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Genetic patterns of Hordeum jubatum L. (Poaceae) and x Elyhordeum
arcuatum W. W. Mitch. et H. J. Hodgs. in Siberia and Far East of Russia
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Summary. Hordeum jubatum (foxtail barley) is a weed and ornamental plant with a natural range in Eastern Siberia, the
Russian Far East and North America. Over the past decades, its range significantly expanded in Eurasia, rapidly spreading
westward, while its genetic characteristics remain poorly understood. PCR, molecular cloning, and sequencing of nuclear
(ITS) and chloroplast (matK) DNA markers were performed for comparative characteristics of H. jubatum from different
parts of its modern range (Western and Eastern Siberia) and for one of the hybridogenic species x Elyhordeum arcuatum.
Two variants of the Hordeum H-genome were found in all studied samples. No significant differences in the nucleotide
structure of ITS and matK were found in H. jubatum from Western and Eastern Siberia and North America. ITS sequences
specific to Elymus sibiricus and H. jubatum prove the participation of these species in the formation of x E. arcuatum, as
well as the maternal origin of matK (chloroplast DNA) from H. jubatum. The obtained results complement the genetic
characteristics of the studied species and determine further directions of their study.
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Pegpepam. Hordeum jubatum (ssaMeHb IPUBACTBIN) — COPHOE U IeKOPaTMBHOE PAaCcTeHIe, C €CTECTBEHHBIM apeasioM B
Bocrounoit Cnbupuy, na [Janpaem Boctoke Poccun n B CeBepHoit AMepuke. 3a ociefHue TeCATUIETVSI BUL 3HAYUTE/Tb-
HO pacIIMpuI CBOII apeast B EBpasu, 6bICTPO pacpoCTpaHssCh Ha 3aIafi, PV 9TOM €r0 FeHETIIeCKIe XapaKTePUCTIKI
OCTAIOTCSI MA/IOUCCIEfOBAHHBIMIL. [I/Is1 CpaBHUTE/NIbHOI XapakTepuctuku H. jubatum u3 pasHBIX YacTeli ero COBpeMeH-
Horo apeasna (3amagHast 1 Boctounas Cubups) 1 aHaIM3a OGHOTO 13 IMOPUOTeHHBIX BUROB X Elyhordeum arcuatum mel
nposopuny [P, MonekynsipHOe KIOHMpOBaHMe U cekBeHupoBaHue spepHbix (ITS) u xmopomnactaoro (matK) JHK
MapkepoB. [IBa BapuanTa H-renoma Hordeum o6Hapy>keHBI BO BCeX MCC/IeOBaHHBIX 06pasnax. CylecTBEHHBIX OT/IN-
ynii B HyKIeoTunHoi ctpykrype ITS u matK H. jubatum u3 3anapnoit u Bocroynoit Cubupu u CeBepHoil AMepuku
He BbaByeHO. [TocnenoBarensuoctu ITS, cnenudwnynste g Elymus sibiricus v H. jubatum, 1oKa3bIBalOT y4acTue 9THUX
BufiOB B ¢popmupoBannu X E. arcuatum, a taxke MaTepuHcKoe mpoucxoxpgenne xaopomnactaoit THK us H. jubatum.
ITony4yeHHbIe pe3ynbTaThl JOIOMHAIT TeHETUYECKME XapaKTePUCTUKM UCCIEOBAHHBIX BUNOB Y OIPENeIA0T NaabHel-
IIMe HallpaB/IeHNA UX U3YIEHM.

Kntouesvie cnosa. Tenetnueckue mapkepsl, rubpug, H-renom, Elymus sibiricus, ITS, matK.

The genus Hordeum L. (tribe Triticeae) comprises about 32 species common in temperate and dry
regions of Eurasia and the New World. The native range of Hordeum jubatum L. is Northern America and
Eastern Asia. This species is highly adaptable to various environments particularly in disturbed areas. It is
often found in grasslands and along roadsides, used as ornamental plant and it is considered invasive in many
regions of Eurasia. The long-term observations in Russia (Tsvetkov, 2014) showed successful naturalization of
H. jubatum in Western Siberia. The genetic basis for its wide dispersal in Eurasia remains unclear.
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H. jubatum is mostly tetraploid with chromosome number 2n = 28. It has H-genome out of four basic
genomes of Hordeum designated H, I, Xa, and Xu (Komatsuda et al., 1999). Moreover, there are two variants
of rDNA clusters found in Hordeum species (Taketa et al., 2001) that results in the presence of different ITS
sequences in the same individual which can complicate its phylogenetic resolution (Blattner, 2004). The complex
and reticulate genetic relationship in the genus is explained by incomplete reproductive isolation between
closely related species (Nishikawa et al., 2002). In Northern America, polyploidization and hybridization, along
with different factors, were correlated with its range expansion. The other feature of H. jubatum is hybridization
with different species of Elymus. The genus x Elyhordeum Mansf. is a hybrid of Elymus L. and Hordeum. Species
of this genus are native to subarctic and temperate regions of the Northern Hemisphere (Tzvelev, Probatova,
2019). One of its hybrids, x Elyhordeum arcuatum W. W. Mitch. et H. ]. Hodgs (Elymus sibiricus L. x H. jubatum),
is recorded in Alaska (Subarctic America, Northern America) and in the Magadan Region (the North-East of
Russia). In this work we studied genetic features of H. jubatum and E. arcuatum to better understand their
origin and phylogenetic relationship in Eurasian part of the range.

Analysed specimens were stored in herbarium (IRK) of Siberian Institute of Plant Physiology and
Biochemistry (Irkutsk, Russia) and collected from 1970 to 2018. Specimens of H. jubatum were collected in
the Irkutsk, Omsk, Krasnoyarsk, and Novosibirsk Regions, the Republics of Buryatia, Tuva and Chukotka
Autonomous Okrug and specimens of E. arcuatum were from the Magadan Region. DNA was extracted from
dry leaves with the kit C-8896 (Vector-Best, Novosibirsk, Russia). The nuclear ITS and chloroplast matK regions
were analysed. Primers and conditions for PCR reactions and Sanger sequencing were the same as previously
described (Kulakova et al., 2023). Molecular cloning with TA vector was used to obtain ITS sequences. BLAST
search (BLAST URL: https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to find nearest homologues. Sequences
were aligned and edited in BioEdit 7.0.5.3 (Hall, 1999).

Two variants of ITS sequences of Hordeum were identified in all studied specimens of H. jubatum that
proved its allotetraploid origin. The same two variants of ITS were found in GenBank database in specimens
from North America (Utah, USA and Mexico). Only one of these two variants can be found in GenBank for
H. jubatum from Estonia, Kazakhstan and Korea that may be due to its dominance in these samples. Both ITS
variants were clearly separated by > 2 % nucleotide differences. From ITS data no difference between H. jubatum
from Siberia, Far East and North America was found. The matK gene was identical in all studied samples. This
gene is highly conservative and did not allow us to discriminate H. jubatum from other species of the genus.

For x E. arcuatum, we studied three specimens. For each, 6-10 clones were used for the analysis. The
set of sequences including those of E. sibiricus-specific (identical to the E. sibiricus voucher CCDB-18344-G7
from Canada) and both ITS variants of H. jubatum were obtained. From the matK gene analysis, H. jubatum-
specific sequences were present in x E. arcuatum samples. Identification of H. jubatum chloroplast gene (matK)
indicated the maternal inheritance of chloroplast DNA. This provided data that H. jubatum was a maternal
parent in studied samples of this hybrid species.

The complex evolutionary history of nuclear ITS does not provide enough data to infer its phylogenetic
relationships but a deeper analysis of ITS variants of samples from different parts of its range might give new
ideas on these subject. The more variable chloroplast markers, except the data on maternal parent in this
hybrids, can be used to obtain the phylogeographic data of H. jubatum in Eurasia.
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