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Phylogenetic Diversity of Rhizobial Bacteria Isolated from Astragalus sinicus*
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Abstract

comparisons based on during a study of screening high symbiotic matching combinations of rhizobia and Astragalus sinicus

Taxonomic and phylogenetic characteristics of 13 rhizobial strains were studied by 16S rRNA gene sequence

varieties. The results showed that the 13 strains could be divided into 3 clusters, belonging to three genera Mesorhizobium,
Agrobacterium and Stenotrophomona, respectively. The results also indicated that rhizobia species diversity and phylogenetic
diversity were abundant in the 4. sinicus nodules. The 16S rRNA gene sequence of strain ACCC13065 was 100% similar to
type strain of S. rhizophila, within y-proteobacteria. It was the first time to report the legume-nodulating y-proteobacteria

besides a- and f-rhizobia. Fig 4, Tab 3, ref 28

Keywords Astragalus sinicus rhizobia; 16S rRNA gene; phylogenetics; diversity; y-proteobacteria
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Table 1 Sources of the tested strains
ACCCHi '~ Jtiign [ERiERT I3

ACCC number Origin number Sources Locality
13004 38D «— ISF «— IM
13036 F6/WIV «— ISF «— WIV
13040 4881 Zi 81 «— ISF < NAU
13052 14 «— ISF ] V4 EMA B8 Shinan Town, Yulin City, Guangxi Province
13057 22 — ISF J VG EMAENF Yagiao Town, Yulin City, Guangxi Province
13058 24 «— ISF J P4 EART W] Ningming Town, Yulin City, Guangxi Province
13059 26 «— ISF V4 EART W] Ningming Town, Yulin City, Guangxi Province
13060 33 —ISF JPEEMT* W] Ningming Town, Yulin City, Guangxi Province
13061 48 «— ISF J 4§ 8- Mei County, Guangdong Province
13069 49 «— ISF |~ 74§ B Mei County, Guangdong Province
13065 Cl4 — ISF ZUE M Xuanzhou County, Anhui Province
13161 F4 «— ISF L E I Xuanzhou County, Anhui Province
13162 F8 «— ISF Z1UE M Xuanzhou County, Anhui Province

ISF: AR ARG H I ARMIT TS IM: AR AR B AT T T WIV: s R BECBON TR S0 NAU: # st Rl K
ISF: Institute of Soil Fertilizers, Chinese Academy of Agricultural Sciences; IM: Institute of Microbiology, Zhejiang Academy of Agricultural Sciences; WIV:
Wauhan Institute of Virology, Chinese Academy of Sciences; NAU: Nanjing Agricultural University

IR
1.4 16S IRNAERE F313 1 K il E

FKH51¥799f: 5°-AACAGGATTAGATACCCTG-3’,
27f: 5"-AGAGTTTGATCCTGGCTCAG-3"; 1492r:
5-GGTTACCTTGTTACGACTT-3"". JZ W AKZ M50 pL, [
SR 95 °C, 5min; 95 °C, 455, 55 °C, 60s, 72 °C, 60's,
30MEHR; 72 °C, 8 min; BPCR™ )3 pL5i&E &1y FFEZEuh
MR A, 1% B W EE B UK, 100 VEL 30 min, EBYA K 4
0, BRI RRACULEEFA R, PCRI™H) T —20 CAR-AE. I T4
ZFE IR A TR R IR 557 PR 23 w1 ABI37307 [ o)
DU AN 5E
1.5 FH5SHr

FeAS 4 28 % 5 5 GenBank B AE A RIPE 44T, 36458
[) 5L AR VT (0 1 FROTE 41, i it CLUSTAL X ( Version 1.83) &
JZ L, SR FHMega 4.0%44:, 43l FH 45 4% (Neighbor-
joining) . fe/N#E AL FE B (Minimum-evolution) A 35 K fij 29
7% (Maximum-parsimony) 3 J7 ik #E 4T A4, t a4k
B, R G0 oE AL HE M MR B Kimura two-parameterfi B4 i1, %
1 0007k H J2{H (Bootstrap value) 43 #T A4S R g8 AL # +b
gE R R R e PR

2 G50

JH1492e 5913 T 138k 55 = DE MR 988 B 19 11 16S rRNA
FEHFB 43 F 5 (29700 bpZEdy ) , I FMega 4,050 {4817 H
AT BB R A BN = S 7 =1 N S A  ER T e = 4
Al 32 56 B R 18] A 0 Ak B R A 0 L (N-T3 ) AR
2. WNEIRT LA H, 13 3 50 5 A4 i 34258, ACCC13004
HIACCCI13065% JE e — A2 iF, AL LIRR R v — 25 A
F2A[ N, ACCC13004 55 HoAth & A ) A AL H5 25 4 93.4%,
ACCC13065-5 H b 28 56 B A A9 AR D0 o o {47 82.8%, ML
X 33 T Ak T 0E 47 B0 4 AT, FEXTACCC13004F1ACCC13065
1916S rDNAZ: 751 UEAT TN E . JF 47 345 5 571 FH Blasti¥ R4
1 N GenBank 2y M £ 4 4 b A7 AR AUME 38 2%, 98 o A 4R £
T M SE TR RR 9 16S TRNAZE R F 1), Bk I Mega 4.051 44 0F
TP AL X AAPE T L R A BE B A B3 . R4 HT A

RIS R R EF AP, SRR, X B E R
53R 8 By — 2, R LIR 1A 5 MesorhizobiumJ&
M2 AFALT A — PB4y, HAPIRR T ACCC130045
Agrobacterium}%E‘J%H’i%é%%%%ﬂﬂiﬁﬁ, ACCC130655
Stenotrophomonasl@ ¥ h—2%, FTib) @ i 3F LR (N-J75) 43
HIULIE 2, [EI3FE 4.

ME2E] LLE ), A F H 48 A AR 8 B ( Mesorhizobium)
A3 3C Y LLRR TR 43 ) 08 T A [R) 09 2 3, JLrh 8RR 1A 5 AR
BE g A MR B (M. huakuii) BN —J5, S PR LR
P T U RRTAM. 1415870 AH UM 2 99.7%~100% 5 HiAth3
¥R M. mediterraneum M. temperatum® Fj—2&, 5WA4
Fift (#5537 UPM-Ca36™. SDW 018716S rDNA [ ] 41 A1 {1
PEEI R 99.5%~100%. M. huakuiifE A58 % =94
SRR IR B 2B, SRRk B SRR I T M. septentrionale.
M. temperatum™ g A I B IS B0 T Agrobacterium,
Rhizobium M Sinorhizobium|g 1] 555 7= 5 45 1 1 AR J8 B4 B ik 0,
ACCCI13161, ACCCI13162HIACCC130615M. temperatum. M.
mediterraneum¥J A B = AR, HorP M. mediterraneum’y
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L R B 16S IDNAF 47912 A (Neighbor joiningi%)
Fig. 1 Phylogenetic tree of 13 tested strain based on comparison of the 16S
rRNA gene partial sequences (Neighbor joining method)
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2 BB LIER (Mega 4 08UHHHEL, KimuraliB)

Table 2 Pairwise distances of the tested strains computed by Mega 4.0 based on Kimura model

%5 Number 1 2 3 4 5 6 7 8 9 10 11 12 13
1 13037
2 13069 0.000
3 13036 0.000 0.000
4 13058 0.000 0.000 0.000
5 13067 0.003 0.003 0.003 0.003
6 13052 0.000 0.000 0.000 0.000 0.003
7 13040 0.002 0.002 0.002 0.002 0.002 0.002
8 13059 0.000 0.000 0.000 0.000 0.000 0.000 0.002
9 13161 0.002 0.002 0.002 0.002 0.005 0.002 0.003 0.002
10 13061 0.002 0.002 0.002 0.002 0.005 0.002 0.003 0.002 0.000
11 13162 0.002 0.002 0.002 0.002 0.005 0.002 0.003 0.002 0.000 0.000
12 13004 0.066 0.066 0.066 0.066 0.066 0.066 0.067 0.066 0.067 0.067 0.067
13 13065 0.172 0.172 0.172 0.172 0.170 0.172 0.174 0.174 0.174 0.174 0.174 0.174
_ss'— ACCC 13067 — X arboricola LMG 747" (Y10757)
ACCC 13040 o— X oryzze LMG S0477(X95921)
ACCT 13039
ACCC 13037 " X pisi LMG 8477 (V10758 )
20| Mesorhizobim Buakani IAM 141387 (D12797) X. cassavae LMG 673" (Y10762)
ACCC 13036 3 X. fraganiae LMG 7087 (X95920)
ACCC 13069 .
34| ccc 1305 X, campestris LMG 568" (X95917 )
ACCC 13052 100 %X populi LMG 57437 (X95922)
50 4€—"‘- Pplusifanium LMG 11892 T(Y14138} X cynarae CFBP418 (AF208315)
g5 M. thic icum SITT (AJ864462:

M septentrionale SDW 0147 (AF5082 = Xvasicola LMG 736" (Y10755)
N : " Stenotrophomonas.thizophila e-pl0° (AJ293463)

M. Hiznchanense A-1BST (AF041447) —WJ{—
3 |M. amarphae ACCC 196657 (AF(41442) ACCC 13065

2 M.k PRST(AJ278249) . maliophilia ATCC 13637' (AB0DS309)
Ell K AMecicer UPM-CaT" (U07934) m \—T Pseudomonas hibiscicola ATCC 19867'(ABO21405)
L M Jon ATCC 336697 (D14514) o I X
sq | M medi UPM.Ca367 (L38825) 551 P geniculata ATCC 19374T (ABO21404)
|M temperatum SDW D18 T(AF508208)
5} ACCC 13061 006
B K4 ACCCI13065-5HIUT IEARE16S rRNAKLFRI IR Z ML M (Neighbor
ACCC 13061 joiningiZ)
— Fig. 4 Phylogenetic relationship of 13065 and species of related genera
00088 based on comparison of the 16S rRNA gene sequences (Neighbor joining
K2 1R T-Mesorhizobium &5y SRR IR B 5 AHIT JE AR A 16S rRNAJE[AIH4) method)
AR LM (Neighbor joiningiZ:) B B
Fig. 2 Phylogenic relationship of 11 strains and related genus of 58w A S AR B 2R, R B 55 R A
Mesorhizobium based on 16S rRNA gene sequences (Neighbor joinin, 3 > N —
gy scauences (NCINOOTJOMINg gy i 33— I, e 7L 0 UM B 9 26 R G, S 500
99 1A. radiobacter NCPPB2437' (D01256 ) *E ﬁé E_jil_ E E Té{t *EF ﬁ% ':F' 3@; E gﬁ% B Z/% % [/J J:pa‘j‘/l\ % %‘FE‘: B jz
A. radiobacter 1AM 13,129" (D12784) 3%%ﬂﬁEEM mediterraneum%?%?é%ﬁj’ﬂ?ﬁﬁ , {Bﬁfﬁ Jg] E/‘J

@ A. radiobacter AM 14141 (D13294 )

A. larrymoorei ICMP 15237 (AY 626382 ) ﬁ%i‘m'fﬁ Eaﬁﬁ? Xﬁ%ﬁi&ff—?iﬁ —‘ﬂi‘ E/‘Jg*a 6}% Eﬂ:% .
= Sl o) bk ACCC13004-5 4. vitis LMG87507f)16S rDNAJw]
89 L A radiobacter 1FT-0G-6 (AJ295683 ) 53 9°499.3%, Fl I Mega®i {4 42 A4t i 3R] 7 1 S 250 #7,
—lbimdela NG IS OTON RO 1 b A, vitisEREOD— 2, EA B PR
34 0 . vitis ICMP 12847 (AY 626403 ) ( Bootstrap Value) ﬁzj? }:%“:
Tog]) A VIS LMG 87507 (X67225) kR ACCC130655S. rhizophila e-pl0TfJ16S rDNAFRY[F]
73! A. vitis NCPPB3554 (D14502) P 4599.2% . il Mega 4.05CPE, T3RRGO T3 7
Rhizobium galegae IAM 13631 (D12793 ) VN . 0, . N A M .
Rhizobium sp. tpud22.2 (AY691400) Y1 5S. rhizophila e-pl0™ & MR H—2. S. rhizophila’}12002
Rhizobium sp. CCBAU 41228 (DQ485277) y o o N, _
R. sullae IS 1237 (Y10170) RIS —RE R, B Ay (LR ) AR R R

g R a7 (2910 PIUN, 554 e TR P B, 4R M -5 T T 4
. (Gamma-proteobacteria) B FLJfi B H ( Xanthomonadales) %

B3 ACCCI13004 5 HIZJRHLAE16S rRNAJEH I REHEALM (Neighbor T} (Xanthomonadaceae) . i 3574 [l it Bl A 48 = 0 245
Fig. 3 Phylogenetic relationship i?xg§%1>3oo4 and species of related genera A% %% =M, ‘ACCC 13\% i’E‘jﬁ # 9%% R A RLE ). -
based on comparison of the 16S rRNA gene sequences (Neighbor joining 8 L R AU I, X PR R S R e iy A MR AT

method) TS, 45 R R, BUX GRS A A A 5 m e AR S5
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Table 3 Formation of root nodules by the tested strains in different varieties of 4. sinicus

ACCCINS U Kb FIRTT AT EIZN G Ok ARITRIT przeas
ACCC ngquaqlao Fengchengqmggan Fenghugdaqlao Minzi 6 Yiiiaozi varict Yujlaquaye Xintezao
number variety variety variety variety J Y variety variety
13004 + + + + + + + + + + + + ++ - + + + + + +
13036 + + + + + + + + + + + + + + + + + + /1]
13040 + + + + 4+ + + + + + 4+ + + + + + + + + + +
13052 + + + + 4+ + + + + + 4+ + + + + + + + + 4+ +
13057 ++ + + + + + + + + + + + + + + + + /1]
13058 + + + + 4+ + + + + + + + + + + ++ + /17
13059 + + + -+ + + + + + 4+ + + + + + + + /1]
13060 ++ + + + + + + + + + + + + + + + + /111
13061 + + + + 4+ + + + + + 4+ + + + + + + + /17
13069 + 4/ + 4+ + + + + + 4+ + + 4/ + + + /1
13065 ++ + + + + + + + + + + + + + + + + /1]
13161 + + + + 4+ + + + + + 4+ + + 4+ + + + + /17
13162 + + + + + + + + + + 4/ + + + + + + /1]

+: G5, - KRG, /2 B +: Nodulation; -: Non- nodulation; /: Absent
(F3), MR A5 2o @ A )i e AR AR
PR AL T B AP R R AR

39T ie

L 16Sr RNAJE P 51 43 A7 2 3L, BT 0F 50 19 13 4%
B H R SRR R R B T3NSR B 2B, e
Mesorhizobium . Agrobacterium?ﬁlStenotrophomonas. X F R
MGG B G RIN R G, SN 5% 2 BRI A
H R —. BEFE Z M 5028 RGBT AE il A 28 N , B Fil
AW k0, R RSB UFEE, ERN S 2KX RS
AN W H B 18 RO 5E 35 12, Gao%s X 95 KRR = M IR 1 22 #f
PEIEAT TR G50 HT, 303k S TR B 43971 VA A Mesorhizobium
Agrobacterium. RhizobiumMlSinorhizobiumJg®), ¢ It F Rl
b, MIE TS5 AR R AT R M. septentrionale M M.
Temperatum M. 5 & ARWFGTLE T, 7T LI 2 8 = S LR B HL
HFE G T .

KRR PRI T HA. vitisZk & R M 09— . X
TAgrobacteriuml@ i s 2 M, —H LIRAEAEF L. K
$i16S rDNAF 5 43 M7, Youngs & BUff Agrobacterium .
AllorhizobiumWi A~ J& Gi— - RhizobiumJ&*-4; {H [, Farrand
AR FR A — o Bl 2 K5 U 6 R B, A EELR R A
KM 2 RGN, HIrRENEFATRASRBE D RER
Ay S MR BT $r I ik, RGN A2 R G,
58 0T LUAR B 1O 0% 35 - 0 20 158 00 D 8 486 AR N7 1R 0 2R 3R
GLU1. Agrobacteriuml® 5 G FHE Y L E AR T 2S5
eI, B4 I8 Agrobacterium)g i) — S & ¥k 7] 5 & B
Y2598, WA, radiobacter53¢% 5. ( Phaseolus vulgaris) . Bt
FH4)E (Campylotropis spp.) . thBJE (Cassia spp.) ', LTk

(Wisteria sinensis) PO%5 9, (A BT M A4S 2 B 4219 UEHE,
AW AIN A Agrobacterium EAE R 1 A B IE AR rhe-22 HJ
A SymfF ki A, rhizogenes k1] 5 P. vulgaristt W AR J&E Fl
Jei ZH 2R3, A B9 3 3 SO [) 58 o R T e, IE 5
ACCCI13004 H A7 458 [ R Vg, anfs #E— LUk Sz, 5 % H A&
RIS I8 55 T VR R I 558 5 S 5 R R, e ) 55 92 R [l
FEPR G AR,

15 H AT E & B A AR B b, 2 O o b 28 23 A 7E a-
IC N, T AF R AR IE T AE p-7E T A TR — S8 S
Burkholderia * ., Cupriavidus *>, Herbaspirillum 2 37 J&H 1)
PR A et B AT 4R [ A D RE 728, R HHT, 1 R & B AEy-
AR TEN N K BURE S SR 45T A TR B, X ACCC13065
[P 48045 988 ) e R e R Loy S 7 1) i — 2B B SR B 4y
A E X
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