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 ❀ For the first time, bacteria were isolated and identified from the root nodules of a wild-growing medicinal legume plant Ther-

mopsis lanceolata, originated from Mongolia. The taxonomic position of 14 isolates obtained was determined using of sequencing 

of the 16S rRNA (rrs) and atpD genes. It was shown a significant biodiversity of the isolates from T. lanceolata, which belonged to 

three genera of the order Rhizobiales: Phyllobacterium (family Phyllobacteriaceae), Rhizobium (family Rhizobiaceae) and Bo-

sea (family Bradyrhizobiaceae). Six isolates belonged to the species Phyllobacterium zundukense and Phyllobacterium trifolii 

(100 и 99,9% rrs similarity with the type strains P. zundukense Tri-48T and P. trifolii PETP02T, respectivelly), three isolates were 

identified as Rhizobium anhuiense (99,8% rrs similarity with the type strain R. anhuiense CCBAU 23252T). Two slow-growing 

isolates of the genus Bosea Tla-534 and Tla-545 may potentially belong to new species, since their rrs-similarity to the closest type 

strains B. massiliensis LMG 26221T, B. lathyri LMG 26379T and B. vaviloviae Vaf18T was 98,5-99,0%. Non-rhizobial strains 

were not isolated. The isolation and future investigation of the rhizobial microsymbionts of the valuable medicinal legume Thermop-

sis lanceolata is one of the necessary prerequisites for its industrial cultivation.

 ❀ Keywords: medicinal legume plants; Thermopsis lanceolata; root nodule bacteria; 16S rRNA and atpD genes.
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 ❀ Впервые были выделены и идентифицированы бактерии из клубеньков дикорастущего лекарственного бобового ра-

стения термопсиса ланцетного (Thermopsis lanceolata), произрастающего в Монголии. В результате секвенирования 

16S рДНК (rrs) и гена «домашнего хозяйства» atpD определено таксономическое положение 14 изолятов. Показано зна-

чительное биоразнообразие микросимбионтов термопсиса, которые относились к трем родам порядка Rhizobiales: Phyllo-

bacterium (сем. Phyllobacteriaceae), Rhizobium (сем. Rhizobiaceae) и Bosea (сем. Bradyrhizobiaceae). Видовая принад-

лежность была определена для девяти изолятов: шесть изолятов были идентифицированы как Phyllobacterium zundukense 

и Phyllobacterium trifolii (100 и 99,9 % rrs гомологии с типовыми штаммами P. zundukense Tri-48T и P. trifolii PETP02T 

соответственно), три изолята — как Rhizobium anhuiense (99,8 % rrs гомологии с типовым штаммом R. anhuiense CCBAU 

23252T). Два медленнорастущих изолята Tla-534 и Tla-545, отнесенных к роду Bosea, могут потенциально принадлежать 

к новым видам, поскольку их сходство по гену rrs с ближайшими типовыми штаммами B. massiliensis LMG 26221T, 

B. lathyri LMG 26379T и B. vaviloviae Vaf18T составляло 98,5–99,0 %. Неризобиальных штаммов из клубеньков выделе-

но не было. Создание коллекции микросимбионтов термопсиса ланцетного и их изучение является одной из необходимых 

предпосылок для промышленного возделывания этой ценной лекарственной культуры. 

 ❀ Ключевые слова: лекарственные бобовые растения; термопсис ланцетный Thermopsis lanceolata; клубеньковые бак-

терии; гены 16S рРНК и atpD.

Legume-rhizobium symbiosis is a unique and wide-

spread phenomenon among leguminous plants. Nodule 

bacteria (Rhizobia), which are the integral elements of 

such symbiotic activity, are used to explore such inter-

actions and reveal the mechanisms of plant–microbe 

interactions. Leguminous plants have high morpho-



44

❀ экологическая генетика ТОМ  17   № 1   2019 ISSN 1811–0932

GENETIC BASIS  OF ECOSYSTEMS EVOLUTION

physiological and ecological diversity and contribute a 

great deal to nitrogen balance in numerous land eco-

systems and agrocenosis. This is achieved by broaden-

ing the range of biochemical function in both symbiotic 

partners and obtaining novel adaptive features of the 

plants [1]. Therefore, studying legume-rhizobium sym-

biosis has significant ecological and practical value.

Thermopsis lanceolata, R. Br. is a perennial wild 

leguminous plant growing in West and East Siberia, 

Baikal region, Middle Asia, North of Mongolia, and 

China [2]. The plant contains numerous alkaloids and 

has various pharmacological applications. One of the 

major biologically active alkaloids is cytosine, which is 

mostly present in the seeds [3] and is used in nicotine 

addiction treatment (Tabex) [4] and as an expectorant 

drug (Thermopsol and Codelac Broncho). It is also 

widely applied in veterinary medicine (Cytitonum) [5]. 

Current literature does not report any studies on ex-

traction of nodule bacteria from T. lanceolata. In ad-

dition, to effectively introduce the plants, it is neces-

sary to collect its microsymbionts for the production 

of growth-promoting agents. The first stage of micro-

symbiont strain studying, which is their identification, 

requires the use of modern molecular genetic methods, 

such as sequencing of 16S rDNA and “housekeeping” 

genes.

Therefore, the goal of the present study is to pre-

pare a collection of rhizobial microsymbionts of the 

wild-growing medical leguminous plant, T. lanceolata, 

growing in North Mongolia, and to determine the taxo-

nomic status of the strains by sequencing 16S rDNA 

and the “housekeeping” gene atpD.

MATERIALS AND METHODS
The study materials were 14 bacterial isolates ex-

tracted from the root nodules of a leguminous plant, 

T. lanceolata, which were collected from the mountain-

taiga region of Mongolia (vicinity of the lake Khubsu gul, 

right bank of the river Eg-Gol, village Alag-Erdene), 

according to the standard method [6]. Bacteria were 

cultured on modified mannitol-yeast agar YMSA with 

0.5% succinate [7]. One isolate was selected from each 

nodule. Species affiliation of the isolates was determined 

by amplifying and sequencing the 16S rRNA genes as 

previously described [7]. To specify the taxonomic status 

of the isolates, amplification and sequencing of atpD, 

which codes for β-subunit of the ATP-synthesis com-

plex, were performed using atpD-273F/atpD-771R [8] 

and atpD352F/atpD871R [9] primers. The obtained 

PCR-product was extracted from gel and purified as 

previously described [10] for further sequen cing on 

ABI PRISM 3500xl genetic analyzer (Applied Bio-

systems, USA). Search for homologous sequences 

was performed using the NCBI GenBank database 

(https://www.ncbi.nlm.nih.gov) and BLAST (https://

blast.ncbi.nlm.nih.gov/Blast.cgi). MEGA7 (MEGA, 

PA, USA) and neighbor-joining method [11] were used 

for the construction of phylogenetic trees. Nucleic acid 

sequences obtained were deposited in the GenBank 

database under the accession numbers MH779890–

MH779903 and MK135051–MK135064.

All obtained isolates were deposited in the Russian 

Collection of Agricultural Microorganisms (RCAM, 

WDCM 966) and placed at the Station for Low-Tem-

perature Automated Storage of Biological Samples (Li-

conic Instruments, Liechtenstein) [12]. Information on 

isolates is available in the Internet database of RCAM 

(http://www.arriam.spb.ru.).

RESULTS AND DISCUSSION
The vicinity of Lake Khusbugul, where plants were 

collected for further extraction of bacteria from the root 

nodules, has a distinctly continental climate and the 

soils exist under aridization and cryodization condi-

tions [13]. The soil at collection site can be character-

ized as gray humus lithozem [14], and the soil pH is 

acidic and neutral [15]. As a result of analysis of nod-

ules collected from different T. lanceolata plants within 

a population, 14 bacterial isolates were obtained: two of 

them formed colonies on the 5–6th day; three of them 

on the 3rd day; and nine of them on the 4–5th day.

Analysis of 16S rRNA (rrs) gene sequences al-

lowed to refer of obtained isolates to three genera in 

the order Rhizobiales: Phyllobacterium (fam. Phyl-

lobacteriaceae), Rhizobium (fam. Rhizobiaceae), 

and Bosea (fam. Bradyrhizobiaceae). Figure 1 shows 

that the strains belonging to genera Phyllobacterium 

and Rhizobium form two separate groups. Strains of 

Phyllobacterium, however, are divided in three clus-

ters. Rrs-cluster I included isolates Tla-531, Tla-536, 

Tla-538, Tla-546, and Tla-549, in addition to type 

strains P. trifolii PETP02T and P. loti S658T at 100% 

support level (see Fig. 1). Similarity of isolates based 

on gene rrs with specified type strains was 99.9% 

and 100% accordingly, whereas the gene sequences 

of the isolates were identical (Table 1). However, a 

phylogenetic tree constructed based on the analysis 

of gene atpD revealed that the isolates were split 

into two statistically reliable clusters (Fig. 2). Cluster 

Ia was formed at 100% support level and consisted 

of isolates Tla-531, Tla-546, Tla-549, and a type 

strain P. trifolii PETP02T, whose similarity based on 

atpD gene was 100% (see Table 1). Therefore, based 

on the results of atpD sequencing, isolates Tla-531, 
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Tla-549 (MH779901)
Phyllobacterium trifolii PETP02T (NR 043193)

Tla-546 (MH779900)
Tla-538 (MH779894)
Tla-536 (MH779892)
Tla-531 (MH779890)
Phyllobacterium loti S658T (NR 133818)

Phyllobacterium ifriqiyense STM 370T (NR043192)
Phyllobacterium catacumbae CSC19T (NR043055)

Phyllobacterium bourgognense STM 201T (NR 043191)
Phyllobacterium sophorae CCBAU 03422T (KJ685937)

Phyllobacterium brassicacearum STM 196T (NR 043190)
Tla-540 (MH779895)

Phyllobacterium endophyticum PEPV15T (NR 109517)
Tla-537 (MH779893)
Phyllobacterium zundukense Tri 48T (CP017940)
Tla-543 (MH779897)
Tla-544 (MH779898)

Phyllobacterium myrsinacearum STM 948T (AY785315)
Rhizobium gallicum R602spT (U86343)

Rhizobium yanglingense SH22623T (AF003375)
Rhizobium mongolense USDA1844T(U89817)

Rhizobium loessense CCBAU 7190BT (AF364069)
Rhizobium etli CFN 42T (U28916)

Tla-550 (MH779902)
Tla-552 (MH779903)
Tla-541 (MH779896)

Rhizobium leguminosarum LMG 14904T (NR 114989)
Rhizobium laguerreae FB206T (NR 118274)
Rhizobium anhuiense CCBAU 23252T (KF111868)
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Fig. 1. Phylogenetic tree generated by the neighbour-joining method using partial 16S rRNA gene sequences of the isolated 

strains from Thermopsis lanceolata nodules and representatives of closely related to Phyllobacterium and Rhizobium 

species. The isolated strains in bold. Type species are indicated by the letter T. I–III clusters that formed by Phyllobac-

terium isolates obtained in the work. Bootstrap values more than 50% are given

Type strains Loci

Isolates similarity (%)

Cluster I Cluster II Cluster III

Tla-531 Tla-536 Tla-538 Tla-546 Tla-549 Tla-540 Tla-537 Tla-543 Tla-544

P. trifolii PETP02T 16S рРНК 99.9 99.9 99.9 99.9 99.9 98.3 98.9 98.9 98.9

atpD 100 93.3 93.4 100 100 89.5 89.0 89.0 89.0

P. loti S658T 16S рРНК 100 100 100 100 100 98.4 99.0 99.0 99.0

atpD 96.7 92.6 92.6 96.7 96.7 89.3 87.7 87.7 87.7

P. bourgognense STM 201T 16S рРНК 99.1 99.1 99.2 99.2 99.2 98.8 99.4 99.3 99.3

atpD 88.9 89.6 89.6 88.9 88.9 89.6 91.8 91.8 91.8

P. brassicacearum STM 196T 16S рРНК 98.7 98.7 98.7 98.7 98.7 99.3 99.3 99.3 99.3

atpD 96.9 94.2 94.2 96.9 96.9 88.9 87.9 87.9 87.9

P. endophyticum PEPV15T 16S рРНК 98.1 98.1 98.7 98.7 98.7 99.2 99.5 99.4 99.4

atpD 90.8 90.8 90.1 90.8 90.8 89.8 89.6 89.6 89.6

P. zundukense Tri-48T 16S рРНК 99.0 99.0 99.0 99.0 99.0 99.3 100 99.9 99.9

atpD 89.0 89.8 89.8 89.0 89.0 89.3 100 100 100

P. sophorae CCBAU03422T 16S рРНК 98.3 98.3 98.5 98.5 98.5 99.1 99.0 99.2 99.2

atpD 88.9 89.4 89.4 88.9 88.9 87.3 91.5 91.5 91.5

Table 1

The similarity of 16S rRNA and atpD genes between the isolated strains from Thermopsis lanceolata nodules and 
the type strains of closely related to the Bosea and Rhizobium species
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III

Phyllobacterium trifolii PETP02T (JN848779)

Tla-531 (MK135051)

Tla-546 (MK135061)

Tla-549 (MK135062)

Phyllobacterium loti S658T (KC577467)

Phyllobacterium brassicacearum STM 196T (AY785335)

Tla-536 (MK135053)

Tla-538 (MK135055)

Tla-540 (MK135056)

Phyllobacterium endophyticum PEPV15T (JN848780)

Phyllobacterium sophorae CCBAU03422T (KJ685941) 

Phyllobacterium zundukense Tri-48T (KX447666)

Tla-537 (MK135054)

Tla-543 (MK135058)

Tla-544 (MK135059)

Phyllobacterium bourgognense STM 201T (AY785336)

Rhizobium leguminosarum LMG 14904T (AM418783)

Rhizobium laguerreae FB206T (JN558661)

Rhizobium leguminosarum bv viciae BIHB 1160 (JF759810)

Rhizobium leguminosarum bv trifolii R200 (HQ394215)

Rhizobium anhuiense CCBAU 23252T (KF111890)

Tla-550 (MK135063)

Tla-541 (MK135057)

Tla-552 (MK135064)
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Fig. 2. Phylogenetic tree generated by the neighbour-joining method using atpD gene sequences of the isolated strains from 

Thermopsis lanceolata nodules and representatives of closely related to Phyllobacterium and Rhizobium species. 

The isolated strains in bold. Type species are indicated by the letter T. Iа, Ib, II и III – clusters that formed by Phyllo-

bacterium isolates obtained in the work. Bootstrap values more than 50% are given

Tla-546, and Tla-549 were identified as P. trifolii. 

It should be noted that bacteria of this type were first 

isolated from the nodules of Trifolium pretense [16]. 

Previously, it was reported that the strain P. trifolii 

PETP02T could establish symbiotic interactions with 

Trifolium repens and Lupinus albus [16, 17]. In addi-

tion, bacteria that are closely related to species P. tri-

folii, with 99.9% similarity based on rrs were isolated 

from nodules of Onobrychis viciifolia [18], which in-

dicates that there is a wide range of host plants for the 

group of nodule bacteria under study. Cluster Ib was 

formed by isolates Tla-536 and Tla-538, identified as 

Phyllobacterium sp., and were most similar to P. loti 

and P. trifolii (see Fig. 1, 2; Table 1).

Rrs-cluster II was formed at a low support level of 

54% by strains P. sophorae CCBAU03422T, P. brassi-

cacearum STM 196T, and isolate Tla-540, which, based 

on an atpD-dendrogram, was not grouped with any oth-

er strains (see Fig. 1, 2). Similarity of the isolate with 

the closest species, P. brassicacearum and P. zun-

dukense, was 99.3%, based on rrs (see Table 1). Based 

on the analysis of the data obtained, isolate Tla-540 

was identified as Phyllobacterium sp.

Rrs-cluster III combined isolates Tla-537, Tla-543, 

Tla-544, and type strain P. zundukense Tri-48T at a 

support level of 88% (see Fig. 1). On the atpD-den-

drogram (see Fig. 2), the strains also formed a sta-

tistically reliable cluster (support level 100%). With 

regard to the high degree of homology based on rrs 

(99.9%–100%) and atpD (100%), isolates Tla-537, 

Tla-543, and Tla-544 were identified as P. zunduke-

nse (see Table 1), and have recently been described 

as microsymbionts of a relict leguminous plant, Oxy-

tropis triphylla, growing in the Baikal region [19]. 

In addition, it has been demonstrated that strains of 

P. zundukense  isolated from nodules of O. triphylla 

do not potentially carry out individual symbiosis as 

they do not have common nodABC genes required 
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Type strains Loci

Isolates 

simila rity (%) Type strains Loci

Isolates 

simila rity (%)

Tla-534 Tla-545 Tla-541 Tla-550 Tla-552

B. massiliensis 

LMG 26221T 16S rRNA 99.0 98.6
R. leguminosarum 

LMG 14904T 16S rRNA 99.8 99.8 99.8

atpD 92.4 95.6 atpD 93.5 93.7 93.7

B. lathyri LMG 

26379T
16S rRNA 99.0 98.5

R. anhuiense 

CCBAU23252T 16S rRNA 99.8 99.8 99.8

atpD 91.9 94.0 atpD 96.8 97.0 97.0

B. vaviloviae Vaf18T 16S rRNA 98.9 98.5
R. laguerreae 

FB206T 16S rRNA 99.8 99.8 99.8

atpD 91.0 92.2 atpD 95.7 95.9 95.9

Table 2

The similarity of 16S rRNA and atpD genes between the isolated strains from Thermopsis lanceolata nodules and 
the type strains of closely related to the Bosea and Rhizobium species

for plants nodulation [19]. Currently, genus Phyllo-

bacterium is represented by only 11 species, most 

of which are isolated from the root nodules of legu-

minous plants [16, 19–23]. However, nodACD and 

nifH genes, which are required for effective symbiosis 

with host plants, have been found only in two species 

(P. trifolii and P. sophorae). Phyllobacterium trifolii 

and P. sophorae are able to form nodules indepen-

dently on host plants [16, 23, and 24].

Fast-growing isolates, Tla-541, Tla-550, and Tla-552, 

belonged to genus Rhizobium and demonstrated simi-

lar levels of rrs-homology (99.8%) with three type 

strains, R. leguminosarum LMG 14904T, R. anhuiense 

CCBAU23252T, and R. laguerreae FB206T, with which 

they formed a common cluster with a support level 

of 98% (see Fig. 1, Table 2). On atpD-dendrogram, 

isolates Tla-541, Tla-550, and Tla-552 were clustered 

only with type strain R. anhuiense CCBAU23252T at 

a relatively high support level of 83% (see Fig. 2). 

Considering the significant similarity in atpD gene 

between strain R. anhuiense CCBAU23252T and iso-

lates Tla-541, Tla-550, and Tla-552 (96.8%–97.0%), 

the isolates were identified as Rhizobium anhuiense 

(see Table 2). Strains of the species were isolated from 

nodules of Vicia faba and Pisum sativum growing in 

China [25]. R. anhuiense are also microsymbionts of 

Lathyrus japonicus [26]. It has been demonstrated that 

L. japonicus has a high capacity for nitrogen fixation, 

particularly under low temperature conditions associ-

ated with arctic and subarctic regions, where the plant 

is considered a prospective forage crop [27]. In general, 

genus Rhizobium represents the most representative 

group in the family Rhizobiaceae, with all species be-

ing able to fix atmospheric nitrogen and form stable 

symbioses with leguminous plants [28].

Slow-growing isolates, Tla-534 and Tla-545, did not 

form statistically reliable groups with any other strains 

on either rrs- or atpD-dendrograms (Fig. 3, 4). Based 

on the homology levels of rrs (see Table 2), isolates 

Tla-534 and Tla-545 demonstrated maximum similar-

ity with type strains of genus Bosea: B. massiliensis 

LMG 26221T, B. lathyri LMG 26379T, and B. vavilo-

viae Vaf18T (similarity 98.5–99.0%). Based on the ob-

tained data, both isolates were identified as Bosea sp. 

With regard to the obtained results, one could assume 

that isolates Tla-534 and Tla-545 are novel species 

in genus Bosea. The genus consists of nine species, 

among which four species, B. lupini, B. lathyri, B. ro-

biniae, and B. vaviloviae, were isolated from nodules 

of leguminous plants of genus Lupinus, Lathyrus, Ro-

binia, and Vavilovia, respectively. However, the capac-

ity of the strains to independently form symbioses has 

not yet been studied [7, 29, 30].

We obtained bacterial isolates from the root nodu-

les of a leguminous plant, T. lanceolata, for the first 

time. Nodule bacteria, P. trifolii and и R. anhuiense, 

were identified, which form nodules on the plant, as 

well as bacteria P. zundukense, with the capac-

ity to independently carry out symbiosis, which has 

not been previously reported. Isolates belonged to 

genus Bosea could be representatives of novel spe-

cies of slow-growing nodule bacteria. It should be 

noted that to clarify the taxonomic status of nine out 

of 14 obtained isolates, analysis of gene atpD was 

used, which facilitated the description of novel spe-

cies, P. zundukense and B. vaviloviae [7, 19]. For-

mation and study of collections of microsymbionts of 

Thermopsis lanceolata could facilitate the enhanced 

and effective industrial production of this valuable 

medical plant.
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Bradyrhizobium huanghuaihaiense CCBAU 23303T (HQ231463)
Bradyrhizobium iriomotense LMG 24129T (AB300992)

Bradyrhizobium arachidis CCBAU 051107T (HM107167)
Bradyrhizobium betae NBRC 103048T (AB681928)
Bradyrhizobium cytisi CTAW11T (EU561065)

Bradyrhizobium rifense CTAW71T (EU561074)
Bradyrhizobium canariense BTA-1T (NR042177)
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