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(REAZABE R 22 e, R K A2 5 IR HL A SR, T 300384)

T N T WEFREET MK P BE B (Mlicrocystis) WAL ZREME L RGUR B R R, K238 B THKERI 100k
TR TN RKIER (fsZ ginA~ gltXs gyrB. pgiv recARlpi) 3 T EEFE R 247 5 )7 51 0 TL(MLST) 3
[K] i, 55201 BA T 7 51 8L (S Ts) 12374 H AT A 1) Fe 91 B R AT BT, 285 SRR LT M /K KIS Ts AT 73 3¢,
Ui AR T oAt DX B RE, T MK PRI R B SERIAESE . MLSTHISE B R ART 101 R B A B =
I A ZREIE, P B 2 & FEHIE 090,938 T 5 4K MM i R G0 K B B 7, MLST R LA SERG A1 HY

SR, ATROVFIT A TR IIEELE 1 R

FEEIR: B 2R AT AR, M AR TR, TARKEE
X EHS: 1000-3207(2021)04-0871-10

HhE S S Q1451 SCHEAFRIRAS: A

Bl A B KR E S TR K R e =, T
TR ISR B BT 1 BT A T K A ) R RO IR K AR S
ARG ILF O . At R 2085% 1)1k 7K 1 5 /K
B SR, T R A e g, I
SR A BRAR I W B8 23 00 I AN [7]) 7K 38 Ak 3 o5 2
R . FRERI Az il e e
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AR ALY 330l G0 o T U £ 2 KA A5 O i, R,
WA FE NI T —Fh, BDR R 2t i 3
#E(Microcystis aeruginosa)~ I I FEBE (Micro-
cystis novacekii)~ 1 FEIEEE(Microcystis ichthyo-
blabe). £}t FEEE(Microcystis viridis)F1 2 K5
B (Microcystis wesenbergii) Gk R4 G #E5
T AT 7= A 2 oA 3 OCEARE A, o B o
(BT R (MCs), AT FL W Wi B Bl
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FIAGITS  FlepeBA-IGS" 4% . H T, 543 B 4L
¥, 200 5T B 53 B IR J7 95 A FH A 0T b B R
BRSO I ARAE R, DATE 20 VRO Hb PR DN 27 S R
Y AL S50 K B VR R, s A R IR
S R B AR bR L, I S HE T e FTRR ) g
T A A 2 RE R ) M AL R o T REN

Z L 57 51 43 B (Multilocus Sequence Typing,
MLST) & ¥ 4 K 73§ A W) i i b R R B i 7
52— MLSTHRERAIRELE19984F JfiRi i ¢ 7% 28
W (Neisseria itidis)WF K 11, B 12 il A [F] 5250 =
Z A5 T KB AR A . MLST— k6
M 6— 10/ Z 5 K HH1400—600 bp 1A% H & T 51«
B ANL AU B AR 5 40k S 3 B0 B[] 43 P — AN S AL
HE DRI, A TR 0 S5 DR A2 48 5 1P 71
T FCAE A, BRI TR MR 1K P 51 2K B (Sequence type,
ST). Bk, HASTAKR —AHHRFHIFEL.
ot LEALST, AT DA HIL Bk 2 TR] R AH D, RIS 2%k
REGE M ARA MR RIST, 83 RA D EAF M

B3N EAFMISTRRA A BT HE PR,
1E [ B B AR IF 78 Hh 28 4 SR 2 AT 9 B LR
ok . KB AR, MLST R —Fh /) T7E 88
S5 DRI 4 5 TR AL e 2 TR A R 1) a4 15 R HL R
Sy A R A0 B a2 H R Z S A
TCHEBE R N 0 70 S, MADNA > T 2 FEME AT AT fig
75106 1) 38 1 4 28710, MLST AT LAAG B0 41 19 43
HER, RO Ay FARC e T REtE . (HE BT
ik, AU B E B MLS TR H T W i 8% 22 6
PRI T, B B AR AR AT RO A 7T R R R I MILS THF
VAR E 2R RVA ) |EAAIUE G/l

TR K P 8 2 R — B KR . T 4E
Sk, EEEAE B R0 e e s LA s 22
Tt 58 L o o 68 g LA o o B S S AR ) R AR AT IR
AN Sk A A T BARZ BT TR
FOAEIE T KBERALIERR ) 5k S
g Sr PR A Y . (X SRR T R TR S
(T BRI SAL FE A PRI 52, 7 TR T3 T A T S SRR AE
F FE AR, B AT A R B Rl KT I g
Rt

AT TR FH 2 67 5 5 510 93 B 43 B 5 A0 R i
MK EE 1 ORR AT S 1k 1) 74 R L R AT 204,
I 5520/ B BH W 7 51 B 12374 H AT 1 e 51) 7Y
(STs)iEAT Eb A, 7ERF 703 E Ak 7 7K B 2R 7K Ak vl 3
T 110 32 R 7R 2 ol A A A 35 A 22 R I P St I, 3 —
PR T ER R 25 5 Rl ) LR ST EEMLST 2 4%
PRI R

1 MR57EE

11 WEEERNS SEF

201847 H 20 H 73 HIHE T MoK BE (ITBOKIR .
vy FEZR. FEVE. FERG. FEACAIIE () 74N b A BURE
50 mLZ5 L IVR A5 )5, 24h P (0] 5206 5 F 28 g T 40
Bk, AE R CTU Vi 57 56 v B v [ 1 9 10 9 i 3
Bi, B 3208 BE25°C, SRR 25 pmol protons/(s'm’),
B 12hi12h. S EKRANL G R 2 EH TR
CTH M5 mLI IR .
1.2 16S rDNA. cpcBAFImcyEE E I

B R IR K FlmeyE A B, 1B KRN
55°C, HARKMS5EFEFMAE". 16S IDNAKE
RIPCRAE T A: 94°C Tl 48 14 Smin, 94°CA4Z 14:30s,
54°CiE ‘k30s, 72°C #Ef# 1min 30s, 3N FE N304
TEIR, B A 72°C A GEMH Smin. cpcBAFEIKPCRFE 7
N 94°CFHiAE 1 2min, 94°CAE14:30s, 55°C iR K 30s,
72°CIEAH30s, M3 IS FE NS, £ f572°C %4
SESmin. &R0 51 P07 5 A0% 1T
1.3 MLSTERE AN

T VEIRAHFAE 7 AMLSTH Z 5 A, £
FEfisZ ginA. gltX gyrB. pgiv recAflpit " ",
B3 A JE K] A2 48 R B4 DU A7 A8, A8 4> 40 i
PCRX} H i F B AT Y1 . PCRY™ AR R AEAH; 7%
U S SRRk fi e XA, o SR AR BN 25 L,
SN AN 94°C FiAR 1 3min, 94 °CAE1:60s, 60°C
B k30s, 72°C 2EAH130s, M3 N3SAMEIR, B
JG72°CHEAHSmin. PCRI“HIEE1.5% B g bl it i FL
KA, AR5 4 TIANquick Maxi Purification Kit
(Tiangen)ZE{t.DNA, HHpEASY-T1 cloning kits
(TransGen)[Fli, 2 & BREL . 5 B 284700 15, 1) H
NCBI T #AH R H 75, 8 R & F E .
MLSTXFEEAML i S AN 5] 1 &5 Aor 2 PR A it 1 — A
BEMLEL, 7507 36 R e — A W e LT — A
FERRA T3 (ST),
14 ENERERMELES

MGenBank H1 ik B Microcystis PCC 78061 A
S HE LR R . [ HSim Plot 3. 53T HA
A BRI Y B 0K B 20 bp, MK
20 bp. R gt it s T 5, fEExcel O E s 24T
TEE 53 #T
1.5 MEHEREMRELE SR

K FIDNAsp” 4> HTDNAJE £ 2 RE M He 4, Bk
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Vit ZT 2 AL RUF BN 03 BTT IR 0 TR K P T i % 2 BRI 0 T 873

4t K 8 77§ K F Fasconcat-g 81, #% fftsZ-glnA-
gltX-gyrB-pgi-recA-tpilt) J¥ 5 L7 I HE T4 8 oK Jk
B, R JEFEMEGA X B A vhont 22 45 i 2R A7 % 5%,
f8 FHjModeltestf 152 R4 AT HEWKT, 5S4 H1Q-
TREEZ: 3. e KALIA

2 4R

2.1 EFMLSTHFFIERMAG S

AT ORI FE e b 4 ) i I 13 245 31 T
TANMLSTH: R v B, 4 AR 5256045 3 IMLS Tl 7 45
5T SCHE B R B ML ST A Mt 356 [H] )2 147 EE
B, B EN0H ISTHY(ST258-ST267). tn# 25T
71N, BENSTONS W EE — (1) Fof B V3 VB A
2.2 mcyEEFERMF16S rDNAFIcpcBAEFE /Y
RGN

AT 5 FEE I mey £ PRSI 45 SR 350 S B 1
YL EAT M B R W I LR EUK . S
FIHI10MR I FE 11 16S tDNAZE K flcpc BAFE [A]
A BN Nt GenBank 54 E i, MR B R BN
(Bl 1)o 24> R G050 3 45 14 35 Bos A 7t
(R TOPRIEEAR I T T B B 11 70 3 b, e EA1
N EEREE . B 1AN16S IDNAR G KB, ¥

100K #E 53 32, TIAUT B —2H, TIAU2. 3. 5.
9. 10LE—i, [FIITIAU4. 6. 7. 8 —i; 7F
Kl 1B, BREEFRTIAUSYN, HAhOM R K % AL
#@O
23 EEZEASH

DLARVE I BEBEARPCC 78061 NS %Mk &, 1
SimplotE 2 7§t T B XF 45 2 72HMLSTHE A v Bt
HHAT T R E AT, W 2578 fisZ B FF 5 AL
PEIE2]100%, rec AR FEFIAHALEN 2 7£95% A |,
HRAMZEYE], W ftsZ 5 rec AFF 5 AN AE A
KT B . glnA. gltXs gyrB. pgi5tpiF 56 &
TN, T HIARAIE 22 7E95% DL ELAS I 21 A [F) F2 B2 1)
HAGS.
24 EFEZHM

TEMIBRMLST T 41 % i 1K1 2 R 75 51 i, ZEAT ]
AL R 7 51 R AR A R A N BB, R e mT DA
JPHNEAT 355 . DNAsp#K - 1H 5 118 4% 2 FE PR
Bk 3pR. AT I0MREF RS T 104
STs. ZEf7 L 5 E M gyrBIf 14 2lpgiff1394
N, BETRL P T YE N1.883%, H
SIEX R N2.616%, tpif (KN 1.106% .. AL BTl
T MK EEIMLSTE: N Jr B K FE#E409—451 bp, T

#£1 HHATMLSTHMmeyEERE. 16S rDNAEEFcpcBAEEHPCRS 4551

Tab. 1 PCR primer sequence used in MLST and PCR primer sequence of mcyE gene, 16S rRNA gene and cpcBA gene
o B K E
. B 514 R 51 Falgp  BKEE
iz i Locus Gene product Primers Sequence (5'—3") Length (bp) Anneahngo
temperature ('C)
SisZ 4 20T fisF GGTTTACAAAGTCGGGTCGATAC 409 60
FtsZ cell division protein FtsZ ftSR CCTGCATTTTCTCGTCAATTAC
ginA BB G R ginF AACCCACCCTAAGCATGATCTG 451 60
Glutamine synthetase gliR  GCCACGTTCTTGATGCAGTA
glrX BRABERNAS B gltF ATTCAAGCGGGCCTACAATG 430 60
Glutamyl-tRNA synthetase iR TCCCCACGAATAACATGGGTAAT
avrB DNA e 4% i V. 2B gyiF GGACGTTTACGAGAACTAGCCTA 416 60
DNA gyrase subunit B @R GGTCTTGGTTTGTCCCTCAA
pgi 2 1 -6- T IR M T pgiF CGCTCCTGAACTCGCTCC 424 60
Glucose-6-phosphate isomerase paiR ATGGGGAAACGAGTTAGCCA
recA RecAEHEH recF ATGCGGAACACGCTTTAGA 446 60
Recombination protein RecA recR  AGGAGGCGCGACTTTATTTT
tpi Tl IR P A S A tpiF GGCTTATACGGGCGAAATCT 416 60
Triosephosphate isomerase tpiR CCGACTAAAGCCCCGTTTAT
mcyE WMEEFERE mcyEF2 GAAATTTGTGTAGAAGGTGC 810 55
Microcystin E mcyER4  AATTTCTAAAGCCCAAAGACG
16S tDNA  16SIZFHARNAIL K 27F AGAGTTTGATCCTGGCTCAG 1486 54
168 ribosomal RNA gene 1492R  GGTTACCTTGTTACGACTT
cpcBA-IGS W H H I TcpcBAKEK 1] cpcF GGCTGCTTGTTTACGCGACA 663 55
'g11E, I [ AN
Il K )53 cpcR  CCAGTACCACCAGCAACTAA

A part of the phycocyanin operon
cpcBA intergenic spacer




874 K& A& Y ¥ 45 %

F2 FHKEIRMERZENMLSTFYIRENMZFMER
#HE

Tab.2 MLST sequences and numbers of 10 strains of Microcystis
from Yugqiao Reservoir

WHHE Pl i £iLocus

Strain STs fitsZ glnA gltX gyrB pgi recA tpi
TIAU004 258 70 129 134 99 112 102 92
TJAUO11 259 44 130 6 6 113 103 92
TIAUO12 260 20 7 55 100 114 104 93
TJAUO14 261 71 131 135 86 115 105 92
TJAUO18 262 72 30 136 23 116 27 94
TJIAUO19 263 47 86 137 94 117 15 95
TJAUO028 264 73 132 138 6 118 6 96
TJAUO031 265 74 86 139 94 116 106 92
TIJAUO034 266 20 7 55 101 119 102 97
TJAUO053 267 75 133 94 102 33 107 98

Yyisife Z FEVYEH=0.938, Tajima’s D Fu. Li’s D*3
KA 2 ML 2 R R AR
25 HWOHR

N G E A S R, R K
2992 bpf¥)7/MMLSTFF 41 8 ke k. Rl IModel-
testRPFIHEAT 43 JZ AR LUAS 36 RN 2247 5507 51 i3k 4k 4y
Wr R, AR GTR + F + G4, DU 1 45
R 5190.2842, 0.2267. 0.245H10.2441, #AUHE
B ) 8 4 B R (d)[C—G]=1.8512, R(e)[C-T]=
6.1697, R(f) =1.0000. LLT#Hr7KEE104STs. #BFH
W20 STs A H AW 2374 STs AL IMLST £
SR BERNE 3. ST1-ST237 4 H AWIA K
HI1ZEAY, ST238-ST257 AHFBHA ¥ 77 51| 28 84, ST258-
ST26 TN T /KEERIFFN A . 25 KW, k2
MRS R R 3 T IR IERE, REUKE WKL
B A, Hoh T MK P B s A i R T —
i
3 i

N FH 374N KB R ) 2 A7 fUF 51 0 R
(MLST)XF 43 85 H F-#r 7K e 19 1 ORK A R T8 11 1 371 28
BUEAT 708, 45 RO, 15 B i 56 R e vk b R
e A AR R BE R AL, 500 N 58 T STsIR D RIS
HUAE2A BL L (i B T g ARt 1. x g
T K E R BEATAE 12 L 2 e .

AT 5 R BTG 22 3l BE HLHORE 5 2U3RE T 104k
U IR, PCRET I P2 I B8 5 Bmey ERE A, 25
FYNEAPE o p A 7E MR K EE R B 2 AR
BARLBIRAIG. X5 F R IEREIL T B —K
A, W] R D X B E A B Y P B S R R
JImE5 & —8 . A RSNV 2 PR A0 B

A Ve R e 2 A Y, O R
Ae JIEAL T AKAR R AT ES2 B T /KR A A%, B 2K
A 1 5 DR 2R 1) S M) T AR 55

T4 AW A 0 B S T R R B 40 A U A
TV RN T A Al T i T A B A% LR D B R K AR R
AT R E TR, Gt g SRR, THKEM
T R AR R BE 2 R . PR 2 R
H=0.938, B A T 805 FH A (1) ok 3 v L 5] 2 FEPE(H=
0.986) "7V S U4 V1 f0 A B 5 R TR 2 R (H =
0.950)"™ {HE A i T K B T 1 (H=0.47) " A A 2
FEHRT B 1 DR 2 R M (H=0.44) . BRI
B ZFEVER) — PR R S R T Re AP E A, i
SR EA, A4 R E WS AR 5, 8L Z R IX
5, 100 18 5 o 4 % B A P AR R R
ININEFRERPESANRERAE THEA, 5—Fh
PR 2 PRI R, MR A S IS L
R E R A A, X Sk ARt et g g B
AT . FRERES TS BREMU SR, — M)
M RAE 2 AEST, Histth Z P S RS
HE L T KB T4 5 10FP AR [Rl S Ts,
F W T PE A AR FR B 4 fF 7T e O AR xt
THEY kU, VU ZR KIS 9% it B 1 RS 4 A
AALZE T, T KA A A 1) ok 3 B R A R IR 0
M TINS5, X 59T T4 8 h s e
A IRBN TR B 0 R B R RG] E IR &R
M) o 0 50 T 2 2 [B) AR I B L IR R I 45 R — 3

ML T, 75 K 2 18] RO b M K 2 1) 7
HIRRRAE— L, iX 0T A2 BT T 7K B Sk
BN — B RES EARMEBEEST RE
I BRI B, AT I8 BSEE DR 2 R 22 B R R
jg !, g R SR, BT 16SEF M A %
KEMHTIAULS HAh 8/ v kA FE iz . FE T
cpcBAFERF ) R G0 K B B TIAUSEE & HoAth
ORI . A UEPRR M, — LAY M R AT 5
PR¥F T K& AR g1 28 R B AN 3R 20 2 R 1, R I
QRR T B AL A 5 (L R AR g
For 56 () 45 S, 6B B AR AR v] g2 [R] — L s st % 2
FEMER I FE R . BAREET-16S IDNA S5 cpcBA
DR g gt ) 33 A R R 2 B A S8 B FH 1) 1Ok R AR
RNIFEEE)R, SR, FEAR S HepcBAE 16S rRNA
HIPH 25 K A 58 4 — 30, X R B AR IX L L ]
FEXTRSF, (H R G K B A —EIRAEAE, AReHERR
[ V5 3 4 48 0 T IR (R R AR R . 7
T-16S iDNAMIcpc BARE R ) R Gt & B b &5,
FEEA B RS (8] R b B 2 (1 B 20 A 4% S,
T 15 B b 3 2 ] R AN A 5 i il T 3 P 18R A 1
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mﬁﬁ’é‘lﬁﬁMtcmcyms aeruginosa NIES-3807
U FEBE Microcystis ichthyoblabe  NRERC-217
ﬁ']?if,&ﬁi-;éMlcmcysm aeruginosa  PCC 7806
ﬁﬁﬁM{cmcy&ﬂs sp. TJAUS*
sp. TIAU10*
sp. TIAU9*
sp. TIAU3*
sp. TIAU2*
s wesenbergii  TAC52
° s wesenbergii NRERC-212
7k LG4 EENE Microcystis flos-aquae NRERC-211
K AE G EESE Microcystis flos-aquae  NRERC-218
i FFENE Microcystis ichthyoblabe  VN325
THEFEBE Microcystis sp. TIAUT*
W EEHE Microcystis  sp. TIAU4*
i FE W Microcystis  sp. TIAU8*
TWFE W Microcystis  sp. TIAUG6*
tﬁ]i&fﬁﬁﬁﬁMicmcystis aeruginosa  NRERC-209
AETFE W Microcystis flos-aquae NRERC-215
f»flsx{’n‘eracysns sp. TIAUT*
FE A 22 3% Leptolyngbya antarctica  ANT.L18.1
% Leptolyngbya antarctica ANT.L67.1
Limnothrix redekei  007a
/¥ Limnothrix redekei  165a
AiE & Spirulina subsalsa  FACHB351
PRUENENE Spirulina subsalsa SERB 25
WL 4M1# Cyanobacterium aponinum ~ PCC 10605
W Geminocystis herdmanii  PCC 6308
W 4H T Cvanobacterium ttamen PCC 7202
1R 753 2235 Aphani: henkoi  0tu37s7
W BG i Bk 3 Nodularia harveyana  1983-300
VA BT ER#E Nodularia harveyana  BECID27 Hofth
Desmonostoc sp. PCC 8306 O/l}\lers
IV & Bk 8 Nostoc punctiforme  PCC 73102
Desmonostoc muscorum — SN445
100 WK liE @k Arthrospira maxima FACHB438
BT i ¥ Arthrospira platensis  FACHB834
96 PLOIFLLE P/anktothwc rubexc ens  CCAP 1459-14
Ij_ﬁ(‘%sz’]ﬁé ktothrix rubescen. NIVA-CYA 18
C1 (77223 Planktothrix rubescens ~ NIES-1266
Cephalothrix komarekiana ~ SAG 75.79
100 " Cephalothrix komarekiana ~ UTEX 1580
T R 8 Microcoleus chthonoplastes  PCC 7420
100 Gk 835 Hydrocoleum lyngbyaceum  HBC7
213l W B3 Trichodesmium erythraeum — IMS101
FKZR Ji 3 Phormidium autumnale  BB-1
FKZE 6 35 Phormidium autumnale  SAG 78.79
LT 2435 Tychonema tenue  SAG 4.82
%é*xhﬂﬁ Gloeobacter violaceus ~ PCC 7421 YMERRE
(’)._02‘ Outgroup

86

>

70
99

55
84

59 100

77

100

(W HEWE Microcystis sp. TIAU8*
HREEENE Microcystis aeruginosa HUBS524
8 F U FEBE Microcystis ichthyoblabe NIER 10112

92 | | Microcystis  sp. TIAUL*
61 (AHESE Microcystis  sp. TIAU2*
93[| §HEERE Microcystis  sp. TIAUG*
92|| WHEEBE Microcystis  sp. TIAU4*
z: (W 4E ¥ Microcystis  sp. TIAU9
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Fig. 1 Phylogenetic tree based on 16S rDNA and ¢pcBA of Cyanobacteria
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A. Phylogenetic tree of Cyanobacteria based on 16S rDNA; B. Phylogenetic tree of Cyanobacteria constructed based on cpcBA gene. The
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maximum likelihood algorithm is used to calculate the tree, number of bootstrap is 1000, and the boot value is given at the node. Microcystis
isolated from Yuqiao Reservoir, which is included in the current system, was added * on the tree



876 KR R 45 %
g0 A 200
BZ 08 | ER-
a8 0.6 & 8095 -
3 04| E2 090 |
g M Hog
X3 02 b xg 085
; O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] %’ 0.80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
S EFELEEF FEEEEEEE SR TR EEEARARARARRASE
Pl —%ctk Feoll—%ck
Sequence identity Sequence identity
= =
S C S D
WE 10 wg 10
e R IRV e VA
8o 09 ®y 09
=2 =2
M%O.g..................... m%ognn T TR N T SN T T S SN SR TR SR S S S
£ SRRRSCRGRISRGRASGRREES z CRERRZECEZRRARASHHES
Froll—ctk Feol—8etk
Sequence identity Sequence identity
g g
8 E R= F
gm 7 1.0 B Z 1.00
g 09 £33 095
e g
ﬁ%O.S PR S S S S S S ST S S S . L _,4\5_(%0_90.. PR S S S S SO S S S S SR S R |
Z e N N N o e N Z D N e N e R e SN peN
A A AN AN AN AN N NN NN <t e AN AN AN NN N NN enen <t <t
Feoll—ek Feoll—ctk
Sequence identity Sequence identity
g G
B 1.0
&g \/\/\/_/\/m
®e 09
=
M % 0.8 T TN SN SN TN S N SN NN TN SN SN SN N TN SO TR S S |
L FEEFEEEE
Frol—EE
Sequence identity
K2 =AMk
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A—GHalNfisZ ginA. gltX. gyrB. pgi recAFtpi[¥ HI AL 7> HT
A—G. fisZ, ginA, gltX, gyrB, pgi, recA and tpi sequence similarity analysis
=3 WMEEEREEZHEMIEYR
Tab. 3 Genetic diversity index of Microcystis strains
3z 25 Locus L N° H ' D° D'
fisZ 409.00 22.00 0.98(+0.05) 0.02 —-0.32 0.12
ginA 451.00 31.00 0.96(+0.06) 0.02 -0.62 -0.71
gltX 429.00 31.00 0.98(+0.05) 0.03 —0.04 —0.44
2B 415.00 14.00 0.84(+0.10) 0.01 0.20 -0.26
pgi 422.00 39.00 0.98(+0.05) 0.03 -1.11 -0.98
recA 446.00 18.00 0.98(+0.05) 0.02 0.53 0.23
tpi 416.00 16.00 0.87(x0.11) 0.01 —0.86 -0.17
“F#41{H Average 427.00 24.00 0.94(£0.49) 0.02 —-0.32 -0.32

i G S8 FIDNAsphii4<6.001H 5. a. [FHIKEL b, B RAL o PR A A B PR B d. R R
e. Tajima’s D (Tajima, 1989) #&4, FT A MM 5 %4 B3 KR F(P>0.10); f. Fu and Li’s D* (Fu and Li, 1993) K36, AT K6 52 %4
EWAF(P>0.10)
Note: All parameters were calculated using DNAsp version 6.00; a. Sequence length; b. number of alleles; c. gene diversity;
d. Nucleotide diversity; e. Tajima’s D (Tajima, 1989). All values are not significantly different from zero (P>0.10); f. Fu and Li’s D* (Fu
and Li, 1993). All values are not significantly different from zero (P>0.10)
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Fig. 3 Phylogenetic analysis was performed on STs of Microcystis strains from Yuqiao Reservoir (e),
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The maximum likelihood algorithm is used to calculate the tree, the ITOL was used to beautify the annotation of evolutionary tree
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GENETIC DIVERSITY OF MICROCYSTIS STRAINS IN YUQIAO RESERVOIR
BASED ON MULTILOCUS SEQUENCE TYPING (MLST) APPROACH

ZHENG Tao, CAO Qi, ZHU Mei and QIAO Zhi-Yi

(College of Fisheries, Tianjin Agricultural University, Tianjin Key Laboratory of
Aqua-Ecology and Aquaculture, Tianjin 300384, China)

Abstract: Microcystis is the most common cyanobacteria in China’s freshwater, which has a great impact on ecologi-
cal environment and urban domestic water. In order to explore the genetic diversity and phylogenetic relationship of
Microcystis in Yuqiao Reservoir, MLST (Multilocus sequence typing) gene pool of the Microcystis of Yuqiao Reser-
voir was constructed based on 7 housekeeper genes (fisZ, glnA, gltX, gyrB, pgi, recA and tpi) of 10 strains, meanwhile,
the synthesis gene mcyE, cyanobacteria characteristic gene, cyanobacteria blue protein cpcBA gene and 16S rDNA
gene of microcystins were determined. Based on the Maximum likelihood (ML) phylogenetic tree, we compared STs of
this study with STs in Poyang Lake and Japanese Lake, and found STs of Yuqiao Reservoir formed an independent
branch. Phylogenetic analysis indicated that ten unique sequence types (STs) had high genetic diversity with a H value
of 0.938 in Microcystis. Phylogenetic analysis showed that the existing Microcystis in Yuqiao Reservoir had the same
ancestor and relative origin. The formation of Microcystis group structure in Yuqgiao Reservoir may be caused by the
combination of genetic drift of environmental selection and homologous recombination.

Key words: Genetic diversity; Multilocus Sequence Typing; Species molecular marker; Microcystis; Yuqgiao Reservoir
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