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The composition and influencing factors of potential pathogenic

bacteria in ballast water of entry ships
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Abstract: Ship ballast water directly promotes the water exchange between geographically isolated sea areas
and has been regarded as a medium for the migration of potential pathogenic bacteria. In this study, 25 ballast
water samples of entry ships were collected and high-throughput sequencing technology was used to analyze
the composition and influencing factors of potential pathogenic bacteria. The results showed Proteobacteria,
Bacteroidetes and Actinobacteria were the dominant bacteria in ship ballast waters. A total of 36 genera and 19
species of potential pathogenic bacteria were detected in the ballast waters. Cutibacterium acnes, Escherichia
coli and Staphylococcus epidermidis were the most common pathogens with the detection rate exceed 50% in
ship ballast waters. No significant difference was found for the species number and abundances of potential
pathogenic bacteria between the exchanged and unexchanged ballast waters. The close positive relationship
between pathogenic bacteria and phosphorus and Escherichia coli indicated that human activities should be an
important factor for those pathogens in ballast waters. In all, it should strengthen the management of ballast

water so as to reduce the invasion risk of potential pathogenic bacteria.
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P AR R HH T A0 B 5T s i 90% L 4y
B R AKIR A T R A Y 171 2 S 900 PG A
Kh e s (KK, IRFRZ) Ry 62 pas i B 1 40%,
B PE RN YA IS TR AR K I, K
AR — R N R R T T BERT AT, BT
Z H BT KSR, afhit, St R e
80000 £ fI& fFs A 5 7 8 1 100 42 M 1Y & 2% 7K 7
ERVEFE NS, AR ARl 1K 7000 Fi/K . H
AR 2K T BN AT A ) 7 3 B 5 K AR
Z IR I, © 5 E bRk iz e,
B 3T e K A e N, VT N T LR
5 45 X B 1 e B AE R B e B . X
e J A T e B A A0 R KT B B RS IS
NA=E E S B I 7K S8, 27 45 7K A 2 ) e N 2 fi
HEH R TE fE

FH TG A R A S5 i PR ] o g = 2H 21
il 2 1 ] s M A0 e 28 K R AR A 4 ol RN A8 BN
29 ) (LUF AR (R 2K A 29 ) AU 5 TG K I AT
W ( Escherichia coli) . 22 HLINEE (Vibrio cholerae)
SEE TR UE I T IE . SR, VB TE B
22 | BEIE AR 2%, R B KT 141 45 48 7R
AW IS R 58 4 e W IR TR ) AR R TGO R AT
A (Shigella castellani ), FE FLINH . W TIKE
(Salmonella ) %5455 g JE AR Y, v B )5
AR R U R I — R R e R TR
5, AT LA ff g AT A o b 9 A 0 A R OO
BB IEEOR A" R AR BB A
W FRAS AN £ PCR, {HREAS W] B i e A1 & 0 22 Fif
s ST AE W, AT A0 4 7R PR B A i v v A SO T
14 Z R R 2H R B

“21 iy a2 P B IS, A K
PRk T IRE X AR T 0 & R, NSRMAN B L
1Y 0K e it — 2238 0, A= ) AR B R TR 2B
Ha st STRIEshiad . S80I, 42
JREK PR 2 AR, 1R 2K IR 0] BE R
TTE RO T N R IR, i, BT SR
3 O P R, 38 3 L X AR B0 2 A e
V., SEATT NS AR R K v 7 B0 TR R Vs 4
BRAEOL, Ik — 2R PR PR X FE B0 R Y
SER, LU R AR 280 D i A A 1 RS TS
AP U AR

I RS

1.1 FEaRAE S

JE KA S B H VL7548 YL s NS A0, 8
b R K 2 DO A N AL 55 Ak SR AR K A (K THT
T 25 1.0 mgb), HeoR A F 25 M AR AY T oK
FE G o KRR i A7 T 980 516 o T K TR 1 3R 9 04 O
W, HCEAE K Gk I SE 8 % . SR 0.22 pm 1Y
TG DA T LU JBE X e 287K o 1) A A 1 A 7 b D
(=% =
1.2 JKBRSHON &

pH FIEREE S B pH PRI E . &
A(NH,-N) | AR (NO,-N) | S A (NO5-N)
1B 2 R (PO,-P) R H Ui 3l v 41 43 #r X
(DeChem-Tech 23] )W 5E, i FI 7745 43 301l by 2 193
Wk . Cd-Zn i i+ A A . EAMAEM
B " G HLER (TOC) R I A HLER 53 7
% (Shimadzu 2> )W 7 .

1.3 ZHGERER LA Hr

&M I £ DNA % /] FastDNA" SPIN Kit for
Soil & 7] & ( MP Biomedicals 2% 7] ) $#2 HL, DNA
1) ¢ BE A4l B2 i Nanodrop ND-1000 43566 &
11 (Nanodrop 23 7] ) il & .

PLANEA 16S rRNA [ V3-V4 X H i F B,
R HRE 5 M 51 4 338F il 806R i 174 1% (ABI
GeneAmp" 9700, Applied Biosystems A &) o
NEZ A 2 95 °C TS M 4 min; 95 °C B 30 s,
55 C 1B K 30's, 72 ‘CHEM 30 s, FEER 25 1K, el
72 °C ZEA 10 min, #E> DNA B YHE 3 0K,
[F] — ¥ fib 9 PCR ™ W) IR & J iF 47 38 e F ik
AxyPrepDNA 5] & (AXYGEN 23 ) [F[Uc P 3
=¥, K QuantiFluor TM-ST (& &A1 . %5
B 45 HE i Y PCR ™ W55 IR &, ] Tllumina
MiSeq -5 #E47 iyl 2 )7 (i e AR R 2y
BHEARATA) .

e %P R F 1 -sanger A= W15 8 = B4 4
Mr&5t(http://www.i-sanger.com) I A, 7E 97%
4 A BLEE 7K P b X I 51 54T RT 454 43 2R BT
(operational taxonomic unit, OTU) 3 2&; i U 4
A OTU HrF J fe = 0 e 9IE AR P 1, O %
JH RDP classifier #1740 352# 1 B¢
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1.4 AR S0 R 1.5 Geitsrtr

R A Sk v o I 4 R U, e,
M JE 7K AT b6 He 28K Hh i) v A B0 T AT A
9. #RJE, M Greengenes W 3 (http://greengenes.
Ibl.gov/) T 28 & %01 538 X 2% 1 o 5t o A i)
16S DNA Jy51l, F 4 i U 2 e o i A
i BLASTER T, B JE 4K OTU fREEFH 5 ik
05 S B B HEAT FE X AR S SR =
440 bp; e-value<1x10 % ALl J& =99%. 1%k H
P 7 S50 TR 47 P UG 3 NCBI R 32t (https:/
blast.ncbi.nlm.nih.gov/) #E 17 Eb X DL DA 48 22 45
o WA B0 TR = B SCAAE AL 09 S T

R 1 SPSS 20.0 347 H04is 45 1143, P<0.05
RO R FEMEZS . wSCP IR R Origin
2018b il

2 H#RE5WHE

JEZR K B RAE

W= 1 i, MR 2K G pH AR B Va1
IR 7.69 ~ 9.06 Fl 16.1 ~ 37.5, FXI1EH 53 5 Ky
8.22 i130.3, AHLYAIEFE AT as R Bn:
#KH 9 TOC, NH4-N, NO,-N, NOs-N £ PO,-P
e BEJE 239 h 2.49 ~ 33.90 mg/L. 0.008 ~ 0.300

2.1

G52 F A 53 L. mg/L. 0.001 ~ 0.085 mg/L. 0.002 ~ 0.976 mg/L FI
1 EBKEBEUMER
Tab.1 Physico-chemical properties of ballast waters
%' pH HhEF  TOC/mgL'  NHmN/mgL' — NO»N/mgL'  NOyN/mgL'  PO,P/mgL" i
Y1 7.80 37.5 5.17 0.155 0.006 0.012 0.049 e
Y2 9.06 31.7 11.00 0.300 0.051 0.123 0.020 RE B
Y3 8.30 322 9.22 0.230 0.002 0.060 0.012 B
Y4 8.14 32.3 5.27 0.165 0.010 0.131 0.007 i
Y5 8.42 27.6 3.08 0.008 0.008 0.116 0.037 RE B
Y6 8.08 35.1 3.57 0.008 0.007 0.043 0.009 B
Y7 8.53 36.3 8.40 0.016 0.002 0.035 0.025 i
Y8 8.98 35.7 8.18 0.029 0.001 0.003 0.015 B
Y9 7.95 32.0 5.32 0.055 0.004 0.091 0.018 B
Y10 8.35 31.8 5.62 0.019 0.001 0.002 0.006 i
Y11 8.21 16.1 15.20 0.020 0.001 0.126 0.016 RE B
Y12 7.99 343 3.30 0.021 0.001 0.018 0.007 B
Y13 8.00 30.2 8.16 0.042 0.013 0.028 0.001 i
Y14 8.56 32.0 2.78 0.037 0.005 0.036 0.002 RE B
Y15 7.75 30.3 3.69 0.038 0.085 0.176 0.023 R
Y16 8.52 31.8 3.20 0.057 0.005 0.038 0.004 K
Y17 8.03 30.3 3.16 0.028 0.001 0.040 0.014 RE B
Y18 8.01 282 4.34 0.015 0.001 0.156 0.023 R
Y19 8.00 29.7 5.24 0.046 0.070 0.156 0.025 K
Y20 7.69 30.2 3.92 0.096 0.012 0.059 0.011 RE B
Y21 8.31 223 19.30 0.183 0.034 0.976 0.093 R
Y22 7.92 25.4 33.90 0.009 0.001 0.027 0.012 K
Y23 8.06 219 4.10 0.023 0.004 0.019 0.004 K E e
Y24 8.07 323 2.49 0.017 0.002 0.015 0.034 B
Y25 8.10 29.8 20.75 0.039 0.002 0.003 0.007 FNEK
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0.001 ~ 0.093 mg/L, V¥ {H 53 %1 & 7.93 mg/L.
0.066 mg/L. 0.013 mg/L. 0.100 mg/L FI 0.019
mg/L. BEAh, A9 R 2K B dh Y TOC & 4 i
(AT 20 mg/L), BB AT e e T35 4 b ™
L
22 RBUKAHRE S 2 FE PR SRR

25 D HOoKFE S AR 1S 1257378 S5 BT i
Feal, 78 97% ARIUEEKF 5250 2649 4> OTU.
AT A i I 5 7 25 R 34 M 0.99, SR
Al LR R oK th B 28 R Z B VS . o &
FEME BT R - R ZOKFE G Y OTU %5 83 ~
911, *F- e FI 578 5351 4y 478 il 457; Shannon
TG A 0.86 ~ 5.46, - X {E A b 57 {5 53571 R
3.58 F13.66. Horft, B Y2 1 ZREHIRAR, X 0T
85 HMRE I (a] e KA 58, FREUKAE N B TE G ER
58 UL BCE S 5 00 AN W T FE FT B 2 B0 4 T
YT,

YR B2 R BoR: M0 oK b 3t 2 B
36 METT(E 1), ZFIE 1 (Proteobacteria) , fUFF
I (Bacteroidetes ) 1 i 2& 7 ( Actinobacteria) 75
A, 65 A B 83% ~ 96%. HiHr, AR B
W EFRARE], FEHR 45% ~ 96%. y-"ETE
I ( Gammaproteobacteria) 1 a7 JE [ ( Alpha-
proteobacteria) A AFIE [ TP HH A, X 5 LATE
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Fig. 1 Bacterial composition in the ship ballast water
(phylum level)
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Fig. 2 Bacterial composition in the ballast water( genus level)
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norank_Rhodospirillaceae . T 1% ¥ W ( Thiomicro-
spira) 55 o Hoh, SRJE T2 W 1Y unclassified
Rhodobacteraceae ., 838 % H MR . NS3a_marine
group FNEBRIRAT N £ IR, HIFH1E
Y 1% ~ 90%, X Lo is Ak Py 7R 2 VoK b 8 DL
oy AU
23 JRBUKETEEURE R L

il 3 FrR, AR oK i 2R H 36 T
TEEU i, o5 79 S A 0.1% ~ 33.2%. [l
M 1 ( Pseudomonas) . 213K B ( Rhodococcus ) | 1]
Sl IRAK (Coxiella) . =5 AT (Arcobacter) | %

% 3R 1 ( Staphylococcus) . 53 3 FF i ( Mycobac-
terium) . H I§ 5. M & ( Sphingomonas) 13K &
(Vibrio) TE B 1 60% A9 #oK i bk i, FBE
INABXT 8 o 42 BT T ( Chryseobacterium) . ‘<,
R (Aerococcus) . % K # (Rothia) . B AR FT #
(Corynebacterium) FVEFRL 55 I8 ( Granulicatella) {{
TEAF] 10% 1Y R 20K S rh s i, B A2 B
o HeAh, AR B b B AR B0 16 & 22
SRR B, ZERES Y8 TR 27 B ESUR
B, TR Y22 WP UEAE 5 AT E0W # 8 o
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Fig. 3 The composition of potential pathogenic bacteria in ship ballast water(genus level)

FETAKCE B F 550 B R - A0 oK
AEAE 19 MG AEBUR RN (18] 4), 28875
17 0.004% ~ 0.86%, P-4 F- K 0.13%. Hrf, £
S AR BR I (Staphylococcus epidermidis) . FEHE TN
R #T 56 ( Cutibacterium acnes) F1 K %35 % P A
2 R A K S Sk A i 1 VS AR B0 A, R R
i 50%. KL N TR AT B ( Propionibacterium
granulosum) . SRS ERTE (Aerococcus urinaeequi)
7S MM (Collinsella aerofaciens) . #& {8 4]
5 (Bacteroides stercoris ) AR E 253574 ( Neisseria

perflava) [NAEANE] 20% B R ARE S p G, H
PR o A [ TR 2 KRR il v A 9 A S50 T el
ZEFB K YSF Y8 ol E AT 14 FpA 13 Fh
TERAE ORI 1A TR AR BOW B M 7E Y14,
Y22 F Y25 W . BT s TR UK TR
J B Y B S S 2 A AR I O A et
(+"=0.690, P<0.01) .

TECR IR A )Y E I 3 FhFg 7 1 Ik
Yy, BREESLIRE S5, B EK E ( Enterococcus) 1
KIns A RAF R AR . BeAh, SRR TN E
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Fig. 4 The composition of potential pathogenic bacteria in ship ballast water(species level)
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SEn] 3t B PCR I HEUR DI RE LA
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R AR K B 4048 AR TR BB i o 200 T B A
WL Y 8 T 110 30T R R 2K HE MR I 4 BN i K
DA IS I R A ) NARE R IRUBS: . AEASBIESE v,
e RN AR E A 2K T v TR BOUR T A P SRR
(P=0.539) e EfE(P=0.161) T E R, R
BN TRV K G B BT K AT T (L i TR 28
KIEARESE A HEH, HEZ KB UTR Y v (i 5 7E
BUR B T E—E ST HE AR HK™, e R %
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B R FH K I EEBUR R S PO,-P Mk 2
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K. SIEATR . BIE BRI . 73 SR 855 5
PRI o e 80K i L8 i s o Ak, 78
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K1 0.004% ~ 0.86%. FEA NIRAT I . KR Ay
PR BT 112 1 ) 2 35K T o s 28K e 35 i 110
TEBEURTA -

(3) B #IFANRE 2% B AR AR B 2K g 7e
oW R AR FN R . K 0 A B0 A
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WBEBUR I EEHA R,
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