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Abstract. Andrivono S, Jobaidul Alam Md, Kim HW. 2019. Environmental DNA (eDNA) metabarcoding: Diversity study around the
Pondok Dadap fish landing station, Malang, Indonesia. Biodiversitas 20: 3772-3781. Molecular identification of species is now fast
growing and currently widely applied method in the diversity estimation of aguatic biota; even though morphological identification is
still carried out. The molecular approach is beneficial complementing on regular surveys e.g. use of nets, traps, fishing rods, and even
with poisons. In this study, the eDNA metabarcoding was applied to water samples around the Pondok Dadap fish landing station,
Indonesia to determine the diversity of fish around the waters and also to identify marine fish landed in this area. Molecular
identification was carried out on fish samples obtained from the fish market improved GenBank database on COI and ITS. While,
seawater samples were carried out by using the nexi-generation sequencing (NGS) platform to obtain the eDNA metabarcoding data for
the first time. Molecular identification obtained 34 species (68 sequences of COI and ITS regions) belonging to 28 genera, 18 families, 4
orders, while the eDNA metabarcoding approach identified 53 marine fish species by using the MiFish pipeline representing 38 genera,
27 families, and 7 orders. From the present study, we can able to estimated fish diversity by eDNA metabarcoding, and this finding will

be helpful for baseline data preparation for future effective management of resources in this area.
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INTRODUCTION

DNA-base identification is very efficient when a
comprehensive reference database available. This method
is able to prove in the identification of specimens under
specific conditions (Meyer and Paulay 2005). Identification
based on DNA barcode has been well-accepted globally
due to various advantages, it is very simple and uses a
universal tool. It could be utilized in all organisms, both in
the fresh samples and processed products (Pepe et al. 2007,
Giusti et al. 2017). DNA barcoding was launched since
2005 under iBOL (www.boldsystem.org) even though it
was introduced in 2003, which used mtDNA segment on
Cytochrome C Oxidase subunit I (COI) as the common
region for barcode (Hebert et al. 2003).

This barcoding system uses sequences that have a
diversity in the single region of mitochondrial DNA
Cytochrome C Subunit I gene (COI) and deposited to the
Genbank database as central bioinformatics. Scientists have
demonstrated their effectiveness in conducting DNA
barcoding in freshwater fish and deep-sea fish (Ward et al.
2005, Lakra et al. 2011).

At present, estimating the presence of species in the
waters can be carried out using environmental DNA
approaches called eDNA. The extraction and analysis of
genetic material are obtained directly from the environment
by collecting these living particles as an alternative survey
approach to monitoring marine fish (Taberlet et al. 2012).
This approach is first carried out on terrestrial sediment

samples that can reveal marine mammalian (Foote et al.
2012), bird and plant ecosystems (Willerslev et al. 2003)
which are extinct and still exist today. Furthermore, this
eDNA  metabarcoding approach successfully revealed
mformation on various taxa, various habitats and various
weather conditions (Willerslev et al. 2004; Anderson-
Carpenter et al. 2011; Taberlet et al. 2012). Several reports
stated that metabarcoding through eDNA can also be done
n biodiversity studies (Karp et al. 1997; de Vargas et al.
2002; Douglas et al. 2012; Thomsen et al. 2012) and
suspect invasive biota (Dejean et al. 2012; Takahara et al.
2013), while observing rare biota (Jerde et al. 2011; Wilcox
et al. 2013) which is difficult to collect through traditional
survey methods. In this study, we conducted a research to
estimate the diversity of marine fish and fish caught in
Pondok Dadap Malang with the eDNA approach as well as
the initial data for further research related to the
biodiversity of aquatic biota around the Sempu Island
Nature Reserve which located in front of Pondok Dadap
fish landing station.

One of the important fisheries commodities in
Indonesia is the tuna pelagic fish group which has
important economic value and is the mainstay of
Indonesian exports. There are at least four species of tuna
in Indonesia and one of the landing sites for tuna in East
Java is the Pondok Dadap Port, Malang, Indonesia. This
southern region of East Java is one of the suppliers of tuna
products in East Java and other types of pelagic and non-
pelagic fish, although in small quantities. The purpose of
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this study is: (i) to carry out molecular identification of
marine fish landed in Pondok Dadap fish landing station
due to inexistent clear data about species identification, and
(i1) to estimate fish species diversity around the Pondok
Dadap fish landing station, which very close to the Sempu
Island nature reserve area, through environmental DNA
metabarcoding approach based on water sample anal ysis.

MATERIALS AND METHODS

Sampling location and sample preparation

In this research, for environmental DNA metabarcoding
study, seawater samples have been collected from five
points around the Pondok-Dadap port, Malang, Indonesia
(8°26'05.65"S 112°40'55.31"E), then for barcoding 34 fish
specimens were collected in February 2018 for molecular
identification. In addition, no specific permission was
required for this study, and the individual photograph has
been taken by a digital camera. All samples have been
collected from the local traditional fish market and those
were dead upon the purchasing time and none of the
collected specimens were in the endangered category based
on the IUCN Red List database.

All specimens for barcoding have been collected based
on the morphological characteristics and after collection
directly preserved in 90% ethanol then carried out to the
laboratory. The collected samples have been preserved at
the Department of Marine, Fisheries and Marine Faculty,
Universitas Airlangga, Indonesia following the standard
laboratory protocol.

DNA extraction and PCR

The genomic DNA was extracted from fish samples by
using an  Accuprep® Genomic DNA Extraction Kit
(Bioneer) according to the manufacturer’s guidelines. The
anal fin (1 cm) was dissected and mix with 6x lysis buffer,
which was further homogenized by the TissueLyser 1I
(Qiagen). Quantification of purified genomic DNA was
performed by nanoDrop (Thermofisher Scientific D1000),
aliquoted and stored at the -70°C for further analysis.

Two sets of universal fish primer (argeting the
Cytochrome ¢ Oxidase I (COI) region, BCL-BCH
(Baldwin et al. 2009, Handy et al. 2011) and internal
transcribed spacer (ITS) primer sets (Forward F2 5°-CCM
YCT AGA GGA GCC TGT YCT RDA A-3’-Reverse Rl
5'-CAT GAT GCA AAA GGT AC-3’) were used to obtain
the partial sequences of each gene, respectively. The ITS
region used to improved GenBank database in this region
for further our lab works in eDNA metabarcoding. The
COI and ITS primer set targeting around 600bp and 700bp
sequence, respectively. Both PCR  mixture (20puL)
contained 11.2 uL ultra-pure water, 1 pL forward and
reverse primer (0.5 pM), 0.2 uL. Ex Taq DNA polymerase
(TaKaRa, Japan), 2 L. 10X ExTag Buffer, 2 L. dNTPs (1
pM, TaKaRa, Japan), and 2 yL. genomic DNA as template.
The PCR condition (COI and ITS) was carried out under
the following setting: 95°C for 5 min in initial denaturation,
followed by denaturation at 95°C for 30 s in 40 cycles,
50°C for 30 s in annealing and 72°C for 45 s in extension
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step, and final extension at 72°C for 5 min. The PCR
products were purified with AccuPrep®Gel purification kit
(Bioneer, Korea). All sequences were aligned and
submitted to NCBI GenBank database.

Construction of Library and MiSeq sequencing

Total genomic DNA was extracted from five filter
membrane by Accuprep® Genomic DNA Extraction Kit
(Bioneer) according  to the manufacturer’s manual.
Extracted genomic DNA was quantified using Nanodrop
spectrophotometer ND1000 (Thermo Scientific, Waltham,
MA, USA) and stored at -80°C for further analysis. The
Nextera XT index kit (Illumina, USA) was used to
construct the library for NGS analysis. The first PCR of
MIFISH primer (MIFISH F-R) was performed to connect
the adapters. The adapter primers were forward adapter
sequences (5°-TCG TCG GCA GCG TCA GAT GTG TAT
AAG AGA CAG -3’) and reverse adapter sequences (5°-
GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG
ACA G-3’) respectively. The final PCR used N7xx and
S5xx primer including Ilumina Nextera XT indexing
primers. Finally, libraries sent for sequencing on Miseq
600-cycle Reagent Kit v3 (Illumina, USA).

The MiFish universal primer sets were used to construct
the amplicon libraries of partial 128 rRNA markers (Miya
et al. 2015). The total PCR mixture volume was 20 uL,
which contained 1.0 xL of MiFish primers (5 pmol each),
20 pL dNTPs (2.5mM), 2.0 uL of 10X EX Taq buffer, 0.6
#L DMSO (3%), 0.2 uL of EX Taq Hot Start (TaKaRa Bio
Inc. Japan) and 9.20 uL of ultra-pure water. Here, we used
40 uL template due to the low genomic DNA
concentration that less than 50 ng/uL. The PCR setting
condition followed the MiFish primer protocol (Miya et al.
2015). The gel electrophoresis (1.5% agarose) was
performed and the expected size (250 bp~350 bp) was
purified by the AccuPrep® Gel Purification Kit (Bioneer,
Republic of Korea). Purified amplicons were pass through
the second PCR with the corresponding Nextera XT index
(INlumina, San Diego, USA) at the end of each amplicon.
The total volume for second PCR mixture was 20 uL
which contain 1 uL of a couple of index primers (10 pmol),
0.5 gL dNTPs (10 mM), 4 uL 5X Phusion HF Buffer, 8.3
pL ultrapure water, and 0.2 yL Phusion Hot Start Flex
DNA polymerase (New England Biolabs, Hitchen, UK),
and including 5 gL amplicons result from the first PCR.
The second PCR setting conditions began with 94°C for 5
min for initial denaturation, followed by 15 cycles of 94°C
for 30 sec for denaturation, 55°C for 30-sec annealing, and
72°C for 30 sec for extension, and an additional 5 min at 72
°C for the final extension. The gel electrophoresis and
purification were performed similar to the first PCR
process, then PCR products with the expected sizes were
analyzed by qubit dsDNAHS Assay Kit (Invitrogen,
Carlsbad, CA, USA) for quantification of amplicons
concentration. The next-generation sequencing was applied
using MiSeq platform (2 X 300 bp).

Before uploaded NGS raw data to the MiFish pipeline,
Phyton27 (an open-source software) was used to make
pairing of both reverse and forward sequences with the
specific script (Zhang 2015). In MiFish pipeline, the raw
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reads by MiSeq sequencing run FASTQC, which will
trimming for low-quality tail of reads (QV < 20),
assembled paired-end reads and followed by removed N-
containing reads, filtered reads by length (~229 bp), run
Usearch (0.99 for clustering of identity, and 10 for
minimum read size for filtering), BLASTN based on
GenBank database, and then created multi-FASTA files for
each samples. The next step is run MAFFT, run Morphy
for each sample, run Morphy against merged samples, run
BLASTN, and finalization of the last process by BLASTN.
The total sequences stipulated to operational taxonomic
units (OTUs) by compared to the GenBank database, then
the sequences were ascertained as ‘species’, ‘genus’, and
‘unknown’ level if the sequence identity more than or
similar to 99%, 97-98%, and less than 97%, respectively.
The distribution for each species was confirmed by
FishBase (http://www fishbase.org/) then taxonomic
nomenclature was confirmed under World Register of
Marine Species WORMS through online system
(http://www.marinespecies.org/).

Data analysis

Tables and figures of data were performed by Excel
2010, similarity and biodiversity analysis using Primer v7
program. The data on the common local name of fish
landed in Pondok Dadap fish station was provided by the
East Java Province's Office of Marine and Fisheries, and
also previous study using Underwater Visual Census
(UVC) around Sendang Biru, Malang by (Luthfi et al.
2016). Phylogenetic tree constructed by Mega7 (Kumar et
al. 2016) using Neighbor-Joining algorithm both eDNA
sequences results.

RESULTS AND DISCUSSION

Species identification

A total of 34 (COI and ITS) sequences generated from
34 fish samples representing 28 genera, 18 families, 4 order
(Table 1). The Sanger dideoxy sequencing (direct
sequencing) of the partial COI and ITS gene regions
produced sequences of more than 600 nucleotide base pairs
per taxon 607 bp for COI and 629 bp for ITS). The COI
gene region is the universal gene for species barcoding
(Hubert and Hanner 2015), the ITS region is new segment
for species 1dentification which potential for environmental
DNA metabarcoding in our future laboratory experiments.
All sequences obtained have been convinced that no stop
codons were found, deletion and insertion were observed.

The eDNA Metabarcoding

The eDNA metabarcoding by using the MiFish pipeline
(Miya et al. 2015, Sato et al. 2018), we were able to
identify 53 marine fish species (sequence identity 99-
100%) representing 38 genera, 27 families, 7 order. Total
reads from the MiFish pipeline by using eDNA samples
were 151,465 (Table 2). Here, the Atlantic Bluefin tuna
Thunnus thynnus is dominated (71.28%), followed by
Bigeye tuna, Thunnus obesus (12.12%) and Skipjack tuna
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Katsuwonus pelamis (708%). Atlantic Bluefin tuna
Thunnus thynnus not Inhabitat in Indian Ocean and Pacific
ocean but detected by eDNA metabarcoding in this
research. There are two reason may happen due to some
samples biased (Sato et al. 2017) and weakness of PCR
primer during library construction which not suitable for
tuna fish species. As explained in the article on MiFish
primer that this primer has limitation to distinguishing tuna
species (Miya et al. 2015), further research is needed in this
regard. Based on phylogenetic reconstruction show that
some tuna species in one line with other Scombridae
species. The species of Thunnus obesus, Thunnus maccoyii,
and also Thunnus thynnus clustered in similar lines by zeno
in genetic distance and unable distinguished within this
those tuna species. Then another tuna species, Thunnus
alalunga and Thunnus orientalis, have low In genetic
distance range 0.007-0.014 (Figure 1).

Discussion
Species identification

Molecular identification provides an effective tool for
accurate species identification and is widely applied,
although there may be limitations due to incomplete
database (Teletchea 2009). At present, the application of
metabarcoding is also one of the most efficient methods for
estimating species that live in a habitat without having to
conduct costly and consuming surveys (Rees et al. 2014,
Roussel et al. 2015, Piggott 2016, Foote et al. 2012). The
challenges remain for application of metabarcoding needs
concern on the sensitivity of this method to non-target
DNA contamination, primer biases, sequencing artifacts,
species misidentification, and also sampling biases (Sato et
al. 2017). This method also requires adequate equipment
support and bioinformatic data processing.

In this report, we have collected fish sold at the Pondok
Dadap port and at the same time deposit the molecular data
of Indonesian fish in the GenBank database as a new
sequence. The molecular identification method in the COI
region has become very common (Matzen da Silva et al.
2011; Aziz et al. 2016; Udayasuriyan and Kalpana 2018).
Here, we also used the ITS region beside the COI region.
ITS region has not been widely used in molecular
identification, since COI is most popular gene marker
(Avise 2012). ITS region generally has been used to
identify types of fungi (Das and Deb, 2015 Badotti et al.
2017), but this time, the accuracy of identification in
vertebrates also produced quite good results. Out of the 34
species that were successfully identified, 13 species did not
immediately get results at the species level due to the
limitations of the information in the NCBI GenBank
database. Unlike the COI region, which is more than
enough related to the vertebrate database, so that in this
study, the results of identification with the COI region
became confirmation data in the ITS region. In this study,
the 13 sequences generated were new entries in the
GenBank database in the ITS region. Furthermore, in
further research, the ITS region can be wused in
identification at the species level.
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Figure 2. Vemn diagrams on fish species data collection methods at the Family level (A: 4 methods) and at species level (B: 3

methods).

The eDNA merabarcoding analysis

In this study, we demonstrated the efficiency of eDNA
applications around the fish landing station in Pondok
Dadap Malang and at the same time carried out molecular
identification of marine fish species sold by traditional
fishermen in locations not far from the port. Overlay results
from species identified between eDNA metabarcoding and
fish sold in conventional markets show only five families
were found through both approaches.

The effectiveness of eDNA metabarcoding has been
successfully proven and supported in studies on numerous
aquatic biota (Pilliod et al. 2013, Rees et al. 2014) that are
difficult to collect and endangered (Thomsen et al. 2012,
Laramie et al. 2015, Ikeda et al. 2016), as well as endemic
(Jerde et al. 2011), and invasive species (Dejean et al.
2012, Takahara et al. 2013). Furthermore, eDNA can
provide an overview of biodiversity (Thomsen et al. 2012)
in the region that is related to periodic studies and compare
it with diversity in the other areas. This method is
considered entirely environment-friendly, reduces the
survey costs which could be quite high, requiring a
considerable amount of equipment, or in other words, this
method is very cost-effective (Smart et al. 2016).

Here, we also overlayed the results with previous
studies that carried out underwater surveys in the waters
around the port and Sempu Island (Luthfi et al. 2016). This
reported that only gathered three families marine fish
which included in this eDNA metabarcoding list result. The
advantages of eDNA metabarcoding complement to other
methods, most species detected and had similarity values
ranging from 95-100%, with a significant proportion of
7241% and 1.72% having 100% and 99% identities with

the GenBank voucher sequences. This result is in line with
previous studies, comparing traditional survey methods
(underwater visual census and trawling) with eDNA
sampling, which showed that latter superiority in detecting
higher number of species in water (Yamamoto et al. 2017).

A previous underwater visual census (UVC) method
only found seven families of reef fish which did not
coincide with the capture fisheries results reported by the
Pondok Dadap fish landing station office Malang (Luthfi et
al. 2016). The Pondok Dadap fish landing office only
reported the specific on pelagic fish groups especially
reporting catches of tuna fish (Hermawan 2006, Firdaus
and Witomo 2014). Current study, we overly eDNA
metabarcoding result, barcoding species from fish market,
fish list from Pondok Dadap fish landing station, and
previous scientific report using UVC method. The Venn
diagram only able overlayed until family level (Figure 2A),
and remaining is overlayed between three data until species
level (Figure 2B). This report complements each other as
baseline data of marine fish diversity around Pondok
Dadap fish landing station. The eDNA metabarcoding
results show that they were unable to detect all fish which
was reported by Pondok Dadap fish landing station office
due to two possibilities. First, the official report from fish
landing station only focused on certain commodities
(Scombridae) and they use the local name without
confirmation of scientific name of each species. Here, we
ry to convert the local name to scientific name base on the
other scientific reports (Faizah and Aisayah 2017).
Secondly, almost all small-size tuna fish species at fish
landing station reports were categorized as baby tuna and
bring possibility of mixed within tuna species.
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"The Pondok Dadap fish landing station reported only
noted for the pelagic fish caught from the Indian Ocean
waters (includes the South Nusa Tenggara, the Sawu Sea,
and the Western Timor Sea (Firdaus and Witomo 2014),
and remaining as non-pelagic species from around Sempu
Island. Here, the eDNA metabarcoding method was able to
detect five tuna species (Thunnus alalunga, T. obesus, T.
maccoyit, T. orientalis, and T. thynnus), two species bonito
(Sarda chiliensis and Sarda orientalis), and two species
little tunny (Euthynnus alletteratus and Euthynnus affinis),
which not reported clearly in fish landing report (Table 2).
Almost all Scombridae species which have been identified
on the eDNA metabarcoding by DNA contamination from
those fish during landing process at Pondok Dadap fish
landing station. The Atlantic bluefin tuna was identified by
eDNA metabarcoding which biased of this method due to
the MiFish primer which developed can not able
distinguished the tuna species (Miya et al. 2015, Sato et al.
2018).

The results of these studies of fish samples from
traditional markets and eDNA metabarcoding, the most fish
groups obtained are the Perciformes order (Figure 3). In
traditional markets, the proportion of Perciformes group
was 85.29%, which was higher than result from eDNA
metabarcoding which was 67.27%. These fish belong to the
Scombridae, Lutjanidae and Carangidae families.
Perciformes group is an economically important fish such
as Thunnus albacores, Katsuwonus pelamis, Euthynnus sp,
Istiophorus sp., and Scomberomerus sp. (Firdaus and
Witomo 2014). However, the fish group in the Scombridae
fish family is at the top of the list of fish caught reported by
the Pondok Dadap fish landing station with the highest
economic value, especially for tuna fish species (Abdullah
and Rehbein 2014).

100%
90%
) W Tetraodontiformes
T 80% .
o W Syngnathiformes
S 70% M Siluriformes
B M Scorpaeniformes
b 60% :
o W Perciformes
'g' 50% B Myctophiformes
*:':‘ 40% W Mugiliformes
o W Gonorynchiformes
£ 30%  Clupeif
5 peiformes
E} 20% W Beryciformes
-
o m Beloniformes
10% .
= W Aulopiformes
0% W Anguilliformes
eDNA Market
Methods

Figure 3. Comparison of species proportion each order between
eDNA metabarcoding around Pondok Dadap fish landing station
and fishes species sold at Sendang Biru fish market Malang,
Indonesia
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In the list of all species of marine fish, Perciformes are
the most consumed fish and are abundant in shallow waters
and pelagic fish that have high economic value (Jaafar et
al. 2012). This catch is a source of food and protein for
people in coastal areas of developing countries such as in
Indonesia which is still very dependent on the availability
of natural resources (Ferrol-Schulte et al. 2015). By
understanding the potential and diversity of fish in the
Pondok Dadap area of Malang, these natural resources
must be appropriately managed and adequately for a better
future.

In  conclusion, the eDNA metabarcoding has
successfully identified tropical fish in Malang Indonesia
with the MiFish pipeline. This approach with eDNA
provides a better picture of the types of fish that are likely
to have habitats around the Pondok Dadap fish landing
station. This information also complements data on reef
fish species using UVC. In addition, this study also
succeeded in documenting genetic information from 34
marine fish species in the COI and ITS gene regions, and
13 of them were the first entries for the ITS segment in the
NCBI GenBank database. The eDNA approach is carried
out quite efficiently in gathering diversity data and
becoming a method that complements the results of
traditional survey methods. Periodic monitoring and
investigation are needed to manage fisheries resources
around Pondok Dadap fish landing station. This
management can be done by conducting regular surveys
and collaborating between all stakeholders to preserve
fisheries resources for a better future.
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