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Abstract. Susari NNW, Suastika P, Agustina KK. 2021. Molecular analysis of Taro and Bali cattle using cytochrome oxidase subunit I 
(COI) in Indonesia. Biodiversitas 22: 165-172. Cytochrome oxidase subunit I (COI) is one of the molecular markers often used as a 
differentiator with many advantages in phylogeny analysis, and it thus rarely undergoes substitution. This research was conducted to 
characterize the genetics of Taro and Bali (Bos javanicus) cattle. Blood from the animals was collected from the jugularis vein and 
amplified by PCR. The target area was COI with a primer that was successfully amplified, namely the forward BICOIF (5'-TTC-
TCAACCAACCATAAAGATATTGG-3') and the reverse BICOIR fragment (5'-TAG-ACTTCGGGGTGTCCAAAGAATCA-3'). The 
PCR products' sequencing was carried out by phylogeny analysis using MEGA 6 software. The amplicon value that succeeded in 

electrophoresis was 710bp, while six polymorphic sites were obtained at base positions of 1, 300, 379, 675, 676, and 679. The 
haplotypes (Hap) obtained were 4, with a genetic distance that ranged from 0.000-0.001. The nitrogenous bases of the amino acid 
composition from the samples showed no significant difference. The phylogenetic tree (Tamura-Nei) classified the cattle into two clades 
with a genetic distance of 0.0005. 
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INTRODUCTION 

The Bali cattle strain is one of the Indonesian banteng 

descendants (Bos javanicus) that has undergone 

domestication in the islands of Java, Bali, and Lombok 

(Besung et al. 2019; Dharmawan et al. 2020). In 2017, the 

Bali cattle population in Bali reached 507,000 heads. Their 

physical characteristics are easy to recognize, such as a 
deep breast with slender legs, brick red skin, mirror nose, 

black nails, and tail feathers (Suwiti et al. 2017). The feet 

under the carpal and tarsal joints, the skin of the backside, 

and the inner thighs are white. On the backside are black 

feathers forming an eel line, extending from the hump to 

the base of the tail (Mohamad et al. 2009). Bali cattle are 

well adapted to the subtropical climate in Southeast Asia 

and are perfect livestock for the local conditions in places 

like Bali, Java, Sumatra, and Sulawesi (Mohamad et al. 

2012). 

Currently, there are three local cattle breeds 
characterized by their phenotypes in Indonesia, while many 

are yet uncharacterized and some are almost extinct or near 

extinction (Heryani et al. 2019). Therefore, the cattle's 

potential for genetic diversity can be used as a source of 

improving their quality (Wulandari et al. 2019). Some 

cattle types that have been characterized as phenotypic 

include Bali and Madura cattle (Lelana et al. 2003). 

In addition to Bali cattle, there are also some groups 

with a very small population in the forests of Taro Village, 

Tegallalang Sub-district, Gianyar District, Bali Province: 

these are the white Taro cattle (Heryani et al. 2019). In 

general, there is a significant difference between the bodies 

of Bali and Taro cattle, something which is most clearly 

seen in the Taro cattle's white skin color. Due to the 

comparatively small population number, there is limited 

information available on their breeding patterns, and 

inbreeding still occurs. The exact origin of the Taro cow is 

unknown. However, Bali cattle are known to produce 
albino offspring (Sudrana et al. 2014). There are 51 Taro 

cattle found in the Taro forest region of Tegalalang, 

Gianyar, Bali, Indonesia. 

Mitochondrial DNA is one of the cell organelles, the 

largest in structure in the cytoplasm. It is composed of two 

membranes, the outer and inner, each containing a 

lipoprotein molecule layer and consisting of a DNA 

genome (Schenkel and Bakovic 2014). The cytochrome 

oxidase subunit I gene is a coding protein in mitochondrial 

DNA and has been widely used as an identification tool for 

animal species (Pentinsaari et al. 2016). The 5 ends of COI, 
which has a length of 650 bases, is an area widely used as a 

DNA barcode (Hebert et al. 2003). COI effectiveness has 

been tested on various fauna and distinguished using DNA 

barcodes. This effectiveness is caused by low intraspecific 

variations, especially in adjacent taxa (Hajibabaei et al. 

2006). It has been established that the COI techniques in 

other animals, such as metazoan invertebrates (Folmer et 

al. 1994), Tegal ducks (Anas domesticus) (Wibowo et al. 

2013), Holothuroidea (Sahriyani et al. 2014), slow loris 

(Nycticebus spp) (Wirdateti et al. 2016), and Lepidoptera 

noctuidae (Suriana et al. 2019). 
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Research on molecular characterization in Bali cattle 

according to the COI marker gene has not been performed; 

therefore, data on the genetic characteristics are still 

limited. This study aims to determine the molecular 

characterization of Taro and Bali cattle in Bali using COI 

markers. The data from their genetic structure are used as a 

basis for breeding strategies and for the purpose of 

conserving Taro cattle in Bali. 

MATERIALS AND METHODS 

Ethical statement 
This research was approved by the Animal Ethics 

Committees of the Faculty of Veterinary Medicine 

Udayana University, Bali, Indonesia with Ref. No. 

3172A/UN14.2.9/PD/2019.  

Research samples 

The materials used were 10 Taro and 20 Bali cattle 

(Figure 1). The Taro cattle were obtained from Taro 

Village, Tegalalang Sub-district, and Gianyar District. Bali 

cattle were obtained from (i) Ped Village, Nusa Penida, 

Klungkung District, (ii) Sobangan Village, Mengwi, 

Badung District, and (iii) Mekarsari Village, Bebalang, 
Bangli District. The blood samples from both cattle were 

taken as much as 5 mL using a venoject on the jugular vein 

and accommodated into a test tube containing Ethylene 

Diamine Tetraacetic Acid (EDTA) as an anticoagulant. 

DNA extraction 

The mitochondrial DNA was extracted from the total 

red blood using DNeasy® blood kits (Qiagen, USA). Then, 

100 μL red blood sample was inserted into a 2 mL 

microcentrifuge tube with 20 μL proteinase K added. 

Phosphate-buffered saline (PBS) was also added to a 

volume of 220 μL, after which 200 l of Buffer AL was 
added, homogenized using a vortex, and incubated at 56oC 

for 10 min. Then, 200 μL ethanol was added (96-100%) to 

the sample and homogenized again using a vortex. The 

mixture from the third process was taken with a pipette and 

inserted into a 2 mL DNeasy Mini spin column, centrifuged 

at a speed of 8,000 rpm for 1 min. The DNeasy Mini spin 

column was inserted into a 2 mL tube; 500 μL Buffer AW1 

was then added and centrifuged for 1 min at a speed of 

8,000 rpm. The DNeasy Mini spin column from the above 

centrifuge results was inserted back into a new 2 mL tube 

along with 500 µL of Buffer AW2 and then centrifuged for 

3 min at a speed of 14,000 rpm. The DNeasy Mini spin 

column was reinserted into another new 2 mL centrifuge 

tube, joined with 200 μL AE buffer, incubated at room 
temperature for 1 min, and then centrifuged at 8,000 rpm. 

The obtained DNA was then stored at 2-8°C until the next 

use. The presence or absence of extracted DNA was then 

checked with gel electrophoresis by staining with ethidium 

bromide and observing with ultraviolet (UV) light. The 

DNA extraction results were then used for the PCR. 

Polymerase chain reaction (PCR) 

The PCR reaction was carried out using a Thermocycler 

Eppendorf machine in pre-denaturation at 95°C for 5 min. 

The PCR cycle was performed 35 times under denaturation 

at 95ºC for 45 sec with primer attachment at 58ºC for 1 
min. The extension was started at 72ºC for 1 min and 

terminated by post-extension at 72ºC for 5 min. The 

resulting PCR product was 710 bp, and a 2400 

GeneAmpRPCR system was used for DNA amplification 

(Perkin Elmer). This reaction was performed to amplify the 

mitochondrial DNA in cytochrome oxidase subunit I with 

the forward BICOIF (5'-TTCTCAACCAACCATAAA 

GATATTGG-3) and the reverse BICOIR (5'-

TAGACTTCGGGTGTCCAAAA) (Wulandari et al. 2019). 

The PCR products were detected by electrophoresis on 

1.2% agarose gel using a 1xTBE buffer. The observation 
was carried out using UV light (= 300 nm) after staining 

the gel with ethidium bromide. The COI marker that was 

successfully amplified was used as a molecular weight 

indicator, with a size of 100 bp. PCR product sequencing 

was carried out at the Berkeley Sequencing Facility, 

University of California, Berkeley, USA, to obtain the 

nucleotide series. 
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Figure 1. A. Male Taro cattle, B.  Male Bali cattle 
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Statistical analysis 

The sequence results were analyzed using MEGA 6 

software. The phylogenetic tree uses the neighbor joining 

method with two Kimura’s parameters and maximum 

likelihood reconstructed (Tamura et al. 2013). 

RESULTS AND DISCUSSION 

Results 

COI from 10 Taro and 20 Bali cattle was successfully 

extracted and amplified by PCR using forward BICOIF (5'-

TTC-TCAACCAACCATAAAGATATTGG-3') and 
reverse BICOIR primers (5'-TAG-ACTTCGGTA-3'), with 

an amplitude of 710 bp (ML 3) (Figure 2). 

The sequencing of all cattle genes from Taro and Bali 

cattle from Sobangan, Bangli, and Nusa Penida analyzed 

using MEGA 6 software obtained six polymorphic sites, 

which were in the 1, 300, 379, 675, 676, and 679 base 

positions (Table 1). 
 
 
 
Table 1. Polymorphic sites from COI sequencing of Taro cattle 
(W1-W8) and Bali cattle (Sobangan_SB; Bangli_B; Nusa 
Penida_NP) 

 

Sample Base Position 

 1 300 379 675 676 6799 

W1 A T A C T G 

W2 . . . . . . 

W3 . . . . . . 

W4 . . . . . . 

W5 . . . . . . 

W6 T . . . . . 

W7 . . . . . . 

W8 . . . . . . 

SB1 . . . . . . 

SB2 . . . . . . 

SB3 . . . . . . 

SB4 . . . . . . 

SB5 . . . . . . 

B1 . . . . . . 

B2 . . . . . . 

B3 . . . . . . 

B4 . . . . . . 

B5 . . . . . . 

NP12 . . . . . . 

NP13 . . . . . . 

NP14 . . . . . . 

NP15 . . . . . . 

NP16 . A G . . . 

NP17 . . . . . . 

NP18 . . . . . . 

NP19 . . . . . . 

NP20 . . . A C T 

NP21 . . . . . . 

 
 

There were four haplotypes, and those for Taro cattle 

were shown in hap_2 owned by sample Taro number 6 

(W6/Taro sample number 6), while the hap_3 and hap_4 

were owned by Bali samples of number 16 (Nusa Penida 

number 16) and 20 (Nusa Penida number 20), respectively, 

which were the origin of Nusa Penida (Table 2). 

The base content of thymine in Taro cattle ranges from 

28.8-29.1%, 26.0-27.0% cytosine, 27.9% adenine, and 

16.2-16.3% guanine, while the base content of thymine in 

Bali cattle ranges from 28.8-29.1%, 26.7-27.0% cytosine, 
27.9-28.0% adenine, and 16.2-16.4% guanine (Table 3). 

There were nitrogen base substitutions (base-N), namely A-

T, T-A, A-G, C-A, T-C, and G-T, as shown in Table 1. 

 

 
Table 2. The number of haplotypes in each location 
 

Sample Taro Sobangan Bangli 
Nusa 

Penida 

Hap1 7 5 5 8 

Hap2 1 0 0 0 

Hap3 0 0 0 1 

Hap4 0 0 0 1 

Total 8 5 5 10 

Note: Hap: Haplotype 
 
 
Table 3. The nitrogen composition of Taro and Bali cattle 
 

Sample T(U) C A G 

W1 28.8 27.0 27.9 16.2 

W2 28.8 27.0 27.9 16.2 

W3 28.8 27.0 27.9 16.2 

W4 28.8 27.0 27.9 16.2 

W5 28.8 27.0 27.9 16.2 

W6 29.1 26.7 27.9 16.3 

W7 28.8 27.0 27.9 16.2 

W8 28.8 27.0 27.9 16.2 

Mean 28.8 27 27.9 16.2 

SB1 28.8 27.0 27.9 16.2 

SB2 28.8 27.0 27.9 16.2 

SB3 28.8 27.0 27.9 16.2 

SB4 29.0 26.8 27.9 16.3 

SB5 28.8 27.0 27.9 16.2 

B1 28.8 26.9 28.0 16.3 

B2 28.8 27.0 27.9 16.2 

B3 28.8 27.0 27.9 16.2 

B4 28.8 27.0 27.9 16.2 

B5 28.8 27.0 27.9 16.2 

NP12 28.8 27.0 27.9 16.2 

NP13 28.8 27.0 27.9 16.2 

NP14 28.8 27.0 27.9 16.2 

NP15 28.8 27.0 27.9 16.2 

NP16 28.7 27.0 27.9 16.4 

NP17 28.8 27.0 27.9 16.2 

NP18 28.8 27.0 27.9 16.2 

NP19 28.8 27.0 27.9 16.2 

NP20 29.1 26.7 28.0 16.2 

NP21 28.8 27.0 27.9 16.2 

Mean 28.8 27 27.9 16.2 
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Table 4. Genetic distance of Taro and Bali cattle 
 

 Taro Sobangan Bangli Nusa Penida 

Taro -- -- -- -- 
Sobangan 0.000 -- -- -- 
Bangli 0.000 0.000 -- -- 
Nusa Penida 0.001 0.001 0.001 -- 

The values of genetic distances between Taro and Bali 

cattle from Sobangan, Bangli, and Nusa Penida ranged 

from 0-0.001. Detailed information about genetic distance 

values is presented in Table 4. 

 

 

  
 

Figure 2. (A and B) Electrophoresis of PCR amplicon (Taro cattle; W1-W10, Sobangan Bali cattle; Sb1-Sb5, Bangli Bali cattle; B1-B5, 
Nusa Penida Bali cattle; NP12-NP21) with 1% agarose gel and ethidium bromide staining using 100bp DNA ladder marker (M) and (-) 
negative control. 

 

 

 

 

Figure 3. Phylogenetic tree using the neighbor-joining method with two Kimura's parameters and maximum likelihood reconstructed by 
MEGA 6 from 8 Taro cattle and 20 Bali cattle of the COI. The phylogenetic relationship was supported by the low genetic distance 
analysis, which showed no significant difference from nucleotide bases between the cattle. 
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Discussion 

The amplification results of Taro and Bali cattle using 

COI showed that the resulting bands in Bali cattle were 

thicker than those in the Taro. This was observed in three 

Taro samples, specifically 8, 9, and 10 bands (Figure 2). 

For Bali cattle, the primer attachment occurred specifically, 

since it uses the sequence of COI from Bos indicus. The 

amplification was also influenced by several factors, such 

as the type of primer used, DNA purification, and the PCR 

condition. According to prior publications, there were 

several obstacles that often occur in amplifying printed 
DNA, which produce multistrand bands that are not the 

targets (Hao et al. 2020). Cytochrome oxidase subunit I 

was selected as one of the genes whose sequences were 

used in barcoding and for determining species identity in 

higher animals (Hebert et al. 2003; Chao et al. 2014). This 

gene was also used to reconstruct phylogenetics at the 

species level of evolution (Gabaldón 2005; Cai and Ma 

2016). 

Haplotypes reveal the genetic variation within a species 

based on the nucleotide sequence (Garg and Mishra 2018; 

Phillips et al. 2019). There were four haplotypes (Hap) 

from both cattle (Table 2), namely haplotype_1 (Hap_1) 
found in Taro samples 1, 2, 3, 4, 5, 7, and 9, while in Bali 

cattle from Sobangan, it was found in numbers 1, 2, 3, 4, 

and 5. Also, in the Bali cattle sample from Bangli, it was 

found in numbers 1, 2, 3, 4, and 5, while in Bali cattle from 

Nusa Penida, it was found in numbers 12, 13, 14, 15, 17, 

18, 19, and 21. Haplotype_2 (Hap_2) was found in Taro 

sample number 6. Haplotype_3 (Hap_3) was found in Bali 

cattle from Nusa Penida, sample 16. Haplotype_4 (Hap_4) 

was found in Bali cattle from Nusa Penida, sample 20. 

Haplotype_1 was found in almost all samples, an indication 

of inbreeding in the population. The relationship between 
Taro and Bali cattle showed that inbreeding had been in 

existence in the village forest decades ago. Therefore, the 

greater the variety of haplotype composition in one 

population, the greater the genetic diversity (Thomas et al. 

2012; Akbar et al. 2014; Yang et al. 2019; Yun et al. 2020). 

Furthermore, the typical haplotype of Taro cattle shown 

in Hap_2 belongs to sample 6, with a difference in one 

nucleotide base. Meanwhile, the typical haplotypes of Bali 

cattle from Nusa Penida were shown by Hap_3 and Hap_4 

in samples 16 and 20. The mutations that occurred in the 

mitochondrial DNA genome sequence produced a unique 

gene arrangement, which was observed from the grouping 
in the phylogeny tree (Gissi et al. 2008; Tyagi et al. 2020).  

The base content of thymine in Taro cattle was 28.8-

29.1%, cytosine 26.0-27.0%, adenine 27.9%, and guanine 

16.2-16.3%. The base content of thymine in Bali cattle was 

28.8-29.1%, cytosine 26.7-27.0%, adenine 27.9-28.0%, and 

guanine 16.2-16 % (Table 3). Therefore, adenine and 

thymine (AT) contents were relatively higher than those of 

cytosine and guanine (CG). These were in accordance with 

the results of several studies in other species, which 

showed that mitochondrial genes, especially those of COI, 

were rich in adenine and thymine (da Silva et al. 2011; 
Gonçalves et al. 2015; Hashemi-Aghdam et al. 2017; 

Morlais and Severson 2002; Suriana and Nasaruddin 2017). 

The composition of the N base was also related to that of 

amino acids encoded by the gene; therefore, a change in the 

composition of the nucleotide caused an alteration in the 

genetic code (Mitra et al. 2016). However, these changes 

do not always lead to alterations in the genes, since there 

were amino acids coded for more than one genetic 

sequence. The cytochrome-C oxidase genes were coded for 

functional cytochrome amino acids (Pierron et al. 2014; 

Skibinski et al. 2017; Sabir et al. 2019). The amino acid 

composition of the protein encoded in the COI gene rarely 

undergoes substitution (Quax et al. 2015; Liu et al. 2017). 

Therefore, the COI gene was stable and used as a marker 
for phylogeny analysis; however, the bases in the triple 

codon were still changing (Buhay 2009; Muyle et al. 2011; 

Wahlberg and Wheat 2008). 

The polymorphic sites indicated the differences 

between individuals within one species (Jaratlerdsiri et al. 

2014; Viscardi et al. 2018; Brodetzki et al. 2019; 

Takahashi-Kariyazono et al. 2020). The research on several 

mitochondrial genes also showed some intra-population 

variation, and their differences were used as genetic 

markers (barcode species) (Li et al. 2008; Meenakshi et al. 

2010; Yaacov et al. 2012; Wolff et al. 2014; Naim et al. 

2020). The difference in the composition and nitrogen base 
sequence (base N) in genes was caused by point mutations, 

such as the substitution of an N-base for another (Griffiths 

et al. 1999; Clutterbuck 2011).  

The phylogenetic relationship between both cattle was 

supported by genetic analysis with a distance of 0-0.001 

(Figure 3). The low genetic distance indicated no 

significant difference in the nucleotide bases between the 

cattle, which showed that the nucleotides were still 

maintained between individuals in one species. This was in 

accordance with the research stating that the smaller the 

value of genetic distance, the closer the kinship (Kim et al. 
2002). Similar research has also been carried out on several 

local cattle in Indonesia showing no genetic distance 

between Pasundan cattle, Madura cattle, and Bali cattle 

(Wulandari et al. 2019). This result is contradicted by 

Shaari et al. (2019), when the Murrah buffalo in that study 

were placed in the different sub-clades even though they 

were sampled from the same farm (Shaari et al. 2019). The 

genetic distance among the Taro cattle using molecular 

markers D-Loop mtDNA and cytochrome B also showed 

low values at 0.002 and 0.017 (Susari and Heryani 2018). 

Therefore, the genetic distance value was directly 

proportional to the number of nucleotide bases and vice 
versa (Kaehler et al. 2015; Kosman and Jokela 2019). The 

relationship between several local cattle was probably due 

to the gene flow that occurred in their geographic location 

(Abdullah et al. 2012; Senczuk et al. 2020). Cross-breeding 

between species is possible if closely related species are in 

the same habitat or if there was human intervention during 

rearing (Nijman et al. 2003). 

The phylogenetic tree showed that Bali cattle sample 16 

(NP16) and Taro sample 6 (W6) had haplotype 

arrangements in the same cluster manner (A), while Bali 

cattle from Nusa Penida, sample 20 (NP20), were in a 
different cluster (B) with varied haplotype arrangements. 

The difference in the haplotype arrangement was found at 

one polymorphic site, as a thymine (T) base; therefore, the 
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samples of Bali from Nusa Penida (NP20) and Taro cattle 

(W6) had specific characteristics and genetic markers. The 

different lengths of the branches indicate that the sequence 

has a change of nucleotide (Hall 2001). The cytochrome-C 

oxidase gene has polymorphisms in several parts; therefore, 

each species varies in terms of base-N composition (Zhao 

et al. 2013; Rodrigues et al. 2017). This variation also gives 

species distinctive features as genetic markers (Li et al. 

2015; Pentinsaari et al. 2016). 

It can thus be seen that the genetic diversity level of 
Taro and Bali cattle obtained was low, as indicated by the 

small number of haplotypes. The phylogenetic relationship 

had a genetic distance of 0-0.001, and the overall genetic 

characters correlated with Bali cattle. Based on the 

proximity of this genetic distance, it can be assumed that 

Taro and Bali cattle evolved from a common ancestor. 

Organisms or species that have many similarities in 

character are considered to have a close relationship and be 

descended from one common ancestor (Van Berkum et al., 

1995). 
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