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Distribution of the toxic dinoflagellate Stoeckeria algicida in Liaodong Bay
SONG Lun, LIU Weidong, WU Jing, SONG Guangjun, SONG Yonggang, SUN Ming, WANG Nianbin
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Abstract: The toxic dinoflagellate, Sioeckeria algicida, belongs to the family Thoracosphaeraceae. It invades fish cells,
causing high fish mortality, and also kills other marine microalgae. . algicida was first found in Masan Bay, Korea, in 2004.
The morphology and ecology of S. algicida have been reported, and it has been identified as an invasive microalgae. Its
vegetative and biflagellate cells are oval, and measure 7.3—15.9 mm (mean 11.6) and 2.7—12.2 mm ( mean 7.3),
respectively. Based on morphological and genealogical analyses, a previous study suggested that it could be a new species in
a new genus. Grazing coefficients of up to 0.142 min~' have been reported for S. algicida on Heterosigma akashiwo,
suggesting that S. algicida grazing can have a considerable impact on H. akashiwo populations. Morphological identification
of S. algicida is difficult because of its small size, which has delayed research progress. Therefore, research on S. algicida
in the China Sea has been limited. Recently, the development of high-throughput next generation sequencing ( NGS)
technology has increased nano- and picophytoplankton research output. To identify S. algicida and its distribution in
Liaodong Bay, we used the 18S rDNA V4 region as the target gene to design the primer V4(F/R), and employed NGS
technology to investigate nano- and picophytoplankton diversity in Liaodong Bay. The results revealed that S. algicida was
present in Liaodong Bay in every season except spring. Temperature was a significant factor in S. algicida reproduction. S.

algicida was not dominant in the phytoplankton community, but its density was higher in summer (2.753 x 10’cells/L). S.
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algicida density was high on the east and west coasts of Liaodong Bay, where the risk of disastrous ecological impacts is
higher. In the study, S. algicida was found and reported in Liaodong Bay, China, S. algicida could be classified as a newly
naturalized species based on its distribution in Liaodong Bay. Although there are no records of red tides caused by S.
algicida , measures should be taken to prevent such an occurrence, rather than mitigating the effects should a red tide occur.
Furthermore , monitoring and management of toxic microalgae in aquacultural areas should be increased and a red tide early

warning system should be established to avoid disasters in fisheries ecosystems.

Key Words: Stoeckeria algicida; Thoracosphaeraceae; Alien species; Harmful microalgae; nano-phytoplankton; Next

generation sequencing; Liaodong Bay
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o 20 20 Ko 21 HH-20 40z S e A0 s BOK HE iS5 S BRI IR A W) )2 A6 88 8 2 5 A B A FH R
ﬁ'ﬁ XU RS G Ul B K™ i i ij‘HF‘&A*@%%‘BLﬁkTEkF%[” P 0 S 2K S TV
VAR R I B EEAR IR R 3 O 2R B & A ZU A 5« BE U X v i i5 ge  “ gvE
AW IR AR T R R PR S A A O (RBIR ) 7 At Hi"tﬂﬁiﬁi%#ﬂ@ VYR g 2 — Ilﬂi,ﬁ
TR WA E R ST E MRS S H SR G 4R ) T BRI E UK 58 A2y, WITF R T 2k
IR AL BB AR ST | e TR B A Y BRI, 2R 5 X 08 CREAR Sl 2—20 wm ) F/NRSPRIEAE ) (LA
20—200 wm) AR, SRR IP AR A CRiAE R 0.22—2 wm) ZEIG IR P ZREMEMT S 6, B 2 & i 5
FOR T TR ESEAR U A R WO — P IR 2%

BEA o> AR PR e i A OGO B 2R Z AR R BF 58 AR 3 1R R R, H AT, B A S X R F
PED M B TR AR A RIS B B T 2R R T T RIS, R O A PR S b A S R
P, RETERE S i R SRR R SR 1 5 T 2R S AR B T R AR Y
VEPE AR AR DTN, PRI 25 5 | R A0 T T 0 S v Vi Sl 2 2 & b DU SR fe e k) TR H R
T B T BCK T R £ 3K (Aureococcus anophagefferens ) 51 & R BT 5% & 30, 76 016 7T 5 | 4 ) 1 i 84
BRI FARK — R0 I LA R I AR G S A A b A B T R A R R A A iR B
A TR AL 0 R A TR RN AR AR SRR AR, A AR A ) e R 4R T A

Stoeckeria algicida j\JEF‘ﬁéﬂﬂ’]Eﬁﬂ@%ﬂ,ﬁk%@%éﬁﬂﬂ@m@% REJT, AT LA Bt 2 AL T [ it 2%
ABCHAN G TRREE, 2004 47 27 YCFE 4 I DS 7 1 LU vl 2% B0, 3% [ AT 1 oA R AT IR AR TR TS
g3 1 dpe b s B P VT B B N2 s B SR A L, R AR SR O AR B RS fE UK .
ABFE R & L A5 A R B2E Dk, DL I8SIDNA 9 V4 IX hy H AR 35 PR 0 25 V25 9 3, 14 A 78
IR ) AT T Z RN, © R AP RA F O Stoeckeria algicida 4 HLIE S, K iR T T g HoA4E
SO ATAREL

1 HE5F®

1.1 FEACREE

R T FEINKAT F Y Stoeckeria algicida W53 A7 S A BTG , AE1L IR VE g 38 AR AL 12 16 A uh i (B 1),
0T 2014 425 H () 8 H(H) 10 H (Fk) 12 H (%) RERZHEK 1L, BHEL 20pwm LR I8 LR
SN RANIE WA, ARG 28 0.22 pwm AL DB RS0 S SR RN USRS P i AR ), B S H DB R # 28 1.5mL oI

BLE T B T-20°C 5-80°C I AT is ki,

1.2 Stk
1.2.1  JEH4 DNA AY$2HL

K CTAB 5 $2 HUR R/ Ff Bl U V7 W A ) 7 S DA, 8 0.22 wm JEBEE BT A T 1.5 mL B0, A
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Fig.1 Sampling station locations

500 wL CTAB Z4## (2%CTAB ;100 mmol/L Tris-Cl pH 8.0;1.4 mmol/L NaCl;10 mmol/L EDTA) Fl 1 wL B-#i
FEOBE,5—10 pL HE W K,55°C24#% 1—1.5 h, R E.O, BOERIR THe.o 8 o & O hee 2 s,
W3 I ATPIASAR RIS T K S B, UOVE 2—3 h, PR B DLUE , 8 75% L B VR UTVE , 15 B ok 7 L R 41
DNA , 1% B REHE L VR O 1 T 28 4043 G BE TN E DNA R BE e 2l —20°C UK IR AF & H

1.2.2  18S rDNA 14X V4 [f) PCR ¥ 3%

AHGERL 5190k A AT K BT8R S B PR FEA ) 18S tDNA (1) V4 XILH PG5 ¥xt V4 (F/R) .
Bl W N VAF JF ¥ 5'-GCGGTAATTCCAGCTCCAATA- 3', F % 51 ¥ V4R £ % K 5'-
GATCCCCHWACTTTCGTTCTTGA-3' , W5 ¥ Ha M ay ek ik 4 Bl TAY A R T A ., PCR A
%} 50 pL,f1$G PCR Buffer 5 wL dANTP Mixture 8pL . E F#E5147 (10 pmol/L) 4% 2 pL 4 DNA 2 pl. Taq
DNA A H 2.5 U, & K #K, ¥R IVELE PE 9700 5 PCR X (ZEE PE AR ) [5Em, KW 514 :94°C
FAEYE 3 min;94°C A8 30 5,58 CiR Kk 45 5,72°C IEMH 45 s, 31 33 DMEER;72°C IEM S min, 1 % BISHEEEIL B
VKA PCR 724, B 45 DU 45 46 7 ) 28 Hh v ANEBCIR A= 015 SRR BR A F], 1 NEB Next © Ulra  DNA
Library Prep Kit for Illumina( New England Biolabs ) #2270 &b 4T SCE AR 2 | M HEL 1) SCE 4 Qubit 18 1=
FSCPERGIN | A4% )5 1 FH Hiseq2500 PE250 #E47 EHLINE
1.2.3  Hdsanbr

DU A5 30 09 J 4 Bl i ] FLASH BT DR, 2 18 Qiime 3014 ot 2 428 S It A DR 422 /5 1) ) 9 28 0o A0
B G uerS B A G . R Uparse 844X 288 #E4F OTUs ( Operational Taxonomic Units ) 58 25 F149) Fh 43
25 2K RDP Classifier J5i%5 Silva £ FEXT OUTs AR T I HAT YRR, IR B X i BEAE &1 43 K7
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TR S PG 3T o SRS IR AR s B A TR DAL A 0 5 A BN S v (AP AR B
J& ( Chaetoceros sp. ) YE N FEMERE ) @it OTUs Hefil, T8 Stoeckeria algicida %%, FIEAAF
(1) FIH OTUs LB Stoeckeria algicida &

N Ne S
S C()'I'U o

P NORIZIE 7 Stoeckeria algicida % FE (cells/L) , N R i) — 3 52 7K B A e A Ff B 3 2% 5 (cells/ L, Bk 4k
1), Copy HZIEDIKFER T B RN OTUs %8, S, NS Stoeckeria algicida ) OTUs %,
(2) FIXF 2 (RA) 1154 Stoeckeria algicida FZ=75 F ) .
RA ="
N
Kb, 0l i PRSI (cells/L) | N NEETTHRATCIN B (cells/L) .
(3) IR EFSE (V)RR TR AR PRI A ) R 7 vh B — W R e b BT o O DA
nx
Y= fo
o, n, F 5« RO/ I IR RN 2R 1 OTUs %0, Ny OTUs B8R, £, 85 « FiviROBL/ SR i i e ) o
FAEASFE b BRI

2 HR

21 SpriEsIiie

SRy 388 IR/ A TR T TR A P e s XS I AT T IR R A . AR SCER R H RTE R IR RO/
TR Y 25 A TR IR ) Dy s R A 25 5 et T Lo Asead & FR 1 B i S i SR PR YA ) T A E R S
5191, EEXTIRIEAEY) 18S rDNA V4 XL T 5% V4(F/R) (5'-GCGGTAATTCCAGCTCCAATA-3',5'-
GATCCCCHWACTTTCGTTCTTGA- 3'), % %f V9 X % A #& & # H 51 ¥ X v9 (F/R) (5'-
CCCTGCCHTTTGTACACAC-3’,5'-CCTTCYGCAGGTTCACCTAC- 3") , I3 £ Stoeck ™’ 25 A 1119 B A% 4 Wy
18S rDNA V4 X345 [ H1%} C4(F/R) (5'-CCAGCASCYGCGGTAATTCC-3',5'-ACTTTCGTTCTTGATYRA-3") i
17T B #r .

VA(F/R) 519X T2 M NCBI 3R ZE R 48 179 (76 4L/ U ) 45325 18S 1DNA ¥4I (415 11
ATT.23 A4 179 F) I MEGA4 #5177 Z2 5751 LU $R BRI AT V4 X [FIEEES 600 R 2R i 47
19T, B BEKJE Sl 300—450bp , 30 DNAMAN | Oligo Cale 25 555X 51 49 1) AR 2 800 A7 6 0 AREA
G RWoR, 51Y) VA(F/R) X ETE 5 RS  GHEE R B 2R Y B R R BT VO(F/R) Fl C4(F/
R) , A EAZ IS 3 B4R S8 F VO(F/R) P 40 3] e Ml iR e S c4(F/R) A 225,11
TEH A EAX B R P R L

R T HREE 3 XS AE SEBRAE O AL R R R 25 R X 2014 4 5—8 HOREEM 811,12 S
RS H#EAT T 5149093, R H 1llumina HiSeq2500 M7 & PE250 I , fift At th ZE R R 7K B X605 | %)
I BSR4 R8GO AR ) OTUs 8%, 455 5N, 3 %519 VA(F/R) . VO(F/R) .C4(F/R)3 PMubifii % 5E
H TR/ SRR PRI ) OTUs 8003510 68 73 92537 46 4433 59 81, -1k 78 42 58, ZEH R, 5%t
V4(F/R) TESO/ bR 2 i A b 25508 5 O TR DL F LA B X5 | 90, SR FH B 1% VA (F/R) BFFE L AR T it
SR SRR TR AR ) B T 2R
2.2 Stoeckeria algicida W7 & E

fe 38 T U 5 3K 45 Stoeckeria algicida 43 18S rDNA J¥ 41124 375bp, i 1t NCBI Blast HXf, HAE Stoeckeria
algicida18S rDNA ( AJ841809.1) FE A J37 51 v Xif i 1) 457 B 595—969bp , 55 3 K & ' Stoeckeria algicida 1) 18S
rDNA JFFIFARIEE N 100% ,E {55 0, RSP, BERE B Tl /0 8251 18S tDNA J7 41 4 i 22 Gk Ak v
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(2,79 8 BB E R R AR g nT S ) o A S SRR Rl i P AR AR 1Y Stoeckeria algicida 18S V4 [X.
315 Stoeckeria algicida( HG005133) BAE—A43 32, HiSZTHe RN 100% , 11 72 180N Stoeckeria algicida,

63 Cryptoperidiniopsis brodyi AY 590481
59 Luciella masanensis AY245689
84 Pfiesteria piscicida AF330620
53 Stoeckeria changwonensis HG005132

[ Stoeckeria algicida HG005133
100 -——— A Sroeckeria algicida 18S V4
— Prorocentrum micans AJ415519
95— Prorocentrum minimum JF715165
— Dinophysis acuminat EU130569
100 “—— Dinophysis acuta AJ506973

100 Alexandrium affine AY775286
—: Alexandrium leei AY641565

94 Gonyaulax polygramma AY775287
W‘E Ceratium furca AJ276699
100 Ceratium fusus AF022153

— Amphidinium carterae AJ415512
100 “———— Amphidinium klebsii EU046335

70

2 Stoeckeria algicida % %L HT
Fig.2 Stoeckeria algicida phylogenetic tree

2.3 Stoeckeria algicida % %5370

ILRIE BRI ALK KEH Stoeckeria algicida , 7% 543 A 18 (0.023—2.753) x10° cells/L, 354 1.
388x10°cells/L, e i {HL H BLAE 1 S e IRt BAE 14 Sl S (E X 2 B0 A 7R AL AR IS A ZL U ) (1.4 .7 .
9.10.12 13 .16 S uli i Z BEHITE 10° cells/L LA 1) | 3028 VA v 500 a8 88 R X 458 /0 5 Bk 2 28 B 43 A 7E (0.011—
2.488) x10°cells/L, V324 1.249x10° cells/L, fi i {H R BUAE 9 5l SR R BUAE 12 50, R {H X FE T 1
ILARTEVEALMIE) 15 (1.250%10% cells/L) FIFR 41 9 5 (2.488% 107 cells/L) b7, HoAth [X a2 8 AH X 4 2, &
Ze B B TE (0.002—0.073) x10° cells/L, -3 4 0.037x 10° cells/L, 5% = {8 IR AE 3 5o, S A8 L0 PRAE 14
Sl B AR D AU 2 RANK, A A A (B 3)
24 PR

5 7 Stoeckeria algicida LHETE(0.03—0.41) % , V-3 0.22% A FE T e 9 S b i, i fIRTE 16 53k
£7(6.8.9 .15 SR EIL 0.2% ) s RN HFELE(0.03—0.54) % , -2 0.28% , L FE e AE 16 5k
{7, FAGAE 4 B307.(6.9 . 11—16 S A RS IT 0.2% ) s R FMRHIELE (0.02—0.34) % , F-4 0 0.18% , 1
PNBE S AE 16 S, SARAE 4 23507 (7.9 . 11—16 S ui iR T 0.2%) (& 4) .

120 —y o & 06 r ——g o &
) 0.5 A F
< 100 : q
B S
g 80 3 A
5 =g ‘
& 60F RE 03
=z T g
5 40 8 02
o}
~
20 0.1
0 0 P TS SN ST TR SN S S S T SR T S SR |
1 23 45 678 9101112131415 16 12345 678 91011121314 1516
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B3 REZF Stoeckeria algicida HItAT B4 REFT Stoeckeria algicida KR &

Fig.3 Relative Stoeckeria algicida density in different seasons Fig.4  Stoeckeria algicida dominance in different seasons
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3 Wit

H A4 2K Stoeckeria algicida BIBFFERIER /D | WSR3 22k B i FE 1 /R B ST R R 5T B 2R A 5 o0
HOTE 2004 A UK E PR S LR R S R EREER—SBTRR S, algicida , RN B R IR R RSN, 44
RGN T 1 e 2Bk, B AR I8 2x107 cells/L, A 1R WS A MI R A RE 1, T DL Sk fa 2
BAFAET, [RS8 HAW T V0l . BP9 2H DATE SR e AR 28 oK 56 [ 16 L 22 RS R i 22 - i og)
(B A TE5 G ARPCHA IR ALY Z B HE T 15 algicida™ ¥ A= W14 44 i 44 S it 5 BLE - BAf /R
ZZVIE (HEH) .

Jeong SR S IR BB S, algicida WIEASZRAESAT T 1R I TRE 5 10 52 20 B vh AR AS AWK /N I
F rDNA 41, Z A SR K (7.3—15.9 um, F3 11.6 pm) KT 56 (2.7—12.2 pm,FJ 7.3 um) .
KA /INTE 2L 'DNA JF 5 (8 GenBank % 5% 5 AJ841809, JFFI L X 45 5 /R, S. algicida (KA AR /N 7 5
DNA FH SHCER X B —FP 322 5% 3% , 5 Cryptoperidiniopsoid sp. \brodyi . Pfiesteria sp. (15 & 3% K ) 22
5 4% o RMEKAUIRENHE S. algicida PIRZHEA/ NI xDNA JPHN RGN, S. algicida 5 F 2% I HE
FAE G LA BB DR — i R R R 2% OC R O 3T, 20 AR TEAR TR 43 3 b B TR S LA A 5
ST, IAH S, algicida BNt

NG S. algicida XA A PIHIFZE , Jeong S57E 2004 4F 5—6 1 A3 01 5] M) 17 46 [ B 88725 iR )
525 3 ( Heterosigma akashiwo) 1 S. algicida B EEZEAL, [RIIS 7ESEIR W IE S. algicida 456 77 W) 57 25 WA
DU R LR ORI R, 25 5 e B AR ) S 25 R 2 R HH BLAE 5 2 AR U ] (58400—99200 cells/
mL) ,S. algicida 5 1130—17400 cells/mL , %5 BF (14 = W S AE DO 205 ) 5 25 e 2848 1—2 ., S. algicida Hi 55
T 25 R ST I — IR ZH ZORE LT 5 |, SR T8 5 20 22 4 4, 7 AR ) 5 25 3 19 25 B 3K 31 24 3500 cells/mL 0
FHERE Z 1T, S. algicida WY HCA 1 H AR BEAE H ) S 25 5 25 8 ) 15 m g PR Tk s, e R P AR A 1,63/,
IR S Y R R N 1.9 ng + C/mL( 19 cells/mL) B} A= KRRy 0, % 2R 5525 3 14 e KRB B R TG
%% 4354 0.75 ng C/grazer - mL(7.5 cells /grazer - mL) f13.7 wl/h, S. algicida % 2% 545 W A3 & R E0A
F]0.142 cells /min ( Bl P 15 BR IR 5259 0.13% ) , HATIIIFREE R BIR | S. algicida W4 E X AR 5525 5
OEAE AT N

Stoeckeria algicida 5 W SEA NG F BRBERL , A R WE AN I RE T, ol DL S 80 S st T, Rl it 2
ATEH AR , 2004 455 UCTE R 1 DR 5 LBl A 3, il T 9 b BURPLE i AN R (H
55 3% [RHE IR (Pfiesteria sp.) [A]JE—Fk, ¢ B A Y BE R REME P BUK M SR TRIE T, R BN B BRIt , 2k 241K
U1, A OPSERIIHFE R IR VAN JKIEPEPTAD  NRVEVERIUN B O F AR T K is R B sl 2 00 VR T, IR
VA SRy — SRR BRI K B B A AR T R R S L 2013—2014 4 7E K K% 5 1 Sl
RILIAIC A K IKFET Stoeckeria algicida W% FEFE 10°cells/L A2 AT , 4530 AR TV OARIE (107 cells/L) 1

W XF IRV PUZE Stoeckeria algicida WK , 2 ARKE | 4205 B 2080 (%, Ul BH IR 2 52 ) iz v 0
I EBERE, B KEEAEEEA K |, BIR Stoeckeria algicida TEFEANFREERE S LS AR K B, HH %
FERGE ik 2.753%10% cells/ L, B 2 R R ARV AR VY P ¢, BOR KUK 5 e, 1o R AR AL

Stoeckeria algicida B 2 S AR W) Fh | 76 3 16 Vg 3ot 2 3 YR 4G, G 5 SR ™08 6 200 i W
B M HEFTHL AR Stoeckeria algicida B FE I3 AR M C N AL, BOR & AR AR HC 5% (BT 8T
ARIR RN LL T =7 AT ORISR 7= T A A% 28 KU | By A0 it ; @ FE i W 0 2%
T TR B TR/ TR S S I AR RG34, b ST AP A AR SO BSHE 122 5 N X6 F3 58 DX 7 B i 4 M )
FEHR T DURE R B AR il A S R G fa 0
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