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Abstract: [Background] Research on rhizobium diversity has paved the way for utilization of rhizobial
germplasm resources. [Objective] To research the phenotypic and genetic diversity of endophytic and
non-endophytic rhizobia of alfalfa (Medicago sativa L.), and verify the hypothesis that rhizobial
symbiotic efficiency differed according to alfalfa variety by comparing their symbiotic difference on
five alfalfa varieties. [Methods] Endophytic (seed, flower, leaf, stem, root epidermis, root stele, nodule)
and non-endophytic (rhizosphere soil and field soil) bacteria isolates were collected from M. sativa cvs.
Longzhong and Qingshui in arid crop area of Huining, Baiyin, M. sativa cv. WL168HQ in irrigated area
of Anning, Lanzhou, and M. sativa cvs. Gannong No. 3 and Gannong No. 9 in irrigated area of
Liangzhou, Wuwei, Gansu. Numerical analysis, 16S rRNA restriction fragment length polymorphism
fingerprinting (RFLP), 16S rRNA gene sequencing, multilocus sequence typing (MLST) of concatenated
sequences of atpD, glnll, and recA genes, and sequence analysis of symbiotic genes nodC and nifH were
applied to study the phenotypic and genetic diversity of endophytic and non-endophytic rhizobia. A
principal component analysis (PCA) was used to investigate their symbiotic differences on five alfalfa
varieties as well. [Results] Totally 43 endophytes and 10 non-endophytic isolates were obtained. None
were collected from flowers and leaves. The phenotypic diversity of these 53 isolates along with two
reference strains (R.GN5 and S.12531) were abundant, with eight phenotypic clusters formed.
Twenty-two RFLP patterns were produced after 16S rRNA-RFLP analysis, and the most widespread
genotype among the isolates was that designated as genotype I (24). Three other genotypes (X, X V
and XIX) occurred less frequently in alfalfa symbionts (five, five and three). There were 16 genotypes
specific to a single M. sativa isolate. According to the phylogenetic analyses of 16S rRNA gene and
MLST, isolates were further classified into Rhizobium radiobacter, R. rosettiformans, and Ensifer
meliloti. The nodC and nifH gene fragments were only amplified and sequenced from seven
representative E. meliloti strains and reference strain S.12531, indicating that they were capable of
nodulating alfalfa. The nodule number per plant, shoot dry weight and crude protein content of M. sativa
cvs. Gannong No. 3 (inoculated with G3L3), Longzhong (inoculated with LP3, LL1 and LL2), Qingshui
(inoculated with QL2), and WL168HQ (inoculated with LL1, LL2 and WLP2) were promoted
simultaneously. The parameter values of M. sativa cvs. Gannong No. 3, Gannong No. 9, and Qingshui
plants inoculated with the E. meliloti isolates clustered together, which ranged from —1 to 1 in PC1 axis
and —1.5 to 1.5 in PC3 axis. Compared with these three alfalfa varieties, that of M. sativa cvs.
Longzhong and WL168HQ plants dispersed greatly and ranged from —1.5 to 4 in PC1 axis and =3 to 4 in
PC3 axis. [Conclusion] The phenotypic and genetic diversity of endophytic and non-endophytic
rhizobia were abundant, and there was no direct relationship between diversity and strains’ origins.
Strong mutualistic symbiosis and adaptability were presented between G3L3 and M. sativa cv. Gannong
No. 3, LP3, LL1, LL2 and M. sativa cv. Longzhong, QL2 and M. sativa cv. Qingshui, and LL1, LL2,
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WLP2 and M. sativa cv. WL168HQ. The tested strains exhibited similar symbiotic efficiency when
inoculated onto M. sativa cvs. Gannong No. 3, Gannong No. 9, and Qingshui plants, while an obvious
symbiotic difference of rhizobial strains was observed in M. sativa cvs. Longzhong and WL168HQ
plants. Their symbiotic efficiency varied according to alfalfa varieties, which manifested that the
sensitivity of different alfalfa varieties to rhizobial strains may differ.

Keywords: Alfalfa, Rhizobium, Phenotypic diversity, Genetic diversity, Symbiotic difference
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Table 1 Alfalfa varieties of Medicago and sampled sites

A dh Rl b 38 DX HuBR K B e i)

Alfalfa variety Site prospected Geographical position Altitude (m) Soil texture
H&3 5 M E102°50’, N37°52' 1650.0 JRERD
Medicago sativa cv. Gannong No. 3 Wuwei, Gansu Gray brown desert
H& 95
M. sativa cv. Gannong No. 9
Bl H HieT E105°06', N34°40’ 1760.0 WA WhEEL
M. sativa cv. Longzhong Huining, Gansu Loess sandy loam
K
M. sativa cv. Qingshui
WLI168HQ Hfr =2 E105°41’, N34°05’ 15173 W
M. sativa cv. WL168HQ Lanzhou, Gansu Loess loam

2 [ 5 Ff WL168HQ (M. sativa cv. WL168HQ).
1.1.3 BFREMERRK

IR B A PR O 1 R O 5 92 . YMA MR
LT F YMA 45 8352 35 192 R YMA K535
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SR LR MRETE M E YMA Bty
syEmnaife, ifb)E AR 2 TE SRR 2 [
Py, 39 TRHA 4 °C 5—80 °C HIMARAE .
1.2.2  FREEFMHENE

DL YMA [ {ASF-A i 538 S mbRE g 38, XF
FRJRE TR R A 5 ME— B UV L Boasi v DA R A PR Al
PEMSE o ME— B R 2 100 B A 55 S SRR . JULEEE
URR . HHERWE. nEWE . A, ESIRIR . BRI
fig . D-SAEMZUN; ME—REOE LAk,
AR . KR . L-AZRAENAR; Jekliyitk

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FESCURAE: SEAE B N AR AR N AR AR TR e S 3R 2 S

591

WEMAFERE E . Haar, HItg Bk
W OWHRLLT . kar . WRHEREN . FLAE LR
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3-HASEFLBE S N A BTB F=fR r =0 i o BRI AR FD
YA 3 BAPEE A LA FATEXT G, BRA KR EE
WESLIAE 57 d IR R m ARG, Ha
A AR ERN S 4T 28 °C fEIRIEFRM R,
24-48 h JF iR E AR KRB, #95R ] 1x10° Pa
KT 26 min,

X AR IR TR Y R R AR R A T BUE 0 2 b .
I 1) 2 B MEIR 25 R42 B e 1, BRI A
OV T gL, MATFENL. SIFReFER, A
FANTSYS-PC 2.0 i, RAIPFIESE(UPGMA)
A BUERZSRRRIE

1.2.3 4 DNA $2HUF1 PCR 4 1%

FHAHTR DNA $2 IR £ $2 0N A 1 B R 4
DNA, FES WM U 5. X 168
rRNA £ atpD. ginll Fl recA #75 3LH 8
45958 3 T nodC* VI 1 A& R nifHPf BEEA  PCR
Pyh L A 51 Wt T A TR (BB A
BRAFIA R, V5% 2. PCR RNIKR:
2xTaq Master Mix 13 uL, . TE5 420 pmol/L)
1 pL, ZiifkAY DNA (20 ng/uL) 2 uL, ddH,O 8 pL.
16S TRNA JE[H PCR F 1 441, 95 °C 5 min;
94 °C 30 s, 58 °C 1 min, 72 °C 2 min, 30 Mg
F£; 72 °C 10 min, atpD. gInll 1 recA J£[X PCR
W 428, 95 °C 5 min; 94 °C 1 min, 56 °C
(recA Fll atpD)a;, 58 °C (ginll) 1 min, 72 °C 1 min,
30 MEFR; 72 °C 1 min, nodC K PCR i 4%
21, 95 °C 5 min; 94 °C 1 min, 55 °C 1 min,
72 °C 1 min, 30 PME¥; 72 °C 5 min, nifH JEH
PCR JZ i 45, 95 °C 5 min; 94 °C 1 min,
58 °C 1 min, 72°C 1 min, 30 MEF; 72 °C 5 min,
1.5%35 I8 BEEE IS (TAE) 100 V HLIK 30 min, UV #
M 16S tRNA FE[H PCR 4 #4774 i BE R /NI
iit; PCR Y1) T-20 °C {- 17

£ 2 16SrRNA. atpD. gInll, recA. nodC F1 nifH FE PCR ¥ 18 K MF 5|47
Table 2 Primers used for amplification and sequencing of 16S rRNA, atpD, ginll, recA, nodC and nifH genes

EibE-S| BIL R4 519151 275 3k
Target gene Primers name Primers sequence (5'—3") References
16S rRNA P1 AGAGTTTGATCCTGGCTCAGAACGAACGCT [27]
P6 TACGGCTACCTTGTTACGACTTCACCCC [27]
atpD atpD 255F GCTSGGCCGCATCMTSAACGTC [28]
atpD 782R GCCGACACTTCMGAACCNGCCTG [28]
ginll glnIl 12F YAAGCTCGAGTACATYTGGCT [28]
gInll 689R TGCATGCCSGAGCCGTTCCA [28]
recA recA 41F TTCGGCAAGGGMTCGRTSATG [28]
recA 640R ACATSACRCCGATCTTCATGC [28]
nodC nodC 540 TGATYGAYATGGARTAYTGGYT [29]
nodC 1160 CGYGACARCCARTCGCTRTTG [29]
nifH nifH F TACGGNAARGGSGGNATCGGCAA [30]
nifH R AGCATGTCYTCSAGYTCNTCCA [30]
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1.2.4 16S rRNA £[X PCR-RFLP
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Table 3 Details of rhizobial bacteria

G3T1, G3T2

GITT1, G9TT2, GOTT4, GI9TT5
LT2,LT3

WTT4, WTT6

E N AE AR I A Non-endophytic rhizobia

#iFr 145 Rhizosphere soil
FH 7] £ 35 Field soil
#iFr 145 Rhizosphere soil
FH 7] £ 35 Field soil

(173 G BT HAE A
Strains Isolation spots on plant Alfalfa variety
A #98 1R Endophytic rhizobia
G3Gl1, G3G2 M Stele Medicago sativa cv. Gannong No. 3
G3P2 K Epidermis
G3L1-G3L10, G3L12, G3L13 HR98 Nodule
G9L3—GIL8 9% Nodule M. sativa cv. Gannong No. 9
LP3, LP4 R4 Epidermis M. sativa cv. Longzhong
LL1,LL2, LL5-LLS8, LL10, LL11 HJ%3 Nodule
QL2, QL4, QLS #R%E Nodule M. sativa cv. Qingshui
WLFP2 M4 Epidermis M. sativa cv. WL168HQ
WLL2, WLL3, WLL4, WLLS5 H3J8 Nodule
WLGI, WLG2 HRHIAE Stele
WLN3 ¥ Seed
WLJ3 2% Stem

. sativa cv. Gannong No. 3
. sativa cv. Gannong No. 9
. sativa cv. Longzhong
. sativa cv. WL168HQ

==L

Group

G3G1 ]

wiN3 T V1

0.77
Coefficient

1 53 BRARTEEA 2 BRxTBERBHE S ALK

Figure 1 Dendrogram based on the phenotypic features of 53 isolates and two reference strains
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Table 4 Characteristics distinguishing tested isolates

ML

o o i a(10)b ii (5) iii (3) iv (25) v (8) vi vii Vil (2)
Distinctive characteristics

ME—fife . EIEAIR Application of sole carbon and nitrogen sources (1%)

SELRR Malic acid +° + +2)¢ + + + + i
D-J- B D-fructose +(9) +(4) + + + + 4 4
L-f8 %% L-tryptophan +(6) + - +(20) +(1) _ _ _
H&# Glycine + +(4) +(1) +Q2) 1) _ _ _
}i% M Arginine + 4+ + +Q2) +(3) n - o
L-ZH4 /% L-histidine + . L + +3) _ _ 4
RN Z 2 Phenylalanine i + +2) 4 +(1) + — _
Bz Eifi i Tolerance to antibiotics
2143 % Erythromycin[B] © 4 + + 4+ ¥ S
#1752 Erythromycin[C] +(9) +(1) +(1) + +7) - — |
215 2 Erythromycin[D] +(3) = - 4+ +(1) _ _ | =
47 % Chloromycetin[D] +(9) + + + + + - +(1)
R IR#E K Kanamycin[A] +(9) + + 4+ + 4 _
IR EZE Kanamycin[B] +(3) - +(1) +21) + + - _
RHBAEZE Kanamycin[C] +(3) - - +(24) +6) - _
IR & Kanamycin[D] +(4) - = +24) + - _
R Ampicillin[B] + +(4) + +22) n o+ _
FAETHE R Ampicillin[C] +(9) +(1) + +21) ¥ L4 _
AR H R FE Ampicillin[D] + +(4) + +(23) + T _
#1552 Neomycin[A] 4 + + + + + o+ +(1)
B % Neomycin[B] + = +(1) +(23) + 4 _
Bi%E 2% Neomycin[C] +(9) +(3) +(1) +(23) + + o+ +(1)
B %% 2 Neomycin[D] +(7) +2) +(1) +(24) 4+ + o+ +(1)
BEFE 2R Streptomycin[A] & +(3) + + + + o+ 4+
5% 2 Streptomycin[B] +(6) +2) +(1) % +(5) + o+ i
HEF R Streptomycin[C] +(9) +(4) + + 4+ + o+ +
HEFE R Streptomycin[D] +(9) +(3) + +(23) 4+ + o+ +(1)
PRARFEZE Gentamycin[A] +(9) + +Q2) 4+ + o+ _
JK K22 Gentamycin[B] +(4) - = + + + - _
JKK#EZE Gentamycin[C] - = - 4 + + _ _
PR K% &K Gentamycin[D] = - = +23) +6) - _
YeBlFit: Tolerance to dyes (1%)
G B Bromothymol blue + + + 4 4+ 4 4+ +(1)
FAJLZT Methyl red +(8) + + +(23) + o+ +(1)
FA L4k Methyl green A 3 + +(22) + + +
TR} 2% Bromphenol blue +(9) +(4) +Q2) + + ¥ 4
GiEn)
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(BEE 4)
AV H FEHE Methylene blue + +(2) +22) +(20) +(5) + = =
s 2T Neutral red + + +(22) + + o+ 4+
FL4E 41 4% Malachite green + 4 W +(7) -+ +
Pk Tolerance to NaCl (%), pH, temperature (°C)
NaCl (6%) +(5) +(1) +(1) + +(1) = = 4
pH 11.0 A = i 4 e 3 -
8°C +(9) +(1) +(24) = + - -
37°C + %+ 4 3 + - +
40 °C s + +(23) + + - 4
HAh Others
TER KA Amylolysis + +(3) +(2) = +(6) 4 3 +
B /K f# Gelatin hydrolysis +(8) +(1) - +(4) - - +(1)
FEH LA Sulfureted hydrogen 4 + - + + o+ +
VP i35 Voges-Proskauer test +(5) = = - - - -
n5[ ;= £ Indole production +(3) +?2) + = +(3) i = -
BTB j=fi# Acid production + 4 +(20) + + + -
FrE R ER RS Citrate utilization 4 +(3) - +(6) +(1) + = -
3-FSEFLME =2 3-keto-lactose +(1) +(2) - = +(1) - - -

Te 2 BIRRAE T6%MIMIBLIE KT 3N 8 NBE; P A REPIMRECE: o RN S PRI RSO [A]L [B]. [CIFIDURESE Kk
FE450R 5. 50, 100 F1 300 pg/mL. +: BEAKRNFEME; —: TARREIN BIHE.

Note: % Cluster analysis of phenotypic features identified eight groups (i, ii, iii, iv, v, vi, vii, vii) at 76% similarity; " Number of
isolates in the group; “ Number of reactions in which strains were positive. [A], [B], [C] and [D] mean the concentrations of antibiotics are 5,
50, 100 and 300 pg/mL, respectively. +: Strains were positive; —: Strains were negative.

2.3 16S rRNA #[& PCR-RFLP

T W 53 RA) G AR A DA R OGS RE B R Y
REKRBRAZMGZEMAL, R 4 FPBREITEN DI
it X TR A% 16S rRNA JEH P38 =W b A D), frfs
19 16S rRNA-RFLP 43 B4 & L% 5. Msp 1 )&
HUTIRe TN DI, B8 A 16 FhFRGIPERG D) 5%
WK, Hae III A1 Hinf T 68774 12 Fh PRI 1E G
PIZr2R; Alu 104 6 FiBR il 1 D) 25y 2
R, B AR I A2 22 1 16S rRNA-RFLP 437
2 BRXTRE B RRARFE 1 Bl RFLP 208U 5). 53 #k
MR LR T A de) 1z, A 24 ADNHK;
HRMFEEBXIA XV, £445 5 NEbk; 2N
RUXIXAL S 3 ks Ha 16 PRIEAIUE 1 Fik
RIRY i A AR e T A o 7 A4 1 e R 8 347 55 0 B TR
A

2.4 1RJEBE 16S rRNA EENF 5+

4 16S rRNA [ PCR-RFLP 4:#745 %
(F5), HFE 22 MURBBRIEIT 16S IRNA L
SIIEHNINGE (K 2). 45KV 22 HRACREMRE S
165 NRE, BE 1 HAY 12 ARE(WLL2, WTT4,
WLG2., G3P2, WLN3., G3T1. G3Gl, G3LI,
G3G2 . GOTTI . LT3 Ml LT2)¥ 5 #5 = & bk
Rhizobium radiobacter ATCC 19358" B#E—i2, J¥
GIFIMETE 97.15%-98.72%22 6] ; #f 3 F bk
WTT6 545X #% Rhizobium rosettiformans W3 5%
TE—2(100%); #f 5 AR GIL4. G3L4.
WLP2, LL7. G3L7. LP3 1 G3L3 ¥ 51 Ekk
Ensifer meliloti LMG 61337 B7E—if2, oMM
TE 97%—100%2 [0] 5 FF 2 FIEE 4 53 B S5t R B bk
R.GNS #1 S.12531, %A SLMS R R .
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*5 MRBEAREK 16S rRNA E[E PCR-RFLP FFFREF&HFTIHE
Table 5 RFLP analysis of PCR-amplified 16S rRNA gene and concatenated housekeeping gene groups of 22 representative
strains

16S rRNA JE[R 4 FhBR ] 1: B 2547

itk Restriction enzymes types of 16S rRNA 16S rRNA-RFLP 204 16S rRNA-RFLP 4} LI
gene digested with four endonucleases ®

Strains 16S rRNA-RFLP groups P 16S rRNA-RFLP genotypes ¢ Group concatenated
HinfI Alul HaeIII Msp I

WLP2 A G A 1 AGal I (29 Sa
G3L3 A H B m AHbm II Sa
LP3 A H B n AHbn I 5b
WTT6 B I C 0 Blco 1Y 3
G3Gl1 D K E q DKeq Ut le
G3G2 D L F r DLfr Vil la
G3L1 D M G s DMgs X la
G3P2 D N H t DNht X 1d
G3T1 D (0} I u DOiu XI 1d
GITT1 D P F \ DPtv X (5) la
LT2 D Q H W DQhw XTI 1d
LT3 D R J X DRjx X1V 1b
WLG2 D R H y DRhy XV () 1d
WLL2 D R D y DRdy XVI 1d
WLN3 D (0] K z DOkz XVII le
WTT4 D L D u DLdu X VI 1d
GIL4 A G B 1 AGbl XIX (3) Sa
LL7 A G B al AGbal XX Sa
G3L4 E G B 1 EGbl XXI Sa
G3L7 F G A 1 FGbl XXI Sa
S.12531 C G A 1 CGal VI 4
R.GNS5 A J D p AJdp \% 2

TE: 2 FERA-T, a—2)fETEMK 16S IRNA JERBEYI A, O P00 4 FAYIEE AluT, Haelll, HinfI Hl Msp 1 &)y
A1 168 RNA-RFLP Zfi2llfr; © B B2 4 RN YIRS 2E /) 16S rRNA-RFLP ZEH %Y ; 9. JEF atpD. ginll 7l recA
FERGIFINRGR I RIRRIIRE.

Note: % Letters (A—J, a—z) refer to 16S rRNA-RFLP pattern types of tested strains detected with each restriction enzyme; P. Combinations of
letters refer to restriction enzyme groups of tested strains detected by the combined RFLP analysis of 16S rRNA digested with Alu I, HaeIII,
Hinf I and Msp I endonuclease; ©: Roman numerals refer to genotypes of tested strains identified by the combined analysis of 16S TRNA
restriction profiles obtained with 4 endonucleases used; d. Group based on the phylogenetic tree of concatenated sequence of atpD, gInll, and
recA genes.
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75

4]00|: WLL2 (MG575907) -~
WTT4 (MG575914)

100 — WLG2 (MG575911)

100

94

LT2 (MG575905)

G3L1 (MG575917)
G3T1 (MG575915)

— G3G2 (MG575919)
—— LT3 (MG575904)
——— GITT1 (MG575920)

L G3P2 (MG575916)
WLN3 (MG575912)

G3G1 (MG575918)

Rhizobium radiobacter ATCC 19358" (AJ389904)
Rhizobium nepotum 39/7" (JWIJH01000079)
Rhizobium skierniewicense Ch11" (HQ823551)

2

— R.GNS5 (HE866935)

WTT6 (MF767621)

Rhizobium selenitireducens ATCC BAA-1503" (JAEG01000027)
Rhizobium naphthalenivorans TSY03b" (AB663504)

73 Rhizobium rosettiformans W3" (EU781656)
—— Rhizobium daejeonense KCTC 121217 (AY341343)
Rhizobium gei ZFJT-2 (KF551166)

— Ensifer garamanticus ORS 1400 (AY500255)

100  Ensifer psoraleae CCBAU 657327 (EU618039)

Ensifer medicae WSM419" (CP000738)
Ensifer arboris LMG 14919" (ATYB01000014)
Ensifer alkalisoli Y1C4027" (LYBWO01000060)

S.12531 (MF490471)

G9L4 (MG575938)

G3L4 (MG575935)
WLP2 (MF490477)

LL7 (MG575931)

G3L7 (MG575936)
LP3 (MF490477)

61

Ensifer meliloti LMG 6133" (X67222)

G3L3 (MF767619)

2 REERRERMNSLLER 16S rRNA EEFIRFELER

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of representative isolates and reference strains

TE: RSN NREHIT IS 53308 BT R Bootstrap FH 43 (1 000 IRER); FIH); KEEFAL 0.01 FR 1% 8L,

Note: Gene sequence accession numbers of tested strains are shown within parenthese; Numbers at nodes indicate bootstrap percentages
(based on 1 000 resampled datasets); The same as below; The length unit of 0.01 indicates 1% of the genetic distance.

2.5 1RJEE atpD. ginll 1 recA EEE&HFT
MLST 434

BT 22 MY A AR B AR A FREZ SE T atpD
ginll #1 recA R 48k B W R FRENEF 2 B DA 14 3=
G R EFWALATE , PO AEZES . BLBR
AR R IE R R G R 43 BT AS JE DAERR 9 0 it i
BIARIEAT 0. Ik, XHER R A I 5047

MLST 431, 87T 22 MUFAIE B B R R I
W RE L BW(E 3). R E/R, MLST 43
M 2% KW 5 16S rRNA H [ 551 # F M5 ke 5t
AR—5, FiAICERRIE MLST REKH W H
BAIE 5 DRRE, Wbk WTIT6 RSk FHIA S 16S
RNA Bt K P4 o e 45 2 — 80, 12 ¥ R
radiobacter H ¥k FirE 4 ASWHE, la (G3G2,
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G3L1 Ml GITT1), 1b (LT3). lc (G3G1 Fl WLN3)  5a (G9L4, G3L4., WLP2, LL7. G3L7. G3L3)Fl
M 1d (LT2. WLL2, WTT4, WLG2. G3T1 #  5b (LP3)5#FH ¥k E. meliloti LMG 6133" fiZ: Lt
G3P2)4r 58 X i #& R radiobacter CCBAU Ktk E. meliloti SPT2-105a R7E—ifL, FHETHIAH
75204" . R radiobacter LMG 140", R radiobacter  fI1£>97%. {H3FE K2, Sb EREHE R LP3
CCBAU 75229" fil R radiobacter CCBAU 752217  fEAF/F4 MLST RS A BEW B T MERm /2%
BIE—iE; 7 Bk E. meliloti THE/METE 2 ANTERE, HoAYE

61 G3L1 (MH107021; MH272494; MH298234)
73 GITT1 (MH107024; MH272497;, MH298237)
Rhizobium radiobacter CCBAU 75204" (KM373742; KM373742; KM373757)
Rhizobium radiobacter CCBAU 23377" (KM373735; KM373714; KM373750)
Rhizobium radiobacter LMG 140"(AM418785; IN580718; AM182121)
[LT3 (MH107013; MH272486; MH298226)  --------eeneeee- 1b
Rhizobium radiobacter HAMBI 1814" (KF206818; KF206734; KF206818)
60 | Rhizobium radiobacter CCBAU 73262 (KM373754; KM373718; KM373754)
60 ‘uf G3G1 (MH107022; MH272495; MH298235) :I .
WLN3 (MH107017; MH272490; MH298230)
[' Rhizobium radiobacter CCBAU 75229" (KM373760; KM373724; KM373760)
— Rhizobium radiobacter CCBAU 75221" (KM373759; KM373723; KM373759)
LT2 (MH107014; MH272487; MH298227)
6526 WLL2 (MH107015; MH272488; MH298228)
WTT4 (MH107018; MH272491; MH298231)
65| L WLG2 (MH107016; MH272489; MH298229)
G3T1 (MH107019; MH272492; MH298232)
98! G3P2 (MH107020; MH272493; MH298233)

T WTT6 (MH107025; MH272498; MH298238)  ——rcrooeeree 3
V004" Rhizobium rosettiformans W3 (GU559878; KX131139; GU562963)

Ensifer fredii USDA 205" (AJ294402; AF169591; AJ294379)
90 Ensifer saheli LMG 7837" (AM418756; AF169589; AM182138)

50 S.12531 (MG385868; MG385877; MG385886)  -eeceeeeemmeceecee 4

60 Ensifer americanum LMG 22684" (AM418742; GU994065; DQ411943)
Ensifer medicae A321(AJ294401; AF169592; AJ294381)

Ensifer meliloti LMG 6133" (AM418760; KR818748; AM182133)

04|, G3L3 (MG385869; MG385878; MG385887)

6911 G3L7 (MH107009; MH272482; MH298222)

99 |1 G3L4 (MH107010; MH272483; MH298223)

100 |WLP2 (MG3835876; MG385885; MG385894)
94 | G9L4 (MH107011; MH272484; MH298224)
54! LL7 (MH107012; MH272485; MH298225)

R.GN5 (LN890298; LN890299; LN890297) --rrerrrrrrrrrrre 2

S LP3 (MG385873; MG385882; MG385891)  --rrrrrrrrrereeeee sh
100 ! Ensifer meliloti SPT2-105a (KF580966; KF594376; KF964253)

0.1

100 G3G2 (MH107023; MH272496; MH298236) J
la

99

1d

92

Sa

3 REERRERMSELE atpD. ginll 1 recA EE SN SEHEHRG A BN
Figure 3 Phylogenetic tree based on concatenated sequences of atpD, gInll and recA genes of representative isolates and

reference strains
TE: LA 0.1 FIR 10% A0 LR
Note: The length unit of 0.1 indicates 10% of the genetic distance.
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2.6 HEEEMBERERFIISH

X} 22 MY AR E R T nodC A nifH LA
PN RG R E T, A 78k E. meliloti {43 Fkk
FUX BETR R S.12531 R4 3 nodC Al nifH JEA Jf
AP o 78 nodC 3 K7 814 $ M 2544 Hh (1] 4A),
Jirf E. meliloti AR RN B PR S.12531 Y
G E. meliloti CCBAU 651357 BAE—14%
%o 5 nodCHH R Gk EMAEL, FRRLE nifH L
K7 940 2548 vh Ay BOAEAS TR 9 43 32 . an &1 4B i
N, MREE AR S.12531 S FE R E. meliloti
CCBAU 65135" B7E—4 4% ; Wtk GoL4 .
WLP2. LL7. G3L7 #1 G3L4 fi¥ nifH £ %41 43 5]
5 E. meiloti SMX21-1 . SMX23-1 ., CCBAU
15508", CCBAU 83493" #il SAM26 AL T ;
Pk G3L3 F1 LP3 RAE—A4r3%, H nifH ZEH P

WLP2 (MH298245)

72 | G3L3 (MH298240)

G3L7 (MH298266)

84 LP3 (MH298242)

rs. 12531 (MH298246)
GYL4 (MH298260)

LL7 (MH298261)

G3L4 (MH298265)

100

Ensifer meliloti SPT1-6a (KJ790178)
Ensifer meliloti ALF-3 (GU014306)

Ensifer meliloti SF1.6 (KP765377)
51| Ensifer meliloti M2MSO01 (LM994871)

88

58 |Ensifer meliloti CCBAU 75245" (KM373710)

Ensifer meliloti ORT12 (KP765352)

Ensifer meliloti RPA13 (EF201795)
Ensifer meliloti R46316 (FR851189)

63

0.1

Ensifer meliloti CCBAU 65135" (EF153408) 54

5% 5 E. meliloti RP254 figilt, {HABATIE BLHIA~43
X TR nifH ZEEFSIARRIMER T 99%. HhHEAE
fnifH JEE Z R R F nodC SER . X BT Bk
R.GN5. 1 ¥k R rosettiformans 1t F ik (WTT6)F
12 # R. radiobacter 1CFEFEK(WLL2, WTT4,
WLG2. G3P2, WLN3, G3T1. G3Gl., G3LI1,
G3G2, G9TT1., LT3 Ml LT2)¥ Ky 1 F] nodC Fl
nifH JEHA
2.7 ERSMEEEZRSH

B£F nodC Fl nifH BE R G255, e REOS e
LAEETE LA 32 ¥k E. meliloti B RE AN A
Pk S.12531 SFATILAERUN BT . A AR A RN
M5, PrARIEEERIYRELE 5 B 7 AP 45
i, (RSN LA AL B RS S RE ) . Hh AR
Yy AL S R R E R 22 R R (R 6-8),

S.12531 (MH298277)
Ensifer meliloti CCBAU 65135" (EF153400)
53| Ensifer meliloti SMX10-4 (KF749201)
Ensifer meliloti SMX12-1 (KF749202)
GI9L4 (MH298291)
78 | 'Ensifer meliloti SMX21-1 (KF749204.)
sg| .~ WLP2 (MH298276)
Ensifer meliloti SMX23-1 (KF749206)
rEnsifer meliloti KH21 (KF986589)
| |Ensifer meliloti CCBAU 75245" (KM373706)
Ensifer meliloti CCBAU 15508" (EU707160)
81 LL7 (MH298292)
Ensifer meliloti SMX12-1 (KF749202)
88 —Ensifer meliloti CCBAU 83493" (EU252599)
G3L7 (MH298297)
56| [ Ensifer meliloti RP254 (DQ413016)
55| (G3L3 (MH298271)
69 L_LP3 (MH298273)

Ensifer meliloti SAM26 (KX463617)
L G314 (MH298296)

[

0.005

B4 REERE nodC (A nifH B)EEFFIFRG 4 B

Figure 4 Phylogenetic tree based on sequences of nodC (A) and nifH (B) genes of representative isolates

H: A: nodCRENFAIRGLTW; B: nifH NP RGE L TR ; REEFAL 0.1 F10.005 EIR 10%F1 0.5% L HIE.

Note: A: Phylogenetic tree based on sequences of hodC gene; B: Phylogenetic tree based on sequences of nifH gene; The length units of 0.1

and 0.005 indicate 10% and 0.5% of the genetic distance.
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% 6 Ensifer meliloti E#kIEF 5

NEERMIERBIRGEY

Table 6 Nodule number per plant of Ensifer meliloti strains on five Medicago sativa varieties

=) =) > ok
Ll Mﬁsﬁii\ia:V Mﬁj;i 3&ZV M zlzi?/ja cv. M Sij\il cv M. sativa.cv.

S Gar;nong No..3 GaI.mong No..9 L.()nghzong. Qingshui . WL168HQ
G3L2 12.33+0.882a 6.00+1.528cdef 8.33+1.856ab 8.00+2.000bcd 10.33+1.202de
G3L3 10.67+0.667a 11.67+2.667a 7.00+1.528abc 14.00+3.055a 16.33+2.728cd
G3L4 6.67+0.667bcd 6.67+0.882cdef 3.33+0.333efg 2.33+0.333ef 4.00:£0.520ef
G3L5 3.00+0.577fgh 5.00+0.577def 3.33+0.333efg 5.67+0.667de 2.58+0.220ef
G3L6 6.00+0.577bcde 4.67+0.333def 2.67+0.333fgh 6.33+1.764cde 2.33+0.220ef
G3L7 7.67+0.333b 6.67+1.202cdef 1.83+0.083gh 5.67+0.882de 3.00+0.577ef
G3LS8 2.00-0.000hi 5.33+0.333def 5.00£1.000cdefg 6.33+1.453cde 1.92+0.220ef
G3L9 5.33+0.333cdef 7.00£1.155cde 3.67+0.333defg 6.33+0.882cde 4.25+0.144ef
G3L10 3.33+0.333fgh 7.67+0.333bcd 5.00+0.577cdefg 6.00£1.155cde 3.33+0.167ef
G3L12 6.00+0.000bcde 6.00£0.000cdef 4.67+0.882cdefg 7.00£0.577cde 3.17+0.167ef
G3L13 4.67+1.333defg 4.00£1.000ef 5.00+0.577cdefg 6.33+0.882cde 3.33+0.726ef
G3T2 12.00£1.155a 5.00+0.577def 7.00£1.000abc 5.67+1.202de 13.00+3.512cd
GIL3 5.334+0.333cdef 5.00+0.577def 3.67+0.333defg 5.67+0.667de 3.08+0.220ef
GI9L4 8.00+0.577b 4.67+0.333def 4.00+0.577cdefg 4.33+0.333def 3.58+0.363ef
GIL5 5.334+0.333cdef 5.00+0.577def 3.33+0.333efg 4.33+0.333def 3.33+0.300ef
GIL6 7.33+0.882bc 4.67+0.882def 3.00+0.577fgh 5.00+0.577def 3.00+0.250ef
GIL7 6.33+0.882bcd 6.33+0.882cdef 3.67+0.882defg 5.67+1.856de 3.17+0.441ef
GIL8 3.33+0.333fgh 6.67+0.882cdef 1.83+0.083gh 5.00£1.000def 2.75+0.500ef
LL1 4.00+0.577efgh 9.334+2.848abc 7.00+0.577abc 9.67+1.202abcd 15.00:4.000cd
LL2 7.00+0.577bed 10.67+2.333ab 6.33+0.882abcde 11.33£1.856abc 29.00+9.074a
LL5 5.33+1.202cdef 4.00£1.155ef 4.00+0.577cdefg 6.00+0.577cde 3.58+0.167ef
LL6 5.33+0.882cdef 7.67+0.333bcd 3.67+0.333defg 5.67+0.333de 3.25+0.289ef
LL7 4.67+0.333defg 5.00+0.577def 4.33+0.882cdefg 5.67+1.333de 3.1740.333ef
LL8 6.00+0.577bcde 6.67+0.882cdef 3.00+0.577fgh 6.00+0.577cde 3.00+0.144ef
LL10 3.00+0.577fgh 4.3340.333def 1.83+0.083gh 6.00£1.155¢cde 2.08+0.220ef
LL11 5.00+0.577def 4.67+0.667def 3.00+0.577fgh 6.33+1.453cde 3.2540.000ef
LP3 3.33+0.333fgh 5.33+0.333def 9.33+1.667a 8.00+3.786bcd 13.67+4.055¢cd
QL2 4.67+0.667defg 5.67+0.333def 5.67+2.186bcdef 12.33+5.044ab 25.67+4.096ab
QL4 5.33+0.333cdef 5.00+0.577def 5.00+1.528cdefg 2.33+0.333ef 2.42+0.220ef
QL5 2.67+0.333ghi 4.3340.333def 3.33+0.333efg 5.67+0.667de 1.83+0.083f
WLG1 6.00+0.577bcde 4.67+0.667def 6.67+2.028abcd 6.00+1.528cde 25.67+2.906ab
WLP2 3.67+0.333fgh 3.33+0.333f 5.33+1.333bedef 7.00+1.528cde 19.67+5.840bc
CK 0.67+0.333i 0.33+0.333g 0.00+0.000h 0.00+0.000f 0.00+0.000f
S.12531 8.00+1.528b 6.67+0.667cdef 2.67+0.667fgh 6.00+1.155cde 4.42+0.333def

e B E/ING TR 30K B bR AR 3R] 22 57 | 7K F-(P<0.05), T,

Note: Different lower case letters within the same column indicate significant differences among strain treatments at 0.05 level, the same as

below.
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Table 7 Shoot dry weight of Ensifer meliloti strains on five Medicago sativa varieties (mg/plant)

1 =] ; 3
s Mﬁﬁiiajjv Mﬁﬁi 3;:‘/ M Sliiit\i/ja cv M S(:EJ:\J/(a cv M. sativacy.

Strains Gal;nong No..3 Gal-mong No. .9 L-onghzong. Qingshui - WL168HQ
G3L2 24.90+3.538cde 64.17+16.441d 75.87+15.264¢ 56.57+22.123cdefg 88.9743.580cdefghij
G3L3 37.17+13.886abc 47.63+3.993d 173.77+£11.419a 54.83+31.976¢cdefg 107.57+19.890bcdef
G3L4 10.00:£0.404ef 81.73+2.348d 26.93+2.849fg 29.97+5.193fgh 76.89+26.966defghij
G3L5 5.50+0.929f 48.77+4.520d 43.90+6.125f 23.80+3.460h 34.08+1.220j
G3L6 7.07+0.982f 407.53+181.037bc 97.03+3.295de 19.93+3.152h 119.87+45.354abcde
G3L7 6.80+1.308f 60.17+1.822d 24.67+1.913fg 43.00+2.155defgh 42.18+0.765¢ghij
G3L8 7.17£1.417f 639.67+123.776a 20.27+1.364fg 18.07+3.550h 175.83+30.468a
G3L9 7.63+0.555f 56.53+6.595d 36.47+2.601fg 30.27+8.767fgh 39.92+3.273hij
G3L10 8.37+0.825¢ef 254.27+180.556¢d 22.60+4.524fg 25.57+2.842h 86.15+44.859cdefghij
G3L12 8.33£1.475¢ef 73.73+6.389d 29.40+2.219fg 24.10+1.528h 40.78+0.911hij
G3L13 8.17+2.267¢ef 64.30+7.328d 29.27+6.405fg 22.87+1.372h 66.98+30.356efghij
G3T2 19.03+2.921def 57.23+1.367d 91.83+13.638de 55.63+7.851cdefg 106.63+9.093bcdef
GIL3 6.67+0.348f 75.60+6.972d 27.73£3.061fg 43.20+2.571defgh 46.08+0.3611fghij
GIL4 7.27+0.426f 49.43+5.500d 22.80+4.952fg 32.77+1.255fgh 38.47+1.974hij
GIL5 7.37+2.569f 66.23+1.048d 38.43+1.866fg 28.33+0.524gh 42.56+0.859¢ghij
GIL6 8.73+1.073ef 59.57+1.299d 18.77+1.273fg 37.27+3.289¢fgh 39.16+2.237hij
GIL7 7.17£1.369f 53.83+7.052d 24.57+5.002fg 22.87+2.140h 34.57+3.233j
GIL8 5.90+1.249f 67.63+3.227d 30.07+1.317fg 32.03+0.809fgh 40.94+2.183hij
LL1 18.40+1.587def 52.90+7.465d 130.97+8.203b 96.23+15.288a 140.47+15.010abc
LL2 30.23+4.694bcd 65.93+11.860d 121.25+12.731bc 57.97+3.627cdef 134.40+3.550abed
LL5 6.20+1.249f 326.67+240.277¢ 36.10+3.365fg 28.70+8.796gh 105.55+61.047bcdefg
LL6 7.50+0.361f 519.33+8.667ab 33.30+4.341fg 30.90+1.079fgh 154.68+0.910ab
LL7 7.47£1.135f 52.33+7.449d 38.47+1.789fg 41.17+0.933defgh 43.93+2.961fghij
LL8 5.87£1.097f 53.20+4.140d 31.00+0.666fg 29.13£1.073gh 36.04+1.580ij
LL10 4.43+1.192f 68.67+10.132d 25.47+4.378fg 35.20+2.303fgh 40.93+3.981hij
LL11 6.10+0.252f 81.70+7.524d 44.23+10.993f 30.93+2.379fgh 48.40+5.570fghij
LP3 30.23+2.728bcd 49.13+4.021d 144.35+0.779b 75.43+12.445abc 80.90+7.562cdefghij
QL2 46.77+19.567a 49.03+2.196d 100.43+12.899cd 65.23+6.388bcd 99.67+16.458bcdefghi
QL4 10.30+1.401ef 53.00+4.291d 26.50+2.173fg 31.27+4.932fgh 34.18+2.387j
QL5 8.13+1.071ef 43.30+0.643d 19.70+1.097fg 44.50+1.966defgh 102.10+2.538bcdefgh
WLG1 42.73+14.909ab 61.60+2.433d 123.33+£14.372b 63.03+3.538bcde 139.43+15.820abcd
WLP2 11.57+2.410ef 36.53+3.435d 97.97+22.984de 84.03+6.014ab 124.37+20.435abcde
CK 4.10+0.635f 40.47+1.167d 12.30+0.611g 16.43+3.493h 29.93+0.981j
S.12531 17.15+0.029def 63.43+1.313d 33.77+2.186fg 33.00+3.636fgh 47.24+0.426fghij
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Table 8 Crude protein content of Ensifer meliloti strains on five Medicago sativa varieties (%)

Ll Mﬁﬁi \3/agc;/ M_Hsftijai/ M zlzi?/ja cv. M ;:%:i/\il cv M. sativacv.

Strains Gar.mong No..3 Gar;nong No..9 L.()nghzong. Qingshui . WLI68HQ
G3L2 24.30+3.473b 5.3740.632lm 6.15+1.061ghijklm 11.39+0.064d 18.52+1.345ab
G3L3 16.00+4.193cd 16.88+0.329¢ 9.57+1.163d 8.87+0.087fg 17.41£1.287bc
G3L4 9.41+0.113klmnop 12.66+0.43%h 5.29+0.012hijklmno 4.97+0.0840p 6.11£0.159s
G3L5 6.97+0.6200pq 14.55+0.136fg 8.72+0.029def 4.38+0.020p 8.66+0.1211lmnop
G3L6 8.19+0.6781lmnopq 12.80+0.072h 6.00+0.006ghijklmn 3.31£0.104q 7.57+0.179pqr
G3L7 6.88+0.031opq 13.92+0.087g 3.65+0.0090p 3.04+0.066q 6.87+0.032qrs
G3L8 7.70+0.270nopq 18.21£0.121b 4.05+0.107mno 9.36+0.127ef 9.83+0.156ijkl
G3L9 9.57+0.013jklmnop 9.91+0.046j 5.12+0.0611jklmno 7.49+0.052ijk 8.02+0.0350pq
G3L10 6.36+0.263pq 20.65+0.084a 6.32+0.015ghijk 7.84+0.372hi 10.30+0.052hij
G3L12 11.29+0.091ghijkl 12.66+0.081h 7.85+0.961defg 2.78+0.017q 8.64+0.234lmnop
G3L13 17.10+0.173¢ 16.01+0.130de 6.72+0.032fghij 5.70+0.075mn 11.38+0.000fgh
G3T2 35.67+0.012a 7.34+0.043k 5.37+0.003hijklmno 7.19+0.372jkl 18.48+0.956ab
GIL3 7.42+0.3230pq 16.37+0.064cd 4.73£0.038jklmno 8.81+0.009fg 9.33+0.075jklmno
GI9L4 13.14+0.030defghi 15.69+0.248de 4.69+0.182jklmno 6.69+0.0091 10.05+0.026hijk
GIL5 7.89+0.463mnopq 15.2240.121ef 7.23+0.032efghi 4.53+0.006p 8.72+0.078klmnop
GIL6 8.52+0.045Imnopq 14.68+0.020fg 6.29+0.006ghijkl 8.98+0.165fg 9.62+0.0551jklm
GIL7 12.84+0.338defghij 11.54+0.020i 5.26+0.087ijklmno 7.14+0.147jkl 9.20+0.139jklmno
GIL8 12.62+0.135efghijk 14.60+0.029fg 7.13+0.049efghi 6.95+0.075jkl 10.33+0.049hij
LL1 14.19+0.419cdefg 15.93+0.257de 22.44+0.104ab 12.16+0.924c¢ 18.89+0.831a
LL2 15.60+0.162cdef 12.49+1.091h 20.88+0.000b 12.20+0.257¢ 16.96+0.202¢
LL5 13.66+0.407defgh 15.53+0.006de 16.01£0.069¢ 7.52+0.032ij 13.18+0.092de
LL6 12.64+0.283efghijk 21.07+0.113a 4.08+0.0061mno 5.85+0.078m 10.91+0.064ghi
LL7 9.33+0.558kImnop 12.7240.110h 4.70+0.127jklmno 5.20+0.075n0 7.99+0.1530pq
LLS8 9.33+0.356klmnop 7.71£0.043k 4.34+0.003klmno 12.05+0.026¢ 8.36+0.107mnop
LL10 10.80+0.482hijklmn 9.18+0.029j 3.45+0.0030p 4.81+0.0200p 8.06+0.144nopq
LL11 9.88+0.829ijklmno 17.92+0.225b 7.44+0.064efgh 6.85+0.006k1 10.52+0.280ghij
LP3 8.01+0.0261lmnopq 5.7340.170lm 23.49+0.078a 8.41+0.052gh 12.21£0.072ef
QL2 15.94+1.149cde 5.60+0.162Ilm 9.83+2.374d 24.77+0.052a 16.77+0.110c
QL4 11.19+0.041ghijklm 9.77+0.084;j 4.65+0.043jklmno 11.26+0.006d 9.22+0.023jklmno
QLS5 13.48+0.002defgh 12.52+0.084h 4.52+0.075jklmno 6.95+0.029jkl 9.37+0.046jklmno
WLG1 15.24+0.603cdef 5.79+0.0431 3.85+1.697no 13.82+0.338b 9.44+0.629jklmn
WLP2 12.26+0.341fghijk 9.57+0.173j 4.10+1.426lmno 14.07+0.072b 13.77+0.473d
CK 6.86:+0.5740pq 4.91£0.219m 1.75+0.723p 2.73+0.095q 6.54+0.150rs
S.12531 13.37+0.046defgh 16.17+0.188cd 9.06+0.447de 10.89+0.110d 10.88+0.107ghi
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H& 358 L, G3L2, G3T2 Ml G3L3 $FhAb B
PR ZE R A 0 2 K T H AR BT A AL B (P<0.05) 5 gl
#o B TEME, EHkQL2. WLGI 1 G3L3 #:fh it
AR G3T2. G3L2. G3L13 #il G3L3 $f
HEATESSHHE K S12531 258 #F
(P<0.05). G3L3 1 LL2 4% H 4 9 5 &7 bk
SRR R, AR TSR S.12531 (P<0.05),
A 99 TR Rk B Ao Ho b B T #E(G3L8 . LL6. G3L6
A1 LLS) FHH 25 (& (LL6 . G3L10, G3LS8 .
LLIDfESEER, 5 CK MS R S.12531 %
54 3 (P<0.05) WLBEHEfE M F, Wk LP3.,
G3L2. G3L3. G3T2. LL1. LL2 #l WLGI #%
Flr, FEAREARREERIETS CK S L #bk S.12531
5 @ 3 (P<0.05); WKk G3L3 ., LP3. LLI,
WLG1 ., LL2., G3L2. G3L6., G3T2. QL2 I
WLP2 %A% fi kL b+ 5 A4 -4 3 T
CK FIZ:HLHERE S.12531 (P<0.05); stHIE L & &
M, WARLP3. LL1. LL2 fl LLS $ERh A= 240
I 51 (P<0.05) . #F40 Te R 4 I /K 5 A8 XT B bk 4
Jo B0(G3L3 A1 QL2). #i I & (LL1. LP3.
WLP2 . QL2 F1 WLGI)FIHl & A & & (QL2 .
WLP2, WLGI1. LL2. LL1 1 LL8)RHVEM B3
KT CK FIZ: H R S.12531 (P<0.05). WL168HQ
BfE B, LL2, QL2. WLGl. WLP2, G3L3,
LL1., LP3 fl G3T2 AP b FL ARSI B e 5 KT
HA T A FE(P<0.05), #B4) F k4 Fl b -+ &
(G3L8 . G3L6. LL1., LL2., LL6. WLGI #i
WLP2) fil #l 2 1 % & (LL1 . G3L2 . G3T2 .
G3L3, LL2, QL2, WLP2, LLS5 #1 LP3)5 CK I
Z kR S.12531 225 1.4 (P<0.05)

T 14 ANABR TR SR, EfR i
AR R A — F AR T B RN 52.84%,
B EMRFE T 10.38%MARHET 2. N AT
A ZH R AL ERHEOS I, B—FEi R —
EfE A 5). BUEFIARSLAE ROV E , 33 bR
NI TR R IE HA 345 HA 95 R K & 15 1
ASHUEAE PC1 4l ERAE-1-1 Z[H], ¥E PC3 %l

» {35 Medicago sativa cv. Gannong No. 3
o Tf95-M. sativa cv. Gannong No. 9
Bl M. sativa cv. Longzhong
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Figure 5 Scatter diagram based on the standardized
values of all parameters

T ST RE T SR 250 52.84%, S5 = F IR
T BT 22849 10.38%.

Note: First principal component (PC1) accounted for 52.84% of the
overall variance, and the third principal component (PC3), for
10.38% of the overall variance.

FRAE-1.5-1.5 Z[a]; #RpBE A WL168HQ
T8 IS BUEN A8, PCL Bl B ifE—1.5—-4
Z I8, PC3 i FArHfE-—3-4 Z[H]. X RN
FARIEH AR 35 . HA 9O S G K BT Lyt sk
N 2ZESEN, FEBEH A WL168HQ & 75 bt
SRR,
3 WwESR

ARG I A 3 A XSl 5~ S48 B A
AR O ANTRALIL S BIAR B 53 MRHVIR B, 1E AR
T E R AL, MR b R 2
(62%), 1B 16S rRNA-RFLP 4} ZAEVE A%
FOR O A e (11%), MRPR 38 MR B FIAR
HORE 3 B B TR AR BICR AR TR, 28 5 B TE R 23%,
Wtk 16S rRNA-RFLP 4 BIFhEF 5, AR . A
HRE IR 2 Rz A K 3t - 21 20PN 1 TR AR o R 22 Rk
O, IEHAM AV, R R SR R
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b R AR T AR 2R E R E Y kA
ZEHNFh T R D (4%) . A WFSEIGE R |
LU RN R B A R 2 TR R
BECO (HAHF ST B A S I Frb 4 g SIAR R
BRI TR AR o P2 200 B AR %) ) A 3 A R A A
ANTE RN, U Ry AR A W A0 A R T
AN TR AR 40 21 20 Hh 1o 3 B 19 22 S 2 52 i AR JRE T 1
R A B VAL RO R o ¢ B 0 N P R S
IS 23 8 Rt AT BB J2 T A SR AR K 0 1 7 AR R
KGR, MR AR AR R A 5 AR
A SR AR I P AN B 43 15 22 [R) B B 1) [ iE 35 T
A A 2 5 BORE A DY A TR 2R 3 AT 8 SR 1 R AR Y
— A

WS R EE 5325 . 16S rRNA-RFLP, 16S
rRNA BRI, UK atpD. ginll F1 recA JER 4
JEFS MLST A A4 & 0 R AR R B 1 4
AU B ZREPE . 16S rRNA JE I F 431 22
B, 53 ¥k 918 T Rhizobium il Ensifer, MLST
APHTUESE T 16S rRNA JEH P81 40 Ml S, Jf Hof
TN Hh ) B TR R Y R R B A, R R RR
it —2B R 51 3 4, 23l E. meliloti (32). R
radiobacter (20)#1 R. rosettiformans (1), 72 75
TURRAE B 53 25 20 et I A TR AR 2R Oy 8 AR
ASTEER AL ok AR TRL AR B X8 . 1 A o b AT R
PSRRI R AR, WAR R 2 EE .
& RUEARL 53 28 v [R) — A~ SRR 1) WL T D PR A
) 16S rRNA-RFLP 7 B4l & AR, FBAHM[F R
(AR T R PR SR R R 22 5, I Z IRARI
32 tk E. meliloti T&tRH A 7 # 16S rRNA-RFLP 43
RIZH4, 20 #% R radiobacter FEREHA 12 F 16S
rRNA-RFLP 43204, RUIFR—A & AR 1A
MR (L 2R E

HJRE B A AR () 2 P A2 31 R R A | R L
AL [R]— S FOR RAE AR A R FPAS [R] B Ak DA 2
I PSR W R B ), SR AR I AR IR T R
(2 B 25 /0 BEAT 16S rRNA-RFLP 4371 5 Hk U4
WA EERR ., F &R R AR

WEEAM T RIS ERNZE, e haf
F B R OE A AR AL 2 B AT SR
FEAEAS - AE Py DX 358 1) AR 9o TR PR A0 B R A 3 1
ZREM TR AT T AR IR T TR R A T — R
RUEFIH . Ptk . ok Z YRkt vk Jr 1 A7 e
RK2ZES, BLBARREERYAS S, Bilan -5 N It Ak
PRBE, B R AR PRI 22 S IR R 2 — P
[Fi) i AL 3 A1 DR 26 %) 235 40 R 0 e 10 2 3 A b AR
TR TR R RE IR 2 REAR IO s ST REME MR T TR
ZAEME S HORIEW A B RIS,

AHFE S3HRARIE R, E. meliloti (32 1K)
KARHEFEE, N RERRT 60%. FEXT HIEFAEY)
Hi 22NN E. meliloti RSt H g i o SR 28 48
A MR AR T A I g T e ek P AR TR E.
meliloti YEfT T8 . AW+ E. meliloti HitkF:
B TE LT (AR BR 3 AR . AR RTAR Hp
HOWAN L E(E . 25, MR AZL, f H R
WAL= A4: 7 b 16S rRNA-RFLP 43414, UiHX
AR TR AN TE & O BT N (R AR R
Bz o MR AR AT Al | 4120 B R B AR AR G B
BRI B, SBAL ) IO 1Y B AL Xt o R 5 ) ) 52 i)
BN B meliloti AR FEMRAMS ERR S.12531
(25 SE R A Z LR R G L B s RS 168
rRNA JFERFIHFZR KL atpD, ginll 1 recA &3+
5 MLST ZrHrAHl. SR EH 5 AN E7E SR B ik
nodC JE[A 7413 51 Ak E. meliloti CCBAU
651357 FR AT, nifH JERR 814505 R E.
meliloti Z: LB bE S BEAHRL, 456 MLST 43irds
B, BXEETR MR R T E A A AR R (E. meliloti bv.
meliloti), RERETEE T b 459", X Fh nodC #i
nifH 35 8] 1 e B R AT M 8 BH W] — N RS ] S840
1t R [B) 0 A L DR T AR R, e AT 38 R 7E R TR
B 3 DA B — A S 7K 3 B B A SR MR T v, T
H Ensifer YiFf G AT BECL 485 & 2P (B 5516
BT T HAE, DX FptbA: LR YE Ensifer Pk
At FE PR H A A . 7EXT T Mesorhizobium
A= fK (M. amorphae. M. septentrionale 1 M.
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ciceri)iy nodC. nodA. nodH il nifH K8 R4 & &
S B T X MR HEIAN o
M9 7 Ensifer 1 Rhizobi um AR J53 T 1) 45 99 [
B 5 5 A B N S A BORL #R 9\ 3 W] A Ak
919, ik E. meliloti Py A LN (K F- 5555
AR m R AR DA RE M E AW . E
meliloti # P4 nifH JEP Z A5 T nodC LA, i
B nifH 5 DR B3 G FH B0 A 00 AR R T T R
A R A AL SR O,

VE R AT Hh ZREVE i T 8 DRI TR AP
R. radiobacter 0 T BEARAY 38%, 43 fERRAE
RIS A BT T0L(20 ). o 12 F 16S
rRNA-RFLP 4 BV 40 & 77 AR AR R W AR 7E 168
fRNA RHEFIRZRGE X EFMH S R radiobacter
ATCC 19358" JR#Hf, 7EAIFFH MLST 43#rHh &)
5 AR R radiobacter #5X FA& R #EI HIE A
/N . BARENMNHEEMNMHAI R
radiobacter , #R T A GEHEBR A 1 LAY FI A 7E
AT RENE . R 2R R R radiobacter IHF
Agrobacterium J&, H[J Agrobacterium radiobacter
A. radiobacter DSM 30147" T 1902 4E 5 R/ &5 A
J& A £ P e 1942 AR Conn ) 43 %
Agrobacterium J& Z Hij & #% )9 #| Bacterium .
Rhizobium. Achromobacter F1 Alcaligenes™ .,
It R radiobacter FPEAREL A, AREY 1S 2
nodC A1 nifH J& A

2011 4F Kaur Z:4RH R rosettiformans W3" j&
Rhizobium () — 4~ g ff (#5305 w3'=ccm
7583"=MTCC 9454"), F-HMN W3" thy 5] T 4
i [ A SR G A nifH SEE, (H 2 R RE ARG I 3]
nodA, nodC 1 nodD #E[H°!, Burbano 571
KW A TR AR R rosettiformans B
RSB RERAR, BARRES MY L4
g0, ARG R M R rosettiformans E ik WTT6 Hr
1% nodCHF, 5L LS R —E. Estrella
B0 Aserse ZEIRIETS Y, T RbRAI LA
AR 2 F R E RSP EETTR S H

() B8 & nodC Al nifH 2L 5 (A AR ANDE RS, T LARD
N HTEFMARMKSIAE, BWABEMN
Rhizobium J& . Mesorhizobium sp. ERR6 i
Rhizobium sp. TAR30 #J8 B H 41 21| nodC F1 nifH
FEBRL . AR, 55 AR R TR R R A 4 R ik R R
o] 26035 D] 1 ) 22 St 2 AR IR0 R rosettiformans
REBRFERRARY HEE] nifH BLPH DL BB R R.GNS
K 1% nodC M nifH ZE K (AT REJR N 2 — . FAi]
UN T3 2 B B 55 1909 1S nodC Al nifH £
s VR AN [ A 5 4 A 15 B s AP 3
g5
HRIRE TR 11 35 R 2 R 2 R BORT AL 1 A8 5
FrrE S AR AR S B R SR IO sk i BT S|k
Fik ¢ R0 ke A e 2 1 SRR AR T AR ] 5 IR A
() R IR 28 B AN TR] A e BUARAIE 3 7T RE S BT R 7E
ZAAF BIFREE FPAEAF I AE R PTG TE il
FRARE 24, XA 3 FE 25 BT 1 R 25 A 2R AL 1K)
B, LR AR IE AR Y AT REMERY 2
R Z R DR et 2 5 BON IR B B AR 6T I 7 o ol
IeAE MW PER 225 . AR TR TE B 15
SR E AR 32 R E. meliloti AR IR IR 1 Bk
S.12531, Hid ARG, H T EMHEA S
0 BT TR RO AN [t o 5 48 1 4 25 9 AR K 52
W, JF e T AR T R R AR AR 0 . R
PG PRARSS RS, b T EAMEASE 3 M8
B P G FP R IE A 56 (r=0.51-0.56 , P<0.001), 5
Wang 25U FFAR I T4 TRk 422 i 7 M PR BRRR 450
5 F T P R IE A SG(r=0.51, P<0.001)/) 45
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AME A SR A BE RN, BRI R
bk G3L3 5H4 35, LP3. LL1, LL2 5[+,
QL2 Hi#/k, LL1, LL2, WLP2 5 WL169HQ H
A6 b b A DT TC RN L BB T B . AN [R] P AR A
e 9 S B = 459 i J1(G3L3 1 LL2)
o [F) Bf2 E A A A B 1 L (G3L8 1 LL6),
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