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(Inagaki et al, 1997; Zardoya et al, 1995) R

rDNA ITS (Internal Transcribed

Spacer) 18SrDNA  ITS
, (Peridiniales) 16
18S rDNA ,

1
1.1

( Ceratium furca), ,

16 rDNA

1

Tab. 1 List of theinvestigated dinofhgellate species, their abhreviation, order, and Genbank accesston number

Ceratium furca C.fr. Gonyaulacales AJ 276699
Proroce ntr um panamensis P.p Prorocentrale PSPY 16233
Gymnodinium ctenatum G.c. Gymnodiniales AF022193
Gym nodinium mikimotoi G.m. Gymnodiniales AF022195
Gymnodinium sp. G .sp. Gymnodiniales AF022196
Le idodinium viride L. Gymnodiniales AF022199
Cryp top eridiniopsis brodyi C. b Cryotoperidioiales AF08097
H eterocapsa triguetra H.t. Peridiniales AF022198
Pentapharsodinium tyrrhenicum P.t. Peridiniales AF 022201
Peridinidium sp. P. sp. Peridiniales AF 022202
Cadonina hallit C. h Peridiniales AF033865
Gloeodinium viscum G.v Phytodiniales GDIRGSS
Ceratium f usus C.fs. Gonyaulacales AF022153
Alexandrium tamarense Al t. Gonyaulacales AF022191
Ceratium tenue C.t. Gonyaulacales AF022192
Alexandrium minutum Al. m. Gonyaulacales AMU 27499
Tetrahy mena cor lissi T.c. Hymemnostomatida TCU17356
1.2 DNA 18S rDNA  ITS PCR
1.2.1 DNA ( ) 0.5ml
. 25U (19%SDS, 10mmol/ L. EDTA, pH= 8.0, 10mmol/L Tris— HCI,
pH= 7.5, 10mmol/L NaCl), DPS
DNA,  PCR  ( . 1997)
1.2.2 18SDNA ITS PCR 18S 1DNA PCR :Dinol18N1: 5

TGTCTCAAAGATTAAGCCATG3 ,Gyml18(-):5 ACTTCTCCTTCCTCTAAGTGA3Z,
18S,rDNA, 5 3 y ;rDNA ITS



150 32

LHy: 5 AGGT GAACCTGCGGAAGGATC3 , Dlam ( ): 5 CCI-
GCAGTCGACA(T G) AT GCTTAA(AG) TTCAGC(AG)GG3 18S rDN A3’
248 IDNAS : . ou
1% : ~20C
LH, Dlam 1.3 rDNA PCR

188 r ‘—’
583 238 PCR QIA quick spin

l I_' <J I_T| IT_l |column , PTZ19

( , 1992)
Dino18N1(+) Gym18(=) ITSI ITs2 377 ( ABI PRISM)
1 Dino 18N1(+ )  Gym18(- ) LH DNA
Dlam 185 tDNA  ITS
Fig. 1 Diagram of PCR amplfication of 185 rDNA and IT'S ;
regions of Gorabium furca by using Diro ( Gap),
ISNI(+ )/ Gym18(~ ) and LH,/Dlam, respectively Phylip35
(Felsenstein, 1993) " DN Adist ( Knuc values) ,
NeighborJioning  Fitch
2
2.1 18SrDNA ITS PCR
DNA PCR R ,
18S rDNA 5’ « 7 "
_ 2 18STDNA  ITS
Dinol8N1(+ ) Cyml8(- ) Dlam,
185 rDNA § (32-52) % , 245 1DNA 5 Fig.2 185 DNA and ITS regions PCR
PCR 2 185 rDNA PCR amplification o‘f red tide— related
1700bp; rDNA IT'S 500bp( 188 3’ o e
245 5° rDNA ) 1. 18SrDNA; 2. DNA ITS
2.2 18S rDNA
18S rDNA PCR ,
1841 , G+C 44. 1%
( Genbank),

1) Fekenstem J, 1993. Phylip- Phylogeny Inference Package, Version 3. 5. Distributed by the author, Department of

Genetics,. University, of W.ashington, Seattle
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15 18S rDNA ,
3 : Ceratium furca C. tenue C. fusus 185 rDNA
611 , 3 A, 13 G 461 , 3 T,
13 C
2.3 ITS
ITS 438bp , ITS1 149bp, 5. 8S 157bp, ITS2
132bp
6 ITS
s ITS Alexandrium
pseudogonyaulax , 5. 85 rDNA ,
160bp , 5. 83 rDNA ,
ITS ;2 ; ;
ITS ITS — — —
, ?
, ITS ,ITS , ,
2 5. 8S rDNA and ITS
Tab.2 Length of the 5. 85 rDNA and ITS regiors among several ITS types
ITSI 5.85 ITS2 (bp)
Ceratium furca Gonyaulacales 149 157 132 438 AJ276700
Coolia monotis Peridiniales 165 163 > 27 > 355 AF076467
Ostreopsis lenticul aris Peridiniales 166 156 > 44 > 366 AF076217
Alexandrium pseudogonyaulax Gomyaacales 184 161 165 510 Ab006997
Prorocentrum micans Promwcentrales 211 160 199 565 PMIRG17S
Gym nodinium sanguineum Gymnodiniales 260 160 237 657 AFI131075
Gyrodinium impudicum Gymnodiniales 179 160 268 607 AF131074
2.4
, 4000 , : Dinophyceae  Syndinophyceae
Syndinophyceae , 40 , —
Dinophyceae
Dinophyceae ,
( Peridiniales) (Prorocentrales) (Gonyaulacales) ( Dine-
physiales) ( Gymnodiniales) , ,

(1)
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(2)

(3)

2 ?

B

(Bujak et al, 1981; Goodman, 1987) s
95.0 Ceratium furca 1 8S
100. 0 ’_’_: Ceratium tenue rRNA )
9.0 Carattum fusus ( Genbank)
100. 0 Alexandrium minutum
{ Alexandrium tamarense 15 18S rDNA
io_: Cachonina hallii Ph ylip 35
72.0 Heterocapsa trigueira
53.0 Pentapharsodintum tyrrhenicum S eqboot 100
Gymnodinium mikimotoi 5 Tetrahymena corlisst
Cwmpe.d.dmophm hrodyi , Neighbor — Jionig
Gymnuodinium sp.
79.0 Gymnodinium catenatum method  Fitch D ., Consen
51.0 Lepidodinium vivide Sus ’

Gloeodintum viscum
FProrocentrum panamensis
97.0 Peridinidium sp.

Tetrahymena corlissi

3 Fitch
Fig. 3 Dimoflagelate phylogeny tree based on the distance
matrix using the Fitch method
Tetr ahymena cor lisst s
(Knuc values)

diniales Gloeodinium viscum,

3) 3 ,

5 ’
Peridinidium sp.
Proro-

Phyte-

?

centrum panamens is

Gymnodinium mikimot ol

, Prorocentrum panamensis( 2 )

) ( )

24S rRNA
7 13

1991)
24S rRNA D1

Zardoya

1) 153

(1995)

( ) (

B

Lenaers
(1989, 1991)

,  Tetrahymena thermophila

(1989,

Lenaers
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3 10
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24S rRNA D1/D2 D9/D10 R Lenaers
’ rRNA
3
, 18S rDNA
, ITS , rDNA ITS
, 1999. . : ,6—17
s , , 1997. DNA . (
), 36(4): 66—69
s , , 1999. . ,30(2): 172—179
s s , 1994. —_— N
25(2):179—184
s , , 1997. . ,28(2):121—127
, ,2001. 1998 L. s
32(1): 1—6
1, EF, T , s s , 1992, ( ).
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SEQUENCE DETERMINATION AND ANALYSIS OF 18S rDNA
AND INTERNAL TRANSCRIBED SPACER REGIONS OF RED
TIDE- RELATED CRERATIUM FURCA

ZHUANG Li, CHEN Yue- Qin, LI Qin- Liang, QU Liang— Hu
( Biotechnology Research Center, Zhongshan University, Guangzhou, 510275)
" (Bethai Miroring Center, State Oceanic Adminisir ation, (Qingdao, 266033)

Abstract The sequences of 185 rDNA and ITS regions were determined from a red tide— related species Cer—
atium furca ollected from Huludao City, Lisoning Province, in 1998. Sequence alignments over 1700 nu-
cleatides of 18S rDNA of Ceratium f urca and other fifteen representative species of dinoflagellates from Genbank
have been analyzed in order to investigate phylogenetic relationships within this highly divergent and taxonomica-
ly controversial group. A herent and convincing evolutionary tree was obtained, using Tetrahymena corlissi as
the outgroup. The reconstructed phylogeny indicates that the early emergence of Prorocentrum panamensis
(characterized by two thecal plates) preceded that of most Peridiniales, a large order of thecate species, whereas
the unarmored Gymnodiniales appeared more recently, along with members of the Gonyaulacales. Our results also
show that the internal transeribed spacer of rDN A had a high level sequence divergence, suggesting the sequence
may be awell- suited target sequence for developing genus and spedes— specific oligonucleotide probes. These
results provide new perspectives on proposed evolutionary trees for the dinoflagellates based on morphology, biolo-
gy, and fossil records.
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