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Abstract

Cyanobacteria have been used as pollution indicator species in freshwater ecosystems, and identifying their fluctuations can
be an important part about management of surface waters globally. Cyanotoxins produced by cyanobacteria are directly or
indirectly a threat to human and environmental health. In order to confirm the potential risk of these cyanotoxins, the
fluctuations of phytoplankton and phylogenetic analysis of cyanotoxin synthetase genes were conducted at each point in the
Yeongsan River water system in Gwangju from November 2021 to October 2022. Diatoms which grow well in winter were
dominant at 99.4 ~ 99.5%, and diatoms and green algae were dominant from the spring to autumn when the water temperature
rises. Stephanodiscus spp. were dominant at 92.7 to 97.5 % at all sites in the winter, and Au/acoseira spp., which grow in
warm water temperatures, were dominant in summer and autumn. Microcystis aeruginosa was dominant at 25.2% in summer
only at site 5. mcyB and anaC have been detected as cyanotoxin synthetase genes. The phylogenetic tree of anaC could be
divided into two groups (Group 1 & Group 2). Group 1 contained Aphanizomenon sp. and Cuspidothrix issatschenkor. It is
combined with Aphanizomenon sp. and Cuspidothrix issatschenkoi, which are known to produce cyanotoxins.

Key words : MC (microcystin), ATX (anatoxin), Cyanotoxins, mcyB, anaC, Phylotgenetic tree
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Fig. 1. Map of sampling sites in this study. The numerals repersent different sampling sites. 1: site 1(St. 1); 2: site 2(St. 2);

3: site 3(St. 3); 4: site 4(St. 4); 5: site 5(St. 5).
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Table 1. The list of PCR primers used in this study
. o Product
Target Gene Primer name Sequence(5'—3’) . References
size(bp)
TOX2M GGAACAAGTTGCACAGAATCCGC Dittmann et al.
Microcystin mcyB 355 ’
TOX2P CCAATCCCTATCTAAACACAGTAACTCGG 1999
angen-F2 ATGGTCAGAGGTTTTACAAG 861
axgen-R CGACTCTTAATCATGCGATC Legrand et al.
Anatoxin-a anaC ’
anaC-gen-F2 ATCTGGTATTCAGTCCCCTCTAT 366 2016
anaC-gen-R2 CCCAATAGCCTGTCATCAA
cynsulfF ACTTCTCTCCTTTCCCTATC Mihali et al.
Cylidrospermopsin cyr] 585 ’
cynamR GAGCGAAAATGCGTAGAACTTG 2008
= A 7122 = E Alssk At = Ao TN IE AEEFTE-ABASH wet A

A5 AESHTh AEEHIEY v T 24
< I8l FoHFAAAF(H, species diversity index)2]
Shannon-Wiener #4!, T3ZA4(/ evenness
index)?t $HEA4(C, dominance index)+=
Pielou 3412 o]&5t] LHFIE 2459 om,

1 A2 ofefel 2t
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MPS(USA)E A= A @7l A vh=

S5t A= -
° 2.4, =z50| EASMAFHAL 2N
£ Agste] 279 FEehy 248 93 AlE= 150 - =T
mL BFfE o] 22N (FESE 2%) 02 1At Fx 79 54 24 26 AlEE pore

size 0.45 yn membrane filterﬂ' MicroFunnel™ (Pall,
US)E o]-83ste] o3} §F T DNAeay PowerWater kit
(Qiagen, Germany)E ©|-83ll genomic DNAE &

o
A, sl SARIR A eae R ARt 7

off 1% ]ﬁ ImlEE 0]' %@ﬁu]ﬁ(Carl Zeiss
AXIO Imager. A2, Germany)22 20081&2 A4
Hell AZFE 40~5071E AlGstart. ALk =22 4d

sto] -20C ol Hatahsdct.

EAFHA meyB (microcystin  synthetase),
anaC (anatoxin synthetase), cyz] (cylindrospermopsin
synthetase) F42+2] Eo0]Z&Q primers Al&sto]
PCR= 351 31tH(Table 1.). PCR ¥-5-82 TaKaRa
Tagq™ (TaKaRa, Japan)E ©]-&5t] DNA template
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Fig. 2. Relative phytoplankton composition of Yeongsan River for 1 year.
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Table 2. Ecological index of sampling sites by season
Season Site Diversity Evenness Dominance Season Site Diversity Evenness Dominance
1 1.91 0.77 0.21 1 2.39 0.88 0.11
2 1.79 0.78 0.24 2 2.14 0.84 0.16
Spring 3 1.75 0.86 0.21 Autumn 3 1.93 0.83 0.17
4 1.93 0.83 0.19 4 2.08 0.81 0.14
5 1.72 0.74 0.27 5 1.80 0.70 0.17
1 1.77 0.78 0.24 1 0.66 0.34 0.68
2 2.05 0.78 0.17 2 0.68 0.28 0.72
Summer 3 1.96 0.58 0.16 Winter 3 0.61 0.36 0.72
4 2.07 0.79 0.17 4 0.64 0.33 0.70
5 2.08 0.75 0.18 5 0.71 0.33 0.69
1~1.5 uL, TakaRa Taq polymerase 0.2 uL, 10 x 3. Zdap 9y nak
PCR buffer 5 uL, ANTP mixture 4 ulL, ZZ}t¢]
primer 1.0 pM(FF 55)E ¥ & DW= F H1 31 ASEEIES 3 U 4T Het
50 uL= AR, 3.1.1. ABEYAE A 2 ¥
mcyB, cyr] PCR 712 pre-denaturation 9 B2 ] QAro] ABEaTE o] AN 2 B
5T, 5 min, denaturation 95C, 30 sec, annealing ﬂ-‘f’jj;ﬂ-ﬂo_?;ﬁﬁ N ;]ij] ;}E}L‘}Z EE;‘L;; -
56 ~ 57T, 30 sec, extension 72C, 50 sec 32AE oo ;]‘;:ZEE __rL—'H; o AT, TR
353 HHE519 extension 72C, 8 minC.& Aa5H] £, S v_—i}M‘i}(Eg 2) 71124'——1—#’\: oF
tt. anaC PCR 7L pre-denaturation 95C, 5 Jidl_-i}_% AR, AR, INERERE
min, denaturation 95T, 30 sec, annealing 55T, i?di A
A P £20] 1.2 ~8.5C AZofl=57H =

30 sec, extension 72T, 50 sec 3TAE 353] §H&E5}
I extension 72T, 8 min® 2 35ttt 12+ PCR
1 uLE templateZ 519 nested PCR- 713451512
PCR &7 pre-denaturation 95C, 5 min,
denaturation 95T, 30 sec, annealing 56.5C, 30
sec, extension 72T, 50 sec 3HAIE 353] ¥HEstL
extension 72C, 8 min2 & 3ttt

PCR &= § 7952 53l 449 4 2715
gHlohdal F32 A8 248 2] =]stATHBIONICS,
Korea).

sequencess= MUSCLEE ©]-83}o]
MEGAX 2030 = S 24 Bd-& gAste]
ot A4 W2 Maximum Likelihood (ML) tree
E ©o]8st92™ bootstrap replication FA|=
1,0008]2 A]A st

Z27199.4 ~ 99.5%% =95t Il om
Fe WEEA A A7 12 FE FERIT
54.1%2 527 43.9%2 F279] © = Yerdth
213 2+ 44.3~70.2%, A1 32 50.7~68.8%, XA 4
= 51.5~77.2%, A& 5= 40.6~62.9%= XA 1& Al
95ty FREH M BE 5257 35k
B35 Yol =<1 213 1(15 8.2%)°ll HIshA sha-<l
214 5(F 11.4%, o5 24.9%, 7F 31.2%)°14 E=
7 &9 vl &Y vt ZolAle A Holu =X
F71 4512 IckFig. 2, Table 3).
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Table 3. Seasonal dominant ratio of phytoplankton species at each sampling site in the Yeongsan River (' Diatoms,
Green algae, Cyanobacteria, etc.)
1 2 3 4 5
Si S
ite  Season % cells/mD)
Sorin Stephanodiscus spp. Micractinium spp. Scenedesmus spp. Aulacoseira spp. Pediastrum spp.
PTIN8 (40,5, 0 ~ 4,200) (12.0,0~2,125) (9.0, 100 ~ 1,000) (7.6, 50 ~ 1,000) (6.5, 0 ~ 700)
Summer Stephanodiscus spp. Micractinium spp. Scenedesmus spp. Pedliastrum spp. Aulacoseira spp.
(19.1, 200 ~ 850) (17.2, 0~ 1,200) (13.1, 150 ~ 500) (9.8, 0 ~ 400) (8.5,0~475)
St 1 Aulacoseira spp.
Autumn Stephanodiscus spp. Micractinium spp. Gloeocystis sp. (9.5, 150 ~ 400) Scenedesmus spp.
(13.5, 175 ~ 600) (12.8, 100 ~ 625) (12.0,250 ~ 475)  |Dictyosphaerium spp. (6.5, 150 ~ 350)
(9.5, 100 ~ 400)
Winter Stephanodiscus spp. Synedra spp. Asterionella sp. Dinobryon sp. Cymbella sp.
! (95.2, 22,000~40,000) (3.4, 350 ~ 1,875) 0.4, 125 ~ 125) 0.3, 0~ 225 (0.3, 0 ~ 200)
Sprin Actinastrum spp. Dictyosphaerium spp. Scenedesmus spp. Stephanodiscus spp. Micractinium spp.
P8 (14.1,0 ~ 2,675) (10.8, 0 ~ 2,250) (10.4, 0~ 1,100) (93,0~1,150) (8.9, 0~ 1,350)
Oscillatoria limosa
Summer Aulacoseira spp. (13.4, 0 ~ 2,000) Micractinium spp. Actinastrum spp. Scenedesmus spp.
(13.7, 350 ~ 1,775) Aphanocapsa sp. (11.1, 200 ~ 1,225) (10.9, 0~ 1,375) (6.8, 300 ~ 800)
St.2 (13.4, 0~ 3.750)
Autumn Micractinium spp. Aulacoseira spp. Budorina spp. Actinastrum spp. Dictyosphaerium sp.
(21.1, 0 ~ 2,500) (18.2, 750 ~ 1,350) (7.2,0~675) (6.8,0~775) (6.4, 150 ~ 600)
Winter Stephanodiscus spp. Synedra spp. Aulacoseira sp. Cyclotella sp. Scenedesmus sp.
(97.5, 875 ~ 70,000) (1.0, 25 ~ 1,000) (0.3, 50 ~ 300) (0.3.0~375) (0.2, 0 ~ 200)
Oscillatoria limosa Aphanizomenon
Sprin Scenedesmus spp. Actinastrum spp. (10.5, 0 ~ 1,250 Micractinium spp. P Hos-acuae
PriNg (168, 0~ 1,200) (162,0~1925)  Dictiosphaeriumspp: (8.8, 0 ~800) (74,0 N &75)
(10.5, 0 ~ 800) v
Stephanodiscus spp.
Summer Micractinium spp. Aulacoseira spp. Actinastrum spp. Oscillatoria limosa (6.1, 50 ~ 1,000)
(29.4,0~7,125) (15.5, 150 ~ 3,800) (13.4,0 ~ 3,675 (10.1, 0~ 2,250) Scenedesmus spp.
53 (6.1, 100 ~ 900)
' Oscillatoria limosa
Autumn Aulacoseira spp. Micractinium spp. Pediastrum spp. (8.9, 0~ 750) Scenedesmus spp.
(18.3, 750 ~ 1,325) 9.8,0~1,125) 9.2, 0~1,250) Aphanocapsa sp. (8.5, 100 ~ 500)
(8.9, 0~ 2,000)
Cyclotella sp. Asterionella sp.
Winter Stephanodiscus spp. Synedra spp. Cymbella sp. (0.6, 0 ~ 200) (0.3, 0~ 100)
(95.9, 375 ~ 20,000) (1.6, 75~ 375) 0.7, 75 ~ 100) Scenedesmus sp. Melosira sp.
0.6, 0 ~ 100) 0.3, 0~ 100)
Sorin Micractinium spp. Pandorina spp. Scenedesmus spp. Gloeocystis spp. Oscillatoria limosa
PriNg(27.7,0~3,875) (10.9, 0 ~ 2,800) (10.0,0 ~ 1,750) (83,0~ 2,125) (6.8,0~1,750)
Summer Aulacoseira spp. Micractinium spp. Actinastrum spp. Scenedesmus spp. Gloeocystis spp.
s 4 (24.3, 2,050 ~ 5,250) (16.6, 0 ~ 4,375) (10.5,150 ~ 4,625 (9.1, 1,100 ~ 2,000) (7.4, 300 ~ 2,575)
' Autumn Aulacoseira spp. Micractiniumspp.  Microcystis aeruginosa  Scenedesmus spp. Stephanodiscus spp.
(20.8, 525 ~ 3,325) (12.3, 150 ~ 1,500) (10.3, 0 ~ 1,750) (10.2, 500 ~ 1,700) 6.3,0~1,475)
Winte Stephanodiscus spp. Synedra spp. Cyclotella spp. Aulacoseira sp. [Fragilaria sp.
M (927,0~350000 (38,100~ 2,125) (1.1,0 ~725) (0.8, 125 ~ 200) (0.7, 0 ~ 450)
Sorin Actinastrum spp. Cryptomonas sp. Micractinium spp. Scenedesmus spp. Oscillatoria limosa
PHS (90,3, 0 ~ 4,000) (14.9, 50 ~ 2,475) (10.9, 0 ~ 1,475) (10.1, 0 ~ 1,700) (82,0~ 1,625)
Summer Aulacoseira spp. Merismopedia spp. Actinastrum spp. Micractinium spp. Oscillatoria limosa
55 (23.3,2,900 ~6,150)  (15.6, 0 ~ 11,200) (10.9, 525 ~ 4,675 (10.0, 1,075 ~ 2,875) (8.3, 0~ 3,500)
' Autumn Microcystis aeruginosa  Aulacoseira spp. Budorina spp. Micractinium spp. Pandorina sp.
(25.2, 0 ~ 13,000) (21.9, 1,850 ~ 7,050) (16.8, 0 ~ 8,450) (6.2, 400 ~ 1,750) (5.4, 0~ 2,300)
Winter Stephanodiscus spp. Synedra spp. Aulacoseira sp. Asterionella spp. Micractinium sp.
(95.0, 625 ~ 40,000) (2.7, 50 ~ 1,775) (0.8, 100 ~ 350) (0.7, 0~ 500) (0.3, 0 ~ 200)
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Mallomonas, Synura <5, Z2HE X
o] TSIt

3T AEEHIES AEE AT AF Al
Zaol B S —Hiﬁ = 7H7\ﬂ—/|\‘ H29+= 0 ~ 70,000
cells/mL, FZ57 7HAI4 ~ 13,000 cells/mL, =
2% WA= 0~ 7,125 cells/mL 71et 257 A4
=0~ 2,475 cells/mLH SIS e (Table. 3).

nE A@e ALAEe Stephanodiscus spp.©l
92.7 ~ 97.5%=2 w2 $HES Ho|H AlxULE 7|
A 2014 ALl 70,000 cells/mLE AEZFIE F
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= A 2
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spp. ] S41°l JFS nH A2} THE
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7t 2178 29} A1 5004 2 14.1%, 20.3%= -85k
I M ES=0] T = 4 000 cells/mL 2 UERES.
Secnedesmes spp.= A4 3014 16.8%% X1 E=
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213 4ollA Eoll 27. 7%= skt
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7} S el A A AS(=A 2, AF 4 214
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UE= 7P =4 8okt olF B+ % 22
27.0 ~ 28.0TC°|1l 7k B I =0] 20.6 ~ 21.
5CE 2771 4slde ta =2 2030tk
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2 tE R Hlo) Tt oA T2 HAge
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Fig. 3. Variation of harmful cyanobacterial abundance, water temperature and Chl-a (W.T.: water temperature; Chl-a:
chlorophyll-a).



FFAG Ga7 ] ABEYILES ARz

SAFRAR] ABRYSH 54

323

Table 4. Detection rate of toxin synthesis genes of harmful cyanobacteria at each site

Site Target gene Spring(%) Summer(%) Autumn(%) Winter(%) Total Rate(%)
s 1 mcyB 33.3 80.0 0.0 33.3
anaC 100.0 75.0 40.0 0.0 53.3
5. 2 mcyB 33.3 100.0 80.0 0.0 60.0
anaC 100.0 75.0 40.0 0.0 53.3
S 3 mcyB 33.3 50.0 80.0 0.0 46.7
anaC 100.0 75.0 20.0 0.0 46.7
S 4 mcyB 33.3 100.0 80.0 0.0 60.0
anaC 100.0 75.0 80.0 0.0 66.7
mcyB 33.3 100.0 80.0 0.0 60.0
5.5 anaC 100.0 100.0 80.0 0.0 73.3
mcyB 33.3 70.0 80.0 0.0 52.0
The total sites
anaC 100.0 80.0 52.0 0.0 58.6

Aphanocapsa sp.7t 13.4%= A3tk A4 5
ANA A& 15.6%% Merismopedia spp.”7t A+
SFI A FIUEE 11,200 cells/mlL ©1%.2H,
7Reole 25.2%(FEE 13,000  cells/mL)E
Microcystis aeruginosa’t -85t AJTh Gx2F
7t Asts BT 7RO X FY E2FV 2
745t QLo StRERl A 5 AT oA Fof FE
F Microcystis aeruginosa’t 9785t AUTH 4
L9 A®ZFR] Microcystis aeruginosa= &+ AY
WollA GAt7Ee] sh F231 A1 5004 71 139

St o, F2RIt Sekele Al7lele 1 WETt
2 gz20] 8|84 Lo 2|20l A% uheto] o
[sf Helot,
3.2. UZRo 23 YU
AEEFIES HFE

A 1087 Ex279 &
St THFig. 3).

Oscillatoria limosa=595F 104714 H§ta 2
2 EEsiA A7 194+ 1 262 99), 750
cells/mLe] W2 ¥ Qct,

FAE FANA Art o] = Yehte F<
Aphanizomenon fos-aquadKang et al., 2020)<
59 1609t TEH o2 21 2014 AH 57| =
T 2dst9lor 214 20014 1,000 cells/mLe] B2

7V =7 B E ek

Merismopedia %9 7A4= 68 139 2™ 59
A1 800 cells/mL, 72 79 A& 2914 1,200
cells/mL, A% 3914 400 cells/mL, A& 5°lA
11,200 cells/mL= ¥E=HIT @7 522 25.0 ~
30.2C Atk 683 790l Merismopedia <] E3t
AL A HA 4220 ~300) 699 2 7
(0.9mm) 2= gk AFAIZFY] F7t= I3t A= &
SEti(Han, 2021).

SYRE] 1087H] -2 AZ2 AU APVIAIE o
F= A9t IR [/ Aphanocapsa 0] & or%.0H
Microcystis aeruginosa’t £@st7] Al&st= 9¥
219l 213 401141 1,750 cells/mL(26.0C), Z1 501
A& 13,000 cells/mL(26.6C)2] W2 ZF 2| 5H 2]
IAE B om T o|F M2} FAasHe S HAloh

AA
Microcystis aeruginosa’t “37st7] Adgt 270
2 25T ol 0¥ 124 732 QIS JIEH A4S
2 JA7te] FE3t Qlo] FgFE e oY 21 &4

Aol WAt Ao 2 whtEith(Han, 2021).
S228-29 & W= A 1914 14.0 ~ 66.2
ng/m’, X3 2= 40.5 ~ 89.6 mg/nf, A 32 19.0 ~
68.7 mg/mt, A 4& 75.4 ~ 178.3 mg/w’, A 5=
77.5~256.5 ng/m* oW, AH 1~ AH 39 SEE
L-29] -2 30.2 ~ 55.6 ig/m'= & AHo| & HolA]|
Frout, 24 4= 120.3 mg/nt, A% 5= 150.8 mg/
N2 oFF=2 Z4E 7t ot E289-a 5
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o NEEYaE] Wb o] WAS ek
(r=0.74; P{0.001). BAVE 31572 Z42 obx| &= 4]
2EYAES Ynst 222 S 9P F
A0 Hejet,

(e}

A= meyBet anaC
2|4 w2t HEEC] M3HE EIsttHTable 4).

mcyB F32= 595 1099, anaC S84 =
3ERE 109 24 AEEHIYeH ALdEe F 74
2; BT HEEA] Ad)

mcyB A7 Eoll A 213 el A 33.3%, o=l A
A 120.0% 19 A8 100%2] A2ES H9oH
7Heolls BE A-oflA 80.0%= AEEHATE anaC
A= Eolle B A lA 100.0% HEES Hol
1 9lom B A 1 ~ AR 4oA+E 75.0%, A
A 5°4+= 100.0%<] HEES BT 7Foll= 20.0
~ 80.0%= AEEE A 1= AQqe ZE 2 H
A Eoll vlsl} o B3} 7Holl 2 F 54 32 moyB
ot anaCe HEE°| 711t S A & & Aot

214 1917 str= 295 mcy B 33.3%°11A4
60.0%2 S7FFAAL anaCe 53.3%01A4 73.3%% &
T HEEC] AH S7ote P42 Holuk A3 3004
T HEEC] TAskth AR 32 A9 At
72 2% fEE FHsH Qo fFAET= o8+
Al strA o BRIt f9o] He Al dRA
o o]z s &7t A7 g o= wrhe
THLee, 2018).

mcyBe} anaCe A1 58 AEE HEES HY
mcoyBe BlE 33.3%, o852 70.0%, 7Feols
80.0%=2 F 71t ¥ anaCE &0l 100.0%, o
o= 80.0%, 7ol 52.0%= H Astdrt. o]
= microcysting AT H Microcystis
aeruginosa (Fig. 3)7F 7H2oll 2 W= £dsH7]

wo8 FHH

=

3.3.2. mcy B 2t ana C | HS U5t 241

AZE meyBt anaC §77k] A W Azke] A
SUAYSH Sol4 BASH] 915 MEGA Z21%

A5 AT - Pas

Lok

= o]-&sto] AeE AT 2, moB 3= A
AE-AEE Bold YeA] 4dth meyBe= MC
biosynthesis gene cluster WellA4 ®s7F @il =<
Ho| Hlgo] 2 FEo= 7t A A|7ke] Eolid& 2
of 4= $19 A (Kurmayer et al., 2002; Mikalsen et
el., 2003), mcyB 3= F71A Gl theFet Hol7t
QlolA 297 Aj7kA BE EAo] yehA] ofgtth
(Yoon et al., 2020)= A4}t x|t

anaC 372 Al 2§ 2742 sequences
320 bp, bootstrap values 1,000%], Kimura 2-
parameter model®]l 7]2& & Maximum Likehood
(ML) methodE ©1-8-5F51et. Al&ollAl PCRZ AEH 15
MOl anaC 3R] sequences?t GenBankll =%
17 7H9] ©+2 anaC sequencess EZ &5t Al54E 2f
“3otATk(Fig. 4). A&l PCR=E HEH 15789 anaC
442} sequencest 3E, 69, 9¥oll ZF AHNA A=
H 5HA A7 Eold, 17709] B2 anaC 8732t
sequencese Cuspidothrix issatschenkoi (KM245024.1,
LT984882.1, KM245025.1, KM245023.1), Uncultured
cyanobacterium (KP036898.1, KX096808.1,
KX096813.1, KT246302.1), Aphanizomenon sp.
(JF803655.1), Anabaena sp. (JF803646.1, JF803645.1),
Anabaena circinalis (JF803647.1), Oscillatoria sp.
(F]477836.2, JF803648.1, JF803654.1, JF803654.1,
JF803652.1)& Z&sta Sit}. Group 12 6 5719
anaC sequences®t 982 47 anaC sequencess X
5t o™ group 2= 399 5 AN anaC
sequencess ZE3oto] AFER cluters 4ot
group 29 Bt A 522 14.9CHCH, group 12
24.5C2 & group 9] 4~ #}o]7} ¢F 9.6C ATt

T3t group 1°lE  Cuspidothrix issatschenkoi
(KM245024.1, LT984882.1, KM245025.1, KM245023.1),
Uncultured cyanobacterium (KP036898.1, KX096808.1,
KX096813.1), Aphanizomenon sp. (JF803655.1)°] gt
Hol itk = fedERRE AREH e
Aphanizomenon sp. 2t F- 3% 2 F=<ofA] T
Y= Cuspidothrix issatschenkoi= anatoxin-a =
A Aol 7hssith d3A tkHodoki et al.,
2012; Chernova et al., 2016; Ballot et al., 2018).
o]+ group 191 &3l = 9709] anaC FAA7 S54
A4 7Fs/d& AAlstaL Sl
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Group 1

Group 2

Fig. 4. Unrooted phylogenetic tree of partial antoxin-a synthetase C(anaC) gene sequence(320bp). Phylogenetic analyses were
conducted in MEGA using the Maximum Likehood(ML) method based on the Kimura 2-parameter model. Bootstrap
values from 1,000 replicates are shown at the nodes. The scale bar represents 0.02 substitutions/site. The bold fonts

repersent the name of samples.
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Stephanodiscus %°] 92.7 ~ 97.5%% BE 2|3
oA A3k QlleH, 0] F7tol= BFH
= 5X7 Actinastrum spp., Secnedesmes
spp., Micractinium spp. 7t -85ttt =2 o
535t =204 Aot 127 Aulacoseira spp.
= A5 (A 2, AA 4, A 5)0lA B 22
27.0 ~ 28.0C, 71 (R1# 3, A 4)ollA B =
220.6 ~21.5CoM = TEES oM foid xR
Microcystis aeruginosa’t dsh= 49+ 71
A 238 5oA4% 25.2% (0 ~ 13,000 cells/mL)Z
skt

HRFI EET] AFS AR 5EREH 1097}
2| G257 29 FAHS 4 AFER ERIg At
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=2 (20 ~ 30C)2 AFAREE] F7FERIGH Ao 2
] 1_5]‘31, 6¥ 139 AA 5014 800 cells/mL
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aeruginosaZt A 5914= 1 L& 13,000
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AZ2H 52 E moyBt anaC 2FF
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100. 0%01]/\1 7H&ellE 52. O%i A Hdaste &
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