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ARTICLE INFO ABSTRACT

Avrticle History: Tenualosa ilisha is an anadromous fish from the Clupidae family that is
Received: Sept. 5, 2024 distributed in several Asian countries. The relationship between T. ilisha
Accepted: Sept. 25, 2024  from Indonesian waters and other waters in Asia is unknown, therefore this
Online: Oct. 6, 2024 study was conducted to provide an overview of the relationship between T.
ilisha from Indonesia and other waters in Asia based on the Cytochrome b

gene (Cyt b) of mitochondrial DNA (mtDNA). The base sequence of T.

}T(eerm(l)(;’sdas}lisha ilisha from Labuhanbatu with a length of 568-572 base pairs (bp) was

Phvlogenetic stua analyzed, then compared with Genbank data. All sequences compared

c ¥oc?1romeb er?g showed that the composition of A+T (52.5%) was greater than G+C

m)t/DNA gene, (47.5%). Genetic distance was calculated using Kimura two parameter

Barumuh River (K2P); the lowest genetic distance of 0.000 was obtained between T. ilisha

Bilah River ' Labuhanbatu and Iraq with accession numbers LC619671.1; LC619673.1;
LC619674.1. Meanwhile, the highest genetic distance is known to be 0.021
between T. ilisha Labuhanbatu and Bangladesh with the accession numbers
MN748964.1, and MN748966.1. Neighbor-joining and maximum likelihood
with 1000x repetition were the phylogenetic methods used to analyze the
evolutionary relationships of T. ilisha. In general, both methods showed the
same result that T. ilisha from Indonesia and other Asian waters are the
same population.

INTRODUCTION

Phylogenetics is a study to understand evolution and to reconstruct the close
relationships between organisms (Lyubetsky, 2016). Phylogenetic studies can be
conducted through molecular phylogenetic analysis (Neapolitan, 2009). According to
Khan et al. (2017), the phylogenetic relationship of a species can be determined based on
mitochondrial DNA (mtDNA) sequences. Research related to phylogenetics using
mtDNA has been widely carried out such as the study of Alam and Mar'ie (2021),
Mar'ie (2021) and Alyamani et al. (2023). The phylogenetic relationship of a species
can be determined based on mtDNA sequences because they are maternally inherited and
can produce data quickly and consistently (Arab et al., 2017; Khan et al., 2017). One of
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the genes in mtDNA used for molecular phylogenetic analysis is the Cytochrome b (Cyt
b) gene.

The Cytochrome b (cyt b) gene is advantageous in phylogenetic studies due to its
high utility in assessing inter-species variations and phylogenetic relationships (Kaur &
Singh, 2021; Emelianova et al., 2022). It is widely used for molecular identification,
offering a reliable alternative to morphological methods (Emelianova et al., 2022). Cyt b
gene sequences provide insights into genetic distances at various taxonomic levels, aiding
in understanding intrageneric, interspecific, and intraspecific variations (Hassan et al.,
2024). Additionally, the gene's sequences allow for the construction of phylogenetic
trees, revealing evolutionary relationships among different species (Kaur & Singh,
2021; Emelianova et al., 2022; Hassan et al., 2024). The gene's characteristics, such as
stability, physicochemical properties, and conserved motifs, further enhance its
applicability in comparative genomics and evolutionary studies (Emelianova et al.,
2022).

The Cytochrome b (Cyt b) mtDNA gene is one of the most studied genes in fish.
The size of the Cyt b gene in fish ranges from 1140 (Ketmaier et al., 2004; Doadrio &
Perdices, 2005) to 1143bp (Perez et al., 2007). The Cyt b mtDNA gene can be used as a
classification parameter at various levels of taxa, as the mutation values in this gene differ
based on the codon position (Irwin et al., 1991). In fish, the Cyt b gene has been used to
analyze biogeographic history (Mateos et al., 2002), the genetic structure of isolated
populations (Russel, 2003), phylogeny (Sullivan et al., 2004), genetic history and
structure among different populations (Aboim et al., 2005). Phylogenetic studies utilizing
the Cyt b gene and other genes in mtDNA in fish have been widely conducted in
Indonesia (Elvyra & Sholihin, 2007; Wilujeng et al., 2014; Elvyra, 2023), but
phylogenetic studies on Tenualosa ilisha based on the Cyt b gene had never been
conducted.

Tenualosa ilisha is an anadromous fish of the Clupidae family like salmon
(Salmonidae) that spawns in freshwater and then migrates to the sea to spend its life
(Blaber et al., 1999; Amin et al., 2004). T. ilisha is widely distributed in the waters of
Indonesia (Jihad et al., 2014; Machrizal et al., 2019), Iran (Roomiani et al., 2014),
Bangladesh (Flura et al., 2015; Nima et al., 2021), the Indian Bay of Bengal (Karim et
al., 2015; Mohanty and Nayak, 2017), and Iraq (Sarker et al., 2016). In Indonesia, only
the Barumun and Bilah rivers in Labuhanbatu Regency are migratory areas for T. ilisha
(Jihad et al., 2014; Machrizal et al., 2019). Until now, research related to T. ilisha from
the Barumun and Bilah rivers in Labuhanbatu Regency is still limited. Several studies
related to T. ilisha in Labuhanbatu only explore biological and ecological information,
while research related to molecular aspects is still not revealed. This research is a
preliminary study to reveal the relationship of T. ilisha from the Barumun and Bilah
Rivers of Labuhanbatu with T. ilisha from various waters in Asia based on genetic
markers of the Cytochrome b gene, which has been unknown.
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MATERIALS AND METHODS

Samples were collected from two rivers, namely Barumun and Bilah, Labuhanbatu
Regency, North Sumatra Province in April 2023. T. ilisha specimens were caught using
gill nets with a size of 1-3 inches (25.4-76.2mm). Captured fish were immediately
photographed, and their morphological characteristics were recorded. Samples were then
preserved using 10% formalin for collection. Captured T. ilisha samples were matched
for morphological characteristics using identification books (Kottelat et al., 1993;
Kottelat, 2012; Nelson et al., 2016). The liver of T. ilisha fish taken for DNA isolation
was stored in a microtube with the addition of 96% ethanol pro analyst.

The extraction of mitochondrial DNA (mtDNA) Cyt b was conducted using the
Polymerase Chain Reaction (PCR) method with universal primers: forward (5'-
CTAACGACGCAGTAGTTGATCTCCCA-3) and reverse (5'-
CTGAGTTTAGCCCCGCAGGGTTGTT-3'), as reported by Abdullah et al. (2019). The
PCR mixture consisted of 12.5ul of master mix (containing 1.0 mM MgCl., 0.4 uM of
each dNTP, 0.1 U/ul Taq polymerase, 20 mM MgCl., 16 mM (NH4):SO4, and 20 mM
Tris-HCI, pH 8.8). The final reaction volume was 25ul, which included the primers, 100
ng of template DNA, and 8.5ul of nuclease-free water.

Amplification was performed using the following cycle parameters: initial
denaturation at 94°C for 4 minutes, followed by 35 cycles of denaturation at 94°C for 1
minute, annealing at 48°C for 1 minute, and extension at 72°C for 45 seconds. A final
extension step at 72°C for 5 minutes concluded the last cycle. The PCR products were
visualized on a 1.5% agarose gel. PCR products (700bp) were purified using the
Invitrogen™ PureLink™ PCR Purification Kit (Fisher Scientific) according to the
manufacturer’s instructions (Invitrogen, Germany).

The forward and reverse DNA sequences were assembled into a contig using DNA
STAR software (Burland, 2000) to obtain the complete DNA sequence. The DNA
sequences of T. ilisha were then compared with those of other fish samples from the same
family using the Basic Local Alignment Search Tool (BLAST) at
http://blast.ncbi.nim.nih.gov/Blast.cqi to assess the level of similarity. All sequences were
aligned using Clustal X 2.0 (Thompson et al., 1997) and edited with BIOEDIT software
(Hall, 1999). Nucleotide sequences were translated into amino acids using the online tool
at http://insilico.ehu.es/translate.

The genetic distance for each sequence was calculated using molecular
evolutionary genetics analysis (MEGA) XI with the Kimura two-parameter (K2P) model
and 1000 bootstrap replicates (Tamura et al., 2021). Phylogenetic trees were constructed
based on the neighbor-joining (NJ) and maximum likelihood (ML) methods, also using
1000 repetitions in MEGA Xl (Tamura et al., 2021).

RESULTS
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The alignment results of five Cyt b gene sequences of T. ilisha from Barumun and
Bilah rivers obtained 568-572bp to be analyzed with the composition of A (23.5%), T(U)
29.0%, G (19.9%), and C (27.6%) (Table 1).

Table 1. Nucleotide composition of T. ilisha Cyt b gene from Barumun and Bilah rivers,
Labuhanbatu Regency

Nucleotide (%)

Species Sampling location A TU) G C AT GcC
T. ilisha Barumun River (BR01) 235 29.0 199 276 525 475
T. ilisha Barumun River (BR01) 235 29.0 199 27.6 525 475
T. ilisha Bilah River (BLO1) 235 29.0 199 276 525 475
T. ilisha Bilah River (BL01) 235 29.0 199 276 525 475
T. ilisha complete Barumun River 235 29.0 199 276 525 475
genome

BLAST analysis of five samples of Cyt b gene sequences from Barumun River
and Bilah River had a similarity level of 100.00% with Genbank data (Table 2).

Table 2. The similarity of Cyt b gene sequence of T. ilisha from Barumun and Bilah
rivers with Genbank database based on blast analysis

Species Country Similarity (%) Accession No
T. ilisha Iraq 100 LC619671.1
T. ilisha Iraq 99.47 LC619673.1
T. ilisha Iraq 99.64 LC619674.1
T. ilisha India 99.64 KC816530.1
T. ilisha India 98.92 MK608838.1
T. ilisha India 98.92 MN101849.1
T. ilisha Malaysia 98.92 KX859109.1
T. ilisha Malaysia 98.92 KX859108.1
T. ilisha Malaysia 98.92 KU888658.1
T. ilisha Bangladesh 98.92 EU552622.1
T. ilisha Bangladesh 98.92 MN748966.1
T. ilisha Bangladesh 98.92 MN748964.1

Genetic distance analysis was conducted using the Kimura 2-parameter (K2P)
model (Fig. 1). The results of genetic distance analysis showed that 4 individuals of T.
ilisha collected from the Barumun and Bilah rivers had a genetic distance of 0.000.
Genetic distance of 0.000 was also obtained between samples from the Barumun and
Bilah rivers with samples of T. ilisha from lIraqg (LC619671.1; LC619673.1;
LC619674.1). The longest genetic distance of T. ilisha collected from Barumun and Bilah
rivers was with T. ilisha samples from Bangladesh (MN748966.1; MN748964.1), with a
genetic distance of 0.021.


https://www.ncbi.nlm.nih.gov/nucleotide/LC619671.1?report=genbank&log$=nucltop&blast_rank=1&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC619673.1?report=genbank&log$=nucltop&blast_rank=3&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC619674.1?report=genbank&log$=nucltop&blast_rank=4&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/KC816530.1?report=genbank&log$=nucltop&blast_rank=6&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/MK608838.1?report=genbank&log$=nucltop&blast_rank=14&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/MN101849.1?report=genbank&log$=nucltop&blast_rank=34&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/KX859109.1?report=genbank&log$=nucltop&blast_rank=81&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/KX859109.1?report=genbank&log$=nucltop&blast_rank=81&RID=GJGAYP3X01R
https://www.ncbi.nlm.nih.gov/nucleotide/KU888658.1?report=genbank&log$=nucltop&blast_rank=82&RID=GJGAYP3X01R
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No Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 Tilisha Cytb (complete . . 4 . G 3 i % 3 " 5 . ¥ . P . %
genome) Labuhanbatu
2 T.ilisha BRO2 0.007 * * * * * * * * * * * * *
3 Tilisha BROI 0007 0000  * * * * * * * * * * * * * * * *
4 Tilisha BLO2 0007 0000 0000 * * * * * * * * * * * * * * *
5
T.ilisha BLO1 0007 0000 0000 0000 * * * * * = * * * * * * * *
6 7
Toilisha Ravgladest 0014 0021 0021 0021 0021 * * * * * * * * * * * * *
(MN748966.1)
e
Tiilisha Banglidesh 0014 0021 0021 0021 0021 0000  * * * * * * * * * * *
(MN748964.1)
gin
Lifisha Bangladesh 0003 0010 0010 0010 0010 0010 0010  * * * * * * * * * * *
(BU552622.1)
Gims :
L ilisha oide 0000 0007 0007 0007 0007 0014 0014 0003 * * x * * * * * * *
(MN101849.1)
10 Titisha Tndia 0000 0007 0007 0007 0007 0014 0014 0003 0000  * * * * * * * * *
(MK608838.1)
11 ;
ity 0003 0003 0003 0003 0003 0017 0017 0007 0003 0003 * * * * * * * *
(KC816530.1)
12 Tilisha lraq = = < I i g . i 3 5

& 0007 0000 0000 0000 0000 0021 0021 0010 0007 0007 0.003
(LC619674.1)
13 Tilisha Traq . . . . . . N .

5 0007 0000 0000 0000 0000 0021 0021 0010 0007 0007 0003 0000 * *
(LC619673.1)
14 T
Lilishakrag 0007 0000 0000 0000 0000 0021 0021 0010 0007 0007 0003 0000 0000 * * * * «
(LC619671.1)
15 T g
Liihsha Malaysia 0000 0007 0007 0007 0007 0014 0014 0003 0000 0000 0003 0007 0007 0.007 * * * *
(KX859109.1)
16 T i
Tilisha Miavei 0003 0010 0010 0010 0010 0010 0010 0000 0003 0003 0007 0010 0010 0010 0003  * * *
(KX859108.1)
17 Tilisha Malaysia . . . . . . . . . . .

0000 0007 0007 0007 0007 0014 0014 0003 0000 0000 0003 0007 0007 0007 0000 0.003

(KU888658.1)
18 T.toli Malaysia
(KR824837.1)

Fig. 1. Distribution of sequence divergence values based on Cyt b gene in T. ilisha from
Barumun and Bilah rivers with other species in %

0178 0178 0.178 0178 0.178 0166 0.166 0172 0178 0.178 0184 0.178 0178 0178 0.178 0172 0178 %

Phylogenetic reconstruction using neighbour-joining (Fig. 2) and maximum
likelihood (Fig. 3) methods with a Kimura 2 parameter (K2P) model, bootstrap value
1000x. T. toli species was used as an outgroup for comparison. The phylogenetic tree of
T. ilisha (Fig. 2) forms a branching where the analyzed species form groups according to
genetic distance and DNA sequence similarity with a bootstrap value of 100%. The
higher the bootstrap value, the better the phylogenetic tree reconstruction. Four samples
of T. ilisha from the Barumun and Bilah rivers were in the same branch with T. ilisha
from Iraq and India (KC816530.1). Meanwhile, one other sample from the Barumun
River formed another branch with T. ilisha from India, Malaysia, and Bangladesh.
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LCE19673.1 Tenualosa ilisha Irag
LCB18671.1 Tenualosa ilisha Irag
LCE19674.1 Tenualosa ilisha Irag
Tenualosa ilisha BL 01
Tenualosa iisha BL 02
Tenualosa ilisha BRO1
Tenualosa ihisha BRO2
KC816530.1 Tenualosa ilisha India
Tenualosa ilisha Cyt b complete genome Labuhanbatu
MMN101849.1 Tenualosa ilisha India
MKB08838.1 Tenualosa ilisha India
KX859109.1 Tenualosa ilisha Malaysia
KUB88658 1 Tenualosa ilisha Malaysia
KX859108.1 Tenualosa llisha Malaysia
1002’ EUS52622 1 Tenualosa ilisha Bangladesh
MMNT48966.1 Tenualosa ilisha Bangladesh
100%_| MN748964.1 Tenualosa ilisha Bangladesh
KR824837 1 Tenualosa toli Malaysia ] Out Group

100

1

100%

Jr——
0.02

Fig. 2. Reconstruction of phylogenetic tree by neighbor-joining method using 13 DNA
sequences from GenBank with Tenualosa toli as out group

LC619673.1 Tenualosa ilisha Iraq
LC619671.1 Tenualosa ilisha Iraq
LC619674.1 Tenualosa ilisha Iraq
Tenualosa ilisha BL 01
Tenualosa ilisha BL 02
Tenualosa ilisha BRO1
Tenualosa ilisha BR02
KC816530.1 Tenualosa ilisha India
Tenualosa ilisha Cyt b complete genome Labuhanbatu
MN101849.1 Tenualosa ilisha India
MK608838.1 Tenualosa ilisha India
KX859109.1 Tenualosa ilisha Malaysia
KUB888658.1 Tenualosa ilisha Malaysia
KX859108.1 Tenualosa ilisha Malaysia
EU552622.1 Tenualosa ilisha Bangladesh
MN748966.1 Tenualosa ilisha Bangladesh
100;I MN748964 .1 Tenualosa ilisha Bangladesh
KR824837.1 Tenualosa toli Malaysia ] OutGroup

100%

100%

[ ———
0.02

Fig. 3. Reconstruction of phylogenetic tree by maximum likelihood method using 13
DNA sequences from GenBank with Tenualosa toli as out group

DISCUSSION

The nucleotide base composition of T. ilisha from the Bilah and Barumun rivers of
Labuhanbatu Regency is almost similar to that obtained by Ghouri et al. (2020) on T.
ilisha in Bangladesh with a nucleotide base composition of Adenine (A) 23.35%,
Thymine (T) 28.3%, Guanine (G) 17.62% and Cytosine (C) 30.70%. A previous research
by Ahmed et al. (2021) found the following nucleotide composition in the order
Clupeiformes from Bangladesh: T (28.60%), C (27.80%), A (24.20%), and G (19.40%),
with AT content at 52.80% and GC content at 47.20%.
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The average composition of each nucleotide base obtained is almost the same as the
research of Satoh (2016), that the composition of nucleotide bases in 250 fish is A
24.8%, T 29.5%, C 30.5%, and G 15.3%. According to Belle et al. (2005) in vertebrate
groups, the number of bases (A + T) is higher than the bases (G + C) because the
mutation rate (transitions and transversions) in mitochondrial DNA is relatively high.

Genetic distance is used as a basis for studying molecular evolution, phylogenetic
reconstruction, and estimation of evolutionary time (Sohpal, 2013). Genetic distance
analysis was conducted using the Kimura 2-parameter model (Table 1). Based on the
results of the genetic distance analysis, it is known that the genetic distance is 0.000-
0.021, this means that T. ilisha from Barumun River and Bilah River come from the same
population. This is in accordance with the statement of Kartavtsev (2011, 2013) based
on the mitochondrial cytochrome b gene in vertebrates; the sequence difference at the
species level in the population is 1.38 = 0.30%; the level of subspecies, semispecies,
sibling species is 5.10 + 0.91%; the species level in the same genus is 10.31 + 0.93%; the
genus level in the same family is 17.86 £+ 1.36, and in different families is 26.36 + 3.88.
The low genetic distance of T. ilisha from various waters is because this species is an
anadromous species that migrates from the Malacca Strait to the Andaman Sea. This is in
line with the findings of Leatemia et al. (2018), who explained that several possibilities
cause species from different locations to be genetically similar. These factors include
genetic sharing, connectivity between regions (Diaz-Ferguson et al., 2010), habitat
similarity, and in marine organisms who tend to go through the process of migration and
ocean currents as a medium of transfer (Saleky et al., 2016).

Phylogenetics is the taxonomic classification of species based on evolutionary
history, the analysis of which is based on the analysis of species DNA sequences.
Mathematical models are used to infer the evolutionary history of species through
molecular data (Yuan et al., 2014). The results showed that the bootstrap value on each
branching of the phylogenetic tree was 100%. The high bootstrap value affects the
phylogenetic reconstruction formed, the higher the bootstrap value, the better the tree
formed (Horiike et al., 2009). The high bootstrap value is due to the high morphological
similarity of all locations (Fig. 3). This morphological similarity is also due to the
physical and chemical factors of the waters in each habitat occupied by T. ilisha (Table
3). The phylogenetic reconstruction shows connectivity between locations in Indonesia,
Malaysia, Bangladesh, India, and Iraq forming the same connectivity. The geographical
distance between Indonesia and Malaysia can cause gene flow which in marine
organisms, gene flow occurs through the process of species migration or through the
process of larval dispersal (Jefri et al., 2015).
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Fig. 4. Morphology of Tenualosa Ilisha from Indonesia and various waters in Asia

Note : A=Bangladesh (Bold System); B= Malaysia (Arai & Amalina, 2014); C= Indonesia (Primary Data);
D= India (Bhaumik & Sharma, 2011)

Table 3. Water quality parameters in different areas of T. ilisha fish habitat

Parameter Indonesia®* Bangladesh Iraq®” India "
Temperature (°C) 27-31 21-27 13-29.80 28-30
pH 6.9-7.7 71.2-1.5 7.26-7.98 7.9-8.32
DO (mg L?) 10.1-10.7 42671  580-11.50 6.14-7.09
BOD (mg L™?) 2.34-5.93 0.67-3.71 2.20-6.10 -
NOs N (i L) 210-818  0.90-0.135  7.98-15.98 -
POs P (LY 0.01-2.01 0.11-0.90 0.01-2.11 -

Note : *(primary data); ®"(Bhuyan et al., 2017); ©(Moyel&Hussain 2015); ¢"(Bhakta et al., 2018)

The aquatic environment's physical and chemical factors significantly impact fish
DNA morphology and structure. Studies suggest that environmental conditions like
salinity and migration affect the genomic GC content of teleostean fishes, influencing
DNA bendability and stability (Tarallo et al., 2016). Additionally, exposure to heavy
metals like nickel, mercury, lead, and zinc induces genetic mutations and affects genomic
stability in fish species, leading to differential variations in DNA structure (Pal &
Choudhury, 2014). Furthermore, changes in environmental temperature conditions can
impact the cellular level adaptation of fish embryos, potentially causing disturbances in
embryogenesis and genetic changes in somatic cells, reflecting environmental stressors
(Ejikeme et al., 2022). Overall, the interplay of physicochemical factors such as salinity,
temperature, and pollutants in the aquatic ecosystem plays a crucial role in shaping fish
DNA morphology and structure.
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CONCLUSION

The phylogenetic analysis illustrates that T. ilisha from Indonesia is very closely
related to T. ilisha from all waters in Asia; this is due to gene flow between populations
during the migration process. We suggest phylogenetic studies of T. ilisha with other
species of the Clupidae family.

ACKNOWLEDGEMENT

We would like to thank the Director of Research and Community Service (DRTPM),
Director General of Higher Education, Research and Technology (Dirjen DIKTI),
Ministry of Education, Culture, Research and Technology of the Republic of Indonesia
for funding the research through the Regular Fundamental Research (PFR) scheme based
on Decree Number 0536/E5/PG.02.00/2023 funding year 2023.

REFERENCES

Abdullah, T.; Nassiri, M.; Safari, O. and Javadmanesh, A. (2019). Genetic diversity
for three populations of Rainbow Trout (Oncorhynchus mykiss) based on
sequencing of mtDNA genes. Marsh Bulletin 14: 1-10.

Aboim, M.A.; Menezes, G.M.; Schlitt, T. and Rogers, A.D. (2005). Genetic structure
and history of populations of the deep-sea fish Helicolenus dactylopterus
(Delaroche, 1809) inferred from mtDNA sequence analysis. Mol. Ecol, 14: 1343 -
1354,

Ahmed, S.M.; Datta, K.S., Saha, T. and Hossain, Z. (2021). Molecular characterization
of marine and coastal fishes of Bangladesh through DNA barcodes. Ecology and
Evolution, 11: 3696 - 3709. doi:10.1002/ece3.7355

Allam, M. and Mar’ie, Z.A. (2021). Phylogenetic and genetic diversity of some
carangid species from the Egyptian Red Sea using divergent domain D11 of 28S
rRNA gene. Egyptian Journal of Aquatic Biology and Fisheries, 25(1): 61 - 73.

Alyamani, M. N.; Fayad, E.; Almaaty, A.H.A.; Ramadan, A.; and Allam, M. (2023).
Phylogenetic Relationships Among Some Carangid Species Based on Analysis of
Mitochondrial 16S rRNA Sequences. Egyptian Journal of Aquatic Biology and
Fisheries, 27(2): 61 - 74.

Amin, N.; Rahman, A.; Milton, D.A. and Blaber, S.J.M. (2004). Stock Assessment
and Management of Tenualosa ilisha in Bangladesh Ecology and Biology of
Seagrass fauna community View project MS research View project.
www.pdffactory.com


https://doi.org/https:/doi.org/10.1002/ece3.7355
http://www.pdffactory.com/

1408 Machrizal et al., 2023

Arab, M.A.; Siederdissen, C.H.Z.; Touth, K.; Sahyoun, A.H.; Stadler, P.F. and
Bernt, M. (2017). Accurate Annotation of Protein-Coding Genes in Mitochondrial
Genomes. Molecular Phylogenetics and Evolution. 106: 209 - 216.

Arai, T. and Amalina, R. (2014). New record of a tropical shad Tenualosa ilisha
(Teleostei: Clupeidae) in Malaysian waters. Marine Biodiversity Records. 7:e66.
doi:10.1017/S1755267214000736

Bhakta, D.; Meetei.W.A.; Vaisakh, G.; Das, S.K. and Manna, R.K. (2018). Impacts of
water regulation on Tenualosa ilisha in the Narmada Estuary, Gujarat, India.
Journal of Fisheries 6(1):563-568. doi: 10.17017/jfish.v6i1.2018.254

Bhaumik, U. and Sharma, A.P. (2011). The fishery of Indian Shad (Tenualosa ilisha) in
the Bhagirathi-Hooghly river system. Fishing Chimes, 31(8):21-27.

Bhuyan, Md. S.; Bakar, M.A.; Akhtar, A.; Hossain, M. B. and Islam, S.Md. (2017).
Analysis Of Water Quality Of The Meghna River Using Multivariate Analyses And
RPI. J. Asiat. Soc. Bangladesh, Sci. 43(1): 23-35. doi: 10.3329/jashs.v43i1.46241

Belle, M.S.; Piganeau, G.; Gardner, M. and Eyre-Walker, A. (2005). An
Investigation of The Variation in The Transition Bias Among Various Animal
Mitochondrial DNA. Gene. 355: 58 - 66.

Blaber, S.J.M.; Brewer, D.T.; Milton, D.A.; Merta, G.S.; Efizon, D.; Fry, G. and
Van Der Velde, T. (1999). The life history of the protandrous tropical shad
Tenualosa macrura (Alosinae: Clupeidae): Fishery implications. Estuarine, Coastal
and Shelf Science, 49(5): 689 - 701. doi:10.1006/ecss.1999.0545

Burland, T. G. (2000). DNASTAR’s Lasergene Sequence Analysis Software. Methods
Mol Biol, 132: 71 - 91.

Diaz-Ferguson, E.; Haney, R.; Wares, J. and Silliman, B. (2010). Population genetics
of a trochid gastropod broadens picture of Caribbean sea connectivity. PLoS ONE,
5(9):1 - 8. doi: 10.1371/journal.pone.0012675

Doadrio, 1. and Perdices, A. (2005). Phylogenetic relationships among the Ibero-
African cobitids (Cobitis, Cobitidae) based on cytochrome b sequence data. Mol.
Phyl. Evol, 37: 484 - 493.

Ejikeme, C.E.; Ayoola, S.O. and Daniel, A.O. (2022). Genotoxic potentials of some
selected heavy metals exposure on Clarias gariepinus (Burchell, 1822) and
Oreochromis niloticus (Linnaeus, 1758) using RAPD-PCR technique. Aceh Journal
of Animal Science (2022) 7 (3): 82-88.

Emelianova, O.R.; Bulatov, O.A.; Grigorov, 1.V.; Orlov, A. M.; Orlova, S.Y. (2022).
Polymorphism of mtDNA gene Cyt b of walleye pollock, Gadus chalcogrammus
(Gadidae), in the Chukchi Sea, western Bering Sea, and Sea of Okhotsk, Deep Sea



Phylogenetic of Tenualosa ilisha From Indonesia and Other Asian Waters 1409

Research Part Il: Topical Studies in Oceanography, 206: 105216.
d0i:10.1016/j.dsr2.2022.105216.

Flura.; Zaher, M.; Rahman, B.; Rhaman, M.; Alam, A.M. and Pramanik, M. (2015).
Length-weight relationship and GSI of hilsa, Tenualosa ilisha (Hamilton, 1822)
fishes in Meghna river, Bangladesh. International Journal of Natural and Social
Sciences, 2: 82 - 88.

Ghouri, M.Z.; Ismail, M.; Javed, M.A.; Khan, S.H.; Munawar, N.; Umar, A.B.N.M.;
Aftab, S.O.; Amin, S.; Khan, Z. and Ahmad, A. (2020) Identification of Edible
Fish Species of Pakistan Through DNA Barcoding. Front. Mar. Sci. 7: 554183. doi:
10.3389/fmars.2020.554183

Hall, T.A. (1999). BioEdit: A user friendly biological sequence alignment editor and
analysis program for windows 95/98/NT. Nucleic Acid Symposium Series, 41: 95 -
98.

Hassan, S.; Naeema. M.; Nasir, M.F.; Riaz, P.; Khan, M.N.; and Atiq, 1. (2024).
Molecular-based identification and phylogenetic relationship by using cytochrome
b gene of Pangasius pangasius. Brazilian Journal of Biology. 84:e268001.
d0i:10.1590/1519-6984.268001

Horiike, T.; Miyata, D.; Hamada, K.; Saruhashi, S.; Shinozawa, T.; Kumar, S. and
Tateno, Y. (2009). Phylogenetic construction of 17 bacterial phyla by new method
and carefully selected orthologs. Gene, 429: 59 - 64. doi:
10.1016/j.gene.2008.10.006

Irwin, D.M.; Kocher, T.D. and Wilson, A.C. (1991). Evolution of the cytochrome-b
gene in mammals. J. Mol. Evol, 32: 128 - 144.

Jefri, E.; Zamani, N.P.; Subhan, B. and Madduppa, H. (2015). Molecular phylogeny
inferred from mitochondrial DNA of the grouper Epinephelus spp in Indonesia
collected from local fish market. Biodiversitas, 16(2): 254 - 263. doi:
10.13057/biodiv/d160221

Jihad, S.S.; Efizon, D. and Putra, R.M. (2014). Reproductive Biology of The
Tenualosa ilisha in Labuhanbatu Regency, Sumatera Utara Province. Jurnal Online
Mahasiswa, 1(2): 1 - 10. https://jom.unri.ac.id/index.php/JOMFAPERIKA/article/
view/2101/2048

Karim, R.; Roy, K.C.; Roy, P.R. and Ahmed, Z.F. (2015). Age and growth of hilsa
shad, Tenualosa ilisha (Hamilton, 1822) of the river Tentulia in Bangladesh.
Journal of Fisheries, 3(1): 227. doi:10.17017/jfish.v3i1.2015.69

Kartavtsev, Y.P.H. (2011). Divergence at Cyt-b and CO-1 mtDNA Genes on Different
Taxonomic Levels and Genetics of Speciation in Animals. Mitochondrial DNA,
22(3): 55 - 56


https://jom.unri.ac.id/index.php/JOMFAPERIKA/article/
https://doi.org/10.17017/jfish.v3i1.2015.69

1410 Machrizal et al., 2023

Kartavtsev, Y.P.H. (2013). Sequence Diversity at Cyt-b and Co-1 mtDNA Genes in
Animal Taxa Proved Neo-darwinism. Journal of Phylogenetics and Evolutionary
Biology, 1(4): 1 - 5.

Kaur, R.; and Singh, D. (2021). Cytochrome b sequence divergence and phylogenetic
relationships among different species of family Pentatomidae (Hemiptera:
Heteroptera). Int J Trop Insect Sci 41, 1177-1183. doi:10.1007/s42690-020-00303-
8

Ketmaier, V.; Bianco, P.G.; Cobolli, M.; Krivokapic, M.; Caniglia, R. and de
Matthaeis, E. (2004). Molecular phylogeny of two lineages of Leuciscinae
cyprinids (Telestes and Scardinius) from the peri-Mediterranean area based on
cytochrome b data. Mol. Phyl. Evol, 32: 1061 - 1071.

Khan, M.F.; Khan, M.N.; Khattak, He.D.; Rehman, A. and Chen, Y. (2017).
Mitochondrial Genom Sequence and Gene Organization of Kunar Snow Trout
(Schizothorax labiatus) with Phylogenetic Consideration. Gene Reports, 7: 64 - 73.

Kocher, T.D.; Thomas, W.K.; Meyer, A.; Edwards, S.V.; Paabo, S.; Villablanca,
F.X. and Wilson, A.C. (1989). Dynamics of mitochondrial DNA evolution in
animals: Amplification and sequencing with conserved primers. Proc. Natl. Acad.
Sci. USA. 86: 6196 - 6200.

Kottelat, M. (2012). Conspectus cobitidum: An inventory of the loaches of the world
(Teleostei: Cypriniformes: Cobitoidei). Raffless Bull Zool, 26: 1 - 199.

Kottelat, M.; Whitten, A.J.; Kartikasari, S.N. and Wirdjoadmodjo, S. (1993).
Freshwater fishes of Western Indonesia and Sulawesi. Periplus.

Leatemia, S.P.O.; Manumpil, AW.; Saleky, D. and Dailami, M. (2018). DNA
Barcode and Molecular Filogeni of Turbo sp in Manokwari Waters West Papua.
National Seminar Proceedings MIPA UNIPA 3 3: 103 - 114.

Lyubetsky, V.; Piel, W.H.; and Stadler. P.F. (2016). Molecular Phylogenetics. BioMed
Research International, 2016: 1 — 2. doi:10.1155/2016/9029306

Machrizal, R.; Dimenta, R.H.; and Khairul, K. (2019). Correlation Of Water Quality
With Density Of Hilsa Shad (Tenualosa ilisha) In Bilah River Labuhanbatu
Regency. Jurnal Pembelajaran Dan Biologi Nukleus, 5(2): 67 - 71
doi:10.36987/jpbn.v5i2.1375

Mar’ie, Z. A. (2021). Phylogenetic analysis of the Red Sea tiger snake eel Myrichthys
maculosus (Family Ophichthidae) by using 16S rRNA. Egyptian Journal of Aquatic
Biology and Fisheries, 25(5): 297-306.

Mateos, M.; Sanjur, O.l. and Vrijenhoek, R.C. (2002). Historical biogeography of
the livebearing fish genus Poeciliopsis (Poeciliidae: Cyprinodontiformes).
Evolution, 56: 972 - 984.


https://doi.org/10.36987/jpbn.v5i2.1375

Phylogenetic of Tenualosa ilisha From Indonesia and Other Asian Waters 1411

Mohanty, N. and Nayak, L. (2017). Studies on length-weight relationship and condition
factor of Hilsa ilisha from Chilika Lake, Odisha. International Journal of Fisheries
and Aquatic Studies, 5(3): 35 - 38.

Moyel, M.S. and Hussain, N.A. (2015). Water quality assessment of the Shatt al-Arab
River, Southern Irag. Journal of Coastal Life Medicine, 3(6): 459-465. doi:
10.12980/JCLM.3.2015J5-26

Neapolitan, R. E. (2009). Molecular phylogenetics probabilistic methods for
bioinformatics: with an Introduction to Bayesian Networks, Elsevier: 295-332.

Nelson, J.; Grande, T. and Wilson, M. (2016). Fishes of the World (fifth edition). Jhon
Wiley & Sons, Hoboken.

Nima, A.; Hossain, M. Y.; ....et al.(2021). Temporal Variation of Growth Pattern and
Physiological Status of Hilsa Shad, Tenualosa ilisha (Hamilton, 1822) in the
Meghna River (Bangladesh). Egyptian Journal of Aquatic Biology & Fisheries,
25(2): 177 -191

Pal, R. and Choudhury, A.K. (2014). Physicochemical Environment of Aquatic
Ecosystem. In: An Introduction to Phytoplanktons: Diversity and Ecology.
Springer, New Delhi. https://doi.org/10.1007/978-81-322-1838-8_2

Perez, G.A.C.; Rican, O.; Orti, G.; Bermingham, E.; Doadrio, I. and Zardoya, R.
(2007). Phylogeny and biogeography of 91 species of heroine cichlids (Teleostei:
Cichlidae) based on sequences of the cytochrome b gene. Mol. Phyl. Evol, 43: 93 -
110.

Roomiani, L.; Sotudeh, A.M.; and Hakimi Mofrad, R. (2014). Reproductive biology
of Hilsa shad (Tenualosa ilisha) in coastal Waters of the Northwest of Persian Gulf.
Iranian Journal of Fisheries Sciences, 13(1): 201 - 215.

Russel, S.T. (2003). Evolution of intrinsic post-zygotic reproductive isolation in fish.
Ann. Zool. Fennici, 40: 321 - 329.

Saleky, D.; Setyobudiandi, I.; Toha, A.H.A.; Takdir, M. and Madduppa, H. (2016).
Length-weight relationship and population genetic of two marine gastropods
species (Turbinidae: Turbo sparverius and Turbo bruneus) in the Bird Seascape
Papua, Indonesia. Biodiversitas, Journal of Biological Diversity, 17(1):208 - 217.
doi: 10.13057/biodiv/d170130

Sarker, Md.J.; Uddin, A.M.M.B.; Patwary, S.A.M.; Tanmay, M.H.; Rahman, F. and
Rahman, M. (2016). Livelihood Status of Hilsa (Tenualosa ilisha) Fishermen of
Greater Noakhali Regions of Bangladesh. Fisheries and Aquaculture Journal, 7:
168. doi:10.4172/2150-3508.1000168.

Satoh, T.P.; Miya, M.; Mabuchi, K. and Nishida, M. (2016). Structure and Variation
of the Mitochondrial Genome of Fishes. BMC Genomics. 17:719.



1412 Machrizal et al., 2023

Sohpal, K.V. (2013). Computational Analysis of Distance and Character based
Phylogenetic Tree for Capsid Proteins of Human Herpes Virus. Journal of Data
Mining in Genomics & Proteomics, 4(2): 2153 - 0602. doi:10.4172/2153-
0602.1000.

Sullivan, J.P.; Lavoue, S.; Arnegard, M.E. and Hopkins, C.D. (2004). AFLPs
resolve phylogeny and reveal mitochondrial introgression within a species flock
of African electric fish (Mormyroidea: Teleostei). Evolution, 58: 825 - 841.

Tamura, K.; Stecher, G. and Kumar, S. (2021). MEGA11: Molecular Evolutionary
Genetics Analysis Version 11. Molecular Biology and Evolution, 38(7): 3022 -
3027. doi:10.1093/molbev/msab120.

Tarallo, A.; Angelini, C.; Sanges, R.; Yagi, M.; Agnisola, C. and D’Onofrio, G.
(2016). On the genome base composition of teleosts: the effect of environment and
lifestyle. BMC Genomics (2016) 17:173. D0i:10.1186/s12864-016-2537-1

Thompson, J.D.; Gibson, T.J.; Plewniak, F.; Jeanmougin, F. and Higgins, D.G.
(1997). The Clustal X windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nuclead Acids Research, 24: 4876 -
4882.

Yuan, J.; Zhu, Q. and Liu, B. (2014). Phylogenetic and Biological Significance of
Evolutionary Elements from Metazoan Mitochondrial Genomes. PLoS ONE, 9(1):1
- 13. doi:10.1371/journal.pone.0084 330.



