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PE3IOME

Bapxkasop B.FO., Kozpipenko M.M. ®duaroreHeTUIEeCKIA aHAAU3 AAABHE-
Bocrounsix Salix (Salicaceae), OCHOBAHHBIN HA AAHHBIX CEKBEHHPOBAHUS
peruonos xaopomaactaoii AHK u ITS saeproit pubocomuoit AHK

C LIeABIO AAABHEHIIIETO BBIICHEHHSA B3ANMOOTHOILICHHI B POAE Salix IIpoBeAcH
pUAOreHETHYECKHI aHAA3 HA OCHOBE CPaBHEHHA HYKACOTHAHBIX IIOCACAOBA-
TeApHOCTEH perroHoB xAoporaactHoi AHK (petG—trnP, petN—psbM, psaA—yef3,
psbM—trnD, rpoB—trnC, truC—petN, truD—tri'l, trnS—psbZ, rbel,, matK ') n ITS pe-
rnona (ITS1-5.8S rRNA-ITS2) aaeproit pubocomuoit AHK 86 Buaos Salix n3
TpEX OAPOAOB: Salix, Chamactia, Vetrix u 27 cexuui, a taxxe Chosenia arbutifolia.
AwuBeprenius BUAOB BHYTpU poAa Salix 1o aanabM ITS n xuDNA Gbiaa oueHb
HI3KOH, Y DOABIIIHHCTBA BUAOB U3 ITIOAPOAOB Chamacetia v 1 etrix ToCAEAOBATEAB-
HOCTH Pa3AHYAANCH HECKOABKHMHE 3aMCHAMU UAU OBIAM HACHTUYHBL MOACKy-
AfIPHBIC PA3AMYUSA BBIABACHBEI ITAABHBIM OOPA30M Y BUAOB, IIPHHAAACHKAIIIHX IIOA-
poay Salix B ipexHeM mIpokom ero mornmMannm. I'TS-puaorenns coraacyercs,
B OCHOBHOM, C COBPEMEHHBIMI KAACCH(PUKAITMOHHEIMI CXEMaMH PoAa Salix Ha
YPOBHE IIOAPOAOB: XOPOIIO OAACPKUBACT BBHIACACHHE IIOAPOAOB Plenradenia,
Chosenia, Salix (3a mckarogenuem sect. Triandrae), Longifoliae, HO He TOAAEpPKU-
BACT BBIACACHUE TOAPOAOB Profitea v Chamaetia. B3anmooTHOIIIEHNA ITOAPOAOB
Chamaetia m VVelrix oCcTaroTcs HE PA3PEIICHHBIMA. BBICOKOE CXOACTBO ITAACTHA-
HOTO U SACPHOIO I€HOMOB, BBIIBACHHOE y OOABIIIIHCTBA BKAIOYECHHBIX B AHAAU3
BHAOB Salix, MOMKET YKa3bIBATh HA UX OTHOCHTECABHO HEAABHIOIO AHBEPICHIIHIO
OT ODILEro IPEAKA HAH Ha IIEPECCYCHIE ITCHEAAOTMYICCKIX AMHI Yepe3 THOpH-
AM3AITHIO.

Knouesble cnosa
xaopomaactaad AHK, ITS, dpusorenermaecknit anaaus, Salicaceae, Salix

The genus Salix L., the largest one in the family Sali- of Eurasia and North America, as well as in the mountains
caceae, comprises 300—450 species widespread mainly in of China (Skvortsov 1968, Fang et al. 1999). Only a few
cold and temperate regions of the Northern Hemisphere members of this genus reach South America and Africa.
(Skvortsov 1968, 1999, Nedoluzhko 1995a, Argus 1997, The Bering Strait region, the mountains of Southern Siberia
Ohashi 2001). Most species occur in the northern regions and Northeast Asia are centers of taxonomic diversity of
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shrubby and dwarf willows that were included in the subge-
nus Chamaetia. One hundred and thirty-five species are in-
dicated for the former Soviet Union (Skvortsov 1968). Accor-
ding to our sources, more than 70 species, including Salix
arbutifolia Pall. and S. cardiophylla Trautv. et C.A. Mey., are
found in the Russian Far East. In a monographic treatment
of the Far East willows (Nedoluzhko 1995a), the latter two
species were assigned to the genus Chosenia Nakai and genus
Toisusu Kimura, respectively. Four new species have recently
been described by Barkalov (2012): Salix woroschilovii Bar-
kalov (Southern Sikhote-Alin), S. moczalovae Barkalov and
S. olaénsis Barkalov (Kolyma Upland), S. schmidtiana Barka-
lov (Northern Sakhalin).

Classification schemes pertaining to the genus Sa/ix cha-
racterized by dioeciousness, considerable variability in the
morphology, diversity of life forms and habitats, still remain
controversial at both generic and infrageneric levels (Chen
etal. 2008). Skvortsov (1966, 1968) justifies the position of
recognizing Chosenia as a separate genus; however, he also
assumes that it can be classified as a subgenus of the genus
Salix, taking into account its significant similarity with wil-
lows, primarily with the East Asian S. cardiophylla from the
section Urbanianae (in terms of the structure of buds and
reproductive organs) and members of the American section
Longifoliae (in terms of similar anatomical structure of the
leaf). The main differences between Chosenia and willows
are identified in the anatomy of wood (characterized by ho-
mogeneous rays) and wind-pollination, which is a feature of
poplars, but these features in Chosenia are a secondary acqui-
sition (Skvortsov 1966). Reduction of nectaries (glands) in
Chosenia can probably be attributed to the transition to
wind pollination. The East Asian oligotypic genus Zoisusu
was assigned by Skvortsov (1968) to the genus Salix and
was placed into the section Urbanianae of the subgenus Sa-
lix. Kimura (1931) described Salix kamikotica Kimura (= x
Toisochosenia kamikotica (Kimura) Kimura: Kimura 1937),
which is a natural intergeneric hybrid of Zoisusu and Cho-
senia. He subsequently identified rudimentary nectaries
in fertile catkins in the Chosenia specimen from northeast
China and proposed the name of C. macrolepis Turcz. mstr.
adenantha Kimura for this anomalous form (Kimura 1938).
Subsequently Kimura (1988) made a combination at the
form level, but in the Salix genus — S. arbutifolia Pall. f.
adenantha (Kimura) Kimura, which he regarded as an
intermediate between Chosenia and Salix. Based on the
existence of a natural hybrid and the specified form, Ki-
mura (1988) reduced the status of Chosenia to the rank of a
section with the identical name (sect. Chosenia) and placed
it in the subgenus Pleuradenia in the genus Salix, which had
previously been identified by him.

Skvortsov (1968) subdivided the genus Salix within the
boundaries of the Eurasia region into three subgenera: Salix,
Chamaetia, and Vetrix, which, in turn, were divided into a
number of sections. Chao et al. (1998, 2010), in addition
to Chosenia and Salix, recognized Pleiarina Raf. (= Opodix
Raf., Lim & Carvalho 2013) to be a separate genus comp-
rising all Salix species with multistaminate flowers. In the
“Flora of China” Fang et al. (1999) subdivided the genus

Salix into 37 sections without distinguishing subgenera and

considered Chosenia to be a genus in the family Salicaceae.
Based on the results of the cladistic analysis, Chen et al.
(2008) proposed to split the genus Salix into three subgene-
ra, namely, Chosenia, Salix, and Vetrix.

The recent molecular-genetic studies have revealed a
number of incongruities with respect to the conventional
classification of Salix at the infrageneric level, which is based
primarily on morphological features (e.g., Skvortsov 1968,
1999, Dorn 1976, Kimura 1988, Argus 1997). There are
very few works focused on phylogeny of Sa/ix, among them:
Leskinen & Alstrdm-Rapoport (1999), Azuma et al. (2000),
Chen et al. (2010), Hardig et al. (2010), Abdollahzadeh et
al. (2011). It should be noted that in comparison to other
groups of flowering plants the number of species belonging
to this genus included in the studies is insignificant.

Based on variability of sequences in the ITS region of
nuclear DNA ribosomal operon, Leskinen & Alstrom-Ra-
poport (1999) reconstructed for the first time the tentative
phylogenetic relationships of 18 taxa of the Salicaceae family,
including Chosenia and a few members of Salix subgenera.
The study by Leskinen & Alstrém-Rapoport demonstrated
that sequence divergence in the ITS region and the number
of phylogenetically informative sites were very low in Salica-
ceae family, especially among Salix and Chosenia species. Spe-
cimens of Chosenia and Salix formed a well-supported mo-
nophyletic group; however, their ITS sequences give no clear
support to any specific affiliation of Chosenia arbutifolia (re-
ferred to as C. bracteosa (Turcz. ex Trautv.) Nakai) within Sa/ix.
It is necessary to clarify the definitions of voucher specimens
of “Chosenia” because when attempts to use ITS sequences
of Chosenia from the GenBank (Leskinen & Alstrom-
Rapoport data) in our analysis were made, both specimens
in the MP-tree grouped with S. rorida Laksch. (BP 62 %)
rather than with S. arbutifolia. Based on the MP-analysis
of nucleotide sequences of the cpDNA rbcl gene, Azuma
et al. (2000) demonstrated that species from three typically
recognized genera — Chosenia, Salix and Toisusu — form a
monophyletic group. Based on the results of analysis of three
cpDNA markers (rbcL, trnD—trnT, atpB—rbcL), Chen et al.
(2010) included Chosenia in Salix at the rank of subgeneric
level and proposed to subdivide the genus Salix s.1. into four
subgenera: Triandrae, Salix (without sections Triandrae and
Urbanianae), Chosenia (including section Urbanianae), and
Vetrix, which combines the species from the previously es-
tablished subgenera Vetrix and Chamaetia. The data obtained
by Chen et al. (2010) did not support the opinion of Chao
et al. (1998) concerning the recognition of Pleiarina as a se-
parate genus. The results of the study conducted by Hardig
et al. (2010) based on the comparison of the sequences of
the cpDNA matK gene and the ITS region partly supported
the most-recent infrageneric classification proposed by Argus
(2010). The research by Abdollahzadeh et al. (2011) was
mainly focused on establishing the relationships between the
Iranian species of Salix by using sequences of the ITS and
trnL—F region of cpDNA.

Today, there are two extensive regional monographic
treatments based on contemporary approaches to infra-
generic classification of Salix: by willows from Japan (Oha-

shi 2001) and North America (Argus 1997, 2010). Oha-
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shi accepts the broad concept with respect to the genus
Salix, relying on the data on pollen morphology (Sohma
1993), the results of molecular analysis (Leskinen & Alst-
rdm-Rapoport 1999, Azuma et al. 2000), and the novel
evaluation of morphological features. He divided Salix in
Japan into six subgenera: Pleuradenia, Chosenia, Protitea,
Chamaetia, Salix, and Vetrix. Ohashi included the section
Urbanianae in the subgenus Pleuradenia, and sections Flo-
ridanae, Humboldtianae, Tetraspermae, Wilsonia from the
subgenus Salix in the subgenus Protitea. Based on the phe-
netic study of species widespread in the New World, Argus
(1997) proposed a new classification of Salix at the sub-
generic and sectional levels, which differed from the scheme
previously proposed by Skvortsov (1968) in terms of
details. For the sake of completeness of the data, this author
included a number of species representing close European
or Asian sections of Salix, as well as the genus Chosenia,
in the study. He regarded the American section Longifoliae
as an independent subgenus: Salix subgen. Longifoliae
(Andersson) Argus. The sections Humboldtianae and Flo-
ridanae were placed by Argus (2010) in the subgenus Pro-
titea, which had previously been included in the subgenus
Salix by Skvortsov (1968).

Thus, the molecular studies have demonstrated the
monophyly for the genera Toisusu, Salix, and Chosenia.
However, the evolutionary relationships within the Sa-
lix s.l. still remain highly controversial. High degree of
individual variability and broad development of hybridiza-
tion processes are the typical features of willows. Apparent-
ly, this fact is a major obstacle on the way to establishing
phylogenetic relationships in the genus at both morpho-
logical and molecular levels. The aim of our study was to
reveal the relationships between the Far Eastern Salix spe-
cies and their position in the modern system of genera based
on a comparative analysis of sequences of ten regions of
chloroplast DNA (cpDNA; petG—trnD petN—psbM, psaA—
yef3, psbM—trnD , rpoB—trnC, trnC—petN, trnD—trn’l] trnS—
psbZ, rbcl, matK) and the ITS region (ITS1-5.85 rRNA
gene—ITYS) of the nuclear ribosomal DNA (nrDNA), and to
develop the infrageneric classification of Sa/ix.

MATERIALS AND METHODS

Taxon sampling

The specimens were taken from natural populations in
different regions of the Russian Far East. The list of species
used in this study is outlined in Appendix I. All voucher
specimens are deposited at the Regional Herbarium of the
Institute of Biology and Soil Science, Vladivostok (VLA).
The authors of taxa were indicated on the International
Plant Names Index (IPNI) database (http://www.ipni.org/
ipni/authorssearchpage.do).

DNA isolation, amplification, and sequencing

Total genomic DNA was extracted from silica-dried
leaves using DNeasy Plant Mini Kits (Qiagen, Hilden, Ger-
many), following the manufacturer’s instructions.

The ITS region (ITS1-5.8S rRNA gene-ITS2) of the
nrDNA and ten plastid regions (petG—trnl petN—psbM,

Phylogenetic analysis of the Far Eastern Salix.

psaA—ycf3, psbM—trnD, rpoB—trnC, trnC—petN, trnD—trnT,
trnS—psbZ, rbcL and matK) were amplified using the poly-
merase chain reaction (PCR). The previously published
primer pairs (Table 1) and recommended PCR parameters
(Leskinen & Alstrém-Rapaport 1999, Mir et al. 2010,
Hamza-Babiker et al. 2009, Huang et al. 2002, Shaw et al.
2005) were used to amplify these regions. Amplification
and sequencing reactions were carried out in a GeneAmp
PCR System 9700 thermal cycler (Applied Biosystems,
USA). Product size and concentration were estimated by
agarose gel electrophoresis.

The PCR products were sequenced using a BigDye ter-
minator v.3.1 sequencing standard kit (Applied Biosystems,
USA). Sequencing was carried out in both directions under
cyclic sequencing conditions described by Leskinen & Alst-
réom-Rapaport (1999) for the ITS region of nrDNA and
Shaw etal. (2005) for cpDNA regions using the same primer
pairs that were used for amplification. In addition, internal
primers were used for sequencing of the #rnD—trnT and the
rpoB—trnC IGS (Table 1). The sequences were analyzed on
an ABI 3130 sequencer (Applied Biosystems, USA).

Sequence alignment and phylogenetic analysis

All sequences were assembled using the Staden Package
v. 1.4 (Bonfield et al. 1995) and aligned manually using the
SeaView program (Galtier et al. 1996). Three datasets were
generated: matrix containing data from all ten cpDNA re-
gions of Far Eastern Salix species; matrix containing data
from the ITS and cpDNA of Far Eastern Salix species; and
matrix containing data from ITS region of Far Eastern Salix
species and thirty accessions from the EMBL/GenBank
database. The alignments were imported into PAUP 4.0b10
(Swofford 2003) and analyzed using maximum parsimony
as the optimality criterion (Swofford et al. 1996).

Indels in all datasets were coded as binary characters ba-
sed on the Simmons & Ochorena (2000) — simple coding
option, in FastGap 1.2 (Borchsenius 2009). A heuristic
search employing 1,000 random addition sequence repli-
cates with tree bisection and reconnection branch swapping
was implemented and the strict consensus tree was then
calculated from the most parsimonious trees. The robustness
of the trees was estimated by bootstrap percentages (BP; Fel-
senstein 1985) using 1,000 replications. BP less than 50 %
were not considered and are not shown in the figures 1-3.

RESULTS

The perG—trnl the petN—psbM, the psaA—ycf3, the
psbM—1rnD, the rpoB—trnC, the rnC—petN, the trnD—trnT;
the trnS—psbZ, the rbcl, the matK regions of cpDNA and
the ITS region of nrDNA were successfully amplified and
sequenced for all taxa. Sequences were deposited in the
European Molecular Biology Laboratory (EMBL-Bank)
and accession numbers for all sequences produced are given

in Appendices I and II.
Phylogenetic relationships inferred from combining ten
regions containing cpDNA sequences

The sequence characteristics of ten cpDNA regions are
summarized in Table 2. Informativity of cpDNA regions is
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Table 1. Primers used for amplification and direct sequencing of the ITS nrDNA and the ten cpDNA regions in this study

Region Code Sequence (5’g 3’) Author
ITS1-ITS2 ITS1 TCCGTAGGTGAACCTGCGG Mir et al. 2010
ITS4 TCCTCCGCTTATTGATATGC Mir et al. 2010
a TCGTAACAAGGTTTCCGTAGG Leskinen & Alstrém-Rapaport 1999
d TTCCTTCCGCTTATTGATATGC Leskinen & Alstrém-Rapaport 1999
petG—trnP  petG GGTCTAATTCCTATAACTTTGGC Huang et al. 2002
trnP GGGATGTGGCGCAGCTTGG Huang et al. 2002
petN-psbM  trnC400F TAGTAAGTCTCGCTTGGGCT Hamza-Babiker et al. 2009
trnC1000R CACTATGTCTATTTTATTTCCCG Hamza-Babiker et al. 2009
psad—ycf3  psaAF ACTTCTGGTTCCGGCGAACGAA Demesure et al. 1995
ycf3-3R GCRGARGCTTGGTTYGATCAAGC Heinze 2007
psbM-trnD  ttnD450F TTGTGTATGTGCTACCGGGA Hamza-Babiker et al. 2009
trnDM GGGATTGTAGTTCAATTGGT Demesure et al. 1995
rpoB-trnC  rpoB CACCCRGATTYGAACTGGGG Shaw et al. 2005
trnCYA CKACAAAAYCCYTCRAATTG Shaw et al. 2005
rpoBF1 ATTTGCAACAGATACAACTGG self-designed primer
rpoBR1 TTCAGGACAAATTGGAACCG self-designed primer
trnC—petN  trnCF CCAGTTCAAATCTGGGTGTC Demesure et al. 1995
trnC400R AGCCCAAGCGAGACTTACTA Heinze 2007
trnD-trnT  trnDSYCF ACCAATTGAACTACAATCCC Shaw et al. 2005
trnTSCUR CTACCACTGAGTTAAAAGGG Shaw et al. 2005
trnEVVCR AGGACATCTCTCTTTCAAGGAG Shaw et al. 2005
trnYCUAR CCGAGCTGGATTTGAACCA Shaw et al. 2005
trnS—psbZ  trnSP GAGAGAGAGGGATTCGAACC Demesure et al. 1995
ycf9m CAAAMACAGCCAATTGGAAAGC Heinze 2007
rbcL catbcLF TCCTCAACCTGGAGTTCCGC Hamza-Babiker et al. 2009
carbcLR TCGCATGTACCTGCAGTAGC Hamza-Babiker et al. 2009
matK trnK710F GTATCGCACTATGTWTCATTTGA Brunsfeld et al. 2007
matK1556R GAGGCTGTCCCCCCAATCC Brunsfeld et al. 2007

low. The alignment of the combined ten cpDNA regions
in 68 specimens of Far Eastern Salix species and Populus
suaveolens Fisch. as an outgroup, was 6957 characters in
length. The data matrix contained 410 (6 %) variable sites,
of which 149 (2 %) were potentially parsimony informative
(PI). The combined parsimony analysis recovered a
single-most parsimonious tree with the tree length = 539,
consistency index (CI) = 0.7755, and the retention index
(RI) = 0.7551. The strict consensus tree is shown in Fig.
1. The MP analysis produced two unresolved clades. Clade
1 was composed of three accessions of two species: S.
pseudopentandra (Flod.) Flod. and S. pierotii Miq. from the
subgenus Salix (BP 95 %), and clade 2 was composed of
65 accessions of 56 species from different subgenera (BP
88 9%). MP analysis was not able to resolve the positions
of species from subgenera Chamaetia and Verrix, inclu-
ding S. cardiophylla (Toisusu) from the subgenus Salix, in
clade 2. The topology demonstrates a strongly supported
sister group relationship between S. arbutifolia (Chosenia)
and the remaining taxa (BP 77 %), and S. nipponica Franch.
et Sav. was sister to aggregate of S. arbutifolia and all other
taxa with high support (BP 88 %).

Phylogenetic relationships inferred from combining ten
cpDNA regions and ITS sequences

The length of the ITS region for Salix species with the
exception of S. nipponica and S. reticulata L. (621 bp) was
620 bp, and for Populus suaveolens it was 619 bp. The le-
vel of divergence among Salix species was very low and
ranged from 0 to 2.7 %. The ITS sequences for the species

of subgenera Chamaetia and Vetrix were either identical
or differed only by one or two substitutions (overall mean
distance 0.004).

The alignment dataset combining ten cpDNA regions
and ITS sequences of Far Eastern Salix species was 7527
characters in length. Among the total characters, 465 (6 %)
were variable and 180 of the variable characters were PI. The
combined parsimony analysis recovered a single-most parsi-
monious tree with the tree length = 657, CI = 0.7260, and
RI = 0.7015. The strict consensus tree is shown in Fig. 2.
The topology of this tree was nearly identical to that of the
tree constructed on the basis of MP analysis of the dataset
of ten regions of cpDNA sequences. After examining these
trees, we noted that topological differences were mostly due
to the position of S. cardiophylla. This specimen of S. cardio-
phylla is sister to a group species from subgenus Chamactia
and subgenus Verrix (BP 66 %).

Phylogenetic relationships inferred from ITS sequences

The sequences of the ITS region of 72 Far Eastern spe-
cimens and 29 accessions from the EMBL/GenBank data-
base of 86 Salix species from three subgenera (Salix, Cha-
maetia, Vetrix), 27 sections and one Chosenia (S. arbutifolia)
species were used for phylogenetic analysis. The subgenus
Salix consisted of species from Salix, Salicaster (Pentandrae),
Humboldtianae, Urbanianae, Subalbae, Longifoliae, Triandrae
(Amygdalinae), Magnificae, and Wilsonia (Glandulosae) sec-
tions. Here we use the infrageneric classification of Salix
that was proposed by Skvortsov (1968) and was developed
on the basis of morphological characteristics.
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Table 2. Sequence information for plastid loci and ITS of Salix species

Region Length of sequences ~ Number of constant ~ Number of variable Number of parsimony informative
(bp) sites (excluding gaps)  sites (excluding gaps) sites (excluding gaps)
petG—trnP 566-621 561 18 11
petN-psbM 545-568 513 11 7
psaA—ycf3 744-798 720 13 5
psbM-trnD 409-459 386 13 6
rpoB-trnC 675-697 619 27 13
trnC—petN 407-442 397 9 7
trnD-trnT 935-989 883 28 12
trnS—psbZ 455-475 445 8 4
rbel 597 588 9 5
matK 835 823 12 6
ITS1-ITS2 620-621 588 32 22

The data matrix with a length of 634 characters contai-
ned 101 variable sites, of which 70 were PI. The combined
parsimony analysis recovered a single-most parsimonious
tree with the tree length = 152, CI = 0.7171, and RI =
0.8365. The strict consensus tree is shown in Fig. 3. The
topology of the MP phylogenetic tree demonstrates the mo-
nophyly of the genus Salix with all Salix species forming
two clades with a strong statistical support (BP 100 %).

Clade 1 is composed of the accessions of three species
from the subgenus Sa/ix (BP 100 %), and clade 2 with mo-
derate support is composed of 96 accessions of 82 species
(BP 75 %). Separate branches within clade 2 with a high
statistical support are formed by S. pierotii and S. miyabeana
Seemen (BP 85 %); S. dasyclados Wimmer and S. vimina-
lis L. (BP 90 %); S. floridana Chapm., S. fragilis L., S. lucida
Muhl., S. acmophylla Boissieu, S. alba L., S. pentandra L.
and S. pseudopentandra (BI 79 %); the two accessions of
S. exigua Nutt., S. interior Rowlee, S. melanopsis Nutt.
and S. rxifolia Kunth (BP 77 %). The other small groups
with a moderate support are formed by two specimens of
S. alaxensis (Andersson) Coville (BP 57 %); S. cardiophylla
and S. arbutifolia (BP 57 %); S. nipponica and the two
accessions of S. triandra L. (BP 55 %); S. krylovii E.L. Wolf,
S. integra Thunb. ex Murray, S. dasyclados and S. viminalis
(BP 61 %). The relationships between species from the sub-
genera Chamaetia and Vetrix and the sections Wilsonia and
Magnificae of the subgenus Salix remain unresolved.

Thus, parsimony analyses of the ITS and cpDNA regions
as separate or combined datasets are indistinguishable for
many closely related Salix species, and sometimes are not
very closely related (from different subgenera, for example,
S. pierotii and S. miyabeana). A high level of similarity of the
nuclear and plastid genomes of most species from the genus
Salix may be regarded as an indication of their relatively
recent divergence from a common ancestor, high level of
interspecific hybridization, and the reticulate pattern of
evolution typical of the genus (Argus 1997).

DISCUSSION

The subgenus Salix in the Northern Hemisphere is di-
vided into the following sections: Humboldtianae, Florida-
nae, Longifoliae, Salix, Salicaster, Subalbae, Triandrae, Urba-
nianae, and Wilsonia (Skvortsov 1968, Dorn 1976, Argus
1997). Skvortsov (1968) viewed the section Humboldtianae
rather broadly and included the Asian sections Zezraspermae
Andersson and Acmophyllae Andersson therein. This section
is distributed over the Old and the New World, over tro-
pical, subtropical and partly over warm-temperate regions.
Argus (1986) has earlier placed S. floridana from the mo-
notypical American section Floridanae in the section Hum-
boldtianae under an assumption that its immediate rela-
tives may belong to the Zétraspermae section from the Old
World. In our study, the section Humboldtianae s.1. is repre-
sented by five species: S. amygdaloides Andersson, S. good-
dingii C.R. Ball, S. humboldtiana Willd., S. acmophylla, and
S. floridana. According to the results of the I'TS data analysis
(Fig. 3), this section in the sense adopted here is not mono-
phyletic. In the phylogenetic tree, species belonging to the
section Humboltianae are appeared in two sister clades:
S. amygdaloides, S. gooddingii, and S. humboldtiana form a
well-supported first clade (BP 100 %), while S. acmophylla
and S. floridana are placed in the second clade (BP 75 %)
along with the other Salix species included in the analysis,
and are grouped into a single cluster (BP 79 %) with species
from the sections Salix and Salicaster. Results of the marK-
based phylogeny (Hardig et al. 2010) do not provide strong
support for placing S. floridana in the section Humboldtianae
too. The position of this species remains unresolved in their
phylogenetic tree. Argus (1997) has previously revealed
phenetic similarity of S. floridana and S. tetrasperma Roxb.,
but he considered that it was rather distant. Following Dorn
(1976), he left the sections Floridanae and Humboldtianae
in the subgenus Salix.

In his later work, Argus (2010) relocated the sections
Floridanae and Humboldtianae from the subgenus Salix
to the subgenus Protitea. This subgenus is characterized
by bud-scales with distinct, overlapping margins and flo-
wers with multiple stamens. Ohashi (2001) placed sections
Humboldtianae, Tetraspermae and the East Asian section
Wilsonia, including S. chaenomeloides Kimura, in the sub-
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Figure 1 Strict consensus tree constructed from MP analysis of the ten cpDNA regions sequences Sa/ix species with Populus
species as outgroups. Bootstrap percentages greater than 50 % are displayed on the branches. The subgenera are given
according to Skvortsov (1968)
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genus Protitea. Earlier, Skvortsov (1968) considered the
section Wilsonia (referred to as sect. Glandulosae) in the
subgenus Salix and highlighted its clear connection with
the sections Humboldtianae and Salicaster (referred to as
sect. Pentandrae). The relationship between these sections
was confirmed using the analysis based on rbcL sequencing
(Azuma et al. 2000, Chen et al. 2010). According to the re-
sults of molecular studies (Azuma et al. 2000, Hardig et al.
2010, Chen et al. 2010, our data), species assigned to the
subgenus Protitea (S. amygdaloides, S. gooddingii, S. hum-
boldtiana, S. floridana, S. tetrasperma, S. acmophylla, and
S. chaenomeloides) (Ohashi 2001, Argus 2010), appear in va-
rious clusters or clades, attesting to its polyphyletic nature.
According to Ohashi (2000, 2001), Asian S. glandulosa
Seemen (= S. chaenomeloides Kimura), whose genetic rela-
tionships remained unresolved in our study, is the type spe-
cies of this subgenus. In the rbcL-phylogeny (Azuma et al.
2000, Chen et al. 2010), the S. chaenomeloides is placed in
the same cluster along the species of the subgenus Safix s..,
demonstrating the resemblance to the Asian S. retrasperma
(sect. Humboldtianae) and African S. mucronata Thunb.
(sect. Octandrae Andersson). In our phylogenetic tree,
which is based on the ITS data, the subgenus Protitea cor-
responds to a small group of American species from the sec-
tion Humboldtianae found in the first clade (Fig. 3). The
further studies are to be conducted for the taxonomic status
of the subgenus Protitea using a larger number of species
and/or molecular markers other than ITS.

The natural habitat of S. acmophylla is entirely confined
to the arid continental areas of Asia, from the Middle East
to northern India, including Turkey, Iran, Afghanistan,
and Tajikistan (Skvortsov 1968). Nasarow (1936) regarded
S. acmophylla as a part of the special section Acmophyllae
and noted that it hybridizes with S. a/ba. Abdollahzadeh et
al. (2011) found several polymorphic sites in the ITS region
of nuclear DNA in S. acmophylla and suggested that it was
of hybrid origin, one of its parental species could have been
S. alba. In the phylogenetic tree obtained by us (Fig. 3), both
of these species form a moderately supported branch (BP
58 %), which could support this opinion. In the mazK-based
phylogeny (Hardig et al. 2010), S. acmophylla is grouped in
the same cluster with species of the subgenera Verrix and
Chamaetia, whose relationships remain unresolved.

According to certain morphological characteristics
(shape and internal structure of the buds, shape of stipules,
the pale color of floral bracts deciduous after flowering in
female flowers), S. fragilis belonging to a small section of
Salix is close to S. pentandra from the section Salicaster,
which attests to the relationship between the two sections
(Skvortsov 1968). Male flowers of S. fragilis and its close
relative S. alba normally contain two stamens, but as noted
by Skvortsov, there occasionally occur specimens with
multistaminate flowers (up to four or eight stamens). Accor-
ding to his opinion, multistaminal characteristic should
probably be regarded as a genuine atavism, which also
speaks in favor of the close relationship between the sections
Salix and Salicaster. In the phylogenetic tree obtained by
us (Fig. 3), the species of both sections are grouped in the
same cluster with a relatively high statistical support (BP

Phylogenetic analysis of the Far Eastern Salix.

Figure 4 Male aments of Salix abscondita (Primorsky Territory, vic.
of Ussutiysk city)

77 %), which also confirms their relationship at the genetic
level. The same results were obtained in studies by Leskinen
& Alstrom-Rapoport (1999), which were based on the ITS
data, and in studies by Abdollahzadeh et al. (2011), which
were based on the #rnL-F data.

The section Salicaster contains two well-distinguished
groups that can be regarded as subsections (Skvortsov
1968). In addition to S. pentandra and S. pseudopentandra,
the first group, includes species that are closely related to
them, namely, Chinese S. paraplesia C.K. Schneid. and the
North American S. serissima (L.H. Bailey) Fernald. The
second group comprises two or three North American bo-
real species: S. lucida, S. lasiandra Benth., and S. caudata
Heller. Argus (2010) considered the latter species to have
the variant rank: S. lasiandra var. caudata (Nutt.) Sudw.
In our analysis, S. lucida occupies a special position in the
cluster as compared to two other species in the section,
S. pentandra and S. pseudopentandra (Fig. 3). This fact to
some extent supports the view of intrasectional division
of Salicaster proposed by Skvortsov. In the analysis based
on the rbcL data (Chen et al. 2010), species of the section
Salicaster appear in two sister clades: S. lucida is grouped
in the clade with species from subgenus Salix of the New
World, including section Longifoliae; S. pentandra and
S. paraplesia are grouped in the clade with the species of
the subgenus Salix of the Old World. In the matK-based
phylogeny (Hardig et al. 2010), two samples of S. lucida
appear in different clades. The authors attributed this to the
chloroplast capture effect during hybridization with other
Salix species.

Skvortsov (1968) did not agree with the attempts to split
the subgenus Salix into smaller subgenera, but noted the
most isolated position of two sections there: the East Asian
Urbanianae and American Longifoliae. The section Urba-
nianae with its extremely primitive structure of the flower
(stamens or stipe of ovary fused with floral bract, resembling
the flowers of Populus) was often regarded as a separate
genus 7Toisusu different from the genus Salix (Kimura
1928, 1989, Ohwi 1965, Zhang 1994, Nedoluzhko 1995a,
1995b) or was included in the subgenus Pleuradenia of the
genus Salix (Kimura 1988, Ohashi 2001). In addition, the
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species from this section are characterized by the following
features: bud-scales with distinct, overlapping margins, pen-
dulous flowering catkins with a thin flexible rachis, 5-10
stamens, two trasventrally located adaxial nectaries and
one abaxial nectary, floral bracts deciduous in the pistillate
flowers after flowering, branches of the style together with
stigmas deciduous prior to the period of fruiting. According
to the analysis of the ITS data, S. cardiophylla belonging to
the section Urbanianae, is placed on the same branch with
S. arbutifolia (Chosenia) in the second clade (Fig. 3) with a
moderate statistical support (BP 57 %), which to a certain
extent attests to their genetic relationship. The Urbanianae
section has not been previously represented in the study
based on the ITS data.

In terms of flower structure, style deciduous to the pe-
riod of capsule maturation, bud structure, anatomical struc-
ture of the leaf, and bark features, the former genus Chosenia
demonstrates similarities with Salix (the sections Longifoliae,
Triandrae, Urbanianae). According to the data obtained by
Nedoluzhko (1995b), fruits of S. cardiophylla (Toisusu) over
the entire area of its distribution in Russia contain four seeds.
This feature is also characteristic of S. arbutifolia (Chosenia)
and species belonging to the sections Zetraspermae and
Floridanae from the subgenus Salix, which may be indicative
of close genetic relationships between the above mentioned
taxa. Ohashi (2001) lowered the genus Chosenia to the
rank of subgenus: Salix subgen. Chosenia, and the former
genus Toisusu, followed by Kimura (1988), included in the
subgenus Pleuradenia of the Salix genus. He believed that the
subgenus Chosenia was closer to the subgenus Safix than the
subgenus Pleuradenia as the abnormal form — S. arbutifolia
f. adenantha — may be indicative of recent divergence of
Chosenia from Salix with the loss of nectaries. According
to Skvortsov (1966), Chosenia became isolated after the
separation of willows and poplars and has evolved from a
certain trunk part of primitive willows; wind pollination is the
secondary acquired characteristic. There is an opinion based
on the data from mazK and ITS sequencing that Chosenia is
a morphologically divergent part of the Salix subgen. Verrix
(Brunsfeld & Antilla 2004). Perhaps there is some truth to
this notion; however, further evidence is required to adopt
or refute this hypothesis. Narrow confinement to the alluvial
deposits of the middle flow rate of the mountain rivers and
wind pollination enabled Chosenia to spread far to the north,
to the permafrost areas up to Chukotka.

Accepting the subgenus Pleuradenia with a single poly-
morphic species S. cardiophylla, Ohashi (2001) relied ex-
clusively on the general morphology and considered this
subgenus to be more primitive in the genus Sa/ix than the
subgenus Chosenia. Based on the data obtained by analyzing
cpDNA, Chen et al. (2010) also considered that Chosenia
had a rank of subgenus, but as opposed to Ohashi, they
placed the section Urbanianae containing S. cardiophylla in
it. Chao (1996) included three very similar species, S. car-
diophylla, S. maximowiczii Kom. and S. urbaniana Seemen,
in the genus Chosenia and proposed new nomenclatural
combinations for them. However, this was not adopted
in the ‘Flora of China’ (Fang et al. 1999). As noted above,
S. cardiophylla and S. arbutifolia representing the previously

recognized genera (Zoisusu and Chosenia, respectively) are
grouped on the same branch of the MP-tree, but with a mo-
derate statistical support. Taking into account the significant
differences in morphology between Zoisusu and Chosenia as
well as with other Salix species, they should be recognized as
the subgenera — Salix subgen. Pleuradenia and Salix subgen,
Chosenia, respectively, as it was adopted in the classification
scheme proposed by Ohashi (2001).

The American section Longifoliae adapted to the arid cli-
mate occupies a special position in the subgenus Salix. It is
the only section that retained the primitive structure of the
flower (but the number of stamens is reduced to two), bi-
lateral, chlorophyll-deficient, one-layer hypodermis in struc-
ture of the leaf similar to that in Chosenia and Populus sub-
gen. Turanga, and the ability to form root shoots resemble
to poplars (Skvortsov 1968). Such an important feature as
branching catkins that has been noted as a characteristic
feature exclusively for the aforementioned section (Argus
1997) was also observed by Barkalov in male plants of Asian
species belonging to the subgenus Verrix — S. abscondita
Laksch. (Fig. 4), S. caprea L. and S. integra. In this case, it
should presumably be regarded as an atavism.

In the rbcL-phylogeny (Azuma et al. 2000, Chen et al.
2010), the species from the section Longifoliae were placed
in the same cluster with the American representatives of
the sections Humboldtianae, Floridanae, Maccalianae,
and Salicaster from the subgenus Salix, but on a separate
branch. Some biological (Mosseler 1989, 1990) and bio-
chemical (Chong et al. 1995) features are indicative of
genetic relationship between the section Longifoliae and
the subgenus Verrix. Species from the section Longifoliae
(S. exigua, S. interior, S. melanopsis, S. taxifolia) included
in our analysis form an unresolved group (Fig. 3) with high
statistical support (BP 77 %). The results of the ITS-phy-
logeny (Leskinen & Alstrdm-Rapoport 1999, Hardig et
al. 2010, our data) indicate the naturalness of this group
of willows and are consistent with the opinion of Argus
(1997), who raised section Longifoliae to subgenus level —
Salix subgen. Longifoliae.

Salix triandra and S. nipponica included in the analysis
in this study belong to the small Eurasian section Triandrae.
Skvortsov (1968) assigned the rank of subspecies to S. nip-
ponica— S. triandra subsp. nipponica (Franch.) A.K. Skvort-
sov; while Ohashi (2001) included it in a number of syno-
nyms of S. triandra. In our study, the ITS sequences of
these species differ from each other in terms of two Ce>T
substitutions in the ITS1 region. Furthermore, only the
diploid chromosome number 2n = 38 has been identified
for S. nipponica (Suda 1958 as S. subfragilis Andersson, Pro-
batova et al. 2011), whereas the tetraploid number with
2n = 76 has been identified for S. triandra. Chen et al. (2010)
proposed to isolate the section 77iandrae and proclaim it to
be a special subgenus based on the comparative analysis of
the sequences of three cpDNA regions and the available data
obtained in morphological, biochemical and genetic studies
of others authors. In our MP-tree, S. nipponica and two
samples of S. #riandra form a separate branch in the clade
2 among most species included in the analysis (Fig. 3), but
with a relatively low statistical support (BP 55 %). The po-
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sition of S. triandra in the genus Salix has not been resolved
in the genetic research conducted by Leskinen & Alstrdm-
Rapoport (1999) and Hamza-Babiker et al. (2009). In the
study performed by Azuma et al. (2000), S. nipponica (re-
ferred to as S. subfragilis) was grouped in the same clade
along with Chosenia, Toisusu and species from the subgenera
Chamaetia and Vetrix, but in the sister position. The same
situation can be observed for S. #riandra in the results ob-
tained by Chen et al. (2010). The study of relationships in
the genus Salix using AFLP (amplified fragment length po-
lymorphism) (Trybush et al. 2008) demonstrated that the
genetic similarity between S. #riandra and the subgenera Sa-
lix and Vetrix was identical.

Species belonging to the section Triandrae differ from
other willows mainly by the bark of old trees, which re-
sembles the bark of Chosenia. Furthermore, they have spe-
cial structure of anthers: both anther bags face forward
rather than sideward (Skvortsov 1968). Sometimes short
ferruginous hair are involved in indumentums of young
shoots, stems, leaves and bracts in S. nipponica, which was
observed in S. pierotii from the subgenus Salix, as well as in
S. caprea, S. divaricata Pall., S. fuscescens Andersson, S. has-
tata L., S. integra, S. vulpina Andersson from the subgenus
Vetrix. In S. triandra and S. nipponica, flowers typically
have three stamens, but there are also specimens with two,
four or five stamens (Fang et al. 1999, Ohashi 2001). The
above-mentioned characteristics presumably result from
hybridization with species belonging to the other Salix
groups during the evolution of the group. Molecular stu-
dies have demonstrated that based on the requirements of
monophyly, the section Triandrae representing the xero-
morphic line of Salix evolution should nominally be made
regarded as a separate subgenus. However, further research
with larger amount of data is required.

Certain representatives of the sections belonging to the
subgenus Vezrix form separate branches in the MP-tree; less
frequently they are grouped with species from another sub-
genus. Thus, S. miyabeana from the section Helix of the sub-
genus Vetrix and S. pierotii from the section Subalbae of the
subgenus Sa/ix form a sister pair (BP 85 %, Fig. 3). The East
Asian section Subalbae, in addition to S. pierotii, includes
S. jessoénsis Seemen, S. eriocarpa Franch. et Sav., S. mat-
sudana Koidz., and S. babylonica L. (Ohashi 2001); among
which two species — S. pierotii and S. matsudana (= S. baby-
lonica L.: Liu et al. 2012) — were included in our analysis.
Likewise, the results of phenetic analysis (Argus 1997)
support neither the isolation of the section Subalbae (e.g.,
Skvortsov 1968, Dorn 1976, Zhang 1994, Ohashi 2001)
nor its inclusion in the section Salix (e.g., Wang & Fang
1984, Fang et al. 1999). According to rbcL sequencing data,
S. babylonica belonging to the section Subalbae is located in
the same cluster along with S. a/ba from the section Salix
and S. pentandra from the section Salicaster (Azuma et al.
2000, Chen et al. 2010). In our study, which was based on
the ITS data, genetic relationships between S. pierotii and
S. matsudana belonging to the section Subalbae remained
unresolved. Therefore, molecular studies provide a clear pic-
ture neither for the taxonomic status of the section Subalbae
nor for its position in the subgenus Sa/ix.

Phylogenetic analysis of the Far Eastern Salix.

Skvortsov (1968) has noted that the genetic relationships
of predominantly Eurasian section Helix are very problematic.
According to his opinion, this section has a number of primi-
tive (for willows) characteristics: flat crenulated leaves, short
stamens, small bracts covered with short hair from the inside,
and the presence of large trees among a number of species,
and the southern habitat in general. Based on these facts,
direct relationship with the subgenus Safix can be assumed
(e.g., with the section Subalbae); however, most Helix species
are characterized by many advanced features as well (lack of
hypodermis in leaves, black color of bract scales, presence
of one nectary only, frequently observed bright yellow color
of the phloem). According to the results of the comparative
sequence analysis of ten cpDNA regions, S. pierotii (sect. Sub-
albae) and two specimens of S. pseudopentandra (sect. Salicas-
ter) form clade 1 with high statistical support (BI 95 %), and
S. miyabeana is grouped in clade 2 along with species belon-
ging to the subgenera Chamaetia and Vetrix (Fig. 1). These
data do not support the relationship between the sections
Subalbae and Helix.

According to the results of the chloroplast and the ITS
analysis, two species from the subgenus Vetrix — S. alaxensis
and S. krylovii, which are placed in the section Villosae
(Skvortsov 1968, Bolshakov 1992, Nedoluzhko 1995a),
— are not grouped together (Figs. 1-3). According to the
ITS data (Fig. 3), two specimens of S. alaxensis form an
independent branch, while S. krylovii is grouped with
species belonging to the section Viminella, S. dasyclados
and S. viminalis, and section Helix — S. integra, but with
a relatively low statistical support (BP 61%). Skvortsov
(1968) highlights the undeniable genetic relationship of the
section Villosae with the section Viminella (referred to as
sect. Vimen) and the tentative relationships with the sec-
tions Canae and Lanatae. He placed North American spe-
cies S. candida Fligge ex Willd., which is closely related to
the Asian S. krylovii, in the section Villosae. Argus (1997)
considered S. candida and S. krylovii to belong to the
section Candidae. He left S. alaxensis in the section Villosae.
Phenetic analysis conducted by this author demonstrated
close resemblance of the section Villosae with the sections
Lanatae and Candidae and only distantly with Viminella or
Canae. However, in addition to a long thin style, S. alaxensis
is characterized by such an important morphological feature
as extended petioles that are swollen by the end of growing
season. These features occur in S. dasyclados and S. schwe-
rinii E.L. Wolf (sect. Viminella), and in S. gracilistyla Miq.
(sect. Subviminales). The data of the phylogenetic analysis
conducted by us support the Argus’ view (1997) regarding
the isolation of the section Candidae and indicate its rela-
tionship with the section Viminella.

The subgenus Salix is particularly rich in taxonomic
problems because it is defined by different subset of ancest-
ral characters (Hardig et al. 2010). As it was justly noted by
Skvortsov (1968: 76), “a significant discrepancy between the
individual types therein can be identified, and it is difficult
to single out any particular type that would be the most
primitive in all respects: certain sections are more primitive
with respect to some features, others — with respect to other
features”. The phylogenetic analysis based on the ITS data
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largely supports the current classification schemes of the ge-
nus Salix at the subgeneric level (e.g., Ohashi 2001, Argus
2010), except for the subgenera Protitea and Chamaetia. Iso-
lation of the subgenera Pleuradenia, Chosenia, Salix (without
sect. Triandrae), and Longifoliae has been supported well.
The inclusion of Chosenia and Toisusu as subgenera into
the genus Salix renders it more natural. The appearance of
the individual branches in the phylogenetic tree with the
representatives belonging to the subgenus Vetrix, mainly
in valley habitats, can be explained by crossing of the
breeding lines through hybridization with the species from
the subgenus Salix. Molecular and genetic studies do not
support any of the other subdivisions within Sa/ix at the
subgenus level. Distinctions of the subgenera Longifoliae
and Triandrae from the subgenus Salix only emphasize their
features as natural groups of willows corresponding to the
conditions of the environment in which they have evolved.

CONCLUSIONS

The comparative analysis of chloroplast DNA and the ITS
region of nuclear DNA ribosomal operon enabled revealing
the molecular differences mostly in species belonging to the
subgenus Salix in its earlier broad meaning. The genera Cho-
senia and Toisusu exhibit close genetic relationships and are
included in the genus Sa/ix. High similarity of the plastid and
nuclear genomes characteristic of most species belonging to
the genus Safix included in the analysis can attest to the fact
that they have relatively recently diverged from a common
ancestor or there is result of lineage sorting through hyb-
ridization. None of the molecular and genetic studies perfor-
med provided support for the isolation of the subgenus Cha-
maetia. Further research involving larger number of species,
especially those from southwest China and the Himalayas,
and/or other molecular markers is required to improve the
classification of Salix.

ACKNOWLEDEGMENTS

We thank Olga A. Mochalova (Institute of Biology
Problems of the North FEB RAS, Magadan), Valentine V.
Yakubov (Institute of Biology and Soil Science FEB RAS,
Vladivostok), and Vadim A. Bakalin (Botanical Garden-
Institute FEB RAS, Vladivostok) for collecting of some
Salix samples. This research was supported by grants from
Russian Foundation of Basic Research (09-04-00087-a,
12-04-10136-k, 13-04-01453), and Far East Branch RAS
(12-111-A-06-068, 12-I-T130-06).

LITERATURE CITED

Abdollahzadeh, A., S. Kazempour Osaloo & AA. Maassoumi
2011. Molecular phylogeny of the genus Sa/ix (Salicaceae) with
an emphasize to its species in Iran. Iranian Journal of Botany 17:
244-253.

Argus, G.W. 1997. Infrageneric classification of Sa/ix (Salicaceae)
in the New World. Systematic Botany Monaographs 52: 1-121.

Argus, G.W. 2010. Salix. In: Flora of North America North of Mexico.
(Flora of North America Editorial Committee, eds.). Vol. 7, pp.
23-162. Oxford University Press, New York, NY, and Oxford,
UK.

Azuma, T., T. Kajita, J. Yokoyama & H. Ohashi 2000. Phylogenetic
relationships of Sa/ix (Salicaceae) based on rbel. sequence data.
American Journal of Botany 87: 67-75.

Barkalov, V.Y. 2012. New Sa/ix (Salicaceae) from the Russian Far
East. Botanicheskii Zhurnal 97(6): 797-806 (in Russian with Eng-
lish summary). [bapkasos B.FO. Hossre Buarr Sa/ix (Salicaceae)
¢ poccuiickoro Aaaprero Bocroka // Borannueckuii KypHaa.

2012.T. 97, Ne 6. C. 797-806 (c BkA€HKOI).|

Bolshakov, N.M. 1992. Salicaceae. In: Flora of Siberia (Krasnobo-
rov .M. & Malyschev L.I. eds.). Vol. 5, pp. 8-59 (in Russian).
Nauka, Novosibirsk. [Boabmakos H.M. 1992. Salicaceae //
®ropa Cubupu / moa pea. Kpacaoboposa .M., Maabiuesa
AWM. HoBocubupcek: Hayka. T. 5. C. 8-59.]

Bonfield, ].K., K.F. Smith & R. Staden 1995. A new DNA sequence
assembly program. Nucleic Acids Research 23: 4992—4999.

Borchsenius, E 2009. FastGap 1.2. Department of Biological Sci-
ences, University of Aarhus, Denmark. Published online at
http://192.38.46.42/aubot/ fb/FastGap_home.htm

Brunsfeld, S.J, T.R. Miller & B.C. Carstens 2007. Insights into the
Biogeography of the Pacific Northwest of North America: Evi-
dence from the Phylogeography of Salix melanopsis. Systematic
Botany 32: 129-139.

Brunsfeld, S.J., & C.K. Antilla 2004. Complexities in the phylogeny
of Salix (Salicaceae). Botany. Systematic section / ASPT. Cot-
tonwood B (Snowbird Center). Abstract ID: 791.

Brunsfeld, S.J., D.E. Soltis & P.S. Soltis 1992. Evolutionary pat-
terns and processes in Salix sect. Longifoliae: evidence from chlo-
roplast DNA. Systematic Botany 17: 239-256.

Chao, N. 1996. On the problems of the classification of Toisusu
Kimura (Salicaceae) in Northeastern Asia. Journal of Sichuan For-
estry Science and Technology 17(2): 12—15.

Chao, N,, G-T. Gong & J. Liu 1998. On the classification and dis-
tribution of the family Salicaceae. Journal of Sichuan Forestry Sci-
ence and Technology 19(4): 9-20.

Chao, N., G-T. Gong & J. Liu 2010. On the subdivision of the
genus Pleiarina Rafin. [sic| (Salicaceae). Journal of Sichnan Forestry
Science and Technology 31(5): 8—20.

Chen, J.H., H. Sun, J. Wen & Y.P. Yang 2008. Cladistic analysis of
the genus Sa/ix (Salicaceae). Acta Metallurgica Sinica 30: 1-7.

Chen, J.H., J. Wen & Y.P. Yang 2010. Molecular phylogeny of Sa/ix
L. (Salicaceae) inferred from three chloroplast datasets and its
systematic implications. Taxon 59: 29-37.

Clement, M., D. Posada & K.A. Crandall 2000. TCS: A compu-
ter program to estimate gene gencalogies. Molecular Ecology 9:
1657-1659.

Demesure, B., N. Sodzi & R.J. Petit 1995. A set of universal pri-
mers for amplification of polymorphic non-coding regions of
mitochondrial and chloroplast DNA in plants. Molecular Ecology
4:129-131.

Dorn, R.D. 1976. A synopsis of American Salix. Canadian Jonrnal
of Botany 54: 2769-2789.

Fang, C.F, S.D. Zhao & A.K. Skvortsov 1999. Salicaceae. In: Flora
of China. (Wu Z.Y, Raven PH., eds.). Vol. 4, pp. 139-274. Science
Press, Beijing; Missouri Botanical Garden Press, St. Louis.

Felsenstein, J. 1985. Confidence limits on phylogenies: An ap-
proach using the bootstrap. Evolution 39: 783-791.

Galtier, N., M. Gouy & C. Gautier 1996. SeaView and Phylowin,
two graphic tools for sequence alignment and molecular phy-
logeny. Computer Applications in the Biosciences 12: 543—548.

Hamza-Babiker, N., B. Heinze, J. Gléssl & C. Arnold 2009. Chlo-

roplast DNA identification of eight closely related European
Salix species. Austrian Journal of Forest Science 126: 175-193.

Hardig, T.M., CK. Anttila & S.J. Brunsfeld 2010. A phylogene-
tic analysis of Sa/ix (Salicaceae) based on matK and ribosomal
DNA sequence data. Journal of Botany 2010: 1-12 (Article ID
197696, 12 pages, 2010, doi:10.1155/2010/197696).

Hardig, TM., S.J. Brunsfeld, R.S. Fritz, M. Morgan & C.M. Orians
2000. Morphological and molecular evidence for hybridization
and introgression in a willow (Sa/ix) hybrid zone. Molecular Eco-
lology 9: 9-24.

Heinze, B. 2007. A database of PCR primers for the chloroplast
genomes of higher plants. Plant Methods 3—4: 1-1.

Huang, SS.F, S-Y. Hwang & T-P. Lin 2002. Spatial pattern of

chloroplast DNA variation of Cyclobalanopsis glanca in Taiwan
and East Asia. Molecular Ecology 11: 2349-2358.

14 Botanica Pacifica. A journal of plant science and conservation. 2014. 3(1): 3—-19



Kimura, A. 1928. Uber Tvisusu — eine neue Salicaceen-Gattung und
die systematische Stellung derselben. Botanical Magazine (Tokyo)
42: 287-290.

Kimura, A. 1931. The scientific name of Japanese “Salix viminalis
(non L.)”. Botanical Magazine (Tokyo) 45: 28 (in Japanese).

Kimura, A. 1937. Symbolae Iteologicae IV. Science Reports of the
Toboku Imperial University, Series 4, Biology 12: 311-321.

Kimura, A. 1938. Symbolae Iteologicae V1. Science Reports of the To-
hoku Imperial University, Series 4, Biology 13: 390-394.

Kimura, A. 1988. De Salicis subgenera Pleuradenia commentation.
Science Reports of the Tohoku University, Series 4, Biology 39(3):
143-147.

Kimura, A. 1989. Salicaceae. In: Wild flowers of Japan woody plants.
(Satake Y., Hara H., Watari S. & Tominari T. eds.). Vol. 1, pp.
31-51, pls. 39-58. Heibonsha Ltd. Publisher, Tokyo (in Japa-
nese).

Leskinen, E. & C. Alstrém-Rapoport 1999. Molecular phylogeny
of Salicaceae and closely related Flacourtiaceae: Evidence from
5.8 S,ITS 1 and ITS 2 of the tDNA. Plant Systematics and Evolu-
tion 215: 209-2217.

Lim G.S. & M.R. Carvalho 2013. A reconsideration of the typi-
fication of Rafinesque generic names allied to Sa/ix L. Rhodora
115(962):170-190, doi: http://dx.doi.org/10.3119/12-11.

Liu M., E Zhu, Z. Liu, H. Zhang 2012. Phylogenetic relationship
among Salix species based on ITS sequences. Guizhou Forestry
Stcience and Technology 4: 30—-35.

Mir, B.A., S. Koul, A. Kumar, M.K. Kaul, A.S. Soodan & S.N.
Raina 2010. Intraspecific variation in the internal transcribed
spacer (ITS) regions of tDNA in Withania somnifera (Linn.) Du-
nal. Indian Journal of Biotechnology 9: 325-328.

Mosseler, A. 1989. Interspecific pollen-pistil incongruity in Sa/ix.
Canadian Journal of Forestry Research 19: 1161-1168.

Mosseler, A. 1990. Hybrid performance and species crossability
relationships in willows (Salix). Canadian Journal of Botany 68:
2329-2338.

Nasarow, M.1. 1936. Salix. In: Flora of the USSR. (Komarov V.L.
ed.). Vol. 5, pp. 24-216, 707-713 (in Russian). [Hasapos M.I1.
1936. Salix // ®aopa CCCP / moa pea. Komaposa B.A. T. 5.
M., A.: spateascteo AH CCCP. C. 24-216, 707-713.]

Nedoluzhko, V.A. 1995a. Salicaceae. In: Plantae Vasculares Orien-
tis Extremi Sovietici. (Kharkevich S.S. ed.). Vol. 7, pp. 145-212.
Nauka, Saint-Petersburg (in Russian). [Heaoayxxo B.A. 1995a.
Salicaceae // CocyAucrsie pacTeHHs COBETCKOrO AaAbHETO
Bocroka / moa pea. Xapkesnua C.C. T. 7. Cankr-IlerepOypr:
Hayxa. C. 145-212/]

Nedoluzhko, V.A. 1995b. Conspectus of dendrofiora of the Russian Far
East (Baranov V1. ed.). 208 p. Dal’nauka, Vladivostok (in Rus-
sian). [Heaoayxko B.A. 19956. Korcmext AeHApOd AOPEL pOC-
cniickoro Aaapaero Boctoka / moa pea. Bapanosa B.I. 208 c.
BaaamBocTok: AaapHayka.|

Ohashi, H. 2000. A systematic enumeration of Japanese Salix
(Salicaceae). Journal of Japanese Botany 75(1):1—41.

Ohashi, H. 2001. Salicaceae of Japan. Science Reports of the Tohoku
University, Series 4, Biology 40(4): 269-396.

Pleines, T., S.S. Jakob & ER. Blattnerl 2009. Application of non-

coding DNA regions in intraspecific analyses. Plant Systematics
and Evolution 282: 281-294.

Phylogenetic analysis of the Far Eastern Salix.

Probatova, N.S,, S.G. Kazanovsky, E.G. Rudyka, V.Yu. Batkalov,
V.P. Seledets & V.A. Nechaev 2011. In: IAPT/IOPB chromo-
some data 12 (K. Marhold ed.) Taxon 60(6): 1790—1794.

Rozas, J., ].C. Sanchez-Delbartio, X. Messeguer & R. Rozas 2003.
DnaSP, DNApolymorphism analyses by the coalescent and
other methods. Bioinformatics 19: 2496-2497.

Shaw, ., E.B. Lickey, ].T. Beck, S.B. Farmer, W. Liu, J. Miller, K.C.
Siripun, C.T. Winder, E.E. Schilling & R.L. Small 2005. The tor-
toise and the hare II: Relative utility of 21 noncoding chloro-
plast DNA sequences for phylogenetic analysis. Awmerican Jonrnal
of Botany 92: 142—-166.

Simmons, M.P. & H. Ochoterena 2000. Gaps as characters in se-
quence-based phylogenetic analyses. Systematic Biology 49: 369—
381.

Skvortsov, A.K. 1966. Salicaceae. In: Flora Arctica URSS. (Tolma-
tchev AL, ed.). Vol. 5, pp. 7-118. Nauka Publishers, Moscow,
Leningtad (in Russian). [Cksopmos A.K. 1966. Salicaceac //
Apxruuaeckas dpaopa CCCP / moa pea. AV Toamauesa. T. 5.
C. 7-118. M., A.: Hayka]

Skvortsov, A.K. 1999. Willows of Russia and adjacent countries.
Taxonomical and geographical revision. Unzversity of Joensuu Re-
port. Series No 39 Biology. Joensuu, Finland. P. 1-307.

Skvortsov, AK. 1968. Willows of the USSR. A taxonomic and geo-
graphic revision. In: Proceedings of the study of the fauna and flora of the
USSR, published by Moscow Society of Naturalists (V.N. Tikhomirov
ed.). New ser., Sect. Bot. 15 (XXIII). 263 c. Nauka, Moscow (in
Russian). [Cxkoprios A.K. 1968. Fser CCCP: cucremarmyaeckuii
n reorpadpmaecknit 0630p // MaTepraAbl K MO3HAHAIO (DAyHBI 1
daoper CCCP, uspaBacmeie MOCKOBCKIM OOIIECTBOM KCITBITA-
Teaert mpupoAsl / moa pea. B.H. Tuxommposa. Hosas cepws,
OrA. 60orarmgecknii. Bemm. 15 (XXIII). 263 ¢. Mocksa: Hayka. |

Sohma, K. 1993. Pollen diversity in Sa/ix (Salicaceae). Science Re-
ports of the Tohoku University, ser. 4, Biology 40: 77-178.

Sourdis, J. & M. Nei 1988. Relative efficiencies of the maximum
and distance-matrix methods in obtaining the cortrect phyloge-
netic tree. Molecular Biology and Evolution 5: 298-311.

Staden, R., K.F. Beal & J.K. Bonfield 1999. The Staden Pack-
age 1998. Computer Methods in Molecular Biology 132: 115-130.

Suda, Y. 1958. The number of chromosomes in Japanese salicaceous
plants. Science Reports of the Tohokn University, ser. 4, Biology 24:
1-4.

Swofford, D.L, J.L. Olsen, PJ. Waddell & D.M. Hillis 1996. Phylo-
genetic inference. In: Molecular systematic. (Hillis D.M., Moritz C.,
Mable B.K. eds.). P. 407-514. Sinauer Associates, Sundetland,
MA.

Swofford, D.I.. 2003. PAUP*. Phylogenetic analysis using parsi-
mony (*and other methods), version 4.04. MA: Sinauer Associ-
ates, Sundetland.

Trybush, S., S. Jahodové, W. Macalpine & A. Karp 2008. A genetic
study of a Sa/ix germplasm resource reveals new insights into
relationships among subgenera, sections and species. BioEnergy
Research 1: 67-79.

Wang, C. & C.F. Fang 1984. Salicaceae. In: Flora Reipublicae Popularis
Sinicae. (Wu Z.Y. ed.). Vol. 20, issue 2. P. 79—403. Science Press,
Beijing (in Chinese).

Zhang, M.L. 1994. A preliminary cladistic study on the multista-
minal willows (Sa/x) in China. Bulletin of Botanical Research 14:
299-305.

Botanica Pacifica. A journal of plant science and conservation. 2014. 3(1): 3—-19 15



Barkalov & Kozyrenko

Appendix 1. Species sampled for the study. The classification
is given according to Skvortsov (1968)

Outgroup taxa:

Populus suaveolens Fisch., Russia, Kamchatka, volcano
Tolbachik, V. Barkalov 82, HE800886; P. trichocarpa Torr.
et A. Gray, Sweden, Uppsala Botanical Garden, E. Leskinen
& C. Alstrdom-Rapaport, AJ006440 (Leskinen & Alstrom-
Rapaport 1999).

Ingroup taxa:

Genus Chosenia Nakai

Chosenia arbutifolia (Pall.) AK. Skvortsov (= Salix
arbutifolia Pall.), Russia, Kamchatka, River Kirevna, V.
Barkalov 83, HE800885.

Genus Salix

Subg. Salix

Sect. Humboldtianae Pax: S. acmophylla Boissieu,
USA, Idaho, Boise, W. Buehler (cultivated, Botanic Gar-
den, Egypt, Cairo), EF060388 (Hardig et al. 2010); S.
amygdaloides Andersson, Canada, Ontario, vic. Belleville,
S. Brunsfeld, EU784080 (Hardig et al. 2010.); S. gooddin-
gii C.R. Ball, USA, New Mexico, S. Brunsfeld, EU784081
(Hardig et al. 2010); S. humboldtiana Willd., Mexico,
Oaxaca, vic. San Felipe, S. Brunsfeld, EF060372 (Hardig
et al. 2010).

Sect. Floridanae Dorn: S. floridana Chapm., USA,
Florida, Ocala, L. Miller, EF060380 (Hardig et al. 2010).

Sect. Wilsonia K.S. Hao ex C.E Fang et A.K. Skvortsov
(sect. Glandulosae Kimura): S. chaenomeloides Kimura,
USA, Idaho, Boise, W. Buechler (cultivated, Forest Farms
Nursery, Oregon, Williams), EF060386 (Hardig et al.
2010).

Sect. Triandrae Dumort. (sect. Amygdalinae W.D.].
Koch): S. nipponica Franch. et Sav., Russia, Primorye, vic.
Solovei Kluch, V. Barkalov 49, HE800864; Salix triandra
L. # 1, Finland, Oulu, C. Antilla, EF060385 (Hardig et al.,
2010); # 2, Sweden, Uppsala Botanical Garden, E. Leskinen
& C. Alstrom-Rapaport, AJ006434 (Leskinen & Alstrém-
Rapaport 1999).

Sect. Urbanianae (Seemen) C.K. Schneid.: Salix car-
diophylla Trautv. et C.A. Mey. (Toisusu cardiophylla (Trautv.
et C.A. Mey.) Kimura), Russia, Sakhalin, river Pilenga, V.
Barkalov 1, HE800841.

Sect. Salicaster Dumort. (sect. Pentandrae (Borrer) C.K.
Schneid.): 8. lucida Muhl., USA, Pennsylvania, Blakeslee,
S. Brunsfeld, EF060371 (Hardig et al. 2010); S. pentandra
L. # 1, Sweden, Vestbreen, H. Roininen, EF060376 (Har-
dig et al. 2010); # 2, Sweden, Uppsala Botanical Garden,
E. Leskinen & C. Alstrém-Rapaport, AJ006429 (Leskinen
& Alstrom-Rapaport 1999); S. pseudopentandra Flod. #
1, Russia, Kamchatka, volcano Tolbachik, V. Barkalov 19,
FRG693646; # 2, Russia, Kamchatka, vic. Esso, V. Barkalov
27, FR693647.

Sect. Salix: S. alba L., Sweden, Uppsala Botanical Gar-
den, E. Leskinen & C. Alstrom-Rapaport, AJ006423 (Le-
skinen & Alstrom-Rapaport 1999); S. fragilis L., Sweden,
Uppsala Botanical Garden, E. Leskinen & C. Alstrém-Ra-
paport, AJ006427* (Leskinen & Alstrom-Rapaport 1999).
* — Sampler belongs to S. euxina 1. Beljaeva (Argus 2010).

Sect. Subalbae Koidz.: S. matsudana Koidz., GenBank,
DQ217771 (Abdollahzadeh et al. 2011); S. pierotii
Migq., Russia, Primorye, vic. Terekhovka, V. Barkalov 50,
HE800865.

Sect. Magnificae C.K. Schneid.: S. magnifica Hemsl.,
USA, Idaho, W. Buechler (cultivated), EF060379 (Hardig
et al. 2010)

Sect. Longifoliae Andersson: S. exigua Nutt. # 1, USA,
University of Wisconsin-Madison, Sytsma, AJ006426**
(Leskinen & Alstrom-Rapaport 1999); # 2, USA, Washing-
ton, vic. Richland, S. Brunsfeld, EU784078 (Hardig et al.
2010); S. interior Rowlee, USA, Wisconsin, vic. Hudson,
S. Brunsfeld, EU784079 (Hardig et al. 2010); S. mela-
nopsis Nutt., USA, Montana, vic. Saltese, S. Brunsfeld,
EF060375 (Hardig et al. 2010); S. taxifolia Kunth, Mex-
ico, Vera Cruz, vic. Tlapacoyan, S. Brunsfeld, EF060373
(Hardig et al. 2010). ** — Sampler belongs to S. interior
(Argus, 2010).

Subg. Chamaetia (Dumort.) Nasarow

Sect. Chamaetia: S. reticulata 1., Russia, Kamchatka,
Mt. Alnei, V. Barkalov 14, FR693637.

Sect. Herbella Ser. (sect. Retusae A. Kern.): S.
darpirensis Jurtzev et A.P. Khokhr., Russia, Magadan,
Mt. Zamkovaya, O. Mochalova 30 (VLA), HE800845;
S. herbacea L., Sweden, Uppsala Botanical Garden, E.
Leskinen & C. Alstrom-Rapaport, AJ006428 (Leskinen
& Alstrom-Rapaport 1999); S. jurtzevii A.K. Skvortsov,
Russia, Magadan, Ol’skoye plateau, O. Mochalova 33,
HEB800848; S. nummularia Andersson, Russia, Magadan,
Olskoye plateau, V. Barkalov 31, HE800846; S. polaris
Wahlenb. # 1, Russia, Kamchatka, Mt. Alnei, V. Barkalov
17, FR693641; # 2, Russia, Kamchatka, Mt. Alnei, V.
Barkalov 24, FR693643; S. retusa L., Sweden, Uppsala
Botanical Garden, E. Leskinen & C. Alstrom-Rapaport,
AJ006431 (Leskinen & Alstrom-Rapaport 1999); S.
serpyllifolia Scop., Sweden, Uppsala Botanical Garden,
E. Leskinen & C. Alstrdm-Rapaport, AJ006432 (Leskinen
& Alstrdm-Rapaport 1999); S. turczaninowii Laksch. ex
Printz, Russia, Sakhalin, Nabil’ski Ridge, Chamginski Pass,
V. Bakalin & O. Pisarenko 6, FR693631.

Sect. Myrtilloides Koehne: S. fuscescens Andersson # 1,
Russia, Sakhalin, vic. Moskal’vo, V. Barkalov 2, FR693627;
# 2, FR693628; S. myrtilloides L., Russia, Magadan, River
Seimchan, V. Barkalov 42, HE800857.

Sect. Glaucae Pax: S. arctica Pall. subsp. crassijulis
(Trautv.) A.K. Skvortsov, Russia, Kamchatka, Mt. Alnei,
V. Barkalov 16, FR693640; S. brachycarpa Nutt., Russia,
Chukotka, River Alyarmagtyn, P. Zhukova & V. Petrovsky
59 (LE), HE800873; S. glauca L., Russia, Kamchatka,
vic. Lake Nerpich'ye, V. Yakubov 58, HE800872; S. hi-
dakamontana H. Hara, Russia, the Kurile Islands, Shi-
kotan Isl., V. Barkalov 38, HE800853; S. nakamurana
Koidz., Russia, the Kurile Islands, Iturup Isl., V. Barkalov
53, HEB00875; S. reptans Rupr., Russia, Kamchatka, Mt.
Alnei, V. Barkalov 15, FR693638; S. sphenophylla A.K.
Skvortsov, Russia, Kamchatka, Mt. Alnei, V. Barkalov 13,
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FRG693636; S. tontomussirensis Koidz., Russia, Sakhalin,
Moneron Isl., V. Barkalov 56, HE800870.

Sect. Myrtosalix A. Kern.: S. berberifolia Pall., Rus-
sia, Khabarovsk, Atagski Ridge, L. Antonova 29 (VLA),
HE800844; S. chamissonis Andersson # 1, Russia, Kam-
chatka, Mt. Alnei, V. Barkalov 18, FR693639; # 2, Russia,
Kamchatka, volcano Tolbachik, V. Barkalov 25, FR693644;
S. erythrocarpa Kom., Russia, Kamchatka, Mt. Alnei, V.
Barkalov 11, FR693634; S. kamtschatica (A.K. Skvortsov)
Vorosch. Russia, Kamchatka, Mt. Alnei, V. Barkalov 12,
FRG693635; S. khokhriakovii A K. Skvortsov, Russia,
Magadan, Olskoye plateau, V. Barkalov 32, HE800847;
S. kimurana (Miyabe et Tatewaki) Miyabe et Tatewaki,
Russia, Sakhalin, Nabil'ski Ridge, Chamginski Pass, V.
Barkalov 62, HE800874; S. magadanensis Nedol., Russia,
Magadan, Zaviyalova Isl., O. Mochalova 34, HE800849;
S. phlebophylla Andersson, Russia, Khabarovsk, Atagski
Ridge, L. Antonova 57 (VLA), HE800871; S. saxatilis
Turcz. ex Ledeb., Russia, Sakhalin, River Bol’shoi Garomai,
V. Barkalov 9, FR693633; S. schmidtiana Barkalov, Russia,
Sakhalin, Peninsula Shmidta, V. Barkalov 8, FR693632; S.
tschuktschorum A K. Skvortsov, Russia, Chukotka, River
Dvoynaya, D. Lysenko 36, HE800851.

Subg. Verrix (Dumort.) Dumort.

Sect. Hastatae A. Kern.: S. eriocephala Michx., Idaho,
USA, vic. Spring Valley Reseivor, S. Brunsfeld, EF060391
(Hardig et al. 2010); S. hastata L. # 1, Russia, Maga-
dan, Olskoye plateau, V. Barkalov 46, HE800861; # 2,
Russia, Kamchatka, vic. Lake Nerpich'ye, V. Yakubov 76,
HE800881; S. pyrolifolia Ledeb., Russia, Magadan, Ri-
ver Stolbovaya, O. Mochalova 28 (VLA), HE800842; S.
wolfii Bebb ex Rothr., USA, Idaho, Stanley, S. Brunsfeld,
EF060389 (Hardig et al. 2010);

Sect. Glabrella A.K. Skvortsov: S. reinii Seemen, Russia,
the Kuril Islands, Shikotan Isl., V. Barkalov 37, HE800852.

Sect. Vetrix: S. abscondita Laksch., Russia, Magadan, River
Seimchan, V. Barkalov 44, HE800859; S. bebbiana Sarg. # 1,
Russia, Kamchatka, vic. Esso, V. Barkalov 22, FR744739; # 2,
Russia, Evreiskaya Autonomy, Ekaterino-Nikol'skoye, V. Yaku-
bov 70 (VLA), HE800877; S. caprea L. # 1, Russia, Kamcha-
tka, Kireunskiye Hot Springs, V. Barkalov 26, FR744741; # 2,
Russia, Primorye, vic. Terekhovka, V. Barkalov 71, HE800878;
S. taraikensis Kimura # 1, Russia, Sakhalin, River Bol'shoi Ga-
romai, V. Barkalov 10, HE800843; # 2, Russia, Primorye, vic.
Ussuriysk, V. Barkalov 55, HE800869.

Sect. Arbuscella Ser. ex Duby: S. boganidensis Trautv.,
Russia, Magadan, River Stolbovaya, D. Lysenko 41 (VLA),
HE800856; S. dshugdshurica AK. Skvortsov # 1, Rus-
sia, Khabarovsk, Atagski Ridge, L. Antonova 35 (VLA),
HE800850; # 2, Russia, Khabarovk, Dzhugdzhur Ridge,
River El'domu-Makit, S. Dudov 79 (VLA), HE800883; S.
parallelinervis Flod. (S. pulchra Pall. subsp. paralleliner-
vis (Flod.) A.K. Skvortsov), Russia, Kamchatka, vic. Esso,
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V. Barkalov 20, FR693642; S. pulchra Cham., Russia,
Magadan, River Seimchan, V. Barkalov 39, HE800854; S.
rhamnifolia Pall., Russia, Khabarovsk, Geran Ridge, River
Ulaya, S. Dudov 80 (VLA), HE800884.

Sect. Viminella Ser. (sect. Vimen Dumort.): S. dasy-
clados Wimmer, Sweden, Ultuna Experimental field, E.
Leskinen & C. Alstrom-Rapaport, AJ006425 (Leskinen
& Alstrom-Rapaport 1999); S. sachalinensis F. Schmidt
(S. udensis Trautv. et C.A. Mey. s.l.), Russia, Sakhalin, ri-
ver Pilenga, V. Barkalov 4, FR693630; S. schwerinii E.L.
Wolf s. str., Russia, Kamchatka, vic. Esso, V. Barkalov 23,
FR744740; S. siuzevii Seemen (S. udensis Trautv. et C.A.
Mey. s.l.), # 1, Russia, Primorye, vic. Mnogoudobnoye,
V. Barkalov 53, HE800867; # 2, Russia, Primorye, vic. Te-
rekhovka, V. Barkalov 69, HE800876; S. udensis Trautv.
et C.A. Mey. s. str., Russia, Kamchatka, vic. Esso, V. Bar-
kalov 21, FR693645; S. viminalis L., Sweden, Ultuna
Experimental field, E. Leskinen & C. Alstrdm-Rapaport,
AJ006435 (Leskinen & Alstrom-Rapaport 1999); S. ye-
zoénsis Kimura (S. schwerinii E.L. Wolf s.l.), Russia, Sakha-
lin, river Pilenga, V. Barkalov 3, FR693629.

Sect. Villosae Rouy: S. alaxensis (Andersson) Coville
# 1, Russia, Magadan, Ol'skoye plateau, V. Barkalov 45,
HE800860; # 2, Russia, Kamchatka, River Mutnaya, V. Ya-
kubov 74, HE800879; S. krylovii E.L. Wolf, Russia, Maga-
dan, vic. Talaya, V. Barkalov 40, HE800855.

Sect. Lanatae Koechne: S. lanata L. subsp. richardso-
nii (Hook.) A.K. Skvortsov, Russia, Kamchatka, vic. Lake
Nerpich'ye, V. Yakubov 75, HE800880; S. recurvigemmis
A K. Skvortsov, Russia, Magadan, Ol'skoye plateau, V. Bar-
kalov 43, HE800858; S. woroschilovii Barkalov, Russia,
Primorye, Mt. Ol'khovaya, V. Barkalov 47, HE800862.

Sect. Subviminales (Seemen) C.K. Schneid.: S. gracili-
styla Miq., Russia, Primorye, vic. Terekhovka, V. Barkalov
52, HE800866.

Sect. Griseae (Borrer) Barratt ex Hooker: S. sericea
Marshall, USA, New York, vic. Milford, S. Brunsfeld,
EF060368 (Hardig et al. 2010).

Sect. Daphnella Ser. ex Duby: S. rorida Laksch., Russia,
Sakhalin, river Pilenga, V. Barkalov 5, FR744735.

Sect. Nakaianae (A.K. Skvortsov) Korkina: S. kangensis
Nakai, Russia, Primorye, vic. Ussuriysk, V. Barkalov 2012,
HE856317.

Sect. Incubatae A. Kern.: 8. brachypoda (Trautv. et C.A.
Mey.) Kom., Russia, Primorye, vic. Ussuriysk, V. Barkalov
48, HE800863.

Sect. Helix Dumort.: S. integra Thunb. ex Murray,
Russia, Primorye, vic. Ussuriysk, V. Barkalov 2012,
HEB856318; S. miyabeana Seemen, Russia, Primorye, vic.
Solovei Kluch, V. Barkalov 78, HE800882; S. purpurea L.,
Genbank, Canada, Scoles G. University of Saskatchewan.
A. Ngantcha, GU556175.
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