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ABSTRACT. In Vietnam, Anguilla eels have been documented
before, but their species composition and biological characteristics
are still relatively unknown. Research on the molecular phylogeny of
Anguilla has been limited, and identification of the species of eels
was usually based on morphological characteristics. This is the first
time both cytochrome c oxydase subunit I (COI) and 16S ribosomal
RNA (rRNA) genes were used to identify Anguilla eels in water
bodies, where the eels can migrate downstream and upstream during
different stages of the life cycle, in Thua Thien Hue province,
Vietnam. Based on DNA sequence analysis of six specimens, two
Anguilla species (including subspecies) were confirmed as A.
marmorata and A. bicolor pacifica, which had not been identified
based on morphological characteristics in previous analyses.
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Phylogenetic analysis showed that the Anguilla genus in Thua Thien
Hue province belongs to the Indo-Pacific lineage and helped build
phylogenetic trees generated from mtDNA data from GenBank for
these eels.
Key words: Anguilla; DNA barcode; COI; 16S rRNA; Thua Thien Hue

province; Vietnam

INTRODUCTION
Anguilla has a catadromous life-history strategy (Arai, 2016), migrating between
freshwater growth habitats and offshore spawning areas (Arai and Chino, 2018) with
distances from several hundred to thousands of kilometers (Arai, 2014). Among the 16
species and 3 sub-species of Anguilla genus that have been identified worldwide (Ege,
1939; Watanabe, 2003), five species, A. nebulosa (McClelland, 1844), A. japonica
(Temminck & Schlegel, 1984), A. marmorata (Quoy & Gaimard, 1824), A. celebensis
(Kaup, 1856), and A. bicolor pacifica (Schmidt, 1928; Phung, 2001) have been identified in
Vietnam. Central Vietnam has three species: A. marmorata, A. bicolor pacifica, and A.
japonica (Nguyen et al., 2018). In the water bodies in Thua Thien Hue province, two
species have been identified, A. marmorata and A. bicolor (Phu and Dang, 2008; Phu and
Ha, 2008; Hoang and Duc, 2012) based on morphological characteristics alone. Eel species
identification is usually based on morphological characters of Anguilla. However, the
identification of eel species using morphology is complicated because of the similarity and
overlap of morphological features, especially for Anguilla spp. in the tropics (Arai, 2016).
Therefore, the application molecular markers in determining species composition of eels in
such regions is warranted.
Recently, the use of DNA barcodes to identify species has been researched by
scientists around the world and is proving invaluable for understanding species boundaries,
community ecology, functional trait evolution, trophic interaction, and biodiversity
conservation (Kress et al., 2015). Compared to morphological and chemical indicators,
DNA identification is more accurate and does not depend on any subjective factors. For
animals, scientists often recommend using markers located on the mitochondrial genome,
such as the cyt b gene, the COI gene, and the D-loop region (Hebert et al., 2003; Hebert and
Barrett, 2005). In the present study, we collected Anguilla eels from the waters of Thua
Thien Hue province, Vietnam. This is the first-time molecular markers have been used to
determine the species composition of Anguilla eels in Thua Thien Hue province, Vietnam.
This study was designed to confirm the presence of previously recognized eel species in
Thua Thien Hue province, Vietnam and examine the limitations of identifying tropical eels
based only on morphological analysis.

MATERIAL AND METHODS
Animal preparation and sampling
Six natural specimens of A. marmorata in yellow stage (non-migratory) and sliver
stage (migratory) were collected from five localities, from September 2018 to March 2019
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(Figure 1 and Table 1). Tissue from the adductor muscle was dissected from fresh
specimens, preserved in 95% ethanol, and frozen at -80°C until DNA extraction.

Figure 1. Location of sampling points

Table 1. Information for Anguilla spp. collected in Thua Thien Hue, Vietnam.

Sample

Location of
sampling site

Angilla sp.1

Truoi dam

Angilla sp.2

Bu Lu river

Angilla sp.3

Thao Long dam

Angilla sp.4

Nam Dong

Angilla sp.5

Phong Dien

Angilla sp.6

Thao Long dam

Date of sample
collection
15/01/2019
Non-migratory
15/10/2018
Non-migratory
19/12/2018
Migratory
08/02/2019
Non-migratory
27/09/2018
Migratory
22/11/2018
Migratory

Total length
(mm)

Body
weight (g)

GenBank accession numbers
COI
16S rRNA

255.0

34.0

MN067935

MN633320

362.0

89.0

MN067961

MN633346

1080.0

3200.0

MN067930

MN633315

405.0

133.1

MN067945

MN633330

540.0

388.2

MN067958

MN633343

613.0

491.0

-

-

Morphological analysis
The external morphological characteristics were measured for each specimen
according to the morphological description by Ege (1939) and Watanabe et al. (2004). The
morphological characteristics used included TL (total length); PA (preanal length); HL
(head length); PD (the predorsal length); TR (length of the trunk, calculated as the PA
minus HL); AD (the distance between the verticals through the anus and origin of the dorsal
fin); PDH (PD minus HL) (Watanabe et al., 2004). Six of the 14 taxonomic characters used
by Ege (1939) were analyzed in this study, including color marking, dentition, the
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proportions of preanal length to total length (PA/TL), preanal length without head to total
length (TR/TL), the distance between verticals through anus and origin of the dorsal fin to
total length (AD/TL), predorsal length without head length to total length (PDH/TL), and
head length to total length (HL/TL) (Ege, 1939; Watanabe et al., 2004).
DNA extraction and sequence analysis
Total genomic DNA was extracted by the method descriped by Kumar et al. (2007)
with a modification. The PCRs were carried out using two primer pairs: A.marFw-15’GCACTAAGCTTCTAATCCG3’ and A.marRv-1-5’ GATGATTATTGTGGCAGAAG3’
(Huyen and Linh, 2020) for amplification of the COI gene; L2510 (5′CGC CTG TTT ATC
AAA AAC AT3′) and H3080 (5′CCG GTC TGA ACT CAG ATC ACG T3′) (Palumbi et
al., 1991) for amplification of 16S rRNA gene. The amplification reactions were performed
in a total volume of 35 μL. Reaction components: 1 µL DNA, 1 µL F-primer (10 mM), 1 µL
R-primer (10 mM), 7 µL PCR buffer (10X), 0.5 µL dNTP (10 mM), 0.2 µL Taqpolymerase (5 UI/ µL), 1 µL F-primer (10 mM), 1 µL R-primer (10 mM) and sterile
distilled water addition to attain volume 35 µL. PCR amplification was performed
according to the thermal cycle: 5 °C / 5 minutes; followed by 30 cycles: 95°C / 45 seconds,
51°C (for COI) and 55°C (for 16S rRNA) / 30 seconds, and 72°C / 1 minute; The last
extension was 72oC / 7 minutes on the MJ-MiniTM Persanol Thermal Cycler (Bio-Rad
machine. The PCR products were purified by the Isolate II PCR kit (Bioline). These PCR
products were then sequenced directly by the dideoxy terminator method on ABI PRISM®
3100 Avant Genetic Analyzer (Applied Biosystems) at Maccrogen company, Korea.
The nucleotide sequences were manually edited and assembled using the ClustalW
program (Larkin at el., 2007) on the BioEdit 7.0.5 software (Hall, 1999). The end trimmed
sequences were then compared for percentage similarity with the reference sequences in the
NCBI database using BLASTn (http://www.ncbi.nlm.nih.gov/BLAST); then, they were
submitted to the NCBI database with the registered accession numbers (Table 2). The extent
of sequence difference between the species was estimated by averaging the pairwise genetic
distances based on the Kimura2-Parameter (K2P) distance model (Kimura, 1980) using
MEGA X software (Kumar et al., 2018). Phylogenetic trees showing genetic relationships
were constructed using MEGA X software, based on the Neighbor Joining method
(Felsenstein, 1985), with a bootstrap value of 1000 replicates.

RESULTS
Morphological implications
Five of the six samples collected had skin with variegated markings, narrow
maxillary bands of teeth, and long dorsal fins. The other sample had non-variegated skin
markings, wide maxillary bands of teeth, and a long dorsal fin (Table 2). They were
classified as group 2 and group 4 of the four of Anguilla eels described by Ege (1939) and
Watanabe et al. (2004), respectively. Based on the datasheets of PA/TL (%), HL/TL (%),
TR/TL (%), AD/TL (%), PDH/TL (%) for Anguilla ssp. in Thua Thien Hue province,
Vietnam (Table 2) and the descriptions by Ege (1939) and Watanabe et al. (2004), five
samples (Anguilla sp.1 to Anguilla sp.5) belonged to A. marmorata and Anguilla sp.6
belonged to A. bicolor (Table 2).
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Table 2. Morphological characteristics of Anguilla spp. collected in Thua Thien Hue, Vietnam.
Sample
W (g)
TL (mm)
HL (mm)
PD (cm)
PA (mm)
AD (mm)
TR (mm)
PDH (mm)
PA/TL(%)
HL/TL(%)
TR/TL(%)
AD/TL(%)
PDH/TL (%)
Color marking

Anguilla sp.1
34.0
255.0
33.0
6.5
97.0
42.0
64.0
32.0
39
12.9
25.1
16.5
12.5

Anguilla sp.2
89.0
362.0
49.0
8.4
152.0
59.0
103.0
35.0
42
13.5
28.5
16.3
9.7

Anguilla sp.3
3,200.0
1,080.0
160.0
31.0
500.0
190.0
340.0
150.0
46
14.8
31.5
17.6
13.8

Anguilla sp.4
133.1
405.0
55.0
11.0
190.0
80.0
135.0
55.0
47
13.6
33.3
19.7
13.6

Anguilla sp.5
388.2
540.0
75.0
15.0
260.0
110.0
155.0
75.0
48
13.9
28.7
20.4
13.9

Variegated

Variegated

Variegated

Variegated

Variegated

Anguilla sp.6
491.0
613.0
80.0
27.0
270.0
0.0
190.0
190.0
44
13.0
30.1
0.0
30.9
Nonvariegated
Wide

Dentition
Narrow
Narrow
Narrow
Narrow
Narrow
Species determined by
A. marmorata
A. marmorata
A. marmorata
A. marmorata
A. marmorata
A. bicolor
morphology
Species determined by
A. bicolor
A. marmorata
A. marmorata
A. marmorata
A. marmorata
A. marmorata
molecular genetics
pacifica
W = weight; TL = total length; HL = head length; PD = predorsal length; PA = preanal length; TR = trunk length; AD = distance between
the verticals through the anus and origin of the dorsal fin; PDH = (PD minus HL).

Genetic implications
In this study, the gene segments of Cytochrome c oxydase subunit I (COI) and the 16S
rRNA region of all samples were successfully amplified. Table 3 showed the summary of
identification for Anguilla spp. in Thua Thien Hue province using BLASTn search from NCBI
based on the highest percentage of matches of the two gene segments (COI and 16S rRNA) in
the NCBI database. Both mitochondrial regions revealed definitive identity matches in the range
of 99.53 – 99.88 % for all collected samples with an alignment E-value of 0.0, indicating highly
significant similarities. The NCBI reference sequences had high agreement with the samples that
were morphologically identified as A. marmorata. However, Anguilla sp.6 was molecularly
identified as A. biocolor pacifica, which had been morphologically identified as A. bicolor
(Table 3). This result has confirmed that the sub-species of A. bicolor found in Thua Thien Hue,
Vietnam is A. bicolor pacifica.
Table 3. The results of Anguilla ssp. identification by COI and 16S rRNA sequences using BLASTn search
from NCBI.
COI
Morphological analysis
A. marmorata
A. bicolor

Species identification
A. marmorata
A. bicolor pacifica

GenBank
AP007242.1
HQ141374.1
AP007237.3

16S rRNA
% Max
identity
99.88
99.64
99.53

GenBank

% Max identity

AB278871.1

99.84

AP007237.3
AB278743.1

99.84
99.69

Phylogenetics
Consensus sequences and contigs of both mitochondrial genes from A. marmorata
and A. bicolor pacifica were treated as discrete units for estimating the pairwise level of
Genetics and Molecular Research 19 (4): gmr18722
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genetic divergence using the Kimura – 2 – parameter (K2K) correction model (Nei and
Kumar, 2000; Arai and Wong, 2016) (Table 3). The K2K distances between A. marmorata
individuals showed a low relative con-specific divergence of 0.0172 (COI) and 0.0088 (16S
rRNA), respectively. These values for A. bicolor pacifica were 0.000 for both the COI gene
and 16S rRNA gene. Besides, the genetic differences between the two populations A.
marmorata and A. bicolor pacifica in Thua Thien Hue base on K2P distance matrix created
from COI and 16S rRNA were 0.0640 and 0.0145, respectively (Table 4). Accordingly, the
low level of genetic differences has shown a very close relationship of these individuals
between themselves and populations (Minegishi et al., 2005; Arai and Wong, 2016).
Table 4. The genetic distance between two species of Anguilla ssp. in Thua Thien Hue province, Vietnam
based on the K2P distance matrix of COI and 16S rRNA genes.

Species
A. marmorata
A. bicolor pacifica

COI
A. marmorata
0.0172
0.0640

A. bicolor pacifica
0.0172
0.000

16S rRNA
A. marmorata
0.0088
0.0145

A. bicolor pacifica
0.0145
0.000

Based on the sequences of COI and 16S rRNA gene segments of Anguilla ssp.
individuals in Thua Thien Hue and the reference sequences taken from GenBank (Table 2),
phylogenetic trees were built using Mega X software (Figure 2 and Figure 3). Accordingly,
the phylogenetic tree of Anguilla genus distributed in Thua Thien Hue was divided into two
branches. The first branch included individuals of the A. marmorata population; they were
closely related and had very low genetic distance (high degree of similarity) with two
control individuals from GenBank: AP007242.1 and HQ141374.1 (COI) in Figure 2 and
AP2878871.1 (16S rRNA) in Figure 3, with bootstrap support rate up to 100%. The other
branch included A. bicolor pacifica and AP007237.1 for COI (Figure. 2), and AB278743.1
and AP007237.3 for 16S rRNA (Figure. 3) with a minimal genetic distance (high level of
similarity).

Figure 2. Phylogenetic trees of Anguilla ssp. in Thua Thien Hue, Vietnam base on the COI segment sequence.
Genetics and Molecular Research 19 (4): gmr18722
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Figure 3. Phylogenetic trees of Anguilla ssp. in Thua Thien Hue, Vietnam base on the sequence of 16S rRNA
segment.

DISCUSSION
The identification of Anguilla species by morphological indicators are usually the
fastest means (Arai, 2016). However, the similarities and overlapping morphological
characteristics in eels, particularly tropical Anguilla (Watanabe, 2003; Arai, 2016) along
with that, the change in their morphology through the stages of development (Watanabe et
al., 2003; 2004) made identification of eels at the species level using solely visual
observation difficult (Watanabe et al., 2004; 2005; Arai, 2016). In previous studies, the
Anguilla eel was identified in Thua Thien Hue, Vietnam (Huyen and Phu, 2014). Anguilla
marmorata is considered to be a widely distributed species, with high economic value
(Huyen and Linh, 2019). The species composition of A. bicolor has been determined to the
species level, but its subspecies have not been determined by morphological analysis (Phu
and Dang, 2008; Phu and Ha, 2008; Hoang and Duc, 2012). Therefore, techniques based on
DNA analysis were highly effective methods of classifying, identifying, and studying the
genetic diversity of eels of Anguilla genus (Watanabe et al., 2005; Arai et al., 2020). In this
study, this is the first description of two species of Anguilla eel, A. marmorata and A.
bicolor pacifica in Thua Thien Hue province, Vietnam, by both morphological and
molecular markers. It corresponds to the research result of Nguyen et al. (2018) on the
composition of Anguilla sp. in central Vietnam by COI gene segment with three species
identified as A. maromorata, A. bicolor pacifica, and A. japanica.
Recently, scientists have classified eels based on sequencing of COI and 16S rRNA
genes, which have become effective markers for identifying and studying the relationships
among species in the region. Arai et al., (2015; 2016) analyzed COI and 16S rRNA
sequences to identify two species of eel of the Anguilla genus in Malaysia. The results
identified two species A. marmorata and A. bengalensis bengalensis, in stark contrast to the
identifications based on morphological analysis of A. celebsensis and A. marmorata (Arai et
al., 2015). Based on morphological and molecular markers (COI and 16S rRNA), Arai et al.,
(2016), for the first time, A. bengalensis bengalensis was one of two species identified in
Malaysian coastal (A. bengalensis bengalensis and A. bicolor bicolor) (Arai and Wong,
2016). In 2017, scientists used morphological analysis and further analysis of 16S rRNA
Genetics and Molecular Research 19 (4): gmr18722
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sequences to confirm that A. marmorata is found in Malaysia (Kadir et al., 2017) and
Sabah, Borneo Island (Wong et al., 2017). Hewavitharane et al. (2017) also identified two
species, of marmorata and A. megastoma, and A. obscura in the western South Pacific; and
three species of Anguilla eel in Aceh Waters, Indonesia: A. marmorata, A. bicolor bicolor,
and A. bengalensis bengalensis (Muchlisin et al., 2017) using DNA barcode technology
based on the COI gene segment.
In 2020, Arai et al. (2020) collected Anguilla eels in Southeast Asian waters, i.e.
Malaysia, Thailand and Vietnam to identify using both morphological analyses and
mitochondrial cytochrome oxidase subunit I (COI) sequence analysis. The molecular
phylogenetic tree and the haplotype network of A. marmorata in Malaysia, Thailand and
Vietnam suggested that the eel might be transported from the Western North Pacific
spawning area and propose possible dispersion and migration of A. marmorata into
Southeast Asian waters. In Thua Thien Hue province, DNA barcode techniques used to
analyze molecular characteristics and build phylogenetic based on the COI segment showed
that separation of the A. marmorata population is guided by the migration process and
specific ecological parameters (Huyen and Linh, 2020) and their genetic evolution occurs in
the direction of random population expansion (Linh and Huyen, 2020).

CONCLUSIONS
This study was made using molecular markers to determine the composition of
species and genetic diversity of Anguilla eels in Thua Thien Hue province, Vietnam,
including A. marmorata and A. bicolor pacifica and assessed the relationship between the
population of eels in Southeast Asian and other populations in the world. In the future, the
DNA barcode and eDNA techniques study should be used more for studying Anguilla eels
to better define and understand natural populations that may be in danger of decline.
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