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Abstract

Nepalese cattle are known for their genetic potentiality concerning 
inhabitant in extreme climatic conditions, surviving in the scarce 
food supply, and resistant to several diseases. We aimed to assess 
Nepal’s ancestral origin and genetic diversity of indigenous cattle 
breeds based on hyper-variable D loop mtDNA sequences. Three 
cattle breeds (Siri, Achammi, & Lulu) comprising the total sample 
population (n= 75) were employed in the study where the mt DNA 
information of two breeds (Achammi & Lulu) were retrieved from 
the published source.  Hyper-variable D loop (910bp) of Siri cattle 
was PCR amplified and sequenced. This study claims that the possible 
ancestral origin of Bos taurus and Bos indicus mtDNA lineage in the 
Nepalese cattle population is majorly influenced by China and India, 
respectively. This study suggests that Nepalese cattle can be divided 
into two major groups: Bos taurus and Bos indicus, where most of the 
cattle population was of Bos indicus origin. The sampled population 
can be classified into three significant haplogroups: T3 (25%), I1 
(48%), and I2 (27%) revealing a higher genetic diversity among the 
Nepalese cattle population. Only T3 taurine haplogroup was found in 
the sampled population. It was consistent with the fact that the absence 
of T1 haplogroup in North-East Asian cattle. In terms of Bos indicus, 
the I1 haplogroup was dominant over I2. Higher genetic diversity 
can be appropriate reasoning for Nepalese cattle’s survival in a harsh 
environment and low food conditions. 

Keywords: Ancestral, bos indicus, bos indicu, haplogroups

1.  Introduction

Nepal is one of the countries with the highest livestock density per unit of cultivated land. Despite being a relatively 
small country, it is rich in animal genetic resources both in diversity and numbers. The contribution of livestock to gross 
domestic product (GDP) and agriculture gross domestic product (AGDP) in milk, meat, eggs, wool, manure, and draught 
power is 11 percent and 26.8 percent respectively. The documented cattle breeds of Nepal are Terai, Lulu, Pahadi, Siri, 
Khailia, Achhami, and Yak (Neopane & Pokharel 2005). These native cattle are instrumental to the country’s economy as 
it improves most Nepalese farmers’ livelihood. Additionally, it provides indispensable milk and milk products to several 
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farmers and consumers(Sharma et al. 2015). Nepalese 
indigenous breeds are more resistant to diseases, higher 
adaptation in harsh climatic conditions, and can reproduce 
even in a minimum supply of food (Gorkhali et al. 2020; 
Neopane & Pokharel 2005)we collected (n = 18.Despite 
of the fact that here are limited researches on these subject 
matters. Only, a handful of molecular researches are found 
concerning Nepalese cattle breeds(Fujise et al. 2003; 
Gorkhali et al. 2020; Rana 1996; Takeda et al. 2004). 

The study of mitochondrial DNA (mtDNA) has been 
an essential means to determine the maternal lineage, 
phylogeny, interspecies variability, evolutionary 
relationship between species, and population structure of 
various animals (Bhuiyan et al. 2007; Sun et al. 2020)in 
the southwest of China, is one of the putative migratory 
corridors or domestication centers for swamp buffalo. 
In this study, we investigated the evolutionary status of 
two Guangxi native buffalo breeds (Fuzhong buffalo, n 
= 15; Xilin buffalo, n = 25. Since the rate of nucleotide 
substitution is higher in mtDNA than nuclear DNA, it is an 
effective way to examine the hereditary varieties between 
closely related species (Brown, 1981; Brown et al. 1979)
rhesus macaque, guenon, and human. Specifically, one of 
the control regions of mtDNA, D loop sequences, has been 
extensively exploited to study the evolution, origin, and 
diversification of modern domestic cattle (Jia et al. 2007)

The advanced cattle farming started from two domestication 
occasions of aurochs (Bos primigenius) in two distinct 
areas: Southwest Asia and South Asia. These two 
domestication processes offered to ascend to Bos taurus 
(taurine) in Southwest Asia whereas Bos indicus (zebuine) 
in South Asia(R. Loftus et al. 1999; Ronan Loftus et al. 
1994; C. Troy et al. 2001)the most widely held view is 
that both types of cattle derive from a single domestication 
event 8000-10,000 years ago. We have examined mtDNA 
sequences from representatives of six European (taurine.  
The migration of humans for various purposes such as 
trade facilitated the spread of these domesticated animals 
to various parts of the world. The origin of taurine cattle 
occurred in the Near East region at around 8800 and 
8300 BC while domestication of zebu cattle started from 
Indus Valley during 6800 BC. A macro-haplogroup T was 
formed by converging all taurine cattle mtDNA sequences 
which possess six sub-haplogroup named T, T1, T2, T3, 
T4, and T5 which were scattered in Near East, Europe, 
Africa, and East Asia (Achilli et al. 2008; Mannen et al. 
2004; C.Troy et al. 2001). Likewise, mtDNA sequences 
of the Bos indicus partitioned into two sub-haplogroups I1 
and I2 (Chen et al. 2010).

Nepalese cattle are not researched adequately in finding 
the ancestral origin. Lulu’s mtDNA information, the 
only native Bostaurus cattle, reveals some of it. D-loop 
mitochondrial sequences of Yak were found in Lulu, which 
resides at a higher altitude, whereas those found ata lower 
altitude embodied Bos indicus mtDNA(Fujise et al. 2003). 
In Achhami, most of the sampled population demonstrated 
Bos indicus haplotype, I1, and I2, while onlya few sampled 
populations shared Bos taurus haplotype(Gorkhali et al. 
2020). The Bos taurus haplotype found in Achhami is quite 
different than that of Lulu (Hall 1999). The study has been 
carried out to assess the mtDNA diversity and possible 
origin of these three indigenous cattle breeds(Rana 1996; 
Takeda et al. 2004). To the best of the author’s knowledge, 
no research has been undertaken to assess these three 
breeds’ origin and mtDNA diversity. This research aids 
other investigators in knowing the ancestral origin and 
genetic diversity harbored by Nepalese indigenous breeds. 
The genetic diversity may be linked to positive attributes 
such as disease-resistant and adaptability; future research 
can be conducted following the significant output generated 
from this research (Gorkhali et al. 2021)

2. 	 Materials and Methods

2.1 	 Sampling

Blood samples from 22 Siri cattle were collected from 
Sindingba Rural Municipality of Taplejung district of 
Province-1 lying between 270 21’ 0” N and 870 40’ 0” E 
(Table 2). Trained veterinary doctors followed ethical 
guidelines while withdrawing blood samples from 
animals. The individuals sharing unrelated parents and 
grandparents were selected as per the response collected 
from the respective owners. The collected blood samples 
were kept at -40 degrees Celsius until the DNA extraction 
process. 

2.2	 DNA Extraction, PCR Followed by 
Sequencing

PROMEGA DNA extraction kit was used for 
extracting DNA from blood samples followed by 
the company’s protocol. The set of primer  L15737: 
5’-CTGCAGTCTCACCATCAACC-3’ and H992: 
5’-GCTGGGACCAAACCTATGTG-3’ was used for 
amplifying D loop sequences of mtDNA (R. T. Loftus et 
al. 1994a)the most widely held view is that both types 
of cattle derive from a single domestication event 8000-
10,000 years ago. We have examined mtDNA sequences 
from representatives of six European (taurine. The 
component of the 2X master mix is bacterially derived 
Taq DNA polymerase, MgCl2, KCl, deoxynucleotides 
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(dNTPs), Tris-HCL (pH-9), stabilizer and tracking dye. 
25ul of PCR amplification reaction mixture was prepared 
by keeping 13μl of PCR 2X Master Mix, 5μl of template 
DNA, 5μl of molecular grade nuclease-freewater, 1.5μl of 
forward, and 1.5 ul of reverse primers. The PCR followed 
by sequencing was done. The optimum PCR condition: 
denaturation at 95 °C for 1 minute, annealing at 58.0 C for 
1 minute, and extension at 72 °C for 2 minutes.

2.3	 Data Analysis

The mtDNA sequences were manually edited and aligned 
by using Bioedit software (Hall 1999). The edited sequences 
were exported to MEGA 5 for creating a neighbor-joining 
phylogenetic tree (Tamura et al. 2011). The reference 
sequence of Bos taurus (accession number: V00654) of 
(Anderson et al. 1982) and Bos indicus (Accession no: 
L27733) of (R. T. Loftus et al. 1994)the most widely 
held view is that both types of cattle derive from a single 
domestication event 8000-10,000 years ago. We have 
examined mtDNA sequences from representatives of six 
European (taurine were used in the phylogenetic tree. The 
T1,T2,T3 Bos taurus haplotype and I1 and I2 Bos indicus 
haplotype of three cattle sampled population was also 
investigated by using reference sequences (Achilli et al. 
2008; Hiendleder et al. 2008)which gave rise to taurine 
(Bos taurus. Haplotype and nucleotide diversity of each 
breed was calculated using DnaSP Version 3 (Rozas 
& Rozas, 1999). Further, the NETWORK 4.1 program 
(http://www.Xuxus-engineering.com/sharenet.htm)was 
used to determine the median-joining network of the three 
cattle populations as a result of the case.

3.	 Results

D loop mtDNA sequences (910 bp) of 75 indigenous 
Nepalese cattle were assessed. Among them, published 
mtDNA sequences of Lulu (n=16) and Achammi (n=37) 
were used (Fujise et al. 2003; Gorkhali et al. 2020; Takeda 
et al. 2004). The total number of Siri samples that were 
subjected for investigation was 22. The investigation 
found that 25% shared Bos taurus and 75% shared Bos 
indicus maternal lineage from the sampled population. The 
majority of the sampled population endowed Bos indicus 
mtDNA lineage. The native cattle, Siri, and Achammi 
embodied a higher proportion of zebu mtDNA, whereas 
Lulu claimed to be only Bos taurus cattle, have a higher 
proportion of taurine mitochondrial lineage (Table 1).

Table 1: Percentage of Bos taurus and Bos indicus clades 
in the sampled population

Breeds Bos taurus clades Bos indicus clades

T1 T2 T3 T4 I1 I2

Achammi 0 0 3 (4%) 0 22(29%) 12(16%)

Lulu 0 0 12 (16%) 0 1(1%) 3(4%)

Siri 0 0 4 (5%) 0 13(18%) 5(7%)

The principal T haplogroup of Bos taurus is nominated 
into several haplogroups: T1, T2, T3, T4, and T5 (Mannen 
et al. 2004; C. Troy et al. 2001).T2, T3, and T4 haplogroup 
are distributed in North-East Asia, and the T1 haplogroup 
is in Africa (Mannen et al. 2004). Our observed result 
was consistent as the T3 haplogroup was dominant. No 
T1 haplogroup in three distinct indigenous breeds was 
found (Table 1). The overall percentage of Nepalese 
cattle clustered into T3 haplogroup was16% Lulu (n=12), 
3% Achammi (n-=3) and4% Siri (n=4). Similarly, 
indicus can be classified into I1 and I2. Nepalese cattle 
harboured I2 haplogroup (n=20, 27%) and I1 haplogroup 
( 48%). Mainly, Siri and Achammi samples showed I type 
haplogroup in greater proportion.  More importantly, the 
I1 sub-haplogroup was dominant over I2 in the sampled 
population. A few Lulu samples also demonstrated I type 
haplo group despite possessing Bos taurus phenotypic 
characterization. The star-like network is disseminated in 
a median-joining network (Fig 1). The pattern suggests 
that population expansion might have happened in the past 
between two distinct clades. 

Fig. 1. NETWORK analysis showing major I1, I2, and T3 
haplogroup shared by three distinct Nepalese cattle breeds. 

The nucleotide and haplotype diversity of Nepalese cattle 
were studied. Varying nucleotide and haplotype diversity 
was found in Nepalese cattle breeds (Table 2). The number 
of haplotypes varied according to breed Achammi cattle 
shared higher haplotype diversity among three native 
Nepalese breeds. 
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Table 2: Number of haplotypes, nucleotide diversity, 
and haplotype diversity of each Nepalese Indigenous 
breeds	

Breeds Num-
ber

Number of 
Haplo-
types

Nucleotide Di-
versity

Haplotype 
Diversity

Achammi 37 29 0.01238  ± 0.00295 0.982 ± 0.012

Lulu 16 12 0.02250  ± 0.00508 0.958 ± 0.036

Siri 22 11 0.02118  ± 0.00593 i.918	 ± 
0.035

4.	 Discussion

Mannen et al. (2004) reported that cattle from Asian 
countries such as Korea and Japan do not share Bos indicus 
maternal lineage. However, we found more percentage of 
Bos indicus maternal lineages in Nepalese cattle despite 
being an Asian country. Concerning having two distinct 
clades (Bos indicus & Bos taurus) in a median-joining 
network (Fig 1), it can be disseminated that the Nepalese 
cattle are distinct from the cattle found in Korea and Japan. 
Yu et al. (1999) claimed a majority of south China cattle 
have Bos indicus maternal lineage. It can be anticipated 
that these Chinese regions have closer proximity with 
India, where almost all cattle endow Bos indicus lineage 
(Loftus et al. 1994). Subsequently, breeding could have 
happened with zebu breeds. Consequently, it fosters 
critical reasoning about how more zebu maternal lines 
appeared in Chinese cattle breeds.  Siri cattle are found in 
eastern Nepal whereas Achammi cattle are found in south-
western Nepal. Both areas have free access to the border 
with the neighboring country India. The free border assists 
Indian and Nepalese farmers in rear their animals across 
the border for breeding and trade purposes. As a result, 
a considerable percentage of zebu mtDNA may have 
appeared in these cattle.

It is reported that T1 haplogroup in African cattle, T2 
haplogroup is found mainly in Mongolian cattle, T3 in 
Nepalese, Korean and Chinese cattle, and T4 in Japanese 
cattle (Lai et al. 2006; Mannen et al. 2004; C. S. Troy 
et al. 2001)we analyzed the complete mtDNA D-loop 
sequences of 84 cattle from 14 breeds/populations from 
southwest and west China, together with the available 
cattle sequences in GenBank. Our results showed that the 
Chinese cattle samples converged into two main groups, 
which correspond to the two species Bos taurus and Bos 
indicus. Although a dominant lineage was clearly discerned 
in both B. taurus and B. indicus mtDNAs, network analysis 
of the lineages in each of the two species further revealed 
multiple clades that presented regional difference. The B. 
taurus samples in China could be grouped into clades T2, 
T3, and T4, whereas B. indicus harbored two clades I1 

and I2. Age estimation of these discerned clades showed 
a time range of 14,100-44,500 years before present (YBP. 
Previously, the T3 haplogroup was only reported in 
Nepal’s Lulu cattle breed(Fujise et al. 2003; Takeda et al. 
2004). Our study reveals that a few other Nepalese cattle 
breeds (Siri & Achhami) having Bos indicus phenotypical 
characterization also shared T3 haplogroup. Chinese cattle 
have Bos taurus mtDNA lineage (Lai et al. 2006; Mannen 
et al. 2004)we analyzed the complete mtDNA D-loop 
sequences of 84 cattle from 14 breeds/populations from 
southwest and west China, together with the available 
cattle sequences in GenBank. Our results showed that the 
Chinese cattle samples converged into two main groups, 
which correspond to the two species Bos taurus and Bos 
indicus. Although a dominant lineage was clearly discerned 
in both B. taurus and B. indicus mtDNAs, network analysis 
of the lineages in each of the two species further revealed 
multiple clades that presented regional difference. The B. 
taurus samples in China could be grouped into clades T2, 
T3, and T4, whereas B. indicus harbored two clades I1 
and I2. Age estimation of these discerned clades showed 
a time range of 14,100-44,500 years before present (YBP. 
The availability of Bos indicus maternal lineage in Chinese 
cattle is influenced by Southern China, where most cattle 
are near the Indian region (Yu et al. 1999). Achammi and 
Siri cattle share closer proximity with India. As a result, 
the majority of Bos indicus maternal lineage may have 
found in them. Lulucattle inhabiting in higher altitudes and 
closer to China, have a higher proportion of T haplogroup, 
especially T3 haplogroup. As the T3 haplogroup is found in 
China (Lai et al. 2006)we analyzed the complete mtDNA 
D-loop sequences of 84 cattle from 14 breeds/populations 
from southwest and west China, together with the available 
cattle sequences in GenBank. Our results showed that the 
Chinese cattle samples converged into two main groups, 
which correspond to the two species Bos taurus and Bos 
indicus. Although a dominant lineage was clearly discerned 
in both B. taurus and B. indicus mtDNAs, network analysis 
of the lineages in each of the two species further revealed 
multiple clades that presented regional difference. The B. 
taurus samples in China could be grouped into clades T2, 
T3, and T4, whereas B. indicus harbored two clades I1 
and I2. Age estimation of these discerned clades showed 
a time range of 14,100-44,500 years before present (YBP, 
it can be expected that China might have influenced the 
T3 haplogroup in Lulu. The NETWORK analysis revealed 
that some Siri and Achammi populations also share Bos 
taurus mtDNA sequences (Fig 1). Besides some Lulu 
population sharbor Bos indicus mtDNA lineage despite 
being humpless taurine breeds. Fujise et al. (2003) and 
Takeda et al. (2004) claimed that Lulu found in lower 
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altitudes shared Bos indicus mitochondrial sequences. It 
can be explained that these cattle may have undergone 
breeding with Achammi, Siri, or other Bos indicus breeds 
in past days. Random breeding may have occurred among 
these breeds. Overall, it can be disseminated that zebu and 
taurine mtDNA’s possible ancestral origin is from India 
and China, respectively.

5.	 Conclusion

There exists a higher genetic diversity in Nepalese cattle 
samples despite inhabiting a small area. All three breeds 
demonstrated higher haplotype diversity. It infers that 
these cattle are unique from each other. The higher genetic 
diversity may have fostered Nepalese cattle to survive in 
extreme climates and be resistant to numerous diseases. 
Nepalese cattle breeds can be mainly divided into two 
distinct groups: Bos taurus and Bos indicus.  Only T3 
taurine haplogroup was found in the sampled population. 
It was consistent with the fact that the absence of T1 
haplogroup in North-East Asian cattle. In terms of Bos 
indicus, the I1 haplogroup was dominant over I2. Even 
in a small area, higher genetic diversity in the sampled 
cattle population was found. Higher genetic diversity can 
be appropriate reasoning for Nepalese cattle’s survival 
in a harsh environment and low food conditions. The 
mitochondrial analysis suggests that the origin of Nepalese 
Bos indicus and Bos Taurus might be from India and 
China, respectively.
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