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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Figure legends

Sampling stations of sediment and seawater samples
investigated in this study. (A, Jaran Bay, B, Saryangdo;
C, Yeosu; D, Wando; E, Mijomyeon, F, Tongyoung; G,
Yokjido).

The detection of Cochlodinium polykrikoides—specific primer
set, ITSF and I'TSR in sediment.

(M, size marker; JR, Jaran Bay sediment DNA;
SR, Saryangdo sediment DNA,; . YS, Yeosu sediment DNA;
WD, Wando sediment DNA; M]J, Mijomyeon sediment
DNA; TY,” Tongyeong sediment DNA; Y], Yokjido
sediment DNA,; P, C polykrikoides gDNA,; A, Alexandrium

catenella gDNA; N, non-template).

The detection of plamid DNA & containg the ITS rDNA of
Cochlodinium  polykrikoides—specific = primer set, CPITSF
and CPITSR2.

(M, size marker; ‘a, _C-polykrikoides gDNA; b, plasmid
DNA 10% ¢, plamid DNA-10% d, ‘plamid DNA 10% e, plamid
DNA 10% f, plasmid DNA 10; g, Alexandrium catenella
gDNA).

Linear relationship between the Ct values and plasmid

containing the ITS rDNA of Cochlodinium polykrikoides



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

(R*=0.997). The standard curve was used to quantify the
rDNA copy numbers of the target species in sediment

samples.

Linear relationship between the Ct wvalues and ITS rDNA
of Cochlodinium polykrikoides (R*=0.999). The standard
curve was used to quantify the target species in

seawater samples.

rDNA copy numbers of Cochlodinium polykrikoides in the
coast of Jaran Bay 2009.

rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Jaran-Bay 2010.

Fluctuation = of rDNA copy numbers of - Cochlodinium
polykrikoides at the statios - 4, 7, 8 10 from sediment

in the coast of Jaran Bay.

Comparison of rDNA copy numbers of = Cochlodinium
polykrikoides in' sediment with vegetative .ecell numbers in

filter seawater.

rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Saryangdo.

rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Yeosu.
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Fig. 12. rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Wando.

Figure 13. rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Mijomyeon.

Figure 14. rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Tongyeong.

Figure 15. rDNA copy numbers of Cochlodinium polykrikoides in the

coast of Yokjido.

Table legends

Table 1. Collection site data for surface sediment samples investigated

in this study

Table 2. Real-time“ PCR: probe for detection and -quantification of

Cochlodinium polykrikoides

Table 3. Primers used to amplify ITS rDNA of Cochlodinium

polykrikoides for plasmid DNA standard curve



Bloom Potential of Harmful Dinoflagellate
Cochlodinium polykrikoides in the Southern Coast of Korea
as assessed by Real-time PCR Assay

BORAM LEE

Department of Fisheries Biology Graduate School,
Pukyong National University
Busan 608-737, Korea

Abstract

Dinoflagellate = Cochlodinium polykrikoides 1S a notorious harmful
algal blooms (HABs) species that has caused massive fish mortality
along the Korean' coasts  with Increasing frequency.

Many dinoflagellate. species- have been reported to form resting cysts
or other types of resting ‘stages as. part of their life cycle. Cysts are
more resistant to unfavorable environments as-compared to vegetative
cells, and play an important role as the seed population for seasonal
blooms after the subsequent year. The rapid and accurate identification
and enumeration of the target species of interest are prerequisites for
HABs monitoring programs. Real-time PCR assay has been used for

rapid detection and enumeration of harmful dinoflagellates in waters
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and sediments. The method uses a cloned fragment of the internal
transcribed spacer 2 (ITS2) rDNA gene as a standard for cyst
quantification.

C. polyrkikoides was detected in sediment samples from the coast of
Southern Sea. Of total 115 sediment samples, Jaran Bay samples were
positive for C. polykrikoides continually, other location samples were
detected. The abundances of these species in the coast of Jaran Bay
were relatively higher than other location (100 rDNA copies for C
polykrikoides per cm® of wet sediment obtained from top layer of
centrifuged 30g of sediment). C. polykrikoides was detected from the
coasts of Saryangdo, Yeosu, Wando, Mijomyeon, Tongyeong, Yokjido
from 10 to 30 rDNA copies per em’ of wet sediment.

Since 1995, C. polykrikoides blooms occurred almost every year
(except in 2006, and 2008~2010) mostly in the coast of Korea. The
results of real-time PCR showed that C polykrikoides is prevalent in
sediments of Southern' sea. The results enhanced our understanding of
the geographic distribution of C. polykrikoides in sediments, and also
suggest the need to include sediment samples for monitoring of C

polykirkoides blooms and its: cysts in sediment.
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2.1 W <&

o yFak ekl (NFRDIL  2009) <l A Bokukre  Cochlodinium
polykrikoides® GEAEE /2 v AhuidF (20C, ca. 90 pmol
photons/m’s and 12L:12D)3}41th. DNA 7|4 248 Ed §22 %

o= F Azt

22 Ay AR

daietell A C | polykrikoides®] 8 A& AR A ank ALRFE 7
Z, o 32 29992 g ZEaE dEAHS o R AbSEATH
A 483 (Fig. 1, Table ollA Box-corer %=+= Wildcocorers= ©] -8 3l
Ad ANgE ARsIAT 53 A ds SR o= A A5t A
AAget HEo] EFMFARE Aot AdAE= 500 ml Sl &
ob 4T, ¢taoll v F47HA nasiion, 238 20 L A% 553
Al5E GF/C (47mm @, Whatman International Ltd.)% ¢33t} -80C
of o5 X474 Basksiv



samples

investigated i \ﬁ
(A, Jaran Bay; B, _Ml C, - Yeosu; D, Wando; E,

Mijomyeon; F, Tongyoung; G, Yokjido).




Table 1. Collection site data for surface sediment samples
investigated in this study

Sampling station Geographic location Sampling date

A. The coast of Jaran Bay

1 34°53 08 "N, 128°12 " 30 “"E May 2009 ~ April 2010

2 34°53 09 "N, 128°14 " 09 "E May 2009 ~ April 2010

3 34°53 " 11 "N, 128°15 " 52"E May 2009 ~ April 2010

4 34°54 7 26 "N, 128°12 " 34" E May 2009 ~ October 2010
5 34°54 7 25 "N, 128°14 " 08 "E May 2009 ~ April 2010

6 34°54 7 42 "N, 128°15° 07 "E May 2009 ~ April 2010

7 34°55 " 37 "N, 128°12 " 33" E May 2009 ~ October 2010
3 34°55 " 42 "N, 128°14 " 11 "E May 2009 ~ October 2010
9 34°55 " 37 "N, 128°12 " 33" E May 2009 ~ April 2010
10 34°56 " 15 "N, 128°13 "19"E May 2009 ~ October 2010
B. The coast of Saryangdo

1 34°50 " 46 "N, 128°13 " 58 "E May 2009 ~ July 2010

2 34°50 " 32 "N, 128°137 51 “E May. 2009 ~ July 2010

3 34°50 " 23N, 128°13 “48 “E May 2009.~ July 2010

4 34°50.723 "N, 128°14 19" E —May 2009 ~ July 2010

C. The coast of Yeosu

1 34°43 " 38N, 127°40 " 04 "E April, June 2010

2 34°39 " 41”7 N,.127°39 " 09 “E  April, June 2010

3 34°37/ 32 "N, 127°40 " 52 "E  April, June 2010

4 34°36 " 23 "IN, 127°40 58 “E  April, June 2010

5 34°36 06 TN, 127°44 " 09 “E April, June 2010

D. The coast of Wando

1 34°20 7 28 "N, 126°45 " 33 “E April 2010

2 34°20" 44 "N, 126°46 “ 53 “E  April 2010

3 34°21 " 287 N, 126°48 " 40" E  April 2010

4 34°22 7 11N, 126°50 “ 46" E  April 2010

5 34°20 “55 "N, 126°56 “ 19" E _April 2010

E. The coast of Mijomyeon

1 34°43 " 58 " N, 128°02--36-"E—May, August 2009

2 34°43 " 54" N, 128°03 " 04 "E May, August 2009

3 34°43 7 41 "N, 128°03 " 45" E May, August 2009

4 34°43 " 37" N, 128°02 " 24" E May, August 2009

5 34°43 735" N, 128°03 " 02" E May, August 2009

6 34°43 " 27 "N, 128°02 " 38" E May, August 2009

7 34°43 7 17 "N, 128°02 " 31 “E May, August 2009

8 34°42 " 56 "N, 128°02 " 92 “E May, August 2009



Table 1. (Continued)

Sampling station Geographic location Sampling date
9 34°43 7 20 "N, 128°02 58 "E May, August 2009
10 34°43 7 20 "N, 128°03 " 29" E May, August 2009
11 34°42 " 54" N, 128°03 " 40" E May, August 2009
12 34°42 7 35" N, 128°04 " 05" E May, August 2009
13 34°42 7 29 "N, 128°03 " 57" E May, August 2009
14 34°42 7 22 "N, 128°03 " 39" E May, August 2009
15 34°42 7 36 "N, 128°03 " 16 "E May, August 2009
16 34°41 "59 "N, 128°03 " 24" E May, August 2009

F. The coast of Tongyeong

34°48 " 48 "N, 128°33 " 29" E  April, July 2010
34°46 " 51 "N, 128°31 12" E  April, July 2010
34°49 " 59 "N, 128°26 " 47" E  April, July 2010
34°51 " 28 "N, 128°21 13" E  April, July 2010
34°55 739 "N, 128°18 53" E  April, July 2010
34°54 " 34 " N, 128°13."24."E._ April, July 2010
34°52 " 28 “.N;128°07 " 30 “E  April,July 2010
34°57 ".14 "N, 128°00 00" E  April, July 2010
34°52 39 "N, 127°56 " 12" E  April, July 2010
34°43 7 03 "N, 128°15 00" E April, July 2010
34°48 357 N, 128°17 “ 41 "E - April, July 2010
12 34°45 "59 "N, 128°26 “ 35 "E  April, July 2010
G. The coast of Yokjido

1 34°37 " 22 TN, 128°14 “ 06 “E  August 2010
34°37 " 24 "N, 128°14 ' 22/“E  August 2010
34°37 14 "N, 128°14 “ 23/“E  August 2010
34°37 12 "N, 128°13 " 53[“E  August 2010

— = O 000 0l b W+~
— O

SN




2.3 DNA &

2.3.1 Wi <¥F DNA ==

Wl JYAE 50 miE tubeol] Hol YR (2000 rpm, 20+)3}<
WX & A4 % PCI (Phenol-Chloroform-Isoamyl alcohol, 25:24:1)H %
o] &3te] DNAE F&E319, AZdA s P I o AL&= plasmid

insert DNA<®} real-time PCRo| 4] positive control® A}-8 3} t}.

232 A4 A& DNA =
AT Ad 30 g2 tubed]-HE F AR (2000 rpm, 53)5k] 3

TE AAsAT. 1 ¥ 03 M NaCl 5 mlE a2 dAE2] (2000 rpm, 20

N

et Aesds AA F AL 4S5 1 g8 lysis buffer?t beads’t %
H tubed ¥Rom, DNA F=2 UltraClean Soil DNA Kit (MoBio

Labratories Inc.)& ©]-83} %3t}

2% 8l 20 L d% 5% 258 GF/C= %43k filterg WIF

DNAFZ3 SdstA PCL ¥ o2 DNAE F3E516] -70Cel R a3t



2.4 Standard PCR

Real-time PCR & 1 A& &Ko C polykrikoides7t ZAoH&
PCRZ &<dlstlon, AH 483 < A9 AHS FA92 Adst
PCRS H3&tsith. PCR WES A2 2 b template DNA, primere
27y 1 wl, AccuPower PCR Premix (Bioneer)?} PCR grade water®
Z volume 20 = ZA3F . PCRo AF&3F primers= Table 39 A&
stlon, Whg& 7] 94T 5&%F whEAIF AL, 303] whEEEE (94T 30

%, 55T 1, 72T 1#)%F, HF 72TCoA 733 &A1 7Y 5% ¥ PCR

>

NE-S TAE bufferE &viE 3+ 1% Agarose gelol A7) %33 EtBr
At ] M-S FALEFS gl Sl

Standard curve A4S & A1#tE plasmid DNAX standard PCRS

f

%3 real-time PCR primer$} WFgEojA] Szt =] 2&elslql o A&
H primer:= Table 2] A3kt PCR w8l A3 wbs-zdS 99
k=g

=

ol



2.5 Real-time PCR

AAA 5L} SFARAA FE3 DNAS o] §3t9 real-time PCRS
28k PCR ¥H8-9) 24L& 05 w0 template DNA, primers®} probe
(0.37} 0.15 uM), 5 pul Premix Ex Tag (TAKARA Bio Inc.) 23] 31 PCR
grade waterZ % volume 10 W= Z43}¥ ). Real-time PCRel A}-&-3F
primer®} probei= Table 29 A 23t 2™, real-time PCR 2742 50Tl
A 24, 95Tl A 24, 181l 453] RHERES (95T 10%, 60T 45%)3k %
o}, 4L Rotor-Gene 6000 instrument (Corbett Research, Sydney,

Australia)E o]-&3sle] 39kE 2 ¥ 3

_10_



2.6 Standard curve &4

26.1 FHEA AZFE 9§ standard curve

C. polykrikoides® FRAXEAE= of2] A A7 el A Yo X #] &
7] Wil A YoM FHIEAS WHE S Qla, A A FoA
gFom gustr|zt oyt 1¥7] wiitd FYME DNAE

plasmid DNAZ A #&le]  standard curveE  ZA okttt C

=

H

oft
ol
_

polykrikoides <3 %A X DNAo| A real-time PCRol| A}£ %+ primer®t
probeE X3st= F 5olA ITS 993 F5E31A ) (Table 3). Standard
PCR Wb 27] 94T 5323F wbe-A13aL,-308] Whadkg- (94T 30%, 5
5C 1, 72T 15)%F, HF 72TCoA 7% WA ZH T 5FHH PCR A
5% TAE buffers £uw|& 3 1% Agarose gelol H7]9%E3t1 EtBrz
Ak 5 2 & FALSIY] RIS SlE 4SS gel extraction
kitE o]l &3l AA & pGEM-T Easy Vector System 1 (Promega)<
o] 8-3}o] plasmid DNAE W= % competent cellell A4 ste] LBHY Ao
v k3l v E cell2 Plasmid Purifucation Mini Kit (Promega)E
o] &3}o] plasmid * DNAES 3 H3}o]  standard curveE A A5 o)
Plasmid DNA template= ¢]-83}¢] standard curve=" %57} 2 plasmid
DNA®] HolE o]gste]l FAE A=t &5l oH, o5 copyTol %
Tz AASe] plasmid DNAE 1082 3|48kt 34 ¥ plasmid
DNAZE ©] &3} real-time PCRS Hastem, vhgx1 24 9 &
Hot.

[}
=

ol
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2.6.2 AYAE AFS 93 standard curve

2
FH¥EA AFwnE =24 C polykrikoides®] < %A E= of Zhul ko)
7VeotrE, widE M EE Sedgwick-rafter ChamberS ©]-83}o] A3}
Atk AgdE AE 2 ml (4,900 cells/mD)S tubeol] ol ¥4+2] (14,000
rpm, 108)5 wiAE A AS I 231, 3 A3 BHA PCIHE S o] &3¢
DNAE F=3t9th 5% DNAE o] §3to] dAE
2} standard curve A ¥ A

g AAsAr.
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Table 2. Real-time PCR probe for detection and quantification
of Cochlodinium polykrikoides

Primer Sequence(5’'—3") Reference

CPITSF  CGGCAACCTTTGTCAAACA

CPITSR2  GGTTTGCTGATCTAACTTCATGTCT Zaggg)et al.
FAM-CAACCGTGATACCCGCTAGCTTTGC-TA
CPITSP

Table 3. Primers used to amplify ITS tDNA of Cochlodinium
polykrikoides for plasmid DNA standard curve

Primer  Sequence(5'—3') Reference

ITSF GTCGTAACAAGGTTTCCGTAGG

Park et al. (2009)
ITSR CCCTGTTCATTCGCCATTAC

_13_



3. 2%

3.1 Standard PCR

E 157 A4A® % 1879 A AmelA o 500bp 271¢] band
7} EFdElem (Fig. 2), positive control® A3 C polykrikoides
gDNAo| A= 22 X band’} Ao aiel AA & C
polykrikoide 7} A3l Q55 Rkt &2 AR R AdFQ
Alexandrium catenella gDNA ¢} target DNAE YA 22 AHofA
PCRE @#& %o A= PCR band’t #9154 9gkon], o= PCRe
AH&E primer7t & 5ol4 BEES SR, L AE A2 el A
of MPHAF= & FUTh

Standard curve 23 #13] A1 #¥ plasmid DNAS 1082 @A E
2 33t ARE FTEJA, WBEOR Al&E CPITSF, CPITSR2
primer %< ©]83t9] PCR3 Z3= Fig. 3o eI PCR 2HE ¢
X 7F ¢k 200bpell Al el oem  positive control® | ARE3 C
polykrikoides gDNA GA] 22 1A|9lA PCR band”} &21% 3o,

negative control® AF-&3L Alexandrium catenella gDNA<) /3= band”}
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Fig.

Agarose gel image show the results of PCR

amplified by the Cochlodinium polykrikoides-specific
primer set, ITSF and ITSR in sediment

(M, size marker; JR, Jaran Bay sediment DNA; SR,
Saryangdo sediment DNA; YS, Yeosu sediment
DNA; WD, Wandoe sediment DNA, M]J, Mijomyeon
sediment DNA,; TY, Tongyeong sediment DNA,; Y],
Yokjido sediment DNA,; P, Cochlodinium
polykrikoides: gDNA; A, .Alexandrium  catenella
gDNA; N, non-template).
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Fig. 3. The detection of plasmid DNA containing the ITS
rDNA of Cochlodinium polykrikoides—-specific primer
set, CPITSF and CPITSR2
(M, size marker;a, C. polykrikoides gDNA; b, plasmid
DNA 10% ¢, plamid DNA 10% d, plamid DNA 10% e,
plamid DNA 10% f, plasmid DNA 10; g, Alexandrium
catenella gDNA).
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3.2 FHXR AZFS 93 standard curve

C. polykrikoides GFAxe] ITS 99& standard PCRZ A 2H&
plasmid DNAE ©@AE= 34 (10, 100, 1,000, 10,000, 100,000 plasmid
DNA copies/g)dt] real-time PCRE 33t th. ol Ctghkol <F 20, 23,
25, 27, 292 ugkow o] S EYE standard curveE #A 3T
Plasmid DNA copy 9} Ct a2 Fig. 49 #o] =2 A% A Al
(R*>099)2 et standard curve® AFEE 4 AATH Real-time

PCRE z8)& u positive control® AF8%¥ C polykrikoides 3 %A 3

)
)

=

>

A AA 7 wreS 3018 = 9l Al negative control® i d R4
AbEEAS W WhEo] vl eol & AR HE Wddko] dES &

T AR

33 LA E FHFE 9 standard curve

C. polykrikoides. @ FME A =3 DNAE GAEZ 314 (9.8, 98,
980, 9,800 cells/ml)3ked real-time PCRE &3t & . Ctglko] oF 23,
27, 30, 330] ygkom o] e Eul® standard curves Al ST
C. polykrikoides 4 %A DNAYI Ct 3t Fig. 59 #o] =2 A3
AB#AA (R*>099)Z el standard curve® A& 5= ATt

Real-time PCRS #3s o positive control® AFE3 C
polykrikoides 3 %A 3
controlZ B d ZETFE AFESAS w whEol vex] grof 1 AY

of 2 d&F°] AME= & AU
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pr. I B TV e e i i e Dl e e Cycling A Green (Page 1):
R=0.95343

o e e e s e vt
: . ] R"2=0 90685
5 5/ T T M=-2.163
v, il AT N s B=31.281
= 7 O RPN P eSS R O i e e Efficiency=1.90
L S e L SR i ;
T bomsomomoneeoes Py
7T B B e A
21 heeneemeeneae Tt SRR L LT TP ETEPPEL CEEELE ]
—_— -_— —
10 1¢ 10 1d ]

Concentration

Fig. 4. Linear relationship between the Ct wvalues and
plasmid containing the ITS rDNA of Cochlodinium
polykrikoides (R*=0.997). The standard curve was
used to quantify the rDNA copy numbers of the
target species in sediment samples.
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ar i e TR e e et e 2| Cycling A Green (Page 1):
F e O /| R=0.99932
K - 4
(. N D || R*2=0.99864
E . o| M=-3.224
L e e B=36.385
o 2B e FHSR S SR Efficiency=1.04
O 2B e Lt TLETEEE
B RS SR SRS R R R R R
2644 I ——— Ty .
254 4 cememm e P EECEERERPRES domsoeo s TR eaes
T T p————— O
a |
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Fig. 5. Linear relationship between the Ct values and
ITS rDNA of Cochlodinium  polykrikoides
(R?=0.999). The standard curve was used to
quantify the target species in seawater samples.

_19_



3.4 Real-tine PCR

A A& 02 Y

20091 Apewr QI s & zAbssle W, AA 4, 7, 8 10= AL
U2 AR 671 A= FHEAE AEEA @kt (Fig. 6). B4
40 AEHS AHHWE 6Y9oE= 20 copies/cm” wet sediment”7} 1% ¢
= 74, 8¢, 99 E 10 copies/cm’ wet sediment, 10€ol]= thA] 20
copies/cm® wet sediment® HZF Yk AH 7ol A= AA 49 §-A}31A
78= 10 copies/cm’ wet sediment, 8€°l% 20 copies/cm’® wet

3

sediment® S7FFAE BRI oy 993 10€od+= AEHA &gt AHA

o

8ol Al 6L oll= 17 copies/cm’ wet sediment, 7€ = 10-copies/cm’ wet
sediment® AA 77w 4S HYo} 8¥9dE 33 copies/cm’
wet sediment® 1070 A% T HaHE Heplidth 99 o] Fo = 7HAs)
o] 10€ol= AE=HA Fskrh

2010 Apewb Q1 sge ZAFSIA S pwl, 39 AR 4, TAAN A 7
10, 20 copies/cm’ wet sediment’} &< F A3l 4€oA = AA 79 109

Al 20 copies/cm’ wet sedimentZF- A& o] 2009W 9 C polykrikoides

ol

rDNA copy7t HEH A3 8& A&lsta vw A FH-6z3e+= o3 A
S5 A ATt (Fig. 7). whebAl 20100 59 ~89-%. 4, 7, 8 10 s o=t
HAzHoz A Y. 24247, 200932 ds v oz AFH3
=, 5¥d= 49 A EF HAUAE EAv. BFH 4d9A4+= 30
copies/cm” wet sediment, 44 7914% 50 copies/cm® wet sediment, %
A 8ol A= 100 copies/cm’ wet sedimentE R o™ AHA 109 4= 80

. 3 : = & =
copies/cm’ wet sediment®] HEHS HAT. 2 & ZE AHAHAN HE
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Zo|l 7rastgd = A& 7o1A= 10 copies/cm’ wet sediment, 74 89l
A= 20 copies/cm® wet sediment, A& 1094 50 copies/cm’ wet
sediment7} ZR1¥ 1 ow A 4oA = HEEHA Lt 793 89l =

A 43 B AEHA skt
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Fig. 6. rDNA copy numbers of- Céchlodinium polykrikoides
from sediment in the coast of Jaran Bay in 2009.
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Fig. 7. rDNA copy numbers of Cochlodinium polykrikoides

from sediment in the coast of Jaran Bay in 2010.
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2009 ~2010d  A=keE o A 4, 7, 8 109 AHA=CNA C
polykrikoides TDNA copysT ®&FS Ay HE 20090 &= W& Fo] 2
PO} (10~20 copies/cm’ wet sediment), 2010Wel= =o = A =A
e o™, 2009 ol = 89oll HE=o] Ad =hou 20100 &= 5499
7V =A et (Fig. 8).

oo} Hlaetr] 9 HF 3F 20 L I w53 As5E GF/CE o3
gt filters DNAFZ3}9] real-time PCRE #A&% A¥E Avny, A4
102 A2 ym= g4 33 A4 A8 rDNA copys7t 743t 3
T Al59] rDNA copy7F S7Fstaitt (Fig. 9).
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Fig. 9. Compalijison of r

polykrikoides in se

in filter s Wa%
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B. AL Q& I 4H
2009 595 2010 7971+ AHT AR E real-time PCR 4 2

=

7, 20099 59 ~2010d 3€el+= AEH A Fdrh kAR 2010 49 AF

g Qe Y AR 43X EFdAR HEEHJSH, AAH 2014 30
copies/cm’ wet sediment® Z tiztel vkt (Fig. 10). WA 3 A
A= 10 copies/cm” wet sediment® Ed & zho] Folx e} 18 1

T 5.6, 79 ZAAAE BE AH™AA C polykrikoides TDNA copy 7}

AENA) Ateh

tected

@O

copies/ecm3® wet sedi.lpeni
!
copies/cm?® wet sedin1en1

copies/cm® wet sediment
/
f

0 rDNA copies/cm® wet §é.dimenf
F

;;

Fig. 10. rDNA copy nurnb%ofl]?lzh?fﬁzum polykrikoides

in the coast of Saryangdo. -
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=
o4 AL s GolA A AW DNAE ©]§3te] real-time PCR 4]
Az, JH 394 HEHA dgon] AH 1914 20 copies/cm’ wet
sediment, ™A A A 2, 4, 59|41 10 copies/cm® wet sediment”} 73
Ao+ (Fig. 11).

a8y 69 AN A= 570 A A A C polykrikoides TDNA copy”}f

sHl= A st

April2010

34°42"

 copies/ecm3 wet sediment
copies/ecm3 wet sediment

f
NA copies/cm® wet sediment
¥

#
F
<100 rDNA CW sediment
(HSs>

34°37"

127°36"

Fig. 11. rDNA copy numbers of Co_cf_zl_odinium polykrikoides
in the coast of Yeosu.
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D. ¢% Q2 &Y
20109 4€¥ 9% o oA AT A AL o]L&3te] real-time
PCR #4] Z#Z Fig. 1201 veEAr. A% 5949 10 copies/cm’

wet sediment’} AEHJ oW, U] A= HAEHH &t}

July 2009

34°23"

(O not detected
© < 10DNA copies/cm® wet sediment

\P_S ‘ <30 rDh-l\K?:'a-pi%s/cmr’ wet sediment

. < 50 IDNA copies/cm®

0 rDNA copies/cm® wet sediment

34°19'

il
12644 12651

ium polykrikloi des

Fig. 12. rDNfL copy numbers of
in the'ﬂlncoast of do.
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Az¥gon, A4 1,2 6, 10, 15914 20 copies/cm’® wet sediment, & &
13914 10 copies/cm’ wet sediment 2= SIth 20099 8Y FAL o A
= AA 1o)AE= 30 copies/cm’ wet sediment, 2914 10 copies/cm®
wet sediment’} Q1R o (Fig. 13), YA FHo = A=A &
ATH
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May 2009

34°43"

(O  not detected
© < 10DNA copies/cm® wet sediment

. < 30 rDNA copies/cm’® wet sediment

. < 50 rDNA copies/cm? wet sediment

. < 100 rDNA copies/cm’ wet sediment

34°42"

T
128°01 128°03

L
!

\

d
copies/cm?® wet sedirvleni

34°43"

34°42'

o

T T
128°01" 128°03

Fig. 13. rDNA copy numbers of Cochlodinium polykrikoides

in the coast of Mijomyeon.

_31_



F. 39 92 39

20109 49 9 A< Y BH EFdAe= AEEHA &Fdd 28y
79 ZAF wolE AA 1914 30 copies/cm® wet sediment, A 9914 10
copies/cm’  wet sediment’} ElE o, uUmz  AHAE (C

polykrikoides TDNA copy’} &% A &t (Fig. 14).

July 2010

~~(O)~not.detected
® <10 rDNA:-EB'pi-e,'s/cm3 wet sediment
i

. <30 DNA copies/cm;\v{ sediment

50 rDNA copies/cm® wet \slb_dimeni
\
b1

34°40"

A copies/cm? wet sedlllmenf

T T
127°69" 128°20'

1 )
Fig 14. rDNA copy numbers of nium p'olykri!{'oides

in the h&stof Ton ng. "/
Q?ar
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G. SX%E QA< 39
2010 8¢ xA}SE &x1% QI 3
sediment’} A&HPJ oW, ywx AHANMH= C  polykrikoides rDNA

copy’} AEHA &Adtt (Fig. 15).

12

% AA 2914 10 copies/cm® wet

N
G August 2009
&
() not detected
© <10 DNA copies/ecm® wet sediment
YJ.1 —
O . <30 rDm'ea.giSf/cms wet sediment
Y440 OY
ﬂg- .
- |'r !2.8!’15' \I

ium polykrikLides
f

|
Fig. 15. rDfos copy n ers of
in the coast of jido.
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4. 132

2 ATl A = real-time PCRE §a & AlmolA #alid SARZER
Cochlodinium polykrikoides = %2 AH3}E A E39th. Park et al
(2009)ll o8] Ha¥E C polykrikoides & E°]4 <2 primeret probeZE ©]
gsto] fFEuE Ax s B AYQ Falel ddl ARE EAskATh

HAA 2ol = PCRS W) s

s

71 FrlEdS 23E F don, oA
< target DNASH §H7 FZE5o] Ao /5 F2atth 187 vl
DNAX & E 348t u F7H4 o= AAlste] PCR el s A7 3k
Hoh o Ags Ad&& & 4 Ao} (Lin et al, 2006; Zhang et al., 2005).
A= DNAE 10vj+E 3A4s8te] PCR #3idxats AA %
real-time PCR& %33} th,

20091 ~20101d AHRE AT s el A HALA IR E HH, AZuh vkl
A ANEHO R O polykrikoides TDNA copyZt A=%1 2ttt (Figs. 6,
7). ol Adet o] HE sHel Hls| AuRE A= C
polykrikoides® ' FRXEA AE=%o] =4 YEHE FHS Hls C
polykrikoides7} A3 AE S HbESIE AX2GFAYGAS AAlsFH o,
E3] Wt ot&o| (C- polykrikoides® FAA A AARIA 7} HF5 A o
2 EAF deE G T AT grEl JERE - A C
polykrikoides olA 2] &3 3} FHIEA-AE=H] HES A 2yE
Hlwste] B, C polykrikoides TDNA copy”t 744 5 wolx| 7} =7}
s dES BAT (Fig. 9). ot ESd59 20 =AM A=

252 Asete A2 & FAEAI wolar) AFe BAxA0] o] Fol
A QUAER Wolste] FALA AAFE ALsa WolAsh YA E
S7b F7hE Ao waldh aeu 796 Wd Z9 Q8] £ o 5
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~6CT7HA oph ). EF 8
Bk 2b2 vleh HEa 2e G

2
PN
N
)
it
o

off

ol

D

b ouE wAs %

ergret.
AFE, o, S, P2Y, B9, SARNAE Auw Al 9 PF
S EEREE R

How zASAL o, 20108 49 AFE 2

30 copies/cm® wet sediment”} A ATt (Fig. 10). &=

&<t C. polykrikoidesoll ©]3t A= HIE A &go
A 5ol A= 10 copies/cm’ wet sediment”} Ao C polykrikoides]

Azdd Y Ao

2 AT, 4

A7k ARA NN AZPol weh G

e
Ao (Fig. 12). 599 A= A 130 99k ko] inksl Aol F
A2 A ASS e A2iA 7bs A S Ert ddd
tH(Fig. 14).

Park et al.(2010) 23& EH 20073 gk A AA 24 = ¢k 15,000
sediment, | &l AE=  F 560,000 copies/cm’  wet
SRR 2 AFte| Al 20091 2010wl ]

[e]
A& Ay

copies/cm’  wet
sediment®] gko] M1z ]t}
Ag A8 copyre AASA e A7t ysit o

B, 1995 o] wid C polykrikoides & Z7} WA

R4

S FAA Ha
atth7h, 20061 3 2008'A ~ 201013 A 7k A = A ko) el s 4] 9ok
T oolgsh Hadsl

o} 23y Park et al.(2010)9] <A 7191 20073 9
et 5ol A C polykrikoides? #zx7} A& L

Hslol zAbekAer. 1 A3 C polykrikoides 1TS2 rDNAC] copy <7}
dastHA g S F e

tm
i

L/Rg 11'6 /\]

2
o

x

=

z40] 3

Z7h W Ao® mel ¥ uA F
Aow shebhnh ae B

AxAE A A
Iykrikoides®] 2 Z7} wHAELA] &

A 2ARA] 719 2009~

4
i

2010l = C. po

_35_



Fol A FZ3 DNAS real-time PCRHCOZ ®B439S ul AE57 g
Bl 100 cells A= v AlXF4E Bl (Fig. 9), 84845 §3l &
HAYEZE WE7|dd = AXESF7F A AzhAch 283 200949 3 20104
o= e H=m Qa] dxe] Ao wAxRIE HEFor MAstr]d 3

9| C polykrikoides TDNA copy’} A&
gy A2 dAFow AFA
DNAY: 24317 ¢t} 1gla oS AH M= C polykrikoides®] 2
<L g3t 717kl 2 .

gy Ao Folxuk dajel At AAANA C polykrikoides®] rDNA

ﬁm _‘rﬂ
32
O
E i

.3
(e
rEI
flie4
=
PN
>
©

o
oll

27h wAEA kol 2N AL
]_

7 A&EHozR FRIHT 3, o= FAAF KM AT  (seed
population) 0. 24/ o7 HZE doZ 7Aool Y RIFL '\ ZALS
AE EY =

WA e JFAOR ATE & dE EARE 289 & a4

HWxz Fx AEE AZste C polykrikoides®] 2z

4ov

Z = o,
AR S Qi = C polykrikoidesd T EA ) plasmid DNAS

GAE 2 8 A st standard curves RrEo]oF sty iy o} H 71x] (.
polykrikoides®] W EA7} b epA| vpepE] =] " gggkal, ALAVE B
sto] AP elA FHEEAE wEo] ¥ 5 gloh A 2 ATl A
rDNA copysd 3¢to] 753k plasmid DNAE ©]83F9 standard curve
& AAdstdtt (Fig. 4). ®bef ebxdsh A7 g A A el A
thke] FaxEst kil
1] Els

rE

H
2YE

]

%0
o

o~
T

H
il
o

L

K=
£
ol
2
BN
o

o,
ftlo

aRHow @ & 92 A Az,
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8l S HEZF  Cochlodinium polykrikoidesy 19954 3l kol A
TR EASte] oYl FAkIElE TAAF oH, vd of FH it
W

Eol7 primerg/ o}&3te] AAFo R PCR SFAES HUHHE
real-time PCR7|®M < &3 C polykrikoides® FH YRS ZA}sS o,
C. polykrikoides®] 8 A3 HAZXQl A&ARE AUE FHOZ ALFE,
nZx, o 2 T4 AT AgF R SEEAFS QAo R A
Cochlodinium polykrikoides| = 2 AuFslslo] A=A e S v
o} a3t

A8 T Awwk dd AH AEAFEANA C polykrikoides®] rDNA
copyZ=7F 100 copies/cm’ wet sediment® ThE A HHTE =4 vpgon
o] dul C polykrikoides ZolAeF FHER AEHF WS A 4
3 4~59 AAABAA C polykrikoides TDNA copy7F Z7}adth7t
64 o] Fel= Haste AW} vz sFA Rl = 69 o] F Sttt
7F 8€ol Faste dHoR yEyt 69 olF Frtste ¢

|t
rlo

(02}

A E
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A % C polykrikoidess) FEEAT} wokstel vpep L5t S
Ao Az,

B A3E BEYE AA & AE%E C polykrikoides TDNA copyTF+

FrA A A Sk Al (Seed population)’ & ZH o HEE doF JlF
Aol g IS FHIEA BFE AE3E] C polykrikoides® % Zwt
AN Aoz A7 & F Ae 712252 &89 v A
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