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Evaluating diversity and potential growth promoting
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isolated from Robinia pseudoacacia ‘Hongsen’

FU Si-Yuan® Xl Yu-Qing* ZHAO Peng-Fei® LIANG Yong-Jian® SONG Xu'
CHANG Hua-Yu'! PENG Gui-Xiang™? TAN Zhi-Yuan™

1 College of Agriculture, South China Agricultural University, Guangzhou, Guangdong 510642, China
2 College of Resource and Environment, South China Agricultural University, Guangzhou, Guangdong 510642, China

Abstract: [Background] Robinia pseudoacacia ‘Hongsen’ is a fast-growing deciduous tree of Robinia in
Leguminosae. Endophytic diazotrophic bacteria of Robinia pseudoacacia ‘Hongsen’ is being researched
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little nowadays. [Objective] We studied the diversity and growth promoting characteristics of the
culturable endophytic diazotrophic bacteria isolated from Robinia pseudoacacia ‘Hongsen’. [Methods]
Strains were isolated and purified from surface sterilized roots, stems, leaves and root nodules of Robinia
pseudoacacia ‘Hongsen’, the isolates were clustered by using IS-PCR finger-printing, nitrogenase activity
of the representative strain of each group was measured, we also conducted phylogenetic analysis of 16S
rRNA gene, physiological and biochemical tests and growth promoting experiments of the representative
strains. [Results] A total of 56 strains were isolated from Robinia pseudoacacia ‘Hongsen’, belonging to
ten groups: Paenibacillus sabinae, Klebsiella michiganens, Kosakonia radicincitans, Kosakonia
pseudosacchari, Mesorhizobium erdmanii, Mesorhizobium huakuii, Mesorhizobium silamurunense,
Pseudomonas geniculate, Burkholderia territorii and Devosia riboflavina, in which 5 groups were
associative nitrogen-fixing bacteria, 3 groups were symbiotic nitrogen-fixing bacteria, 2 groups had not the
nitrogen-fixing ability, which showed the rich diversity of endophytic diazotrophic bacteria of Robinia
pseudoacacia ‘Hongsen’. Growth promoting experiments showed that 7 groups had the function of
phosphorus solubility, 6 potassium solubility, 6 auxin secretion, 6 siderophore production, and 2 proteases
production. [Conclusion] Endophytic diazotrophic bacteria isolated from Robinia pseudoacacia ‘Hongsen’
have abundant genetic diversity and growth promoting characteristics, which have potential value in
exploitation and utilization of agricultural microbial fertilizer.

Keywords: Robinia pseudoacacia ‘Hongsen’, Endophyte, Nitrogen-fixing bacteria, Growth-promoting

characteristics
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BARRMLIE: SR RN E i — 2800 B s A= A A
Fir, BLT 5, MFRSFRRER, WRGHE, AT
AR FHEAE T, HAAT S S E. BERGH
A W BARRMRAE R BETE AR, DVEARRBRAR | 25 e
IR 43 B 1T R % PN A T R AT, 440 L P A [ 2 4
WA R ZORIE, X 25 P i e i i 5 2 A
1 MBS
1.1 w7

I PO RS T kK LA R AT 2R A (Robinia
pseudoacacia ‘Hongsen’)# i, FRE7EER Rl K
2468, K JH DN GRS 7SR 1 YMA RA
B IR BT TR ) o i Atk

B YMARA S A5 57 55 (/L) : H 851 10.0,
K,HPO4H,O 05, NaCl 0.1, & £ ¥ 02,
MgSO47H,0 0.2, CaCO;3.0, pH 7.2, Hifi§ 20.0,
1.2 EERFIFOME

2xTaq PCR Mix, DNA Marker, 4 T A=) T2
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(BB A BRA ] 3-WINEZ R, AIEHSEAY
Nl BERSSL 2% . PCR 1Y, Bio-Rad 23H]; X
FHETEAL, Jbat b REAER B ARAT AR 7T I
SR EETE, iSRRG A BR A H]
13 R, EF. HAEBREKNSBES4 L

P BARRAR AR 250 o5 FHJC B BY ) BY AR
3 cm M/NEL, TERIKIEVERAKAE, F 70%INHE
B 5 min, REZKIEE—, M 0.1%F K2
5 min, REHETEA, FALRKER 10 K, BK
10 min, f5eJa— RS AIICE K IRA7E LB P-4l
PSR B i o 2 A5 TH BRI . FETH B R AR L 25
PN BY 25 1 em, FJCHEBY J BT a2 0.5 cm /)
B, TCRWPEESR B AR . 25k, WS T
FEA 2R A iR TR R DN ARG SR,
oA HE RTINS 1 I R AR R £ S5
FEURPARIEAE DN LRS- Bkt ar s alife, B
BARRAi b E R, T 20%H 1H—80 °C [ 1E itk
14 REAEBREKBS BHEL

PRI LR AR, e TG K ok T4t
L 70%WK5R 5 min, JCEKIEYE—R, H
0.1%JF5K 2 3 min, ZJ5 LR /KRS Ve 10 Ik,
R 10 min, 55— IR GEG A TCREK IR A TE LB °F
M ARSI, e RS EEIC . TR
WM REAORYIR , A 1.5 mL 284 KB 250
LA N R B R TR A E AT TR K, RS
J& 10 F5RRE 3 Uk, WRER 3 MR EE R4S 50 L,
R AR HIR T YMA IR (s 77 3%
b, BAERE 3ANER, PR R, PRE
BT T HPPAR 27k 301 143 B alifk 2 TR bk 24k, 1]
20% H i —80 °C {17 F bk
1.5 IS-PCR $5& EiE 54

& H (Insertion sequence-based PCR, 1S-PCR)
e 7S, SR8 I3 (5'-GCTCAGGTC
AGGTGGCCTGG-3'), PCR Jz WA £ 5 2 i 45 1F
225 3CHR[10], PCR F=41 1 1% i A 6E e i Yk ASr
J 6% AR 1 SR D s T P JBE S FEL DK HFA 7 2% 43
GIS SEAMEEI WAL R GEAN BRIF UEA T RIS bt

1.6 16S rRNA EREFEF o2

16S rRNA JEHY HER 54 27F (5'-AGAG
TTTGATCCTGGCTCAG-3')Hl 1492R (5'-GGTTAC
CTTGTTACGACTT-3'), PCR J 0k 2 5 I v 444
S CHR[1L], ¥ 3 Wik R — A iR A TR
SN al R . IFi3 4 7E EzBioCloud 5 NCBI i 5
47 BLAST HuXt, G4 BA A m AR 1) 16S rRNA
FEHFES, R MEGA 7.0 B 12 40 Foxt,
MR ERRFE R EW, e LR E LT M.
1.7 ERBEEMENE

W A R R AR TE AL AR A K XA K,
il % ODeoo 4 1.0 YT , HL 10 plL B RN T
3 mL P {K DN LA XSS IR 8 mL 48, s
RS mL, R MR E, 37 °C KigE, fik
WS, [ AR A s SRR 1/100 1Y
100% & MRSl IR AW B2 1%), AHIFZ0F T 1
7t 24 h Ja S EIE S R 0 &, W
BFV P FBH P X HE L $22 LR AT [ AU v 1, 5
fii.: nmol-CyH4/(mL-h).
EA=(58.0x10°xSexTxPe)/(ShxTexPxtxV)
K, Se: LMmUEHIR; T FFIC4a Xl (T=
273.13 K); Pe: LI FRIRSEM; Sh: &
TR Te: SCIRSAMF R IREL(K); P: 48X7 KX
JE5i(Pa); t: FEFRIFEI(h); V: ZEAHAFH(mL).
1.8 EREE nifH EE 5% nodA ERF i 14

K51 Zehr-F (5'-TGYGAYCCNAARGCN
GA-3') 5 Zehr-R (5-NDGCCATCATYTCNCC-3') i
17 PCR W47 34 nifH £ K R FH 514 nodA-F (5'-T
GCRGTGGAARNTRNNCTGGGAAA-3) 5 nodA-R
(5-GGNCCGTCRTCRAASGTCARGAT-3', H:H1 D
A, GE{T; N: A, C. GEiT; Y: CE{T; R:
A B G)i#4T PCR S/ 14 nodA JE[H . PCR J )i
TR R NN 554525 SR [12) 0 A B RRZE RS MG
A B AREEE, T HEA AR nifd JH, AN
TEZEIRE nodA B, W Tk M EK G AU A5 bk
FERAINAS L [ UG 1 L IR B A [ U8 nifH
FEH 52598 nodA JEIH L, T B MR A S AR [ 4R
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1.9 HEHEEERIRKE
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SR L BE(V-PYIRES . BRI AL IS . SR AR
W FIA G 55 S MO S TR TLEE 1 (AP
SRR )
1.10 HERBRE S

PR RE ) PRI - A TR R SR E
B R 1, 4R 3 A, 30 °C A
i3k 7dJm, fAMIC RS 1,

AV M I E - AR R TR B BT HE
3 I 5 2 R AT v e A

FEER R O BE B UE - K Ot 3 R Bk B AP T
MSA-CAS ¥tk 72 50 | 37 °C. 130 r/min 5
7% 5 d JEWEL AL IR R e A Ak, 60 DA i %
RO FAR SN W N4 W N CRE ST L 2R I
75 30 kg BRI R o

WM AR RS ENME: R Salkowski
FE MRS SR AE R R A, BROrE S IR
#k[15].

7R PR - SR GG R o BB o A 5%
FRIL(A 45 WiAEWRY 35.0 g, 500 mL ZEIE K ;
B 41%>: Bk 20.0 g, 500 mL Z£i%K. ¥ A. B
PN TF K, FRAHIZE 60 °C IR A E1VAR),
WU RS R R I e, 3R 5d )R, HiE
A L B 2 B 7 A R Y TR R o

2 HRE4W
21 FAFREER. E. HERENEERHARR
nE5EK

MATARRARAR IR B . 25 nhrpdLsrBg T 56 b
PEPR, TEANZSIRILER 10 WP arEs T 15 tk, 2
4 Bk, M 37 Bk, RSB
2.2 IS-PCR {5 EIL B LN

Wt IS-PCR oSG IR /31, HIE 1 AL
BRI B HE sO R i R A A I 22 5
56 PRI B3N 10 R ERE T (H11,H12, H13,
H14, H15, H16, H17, H18), 2&#E 1l (H21, H22,

x1 BWAREERA[ASBERSERSITTER

Table 1 Strains isolated from Robinia pseudoacacia ‘Hongsen’

X WS I ESTRAL Rk
Cluster Strain No.  Origin Culture medium
I H11 ¥ Root DN
H12 #¥ Root DN
H13 # Root DN
H14 # Root DN
H15 #& Root DN
H16 #9% Root nodule YMA
H17 #2J% Root nodule YMA
H18 #2J% Root nodule YMA
I H21 =X Stem DN
H22 Z£ Stem DN
H23 Z£ Stem DN
H24 Z£ Stem DN
[T H31 #¥ Root DN
H32 # Root DN
H33 HJ5 Root nodule YMA
H34 #RJ% Root nodule YMA
IV H41 #2 Root DN
H42 #2 Root DN
H43 #2J% Root nodule YMA
H44 HeJ5 Root nodule YMA
H45 #RJ% Root nodule YMA
H46 #9% Root nodule YMA
Vv H51 #9% Root nodule YMA
H52 #2J% Root nodule YMA
H53 #2J% Root nodule YMA
H54 HeJ5 Root nodule YMA
H55 #RJ% Root nodule YMA
H56 #9% Root nodule YMA
H57 #9% Root nodule YMA
H58 #2J% Root nodule YMA
VI H61 HeJ5 Root nodule YMA
H62 HeJ5 Root nodule YMA
H63 #RJ% Root nodule YMA
H64 #9% Root nodule YMA
H65 #2J% Root nodule YMA
H66 #2J% Root nodule YMA
VI H71 HJ5 Root nodule YMA
H72 #RJ% Root nodule YMA
H73 #2J% Root nodule YMA
H74 #9% Root nodule YMA
H75 #2J% Root nodule YMA
VI H81 HeJ5 Root nodule YMA
H82 HJ5 Root nodule YMA
H83 #2J% Root nodule YMA
X H91 #2 Root DN
H92 #2 Root DN
H93 #¥ Root DN
H94 HeJ5 Root nodule YMA
H95 #RJ% Root nodule YMA
H96 #RJ% Root nodule YMA
H97 #9% Root nodule YMA
X H101 #¥ Root DN
H102 # Root DN
H103 # Root DN
H104 #RJ% Root nodule YMA
H105 #9% Root nodule YMA

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



2462 A

Microbiol. China

IX

Bl 1 56 HkEHKAY IS-PCR #5 4Bl A ik El
Figure 1
. M: DL2000 4> T EAnriE.
Note: M: DL2000 DNA Marker.

H23, H24), ZKFEII (H31, H32, H33, H34), %
BEIV (H41, H42, H43, H44, H45, H46), Ef
V (H51, H52, H53, H54, H55, H56, H57, H58),
KBEVI (H61, H62, H63, H64, H65, H66), &
BEVI (H71, H72, H73, H74, H75), 258V (H81,
H82, H83), 25REIX (H91, H92, HI3, H94, H95,
H96, H97), ZXEEX (H101, H102, H103, H104,
H105).

IS-PCR finger printing patterns of the 56 strains

2.3 H¥k 16S rRNA EREFII LM R RFELE
ST

Wit IS-PCR AU EIE R LR, HAKHE
TE A — bR AT AR AR E1T 16S rRNA JE A
() PCR &34 S 7, ) 45 5% ] DNAStar # {4
AT AP S IE, BB E
GenBank, sS40k H11 (MN841793), H21
(MNB841790) . H31 (MN841788) . H41 (MN841789) .
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H51 (MN841797) . H61 (MNB841796) . H71
(MN841795) . H81 (MN841792) . H91 (MN841791).
H101 (MNB841794), it EzBioCloud #(## /% 5
NCBI il Xt AT B fe = TR AR o X L2

Wk 2 Fion, 260 1 5225 f1 A4 & (Paenibacillus
sabinae T27 )FIMLIE 98.6%, 253 115 ve A R
J& (Klebsiella michiganensis W14 )AH{l 1 100%, 2
BN R 5% va JE IV X 74 J& (Kosakonia radicincitans
DSM16656 ) H I 99.8%, ZBEIV - RE% e
[ J& (Kosakonia pseudosacchari JM387")AH{Bl 1
99.4%, ZEHEV 5 8 A AR IR T J& (Mesorhizobium
erdmanii USDA3471")HIfeLYE 100%, 25 VI 5 e
A= 398 T4 J& (Mesorhizobium huakuii IAM14158")4H
LM 99.8% , & HEVI Y b 18 4 M E W8
(Mesorhizobium silamurunense CCBAU01550") #H
WIPE 100%, 27 VIS 1% 2 i J& (Pseudomonas
geniculata ATCC19374 ) FH{IE 100%., ZREEIX 511
o B8 JR 7 14 & (Burkholderia territorii LMG28158")

F2 REHEF 16S rRNA EFHFFILLxER

FHALPE 99.8%., ZEHE X 5 78K #7 X & (Devosia
riboflavina 1FO13584") kil 100%. FHA-2KBE
TR 16S rRNA LR 741 5 HAR IR 16S
IRNA BEEF IR R G L EW, WK 2 s, %
KRR RS 5 BT R RE T — 1K
b JEBLH T A ZR M AR A SN AR [ A AN Y RS
2.4 RFEFEKBIEREGE N E

XN ERER AR PRI T 3 RIS M R
W, BOFHIE, 450A405% 3 s, Btk H11, H21,
H31. H41. H101 FEARSMEA E ARG E . bk H11
F%) [#6] SRUBER A ik 31 450.6 nmol-CoH,/(mL-h),
PR H101 1 1 S Wt 1 fe 1K o
25 [E&ES nifH £E 5459 nodA £ HE 18

Pk £ A REAGR AR EA T [ UM nifH JED AN
Zh9e nodA JER G825 UNE 3 FiR, nifH 3%
Ny 12t RFORICRFE R H1L, H21, H31, H41,
H51, H61, H71. H101 #JfEd H4 HH—4c2 360 bp

Table 2 Comparison result with the 16S rRNA gene sequences of all representative strains

B REF R 5 e AR TR AR

Group Representative strain Similarity with known species Similarity (%)

I HI1 KRR 1277 98.6
Paenibacillus sabinae T27"

Il H21 FEE AR W4T 100
Klebsiella michiganensis W14"

I H31 R B2 e WG DSM16656" 99.8
Kosakonia radicincitans DSM16656"

v H41 R pETC e FE# IM387" 99.4
Kosakonia pseudosacchari JM387"

v HS1 Fp i A MU USDA3471T 100
Mesorhizobium erdmanii USDA3471"

VI H61 HeE g MU 1AM141587 99.8
Mesorhizobium huakuii IAM14158"

vi H71 #E90] Hf i A AR B CCBAUO1550" 100
Mesorhizobium silamurunense CCBAU01550"

VI H81 5 A i R ATCC193747 100
Pseudomonas geniculata ATCC19374"

IX Ho1 11727 SR A LMG28158" 99.8
Burkholderia territorii LMG28158"

X H101 T R IR O 1FO13584" 100

Devosia riboflavina IFO13584"
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76/H31 (MN841788)
99 IKosakonia radicincitans DSM16656" (CP018016)
821 gosakonia oryzae Ola51T (CP014007)
82| “—Kosakonia oryziphila REICA142T (JF795013)
H41 (MN841789)
100 100'Kosakonia pseudosacchari IM-387T (FXWP01000029)
H21 (MN841790)
00 Klebsiella michiganensis W14T (JQ070300)
100 Klebsiella grimontii 06D0217 (FZTC01000044)
75 ‘Burkholderia territorii LMG28158T (LK023503)
H91 (MN841791)
L Burkholderia seminalis R-24196" (AM747631)
83 Pseudomonas hibiscicola ATCC19867" (AB021405)
100 |_| H81 (MN841792)
96!pseudomonas geniculata ATCC19374T (AB021404)
ggrH11 (MN841793)
100 Paenibacillus sabinae T27" (CP004078)
-Paenibacillus brassicae 1127 (IN408294)

99(Devosia riboflavina IFO13584 (JQGC01000043)
L 100| 'H101 (MN841794)
Devosia soli GH2-10T (LAJG01000011)
g8 |H71 (MN841795)

100 86 | Mesorhizobium silamurunense CCBAU01550" (EU399698)

Mesorhizobium plurifarium LMG118927T (Y14158)
2%6 1 (MN841796)

‘Mesorhizobium huakuii IAM14158T (D12797)
68| Mesorhizobium jarvisii LMG28313T (QZXA01000006)
60[rMesorhizobium opportunistum WSM2075T (ACZA01000068)
92| H51 (MN841797)

=0 92IMesorhizobium erdmanii USDA3471T (AXAE01000021)

2 REBEHRET 16SrRNA REFFIMNAZ LB

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of all representative strains

TR TR A8 s $ES T PR 16S rRNA BE[EI/E GenBank H1 8 455 45 AL Y%L Bootstrap {8 ; #7RAL3K 0.02 19
Note: Constructed using the neighbour-joining method; The GenBank accession numbers are given in parentheses; Numbers at nodes are
bootstrap values; Bars indicate 0.02 nucleotide divergence.

£33 BHMEREEM bp M HII H21 H31 H41 H101H51 H6l H71
Table 3 Nitrogenase activity of strains 2000

HtkS ] 420 PG 2 1 000

Strain No. Nitrogenase activity (nmol-C,H4/(mL-h)) ;5)8
H11 450.6 250
100
H21 171.1
H31 364.2 3 EHEMEREE nifH EE PCR {8 kE
Figure 3 PCR products of the nitrogenase nifH gene of
H41 310.3 related strains
H: M: DL2000 43 T EHrifE.
. e E GrFi bR e

Note: M: DL2000 DNA Marker.
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2%y, R SE TR bR ELA AR nifH JEEL 4o
Kl 4 7, nodA JE R 3G 45 R B /R {UF H51 HB1,
H71 ¥ 3 —4% 660 bp 24747, B H51,
H61. H71 HATE59 nodA JEH . 254 15 (B nifH
S . 4598 nodA JEDR G 25 L K AR A [ U I
MELER, £ HI11, H21, H31, H41, H101 W
A T AU, H51, H61 ., H71 A 3bA: [F &, Hel.,
HOL Syl [ U
26 REFMKMEEELNET

BA KRB R A B AL S5 DL 3R 4, H21
H31. H41, H51, H61, H71, H81. H91., H101
AT TR AR L Bk A A A St RO 28
H11 55 A b R Bk A T Al 2 SR P 22
2.7 EHRBVREKSFE

XF 25 B R AR EA T 7 A g 1A
ATV PERE A e | R MR . T e
MRS . PAERFE RIS, SRWE 5 PR,
FWIE MR H11, H21, H31, H41, H71, H91 H
A fRePHE I (K 5A), WPk H21, H31, H41, H81,
HO1. H101 HA "2k a4 e /1 (&l 5B), Witk H21,
H31., H41, H71. H81, HO91l, H101 H. {3 ¥ #ifE
1, HOL WA fiE f1 ol ik 78.5 mg/L. B Fk H81.
HO1 BA ™3 H B RE /1 (18] 5C), itk H21, H51,
H61. H71. H81. H101 HAY 1k K K 1hE

bp M H51 He6l H71
2 000

1 000
750

500

250
100

4 FBSEKKEEIE nodA E[F PCR #1474 fa ik E
Figure 4 PCR products of the nodulation nodA gene of
related strains

TE: M: DL2000 4> ¥ bnifE.

Note: M: DL2000 DNA Marker.

x4 RREHKEBEALRE
Table 4 Physiological and biochemical properties of the
representative strains

Tt H H11 H21H31H41H51 H61 H71 H81 H91 H101
Items

o
Gram stain

FRLRE - - + - - - - - + +
Methylred
T LT e
155

V-P reactions
oEAEERE + + + + + + o+ o+ o+ o+
Catalase

AR + + + + - - -+ -+
Nitrate reduction

PR - - - - - - -+ o+ -
Gelatin
liquefaction
IRt =
Urease

N5 A B -+ - - 4+ + + + - 4+

Indole production

|
+
an

|
+
an

|

|

|

|

L
L
+
L
L

T+ PRV —: BRSO

Note: +: Positive; —: Negative.

F*5 HHRBREKEFMH

Table 5 Growth promoting characteristics of strains
=] H11 H21 H31H41 H51 H61 H71 H81 H91 H101
Items

AIYATERESE 0.0 22.414.217.60.0 0.0 28.7 8.91 78.552.3
Soluble P

content (mg/L)

KR 0.0 10.60.0 0.0 1.752.58 2.61 6.84 0.0 15.6
IAA (mg/L)

PRk A =
Siderophore
production
PEEAE - - - - - - -+ 4 -

Proteinase

+
+
+

|

|

|
+
+
+

production

AR EE + 0+ + + - - + = o+ =
Potassium

dissolving

W o+ BHMERAL; —: BN

Note: +: Positive; —: Negative.
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Figure 5 The results of growth promoting characteristics of related strains
TE: A EECRIE; B: PPEREUAREIIE; C: Wk HBL AN HOL 7= i Bk /1 141

Note: A: The results of dissolving potassium; B: Siderophore production; C: Protease production of strains H81 and H91.
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364.2 nmol-C,H./(mL-h)., Kampfer 2513 v A K
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TAFRARAE by BRI, 7 5 PR R [ 0 TR %
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