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Distribution of Dinoflagellate Resting Cysts and
Detection of Cochlodinium polykrikoides in
Sediments of Coastal Areas of Korea

Gi-Hong Park

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

Abstract

Dinoflagellate resting cysts can perform as "a seed population” and provide
important information for prediction about occurring time and place in early
harmful algal blooms (HAB). In order to know an ecological role as the source
seedlings, they were examined the distribution by palynological processing and
the existence by molecular probe.

The spatio-temporal distribution of dinoflagellate resting cysts was
investigated to wunderstand the HAB potential of the sediment in
Saemangeun in 2003 and Sujeongri, Jinhea Bay in 2004. In total, thirty-two
dinoflagellate species were identified, and their concentrations were in the
range of 6-1,618 cysts - g'] in Saemangeun and 1,733-4,476 cysts-g'l in
Sujeongri (dry weight). In both areas, the concentrations of resting cysts
were higher in spring and summer than in autumn and winter. The
composition rate of the heterotrophic dinoflagellate species to the total,

which was closely related to the eutrophication process, ranged 6-29%

R



(Saemangeun) and 19-39% (Sujeongri). The most dominant species was
toxic Alexandrium tamarense/catenella belonging to Alexandrium spp.. Given
the high abundance of the toxigenic dinoflagellate species, Saemangeun and
Sujeongri were considered to have the great potential for HABs in the
future.

Although harmtul Cochlodinium polykrikoides is a notorious HAB species
causing great economic demage, a complete knowledge of the life cycle has not
been known. We analyzed the sequence of the large subunit (LSU) LSU
ribosomal DNA (rtDNA) D1-D3 region of C. polykrikoides designed the C.
polykrikoides-specific PCR oligonucleotide set, CPOLY01 and CPOLY02, and
developed PCR detection assays for its sensitive, accurate HAB monitoring.
CPOLYO1 and CPOLYO02 specifically amplified C. polykrikoides and did not
cross-react with any dinoflagellates tested in this study or environmental water
samples. The effective annealing temperature (7p) of CPOLY01 and CPOLYO02
was 67 C. At this temperature, the conventional and two-step PCR assays were
sensitive over a wide range of C. polykrikoides cell numbers with detection limits
of 0.05 and 0.0001 cells-reaction”, respectively. This technique was applied to
extracted bulk DNA from sediments in southern coastal areas of Korea. In result,
Alexandrium tamarense/catenella was probed in all sediments as positive, but C.

polvkrikoides was detected in Chilchundo, Gaduckdo, South Sea ¢ and Youngdo.
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Figure legends

1-1 The study area showing the location of sampling stations (solid lines, a
dike; broken lines, entrances of a dike).

1-2 Analytical processes of dinoflagellate resting cysts in sediment using
the Primuline staining method; Yamaguchi et al., 1995 (A) and Sodium
polytungstate-density gradient centrifugation method; Bolch, 1997 (B).

1-3 Spatio-temporal distribution of dinoflagellate resting cysts in the
sediment of the Saemangeum area in 2003.
1-4 Seasonal distribution of resting cysts of total dinoflagellates, Alexandrium
species and A. tamarense/catenella in the sediment of the Saemangeum area
in 2003.
1-5 Monthly distribution of resting cysts of total dinoflagellates, Alexandrium
species and A. tamarense/catenella.

2-1 The molecular phylogeny of the diverse dinoflagellate taxa based on their
sequences of the LSU rDNA D1 and D3 domains. Toxoplasma gondii was
used as the outgroup.

2-2 The effective annealing temperature (7p) of the Cochlodinium
polykrikoides-specific PCR primer set, CPOLYO01 and CPOLYO02. M = size
marker.

2-3 The specificity of the Cochlodinium polykrikoides-specific primer set,
CPOLYO0I and CPOLYO02. M = size marker, | = Akashiwo sanguinea, 2 =
Alexandrium affine, 3 = Al. catenella, 4 = Al fraterculus, 5 = Al. tamarense,
6 = Gymnodinium catenatum, 7 = Gymnodinium sp., 8 = Gyrodinium
instriatum, 9 = Heterocapsa triquetra, 10 = Lingulodinium polyedrum, 11 =
Pheopolykrikos hartmannii, 12 = Prorocentrum micans, 13 = Protoceratium
reticulatum, 14 = Pyrophacus steinii, 15 = Scrippsiella trochoidea, 16 = the

heterogeneous environmental DNA, 17 = Cochlodinium polykrikoides, 18 =



a negative control.

Fig. 2-4 The detection limit (cells/reaction) of the Cochlodinium
polykrikoides-specific primer set, CPOLY0l and CPOLYO02 (A) by the
conventional PCR assay and (C) by the nested PCR assay after the
amplification of the LSU rDNA D1-D3 region (B). Each arrowhead indicates
the minimum detection limit. M = size marker.

Fig. 2-5 The detection of the LSU rDNA D1-D3 region by the conventional PCR
assay (A) by the nested PCR with Coclodinium polykrikoides-specific primer
set (B) and Alexandrium tamarense specific primer (C) after the
amplification of the LSU rDNA D1-D3 region; 1= Chilchundo, 2=Youngdo,
3=Hansando, 4=Gaduckdo, 5,6,7=South Sea a,b,c, 8= a negative control.

Fig. 2-6 Biogeographical mapping of Cochlodinium polykrikoides and

Alexandrium tamarense in sediments of South Sea of Korea.

Table legends

Table 1-1 The comparison of processing methods for dinoflagellate resting
cysts

Table 1-2 Spatio-temporal distribution of dinoflagellate resting cysts in the
sediment of the Saemangeum area in 2003

Table 1-3 Monthly distribution of dinoflagellate resting cysts in the
sediment of the Sujeongri in 2004

Table 2-1 Composition of enrichment ‘GPM’. Stock
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| & 3T} (Anderson and Wall, 1978; Nehring, 1997; Anderson et al., 2003). ]
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eI SH7] o] 7] wiitel], o] 58] Af-elli= A FAEA B AP

Q5] e] A Aol A= e vkalt) (Bolch, 1997).



A F7pA] e A FAEA B A WS Panning %] 213 (Bolch and
Hallegraeff, 1990), Primuline %% 4" (Primuline-staining method;
Yamaguchi et al., 1995), 3l 5=/F 9 X 2}/Sodium polytungstate (SPT)S] H]Z =}
o] & o] g-st W uj A (SPT-density gradient centrifugation method;
Bolch, 1997), “18] 31 31 Al =84 ¥ (Palynological processing; Matsuoka and
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A ASE o, o] Ao a5 A AEEol o
& 37 @+ 3otk (Kim, 1994; Kim, 1995; Kim and Lee,
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Fig. 1-1 The study area showing the location of sampling stations. A:
Saemangeum (solid lines, a dike; broken lines, entrances of a dike), B: Sujeongri,

Jinhea Bay.
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1-2-1 FHEAREE ZA S 9|

SAel b AE e ) Astel ANT AR F 2000 82
of Stn 6o AMHE HAES hiF O R Seiving A5 3 2, Primuline
&% AN (Primuline-staining method; Yamaguchi et al., 1995), 3l 4/%
™ 3Z A}/Sodium  polytungstate (SPT)2] B Fx}E o] &3 AT Fu]
(SPT-density gradient centrifugation method; Bolch, 1997) 18] 1A= 8}

A "k (Palynological processing; Matsuoka and Fukuyo, 2000; Cho and
Matsuoka, 2001; Anderson et al., 2003)2] A5 v w3ttt (Fig. 1-2).

K

1-2-2 2AETHA Y
o] ZAFol] AFE-F Al E 2003 2,5, 8, 119 AlEHZ Ak 87
A3k 20043 o) ¥F @ =2 170 A HANA A -E s} (Fig.
1-1). Al 517 Van Veen Grab |1 7] & o] &3}o] F 3 em?] A A S A7 ¢
S B A7bA okl Ao Hksk 0 314 =84 W (Cho and Matsuoka,
2001)_0;1 Aelstitt. Ao v E FSA4817) Hsto] WA 2 F 4
S 70 CollM 12 A7 AZAA YA 33 BaihE Ak 5%
ANFE15mL Y4aFB 12mg AL ¥ FAE 543 3 10 mLe 10%

HOLE 3 7Fshal 24 A1ZE B 3ted A4 o] )bl (85, A7 5)

_4_L4

AstArt o) F Al as THTE AT T 10 mLO) 47% HFE 3 7135}
AP ske] Ak (B, A E A PR S)E AR A SRR
M| 2 ¢+ A] 5 & Ultrasonic Cleaner (5210, BRANSON)S ©]-&3}9] 30 =4F %

&3 2 2] 3k, ¢ 125 pm Nylon mesh©ll ©1 33k % g 20 um Nylon mesh $] @il
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Sediment samples
L Add distilled Water
4 Sonicate for 10 sec
4 Fractionate (20-125um )

Sedimeént suspension

+ Fix with glutaraidehyde (final conc.=0.5%) for 30 min
+ Centrifuse at 700xg for 10 min
Pellet
¢ Add methanol (99%)
+ Store 2days at 4°C in the dark
L Centrifuse at 700xg for 10 min
Pellet )
+ Suspend in Distilled Water
¢ Centrifuse at 700xg for 10 min
Pellet

¢ Resuspend in Distilled Water
e Add primuline (final conc.=0.2g-mL™") and stain for 30 min

L Centrifuse at 700xg for 10 min
Pellet
- Centrifuse at 700x g for 10 min
Pellet
Lo Add Distilled Water {o restore volume

Epifiugresecne microscopy

é

Stock gotution: density 2.4 g-cm?

Dissolve 75 g of SPT in 25 mi distilled w ater

Preparations of specific gravity of 16,14, 1 3and 1.2 gcm™
Density separation

Sonfficate

Fractionate

Step gradients were prepared in centrifuge tubes

Place 7 mL of sieved FSW-sediment suspension in the tube
Lay 3 mL of SPT

n'> Do not shake!! Shaking will cause density disturbing
Centrifuse at 1600x g for 10 min

Remove the averlaying material

Pippete the recovered material directly into a fresh tube
Centrifuse at 1000 x g for 10 min

- The cysts resuspend in 5 mL of fresh FSW
microscopy

1]

1

tT1TIE 1111

Ligh

o

é

Fig. 1-2 Analytical processes of dinoflagellate resting cysts in sediment using
the Primuline staining method; Yamaguchi et al., 1995 (A) and Sodium

polytungstate-density gradient centrifugation method; Bolch, 1997 (B).
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1-3 42 ¥

1-3-1 FAXER B ZAH v

SPHRZN FHIEA %E%t ZAFE st AP WHES vlask A
7}, sieving A E|H O R IO%L—O] 321 cysts - g'©], Primuline 8% <
MHO = 7FEY] 509 cysts- g o], Wi oRE F 1459

395 cysts - g'ol, WAYE A HJ‘%’;IP.E%: F 2259 1,618 cysts - g'o| T
Aw|dvh (Table 1-1). Sieving AelW 3 WAmFujd oA e o}

|
AR R Faxade] 2859 2% A2 FAREIAARE, Primuline

& AN O Z= Gonyaulacales 52 75 %ro] ¥+ E Qi) "*1%?3}@,

Ay o Xy WEed vEl FHaEate] EdF 9 ERkelA
230 AE wol #EEQlh Primuline ¥ AW (Yamaguchi et al.,
1995)> A 2 Alsel H & Algrol il Alexandrium tamarense/catenella
o ¢ 54 H JeHE AW Fo w4 AANE 45 F 9ol A
7ot T At dom AR A o= oA o]l E7bs st
Ut A (Boleh, 1997)& A&el sl SPTE Abdstrz v
ol gof wholz} bk A| Rk, Al SlolAl AEA o] "ol whd, I
A E8k uk] (Matsuoka and Fukuyo, 2000; Cho and Matsuoka, 2001;
Anderson et al., 2003)2 233 ¥ & 7}A] = Claciodiniellaceae Z}ell <3}

= Fo FHEIAE AL O] FEo] #EHERE Pas Al
£g90] Jbssit, Aelslcel e Ao wobAdo] ks ol
3 AloFES AMgslE R oA thFojofdtrt. ojufdt A= A
EAME Zuya Ay WS 9y & 5 SdeE BT S dop
A8 3 Aol U el AN HE, 4 tamarense/catenella?t 2 5
4 Fe %S el Primuline B3 NS, FHFEY HF - A
}‘3 'Eli_ g}g}oﬂ,‘k_ A E =] 61—/(‘] Hl—t}!j,_ /\}&O}ﬂ 740] ay /Hol 7}4\0]1:]_.



Table 1-1 The comparison of processing methods for dinoflagellate resting

cysts
(cysts - g']: dry weight)
SPT-density .
Species T Method Sieving Psritr;?‘!re- gradient Palynologlcal
e g ] . processing

- ) T centrifugation "~
Gbr{yraulacales - '

Alexandrium tamarense/catenella 82 254 119 716
Alexandrium spp. (spherical) " 141 105 290
Gonyaulax scrippsea 10 7 14 121
Gonyaulax spinifera - 7 - 48
Gonyaulax spinifera complex - 14 10 -

Gonyaulax verior 10 7 14 97
Lingulodinium polyedrum - - 5 8
Protoceratium reticulatum - - 5 48
Pyrodinium bahamense var. - - - 4

compressum

Pyrophacus steinii - 7 - 12
Gymnodiniales

Cochlodinium sp. 15 - 10

Gymnodinium catenatum 25 - -

Gymnodinium impudicum - - 5 -
Pheopolykricos hartmannii - - 14 56
Peridiniales

Diplopelta parva 5 - 5 36

Protoperidinium conicum 41 - 38 76

Protoperidinium oblongum - - - 4

Protoperidinium pentagonum - - - 4

Protoperidinium sp. (spherical, i i ) 28

brown)

Protoperidinium spp. - - - 24

Scrippsiella trochoidea 456 - 38 28

Zygabikodinium lenticulatum 5 - 5 8
Unidentified 10 7 10 -

Total 321 509 395 1,618

‘9?



1-3-2 ARtE |Gl A FBEZF FHEAS A $HH BX
ek af o o] epH R

24%0] 25-728 cysts g WY Z FHE 2P, Stns 2, 6, 7ol 4] F-EFo] Wk

O}, Stns 1, 3, 4041 = 2 2 ) THTable 1-2). 31 o] K-of oFs) o} 2

dol glrhar eedzl AA £3 Foll e b7 A 2 & 321 (Matsuoka,

1999; Cho and Matsuoka, 2001; Dale, 2001; Matsuoka, 2001)5= 3 &Fo| 7}%4

Ao Stns 3, 42 A LJEH 8-141 cysts g’ B 12-29%F 2A| Y o,

£ L

}23]'

Gonyaulax scrippsea, A. tamarense/catenella, Gonyaulax spinifera, Gonyaulax
verior, Scrippsiella trochoidea, Protoceratium reticulatum®| ZtZt 12%, 9%, 6%,
6%, 6%, 6%% 3 st ow, @2 Fol £F H& AT e
Alexandrium 439l 4:8= & (Balech, 1995; Landsberg, 2002)2 %17 2] 38%
(Stn 29014 H o) 310 cysts- g )E 2HA) 3F A o (Figs. 1-2, 1-3).

#7191 59L& F 2650] 64-1,101 cysts-g 912 £33+ 31, Stns 1, 5, 6,
goll Al -z ego] Wk o Sims 3, 404 = el A 22 A glv} (Table 1-2). B
73kl FL 7-153  cysts g E 6-18%E  AAER oM, 4
tamarense/catenella, G. scrippsea”t ZVZ} 42%, 1% % $-4 3} 1L, Alexandrium

22 A A 9] 62% (Stn 69114 H ] 781 cysts- g )S 2F#] 52t} (Figs. 1-2, 1-3).

SHA1Q) 8B elli= F 3050 81-1,618 cysts g W2 AR o, A A
A H =&k 1,618 cysts-g' 2 Stn 6 Z T Stns 1, 2, 7, 8ol A = B
2Fo] Wk vk Stns 3, 47 100 cysts- g '©) W2 2 At} (Table 1-2). EF71 oF
A S 28-181 cysts- g & 11-22%F 2FA|8kA 5L, 8 Fo 21297 5€ 0
P25 S A tamarense/catenella, G. scrippsea, P. reticulatum 2} ©l| Diplopelta
parva’t ZY 7} 30%, 8%, 6%, 5% % - A8t o) F Alexandrium 452 A <)
50% (Stn 6914 A A7 ol 1,006 cysts- g )5 2F A1 3F T (Figs. 1-2, 1-3).

"
ok
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Fig. 1-3 Spatio-temporal distribution of dinoflagellate resting cysts in the

sediment of the Saemangeum area in 2003.

FAAN 1Y) FHXEA FE= 4aAE F 7P vheFst F 329 6-1,150
cysts-g MY 2 YO, Stns 2, 5, 6, 7014 F-EFo] ko) Stns 1,
_]

3, 4914 11 cysts-g'o13+=Z 7F4 & AT} (Table 1-2). EF7FS %A

OfN

< 57-229
cysts- g & A A ) 15-28%F 2HRA| 8V 3L, A. tamarense/catenella, G. scrippsea,
Pheopolykrikos hartmannii, D. parva, G. spinifera, P. reticulatum®] Zt7} 16%,
10%, 6%, 5%, 5%, 5%%. -4 3t 2.9, Adlexandrium %2 2 A 2] 37%°] 3l Th
(Fig. 1-4).
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February

36 fsl

August November

W Alexandrium
tamarense/catenella

M Alexandrium spp. (sperical)

W Gonyaulax spp.

B Protoperidinium spp.

B Protoceratium reticulatum

B Diplopelta parva

Scrippsielfa trochoidea

81 Pheopolykrikos hartmanti

Oetc.

Fig. 1-4 Seasonal distribution of resting cysts of total dinoflagellates, Alexandrium
species and A. tamarense/catenella in the sediment of the Saemangeum area in

2003.
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Table 1-2 Spatio-temporal distribution of dinoflagellate resting cysts in the

sediment of the Saemangeum area in 2003; Asterisk (*): heterotrophic

species
(cysts - g dry weight)
T Station February May
Species T .. 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Gonyaulacales
Alexandrium
- 71 3 4 7 66 90 41 438185 7 63 171 613 40 237
tamarense/catenella
Alexandrium spp. (spherical) - 239 28 24 73 228211 91 49 50 18 16 250 168 96 110
Gonyaulax elongata - - - - - - 13 - - - - - - - - -
Gonyaulax scrippsea 8 111 14 4 37 44 108 44 8 32 11 - 46 108 53 47
Gonyaulax spinifera - 61 14 12 20 29 56 6 49 4 4 - 19 27 - 21
Gonyaulax spinifera complex - - - 4 3 - - 19 - - 4 - 5 - - -
Gonyaulax verior - 47 - 16 17 48 56 - 16 18 - - 32 30 37 13
Lingulodinium polyedrum - 17 - - - 7T - - 8 - 4 - - 7 6 21
Protoceratium reticulatum - 74 31 4 - 22 39 6 8 11 - 4 74 7 31 13
Pyrodinium bahamense var.
compressum T - 8 i -
Pyrophacus steinii - 10 - - - - - - -7 - -9 - 3 -
Gymnodiniales
Cochlodinium sp. - - - == - - - - - - - - -
Gymnodinium catenatum - 13 3 - - 4 4 - - 7 - 5 7 - -
Gymnodinium impudicum -3 - - - 15 4 6 16 4 4 8 28 13 6 17
Pheopolykrikos hartmannii - 27 - - - 18 22 22 8 7 4 - 23 27 22 30
Polykrikos kofoidii/schwartzi* - 20 7 - 13 18 9 - -7 - - - i3 6 -
Peridiniales
Diplopelta parva™ - 24 - - 13 29 17 25 20 7 7 - 69 7 3 34
Diplopsalis lenticula* L T - - - - - - - -
Protoperidinium americanum* - - - - - - - - - - - - - - - -
Protoperidinium claudicans™ L - - - - - - - -
Protoperidinium conicumn™ - 20 - - 10 15 4 © - - - - 5 20 9 4
Protoperidinium leonis™ - - - - - - - - - - - - - - 6 -
Protoperidinium oblongum™
Protoperidinium pentagonum™* - 7 - - - - - - g8 - - - - - - -
Protoperidinium sp. L 5 - - - 7 R .3
(spherical, brown)*
Protoperidinium spp.* - 50 10 4 27 26 34 19 19 7 - - 35 24 6 39
Scrippsiella trochoidea 12 57 10 - 13 40 30 22 32 21 4 - 9 24 9 34
Zygabikodinium lenticulatum* - 20 - 4 7 26 26 13 -7 - - 37T 7 3 17
Unidentified 4 20 3 - 3 11 4 ¢© - - - - - - 12 4
Heterotrophic species (%) - 16 14 11 29 18 12 19 8 8 11 - 18 6 11 15
Total 25 892 125 75 242 648 728 326 686 374 64 90 828 1,101 356 643

- 13 -



Table 1-2 (continued)

T Station August November

Species .1 2 345 6 7 8 12 45 6 7 8
Gonyaulacales

Alexandrium 157 134 - 4 66 716 44 107 5 80 - 65 207 58 69
tamarense/catenella  gg 401 . 12 78 200 87 205 3 107 - -133 211 68 114
Alexandrium spp. (spherical)

Gonyaulax elongata - - - - - - - - - - - - - -
Gonyaulax scrippsea 22 60 4 12 27 121 32 67 - 27 - 60 130 55 34
Gonyaulax spinifera - 4 - 8 8 48 24 13 - 4 -60 72 13 9
Gonyaulax spinifera complex - - - - - - - - -9 -4 22 10 9
Gonyaulax verior 7 - - 8 12 97 12 18 - 36 - 34 27 15 26
Lingulodinium polyedrum 7 - 4 - - 8 8 4 - - 9 9 - 3
Protoceratium reticulatum 33 78 - - 4 48 32 31 - 3 343 45 23 14

ini hamen .

Pyrodinium bahamense var A 4 o o .4 9 5 -
compressum

Pyrophacus steinif - - - 8 12 - - - - - - 9 -
Gymnodiniales

Cochlodinium sp. L 4 - - - 4 9 13 5 3
Gymnodinium catenatum 4 - - - - 4 - 13 - 27 34 31 48 9
Gymnodinium impudicum 4 7 - - - - 8 22 - - - - 4 5 3
Pheopolykrikos hartmannii - 22 - 4 23 56 36 36 3 31 - 26 81 40 14
Polykrikos kofoidii/schwartzii* -7 4 4 - 8 - - 4 - - 4 6 -
Peridiniales

Diplopelta parva* 17 78 - 4 27 36 20 9 - 27 - 22 58 28 17
Diplopsalis lenticula* - - - - - - - - 4 - 9 4 8 3
Protoperidinium americanum* - - - - - - - - - - - - 4 - -
Protoperidinium claudicans* 18 - - 8 - - - - - - - - 13 - -
Protoperidinium conicum™ - 4 - - - 76 20 36 - 9 -4 67 20 14
Protoperidinium leonis™ - - - - - - 8 - - 4 - - 9 3 -
Protoperidinium oblongum™ 5 - - - - 4 - - - 4 -9 13 8 4
Protoperidinium pentagonum® - - - - - 4 4 4 - - - - 4 3 3
Protoperidinium sp. R

(spherical, brown)* 15 7 73 - - 16 - - - 3 22 21 26 8
Protoperidinium spp.* 17 15 - - 8 36 12 9 - 15 - 38 24 17 6
Scrippsiella trochoidea 2 41 - 4 - 28 28 45 - 13 -17 45 5 20
Zygabikodinium lenticufatum™ 10 4 - 12 8 8 16 13 - 9 -9 4 18 -
Unidentified - 7 - 4 12 - 4 9 - 4 R 4 - B
Heterotrophic species (%) 20 20 83 33 16 11 22 11 - 18 -19 20 28 15

Total 413 570 81 85 289 1,618 401 641 11 454 6581 1,150 481 388

714,



1-3-3 Ja T A oA JARZF FAEAS A EE

el el o] AR 2F FHEA T 2AHE 20049 ol 1719 3
A AR oA stk BAQ 1, 2, 39 oll= F 27F0] 1,733-3,245 cysts g '
o5 Z¥slYa, 39elE 1,733 cysts g & AS ExEEo] 7 Hg
(Table 1-3). E}7FS Al £ 377-753 cysts- g & 22-26% S 2}A 6+ 0.1 4.
tamarense/catenella, Unidentified sp.1,  Protoceratium reticulatum,
Zygabikodinium lenticulatum®] Z}YZ} 20%, 8%, 7%, 5%% -4 1L, ol F
Alexandrium?; 2| & A A ¢ 34%E A 3+ T (Fig. 1-5).

FARN 4,5, 692 448 F 7HE thET F 30F0] 2,014-4,039 cysts g
A7 Fde =, 53] s€ o G5 Rt AA e A tamarense/catenella
o] WA 2uf o] AAB] F7EEFA T (Table 1-3). EF7FY Y T2
383-768 cysts g & 16-23%% 1F 78 AA 09 4. tamarense/catenella,
Unidentified sp.1, P. reticulatum, Z. lenticulatum®| Z}Z} 25%, 12%, 5%, 5%
A9} FAst FE50] 8 3H A, dlexandrium %2 A A 2] 39%E 2}X] 5}
At} (Fig. 1-5).

&A1) 7,8, 9 ol = F 28F 0] 1,855-4,476 cysts g M9 2 @ o,

09 4476 cysts g’ AF HHA S Byt obYel 4. ramarense/catenella
(1,213 cysts- g )&} Alexandrium spp. (669 cysts~g'l)E 7} o] R EHUTh
(Table 1-3). E}7FSI GFA & 423-1,088 cysts- g' & 23-29%= A3} o,
A. tamarense/catenella, Unidentified sp.1, P. reticulatum, Z. lenticulatum,
Unidentified sp.27F ZH2} 22%, 9%, 6%, 5%, 5% 1A% Tt F5o] +3
8191 a1, dlexandrium %5 A 3 2] 38% 5 #}A| 8} o} (Fig. 1-5).

FA191 10, 11, 129 9] Fa 22} B3 3= F 2550] 3,637-3,756 cysts g 8
Q7 =43k P_U% (Table 1-3), T2 Protoperidinium conicum® E=HOFE
el vlrked o > 1,142-1,432 cysts g & A5 7H 2 0189 30-39%

o

z} 2] 5191 } A. tamarense/catenella, Unidentitied sp.l, P. conicum, P.



reticulatum, Z. lenticulatum®] Z}Z} 20%, 9%, 9%, 5%, 5%= 7% & 11,

Alexandrium 52 A A 9] 34%F 24| 8+ T (Fig. 1-5).

5000

m Total dinoflageliates
# Alexandrium species
4000 | A. tamarense/catenella

dry weight)

B.3000 }

2000

Resting cyst g -
S
(&)
()

Month

Fig. 1-5 Monthly distribution of resting cysts of total dinoflagellates, Alexandrium

species and A. tamarense/catenella.
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Table 1-3 Monthly distribution of dinoflagellate resting cysts in the
sediment of the Sujeongri in 2004; Asterisk (*): heterotrophic species
(cysts - g": dry weight)

i s ,,,,,Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
_Species .
Gonyaulacales
Alexandrium
753 554 257 443 1103 748 329 488 1213 975 493 608
tamarense/catenella
Alexandrium spp. (spherical) 412 375 257 282 591 472 282 488 669 499 563 221
Gonyaulax scrippsea 72 125 34 - 59 59 - 21 42 95 117 83
Gonyaulax spinifera - 54 - 40 39 20 23 - 42 - - -
Gonyaulax spiniferacomplex 126 89 86 60 158 39 117 42 84 143 141 83
Gonyaulax verior 72 107 17 40 177 98 47 85 146 119 117 166
Lingulodinium polyedrum 9 54 51 20 39 138 - - 105 - - -
Protoceratium reticulatum 305 161 103 161 177 118 70 276 188 119 235 304
Pyrodinium bahamense var.
36 - 34 - 20 - - - - - - -
compressum
Pyrophacus steinii - - - - 20 - - - - - 23 28
Gymnodiniales
Cochlodinium sp. 108 54 34 - 50 20 23 21 21 - - -
Gymnodinium catenatum 143 89 69 161 79 157 70 64 188 166 94 110
Gymnodinium impudicum - - - 20 - 20 - - 21 - 23 -
Pheopolykrikos hartmannii 54 18 34 - 39 79 23 21 - 48 - 55
Polykrikos kofoidii/schwartzii* 36 54 34 20 79 - 23 85 105 143 164 55
Peridiniales
Diplopelta parva™ 18 - - - - - 23 21 - - - -
Diplopsalis lenticula™ 18 - 17 - - 20 - - 21 - 23 28
Protoperidinium americanum™* 18 54 34 20 - - 23 21 - - 23 -
Protoperidinium claudicans* - - - - - - - - 21 - - -
Protoperidinium conicoides*® 54 36 - 20 - 20 23 21 - 24 23 -
Protoperidinium conicum* 54 18 34 - 20 20 23 85 105 285 399 221
Protoperidinium compressum* - - - 20 20 - - - - - 47 -
Protoperidinium denticulatum™ - - - - 20 - - - - - - 55
Protoperidinium leonis* 72 89 34 40 59 98 23 21 126 24 117 138

Protoperidinium oblongum™ 54 107 17 20 39 59 23 42 126 166 164 249
Protoperidinium pentagonum™ 126 71 17 20 99 98 23 85 63 119 94 28

Protoperidinium sp.
. 54 54 86 60 79 118 94 148 105 166 94 276
(spherical, small, brown)*

Protoperidinium spp.* 126 54 51 200 79 138 94 148 146 48 94 55
Scrippsiella trochoidea 90 36 69 60 217 79 117 148 84 24 94 166
Zygabikodinium lenticulatum® 126 179 51 141 158 197 47 148 272 166 188 249

Unidentified sp.1.
. i 161 250 172 262 453 374 164 254 418 404 282 331
(spherical, big, brown)

Unidentified sp.2. 72 18 137 81 158 98 164 127 167 24 23 -
Heterotrophic species (%) 23 26 22 19 16 23 23 29 24 30 39 39

Total 3245 2698 1733 2014 4039 3287 1855 2863 4476 3756 3637 3508




AMukE el oA FaEal 3 Wshs 7 Al A o 383, 518, 512, 385

cysts'g ' = 527 89, 293 11€0] M2 FAEIE o W AN F 32F

o] 6-1,618 cysts-g W9 = AT} (Fig. 1-4). FHEA B2

A Qe B A<l St 6ol AF 7wk, HH#@E— 2+2] Stns

3, 49l 4= 6-125 cysts- g ' H Y2 # A3 A} o)) A=
Ft (AR, T e ) o) whE B mEQ) Ao

all o% A
TAh A Rl EAEo] R wejdg W

> l\)
bl
B
Rl

o
> 2
r—ﬁl-"
o

(MOMAF, 2003b)¥} 2 =] star ok, ¢+, 8= 7 AFI A (A T4
oko] Stns 1, 2= Hol X o T Eo M3l Holi Qo] F7F 34429
AA A WET} 40 B o] YALR Qla)] A Aol Au] ] 7F dojr i A S&

Aafnt =4 el F82Q iAol E &yt & EE & 24 ¥

o] 1,733-4,476 cysts g ' Woll BEEG o 50 v & =3 741519
o} Ao B T EAE 39 (1,733 cysts g )F 72 (1,855 cysts:
g")<>ﬂ 7y AL oko] B o, 22 2 H2) 59 (4,039 cysts g )T 9

A (4,476 cysts- g )oll = 2 A
1-5). 5¥ 9] S} = 7ha w2 kS 2}X|3}5+ A tamarense/catenella
7} o] v F Ao & wtobg 2 ARG FdH Y Fo] FEehis Al
71l i kol g o kA Ee] 4771 wrelxli= Kim (1994)7} Kim and Shin
(1997)2] Az}l v] sk 4= Qlch vl AT Lee 5 (2003)3F Park 5 (2004)°]
npabvbah sk Aol Al AR 4. tamarense®] ot AL o] oF A S}
o], oA AR A tamarense/catenella”t T HEALE 59 2] L g

AFS T3 A o ek Ao el Fol w579 s ol

) o] 4] we ope] FH s A% wATH (Fig

V]8,



7] 0] Wro} 3} A ¢F= A. tamarense (Park, 2004)7} o}l Kim and Shin (1997)°]
A3 dlexandrium W) TF& 52 FHEA7E AJIY % & Aojrh A
Az Ae Aol GAE Ao 2l S dlexandrium®; ol A7
M A A Alexandrium sp. catenella (Jul., 2000), A. fraterculus (Oct.,
2001), A. satoanum (Jul., 2000y ©] 3 Fo] AU} (L EAF). £
Alexandrium?; 2] % X 2= Anderson and Keafer (1987)7F 7423t 2 2 & )
A ¥l Hro} A4 =7] (Endogenous circannual rhythm)ol] wel S SFAELE F-3]-&
bRt 7 E AR A FeAE T I = A0 E AJALE T

Ants ] AA R EXF FHEA FEF A A F32F
] 6-1,618 cysts g 91 2 FASA =0, ol el gk A= gal] o)l Al AL
3k 1259 4,598-7,566 cysts- g (Cho and Matsuoka, 2001) 2.0} & & 5=

CheFat S A uk F- 2 S FH ol sul A = A ek
A o] A F 32%0] 1,733-4,476 cysts g WY 2 @8 o0, )
glaf ol 4 31 2] 660-2,600 cysts- g (Cho et al., 2003) .t} F- 3 &ko] 2uff 4 &

vkoku) kel ik el o) 3 vl &g w), BAY o A 195 2] 184-672 cysts- g
(Cho et al., 2003)2}i= 5 F=ollA] 2wl F-E kol A oull A = Wkar, Fokukol
A} 258 2] 115-2,188 cysts- g (Kim et al., 2003a) 8.0} H-3E kol A 2uf H & 0k
U
sk o] F-odokst Wy dedo] e AA 3 Foll g Bt
r & (Matsuoka, 1999; Cho and Matsuoka, 2001; Dale, 2001; Matsuoka,
2001 i 010l A%, FHEA LE o] 741 LT sins 3, 45
Aol 6:29%F A STt olef st Asis of 2A 33 %—94
3t Q) ofl 9|3k el 93 A A (0.5%; Cho and Matsuoka, 2001) X T

S
o
z
L‘_>L

sk =4 2] 19-39% % w3l 9] 3l (21-46%; Cho et al., 2003) K. thi= o3t
skokar, whall uiyk slfod v v s S w, 7Fekut (23-46%; Lee et al., 1999) 7 tf
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] FAAIAd o) A FAFTHO0-3 em, 30-54%; Kim et al., 2003b)°ll H] 3l A &
SEQETE. o] - AR S o] & F-d kst B EAE Solekal o dE = el
et el Eoll vlal Bb7rd kA F2] Bl &o] WAk A& A Q] B

jE4 [}
gl slolulo) Fgekst DAY L HRL A et Yk

o

-l

scrippsea, P.  reticulatum®] 3l tamarense/catenella,

A.

Unidentified sp.1, P. reticulatum, Z. lenticulatum®] 1 t}. o] W& Fo] X5
= AArettta AR Alexandrium %0l £33k % (Balech, 1995;
Landsberg, 2002) A ubFoll A= Al AE 2 Zbz) 147, 314, 258, 140 cysts- g
Fzatgd 1 A A9 46%S (Fig. 1-4) A 2ol A= 36%% (Fig. 1-5) 2HA]
At o] Axpy= shal] )8, Fall Q& 2 gl kel A Gonyaulax spp.7}
0—@ 3F+= 7 2} (Cho and Matsuoka, 2001; Cho et al., 2003; Kim et al., 2003a)
s A &g veERTh 53] npu) A dj 55 Aikste] d A Aoz de]

&1

Oll !

-l

SESMT A tamarense/catenellar= 7 X 93 oAl A ZF2E A A 0] 25% (Fig. 1-4), 22%
(Fig. 1-5)% 7h go] 212813 2.1 yessotoxin (YTX)¥ 1 F2AS A
5l3= P. reticulatum (Satake et al., 1999)°] A A 2] 6-5%% A3kl o}, W&t
Gymnodinium catenatum, Lingulodinium polyedrum, Pyrodinium bahamense var.
compressum3} 7 -5 FE(Landsberg, 2002)% AF O 7 FESSITE ]
= P. bahamense var. compressum<>= B3 ¥} Q1= oF2] opd ol X dofjA] 0t
HEH? LA FOE el A= o] ZAFA HEE KL H Gl o] F9

FHER 7hEa 7 dE Pl EE0] capitate® E71E 5 7 AL 21
P. reticulatumﬂ} TxE YA, 2717 A3 F71EC] FoA Slo] P
reticulatum®} -1+ ¥ TH(Matsuoka et al., 1989; Fukuyo et al., 1990; Steidinger
and Tangen, 1997). A A2 22 58 Wofsf| vp& SFAE= 32
o) wolvh Aol Belahel 21 Ypeh g ARG S UL @

olr]el 6-8 AEC AMSAE HASF A A P bahamense var.

O
=4

R

- 920 -



compressum®] FEE B ATH(U]E 2 8). G. catenatum®] A EZ= A A
9] 4-2% v gk-S 2} %] 343 X 9k 19881 & = Tasmania Esperance 8ol A o] %
o) FHEZA7} 1% (3 cysts g YD ol & E73F 1L (Bolch and Hallegraeff, 1990)
T1 3o o] Fofl o sk A 2ot wAste] oA F U ] 2,052 g PSP100 g-1¢]]
ok vhHl A S o] A& Eub Q) (Hallegraeff et al., 1995). ©] A} 3
| A & 32 o] W2 A tamarense/catenella, P. reticulatum®* Y} o} 2t -3

o] A& G. catenatum, L. polyedrum¥} 2 F5°l thall A & X542 7Y

o] W et

o 2



A 2 %
gt Ja A<t A UM F FolF
Oligonucleotide’d= ©]&3F 134
AL ZF Cochlodinium polykrikoides 2]

AE

2-1 A &

el kA S 2 F Cochlodinium polykrikoides Margaref 2] Z=1= = U] o] A]
198210l X5 B ¥l o] % 1995\ al|tyl Falicke] AA B2 A%
oo sfjulct Ak oo A GH 9kl 2| & A oz wbAlEtar glof
AR Az Aol uhefet AAA =48 51 ok (Kim, 1997; Kim et
al., 2001b). C. polykrikoides A F-= off Aol = alletel] sretE ot A3 &
et el 2= Ak o] felvkel A Abel M ASka gl Ao, FH
o= d MAAASE Cochlodinium sp A x7F Akx a1 QUTh (Yuki and
Yoshimatsu, 1989; Whyte etal, 2001). Sharofl A= o] F-zbF o) tof R {2 ¥
Aol 73 A el A A (Suh et al., 2000; Kim et al. 2002 Lim et al., 2002), 2]
Al ofl W AT (Kim et al. 1999, 2000; Kim et al., 2001a; Lee et al., 2001),
4 9 5t (Park and Park, 1999; Cho et al., 2000, 2001; Kim et al. 2004) 5°] 2}
of ghxluk, F sk Fee g 2 o v} B ee AL T o7 Qlato] o
ol et 7] g 7l A sig 3 Al g g g e A A Ry e H o B
o el gro|l M= gl

C. polykrikoides ] A RUE Q& Sl = A &8ka 4 2heh 54 3
AlG=7F A o] so]of epA|nt, Fardn] g stol| A sl A

o @ B Ak o] 28 E wrje] 1A Fol AEL WE ol



HFstE b e Fo] WEY oldl FAlE S53H7] flske] & el Flectin,
antibody, oligonucleotide probeZ ©] &% PCR, FISH (fluorecence in situ
hybridization), Sandwich-hybridization, Southern blot & 3} -2 24 &84
71 2 &-go] &afA o] Fo] A il Qltt (Scholin et al., 2003). 53] LSU
rRNA A= BB o] ol vheksh &5 1he] Algaf Aol de] Alhg2
ik ohlet A% G FHA WMol g ok F T2 ANTIY T
Hol 715 35lth (Zardoya et al., 1995; Scholin et al., 1994, Rehnstam-Holm et
al., 2002; Edvardsen et al., 2003; John et al., 2003b). U 7" Th1} LSU rDNA D2

ol A Mot vlg- ol (Wuyts et al., 2001) 71]511 O F AN F
B HR
=0

MAlw o] dols ol FalAM el v *%Lvr—i— HEZ87 = 'o‘}%it} (Scholin
et al., 1997; Miller and Scholin, 1998; Puel et al., 1998; Rehnstam-Holm et al.,
2002; John et al., 2003a). 3} %] qF o] A 52 A X5+ cH*Poi sk 2l

soF A AR EE %3 bulk DNAS 7807 al+= A 271 I 3t} (eg.,
Godhe et al., 2002). A 7LA] C. polykrikoides®] A EA= A8 A U ol A]
A ¥ 'hyaline cyst' (Kim et al., 2002) ©] 2] ¢l sl oF A1 A el A o] Ex)7} v

e}
2] 2] ka1 AR, C polykrikoidesS 3 F5fal A 222 A2

Ol

FHEZALS] EA AR oo AUl GAH S 5T AT T2
Elgil b /\}%%‘F%E} Hof| A ol &F Ao A& FLE 7
orsli- AL Az XYy He| % #F83F} (Anderson and Wall, 1978;

Nehring, 1997).
o] A& ol A= C polykrikoides®] LSUDNA D1-D3 ¥ 47| d AW E
npelo # wizbslw A8k & Eo] A oligonucleotide &S |23}, o] &

two-step PCR A EW 0. & A AU 2| C. polykrikoides 5. E] % oll 2 -&3}3] o},



22 g % U

2-2-1 = DNA 5%

o] A& o] AbEH BSW0109 Cochlodinium polykrikoides ¥ 9= F-Ako]
A H2)5k3 ©. 7, GPM i #] (Loeblich, 1975) & o] &3l A& A oA (207,
ca. 50 mol photons'm™s™ and 14L:10D) 7l ol 8 93} o} (Table 2-1). X4 %
710 =88k C. polykrikoidesE Hong et al. (1995)°] w2} F DNA FZ3130 2
™ (RNase #2l), A2 & DNA & AlAFe7] £13819] Gene Quant Pro

(Amersham pharmacia, Sweden) = DNA S 7 33l T},

Table 2-1 Composition of enrichment ‘GPM’ . Stock

Ingredients GPM
KNO; - 029
KHPO, 0.035 g
PII metals 30 mt
Vitamin By: 1 ug
Biotin 2 ug
Thiamine - HCI 1 mg
Soil extract 15 mé
Sea water 800 m¢
Glass-distilled water 124 ¢
pH 8.0
PII metals in mgL”
Na, EDTA 1.27
H;BO3 1.14
FeCl - 6H,0 0.0484
MnCl - 4H,0 0.144
CoCl;, - 6H,0 0.004
ZnCl, 0.0104

The pH of the trace element solution is adjusted to 7.5

,24,



2-2-2 C. polykrikoides® FAA%F 34

AFE 1287] f18ke] o] Aol AME ¥ C polykrikoides®} GenBank
(http://ncbi.nlm.nih.gov)oll A A g2 365 2] Thekst 9FH ¥ 27 LSU rDNA
A7IME ARE vwElth LSU DNA DI-D3 9499 74 E&
Toxoplasma gondii (Wuyts et al., 2001)] 23} 3% F B2} 37 Clustal W
(Thompson et al., 1994)E AFg-3}o] 4 H 8131 31, LSU rDNA D2 9§ &2 22} -
Z Wol7k Al AlEgsl A el A A el Al ZT T gondii (GenBank accession
number: X75453)+ outgroup @ & AFE-E QI Th AE 7] Al A M2 9
3194 Bayesian 7 2} Maximum-likelihood tree S “1 % T}

2-2-3 PCR 22 9 C. polykrikoides 5°] 3] oligonucleotide 2 A
PCR WH3- N HZE 50 L £ % 0% 1 Ex Tag'" Buffer, 2 mM dNTPs, 0.2
M primers, | unit 7aKaRa Ex Taq M (TaKaRa, Japan), 1 L =3 DNA (0.05 g-
mL™" ¢. 1400 cells)Z AF&3}2 Tk PCR WH3-& 27] 04C 5E-7F WS A1 7 11,
253] WHE 4EE-(94°C 305 55°C 19 72T 148) 5, HF 72°C oA 787 ks
Al 72T LSU rDNA D1-D3 9 2] Z-Fof] AFE ¥ universal primer %> DIR
(5-ACC CGC TGA ATT TAA GCA TA-3)%} D3B (5-TCG GAG GGA ACC
AGC TAC TA-3') (Scholin et al., 1994, Nunn et al., 1996)3 AM£3}% ). C
polykrikoides 5-©] %] oligonucleotide %% GenBank °ll 55 ¥ 957 2] t} & ¢}
HE X7 LSU tDNA D1-D3 & ¢ 2 nju ¢+ % CPOLYO01 (5'-GTA CAC GGC
TTG CAC TTG CA-3"), CPOLY02 (5-TGG TCG TAG ACG TGT GTC AG-3")
= v]z}elslgd ot

2-2-4 CPOLYO01, CPOLY029] 43 50]4
t] 2@l g oligonucleotide *& 0} WHg- Hol A & ¢H7] f1sto] AH A vjoll A
ekl 15F9] opst efHR RS @l s (dkashiwo  sanguinea,

Alexandrium affine, Al. catenella, Al fraterculus, Al. tamarense, Gymnodinium



catenatum, Gymnodinium sp., Gyrodinium instriatum, Heterocapsa triquetra,

Lingulodinium polyedrum, Pheopolykrikos hartmannii, Prorocentrum micans,

Protoceratium reticulatum, Pyrophacus steinii, Scrippsiella trochoidea)®} 713l

M AEEH A= WER AHE A HollA 5= € bulk DNAE 9
3to] CPOLYO01, CPOLY022] WH&- 5014 & #5383l

2-2-5 CPOLY01,CPOLY029] & 7=

CPOLYO1, CPOLY02°] & 3§ A3t &5 (Tp) atS 317 Y&k 55T
MHEE 2TH Fol7h PCR §HEE dkglod, o) 714 el 1p ghs o] %
o] PCR WH&olM A 222 AFR33ich =% CPOLYOI, CPOLY02¢]
PCR % 25 oM7) 918to] 8 DNAY B8 U8 o= 32 A1A 7}
™ PCR RE-3-< 171 £18ko] Two-step PCR RF
S5 AA S 7-9-o3= DIR-D3B primer - ©] 3F A% &% 55T o A] 12}

e

|

dAse 4% FES o

A

-

PCR %% ¥, (1 4H2& T2 o] CPOLYOI, CPOLY02E 2%} PCR
FE3gch

2-2-6 A& Yol A bulk DNA 323 C. polykrikoides A&

AR el Ao 70 Ao (AAE, Y=, AR, 7HE &, Fal 98 34
A Fig. 2-6)°llA] 2003 4€ 28, st dxtol] At B4 A7bA] -7
0Cel Rastivh 2418 935lo] A2 2 g 3 1 mL2 denaturing solution [4
M guanidine isothiocyanate, 10 mM Tris-HCI (pH 7.0), 1| mM EDTA, 0.5%
2-mercaptoehtanol], 2 g2] sea sand S "FARAPo] Wil A A LE FojFr
5] FAsk o F4E A A2 50 mL F 2o & A extraction buffer [100
mM sodium phosphate (pH 7.0), 100 mM Tris-HCI (pH 7.0), 100 mM EDTA (pH
8.0), 1.5 M NaCl, 1% CTAB, 2% SDS]5 3 7}t 5 65°C ol 4] 1A 7F &<F w RE
3to] bulk DNAS A Aol Al &) 8F3 T (Hurt et al., 2001). ¥-2] ¥ bulk DNA



= A o EaEo] wo] 4of QO E  Hong et al. (1995)°] wel F
DNAE ok ¥ o] %3} 37, humic acid®t 71 E} & A 59 AAE $319
A Al (QIAEX 1I Agarose Gel Extraction Kit, QIAGEN)3}3th. A Al ¥l DNAS
Gene Quant Pro (Amersham pharmacia, Sweden)= A &3t & F8 0 F A}&3}
AT PCR 212 HF 50 puL £% 02 | Ex Tag' Buffer, 200 M dNTPs, 0.2
M universal primers D1R (5-ACC CGC TGA ATT TAA GCA TA-3") ¥} D3B
(5'-CCT TGG TCC GTG TTT CAA GA-3") (Scholin et al., 1994, Nunn et al.,
1996), 1.25 unit Ex Tag'" (TaKaRa, Japan), 50 ng-L'5-3 DNAE 94°C 537+
Hh-g- 5 258] (94°C 30%, 55C 15, 2T 15 Wb SF 5 oA 787
W3- (My Cycler, Bio-Rad)3t it} SbA A3 » o] A& A EE t] Fo]7]
£)&to] 12} PCR £% % AHe-S 8 07 o] CPOLYOI, CPOLYO2E 23}
PCR 53}l T} Positivet= Wall U fol ﬂﬁd@ﬁﬁ—i E W= Alexandrium
tamarense’s AF-E-sto] Addg HETsl o, 5% ¥ AHE-2TAE buffer (40
mM Tris-acetate, | mM EDTA [pH 8.0))5 & vl 2 3+ 1% agarose gel°ll 713
%3} EtBr (0.5 g mL )& A& 5] 242 A8 zAbslo] gelstgl o),
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2-3 A3 4 1

A}

=

2-3-1 C. polykrikoides®] HAAS 4
C. polykrikoidesi= Bayesian 759 ML AlFF N4 Amphidinium3}

Gymnodinium®) 73 4
Bayesian 5ol Al &= &

A = =] oF kTt

SAdE HOATE (Fig. 2-1). olgg A

%) 2] 5] 1} ML 8} 4ol 41 3= bootstrap GE0] ol 2 %]

Toxoplasma gondii (XT75453)
99/100 Akashiwo sanguinea NEPCC354 (AF260397)

100/99

84/-

Akashiwoc sanguinea JL.36 (AF260396)

100/100[: Gymmnodinium nolleri DK4 {AF200673)
Gymnodinium catenatum (AF200672)
62/ Gymnodinium fuscum CCMP1877 (AF200676)
98/56 Gymnodinium impudicum JL30 (AF200674)
99/- Gymnedmium chioropherum K-0539 (AF200669)

Gymnodinium aurecium K-0303 (AF200671)

97/- Cochlodinium polykrikoides BSW0109
1&/1005 Amphidimium carterae JL3 (AF260380)

Amphidinium kiebsii JL8 (AF260381)
100/94— Karenia brevis JL.32 (AF200677)

82/-

Karenia mikimotor K-0579 (AF200682)

79/-

Karlodinium micrum K-0522 (AF200675)
L, — Frotoceratium reticulatum K-0485 (AF260386)

971~

80/-

T00/100 Gonyaulax baltica UW394 (AY 154962)
op__: Gonyautax digitale UW415 (AY154963)

100/100 Ceratium fusus (AF260390)
Ceratium lineatum (AF260391)

97/88 Fragilidium subgiobosum (AF260387)
‘@ Alexandrium catenella A3 (AF200667)
Alexandrium tamarense K-0055 (AF200666)

100/96 Heterocapsa rotundata K-0479 (AF260400)
59/86 Heferocapsa triquetra K-0447 (AF260401)
Heterocapsa sp. (AF206399)

100/91 —— Peridirmum cinctum AJC4cl-a (AF260394)

Peridinium pseudclacve AJC2-798 {AF260395)

Peridiniefla catenata K-0543 {AF260398)

Woloszynskia pseudopafustris AJC12c1-8915 (AF260402)
Prorocentrum minimum K-0010 (AF260379)
Prorocentrum micans K-0335 (AF260377)

Prorocentrum mexicanum JL35 (AF260378)
100/82 Scrippsielfa trochoidea K-0500 (AF260393)

gy Scrippsiella sp. K-0398 (AF260392)

100 Peridinium wiiller AJC-675 (AF260384)
MQ: Peridimium bipes AJCB8-847 (AF260385)

Fig. 2-1 The molecular phylogeny of the diverse dinoflagellate taxa based on their

sequences of the LSU rDNA D1 and D3 domains. Toxoplasma gondii was used as

the outgroup.



2-3-2 Cochlodinium polykrikoides 5 ©] % oligonucleotide 22| Tp

o] Aol i= FalAd AZAYES C polykrikoides®] 520 EUHH
S 9)8te] -2 2 WHol 7k vl § =2 LSUDNAS 97| A AR E vlgtoz
% 0] %9l oligonucleotide % (CPOLYO01, CPOLY02)S #|2}&} i of. A 2k ¢l
CPOLYO1, CPOLY02°] TpE 3t7] QISIPCR WHg A3 oA A% 7F 67T

H T -

7HA = PCR A& ko] W3 7F QIohvt 71 o] 4k o) & ol A= PCR A=

le]

O
A3 gk Ao Hol 67C7HA7F ASs A 229U & F U
(Fig. 2-2). PCR ¥Fg-oll A Ag =& Fol= A Alg A o2 FAS 5
o] v BolA FH S ot 4= glon F RbE A e GHAA ol 7

Hol 2l 7] Wl F-o]t} (Saiki, 1994; Wu et al., 1991; Sharrocks, 1994).

57°C
59°C
61°C
63°C
65°C

67°C

68°C
69°C

O
o
TS

Fig. 2-2 The effective annealing temperature (Tp) of the Cochlodinium
polykrikoides-specific PCR oligonucleotide set, CPOLYO0!1 and CPOLY02.

M = size marker.
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2-3-3 CPOLY01, CPOLY029] % E0]4
C. polykrikoides 5°)% Q] CPOLYO1, CPOLY022] ®+-$ ol & 7i:

7} f1sto] vt e b H E 2R i arel Sohi= 155 2] vk X 8
Qe 2FAE AR HE 58 DNAE 78 22 AE381o] PCR
HE-S-8 A AlEA T}, o] FollM = C polykrikoides$t S Ef A ©. = uf-§- S ALs}
o A o] Hlw A oA H il e Z Gymnodinium catenatum, G. impudicum®©)
s o) A AW (Lee et al., 2001), positive control (C. polykrikoides®] 3
DNA)S AQlgh o o 213 wkg-3hA] ¢kof, o] AatoA tjzele
CPOLYOl, CPOLY02+= & %Hg- EO]*JTS: LEb oL Sles BolFdnh
(Fig. 2-3).

o
oN 2 ofN
e X o

>~
ol

M123456789101112131415161718

Fig. 2-3 The specificity of the Cochlodinium polykrikoides-specific primer set,
CPOLYOl and CPOLYO02. M = size marker, 1 = Akashiwo sanguinea, 2 =
Alexandrium affine, 3 = Al catenella, 4 = Al fraterculus, 5 = Al tamarense, 6 =
Gymnodinium catenatum, 7 = Gymnodinium sp., 8 = Gyrodinium instriatum, 9 =
Heterocapsa triquetra, 10 = Lingulodinium polyedrum, 11 = Pheopolykrikos
hartmannii, 12 = Prorocentrum micans, 13 = Protoceratium reticulatum, 14 =
Pyrophacus steinii, 15 = Scrippsiella trochoidea, 16 = the heterogeneous

environmental DNA, 17 = Cochlodinium polykrikoides, 18 = a negative control.



2-3-4 CPOLY01, CPOLY029] H%& I &

PCR #& 1% E ¢47] 93te] T8 DNAS 55 & Fxp& 07 34 A7)
M CPOLYOl, CPOLY022] PCR A% HEE A @S A3 0.05 cell (1.867
fmol)7}#] 3ol STt (Fig. 2-4A). o121 $t A= Pfiesteria piscicida®
SSU ++ A A& real-time PCR ®¥F-3-3F A& 3] 0.6 cell (Bowers, 2000)E.T} 12
A 5 NS Karenia brevis® rbel F-FAAE ©] &3t real-time @ A}
PCRONA 2 1celi7}A] 2] 7+ (Gray, 2003) K.} 208 A = vl 73131 o}

PCR A= 75 & t] =0]7] 93k two-step PCR HF-g- (Sharrocks, 1994) ©. &
universal primer %% DIR¥} D3B% 1% PCR T %5 A A8k & CPOLYOI,
CPOLY02& 22} PCR W88 A A% A3} A E 841 10%cell (3.734 amol) 2
ol 3 Th (Figs. 2-4B, C). %3k PCR detection® 749~ lectin, antibody,
rRNA-targeted DNA probe .t} 7 & $H7| 7} 5 of wh o,
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0.01
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Fig. 2-4 The detection limit (cells-reaction’l) of the Cochlodinium
polyvkrikoides-specific primer set, CPOLYOl and CPOLYO02 (A) by the
conventional PCR assay and(C) by the nested PCR assay after the
amplification of the LSU rDNA DI-D3 region (B). Each arrowhead

indicates the minimum detection limit. M = size marker.



2-3-5 A A Yol A bulk DNA FZ 3 C. polykrikoides A Z

o] A3loA #Az¥E CPOLYO1, CPOLY02: HH8- &9} EolAdo] ¢

wol, Jehet F TR oty el A A el 31+ C polykrikoidess W E
st &&stieh @3l Ao 770 JH e A dollA FE¢ bulk DNAE F
Fow e, ok A= 5 AE A o] two-step PCR W33l 1 A3
C. polykrikoides 2} A. tamarense®| G FAH| L
5 TP AREE oA st Mest vebg 1 9] 9] el A
sl st ALt A A ZF ] okgktt sHAINE o] A S FHOE thA] 23
SEI AMEAAM = AAE, A&, HHE, @El & AH colA
polykrikoides7} 7% ¥ 91 2.1, Positive®. St A. tamarenser= 5.5 7 oA <F
ARES-S B (Figs. 2-5, 2-6). 53] -2 vhetell Al C. polykrikoides X =
A2 ol FollA =7FE7bA] WAl ehs 548 7HA =], o] A3 el AFgE
A2 252003 49 28U of] A st o] B g o] deof) vEA A o oF Al
91 DNA7} w3l H A ok A el ot Qli= A9-F Al shthd o] A3 oA
B C. polykrikoidest A XA F Y 7HsAd o] =T}

Ol AP A AAL Ao wol o&EstEE ¢loe] Aol A
CPOLYO1, CPOLY02E A}&3lo A& el X C. polykrikoides7} =) ‘8}%?4
U723 A &= Aoj = 24k o] o] AN EE AR st vEEAY S 6‘}
¥ C. polykrikoides= 1 Q71 D& BAsflof t] H&st Ax= o
Rolm, o] Fo] FLAL 41, 31 <F A d ol A 2] Biogeographical mapping &
8= 5 9l g Folth (Fig. 2-6). U] o7t 271 22 2 B EE 7]
212 218l A= o] 715 8t real-time PCR 7] % (Bowers, 2000)2} 22 3
He 53 H4E A G kits) (Scholin et al., 2003)8 B3t A A& 75
A swofof E3loth

b

Wy ol ¥ oY
1 :t; o
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500 »

2642»
1000 »
500 »

2642»
1000 »
500 »

M 1 2 3 4 &5 6 7 C A -
Fig. 2-5 The detection of the LSU rDNA D1-D3 region by the conventional

PCR assay (A) by the nested PCR with Coclodinium polykrikoides-specific

primer set (B) and Alexandrium tamarense specific primer (C) after the
amplification of the LSU rDNA D1-D3 region; 1= Chilchundo, 2=Youngdo,
3=Hansando, 4=Gaduckdo, 5,6,7=Stns a,b and ¢ of South Sea, 8= a negative

control.
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Yellow Sea;

Youngdo
“hilchundo 736N
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¢
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A Alexandrium tamarense
® Cochlodinium polykrikoides
and A. tamarese

Fig. 2-6 Biogeographical mapping of Cochlodinium polykrikoides (@) and

Alexandrium tamarense (A) in sediments of South Sea of Korea.



AR /O FHEA = A 7)o "M AT TS 73 s
] Az A G AR A5E 5 s T AT G E Al A
A S HE X Cochlodinium polykrikoidesi= 3Pttt = ARbol] U3 &
T FUAE Esty FHERS EA7F FEehA kol A% x7) T
7123 A& A g RYE Yol B2 ofelgo] W2 gl

o] Aol M= FHal ] iyt R I ARRIo] Al E I QL= ARk E e T
wid A 2 7F R sHA sk Fel Mealiwt = el E i o2 s ke 9
Asto] W& A f R F B JaE AddEz A4y 24

A AR F 32F 6-1,618 cysts-g' 2, MavHS A A F 32%1,733-4,476
cysts g9 FAZzI} B EEA T AukE AL Ao A AF $
&< A. tamarense/catenella, G. scrippsea, P. reticulatum©) 1 2™ = 2l & 4.

tamarense/catenella, Unidentified sp.1, P. reticulatum, Z. lenticulatum®) 2 T}, 7

A B F 8 o FHol FHELAS o] Boron o]F B Fo] £ F/
=55 AAakstc o G R dlexandrium 55 2.3 ZVZY 46%, 36% 5§ 31t}
=
—

=
3] win| A 58 YA S Alexandrium tamarense/catenella’= ZYZ} 25%,

St §-2i= A F7HA] dE A A G C polykrikoides®) A XA} E
A FF5 47 95k, JFAEL] LSU DNA DI-D3 498 #4stn F
£-0] A 9l oligonucleotide % (CPOLY01, CPOLY02)2 #2321 t}. CPOLYO1,
CPOLY027} =8 ol Agal= &%= 67T 74 Fa 33 o] 2% %<l PCR

7} two-step PCRS AF&38hd zF2zF 0.05, 0.0001 cellsreaction” 7% &8 4=
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