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Table 1  Information of samples from different areas

Sample

Sampling site Area/m’  c¢(Total N) /(mg/L) Pond age/year
number
1 No. 01 Shi Jiaozui Village Haiyan Town Taishan City( 01 ) 6667 7.85 2
2 No.02 Lianhe Village Muzhou Town Jiangmen City ( 02 ) 5333.6 5.48 2.5
3 No.01 Shatou Village Hongqi Town Zhuhai City ( 01 ) 7333.7  6.17 2
4 No.01 Xianan Village Gangkou Town Zhongshan City( 01 ) 11333.9 6.06 3
5 No.01 Silian Village Banfu Town Zhongshan city ( 01 ) 6667 7.17 3
6 No.02 Da aoyi Village Daao Town Jiangmen City( 02 ) 8000.4  7.85 3
7 No.02 Shawei Village Haiyan Town Taishan City( 02 ) 8000.4  5.46 2
8 No.01 Xiazhou Village Lianzhou Town Zhuhai City( or ) 6667 6.59 2
1.1.2 :BIO-RAD DCodeTM Universal RAD) .
Mutation Detection  System. Agarose Gel DNA 1.2 DNA 16S rRNA PCR
Purification Kit Ver. 2.0 (TaKaRa) .pMD19-T simple
Vector( TaKaRa) « Msp 1. Hae Il (TaKaRa) . Taq | 8000 x g
(TaKaRa) « (Invitrogen) - \PCR  (BIO- CTAB ! DNA
RAD) . (BIO-RAD) . (BIO- (TaKaRa) DNA.
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DNA 341F-GC—lamp DNA 2 pL ddH,0 5 pL Solution [ )
518R " 16StDNA 1341F- DH5«
GC:5-CGCCCGLLCGLCGLGCGGLGGGLGGGGLGGGE 40 pL X—al(20 mg/mL) 20 L IPTG(50 mg/mL)
GCACGGGGGGCCTACGGGAGGCAGCAG3" 518R: LB-Amp(100 pg/mL) 12 -16 h
5°-ATTACCGCGGCTGCTGG3". PCR
PCR " . RV-M  MI1347  PCR
1.3 DGGE DGGE o PCR :94°C 8 min 94°C 1 min 55C
BIO-RAD DCodeTM Universal Mutation 45 s 72°C 1 min 30 72°C 10 min. PCR
Detection System PCR
DGGE 10% 16S o
rRNA PCR 40% - 60% - 1.6 N
80 V.60°C 12 h, PCR 1000
o PCR. PCR
BIO-RAD Quantity One RFLP 90
(Lane) . (Band) min amoA Msp 1 Taq 1 nirS
(Match) (report) 4 Msp 1 Haelll NxrA Msp 1 \Hae
I o
. 1 (OTU)
1.4 amoA nxrA “RirS :C= 1-(nl/N) x100% (N
nl oTu ) ",
1.4.1 amoA PCR zamoAdF (5°- Shannon-Wiener Simpson
GGGGTTTCTACTGGTGGT3") amoA2R (5°-CCCC Evenness J :Shannon-Wiener
TCKGSAAAGCCTTCTTC37) ' ; 194°C H= - Y (Pi) (InPi) Simpson D =1 - ¥ Pi* (Pi=
4 min 94°C 1 min 55°C 45 s 72°C 1 min 30 Ni/N Ni OTU N
72°C 10 min., ) Evenness J=H"/H’  (H” Shannon-
1.4.2  nxrA PCR tnxrA¥F (57— wiener H H’, . =InN). Shannon-Wiener H
CAGACCGACGTGTGCGAAAG3") narAR - ( 57— Simpson D Evenness J
TCYACAAGGAACGGAAGGTC37) ¥ ; v, OTU
94°C 4 min 94°C 45 s 55°C 45 s 72°C 1 min 30 1
72°C 10 mins, o
1.4.3  wirS PCR > nirS1F (5= NCBI
CCTAYTGGCCGCCRCART3") nirS6R ( 5°-CGTTG BlastX
AACTTRCCGGT3") ' ; :94°C 4 min ( =98%)
94°C 45 s 51°C 45 s 72°C 1 min 30 72°C o MEGA version 4. 1
10 mino,
1.4.4 PCR DNA
( Agarose Gel DNA Purification Kit Ver. 2.0 NeighborJoining o
(TaKaRa)) PCR o 3 GenBank amoA
1.5 :JN936443-JN936458 narA
PCR 2 JN969901-JN969913  nirS

pMD19-T simple Vector (0.5 L Vector 2.5 pL

JN969914-JN969933 .
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75% 6 50% . Fig. 1 scanogram of dyed gel(A) lanes and
4 7 bands analysis by Quantity One(B).
2
Table 2 Calculation Method Dice Coefficient
Lane Similarity (1000 sced weight 100% )
1 100. 0 35.1 34.1 35.6 35.4 27.8 30.2 29.1
2 35.1 100. 0 49.3 53.7 56. 4 25.3 57.8 30.9
3 34.1 49.3 100.0 53.2 61.9 39.2 48.4 47.7
4 35.6 53.7 53.2 100. 0 62.8 31.1 60.2 45.7
5 35.4 56.4 61.9 62.8 100. 0 40.7 56.2 50.6
6 27.8 25.3 39.2 31.1 40.7 100.0 28.4 57.4
7 30.2 57.8 48.4 60. 2 56.2 28.4 100.0 32.7
8 29.1 30.9 47.7 45.7 50.6 57.4 32.7 100. 0
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3
Table 3 Contour Qty of bands in all lanes
Band type Contour Qty
1 - - 1.499 11.766 1.771 - 28.348 -
2 - - 2. 666 45. 627 13. 656 - 37.047 -
3 - 13. 456 33.415 10. 831 8.343 5.695 3.762 -
4 - 8. 862 16. 159 27.944 - 20.078 - 65. 863
5 - - 38. 857 44. 405 100. 000 100. 000 6.168 100. 000
6 1.396 5. 855 2.020 37.796 - - 14. 859 43.134
7 10. 658 28.320 100. 000 66.071 34.277 7.588 26.916 20. 167
8 18. 148 41.767 100. 000 60. 500 1.819 - -
9 - - 21. 064 47.943 53.512 - - 19. 639
10 4.109 64. 509 46. 624 - - 22.314 35.823
11 20. 061 96.916 56.414 96. 660 84.781 22.674 100. 000 13. 466
12 100. 000 - 14. 174 86. 800 31.392 - 10. 129 34.736
13 - 100. 000 29.519 40. 879 53. 040 4.374 56. 065 25.691
14 7.900 - 16.777 86. 503 - 48. 142 68.132 23.540
15 25.260 60. 622 49. 680 98.294 39.628 8. 490 39.401 5.936
16 27.738 26.241 33.595 95. 148 60.274 2. 188 70. 081 5.905
17 7.083 14. 530 - 32.933 - 12.758 - -
18 12.528 18.782 51.245 33.427 46. 611 18.268 1.318 34.973
2.2 amoA \nxrA \nirS 37 39 OTU 19
OTUs 1-5 ( 3-A).
DNA narA PCR Msp 1
PCR PCR o amoA Haelll 13 OTUs 3
nxrA “nirS PCR OTUs 18 23 14
490bp 320bp 830bp(  2). 1-10 ( 3-B). mrS
1 2 3 4 PCR Msp 1 Haell
bp
20 OTUs OTU 19
2000—
OTUs 1-10 (
3-C). amoA 95.2% narA
1000— 330b
750— P 93.8% nirS 98. 1% -
500— 490bp amoA nxrA nirS Shannon-Wiener
320bp Simpson Evenness 4 o
250—
100— 4 nirS 3 amoA
nxrA nirS Shannon-—
2 amoA .nxrA .nirS PCR Wiener 2.59 narA 2.00 amoA
Fig.2  Electrophoretogram of amoA nxrA nirS PCR 1.96 nirS nxrA amoA
products. 1. Marker (2000DL) ; 2. amoA; 3. narA;
4. nirS.
2.4
2.3 RFLP 2.4.1 amoA :
amoA 125 RFLP amoA 125
narA 80 nirS 16 OTUs. OTU
105 o amoA
PCR Msp1 Taql ( 4.
16  OTUs OTUs 13 OTUs B (B-
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Fig.3 OTUs distribution in amoA(A) nxrA(B) and nirS (C).
4 amoA .nxrA.nirS
Table 4  Diversity properties of the amoA nxrA nirS gene clone libraries
Gene OTU number Libarary coverage Shannon-Wiener index Simpson index Evenness index
amoA 16 95.2% 1.96 0. 80 0.45
nxrA 13 93. 8% 2.00 0. 82 0.57
nirS 20 98. 1% 2.59 0.89 0. 66
2.4.2 nxrA : 25% (Thauera)
RFLP narA 80 30% Brachymonas 5% 6
13 OTUs, OTU OTUs « Polymorphum
25% Ruegeria 5% 2
( 3. OTUs ( Actinobacteridae)
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Fig.4 Neighbor§oining phylogenetic tree generated from amoA gene. Clones in this study were represented by AOB.

Accession numbers are shown in parentheses. Significant bootstrap values above 50 (1000 iterations) are displayed at

branch nodes. Scale bars represent the nucleotide substitution percentage.
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Fig.5 Neighbor—joining phylogenetic tree generated from narA gene. Clones in this study were represented by NxrA.
Accession numbers are shown in parentheses. Significant bootstrap values above 50 (1000 iterations) are displayed at

branch nodes. Scale bars represent the nucleotide substitution percentage.
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Fig. 6 Neighbor—oining phylogenetic tree generated from nirS gene. Clones in this study were represented by NirS.
Accession numbers are shown in parentheses. Significant bootstrap values above 50 (1000iterations) are displayed at
branch nodes. Scale bars represent the nucleotide substitution percentage.
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Community structure of microbes involved in nitrification
and denitrification in typical shrimp-farming water

Jingyuan Li Weitie Lin°  Jianfei Luo Guoliang Tian
School of Biological Science and Engineering South China University of Technology Guangzhou 510006 China

Abstract: Objective We analyzed the community and diversity of microorganisms involved in nitrification and
denitrification of nitrogen cycle in typical aquaculture water in order to manage microbiological degradation of NH, and
NO, to control nitrogen pollution and nitrogen cycle in shrimpfarming water. Methods Samples were analyzed by
Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE) graph. We constructed clone libraries
of the typical sample based on the functional gene ammonia monooxygenase gene (amoA) nitrite oxidoreductase gene
(nxrA) and nitrite reductase gene (nirS). These three libraries were analyzed by using Restriction Fragment Length
Polymorphism (RFLP). Results Phylogenetic analysis showed that all sequences from amoA library were clustered into
B-Proteobacteria including Nitrosomonas (81% ) and Nitrosospira (19% ). Clones from nxrA library were clustered into
a—Proteobacteria and d-Proteobacteria including Nitrobacter (92% ) and Desulfobacteraceae (8% ). Clones from nirS
library were clustered into a-Proteobacteria B-Proteobacteria and Actinobacteria. [-Proteobacteria was the dominant
group that consisted of Azoarcus (25%) Brachymonas (5% ) and Thauera (20% ). In a-Proteobacteria group
Sophophora (10% )  Polymorphum (25% ) Ruegeria (5% ) were detected. In the Actinobacteria group Streptomyces
(10% ) was detected. Conclusion Microorganisms involved in nitrification and denitrification of nitrogen cycle were
abundant. In the aquaculture water Nitrosomonas was the main performer of ammoxidation Nitrobacter was the main
performer of nitrification and many kinds of populations played important roles in the denitrification.

Keywords: PCR-DGGE Ammonia monooxygenase gene (amoA) Nitrite oxidore-ductase gene (nxrA) Nitrite reductase

gene (nirS) clone library phylogenetic tree
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