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Diversity of rhizobia nodulating Astragalus sinicus, Medicago sativa and
Trifolium repens in nodulated soybean rhizosphere soil in Sichuan™

LI Yanmei, ZHONG Yuzhou, TAN Yuan, HE Zhongshan, XU Wenfang, CHEN Qiang & YU Xiumei

Department of Microbiology, College of Resource and Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China

A This study collected thirty-one rhizosphere soil samples of nodulated soybean with different planting styles from
the Sichuan Basin to analyze whether rhizobia nodulating with Astragalus sinicus, Medicago sativa and Trifolium repens
appear around the nodulated soybean rhizosphere, and to understand their diversity. Three leguminous plants of A. sinicus,
M. sativa and T. repens were planted in the 31 soil samples to capture rhizobia. Rhizobia strains were isolated from different
root nodules, and then phenotype and molecule identification were performed for them. To test the nodulating host scope,
rhizobia isolates were inoculated to 4. sinicus, M. sativa, T. repens and Glycine max. The capture results showed that both M.
sativa and T. repens were nodulated in six different soil samples, whereas A. sinicus was nodulated in two soil samples. All
together 14 representative rhizobia strains were isolated from the 14 root nodule samples. Similarity analysis of 16S rDNA
genes identified the 14 representative rhizobia strains as Rhizobium genus. Phylogenetic tree of 16S rDNA genes indicated that
the 14 representative stains were different species of Rhizobium genus. Nodulation test for each leguminous plants showed that
the rhizobia strains could nodulate only the original leguminous plant but not any other. The research result indicated limited
resource of Rhizobium astragali, R. meliloti and R. leguminosarum var. trifolii in the nodulated soybean rhizophere soil with
rich Bradyrhizobium japonicum of Sichuan, and that the limited rhizobia strains are of different genus from B. japonicum. The
host specificity of rhizobia is also confirmed by the nodulation test.
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Table 1 Characteristics of soil samples from nodulated soybean rhizosphere and the rhizobia strains captured by Astragalus sinicus, Medicago sativa
and Trifolium repens

A ORI 1 LR Plﬁi@jﬁ%ﬁif A;gtgrazgj?us Mfliﬁgo T;}jl‘tfm
Soil sample Collection site Longitude and latitude . .

soybean Sinicus sativa repens
SR1 {~# H. Renshouxian 29°55°07.0 N, 104°08° 31.8 E I = S =
SR2 JEBFE Jingyanxian 29°34’58.6 N, 104°03’ 02.0 E I HR1 = =
SR3 i3 IX. Gongjingqu 29°23°24.5 N, 104°34’ 11.5 E 11 = 5 HR11
SR4 & i H Fushunxian 29°10°56.8 N, 104°57° 10.3 E \Y = = =
SR5 5 X Cuipingqu 28°45°18.0 N, 104°41° 28.7 E I = s s
SR6 K57 H. Changningxian 28°40°20.5 N, 104°58’ 51.7 E 111 = 5 HR14
SR7 VL4 E Jianganxian 28°45°55.3N, 105°16° 19.9 E 111 = = =
SR8 J¥ 7 Longmatan 28°56°27.6N, 105°26° 46.9 E III = 5 .
SR9 P85 Luxian 29°08°19.5N, 105°22° 28.2 E 111 = - -
SR10 7R %X Dongxingqu 29°23°30.3N, 105°04°58.1 E 111 = = =
SR11 #erh & Zizhong 29°49°49.3N, 104°43°10.2 E 111 = s s
SR12 05 H. Anyuexian 30°08°53.3N, 105°21°51.8 E 111 = - HR9
SR13 4205 H. Anyuexian 29°57°16.5N, 104°36°51.3 E v = = HR10
SR14 fRiFH T Jianyangshi 30°20°51.3N, 104°35°19.5 E II = HR5 s
SR15 fAi AT Jianyangshi 30°18°23.4N, 104°45°59.2 E \% - = =
SR16 % % H Lezhixian 30°09°56.4N, 105°10°13.2 E I = = =
SR17 M1l X, Chuanshanqu 30°34°20.2N, 105°37°02.0 E I z 5 .
SR18 1% B Pengxixian 30°28°17.4N, 105°49°13.0 E I = - .
SR19 M E Wushengxian 30°22°08.0N, 106°20°19.5E 111 = HR8 =
SR20 it B Yuechixian 30°40°12.1N, 106°27°26.4E 111 = s s
SR21 £ %2 5. Penganxian 31°01°12.7N, 106°27°34.9E I - = =
SR22 B £ Yilongxian 31°17°37.6N, 106°28°01.9E I = HR3 =
SR23 R5 ¥ HL Nanbuxian 31°12°46.9N, 106°11°53.8E I = s HR12
SR24 7 755 Xichongxian 31°09°01.9N, 105°50°49.4E I - - -
SR25 #h= H. Yantingxian 31°13°18.7N, 105°17°37.7E I HR2 = =
SR26 =# B Santaixian 31°08°42.1N, 105°06°14.6E 111 = s s
SR27 fFYT H. Zhongjiangxian 31°05°00.2N, 104°46°43.6E I = HR6 =
SR28 Fei . Zhitongxian 31°36°24.0 N, 103°06°36.0E I = = HRI13
SR29 I J& 111 Emeishan 29°35°34.7 N, 103°22° 38.0 E 111 = HR7 s
SR30 I8 J& 111 Emeishan 29°35°56.9 N, 103°17° 29.6 E 111 = 5 5
SR31 Ig% J& (LI Emeishan 29°34°47.4N, 103°26°34.7E 111 = HR4 s

- SLRMEYI TR B P S B T OR AR, R B AU AR R T R SRR 1, R/OER 1, B/GHF B UL, KA 1V, H/GER;

V, HA/GERN.

-: No rhizobia strains isolated because the leguminous plants did not nodulate in the capture experiment. Planting patterns of soybean: I, Corn/Soybean; II,
Corn/Soybean/ Sweet potota; I11, Soybean; IV, Sweet potota/Soybean; V, Peanut/Soybean.
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(Tris-HC1 0.024 22 g, EDTA 0.074 55 g , 5¢ M 4l KA, 75
Vi 5 AR 4l K E A E 200 mL) , 55 C/K 10 min, B iE
VAT TR0 B I L RS U I AR A T =20 CUK A
1.2.5 16S rDNA¥ #FFF S  PCRY MBI YK
16S rDNA Y 2 K58 FH 51 %P9 P1(5°-CGGGATCCAG
AGTTTGATCCTGGCTCAGA ACGAACGCT-3’) fIP6 (5°-CG
GGATCCTACGGCTACCTTGTTACGACTTCA CCCC-3’) , 5|
PR IIAE K IE R A R A PCRYHE R IS0 nLiR &Y, H
HiReaction Buffer (10 x) 5.0 uL, dNTPs (10 mmol/L) 1.0 pL,
P1(10 pmol/L) 1.0 pL, P6 (10 pmol/L) 1.0 uL, Taq¥E & (5
U/uL) 0.5 puL, #4RDNA (50 ng) 1.0 pL, ddH,O 40.5 pL (PCR
PR e E T A TAY B ARARATE) . PCRY 1
FEFP 4, 94 CHIASMES min, 94 CAR M1 min, 56 CiB k1
min, 72 CIEH1.5 min, LFEFT30MEIR, SRI572 CHEMHL0
min. PCR7= Y & EBY 1% i W 068 s vl TR D00, 465 FH 4
PCR=Py it 470 7 (He R FELH, PRI . 16S rDNAKL H 751
TEGenBankZ 42 72 HL i 1T BLASTAM 7>, 3845 16S rDNA X
(R E4) 3 5 AR AU B [l PR KL Y. SR 5, HIMEGAS.OFK 14 3% FH 4B
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ZHAUR A2k (HRURIHR2) , B 75 AR 68k (HR3, HR4,
HRS5, HR6, HR7FIHRS) , =M-FAR B E 6tk (HRY, HR10,
HR11, HR12, HR13F1HR14) .
2.3 tRYEE 16S -DNAE F K FF SIHE N 4> 47

W 3% 140K B bR 19 16S tDNA [ PCRY™ $4 7= 1) 28 B i
BE L VKA D, LYY 25 2y (291 400 bp) 5 ARG R 16S
tDNAJF S R/N—F, HBEATPCR™ Wyl JXF 140K B Bk 1
16S rDNA % K JF 51 /£ GenBank 5 41 PE BLASTLL % 43 #7, J&
5 GenBank &l 15 2 N AR T 8 9 16S rDNAAA L 35 £ 99%-
100% (FR2). I, #5144k H 88 B8 T bk 1 s T M8 1
J&. $E A2 X 144 988 T 1 16S rDNA 3L [K /7 51| 21 Gen Ban k4§ #%
FERASAH B B 51 4 5 (KM276556-KM276569) (3£2) .
24 WREEI6S DNAEFMNARSZ L BH

F A AFMEGAS. 0/ 48 #24% (Neighbour-Joining ) X 14
R A R B9 AR TR T TR TR T Y 69N () Ao s v TR K F 16S
DNAM R G R TR (K1) . 258 3R], X 4B A 18 75
16S rDNAR R G kK H W EHER 31K, srhb TR Y ik
fRfi ' b, SERMER R A RUEZ S A AR o, R A E 1
AU6FRETE & (HR3, HR4, HRS5, HR6, HR7, HR8) FlI>k H =it
2B E R (HRI3HIHR14) 72 R SR H W EFAL T —4>4>
% b1, H5R. pusenseMIR. larrymooreiisi{s i B B T 5 1 K
H=MER 5 AR 4Rk B AR (RHY, RH10, RHITFIRH12) AR,
nepotumMIR. radiobacterlf RISTE [l — KW 433 L1, BiHA
LA B4 AL B B 30T, i Rhizobium sp. HR1IFTHR104h T —
AL /NGRS BT, BERITAATT S 53 AP AR TR R Y 16S TDNA
A AR Z Ak 5 58 794 AR B R AR P 7 (RHIFIRH2) SR
phaseoli, R. trifolii, R. pisi, R. leguminosarum., R. laguerreae
HIR. fabaelf) A 5—A~4337 b, UEWABATT AR BLEE Joe ey, 382 4%
RS 31
2.5 RBEEETE

Shy it 2 0 AR TR ) AT VSR, o AR R Y 14 R AR
T B FP R R 0 E L SRR AR BR. SRR

Table 2 16S rDNA gene sequence information and similarity analysis of rhizobia isolates

16S rDNAAH {43 # Similarity analysis of 16S rDNA

Itk > 2 A hZlE =2 1 JE (bp)
Strain number Host plant Accession number Length e e i2ZE R RV &4
Class group Accession number Similarity Genus name
HRI1 R Astragalus sinicus KM276556 1345 11 EF549398 100% Rhizobium sp.
HR2 LRI Astragalus sinicus KM276557 1350 11 KC462456 100% Rhizobium sp.
HR3 H & Medicago sativa KM276558 1363 1 KF008226 99% Rhizobium sp.
HR4 B %5 Medicago sativa KM276559 1276 1 KF008225 99% Rhizobium sp.
HR5 H1E Medicago sativa KM276560 1300 1 KF542923 100% Rhizobium sp.
HR6 H & Medicago sativa KM276561 1361 I KF008226 99% Rhizobium sp.
HR7 B %5 Medicago sativa KM276562 1354 1 KF542923 99% Rhizobium sp.
HRS H1E Medicago sativa KM?276563 1240 1 KF542923 100% Rhizobium sp.
HR9 =K Trifolium repens KM276564 1316 I KF170820 100% Rhizobium sp.
HR10 =MFEE Trifolium repens KM276565 1206 1 KF465964 99% Rhizobium sp.
HR11 =M% Trifolium repens KM276566 1153 1 AB809378 99% Rhizobium sp.
HR12 =¥ Trifolium repens KM276567 1254 I KF170820 100% Rhizobium sp.
HRI13 =ML Trifolium repens KM276568 1241 1 KF542923 99% Rhizobium sp.
HR14 =M Trifolium repens KM276569 1322 1 KF542923 99% Rhizobium sp.

Sy KK BEARIET R 5K 168 rDNA (1)
Class groups are from the phylogenetic tree of 16S rDNA (Fig. 1).
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Rhizobium sp. HR7 (KM276562)

Rhizobium sp. HR8 (KM276563)

5 Rhizobium sp. HR6 (KM276561)

Rhizobium sp. HR5 (KM276560)

80| Rhizobium sp. HR3 (KM276558)

Rhizobium sp. HR4 (KM276559)

Rhizobium sp. HR13 (KM276568)

Rhizobium sp. HR14 (KM276569)

Rhizobium larrymoorei AF3.10 (Z30542)

71— Rhizobium pusense NRCPB10 (FJ969841)

] Rhizobium rubi LMG17935 (AM181759)
Rhizobium skierniewicense Ch11 (HQ823551)

A Rhizobium sp. HR10 (KM276565)
Rhizobium sp. HR11 (KM276566)

Rhizobium sp. HR9 (KM276564)

Rhizobium sp. HR12 (KM276567)

Rhizobium nepotum Pulawska39/7 (FR870231)

Rhizobium radiobacter IAM12048 (AB247615 I

Rhizobium selenitireducens B1 (EF440185)
_LFRhizobium halophytocola YC6881 (GU322905)

87|

Y
~

Rhizobium aggregatus IFAM1003 (X73041)
Rhizobium rosettiformans W3 (EU781656)
99— Rhizobium taibaishanense CCNWSX0483 (HM776997)
_%'j: Rhizobium vitis NCPPB3554 (U45329)
Rhizobium undicola LMG11875 (Y17047)
Rhizobium daejeonense KCTC12121 (AY341343)
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Fig. 1 Neighbour-Joining phylogenetic tree of 16S rDNA gene sequence for rhizobia isolates. Bold font: captured rhizobia strains. Reference strains:

standard strain of Rhizobium genus.
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