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Lujza Keresztes5

Received: 7 March 2015 / Accepted: 4 May 2015 / Published online: 4 June 2015
© The Botanical Society of Japan and Springer Japan 2015

Abstract Four Erythronium species have been traditionally recognised within Eurasia based on their disjunct distributions and the slight morphological divergence between
them: E. dens-canis, E. caucasicum, E. sibiricum and E.
japonicum. The range of E. sibiricum includes adjacent
parts of southern Siberia, Kazakhstan, China and Mongolia in the Altai-Sayan mountain region. Despite several
recently proposed taxa within the range of E. sibiricum
(E. sajanense, E. sibiricum subsp. altaicum, E. sibiricum subsp. sulevii), this species has never been tested for
genetic subdivisions. We here used nucleotide sequence
variation in one nuclear (internal transcribed spacer)
and two plastid (rpl32-trnL, rps15-ycf1) regions to test
for genetic divisions within Siberian Erythronium and,
in particular, to examine the phylogenetic position of E.
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sajanense. The plastid phylogeny revealed a basal polytomy among E. japonicum, E. sibiricum populations pertaining to E. sajanense and a third strongly supported lineage that includes E. dens-canis, E. caucasicum and the
remainder of E. sibiricum, thus rendering Siberian Erythronium non-monophyletic. The nuclear topology agrees
with the plastid one in recovering E. sajanense as a distinct
lineage that is weakly supported as sister to E. japonicum.
Topological incongruences exist between the plastid and
nuclear phylogenies but these do not affect the taxonomic
recognition of E. sajanense (endemic to the Western Sayan
Mts.). This species is morphologically distinguishable on
the basis of its subulate stamen filaments. Whereas nuclear
phylogeny failed to resolve any genetic grouping within
E. sibiricum s. str., plastid data recovered a deep (possibly
phylogeographically meaningful) lineage from samples
referred to as E. sibiricum subsp. altaicum.
Keywords Altai · Phylogeny · rpl32-trnL · rps15-ycf1 ·
Siberian-Far East forest disjunction · Western Sayan

Introduction
Members of the genus Erythronium L. are early-spring
flowering, decorative geophytes that occupy deciduous forest, coniferous forest edge and mesophytic meadow habitats in the Northern Hemisphere across a broad elevational
range. From a biogeographical perspective, the genus has
three well-supported, geographically coherent clades confined to Eurasia, western North America and eastern North
America (Allen et al. 2003), interrelationships among
which are not yet resolved (Clennett et al. 2012).
Within Eurasia the traditionally recognised species
E. dens-canis L., E. caucasicum Woronow, E. sibiricum
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(Fisch. & C.A.Mey.) Krylov and E. japonicum Decne. are
disjunctly distributed in Europe, the Caucasus, Siberia and
the Far East, respectively (Allen et al. 2003; Clennett et al.
2012; Mathew 1992). They grow broadly at the same latitudes but have ranges separated longitudinally by more arid
regions. Bartha et al. (2015) revealed that genetic (phylogeographic) divergence occurring within Erythronium denscanis can be nearly as great as interspecific divergence.
Among the Eurasian species, E. sibiricum is probably the most morphologically diverse. Its range includes
adjacent parts of southern Siberia, Kazakhstan, China and
Mongolia in the Altai-Sayan mountain region (Chernyakovskaya et al. 1935; eFloras 2008). The typical form is distributed over most of the species’ range (mainly north of
the Altai). This form comprises plants with proximally yellowish-whitish and distally purple or violet coloured tepals
and yellow anthers. Erythronium sibiricum subsp. altaicum
Rukšāns was recently introduced as a new subspecies based
on cultivated, white-flowered plants that are larger than the
typical form and originate from alpine meadows of Altai
(Rukšāns 2007). This white-flowered variety gained popularity among horticulturists under the cultivar name ‘Altai
Snow’. Erythronium sibiricum subsp. sulevii Rukšāns is
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another subspecies proposed at the same time based on
cultivated plants originating from the northern foothills of
Altai, and differs from the typical form in its coal-black
coloured anthers.
Recently, Stepanov and Stassova (2011) elevated the
above two subspecies to species rank by creating the new
combinations Erythronium krylovii Stepanov (syn. Erythronium sibiricum subsp. altaicum) and Erythronium sulevii
(Rukšāns) Stepanov. Additionally, they reported from
the Western Sayan Mts. a new morphological race of E.
sibiricum that they introduced under the new species name
Erythronium sajanense Stepanov and Stassova. Interestingly, E. sajanense has subulate stamen filaments (Fig. 1),
in contrast to all other morphological entities within E.
sibiricum (as well as E. dens-canis and E. caucasicum),
which all have filaments flattened in the middle. In this
respect E. sajanense can be considered similar to E. japonicum, in which filaments are filiform to subulate but never
flattened in the middle. None of these recently described
taxa were included in the most recent monograph of Erythronium (Clennett 2014), although E. sibiricum subsp.
altaicum was mentioned as a cultivar. However, Clennett
(2014) mentioned (based on a personal communication)

Fig. 1  Image of an Erythronium sajanense flower and its dissected stamens. Scale bar denotes 1 cm
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that Russian taxonomists were convinced of the presence of
several related taxa within E. sibiricum.
In this study we used molecular phylogenetic approaches
to test for genetic divisions within Siberian Erythronium.
In particular, we addressed whether the morphologically
unique E. sajanense could be resolved as a distinct lineage by molecular phylogenies. If so, what are its relationships with E. sibiricum and E. japonicum? A second objective was to examine the presence of genetic units within E.
sibiricum (in its narrower sense) that would correspond to
previously proposed subspecies. To accomplish these goals,
we sequenced the nuclear ribosomal internal transcribed
spacer (ITS) and two plastid (rpl32-trnL and rps15-ycf1)
regions in a sample set relevant for the objectives proposed
here and applied standard phylogenetic reconstruction
methods.

Materials and methods
Plant sampling
Taxon sampling was aimed at including the traditionally
accepted four species of Eurasian Erythronium with all previously reported taxa from Siberia. Amana edulis (Miq.)
Honda and four New World Erythronium species were used
as outgroups in the present study. At least two samples per
taxon (including all taxa of E. sibiricum s. l.) were analysed
except for E. caucasicum and the outgroup taxa for which
one accession per species was included (Table 1). Some
plastid sequences of the plastid loci were taken from Bartha et al. (2015); a few publicly available sequences for the
nuclear locus were downloaded from GenBank and incorporated into the present dataset (Table 1). Silica gel-dried
leaf tissues or leaf fragments obtained from herbarium
specimens were used for DNA extraction. Geographic origin of samples of Siberian origin is presented in Fig. 2.
DNA extraction, PCR amplification and sequencing
We employed two non-coding plastid markers (intergenic
spacers rpl32-trnL and rps15-ycf1) used recently for the
phylogeography of E. dens-canis by Bartha et al. (2015)
because they provided resolution also among several Siberian Erythronium accessions (see “Results”). The laboratory protocols (from DNA extraction to sequence generation including the type of reagents used) largely followed
Bartha et al. (2015). For amplifying the ITS region, the
ITS5 and ITS4 primers of White et al. (1990) were used.
PCR protocol and thermal-cycler settings for amplifying
ITS were the same as those used for the plastid regions
(Bartha et al. 2015) except for the annealing temperature
(53 °C instead of 61 °C). For sequencing ITS, the ITS5
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primer was used. For some Siberian Erythronium ITS
sequences additionally the internal forward ITS3 primer
of White et al. (1990) was used for sequencing. Chromatograms of ITS sequences (obtained either with the ITS5
or ITS4 primers) in E. dens-canis and E. caucasicum were
of low-quality throughout their entire length. Therefore,
for these two species the ITS region was cloned. Cloning
of ITS was performed using the pGEM-T Vector System
I (Promega, Madison, WI). Putative insert-bearing clones
were randomly selected using blue/white screening on
X-gal/IPTG/ampicillin LB-agar plates. A few white bacterial colonies per sample (grown overnight at 37 °C) were
subjected to plasmid isolation involving harvest with sterile toothpicks, washing in 40 µl sterile water, incubation
at 95 °C, vortexing and centrifugation at maximum speed.
The detailed protocol for plasmid DNA isolation can be
found in Electronic Supplementary Material (ESM) 1. Purified plasmid solutions were tested for presence of the insert
by an attempt to re-amplify ITS with the M13F (20) and
M13R (−20) primers. ITS amplicons of three randomly
selected positive clones (per sample) were sequenced at
Macrogen Inc. (The Netherlands) using the M13F (20)
primer.
Phylogenetic analyses
Sequences were aligned manually in MEGA5.2 software
(Tamura et al. 2011). Phylogenetic analyses were based
on maximum parsimony (MP) and maximum likelihood
(ML) methods. The plastid sequences were analysed concatenated for all analyses and hereafter are referred to as
the plastid dataset. All trees were rooted with Amana edulis. MP analysis was performed in PAUP* (Swofford 2002)
using a heuristic search with 1,000 random sequence addition replicates, TBR branch swapping, MULTREES option
in effect, MAXTREES set to 15,000 and a limit of ten
trees retained for each iteration step. The statistical support
of nodes was assessed via bootstrapping; 1,000 pseudoreplicates were run in PAUP* with MAXTREES re-set to
1,000 and with the retention of one tree per replicate. ML
analysis was undertaken in RAxML (Stamatakis 2006)
using the RAxML GUI version 1.2 (Silvestro and Michalak 2012) under the GTR + Γ model of sequence evolution (as recommended by the RAxML manual). Support for
the branches of the ML topology was assessed via the rapid
bootstrap algorithm implemented in RAXML employing
1,000 replicates (Stamatakis et al. 2008).

Results
In total, 30 rpl32-trnL and rps15-ycf1 as well as 22 ITS
sequences were newly generated for this study. GenBank
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Geographic origin

KJ813342 KJ813403 KP684259

KP684223 KP684238 KP684264

KP684226 KP684241 KP684267
KP684227 KP684242 KP684268

cultivated, originally collected in Russia,
Rukšāns 664952 (CL)
eastern part of Altay in western Tuva Republic
Sviridova 664951 (CL)
cultivated, originally collected in Russia,
Altay Krai, Soloneshensky District, Berezovka
Rukšāns 664950 (CL)
Stepanov 664958 (CL)

cultivated, originally collected in Russia,
Altay Krai, Altaysky District
Russia, Krasnoyarsk Krai, Ermakovsky
District (Ergaki Natural Park)

Stepanov s.n. (KRSU)
Russia, Krasnoyarsk Krai, Ermakovsky
District (in the vicinity of Tanzybey village,
locus classicus)
Stepanov 664956 (CL)
Russia, Krasnoyarsk Krai, Ermakovsky
District (in the vicinity of Bolshaya Rechka
village)

E. sibiricum subsp. altaicum 2

E. sibiricum subsp. sulevii 2

Erythronium sajanense 1

E. sajanense 2

Hahn 664961 (CL)
Ebinger 28288
Potterfield 664959 (CL)

USA, Illinois, Lisle, The Morton Arboretum
USA, Illinois, Keensburg
USA, Pennsylvania, New Hope

Erythronium albidum 1

E. albidum 2

Erythronium americanum 1

–
–

AF485283
EU912083
–

AF485301
KP684232 KP684247 –

–

KP684231 KP684246 –

–

Chase 780 (K), Kew 1979-5130

Cultivated

E. japonicum 4

KP684230 KP684245 KP684271

Rukšāns 664949 (CL)

Allen 8702 (University of Victoria) –

Cultivated, with unknown geographic origin
Cultivated

KJ813343 KJ813404 –

E. japonicum 2

collected by Satoko Kawarasaki

Japan, Ibaraki Prefecture, Ogawa Forest
Natural Reserve

Erythronium japonicum 1*

KP684229 KP684244 KP684270

KP684228 KP684243 KP684269

KP684225 KP684240 KP684266

KP684224 KP684239 KP684265

E. japonicum 3

Stepanov 664957 (CL)

Russia, Republic of Khakassia, Sayanogorsk
(in the vicinity of Mayna village)

E. sajanense 4

E. sajanense 3

E. sibiricum subsp. sulevii 1

KP684222 KP684237 KP684263

Alexander 664953 (CL)

Kazakhstan, East Kazakhstan Region, Gornaya Ulbinka

E. sibiricum subsp. altaicum 1

KP684221 KP684236 KP684262

Rukšāns 664954 (CL)

KJ813341 KJ813402 KP684261

Konovalova s.n. (MHA)

Russia, Novosibirsk Oblast, Legostaevo
cultivated, originally collected in Russia,
Kemerovo Oblast, Kemerovsky District

E. sibiricum (typical form) 3*

KP684220 KP684235 KP684260

E. sibiricum (typical form) 4

Stepanov 664955 (CL)
collected by Andrew Pyak

Russia, Krasnoyarsk Krai, Kozulsky District

KJ813337 KJ813398 KP684256, KP684257, KP684258

Volkova 664523 (CL)

Russia, Tomsk Oblast, Tomsk (Timiryazevo)

KJ813316 KJ813377 KP684253, KP684254, KP684255

Bartha 664526 (CL)

Erythronium sibiricum (typical form) 1*

KJ813284 KJ813345 KP684250, KP684251, KP684252

rpl32-trnL rps15-ycf1 ITS

GenBank acc. numbers

Romai 68296 (SANT)

Voucher

E. sibiricum (typical form) 2

Erythronium dens-canis 1* [non-Transylvanian Spain, A Coruña Province, Santiago de
Compostela
(plastid) lineage sensu Bartha et al. 2015]
Romania, Bihor County, Vadu Crişului
E. dens-canis 2* [Transylvanian (plastid)
lineage sensu Bartha et al. 2015]
Russia, Krasnodar Krai, Novaya Matsesta
Erythronium caucasicum*

Samples

Table 1  Origin of plant samples analysed, their voucher information and GenBank accession number of sequences
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HE656027
–
K:DNA:MWC2397
Cultivated

Plastid phylogeny

Samples included in Bartha et al. 2015 are indicated with an asterisk

A. edulis 2

–

accession numbers for both newly generated and GenBank-downloaded sequences are listed in Table 1. In both
rpl32-trnL and rps15-ycf1 sequences, inverted motifs were
detected in some of the outgroup taxa that were reversecomplemented prior to any phylogenetic analyses. These
can be found between the following nucleotide positions
in the plastid sequence alignment (ESM 2): 339–346 in
Erythronium helenae Applegate and Erythronium multiscapoideum (Kellogg) A. Nelson and P. B. Kenn.; 599–617
in Erythronium americanum Ker-Gawl.; 1207–1218 in
Erythronium albidum Nutt. and E. helenae. In case of the
ITS alignment, autapomorphic (single) nucleotide differences occurring in the clone sequences were regarded as
PCR errors and were corrected to the major nucleotide
type. Nucleotide positions clearly bearing additive pattern
in the chromatogram of direct ITS sequences were codified
with IUPAC codes (see ESM 3 for the nuclear sequence
alignment). The plastid sequence alignment was 1,534 bp
in length and contained 81 (5.2 %) parsimony informative
sites whereas the ITS sequence alignment was 625 bp in
length and included 83 (13.28 %) parsimony informative
sites.

–

KJ813344 KJ813405 –
TI 2014-81
Amana edulis 1*

Japan, Koishikawa Botanical Gardens, Univ.
of Tokyo

AF485291
Allen 1240

–

–

KP684234 KP684249 –
Tighe 664960 (CL)
USA, California, Butte

USA, California, Butte Co., West Branch
Feather River
E. multiscapoideum 2

Erythronium multiscapoideum 1

KP684233 KP684248 AF485293
RBGE (living coll.): 19861504

AF485304
–
Allen 9915
USA, New York, Forestville

rpl32-trnL rps15-ycf1 ITS
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Cultivated, originally collected in USA,
California

E. americanum 2

Erythronium helenae

Samples

Table 1  continued

Geographic origin

Voucher

GenBank acc. numbers
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Maximum parsimony analysis of the plastid data set
resulted in seven equally most parsimonious trees. The
strict consensus tree was highly concordant with the best
ML tree both in terms of topology and nodal support percentages (Fig. 3). Within the Eurasian Erythronium lineage, three well supported clades form a basal polytomy:
the E. japonicum clade [bootstrap (BS) values from MP
and ML analyses 100/100], the E. sajanense clade (BS
100/100) and a third clade (BS 93/98) that includes the
rest of the Eurasian Erythronium samples. Within this third
clade a subclade (BS 91/95) including E. dens-canis and
E. caucasicum is sister to a subclade (BS 91/97) comprising all remaining E. sibiricum accessions. Within the E.
sibiricum subclade samples corresponding to E. sibiricum
subsp. altaicum (BS 100/100) were resolved as sister to the
remaining E. sibiricum samples (BS 100/100) where relationships are poorly resolved.
Nuclear phylogeny
MP analysis of ITS sequences resulted in six equally most
parsimonious trees the strict consensus of which was congruent with the ML tree (Fig. 4). Within the monophyletic Eurasian Erythronium (BS 84/97) the E. dens-canis–
E. caucasicum subclade (BS 95/95) is the sister group to
the subclade including the remaining species (BS 60/76).
Within the subclade of Asian species, three strongly supported (BS 99–100) lineages were found, with E. sibiricum
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Fig. 2  Geographic origin of
Siberian Erythronium samples
analysed in the study (sample
numbers correspond to those
from Table 1. The position of
E. sibiricum subsp. altaicum
sample no. “2” on the map is
approximate)

sister to a weakly supported clade (BS 56/74) consisting of
E. japonicum and E. sajanense (Fig. 4). Within E. sibiricum s. str. no phylogenetic structure could be identified.
A re-analysis (MP and ML) of a nuclear sequence matrix
from which the columns bearing ambiguous characters
were pruned provided the same topology, with nearly identical MP and ML BS support values (ESM 4).

Discussion
Erythronium sajanense, a largely neglected species
endemic to the Western Sayan Mts
The Eurasian Erythronium clade, as recognised by Allen
et al. (2003) and by Clennett et al. (2012), was recovered
here by both nuclear and plastid phylogenies with good
support (Figs. 3, 4). Erythronium sibiricum s. l. is not
monophyletic, but congruently falls into two distinct clades
(Figs. 3, 4), one of which contains all sampled populations
pertaining to E. sajanense. Therefore, according to the
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phylogenetic species concept, the taxonomic independence
of E. sajanense is justified.
Erythronium sajanense differs morphologically from all
other Siberian Erythronium taxa by subulate stamen filaments (Mathew 1992; Stepanov and Stassova 2011). In this
respect the case of E. sajanense differs from E. dens-canis
where intraspecific genetic divergence is not paralleled by
morphological differentiation (Bartha et al. 2015; Macalik
et al. unpublished data).
Erythronium sibiricum is included in the Red Data Book
of the Russian Federation as a ‘rare’ species (Iliashenko and
Iliashenko 2000). Consequently, inclusion of E. sajanense,
which is shown by our evidence to be distinct from E. sibiricum, into the Red Data Book of Russia is reasonable and
we urge this here. Additionally, E. sajanense is endemic to
the central and north-eastern parts of the Western Sayan
Mts. (growing between elevations of 300–1900 m a.s.l.)
and has a more restricted distribution than E. sibiricum. All
these render the species E. sajanense of special conservation concern. Therefore, E. sajanense provides a compelling example of conservation phylogenetics (Moritz 1994).

J Plant Res (2015) 128:721–729
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Fig. 3  Strict consensus of seven
equally most parsimonious trees
resulting from the MP analysis
of combined plastid rpl32-trnL
and rps15-ycf1 sequences. Numbers adjacent to nodes represent
MP/ML BS support values
(sample numbers correspond to
those from Table 1)

Discrepancies between the plastid and nuclear
phylogenies of Eurasian Erythronium in the light
of geography
In our study the main topological incongruence between
the plastid and nuclear phylogenies involves the position of
E. sibiricum. It was resolved with strong support as sister to
the E. dens-canis–E. caucasicum clade in the plastid phylogeny, whereas, it was established with weak support as
sister to the (weakly supported) E. sajanense–E. japonicum
clade in the nuclear phylogeny. Earlier large scale phylogenies of the genus Erythronium (Allen et al. 2003; Clennett et al. 2012) suggested a westward migration of the
genus within Eurasia because E. japonicum branched first
in the Eurasian clade of most of these phylogenies. Such
a scenario agrees better with the plastid phylogeny, where
the westernmost species (E. dens-canis, E. caucasicum, E.
sibiricum s. str.) occupy a derived position, than with the
nuclear phylogeny, where E. japonicum and E. sajanense
clades occupy a derived position. Although the possibility
of hybridisation or introgression (e.g., plastid capture), suspected to be important in North American lineages (Allen
2001, 2008; Allen et al. 2003; Parks and Hardin 1963;

Smith 1955), in the Eurasian Erythronium clade as cause
for the different plastid and nuclear phylogenies cannot be
ruled out but is rather unlikely since the species are now
very disjunct.
Erythronium, another example of southern
Siberian‑southern Far East forest disjunctions
Erythronium fits the well-known southern Siberian-southern Far East temperate forest disjunction caused by the
intervening Gobi desert and steppe regions of Mongolia.
This disjunction is characteristic of many plant groups
that are thought to be remnants of the once widely distributed Tertiary mesophytic forest flora (Krestov et al. 2011;
Polozhiy and Krapivkina 1985; Stepanov et al. 2011; Wen
1999). More than a dozen species show this disjunction
at the (at least currently considered) intraspecific level,
e.g., Carex hancockiana Maximowicz, Neottia papilligera
Schlechter, Thalictrum baicalense Turcz., Viola dactyloides Roemer & Schultes (eFloras 2008; Vakhrameeva et al.
2014). Others, as in Erythronium, exhibit this disjunction
at the inter-specific level, for example, Anemone baicalensis Turcz. (Siberia) and Anemone flaccida Fr.Schmidt (Far
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Fig. 4  Strict consensus of six
equally most parsimonious trees
resulting from the MP analysis
of ITS sequences. Numbers
adjacent to nodes represent MP/
ML BS support values (sample
numbers correspond to those
from Table 1)

East), Selaginella sajanensis Stepanov et Sonnikova (Siberia) and Selaginella rossi (Baker) Warb (Far East), Tilia
nasczokinii Stepanov (Siberia) and Tilia amurensis Rupr.
(Far East) or Oreopteris limbosperma (All.) Holub (Siberia) and Oreopteris quelpartensis (Christ) Holub (Far East)
(eFloras 2008; Malyshev et al. 2012; Shmakov 2009, 2011;
Stepanov 1993). Despite the considerable number of examples, few studies have addressed this disjunction by means
of molecular phylogenies. In a study on Megadenia Maxim.
(Brassicaceae), Artyukova et al. (2014) found that species
relationships correlate with geographic disjunctions which
contrasts with the situation in Erythronium.

altaicum. Whether this lineage is taxonomically well supported will require further sampling of species in the Altai
region and evaluation of morphological differences. Given
that one of the samples exhibiting this lineage originated
from the south-western foothills of Altai whereas the analysed samples northward of Altai lacked this lineage, a
North–South genetic division of E. sibiricum populations
along the Altai would be plausible as this was the case in
E. dens-canis along the Southern Carpathians (Bartha
et al. 2015). The nuclear ITS region did not resolve genetic
groups within E. sibiricum, indicating a need for data from
additional nuclear loci to resolve these taxonomic issues.

The taxonomy of Erythronium sibiricum: where next?

Acknowledgments The authors are grateful to Geraldine Allen for
her scientific comments and linguistic improvements on the manuscript. Constructive comments of two anonymous reviewers on the
manuscript also are appreciated. Our cordial thanks are extended to
the following persons for their help in collecting and/or providing
plant material (herbarium curators have herbarium codes in parentheses): Gleb Alexander, Peter Brownless (RBGE Living Collection), Alexander Ebel, Xermán García Romai, David García San
León (SANT), Satoko Kawarasaki, Andrew Pyak, Ivan A. Schanzer
(MHA), Larisa Sviridova, Tetsuo Ohi-Toma (TI), Damon Tighe,

We have identified two distinct, geographically coherent entities in Siberian Erythronium. However, the need
remains for a taxonomic assessment of the remaining
intraspecific taxa of E. sibiricum. We have taken a first step
towards this goal by identifying a highly supported and
deep plastid lineage corresponding to E. sibiricum subsp.

13

J Plant Res (2015) 128:721–729
Polina A. Volkova. This work was supported by a grant of the Romanian Ministry of National Education, CNCS–UEFISCDI, project
number PN-II-ID-PCE-2012-4-0595.

References
Allen GA (2001) Hybrid speciation in Erythronium (Liliaceae): a
new allotetraploid species from Washington State. Syst Bot
26:263–272
Allen GA (2008) The origins of polyploids in western North American fawn-lilies (Erythronium). Botany 86:835–845
Allen GA, Soltis DE, Soltis PS (2003) Phylogeny and biogeography
of Erythronium (Liliaceae) inferred from chloroplast matK and
nuclear rDNA ITS sequences. Syst Bot 28:512–523
Artyukova EV, Kozyrenko MM, Boltenkov EV, Gorovoy PG (2014)
One or three species in Megadenia (Brassicaceae): insight from
molecular studies. Genetica 142:337–350
Bartha L, Sramkó G, Volkova PA, Surina B, Ivanov AL, Banciu
HL (2015) Patterns of plastid DNA differentiation in Erythronium (Liliaceae) are consistent with allopatric lineage divergence in Europe across longitude and latitude. Plant Syst Evol
301:1747–1758
Chernyakovskaya EG, Fedchenko BA, Goncharov NF, Gorshkova SF,
Grossgeim AA, Il’in MM, Knorring OE, Komarov VL, Krasheninnikov IM, Krishtofovich AN, Kuzeneva OI, Lozina-Lozinskaya AS, Nevskii SA, Vvedenskii AI (1935) Erythronium. In:
Komarov VL (ed) Flora of the USSR, vol 4. Izdatel’stvo Akademii Nauk S.S.S.R, Leningrad, pp 280–281 (Translated from
Russian by Israel Prog. Sci. Trans., Jerusalem, 1968)
Clennett C (2014) The Genus Erythronium. Royal Botanic Gardens,
Kew
Clennett JCB, Chase MW, Forest F, Maurin O, Wilkin P (2012) Phylogenetic systematics of Erythronium (Liliaceae): morphological
and molecular analyses. Bot J Linn Soc 170:504–528
eFloras (2008) Published on the Internet http://www.efloras.org. Missouri Botanical Garden, St. Louis, MO & Harvard University
Herbaria, Cambridge, MA. Accessed 10 Feb 2015
Iliashenko VY, Iliashenko EI (2000) Krasnaya kniga Rossii: pravovye akty [Red data book of Russia: legislative acts] (in Russian).
State committee of the Russian Federation for Environmental
Protection, Moscow
Krestov PV, Nazimova DI, Stepanov NV, DellaSala DA (2011)
Chapter 9. Rainforest at the margins: regional profiles: humidity-dependent forests of the Russian Far East, inland southern
Siberia, and the eastern Korean Peninsula. In: DellaSala DA (ed)
Temperate and boreal rainforest of the world: ecology and conservation. Island Press, Washington, pp 222–234
Malyshev LI, Doronkin VM, Zuev VV, Vlasova NV, Nikiforova OD
(2012) Conspectus Florae Rossiae Asiaticae: Plantae Vasculares
(in Russian). Siberian Branch of the Russian Academy of Sciences, Novosibirsk
Mathew B (1992) A taxonomic and horticultural review of Erythronium L. (Liliaceae). Bot J Linn Soc 109:453–471

729
Moritz C (1994) Applications of mitochondrial DNA analysis in conservation: a critical review. Mol Ecol 3:401–411
Parks CR, Hardin JW (1963) Yellow Erythroniums of the Eastern
United States. Brittonia 15:245–259
Polozhiy AV, Krapivkina ED (1985) Relicty tretichnykh shirokolistvennykh lesov vo flore Sibiri [Relicts of the Tertiary broadleaved
forests in the Siberian flora] (in Russian). Tomsk University
Press, Tomsk
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