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1 E: WAEIEE( Cylindrospermopsis raciborskii) & —F AR WEHE , RS AE AL FI 82 2 R ( cylindrospermopsin, CYN) , /it
EENFERE. ARV CTEIR E iz 0, T4 m i DX UL R R o, (8 B R H 7 AR L Bk 2 T
. ASBIFFE LAAR [ A48 T XT3 325t B9 10 BRADAE AL AR, TR AT A I TSR SRR PEREAT 100, JF Al T
T nifH Fl rpoC1 KL B XUHE R R GEHEAL A . 25 SRR T, 10 BRAEH B L RB S R0 AL, By QDHI #iksh, HoAb gl
AR R] 7 A d e SR SRR RE AR A B 10 AR 22 AR 1Y K ETE 41.0~77.7 pm Z (], B8 LA 2.433 ~3.125
pm Z ), B AT B L 22 5 . 10 Bk id Lo AR K SR SRR 3, 0.075~0.174 d™1. K00 & BE 10 #ks X QDH7
BERRATREINE] 6 4> CYN 43 iUBESE DR, A (03— R I B3 1k (LC-MS /MS) 43 #r 3R W kR 22 27 2 deoxy-CYN K,
FOARBERTIA 1745.19 ng/mL. FRGEMEA 3T 3 W T4 10 A FUUAL: S8 55 0 TR IE. | A Rl o A s I 1) s ok [ D5 A v
{EAET rpoC1 A1 nifH JEBIANGE LKA T-XT 18 097 B bk AN AR - B k. ABTFEUESE T ) R A K P A 77 B AL T, 75
I3 9135k SR L 7 R W E K AR A R B A A AU
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Intraspecific variation of morphological traits and toxin-producing capacity and
phylogenetic analysis for Cylindrospermopsis raciborskii from Qiandenghu Lake, Guang-
dong Province *

LU Yan, LEI Minting, YE Jinmei, LEI Lamei™ & HAN Boping
( Department of Ecology, College of Life Science and Technology, Jinan University, Guangzhou 510632, P.R.China)

Abstract. The invasive cyanobacterial species Cylindrospermopsis raciborskii is able to produce cylindrospermopsin ( CYN) that
cause serious damage to human health. The published studies have showed that C. raciborskii has been widely distributed in China,
and appeared to be a common species in southern China. However, its origin and toxicity potential are still unknown. In this study,
ten strains of C. ractborskit isolated from Qiandenghu Lake (QDH) , Guangdong Province were used to observe their growth, mor-
phology, toxin production and phylogeography based on nifH and rpoC1 genes. Our results showed that filaments of all C. raciborskii
strains were straight. Apical heterocysts were observed in all C. raciborskii strains except the strain QDHI and akinetes were also
commonly appeared. The average filament length and width of ten strains ranged from 41.0 to 77.7 pm and from 2.433 to 3.125
wm, respectively, with a significant difference between strains. The specific growth rates of the 10 strains were also significantly
different, ranging from 0.075 to 0.174 d™'. PCR analysis showed that only QDH7 gave positive amplification with six CYN synthe-
sis genes. The strain was further analyzed by LC-MS/MS and confirmed to mainly produce deoxy-CYN isomer with the concentration
of 1745.19 ng/mL. Phylogenetic analysis suggested that C. raciborskii from Qiandenghu Lake has high homology with the Austral-
ian, European and other Chinese strains, but the toxin-producing strains and non-toxin-producing strains in Qiandenghu Lake can-
not be distinguished by rpoC1 and nifH genes. This study demonstrated the existence of CYN-producing C. raciborskii in water

bodies of Guangdong Province, which highlights that it is necessary to prevent the ecological risks related to the newly emerging
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toxic cyanobacterial bloom.
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SO 60 35 2 A R B 5 DL K AR 2 — | HA R 1 A (R BE S A= R RE 7. 7 CYN BG40 7
T 1979 AEAEMAFI. Palm 1255 U & B0, Boffi 148 A3, 5K ok IR A R A A 25tk . Uk 96 g
2R JIPMCE AR, %)/ B 2P, B TE ST/ B LD, 28 2.1 mg/kg™ . BFFE %W, CYN HoAg
JFEE P, 2o VAN AN i 2 2, BB 0% 10 148 e B A0 i 6 25 PASO AR 141 R 1A 4 I, 2 — i TS A 1 B
). Humpage %'°' L) CYN 45 H B AE 0T A FEVE K 30 we/kg S 3o, £ I0HR FH 7K o 0 vik 2 R AR
1 we/Le ARGTZEMRIHINE Bi7G 22" R AR R LA v R BT R 45 4 DX 40 % B T REAS 7 CYN B8
HEFE. Mihali % 5 WCTE C. raciborskii AWT205 JEbkH #5781 HU0EE 700 36 75 2 4 IR SE IR AR 10 20 TARAE D™ 1%
FEHE 4K 43 kb, IS 15 DN TFHBAE  IRIE RS B AL R cyrA, PKS/NRPS J£[H ¢yrB eyrC cyrD eyrF il
cyrE, JREEBEIRIE EE A cyrG F eyrH, FBTEERL A eyrl cyr] Fl eyrN iz 53 oyrK, PHEEFEA eyrO 5% A B 3
DRl cyrL Al cyrM. T2 T 77 85 3L IR 10 40 TR ELA (] B PR | R0, B 32 10 FH T 05 6 75 2% PR M ST
FE  AER I AL T 1 7 T R P g A A B

BFFEIN R AL T ) B S A5 A SRR o T L RE RS T 52 2 Fh BR B8 46 1, WO I IR AR 25 55 7T 1)
FHET . A, Bonilla 25t HG A 25 0 IE PR T 25 1 38 50w B S i i) S S B R TR T 2 A s
CHIERR ) BOAELE AR A SRR RO S A PR 1 BV 3185 19 1) — K A ) W B 6 o [
TEFAS BRI AR DI LRI B RS SR 30 45 7 T Ar e 22 52 1% SRR F 1 4% bk R AR 77 35,
FERERIAR PR R R TR AR AR T AS AT 22 ), (EL 7 25 7 18 A5 R A R A IR b 9% SR R, M A ™ 2 i ok )
A T PR S R AR [ 2 41T U 60 b 1) 10 2 S S e T R T T SR R 5 Al
OURE P35 Rl g Hhe st B K 9 R gl g

W THE T TR 1A T 19608, 34532 I T 1 360> T R G BT, BEJG IR B T — 1 137042
RIS T 2G5 %. B T RR K TOIMN TARICAIE 16S tDNA (165 ~ 23S tRNA JE A [ [ 7 51
(ITS) F1 RNA J 4 rpoC 251 phy T WL, R GEi AL R SE R kAL I o ) TR 20, 06 T Uk F i
() % A R B A WAL, 45 1 R BEIA A B0 00 8 00 A 7 S YRR R WA b 5 4
2 Ff R UEIUITA Ay U 7 35 X LA X Fg A AR A SR 11 TSIl U SR IR T 1 A i L I e 1
B FBLACE 760 35 e LR S e X 1) S5 S RV 5 22). B R A R S8 368 _E R W (B 0 45 95 1 S5 B , Cirés
SERUAE cpeBA-IGS il nifH JE R St 2R Ge HEALM , 55 5L % VY BE2F (8 bk 5 26 I A J0LAL 0 B b SR — 2
T S R A 3 b 23T T LA B TR 9 — ELIA A 8 BF 2 58 e BN — I 2 g — 8 43, 3 2 T A4
FOURE P35 2R GE B N BOR AR I IS A 7 3k — AP B0, Manthos 2577 Xof 73 JiS (14 F0URE 760 B S bR HEAT T 2%
G HEAL BT Y FE S AN DTN Pt B S A G 0 B 1 36 2R A B PG B A K, AR R
SO SR T AT 5 I YN AT, 9K T S R 47 3 2 S A F S 1 4 Bk A A
TR R

TR A KR B A B A E R 2 — WA AL A B0, I R RS 5
A AR B ALZRA LR AR A X, FOURE F 9 T TR IR o R ok A
FRYEFRIIE ™ (E 6 T 3% DX FUURE AU 7 SRR AE O S LT 28 (1. ABFSE LU 7R T-4T W40 85 19 10 ki
FEFLBE R AR, WAE T B AT FEATE AR F , SR T2 CYN 54 LR (9 PCR A& I LC-MS/MS
X BRI R AR ST HEAT T AT I T rpoC1 I nifH XUREIN R34 R 55 B M. ARBIESS AT 0045 T fift
A A b DX AU 960 385 1) 7 R A R LR R, S SOURE AU A A 1) KU TP 4 (it 5%

1 #RFn 7%

1.1 BRI B SHANE
TAT#1(23°2'59'N, 113°8'29°E) (1 F ) A BRI , MR 5.6x10° m* P K IR 2 m, Ji T T A5 i
VEPER A, BT, A TR, o/ NASEMRG. AR T 2017 4F 9 J— 2018 4F 2 191l 45 1
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SRAE— UK, BERR 1K 4385 7 vk R (0 B 3 T AN A A S e T W BB RAR e 224 FE TE TR KR o gk 5~ 6 IR e B
B4 1 mL WC B5 3R 24 FLANMEE R4 . B3R 25 = 1°C JEHESR I 35 pmol / (m?+s) , 6 &)
J712 h:12 h. 20 d 2478 OLYMPUS TH4-200 {5 5 2 B B A , B 4328 Il A S AR 56 82 2 50 mL 4T
YRS IR, Ty E 10 SR , 44 o QDHI ~ QDHI0.

SAREE 10 BRAUAE AL AR KRB S 22 5, 76 50 mL Pyrex BEESAS A 35 mL 36, Ak & 3
52, ] TD-700 M-4r R VAN E 44K a(Chl.a) WREE, BiFR 25 15 REFEMEARR 2 mL FBH &5
FIEE 7€ 10x40 F5 8545 (ZEISS AX10) T, it 5% 50 MR ¥ 22 i K B N5 i L K R T MR TE A8 A B N e JiE.
A SR FH AR % 16S rDNA -1 5 s S5 [ 4%t 27FW F1 809R (25 1) 347 PCR #1714  PCR =45 /A H
M, ARAS 078 % F BLAST ST ARMUYE A3 M. B A K (A7) 36 7 5 — Bk i i) s pAy o8 28 10 A K
R HEAR R

w=[In(x,)=In(x,) ]/ (1,-1,) (1)

Ko, x, ko B AE D, 2, Oy o, B A AR Wi, G AR 35 0k Chla YR, /L. T ¢, o, 20 500 R FUUA: H i i B52E
WIS 1 KA T K.

PRI SE LA AR KR 22 5 R F 2 3 LU BT ( Least-significant difference, LSD) . T 4t 114347 i
K22 5 7E SPSS 22.0 I OriginPro 8.0 &f4: 52 1%
1.2 =EEER PCR ¥ 14

Ve IBUAE: £ 65 R A UL R T B ¢y A LeyrB LeyrC  eyr) ks Fl ps 3£ 6 DNIER, £ 1 51126 T 6 D EER
FIRR SRR PP SRR, SOUREFR 3 L PRI 41 DNA SR FHAE ) 56 PR 240 DNA $2 B0 & (Ao i E B g 4
RAFRIFAFAE]) $280, PCR W 1A 2 SRR 30 pL, 4345 : 2xHieff™ PCR Master Mix 15 pL, 8|44 0.5
L, DNA #i4 3 wL, FHTERK#FEARFR. PCR R FE UNOII Biometra PCR A 34T, 4734 7= 1% F 1% 3
FHEEIC LK, SYRB %t BIO-RAD B R R Gok I, 4 75 B — H A% 7571 19 PCR P2 3% A 20 "IN T, 2k 4%
HIFFR F BLAST #E4 7R UM 2357

# 1 17T PCR 9" #4#) 16S tDNA rpoC1  nifH KL FHE N B 51 W15 B

Tab.1 Detailed information of primers used for PCR amplification of

16S tDNA, rpoC1, nifH gene and toxigenic genes

2SR 519 SIMFESI(S-37) IR B SCHK
16S rDNA 27FW AGAGTTTGATCCTGGCTCAG 680 bp [30]
809R GCTTCGGCACGGCTCGGGTCGATA [30]

nifH nifHf TTCTCAATTACCCGCAGACG 297 bp [21]
nifHr GCATACATCGCCATCATTTCACC [21]

rpoCl rpoC1F53 CACCAGAACGTATCCGCGCT 800 bp [10]
rpoC1F53 GGTGGAATGACTGGAATGGCTGA [10]

cyrA CYLATF ATTGTAAATAGCTGGAATGAGTGG 1105 bp [31]
CYLATR TTAGGGAAGTAATCTTCACAG [31]

cyrB CPSF AGTATATGTTGCGGGACTCG 478 bp [31]
CPSR CCCGCCAAGACAGAGGGTAG [31]

cyrC A205PKF AATGACAGAGACTTGTGCGGGG 558 bp [31]
A205PKR TTATCGGTATTGGTGGTAGCAACT [31]

cyr) CynsulfF ACTTCTCTCCTTTCCCTATC 578 bp [12]
CylnamR GAGTGAAAATGCGTAGAACTTG [12]

ps MI13 GGCAAATTGTGATAGCCACGAGC 597 bp [32]
M14 GATGGAACATCGCTCACTGGTG [32]

pks K18 GAAGCTCTGGAATCCGGTAA 422 bp [33]
M4 AATCCTTACGGGATCCGGTGC [32]
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1.3 CYN #J LC-MS/MS 4347

R 2 mlL g et B R AL A B, .05 2 B R AN IR T Al R b, DKIE T R A I A AL
PRANAE, BRI L3, —20C R4 . IR CYN 940 HR il AB SCIEX API 3200™ LC/MS/MS #%t,
LLAGEE A 95% i CYN(Enzo life science) /E MARUAESH. RERH Analyst 1.6.2, 8 FJF K ESI IR, X FHZ X
37 Wi ( MRM) 1F 25 T4, CYN [ 85 T3 416.2/194.3 Fi1 416.2/176.3 , deoxy-CYN )8 7% 5400.2/
194.3 F1 400.2/176.3. {4ifE i hZ2HE{S Poroshell 120 EC-C18(4.6 mmx50 mm,2.7 um) ,#EE N 40°C , JEkE &
9 20 wL. VRAE %R PR BE RS , FE5E 0.6 mL/min, JRENAHZY 5% M NG, BT deoxy-CYN &4 M 1Y
FRUESh, B E RS CYN ByARiEf 2k 1155
1.4 FIRNEREXE S

rpoC1 FERUZ W Bt g fih RNA JRG 1 3 e IO ST (Y BE TR, ngfH i PR 2 (1 UG R AT, 2 H A0 £
BERGHALHT ST iR i (R R 381, T 10 Bk T-AT#14UAE LB nifH F rpoCl J7 515 D GenBank (4
P B[R] U507 5 RA £ R G, R Bk S SRR, BT PR 1) 15 BRIR TR UL B 3% 1. SR HI MEAGES.0
X} 42 BREER nifH JEPFFN 5 rpoCl BLRFFIHEAT LU, I BR & B 275, 1 8RO R i F 5 - A7 bR
T K [F]— bR A AL K P81 78 Notepad++ 3CA B4 rp AT ERIEK , 8315 PP 91 B0 628 bp. LA 741
JIRPEERI ] iquree BRPFII R G0 R B, AR F i) Model Finder A4 { 2l 43 i d5 AR 1 (ML) 114 e i
PGP CTR+F+G4 KR, R G 40 SCHY EAF R i 3 5 A7 (Bootstrap ) 1000 Y B S AG . ] i
i Fl MEGAG6.0 A4 @ f5e K (&8 29 (MP) #EAL AR, LU A2 1AL B%) m] 5 P R AL AR 109 Gt 48 250 iTOL 1Y) 75 26 it
A 4R https://itol.embl.de/upload.cgi.

2 R

21 PHERENRSTERKEE

FEDU P P3R4 QDH R4 Bk Y 16S tDNA FE[H )75 5 GeneBank (4% 2 v (1 U4 72 3 16S xDNA i
ATLERT, FEBIABI MR B T 99.6% , RHATE T-AT#1 0 25 2019 10 BR22 R B BIAERIEE. Bl T 14 2 NCBL £
PREE 10 BRds 15575 MK617302~ MK617311.

EIEH BRI 0T, 10 SRS S 2 B S W E H R (B 1), 22K K A 41.0~77.7 um
6], SE M FRIE 2.433~3.125 wm [H], X 10 PR EPR BEL2 PR /56 LU IB S LSD 4387 (3% 2) , 455 QDHY [ E i
K, N 31.491£12.867, [k 55 QDH2 1 QDH7 Jo 25 e Ah 5 HoAth bk 25 5 3% (P<0.05) ,QDH4 1) Lo AR, 4
16.251+6.287. [k QDHI #gEkkAN , oAt O Mk T KT WIHLLAL: 76 338 m] 7= 2B i Az 500 J , TR DR An 7K | T8 4 s R
M. FERG IR AR R R R A T T R UL B, A B WAk (40 QDH3 ,QDH4 .QDH7 1 QDH9) , %
A DL e Ttz (QDHS Sy & H i JERBESL )

P EE QDH3 FERE IR 3 AL BE 55 IR v] WA B PTVE, 55 6 RELFET-. Hih 9 bRiprEsE A
B AN AE K RA (/] 2)  FESE B0 25 TR, QDHI AE it e, QDHS8 S fIk. X 9 MR#ESE 1~7 R HAE K
A LSD AT W (3£ 2) , Horp QDH4 HAE K HER BRI, 2 0.17420.009 d7', B4 QDH2 JG22 FAM 53
b R 359 2 S Wk 3 (P<0.001) , QDHT ) b AE K AR IR AR, SRy 0.075+0.006 d", 15 0l i ik 149 2 S5l Bk 2%
(P<0.001).

2.2 S o

10 RADUAE AL B AN B cyrB AN cyrC PR 1T ps 1 phs PR K7€ QDHT #1 QDHO @ik P i, { QDH7
FERERTIN H 6 ANFEH (3 3) . LC-MS/MS X35 2 A i 45 5 2R B, QDHT Sk 1) 35 2540 4 FH 4, Fofth 9 #R4U
A A TR A B SO L B 7 &, QDHT SRk IR 2] CYN Fl deoxy-CYN B A A A, (H A /& CYN ¥Rk i
A, deoxy-CYN ¥ EEM 5, A 34 1745.19 ng/mL( 3% 3).

2.3 ARG LB

AWFFERI 40 Bk (o 10 BROFASHIFTE 43 85 BB RE ) >R B AN R B B FH 6 3T 2 k& BR 3 ( Nostoc ) Y
XUEEE (rpoC1 Fl nifH) J3 51 S A8 8 fe R AL SR AL T (ML) 5 s R 8] 20 46 (MP) . 78 ML #E4ER F (&
3) R ALK A 40 BRI A5 R ISR 4 ANZEHE 2SR T A& ok A AU RF A3k, B8 T LB 4032
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JEE IALEE 1004 22 Ak, SR T BT PG 22 23 55 0K 11 55 T ah RS AN A e R LA T 3R A 1 AR 9 23
S5 SRRV Fh R Y+ T35 A R AU 2 38R DR SR ) L8, SR B 1 R KR I/ I L/ B 53 52, %53 52
b E kR QDHS ,QDH4 ,CHAB2380 il CHAB358 5k [ f 5] i [] I 19 o b 3R 2 Pl — 17 26

P LT TR FE 8 Bk BT S AR CRORAE I 10x40, 2 JREEEFLT h: S2IE D)
Fig.1 Morphological characteristics of Cylindrospermopsis ractborskii strains isolated from Qiandenghu Lake
('The magnification is 10x40,a; akinete,h: heterocyst)

2 10 BRAUBEAL BRI AR L He AR g

Tab.2 Morphological characteristics and specific growth rate of ten strains of Cylindrospermopsis raciborskii

WLk SR
BERR WA g/ d !
K/ pm P/ m K5 £/ pum Fa/ um K9
QDHI 68.750+22.588 2.900+0.155 23.691+7.487 b — — — — 0.120+£0.002 b

QDH2 69.833+43.286 2.433 +0.185 28.612+16.835 ab 8.958+1.740 3.667+0.649 2.488+0.524 ab 0.162+0.090 a
QDH3 48.534+16.787 2.442+0.170 20.006+6.794 bc 7.146x1.310 3.333+0.758 2.203+0.438 b -

QDH4 41.054+18.201 2.542+0.187 16.251+6.287 ¢ 8.000+£1.490 3.625+0.759 2.281+0.553 b 0.174+0.009
QDHS 59.583+32.204 3.042+0.208 19.634+10.771 be 6.875+1.172 2.667+0.432 2.633+0.573 ab 0.116+0.004
QDH6 53.858+17.313 3.125+0.127 17.194+5.371 ¢ 6.425+1.246 2.633+0.339 2.456+0.490 ab 0.113+0.013
QDH7 70.750+25.278 2.983+0.185 23.976+9.434 ab 7.958+1.752 2.958+0.613 2.733+0.521 0.075+0.006
QDHS8 52.917+39.173 2.483+0.091 21.883+18.896 be 5.658+2.114 2.467+0.109 2.300+0.870 0.107+0.005
QDH9 77.708+31.877 2.508+0.103 31.491+12.867 a 7.458+1.657 3.204+0.854 2.416+0.609 0.113+0.006
QDH10 57.292+25.136 3.000+0.186 19.033+8.064 bc 6.000+1.408 2.642+0.32 2.281+0.524 0.108+0.002

oo

oo oo
- o o o

* FEALPRRILSIE A 98 LU R 7K P P<0.05, A KA I 507K - P<0.001, 1 a b Hil ¢ R M2
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P 2 10 Bk TX T A Y A Kt 2k
Fig.2 Growth curves of ten strains of Cylindrospermopsis raciborskii from Qiandenghu Lake
3 THTI) 10 BRADUHEFRAE A 7 RERE DA FIDUAT F 4 2 3R 04
Tab.3 Analysis of toxin genes and cylindrospermopsin in ten strains of Cylindrospermopsts raciborskii

isolated from Qiandenghu Lake

LC-MS/MS/ (ng/mL)
kR cyr] cyrA cyrB cyrC ps pks

CYN deoxy-CYN

QDHI - -
QDH2 - -
QDH3 - -
QDH4 + —
QDH5 - -
QDH6 - -
QDH7 + +
QDHS - -
QDH9 + —
QDHI0 - -

+ + + 1745.19

+ + — —

+ o+ + + + + + o+ + o+
+ o+ o+ o+ o+ o+ o+ o+ + 4
\
\
\
\

R~ (R BIHE.
CHAB #41 (B | CHABA82) SiRIE ii—1~p 3. CHAB482 5 QDH R8I ( HABBEMI L T — 2. MP
B2 SN LS ML R — 20, 7o 4 A RIEHE, 20500 0« TAESEU | TR oY == | Il 9 A0 IV 3 A S/ 7 3/
R, PR IV i P IE R ISR (IR 7R , Bootstrap {EHS T ML A1)

3 iip

ARWFFE R IRAEA R RE T2 5T, FXT0 10 BREERI e A KOl 22 IR K 58 P2 B Re ) R REHL T
I MBI W B AR 225 X ST BOBFFE SR —2 ) i Willis 258 MRKF)SIE. Wivenhoe 31 5R 45
BASRE L Y B E 24 BRIAE TR & LK SRR AR KA E R SRR RS W2 R S
Miotto %5 )\ Peri Lagoon 1432 H AR BIAE A3, 05 W /n B AITFE IR DGR ORRPE SR T REA A K E
2= By A7 AE 22 5 5 Xiao SERIFE T 1 SUH Y BRI IRLFE A TR A2, % BRADUAE T 38 F0 b g 22 S L 38 K
TR ] 2% 5, Fe WA AL ELA S R TT I 34, Yamamoto 1 Shiah (BFSE 5 R — SR [R) 245 43
B IR F T AR KRR RS 1 7 A b 24 5 3 Y s Miotto 25 [RIRE & B Peri Lagoon 3 14 $DUAE: 400 3
JLT- AR ERAE PP U ML RE VS v AR DA M, T B S DR 7 [ A 25 50 ) BRI 114 75 20 B8 AN - S 3 L A
WFSE A 251 10 BRIUAE A E b, QDHI SEdk BV 7E 20 SRR TE AU TE I, /B PCR 3 W] A I 31 nifH
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Nostoc sp. PCC 6720

Nostoc punctiforme PCC 73102
PMC99.08 AJ582098.1 Mexico REES
MM65 HG942511.1 New Zealand
MM48 HG942510.1 New Zealand
96/0.97\INM71 HG942514.1 New Zealand 11 3577 2%
MM?77 HG942515.1 New Zealand ! -
100/1.00 MM67 HG942512.1 New Zealand
MM69 HG942513.1 New Zealand
NIVA-CYA509 AM502053.1 Uganda
NIVA-CYA506 AM502050.1 Uganda
NIVA-CYASI1 AM502055.1 Uganda
PMC117.02 AJ582100.1 Sencgal o
PMC118.02 AJ582099.1 Sencgal HAEH
NIVA-CYA508 AM502052.1 Uganda
NIVA-CYA507 AM502051.1 Uganda
NIVA-CYA510 AM502054.1 Uganda
99.7/1.00 | CHAB358 FI890684.1 Guangdong (China)
I-PMC99.12 AJ582095.1 France
CS-506 Australia
QDH4 Guangdong (China)
76/0.80 1CS-510 Australia
QDH8 Guangdong (China)
ZIE11CR AM502066.1 Germany
CHAB2380 FJ890677.1 Guangdong (China)
ZIEOSCR AM502065.1 Germany
PMC98.14 AJ582094.1 France
ZIE13CR AM502067.1 Germany
CHAB353 FI890679.1 Guangdong (China)
86/0.73 {CHAmsq FJ890680 Guangdong (China)
85/0.55|1CHAB155 F1890599.1 Yunnan (China) TV R S /ST P /B3
CHAB481 FJ890686.1 Hubei (China)
86/~ ||CHABI51 F1890600.1 Yunnan (China)
CHAB1336 FJ890685.1 Hubei (China)
QDH1 Guangdong (China)
QDH10 Guangdong (China)
‘QDH9 Guangdong (China)
QDH7 Guangdong (China)
‘QDH2 Guangdong (China)
QDH6 Guangdong (China)
QDHS Guangdong (China)
CHABA482 FJ890678.1 Hubei (China)

Tree scale: 0.1} ] QDH3 Guangdong (China)

P 3 BT 41 BRIUAE S A AN 2 BREZRMERY rpoCl Al nifH BENFIEE (Y 2R 58 K B A
( Nostoc sp. PCC6720 F Nostoc punctiforme PCC73102 APEEE, 45 5 43528 ML F1 MP ) Bootstrap {8 )
Fig.3 Phylogenetic tree inferred from 41 strains of Cylindrospermopsts raciborskii using two concatenated genes
(rpoC1 and nifH) , with Nostoc sp. PCC6720 and Nostoc punctiforme PCC73102
as the outgroup, and the nodes were ML and MP Bootstrap values)

84/0.93

93049 56/0.93

FLP, PS5 NCBL 2 rh HARADUAE F 3 nafH BE DR B ARRLIR 1K 99.4% |, S I 7 25 12 38 MR- A 1o L il
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Appendix I Geographic location and author of the Cylindrospermopsis raciborskii strains used in this study

and the GenBank accession numbers

PR poCl %55 nifH &5 TR R EZBUN
PMC98.14 AJ582286 AJ582094 France (Europe) [21]
PM(C99.12 AJ582287 AJ582095 France ( Europe) [21]
PM(C99.08 AJ582289 AJ582098 Mexico ( Nortn America) [21]
PMC117.02 AJ582092 AJ582100 Guiers, Senegal ( Africa) [21]
PMC118.02 AJ582091 AJ582099 Guiers, Senegal ( Africa) [21]

NIVA-CYA 506 AMS502050 AMS502059 Kazinga Channel, Uganda ( Africa) [22]
NIVA-CYA 507 AMS502051 AMS502060 Kazinga Channel, Uganda ( Africa) [22]
NIVA-CYA 508 AM502052 AMS502061 Kazinga Channel, Uganda ( Africa) [22]
NIVA-CYA 509 AMS502053 AMS502062 Kazinga Channel, Uganda ( Africa) [22]
NIVA-CYA 510 AMS502054 AMS502063 Kazinga Channel, Uganda ( Africa) [22]
NIVA-CYA 511 AMS502055 AM502064 Kazinga Channel, Uganda ( Africa) [22]
ZIE05CR AMS502056 AM502065 Zierker See, Germany ( Europe) [22]
ZIE11CR AMS502057 AMS502066 Zierker See, Germany ( Europe) [22]
ZIE13CR AM502058 AM502067 Zierker See, Germany ( Europe) [22]
CHAB2380 FJ890605 FJ890677 Shiyan Reservoir, Guangdong( China) [25]
CHAB2379 FJ890601 FJ890688 Shiyan Reservoir, Guangdong( China) [25]
CHAB353 FJ890597 FJ890679 Wenshanhu lake, Guangdong( China) [25]
CHAB358 FJ890607 FJ890684 Wenshanhu lake, Guangdong( China) [25]
CHAB359 FJ890680 FJ890680 Wenshanhu lake, , Guangdong( China) [25]
CHABI155 FJ890599 FJ890682 Fish pond, Yunnan( China) [25]
CHABI151 FJ890600 FJ890683 Fish pond, Yunnan( China) [25]
CHAB1336 FJ890604 FJ890685 Nanhu Lake, Hubei( China) [25]
CHAB481 FJ890602 FJ890686 Nanhu Lake, Hubei( China) [25]
CHAB482 FJ890596 FJ890678 Nanhu Lake, , Hubei( China) [25]
MM71 HG942520 HGY9%42514 Lake Whangape, New Zealand [46]
MM77 HG942521 HG942515 Lake Whangape, New Zealand [46]
MM69 HG942519 HG942513 Lake Whangape, New Zealand [46]
MM67 HG942518 HG942512 Lake Whangape, New Zealand [46]
MM65 HG942517 HGY942511 Lake Waikare, New Zealand [46]
MM48 HG942516 HG942510 Lake Waikare, New Zealand [46]
CS-506 — — North Queensland, Australia [47]
CS-510 — — North Queensland, Australia [47]
QDH1 — — Qiandeng lake, Guangdong( China) This Study
QDH2 — — Qiandeng lake, Guangdong( China) This Study
QDH3 — — Qiandeng lake, Guangdong( China) This Study
QDH4 — — Qiandeng lake, Guangdong( China) This Study
QDHS5 — — Qiandeng lake, Guangdong( China) This Study
QDH6 — — Qiandeng lake, Guangdong( China) This Study
QDH7 — — Qiandeng lake, Guangdong( China) This Study
QDH8 — — Qiandeng lake, Guangdong( China) This Study
QDH9 — — Qiandeng lake, Guangdong( China) This Study
QDH10 — — Qiandeng lake, Guangdong( China) This Study
Nostoc sp. PCC6720 MG461377 731716 — Szefel-Markowska/ [ 48 ]
Nostoc punctiforme MG461368 AY768412 - Szefel-Markowska/

PCC73102
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