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ABSTRACT

INTRODUCTION

Morphology and molecular phylogeny of the 
harmful raphidophyte Chattonella subsalsa 
isolated from Bolinao, Philippines
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Morphology and phylogenetic position of the marine harmful raphidophyte Chattonella isolated from Bolinao, 
Pangasinan, Philippines in 2013 and 2017 were examined using light microscopy and molecular phylogeny 
inferred from LSU rDNA and ITS sequences. Cells of Chattonella were variable in shape and typically teardrop-
shaped with a roundish antapical end, 26.0–49.5 µm in length, with an anterior flagellum directing swimming 
direction and a posterior flagellum trailing backward. Cell surface was covered by numerous small granules and 
several larger button-like rounded bodies. Discharge of transparent tubular mucocysts was also observed from 
cells just before collapse. Numerous brownish chloroplasts were located peripherally, each with a pyrenoid. 
Two Chattonella strains isolated in 2017 had identical LSU rDNA and ITS sequences and branched in the clade 
of Chattonella subsalsa, and were closely related especially to strains isolated from the Gulf of Mexico and East 
coast of USA. This is the first report of C. subsalsa based on morphological and phylogenetic information from 
the Philippines. 

The marine planktonic raphidophyte Chattonella 
is a harmful alga forming red tides responsible for 
fish mass mortality. In Asian coasts, red tides of 
Chattonella and damages to associated fisheries 
have been documented especially in Japan since 
1969 (Toriumi and Takano 1973; Yoshimatsu and 
Ono 1986; Imai et al. 2006). Since the huge fish 
kill recorded in Seto Inland Sea in 1972, with the 
economic loss of approximately 7.1 billion JPY, 
Chattonella blooms have occurred continuously in the 
area (Imai and Yamaguchi 2012). In Southeast Asian 
coasts, cells of Chattonella have also been detected 
from Indonesia (Praseno et al. 1999; Mulyani et al. 
2012), Malaysia and Singapore (Khoo 1985; Maclean 
1989; Marshall 2002), the Philippines (Marshall 2002; 
Azanza and Benico 2017), Thailand (Lirdwitayaprasit 
et al. 1996) and Vietnam (Marshall 2002). In the 
Philippines, presence of Chattonella sp. was reported 
in Manila Bay (Marshall 2002), but the species 
remains uncertain. Chattonella have been identified 

based on morphology of the cell and ultrastructure 
of the chloroplast (Hara et al. 1994). Chattonella can 
be detected under light microscopy using live cells, 
based on cell shape, direction of the two flagella and 
numerous brownish chloroplasts. However, species 
identification of Chattonella is rather difficult due to its 
variability of cell shape, vulnerability for fixatives, and 
also morphological similarity of the member species, 
particularly between C. marina (Subrahmanyan) Y. 
Hara et Chihara and C. subsalsa Biecheler.

The three species, C. antiqua (Hada) Ono, C. 
marina and C. ovata Hara et Chihara have mainly 
been reported from Japanese coasts. Recently, these 
three species were proposed to be varieties of C. 
marina, due to their genetic similarities (Demura et 
al. 2009). Cell shape and size range of C. marina 
var. marina (30–55 µm) and the type species of the 
genus C. subsalsa (30–50 µm) resemble one another 
(Mignot 1976; Hara and Chihara 1982). According to 
Hara and Chihara (1982), C. marina and C. subsalsa 
are discernable based on several characters, e.g. 
insertion of thylakoids into pyrenoid matrix in C. 
marina and presence of oboe-like ejectile body 
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(mucocyst) in C. subsalsa. However, ultrastructural 
observation of chloroplasts based on transmission 
electron microscopy has difficulty in many cases 
applying to Chattonella identification. DNA sequences 
of SSU rDNA, LSU rDNA and ITS regions, psbA 
and rbcL from C. subsalsa isolated from Adriatic 
Sea, close to the type locality of C. subsalsa in 
Sète, Mediterranean, were determined and showed 
a clear difference from Japanese isolates of C. 
marina (Klöpper et al. 2013). Therefore, molecular 
identification is now applicable for the Mediterranean 
population of C. subsalsa, Japanese population of 
C. marina (including C. marina var. antiqua/marina/
ovata), and other populations differentiated at least 
from the former two populations of Chattonella. 

Bolinao, Pangasinan is one of the largest fish 
farming areas in the Philippines, where milkfish are 
cultured using floating fish cages and pens, and there 
have been several reports of serious damages by 
harmful algal blooms (Azanza et al. 2017). In January 
to February 2002, mortality of milkfish was caused 
by oxygen depletion due to red tide of Prorocentrum 
minimum (Azanza et al. 2005). Blooms of toxic 
Alexandrium spp. which often resulted in poisoning 
cases and, massive fish mortalities have also been 
documented (Bajarias et al. 2003; Azanza and Benico 
2013; Escobar et al. 2013). With regard to Chattonella, 
cells have sometimes been encountered in local 
phytoplankton samples, which have been tentatively 
identified as C. marina based on cell morphology. For 
example in May 2004, a massive fish kill was reported 
with the occurrence of a raphidophyte identified as 
C. marina (Azanza and Benico 2017). 
Since unambiguous identification of the 
causative species is essential for HAB 
monitoring and further investigation, 
Chattonella cells were isolated and 
examined based on morphological 
observation and molecular comparison 
with other Chattonella populations. 
This study was done to identify fish kill 
causative Chattonella species in Bolinao, 
Philippines.

MATERIALS AND METHODS

Chattonella specimens examined 
in the present study were collected with 
the use of 5 and 20 µm plankton nets 
from sea surface waters of Bolinao, 
Pangasinan, Philippines (16°23’N, 
119°54’E) in November 2013 and July 
2017 (Fig. 1). Single cells of Chattonella 
were isolated by capillary pipetting under 
the microscope and unialgal cultures 

were established in half strength for a 2013 isolate 
(CMBOLRVAGB110613) and full strength for two 2017 
isolates (Phil493 and Phil494) of IMK medium (Wako, 
Tokyo, Japan) with salinity of 30, and maintained 
at 23ºC in a 12:12h light:dark regime under 40–50 
µmol photons m-2 s-1. CMBOLRVAGB110613 strain 
is kept in the laboratory of The Marine Science 
Institute, University of the Philippines, and Phil493 
and Phil494 strains are kept in the laboratory of Asian 
Natural Environmental Science Center, University of 
Tokyo. Cells of Phil494 were observed using a Zeiss 
Axioskop 2 (Carl Zeiss, Göttingen, Germany) light 
microscope and recorded by a digital camera Zeiss 
Axiocam HRc (Carl Zeiss, Göttingen, Germany). Cell 
measurements and counting of chloroplast number 
were conducted using micrographs. 

To infer phylogenetic positions of Chattonella 
cultures, sequences of LSU rDNA and ITS region 
were determined from Phil493 and Phil494 strains, 
following Iwataki et al. (2008) and Takahashi et 
al. (2017). Genomic DNA was extracted using 2x 
hexadecyltrimethylammonium bromide (CTAB) 
method (Takahashi et al. 2014). DNA sequences 
of LSU rDNA (D1–D3) and ITS region (ITS1, 5.8S 
rDNA and ITS2) were amplified using either Ex Taq 
(Takara, Shiga, Japan) or MightyAmp (Takara, Shiga, 
Japan) with the condition and primer sets according 
to Takahashi et al. (2015). Reactions were done in 
iCycler (BIO-RAD, Tokyo, Japan) or a GeneAmp 
PCR System 9700 (Applied Biosystems, Carlsbad, 
California USA). The amplification was confirmed 
by 1.0% agarose gel electrophoresis. The PCR 

Figure 1. Sampling location of Chattonella subsalsa in Bolinao, Pangasinan, 
Philippines.
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product was purified using a QIAquick PCR purification 
kit (Qiagen Genomics, Bothell, Washington USA) 
following the manufacturer’s protocol. Sequencing of 
the amplicons using internal primers was outsourced, 
following the manufacturer’s protocol (Eurofins 
Genomics, Tokyo, Japan).

To construct phylogenetic trees, LSU rDNA 
and ITS sequences of related raphidophytes were 
obtained from GenBank. Accession numbers and 
sampling locations of these sequences are given 
in phylogenetic trees (Figs. 3 & 4). To facilitate 
phylogenetic analyses, several identical sequences 
from the same localities were analyzed as only one 

sequence. The datasets including sequences of 
Chattonella from Bolinao were constructed using 
Molecular Evolutionary Genetics Analysis version 
6.0 (MEGA6) (Tamura et al. 2013). DNA sequences 
analyzed in this study are available from GenBank, 
with accession numbers of LC415433 (Phil493) and 
LC415434 (Phil494), each includes LSU rDNA and 
ITS sequences. For the best nucleotide substitution 
models of LSU rDNA and ITS analysis, Kimura 
2-parameters model plus gamma distribution (G 
= 0.530) and Tamura-Nei model plus gamma 
distribution (G = 0.680) were selected by MEGA6, 
respectively. Phylogenetic trees were constructed by 

Figure 2. Light microscopy of Chattonella subsalsa from Bolinao. A–G. Variation of cell shapes. A. 
Surface view showing larger round bodies (black arrows) and many small granules. B. Surface view 
showing two flagella inserted close to the anterior end of the cell, the anteriorly directed flagellum (af) 
and posteriorly directed flagellum (pf). C–E. Deeper view showing nucleus (n) and chloroplasts. F–H. 
Tubular invagination (ti) at the posterior end of the cell. I. Spherical cell showing pyrenoids (py) attaching 
to chloroplasts. J. Cells projecting oboe-shaped tubular mucocysts (white arrows). K. Mucocysts with the 
tapering end (black double arrowhead) and swollen end (white double arrowhead). Scale bars = 10 µm.
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Figure 3. Maximum likelihood (ML) tree of raphidophytes inferred from LSU rDNA (D1–D3 region, 727 
bp). Bootstrap support values of neighbor-joining (left) and ML (right) are given at nodes. Chattonella 
subsalsa from Bolinao, Philippines (Phil493 and Phil494) analyzed in this study is highlighted in black 
box.

Figure 4. Maximum likelihood (ML) tree of Chattonella inferred from ITS region (ITS1, 5.8S and ITS2, 628 
bp). Bootstrap support values of neighbor-joining (left) and ML (right) are given at nodes. Two isolates of 
Chattonella subsalsa from Bolinao, Philippines analyzed in this study (Phil493 and Phil494) are highlighted in 
black box. Asterisk (*) indicates 64 identical sequences of C. marina from Japan.
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maximum likelihood (ML). Bootstrap support values 
were calculated with 500 and 1,000 replications of ML 
and neighbor-joining (NJ), respectively.  

RESULTS 

Cells of Phil494 from Bolinao, Philippines were 
variable in shape, typically teardrop shape with a 
blunt posterior end, sometimes ovoid or round without 
tail. Cells were 26.0–49.5 µm (mean 37.9 µm, n = 60) 
in length and 18.2–34.7 µm (mean 25.7 µm, n = 60) 
in width (Figs. 2A–G). Two flagella were inserted in 
the small depression close to the anterior end of the 
cell. The anteriorly directed flagellum was sinusoidal 
and moving, while the posteriorly directed flagellum 
was trailed (Fig. 2B). On the cell surface, two types of 
round bodies were observed, i.e. numerous smaller 
granules and 5–22 larger round bodies distributed at 
the surface of a half cell (Figs. 2A & B). The nucleus 
was located near the flagellar insertion (Figs. 2C–E). 
Chloroplasts were ellipsoidal or irregular shaped with 
several lobes, brown in color, and 44–149 (n = 13) 
in number, each with a pyrenoid (Fig. 2I). A short 
tubular invagination at the posterior end, similar to 
that of Haramonas spp., was observed under light 
microscope (Figs. 2F–H). Discharged mucocysts 
from the cell were also observed (Figs. 2J & K). The 
released mucocyst was translucent and tubular, with 
two types of ends, tapering and swollen. 

Molecular phylogeny inferred from LSU rDNA and 
ITS sequences revealed the phylogenetic position of 
two culture strains of Chattonella from Bolinao (Figs. 
3 & 4). LSU rDNA sequences of Phil493 and Phil494 
were positioned in the clade of C. subsalsa (Fig. 3). 
Two Chattonella, C. marina (NJ/ML = 99/100%) and 
C. subsalsa (97/87), formed a robust clade (100/100) 
in raphidophytes. In the clade of C. subsalsa, two 
sub-clades, one including isolates only from Italy 
(100/100) and another included isolates of Iran, USA 
and Philippines (85/92) were separated. Phil493 and 
Phil494 were closely related to C. subsalsa from USA. 
Sequences of ITS region from these two strains were 
identical, and branched in the clade of C. subsalsa 
(Fig. 4). All Chattonella formed a supported clade 
(99/96), and three sub-clades, C. marina (99/99), 
C. subsalsa only from Italy (99/99), and C. subsalsa 
from Italy, Iran, USA, Mexico, Japan, Singapore and 
Philippines (81/66), were found in the Chattonella 
clade.

DISCUSSION
Identification and morphology of Chattonella in 
Bolinao, Philippines

Cells of Chattonella strains found in Bolinao, 
Philippines showed common morphological 

characteristics of the genus and resembled C. marina 
and C. subsalsa, i.e. the cell shape is teardrop- or 
lemon-shaped with two flagella emerging near the 
apex, many brownish chloroplasts, and two different 
sized granules on the cell surface (Klöpper et al. 
2013). Cell size is also similar to previously reported 
Chattonella subsalsa found in the Gulf of Mexico 
and USA (Bowers et al. 2006; Klöpper et al. 2013). 
Although species identification was rather difficult 
based on morphology, molecular phylogeny based 
on LSU rDNA and ITS sequences clearly indicated 
that the isolates from Bolinao are C. subsalsa, and 
related especially to the cultures isolated from Japan, 
Mexico, Singapore, and Gulf of Mexico and East 
coast of USA. Diagnostic morphological characters 
of the sub-clade of C. subsalsa, by which the clades 
or populations can be differentiated, are unclear. 
One characteristic found in the sub-clades is the 
ejection of oboe-shaped mucocysts. Mucocysts have 
been observed from some Chattonella strains, e.g. 
C. subsalsa from the Mediterranean and Adriatic 
Sea (Biecheler 1936; Klöpper et al. 2013), while 
not reported from other strains, e.g., C. marina from 
Japanese coasts and C. subsalsa from the Gulf of 
Mexico, USA (Hara and Chihara 1982; Klöpper et al. 
2013), even under TEM observation or use of Neutral 
Red stain. The presence of mucocysts, or the ability to 
release them, is different in Chattonella populations. 
Klöpper et al. (2013) also discussed the possible loss 
of mucocyst in long-term cultures as observed in the 
other raphidophytes. From the Chattonella isolates 
in Bolinao, discharge of transparent mucocysts is 
observed under light microscope, usually before the 
cell collapsed. The shape and size of mucocysts 
are similar to that reported from the Mediterranean. 
However, the Bolinao isolates were phylogenetically 
related to that from Gulf of Mexico, USA (AF153196), 
which did not release mucocysts (Klöpper et al. 2013). 

Another interesting characteristic found in Bolinao 
Phil494 strain is the tubular invagination located at 
the posterior end of the cell. A similar structure has 
so far been reported as a tubular invagination in 
Haramonas dimorpha Horiguchi (Horiguchi 1996), 
H. pauciplastida Yamaguchi, Hoppenrath, Takishita 
et Horiguchi (Yamaguchi et al. 2008) and H. viridis 
Horiguchi et Hoppenrath (Horiguchi and Hoppenrath 
2003), and a posterior pit in Chlorinimonas sublosa 
Yamaguchi, Nakayama, Murakami et Inouye 
(Yamaguchi et al. 2010). Phylogenetic positions of 
these three Haramonas species and C. sublosa are 
not close to C. subsalsa in raphidophytes, therefore 
the tubular structure positioned at the posterior end 
may not be a stable character in their phylogeny, if it 
is the homologous structure in raphidophytes. Further 
examination of the ultrastructure of Phil494 strain 
under TEM is required for the comparison of tubular 
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invagination. 

Chattonella species and population in SE Asia

Fish mass mortalities caused by the harmful 
marine raphidophyte Chattonella spp. have not 
been reported frequently from Southeast Asia, 
although Chattonella red tides are common and 
have continuously occurred in East Asia. On the 
other hand, cells of Chattonella have broadly been 
detected from coastal waters and shrimp ponds in the 
region, e.g. Gulf of Thailand (Thailand), Johor Strait 
(Malaysia and Singapore), Manila Bay (Philippines) 
and Jakarta Bay (Indonesia) (Khoo 1985; Maclean 
1989; Lirdwitayaprasit et al. 1996; Praseno et al. 1999; 
Marshall 2002; Mulyani et al. 2012). In these reports 
from Southeast Asia, many are identified based on 
morphology and are reported as Chattonella sp., 
while molecular information has been provided only 
for the isolate from Singapore (Bowers et al. 2006). 
Singapore isolate was identified as C. subsalsa, 
based on nuclear encoded SSU rDNA, ITS and plastid 
encoded 16S rDNA. More recently, the presence of 
C. marina was demonstrated in East Java, Indonesia 
based on ITS phylogeny (Ayu‑Lana‑Nafisyah et al. 
2018). Molecular identification based on LSU rDNA 
and ITS regions in the present study is the second 
case of C. subsalsa occurrence in Southeast Asia. 
Since Chattonella species are currently known to 
be distributed broadly in Southeast Asia, molecular 
identification combined with several morphological 
structures, e.g. mucocyst discharge and cyst 
formation, will help our understanding of population 
structure and distribution of Chattonella spp. in 
Southeast Asia.
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