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Summary

A study of sand—dwelling benthic dinoflagellates in Korean coastal area
was conducted in terms of morphology and phylogenic systematics. Sand
samples were collected from intertidal zone at five stations of Jeju and the
south coast (Haenam Songpyeng Beach, Wando Donggo—ri Beach, Geomundo
Yulim Beach, Jeju Gwakji Beach, Pyoseon Beach) from January to April 2017.
Nine strains from the samples were isolated and then incubated. The
dinoflagellates were identified using light microscopes (LM) and scanning
electron microscopes (SEM). In addition, DNA was extracted from each
strains, and then PCR process was conducted. DNA sequences were
determined, and then phylogenic relations were analysed using GTR+I model

using MEGA v. 6.0 program.

Four species were identified Amphidinium thermaeum, 7Thecadinium
kofoidii, Togula jolla, Heterocapsa sp. nov. of benthic dinoflagellates. Three
species of these were closely matched with the morphological shape and
features compared to the previously reported literatures. As a result of
molecular phylogenic analysis of 285 LSU rDNA of each species, the strain
SP02 of 7. jolla was a cryptic species by systematic analysis, and
Heterocapsa so. nov. was considered a new species by morphology and

systematic analysis.
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A Ty 232 D FEUE gEA YEebd o (Lee et al,, 1990). 1 5 SPHEXRF
v Aol thsto] ®ztelr] Wit Ag2dste] e WEE B 4 Qo dE
50, AT ZaldMe Euele A BTl &dhe AR ZEF Ornithocercus
S 2T o] ofddid JEEREFVE Fdste] R uE3H(Kim et al,
2008). Hgk oA oldlAd AA HERZF Gambierdiscus, Osteropsis,

Prorocentrum% 9] &3 3sto] B 15t (Baek, 2012; Shah et al., 2013).

A SRR A, obddl W Ad Fol FHs= A& delsta €
THE ZUEE dto] agdE, AEE SEHE dtetdts 5 AT wol I

At Lee, 1989; Jeong et al., 2002; Moon and Choi, 2003; Jung el al., 2008).
a8y, AMA SRR 201490 HEA i B3] EvE ARE A

MAAoZ A7 Wol HA g EHF o]tk (Hoppenrath et al., 2014). &

¢

3], Ul M= A FRFe Be A7 J1FE i, yAddes A9
A

PR xR AEEEol AdAbel wet Feg Wolr) dekal, ZAF el
AR GRS Bol7] wEel T BR7F v Ztdkath 18 PR FHTole

AR &83 WS olgst F& 438kl 3o, 53] ribosomal RNA



FHAZAGEDNA) E o] &35t tEREFO FAAIEEZA A7 A¥yEH v
(Ki et al., 2005; Cho et al., 2008; Kang et al., 2011; Jeong et al., 2012). T3},

rDNA+ SSU, ITS, LSU o2 FA45EY 27 & d7|449S 7R3 Q9]

7y Frolvt o E E74+e) Hlwel 83tk (Adachi et al., 1996). 38t 3E A
545 HoE v 22 $OE ERIY SAATENS d UE FOoE &
2 4 A= FAAE (cryptic species)©] @Wo] WAY 7] E 3t} (Montresor et

al., 2003; Amato et al., 2007). 18} oA 7R AAMA AR ZFO ExA%E
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o

o

obe QA s

of A= Fh dliqke] Eejellx AMAste AMA SRR 4F2 HH A

S

EAS #BAsto] Aslal, 28S LSU rDNA §4AE BA 5l AERF3HE &

AnAE shekshe @k



1. A4 4H

AR 2017 197E 49717 e dalekd AFE At 2709 57
qel i Fasich A g0 Bz 9T g 7 UGt D, ¢
32 NSt 2), ARE §9 AN (St 3), A% #A A (St H)F £4 9

91 (St. 5) = AdA stk (Fig. 1, Table 1).

2.2. A% B ook U

ZF A A BEgE EEAe ARgete] sl @ 250ml EEkAH

(L

Hel &2 & gepdFo® Waste] AR (live sample) JHZE APA=E &
st 2 Al59 dH-E IMK ok (Daigo IMK, Nihon Pharmaceutical Co.,

Ltd., Tokyo, Japan)©] ¥F A% Fo8l+ EoAE o ¥ 1272 WA

32

27 9l GeOz ImlE F7FsE - wioFekalar, o] =l 3 W4 AJeE €elstal
th 71 %, 24 well plateollA] ©@dujeF st om, vl AL 4+ 16° C, FoF
7] 12:12hr, FFA 40 pEm s o2 Aot @A vk AxEe] &
Ashd IMK Hjokolo] S0]9l= 12 well plate, 50ml culture bottle £ 2. & <=3}
Hog & §7]2 %7 okttt 50ml culture bottleZbA] HjokE vjokFof =
strain numberE FolstH Zt HYA| ] o5} FHH H5 VIR WL

efe Aol wel s e3lon, Fo] v 4 2 B APAZRE strain

A

= gttt (Table 1).
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Fig. 1. Locations of sampling stations in Korean coastal area.



Table 1. Sampling stations and strains in this study.

St;zfm Sampling station Salr)n;leing Latitude Longitude Strain No. Remark
St. 1 Songpyeng Beach 2017.04.28 34° 26" 6.64" 126° 28' 16.14" SPO1, SP0O2 Haenam
St. 2 Dongo—ri Beach 2017.04.24 34° 19' 46.55" 126° 52' 48.78" WDDGO1, WDDGO2 Wando
St. 3 Yulim Beach 2017.04.25 34° 1'10.10" 127° 18'16.74" YRAMO1, YRAMOZ, YRAMO3 Geomundo
St. 4 Gwakji Beach 2017.02.16 33" 27" 2.64" 126° 18'17.40" JIGJO2 _

St. 5 Pyoseon Baech 2017.02.16 33° 19' 34.33" 126" 50' 26.38" JIPSO1 el




F9 TAHE 95t F= F8d v (Axioplan, Carl Zeiss, Oberkochen,
Germany) < AHE3I I, Xl wAs Jej4 545 #Esty] flsto] A=
FAPAAE R E JSM—-6700F, JEOL, Tokyo, Japan) & AHE-atith, BAAF+=
glutaraldehyde (% &% 9 1%) T+ formaldehyde(H%F % °F 1%) 02
agsto]l ARESlh FEdnd BEE 400-6008] &4 o] Fo R A HAH
ZHd 2} (Axiocam ERc5s, Carl Zeiss, Oberkochen, Germany) & AR &4 3F3

.

AE FAPAAER A BES 9%t AlE & glutaraldehyde (HF 5% °F 1%)
2 3AIZF 2 3k F, OsOy(HF % oF 1%)E 308 % Fu4sta, 50% 3
Yl E AREete] 23] AlHelth 1§ SRR 33 AlF F, SdEsE 9
st o ®hE A18] = (30, 50, 70, 90, 100%) & AXRY. ©dA 27} EYd critical
point dryer (CPD; EMS 3000, Electron Microscopy Sciences, Hatfield, USA)
= AMg3te] 122170 H sputter coater (Q150R, Quarum, Laughton, U.K.) &

AbE3Sto] 20mAClA 283 WMoz FHEk] A

r\:\

S A Zste] AxFEn| Ao

AEY 27, G, BTG BT 9H S met 2R LRAA 9@ &

o sz or Fe¥E AlgaeBase site (http://www.algaebase.org) S 7|59



2.4.DNA % 4 PCR 5%

DNAE F=38t7] el 2 59 9 g dFE5 F8 pellets W %,
DNeasy Plant mini Kit(Qiagen, CA, USA) & AFg3lo] DNAES FE3F T} 28S
LSU rDNA?] T35 $13F9] forward primer LSU 500F (5" —GCA AAC AAG
TAC CAT GAG GG—3" )%} reverse primer LSUB(5" — ACG AACGAT TTG
CAC GTC AG—3" )& AF&3sF3lth(Liaker et al., 2003). PCRRFES 913l 1 x
Reaction buffer with 1.5mM MgCl2 51, 2.5mM dNTPs 4 x1, 20pmol2]
forward, reverse Primer 2} 1pxl, 1U/xL Top DNA Polymerase (Bioneer,
Daejeon, Korea) 2 #1022 F 50 ¢19 &3ES "l=0o] A5 Y PCRYHS %
AL A 94° C oA 33 WA (denaturation) §, 94° ColA 1+, 55° Cell
A 1A, 727 CeollA 129 2% 35cycles WSl mpx|w o2 72° CojlA]

387+ A3 (extension) 3t ¥ FA3s T}

2.5. DNA sequencing 4 AlE5FA]

DNA sequences PCRWF-E-S WA purificationdr &, F3 o2 1.SU 500F
9} LSU B%E sequencing primer@ ©]&3}o] &3t AFwadS §sho
NCBI(National Center for Biotechnology Information) 2] GenBankel %%
TR 97149E MEGA v.6.09] Clustal W& A3t J a3tk (Table
2). ATEAE wldd 28S LSU rDNAE MEGA v6.0914 HohgAbs
(Maximum likelihood; ML) GTR+I model& AFg-3to] AlsstSit). AlEF2

wA e et AFES S48H7] f18ke] bootstrapék= 10003] W53kl



Table 2. Collection area, strain numbers and GenBank accession numbers of searched species in NCBI.

Species Collection area Strain number iecref:ir(l)l;
Amphidinium carterae Bahia Cofresi, Dominican Republic Amcal4l12—-1 KY070349
A. carterae Bahia Cofresi, Dominican Republic Amcal412-2 KY697938
A. carterae Puerto Penasco, Mexico CCMP124 AY460584
A. carterae Bay of Naples, Italy CS—212 JQ394805
A. carterae Bicheno, Australia CS—383 JQ394806
A. carterae Port Botany, Australia CS—740 AY460578
A. massartii Palmyra Atoll, Pacific Ocean Ammal208—1 KY070356
A. massartii Shirahama Beach, Japan T™ 16 AB818952
A. thermaeum Bahia Cofresi, Dominican Republic Amthl412—1 KY070363
A. thermaeum Bahia Cofresi, Dominican Republic Amthl412-2 KY070364
A. thermaeum Florida, USA Amth0304—-1 KY070365
A. thermaeum Coral Sea, Australia CS—109 JQ394809
A. thermaeum Thermaikos Gulf, Greece UoABM—Atherml GQ200834
Thecadinium kofordii Dongho, Korea TkDH1 KT371445
T. kofordii Unknown Th.k—1 KY575425




T. kofordii

T. kofordir

T. kofordir

T. ctf. kofoidii

T. ctf. kofoidii
Togula jolla

T. jolla

T. jolla

T. jolla

T. jolla

7. compacta

T. compacta
Heterocapsa arctica
H. circularisquama
H. minima

H. nier

H. niei

H. orientalis

Unknown

Unknown

Helgoland, Germany
Unknown

Unknown

La Jolla beach, USA
Port botany Bay, Australia
Unknown, Canada
Napier, New Zealand
Dongho, Korea
Frederikshavn, Denmark
Hirsholmene, Denmark
Unknown

Inland Sea, Japan
Unknown

Unknown, France
Unknown

Unknown

Thk-2
Th.k—4
SCCAP K—-1504
Th.cf.k—=2
Th.cf.k—6
LB1562
CS—=742
NEPCC725
CAWD 58
TjDH1
K-0659
K-0660

CCMP445

JK2
IFR10-193
CS89
CTCC20

KY575429
KY575433
GU295207
KY575445
KY575441
AY455680
AY568559
AY568560
AY568561
KY371444
AY568562
AY568563
AY571372
AB049709
KF031312
JQ247713
AY916548

AY464690




H. pseudotriquetra
H. pygmaea

H. rotundata

H. rotundata

H. triquetra

H. triquetra

H. triquetra

H. sp.

H. sp.

H. sp.
Cachonina hallii
Karenia umbella

Gymnodinium aureolum

Unknown
Unknown
Unknown
Unknown
Unknown,
Baltic Sea
Baltic Sea
Oman sea
Unknown
Unknown
Unknown
Saint—Pie

Unknown

Korea
, Germany
, Germany

, Iran

rre—and—Miquelon, France

GeoB 222
CCMP1322

K-0479

SCCAP K—-0483

GSW0206—-2

UTKGY7 clone 14

UTKG7 clone 20

HZ5-2011
QUCCMS7
QUCCMSS

IFR13-377

MF423367
FJ939577
AF260400
KF240778
EF613355
MF423362
MF423363
JN020164
KX853177
KX853178
AF033867
KJ508372

KX035106
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3. 4 3

3.1. EFAA

A Az, AXA AR ZF  Dinophyceae”  Gonyualacalessr
Thecadiniaceae® Thecadinium% Thecadinium kofoidii 1%, Gymnodiniales
= Gymnodiniaceae™} Amphidinium% Amphidinium thermaeum 1%, Togula
2~

2 Togula jolla 1%, Peridiniales Heterocapsaceae®} Heterocapsass

Hetrocapsa sp. nov. AE3H 7} 54 =3It}

o]

iy

5 BRAAL T3 2ok

Class Dinophyceae West et Fritsch

Order Gonyaulacales Taylor

Family Thecadiniaceae Balech

Genus Thecadinium Kofoid et Skogsberg
Thecadinium kofoidii (Herdman) schiller

Order Gymnodiniales Apstein

Family Gymnodiniaceae Lankester

Genus Amphidinium Claperéde et Lachmann
Amphidinium thermaeum Dolapsakis et Economou

Genus Togula Jargensen, Murray et Daugbjerg
Togula jolla Jgrgensen, Murray et Daugbjerg

Order Peridiniales Haeckel

Family Heterocapsaceae Fensome, Taylor, Norris, Sarjeant, Wharton et Williams

11



Genus Heterocapsa Stein

Heterocapsa sp. nov.
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3.2. 59 71A

3.2.1. Amphidinium thermaeum Dolapsakis et Economou 2009

Synonym: No synonym.

Reference: Dolapsakis and Economou 2009, p. 156—161, Fig. 1—-47.

Strain examined: YRAMO1, YRAMO2Z2, YRAMOS.

Sampling: Apr. 2017. Yulim Beach in Geomundo (34° 1'10.10"N, 127° 18'

16.74" E).

Morphological description: The cells are oval and dorsoventrally flatted.
The epicone is similar to the shape of tongue and extends dorsally from the
ventral side of the hypocone apex (Fig. 2 a, b; Fig. 3 a—d). The hypocone
is asymmetric with a round side and convex side (Fig. 2 a, b). At the ventral
view, the cingulum is located at a distance 0.1—-0.2 and 0.3—0.4 of cell
length, respectively (Fig 2 a, b). The sulcus begins in the center (Fig. 3 b,
c). It is initially tilted to the right, tilted slightly to the left, becoming shallow,
wide and fading posteriorly and generally faded into the antapex (Fig. 3 c,
e). The nucleus is spherical or oval and is located at the bottom of the

hypocone (Fig. 2 c, f).

Size: 15—25 pgm long, 10—15 g m wide in the ventral view.

Habitat: Marine and benthic species. Sand—dwelling species.

13



Distribution: Aegean Sea (Lee and Kim, 2017), Australia (Lee and Kim,
2017), Greece (Dolapsakis and Economou, 2009), USA (Karafas et al.,

2017).

14



Fig. 2. Light micrographs of Amphidinium thermaeum. (a, b) ventral view
showing epicone, (c) dorsal view, an arrowhead indicates nucleus, (d—f)

dorsal view. (a—f) scale bar=10 ¢ m.
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Fig. 3. Scanning electron micrographs of Amphidinium thermaeum. (a) lateral

view, (b) ventral view, (c) lateral view, an arrowhead indicates longitudinal
flagellum, (d) apical view, an arrowhead indicates transverse flagellum, (e)

ventral view showing sulcus. (a—d) scale bar=10 #m, (e) scale bar=1 zm.

16



Phylogenetic analysis: A% FR3WlA 228 ®F  YRAMOIL,
YRAMOZ, YRAMO3 Z%E DNA {325 FEsto] 28S LSU rDNA ¥-91&
PCR &4+ &3l ¢ 500bp & <3tk 7IEel NCBI o =54 Sl=
Amphidinium 42 24X £S5 Blast search 3 & A3 dolglo] st
AREAS Agste] ML WWoew EA3sIYY (Fig. 4). o o,

Gymnodinium aureolum < outgroup 2.2 WEY AT

o ATelA " 3 B HikFE  NCBI GenBank o 549
Amphidinium %2 13 7 @714 A A A, 7|Ee] B A,
thermaeum 171X A3} dA|epqd o 55, TeAet 22 clade & FAs3AH
w3t A, thermaeum 2 T 719 clade & ¥Ad3t=dl + clade 7+ AZE 1%
e FU WHol&S Huh A thermacum-S A. massartii 9% A. carterae i
20%

ool Tt Wlol&a Kol &3] v clade 2 F¥EH (Fig. 4).
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Amphidinium thermaeum YRAMO1 Present study

Amphidinium thermaeum YRAMO02 .
P (Yulim Beach)

Amphidinium thermaeum YRAMO3

JQ394809.1 Amphidinium thermaeum CS-109 I Australia

GQ200834.1 Amphidinium thermaeum UoABM-Atherm1 I Greece
KY070365.1 Ampbhidinium thermaeum Amth0304-1 | USA
KYQ70364.1 Amphidinium thermaeum Amth1412-2

86

Dominican

KY070363.1 Amphidinium thermaeum Amth1412-1 Republic

AB818952.1 Amphidinium massartii TM16

KY070356.1 Amphidinium massartii Amma1208-1

100 | JQ3948086.1 Amphidinium carteriae CS-383
JQ394805.1 Amphidinium carteriae CS-212
KY897983.1 Amphidinium carterae Amca1412-2
KY 070349.1 Amphidinium carterae Amca1412-1
AY 460584.1 Amphidinium carterae CCMP124
100 'AY 460578.1 Amphidinium carterae CS-740

KX035106.1 Gymnodinium aureolum

02
Fig. 4. 500bp aligned positions of Amphidinium thermaeum large subunit
rDNA using the GTR+I model. The branch lengths are proportional to the

amount of character changes. The numbers above the branches indicate

maximum likelihood bootstrap value.
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3.2.2. Thecadinium kofoidii (Herdman) Schiller 1933

Synonyms: Phalacroma kofoidii Herdman 1924, Amphidinium sulcatum
Herdman, Amphidinium kofoidii var. petasatum Herdman 1922,
Thecadinium petasatum Kofoid and Skogsberg 1928, 7Thecadinium

petasatum Dodge 1982.

Reference: Tomas 1997, p.548, pl. 55A—B; Hoppenarth 2014, p.181, 184,

fig. 84 A=D.

Strain examined: WDDGO1, WDDGO02

Sampling: Apr. 2017. Wando Dongo—ri Beach (34° 19' 46.55" N, 126° 52'

48.78" E).

Morphological description: It is armored dinoflagellates. The cells are oval
and flatted laterally. The epitheca is smaller than the hypotheca and it is
round (Fig. 5 a, ¢, d). The hypotheca is wide and large and rounded at the
antapex in lateral view (Fig. 5 a, d). There are scattered pores in the plate
(Fig. 6 d). The cingulum is located 1—2 times cell length (Fig 5; Fig. 6 a—
c). The sulcus is short and only exists in the hypotheca (Fig. 5 b; Fig. 6 a).

The nucleus is located at the bottom of the hypotheca and is oval.

Size: 20—35 g m long, 18—32 g m wide in the lateral view.

Habitat: Marine and benthic species. Sand—dwelling species.

Distribution: Britain (Park and Dixon, 1976; Dodge, 1982), France (Gémez

19



and Artigas, 2014), New Zealand (Chang et al., 2012).
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Fig. 5. Light micrographs of Thecadinium kofoidii. (a—b) lateral view,
arrowheads indicate transverse flagellum, (c—e) lateral view. (a—e) scale

bar=10 g m.
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Fig. 6. Scanning electron micrographs of 7hecadinium kofoidii. (a) lateral
view, an arrowhead indicates sulcus area, (b) lateral view, (c) lateral view,

an arrowhead indicates transverse flagellum, (d) lateral view, arrowheads

indicate plate's pore. (e) lateral view showing cingulum. (a—c) scale bar=10

rm, (d, e) scale bar=1 g m.
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Phylogenetic analysis: 9% F 18 sidlelA Ea¥d wjeksE WDDGO1,

o

WDDGO2 258 DNA A& F=35F0] 28SLSUrDNA H$15 PCR &4
23] ¢F 540bp 2 At 71 NCBI o 5259 Q= Thecadinium % 2)
JE %35 Blast search 3 & 43l do|Elo] tfst AlEEAS Adste]

o

ML W o g T35t (Fig. 7). ©| W, Gymnodinium aureolum <

outgroup .= e AT

o ATelA Fgd 2 R HikFE  NCBI GenBank o 549
Thecadinium %2 7 7\ Q7143 A +A38t A3}, 7]Eol 5% T, kofoidi
A7NAALH AR om, e TFH AVIAALHN E2 clade E FASAT
w8, 7. kofordii = A M9 clade & FAt=H 44 AgdE B Al clade

e A7 1% S Wolgs Bdn (Fig. 7).
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Thecadinium kofoidii WDDGO1 | Present study
Thecadinium kofoidii WDDG02 | (Dengo-ri Beach)
KT371445.1 Thecadinium kofoidii TkDH1 | Korea
KY575433.1 Thecadinium kofoidii Th.k-4
ph KY575429.1 Thecadinium kofoidii Th.k-2 Unknown
KY575425.1 Thecadinium kofoidii Th.k-1
GU295207.1 Thecadinium kofoidii | Germany
KY575445.1 Thecadinium cf. kofoidii Th.cf.k-2
W' KY575441.1 Thecadinium cf. kofoidii Th.cf.k-6
KX035106.1 Gymnodinium aureolum

53

100

Unknown

0.05

Fig. 7. 543bp aligned positions of 7Thecadinium kofordir large subunit rDNA
using the GTR+I model. The branch lengths are proportional to the amount
of character changes. The numbers above the branches indicate maximum

likelihood bootstrap value.
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3.2.3. Togula jolla Flg Jergensen, Murray et Daugbjerg 2004

Synonym: No synonym.

Reference: Jgrgensen et al. 2004, p. 295, fig. 22—35; Hoppenarth 2014,

p.189, 190, fig. 87 D—G.

Strain examined: JJPS01, SPO1, SPO2.

Sampling: Feb. 2017. Pyoseon Beach in Jeju Island (33" 19'34.33"N, 126°
50' 26.38"E); Apr. 2017. Songpyeng Beach in Haenam (34° 26' 6.64" ° N,

126" 28' 16.14"E).

Morphological description: It is unarmored dinoflagellates. The cells is
elongated oval and dorsoventrally flattened (Fig. 8 a—c). The epicone and
hypocone are asymmetric (Fig. 8). The cingulum is very asymmetric. At
the ventral view, cingulum originated slightly right and below center of the
cells. Cingulum is located 5—5.5 times cell length (Fig. 8 b, ¢). The sulcus
bends slightly to the right, but it is inconspicuous (Fig. 8 f, g). The nucleus

exists in the center of cells. Morphological variation appears (Fig. 8 c—e).

Size: 25—43 pm long, 20—33 g m wide in the ventral view.

Habitat: Marine and benthic species. Sand—dwelling species.

Distribution: California (Jgrgensen et al., 2004), Canada (Jgrgensen et al.,
2004), Australia (Hoppenarth et al., 2014), New Zealand (Jgrgensen et al.,

2004; Chang et al., 2012).
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Fig. 8. Light micrographs and scanning electron micrographs of 7ogula jolla.
(a—c) LM, (d—g) SEM. (a) dorsal view, (b) ventral view, (c) ventral view,
cell appears morphological variation, (d) ventral view, (e) lateral view, (f)
ventral view, an arrowhead indicates flagellum, (g) an arrowhead indicates

sulcus. (a—f) scale bar=10 ¢m, (g) scale bar=1 £ m.
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Phylogenetic analysis: A= ¥4 siRlefA] 2|3t vjF JJIPSO01 3 sid 453
oAl Ealsk mjoks SPO1, SP02 9] DNA FdAE F=E3)e] 28S LSU

rDNA #9= PCR #A4& E3) ¢k 570bp & At} 7]

rhN

o NCBI °f 5% %o
AJE= Togula 42 UHF £& Blast search 3 & AH3k do|g o] st

Al

offt
1
o

Adste] ML W oz =238ttt (Fig. 9). ©] wl, Gymnodinium

H
RN

aureolum < outgroup &% YERJ ST}

3

© Aol AA" 3 JHe] wiFFE NCBI  GenBank o S5%

Togula %2 77 |71 43} s/ B4

v
=
i,
H
e

pa

=8
=)

—
—
e
[0p]
(@)
—
wn
i)
(@)
—

= 71E9
s=¥  Togula jolla [71MA¥ 79 dAsGOH, U FF¥
F7NAALET ofye} FARE, S, v=, AU ZE clade & PSS
I3y strain SP02 & AS-, 7. jolla o B8 7. compacta 2+ F+A&A 7} G
VA e JIPSO1 2k SPO1 #hiz B2 clade & 3433iHh shA %
SPO2 ¢ 7. compacta 2 8% AZE B F clade 7Fe Ag7p oF
5% EZ FZF Wol&S HolW T, compacta $= HE FOE FEEHAG

(Fig. 9).
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AY568561.1 Togula jolla CAWD 58 I New Zealand
AY568559.1 Togula jolla CS-742 | Australia

AY455680.1 Togula jolla | USA

¥ AY568560.1 Togula jolla NEPCC | Canada
KT371444 1 Togula jolla TIDH1 | Korea
Togula jolla JJPS01 Present study

(Pyoseon Beach,
Songpyeng Beach)

| Togula jolla SP02 |
58 AY568563.1 Togula compacta K-0660
100 | AY568562.1 Togula compacta K-0659

KX035106.1 Gymnodinium aureolum

Togula jolla SP01

Fig. 9. 566bp aligned positions of 7ogula jolla large subunit rDNA using the
GTR+I model. The branch lengths are proportional to the amount of character
changes. The numbers above the branches indicate maximum likelihood

bootstrap value.
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3.2.4. Heterocapsa sp. nov.

Synonym: No synonym.

Reference: No reference.

Strain examined: JJGJO2.

Sampling: Feb. 2017. Gwakji Beach in Jeju Island (33° 27' 2.64"N, 126°

18'17.40"E).

Morphological description: It is armored dinoflagellate. The cells are oval.
The epitheca is larger than the hypotheca and has conical shape, and in
some cases it is observed that both are similar (Fig. 10 a—e). The plate
has pores (Fig. 10 h). The cingulum is located below the center of cells
(Fig. 10 ). The sulcus leads to the bottom of the hypotheca (Fig. 10 d, e).

The nucleus is located at the bottom of the hypotheca (Fig. 10 b, c).

Size: 10—16 gm long, 10—12 g m wide in the ventral view.

Habitat: Marine and benthic species. Sand—dwelling species.

Distribution: Jeju.
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Fig. 10. Light micrographs and scanning electron micrographs of Heterocapsa
sp. nov. (a—e) LM, (f—h) SEM. (a) ventral view, (b, c¢) lateral view, an
arrowhead indicates nucleus, (d, e) ventral view, cell appears morphological

variation, (f) dorsal view, an arrowhead indicates cingulum, (g) ventral view

showing cingulum, (h) an arrowhead indicates plate's pore. (a—f) scale

bar=10 #m, (g, h) scale bar=1 gm.
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Phylogenetic analysis: A5 ZA] d|Hlo A gl vjks JIGJ02 ¢ DNA

SAAE FZE35)e] 28S LSU rDNA ZFE] PCR #41& E3] ¢k 640bp =

ne

ot 71 NCBI o 55%9o S+ Heterocapsa %42 44 & Blast
search 3t & A3t do]ge] fst AlFEAS Adgste] ML WHo=z
E23k8 Y (Fig. 11). o] W, Karenia umbrella & outgroup O.%

Jeh gl

© Aol Ad"E 1 e s

lf

NCBI GenBank ¢°] =%

Heterocapsa 4% 16 70 {71443 A A3 A3, 7|9 =%
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MF423363.1 Heterocapsa triquetra UTKG7 clone 20
499{ MF423362.1 Heterocapsa triquetra UTKG?7 clone 14
EF613355.1 Heterocapsa triquetra GSW0206-2
15 L MF423367.1 Heterocapsa pseudotriquetra GeoB 222

AY571372.1 Heterocapsa arctica

= —— KF031312.1 Heterocapsa minima JK2

58 99 |— AF260400.1 Heterocapsa rotundata
100 ' KF240778.1 Heterocapsa rotundata SCCAP K-0483
AY464690.1 Heterocapsa orientalis CTCC 20

———1 Heterocapsa sp. nov. | Present study (Gwakji Beach)
9y 1 JQ247713.1 Heterocapsa niei FR10-193
34 AF033867.1 Cachenina hallii

BE

JNO20164.1 Heterocapsa sp. HZS-2011
WFAYMSSJ«S.‘W Heterocapsa niei CS89
FJ939577.1 Heterocapsa pygmaea CCMP 1322
100 L| KX853178.1 Heterocapsa sp. QUCCCM88
94 |KX853177.1 Heterocapsa sp. QUCCCM87
KJ508372.1 Karenia umbella IFR13-377

0.05

Fig. 11. 638bp aligned positions of Heterocapsa sp. nov. large subunit rDNA
using the GTR+I model. The branch lengths are proportional to the amount
of character changes. The numbers above the branches indicate maximum

likelihood bootstrap value.
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4, ¥ 9

4.1. &9 9o 9 A F

rhe

AFelM F 4 o @ Aol B At o Fud 542

A

A% 4 gor, AF FuE 15 BAT 5 AT

Amphidinium thermaeum & 71&°l H.1¥ +3¢ (Dolapsakis and Economou,
2009) ¥ v W3] H H, epicone ] E. k0] tongue—shape & U X3} a1, vl H of A]
Al#tete] FEow FlojA = FH oAl dASH. F 5 (cingulum) o] f1A] 7}
A Aol T 0.2-0.4 Alelel f1ASh= Ak FAFSEALL, F-(sulcus) 9
AR} BeF Al 7E EdI fAFSRATE S, 9 7F antapex & U H &5 F

A3 gveld mEebA] ke AR w I dASA #Y 9A8 RYE

e o FE 21 BA@ 7 FEZE geksialet, ol 3 Aol A
thermaeum A% #HZFHY, T8y, 2 AFedA= 0 EFEF A
antapex 7} °F{F M=% Bl ol FdA = T EFLE Sl oF7Ee] FE| A
olg RO, ol T thE FHA wWolE Helt

2017 el As =uf E3el| wxd

AN AR AH AAAA B Hgow, FJeH SR A massarti 9+

Skl ABSA 242 Eoe] ok AR B T 4+ Agch

Thecadinium kotfoidii = 719 B 1¥ +3 (Shah et al., 2013; Hoppenarth

et al., 2014) ¥ vlwal®d, Ax2 AAAA Fe7} efgddo]1 epitheca 7}
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il

- #an 2w, e Fvb EAska, AE AlEe] do]l F 0.1-0.2
Atolefl 1A8k= Aol AAISFIY. T. kofoidii = 2t eFAEZFol7] wel &
Aol M el mjFFol A @l Wolrzk A yEhA sker, e =39
FH A= AT =8 T X9 A7l wWE epitheca 9o A7

gebgont P79 A7 0.1-0.2 Aele] EAFLE st Fow BT -

g

UTH ESH SEM °o® #ESlS w #EE 97e] pore + APRAOR
Ak A gRlstgled, o] A F39 A dASA. T, kofoidi &

2013 ol A& = E3loA wExe Fojm (Shah et al., 2013), o¥

Togula jolla + 7]1&°] ®id T3 d w2 (Jgrgensen et al., 2004),

AZ7E AAA oz dA 5o erdFela Ao, Axe] Zdolst F9
He17F #3331, epicone ¥ hypocone ©] BIthH 3 Zo] {FASIATE T3
A7 AE SSET ofgiFe] A skl wiHelA FE w, ot e EFH
YAty Bl A AA] FAVSFA T FE = hypocone ©f 918 3] u) A
Vel ok 2% Xt V]Ee| Ra® FHANAM 7. jola &
FeHl Wyo] yelgon, ol B AFdME yeutoy Fdy g

Foko]l Wol= oYt} o]= T trE YE| WHol2 HY. Togula £ A%
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2013), oyl AFrolld MEE AMHA AN BH HIoHw, AFEFE ot

B A&t o078 574

ot

30
%2
o

P
T

d

Heterocapsa sp. nov.x= ©|H Ao HS 7|53 AF FHFO|T
71& R1E Heterocapsa 4° 3 FJHFOoZ AXstA] &t 1 71
strain & ¥ NCBI GenBank ©| ¥ Heterocapsa % L9} AEEAS

AAEES a1, H§ A2l clade & AT 7Y A 3A7F 77k H. niei 29

g

4.2. T AT

o

A7 E BA A A thermaeum 2 Q1 18] 248} vy ofF el
TFof Evlyrt Fst=ol REednt ek, Al Ay, F 19 clade &
FASATE 7328 NI 3 M9 strain ©] &3 clade & T 18] 204
AAE strain ¥ 22 clade & FAsIH FAACRE FAFSL, vl=, Zvlygt
T3l AT strain S T UE clade & AT 7 clade 1] 4 A
Ag7F 0.5% o9 WHol&S HolPg F clade + & WA 24 F2A

Ho 7} ey s Ao =% Hoju o= A Yef upE FHolZ KRl

DD T4 A3, T. kofoidii= AT =S AAEIAL, 2]l HdelA
wESAT. g, ASEA A3, 3 WY clade & B4R il sl

2 79 strain & = tE T4 strain 3 @2 clade & A3, unknown
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strain 3 7B7} 3FHe] clade, Y strain ©] 32 clade & #EAEATE. Zt

ofN

clade 79 384 AZ7F 0.5% oJUe] WHol&& Ho|EZE A clade &

o7 Holw St strain Y Y

_?{_'4

(0]
2
>
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o
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v
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=
rir

WelA s 74
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clade & @A3t= Ao 2 Hol AYo] mE Fd4 WHol7l A YehA] g+
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