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ARTICLE INFO ABSTRACT

Changes of microbial community in the petroleum-contaminated area may have a critical effect on the
process of bioremediation. In the study, high-throughput sequencing was used to study the stucture of
microbial community in the petroleum-contaminated area of Xiuying port, Haikou. In results, there
showed differences in microbial communities between seawater and sediment at the same site. Base
on the metagemone analysis, both bacteria and archaea were frequentuly found in seawater, whereas
bacteria was the dominant microorganism in sediment. Based on category analysis, the seawater
samples mainly include Chloroflexi(18%), Proteobacteria(18%), Planctomycetes(12%), The
sediment samples were mainly include Bacteroidetes (29%), Proteobacteria (29%), Firmicutes (19%)
and Actinobacteria (14%). In conlusion, the study is of great significance to the study of microbial
remediation of petroleum contaminated marine waters.

INTRODUCTION

In recent decades, petroleum hydrocarbons have been
frequently released into aquatic environments by
anthropogenic activities such as extraction, transportation, or
storage of petroleum-based products [1]. Recent studies have
shown that microorganisms might play a crucial role in
regulating the biodegradation of petroleum hydrocarbons [2,3],
However, little is known about the mechanism of
biodegradation. Nevertheless, understanding of the microbial
community composition in remediation systems may provide
in formations to study the mechanism biodegradation in
remediation [4]. Thus, in the study, the structure and
composition of microbial colonies in petroleum contaminated
seawater and sediment from Xiuying port was analyzed by
high-throughput sequencing.

MATERIAL AND METHODS

Sample collection and DNA isolation: The sampling site
located at Xiuying harbor, Haikou City, Hainan Province
(110°17'31.54, 20°1'38.81). One kilogram (kg) of sediment
was collected by the mud grab bucket and transferred into a
sterile bag. One liter (L) of seawater samples above the site of
collected sediment and was filtered with 0.22μm mixed
cellulose ester microporous membrane.
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After filtration, the samples were collected in a sterilized
centrifuge tube and stored at -70℃. Sample collecting was
carried out three times to avoid the sampling biasis. DNA was
extracted and purified from sediment and seawater samples
according to the instruction of DNA extraction kit (MOBIO
Laboratories, Inc., American).DNA extracted from each
sample with three replicates were mixed for subsequent
analysis. The purity and concentration of DNA were detected
by UV spectrophotometer (NanoDrop, Japan).The extracted
DNA samples were stored at -20℃.The qualified DNA
samples were subjected to library construction, which was
further sequenced by Illumina PE150. The Raw Data obtained
from DNA sequencing will be used for information analysis.

Information analysis: Data quality control: Raw data
obtained from DNA sequencing contains a certain proportion
of low-quality data. In order to ensure the accuracy and
reliability of information analysis results, the quality control
and host filtering of raw data were conducted and the Clean
Data was harvested.

Metagenome assembly: Metagenome was assembled with the
clean data of each sample, and the redundant reads of each
sample were mixed and assembled to find the information of
low abundance species in the sample.

Species note: Based on the gene catalogue, the species
annotation information of each gene (Unigene) was obtained
by comparing with the microNR, and the species abundance
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tables of different classification levels were obtained by
combining with the gene abundance table.

RESULTS AND DISCUSSION

Analysis of sequencing results: In the study, Illumina HiSeq
sequencing platform was applied for metagenome sequencing,
and a total of 12,911.39 Mbp of Raw Data was obtained（the
average data was 6,455.69 Mbp）. Then, theclean data of
12,895.48 Mbp were obtained (the average data was 6,447.74
Mbp) after quality control. After single sample assembly and
mixed assembly, a total of 440,693,361 bp of Scaftigs were
obtained. Meta Gene Mark software was used to predict the
results of each sample and mixed assembly, and 720,948 ORFs
(240316 on average) were obtained by the analysis. After
redundancy elimination, a total of 692,427 ORFs, a total length
of 377.14 Mbp, were obtained. The number of complete genes
was 176,935, accounting for 25.55% of total ORFs. Based on
Blastp comparison between non-redundant gene sets and
microNR and species annotated by LCA algorithm, the
proportion of annotated genera and phyla was 44.63% and
64.94% respectively. According to the non-redundant gene sets
annotated by DIAMOND software (E-value ≤10-5),0 (0.00%),
452992 (65.42%), and 437719 (63.22%) ORFs were classified
in the CAZy database, KEGG database, and eggNOG
database, respectively.

Relative abundance of species in seawater and sediment
samples: The relative abundance of microbial species in
seawater and sediment samples are shown in Figure 1.The
seawater samples mainly contain bacteria and archaea, in
which bacteria and archaea account for 66% and 11%,
respectively. The bacteria mainly include Chloroflexi (18%),
Proteobacteria (18%), Planctomycetes (12%) and
Bacteroidetes (2%).The archaea mainly include Candida
bathyarchaeota (4%), Euryarchaeota (4%) and Candida
thorachaeota (1%). In contrast, in the sediment samples,
bacteria accounts for 96% and no genes from archaea was
detected. The types of bacteria in sediment mainly include
Bacteroidetes (29%), Proteobacteria (29%), Firmicutes (19%)
and actinobacteria (14%).The result showed that the common
dominant species in petroleum contaminated water and
sediment were Proteobacteria and Bacteroidetes, which
indicated that those had a wide range of adaptability each other
and could be further used to screen petroleum degrading
bacteria and select functional genes.

Figure 1 Relative abundancy of species at different taxonomic
levels A and B was seawater and sediment sample, respectively

The top ten species with the largest relative abundance:
Based on the classification analysis of relative abundance, the
top 10 species with the largest relative abundance in each
sample were selected, and the rest species were set as others
(Fig. 2). As shown in Fig. 2A, the composition of seawater
samples was richer than the sediment samples according to the
analysis of the phylum-level diversity, and Chloroflexi and
Proteobacteria account for the highest proportion at the
phylum level in seawater. Among the sediment samples,
Bacteroidetes and Proteobacteria had the highest proportion at
the phylum level. Fig. 2B shows the relative abundance of
genera in seawater and sediment samples, the dominant
bacteria in sediment samples were glycomyces, the relative
abundance of the top 10 species in sediment was significantly
higher than that in seawater. It may be that the condition in
sediment is more stable than that in seawater, so the
composition of dominant community is more stable.

Figure 2. The top ten species with the largest relative abundance
in the sample.A the histogram of the horizontal relative

abundance of the phylum.B the histogram of relative abundance
at genus level. BKDO1.1 and BKDO1.2 was seawater and

sediment sample, respectively. The horizontal axis indicates the
sample name, the vertical axis represents the relative proportion

of species annotated to a certain type,the types of objects
corresponding to each color block are shown in the legend on the

right

Conclusion

The balance and diversity of the microbial community
structure were beneficial to petroleum hydrocarbon
decontamination [5]. The result showed that there were
differences in phyla and genera of microbial communities in
the petroleum contaminated seawater and sediment from
Xiuying Port.
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Bacteria and archaea were detected in seawater samples, while
only bacteria were detected in sediment samples. At the
phylum level, the abundance of the top 10 species in the
seawater samples was higher than that in the sediment samples,
while at the genus level, the abundance of the top 10 species in
the sediment samples was higher than that in the seawater
samples. The microbial community structure was different in
different environmental media even in the same area. These
results provide certain support for the study of microbial
remediation of petroleum pollution in different environments.
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