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X3k ABIF5ER H PCR-DGGE A, it i R4k
P LSRRI X (2009 4 5 —2010 4F 4 J) K
TR 0.5 m AbTRHRE, I3 M FLAR T I i S e 38 i 1 2
TR, VR DX TR A W) 22 R 23 BT 1 —
3, CISUY T i bt DL 5 A A i i 200 T A A5 R 1
AR O , S 4 TG0 AT A7 B ¥ DX AR 25 3R B 45 B D
TATI R AR R LB A SR i e 4 v 22
PR

O RS WIRES

1.1 #Hm*ES5 2 DNA EH

2009 4E 5 H—2010 4E 4 A (2010 4£ 2 A&
AP R 25 2R K 2 (I A o T R 2 T
ACERT) SR L T VS Bt DL SR E M X KR 0.5 m
WbKAE 5 L RIS 2500 % . 78 S0 5 4 o7 AP
FHFLAR N 25 wm (A FIFLAE 3 wm AR 2T
24 22 U8 RE I B T RIURE Ay 5 A0 R VR I A 4, AL
%4 0.22 pm JEBESCERLAE R 0. 22 ~ 3. 00 pm
WA . B RS UE 1 LK, S IR
R IE AT T —20 TUkAG L4 DNA $EH.

5 DNA 2% % 17k, $REU
DNA 1T TE IR, 55N T 22 DNA
WAL, —20 CIAEHT PCR P71,

1.2 16S rDNA V3-V5 [X PCR #18 % DGGE 4347

i1 16S rDNA V3-V5 0] 48 X 741 1 5
HRAG 2 45 Y O R R AT, AR S B I 5 1 90 0
4 GC 1 iE 17 81 4 358f(5'-CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCA CGG
GGG GCC TAC GGG AGG CAG CAG-3") % [f]
514 907r(5'-CCG TCA ATT CCT TTG AGT TT
30 U HUY R B K 2 560 bp, PCR 74
(R0 A5 R 2R FH 1 %o B M e e Hh vk o

DGGE 1,7k % il D-code System Hi, 3K {% ( Bio-
Rad A #]) . PAGE ¥ B Ry 10% , A% 1 55 B
35% ~60% (7 mol/L FRZ F1 40% X2 F H ik ik
100% 251 o LUK G2 R 1 x TAE, B4 55
FEFLIMAEE A 50 pl,60 € 100 V HLk 16 h, {54k
CEEYSW (EB) et 30 min, 2555 F/K B4 3 min,
JS-380A 1 2y B I AR 43 A7 A4 BE . Quantity
One #4431 DGGE F84([& 3% , 5 F DGGE 4547
HH FISEEEHET T UPGMA 25047,

1.3 #H 16S rDNA FIIRMNER R5& B RHEE

FEP K R 354 nm RN T, V)L DGGE

BEIRE A FEIEAT U T 50 wL JOTE & 1K
H,4 CRb s, B 3G, 9447 Y% 3] 4
& pEASY-T1 ( TRANS) , %% A\ E. coli J&%3% 754
JfL, 76 LB [ &K 35k | 37 CHfik 5% 16 h,
PO TS A 2N E &KXtk LB
AR IRk 3T CRRG 1 F7 8 ho T-8 4k [ 5l
Pk 7 i PCR, 28 3 I8 W B JE F, Dk A6 T )i
PR S B 52 Hy A= AR DA ( Bl ) A BRA ]
52 B T .

WP BT 15 1) 16S tDNA J¥ 51 D 78 £k iE 17
BLAST ( http: // blast. ncbi. nlm. nih. gov/Blast.
cgi) WX G, B m AL 21 55 I A3 7 51— 2
THERGM, REMIERH] MEGA 4.0 4:4)
BAE b 4B 4% 3% (Neighbor-Joining ), o,
Bootstrap > 1 000 (R EX

2 4

2.1 BRAFEHEN DGGE BiES 17

# A FEAR 4 PCR P HEITAR T8 R/ 493 ~
549 bp, M 11 4SH fkE kP AL 2] 198 2% DGGE
Zt (K1) A TANIRIAL & B A5 80k 36 4%, 4>
R AR 15 ~23 2%, HI08 18 . A5 At
ZHIAB AL H,3 A Bomd . ARZF
RN, & ZE (12 F 1 1) Zali B2 (P2
21 £, BkZ(9.10 A1 11 H) Ik (SF# 0k 18.3
), BB A NS A)FRZCFN 1T 4%) K2
(6.7 M8 H) i (FHH16.7 %)

3 s , AMLAS A iy DGGE Lk 3 5 8 H
AT, BV TR] — 2% 7E AN [R) A 4 HOB % BE R A7 7
W22 5 XML H R b — e REE b e 1
ZERER T R M.l DGGE 4 457 A
XOCE R (E 2) 0 & e AR B A
B 2T PERHAE , A4 10 247 7E T R 3
(T A—F L A) 4040 1T FEEAFAET 2009
AE5—T7 AMI2010 4E 1—4 7, 445 23 FEEAFTE
F 2009 48 H—2010 421 A,

HT4 H iy DGGE 73 B AR A5 1 2% il B H A
FAlF L AR XHE#EFT UPGMA 734 (18] 3)
L1 A 1) 240 T B s 45 R AR ARLYE T 2L 5 D 7
REGFEHE, 2010 4R 3—5 A FE a0 IH 8 — KK,
2010 4F 6 H—2011 4F 1 H BYREah A0 I3 — KK
T, X — AR, S E— 280 4 AN/ NI, T—
8 H.9—12 H,6 11 A% R HM—372,
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Fig.1 Image of DGGE gels containing bacterial 16S rDNA fragments from Liuqinghe Bay samples

0905 —1004 corresponded to May 2009 to April 2010 samples( except February ) collected from surface waters of Liuginghe Bay. Numbers

in the gels marked excised and sequenced bands.
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Fig.2 Intensity changes of band in different months of Liuqinghe Bay
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Fig.3 UPGMA clustering analysis of bacterial

population at the scallop culture area of Liuqinghe Bay

2.2 DGGE £##16S rDNA FIREG A S
o
BYHY 20 45 3% DGGE 4% 17 PCR, 20

ARA B W B S5 B 55. 56%  Hih 9 4%
FH) (4547 10,16,17,18,23,24,25,27,30) 3@ 1+
BTG RIA] I, oAy 11 /P AN A e )
SERGNT o W7 45 5 28 GenBank [ Blast 7 ik
FTIRIEPERE 2R, 45 5 Won e A ¥ 41 -5 800 B h Af
N A% A W) 16S TDNA ¥ 31 1 e KAH L K
94% ~100% (£ 1) . 20 Z&J75H 16 58 Tl
ARG SR 2 T vl .

1 20 25741 5 Ak PR PR v v AEARLPE £ 2 R A
AR 9 3 [] 6 A7 0 A, A R G, S5 R 1B
8,20 5T AR T A AT T 4) 203 2T T
( Proteobacteria) \#L#T 1% ] ( Bacteroidetes ) . it 2k
[ MOPE I']
( Verrucomicrobia) , H. 1, %7 6,11 .14 .17 .18,
23 124 |& T o W] ( a-Proteobacteria ) ;
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AP 25 M 27 J@ T BB WO T (B-
Proteobacteria) ; 5577 28 f1 31 J& T v- 2 W]
(y-Proteobacteria) ; 2577 3.5 .12 .19 F1 30 J& T4l
FFRETT 4591 8.10 1 16 J& TR AT 4571 22
J& TP T

20 AU B RNTE P43 B 11 A H Gy ar A A
JARTRL, & T o2 BT T R TR T A 40 T 7
SAEF IR, BRI T4 /X AE 11,3

4 AR o y-AE WL  T A0 A 424
O AR EIRAR A T Ay B 2 . AT ] 4
R AE 8,910 A1 3 H 03 o LBl e PEER ]
HBE LA 6 H 0y B i LB o FLE ORIy 27
PR A AR = RS, AE 4 4E 11 4 H
oA v ds B BRAE 4 T {HARLTE 30% LA
T(ES)

&1 DGGE 9 BEHEB4 3% 711 GenBank A Blast $# &
Tab.1 Blast of excised DGGE band in GenBank

- 755 TR bp FRGR R I MT 5 AHILEE, % JRERasits
:‘ﬂz GenBank bases most related sequence taxonomic
an
accession no. number sequence similarity group
. Uncultured Bacteroidetes bacterium clone Al13W _ 189 .
25 3 HQ161881 547 99 Bacteroidetes
(HMO057642)
. Uncultured Flavobacterium sp. clone ARTEl _ 247 .
£ 5 HQ161882 547 99 Bacteroidetes
(GU230408)
" Uncultured alpha proteobacterium clone CI3W _ 53 .
246 HQ161883 522 99 a-Proteobacteria
(HMO057678)
. Uncultured actinobacterium clone A13W _ 132 . .
£ 8 HQ161884 528 99 Actinobacteria
(HMO057631 )
£ 10 HQ161885 518 Uncultured actinomycete OCS155( AF001652) 99 Actinobacteria
S 11 HQ161886 523 Roseobacter sp. WEDI. 1(AY536562) 99 a-Proteobacteria
£iE 12 HQ161887 541 Uncultured Bacteroidetes bacterium gene ( AB266020 ) 99 Bacteroidetes
207 14 HQI161838 523 Rhodobacteraceae bacterium IMCC1933 ( GQ468664.) 99 «-Proteobacteria
2045 16 HQ161839 505 Uncultured actinobacterium clone CB01B02 ( EF471560 ) 99 actinobacteria
17 HQ161890 511 Rhodobacteraceae bacterium RCA23 ( GQ468661 ) 99 a-Proteobacteria
. Uncultured alpha proteobacterium clone CB01DO03 .
417 18 HQ161891 500 99 a-Proteobacteria
(EF471712)
. Uncultured Bacteroidetes bacterium clone SHBC1107 .
47 19 HQ161892 541 100 Bacteroidetes
(GQ350184)
. Uncultured Verrucomicrobia bacterium clone SGS0653 . .
257 22 HQ161893 545 929 Verrucomicrobia
(GQ347839)
£ 23 HQ16189%4 499 Uncultured Roseobacter sp. clone 2_C6 ( EU600651 ) 98 a-Proteobacteria
. Uncultured ~ Roseobacter  sp. clone BL03-SUM34 .
257 24 HQ161895 493 99 a-Proteobacteria
(DQ778199)
- Uncultured beta proteobacterium clone PI _ 418c .
£ 25 HQ161896 530 99 B-Proteobacteria
( AY580385)

47 27 HQ161897 527 Limnobacter sp. Aph2(FJ377401) 99 B-Proteobacteria
m Uncultured gamma proteobacterium clone SGPW537 .
207 28 HQI161898 549 100 ~y-Proteobacteria

(GQ346769)
. Uncultured Sphingobacteriales cum * Crenotrichaceae ’ .
255 30 HQ161899 527 . 99 Bacteroidetes
bacterium clone( FJ745018)
. Uncultured gamma proteobacterium clone ES0303-B72 .
£ 31 HQ161900 518 94 ~y-Proteobacteria

(FI437730)
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Uncultured alpha g%(;teobacterium clone C23W_53(HM057678)
100 -

100,Uncultured éziréllnég é))roteobacterium clone SGPW537(GQ346769)

100, Uncultured Roseobacter sp. clone BLO3—-SUM34(DQ778199)
53] ISZK-24(HQ161895) .
Uncultured a lpha\ 8]g)roteoba\cterlum clone CBO1DO03(EF471712)
SZK—lSéHQ 61891)
Roseobacter sp. clone 2_C6(EU600651)

0
\;VEDI.I(AY536562)
97-SZK-11(HQ161886

Rhodobacteraceae E)acterium RCA23(GQ468661)
SZK-17(HQ161890 . O

3 Rhodobacteraceae bacterium IMCC1933(GQ468664)
27-SZK-14(HQ161388)

a-Proteobacteria

Proteobacteria

SZK-6(HQ1618, .
100; Uncultured beta groteobacterlum clone P1_4r8c(AY580385) .

SZK-25(HQ161896 B-Proteobacteria
Limnobacter sp. Aé)hQ(F 377401)

T00'SZK-27(HQ161897)

SZK-28(H!

Uncultured Famma proteobacterium clone ES0303—-B72(FJ437730)

SZK-31(HQI61900)

y-Proteobacteria

100 Eilcultured Bactergzi()ietes bactetium clone SHBC1107(GQ350184)

74 K-19(HQ1618
1 100 100,Uncultured Bacteroidetes bactetium(AB266020)
SZK-12(HQ161887) . Bacteroidetes
70rUncultured Bacteroidetes bactetium clone al3EW_189(HM057642) *
99 100 "ISZK—-3(HQ161881)
99| Uncultured Flavobacterium sp. clone ARTE1_247(GU230408)
57L8SZK-5(HQ161882 ) _
I [Uncultured Sphingobacteruales cum 'Crenotrichaceae' bacterium clone(FJ745018)
0 100 SZK_[SJO(HIQ 6}18V9) icrobia b i lone SGS0653(GQ347839)
ncultured Vemucomicrobia bacterium clone 65: : ; ;
10&)ISZK—22(HQ161893) o |Vermcom1cr0b1a
., Uncultured actinobacterium clone CB()18()2]gEF471560)
34 Uncultured actinomycete OCS155(AF001652) ) )
Uncultured actinobacterium clone A13W)132(HM057631) Actinobacterium
1 T00|SZK—101 H(%161885)
100 SZK-8(HQI61884)
SZK-16(HQ161889)
—_
0.05
B4 NEEF5HERFINFEEXRIN
Fig.4 Phylogenetic tree based on 20 sequenced bands and similar sequences from GenBank
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Fig.5 Seasonal variation of proportions of 16S rRNA gene sequences within different phyla or subphyla
3 e DGGE A B 165 BN T BE 5 43I T8
e

Kelly %38 14 # 7 16S rDNA 5 b 3C & 1)
5o b 1 2% 1 R R 1 B 2= 20 TR R v 110 46 4 7
b, SR B, i XA RRE 7 22 B TE 1]
(B4 o-BIE W B-LIE T y-ZEIEH 3 ) |
Wi 2T 4k - I8 £ FT 7 B ( Cytophaga-Flexibacter ) £
W A0 B 41 A ; Schaver 25 5% F WA, A3 9 1
TSR TR E S A E N o TE R T] Wi 2F 4
B — AT — T #E ( Cytophaga-Flavobacteria-
Bacteroides , CFB ) F11% 411 1 ; X 445" jifi 1 PCR-

TS o BT ST 1] 2 AT R
B2 REHE, I SR 16S rRNA JEH 3
2 FIVAE A 6 FE 6 B P ¥k ( DGGE ) 2 AR , Aof 8 74
AL B TTRR IR b 20 T T P AR R AT T A%
FrREAN, & BT AR P SR F B ) SR ] L y-
ATE AT 1A -4 1R MV 1] A O 32N TR B, 7K o )
DAEBEE T oS TEAT B 0T T B8 T AT 1 36 )
AR, i B T AE K AR TR A v A A
OMAT o AW 20 4 5E FEFI 4B K B, U T
V85 bl DL 5 B U DX ) R B A IR R A TR T
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(oW B By ) AATF BT i
LT TPEREET T, Hor o8I BRI ] AR T
TG R X R, o B IE S A
WEIX HR % WU . Hugenhdtz 25 7 [ SR 36
B, o IR TR B2 E TR R TR H UL S A
R BN TS A AE IR T ROK S TO A HE
SN S W) LN, LA AL AT A ) i
BYREIEE L WEN, X R
Yi M Wy o0 A VR 25 W 0T K AR Y
SFe

AMTFE AR B, TG T T 7 X 6 T S I A
WAL, Ak 10 IR |, 4571 11
(oI , 550 12 (AP , 454 17 (-8 TB
W) 45 1O(CHUFF R ) L, 2541 23 (BB o A
BRI SR A A ARG LT
FHIE, A8 T oI 1Y 4570 17 Rl Zkal 23, 5%
17 FEALTF )N AR, T e 2 2
WA AR 23 B, 25 4501 17 U H K
NE#E . Casamayor 25 BIFFE K Y T A2
ALET, & P B 40 i ( purple sulfur bacteria) | W
YA F1 CFB WAL TH K B4 , Schauer
2O AL P 30T VS ) 4 R AR S B 2 X SR I 7
DIBFR IR X AR o Al AR AT T Pl &
BRMIIG: . RIS BT LB, b R R
FER i AR K IR 58 R S8 AR Wk b B SR IE i
B A P S A A A s RS A A 0 R R B R
T S5 7 A4 T 850 ot D) ) S /b, i — 2P 447 PCR-
DGGE 7 #r & 8L, A Wit v 5 SR L ) U8 A 1
HY A A SR AU R T TSI ). A L,
TR R 43 R 58 R P 722 Ak R 20 R A 0 1) 22 A
R 7B A 4 B B, A B KR
(7S Al AT e R B R R o I T T
—F2 5 X PCR-DGGE 73 #7 45 5 k47 UPGMA

BRI, 11 A A RS, 3—5 A —K
x,6 A—AE 1T AR 75— REHE. 6 A—
WAR 1 Hok— RS, Lt — 200 9 4 A/
BE:7—8 J.9—12 J],6 11 A4 K Hh—37,
MR A ef, TLAE 2 5 AR 6 A 42
SRAETE X IR A A2 AL HE BRI 2 E 3, 55 b, 8
HIRATO AL ) — A B A AL I B 21T A, A
BIA], AR R AR TR, e AT A
B R — 32, AT REIX AN H 10k 20 T B A AR 1Y
— A o X AR ARLT S l BER DRE VX A
PR 78 2 R K — S5 TR BEAARAT

(XS 2 A BEA AR 25 AN R T DX A T X
FU I3 0 BRI BE T RE T A S R 98 DX 2 T 22
PEAIME— DT o X AR S8 4 6 L AR SRR VA 1S
DUETR S 16 DX 20 1 AR 2 AR T AR MR Y 2
(R 2) R RGP0 WG W X A0 R
GER ROZAT A e — 2257 . RIS
FIRLT {0 25 96 DX [ Ja B0 , R AE T B AR B A
IR TR AR (222 ~3 C) M
AN DX AR AT A5 A 2 1 IS AR O AN [ AR
GRS A, PR X
YIZET R A R AT RER A T LU JLASEIA,
G TS T R RN, KL
F R A7 AR 25 5], 31X S 52 ey )96 DX A T A
AL IR 5 LR, AT AT T IX DL 2 TR AR R PR
— IR, 75 T B Ty S5 B SR A R Y 5
Py, ST XA ST DL SR TR X, Vg
A7 B2 PR LI I T DB SRR 0 A 24wl g
T BT DX A TR AR BT I T T X AN [
PR, R —EISE T B 2R
RIPR L SR A ST A AT DX ol A P e v
VAR A B AN [R] S B S W P> SR BRI X AR 25
MBS AA

R2 RmENEMRGEFASKARFELEMAILR

Tab.2 Comparisons of bacterial composition in the shellfish culture

regions of Liuginghe Bay and Sanggou Bay

MAEZHNE AR

TN EFPEAAENT H ] ratio of main species of bacteria

TREUC AL RIEAR

2%
X /v month of ~ month of U@;
site A the highest  the lowest W wil )
samples . . ands _
bacterial bacterial @
diversity diversity

I

Proteobacteria

B-ALIE I TN T Tk ik
v AR HT 1 i Tl
[B-Proteobacteria and Bacteroidetes Actinobacteria Verrucomicrobia

~y-Proteobacteria

PRI

o 11 1H@3%) 3A05%) 20
Liuginghe Bay
5 s
R 7 O8AM%) 5HMK 1
Sanggou Bay

35.0%

27.3%

10.0% 25.0% 15.0% 5.0%

9.1% 27.5% 27.3% -
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DLBET 5 0 AT DL — R g X
X UL, 55 7 59 X 10 A 25 BRI oA ) B DL 55
MOKSS AR 7% P, Vb1~ 1011 IX A 25 3R 2 1%
AT D358, AH S PR L A o X I Y
iR R 35 VA VS T X R R I S I R A, B
BB T FRA I X 10 A S BRI, % DL 35 9 i 5
TR . FRATTRE X B DL SRR X TR 2 e
TR DT AVNV WSO T 007, 45 58 R
KA EA LR AVNV RN (150 X T
W AVNV (WG FTREAG, 80 TIE R
J DLGE S B0 S AVNV BT R

S 3k
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Seasonal changes of bacterial community composition in the
scallop culture area of Liuginghe Bay studied by PCR-DGGE

YANG Cai-xia', WANG Chong-ming”, LI Yun'", LIANG Yan-tao°, WANG Na', CAI Yu-yong’
(1. Key Laboratory of Mariculture ,Ministry of Education ,Ocean University of China,Qingdao 266003, China;
2. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Qingdao 266071, China)

Abstract; The seasonal changes of bacterial community composition in the scallop culture area of Liuginghe
Bay in Qingdao were analyzed in this study. Five liters of water samples from the 0. 5 m depth were
collected each time every month from May 2009 to April 2010, except February, and the one liter water
samples were filtered by sterilized micro-filtration membranes to collect the micro-organisms within the size
of 0.22 pm to 3. 00 pm. Total DNA of the samples were extracted by CTAB method, the bacterial 16S
rDNA V3-V5 variable sequence was amplified by PCR, the amplified sequences were separated by DGGE
(denaturing gradient gel electrophoresis ) techniques, and the DGGE fingerprint was analyzed by software
Quantity One. Totally, 36 bands with different positions were showed. The most abundant bacterial
composition was found in January, and the least was found in March. Based on the the UPGMA cluster
analysis , the monthly samples were grouped into 2 seasonal types: March to May, June to January. A total of
20 dominant DGGE bands were successfully cloned and sequenced. Blast results showed that the similarities
between these cloned sequences and the sequences in the GenBank were all over 94% . The 20 bands
belonged to «-Proteobacteria, B-Proteobacteria, -y-Proteobacteria, Bacteroidetes, Actinobacteria, and
Verrucomicrobia, respectively.

Key words: bacterial community ; seasonal variation; 16S rDNA; PCR-DGGE; Liuginghe Bay
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