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Genetic diversity of rhizobia associated with Glycyrrhiza
uralensis fisch in eastern Inner Mongolia

GAO Mengzhe, YUAN Xiaoxia, YANG Bingjie, SHEN Aolong, LI Hua, JI Zhaojun
(College of Sciences and Food Engineering, Inner Mongolia Minzu University, Tongliao, Inner Mongolia 028000, China)

Abstract: To investigate the microevolution of symbiotic rhizobia associated with Glycyrrhiza uralensis, the
plant was cultivated aseptically in greenhouse to isolate rhizobia from the local soil. A total of 21 rhizobial strains
were isolated and identified as Rhizobium leguminosarum, Rhizobium alamii, Rhizobium yanglingense, Rhizobium
phaseoli, Bradyrhizobium yuanmingense, Rhizobium sp. 1 and Bradyrhizobium sp. 1I. And Rhizobium sp. 1 was the
predominant group, followed by Bradyrhizobium sp. 1l based on the core gene recA sequences. The community
structure was relatively simple, with low nucleotide diversity () observed (range: 0.00205~0.01791, mean:
0.010406) . Genetic differentiation ( Dxy) was high, with values ranging from 0.0688 to 0.1935 (mean; 0.1483).
The gene flow index (Nm) exhibited low values (range: 0.02~17.10, mean; 3.048). In conclusion, the high ge-
netic diversity and low frequency of gene exchange suggest that the rhizobia associated with G. uralensis in eastern
Inner Mongolia exhibit strong genetic stability throughout their evolutionary history.
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Table 1 Identification of rhizobia species information

P9 Bk (EES A

No.  Strain name Host plant Specy
1 IMUN]J 23401 G. uralensis Rhizobium sp. 1
2 IMUN] 23402 G. uralensis Bradyrhizobium sp. 11
3 IMUNJ 23403 G. uralensis Bradyrhizobium sp. 11
4 IMUNJ 23406 G. uralensis Rhizobium sp. 1
5 IMUN]J 23409 G. uralensis Bradyrhizobium yuanmingense
6  IMUN]J 23410 G. uralensis Rhizobium yanglingense
7 IMUNJ 23411 G. uralensis Rhizobium phaseoli
8  IMUNJ 23413 G. uralensis Bradyrhizobium sp. 11
9 IMUN]J 23414 G. uralensis Rhizobium leguminosarum
10 IMUN]J 23415 G. uralensis Bradyrhizobium yuanmingense
11 IMUN]J 23416 G. uralensis Rhizobium sp. 1

12 IMUNJ 23418 G. uralensis Rhizobium leguminosarum
13 IMUNJ 23423 G. uralensis Rhizobium sp. 1

14 IMUN]J 23424 G. uralensis Rhizobium sp. 1

15 IMUN]J 23427 G. uralensis Rhizobium yanglingense
16 IMUNJ 23429 G. uralensis Rhizobium leguminosarum
17 IMUNJ 23439 G. uralensis Bradyrhizobium sp. 11

18 IMUNJ 23444 G. uralensis Rhizobium sp. 1

19 IMUNJ 23445 G. uralensis Rhizobium alamii

20 IMUNJ 23446 G. uralensis Bradyrhizobium yuanmingense
21 IMUNJ 23448 G. uralensis Rhizobium sp. 1
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Rhizobium sp. | IMUNIJ 23416 (PP826734)
Rhizobium sp. | IMUNJ 23423 (PP826736)
Rhizobium sp. | IMUNIJ 23406 (PP826727)
Rhizobium sp. | IMUNIJ 23401 (PP826724)
Rhizobium sp. | IMUNIJ 23448 (PP826744)
Rhizobium sp. | IMUNIJ 23424 (PP826737)
Rhizobium sp. | IMUNIJ 23444 (PP826741)
Rhizobium alamii GVB 016" (GU552971)
Rhizobium alamii IMUNJ 23445 (PP826742)
Rhizobium yanglingense IMUNJ 23410 (PP826729)
Rhizobium yanglingense SH22623" (AY907359)
Rhizobium yanglingense IMUNJ 23427 (PP826738)

ﬂl: Rhizobium phaseoli ATCC 14482T (EF113136)

99

Rhizobium phaseoli IMUNIJ 23411 (PP826730)

— Rhizobium leguminosarum LMG 14904" (AM182125)

Rhizobium leguminosarum IMUNJ 23418 (PP826735)

— 100 Rhizobium leguminosarum IMUNJ 23414 (PP826732)
Rhizobium leguminosarum IMUNJ 23429 (PP826739)
991 Bradyrhizobium yuanmingense IMUNJ 23409 (PP826728)
Bradyrhizobium yuanmingense IMUNJ 23446 (PP826743)
93 Bradyrhizobium yuanmingense IMUNJ 23415 (PP826733)
99 Bradyrhizobium yuanmingense CCBAU 100717 (AY591566)
Bradyrhizobium sp. 11 IMUNJ 23439 (PP826740)
100 |\ % Bradyrhizobium sp. 1l IMUNJ 23413 (PP826731)
Bradyrhizobium sp. 11 IMUNIJ 23402 (PP826725)
Bradyrhizobium sp. 11 IMUNJ 23403 (PP826726)
/Jff?urkhnlderia caribensis MWAP64" (HQ398576)
Burkholderia mimosarum PAS44" (EU294396)

FR 5 IR 0.02 FRBATIRIME 2N 2%,

Rhizobium sp. |

} Rhizobium alamii

} Rhizobium yanglingense

} Rhizobium phaseoli

Rhizobium leguminosarum

Bradyrhizobium yuanmingense

Bradyrhizobium sp. 11

T RGER T LT BB FIR bootstrap {H ( =70% ) 3 HI T % 5@ Fi g 5¢ 5 BB B bk 44 B F B4R (T)

Note: The number of branch nodes in the phylogenetic tree indicates the bootstrap value ( =70% ). The type strains

used to identify the species relationship are indicated by superscript (T). Scale bar 0.02 indicates a nucleotide base differ-
ence of 2%.
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strain number (omitting the “IMUN]” before the numerical number, as shown in Table 1), and the column of each individual is

filled based on the ratio of each ancestor’ s single nucleotide allele. The vertical axis represents the percentage of each strain.
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Fig.2  Structure of rhizobia associated with Glycyrrhiza uralensis fisch based on core gene recA.
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1) 7 {EAR X4, 4351 0.01085,0.01791,0.01369 ;
R. yanglingense vl Bradyrhizobium sp. 11 m)  AEARXT
B, 43 9 0.00205 F1 0.00753, T # Bradyrhi-
zobium sp. 11 73 5|5 Rhizobium sp. 1 #1 R. legumino-
sarum Z [8] B Dxy fE (43514 0.1917 #10.1935) %

155 M A Bradyrhizobium sp. 11 5 B. yuanmingense
Z [8]# Dy {H.(0.0688 ) fie Ak, A~ [m] Ja AR 96 T 2 (8] 1)
AEEE RS Dy ) 1B R T8 PN T Ak O A% H R 2 A 1
(o) T P R AL 5 149 38 £ BE 5 ( Doy ) 1
B TR IR ZAENE () o MR A [) ol 34 T2 o (1]
Nm AEEIEAR , 22015 7R H AR ottt 7 o
HE IR A PR A R AR

R2 REBEHOEREZESME
Table 2 Nucleic acid polymorphisms of rhizobia

Bl Strain H B Length/bp S Eta h/Hd T S N N/ 7S
Rhizobium sp. 1 487 13 15 6/0.952 0.01085 0.01918 0.00759 0.395725
R. yanglingense 487 1 1 2/1.000 0.00205 0.00803 0.00000 0.000000

Bradyrhizobium sp. 11 487 6 6 4/1.000 0.00753 0.01848 0.00383 0.207251
R. leguminosarum 487 13 13 2/0.667 0.01791 0.01633 0.01884 1.153705
B. yuanmingense 487 10 10 3/1.000 0.01369 0.04719 0.00186 0.039415

H3t Total 164 197 18/0.660 0.12607 0.33268 0.05627 0.169142

TE R R R R AR A M0 50 S) RS RIEL (Era) RAERISHENE (h/Hd) IR EFENE () () SO s BAEE (7S) (AR TR X

B A (N ) LA AR ) S/ ) SCEARE U AE (nN/ 7S ) S50

Note: This table shows the number of polymorphic sites (S), the number of haplotypes ( Eta), haplotype diversity (h/Hd) , nucleotide diversity

(), synonymous site diversity (7S) , nonsynonymous site diversity (77N), and the nonsynonymous/synonymous diversity ratio (7N/7S) for different

species.

x3 IREEREESWE(Dry) MEFEZRIEL(Nm)

Table 3 Genetic differentiation ( Dxy) and exchange index (Nm) of rhizobia

TEF Strain Rhizobium sp. 1

Bradyrhizobium sp. 11

R.yanglingense R. leguminosarum B. yuanmingense

Rhizobium sp. 1

0.0300 8.6000 4.4900 17.01

0.1000 0.0400 0.09
0.1807 0.0500 0.02
0.1935 0.1023 0.05
0.0688 0.1674 0.1756

Bradyrhizobium sp. 11 0.1917
R. yanglingense 0.1016
R. leguminosarum 0.1272
B. yuanmingense 0.1742

T 28 T A AN R b [8] 438 P B ( Dy ) 8L, A7 1 A8 AN [0 b 2 [8] B 2 D9 8 0 ( V) L,

Note: Data in the lower left corner are the genetic differentiation ( Dxy) values, and data in the upper right corner are the gene exchange index

(Nm) values between different species.
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