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(1. WiV M2 BS540, WivE ioN 311300; 2. WiTT AR M2 48 3B L I By 250 & B 48 3 45 5
¥, Wit B 311300)

WE: [AM] THRARAATHABRAAL T AL ERR ARAGFERE, SHERE, [ Fi&k ] L2444 Phylloslachys
edulis. % vt # ¥ # Pleioblastus chino. ZR#% Bambusa multiplex » 3% . ARIR B EA 38 A3 %, &3 nifH B £A B 3]
W, KRR A B X RS- TR BRI 8ok (PCR-DGGE) AL EH R, @3 RE S5 A7, Shannon % A58 5 AT H
HARAAAEHM., [HBR] FAATFRR LEZR, B—HARRErr3EZE, RRAANFE—REZH . AR LESHY
ZAHBRAREEMERFAL, B — AR HIRRNELHERAMEYREG; RENEBRAFELEK S T3,
ITHERARALSRIFALERAMNES T, REAFA AR S F 1 E R H Shannon % HMIEK £ F 2%, FIR4rH3
(2.73) 5 13 (2.70) X TAR3R (2.53)(P<<0.05), ot HEATARIR A EARIR K T ot 4o L3 (P<0.05), M AESRREAL A
M3 E) 83 AR B RE, X 12 ARATIRAE KAk, 238 TR AN E B Bradyrhizobium. Dechlorosoma. B &
YW B Azospirillum. W #F # /% Enterobacter. Kosakonia. % 7% #F 1 /& Gammaproteobacteria. %t K ¥ /& Rubrivivax F=
Azohydromonas, %% X AMEREW . 3HHTFALERAWRRRE Ty, [L€)] B3ERE, hHFAERAR
BEARY AT AL RAGSHEIEf S, THTRIGALEARA SHEEES T, 3AHTRHABRR
WA £ L CIRIE 69 R AFF Gramineae #HM £ F B F . B 4 £ 4 % 30

XA #F; AEERE; PCR-DGGE; % £ #7; Shannon M I54; MALELKE; R%AFH
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Characteristics and diversity of endophytic diazotrophs
in three bamboo species

FENG Gelin'?, GAO Jing'?, YAN Shuxian'?, WANG Jing'?, LIANG Chenfei'?,
QIN Hua'?, CHEN Junhui'?, XU Qiufang'?

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to investigate the characteristics and biodiversity of endophytic
diazotrophs in three bamboo species and in planting soil of root zones. [Method] Samples of leaves, roots and
planting soil from Phyllostachys edulis, Bambusa multiplex and Pleioblastus chino were taken as the objects.
The primers of nifH nitrogen fixation gene were designed. PCR-DGGE and random cloning technology were
used to construct phylogenetic tree by cluster analysis and Shannon diversity index analysis. [Result] There
were significant differences in community structure of diazotrophs among soils, between roots and leaves of the
same bamboo species, between the same organs of different bamboo species, and between the soils of root

zones and plants. The similarity of the same bamboo leaf or root was not high. More endophytic diazotrophs
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were detected in roots than in corresponding leaves. The similarity between diazotrophs in soil and those in
roots was higher than that between soil and leaves. Significant differences of diazotrophs among plant species
and plant tissues were observed by Shannon diversity index. The Shannon diversity index in leaf (2.73) and soil
(2.70) of B. multiplex was higher than that in root (2.53) (P<<0.05), and that in roots of P. chino and Ph. edilus
was higher than that in leaf and soil (£<<0.05). 83 strains of diazotrophs were obtained by random cloning and
sequencing of plant samples, and only 12 strains were culturable, belonging to Bradyrhizobium, Dechlorosoma,
Azospirillum, Enterobacter, Kosakonia, Gammaproteobacteria, Rubrivivax and Azohydromonas. The sequences
of phylogenetic tree indicated that the endophytic diazotrophs in the three bamboo species differed greatly from
those in other plants. [Conclusion] The structural characteristics and diversity of diazotrophs in bamboo are
affected by soil properties, species and plant tissues. The diversity of endophytic diazotrophs in roots is
significantly higher than that in leaves, and the corresponding taxa are distinct from those of Gramineae
reported previously. [Ch, 4 fig. 4 tab. 30 ref.]

Key words: bamboo; endophytic diazotroph; PCR-DGGE; cluster analysis; Shannon diversity index; random

cloning; phylogenetic tree

T P9 A T RO R o B TR AR BRAE AR N . 5578 A TR B AU sh i — R, A
Wi S ARG RIRE 1, BRI AR B AU, il e I pAry il XA AT DA% 282 AR AN it A
R LR A TR BARMAEY Mk 328 AERER . SHEYILAERRWHAEY . Sy
G EANHAEY ., A FEEMEYE T S8 Leguminosae #5410, HEAMLE . EICHF X SR E
A BA B AR YEc - i DOBEREINER M P #ii R AR} Gramineae 5 4EM Paspalum thunbergii
MPR B3RS, X P 44 28 L 1E & Azotobacter paspali WTUE VIR RS AE1E THRBRIY H A=
ERE AR NS AR RIZHL, KERR S WYEFEH, N5 F0 U5 s
F, DR AR AN B e A VAU, X R AUE SHEY R % D). BARRAQUIO 450 5@ i # v A2
IKAE Oryza sativa WA VR 3 85 516, DIAS /KRS N A TR R EGEh 10°~10° CFU-g ' 3= 551 AT e
HE PR A T KRS 43 85 1 19 MR AR U, JHE v 13 R w400 a7 e v B X6 i A R A 5 R A6 T N A 5
Cymbopogon caesius 5 1.7 1= Miscanthus floridulus %53 25 H 66 £k 9 4 [ 2 B3 10 258 ; BALDANI
G R EK Zea mays ZE N AFFE N A [ 0 M 98 50 85 (A [N TR Klebsiella pneumoniae, & # HAT (2 HE )
ARKER . 1ERRBRABARARLEY, TFNAEBEARNIRER D, T 2E2MEY), XRRLZKR
iy AR Z AR B e B A K R, SR Pl Refe e i m B A E, B HEAR
R ) [ T e o NPT WHTVIIR AT Phyllostachys glauca FRFR53 58] 3 #RIEMER S a0 B 2w, MWNEBAT
Phyllostachys edulis ¥R 32 173 25 2 36 ¥k E &, 5998 255 25 0T 3 Bacillus polymyxa F1 A 2 f AT R
Baclicus lincheniformis 0or, 5 2500 B 4T Bambusa blumeana F 73 55 3] 40 £F 5 2 B A BHS HERAR, 7
9 ) [ E MR B Azosprillum . KI5 4 [CH & Escherichias . %% MK % J& Pseudomonas F1 7K 12 1 14 &
Aquaspirillum; R NEATUD by g3 5 RN AR A, BAWEMES . AR aT st 3 SAHE
FHRIE W A R B PE AR AL SRR . BT, ENSCTAT PN A B AR B D o AP LLEBAT ().
ZENAT Bambusa multiplex (N FIBEI 5 3547 Pleioblastus chino (IR42) MR X4, FlIH S FEYHE AR
I FEAN R A2 A RIATT AR B it iy P 2 [ RUTRT L 0 [ BT ) AR R ES R R RSN R T
AT B A AW 20, RO 5l N AR 2R OCR, T E AR
S, WAFFEAEII R E A E AR, WA RIE L A e A AT 2ok B i s 1 A PRI 7 e [l R
P

L I = I

1.1 HmXE&E

PR35 AT . T HAL T AR AT R EE N, BT T AR IR . B AR
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aitk, Prf LIRS LI SRR . AR RO R AR A T BEEAR AR EOR A K IR, i
B G, RAZ B R E R . AT R 3 BRI FRZY 15 m R [EIAERRVE N R . BIEFE SR A
FIREATFARE, BREER 0~30 emo FTAREGTOA 4 °C UKFATRFE#5 H
12 TEERUFERNE

ST R, WS, W A e L, BARSE BU gr ke R KR
pH. AHLET . ARCA . A s Sebr. & 1l 3 AT R pH, AP, A4
R A USSR AR R R B T2 (P>0.05), DA - HERE A Al R 2 SN R ) [ R
[EE i

R1 3WIENERUEER

Table 1 Basic chemical properties of three soil

LB pH HHLF/ (g kg ™) HRE(mg-kg™) M/ (mg-kg™) B/ (mg-kg™)
B 4324024 a 33.01+7.04 a 58.20+16.46 a 5.40+0.85 a 79.00+8.80 a
AT 4.64+0.27 a 36.85+10.81 a 66.14+14.46 a 4.99+0.61 a 69.33+17.02 a
R0 4.72+0.54 a 37.67£9.16 a 57.34+15.63 a 4.65+0.94 a 70.67+4.50 a

VLR . [RIFIAH R R R 22 5N 3 (P>0.05)

1.3 MIFRERMEY DNA FZE

Pt SR B S 2 B0 50 ik, W SRKEEEG, S TRV, HlRE xS
WHER PR AE S, % 5 SR RS0 CTAB L4 BUR Y 9 2E 42 ) DNA, —40 °C UKAR 1R AF
M.
1.4 TIERAEY DNA 2B

+3ERE SIS 20 HI, 4% Mobio + 3864 ¥) DNA K77 & (Powersoil kit, 3¢ [E) 1R/ DNA.
1.5 EREE nifH EEY 14

& M nifH 5 R R A B A5 20 B v (PCRY Y 1E o 28 148 IE 1 51 ¥ FGPH19: 5'-
TACGGCAARGGTGGNATHG-3', 2 [7] 5% polR: 5-ATSGCATCATYTCRCCGGA-3'; %5 2 # 1 7] 5]
Y AQER: 5'-GACGATGTAGATYTCCTG-3', [ 5|4 polF-GC: 5'-TGCGAYCCSAARGCBGACTC-
3, YRR FS% DIALLO 4L,
1.6 ERE nifH EEHZT %R EREEX (DGGE)

{ii FH DCode™ Universal Mutation Detection System (Bio-Rad, J¢[E) % PCR F=# #4728 VEAs B B i e,
¥k, H GelDoc™ EQ BEE 4G R4 (Bio-Rad, 32 [H) AL .
1.7 EREE nifH EEHIFEVI5EE

H polF(A % GC) 5 AQER 514 #&AThnt-&8 . MR# DNA, PCR j=#H4lifbikif & (Takara) 4lifk
Ji 5 pEASY-T3 Vector(& 4 XA AN, WE, Jbn0) #Ei, #4LF] Trans1-T1 BZSHMp, TRTE
TH X-Gal, IPTG. Z N HEHZEMN LB Bilg -t L 7 A BEGi e, FHIEVE PCR J7 kil BH: 7ok + .
FH A S R TR G L AR TAE R A R #E Iy, 74138 ik NCBI #£47 Blast HXT 40, 3R BURH i B 7Y
R 50,
1.8 HIESHT

FIH Quantity one 3K 4% DGGE Hi Uk I #4718 SUEITE 434, AR S5l XF LU 25 2R, 3@ R AU AR
Brgk kAT RIS 53 Mr; 1155 Shannon Z2HEPEFE B, (] SPSS B F 4T H K 5 J5 22 43 M 55 9 7 HE 4
(Ducan 7%); fifi[H] Mega 5.0, RFH&BELIIT RGE K TW T .

2 HEXRG M

21 AREFRIEEZE PCR =)
I E Y . RPN A R ) DNA 23 B3R T 2 48 8 G PCR, 745 4 SRR W 8 U B9 nifH 3
Ao HIE 1A FfIE 1B 7] L. 400~500 bp HHEL T — R FN & A HAE R &5, B AR nifH JEH
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TN N~ AN EFND N — AN
ol ol N R R N R C RO RCRCRCACRC R
SESS000XKKRSIESIOTIR XX
= Y - N~ N B
EEEEEEEEE
S 2 =22 000X X X

400 bp
400 bp

M. Marker; MT. BT +3E; QT. Mntr /7118, XT. ZMWAT +58; MY. BATH; QY. Ber-F Tt
XY. ZWiFrt; MG. BT QG. Bt & A XG. TR . 1~33R [FAFE S B A ] A2

A1 EEAE (A) HHEHERE BnifH AR5 3
Figure 1 nifH gene’s PCR products of soil azotobacteria (A) and plant endophytic diazotrophs (B)

2.2 TEESRE DGGE #1f

DGGE B, i Bue RIS B AWM . SR FEERE, KRz minm 4
YR (8 2A). f#F Quantity one #4-R %] DGGE Fl v &4 (5 8., LLEAT H5E 3 S 0 REdE A
BEAAT, G 17 A4, HAS IR R 5 22 o) I — o e i A A5 . XRBIARRAT T A
T IRAFAE G — o B A R RS Y [ 2R

R 25 B 2 R 53 S SR E A SRAR Y 3 2B [ RUUAE W) 2 IR) SR 206 R, A5 B A
Lo I 2B AT . ANFEATFRZ ] L [E A D A A ] S [ R AR RN . — A AR B A )
0.60 K Lk b Bt Ui BHBEAR B A A 47 ARBIF 9T th 2200007 3 A 3ERE B B 0 R AE e, (EBEARAR B A
7 0.57, UiBH b B AR REE AR SRR . X R T, B 2 BT A R RN 7S (R 454
HMA YR AR RGN, RAR 3 R R EALE R A BE 22 R (R ), RN E AR UK
F5t.

A EEEEZEBELEEE B
SE2O000OX XX
. . , QT2
l' 1 I [0.71 OTl
XT3
& 042 057 — o
# 0.51 : XT1
- MT2
. ' 0.58 MTI1
0.64 QT3
‘ 077 T3
. - 0.4 0.5 0.6 0.7 0.8 0.9 1.0
L 1 1 1 1 1 )
AAALEE
ol 9

MT. BT H3E; XT. 0T+ QT e 547 3. 1~3F RS AR T4

M2 LHEERH nifH AR K % DGGE ¥4 Bk (A) 5 R E 244 (B)

Figure 2 The nifH gene DGGE fingerprint(A) and clustering analysis tree (B) of soil azotobacteria
23 MFIREBEHFBANEERE DGGE S

AR, RIE 2B A P A [ R nifH %5 DGGE f8 80 -% K 3A ik, LIBT3 58S

M, B SR, B EEA . I SR O EER I EL T I LKA AR, XA R R
K, AHEAEER . BRI REEEHLN A ARR SO, CTHE AR —F A S
M, 53 B = B AR R N B R DR, AR A R, [ 3 b, TR B B 2 T
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Privk, ULHIARES Y AR [ ZUE IS 2 Tt IR A B AR AS Oryza rufipogon A B R RITEK
TR iz, 5>, A R EZRGuB s, ST — 8. HATHRE PN A B R R A I
Z T s, ULWIAT AR AR B U AN COR IR T L, bl i Al ik AR AR BRI KLUEPFEL 452
WO AR A ARTF O ORAL . AL BAUREIRSE) 0 0 (R . Shilr S & MU ) 245 A8 )
&) EAAEPIR N o

BRI (151 3B) W] ARSI EEA R, HRE SR AORE A I R XY, A7
TSR BIRAEAFRLL, KU TAE 2ZE RN AR F RN EZE N R . BT LS (MT3)
MREREE SR AE , (EARUEALAT 0.48, HE—2D W] TR AR A A 18T 0B AUA A il id Bt A, HRZ @ hi
TEARER, DR BRI 5. DI R T 0.60 J HEAR AR PEAR SF OAR TR, [ — &t A [ 7 T
SERER AR R EE R AN s, BRI S AT 15 5P 5 AT 2 AU 0.77 41, bR 3 DE AR A
RESRAE, VLW A A M SRR R A K, 1 N B R B e PR o AL P A o S
AR RA —E R ATE.

A NN NN~ NN TN en =N B
B =20 0000000
Ezzzoooxxx§§§oooxxx
FIRITRINN -
B ' ! (L] 0.21
| 11 |
- »
» —‘.!- ;!‘lw -
-
a =
[ § #4 ;:i 1"
4
o b - é
- 01 02 03 04 05 06 07 08 09 1.0
..“ . B LI $ 1 | | | | | 1 1 1 )
‘ L]

‘ AHALE
MT3. BT+ RE S MY, BATHE; QY. BeMt 5380 XY, ZEIRATH; MG. B QG. Feh 5 4H ;
XG. ZEMATH . 1~3F/R R B AN R 5

B3 #FetHiki A B R rifH & B DGGE 45 E# (A) 5R £ 4544 (B)

Figure 3 DGGE fingerprint of nifH gene endophytic diazotroph(A) and clustering analysis tree (B) in bamboo’s leaves and roots

2.4 A[ERIEERE Shannon IR
DL a0 B AE B MKHE I B A A R Y F2 AERIBEESRE Shannon SHEESHT
Shannon g ﬁ fi *EI ﬁ —I LA ﬂ:ﬁ ﬁﬂé g g ﬁ i o ﬁn i'% 2 Table 2 Shannon indexes of the three bamboos’ leaves, roots and soil

JI7R s Bt AT AR N AR 8 R 2 R B % I A 3%

B, DEESTHS L (P<0.05). BTEAREZ  SrdEf  243:030Bb  2.89:0.12ABa  2.36+0.09 Bb
FEPEMR AR ER (2.98). 13 (2.75). M (2.30), EM 230£0.28 Bb  2.98+0.19 Aa  2.75+0.17 Aa
RS AT ELER, HHEEEATE 2 2.73£0.10 Aa  2.53:026 Ba  2.70£0.15 Aa
PR (P<<0.05), 106 R 108 [ 20 1 5 4 4 14 2 [T L B ﬁ??@rﬁ%ﬁﬁﬂl‘ﬂﬁﬁﬁ%@<o.os), INE

SN . FoRET TR 225 .35 (P<<0.05)
W2 RS LR R o AT . AR N AR

ﬁﬁ%\iﬁﬁﬁﬁﬁgﬁﬁiﬁfﬁ%@>mm ANFTRRAS TR AL A R AR EAN R, P73 7
BT AR A, Ml ey, X RS TR E KR BRINEA 5 WA AR, el
— A E AL E AR T, ﬁ%ﬁi&*%ﬂﬁ%gﬁﬁAﬁ? BNECEST, Do E T BARRE
BT, (AL R 2, BEAE T A SEAR SR, kLo AT AN A s, AR B 9 1 SRR AT fiE
b A T R S O T e R R D

XA R AR AR [ 3B N A TR 2 R AT R B 2R I3 oA A B A 8 2 v T e P R AT
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(P<<0.05), M &K TR 5354 BAT (P<0.05); AT AT 35 [ R AL 525w TPt
BT (P<0.05); VLR TEBAT SR F TS, B RS R Z AR T E 5, X T 22T =,
[l 2R TR AR 7 B B R T N E B

25 MFREEHERNEBRRERNREITE

XPAS TR bR 308 /358 1 PN A= [ 200 DNA FEBEML s B FFIT (3% 3), FERE 73k B AL 5] 484 41K

B, fE PSRN 1214, P54 BLAST i EXS L, 153 83 #kwitk, I 12 Mol 85 37 [ A
W, HET 8FEIE, KA 71 ANAFEFRERR CRIET BT 8k, BATH 148k, ZFWATet
TR, FEATAR 14 8k, BRI 8 bR, Bert B IEATATML 20 #F), MKW A, ASATEEFRAY H B ik
86%; I [t K AT BB = AN W] 5 3 [ A AT AR A A TR AL, WrT AR ATFrh R Le T i 5
P4 PR A [ R 0 A FE LA ) o3 B e, Xt — DU TR R B R R . 12 BRATEE R
R K ARA L NAEE (F 4), B Immundisolibacter MK AN # )& Rubrivivax 51, YEE EA
RILA 228 AR, 1S4 HIEHE Bradyrhizobium W R G, —BREMNKE Glycine max 1R
WA, N XU P KRG FEF K G Glycine soja #IE W43 H T 5 K G458 i0# 18 411 T K GAR
R Bradyrhizobium liaoninggense. [ EMRE J& Azospirillum EAG W B A0 E A IIEE, FEMPR . 2. i
T AR, A, B, R ™ 9 5N R 4E B Paspalum vaginatum F1 (1 2% Brassica
pekinensis 1R & I ELA F R U BE I FTF B Enterobacter sp.; ZEIEEHAERY T RARBR A 20 85t HA (2 A AE
FA) Kosakonia radicincitans strain YD4 [RIREEAG B A INEE, T Kosakonia =2 MIGHF )& Enterobacter Y153
BEHRAHTE . TAN 52l i B 7 225815 5 CHGR 1 K B Dechlorosoma suillum W E2AT nifd e 5 75

®3 BT nifd FIIHAIERERES BN FEIE 98% U L)
Table 3 Distribution of unculturable bacteria based on nifH gene (The similarity is more than 98%)

R FABI B2

HP-46 nitrogenase (nifH) gene. HP-76 nitrogenase (nifH) gene. nifH gene for nitrogenase iron protein. nitrogen-
EA fixingbacteriumcloneb1 -HA3- I nitrogenase iron protein (nifH) gene ., isolate DGGE gel band 5 nitrogenase iron protein (nifH)
gene., J191(16) nitrogenase (nifH) gene. HP-12 nitrogenase (nifH) gene. TNO_elv_99f12 dinitrogenase reductase (nifH) gene

nifH gene for nitrogenase iron protein, HP-27 nitrogenase (nifH) gene. HP-84 nitrogenase
(nifH) gene. HP-84 nitrogenase (nifH) gene. CI(12) nitrogenase (nifH) gene. HP-14 nitrogenase (nifH) gene. TII(5) nitrogenase
EHR (nifH) gene. HP-48 nitrogenase (nifH) gene. HP-75 nitrogenase (nifH) gene. J191(12) nitrogenase (nifH) gene. TNO _elv_81hl
dinitrogenase reductase (nifH) gene, TNO elv_81h1 dinitrogenase reductase (nifH) gene, HP-46 nitrogenase (nifH) gene, HP-75
nitrogenase (nifH) gene

HP-215 nitrogenase (nifH) gene, HP-5 nitrogenase (nifH) gene, HP-218 nitrogenase (nifH) gene. CY1-01 nitrogenase iron

M-
# protein (nifH) gene, HP-56 nitrogenase (nifH) gene., HP-226 nitrogenase (nifH) gene, HP-157 nitrogenase (nifH) gene
isolate DGGE gel band 18 nitrogenase iron protein (nifH) gene. isolate DGGE gel band 12 nitrogenase iron protein (nifH) gene .
HP-226 nitrogenase (nifH) gene. partial nifH gene for dinitrogenase reductase, HP-90 nitrogenase (nifH) gene . partial nifH
FEITATHR gene for dinitrogenase reductase ., HP-237 nitrogenase (nifH) gene, HP-246 nitrogenase (nifH) gene, HP-246 nitrogenase

(nifH) gene. HP-51 nitrogenase (nifH) gene. C13L7NH26 dinitrogenase reductase (nifH) gene. isolate DGGE gel band 20
nitrogenase iron protein (nifH) gene. b1-HA3-1 nitrogenase iron protein (nifH) gene. 431 nitrogenase iron protein (nifH) gene

TC30 NifH (nifH) gene. C12L6CK9 dinitrogenase reductase (nifH) gene. C13L6NH2 dinitrogenase reductase (nifH) gene
BT C12L7NH3S5 dinitrogenase reductase (nifH) gene, nifH gene for nitrogenase iron protein(partial cds), CI3L10NHIS
dinitrogenase reductase (nifH) gene, C13L8CK17 dinitrogenase reductase (nifH) gene, HP-75 nitrogenase (nifH) gene

isolate DGGE gel band 14 nitrogenase iron protein (nifH) gene. Rb3_NifH 48 nitrogenase gene., C12L8CK4 dinitrogenase
reductase (nifH) gene, WK-AS nitrogenase iron protein (nifH) gene, 486 nitrogenase iron protein (nifH) gene. C13LSNL22
dinitrogenase reductase (nifH) gene. C13L6CK40 dinitrogenase reductase (nifH) gene. 99 nitrogenase iron protein (nifH)
gene, HP-201 nitrogenase (nifH) gene. HP-2 nitrogenase (nifH) gene. 243 nitrogenase iron protein (nifH) gene .
C12L10NL20 dinitrogenase reductase (nifH) gene, CI13L10NL22 dinitrogenase reductase (nifH) gene . isolate DGGE gel band
11 nitrogenase iron protein (nifH) gene, C12L7CK25 dinitrogenase reductase (nifH) gene, HP-159 nitrogenase (nifH) gene
HP-215 nitrogenase (nifH) gene. HP-90 nitrogenase (nifH) gene. C12L7NH35 dinitrogenase reductase (nifH) gene .

B TR

b1-HA3-1 nitrogenase iron protein (nifH) gene
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Fx4 ET nitH FIMAEFRERESHER

Table 4 Distribution of culturable bacteria of nifH gene

HeRE FE IR NCBIH B AHIT BRI (% 545) FEAAR I /%
MG38 Bradyrhizobium sp.(KC356360.1) 98
QGl11 Bradyrhizobium sp.(AB079616.1) 99
18 AR S Bradyrhizobium
QG255 Bradyrhizobium sp.(LT859959.1) 99
XG32 Bradyrhizobium sp.(CU234118.1) 99
Dechlorosoma MG31 Dechlorosoma suillum(CP003153.1) 98
[E E IR B Azospirillum XG434 Azospirillum canadense strain(GU256446.1) 99
Wt )& Enterobacter XY47 Enterobacter sp.(KC989924.1) 99
MG6 Kosakonia sacchari strain(KR075981.1) 99
Kosakonia
XG52 Kosakonia sacchari strain(KR075959.1) 99
KT E Gammaproteobacteria XG255 Immundisolibacter cernigliae strain (CP014671.1) 99
KB Rubrivivax MG16 Rubrivivax gelatinosus strain(KF800058.1) 98
Azohydromonas XG66 Azohydromonas australica(AB188121.1) 100

LR LRIV T 38 s VD L 55 8% Bryophyta 45 5% T )2 L 3EANTRIB & B Azohydromonas HAT E R YIfE. 41
K] LI &, & BT B ME—RE - IR RIS 40 TE 7, Immundisolibacter J&72 U AT H 1Y
— R AN, HAREM A S FREBTIRER . A ST AT AR S R 22057 AR 4 A A 21K A o A
Immundisolibacter "HAEAE B AIEH, HEM L 2 FHIRAR AT G2 EAT 15 2R 1 R8T R

INESCEP NINGZE Triticum aestivum . IKFG . HZE . EK | 73 Apium sp. 55 5 M ARVEY) + 7 5 3]
250 @ 09 N A LR o AR B Y 5k BRAA 5 B JR 15 [ B Burkholderia sp. strain STM678., B F Jifg T4
Pseudomonas corrugata. *F#FT 1 Bacillus aryabhattai strain BSW22 F1 v 55 {H [X & Klebsiella variicola 55
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Figure 4 System phylogenetic tree of endophytic diazotrophs by using neighbor-joining method

4 5 ik
(1] FE&H, 22HEFe, MOk AN A RS SR8 SC L] e Yr~Aii i, 2015, 42(2): 349 — 363.
WANG Zhiwei, JI Yanling, CHEN Yonggan. Studies and biological significances of plant endophytes [J]. Microbiol China,

2015, 42(2): 349 — 363.

[2] PITTOL M, DURSO L, VALIATI V H, et al. Agronomic and environmental aspects of diazotrophic bacteria in rice fields [J].
Ann Microbiol, 2016, 66(2): 511 — 527.

(3] ZWL, 5z MM N AR R DE Ut D). BB~ 2005, 25(1): 82 — 88.
LUO Ming, LU Yun. Advance in endophytic diazotrophs [J]. J Microbiol, 2005, 25(1): 82 — 88.


https://doi.org/10.1007/s13213-015-1154-6
https://doi.org/10.3969/j.issn.1005-7021.2005.01.020
https://doi.org/10.3969/j.issn.1005-7021.2005.01.020
https://doi.org/10.1007/s13213-015-1154-6
https://doi.org/10.3969/j.issn.1005-7021.2005.01.020
https://doi.org/10.3969/j.issn.1005-7021.2005.01.020

55 38 B4 6 1] PHRHORAE . 3 BT A A [ SR AR S 2 R 1211

[4]

(5]

[7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

DOBEREINER J. Recent changes in concepts of plant bacteria interactions: endophytic N, fixing bacteria [J]. Ciencia E
Cult, 1992, 44(5): 310 — 313.
BARRAQUIO W L, REVILLA L, LADHA J K. Isolation of endophytic diazotrophic bacteria from wetland rice [J]. Plant
Soil, 1997,194(1/2): 15 - 24.
M, W A, PNVEEG. KRR P AR T U O3 i M0 | AR R B HL X e R I e O] AR, 2016,
49(19): 3754 — 3768.
YUAN Mei, TAN Shijuan, SUN Jianguang. Isolation and biological properties of endophytic diazotrophs from rice and their
influences on rice seeding Cd accumulation [J]. Sci Agric Sin, 2016, 49(19): 3754 — 3768.
TSI, R, SEARTT, 55, 35 7 20 AUILY 5 A A= 181 U A0 23 18 5 A AR A 0 (00, 0 TS BRI A 2741, 2013,
19(4): 643 — 649.
TAN Zhiyuan, FU Qinmei, PENG Guixiang, et al. Identification and characterization of endophytic diazotrophs isolated
from Cymbopogon caesius and Miscanthus floridulus [J]. Chin J Appl Environ Biol, 2013, 19(4): 643 — 649.
BALDANI J I, OLIVARES F L, HEMERLY A S, ef al. Nitrogen-fixing endophytes: recent advances in the association with
graminaceous plants grown in the tropics[C]//ELMERICH C, KONDOROSIW A, NEWTON E. Biological Nitrogen
Fixation for the 21st Century. Paris: Institut Pasteur, 1997.
JBUNT, SRIGERE. BAT R TIR VAR BRIGE A 5 A n B9 1] MOl BB Y, 1994, 7(4): 618 — 623.
GU Xiaoping, WU Xiaoli. A study on associative nitrogen fixation of bamboo rhizosphere [J]. For Res, 1994, 7(4): 618 —
623.
B/ N, SRIGER. BT PR 2 (4 AEF AT [ USROS 0], AT T FEIE T, 1998, 17(4): 59 — 63.
GU Xiaoping, WU Xiaoli. Study on nitrogen fixation characteristics of several Bacillus licheniformis strains from
Phyllostachy pubescens roots [J]. J Baboom Res, 1998, 17(4): 59 — 63.
Befts, AL, VPRREY, 55 T ARB R AR AR Z L ] Al AP H R 244, 2007, 15(2): 290 — 294,
HOU Wei, PENG Guixiang, XU Zhijun, et al. Diversity of endothytic diazotrophs isolated from Bambusa blumeana in
Guangdong Province [J].J Agric Biotechnol, 2007, 15(2): 290 — 294,
e, SR, VRS, A AR PN AR I U A B AR A ORI S (] AR BLA0T5E, 2008, 21(1): 101 — 105,
HOU Wei, PENG Guixiang, XU Zhijun, et al. Growth promoting effects and physiological proper of endopthytic
diazotrophs isolated from Guangdong bamboo (Bambusa blumeana) [J]. For Res, 2008, 21(1): 101 — 105.
B B 3 s i M. Jb st s E Ll R, 2000.
AR, YU, mifd, S5 HET CTAB BRJEIRBATHER L DNA SR (1], ARl BH#AT5E, 2006, 19(6): 725 — 728.
GAO Zhimin, FAN Shaohui, GAO Jian, et al. Extract genomic DNA from Phyllostachys edulis by CTAB-based method [J].
For Res, 2006,19(6): 725 — 728.
DIALLO M D, WILLEMS A, VLOEMANS N, et al. Polymerase chain reaction denaturing gradient gel electrophoresis
analysis of the N,-fixing bacterial diversity in soil under Acacia tortilis ssp. raddiana and Balanites aegyptiaca in the
dryland part of Senegal [J]. Environ Microbiol, 2004, 6(4): 400 — 415.
fip 248, RN, TRAK DT, A5, B2 249 2878 0 B A bk - M8 31 20240 TR1 A 7 45 R R B2 At s i [0 B AR 25244l 2015,
26(10): 2961 —2968.
HE Donghua, CHEN Junhui, XU Qiufang, et al. Effects of intensive management on abundance and composition of soil N,-
fixing bacteria in Phyllostachys heterocycla stands [J]. Chin J Appl Ecol, 2015, 26(10): 2961 — 2968.
EAE, RO, 28, 55 K HIBIT AR B ARE T340 RE % 165 rDNA V3 X F Bt PCR 1) DGGE 73r#r [1]. +
Hi2Ai, 2009, 46(4): 662 — 669.
WANG Qizan, XU Qiufang, JIANG Peikun, et al. DGGE analysis of PCR of 16s rDNA V3 fragment of soil bacteria
community in soil under natural broadleaf forest invaded by Phyllostachy pubescens in Tianmu Moutain Natural Reserve [J].
Acta Pedol Sin, 2009, 46(4): 662 — 669.
FISHER P J, PETRINI O, SCOTT HM L. The distribution of some fungal and bacterial endophytes in maize (Zea mays L.) [J].
New Phytol, 1992, 122(2): 299 — 305.
XU, H e, EARGE, 2. BF AR N A 1 U 2 AR S BRI (0] AR BORIERE, 2017, 7(6): 567 — 579.
LIU Lihui, JIANG Huimin, WANG Peixuan, et al. Research progress on diversity of endophytic diazotrophs in wild rices [J].


https://doi.org/10.1023/A:1004246904803
https://doi.org/10.1023/A:1004246904803
https://doi.org/10.3864/j.issn.0578-1752.2016.19.008
https://doi.org/10.3864/j.issn.0578-1752.2016.19.008
https://doi.org/10.3724/SP.J.1145.2013.00643
https://doi.org/10.3724/SP.J.1145.2013.00643
https://doi.org/10.3969/j.issn.1674-7968.2007.02.021
https://doi.org/10.3969/j.issn.1674-7968.2007.02.021
https://doi.org/10.3321/j.issn:1001-1498.2008.01.019
https://doi.org/10.3321/j.issn:1001-1498.2008.01.019
https://doi.org/10.3321/j.issn:1001-1498.2006.06.009
https://doi.org/10.3321/j.issn:1001-1498.2006.06.009
https://doi.org/10.1111/j.1462-2920.2004.00577.x
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.1111/j.1469-8137.1992.tb04234.x
https://doi.org/10.1023/A:1004246904803
https://doi.org/10.1023/A:1004246904803
https://doi.org/10.3864/j.issn.0578-1752.2016.19.008
https://doi.org/10.3864/j.issn.0578-1752.2016.19.008
https://doi.org/10.3724/SP.J.1145.2013.00643
https://doi.org/10.3724/SP.J.1145.2013.00643
https://doi.org/10.3969/j.issn.1674-7968.2007.02.021
https://doi.org/10.3969/j.issn.1674-7968.2007.02.021
https://doi.org/10.3321/j.issn:1001-1498.2008.01.019
https://doi.org/10.3321/j.issn:1001-1498.2008.01.019
https://doi.org/10.3321/j.issn:1001-1498.2006.06.009
https://doi.org/10.3321/j.issn:1001-1498.2006.06.009
https://doi.org/10.1111/j.1462-2920.2004.00577.x
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.3321/j.issn:0564-3929.2009.04.014
https://doi.org/10.1111/j.1469-8137.1992.tb04234.x

1212

RN/ NI NI e 14 2021 4F 12 H 20 H

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Curr Biotechnol, 2017, 7(6): 567 — 579.

KLUEPFEL D A. The behavior and tracking of bacteria in the rhizosphere [J]. Ann Rev Phytopathol, 1993, 31(1): 441 —
472.

XU LM, GE C, CUI Z, et al. Bradyrhizobium liaoningense sp. nov., isolated from the root nodules of soybeans [J]. Int J
Syst Evol Microbiol, 1995, 45(4): 706 — 711.

PR TS . A T U AR A P i 2 REPERAE BT RERIFSE (D], T M AR Rl K27, 2016.

ZHAI Chaonan. Endophytic Diazotrophs Diversity and Physiological Function from Seashore Paspalum[D]. Guangzhou:
South China Agricultural University, 2016.

JEIEER. e AR BTG S BN AR T TS (D] bt s AR5 B, 2013.

ZHOU lJianjiao. Screen for Plant Growth Promoting Bacteria and Investigations on Endophytic Nitrogen-fixers in
Vegetables[D]. Beijing: Chinese Academy of Agricultural Sciences, 2013.

2L, BRANTE, PR, 4. FORIKEE B AR Kosakonia radicincitans GXGL-4A (14385552 5 B R R PEAr oY L], it
Yy, 2016, 43(11): 2456 — 2463.

LI Qiongjie, CHEN Jiejie, SUN Shuaixin, et al. Isolation, identification and characterization of associative nitrogen-fixing
endophytic bacterium Kosakonia radicincitans GXGL-4A in maize [J]. Microbiol China, 2016, 43(11): 2456 — 2463.
TAN Zhiyuan, REINHOLD-HUREK B. Dechlorosoma suillum Achenbach et al. 2001 is a later subjective synonym of
Azospira oryzae Reinhold-Hurek and Hurek 2000 [J]. Int J Sys Evol Microbiol, 2003, 53(4): 1139 — 1142.

R, mert, SO, 45, VA T b b AR Y R Rl B KR 2 S b [ AN R R A AR (). B e
12,2018, 45(2): 293 - 301.

TANG Kai, GAO Xiaodan, JIA Lijuan, et al. Community structure and diversity of diazotrophs in biological soil crusts and
soil underneath crust of Hunshandake deserts [J]. Microbiol China, 2018, 45(2): 293 — 301.

PR LA AT Y 20 1 SR B BOIRET A A T 70U 4 2 1 /K el 2B A PE SR BTSE (D). Bt B st ARl K272, 2010.
TAO Xueying. Isolation and Identification of Photosynthetic Bacteria and Preliminary Study of Proteinase Secreted from
Rubrivivax gelationsus [D]. Nanjing: Nanjing Agricultural University, 2010.

CORTESELLI E M, AITKEN M D, SINGLETON D. Description of Immundisolibacter cernigliae gen. nov., sp. nov., a
high-molecular-weight polycyclic aromatic hydrocarbon-degrading bacterium within the class Gammaproteobacteria, and
proposal of Immundisolibacterales ord. nov. and Immundisolibacteraceae fam. nov [J]. Int J Syst Evol Microbiol, 2017,
67(4): 925 -931.

INEDE, BB, AR, G /NE L KR FOk L AR PRNA R RE LR GUE T ] P EARLRE, 2012, 45(7):
1303 — 1317.

SUN Jianguang, LUO Qiong, GAO Miao, et al. Isolation and phylogeny of nitrogen-fixing endophytic bacteria in wheat,
rice, maize, Chinese cabbage and celery [J]. Sci Agric Sin, 2012, 45(7): 1303 — 1317.

AT NS AR T2 E R AR PR [ R 2 AR S E WP (DL RIS R NS R 7, 2017.

NIU Yanfang. Diversity and Biological Characteristics of Nitrogen Fixing Bacteria in Rhizosphere of Constructive Species
of Forest Vegetation in Inner Mongolia[D]. Hohhot: Inner Mongolia Agricultural University, 2017.


https://doi.org/10.1146/annurev.py.31.090193.002301
https://doi.org/10.1099/00207713-45-4-706
https://doi.org/10.1099/00207713-45-4-706
https://doi.org/10.1099/ijs.0.02606-0
https://doi.org/10.1099/ijsem.0.001714
https://doi.org/10.1146/annurev.py.31.090193.002301
https://doi.org/10.1099/00207713-45-4-706
https://doi.org/10.1099/00207713-45-4-706
https://doi.org/10.1099/ijs.0.02606-0
https://doi.org/10.1099/ijsem.0.001714

	1 材料与方法
	1.1 样品采集
	1.2 土壤基本化学性质测定
	1.3 竹子内生微生物DNA提取
	1.4 土壤微生物DNA提取
	1.5 固氮酶nifH基因扩增
	1.6 固氮酶nifH基因的变性梯度凝胶电泳(DGGE)
	1.7 固氮酶nifH基因的随机克隆
	1.8 数据分析

	2 结果与分析
	2.1 不同来源固氮菌PCR产物
	2.2 土壤固氮菌DGGE分析
	2.3 竹子根部与叶部内生固氮菌DGGE分析
	2.4 不同来源固氮菌Shannon多样性指数分析
	2.5 竹子根部与叶部内生固氮菌的随机克隆

	3 结论

