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1.1 HmR&E

T2009 4 8 H 7EHLII U WAL W A Y
W DX (AR R A 2 , 7 08 B HE AR AL SR A
X, FEALIEER 6 A SRAE AL, 20 HIR AR 20 em FEIE 5
AREE A, SLRIFE O ~2 em (A JZ2) (2 ~10 em (B
J2) .10 ~20 em(C 2) 4>k FHTC TR 7 i SRR BUR
FE B2 6 mURS AR ZJZ TR i, v J8crs [a]
SEGE, F -20 CUKFRAT, BT 00T
1.2 SRR mMNAEY S DNA 21

SR PRI R & Z S T2 0.5 g, 77
BT 2 mL EP 45, SR B 5 I $ Il
HERAOHFE 3B ) & DNA, HARERAER S
A ZHOU 45 iy 5 1 MO 2 itk , st =22 Ab A
T4 0 A e oK R AR T IR EURT 65 COK
W RIZRRE 3 K, Z 05 N £ 4 2R T s 2 T
VS ARG RN 2R A K (MR FE 41 6,31 A1
mg/mL) ,37 CRHGf#E 1 h, 755] & DNA [ H 42
W, ET —20 CHRAF. 1% 0 B BEWEEE e i Tk
For A S B DNA AR 19 o7 52 A R BOR /Do
1.3 407 16S rDNA H EZRJ PCR 33

Y 4076 16S tDNA (1438 11514 27F Al
1492R, 27F ;. 5'-AGAGTTTGATCCTGGCTCAG-3’
(E. coli bases 8 to 27), 1492R: 5'-CGGCTAC-
CTTGTTACGACTT-3'(E. coli bases 1 507 to 1 492) ,
47 16S rDNA FEH ) PCR 414 WA Z 4 50 pL:
ddH,0 37. 5 pL, 10 x PCR Buffer ( containing 20
mmol/L MgCl,)5 pL,10 mmol/L dNTP 1 wL,10
pmol/L ] |- FUfF #3452 pL, Tag fi(5 U/ul)0.5
pL R 1 ~10 ng, 1IN 94 CHUVEM: 3 min;
MU TP 1 min,56 TR 40 5,72 CHEfH 1 min,30
AMIERR s fiefa 72 CHEf 10 min,,
1.4 REXENEE

FY 1515 21 16S 1DNA F B s i Wizard
plus SV Minipreps DNA #¢ it 4l {k. £ 5t ( Promega
corporation, USA ) #4744k, SR J5 ] TA e 15
& pEASY-T1-Vector( Transgen 7= J ) #4 @ 75 [ S0
. HY DNA R B S T BIARWEZ LR
3:1,7F 25 CFi##% 10 min,

SR FH W L BRE 0 0 1) B B O 0 B R T H Y
F B T #84K%5 A E. coli DH5 o J&AZ 5405,

%H| &4 X-Gal f1 IPTG JfEA 100 pg/mL %
HREZEN LB EAFR - ,37 CidmhE#,14 ~ 16
h J5 ] UL D W A TR 8. KR Y
PRI 4G SR VR A LB IR A B 5 B rh
W, PR A DNA 4T M13-47 ‘M13-48
PCR #" 1§ 5E %5, 51 ¥ )% % 4 M1347: 5'-
GTAAAACGACGGCCAGT-3', M1348 . 5'-
CAGGAAACAGCTATGAC-3', PCR Jx W B &
J¥:94 C 3 min;94 C1 min,55 C 305,72 C 1
min,30 MEH ;72 CT10 min,
1.5 RFLP 54F

AT M3 591 PCR 7=y HTFR i 44 A D)
Tt Hha 13546 (37 C 3 h;80 € 20 min) . L)
DNA R Bt 2. 5% 1 B iR WHE e v Uk 43 85, 2
O FIEER R R G0 IR 5, T 15 DNA 77 7l [&] 3%
1t GIS BB A i B R, 47 N T B o
DI R e S B O SR A T R R G 3 —
A P EL A A [ L33 1) v R i 2 145 2 A R
VI Rsa 1 #E473146(37 € 3 h;80 T 20 min) 5
HLUK MBS o 4508 IR I 3RAS 1) B 1R [ 33475 K A [
A5 JTAA & AT T AR AH ] ) S R A e — 4 35 P
YER — A~ 4> 25 8 1F B8 f5f ( operational taxonomic
unit, OTU ) sk Fk Ay M —JE R
1.6 FIMNERESH

£ RELP Y2553 By i 55l I, 6 4%:&8 53 RFLP
T B 2 LA b s A S R A R — v R AT H A
AW TR B A R A AT Ry
¥ 45 5.7 RDP( ribosomal database project) i /%
H Classification #E47 Ho X 22 4328, SR 5 o 46
)7 51 7£ GenBank %it#i& /% rf fifi F| Blastn T H. i
A7 HeXF (http; // www. nebi. clm. nih. gov) , & # 5
H AL P P 2] (] 51 B s 1) 16S tDNA FR 514 Sy
ZHIE %75, FIT] MEGA 4.0 (http: / www.
megasoftware. net ) 3k {4, & T H & 4 #
(Neighbour-Joining, NJ ) ¥, #4) # 4 14 & 4t it 1k
B o FRGEHE A & 5 SRy B AR & H A
(Bootstrap)1 000 YK & #° ,
1.7 BEaEmitERE"

SCPER AR (coverage, C) AN

c=1-"
N

i, N AUEE 168 rDNA U B O, n AR AE
SO AL B — ki1 OTU Y%
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EXFAZATE 16S rDNA R B HI¥ 18

AT H SR B AR T B I e HE AR A 45
JZ2NTEFEF 4] DNA | = 2485 4 $E B3k 5 DNA
KNy 23 kb (& 1), 5 4 T PR 2H 1 R /A
i, et L Je B0y AR R

DI b JE R 24 DNA S B AR, >R T 48 7 3l
H51% 27F 1 1492R, X%f H 16S 1DNA 4K 17
PCR 43, ¥ RKEEZ 1.5 kb (&l 2), LiZY)
AT 16S rDNA e [ S R4 2
2.2 TE[ESCEE 16S rDNA B EEl RFLP 447

16S rDNA & 542 24 ) 1 4 K 16S rRNA (1)
i . B T ARSI R R S RS O A
A E R, IE BN RS 1 — S A
bro 3 AT B BEHERR AL 25 2T AE ) 16S rDNA

Hha 1 B§Y) B3
(a)

14 SE R SRR T AR ) AR T 0 o IO WA
> DNA ity , A M13-47 M13-48 g5 ¥px), #E47
WA HI R B PCR 7344, >R Hha 1 F1 Rsa
1 Pl R A P8 P DD T A A B 7 38 7 1, A
IR SCE T (K 3) o

M A B C
9416 bp

4361 bp 1

2302 bp |-

— — —

23130 bp

564 bp =

125 bp .

B 1 REWEREER M EYEELS DNA
(M, A-Hind M marker)
Fig.1 Total community DNA of microbial genome

extracted from Cyanobacterial accumulation
A

B C M

E 2 PCR#IERHEEHERGHME 16S rDNA
(M, Marker D2000 Plus)
Fig.2 16S rDNA of bacteria amplified from

Cyanobacterial accumulation
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Fig.3 16S rDNA PCR-RFLP fingerprints of part of layer C clone library digested by restriction enzymes
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XX P B B g 4 el R A A U I D7
rFEFERE . BN RO RS T GC Al AT
firio 7£ 16S rDNA J Be U] 0 5 sy, Wi U A
B s, R Y0 K o0 OTU 70 2K E K
A
2.3 mEXENERE

Ve ST 14 PR A ARAL AL ity v A= My R 2
BLAESE AR W) A5 SR AL T 120 o

(V)48 SCE T, SO 0 8B 53 51 80.8%
87.5% FM89.2% (£ 1) . XFRWIFEFMEE N, X
VI SRR R, SO B B AR AR
ZHMEREE. @R aTAE S, SR
1) = B B R, R B RN , U8 A BE il RE A
TEFE Z YRS it 3 22 RErER S L
BT AR I, PR 2 OGRS , Z R Fe 5k
R, B B 20 TR (14 b S A Bz 7 R AT o

%1 16S rDNA REXEEBIIRBNSHE

Tab.1 Diversity of restriction endonuclease types in 16S rDNA clone library

% OTUs % PEZE/ %o Shannon %#ﬁ%éﬁ( S.impson ?F'ET;%Z Margalef 35?2?[‘,%
Jayers number of Coverage Shannon-Wiener index Simpson index Margalef richness
OTUs (C) (H) (D) (dya)
A JZ layer A 51 80.8 3.671 0.967 10.443
B )2 layer B 32 87.5 2.832 0.902 6.475
C )2 layer C 27 89.2 2.689 0.89%4 5.431

2.4 FINESMERZRENIGE

BTV AR OTU
BEALBEE 1 A 5 B 724700 , B J2 007 S b
ok 51 .32 .27 A4, %E 1 16S tDNA ffi A Bk
FEZ11 500 bp, HFR 1 AJH1 A JZ21) OUT 43 Bl i
2 ARBE G RE I 1 P 40 5 FLE SRR, R
MEGA 4. 0 30 8 40 8 R GeF b i (181 4) .
MRGE AR A LA A 2 SORR WA
KM RER ] B ] R R IR B
BERTTUA KRBT WI T h & A ah, AAFERENZ
FEPE, HA e R T T b B 3 AE, 51
2 W Bl ( Clostridiaceae ) . F} # 22 W FI
moE o RE R
('Veillonellaceae) ; i fEAZ T 14 [ ] %8 o- B I 1
£l B4 & W M
( Betaproteobacteria ) AR I g

(' Erysipelothrichaceae )

(' Alphaproteobacteria ) |
1
( Gammaproteobacteria )3 ~4X .
£ Z M P 45 5B 4F RDP ( ribosomal database
project) 4 %2 A Classification 347 Fb %F 43 7 &
B, B HE AR AL 25 2 1 A TR O AR T X R TR
WAL R HBER R R m, s 142
TE BT 10020 T bE A sl /b, 17 A Je T JEE BE BT 11 ) 4
LGN 5 75 A JZFE i P A A D i H & T i B
T BT R T MRS 1R 40 TR 5 7
C JZHE i h WA D 5 H 8 T 1 1128 10 40
# (& 5) .

HilE 5 rTRUE &2 08 TR R T4l
R I AN 0 A2 45 40 (Y R R AR AP AR ROR 22 57
VAT WAL A FPAE s o B TE TR AR B-A2 TP I
AEASZ RN 3], o o- A2 TY B A A R0 £
W RS 1) SN T /1 11 B2 T TR 4 Y B B
TRIE R3S IS8/ e B R

{27

ABESE R ] PCR-RFLP J5 i 73 A 1 3L 18 74
S R T T S HE R AL AN ] 2 TR B
IR AR A A i S AL, &R
WA S 28 1) PR 2 AR v, 3% TR At 119 T B S iE
5 A S R b S I T 5 7 T 9 A B AL A TR
Ao BEU) o B B v B I Py e WD, 38 o B AL
22 AN A 1 TR RE )RR T
[T BZ R S AR e DT TR U R
P T5 VR P A % 20 1k 2E Bl e o A 00 31 ) £
A R AR L

JELBE BRI ) 200 T A i 40 A AR A R A7 A, A
. PUONEN 2 o0 A fE 45 B PR3 S, n
BRI Ay BR80T AT AR f R
TR BRI 2 R AR A LR T BB
T AR BTE 3 NSO R T ARR B Lo, 22 4
P TEAB R P F L o BTR R B-EIE W
GAAN T O B TR R, X bR B g
SRR, A A TSI 29 b PR AR 1 5 e R O

3
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100
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; A-44 Clostridiaceae
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A4S
E Clostridium drakei (Y18813)
A29

Clostridium subterminale gene(AB538430)
A-30

A-37 B E 40 PR
o HLWE
U ¢ ium sp. (EU530370) Erysipelotrichaceae

JERETH]

Firmicutes

100
A-26

A-41
Veillonellaceae bacterium WKO11 gene(AB298743)

A-3
Uncultured soil bacterium clone TA6(DQ248295)
A-27
Clostridium beijerinckii NCIMB 8052(CP000721)
A-47
A-17
1

Uncultured Veillonellaceae bacterium clone MFC-B162-F05(FJ393119
71 A8
A2l FHoR KE R}
Anaerovibrio burkinabensis DSM 6283(T)(AJ010961) Veillonellaceae
Anaerovibrio burkinabensis DSM 6283(T)(AJ010961)
A-35
A-7
A-13
A-34
100 A-12
A-14
w11 Microcystis aeruginosa NIES-298(FJ461749) Wi
- ﬁ Al Cyanobacteria
A-28
Microcystis aeruginosa 0BB35S02(AJ635430) fﬁ( g}z % I‘j
0} A-32 _ Actinobacteria
. Rhodococcus qingshengii (DQ090961) ?? gi‘% I\
o = z AI-J:quIlured planctomycete clone s75 (GQ452882) E}%agg%%ycetes
00— A-46 .
L Uncultured spirochete clone KB-1(AY780558) SperChaeteS
A-6
so— A-24
o Burkholderiales bacterium (AB362826)
A-10
v B2 i A
A0 Betaproteobacteria
A-38
A-36
A-49
A-25
76|Uncultured bacterium clone LT-SB-B10 (FJ755754)
A-16
" ( gamma p fum (FM253603) y BTN
100 Uncultured gamma proteobacterium (FIS17701.1) Gammaproteobacteria
AS AR T2 e
IR

A-31
E A3 Proteobacteria
Roseomonas mucosa strain MDAS5527 (AF538712)

Phyllobacterium sp. EBBLQO1(FJ178785)
A-50

A-22

Ipha proteobacterium A0902(AF236003)
A-40

100

o ALY
Alphaproteobacteria

d alpha proteobacterium clone WN-FSB-259(DQ432154)

A-42

0.02

4 ETAERAEREIERRS 16S rDNA FIIHZ A R LR

5145 M13F M13R
Fig.4 Phylogenetic tree based on partial 16S rDNA sequences retrieved from the clone library of layer A

OTUs were sequenced with primer M13F and M13R
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LJSBER; 2. o BRI 3. B-TE W4T 4. v /RIS 5. KA 6. VR R RI]s 7. BRBEIRIT; 8. WEHET5 9. UFFITT,
Fig.5 Distribution of microbial community in different layers of Cyanobacterial accumulation

1. Firmicutes; 2. Alphaproteobacteria; 3. Betaproteobacteria;

7. Spirochaetes; 8. Cyanobacteria; 9. Bacteroidetes.

J&F AR W 1T AR W 3 DL 8-AE T TR AN
( Deltaproteobacteria) 2 3=, 4 5 K25 72 BF 5%
ACHT I = DR v A ) 2 A s 30, LA
i PR 41 16S 1DNA J7 91 g A2 TR 11 26 8F,
I H ULy W WA A MAEAD T,
IUIE A R INE D BT WNERA TR, A
W R, oI TH AN B2 AN AN T 7E vk
BB ORI K PR SR AR B R B I y-
AT T AN A0 T BT DR R Rk
SO SRR T AT B R AN RS R y-
ST R A A T A 3 5 e v g AR ) A R
A

AN, 7E A JZ R 2 & T T4, &
R e v L /N [T AW R R O 4 7 N
VINASRZ S L NI BT 1 e s ) e o
AHIRE R A PR o A BFFEARE T AR IR
KT HFAN P R A w R R — R WY
L S Ny R AR LI E T R 0
38T AR 16S rRNA vRE S e i1 %k
BHEREESPARE . I, BAR A ESUES
Fer I 2 J& % 11 e bE AR HSEBR A AT RE
RZ . WHETTME R REN CEEMR T —
ANk C9,3)8 T Cytophagaceae J& . JASPERS
2200 oF R SR A0 170 19 BF 5 % BIL, Cytophaga-
Flavobacterium ZH 119 22 1 1 75 ¥ i AR 40 334 5 i I
H P AR S o B E . AR R, — R AT

4. Gammaproteobacteria; 5. Actinobacteria; 6. Planctomycetes;

VAZLS 5 B A0 LY Cytophaga sp. F B 5 KA K
M B BT S e B PR AU T T A AT
REF s B G B R A, i 3
T PRERDE T BT TSR AH Y T8 HE A 2
A RILEFT 5 H BN, X RGeS X PR A 1E
FA O FEESNE B IR KA PR R R T AN B
H—E

A58 F F PCR-RELP 48 2[4 | 5 b 3%
I P 40 9, b A 4 i R T i T 5 AT
e FRUHE B I 2 A3 A DG () 20 TR VR 2540 o a3 A
TR, B A TR R 5 AR R A, A
PR . TEMCIERE L, FRATTE G HE— 25 X Hop oy
YNER B ST AT, ST T A /K A g 4
Gt R R LT AE W2 A5 B, TR oy 3 9 =
W v R0 A 1) B2 0 0 VR AL R P R R R et B
WA
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Preliminary study on bacterial diversity in the Cyanobacterial accumulation of
lakefront at northern shore of west region of Chaohu Lake

XUAN Huai-xiang', AN Shu-ging®, SUN Qing-ye'* , LIU Mei'
(1. School of Resources and Environmental Engineering ,Anhui University ,Hefei 230039, China ;
2. School of Life Science ,Nanjing University ,Nanjing 210093 , China )

Abstract; Cyanobacterial bloom has been a hot issue and the microbial community is one of the important
functional groups in the decomposition process of cyanobacteria accumulation. In this study, restriction
fragment length polymorphism ( RFLP) was applied to analyze the bacterial diversity of different depths in the
cyanobacterial accumulation of lakefront at northern shore of west region of Chaohu Lake. The total DNA of
the microorganisms from three different layers of cyanobacterial accumulation(Layer A:0 —2 cm,Layer B
2 —10 cm, Layer C:10 —20 cm) were extracted by the direct method. The DNA extracted was amplified
using bacterial universal primers 27F and 1492R. PCR products were ligated into the pMD-18T Vector and
ligations were transformed into Escherichia coli DH5«a to construct 16S rDNA clone library of microbes in
the cyanobacterial accumulation. 120 positive clones each layer from the library were screened and their
16S rDNA fragments were reamplified. The fragments were digested with Hha [ and Rsa [ respectively
and their fingerprints were analyzed. The results showed that the layers from top to bottom include 51,32 ,27
restriction endonnuclease types and the coverage ( C value ) of the clone library were 80. 8% , 87. 5% ,
89.2% ,respectively. Margalef indices ( d,,, ) , Shannon-Wiener indices ( H) and Simpson indices ( D) all
decreased with the depth increasing. Phylogenetic analysis suggested that the dominant bacteria in different
layers of cyanobacterial accumulation belonged to Firmicutes and Proteobacteria. With the depth increasing,
the species of Proteobacteria decreased,but those of Firmicutes increased. Some bacterial species in Layer A
also belonged to Cyanobacteria, Actinobacteria, Planctomycete, and Spirochaetes. And some in Layer C
belonged to Bacteroidetes. The results revealed the changes of bacterial diversity and species composition
during the decomposition of cyanobacteria accumulation. This study on the bacterial diversity not only
provided microbiology information for understanding the decomposition process of cyanobacteria
accumulation ,but also supplied the theoretical basis for using the resources of unknown bacteria in the
cyanobacteria accumulation.
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