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ABSTRACT: Plankton are essential components of aquatic ecosystems, serving as the base of the marine food web and playing a crucial role
in global biogeochemical cycles. Understanding plankton community dynamics is vital for predicting changes in marine ecosystems, especially
amid the challenges of climate change and human activities. Traditional plankton identification using microscopy requires extensive taxonomic
expertise and is time-consuming, often limited by morphological complexity. To overcome these limitations, molecular methods such as DNA
barcoding have been developed, allowing for rapid and accurate species identification. In this study, phytoplankton samples were collected and
preserved in 95% ethanol, then processed through centrifugation and DNA extraction using the Qiaprep Miniprep Kit. The Cytochrome oxidase
subunit 1 (COI) gene was amplified using universal PCR primers, and the PCR products were visualized on an agarose gel. Successful
amplification products were then sequenced at First-Base Co., Selangor, Malaysia, and analyzed using Geneious software and the GenBank
database via BLAST. PCR results from samples JR1-JR6 showed a band length of 725 bp. BLAST analysis for sample JR6 revealed a 90%
similarity to Paracalanus aculeatus and Calocalanus styliremis, but this level of similarity is considered too low for definitive identification.
This suggests that the species from sample JR6 may be a new species not yet recorded in GenBank and different from the genera Paracalanus
and Calocalanus.
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INTRODUCTION

The presence of plankton is an essential component in aquatic
environments, playing a crucial role as the foundation of
marine food webs and in the global biogeochemical cycle.
Plankton consists of various microscopic organisms drifting
in the water column, including phytoplankton (photosynthetic
organisms) and zooplankton (heterotrophic organisms). The
diversity and distribution of plankton are influenced by
environmental factors such as temperature, salinity, nutrients,
and ocean currents. Understanding plankton community
dynamics is crucial for predicting changes in marine
ecosystems amidst challenges posed by climate change and
human activities (Romimohtarto and Juwana, 2009;
Rumengan and Rimper, 2016; Hertika et al., 2021).

Manado Bay is a vital area for local fishermen since it
has long been utilized for harvesting fisheries resources to
meet food demands in nearby area. Additionally, Manado Bay
serves as a shipping route due to tourism activities. Several
studies have documented that this region is a potential
resource for zooplankton and phytoplankton (Rimper et al.,

2008; Rumengan and Rimper, 2016), the bioactive content of
rotifers (Rimper, 2014), sponges (Nowin et al., 2018), and
marine ascidians (Sumilat et al., 2019; Angkouw et al., 2023).
Specifically for plankton identification, it has traditionally
been based solely on phenotypic characteristics, observing
only morphology, while molecular-based identification has
not been widely implemented. Accurate and timely
identification of plankton communities is crucial for
understanding ecosystem dynamics, responses to environ-
mental changes, and fisheries resource management.
Traditional plankton identification relies on microscopy,
which requires deep taxonomic expertise and extensive time.
However, this approach is often limited by morphological
complexity, small size, and morphological variations within
species. To address these limitations, molecular methods have
emerged as powerful tools for the identification and
characterization of plankton, enabling more detailed genetic
identification and analysis. One well-known molecular
identification technique is DNA barcoding, which uses
standardized gene regions as species markers to swiftly and
accurately identify species. Each DNA strand can serve as
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Figure 1. Map of study area at Manado Bay, northern Sulawesi, Indonesia

either coding or non-coding regions, providing comprehen-
sive genetic information. Molecular identification techniques
can resolve identification challenges posed by cryptic species
and taxonomic similarities due to phenotypic plasticity,
sexual dimorphism, and complex life histories, which are
difficult or impossible to distinguish using traditional
morphology-based methods. Furthermore, molecular identity
allows determination of the origin of plankton resources,
which is crucial for ensuring that all species, including rare or
unidentified ones, are included in ecosystem studies (Blanco-
Bercial et al., 2014; Glacio et al., 2022).

The waters of Manado Bay are rich in biodiversity but
are potentially under environmental pressure from
anthropogenic activities. The development of tourism and
residential areas in the region has impacted these waters.
Integrating DNA sequencing technology and bioinformatics
analysis is expected to provide a more comprehensive
understanding of plankton diversity in Manado Bay. That is
why the objective of the study is to determine the plankton
community of Manado Bay using molecular identification.
The outcomes of this study will not only enhance knowledge
of local plankton ecology but also contribute to global
understanding of aquatic ecosystems and sustainable
environmental management strategies. The long-term goal of
this research is to obtain detailed and accurate information
about the current and future conditions of plankton resources
in Manado Bay.
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MATERIALS AND METHODS

This study was conducted in the waters of Manado Bay, North
Sulawesi, Indonesia. Three plankton sampling stations were
designated in this study: the port area (MB1), the fishing area
(MB2), and the estuary (MB3) (Figure 1). Plankton samples
were collected using a plankton net placed at the water surface
and towed slowly for a distance of 10 meters with the
assistance of a boat, with three replicates per station. The
filtered water was then transferred into sample bottles
containing 4% formalin for preservation (Rimper et al., 2008).
Subsequently, the samples were morphologically identified
using a microscope in the laboratory. Meanwhile, for
molecular identification purposes, samples were preserved in
95% ethanol, followed by DNA extraction and amplification
of the target Cytochrome Oxidase | (COIl) gene.

Molecular identification techniques, such as DNA
sequence analysis, enable faster and more accurate species
recognition. One of the most used genetic markers is the
Cytochrome Oxidase | (COI) gene, often referred to as the
‘barcode of life.' This gene has proven effective in
distinguishing between various plankton species, including
those with very similar morphologies. The use of COI
sequences in plankton identification offers several
advantages: it can be applied to a wide range of environmental
samples, including complex and diverse ones. This technique
allows for the detection of rare or cryptic species that might
be overlooked by traditional methods. Molecular analysis can
be integrated with global genetic databases, such as GenBank,
for validation and comparison of identification results.
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Figure 2. Agarose gel (0.8%) electrophoresis result of PCR

Name ~ HQ% Sequence Le...
¥ JRI_HCO.abl 11.5% 711
B IR1_LCO.ab1 15.4% 723
B\ JR2_HCO.ab1 22.8% 710
B IR21LCO.ab1  0.4% 687
. JR4_HCO.abl 34.3% 694
W JR4.1CO.ab1 1.9% 698
W\ JRS_HCO.abl1 18.0% 696
2\ JRS_LCO.abl  10.5% 706
B\ JR6_HCO.ab1...93.4% 686
B JR6_LCO.ab1  93.9% 685

Figure 3. Chromatogram quality based on Geneious v5.6.4
software readings

Sample Preparation of Plankton

Phytoplankton samples were collected from Manado
Bay waters, North Sulawesi, Indonesia, and preserved in 95%
ethanol. The samples were then transferred into 1.5 mL
Eppendorf tubes and centrifuged at 10,000 rpm for 1 minute,
followed by removal of the supernatant (Taylor et al., 2007;
Sano et al., 2020).

Molecular Identification

Genomic DNA from plankton samples was extracted
using the Qiaprep Miniprep Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions (Kolondam,
2015). The cytochrome oxidase subunit 1 (COI) gene was
amplified using the universal PCR primer pair LCO1490: 5'-
GGT CAA CAA ATC ATA AAG ATA TTG G-3' (forward
primer) and HC02198: 5'-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3' (reverse primer) (Folmer et al., 1994). The
amplification reaction was carried out in a total volume of 40
pl using 20 pl MyTaqg HS Red Mix (Bioline), 1.5 pul of each
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primer (10 uM), 2 pl DNA template, and 14 pl ddH20. The
PCR settings followed (Kolondam, 2015). The PCR reaction
used the MyTaq HS Red Mix kit (Bioline). Each 40 pl
reaction contained 15 pmol of each primer and DNA template.
The PCR reaction conditions were as follows: initial
denaturation at 95°C for 3 minutes, followed by 35 cycles of
denaturation at 95°C for 30 seconds, annealing at 50°C for 30
seconds, and extension at 72°C for 30 seconds.

PCR products were electrophoresed on 0.8% agarose
gel and visualized with ethidium bromide staining to check
the success of the PCR amplification. For DNA sequencing,
the amplicons and primers (forward and reverse) were sent to
First-Base Co., Selangor, Malaysia. The obtained DNA
sequences were edited using Geneious v5.6 software and
aligned using the ClustalW algorithm. Identification was
performed using the GenBank database
(www.ncbi.nlm.nih.gov) for comparison via the BLAST
(Basic Local Alignment Search Tool). BLAST results were
limited to percent identity values between 97-100% and query
coverage between 98-100% (Folmer et al., 1994; Kolondam,
2015).

RESULTS AND DISCUSSION

The types of plankton found in the waters of Manado Bay
based on morphological identification include Calanus sp.,
Acartia sp., Oithona sp. However, some plankton species
could not be accurately identified using morphological
methods, necessitating molecular identification as a solution
to these limitations. Molecular identification provides the
capability to identify species quickly and accurately,
particularly for taxa that are difficult to classify morpholo-
gically. This approach also supports a deeper understanding
of biodiversity and the composition of plankton communities
in aquatic ecosystems.
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Figure 4. Alignment of chromatograms for sample JR6
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Figure 5. BLAST results of sample JR6 in GenBank
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Figure 8. The relationships among the organisms, Euchaeta rimana, Paracalanus aculeatus (with KC784344.1 and

KC287770.1), sample JR6, and Calocalanus styliremis
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PCR Success and Agarose Gel Electrophoresis

The research results showed that PCR reactions from
samples JR1-JR6 yielded good results, with a band length of
725 bp (Figure 2). These bands were single bands successfully
separated using 0.8% agarose gel electrophoresis. The primer
pairs from Folmer (Folmer et al., 1994), were able to bind to
the COI gene region (referred to as the Folmer Region) in
plankton mitochondria, and through PCR amplification, this
region produced more than one billion copies, considered
sufficient for sequencing purposes.

COI Gene Sequencing

Sequencing was conducted on the six samples,
producing chromatograms of the COI gene sequences. The
high-quality nucleotide reading percentage (HQ%) of the
chromatograms obtained was less than 35% (poor quality) for
all samples (Figure 3), except for Sample JR6, which had a
value of 93% (very good quality). Sample JR6 was deemed
suitable to proceed to the chromatogram editing stage.

Sample JR6 was further processed 135 to the DNA
editing stage by merging the sequencing reads from the right
(JR6_HCO) and left (JR6_LCO) using Geneious v5.6.4
software (Kearse et al., 2012). The merging process is shown
in Figure 4. It is evident that the nucleotide reads were of high
quality, allowing for the detection of signals from each base.
Unreadable sections at the beginning or end were covered by
other chromatogram reads, resulting in a highly accurate
CONsensus sequence.

Sequence Alignment and Phylogenetic Tree

Sample JR6 was compared with 13 samples from
GenBank to assess their similarity based on nucleotide
differences. A total of 14 DNA sequences were aligned using
the Muscle algorithm (Edgar, 2004) to highlight the
differences (Figure 5). Based on these differences, a
phylogenetic analysis was subsequently performed.
Phylogenetic analysis was performed using the Neighbor-
Joining algorithm (Saitou and Nei, 1987) integrated within
Geneious v5.6.4 (Kearse et al., 2012). Sample JR6 appeared
to be phylogenetically closer to Calocalanus styliremis. This
relationship is illustrated in Figure 6 and Figure 7.

Based on the results obtained, the primer pair from
(Folmer et al., 1994), was amplified to over one billion copies,
which is considered sufficient for sequencing. The high-
quality nucleotide reading percentage (HQ%) of the obtained
chromatograms was less than 35% (poor quality) for all
samples, except for Sample JR6, which had a value of 93%
(very good quality). The poor-quality chromatograms for the
other samples are likely due to the specimens being mixed
with other plankton species from the natural environment.
This mixing caused confusing readings for samples JR1-JR5,
as the PCR occurred on non-identical DNA templates. The
presence of two or more templates (non-pure) led to
simultaneous amplification of the Folmer region of the COI
gene. In cycle sequencing, the detection of different
nucleotide signals for a single read resulted in confusing
nucleotide determination.

For sample JR6, which was further processed to the
DNA editing stage, DNA sequence comparison with all
specimens in GenBank through the BLAST (Basic Local
Alignment Search Tool) showed that this sample has a 90%
similarity to Paracalanus aculeatus (accession number:
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KC784344.1) from China (Cheng et al., 2014). The same
species was also identified as a species from Japan (accession
number; KC287770.1) (Blanco-Bercial et al., 2014). Sample
JR6 also showed COI gene similarity with Calocalanus
styliremis (accession number: KP861439.1) found in the
Mediterranean (Kasapidis et al., 2017). A similarity of 90% is
considered too low for identification purposes. It is likely that
the species obtained from sample JR6 is not yet recorded in
GenBank and has a different species and genus name from
Paracalanus and Calocalanus.

Phylogenetic analysis of sample JR6 was conducted
using the Neighbor-Joining algorithm (Saitou and Nei, 1987)
integrated within Geneious v5.6.4 (Kearse et al., 2012).
Although JR6 showed higher similarity with Paracalanus
aculeatus, the phylogenetic test indicated that JR6 is
phylogenetically closer to Calocalanus styliremis. The
considerable genetic distance further supports that JR6 is not
the same species as either of these two species. The genetic
distance between the two P. aculeatus samples indicates a
close relationship between them, but JR6 remains outside the
same clade, as does C. styliremis. Conversely, Euchaeta
rimana shows a closer relationship with P. aculeatus. It is
likely that JR6 is a different species from those mentioned,
and the phylogenetic test results suggest that the relationship
of JR6 is closer to other species than to P. aculeatus or C.
styliremis (Figure 8).

CONCLUSIONS

Based on the research findings, the DNA sequence of sample JR6,
compared with all specimens in GenBank using the BLAST
(Basic Local Alignment Search Tool), shows a 90% similarity
with the species Paracalanus aculeatus from China and Japan.
Sample JR6 also exhibits COI gene similarity with Calocalanus
styliremis obtained from the Mediterranean. A similarity value of
90% is considered very low for identification purposes. It is likely
that the species obtained from sample JR6 is not yet recorded in
GenBank and has a different species and genus name from
Paracalanus and Calocalanus. Sample JR6 also indicates that,
despite having higher similarity with Paracalanus aculeatus
based on DNA analysis, phylogenetically, sample JR6 is actually
closer to Calocalanus styliremis. However, the significant genetic
distance between sample JR6 and both species indicates that JR6
is not the same species as Paracalanus aculeatus or Calocalanus
styliremis. The genetic distance between the two P. aculeatus
samples suggests a close relationship between them, but sample
JR6 remains outside this clade or group. This suggests that sample
JR6 may be a new species that is unidentified and not yet recorded
in the GenBank database.

Acknowledgements. Special thanks are extended to the
Research and Community Service Institute of Sam Ratulangi
University for funding this research through the Outstanding
Applied Research Scheme of UNSRAT contract number:
195/UN12.13/LT/2018. “We certify that there is no conflict
of interest with any organization regarding the materials
discussed in this manuscript.”



Aquatic Science and Management, Vol. 12, No. 2 (October 2024)
Rimper et al.

REFERENCES

ANGKOUW, A., RUMENGAN, |., RIMPER, J., OMPI, M.,
SUMILAT, D. and BARA, R. (2023) Identifikasi
molekuler spesies mikroba fotosintetik yang berasosiasi
dengan Ascidiacea di Teluk Manado. Jurnal Pesisir Dan
Laut Tropis, 11(3), pp. 255-263. https://doi.org/10.35800/
jplt.11.3.2023.54003.

BLANCO-BERCIAL, L., CORNILS, A., COPLEY, N. and
BUCKLIN, A. (2014) DNA barcoding of marine
Copepods: Assessment of analytical approaches to species
identification. PLoS Currents. https://doi.org/10.1371/
currents.tol.cdf8b74881f87e3b01d56h43791626d2.

CHENG, F., WANG, M, LI, C. and SUN, S. (2014)
Zooplankton community analysis in the Changjiang River
estuary by single-gene-targeted metagenomics. Chinese
Journal of Oceanology and Limnology, 32(4), pp. 858-870.
https://doi.org/10.1007/s00343-014-3251-y.

EDGAR, R. (2004) MUSCLE: Multiple sequence alignment
with high accuracy and high throughput. Nucleic Acids
Research, 32(5), pp. 1792-1797. https://doi.org/10.1093/
nar/gkh340.

FOLMER, O., BLACK, M., HOEH, W., LUTZ, R. and
VRIJENHOEK, R. (1994) DNA primers for amplification
of mitochondrial cytochrome c oxidase subunit I from
diverse metazoan invertebrates. Molecular Marine Biology
and Biotechnology, 3(5), pp. 294-299.

GLACIO, S., PACHECO, D., COTAS, J.,, WILLIAM ALVES
DA SILVA, J., SABOYA, J,, TEIXEIRA MOREIRA, R.
and PEREIRA, L. (2022) Plankton: Environmental and
economic importance for a sustainable future. In: L. Pereira
and A. Marta Gongalves (Eds.), Plankton Communities.
IntechOpen. https://doi.org/10.5772/intechopen.100433.

HERTIKA, A., PUTRA, R. and ARSAD, S. (2021) llmu
tentang plankton dan peranannya di lingkungan perairan.
Perpustakaan Nasional RI.

KASAPIDIS, P., SIOKOU, I., MAZZOCCHI, M., FERNAN-
DEZ DE PUELLES, M., CHRISTOU, E.D., KHELIFI
TOUHAMI, M., AK OREK, Y., GUBANOVA, A., ABU
ALHAIA, R., BATZAKAS, E. and FRANG-OULIS, C.
(2017) Calocalanus styliremis voucher P0122 cytochrome
oxidase subunit | (COI) gene, partial cds: mitochondrial.
Https://www.ncbi.nlm.nih.gov/nucleotide/KP861439.1.

30

e-ISSN 2337-5000
SINTA-3

KEARSE, M., MOIR, R., WILSON, A., STONES-HAVAS,
S., CHEUNG, M. STURROCK, S., BUXTON, S,
COOPER, A.,, MARKOWITZ, S., DURAN, C., THIERER,
T., ASHTON, B., MEINTJES, P. and DRUMMOND, A.
(2012) Geneious Basic: An integrated and extendable
desktop software platform for the organization and analysis
of sequence data. Bioinformatics, 28(12), pp. 1647-1649.
https://doi.org/10.1093/bioinformatics/bts199.

KOLONDAM, B. (2015) Applying MATK gene for
identification of Liliopsida plant species from North
Sulawesi through bold systems. International Journal of
Applied and Pharmaceutical Technology, 6(2), pp. 242-
245,

NOWIN, E., WAROUW, V., RIMPER, J., PAULUS, J.,
PANGKEY, H. and SUMILAT, D. (2018) Penapisan
(skrining) aktivitas antibakteri beberapa ekstrak spons dari
Teluk Manado. Jurnal Pesisir Dan Laut Tropis, 1(1).

RIMPER, J. (2014) Deteksi senyawa bioaktif Rotifera
Brachionus rotundiformis dari perairan laut Sulawesi Utara.
Jurnal lImu Hewani Tropika, 3(1).

RIMPER, J., KASWADIJI, R., WIDIGDO, B. and SUGIRI, N.
(2008) Bioekologi Rotifera dari perairan pantai dan estuari
Sulawesi Utara. Postgraduate Forum IPB, 31(1), 59-68.

ROMIMOHTARTO, K. and JUWANA, S. (2009) Biologi laut.
Jakarta: Penerbit Djambatan.

RUMENGAN, I. and RIMPER, J. (2016) Planktonologi. 1% ed.
Jakarta: CV Patra Media Gravindo.

SAITOU, N. and NEI, M. (1987) The neighbor-joining
method: A new method for reconstructing phylogenetic
trees. Molecullar Biologycal Evolution, 4(4), pp. 406-425.

SANO, M., MAKABE, R., KUROSAWA, N., MOTEKI, M.
and ODATE, T. (2020) Effects of lugol’s iodine on long-
term preservation of marine plankton samples for molecular
and stable carbon and nitrogen isotope analyses. Limnology
and Oceanography, 18(11), pp. 635-643.

SUMILAT, D., RIMPER, J., OPA, E. and KURNIA, D. (2019)
The potential of marine Ascidians as sources of natural
antioxidant and antibacterial agents from Manado, North
Sulawesi. AACL Bioflux, 12(1), pp. 373-377.

TAYLOR, J., HARDING, W. and ARCHIBALD, C. (2007) A
methods manual for the collection, preparation and analysis
of Diatom samples Version 1.0. 1% ed. Vol. 1. Printed in the
Republic of South Africa.


https://doi.org/10.35800/%20jplt.11.3.2023.54003
https://doi.org/10.35800/%20jplt.11.3.2023.54003
https://doi.org/10.1371/%20currents.tol.cdf8b74881f87e3b01d56b43791626d2
https://doi.org/10.1371/%20currents.tol.cdf8b74881f87e3b01d56b43791626d2
https://doi.org/10.1007/s00343-014-3251-y
https://doi.org/10.1093/%20nar/gkh340
https://doi.org/10.1093/%20nar/gkh340
https://doi.org/10.5772/intechopen.100433
https://www.ncbi.nlm.nih.gov/nucleotide/KP861439.1
https://doi.org/10.1093/bioinformatics/bts199

