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Nuclear ribosomal internal transcribed spacer (ITS) sequences were sequenced for 23 species and subspecies of Ely-
mus sensu lato collected in Russia. The Neighbor-Net analysis of ITS sequences suggested that there are four ribotypes
called Core Northern St-rDNA, Core Southern St-rDNA, Northern dahuricus St-rDNA and Southern dahuricus St-rDNA.
The Core Southern variant of St-rDNA is closely related to rDNA of diploid Pseudoroegneria stipifolia (Pl 313960) and
P. spicata (P1 547161). The Core Northern St-rDNA is closely related to rDNA of P. cognata (P1 531720), a diploid species
of Kyrgyzstan carrying StY variant of the St genome. The Core Northern St-rDNA is widespread among the Elymus spe-
cies of Siberia and the Far East, including Yakutia and Chukotka. The Core Southern St-ribotype is typical of southern
Elymus and Pseudoroegneria of the South Caucasus, Primorye, Pakistan, and South Korea. The Northern dahuricus
St-ribotype and Southern dahuricus St-ribotype are derivatives of the Core Northern and Core Southern St-ribotypes,
correspondingly. Both of them were found in all four studied species of the E. dahuricus aggregate: E. dahuricus Turcz.
ex Griseb., E. franchetii Kitag., E. excelsus Turcz. ex Griseb. and Himalayan E. tangutorum (Nevski) Hand.-Mazz. In other
words, there are at least two population groups (two races) of the Elymus dahuricus aggregate species that consis-
tently differ in their ITS-sequences in Siberia, the Far East and Northern China. Each contains all morphological forms,
which taxonomists now attribute either to different species of E. dahuricus aggr. (E. dahuricus sensu stricto, E. franchetii,
E. tangutorum, E. excelsus) or subspecies of Campeiostachys dahurica (Turcz. ex Griseb.) B.R. Baum, J.L. Yang et C.C. Yen.
At the moment it is unknown if there are any morphological differences between plants carrying either Northern or
Southern dahuricus rDNA. Probably, they are cryptic species, but it is certain that if differences in morphology be-
tween the two races exist, they are not associated with signs that are now considered taxonomically significant and
are used to separate E. dahuricus s. s., E. franchetii, E. tangutorum, and E. excelsus.
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CeKBeHVPOBaHbl MOC/IE[0BATENIbHOCTY BHYTPEHHMX TPaHCKprnbupyemblx cneicepos (ITS) 23 Bnaos n nogsuaos Ely-
mus sensu lato. NMpn aHann3e monekynapHo-¢unoreHeTnyeckon cetn Neighbor-Net Bce nocnepgosatensHoctn ITS
o6pasuos Elymus s. |. 6b11n pa3geneHbl Ha YeTbipe Tvna: OCHOBHOWM ceBepHbI Elymus-prnboTun, 0CHOBHOW 10XHbIN
Elymus-pubotun, ceBepHbliii dahuricus-prn6oTrn u toxHbin dahuricus-pnbotun. p[JHK ocHoBHOrO t0XXHOro prboTMNna
poacteeHHa pLHK aunnongHoro Buaa Pseudoroegneria stipifolia (Pl 313960) u P. spicata (Pl 547161). p4HK ocHoB-
Horo ceBepHoro puboTuna pogacteeHHa pAHK P. cognata (Pl 531720), punnonaHoro Buaa 13 KasaxcraHa, Hecylero
St¥ - BapuaHT St-reHoma. OCHOBHOII CeBepHbIli puboTUN LIMPOKO PacnpocTpaHeH y Buaos Elymus Cubupw n anb-
Hero BocToKa, Bkntoyas AkyTuio 1 YykoTky. OCHOBHOI t0XKHbI St-pnboTUN XapaKTepeH AfiA OTHOCUTENbHO HOXKHbIX
nonynauun Elymus v Pseudoroegneria, Bkntoyaa 3akaBka3be, [Npumopbe, MakuctaH, OxHyto Kopeto. OTmeTnm, 4Tto
ceBepHbln Elymus dahuricus-prn6oTun u toxHbin Elymus dahuricus-pr6oTrn 6b111 o6Hapy»KeHbl Y BCEX YeTbIpeX BU-
ZoB rpynnbl poacTea E. dahuricus aggr.: E. dahuricus Turcz. ex Griseb., E. franchetii Kitag., E. excelsus Turcz. ex Griseb.
n y rumanaiickoro Buga E. tangutorum (Nevski) Hand.-Mazz. Hbimn cnoBamu, monekynspHo-dunoreHeTuyeckmne
nccnefoBaHna obpasuoB, OTHOCUMbIX K E. dahuricus aggr., roBopaT o Tom, uyto B Cnbupw, Ha [anbHem Boctoke n
B CeBepHOM KnTae cyLlecTBYIOT MO KpaliHeln mepe ABe rpynnbl NOnynauuii (4Be pachbl), HAAEXHO pasnunyatLymecs
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of Elymus dahuricus aggregate species

no ITS-nocnepoBaTeNbHOCTAM, B KaXAOWM 13 KOTOPbIX MpefcTaBfieHbl Bce Mopdonornyeckne Gpopmbl, OTHOCUMbIE
ceyac ofHMMY CCTEMaTMKaMU K YeTbipeM pa3HbiM Bugam E. dahuricus aggr. (E. dahuricus sensu stricto, E. franchetii,
E. tangutorum, E. excelsus), a gpyrumm — k ogHomy Bugy Campeiostachys dahurica (Turcz. ex Griseb.) B.R. Baum, J.L.Yang
et C.C. Yen. MimetoTca nn mexay 3TMMKM rpynnamm Mopdosiornyeckme pasnnyms, Uam 1o Kpuntuyeckne suabl (nog-
BU/ibl) — HEU3BECTHO, HO C YBEPEHHOCTbIO MOXKHO CKasaTb, UTO eC/i1 pa3nnuua B MOPHONOrnM Mexay STUMN ABYMSA
pacamu eCTb, TO OHU He CBA3aHbl C NPr3HakaMu, KOTOpble Ceiiyac CUMTAlOTCA TAKCOHOMMUYECKM 3HAUMMBIMU U NCMOSb-
3ytoTca ans pasgenenus E. dahuricus s. s., E. franchetii, E. excelsus, E. tangutorum.

KnioueBble cnoBa: Elymus dahuricus aggr.; mexsrpoBas rmbpuamsaums; 35S pPHK; Triticeae.

Introduction

The beginning of the 21 century was marked by very wide
using of DNA sequencing in systematics and phylogeny of
animals and plants. Remarkable result of this was an exponen-
tial rise in the discovery of cryptic species in different groups
of'animals (Bickford et al., 2007). However, such discoveries
are much rarer in plants, especially in angiosperms (Shneyer,
Kotseruba, 2015). We suggest that cryptic species may exist
in particular, in the genus Elymus L. (Triticeae).

Now it is considered the genus Elymus is represented in
Russia by 53 species (Tzvelev, Probatova, 2010). All these spe-
cies are allopolyploids with St, Y, H subgenomes and haplomes
StY (2n = 28), StH (2n = 28) and StYH (2n = 42), whereas
primary diploids (2n = 14) are absent in the genus (Agafonov
etal.,2001; Agafonov, 2007). Based on the results of interspe-
cies hybridization, DNA sequencing and GISH, it has been
suggested that all the Elymus species share a common St sub-
genome originated from the genus Pseudoroegneria (Nevski)
A. Love species and H subgenome from an ancestor of the
genus Hordeum L. (Dewey, 1984; Sun, Zhang, 2011; Yan et
al., 2011; Mason-Gamer, 2013). It was suggested that North
American perennial bunchgrass Pseudoroegneria spicata
(Pursh) A. Love was most likely donor of the Y subgenome,
although Asiatic species P. cognata (Hackel) A. Love (syn.:
Agropyron ferganense Drobow) and P. libanotica (Hack.)
D.R. Dewey also could not be excluded (Okito et al., 2009),
particularly for the Asiatic Elymus species with StY and StHY
genome compositions.

C. Yen et al. (2005) divided the genus Elymus s. 1., strictly
in accordance with their genomic constitution, into six genera:
Douglasdeweya C. Yen, J.L. Yang et B.R. Baum (StStPP);
Roegneria C. Koch (StStYY); Anthosachne Steudel (StSt
WWYY); Kengylia C. Yen et J.L. Yang (StStPPYY); allohexa-
ploid species with the StStY' YHH karyotypes (Yen et al., 2005;
Baum et al., 2011) were referred to the genus Campeiostachys
Drobov, and Elymus L. in this treatment included only the
species with the StStHH/StStHHHH/StStStStHH karyotypes
(Yen et al., 2005; Yen, Yang, 2009). Though the separation
of species into genera based on the karyotype constitution is
attractive from a genetic point of view (Dewey, 1984; Tzvelev,
1991; Agafonov, 2007), it should be noted that the division
species into genera only based on their genome composition
does not always correlate with morphological criteria by which
species and genera defined and delimited (Jensen, Chen, 1992;
Baum etal., 2011). Internal transcribed spacers ITS1 and ITS2
of the nuclear genes 35S rRNA were widely employed in
molecular phylogenetic studies of Elymus of China and North
America (Liu et al., 2006; Wang et al., 2009; Mason-Gamer,
2013; Rabey, 2014; Gao et al., 2015; and others).

The main objective of our study is an assessment of inter-
special ITS-polymorphism of Elymus of Siberian and the Far
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Eastern flora. This is interesting from the genetic point of view
because, the phenomenon of interspecific and introgressive
hybridization is widespread among Siberian and Far Eastern
populations/natural races of Elymus (Agafonov, 1997; Wu et
al., 2015). East Eurasian species of E/ymus have all the features
of a syngameon (Lotsy, 1925). It was necessary to ascertain
how this fact effects on genetic distances between the Siberian
Elymus ‘varieties’ which taxonomists delimitate as several
morphologically discret species. Also, the aim of our study
was to study relationships in Elymus dahuricus aggr. to which
Tzvelev, Probatova (2010) referred four species, also treated
as subspecies of species Campeiostachys dahurica (Turcz.
ex Griseb.) B.R. Baum, J.L. Yang et C.C. Yen (Baum et al.,
2011).

Material and methods

Nuclear ribosomal internal transcribed spacer sequences (ITS)
were sequenced from 34 accessions belonging to 23 species
and subspecies of Elymus s. 1. (Table 1). The plant samples
were collected in the Altai Krai and Altai Republic, Khakas-
sia, the Kemerovo Oblast, Yakutia and the Northern Cauca-
sus from 2004 to 2013. Herbarium specimens are stored
in the herbarium of the Laboratory of Biosystematics and
Cytology and in the Herbarium LE of the Komarov Botanical
Institute.

Total genomic DNA was isolated using the CTAB method
(Doyle J.J., Doyle J.L., 1987), with minor modifications
described previously (Rodionov et al., 2008). Amplification
of'the ITS region was performed using primers ITS 1P (Ridg-
way et al., 2003) and ITS 4 (White et al., 1990). The PCR
reaction was carried out in a total volume of 50 uL contain-
ing 1x SE-buffer AS (SibEnzyme, Russia), 2.5 mM Mg?*,
2 mM each of dATP, dTTP, dCTP, dGTP) (Helicon, Russia),
0.01 uM of each primer (Beagle, Russia), 1-2 pL total DNA,
5 units of Tag-polymerase (SibEnzyme, Russia) and distilled
water to the final volume. PCR amplification was done also
using 1xMaxima Hot Start Taq buffer (Thermo Scientific,
Sweden), 2.5 mM Mg?* (Thermo Scientific, Sweden), 2 mM
dATP, dTTP, dCTP, dGTP (Helicon, Russia), 0.01 uM of each
primer, 1-2 pL total DNA, 5 units of Maxima Hot Start Taq
polymerase (Thermo Scientific, Sweden), and distilled water.
Amplification parameters: primary denaturation at 95 °C for
5 min, followed by 30 cycles at 94 °C for 1 min, 52 °C for
1 min and 72 °C for 1 min, with a final extension step at 72 °C
for 10 min. The PCR products were electrophoresed in 1 %
agarose gel. The QiaGen Extraction Kit (Qiagen, Germany)
was used to extract the DNA from the gel. Sanger sequenc-
ing was performed in The Core Facilities Center “Cell and
Molecular Technologies in Plant Science” at the Komarov
Botanical Institute of the Russian Academy of Sciences. The
PCR products were sequenced in both directions on ABI
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ITS-nocnepgosatenbHocTM reHoB 35S pPHK
y BupoB Elymus dahuricus aggr.

Table 1. Types of ITS sequences in species of Elymus and Pseudoroegneria, our data

No. Species

E. fibrosus (Schrenk) Tzvel.

E. fibrosus (Schrenk) Tzvel.

35 P geniculata (Trin.) A. Love StSt
(syn. Elytrigia geniculata (Trin.) Nevski)

Prism 3130 (Applied Biosystems, USA). All sequences were
submitted to the GenBank (NCBI) database. The sequences
were aligned with ClustalW using the MEGA 6 (Tamura et al.,
2013) software package with subsequent visual verification.
The SplitsTree4 algorithm Neighbor-Net (Huson, Bryant,
2006), proposed for the study of network evolution (Bryant,
Moulton, 2004; Huson, Bryant, 2006) was used.

Genome/Haplome  Origin

RF: Altai Republic

GenBank Ribotype

Northern St-rDNA

Results

We studied variability of ITS-sequences of E. dahuricus,
E. excelsus, E. franchetii, E. tangutorum, species that con-
stitute Elymus dahuricus aggr. (Tzvelev, Probatova, 2010).
ITS-sequences of these species, as well as of some other
species of Elymus, Elytrigia. Pseudoroegneria and Hordeum
are provided in Table 1 and Table 2.
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Table 2. Types of ITS sequences in species of the genus Elymus, Elytrigia, Pseudoroegneria and Hordeum. ITS1-genes 5.85 rRNA-ITS2
sequences from the international database GenBank used in our work

No. Species Genome  Origin GenBank Ribotype

36 E.dahuricus Turcz. ex Griseb. StHY South Korea HQ600520 Southern dahuricus St-rDNA
(Kim Y.D. et al., unpubl.)
37 EdahuricusTurcz. ex Griseb, SHY  China? NO09816  NorthemStrDNA
38 EdahuricusTurcz. ex Griseb, StHY  SouthKorea:Taeangun, KF713222  Southern dahuricus StrDNA
Choongcheongnam-do (Lee J. et al.,, unpubl.)
39 EdahuricusTurcz. ex Griseb, StHY  China: Shandan, Gansu  KF905152 (Song etal, 2015)  Northern dahuricus St-rDNA
40 EdahuricusTurcz. ex Griseb, StHY  China:Yuzhong, Gansu  KF905178 (Song etal, 2015)
41 EdahuricusTurcz. ex Griseb, SHY  China  KJ526338(Gaoetal,2015)  Southern dahuricus StrDNA
42 EexcelsusTurcz.exGriseb. StHY  China:Neimenggu  KJ526341
43 EexcelsusTurcz.exGriseb, sy KIS26342  Northern dahuricus St-rDNA
44 EexcelsusTurcz.exGriseb.  StHY Kis26343
45 EexcelsusTurcz.exGriseb, SHY  China JNO09803 (Li X. et al., unpubl)  Southern dahuricus St-DNA
47  E.franchetii Kitag. StHY China? JN009805 (Li X. et al., unpubl.)
(E. dahuricus var. cylindricus Franch.)
48 Efanchetikiag. StHY  China:Haiyuan  KF905180 (Songetal, 2015)  Northern dahuricus St-rDNA
49 Efanchetikiag. StHY  China:Xinjiang ~ KJ526336 (Gaoetal, 2015)  Southern dahuricus St-rDNA
50 Efanchetikiag. sy KJ526337 (Gao etal, 2015)
51 Etangutorum (Nevski) Hand-Mazz. StHY KJ526351 (Gao etal, 2015)
52 Etangutorum (Nevski) Hand-Mazz. StHY KJ526352 (Gao etal, 2015)  Northern dahuricus St-rDNA
............................................................................................. schonGoma,—d,a(Husn)Tzve| .
53 EcanimusLL StH  China:NeiMonggol,  KJ526335 (Dongetal,2015)  Northem StrDNA
Xilinhot
'S4 Edolichatherus (Keng) SL.Chen  StY China EU617242 (Liu Q.etal, unpubl) Southern dahuricus StrDNA
'S5 Edolichatherus (Keng) SL.Chen ~ StY | EU617245 (LiuQ.etal,unpubl) NorthernStrDNA
56 Efedtschenkoi Tavel, sy China: Xinjiang, Habahe AY740838 (Liu etal, 2006)
57 Egmelinii(Ledeb) Tavel. sty China: Xinjiang, Altay  AY740842 (Liu etal, 2006)  Northern dahuricus St-rDNA

61 E.repens (L.) Nevski StStH South Korea: KF713228 (Lee J. et al., unpubl.) Southern St-rDNA
Yungyanggun
62 E.repens (L.) Nevski StStH China MF893161 (Yang et al., 2017)

63 P cognata (Hackel) A. Love St Kyrgyzstan: Osh EF014226 (Yu et al., 2008) Northern St-rDNA
64 P elytrigioides (C.Yen & J.L. Yang) StSt China: Tibet, Changdu  AY740798 (Liu et al., 2006)
B.R.Lu
65 P geniculata (Trin.) A. L6 StSt RF: Altai Republic EF014228 (Yu et al., 2008)
67 P kosanini (Nabelek) A. Love Unknown Turkey EF014235 (Yu et al., 2008) Southern St-rDNA
(2n =56)
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Table 2 (end)

No. Species Genome  Origin

68 P kosanini (Nabelek) A. Love Unknown  Turkey
(2n =56)

USA: Oregon

USA: Wyoming,
Half Moon Lake

RF: Stavropol
Botanical Garden

80 H.murinum L. ssp. murinum (Hack.) HH Germany
H. Scholz et Raus
81 H.vulgarelL. H
82 H.vulgare var. distichon (L.) Hook. f. H Egypt
83 H.vulgare subsp. spontaneum K. Koch  H Afghanistan

Traditional evolution models, implying a gradual accu-
mulation of mutations followed by dichotomous branching
of phylogenetic trees, are ill-suited for describing species
divergence in these taxa (Dobryakova, Nosov, 2015; Rodionov
et al., 2017, 2018). Therefore, the results of ITS sequencing
results were processed with the Neighbor-Net algorithm by the
program SplitsTree4, suggested for reconstruction of reticulate
evolution (Huson, Bryant, 2006). The Neighbor-Net algorithm
builds a network called a split graph. The split graph (Fig. 1)
shows several possible ways of grouping DNA sequences with
varying degrees of probability, known as “splits”, and reflects
the presence of homoplasy in the data.

Fig. 1 shows that all species carrying St genomes, Elymus,
Pseudoroegneria and Elytrigia, are distributed between two
main clusters. We called them according their geographical lo-
cation, respectively, “Nothern” and “Southern” (Fig. 2). Each
of'these clusters then split into two separated ribotypes groups
called “Core Northern St-ribotype”/“Northern dahuricus St-ri-
botype” and “Core Southern St-ribotype”/“Southern dahuricus
St-ribotype”, respectively. The Core Northern Elymus ribotype
is widespread among the Elymus taxa of Eurasia, including
Yakutia, Mountain Altai and Northern and High Mountain
China (Tibet, Nei Mongol, Xinjiang, Gansu). It was found
also in Finland, the Far East of the Russian Federation, and
Mongolia. The Core Southern St-ribotype is typical mostly for
more southern populations, including the Caucasus, Primorsky
Krai (RF), Pakistan, South Korea, a part of China and Turkey.
The Core Southern rDNA was found in Elytrigia repens and

ITS-nocnepgosatenbHocTM reHoB 35S pPHK 2019
y BupoB Elymus dahuricus aggr. 23.3
Ribotype
Northern St-rDNA

Southern St-rDNA

Hordeum spp.

KP126672 (Makhoul M.T. et al.,
unpubl.)

FJ593180
(Daniel C. and Knoess W., unpubl.)

in diploid Pseudoroegneria strigosa, as well as in some other
Pseudoroegneria species: P. spicata (haplome St or StX —
Wang et al., 1986), and P. sosnovskyi (haplome St — Assadi,
1994). On the other hand, the Core Northern St-ribotype is
characteristic feature of P. cognata (2n=14—Luetal., 1991)
and P, spicata (P1232134, 2n = 14 — Okino et al., 2009), both
carry the haplome St¥ (Okino et al., 2009).

The “Northern dahuricus” St-rDNA and “Southern dahuri-
cus” St-rDNA (ribotypes) are derivatives of these two base
types of IDNA, “Core Southern” and “Core Northern”. There
are 6 SNPs and one deletion that delimited consensus se-
quences of the “Core Southern” and “Core Northern” ribotypes
(Fig. 3). The consensus sequence “Southern dahuricus” St
carries 5 SNPs and one deletion that differ from that of “Core
Southern” St-ribotype. Differences between consensus “Core
Northern” St-ribotype and consensus “Northern dahuricus”
St-ribotype consist of 5 SNPs. As results, consensus sequences
of the “Northern dahuricus™ St-ribotype and the “Southern
dahuricus” St-ribotype differ in 11 STPs and two indels.

It should be noted that two different variants of rDNA
were found in many species. For example, one of the plants
P, tauri belongs to the “Core Northern” ribotype, another — to
the “Core Southern” ribotype (see Fig. 1, Table 2). One can
see the same phenomenon in P. stipifolia from Stavropol,
P. spicata of USA, P. kosanini of Turkey, E. dolichathe-
rus of China (see Table 2). It appears that this can be corre-
lated with the allopolyploid karyotypes of these tetraploid
species.

FEHETUKA PACTEHUI / PLANT GENETICS 291



A.V. Rodionov, K.S. Dobryakova, N.N. Nosov ITS sequences in 35S rRNA genes

A.A. Gnutikov, E.O. Punina, A.A. Kriukov, V.S. Shneyer of Elymus dahuricus aggregate species
+ 59con 7 68 P. kos.
e Core Northern
St-rDNA
18pro 66 P. gen.
Gty 7flb 225ub 76Ptad.

Hjac

21sca
17nev ’ 6rut
U
29pes 15mac 95a1 oo 5can 2jac
60sib 374 37da J;l 25tyan 5P en /56f d

33sib,231ra 441G
53can 7o 9gme 7ver 70P sos. ]
72P.spi.f——————__ 31sch

55dol - TP el LR 3zsch

,b‘

Northern dahuricus
St-rDNA
i

Core Southern St-rDNA
N N rep _75P.str.
L 6¢i] |71 Pspi. |

S——

'~ -

58cau

8ver

44exc 4 Kl
48fra {
52tan 57gme
- 40dah
43exc

Hordeum ribotype

) 3amu =5
{ D N5, 82 H. wuld.
! 2dah e, 81 H. vul.
47fra %’E)Cfra N 83 H. spo.
42exc 54dol )
' 78 H. bog.™
41dah 49fra 5”"” 79 H. lep. e

Fig. 1. Split graph for the ITS sequences of Elymus species and some other species of the tribe Triticeae generated by SplitsTree4 (Huson, Bryant, 2006).
Species names and numbers of accessions see Tables 1 and 2. Positions of the diploid species with St genome are indicated by boxes. amu - Elymus amurensis,
can - E. caninus, cau - E. caucasicus, cil - E. ciliaris, con — E. confuses, dah - E. dahuricus, dol - E. dolichatherus, exc - E. excelsus, fed - E. fedtschenkoi, fib — E. fibrosus,
fra - E. franchetii, gme - E. gmelinii, jac - E. jacutensis, kom — E. komarovii, mac — E. macrourus, mut - E. mutabilis, nev - E. nevskii, pes — E. peschkovae, pro - E. probatovae,
saj - E. sajanensis, sca - E. scandicus, sch - E. schrenkianus, sib - E. sibiricus, sub - E. subfibrosus, tan — E. tangutorum, tra - E. trachycaulus, tran - E. transbaicalensis,
ver — E. vernicosus, and E. sp. — Elymus sp., E. rep. — Elytrigia repens, H. bog. — Hordeum bogdanii, H. lep. — H. murinum ssp. leporinum, H. mur. - H. murinum L. ssp.
murinum, H. spo. - H. vulgare subsp. spontaneum, H. vul. — H. vulgare, H. vuld. — H. vulgare var. distichon, P. cog. - Pseudoroegneria cognata, P. ely. - P. elytrigioides,
P. gen. - P. geniculate, P. kos. - P. kosanini, P. sos. — P. sosnowskyi, P. spi. - P. spicata, P. sti. - P. stipifolia, P. str. - P. strigose, P. tau. - P. tauri.
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Fig. 2. Distribution of species Elymus s. |. with Northern (squares) and Southern (cycles) ribotypes.
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ITS-nocnepgosatenbHocTM reHoB 35S pPHK 2019
y BupoB Elymus dahuricus aggr. 23.3
Northern dahuricus St ttttggatccaccat Asb
Northern St tcctgggteccccac P
A11bp +2D A6bp+1D
. Southern St tccgtggeectDetat b
A5bp+1D
Southern dahuricus St cccgtDgecteDtttt P

Fig. 3. The origin of St-ribotypes of the genus Elymus.

In the figure are shown only positions that are different in the consensus sequences of “Core Northern’, “Core Southern’, “Northern
dahuricus”and “Southern dahuricus” ribotypes. D — deletion.

Discussion

In the present study we have shown that all species of Ely-
mus in eastern Eurasia can be divided, according to their
ITS sequences, into two families of ribotypes, conventionally
called by us as the “Northern” and the “Southern” variants of
St-rDNA. Each of these families is reliably divided into two
subfamilies, the main, or “Core” variant of St-rDNA, and a
modification of the St-ribotype distributed mainly between
species Elymus dahuricus aggr. that we called “Northern da-
huricus” and the “Southern dahuricus” ribotypes. Comparison
of ITS sequences of Elymus and of Pseudoroegneria species
showed that the “Core Northern” St-ribotype is close to rDNA
of diploid Pseudoroegneria cognata with St genomes, acces-
sion PI1 531720, collected in Kyrgyzstan (Dewey, 1990a; Yu et
al., 2008). The “Southern” rDNA variant is closely related to
that of Elytrigia strigosa P1 531752 (Dewey, 1990b; Yu et al.,
2008) of Crimea and of P. stipifolia P1 313960 of Stavropol
(Hyland, 1969).

The fact that there are Pseudoroegneria species with dif-
ferent St genomes have been shown earlier by Yan and co-
workers (Yan et al., 2011) that studied nuclear genes RPB2 and
EF-G. They shown that P. libanotica and P. tauri St genomes
are separated from the St genome of other Pseudoroegneria
species, in particular P, spicata and P. strigosa.

The existence of significant uncertainty in the genome
composition of the studied Pseudoroegneria species makes
it difficult to interpret the results of the comparison between
rDNA of Pseudoroegneria and Elymus. Thus, P. strigosa
studied by Petrova (1967) was diploid with 2n = 14. However,
Dewey (1990a) observed 2n = 28 in his sample of this spe-
cies. In both cases the plants were from Crimea. Later, Khuat
and co-workers studied P. strigosa from Mongolia and China
and showed that they are hexaploids (27 = 42) (Khuat et al.,
2015). Another Pseudoroegneria, P. spicata can be diploids
(2n = 14) and tetraploids (2n = 28) (Wang et al., 1996; Khuat
et al., 2015). Meiotic analysis and GISH showed that second
genome of tetraploid P. spicata and second and third genomes
of hexaploid P. strigosa are not St genomes (Wang et al.,
1996; Khuat et al., 2015). So, according to genomic concept
of the genus, these tetraploids and hexaploids should not be
classified as Pseudoroegneria.

The occurrence in eastern Asia of plants of E. dahuricus
with two different variants of rDNA Northern dahuricus and
Southern dahuricus ribotypes implies that these two variants
have a common pattern of morphological characters, some
E. dahuricus syndrome, but they are reproductively isolated.
This suggestion can be confirmed by the results of hybri-
dological experiments performed earlier by Agafonov and
coauthors (Agafonov et al., 2001; Savchkova et al., 2003).
These authors revealed that seed fertility in crossings with

various combinations of E. dahuricus aggr. parents does not
depend primarily on the combination determined by the taxa
morphology. It is important that some combinations of seed
and pollen parents, delimitated by their morphological cha-
racters as the same species, were almost sterile: E. dahuricus
MES-8709 (Primorye, near Posyet) X E. dahuricus CHI-8635
(Siberia, Chitinskij region) —only 4.8 % seed fertility, for com-
parison: E. dahuricus POP-8403 (Primorye, Popov island) x
E. woroschilowii VLA-8642 (Primorye, Vladivostok) — 69 %
seed fertility (Agafonov et al., 2001).

We suggest that there are probably not five different species
but only two species in the E. dahuricus aggr. in Siberia and
Northern China, one of them with the “Northern dahuricus”
ribotype and another with the “Southern dahuricus” ribotype.
Very likely, they are completely or almost completely geneti-
cally isolated from each other. It is unknown if there are any
morphological distinctions between plants with different
ribotypes or if these are cryptic species. However, it can be
said with certainty that if there are differences in morphology,
they are not connected with characters that are considered to
be taxonomically significant to delimitation of the current
species of E. dahuricus aggr.

It is appeared that morphological characters currently used
for differential diagnosis of Elymus dahuricus aggr. spe-
cies, do not allow to delimit plants with different ribotypes
and even current traditional species because the diagnostic
characters are weak. For example, various authors indicate
curved glumes awns and the thicker stems of E. excelsus as
diagnostic characters, delimiting E. dahuricus sensu stricto
from E. excelsus (Tzvelev, Probatova, 2010). However, Savch-
kova et al. (2003) showed that hybrids have an intermediate
state between direct and curved awns of lemma (inheritance
type is unknown). F2 hybrids are more likely to show curved
awns. This character is manifested in varying degrees at the
plants’ different stages of maturity: as spicules ripen, the awns
of lemmas become more curved. Specimens with non-curved
awns (an E. dahuricus diagnostic character) were collected
among the Far Eastern populations, usually considered as
E. excelsus populations, while examples with curved awns
were found among the Altai populations of E. dahuricus
sensu stricto (Savchkova et al., 2003). Similarly, the differ-
ences between E. franchetii and E. excelsus are insignificant,
the first exhibit leaf blade widths of 3-8 mm and the second
8—18 mm (Tzvelev, Probatova, 2010).

Conclusion

In conclusion, we suppose that it is important to determine
distribution areas of Elymus with the “Northern dahuricus” and
the “Southern dahuricus” St-rDNA genomes (ribotypes). After
this, it is necessary to reconsider the system of taxonomically
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significant characters and try to find unique morphological
characteristics appropriate only for plants with the “North-
ern dahuricus” St-rDNA or with the “Southern dahuricus”
St-rDNA ribotypes. There is reason to believe that within this
complex, there are at least two different, probably reproduc-
tively isolated, cryptic species or two reproductively isolated
groups of species and these species (groups of species) may
have different origin.
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