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ABSTRACT

O ZH A} FE R X F7-21 Cochlodinium polykrzkozdes large-subunit(LSU) ribosomal RNA genes 7]5H0 2 A A|A|Z 02 4714
FAEge] A JleH, walietelle 2714 fd et o] Ed 7Tl HAE Ik & AT E C. polykrikoides 2] -5OFA]OF BF
v} "a) 1w ebg] o] ot £ A PAFS quantitative real-time PCR(QPCR)S ©]-8-510] 318742014 ~20161) ZAFSHH L}, FolA o}
EF1 9] -2 2014~2016'3 9] 40~100% H]-&=2 FalIot A HH(E A~ A m)ol| A AEo] B v, Dejwerel-e diupdF §4]o]
Z3E 2016 3T SF~ 1 F DR Sl 1~2% vl&= S0 AEE A 91 Ak Sototero] 'aliehe] 94 C
polykrikoides WA A= 501%1 AeH, AR FIAZE drhdRE ot s oz FE fUE 4 e AR

Fish killing dinoflagellate Cochlodinium polykrikoides has been separated into four genetically differentiated subpopulations globally
based on large-subunit (LSU) ribosomal RNA gene, and two subpopulations have been found in the South Sea, Korea. In this study,
distributions of the East Asia and Philippines ribotypes were surveyed in the South Sea for 3 years (2014~2016) using quantitative
real-time PCR (qPCR). The East Asia ribotype was detected in all sampling stations of the South Sea (Tongyeong ~Wando) by 40~
100% positives for 2014~2016, whereas the Philippines ribotype was detected in some areas of Tongyeong~Goheung by 1~2%
positives for only 2016 when the Tsushima Warm Current (TWC) was particularly strengthened. These results indicate that the East
Asia ribotype is the dominant subpopulation in the South Sea, also some of C. polykrikoides swimming cells might be transported from
offshore to the South Sea via TWC.
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87 FH W 2791 Cochlodinium polykrikoides Margalefi= 1995 0] % 2|42 0 2 Hsflotof 4] thif it 235 HHYA|
7|31 QItK(Park et al., 2013; Lee et al., 2013). T2 o7 HALE L 07| = Fall 43250 2 FotAof, Ho oL, &, 74
S A AAA SR WA B35kl Itk Kudela and Gobler, 2012). C. polykrikoides+large-subunit (LSU) ribosomal RNA
geneS 08510 4712] GAY © 2 LR E|H(Iwataki ef al., 2008; Refié ef al., 2013), SOMAo} EFQ), X|Z5]] EFQY, ol 2|7}
[EelolAlot BHd, el g2 11 1, 1L L IV) o = vhdr]. Hej Bhed-2 A5 Zejdaf o] WA= oA, o<
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sopAloF 2 ol T o] Ha1 Qo] 4712] 5 o] B afjdoflgt =ghE|o] RSk = P=Th(Redé ef al., 2013;
Park et al., 2014). 9-2]H2}e] 749 FoAlotEtd(TLF 1) Zeju ed(TLFIV) o] Folietat tinpdF -7 2ol
=] AcK(Park ef al., 2014; 2018). Microsatellites FAF71 52 o835t /At A2 9-2|uatet &6 37k4] 549
O] C. polykrikoides 7HAto] BTty H 1 E] ]t Nagai ef al., 2009). 01213 U thdRt g o] 232 thesh slieF
Ao B E 715617 slo] 2|44 91 Az o] 19lo] H 4= Qlth(Park ef al,, 2014, 2018; Kim et al., 2018).
Quantitative real-time PCR (QPCR)< @749 AX M =S Bold oz A HEchk= 5402 de] 20| Qltke.g.
Park et al., 2007, 2016, 2018; Lee et al., 2017; Kim ef al., 2018). gPCR 7|5¥] 3 TagMan probe S ©|-8-ck= U Hu}
EvaGreen A|oF o]-§oh= o] XA ol H-8511 gt 2714 W 5 AU E 2 ERsls 2= Al 78
Sltl(e.g. Park et al., 2014; 2016; 2018). @A 3714 FHF (1= 1,1, IV)2] C. polykrikoides-2 2B 4= Q= qPCRO] 7l
o] QIh(Park er al., 2014; 2016). & AlA= oA AR C. polykrikoides©] BoliRtol EESH=AE 31012014
~2016'd) AA ZARISIt. oI5 ffall o] Aol A 7HEE qPCR 71W-& o5t Fliet C. polykrikoides ] -°HA o}
Bt Zejd B 3 e ARG ZAP 9 T~ Ao dS thd o2 2712] 339 S A7 D S H]
& AT oM, tinid FolAl7 19 el Brelo] &3 A71E HlskSinh

SO 2L C. polykrikoides T W CEOHOF e AR IS S0 HAloF 19 C. polykrikoides HoF
52 02 WA (Guillard and Ryther, 19625 AF8511 20 Col ] @25 Lo 2 12:12A%F 8115 57] 21100 umol photons
m’s O] 87| 2 wiesteint. 1893t uilekE A2 dAERlst] S de Akl F5E AIEE AT FE00 AR
ST C. polykrikoides©] ] BFI2 MIYFE F517] o2 WA= qPCRO| ¥H-55he G 9= ddsto] 4 vz
2 X851, C. polykrikoides DT EF] E0]H gPCR Zefo|Hl7(Park ef al, 2014) ZE51= 3A2(2F300 bp LSU
tDNA) wl230e] ©J=fs}o] GAgslsiet

2.2 B=6l 27

Jolioh 50l Alme wiiaellof| X afehs “A 2 AqTAPE 5ol Y= TE BE6l AlEs 2014~
2016'a 6~9Holl A= 2Arh201613-2 6~8 Lol A7), A2 F- 3070 S HF o2 ZAFI A (Fig. 1). A IG5
| ZARS 519 Jﬁ ‘*oHOE‘ 127 Zézd 2713 AL, 2ol 187)] A3 mi= ZARE ohe| &A= 18 A4,
A2be 8 4 74-& ZAPITH Table 1). WEbA] miE 10071 sieAl &5 AFI6He] qPCR 2412 AAISHAT: Aol A &5
Sl 10L& AEE23E YU+ 10 um). L2 5535 9 25 mm GF/C EE]X|(Whatman, England)E- 0851 o7t &
DNA &2 Z7H] —20°Coll Hykolsict.

Table 1. Sampling information for survey on distributions of two C polykrikoides ribotypes in the South Sea Korea

Number of sampling stations

Sampling period Sampling frequenc
Odd-numbered week Even-numbered week PIngp ping fred Y

30 20 June ~September in 2014~2016 Weekly
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Fig 1. Spatial distribution of C. polykrikoides ribotypes detected by gPCR in the South Sea, Korea in 2014 ~2016.
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2.4 gPCR &M

SOMroF RIS 913 qPCR B4 4|22 TagMan qPCR supermix (TaKaRa, Japan)E AF8-6FAT} BhS- A% 20 L
25199, 2 uL template DNA, Z2to|H %] 5= forward/reverse 212} 300 nM ¥ TagMan probe+ 150 nME A&
510th(Table 2). qPCR HFS-Z71-& 50°C 22, 95°C 28 5 403] HHE-0 & 95°C 10% 1837 60°C 40% HF--A| 7). "l

EFI-S 95t real-time PCR S4]A]2FS- SsoFast™EvaGreen® Supermix (Bio-Rad, USA)S AF8-51tt HE MARe 2

(=]

=

98°C 242 7403 5.0 2 98°C 52 11811 62°C 10& ¥H3AIFAT. 403] ¥H3- 0] F melting curve 42 65~95C 71l
A10.2°C ueh 1027F A A8 242 Rotor-Gene Q (Qiagen, USA)E AF85159ct.

Table 2. Sequence information for C polykrikoides ribotype-specific gPCR

Species Direction Name Sequence (5'—3") Reference
Forward PhiCPSF TGCAAGTTTCAACCATCTCTCGC
. Park et al., (2014)
Reverse PhiCPSR GAAAGCAAGTTCAATCGACGGTTT
C. polykrikoides Forward CPLSUF GCCGAGGATACCTGCAAAG
Reverse CPLSUR TGTCAGGACCCACGATCA Park et al., (2016)

Probe CPLSUP CTCACATGATCAGCGGCCGAGTACTAA
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Fig 2. Ribotype specific qPCR for detection of C polykrikoides. A : East Asian ribotype detection using TagMan based assay. B
: Philippines ribotype detection using EvaGreen based melting curve assay.

Aol = gPCR ATHE ST 24 W02 BAISIG o™, o] 5 Il AR glo] 1 A 10 L' o2 Fduke 1
ngke SAREEo R WS AR AR vis AlZSE o8] WHE ARSSISITE FoMotEy C
polykrikoides ¥R 218,400 cells mL™ (n=1)& A= A2} 5Lt = DNAE FE5HL 10 vi4(107" ~
1092 s]Asto] Hegid-S Atk R*=0.998). Dl EQle] 739 vkt gl7] whiEell ‘Fotrlot Bfel vi=E 0%
510 10 Hil(107" ~100) 2 S]45H & A2 AIZBFATHR=0.996). T35+ 2] d €19 242 EvaGreena AF&5H= 4
0]7] w2 melting curve 4237} 85 ColHAA &g 1 cell 10 L o442 FAJHES-© 2 THSHATHFig. 2).

3.22 %1

]

w1

qPCR-S- ©1-83} C. polykrikoides SOA|OTEF] B4 AT 2014 6~9 €L LE FAHE HZO] 70~100%S HIch
(Table 3). 20159 6~9L-2 LH FFAZ H[E0] 42~98%E H .01, 2016 6~8E-2 L SIS H[E0] 40~70%S



426 = "The Sea) Journal of the Korean Society of Oceanography Vol. 24, No. 3, 2019

Table 3. Detection of C. polykrikoides ribotypes using gPCR in the South Sea, Korea during 2014 to 2016. The Philippines
ribotype was detected from the four samples at cell densities of 0.0001 ~0.002 cells mL™.

Number of positive detection/Number of samples

Year Month — — -
East Asian ribotype Philippines ribotype
6 70/100 0/100
7 73/100 0/100
2014
8 100/100 0/100
9 99/100 0/100
6 42/100 0/100
7 92/100 0/100
2015
8 98/100 0/100
9 97/100 0/100
6 40/100 1/100
2016 7 72/100 2/100
8 70/100 1/100

Table 4. Occurrences of C. polykrikoidesblooms and economic losses in Korean waters. Data of C. polykrikoidesblooms : NIFS
red tide homepage(http://www.nifs.go.kr/redtidelnfo)

Year Bloom initiation ~ Bloom termination Bloom period ~Maximum cell density (cells mL™") Economic loss (fish kills)
2009 28" Oct. 15" Nov. 17 days 1,600 0

2014 31" July 13" Oct. 75 days 20,000 7.4 billion won
2015 2™ Aug. 26" Sep. 56 days 32,000 5.6 billion won
2016 16™ Aug. 29™ Aug. 14 days 1,500 0

Kook ¥h, Zejuere] 244 7=2014~2015800 4501910, 2016'd 6~8 ¥ L FHE HIEol 12%E
HArt sotA ot Brl2 dolieh A sl ol st ow, Dejd Bl A 59~ 1189 dHF5l| <ol 45 0.0001 ~
0.002 cells mL™"' 2 =n|gFo] AE%|AcKFig. 1, Table 3). WA, 5
o, ]y efQl2 v Akt 2T 4 4= St

201493201532 Folictoll tht= C. polykrikoides 257 AYS10] Z}2) 74 o943} 56 <1 40] -4tujaliz} iAlshal
t}. 201499] 7979 319 ~109 13Y(75 LI 5t e ~4FA s ellA] a1EE 20,000 cells mL' &2 HA51H 0™,
201599] 9 89 29 ~9Y 26U(56 L7H B AE ~&7 sfjoollA] 1 E 32,000 cells mL ' & Y5 T Table 4).
T, 2016W-2 A 27} ol A 2 WAk o v, SAbr ol $igiTt 2016'd 8 168 ~8€ 29(14 ¥7h A U=k
ol A AFR(F] T U 1,500 cells mL ") 2207} A7 A6 A H5II K Table 4). qPCR SoFX|o} EFQ] 2412
e F Az ISR AR S BT 2014~20153-2 890l 98~100% FHAES B I, w9 Api
227G 2016 A e 8Hol 70% W HES Hirh vh, HejH e S A0 739wl Aqfi A 27| Ayt
2016\009F 1 ~2% HIEE FIHES KA

Tl B2 20098 8~ 1095 et Holite s ol E¢lo] Bl E| Itk (Park ef al., 2014). 2009'A7} 20163
2 ZH Y R O A FARSE=T vl At A 5T EAsRI T Ak sl glGIEE 20099 9] 739109 28U ~11€ 15
A(17¥7hH Bt FaL U 1,600 cells mL ' 2 S5 2™, 20163 FARSH| A U2 I~ o4 3| of] At Az 7}
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Table 5. Comparison between occurrences of C. polykrikoidesPhilippines ribotype in the South Sea and intensity of Tsushima
Warm Current. O : positive detection, X : not detected, ND : no data Data of Tsushima Warm Current area : Japan
Meteorological Agency homepage (http://www.data.jma.go.jp/kaiyou/shindan/b_2/kuroshio_flow/kuroshio_flow.html)
Data of Philippines ribotype detection : year 2009 (Park et al. 2014), year 2014-2016 (this study)

Year Tsushima Warm Current area (10°km?) Detection of Philippines ribotype

July August September July August September
2009 23.7 26.0 31.8 ND O O
2014 19.0 20.0 23.0 x X X
2015 19.0 20.0 20.0 x X X
2016 22.0 25.0 25.5 O O ND

$A7H EHASI At Table 4). E3F200913 720161 2] H|S5H 3174 8 918 tiupdRr Eafere 2 75| 4
A= 3530l ek 200997} 2016 9] tiupdF Al7]= 242} 23.7~31.8 10 km’2}22.0~25.5 10 km* <] ¥HH Ha]w
EfQlo] AEEA] ¢52 201497201512 o] Kt ¥k 19.0~23.0 10°km*2}19.0~20.0 10*km*2] thohdRz Al7|1E B
THTable 5). ol= iR -Frdo] 7 off £fsfd o =78 | eijlo] dollete 2 -Fd =l 72 ot o]
AN = R wet 2jafjdof| A gh=at DB MO 2 C. polykrikoides©] +AE 7Fs/d0] AA = T Matsuoka
et al., 2010). 2007~2008de] Y VTEA] AS(AFESt i Farad Ale)ellA] HEE(0.001~0.1 cells mL™)<] C.
polykrikoides F+GM|Z7} FAnl7stol| ] BAEQ] o™ (Matsuoka et al, 2010), 2008 F5=afoli= AHEo] C
polykrikoides (0.001~0.004 cells mL™")0] gPCRZ HZE| K Park ef al., 2009). tupdF= 547} 27120 73sH
FA=7] w2l el o] F-gAlZT o] Al7lel Folieke 2 791 7Fs/do] (ItHMatsuoka er al., 2010 Fig. 5 317). C.
polykrikoides Be]H EfQ]o] tinpdR §- P 2olM = HEF =t 2009F 78 AT 55 1o oA qPCRE HE
= ATh(Park ef al., 2018). Microsatellites A7 |5 o]- 850 thopdi S50] s|9H R A2 T2 C. polykrikoides
Q BIof IS & 4 k= B % QItk(Nagai er al., 2009). =3t C. polykrikoides 2707} b=t Safjotol A A& A=
St ko & o] F ol Bgo] QI o & T O 24 C. polykrikoides©] SlfE wet A2 olEo] 7Fssitt= A
A+ 02 JZ5t B 1% QJth(Choi ef al., 2014; Noh et al., 2018). WA tiupdH G-9lo] ZetA] 7o dafietoll A &
Epgjo] AZHth= A2 tinpdR-E wet 55=dll 5 2lsiHellx FoliRte = C. polykrikoides F+AAZ7F 44 4
71

r
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AL At
o] =52 20191 Fe4AkTfalel SAkTFlATARIR2019037) 9] M| L0 2 Sagl AFtoln] GiH] 2ol 24}
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