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Motile cells of unarmored dinoflagellates Gymnodinium microreticulatum and Gymnodinium cf. nolleri collected from Japanese coastal
waters were observed and identified by using LM, SEM and molecular phylogeny based on SSU and partial LSU rDNAs. Cell of G.
microreticulatum has a nucleus located in the anterior part, and chloroplasts located peripherally and aligned parallel in the longitudinal
axis. Gymnodinium cf. nolleri exhibits normal gymnodinioid characteristics, e.g. the cingulum surrounds the middle part of the cell, and
reticulate chloroplasts situated in the periphery. Both species possess a horseshoe-shaped apical groove. In phylogenetic trees constructed
based on SSU rDNA and partial LSU rDNA, both species showed the affinity to Gymnodinium catenatum and formed a monophyletic clade.
Especially the partial LSU sequences, G. microreticulatum were almost identical to those of samples used for the original descriptions.
However, Gymnodinium cf. nolleri branched with G. microreticulatum rather than G. nolleri. This is the first report of these two species in
Japanese coastal waters. G. catenatum, G. microreticulatum and G. nolleri are known to form microreticulate cysts. Since the superficial
structure of the cyst was characteristic compared to other dinoflagellate cyst, presences of microreticulate cyst have so far been used
for distribution studies of a paralytic shellfish poisoning causative species, G. catenatum. Two putative microreticulate cyst-forming
dinoflagellates are found also in coastal Japan, therefore, comparison to these species should be required for cyst identification of G.
catenatum.
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REEESEO—H DM, EERO P CHERE L $TEE
DEL BRIEME (A ) 2RT B2 EBALNT LS,
BEEES R M3, GHEPOOBLICMANEMEE LT
Bz BIEROHRPERZ L, ZhsDBRIZE DHEE
BARETHS (Matsuoka & Fukuyo 2000), it it
Gymnodinium catenatum Graham |3 fREY: B REME & L
THIGh, R TREICHEEREL b ORENES X D
KHORABE Y WO TEWE SNz (Anderson et al. 1988), %
D%, AEOFHIZC A POFEICL > THERINTEL
(e.g. Matsuoka & Fukuyo 1994), L % LG5, MM
G. catenatum \"FIL 72> 2 b T % Gymnodinium &

2QEDHER X N, %N ZF N Gymnodinium nolleri Ellegaard
et Moestrup & Gymnodinium microreticulatum Bolch et
Hallegraeff &£ LT, Fve—27tA—A 7Y 7L YEE
X 172 (Bolch et al. 1999, Ellegaard & Moestrup 1999),
s 2HEOMERMMIE, KEIPHKOME, o ICHEH
HEEHBR L2 EOHEFREIC XD G. catenatum £ H
MicHNTBIENTES, LL, THH3EOT AL
FHICERE CREICRBERE D Ok EBRSEMUL T
2, ¥R FOHIKRER (G. catenatum 13 36-62 ym, G.
nolleri 1 25-40 ym, % U T G. microreticulatum 3 17-29
um BE) ®, 2L THBEROEBDTIBICE T 5 ER
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Fig. 1. Motile cells of Gymnodinium microreticulatum, LM (a-¢) and SEM (f-j). (a) Ventral view showing the end of cingulum
descends and the sulcus elongates into the epicone. (b) Deeper focus of a cell revealing a spherical nucleus located in the
epicone. (c and d) Dorsal view showing chloroplasts align in the longitudinal direction. (e) Alignment of chloroplasts under a
confocal microscope. (f) Ventral view. (g) Dorsal view showing longitudinal furrows. (h and i) Apico-ventral and apical views,
note the horseshoe shaped apical groove surrounding the apex. (j) Antapical view. N, nucleus; arrowhead, apical groove. Scale

bars: 10 pm.

DFEOAEH SN T2 (Bolch & Reynolds 2002), L %
L, YA FROFHPHERER TR T % 7 O REFIER IS K
WL o TWw3, £, TDXI) BT A DOIBENELIC X
D, G. microreticulatum & G. nolleri @ Gt 3 5 LLAT O G.
catenatum D> A b FAGHEICIZ NS 2B E ERTWL
Z2HHEMEL H B0, s 3fiENL 72> A M J‘(ljoﬂ}
A2 THN T3 (Bolch & Reynolds 2002), BifE

DIEENHZE b &1 G. nolleri 3HEAFETH 2 7 v~ — 7
DAY 2—F ¥, FA Y, A7) 7, TEEP; vy 3,
YU T, £ Xv, NF X% (Nehring 1994, 1995,
1997, Zonneveld 1997, Montresor et al. 1998, Ellegaard
& Moestrup 1999, Persson et al. 2000, Zonneveld et al.
2001), # L T G. microreticulatum \IHNFEH D & 2 A4 —
AL 7 7ofiicy vy 7 A, fE, Ko bAL (Qiet
al. 1996, Amorim & Dale 1998, Bravo & Ramillo 1999,
Amorim et al. 2001) ICA T2 2 EDMERINTE
(Bolch & Reynolds 2002), /Mlﬁ (ﬁ f'Jc BWwT ti, fﬂ'i

% ( Y[i”‘ é‘ d’L’C W5, G. nolleu J; G. mzcrorencu/amm
DWMERELLR Y, L2L, RWETHEBKDS 2 FTY
L/ N D & o 5 ST 3 72 % (Matsuoka & Lee
1994), G. microreticulatum % L { 1% G. nolleri HSHAIZ &
EAF LT 3 ATEEE DR & 41T w72 (Bolch & Reynolds
2002), AWFE T G. catenatum \Z B3 2 6528 0 6 6
FOMMEZ, FHICFEMO BRSO % o H AR Rk %
DNTAT o Foy JEAABRME &L A8 T WA 2 Tl 72 TR

Wz, LSU rRNA JE{5T (\DNA) D5yl & SSU
lDNA 2 o 72 53 TR T o & O Rl E 2 47 ’)f:ffnzl\,
microreticulatum O L% UL/ INISE & SR ot e i g 12
h, ZLTG. no[lerz FULURE o sl bRl %2 1A 557 & O fife ."”
DTG T

HHERE

Bt 2 G ymn()dmmm Jo S, 1999 412 A K
BLIE 14, 2000 4F 9 HIC IR BN IR, 2002 45 8 HIic ki
e U T ORI D g AR & D PREIE L, HLMARE MR 2 7 L
72o Gymnodinium catenatum O K5 1% ¥ 1%, 2003 4 10 J (=
=7 (749 EY) TRES N, BEE5ERIZ ESM Kl
(Watanabe er al. 2000) % CHERFL T3, SIIMIZGE
Mo (Olympus BX51), LG L —F —BAMEE (Zeiss
LSM510 META), &% 88 Wit (Hitachi S-800) <
gL 7o, EEEBHARENL, 2% DA 2 27 A THER
i2x 8 /) —VRINITHIKL, SSHICHEEA Y 7 2 MIciiiil
7o, BRYUREZIEES (Hitachi HCP-2) % v Tz L 7=,
aBHE R8T & LZESEHRICBIg L 72,

97 F R AT v 5 DNA LRSI % P § 5
SepaGene (=EAliSEL) % Hv>T total DNA % filiil - )ﬁu
L7, SSU rDNA 23 2 720D 75 4 = —IZ1F SR-1
& SR-12, # L TLSU rDNA @ D1-D2 i s % ¥ i 4 %
7212, DIR & 28-1483R % Ji] \» 7z (Scholin et al. 1994,
Nakayama er al. 1996, Daugbjerg et al. 2000), % 41 Z 4L
DA 2 HiE & & % PCR )i, 0.2 ml PCR F 2 — 7'



B S 79

Fig. 2. Motile cells of Gymnodinium cf. nolleri, LM. (a and b) Ventral views, showing the end of cingulum curves downward and
the sulcus invades into the epicone. (c and d) Dorsal and lateral views in deeper foci revealing an ellipsoidal nucleus situated in the

dorsal side. N, nucleus. Scale bar: 10 ym.

KOD-Plus-DNA Polymerase (TOYOBO) % i \» T 4220
ul TIT o 72, HIEIE 95°CT 10 A M X ¥ 721412 95°C
1493, 55°C 1493, 712°C 3 DRKIiS% 359 4 7 L{Tw, ik
I 72°CC 10 rfEfE S ¥ 72, 2415 @ PCR KIE I
Gene Amp PCR System 9600 (Perkin Elmer) % Jil \» T
fTot, B2 ul it L, 74w — 27 VEKIK) I
X0 R 2 fERR L 7. MR ZHESE L 7 PCREEMIZ A E A
7 & (Microcon100, Millipore) TH#LL, Rl 727
74 v —%z k% L 7, BigDye Terminator v.3.1 (Applied
Biosystems), SSU rDNA & (Nakayama er al. 1996,
Takano & Horiguchi 2004), LSU rDNA o D1-D2 D%l
ZIET 57 7 4 v— (Hansen 2000) % HWTH 4 7
Ny—=7 LY A%TV, BHELARIC DNA Y —7 v 34—
ABI PRISM 377 DNA Sequencer z H\> TR 2 i L 7z,

PesE U 7- DNA MEEERCHINIC BEICABH & 0T 2 G
BRI Z Mz, TR &% (NT#) Lot (ML %)
IZ & D PAUP*4.0 % > C R &2 fE3 L 72, SREERC A
clustal x (Thompson et al. 1997) % JH > THII 7 507 % i
<, & 512 The European Ribosomal RNA Database (http:/
oberon.fvms.ugent.be:8080/rRNA/index.html) IZ A & 4
Tw3 RNA O ZXEZ ML TT 74 A v P z2EBIEL
7z, SSU rDNA & LSU rDNA @ Ft 41 %, ModelTest 3.04
(Posada & Crandall 1998) % Hv»Ciili L 7ziEfle 70 258
RU, NI ML EIC K 2R3 3ic THIE L TERL
7o, BIRSNEFILIE, SSU DNA & LSU rDNA O
534 TIN (Tamura & Nei 1993) +1+G &4 D,
SSU rDNA T 121 =0.6562, G =0.6438, % L T LSU
DNA T3 1=0.2164, G=0.7521, &¢%>7%, 7—F A
k7w FE G FREDEE % v T 224 1000 B AR
L, AEicRmL 72,

LS
INEETETE « RS RE Gymnodinium O VK ATIE S SOy
RO EEZ LTk, L#EETHIIZIZEREARES

T, MR 22.5-31.5 pm, i 14.0-24.0 ym TH 2 (Fig. 1),
MO DOBOZIIRGED 1.5-2 5REET, MO MIIas: 7 1cdhas
Dot LT 2720, FHEGIDHESE T ICmD - T
< ADiAEe (Fig. la). #eiidmes & T, #Hifus
Ul E S AN CTIRIZIA S e B, F 72, #MiliE LI S
ADAR, LRI LHES & L v, LRHESIE A
B Z DM, W72 Gymnodinium J&D Z 1L & AT
H 3 (Fig. 1h, 1), #ZIFEIZC LiEpicf7iEid %2 (Fig. 1b).
TERRARIEHINE O L fHE & O BERIRICH Y, flaiEshE Tk
ARG > T T 3 (Fig. 1b-e), 2 DLERAED
Wi L AR, MRS IFT->TEh, ZORBIERICT
HEcEVTHETH 5 (Fig. 1g, j)o Al iz TR
L&, 2o OREUS/NEERE & EIEREORTHE
%, BRI TY A P DOBRIFBIE S N kip o7,

JA 5 PE Gymnodinium @ W Uk AN 1%, & & 28.5-47.0
um, i 17.0-33.0 yum T, Hiib L 7 G. microreticulatum &
g 3 o REW (Fig. 2), L#fEE THHIHEL W THE
DREL, E#EEMEE, THIZERETH S (Fig 2a).
LD AWM TR R TE D, My TADRAL
(Fig. 2b), LSEMIZIEEIECH 5, TERMA IS ICH > T
MEHRICRCE T % 0 Bl = < Ry, i
friE 3 % (Fig. 2c, d). MEHEEAIZTZR L 2w, Bk
A MEBREERE L Tk,

ANBRE RE - e BRI PE - IR BB PE Gymnodinium & 7 4
) ¥ VI G. catenatum % 1L Z 311D T, SSU rDNA 4
HHERCY & LSU rDNA o4 fic %l (D1-D2 fElsk) % e
L 7z (accession numbers = AB265962-AB265969). SSU
DNA I X % %kt % Fig. 3, LSU rDNA O {5rBislic &
% %Akt Fig. 4, 2 L TLSU rDNA I & 5 fit5tbk & Bk
RO EIEEES Table 1 1R T, ZNZNOBIETFHREICD
WT T HiIEIC & D EBA-DV) L 72 NI i & ML TR 2
S 708, K E & $ 38D Gymnodinium & (Akashiwo
&, Karenia &, Karlodinium &% & % 72\>, Gymnodinium
F. Stein emend. G. Hansen et Moestrup ex Daugbjerg et al.
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Fig. 3. Phylogenetic tree inferred from gamma weighted NJ analyses using PAUP* ver. 4.0b10, based on SSU rDNA sequences.
Parameters chosen by ModelTest were; TN + I (0.6562) + G (0.6438); assumed nucleotide frequencies A = 0.2652, C =0.2018, G =
0.2536, T = 0.2794; substitution rate matrix with A-G = 2.9677, C-T = 6.5364. Bootstrap support (BS) values above 50% are shown.
Accession numbers are indicated after species names in each taxon. Boldface indicates Gymnodinium species analysed in this study.
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2 D Gyrodinium J& % L T Karenia D 3 > DRI
iz, SEIENT L 7358 KI3, 2 THRED Gymnodinium
BORBHICEEN, G. catenatum & BRFEB 2L 7,
DO THIRIBE L /ANEEE D Gymnodinium 13 5R#R I
A &tz G. microreticulatum & JEH AR TH >, —
73, TEREMIIC G. nolleri |3l B L BEBERKEZ, Fv~—
7 G. nolleri Tixz {, EIM{RBE L/ MNEBEKEZED G.

microreticulatum LR TH 5 Z LDBRI NI,

ER

NS & Ak R BE O Gymnodinium O KM,
LERIcEYT 2 2 L, BEMBREDER, %L TERE
DBHEREICIHE > TETICHU 2 APRFENTH 5, G
microreticulatum OFERICHFE L T T 2 MlERE O
REEE (Bolch er al. 1999) &, SEMIC X RT3 &
MNTER, TN o DB L D /INEBE L IEHEEBED
28I, G. microreticulatum L RETE 3, 3T RHTO
BRICBOLTYH, 2 s 2 RIGRED Gymnodinium IBIC &
Fh 3 Lz, LSU rIDNA OIaEeS % Fv 7= BT
G. microreticulatum DFEHHRE ICH SN R v = 7 EK
LIEEIEZRTH D Z LWTREN, WEPEIC L 2REHE
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J5 B V& B Gymnodinium O W vk #l B 12 13 R 800 2 T fE
HE» izwid, BRESEECEHETDH >, H
DGR, MWD ESEICESADIRAL S, 2L TL#EAN
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Fig. 4. Phylogenetic tree constructed by gamma weighted NJ analyses based on partial LSU rDNA sequences covering domains
D1-D2. Parameters chosen by ModelTest were; TrN + I (0.2164) + G (0.7521); assumed nucleotide frequencies A = 0.2263, C
=0.2114, G = 0.2882, T = 0.2741; substitution rate matrix with A-G = 1.9489, C-T = 5.9186. BS values above 50% are shown.
Accession numbers are indicated in each taxon. Taxa analysed in this study are indicated in boldface.

E—HT 3, KA TIX, FEZ KIS Gymnodinium cf.
nolleri LFAEL 7z, KIRS XA P 2BET B ENTEN
X, G.nolleri D> A M EHBELHEK T2 LM TES
B, AMRTIHEERPICHKIRS A FOTBREZHET 5 2
EDTE LD oI, ILEBE Gymnodinium cf. nolleri ®
FHHBIMER R 5 &, SSUIDNA I & 3 R&il Tix, G
catenatum % G. microreticulatum 7 £ DRI B Bk D >
A b #EH T % Gymnodinium DZFEICE TN, P TH G
microreticulatum \SEFTH B Z LR INT, LrL, B
#] D LSU IDNA #45Bi5 T, ¥ <— 27 G. nolleri ix
G. microreticulatum & V) b G. catenatum \JE\VWEDIRE N
Twiz/=% (Bolch er al. 1999), LSU rDNA ®OfrERsl %

HOi-2HBRE2MZTiTot, ZOE, LSUIDNA %
v 72 ZRENT T IA BB E Gymnodinium cf. nolleri 13 G.
catenatum PTENICEL T 3 G. nolleri Tlxk{, LA
G. microreticulatum \3EFETH 5 2 LRI NI, [EEEE
12, G. microreticulatum & \ZFSHERY - EAGHYICHAREIZ R
TBIEMNTED LIS, HENICERT 5 G. nolleri £ b
BERICHEN TR I EPHS MLk oT, BEE TORE
HHRTIX, G. nolleri £ HANTIHEHHEBILE IR 2> Tw
s, KEBENREFEL L CREBRET 01, v
A+ REDEERBEICE ST G. nolleri £ DRHERE
WERRT 2HENH B, |LBEE Gymnodinium DEEK
Dok y A MR EHRETE Cokv, RFERNICEE?RH
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Table 1. Sequence divergence among microreticulate cyst forming Gymnodinium species based on 669 bp of partial LSU rDNA sequences
(D1-D2). Percentages of uncorrected distance are given above the diagonal and gamma corrected distances are below the diagonal.

G. catenatum  G. catenatum  G. micro. G. micro. G. micro. G.nolleri  G. cf. nolleri
AF200672 AB265966  AY036078  AB265969  AB265968  AF200673 AB265967

G. catenatum - 0.747 16.937 16.936 16.936 2.987 15.878

G. catenatum 0.774 - 16.182 16.181 16.181 2.239 15.272

G. microreticulatum 27.761 25.773 - 1.054 1.054 15.706 9.634

G. microreticulatum 27.867 25.870 1.079 - 0.000 15.706 9.635

G. microreticulatum 27.867 25.870 1.079 0.000 - 15.706 9.635

G. nolleri 3.287 2.401 24.883 24.977 24.977 - 14.498

G. cf. nolleri 25.903 24.241 12.523 12.560 12.560 22.691 -

% G. catenatum, G. microreticulatum Z L T G. nolleri ®
KRIHEE RS A PO A2 ERT 2 L, AtRiZZns L8
BILI A M EREEZET B 2 LTINS, AR HERD
BEHKAIIE & > A FTRRBO SRS, L CHERO#N 2
ZZ25 ETAEDY R P OFERZERELHETETH 3,

R R HE L, G. microreticulatum D EREITH L {, K
i BERREMEG. catenatum & T 5 & vk B i/
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Hidedol, 4H, RGEREMEELEHFEMNEETG.
microreticulatum D EX BRI h-Z Lickh, A
BRIALRLLPHHEAOHARBMI T2 EEL 0N
%, BREETIZ, BEHARER, S 3FFENEEERREG.
catenatum DFEXMME L X F OHENLE(HEINTE
7o TNSDRED—H T, G. catenatum & REOR#*
YRR oERNHEBI/NITSH 2 A BN ERFBOH
AEEBEPSBEINTVAY, BRABICRE>TuEdo7:
(Matsuoka & Lee 1994), %[ G. microreticulatum 38k
RO MRS R I N itk b, FHARRERICHERE X
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B G. nolleri DIERAINL L #ANT B LI TE LD o7
3, REMIZIZ G. nolleri £ Bl 2@ THB 2 & HHER
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REHERBZRRETH 5 G. catenatum D3R ZAED >
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Eri3,

E 2

AMAEDO—H I RIGEMIBREERLAMAEEE T2 roE
AV OEHBREE R O, CRAREMREER
& (FREHS 18340166) ICBEI%® RT3, BILHL L
i3,
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