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FEE TS R SRR A 5 2 o5 I TRV 46 4 P e 25 8 AR A, T 2008 4F 11 H,2009 45 2 H,2009 4 4 J 75 K & 55
P ™ H A X R IR 8 AR AL (MEERVE 2 I SO I P R A O I S AL ) L 43 3 TR SROKAE i BT
FREURE L DNA £ PCR #3453 16S tDNA J¥51] R A T-RFLP (R Sitibric i Bl PE D) 1 B B 2 B ) BR300 i s e v 4%
RmEZ AR L, 3E153) 87 ASRIEY T-RFs (R 3 BRHIE RS U1 R B ) | 2 R 1 S 1A £ AL K 2. T-RF A 32 B2
TR ISP T4 R R W], A i A V& S5 A 7E T B2 1] EAR RIS i ARLEE > 50% ;s TE7K V25 [8], 5 Microcystis spp. XF I 1155
WEAE 8 A RAE A4 BRI (AHXS BN 17. 7% — 47.5% ) o ZE IS 5 3 AR MR SRc AR, VO R W s ian , (H G4 SRR i ) W B T 7
F1 Shannon ZFEPEFEENA WEZER (P >0.05) . Microcystis #1151 F 3 5 Shannon 224k 8 B T35 HAH 56 (S /R B AH & R4
N -0.958) , FEMFIEIRE b, HBLAE 730 (Analysis of similarity, ANOSIM ) 45 5 5 7 K ) 5 B A 9 2B AP 7E AR W38 25 53 ( P <
0.01) . HFELIFN ISR R, KR T R, R0 R WIRE i SRR R S, B S o R i 2R 1
3Z, i A 25 S I3 A A ZR R A SR BB L TR %
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Investigation on spatio-temporal pattern of cyanobacterial community structure

by T-RFLP during overwinter and recruitment period in Taihu Lake
GU Tingting'*, KONG Fanxiang"*, TAN Xiao', YU Yang'

1 State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing
210008, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract: In order to explore spatio-temporal pattern of cyanobacterial community structure in the period from pre-
overwinter to recruitment in Taihu Lake, water samples of three vertical layers were collected at eight sites ( Meiliang Bay,
Zhushan Bay, Gonghu Bay, Dapu, Western part of Taihu Lake, Southern part of Taihu Lake, Lake center, and cross area)
from autumn 2008 to spring 2009. The total number of T-RFs derived from all those water samples was 87, indicating high
genetic diversity of cyanobacteria in Taihu Lake. Based on the relative abundances of T-RFs and cluster analysis, the
similarities of different vertical samples were higher than 50% . By comparison, it was found that Microcystis spp.
dominated in all sampling sites ( relative abundance ranged from 17. 7% to 47. 5% ). The number of T-RFs and
cyanobacterial diversity was highest at Zhushan Bay but lowest in the western part of Taihu Lake. However, differences were
not apparent among other sites (P > 0.05). Pearson correlation analysis revealed a significant negative correlation (R =
—-0.958) between relative abundance of Microcystis and Shannon-Weiner index. The result of ANOSIM ( Analysis of
similarity ) indicated that the seasonal variation of cyanobacterial community and diversity were extremely significant (P <
0.01). As to the Shannon-Weiner diversity index, samples derived from recruitment period reached the highest value,

while samples at pre-overwintering stage in autumn showed the lowest. Cluster analysis revealed that the samples could be
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divided into two representative groups: Group I consists of samples collected in autumn, while group II contains the samples

collected in spring and winter which were intermingled.

Key Words: Taihu Lake; T-RF; cyanobacteria community and diversity ; Microcystis spp. ; spatio-temporal variation
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SR REVE AR AR DA e N I T R AR OO — G T T T A 4 A 1 TR A e
i, TEMRAR R R ARl B R S A i 1) DX eI /K AR T & A | 5k — 3o P P B 2 5k
AT SR VE 25 R A8 Ak TR A AR A7 373030k — st U 9 T 4 ) Ko ol 2 9 1 3 . L B T A
IRAEA F BN, PRI, R R RUBE b AT 5 B A TR 52 3 e U e i 235 4 72 A 0 SR AT /K ST UL B

LA SR, — 26 F A ) H R B 2R FH TR IR L 5 S R A M g 1 o T-RFLP AR 1T LA
o AT IR P 2RV AR S IR A PR B R O e T A R AT Y A AT LR A
—SORENE R R B A R IR . FE RN D ] B A Y R A, HOHRE A RN R AR IR 3 5 2=
AT, FIE T-RFLP J5 320243 Mr i — s J01 5 s ey 2 i 0 A T 1L

A FEAE RN & E TR AB™ B X BEE 8 > 732 R A SRR M) e AE K AR B s T Rk 3 AR
W Y2 2R DL RF IR R 22 3 IR, 90K A N2 B/ (R BT T) A DR Z (B 75) 7 1Y
— RGN S R P TR A A B I A AR AR SR A R 1 K AR I AL i B SR BT R
1 #MRl5AZ®
1.1 HESCREE AL

31°37'38,75" - .
SHGIEE 8 N REEL N2, N4, N5, S2, S4, S5, -~

W2, W4(K 1), B4 1Rz PR ORE Im &), F h ‘},2}?
R (RIRFRE 30cm) o STAIT 2008 % 11 B GFIa3 T 31°22'6.60" iy //g&fis; g i
i) 2009 4F 2 H (AR H12009 4F 4 A (ZI50) it My i
FIoRHE . SL Patalas SROKAR 732 RAE K RAFHKAE (g T2y
FRAE G AT ] S % S5 S B 150 mL KFRIESE GF/ 51079787 | \‘\\ Wa 'r'vf/"“{/{; I
C (Whatman) JE 1 3§ , #5584 RO D BEAE - 20 C 1% 2 i\{//
URIRFE T
1.2 FEih DNA B4R 30°5115.25" ) :

119°452.04" 120°03'42.75"  120°25'47.92" 120°44'5.92"

S Ot SCER T R O, B R I A 2%
DNA, [a] 2mL JC OB A 0.3 g & K 35
BR(EA0. 1mm) , FHIA 0.8 mL 2@ ( 100 mmol/L
Tris-HCI, 100 mmol/L Na, EDTA, 100 mmol/L Na,PO,
1.5 mol/L NaCl, 10 g/kg CTAB, pH 8.0) F1 20pL M K(10 mg/mL) . HITCEH 5 JJ 55 2 7k us I 4 3l Je
ABABEOE T WERIRY 30 s J5 37 C/KIR 30 min, EEREOETIIA 480 pL & 534L 20% 11 SDS %
W ,50 C&JBINAEY 2 h, 554 300r/min, $7E 6000 r/min B0 5 min J5 B F SRS 2E 0 508 d
A5 IR A7 S ENR AW A FNEE =25:24:1, S FHOK S 6 000 1/min #5005 min,
BB R RO E T A IR E RN AT T IEER AW AT FIEE =24:1,1R5)5 6
000r/min #5.0> 5 min J5 23 FR5% B AW, FEIC L3R 28T A BL048 T InA B3R 0. 6 R FR Sa g, =
T B (A B Lk v R B R VAR R AT A R B R ED) L 12 000 +/min 2500 10 min J5 7 L

B1 RESHSHE

Fig. 1 Location of sampling sites
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W, B0 A RS T0% CEEPEVR TS DNA ¥ VR T8 B J5 A 100pL TE (pH8. 0) %% DNA, /17T
-20 C,
1.3 PCRY"

525 W P S REPE T SR SRR AN 16SDNA S8 514 27F ) e 5 S CyS Yekbbnic, A K s
PSS ) 783 R UM HARE L DNA(F 1), PCR P2 K 2 Jy 800bp , i & T-RFs H /3T .

BEANEE S PCR AR AL R SOL, (R R 40 10 x PCR 2% W (200mmol/L Tris-HCl pH 8. 4,
200mmol/L KCI,15mmol/L MgCl,)5uL,dNTP(2. Smmol/L) 4uL, #54 50ng, XA 514 (20pmol /L) 4% 1pL, Taq
DNA RAEWF 2U, BSA Z9K A 0. Spg/wL, ToH 2 B 17K A E 2 50pL, R Touchdown PCR 3N 5 i i) 45 5
P, 3k 35 NMEER, BN ST :95°C 28 P 5min,94°C 28 1 1min, 65 °C—56 C (B FFE 1°C, & 56 C, 4k
10 MEFR) iR 2k 30s,72°C FEf1 1min, 5K 55°C 1B KAEFF 25 ¥k, fie) 72°C HE(H 10min" " #pFF AU, PCR P24
23 1. 5% HNEHEBE I UK 5 54T EB Je @ 7R BER U R G A B &R . ik QUANTITY ONE 4. 62
B (Bio-rad) 20T S IR BE(E , 5 DL2000 DNA Marker( Tiangen) % S #5E PCR P24t 800bp 457 1)
DNA %, RPN HE 16SIDNA 93474 AN N — LRV . 45 PCR 7= WAA AERE 3 0 #1 ie 26
AR 65 (Axygen ) 4lifk 800bp 4b 2547

1 16S rDNA ¥ #85(4
Table 1 Primers of 16S rDNA sequences

514 JPH1(5'—3") TE E. coli HXf R 7 & SCHk
Primer Sequence(5'—3") Target position in E. coli Reference

CY5—27F AGAGTTTGATCCTGGCTCAG 8§—27 [13]

783R GACTAC(A/T) GGGGTATCTAATCCC(A/T) 783—805 [12]

1.4 FESLEY T-RFLP 4347

PCR /=¥ ¢ 5 ¥ FR I ( Mung bean nuclease ) ( TaKaRa) 7K fift ¥5% DNA Al RNA , LLTEFR T-RFLP i #2 ]
fil BB B ( pseudo-T-RFs) '), [N 28 2 BE™ ff DI 45 . SO #& R il A SL10 x Mung bean buffer,
44.5uL PCR =)L} 0. 5ul Mung bean enzyme, SN 5528 37°C 7K 30min,, &% 4% R B 6 U1 5 7 9
PCR =¥y 4iifbid55) & ( Axygen) 4lifk

AL S =1, LABR I A% B2 A VIR Haelll (GG | CC) (TaKaRa) BEUITHAL'™ . 20pl RN M Z i A
2L 10mol/L buffer, 1 pL. Haelll | 15wl 1 48405 74, /K 2 20w, 37°C Y] 2h, Bl— R FREEDI G 09 7= 5
G (SLS, Beckman-Coulter Inc. , USA) ,iRAJE A PIFR DNA Size Standard-600 #221)5 , ITA CEQ I
FENT, FH 1T 35 9 7 55 J5 78 CEQ™ 8000 38t 15 0 HT 2 45 ( Beckman Coulter Inc. , USA) £ B ANE LK 0 B 95t
PRI T-RFs,,

HLUKZE S, CEQ™8000 J BE A Hr k4 v9. 0, K i AL > 100 A2 G B H - Be K /NEE 60—640bp
[ T-RFs, F2edbriifl T TS5 E 5 1A T-RF BK/N, ANFEFES I T-REs | CEQ™8000
WL I RS A AFLP S0 5 64T Xt o sl AS [R)RE b i e e ) 9 25 55 R /NAE 22 1hp /9 T-RFs
94 1 4 T-RF, 2545 3 0 s 0 AUEE S 13 R Excel SCIF, MU/ FRERD2E S AR 5 T-RFs
AR AR X W T B O A S A T-RF AYAEXT = ( Relative abundance, R,) ,f#£8 R, =1% i T-RFs'" | LItk
R BRI MR b4 T J5 S 0 BRI 45K 53T
1.5 J&F T-RFLP KSR 5B 2R 0

FEARE A P SRR E B (Richness) S =T-RFs A8, X BURLIR A BRI 14 OTU, KEHb X
N — ANl

YRS T-RFs %0 H B HARX B 0T 2 A48 0158, AR5 Th i H Shannon-Weiner (H') $5%4,

HEANXH = - iPilnPi (3, Py SR HEA et e AR o S T AR A EE A1)
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ARV X, AN ) R B8 L B AN [ i) 38 22 P Ll 0ok B TR 3R O 22 0 A, 2o M R ol 8 3 4 SPSS
(Statistical Package for the Social Sciences)17.0 17,

T-RFs X F B L log,, (2 +1) bR 20 G HRAE PAST( Paleontological Statistics v1.81) [18]
HEFT 43T, LASE 7S S S R I S R R I s A AR . BEVR S5 AR AR 3BT LA Bray-Curtis 45 80K B ZHGHT R
oM, ANIEIHIDC AN [R] R B A (7] N 300 0 3 1 7 45 ) 22 S 119 S 55 1 ol R BLE 23 A  ANOSIMY) A5 R 52 il
ANOSIM J&—Ff LA AN R RFVE 22 5 i MR M AE S 06 10 ik BT P L Bray-Curtis 1850 BE V& AH DL
JERZH, WEPELL 10000 YCHE A2 IORE RS BF AL S0E #E AT 10T . S ANOSIM P2 A4 — AN I I SE 1 HH R,
HIRVNFIR AR RER I B R
2 #R
2.1 JET T-RFLP 35 4 AT 5 8 A 7 2 M) 2 1 ) L 4R

ABFTE 8 A RAE fl— AL F] 87 MRS T-RFs, Horb b b 8 3 E i By T-RFs 902435128 70
A5 4576 A, BAE 3 AN EPERHBL T-RFs A 53 A B2 Pl & 248 182 B8 T-RFs 80 b

A N5 5 (20T Mt 200 W4 5 (PRI 76 3 DN 432 FE 5 538 16S rDNA [F51) Haelll BTS2 )
T-RFs AHXF=F R, H2h R 0H [R]— 0] [7] — SRR SR 5 1 40 2 AR S A DU )45 T-RFs A0 R HAR X = 5 22
VNI

(7] — ] [0 [77] — 37 g5 F4) S22 A ot 0 AR v ) 2 AR BRI (BT 3) o SRR R IR R AL (BT 4 R
G N2 IS4 A HARBA I TR Z 582 b T 3 ERy—26, HARIME S SR T50% . X 5%
FEVESR B LR IR — 30, AR WM 1 &AW XA BV 45 1) M 2 REMEAE /K AR T 1K EAR LR
2.2 FET T-RFLP P34 R0 5 S0 v 4 ) (9 7K P 25 ] EL 4K

ARWFFE 8 ARAE R Wa 772/ T-RFs DMUR 2, 3L 60 4, N5 b, A 35 (K 2) . BARAES
AR T-RFs HA 2—5 4>, HAFTER ] B A9 3R, X 2L 3 T-RFs %47 : 64bp, 139bp, 183bp, 223bp,
295bp 45, H:rp 183bp FrfCR M TMAEBE ( Microcystis spp. ) L) T-RF 2R FTAE LS (A 6 A S BIR A B )
AR E, HAR G A (R 2) o BRI s A [)8 IX AL 5 Microcystis spp. X} =F B LA ¢ Z2 R4
FEEZ [A] 5 B AHOC (B 5)  AHOCR B - 0.958,

%2 Haelll B§Y] T-RF BliE S MNEZEEARARMX MBI EEFERSHMEIER

Table 2 Relative abundances of Microcystis and Shannon-Weiner index calculated from Haelll T-RFs profiles at eight sampling sites

Microcystis FIXTEE /% *

REER & T-RPs 38 Relative abundance of FREFHEIEN
Sampling sites Total number of T-RFs Shannon-Weiner index
Microcystis ™
N2 39 38.0 1.878
N4 46 30.1 2.207
N5 35 47.5 1.623
S2 56 20.2 2.347
4 41 27.5 2.206
S5 59 20.5 2.215
W2 53 32.1 2.094
W4 60 17.7 2.512

* f iR 183bp T-RF HRF A Microcystis *EXq‘ifE“”

ANEADK Y 8 AN RAE A IE] T-RFs MR R ZAEPESE LA ULEL 6, T-RFs ARSI C 3R T-RFLP A3
FI 5 R AP, IRl DA S PRI (W4 55) B9S2 T-RFs B i £, F 489 17. 8 A4, 22 10T (NS #4)
T-RFs B i/ PR 12.8 4, RIS RS T-RFs B 45 R — 8 WRV R (W4 5) L
FEPE R A3 2. 51, MAZ 1L (N5 ) fefi, 9 1,62, [ N5 Fl W4 X PN 5 9 T-RFs B0 i 4 2 RE1E
FEECH W EVE2E A RS W X R 22 R A 2

ANOSIM 73 #7 ( 263 ) & W1, KA [) ) DX 22 [A) 0 e 7R 4 M I A BB 22 % (P > 0. 05) N5 S w4
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Fig.2 Relative abundances of cyanobacteria 16S rDNA fragments derived from the surface, middle layer (1m), and bottom layer (30cm to

sediment surface) at Zhushan Bay(N5)and Western part of Taihu Lake( W4 ) in November 2008 ( Autumn) , February 2009 ( Winter) and April

2009 ( Spring) based on T-RFLP analysis after restriction with HaeIll. Numbers in the legend indicate the number of T-RF base pairs (bp)
P51 B 3R T-RFs B9 Be A/ (bp) AR R < 1% B9 T-RFs AT %518

F3 KHMAEMREREEERMEN R BB (ANOSIM)

Table 3 ANOSIM ( analysis of similarity) comparisons of spatial differences in cyanobacteria communities in Taihu Lake

N2 N4 N5 S2 4 S5 w2
N4 0.0075
N5 0.0518 0.0432
S2 0.0041 0.0158 0.0631
sS4 0.0178 0.0247 0.0538 0.0545
S5 0.0165 0.0281 0.0634 0.0717 0.0379
w2 0.0316 0.0439 0.0196 0. 0600 0.0679 0.0415
W4 0.0176 0.0189 0.1094 0.0706 0.0075 0.0662 0.0281

RAEMRNFIRAFIRETE I R 1 RoRSE 08, M REE B TR 0 FoR PR 58 2R w24 1L 10000 ¥k HE 42K
FERIHES R S AT T
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Table 4 ANOSIM ( analysis of similarity) comparisons of temporal differences in cyanobacteria communities in Taihu Lake
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10 BHEFER 1667 10 DL/ 0.809

* (RS 2009 AETEAZ O ML 1964 FhRM I TFIHEF h B85 IR 11764 K, EEHERE 1; ¥
F1.812, = EHERE 14,55 1—9 JmiELE 9 AR EEFAS 2R A ERE R0
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