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Abstract. Based on sequence data of the nuclear ETS marke28 o
species, the relationships of sectiddedysarum and Multicaulia were
assessed. Phylogenetic analysis was performedeocotnplete sequences
using the Neighbor-Joining methods. The nuclear kemarETS is
investigated for the first time in the most speciexcluding H.
hedysaroides, H. inundatum, H. ferganense, andH. neglectum. The length
of sequences varies from 349 to 357 nucleotides.ribteworthy that ETS
data significantly discriminateH. ferganense from both sections,
Hedysarum and Multicaulia. Moreover, our results did not support the
subsectional division dflulticaulia section. Therefore, the ETS sequence
data obtained in our study for 20 taxaHédysarum evidence the non-
monophyly of sectioMulticaulia.

1 Introduction

The genusHedysarum L. (sweet vetch is the largest of the tribkledysareae DC., the
legume family (Fabaceae L.) and includes up to &0€cies of perennial herbs [1, 2].
Hedysarum species have been successfully used due to tmep and fertilization
importance and as ornamental, melliferous, and caéglants [3].

The monophyletic origin of the gentt$edysarum and tribeHedysareae has been
discussed [1, 4]. Last decades, nuclear and pld3Né\ markers provided evidences
concerned with molecular divergence and phylogeneélationship in plants. The
Hedysarum genus were re-defined using both nuclear and aplast DNA sequences [1].
The latest infrageneric system was performed base8l8 speciesledysareae using five
nuclear and five chloroplast markers [1]. It wasndastrated by Mironov [5] that pericarp
anatomy has a section-specific properties Kfadysarum (previously - Obscura, or
Gamotion) andMulticaulia sections. Choi and Ohashi [4] believed that swe&th/species
belonging to these sections are characterizeddiffeaent chromosome number, x = 7 and
x = 8, correspondingly.
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It was demonstrated that the nuclear DNA marketgreal transcribed spacer (ETS)
region of the 18S rRNA gerie a useful tool for studying the phylogeny of closetyated
species. Up to now, previous ETS molecular datifigrts used limitedHedysarum taxa
sampling. Thus, we want to achieve the followingeobves: (1) to access a molecular
variability in Hedysarum species by sequencing ETS region of a nuclear D{@2A;to
resolve the relationships among the species ofssations of a sweet vetcHedysarum
andMulticaulia.

2 Materials and methods

The present study was based on leaf materialatetleby the first author in 2010 and
2011, and the materials removed from herbariumispats preserved in NSK herbarium
(Novosibirsk, Russia). The samples analyzed in shigly were collected from Siberia,
Russia excludindH. hedysaroides (ltaly), H. ferganense (Tajikistan) andH. truncatum
(Kamchatka, Russian Far East).

The analysis included a total of 21 samples reptese two sections oHedysarum.
DNA was purified from 40 mg of foliar issue usirgetNucleoSpin Plant 1l Kit (Macherey-
Nagel, USA) according to the manufacturer’'s protoébe DNA concentration and purity
was determined using a BioSpectrometer kinetic a@uvette G 1.0 (Eppendorf,
Germany) Corethrodendron fruticosum (= H. fruticosum) was used as outgroup.

Genomic DNA was amplified for ETS, using ETS-He&) &nd 18S-IGS (R) primers
and the protocol (Liet al. 2017). All PCR reactions were done in a Thermatl€yT1000
(Bio-Rad, USA). Amplified DNA fragments were staihewith SYBR-Green
(ThermoFischer Scientific, USA) and visualized i5 % agarose gel using Gel-Doc XR+
documentation system equipped with the ImageLabaBo¢ (Bio-Rad, USA).

PCR fragments obtained were then purified by somptbn AMPureXP magnetic
particles (Agencourt, USA) and sequenced directingithe BigDye Ready Reaction DNA
Sequencing Kit v. 3.1 (Thermo Fischer ScientificGA). The Sanger reaction products
were purified from unincorporated fluorescent dyms centrifugation (900g, 2 min)
through a column packed with 750 of the Sephadex G-50 Fine suspension (GE
Healthcare, USA) and analyzed on 3130XL automatenetic analyzer (Applied
Biosystems, USA) in the SB RAS Genomics Core RqilCBFM, Novosibirsk).

The nucleotide sequences were aligned by Clustalyérithm and the Neighbor-
Joining trees were computed using the program MEGBGA.5. Robustness of the brunches
was calculated using 1000 bootstrap replicatior®) (B

3 Results and discussion

Based on the sequence data of ETS the genetioredaip betweetwo sections of a sweet
vetch, Hedysarum and Multicaulia were assessed (Fig. 1). The length of sequencesiva
from 349 (H. consanguineum) to 357 nucleotidesH. dahuricum, H. dasycarpum, H.
ferganense). The molecular data of nuclear ETS marker usedewslymorphic and
provided substitutions to delimit the most species.

The nuclear ETS marker was investigated for thet fime in the most taxa excluding
H. hedysaroides, H. inundatum, H. ferganense, andH. neglectum. There were no indels
among several species fraredysarum section, H.consanguineum, H. arcticum, andH.
inundatum, and betwee#l. alpinum - H. vicioides.
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Fig. 1. Phylogenetic relationships amoHgdysarum species based on Neighbor-Joining method
using ETS sequence data. Bootstrap percentagesawa siext to the branches.

The nuclear ETS marker allowed us to clarify relaships between two sections,
Hedysarum and Multicaulia with 20 sampled accessions. Results of DNA sequagnci
presented herein demonstrated that the relationslgiistered between two sections using
ETS sequences was consistent withtthe-F chloroplast data [6]

According to the Neighbour-Joining tree based o E&quencing;ledysarum species
belonging to different sectiondjledysarum andMulticaulia, were grouped separately (100
BS). The exception wall. ferganense which had an intermediate position between the
section; the bootstrap support was of 77%. The ragpaclade with the single species,
mountain legumeH. ferganense, usual in Altai and Middle Asia, is placed cloger
Hedysarum section clade rather thaulticaulia which the species belongs to.

Among Multicaulia section, there was a group of closely related ispecwo
endemicsH. turczaninovii andH. gmelinii subsp.setigerum, and its widespread congener
H. gmelinii. Hence, the molecular DNA similarity betweéh gmelinii and its stemless
subspecies evidenced frotnnL-F sequence data previously [6] has been improved.
Another two local endemicd{. chaiyrakanicum and H. dahuricum possessed a high
molecular similarity according their ETS nucleotidequences (88 BS). Both species
possess non-typical pale yellow or pinkish flowensd are distributed among steppe
vegetation strictly, on stony slopes and rocks.

Our results revealed incongruence between ETS-toeation and subsectional
affinities amongMulticaulia section taxa. Species belongingttacaulia andMulticaulia
subsections [4] were dispersed chaotically whicé éadenced the unnatural subdivision
of Multicaulia section, whereas the sequencesrioif-F locus of cpDNA analyzed in our
previous study [6] have discovered the heterogengiphyly) of sectionHedysarum.
Taking into consideration the intermediate positidrH. ferganense at ETS phylogenetic
tree, we can assume therefore that data supports the hypothesis of non-monopluyleti
origin of Hedysarum proposed by Liu et al. (2017).
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