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Table 1 ~ Primers used in this study
Primers Sequences(5°— 37) Positions Annealing temperature / °C References
27f AGAGTTTGATCCTGGCTCAG 8 -27 55 25
1492r GGTTACCTTGTTACGACTT 1510 - 1492 25
BAMOSf TGGGGRATAACGCAYCGAAAGI 142 - 162 57 18
BAMOr AGACTCCGATCCGGACTACG 1295 - 1314 18
NitA CTTAAGTGGGGAATAACGCATCG 137 - 159 58 19
NitB TTACGTGTGAAGCCCTACCCA 1214 - 1234 19
Nsol225r CGCCATTGTATTACGTGTGA 1225 - 1244 60 20
Eub338f ACTCCTACGGGAGGCAGC 338 - 355 21
CTO189¢f GGAGRAAAGYAGGGGATCG 189 -207 57 22
CTO654r CTAGCYTTGTAGTTTCAAACGC 632 - 653 22
'"R: AorG Y:CorT.
1.6 o CTO189f/
DNA NCBI CTO654r
(http://www. nchbi. nlm. nih. gov) Blast 67.3% Nso1225r/Eub338f
GenBank 46.9% B-AOB . BAMOf/
N BAMOr  NitA/NitB
B-AOB 6.7%
. 8. 2% B-AOB
Hydrogenophaga sp. (42.2%) Vogesella perlucida
2 (28.6%). 3
CTO189f/CTO654r B-
2.1 AOB 4
2 ° T CTO189f/CTO654r
2 o T pH S pH B-AOB o
;2 (SVI) 60 —70 mL/g Tor
; 60 [
107 -10° 32 i{_, sot m T sample
NH4 TN 6.5 h :: sl 8 S sample
&
NH, TN 90% o <
o
5 30f
o
2 g
£ 20f
Table 2 Characteristics of biofilm in recirculation g
= L
aquaculture systems 10
Biofil H SvVI1/ AOB/(cfu/g Removal rate of 0 J N 3
o (mL/g)  dry biofilm) NH, " -N/% BAMOFBABMOY NitA/NitB Nso12251/Eub338f CTO189f/cto654r
Tsample 7.1+0.4 70.23+2.755.4x10°  89. 35 +1.89 Primers for B-AOB 165 rDNA gene
S sample 7.8 £0.3 62.19 +3.92 2.2 x10° 96.77 +2.61
1 PCR AOB
22 T B-AOB
4 T B_AOB 16S tDNA Fig. 1 Recovery of AOB in clone libraries of PCR products prepared
PCR with different primer pairs.
3.1 . 4 2.3 s B-AOB

Nitrosospira sp.

B-AOB
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3 T B-AOB
Table 3 B-AOB clone libraries constructed with 4 primers pairs in T sample
Primers BLAST hit f::fessm" fi;'ﬂ""“y i\lllx)me(:[
BAMOf/BAMOTr B-Proteobacteria Hydrogenophaga sp. AB476725 92 -99 19
Nitrosospira sp. GQ255603 90 -99 3
Environmental clones FJ946566 95 1
y-Proteobacteria Acinetobacter sp. GU233818 92 -99 12
Raoultella sp. DQ839331 98 1
Enterobacter sp. GU201549 99 1
Pseudomonas sp. GU563752 92 1
Aeromonas veronii bv. sobria GU990233 100 1
Steroidobacter sp. EU665094 92 1
Acidobacteria Acidobacterium sp. FJ901680 92 -93 3
Acidobacteriales bacterium EU449670 93 1
Clostridia Clostridium sp. FJ957505 97 1
NitA /NitB B-Proteobacteria Vogesella perlucida EF626691 93 -94 14
Nitrosomonadaceae bacterium EF019260 90 -95 8
Nitrosospira sp. GQ255608 91 -97 4
Ideonella sp. DQ664241 93 -97 4
Ralstonia sp. HQ222281 97 3
Thiobacter subterraneus NR_024834 91 -92 2
Leptothrix sp. AB458235 96 -97 2
Burkholderia sp. HQ222273 98 2
Janthinobacterium sp. GU201564 91 -92 2
Rubrivivax gelatinosus AF487435 97 1
Aquincola tertiaricarbonis DQ656489 95 1
Thiobacillus denitrificans EU546130 92 1
Thiobacter sp. HM145961 91 1
Methylibium aquaticum DQ664244 98 1
y-Proteobacteria Aquicella siphonis NR_025764 95 -96 2
Aeromonas veronii HQ407242 99 1
Nso1225r/Eub338f B—-Proteobacteria Nitrosospira sp. GQ255602 91 -96 23
Nitrosomonadaceae bacterium EF019754 93 -96 5
Herbaspirillum sp. GU201559 97 3
Polynucleobacter sp. HM856413 95 3
Collimonas sp. AB531412 96 2
Azospira restricta DQ974114 97 2
Dechloromonas sp. AY032611 99 1
Polynucleobacter necessarius subsp. AB599919 99 1
Flavobacterium sp. AM934661 93 1
Methylotenera mobilis DQ287786 95 1
Environmental clones DQ676290 97 1
y-Proteobacteria Acinetobacter sp. DQ322071 94 1
Uncultured bacterium  Environmental clones EU778828 89 4
Environmental clones HM845909 94 1
CTO189{/CTO654r B-Proteobacteria Nitrosospira sp. GU097360 92 -97 33
Aquaspirillum sp. FM204981 96 -97 2
Azospira sp. GQ183420 96 -99 2
Opitutae Opitutus sp. AM940800 93 -95 10
y-Proteobacteria Thermomonas sp. GU257718 92 -93 2
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4 S B-AOB
Table 4 B-AOB clone libraries constructed with 4 primers pairs in S sample
Accession Similarity No. of
Primers BLAST hit No. 1% y clones
BAMOf/BAMOr B-Proteobacteria Undibacterium sp. HQ003430 97 -99 5
Polynucleobacter necessarius subsp. FN556008 94 -99 4
Curvibacter sp. HM357758 98 3
Azospira sp. EU214546 97 -98 2
Uliginosibacterium sp. HM124379 93 -97 2
Duganella sp. GU138381 99 2
Dechloromonas sp. AF170355 98 1
Propionivibrio sp. GQ420923 98 1
Aquaspirillum sp. GU257813 98 1
Rhodocyclus sp. GU560169 96 1
Acidovorax sp. HQ259135 98 1
y-Proteobacteria Marinobacter sp. FJ984869 90 -91 9
Acinetobacter sp. HQ246231 99 5
Pseudomonas sp. GQ183242 96 -97 4
Rhizobacter sp. GQ369084 99 1
Cellvibrio sp. FJ889286 98 1
Actnetobacter junii DQ859984 99 1
Thermomonas sp. GU257718 95 1
d-Proteobacteria Environmental clones FJ569938 93 1
NitA /NitB B-Proteobacteria Vogesella perlucida strain EF626691 92 -93 14
Polynucleobacter necessarius subsp. AB468976 99 13
Aquabacterium sp. EU706220 93 -97 5
Nitrosomonadaceae bacterium EF019260 91 -93 2
Nitrosospira sp. GQ255602 93 2
Azospira restricta DQ974114 93 -98 2
Methyloversatilis universalis DQ923115 92 2
Curvibacter sp. HQ008595 93 1
Polynucleobacter sp. AB599847 93 1
Vogesella indigofera HM236169 92 1
Dechloromonas sp. AF170354 98 1
Opitutae Opitutus sp. FJ477567 87 2
y-Proteobacteria Environmental clones AJ318123 94 1
Fusobacteria Cetobacterium somerae NR_025533 93 1
Nso1225r/Eub338f B-Proteobacteria Alcaligenaceae bacterium AM936094 92 -98 21
Thiobacter subterraneus NR_024834 91 -93 11
Methylophilus leisingeri AB193725 94 -99 4
Burkholderiaceae bacterium AM936570 93 -94 3
Oxalobacteraceae bacterium EF018081 97 2
Nitrosospira sp. GQ255602 90 -94 2
Nitrosomonadaceae bacterium AM936044 93 1
Azospira sp. GQ421081 92 1
Rhodocyclaceae bacterium EF019994 92 1
Sideroxydans lithotrophicus DQ386859 93 1
Thiobacillus sp. (GQ329483 93 1
CTO189f/CTO654r y-Proteobacteria Saccharospirillum sp. FM175353 91 -94 25
Achromobacter sp. GQ418019 84 -99 13
B-Proteobacteria Nitrosospira sp. AM773611 92 -95 6
Comamonas sp. GQ246691 98 1
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Comparing the primer specificity for betaproteobacterial
ammonia-oxidizing bacteria in recirculation aquaculture
systems

.1 1 -2 . 1 1*
Fangfang Pei’ Peng Zhu™  Hang Min~ Kaihong Lu~  Yangfang Ye
' Key Laboratory of Applied Marine Biotechnology (Ningbo University) Ministry of Education Ningbo 315211 China
? College of Life Science Zhejiang University Hangzhou 310058 China

Abstract: Objective To analyze the difference of specificity of four primers for betaproteobacterial ammonia-oxidizing
bacteria (B-AOB) 16S rDNA gene from the biofilm of closed recirculation aquaculture systems. Methods We used 163
rDNA clone libraries to describe the B-AOB diversity. Results CTO189f/CT0654r produced the highest frequency of
B-AOBHike sequences (67.3% ). The amplification performance of primer was noticeably influenced by the biofilm
samples. Hereinto the biofilm of closed recirculation aquaculture systems of Tilapia nilotica resulted in the higher
amplification performance of primers. Conclusion CTO189f/CTO654r exhibited the highest specific for B-AOB 16S
rDNA gene from the biofilm of closed recirculation aquaculture systems.

Keywords: betaproteobacterial ammonia-oxidizing bacteria 16S rDNA  clone library specificity of primers
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