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Transcribed Spacers and 5.8S rDNA
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The relativity of four isolates of C. polykrikoides was determined by comparative sequence analysis
based on direct sequencing of PCR amplified ribosomal DNA (the internal transcribed spacer region
and the 5.8S rDNA). Sequence comparisons indicated that four isolates had the same nucleotide sites
in the ITS regions, as well as a total of 585 nucleotide length and 100% homology. The molecular
data revealed that C. polykrikoides in Korean coastal waters show no genetical difference.

Recent advances in DNA amplification and sequenc-
ing based on the information of genotypic properties
and nucleic acid sequences instead of conventional
morphological classification is a promising tool for
the identification of harmful algae (HA). A variety
of molecular techniques based on genomic variations,
such as DNA fingerprinting, restriction fragment
length polymorphism or random amplified poly-
morphic DNA and DNA sequence analysis of various
ribosomal spacer regions (Scholin et al., 1994; Costas
et al., 1995; Adachi et al., 1996), have all been used
for species identification.

The nuclear ribosomal RNA genes, and in partic-
ular the more rapidly evolving internal spacer reg-
ions (ITS-1 and ITS-2) included 5.8S, are promising
for the clarification of taxonomic levels and for phylo-
genetic comparisions.

Furthermore, C. polykrikoides has been assocaited
with massive fish mortalities and is considered as the
most ichthyotoxic dinoflagellate in Korea, occurring
annually in Korean coastal waters. In 1998 and 1999,
blooms of C. polykrioides were observed in Kunsan
coastal waters where they had been previously rare.
C. polykrikoides ocurred two months later in Kunsan
than that in the South Sea, where it has occurred in
annually in September since 1995. We present the
use of DNA sequences targeted ITS region to deter-
mine the relatedness of four C. polykrikoides strains
isolated from Korean coastal waters.

Algal DNA was extracted from each sample accord-
ing to the procedure adapted from the benzyl chloride
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method (Zhu er al., 1993). Primers ITS1 (5'-CC-
AAGCTTCTAGATCGTAACAAGGTCCGTAGGT-3")
and ITS2 (5-CCTGCAGTCGACAATGCTTAATTCA-
GCGG-3") were derived from the conserved regions
of 3' end of the 18S and the 5' of the 28S rDNA,
respectively. The procedure was as follow: initial
denaturation for 3 min. at 95°C, 30 cycles of ampli-
fication (denaturation for 30 sec. at 95°C, annealing
for 30 sec. at 50°C, and extention for 1 min. at 72°C)
and final extention of 5 min. at 72°C. The PCR (Per-
kin-Elmer #480) product from the amplification was
subjected to preparative electrophoresis in a 1.6% agar-
ose gel in TBE buffer. All PCR products yield only
a single visible band. The PCR product was excised
from the ethidium bromide stained gel and purified
using a QIAGEN gel elution kit (Qiagen, Wartworth
CA). Direct sequencing of PCR products was con-
ducted in an Perkin-Elmer Applied Biosystems ABI
377A sequencer using a PRISM Dye Dideoxy Termi-
nator Cycle Sequencing kit (Perkin Elmer) follow-
ing the manufacture’s protocol. Two primers, ITSA
and ITSB, were used for sequencing in both direc-
tions. DNA sequences were edited and assembled
with the program CLONE MANAGER version 4.0
(Scientific Educational Software, Stateline, PA). The
degree of sequence similarity was examined by calcu-
lating the nucleoetide substitution rates for transitions
and transversions using the CLUSTAL W (Thomson
et al., 1994). ‘

Electrophoresis and direct sequencing of each PCR
reaction confirmed that single product was amplified
in accordance with each PCR reaction and the size
of each product corresponded to the expected rDNA.
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CP-1 GCTTGCACTCGATCCGAGGCCGATTGTGTCGCGTCGGAGCATGTCCTCGTCATGCAG CAT 60
CP-2 GCTTGCACTCGATCCGAGGCCGATTGTGTCGCGTCGGAGCATGTCCTCGTCATGCAG CAT
CP-3 GCTTGCACTCGATCCGAGGCCGATTGTGTCGCGTCGGAGCATGTCCTCGTCATGCAG CAT
CP-4 GCTTGCACTCGATCCGAGGCCGATTGTGTCGCGTCGGAGCATGTCCTCGTCATGCAG CAT

CP-1 GTCGGGGCTTGTCTTCGTCTCGGGGCCCGGTGTCGGTTCGAGGCTTGCACTCGATCCGAG 120
CP-2 GTCGGGGCTTGTCTTCGTCTCGGGGCCCGGTGTCGGTTCGAGGCTTGCACTCGATCCGAG
CP-3 GTCGGGGCTTGTCTTCGTCTCGGGGCCCGGTGTCGGTTCGAGGCTTGCACTCGATCCGAG
CP-4 GTCGGGGCTTGTCTTCGTCTCGGGGCCCGGTGTCGGTTCGAGGCTTGCACTCGATCCGAG

CP-1 GCCGATGTGTCGCGTCGGAGCATGTCCTCGTCATGCAGCATGGAGTGTGGTTGGTTGCCC 180
CP-2 GCCGATGTGTCGCGTCGGAGCATGTCCTCGTCATGCAGCATGGAGTGTGGTIGGTTGCCC
CP-3 GCCGATGTGTCGCGTCGGAGCATGTCCTCGTCATGCAGCATGGAGTGTGGTTGGTTGCCC
CP-4 GCCGATGTGTCGCGTCGGAGCATGTCCTCGTCATGCAGCATGGAGTGTGGTTGGTTGCCC

CP-1 TTGGCAAAGACCTCTTGGGTCTGCCATGTCCTCTCCCGTGGGCTTGCCCACGAACTCCCT 240
CP-2 TTGGCAAAGACCTCTTGGGTCTGCCATGTCCTCTCCCGTGGGCTTGCCCACGAACTCCCT
CP-3 TTGGCAAAGACCTCTTGGGTCTGCCATGTCCTCTCCCGTGGGCTTGCCCACGAACTCCCT
CP-4 TTGGCAAAGACCTCTTGGGTCTGCCATGTCCTCTCCCGTGGGCTTGCCCACGAACTCCCT

CP-1 CTCACAACTTGCAGCGACGGATGTCTCGGCTCAAACAACGATGAAGGACGCAGCGAAGTG 300
CP-2 CTCACAACTTGCAGCGACGGATGTCTCGGCTCAAACAACGATGAAGGACGCAGCGAAGTG
CP-3 CTCACAACTTGCAGCGACGGATGTCTCGGCTCAAACAACGATGAAGGACGCAGCGAAGTG
CP-4 CTCACAACTTGCAGCGACGGATGTCTCGGCTCAAACAACGATGAAGGACGCAGCGAAGTG

CP-1 TGATAAGCATTGTGAAATGCAGAACTCCGTGAATCAACAGACTTTTGAACGTACGTTGCG 360
CP-2 TGATAAGCATTGTGAAATGCAGAACTCCGTGAATCAACAGACTTTTGAACGTACGTTGCG
CP-3 TGATAAGCATTGTGAAATGCAGAACTCCGTGAATCAACAGACTTTIGAACGTACGTTGCG
CP-4 TGATAAGCATTGTGAAATGCAGAACTCCGTGAATCAACAGACTTTTGAACGTACGTTGCG

CP-1 CTGCCGGGTTACCCCTGGCAGCATGTCTACTTCAGTGTCTACTTCTITCTICCTGCGCCC 420
CP-2 CTGCCGGGTTACCCCTGGCAGCATGTCTACTTCAGTGTCTACTTICTTTCTTCCTGCGCCC
CP-3 CTGCCGGGTTACCCCTGGCAGCATGTCTACTTCAGTGTCTACTTCTTTCTTCCTGCGCCC
CP-4 CTGCCGGGTTACCCCTGGCAGCATGTCTACTTCAGTGTCTACTICTTTCTTCCTGCGCCC

CP-1 TCTCCTTAACACAGCGGGGGAGCAGTGAGCACTCTTGTTTGTCAAGGCGTTGCATTCGGC 480
CP-2 TCTCCTTAACACAGCGGGGGAGCAGTGAGCACTCTTGTITGTCAAGGCGTTGCATTCGGC
CP-3 TCTCCTTAACACAGCGGGGGAGCAGTGAGCACTCTTGTTTGTCAAGGCGTTGCATTCGGC
CP-4 TCTCCTTAACACAGCGGGGGAGCAGTGAGCACTCTTGTTIGTCAAGGCGTTGCATTCGGC

CP-1 AACCTTTGTCAAACATTTGCGTAGCGTCGGTGGCACCGTCAACCGTGATACCCGCTAGCT 540
CP-2 AACCTTTGTCAAACATTTGCGTAGCGTCGGTGGCACCGTCAACCGTGATACCCGCTAGCT
CP-3 AACCTTTGTCAAACATTTGCGTAGCGTCGGTGGCACCGTCAACCGTGATACCCGCTAGCT
CP-4 AACCTTTGTCAAACATTTGCGTAGCGTCGGTGGCACCGTCAACCGTGATACCCGCTAGCT

CP-1 TTGCTAGGGTTTGGTTTCGGCGACCGCCGTCGCGGCCAGCGCTTT 585
CP-2 TIGCTAGGGTTTGGTTTCGGCGACCGCCGTCGCGGCCAGCGCTTT
CP-3 TTGCTAGGGTTTGGTTTCGGCGACCGCCGTCGCGGCCAGCGCTTT
CP-4 TTGCTAGGGTTTGGTTTCGGCGACCGCCGTCGCGGCCAGCGCTTT

Fig. 1. The alignment of the sequences of the 5.8S rDNA
with the flanking internal transcribed spacers ITS1 and
ITS2. The alignment was generated by the multiple align-
ment program CLUSTAL W using a gap weight of 3.0 and a
gap length weight of 0.1. ITS1 spans from 1 to 240 bp; the
5.8S coding region is from 261 to 421 bp; and ITS2 is from
421 to 595 bp. The source of each sequence are as follows:
CP-1 for C. polykrikoides isolate from Yeongil Bay, CP-2
for C. polykrikoides isolate from Kunsan, CP-3 for C.
polykrikoides isolate from Tongyong and CP-4 for C.
polykrikoides isolate from Chodo.

The alignment of the DNA sequences of the internal
transcribed spacers ITS1, ITS2 and 5.8S rDNA is
shown in Fig. 1. By comparison the four isolates dis-
played the same nucleotide sites in the ITS region.
The aligned, sequenced data spanned a total of 585

sites, with having 100% homology. In a previous
study (Kim et al., 1999), the sequences of ITS
regions for 8 isolates of Gyrodinium impudicum were
analyzed. Vegetative cells and even cysts isolated
from Tongyong, all had identical sequences. In addi-
tion, ITS regions sequences of G. impudicum from
Gohoung and cyst from Yousu (Kim et al., 2000)
were the same as G. impudicum isolated from Tong-
yong. Several researchers suggested that geograph-
ically separated populations introduced to be diver-
gent genetically, regardless of morphotype (Scholin
et al., 1994, 1995). Interestingly, recent studies have
shown that a genetic variation was partitioned mainly
within more populations than regions (Bolch ef al.,
1999). Further study is needed to determine the genet-
ic relatedness of Korean isolates of C. polykrikoides
to geographically isolated strains and whether other
characters support the evolutionary lineage suggested
as above.
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