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Abstract: In order to understand the toxin characteristics and ITS sequences diversity of Microcystis in
Guangdong reservoirs, twenty-eight Microcystis strains were isolated, and their toxin characters and ITS sequences
obtained from fifteen Microcystis strains were analyzed. The results showed that microcystin-producing genotypes
were dominated in Guangdong reservoirs by HPLC and PCR method of microcystin synthase gene (mcyE), and
the main type of microcystin was MC-RR. ITS sequences of Microcystis strains from Guangdong reservoirs had
more than 93.2% similarity. Neighbour-joining (NJ) tree indicated that different species and origin from different
regions could gather in a group, and toxic and non-toxic strains could not be separated. It was suggested that
genetic diversity of Microcystis strains in Guangdong reservoirs was low, and there were no correlation between
ITS sequences and the presence of mcyE. Furthermore, phenotypes of Microcystis strains did not necessarily
reflect their phylogeny. So the combination of traditional and molecular approaches required to reassess the current
cyanobacterial taxonomy should become the focus in the future.
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WFFE R, %5 2 e — Fh iR ZUA g8 ), RO
A R RE R KT B R B E e,
HAGH AL U, s i SRR e —
TR Ry ALK e 4 AR 22 1 G XK
KA T R IR R R R AT TR, TR 2%
WHO ARE , FEE A 5 T K (e o 5 3R vk
BRHIES 1 pg L7

TR 1 53206 F SRR A R N (2
MEZS EEHRHIE TR V& T2 25 R4 1 45 A FRAE 2
T4 R LI ASRE Ry 32 B MR 14 5 A4S
FAAE— SR 2B R AR AR S P i e s R A A
— SO A B A S AR T AR A R AR
AR BEE YT R R T o R ik
TR T S E B T R 16S-23S ITS
(Internal transcribed spacer sequences)/¥ %! #% A A1k
PRSI0 FEE R P S AT A rp A (R B Y
FHFR I A B K 2357 (Restriction fragment length
polymorphism, RFLP)ff 5% % # rRNA #:49\ ¥ 19 45
AW 16S-23S ITS FE/FHN A E |22 F AR
ARFFEARIEIN N 168-23S ITS JPARA TR IR
(AR A AT SET S AN S Y 1TS R P41
SIHTC A B I YR A IR e Y
16S rRNA J7%1] . gyrB 5 H1 PC-1GS JE A AT T
B9 s AR 143 S0 A SR B X (7Y
THCERE 1TS FP A HEAT T WH9E (B SCT AR K Y
e ITS A F S HRIE R . T AR ik
Py G ZE KU DX, 2R 8 R R o NS4 1, 4
A =032 — WK = K ERE SR K PEK B TE) ™
ARA B WU DX A A = i A oy EEEY
VER AHGE 10 482K, K Ry & E SR AL, DL
TR Ry 2 I 0 K R B R A T R T K
PERIHE K TIRE . PR, A SORF T AR 48 7K 28 BR i
FEBE P HRIRO L B 15 BRISCE BEBERR Y ITS J7 541
AT TS, 456 GenBank H A9 [R5 173X

2% 1ITS Fl meyE W51 #1731

Table 1 Primers for ITS and mcyE of Microcystis strains

LERE ML IR 5 R GERE LI G AR, R T 5 B Y
AR S , 8 2SI A U AR BERS AT 2K A
ST, Sy I 301 (e K A BRI T e ok
IR AT T2 TR S %

1 AR v

1.1 SR B FEE 3

T IR ) 11 BEZK P TR R BOKAE 76 AR
PREBCAA AL R, TR KRR 3 ~ 5 IR, e 2%
A 2~3mL B KEM BG-11 H 355, BT 25C
THIRDEIEREFRAR ha5 3%, 4 AT LY RAK M
WAk ORI AR R A R R IR 4k
Sph SR, Htor B IR 28 £k, A 4 DIRASF,
) R SR G B (Microcystis aeruginosa) KB
HE (M. flos-aquae) . B [0 TE B (M. wesenberigii)
AR THRER(M. viridis)o

1.2 EEZHADNAREL

B WUR T pe A A, T DR AR R A
BN R A 7= 11 3S JE R 41 DNA 5] SR S ORI
K2 DNA,

1.3 5| F3 R R R %

PCR 5I¥E41 4z 177, 50 uL ) PCR JOw ik
Z A7 :10 x PCR buffer 5 puL, 51914 0.5 uL (U&JE R
20 pmol uL™"), 1 x dNTP 4 pL (H¢% K 2.5 mmol pL™),
Tag DNA R4 0.5 uL (M JE A 1 U pL™), DNA f1
B 5 uL (20 ~ 30 ng pL ™), FHKFEARANEARFL, F2/
R8 51 S8 454 :94°C 3 min; 345 94°C 30 s,
55°C 30's, 72°C 30 s, 3L 35 AMEIR, FJT 72 CHEfH
5 min; 4°C{#7F. 16S rDNA 31 ¥) 1 S v 51 K -
94°C 3 min; 4 94°C 30s, 53°C 30s, 72°C 30s,3k
35 MEI, 5 72 CHEf 5 min; 4°CIRFF. PCR

5|4 Primer J¥51 Suquence 7RI Size of product (bp)
ITS MSR-S2f 5'-TCAGGTTGCTTAACGACCTA-3’ 360
242r 5'-(G/T)TTCGCTCGCC(A/G)CTAC-3'
mcyE F2 5'-GAAATTTGTGTAGAAGGTGC-3' 247

R8 5'-CAATGGGAGCATAACGAG-3'
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J2 % £ UNOII Biometra PCR A H 47, ¥4 7= 4
H 1% BB pEEE RS LYk, EB 44, £ BIO-RAD
BEE UG R 58 E R

1.4 7 51iE K53 1

PCR W) ik 2 |1 98/ w) ) i 46 Ak Al
e, Fril 0 22 N TR % I, H Clustal < 1.83 47
JPHIALIE, A5 5 15 BRIAEEBERRIY ITS JF51, 456 M
GenBank £05 25 T2 19 #RGLBERERY 1ITS #51, fiff
JH MEGA 5.0 1) Kimura-2-parameter #7444
(Neighbour-Joining, NJ), LA4E % & (Synechococcus)
PCC6803 (GenBank J¥51]5 : BA000022.2) M HH
RGN A 5T M EAE B B 2 Al i(Bootstrap)
1000 ¥ E A AG

15 B REEERNNE

OB B A, A 5% LPRIRIE 5 min,
Je R SRRt FE 30 min, $257E 6000 x g B0
10 min, Y& BIE W, DIVEWIFHEE 75% Y T s 2
BRI, B b0 WO 025 e i s AR e v T 48, )
RV 5% B9 SRR, 1A e 2o 958 b PR Y
Sep-Pak C18 /MM, A BIRYTEI B A TR T )5,
1 mL A 25, 91T 0.2 pm i I 1E 2]
PR, 4°CTRIRAE S

TACBE S 7 2R (MCs) I 1 SR FH VR B0BAH (357
(High performance liquid chromatography, HPLC)3k
R, 4620 5% 2% Kaya 1 Sano!™, (4 75 R
FRUERE S (MC-RR Fl MC-LR)I [ Sigma 2w JF
FHAA 34N Water SPE ODS #:1+(4.6 mm x 50 mm),
WL BN g F R ¢ 0.05 mol L AR 28 PR (60 : 40),
pH 3.0, K&l )% K &y 239 nm, i K 0.8 mL min ',
FEl o 25°C.

2 ZE SRR

2.1 FHEES

MTTIRAE 11 HEIK R 4y B B SR 1 28 BRI i
PR 14 PRAMSEURE S . S BROKARTRSERE. 5
PRE T e 8 F 3 PRk (Ll e . LA F2/R8 7
Yy E R R R A N meyE A7 25 FRIGER
BRRIE Y H A R B, BHEAS R A F] 89.3%,
i SK21. SK10 Il SK20 X 3 ¥k %A £ 1 2] 5 1Y
FEW) . 2 HPLC K, 45 25 FR G v REAS I 2173

P37 R(MCs), SK21, SKI10 il SK20 iX 3 #£
PEPEIAT RIS MCs, 5 PCR Z5 58 22— 2).
LHA T AR A48 7K P v 0 o 06 8 2 2 Pl 7 B R 2R 4L
B, T F2/R8 BIYIHE T /R4 T e = s e 1Y)
Y5 IR RIAE

I3 BRI U R BE R (MCs) R By 12.4 ~
9823 ng g, FHIME N 267.1 png g’ KIEKFER
AR R E N 157.9 ~ 24789 ng ¢, FH K
553.4 ng g (BHEESIH) . X K KRR
WREE LU B bR TR R MR B . 7 43 B AR v e
fifEdE SK28 11 MCs ¢ i fie ey, iR %) 982.3 pg g '
HR A HA S e i SKO, MR 932 ug g 24
PRIYCHE B DU 2 2 375 5 MC-RR, 6 PRIYIEH:
R 2] MC-LR, 47 5 BRIEE B[R B R 5 MC-RR
I MC-LR, MC-RR ¥4 12.4 ~ 9823 pug g ',
Y10 2453 pg g sMC-LR ¥ 19.4 ~ 2458 pg g’
S 1318 pg gt AL AE] AR K e
2 MC-RR ¥ %35 o MC-LR #*J% =5 , - E. MC-RR
J) IR AR KA R i e A R A

22 RGO

15 PRIMEESERY PCR 97447244 16S-23S ITS,
FEMIH R S B R 360 bp A2 A, b A AR K
k73 bp 1Y tRNA-Tle. 15 B35 #E 43 JE T i 2% 15k
Pei KT | BC T SR S A T B 4
AL ST, FHA SIS 15 Pk SK &R 51 #E R 1Y
ITS ¥ 51 5 M GenBank %45 72 T 28 14 [R] I 7 511 44
HARGMGEE 3). 76 NJ AR B(& 1), 2k A A
Hi DX 30 B 32 8 B 2R AN Clade 1, Clade 1 DLAb
1) 4 PRBEE OB AR 5332, Clade 1 HH A, B I
CEE 3R AL M 1 AT AR e 20 B fr 2
A IR B ST 43 3, TR A BOFE 3 A
M, 15 Bk SK R I i Ay ITS J37 50 A Bl ik
£ 93.2% LA b AR TN ARAEKESE
[ 10 Bk SK B kR A1 400k A G s E A H
AR MR Microcystis sp. CTL. M. aeruginosa 843 .
M. wesenbergii NIES111, 34K 1TS F 5 AHLE 14 3]
97.2% Vi b B RS TR H HA E R #EM.
FEREIN) SK TS R 5 M. aeruginosa TACT1 FIAS
FPEREI AR M. viridis TAC17 . M. viridis TAC44 . M.
wesenbergii NIES104 54743 FF . T 114 3 #& SK
PRI A AR B XK, Gk [ B 2 e
M H A | LA B 25 ] RN ) 3% IR 7R ) g o 3R 4
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CEAE, ITS FFFUAHMIPEIRE] 95% LA o A b1 oK 11 AN [7) b DI AN ] 3 7 1 ol 6 e i Pk it 5 2
AR TR, ™ AR A8 7K P AN ) 28 2R 14 ol 3 T e PR ) BEPERLAR , 7= RE AR T (A BB PR A R G 3
ITS JFFIRI RIS, A W R s i 22 5 TR, CEipI

% 2 4y ESIERRIY PCR T HPLC 45
Table 2 PCR and HPLC results of isolated strains

#iFh Species HURE/K % Sampling reservoir F2/R8 MC-RR (ugg')  MC-LR (ugg") &t Total (ngg™)

HALRIYEESE Microcystis aeruginosa

SK1 FKIMAIK PE Dashanghe + 32.6 - 32.6
SK2 K5z 1LI7K & Dajingshan + 12.4 - 12.4
SK27 # b 7K % Nanping + 312.4 - 312.4
SK9 KUK Dashanghe + 932 - 932
SK23 T /KE Liuxihe + 16.8 - 16.8
SK19 E K Tangxi + 123.6 19.4 143
SK28 KB IL/K % Dajingshan + 982.3 - 982.3
SK11 KEE117K % Dajingshan + 457 324 78.1
SK8 IEIKFE Tangxi + 215.4 125.6 341
SK3 R 7K % Nanping + 32.1 - 32.1
SK7 KEBE LK% Dajingshan + 24.1 - 24.1
SK13 KA1 7K Dajingshan + 236.8 - 236.8
SK17 KUK Dashanghe + 32.6 - 32.6
SK14 Kz 1LI7K & Dajingshan + 236.8 - 236.8

IKAETYESE M. flos-aquae

SK5 Kz 1LI7K & Dajingshan + 362.4 - 362.4
SK24 5 7K R Xian’gang + 27.2 - 27.2
SK15 JXUELLL 7K %2 Fenghuangshan + 124.5 245.8 370.3
SK10 KB /K % Dashanghe - - - -
SK6 Kz LLI7K & Dajingshan + 356 - 356

B G EE M. wesenberigii

SK26 1 R 7K % Xian’gang + 88.7 - 88.7
SK4 M 7K 72 Guandong + 712.5 - 712.5
SK22 EHIK ZE Gaozhou + 477.2 122.7 599.9
SK20 KEBilI/K & Dajingshan - - - -
SK21 B FEIT/KPE Xinfengjiang - - - -

SRS M. viridis

SK25 =M 7K ZE Gaozhou + 145.3 - 145.3
SK12 M 7K % Guandong + . 244.7 244.7
SK16 KIPF7K & Dashanghe + 234.7 - 234.7

TR Microcystis spp.
SK18 KAE1L7KJFE Dajingshan + 122 - 122
+1 B - BT

+: Positive; -: Negative.
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Table 3 Species and source of Microcysits used in NJ tree

#EAh Species FFIKJE Sequence length (bp) #3575 Accession No. IR Source TEZ Microcystin
Hi SRS Microcystis aeruginosa

SK1 358 K(C484682 A5 Our lab +

SK7 358 KC484685 AL Our lab +

SK8 358 KC484686 RS Our lab +

SK13 358 K(C484687 ALK Our lab +

SK 14 358 K(C484688 AL Our lab +

SK23 358 K(C484693 AL Our lab +

SK27 358 KC484695 A5G Our lab +

SK28 358 KC484696 ZARSH 2 Our lab +

843 357 EU868600.1 :[E France R Unkown

TAC71 360 ABO015362 H 7K Japan +

TAC86 360 AB015363 H A Japan +
IKAETBESE M. flos-aquae

SK5 358 K(C484684 AL Our lab +

SK24 358 K(C484694 A% Our lab +
HCHUEESE M. wesenberigii

SK4 358 K(C484683 ALY Our lab +

SK21 358 KC484691 ARSI Our lab -

SK22 358 K(C484692 A% Our lab +

NIES104 360 AB015387 H 7% Japan -

NIESI111 360 AB015388 H K Japan -
SRR M. viridis

SK16 358 K(C484689 ARSI Our lab +

TAC17 360 AB015398 H 7 Japan +

TAC44 360 AB015399 H A Japan +
THAEME Microcystis spp.

SK18 358 KC484690 ALK ZE Our lab +

CTL 359 HQ855154.1 K Taihu K Unkown

X525 396 IN210491.1 13t Hubei K Unkown

T1-4 355 AB015359 Z&[H Thailand 1 Unkown

Q333 365 HQ714115.1 Z&fE] Qinhuaihe River A</ Unkown

T34-5 358 EF634469.1 SBIPE 22 New Zealand R0 Unkown

NTI 358 FJ830620.1 H AR Belgium 51 Unkown

Brown 358 AY333417.1 DL Israel KA1 Unkown
WRECHHCHE S M. novacekii

BC18 360 ABO015377 Y[ England -

TAC20 360 AB015374 H 7 Japan -
0 ERBEWE M. ichthyoblabe

TCY 360 AB015373 Z%[# Thailand -

TAC48 360 AB015366 F 7% Japan -
+ BEE; - B

+: Positive; -: Negative.
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53 M. aeruginosa TAC86
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[ Microcystis sp. AICB 688
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T 50 9 Bootstrap {E AR K

Fig. 1 Neighbour-Joining tree based on ITS sequences from different Microcystis strains. SK-marked strains were cultured in our laboratory. Data at

nodes indicate bootstrap value of 1000 replicates and bootstrap less than 50 is omitted.
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FARZAE T =3 MR 22 1 e e R 28 1
IFBA 225, A R T AN RER, B T Rl s
B UERE LA B PCR AN ALK 25 R 725 19 6l
PEFEMUAX Yo ASGELY W T EE N meyE KX
IR REMAE - REEE IR, 4R 89.3% AR RAIN 2]

PEEESLD . IR XTI 11 K K AR e
B TR moyB HEAT RS, S5 I K i g
0 ) 0 9 = R L DO XN T 8 AN R
(1 LS I AR P P g 1 7 T PR A 774 , 4
HEAE 90% DL (R P RS B HE 1 i B B
L T T O S A KR R
i, ATHFIEIRAE I H A B9 — A5 ok s 4y
B 8 T R 1 MCs e 650 pg g LK
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REFP TR HRE N 700 ~ 8800 pg g ' s i 45
FEAIK PR R R & i 3200~ 11300 pg g '
IKEEH BB 1600 ~ 7100 pg g ' 2, X5
ABFFELE T3, UL 43 B AR 1 B 2R BB LU KR
F10 5 28 R B IR, TR A RRRUH K A 1) 2 R vk
LG AR KR T i 7 VR D e

32 ARWNER. RONERTKENERNTS

YFED T

AHF5E RS HPLC AR ZE R 5 7 8 55 meyE
(1) PCR 9 34 45 S #0 2 BH, AT AR A8 K 5 h 4y 5
() 14 R R 2R T e BRI P B AP S, FHAEAS R
100%. A FERHE IR , MK — R B KA 43 B 1
224 FRAR SR IRE B TP P BE AR 7 73%Y, fEIE 1Y
Wannsee ] 4G 72 FEFE K meyE W 2R TR i Fn s
i7 70%, FERERD LR LTI SR G E Y. A
F— A KRR 2B 1Y 26 BRS¢ e B A 62%
AIBERRBENS P A R R KA oE R, K A
LR e P B PR RS (R RIS (1 25 SR
FEAEAR—ErE, I AR — 2ok AR rh 2 B G 24 F
HSR RS UG 4 RRRERE =, PR R RO 17%70
A H AIK AR 43 B 1) 20 BRSSO 10%
REAE RGN 2 7 K7, AT WLAEAS [ K A v = i i
Tl P LU R 22 S AR T 2R A8 7K A R A B )
PEREFPZE ELICIM | H AR PG Y — B K AR B i
TR TR AN 2B =

FEAMFIE T, SR O O i K AR B i 1Y) 7=
Tl 40 9 5 100%. 80%. Via-Ordorika 25 1 B 5%
SER R RO TR BE KRS 1) 7= BEFP S50 01)
fi 17%. 50%>. A #F 58 F W], Wannsee i # 7=
FERYK R B 5 37%Y, Watanabe %5318 77 55
OESSIERTE 3 L IS ) W N b e
WAFAER A, 72 A i e 48 SRR — B30 S R 1T i
A (1) A L5850 56 % 4% 35 1) ek 5
(2) M FI 43287 ik A — B0 Fn W] — 2 25
FIEARNFIREE S0 N B AN N (3) fFE 34
I A A [ T 338 A0 2 A AR — B S BRI . AR AT
SERF I E NG AR 5 8 R 7 A HA FHOCHE AR R
IR ISR B T O A K R 1 fa B AR R (2
BB S A T R R AR T AR SRR

34 EERERE, FESERSITSFIIMAERES T
HWF Y 2 81, 548 1Y 16S tDNA JF 51 AH AL

BE 5 8, 38 21 90% LA PP, Oliveira A 4 16S
rDNA A AR ST, AN A FH T2 B R el 1 35 4%
F 2P T 16S-23S 1TS FEa A Jg 5 K 5 s 4 5
Bm, A LG B EE TR a9 5
P BB R . AFIEEETREI, R KEM
Sk F A 7] b 2 DX 385 TR B 19 TTS I 51 AR B ¢
L TE RGO A I, S EOR B0 SR
M EAGERAR. A IFFEHRE, (4 3% 3 16S-23S ITS
e G AL KT 93%!7. SR ST 5k 4 4 4l il PCR
P 1 TURE W 1Y cpeBA-IGS JF 91 S ¥y # R GE b, 45
Wk A E R 54005 B EERRIE AN A 4332
H53k A AR Bk A 43T, ok A LR SR
BRI R — AR R R 5T Sk
A 1T BE S AN [F] 114 1 2 X35 ] — T S R AT 2Rk
Y RS SE PR AL AT DA 2R 3 BUARY DTG 3 i 43
K LMRE . AVFFTIRGE , s i R T 5 S R 7R
B SN, AR RSB BBk W] BE S [ —
PrFp70Y, Palinska tHELEIFE [ SR IABE 0l 7E L6 =
REFR AT e pk e B R i R A 2RI AR
Fowt L 2R, [ — Rl Be A 2RSSR R B
R TR I (R A SN RERS A TR IR S 4%
fiE B G 3 2078 5 00 F O ik 25 A R FE R v
AT B P A T o SR L Y

Otsuka %% 3 T 16S-23S rRNA J 51| 5 7= 7 4
K meyE, BF5E T 47 SRIGCEEBE R TR R Gk G
R EERE BRI S St a e, B
A% Mikata W H 61 BEIHZE SR AN 5 A0, Hop
4 ANZETE AT I E 45 72 B A 7= 253 1) folc sl i i kY
Wu 25 BF 5 K B, cpeBA-IGS J7 51 5 7= 35 3k
DR AR A7 A T A R SRR, et L g B T 7= R
FERE L BEAE R G UL 1A AT, S A
TR EMIE T E MR RSN Lk
A7 43T 0 D DR T e R 7 ) e TR AR A AR &
IR T —A L[ A 5 AR e, 7R KW B [ SRkt
T — b i g A BLBR LR R A T R DT S 0
BRI TP B 0fe 1. RIL, P d e = d e ik 5
ITS JPHNHE R GR LA R, X537 8
A 7 T Tl 0 e S AN 1 O o e A I 7 G
e e 2 A IR A B 23 R AP

S 30k
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