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Insertion Sequence-based PCR i N7 41 H5 UKl 1) 2
REEN, T LUKEAS T 40 B 0 AR 20T 4l BT RE TR
MRS S WA D W — B U, S Il 12 A T i 17 7
AARZ A S AL & AT < O Bl TRk mT LA g 4
V7 SR I RFAES 1. 168 fDNA B PR B e 2R
YA R P AR RS, R ROE G HITE R KT
HUE J IR TR b, C B BRI A Y 22 00 T %8
FBRZ—

ARSI RN R B 73 B Y 47 PRIBCE [ U
SRS VSR TN 7 BB U o 2 s = = ISR 72 o TN
DNA $5 4P 1% M0 T Ak P — B U5 A 45 AN [ 1) 77 0k
X B PR EAT JE 2R 22 RE A 73 AT, I 308 HROCAR 3 1T ik 0F
4716S tDNA AU I3 4T, 478 T A ARSI A [ 0 22
FEVE, 425 T BRI, AR Rk — ISR,
HI B 5 it

1 AR

1.1 ##Y

1.1.1  GHA RS IR bR 2 4R R R
FAY)—FF B R Vetiver zizanioides ) > 2008 F- 4 H R 4E
TR KT IN(130° 487 13.82"E; 24° 28’ 04.22" N;
WK 138 m), 13 pH i 4.5, SERCRECT 24> pH
BB (pH4.5 F1 pHT7.0) [ 70 UK 77 FE AT 70 4 .
TRIEIRFE T AR

Disbereiner 25 [ G 20 15 77 5 (11): Sucrose 10 g
Malic acid 5 g; K,HPO, * H,0 0.2 g; KH,PO, * H,0
0.4 g; NaCl 0.1 g; FeCl; 0.01 g; Na,MoO, 0.002 g;
MgSO, *7H,0 0.2 gC MUK TR D CaCl, 0.02 gCHLHK
W), H NaOH 715 pH {42 7.0+ 0.2,4.5+0.2.

Nfb 55752 (1L): Malic acid 5.0 gs K,HPO, 0.5 g;
MgSO,*7H,0 0.2 g; NaCl 0.1 g; CaCl, 0.02 g; 0.5%
bromthymol blue 2.0 mLs; vitamin solution( 242 28 BEO
1.0 mL; micronutrient solutionC T & JC % FF# 2.0 mL;
1.64% Fe(;)-EDTA 4.0 mL; KOH 4.5 g; pH=7.0
0.2,4.5+0.2o " vitamin solution: biotin ( 4 2E 2%
H) 100.0 pyridoxol-HCI ~ 200.0  mg/Lo
micronutrient solution( i & G 3 BHE D : CuS0, 0.4 g/Ls
7nS0,°*7H,0 0.12 g/L; H,BO; 1.4 g/L; Na,MoO, *2H, 0
1.0 g/Ls MnSO, 1.5 g/Le

VM-Ethanol %% 7% 2& (1 L): Dobereiner-basic
10 mL; Fe (; )-EDTA (0.66%) 1 mL: Yeast Extract
1.0 g; Peptone 3.0 gs NH,C1 0.5 gs NaCl 1.0 g; 2 2
G2 3.0 mLCAr T KB To/K GFE 6.0 mL(5r I

mg/L;

ik 98 K E D). Ho P Dobereiner-basic (1 L): MgSO,
7H,0 20 g; NaCl 10 g; Na,MoO, 0.2 g; MnSO, 10 g;
CaClL,2.64 g( 7 JF KW

[ A FREE I 1.7 9% CW/VD B, - [ 44
B FREE PN 0.29% (W/VO IR -
1.1.2  FEAEEHIAA]: PCR A (FEH eppendorf 2
), FEEL HR 5 I FA G A ES O HL (B B eppendorf A
A, FLVKAX (Bio-Rad 2 7)), %A AR AL CRBER
A, AR EIE CIEU R SP-2100), g 2B 55 5740
CTRAT AR D, FIKRE Y AL 58— A
71 Tris C Amresco /=), EDTA-Na, ( Genview /=), Yeast
Extract( ¥ £E ¥, Oxoid /%), Peptone ( £ [ R, Oxoid
72 5 VA K IR R HE SO 5 B 112 € Genebase 172 ) A 1F 1
W, ARG D T A EARR ) A
1.2 E#RoBEELREREEENE

23 8 L AR o ST VR A AR R R 25
IKYEH, RIGRAARANZEBT I 2 - 3 em K, IR0 0BT
CKW ) 2 AN B IR I, | 3% W4 K (H,0,)i%
1 4 minC BABR 23 MR L 253000 (0 8 1200 J5) , G 1 7K ok
v F5H 0.1% TR (HgClL ¥ 5 min, TG
IR ARBIVE 5 - 7 UG BEX 5 - 10 min, R e —
DDA T AR IR 5, DRI 2 2 R
K 2 T 7 58 A2 AR 25 T K B = R TT 73 531
2 JI RN B AN pH . (4.5.7.0) 1] Dibereiner 1 Nfb
SRR A R R AR TR I B S, BT 30°C Y
BRI IR N AT B 5%, BN B A W 5%
R SEe fFRIEE, [ NEAN 1710 B3 10%
ORI CEWRPE N 1% ), /£ R 541K #5557
24 h, W 5E FC [ UGG 1 C Pt B2 . ¥ B AT T
SR 1 0 TR AR DA 2 ] A7 e A T ) ol 4 s 9
BB CPRRCRIZ 0y B, 30°C, W RN 85% A< A T &S
I o PHPCIBLER B Vi 20 o) 5 Aol 2 e ] A B IR R
o, DRG0 I 50 Mt % M, PR AR ST AR B 3R A AU ) T
PR s d5 i T8 o B Ak — 20 WL 52 HL T 2 K i o 2l B
TR R AL S BN AR AT TR 5wl A [ A
FREEI A, A Y I A0 B A S BT 1)
ENTEN AR CEIRE N 1% ), FEAH R S0 T
FEEER24 b, WU 5 T 20l . DN A D b ae

T SP-2100 “AH LI, AL 50°C, HERE & 120°C,

FID( Flame Tonization Detector, K % &5 4 £ Wl 2% )
180°C = Ny~ H, A4 2 S 20 531 24 30 mL/min
30 mL/minfl 300 mL/min #% 223 : N = (hx x C x V)/
Chs x 24.9 x O VI 5775 21 5 1 e [ 2l vl ™) G
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o hx O FE SRR hs U ARAE G H, VEAE: C b bRifE
C,H, WIEL nmol/(mL h) 13 V AR IR B A AR (mL) s ¢
OFE b B SRR R Chos N b P2 BB GH, KR JE
[ nmol/CmL h) .
1.3 DNA B9#2EL

K H/NEHRH DNA 77925 £ PR B 77 20 B0
A0 I ST 4R B A4, 37°C W TR A% BE 30 min, T
1.5 AR e LA RN CTE W8, 5% R FED
60°C TR il Y= /N I Wy /AT /5 G T il 425 S D4 B OO
T, 70% WG 555 WARAE 50 pL TECpHS. 0O,
it 47T - 20°C VKA 4 H
1.4 IS-PCR(Insertion Sequence-based PCR)#5 £ [&]
ISR S

KH Insertion Sequence-based PCR(IS-PCR)DNA
FRECEE 7 0, W AR D W AT R i
M 514 13(5'-GCTCAGGTCAGGTGGCCTGG-3") 4 7
Y1, PCR IR A 3R B S N 4 A L 2 2% SRt , |
PCR R WA R SAAFR SN 25 pl, e &R . =
I 5EHE, S 1.29% B BN F Uk B0 SR 2K 0 #r, 4%
Zenlr — B A | — S, 11 s 2 0 B N I
T Jie e e FEL K 0 — 25 SR 2.l I SR GIS3.74 kIR
FUR AL B R GEEAT 43 7 KA HL Uk 13 1R A ABL P
ki, H TREECON #fF 14T UPGMA KK .
1.5 SDS-PAGE £ 425 | f.ik

B TRE i 10 11 8+ W0 R A K T B R T
1.5 mL G B0, 4 65 EREE M i R R 4 iy, A
LR M 150 mg/mlLs JEN = 20°COKFEHFEHT - I
HHTLE 95 °C N % 10 min, 7100 x g #5/L 2 mins

FELVK « SR HH 2R TR A R M 8 P (5 9% IR IR 4 S 5 12 %
(193 85 ) 7E DYCZ-24D AT B L ok Al Fh FL YK . 0
FEG, S 60 VL EFRE, 7 IR 22 48 7 71 311K 43
BSIRHTH O 28 mACRRID

JB ) G E RN A5 - WK 25 RIS, FH 2% S Mo
430 min, it CL 708 (438 /b 1 22 I N, T 37 5t
WE B RR 2, RS TAE 28 A1 B AG AL B AH W %% ( Tanon
GIS — 2008 25 #1 B AXO , #8455 AH 7] ¥ A g — 2K,
WML T W52 SR -2
1.6 ME—iEH AR

PR G A A 5256 % A G427 1 Bio-BIQA it
FUE) Ol — B PR RO I 52 o K B RR I 25
[ HUEE 4 MR EHOTE VM PAR g1k, oK
Byt W) ST (/S v i e T S I T K N N
TN 0.29% IR, KEDARFILL 1:10 FILGHI, 3k
& OD oo 294 0.05 [P [ AR R . AR i 1 13T B

I3 Bio-BIQA 271 £ 1K &AL, 455 L1 B v
A 150 pLs 30°CHE 7 24 h J& , WA A FL KR % T
PO EE . DO IR ALCCKO) M hn i, N A AR 35l
SN -7 5 CK AL, BRE AR H LKA + 7. 5
FHBG AR AN 12 25 5L, 966 B K 600 nm, A1 H Wl
SR . AR5 H TREECON #3417 UPGMA %K
T, AR BRAR A K S 3 73X 26 B R 1) AH 3 7K
A A A 100 o
1.7 16S rDNA F3I45

165 NA X H @ H 51 ¥ 25t (5-
AACTKAAGAGTTTGATCCTGGCTC-3") Hl 1492r ( 5'-
TACGG( C/T) TACCTTGTTACGACTT-3") HEAT 47 44,
AR FR L2 2 SCRRPH , PCR N 4514 0 97 °C TRAE T
3 min, 97°CEYE 50 s, 56°CIR K 45 s, 72°C ZEAH 90 s,
ILHEAT 35 MEIR, 455 72°C 1L 5 mine W7 T
M 519 4 35f (5-TGATCMTGGCTCAGATTGA  ACG-
3')5 342f ( 5'-CTCCTACGGGAGGCAG-3")+ 1492y (5'-
TACGG( C/T) TACCTTGTTA CGACTT-3"). FTill J¥ %]
5 GenBank " I3 #1 1EAT EL L, $RA5 B A 5% 1) 11 bR
YR

2 XAt

2.1 BEREBSEREMNSBEREERETEMYE

TEUFA AR pH A (7.0 AT 4.5) 4, LLRE
PR AR R Bt , SR I 23, DA R g 25
M 3L 5 47 BRIBE G T AU B, AR 23 25 3 8
MR, 27 xe RoR, 25 oy B 2 39 B, 47 xs R
R, GERILER 1. INF 1 AR, 23 B AT A9 47 £k
WA I 2 TRT AR T ] S ) A AR K 22 S, [l Ui v
AHAE 17.46 nmol C,H,/CmL*h) F| 1409.95 nmol
CH,/(mL * h) 2 18], HoH xrl 1. xi22+ xi31+ xsdl1s
xs422. xs51 Fl xs424 [A] 0 B 7% 1 K T 1000 nmol
CoH,/(mLeh) o AR S IR R PR 23 3 7 1602 2 B ka9
DA 2 i RUBRT IR 92, H T I AT R AT (R R R
B UF RS, DA SORs AT AR B rh 43 B R 1) 47 #RTE
PRFR A A5 ] 260 o
2.2 IS-PCR 54 &L

CLJ3 i 5199 14 1S-PCR DNA 48 80 K, AR 4is
IS-PCR ¥ 14 DNA 7= ¥ %5 805 A 16 TG, K H K ig
(Tannon) AT GIS3.74 K G Ak F1 5 GE kAT 4% 47
He ) 45 21 [R5 73 #r % , 78 i TREECON # A4, LK
SERIE AL CUPGMAD X 47 PRAE G R AR HEAT R 2K 43
M, g5 R 1.
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®1 DEEK.SDE pH EXREREEE H 1 a5, 7E 809% MI7KF X R R R 4 6
Table 1 pH of isolates and the nitrogenase activity /I\;%ﬁ( ug [ ﬁﬁﬁ//]\ﬁ 3 ﬁ*}kj\j{/ﬁi YA 4 /I\fﬁ
Nitrogenase Nitrogenase e N e
Strain " activity Strain . activity BERR: o xs11xs210+ xs41 F1 xs71 BB B 11 B
) P > Hy nmol . P CH, nmol
N ath il o e xs110+ xs12+ xs313+ xs32+ xs311 xs312. xs321+ xs322 Al
sl 7.0 17.46 w2 45 83246 xs33 JE N BT, BIAR xs410- xs420- xs100+ xs2+ xs61 Fl
xs21 7.0 85.99 x21 4.5 818.19
xs22 7.0 60.55 x122 4.5 1282.55 XS62 ?Kj‘jﬁﬁﬂ’ H’E XI"11\X1‘12\ Xl"21\Xl"22\ Xl"31\XI‘32\
xs31 7.0 23.21 xr31 4.5 1249.55 ]
al 20 55956 . is 133 x4 vxrd2 xs411~ xs421 ~ xs422 xs423~ xs51+ xs52 1 xs424
w2 7.0 63.93 w45 816.81 FERITEN, TR AR xsd3+ xsd41 xsd42 SRR RBEIV, B AE
s5 7.0 378.76 42 4.5 575.94
;71 7.0 71.94 15100 4.5 100.93 XSI\XSS\ XS42 ‘*n XS310 jj N ﬁi V . Hi stl\ X522\
w2 7.0 99.61 xs2 45 46.30 T 1 £
s 2o 479 i s ol XS31‘ XS?Z 55573\ ¥ ?<55%1 ROMBEVL, N3 B 1 441K
sl 7.0 139.32 312 45 108.86 B SRR AN pH AE R 4.5 (454 R 43
s210 7.0 143.41 321 4.5 188.03 o e N Stz N N
@0 70 31.52 45 666 AR TR AR, RAF IV SR HE VL SRAE VAT 4 A 5
A3 7.0 146.24 w33 45 15321 (xsll\XSZIO\xs41 Al xs7D & M pH AR 7.0 HIAE T
xs441 7.0 86.83 xs411 4.5 1157.61 .
w2 7.0 57.96 w2l 45 537.68 I3 B BRI, HH B mT WL, 5 e PRI R M S T 4 5
xs521 7.0 97.71 xs422 4.5 1148.94 /—44‘
xs110 4.5 486.15 xs423 4.5 913.81 E/].HEETHE/J .‘U:[: f %*ﬁ%.j‘.ﬁj‘rﬂj
WRoas el 45w H 24 ErbEEL A 5 I HERIUR IR 40 85 46 P, 47T
xs313 4.5 532.97 xs52 4.5 889.89 N . .
w32 4.5 681.97 xs61 45  20.15 7 5 H LLIR 2 (1 i ik
xs410 4.5 108.70 xs62 4.5 26.95 03
4 = 3
xs420 4.5 41.97 xsd24 4.5 1072.06 2.3 é'H]H@EE E EE'”-‘K
all 4.5 1409.95 KARFBVI A AL 5 O 4l s B A — @ i AHAL
similarily (%0}
A0 S0 G0 i 8i} an 104
w5322
X833
b
T
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%410 eroup 1l
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\S]{)f}
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xsﬁl]
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Fig.1 Dendgram of UPGMA showing clustering based on the similarity level of IS-PCR patterns of isolates.
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P, 3L SDS-PAGE 4= 40 il 11 LUK, W) A 40 1 v 2%
T2 A SREAT 43 125 X vk Il B AT SR 2R A A
47 RO RR ) SDS-PAGE 4241 Jitd 8 11 At vk 151331
L2 R, B R ELE B 47 AN BRI 6 50
F 5 A BRI (xs11xs210~xs41~xs42 Fl xs71) 7E
6 MANF IR HE T, 2 R N B RR B 2 1 Al
A AR 2O, E A AT A SRR N )
R B A7 AE A A0 s 7, B 2 PRV Y xsls

kDa M xs110 %812 28313 x532

HeD—
602 —

8321 x8322 %433

45.0—
35.0-—

2350 — —

|8.4—
1d.4—

group L

kDa Mooxrll xrl2 xr2l xr22 xr3l x32 xrdl xrd2

" =
1nen= —

662 —

group IM1
kDa Moox821 x822 2531 872 as73

neo—
60,2 —

435.0—
350=
2541—

18.4—
44—

group ¥l

group ¥

& 2

xs310~xs5 FIZEBE VI 1) xs31-xs72. SDS-PAGE 4=41l Jitd
B HLIK I SR R A AT IS-PCR 482Ut 3R 2 g ]
FEAR 2, HBAFAE/NZE R 7E IS-PCR Fi7 81 1%
TERGE R BV S 4 AR AK (xsls x5+ xs42 I
xs310), M 7E SDS-PAGE 441 i £ 11 F Ik (1) 8 45 21
RV R 3 DR (xslxs5 A xs310) 5 xsd2 HE
FENHLBERR, £ 16S tDNA JT 4153 47 vl ST TR AR xsd2 A
xsl )8 T HAB B JE .

Mo xs410 0 xs3420 xs100 xs2

xsl  xs62

group I

kMxa Mooxsddl w421 k5422 %8423 xs51 xx52 x9d24
60— iy
66,2 —
45.0— _ﬁ;ﬁﬂ;_ ==
35.0— : ' —
50— ? =
T . o A o o
= .

group 11T
kida M oxsl x5310 xs5 wsdl xs71 xsll xsd2 ws210

group ¥

single strams

BREKSERESMABER BiXE

Fig.2 SDS-PAGE patterns of isolates” whole-cell protein.

2.4 ME—RIERANE

Bio-BIQA M — ffk 5 H) F A5 HI il A AN 3 AT W g
(P K 600 nm), KWl e 25 R4 1 800, H
TREECON #17T UPGMA K73 #7, 45 R WK 3. M
Kl 3 sl UG S 45 80% 1 KT AR B Ak o 40
6 N EHECEHE M UL 4 MR B PE xsd21 - xs422.

xs51.xs52) - Bio-BIQA ZRJS45 A1 DNA 454K 1% 2K
I8, A4 A VKRR A R A B

DA b 3 FOAS ) (R 5 28 07, A TR) IR K S 0]
MR B U 1K 2 REPEREAT T 4007, 43 Sl B 1
JBT DNA FIAE B A KPR T 7 HE B0 45 1] 0
2 FEE . Bio-BIQA ME— Bl A FH AN A AR K A5
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Fig.3 Dendgram of UPGMA showing clustering based on the similarity level of Bio — BIQA patterns of isolates.

Tt G0 v sk 5 M) 15 0 RO 00 5 5 R A7 = xs441 BEA ]
(RS A8 fe /b, JUA 25 Tl xs 110 BEH I 1 Bk U5 £
R, L5 54 Tl xs310 A1 xs72 REF I AR
230 27 Bl xs62 RER T 41 Pl iU xsd21 BEAIH] 34
Fregds . bl DUE Y, BRI S R E A2
AR SR BE 0 5 L - SR T R £ W — Bk R T
J1a A P A .
2.5 16S rDNA F5IB{ATES 4

AR 4= 41 10 2 R UK DNA Fi7 20 3% L 5T ke
—RRIEA I ISR IS A R, A2 2R b ol 1B 1 A
PRAG BB S 73 S B PR IEAT 16S 1DNA 4274 5E .
WM5E 25 FAE GenBank £ 7 vh 48 2% [R) Y52 77 471, i
5 R B B AR BL I 45 2R w] s AR R PR xs322(3K
BT O 5Bk 171 3¢ IS B8 C Burkholderia vietnamiensis ) ~
xs100C KB 11 ) 5 I 18 4k % W 41 B C Enterobacter
ludwigii >~ xs43 (K TE VO 5 % 6 R 5
( Pseudomonas fluorescens )~xs1(EHEV )5 S H iR
P ( Herbaspirillum frisingense )~xs11CR B 5 AT 5%
W % A W Mitsuaria chitosanitabida )~ xs210 (.
O 5 o BB & B2 1 ( Pseudacidovorax intermedius ) ~

xs7 LCEL TR ) 55 2% BL A58 0 41 C Pseudomonas putida )
MIFHAPEYS R 99% o R BK xsT2CCRBEVID S Pantoea
ananatis 1R R IT, A 98% W AHALLYE, J& T2 B
J& . WK xedl CEREND S Enterobacter cloacae AL
ey 97%, J& T I I AT i o w] DL, A AR Ik 15 [
BB HA B2 2 R, 0 [ B SR T R
H AR N B AT O

FRATTAN DNA 7KV L H 157K 1R A AR AR 1
XY T B AR R A [ R AT T 2 R AT
FITEITAF G R — 20, Bk 47 BB 0 6
AN AHWMAFAEA — € 220, 75 1S — PCR ANHE—
WIS I 5E v, SRHE VAR ELEE 4 AN BE PR (xsl v xs5-
xs42 1 xs310), £ 4N LA ALk, RAE V A4
3ANE R (xslxs5+xs3100. 28 16S rDNA /74143 47,
RETERK xs42 1 xs1 B FE BRI N 999% , #B )& T
R e

H AR S 36 1) 45 2R AT DAHEN - 75 MR 5 1) 22 Mh IR &
¥ 260 B T BE A B 5 R A A R R R AR U
B B, A AR 22 B e 1 2w P R A
AR PR AR R A H FRou 3R, T A AR e A B
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HEACHUED, XA FEANR BRI 4 A7 AL PO L, A4
AR A AR [ A7 A T 5 5 AR A BT 2 1
TXEAENE A EEHEAT I . ASI R PR T R Tk
ATEAAT T 73 B A MRS [ 508, T REIE A
FOAh 22 FhIBC A [ U, X BEAEAN A (0 45 1R T 4 R
Or AR DAL, BEARUR I A A AR SO O I AR )
2R B HLOR A AR (1 5 i 3 o B 2D (1 S ik
ITHRAE.
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Diversity of associated nitrogen-fixing bacteria isolated from the pioneer plants-
Vetiver zizanioides

Xianwei Zhao' ; Chaudhary Hassan Javed', Yumei He', Zhiying Zhang', Guixiang Peng®, Zhiyuan Tan'*
(! Guangdong Provincial Key Lab of Plant Molecular Breeding, College of Agriculture, *College of Resources and Environment,
South China Agricultural University, Guangzhou 510642, China)

Abstract: [ Objective ] Vetiver zizanioides is a perennial grass of the Poaceae family, known of its silages soil and water
conservation role. The aim of the study was to collect and identify the resources of the nitrogen-fixing bacteria associated with
Vetiver zizanioides . [ Methods] Associated nitrogen-fixing bacteria isolated from Vetiver zizanioides were studied by SDS-PAGE
whole-cell protein patterns, insert sequence (IS)-PCR finger printing, utilization of sole carbon sources and 16S rRNA gene
sequence analysis. [ Results] Based on the results of finger printing analysis, protein patterns and biological test, isolates were
grouped into 6 clusters> except 4 single strains. Phylogenetic analysis of 16S rDNA sequences indicated that isolates belonged to
Herbaspirillum frisingense> Enterobacter ludwigii> Pseudacidovorax intermedius, Mitsuaria chitosanitabidas Pseudomonas
putidas Pseudomonas fluorescens> Burkholderia vietnamiensis and Enterobacter cloacae. [ Conclusion] The nitrogen fixers
associated with Vetiver zizanioides showed great diversity and may have a potential application for the grass forage and agriculture.
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