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s LxWxH 30 mx8.5 mx0.6 m s
, , 0.6 m,
, (Canna indica) (Iris tectorum)
B (Acorus calamus) 3 ,
PCR-DGGE , 8~10 /m’ 5
(P1-P5) :
, 1 000 m’, 1.8 m; :
LxWxH 200 mx0.54 mx0.62 m,
1 ,
) 1 (Po),
11 , 1 000 m* ,
10%~15 ,
8~10 g, 9.0<10* /hm?,
3 ( 20~30 g/ 3.0><10° /hm?
1) , , 3% 10 min
450 m’, , L (
1.0 1.5m, ; Q/ZZ013-2008,
) ; ),
POKDrop aeration A AW Ecological ditch
! a =
Pl P2 gﬂ P3 M P4 Ps ot O F
Integrated
. - Lol:gical pool
)
1 (P1-P5 ; )
Fig. 1 Chart of the experimental system(P1-P5 represents five recirculating ponds; arrows show water flow direction)
1.2 )
1.2.1 2008 1.2.2 DNA 0.22 pm 200 mL
6 10 1/, 5 , TE (10 mmol/L
1 Tris-HCI+1 mmol/L EDTA, pH 8.0)
3 R R R 10 000 r/min 10 min,
(T) pH (DO) —20°C DNA
: (NH4"-N) (TN) DNA Zhou MM
(TP) (CODy,) DNA 38
(o1, (SD) , -20°C
,P1 6 S1-6, 1.2.3 PCR : 341F-GC-
7 S1-7, s clamp(5’-CGC CCG CCG CGC GCG GCG GGC
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GGG GCG GGGGCA CGG GGGG GGG cCT

ACG GGA GGC AGC AG-3") 534R(5'-CCG
TCA ATT CMT TTG AGT TT-3'), DNA
16StDNA V3 |
PCR 25uL, 10xBuffer
2.5 pL, 10 mmol/L dNTP 0.3 pL, 10 mol/L
0.5 uL, 5 U/uL Taqg DNA 0.3 uL, 50
ng/ulL DNA 1.0 pL, 19.9 uL
PTC-200 PCR ,
PCR (touchdown-PCR, td-PCR)
194 °C 5 min, 94 C 305,65 C
308,72 C 90 s,
0.5 C, 20,
11 , 72 C 5 min
1%
1.2.4 DGGE PCR
10%( =37.5:1, ),
20%~50%(100% 7
mol/L 40% ),
20 pL 1xTAE (20
mmol/L Tris+10 mmol/L +0.5 mmol/L EDTA,
pH 7.4) , 60°C, 80 V 12 h
Bio-Rad
Quantity one 4.1.0 ,
DGGE
(Dice Coefficient, Cy) UPGMA
, Cs=2j/(a+h), j A B
,a b A B
0( ) K
)
125 DGGE
R 1.5 mL
, 50ul  TE
, 4T , 3000 r/min
1 min, 1 uL , 1.2.3
PCR , DGGE

>

PCR
(AxyPrep Gel DNA Purification Kit, )
pMD18-T ,
DH5a , , PCR
PCR,
DGGE ,
16S rDNA
BLAST ,
(Closest Relatives) CLUSTALX

B

MEGA3.1"*(Molecular Evolutionary
Genetics Analysis, MEGA) , UPGMA

(The Unweighted Pair Group Method with Arithme-
tic averages)

13
(Canonical Correspondence Analysis, CCA),
Canoco 4.5 for Windows
(One-Way ANOVA) SPSS 13.0
2
2.1
(P1—-P5), pH TN ,
DO SD , NH,"-N, TP
CODwy ( 2
pH DO SD TP (P<0.05,
n=30), pH ,
; P1 DO
, ; P1
, (P1
) ; P1 TP P3
P6, P1 P2 P4
2.2
2.2.1 DGGE DGGE ,

B
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Fig. 2 The physicochemical characteristics of water body in each pond of the IPRAS
Error bar indicates one standard deviation.
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162~195 bp
( GenBank, Blast , 13
) > GenBank
( 1 2 ( 1 1
3 4 10 11), ( 88%), 16S rDNA
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Fig.3 DGGE fingerprints of PCR amplified 16S rDNA fragments from water samples
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Tab.1 DNA sequences from DGGE bands and their close relatives in GenBank
GenBank 1% GenBank ' .
band no. closest relatives in GenBank ps?ir?lgi?tgye GenBanﬁsccessmn p nglioligaet?ssc
1 Uncultured bacterium clone HRP1_W73 88 FJ409267.1 Acinetobacteria
2 Uncultured actinobacterium clone Ume_OR_68 99 Fl646411.1 Actinetobacter
3 Uncultured gamma proteobacterium clone LTUG02014 90 AY144244.1 Proteobacteria
4 Uncultured gamma proteobacterium clone 228 WD3 100 EU447540.1 Proteobacteria
5 Uncultured bacterium clone WPUB192 100 FJ006840.1 Cyanobacteria
6 Uncultured bacterium clone DXH4-97 100 FJ558984.1 Acinetobacteria
7 Uncultured Bacteroidetes bacterium clone PRD18D12 99 EU801496.1 Bacteroidetes
8 Uncultured Burkholderiales bacterium clone Gap-2-53 99 EU642165.1 Proteobacteria
9 Uncultured marine bacterium clone ZA3743 99 EU092015.1 Cyanobacteria
10 Uncultured cyanobacterium clone balA7 spring03 100 EF627924.1 Cyanobacteria
11 Uncultured alpha proteobacterium clone C31.25SM 97 AF431144.1 Proteobacteria
12 Uncultured Acinetobacter sp. clone NSR3Q1b78 99 EU629702.1 Acinetobacteria
13 Uncultured bacterium clone HellahO1 98 FJ229166.1 Actinetobacter

|EF627924.1| Uncultured cyanobacterium clone balA7_spring03
Band 5

Band 10 WEANET]
FJ006840.1| Uncultured bacterium clone WPUB192 Cyanobacteria

95

EU092015.1| Uncultured marine bacterium clone ZA3743
9L Band 9

EU642165.1| Uncultured burkholderiales bacterium clone Gap-2-53

28 Band 8
Band 3
|AF431144.1| Uncultured alpha proteobacterium clone C31.25SM I
o Band 11 Proteobacteria

36| AY 144244.1| Uncultured gamma proteobacterium clone LTUG02014 7-1

[EU447540.1| Uncultured gamma ¢ b ium clone 228 WD3

40
9%-Band 4

99EAY948032.I| Uncultured Bacteroidetes bacterium clone PRD18D12 WIFFET]
Band 7 Bacteroidetes

99 FJ646411.1| Uncultured actinobacterium clone Ume_OR_68

Band 2

37 EU140923.1| Uncultured actinobacterium clone HP53

FJ229166.1| Uncultured bacterium clone HellahO1
99LBand 13 FERTET]
EU629702.1| Uncultured acinetobacter sp. clone NSR3QIb78 Acinetobacteria

Band 12

Band 1

Fig. 5 Phylogenetic tree constructed by the sequences of the excised DGGE bands



413
F 2 CCA ARSIt HHE
Tab.2 Summary of the CCA analysis for the first two axes
item 1 axis 1 2 axis 2
eigenvalues 0.139 0.094
- species-environment correlations 0.875 0.922
cumulative percentage variance
species data 9.4% 15.7%
- species-environment relation 26.5 44.4
total variance explained 35.4%
Monte Carlo permutation test F-ratio P-value
1 axisl 2.174 0.010
all axes 1.440 0.002
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TN NN 56 ,
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. 6 . DNA [15-16]
Fig. 6 CCA bi-plot based on DGGE patterns and environ-
g P p
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b
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Analysis of microbial community structure in an integrated pond re-
circulating aquaculture system

YAO Yandan" % LI Gu', TAO Ling', LI Xiaoli', ZHANG Shiyang', ZHAO Qiaoling', LIN Yuliang'

1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Jingzhou 434000, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: Aquaculture has been one of the fastest growing segments of global food production sector in recent
decades. With the rapid development, it also leads to many environmental problems. For example, both per unit
area yield of aquatic products and their quality has declined continuously. It is important that well-balanced sys-
tems be developed that are sustainable. Constructed wetlands (CWs) are ecologically beneficial, low-cost treat-
ment alternatives, proven capable of reducing suspended solids, 5-day biochemical oxygen demand (BODs), ni-
trogen, phosphorus and heavy metals from wastewater of many sources. In the present paper, the physicochemical
and microbial characteristics of culture ponds in an Integrated Pond Recirculating Aquaculture System (IPRAS)
based on constructed wetland were investigated during the period of June to October 2008. In the study, 16S rDNA
gene V3 region was amplified from total DNA of bacteria in water samples and followed by DGGE. Sequences of
13 dominant bands excised from DGGE gels were analyzed and the closest relatives of obtained sequences were
all uncultured bacterial clone in GenBank._The results indicated that levels of dissolved oxygen (DO) and trans-
parency (SD) showed a decreasing trend along the flow direction (P1—P5), while an opposite trend for ammonium
nitrogen (NH4'-N), total phosphorus (TP) and chemical oxygen demand (COD,). The recirculating treatment
increased water DO and SD, while decreased pH, CODy, and nutrients compared to the control. The DGGE fin-
gerprints suggested a high species richness of microorganism and the clustering dendrogram revealed distinct dif-
ferences in microbial community structure between the recirculating and control ponds. By the phylogenetic tree,
the 13 dominant bands were grouped into four phyla: Actinobacteria, Proteobacteria, Cyanobacteria and Bacter-
oidetes, among which two cyanobacterial bands particular distributed in the control. The results of canonical cor-
respondence analysis (CCA) also revealed that the distribution characteristics of DGGE fingerprints was strongly
associated with the measured environment. Hereby, conclusions could be reached that the recirculating aquaculture
system, as a new cultivation pattern, effectively improved the microbial environment of the culture ponds and
benefited pond aquaculture. The results also provided basic references for analyzing the microbial community
structure and their functional relationships in further study. [Joural of Fishery Sciences of China, 2011, 18(2):
407-415]

Key words: integrated pond recirculating aquaculture system; microbial community structure; constructed wetland,;
DGGE
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