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PTG . RERF /TG REW 3 Fh a0 41 76 19 16S rDNA 57 B SO 19 7 51 3840 4 F 10 417,
4y 9 AT B 1] (Proteobacteria) AUAT i ] (Bacteroidetes) . i % 4l i | ] (Cyanobacteria) | 7% & B | ] (Planctomy-
cetes) JEM A 1] ( Verrucomicrobia) | J# 28 B ] ( Actinobacteria) . fi2 #T # ] ( Acidobacteria) | 4% 25 1 ] ( Chlo-
roflexi) RFF 1T (Fusobacteria) fl OP10, Xf 3 F 3R A= 4 1A 19 16S rDNA 5w B SUE (19 )5 51 22 #F 1E 43 B7 45
FRW], MSH2 o 4 T o B S22 19 2 A PR 8 2000 T MSHI Rl MSH3, ifif MSH3 £ T MSHI,

KEE M 16S rDNA FLRESCE s MW 2R RELE O

FESES S917 XERARIRES A

A WU I8 S K R AR 2 R 0 1 B 1 A 4
TEIK AR T L Wl L R itk S 2 3K %) 00 A R0 1) o e )
BREZEN. AEEHEAFENEAME.E
53 it B U7 it L Sk T A L TT DA R A S K A gl A ek
AW R 00 R 41 A AL A A Bl — S ke 7K &
HAb /N TR AR KB & A RS
VIR Re Ty, 440 R T K AR B iy e HOR fa iF g 2R K
() R0 PRI 5 4 TR 1T LA™ AR R A R AR AR 1, AT
05 A7 5 A TR RN 8 2 0 AR K B A TR A FT LAAE R
A7 F PSP B A R AR L AT A
B H) 42 25 UK AR S W SR RS SR Y B, 7E B W B bR
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1 A Ak S N B E RS, PR e IR B R A TR 2
FEMER B ZE AT DA SR S48 SR B A 46 S FRE
WyRE T K AR b i AR T, AR R 2K AR A
AT T ST, X ST 5T 45 2 3% B R [R] 7K 4R Ak
SR Al B 22 R R R AT 5 I R 5o
3 MR TA] SR A A K R i Al i S . B I T T
AN [ 3% FE AR 2 T A B 22 A M DSOS () A5 K A 4 TR
Z R S (6] Ry 43 B A ) 35 4 A =X 00 34 R R 2
H I RE 28 & B Al
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£ 2.0 LKFE A 5 AR FEIR G357 5 B
TSI 9 500. 0 mL 7K FE 43 25 5] L B 535 1) K FF O
. B T I AR B B AT DK AR I ORI AR g )
S E LT S
1.3 K EE DNA KR EX

JKFELL 0. 22 pom 1Y 08 3k 98, 88 B 4% B 25 76 U6
X, 4 mL Lysis Buffer $F B BET B I 5 B9
BWAE 4 °C 5 F 12 000 r/min &> 10 min, £
. BTN 1.5 mL % B (0. 15
mol/L NaCl,0.1 mol/L Na,EDTA,15. 0 ug/pL ¥
PG .37 CHLIA 1 h, ZEWR AR 65 C KRB
PER R 3 ¥, Bk 3 min, BHIEERIG.MA 15
pL E H B K 0. 02 g/100 mL) M 75 pL f 10%
SDS, YLy FH 0.5 mL 2 S s M 0. 5 mL SDS
VRV 1R, ARSI AR Tris- i 42 1 k.,
12 000 r/min B0 10 min; i1 A Z &2 Tris- F1
By« S5+ RIREERW (25 24 + D) JF. MR
1¥%,12 000 r/min B> 10 min; AL ¢ SR HE
W 24+ DR A0 2 K, 12 000 r/min B L 10
min, MIA 0.25 f5&FA 3.0 mol/L Z RN, 2 %
R T K 2 BT —20 Ci R UTIE DNA, K515
4 C%MF 12 000 r/min B0 20 min, JLFEH 1 mL
70% I S BEVEY: 2 .4 “CF 12 000 r/min B> 10
min; LK LEEBEE 1 k,4 °CF 12 000 r/min 5.0
10 min, R B+, EE F 50. 0 uL. TE (10. 0
mmol/L Tris-sHCl,1. 0 mmol/L EDTA) #4315
IRE B T — 20 CUKEA R AE 4T .
14 4 16S rDNA By ¥ & f g1k

PR 4 DNA #EF7 10 £%.100 £5F1 1 000 f%
i Be )  HEAT 40 8 16S rDNA ¥ 3, 50. 0 pL 9
F R & 49 4% 10 X PCR Buffer 5. 0 pL, MgCl,
(25.0 mmol/L) 3. 0 pL., dNTP (10. 0 mmol/L)
1 pL, 27F (10. 0 pmol/L) 1 mL, 1492R (10. 0
pmol/1)1 pL,DNA #ifi 5.0 pl, Tag DNA Poly-
merase (5.0 U/pl) 1.0 pL,jJ[] ddH, O #] 50.0 wl,
PG Y o G Y 1492R (5'-GGTTACCTT
GTTACGACTT-3") Fl 4l B % % 51 ¥ 27F (5'-
AGAGTTTGATCCTGGCTCAG-3"), & W 4 1
H9:94 C FAEYE 4 min; 94 °C 1 min, 45 °C 90 s,
72 °C 2 min,26 PMEH ;72 °C 10 min,4 CI-AF .

PR A E IR A 16S rDNA JEH (4 1.5
kb) | AxyPrep PCR ¥ i i 57 & . 4 BRI 7] & vl W]
B 77 AT 16S rDNA R Ay alifl . ¥ 2tk )5 iy

16S rDNA K& A 28 1 %6 04 35 A 0 5 Jise v DKk A 0
1.5 16S rDNA 3% P& 3T FE 1 3 32 # 0f i

B aifb 5 i 4n T 16S tDNA JEE 5 pMD 18 T-
vector &, E N MK & N : pMD 18-T Vector
1.0 pL,Solution [ 5.0 pL, Template 4, 0 pl., FE
fitg A 14 C R S8 BUEHE ROV . e A%
AW E. coli DH-5a, FEALEKE I BER % 96 4>, $2 b
TERT & AMP 1Y LB 859558 | 37 Cad 9%, U
# & 51 % RV-M ( 5-GAGCGGATAA-
CAATTTCACACAGG-3") il M13-47 (5'-CGC-
CAGGGTTTTCCCAGTCACGAC-3") k47 W 7%
PCR. 2 1 0 0 By i W B8 s v D RS 00 3 i BH 1 e B
FEASRE AR I 50 AN BH M e RE % T Vg S 28 /1T
AR SR LISV AROE AT IR AT
16 FIMASHAESRELEHNHBE

PR 16S rDNA #4377 5158 i RDP (Ri-
bosomal Database > M CHIMERA
CHECK version 2. 7 £ £k 43 #7 [7] — SC ¢ v o] 58 1) %
Ak (Chimeria) , 36 B . /9 Chimeria FF 51 2 5.
W BE B 9 F %) DNA - Star 3 1F 45 h
MegAlign # 17 B X #1 2 75 51 8 (multiple align-
ment) A RUPE =97 %6 1 17 54 O [R) — #5443 2%
5T (operational taxonomic unit, OTU), 2K 5 1E
NCBI L # 17 7E 4k LL Xt 4% i 45 OTU 3% )7 51 78
GenBank HAHRLA T IIE R 3. KEER M Clust-
alX 1. 83 X AH L1 51 A A ik 56 0 45 1) 1 9 i 47 2 )7
G X o H X 45 5 ] Bioedit #4TIE, RGELRB R
B # # % Fl MEGA (version 4. 1) &k 4 40 v i1
Neighbor-joining %, ¥ H JE{E A 1 000 K,
1.7 KERNE

TR (DO) X %% HQd Meters and Intelli-
CAL™Probes 7£ R 1 , Fo A 45 45 A2 5L 50 =
ZBESCHRC LR T 2

2 ZER55MH

REXENEIL

T BE 10 f5 A1 100 589 PCR 79 H 1% B9 B
W BEE Je HR UK R T 25 R R B R 10 A% B 4N BB
DNA 1 16S rDNA " $% 7 ¥ 75 B g W &8 i v 7K v
HH R 4. HAE 1 000 bp Al 2 000 bp Z A, K%y
91500 bp, X Fl 16S rDNA AR 5B AF & L U0
WG RS 10 A5 I 47 38 A8 2 5 A B 100 £%5 /9 97 3 5>
WA . BDIRCAE Y BT, Y R

aroject
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PCR 7 ¥ ] AxyPrep PCR i i i 7] & 347 4l 1k
JUHE A B AR AR B & AH B 25, 0~30.0 pL 1Y
a9 .

W BEAL PR 3% 19 B8 9% 2F 4T B Y5 PCR, AR )5 @ it

1 %6 1 But iR W6 e FRL U ARG I, 25 R &1 1 BoR . L
W SE AT TR AE AL T 1 500 bp A2 47 . Ul W 3 12 A% 1k
R, BES MSHI1,MSH2 fil MSH3 £ #k % 50
ANFF A A 5871 T 1) B T % I

2000bp

0 TR TS e e S R e e e e e S N e

B 1
Fig. 1

2.2 16S rDNA 3 [ 4 2K #2 1€ 8 T (operational taxo-
nomic unit,OTU) 4> #7

FEAME UL 50 A PH A v B bR T 0 o v B
A 25 S FH RDP 11 H # Chimera Check 2 5 i
TR, 55 %A &I Chimera, #R)5 H DNA Star
A MegAlign X4 f L 1Y 50 4> 5 B 7
G AT A Hi LT B AH RUPE =97 %0 B F AR R 1 A
OTU, R J57E NCBI M uh I ] BLAST 2% X} 4 1k
M OTU MR T HATIEZL X, 45 R BoR
MSHI1 1 50 DFERER 4 R T 41 A~ OTUL A 31 4
OTU WARFEFH 5 GenBank FE 7 i 1) oR 5% 35 41
7 16S rDNA J3 81 AH U 488 R (90 %6 ~99 %),
A& 104 OTU RRFEFHI S5 T R4 B 19 16S rD-
NA FFH0 M RIPE R 5 (92 % ~99 %) s MSH2 1y 50 4>
FEREN AL AT 45 4 OTULA 33 4~ OTU Wt %7
H 5 R B F A HE R 16S rDNA 51 AH L M 58

] | 000 bp

B PCR =¥ B9 I A5 #E SR AL FE Ik 45 3R

The results of agarose gel electrophoresis of colony PCR products

(93%~100%), Hi4x 12 4~ OTU R F 9 5 8
FEI 0B B 16S rDNA 3 41 A1 P 55 (79 % ~
99%); MSH3 1y 50 iR 7+ b T 43 4~ OTU, A
28 1~ OTU MR E P45 GenBank H ¥ FE A 1
AREFEANHE B 16S rDNA 7 51 A L M 45 i35 (87 % ~
99%), Ay 15 4 OTU R F P51 5 & 55 55 0 4l 1A
9 16S rDNA J3 51 AH RIM: 4 85 (91 %6 ~100 %)

XF 3 P XY e BE SR IE AT 2 R MR B0t
Bl i MSH1, MSH2 #il MSH3 BB % %R (O)
A3 28% . 20% F1 26 % s F AR TR B CH 43 5 Ny
1.56,1.42 F1 1. 61; 3¢ % ZR 48 B (D) 43 5 K 0. 98,
0.99F1 0. 99; ¥4 B (J') K 0. 97.0. 86 Hl 0. 99
(£ D, HER O R IEM BT #8137 XT38 5%
T ) 22 FE PR I PR B R B, 3 A o ) 7 T R AT A
E 0 T A 194 5 PR S AT DAAR 4 b S 3l 3 K A4
AR ZREE

F3 3R A 16S rDNA X EREMNM S MR
Table 3 The number of 16S rDNA clones and diversity index in the 3 aquiculture models

B T R KR OTU % HHEEO/% BAARBCHD VLRI E (D) H5IEECTD
Library Total clones OTUS Coverage Shannon-Wiener index Simpson index Evenness
MSHI1 50 41 28 5.20 0.98 0.97

MSH2 50 45 20 5.44 0.99 0.99

MSH3 50 43 26 5.35 0.99 0.98

23 REXEBEHW O EE AT 9 REME, 47l J& Proteobacte-

K MEGA (version 4. 1) %1443 ¥ iy Neigh-
bor-joining ¥ 43 F T 3 AL 1Y 2B R B Y R
G HEM . h ALK E W LA B MSHI 1
16S rDNA 3 B SCE I 7 5 F 2046 T 6 KK
B, 47 5l & Proteobacteria, Bacteroidetes,Cyanobac-

teria, Planctomycetes, Verrucomicrobia Fl Acti-

nobacteria([& 2); MSH2 1 16S rDNA 57 & S J# 1

ria, Bacteroidetes, Cyanobacteria, Actinobacteria,
Planctomycetes., Verrucomicrobia, Acidobacteria,
Chloroflexi I Fusobacteria ( Bl 3); MSH3 #)
16S rDNASE B SO ) P 91 1 2004l T 8 RIS
43 5l & Proteobacteria, Bacteroidetes, Cyanobacte-
ria.Planctomycetes, Verrucomicrobia. Actinobacte-

ria. Acidobacteria fll Fusobacteria(|& 4), 3 FhfEz
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100 1 Uncultured bacterium[FJ612337]
81 | MSH1-29

100 L—Uncultured bacterium[AF4189438]

100— MSH1-49 v icrobi
82 [Uncultured Verrucomicrobia bacterium[AY509518]| ¥ errucomicrobia

100 "MSH1-49

I—Unc ultured bacterium[FJ820433]
100 MSH1-8

74

Planctomycetes
100 Y'Uncultured bacterium[GQ480054]
| Uncultured bacterium[GQ263888]

100 1~ Uncultured actinobacterium[AJ575506]
MSH1-56

100 r Uncultured actinobacterium|[FJ516859]
H 96 MSH1-52 Actinobacteria
100 Uncultured actinobacterium[EU117922]
R‘:E Uncultured bacterium[EU803290]
10071001 MsH1-50

100 jCyanobium Sp. Jj2-3[AM710363]
MSH1-6

1001 Uncultured bacterium[F]612231]
100 MSHI1-22 Cyanobacteria
Uncultured bacterium[HM243763]
10041
1 100'MSH1-28
100 Uncultured bacterium[EU431675]
60 L MSH1-15

L_ Uncultured delta proteobacterium[EF520532]
100= MSH1-58

Uncultured bacterium[ EU803433]
100 MSH1-57
Alpha proteobacterium[AF235994]
84/l MSH1-55
. 100 Uncultured Novosphingobium sp.[F]542890]

Deltaproteobacteria

Alphaproteobacteria

100 Novosphingobium sp.[D84601]
| 100 MSH1-54
58 MSH1-45
100 Uncultured gamma proteobacterium [AY510241]
76 MSHI1-25 . .
Gamma prot eobacterium HAN1[AF331974] Gammaproteobacteria
100 MSH1-59
1007 A8-1gil134304920IghlEF471225.1
99 LMSH1-1
Uncultured bacterium[GQ480080]
100 Uncultured beta proteobacterium[AJ318109] Betaproteobacteria
100 [ MSHI1-41
100 Beta proteobacterium F1021[AF236005]
r Uncultured bacterium[GU3005800] Unknown bacterium
100 LMSH1-3
100, Uncultured bacterium[EU801066]
86 MSHI-18

67

El ncultured Emticicia sp.[HQ111160]
MSH1-31

100 visH1-32

100 MSHI1-43 )
100 Uncultured Bacteroidetes bacterium[FJ517715] Bacteroidetes
100 Uncultured Bacteroidetes bacterium[FJ517715]
6l MSH1-62

Uncultured Sphingobacteria bacterium[EF520596]
r— Uncultured bacterium[F]612368]
MSH1-46

99

100

MSH1-53 I Unknown bacterium

I ——
0.05

B 2 MSHI B 16S (DNA REXEHMENREXER
Fig.2 The phylogenetic tree structured by 16S rDNA clone library from MSH1
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r Haliscomenobacter hydrossis|AJ784892]
MSH2-51

Uncultured Haliscomenobacter sp.[EU703384]
rUncultured bacterium[FJ612385]

100' MSH2-14

Uncultured Bacteroidetes bacterium[FJ517715]
MSH2-18

Saprospira grandis[ AB088636]
l00————MSH2-52

1001 Uncultured Flexibacter sp.[FN668170]
— 99 IMSH2-37
 E—

Flavobacterium johnsoniac[AB495173]

100r Uncultured Flavobacteria bacterium[GQ390233]
MSH2-4

Uncultured bacterium[EU234189]
10 MSH2-49
100r Uncultured Hongiella sp.[EU703451]
MSH2-30

r Uncultured bacterium[FJ612364]
66 T00- MSH2-65

jUncultured Roseiflexus sp.[EU703438]
| 100'Uncultured Roseiflexus sp.[EU703421]
100; Uncultured actinobacterium[EU117871]
MSH2-9
Uncultured bacterium[FJ612246]
100t MSH2-53 ) ) .
100— Uncultured Verrucomicrobia bacterium[AY509518]
L—MSH2-27
100— Uncultured bacterium[HQ116760]
MSH2-6
100r Uncultured bacterium[EU803846]
L-MSH-62
Uncultured bacterium[GQ500873]
Uncultured bacterium [GQ480054
1OOI%‘MSHZ-% 160 ]
Geobacter sp.[HQ222287]
100Uncultured bacterium[EU803555]
'MSH-7.-48
Uncultured Acidobacteria bacterium[AM902627]
TooL[ MSH2-55 . .
oglr Uncultured Acidobacteria bacterium [AY 509523]
96-MSH2-41
100;Uncultured bacterium[HM243763]
100] "MSH2-38
97 Uncultured bacterium[FJ612143]
100 MSH2-44

100

Euglena sp. M167[FJ719661]

100r Uncultured bacterium[GU305837]
L MSH2-10

Cyanothece ya.SKTU126[ABO(>7581]
88  Merismopedia glauca[ AJ781044]

99 T00-MSH2-74
100r Beta proteobacterium F1021[AF236005]
82 LMSH2-I 9
100 ~Uncultured bacterium [FJ820419]
100t MSH2-47

79 L yUncultured
] 100" MSH2-67Polynucleobacter sp.[HQ008557]

9 MSH2-29
99 _%EMSHZ-_“&]

1001 afethylocaldumsp. 05J-1-7[EU275146]

98, Uncultured bacterium[AJ487021]
97, MSH2-20
100y Uncultured bacterium[FJ479556]
99'MSH2-71
r Cetobacterium somerae strain WAL 14325[NR_025533]
TOOL MSH2-26

%:Uncultured alpha proteobacterium [EF667926]
MSH2-35

39 MSH2-54
89 [:Uncultured Hyphomicrobiaceae bacterium[EU266780]
100-MSH2-56

MSH2-15

100' MSH2-16
0.05

B3 MSH2 B 16S IDNA REXEHMENREZ LB H

Bacteroidetes

|Ch10roﬂexi

Actinobacteria

| Verrucomicrobia

| Unknown bacterium

Planctomycetes

! Deltaproteobacteria

Unknown bacterium

Acidobacteria

Cyanobacteria

Cyanobacteria

Betaproteobacteria

Gammaproteobacteria

Fusobacteria

Alphaproteobacteria

\Unknown bacterium

Fig.3 The phylogenetic tree structured by 16S rDNA clone library from MSH2
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38 Uncultured Flexibacter sp.[FN668190]
L— MSH3-7
150% Uncultured Fluviicola sp.[EU703456]
100 MSH3-38
Fluviicola taffensis strain RW262[AF493694]
100—MSH3-54
gy ——— Flavobacterium sp.[FN668116]
100L MSH3-66
IOOI-Uncultured bacterium[FJ612274]
MSH3-40
99 97| Uncultured bacterium[AY218622]
9_|9 _E Uncultured bacterium[HQ403221]
100L— MSH3-29
1 OOI-Haliscomenobacler hydrossis[AJ784892]

MSH3-55
69 Uncultured Flavobacteria bacterium[GQ390233]

— 72
W[&Uncultured Sphingobacterium sp.[FN668093]
1004 Uncultured Sphingobacteria bacterium[EF520592]
100*MSH3-1
rUncultured bacterium[FJ612210]
100- MSH3-28
100, Ilyobacter insuetus|[NR_025454]
100 MSH3-61
Uncultured Fusobacterium sp.[FM242289]
85 MSH3-68
]OO[Uncultured actinobacterium[FJ516859]
MSH3-3
Cyanothece sp.[AB067581]
MSH3-15:48
100, Limnothrix sp.[EF088338]
100 MSH3-22
Cyanobium sp.[AM710363]
951001 MSH3-2,-63
Synechococcus sp.[AJ639899]
1007 MSH3-58
98 Uncultured bacterium[DQ520189]
100 Uncultured bacterium[EU234324]
9% MSH3-17
MSH3-16,-60
67 Uncultured alphaproteobacterium[AJ867909]
Uncultured bacterium[EF574374]
100 Uncultured delta proteobacterium[FM242397]

©
1o

9

MSH3-65

Uncultured Myxococcales bacterium[FJ889281]
MSH3-35

100—Uncultured bacterium[AB286416]

MSH3-11

Uncultured bacterium[FJ660576]

MSH3-26

100, Acinetobacter baumannii[FI1867355]

MSH3-59
Aeromonas sharmana[DQO013306]

100! MSH3-64

MSH3-30

Methylocaldum sp.[EU275146]

100! Methylocaldum sp.[EU275146]
Formivibrio citricus [NR_026478]
MSH3-13

MSH3-70
Uncultured Rhodocyclaceae bacterium[FM207944]
MSH3-50
Uncultured bacterium[FJ612426]
MSH3-52
Burkholderia sp.[AM999539]
MSH3-14,-34
Ralstonia sp.[HQ222281]
MSH3-44
1007 Uncultured Polynucleobacter sp.[HQ111144]
MSH 3-37
Uncultured bacterium[FJ612413]
87700l MSH3-69

0.1

MSH3-46

B4 MSH3 K 16SIDNAREXEMENRESZLBTH

Bacteroidetes

| Planctomycetes

Fusobacteria

|Actinobacteria

Cyanobacteria

Alphaproteobacteria

Deltaproteobacteria

Gammaproteobacteria

Betaproteobacteria

IProteobacteria

Fig.4 The phylogenetic tree structured by 16S rDNA clone library from MSH3



L A 3 IR A A UK M A I ZAEERT R

387

1) Proteobacteria AR & 4 A HE, BN Alphapro-
teobacteria, Betaproteobacteria, Gammaproteobac-
teria A1 Deltaproteobacteria,

MSHI i & 2 J& s Ff i )5 510 4/ MSHI-1,
MSH-6 ,MSH1-31,MSH1-45,MSH1-54 1 MSH1-
55, EATX R NCBI i e r i) A L 25 2331
J& Burkholderia sp. CHNCT10 (EF471225) , #H {81
BEN 99% s Cyanobium sp. JJ2-3(CAM710363) , #H {2
R 99%; Uncultured Emticicia sp. cuticle 12
(HQ111160) , #H {21 & &y 96 % ; Uncultured Sphin-
gobacteria bacterium ADK-MOe02-10(EF520596) ,
ML E b 90% 5 Nowvosphingobium sp. S23306
(D84601) , #HMLE & 92% ; Uncultured Nowosphin-
gobium sp. A08-08E (FJ542890) , AH L BE K 99% .
MSH2 " % 2] J& slOF 89 7 5147 MSH2-4 . MSH2-
38, MSH2-15, MSH2-26, MSH2-30, MSH2-31,
MSH2-34 ,MSH2-37 ,MSH2-51 ,MSH2-52 , MSH2-
56, MSH2-63, MSH2-64, MSH2-67, MSH2-68 #/
MSH2-74, ‘1% R F NCBI A48 22 o () 4 {8l o
J& 8R4 52 Uncultured Flavobacteria bacterium
clone eub62C10,#HMLJE S~ 97 % ; Uncultured Rosei-
flexus sp. clone XZXXH50, #HMLE N 95% ; Cyan-
othece sp. SKTU126, #H{LLE N 95% ; Cetobacterium
somerae strain WAL 14325, 480 E 5 99 % ; Uncul-
tured Hongiella sp. clone XZXXH14, #H I & &
98 % s Methylocaldum sp. 05]J-1-7, #H L & Sy 93% 5
Uncultured Roseiflexus sp. clone XZXXH122, #H
BN 97% ;3 Uncultured Flexibacter sp. s 1L E K
99%; Haliscomenobacter hydrossis, H I & N
98 % s Saprospira grandis, L E N 90% ; Uncul-
tured Hyphomicrobiaceae bacterium clone D10 _
05, ML BE A 98% 5 Uncultured Haliscomenobacter
sp. clone XZXXH141, M LLE K 99% ; Flavobacte-
rium johnsoniae s FHLE }y 93 % ; Uncultured Poly-
nucleobacter sp. ABLEE N 99 % ; Geobacter sp. » M
LR Sl 96% ;3 Merismopedia glauca s ¥ B JF K
99% . MSH3 i &£ 2 & J& 5 Fh (1 )57 5 MSH3-
1.MSH3-2 ,MSH3-7 ,MSH3-13, MSH3-14 , MSH3-
15, MSH3-17, MSH3-18, MSH3-22, MSH3-30.
MSH3-35,MSH3-37 , MSH3-38 , MSH3-43 , MSH3-
44, MSH3-50, MSH3-54, MSH3-55. MSH3-58.
MSH3-59, MSH3-61, MSH3-64, MSH3-66 #l
MSH3-68, “EAI1% B iy NCBI &4 2 v iy AR AL 5

J& B R 43 5l 52 Uncultured Sphingobacteria bacteri-
um clone ADK-GRe02-21, #H L B & 94%; Cya-
nobium sp. JJ2-3 AU K 999 ; Uncultured Flex-
ibacter sp. s #H L& N 95% 5 Formivibrio citricus
strain CreCitl, fH L & & 94 % ; Burkholderia sp.
GAHS, M PLE N 99% ; Cyanothece sp. SKTU126,
FARLEE N 91% ; Uncultured Flavobacteria bacteri-
um clone eub62C10, #H L B A 99%; Uncultured
Sphingobacterium sp. s AHLE K 99% ;s Limnothrix
sp. CENA110, #H{LJE S}y 100 % s Meth ylocaldum sp.
05]-1-7, AH L FE S 94 % 5 Uncultured Myzococcales
bacterium clone Plot18-F09, #H{LlFF & 95 % ; Uncul-
tured Polynucleobacter sp. clone blastula_1, #H{pl B
K99 %;
XZXXH2 A8 PLE S 979 s Methylocaldum sp. 05]-
-7, 40 8L &y 93% 3 Ralstonia sp. enrichment cul-
ture clone Van98, #1 {1 B & 94%; Uncultured
Rhodocyclaceae bacterium, ¥4 8L & N 96 % 3 Fluwvi-
strain RW262, fH L B£ & 94 %
Haliscomenobacter hydrossis s #HLE Fy 98% ;3 Syn-
echococcus sp. 0BB26S03, M BLEE 2k 98 % 5 Acineto-
bacter baumannii strain RUH 0875, #8 L & N
99% ; Ilyobacter insuetus strain VenChi2, FHL B N
91% ; Aeromonas sharmana strain GPTSA-6, #81
FE N 99% ; Uncultured Fusobacterium sp. » HH L
N 95%.

24 3MEXAHBEEMLLESN

MSH1 # it % 8 #f & Proteobacteria (26 %) .
Bacteroidetes(18 %) . Cyanobacteria (14 %) #1 Acti-
nobacteria(12 %) ;s MSH2 W1 #  #f /& Proteobac-
teria (22%) . Bacteroidetes (22%) . Cyanobacteria
(12%); MSH3 ) 1 # B Bt & Proteobacteria
(42%) ( 26%0) .
(14%) . 3 PR Y HAW T T &7 L1 34978 10 %6 LA
L HA A2 (- 5)

Proteobacteria [ 4 A~ FEAE 3 Mgt o oy o5
et AN —#£, H A Alphaproteobacteria 43 %) /5
MSH1.MSH2 il MSH3 B # 1) 8%, 4% Fl 6%
Betaproteobacteria 43 ) 5 25 B X EHBEAY 10%.10%
H 22 % ; Gammaproteobacteria 43 B 5 4% 45 =X B B
B 4% .4 % F1 4% ; Deltaproteobacteria 43 %] iy & 15
K 4% 2% F 8% . K 6 r kI & Proteobacte-
ria B9 4 Fh T BEAE 3 FiAL K 1 Proteobacteria 143 41

Uncultured Fluviicola sp. clone

icola taffensis

Bacteroidetes Cyanobacteria
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@ 7F I TR ] Proteobacteria
30} (€5 @ LK% ] Bacteroidetes
° A q 2 J/INFF 1 Cyanobacteria
E | B b @ R4 ] Planciomycetes
= 60 YW ] Verrucomicrobia
IS TR Actinobacteria
E 40 @ R F1 7% Acidobacteria
= Ll BE T ] Chloroflxi
20 © W '] Fusobacteria
Opl0ZE T Opl0
m H AL E Other bacterium
0 1 2
i Models
B 5 16SIDNAREXEFIE 3 HMAEREXRNIA
Fig.5 The distribution of sequences from 16S rDNA

clone library in the 3 aquiculture models

1007 e AR IEFFIE Alphaproteobacteria
@ 5L 1 2 Betaproteobacteria
80r & 414 ] Gammaproteobacteria
m 7 £ 1 2 Deltaproteobacteria

[ 44/ % Ratio

B6 3#zxEEXPERANNARLE#HER
Fig.6 Structure of different subgroups of proteobacteria

in the 3 aquiculture models

AT ) ), 7T LA B Betaproteobacteria W BE & 3
iz Proteobacteria P A9 F BRI L 20 501 i 3] 3
P AR T R T 119 38. 5% .50 % F1 55 %,

3 AP I 1Y 40 B B V% AL 46 Proteobacteria,
Bacteroidetes,Cyanobacteria, Planctomycetes, Ver-
rucomicrobia Fll Actinobacteria, i B 3X 6 KIS 21 F
& 3 MR AR A B LRl T RE . AN 2 MSHI
MSH3 #f OP10 #1H, MSH2 % A ; MSH2
MSH3 #f A7 B AT [T AR AT 1T MSHIL 3473 H
A MSH2 fA R BB, 755 2 M
25 KRAMER

T 50t I 04 K IR R B A TR KR L e AR
B RALMAE R KB R 50 em A7, XF 3 Fil
A 230 b I 7K 5T HE AT 20 BT L 7E A& i 3E ok
B E NO, AEM NO, &A%, WK AP X 2
FiA 2 W B AR AR . 3 A COD EEREAR
MSH2 i) COD ff & T HAlh 2 #; DO # f AR AR
MSH3 ) DO & FH Al 2 F; TP #4%, MSH3 I
i T HoAl 2 #; MSH2 1 MSH3 % PO,* #h & 1y
BAR, MSH1 3% A & I 3], NH, " & & # 8 1%,
MSH2 Wig & T HA 2 F s TN & & B8 4L, MSH1
e T A 2 A s BRE A BE 5 U 40 MSHI1 >
MSH2>MSH3 (5 2) .

®2 3K MIEKR

Table 2 The water quality of 3 models’ ponds

B JKJEFEFR/(mg/L) Water quality parameter
Models TP PO, NH, TN NO, ~ NO; ~ COD B Alkalinity I Salinity DO
MSH1 0.127 0. 000 0. 206 1.219 0 0 5.602 1. 251 1. 404 2.21
MSH?2 0.127 0.029 0.223 0. 885 0 0 7.405 1. 149 1. 298 2.32
MSH3 0.108 0.042 0. 207 0.943 0 0 5.410 1.075 1. 264 3.07
3 W KT MSHI, 3% FE 1) 4 18 224 1 56 R %A 3 A

IMFEEAKEAT S HMELE

i 16S rDNA o R SCHE 43 B o) LA L 3 Fl ke
AN FPRAARE T . A L3 A OTU
8 & S MSH2™>MSH3 > MSHI1, % 2% & &
/INKF S MSH1 > MSH3 > MSH2, 7 4¢ 48 5 it kK
N F S MSH2>MSH3>MSHI1, % % £ 48 $L K
/N FR S MSH2 =MSH3>MSH1, ¥ 4] B /) K /b
X Z& S MSH2>MSH3>MSH1, i I i %
R AR R0, MSH2 19 40 18 2 H 1% & T MSH1 #l
MSH3, i MSH3 W40 £ 0/ MSH1., B2y
AR B R T A Y FE R R BORT DL e
MSH2 #il MSH3 i & FEEAH Y, H e 100 3 & BE#

3.1

KRR FE LI K, 76 3 il B pr
Pl 75 %, ikl 155, S BRI 4%, ANFEBY
J& MSHI1 i 5 620, BoA &L i3 ; MSH2 8 5
3% . AW Y 3% s MSH3 & A il . LW 5 694,
XU T S5 b vt R 2 AR S e T KR
HYH TR 1Y Z2 AR . TR EE A AT DA Y R W AR
TEE R KA A 2 T 22 R N 3 DN T T K
A I RE W A R A OC B A TR 22 TR A G Y 4
PR o AL SR 150 2L W B 1 7 E AT DL KR B 4
2k, P 3 PP A A B TR B AT A5, 7R A
1M A RE W) B 7K 4K 1, Actinobacteria fIT 7 b ] 45
15 (1250 WA D 32 TR S 76 IR A B0 S AT ALy 653 7K
R, Actinobacteria T 5 Ho @5 T R (6 %0) . 76 A L
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W3 7K 8§, Actinobacteria A LB /N (2 %) L X
Ui BH 5 19 A7 76 T LA I Actinobacteria [ 44 3t 5 [A]
W AT LUA WL e A R W) B MSHS ' Pro-
teobacteria B L8] d7 21 48 %F Pt ¢, B i 2 T MSHI1
1 MSH2 ., X $t B & W) 653 () 77 75 3R] LU i Pro-
teobacteria A% .

TS A B 3K ) Proteobacteria B 3F Bf & 3,
Wt 5 B L 491 10 B ARG 0 2L W 3 1L 81 ) T 7 Betapro-
teobacteria #9J kb il 7t & » Alphaproteobacteria Bt
] F % , Gammaproteobacteria # Deltaproteobacte-
ria BZR AL BEAT KA PE . 3 108 D 498 R R W 9 R 5 1
5] 255 2] Betaproteobacteria A1 Alphaproteobac-
teria £ AR Ak XT3 4h 2 AL HE A 520
32 RKFEKGEHEEZHEMETR

ARWFFEEE R R Y] 3 MRS AT 10 D
I 33 U B DA SRy 3 A TR 7K S B R K AR A 2
GEBME Z M., Hrh Proteobacteria 7£ 3 #f
R R I 5 — DR BT T 23 0l o7 S T 2604
22% M 42% . If H Betaproteobacteria W.[] (10% .
10% 1 22%) AL # W ], Bacteroidetes & %% i
HBETT A3 0005 1890.2200 F1 26 %0 . X R [ 1
Xof 768 51 987 i A DX 20 T 22 A 1 Y F O 4 R LR — B
35 5 7 36 FH ) e 8 XY 55— KA ] 72 Proteobacte-
ria(39. 8 %) , H Betaproteobacteria (17. 2% ) J& % — K
W7, 58 KR ]5& Bacteroidetes, S [A] B8 J& A 32 46
)45 3 i 7R Cyanobacteria J& 5% = KB [T, 1fif 5 BH 14
%5 = KB /& Actinobacteria. 3% W] f 5 #1117k 14
35 GE 7K AR 1 7K 5 AR AN T) A B R A F18) F ] 1 38
ERRA K, XU B AR T ™ 55 e IR KK AR
Proteobacteria fll Bacteroidetes & ¥ 1], H fih
LR 19 D00 At o7 2 Bt 7K B 556 198 A [) T & A A2 4k
33 MEKREGMHBSHEENXER

Proteobacteria £ i & B # 2= COD 1T RE 4 &
17, FHEHESETXE MDAT-TAT &4k it o 9 40 8 7
KRS R L IAT Wb B9 pL i 22 B W
1 53T 6700 X R 25 BR R 258 #9250
F195.9% . FRBUBAED" X 25 75 K AL B R 58 ABR
b B REEAT T S L 45 R R AR TR AT S R
I1EVE Y 78. 6%, X COD i A 547 1 BT o < fiE
J1o X ULBITETS G ™ H 1Y /K MK Proteobacteria 1)
B B K B AT AAE S K B0 5818 &= A W DL R ™
G PR FFAE R 1], A5 o Proteobacteria
W — KA TR 1T, 3% F1 K 0T 9 45 i 48 b 48 4 1K

AR,

Wit RGEKE A LLE L AE 3 Rl K b
WEAR — W R, Bl Hyphomi-
crobiaceae M Burkholderia sp. B [E & . L X
H:BiiVE , Ralstonia sp. M1 Nowosphingobium W] L),
Wi 22 5105 et (PAHs) 3800 HOW 1 8RN A 5 1Y
fa & RIS Ralstonia sp. & B A FEARA HLY 4 5E
J7, 2R DL K 22 B8 R B 53 A O DK I 55 5 Sphin-
gobacteria Xf COD & H HA K ir L Brag 71,
XS G AR AR AR UE T SR 5 7K A4 o ) R RE B
AT BR . A AR . SRk iR ik A —
BEZ 3G B, W Flexibacter sp. » Flavobacteria
SELL YK IR B 3 G AR K I 4 e Ak B0 T
JIT LA 45 R4 K S50 VA 0 8 22 R A % K 7 3 4 /Y
AFRAERK B CE S,
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Biodiversity of aquatic microbial communities
in three aquacultural systems

LI Ge-lei CHEN Chang-fu GAO Yu LIU Zhen-xing TAN Jing-jing

College of Fisheries , Huazhong Agricultural University sWuhan 430070,China

Abstract The bacterial diversity in three aquacultural systems in Shaotan river reservoir of Wuhan
city was studied by the method of 16S rDNA clone library. The grass crap, silver carp,and gible carp
were basal groups of the 3 aquacultural systems, while the paddlefish and big head carp were added by
different proportions. No paddlefish and 6 % big head carp was named system 1, while 3% paddlefish and
3% big head carp was named system 2,and 6% paddlefish and no big head carp was named system
3. The result of phylogenetic analysis showed that the sequences of 16S rDNA clone library in three aq-
uacultural systems included 10 bacterial communities: Proteobacteria, Bacteroidetes, Cyanobacteria,
Planctomycetes, Verrucomicrobia, Actinobacteria, Acidobacteria, Chloroflexi, Fusobacteria and OP10.
The multifarious analysis demonstrated that the diversity index of system 2 was better than the other aq-
uacultural systems,while the diversty index of system 3 was better than system 1.

Key words aquacultural system; 16S rDNA clone library; bacteria diversity; phylogenetic analysis

(AR 2P T



