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& HEEHES OIS RFARNEAR S A

Ao FY FAE ekt BEE® XTImO
wEEY K

(1. EZREFERICEAELEM PG FE 2660335 2. BSR4 95 8 A B R Bk
THE HE 2660335 3. A E G AT RFLE A R E AL E P EUKPERMEE ST B K IS i
266071; 4. FHHHRB MO8 FE  266003; 5. FEHWEESHR FE  266071)

s

MESITHEERX, BOX, KK, TIWX 4 EH7 04 ERERAFENEARES 24
HATTREFR, RABFEFRFBEFRRAERESEHE, T 16S tDNA B4 4 #£ DNA R
H B H B AT (ARDRAFATR XS H M L e, 2REx, FHH7 0 HAERT FRE
IR E Ak A T & 1 |1 (Proteobacteria) . 2 1 |1 (Firmicutes). 7 % & |1(Actinobacteria)fn L 4T &
I1(Bacteroidetes) 4 MIH LA, ZHHEITAHHE L LNTFHEN 68%, HF yv-EHENNHKE
EERHEITF b 88%; AR FTHAHARG AR AIAR, RAE I TFUAE I THEEHLRD
HEBBLAA AR, (2 y-RWE R IE B & (Vibrio sp)fE 4 X EHFHH A, & AN
B 18.54%, H &A% R INHE (Vibrio alginolyticus) 5 I\ H & &8 25%. A B #3446 0 3
V. parahaemolyticus . V. harveyi. V. campbellii. V. parahaemolyticus % K F= 8V By A BUR H . R
# 16STDNA Z AN K R A H TR R KN FE WA RN, TV X 5 IR7E X il 00 40 4%

FoAMERS, RS ERNAE AR SH T O EA T S HxKE,
Himo; BEFSAAE; 16SDNA; INHE

S948  EAFRIREL A

Rl IR AEEHETS 2R84 AT | AR 7 s K HEA K
B AR, Bl A S AR ORI R R SN R
AR ZKE B AN B3 v L HETS 1R 3T T S ) PR R
h H 2538 R (M5, 2013), WFVEIREEXS Y 1 B
fifr A3 EE 1A R, V5 Y i) 48 H PR R R A SR X HETS 1
S 408 SV B A A A S AR A W R A ™ B R
B AE, 2013),

A 19 22 30 R E2= 5K Ehrenberg B IR/ 5 T
S5 — BRI AR LAK , [ E IR VR R 2 U AN A
GUFIARE , W AR W 0 HO2 1 7 S 3 A TR A T VAR
BERGYFAER | e i sh AR A S RE 2
P RIS PR T Y E M ATz A ] IR IR A
F3(PNB LSS, 2001; Fuhrman et al, 1980), 43 &5 15 57 2

* TR 35 PEAT LRI L 15 (201105007) 9% Bl
@ WitEE: X
Woke H A 2013-12-24, WiE Bk H #: 2014-02-19

NERS

1000-7075(2014)06-0023-07

T — WUAE G H R AT S 5T, BRI AR AR
Wi g2 T B & R ITAE A Y Z R v A v AR 3 T
2, ARG FEAT IR R X ) A B A A 2R )
REHFATIR A3 ATT AT, PRI bR 1 2 g alifb— 32
B Y22 A0 = B EE AL (T EFAE, 2009; Erick et al,
2008; TEEIBE%E, 2012; HE B4, 2012),

ANRIBFHA S R B  K BR R BEAN [A], LR
HEVE B LIRS S5 AR o 295 45 (2006)BIF 5T T
19992000 4F:[H] 7 &L FR A AL X . Tl IX | i
DX BV S SR AN TR A0 AT, 3 B B B A0 0 43 0l s T oI
J&(Vibrio) . ANEIHTEJE (Acinetobacter) . B2 HHfl
T J& (Pseudoalteromonas) . RN & (Pseudomonas)
PR B (Oceanimonas) . WE4F 4L & (Cellulophaga) |

¥, E YT FRIW, E-mail: liushuang@bhfj.gov.cn
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I AN & (Erythrobacter)l Rhodovirga 1.1.2 HReyL B A M 635~ JH G T ¥ 7K X5

R T RS A S AR T I 3 W HE TS 1A R YRR SRR
TE R A A A, AP e B IR 4 RIRE X (4
FTIX ., BEAB X, FRFH DX ATl DO A HE TS 1R 5
HEATRAE, FIFP 104 rDNA PR B U A B 2 285
4T (Amplified Ribosomal DNA Restriction Analysis,
ARDRA), kst BA 22 0 i Ba iy, 45
P 5 3 A [V HE S 100 i ekt 7K H 20 T ) A 2 20 A
DS TR AR VR 4 A0 AN o A e a5, SRS YRR
PR PR o PPN B A OCARYE , o i g A A B
U5 A S AR A o B A 3L S A

1
1.1
1.1.1 HRRE F 2011 4F 7-8 A, 7EHFSIE

TR 4 RS DT E DRE T 2-3 IRKZTE
IKEESD . Horp A A BRI X HETS 0 4BV (T e X
VU 3%), B s 1 IXCHEYS AR R (VO 5 DX T,
C M FEFH X HETS AR i 4k (5 1L X HL), D g Toll
DX HETS 172053 AR 38 (22 v X il B R HETS X))o 2011 4F
BTG AR W, B X HES D5k £
BFF3IT I G A AR TE 5K, 55 £ A PR
RAMBEIRERSS W X V5 KI5 % TADLR . &
R BEIRERSN, AR F5E XHES 15K &
B [ BT K SR, B SR AL T
A X HETS 15 K B A 5 HE Tl AR r= A5, B T AL
FMABCESN, BAEEEEF@ . R H . 8%).

TR KB i SR JE R A AE R 2 U4 250 mi, ¥
Y PISCEG 2, 2 h INHEATAR B . T vk S IR R M
b IRENS

N ‘J
36.4° 4
1
eC
36.3 %iu%
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36.2° e ShueD
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Fig.1 Geographic locations of the sampling sites

FEM#EAT 10 ARV E, WMBEWHEEMRA T
2216E. TCBS. 7K R2A #5534, BAEHIE
MR BERESD 0.1 ml, B DMRBEEEIRAT 3 1 FAi. 28°C
Wige 2 d R g, R BN T 30-300 Z (R 1Y)
AR L, SRHBEDLPR IR 5 , TEBAFE S B ALk
Wz /b 20 A WA [R) 1 T Vs (40 T TR 7% 1 RN B
B . TSGR . IR ERN . R . P
IS M G A REE R AR ), FRE— 2B Atk . AR TE 4l
2 DPIIR o SEA S 1 20 TR 55 72 A 20% 78 i H
M, —80CKRIHMRAF# .

1.2 16S rDNA

1.2.1 @ A F 4 DNA #9423 B IEA A
[ 43I A AR o8 D 2 o o AT — S0 s E 7 DNA 42
WA S M P 2 ik 3R B DNA, R D 4 1Y 16S tDNA
A BEE, P Mm-S

BB OB RE IR IS PTG A B K e I ok ) T R
0.5 ml, /K% 10 min, YK 20 min, 4°CF 12000 r/min
B0 10 min, B EIEW 0.3 ml, HH S DNA /B R
PCR #A4 .

W—4 051 Ak Ausubel (1992)FT 275 1. ¥4
TR TR PR 28°C 155 24-48 h, FHICTE A FREL /K PRI A
4, 10000 r/min B5.L> 10 min, WEERAK, 475 pl TE 2%
MR E R, A 25 ul 10% SDS. 5 ul AW K,
TRA5IE SSCIKIE 1 he IMASERFAIENRS), #E
2 min, 10000 r/min #0100 min, B EWEWR, N4
RFRGEDTIRA), 12000 r/min B0 10 min, BCEWEW, 0
1/10 /AR 3 mol/L ZFR#N(pH=5.2) . 2.5 AR /K 4
B, WAIEE-20CHKAE®R . K HEU, 10000 r/min
B0 15 min, 7 BIEW, H 70%OBEHRMIR, BE
T 1 he B S0 pl TCREZEMKE R, BG4 4%
AR EICEETHINE DNA Frar, FIAHE-20CHK
FEIRAE
1.2.2 16S rDNA K B4y 3% MRG0 590
4 DNA #1471 16S rDNA. 5% M2 16S rDNA i
514, 14 16S rDNA [ 8-1510 Z R F 51, 5l
Yk PES IR CHk(DeLong, 1992), #5191 5'-AGAG-
TTTGATCCTGGCTCAG-3'; Fii#5|4 5'-GGTTACC-
TTGTTACGACTT-3', 519 FiEAEY) TAEA Al Al

PR Z 0 MARTN 50 pl, Hob s 5 ol 10x
Buffer(¥ Mg*). 5 ul NTP (2.5 mmol/L). #J 30 ng A&
DNA % . L FiF5 149145 0.5 ul (20 pmol/L) . 0.3 ul Tag
BAME, SZEKENFE 50 pl ST, PCR S 45 H -
94°C 7% 5 min; 94°C7Z%4%E 1 min. 55°CiB K 1 min



55 6 1] XU REAE T B IR HETS A0 T S R A 0 AL AR A 25

30s, 72°CHEM# 1 min, 30 PMEH; 72°CLEH 10 min,
1.2.3 ¥ 38 7= 4 o4 A ik P T 1%
FOMERE 5 L DRI R T IRl & (4B, K
¥%)4lifk PCR 7=¥) .
1.2.4 ¥ 344 rDNA MR 4% 12840 / B 5 #7(ARDRA)
¥ PCR P=¥IH Hha 1 EATHEY) . BV AR R A
15ul, Horp, Hha 1 1.5 pl, 10xBuffer 1 pl, 16S rDNA
PP 5 ul, XWZEK 7.5 ul.

1.3

R 5 i D) &5 S K R PR UE 0 %8, PCR =i AR K
FEF YA RTINS IAS B ¥ 55 GenBank
B PR v 0 R P B R A T AR AU LA, 4R R AR R A
UTAOARTER , W45 AT 4 28 0.

W B AR ) RGEEALA, T 16S rDNA ¥4,
Pl Mega 5.0 57 %) Neighbor-joining #ELR, 545
ZE(EHN 1000 IRE R 458, A RKERREITIRIT S
MR 5%,

K H Primer 5 800, AR I A5 H AR A g
R T E AT BV TR 225311 (Cluster) .

2

2.1

MAEHETS O ECREE, S B aifbfifl 312 B
P, AR Tk X, s X R FRAE X HETE 2R
VRS B 4lAk 77 Bk . 69 Bk, 88 BRAN 78 Kk, B
R J I 45 R R, 151 #R 5 GenBank He
F P F Rl R e, R E] 98% LA o — Mkl , 16S
tDNA [5] I8 58 3 99% Y 240 14 4 fa] — A Fl, 168
DNA JFHIRETRTETE 97%—99% 22 [a] i 41 i 4[] — 4
J&, 16S rDNA JEF[AEME/N T 97% AN #iFh 2
PRI, R 30 R0 000 SFe 1 7 TR AR A e

ZUE, RIET 62 MNEM 151 HRAE 1 T 4
KANFEZEHE . AL ] (Proteobacteria) 104 £f, R/&
F 29 1MNE; JEEER ] (Firmicutes) 36 ¥k, R/ET 8 1~
J& ; Z R ] (Actinobacteria) 7 ¥k, KJEF 5 Mg ;
¥ ] (Bacteroidetes) 4 bk, /& T 3 ME(ER 1. &
KT 4B o5 0 20 B8 R B L LI 2, AR TR B
IR R IR SR Y 68%, HoH y-AR T B A Y
BRI R T T 5 88% ; JEEREFRATT . A i 11 A4
FEGET T B 53 ) 5 D7 20 1Y 24% . 5%F1 3%,

TEREMRIX . Tolr X . #E O IX FIRAE X () 4 258G
P Ss AR T TR 1) R JEERE T T 1) 40 A1 280 43 A EL R
FKEFWE 3. R Do BEHRXHRS HEE5 521 30

FF 1]

W4k 1] Bacteroidetes 3% e-Proteobacteria o _proteobacteria
32|

Actinobacteria 5% e BIHA 1% o A5 IBHA 9%
B-Proteobacteria
BTN 2%
y-Proteobacteria
V-ETE TN 88%
Proteobacteria 68% ,/

JERE T 1]
(e 2 WA 5 A

Firmicutes 24%
Fig.2 The distributions of sequenced bacteria

wRAE , Hh BB TR T, G55 o, By,
BN 9 NME, KREIMLKHT T WK, -2
JEH M) Vibrio sp e LHRRE, o5 B AR IX A & 1Y)
36.67% Ll IXHETS 11358 43 B9 3 1) B4 bk A6 28 T 1A
T JERERTT . R T TR 4 T2 A 4
6 R4 8] Brevibacterium sp., Microbac-
terium sp.Fl Nesterenkonia sp. 3 MEMIME S 1 ¥k 5
FEMR X HEVS DS AHR], Vibrio sp LR HHE . W1
XHETS s 2 5 56 MRANH , MmFRRFEE; &
JWHET G o B y-ZBIEEHN 14 ME; THEERET]
N3 Cellulomonas sp. 1 BRI ; H y-BIE
) Klebsiella sp. i 12.50%, MR RE, i Vibrio
sp. i 1.79%. FRFE X 3853 25 3| Nesterenkonia sp.
1 Agrococcus sp. AN JE I 3 BRI A, AR E4L
s Vibrio sp HULHARRE, 75400 B 8 IRk B
v E N Pseudidiomarina 5% X A5 20 & S
15.79%, A5 KA EH#E

VIR R, BB W T v B WA -2 E
DA A2 TR T A B U E W G 32 5 (Acinas et al,
1999; 24, 2010; #IAESE, 2012), ARAFFREER W
N,y TR AR TR ARTE o B B AR B TR Z
B, DA HETS SR Y 20 RO S R S — R R
B wE AL, KA WAL, 4 KHRS 0
MR K EAAAE - Vibrio sp., 5T Wk
VRHETS AR A BRI 25 2R — B (E M AR, 2013),

o] W ERER ]
Proteobacteria  Firmicutes
ORI O T
60, Actinobacteria Bacteroidetes

=
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Fig.3 The bacterial compositions of the four sea areas
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1 16S rDNA
Tab.l The sequence results of the strains analyzed by 16S rDNA
FERIX. Tourist areas Tk IX Industrial regions & T [X Port areas 54 X, Aquacultural regions
SR FTH HAr BT =P
Group TE Genus  Percentage P Genus  Percentage )% Genus  Percentage )& Genus  Percentage
(%) (%) (%) (%)
S A Donghicola 3.33  Phaeobacter 3.70  Rhodobacteraceae  1.719  Brevundimonas 5.26
a-Proteobacteria Rhodobacteraceae 10.00  Sphingomonas 3.70
B-E T Hydrogenophaga  3.33 Limnobacter 1.79
B-Proteobacteria
v-AR I Alteromonas 6.67  Alcanivoracaceae  3.70  Alcanivorax 1.79  Alishewanella 2.63
y-Proteobacteria Cigrobacter 333 Alcanivorax 3.70  Alteromonas 1.79  Enterobacter 5.26
Pseudoalteromonas ~ 6.67  Idiomarina 3.70  Chromohalobacter 8.93  Enterobacteriaceae  2.63
Pseudomonas 6.67  Pseudidiomarina  3.70  Citrobacter 5.36  Escherichia 5.26
Vibrio 36.67 Vibrio 29.63  Enterobacter 3.57  Kilebsiella 2.63
Halomonas 3.57  Idiomarina 2.63
Klebsiella 12.50  Pseudomonas 2.63
Marinobacter 1.79  Pseudidiomarina  15.79
Pseudoalteromonas ~ 7.14  Shewanella 7.89
Pseudomonas 7.14  Shigella 2.63
Salinisphaera 536  Vibrio 18.42
Vibrio 1.79
A H Arcobacter 3.33  Acinetobacter 7.41  Acinetobacter 5.36  Acinetobacter 5.26
e-Proteobacteria
JERET] Bacillus 3.33  Bacillus 7.41  Bacillus 8.93  Bacillus 7.89
Firmicutes Virgibacillus 3.33  Exiguobacterium  7.41  Enterococcus 1.79  Chryseomicrobium  2.63
Staphylococcus 7.41  Exiguobacterium 1.79  Staphylococcus 2.63
Gracilibacillus 1.79
Staphylococcus 8.93
Virgibacillus 5.36
TR Brevibacterium 3.70  Cellulomonas 1.79
Actinobacteria Microbacterium  3.70 Nesterenkonia 2.63
Nesterenkonia 3.70 Agrococcus 5.26
PFFET] Escherichia 3.33  Flexibacter 3.70
Bacteroidetes  Maribacter 6.67  Orabacterium 3.70
Neptuniibacter 3.33

o = TR 4 JBE R TR T A0 TR A T T T K R R L
(Ravenschlag et al, 1999). FEARWIGH, JEEER 40

[ RS - i e D B R6 3 T i D S N Sl

TR TR T T RAUUAT BT B 40 b 2R 40 HL A& T 3

SMEAT TN, AT BE 5 A% T B BRI DR AT A DG

ABIETE 3 B B AT A T AR AL 5 AN, 2R A

RWOLRMAPLTFE . S5 Tk X |

Ws T DCRISRFAE X, iU 0 R A HLBAR XS 380 | 75
Yt /0 1) B AR DX U 3R R TS A T T A 4 T o R
VR TAE A LT 43 i A b 0 2o 7 rp ot 2 3R S 2 1Y
YEH(Bull ez al, 2005), A 5EAE—EFEJE FHE T2

A BYARIE - Sl Py A B S ) B oA 22 S n] LR AR
S A Wy A i Xk BR B T e R g B BB (I AF

2009),

AR, y-E I B A9 I SIK IR R 40 1 (Vibrio

sp)TE 4 &I BRI 2], o5 BTN 9 18.54%
Ren 45(2006)WF 574 B, AN [l DX 4l 1) 65 7K i (A4 0 o
REMVER TR ARFFERITE BERIX . TAkX

U 1T DX 5 B DX 45 HE TS 11408 30 1A 3 A ¥ e P s R
YAE A AIE, #-HES DR 1 20 A IR A TR 22



XU REAE T B IR HETS A0 T S R A 0 AL AR A 27

4 R EAER IR 11 DR RYIE, 2 vl
S AR FP 28 R LB W36 2, BRI IR A e
W, E R 128k, RIET V. alginolyticus V. azureus .
V. communis . V. harveyi . V. parahaemolyticus #l
V. splendidus 6 %, A V. harveyi % . # 1T X H
3] 1 ARINE (V. azureus) o Tolk XA F) 8 BRIKE ,
KB V. alginolyticus . V. campbellii. V. parahaemoly-
ticus. V. splendidus 4 ™%, V. alginolyticus Bl E % .
FRFA XK R V. alginolyticus . V. chagasii , V. diabolicus .
V. owensii Fl V. rotiferianus 5 NFRSRE , V. rotiferianus
Wiz, BIRKRE, 4 G801, V. alginolyticus
R R ZINEAE, SRR IT SR 25%. A
Z TR (HEPFAF, 2008; Ren er al, 20065 HHifii A
G5, 2004), MASTRLE S A3 25 L A 4 TR AR P2 5 2
i B2 H V. alginolyticus ¥ 8UR fe Z2 I RIBK
VEHHAETR [ KMk V. alginolyticus 5317 o

V. parahaemolyticus. V. harveyi. V. campbellii
V. parahaemolyticus 5532 7K 7= F2FE b WL 18 AE B0
T (Manuela et al, 2003 ; Alsina et al, 1994), AWF5TE
ANFIHETS RS AS I 3 1 IR TR Bl X80 A [
X ESTESE L IRUN e

INE ) 16S 1DNA RGEHAK R WA (E 4), T
b X SR 5 X A~ HE TS 36 3 9T R R 4 3 R T
— i, T TV B SRR A B VR RRAE AR LARL, B AT)
55 AR DCRTHS XS A I VR S A — B 5,
T 10, B I T A TR R T R Bl B 05 A AN [ T L R —

2

()22 Sk o ARBIFSE AY Tl X SR AE S5 A T 75 55 25 [X 1l
B Al 2 Tl HEYS TRRHIT , 4 8 B 1 o g oAb g
R 5 ISR AE DXCORAE 57 T 067 LR LV A 77 B X
T, FRBE K R S B R o XS UK A
H A AN IR A A WL RN 4R S, TSR
PR, PRI A I ) N T 3 A AT — RE B AR DG
P, T RE S K R IE A — 2 R R A PR TE
S ER R 1) — e 24 EL A R ik PRAC e B 1) R0l o
SIEIGYINBE ), X RANRAETREE Tl . FRIEIE K TT
AT T R g T S (X B, 2010) Y.

2.3

R 08 25 V6 S5 20 BT ) R 28 VB AR I (R IX . T
MEIX | s T IXCRIFRFE X 4 ZEHETS 11208 3 Vg 3k 1) 48 T2 Fp
HKBRE(E 5), FER DX FNHE O X A HETS 140 3T 6 4
AR — 3, UETE 70% 2540 5 i Tl XA
FEFE X ) HE VS 14T VA Yok A0 20 B A S R R 5 A — 32,
FHABLEE R 50% , 1 BH Tl X AN 335 X A HETS 1141830 165
I P 200 T T 9 R X I 11 DX A A T VR 2 AR
iR

2 2 25 g SR B B 4R B FR 2, Tlk X ORI FR 5
DX A 1) 450 i i 22 B A P 359 R B o AR A 16S tDNA
¥ 50 25 S 1) 2 48 R Ak 56 R 05 31 1 9IHR BHE V8 6 R R
(B 4), Tk XRS5 X HETS H 3 4 9 Fh 2 A
FEARLRE #5815 o IX BB 25 A E — PR BE IO TIE T 40 P b 2
RH M Hp Tl X AN SR FE X HETS 114 B 7% AR A

e R AR

Tab.2 The distribution of Vibrio sp. in different sea areas

2 Species JE{RIX Tourist areas T Ml[X Industrial regions #§ 1 [X Port areas F#5H[X Aquacultural regions i1 Total
V.alginolyticus 3 3 - 1 7
V.azureus 1 - 1 2
V.campbellii - 1 - - 1
V.chagasii - - - 1
V.communis 1 - - - 1
V.diabolicus _ _ _ 1 1
V.harveyi 4 - - 4
V.owensii - - - 1 1
V.parahaemolyticus 1 3 - - 4
V.rotiferianus _ _ _ 3
V.splendidus 2 1 - - 3
2T Total 12 8 1 28

1) BB 8 PR AR S IR AT SR A SRR TS S 3 MR BT A 0 SRS . R RS I 2 R L,

2012, 15-16
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Vibrio splendidus AB038030
DJQ-W3

Vibrio chagasii KC534207
YZQ-F23

Vibrio alginolyticus KC884661
DJQ-HS5

GYQ-J3

DJQ-Q7

GKQ-H6

YZQ-F27

Vibrio rotiferianus AB719073
YZQ-F7

YZQ-F28

DJQ-H2

Vibrio campbenii JQ665347
DJQ-H1

Vibrio azureus KC210817
GYQ-Q12

Vibrio harveyi AY928014
DJQ-H4

DJQ-H6
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Vibrio owensii KC534407
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DIJQ-H7
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Vibrio parahaemolyticus KC476545
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Bl 4 KUEEGNE D 16S tDNA RS04 4T

Fig.4 Phylogeny of Vibrio (dominant strain) in different sea
areas based on the analysis of 16S rDNA
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Fig.5 The cluster analysis of bacteria in different sea areas
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(1) 75 &30 W HE T 100 9 358 3% T2 /K I 400 1A 4 i 2L
A ZHNE, BRI E R AL BT JREBER ]
JRCETE T VHIAF IR T 4 AR BB T TR o3
WA, TEREMRIX . TolIX | W H IXHIFRIEIX 4 2eHks
PSR A R R AT A, R0 B D20 B K00 o 0 P
B 68%, H v IR N A B A T

88%; AN IR HETS 1205 15 358 4 B 2H B A 0 A7 A AN
[F), LA T RN B 11 %) 4 B A 28 45 /0 HL AT 38
A AN, A8 y-22 1 8 20 7 3R 1 & 40 18 (Vibrio sp.)
FE 4 R IR ], SRR 18.54%, H:
A BRI A7 IR A 1Y 25% 0

(2) INE R E LA BUR R, TEHRG 455
R 2], JFpEHES OB RR RPN E,
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B BEVRHERT, Tl DXFN S5 DX I S8500%) 248 P 2H RN 43
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—EAH M
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(1. North China Sea Environment Monitoring Center, SOA, Qingdao 266033; 2. Key Laboratory of Marine Spill Oil
Identification and Damage Assessment Technology, SOA, Qingdao 266033; 3. Key Laboratory of Sustainable
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Abstract

Three hundred and twelve strains of heterotrophic bacteria were isolated from the seawater

of Qingdao land-based drainage discharge outlets. The sampling locations included tourist area, port area,

aquaculture area and industrially affected region. Based on the analysis of 16S rDNA and Amplified
Ribosomal DNA Restriction Analysis(ARDRA), these strains were clustered and identified. Four
phyla including Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes were identified. Sixty-eight

percent of strains belonged to Proteobacteria, and 88% of Proteobacteria were classified into Gammap-

roteobacteria. The diversity and distribution of the bacteria among each region were different, and a few

of them were Actinobacteria and Bacteroidetes. Vibrio sp. was found in all four regions, and it accounted

for more than 18% of strains. Twenty-five percent of Vibrio sp. was V. alginolyticus. Many pathogenic

bacteria such as V. parahaemolyticus, V. harveyi, V. campbellii, and V. parahaemolyticus were found in all

samples. Based on analysis of 16S rDNA and clustering, the diversity and distributions of bacteria

between industrially affected region and aquaculture area were highly similar. These results suggest a

close relationship between the environment and the diversity and distribution of bacteria among

different regions.
Key words

Discharge outlet; Marine heterotrophic bacteria; 16S rDNA; Vibrio sp.

D Corresponding author: LIU Shuang, E-mail: liushuang@bhfj.gov.cn



