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Abstract A Gymnodinium sp.-dominated algae bloom occurred on August 26", 2021, in Haimen
Bay, Guangdong Province. The maximum cell density was 3.39x10° cells-mL™". We investigated the

morphology and phylogeny of the causative species in this study. Acute toxicity study of the bloom
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samples on marine medaka (Oryzias melastigma) over a 48-hour period was conducted. The
hemolytic activity assay, toxicity to Artemia salina, and the optimum growth temperature of the algae
were also investigated. The dominant species of this bloom was identified as Gymnodinium
impudicum. The bloom sample had no toxic effects on marine medaka, and the O. melastigma
survived and swam normally in 48 h. The lethality rate of G. impudicum culture (with a cell density
of 4.32x10° cells'mL ") to Artemia salina in 48 h was 35%. The hemolytic activity of G. impudicum
culture (with a cell density of 3.66x10° cells-mL™") to rabbit’s erythrocyte was 26.7%. The algae grew
well at temperature ranged from 20 °C to 30 °C, reaching a peak cell density of (2.35—2.54)x10*
cellssmL™". The maximum growth rate was recorded at 25 °C with a u,, value of 0.371.
Gymnodinium impudicum failed to reproduce abundantly at 33 °C, and maintained at a low density of
(1.40—6.85)x10? cells'mL". This is the first reported of G. impudicum bloom in the South China
Sea. More consideration should be given to G. impudicum for its possible risks and disastrous
impacts when blooming.

Keywords  Gymnodinium impudicum, biological toxicity, hemolytic activity, temperature

adaptation.

TEWEAR ) AR TG TE T . 0« W SR AR v 1 — 2R EDG B AR RO AR ), & Az A= ()
FAS A ELAZ LR ). PRI A ) B T 25 00 52 A Fh BR B DR R NS e i s e, XK AR TR AL B RESEE SR
it s N, VAR ) 2 2R A PR RGBT IR W (AL PR AE ) M. 2380 2% ] X el | HETE IR L K SR
> i R A5 T 4 IR () e O AR R S 1 R K A IR L AR A EE RN I, T
WARRAS R G, AR WIE T BT 0 P o3 A A 238 R AR i A0 5 | K AR AR i sE T, R, —
SO AN, 403 Dy LK 3 (Alexandrium spp.) W] 77 A 35 3R IF 38 o & Wy 2E K A AR AR o8 s AR kg e £ 2k
HETP

R 8 A R TR [ S Vg DL ) — 2R A, IR AR B 988 ( Gyminodinium catenatum) B\ ZE IR
FNE . B5P5HF . HASE 23 DNEZEG | L AR, SRR B e nl 7= AR s DUR 3 R, 2017 4R TR E AR
WIS T R B 5 R 8T AN B 35 10 A AR 8 ( Gymnodinium impudicum ) &4 H 8
(Gymnodinium) T W) 75— # WAREN SR, ©AER I, dhE . PEPEA 95 L2 2% A& aR e, i Fh 5 8 R A
H BB SR A, 5 A PR e S5 e TRV I O, A0 & A= ZE IR I o8 25 B i 125 (Pagassitikos Gulf) 9 i
PR B P8 IR0 i 20 5 2 e 7 Ry P R Y, DR OO P R R Y AR 0 1) 2 R BN T R DR R
E TTHEARA.
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1 MRS )7 (Materials and methods)

1.1 FEACREE

T 2021 4F 8 J1 26 H T 2Rl 2 & X RAEWGAKHE & (B 1), 1 RKERRER G R )ZKEE, RS 5%
A UL SR, P73 16 R K RE AR R 5 25— B2 A Lugol’s W e, T EN
TE S ARBE T HEAT S S B0 2 B TR AOKORE A 1] S0 F AT B2 4y B B 5 S 2 AR W s R AR
fii Fl 2 2 0K J5t 43 7 { (Y SI-professional, USA) I & >R # 35 £37 (23°1030"'N, 116°37'39"'E) i B 57K
T SR WAL pH SRR T
1.2 SRR B S 1R

68 FH B 35 B A0 A5 X AR 2 AP AT A S, LA LA L R IR ARG IR T 96 FLA Y, BE SR IR E N



978 7N 5% 1t 2 9%

(20+1) °C, SEHRER N 120 pmol-m s, JERE A 12 h:12 h. F4MiAE K 15 d JFH B EEFRAE & S0 mL
L1 B eny gl g mh A K.

116°36'E 116°37'E 116°38'E 116°39'E 116°40'E

23°12'N

JTEE
Guang'ao Bay
23°11'N -4 23°11'N
w1
Haimen Bay
23°10'N 23°10'N
23°09'N - 0 061218 24km 23°09'N
| S S E— —
1 1 1 1
116°36'E 116°37E 116°38'E 116°39'E 116°40'E

1 CREEW B (B 5 RN RAES)
Fig.1 Map of sampling site (the sampling station was indicated by asterisk)
1.3 JREEFIE S % E

i FH A 58 4 5% 5% B 1 8% ( Olympus BX61, Japan) X} A ¥R R i 28 25 Fh 7F 77 W 2%, F Image-pro
Plus6.0 ¥ 17 EG R 5, T BE AL PR EE 50 A~ 240 M & K /. W H 1 mL 3 ¥ il A SYBR® Safe DNA Gel
Stain 44} (Invitrogen, S33102) % % 4 i 4% e €4, 10 min, 7650 WM T WSS MR I 25 5 4o B fdi 1]
T R (U g 2.5%) RS RRE S HEAT B AE, 4 °C T#HE 12 h, BEJE A [FIVE E (10%. 30%. 50%.
70%. 90%. 100%) 188 4G i 47 46 B2 B 7K, fiff = 40 Ak de B Il 5 050 48 £ ( CPD300, Leica, Wetzler,
Germany ) X} B¢ i FE 47 1 40 21, {8 B 1% 81X (Leica EM SCD 500, Leica, Wetzler, Germany ) X} 148
S BAE A R A T 4 A B, B S TE A4 FL - B 35 ( Carl Zeiss Inc, Oberkochen, Germany ) T £ 5 4 it 1Y
CESRTAT AT IR
1.4 DNAVMERGE KT mHr

DNA $2B05 588 . BUR ) 4 2l 5% 329 50 mL, % F8 HP Plant DNA Kit 42 BUR 7] £ (Omega Bio-tek
Inc, USA) 2 fit 9 52 55 3 B2 $2 WU 400 K5 9% 3¢ 40 i DNA. DL 3 40 s DNA h #5 8z, DL DIR( 5
ACCCGCTGAATTTAAGCATA-3"), D3B(5'-GCATCGCCAGTTCTGCTTACC-3") Ky 5| 41" %t H LSU
rDNA H& K gk 474 5% . fdi ] ITSA (5'-CAAGCTTCTAGATCGTAACAAGGHTCCGTAGGT-3'), ITSB
(5'-CTGCAGTCGACAKATGCTTAARTTCAGCRGG-3") " 5| ¥ X} H ITS rDNA J¥ 51| it 17 9 4% .
PCR JZ Wi #2JF: 94 C FiAE 1 30 s, 98 °C 254k 10's, 56 C 1B Kk 30 s, 3L 34 DMEFR; £ )5 72 °C ZEH 2 min.
PCR 4" 34 7= Wik A1 AL TAE W) TR A R B (i) 4700 7. fr 75 2 () LSU rDNA Fl ITS J¥ 81 $258 &
GenBank (https://www.ncbi.nlm.nih.gov/genbank/) . PCR " 3% 38 #5 i% £ 1 #4 B 38 LSU rDNA(D1-D3 [X.)
F1ITS rDNA H BE K 43 51 & 930 bp ( Genbank Y& 5% 5 : OP278931) . 549 bp ( Genbank W 5% 5 .
ON795173).

R RE 0T B TR 159 LSU rDNA F1 ITS rDNA J¥ 51 7E GenBank %% #% J%2 14T BLAST [5] J5 14
K, T BT 2751, it MEGAG6 -k FH B K ABLAK 12 (Maximum likelihood, ML) 4 R 42 &k B, fifi
F MrBayes3.2.6 &k F 44 ¢ D1 i3 % ( Bayesian inference, BI). ML 43 #fr i 34T 1000 YK B HL 8 &2 BUkE, 5F
I R AR 43 S A
1.5 2VAEY s

R KRR XV T T Bl £ ) 2R A W AR S 2.5 LA I SRR SR £ 1.5 L A9 B R K R
(T 4 B %8 B ol 3.39%10° cells'mL ™), [l H it A 15 BB ARRE | iz 3h Ji5 . R/h—20(4) 30 H%) B9
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T a4 AT %S, T 0h, 6 h, 12 h, 24 h, 48 h iC F4 AL T 50 AL M A E 3 1 F1T, K
JC 20 M ) 3o DV K Ry 2 R R A

] 288 ok 2 R T e ) A W B S AE 6 FLAMEE SR TP OINA 10 mL 3256 % 4l B 55 1 AR
T T (PR AR % 4.32¢10° cells-mL™), BX 20 B AHERE | iz 30 J758 . R/N—20 i g B A )46 AL 3
HIEATMEE, T 0h, 6h, 12 h, 24 h, 48 hic 5 i HUIET- B0, LA HUZERIE A 10 s PN BTG B 2 42 ) A
FENBET-FRUE. ARSI AR 3 A TAT, LATCHEAIMR) L1 KR35 0 28 oo R4l
1.6 ILTG P 2

TV 2 T i b S 2 L 1T B 2 AR 125 IR Eschbach 25120, Y5 I 376 M0 52 7 v 2 B i A 2 0%)
FEI LA . B 50 mL f) 2R ) 46 SR 4l % 5 W CBE 20 M %5 2 R 3.66%10° cells'mL™") 5000 rmin™' 2.0
10 min, & L& J5 A 2 mL (4 I 5 28 2% vp Wi aE A7 1 75 i 1, 459 2103 I 35 3R P2 L. B 1 mL ()
EDTA HU&E S I G i 28 i PE VA Sl 2 YK, I BC A 0.6% 114 G ML 2T 40 75 9 45 FH . i I BBUIS I 53
FZIPWL . MG . 0.6% Fe £ AN VAT . V5 I3 2R FR OB 45 150 pL, 44 S 44 28 e 1 7 % IR
$E R 100 pmol-m s (Y EREE H1 2 5 h, 3000 r-min”' B0 10 min, BT R AE 414 nm 3K R 005 0%
AR K A ROGAE AR A 1A 3 805 A5 2 285 1) 2 R (0 395 10385 M A 4345

WA VE B 70 80(%) = (A, — Ay — A /A X 100% (D

Hor, Ay S iR 2R B ORI G 100 2T 20 BV TS 0 1 I A s Ay, A I 28 4 ORI F 1M % v 9 2
VLS R IR AR ; A, b B 28 5% M IR0 S I 21 41 RV W SN )i 1 TR Y6 AEL; A, o4 TritonX- 100 il 4 Il £1 40 At
VARSI e T I 1

FEASSLIG B 3 AT, LLICE LGP ()l J H 88 ( Prorocentrum obtusidens, Y8 15 45 8 7R i
JEHF ) (AN 20 4.89x10° cells-mL ") Sy BFF 1A X HE AT, LK B 10 R AR 7K hy 2 (6 B
1.7 R M S

B TIREE 20 °C L R BE 27 25 N ARF I AR SE SRR EATH ORI IR 2 1 L. Bl 5 R B A0 i i 45 15 5
F 44~ 500 mL HEFEH T, 20 BB T 20°C, 25°C ., 30°C ., 33°C S5 IR BE A IR B Fe A s 55 2 A (G 3400k
HEJEI ) 14 h:10 h, Y6 AR EE (100—120) pumol-m2-s™). Bl 5 4 AR BE T 4 40 M PR B 2, (75 T 00)
RN 5.00x107 cells mL™, 4 T 4 AN IRLEE T UL 4 088 200 0 X i B8 (0 17 . 3 2 R BB &)
0.5 mL F1E & 28 (Olympus CX31, Japan) T, fif FH V2 IFAE Y0 FEOHE A 7318, B H4L 0.1 mL, B4~
FE TR 3 Uk, AR i A5 285 B AR B IR FH S S T I B 19 b A= 4K 3808 (specific growth rate, w). [RIH,
ORISR 1 mL, RGP 15 min, FH 17 WEAE P 98 6 (PHY TO-ED, Germany ) il 5 A [7] it & 2 A [F7]
FIF ) 958 40 0 194 5 RO Ah 24 340 (Fv/Fm)

u=(>nN,—InNy)/t 2

Horb, N, NG 5350 R 15 5550 ¢ SRR Tl st 14) 9 4 i 2 i 1),
1.8 Fdi st

{8 FH} Origin2018, ArcMap10.7 X {44 &1, 52 56 545 R FH IBM SPSS Statistics22 3K 4F #1748 112% 7
B, 2H 1) 22 55 He AR FH B R R 22 4341 (one-way ANOVA), £ 8 H G 56 5K JH Fisher’s least significant
difference(LSD)7%, 24 P <0.05 i 25 57 g 3.

2 5B 5308 (Results and discussion)

2.1 AR AR R

AU T 2021 4 8 H 24 H—8 H 29 HINIER L T ZRE M 175 (23°1030"N, 116°37'39"E),
U P A0 %% B Ry 3.39%10° cells'mL™", 38 2 2 W bk 1 25 B (Rl A= 0 40 K /INFE 10—29 um S FRI Y,
BB 1x10° cellsmL ™" 0] 5 ORI . Horp, AR 3FP 2 B Ry 2.75%10° cells-mL . AR & A= 1), ifg
BUKIR A 26.1 °C, $hJE 32.77, B8 5.84 mg-L', pH Ky 8.27. AR AR AR 7.8 ki?, 2 il S [A] K 3
PR AR ) S AU T B B R B R0
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AR DL A S A S E S IR, LR A 14.2—26.1 um, “FH4°4 (20.542.9) um (#=50), 5
13.2—23.6 pm, ¥R (18.6£2.4) pum (n=50), & WIEE N 2 5 4 4~ A0 MO 4 B 5 AR 254, 1547 8 i i
BEIRGE ) B A0 I 25 (18] 2a—c) . FEARFEIAR T o 40 i | 52 S 2L R ERIR, T 583 -, 4 40 5%
TN 7SR Y Tt e - (1 2¢) . AR D, 7 F 40 b g (18] 2d) . SRR 22, 46 T 4 1 403
(Tl 2e) . 2 6 [va) 38 AT 240 L T0 ot 40 26 2 FL A0 S A 322 B bR CTRT 2h) . 40 R A A V) G AR (5 A 249 Sy 2 A 3 5
JE, BRI A A AR 1/3—1/4. QAP H RS EFe TR, ni e gtk (8 2g). e
B, %A B T TR LAY 2T iR A5 (1] 2a) . 20 S P LR U S B 1k RS AR, R
B5 7730 8] & BUK AR A RSO 26 2R R3S (B S i BE K . IS4 ) | U s RS FORS Y 43 00 55
FRIEAF A SCHk [8] X G WA H i () il ads.

a C

5 um

2 SRR TR TS A SR TP SR A R
(a—c G5, d—e UL A, h S HEERL. a, N0, SF SR 2L @R AL b, 2 DRI EEIR 5 ;5 ¢, 4 2RI BEIR S5 445 d,
YIS Y R, B BRI (S (0) 5 e, AT YL @R, F A BRI R (2060); £, 4 DAL R BEAREE 15 g, T A0 (73K );
h, 20 ) A AL (3K ) )
Fig.2 Morphology of Gymnodinium impudicum isolated from Haimen Bay
(a—c: light microscopy photographs, d—e: fluorescence light microscopy photographs, f-h: scanning electron microscopy photographs; a, a

single cell with an eyespot (arrow head); b, a chain composed of two cells; c, a chain composed of four cells; d, fluorescence light microscopy,

showing the position of nucleus (in green); e, fluorescence light microscopy, showing the chloroplasts (in red); f, a chain composed of four

cells; g, detail of the apical groove (arrow); h, the pore connecting cells (arrow) )

X} PCR ¥4 ) LSU rDNA Al ITS tDNA =¥ i#£ 17 ¥, T GenBank H Lt XJ If T 28 H i 2% 7 91
37 45 Fil 33 %%, UL H 3 49 ( Dinophycene) 19 4 R . I3 1L K ¥ ( Alexandrium catenella) F1 7€ HE ¥ 24X
( Aptophyceae) f BRI Az 4 38 ( Phaeocystis globosa) NAMNEREH H R 5 K B M. ML # 5 BI #HE FA —
H, RGRFM IR AT 5 2 0 R TP e Sk L PE BT . SRR AR A [ R IR I 0 R R
HBE R AE— o032, BAR R 100/1.00. A bk 3R 545 85 A 3% [ )it 1 30 0 IR AR HY 35 ( Genbank YACSR
5t MH732685. MH732677) )75 — 2, {0 T[] — 43 3¢, B A5 {E R 100/1.00( &1 3, 5] 4).

£ N2 | S 271 b7 e o 18 e 71 o W N S i R R SR A S 2 S W P 537 I o e el e |
(Dinophycene) , # H1 #: H (Gymnodiniales ), #R ' % F} (Gymnodiniaceae ) , # H i J& ( Gymnodinium) . %3
OYARTIZ, AEMRKORIE | B L AT F . PEPEAF . BV 2% ORI S R A S T AR AT R A .
PR U H e 2 28 & J2 1 /5 ( Catalonia) B 22 VR AE YY) 2 AR 5 M 2 —, 7 ELZE P HKUS 11 (Barcelona
harbor) il % 7% & AR U, 7 1980s LA, & [ Wi /K BUEEAE 9, 10 H AR 228 & LI IR H i oy 205
Tofr 118 205 0 O, /P A R o A T v Ve sl A e BN, R VA VA S JC % R R A A DG SR K
HRAE Ay PR o 1 U T R T e VU I R T R
2.2 DHUERR P B SRR

BRI F e i 0 75 B VRORT 17 HURESE 48 h R A5 R R, % PR Al IR BN 17 B ELAT R (B
k1 4.32x10° cells'mL™"), Bl % % 8 0] (8] A9 <, 5256 21 10 A SBT3 T 50 : 24 h B SEE0 4 i HUA7 TG 50
73.33%+4.7%, W L T 25 X AL (92.5%+4%) (P < 0.05); 48 h B, 5565 41 i B A7 3% R B AR
65%+4%, . E LT 25 141 (88.7%42.1%) (P <0.05) ([&]5). Farga 255 X (i 4 FH 8 2l 5% % 8 400 it 1) B
PEHEATIRFE, 45 5 26 W B IR R e /N BRGS0 R0RORH €33 (HPLC) AR A 2] PSP (19 47 7E. AR SCXF
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BT AR T A TR B Y b BV B, 73 bt BN A 50 A ARG T 6k B ELDCYA S5, &
KA Hassh e Rt se T (18] 6) . I G 2R 358 mT B 2o 70 WA 58 Mok ' ) ot S B8O ¥ 2 W) 1A BE
T2, DPARERR PP 38 R T 2 i e SR B UM R PR A A 5 AN . B o0 8 KR o 7 Bl £ 40y £ Y v A
PITE RS 7R, MR T 0 48 h AR I BRAE TG, h S iUk A7 o IR, 2R WA YR T /KA S 1A
T A8 DAL . A W ST R TR AR 3 A e A rp 20 A — B ML ARG P Z2 08, 20 ol RE >
it 7E A B A I S B 2 EE AT,

DQ779992 Gymnodinium impudicum South Korea
IN400079 Gymnodinium impudicum Spain
DQ779993 Gymnodinium impudicum South Korea
KP790184 Gymnodinium impudicum Catalan coast
DQ785884 Gymnodinium impudicum Spain
KJ508393 Gymnodinium impudicum France
OP278931 Gymnodinium impudicum China
MH732685 Gymnodinium impudicum China

L MT070782 Gymnodinium impudicum Mexico

DQ837533 Gymnodinium dorsalisulcum Australia

0‘ DQ336190 Gymnodinium dorsalisulcum Australia
FN647675 Barrufeta bravensis Spain

FN647674 Barrufeta bravensis Spain

FN647676 Barrufeta bravensis Spain

EF010974 Lepidodinium chlorophorum Australia

1.001 AF200669 Gymnodinium chlorophorum Germany
AF200674 Gymnodinium impudicum Italy

IN400085 Gymnodinium litoralis Ttaly

“TIN400080 Gymnodinium litoralis Spain

AF200671 Gymnodinium aureolum Denmark

AF200670 Gymnodinium aureolum USA

0/1.00 AY947661 Gymnodinium aureolum New Zealand

61/- 100/1.00 EF192414 Gymnodinium sp. Trapeziforme Iran
] AB265969 Gymnodinium microreticulatum Japan
AF200672 Gymnodinium catenatum Spain

DQ779989 Gymnodinium catenatum South Korea

99/1.001 AF200673 Gymnodinium nolleri Denmark
95/0.98 FN649409 Gymnodinium nolleri Spain

AF200676 Gymnodinium fuscum Australia
_|—— AB591418 Nusuttodinium poecilochroum Japan
100/1.00 — EF613348A4kashiwo sanguinea Korea

[ DQ156229 Akashiwo sanguinea Singapore
L 99/1.00 r AF200681 Karenia mikimotoi Japan

AF200677 Karenia brevis USA

94/0.99 DQ114467 Karlodinium armiger Spain
97/1.0 FJ024701 Karlodinium veneficum Italy
AF200667 Alexandrium catenella USA

100/1.00

55/1.00
99/1

00/1.00

83/0.94

—_

83/1.

0.1

3 JET LSUDNA(DI1-D3) 554 d AR I 6 )m R ae kB
B4 R A B R ABUSR (Z2) A L3 () 23087 B4 Bootstrap {EL( > 50%) FlJ5 S MERAE (> 0.8). AR A P51 LAHIAR R
Fig.3 Phylogenetic tree of Gymnodinium species based on LSU rDNA (D1-D3) sequences.
Numbers indicate the bootstrap values ( > 50%) and posterior probabilities ( > 0.8) inferred from Maximum-likelihood (left) and Bayesian

(right). Sequence obtained in the present study was marked in bold.

2.3 FHERRAR R SRS AU I

VS ML 2R R VT R AR B — 2R A AR T ), AT LA 2T A MR, DA T G 2B T HAT A
B B R /R ¥ ( Karlodinium veneficum) , K [K P& # ( Karenia mikmootoi) , ¥ & P 1€ % ( Karenia
selliformis ) %5 22 b H i 340 ELAT V5 0L 335 4 1l 37 Ak L0 20 400 S 1) 36 17 1. DA W40 85 1A O R Y 9 4l 55 7 e
RO AT G ML 240 M P I S G, O R R PR o U AL TR 2 BN 26.7%£2.6%, 3 T A 0 IR 4
(4.71%%2.62% ) FBAPEXT HRZH (5.55%+2.51%) (P <0.05) (7)), o a8 LA 80 o 95 . 53X — 45

PR E=

SRt R WO TP AT TR RE PR RN, DO R Y I8 I 2 2K B EAA T 1 i — AP B
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100/1.00 |

ON795173 Gymnodinium impudicum China
MH732677 Gymnodinium impudicum China

DQ785884 Gymnodinium impudicum Spain
DQ779993 Gymnodinium impudicum South Korea
DQ779992 Gymnodinium impudicum South Korea
EU418936 Gymnodinium impudicum Spain

82/-- FI823553 Gymnodinium impudicum Spain

99/1.00
70/--

100/l

FI823552 Gymnodinium impudicum Australia
EU418939 Gymnodinium impudicum South Korea
MH732674 Gymnodinium dorsalisulcum China
‘I MH732676 Gymnodinium dorsalisulcum Malaysia
FN647671 Barrufeta bravensis Spain

E‘ FN647669 Barrufeta bravensis Spain
\—  KT359532 Gymnodinium litoralis France

99/1. { AY331681 Lepidodinium chlorophorum France

KT389998 Gyrodiniellum shiwhaense South China Sea
FR720082 Gyrodiniellum shiwhaense South Korea
MH732672 Wangodinium sinense China

99/1.p0 MH732671 Wangodinium sinense China
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Fig.4 Phylogenetic tree of Gymnodinium species based on ITS sequences.

Numbers indicate the bootstrap values ( > 50%) and posterior probabilities ( > 0.8) inferred from Maximum-likelihood (left) and Bayesian

(right). Sequence obtained in the present study was marked in bold.
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