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, 10min ) : 24 1),
12000r/min 10min 1.5mL
, 3/4 ,—20°C
1 , 12000r/min 10min, ImL 75%
1.1 2, 51uL ddH,0 DNA
2016 10 RNaseA 1pL RNA, 37°C 15min
, 500mL , 0.25¢g )
Om 10m 90m 10m  90m (PowerSoil® DNA Isolation Kit)
, 03138 DNA, DNA -20°C
Om  30m 500mL , 1.4
200 , 0.22pm 1.4.1 Illumina
, , DNA
1 DNA

2m 8m 13m R

150m >
1
%1 RHES
Tab.1 Sampling locations
(m)

ZS1 0
YAV 10
754 90
XS2 10
XS4 90
WS1 0
WS2 30
C1 2
C3 8
C4 13
Cs5 150

1.2

CTD
a
1.3 DNA
2.0mL R CTAB
DNA, DNA -20°C CTAB
DNA :
1000uL CTAB , 65°C
, 950uL ,
(251241 1), 12000t/min

barcode US5S19F (5'-CAG YMG CCR

CGG KAA HAC C)/806R (5'-GGA CTA CNS GGG
TMT CTA AT) (Porat et al, 2010; Shehab et al, 2013)

16S rRNA V4 PCR 2%

> >

, [llumina Hiseq
1.4.2
barcode ,
Length Adjustment of Short reads)

FLASh (Fast

reads s
1.4.3 OTU Uparse  0.97
16S rRNA s
, OTU,
OTU OTU
OTU , SILVA ,
OTU ,
1.4.4 Quantitative Insights
into Microbial Ecology (QIIME) (Version 1.9.0)
Alpha s Chao 1 Shannon
R
VennDiagram ,

(Non-metric Multidimensional Scaling, NMDS)
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Tab.2 The environmental indices in the Yongle Blue Hole,

>

Qiime compute core_microbiome.py Xisha in October, 2016
1.5 a
Canoco for Windows 4.5 (m) (PSU)  (°C) el (FTU) (/D)
’ Monte Carlo Zs1 0 3393 2951 764 009 001
782 10 33.79 27.82 6.62 0.30 0.39
) ZS4 90 3439  21.09 1.11 0.47 0.16
XS2 10 33.19 27.99 6.29 0.43 0.66
2.1 XS4 90 33.73 21.03 0.80 0.50 0.25
5 2
33.19—34.39 , 21.03—29.51°C 2.2
a 0.01—0.39ug/L, 2.2.1
0.25—0.66pg/L 11 16S rRNA
1.11—7.64mg/L, I1lumina , 561249 ( 3),
0.80—6.29mg/L, 90m 20238 87906
0.97 OTU , 3623
; , OTUs, OTU 228 2138
S 90m
®3 HEFIFH. OTUNE. FEESZHMERSRIT
Tab.3 Summary of archaeal sequences and OTU numbers, richness, and diversity index
OTU Chao 1 Shannon Coverage(%)
ZS1 32789 445 452.4 5.4 99.8
ZS2 20238 228 250.6 4.6 99.9
754 77153 534 539.4 2.4 99.3
XS2 34944 882 1005.9 6.3 98.8
XS4 87906 586 532.0 2.2 99.3
WS1 27841 687 854.9 5.9 99.0
WS2 22214 558 797.4 5.8 99.1
Cl1 54782 1582 1630.7 5.4 97.7
C3 50044 1523 1625.1 4.4 97.7
C4 68255 1434 1479.6 42 97.9
C5 85083 2138 1977.0 7.1 97.3
Chao 1 3 ,
s 11 97%,
> 150m
10m « 1,
Shannon 3 ,
s 2.2.2
, 4 21 29 42 45
, 4
150m (0.02%—
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87.84%), , , Miscellaneous
s Crenarchaeotic Group (MCG, 0%—52.88%) Group C3
(0%—3.37%), MCG
1500 -
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Fig.1 Rarefaction curves of the archaeal community
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Tab.4 Taxa information of archaea )

Fig.2 Relative abundance of archaea at phylum level

ZS1 2 6 8 10 12
I Miscellaneous Crenarchaeotic Group(MCG)
z82 2 5 8 9 10 [ Halobacteria
I Marine Group I(MGI)
754 2 9 11 17 18 -‘IC';herm%)lasmata
I Group C3
X822 7 o 1617 mmm Marine Benthic Group B(MBGB)
XS4 3 9 12 17 18 I Soil Crenarchaeotic Group(SCG)
1 I others
wsi 3 11 14 20 21 0
WS2 2 10 14 20 21
0.8
Cl 3 13 17 27 28
C3 3 13 18 29 31
1 0.6
C4 3 13 17 29 30 -I-Ipi—
><
C5 3 14 17 29 30 D04
SILVA , 0.2
(Euryarchaeota)
(Thaumarchaeota) Ancient Archaeal Group 0051752 7S4 XS2 XS4WSTWS2 C1 C3 C4 C5
(AAG) ( 2
3
Fig.3 Relative abundance of archaea at class level
b b
( 4, (Halobacteri
( 3, aceae) Deep Sea Hydrothermal Vent Group (DHVEG-
(Halobacteria, 15.39%—97.69%) Marine 6) )
Group I (MGI, 0.85%—83.53%) , > DHVEG-6,
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E

N > s >
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I Deep Sea Hydrothermal Vent Group(DHVEG-6)
[ Halobacteriaceae
I Marine Benthic Group D and DHVEG-1

I Cenarchaeaceae 42 3 4 39
I Marine Hydrothermal Vent Group(MHVG)
I Family Incertae Sediments(Marine Group 1)
I CCA47
Marine Group I1(MGIIl) 41
I Marine Group II(MGII)
I Family Incertae Sediments(Soil Crenarchaeotic Group) 5 1 OTU MGI(OTUI), 9
[ others
1.0 . OTUs 10 OTUs
I 5
0.8 2.2.3
06 2.2.3.1
Ht (G
1=
Lo4 5 10m 90m 62 R
274 90 423 ; 10m
0.2 90m 291 , 591 295
0.0
781 ZS2 ZS4 XS2 XS4WS1WS2 C1 C3 C4 C5 ( 6)’ 10m
4 R 90m
Fig.4 Relative abundance of archaea at family level s
x5 FMHOHEZLOEEER G LLGITIR
Tab.5 Percentage list of partial archaeal core microbiome
OTU ID ZS1 782 ZS4 XS2 XS4 WS1 WS2 Cl C3 C4 C5
OTU1 MGI 0.01 0.67 60.06 3.49 67.12 0.51 18.12 1.39 0.53 0.77 1.92
OTU10 Halobacteria 14.36 31.33 0.01 5.04 0.01 0.83 0.36 0.05 0.05 0.03 0.03
OTU2 Halobacteria 6.74 0.94 0.32 5.18 0.56 8.07 5.16 37.31 5497 4838 0.48
OTU21 Halobacteria 0.10 2.31 0.01 7.72 0.19 0.14 0.15 0.08 0.09 0.08 0.02
OTU31 Halobacteria 0.24 0.35 0.03 0.07 0.01 6.33 3.33 0.06 0.10 0.11 0.02
0TU42 Halobacteria 0.63 0.97 0.05 0.16 0.01 0.08 9.60 0.02 0.04 0.02 0.01
OTU45 Halobacteria 1.79 6.92 0.08 0.93 0.08 1.02 3.39 0.24 0.46 0.23 0.03
OTUS7 Halobacteria 6.67 5.44 0.00 1.56 0.00 0.08 0.00 0.00 0.01 0.00 0.00
OTU8 Halobacteria 20.01 9.38 0.02 7.91 0.01 0.13 0.12 0.08 0.10 0.08 0.02
OTU9 Halobacteria 7.10 2.57 0.04 1.66 0.38 20.30 3.70 0.41 1.49 0.89 0.08

ZS1

782

754

5

Fig.5 Comparison of the archaeal communities at different water layers in the Yongle Blue Hole
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s
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6

Fig.6 Comparison of the archaeal communities in different time at the same water layers in the Yongle Blue Hole
:A.10m ; B.90m

7, 1010
302, 589 :
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Fig.8 Comparison of the archaeal communities in sediments in
the Yongle Blue Hole
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7
Fig.7 Comparison of the archaeal communities in and out of the
Yongle Blue Hole
2.2.3.2
( 8,
617 ,2m 8m 13m
178 141 138 , 150m 583
9

2.2.3.3 Fig.9 Comparison of the archaeal communities between

sediments and water in the Yongle Blue Hole

C 9,
3404 53.0% 224 OTU
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OTU (Munson et al, 1997,
) 12 Hallam et al, 2006; Nicol et al, 2006; Coolen et al,
(canonical 2007; Spang et al, 2010)
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> B

(Iliffe,
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2000; Bishop et al, 2004; Seymour et al, 2007)

>
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Tab.6 Comparison of the archaeal diversity between water in the Yongle Blue Hole and in the China offshore waters

Chao 1 Shannon

556.1 4.2

557.7 3.8 Liu et al, 2014a
1977.0 7.1

1248.9 5.5 Liu et al, 2014b
1212.0 5.7 Liu et al, 2015
1879.8 5.8 Liu et al, 2014b
2114.0 6.0 Liu et al, 2014b

2018)
) 90m ,0
(P<0.01), ,
H,S ’ ,
4
) 150m

gt xtEE AR P = 0 Al B AR AR 3P A R AT
RS # Lo th Bh AR 69 44K &, R B BRAE
AT MR F AT RSB,

, , , 2018.
. , 63
, , , 2017.
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, 2017. _
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R , 2012. —
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ARCHAEAL DIVERSITY AND COMMUNITY STRUCTURE IN THE YONGLE BLUE
HOLE, XISHA, SOUTH CHINA SEA
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LIU Qian"**,

BI Nai-Shuang®, YANG Zuo-Sheng®

(1. Key Laboratory of Marine Environment and Ecology, Ministry of Education, Qingdao 266100, China; 2. Laboratory for Marine
Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
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Abstract

Marine blue holes as a unique geomorphic unit, their organism community structure and ecosystem

characteristics are widely interested by the peer scholars. The Yongle Blue Hole in Xisha, South China Sea is the deepest

one (300m) among the blue holes in the world. We studied the community structures of archaea in the water and sediments

in the hole using 16S rRNA gene-based Illumina high-throughput sequencing. The results showed that the archaea can be

identified in 4 phyla, 21 classes, 29 orders, 42 families, and 45 genera. There were great differences in the living

environment in the sediments and water. The hole provided a special ecological niche for the abundant archaea in the

sediments. The community diversity of archaea on the sidewall of the hole decreased obviously with increase of the depth,

whereas the archaeal diversity in the sediment on the 150m depth platform was much higher than those in the sidewall. The

temperature affected the community structure of archaea significantly (P<0.01). This study provides valuable data for

further understanding the ecosystem of the Yongle Blue Hole as well as other anchialines in the world.

Key words the Yongle Blue Hole; archaea;

16S rDNA;

high-throughput sequencing



