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The diploid Silene ajanensis group, which comprises about four taxa mainly distributed in
North/Northeast Asia, has been involved in the formation of both tetraploid and hexaploid Arctic
Silene. In this work, the S. ajanensis group is investigated in detail from a taxonomic standpoint as
well as from multiple gene phylogenies, in order to more fully understand the relationships within the
group and its relation to the polyploid derivate taxa. Two taxa with unknown ploidy levels
(S. sachalinensis and S. tolmatchevii) are also included. Gene phylogenies from chloroplast DNA (the
rps16 intron and the psbE/petL spacer), nuclear ribosomal DNA (the internal transcribed spacers, ITS
1 and 2, and the intervening 5.8S gene) and a region from the low copy nuclear RNA polymerase
(RNAP) family (RPA2, RPB2, RPD2a, RPD2b) are used. Several occurrences of within-plant
polymorphisms in the RNAP genes are found and many of these can be explained by allopolyploidy,
but there are two indications of independent gene duplications. This emphasizes the need to study
multiple independent gene phylogenies to discriminate between whole-genome and single gene
duplications. The RPD2b data suggest a close relationship between two of the taxa in the S. ajanensis
group, and that this lineage has been involved in the formation of two hexaploids. Hybrid origins of
S. sachalinensis and S. tolmatchevii are strongly supported. They both appear to be allotetraploids,
with the S. ajanensis stem group as probable paternal lineage. S. sachalinensis is likely to stem from
the diploid S. uralensis lineage on the maternal side, whereas the S. tolmatchevii maternal lineage is to
be sought in the stem group of a more inclusive group, including S. uralensis. Horizontal gene transfer
events in RPA2 and RPB2 are discussed.

INTRODUCTION

Allopolyploidization is a common speciation mechanism in plants, particularly in Arctic regions where
the frequency of polyploids is remarkably high (Brochmann et al. 2004). One reason for this may be
that the many ice ages have created changing distribution patterns for many plant taxa, separating them
during glaciation periods and allowing them to meet during warmer periods. The focus of this work is
on the genus Silene (Caryophyllaceae), which is widespread in the arctic regions. Popp et al. (2005)
studied polyploidy in Arctic Silene and found that the diploid S. ajanensis (Regel & Tiling) Vorosch
lineage has been involved in two allopolyploidization events, acting as a pollen donor in both.
Hybridization with the diploid S. uralensis (Rupr.) Bocquet lineage gave rise to the tetraploid
S. involucrata (Cham. & Schltdl.) Bocquet, which later backcrossed with the S. ajanensis lineage. This
resulted in the formation of the hexaploids S. sorensenis (B.Boivin) Bocquet and S. ostenfeldii (A.E.
Porsild) J.K. Morton. In their work, the S. ajanensis group was however only represented by one
accession of S. linnaeana and two accessions of S. ajanensis.
     Komarov (1936) included four species in the S. ajanensis group: S. ajanensis, S. linnaeana
Voroschilov (=Lychnis sibirica L.), S. villosula (Trautv.) Vorosch. and S. samojedora (Sambuk)
B. Oxelman. In Tolmachev et al. (2000) S. villosula and S. samojedora are considered as subspecies of
S. linnaeana, and S. ajanensis is described as morphologically and geographically distinct from the
other three. In Flora of China (Wu et al. 2001) S. orientalimongolica Kozhevn., is recognized as a
distinct species, separate from S. linnaeana. The members of the S. ajanensis group have traditionally
been classified as Lychnis, based on the presence of five carpels. This condition, however, is
homoplastic in Silene (Oxelman and Lidén 1995), and the taxa in this group may have either three or
five carpels. Oxelman et al. (1997) and Oxelman et al. (2001) transferred them to Silene on the basis of
nuclear ribosomal and chloroplast DNA sequences.
     Silene sachalinensis F.Schmidt (=Melandrium sachalinense Schischk.) and S. tolmatchevii Bocquet
(=Lychnis saxatilis Turcz. ex Fisch. & C.A.Mey, Melandrium saxatile A. Br., Gastrolychnis saxatilis
Peschkova) are also included in this study, in order to examine the phylogenetic position of these two
taxa. From a morphological point of view, we believe that they should be placed near or within the
S. ajanensis group, although this has not been suggested before as far as we know.
     To investigate phylogenetic relationships, molecular sequence data from several different regions,
plastid as well as nuclear, are used. The advantages of using more than one region for this purpose are
many, especially when identifying hybrid species and their parental lineages. This is discussed and
illustrated by Popp et al. (2005), where the same RNA-polymerase introns as in this study (RPA2,
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RPB2, RPD2a and RPD2b) are used. Chloroplasts are usually maternally inherited, i.e. they are not
transferred from parent to offspring via pollen, which means that sequences from chloroplast DNA
(cpDNA) will reveal only maternal relationships. Discrimination between whole-genome and single
gene duplications is made possible by studying phylogenies of multiple, potentially unlinked, genes.
     The aim of this work is to find phylogenetic structuring within the S. ajanensis group, to raise a
more precise hypothesis about geographical location of the allopolyploidization events discovered by
Popp et al. (2005), and to examine phylogenetic position of the S. sachalinensis and S. tolmatchevii.

MATERIALS AND METHODS

Plant material
Herbarium material from UPS, S, GB, LE, MW and O (acronyms follow Holmgren et al. 1990) was
used for morphological and phylogenetic studies. Vouchers from which sequences were obtained are
listed in table 1. The S. linnaeana voucher from Mongolia was chosen in order to examine possible
relevance of molecular differentiation, which could motivate a distinction of Mongolian S. linnaeana
as S. orientalimongolica. Material for sequencing was taken from specimens where diagnostic features
(see morphological descriptions in Results) were distinct and no mistake could be made on
determination. Leaves and/or flower buds were used for DNA extraction, except from S. tolmatchevii
(the Olenin collection 1897) and S. sachalinensis (the Popov collection 1949), where one and four
seeds were used, respectively. DNA was extracted from two or more specimens of each taxon in an
attempt to obtain at least two sequences of each region from each taxon. It should be noted that the
characters of a specimen grown in the Botanical garden of Uppsala University from seeds claimed to
be of S. villosula (the Rautenberg 2004 collection), do not fit previous descriptions of S. villosula
(Komarov 1936, Tolmachev et al. 2000) or our own notes. It may represent a hitherto undescribed
taxon in the S. ajanensis group.
     A map over Russia (Courtesy of the University of Texas Libraries, The University of Texas at
Austin) with the administrative divisions referred to in this work is found in figure 8.

Species name Voucher, geographic origin, herbarium acronym Node name in phylogenetic tree
H. Wilh. Arnell  S  (1876) Krasnoyarsk, Russia (S) S. linnaeana RK
V. Lipatova, I. Petrova  (1957) Amur, Russia (LE) S. linnaeana RA

Silene linnaeana

N. V. Pavlov (1924) Mongolia (LE) S. linnaena M-3
H. Solstad, R. Elven (2004) SUP-04-3871 Yakutia,

Russia (O)
S. samojedora RY

P. Schönswetter, A. Tribsch  (2004), Taimyrsky,
Krasnoyarsk, Russia (O)

S. samojedora RK

Silene samojedora

V. V. Petrovskij (1978) Chukotka, Russia (LE) S. samojedora RC
Afonina (1983.VII.23) Chukotka, Russia (S) S. villosula RC-1Silene villosula
B. A. Yurtsev (1968) Chukotka, Russia (LE) S. villosula RC-2

Silene sp. Anja Rautenberg 273 (2004) Russia (UPS) Silene sp. R
Anja Rautenberg (2003) Magadan, Russia (UPS) S. ajanensis RM-5Silene ajanensis
Khokhrjakov (1971) Magadan, Russia (LE) S. ajanensis RM-6
Popov (1949.VII.8) Sakhalin, Russia (LE) S. sachalinensis RS-1Silene sachalinensis
Egorova, Kalganova 2867 (1965) Sakhalin, Russia (LE) S. sachalinensis RS-2
Olenin (1897) 659 Yakutia, Russia  (LE) S. tolmatchevii RY-1Silene tolmatchevii
M.Karavaev (1945.VII.6) Yakutia, Russia  (LE) S. tolmatchevii RY-2

Silene repens P. Schönswetter, A. Tribsch (2004.V.8) Taimyrsky,
Krasnoyarsk, Russia (O)

S. repens R-2

Table 1.  Plant material from which DNA was extracted. Geographic origin is given in each node in the phylogenetic trees
using the following abbreviations: A=Alaska, EG=East Greenland, M=Mongolia, R=Russia, RC=Chukotka,
RK=Krasnoyarsk, RM=Magadan, RS=Sachalin, RY=Yakutia, Sw=Sweden WG=West Greenland.

Morphological studies
A reasonably large amount of herbarium material was studied in order to be able to identify species
and delimit species groups. Komarov (1936), Tolmachev et al. (2000) and Wu et al. (2001) were used
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as a starting point to recognize taxa. To enable studies of smaller details in the flowering parts, dried
flowers were boiled and examined in water. The flowers were then cut up and spread out between
pieces of Astralon plastic, using the technique developed by Melzheimer (1990). An example is shown
in figure 1.

Fig 1. Detailed study of a Silene villosula flower, spread out between two sheets of Astralon plastic. In this picture, shape
of petals and coronal scales are clearly visible.

DNA exctraction
Dried plant material was put into a screw-cap tube, half filled with silica beads. 750 µl of Carlson lysis
buffer and 20 µl mercaptoethanol was added to the tube and pre-heated in 60ºC for 10 min. The
material was crushed using a Mini-beadbeater 3110BX (BioSpec Products), which was run for 40 sec.
at 5000 rpm, or until the solution appeared homogenous. The tube was then incubated at 60ºC for one
hour, and turned a couple of times during incubation. 750 µl chloroform/isoamylalcohol 24:1 was
added to the solution, and the tubes were left to shake horisontally at 100 rpm for 30 min. Following
centrifugation at 10 000 rpm for 10 min, the upper water phase was transferred to a clean tube, after
which the procedure was repeated with 1 volume of chloroform/isoamylalcohol 24:1. The solution was
left to precipitate overnight with 0.1 volumes of 3M NaAc (sodium acetate) and 2 volumes of 95%
EtOH (ethanol). Centrifugation for 10 min at 10 000 rpm collected the DNA at the bottom of the tube,
after which the liquid was poured off, and the DNA pellet was washed with 750 µl 75% EtOH. The
remaining liquid was removed with a pipette or air-dried, after which the pellet was dissolved in 100
µl EB (elution buffer, QIAGEN). Following precipitation, purification was made using GFX DNA and
Gel band purification kit (which keeps DNA fragments in size 100 bp – 48 kbp, Amersham
Biosciences) according to the manufacturer’s instruction for ‘Purification of DNA from solution’.
When extracting DNA from seeds of S. sachalinensis (the Popov 1949 collection), the seed coat was
manually removed after dissolving in water, and the seeds were crushed with a pestle inside the screw-
cap tube. The seed from S. tolmatchevii (the Olenin 1897 collection) was crushed as a whole on
beforehand, and in this case only 600 µl Carlson lysis buffer, but the same amount of mercaptoethanol,
was used.
     There were difficulties in obtaining PCR-products when the plant material was sparse or in poor
condition (e.g. old or brown herbarium material). In these cases a combination of four hours of
chloroform/isoamylalcohol treatment, 5 – 8 days of precipitation with EtOH and NaAc, and
purification of total DNA using gel electrophoreses yielded the best results. For gel electrophoreses, a
1% agarose gel was run at 80 V for about 5 minutes. Gel slices were cut out just large enough to keep
DNA fragments over 200 bp in size. After electrophoreses followed GFX purification according to
manufacturer’s instruction for ‘Purification of DNA from gel bands’.

PCR and sequencing
The following regions were amplified and sequenced, in all cases using the general Silenae primers
from Popp et al. (2005) except for petL-R, which was replaced with petG-R, located c. 200 bp
downstream:
Nuclear DNA
• One intron from each of four RNA-polymerase (RNAP) genes RPA2, RPB2, RPD2a and RPD2b.

RPA2 and RPB2 are present in most eukaryotes and encode the second largest subunit of
holoenzymes transcribing structural RNA. RPD2 is known only from plants, and even though it
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belongs to the same family as RPA2 and RPB2, the function of the RNA polymerase holoenzyme it
encodes is not yet fully understood (but see Herr et al. 2005). RPA2 and RPB2 normally exist in only
one copy in diploid Silenae, whereas there are to distinguishable paralogues of RPD2 in Silene
subgenus Behen (Oxelman et al. 2004), to which the plants in focus for this study belong.

• ITS – Internal transcribed spacers 1 and 2 and the intervening 5.8S gene, within the tandemly
repeated ribosomal DNA cistrons.

Chloroplast DNA
• The intron from the ribosomal protein gene rps16
• The spacer between the two genes psbE (photosystem II reaction center subunit V) and petL

(cytochrome b6/f complex subunit VI).

PCR reactions were made on an Eppendorf Mastercycler gradient machine. RNA-polymerase introns
were amplified using PHUSION (Finnzymes), with 10.0 µl 5X buffer solution (provided by the
manufacturer), 1.0 µl (10 mM) of each dNTP, 0.5 µl (2U/ml) PHUSION polymerase, 12.5 µl (2 mM) of
each primer and 1 µl DNA solution (unknown concentration) in every 50 µl reaction. The ITS and
chloroplast regions were in most cases amplified with Taq-polymerase (AB gene), with 5 µl 10X
buffer solution (provided by the manufacturer), 1.0 µl (10 mM) of each dNTP, 3.0 µl (25 mM) MgCl2,
0.3 (µl10 µg/µl) BSA (bovine serum albumin Roche), 0.3 µl Taq polymerase (5U/ml), 12.5 µl of each
primer
(2 mM) and 1 µl DNA solution in one 50 µl reaction. Several different annealing temperatures were
tried for all regions. At first, they were all run at the same time, and a temperature gradient ranging
from about 55 to 66°C was used for the annealing phase. After a few trials, the following program was
used as a standard:
98°C 2 min., (98°C 10 sec., 60/58°C 30 sec., 72°C 2 min.) x 35, 72°C 8 min.
where 60/58°C are annealing temperatures for RNAP regions (with PHUSION), and ITS and cpDNA
regions (with Taq), respectively.
     If no product was obtained, annealing temperature was lowered two degrees or more, 5 µl of DNA
solution was used and Taq polymerase was in some cases replaced with PHUSION.
     PCR products were loaded on a 1% agarose gel and run at about 90 V for 20 – 60 min. DNA bands
in the gel were stained with ethidium bromide and visualized under UV-light. In cases where product
concentration was low, resulting in weak bands, 10 more cycles were run using the same condition as
in the original PCR. PCR products were purified using Multiscreen-PCR plates (MILLIPORE),
following manufacturer’s instructions.
     Concentration of PCR products was measured in a GeneQuant II RNA/DNA calculator (Pharmacia
Biotech). On products from S. samojedora (the H. Solstad and R. Elven 2004 collection) and
S. samojedora (the P. Schönswetter and A. Tribsch 2004 collection), sequence reactions were
performed using BigDye Terminator Sequencing Ready Kit (Applied Biosystems), in a total of 10 µl
reaction volume containing 2.5 µl mix (provided by the manufacturer) and 0.8 µl (2 mM) primer. The
program used was the following:
96°C 1 min, (96°C 10 sec, 50°C 5 sec, 60°C 4 min) x 30
Visualization was performed on an ABI 3700 (Applied Biosystems) machine. In all other cases, PCR
products were sent to Macrogen, Korea, for sequencing. Details of their sequencing conditions can be
found at their homepage (http://www.macrogen.com). Mostly, internal primers were used for
sequencing (see Popp et al. 2005), but in some cases PCR primers were used. Products that appeared
polymorphic after initial sequencing were re-sequenced with specific primers when possible, with the
polymorphic site in the 3' end. Primers were ordered from Operon (http://www.operon.com) and used
for specific sequencing. Sequencing with specific primers was without exception made by Macrogen.
     For sequences that were found in unexpected positions during phylogenetic analyses, new DNA
extractions were made in order to exclude the possibility of contamination or other laboratory
mistakes. The extraction on S. repens was made last.
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Sequence editing and alignment
Sequence electropherograms were edited in Staden, (Bonfield 2004 rel.1.4.0
https://sourceforge.net/projects/staden) using PHRED and PHRAP (Green. http://www.phrap.org/).
Novel sequences obtained for this study were manually aligned to the to the matrices of Popp et al.
(2005) in Se-Al (v2.0all, Rambaut http://evolve.zoo.ox.ac.uk). The RPA2 matrix from Popp et al.
(2004) containing representatives also of other genera in Sileneae, was used in order to analyze the
phylogenetic position of sequences that appeared aberrant. Gaps were coded to binary characters with
SeqState v 1.25 (Müller 2003), using the “Simmons & Ochoterena (2000) – simple coding” option.

Phylogenetic analyses
For the RPA2 dataset, most parsimonious trees (MPTs) were searched for heuristically with TNT v 1.0
(Goloboff et al. 2004. Parsimony criterion, TBR branch swapping, 2000 random additions). Branch
lengths of an arbitrarily selected MPT was estimated using maximum likelihood criterion in PAUP*
(Swofford et al. 2002). Appropriate model parameters were chosen using MrModeltest v. 2 (Nylander
2004). Gap characters were not included in branch length analysis. For all other datasets, heuristic
searches were made with PAUP* (Swofford et al. 2002) (maximum likelihood criterion, TBR branch
swapping, 10 replicates of random sequence addition). Models were chosen and parameter values
given for each dataset by the use of MrModeltest v2 (Nylander 2004). Parsimony jackknife analyses
were made on all datasets using TNT v 1.0 (Goloboff et al. 2004. 1000 jackknife replicates, 5 random
additions, TBR branch swapping).

RESULTS

Morphological descriptions
All members of the Silene ajanensis group are perennial, quite small and slender, up to c. 20 cm tall.
The leaves are narrowly lanceolate to spatulate, up to 40 mm long, sessile or with short petioles on
rosette leaves. The petals are 10 – 15 (20) mm long (claw + limb), with shallowly bifurcated limbs,
and the claws are not or only marginally protruding from calyces. The calyces are triangular to
campanulate or cylindrical, and covered with glandular hairs. Calyces are usually covered with long
glandular hairs, all other green parts are pubescent of varying kind. Styles are usually five,
occasionally three or four. There is a large amount of phenotypic variation and many intermediate
forms are found, possibly due to a significant degree of hybridization (Tolmachev et al. 2000). We
have found that Komarov (1936) and Tolmachev et al. (2000) do not always agree in their taxon
descriptions, why we here present a short overview of our own observations, listing features useful for
taxon determination. In general, the best diagnostic features are stem pubescence and petal size.
     S. tolmatchevii and S. sachalinensis can easily be distinguished from the S. ajanensis group by plant
size and size and shape of flowers and leaves. Of these two, we have only had a few specimens at our
hands, why the description of them cannot be as precise as for the other taxa.

• S. linnaena has the smallest flowers, and is the most slender plant in this group. The petal limb is 2
– 4 (5) mm broad. The plants are covered by short, unicellular hairs – erect on leaves,
characteristically appressed on stems. The calyces are small, about 5 mm long, and narrowly
campanulate to triangular. The distinction of S. orientalimongolica from S. linnaeana in Wu et al.
(2001) is based on life span (it is said to be annual or biennial), geographical distribution pattern,
and the presence of three carpels in stead of five (as would be the case with S. linnaeana). It is
also described as smaller than S. linnaeana. The type of S. orientalimongolica has been examined,
and the description of it (Wu et al. 2001) fits well with the morphology of S. linnaeana, which
varies largely in size (in fact, many S. linnaeana that we have examined are far smaller than this
type), and can have three as well as five carpels. As judged from the underground parts of the
S. orientimongolica type, it appears to be perennial. As far as we are concerned, there is nothing
that tells this type apart from S. linnaeana.

• S. samojedora are to most characters similar to S. linnaena. It differs mainly by having broader
petals (the limb is 5 – 7 (10) mm broad) and a slightly broader calyx with a more rounded base. In
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addition to this, long, multicellular, glandular, erect hairs can be found at the stems among the
appressed unicellular. However, these hairs can also be found on many smaller individuals that are
better determined as S. linnaeana, and not on all S. samojedora, why this kind of pubescence
cannot be considered as a good diagnostic character. The hairs on calyx, pedicels and bracts are
generally longer and the stem is coarser, but neither are these good diagnostic features since the
variation of them is continuous from S. linnaeana to S. samojedora. From a morphological point
of view, it could in fact be argued that these two are not to be considered as separate species, only
as two subspecies (as in Tolmachev et al. 2000) with different geographical distributions,
S. samojedora having a more Northern distribution (Tolmachev et al. 2000).

• S. villosula can easily be separated from the two previously described taxa by the long,
multicellular and dense glandular pubescence covering the entire plant. Overall, it is a more dense-
and low-growing plant. Pedicels are generally shorter – usually not longer than 10 mm, whereas
20 – 30 mm is common among the other members of the S. ajanensis group. Petal limbs are 5 – 8
mm broad, but despite this, the flowers are a bit larger than those of S. samojedora, the petal claws
being one or two mm broader (2 – 3 mm broad whereas S. linnaeana/S. samojedora have only
about 1,5 mm broad claws). The calyces are broadly campanulate and comparatively large, up to
10 mm long.

• S. ajanensis is the most distinct member of this group. The calyces are cylindrical and longer than
among the others, usually over 10 mm long. The petals are also longer, and petal limbs are about 6
mm broad. The petal claws are densely hairy at the margins, whereas all other members of this
group have only a few or no hairs. Furthermore, the coronal scales are significantly longer than 1
mm, which is the maximum length found in the rest of the group.

• S. sachalinensis is easily separated from the S. ajanensis group. The lower leaves are petiolate and
broadly spatulate, cauline leaves are sessile and broadly elliptic to obovate, in both cases much
larger than leaves of the S. ajanensis group. The calyces are 10 –12 mm long, broadly rounded,
with long calyx teeth (as compared to the S. ajanensis group). The petals are about 20 – 24 mm
long (claw + limb), shallowly bifurcated with claws clearly protruding from calyx. The coronal
scales are long and narrow. The plants are covered with glandular pubescence of varying length
and density, mostly fairly short and sparse.

• S. tolmatchevii is similar to S. sachalinensis, but has broader and longer leaves, elliptic to
lanceolate, and a narrower petal limb, which is deeply bifurcated.

Sequencing
Separating genetic variants by sequencing with specific primers generally yielded good results. Most
of the primers that were constructed could be used on several species, where one set of primers was
normally used for the S. ajanensis group and one for S. tolmatchevii and S. sachalinensis, since
individuals within each of these two groups share many polymorphisms. A drawback has been the
large amount of failed sequencing reactions, leading to loss of data. Several times, there seemed to be
more variants of one sequence than was possible to recover. When separating alleles/paralogues,
construction of specific primers is certainly a fast, cheap and precise method as long as the region
exists in only two variants. When there is more, it appears that sequence editing becomes laborious and
sequencing fails in many cases.

Phylogenetic analyses
Two major, well supported, groups are found in all datasets: those containing S. ajanensis (the AJA
clade) and S. uralensis (the URA clade, see figs. 2-7). In many cases, S. tolmatchevii and
S. sachalinensis posses two sequence variants in the RNAP trees (Figs. 2-5), one near or within each of
the clades. Within the AJA clade there is little or no jackknife support for structure, but when
excluding randomly chosen sequences from the analyses, more is revealed (data not shown). However,
no taxa can be excluded so that the same groupings are displayed in many datasets, and the little
structure that is revealed appears to be random.
      In RPA2 (Fig. 2), five sequences unexpectedly form a well-supported clade outside the ingroup,
together with S. nivalis, S. schafta and S. repens. In RPB2 (Fig. 3), the sequneces from the AJA group
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form a well-supported (96%) clade, with one interesting exception, S. ajanensis RM-5 groups close to
the URA clade with strong jackknife support (90%). The only recovered RPB2 sequence from
S. tolmatchevii groups neither with the URA nor the AJA clade, but with the extra, putatively
pseudogeneous paralogue discussed by Popp et al. (2005) and Popp and Oxelman (2007).
     The RPD2 phylogenies (Figs. 4-5) display a few notable groupings. All RPD2b sequences from
S. samojedora and S. ajanensis form one well-supported group (98%) with three of the sequences from
the two hexaploids within the AJA clade (Fig. 5). In RPD2a (Fig. 4), the two sequences from
S. tolmatchevii are unresolved in relation to a core URA clade (with moderate support, 73%),
S. rotundifolia, and S. nigrescens. A core URA clade can be identified also in the RPD2b tree (Fig. 5,
63% jackknife frequency). This clade is nested within a group (77% jackknife frequency) including
also S. tolmatchevii, S. nigrescens and one of the S. verecunda sequences. One of the
S. tolmatchevii RY-1 accessions is found at an unresolved position at the base of the ingroup (Fig. 5).
     In the ITS phylogeny (Fig. 6) S. tolmatchevii and S. sachalinensis group near, but not within the
S. ajanensis-clade (99%), following the pattern of S. involucrata.
     Contrary to the ITS phylogeny, S. tolmatchevii and S. sachalinensis group with the URA clade with
81% jackknife support in the chloroplast phylogeny (Fig. 7).

Control PCR and sequnecing
One of two distinct sequences of RPA2 from five specimens, S. sachalinensis RS-2, S. linnaeana RK,
S. linnaena RA, Silene sp.R and S. samojedora RY, were found with the outgroup species of this
study; S. nivalis and S. schafta (Fig. 2). When new DNA extractions, and PCR and sequencing
reactions with fresh solutions were performed on the same specimens of S. samojedora RY and
Silene sp. R, the results from S. samojedora RY was repeated and confirmed. However, for
Silene sp.R, only one of the sequence variants, the "normal" one, could be confirmed. Primers
designed specifically for the ‘odd’ variant yielded PCR product with S. samojedora RY and S. repens,
to which these primers also were designed to fit. The sequence from S. samojedora RY was identical
to the corresponding region of the RPA2 sequence, whereas sequencing failed on S. repens. The
specific primers gave no PCR product on Silene sp. R.
     A similar procedure was applied to S. ajanensis RM-5, where two distinct RPB2 sequences were
obtained, one of which unexpectedly grouped close to the URA clade (Fig. 3). The existence of both
variants was confirmed. The specifically designed control primers yielded PCR products from both
S. ajanensis RM-5 and S. nigrescens, to which the primers also were designed to fit, and the sequences
were identical to the corresponding regions obtained by general RPB2 primers.
     We regard these controls as thorough and positive enough to conclude that these findings in fact
reflect sequences resident of the respective genomes of the sampled specimens, and not to be caused
by contaminations or other laboratory mistakes, despite this negative result on Silene sp. R. We can
only speculate on why the result on this specimen was not repeated; one possible explanation could be
that the ‘odd’ variant was not amplified during the control PCR, even though it is in fact present in the
plant genome.

DISCUSSION

The grouping of S. samojedora and S. ajanensis sequences in the RPD2b phylogeny (Fig. 5) suggests
monophyly of these two diploids, and supports that the paternal lineage of the hexaploids is found in
this group. This is neither supported nor contradicted by any of the other phylogenies, but
morphological characters may be viewed as contradictive to the exclusion of the two other taxa in the
S. ajanensis group. S. linnaeana and S. samojedora are very similar, in many cases almost impossible
to tell apart, we even have some doubts that these should be considered as two different species. They
are geographically separated, however, with S. samojedora growing further north (Tolmachev et al.
2000), and this may to some extent explain the RPD2b pattern. All S. ajanensis and S. samojedora
accessions in this dataset originate from Northeast of Russia (Magadan and the very most Northeast of
Yakutia). S. villosula originates from even further Northeast (Chukotka), whereas the two S. linnaeana
originate from Mongolia or Amur just North of Mongolia. This could indicate that the second
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hybridization, which eventually led to the formation of the hexaploids, took place in the Northeast of
Russia, with a pollen donor that was not S. villosula.
     The RNAP paralouge pattern of S. sachalinensis sequences strongly indicates that this species is an
allotetraploid, even though the chromosome number has not been determined. Chloroplast data show
that S. sachalinensis maternally belongs to the S. uralensis group (Fig. 7), which indicates that a
member of the S. ajanensis lineage has been the pollen donor, as is the case for the S. involucrata
lineage (Popp et al. 2005). In a hybrid species all nuclear sequences ought to be present in two forms,
one from the maternal side and one from the paternal, or homogenized sequences ought to be
intermediate between the two. This is not the case with the ITS sequences from S. sachalinensis, which
are only found within the S. ajanensis group (Fig. 6). Thus, these data reveals possible evidence that
concerted evolution has been directed towards the paternal lineage, again in agreement with the
S. involucrata lineage (Popp et al. 2005). The ITS data unambiguously support that the
polyploidization event that led to the formation of the tetraploids took place before the S. ajanensis
lineage was split into S. ajanensis, S. samojedora, S. linnaeana, and S. villosula. This is consistent
with each of the RNAP genes (Figs. 2-5). The present data do not give any clear indication to if
S. sachalinensis and S. involucrata are the result of a single allopolyploid event. If it is in fact so, we
could draw the conclusion that hybrid species with the same origin do not necessarily show
morphological resemblance to each other – these two species are not very similar.
     The origin of S. tolmatchevii (chromosome number not known) is more problematic, but just like in
the case of S. sachalinensis there are strong indications of an allopolyploid origin. In ITS, RPA2 and
RPD2a (Figs. 6, 2 and 3), one sequence variant is found within the S. ajenensis group, which would
imply that this represents the parental lineage. This is not contradicted by the RPB2 or RPD2b
phylogenies (Figs. 3-4), because only one RPB2 sequence of S. tolmatchevii could be fully recovered,
and the positioning of the RPD2b variant outside either of the S. ajanenis or S. uralensis groups
appears uncertain. The RPD2b pattern could possibly be explained by recombination between two
homeologoues. The RPD2a dataset excludes the possibility that a member of the S. uralensis lineage
could represent the other parent, since the two S. tolmatchevii sequences in the vicinity of the core
URA group (which has 73% jackknife support and includes S. sachalinensis and S. involucrata
homeologues, Fig. 4) are excluded from it. This implies that the other parental species is to be sought
in the stem group of the URA clade. More representatives of this clade should be included in future
analyses to give a more complete picture. Sequences of S. tolmatchevii are found within the URA
clade in RPA2, RPD2b and chloroplast phylogenies (Figs 2, 5 & 7), but these datasets do not contradict
the conclusion drawn from the RPD2a phylogeny. Thus, it may be concluded that S. tolmatchevii may
have an origin that is similar to that of S. involucrata and S. sachalinensis on the paternal side, but
different on the maternal. It should be noted that specific sequencing of S. tolmatchevii proved
problematic. For example, there may be more genetic variants that were not found in this study (e.g.
RPB2), and those could potentially have been informative in revealing hybrid origin.
     The RPB2 gene phylogeny is complicated, as there evidently exist an extra paralogue (Fig. 3). This
may be caused by a pseudogene present in only some of the taxa included in this study, and is
discussed by Popp et al. (2005) and Popp an Oxelman (2007). One RPB2 paralogue from S. ajanensis
RM-5 is found within the S. uralensis group (Fig. 3) with strong support.The meticulous control of the
identity of it makes us conclude that it is not an laboratory artefact. A possible explanation could be an
early duplication of the RPB2 gene, before the ancestral lineage of the S. ajanensis and the S. uralensis
groups was split. However, this would imply massive extinctions of one of the paralogues in a very
ordered manner (or failure to sequence), causing the pattern to largely resemble what is expected from
a single-copy condition in the diploids. A more plausible alternative would be that this variant
originated from an ancestral horizontal transfer event with a member of the S. uralensis lineage.
     Five RPA2 sequences from S. sachalinensis and the S. ajanensis group are found together with
S. repens, S. schafta and S. nivalis (Fig. 2). Horizontal gene transfer events between phylogenetically
distant groups within Silene, or even other closely related genera, has been suggested several times
(Oxelman and co-workers, unpublished data) and currently appears to be the best explanation to this
finding. The species in which this variant was found grow in sympatry with S. repens, in the Far East
of Russia, but more detailed taxon sampling might sheed more light on this, as the differences to the
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S. repens sequence is quite significant (Fig. 2). A duplication of the RPA2 gene as early as in a
species ancestral to the entire Sileneae tribe, followed by the extinction of one of the paralogues in all
other taxa apart from those in the S. uralensis and the S. ajanensis group, does not appear as a
plausible scenario.
     The fact that excluding one or several sequneces from the analyses reveals more structure is likely
to be a cause of homoplasy. However, it may also indicate recombination, between lineages or within.
It is not at all unlikely that there is a significant degree of gene transfer between taxa, given the
morphological similarity of the four members of the S. ajanensis group and the large amount of
transition forms that can be found (Komarov 1970, Tolmachev et al. 2000). Popp et al. (2005)
discussed possible indications of gene flow between species based on the grouping of the West
Greenland accessions of S. involucrata and S. sorensenis in several phylogenies. The RPA2, and to
some extent RPB2, sequences exist in two (or more) variants in several of the diploid plants from the
S. ajanensis group. Most likely these have arisen by independent gene-duplications, and it is easy to
imagine that intergenomic recombination could occur, resulting in a well-supported phylogenetic
grouping of these alleles/paralogues, but with no possibility to recognize hierarchical groups within.
     Due to the little phylogenetic structure in the S. ajanensis group, we cannot answer the question of
exactly which lineage that acted as pollen donor in the polyploidization events leading to the formation
of the tetraploids. With the lack of structure follows also that S. orientalimongolica cannot be
distinguished from S. linnaeana genetically, nor can these two species be separated on morphological
grounds. For this reason, we suggest that S. orientalimongolica is treated as S. linnaeana.
     We have here presented an hypothesis of the hybrid origin of two putatively tetraploid plants,
S. sachalinensis and S. tolmatchevii, and a fairly thorough review of the S. ajanensis group, which is
likely to be the paternal lineage of the two tetraploids. Some suggestions of future classifications have
been made, mainly based on morphological studies. In future studies, more data and more thorough
taxon sampling of both the AJA clade and the URA clade could better reveal the origins of the
polyploids these lineages have given rise to. It may also be possible to determine when and where (in
time and space) the allopolypoidization events have taken place. The two indications of horizontal
gene transfer inspires to further work, which should be based on both population studies and genetical
data.
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Figure 2. RPA2, one of 3122 most parsimonious trees. Branches drawn in thin are collapsed in strict consensus tree. Node
values are jackkninfe support. Geographic origin is indicated after species name, abbreviations as indicated in table 1.
Ploidy level, 2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the S. uralensis clade
(URA). Branch lengths are optimized under the Maximum Likelihood criterion under the GTR+I model.
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Figure 3. RPB2 likelihood phylogeny, one of four best trees found. Branches drawn in thin are collapsed in strict consensus
tree. Node values are jackkninfe support. Geographic origin is indicated after species name, abbreviations as indicated in
table 1. Ploidy level, 2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the S. uralensis
clade (URA). Branch lengths are optimized under the Maximum Likelihood criterion under the HKY+G model.
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Figure 4. RPD2a likelihood phylogeny, one of twelve best trees found. Branches drawn in thin are collapsed in strict
consensus tree. Node values are jackkninfe support. Geographic origin is indicated after species name, abbreviations as
indicated in table 1. Ploidy level, 2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the
S. uralensis clade (URA). Branch lengths are optimized under the Maximum Likelihood criterion under the HKY model.
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Figure 5. RPD2b likelihood phylogeny, one of two best trees found. Branches drawn in thin are collapsed in strict
consensus tree. Node values are jackkninfe support. Geographic origin is indicated after species name, abbreviations as
indicated in table 1. Ploidy level, 2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the
S. uralensis clade (URA). Branch lengths are optimized under the Maximum Likelihood criterion under the HKY+G
model.
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Figure 6. ITS likelihood phylogeny. Branches drawn in thin are collapsed in strict consensus tree. Node values are
jackkninfe support. Geographic origin is indicated after species name, abbreviations as indicated in table 1. Ploidy level,
2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the S. uralensis clade (URA). Branch
lengths are optimized under the Maximum Likelihood criterion under the SYM+G model.
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Figure 7. Chloroplast likelihood phylogeny, one of three best trees found. Branches drawn in thin are collapsed in strict
consensus tree. Node values are jackkninfe support. Geographic origin is indicated after species name, abbreviations as
indicated in table 1. Ploidy level, 2x – 4x is given with brackets. Grey bars indicate the S. ajanensis clade (AJA) and the
S. uralensis clade (URA). Branch lengths are optimized under the Maximum Likelihood criterion under the GTR+G model.



17

Figure 8. Administrative divisions of Russia. The map can be found on
http://www.lib.utexas.edu/maps/commonwealth/russiaaddivisions.jpg


