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KARRZ, BAKFR D, 10 AreiymE 45T 5 Atreg. @iEKF FARG @ E 69 504 R
5T 40 & FSAF H 1] (Proteobacteria) 2 /K3 FARIR M o9 2 X8, & EBRE 65.1%, GLIEHEB IR
& (Bacteriovorax sp.)~ Dechloromonas sp.. Leptothrix sp.. 4232 # FF(Rhodospirillaceae). Rhodoferax
sp. F= 4120 i #H(Rhodocyclaceae)s . T-RFLP B2 7 159 bp AR KMLHEH, 247 bp A H =Kk
P , BB LI T B 3% Fn 4k R 47 247 bp & T y-Proteobacteria, 159 bp 4 I 3)4F & (Acinetobacter
sp.). (458 KA PARGaMEA B R LM F S, TRBKA FARGEE 69FE%A R0, £%
EBAEBATH .,
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Analysis of the diversity of bacterial community structure in
the rhizosphere of Eichhornia crassipes

ZHENG Li-Jun FU Ming-Hui

(Faculty of Light Industry and Chemical Engineering, Guangdong University of Technology,
Guangzhou, Guangdong 510006, China)

Abstract: [Objective] To investigate the bacterial community structure in the rhizosphere of
Eichhornia crassipes. [Methods] Terminal restriction fragment length polymorphism (T-RFLP)
technique was used to analyze the characteristics and diversity of bacterial community in the
rhizosphere of E. crassipes and the water samples near and far from it. Clone library technique and
culturing method were also used to identify bacteria in the rhizosphere of E. crassipes. [Results] The
bacterial community diversity (Shannon-Weiner diversity index A’ or Simpson diversity index D) in the
rhizosphere of E. crassipes was the most abundant. The second and the third were that near and far
from the rhizosphere of E. crassipes respectively. The bacterial community diversity in October was
higher than that in May. According to the clone library of the bacteria in rhizosphere of E. crassipes,
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the dominant bacteria group was Proteobacteria (65.1%), including Bacteriovorax sp., Dechloromonas
sp., Leptothrix sp., Rhodospirillaceae, Rhodoferax sp. and Rhodocyclaceae, etc. T-RFLP profiles
revealed that the dominant bacteria was 159 bp, and the second dominant bacteria was 247 bp. 247 bp
was identified as y-Proteobacteria and 159 bp was belonged to Proteobacteria according to the result of
the clone library and culture method. [Conclusion] This research indicates that the bacterial
community diversity in the rhizosphere of E. crassipes was abundant, and its abundancy changed
slightly in different period. The dominant bacterial community in the rhizosphere of E. crassipes was

Proteobacteria.

Keywords: Terminal restriction fragment length polymorphism (T-RFLP), Clone library technique,

Eutrophic water, Rhizosphere bacteria of E. crassipes
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1 #E5EhE

1.1 ##

L1 SR R ) MRS AR Tl R
SRRV X S5 A IS AR X Z M BT , 0K R s
AN, TP RFRASK . BRI RN B B SC R A i B
KB PTHRER . T-RFLP 3EAE 70 =34 BArEE
fi e FHE KB A BY JI 59 /K3 PR (R) 5 i HEA:
i 1 KB PRRBRITKAE(WN); XFRERES, 2. /KA
FORBRIZEKFE(WE) o Horr, Sk oK )2
FE B K AR ZY 5 m AT 10 m BUASY

1.1.2 EERF 518 DNA #EGAF] & (Power
Soil® DNA Isolation Kit)lt§ T24[E MO BIO 23+ ;

DNA #iifki7] & (Agarose Gel DNA Extraction Kit
Ver.4.0)Fll pMD19-T Vector IJF H A< TaKaRa 23 Al ;
o Ve VR B HIL(KDC-160HR) I B BT I A7y
AIRAFITEER AT 519 H Invitrogen |- M43
A HoAr PCR RN Tl fh [ B A U HoR
ABRTHAEA T HAh S Fh ik 2225 5ok i 1 B =4y
Mragi .,

1.2 KFEFREHERPASHERARME
B

121 EHFET. FERFIE@L): 2Bk 2.0,

NaOH 1.6, MgSO,-7H,0 0.05, KH,PO, 8.2, KC1 0.5,
CuSO45H,0 0.000 5, CaSO42H,0 0.000 5,

ZnS0,47H,0 0.000 5, FeCly-6H,0 0.000 5, pH 7.2,
alfifb 1% 95 3 (g/L) : NH4Cl 0.382, ZR4h 2.0,

MgSO,7H,0 0.05, K,HPO, 0.2, NaCl 0.12,

MnSO,44H,0 0.01, FeSO,0.01, pH 7.2,

A9

el
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122 EFAE: BUBGERAERIZKET ALY 10 g
TAEEEA 150 mL S fL AN JCHLER JERE R 73k =
falirh, 28 °C. 150 r/min FEIRIGFEH . He
B IR 2 M AN T 28K B 2 — E g 107"
1072, 107, 107, 107, 107, N RS 508 A
3ANFAHR, 37 °C K535 23 JH, PRI S b 1) 7
M, RAPEARRIL R w2 s, 20
alifl 3 R TR E
1.2.3 BEMEEAE: FIHAE 16S rRNA HKE
H151%9) 8F Ml 1492R #17H 7% PCR, PCR JZ )i
1K 2R (25 uL): B PR 1 BT, 10xTag
buffer 2.5 puL, 514 8F (10 umol/L) 1 uL, 5|4
1492R (10 pmol/L) 1 pL, dNTPs (2.5 mmol/L) 1 pL,
Taq W5 U/uL) 0.2 L, ddH,O %M & 25 uL, PCR §~
WA J: 94°C 5 min; 94°C30s, 52°C45s,
72°C90's, 3£ 30 MEH; 72 °C 10 min, PCR =¥
FH 1B R B e i AR I ARy S | 2 ol =ik
Z Invitrogen | 4328 GIHEA TN CRUBE AU o
1.3 #5.5 DNA BJ3REL

FIF S BBRE XA A TR AR, SRJE
REFRRES S AFERIR G B — MRS, DRIERTR
SRR IR XFFARPRFES:, FJCHKFE /o
VR RAE BN H /KB AR, 45 2B 500 mL, F)
FHERE K R AL (AR 50 mm, fL42 0.45 pm)
EA T8 O BERE A A KRE , AT B T, B
g5 15 2] W P AR B TAE G TP s & T
DNA $2HGLH & T fIL ) PowerBead Tube 7,
/I~ PowerBead Tube HHIFE 2R 0.25 g, TiEimiRks
15 min LAAEFIRAT, PRI U0 0 vk
FEEUE DNA. $2HUY A DNA 2853 1% B
JEHEL KA, —20 °C {17 o
1.4 PCR ¥ i

VI 16S rRNA KEKh H iYL 4T PCR 9
W, R H AW W H S Y . 8F-FAM
(5-AGAGTTTGATCCTGGCTCAG-3") Hl 1492R
(5-TACGGTTACCTTG TTACGACTT-3"), Hih 8F

f) 5% FAM 98GR bRIC

PCR SR ZR (25 uL): 8 DNA 1 pL, 10xTag
buffer 2.5 pL, 5[4 8F-FAM (10 umol/L) 1 pL, 5|4
1492R (10 pmol/L) 1 uL, dNTPs (2.5 mmol/L) 1 pL,
Taq (5 U/uL) 0.2 uL, ddH,O #ME % 25 uL., PCR
YIS N . 94 °C 5 min; 94 °C 30's, 52°C45s,
72°C90's, 3£ 30 MEH; 72 °C 10 min, PCR 74
FH 1% B i BE e rEL Dk RS LR v, 91 HOA DNA
alifbil 7 & alifl.

1.5 FAM RFHRICAY 16S rRNA £ [F a4 PR &M
tigt]]

FIFHBR R N VI Hha 13 E 4461 PCR 724
PEATHEED) , BFD SN AR 22 (20 pL): DNA 12 L, Buffer
2 uL, Hha 1§ 1 uL, ddH,O #MEZ 20 pL., KA R
BT 37 °C fHIR/KWE 2 ho A 2 pL & kidH)
(10xLoading buffer)Z¢ 1BV N, K BI ik &
Invitrogen | 43/ Rl 4 7 3E K H9 3 (GeneScan), 15
#| T-RFLP &3 S AR DCE I
1.6 T-RFLP ##f
1.6.1 ZHMIEESH: BRI Hha T BRI
T-RFLP &l 3% v oA g R 2 - BB (T-RFs) . =
(Height)FlI iF (Peak area) {5 &, it AT A
AR R4

Shannon-Weiner ZFEPEFE % .

H'==3(P)Log,P;;

Simpson Fe ', D=1—Z(Pi)2;

Koy, E=H/H y, Hpao=Log(S);

Horpr, PRI AR, RIS A R
AR LR ; S 2 Fm BEHE%L, B T-RFs 914K,
FK OTU (S 2B HIT)

1.6.2 6 NMERBIBELH: i H NTSYS-pe 2.1 ik
PN IRERANEE S T-RFLP 81357 1] UPGMA (JENN
R0 RIS TIEHAT T RIEHT

1.7 TeFESCEERYE LK PR 52 b FRY T F0N

R T BN SHKE ARBRAE i ) T-RFLP &
T 25N AS R A BRI 4 7 B (T-RFs) AR A Fp i A=
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P, X 10 A K E AR BRRE i (ROYVEES. T vak
SCPEGHE S T-RFLP I35 53 A H1H 4 7 22 146 2L
),

TERESCEFE ST I BAAEIRIN T . SRAITESO bR
TCM5 14 8F 1 1492R XK AR BAt i ) DNA i
17 PCR ¥4, ¥ 5™ Y DNA 2ifbiln &
Agarose Gel DNA Extraction Kit Ver.4.0 VIR 4ifb /5
AR pMD19-T Vector I, SR J5 i it #ah a4
YL TR AL 2= KT DHSo J&Z St . 1
B 120 pL F A=Yy 5 bR A 46 5 47 100 uL IPTG
(10 mmol/L) .20 pL [ X-gal (50 000 g/L)#1100 mg/L
1 Amp (Z'NFER) LB ARG FRIEH, 1E37 °C
Fig% 12-16h JEHFTIE ABET L, REALPEIOE 5
BeT, BRSNS RV-M R M13-47 XHEA R
BOF AT A% PCR ¥ 3tk . B BHE FE b Fik =
Invitrogen | M43/ RIHEA T , 4 BRI A 1)) 3 91) 5
GenBank #ZFREE FEFEA TARIE FEXT, ATHfE 551
I 22 T AL TR 4 R o T3 P S AR BT £ T
ELAL(SMS) X B4~ B P e B ¥ 19 )5 51 i 4T Hha 1

BV 50T, 454 T-RFLP K% #9441 T-RF
KB, ArHEM 44 T-RF FHAREMHAY) . SMS
I4ikA . http://www.bio-soft.net/sms/index.html,

2 GRS
2.1 KEARPRERARENEFRER

MOKE PR BRAE S b 3 35 2 B AR5 3] 3 dkan
B, NS E(16S rRNA FERFFEFIAR), $5
H$E5E 2 NCBI AR S5, A3k 1 iz,

SrE AR REIN 3 NEE Y11-5. Y12-5 F
Y13-3 7ERFFREE IR MUOMR B GRE , mYE O,
NGRS, TE 28 °C HiFRAATPREBHAF A K, &
2 QYA o s O 22 TR T
2.2 £ T-RFLP EERYHE RS Z %S

WG Hha 1 [EVIASE] T-RFLP KIS HHH CEL
W, AT 6 AMEEAR(S A AR /KHPARPREE ) RM;
10 A KH R ARPREES: RO; 5 A Gy KRR Prift
JKFE WNM; 10 HZK# AR FREKAE WNO; 5 A
IR HRBRIL K EE WEM; 10 A 437K 8 R AR PRz K
FE WFO) M ELIN R 2 FTR

R 1 KEHERRERAREERER

Table 1 The results of bacterial culture in the rhizosphere of E. crassipes

G 16S rRNA JE[H 551 5 5% 5 hiT 4

Serial number 16S rRNA gene accession number Latin name

3 HATBLEE HARUFSI% R

Chinese name Similarity (%) Similar sequence accession number

YI11-5 KR110100 Acinetobacter sp.
Y12-5 KR110101 Acinetobacter sp.
Y13-3 KR110102 Acinetobacter sp.

ANBhFTF 99 EU841482.1
AT 99 EF203410.1
AT 99 KJ416382.1

%2 ET T-RFLP ELERVAERE S HIED T

Table 2 Analysis of bacterial community diversity based on T-RFLP profiles

b
Df iit&jﬁix RM RO WNM WNO WFM WFO
OTU 20 26 10 2 3 11
Diversity H' 4.07 441 3.16 424 1.22 322
Diversity D 0.93 0.95 0.87 0.94 0.48 0.87
Eveness £ 0.94 0.93 0.94 0.95 0.77 0.93
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HRPEKE P RBR B | s /KR ) A o 2 A
$8%4(Shannon-Weiner $§%% H'{, Simpson 5%k D)n]
DI s AElA—mRIB iy, KR e BAA S
AT RETR AR, KE PR, k2
FEPEs/ N AN, AN A S ] 35 2% 5 235 e K
PR A, 75X 3 MM, 5 H g
HEis 2R 10 A0k, WIS BT E ok
F, KHEHPRRER SOR KRR R VR A S M, T

75 125

TR FE I S AR

HRAE T-RFLP 3% 1), ATLARESRK# A
PREGEAANEE 24 . 5 A (134, 156, 159, 161,
162, 236, 239, 247 bp), 10 AHr(158. 159, 161,
244 247 bp). Hih 159 bp NAEXFEHE, JiE 5
HikjE 10 7, HgEERRER ., HIKJE 247 bp, 5
HABAT 10 AR — B (e, s ik
B B2 134 bp 1236 bp, 5 Ay Hd{l %5,

225 275 325 375

330
220
110

199 [/

247

244
24

238

206 207

=211
235

270
180

75 125 175 225 275 325 375
» 510
§ 340
2170
8
g 0 . -
3 75 125 175 225 275 325 375
g WNM 201
= 360t 72
200
=240 4 211
b 96 0
smﬂ 120 86 90
*K 0 A - A A S el
75 125 175 225 275 325 375
1501
100
50
0
75 125 175 225 275 325 375
150| WEM 204
100 86 og
50
0
R Bt B Fragment length (bp)
1 KEFFARBR. KEFITKEE S A5 10 B4 HY Hha 1 B§Y)] T-RFLP Ei%
Figure 1 T-RFLP profiles of rhizosphere of Eichhornia crassipes and the water samples near and far from it in May and

October with Hha I digestion
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AWz —, MET 10 753 HIEE I B,

10 AGrEkeEF, 162 bp MALHVE, 785 A4
KA ENHAFTE , TAEKH AR BRFE i 162 bp 3
FEAE— R I S {E (Height): RO N 254, RM
315, [HIETF WNO (641), 2Pl 2ps
B, KT 5 A Rt — S g A A A B
YEH, sk AANLTE s 162 bp FTARERIMANTE
FERRBRA AT REAZ ZIARPR 2 WA A A0, 2R3 e
BAK. 765 AOrEKAEF, 201 bp MBS, (A1
10 A3 JLP- RAN B2 055 o AE7K 8 P AR Friz 7K
Ferb, HARFA A JE 204 bp, 10 A B4 2 A
s A, SRR R AE AL R i FR
23 6 MHERBIBEST

WIS 6 AFEAR) T-RFLP 3SR R0
BT, ATLLIRTK S RS BB« KRR
FER SRR R, RIS ES R ANIE] 2 PR .
ME 2 FTLAE Y, 10 H 57K A ARPREE F (RO) |

5 Ay KHIEHEBRAE S (RM)F 10 H Gy K#i 2 i 7k
FE(WNO)R N —25, HARFEME N —2, Hrh
RO 5 RM [UEARML, BLHIAS R BT BOK & AR bR
PRRER 25 A0 BARAEAE AL, (LR S5 A AR AL EEATS
P KER T . ST AKEERE A

10 H 03 7K 7 3 K FE(WNO) 5 MR FRFE i (RO
A RMYE—2, 11 5 A0 /K AT KEE(WNM)
B K#HEEKEE(WFO FI WEM)BEARL, TR /K
AR KRE (R 20 R R Vs 5 AR BT ) P e R AR AR
WK 2 fizs, 10 H /K #i P EK A (WNO)TE 6 M
AR AL FrpE s, B SHREREE & A
KA it BRI 2 PR A — o B B ({1 S5 AR B A
IbEReEr), W5 AT AKEE(WNM) I KRR R
2, TR O] BRI K REAL T K B AR PRSI K
FEZ A —NMRREREE , 10 H I HSZ K #i R AR PRk
BRI, U KR P A AR, AR BRI )
WL K2, 5 A2 KEE

RO

RM

WNO

WNM

WFO

WFM

— T T T T T
0.45 0.56 0.68

0.79 0.90

Coefficient

2 ET T-RFLP Ei%#) UPGMA RES
Figure 2 UPGMA dendrogram of hierarchical cluster analysis base on the T-RFLP profiles

T 2eid Hha TREUIRG 6 AR BEARARIRFEAR Z IR (AR R AL

Note: The six samples according to Hha 1 digestion; The horizontal axis represents the correlation coefficient between the samples.
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iy NS
2.4 6 MERMBEAWERE ST RERFRIL

M6 A kg Y KA BB (WFM BRAE,
H T-RFLP K% HA 34N, /piltaelnt e
JEFE R (Simpson F6%X D), 5L U0E 3 R,

K3 AILIEW, Joits 5 Ak 10 Ay,
IKE AR BRAE i DL B B T S iR ik
FE 52 BIAR PR 1 —SE52 00, B AR S AR Bt i
PR 5E BEAH AR, (RAHZEARARA i
IREE TR ) =F B2 B S A AR Bt i AT KR, B
MAIEAKAE | IEKBEEIAR PR, AR BRALN S AW R Y
FRBIETE S Ay, WM IR FEEE R ERT
TEAKRE, R ARG A AR BRI .

2.5 KIFEIRMRHFREMENES T-RFLP EE
Y% Sz 53 4T

X K E PARPREEA(RO)E) PCR FAHI ST T 5
BESCPE, BEMLPREL 88 ANHETIRE T, MY PCR
i e e 1551 68 ANBHMETIRE T, 4 Hha 1 WY1 05
PEHC 43 APHMEERE T TI0Y, KTy A58
#I| GenBank i 2817741 LLXF(BLAST), FFAR#E
JP 3 A REALLRE Bff 2 BRI AR 24 Pk . LR P B AL BRAE 2R T
HAL(SMSY Kk 2L P55 A0 T Hha 1 BV 0HT,
PR ENEEAN P I A BR )4 - B (T-RF) K . BT
LRI 4, Hoh (2554 GenBank 5% 5 .

FEfh RO Y FERESCPEIN P25 5% 5 3 T-RFLP 4y
Xt b, TR EVE R A 159 bp FrvEHHIE, 18
FE SR SCPE PRI BRI v Behy 159 bp MY valE T,

T AL i v 8% 37 03 B AR B — A AR (Y 11-5) 11
Hha 1 B R BAKEETR R 159 bp. Y11-5 ()&
NCBI ¥4 b X Al HIHSR Acinetobacter sp. (AaFT
), AU 99%, HET 159 bp ATHEN IXHE .
FEAHEE — RULF B 247 bp 5 y-Proteobacteria
(T-59)FHLEE Jy 93%., 99 bp 5 Opitutus sp. (88%)4%
AHALL, 199 bp AIHEN Pelomonas puraquae (95%),
205 bp 5 Leptothrix sp. (90%)EAHML, 207 bp %t
AT NERE, A Leptothrix sp.. Rhodoferax sp.fll
Rhodocyclaceae; 244 bp Wi AHfEHFE, Ik,
YR SCIE TS 2R Methylobacillus sp.. Rhodobacter
sphaeroides ( ¥Rk J¥ 21 ¥ & ) . Spartobacteria .
Sphaerotilus natans (1% FEKACE ) . Dyadobacter
fermentans Silanimonas mangrovi # Prolixibacter sp.
SEARAE T-RFLP 35 e 31 X 17 Ao e .

ZERESCIE A 43 I yEkE T, 425t RDP £l
JEH Y Classifier 438 A A1, Hidh 28 D rafEFIE T
ARJE W ] (Proteobacteria), A 5 M EME T
["J(Bacteroidetes), J& THRAT [ J(Acidobacteria) .
PR ] (Verrucomicrobia) 44 3 P&+, H
H—FilE T )& T Hydrogenedentes, 3 P rifE /&
TR E . Hh i REEIEE T, 3 B
J&F a-“ZIEH 2 (0-Proteobacteria), 13 #RJET B-
A5 Y 1 4R (B-Proteobacteria), 8 #RJE T v-ZAEEH N
(y-Proteobacteria) , 4 tk J& T & & ¥ W H
(8-Proteobacteria) . i 7% 77 5 1% 2 09 A W 1 16 &
Y11-5 J& T y-Proteobacteria.

%3 ET T-RFLP Eif#y 6 MERMBENFEE D

Table 3 Analysis of richness of dominated bacteria in six samples based on T-RFLP profiles

B ____ (?ctober S May _

Sample . %ﬁlﬂﬁi@#% . . ﬁcia’“lilﬁi%)#.% .
Representative fragments of dominant bacteria (bp) Representative fragments of dominant bacteria (bp)

RO 159, 247, 158, 244, 162 0.794

WNO 159, 162, 99. 165, 247 0.786

WFO 204, 201, 77, 96, 195 0.745

RM 159, 134, 158, 244, 239 0.787

WNM 201, 72, 77. 211, 207 0.782

WEM 204, 86. 98 0.484

http://journals.im.ac.cn/wswxtbcn
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&4 HMAARO) 16S rRNA EFEENXELLFTERS T-RFLP 247

Table 4 T-RFLP results with cloest match of 16S rRNA gene sequences of the sample (RO)

T TT-;FFlﬁf‘Eh N f‘i?l‘ﬁ{.bﬂfil;ﬁ . L zﬁ-@?ﬂ%%% ﬁf?f?ﬂ’é‘i*‘%
-RF lengt e most similar strain L imilar sequence one sequence
(SDures (bp) ¢ (GenBank) iy () accession gumber accession(lllumber
T1 82 Bacteriovorax sp. 89 AY294221.1 KR110057
T2 199 Pelomonas puraquae 95 AB698673.1 KR110058
T3 99 Opitutus sp. 88 KJ721192.1 KR110059
T4 93 Bacteriovorax 89 EF092446.2 KR110060
TS 93 Terriglobus sp. 96 KF241163.1 KR110061
T9 205 Leptothrix sp 90 HM76966.1 KR110062
T11 177 Uncultured bacterium 97 FJ437883.1 KR110063
T12 86 Uncultured bacterium 97 GQ472368.1 KR110064
T14 67 Uncultured bacterium 90 FJ936884.1 KR110065
T15 570 Methylobacillus sp. 97 JX079398.1 KR110066
T16 513 Rhodobacter sphaeroides 92 EU882155.1 KR110067
T17 556 Spartobacteria 91 AB245342.1 KR110068
T19 400 Dyadobacter fermentans 96 JQ291593.1 KR110069
T22 61 Uncultured bacterium 93 JF703389.1 KR110070
T24 207 Leptothrix sp. 96 HM76966.1 KR110071
T26 1303 Uncultured bacterium 96 AB630519.1 KR110072
T27 360 Acidobacteria 97 JN038943.1 KR110073
T29 570 Betaproteobacteria 99 JN038752.1 KR110074
T30 115 Sphaerotilus natans 97 KJ147073.1 KR110075
T31 197 Rhodocyclaceae 97 KF554507 KR110076
T38 1 089 Ohtaekwangia sp. 96 JX114449.1 KR110077
T40 207 Rhodoferax sp. 99 IN679198.1 KR110078
T41 61 Uncultured bacterium 85 JX105604.1 KR110079
T43 82 Perlucidibaca sp. 94 KF891388.1 KR110080
T44 67 Sphingobacteria 97 IN679070.1 KR110081
T45 513 Rhodospirillaceae 97 KC172318.1 KR110085
T46 563 Thauera aromatica 94 AF229881.1 KR110083
T47 175 Dechloromonas sp. 99 JF808880.1 KR110084
T49 244 Uncultured bacterium 91 HQ118319.1 KR110085
T50 88 Uncultured bacterium 95 AB930685.1 KR110086
T52 61 Steroidobacter 99 HQ132420.1 KR110087
T53 566 Uncultured bacterium 90 FJ437785.1 KR110088
T55 64 Silanimonas mangrovi 88 NR_117571.1 KR110089
T56 203 Aquincola tertiaricarbonis 97 JX094174.1 KR110090
T57 37 Sorangiineae 93 F1889275.1 KR110091
T58 572 Gammaproteobacteria 99 EU801093.1 KR110092
T59 247 Gammaproteobacteria 93 EU979081.1 KR110093
T60 67 Gammaproteobacteria 97 IN038741.1 KR110094
T62 79 Coxiella burnetii 89 CP000890.1 KR110095
T64 207 Betaproteobacterium 98 AF236004.1 KR110096
T65 207 Rhodocyclaceae 99 EU266786.1 KR110097
T67 1370 Uncultured bacterium 91 JF697383.1 KR110098
T68 92 Prolixibacter sp. 98 JQ723616.1 KR110099
Y11-5 159 Acinetobacter sp. 99 EU841482.1 KR110100
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SRR N AR M e s P e 51 N s R 3
WRERSSHFE, 76 5 AMmA 10 Afy, HifkZ
=S O P o e Vb i = @157 € = S B | & A 1=
AP AN [ A R B B T s i AR A R,
AT U RRER 3 A ) o e SR, IXSEARBR )
AR TFHRREZEEAEYNER . AR5, K
SRR KA AR, HARBRI) i) 25 B E KR
(AL S I s e B K AR B i ] R A, HLBR S K
B RAIE R 7K AL i 2 S MRS DRI AR it Y
ATEZAEVER B« KRR BR> /K P K>
B KRE o X 5 HAWBIF ST X K A S0 AR )
WRPRIME YRR ZREERY 25 R — 3k, Tipss)
WSS T 25 RN AR PRI A 0, 45 2R R
PR ) AR PR 53 B, HAR PRIk M8t
WA T ARARBR O E i . BT 2S5 O 5
T IK PR SRR 3 (Myriophyllum aquaticum)Fl1 &=
ST E (Alternanthera philoxeroides)WHR FRIA: )
RIS PR SEE A B, AN [R5 PR A 7K A A )
IR PRI DR 24 s Tk R e i g . it
Gh, FEARRIRZETT, K#HPRRER Z [ 4 TR A
FEEZ R, 10 A K#HFIRBRANE Z ek m T 5 H
> (Shannon-Weiner Z LT AL H'ro=4.41>H gy=
4.07), XAIRERERCHKETA 10 HK#AHEEF, HAR
Prosibptt 5 AfrrZ . sesh, BR 17KE P PRy
WX AR DA BT 258 = A sz i LASS , HerboRAR Y
SRR A IR S R 2, kR R
SR E TG Y, 2 R 5 4 i
YIER T TS, SR, IR E
SEBETH . Cd®, ' P LAY
AR EAESEVERT, T e B D A P i A
1o AHIFGE P R AR B ARE S BT AE AT IR B 3 T Tl
X, TAI7K G G 32 H 4 i SOH A A ALY e 5 e 44
N, IKER PR BR A B R I 510 E 2 AR R )
SR A G AR BE R
FEABFFEH, SR T-RFLP £AX 10 A 737K #i

PR PR (RO B I BE T4 5 A HEA T/ AT ISR 314 26
A~ OTU, I FH 5 B SCER AR ZAE St A 700 5 3 B
JE R, EPAFN 43 DrikErh, A 9 MrkET
(BRG] B S T-RFLP [BE T I X . %
I8 R HE R I A A A ST 8 o Park 25836 7 JIC
MR BRIAE AT TOF9E, ZEDUP Y 23 A oike T
i, B 4 ATEBETHY Hha 1RV H BES T-RFLP
Pl IY , HIA S I T 22 20 T 40k ) IRAE
T-RFLP 3, FUA b e i ARRAIEE g /NI g ik
AR, Ay — 2o O g R — B TR TR A Y
TRF FBefoR7E T-RFLP i e, Al fg
T-RFLP J5ik H B R iR 2%, b T-RFLP J5 i,
FEART 1%MF BofETY 14k, FrAsIyR e
SEANTE T E IS, BT8R T REAEY 3 B A AE i
4, BPE-SCAHpE R BOE i G ok, i — LR A R
BOARMEY 38 ok . FEASCES Y, T-RFLP ElErif
PRI 159 bp (L) IFARTESERE SR TPHF 52
X e BT, TOAZAE S A TG G i P A R £ 12
O3B B ) — AR A ST B (Y 11-5) I BED) 7 Bedn 5
ZMRAVEXT I, 31X F 2 T 5 T i s e T
BEBLBRIR Y, PR R A T RETR P, 1 R 2
BEAb, IR A5 - 3 PR B 20 T A TR 205K T 52 5
MRFIEA 22000, Aok, BT HR s
HRER IR RS 50 6L, 505 4 AR PR AH
L, KA AR BRALN S AE R ES , (B MASBIFSRE 1)
T-RFLP SZgeral IS, & EFR KA oK
HRERAAE DA ER s R G ARPRALN, X 57K
BPRRBR A KRR A G, B BRI A TRl A
Yy, AHARGBR N R IR, RS K
(IR, 3L EA R B 43I ) At RN AN R P B 24
KARE T 5514

RIS, Acinetobacter sp. St /K 1 MR R4 B
AR . Acinetobacter sp HAT B VI N
PERB AR R Z5BRAET), Huang P ER BN
FEXR WP E AR X B IR e T —
Acinetobacter sp., 5T R HAE 2 °C T HATRER
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BRERAETT, fE4n 36 h IERZ G, AR LR
ZiR ] 66%, H-LLR S NELA =Y, X H napa
FERIAT T R BA t A RS ERRE . Bk
AU ST T RUIR SE MR X 57 % 40 B 1 A Vs R 5
SFRTE, HMMRKFEH T 24 SROUHTE, &%
EAR 10 NE, BEAEIMEE . WOREE . B
i R 5 , FEAR TR 15 3] — MR AS AT TR 247 bp
(T-59) 2K # PR PR IS8 — RIEHE, HE5FER
=il 244 bp (T49)¥JJE T y-Proteobacteria; 207 bp
FFACZERY 4 SR RR(T24, T40, T4, T65), 199 bp
RERI MR T2 (Pelomonas puraquae), 205 bp Bt
FRHME T9 (Leptothrix sp.)¥]J& T B-Proteobacteria.
B-Proteobacteria Fil y-Proteobacteria H %) 2 S AL 41
A ERITh A EEAEH, e AR IRz A
WP, JEF PB-Proteobacteria I Nitrosomonas ,
Nitrosospira, Nitrosolobus F1 Nitrosovibrio i g 1222 ,
J& T y-Proteobacteria [ Nitrosococcus oceani® V%,

g B AR 3R OF 5 R U R AT I T
(Acidobacteria) 1Y 2 # £ JL-F 5 22 & ¥ & 1]
(Proteobacteria) —FE 5>, HATEH 26 MET £
G5 ket KAy AR R ] (Verrucomicrobia)
R B — TR 3, KT AAE TR,
FERE R, AREELS R, AR
JK PR PR X A ) AR A BE . Acidobacteria 5
Verrucomicrobia W (i & #F ¥ AR /) b 49, T
Proteobacteria (5 S HFTE Y 65.1%, SA7K# P ARERA
R FERERE, HIFE AT HESE K248 Proteobacteria
BAZAAER M Re S 7T 2 5/ R R
PER, AHHAE & B IR KR P K8 P IR BRIAEE T
RSP AR AR K
s g

AMF5E N T-RFLP 5 5e b SO AR 7317 177K
PR PRI TR RIS 458, JEXT H 1K P i KR
FEKAE, RIUKE PRI A, HRBER
] )AL 2RV A 7R Ak, (A B
AIE AT B 1] (Proteobacteria) 2 /K & 72 MR B 41 B v
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FFBE, HBREHMAR 65.1%, SRIGMKUEHIFT
I'](Bacteroidetes) 11.6% . FRFT T[] (Acidobacteria)
7% . P& % W ] (Verrucomicrobia) 7% Al
Hydrogenedentes 2.3%; A4 5 7%, Hr,
J& T Proteobacteria [N ANBNIHT & & (Acinetobacter sp.)
SENARE . AR 16S rRNA KN H 1Y
TR K P AR PR A R VR S5 A A T oA, il —
T KRR B A e S A = B oL, A
FEXT HDIRERL R UN amod AT — 2B RS .
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