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August 29, 2009
Dear editor,

Attached please find the revised version of the manuscript entitled "Bacterial and
archaeal communities in the surface sediment from the northern slope of the South
China Sea" — Liao et al., ZUSB-D-09-00181. We want to thank you and the
anonymous reviewers for the helpful comments. The changes made, based on the
comments raised by the reviewers, are explained below.

Yours sincerely
Xue-Wei Xu
Min Wu

Comments from reviewer 1
1, Strongly suggest having a native English speaker edit the manuscript as there are numerous
errors in the choice of words, although the text is usually understandable. Examples:

with percentages arranging should read with percentages ranging
considerable low diversity should read considerably lower diversity
four unique groups probably should use four uncommon groups
Besides, two novel should read In addition, two novel

Changed as suggested (page 1, lines 17 to 19). In addition, the English text had
been revised by Professor Manyuan Long, the University of Chicago (Email:
mlong@midway.uchicago.edu).

2, The small libraries appear to have been sufficient to capture a large fraction of the diversity of
archaea, but the authors make no comment regarding how well bacterial diversity is represented.
It would have been quite easy to show rarefaction plots for bacteria as well.

The rarefaction analysis for bacterial libraries were performed and showed in Fig.
1b based on the suggestion. The curves showed that bacterial libraries were not
saturated. However, we can still get some interesting information from these
libraries. What's more, libraries may fail to reach a plateau even if more clones
are sequenced. Considering the cost, we have to reduce our sampling effort to get
a preliminary analysis of bacterial diversity in South China Sea, which disclosed
some useful clues as we hoped.


http://www.editorialmanager.com/zusb/download.aspx?id=10443&guid=248992a9-416b-42cd-8997-2fb34d19a15f&scheme=1

3, The lengthy recitation of which environmental or cultured organism is mostly closely related is
not very useful. The narrative description is very difficult to read and provides little insight into
the meaning of the relationships. If you know that a particular clone was most closely related to an
organism in uranium mines or rice fields, what have you learned? Most of the results could have
been put into a table for anyone who is interested in specific details.

According to the comments, the part of "Phylogenetic analysis of bacterial
libraries™ was shortened to avoid the lengthy recitation and useless description.
Interesting results and specific clones were discussed in the "DISCUSSION" part.
Considering most of the results, especially the closest relatives and environments
retrieved, were illustrated by phylogenetic trees in Fig. 4a~4c, we did not put
them in a table in order to avoid repetition.

4, | would say that the greatest deficiency of the manuscript is the small library size. Because
few clones were available, the absence of organisms means very little. However, the presence of
some organisms is interesting and the authors have been reasonably careful to avoid
overinterpreting their data set.

We know that libraries are small-sized and may miss many organisms. However,
just as the reviewer pointed out, the presence of some interesting organisms
makes sense in understanding the microbial communities living in hydrate-rich
sediments of South China Sea. That's the value of our study. Certainly, your
advice is helpful to our future researches.

5, In summary, the authors have a modest amount of information to present, and the information is
somewhat interesting. | would advise condensing the manuscript, but otherwise found it suitable
for publication after revision.

Based on the comments, the revised manuscript was condensed by reducing 4
pages. We appreciate all your precious comments. Thank you very much!

Comments from reviewer 2

Some minor revisions are indicated below and the english should be improved.
Minor comments:

- Page 1, line 34: "arranging from": bad english

Changed as suggested (page 1, line 17).



- Page 2, line 15: Sentence "The South China Sea harbors...": bad english.
We have changed "The South China Sea harbors great potential gas hydrates,

continental slope and basin are in particular.” to "The South China Sea exhibits a
great potential for gas hydrate presence."” (page 2, lines 31 to 32).

- Page 3, line 23, Sampling and sites information. Please give more details on the sediments. Give
the date of collection. What type of sediments were collected? (the surface 0-1 cm? 0-5 cm? 0-10
cm?). Were the sediments muddy or sandy? What quantity was sampled?
More details were given on the data of collection and the type of sediments
(Sediment samples from the upper 35 cm of the seabed were collected by
multicorer), the quality (muddy) and quantity (Muddy surface sediment cores at
the depth of 0-5 cm (approximately 50 g wet weight)) of sediments. (page 2, lines
49 to 51)

- Page 3, line 34. Replace "pollution” by "contamination”.

Changed as suggested (page 2, line 52).

- Page 3, line 47: replace "were" by "was".

Changed as suggested (page 2, line 55).

- Page 3, line 47: what quantity of sediments was used for DNA extraction?

500 mg sediment for each sample was used for DNA extraction (page 2, line 55).

- Page 3, line 59: replace "of" by "by"; replace "were" by "was".

Changed as suggested (page 2, line 58).

- Page 4, line 9. Give the length of the PCR amplicons (primers A571F and UA1204R).

The length was around 650 bp and given based on the suggestion (page 3, line
63).



- Page 4, line 31: Was the same annealing temperature (50°C) used for eubacteria and archaea?

Yes. And we have made it out in the revision (page 3, line 66).

- Page 6, line 34: "According to Bonferroni..." : bad english, please rephrase.
We have rephrased this sentence as follows (page 4, lines 98-100).
"A LIBSHUFF comparison of three libraries yielded the following the formula
using the Bonferroni correction: 0.05=1- (1-a) ", where a was the critical
P-value and k was the number of libraries. The critical P-value was 0.0085 when
three libraries were compared."

- Page 8, line 26: replace "were statistically significant different" by "were significantly different".

Changed as suggested (page 5, line 132).

- Page 8, line 58: replace "Total 121 sequences were" by "A total of 121 sequences was".
Changed as suggested (page 5, line 142).
- Page 14, line 50: replace "demonstrated” by "suggested": you have to be careful because the
study is entirely based on PCR, which is not a quantitative method.
Changed as suggested (page 7, line 196).
- Page 15, line 20: replace "In the present study, Desulfobulbus is identified in library bS0615" by
“In the present study, a Desulfobulbus related sequence was identified in library bS0615". Please
give the similarity values between the sequences.
We have replaced "In the present study, Desulfobulbus is identified in library
bS0615" by "A Desulfobulbus related sequence (bS0615-24), which shared 95%
identity with the relative uncultured Desulfobulbus sp., was identified in library
bS0615." (page 7, lines 199-201). And the similarity has been given in the
sentence.

- Page 16, line 14: replace "didn't" by "did not".

The sentence has been changed as "Previously, ANME group from methane hydrate



sites was not detected, although sulfate-reducing bacteria were observed (Inagaki et
al., 2006)." (page 8, lines 211-213)
We appreciate all your precious comments. Thank you very much!
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2008b). Gas hydrates in deep marine environmentohdecempounds which contain mainly
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Microbial diversity of sediments from South ChineaS

methane and water, formed due to high pressuretdowerature, abundant gas, and other
unknown factors under deep-sea conditions (Milal, 2005).The South China Sea exhibits a
great potential for gas hydrates presefite north slope covers an area of 215, which
takes up approximately 6% of total area of the SouthaC8ea (Yiet al, 2004). Like many other
continental slope margins, it is an important componegasfhydrate-bearing area in the South
China Sea (Liret al, 2005; Wuet al, 2008).

Microorganisms play a significant role in the forroatof gas hydrates (Kvenvolden, 1995).
Microbial communities can be apparently influencedhgypresence of gas hydrates (Inagski
al., 2006). However, only a few studies have been chaig to survey the microbial diversity
of the South China Sea, including Qiongdongnan B@samget al, 2007), Xisha Trough (L&t
al., 2008b), north slope (17°57.70" N, 114°57.33' EBr{§vand Li, 2008) and south slope ¢t ial,
2008a). The diverse microbial communities living istvarea of the South China Sea are still
poorly known. In this study, we investigated the déitgrof bacteria and archaea in marine

sediments from three sites on the northern slopeso$buth China Sea.

MATERIALS AND METHODS

Sampling and sites information

Characteristics of three sampling sites were desciib&able 1. Sediment samples from the
upper 35 cnof the seabed were collectieg multicoreron the northern slope of the South China
Sea in the summer of 2006, and stored at —80°C tuamtisported to laboratory for storage at
—-20°C.Muddy sediment corewith depth 0-5 cm (approximately 50 g wet weightm three

sampling sites were used for diversity analysis. All psges were aseptic to aveishtamination

DNA extraction and PCR amplification

Total genomic DNAN 500 mg sediment from each sampiesextracted directly using
FastDNA-Spin Kit for soil (Q-BIOgene, Carlsbad, CASA), as described previously
(Polymenakotet al, 2005). The DNA extracts were diluted 10-fold pti@iPCR amplification to
reduce inhibitiorby contaminants. Bacterial 16S rRNA gemesamplified by PCR with universal
primer 1492r (5-GGTTACCTTGTTACGACTT-3") (Eden, 1I9Dojkaet al, 1998b) and

2
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bacterial specific primer 27f (5-AGAGTTTGATCCTGGCTCAZ3-(Dojkaet al, 1998b; Tanner
et al, 1998). Forward primer A571F (5-GCCTAAAGCGTCCGTEE'") and reverse primer
UA1204R (5'-TTCGGGGCATACTGACCT-3') were used to difgparchaeal partial 16S rRNA
gene(around 650 bp(Bakeret al, 2003). PCR reaction mixtures contained 1 to 4ihgedl DNA
extracts, 1x PCR buffer (1.5 mmol/L MgC10 mmol/L Tris-HCI (pH 8.3), 50 mmol/L KCI), 0.4
umol/L of each primer, 200mol/L dNTPs and 2 OaqDNA polymerase (TaKaRa, Japan),
adding MillQ water to a final volume of 50. Thermal cycling foboth bacteria and archaeas
modified to reduce PCR bias as follows, 94°C for 5 rfulowed by 29 cycles of 94°C for 30 s,
50°C for 30 s, and 72°C for 1.5 min, and a finakegion at 72°C for 10 min. Each site was
amplified in two replicate PCR reactions of dONegative (no-template) control was used to
exclude contamination. PCR products were electrogkdran 1.5% (w/v) low-melting agarose

gels and extracted with the AxyPrep DNA Gel Extrack@r{Axygen, USA).

Cloning and sequencing

Bacterial and archaeal libraries were constructe@dich site with the corresponding name
bS0610, bS0615 and bS0604 for bacterial libraries 250610, aS0615 and aS0604 for archaeal
libraries, respectively. The equivalent amount of RE&lucts of each sample were cloned into
pMD19-T vectors (TaKaRa, Japan), and transformexEstherichia colDH50 competent cells.
Transformants were screened out by the blue-whitesarg system and picked out randomly for
plasmids extraction. Recombinant plasmids were idedtlfy agarose gel electrophoresis after
digestion with two restriction enzymBanHI andHindlll (TaKaRa, Japan), and sequenced using
primer 27f for bacterial clones and A571F for archatmes on an ABI 3730 sequencer at
Chinese National Human Genome Center at Shanghai.g@glences over 600 bases with sound
guality were used for further analysis. Sequences waleecked for chimeras with
CHECK_CHIMERA software of Ribosomal Database Proiec
(http://rdp8.cme.msu.edu/html/index.html) (Maidetkal, 2001), and cross-checked with Pintail

program (http://www.bioinformatics-toolkit.org) (Asheitl et al, 2005).

Statistical analysis of diversity and differences betwéearies
Chimera-free sequences in each library were aligepdrately by CLUSTALW online

3
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(http://align.genome.jp/), and the phylip output fornilgsfwere used to calculate distance
matrices by DNADIST program contained in Phylip 3g8@gram package
(http://evolution.genetics.washington.edu/phylip.htmist@nce-based OTU and Richness
program (DOTUR, http://www.plantpath.wisc.edu/fac/jaild.html) (Schloss and Handelsman,
2005) was used to assign OTUs and calculate divénsiiges including ACE (Chao, 1987),
Chaol (Kemp and Aller, 2004), simpson and shannoan@ét al, 2008).

To determine the significance of differences betwesandsial libraries, web LIBSHUFF
version 0.96 (http://libshuff.mib.uga.edu/) was usdhbfdng Singleton method (Singletcet al,
2001).A LIBSHUFF comparison of libraries yielded the fallmg the formula using the
Bonferroni correction: 0.05=1- (&)""", wherea was the criticaP-value anck was the number
of libraries. The criticaP-value was 0.0085 when three libraries were compéfrady
comparison of two libraries had a lowewalue below or at 0.0085, then there was a 95%

confidence to believe those two libraries were sigaiftty different in community composition.

Phylogenetic analysis

One representative clone was chosen for each OTdthan submitted to BLAST program
and Ribosomal Database Project Il program onlindtain the closest published relatives.
Phylogenetic trees were constructed by MEGA softwarsion 4.0 using Neighbor-Joining

method (Saitou and Nei, 1987) with Kimura 2-parametedel.

GenBank accession numbers
All partial 16S rRNA gene sequences determined irptheent study were deposited in
GenBank under the accession numbers EU886378 t8&46& for bacterial clones, and

GQ180871 to GQ180903 for archaeal clones.

RESULTS

Diversity analysis and differences between bactdbiedties
OTUs and diversity estimators were all determinegPatl6S rDNA sequence difference
level by DOTUR program (Table 2). In all, 22, 26 a2dCBTUs were obtained in three bacterial

4
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libraries bS0610, bS0604 and bS0615, respectivelyueder, archaeal libraries had much fewer
OTUs, with only 5, 5 and 6 OTUs assigned in libsuia&0610, aS0604 and aS0615, respectively.
As depicted in Fig. 1a, rarefaction curves for arehfieraries had almost reached asymptote,
indicating that the archaeal community was well sathpligh low diversity. In contrast,

rarefaction curves for bacterial libraries failedafproach a plateau (Fig. 1b), indicating a high
bacterial diversity. Previous studies suggested tleatatefaction curves were not saturated even
if hundreds of bacterial 16S rRNA gene clones wergekatd. But they did reveal important
information about the relative diversity. The curvestfacterial libraries (Fig. 1b) revealed the
same tendency with the curves for archaeal libréFigs 1a) in which diversity appeared to
increase with depth, supported by the diversity estiragi@ble 2).

The web LIBSHUFF program (for a review see Singiatbal, 2001) was used to determine
the significance of differences between librariesalue of pairwise comparisons was 0.001 (<
the criticalP-value 0.0085) in our comparisons, indicating likranveresignificantly different in
community composition, with a 95% confidence. Besitlesdifference between homologous
coverage curve and heterologous coverage curveletaamined by the distribution of delta-

(AC) as a function of evolutionary distand®) (solid red curves, Fig. 2). If the two libraries were
identical, the value of delt@-(AC) would have been very small. Our results of alldbmparisons
showed significant differences between librarieshwonsiderable delt&-(AC) values at
evolutionary DistancéD) below 0.2. All these results support a conclusit bacterial libraries

had significantly different community composition.

Analysis of bacterial and archaeal libraries

Atotal of 121 sequences wagenerated from three bacterial libraries, with foemtdifferent
phylogenetic groups being identified (Table Bjoteobacterigwith 76 clones) dominated in the
bacterial communityGammaproteobacterian particular, which took up 63.2%, 41.0% and 31.8%
in libraries bS0610, bS0604 and bS0615, respectivay 8. Gammaproteobacterja
DeltaproteobacteriaFirmicutes BacteroidetesndChloroflexiwere commonly detected in three
libraries, whileBetaproteobacteriaNitrospirag Candidate divisions OP8 and OP11 were seldom
detected, with only one clone in each group. Takingethibraries as a whole represent of the
South China Sea, bacteria affiliated witlphaproteobacteriagGammaproteobacterja

5
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DeltaproteobacteriaandPlanctomycetetook up 9.1%, 44.6%, 8.3% and 9.9% of the total 121
clones, respectively. The percentages of remaipirtydpgenetic groups ranged from 0.8% to
6.6%.

Archaeal libraries were much simpler with a loweredsity (Fig. 5). Marine archaeal group |
was the dominant group, which took up 100%, 83%7$@% of aS0604, aS0610 and aS0615,
respectively. Furthermore, candidaNisrososphaeraDeep-Sea Archaeal Group (DSAG) and an
unknown group were found withi@renarchaeaCrenarchaeaook up 96% of the total archaeal
clones. Merely two clones from library aS0610 (aS06Q and aS0610-16) belonged to

Euryarchaea

Phylogenetic analysis of bacterial libraries

In total, seven, nine and thirteen phylogenetic gsowere identified in bacterial libraries
bS0610, bS0604 and bS0615, respectively (Fig. 4).mbst abundant OTU was affiliated to
Gammaproteobacteriwith the closest relativBeantoea agglomerarsp. R122 (DQ530141). A
few OTUs were affiliated with established groups whiohtained isolated representatives,
includingPantoea, Pseudomonasad Stenotrophomonasithin Gammaproteobacterja
OchrobactrumandSphingomonawithin AlphaproteobacterigDesulfobulbusnd Enhygromyxa
within DeltaproteobacteriaandClostridiumwithin Firmicutes However, the majority of bacterial
clones were closely related to uncultured clones fnwarine environments, except for a few ones
from non-marine environments such as Chinese it dnd uranium mining waste piles. Two
novel OTUs (bS0604-37 and bS0615-35), assignedumtaown group, were found in libraries
bS0604 and bS0615. OTU bS0604-37 (two related s)omas closest to clone Cretal-C11
(AY533950) obtained from oxic surface sediments, fanshed an independent branch which was
far away from the remaining groups (Fig. 4b). OTU &@E® 35, distantly related to clone
VHS-B3-74 (DQ394961) from harbor sediment with 8iéléntity, formed a sister branch with

candidate division OP8 (Fig. 4c).

Phylogenetic analysis of archaeal libraries
A distinct diversity of archaeal community was revedfd. 5). In total, 100%, 83% and
78.6% of archaeal clones in libraries aS0604, aS@6#GS0615 belonged to marine archaeal

6
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group |, respectively. Relatives of this group inéddincultured clones retrieved from surface
sediments at 2164 m and 3406 m deptthefWeddel Sea, Antarctica (Gillan and Danis, 2007)
and the isolat&litrosopumilus maritimuSCM1 (DQ085097). All clones of marine archaeal group
| shared high similarity (> 96%) with each other, andnfed a sister branch with candidatus
Nitrososphaeraontaining clone aS0615-4. In addition, Deep-Sea&eal Group (DSAG) and an
unknown group were detected witiimenarchaeaotaOnly two clones aS0610-16 and aS0610-10
were grouped int&uryarchaeotaand they shared low similarity with other isolategstablished

groups withinEuryarchaeota

DISCUSSION

Proteobacterisare the dominant bacteria in all three libranesich is consistent with
previous diversity investigation of marine sedimemsnfthe South China Sea (Xtial, 2004;

Lai et al, 2007; Liet al, 2008a; 2008b). Because thag the most metabolically diverse bacteria
by far, Proteobacteriaappear in various environments and play cruciakrin cycling of

chemical elements. Even in deep-sea environmeredg cim still dominate in the bacterial
community, which is alseuggestedby our results.

The northern slope of the South China Sea is considemzhtain large amount of
oil/gas/gas-hydrate resources (Jiah@l, 2007). The microbial community may be special in
such an environmeneltaproteobacteriare found in all three libraries. Desulfobulbuselated
sequence (bS0615-24), which shared 95% identitytivéhrelative uncultureBesulfobulbusp.,
was identified in library bS061%50me species isolated from oilfields or water-ejlaration
system belong tDesulfobulbuglLien et al, 1998). Furthermore, it is an interesting discouteat
sulfate-reducing bacteria (SRB) are syntrophicalspamted with uncultured anaerobic
methane-oxidizing archaea (ANME) to form a complensmotia in methane-rich deep marine
sediments, and exhaust a large portion of methamne fharine ecosystem (Pernthad¢ral, 2008).
Desulfobulbuss a commonly found syntrophic partner in the cotisg¢Niemanret al, 2006).
Thus, the detection desulfobulbusnay give some clues to understand the particulara®l
bacterial community inhabiting in our sampling environindhese related clones may participate
in sulfur cycle through sulfate reduction, and coofgevdath ANME group to consume methane.

7



O©CO~NOOOTA~AWNPE

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

Microbial diversity of sediments from South ChineaS

However, no ANME group is detected in our archéibedries, except tw&uryarchaeotaclones
which are distantly related to methanogenic bacteréh asviethanosphaeraPreviously, ANME
group from methane hydrate sites was not deteatdthugh sulfate-reducing bacteria were
observed (Inagaki et al., 2006). A possible exglands that bacterial biomass is much greater
than archaeal biomass in these ecosystems, whichtte#us miss of ANME groups in
culture-independent analysis.

Bacterial JS1 candidate group is a major methanedassdgroup recovered from Pacific
Ocean margins including Peru margin and Cascadia mavgere methane hydrates are in great
concentration, and acts as an indicator of metpagsence (Inagalet al, 2006).Planctomycetes
are also found abundant in these methane hydratasediments. However, no bacterial clone is
affiliated with JS1 group in our libraries. Considerprgvious studies of the South China Sea (Xu
et al, 2004; Jianget al, 2007; Laiet al, 2007; Liet al, 2008a; 2008b, Wang and Li, 2008), no
JS1 group has ever been discovered in the Soutta@#a margins, thus, a hypothesis is
proposed that JS1 group is location-specific anchcaibe used as an universal indicator for
methane presence in different marine ecosystems. Istwdy, Planctomyceteis detected as the
most abundant group besid@®teobacterian two libraries (0S0604 and bS0615) constructed
from deeper sediment (> 1200 m water depth), butrdlisdibrary bS0610 constructed from
shallow sediment (546 m water depth). This result ssigflanctomyceteprefer deeper depth in
our sampling environment.

Chloroflexi(or Green non-sulfur bacteria) can be detected thrae libraries with only one
clone in each library. Previous study of late Pleistee organic-rich sediments (sapropels) from
the eastern Mediterranean Sea has showed as higPoasf I6tal bacteria belonged to uncultured
green non-sulfur bacteria, and this high percentageesin non-sulfur bacteria was associated
with organic-rich sediments (Coolet al, 2002).Chloroflexiis also found to be abundant in
organic-rich, hydrate-free sites of the Pacific Oceargims, while consists a very small portion in
hydrate-rich sediment (Inagadt al, 2006). The detection of fe@hloroflexiclones in our
libraries is consistent with the character of methayurate-bearing ecosystem.

Candidate divisions OP8 and OP11 are unique in {iliy80615 constructed from the
deepest sediment sample. The candidate division #3 seere firstly discovered in a hot spring
Obsidian Pool in Yellowstone National Park of Amerieligenholtzet al, 1998). These bacteria
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are distantly related to known isolates and cloneshamd not been cultured till now. Our
discovery of the candidate divisions OP8 and OPtbrisistent with previous studies in which
these OP series were also identified in hydrocarboagtng soil samples under methanogenic
conditions (Dojkeet al, 1998a; Hugenholtet al, 1998) and sediments from the South China Sea
(Li et al, 2008a). This consistency may indicate a non-nidgigole of these candidate divisions
in hydrocarbon or methane-bearing environments.

Besides, some OTUs are affiliated with clones olethinom carbonate sediments
(bS0610-31, bS0604-25 and bS0604-38), and methalrate-bearing sediments (bS0615-50 and
bS0615-29). These environments are characterizéigbycontent of carbon, indicating a possible
role in carbon cycling of these related clones.

Archaeal community inhabiting the northern slope ofSbeth China Sea has a low diversity.
Only two clones (aS0610-10 and aS0610-16) in libe&9610 belong tRuryarchaeotawhile
the remaining clones are all grouped witBirenarchaeotaOur results are consistent with
previous studies which have discovered Eatyarchaeotaare more abundant in upper marine
water column, whil&Crenarchaeotare predominant in deeper sediments (Masstag 1997,
Karneret al, 2001; Churclet al, 2003). Marine archaeal group | is the most dontipart within
Crenarchaeotawhich accounts for 83%, 78.6% and 100% in libragi®6610, aS0615 and
aS0604, respectively. Marine archaeal group |, alseedaas archaeobacterium group 1, archaeal
group | and marine groupdrenarchaeotawas first found in oxygenated coastal surface waiér
North America and abundant in marine environmentddqiy, 1992). Previous studies have
revealed that marine archaeal grofirénarchaeotaincluding the first isolated
ammonia-oxidizing archaedyitrosopumilus maritimu@Konnekeet al, 2005), play important
roles in nitrogen cycling (Leiningeat al, 2006; Gillan and Danis, 2007). Due to the ubiqaity
the marine archaeal group | in various environmehésroles of thes€renarchaeotare
supposed to be more versatile and key. Marine eadtggoup | is possibly the most abundant
archaeal group on Earth (Waatjal, 2005). Unexpectedly, marine archaeal group | alss
found in a large proportion in methane hydrate-rictirsents from Peru margin and Cascadia
margin. Thus, it is believed that marine archaeal graught be an unusual group which plays
an unknown role in methane metabolism.

Besides marine archaeal group |, candidalit®sosphaeraand Deep-Sea Archaeal Group

9
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(DSAG, also named as Marine Benthic Group B) ase detected withi€renarchaeota
CandidatudNitrososphaeras the first described thermophilic ammonia-oxidigtrenarchaea
obtained from Garga hot spring enrichments (Hatzdgiet al, 2008), and plays an important
role in nitrogen cycling. DSAG is a dominant gralgiected in methane hydrates sites of Peru
margin and Cascadia margin (Inagakal, 2006). DSAG also presents in our library, although
there is only one related clone.

No methanogens was found in our archaeal libraPieszious studies showed that only a

small proportion of methanogens in hydrate-bearingrssuts could be detected using

methanogen-specific primers (Inagakial, 2006). Thus, it is possible that methanogens might b

missed using universal archaeal primers.

Therefore, a hypothesis can be proposed that marommunity inhabiting in sampling
sediments from northern slope of the South Chinan®saparticipate in nitrogen, carbon and
sulfur cycling, with the dominance of nitrogen cyclingarchaeal community. Further study is
needed to capture more organisms. Since our cloagaastly close to uncultured relatives from

environments, culture-dependent experiments shouldkes to obtain isolates. Novel bacteria

and archaea detected in the present study arevatsio analyzing further. This study provides us a

primary knowledge of microbial diversity in sedimemsnfi the northern slope of the South China

Sea, and indicates a distinct microbial community ¢batains potential novel species and

possibly even more that can be expected.

CONCLUSION

To conclude, both bacterial and archaeal diversitewtudied by 16S rRNA gene clone
libraries constructed from sediments on the nortskmpe of the South China Sea at different
depth. Fourteen phylogenetic groups including amank group were detected among three
bacterial librariesProteobacteriadominated in the bacterial community, followed by
PlanctomyceteandFirmicutes Most clones obtained in the present study werbzdéfd with
uncultured bacteria from marine ecosystems, includiethane hydrate-bearing environment,
deep-sea sediments and hydrothermal vents and soabiaeal community was much simpler
with a lower diversity, and marine archaeal grouprhiohated significantly in archaeal libraries.

10
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Besides, two novel clones were found witBmryarchaeotaMicrobial communities in the
sampling sediments from northern slope of the SohihaCSea played an important role in
nitrogen, carbon and sulfur cycling. The preserdystlisclosed a distinct microbial community,

and provided a primary analysis of microbial diversityhis special marine environment.
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Table 1. Information of sampling sites.

Sites Longitude Latitude Depth of water (m) Seafloo
S0610 118°53 22°08 546 Mud
S0604 118°40 21°57 1211 Mud
S0615 119°06 22°08 1285 Mud

Table 2. Diversity indices (Calculated at 0.03 diffeetevel) of bacterial and archaeal libraries.

Library No. of OTUs ACE Chaol Shannon Simpson
Clones
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
14
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Table 3. 16S rDNA phylotype distribution in three baetdibraries.

Libraries?

Phylogenetic groups
bS0610 bS0604 bS0615

Alphaproteobacteria 0 4 7
Beltaproteobacteria 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 phylogengtoup.
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Fig. 2. Results of selected LIBSHUFF comparisong\fibraries bS0610X) to bS0615Y), (B)
libraries bS0604X) to bS0610Y) and (C) libraries bS0604K) to bS0615Y). Solid blue line
with hollow diamonds and solid green line with solidtaagles represent homologous and
heterologous coverage curves, respectively. Salidimes indicate delt& (AC) for original
samples at different value of evolutionary distancdid3ioes with forks indicate the 95% delt-

(AC) for the randomized samples. TR&alue of comparisons is 0.001.
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Fig. 3. 16S rDNA phylotype comparison of three baatdibraries. Each color represents the
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bS0610-34

clone P9X2b2C11 (EU491253) [seafloor lavas from the Loi'hi Seamount Pisces Peak X2]

bS0610-19

Pseudomonas sp. NB1-h (AB013829)

bS0610-37

100L—clone pltb-vmat-44 (AB294950) [shallow submarine hot spring]

bS0610-28

98 clone Urania-1B-26 (AY627534) [deep-sea sediment from Eastern Mediterranean]
bS0610-5

fl loﬁ{clone TB3_28 (EU746762) [drinking water system]

97

91

99

100! clone SED250_60 (EU557882) [stream sediment]

eLRRqOd0IdRWWERD

bS0610-1 (16)
99 100! Pantoea agglomerans sp. R122 (DQ530141)
99 bS0610-40
ﬂne BDI-1 (AB015514) [deep-sea sediments]
bS0610-31
499|:clone CI5cm.D04 (EF208686) [sandy carbonate sediment]

109|j bS0610-26
clone VHS-B5-77 (DQ395043) [harbor sediment]
mgl: bS0610-44
clone Sval038 (AJ240979) [permanently cold marine sediments]

Sphingobacteria sp. JAM-BA0302 (AB362263)

10
4‘94 r bS0610-48
100Lclone BNT06-26 (AB240702) [cold seep sediment from Nankai Trough] |

sojOpIoIdORg

70)

10— bS0610-9 .
L clone 9mO5SAISF08 (EF629773) [sponge tissue] Chloroflexi
97 bS0610-11
clone BD3-7 (AB015549) [deep-sea sediments] E
bS0610-13 £
85 clone JTB36 (AB015242) [deepest cold-seep area of the Japan Trench] %
97, bS0610-43 g
clone VHS-B4-45 (DQ394996) [harbor sediment] g
bS0610-29 s
10 Enhygromyxa salina sp. SMK-1-3 (AB097591)

100! bS0610-38

Candidauts Magnetobacterium bavaricum (X71838)
106{ E bS0610-6 Nitrospira
991 clone VHS-B4-14 16S (DQ394981) [harbor sediment]

IOQI: bS0610-2
clone HCM3MC91_10H_FF (EU373965) [canyon and slope sediment]

clone GR-296.1.86 (AJ301566) [uranium mining waste piles] Acidobacteria

bS0610-17 (2) L
loﬁ[clone P9X2b3H10 (EU491158) [seafloor lavas from the Loi'hi Seamount Pisces Peak X2] Firmicutes

0.05

Aquifex pyrophilus (M83548)
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51 clone POX4b2A10 (EU491466) [seafloor lavas from Hawai'i South Point X4]

93

I bS0604-21
H bS0604-15
100Lclone POX4b2A06 (EU491463) [ocean crust]

100—clone AT-s80 (AY225635) [Mid-Atlantic Ridge hydrothermal sediment]

991 bS0604-22 (2)

Pseudomonas sp. NB1-h (AB013829)
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94L—clone SC1-44 (DQ289906) [South Atlantic Bight Permeable Shelf Sediment]
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100! Pantoea agglomerans sp. R122(DQ530141)
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clone EPR3965-12-B¢c82 (EU491882) [seafloor lavas from the East Pacific Rise]
Desulfarculus baarsii DSM 2075 (AF418174)

Desulfonatronospira dismutants ASO3-1 (EU296537)

bS0604-40

clone LM45 (AM909963) [Chinese rice field]
100—— bS0604-46

Bacteroidetes

51

L Reichenbachiella agariperforans KMM3525 (AB058919)

67| Clostridium termitidis DSM 5396 (X71854)
104 E bS0604-3 (3) Firmicutes
90 clone BSV75 (AJ229219) [anoxic bulksoil] |

101

bS0604-49
clone TK17 (AJ347036) [sponges]
bS0604-45
clone P9X2b8C05 (EU491301) [seafloor lavas from the Loi'hi Seamount Pisces Peak X2]

‘ Chloroflexi

eLRI0RqOdj0IdEWILIRD

eLIIORqO0IdRId  BLdIORqOSj0IdEyd]Y

Solirubrobacter soli Gsoil 355 (AB245334) >
Actinomadura sp. CNU125 PL04 (DQ448743) g‘
100[ bS0604-26 g
clone AT-s2-33 (AY225655) [Mid-Atlantic Ridge hydrothermal sediment] @
100 | bS0604-44 5
1_00{clone P9X2b7F12 (EU491208) [seafloor lavas from the Loi'hi Seamount Pisces Peak X2
100r bS0604-37 (2) Unknown

100y

Lclone Cretal-C11 (AY533950) [oxic surface sediments of eastern Mediterranean Sea] | group
bS0604-27
clone JK638 (DQ368249) [suboxic zone of the black sea]
100r bS0604-6 (2)
10 clone BD3-11 (AB015552) [deep-sea sediments]

clone B97 (AY375065) [deep-sea sediment from western Pacific Warm Pool]

clone JMK-2 (AB281489) [anammox bioreactor from marine environment ]

bS0604-30
clone P0X4b2G02 (EU491483) [seafloor lavas from Hawai'i South Point X4]
Planctomyces sp. Schlesner 130 (X81952)

99,

bS0604-38
clone CI5ecm.F03 (EF208689) [sandy carbonate sediment]
planctomycete sp. 116 (AJ231181)

bS0604-25

clone CIScm.G12 (EF208694) [sandy carbonate sediment]

10

79)
100
Aquifex pyrophilus (M83548)
0.05

20
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Microbial diversity of sediments from South ChineaS

93-clone EPR3970-MO1A-Bc21 (EU491607) [seafloor lavas from the East Pacific Rise] ]

55| L bS0615-45

991 bsS0615-41
¢ 74 clone GL1-29 (EF215728) [inert artificial surfaces submerged in marine water]

clone Belgica2005/10-130-12 (DQ351758) [marine sediments]
99L bS0615-37

clone BDI-1 (AB015514) [deep-sea sediments from different depths]
99L bS0615-28
Pantoea agglomerans sp. RI122 (DQ530141)
99'bS0615-4 (10)
clone BIS81-042 (AB239007) [cold seep sediment]
991 bS0615-21

euo}0RqO}0IdBWILIED)

82

94

99 Sphingomonas sp. strain B28161 (AJ001052)
bS0615-9
99rclone Therm30-D10 (AY533916) [oxic surface sediments of eastern Mediterranean Sea] | o,
91 bS0615-16 i
clone 655092 (DQ404752) [contaminated sediment] '5‘
96 bS0615-27 §
36 ————— Methylocystis sp. SFB1 (AJ868421) g
99; Ochrobactrum anthropi sp. YZ-1 (EU275247) <}
[ bS0615-17 (3) ®
clone pltb-vmat-21 (AB294937) [shallow submarine hot spring]
9 bS0615-39
99—clone HMMVPog-8 (AJ704690) [marine sediment]
88 bS0615-12 (2) =
Geoalkalibacter subterraneus Redl (EU182247) _g?
91 99 Uncultured Desulfobulbus sp. (AB188774) [cold seep sediment] %
[ bS0615-24 s
79 Desulfosarcina variabilis (M34407) §
499|:Elonc SR27 (AY771945) [marine surface sediment] 5
99L bS0615-43
ggrclone R76-B102 (AF449263) [Riftia pachyptila's tube] ‘ ops8
L bS0615-10
clone VHS-B3-74 (DQ394961) [harbor sediment] ‘ Unknown
99 bS0615-35 group
i 99r—clone BS1-0-2 (AY255000) [tidal flat]
bS0615-20
bS0615-15 Acidobacteria
clone P9X2b8B05 (EU491320) [seafloor lavas from the Loi'hi Seamount Pisces Peak X2]
Acidobacteria sp. Ellin7137 (AY673303)
99, clone VHS-B5-17 (DQ395037) [harbor sediment]
99 bS061S-46 . Bacteroidetes
clone A312009 (AY907731) [Arabian Sea water]
99— bS0615-48
— clone BSV75 (AJ229219) [anoxic bulk soil]

bS0615-3
Clostridium termitidis DSM 5396 (X71854)

bS0615-32
clone TANB101 (AY667266) [TCE-dechlorinating groundwater]
Clostridium carboxidivorans (AY170379)
9grclone BD2-10 (AB015539) [deep-sea sediments]
bS0615-36
99 clone POX3b5D12 (EU491389) [seafloor lavas from Hawai'i South Point X3]
99 bS0615-47

{clone Urania-2B-40 (AY627598) [deep-sea sediment from Eastern Mediterranean]
99 bS0615-2

ggﬁclonc JG35+U1-AGI121 (AM114433) [soil sample from uranium mining waste pile] ™ ]
L—bS0615-23

99, clone ODP1230B5.30 (AB177220) [methane hydrate bearing subseafloor sediment]
— bS0615-50

-Planctomycete GMD14H07 (AY 162124)

lone LC1-9 (DQ289908) [Permeable Shelf Sediment]

bS0615-34

clone BD2-16 (AB015544) [deep-sea sediments]

bS0615-1

clone ODP1251B8.4 (AB177345) [methane hydrate bearing subseafloor sediment]

90|

99

991 bS0615-29

Aquifex pyrophilus (M83548)

0.05

21

Beltaproteobacteria

bS0615-7 Firmicutes

Actinobacteria

Levilinea saccharolytica KIBI-1 (AB109439)
99 clone BD3-16 (AB015556) [deep-sea sediments] Chloroflexi
99 bS0615-30
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Fig. 4. Phylogenetic trees showing the relationshipagterial 16S rDNA sequences in libraries
bS0610 (a), bS0604 (b) and bS0615 (c) to relativédeinBank. The trees were constructed by
bootstrap neighbor-joining method in MEGA 4.0. Clomebold were obtained in the present
study, and numbers in parentheses showed the numhedatefd clones. The environments where
relative clones were obtained from were given in sgjbaackets using different font color, i.e.,
non-hydrothermal marine environments were specifiddue font, hydrothermal environments in
red font, and non-marine environments in green Babtstrap values under 50% were not shown.

Aquifex pyrophilusvas used as the outgroup. Bar, 0.05 substitutionsymeotide position.
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Kazan-1A-18/BC19-1A-18 (AY591948) [Kazan mud volcano, Eastern Mediterranean] b
57clone a82 (FM179919) [marine sediments in methane seeps]
54| aS0615-1 (6)
7 aS0604-2 (7)
91Lclone PSSARC27 (EF069377) [deep marine sediments, 3406m, Antarctica: Weddell Sea]
aS0610-1 (13)
57| — Nitrosopumilus maritimus SCM1 (DQ085097)
clone SeAqRBO1 (DQO085101) [tropical seawater tank substratum at Seattle Aquarium] MGI
6152 ;aS0604-1 (6)
50|~ aS0615-3 (4)
clone PS2ARC11 (EF069352) [deep marine sediments,2164m,Antarctica: Weddell Sea]
aS0604-15 (2)
aS0604-7 (2) g
aS0604-6 g
2S0610-7 (2) g
100 991 280615-6 g
582506154
clone MCS48 (AY522878) [mesophilic soil, prairie, Curtis Prairie, UW Arboretum] Candidatus
100) Candid: itrososphaera gargensis RHGA36¢ (EU281332) [Garga hot spring] Nitrososphaera
100lclone RHGA37¢ (EU281333) [enrichment on ammonia oxidizers from Garga hot spring
aS0615-11
100 clone CRA4-23cm (AF119132) [deep-sea sediments from NW Atlantic Ocean Continental Rise] J DSAG
100 clone TommO05_1274_3_Arch66 (FM179848) [marine sediments,Norway:North Sea, Ekofisk area]
clone 242mbsf_1_3C (EU915227) [Lomonosov Ridge, Arctic Ocean Basin]
100 2S0610-6
93 Clone Dover260 (AY499893) [marine sediment]
100 2S0615-8 Unknown group
100 clone Kazan-2A-05/BC19-2A-05 (AY591983) [Kazan mud volcano, Eastern Mediterranea] il
clone pPOWA133 (AB007303) [hot water environments]
Korarachaeota
clone pBAS (AF176347) [Calcite Springs, Yellowstone National Park]
aS0610-16
clone MERTZ_21CM_297 (AF424536) [Antarctic Continental Shelf Sediment]
Uncultured archacon SAGMA-I (AB050213) [waters from deep South African gold mines]
Meth irillum h i (M60880)
Euryarchaeota
Me ina lacustris MM (AY260430)
Meth sphaera stadl DSM 3091 (CP000102)
aS0610-10
100 clone pMC1A4 (AB019754) [deep-sea hydrothermal vent]

100 Nanoarchaeum equitans sp. Kin4-M (AJ318041)
clone fpt10 (DQ122680) [deep-sea hydrothermal vent]

hydrothermal vent]

100| [ clone ivo4 (DQ122674) [deep-
100L clone ivo2 (DQ122675) [deep-sea hydrothermal vent]

©)09BIIBOUBN

100
99

—
0.05

Thermotoga maritima (M21774)
E.coli (ATCC 11775T) (X80725) Bacteria
R.obamae (X95071)

Fig. 5. Phylogenetic trees showing the relationshigrdfiaeal 16S rDNA sequences in libraries

aS0610, aS0604 and aS0615 to relatives in GenBankr@dswere constructed by bootstrap

neighbor-joining method in MEGA 4.0. Clones in boldres obtained in the present study, and

numbers in parentheses showed the number of relategelsc The environments where relative

clones were obtained from were given in squareketady using different font color, i.e.,

non-hydrothermal marine environments were specifiddue font, hydrothermal environments in

red font and non-marine environments in green Babtstrap values under 50% were not shown.

Bar, 0.05 substitutions per nucleotide position.
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