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Abstract 
 
Bronze featherback fish Notopterus notopterus is a family of notopteridae native to 
river drainage in South and Southeast Asia, which are distributed in India, Pakistan, 
Bangladesh, Malaysia, Myanmar, Laos, Cambodia, Vietnam, Thailand, and Indonesia. 
This study aims to identify the molecular phylogenetic of Notopterus notopterus in 
Java, Indonesia based on the Cytochrome Oxidase subunit I (COI) gene. This specimen 
from the brantas river has 680 base pairs with 99.84% identity value for Notopterus 
notopterus. This is the first time molecular phylogenetic reported of bronze 
featherback fish in Brantas River, Indonesia  

 

Introduction 
 

The bronze featherback fish, Notopterus 
notopterus (Family Notopteridae), is a popular food fish 
with ornamental value and thrives well in freshwater 
rivers, ponds and lakes. Members of a group commonly 
called “knife fish” are genus Notopterus, Chitala, 
Papyrocranus and Xenomystus, which are distributed 
widely in Africa, the South and Southeast Asia 
(Borkhanuddin et al., 2020). Currently, the only valid 
species of the genus Notopterus, is one of such widely-
distributed species, occurring from the Indus basin 
(Pakistan, India and Bangladesh) in the west, to the 
Mekong region – slightly extending east to the Annamite 
Range - (Cambodia, Malaysia, Myanmar, Laos, Thailand 

and Vietnam) in the east and to Sumatra and Java 
(Indonesia) in the south (Memon et al., 2021; Lavoué et 
al., 2020). In Indonesia, this species is found in Java, 
Sumatra, and Borneo (Rapita et al., 2021). 

The bronze featherback fish (N. notopterus, Pallas 
1769) is one of Indonesia's endemic fish (Sukendi et al., 
2020). In Java, N. notopterus is quite widespread in fresh 
waters almost all over the mainland which includes 
Central Java and East Java. However, currently, the 
existence of this species continues to decline drastically 
(Yulindra et al., 2017). Even the results of the interview 
of Rapita et al. (2021) with local fishermen in Sei Gesek 
Reservoir, Bintan Regency, Riau (Indonesia) found the 
fact that the catch of bronze featherback fish was not 
much and sometimes even not found. The sharp decline 

How to cite 
 

Khansa, A.F., Farizky, H.S.,Santanumurti, M.B., Jamal, M.T., Sani, L.M.I.,Madduppa, H., Sari, P.D.W. (2023). First Identification DNA Barcoding of 
Bronze Featherback Fish, Notopterus notopterus (Pallas, 1769) (Osteoglossiformes: Notopteridae), in Brantas River, East Java, Indonesia. Genetics 
of Aquatic Organisms, 7(1), GA549. https://doi.org/10.4194/GA549 
 

https://orcid.org/0000-0002-4602-5460
https://orcid.org/0000-0002-1305-373X
https://orcid.org/0000-0003-0846-9447
https://orcid.org/0000-0002-9826-6928
https://orcid.org/0000-0001-5757-6113
https://orcid.org/0000-0003-4260-5625
https://orcid.org/0000-0001-8832-113X
mailto:putri.dw@fpk.unair.ac.id


Genetics of Aquatic Organisms GA549 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in the number was allegedly caused by the high selling 
price of fish (IDR 15,000 – IDR 30,000 per living fish), 
resulting in intensive fishing (Rapita et al., 2021), 
without being balanced with adequate conservation and 
cultivation efforts. In addition, in their research, 
Wibowo & Sunarno (2006) also stated that bronze 
featherback fish have a relatively small fecundity (442-
11,972 eggs). The government through the Decree of 
the Minister of Maritime Affairs and Fisheries in 2021 
has also stated that the bronze featherback fish (N. 
notopterus, Pallas 1769) is one of the protected fish 
species because it is threatened with extinction. As 
previously mentioned that bronze featherback fish 
spread to the east of Java island, and the Brantas River, 
Mojokerto Regency is one of their habitats (Nugroho et 
al., 2020). 

The existence of N. notopterus in Brantas River, 
East Java has been recorded (Nugroho et al., 2020), but 
the molecular identification especially the DNA barcode 
of N. notopterus has not been studied specifically. In 
Indonesia, the DNA barcode of N. notopterus has only 
been reported on NCBI GenBank from Sumatra (South 
Sumatra: Musi Banyuasin Regency) (Wibowo & Sunarno, 
2006; Lavoué et al., 2020) and Java (Central Java: Rawa 
Pening Lake) (Dahruddin et al., 2016; Lavoué et al., 
2020). DNA barcodes are needed to determine kinship 
or lineage relationships at the molecular level of a type 
of fish, which later these molecular markers can be used 
to support the interests of conservation and cultivation 

of a type of fish (Ghouri et al., 2020), the context of the 
fish in this study is N. notopterus. 

The study used the DNA Barcoding method with a 
specific gene in the mitochondrial genome (mtDNA), the 
Cytochrome C Oxidase subunit I (COI) gene (Hebert et 
al., 2003; Liu et al., 2014). DNA barcodes based on the 
partial nucleotide sequence of the mitochondrial gene 
Cytochrome C Oxidase I (COI) can serve as the core of a 
global bio-identification system for animals (Hebert et 
al., 2003). DNA barcoding for the identification of 
freshwater fish diversity in Indonesia has been widely 
used (Pramono et al. 2017, Saleky & Dailamy, 2021), 
Asian Redtail Catfish (Syaifudin, 2017), Snakeskin 
Gourami and Blue Gourami (Syaifudin, 2019), Striped 
Snakehead and Ocellated Snakehead fish (Syaifudin, 
2020). The aim of this study is molecular identification 
record the identification DNA barcode of N. notopterus 
in Brantas River, East Java, Indonesia.  
 

Materials and Methods 
 

Sample Collection 
 

A total of 10 samples were collected on September 
7th, 2021 from the Brantas River, Mojokerto Regency, 
East Java (7°27'44.1"S 112°25'43.6"E) (Figure 1). The 
tissue samples were obtained from the anal fin of 
bronze featherback fish (Figure 2). First of all, the 
surface of the fish sample was cleaned by aquadest and 

 
Figure 1. Geographical location of the sampling stations: red point. 
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then insert into a 2 mL Cryotube which already contains 
96% ethanol liquid followed by writing the sampling 
code "21PPR_JMB_01" and so on. After that, the sample 
was ready to proceed to the next stage i.e DNA 
Extraction stage. 

Sixteen (16) sample sequences COI gene were 
downloaded from NCBI GenBank, thirteen (13) N. 
notopterus (KM213053.1; KU692675.1; MK049497.1; 
AP008925.1; MW343514.1; KT022089.1; MK448091.1; 
MT328861.1; MK628319.1; JX901490.1; LC189928.1; 
MK572369.1; MT434341.1), one (1) Chitala lopis 
(KM213054.1), one (1) Xenomystus nigri (MK074697.1), 
and one (1) Papyrocranus afer (JF510515.1). 
 
Molecular Detection 
 

DNA extraction was performed using Geneaid 
Gsync kit extraction by following the manufacturer’s 
procedure. The 2% gel electrophoresis was used to 
visualize and check the DNA extraction result. PCR 

methods using a primer Fish F1 (5’TCA ACC AAC CAC AAA 
GAC ATT GGC AC-3’) and Fish R1 (5’-TAG ACT TCT GGG 
TGG CCA AAG AAT CA3’) (Ward et al., 2005).  

The process of PCR amplification was carried out in 
40 cycles. The predenaturation stage was carried out at 
a temperature of 94°C for 2 minutes, denaturation at 
94°C for 45 seconds, annealing at a temperature of 45°C 
for 45 seconds, extension at 72°C for 1.5 minutes, and 
final extension at 72°C for 10 minutes. This cycle is 
repeated 40 times using BiosystemsTM VeritiTM 96-Well 
Thermal Cycler (Thermo Fisher Scientific). After the DNA 
amplification process, 2% gel electrophoresis was used 
to visualize and check the DNA extraction result. 
Electrophoresis was carried out by taking 4 μl of 
amplified DNA which was inserted into an agarose well, 
dissolved in the TAE buffer then stained using GelRed™ 
and could be electrophoresed at a voltage of 110 V for 
20 minutes. The mtDNA sequence analysis was 
performed on sequencing machine, ABI 3500 Genetic 
Analyzer (Thermo Fisher Scientific).  

 

Figure 2. Specimens of Notopterus notopterus was captured on 7 September 2021 in the Brantas River, Mojokerto Regency, East 
Java. 

 
 
 
Table 1. COI Primers used for PCR amplification.  

Primer Sequence (5′ → 3′) mers Target group Reference 

FishF1 (forward) TCAACCAACCACAAAGACATTGGCAC 26 Fish Ward et al., 2005 
FishR1 (reverse) TAGACTTCTGGGTGGCCAAAGAATCA 26 Fish Ward et al., 2005 

 
 
 
Table 2. Sequencing result of N. notopterus from the Brantas River, Mojokerto Regency, East Java. 

DNA Barcoding 

CNN ACT CGT ATT TGG GGC TGA GCA GGC ATA GTA GGC ACA GCC CTA AGC CTG CTG ATC CGA GCA GAA TTG AGC CAA CCC GGC 
TCA CTG CTT GGC GAC GAC CAA ATC TAT AAT GTT ATC GTA ACA GCA CAC GCC TTC GTA ATA ATT TTC TTT ATG GTA ATG CCT ATC 
ATG ATT GGA GGC TTC GGA AAT TGA CTA ATT CCC CTA ATA ATT GGA GCC CCT GAT ATA GCC TTC CCA CGA ATA AAT AAT ATA 
AGC TTC TGA CTT CTA CCC CCA TCC TTC CTA CTG CTC CTA GCC TCT TCA GGA GTA GAA GCC GGT GCC GGA ACA GGA TGA ACC 
GTA TAT CCG CCT TTA GCA GGA AAC CTA GCA CAT GCA GGC GCC TCC GTT GAT CTT ACA ATT TTT TCA CTT CAT CTT GCC GGT GTG 
TCC TCA ATT CTA GGG GCC ATT AAT TTT ATT ACA ACT GTA TTT AAT ATA AAA CCA CCC GTA GTT TCA CAA TAC CAA ACA CCA CTA 
TTC ATC TGA GCT GTA ATA ATT ACT GCA GTT TTA CTC CTT TTA TCA CTT CCG GTC TTA GCC GCC GGC ATT ACA ATG CTT CTC ACA 
GAC CGC AAC CTC AAC ACA ACA TTC TTC GAT CCG GCA GGC GGG GGC GAT CCG ATC CTT TAT CAA CAC TTA TTT TGA TTC TTT 
GGC CAC CAA AAA NNN TCT NN 
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This research was conducted by analysis the 
sequence using the NCBI BLAST (Basic Local Alignment 
Search Tools), where the sequence was obtained from 
NCBI GenBank. The selected Cytochrome Oxidase I (COI) 
sequences will be stored using the FASTA format for 
further analyzing using the NCBI BLAST. The sequence 
alignment was carried out by editing/alignment builds 
via ClustalW in MEGA X program (Kumar et al., 2018). 
The phylogenetic tree was created based on the 
Neighbor-Joining (NJ) analysis tree method in the MEGA 
X program (Kumar et al., 2018) based on Kimura-2-
Parameter (K2P) model (Kimura, 1980). The 
Evolutionary analyses were conducted in MEGA X 
program (Kumar et al., 2018) based on Kimura-2-
Parameter (K2P) model (Kimura, 1980), the number of 
base substitutions per site from between sequences are 
shown. 
 

Results  
 

In this study, the DNA Barcoding of the specimen 
from the Brantas River (Mojokerto Regency, East Java) 
were successfully sequenced with a base-pair length of 
615 bp by using the Fish F1 and Fish R1 primers (Ward 
et al., 2005). The sequence data from this research 
sample (21PPR_JMB) has also been submitted to 
GenBank NCBI with Accession Number OP872712. 

The specimen from the Brantas River was 
compared to the NCBI GenBank (National Center for 
Biotechnology Information) and identified as N. 
notopterus with the most identical to N. notopterus 
from South Sumatra and Central Java (Rawa Pening 
Lake) because our samples have 100% Percent Identity 
value against both, then Query Coverage value of 99% 
for Central Java and 100% for South Sumatra, and both 
of them have E-value of 0.0 (Table 1). The results of this 
study indicated that the Cytochrome C oxidase subunit I 
(COI) gene had a high level of accuracy for species 
identification, especially for fish identification.  

This study not only presents a comparison of Query 
Coverage and Percent Identity value between our 
samples of N. notopterus with species of N. notopterus 
from various locations but also with other species 
belonging to the same Family: Notopteridae (i.e. Chitala 
lopis from Sumatra, Indonesia; Xenomystus nigri from 
the Republic of the Congo; Papyrocranus afer from 
Nigeria) based on BLAST analysis. The result is that the 
samples of this study on Chitala lopis from Sumatra, 
Indonesia (KM213054.1) have the same 100% of Query 
Coverage and 88.7% of Percent Identity value; on 
Xenomystus nigri from the Republic of the Congo 
(MK074697.1) have the same 99% of Query Coverage 
value and 81.09% of Percent Identity value; on 
Papyrocranus afer from Nigeria (JF510515.1) have the 
same 98% of Query Coverage value and 80.72% of 
Percent Identity value (Table 1). The estimates of 
evolutionary divergence of our samples on Chitala lopis 
from Sumatra, Indonesia (KM213054.1) have 0.12940 
value; on Xenomystus nigri from the Republic of the 
Congo (MK074697.1) have 0.22270 value; on 
Papyrocranus afer from Nigeria (JF510515.1) have 
0.23638 value (Table 2). 
 

Discussion 
 

Phylogenetic tree results from the Neighbor-
Joining method (Saitou & Nei, 1987) showed that the 
samples from Brantas River, Mojokerto Regency, East 
Java are in one subclade (SC I) with N. notopterus from 
South Sumatra (KM213053.1) and Central Java: Rawa 
Pening Lake (KU692675.1) (Figure 3). On the 
phylogenetic tree, it can also be seen that N. notopterus 
originating from South Asia (i.e. India, Bangladesh, 
Pakistan) has its clade (C II). Previous studies already 
stated that N. notopterus was found in India, 
Bangladesh, and Pakistan (Abbas et al., 2013). N. 
notopterus originating from Southeast Asia (i.e 
Indonesia, Malaysia, Myanmar, Thailand) is in another 

 
Figure 3. Phylogenetic tree of N. notopterus based on COI Gene. 
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clade (C I), and within that clade forms the same 
subclade based on the region of the country with N. 
notopterus (KT022089.1 and MT328861) located in one 
subclade (SC V), both taken from waters of Malaysia. N. 
notopterus (LC189928.1) from Myanmar waters located 
at (SC III) while N. notopterus (AP008925.1 and 
MK628319.1) from Thailand waters located at (SC IV). SC 
IV is a branch of SC III where the territory of Thailand and 
Myanmar, when viewed from a geographical location, is 
known to have some areas that directly border. This 
causes the three samples from the two countries to have 
closer lineage in Neighbor-Joining tree data. In addition, 
N. notopterus (MK049497.1, MK448091.1, and 
MW343514.1) which also comes from Thailand waters is 
in a separate subclade (SC II). It indicates that the three 
samples do not come from the lineage of N. 
notopterus which inhabits Myanmar waters directly like 
other N. notopterus originating from Thailand waters in 
SC IV. The estimates of evolutionary divergence of our 
samples N. notopterus (21PPR_JMB) on N. notopterus 
from South Sumatra (KM213053.1) have 0.00000 value 
and Central Java: Rawa Pening Lake (KU692675.1) 
have 0.0000 value (Table 2). The value (0.00000) in 
estimates of evolutionary divergence indicates that the 
two samples have the same genetic makeup (identical). 
This is presumably because the N. notopterus sample 
(21PPR_JMB) came from the original N. notopterus 
parent fish from Indonesia as well as N. notopterus 
(South Sumatra: KM213053.1 and Central 
Java: KU692675.1). In addition, it may also be due to the 
relatively similar aquatic environmental conditions 
throughout Indonesia. According to previous research, 
the environment affects genetic diversity in fish (Van 
Leeuwen et al., 2018). 

Our samples were compared to the GenBank NCBI 
(National Center for Biotechnology Information) and 

identified as N. notopterus with the most identical to N. 
notopterus from South Sumatra and Central Java (Rawa 
Pening Lake). It is because our samples have 100% 
Percent Identity value against both, then a Query 
Coverage value of 99% for Central Java and 100% for 
South Sumatra, and both of them have an E-value of 0.0 
(Table 1). According to Hebert et al. (2003), species with 
99-100% similarity levels are identical. N. notopterus 
from Thailand (MK049497.1; MW343514.1; 
MK448091.1; MK628319.1) can still be said to be 
identical to our sample as well because they have a 
Percent Identity value above 99% with our samples. 
Regarding the Query Coverage value which is 99% of N. 
notopterus from Central Java: Rawa Pening Lake. This 
result is caused by mutations at the DNA level (deletions 
or insertions) caused by inbreeding (Wang et al., 2001) 
and the homogenizing effect of gene flows (Doellman et 
al., 2018). In Rawa Pening Lake (Central Java) 
considering that the Lake is a closed ecosystem, it has a 
higher chance of inbreeding. Not with river and sea 
ecosystems which are open ecosystems. The 
phylogenetic tree result from the Neighbor-Joining 
method showed that our samples from Brantas River 
(Mojokerto Regency, East Java) are in one subclade (SC 
I) with N. notopterus from South Sumatra and N. 
notopterus from Central Java (Figure 3). This proves that 
our N. notopterus samples are more closely related to 
the two than the others.  

This DNA barcode information of N. notopterus 
from the Brantas River (East Java) can be used as 
reference data and becomes essential for genetic 
resources conservation efforts and the cultivation of fish 
considering that this fish is threatened with extinction in 
Indonesia, including in the Brantas River, East Java 
(Khairul et al., 2020; Yulindra et al., 2017). This research 
will also be useful for researchers around the world who 

Table 3. Species Identification and Similarity 

Species Location Accession ID 

Query Coverage 
(%) 

Percent Identity 
(%) 

21PPR_JMB 
(Notopterus notopterus from Brantas 

River) 

Notopterus notopterus Indonesia: Sumatra KM213053.1 97 99,55 
Notopterus notopterus Indonesia: Java and Bali KU692675.1 94 99,84 
Notopterus notopterus Thailand: Kwan Phayao MK049497.1 95 99,38 
Notopterus notopterus Thailand AP008925.1 97 98,49 
Notopterus notopterus Thailand: Ing River MW343514.1 93 99,37 
Notopterus notopterus Malaysia KT022089.1 97 98,03 
Notopterus notopterus Thailand MK448091.1 92 99,21 
Notopterus notopterus Malaysia: Kerian River MT328861.1 95 98,30 
Notopterus notopterus Thailand MK628319.1 92 99,05 
Notopterus notopterus India: Punarbhaba River, Malda, West Bengal JX901490.1 95 92,74 
Notopterus notopterus Myanmar: Shan State, Nyaung Shwe, Inle Lake LC189928.1 93 98,28 
Notopterus notopterus Bangladesh: Chittagong Division, Rangamati, fish 

landing pier 
MK572369.1 95 92,58 

Notopterus notopterus Pakistan MT434341.1 90 92,54 
Chitala lopis Indonesia: Sumatra KM213054.1 97 88,40 
Xenomystus nigri  Republic of the Congo MK074697.1 94 81,00 
Papyrocranus afer Nigeria JF510515.1 93 80,56 
Hemibagrus nemurus Indonesia: Java MK312566.1 68 75,91 
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will focus on the genetics and lineage of this species 
(Nugroho et al., 2020). Considering the DNA barcode in 
this study has been able to explain the genetic 
relationship of bronze featherback fish (N. notopterus) 
originating from the Brantas River, Mojokerto Regency, 
East Java to the same species originating from various 
locations. This information plays a crucial role in 
conserving genetic resources and cultivating bronze 
featherback fish. Using this DNA barcode, we will be able 
to breed individuals with higher survival rates by 
implementing selective breeding (high genetic diversity) 
to suppress inbreeding (low genetic diversity) in a 
population. Selective breeding activity is the most 
important aspect of efforts to conserve the genetic 
resources of a fish species because in practice since it 
can determine which individuals will be selected as 
brooders for the next better generation (Hadie et al., 
2014). Frankham (2003) has stated that individuals with 
high genetic diversity (non-inbreeding) tend to have a 
greater chance of survival because they are considered 
better able to adapt to climate change, new diseases or 
pests, pollution to habitat destruction. Therefore, it is 
crucial to conduct this research to support efforts to 
conserve genetic resources and build a superior bronze 
featherback fish farming ecosystem to prevent the 
extinction of the N. notopterus species which is 
becoming increasingly evident in Indonesia, especially 
Brantas River.  

 

Conclusion 
 

In conclusion, we found that our samples from the 
Brantas River have 615 base pairs with 100% Percent 
Identity value with N. notopterus obtained from South 
Sumatra (KM213053.1) and Central Java: Rawa Pening 
Lake (KU692675.1) sample of GenBank NCBI. This is the 
first identification DNA barcode of bronze featherback 
fish N. notopterus in Brantas River, Mojokerto Regency, 
East Java, Indonesia. Our sample (21PPR_JMB) has also 
been submitted to GenBank NCBI with Accession 
Number OP872712. 
 

Ethical Statement 
 

Specific permission was not required to conduct 
sampling for this research. No experiments have been 
carried out using living organisms. The authors confirm 
that the field studies did not involve any endangered or 
protected species. 
 

Funding Information 
 

This research work was a form of collaboration of 
Faculty of Fisheries and Marine, Universitas Airlangga, 
Indonesia; Oceanogen Environmental Biotechnology 
Laboklinikum, Indonesia; and King Abdulaziz University, 
Kingdom of Saudi Arabia with project of Merdeka 
Belajar Kampus Merdeka 2021 No. 0324/E.E1/ 
KM.11.02/2021.  

Author Contribution 
 

The research was design by Wulansari and Jamal. 
Laboratory and molecular analysis were done by 
Khansa, Farizky, Sani, and Madduppa. Field studies was 
carried out by Khansa and Farizky. All authors 
contributed to the writing of the article.  
 

Conflict of Interest 
 

The authors declare that they have no conflict of 
interest that can influence the work reported in this 
paper.  
 

Acknowledgements 
 

We would like to express our gratitude for Faculty 
of Fisheries and Marine, Universitas Airlangga; 
Department of Marine Biology, Faculty of Marine 
Sciences, King Abdulaziz University; and Oceanogen for 
this collaboration.  
 

References 
 
Abbas, F., Hafeez-ur-Rehman, M., Ashraf, M., & Iqbal, K.J. 

(2013). Body Composition of Feather Back Notopterus 
notopterus and Rita rita from Balloki Headworks-
Pakistan. Journal of Agri-Food Applied Sciences, 1, 126-
129.  

Borkhanuddin, M.H., Urvashi G., Gabor C., Khalman M., 
Stephen D.A., & Csaba S. (2020). Description of 
myxospores (Cnidaria: Myxozoa) infecting the popular 
food fish Notopterus notopterus (Pisces: Notopteridae) 
in Malaysia and India. Food and Waterbone Parasitology, 
20, e00092. 
https://doi.org/10.1016/j.fawpar.2020.e00092. 

Dahruddin, H., Hutama, A., Busson, F., Sauri, S., Hanner, R., 
Keith, P., Hadiaty, R., & Hubert, N. (2017). Revisiting the 
ichthyodiversity of Java and Bali through DNA barcodes: 
taxonomic coverage, identification accuracy, cryptic 
diversity and identification of exotic species. Molecular 
Ecology Resources, 17(2), 288-299. 
https://doi.org/10.1111/1755-0998.12528. 

Doellman, M., Ragland, G., Hood, G., Meyers, P., Egan, S., 
Powell, T., Lazorchak, P., Glover, M., Tait, C., Schuler, H., 
Hanh, D., Berlocher, S., Smith, J., Nosil, P., & Feder, J. 
(2018). Genomic Differentiation during Speciation-with-
Gene-Flow: Comparing Geographic and Host-Related 
Variation in Divergent Life History Adaptation in 
Rhagoletis pomonella. Genes, 9(5),262. 
https://doi.org/10.3390/genes9050262.  

Frankham, R. (2003). Genetics and conservation biology. 
Comptes Rendus Biologies, 326, 22-29. 
https://doi.org/10.1016/S1631-0691(03)00023-4. 

Ghouri, M.Z., Ismail, M., Javed, M.A., Khan, S.H., Munawar, N., 
Umar, A.B., Nisa, M.U., Aftab, S.O., Amin, S., Khan, Z., & 
Ahmad, A. (2020). Identification of edible fish species of 
Pakistan through DNA barcoding. Frontiers in Marine 
Science, 7, 554183. 
https://doi.org/10.3389/fmars.2020.554183. 

Hadie, L., Hadie, W., & Rasidi. (2014, June). Konservasi 
keragaman genetik sebagai bahan program seleksi untuk 
pengembangan akuakultur. In Prosiding Seminar 



Genetics of Aquatic Organisms GA549 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nasional Ikan ke 8, 8(2), 221-226. Bogor: Pusat Penelitian 
Biologi LIPI. 

Hebert, P.D., Cywinska, A., Ball, S.L., & DeWaard, J.R. (2003). 
Biological identifications through DNA barcodes. 
Proceedings of the Royal Society of London. Series B: 
Biological Sciences, 270(1512), 313-321.  
https://doi.org/10.1098/rspb.2002.2218.  

Khairul, K., Andriansah, B., Machrizal, R., & Dimenta, R.H. 
(2020). Aspek Biologi Ikan Belida (Notopterus 
notopterus) pada Perairan Rawa Sungai Barumun 
sebagai Upaya Monitoring Perlindungannya. Konservasi 
Hayati, 16(2), 53-58.  
https://doi.org/10.33369/hayati.v16i2.11641.  

Kimura, M. (1980). A simple method for estimating 
evolutionary rates of base substitutions through 
comparative studies of nucleotide sequences. Journal of 
Molecular Evolution, 16(2), 111-120. 
https://doi.org/10.1007/BF01731581.  

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). 
MEGA X: molecular evolutionary genetics analysis across 
computing platforms. Molecular Biology and Evolution, 
35(6), 1547. 
https://doi.org/10.1093%2Fmolbev%2Fmsy096  

Lavoué, S., Ghazali, S.Z., Jamaluddin, J.A.F., Nor, S.A.M., & Zain, 
K.M. (2020). Genetic evidence for the recognition of two 
allopatric species of Asian bronze featherback 
Notopterus (Teleostei, Osteoglossomorpha, 
Notopteridae). Zoosystematics and Evolution, 96, 449-
454. https://doi.org/10.33369/10.3897/zse.96.51350. 

Liu, S.P., Yang, Z.Y., Wang, D.Q., Liu, M., & Duan, X.B. (2015). 
The mitochondrial genome of Mystacoleucus 
marginatus (Cypriniformes, Cyprinidae). Mitochondrial 
DNA, 26(6), 823-824. 
https://doi.org/10.3109/19401736.2013.855911. 

Memon, K.H., Memon, A.M., Ursani, T.J., Shaikh, A.M., & 
Memon, S.W. (2021). Population Parameters and 
Exploitation Status of Clown Knifefish Notopterus chitala 
(Hamliton, 1822) from Indus River, Pakistan. Pakistan 
Journal of Zoology, 1, 1-11. 
https://dx.doi.org/10.17582/journal.pjz/20200615120649 

Nugroho, E., Dewi, R.R.S.P.S., Aisyah, A., & Priono, B. (2020). 
Status perikanan belida (Chitala lopis) di Propinsi Riau 
dan strategi pengelolaannya secara berkelanjutan. 
Jurnal Kebijakan Perikanan Indonesia, 12(2), 87-99. 
http://dx.doi.org/10.15578/jkpi.12.2.2020.87-99. 

Pramono, T.B., Arfiati, D.A., Widodo, M.S., & Yanuhar, U.Y. 
(2017). Identifikasi ikan Genus Mystus dengan 
pendekatan genetik. Jurnal Sumberdaya Akuatik 
Indopasifik, 1(2), 123-132. 
https://doi.org/10.30862/jsai-fpik-unipa.2017.Vol.1.No.2.34 

Rapita, S., Kurniawan, D., Lestari, F., Sabriaty, D. & Rianti, U. 
(2021, November). Food habits of belida fish (Notopterus 
notopterus, Pallas 1769) in Sei Gesek Reservoir, Bintan 
Regency, Riau Island, Indonesia. In IOP Conference 
Series: Earth and Environmental Science, 919(1), p. 
012003. IOP Publishing. 
https://doi.org/10.33369/10.1088/1755-
1315/919/1/012003. 

Saleky, D. & Dailamy, M. (2021). Konservasi genetik ikan kakap 
putih (Lates calcarifer, Bloch, 1790) melalui pendekatan 
DNA barcoding dan analisis filogenetik di sungai Kumbe 
Merauke Papua. Jurnal Kelautan Tropis, 24(2), 141-151. 
https://doi.org/10.14710/jkt.v24i2.10760. 

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a 
new method for reconstructing phylogenetic trees. 
Molecular biology and evolution, 4(4), 406-425. 
https://doi.org/10.1093/oxfordjournals.molbev.a040454 

Sukendi, Thamrin, Putra, R.M., & Yulindra, A. (2020). Behavior 
and reproduction of belida fish (Notopterus notopterus, 
Pallas 1769) in different stocking density and nurtured 
with different types of feed. Journal of Animal Behaviour 
and Biometeorology, 8(3), 181-189.  
http://dx.doi.org/10.31893/jabb.20024.  

Syaifudin, M., Jubaedah, D., Muslim, M. & Daryani, A. (2017). 
DNA authentication of Asian redtail catfish Hemibagrus 
nemurus from musi and penukal river, South Sumatra 
Indonesia. Genetics of Aquatic Organisms, 1, 43-48. 
http://dx.doi.org/10.4194/2459-1831-v1_2_01. 

Syaifudin, M., Jubaedah, D., Yonarta, D., & Hastuti, Z. (2019, 
November). DNA barcoding of snakeskin gourami 
Trichogaster pectoralis and blue bourami Trichogaster 
trichopterus based on cythocrome c oxidase subunit I 
(COI) gene. In IOP Conference Series: Earth and 
Environmental Science, 348(1), p. 012031. IOP 
Publishing.  
http://dx.doi.org/10.1088/1755-1315/348/1/012031. 

Syaifudin, M., Wijayanti, M., Dwinanti, S.H., Muslim, M., 
Mahendra, M., & Marliana, S. (2020). DNA barcodes and 
phylogenetic of striped snakehead and ocellated 
snakehead fish from South Sumatra, Indonesia. 
Biodiversitas Journal of Biological Diversity, 21(3), 1227-
1235.  
https://doi.org/10.13057/biodiv/d210350. 

Van Leeuwen, C.H., Dalen, K., Museth, J., Junge, C., & 
Vøllestad, L.A. (2018). Habitat fragmentation has 
interactive effects on the population genetic diversity 
and individual behaviour of a freshwater salmonid fish. 
River Research and Applications, 34(1), 60-68. 
https://doi.org/10.1002/rra.3226. 

Wang, S., Hard, J.J., & Utter, F. (2001). Salmonid Inbreeding: a 
Review. Reviews in Fish Biology and Fisheries, 11(4), 301-
319. https://doi.org/10.1023/a:1021330500365.  

Ward, R.D., Zemlak, T.S., Innes, B.H., Last, P.R., & Hebert, 
P.D.N. (2005). DNA Barcoding Australia’s fish species. 
Philosophical Transactions of the Royal Society B-
Biological Sciences, 360(1462), 408-418. 
https://doi.org/10.1098/rstb.2005.1716. 

Wibowo, A., & Sunarno, M.T.D. (2006). Karakteristik habitat 
ikan belida (Notoptera chitala). BAWAL Widya Riset 
Perikanan Tangkap, 1(1), 19-24. 
http://dx.doi.org/10.15578/bawal.1.1.2006.19-24. 

Yulindra, A., Lumbantoruan, R.P., Zulkifli, & Sukendi. (2017). 
Effect of ovaprim with different dosage to ovulation and 
eggs quality of knife fish (Notopterus notopterus). 
International Journal of Ocean and Oceanography, 11(2), 
189-199 


