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ABSTRACT 

There are huge number of cattle breeds or types are present all over the world and employed in different 

activities. The present study aimed to identify genetic variations and SNPs in mtDNA ATP6/8; among Holstein, Local Iraqi 

cattle and their crosses. The primer used in this study amplified 929-bp fragments from ATP6/8 gene. The results showed 

the presence of 8, 1 and 13 polymorphic sites leading to the construction of 5, 2 and 2 different haplotypes for Holstein, 

local and crosses respectively. Haplotype and nucleotide diversity were 0.576, 0.500 and 0.4786 and 0.00164, 0.00062 and 

0.00763 respectively.  Neighbor-joining trees were constructed using 34 samples showed that all studied cattle appeared 

into haplotype 1(H1), while Holstein also appeared in H4, H5, H6 and H7. Local breed included in H2 and the crosses in 

H3. AMOVA showed that variation within breed (between individuals was higher (85.83%) than between breeds (14.17%). 

Neutrality test both Tajim’s D and Fu’s Fs revealed that Holstein recorded highest negative values (-1.98343 and -1.18604 

respectively). Whereas, the crosses cattle recorded positive values (0.91273 and 6.95086 respectively). The local breed 

showed positive and negative values near to zero (-0.61237 and 0.17185 respectively). Different haplotypes within 

Holstein breed associated significantly with fat%, lactose% and SNF%. Haplotypes 5 and 7 recorded highest percentages 

of fat, lactose and SNF when compared to other haplotypes. However, there were no such association within local or cross 

cattle. In conclusion, the identification of genetic variations and SNPs in cattle mitochondrial genes like ATP6/8 agene is 

of great interest because it has significant association with play important milk components and it can be recognized as a 

genetic marker for milk yield in cattle. 
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INTRODUCTION 

Mitochondrial DNA (mtDNA) is a powerful tool that can be used to determine evolutionary relationships, 

population composition and biology of many species due to its low molecular weight properties, simple structure, low 

recombination rate and rapid evolution rate (Curole and Kocher, 1999; Wan et al., 2004; Arif and Khan, 2009; Patwardhan 

et al., 2014; Hussain et al., 2015). 

Among 15 different ATPase protein subunits in cattle (Anderson et al, 1982), there are eight subunits also called 

A6L and six subunits coded by mitochondrial ATPase 8 and 6 respectively (Witting and Schagger, 2008). Mutations in 
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ATPase lead to increase in ATP-TO-ADP level in mice (Eipel et al, 2011). As well as Yu et al, (2009a), Yu et al (2009b) 

and Weiss et al, (2012) indicated that variation in ATPase 8 lead to increase in mitochondria number and loss of 

endomatrix structure of renal cell mitochondria. Whereas, ATPase 6 is a subunit in mitochondria FiF0-ATP. It is a 

polypeptide of mitochondria endo membrane. Both ATPase 6 and 8 code in all eukaryotic creatures (Dewey et al, 1985).   

The length of ATPase 6 in cattle is 681bp, coded to 223 amino acids and it is the main part of proton channel (Bao et al, 

2008). In mammals, ATP synthase contribute to oxidative phosphorylation, it contains not less than 16 subunits as well as 

ATP8 and ATP6 (Nijtmans et al, 1995 and Pederson et al, 2000).  

Those two genes affect directly ATP synthesis and energy metabolism and may affect economical traits associated 

with metabolism as milk and fat yield in dairy cattle besides their use in evaluation of genetic polymorphisms among and 

within species (Avise, 2000; Barraclough, 2001; Perdices, 2001; Wong, 2004; Faulks, 2008; Hussain, 2015). 

The objectives of the present study were to estimate genetic variation caused by ATPase8/6 among different 

breeds of cattle in Iraq and its association with milk chemical contents.  

MATERIALS AND METHODS 

The study was conducted for the period from 01/04/2017 to 01/08/2018, at the laboratory of Genetic Engineering 

at the University of Basrah, following with the collection of data from the field up to 15/03/2018. The study included the 

use of 40 cows (20 Holstein, 10 local and 10 crosses). The blood samples (5ml/cow) from the jugular vein were collected. 

Milk chemical contents included fat%, protein%, lactose% and solid not fat (SNF%) were estimated by Lactoflash 

produced by Funke Gerber, Germany. Samples of milk (50 ml) were collected every 15 days throughout the experiment 

period. 

The analyses were carried out on 40cows. Blood from each cow was sampled intravitally into sterile vacuum 

tubes containing K2EDTA (dipotassium ethylene diamine tetra acetic acid) anticoagulant. A fragment (929 Pb) of the 

mtDNA ATPase8/6 in the reference cattle mitochondrial genome by using the primer F- GCT ATA TAG CAC TAA CCT 

TTT و   R- GCT TGG GTT TAC TAT ATG A (Vakalounakis and Fragkiadakis, 1999). The PCR amplifications were 

conducted in a 50 µl volume containing 20 ng genomic DNA, 25 µl of Master Mix, 2 µl each primer, 15 µl free water. The 

amplification conditions were as follows: initial denaturation at 94 C for 2 min followed by 35 cycles of denaturation at 94 

C for 0.5 min, annealing at 58 C for 0.5min, and extension at 72 C for 0.5 min, and then the final extension at 72 C for 10 

min. The PCR products were electrophoresed on 2% agarose gel stained with ethidium bromide to test the amplification 

success. The amplified products were purified with a DNA purification kit (SSufine) according to the manufacturer’s 

instructions to remove residual primers and dNTPs. Sequencing was performed in sync ™ DNA Extraction Kit was used 

for DNA extraction and manufactured by the Taiwanese Geneaid company.  

DATA ANALYSIS 

ATPase8/6 sequences were aligned using the BioEdit software (Hall, 1999). Haplotype diversity (HD) and 

nucleotide diversity (π) were analyzed using DnaSP v5. 10 software (Librado and Rozas, 2009). Genetic distance, 

molecular variation (AMOVA) and neutrality test were analyzed using Arlequin 3.5.1.2 software (Excoffier and Lischer, 

2010). The haplotypes network was drawn using Network 5.0.0.0 software (Bandelt et al., 1999). Neighbor-joining (NJ) 

tree for testing cattle breed sequences and the phylogenetic tree the three genotypes (Holstein, Local and crosses) were 

constructed using Megaversion 7.0 software (Kumar et al, 2016).  
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STATISTICAL ANALYSIS 

The complete random design (CRD) completely Randomized design was used to analyze the data on the 

productive qualities studied using the SPSS (2012) Statistical program Version 22 and compared the averages using the 

General Linear Model within the program. The model included two factors, the first was the breed (Holstein, local and 

their crosses) and the second was the haplotypes within breed.  

RESULTS AND DISCUSSION 

Genetic Diversity 

Number of ATPase8/6 sequences were 23 (table, 1). Seven, eight and nineteen of sequences belonged to local 

cattle, cross and Holstein respectively. Haplotypes number (H) were nine distributed as 2 for local, 2 for crosses and 5 for 

Holstein. Local, crosses and Holstein cattle showed a polymorphisms (NH) of 1, 13 and 8 respectively. Holstein revealed 

the highest value of haplotype diversity (HD) (0.576), followed by the local breed (0.500) and the cross cattle (0.476). On 

contrary, cross cattle recorded highest nucleotide diversity (π) followed by Holstein and local cattle (0.00763, 0.00164 and 

0.00062 respectively).  

Table 1: Genetic Diversity of Atpase8/6 Gene Among Different Cattle Breeds 

Breeds 

Number 
Of 

Sequences 
(N)  

Haplotype 
Number 

(H)  

Number Of 
Polymorphisms 

(NH)  

Haplotype 
Diversity 

(HD)  

Nucleotide 
Diversity  

Local  7  2  1  0.5  0.0006  
Crosses  8  2  13  0.476  0.0076  
Holstein  19  5  8  0.576  0.0016  

 
Haplotype Network 

A total number of haplotypes of ATPase8/6 gene showed by different breeds were seven (fig. 1). The central 

circle represents Haplotype 1 (H1). Six branches appeared from H1, the first branch represents H2 which differed from H1 

by one base (239) and included the local cattle only. The other branch represented H3 shown by one cross cow and differed 

from H1 by 13 bases. Whereas, the haplotypes H4, H5, H6 and H7 represented the Holstein cattle and differed from H1 by 

4, 1, 1 and 2 bases respectively.  

 

Fig. (1) Haplotype network of ATPase 8/6 gene among studied cattle 
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Analysis of Molecular Variation (AMOVA) 

AMOVA of ATPase 8/6 gene among studied breeds of cattle resulted in between breed variation of 14.17% and 

within breed variation of 85.83% (table, 2). 

Table 2: Analysis of Molecular Variance (AMOVA) of Atpase 8/6 Gene for Studied Breeds 

Source of Variation Degree of Freedom Sum Squares Variance Components Variation % 
Between Breeds 2  5.792  0.22251 14.17  
Within Breeds 31  26.958  1.34791 85.83  
Total 33  32.750  1.57042   

 
Neutrality Test 

The results of neutrality test (Tajima’s D) of the ATPase 8/6 gene (table, 3) showed negative values for local 

breeds (-0.61237) and Holstein (-1.98343), but it was positive (0.91273) for cross cows. Those of Fu’s Fs were 0.17185, 

6.95086 and -1.18604 for local, cross and Holstein cattle respectively.  

Table 3: Neutrality Test of Atpase 8/6 Gene for Studied Cattle Breeds 

Breeds Tajima’s Test (D) Fu’s Fs Test 
Local -0.61237 0.17185 
Cross 0.91273 6.95086 
Holstein -1.98343 -1.18604 

 
Atpase Polymorphisms And Milk Chemical Contents 

Overall mean of fat%, protein%, lactose% and total solid not fat (SNF%) of Holstein were 2.99%, 4.52%, 5.07% 

and 9.09% respectively (table, 4). Those of cross cows were 3.74%, 3.03%, 4.64% and 8.23% respectively. Whereas, their 

values for local breed were 3.76%, 4.47%, 6.25 and 8.16% respectively. Fat, protein and lactose proportions were 

significantly (P<0.05) affected by breed. Local breed significantly (P< 0.05) exceeded those of Holstein and cross cattle. 

However, Holstein and cross cattle recorded higher (P<0.05) protein% than local breed.  

Table 4: Milk Chemical Contents (%) of Different Breeds 

Breeds Fat Protein Lactose SNF 
Local 8.16±0.49 B 6.25±0.38 A ±0.14 4.47 ±0.18 . 3.76 
Cross 9.09 ±0.77 A 5.07±0.38 B 3±0.18   . 03B ±0.72 3.74A 
Holstein 9.09±0.77 A 5.07±0.38 B ±0.19 4.52A ±0.58 2.99B 

 
Different haplotype associated significantly (P<0.05) with fat%, protein%, lactose% and SNF% (table, 5). H5 

exceeded significantly (P<0.05) other haplotypes in fat%, lactose% and SNF% (4.55%, 5.73% and 9.38% respectively) 

except H7 revealed similar fat% (4.94%), H2 produced similar lactose (5.36%) and H4 produced similar SNF 

(9.17%).However, H5 recorded the least value of protein (3.65%).  

Table 5: Association of Atpase 8/6 Haplotypes and Milk Chemical Components 

Haplotypes**  Fat Protein Lactose SNF 
H1 3.44±0.04c 4.02±0.01a 4.96±0.03b 8.15±0.03 b 
H2 3.65±0.06 b 4.08±0.08 a 5.36±0.16 a 7.44±0.20 c 
H3 3.28±0.22 c 3.93±0.08 a 4.92±0.16 b 8.22±021 b 
H4 3.88±0.22 b 4.00±0.07 a 5.08±0.15 b 9.17±0.19 a 
H5 4.55±0.23 a 3.65±0.08 b 5.73±0.16 a 9.38±0.19 a 
H6 3.89±0.28 b 4.02±0.07 a 4.78±0.15 b 8.33±0.20 b 
H7 4.94±0.21 a 3.90±0.08 a 4.97±0.16 b 8.77±0.19 b 
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Means with different subscripts differ significantly (P<0.05) within the same column 

Means were adjusted from the mean of breed. 

DISCUSSION 

The results of the present study showed that polymorphism of cross breed reflecting that the source of genetic 

variation is the crossing processes or migration. These results are in agreement with those of Dadi et al (2009) in Ethiopian 

cross cattle. However, local breed exhibited low polymorphism which indicated that genetic content of this breed has not 

changed and the main factor changing the genetic variation is the genetic drift as a result of holding this breed in very small 

herds (not more than 3 cows/breeder). As well as this breed distributed in remote areas and kept by breeder using very old 

not scientific method of breeding inherited from their ancestors. These practices elevated inbreeding which increases 

homozygosity and genotypic fixation. Especially it showed clear reduction in nucleotide diversity of the studied gene and 

revealed clear genetic differences from both the Holstein and their crosses. Besides crossing local breed with Holstein is 

not under systematic crossing program with no clear target. Wang et al (2018) concluded that ATPase 8/6 associated with 

high altitude adaptation cattle. In case of local and crossed cattle diversity results expressed as polymorphisms and 

haplotype number were lower than those recorded by Qin et al (2012), however, result of Holstein was similar.  

High haplotype and nucleotide diversity of Holstein breed (0.563 and 0.00609) encourage the use of this gene as 

molecular marker for milk quality. The positive results of this gene are in agreement with beef studies using same gene or 

D-Loop (Mannen et al, 2003 and Zhang et al, 2008).  
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