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INTRODUCTION

Genetic diversity at the population level of a 
species plays an important role in the interactions of 
a species with the environment. These interactions 
will structure the ecosystem, so that spatial and 
temporal partitioning of genetic diversity will 
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ABSTRACT

Background and Objectives: Phytoplanktons are organisms with a very high diversities and global distribution in different 
habitats. The high distribution of phytoplankton is due to ecological flexibility and their ability to tolerate different climatic 
conditions and environmental stress. Phytoplankton is the most sensitive biological indicators of water resources. The 
purpose of this study was to identify the phytoplankton species with emphasis on DNA bar-coding method.  The study of 
phytoplankton variation and the identification of their species composition can provide useful information about the water 
quality.
Materials and Methods:  In this research project, a clone library of the ribosomal small subunit RNA gene (18S rDNA) in 
the nuclear genome was constructed by PCR using A and SSU-inR1 primers, and then, after examining the clones, selected 
clones were sequenced. 
Results: Eleven analyzed sequences were identified correctly and characterized by a similarity search of the GenBank 
database using BLAST (NCBI). In this study, we revealed a wide range of taxonomic groups in the Alveolata (Ciliphora 
and Dinophyceae), Stramenopiles (Bacillariophyta and Bicosoecida), Rhodophyta and Haptophyceae. Moreover, we found 
species of fungi and Metazoa (Arthropoda). Most of the sequences were previously unknown but could still be assigned 
to important marine phyla. 
Conclusion: Clone library of 18S rDNA is an accurate method to identify marine specimens and it is recommended as an 
efficient method for phylogenic studies in marine environments. There seems to be a high diversity and abundance of small 
eukaryotes in the marine regions of Persian Gulf.
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occur. Such structuring has seldom been measured 
in the marine planktonic community and studies of 
genetic diversity are virtually nonexistent in pelagic 
ecosystems (1). Yet taxonomic identification of aquatic 
microorganisms has been historically a difficult 
task due to their lack of conspicuous morphological 
features and the selectivity of culturing approaches. 
Molecular techniques based on rRNA genes 
obtained from natural assemblages have provided 
new insights into the diversity of marine microbial 
plankton (2, 3). Studies of phytoplankton diversity 
and population structure have lagged behind those 
of other organisms because of their small size, lack 
of morphological markers, and ability to bring into 
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culture only a small part of the known biodiversity. 
The lack of knowledge of their breeding systems 
makes genetic or demographic studies difficult (1).

Traditionally, morphological characters have been 
used to identify species and monitor the species 
composition of environmental water samples (2). 
Morphological similarities and plasticity have 
frequently led to erroneous results in species 
identification (2, 3). Therefore, much of the species 
information, including that regarding putative cryptic 
species, was lost, and the actual species composition 
of the ecosystem was not reflected in the species lists 
produced by field surveys.

In the last decade, the introduction of molecular 
techniques into microbial ecology has greatly 
increased our knowledge by identifying the smallest 
aquatic microorganisms and, more particularly, 
prokaryotes (4). DNA barcoding in general 
demands a molecular locus, being variable enough 
to discriminate on species level for the organisms 
under study and a molecular reference database for 
comparison. The similarity or divergence of the 
molecular sequence of an unknown organism to a 
vouchered reference sequence in the database is used 
as quality indicator for species identification. DNA 
barcoding of environmental samples requires DNA 
extraction from an environmental pooled sample, 
PCR amplification of a target locus; cloning of the 
resulting PCR products, sequencing and the analysis 
(5). The small subunit (SSU) 18S rRNA gene is one 
of the most frequently used genes in phylogenetic 
studies and an important marker for random target 
PCR in environmental biodiversity screening (6). 
In general, rRNA gene sequences are easy to access 
due to highly conserved flanking regions allowing 
for the use of universal primers (5, 6). Clone libraries 
have been successfully applied to reveal enormous 
biodiversity of microbial communities in many habitats 
(7- 10). In this technique, the species composition can 
be revealed through cloning after PCR amplification 
of environmental samples. Because many DNA 
sequences based on 18S rDNA have been deposited 
in GenBank, the 18S rDNA gene can provide a major 
advantage for the selection of a target DNA region. 
Accordingly, a high level of unexpected species 
diversity in aquatic ecosystems has been recovered 
from 18S rDNA clone libraries (11, 12).

In this study, we analyzed the biodiversity of 
eukaryotic plankton in environmental water samples 
by constructing a clone library of 18S rDNA from 

waters of the Persian Gulf of Iran. Phylogenetic 
analyses of the 18S rDNA sequences were performed. 
The improved molecular monitoring method 
developed here will reduce the time, cost, and labor 
required to construct community analyses of aquatic 
systems. Moreover, this technique will enable 
analysis of more environmental samples without a 
great increase in effort, which will lead to more data 
being deposited in sequence databases and better 
overall results regarding the biodiversity of aquatic 
ecosystems.

MATERIALS AND METHODS 

Study site and sampling. The study was 
conducted in the coastal water in marine areas 
of the Persian Gulf (Iran). Environmental water 
samples were collected from surface water using 
a net during April/May in 2010. The samples were 
concentrated by centrifugation at 2000 x g (Hettich 
D-78532, Tuttlingen, Germany) for 15 min and 
the supernatants were discarded. The pellets were 
conserved at -20°C for molecular analyses.

Nucleic acid extraction. Total DNA was extracted 
according to the method outlined by Doyle and 
Doyle (13). Samples were suspended in the CTAB 
extraction buffer (3% CTAB, 0.1 mol L−1 Tris-HCl, 
pH 8.0, 0.01 mol L−1 EDTA,1.4   mol L−1 NaCl, 
0.5% β-mercaptoethanol, 1% PVP). The mixture was 
incubated at 60°C for one hour with every 15 min 
shaking, and was cooled down to room temperature. 
Subsequently, 1 ml of chloroform:isoamyl alcohol 
(24:1 v/v) was added, mixed for 15 min at room 
temperature, and centrifuged  for 10 min at 12000 rpm. 
The supernatants were transferred to new tubes and 
the previously described chloroform:isoamyl alcohol 
extraction was repeated once. The supernatants were 
transferred to new tubes containing equal volumes of 
ice-cold isopropanol and incubated at –20°C for 30-
60 min. After centrifugation at 12,000 rpm and 4°C 
for 10 min, the resulting pellets were washed with 
70% (v/v) ethanol. Finally, the pellets were dissolved 
in TE buffer. The quality of DNA was checked by 
electrophoresis on the 1% agarose gel stained with 
ethidium bromide before PCR amplification.

Eukaryotic rRNA genetic libraries. Eukaryotic 
18S rRNA genes were amplified with forward primer 
A (5 -́AACCTGGTTGATCCTGCCAG-3΄) and reverse 
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primer      SSU-inR1 (5 -́CACCAGACTTGCCCTCCA-3΄) 
based on the conserved domain region of 18S rDNA 
(14). The PCR mixture (50 μl) contained about 20 
ng of environmental DNA and primers using the 
PCR Master Mix (Fermentas, Burlington, USA). 
Reactions were carried out in an automated thermal 
cycler (Techne  TC-212, England, UK) with the 
following cycle: initial denaturation at 94°C for 3 
min followed by 35 cycles of denaturation at 94°C 
for 30 s, annealing at 55°C for 30s, and extension at 
72°C for 1 min, with a final extension at 72°C for 
7 min. Several PCR products (at least four 50 μl 
samples) were pooled, separated on 0.8% agarose 
gel, then the amplified fragments with the expected 
size were excised from the gel and purified using Gel 
Purification Kit (Bioneer, Daejeon, Korea).

Cloning, unique clone selection and sequencing. 
These PCR products were used to construct one clone 
library according to manufacturer of the InsTAclone 
PCR Cloning Kit (Thermo Scientific-Fermentas, 
Waltham, USA). The purified fragments cloned into 
PTZ57/RT plasmid vector. The ligation samples were 
directly used to transform the competent Escherichia 
coli strain DH5α. 

Around 100 putative positive recombinant clones 
from library were randomly picked. The presence of 
the 18S rRNA gene insert in positive colonies was 
checked by PCR amplification using the same primer 
set (A and SSU-inR1) that was used to evaluate the 

environmental samples. The PCR products were then 
electrophoresed in 1.8% agarose gel to confirm the 
presence of the inserts. To confirm presence of the 
18S rRNA gene insert, Plasmids were extracted from 
bacteria and examined by the restriction enzymes 
EcoRI and PstI (Fermentas, Burlington, USA) for 
12 h at 37°C and separated by electrophoresis in a 
2.5% low-melting-point agarose gel (NuSieve GTG 
agarose). After screening, the recombinant plasmids 
were isolated and purified using a High Pure Plasmid 
Isolation Kit (Bioneer, Daejeon, Korea) and two 
representatives of each clone producing the same 
operational taxonomic unit (OTU) were selected and 
sequenced from plasmid products.

Phylogenetic analysis. To determine the first 
phylogenetic affiliation, each sequence was compared 
with sequences available in databases using BLAST 
from the National Center for Biotechnology 
Information and the Ribosomal Database Project. 
The nucleotide sequences with the highest max 
scores that were identified by the BLAST searches 
were selected for use in the analysis. The 18S rDNA 
sequences were aligned using Clustal X ver. 1.8 
(15) and then manually adjusted. Phylogenetic trees 
were constructed using MEGA 4.0 (16).

Nucleotide sequence accession numbers. 
Nucleotide sequences determined in this study have 
been deposited in GenBank under accession numbers 

Table 1. Clones in the 18S rDNA clone library of the environmental water sample identified based on the results  of a BLAST 
search of the GenBank database.

Clones
GenBank
accession 
number

Taxonomic lineage Closest known species based on 
a BLAST search Accesion and similarity index

RH-2012 JX049354 Bacillariophyta Amphora sp. JQ885983, Identities= (99%)

RH/Ns13 JX083955 Bacillariophyta Nitzschia sp. FJ546709, Identities= (99%)

RH/Us8 JX049355 Bacillariophyta Arcocellulus cornucervis JN934677 , Identities= (100%)

C JQ996417 Bicosoecida Caecitellus pseudoparvulus DQ230538, Identities= (100%)

B JQ996416 Rhodophyta Rhodella maculata GU191839, Identities= (99%)

RH/Ig3 JX049352 Haptophyceae Isochrysis galbana HM149543, Identities= (100%)

HA/BA KC934942 Ciliophora Uronema marinum GQ259747, Identities= (97%)

A JQ996415 Dinophyceae Cochlodinium polykrikoides JQ885983, Identities= (99%)

RH/Us10 JX049356 Fungi Paecilomyces carneus KC143071, Identities= (100%)

RH/Os12 JX083952 Arthropoda Oithona sp. JF781540, Identities= (99%)

RH/Ea11 JX083954 Arthropoda Euterpina acutifrons AY446896, Identities= (96%)
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listed in Table 1.

RESULTS

The objective of this work was to study the 
taxonomic composition of the community of small 
eukaryotes. For this study, we used the SSU-inR1 
and primers designed by Lee et al. (14) to avoid 
intron regions that produce PCR products with a 
long length. 

Several hundred white colonies were produced 
from cloning of the purified PCR products and 
screened by RFLP analysis to obtain the unique 
types. In total, 25 unique SSU rDNA sequences 
obtained from the library. After partial sequencing 
of the 25 region of the gene (560 bp on average), 
BLAST searches provided us with a further survey 
of the type of eukaryotic sequences present in our 
samples (Table 1). Based on the results of sequencing, 
those clones had the same 18S rDNA sequence. 
Therefore, we could easily isolate the unique clones, 
and this technique could greatly reduce the time and 
effort required for the clone isolation step. From the 
result of BLAST, all of the determined sequences 
corresponded to known species at the level of species 
and genus with a high sequence similarity (Table 1; 
>97% and 100% coverage). The phylogenetic tree 
constructed from environmental clone sequences 
and compared with those available in the GenBank 
database using NCBI/BLAST to search for related 
sequences (Fig. 1). 

Phylotypes were affiliated with a wide variety 
of taxonomic groups including species from 
major eukaryotic lineages (Table 1) [Alveolata (2): 
Ciliphora (1) and Dinophyceae (1); Stramenopiles (4): 
Bacillariophyta (3) and Bicosoecida (1); Rhodophyta 
(1); Haptophyceae (1); Fungi (1) and Metazoa (2): 
Arthropoda (2)]. 

We isolated two phylotypes of Bacillariophyta 
affiliated with Amphora sp. and Nitzschia sp. (99%). 
Environmental clones C, RH/Ig3, RH/Us8 and 
RH/Us10 were 100% homologous with Caecitellus 
pseudoparvulus (Bicosoecida), Isochrysis 
galbana (Haptophyceae), Arcocellulus cornucervis 
(Bacillariophyta) and Paecilomyces carneus (Fungi) 
respectively. We also identified several clones with 
distinct taxonomic positions, including Dinophyceae 
(A), Fungi (RH/Us10), Bicosoecida (C), Rhodophyta 
(B), Haptophyceae (RH/Ig3) and Ciliophora (HA/
BA). In the case of metazoan species, we isolated 

two clones that were closely related to Oithona sp. 
(99%) and Euterpina acutifrons (96%).

DISCUSSION 

For several years, the SSU rDNA has been used as the 
preferred marker to explore the diversity of microbial 
eukaryotic communities in a variety of environments, 
leading to the discovery of a huge hidden diversity. 
Consequently, the number of environmental sequences 
has increased exponentially and the necessity to 
place them correctly in phylogenetic trees to make 
taxonomic inferences about the corresponding 
organisms has became crucial (17, 18).

Many of the central issues in antagonist debates 
about the ‘‘promise and perils’’ of DNA barcoding (5, 
19-22) are essentially rooted in phylogenetics. It is the 
ambition of modern systematic to make classification 
systems that reflect the patterns of descent of taxa.

Alveolates contain both the autotrophic and the 
heterotrophic taxa. According to these results the 
ciliates (Ciliophora: Uronema marinum) are free-
living heterotrophs. The dinoflagellates are marine 
(benthic or planktonic) photosynthetic autotrophs 
(Dinophyceae: Cochlodinium polykrikoides). 
Alveolata is one of the largest and most important 
assemblages of eukaryotic microorganisms 
recognized today (23). The marine alveolate group 
appeared to be the most abundant group, suggesting 
that these organisms are important components of 
marine picoplankton in the Persian Gulf waters. 
Significant levels of alveolates in other open 
ocean and coastal environments were previously 
detected in libraries of 18S rDNA genes (11, 24). 
Similar sequences have also been found in other 
small eukaryotic genetic libraries from a surface 
sample and deep samples. It showed that they are 
undoubtedly abundant in the oceanic environment. 
The existence of many new alveolate lineages with 
poor branching order resolution might reflect the idea 
of an early radiation in evolutionary history within 
this phylum (25). 

The stramenopiles (26) form a monophyletic group 
that is extremely diverse in terms of metabolism 
and cell type and includes algal cells, fungus-like 
cells, and heterotrophic flagellates. Phylogenetic 
relationships determined by using 18S rDNA 
sequences suggest that stramenopiles were initially 
heterotrophic and acquired a chloroplast at a certain 
point in evolution (27). Although the exact position of 
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Fig. 1 Neighbor-joining tree obtained from the 18S 
rDNA of the determined clone sequences. The 18S rDNA 
sequences of the related taxonomic groups deposited in 
the GenBank database were included. Numbers above the 
branches indicate bootstraps of NJ analysis.
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the novel stramenopile sequences within the different 
heterotrophic branches could not be unambiguously 
resolved, phylogenetic analyses (23) indicated that 
these organisms appeared before the chloroplast was 
acquired. Thus, the new sequences probably belong 
to heterotrophic organisms (28).

The Bacillariophyta group was previously 
described as a dominant member of mangrove 
microeukaryotic communities (29), and belongs to 
the Stramenopile or Heterokonta rank, which contain 
key oceanic algal classes (e.g., the ubiquitous diatoms) 
and heterotrophic groups such as the Bicosoecids 
(12). Molecular evaluation of microeukaryotic 
communities in environmental samples is becoming 

Fig 1 --- Continued

an increasingly studied subject, indicating that the 
diversity of this group is higher than previously 
described. Indeed, very little is known about such 
diversity in many ecosystems (12, 30). 

In conclusion, the use of modern biotechnological 
tools, such as PCR and analysis of rDNA/rRNA-
based technologies can help us in detecting and 
identifying small numbers of microorganisms. Thus, 
with these methods, we can monitor the plankton 
species composition of environmental seawater 
samples and prevent the formation of algal blooms. 
Also, we can evaluate the effects of climate change on 
marine biodiversity by monitoring of the biodiversity 
of the eukaryotic plankton community. On the other 
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hand many evolutionary relationships among the 
eukaryotic taxa are not clear and the use of 18S 
rDNA clone libraries will be able to determine the 
phylogenetic positions of the environmental clones.
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