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The mixotrophic dinoflagellate Cochlodinium polykrikoides was reported to be linked to major
fish kills in Korea and Japan since the 1990s. Rapid and sensitive detection of microalgae has
been problematic because morphological identification of dinoflagellates requires light
microscopic and scanning electron microscopic observations that are time consuming and
laborious compared to real-time PCR. To address this issue, a real-time PCR probe targeting the
ITS2 tRNA gene was used for rapid detection and quantification of C. polykrikoides. PCR
inhibitors in water column samples were removed by dilution of template DNA for elimination
of false-negative reactions. A strong association between cell quantification using real-time PCR
and microscopic counts suggests that the real-time PCR assay is an alternative method for cell
estimation of C. polykrikoides in environment samples.
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Introduction

Harmful algae are defined as toxic or nontoxic
species that can cause mass mortalities of aquatic
organisms, and/or can cause human illness and have
environmental impacts (Smayda, 1997). The out-
breaks of harmful algal blooms (HABs) and toxicity
episodes have been increasing globally over the last
two decades, resulting in considerable economic

losses and public health problems (Hallegraeff, 2003).

Massive Cochlodinium polykrikoides-related fish
kills have been recorded with losses of US $60
million and US $11 million in 1995 and 2007,
respectively (NFRDI, 2007). Traditional methods to
identify dinoflagellates require morphological an-
alyses by light microscopy and scanning electron
microscopy (SEM) on cultured strains, which are
unlikely to offer accurate species identification when
applied to field samples (Hallegraeff, 2003; Taylor,
2004). To overcome this difficulty, real-time PCR
was used for detection and quantification of C.
polykrikoides in environment samples. Real-time
PCR method is highly sensitive becauseof the am-
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plifycation of short fragments and the use of
fluorescent probes. Since this method eliminates the
requirement for post-amplification processing steps
and is achieved through the generation of a fluore-
scent signal in the early stages of PCR, it takes 1-1.5
h to complete the assay (Mumford et al., 2000;
Schena and Ippolito, 2003). Real-time PCR, incur-
porating fluorogenic 5’ nuclease (TagMan) chemistry,
has been used for rapid and sensitive detection of a
number of dinoflagellates in environmental samples
(Lin et al.,, 2006; Park et al., 2007). In this study,
abundances of C. polykrikoides in the coast of Yeosu
where recurring harmful algal blooms occur were
estimated using species-specific real-time¢ PCR (Park
et al., 2008) and the results were compared to micro-
scopic counts.

Materials and Methods
Cultures
C. polyvkrikoides cultures were obtained from
NFRDI. The cultures were maintained in /2 medium
(Guillard and Ryther, 1962) at 24°C, with cool white
fluorescent lamps on a 12:12-h light:dark cycle with a
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light intensity of 100 pmol photons m™s™.

Environmental samples

Surface water samples of 250 mL were collected at
three stations located on the southern coasts of Korea
(Fig. 1), at 2-week intervals from June to September
2007 for investigation of temporal occurrences of C.
polykrikoides and G. impudicum by real-time PCR,
The water sample was filtered onto a 1.2 um pore-
size, 25 mm diameter glass microfibre GF/C filter
(Whatman, Ltd. Maidstone, England). The filter was
placed in a 2 mL microcentrifuge tube, and stored at
-70°C until DNA extraction.
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Fig. 1. Sampling locations for collection of surface
water samples.

DNA extraction

Surface water samples were suspended in 900 uL
of TE buffer (pH 8.0) and ground using wooden
applicator sticks. The sample was then boiled at
100°C for 5 min. After adding 900 pL of phenol:
chloroform : isoamyl alcohol (25:24:1), the sample
was mixed thoroughly and centrifuged at 14,000 rpm
for 10 min. The supernatant was transferred to a new
tube, and 40 uL of 3 M sodium acetate (pH 5.2) and
900 pL of 100% of ethanol (-20°C) were added,
followed by incubation of the sample at -20°C for 30
min. After centrifugation at 14,000 rpm for 20 min at
4°C, the DNA was rinsed twice with 70% of ethanol.
The samples dried and dissolved in 100 pL of TE
buffer.

Real-time PCR conditions
Real-time PCR was performed with 1 pL of tem-

plate DNA, primers and a probe at final concentra-
tions of 0.2 and 0.15 pM, 5 pL of platinum quantita-
tive PCR supermix-UDG (Invitrogen, Eugene, Ore-
gon, USA) and PCR grade water to a final volume of
10 pL. The thermal cycling conditions consisted of 2
min at 50°C and 2 min at 95°C following by 45"
cycles of 10 s at 95°C and 45 s at 60°C. Fluorescence
data were collected at the end of each cycle, and
determination of the cycle threshold line was carried
out automatically by the real-time PCR instrument
(Rotor Gene 6000, Corbett Research, Sydney, Aus-
tralia). All samples were analyzed in triplicate wells.

Standard curve

Ten-fold serial dilutions of the DNA extracts were
used to construct the standard curve (triplicate mea-
surements by real-time PCR). The cell number of the
target species in environmental samples was calcula-
ted as Cr values, and was measured by comparison
with the standard curve. To evaluate the accuracy of
the standard curves, known concentrations of C.
polykrikoides were spiked with sterile-filtered field
samples (0.2 pm membrane filter; ADVANTEC MFS,
Inc., California). Followed by DNA extraction, 10-
fold diluted DNA extracts were amplified by the real-
time PCR instrument. The calculated cell numbers by
the standard curve were then compared to the cell
numbers estimated by light microscopy.

Microscopic counts

Cell numbers of C. polykrikoides in environmental
samples were estimated by light microscopy using a
hemocytometer (Blau Brand, Germany).

Results and Discussion

The measured Cr values from standard curve
correlated well with the values calculated from the
log of the starting cell number (R* values of 0.99).
The assay detection limit was less than one cell of C.
polykrikoides in a reaction. PCR inhibitors in surface
water samples were effectively removed by 10-fold
dilution of template DNA. False-negative and - posi-
tive reactions were eliminated by running positive
and negative controls with field samples in each
reaction. The results of real-time PCR assays with
DNA extracted from environmental samples showed
a wide range of C. polykrikoides cell densities (Figs.

Table 1. Primers and probes for Cochlodinium polykrikoides-specific real-time PCR assays

Primers and probe Code Sequence (5'—3") Reference
Forward CPITSF CGGCAACCTTTGTCAAACA
Reverse CPITSR2 GGTTTGCTGATCTAACTTCATGTCT Park et al., 2008
Probe CPITSP FAM-CAACCGTGATACCCGCTAGCTTTGC-TAMRA
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2, 3). The cell numbers ranged from 1 cells mL™ to
12,040 cells mL™. The cell numbers peaked at 12,040
cells mL™" in 10" August. Cell abundances deter-
mined via real-time PCR were compared to abun-
dances determined by microscopic counts (Fig. 3).
Quantification of C. polykrikoides abundance by the
two methods was in close agreement with a correla-
tion coefficient (R*) of 0.890 (Fig. 3).
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Fig. 2. Positive detection for Cochlodinium poly-
krikoides from water samples collected in August
from the coast of Yeosu using species-specific real-
time PCR. Samples were analyzed in triplicate wells.
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Fig. 3. Cell abundances of Cochlodinium polykrikoi-
des in the coast of Yeosu from June to September
2007 estimated by TagMan based real-time PCR and
microscopic counts. The solid line indicates a 1:1
relationship between the two methods. A correlation
coefficient (R?) was 0.890.

C. polykrikoides can have a significant impact on
marine animals and fisheries industry because of the
formation of massive blooms. This dinoflagellate
superficially looks similar to Gymnodinium impudi-
cum, Gymnodinium catenatum, and other Cochlo-
dinium species, and discrimination requires the iden-
tification of ultrastructural characters by light micros-

copy or scanning electron microscopy (SEM), and
genetic chracterization by rDNA sequence analyses
on cultured cells (Iwataki et al., 2008; Matsuoka et al.,
2008). The culture dependent identification is time
consuming and laborious. For rapid and sensitive
detection of the organism in environmental samples, a
real-time PCR protocol was used in the present study.
The TagMan probe system is based on the use of
sequence-based fluorogenic probes labeled with a
reporter dye at the 5' end and a quencher at the 3' end
(Holland et al., 1991). This approach reduces time
and labor because post-PCR gel electrophoresis is
excluded and it has high sample throughput by
allowing automated detection. The real-time PCR
assay has been used successfully to detect and
quantify dinoflagellates in environment samples (Lin
et al., 2006; Park et al., 2007). In the present study,
the maximum cell concentration reached 12,040 cells
mL" in the coast of Yeosu in August, while its
abundance was low in most months. The low cell
abundances in most months are not likely due to non-
specific reaction or false-negative detection because
assay specificity was previously confirmed by testing
against related organisms and sequence analysis of
PCR amplicons obtained from field samples. The
results of real-time PCR for detection of C.
polykrikoides showed comparable results to those of
microscopic counts. The strong association between
two methods suggests the real-time PCR assay
provides sensitive and specific detection of C.
polykrikoides in field samples. Since first description
of Cochlodinium genus in 1896 (Schiitt, 1896), more
than 40 species have been reported in this genus. In
recent years, new Cochlodinium species, C.
fulvescens, has been described from Japanese waters
based on morphological and genetic characters. C.
Sfulvescens morphologically distinguished from C.
polykrikoides based on cell size, shape of chloroplasts,
and the position of narrow sulcus situated in the cell
surface (Iwataki et al., 2007). These ultrastructual
characters are not readily distinguished from those of
related organisms by traditional identification
methods such as light microscopy. The real-time PCR
protocol developed in this study may provide a
sensitive and rapid identification tool for field-based
studies such as geographic distribution and seasonal
variations in C. polykrikoides abundances.
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