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Abstract: Intron sequences of the chloroplast gene rps16 from 46 species were used to
examine phylogenetic relationships indicated by ntDNA ITS sequence variation in the tribe
Sileneae (Caryophyllacaeae, Caryophylloideae). This region has previously not been
utilized for phylogenectic purposes but the results presented here suggest that it is a
consistent and valuable complement to the ITS sequences. The rpsl6 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 rps16 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
(BomLe & 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 (Sorris & Sorrs 1995),
whereas the internal transcribed spacer (ITS) sequences of the nuclear ribosomal
DNA are extensively used at lower taxonomic levels (e.g., BALDWIN & 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’
(DovLe 1992). Different genes (or genomes) in the same organism may have
different histories due to for example introgression (RiEsEBErG & Sorris 1991) or
lineage sorting (PamiLo & NEr 1988). Second, functional dependencies among
nucleotide sites may inflate misleading signals (see BaLpwin & al. 1995). Third,
bidirectional interlocus concerted evolution of rDNA paralogues may lead to
erroneous conclusions (WENDEL & al. 1995).

Recently, the focus of plant molecular systematists has shifted toward more
rapidly evolving chloroplast DNA (cpDNA) loci. These include the genes marK
(e.g., JounsoN & Sorris 1995) and ndhF (e.g., OLmstEAD & REEVES 1995). Non-
coding sequences include the intergenic spacers between rbcL and atpB (e.g.,
EHRENDORFER & al. 1994), between trnl. (UAA) and trnF (GAA) (e.g., BOHLE & al.
1994), and between #rnT (UGU) and rnl. (UAA) (Bonie & al. 1994). Intron
studies include trnL. (UAA) (e.g., BOHLE & al. 1994, GieLLy & TABERLET 1994) and
rpll6 (JorpaN & 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, OxFiMAN & LIDEN 1995).

The rps16 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. (Onyama & al. 1986), Pinus
thunbergii PArL. (Tzupsukr & al. 1992), Pisum sativum L. (NaGcano & 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 (DownNE & Paimer 1992, Dovie & al.
1995). In the six Genbank accessions available in spring 1995, the length of the
rps16 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 1..) 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 rps16 intron might be an ideal complement to our previous ITS study on
inter/intrageneric relationships in the tribe Sileneae.

Our ITS study (OxeLMAN & LiDEN 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 RonrBacH’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 Apans.) is not reflected in previous
classifications (but see GREUTER 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 (GREUTER 1995), and the two Mediterranean species S. cretica L.
and S. muscipula L. in the present study. Silene littorea Brort. resides at an isolated
position in the ITS tree and preliminary analyses of the rps16 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 (FeLsensTEIN 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 8§1-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 rps16 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 rps16 intron as a complement
to ntDNA 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 & LiniN (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 NaCl, 10 mM Tris-HCI, 20 mM EDTA. For DNA from
herbarium specimens, additional purification was made with GeneClean. The rps16 intron
was amplified with the PCR primers rpsF (GTGGTAGAAAGCAACGTGCGACTT) and
psR2 (TCGGGATCGAACATCAATTGCAAC). The 3’ 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’ on rpsR2, where the grasses have an A instead
of a G. Usually, one 50 pl 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 uM tetramethyl ammonium
chloride (TMACI), 0.1 mM of each dNTP, 3-10 pmol of each primer, 1-50ng template
DNA and 1 mM MgCl,. Denaturation (2 min at 95 °C) was followed by 33 cycles of (95°C
30s, 57-60°C 1 min, 72 °C 2 min), ending with 7 min 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 3’-labelling with 338 described in OxeLmMaN & LIDEN (1995), (2) a *S-based
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Sequenase (version 2, Amersham) protocol modified after TueiN (1990) and Hoor & al.
(1995), 3) solid-phase sequencing with a Cy5-labelled 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-labelled 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 min step at
60°C.

35S-1abelled fragments were separated on polyacrylamide gels (35 x 45 cm) 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-labelled 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 GoLENBERG & 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 TTCTATAAT. (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 conflicting
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Fig. 1 (continued)
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TCARAAGRATAARGTTGGARCRACTTCGTARGTTATCTTTGACAGARARATATB-AARG GATCARARBTTARGCARATTTTGRATCCCCCE -AGGRCATTTTGAT

TCARAAGRATAARGTTGGARCAACTTCGTARGTTATCTTTGACAGARARATAGB-ARAG GHTCRAARBTTARGCARATTTTGARUTCLCCCE-~--~AGGRCATTTTGAT
TCARRAGRATARGTTGGAACAACTTCGTARGTTATCTTTGACAGRRARATAGE-AARG-~-=~~ GATCARARBTTARGCARATTTTCAACCCCCCO----AGGRCATTTTGAT
TCARARGAATAAGTTGGAACARACTTCGTRAGTTATCTTTGACAGRARARATAGE-AAAG GRTARRAABTCHNAGCARATTTTGAACCCCCCO -RGGRCATTTTGAU
TCARARAGRATARGTTGGARCRACTTCGTARGTTATCTTTGACAGRRARATAGE-AARG GRTCARAABTCARGCRAATTTTGARACCCCCCA -AGGACATTTTGAT
TCARAAGARTAASTTGGARCRACTTCGTARGTTATCTTTGATAGHNNNNNNN? =N v mmm oo e Pmmmm e meaa e Pmmmmmmenmm—m e
TCARRAGAATARSTTGGAACRACTTCGTARGTTATCTTTGACAKAAARATRGE-ARAG GATCAARABTCARGCRARTTTTGAACCCCLCE----AGGRCATTTTGAT
TCARRAGAMTAAVUTTGGAACAACTTCGTARGTTATCTTTGACATAARARTAGE-AAAG GHTCRARABTCARGCRARTTTTTARCCCCCCE -RGGRCATTTTGAT
TRARARRRATARGTTGGARCAACTTCGTARGTTATCTTTGACAGARRAARAGO-AARG GATCRARABAAAAGCAAARTTTTGAATCCCCCO -AGGACATTTTGAT
TRARARGRATAAGTTGGARCAACTTCGTARGTTATCTTTGACAGARARATATA-RAAG GUTCRARABTRARGCRARTTTTGAUTCCLCCCO----AGGARCATTTTGAT
TRARAAGRATARGTTGGAACAACTTCGTAAGTTATCTTTGACAGAAARARTAGB-AAAG GAUSAARABUCARNCAARNUULUAARUCCCCCO--~~AGGACRUWUNGAN
TRARARGARATAASTTGTTCCAACTTCGTARGTTATCTTTGAYAGRARAARTAGA-AAAG GATCRARABTCARGCRARTTTTGRATCCCCCO
TRARARGRATACGTTGGARCARCTTCGTARGTTATCTTTGACAGAAARRARTAGI TARAG GATCAARABTARAGARRARTTTTGAATCCCCCO
TAARAAGRATAAGTTGGARCAACTTCGTARGTTATCTTTGACAGAARARTAGB-ARAG GATCRARABTCAAGCAAARTTTTGAATCCCCCA---~AGGATATTTTIGAT
TRARAAGARATARGTTGGARCAACTTCGTAAGTTATCTTTGACAGAARARTAGO-AAAG GATCRARABTCAAGCAARTTTTTAATCCCCCA----AGGATATTTTGAT
TCAAARGANTARNTTGTAARCAACTTCGTAARGTTATCTTTGANAGANRARTAGB-RAAG~ v~ GNTCRARAGTCAACCARATTTTNANTCCCACE ~-AGGACRTTTT?AT
TCARARGAYTARNTTGGAACAACTTCGTRAGTTATCTTTGA?ARARARUTAGO-ARAGAGARRGGYTCAAANBTARAGCAANTTTTARNTCCCCCE -AGGACATTTTRAT
TCARARGAATARGTTGGAACAACTTCGTRAGTTATCTTTGACAGRRARATAGA-ARAG GATCRAAABTCARGCARACTTTGARTCCCCC@----AGGRTATTTTGAT
TCAARARGAATARGTTGGRAACAACTTCGTARAGTTATCTTTGACARARARATATO-AAAG GATCAARRBTCAAGCAAATTTTGRATCCCCCE---~AGGACATTTTOAT
TCARARGARTAAGTTGGARCARCTTCGTRAGTTRTCTTTGACAGARARATAGE-AAAG GATCARAABTARRGCAARTTTTGAATCTCCCE ~RGGRCATTTTGAT
TCARRAGARTARGTTGGAACARCTTCGTRRGTTRTCTTTGACRGAARARATAGE-AARG GATCAARABTCARGCAAATTTTGAATCCCCCO -AGGRCATTTTTAT
TCRARRGAATARGTTGGARCAACTTCGTARGTTATCTTTGACARARAAATAGICARAAG GATCARARGTARAGCRARTTTTGAATCCCCCO----AGGRCATTTTDAT
TCARARGAATAAGTTGGAACRACTTCGTARGTTATCTTTGACARARAAATAGE-ARAAG GATCARARBTARAGCCARTTTTGAATCCCCCO--~~AGGACATTTTGAT
TCRARRGAATARGTTGGAACAACTTCGTARGTTATCTTTGACARARARRTAGE-AAAG GATCARAABTARAGCAARTTTTGRATCCCCCA ~-RGGRACATTTTGAT
TCAARRGAATARGTTGGRACAACTTCGTARGTTATCTTTGACARARARNTAGE-AAAG GUTCARRABTARAGCAARTTTTGAUT.CCCCCO -RGGRCATTTTGAT
TAARRRGARTARGTTGGARCRACTTCGTARGTTATCTTTGACAGANARATAGB-ARAG GATCARARABTCAAGCAAARTTTTGRATCCCCCA-~--RGGACATTTTGAT
TARARRGAATARGTTGGAACAACTTCGTARGTTATCTITGACAARARRATAGRB-ARRA GATCARRABTCARGCARAATTTTGAARTCCCCCO~~---AGGRCATTTTAAT

TCAARAGAATARGTTGGRACAACTTCGTARGTTATCTTTGACAGARARATATE-ARAG GHTCAARRBTCARGCAAATTTTGRATCCCCCO -AGGRCATTTTGAT
TCARRAGAATAAGTTGGRARCAACTTCGTARGTTATCTTTGACATARAARATATO~ARAG GATCAARRBTARAGCRARTTTTGARTCCLCCE -RGGACATTTTGAT
TCAARAGAATRAGTTGGAACAACTTCGTARGTTATCTTTGACAGARARRATAGR-AAAG RATHAARAGTARAUMARARTTTTTAATHMNCCE~~~--GGRANATTTTRAT
TCARRAGARTRAGTTGGRACARCTTCGTARGTTATCTTTGACRGARRAATATO-AARG-----~ GATCAGRAGTAARTCARRTTTTTARATCCTCCE----GGGATATTTTGAT
TYRARAGARTAASTTGGAACARCTTCGTAAGTTATCTTTGACARGARRARTAGB-ARAAG- ~~- -~ GATCAARRATAARGCARATTTTTARATCCCCCO -GGGACATTTTGAT
TCARARGAATAAGTTGGAACAACTTCGTRAGTTATCTTTGACAGARAAATATB-AAAG- --GATARAART ARATTTTARTCCCCCO -G6GACA--—=---~
TCARRRGAATAAGTTGGRACAARCTTCGTARAGTTATCTTTGACAGARAAATATO-AAAG- --GATAARAA1 ARATTTRAATCCCCCO -GGGACATTTTGAT
TCAARAGAATRAGTTGGAACARACTTCGTARGTTATCTTTGACAGARRAARTARG-ARAG~~~~--- GATCARRABTARATCARATTATTRATCCCCCA -GGGACATTTTGAT
TCARRAGAATRAGT TGGRACAACTTCGTARGTTRTCTTTGACAGRARRATAGO-AAAG-~~=-- GATCARRAGTAAAGCCAATTTTGARACCCCTCB-~--GGARCATTTTGAT
TCARRAGAATAAGTTGGAACAACTTCGTARATTATCTTTGACATARRRATAGA-ARAG-~=~ux GATCARAAGTAAAGCARATTTTTAACCCCCCICCC--GGACATTTTGAT
TCARRAGAATARAGTTGGAACAACTTCGTARGTTATCTTTGACATAARARTAGB-AAAG~-~~~~ GATCARRAGTRAAGCARACTTTTARCCCCCCICCCGGGGACATTTTGAT
TCARRAGARTAAATTGGAACARCTTCGTAAGTTATCTTTGCCAGAUAARTAAB-AARG- -~~~ GATCARARBTAAAGCARATTATTARTCCCCCO-~-~GGGACATTTTGAT
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ARRBAGCTTTO-TCGAT-~=w- T-AA---ATATATTT-TATATATTGTGCGG--------~ ﬂﬂﬂTCCHCCG—---THTGHTTHGHTTC TTTGAGAGARATARRTAACARAA

ARABGCCTTGO-TTTAT~----T-AAATTATATACTTATATATAGCGTTCGG--~
ARABRCCTTTO-TARAT-w=--T-AA---TTTGATTTATATATATCGTGTGG-~-~
ARRBCCCTTTB-TCAAT=m=--T-RA-~-TTTGATTTATATATATCGTGCGG--~
RARBCCCTTTO-TCART-----T~AR---TTTGATTTATATATATSATGTGG-
AARBCCCTTTO-TCART-----T~AR---TTTKATTTATATATATCGTGCGG-
RARBCCCTTTO-TCART-----T-AR---TTTGATTTATATATATCGTGCGG- --RARTCCCTCGTTCATATGATTAGRTTC-TTTGATAGARRTAAATARCAARAR
AARBCCCTTTA-TCART-----T-AR~~-TTTGATTTATATATATCGTGCGG--~ --AARTCCCTEGTTCATATGANTAGATTC-TTTGATAGRAATARATRACAARA
RARBCCCTTTA-TCART-----T-AR-«~TTTGATTTATATATATCGTGLGE~~wmm -~ RARTCCCTCGTTCATRTGATTAGATTC-TTTGATAGRAATARRTAABAARRA
AART-CCTTTB-TCART--~--T~AA---TTTTATTTATATATATTGTGCGGATTGTGCGGARRTCCCTCGTTCATATGATTAGATTA-TTTGATAGARARARATARCAAAR
ARRT-NCTTTO-TCART-~~-=T-CA---TTTTATTTATATATATTGTGSGG--------~ AARRUCCCYCGTTCATATGATHAGATTH-TTTGRTNNNNNNNNNNNNNNRAA
ARAT-CCTTTE-TCAAT~~-~-T-AR---TTTTRATTTATATATATTGTGCGG- --AARTCCCTCGTTCATATGATTAGATTA-TTTGATAGRARARARTAASRARA
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ARAT-CCTTTO-TRAAT-- -~RARTCCCTCGTTCATATGATTAGATTC~TTTGATAGAARARRATAACAAAR
ARAT-CHTTTO-TTAAT-- --RAARTCCCTCGTTCATATGATTAGATTC-TTTGATRGAARARRATARSARAR
ARABACCTTTO-TCARAT-~ --RARTCCCTCGTTCATATGATTAGATTC~TTTGATAGARATRAATAACAARA
ARA1-CSTTT@-TCRAT~~ --ARATCCCTCGTTCATATGATTCGATTC-TTTGATAGARA-ARATRACAARRA
AAAT-CCTTTE-TCAAT-- -~AARTCCCTCGTTCATATGATTAGATTC-TTTGATAGARATAAATRACAARR
RART-CCTTTIATTAAT-- ~=BRATYCCTY-mmmmmmm ATTRGATTC-TTTGATAGAARATRARTAATAARRA
RART-CCTTTE-TCART-- --RAATCCCTCGTTCATATGATTAGATTC-TTTGATAGAAATRARTAACARARA
ARA1-CCTTTO-TCAAT -~ --RARTCCCTCGTTCATATGATTAGATTC-GTTGATAGAARTARATAACAARA
AAAR1-CCTTTO-TCAAT-- --RARTSCCTCGTTCATATGATTAGATTC-TTTGATAGARATARRTAACAAAR
AARI-CSTTTO-TCART-- --RANTCCCTCGTTCATATGATTAGATT?-TTTGATAGARATAARATARACAAAA
ARA1-CCTTTO-TTAAT~- --RARTCCCTCGTTCATATTATTAGATTC-TTTGATAGARRTAARATAACARRAR
CAR1-CCTTTO-TCAAT-- --RAATCCCTCOGTTCATATGATTAGRTTC-TTTGATAGARATAARTAACARAAR
ARAYI-CCTTTO-TCART-- --ARATCCCTCGTTCATATGATTAGATTC-TTTGATAGARUTARRTANCARAR
ARA1-CTTTT@-TCAAT~~ --ARATCCCTCGTTCATATGATTAGATTC-TTTGATAGAARTAAATAACARRRA
AARAT-CCTTTE-TCART-- --AAATCCCTCATTCATATGATTARATTC-TTTGATAGRARTARARTAACAARA
RARI-CCTTTE-TTAAT-- --ARRTCCCTCGTTCATATTATTAGATTC~TTTGATAGRAATARRTAACAAAR
AAAL-CCTTTE-TTAAT -~ --AARTCCCTCGTTCATATTATTAGATTC-TTTGATAGARATARATAACARARA
ARAI-CCTTTE-TTAAT-- -~ARATCCCTCGTTCATATTATTAGATTC-TTTGATAGARATRARTAACARAA
AAA1-CCTTTO-TTAAT-- -~RARTCCCTCGTTCATATTATTAGARTTC-TTTGATAGARATARATARCARRAA

~-RARTCCGCTGTTCATATGATTAGRTTC-GTTGRGCGARATARATAATAARA
--RARTCCCTCGTTCATATGATTARATTCTTTTGATAGAARTARATAACAARRA
--AARTGCATCGTTCATATGATTAGATTC-TTTGATAGARATAAATAACAARA
--ARATGCATCGTTCATATGATTA-ATTC-TTTGATAGRARARARTAACARAR
--RARTCCCTCGTTCATATGATTAGATTC~-TTTGATAGAARTAARTAACARRRA

-T-ARA---TTTTATTTATATATATTGTGCGG-
-T-AA---TTTTATTTATATATATTGTGCGG-
~T-AR--~TTTGRTTTATATATATCGTGCGG-
-T-AR--~TTTGATTTATATATATCGBGCGG-~~
-T-RA---TTTTRATTTATRTAT--CGTGCGG---
~T-AR---TTTGATTTATATATATYTYGYGG-
-T-AA---~TTTGRTTTATATATATCGTGCGG-
-T-AR--~TTTGATTTATATATATCGTGLGG-
~T-AR---TTTGATTTATATATATBGTGCGG-
-T-AA---TTTGNTTTATATATATNGTGCGG-
-T-AM--~NTTDATTTATATATATCGTGCGG--~
-T-AR-~-TTTGATTTATATATATCGTGCGO--~
-T-AR---TTTGATTTATATATATCGTGCGG--~
-T-RA--~TTTTATTTATATATATCGTGCGG-
~T-AA---TTTGATTTATATRTATCGTGCGC-
-T-RR---TTTGARTTTATATATATCATGCGG-
-T-RR---TTTGATTTATATATATCATGEGG~
-T-AR---TTTGATTTATATATATCGTGCGG-
-T-AA~-~TTTGATTTATATATATCGTGCGG-

ARAI-CCTTTO-TCAAT----- T-AR---TTTGATTTATATATATCGTGCGG- --RARTCCCTCGTTCATATGATTAGATTC-TTTGATAGAAATATATAACARAA
ARA1-CCTTTO-TCARTATCRATARA~--TTT--TTTTTATATATCGTGCGG- -~RARTCCCCCGTTCATATGRTTAGRTTC-TTTGATAGRAATAARARTARCAAAR
ARAL~-CCTTTO-TCART~---- T-RA-~--TTTGATTTATATATAACGTGCGG- MARTCCCYCGTTCATATGATTAGATTC-TTTGATAGRARTURRTAACRAAR

-T-AR---ATBBTTTTATATATATCGTGCGG-
-T-NMA---TTTGATTTATATATATNGUGHGG-
-T-AR---TTTGATTTATATATATCGTGCGG-
-T-AR---TTTURTTTATATATATCGTGCGG-

--ARATTCCTCGTTCATATGATTAGATTC-TTTGATRGARATAAATARCARAR
--RARTCCCTCGTTCATATGATTAGATTC-TTTGATAGARATRAATARZAARAR
--RARTCCCTCGTTCRTRTGATTAGATTC~-TTTGATAGAARTAAATRATARARA
--BARTCCCTYSTTCATATGATTAGARTS-TTTGATAGAARATARATAATAARA

AARI-CCTTTE-TCART--
ARA1-MNTTUG-TTAAT -~
ARA1-CCTTTB-TTAAT--

ARR1-CSTTTA-TTART--

-ART-CCTTTIGTTART - -=unT~
ARAT-CCTTTIGTTAAT-~~---T-
ARAT-CCTTTA-TTAAT-----T-

AART-CTTTTR-TTART~-~~-T-

AAA1~CCTTTA-TTAAT~~---T-
RAAYI-CCTTTO-TTART-----T-
RARI-CCTTTO-TTART--~--- T-

Fig. 1 (continued)

AR---TTTGTTTTATATATATCATGCGG~-~---~-~ RARTCCCTCGCTCATATGATTAGATTC-TTTGATAGARARTAAAGARCAAAR
CA--~TTTGCTTTATATATATCATGCGG--------~ ARATCCCTCGCTCATATGATTAGATTC-TTTGATAGARRTRAATARCAAAR
AR--~TTTGATTTATATATATCGTGCGG- --AARTCCCTCGTTCATATGATTAGATTC-TTTGATAGAARTARATAACAARARRA

AA---TTTGATTTATATATRTCGTGCGG- --AAATCCCTCGTTCATATGATTAGATTIC-TTTGATAGAARRTARATARCARAR

Aemrommmmm TRATATATATATCGTGCGG~=mmmmmm-~ RAATCCCTCGTTCRTATGRTTAGATTC-TTTGATAGARATARATAATARAR
Ammmmmm e TTTATATATATCGTGCGEG---—~~~~- RARTCCCTCGTTCATATGATTAGATTC-TTKGATAGARNTARATAAUTAAR
TT-==TTTTITTARTTTATATCGTGCGG--——mm = RARTCCCTCGTTCRTATGATTAGATTC-TTTGRTAGARATARATARCARAR
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Stellaria RAGGTATGTTGCGGCCATTTTTGARAGGATTAAA---8---AATCAACGARGTARTGTCTAAACCCARTGRTTCARA-AARABCARGAT---1GATI TARARGGCTTCCGGARCAR
Saponaria A-GGTATGTTGCTTCCTTTTTTGAARGGATTAARA---6---AATCAACGARGTAATGTCTAAACCCAARGGATTCAA-ARARBCARGART - ~-1gAARGGCTTCCGTAACAR
A. githago A-GGTATGTTGCTACCATTTTTGARAGGRTTRAR---8---ARTCAACGARGTAATGTCTAARRCCTAATGATTCAA-ARARBCAAGAT- -0~RACGACTTCCGGARCARA
E. laeta A-GGTATGTTGCTGCCATTTITTGRARGOAT Tomw = 1ACARATCARCGAAGTAATGTCTAAACCCARTGATTCAR-ARARABTRAGAT - -8-AAAGGCTTCCGGRACAR
E. coelirosa R-GGTATGTTGCTGCCATTTTTGAARGGATTATT---1ACARRTCARCGRAGTAATGTSTARACCCARTGATTCAA-ARRABTARAGAT---B---8-AARGGCTTCCGGARCAR
St. viscaria A-GGTATGTTGCTGCCARTTTTITKARAGGATTARA---B---ARTCAARCGARGTARTGTCTARACCCARTGATTCAA-AARARBCAAGAT---B---8-ARAGGCTTCCGEARCAR
H. pusillum A-GGTATGTTGCTGCCRTTTTTGAARGGATYARA---B---AATCARCGARGTARRTGTCTAARCCCARTGATTCRA-AARARBCAAGAT- -9-RAAGGCTTCCGGARCAR
§. armeria RA-GGTATGTTGLTGCCAYYYYYGRARGGATTARR---8-—-RATCAACGARGTARTGTCTRAACCCAARTGATTICAA-ARARBCAARGAT- -8-RARGGCTTCCGTRACAR
S. rupestris R-GGTATGTTGCTGCCATTTTTGAARGGATTARA-~-0---AATCARCGRAGTAATGTCTRRACCCARTGATTCAR-AAAABCAAGAT---@---8-AARGGCTTCCGTARCAA
U. abyssinica R-GGTATGTTGCTGCCATTTTTGARRGGATTARA---B---AATCAACGAAGTAATGTCTARACCTARTGATTCAR-AARRABAAAGAT---8---B-AAAGGCTTCCGGAACAA
L. lagrangei A-GGTRTGTTGCHNCCATTTTTGRAAGGRTTUAA-~--8---AATCCACSGAGTARTGYCTRARCCTANTGUTTCAA-AARABARAGAT- -8-AAAGGCTTCCGGAACARA
L. floscuculi A-GGTRTGTTGCTGCCATTTTTGARAGGATTAAA---B---AATCARCGARAGTAATGTCTRRRCCTARTGATTSAA-AARABARAGAT---8---B-AAAGGCTTCCGGAACAA
L. chalcedonica A-GGTATGTTGCTGCCATTTTTGARAGGATTARA---0---AATCARCGARGTARTGTCTARRACCTARTGATTCAR-AARRBCARGATCARBGATB-ARAGGCTTCCGGAACAR
L. coronaria R-GGTATGTTGCTGCCATTTTTGAAAGGATTTAR---B--~AATCAARCGAAGTARTGTCTARACCTARTGATTCAR-ARARBCARGAT---B~--8-ARRGGCTTCCGGARCARA
L. flosjovis R-GGTATGTTGCTGCCATTTTTNAARAGGATTTAA---@---ARTCAACGARGTAARTGT?TARRCCTAATGAR?TCAR-AARABSAAGAT---B8---8-AARARGGCTTCCGGAACAA
P. pyrenaica A-GGTATGTTGCTGCCATTTTTGAARGGATTAAR-~--B-~-ARTCAARCGAAGTARTGTSTAARCCCART?ATTCAR-AARARBCARAGAT---B---B8-ARRGGCTTCCGGARCARA
S. samia R-GGTATGTTGCTGCCNBTTTTGRARGGATTAAA---8---ARATCARCGARGTARTGTCTARACCCARTGARTTCAR-RARABCAAGAT---1GATB-ARGGGCTGCCEGAACAA
5. baccifera A-GGTATGTTGCTGCCATTTTTGRAAGGRTTARATTTER-RARTCAARCGRAGTARATEGTCTAAACCCARTGATTCAAR-ARAABCARGAT---1RATE-AARARGGCTTCCGGAACAR
S. conica G-GGTATGTTGCTGY?ATTTTTGAARGGATTAAA~--@---ARTCARCGAAGNARTGTCTARRCCCAATGATTCAA-ARRABCAARGAT--~1GAT8-ARRGGCTTCCGGRACAA
S. latifolia R-GGTCTGTTGCTGCCATTTTTGARAGGATTARA---@---ARTCAACGRAGCAATGTCTARACCCARTGATTCAA-ARARABCARGAT---IGATB-ARRGGCTTCCGGARCAA
S. pendula G-GGTCTGTTGCTGCCATTTTTGARAGGATTARA---8---ARTCAACGRAGTAATGTCTAAACCCAARTGATTCAR-ARARRACARGAT~~-IGATB-RARGGCTTCCGGARCAR
S. uniflora G-GGTATGTTGCTGCCATTTTTTARRGGATTAAA---B-~-AARTCARCGARGTARTGTCTRARCCCAATGATTCAA-ARRABCARGAT---1GATE-RAAGGCTTCCGGAACAR
S. dichotomu A-GGTATGTTGCTGCCATTTITGARRGGRTTARA~~-B~~~-AATCARCGARGTARTGTSTARACCCAATGATTCAR-AAARBCARAGAT---1GATB-RAAGGCTTCCGGAACAR
S. viscosa R-GGTATGTGCCYCCCATTTTTGARRGGUTTARA---B---ARTCARCGRAGTAATGTCTARCCCCAUTETTTCAR-RAAABARRAGHT---1GATI TARAGGCTTCCGGAACAA
S. noctiflora A-GGTATGTTGCTGCCA------ ARANKATTRAR---B--~AATCAACGAAGTRATGTCTAARCCCAARTGATTCAR-AAARBCAAGCT---16ATO-RARGGCTTCCGGARCAR
S. zawadskii R-GGTATGTTGCTGCCATTTTITGAARGGATTCAR---B---ARTCARCGARGTRATGTCTARARCCCAATEGATTCAR-RAARBCARAGAT-~~1GATB-AARGGCTTCCGGARCRA
S. foetida R-GCTATGTTGCTGCCATTTTTGRARGGATTARA---B---ARTCAACGARGTARTGTCTARACCCAATEGATTCAR-RAARBCRAGAT-~~1GATB-RARGGCTTCLGGRACAR
S. sedoides B-GGTATGTTGCTGCCARTTTTTGRARTGATTAARR-~-8---ARTCAARCGARGTAATGTCTRARRCCCAATGATTCAR-RARABCAA-~~~-~~2---8-RAAGGCTTCCOGARCRRA
L. sibirica A-GGTATGTTGCTCCCATTTTTGAARGGATTCAA~~-0---ARTCAACGRAGTAATGTCTARACCCAATGATTCAR-RAAABARAGAT---1GATITAARGGCTTCCGGAACRA
S. aprica A-GGTATGTTGCTCCCATTTTTGAARGGATTCAA---0---ARTCAACGRRGTARTGTCTARRCCCAATGATTCARA-RARABARAGAT---1GATR-RARGGCTTCLGGARCAA
S. furcata A-GGTATGTTGCT?CCATTTTTGRARGGATTARA---8--~ARTCAACGAAGTAATGTCTRAARCCCAATGATTCARARAARAGARAGAT--~1GATB-AAADGCTTCCGGAACAA
S. rotundifolia A-GGTATGTTGCTCCCATTTTTGARAGGATTARA--~@--~-ARTCAACGRAGTAATGTCTAAACCCARTGATTCAA-ARARBAAAGAT--~1GATB-AAAGGCTTCCGGARCAA
S. elisabethae A-GGTRTGTTGCTGCCATTTTTGARAGGATTARA---B---ARTCAACGRAGTARTGTCTRAACCCAATGATTCAR-AARRABCRAGAT---1GAT-ARAGGCTTCCGGRACRAA
S. littorea A-GGTATGTTGCTGCCATTTTTGARAGGATTARA---B---ARTCAACGARGTARTGTCTAAACCCARTGATTCAA-AAAABCAARAAT---1GATA~RAAGGCTTCCGARRCAA
S. sordida A-GGTRTGTTGCCSCCATTTTTGARARGGDTTARA---B-~--ARTCNACGARGTARTG-CCARAACCCAATGATTCAA-RARABCRAGAU---B---B8-AAAGGCTTCCGGRRCAR
S. cryptoneura R-GGTATGTTGCTGCCATTTTTGARAGGCTTARA---8--~AATCAACGARGTAATGTCTARACCCARTGATTCAA-RAARBCAAGAT---B--~B8~AAAGGCTTCCGGARCAR
S. fruticosa A-GGTRTGTTGCTGCCATTTTTGARAGGATTARA---B---AATCAACGARGTAATGTCTARACCCAATGATTCAA-AARABCAAGAT---0---B-ARAGGCTTCCGGARCAR
S. acaulis A-GGTRTGTTGCTGCCATTTTTGARRGGATTARA---8---ARTCAACGRAGTARTGTCTARACCCAATGATTCAA-AAARBCARGAT-~-8---6-RARGGCTTCCGGARCAR
S. nivalis R-GGTATGTTGCTGCCATTTTTGARAGGATTARA---8---ARTCAACGRAGTAATGTSTARACCCAATGATTCAR-AARABARAGAT-~-8---8-AARGGCTTCCGGARCRA
S. bergiana R-GGTATGTTGCTGCCATTTTTGAARGGATTARA---8-~-ARTCAACGAAG-ARTGTCTAAACCCAAGGATTCAR-AAARI ~ARGAT---8---8-ARAGGCTTCCGGARCAR
S. nocturna A-GGTATGTTGCTGCCATTTTTGARAGGRTTARA---8--~ARTCARCGAAGTAATGTSTAAACCCARGGATTCAR-AAAAT-RAGAT---8---1 TARAGGCTTCCGGAACRAA
S. antirrhina R-GGTATGTTGCTGCCATTTTTIGAAAGGATTARA-~-8-~~ARTCARCGAAGTAATGTCTAAACCCAATGATTCAR-AAARGCAAGAT---d---0-ARARGCTTCCGGRACRA
S. schafta A-GGTATGTTGCTGCCATTTTTGAARGGATTARA---8-~-ARTCAACGAAGTARTGTCTAAACCCAATGATTCAR-ARAABCAAGAT~~~8---8-AAARGGCTTCCGGAACAR
S. cretica G-GGTATGTTGCTGCCATTTTTGARAGGATTARA---8---ARTCAACGAAGTARTGTCTAAACCCAATGRTTCAA~AAAABCAAGAT~~~8---8-AAAGGCTTCCGGARCAA
S. echinosperma RGGGTATGTTGCTGCCATTTTTGAARGGATTARA---8---ARTCAACGAAGTARTGTCTAAACCCAAGGATTCAR-ARARBCAAGAT---8---8-AAAGGCTTCCGGARTRAA
§. muscipula A-GGTATGTTGCTGCCCTTTTTGARAGGATTARA---8---ARTCARCGAAGTARTGTCTAAACCCAATGATTCAR-AAAARBCAAGAT-ARBGATB~ARAGGCTTCCGGARCRAR
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Stellaria GGRARTATTCTTTTITI-~-TTTTATTGTCGCAA-CAATTTT=mmm e mmmmmm e ARTCGATTCTARATGAAATAARA-~~~~~ CRAARGAGTATTTGAGACTGCTCA----
Saponaria GGAARAGACTCTTTTT2TTTTTTARTTATCGCAR-ARATKKATTTGGATAARTTCAARTCGATTCTARATGAGAYARAA- CRARGKGTATTTGAGA?TUCTCA--~~
A. githago GGARATACTCTTTTT2ATYTTTAATTGTCGCARGCAAGTTATTGATATCAARTARAR-~-----~~ AARRTGAGACARAA- CARRGGGTATTTTAGACTGCTCA~ =~~~
E. lgeta GGARAGACTCTTTTAB-~ -~~~ AATTGTCGCAR-CAATTGATTGGGATTRATTCARATCAATTTTARRTGAGATAARA- CAARAGGGTATTTTAGACTGCTCA~-~-
E. coelirosa GGARAGACTCTTT-RO ARTTGTCGCAR-CARTTGGTTGGGATTAATTCARATCGATTTTAARTGAGATAARA- CARAGGGTATTTTAGACTGCTCA--~~
St. viscaria GGAARAACTSTTTARG ARTTGTCGCAR-CAATTGRTTGGGATCARTTCARATCGATTTTAAATGRGACAARA- CARAGGGTATTTTAGACTGCTCA-~-~
H. pusilium GGARRAACTCTTITTE RATTGTCGCAR-CAATTGATTGGGATCAATTCARATCGATTTTAAATGASASAARRA--~-—- CARRSGGTARTTTTAGACTGCTCA----
. armeria GGARRARCTCTTIITTE ARTTGTCGCRA-CRATTGRTTGGOATCARTTARRATCGATTTTARATGAGACARAR-—--—- CARAGGGTATTTTARGACTGCTCA----
8. rupestris GGARARARCTCTTTITO------ ARTTGTCGCAA-CAATTGATTGGGATCAAT?AAAATCGATTTTAAATGAGACAARA- SRAAGGGTATTTTAGACTGCYCA-~-~
U. abyssinica GGAARGACTCTTTITTO------ ARTTGTCGAAR-CTATTGATTGGTATCAATTCAARTAGATGTTAAATGAGACAAAR- TARRGGGTRTTTTAGACTGCTCA----
L. lagrangei GGRARRACTCTTITTTO~m v ARTTGTCGARA-CAATTGATTGGTATCAATTCARATAGATGTTARATGAGACARAR--—-—~ CARRGGGTRTTTTAGARCTGCTCA-~---
L. floscuculi GGARRGACTCTTTTTB-~--~~ ARTTGTCGARR-CAATTGATTGGTATCAATTCAARTAGATGTTAARATGAGACARAA--—-—~ CARAGGGTATTTTAGACTGCTCA-~~-
L. chalcedonica GGARAGACTCTTTTTO-~----- ARTTGTCGAAR-CRATTGATTGGTATCAATTCAARATCGATGTTAAATGAGACARAR- CAARGGGTRTTTTAGACTGCTCA~~~~
L. coronaria GGRAAAGACTETTTTTO~ v e ARTTGTCGARAR-CRATTTATTGGTATCARTTCAARTCGATGTTAAATTARGACARAR- CARARGGGTATTTTAGACTACTCA-~---
L. flosjovis GGRARGATTCTTTTTIO~----- RATT?T?KARR-CARTTTATTGGNATCAATTNARATCNATGTTAAATNAGACAAAR~~~~~~ CRAAGGGTRTTITTAGA?TGCT?A--~-
P. pyrenaica GGRARGACTCTTTTTB-~---- ARTTGTCGCAR-CARTTGATTGGGATCAATTCARATCGATTTTAAATGRGACARARR-————— CAARGGOTATTTTAGACTGCTCA-~-~
5. samia GGRRAGACTCTTTTTB------ RRTTGTCGCAR-CARTTGRTTGGGATCRATTCRAATTGATGTTARATGRGACARAR- CARAGGOTATTTTAGACTACTCA----
3. baccifera GGRARGACTCTTTTTE- --ARTTGTCGCAR-CARTTGRTTGGGATCAATTCARRTCGATGTTAARRTGREACARAAA- GRARGGGTATTTTAGRCTACTCA----
3. conica GGARRGACTCTBTTTA- --ARTTGTCGCAA-CAATTGATTGGGATCAATTCAAATCGATGTTAAATGAGACARAR-~~-~~ CARAGGGTATTTTAGARCTACTCA----
S. latifolia GGRARAGACTCTTTTTO-~---~- ARTTGTCGCAA-CAATTGATTGG6ATCAATTCARARTCGATGTTAAATGAGACARARA-- -~ YARAGGGTATTTTAGACTACTCA~~~-
S. pendula GGAARGACTCTTTTTB~~-wwmm RRTTGTCGCAR-CAATTGATTGGGATCAATTCARATCGATGTTARATGRGACAARA- CARARGGGTATTTTAGACTACTCA~~~-
S. uniflora GGRRRGACTCTTTTTE- --ARTTGTCGCAR-CRRTTGATTGGGATCAATTCARRTCGATGTTAAATGAGACAARA- ~~CARAGGGTATTTAAGRCTACTCR-~-~
S. dichotoma GGAARGACTCTTTTTE- --AATTGTCGCAR-CARTTGATTGGKATCARTTCAARATCGATGTTARATGAGACARAA-- -~~~ CRRRGGGTATTTTAGACTACTCA----
S. viscosa GGARAGACTCTTTTTO-~~-=~ ARTTGTCGCAR-CARTTGATTGGGATCARTTCRARTCGATGTTAAATGAGACARAR----—- CARAGGGTATTTTAGACTACTCA--~-
8. noctiflora GGARAGACTCTTTTTB-~~-~~ AATTGTCGCAA-CARTTGATTGGGATCAATTCARATCGATGTTARATGAGACARRACCAARACAARGGGTATTTTAGACTACTCA---~
S, zawadskii GGRAAGACTLCTTTTTE- ARUTGTCGCAA-TRAATTGRTTGGGATCARTTCAARTCGRTGTTAAATGRGACARAR- -~~~ CARARGGGTATTTTAGACTACTCAR~~~-
S. foetida GGRAAGACTCTTTTYE- ARTTGTCGCAA-CARTTGRTTGGGATCARTTCRAATCGRTGTTRAATGAGACARAR-~~~=~ CARRGGGTATTTTAGACTACTCARTAR
. sedoides GGRARGRCTCTTTITE------ ARTTGTCGCAA-CRATTGRATTGEG -~ mmmm o m e e CAAAGGGTRATTTTAGACTACTCA-~--
L. sibirica GGARAGRCTCTTTTTE-~----- ARTTGTCGCAA-CARATTGATTGGGRTCAATTCARATCGATGTTARATGAGACARAA- --CAGAGGGTATTTTAGACTACTCA----
S. aprica GGARAGACTCTTTTTE- RATTGTCGCAR-CAATTGATTGGGRTCAATTCARAATCGRTGTTAARTGARGACARAA- -~CAGAGGGTATTTTAGACTACYCA~~~-
§. furcata GGAARGACTCTTTTTA- AATTGTCGCAR-CAATTGATTGEGATCARTTCARAATCGATGTTAAATGAGACARAR----—~ CARARGGGTATTTTAGACTACTCA-~---
§. rotundifolia GGAARGACTCTTTTITO--~--- AATTGTCGCAA-CAATTGRTTGGGATCAATTCARATCGATGTTARATGA?AYARAR- -~~~ YARRGGGTATTTTAGACTACTCA-~--
§. elisabethae GGAAAGACTCTTTTTB--~---- RATTGTCGCAR-CARTTGATTGGGATCAATTCARATCGATGTTARRTGAGACARAA~ ~~CARAGGGTATTTTAGACTACTCA~~~-
§. littorea GGRAAAGACYCTTTTTO- AATTGTCGCAR-CARTTGATTGGGRTCAATTCARATCGATKTUAARKGGGACARAA- --CARGGGGGATTTTAGACTHCCCA-—--
§. sordida GGRAAGACYCTTTTTB- RATTGBCGCAA~RARRTGATTGGGATCARTTCAARTCGATGTTARATGRGACARAA-~--—- CARAGGOGTUTTTTAGACTGCTCA----
S. cryptoneura GOGRRAGRCTCTTTTTB--~-~-~ AATTGTCGCAR-AARTTGATTGGGATCARTTCARRTCGATGTTRARTGAGACARAR-~-——~ CARRGGGTATTTTAGACTGCTCA-~~~
S. fruticosa GGARRGACTCTTTTTB-—---- RATTGKCGSAR-CARTTGRTTGGGATCARTTCAARTCGATGGTAARTGAGACARAR- ~-CAGAGCGTATTTTAGACTGSTLA~
$. acaulis GGRAARARACTCTTTITTE- --AATTGTCGCAR-CRRTTGATTGGGATCAATTCARATCGATGTTARATGAGACARAA- --CAGAGCGTRATTTTAGACTGETCA-
S. nivalis GGAAAGRCTCTTITTTA--—---AATTSSCS?AA-CARTTGATTGGNATCARTTCAAATCGARTGKTARATGAGACARA-—~m—mn CAGAGCGTATTTTAGACTGCTCA----
S. bergiana GGRAAGACTCTTTTTSE CARAGGGTATTTTAGACTGCTCA--~~
S. nocturna GGAAAGACTCTTITTTA
S. antirrhina GGAARAGACTCTTITTTA- --CARAGGGTATTTGRGACTGCTCA-
S. schafia GTRARGACTCTTTTT@-~~~--AARTTGTCGCAA-CARTTGGTTGGGATCARTTCAARTCGATGTTAAATGAGACARAR =~ —m CRAAGGGTATTTTAGACTGCTCA~
S. cretica GGAARGRCTCTTTTTB------ARTTGTCGCAA-~CARTTGATTGGGATCAACTCRARTCGATGTTAAATAAGACRARA-—---— CAGAGCGTATTTTAGACTGCTCA~
S. echinosperma GGAARAGACTCTTTGTE--~--- —~CAGRGCGTRTTTTA-ACTGCTCA-
S. muscipula GGRAAAGACTCTTTTTO-~~~-- CARAGGGTATTTTAGACTGCTCA~~~~

Fig. 1 (continued)
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--AtRRATGEOATARRCBGA----- CCHHHGGHTTTTTTT TTATCTTT===n-- TGATTT-- -GRHRGTTHTTCCHCTTGHGTTHTGHGTHTHCHHHT--—-GHTTTTTTT
--AaARATCORAARATBGE-----CTARAGARTTTTTTT-CTTTTGAN----—-CTATTT- -ARARGTTCTTCARCTTGAGTTATGAGTATACARAT -~~~GATTTTTTT
-~-AgRARATGBATAARTBG8-----CTAARGGATTCTTTA-TTTTTGC~~---~-TTCCTT- -GAARCCTRTTCARCTTGAGTTATGAGTATACAAAT ----GATTTTTTT
--AtARATGBRTARATBAG-- CTRARGGATT-TTTT-CTTTT6G6--~~--RTCCTT- ~GRARCCTARTCCARCTTGAGTTATGRGTATACAAAT ——-—-GATTITTTT
~~AtARATGBATARA-?-F-—mmmmmme GGATTTTTTT-CTTTTG66--~---RTCCTT----- GRAARCCTATCCAACTTGAGTTATGAGTATACAAAT-—--GATTTTTTT
--AtARATGORGAAATBG@-----CTRARGGATTTTTTT-CTTTT6G66-~~---CTCCTT----~ GRAACCTATCCAACTTGAGTTATGAGTATACAAAT-—--GATTTTTTT
--AtARRTGORGRARTOGO-~ CTRARSGATTTTTTT-CTTTTGG6--~--~CTCCTT- -GRAACCTATCCARCTTGASTTATGAGTATACAAAT——-—-GARYTTTTTT
--AtAARTGORTARATAEGA CTARAGGATTTTTTT-CTTTT66G------CTCCTT- -GARACCTATYCAACTTGAGTTATGAGTATRCAAATARATGATTITTTT
--RLARRTGOATAAATEGE --CTARAGGATTTTTIT-UTTTTG66------ CBCCTTwwmae GARACCTATCCAACTTGAGTTATGRGTATACAAAT-—~~ARTTTTTTT
--AtARRTGOATAAATEGE -~-CTARARGGATTTTTTT-AGTTTG66----~- TTCCTT----- GARACCTATCCARCTTGAGTTATGAGTATACAART-—--GATTTTTTT
--AtARARTGEATARATAGO CTARAGGATTTTTTT-AGTTTG66------TTCCTT-----GARRCCTATCCARCTTGAGTTATGRGTATACAAAT ~---GATTTTTTT

--AtARRTGBATAAATAGR CTRAARGTCTTTTTTT-AGTTTGGG~~~=--TTCCTT-~----GAARCCTATCCAACTTGAGTTATGAGTATRCARAT —---GATTTTTTT
--RtAARTGOATARATOGR----- CTRARGGATTTTTTT-AGTTTGGG~~~u CTCCTT----- GARRCCTATCCARCTTGAGTTATGAGTATAZARAT-——-GRTTTTTTT
-~-AtARATGOATRAATAGE----- CTRARGGATTTTTTT-AGTTTGGG CTCCTT~-——- GARACCTATCCARCTTGAGTTATGAGTATACARAT---~GATTTTTTT

--AtARATGBARTARATEGE CTARAGGATTTTTTT-AGTTTGGG -GAARRCCTATCCARCTTGAGTTATGAGTATACARAT--—-GATTTYTTT

-~AtAARTGORGARATEGE CTARAGKNTTITTTIT----TT----o-——- CTCCTT~~~~~GARACCTATCCARCTTGAGTTATGAGTATACARA =~ ==~ GATTTTTTT
--AtAA-m e IEX LT LT ARAGGATTTTTTT----—- G666G66G-CTCCTT---~~ GRARCCTATCTAACTTGAGTTATGAGTATACARAT --—~-===~ 717
--AtRARTGI ------ 8-1CTARACTARAGGATTTTTTT-ATTTTGGG~mw CTCCTT-=--= GARACCTATCCARCTTGAGTTATGAGTATACARAT---~GATTTTTTT

GARRCCTATCCAACTTGAGTTATGAGTATACARAT--~-GATTTTTT-
) GAARCCTATCCRACTTGAGTTATGAGTATACARAT----GATTTTTTT
--AtAARTGBAGAAATAGICTAAATTAARGGRTTTTTTG-ARTTTTRGG GAARCCTATCCRACTTGAGTTATGAGTATACARAT----GATTTTTTa
--AtRARTGBAGAAATBGICTARACTARRGGRTTTGTTT-ATTTTGGG GARACCTATCCRACTTGRAGTTATGAGTATACARAT ~~~~GATTTTTTa
--AtRRATABAGAARTBGICTARACTARAGGATTTTTTT--TTTT6-------- GARARCCTATCCAACTTGAGTTATGAGTATANAART----GATTTTTTT
--AtARATGBAGRARTAGICTRAACTARAGGATTTTTTA--TTTTGGG GRRACCTATCCAACTTGAGTTATGAGTATACAART----GATTTTTTT
--AtAAATGBRGARARTEGICTARACTARAGGRTTTTTTT-ATTTTGGG GARACCTATTCAACTTGRGTTATGAGTATRCAART----GATTTTTTT
~-AtARATGAAGARRTBGICTARRCTARARAGGRTTTTTTT-ATTTTGGE GAAACCTATCCARCTTGAGTTATGRGTATACARAT~~~~GATTTTTITT
ATALtARRTGBAGAARTBGICTAARCTAAARGGATTTTTTT-ARTTTTGEG GARACCTATCCARCTTGAGTTATGAGTATACAAAT ~~~-GATTTTTTT
~--AtARRTGBRTARATBGICTARARCTARRGGRTTTTTTT -~~~ TGGGGGGGGACTCCTT GRARCCTATCCRACTTGAGTTATGAGTATACAART---~GATTTTTTT
--AtAARTGOAGAARTBGICTARACTARAGGATTTTTTT-ATTTTGGGE GARRCCTATCCRACTTGAGTTATGRGTATACAAAT--—~GATTTTTTT
-~AtAARTGBAGARATOGICTARACTARAGGUTTTTITT-RTTTTGGE GRARCCTATCCRAACTTGAGTTATGAGTATACAART ----GRTTTTTTT
~-AtAARTGBAGAAATOGICTAARCTARAGGATTTTTTT-ARTTTTGGE GAARCCTATCCARCTTGAGTTATGAGTATACAART -~-=GATTTTTTT
--AtARATGERTAARTRBGICTAAACTARAGGABTTTTTT-ATTTTGGE GARRCCTATCCARCTTGAGTTATGAGTATACAAAT ~~~~GRTTTTTTT
--AtRARTGOAGAAATBGICTAARCTARAGGATTTTITTT-ATTTTGGG GARACCTATCTAACTTGAGTTATGAGTATACARAT----GATTTTTTT

~~AtARATGBAGARATEGICTAARCTAARGGATTTTTTT==TTTTG-==—=-=-CTCCTTmmmw= GARACCTATCCARCTTGAGTTATGAGTATACARAT-—--GATTTTTTT
-~AaARATGBATARAT1a?atgat-TARRGGATTTTTTT--TTTTG6-------CTCCTTGACTTGARACCTATCCARCTTGAGTTATGRGTATACARAT-—-~GATTTTTTT
--AtARATGOATAAAT la?atgat~TAARGGATTTTTTTTATTITTG66-~-—-=CTCCTT = GARACCTATCCARCTTGAGTTATGAGTATACAAAT--~-GATTTTTTT
--AtARATGEATRARTEGO CTAAAGGATTTTTTT=-=TTT6----=--=CTCCTT----- GAARCCTATCCARCTTGAGTTATGAGTATA-RAAT----GATTTTTTT
--AtARATGEATAARTEGR-~~--CTAARGGATTTTTTIT-TTTTTG--===~==CTCCTT o= GARACCTATCCAACTTGAGTTATGAGTATACARAT----GATTTTTTT
--AtAAATGEATAAATEGE~~~~~CTARRGGATTTTTTT-=TTTHN-- -~ NTCCHN----- NARACCTATCCAACTTGAGTTATGAGTATACARAT----GATTTTTTT
--AtAAATG]------@-8~----CTARRGGATTTTTTT=umcmm 66666666-CTCCTT-—-—- GARACCGATCCARCTTGAGTTATGAGTATACARAT----GATTTTTTT
<~RtAARTGT —mmmmm I TITITTT----- T66666666-CTCCTT----- GAAACCGATCCARCTTGAGTTATGAGTATACARAT----GATTTTTTT
CTLCTT--—-- GARACCTATCCARCTTGAGTTATGAGTATACARAT----GATTTTTTT
--CTCCTTmm - GAARCCTATCCAACTTGAGTTATGAGTATACARAT-~~--GATTTTTTT
CTCCTT--—- GAARCCTATCCARCTTGAGTTATGAGTATACARAT-—~~GATTTTTTT
TS Y1) -1 pe— B8-1CTARACTAARGGATTTTTTT-oo=TTGmmmmmm o CTCCTT----- GARACCTATCCARCTTGAGTTATGAGTATACARAT----GATTTTTTT
--AtAAATGOATAAATBGE-——-- CTAAAGGATTTTTTT-=--TTGG6------- CTCCAT----- GAARCCTATCCARCTTGAGTTATGAGTATACARAT----GATTTTTTT
[ R, L I LT DT TR 8@@ - - IR PPN PN I I 856 - N R R P |
B g-~GAGGA---7-7- 7—--B-—----HHGGGCTHHﬂTTCTTHGTTTHHTGCHTTTTCHTTT1 ------- GATGATTTTCTGGAB-—-—-- OCTTIATTT-commmo

~-0TTT@-CAT~

goatttttttto-

8---------8--AAGGARAGBAB-B-~~B~-~~~-AAGGGCTTARTTCTAAA--~-~~--~~-TCCATTTO---—- TTGAGGATTTTAGRGAB~=~~=~ OCTTIATTT-
0- -TTTATTTOGRGGATTAAGGATTTTATAGAITATAGROCTTO-TTT-—-—----
0- ~TTTATTTOGRGGATTARGGATTTTCTAGAITATAGRACTTO-TTT~—~~~-~~
0- -TTCATTTOGAGGRTTGAGGATTTTATAGAG~~~-~~-~ 8CcTTe-TTT-

8- -TTCATTTA@GAGGATTGAGGATTTTATASAG- --8CTTe-TTT-
8- -TTCATTT!-------GAGGATTTTATAGAG- --8CT70-TTT-
8- =TTCRATTT - —m - GAGGATTTTATAGAB- --8CTTO-TTT-
6- -TTCATTTOTGGGATTGAGGATTTTATAGA®- --8CTT8-TTT~
6- ~TTCATTTOGRGGATTGAGGATTTTATAGAS- --@CTTB-TTT-
8- -T--ATTTAGAGGATTGAGGATTTTATAGA®~ 1---7-TTT-
8- -TTCATTTOGAGGATTGAGGATTTTCTAGAR~ --8CTTO-TTT-
8- =TTCATTT - GRGGARTTTTCTAGGB- --@CTTe-TTT-
8- -TTCATTTOGAGGATTGRGGATTTTCTRGAG- --@CTT8-TTT-
8- -TTCATTTOGRGGATTGAGGATTTTATAGA® - --aCTT78-TTT-
8~ -TTCATTTOGAGGATTGGGGATTTTATAGAR- eCcTiIe-TTT-

-TTCATTTOGAGGRTTGAGGATTTTTTAGAS-

Brmmmmm e 8--GAGTAARGBA1tRPARGATARRARAAGGGCTTARTTTTAR ~-TTCATTT@GAGGATTGAGGATTTTATAGAS~ 8CTTO-TTT-
Bommmmmem 6--RAGTARRGAA1tBGAGBTARRARRAAGGGCTTARTTTTAA -TTCATTT@GAGGRTTGAGGATTTTATAGAE - aCTTe-TTT-
1aTTCTITTT?TTGAGTAARGAAO-8--GATARAGRAAGGGTTTARTTTTARA -TTCATTTOGAGGATTGAGGATTTT -~~~ ?- -==7-~TT~
1aTTATTTTT?TTGAGTAARGORB-B~AGOTARAGARAAGGGCTTARTTTTAR ~TTCATTTAGAGARTTGAGGATTTTATAGAE - 1--=2-TTT-

Bommmea 8--GAGTAARG@AB-B--~-1TAARGRAAGGGCTTAATTTTAA -TTCATTTOGAGGARTTGAGTATTTTATAGAS-

Bommmmmee 1-TGAGTAARRG1-B-B---1TARRGRARGAGCTTAATTTTAA -TTCATTT1-------GAGGATTTTATAGAB- acTce~TIT-
-8-~-GAGTAARGORO-B---1TAARARGAARGGGCTTARTTTTAR =TTCATTT —mmiem e GAGGATTTTATAGAG- (R CE e e e e
-8--GAGTAARGBRO~B~---1TARAGRAAGGGCTTARTTTTAR -TTCATTTBGAGGATTGAGGATTTTATAGAG- 8cTTe-TTT-

--0--GAGTAARGBARG-B---1TAARGRAAGGGCTTARARTTTTARA STTCATTT  m e e GAGGATTTTATAGAG- acITe-TTT-

~-@--GAGTAARGBARB-B---1T-ARGRAAGGGCTTAATTTTAA -TTCATTTAGAGGATTGAGTATTTTATAGAB- 8CTTO-TTT~

-1-TGAGTAAAG]1-B-8~~-1TARRGARAGGGCTTAATTTTAA -TTCATTTBGAGGATTGAGGATTTTATAGAB - acTCe-TTT
-1-TGAGTAARG1-0-8---1TAAAGRRAGGGCTTARTTTTAR ~TTCATTTBGAGGATTGAGGATTTTATAGAG~ acTCa-TT T~
-1-TGAGTAAAG1-8-8--~1TAAAGARAGGGCTTAATTTTAR =TTCATTT - === - GAGGATTTTATAGARG- 8CTCe~TTT~-~
-1-TGAGTAAAG1-8-08---1TARAGARAGGGCTTARTTTTAR -TTCATTT@GAGGATTGAGGATTTTATAGAB--~~-~-~ 8CTCA-TTT
-8--GAGTAAAG1-0-8~-~1TARAGARAGGGCTTARTTTTAR -TTCATTTOGAGGATTGAGGATTTTATAGAR--—-—~ 8CcCTe-TTT

8CTTe-TTT---
6CTTe-TTTw=w-

~TTCATTT ===~ GAGGATTTTATAGRO-
-TTCATTCBGAGGATTGAGGATTTTCTAGARR -
~TTCATTCOGAGGATTGAGTATTTTAGAGARB -~ ~~~~
-TTCRTTT@GAGGATTGAGGATTTTATAGAR -~~~
-TTCATTT@GAGGATTGRGGATTTTATAGAG-

~8--GATTAAAG1-8-8---1 TARAGARAGGGCTTARTTTTAA
-8--GAGGARAGANR-1GAGBGARAGARAGGTCTTARTTTTAR
-8--GAGGAAAGBAB-1GGGRGARAGAARGGGCTTARTTTTAA
-8--GAGGAARRGAAANGB-~-Br~~--~ ARGGGCTTAATTTTAA
-8--GAG6AAAGBAG-B---8------ARGGGCTTAATTTTARA

--@~~-GAGGAARGBRAcB~--B------AAGGGCTTARATTTTAA -TTCATTTEGAGGATTGRGGATTTTATAGAS -
~-2TTGAGGAARGEAR-8---B8-----~-AAAGGCTTCATTTTAA-~ -TTCATTT@GAGGATTGAGGATTTTATAGAB--~--~
-2TTGAGGAARGAAB-B-~-B------ARRGGCTTCATTTTAA-~ ~TTCATTTOGAGGATTGAGAATTTTATAGAB - -~~~ BCTTE-TTT
-8--GAGGARRGEGBaB---B------ ARGGGCTTAATTTAARA -TTCATTT@GAGGATTGAGGATTTTATAGAB- BCTTB-TTTGATGRTTTGAT
--8-~GAGGAARGORO~B--~0-ARAGARRGGGCTTARTTTTAA -TTCATTTBGAGGATTGAGGATTTTATAGAE - BCTTO-TTT-=--mmm GAT
--8--GAGGARRGARBLE---B-----~ AAGGGCTTARTTTTAR-- ~TTCATTTBGAGGATTARGTATTTTATAGAB-~---~ BCTTO-TTTwwwr——— GAT
-0--GAGGARAGBAB-9-~GAGARAGARAGGGCTTAATTTTAA-- -TTCATTTOGAGGATTGAGGATTTTATAGAD -~~~ BCTTO-TTT-nwmmmam GAT
O--mmmmm B8-~GAGGAARG! -7-8---B--~mmm e GGCTTAATTTTAR--------~-—- TTCATTTOGAGGATTGAGGATTTTATAGAG- -~~~ 6CTTO-TTT---="mmm GAT
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Stellaria TGGTCATTCTA-ATTTRATATAART T g-— o m oo oo oo oo o o oo e o e
Saponaria LN R e et it it
A. githago TGGTCATTCTA-ATTTATACATACA-- -

E. laeta T-GTCATTCTA-ATTTATACATATA-- -
E. coelirosa TGGTCATTCTA-ATTTATARCATATA-- -
S1. viscaria TGGCCATTTTT~-ATTTATACATATA-- -
H. pusillum TGGCCAYTTTT-AYTTAYRCATATA-~ -
S. armeria TGGTCATTTTA-ATTTRTACATRTA--

S. rupestris TGGTCATTTTA-ATTTATACATATA--

U. abyssinica RGGTCATTCGA~ATTTATACATRCA-- -
L. lagrangei TGGTCATTCGA-ATTTATACATACA-- -
L. floscuculi -GGTCRTTCOR-ATTTATACATACA - =~ = — o e mm e e et e e e L L e
L. chalcedonica TGGTCATTCAA-ATTTAR~~w~—- Al oo o e -
L. coronaria TGGTCAGTCGR-ATTTATACATACA-- -
L. flosjovis TGYTCATTCGR-ABTTATACATACA-- -
P. pyrenaica TGGTCATTTTA-AT T TRTAC AT A A = - o o s oo o o o o e -
S. samia TGGTCATTCTA=ATT T ATACAT GO A= = o o m oo oo o o o e e
§. baccifera TGGTCATTCTA-ATTTATACATACA-- -
S. conica TGGTCATTCTA-ATTTATATATACA-- -
§. latifolia TGG-CATTCTA-ATTTRTACATAC A~ - - o — oo oo o o o o o oo o e e -
S. pendula TGOTCATTCTA=ATTTATACAT A A=~ o o oo oo o o e -
S. uniflora T-GTCATTCTA-ATTTATACATACA-~ -
§. dichotoma TGGTCATTCTA-ATTTATACATACA-~ -
S. viscosa TOGTCATTCTA-ATTTATRC AT AC A - - - — m o e e o e e e
S. noctiffora  --------- TRA=ATTTATACATACA - = = === m m o m e e e e e e e e e e e e e e e
S. zawadskii TGGTCATTCTA-ATTTATRCATRACA-~ -
§. foetida TGGTCAGTCTA-ATTTATRCATACA~~ -
S. sedoides TGGTCATTCTA-ATTTATAC AT R A - — - mm oo s o e e e e e e e
L. sibirica TGGTCATTCTRA=ATTTATACAT A A — - m — o e e e e e e o
§. aprica TGGTCATTCTA-ATTTATACATACA-- -
§. furcata TGGTCATTCTA-ATTTATACATACA-- -
S. rotundifolia TGGTCATTCTA-ATTTATACATACA - - =~ mmmmmmm e e e e e -
S. elisabethae TGOTCATTCTR-ATTTATACATACA - - - - = — = m oo e o e e e e e e e -
S. littorea TGGTCATTCTA-ATTTRATACATACA-~ -
S. sordida TGGTCATTCTA-ATTTATACATACA-- -
S. cryptoneyra TGGTCATTCYR-AKTTATACATACA - == - mmmmmm e e e e -
S. fruticosa TGGTCATTCTARATTTATGCA-ACA~ === mmm oo o e -
S. acaulis TGGTCATTCTA-ATTTATGCATACA-~ -
S. nivalis TGGTCATTCTA-ATTTATGCATAC A - —— - m o m m m o e o o e e e e e e e e e mmmmm e mcm e ccea
S. bergiana TGGTCATTCTA-ATTTATACATACACARRGTCGCACTATNAGTCARCCCAAGATGCATCTTCATCGTCATCTCCAGGARGTTGAARGACGGCTTTTKGARACACCARCAGGE
S. nocturna TGGTCARATTCTA-ATTTATACATACA -~ = = = o m - m e e e e e e e
S. antirrhina TGGTCATTCTA-ATTTATACATACA-~ -
S. schafia TGGTCRTTCTA-ATTTATACATAC A —m - — e s o o o o e mm e oo
S. cretica TGOTCATTCTA-AT T TAT G CRATRAC A -~ o = mm m = = m e e e e e e e e e e e e e e mmeme oo
S. echinosperma TGGTCATTCTA-ATTTATGCATACA-- -
5. muscipula TGGTCATTCTRA=ATTTATR AT A A - —m o m o m e e e e e

......... Iaaa!.'..]14'asu. . .AI*IIIBB

Stellaria  m o e e ? --TCATTTTTO--CTCGAGCCGTACG
Saponaria e e e e e e ? --TCATTTITTE--CTCGRGCCGTACG
A. githago TITTemmm——- 1-ARTTTAA-----TCATTITTE--CTCGAGCCGTACE
E. laeta TTTTewneaam 1-ATTTTAAtttaaTCATTTTT2TTCTCGAGCCGTACG
E. coelirosa -BARTTTTAA-ttaaTCATTTTT2TTATCGAGCCGTACG
St. viscaria -@ARTTTTAA----- TCATTITTIT-CTCGAGCLGTACE
H. pusillum -BARTTTTAA-----TCATTTTTIT-CTCGAGCCGTACG
S. armeria -~BRATTTTAA-----TCATTTTTIT-CTCGAGCCGTACH
3. rupestris -BRATTTTAA----~TCATTTTTIT-CTCGAGCCGTACS
U. abyssinica -1-ATTTTAR-----TCATTTTTIT-CTC6AGCCGTACG
L. lagrangei -1-RTTTTAA-----TCATTTTT2TTCTCGAGCCETACE

L. floscuculi
L. chalcedonica

L. coronaria =1-ATTTTAA~~~~~TCATTTTT2TTCTCGAGCCGTACG
L. flosjovis ~1-ATTTTAA-----TCATTTTT2TTCTCGAGCCGTALG
P. pyrenaica B AA-----TCATTTTTIT-CTCGAGCCGTACG
S. samia -2--TTTTAA--~--TCATTTTTIG-CTCGAGCCLGTACG
S. baccifera ~2=~TTTTRA-----TCATTTTTIT-CTCGAGCCGTALG
S. conica -2~-TTTTAA-----TCATTTTTIT-CTCGAGCLCGTALG
S. latifolia -2--TTUTAB-----TCATTTTTIT-CTCGAGHHGTACG
S, pendula -3---TTTAR---—-TCATTTTTIT-CTCGAGCCGTACG
S. uniflora ~2-~TTTTAR---~~TCATTTTT{T-CTCGAGCCGTACG
3. dichotoma ~3=--TTAAA---~-TCATTTTTIT-CTCGAGCCGTACG
S. viscosa -2--~TTTTAA---—-TCATTTTTIT-CTCGAGCCGTACG
S, noctiflora -3---GTTAA---—-TCATTTTTIT-ATCGAGCCGTACG

S. zawadskii
S. foetida

S. sedoides

L. sibirica

S. aprica

§. furcata

S. rotundifolia
S. elisabethae
S. littorea

S. sordida

S. cryptoneura
S. fruticosa

=2--TTTTAR~~-~-TCATTTTTIT-CTCGAGCCGTACG
-2--TCTTAR~~~~-TCATTTTTIT-CTCGAGCCGTACS

S. acaulis

S. nivalis -2=-~TTTTTA--tcaTCATTTTTIT-CTCGRGCCGTALG
S. bergiana -2--TTTTAA TCCTTITTIT~-CTCGRGCCGTACG
S. nocturna ~2--TTTTAR-~-~=-TCTTTTTTIT-CTCGAGCCGTACG
. antirrhina -1-ATTTTAA TCATTTTTIT-CTCGAGCCGTRCG
§. schafta -1-ATTTTRA~---- TCATTTTTIT-CTCGAGCCGTRCG
S. cretica -1-ATBTTAA-----TCATTTTTIT-CTCGAGCCGTACG
S. echinosperma ~1-ATTTTAA----- TCATTTTTIT-CTCGAGECGTACG
S.MUSCIPUIE. e e e e e e e e e e e oo TTTT-===-n= 1-RTTTTARAaaataTCATTTTTIT-CTCGAGCCGTALG

Fig. 1 (continued)
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IR IR I I [ [EEEEEREE 1158 - - 1
Stellaria RAGAGARAASTTCCTATASGTTTCCARGGGGGGTTTARTCTATCCCARTGAGLSG?7277727
Saponaria RGGATARARCTTCCTATACGTTTCCNRGGGGGGTTARA?77222227727277727277127
A. githago RGGAGARACCTTCCTATACGTTTCCARGGGGGGTTACATCTATCCCARTGAG??727777277
E. laeta AGGAGRARRCTTCCTATACGTTTCCARGGGGGGTTARATCTATCCCARTGAGCCGTC?2727
E. coelirosa RGGAGAARACTTCCTATACGTTTCCARGGGEGGTTARATCTATCCCARTGAGCLGTC?7727
St. viscaria AGGAGRAAANTTCCTATACGTTTCCAAGGGGG722722227727272722271771117777
H, pusilium ARGAGAARACTTCCTATACGTTTCCAAGGGGGGTTACATCTATCCCARTGAG?7727777277
§. armeria AGGAGRARACTTCCTATACGTTTCCARAGGGGGGTTACATCTATCCCARTGAGCEG?777277
S. rupestris AGGAGRARAYTTCCTATACGTTTCCAAGGGGGGTTARRTCTAT?227272272172772271227
U. abyssinica AGGATRARACTTCCTATACGTTTCCAAGGGGGGTTARATCTATCCCARTGRGCSGTC??227
L. lagrangei AGGATAARRCTTCCTRTACGTITCCARGGGGGGUTARATC TATCCCAATGAGCCGTCTA???
L. floscuculi AGGATRARACTTCCTATACGTTTCCARGGGGGGTTACATCTATCCC??2722721227277277
L. chalcedonica AGGATAARRACTTCCTRTACGTTTCCARGGGGGGT??727272772227222771727721272177
L. coronaria RGGATRARACTTCCTATARCGTTTCCARGGGGGG72727772272227222727221717277
L. flosjovis RGGATA?77772722222772772222220202177172270 1117101701112
P. pyrenaica RAGAGHUUUCTTCCTATAHGTTTCCARGGGGG6772272772722221772721271217117
S. samia RGGAGAARA?TTCCTATACGTTTCCARGGGGGGTTACATCTATCCCARTGRGCC?7777277
S. baccifera RGGAGAARACTTCCTATACGTTTCCARGGGGGGTTARATCTATCCCARTGAGCCGTC???22?
S. conica RGGAGARRACTTCCTATACGTTTCCARGGGGGG??7277772727722222227297172177
S. latifolia RGGAGNNNNCNNCCTRTACGTUTCCAAGGGGGG?7272222722272222720727072127
S. pendula RGGAGAARACTTCCTATACGTTTCCARGGGGGGTTAARTCTATCCCARTGRGCC?77722727
S. uniflora AGGAGRARACTTCCTATACGTTTCCAAGGGGGGTTARRTCTATCCCARTGAGLCC?72727227
S. dichotoma AGGARARARACTTCCTATACGTTTCCAAGGGGGGTTACATCTRTLCC?7227227722272727
S. viscosa AGGAGARRRCTTCCTARTACGTTTCCAAGGGGGGTTAARTCTATCCCAATGAGCCGTC?7727
S. noctiflora AGGAGARARCTTCCTATACGGTTCCAAGGGGGGTTCARTCTATCCCAATGAGCCGTC?7777
S. zawadskii AGGAGARANCTTCCTRTACGTTTCCRAGGGGGGTTARATCTATCCCAATGAGECGTC??2227
S. foetida AGGAGARARCTTCCTATACGTTTCCRAGGGGGGTTARATCTATCCCAATGAGGCGTCT?227
$. sedoides AGGAGARAGCTTCCTRTACGTTTCCRAGGGGGGTTACATCTATCCC?7727277722727277
L. sibirica AGGAGARAACTTCCTATACGTTTCCRAGGGGGGT?27227272727227272%77777777777
S. aprica AGGAGARARCTTCCTATACGTTTCCAAGGGGGGTTRAATCTAWCCCARTGAGCBGTCTAT??
S. furcata AGRAGARARNTTCCTATANGTTTCCARGGOGGGT?722222722727220722722272717
S. rotundifolia AGGASARAHCTTCCTATACGTTTCCARGGGGGGTT?7222727277772227777772272777
S. elisabethae AGGAGAARAACTTCCTATACGTTKCCARGGGGGGT?ARATCTATSCCARTGAGCCGTCTA???
S. littorea AGGAGAARGCTTCCTATACGTTTCCARGGGGGGTTAARATCTATCLCARTGAGCYKTCTRTC?
S. sordida AGGAGARAACTTCCTATACGTTTCCARGGGGGGTTARATCTATCLCARTGAG?227722277
S. cryptoneura AGGAGARRACTTCCTATACGTTTCCARGGGGGGTTAAATCTATCCCARTGAGCCGTCTAT??
§. fruticosa RGGAGARAACTTCCTATACGTTTCCAAGGGGG6T?2222227272777222221771772177
§. acaulis RGGAGARAACTTCCTATACGTTTCCARGGGGGGTTARARTCTATCCCARTGAGCCG7777727
S. nivalis AGGAGARARCTTCCTATACGTTTCCAAGGGGGGT??222222227272722272712212177
§. bergiana ARGATARARCTTCCTATARCGTTTCCARGGGGGGTTARATCTAYCC?2222272727272107
S. nocturna ARGATARARCTTCCTATACGTT??222722727227720772772722722727227277227%17
S. antirrhina AGGAGARRRCTTCCTATRCGTTTCCRAGGGGGGTTARRTCTATCCCAATG?2727772777277
§. schafta AGGAGARARCTTCCTATACGTTTCCAAGGGGGGTRARRTCTATCCCARTGARGCCGTCTATCG
S. cretica AGGRTARARCTTCCTATACGTTTCCARGGGGGGTTARATCTATCCCARTGR7??22222277
S. echinosperma RGGAGARARCTTCCTATACGTTTCCARGGGGGGTTARATCTATCCCAATGRGCCGTCT?727
S. muscipula RGGAGAAARCTTCCTATACGTTTCCARGGGGGGTTAAATCTATCCCARTGAGLEG??722727

Fig. 1. Aligned rps16 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=Cor 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 (MabppisoN & MabbisoN 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.

Cladistics. The resulting alignment and the gap codes were analysed using PAUP
version 3.1.1 (Sworrorp 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 inciuded, 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, Sworrorp 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

" L. sibirica
_{S_-ESZ- rotundifoliaSiL-OBE
. furcata S)L.-OBE

=11
S. fitorea SIL-OBE
HE 8. noctifiora SIL-OBE
Ot 5 foerisa SIL-OBE
8. sedoides SIL-OBE
P 5. samia SIL-OBE
0k S. latifolia
e . bacoifera SIL-OBE
S. conica SIL-OBE
S. pendula
S. uniffora SIL-OBE
L. lagrange/
Joemnen [, flosCUCUTLYC
U, abyssinicalYC
L. coronaria LYC
L. chalcedonicat YC
&. sordiiga SIL-OBE
_G-E—— S, cyptoneuraS|L-OBE
S, fruticosaSIL-SiL
S. acaulisSIL-SiL
S. cretica
8. echinosperma SIL-SIL
S. bergianaSIL-SIL
8. noctuma SIL-SIL

8. antirrhing
S. muscipula
8. schafta SIL-SIL
y Steris viscaria STE

S. pusifa STE
8. armeria STE
S. rupestrisSTE

q;-—— £ laefa EUD
e £ co0lirosaEUD

P. pyrenaicaPET
A. githagoAGR
Saponaria OUT

1 step

Steliaria QUT

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
(Farris 1989, Sworrorp 1993). Numbers in dots refer to specific clades in the discussion
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(Harsaman 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 rpsl6 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 rps16 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 = (.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 (Farris 1989, Sworrorp 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,



rps16 intron phylogeny of Sileneae 405

By L. sirica

_'E *S. gprica
97 “S. viscosaSIL-OBE
8. rotundifolia SIL-OBE
S. furcala SIL-OBE
S. Mittorea SIL-OBE
8. noctifloraSIL-OBE
8. foetida SIL-OBE
gop= S Sedoides SIL-OBE
" Le'S. dichotomaS\|.-OBE
5y 5. 58MA3 SIL-OBE

S. fatifolia

8. bacciferaSIL-OBE
4 8. conjca SIL-OBE
By O. penaula
) S. unifloraSIL-OBE
S. elisabethasSIL-OBE
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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 TMACI in the PCR reaction.

The cladistic results of this study are largely congruent with the ITS study of
OxeLMaN & LeN (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 Silene
(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 RoHrRBACH’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 rps16 sequences alone. GREUTER (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 & LIDEN,
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. (CrowpHURI 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 rps16 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
rps16 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
& LipEN 1995). Section designations in square brackets are those used in Silene by
CuowpHURI (1957). Species not treated by CHOWDHURI are tentatively assigned to his
sections. Voucher specimens are deposited at GB unless otherwise stated Ox Bencr
OxeLMaN, KGB Kunming/Géteborg Botanical Expedition to Yunnan 1993; herbarium
abbreviations according to HoLmGrREN & al. 1990). See text for further explanation. E.
Eudianthe, L. Lychnis, S. Silene, H. Heliosperma, U. Uebelinia, P. Petrocoptis

ITS group/species

Voucher; origin (EMBL accession number)

OUT (Outgroup)

Stellaria media (L.) VILL.

Saponaria sicula RAFIN.

AGR (Agrostemma L.)

A, githago L.

PET (Petrocoptis ENDL.)

P. pyrenaica (J. P. BERGERET) A. Br.
EUD [Eudianthe (Rcus.) RcHs.]

E. laeta (Arr.) RcHs.

E. coeli-rosa (1..) ENDL.

LYC (Lychnis L., incl. Uebelinia HocHsT.)
L. chalcedonica L.

L. flos-cuculi L.

L. coronaria (L..) DESR.

L. flos-jovis (1..) DEsv.

U. abyssinica HOCHST.

STE (Steris Apans, s. 1, see text)

Steris viscaria (L..) RAFIN.

H. pusillum (WALDST. & KiT.) VIs.

S. armeria L. [sect. Compactae]

S. rupestris L. [sect. Rupifragal
SIL-OBE

. baccifera (L.) RotH

. furcata RarN. [sect. Physolychnis)

. noctiflora L. [sect. Elisanthe)

. rotundifolia NUTT. [sect. Occidentales)
. elisabethae JaN [sect. Odontopetalae]
uniflora RotH [sect. Behen)

zawadskii HERBICH [sect. Odontopetalae]
conica L. [sect. Conoimorphal

. viscosa (L.) Pers. [sect. Chloranthae]

. dichotoma BHrH. [sect. Dichotomae]

. littorea BRroT. [sect. Succulentae)
samia MeLzH. & CHRISTOD. [sect. Atocion e descr.]
. cryptoneura STAPFR [sect. Atocion]

. sedoides Por. [sect. Atocion]

. sordida HuB.-MoRr. [sect. Atocion]

S. foetida 1Nk [sect. Cordifoliae)
SIL-SIL

S. fruticosa L. [sect. Siphonomorpha s. 1.]
. nivalis (Kit.) RoHRB. [Lychnis)

. acaulis (L..) JacQ. [sect. Nanosilenae]

. echinosperma Boiss. & HELDR. [sect. Rigidulae]
. nocturna L. [sect. Scorpioideae)

. bergiana LINDM, [sect. Atocion)

. schafta G. GMEL. [sect. Cucubaloideae]
ot included in the ITS study

. sibirica L.

. lagrangei Coss.

. latifolia Por. [sect. Elisanthe]

. aprica Turcz. [sect. Lasiostemiones]

. cretica L. [sect. Behenantha)]

. muscipula L. [sect. Behenantha)

. antirrhina L. [sect. Behenantha)

S. pendula L. [sect, Erecto-refractae]

mhhhunhhhhhhihhhnna

MmN Zanhhnhnh

Ox 2231; Sweden, Goteborg (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)

Gieert & Fries 8418 (UPS); Ethiopia, [llubabor (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, Goteborg (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, Marmaris (Z83186)

Ox 7; Portugal, Castelo de Vide (Z83178)

Ox 934; Greece, Peloponnisos (Z83188)
Ox 2255; Romania, Rodna (Z83190)

Ox 2243; Sweden, Hérjedalen (Z83189)
Ox 2227, Greece, Peloponnisos (Z83196)
Ox 654; Greece, Delfi (Z83192)
HormpanL 1182; Spain, Monda (Z83191)
Ox 2264; Garden (Z83194)

Gusanov 143 (MV); Mongolia, Bogd Uul (Z83180)
Husrer-Morarh 3408 (1.D); Morocco, Tetouan (Z83162)
Ox 2310; Garden (Z83171)

Wu & CzHuanG 7294; China, Yunnan (Z83181)

Ox 1324; Greece, Peloponnisos (Z83195)

Ox 1780; Morocco, Djebel Azrou Achkar (Z83197)
VINCENT & LamMERrs 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 LibEN & al. 1997, this volume), as well as the relatively straightforward
alignment of sequences makes the rps16 intron attractive for taxonomic problems
below the family level. Sequence divergence is two to three times lower than in
nrDNA ITS (OxeLmMAL & LIpEN, unpubl.) and similar to that of other chloroplast
introns (GIELLY & al. 1996, DownNie & 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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