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1. Introduction
  

	 The Barred rainbowfish (Chilatherina fasciata) 
is a Melanotaeniidae fish family with the IUCN 
conservation status of Least Concern (Allen et al. 
2020). Generally, rainbowfishes have a high economic 
value because people keep them as exotic fishes 
(Elfidasari et al. 2015). However, farmers reported 
many problems when raising Melanotaeniidae fish, 
such as decreased production, a higher proportion 
of females per spawning, loss of coloration, lower 
growth rate, and fecundity (Nugraha et al. 2015). 
Generally, the Melanotaeniidae fish are spawning 
in wet and dry seasons (McGuigan et al. 2005). 
Barred rainbowfishes are restricted in New Guinea, 
belonging to the Mamberamo River (Allen 1981). 
Chilatherina fasciata are relatively small fishes; males 
may reach a maximum size of 12 cm, but females 
are usually less than 10 cm. Sexual maturity occurs 
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in most species at a relatively small size, usually 
about 3.5- 4.0 cm in females and 4.5-5.5 cm in males. 
Diet includes filamentous algae, small crustaceans, 
terrestrial insects (particularly ants and tiny beetles), 
and aquatic insect larvae (Allen 1981).
	 Mamberamo River has a high abundance of 
avifauna (Pattiselano 2005), herpetofauna (Krey 
2008), ichthyofauna (Binur and Ohee 2010), and 
insects (Rizal et al. 2019). Presently, there are eleven 
(11) fish species of Chilatherina sp., such as C. alleni, C. 
axelrodi, C. bleheri, C. bulolo, C. campsi, C. crassispinosa; 
C. fasciata; C. lorentzii; C. pagwiensis; C. pricei and 
C. sentaniensis (Unmack et al. 2013). In addition, 
there are three (3) main lineages of rainbowfish 
based on mitochondrial DNA sequence (5,696 bp), 
i.e., Northern, Southern, and Western New Guinea 
lineages (Unmack et al. 2013). Cytochrome-c oxidase 
subunit I (COI) gene is a part of the mitochondrial 
region that can be used for genetic characterization 
in the Melanotaeniidae fish family (Kadarusman 
et al. 2012; Nugraha et al. 2022). Therefore, the 
North New Guinea rainbowfishes (Melanotaenia 



affinis) were detected as a close kinship for Barred 
rainbowfishes based on the COI gene (Wibowo et al. 
2020). Moreover, Melanotaeniidae fish was classified 
into a similar cluster with Hypoatherina tsurugae and 
Chirostoma humboldtianum based on mitogenome 
DNA (Zhao et al. 2016).
	 Unfortunately, the genetic diversity of the 
mitochondrial COI gene in Barred rainbowfishes has 
not been reported before. Previous studies reported 
that a mitochondrial COI gene can be used to obtain the 
haplotype diversity in many Indonesian fish species, 
such as Green catfish (Hemibagrus nemurus), Kissing 
Gourami (Helostoma temminckii), Striped Snakehead 
(Channa striata), Tilapia (Oreochromis sp.), Cyprinid 
(Barbonymus sp.) and Selais (Ompok hypophthalmus) 
fishes (Nuryanto et al. 2019; Arisuryani et al. 2019; 
Arisuryani et al. 2020; Dailami et al. 2021; Batubara 
et al. 2021; Kasayev and Arisuryani 2022). This study 
aimed to observe the haplotype diversity in Barred 
rainbowfish from the Mamberamo River based on 
partial COI gene sequences. The results of this study 
are important to characterize Barred rainbowfishes 
based on their molecular genetics information. 
Additionally, molecular studies in endangered 
animals have an important role in presenting genetic 
database information about this species that can 
be used as a conservation guideline in the future 
(Pekkala et al. 2014).

2. Materials and Methods

2.1. Sample and Research Site
	 Thirty (30) samples of adult Barred rainbowfish 
were used in this study for DNA analysis. These fishes 
were collected in 2016 from the Mamberamo River of 
Western New Guinea, Indonesia. Four research sites at 
Mamberamo river i.e. Sungai Putus (03842086.100S, 
140816079.900E), Telaga (03843098.400S, 
140818019.200E), Kerumi (03844038.900S, 
140817088.200E) and Kali Merah (03844037.800S, 
140818055.500E) as illustrated in Figure 1. The fish 
samples were caught with six experimental gill nets 
(stretched size 12.7, 25.4, 38.1, 50.8, 76.2, and 101.6 
mm). All nets were randomly placed in the water of 
each research site 1.5 m deep and 15 m long. The nets 
were placed in the morning along 1,700 h. Thus, the 
fish were collected from the experimental nets every 
evening every 700 h. 

2.2. Post-collected Fish Handling
	 The caught fish were signed by a labeling 
machine (Dymo, USA) and captured by digital 
camera. Therefore, the DNA samples were collected 
from the fish muscle tissue (1 cm × 1 cm) with a 
sterilized scalpel or scissors and deposited into 1.5 
ml microtubes with 96% ethanol (EtOH) for DNA 
extraction. The species identification was assessed 
by observing the morphological characteristics of 
Allen (1991).

2.3. DNA Extraction, Amplification and 
Sequencing
	 The DNA extraction was performed with the 
muscle tissue of fish using a Genomic DNA extraction 
kit (Geneaid, Taiwan) following the manufacturer's 
protocol. The PCR reaction was performed in a total 
volume of 50 μL consisting of 5 μL of DNA template, 
25 μL of PCR mastermix (KAPA Biosystems, USA), 2 
μL of each primer (1mM), and 16 μL of free-nuclease 
water. A universal primer pair of fish (Ivanova et al. 
2007) was used in this study to amplify fish COI gene 
along 501 bp as follows: Forward: 5'- TAA TAC GAC 
TCA CTA TAG GGT TCT CCA CCA ACC ACA ARG AYA 
TYGG -3' and Reverse: 5'- ATT AAC CCT CAC TAA AGG 
GCA CCT CAG GGT GTC CGA ARA AYC ARAA -3'. The 
PCR program was performed using a master cycler 
machine with pre-denaturation at 95°C for 15 min 
followed by 35 cycles of denaturation at 94°C for 

Figure 1. Four research sites at the Mamberamo River of 
Western New Guinea, Indonesia, i.e., Sungai 
Putus (A), Telaga (B), Kerumi (C) and Kali Merah 
(D)
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52nd, 178th, 187th, and 346th nucleotides based on 
sequencing analysis as shown in Figure 3. According 
to these mutation sites, four (4) haplotypes of H1 (1 
fish), H2 (3 fishes), H3 (23 fishes), and H4 (3 fishes) 
were observed in the Barred rainbowfishes from the 
Mamberamo River. Commonly, Barred rainbowfish 
(H3) has a nucleotide composition of 24.30% for A, 
28.88% for C, 17.13% for G, and 29.68% for T. Hence, 
the GC and AT contents of H3 fish were 46.01% 
and 53.99%, respectively. Therefore, the haplotype 
diversity (Hd) and nucleotide diversity (pi) in the 
COI gene of fish under study were 0.405 and 0.003, 
respectively (Table 1). Thus, the Neutrality test of Fu 
and Tajima values in fish under study were 1.21 and 
-0.69, respectively.	

3.2. Phylogenetic Tree
	 According to the UPGMA tree (1,000 × bootstrap) 
of partial COI gene, Melanotaeniidae family fishes 
can be grouped into four (4) clusters based on partial 
COI gene, i.e., cluster 1 (M. mairasi), cluster 2 (M. susii, 
M. longispina, M. klasioensis, M. fasinensis, M. sembrae, 
M. boesemani, M. ajamaruensis, M. arfakensis, M. 
manibuii, M. irianjaya, M. sikuensis, M. angfa, M. 
rumberponensis, M. naramasae, M. veoliae, M. arguni, 
M. ammeri, M. synergos, M.catherinae), cluster 3 (M. 
vanheurni, M. rubripinnis, M. affinis, M. praecox, C. 
campsi, C. alleni, C. bleheri, C. pricei, C. fasciata) and 
cluster 4 (M. duboulayi, M. fluviatilis, M. parkinsoni, M. 
eachamensis, M. australis, M. gracilis, M. maccullochi, M. 
papuae, M. sexlineata, M. splendida, M. herbetaxelrodi, 
M. goldiei, M. oktediensis, M. lacustris, M. trifasciata) 

30 s, annealing at 55°C at 90 s; extension at 72°C 
for 30 s and final extension at 72°C for 5 min. The 
DNA visualization was performed in 1% agarose gel 
and captured by UV-transilluminator. Therefore, the 
forward sequence analysis was performed through 
a commercial laboratory service (Macrogen, South 
Korea).

2.4. Data Analysis
	 The observed sequences in this study were 
analyzed using three (3) molecular software BioEdit 
(Hall 2011), MEGA (Hall 2013), and DNAsp (Librado 
and Rozas 2009). BioEdit was used for sequencing 
alignment and detecting the mutation sites in the 
observed sequences. MEGA was used to create a 
phylogenetic tree of Barred rainbowfish with the 
UPGMA 1,000 × bootstrap replicates method. DNAsp 
was used to obtain the genetic diversity parameters 
such as haplotype diversity (Hd), nucleotide diversity 
(pi), Fu's Fs statistics, and Tajima's test. Therefore, 
a similar sequence of the Melanotaeniidae family 
of fishes was collected from the BOLDSYSTEMS 
database (https://www.boldsystems.org) to create a 
phylogenetic tree of Barred rainbowfish

3. Results

3.1. Genetic Diversity
	 Along 501 bp of COI gene in Barred rainbowfish 
was amplified successfully based on universal COI 
primer as shown in Figure 2. Interestingly, seven 
(7) mutation sites were detected in the 1st, 17th, 43rd, 

Figure 2. The partial COI gene (501 bp) amplification in Barred rainbowfish (Chilatherina fasciata) on 10% acrylic gel. M: 
DNA marker 100 bp; Line 1-7: DNA sample
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The Hd and pi values in this study are classified 
into low categories. The Hd value is classified into 
low (<0.50) and high (>0.50) categories. In contrast, 
the pi is categorized into low (0.01-0.04), moderate 
(0.05-0.07), and high (0.08-1.00) categories (Nei and 
Kumar 2000). Low Hd value in Barred rainbowfishes 
can be caused by isolated geographical factors 
and natural barriers that inhibit the genetic flow 
from another population. A low pi value in Barred 
rainbowfishes indicates low sequence variation 
because of no cross-mating with other rainbowfishes. 
The haplotype diversity is controlled by various 
processes, including mutation, recombination, 
marker ascertainment, and demography (Stumpf 
2004). A high genetic diversity will follow a high 
haplotype diversity. Haplotype and nucleotide 
diversity of mtDNA are two important indicators 
for assessing population polymorphism and genetic 
differentiation. Despite this, the species expansion 
may be shown in Barred rainbow fish, signed by 
a negative in Tajima's test (-0.69). Furthermore, 
the negative value of the neutrality test indicated 
an excessive number of alleles due to population 
constraints on the selection being too dominant (Nei 
and Kumar 2000). Interestingly, Melanotaeniidae 
genera, such as Melanotaenia, Chilatherina, and 
Glossolepis, can be hybridized when kept in captivity 

Figure 3. Sequence alignment among haplotype of COI gene (502 bp) in Barred rainbowfish (Chilaterina fasciata) reveals 
seven (7) mutation sites (black arrow) at 1st, 17th, 43th, 52th, 178th, 187th and 346th nucleotides

Table 1. Genetic diversity in the partial COI gene of 
Barred rainbowfish (Chilatherina fasciata) at 
Mamberamo River of Western New Guinea, 
Indonesia

Parameter Value
Number of the observed sequence
Number of observed site
Number of the mutation site
Number of haplotypes
Haplotype diversity (Hd)
Nucleotide diversity (pi)
Fu's Fs statistics
Tajima's D test

30
502
7
4
0.405
0.003
1.21
-0.69

as shown in Figure 4. However, according to the 
partial COI gene, the Barred rainbowfish (C. fasciata) 
has a close genetic relationship with Van Heurn's 
rainbowfish (M. vanheurni).   

4. Discussion

	 Commonly, H3 is detected as the origin lineage 
of Barred rainbowfish at Mamberamo River because 
of its high frequency. Thus, Fatimah et al. (2023) 
reported that the AT content (63.90%) in Asian 
Horseshoe crabs (Tachypleus tridentatus; Tachypleus 
gigas; Carcinoscorpius rotundicauda) was higher 
than GC content (36.20%) and close to this study. 
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Figure 4. The phylogenetic tree of Barred rainbowfish (Chilatherina fasciata) and Melanotaeniidae family fishes based on 
partial COI gene with UPGMA 1,000 × bootstrap replications

(McGuigan et al. 2005). Hence, the hybridization 
among Melanotaeniidae genera can cause genetic 
and phenotypic variations in the species population.
	 In this study, M. vanheurni is detected as the 
closest kinship of C. fasciata based on a partial COI 
gene. In addition, Unmack et al. (2013) reported 
that Chilatherina and Glossolepis fishes have a 
close genetic relationship with M. affinis based 
on 6,827 bp of partial mitogenome sequence 
(Unmack et al. 2013). Moreover, C. fasciata fishes 
have a close genetic relationship with M. affinis 

based on the partial COI gene (Wibowo et al. 2020). 
Melanotaenidae family fishes are categorized into 
seven (7) genera: Cairnsichthys, Iriatherina, Pelangia, 
Rhadinocentrus, Melanotaenia, Chilatherina and 
Glossolepis (Tappin 2011; Kadarusman et al. 2012; 
Allen and Unmack 2012). In the present study, the 
family fish of Cyprinidae is the closest kinship for 
Melanotaeniidae fishes rather than the Claridae 
and Cichlidae families. Despite this, Bedotidae, 
Telmatherinidae, and Pseudomugilidae fish families 
are the sister clusters of Melanotaenidae fish 
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based on the mitochondrial ND5 gene (Sparks and 
Smith 2004). In addition, the karyotyping analysis 
revealed that Melanotaenia sp. is close to Glossolepis 
sp. (Majtanova et al. 2022).
	 We concluded that seven mutation sites were 
detected in the partial COI gene with four (4) 
haplotypes of H1 (3%), H2 (10%), H3 (77%) and H4 
(10%). Hence, H3 is the common haplotype of Barred 
rainbowfish at Mamberamo River. Therefore, the 
phylogenetic tree analysis revealed that M. vanheurni 
is the closest kinship of the Barred rainbowfish.

Acknowledgements 
	
	 This study was supported financially by the 
Research Institute for Inland Fisheries (RIIF), 
Division of Genetics, Department of Biology, 
Turku University, the Erasmus Mundus Research 
Fellowship Programme, Academy of Finland, and 
the Estonian Ministry of Education and Research 
(Institutional Research Funding Project IUT8–2)

References

Allen, G.R., 1981. A revision of the rainbowfish genus 
Chilatherina (Melanotaeniidae). Rec. West. Aust. Mus. 
9, 279-299.

Allen, G.R., 1991. Field Guide to the Freshwater Fishes of New 
Guinea. Christensen Research Institute, Madang.

Allen, G.R., Unmack, P.J., 2012. A new species of rainbowfish 
(Chilatherina: Melanotaeniidae), from the Sepik 
River system of Papua New Guinea. AQUA - Int. J. 
Ichthyol. 18, 227-237.

Allen, G.R., Kadarusman, Unmack, P., 2020. Chilatherina 
fasciata. The IUCN Red List of Threatened 
Species 2020: e.T161079834A161080091. 
Available at: https://www.iucnredlist.org/
species/161079834/161080091. [Date accessed: 18 
April 2023] 

Arisuryanti, T., Firdaus, N.U.N., Hakim, L. 2020. Genetic 
characterization of Striped Snakehead (Channa striata 
Bloch, 1793) from Arut river, Central Kalimantan 
inferred from COI mitochondrial gene. AIP Conf. Proc. 
2260, 020001. http://doi.org/10.1063/5.0015905

Arisuryanti, T., Pratama, G.A., Hakim, L., Koentjana, J.P., 
Nazira, F.K., 2019. Genetic characterization of Kissing 
Gourami (Helostoma temminckii Cuvier, 1829) in 
Ogan river, South Sumatra inferred from 16s rRNA 
and COI mitochondrial genes. Indones. Fish. Res. J. 25, 
37-44. http://doi.org/10.15578/ifrj.25.1.2019.37-44

Batubara, A.S., Muchlisin, Z.A., Efizon, D., Elvyra, R., Fadli, 
N., Rizal, S., Siti-Azizah, M.N., Wilkes, M., 2021. DNA 
barcoding (COI genetic marker) revealed hidden 
diversity of Cyprinid fish (Barbonymus spp.) from 
Aceh waters, Indonesia. Biharean Biol. 15, e201306

Binur, R., Ohee, H.L., 2010. The diversity of freshwater 
fishes in Haya, Mamberamo-Papua. Natural. 9, 54-
61. https://doi.org/10.30862/jn.v9i1.319

Dailami, M., Rahmawati, A., Saleky, D., Toha, A.H.A., 2021. 
DNA barcoding of tilapia fish from Merauke, Papua 
and Malang, East Java-Indonesia. AACL Bioflux. 14, 
849- 858.

Elfidasari, D., Yuliani, F., Kadarini, T., Musthofa, S.Z., 2015. 
Development of larvae rainbow fish Boesemani 
(Melanotaenia boesemani): Phase depreciation of 
yellow egg, forming eyes and opening of mouth. J. Al-
Azhar Indonesia. 3, 49-53. http://doi.org/10.36722/
sst.v3i1.184

Fatimah, F., Mustopa, A.Z., Fauziyah, Purwiyanto, A.I.S., 
Priyanto, L., Sari, N.P., Agustriani, F., Rzirwan, R., 
2023. COI gene analysis of Asian horseshoe crab in 
Banyuasin estuarine waters, Sumatra, Indonesia. 
Hayati J. Biosci. 30, 567-575. http://doi.org/10.4308/
hjb.30.3.567-575

Hall, T., 2011. BioEdit: An important software for molecular 
biology. GERF Bullet. Biosci. 2, 60-61.

Hall, B.G., 2013. Building phylogenetic trees from molecular 
data with MEGA. Mol. Biol. Evol. 30, 1229-1235. 
htpp://doi.org/10.1093/molbev/mst012

Ivanova, N.V., Zemlak, T.S., Hanner, R.H., Hebert, P.D.N., 
2007. Barcoding universal cocktails for fish DNA 
barcoding. Mol. Ecol. Notes. 7, 544-548. http://doi.
org/10.1111/j.1471-8286.2007.01748.x

Kadarusman, Hubert, N., Hadiaty, R.K., Sudarto, Paradis, 
E., Pouyaud, L., 2012. Cryptic diversity in Indo-
Australian rainbowfishes revealed by DNA 
barcoding: Implications for conservation in a 
biodiversity hotspot candidate. PloS ONE. 7, e40627. 
http://doi.org/10.1371/journal.pone.0040627

Kasayev, T., Arisuryanti, T., 2022. COI-based DNA barcoding 
of Selais fish from Arut river, Central Kalimantan, 
Indonesia. J. Trop. Biodiv. Biotechnol. 27, 1-12. http://
doi.org/10.22146/jtbb.66510 

Krey, K., 2008. Herpetofauna in the Haya lowland forest 
area, Mamberamo, Papua. Natural. 7, 27-32. https://
doi.org/10.30862/jn.v7i1.675 

Librado, P., Rozas, J., 2009. DnaSP v5: A software for 
comprehensive analysis of DNA polymorphism 
data. Bioinformatics. 25, 1451-1452. http://doi.
org/10.1093/bioinformatics/btp187

Majtanova, Z., Unmack, P.J., Prasongmaneerut, T., Shams, 
F., Srikulnath, K., Rab, P., Ezaz, T. 2022. Evidence 
of interspecific chromosomal diversification in 
rainbowfishes (Melanotaeniidae, Teleostei). Genes. 
11, 818. http://doi.org/10.3390/genes11070818

McGuigan, K., Stephen, F., Chenoweth, Mark, W.B., 2005. 
Phenotypic divergence along lines genetic variance. 
Am. Nat. 165, 32-43. http://doi.org/10.1086/426600

Nei, M., Kumar, S., 2000. Molecular Evolution and Molecular 
Genetics. Oxford University Press, New York. 

Nugraha, M.F.I., Pouyaud, L., Carman, O., Widyastuti, 
U., Junior, M.Z., Kadarusman, Avarre, J.C., 2015. 
Genetic diversity of Boeseman's Rainbowfish 
(Melanotaenia boesemani) reared in Indonesian 
farms compared to endangered natural populations. 
Trop. Conserv. Sci. 8, 796-812. https://doi.
org/10.1177/194008291500800315 

Nugraha, R., Dewi, P.S., Nurilmala, M., 2022. Evaluation 
of COI gene primer as a biomarker traceability 
using bioinformatics. JPHPI. 25, 67-79. http://doi.
org/10.17844/jphpi.v25i1.36501

Nuryanto, A., Komalawati, N., Sugiharto, 2019. Genetic 
diversity assessment of Hemibagrus nemurus from 
rivers in Java Island, Indonesia using COI gene. 
Biodiversitas. 20, 2707-2717. http://doi.org/10.13057/
biodiv/d200936

Pattiselanno, F., 2005. Birds diversity at the Membaramo 
river basin, Papua. Biota. 10, 200- 202.

Pekkala, N.,Knott, K.E., Kotiaho, J.S., Nissinen, K., Puurtinen, 
M., 2014. The effect of inbreeding rate on fitness, 
inbreeding depression and heterosis over a range 
of inbreeding coefficients. Evol Appl. 7, 1107-1119. 
http://doi.org/10.1111/eva.12145. 

HAYATI J Biosci                                                                                                                                                               	    131
Vol. 31 No. 1, January 2024



Rizal, A., Suryana, A.A.H., Rosidah, Nurruhwati, I., 2019. 
Diversity and the abundance of the insect of 
Coleoptera orders at Mamberamo river bank of 
Papua Province, Indonesia. Sci. News Pacific Reg. 133, 
132-144. 

Sparks, J.S., Smith, W.L., 2004. Phylogeny and biogeography 
of the Malagasy and Australasian rainbowfishes 
(Teleostei: Melanotaenioidei): Gondwanan 
vicariance and evolution in freshwater. Mol. 
Phylogenet. Evol. 33, 719-734. http://doi.org/10.1016/j.
ympev.2004.07.002

Stumpf, M., 2004. Haplotype diversity and SNP frequency 
dependence in the description of genetic variation. 
Eur. J. Hum Genet. 12, 469-477. https://doi.
org/10.1038/sj.ejhg.5201179 

Tappin, A., 2011. Rainbowfishes their Care and Keeping in 
Captivity, second ed. Rainbowfish Book, Australia

Unmack, P.J., Allen, G.R., Johnson, J.B., 2013. Phylogeny and 
biogeography of rainbowfishes (Melanotaeniidae) 
from Australia and New Guinea. Mol. Phylogenet. 
Evol. 67, 15-27. http://doi.org/10.1016/j.
ympev.2012.12.019

Wibowo, A., Atminarso, D., Baumgartner, L., Vasemagi, A., 
2020. High prevalence of non- native fish species in 
a remote region of the Mamberamo river, Indonesia. 
Pacific Conserv. Biol. 26, 293-300. https://doi.
org/10.1071/pc19004

Zhao, Y., Chen, Z., Gao, J., Wang, L., Lu, K., 2016. The 
complete mitochondrial genome of Western 
rainbowfish (Melanotaenia australis Castelnau, 
1875). Mitochondrial DNA Part B. 1, 308-309. http://
doi.org/10.1080/23802359.2016.1168714

132	                                                                                                                                               	               Putra WPB et al.


