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1.1 HRRE

2015 FFEHZE(4 1), REE 4 B8R B R
FEOKFE S, g5 AL-A4 (% 1), B H
YSI85-25 {48 27K J5T 43 A {3 2 s 8 KA it 11
KAGAE B KR EREE VAl R pH) JFid 5%,
AR TR R B A AR T R A I RN
R 436 B 3 43 0 DN I A TR R L 2 R
ERRBEER R KB L i B 1 B 3RO CR 48 2R
KA BCEF KGR 7R 2 h ARG 3% 9] L g
VR R W 2K AR S 06 2
1.2 {44 DNA RESUE
1.2.1 {%2E%) DNA $2H

SRAE [ 5256 2 AR S L RIgE AT AR B B 1 L
JEZRK, 3 um F1 0,22 pm 35567 15 b B 1 1%
FLUBPE A TGS IR, 7025 3 m TFLUEAE 0. 22
o FFLIE MR 1 78 BA A ik 4 B 2R K R AR o 1y
TAEYD s B KA FAREE T, 08 0.22 pm P8 5%
%) 1.5 mL B0 T SRR T S S
SEEPRA - 80 CUKAR R R 4 hy 4 h J5HUE 2
O R F AR F BT ], % 0.22 um 3§

T BT R A5 B B 1.5 mL K B0 s T
3SDNA 73 B4 U7 & ( EIE R A YRR AR
5 F]) XA ) DNA AT
1.2.2  4HE 16S rDNA 14

16S rDNA K A 5] % 515F (5'-GTGCCAGC
MGCCGCGG-3") F1 907R (5'-CCGTCAATTCMTTT
RAGTTT-3") , ¥ Ha40 1% 16S rRNA 1§ V4 1 V5 A
ARX A, PCR WK F& 20. 0 pL:dNTP (2.5
mmol/L) 2. 0 pL, ddH,0 9. 6 pL, Fast Pfu
Polymerase 0.4 wL,5 x FastPfu Buffer 4.0 uL, f&
#2(20 ng/wl)2.00 uL, 5% R(5 pwmol/L)1.00
L, 5% F(5 pmol/L)1.00 pnL, PCR JZ W FE /7
98 °C FiASPE S min; 98 CAFM: 30 5,50 °CiB k 30
s,72 C #EAH 45 5,27 NGEFR;72 CHEMH 5 min,
PCR 7M1 2% 35 i W G5 J0C v Uk R AT A, 734
th H A A 5 AT JE 252 50
1.2.3  Tllumina ] Miseq & | 7

FIH Mlumina 2y ] f) Miseq PE300 - & #E47
D45 3 1) S R B8 I 6 A &40 91 A A B JH:
LBy 1 84 316 4%, Hovh 91K BE 7 401 ~
420 bp 15 99. 11% , LI e 510 T )5 2242 9
BT o A R A BRI A v i G B A7)
P, BEA OTU ] DUAG SCRAEFEAS p il A=
PIRRAE o

®1 MMESKERER

Tab.1 Ships ballast water sample information

G SRR . . T/ H2E 5 T 4T
’ﬁ;uuﬂﬁiﬁ? R ]ILIDJ e TR FE2H T/ T R I
ample Sampling o . . . N Coastal/

. Ship name Sampling cabin Ballast site
No. time Open sea

Al 2015/4/14 MV AKINADABRIDGE A. P. T(after peak tank) T 0
A2 2015/4/16 CHICAGO NO4 BWT PORT [E2pa 0
A3 2015/4/17 CMA CGMAFRICA TWO NO2 SWBT P i 0
A4 2015/4/17 NYK NO1 PORT ik C
) g Tl 442 i, s 10 3581 KR A I 31 B ) b LG
== Span— 1Ly N S SN N S s T e
F R TR R B A — AT 128 N FICERE T T
2.1 WFRLARY (Lentisphaerae) o Rf45- T3 0N A s 20K BE i 40

GEit o A e B s 3BT I R TR R LR
TEI2C 5 A0 s (BRI ) 4 I /K 1) TR 80K A
A A P A AR 2T 27 1] .61 44,138 H 249
Bl 481 JE A1 836 Ao H:rb i 1 1Y) e BBOK AR
R 2P Fh B 2, 15 B 564 Bl AR Ui 7 1Y)
FEBOKAE MR D, A 406 B B TEIE R Y
s AR G0 31 6y 90 ol 5T e T A A 4 A
(1 e SR AR A My W 22 S AN K, 73 301 Dy 433

RER LA TN BT T e R B S S A (B 2)
HABTTEA 17 F o005 70. 83% .70.83% |
89.47% F173. 91% , it (5 LU A5 55 ey , i WY 4% v Jak
FEOK A I 7 2 Al S AR AL, R T2 53 31
J& 28 I W '] ( Proteobacteria ) . Ul # & I']
( Bacteroidetes) . #; 4l 5 [ ] ( Cyanobacteria ) . it 2%
["] ( Actinobacteria ) | J& B% & ] ( Firmicutes ) ,
SAR406 _ clade _. 7% % ]

Marinimicrobia
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( Planctomycetes ) JEM B[] ( Verrucomicrobia ) | 2f
B B[] ( Gemmatimonadetes ) . & 5 B [
( Chloroflexi ) , PAUC34f, SBR1093 | Nitrospinae ,
Gracilibacteria . 4% Ji {& ( Chlamydiae ) F1fif§ 14 12 i€
BT ( Nitrospirae ) , 745 — Fi OTU J 51 46 i 47
BLAST x5 WA SRV 0 2R22 G E .
W e 3% K AL S I |14 Saccharibacteria ; B
IS 5 T 28 7K R i A 1Y ) b Dk MR E A 1)
(Spirochaetes ) ; R L f5 1 7 v L BO/K A Hh ot
A Y1712 ; Gracilibacteria X — ] HAEIL f# [ 8K
R R B 7 A TS TR I KR o v AT A
#,

vy 8 Y0 A 0 ) % 9 de L A8 K A i )
TEI K BR324 (8 1) o il 2 ARt
A W R BRI W T

( Proteobacteria ) Lt 45143 1) Sy 70. 65% #01 85.52%
BER T BT FEK 1. 21% 8§ T 7 1
47.74% o Ko I 2 B i 37 7 U AR T O0C /2 s K R
5 oft 9 BLEF 7 17 ( Bacteroidetes ) H 1 55 51
32, 64% F1 22. 72% , 2 15 T R 13 £ 8. 00%
FAEUEIY 11.21%  FEIEIC 7 s 280 KR ot G I 3]
MITEEE # | ] ( Planctomycetes 14.94% ) Flis 401 [
( Cyanobacteria 13.74% ) (i b AH X = oA v 38 &
BORFEM B AR 2o HAB TR I A O 1 O 20 i) o2
Y : VF B B 1) ( Planctomycetes ) 5.74% Fl W 4
& '] ( Cyanobacteria) 1. 17% , %5 ¥ : T2 55 1 ]
( Planctomycetes ) 0. 15% #1 ¥ 4f 1]
13%, & #: ¥ % W []
( Planctomycetes ) 0. 44% #F1 ¥ 40 1]
( Cyanobacteria) 0.22%

( Cyanobacteria ) 1.

i |
3
g South [ | N
w2
.H.
E o B
I EE
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
IIKERE RAEA ST

Percentage of community abundance at Phylum level

B Fluslmicrobia [l Nitrospirae [/|Omnitrophica [l Tenericutes |l Deinococcus-Thermus

B Gracilibacterial ' Nitrospinae BParcubacteria [l Gemmatimondetes
B Saccharibacteria

Verrucomicrobia [[llFirmicutes
B unclassified k norank Wl Planctomycetes WllBacteroidetes

Chiamydiae SBR1093
B Marinimicrobia SAR406 clade

TM6_Dependentiae
PAUC34r [ Chioroflexl

Actinobacteria Cyanobacteria
Proteobacteria ] others

B 1 [IKFLEEERDTEAN

Fig.1 Sample species composition at phylum level

2.2 MBEE

5T UK B KA TP A TR A A vy
WA a- I, H oI A A KT
B RALE I, A4S — SRR, R
AR R AR A E R . v I8
FA IR T a- BT AN , S H R 1 Y 40 18
MERZH N, HPRZEREER
( Pseudoalteromonas ) A ~v-7% JE T 44 v 46 X £ F
J& 3 A T A R BOKAE T A% T SR Ok R
st (R DI 3 2E S ARARA, {HL 45 2 B L 491 28 S 2K
Hor B G R R BOKFE L AR AR TR T
) Salinimicrobium 28.22% y-75 T H {3 B
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MHEJE 5. 91% 7% % IR B J@ ( Planctomyces )
5.26% ; A izt 5 e 28K FE i DL S PR IR
BB 14.89% | JELREREE)E 12. 82% Fl y- AR T B (1
SRR R 8. 63% 5 ZR I 7 B KR i L
KBEN o B WM EHE ( Anylibacter
14.49% ) \y-2 T8 WA 58 2 H L & 1. 28% il
WFFE T Cryomorphaceae 10. 67% ; 7 s 1 15
(R ) TR BOKFE S LA SEHE R v 28T TR ik
RPN JE 37. 42% (MR y ST AR
Idiomarina 17.75% , I A7 38 15 R 2K FEAL
PIBEEINTE R (5 L 14.89% |\ JR 4R R R 5 T
12.82% , B H: A 5 3 He 280K AR AGE ) 1 A 37 2 4R
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R JE AR ER B IR EU B 2 mAR 2, AT TARF
REG AR L
2.3 ZHEMENE

R TR VA SR AR AR il 200 T e e (A
2) ARV I i T 3o T K R i 20 T o S A AR, )
MR A > B > B > R ML
Jir ST 3K it 240 T R v 2 R AR, 2R T It
iR T 1 KR o 2 BB v AR PR B . P
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I8 17 1 28K 20 B F oy, (H 2 AR PRAG AR T
L 7 s 28K R T - R A (IAE W b 2 e o i

1600

1400 0. 06
1200 0.05

1000 0.04
ggg 0.03
100 I I 0.02
o544 0.01

0

0 sl KM A
South East

—Chao == Simpson 0.07

Chao TH¥(

Simpson 5%

i
Yellow

2 AEBESHEMERENE

Fig.2 Bacterial community diversity index
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B8 D7 X W e 1) o A 2 A A TR R JEE 9 R 0, 8 A4
PRGN 1 v o i A 5 5 — HE Y il SR KR

FH5R 0. 684, I K 5 55 — HE ¥ i Bl fme K B A 56
=0.926, 5% N 115 55— F Rl SR 58 1) B A 5%

PE,EhEE( -0. 062) ﬂ] pH (0. 114) 525 — 4 5%l
AR 55 o 1 0 17 R K A i SHAL s
SahmmLcrobLum( NO 7) R KA R 15 4 pH e
TEARSCHE TR G R dh 52 0ORH OG5 g R I I3 s
BOK AR N HA R F & R E B (NO. 1
Planctomyces ), Ji 2% BR % J& ( NO. 2
Prochlorococcus ) [l i 8 52 IEAH DG IRE V5

Eh U SCE ; AR B R BUKFE S AL R R o
ATE T BEFT 1 8@ (NO. 22 Amylibacter ) [ i FE
Frih R IR G , R A pH S R SC A
U s HOKAE B HAR#m vy 22 TE 41 NO. 18
Idiomarina [FlJRE 5 FEEh B IEAH M, 3hEF pH
SO, TE& Mz 43 A B s B
HiJ& (NO. 16 Pseudoalteromonas ) [a] Ji J&F | & F5 3k
A —EWEADCHE | [RIERE | pH A BRI 7AHDC
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Fig.3 Samples-Species-factors canonical correspondence at genus level
1. Planctomyces; 2. Prochlorococcus; 3. Aureimarina ;4. PseudohongiellaS. Candidatus_Actinomarina ;6. Acinetobacter ;7. Salinimicrobium ; 8.
Halomonas; 9. Pseudomonas;10. norank_f_Surface_2 ;11. unclassified _k_norank ;12. norank_f_Rhodospirillaceae ;13. Vibrio ;14. norank_p_
Marinimicrobia_SARA06_clade ; 15. NS5 _marine _group ; 16. Pseudoalteromonas ; 17. unclassified _f_Rhodobacteraceae ;18. Idiomarina; 19.
Alteromonas ; 20. norank_f_ZD0405; 21. Fluviicola; 22. Amylibacter; 23. SAR92 _clade;24. Sulfitobacter;25. norank_f_Cryomorphaceae;;
26. Cobetia ;27. unclassified_f_Surface_1 ;28. unclassified_f_Flavobacteriaceae ; 29. norank_f_Surface_1 ;30. norank_f_SAR86_clade
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P NO. 13 9 &[] pH R 3 i A B Y
TEARSCHE, SR VB SR ER I DU S s 76 45 Vi 4k
Fe 2R a3 A FE BT 2 1 BRI B (NO. 8
Halomonas ) [F] 7 fift %80 . pH \ER B S IEMOCHE, 578
FrEh R AT BRI DU S o

3 g

it o A R R B L R T R R
it AU (R I ) 4 A TRE R VK Y T 380K
FEG AN P 905 B A2 T 27 17,61 49,138 H |
249 B} 481 Jg& 1 836 Fr, AN [] Il i FE B KA
AR AEEA — B G TN 17 1], i H
126 62.96% , AL AT i Xt e F5 it or, o i v
S F B e, R TR B AR A, X TR
TEE BV SR A D FT 45 AR — 207 . /i
AT A AR A A U R Y TR AR
FEFREE AR R — i B9 FEAE AT, (B DL K
VDA i 9 s 280 7K 200 Tl R v 445 4 () T P 40 TR A
VEAE R — 30

A R T 38 s KA o 0 T AR T T K
8 2K R i, B 7% 2 AR PR RN 3 5 B R L AR,
Hl1 TRREOGE S % NGS5, 8 R h & &
B AP A [RIRLE B SR B A AR R A AR DG o
T A2 17 0 23 W T ) LA s e LT, B
Bk, Z NKIG S BN, KR E IR TR T
B DR, A T K AN R s, L
TR 2R AC XTI A AN DG I BRBE AT U TG 15 78
A A PEAR B R o

5 3 e 28 /KR v A 265 X6 AR A ) A1 S 8 B
& J& ( Pseudoalteromonas ) [R)JR BRI E —
FE R IEA S, [F] 30 BE L pH A 855 1 0 AH Sk o
RS LML 1 J& ( Pseudoalteromonas ) HAT AR 5 Y
A AR RN EE S R A AR T X T 9 R 480K
M BA— & m 48 1M, G55 — 2205,
JING 21 % AR R K 2 A K IS
BT R, H AN TR RE S W6 2 L A T )
A B TARBUE IR A58 A AR A7 s 1) A, HA B
A AEN

WO R A B B R R OIR R
( Planctomyces ) | JR. 2 3K 3 J& ( Prochlorococcus )
JEE AR T HA TR Bl UK P h 25 AR 2, IX AT g
JE FH TR V52 2% 1 7K SCAR P AR A ) el 3 B
PS5 SN TR V5 1) S5 % R 4 A7 4%
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Ha] LU TR TR S (Planctomyces ) | J 4R ER
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Analysis of microbial diversity of ballast water based on open sea water
exchange

WANG Lei'*, WU Huixian'*>, WANG Qiong'*, YUAN Lin'?, LIU Liang'’
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Cenire for
Research on the Ecological Security of Ports and Shipping, Shanghai 201306, China)

Abstract; The high-throughput sequencing technology was used to analyze the community composition of
ballast water samples collected from three vessels which conducted the seawater exchange in international sea
and from one vessel in which the ballast water was exchanged at offshore. A total of 27 phyla, 61 classes, 138
orders, 249 families,481 genera and 836 species were detected. The ballast water samples collected from the
far shore of the Yellow Sea possessed the largest number of bacterial species detected, up to 564 species; the
number of ballast water-borne bacterial species in the far shore of the East China Sea is the lowest with only
406 species. The main dominant groups are Proteobacteria and Bacteroidetes, of which the Proteobacteria
dominates. Pseudoalteromonas is an absolute dominant genus of y-Proteobacteria, distributed in ballast water
samples of various sea areas and has a certain positive correlation with temperature and nutrients but strong
negative correleation with salinity and pH; Cyanobacteria and Planctomycetes are the dominant phyla detected
in ballast water samples exchanged in the distant shores of the South China Sea, much higher than those in
other sea areas, and their corresponding originals. There was a significant positive correlation between
dissolved oxygen and environmental factors in the genera Chlorophycoccus and Pseudomonas; it was negatively
correlated with temperature and nutrients; and Salinimicrobium was the unique genus which is the dominant
phytoplankton in the ballast water samples from the Yellow Sea. Dissolved oxygen and pH were positively
correlated with this genus which is negatively correlated with nutrient salts. Marine microorganisms in different
sea areas and their marine environment determined the impact on the diversity of ballast water microbes and
the unique environment of ballast tanks has certain choices for ballast water microbes. The role of exchanging
ballast water on the open seas in accordance with the IMO guidelines has a great influence on the
compositional structure of the ballast water microbial community. Therefore, it plays an important role in the
protection of the marine environment and the prevention of biological invasion and spread of pathogenic
bacteria.

Key words: ballast water; microorganisms; water-exchanged on the open sea; biodiversity
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