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Abstract:    Microbial diversity of sediments from the northern slope of the South China Sea was studied by constructing bacterial 
and archaeal 16S rRNA gene clone libraries. Fourteen bacterial phylogenetic groups were detected, including Gammaproteo-
bacteria, Deltaproteobacteria, Planctomycetes, Alphaproteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, Chloroflexi, 
Acidobacteria, Betaproteobacteria, Nitrospirae, candidate divisions OP8 and OP11, and an unknown group. Gammaproteobacteria 
was the predominant group in bacterial libraries with the percentage ranging from 31.8% to 63.2%. However, archaeal libraries 
had relatively lower diversity, with most clones belonging to marine archaeal group І uncultured Crenarchaeota. In addition, two 
novel euryarchaeal clones were detected not to match any culture-dependent or -independent isolates. Compared with other gas 
hydrate-rich ecosystems and different areas of the South China Sea, a distinct microbial community was revealed in this study. 
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INTRODUCTION 
 

The South China Sea close to the West Pacific 
“warm pool” is the biggest and deepest sea in China, 
as well as one of the largest marginal seas in the world 
(Lai et al., 2006; Li et al., 2008b). Gas hydrates in 
deep marine environments are solid compounds, 
which contain mainly methane and water, formed due 
to high pressure, low temperature, abundant gas, and 
other unknown factors under deep-sea conditions 
(Mills et al., 2005). The South China Sea exhibits a 
great potential for gas hydrates presence. The north-
ern slope covers an area of 21×104 km2, which takes 

up approximately 6% of total area of the South China 
Sea (Yu et al., 2004). Like many other continental 
slope margins, it is an important component of gas 
hydrate-bearing area in the South China Sea (Lin et 
al., 2005; Wu et al., 2008).  

Microorganisms play a significant role in the 
formation of gas hydrates (Kvenvolden, 1995). Mi-
crobial communities can be apparently influenced by 
the presence of gas hydrates (Inagaki et al., 2006). 
However, only a few studies have been carried out to 
survey the microbial diversity of the South China Sea, 
including Qiongdongnan Basin (Jiang et al., 2007), 
Xisha Trough (Li et al., 2008b), northern slope (17° 
57.70′ N, 114°57.33′ E) (Wang and Li, 2008), and 
southern slope (Li et al., 2008a). The diverse micro-
bial communities living in vast areas of the South 
China Sea are still poorly known. In this study, we 
investigated the diversity of bacteria and archaea in 
marine sediments from three sites on the northern 
slope of the South China Sea. 
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MATERIALS AND METHODS 
 
Sampling site information  

Characteristics of three sampling sites were de-
scribed in Table 1. Sediment samples from the upper 
35 cm of the seabed were collected by multicorer on 
the northern slope of the South China Sea in the 
summer of 2006, and stored at −80 °C until trans-
ported to laboratory for storage at −20 °C. Muddy 
sediment cores with depths of 0~5 cm (approximately 
50 g wet weight) from three sampling sites were used 
for diversity analysis. All processes were aseptic to 
avoid contamination.  

 
 
 
 
 
 

DNA extraction and polymerase chain reaction 
amplification  

Total genomic DNA in a 500-mg sediment from 
each sample was extracted directly using FastDNA® 
Spin Kit for soil (Q-BIOgene, Carlsbad, CA, USA), 
as described previously (Polymenakou et al., 2005). 
The DNA extracts were diluted 10-fold prior to po-
lymerase chain reaction (PCR) amplification to re-
duce inhibition by contaminants. Bacterial 16S rRNA 
gene was amplified by PCR with universal primer 
1492r (5′-GGTTACCTTGTTACGACTT-3′) (Eden 
et al., 1991; Dojka et al., 1998) and bacterial specific 
primer 27f (5′-AGAGTTTGATCCTGGCTCAG-3′) 
(Dojka et al., 1998; Tanner et al., 1998). Primers 
A571F (5′-GCCTAAAGCGTCCGTAGC-3′) and 
UA1204R (5′-TTCGGGGCATACTGACCT-3′) were 
used to amplify archaeal partial 16S rRNA gene 
(around 650 bp) (Baker et al., 2003). PCR reaction 
mixtures contained 1 to 4 ng diluted DNA extracts, 1× 
PCR buffer (1.5 mmol/L MgCl2, 10 mmol/L Tris-HCl 
pH 8.3, 50 mmol/L KCl), 0.4 μmol/L of each primer, 
200 μmol/L dNTPs, and 2 U Taq DNA polymerase 
(TaKaRa, Japan), and Mill-Q water added to a final 
volume of 50 μl. Thermal cycling for both bacteria 
and archaea modified to reduce PCR bias was 94 °C 
for 5 min, followed by 29 cycles of 94 °C for 30 s, 50 
°C for 30 s, and 72 °C for 1.5 min, and a final exten-
sion at 72 °C for 10 min. Each site was amplified in 
two replicate PCR reactions of 50 μl. Negative 

(no-template) control was used to exclude contami-
nation. PCR products were electrophoresed in 1.5% 
(w/v) low-melting agarose gels and extracted with the 
AxyPrep™ DNA Gel Extraction Kit (Axygen, USA). 

 
Cloning and sequencing 

Bacterial and archaeal libraries were constructed 
for each site, including bS0610, bS0615 and bS0604 
for bacterial libraries, and aS0610, aS0615 and 
aS0604 for archaeal libraries. The equivalent amount 
of PCR products of each sample was cloned into 
pMD19-T vectors (TaKaRa, Japan), and transformed 
into Escherichia coli DH5α competent cells. Trans-
formants were screened out by the blue-white 
screening system and picked out randomly for plas-
mid extraction. Recombinant plasmids were identi-
fied by agarose gel electrophoresis after digestion 
with two restriction enzymes BamHI and HindIII 
(TaKaRa, Japan), and sequenced using primer 27f for 
bacterial clones and A571F for archaeal clones on an 
ABI 3730 sequencer at Chinese National Human 
Genome Center at Shanghai. Sequences over 600 bp 
with sound quality were used for further analysis. 
Sequences were checked for chimeras with CHECK_ 
CHIMERA software of Ribosomal Database Project 
II (Maidak et al., 2001), and cross-checked with 
Pintail program (Ashelford et al., 2005). 

 
Statistical analysis of diversity and differences 
between libraries  

Chimera-free sequences in each library were 
aligned separately by CLUSTALW online, and the 
Phylip output format files were used to calculate dis-
tance matrices by DNADIST program contained in 
Phylip 3.67 program package. Distance-based OTU 
and richness program (DOTUR) (Schloss and Han-
delsman, 2005) was used to assign OTUs and calcu-
late diversity indices including abundance-based 
coverage estimator (ACE) (Chao, 1987), Chao1 
(Kemp and Aller, 2004), Simpson and Shannon 
(Zhang et al., 2008).  

To determine the significance of differences be-
tween bacterial libraries, web LIBSHUFF version 0.96 
(http://libshuff.mib.uga.edu/) was used following Sin-
gleton et al.(2001)’s method. A LIBSHUFF compari-
son of libraries yielded the following formula using the 
Bonferroni correction: 0.05=1−(1−a)k(k−1), where a is 
the critical P-value and k is the number of libraries. The 

Table 1  Information of sampling sites 
Sites Longitude Latitude Water depth (m) Seafloor

S0610 118°53′ 22°08′ 546 Mud 
S0604 118°40′ 21°57′ 1211 Mud 
S0615 119°06′ 22°05′ 1285 Mud 
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critical P-value is 0.0085 when three libraries are 
compared. If any comparison of two libraries has a 
lower P-value below or at 0.0085, then there is a 95% 
confidence to believe that those two libraries are sig-
nificantly different in community composition. 
 
Phylogenetic analysis 

One representative clone was chosen for each 
OTU, and then submitted to BLAST program and 
Ribosomal Database Project II program online to 
obtain the closest published relatives. Phylogenetic 
trees were constructed by MEGA software version 
4.0 using Neighbor-Joining method (Saitou and Nei, 
1987) with Kimura 2-parameter model.  

 
GenBank accession numbers 

All partial 16S rRNA gene sequences deter-
mined in the present study were deposited in Gen-
Bank under the accession numbers EU886378 to 
EU886464 for bacterial clones, and GQ180871 to 
GQ180903 for archaeal clones.  
 
 
RESULTS 
 
Diversity analysis and differences between bacte-
rial libraries 

OTUs and diversity estimators were all deter-
mined at 3% 16S rDNA sequence difference level by 
DOTUR program (Table 2). In all, 22, 26, and 32 
OTUs were obtained in 3 bacterial libraries bS0610, 
bS0604, and bS0615, respectively. However, archaeal 
libraries had much fewer OTUs, with only 5, 5, and 6 
OTUs assigned in libraries aS0610, aS0604, and 
aS0615, respectively. As shown in Fig.1a, rarefaction 
curves for archaeal libraries almost reach asymptote, 
indicating that the archaeal community was well 
sampled with low diversity. In contrast, rarefaction 
curves for bacterial libraries fail to approach a plateau 
(Fig.1b), indicating a high bacterial diversity. Previ-
ous studies suggested that the rarefaction curves were 
not saturated even if hundreds of bacterial 16S rRNA 
gene clones were retrieved. But they did reveal im-
portant information about the relative diversity. The 
curves for bacterial libraries (Fig.1b) reveal the same 
tendency with the curves for archaeal libraries (Fig.1a) 
in which diversity appears to increase with depth, 
supported by the diversity estimators (Table 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The web LIBSHUFF program was used to de-
termine the significance of differences between li-
braries. P-value of pairwise comparisons was 0.001 
(below the critical P-value 0.0085) in our compari-
sons, indicating libraries were significantly different 
in community composition, with a 95% confidence. 
Besides, the difference between homologous and 
heterologous coverage curves was determined by the 
distribution of delta-C (ΔC) as a function of evolu-
tionary distance (D) (Fig.2). If two libraries are  

Table 2  Diversity indices (calculated at 0.03 difference 
level) of bacterial and archaeal libraries 

Library No. of 
Clones

No. of 
OTUs ACE Chao1 Shannon Simpson

bS0610 38 22 232.000 117 2.434 0.172
bS0604 39 26 156.114 79 2.965 0.057
bS0615 44 32 422.395 235 3.154 0.052
aS0610 18 5 11.000 7 0.961 0.517
aS0604 18 5 5.628 5 1.382 0.249
aS0615 14 6 13.656 12 1.475 0.231

Fig.1  Rarefaction analysis comparing the relative 
richness of (a) archaea and (b) bacteria among three 
libraries 
The observed numbers of OTUs identified by DOTUR 
program at 3% difference level are plotted against number 
of clones in library. The curve of 1:1 reference means that 
each sequenced clone belongs to a unique OTU. Forks 
curve represents the rarefaction curve for total bacterial 
clones from three libraries in (b) 
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identical, the value of delta-C (ΔC) will be very small. 
Our results of all the comparisons showed significant 
differences between libraries, with considerable ΔC 
values at D below 0.2. All these results supported a 
conclusion that bacterial libraries had significantly 
different community composition. 
 
Analysis of bacterial and archaeal libraries 

A total of 121 sequences were generated from 3 
bacterial libraries, with 14 different phylogenetic 
groups being identified (Table 3). Proteobacteria 
(with 76 clones) dominated in the bacterial commu-
nity, Gammaproteobacteria in particular, accounting 
for 63.2%, 41.0%, and 31.8% in libraries bS0610, 
bS0604, and bS0615, respectively (Fig.3). Gam-
maproteobacteria, Deltaproteobacteria, Firmicutes, 
Bacteroidetes, and Chloroflexi were commonly de-
tected in three libraries, while Betaproteobacteria, 
Nitrospirae, and candidate divisions OP8 and OP11 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

were seldom detected, with only one clone in each 
group. Taking three libraries as a whole represent of 
the South China Sea, bacteria affiliated with Al-
phaproteobacteria, Gammaproteobacteria, Deltapro-
teobacteria, and Planctomycetes took up 9.1%, 44.6%, 
8.3%, and 9.9% of the total 121 clones, respectively. 
The percentages of remaining phylogenetic groups 
ranged from 0.8% to 6.6%. 

Archaeal libraries were much simpler with a 
lower diversity. Marine archaeal group I was the 
dominant group, which took up 100%, 83%, and 
78.6% of aS0604, aS0610, and aS0615, respectively. 

Table 3  16S rDNA phylotype distribution in three 
bacterial libraries 

Bacterial librariesa 
Phylogenetic groups 

bS0610 bS0604 bS0615
Alphaproteobacteria 0 4 7 
Betaproteobacteria 0 0 1 
Gammaproteobacteria 24 16 14 
Deltaproteobacteria 4 2 4 
Planctomycetes 0 7 5 
Firmicutes 2 3 3 
Actinobacteria 0 3 2 
Acidobacteria 3 0 2 
Bacteroidetes 3 1 2 
Nitrospirae 1 0 0 
Chloroflexi 1 1 1 
Candidate division OP8 0 0 1 
Candidate division OP11 0 0 1 
Unknown group 0 2 1 
a Number of clones affiliated with each phylogenetic group 

Fig.2  Results of selected LIBSHUFF comparisons of (a) 
libraries bS0610 (X) to bS0615 (Y), (b) libraries bS0604 
(X) to bS0610 (Y) and (c) libraries bS0604 (X) to bS0615 
(Y) 

Fig.3  16S rDNA phylotype comparison of three bacte-
rial libraries 
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Furthermore, Candidatus Nitrososphaera, deep-sea 
archaeal group (DSAG), and an unknown group were 
found in Crenarchaea. Crenarchaea took up 96% of 
the total archaeal clones. Merely two clones from 
library aS0610 (aS0610-10 and aS0610-16) belonged 
to Euryarchaea. 
 
Phylogenetic analysis of bacterial libraries 

In total, 7, 9, and 13 phylogenetic groups were 
identified in bacterial libraries bS0610, bS0604, and 
bS0615, respectively (Fig.4). The most abundant 
OTU was affiliated to Gammaproteobacteria with the 
closest relative Pantoea agglomerans sp. RI22 
(DQ530141). A few OTUs were affiliated with es-
tablished groups that contained isolated representa-
tives, including Pantoea, Pseudomonas, and Steno-
trophomonas in Gammaproteobacteria, Ochrobactrum  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and Sphingomonas in Alphaproteobacteria, Desul-
fobulbus and Enhygromyxa in Deltaproteobacteria, 
and Clostridium in Firmicutes. However, the majority 
of bacterial clones were closely related to uncultured 
clones from marine environments, except for a few 
ones from non-marine environments such as Chinese 
rice field and uranium mining waste piles. Two novel 
OTUs (bS0604-37 and bS0615-35), assigned to un-
known group, were found in libraries bS0604 and 
bS0615. OTU bS0604-37 (two related clones) were 
the closest to clone Creta1-C11 (AY533950) obtained 
from oxic surface sediments, and formed an inde-
pendent branch that was far away from the remaining 
groups (Fig.4b). OTU bS0615-35, distantly related to 
clone VHS-B3-74 (DQ394961) from harbor sediment 
with 86% identity, formed a sister branch with can-
didate division OP8 (Fig.4c).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Liao et al. / J Zhejiang Univ Sci B   2009 10(12):890-901 895

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Liao et al. / J Zhejiang Univ Sci B   2009 10(12):890-901 
 

896 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4  Phylogenetic trees showing the relationship of bacterial 16S rDNA sequences in libraries (a) bS0610, (b) 
bS0604, and (c) bS0615 to relatives in GenBank 
The trees were constructed by bootstrap neighbor-joining method in MEGA 4.0. Clones in bold were obtained in the present 
study, and numbers in parentheses showed the number of related clones. The environments where relative clones were 
obtained from were given in square brackets. Bootstrap values under 50% were not shown. Aquifex pyrophilus was used as 
the outgroup. Bar, 0.05 substitutions per nucleotide position 
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Phylogenetic analysis of archaeal libraries 
A distinct diversity of archaeal community was 

revealed (Fig.5). In total, 100%, 83%, and 78.6% of 
archaeal clones in libraries aS0604, aS0610, and 
aS0615 belonged to marine archaeal group I, respec-
tively. Relatives of this group included uncultured 
clones retrieved from surface sediments at 2164 m and 
3406 m depth in the Weddell Sea, Antarctica (Gillan 
and Danis, 2007) and the isolate Nitrosopumilus 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

maritimus SCM1 (DQ085097). All clones of marine 
archaeal group I shared high similarity (>96%) with 
each other, and formed a sister branch with Candi-
datus Nitrososphaera containing clone aS0615-4. In 
addition, DSAG and an unknown group were detected 
in Crenarchaeota. Only two clones, aS0610-16 and 
aS0610-10, were grouped into Euryarchaeota, and 
shared low similarity with other isolates or estab-
lished groups in Euryarchaeota. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5  Phylogenetic trees showing the relationship of archaeal 16S rDNA sequences in libraries aS0610, aS0604, and 
aS0615 to relatives in GenBank 
The trees were constructed by bootstrap neighbor-joining method in MEGA 4.0. Clones in bold were obtained in the pre-
sent study, and numbers in parentheses showed the number of related clones. The environments which relative clones were 
obtained from were given in square brackets. Bootstrap values under 50% were not shown. Bar, 0.05 substitutions per 
nucleotide position 
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DISCUSSION 
 

Proteobacteria are the dominant bacteria in all 
three libraries, which is consistent with previous di-
versity investigation of marine sediments from the 
South China Sea (Xu et al., 2004; Lai et al., 2006; Li 
et al., 2008a; 2008b). Because they are the most me-
tabolically diverse bacteria by far, Proteobacteria 
appear in various environments and play crucial roles 
in cycling of chemical elements. Even in deep-sea 
environments, they can still dominate in the bacterial 
community, which is also suggested by our results.  

The northern slope of the South China Sea is 
considered to contain large amount of oil/gas/gas- 
hydrate resources (Jiang et al., 2007). The microbial 
community may be special in such an environment. In 
the present study, Deltaproteobacteria were found in 
all three libraries. A Desulfobulbus related sequence 
(bS0615-24), which shares 95% identity with the 
relative uncultured Desulfobulbus sp., was identified 
in library bS0615. Some species isolated from oil-
fields or water-oil separation system belong to 
Desulfobulbus (Lien et al., 1998). Furthermore, it is 
an interesting discovery that sulfate-reducing bacteria 
(SRB) are syntrophically associated with uncultured 
anaerobic methane-oxidizing archaea (ANME) to 
form a complex consortia in methane-rich deep ma-
rine sediments, and exhaust a large portion of meth-
ane from marine ecosystem (Pernthaler et al., 2008). 
Desulfobulbus is a commonly found syntrophic 
partner in the consortia (Niemann et al., 2006). Thus, 
the detection of Desulfobulbus may give some clues 
to understand the particular role of bacterial commu-
nity inhabiting our sampling environment. These 
related clones may participate in sulfur cycling 
through sulfate reduction, and cooperate with ANME 
group to consume methane. However, no ANME 
group is detected in our archaeal libraries, except two 
Euryarchaeota clones that are distantly related to 
methanogenic bacteria such as Methanosphaera. 
Previously, ANME group from methane hydrate sites 
was not detected, although sulfate-reducing bacteria 
were observed (Inagaki et al., 2006). A possible ex-
planation is that bacterial biomass is much greater 
than archaeal biomass in these ecosystems, which 
leads to the miss of ANME group in culture-  
independent analysis. 

Bacterial JS1 candidate group is a major methane- 

associated group recovered from Pacific Ocean mar-
gins including Peru margin and Cascadia margin, 
where methane hydrates are in great concentrations, 
and acts as an indicator of methane presence (Inagaki 
et al., 2006). Planctomycetes were also found abundant 
in these methane hydrate-rich sediments. However, no 
bacterial clone is affiliated with JS1 group in our li-
braries. Referring to previous studies of the South 
China Sea (Xu et al., 2004; Jiang et al., 2007; Lai et al., 
2006; Li et al., 2008a; 2008b; Wang and Li, 2008), we 
conclude that no JS1 group has ever been discovered in 
the South China Sea margins. We, thus, hypothesize 
that JS1 group is location-specific and cannot be used 
as a universal indicator for methane presence in dif-
ferent marine ecosystems. In our study, Planctomy-
cetes was detected as the most abundant group in ad-
dition to Proteobacteria in two libraries (bS0604 and 
bS0615) constructed from deeper sediments (>1 200 m 
water depth), but was absent in library bS0610 con-
structed from shallow sediment (546 m water depth). 
This result suggests that Planctomycetes prefer deeper 
depth in our sampling environment. 

Chloroflexi (or green non-sulfur bacteria) can be 
detected in all three libraries with only one clone in 
each library. A previous study of late Pleistocene 
organic-rich sediments (sapropels) from the eastern 
Mediterranean Sea has shown that as high as 70% of 
total bacteria belonged to uncultured green non-sulfur 
bacteria, and this high percentage of green non-sulfur 
bacteria was associated with organic-rich sediments 
(Coolen et al., 2002). Chloroflexi was also found to 
be abundant in organic-rich, hydrate-free sites of the 
Pacific Ocean margins, but in a very small portion in 
hydrate-rich sediment (Inagaki et al., 2006). The 
detection of few Chloroflexi clones in the present 
study is consistent with the character of methane 
hydrate-bearing ecosystem. 

Candidate divisions OP8 and OP11 are unique in 
library bS0615 constructed from the deepest sediment 
samples. The candidate division OP series were firstly 
discovered in a hot spring Obsidian Pool in Yellow-
stone National Park of America (Hugenholtz et al., 
1998). These bacteria are distantly related to known 
isolates and clones, and have not been cultured till 
now. Our discovery of the candidate divisions OP8 
and OP11 is consistent with previous studies in which 
these OP series were also identified in hydrocarbon- 
containing soil samples under methanogenic conditions 
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(Dojka et al., 1998; Hugenholtz et al., 1998) and 
sediments from the South China Sea (Li et al., 2008a). 
This consistency may indicate a non-negligible role 
of these candidate divisions in hydrocarbon or 
methane-bearing environments. 

Besides, some OTUs are affiliated with clones 
obtained from carbonate sediments (bS0610-31, 
bS0604-25, and bS0604-38), and methane hydrate- 
bearing sediments (bS0615-50 and bS0615-29). 
These environments are characterized by a high con-
tent of carbon, indicating a possible role in carbon 
cycling of these related clones.  

Archaeal community inhabiting the northern 
slope of the South China Sea has a low diversity. Only 
two clones (aS0610-10 and aS0610-16) in library 
aS0610 belong to Euryarchaeota, while the remaining 
clones are all grouped in Crenarchaeota. Our results 
are consistent with previous studies that have dis-
covered that Euryarchaeota are more abundant in 
upper marine water column, while Crenarchaeota are 
predominant in deeper sediments (Massana et al., 
1997; Karner et al., 2001; Church et al., 2003). Ma-
rine archaeal group I is the most dominant part in 
Crenarchaeota, which accounts for 83%, 78.6%, and 
100% in libraries aS0610, aS0615, and aS0604, re-
spectively. Marine archaeal group I, also named as 
archaebacterium group 1, crenarchaeal group I, and 
marine group 1 Crenarchaeota, was first found in 
oxygenated coastal surface waters of North America 
and abundant in marine environments (Delong, 1992). 
Previous studies have revealed that marine archaeal 
group I Crenarchaeota, including the first isolated 
ammonia-oxidizing archaeon Nitrosopumilus mari-
timus (Könneke et al., 2005), play important roles in 
nitrogen cycling (Leininger et al., 2006; Gillan and 
Danis, 2007). Due to the ubiquity of the marine ar-
chaeal group I in various environments, the roles of 
these Crenarchaeota are supposed to be more versatile 
and key. Marine archaeal group I is possibly the most 
abundant archaeal group on Earth (Wang et al., 2005). 
Unexpectedly, marine archaeal group I was also 
found in a large proportion in methane hydrate-rich 
sediments from Peru margin and Cascadia margin. 
Thus, it is believed that marine archaeal group I may 
be an unusual group that plays an unknown role in 
methane metabolism.  

Besides marine archaeal group I, Candidatus 
Nitrososphaera and DSAG (also named as marine 

benthic group B) were also detected in Crenarchaeota. 
Candidatus Nitrososphaera is the first described 
thermophilic ammonia-oxidizing Crenarchaea ob-
tained from Garga hot spring enrichments (Hatzen-
pichler et al., 2008), and plays an important role in 
nitrogen cycling. DSAG is a dominant group detected 
in methane hydrates sites of Peru margin and Cas-
cadia margin (Inagaki et al., 2006). DSAG also pre-
sents in the current study, although there is only one 
related clone. 

No methanogens were found in our archaeal li-
braries. Previous studies showed that only a small 
proportion of methanogens in hydrate-bearing sedi-
ments could be detected using methanogen-specific 
primers (Inagaki et al., 2006). Thus, methanogens 
might be missed by universal archaeal primers.  

Therefore, we propose that microbial commu-
nity inhabiting sampling sediments from northern 
slope of the South China Sea may participate in ni-
trogen, carbon and sulfur cycling, with the dominance 
of nitrogen cycling in archaeal community. Further 
study is needed to capture more organisms. Since our 
clones are mostly close to uncultured relatives from 
environments, culture-dependent experiments should 
be taken to obtain isolates. Novel bacteria and archaea 
detected in the present study are also worth analyzing 
further. This study provides a primary knowledge of 
microbial diversity in sediments from the northern 
slope of the South China Sea, and indicates a distinct 
microbial community that contains potential novel 
species.  

 
 

CONCLUSION 
 

To conclude, both bacterial diversity and ar-
chaeal diversity were studied by 16S rRNA gene 
clone libraries constructed from sediments on the 
northern slope of the South China Sea at different 
depths. Fourteen phylogenetic groups including an 
unknown group were detected among three bacterial 
libraries. Proteobacteria dominated in the bacterial 
community, followed by Planctomycetes and Fir-
micutes. Most clones obtained in the present study 
were affiliated with uncultured bacteria from marine 
ecosystems, including methane hydrate-bearing en-
vironment, deep-sea sediments, hydrothermal vents, 
and so on. Archaeal community was much simpler 
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with a lower diversity, and marine archaeal group I 
dominated significantly in archaeal libraries. Besides, 
two novel clones were found in Euryarchaeota. Mi-
crobial communities in the sampling sediments from 
northern slope of the South China Sea played an im-
portant role in nitrogen, carbon, and sulfur cyclings. 
The present study disclosed a distinct microbial 
community, and provided a primary analysis of mi-
crobial diversity of this special marine environment. 
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