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Abstract: [Objective] The archaea are recognized as key players participating in the global
biogeochemical cycles in marine sediments. The knowledge upon community structure and
metabolic functions of archaea is the basis to understand their potential contributions on the
biogeochemical cycles globally. [Methods] Archaeal diversity in the sediments of three areas at the
northern continental slope of SCS was surveyed using high-through sequencing for 16S rRNA gene.
[Results] The major archaeal groups in the sediments was found to include Bathyarchaeota,
Thermoplasmata, Woesearchaeota (DHVEG-6), Thaumarchaeota (Marine Group I), Lokiarchaeota
and Marine Hydrothermal Vent Group (MHVG), also with low abundant of AKS, Marine Benthic
Group A and Terrestrial Hot Spring Crenarchaeota Group (THSCG). Anaerobic methane oxidation
(AOM) microbes (Anaerobic methanotrophic archaca, ANME), mainly ANME-1, ANME-2ab and
ANME-2¢ were also found in the potential gas hydrate zone. Methyl coenzyme-M reductase alpha
subunit (mcrAd) gene, which encodes the key enzyme in methane metabolism, was also recovered
from these sites, implying potentially active methane cycling. Quantitative PCR results showed that the
abundance for bacterial 16S rRNA gene, archaeal 16S rRNA gene and mcrA gene were 10°—10" copies/g
(wet weight), 10°-10° copies/g (wet weight) and 10°-10° copies/g (wet weight), respectively.
[Conclusion] These results revealed high diversity of archaea and rich microbial recourses in SCS
sediments, layed the foundation for further analysis and understanding of archaecal mediated carbon
cycling in the sediments of SCS.

Keywords: Northern continental slope of South China Sea (SCS), Sediments, Archaeal diversity,
Anaerobic methanotrophic archaea, Bathyarchaeota, mcrA4 gene
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P4 A5 e [ b o R A R )M IR I b O R A R
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TRRESEARTE . PO S A K B P X R Z
DURWIRE S o BFSEAE M 7 AU Ak B T
A VLR B M AR TR DS07-2013 . DS12-2013,
DS16-2013, DS08-2014 F1 DS16-2014 ¥547 , Fgiff
b BBl PG BB HE IR A QDN22-2015 3443 Fl 4 I v
B CHB03-2014 3. AUCREMFENGEE 1)
Shy Bl e i 2 1) R SE ARG A B . K BRE BN
766 m—1 553 m (CFEIKEHN 1 099 m). RERE
JLHE R 226 cm—850 cm (CF-HIRAERE K 469 cm).
KAE 714 FE S FE (Gravity core) F176 ZE £ (Piston
core) AN . ML HRE S WA RAELERR |, 51
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MTCIE B O DR TR AR . MIRESH S, I
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Yoy 2R S BT B 4%
1.2 EERFIFLEE

BSA %%, MP Biomedicals, LLC.; ExTaq [iff .
pMDI18-T kA& . KMHTT# DHSa fb2FIEZ 4N . ¢
gkl SYBR Green I, TaKaRa /A ] ; DNA $EEGRAFH]
£ PowerSoil DNA Isolation Kit, 3£[E MoBio 2AH]; &
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Table 1 Sediment samples at the northern continental
slope of South China Sea”

Ripun  ogor PRE RS
. ampling de; amplin;

Sites Depth (m) (cpmbff**)p metrl)lo dg
DS07-2013 766 350 Gravity core
DS12-2013 785 291 Gravity core
DS16-2013 1302 226 Gravity core
DS08-2014 877 298 Gravity core
DS16-2014 1007 453 Gravity core

CHBO03-2014 1553 812 Piston core

QDN22-2015 1400 850 Piston core

Note: South China Sea*: SCS; cmbsf**: Centimeters below
seafloor.

BRBGRF &, SEE Omega WA N ] Y6519,
A TR TRE R R/ W] . GeneAmp®™ PCR
%Zﬁ 9700 PCR 1%, 7500 Real-Time PCR System 2¢J;

i PCR 1%, 3E[# Applied Biosystems 23 7] ; &0 1
Picol7, ZE[E Thermo Scientific AH]; HWFTAES
SW-CJ-2D, 7Nk A R E]; DNA WREEIE
% Qubit 3.0 Fluorometer, 3¢ [ Life Technologies /A )
1.3 #ZE&H2EVA PCR 18

DURIFERR 24 0.5 ¢, FH DNA $2BGAF] SR H
IREEHE AL AL DNA, ¥ T KA1 50 pL 785K 48
B RS IR) RUlB 4. R-AFF-20 °C,
1.4 HE 16S rRNA EESEENF

S E ) 16S IRNA KK V4 X {7 PCR 744,
BWE 34T, 51420 UniS19F (5-CAGYMGCCRC
GGKAAHACC-3")Fl Arch806R (5-GGACTACNSG
GGTMTCTAAT-3"), 3/infi Barcode Frict. PCR {4
Z(50 pL)#: 10xExTaq buffer (Mg®" plus) 5 pL,
0.1 mg/uL #J BSA ¥ , 2.5 mmol/L dNTP mixture
4 uL, 5U/uL ExTaq i 0.5 uL, 10 umol/L 5|414%
1 uL, DNA 1 ng, HIRGEKANEZ 50 pL. PCR 5544
95°C 10 min; 95 °C45s, 55°C 1 min, 72 °C 1.5 min,

35 MEFR; 72 °C 7 min. 3 4FEA 1A PCR F=H1iR A,

28 1% NGRS UK BT A I I, I 2% B h
YIRERl B 5500, B3R LT KU . H
Gubit 3.0 XFH4lifb HU )5 1 DNA M . AR P8
Hlumina SCPEER LR LI

1.5 MFERS5SH

WFFES BB 50 A, ARk A
TR AIRE SR EL 29 A, BT AGERRE IR PE R
FESREL 114, MG AL S0 2K 10 4> )T Reads
SR 2 210 626, HAP R AFAIN 1 918 786,
di B 86.8%, ULHAY 1S A AL S HAT A A A
WERPE . BE N BRI 250k, ASRIRE SR [E] )
Barcode #H47X 4%, I QIIME # AP T bt Bicdia 2=
MEFME R Ab PR, [AEfJ58E Barcode. 5141 .
HERFAEH P, et T{J&?ﬁa‘*ﬁZﬁuxﬂwf
TRIEAMEIL (BRI RERRER 12 271 £0751)), OTU (7]
Iy RPRVERATT) BT 97%MIARMIE R 20y, IFAE
QUME #ff:BH b AR ik N e . 45 SRR T
OTU H 55 DUF 41, LAEBRMES . P HI7E QIIME
AP EE T o ZREME T 0 ZFEMEF Chaol
Shannon F84(F1 Simpson 8 ECETEAY , HH, Chaol
(AR B, SEA I Chaol {E#AAT
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R R WRE S R E I 2R FREUEOC, OB
KLZREE B . T OTU HE MR &K
BT AL, BT HEE SRR Al ) P35
AR B A 4 . BdRD BAE3)
NCBI 11y SRA Fdls /5, J¥81%E k58 SRP104332,
1.6 ERLRRIS 2B merd THEEEFE R G L FTRY
I

XV AE K A 81 X DS08-2014 3l i Ik % )2
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DHS5a b #RZ 540 |-, Ll S HEFTEER
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AT RGBT BT merd FEPP
AR EF I AL B GenBank $UHE A, H3R1G T
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1.7 RHIXEE PCR (Real-time PCR)
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F1 QDN22-2015 w50 UL P 16S rRNA FE[H FI
AR KE WX (DS08-2014 . DS12-2013, DS16-2013
F1 DS16-2014 35071 merd FER P70, T
PR SR 16S rRNA FER P 714, 514
} Arch21F (5-TTCCGGTTGATCCYGCCGGA-3')
1 Arch958R (5'-YCCGCGTTGAMTCCAATT-3");
YTAREE ) 16S rRNA FEF G 1918, 5140 Bac27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l Bacl492R
(5'-GGTTACCTTGTTACGACTT-3")*%; %f B et
P LB IL N merd FEATYHE, 51%°N mlas
(5-GGTGGTGTMGGDTTCACMCARTA-3")Fl mcrA-
rev (5'-CGTTCATBGCGTAGTTVGGRTAGT-3")*!],
FIFHBEREREEE R RIS S 2l Ab = PCR 74,
48] pMDI8-T #iUk, AR Escherichia coli 1)
DHS5o EZ 41, I N HEX100 pg/mL)Ht
PEFIPETE PCR i BE FHE se e+, ORI £
W BAME SE R Bk, FH EcoR 1 EEEIERL, JH 2%F1)
BRI SR, AR SR i

172 tRERZEE: PR 10 AR R
S5 FA A 96U RHSYBR Green IR TEDS G AE
it PCR Y ¥4, BAMFES 3 ANEE, Wbk
k. Hid, #ALRCRIE 95%105%Z 1], R {HAE

0.99 LUk, HETARES RS ioa s L

1.7.3 FE@ESE: KIAUFESFT 10 £585 B BEbR
WESR(10'-10°/uL)Ag DNA SRR [RIN#E4T PCR #7
Y, 1SR A S VR A v A DR

SE i PCR K% : SYBR® Premix ExTaq™ 11 10 pL,
ROX 11 0.4 uL, ¥4 HM R BB 514 (4l
Bac341F/Bac519R™™) | 1B Uni519F/Arch908R!**
1 merd H:H mlas/merA-rev*™ )& 1 uL, B 1 pL 5
I DNA, HIRGEKAM55] 20 pL. & fE PCR [
FIAZ AR : 1 pl &9 DNA #4, 10 pmol/L B IF 2
5144 1.2 uL, 10 pL /9 SYBR Green II, 0.4 uL
f) ROX , it Jr B e Y ddH,0 #h 78 BAFR 2 20 ul.
PCR W4/ B4 454 H9: 95 °C 15 min; 95°C 30s, B
K 30s, 72°C45s, 40 M, HA R AR 41
BN 58 °C, WM 60 °C, merd FER K 55 °C,

2 RS54
2.1 FBALERREIER RIS E E E AR

SEEEIE Y, X R CER R TR o T
16S RNA FE[R P77, HET OTU %, Chaol {H.
Shannon $8 401 Simpson FEHOK S P o 241
X TR LB TR 3 MRS, 7 ARAEF I 50 4
Ffhh, Chaol {ERVEEIERI 90.77-118.37, R1FH
OTU $E {2k 88.2-113.1, Shannon #5175
{EYE Rk 1.48-5.73, Simpson 5 4UA) A AL FE Ny
0.31-0.97. 1 7 MILREEH, o ZREVERS N
DS1613 195 (Chaol {5} 118.37), Tfii DS0713_270
1 o ZFAERAK(Chaol fHk 90.77).

S5RERY, B IL AR TR i TR A
%4y . Bathyarchaeota, Thermoplasmata (Marine
Benthic Group D). Woesearchacota (DHVEG-6).
Thaumarchaeota (Marine Group I). Lokiarchaeota
(Marine Benthic Group B)f1 Marine Hydrothermal
Vent Group (MHVG), Bt ELBUKIIE 36%. 17%.
16%. 12%. 11%#1 3%, BRILZIN, BAFLED it
AKS8 . Marine Benthic Group A . Terrestrial Hot Spring
Crenarchaeota Group (THSCG)%, Fr & Hufil/NF
1% FEAuh AL SRR B AL BL AN 1 B
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Figure 1 Seven sites sediment archaea diversity changing with deep increase at the northern slope of SCS
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BEASAL A6, 11 DS16-2013 445 Fl DS16-2014 3
i, DS08-2014 fi{3i Fl DS12-2013 Sy [k )2
FEAER AT G IR A AL ) ANME-1 288, 4
DS08-2014_50 (0.96%). DS08-2014_100 (7.3%)7F!l
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A543 %3 M7 (Principal components analysis,
PCA)E—FAE L PEHE Y ik g it # k.
T OTU I 5 1743 et M 0B (PC A, e
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(K 2), AT HITEDTFY 92 )2 Marine Group 1 1 Marine
Benthic Group A ZEHF & 5, 41 QDN22-2015_0
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(0.96%, 60.35%)% .

SPEEK A ) X DS08-2014 3t o7 4 H A Rt
HESE— 007 . HIEE 16S rRNA P RGN,
A[HT DS08-2014 3o (i FR e AR IE . ANME-1
(99.7%)#1 ANME-2¢ (0.3%). H:F1, ANME-1 &3
B RRGECZEHE . RIBTSEET merd JERITORE SO
4307, PREL DS08-2014 35 1k # )2 (DS08-2014 100,
57 AN BEACHZERE, W ARG, ATAl
DS0814 wfifii () e A G2 HE R : ANME-1 (84.2%),
ANME-2ab (10.5%) 1 ANME-2¢ (5.3%) (& 3). 454
16S rRNA KR F merd FEH ) R G, 751
ARG TR YIS TE /K& P 1X. DS08-2014 25 i
F LN ANME-1 , /b f: ANME-2ab Fil
ANME-2¢ 258%,
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DSI1213_25 1. DS 0 100
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~ Methanomn 13_280 CHBO3 00 — -
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10 5
5 Q / 400
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CBBE13_660 553 20
CHB0314_700 ' 1673 0200
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2 i
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Figure 2 PCA analysis based on OTU percent at the northern slope of SCS (7 sites)
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Figure 3 Phylogenetic tree showing the relationship of mcrA gene sequences derived from potential gas hydrate zone
DS08-2014 site subsurface (100 cm) sediment
T BT HRRMIRFIL, Bootstrap {HIE H 1000 TE, BASIRENTI A TIEIE, KI5 NTIINAE, Kahs%)7s),
S IPHIEE 1 NCBI B8 .
Note: Based on maximum likelihood analysis, numbers on branches are the supporting percentage by 1 000 replicates. Sequences retrieved in
this study are marked by black circle, the last number is sequence’s number, the other are get from NCBI database.
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Figure 4 Quantification data of bacteria, archaea and mcrA gene in potential gas hydrate zone
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DS16-2014 site microbial abundance; Unit is copies/g.
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