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ABSTRACT

Molecular biological techniques support the identification of microalgae of Vietnam. Prorocentrum, Alexandrium
and Pseudo-nitzschia are main harmful and toxic microalgal genera found in Vietnam coastal waters. The results of
morphology and nucleotide sequence analysis of 18S rDNA and ITS1-5.8S-ITS2 gene obtained from genomic DNA
have shown that the Prorocentrum sp. 3 (isolated from Cat Ba, Hai Phong on October, 2004), Alexandrium sp. 5
(collected on October, 2004) and Pseudo-nitzschia sp. G3 (colleted in Do Son, Hai Phong on December, 2005)
belonging to Prorocentrum mexicanum (the homological percent of 99.9% with sequencing of P. mexicanum in
Genbank of Y 16232, AY886763), A. minutum (99.8% - AJ535388, DQ168664) and Pseudo-nitzschia pungens (98.8%
- AY544769, DQ166533), respectively. The obtained results indicated that the exceptional fresh samples, for
Prorocentrum genus which may be preserved at 25% ethanol, 4% formaldehyde, 1% glutaraldehyde, while
Alexandrium genus — at 25% ethanol, and Pseudo-nitzschia genus - 4% formaldehyde and 1% glutaraldehyde for
two weeks have not effected on their analysis of sequences generated by Single Cell PCR method. In these studied
samples, the nucleotide sequences obtained from genomic DNA and Single-cell PCR methods were the same with
the homological percent more than 99%. Application of this method to samples collected from Phu Quoc Island,
southern part of Vietnam, in 27-29, June, 2006 showed that Prorocentrum mican and P. sigmoisdes were found.
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INTRODUCTION having an overview of microalgae resources as
species composition, distribution, and available
stock and taxonomic system especially is a
necessary requirement. Identification at species
rank in these genera are difficult, because
identification criteria used in conventional
taxonomic system, i.e. morphological difference
among species, are not easily observed under
regular laboratory condition. It needs observation
under an electron or a light microscope with
specific sophisticated attachments such as an

Although Vietnam has a great biodiversity in
freshwater and marine microalgae, studies on
harmful microalgae began only a few years ago.
In general, for harmful algae, a list of harmful and
toxic algal species including the distribution and
cell density of mainly dinoflagellate (genera
Alexandrium, Prorocentrum), diatoms (genus
Pseudo — nitzschia) and cyanobacteria (genus
Trichodesmium) was just given by Nguyen &

Doan, (1997) and Nguyen, (2004). Therefore epifluorescence or a differential interference
contrast. Without them critical identification is
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almost impossible (Ki and Han, 2005). However,
these works have met a serious problem with
species having similar morphological features that
is easily changed by environmental factors
(Hallegraeff et al., 2004). The recent trend in the
world, taxonomy and phylogenetic studies based
on not only the morphological characters but also
on the Ribosomal DNA (rDNA) analysis. The
accumulation of species specific gene sequence
data in these genera provides useful and powerful
molecular biological method for their identification.

rDNA consist conservative genes; however,
there were certain of the IDNA, which were highly
variable. These variable regions generally occur
in the spacer sequences — an external transcribed
spacer (ETS), two internal transcribed spacers
(ITS1/ITS2) and intergenic spacer (IGS). They
have proved useful tools for species identification.
In this paper, the morphological and molecular
studies of some species belonging to
Dinoflagellates and diatom collected in Northern
coast of Vietnam are presented. Observations with
microscope showed that our studied species
belong to Prorocentrum spp., Alexandrium spp.,
and Pseudo-nitzschia spp. As a sequence, we
have used partial gene of 18S rDNA, the ITS
region (ITS1 and ITS2) which are intervened by
5.8S rDNA - a coding region to determine clearly
and generate a phylogenetic framework for these
species. The two non-coding regions exhibit
greater genetic variation than the coding regions
and have used for phylogenetic analysis at the
intraspecific, interspecific, and intergeneric level
(Coleman and Mai, 1997). Recently, Single cell
PCR (SC-PCR) method was applied, because it
can determine the presence of the harmful or toxic
algal species without culturing them and is probably
the most rapid and convenient method. In this paper,
species belonging to Prorocentrum, Alexandrium
and Pseudo-nitzschia isolated from Haiphong
coast, Northern part of Vietnam, in 2004 and 2005
had been used. Success in getting the sequence
was also compared among plankton samples fresh
or preserved at different conditions such as 4%
formaldehyde, 25% ethanol, 1% glutaraldehyde for
two weeks. SC-PCR method have also applied to
identify samples collected from Phu Quoc Island,
southern part of Vietnam, in 27-29, June, 2006,
Prorocentrum micans and P. sigmoides were
found.
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MATERIALS AND METHODS

Strains and Culturing Conditions

The cells of Alexandrium sp. 5 and
Prorocentrum sp. 3 used in this study were
isolated from shrimp ponds in Do Son, Hai Phong,
Vietnam in October 2004 and Pseudonitzschia
sp. G3 from Cat Ba, Hai Phong, Vietnam in
December 2005. Prorocentrum micans, P.
sigmoides were collected from Phu Quoc Island,
southern part of Vietnam, in 27-29, June, 2006.
Unialgal culture of Prorocentrum sp. 3,
Alexandrium sp. 5 and Pseudonitzschia sp. G3
were obtained by isolation of single cell by
micropipette, followed by several rinsed in sterile
culture medium. Cells were cultured in f/2-enriched
seawater (Fritz Chemical Co., Dallas, Tex.). The
alga was grown in batch cultures at 20°C under a
12:12 light: dark cycle and density a photon flux of
ca. 100umol m2s™'. Cell densities were estimated
by averaging the numbers cells counted by light
microscopy in three to five separate 5 ml in Lugol’s
iodine solution.

Morphological Identification

The valve morphology of Pseudo-nitzschia
sp. G3 was examined as described previously
(Lundholm et. al., 2003; 2006; Dang et al., 2007).
Species was identified following Skov et al.,
(1999), after determining the width of cells and
the density of poroid rows, poroids, fibulae, and
interstriae of at least 30 randomly selected cells.

Samples of Prorocentrum sp. 3 and
Alexandrium sp. 5 were examined under a
microscope using Light Microscope (LM),
scanning electron microscope (SEM) with model
JSM-5410LV (Jeol Company, Japan) and
epifluorescence (Olympus BXS51). For
epifluorescence, fixed samples were stained with
calcofluor white (Sigma) and viewed under UV
with a UV filter set. Images were captured with a
cooled CCD camera (SIS Color view F12,
Germany).

DNA Extraction, Amplification, Purification,
Cloning and Sequencing of PCR Products

For DNA extraction, cultured cells of
Prorocentrum sp. 3, Alexandrium sp. 5 and
Pseudonitzschia sp. G3 in exponential growth
phase were harvested and the supernatant was
removed according to reports of Dang et al.,
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(2005, 2007); Ngo et al., (2005) and Hoang et al.,
(2006). Maintenance of genomic DNA preparation
was described in Dang et al., 2002. The length of
PCR product of Prorocentrum sp. 3 and
Alexandrium sp. S were approximately 1.1kp
(partial 18S rDNA gene fragments) and of
Pseudonitzschia sp. G3 — 825bp (of ITS1-5.8S-
ITS2 gene). The PCR mixture (20 iL) contained
2 iL 10X PCR buffer, 0.75 mM of
deoxyribonucleoside triphosphate (ANTP) mixture
(Takara, Japan), 0.5 mM of each primer, 50-100
ng of genomic DNA, 0.075 units of 7ag DNA
polymerase and distilled water. The amplification
parameters were 94°C for 3 min, followed by 35
cycles of 94°C for 30 second, 55°C for 1 min, 72°C
for 1 min and, finally, 72°C for 5 min, and stored at
4°C. To confirm the presence of amplified DNA
fragments of partial 18S rDNA and ITS, PCR
products were separated electrophoretically on
1.0% agarose gel in 1X TAE buffer stained with
ethidium bromide (0.5ig/mL). Primers selected to
generate PCR products of Prorocentrum sp. 3,
Alexandrium sp. S5 and Pseudo-nitzschia sp. G3
according to that described by Dang et al., (2005,
2007); Ngo et al., (2005) and Hoang et al., 2006.

The PCR products were purified from agarose
gel with a Centriguge Kit (Promega, USA).
Purified DNA was cloned into the Gene JET™
PCR cloning Kit (Fermentas, USA) and the
plasmid was introduced by heat shock treatment
into competent Escherchia coli DHS5a.
Transfomants were screened by transferring single
white colonies according to previously reported
(Dang et al., 2007). Plasmid DNA was isolated
using GFX ™ micro plasmid prep Kit (Amersham
Pharmacia Biotech Europe GmbH, Freiburg,
Germany). Sequencing of the cloned PCR inserts

was carried out with a Big Dye ® Terminator v3.1
Cycle Sequencing Ready Reaction Kit and
Autosequencer - ABI PRISM 3100 Avant genetic
Analyzer (USA) with pJET1 forward and pJET1
reverse. Both strands of at least two different
recombinants were sequenced to check for PCR
errors generated in the amplification procedure.
The nucleotide sequences were analyzed using the
Clustal X 1.81 and BLAST programs.

Light microscopy, photographic record, SC-
PCR amplification, cloning, and sequencing

Individual cells of Prorocentrum sp. 3,
Alexandrium sp. S, Pseudonitzschia sp. G3 were
isolated from cultural samples and washed in
sterilized distilled water using a micropipette under
a microscope. For observation and photographic
record of single cells, we used a glass slide with a
frame of vinyl tape (Horiguchi ez al., 2000). Cells
were transferred to a drop of distilled water placed
in the center of a frame on a slide glass and covered
with a cover slip. The cells were observed and
photographed. After taking photographs, the cover
slip was carefully removed. Under a microscope
the cells were picked up and broken with a fine
glass needle. The whole broken cell was
transferred to 500 ul PCR tubes containing PCR
premix. This technique allowed us to keep records
of the cells used for SC-PCR.

The PCR protocols, amplification primer and
sequencing protocols used in this study were a
modification of those described by Nakayama et
al., (1996); Takano and Horiguchi, (2004) for SSU
rDNA. In the first round of PCR, the single cells
were used directly as template to amplify
approximately 1762bp of the SSU rDNA using the
terminal primers SR1F and SR12R (Table 1). In

Table 1. Oligonucleotide primers used for amplification and sequencing.

Code Synthesis direction | Sequende (5> 3') Anneals to*
SR1F Forward TACCTGGTTGATCCTGCCAG 1-20
SR2kawF Forward AAGTTTCTGACCTATCAGCT 321-302
SR3R Reverse AGGCTCCCTGTCCGGAATC 394-376
SR4F Forward AGGGCAAGTCTGGTGCCAG 548-566
SR5kawR Reverse ACTACGAGCTTTTTAACCGC 630-611
SR6F Forward GTCAGAGGTGAAATTCTTGG 891-910
SR7R Reverse TCCTTGGCAAATGCTTTCGC 951-932
SRBKAWF Forward GGATTGACAGATTGATAGCT 1224-1243
SR9R Reverse AACTAAGAACGGCCATGCAC 1286-1267
SR10F Forward AGGTCTGTGATGCCCTTAGA 1420-1439
SR11R Reverse CGCTTACTAGGAATTCCTCG 1582-1563
SR12R Reverse CCTTCCGCAGGTTCACCTAC 1781-1762

* Annealing site in the 18S rDNA of Volvox carteri (Rausch et al., 1989)
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the second round of PCR, 1ul of PCR product
was used as template, and we used three or six
pair of primers such as: SR1IF-SR5KawR (630bp
was amplified) or SR4F-SR9R (800bp was
amplified) or SR8KaWF-SR12R (550bp was
amplified) (Table 1).

The PCR conditions for first rounds were one
initial cycle of denaturation at 95°C for 10 min,
followed by 35 cycles of denaturation at 94°C for
1 min, annealing at 55°C for 1 min and extension
at 72°C for 2 min. The temperature profile was
completed by a final extension cycle at 72°C for
10 min. The PCR conditions for the second rounds
~ were one initial cycle of denaturation at 95°C for
10 min, followed by 45 cycles of denaturation at
94°C for 30 s, annealing at 55°C for 30s and
extension at 72°C for 1 min. The temperature
profile was completed by a final extension cycle
at 72°C for 10 min. These PCR products were
cloned according to describe in the part above
mentioned.

Sequence Analysis

For sequence analysis, the data obtained, with
additional 21 and 23 accessed sequences of
Alexandrium, Procentrum and Pseudo-nitzschia,
respectively, from GenBank for comparison (Table
2), were aligned with the Clustal X program
(Thompson et al. 1997). Two-parameter distances
were estimated and the phylogenic tree was
inferred with the neighbor-joining (NJ) method
using the MEGA program, version 2.1 (Kumar et
al., 2004; Saito and Nei, 1987). The bootstrapping
method was performed with 1000 repetitions for
NJ analysis. In this case, Noctiluca scintillans
(GenBank accession no. AF022200), Peridinium
sp. (AF022202), Pyrocystis notiluca (AF022156)
and Sarcocystis muris (M64244) was used as
outgroups (Gajadhar et. al., 1991).

RESULTS

Morphological study of Prorocentrum sp. 3,
Alexandrium sp. 5 and Pseudo-nitzschia sp.
G3

Prorocentrum spp. The characteristics of the
species and specific characters of the strains
collected from Do Son, Hai Phong and Phu Quoc
Island, Kien Giang province were identified by LM
and SEM (Fig. 1). According to the observations
of Faust (1999) and Cohen-Fernandez et al.,
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(2006), Prorocentrum sp. 3 collected from Do
Son, Hai Phong belongs to species P. mexicanum
(Fig. 1A), species collected from Phu Quoc Island,
Kien Giang province in 27-29, June, 2006 belong
to the species P. micans and P. sigmoides (Fig.
1B and C).

Alexandrium sp. 5 Most species of
Alexandrium have been described from natural
material, and several of these are delimited by very
minor deviations in plate morphology. In addition
to the general characters such as size, shape, and
chain formation, the morphology of particular the
1°, 6", apical pore complex, and the posterior sulcal
plates are important for species identification. By
morphological observation, Alexandrium sp.5
isolated from Hai Phong seems to be considered
under a species name, 4. minutum (Fig. 1D, 1E
and 1F). The present species is assigned to 4.
minutum because of the cell size and the shape of
the 1°, 6’, and posterior sulcal plates. In the
Vietnamese material, some cells appears to be
slightly wider than long. A. minutum was found in
few samples in the Thua Thien — Hue, Qui Nhon
Bay in Binh Dinh Province, and Cam Ranh Bay,
Nha Trang. It has previously been reported from
Ha Long Bay (Yoshida e al., 2000). It is widely
distributed.

Pseudo — nitzschia sp. G3 The observation
under light microscopy of Pseudo — nitzschia sp.
G3 isolated from Do Son, Hai Phong, Vietnam
seem to be P. pungens (Grunow ex Cleve) Hasle.
The frustules are symmetrical, linear to lanceolate
in both valve and girdle view, the last 1/4 of the
cell sides are tapering towards the apices. The
apices are rounded. The cell length is 80-116 um,
the width is 2-3.8 um. The valves are strongly
silicified. A central interspace is absent. Cell overlap
1/4 - 1/3 (data not show here).

Under TEM, the number of interstriae and
fibulae in 10pm is (8)-9-12-(13) and 9-13-(15),
respectively. There are consistently two rows of
round periods and 2-3-(4) in 1 um (Fig. 1G).

The observations of P. pungens from
Vietnamese waters are in good accordance with
findings from other parts of the world (Skov et
al., 1999). The cell shape and morphometric
measures of cultured material did not change
compared to natural material. P. pungens belongs
in the seriata-group, but narrow cells may be less
than 3 pm wide. In this case, it may be confused
with and P. cuspidate or P. pseudodelicatissima,
but both have a central interspace. P. pungens is
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Figure 1. Morphological image of Prorocentrum mexicanum, P. mican, P. sigmoides, Alexandrium minitum, Pseudo-
nitzschia pungen. (A) SEM image of Prorocentrum mixecanum strain, isolated from Do Son, Hai Phong
city (Vietnam). (B) SEM image of Prorocentrum mican isolated from Phu Quoc Island, Kien Giang
province (Vietnam). (C) LM image of Prorocentrum sigmoides isolated from Phu Quoc Island, Kien Giang
province (Vietnam). (D) LM image of Alexandrium minimum shows the cell shape and cingular displace-
ment. (E, F) Epi-fluorescent micrographs of Alexandrium minimum. (G) TEM image of Pseudo-nitzschia

pungen.

very common species in Vietnam coastal waters.
It occurred more or less all year round at all the
sites from the north to the south of Vietnam. It
was found at temperatures from 20 — 30°C, and
all salinities from 14.5 —34.5 %o. Fryxell and Haslle,
(2004) indicate P. pungens as a neritic,
cosmopolitan species.

Phylogenetic Analysis of Alexandrium sp. 5,
Prorocentrum sp. 3 Based on Sequences of
18S rDNA Gene Fragment

For reconstructing the phylogenetic tree were
used the different sequences from DNA databases
from FASTA searches such as 18S rDNA
sequences of 21 dinoflagellate species of genera
Alexandrium and Prorocentrum. In the
reconstructions of dinoflagellate phylogeny (Fig.
2) using the apicomplexan Sarcocystis muris,
Peridinium sp. and Pyrocystis notiluca as the
outgroup, Noctiluca scintillans is found to be a
primitive dinoflagellate, as previously reported from
other molecular data (Sauder et al. 1997).

Genetic homogenous coefficient matrix and
phylogenetic tree have showed Prorocentrum
sp.3 have the highest homogeneous coefficient with
P. mexicanum (99.8%), then with P. minimum
(99.5%), P. micans (99.2%), P. concavum
(96.6%), P. emarginatum (95.9%), P. maculosum
(94.3%), P. eridinium sp. (93.9%), P. lima
(93.8%). On the phylogenetic tree, Prorocentrum
sp. 3 possesses length of equal evolutionary
branches in P. mexicanum and lying beside P,
mexicanum. Thus based on genetic homogeneous
coefficient of 18S rDNA sequence and distribution
on phylogenetic tree, the obtained result allowed
us to make the conclusion that Prorocentrum. sp.
3 was P. mexicanum. '

Homogeneous level between species belonging
to Alexandrium genus was from 92.5% (between
A. monilatum and A. leei) to 99.9% (between
Alexandrium sp.5 and A. minutum and A. affine;
A. minutum and A. ostenfeldii). NJ phylogenetic
tree was constructed using method of Kimura of
2 parameters (Kimura, 1980). All species of
Alexandrium genus were devised into two groups.
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Figure 2. Phylogenetic relationship of Prorocentrum and Alexandrium species based on the completely aligned
18S rDNA sequences (21 strands). DNA sequences determined in this study are in underline. The tree
was constructed using the Kimura 2-parameter method (Kimura et al. 1980) and 1,000 bootstrapped
replicates in MEGA3. Pyrocystis noctiluca, Peridinium sp., Noctiluca scintillans, Sarcocystis muris
was included as outgroup. Bootstrap values of less than 50% are not shown. Branch lengths represent
genetic distance among the taxa. The bar denotes substitution per nucleotide position.
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The first group has only one species of 4. leei
which is very different from another species
(homogeneous coefficient from 89.8% to 91.8%).
The second group contains 2 subgroups: the first
subgroup contains Alexandrium sp. 5, A. minutum,
A. ostenfeldii, A. tamutum and A. margalefii.
Sequences of 4. sp. 5, A. minutum, A. ostenfeldii
and A. sp. tamutum have very high homogeneous
level (> 99.5%); the second subgroup consists of
A. affine, A. catenella, A. tamarense, A.
cohorticula, A. tamiyavanichii, A. monilatum
and A. taylori.

The most highest homogeneous coefficient is
between Alexandrium sp.5 and A. minutum
(99.9% ), then A. ostenfeldii (99.8%), A. sp.
tamutum (99.5%), A. margalefii (98.5%), A.
affine (97%), A. cohorticula (96.7%), A.
catenella (96.6%), A. tamiyavanichii (96.6%),
A. monilatum (96.3%), A. tamarense (95.9%), A.
taylori (95.6%), A. leei (95%), Pyrocystis
noticula (91.6%). In the phylogenetic tree (Fig.
2), species of Alexandrium sp.5 have length of
evolutionary branch equal in species of A. minutum
and lying beside A. minutum. The results of 18S
rDNA sequence analysis clearly showed that
Alexandrium sp.5 was A. minutum.

Sequences of 18S rDNA gene fragment of 2
studied species Prorocentrum sp.3 and
Alexandrium sp. 5 collected from HaiPhong -
Northern coast of Vietnam in this report were
submitted to GenBank with accession number
DQ174089 and DQ168664, respectively.

Phylogenetic Analysis of Pseudo-nitzschia sp.
G3 based on ITS Region Sequences

The phylogenetic tree was reconstructed from
the different ITS region sequences of 23 sequences
of 19 Pseudo-nitzschia species shown on the
Fig. 3.

Based on phylogenetic tree and genetic
homogenous coefficient matrix, the identification
of Pseudo-nitzschia was carried out.
Homogeneous coefficient of Pseudo-nitzschia sp.
G3 (DQ166533) with P. pungens (Grunow ex
Cleve) Hasle (accession number AY257845 and
AY257846) reached to the highest (98.75%), then
with P multiseries (Hasle) Hasle (83.2%), P. ¢f
autralis Frenguelli (79.4%). Within the ITS1-5.8S-
ITS2 region (693 bp), 9 base differences were
found between Pseudo-nitzschia sp. G3 and P.
pungens (AY257846) (such as positions 54, 86
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and 135 in ITS1 region of 259 bp; 432 in 5.8S
coding region of 171 bp; 455, 570, 605, 620 and
625 in ITS2 region of 263 bp). This represents a
sequence dissimilarity (number of base differences
divided by sequence length) of 0.0125. In addition,
Fig. 3 showed that species of Pseudo-nitzschia
sp. G3 (DQ166533) is beside P. pungens. The
obtained results of ITS sequence analysis
demonstrated clearly that Pseudonitzschia sp. G3
isolated from northern coast of Vietnam was P,
pungens (Grunow ex Cleve) Hasle (bootstrap
values 100%). The nucleotide sequence of partial
18S rDNA gene fragment and the ITS1-5.85-
ITS2 from the studied P. pungens species has
been submitted to GenBank and given the following
accession number DQ166533.

The Identification of Alexandrium sp. S,
Prorocentrum sp. 3 and Pseudo-nitzschia sp.
G3 based on Sequences Obtained from SC-
PCR Method

SC-PCR technique allows species
identification rapidly and accurately from field
samples. In this report, the application of SC-
PCR method to Alexandrium sp. 5,
Prorocentrum sp. 3 and Pseudo-nitzschia sp.
G3 isolated from Hai Phong coast, northern part
of Vietnam in October 0f 2004 and December of
2005 and Prorocentrum spp. collected from Phu
Quoc Island, southern part of Vietnam, in 27-29,
June, 2006 were evaluated.

The primary aim of SC-PCR experiments was
to identify preservative and fixation conditions for
preserving cells without effect on the ability to
amplify PCR products. Apart of fresh samples,
cells of Alexandrium sp. 5, Prorocentrum sp. 3
and Pseudo-nitzschia sp. G3 have preserved at
different conditions such as 4% formaldehyde, 25%
ethanol, 1% glutaraldehyde for two weeks were
tested to see if they were suitable as DNA
templates. Except fresh cell for successfully SC-
PCR method, positive PCR products could always
be achieved from cells preserved in ethanol (25%)
for Alexandrium sp. 5; formaldehyde (4%),
ethanol (25%) and glutaraldehyde (1%) for
Prorocetrum sp. 3 and formaldehyde (4%) and
glutaraldehyde (1%) for Pseudo-nitzschia sp. G3
(Fig. 4 and 5). Success in getting the sequence
was also compared among plankton samples fresh
or preserved at different conditions for each genus
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g9 | P.pseudodelicatissima-AY 257854

100 _| P.cuspidata-AY 257853

i P.sp.Hobart5-AY 257851
58 P.galaxiae-AY 257850
P.inflatula-DQ329204
59 | —— P.delicatissima-AY 257849
9 L ——— P.micropora-AY 257847
I 10 P.caciantha-AY 257861
53 P.cf.subpacifica-AY 257860
P.dolorosa-DQ336155

P.turgiduloides-AY 257839
P.calliantha-AY 257857
100 H P.calliantha-AY 257855
751 P.calliantha-AY 257856

P.fraudulenta-AY 257840

P.multistriata-AY 257843
80 97 ‘I P.australis-AY452528
100 100 | | P.cf. australis-AY 559850
. P.-seriata-AY 257841
57 | P.multiseries-AY 257844
100 P.pungens-DQ166533
100 | | P-pungens-AY257845
9H P.pungens-AY 257846
0.02

Figure 3. Phylogenetic tree of Pseudo-nitzschia species, based on the ITS region sequences (23 strands) with the
neighbor-joining model and the Kimura 2-parameter. DNA sequences determined in this study are in
underline, 1,000 bootstrapped replicates in MEGA3. Bootstrap values of less than 50% are not shown.
Branch lengths represent genetic distance among the taxa. The bar denotes substitution per nucleotide

position.

above mentioned such as 4% formaldehyde, 25%
ethanol, 1% glutaraldehyde for two weeks.

In order to check and determine if any base
alteration had occurred in both of the PCR based
on the SC-PCR method or on genomic DNA of
the same species, positive second round PCR
products from Alexandrium sp. 5, Prorocentrum
sp. 3 and Pseudo-nitzschia sp. G3 were cloned
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and sequenced. Alignment of the partial 18S rDNA
gene between Prorocentrum mexicanum
(Accession number: Y 16232), Prorocentrum sp.3
generated by genomic DNA (with accession
number DQ174089, designated by Pro. sp.
3 _DNA ) and Prorocentrum sp. 3 generated by
SC-PCR method (designated by Pro. sp.
3_Single ) showed Prorocentrum sp. 3 collected
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Figure 4. The effects of different preservative conditions on the first round of single cell PCR. Amplification
products obtained from single cell of Prorocentrum mexicanum, Alexandrium minitum, Pseudo-nitzschia
pungen with SRIF and SR12R primers pair. Marker contains the DNA size marker 1Kb Plus DNA ladder.
Fresh designated by fresh cell, EtOH-cell preserved at 25% Ethanol; Form-cell preserved at 4% formal-
dehyde, Gluta-cell preserved at 1% glutaraldehyde.

P. pungen

num

Figure 5. The effects of different preservative conditions on the second round of SC - PCR. Amplification
products obtained from single cell of Prorocentrum sp. 3, Alexandrium sp. S, Pseudo-nitzschia sp. G3
with SR4F and SRR primer pair. Marker contains the DNA size marker 1Kb Plus DNA ladder. Fresh
designated by fresh cell, EtOH-cell preserved at 25% Ethanol; Form-cell preserved at 4% formalde-
hyde, Gluta- cell preserved at 1% glutaraldehyde.

from Hai Phong has close phylogenetic relationship
with the homological percent of 99.7% with P.
mexicanum which have accession number Y 16232
in GenBank and with the homological percent of
99.7% with P. sp. 3 generated by genomic DNA
which have accession number DQ174089. Within
the partial 18S rDNA gene fragment (800 bp), 2
base differences were found between

Prorocentrum sp. 3 generated by genomic DNA
and by SC-PCR method: 2 transitions (positions
65 and 722) (Table 3). Similar to the Prorocentrum
mexicanum, sequences of Alexandrium minitum
(with accession number: AJ535388), 4. sp.5
generated by genomic DNA (with accession
number DQ168664, designated 4. sp.5 -DNA)
and A. sp.5 generated by SC- PCR method
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(designated 4. sp.5-Single) were aligned. The
results obtained in Table 3 showed that
Alexandrium sp. 5 collected from Haiphong has
close phylogenetic relationship with 99.6% with
Alexandrium minutum which have accession
number AJ535388 in Gen Bank and with 99,7%
with Alexandrium sp. 5 generated by genomic
DNA which have accession number DQ168664.
Within studied the 18S rDNA gene fragment, 2
base differences were recognized between
Alexandrium sp. 5 -DNA and 4. sp. 5-Single
such as in position 231 and 597.

The sequences of Pseudo-nitzschia sp. G3
collected from Hai Phong city which generated
by SC-PCR method has close phylogenetic
relationship with 98.8% with Pseudo-nitzschia
pungen in GenBank (accession number
AY257846) having 7 base difference at the position
of 54, 135, 431, 454, 604, 619, 624; and 99.9%
with Pseudo-nitzschia sp. G3 generated by
genomic DNA in GenBank (accession number
- DQ166533) having 1 base difference at the position
of 431.

In these studied samples, the nucleotide
sequences that have obtained from genomic DNA
and SC-PCR method were the same with the
homological percent more than 99%.

SC-PCR method has also applied to identify
successful samples collected from Phu Quoc
Island, southern part of Vietnam, in 27-29, June,

2006 and Prorocentrum micans and P. sigmoides
were found (Fig. 1B and 1C). The nucleotide
sequences of the partial 18S rDNA gene of
Prorocentrum micans collected from Phu Quoc
Island generated by SC-PCR method and by
genomic DNA with Prorocentrum micans with
accession number M14649 in GeneBank (Herzog
et al., 1986) were compared with the homological
percent of 99.9%. Thus based on phylogenetic tree
and homogeneous coefficient of 18S rDNA and
the distribution to phylogenetic tree, Prorocentrium
sp. isolated from Phu Quoc Island was considered
as under a species name, Prorocentrum micans.

DISCUSSION

Prorocentrum, Alexandirum and Pseudo-
nitzschia are main harmful and toxic microalgal
genera found in Vietnam coastal waters.
Identification at species rank in these genera is
difficult, because identification criteria used in
conventional taxonomic system, i.e. morphological
difference among species, are not easily observed
under regular laboratory condition. It needs
observation under an electron microscope or a light
microscope with specific sophisticated attachments
such as an epifluorescence or a differential
interference contrast. Without them critical
identification is almost impossible. But
accumulation of species specific gene sequence

Table 3. Location of different nucleotide positions in the 18 S rRNA gene sequences between Prorocentrum
mexicanum (Accession number: Y16232), Prorocentrum sp.3 generate by genomic DNA (with accession
number DQ174089, designated by Genomic DNA) and Prorocentrum sp.3 generate by SC-PCR method
(designated by Single Cell) and between Alexandrium minitum (with accession number: AJ535388), 4.sp.5
generate by genomic DNA (with accession number DQ168664, designated Genomic DNA) and 4. sp.5
generate by SC- PCR method (designated by Single Cell).

Nucleotide positions

Species

54 | 65 | 135

231 | 431 | 454 | 597 | 604 | 619 | 624 | 722

Prorocentrum mexicanum

- Y16232

- Genomic DNA

> |-

> O|W

- Single Cell

Alexandrium minitum

- AJ535388

- Genomic DNA

- Single Cell

Pseudo-nitzschia pungen

- AY257845

- Genomic DNA

- Single Cell

—|—|o
)
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data in these genera provides useful and powerful
molecular biological method for their identification.
This study aims to identify potential HAB species
belonging to Prorocentrum, Alexandrium and
Pseudo-nitzschia endemic in Vietnamese waters
by analyzing nucleotide sequences of the 18S
rDNA and ITS1-5.8S-ITS2 gene fragment
obtained by SC- PCR method and comparing them
with known some more 40 sequences (Dang et
al., 2005; Dang et al., 2007; Ngo et al., 2005;
Hoang et al., 2006) which were deposited to
GenBank.

Nucleotide sequences of 18S rDNA and ITS1-
5.8S-ITS2 gene fragment have been applied to
identify species. SC- PCR method was applied,
because it can determine the presence of harmful
or toxic algal species without culturing them.
Species belonging to Prorocentrum, Alexandrium
and Pseudo-nitzschia isolated from plankton
samples collected from Hai Phong coast, northern
part of Vietnam, in 2004 and 2005 had been used
in this report. Success in getting the sequence was
also compared among plankton samples fresh or
preserved at different conditions such as 4%
formaldehyde, 25% ethanol, 1% glutaraldehyde for
two weeks.

Based on phylogenetic tree and
homologeneous coefficient of the partial 18S rDNA
gene fragment in this report, the sample of
Alexandrium sp. 5 collected from Hai Phong,
Northern part of Vietnam was identified under a
species name, A. minutum. This result was
similarity in the identification of this species based
on sequence of approximately 700bp of domains
1 and 2 (D1-D2) of large subunit ribosomal (LSU)
rRNA gene published by Lim et al., (2007).
Nucleotide sequences of domains 1 and 2 of the
LSU rRNA gene showed high sequence similarity
to A. minutum isolated from Malaysia. In this
species, toxin content varied among the strains and
growth stages, ranged from 3.0 to 12.5 fmol cell”'.
Based on the results obtained, the authors
confirmed that a new gonyautoxin derivative was
identified as deoxy-GTX4-120l, and this represents
the first report of this toxin analogue.

Based on the nucleotide sequences of 18S
rDNA and ITS1-5.8S-ITS2 gene fragment, samples
Prorocentrum sp. 3, Alexandrium sp. 5 and
Pseudo-nitzschia sp. G3 collected from Hai
Phong city of the northern part of Vietnam in 2004
and 2005 were identified under a species name,
Prorocentrum mexicanum, Alexandrium
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minutum and Pseudo-nitzschia pungens. Their
nucleotide sequences (4lexandrium sp. 5,
Prorocentrim sp. 3 and Pseudo-nitzschia sp. G3)
were deposited to GenBank with accession
numbers as DQ168664, DQ174089 and
DQ166533, respectively (Dang et al., 2005; 2007,
Ngo et al., 2005 and Hoang et al., 2006).

SC- PCR method has applied, because it can
determine the presence of harmful or toxic algal
species without culturing them. For successful
confirmation of this method in Vietnam, species
belonging to Prorocentrum, Alexandrium and
Pseudo-nitzschia isolated from plankton samples
collected from Haiphong coast, northern part of
Vietnam, in 2004 and 2005 had been used. Success
in getting the sequence was also compared among
plankton samples fresh or preserved at different
conditions such as 4% formaldehyde, 25% ethanol,
1% glutaraldehyde for two weeks.

The obtained results in this report indicated
that the sequence of Prorocentrium sp. 3 collected
from Hai Phong which generated by SC-PCR
method has close phylogenetic relationship with
the homological percent of 99.7% with P.
mexicanum which have accession number Y 16232
in Gen Bank (Grzebyk et al., 1998) and with the
homological percent of 99.7% with Prorocentrum
sp. 3 generated by genomic DNA which have
accession number DQ174089. Similarity in
Prorocentrum sp. 3, the sequences of
Alexandrium sp. 5 collected from Hai Phong city
which generated by SC-PCR method has close
phylogenetic relationship with 99.6% with
Alexandrium minutum which have accession
number AJ535388 in GenBank and with 99.7%
with Alexandrium sp. 5 generated by genomic
DNA which have accession number DQ168664.

The obtained sequences of Pseudo-nitzschia
sp. G3 collected from Hai Phong city which
generated by SC-PCR method has close
phylogenetic relationship with Pseudo-nitzschia
pungen in GenBank (accession number
AY257846) with 98.8%, and 99.9% with Pseudo-
nitzschia sp. G3 generated by genomic DNA in
GenBank (accession number DQ166533).

In these studied samples, the nucleotide
sequences that have obtained from genomic DNA
and SC-PCR method were the same with the
homological percent more than 99%.

On the other hand, each genus in different
preservative condition was applied for SC- PCR
method. The obtained results indicated that
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available preservative conditions for
Prorocentrum are ethanol (25%), formaldehyde
(4%), glutaraldehyde (1%) and fresh sample; for
Alexandrium are ethanol (25%) and fresh one;
for Pseudo-nitszchia are formaldehyde (4%),
glutaraldehyde (1%) and fresh one, respectively.

In this report, SC- PCR method has also
applied to identify samples collected from Phu
Quoc Island, southern part of Vietnam, in 27-29,
June, 2006 and Prorocentrum micans and P.
sigmoides were found successfully.

CONCLUSION

These obtained results in this present study
strongly suggest that morphology still is reliable
tool to differentiate Prorocentrum, Alexandrium
and Pseudo-nitzschia species. The species in
these genera must be defined considering both the
morphology and the phylogenetic relationships
revealed here. We successfully applied SC-PCR
method for correctly species identification. Except
fresh cell for successful SC-PCR method, cells
preserved in 25% ethanol with Alexandrium sp.
5; 4% formaldehyde, 25% ethanol and 1%
glutaraldehyde with Prorocetrum sp. 3 and 4%
formaldehyde and 1% glutaraldehyde with
Pseudo-nitzschia sp. G3 were suitable as DNA
templates for SC-PCR. In these studied samples,
the nucleotide sequences that have obtained from
genomic DNA and SC-PCR method were the
same with the homological percent more than 99%.
The sequences of the 18S rDNA and ITS1-5.8S-
ITS2 gene fragments of 3 studied species such as
Pseudo-nitzschia sp. G3 (collected from Cat Ba,
Hai Phong, Vietnam in December, 2005 identified
under scientific name of P. pungen (Grunow ex
Cleve) Hasle), Prorocentrum sp. 3 and
Alexandrium sp. 5 (isolated from shrimp ponds in
Do Son, Hai Phong, Vietnam in October, 2004 were
considered as under a species names,
Prorocentrium mexicanum Osorio Tafall and
Alexandrium minutum Halim, respectively) have
been submitted to Genebank and given the
following accession number: DQ166533,
DQ174089 and DQ168664, respectively.

Application of SC-PCR method to samples
collected from Phu Quoc Island, southern part of
Vietnam, in 27-29, June, 2006 showed that
Prorocentrum mican and P. sigmoides were
found successfully.
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