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Abstract: Dinoflagellate algae of the genus of Symbiodinium are important symbionts within sea anemones and other
marine invertebrate species. In the present study, two isolates of Symbiodinium were isolated from the two anemones,
Radianthus macrodactylus and Stichodactyla mertensii, collected from Xisha archipelago and Hainan Island, China, and
characterized by the use of ITS-rDNA sequences. Sequence comparison showed that sequences of the internal transcribed
spacer (ITS) including 5.8S-rDNA of the two species were highly homologous, similarity above 99%. Phylogenetic
reconstruction analysis with Neighbor-Joining (NJ) method and maximum parsimony (MP) method using ITS-rDNA
sequences and 5.8S-rDNA region indicated that two isolates of Symbiodinium had a very close relationship and they
belonged to clade C1. Closely related symbiotic algae were found in different hosts, suggesting that animal and algal
lineages had maintained a flexible evolutionary relation with each other.

Résumé : Phylogénie de deux Symbiodinium sp. d’anémones de l’Archipel Xisha et de l’Ile Hainan, Chine. Les
Dinoflagellés du genre Symbiodinium sont d’importants symbiontes des anémones de mer et d’autres espèces d’invertébrés
marins. Dans cette étude, deux isolats de Symbiodinium sont extraits de deux anémones, Radianthus macrodactylus et
Stichodactyla mertensii, récoltées dans l’Archipel Xisha et sur l’Ile Hainan, en Chine, et caractérisées en utilisant les
séquences ITS de leur ADNr. Leur comparaison met en évidence que les séquences ITS, y compris le 5,8S de l’ADNr, des
deux espèces sont fortement homologues, leur similarité dépassant 99%. Les reconstructions phylogénétiques par la
méthode des plus proches voisins (NJ) et par celle du maximum de parcimonie (MP) montrent que les deux isolats du genre
Symbiodinium sont très proches et appartiennent au clade C1. Des algues symbiontes proches ont été trouvées chez
différents hôtes, ce qui suggère que les lignées animales et algales ont maintenu une relation évolutive plastique entre elles.
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Introduction

Symbiotic associations between invertebrates such as
corals, anemones and dinoflagellates are a common
occurrence in marine environments. These partnerships
form the trophic and structural foundation of the entire
coral reef ecosystem (Glynn, 1996; Mitchelmore et al.,
2002; Zhu et al., 2004). These dinoflagellates, collectively
known as zooxanthellae, predominately belong to the genus
Symbiodinium (Freudenthal, 1962). However, detailed
investigations on cultures originating from different host
species and geographic locations have revealed the
existence of significant morphological, biochemical, and
genetic differences within this genus (Schoenberg &
Trench, 1980 a, b, c; McNally et al., 1994). Over the past
60 years, the physiological contribution of these dinoflagel-
lates to the symbiosis has been shown to play a vital role in
their host’s nutrition (Davies, 1993). Understanding of
zooxanthella phylogenetics is essential in answering
important questions concerning these algae and their
symbiotic relationships.

The recent widespread application of DNA-based
molecular techniques to phylogenetic studies has led to
more comprehensive phylogenetic studies of Symbiodinium
from reef-building invertebrates. Rowan & Powers (1991a)
were the first to analyse Symbiodinium nuclear small
subunit (n18S) ribosomal DNA (rDNA) genes by restric-
tion fragment length polymorphisms (RFLPs) and DNA
sequencing. Rowan & Powers (1991b) found several
distinct n18S-rDNA RFLP patterns distributed within a
number of host species. In addition, sequence analysis of
n18S-rDNA revealed that diversity within the genus
Symbiodinium is comparable to that observed among orders
of free-living dinoflagellates (Rowan & Powers, 1992).
Many authors have also employed n18S-rDNA to explore
questions of Symbiodinium phylogenetics (McNally et al.,
1994; Carlos et al., 1999; Darius et al., 2000). Data from
other nuclear rDNAs have also been applied to
Symbiodinium phylogenetics, including nuclear large
subunit (n28S)-rDNA (Wilcox, 1998; Pawlowski et al.,
2001) and the internal transcribed spacer (ITS)-rDNA
(Hunter et al., 1997; Baillie et al., 2000; LaJeunesse, 2001;
Gou et al., 2003), which includes n5.8S-rDNA. Recently,
Barbrook et al. (2006) indicated that minicircle sequences
(psbA gene) could be a useful chloroplast-derived marker
for differentiating both closely related and distantly related
Symbiodinium isolates. Molecular investigations over the
past 25 years have revealed that Symbiodinium is a diverse
group of organisms with at least eight (A–H) divergent
clades that in turn contain multiple molecular subclade
types (Coffroth & Santos, 2005; Karako-Lampert et al.,
2005; Stat et al., 2006; Reimer et al., 2006 & 2007). Within
this context, Symbiodinium belonging to clade A clusters

into one group with clade E intermediate between clade A
and members of the other clades (B/C/D/F/G/H), which
form a second, closely related complex. Among these
clades, D/G are basal to B/C/F/H, clades C and H are sister
clades, and are closely related to clade F (Pochon et al.,
2004; Coffroth & Santos, 2005).

The variable ITS region is presently the most useful
genetic marker for distinguishing symbiont types that differ
in their ecological distribution, physiological fitness, and/or
host infectability (LaJeunesse, 2001). The high level of
molecular resolution from research on this region is
deemed necessary because the sub-generic clades of the
genus Symbiodinium (e.g. A, B, C, etc.), as assessed by the
low resolution of ribosomal DNA RFLP (restriction
fragment length polymorphism) methodology, correlate
poorly with their ecological distribution; each “clade”
contains representatives with markedly different physio-
logical attributes and host specificities, and therefore
different ecologies (Iglesias-Prieto & Trench, 1997a,b;
LaJeunesse, 2001). Thus the ITS region is used to provide
a more definitive assessment of the biodiversity of
Symbiodinium spp. 

In the present study, two isolates of Symbiodinium were
isolated from the two anemones, Radianthus macrodactylus
and Stichodactyla mertensii, collected from Xisha
archipelago and Hainan Island, China, and characterized by
the use of ITS-rDNA sequences. 

Material and methods

Anemone collection and animal care

Specimens of symbiotic Radianthus macrodactylus and
Stichodactyla mertensii were collected respectively from
rocky intertidal locations along the Xisha archipelago and
Hainan Island coastlines, China. These species were
maintained in natural seawater in aquaria, which were
maintained at 23-25°C on a 12-h light/12-h dark cycle, and
were cleaned every day. Meanwhile, some freshwater was
added to complement the evaporation, to keep the salinity
stable. Symbiotic cells were collected from these animals
by homogenization and centrifugation. 

Isolation and purification of algal cells from tissues of host
anemones

According to the method of Perez et al. (2001) with some
modifications, the tentacle pieces were homogenized in
0.45-µm Millipore-filtered seawater (MFSW) with a glass
homogenizer. This step was followed by a 5-min centrifu-
gation at about 2500 x g in an Eppendorf 5804R centrifuge.
The pellets containing the algal cells were resuspended in
MFSW and further homogenized with the tissue grinder to
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dissociate most of the remaining animal cellular debris.
Then the algal pellets were resuspended in MFSW,
centrifuged, and resuspended two or three times to remove
most of the animal debris from algal cell preparation as
determined microscopically at x200 magnification. 

Symbiotic algae from Radianthus macrodactylus and
Stichodactyla mertensii are named Symbiodinium sp. 001
and Symbiodinium sp. 002, respectively. 

DNA extraction

DNA extraction and purification were carried out according
to the method described by Zhang et al. (1999) with some
modifications. About 15-40 mg of pelleted algae was rinsed
twice with freshly sterilized double distilled water. Cells of
axenic Symbiodinium sp. were suspended in lysis buffer (50
mM Tris-HCl, 100 mM EDTA, 100 mM NaCl, pH 8.0) and
incubated for 4-6 h at 55°C with SDS (2%) and proteinase
K (300 µg.mL-1). After incubation, three phenol/chloro-
form extractions were conducted. The DNA was ethanol

precipitated at -20°C for 2 h followed by a centrifugation
12,000 x g for 10 min at 4°C. The pellet was rinsed twice
briefly with ice-cold 70% ethanol, dried and rehydrated at
room temperature in TE buffer.

ITS amplification, cloning and DNA sequencing

Designed by Primer 5.0 software according to the ITS
sequence of Symbiodinium sp. clade C (Santos et al., 2002),
as follows are the sequences of the primers: 

Sense 5’ CGAATTCCGTAACAAGGTTTCCGTAG 3’
Anti-sense 5’ CGAATTCCAGCGGGTTCACTTGTC 3’
Reactions were carried out on a Perkin-Elmer Thermal

Cycler 2400 under the following conditions: an initial dena-
turing step of 3 min at 94°C followed by 35 cycles of 30 s
at 94°C, 40 s at 53°C and 30 s at 72°C, followed by a single
cycle of 10 min at 72°C. All PCR products were separated
on 1% agarose gels (regular, BIOWEST, Spanish).The
target DNA bands were recovered, cloned to the pMD18-T
vector (TaKaRa Biotechnology (Dalian)) and sequenced.
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Symbiont species Host origin Accession ITS References
Number type

S.sp.001 Radianthus macrodactylus (Actiniaria) DQ066660 C This study
S.sp.002 Stichodactyla mertensii (Actiniaria) DQ066661
S.goreaui Rhodactis lucida (Corallimorph) AF333515 LaJeunesse, 2001
S.sp.C2  Hippopus hippopus AF333518 C2
S.sp.F2 Meandrina meandrities AF333516 F
S.kawagutii Montipora verrucosa (Scleractinaria) AF333517
S.muscatinei Anthopleura elagantissima (Actiniaria) AF333510 B
S.californium AF334659 E
S.sp.G15 A free living strain AY160123 Gou et al., 2003
S.pulchrorum Aiptasia pulchella ((Actiniaria) AF333511 B LaJeunesse, 2001
S.microadriaticum Cassiopeia xamachana (Rhizostomeae) AF333505 A
S.pilsosum Zoanthus sociatus (Zoantharia) AF333506
S.sp.A5 Tridacna squamosa (Bivalvia) AF333508
S.sp.Sp1 Stylophora pistillata AY237302 C Bui et al., unpublished
S.sp.Pd7.19 Pocillopora damicornis AY237303
S.sp.Sh2 Seriatopora hystrix DQ068027
S.sp. Sh5 AY237301
S.sp. Ha5 Heliofungia actiniformes DQ068041
S.sp. Ha6, DQ068042
S.sp.clade c Unknown Anemone (Actiniaria) AF427470 Santos et al., 2002
S.sp.AmamiI Plesiastrea versipora AY186562 Rodriguez-Lanetty, unpublished
S.sp. PtIsK1-6  Palythoa. (Hexacorallia) DQ480631 Reimer et al., 2006
S.sp.PtYoC2 DQ889729
S.sp. PtIsK3 DQ889726
S.sp. PtYoS1 DQ480593
S.sp.PtMiI1-12 DQ480603
S.sp.0501-6 Zoanthus sansibaricus DQ335390 Reimer et al., 2007
S.sp.0504-11 DQ335368
S.sp. 0504-12 DQ335408

Table 1. List of isolates of the genus Symbiodinium, their hosts and Genbank accession numbers for phylogenetic tree reconstruction.
Tableau 1. Liste des isolats du genre Symbiodinium, leur hôte et les numéros d’accès Genbank, utilisés pour la reconstruction

phylogénétique.



Phylogenetic tree reconstruction 

All ITS sequences from Symbiodinium listed in Table 1
were obtained from the Genbank for the phylogenetic tree
reconstruction. All ITS sequences and 5.8S-rDNA regions
were aligned utilizing the ClustalW multiple alignment
method in BioEdit. The molecular phylogenetic tree was
constructed with neighbor-joining (NJ) method and
maximum parsimony (MP) method, respectively, imple-
mented with Mega2.1. Nodal support was estimated by
bootstrap analyses using 1000 replicates. During analysis,
some corrections were made for multiple substitutions with
Kimura’s two-parameter method (Kimura, 1980) and all
positions with gaps were excluded. 

Results

Sequences of the rDNA-ITS regions of Symbiodium and
their homology analysis

By PCR amplification of the rDNA-ITS sequences from
both Symbiodinium sp.001 and Symbiodinium sp.002, two
DNA fragments of 573 bp were amplified and cloned,
respectively. The sequences were submitted to the
GenBank (accession numbers were DQ066660 and
DQ066661). Sequences homologous to them were searched
with BLASTn against the GenBank. Many hits had excep-
tionally high scores (bits) (up to 1048) and over 1000 high
score hits were all from the genus Symbiodinium. The
alignment shows that DQ066660 differs from DQ066661 in
five bases in the ITS-5.8 rDNA region, in two bases in the
ITS1 region, in two bases in the 5.8S rDNA region and in
one base in the ITS2 region (data not shown).

Reconstruction and analysis of the phylogenetic tree

The phylogenetic tree was reconstructed with the NJ
method and MP method by ITS-5.8 rDNA regions and 5.8
rDNA region respectively. 

The sequences were able to be unambiguously aligned
only with clade C rather than other clades, clearly
indicating that they belonged to clade C. Furthermore,
based on the phylogenetic analyses, the obtained sequences
were closely related to subclade C1 both in NJ tree and MP
tree by full ITS-rDNA regions and 5.8 rDNA region,

respectively (Figs.1 & 2). Our data suggested that they
belong to subclade C1.

Discussion

It is difficult to delineate symbiotic algae species within the
genus because Symbiodinium species may lose or modify
some of their morphological properties in the endo-
symbiotic life cycle. Recently, molecular genetic studies
have provided new tools for the identification and classifi-
cation of symbiotic dinoflagellates in the Symbiodinium
species complex. Phylogenetic analysis using sequence
data from the rDNA or the ITS regions has proved to be
useful for this purpose (Rowan & Powers, 1992; Sadler et
al., 1992; Langer & Lipps, 1994; McNally et al., 1994; Lee
et al., 1995; Carlos et al., 1999; Pochon et al., 2001; Toller
et al., 2001; Belda-Baillie et al., 2002). Symbiodinium
species with formal descriptions are strongly supported by
differences in ITS sequences. The ITS of Symbiodinium, as
determined for other organismal groups, provides better
phylogenetic resolution than the SSU and LSU rRNA genes
(LaJeunesse, 2001). In this study, similarity of the ITS
sequence between the two isolates of Symbiodinium was up
to 99.13%, which suggested that they had a very close rela-
tionship. Regardless of whether an ITS “type” equates to
species, minor differences in ITS sequences identify
distinctive symbiont populations and, therefore, are ecolo-
gically informative markers (LaJeunesse, 2002). It does,
however, indicate that two symbiotic isolates come from
different hosts, which inhabit very similar circumstances.
Because sequences of the ITS regions among different
species of Symbiodinium were highly divergent
(LaJeunesse, 2001), the minor sequence differences in the
ITS regions between the two strains indicated that they
might belong to one species. Moreover, the similar latitude
level (Xisha archipelago and Hainan Island, 18°10’E,
20°10’N) of the collection sites of two strains suggested
that some Symbiodinium species might possess globally
biogeographic distributions (Baillie et al., 2000;
LaJeunesse, 2001), and the geographic distribution of these
dinoflagellates might be related to the temperature cline
created by the latitude (LaJeunesse & Trench, 2000).

The alignment of ITS sequences including 5.8S-rDNA
of two isolatesof Symbiodinium was 573 base pairs (bp)
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Figure 1. Phylogenetic reconstruction of the genus Symbiodinium inferred from ITS including 5.8S rDNA with neighbor-joining
method (upper) and maximum parsimony method (lower). Prorocentrum mexicanum (AY886763) has been chosen as the outgroup.
Numbers at the nodes indicate percentage bootstrap support from 1000 replicates.

Figure 1. Reconstruction phylogénétique du genre Symbiodinium à partir des séquences ITS y compris la partie 5,8S de l’ADNr par
la méthode des plus proches voisins (haut) et par celle du maximum de parcimonie (bas). Prorocentrum mexicanum (AY886763) a été
choisi comme élément extérieur. Le nombre à chaque noeud indique le pourcentage obtenu par boostrap à partir de 1000 replicats.
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long with high similarity; however, significant differences
displayed compared to that of Symbiodinium microadri-
aticum and Symbiodinium muscatinei, 525 bp long and 584
bp long (LaJeunesse, 2001), respectively. Considerable dif-
ferences in ITS sequence between lineages A, B, C, D, E,
and F support the notion that this genus has a long evolu-
tionary history (Rowan & Powers, 1992). This hypothesis
has been confirmed by Pochon et al. (2006), who suggested
that Symbiodinium originated in early Eocene, and that the
majority of extant lineages diversified since mid-Miocene,
about 15 million years ago. Furthermore, the finding that
identical ITS sequences come from cultures originating
from different host species collected from distant geograph-
ic locations raises the possibility that some Symbiodinium
are capable of dispersing great distances and may form
symbioses with a wide range of host types (LaJeunesse,
2001). Closely related algae were found in dissimilar hosts,
suggesting that animal and algal lineages have maintained
a flexible evolutionary relation with each other (Rowan &
Powers, 1991a).

Our data suggested that DQ066660 and DQ066661
belong to clade C, which forms the “crown” of the
Symbiodinium tree, and branches as a sister group to clade
H. The relations within this clade are not well resolved, but
the analysis of more variable (ITS1 and ITS2) regions
demonstrates the presence of a large number of ecological-
ly and physiologically distinct ‘types’ (LaJeunesse, 2001;
LaJeunesse et al., 2004; Rodriguez-Lanetty et al., 2004;
Van Oppen, 2004). These symbionts have been found in all
‘zooxanthellate’ invertebrates groups, as well as in
foraminifera and ciliates (Lobban et al., 2002). They are
particularly abundant in Indo-Pacific, evolving since at
least 6–9 MYA (LaJeunesse, 2005), and seem to be the
targets of their bleaching, being more sensitive to warming
episodes than most members from other Symbiodinium
clades (Baker et al., 2004; Rowan, 2004). However, some
types identified by ITS sequences are thermally tolerant
(Pochon et al., 2004).

Temperature is an environmental factor that regulates
species distributions along the coast of California
(Newman, 1979), and it probably governs the distribution
of S. californium. The evolutionary history of
Symbiodinium suggests that long term increase of water
temperature may significantly reduce Symbiodinium

diversity, constituting a serious threat for the survival and
diversity of coral-reef ecosystems. All in all, knowledge
concerning the biology and biodiversity of Symbiodinium
spp remains limited. Further host sampling from different
regions, characterizing new symbiont types, determining
the extent of their host specificity and biogeography, and
characterizing their physiology and photobiology, are
important goals for future investigations.
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