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BRTEHL, Bl 2013065 3. BIEEEE R IRINRRAEORDETEH G, Bl 201306)

OE: DI ESS 34 RS R A 1Ll BT TR S ANl s KRR L R IR EXT AR, il Mlumina (3558
TP, S DA 2R I AN G 2B W) TR I 5 4, 2 B e Ll BBORE: 19 ¥ 7K vh A2 TE T 17T ( Proteobacteria ) F4LLAT B 17
(Bacteroidetes ) fiz i F & , Fo Wk o # 4l 14 ( Cyanobacteria) |, J& 7K 3 b 34T 1 )& ( Flavobacterium ) F1WE ¥ ¥ &1 )&
( Psychrobacter) & #i 2 , WL 20% , B IKTERIMRIE/K H R B UBAL3LS Jm A9, DR E R0t R &
F & 1Y DNA &5 LR, W REA B 30 I ma AR e 45 005 o X b Loy 0 %5 Wit b J2 7 7K LA R T G AR () e 3457
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FESES: P45 XHRFRERD: A

SRRRAL M WA RT3
PR Bk e 2R 8 R ) S A X, HOK S
TN ANE I o B AL, X P Al A 2 0 A 4
BRAZ R #0 A T 2R . R A B A IR 3 R S
2 MR IR, = — R A S R G, B
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AEFF X HERIEIE 23 A7 (19 4 ST 52 50 86 A7 418 o
FeEad 12245 BL DNA U7 AR (1 st 7
LY USRI TE o AT FE2E T Hlumina &
AN Y- 5, TR TR A e A Ll B 32T 7 P K
PR WIRE I S5, X 5 B D A D) RE kA7 0 25 B
I, LIIUI R i 0 A Lol B 30 S v W T 5 Bl A 4 9%
WTT R AF R A — S LRl Bi S 2%

U RPRS ik

1.1 #ARRE

2017 412 7 2 2018 4F 1 H & bl ah it
Jr VI (69°02'S ~ 69°22'S,76°21'E ~76°23'E)
WE S Nl SREERIZKEE, BARAEAUREE 3
LK, IR = hhug i K 2 0. 22 pum 1YTR 5 1
PRZT 4k 2 i ( Millipore , USA) |, B8 B 9 1
LK, 3 35 A DB R T T B0 T TR TE -
80 CUKFIRAT , J5 S I TUE Y 2R AL B
Hortr.
1.2 DNA i2HU K PCR ¥ i

{ii A FastDNA™ SPIN DNA Isolation Kit ( MP
Biomedicals Inc. , USA) 32 B o 1L G W K ik A 4
DNA, 280 B f A ) )5 & T - 20 CARATE, Ja 28
#E17 16S rRNA JE[H PCR 9734, b FilF 51447
1k 338F: 5'-ACTCCTACGGGAGGCAGCA-3' I
806R: 5'-GGACTACHVGGGTWTCTAAT-3', PCR
JWAR ZR R TR (5 x Prime HotMaster Mix ) 10
wL, 519745 0.5 wl, DNA #&fg 1 pL, #b 2 ddH,0
% 20 pL, A Bio-Rad C1000 ( Bio-Rad,USA)PCR
ICHEATY 1Y . PCR RV FRFFICE :95 CHUZE S
min, #RJ5 95 CAEME: 30 5355 CiR k 30 5572 CHE
130 5,29 WRIEIR, fe i 72 CAIEH 10 min, [
PEXS BRGS0 A i — R A, AR U T T B
KA

PCR 7= ¥ 1] 2% B i W 0w vk, 98 5 M
Axyprep DNA  fi& [o] i X #| &
Biosciences, USA ) ¥t 47 PCR 7= ¥ 4i 1k, i5 M
QuantiFluor™-ST ( Promega, USA) #F 47 & &, fiff
A NextFlex Rapid DNA-Seq Kit ( PerkinElmer,
USA) A7 i, 78 b1 5635 A= 12 W) ] Tllumina
V-5 AT
1.3 16S ¥ i FHIBA

I 4 AN Tlumina MiSeq R HILE , X 204k
PEFT AR YY) PR, B e 51 LR LS 97 % 1Y

( Axygen

B B Ay BE Al ok 64T OTUs IH2E, SR Silva $id
JE 1 SSU138 (138/16s_bacteria ) 41 7 St ¥ 15 &,
BE A BN 70% o F 5 fie /0 B REAS %)
OTUs F 17 IH—fLAab 3], #47 Alpha Z2FE 1 F
Beta ZHEME 0 H . Alpha ZREPEALHG Sob 45 %,
Chao FEE A RIGE - AR 1680 Wb F g BE Al
B RES, B 2 BT R R L
2k R /3 # ( non-metric multidimensional scaling,
NMDS) ., VA EAYI5 B Al il Bk SEss B
BIELR-E (https ;// cloud. majorbio. com/ ) #47

Ry B T L il B O K S A R AR AN TR
TR AR YA ], AR W 504 5 (] — YR R AR
S (g 5 B (T4°54'S ~T7°7'S, 163947 ~ 177°
42'E) KZKFEHEAT T HEL, A NCBI Chtips ./
www. nchi. nlm. nih. gov/sra) T 2% T B Jb AR V6 38§
(AL, 00T PO R LR B2 L Fi A P R A B )
(R AR Pt , 5 v Lty B 3 3 7K L BT AR
YA R I 45 H0 2 5%
1.4 ZREFAHBESHF

Padke v 1L R 1 3 AN IK FRBERE 5 43 i) i
AT DNA S0 2 SR A i g, 78 B SE 3
H:=¥)/\ 7] TlluminaNovaSeq 6000 & #E47 &l &
WP, Bs T, 65 fastQC BT, SR 5 i
IDBA_UD *f It A 5 51 47 PF e 4L 3%, S 800
mink 20, maxk 150, k-step 6, “FiAZLIE" (“--pre_
correction” ) . i Jf] Bowtie 2, SAMtools F{I BamM
XEBEBELE B scaffolds HE47 reads HOAT A4S
313 (identities 95% , coverage 95% ) Al i}
B (TPMEAN & ¥:) . fi#i F Prodigal X scaffolds i
1 ORF T, Br J 2 % “--meta”, i [
BLASTP ¥ 4ETCA I FIAE R 23 ] 5 NR EiHis 7 A
eggNOG HHi i (Version 4. 5) LL X HEATH) A 432
PR ( BLAST Lo X 2 805 B I B {H e-value
1077), 38 1 eggNOG K48 72 3K 15 3 P % Jif 11y
COG, ffi JTI COG X i iy & A 3= B2 & I 5 i
COG My=EJE . ffi ] KEGG GhostKOALA Kibk7rgk
XTEE P AN HE T KEGG T AN AR i o 2% 4, I
%} KO ,Pathway .EC , Module % 1) 35 [R] = & ( B
HLPRTE scaffold (4 7F ) #4725 DI RESR il i F )32
B

FHRIESH mmgenome2 W& 1Y BH-t-SNE
SIEXT scaffolds ¥ 4mer FHFF AT FELE R, R
I R AT AL 25 2R T3l k47 73 4 ( binning) , AR
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#i scaffolds = B XJ fir ZR 15 19 bin #E 17 70 46
(rebinning) P25 B> 1 H-Ah 35 X 2H 79 40 11475 %
I 2 AR AT %k T 2H 21 % BE X 2H ( Metagenomics
assembles genomes, MAG ), f#i i CheckM X} 4%
MAG AT FE 15 Ye BEDEAL , OF 2 B 58 /)N
F 50% BI5 YL E KT 5% 1 MAG, {#i ] GTDBtk
(genome taxonomy database, gtdb) T. E. X} /5 it &
(1) MAG HEATHIR 3R %€
1.5 BEREREARKERR

{#i A BLASTP ( & %1% & 2}y identities 30% ,
coverage 50% , e-value Jy 10 ') X4 1) MAG
SR RIEN B3 P 5 24T all-vs-all FEX], fiff
JH OrthoMCL %4 ( 2% inflation 1. 4) X} b %f 45
AT H AR R E A R IGERE T

2 4

2.1 plsa MK E S ST

5 Al i KRR A R S A 7 A 1360 307
FIEIRF A, KBRS & 791 5 IR 15354 630
SR BEFA, 5ET I 98.4% o P A FE A
— AR5 AT IR S0 e NS SRR AL
SE 1 733 DMERAE R HIT(0TUs) , 45 R R,
LK AE OTUs 7KF EA BRI A2, BAET]
KV EZHAK . o ZFEHEFEEE RTINS
FOA W R YR A, i iR W B
#=99% i J& J B o W ek

AL s KR p 2R B AR 3] 1L AT 4
, FEIZ AL W] ( Proteobacteria ) FHUAT 1]
( Bacteroidetes ) , H.yR 2 5 4l 74 ( Cyanobacteria ) , 3
ATTEANE S T S 98.44% (& 1a) . TEF}
KA B R 116 L, SR 20 S RN
-l B} ( Flavobacteriaceae ) . % $i Bl
( Moraxellaceae ) | I ¥ & £} ( Rhodobacteraceae ) ,
LI T A B
( Shewanellaceae ) , $ 5 /7 1 35 7K AR 40 7 88. 6% .,
TEJE KV b, B 8 (Flavobacterium) FIWE ¥ #F

norank_o_Chloroplast

http: //www. shhydxxb. com

1 ( Psychrobacter) i 3= Z ML, 54> o5 HE#T
#it 20% , Bl 7+ G # ( Loktanella ) . norank _f _
norank_o_Chloroplast F1+ /\¥} & ( Octadecabacter)
FRW B (K 1b) Hi S NEBEY el
iR AL AR IR REA 1 11570. 26%
2.2 S FHEREBKBEMRZILR
KLt e K RE i (ZS) 128 ity 3 2 it 7K
R (RS) BUAEY LU BRI, 2 il 2K L
ISR E ) Z R, B R E WA A
[F] , BT 1 D RS v A 1 T 7 T L il K R rp
&, B EJZE K H norank _f_norank _o_
Chloroplast Flt #Hi#T 5 J& ( Polaribacter) & 35 %
(Bl 2a) o XSRS A W Hotk AT B Z AR
5307, NMDS S5 7R, A& B A PR VR 45
¥ ATE] , 7E OTU 7K (stress: 0. 059 ,R =0.796 0,
P =0.003) b7~ b FR A7 A TR K GUAE PR 7 45
FTEPI AR (& 2b) o
2.3 st 5E . ARAEM R EKREM LS
Hr stk (ZS) Stk g K (WA) (b
VKT (Are ) FOHIR LY FO /R EVRE & 17K (NSv) 4=
WA AR WoR  AS TR AT ] AU TR T 4
T [ J7E B A7 1 K b 8 g A7 e, HoBoR o (B
3a) o 3 AT IZEAN AL b Lty 2 S0 T 0 0 1 A 110
RN B K b & R T 98% , FE AL KR S
54.66% ,FEMR R BLR ELRE &S (5 77.99% o AT
B AL, 5 32.26% % 52. 34% A5, T
P AR AR 5 WE A TR e 22, RO % it 1 )2
IR T PU /R ELRE S ¥ 7K P /b . Unclassified
k_norank_d_Bacteria I 5 7E L VKR K ik
#)27.28% , 2251 [ ] ( Chloroflexi ) 7EJL K p &
£ 8.58% , BB 4N ] ( Patescibacteria ) 7548 g i
FLOR T ARRE B KRR B E Y i 6.39% , NMDS
ZEHL (stress:0. 125, R =0.920 9,P =0. 001 ) 321 ,
R (R & Lt 70 20 ST ) A G AR (b ok
TR0 LT FO/R A ) B 7K A W R Y A7 AE ]
2R (K 3b) .,
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0
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FEfh Samples
(b) JBIK I A TR L R

Microbial community composition at the genus level

“other” G1AE AR R FUAIN =B/ T 1% B BT A S0 o

The “others” including unclassified sequences were the sum of all families that occurred at less than 1% relative abundance.

1 sk IR R Y R R 4514

Fig.1 Bacterial community structures and relative abundance of the seawater at Zhongshan Station
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Microbial community composition at the genus level

stress :0.059, R=0.796 0, P=0.003

@S
ARS

0.6 0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
JEEREZ 4R NMDS1

(b) OTUKFIEE RS %R E ST
NMDS analysis at the OUT level

“other” ALIF AR TP FFIIHIN EEE/NT 1% WY TA RIS H o

The “others” including unclassified sequences were the sum of all families that occurred at less than 1% relative abundance.

Fig.2 Comparative
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Microbial community composition at the phylum level
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“other” GLIF AR I FFIIFINS L BE/NT 1% B FTA ZIG S o
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W SAR324._cladeMarine group B
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Mothers

{ WA
ARS

¢ A
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o NSv

7

The “others” including unclassified sequences were the sum of all families that occurred at less than 1% relative abundance.

B3 FitmARMEALEGKMEMAR LRSS

Fig.3 Comparative analysis of sea water microbial composition in

different geographical locations of Antarctica and Arctica

2.4 HlizhkEERA Forpog B 8 d e H H AT PR 2B 5 5 0 A 245
3L HAT /A (binning ) FRAFIETE  DIEEHGERY ZS_3_bin2 HATIR A3 HT
100 A 7% 2 [H 21 21 3% 3 [N 4] ( Metagenomics SR EE R oR, ZS_3 _bin2 JENA K

assembles genomes, MAG) , H 1 52 %% FF # i 50% /NR2.81 Mb, TR A4 2 580 & [ i 3L .
FEHIGRE/NT 5% W iiiE MAG 2 34 . X H GTDB 43251 120 48 DU R AL R
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31 &

SIS RGE KB W, s Z2S_3_bin2 J§ F e
T H ( Verrucomicrobiales ) [ 72 2 [C &# Bl
( Akkermansiaceae ) UBA1315 J& . OrthoMCL [a] J5
HHREL R TR, 538 MEARGNZEILA .
55 NR His e A0 X, 3645 1 3 AN %8 R
8 H (scaf76 _ORF21 ., Scaf5 _ ORF72 , Scaf543 _
ORF5),

X ZS_3_bin2 B H#17 KEGG,COG Fi1 NR
PETERE . 45 R ERW], i Hk I 240 B AT R i DNA 45}
Pl i BN (3% 1), 45 ABC # R 5 V) il
(excinuclease ABC, {1 uvrABC FEL[R 4f5) it 5%
Wit R R ( H phrB KR Gt ) K ARG
Ho

F1 %Y ZS_3_bin2 i) DNA HR{FIEEER
Tab.1 DNA damage repair gene of microorganism ZS_3_bin2

TR B AE AR R4 E ERE S
ORF NCBI top hits Gene abbreviations Annotation

scaf27_ORF29 MBG7608615. 1 uvrB excinuclease_ABC_subunit_UvrB
scaf2_ORF52 MBG7607255. 1 uvrC excinuclease_ABC_subunit_UvrC
scaf5_ORF18 RPJ35947. 1 uvrA excinuclease_ ABC_subunit_A
scaf81_ORF19 : WP_073129078. 1 phrB DNA_photolyase
scaf403_ORF?2 TAE72983.1 phrB deoxyribodipyrimidine_photo-lyase/ cryptochrome_family_protein
scaffd2_ORF76 RPJ33469. 1 phrB deoxyribodipyrimidine_photo-lyase
scaf70_ORF29 MBC7980280. 1 rhIB glycosyltransferase_family_1_protein
scaf70_ORF30 MBC7979523. 1 IhrB ligase-associated_DNA_damage_response_DEXH_box_helicase

scaf70_ORF31 MBC7979522. 1

cryptochrome/ photolyase_family_protein

T+ FORUE 283 _bin2 FHAFAERYEEIN o

Notes: * represents the gene was only found in the ZS_3_Bin2 genome.

2.5 dlih gk EYITh e T

S BIEE T AR Ll B ST T K B ) B B
EAILAR R 3 3 et v Lol Vi KR it A T 7 B A
o3t PRI AR R, v Ll B O v K
AL AN L R R TEESE S M 122 1]
2 549 J& 9 941 WyFh . A 2 FE N4 KEGG T
RETERE(FR 2) U E R B, F 8 W AR
M A6 il ( Biosynthesis of amino acids) | B/t i}
( Carbon metabolism ), I 14 /¢ #} ( Purine
metabolism ) 1 1% g {3, 1} ( Pyrimidine metabolism )
%o

F2 HlishkE#LEERESA KEGG hag itk

Tab.2 KEGG function annotation result
information of Zhongshan Station samples

{55 i A
Pathway Description Percent/ %
ko01230 Biosynthesis of amino acids 0.042
k001200 Carbon metabolism 0.041
k002020 Two-component system 0.033
k000230 Purine metabolism 0.031
k002010 ABC transporters 0.030
k000240 Pyrimidine metabolism 0.023
k002024 Quorum sensing 0.017
k000620 Pyruvate metabolism 0.017
k000190 Oxidative phosphorylation 0.016
k000630 Glyoxylate and 0.015

dicarboxylate metabolism

http: //www. shhydxxb. com

3 {hHe

HER K2 85% W E WK IR+ 5°C, K
T3 B A 0 A A AR W R TR AL vk L Ll R AR
H AR IRZE S MR B EA TR 2R IR IE B 2k
AF PH: B 2 5 A3 0G 2, 38 N €S I B
WA S R G T2 0K 8 ) 24 1 B 5
W B 5 5 B S AGAR AL (Y S i R
EAEA BT AL IR PE A ST o, 223 18 KAy kA
BT BRI Ihfe R e o B R
FE] 6 A BR A RN R U AR AT IR IR A, Bk B 22 1
B2 5RO B AR A R A ) A 2 S X A RS
e sZ ], R R 6 AR B K R SR P A BIE
KL AE PR D RE V8 45 ) A L A0 A , 3k B
W A Y M s R AL
AR R T 45 Hi 1 38 /K FRES YR R, AR T B8 1T R
TR AR B A . ASHIF 5 1 o Ll 3l B 30 Vi
IKAE S, W RR A R AT 78, 4% X A] R
e R ST B T LATEAR S8 B TR BE e I A 4K
I HAEEARIR B sk %5 o mFget " & BT
WA AT DA — 5 0K db 45 G g A B, B ke 3
i
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RNHFFE K B KT & J& ( Flavobacterium ) F g
VAT & ( Psychrobacter ) {5 H Ll i 7K Fp 25 8 =
L SEHT AT TE B AR 5 R R AR K R
BUR BT I AR AR T A AR 0 0 Il 0
ATRERS B IR R A AR i A AT
REAEAET FE AU A5 o FE V8 1) BRI v, a2 1
22T A 1 38 O FE VR I A0 JE PR (4N ClpX  DsbC |
GroEL/GroES F1 MutS2 ) 46 1& W FEVR M85 . Jo il
IR 2 S B A R 2 P 0 Vo AT R A2 o [l —
AN Hh il 20 T ) AE e AT R Y T8 AR A [
R PR A A Gk L3 W IR IR R A AR
WANG 4 I\ e i Al W 4% AT 54 10 P 7 v 2% B
HC ARV 385 N 8, TEAIGIR N A m O HE AR,
It HA B BT SR, X HRAT B T 8 v A TR
T PR R i IR i R 5%

SUH 45" % i [ 5 Gosung Bay AN [ = 1i
PN b 0 A TR 20 PR S VR S A A 1 AR Y
LN, i 7K PR v 1 200 B 4 4 0 44 EATAE SR
PR, AWESEAE S WrifE K b2 K R 3R
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Microbial diversity and metagenomic analysis of seawater microorganism
near Zhongshan Station, Antarctica

ZHAI Wanying'”*, WANG Qian'*, WANG Jiahua®, CHEN Liangbiao'"
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Ministry of Education ,Shanghai Ocean University ,
Shanghai 201306, China; 2. International Research Center for Marine Bioscience, Shanghai Ocean University , Shanghai

201306, China; 3. Shanghai Engineering Research Center of Hadal Science and Technology ,Shanghai Ocean University , Shanghai
201306, China)

Abstract; Five seawater samples were collected near Zhongshan Station during the 34th Antarctic Expedition
from China,through Illumina high-throughput sequencing, the microbial composition and microbial community
structure were identified. At the phylum level, Proteobacteria and Bacteroidetes were the most abundant,
followed by Cyanobacteria. Flavobacterium and Psychrobacterwere dominant genera, each of them exceeded
20% . The genus UBA1315 was found for the first time in Antarctic seawater, and the function annotation
results showed that there are abundant DNA repair genes in the seawater microorganism, which suggested that
it might be helpful to adapt to the harsh environment. By comparison of the microbial community structure
between Zhongshan Station and the upper waters of the Ross Sea, the results showed that the microbial
diversity is higher in Ross sea upper water,and the abundance of the bacterial is different. In the Antarctic and
Arctic seawaters, Proteobacteria , Bacteroidetes and Cyanobacteria are ubiquitously and abundantly present.
Proteobacteria is the dominant phylum of waters from both polar regions, and Cyanobacteriais is most abundant
in the Southern Ocean. This study has preliminarily revealed the microbial composition of the seawater near
Zhongshan Station, and provided some basic data for further research on marine microbial resources
investigation and development of Zhongshan Station in Antarctica.

Key words: Antarctic; Zhongshan Station; microbe; metagenomics; adaptation
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