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Abstract

The genus Tripos (the marine Ceratium)
often comprises a major part of micro-
phytoplankton in terms of abundance and
diversity that plays an important role in
annual primary production; however, it has
received little attention in the Persian Gulf.
The morphology and phylogeny of Tripos
furca, T. massiliense, and T. concilians
were investigated in the present research.
Samples collected from the Persian Gulf
were identified morphologically under an
inverted microscope, and the SSU rDNA
sequence from individual cells was amplified
using a polymerase chain reaction. The SSU
rDNA sequence was determined for Iranian
strains of these species and registered in the
GenBank. The results of the phylogenetic
analysis indicated the formation of
a monophyletic clade of the family
Ceratiaceae with high support. In this clade,
freshwater species of Ceratium were grouped
in a highly supported subclade, and marine
species comprised another subclade. These
results well demonstrated the separation

(divergence) of marine and freshwater
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species of Ceratium. Altogether, the present
results agree with previous studies where
a considerable evolutionary distance is
suggested for marine and freshwater species
and support the formation of two highly
distinct monophyletic clades based on SSU
rDNA and LSU rDNA fragments and the

number of cingular plates.

Keywords: 7ripos, Ceratiaceae, Single Cell,
Phylogeny, SSU rDNA

Introduction

Ceratium F. Schrank, 1793 is a genus of
importantmicro-phytoplanktoninthephylum
Myzozoa and the superclass Dinoflagellata
with a cosmopolitan distribution. Ceratium
sp. contains chloroplasts and drastically
contributes to the annual primary production
(Nielsen, 1991; Dodge and Marshall,
1994; Ibrahim, 2014). The presence of
food vacuoles suggests their mixotrophy
(Steidinger and Tangen, 1997) and rarely
forms resting cysts (Gémez et al., 2010).
Most species of this genus are non-toxic but

their high population density causes red tide,
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which in turn depletes nutrients and oxygen
(Zingone and Enevoldsen, 2000; Kudela et
al., 2017; Orellana et al., 2004; Morton et
al., 2011; Pitcher and Probyn et al., 2011;
Moreira et al., 2015). Some species of this
genus (e.g., Ceratium furca (Ehrenberg)
Claparéde and Lachmann, 1859) produce
ichthyotoxins (Mijares et al., 1985; Tan,
2016) that extensively kill fishes (Teen et
al., 2012).

The widespread cosmopolitan distribution,
abundance, and species richness have made
this genus one of the preferred models to
study different eco-physiological aspects of
dinoflagellates, including bioluminescence
(Sullivan and Swift, 1995; Latz et al., 2004),
flagellar motility (Brokaw and Wright,
1963; Sato et al., 2004), cell division and
growth rate (Elbrachter, 1973; Weiler, 1980),
daily cycles (Pizay et al., 2009), trophic
relationships, and mixotrophy (Smalley et
al., 1999; Skovgaard et al., 2000). Ceratium
species are sensitive to temperature in terms
ofbiogeography (Dodge and Marshall, 1994),
seasonality, and morphology (Sournia, 1968)
and therefore serve as biological indicators
of water masses (Raine et al., 2002; Ibrahim,
2014) and climate change (John et al., 2003;
Tunin-Ley et al., 2009).

Ceratium is the first genus name used for
dinoflagellates (Schrank, 1793) and is still in
use. It was, however, reported 7 years before
that by O.F. Miiller (1786) through recording
the illustrations of Bursaria hirundinella
O.F. Miiller, 1773 (freshwater) and Cercaria
tripos O.F. Miiller, 1776 (saltwater). Later,

Cercaria tripos was transferred into Ceratium
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(Nitzsch, 1817), and Bursaria hirundinella
was transferred into the genus Schrank by
Dujardin (1841). Gémez (2013) proposed
the separation of marine and freshwater
species of Ceratium based on morphological
and ecological differences; Tripos includes
marine species and Ceratium remained
as a genus for marine species. Tripos is
very diverse and contains over 155 species
(Guiry and Guiry, 2017). Considering the
morphological variability at the intraspecific
level, varieties, and different forms, there
are 450 organisms classified in this genus
(Gomez, 2013).
Due their

it i1s sometimes not possible to identify

to intrageneric  similarities,
dinoflagellate speciesbased onmorphological
characters (Reguera et al., 2012; Hansen
et al., 2000). The phenotypic variability of
species often leads to false identification
(Gaston and O’Neill, 2004; Accattatis et al.,
2020) and, consequently, the identification
based on morphological Characters will
require high taxonomic expertise (Accattatis
et al.,, 2020). This is particularly true for
dinoflagellates because of their considerable
morphological variations (Culverhouse et
al., 2003) so the morphological variability in
Ceratium species is referred to as “diabolical”
by Sournia (1967).

Owing to extreme physical conditions (e.g.
high temperature and salinity levels), the
marine ecosystem of the Persian Gulf and
Oman Sea contains valuable natural resources
and biodiversity specific to plant and animal
species (Sheppard et al., 2010; John, 2012)

being one of the most fragile ecosystems
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in the world (IPCC, 2014). Despite the
scientific and strategic importance of this
area and a considerable number of articles,
there are still fundamental gaps concerning
the food web dynamics, health, biodiversity,
and stability of the ecosystem, particularly in
Iranian waters (Dorgham, 2013). Overall, a
small number of published articles are about
dinoflagellates in Iranian waters (Jalilli and
Rezai 2010; Rabbaniha et al., 2012; Aein
Jamshid et al., 2016; Shapoori and Gholami,
2014), and only morphological identification
for a rather large group of dinoflagellates
at the species level has been investigated
by Zarei Darki and Krakhmalnyi (2017).
Some part of research in the Persian Gulf
has focused on the causes of harmful algal
blooms on the Iranian coasts (Rezai, 1995;
Attaran-Fariman et al., 2011; Fatemi et al.,
2012; Hamzehei et al., 2012). Specifically,
molecular and phylogeny studies have not

attracted much attention in Iranian waters

of the Persian Gulf and Oman Sea, and
often include blooming species, such as
Cochlodinium polykrikoides Margalef, 1961
(Tamadoni Jahromi et al., 2011), Scrippsiella
trochoidea (F. Stein) A.R. Loeblich III,
1976 (Attaran-Fariman et al., 2011), and
Heterocapsa Stein, 1883 (Attaran-Fariman
et al., 2013). Alemzadeh et al. (2014) also
identified a wide range of phytoplankton by
the molecular method.

This study aims to document the molecular
identification and phylogeny of three
dominant species of Tripos from the Persian
Gulf (Bandar Abbas) using the combined
approach of morphological and molecular
data.

Materials and methods
Sampling and isolation

Sampling was carried out in December
2017 in the Persian Gulf at Bandar Abbas
(597 17" 56° E and 10” 10" 27° N, Figure 1).
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Fig. 1. Map of the Persian Gulf showing the sampling location in

Bandar Abbas. The map is prepared in GIS software
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Cells were collected using a phytoplankton
net (mesh size: 20 pm) equipped with a

The water
1% Lugol’s
solution, which has a more negligible effect
on DNA than other fixatives (Galuzzi et al.,

flowmeter in surface waters.

samples were fixed with

2004). The plankton samples were scanned
at X100 magnifications with an inverted
microscope (Olympus, Tokyo, Japan).
The fixed specimens were photographed
with a Dino capture lens mounted on the
The

were 1dentified morphologically based on

microscope’s eyepiece. specimens
their shape and size using phytoplankton
identification keys.

After being photographed each specimen
was micropipetted individually with a fine
capillary disposable on a glass slide and
washed five times a Milli-Q water to assure
that the sample was void of any likely
contamination. Next, the isolated cell with 2
ul of Milli-Q water was transferred to a 0.2
ml microtube, and the successful transfer of
the specimen to the microtube was confirmed
under a microscope. Jusbeforeto isolation, 5
pl of 1M sodium thiosulfate solution was
added to the samples and hand mixed until
the Lugol’s iodine solution was discolored.
Cell preparation, PCR amplification, and
sequencing

Single cells in a PCR tube were subjected
to the freeze-thaw cycles to lyse the cell,
as follows: plunging sealed tube into
liquid nitrogen and 1 min incubation at
95 °C with the use of a Thermoblock,
PeQlab and used as template in an initial

PCR reaction. Then mixed with the PCR
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solution consisting of 2.5 pl of PCR 10X
buffer, 1.5 pl of MgCl, (mM 50), 0.5 pl of
dNTPs (10 mM), one pl of each EK-42F:
CTCAARGAYTAAGCCATGCA (forward)
and EK-1520R: CYGCAGGTTCACCTA
(reverse) primers (10 pmol), and 0.3 pl
of Taq polymerase (5 U/ul). SSU rDNA
sequences from the individual cells were
obtained by polymerase chain reaction
(PCR) using the fixed single-cell method
described in Gémez et al. (2010).

The amplification was done with a Touch-
down program in a Corbett CGI-96, Palm-
Cycler Thermal Cycler as follows: initial
denaturation at 94 °C for 2 min, 10 cycles
of denaturation triple steps at 94 °C for 15
Sec, annealing at 55-65 °C (1 °C decrease
per cycle) for 30 s, and elongation at 72
°C for 2 min. This was followed by further
20 cycles including denaturation at 94
°C for 15 Sec, annealing at 55 °C for 30
s, elongation at 72 °C for 2 min, and final
elongation for 7 min. In the second round,
the nested PCR was run using 2 pl of PCR
first-round product, PCR mixture with the
same composition and concentrations as
the previous round, internal primers EK-
82F: GAAACTGCGAATGGCTC and EK-
1498R: CACCTACGGAAACCTTGTTA,
a thermal program similar to the previous
step. The third round of reaction was
performed by semi-nested PCR using 2
ul of the second round product with a
specific dinoflagellate primer DIN46F:
TAACAATACAGGGCATCCAT (forward
primer) and EK-1498R and a thermal

program similar to the previous stages,
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except that the total number of cycles
increased from 30 to 35 (Goémez et al., 2010;
Source: Lopez-Garcia et al., 2001). A DNA-
free sample reaction (lysed cell or PCR
product) as a negative control was used in
all steps.

PCR products were electrophoresed on 1%
agarose gel and observed by a UVITEC-
Cambridge gel documentation system. At the
next step, appropriate samples were purified
based on the size and quality of formed
bands, and amplicons in the expected size
(~1200 bp) were sequenced by EK-1498R
and DIN46F primers as paired-end read with
the 3130 x1 Genetic Analyzer sequencer by
the Sanger method using the Sequencing
Analysis v5.2 program.

Phylogenetic Analysis

At Afirst,

(related to forward and reverse primers)

the Iranian strains sequence
were combined to achieve a full sequence
using the DNA Sequence Assembler ver.
4 software (Heracle BioSoft, 2013). The
nucleotide sequence of the Iranian strain
and 105 sequences extracted from GenBank
were used for the phylogenetic analysis.
Sequence alignment was performed using
trimAl v1.2 (Capella-Gutiérrez et al., 2009)
to eliminate ambiguous areas and gaps. The
aligned data matrix was analyzed by ML,
MP, and Bayesian methods.

According the Akaike
criterion (AIC), the GTR + G evolution model

to information
was chosen for data using MrModeltest Ver.
2.3 software (Nylander, 2004). Maximum
Likelihood analysis (ML) was performed

in the raxmlGUI 1.5% (Silvestro and
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Michalak, 2012) with 1000 bootstrap to
obtain the support values of branches. The
Maximum parsimony (MP) was performed
using PAUP *4.b10 software (Swofford,
2002) by the heuristic search method with
1000 replications and the branch-swapping
rearrangements by the Tree Bisection and
Reconnection (TBR) method. MP clade
support was assessed by non-parametric
bootstrapping with 1000 replicates and the
same heuristic-search parameters. Bayesian
analysis was conducted in the MrBayes
Ver. 3.2 program (Ronquist et al., 2012)
starting from random trees and four Markov
chains (with one cold chain and three heated
chains). Sample trees estimated the posterior
probability (PP) of trees using the Markov
Chain Monte Carlo (MCMC). After the
analysis, the standard deviation was <0.005
(i.e., the distribution of the sampled trees
converged with the target distribution). After
the convergence study, 25% of the trees that
did not reach the convergence stage were
burned and one consensus tree was made out

of every 100 trees.

Results
Morphological characterization of PG07
and PGO08 samples

A species with a very long horn and a
cell size of 65-100 um. The cell body shape
is robust or angular and subtriangular, and
the posterior margin is almost smooth and
oblique. The apical horn is high and straight,
somewhat rightward in the ventral view. The
hypothecal (antapical) horns are open-ended.

In the ventral view, the proximal end of the
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left antapical is wider and more curved than
the right horn. The cell is the widest next
to the antapical horns. The cingulum and
sulcus are visible (Figure 2 A-B). Based on
the mentioned morphological features, both
PGO8 and PG09 samples were identified
as Tripos massiliense (Gourret) F. Gomez,
2013.

Morphological characterization of the
PG09 sample

This is a relatively large cell with a length
of 62-88 um, which is almost smooth and
sometimes with a concave ventral surface
and a convex dorsal surface. The cell is wid-
er next to the cingulum (Figure 2 C-E). The
epitheca gradually changes into tapers form-
ing a rather high antapical horn. Two epithe-
cal antapical horns are parallel, slightly di-
vergent, or convergent (often parallel), and

one of them has a length almost twice the

Fig. 2. Inverted microscope images of 7ripos sp. of the Persian Gulf. A and B: T. massiliense

(Gourret) F. Goémez, 2013; the black arrow indicates the Cingulum and the white arrow
indicates the sulcus. C, D, and E: 7. firca (Ehrenberg) F. Gomez, 2013; the bulky white

arrow shows the apical horn (D), the thin white arrows show the antapical horns (D), the

thick black arrow indicates the Cingulum (E) and the thin black arrow show the sulcus (E).

F: T. concilians (Jergensen) F. Gomez, 2013; the long black arrow indicates the Cingulum,

the bulky white arrow indicates the antapical homs and the thick black arrow shows the
apical horn. The cell is fixed with Lugol's solution. Scale bars: A-B, 20 um; C-E, 10 um; F,

50 pm
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other. The horns are open-ended. The nucle-
us is situated in the epicone, and cells are
seen as single or chains of two cells. Based
on the mentioned morphological features
and comparisons with valid identification
keys, the PG07 sample was identified as 7¥i-
pos furca (Ehrenberg) F. Gomez, 2013.
Morphological characterization of the
PG10 sample

The cell body is not robust with no angle.
The theca is smooth and without decorations.
The dorsal margin of the body is more or
less hunched to the left. The apical horn is
high and slightly deflected to the left (in the
dorsal view). The antapical horns are short.
The left antapical horn (in the dorsal view)
is bent toward the cell body (Figure 2 F).
The PG 10 sample was identified as Tripos
concilians (Jorgensen) F. Gomez, 2013.

The results of phylogenetic analysis of Cer-
atium

In this study, four new sequences of SSU
rDNA from three marine species of Tripos
identified microscopically and isolated
individually, were obtained using PCR
and deposited with the accession numbers
OK356403 OK356483  (Tripos
massiliensis), OK356476 (Tripos furca)
and OK356481 (Tripos concilians) in the

GenBank. Up to now, there are no registered

and

sequences of SSU rDNA for Tripos sp. in
the Persian Gulf, and the obtained sequences
are reported in this study for the first time.
Moreover, the SSU rDNA sequences from
the Iranian strains of this genus corresponded
to none of the sequences registered in the
GenBank. The sequences of PG07 and PGO8

975

samples, which were detected based on the
morphological features of 7. massiliense,
corresponded to the FJ402942 sequence
(94.54% and 92.58%, respectively) from
the same species in the GenBank. The
results of the NCBI BLAST for the PG09
sequence shares 93.85% identity with the
available sequence in databases from T
FJ402966).

This sample was detected according to the

furca (accession numbers:

morphological characteristics of 7. furca.
Based on the results of the NCBI BLAST,
a close relation (Identity: 94.3%) was also
found between the PG10 sequence and that
of T. concilians (FJ402950).

The phylogenetic position of 7ripos species
was analyzed using a matrix consisting
of of different

dinoflagellate orders (thecate and athecate)

available sequences
in the GenBank. The phylogenetic trees were
rooted with two perkinsozoan sequences.
The results of molecular and phylogenetic
analyses revealed a similar topology for
all MP, ML, and MrB threes. Therefore,
only the tree obtained from the Bayesian
phylogenetic  analysis is documented
here. In the phylogenetic tree of Figure
3, individuals were first separated from
different populations of 7. furca (subgenus
Biceratium) with moderate support (PP
= 0.84, ML = 71, and MP = 62). The next
clade, which is separated with high support
(PP =1, ML = 97, and MP = 80), belongs
to individuals from 7. fusus (Ehrenberg) F.
Gomez, 2013 (Subgenus Amphiceratium).
The next clade is represented by species

from the genus Tripoceratium including
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T azoricum (Cleve) F. Gomez, 2013, T
petersii (Steemann Nielsen) F. Gomez,
2013, T. paradoxides (Cleve) F. Gomez,
2013, T limulus (Pouchet) F. Gomez, 2013,
T declinatus (G. Karsten) F. Gémez, 2013,
T. platycornis (Daday) F. Gomez, 2013,
T. massiliensis, 1. contrarius (Gourret) F.
Gomez, 2013, and T. concilians. As shown
in the branching pattern of the tree, the

origin of the Iranian species of Tripos is

— Perkinsus marinus AF126013

Tripos fusus AF022153
Tripos fusus MF927985
Tripos fusus MF927986
Tripos fusus FJ402958

Tripos furca MF927983
Tripos kofoidii FJ402963
|Tn'pos contrarius FJ402959

0.6

.,] I

o0.80; Tripos massiliensis FJ402942

closer to the Mediterranean populations. In
the resulting phylogenetic tree Figure 4, the
Ceratiaceae Kofoid, 1907 appeared among
several families from orders Gonyaulacales
and Peridiniales after important orders
such as Gymnodiniales, Prorocentrales,
and Dinophysales. An important result
of the resulting phylogenetic tree is the
separation of freshwater and marine species

of Ceratium with high support (PP = 0.92,

0.84| Tripos furca FJ402966
034 ,_ri—Tripos furca OK356476
B) 'Ceratium furca AJ276699

Tripos massiliensis OK356403

0.93

®_. Tripos tenuis AF022192
Tripos platycornis FJ824911

Tripos massiliensis MF927989
Tripos concilians FJ402950

Tripos concilians OK356481

Tripos massiliensis OK356483

0.1

Ceratium sp. MH071710
® _____ Tripos brevis MF927975
Tripos brevis MF927974
Tripos declinatus FJ402949
Tripos longipes DQ388462
Tripos azoricus FJ402954
Tripos petersenii FJ402951
Tripos petersenii FJ402953
Tripos paradoxides FJ402965
0 Tripos limulus FJ402952
Tripos limulus FJ402962

Fig. 3. Phylogenetic tree of the Bayesian analysis based on the SSU rDNA gene fragment;

Tripos sp. Values on branches represent Bayesian posterior probabilities. Probabilities less

than 50% are omitted here. The sequences obtained in the present study are shown in bold.

The accession number of the sequences extracted from the GenBank is placed next to the

species name. The scale bar exhibits the number of substitutions for a unit branch length
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ML =90, and MP = 83).

Discussion

The
position of T. furca, T. massiliense, and
T

Some

morphology and phylogenetic

concilians were investigated here.

morphological similarities may

confuse the species-level identification.
morphologically, 7. concilians may be
confused with 7. gibberus (Gourret) F.
Goémez, 2021. An important difference
between the two species is a somewhat
reticulate theca in the 7. gibberus (Hasle et
al., 1996). Similarly, 7. massiliense may be
confused with 7. trichoceros (Ehrenberg)
Gomez, 2013 with a smaller, somewhat
rounded body and almost parallel apical and
antapical horns that make a U-shaped form.
The antapical horns in this species are shorter
than those of 7. massiliense (Al-Kandari
et al., 2009). Furthermore, C. massiliense
can easily be confused with, C. macroceros
(Ehrenberg) F. Gomez, 2013 but the
hypothecal horn development and the right-
directed apical horn clearly distinguish C.
macroceros (Hasle et al., 1996). Sometimes
T. furca is confused with C. hircus Schroder,
1909. even though C. hircus is smaller and
has almost equal hypothecal horns and a
more robust body. The right hypothecal horn
of C. hircus is directed ventrally (Hasle et
al., 1996). However, the BLAST results of
sequences obtained in this study showed
no close identity between these species.
The classic taxonomic scheme was closely
related to freshwater species (Jorgensen,
1911; Schiller, 1937; Sournia, 1968), but
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this is not supported by our results and
indicates no close relation of freshwater
species of Ceratium with N. furca (T. furca)

as a member of the subgenus Biceratium

(Figure 4).
In the present research, the SSU rDNA
phylogenetic analyses significantly

supported (MP = 83, ML = 90, and PP
= 0.92) the formation of a monophyletic
clade of marine and freshwater species
of Ceratium (as the only member of the
Ceratiaceae family) (Figure 4). In this clade,
freshwater sequences of Ceratium formed
a well-supported subclade, and sequences
of marine Ceratium were well clustered
into monophyletic groups (Figure 4). These
results strongly support the splitting of the
marine and freshwater species of Ceratium
into two distantly related groups, suggesting
that they have no close relations, Marine and
freshwater species of Ceratium drive into
two distinct genera which correspond to the
findings of Saldarriaga et al. (2004), Logares
et al. (2007), and Gomez et al. (2010).

In the phylogenetic analyses of Gomez et al.
(2010), the marine and freshwater Ceratium
appeared separated into two monophyletic
clades with strong support based on the
number of cingular plates and the significant
evolutionary distance of their SSU rDNA
sequences. Thus, they suggested transferring
the

“Neoceratium”. However, this name was

marine species into new genus
not approved. Currently, the accepted genus
Tripos includes marine species, and Ceratium
has remained for freshwater species (Gomez,

2013). Similarly, this formerly occurred for
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Peridinium sensu lato. The marine species
1830 were
transferred into the genus Protoperidinium
Bergh, 1881 (Balech, 1974), and Peridinium

was assigned to freshwater species. Then,

of Peridinium Ehrenberg,

the genera Peridinium sensu stricto and
Protoperidinium were placed into separate
families (Balech, 1988).

Also based on extensive phylogenies of
18-28 SSU rDNA, Logares et al. (2007)
concluded that marine and freshwater
Ceratium are only distantly related species
and appeared separated. They suggest that
the marine-freshwater transitions have not

occurred recently, and few marine lineages

seem to have successfully colonized
freshwater.
Some morphological and biological

differences between marine and freshwater
Ceratium also suggest that these lineages did
not diverge recently. There are six cingular
thecal plates in freshwater species while
marine species possess five plates (Goémez
et al., 2010). Since almost all Gonyaulacales
have at least six cingular plates and Tripos
(Neoceratium)  exceptionally  possesses
five cingular plates, Tripos has supposedly
derived from a gonyaulacean ancestor with
six cingular plates where the third and
fourth cingular plates have been merged
into a single plate (Goémez et al., 2010).
The formation of resting cysts is unknown
in marine Ceratium species (Sournia,
1986) while it is a common feature of the
freshwater species. In freshwaters, the
populations of Ceratium are influenced by

extreme environmental changes including
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desiccation. Thus, resting cyst formation
is considered to be a vital strategy for
surviving  unfavorable  environmental
conditions; these cysts are also used for
airborne  dispersal. whereas, extreme
environmental conditions (e.g. desiccation)
rarely occur in open marine environments.
In marine Ceratium species, mixotrophy
(having chloroplasts) is a common feature
1999).

Ceratium populations may be better adapted

(Jacobson, Accordingly, marine
to survive under conditions of nutrient
depletion, which may be the reason for the
rarely formed resting cysts in Neoceratium.
However, the resting cyst formation cannot
be considered an exclusive feature of the
freshwater Ceratium species. For example,
cyst formation was reported in senescent
populations of N. furca (Gémez et al.,
2010). The number of cingular plates seems
to be a stable taxonomical character for the
generic separation of thecate dinoflagellates
(Balech, 1980).

During the evolution, the different
physicochemical properties of marine and
freshwater habitats have acted as a barrier
to dinoflagellates and a small number of
lineages have been able to pass through
this barrier (Logares et al., 2007). This
matter is confirmed by molecular data
from other microbial lineages, suggesting
that displacement and transitions have not
occurred frequently between saltwater and
freshwater environments (Methe et al.,
1998; Zwart et al., 1998, 2002; Hoef-Emden
et al., 2002; Pawlowski and Holzmann,

2002; Holzmann et al., 2003; Warnecke
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et al., 2004; Katz et al., 2005; Richards et
al., 2005; Figueroa and Rengefors, 2006;
Scheckenbach et al., 2006; Sims et al., 2006;
Alverson et al., 2007; Lefevre et al., 2007).
The difference in habitat prevents the free
interchange of microbes between saltwater
and freshwater in a way similar to metazoans
(Lee and Bell, 1999). In addition, only a few
marine lineages of multicellular organisms
have been successful in colonization into
freshwater (Lee and Bell, 1999; Miller
2002; Vermeij
Wesselingh, 2002; Lovejoy et al., 2006). The

osmoregulatory mechanisms may be one of

and Labandeira, and

the main barriers to freshwater migration
in metazoans. Unlike metazoans, microbial
populations typically have very large
population sizes, high reproductive rates,
enormous genetic diversity (Snoke et al.,
2006), and dispersal ability in long distances
(Finlay, 2002). Hence, microbial strains are
expected to be good candidates to acquire
the necessary mutations to create a transition
environment (Logares et al., 2007), but this
has practically occurred contrastingly in
nature. The barrier(s) preventing the constant
and/ or even reversible transition of marine
microbes to freshwater is not exactly known.
Salinity gradient, competitive deprivations
imposed by adapted residents (De Meester
et al., 2002), and the high extinction rate of
small limnic habitats are some factors that
have been proposed to be investigated as
Possible reasons and barriers to colonization
in freshwater (Logares et al., 2007).

To put it briefly, we performed the first

report of T furca, T. massiliense, and T.
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concilians in the Persian Gulf combining
morphological and molecular phylogenetic
data of Individual cells from the natural
population. Evolutionarily, presentmolecular
phylogenetic analyses based on SSU rDNA
significantly supported the formation
of a monophyletic clade of the family
Ceratiaceae. Our results also indicated that
marine and freshwater species of ceratium
are not closely related, split into two
subclades (two genera), and are supported
with good bootstraps. Subsequently, these
taxonomic and phylogenetic schemes
are discussed. Molecular data are used to
help enrich the Genebank and improve
phylogenetic  resolution.  Furthermore,
the analysis of molecular data can greatly
benefit the large number of samples that are
required for a biogeographical study. We
hope that in future studies, molecular data
will be useful in identifying and monitoring
Tripos species as biological indicators of
water masses aiming to assess biodiversity

all over the Persian Gulf.
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