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Abstract 

Siamese fighting fish (Betta splendens) is originated from Southeast Asia and one of Indonesia’s 

most profitable exports commodity. However, scientific studies on Siamese fighting fish 

chromosomes remain limited. Chromosomal information is very useful for disclosing the 

diversity and genetic relationships of animals and provides clues to the most appropriate 

conservation measures for a species. Moreover, affordable chromosome visualization procedures 

are also a main concern for animal research. This research aims to determine the optimal 

chromosome preparation time, the best method for observing prometaphase, and the 

chromosomal characteristics of different types of betta fish based on their diploid numbers. The 

results showed that the optimal time for chromosome preparation is between 07:00 am and 12:00 

pm and that the best method for observing chromosomes is the splash method from Kligerman 

and Bloom modified by soaking samples in colchicine for 11-12 h. The chromosome numbers of 

Giant, Plakat, Crown tail, and Halfmoon bettas are identical, i.e., 2n=42. 
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INTRODUCTION 

Siamese fighting fish (Betta splendens) is originated 

from Southeast Asia (Purivirojkul 2012; Saekhow et 

al. 2018) and one of the most popular ornamental 

fish in Indonesia. Siamese fighting fish is 

recognized by its coloration, showoff tail, fins, and 

boldness. This species is known for its diverse 

breeds (e.g., Halfmoon, Double Tail, Crown tail, 

Plakat, and Giant) and is able to produce fertile 

offspring when crossed with other bettas. Siamese 

fighting fish or commonly known as Betta fish are 

classified as aggressive fish and like to show off 

their boldness, flowing tails and fins, and flaring 

gill. Siamese fighting fish possess short tails and 

fins, two features resulting from selective breeding 

(Ramos & Goncalves, 2019).  

Siamese fighting fish has a wide range of 

colorations having unique reproductive and paternal 

care behavior. Fish exhibits its distinctive behaviors 

in laboratory setups making this fish valuable 

animal model for many purposes (Forsatkar et al. 

2014; Purivirojkul 2012; HedayatiRad et al. 2017; 

Saekhow et al. 2018; Eisenreich et al. 2015; 

Eisenreich et al. 2017; Norazmi-Lokman et al. 

2020). This species can be categorized into two 

groups: ornamental and fighting. Siamese fighting 

fish with long fins and tails, also known as Slayer, 

is the forerunner of ornamental bettas. Hobbyists 

then began to breed and develop ornamental 

Siamese fighting fish for aquariums (Mandal et al. 

2010; Sipaúba-Tavares et al. 2016). 

Ornamental bettas are often seen in various 

exhibitions, and contests to highlight the beauty of 

the fish. Ornamental Betta has attractive colors, 

beautiful scales, and proportionate body shapes and 

is divided into several breeds according to their 

morphological features, including Halfmoon, 

Double Tail, Crown tail, Plakat, and Giant (Zhan et 

al. 2022; Lichak et al. 2022).  

The vast variety of Siamese fighting fish in the 

market is produced from mass cultivation since this 

fish is capable of producing fertile offspring when 

crossed with other Bettas. Chromosomal 

information is useful for disclosing the diversity and 

genetic relationships of animals and provides clues 

on the best preservation efforts for a species. This 
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research aims to investigate the chromosome 

numbers and the mitotic time of Siamese fighting 

fish Giant Plakat, Crown tail, and Halfmoon in 

Indonesia.  

 

MATERIALS AND METHODS  

The specimens in this research were obtained from 

an ornamental fish market (PASTY; Pasar Satwa 

dan Tanaman Hias Yogyakarta) in Yogyakarta 

Special Province, Indonesia. Chromosome 

preparation and observation, and photographs of the 

samples were taken at the Laboratory of Genetics 

and Breeding, Faculty of Biology UGM and 

Laboratory of Aquaculture, Faculty of Fisheries and 

Marine Science Institute Pertanian Bogor (IPB). 

The chromosome preparation methods reported by 

previous authors (Foresti et al. 1993; Tjio & Wang 

1960; Klingerman & Bloom 1977) have been 

modified to improve the obtained results. For 

example, the speed of centrifugation has been 

increased to 1200 rpm, and centrifugation is 

repeated four times. A modification to the coloring 

process, which involves the use of 3% Giemsa 

solution for 45min, has been proposed. 

Modifications to the Kligerman method include 

incubation with 0.07% colchicine for 11h, 

increasing the KCl concentration to 0.075 M (by 

dissolving 5-6 g of KCl in 1 liter of distilled water), 

and two cycles of soaking for 30min each time. 

The use of Carnoy solution with 2 repetitions of 

soaking glass paraphernalia in 70% alcohol and 

increasing concentrations of Giemsa to 10% in 

distilled water with a soaking time of 30-60min have 

also been suggested. This research was conducted to 

determine the optimal chromosome preparation 

time and method for observing the prometaphase of 

Betta fish. Samples of B. splendens gill tissue were 

collected and prepared for chromosomal 

observation between 07:00 am to 12:00 pm.  

Explain Betta fish characteristics were analyzed, 

and number of chromosomes was counted. Adobe 

Photoshop CS5 and PhotoScape were used to edit 

images, and Image Raster 3 was used to count 

chromosome numbers. 

 

RESULTS AND DISCUSSION  

Siamese fighting fish is one of the most extensive 

breed of fish in the world (Prost et al. 2020). Many 

popular betta fish breeds were produced from cross-

breeding mating which resulted in fading of the 

species’ identity. The most affordable and 

inexpensive approach for preliminary genetics study 

was chromosome visualization through the 

squashing methods. 

Protocols of Foresti et al. (1993) and Tjio et al. 

(1960) are techniques commonly applied in 

preparing the chromosomes of fish. The advantages 

of these methods include small starting materials, 

low cost, and short preparation time. However, cell 

clumping and poor visualization of chromosomes 

limit the applications of these methods. A 

modification of a third method, the Kligerman 

(Kligerman et al. 1977) method, is commonly used 

at the Institute of Aquaculture, Faculty of Fisheries 

and Marine Sciences IPB University and Center for 

Research and Development of Ornamental Fish 

Aquaculture, Depok. While this modified technique 

requires fewer reagents than the previous methods, 

it also requires a relatively longer preparation time 

as the fish must first be incubated in colchicine and 

glass objects should be soaked in 70% alcohol for 

2h before use.  

The results of betta fish chromosome preparation 

according to the Foresti et al. (1993), Tjio et al., 

(1960), and Kligerman et al. (1977) protocols are 

shown in Figure. 1. Observation of the chromosome 

number may be performed via the Kligerman 

(Kligerman et al. 1977) protocol. In this case, the 

fish is soaked for 11h, and the optimal preparation 

time is between 7:00am and 12:00pm.  

The tissue samples of different betta breeds were 

soaked in colchicine at different times. Giant and 

Halfmoon betta samples were soaked for 11h 

(Tables 1a, b), and Crown tail betta samples were 

soaked for 12 h (Table 1c). The calculation results 

reveals that the diploid numbers of the 

chromosomes of Giant, Halfmoon, and Crown tail 

betta are identical at, 2n=42.    
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Plakat betta samples yielded chromosome 

number of 2n=174 (Fig. 2), which contrasts the 

chromosome number (i.e., 2n=42) observed in 

previous research (Ratanatham et al. 1978; 

Selezniow et al. 2008) (Fig. 3). The unusual 

chromosome number of Plakat bettas may be 

attributed to several reasons. Adjacent cell rupture 

may cause the number of chromosomes calculated 

C 

A 

Fig.1. Betta fish chromosome preparation 

according to (A) Foresti, (B) Tjio, and (C) 

Kligerman (bar=5 m). 

 

 
 

Fig.2. Plakat breed of betta fish (Betta splendens) showing a diploid number of 2n=174. 
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to exceed the number of chromosomes in the 

reference. Polyploidy (i.e., tetraploidy) may also 

occur in this breed (Hu et al. 2019). Finally, the 

excessive number of chromosomes observed may 

be a result of excessive excision, which breaks cells.  

The results reveal that B. splendens has a 

chromosome number of 2n=42. In another study, 

among fish from Osphronemidae, Colisa fasciatus 

(Osphronemidae) revealed a chromosome number 

of 2n=48 (Kaur & Srivastava 1965); Trichogaster 
microlepis, T. pectoralis, T. trichopterus, T. leeri, 
Colisa chuna, and C. leeri, have same chromosome 

number 2n=46 (Ali et al. 2017).  

 Chromosome preparation using Kligerman’s 

technique has also been applied to African catfish 

(Clarias gariepinus) and zebrafish (Danio rerio). 

The number of chromosomes found in these cases 

was 2n=56 and 2n=50 (Karami et al. 2015). In the 

Fig.3. Karyotype of Plakat breed of betta fish (Betta splendens). 

 

 
 

TTable 1. Karyotype visualizations of three Betta fish (Betta splendens) breed according to the Kligerman protocol (bar=1µm). 

 

 
 

Variable 
Colchicines soaking time 

11 hours 12 hours 

breeds Giant Halfmoon Crown tail 

Picture 

   
Chromosome 

numbers 

42 42 42 
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 present study, the karyotype was not presented 

because the findings are insufficient to construct its 

shape (the position of the centromere), which 

requires knowledge of the size and shape of 

chromosomes. Research on the morphological 

Karyotype of betta fish is necessary to better 

understand the format has been done (Ratanatham et 

al. 1978; Selezniow et al. 2008). Based on previous 

research (Ratanatham et al. 1978; Selezniow et al. 

2008), Betta splendens features 14 submetacentric 

and 28 acrocentric chromosomes.  

Other studies on the betta fish karyotype reveal 

that B. splendens has 12 submetacentric (Selezniow 

et al. 2008), 14 subtelocentric, and 16 acrocentric 

chromosomes. Differences in karyotype 

composition may be due to differences in the 

measurement level of spiralisation chromosomes 

and data analysis issues related to the small size of 

the chromosomes (Selezniow et al. 2008). 

 

CONCLUSION  

The results of this research reveal that Giant, Plakat, 

Crown tail, and Halfmoon Bettas have a 

chromosome number of 2n=42. The optimal time 

for Betta fish chromosome preparation is between 

07:00am and 12:00pm. An effective method to 

obtain good results is the modified Kligerman’s 

technique.  
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 کوتاهمقاله 

 (Betta splendens) سیامی فایتر ماهی میتوز زمان و هاکروموزوم تعداد
 

 یانپرداما الهام بهانا ودها، اکونتیانا پوترا یوهان ،*داریونو  ستیادی بودی

 ، یوگیاکارتا، اندونزی. مادا گدجه دانشگاه شناسی، زیست دانشکده اصلاح، و ژنتیک آزمایشگاه

 

 مطالعات حال، این با. شودمحسوب می اندونزی صادراتی ماهیان سودآورترین از یکی ،شرقی جنوب آسیای با منشاء( Betta splendens) سیامی فایتر ماهی چکیده:

 ایدر راست مناسب شواهدی و است مفید بسیار حیوانات ژنتیکی روابط و تنوع نمایش برای کروموزومی اطلاعات .است محدود فایتر سیامی ماهی هایکروموزوم روی بر

 پژوهش، این .است حیوانی تحقیقات در اصلی هاینگرانی از یکی یکروموزوم تصویرسازی صرفه به مقرون هایروش این، بر علاوه. دهدمی ارائه گونه یک حفاظتی اقدامات

 براساس B. splendens مختلف ماهی انواع کروموزومی خصوصیات و مرحله پرومتافاز مشاهده برای روش بهترین کروموزوم، سازیآماده بهینه زمان تعیین هدف با

 روش بهترین و بوده ظهر از بعد 00:00 تا قبل از ظهر 00:00 ساعت بین کروموزوم سازیآماده برای بهینه زمان که داد نشان نتایج شده انجام هاآن دیپلوئید شمارش

 هایواریتهاعداد کروموزومی  .است ساعت 00-00 مدت به سینکلشی در هانمونه ور کردنغوطه با شدهاصلاح بلوم و کلیگرمن اسپلش روش هاکروموزوم مشاهده برای

 تشخیص داده شد.  n0=20صورت بزرگ جثه، پلاکت، دم تاجدار و هلالی به شاملاین گونه 

 .اسپلش ،میتوز زمان سیتوژنتیک، کروموزوم، تعداد سیامی، مبارز ماهیکلیدی: کلمات

 

 


