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Genetic diversity and co-evolution of Vicia rhizobia in different
geographical environments

ZHANG Mei-ling,ZHU Bo, LI Xu,JU Wen-ting, WEI Ge-hong

(Center o f Microbiology ,College of Life Sciences s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract; [Objective] The study explored the genetic diversity and phylogenesis of Vicia Rhizobia in
the northwest of China. [Method) 16S rDNA PCR-RFLP and 16S rDNA gene sequencing analysis were
used to analyze the genetic diversity and co-evolution of the 42 vicia rhizobia grown in five different geo-
graphical sites in Shaanxi, Gansu and Xinjiang (the sites designated A,B,C,D and E). [Result] The RFLP
analysis results of all strains indicated six bacterial genotypes designated | , [[ , [l . IV, V and V[. Strains in
site A belonged exclusively to the group of genotype [ ,which were found in all the sites. And genotype [
strains were only found in sites D and E. Meanwhile sites B,C and D were of genotype [[l. Strains of geno-
type IV were restricted to E,and genotypes V and V[ to site D. Sequencing analysis of 16S rDNA revealed
CCNWSX0050 of genotype | and CCNWGS0055 of genotype [I shared 99. 8% and 99. 7% sequence ho-
mology with R. leguminosarum respectively,and CCNWGS0062 of genotype [l shared 100. 0% sequence
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homology with S. meliloti. [Conclusion) The results showed that rhzobia,forming symbiosis with natural

Vicia sepium in the northwest of China,belong to R. leguminosarum and S. meliloti,and symbiotic rela-

tionships between host plants and rhizobia in different geographical environments show diversity and non-

random associations.

Key words: Vicia rhizobia;genetic diversity;co-evolution; geographical environment
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Table 1 Numbering of tested Vicia rhizobia and the geographical conditions of the sample sites

EiR I R 2 5 FHH A BIR/m | RS I bR 2 RHEW A IR/ m || RS T R 4 5 KR I /m

Code Strain No.  Sample site Height | Code Strain No. Sample site  Height || Code Strain No.  Sample site Height
1 CCNWSX0039 A 1 000 15 CCNWSX0053 A 2 450 29 CCNWGS0062 D 2 217
2 CCNWSX0040 A 1 000 16 CCNWSX0054 A 2 450 30 CCNWGS0063 D 2217
3 CCNWSX0041 A 1 000 17 CCNWNX0048 B 676 31 CCNWGS0064 D 2217
4 CCNWSX0042 A 1 000 18 CCNWNX0049 B 676 32 CCNWGS0065 D 2 217
5 CCNWSX0043 A 1689 19 CCNWNX0050 B 676 33 CCNWGS0066 D 2 217
6 CCNWSX0044 A 1689 20 CCNWNX0051 B 676 34 CCNWGS0069 D 2217
7 CCNWSX0045 A 1689 21 CCNWNX0052 B 676 35 CCNWNX0056 E 2 362
8 CCNWSX0046 A 2 250 22 CCNWNX0053 B 676 36 CCNWNX0057 E 2 362
9 CCNWSX0047 A 2 250 23 CCNWXJ0097 C 2192 37 CCNWGS0054 E 1817
10 CCNWSX0048 A 2 250 24 CCNWX]J0098 C 1450 38 CCNWGS0055 E 1817
11 CCNWSX0049 A 2 450 25 CCNWXJ0100 C 1650 39 CCNWGS0056 E 1817
12 CCNWSX0050 A 2 450 26 CCNWGS0059 D 2 217 40 CCNWGS0057 E 1817
13 CCNWSX0051 A 2 450 27 CCNWGS0060 D 2217 41 CCNWGS0058 E 1817
14 CCNWSX0052 A 2 450 28 CCNWGS0061 D 2 217 42 CCNWGS0067 E 1817
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R0, 1 IR R R A A PR Rl 4k, 16S rD-
NA B TAE . f1 23RN Al A4 TR Al 58
I
1.2 BEEF DNA 2

¥ 42 VR AT TY Wik Er 7R3, 28 CH
% R B, 8 000 r/min Uk & H &, 10
mmol/L Tris-HCI ¥k ¥ . i 14 B % 2% . 2 1 B 40 21
Jei S B/ A /R V() 2 VCEDD 2 VORI
BE)=25: 24 + D, BV, T, G HET
TE (10 mmol/ L TrissHCI(pH 7. 6),1 mmol/L
EDTA(pH 8. 0)) % shigg th™,
1.3 16S rDNA PCR # i

PABRECA B DNA AT Py Al Ps K5 #) kAT
PCR §" H. PCR 2 B & & {3 5 : 4z DNA (25
ng/pl) 2. 5 pl. 10 X buffer 5 pl, Mg*" (25
mmol/L)3 pL dNTPs(25 mmol/L)4 pL.5[ 4 (10
mmol/pl) 1 pL. Tagq B (5 U/ul) 0. 25 uL, %b
ddH,0 % 50 pl., PCR [ W F2J¥:95 C HiAs o4 5
min;94 C7ZE¥: 1 min,56 CiB 2 1 min,72 CiEffi 2
min, 3t 30 MEF; &G 72 CEEM 10 mint'Y .4 C

M 1 2 3 4 5 6 7 8

2500 bp —

1500 bp —
1000bp —

500 bp

RN T RAFY WG9 Ky ™Y 10 g/L Bilig
WEEEIEAE 0. 5 X TBE HL Uk 2% vh i v H Uk I 7E 52 4b
I AR A E LS BRAR
1.4 RFLP Eg¥) 4

M4 SCERL12 T/ Oy . 18 1 3 b BRI 9 D) i
Hae |l \Hinf 1 1 Msp 1 X} 16S rDNA PCR "3
FEYIHEAT D) L A RONAR R R 10 pL Horh 3 ul
PCR 7#¥),5 U BRI P9 U0 i K JLAR R ) 92 v i 37
CHEYl 4 h, HREGY A5 K. Hinf 1.5-G/
ANTC-3"; Hae I : 5-GG/CC-3"; Msp 1. 5-C/
CGG-3', I =45 2.5 pL AR 10X
Loading buffer 18 %), | 20 g/L I i ¥ &k B B Uk
(100 V,4 h) .UV 944, L TIFF #% X R 17 .
1.5 16S rDNA £F 5| 45

4l RELP &5 45 47 45 51 . AR b 25 1A A v i
PRACTR A R HEAT I 4 000 e 25 2R 55 4 R bk 1
H %, $i2 BB Satiou 1 Nei By 5 ¥ #F47 B 2K 4
Fri, F Clustal X, Bioedit fil Treeconw F2/% » # 4T
J 91 ) 5814 % 5% HE 57 R 2 6 B i AS A DL 16S rD-
NA 275 E A 2% &% FW. HH DNAman
AR SRS X R RIENEA K 16S rDNA
J7 5[] AP . R G I R TR A
16S rDNA 2751, 35k B GenBank,

2 HR50Mr

2.1 BHERBEES 16S rDNA PCR H1¥ 18
DLERE Y B DNA Ak 47 il A R i 16S

rDNA PCR #3153 343 F K/N 22 1.5 kb 729

B EB A R MR 16S rDNA HL Pk B % DL A 1,

9 10 11 12 13 14 15 16 17 18

B 1 BB G AR I 16S rDNA PCR 414 7 ¥ i H Uk 45 2R
1~18. LB #k 25 5 s M. DNA marker 13
16S rDNA map amplified products by PCR of part of tested Vicia rhizobia
1—18. Code of the tested rhzobia; M. DNA marker 13

Fig. 1



2.2 HHEHREHE 16S rDNA-RFLP E 4] i) 8 ik
B &

A2 BRI R Ak S 2 A2 6 Rl TR K %L 6 F 16S
rDNA R R A S C(LAR AR R RD an i 2 e
/o MHAE AR RELP 3 8B a05 2 fros . ik
2 ATHLFE T T (bR 1) FH 32 BRIk & R 4 Ak (16
MR E A RFEHL A5 MROR A B RAEHL AL T BROR A
CoRAEHL AL 4 BRok H D RAEHL A6 BROR A E RAE

M b B

IMMc a I MM©b

1500bp
1000bp

200 bp
HEEAT EERI ERAM
Type 1 Type I Type [l

y IM Ma g IMM b

Mo s FEIRY T Cea 1) Ay 3 BRI 38T PR 2H AR (2 #i
KA DRFEME L AR A E SRAE M R0 2 R
Chby 11D Hr 4 BRI PR A (1 BRok B B RAE A
2R A CREEHI T BRR A D SRAE MG 5 2N
BV GBI A T AR Ak Ok B E SRAEHLRD 5
FEHRLV (bR V) FIEE B VI (bRIV) ¥y A 1 Bk
PR (KR B D RAEH D

B VMMDLD B VM

EERY EREAV HEFE AV
Type IV Type V Type VI

Kl 2 WHGARBEER 16S {DNA-RFLP [ ] 4H 4 K%
M. 100 bp Ladder;a,b,c. Haelll BV H 3K B35 2T 50,8, v. Hinf T BEVIHIKIEE 28 T, 11, IV, V. Msp 1 gV & 5288 5 3% 2 [A]
Fig.2 16S rDNA-RFLP rDNA types of Vicia rhizobia
M. 100 bp Ladder;a,b,c. types of Haelll s5a:83,7. Types of Hinf [ digested map; [ , Il ,IV, V. Types of Msp | digested map; Table 2 is same
®2 HEAHHREREANSES K RFLP LR
Table 2 RFLP analysis results of the tested rhizobia

rR=N 16S rDNA PCR-RFLP & Patterns FiR=s 16S rDNA PCR-RFLP i Patterns
Code Haelll Hinf 1 Msp 1 Code Haelll Hinf 1 Msp 1
1 b 8 1 22 b Y 1l
2 b B 1 23 b b ii
3 b B 1 24 b Y Il
4 b B 1 25 b 8 1
5 b B 1 26 b B v
6 b B I 27 c a 1
7 b B 1 28 ¢ a I
8 b 8 1 29 b Y 1l
9 b B 1 30 b B 1
10 b B8 T 31 b 8 v
11 b B 1 32 b g I
12 b B 1 33 b B 1
13 b B 1 34 b 8 1
14 b B T 35 b 8 I
15 b B 1 36 b 8 I
16 b B 1 37 b B 1
17 b B 1 38 a B8 It
18 b B T 39 b 8 I
19 b B 1 40 b 8 1
20 b B 1 41 ¢ a 1
21 b B T 42 b 8 I
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Table 3 Number, richness and dominance of each 16S rDNA type
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YL FARTIEAN 1. 00 — — — — — 1

B VG R AL B 0.83 — 0.17 _ _ _ )
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Hifk &Lk E 0.75 0.125 — 0.125 — — 3
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Sinorhizobium saheli LMG7837 (X68390)
Sinorhizobium terangae LMG6463(X68387)
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Sinorhizobium kummerowiae CCBAU71714(AY034028)
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Mesorhizobium plurifarium LMG11892(Y14158)
Mesorhizobium septentrionale SDW014(AF508207)

100 Mesorhizobium amorphae ACCC19665(AF041442)

Mesorhizobium haukuii 1F015243(D13431)

Rhizobium tropici CIAT899(U89832)

CCNWSX0050
CCNWGSO0055

100 Rhizobium legumiosarum USDA2370(U29386)
Rhizobium hainanense 166(U71078)

100 Rhizobium huantlense SO2(AF025852)
100 l__Rhi:abium galegae ATCC43677(D11343)
Rhizobium loessense CCBAU7190B(AY034029)

Rhizobium sullae 1S123(Y 10170)
89 Rhizobium indigoferae CCBAU71042(AY 034027)

Rhizobium gallicum R602(U86343)

77 Rhizobium monglolense USDA1844(U89817)

Rhizobium yanglingense CCBAU71623(AF003375)
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Fig. 3

Phylogenetic relation diagram of the three Vicia rhizobia (the reference strains

figures on the branches stand for the reliabilities)
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Fig. 4 Different sequences of 16S rDNA of the three Vicia rhizobia and two reference strains
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