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Figure legends

Fig. 1. Sampling stations of sediment and seawater samples
investigated in this study.

(A, Jaran Bay; B, Mulgeon harbor; C, Mijomyeon; D, Pyeongsan; E.
Yokjido; F, Aenggang Bay ; G, Impo, Yeosu)

Fig. 2. Hyaline cysts of C. polykrikoides in field water samples. Hyaline

membrane (arrow). Scale bars: 10 um.

Fig. 3. Hyaline .cysts of C. polykrikoides under the optical microscope

(A, C) and fluorescence microscope (B, D).

Fig. 4. Hyaline cysts formation of |C. polykrikoides. A, vegetative cells

of C. polykrikoides; B, red body formation; C, hyaline cysts.

Fig. 5. Reoccur of C. polykrikoides hyaline cyst after low temperature

in a dark room.

Fig. 6. Planozygote formation of C. polykrikoides. A, a typical
vegetative cell;, B—E, planozygote of C. polykrikoides with two
longitudinal flagella observed (arrows) and red accumulation body; F,

completed with fused of C. polykrikoides. Scale bars; 10 ym.

Fig. 7. Germination process of C. polyvkrikoides temporary cyst. Scale

bars; 10 gm.



Fig. 8. Germination process of a C. polyvkrikoides. A—B, cyst of C.
polykrikoides; C, early germling of single cell; D, single vegetative

cell; E, 2 chains; F, 4 chains; G, 8 chains.

Fig. 9. Agarose gel analysis showing C. polykrikoides selective PCR
products. The PCR was carried out using the primer sets CPITSF and
CPITSR2. M, 100 bp ladder molecular size marker (Bioneer); 1, positive
control of C. polykrikoides; 2, Alexandrium catenella; 3, no template

control.

Fig. 10. Linear relationship between the Cr values and ITS rDNA of
C. polykrikoides(R?=0.999). The standard curve was used to quantify
the rDNA copy numbers of the target species in sediment and

seawater samples.

Fig. 11. Fluctuation of rDNA copy numbers of C. polykrikoies at the

stations — 4, 7, 8,10 from-sediment in the coast of Jaran Bay.

Fig. 12. Fluctuation of rDNA copy numbers of C. polyvkrikoides at the

staions — 1, 2, 3 from sediment in the Mulgeon harbor.

Fig. 13. Comparisons of rDNA copy numbers (B, seawater samples;
€, sediment samples) and vegetative cell numbers(Aa) of C.

polykrikoides of two stations of Mulgeon harbor in 2012.

Fig. 14. Fluctuation of rDNA copy numbers of C. polyvkrikoides at the

_iv_



staions - 1, 2, 3 from sediment in the coast of Mijo.

Fig. 15. Comparisons of rDNA copy numbers (B, seawater samples;
€, sediment samples) and vegetative cell numbers(a) of C.

polykrikoides of three stations of Mijo coast in 2012.

Fig. 16. Comparison of rDNA copy numbers (M, seawater samples;
€, sediment samples) and vegetative cell numbers(a) of C.

polykrikoides at Yokji station-in 2012=2013.

Fig. 17. rDNA" copy numbers of C. polykrikoides in the coast of

Pyeongsan, Namhae, in August 2012,

Fig. 18. rDNA copy numbers of C. polykrikoides in the coast of

Aenggang Bay in June 2012.

Fig. 19. rDNA copy numbers of C. polykrikoides in the coast of

Impo, Yeosu in July 2012

Fig. 20. Fluctuation of rDNA copy numbers of C. polykrikoides in
sediment of Jaran Bay in 2010 and 2012.



Table legends

Table 1. Collection sites and dates for sediment and seawater

samples in this study.

Table 2. Real-time PCR primer and probe for detection and

quantification of C. polykrikoides.
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Detection of harmful dinoflagellate Cochlodinium polykrikoides cysts

Min Jung Kim

Department of Interdisciplinary Program of Biomedical Engineering,
The Graduate School,

Pukyong National University

Abstract

The mixotrophic -dinoflagellate Cochlodinium polykrikoides Margalef is a
causative agent’ of the recurring harmful algal-. blooms. (HABs). Many
dinoflagellate /species have been reported. to form" resting cysts or to
produce other types of resting stages as part of their life cycle. These cysts
play a key role in bloom initiation and decline, as well as |dispersal and
colonization of new, areas.. Information on cyst numbers and identity is

essential for understanding and+-predicting blooms.

Previous studies have reported the identification” of resting cysts of C.
polykrikoides from sediments, but the identity of the observed cyst was not
fully confirmed. In recent studies, real—time PCR assays have been used for
the detection and quantification of harmful dinoflagellate cysts in water and
sediment because real—time PCR technique provides highly sensitive,
quantitative, and rapid detection. In this study, resting cysts of C
polykrikoides were observed and detected from the coast of the southern

Sea of Korea using real—time PCR probes.

In this study, hyaline cysts of C. polykrikoides were observed after the

- vii -



bloom period. Hyaline cysts of C. polykrikoides were similar to vegetative
cells in size. On the contrary to vegetative cells, hyaline cysts were pale in
color, immobile without chloroplasts. C. polykrikoides vegetative cells
regenerated successfully from the hyaline cysts in the favorable conditions.
It suggests that hyaline cyst is determined to be one stage of the life cycle
of C. polykrikoides.

In addition, another kinds of temporary cysts were observed in indoor
experimental condition. Temporary cysts (20—30 m) were yellowish brown
in color and round shape. Temporary cysts also successfully regenerated to
vegetative cells like the hyaline cyst. The—germination processes of C.
polykrikoides were also observed in field seawater samples. The germling
gradually developed into-a gymnodinoid cell with. the cingulum and sulcus

being recognizable as a vegetative cell of C. polykrikoides.

C. polykrikoides rDNA was detected in the sediment before and after the
blooming periods. In sediment samples of Jaran Bay, Mulgeon harbor and
Mijo, the copy.numbers of C..polykrikoides rDNA were opposite from rDNA
copy numbers of-seawater and direct counting numbers of vegetative cells.
In Yokji, the maximum copy-number in sediment was 235 copies/cm® wet
sediment (per cm® of wet sediment obtained from top layer of centrifuged
30 g of sediment). However, the copy numbers of sediment were suddenly
decreased before the blooming period, but the vegetative cell numbers were
consistently increased. These results showed that C. polykrikoides might be
persisted in the sediment as cyst forms. Furthermore, the results of this
study will be helpful to predict the potential blooming site and clue for full

elucidation of the C. polykrikoides life cycle.
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HAzx@goldt w3 EAste EFaEe] dAHoE = WA 9 A}
of FAS W3 dAds Teth olek A JHd<”l HABs(Harmful
Algal Blooms, 34 ZFZA)+= 1990d ] o|FHE wA7|7re] A7) 3}
Aol Felsl, Az AJAES] 1UEs 9§53 FHAR ojFaA
Tzl Hdig deE doA A - FAA R A4S EAE oL

At (Park et al, 1988; Kim et al, 1994; Park, 1995; 7 5, 2001).

Feugte] Rug- Az F AJAF2 oF 43FolY, A F JHEZXFI} o
200l (7} 71, 1999). txAQ AF oA HRZFFo= Heterocapsa
akashiwo, Prorocentrum $pp. Cochlodinium polykrikoides 5°] ATHKim
et al., 1997).

1 % C. polykrikoides 1982 &7 o718 7MY X & FA A
+ A ATR(Kim, 1998)..1995d o= HiarE, 4711t dgete] F 7649
of &sl= Hug FAh IS doRom (FHFANZT Y, 1997a, 1997b,
1999, 2000; =H4984,02002a), stk Helds SH o 1ty sto]
saiet g AMeito® etEginrl AR s e ddS sk vk ol %=
= 2007 Eaidkel 10099 el S 75k o
4, 2008), 2012d 3 20139l % wivfE A Z7F Agste] oAl vla
= Ul

eyl C. polyvkrikoides®  ¥AZQl A= 19959 C
polykrikoides A% WS A vl 1996@5FH AlzHEIY C
polykrikoides 2 ZA (Park et al, 1988; Kim, 1990, 1997, 1998a,
1998b; Kim et al, 1997, 1999; Lee et al, 1999; Jung et al, 1999;



, 19995 7 &, 1995), #2lof A& (Seo et al, 1998; 7, 2007), FHE
Zbell #g A+ (Kim et al, 2002, 2010; ¥, 2005) & %W A7} o] Fof
BAR 27] A Al C. polykrikoides®] &7} H&hatA] gkol o %944
o e o Zpdo] AAEeH, BAREE Asty] faiA o] Fo A
GALE Wele AT7F EEs] Ay E A

HABsE et SHEEF 5 FUHIEAE Jste T2 oF 209F
(Nehring, 1993) 0% <14 ot fFHxAEs EFAE DAldA &5 52
TAHAEZ FI8ES Sttt @0l Askx] Eotd FAAAAC® wgkst
of HEE Mg AlERHE AdHo] ek v FAste] FHEA(resting
cyst) & FHIE Ho| FAHegs A AHCR FJAeri(o] F, 1999).
olWf  FAE FUEAZS HABs (BA  x7|l A NAT (Seed
population)” &= 3t o]F2 AHH EF+= AW FA9 AV

5T F A 5% GAE o]&d=E F SQlth(Anderson and Wall,
1978; Nehring, 1997; Anderson et al, 2003).

i

Matsuoka and Fukuyo(2000)+ C. polykrikoides®) o1& 7}A] FwE =}
FeHE A o™, Kim et al (2002)2 LAEA FE Q] hyaline cysts
B gkt 1 o]% Kim et al (2007)< C. polykrikoidesi= &AL A &
Al os] AHEE FHIEAE THAW, o] FHEA A A SE ol
7} FAAA Ao &l BFLEF24 T hyaline cystE 835t JAIAER A7}
deth= 7S AR ST

Park et al (2009) ¢} Park and Park(2010)< real time PCRE &3l ¢
gubet  deldr EAE W G polykrikoidess  HETOEHA C
polykrikoides®] seed populationS ZFAFSFATE o529 AFoA= &4
ol FHxEAe] Wee HeE AASA EsHAAR C. polykrikoides?®)

o,



“seed beds” 7} &A1t o|= C. polykrikoides 2 Z2] %7] Ao <9
g edow gty ®askglt

o

A Tang and Gobler(2012) = C. polykrikoides <3%FA 32 mating 2
A& Adste] AdAUNA C. polyrkikoides®] /348 2& &3t TAE A
A3kt ©oli= C. polykrikoides7t &AL WollA AAIH IS 7AW &
st Park et al(2009) 3 Park and Park(2010) 9] real—time PCR= &3t

A= Wl C. polykrikoides® FHAZA AEAA ] thdh AHAES 5o F3

al

iy

B AT C. polykrikoides® FHXAE HZE38H7]. Y3 real—time
PCR 7191 AF&3}t}. real-time PCRS PCR FZAl&E2
AAZEo 2 BEUE S st 7Eolth GAF o E sM3t RFAR

i

i

AHE-3te] (real-time PCRES A3k %£7] DNA o] U2 A=z o
s A0 SESAS A2 T AoHEl, o Al thresholdE A sH
H¥ threshold®} TF Aol wAkshiz A A (Crak, threshold cycle)o] A&
Aok k= d Crabdk =27 FEF As Ed Ad8ds s F
nem o= Faf mAAFLDNA
2007).

B o] oA real-time PCR A3 Al Q3 &3 E2 probex TagMan
probeE AFE3}3 S C. polykrikoides®] ITS rDNA &<
& 5o°]44 primer?t probes AREsto] Wtk o] Q3 w4 HES o F
12F skt 288ty C. polykrikoides® A Zx L WHAIX| <]l zpgkwl o

T, 29 EXE Je)] o F9dS AN O E real-time PCRE %3 FH¥E

o

o

e

I
o
o

p

,,,
o

Aekek = ¢ty (Kamikawa et al,

O

-

)

A A& C. polykrikoidesS WA AS A2kl a4l
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Table 1. Collection sites and dates for sediment and seawater samples in this

study
Stations Geographic locations Sampling dates
A. The Coast of Jaran Bay
JR 4 34° 54 " 26 "N, 128° 12 ' 34 " E
JR 7 34° 55 ' 37 "N, 128" 12 ' 33 " E
JR 8 34° 55 " 42 "N, 128° 14 ' 11 " E 2012.°3~5
JR 10 34° 56 ' 15 "N, 128° 13 ' 19 " E
B. The Coast of Mulgeon
MG 1 34° 47 " 39 "N, 128° 03 ' 26 " E 2012. 10~11
MG 2 34° 47 ' 54 "N, 128° 03 ' 31 " E 2013. 3~6, 8
MG 3 34° 48 -01 "N, 128" 0320 " E 2013. 3~6, 8
C. The Coast of Mijo
MJ 1 34° 43 11 "N, 128° 0249 " E
MJ 2 34° 43 ' 32 "N, 128° 02 ' 48" E 2012. 8
MJ 3 34" 44 97 N 0% 52 " E
D. The Coast of Pyeongsan
PS 1 34° 47 ' 00 "N, 1277 50 ' 08 " E
PS 2 34° 146 ' 16 "N, 127° 50 ' 39 " E = 1> 8.12
E. The Coast of Yokji
R : 2012. 8
YJ 1 34° 37170 N 1St 427 " E
2013. 3~7
F. The Coast of Aenggang Bay
AG 1 J4406 '=20-N, 127° 56207 449
AG 2 34: 46 gl N 127: Byl 4 F 9012, 6
AG 3 34° 4565 "N, 127° 5626 " E
AG 4 34° 45 ' 40 "N, 127° 56 ' 16 " E
G. The Coast of Impo (Yeosu)
IP1 34° 35 ' 48 "N, 127° 48 ' 15 " E
P 2 34° 36 ' 02 "N, 127° 48 ' 13 " E 2012. 6
1P 3 34° 35 '50 "N, 127° 48 ' 25 " E




2. 5+ W C. polykrikoides® ¥y &z

C. polykrikoides®] ¥ 174 S #zet7] Q& dAoA EFAE HES
o] g&dte] BT ATHE AT sl AEE 125 me 20 m sieve® o
3}, s=35to] 6 well plateo] FH3l| FFEHHv| 7 (Olympus IX70) el A 3
73ttt

813l C. polykrikoides &3 A17] et AA-ATE 8l 28 J-elA
= 20 LE Aol 2FAE HEE o8 ddelM 250 mL=2 ¥,
SHsE Al go)A 2 mLE Sedgwick—Rafter counting chamberel] F3dte] &
F =37 (Olympus IX70) kel A7 kSl

4

2.3. HAE W C. polyvkrikoides & 3XEA}

rJ

C. polykrikoides®] s+HIXALE ##Eat7] 98 A8 ASH A5
core samplerE o] &3ste] A9 3 cm TS A3 HAE MZS ALY

o AT Ae Alss 8 228 s A st 74 HAe AlEs

b
S

f3lo] A A7l T 125 me 20 um sieveZ ¥}, FF3 A 6 well plate
of #Hal FF=-&u A (Olympus IX70) el A A3}



2.4. Real—time PCRe®] <]

B
o
o2,
=,
kel
o
o
g
kel
2L
i
=

2.4.1. DNA ==
A. 9AE DNA 5%

A st e (NFRDI, 2009) ol A #2482 C. polykrikoides % A 3
A

T ZAA A A C. polykrikoides 22 A A 2], wlFE JF

o

-

MEZE 50 mL tubeel] Hol-d3:E2] (1000 rpm, 103) 3t viA| & A A &
% PCI(Phenol—chloroform—isoamyl alcohol, 25:24:1)DNA FZHWHS
o] &3l DNAE F=Z35t0] -20CoA BASY T =59 DNAYE Standard
PCR¥} real—time PCR #41 A] positive control® A}F23}3it}.

B. 314 A& DNA =

DNA Z%o) A8 8% Almt 7k JAWs 20 L 3945 o & %7
SE WES olgato] o3t Eetel 250 mL Eeldd B Hob Lud
5 GF/C "EAZ olshste] —80TelM #4 7 744 nasgit wa 1

GF/C BBA= JAIE DNA F53 543 PCI W2 §3l DNAS F=
gk —20ColA B33



C. ¥18= A% DNA =

DNA FZ°l 289 EHAE A5 2 A A core samplers ©] &5}
4 3 cmE AT AFE HAE AEE 24 A7EA 4T FaelA
B sklth DNA F% A H4E AR 30 g2 50 mL tubeo] @2 % €
A2 (2000 rpm, 5@)38ke] dlFE AAT F ARSI Tt AA H
AEL 0.3M NaCl= 5 mL #H7} 3t &, dAEE (2000 rpm, 20%)
3 AsdS AASI] HAAST 1 g2 AFES o] &3] lysis buffer?} beads7t
Z3rE tubeel ©ol UltraClean Soil DNA-kit(MoBio Labratories Inc.) <
o]-§-3to] DNAE FFoF3th F5¢ DNAE ARG A7kA] —20TC oA Has)
AT

o)

_\ﬂ

i

&

M



2.4.2. Standard PCR

Real—time PCRS 33}7] A primer? & 5ol ¥ 2 AF-oAx ALgH
C. polykrikoides Go¥A|ENA FZ=%F gDNAQ positive control@ A&7}
S wotstr]l 98l standard PCRS X13skqlth. PCR Wb A
template DNA 5 pxL, forward®} reverse primere= 22t 1.5 pu
AccuPower PCR premix (Bionner) ¢} PCR grade water® % 50 pL= %
dakolth. PCRe| A% primeri= table.2 o dg3sklth. PCR W& 94T
A 5&3F 271 RESAIZLF 94Tl 30%, 55ClA 1%, 72TolA 1&
% 353 ®WHE WES A1 g HF 72TolA 723 HESAIAY. S5 F PCR
AHES 2% agarose gelol 7] F$  EtBrZ staining #3S A F
A2 & ZAfasko] gkl sk AT

2.4.3. Real—Time PCR

A=A ES} AFARANFE D DNAE AFE-StSY real—time PCR& %l
5Lt} real-time PCR Whs- N %A1 template DNA 0.5 pL, forward
¢} reverse primer 27+ 0.3 pL, probe 0.15 xL, Premix Ex
Taq(Takara Bio Inc.) 5 ¢ L9 PCR grade water® % 10 pL= Z43}
¢lt}. real—time PCRell AF8-% primer®t probew Table 2 ° 233t}
real—time PCR Z%1& 50TCelA] 22, 95CelA 2%, 7] ¥k AIX v
95CeIA 10%, 60TCAA 40x F 403 HbE {b&S A3t #42

i

Rotor—Gene 6000 instrument(Corbett Research, Sydney, Australia

olgstol RAFHL 2 BE T 3R P

_10_



2.4.4. Standard curve 7

AA Yol At witEar Q= C. polvkrikoides A XS o] 83510
Standard curveE ZA3E T Al viE PUAMEE Sedgwick—rafter
ChamberE ©]&3to] At 5 Al5E AXE 5 mLES tubeol Hol ¢4
(13,000 rpm, 10+ % wiAE AA g 5 FFAE DNA FEol| AFES
PCIHE o]&3to] DNAS FEsk3lth FE3 DNAE @AE®R 34 sk
2.4.3 oA 2 T3 HHO=Z real-time PCRS Z 333}

b4

_11_



Table 2. Real—time PCR primer and probe for detection and quantification of C.

polykrikoides

Primer Sequence (5 '— 3") Reference
CPITSF CGGCAACCTTTGTCAAACA
CPITSR2 GGTTTGCTGATCTAACTTCATGTCT

Park et al. (2009)
FAM—-CAACCGTGATACCCGCTAGCTTTGC

CPITSP
—TAMRA

_']2_



3. 2%

3.1 C. polykrikoides? hyaline cyst ¥z

C. polykirkoides?] hyaline cystx QA ES} 28] AFx AE A7 A

< net sampleo|q F= A

FokA Fo A FAHE hyaline cysti= FUFANES B3PS W 7= H
St oy Fie AAke] chloroplast”} Z2ol® w54 ey 5L

HAl 27 ddE ARATE TAEer, & Aol FHe 107 AA] B
SF3lth 2 MAEE red bodys 7HA AL SIAEK(Fig. 2).

A =HHAv A oA A3 S W hyaline cyst® F&3] ©
& AlE2] 7% chloroplastZk H24 8 7Ivkg= sk= Zs & + UAUTH
2 9l red bodyel sFst= FEREe] HEgslE AE B U= o
APtz R Aolglom, giftiolrFE s gus st e A

& AT (Fig. 3).
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samples. Hyaline

Fig. 2. Hyaline %C. polykrikoides 1n fie.
membrane (arrow). rs%um. g‘!‘
LH -
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Fig. 3. Hyaline cysts of.C. polykrikoides under the~optical’ microscope(A, C)

and fluorescence microscope (By-D).
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Fig. 4. Hyaline cysts formation of C. polykrikoides. A, vegetative cells of C.
polykrikoides; B, red body formation; C, hyaline cysts.

———
-
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- e

Fig. 5. Reoccur of C. polykrikoides hyaline cyst after low temperature in a

dark room.

_17_



3.2. C. polykrikoides®] temporary cyst ¥z

C. polykrikoides® AZx WA Al7]e ZFIAE UEE o|&sto] a3t
H, o3, sF3sto] 6 well plateel] FHotol AFA oA FFE=HAWA st
of AHAoRr wEs At #F VI3 T C. polykrikoides®] %

= =& AlRte] Ao wet dUdMER 2 HeE A4S 3F 3
T Aen wed GAdAETE 742 g ke Eee B o ASITH

A3 g Fo F GdAAHEE Fig. 6 AIMNAH F /e BRE B 5 9%
om 27 o]’ FEH red-lipid bodyE #& T & Stk A

£

o] A= 20-40 mm, T FEHE 7HAH AA A

it
2
iv
=
0Q
-

PR
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B—-E, planozygotes of C.
(arrows) and red acc

polykrikoides., Scale bars; |

Fig 7. Germination process of C. polykrikoides temporary cyst.
Scale bars; 10 um.
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3.3. C. polykrikoides Z%7] olA W vt oA =

C. polykrikoides®] WAATA 345 B&st7] Q&) a5 A5E FFEH
dAulgd oz AH AAst= A T ATt A-A C. polykrikoides®] 7]
olA & A&t

C. polykrikoides®] %7] olAl= Fig. 82 CoF #gth A#S 25~45
m Fa, AEL 20~30 m AEFOH FAZIZE el C. polykrikoides:
] 8 chains 7HA] SQ1H AT FHFEAFA olgt x7] Wl o EF
O 320 AR RO JSFAEAT BT, FHEA A Wops)] 2 o}

h ~

chains® 4% A7} A
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Fig. 8. Germination p

O_\(_:\;% po]ykrzk M of C. polykrikoides;

C, early germling of single “eelly vecell; E, 2 chains; F, 4 chains;
G, 8 chains.
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3.4 Standard PCR

Real—time PCRol A}£E = primer? £ Eo|A 3 C. polykrikoides < <F
MZ2] gDNA7Z} positive control® A gst#] &elstr] £3ste] CPITSFE,
CPITSRZ primer & ©]43t9 PCR& 3Flth.

C. polykrikoides gDNA®] PCR Ahz 9] 912 ¢F 150 bpellA 213
6™ negative control® A3t Alexandrium catenella gDNA®|X+ band
7F o gk}, olE E&|A C. polvkrikoides gDNAY real—time PCR
Al positive controlZ AME- 7F58le olwl ALEE = primer? F Eo]Al S
sttt (Fig. 9).
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Fig. 9. Agarose gel analysis showing C. polykrikoides
selective - PCR products. The PCR was carried out
using the primer sets CPITSF and CPITSRZ2. M; 100
bp ladder -molecular size marker © (Bioneer); 1,
positive control «of- C. polykrikoides; 2, -Alexandrium

catenella, 3, no template control:
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2} A2S 93k standard curve

Fe

3.5 Azl FH

C. polykrikoides QM EZANA FE3 DNAE WAE=Z 34 (10, 100,
1000, 10000, 100000)3te] real—time PCR& X 3Y3}S wl Crgkel oF
18, 21, 25, 28, 32& 4ygtow o] & EUE standard curveE #Jst3A
t}. C. polykrikodes G 9FA3E DNA%YI Crébs Fig. 10 ¥ o] &2 A3
FAAA (R?>0.99) & YERH] standard curve® ARE-3E 5= Q19

Real—time PCRS #38& o] positive control® AME-H C. polykrikoides

DUMEAME HH-S &l s Q13 2™ negative control® HHd 33}
SHTE AR S-uE JFSol YERER] Ggron gAY Al O-E JITE
k2] koSS & SN AT
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Cycling A.Green (Pagel):
2 1 R=0.99965
3 R"2=0.99929
E'] R M=-3.337
i B=33.638
sl Efficiency=0.99
S gl
P L -
ali.. _
1w 10 10" o 10™ T m‘.‘ 1 10"

Concentration

Fig. 10. Linear relationship.between the C¢ values and ITS rDNA of C
polykrikoides(R?=0.999). /The standard curve was used to gquantify the
rDNA copy numbers of the target species in sediment and seawater

samples.
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12
W
ol
ne
ke
>
alu)
1=

3.6 Real—time PCRS %3l A
A. A=k
B Fo Aol AP AAL o201 A S5(2012)9 AFA C.

polykrikoides rtDNAZF AZ¥ ¥ AA 4, 7, 8, 10& THOZE ZAFSH T}

AA 4049 AEHLE 3¥oE= 10 copies/cm® wet sediment® Q1% ]

om 49¥o]= 1 copies/cm® wet sediment, 520 AEH A ottt
AR 7oA AEELE 3¥eoE= 4 copies/em’ wet sediment, 4€ 2

copies/cm® wet sediment, 59°l= #HEEA] o)
474 8ol AEFE 3¥€ell= 5 copies/cm” wet - sediment, 4¥ 1
copies/cm” wet sediment, 5€ o= AEEHA| ookt
AX 10049 HEH2 39eE 3 copies/cm® wet sediment, 49 2
copies/cm® wet sediment 52°l= AEEHA| i}
AAAQ A&\ AFE B Bs Ailola] 3delA 68 = A1to) /5ol wet 3

o] fhsheE FAE Bt (Fig. 11).

HHe W FHEA HdE: Hash] gls)

3t A5 5 DNAE F=35}9 real-time PCRS

ot kK
ol
o,
n
]
(@)
—
il
ol
o
off
A

rDNA copy$} GFAE7 HE, dzE A Lgh)
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15.9

100

copiesfem3 wet sediment
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B. @3l 518

20129 10€5¥ 11€e A-1% 2 2ALE AlFo=z 2013 3€F

B 49 32 F7h% stol & 9xbdl A Mgk,

2012d 10€ 54 F A4 EFelM AEHA ey 10€ 2549 dH1
¥ AA20|4 Z+7F 1 copies/cm® wet sediment® EFAdA AEHIOH
119 39 AAlNAE= 10 copies/cm® wet sediment, 204 = 2
copies/cm® wet sediment®] =% It}

112 15¢ HH14E 4 copies/cm® wet sediment, 214 E 1

copies/cm® wet sediment 7 &% o}
2013 3€o= e AH-™eAM C. polyvkrikoides tTDNAZF HE5 A &gk o
] 4¥o= AA1o =1 copies/ecm® wet sediment. A 29} A 304
7}7} 2 copies/em® wet sediment ¥ A=FHQI T} 5= AA1A= A
5% korot A2 = 3 copies/em® wet sediment, A3 = 2
copies/cm® wet. sediment X =5 T},

201349 8¢ 21do=RE= A HANA C. polykrikoides rDNA copy”} 7
5 A ogror} dFd Q-89 28%Uo= AW l1o|A+= 1 copies/cm®
wet sediment, FA20)|4 = 3 copies/cm® wet sediment, FA3A= 5
copies/cm® wet sediment® A5 9t}

20123 20139 AP A x7F @86ty A A3e S HAE
C. polykrikoides rDNA ¢Fo] Z7}ét= HElS B tH(Fig. 12).
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HAE W FHEA HAEF9 vluwstr] 98 2% sl 20 LE A% 55
AN 55 DNAE FE3819 real-time PCRE B3 HEd A AASF A3yt
otk #l4 Ul rDNA copysi 2012 10€ 54 19 FAolA #Ho 287
copies/L< R ow Agto] 4= Tastes FAHAE By, AR7ATE

S35k g W cellFre 2012¢ 1049 5 2% AAelA FHd 510 cells/LE

o

uglon rDNA copyFst PRIAR ARlo] Ad4% ads FAE B
At Wz HAE W DNA copy i SUMeH: e B 5 A9
(Fig. 13). 20139 aliEe] A% Ee dHelA rDNA copy £ %A
Z7F AE, BEEA Ak
MGst.1 MG st.2
600 - 15 sw-| 15
H -
< 400 10% 400 - \ wé
i ; v
i T i :
£ 200 1 rs < 3 200 9 5=
£ i
g ]
0 Pr—— = i e | 0 J— 0
20121005 2012-10-25 201211403 20121115 2012-10-057 2002-10-25 200121103 2012-11-15
== seavater samples =dr=direct counting =t=sedimentsamples f =l=rEmyater samples =d—directcounting === gadiment sampies

Fig 13. Comparisons of rDNA copy numbers (M, seawater samples; @,
sediment samples) and vegetative cell numbers(A) of C. polykrikoides of

two stations of Mulgeon harbor in 2012.
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el mlza e 2012 89 F<F 5 Al ZAFSESITH
8¢ 6ol AA 194 2 copies/cm® wet sediment, AF 20|4= 2
copies/cm® wet sediment, @30 = HAEHA k).
8¢ 9o AA 194 1 copies/cm® wet sediment, AF 20|4= 2
copies/cm® wet sediment, FH3H = HEEA L3kc),
849 12¥°l+= B AAdAM HEEHA Lt
849 159 AA 1olM+= 6 copies/cm® wet sediment, FH2o4E 11
copies/cm® wet sediment, A 304 3 copies/cm® wet sediment 7} 7
=5 3t

8¢ 189 AALYAME 2 copies/cm® wet sediment, @AA2¢|4= 3
copies/cm® wet sediment, &394 3 copies/cm” wet sedimento] 7

=% 3AtH(Fig. 14).
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15 1
=
]
£
- 10 -
2
3
E
< 5
&
=N
8
g rE - el ¥
2012-08-09 2012-08-12 ~2012-08- 2012-08-18
" i M —_—— M 53
Fig. 14. Fluctuation of of C. polykrikoides at the
staions — 1 f Mijo.

2, 3 from
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= U FUxa A% sty 98 22 A5 20 LE i v=
£ DNAE F%3}9] real-time PCRS 53 &Y A A4 A3t

gtk @4 Wl rDNA copys= 20124 89 69 3W Adolx Hu 14

copies/LE R ow Agto] 4= TaAstes FAHAE Hig. AR7ATE

Z3 sl U celldE 201249 8€¥ 64 29 Gl Hd 500 cells/LE

i
iE

2~ = 2~ =] =
BAom DNA copyF mp7HAZ A|7ko] X E4E Tashs FA4E B
At (Fig. 15).
MJst.1 MJst.2
1500 15 1500 15
E i
. i
g 1000 10 § 10 E
; ; :
g 500 5 % Ls %
: §
o plig Lo
0120806 2012-08-05 1012-08:11 2011-08-15 2011-08-18 20312-08-06 2012-08-09 2012-08-12 2012-0B-15 2012-08-18
- samples a—=direct ting  —#—sedimentsamples —B=seavater samples  —d—directcounting  —#—sediment samples
1500 15
= b
Tl ¥
= 1000 10 i
¢ I
E 500 s &
i
8

2012-08-06 2012-08-09 2012-08-12 2012-08-15 2012-08-18

—B-seawater somples  —&— directcounting  —#—sediment samples

Fig. 15. Comparisons of rDNA copy numbers (B, seawater samples; €,
sediment samples) and vegetative cell numbers(A) of C. polykrikoides of
three stations of Mijo coast in 2012.
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SR A= 2012¢ 897 20139 69 E 7TE7HA F 4xkE] Z2AFSES]
=3

20129 8€el= HEHA ¥skorm 20139 6¥€ol 21 copies/cm” wet
sediment ©°] HAZEHJY. 79 %
sediment & ¥ AEHS KoY 79 T FAPAME AZHA Lgrh

(Fig. 16).

ZAbel A= 235  copies/cm®  wet

3 A2 2 DNAZ FE319 real-time PCRS 53 #A&3 A5 A3}
Atk 3G Wl rDNA copyFe ZAIZE 2t &3 o8 HEEHNoH

£ B3 35 U cellsr= 20129 8€¥ 214Y 575 cells/L, 20134
79 18Y 60 cells/LS Allst & dAolls HFHA &tor FHAE
rDNA ZHZZ7} Hbd) S WY (Fig. 16).

o
i)
X
&
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E. g3 HAk

el HAb dlgeld= 20129 8¢ kAl ARSI - 1eA = 2
copies/cm® wet sediment, @214+ 1 copies/cm® wet sediment A=

w9t (Fig. 17).

e

Augus?‘ZQlZ

\
ll-
Not detected |

< 10 rDNA copies/em?® wet sediment

< 50 rDNA copies/em’ wet sediment
f

¥
. < 100 rDNA copies/cm’ wet sediment
i
s

y{“‘Pi‘ s/em? wet sediment

Fig. 17. rDNA copy numbers of C. polykrikoides in the coast of Pyeongsan,
Namhae in August 2012.

34°46

I
127°50"
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2012 6ol A7 ¢l oA A EHAEA RS real-time PCR

S 3 Ay BE AHNAN C. polykrikoides rDNA copy’} 2574 o] =

~Jun 2012

k1

\

(O Not detected II|

34°45"

@ < 10 IDNA copies/cm® wet sediment

. < 50 rDNA cd’piés/}m3 wet sediment

34°44

127°53" 12756

Fig. 18. rDNA copy numbers of C. polykrikoides in the coast of Aenggang
Bay in June 2012.
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G. o9+ o

F

2012 79 o4 Ax YA A HAEAME Ee FPdAAM C

polykrikoides rDNA copy’} 25434 o]3t2 A& A (Fig. 19).

34°35"

(O Not detected

@ =<10mDNA ¢:¢:p¥s/::m3 wet sediment

. < 50 rDNA copies/cm? wet sediment
J

copies/cm® wet sediment

34°35 "

2100 rDNA copies/cm? wet sediment

127°47"

Fig. 19. rDNA copy numbers of C. polykrikoides in the coast of Impo, Yeosu
in July 2012.
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4, 1F

T ArodM e Ax s EAAY] FE T F ks THeE HAE T

9 C. polykrikoides® FHXAE #zslal C. polykrikoides®] A 34 3}

ST

A AAZ AN C. polykrikoides®] 3733 ot S AFS I8 2
AAEE S HAE AREE o3, w55 AdA oM FFEHA
Be 3l AEAQ B APl

Az A A7) d@% 4 AlsolA C. polykrikoides?] GoFAMELL A7)+
HlS8kARE Fsk w8 71X 3 Hl&54, chloroplastZt ZoJ¥ hyaline
cyst® ## g 4 Q%o Kim et al(2002) 8 A+-¢f vixt7ix 2 AgA
ol kM EZHE hyaline cyst® A 4 Qs 4= gl

FEAZZHE 4% hyaline cysts FFEHAVZ shellr B33

galsion, HAad el 4T, g

o red body F-0] & Hit=
oA 671€ Rt H SA4%H A TS wl FAMER A T e
RNeE 2

stolgl 4= Il th. 9]& %8| hyaline cystx C. polykrikoides2 <3<k

oS EEU ke A ALY Fom

C. polykrikoides®] AFETA 7} obd A&ALe st GAlE 2A|T Aolg Azt
Hr},

C. polyvkrikoides B2 A|719] dl<FA5E 6 well plateel] FF3Fo] A2

oM A &Aoo x dzkepqity. w2 73t F2F C. polykrikoides® A A=

o] AlZto] AdH dAdAER oo, o] WdMErt A2 ddshs

s

K

e #EFL F AT AY FAHY AFeld F e HEE #EE F 3l
lom FE3 red bodyE @& o ST AlFto] A3stdA FH3 red
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bodyE 7}d A9 T HE9 AEX=E WH3lsl=d 1 7]+ 20-30 m
o] 2™ (Fig. 6), ©]+= Tang and Gobler(2012)2] oA FAAA2 ] 9
3 FAAHE cystd FEfQt FASIA Y. GUAAEZEE IAAH MEXE Gd

i

glsto] A S Ao Tl v APEEA 23 FEHE FTE T GEAME
2 AZEE Ae B2 S A oF SN dUMEERE P49
o] AlX¥= C. polykrikoides® temporary cyst2] 3+ Se|e ZHozw A7ty

o] R},
3 A U 3<% netting AZolA FHEA(Fig. 8 A-B)7F HEx=
el E e o]2HH C. polykrikoides®)-z7]2otA| 7} B2 ¢lar, WolA|

= 583 red bodyZt &A1tk 18]al 1~2 chains® A% 47 A%
W ok 23] AE 3 MO ZH (Matsuoka et al, 2008) €} 3} HFZHo]
& Ut

B Ao BZ2H C. polykrikoides® AQEAEZHE dAHEH F 71A §

o] A SRS} A FHIARRE F7] dobA o) WA -S el
m et al.(2007)°] AFolA AAISt C. polykirkoides® &AL
ZHd e el mFst FES AT 7 Sl Q3 dA7F 2 Aol Ayzhd

.

T+ WHAZ real-time PCR& ©|&3to] st HAE T A3zt
rDNA HE3dto] FHxEAe] SAef A7 AT A A 7hed= &<l
1A 33tk real—time PCR #42 39 A& W= PCRS W3lst
wdol xghd 5 glom o] target DNASH 97 FEHo 4
Hak 4 gtk o] Wl DNAARE 3|48t AY FARS 49 PC

= AAsAY Edewm B o g A5 &+ Ad(Lin
et al, 2006; Zhang et al, 2005). wWeta] = AF-o|A= PCR WalJA=
AAs7] 98l =3 DNAS 10952 343t & real-time PCRS 2 & a}

3
o

o
off
-

ol'
Oft
rlr

;o:i
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ATt

2012 3¥H¥ 547HA At do e =AME N E B, 393 4499 4
A 4,7, 8, 10 BFNA C. polykrikoides rDNA copy”’} A& om &
A 404 H 10 copies/cm® wet sediment’} AZ=%tH(Fig, 11). A+
1 3192 C. polykrikoides®] GkAIES] %7] £3o] 6€<Q AHAOoE HYS
W (Kim et al, 2012), +# A7 ZARA7IQL 3€e4 5€& C
polykrikoides®] QUM E7}F ZdHSIA] L= Al7]oly & A% &4 o
FEAFES} rDNA FE3E 32, AJEEHA oAttt o5 F8l & ATelA 3, 4
4o EAE AmAMHE=Y C polvkrikoides® rDNAY C. polykrikoides
FHEAY 7hsAol Fo Alor AT, 2013d 7€ Add Aol 1Y
o] Ax7} wASo) ulel E x|do| C. polykrikoides 2] seed bed7} &
dEel 0o C. polykrikoides HZ7F A58 o2 TAL THsdo] ==
o7 Rzt

201093 =pgkuke] B A& U C. polyvkrikoides® rDNA HZ=ZA¥ (Kim et
al., 2012) ¢} = A7 A3#E vws| B2 w2t A lA rDNAZE A4
o7 HEHUSY Fige 200418k 2o], 2 AHQolE B+t HEF

I
Zogrz ddel Wl R =l me B 5 gtk og BalA

X

=]

©

U

N

=
real—time PCR EYHZH ¥yl ol &2 - 3424 QA& &4 A
A&zt 1ok v A 33 seed b B3l

=
Tt dM7E E Ao Hoxin,

_41_



15 1 2010
”
g
i 10
H
E
3 s
;|
8
0 L W
20100320 2010-04-24 2010-05-29 2010-06-16 20100621
—o‘/—uutf‘fl_'- st7  =d=IR i | 5t 10

2012-03-21 2012-04-18 2012-05-19

=R std =f=]Rct] =dr=|RctB =—=]Rst10

Fig. 20. Fluctuation of rDNA copy numbers of C
polykrikoides in sediment of Jaran Bay in 2010 and 2012.
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G EAFY 2AMAE B 20129 11€ 39 A EU2 rDNA copy
7} Aol 10 copies/cm® wet sediment %] AZEHom 2013d 8¢ 21
913t HAEAE &Aoo R rDNAZF AE%cH(Fig. 12). 1= 3|

%
T+ W A3 C. polykrikoides rDNA copys8 AHAFTE =3 JokA
2

E o ogke Plade o FAGo R A7 WA A AR Fol 7k vt
Aes & F A B3 v 7 @t H4E Wl rDNA gkt vjaste] Bk

= W FLHE copyret AR Algake]l Aagel mek HAE W copyTt
7Vt HES 2 5 A (Fig. 13). o= A% A o]F AZFo =z 7t
&2 C. polykrikoides G UAHE T+ FAAAAS T3 FAE AAIA FHE

A7t AER Aol AA A,

¢

1o
gI:'
=
BN
R
i (o]
1o
o,
o
ol
o
o
o2
i
ju
=
P
N
]
23
il
2
_1
=
)
ke
=
3
3
=
Q
&
105
1o

F7hshe AR Bk @ie. 15). ol [ER BAFe Aesl g A A

o7 AtrEY, =A%y Gz C polykrikoides®] seed bed”} 34
o] glom AEHH 07 C. polykrikoides A Z7F UERE o2 o AET}

T4 SAEe] HAE AEeAM = € polykrikoides rDNA copy”t 2012
d 8¥el= HEHA LA 2013d 6€ 28Ul 21 copies/cm® wet
sediment, 72 10¥ ZAllM = 235 copies/cm” wet sediment 9 ¥ 7
Fae B0 74 18U ZAlAM = HEHA &St (Fig. 16). 20134
TAM S A& o5t 79 179XY C. polykrikoides A%
7 g Egon, 79 184 sl W C. polyvkrikoides 9 FAIES]
Al gkel S7tetalnt. ol & Fall AAs A8} real-time PCR HE2
= vlws] RS Wl C. polykrikoides®] WA Fol= AUl &A= F4

A7} WA el HAE W AEFl FASANE 59 olA] £

=
a-
=
T

o)

K
b

lo I
[ A

e
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7b Skl whEt fgaske FdE = o lem, 2] Wk g2 gakdt

@329 Wate] vt wobAst W3S lolet A,

wallokel HAk, 37, Ax XA EHAEU C. polykrikoides rDNAT A
T4 olste] copyr7t AEHAT ol XA A7 C. polykrikoides®] '
A Aol EE HAE W FHEATE Holstly] wlEe] HAEHA e Ao
7 AzdEn. ald dHdol C. polykrikoides® A% <5 A A A=
evetol  C. polykrikoides®] #HA A7 A, 29 HA=a AlEoto
real—time PCRS A&sttid C. polvkrikoides® rDNAZ} A& = Flolg}h
AZvE e 2 A oA (seed population) ™= & 7hs & A9

2 weig

Park et al(2010)¢ ‘A¥= HWE 20079 a7 EHHEAFmoA= oF
15,000 copies/cm® wet sediment, oo = o 560,000 copies/cm®
wet sediment 2] ko] B3 ¥ Aeof Hl§l] £ AFolX = dASA F2 Gk
o] ugtth. 1 ARl AT AAVIE F&ll Hlwe] BH park et al(2010) 9
AGA]71el 20073e] Fa ekl M C. polyvkrikoides Az A 259
ANBE ARt Alskelom; o] i =¥ rDNA= C. polykrikoides®
SAo] dastuA FAE uFe FHIEATE Y Zlo® Roxin. sk
20099d%H 20119 C. polvkrikoides®] ZZ7} 2 AT~ x| A tfzF Ay
shA] gkgkom oo Az Mg FAE v FHEATE AZro] A

=

a1
AR A, B s A AT FashEA 2 AT Aol 9%

A E Yol humic acid, Hl&EA 3t8+E, 5 5 PCR AaAdA7F &

str]o] Qlt}. &3] humic acid®} &2 AES DNAE 1A= 9L sHo

[o
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E ol APEE JEAE DNAZE A8 el g do] Z7|7 F¢ 3
st = Y (England et al, 1997; Park and Park, 2010). ¥ AFoA+=
B IxtE Fol7] fs AFE HA=NA FEF DNAE 10W 34
ato] AdS AARAT HA =Wl C. polykrikoides®] +FAE7F 4
of FHxe} A AZHAE 7hsAol vk webA A W HAECA
DNAZ <AL 7}s3d RNA %3 RNAE targetl @ 3= & 5olAl
probe 7ol AT MolflE FHEATE HAET F Q= a7
d

tets 7= 4 S Aoltd(Park and Park, 2010).
5

f
&
o

wE ok o YEE ULk AR AN A 4o Fu
A7 susofof STk SN WAL CRrel Fusael sk og

pg Ad4d YelAe 8N e B FHIEA FHE F3] standard
curve & ¥ real-time PCRS AA|Z} & Q3t}(Erdner ‘et al, 2010).
C. polykrikoides®] 7349 Xt dgeo|xe] FH¥xEx} FH7F ofHr} ufebA
Aol B, A dAIF FHEERS] AdA U v SR E 8 7
Fee UAA FHEZAS]'DNAE FE6t°] real—time PCR& A3, vl -

EAG ANT oG] A5 A4 wUHPS Agsid Az g 7}
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5. Q¢

fFallid AR ZFQ Cochlodinium polykrikoidests W32 Al A=A S
ko] o] 7o ofrtmlo] FAE o] o] 7ol HALE doT|= AXABEEA AL

ZS
3] - AAF R A4 FAE dorla e Ax dd T sdeld. C
=
[€)

O:

polykrikoides?} 43t FallAd AxES fddts JHRZEH
gAohe T2 oF 2099FCE dHA low, olul FHIEAE= A SHA
=

(seed population) &&& sfo] A

4

=
Zod BAZ olgd 5 gk
A% %

C. polykrikoides®] 7% =Ule|A o2 ozt gatel| gt &7t 4
745t A Esta A FAXzre] AA At st e &l
o] Hojx & Ao} HT real-time PCRS o] &3 HAE U &4
X2 AEE T Uy A2 ZAE A 7HsAdol AlAIE AT

2 AT ,

polykrikoides2] WA EA 9} real-time PCRES %3 C. polykrikoides® 7
=1 Az 2y A" S aetsta At skslth
B AGo M C. polykrikoides A X 27dA1 710l GOk dAdA Ao 9

A
J¥ hyaline cystE ##3F%t Hyaline cyst® 44 717F E¢F €

sto] A

717 AR T AT S FUAMER AL E = As GRIg e 2N
C. polykrikoides® &% WA @Al A 7o Row ey ozt
w3 Add el temporary cyst] @Ay wotdbg S dEsidlom, A
= a5 netting A BNA C. polykrikoides®] FHIEAS} 77 WS &
Ao gn B A9 A} C polykrikoides® &AL eldol Q3 whA
7} 4 Ro® ®ojH),

A
2 ATeA = F 5olddd ITS rDNAYYS &3l A&E primer}
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probeE ©|g3}o] AA7FO 2 PCR T3AHES FYHHE dF+= real—time
PCR 7|H<S AFg3lo] C. polykrikoides rfDNAS ZHAZE3 Az WAy AA8HS
apotak it

C. polykrikoides rDNA+ Ap&twt @3l 543, v]x, 59 A%
EA A HEEJCH, "l BA, BARE o JdE A9 &FH ols
o copyF7t AEH YO} o= AN C. polykrikoides®] 23 A7)o]
R HAE o FHIEATE Holslqly] el AEEA o2 Alow AzE
t}.

AHdREe] A E A8 B rDNA copyF 7] B A717F grbgel
et AxA o2 AaSkE Ae & AR o= -HAEW A= C

Pl
=
A3 @Pow Ad Welgomn PEHE

polykrikoides FHXA7} &
copy 7} #AsE Zlo g gek
T35k 2012 Wi F A7 SEASRY =4 v dHe A
9 C. polykrikoides®] rDNA copy7F AAghel] uak EAE A5 9
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