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Morphological Characteristics and Molecular Phylogeny of
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Many species in Gymnodiniales, which are unarmored dinoflagellates, are responsible for marine algal blooms
and some of them have potent toxin in the cell. Their taxonomy has so far been well-defined, and several genera
(e.g. Akashiwo, Gymnodinium, Karenia) have recently been re-described. In Korea, few works have been carried out on
their taxonomical and molecular studies. This study focused on comparison of both morphological and molecular
characteristics of five unarmored dinoflagellates on Korean coastal water: Akashiwo sanguinea, Cochlodinium
polykrikoides, Gymnodinium catenatum, Gymnodinium impudicum and Karenia aureolum (=K. mikimotoi). Morphological
characteristics observed here was in good accordance with the original descriptions of individual species. In
addition, none of difference was found in morphological comparisons between the Korean and foreign strains.
Furthermore, molecular analysis showed that the SSU rDNA sequences were generally identical according to each
species. In some distinct features, A. sanguinea, which has generally the same morphological features, were divided
into two groups: one was Korean isolates including European isolates, the other was American isolates. In the two
groups, the nucleus was positioned differently: middle of the cells in the Korean isolates (GnSg02, GnSg03), near the
epicone in American isolates (CCMP1593, CCMP1837). In addition, this was strongly supported by phylogenetic
analysis, inferred from the SSU rDNA sequences. K. aureolum (GrAr01) was corresponded to European G. aureolum
(=K. mikimotoi) in shape and position of nucleus, chloroplast, however, which is similar to K. digitata in view of
having a finger-like sulcus. This was in good agreement with phylogenetic study of these species. G. catenatum have
identical morphology except the ridge location, and their genotype of SSU rDNA was also identical to GenBank
data of the same species. From this study, we found that the five Korean unarmored dinoflagellates are identical
morphological characteristics and genotype to each species of foreign isolates.
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Table 1. List of strains used in this study

Species Strain (or isolate) Locality Source
Akashiwo sanguinea GnSg02 Jangmok Bay, Korea KORDI
GnSg03 Jangmok Bay, Korea KORDI
CCMP1593 Narragansett Bay, USA CCMP
CCMP1837 Harington Sound, USA cemp
Cochlodinium polykrikoides CcPk02 Tongyeong, Korea KORDI
Gymnodinium catenatum GCCW991 Jindong, Korea PKNU
GnCt01 Jinhae Bay, Korea KORDI
CCMP1940 Ria de Vigo, Spain CCMP
Gymnodinium impudicum Gl-1cp Yeosoo, Korea NFRDI
Grlp02 Gunsan, Korea KORDI
CCMP1678 Gippsland Lakes, Australia cemp
Karenia aureolum (=K. mikimoto1) GrAr01 Chilcheon-do, Korea KORDI
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Akashiwo sanguinea (Hiraska) G. Hansen and Moestrup
2000(Fig. 1a-d)

Synonyms: Gymnodinium sanguineum Hiraska 1922
(Steiginger and Tangen 1997, p. 451. P1. 19; Shim 1994, p.
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]

Fig. 1. Light micrographs of Akashiwo sanguinea from three strains, GnSg02 (a, b). CCMP1593 (c) and CCMP1837 (d). Whole cell
structure of GnSg02 (a) with the bell-like epicone (b). An arrow head represents the hook-like lobe on the dorsal view of

CCMP1593 (c). A nucleus is marked as “n”. Scale bar = 20 um.

419, fig. 525; Jung 2001, P1. 2, figs. 3-5, P1. 11, figs. 3-4, P1.
12, figs. 1,3, 4)

Gymnodinium splendensi Lebour 1925 (Lebour 1925, p. 43.
Pl. 5, fig. 1; Schiller 1937, p. 417, fig. 438; Dodge 1982, p.
88, figs. 9 E-G)

Gymnodinium nelsoni Martin 1929 (Hulburt 1957, pp. 203-
205, P1. 2, fig. 1 Adachi and Irie 1981, pp. 33-34, fig. 23)

AEe o249 Ee AR or Szl A=A Al
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TGN ot f1Fel SRSt daks 7 H =T
Toe SR 2 UEi AdoR el &S Fol
oA F G Aot HoAth A5 BE Tl T
() Zego] HAF G ot ARz DA gFEo] 59 515
o] Zo|7} ZolA71% S%IhFig. 1b). 315 weke] Wl
7hAel 4 o Fol R HoAAAY o FAR Hofxl=
Aol #AH7|= sirhFig. 1o). B 79 e FTIe
2 S WM A Sl SAYANFg. 1a, b),
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Fig. 2. Light micrographs of Cochlodinium polykrikoide CcPk02. Cingulums are marked as arrowheads and sulcus as arrows, ventral
view (a) and lateral view (b) of the cell. A nucleus (n) is located on apical part of the cell (c). An ocellus (oc) is situated on apical
part and chloroplasts (ch) in the shape of a stick (d). Scale bar = 10 um.

9] W FFo A= A E Aol 241819 tHFig. 1c, d). B
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Cochlodinium polykrikoides Margalef 1961 (Fig. 2a-d)
Synonyms: Cochlodinium heterolobatum Silva 1967 (Silva
1967, pp. 745-754. Pls. 1-5)
Cochlodinium polykrikoides Margalef 1961 (Steidinger and
Tangen 1997, p. 446, P1. 17; Hallegraeff et al. 1995, pp. 286-
287, fig. 15.3; Jung 2001, P1. 1, figs. 1-2, Pls. 7-8)

AEE 459 315 =T Wpgez AR 7 ARl
ATHFig. 2a). FFE tFE VrPoly duge) e
FZE AT} Lol 25.045.0 um, L 16.0-35.0 um = A
% Zol= Zo] 1281884 A=t ST o A E o]
9] 1/13-1/12 B =2, Al E 3 THapex) F-5-2] A E Zo] 1/4
= He XA AlFste] of 1.819 v E Eo} 5
(antapex)oll A £ THFig. 2a). T F77F A2k 5
HLE olefjol A AlFsle] Al 2o] Tt g el A4S glof
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Ath. GEAE =Tl 21 B mefo
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Gymnodinium catenatum Graham 1943 (Fig. 3a-f)
Morey-Gaines 1982, pp. 154-163, figs. 1-13; Yuki and
Yoshimatsu 1987, pp. 109-117, fig. 1, Pls. I, II III;
Hallegraeff et al. 1995, pp. 287-288, figs. 15.5, 15.10;
Steidinger and Tangen 1997, p. 447, P1. 18; Jung 2001, P1.
1, figs. 3-6, P1. 9, figs. 2-4, P1. 10, figs. 1-4, P1. 11, figs. 1-2
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Gymnodinium impudicum (Fraga and Bravo) G. Hansen
and Moestrup 2000 (Fig. 4a-d)

Synonyms: Gyrodinium impudicum Fraga and Bravo 1995
(Fraga et al. 1995, pp. 514-521; Jung 2001, P1. 16, figs. 1-4,
Pl. 17, figs. 1-3, P1. 18, figs. 1-4)
778w Addon 43e 98 wE
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Karenia aureolum(Hulburt) (=Karenia mikimotoi) G.
Hansen and Moestrup 2000 (Fig. 5a-d)

Synonyms: Gyrodinium aureolum Hulburt 1957 (Hulburt
1957, pp. 196-219, P1. 2, figs. 8-9; Von Drebes 1974, p. 117,
fig. 100; Takayama et al. 1998, Pl1. I, fig. 1; Hansen et al.
2000a, pp. 394-410, figs. 1-20, 22-35, 37-40, 44; Jung 2001,
Pl. 3, figs. 1-2, Pls.13-14; Yang et al. 2000, pp. 463-470)

Axe Adgeln mmjz g Ax7t B2E AT Al
X9 Zo| 25.0-46.5 um, = 20.0-39.0 um= ZAo]7} Z2]
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A olo)HeHFig. 5a, o). 3 FHOE AZ FYFl 9]
shglom, e 79 Ex 249G GSAE Wil 3y
ol =2 ¥l rHFig. 5d).

<t

o]

xR —Erxrﬁl% =4

Yo AREE F) - 9 127 %] genomic
DNAE FZ3a}] 6144 SSU tDNAZ PCRS E3f #3819
o} 2}7ke] PCR AHE-& @7]%-4 0] A}§3he] SSU DNA o
1,750 bpZ LA 2™, Genbankol Accession No. AY831410,
AY831412, AY3473092 S=3}9it}. dl 7] &< GenBank

o E25o] 9 FAdHARZF SSUrDNAZE o] 83}

0
e

oftt 1N
He

il



Cho et al.: Morphology and Phylogeny of Unarmored Dinoflagellates 21

Fig. 3. Light micrographs of Gymnodinium catenatum. Reticulating cell surface and vacuoles (arrow) are shown in the cells of a strain
GnCt01 (a). A horse hoof-shaped apical groove (double arrow) is shown on the cell of strain GCCW991 (b). Arrows represent
ridge structure on the cells of strain CCMP1940 (c) and strain GnCt01 (d). A nucleus (n) is positioned on central part of the cell.
Chloroplasts are aggregated when the cell has aged (e). Fine lines on the surface of strain GnCt01 are clearly shown (f). Scale bar

=20 um.

ol 59 A7 HFAF=(similarity)9} F22 7g](genetic
distance)E B] w3}$)tHTable 2). SSU rtDNAE o] &3 G4
P T B/ ol =2 FAEE BEATH>99.0% 971
FATE, < 0.0000 124 Azl). Cochlodinium polykrikoides=
S Wk 2] i Ag el FY 8kl o™ (100% 71 A
%=, 0.0000 A2 Azl), Gymnodinium catenatum (< 99.9%
A7]AHE, 0.0000 A2 A2 Gymnodinium impudicum
(<99.9% A7) 4AME, <0.0006 542 A= = - 9 b
FFre] fAg el dstATt. Akashiwo sanguinea =u]

Hl) F5+(GnSg02, 03)7+e] FAF L A7FAE 9.8 %, 74
2 Ag] 0.00060.2 FAEom | Hu|sjelo A EalE b
FTH(CCMP1593, 1837)7te] 8- A7I-FAE 99.8%, 1+
A4 Az 0.001282 A 9] Lt o}, A|2]A] zfolof mE
i kel 8 Bl A= <99.1% A7 AE, F A
Agl >0.00672 Zo]E WATH 53] Hulgce] A,
sanguinen CCMP1593, 18372 72 Hwula|ctoAa] #e2ld
GSU41085, AF2768187} =& GAE(599 5%, n|d-EA12)
2 Hoon ol AEEAN AvME e FFS YER



22 Algae Vol. 23(1), 2008

Fig. 4. Light micrographs of Gymnodinium impudicum from three strains GnIp02 (a, c), GI-1cp (d) and CCMP1678 (b). An apical
groove (arrowhead) is shown clearly on the epicone, and a nucleus (n) is located on central part of the cell; Aggregated pigments

(ap) are occurred in the cells of strain Gnlp02 (a, c). Different sized cells in strain GI-1cp (d) from a chain or attach each other.
Scale bar = 10 um.

At . Cluster I: Amphidinium longum, Karlodinium micrum, Karenia

Gymnodiniales %5-& T/d3l= F<] SSU rDNA 97|44 brevis, Karenia aureolum; Cluster II: Akashiwo, Cochlodinium
S o] g3l ABTEAS AAI A3 NJ U3 MPHP o Cluster III: Gyrodinium:; Cluster IV: Gymnodinium . ML) 2]
gt AlG A A A Al BT R | AThFig. 6): gk B E 99t fARGE BV P4 sk tHFig. 7).
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Fig. 5. Light micrographs of Karenia aureolum (=Karenia mikimoto) GrAr01. A cell has a linear apical groove (ag), finger-like extention
on epicone as an arrow, and a curved sulcus as double arrows (a). Sulcus presses down the left lobe of hypocone and makes a
shape of tie knot (b). An apical groove (ag) extended to dorsal part of the cell (c) and a nucleus (n) is located on central part of the
cell; Chloroplasts (ch) are enclosed with pyrenoids (p). Scale bar = 10 um.

Gymnodinium catenatum>} Gymodinium impudicum-2 Z}Z}2]
ol T4 = WellA Fsleh EelEdom, vjekao] o
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Fig. 6. Phylogenetic tree inferred by NJ method using PAUP* 4.0b10 within the Gymnodiniales based on the SSU rDNA sequences.
Bold represents SSU rDNA sequences revealed in this study. The dinoflagellate Noctiluca scintilans (Access. No. AF022200) was
included as the out group. The numbers on the internal branches represent the values of bootstrap support (higher than 50%) in

NJ Kimura 2-parameter model.
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