990). See text for further explanation. E. 
Eudianthe, L Lychnis, S. Silene, I-1. Heliosperma, U. Uebelinia, P. Petrocoptis 

ITS group/species Voucher; origin (EMBL accession number) 

OUT (Outgroup) 
Stellaria media (L.) VrLL. 
Saponaria sicula RAFIN. 
AGR (Agrostemma L.) 
A. githago L. 
PET (Petrocoptis ENDL.) 
P. pyrenaica (J. P. BERGEm~T) A. Be. 
EUD [Eudianthe (RCHB.) Rcrm.] 
E. laeta (Art.) RCHB. 
E. coeli-rosa (L.) ENDL. 
LYC (Lychnis L., incl. Uebelinia HOCrTST.) 
L. chalcedonica L. 
L. flos-cuculi L. 
L. coronaria (L.) DESR. 
L. flos-jovis (L.) D~SV. 
U. abyssinica HOCHST. 
STE (Steris AOANS, S. 1., see text) 
Steris viscaria (L.) RANN. 
[4. pusillum (WALDST. & KIT.) VIS. 
S. armeria L. [sect. Compactae] 
S. rupestris L. [sect. Rupifraga] 
SIL-OBE 
S. baccifera (L.) Roxn 
S. furcata RANN. [sect. Physolychnis) 
S. noctiflora L. [sect. Elisanthe] 
S. rotundifolia Nvrr. [sect. Oecidentales] 
S. elisabethae JAN [sect. Odontopetalae] 
S. uniflora ROTH [sect. Behen] 
S. zawadskii I-IZRBrCn [sect. Odontopetalae] 
S. conica L. [sect. Conoimorpha] 
S. viscosa (L.) I~RS. [sect. ChIoranthae] 
S. dichotoma EH~. [sect. Dichotomae] 
S. littorea BROT. [sect. Succulentae] 
S. samia MELZH. & CIraISrOD. [sect. Atocion e descr.] 
S. cryptoneura STAPF [sect. Atocion] 
S. sedoides POIR. [sect. Atocion] 
S. sordida HUB.-MoR. [sect. Atocion] 
S. foetida LINK [sect. Cordifoliae] 
SIL-SIL 
S. fruticosa L. [sect. Siphonomorpha s. 1.] 
S. nivalis (KIT.) RoI-Im3. [Lychnis] 
S. acaulis (L.) JACQ. [sect. Nanosilenae] 
S. echinosperma BoIss. & HEI,DR. [sect. Rigidulae] 
S. nocturna L. [sect. Scorpioideae] 
S. bergiana Lrt, rou. [sect. Atocion] 
S. schafla G. GME5. [sect. Cucubaloideae] 
Not included in the ITS study 
L sibirica L. 
L lagrangei Coss. 
S. latifolia Pore. [sect. Elisanthe] 
S. aprica TuRcz. [sect. Lasiostemiones] 
S. cretica L. [sect. Behenantha] 
S. muscipula L. [sect. Behenantha] 
S. antirrhina L. [sect. Behenantha] 
S. pendula L. [sect. Erecto-refractae] 

Ox 2231; Sweden, G6teborg (Z83152) 
Ox 2298; Garden (Z83153) 

Ox ITS-AGR30616; Garden (Z83154) 

Ox 2276; Garden (Z83167) 

Ox 1876; Algeria, Berrahal (Z83155) 
Ox 2285; Garden (Z83156) 

Ox 2277; Garden (Z83164) 
Ox 2200; Sweden, Hisingen (Z83163) 
Ox 2278; Garden (Z83165) 
Ox ITS-FLO30610; Garden (Z83166) 
GILBERT & FRIES 8418 (UPS); Ethiopia, Illubabor (Z83161) 

Ox 2199; Sweden, Hisingen (Z83157) 
Ox 2281; Austria, Hochschwab (Z83158) 
Ox ITS-ARM30611; Garden (Z83159) 
Ox 2198; Sweden, Hisingen (Z83160) 

Ox 2287; Italy, Torino (Z83169) 
Ox 2282; Sweden, Abisko (Z83182) 
Ox 2230; Sweden, G6teborg (Z83176) 
Ox 2231; Garden (Z83183) 
Ox 2261; Garden (Z83184) 
Ox 2197; Sweden, Hisingen (Z83173) 
Ox 2241; Garden (Z83177) 
Ox 1944; Greece, Sterea Ellas (Z83170) 
Ox 2288; Garden (Z83175) 
Ox 2221; Greece, Amorgos (Z83174) 
Ox ITS-LIT20604; Spain, Punta Paloma (Z83185) 
Ox 2208; Greece, Samos (Z83168) 
Ox 1691; Turkey, Antalya (Z83187) 
Ox 1195; Greece, Cape Maleas (Z83179) 
Ox 2206; Turkey, Mannaris (Z83186) 
Ox ?; Portugal, Castelo de Vide (Z83178) 

Ox 934; Greece, Peloponnisos (Z83188) 
Ox 2255; Romania, Rodna (Z83190) 
Ox 2243; Sweden, H/irjedalen (Z83189) 
Ox 2227; Greece, Peloponnisos (Z83196) 
Ox 654; Greece, Delft (Z83192) 
HOLMO~a~L 1182; Spain, Monda (Z83191) 
Ox 2264; Garden (Z83194) 

GUBANOV 143 (MV); Mongolia, Bogd Uul (Z83180) 
HUBER-MORATH 3408 (LD); Morocco, Tetouan (Z83162) 
Ox 2310; Garden (Z83171) 
Wu & Cz~rtJAYG 7294; China, Yunnan (Z83181) 
Ox 1324; Greece, Peloponnisos (Z83195) 
Ox 1780; Morocco, Djebel Azrou Achkar (Z83197) 
VINCENT & LAMMERS 3137; USA, Ohio (Z83193) 
Ox 2291; Garden (Z83172) 
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correlation between the results suggests that the combination of  the two regions 
will provide a valuable framework for more detailed future studies. Several of  the 
molecular results are unexpected and have not been previously hypothesized, 
which does not necessarily mean that they are in conflict with morphology. 
Examples are the Steris clade, the disassemblage of several sections (i.e. Atocion, 
Behenantha, and Erectorefractae), the inclusion of Uebelinia in Lychnis, and the 
strong relationship of Lychnis sibirica with several Silene/Melandrium taxa. Given 
that, although sampling is representative of hypothesized diversity, only c. 10% of 
the species in the tribe have yet been studied with molecular data, it is likely that 
there is more to find, especially concerning lower level classification. 

The ease with which sequences are obtained, even from old herbarium material 
(see LIDgN & al. 1997, this volume), as well as the relatively straightforward 
alignment of sequences makes the rpsl6 intron attractive for taxonomic problems 
below the family level. Sequence divergence is two to three times lower than in 
nrDNA ITS (OXZLMAL & LIDgN, unpubl.) and similar to that of  other chloroplast 
introns (GIELLY & al. 1996, DOWNIZ & al. 1996), suggesting that these two regions 
complement each other. 

Financial support for this study was obtained from the Swedish Natural Science 
Research Council and Carl Skottsbergsfonden. We are grateful to JEFF DOYLE and an 
anonymous reviewer for their helpful and constructive criticism. 
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