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Figure 1. Neighbour—joining phylogenetic tree based on recA gene sequences showing positions of all the 32 isolates isolated from S. cannabina and

numbered with the beginning of YIC and the closest type strains of species in related genera. The accession numbers in NCBI database are indicated

after the bacterial names. Tsolates boldfaced are selected randomly as representatives used for other further analyses. Bootstrap analyses were made

with 1000 cycles and only bootstrap values >50% are shown at the branch points. Scale bar indicates 0. 01 changes/site.

nodA F: B A 3 AN 4> 3, A HE 16S rRNA B P 5 4%
XK > nodA Fe K 2 [a) B4 Ok &R BEAT, JF 5 R 48
# N. huautlense Ss121. E. saheli ORS609". E.
terangae bv. sesbaniae ORS604 3R BE, 5 b ETH KK E.

saheli LMG 7837 AL PE K 90.1% —91.7% . nifH
RHERPRRERE NSRS nodd SERF K IEA—F,
18 6 MMURBERN nifH LR E K 4 AN, H 5
E. saheli ORS609" \N. huautlense HAMBI 2409" J& %



25 0 7 25

LT S5 1 Q07 T 5 RRORE T 3 A 22 A Ak v 28I A R R L . / 2 2 4 2 4R (2015) 55.(9)

1109

Wik 5> 3, H5 E. saheli ORS609" 35 by H1 T » AL
MK 96.7% -97.2% .
2.5 MEMHIRELER

HIE 1 A] 500, 7 BRAR 3R B RE 3 RE 6 Tl 52 5% 1)
NaCl(W/V) ¥ B 7K ~F, (H R YIC5082 4b, 4 6 B
B AR K B 59 YICS082 B8 7E 6% (¥ NaCl ¥ &
IR Bt 1 AR K RN BB 52 7% (1) NaCl ik B2 7K
o 1T UL, SR U0 2R I I M R ) P R AR R B A
ot P iR 5 12
2.6 REFEHREMKE - AFEKERERERE
Feeham

A SZ I AE YL 2 N T A R R0 R T AR
Bk YIC5037. YIC5072. YIC5077 . YIC5079 . YIC5082 .

100

YIC5090. YIC5091 £y 3/ [ % 9t W3k i % I st
WECZEL 350 V80 5900 0 P L R0 AT Adk L ) L AR S 3
AN ECR AR A7 45 R 2 n[LLG Y, 506 AR
BU , 39 ol 1) P 0 AR o ML b 0 7 L 0 I 4 2%
O RN R R o E bR i R b b TR
J7 TS BB Al YIC5037 ) % A ik 5] i 2 /K 1 4b, 3
AR B8 B B 3 KT L3 R RO - B R I AT 58. 8%
PLE, oA YIC5077. YICS090 (1 hE bk i 2 454 K-
95% L) I Bk B W 7 18. 8% L) |, Hoth YIC5077
YIC5090 £ iy 14 K g o W 5ab» W9l 34 7 46. 7% L I
ER/IN NI Sl S Pl ¥ S o X do ) -]
() IEAH 56 0 2 B, feg s Bk R e R
5 KCE R A g R A e Y St AR S B

54|

E. meliloti TAM 1261T (D145091)
E. medicae NBRC10038T (AB681159)
YICS077 (KP142117)
Bl y1C5037 (KP142115)
N E numidicus ORS 14077 (AY500254)
E. arboris HAMBI 15527 (278204)
o YIC5072 (KP142116)
971 Y1C5090 (KP142119)

45— E. sojae CCBAU 05684" (GU593061)
E. kostiense LMG 19225" (AM181747)

E. saheli LMG 7837" (X68390)
E. fiedii LMG 6217* (X67231)
991 E. americanum CFNEI 156" (AF506513)

84 E. adhaerens LCOAT (EU928872)
72 E. sesbaniae CCBAU 65729" (JF834143)
1

001YTC5079 (KP142118)
— R. radiobacter ATCC 19358' (AB247615)

98

R. pusense NRCPB10" (FI969841)
100 1 y1C5082 (KP142169)

R. loessense CCBAU 7190B! (AF364069)
R. soli DS-42" (EF363715)
88| N. huautlense LMG 18254 (AF025852)
YIC5091 (KP142120)
100 |, R. alkalisoli CCBAU 01393" (EU074168)
91L_R. vignae CCBAU 05176" (GU128881)

0.005

B. japonicum LMG 6138" (NR118981)

B 2. REFE A 16S rRNA EF R G % F W

Figure 2. Neighbour—oining phylogenetic tree based on 16S rRNA gene sequences showing positions of the 6 representative isolates and the

closest type strains of species in different genera. The accession numbers in NCBI database are indicated after the bacterial names. Isolates

boldfaced are representatives isolated from S. cannabina. Bootstrap analyses were made with 1000 cycles and only bootstrap values >50%

are shown at the branch points. Scale bar indicates 0. 005 changes/site.
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Figure 3. Phylogenetic tree of the 6 representative isolates and the reference strains based on concatenated sequences of recA, atpD, ginll. The accession

numbers in NCBI database are indicated after the bacterial names. Isolates boldfaced are representatives isolated from S. cannabina. Bootstrap analyses were

made with 1000 cycles and only bootstrap values >50% are shown at the branch points. Scale bar indicates 0. 01 changes/site. As the glnll gene of the type

strain of R. pusense hasn’t been sequenced, we took the glnll gene sequence of R. pusense CIP 497-74 instead and the accession number is HG326946.
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Figure 4. Phylogenetic tree of the 5 representative isolates and the reference strains based on nodA gene. The accession numbers in NCBI

database are indicated after the bacterial names. Isolates boldfaced are representatives isolated from S. cannabina. Bootstrap analyses were

made with 1000 cycles and only bootstrap values >50% are shown at the branch points. Scale bar indicates 0. 05 changes/site.
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Figure 5. Phylogenetic tree of the 6 representative isolates and the reference strains based on nifH gene. The accession numbers in NCBI database are

indicated after the bacterial names. Isolates boldfaced are representatives isolated from S. cannabina. Bootstrap analyses were made with 1000 cycles

and only bootstrap values >50% are shown at the branch points. Scale bar indicates 0. 01 changes/site.
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Table 1. Effect of various concentrations of NaCl on the growth of each isolate

NaCl (% ,W/V)

Strains

0 1 2 3 4 5 6 7
YIC5037 1.52£0.12 1.50 +£0.09 1.35 +0.05 1.34 £0.04 0.53 +0.07 0.04 £0.01 0.00 +0. 00 0.00 +0. 00
YIC5072 1.79 £0.15 1.52 +0.10 1.39 +0.09 1.38 £0.07 1.32 +0.02 0.06 +0.02 0.00 +0. 00 0.00 +0. 00
YIC5077 1.58 £0.09 1.48 +0.10 1.45 £0.06 1.41 £0.04 1.04 £0.05 0.06 +0. 01 0.00 +0. 00 0.00 +0. 00
YIC5079 1.63 £0.10 1.46 +0.07 1.24 +0.08 1.20 £0. 02 0.21 £0.02 0.06 +0.02 0.00 +0. 00 0.00 +0. 00
YIC5082 1.81 £0.20 1.39 +0.08 1.36 £0. 10 1.27 £0.05 1.17 £0.07 1.04 £0.04 0.40 £0. 03 0.00 +0. 00
YIC5090 1.61 £0.08 1.55=+0.10 1.33 +0.07 1.21 £0.02 0.90 +0. 05 0.10 0. 03 0.00 +0. 00 0.00 +0. 00
YIC5091 1.68 £0.11 1.39 +0.10 0.99 +0. 08 0.81 +£0.04 0.17 £0.02 0.07 £0.02 0.00 +£0. 00 0.00 +£0. 00
CK 0.00 +£0.00 0.00 +0.00 0.00 +0. 00 0.00 +0. 00 0.00 +0. 00 0.00 +0. 00 0.00 +0. 00 0.00 +0. 00
Data was the value of 0D, and presented as the means = standard deviation. CK: control.

Tl AR T Ji > FH S I 2 3 R B AT A A R
B9, T L Bl K R PR 3 E 08 R RR AT 2RO O F
P TR RS BKP e L R YICS077
YIC5090 4h, FL4x S ki 38 2] T 8 35 K, 3% Fl
YIC5072 (¥ FE Ak B8 g 452 i1 by 31.7%

KM L 5k T8 E B Y AR R A R
s (R R OR VA ARORE 0 ] CRE 1. U 5E ) R AR
JEAR L, TH 5 OO0 A B AR i A AT BUA
R R B SR BT 2 TR AR B D] A . R 2
P, B 45 AR B B K I AT 3 Bk WK KA

YIC5037.YIC5077.YIC5090 ; BT 45 HL 987 [ 40 g /7 I
S (RT3 KR B Wk A YICS077. YIC5079.
YIC5090 , Fi ke [ 50 Mt 3 1 Joz i 109 I 3 Mk 11 4K U
YIC5091.YIC5079.YIC5072. 5 bt T 41, %t 35 2
AR AR T (ot 35 4 30 0 e ) o I e 5% Y 9 T
3 M5 T & I AR R[] SRR ) B R BT 3 BR R AR —
0, 1M 9 4 R R R (1 [ S 0 45 R AT AE W]
7St T UL B i A B AR R AN A
TR R R R T G R A T A RO () O de
b 1M 1. £ 5 5 I A TR 3R
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Table 2. Effect of inoculation with each isolate on the growth of Sesbania cannabina and N,fixing ability of the nudules

Fresh shoot Nudule fresh

Isolates Shoot height/cm Chlorophyll content ARA ARA/TNFW
weight/g weight/g

YIC5037 2.18 £0.25 22.33 £2.52 41.33 £0. 64" 5.98 0. 68 8.79

YIC5072 2.74 £0.36" 31.00 2. 00" 45.43 £1.72°" 5.34 0.29 18. 41

YIC5077 3.07 £0. 23" 31.67 +1.53"" 40.93 +2.51 7.70 0. 49 15.71

YIC5079 2.80 +0.03" 25.33 +1.15" 44.47 £1. 69" 6.47 0.33 19. 61

YIC5082 2.72 +0.30" 28.00 +1.73" 41.13 £0.93°" 2.40 0.30 8. 00

YIC5090 3.07 £0.20" 29.67 £2.89"" 39.83 +2.34 6.22 0.45 13.82

YIC5091 2.76 0. 11" 30.33 +2.08"" 45.27 £1.91°" 5.93 0.24 24.71

ck 1.57 0. 12 21.33 £2.08 34.5+1.57 nd nd nd

Data presented as the means #+ standard deviation. *

" and “ indicate a significant increase in plant fresh shoot weight, shoot height and chlorophyll

content, respectively, according to ttest (P <0.05) . TNFW : the total nodule fresh weight. ARA: Acetylene reduction assay. Values represent N, fixing

ability expressed as nmol C,H, /h. ARA/TNFW: N, fixing ability was expressed as nmol C,H, / (heg nodule) . nd, not determined. ck, control.
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Genetic diversity of the Rhizobia and screening of high—
efficient growth-promoting strains isolated from Sesbania
cannabina in Rudong County

Xiangyue Li'"?, Yan Li', Nan Jiang"'?, Hailong Wu''?, Wanping Song’, Hualing Xu",
Zhihong Xie'"

'Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, Shandong Province, China
*University of Chinese Academy of Science, Beijing 100049, China

’Haiti Forestry Station of Rudong, Rudong 226409, Jiangsu Province, China

*Shandong Academy of Agriculture Sciences, Dongying 257000, Shandong Province, China

Abstract: [Objective] To study the genetic diversity and phylogeny of Rhizobia isolated from Sesbania cannabina growing
on the tidal flat in Rudong County and screen high-efficient growth-promoting strains as Rhizobia inoculator to S.
cannabina. [Methods] Phylogenetic analyses were based on 16S rRNA gene, housekeeping genes (recA, atpD, ginll)
and symbiotic genes (nodA, nifH). The growth-promoting efficiency was tested by plant inoculation assay on S.
cannabina in greenhouse. [Results] The 32 isolates belonged to Ensifer, Neorhizobium, Rhizobium, and most closely
related to E. meliloti, N. huautlense, R. pusense. The phylogenies of nodA and nifH were congruent, and most closely
related to E. saheli. The 7 representative isolates were resistant to high concentration of NaCl (5%, W/V), and
YIC5082 grew well in TY medium with 6% NaCl. In plant inoculation assay, all the 7 representative isolates were
effective on symbiotic nitrogen fixation, and 6 out of the 7 isolates significantly enhanced the fresh weight and height of
plants. [Conclusion] Rhizobia isolated from S. cannabina growing on the tidal flat in Rudong County showed rich genetic
diversity. N. huautlense and E. meliloti were the dominant species. Most of the isolates showed fine growth-promoting
efficiency and salt tolerance. YIC5077 showed the best growth-promoting efficiency, good nodulation and nitrogen fixation
abilities, which has promising potential applications as Rhizobia inoculator to S. cannabina.

Keywords: Rudong, S. cannabina Rhizobia, 16S rRNA gene, housekeeping genes, genetic diversity, high-efficienct

growth-promoting isolates
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