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) AU A AR I 2> 25 L 3 3k X /K R 1 I A L 4% B0 AR 00 L SO AT TS A 5 AD BB E M K5
7 358 3 6T 5 e T DA AR A 0 VR A N AR S EA 11 bk s b ) e BRI TR AR A 3 AT BR 4 3R
NR-18 .NR-64 Fil NR-79, £ 16S rDNA 5 & 2 B, NR-18 Hl NR-79 4 £ 2 2 fU AT B (Paenibacillus poly-
myxa) s NR-64 JHli 5 2E AT B (Bacillus subtilis) » Y326 H K FEHRES .
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TG EA XN F A AN TG P PR BT S5 O AT Ok B 7
F AT EA,

WFFE R B BHOE AR & XS T4 W B 36 SR g AF 5
AR Z2 T ) P 200 11 B 36 e T e DG T 1% 48 L ) A
Yo 35 BE v 1 45 040 TR B IR A W) . Knox
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spp. ) HE T (Fusarium spp. ) %5 5|2 B F , S
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tilis) 916 FRRBT IR /K RSSO ACR B3 . Ak TIX
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B IE SR 5 1 H Andrews 259 UE B T ALY

Wk H Y. 2011-11-22

FEWH . AR IR FE M RO AP BHF LI (nyhyzx07-056)

R W LB IR, WESE O ) A A0 B E AR IR, E-mail
WIRAEH . o

KA s AT R s YU s 2R 2F AT 35 Al 5 25 FAT

XEHS 1000-2421(2012)05-0553-05
AR AT T LA R G A TR AL U OF HoA R
g A B IR LR ik T LA B AR 2 SR DR AP [ 2
#r TR P GREUR H O, BEAM | 22 XUFR 45 1Y B
A O T B RS E IR AR IR W T R AR
HVFZ RGN BAT A2 PR A T RE
HAT ARG 1) TF 4R T 357

20 22 80 4 A LAk , N A= T B i T ER A
FHEY) - BA [ AEE, SCREAE HEAE AR G iR
PN AMIFSE B F s TG T A 8 A S [ Y
95 TR 5 AR 5 L Braun 25U W 5T 2 B A
FERRT T 75 ECF LT T 7 B0 8 B (Pseudomonas
syringae pv. syringae) 5| #2 B /N Z2 RLEE i b7 16 3R
B ASY~T400 . UL, BATIE AR B PN 2R 40T fE
A R B A B A

JK e S A A A% B R R A
{E2 500 T HAT S5 HUAE B 7K R N A 201 B F 5 )
B A i R A W9 R LA [ U K
e PN AR B VA i A T X8 7K R e R L SOR R R A
i A — 5 BB IA ROR A0 52 1K 18K R Hh AR A
HAT Xk KR8 T AT A DA T P A T 2R LA
P e KR 7 i O T B B BB AR A

gaolingling1717@ sina. com

B, WFS T A A0 E R FE . E-mail: huangqiong88hs@ yahoo. com. cn



o gl K

31 45

1 HR57®

11 KEREEBRENS B

A I BORHI A 2 7 A Ak BB R 2 BEBK
et o i b R RERE 27,

3 ) A BRE 7K e 1) AR L ZE R T 2 TR KR B R
FREVEVE T, PRI g M 25 & TEKE
MEEFRIL L ] 70 1 CBEIH 3 10 s . F A 0. 1%
HgCl, 5 min, KE /K #h3k 3 W, K5 K5 1Y 8
PG T 2 RK G o BB JE — IRV BRI IR A T A K:
Fr Ak LUK DN 75 2 IS o R 2 T T 75 58 4 IO AR
25 T T T 8 U0 85 6, BT T B R v A S F
Fi2 L A9 i T A5 2 U B A ) B E I 100 L 3 A1 T
YMA 85523 M 1,30 CHER IR, 3~4 d Ja#k
BRI FE %, 7E YMA - bR 265 5
IR .

5385 KAWL B 09 By 57 B A

YMA Bi % JE H 88 BE 10 g, BERERY 1 g,
MgSO, « 7H, 0O 0. 20 g,NaCl 0. 10 g,K, HPO, 0.5 g,
CaCl, 0. 05 g,%if5 17 g,ddH, O 1 000 mL,pH 7.0;

NA B 36 0 10 g, EAIE S ¢, FRAIRE 3 g,
BRI 1 g 30K 17 g,ddH. O 1 000 mL,pH 7. 0;

PDA 8595 3. 58 5 200 g, BEHE 17 g, Billg
18 g,ddH,O 1 000 mlL.,

1.2 FEHLH & E R T

LIJK #& E@ 4k % ( Xanthomonas cam pestris
pv. oryzae) ., %% B W ( Xanthomonas oryzae pv.
oryzicola) R I&E IR (Pyricularia oryzae Cav.) 4l
Hidi [ Thanate phorus cucumeris (Frank) Donk |, 3%
TR (Fusarium moniliforme Sheld. )% 5 F 3= 255
A I T 1 D A 3 D A L 5 R 3 TR X R
S I LI AR

1) 2R FH 4100 T4 VBl 2% O o L 200 AT ) A% 0 N 2R 4
WL KRR BT 0 A TR AR NA PR EIR A 1
A FEAH [A] AL AR K TR B2 UE AR v 24 ) R AE NA
M b 1530 A i 20 B R R 5 L T TE IR AR
b3 WER, LIRIE IR K B IR AT v ) i, 28 °C
Bt 2~3 d . A S A MENIE R IC R R,

2) SR FH S-S URg 35 37 J7 5 7 108 99 Ji L TR A9 A5 4L
AT . FAT LA TE B 7% Gl OB A28 5 mm
AR TR B R T 22 T W) R 42 AP T PDA SE AR ke,
28 CHiFR 2 d Jm ARG S 30 mm Ak X AR AR
[ LA AT B2 B 408 1 o o 1 7 4 ) 8 3 A T T TR

e 5 pL BIEAR A b B 4 B3 ANEE L DR
T TC B K B AR A X IR 4R 15 3% 7 dL KA R S
40 T R B, I SR 4

FA R BUE R bR HEAT 1 R 25, JF A
WL ZZAC 53 45 SR ) £ A T 0N 30 TR RROCR 4 1Y
R 25 13 DR AT
1.3 BEREEHWER nifH B PCR 14

DB A #5288 Ausubel™ 1) J7 25 32 B
DA 4 B DNA, 75 TE bR B 9% 25 00 FRR S B 4R 78
IR R BE R B K AL B, R/ S/ 5 R
4, DOV L B SR AE 20 L ddH, O W1 i A7
F—20 CkF T &H.

2) A B nifH SEHY W, ST &R W7
PR 1 X3 I Bl Primer 1 (5'-GGCT-
GCGATCCVAAGGCCGAYTCVACCCG-3") A
Primer 2 (5'-CTGVGCCTTGTTYTCGCGGATS-
GGCATGGC-3DY" 1 nifH J W R B, |0 ik &
H:20 pL R ZHH ExTaq B (TaKaRa)1. 0~1.5
U,10X buffer 2 pL,dNTPs(10 mmol/L)0. 8 uL,
514 10 pmol, DNA #& 4t 10~50 ng, F§ ddH, O
R 20 pL, N FRJF 95 °C HAZE M 10 min,
95 CZ2M 1 min,58 CHE M 1 min,72 ‘CZEAH 1 min,
30 MEH , N SE R 72 °C ZEMH 10 min, §H
SEEE G T 1. 5 00 B R bl R e rL VKR T
14 HNEHENMBERENETE

DAEMA IS . S ESCHk[16 X BA itk
FH B K AR N A= T R AT A B A AR

2)16S rDNA L Fr B )7 50 8 . S IR Weis-
burg R R Y HEANE AY 16S rDNA R B, R
FHAE 514 PO(5'-GAGAGT TYG ATC CTG
GCT CAG-3)HI P6(5'-CTA CGG CTA CCT TGT
TAC GA-3") . Wiy 14 - Bt R/ 1513 bp, PCR
SRR ZR AL FE . B DNA 20 ng., ExTaq B
(TaKaRa)1.5 U,dNTPs 0. 25 mmol/L, 10 X Buff-
er 5 uL. 514 PO F1 P6 4 5 mmol/L, LH K 4ME &
50 pL. PCR BT H:94 C 4 min, 94 C 40 s,
60 C 40 5,72 °C 1.5 min, 30 NMER . &5 72 'CF
FEAH 10 min, PCR JZ ¥ 2 0. 8% 35 I W B g L Ik
Jei s gl Ay
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YMA [ 255 5k b h B3 5] 125 #RN A 40T
Horp 22 5r 89 3] 10 #k, o Jr 29 8] 14 fk R 2 B 3
101 # o AT UL o ZKCRE PN A= 200 A1 1) ol 2 B85 A AR > >
2K X 22 BT RE S5 E AT AL AR T RE A G .
22 HANEHREHNHEREER

S E S B AR B0 125 Bk P 2R 40 T 0 0 B Rk
HSFIH 5 oK R s I B —— R G T A% B
A RIS DA SORE I DA 20 Y DR AT 4 R O
JERW L 59 Ak P9 AR 40 B XF K RS A A R AR
FH .50 Bk AR 40 B 6 K R 2% BE B A I A . 16
TR X 7K R et i B A 4 TRV L 24 X 2K R S A s
A A FH L 29 R X K R % 1S A I AR
Forf 11 BRXE 5 Ao JE B B4 MR A L 4 0 NR-
11, NR-18, NL-33, NL-38, NR-48, NR-64, NR-79,
NR-80, NR-90, NR-96, NR-100, I # % 5 5 9,
125 Bk AR 41 B8 v AS [l 43 B AL M i ROR A 22 =
R A A T 1) 0 PR RO B, FLR O R Y L e 22 1Y
KZEFR 4y B XA AT RR S A B T AL IR B G AR

NR- NR- NR- NL-

M 13 18 22 33 34 48 51 64

NL- NR- NR- NR- NR- NR-

JIT AL A W PR B 8 Sy S % s PRI A S B AR
CE il pEN
23 BEREBEWEERE nifH PCR ¥ &N

SRy it — 2L i 18 K R oA AR AU R4 S Y 125
PR N A 40 B R AT RO ndfH BE R B PCR ORI, 45
RRWIA 15 DR BRBEY 1S 115 249 360 bp 1 [& A i
nifH 5 7 B (B 1), T 15 Ak & B B NL-33.,
NL-34 SR T it LUSh, oAy 13 BRI RIE TAR S,
AT AT [ N AR A B A AE T AR
24 EFEHENEANAEBRREMRIZ

ZEA P9 A 4B B0 B R0 R i H A
W25 5%, 345 2 BA FEHO/E 00 N A 18 AR 3 Bk, 4
Wk NR-18 \NR-64 .NR-79, ¥ 3 /> bk #4731
il 975 BT % B TRT RIS TR L SO AT L T S TR A
5 T 7K R AT A 4 BA K38 (R 1), 5 AR SR NR-
18 Fll NR-79 XF 5 Fh 7K e 25 i) 41 i 28 2 e & (A0 A
W =4 mm) . ¥ T4 B NR-64 ORIk Z (411
Bk 2~5 mm).,

NR- NR- NR- NR- NR-
67 70 79 81 107 111 112 M

1
Fig.1
F 1 NR-18.NR-64 NR-79 Xt 5 it 7K 5 975 [ B B9 ) B 30 3R
Table 1 Control effectiveness of NR-18,
NR-64 and NR-79 on five pathogens of rice
P A 5%/ mm
" AN . Inhibition zone width
Test microorganisms
NR-18 NR-79 NR-64
e

P A 9 T _ 12 1o 5
Xanthomonas cam pestris pv. oryzae
ARSI . 11 10 2
Xanthomonas oryzae pv. oryzicola
fa@% ] . ‘ 9 ; 5
Pyricularia oryzae Cav.
SURG e 1 ; g 5
Thanate phorus cucumeris (Frank) Donk
BT
T T 1 1 3

Fusarium moniliforme Sheld.

25 NEENEBERENEESER
DA A A S S5 . X 3 Bk AR S B 1 AU

15 ¥R A4 B SR E 89 B & EE nifH B E B PCR 8= ¥Rk B (1.5% IRAE#E R ik )

PCR products of nifH gene fragments of 15 endophytic diazotrophs on 1.5% agarose electrophoresis

BRIEAT Az A AL 2 L 25 SR 3 P TR R NR-64 1) 4% 0
Te AR LB, 1 Bk NR-18 #11 NR-79 9 H, S, #
JEE WAL TS B 1 KA AR A Tl S 0 K Tk 1 A 5 00 LA
LR RAMEGE 2.,

2)16S rDNA JEP 5 By 900w 25 51 . Ry itk —
AN T A3 B K R AR TR Y R s 28 R, X
NR-18,NR-64 1 NR-79 # 47 16S rDNA J¥ 51 i
E M2 45 FAE GenBank $0#E )& 7 47 Blast %,
IFMERGE K EW E 2, Z5REW, HHk NR-18
FINR-79 1) 16S rDNA J¥5 JL-F— 3, 5 Z R 2
KB (Paenibacillus polymyzxa) (EF656457. 1)
98 % M AHBLIE . 1T T Ak NR-64 55 4% B 2F AT B ( Ba-
cillus subtilis) (GQ861470. DA 99 % BRI BIM: . 45
B A AL S E I 16S rDNA 45 52 A7 1, AR 35 43
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BN E AT HE NR-18 . NR-79 & T2 ki K F#u
FFE  NR-64 J& TR 5 25 A5
F2 4ABAENETER

Table 2 The results of physiological and biochemical identification

I 5E $5 4

. NR-18 NR-79 NR-64
Identification items
Mif £h % Growth with NaCl
1% + + +
2% + + +
5% — — +
™ — — +
10% — — +
H &M Glucose + + +
D-%¥ D-Fructose + -+ —+
FLA Lactose + + -+
HEBE Sucrose + + +
H & Mannitol —+ + —+
D- A% D-Xylose + + +
H,S H;S production — — +
VEM K % Hydrolyzing starch + -+ +
HH S Ak Tsinglass liquification — — +
Ji% & K fi# Hydrolyisis casein — — +
P fil il Catalase + + +
FALEE Oxidase — — +
V-P JZ W Voges-Proskauer reaction + + +
iR £5 18 i Nitrate reduction + + -+
0.05
S | NR-18
[NR-79
Paenibacillus polymyxa
Paenibacillus turicensis
Bacillus megaterium
L BacBltlllcuﬁﬁfsrgggvloliquefaciens
] |:l iNR-64
Bacillus subtilis
Bacillus licheniformis
Pseudomonas fluorescens
—1 Ralstonia solan{Zcearum
B 2 HE#% NR-18.NR-64.NR-79

K 16S rDNA B3I RS L B
Fig.2 The PHYLIP tree based on strains NR-18,
NR-64,and NR-79 16S rDNA sequence

3 it i

AHIFFE R L KR Ff D9 AR A0 R R 3 A D AR >
=25 9 HL 43 B9 P A 4 A b R A 13 Bk
HA 3 BRAE XS AR A G A 5 Rl i R 2 A1) o
YR 2 B2 2R 2 FAT T 5 1 R DA A e 25 FAT 1
M e B W R R RS Il T
BONIKAE 70 25 09 2R A0 1 AR AR N A= A o 2. A
BRI B il (X A% FIAE 2% #8119 £ B J50E VPN
[l (o7 28 i B 1 25 T e B 0] PCR FOR Y 1 240 14
o R ] S MR TR L, DA 19 A8 DR A Y I ], 7T LA
DR I B B PN A 2 R E . T

16S rDNA 3 5 3 5 0y 3K 15 3 A (5 Bt e &
0 T A B A A S 1 A 2R A L TT LA SR e S G
ok R 2R I s ) 4 v T R R A B T RE

PRk H R /N2 AR A R e B 1 Y [ U
A AT AT B L 2 R 2 R AT TR R v TR A R A
AN N = N S = R RN S VA e Sl ¢
RIS AR v oy g SR S A VR B i i A
TERNE ) P AE 2R 2R AT I S-7, AR WSO HE /N
M FR LB 4 BN /N A2 A B A A AR R £
R TR TR 5 7 UM S5 AE e i b A B E) 1 B
X 7K A R A IR A 2R 2 ZE AT . f Ut
AL, Z2 K 2R 2R TR PR R A7 1 T AR X 2 Fioi
FEHAREPER B AR A,

k12 2% S MK R AR B rp 2 B B 1 Rk 2 R 2R
ERATHE WYL10, 3 R BER E A 5 CRiE
ZAEIEZF AT T gluB (4% TR AN & KL R 7 9 ) I8
P> BA F] 84 %5 A1 88. 7%, AT WK R rf 2R 2 2F
FF B EL A AL A B B RRAE . A 5 A 43 BE U K AR
AR 25 2B B 125 BRI AR L Hi 15 Bk
P A R 2 R A RS 3 Bk IR B AT A AR
FHAN P9 A= [ A AE B R 20 30 NR-18 (2 Rl 2 2
FIFF B NR-79 (2 K 28 ZF #IAT 3D Fl NR-64 (Al B
AT D . AT 2 B B 0 20K S 2R HAT B ok TR
TR N, JE T 848 B AR . TR 5 56 2% B
NR-18 \NR-79 i HAG Xt 2 /b 5 Fl /K Fe 95 Ji T A9 45 470
YERT B It NR-18 \NR-79 ELA {2 4= F1A= B VEFH .

IR 43 5 1R A R 2 A TR 2 — Y
PR A A . K 2 0 A KRG HP 43 8 1 A B ZE S AT
PO KRS A A AR L SCELAED UK h 43 85 1 Y
A A R ZE AT B BE I i K RS SO L (2B AT R 1k
A UL 43 B 3 5 0T P 0 A R ZE AR B Y R
. RS E A IK A AR 4y B B R B B A s B A
P A= PR F 0% A 28 AT B B AR G 1 T R
FHAG S A — 25T

2 % X #
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Isolation and identification of endophytic nitrogen-fixing
bacteria in rice with antipathogenic functions

GAO Ling-ling CHEN Xiao-long JIANG Tao JIANG Wei-na HUANG Qiong

College of Plant Protection ,Yunnan Agricultural University s Kunming 650201 ,China

Abstract Endophytic nitrogen-fixing bacteria were isolated from roots, stems and leaves of rice
Chujing27 collected in Lufeng County of Yunnan Province and its inhibition was identified. 125 isolates
were obtained by nitrogen-free medium and 15 strains were identified as nitrogen-fixers with PCR ampli-
fication of nifH gene fragments. Endophytic bacteria in different parts had different density, with peak
value in roots and the lowest density in stems. Among the 125 isolates,11 endogenetic strains had sup-
pressive effect on five main bacteria diseases, Xanthomonas oryzae pv. oryzae,Xanthomonas oryzae pv.
oryzicola,Pyricularia oryzae Cav. , Thanatephorus cucumeris (Frank) Donk, Fusarium moniliforme
Sheld. of rice. Three strains (NR-18, NR-64 and NR-79) isolated from roots had both functions. 16S
rDNA sequence analysis showed that NR-18 and NR-79 were identified as Paenibacillus polym yxa and
NR-64 was identified as B. subtilis. The experiment above showed that the 3 nitrogen-fixing bacteria iso-
lated and identified had potential value on agriculture. It was the first time that Paenibacillus polymyxa
isolated as nitrogen-fixing bacteria had antipathogenic functions in the root of rice.

Key words rice; endophytic nitrogen-fixing bacteria; antipathogenic functions; Paenibacillus
polymyxa; Bacillus subtilis
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