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Development of a method for ammonia-oxidizing archaea diversity
analysis based on amoA gene amplicons with
high-throughput sequencing
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(2. South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou, Guangdong 510301, China)
(3. School of Environmental Science and Engineering, Guangzhou University, Guangzhou, Guangdong 510006, China)

Abstract: [Background] Using amoA gene as marker for analyzing the diversity of
ammonia-oxidizing archaea (AOA) has stronger specificity and higher resolution than 16S rRNA
gene, it can more accurately reflect the community structure and distribution pattern of AOA in
environmental samples. However, there are two limitations in the analysis of amoA gene sequence
with high-throughput sequencing: one is the lack of corresponding amoA gene reference taxonomic
database; and the other is no determined species-level cut-off value for operational taxonomic units
(OTUs) clustering. [Objective] The aim of this article was to develop a method for
ammonia-oxidizing archaea diversity analysis based on amoA gene sequence with high-throughput
sequencing, providing a reference method to analyze the functional microbial diversity based on
high-throughput sequencing. [Methods] amoA gene sequences of 34 AOA strains from pure or
enrichment culture were used as seed sequences. Uncultured amoA gene sequences from
environmental samples were downloaded from functional gene database. All sequences were used to
construct taxonomic database for amoA gene sequences. By pairwise comparison of 16S rRNA gene
and archaeal amoA identities of all recognized species of AOA, we determined the cut-off value for
OTU clustering at species-level. We used the established reference database and determined cut-off
value to analyze the diversity for water samples in a vertical profile of the South China Sea with the
MOTHUR software. [Results] We constructed a reference taxonomic database containing 26 091
amoA gene sequences, and determined 89% sequence identity as cut-off value for OTU clustering at
species-level. The diversity analysis of AOA sufficiently showed the community structure and
phylogenetic relationship, and effectively revealed the AOA vertical distribution differences in the
South China Sea. [Conclusion] We developed a method for ammonia-oxidizing archaea diversity
analysis based on amoA gene sequence with high-throughput sequencing. This method can
effectively analyze the diversity of AOA in environmental samples.

Keywords: Functional gene, Taxonomic database, Cut-off value, amoA gene, AOA
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Nitrosopumilus cobalaminigenes HCA1 (KX950754)
Nitrosopumilus oxyclinae HCE1 (KX950755)
Candidatus Nitrosopumilus sediminis AR2 (CP003843)
58 Candidatus Nitrosopumilus adriaticus NF5 (CP011070)
81 Nitrosopumilus sp. DDS1 (KR737580) Group I.1a
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62 ——— Candidatus Nitrososphaera gargensis Ga92 (CP002408) Group L.1b
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100 E Candidatus Nitrososphaera evergladensis SR1 (CP007174)
100 Nitrososphaera viennensis EN76 (CP007536)

100

0.05
1 EFNEENEE amoA ERRZLE

Figure 1 Phylogenetic analysis of recognized species of archaeal amoA genes
(Bootstrap) 50% (1000 ) NCBI

amoA

Note: Based on neighbor-joining method, numbers at the node are the bootstrap values (%), bootstrap values (1 000 replicates) less than 50%
are not shown. Sequences are obtained from NCBI database, accession numbers of sequences of amoA gene are shown in parentheses.
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F1 AOA amoA EFEEEZHIBEFIIEKER

Table 1 Summary of the quality of sequences in the reference template database

Items Start End NBases Ambigs Polymer Sequences number
Minimum 1 564 555 0 3 1
2.5%-tile 4 615 594 0 3 653
25%-tile 4 615 597 0 4 6523
Median 4 633 630 0 4 13 046
75%-tile 22 633 630 0 4 19 569
97.5%-tile 22 635 632 0 5 25439
Maximum 37 635 635 0 9 26 091
Mean 9.288 38 627.591 619.302 0 4.013 91

232 FEBKAHERTHNEEUHTEERKESS 3
s AOA 75 m
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500 800 1000m
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3 OriginPro 2017 150 m 200 m
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Figure 2 Correlation of amoA gene similarity versus 16S A PSR A ) %,ﬁb'
rRNA gene similarity
3 FEEAEREKEEENHENBKESS
Note: Black line represents linear fitting, red curve represents Figure 3 Relative abundance of the AOA at genus level in
binominal fitting. different depth in the South China Sea
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Figure 4 Phylogenetic tree of dominant OTUs in the South China Sea
Bootstrap 1 000

NCBI
OTU .

Note: Based on neighbor-joining method, numbers on branches are the supporting percentage by 1 000 replicates. Reference sequences

obtained from NCBI database are marked by black circle, accession number of reference sequences are shown in parenthesis, the percentage
of each dominant OTU in total sequences are shown in bracket.
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Figure 6 Rarefaction curves for OTUs
5 ETFE OTU LHIHHE
Figure 5 Heat map of dominant OTUs in the South China .
Sea Shannon Simpson
75m 100 m OTU Shannon
OTU : Simpson
Note: The left side of the heat map are the sample name and the
sample clustering tree, the upper and the bottom side are the
species clustering tree and dominant OTU name, respectively.
235 o BHEMSH 2.3.6 B EHEMESH
Mothur OTU MOTHUR
(Alpha-diversity) ( 2 thetayc pcoa
99.55% (Principal coordinates analysis)
I150m 200 m OTU 7 7 1
®2 TNERBKEHME Alpha ZiFEHEH
Table 2 The alpha diversity index of samples in different depth
OTUs Chaol Shannon Simpson
Sample Coverage (%) Chaol index Shannon index Simpson index
S28-75 99.88 18 19.828 0.277 0.908
S28-100 99.83 19 23.562 0.611 0.730
S28-150 99.70 29 35.000 1.742 0.245
S28-200 99.58 31 53.536 1.894 0.192
S28-500 99.55 31 46.013 1.257 0.378
S28-800 99.56 30 45.751 1.232 0.373
S28-1 000 99.64 30 38.287 1.266 0.344
89% 1 OTU.

Note: The operational taxonomic unit (OTU) was defined with 89% similarity.
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