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ABSTRACT 

This research aimed to investigate the reasons for the difference of gene expression between two subspecies of Holstein and 
Cholistani cattle and the importance of mitochondrial genes of these two breeds, the genes under study were COX1, COX2, 
COX3, ND1and ND2, which are involved in essential processes such as energy metabolism, resistance to biological and 
non-biological stresses, as well as disease resistance. In this study, RNA-Seq data were used, including 40 samples from the 
University of Wisconsin Dairy Cattle Center (Bos taurus) and 45 Cholistani cows (Bos indicus) of Gujaratpir farm in 
Bahawalpur, Punjab, Pakistan. IGB software was used to investigate the level of transcriptome coverage and genetic 
differences, which included polymorphic, deletion and addition and binding regions. MEGA6 and DnaSPV.5 softwares 
were also used to determine the location of polymorphic areas as well as to calculate the percentage of different types of 
transitional and transversional replacements of nucleotides and to align sequences. The results showed that the COX1 gene, 
with a length of 1542 bp, had the highest level of transcriptome coverage in the mitochondrial genome and the lowest level 
of transcriptome coverage was related to the ND1 gene. Among mitochondrial genes, the COX1 gene showed the highest 
deletions and additions, which were higher in Holstein than Cholistani breeds. The number of polymorphic regions in the 
COX1 locus (19 areas) was higher than other genes. The results also showed that the percentage of transitional substitution 
is higher than transversional substitution which is the reason for the stability of changes during different generations. 
Therefore, possible reasons for differences in mtDNA gene expression may be due to differences in deletion and addition 
processes, transcriptome coverage, and polymorphic regions. 
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Table 1. Specifications of five mtDNA genes in Holstein (Bos taurus) and Choleistani (Bos indicus) cattle 
q_value p_value Gene type Locus Gene name Gene_id Number 

Holestein 

0.0001 0.0001 protein coding MT:5686-7299 COX1 ENSBTAG00000043561 1 

0.0001 0.001 protein coding MT:7373-8057 COX2 ENSBTAG00000043556 2 

0.00148 0.01 protein coding MT:8128-9750 COX3 ENSBTAG00000043560 3 

0.01 0.05 protein coding MT:3100-4056 ND1 ENSBTAG00000043558 4 

0.0013 0.001 protein coding MT:4265-5307 ND2 ENSBTAG00000043571 5 

Cholistani 

0.00011 0.0001 protein coding MT:5686-7299 COX1 ENSBTAG00000043561 1 

0.002 0.01 protein coding MT:7373-8057 COX2 ENSBTAG00000043556 2 

0.0012 0.001 protein coding MT:8128-9750 COX3 ENSBTAG00000043560 3 

0.001 0.01 protein coding MT:3100-4056 ND1 ENSBTAG00000043558 4 

0.0001 0.001 protein coding MT:4265-5307 ND2 ENSBTAG00000043571 5 
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Table 2. Quantitative expression of mitochondrial genes in Holstein (Bos taurus) and Choleistani (Bos indicus) cattle 

Gene_id Gene name locus length Coverage FPKM FPKM conf-lo FPKM conf-hi 
Holestein 

ENSBTAG00000043561 COX1 MT:5686-7231 1545 15241.2 7808.35 7484.06 8132.63 

ENSBTAG00000043556 COX2 MT:7373-8057 684 7189.95 3587.74 3546.38 3629.1 

ENSBTAG00000043560 COX3 MT:8969-9750 781 11963.5 6136.29 5878.35 6394.22 

ENSBTAG00000043558 ND1 MT:3100-4056 956 5000.34 2543.46 2514.69 2572.23 

ENSBTAG00000043571 ND2 MT:4265-5307 1042 2559.14 1291.45 1271.77 1311.14 

Cholistani 

ENSBTAG00000043561 COX1 MT:5686-7231 1545 18280.4 8605.82 8248.86 8962.77 

ENSBTAG00000043556 COII MT:7373-8057 684 8479.63 3647.51 3605.93 3689.1 

ENSBTAG00000043560 COX3 MT:8969-9750 781 19580.4 9056.71 8678.48 9434.93 

ENSBTAG00000043558 ND1 MT:3100-4056 956 3354.47 1774.65 1751.2 1798.1 

ENSBTAG00000043571 ND2 MT:4265-5307 1042 3047.01 1382.39 1362.7 1402.09 
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Table 3. Deletion regions in Holstein and Cholistani breeds in the mitochondrial genome 
Number Gene name 

Holestein Cholistani 

Number of region Number of deletion Number of region Number of deletion 
1 COX1 267 294 192 218 
2 COX2 84 97 52 57 
3 COX3 116 126 114 122 
4 ND1 74 83 23 26 
5 ND2 53 62 35 37 
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Table 4. Results of coverage transcriptome among mitochondrial genes in Holstein and Cholistani breeds 
Number Gene name Start End Length Strand 

1 COX1 5686 7228 1542 + 
2 COX3 8969 9750 781 + 
3 COX2 7373 8054 681 + 
4 ND2 42665 5307 1042 + 
5 ND1 3100 4056 956 + 
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Figure 1. Results of coverage transcriptome at the five gene locus of mtDNA in Holstein and Cholistani breeds 
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Figure 2. Polymorphic regions based on nucleotide sequences at the COX1 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Figure 3. Polymorphic regions based on amino acid sequences at the COX1 gene locus in comparison between 

Holstein and Cholistani breeds. 
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-�.)�  
Table 5. Percentage of transitional and transversional substitution in the nucleotide sequence of COX1 gene locus in 

Holstein and Cholistani 
Nucleotide A T/U C G 

A - 0.76 0.65 15.66 
T/U 0.73 - 23.76 0.42 
C 0.73 27.96 - 0.42 
G 27.50 0.76 0.65 - 
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*The replacement ratio is one row to one column. Numbers outside the diameter (italic) indicate the transversional subsitution and numbers on the 
diameter (Bold) indicate the transition substitution. 
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Figure 4. Polymorphic regions based on nucleotide sequences at the COX2 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Figure 5. Polymorphic regions based on amino acid sequences at the COX2 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Table 6. Percentage of transitional and transversional substitution in the nucleotide sequence of COX2 gene locus in 

Holstein and Cholistani 
*Nucleotide A T/U C G 

A - 0.01 0.01 16.70 

T/U 0.01 - 20.82 0.00 

C 0.01 23.67 - 0.00 
G 38.75 0.01 0.01 - 
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�4
%�.� ) �&Q *�� � 1Z  � �$d�(� +hB (,'� ���' ��=-  � �%�(.-  �2
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*The replacement ratio is one row to one column. Numbers outside the diameter (italic) indicate the transversional subsitution and numbers on the 

diameter (Bold) indicate the transition substitution. 
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Figure 6. Polymorphic regions based on nucleotide sequences at the COX3 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Figure 7. Polymorphic regions based on amino acid sequences at the COX3 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Table 7. Percentage of transitional and transversional substitution in the nucleotide sequence of COX3 gene locus in 

Holstein and Cholistani 
*Nucleotide A T/U C G 

A - 0.01 0.01 23.70 

T/U 0.01 - 16.96 0.00 

C 0.01 17.18 - 0.00 
G 42.11 0.01 0.01 - 
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*The replacement ratio is one row to one column. Numbers outside the diameter (italic) indicate the transversional subsitution and numbers on the 

diameter (Bold) indicate the transition substitution. 
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Figure 8. Polymorphic regions based on nucleotide sequences at the ND1 gene locus in comparison between Holstein 

and Cholistani breeds. 
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Figure 9. Polymorphic regions based on amino acid sequences at the ND1 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Table 9. Percentage of transitional and transversional substitution in the nucleotide sequence of ND1 gene locus in 

Holstein and Cholistani 
*Nucleotide A T/U C G 

A - 0.61 0.62 15.88 

T/U 0.70 - 20.20 0.28 

C 0.70 19.83 - 0.28 

G 39.68 0.61 0.62 - 
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*The replacement ratio is one row to one column. Numbers outside the diameter (italic) indicate the transversional subsitution and numbers on the 

diameter (Bold) indicate the transition substitution. 
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Figure 10. Polymorphic regions based on nucleotide sequences at the ND2 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Figure 11. Polymorphic regions based on amino acid sequences at the ND2 gene locus in comparison between 

Holstein and Cholistani breeds. 
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Table 9. Percentage of transitional and transversional substitution in the nucleotide sequence of ND2 gene locus in 

Holstein and Cholistani breeds 
*Nucleotide A T/U C G 

A - 1.65 1.53 14.23 

T/U 2.11 - 7.65 0.52 

C 2.11 8.23 - 0.52 
G 58.27 1.65 1.53 - 

�' �,.� #? l��� 4� H  �2��A��B ;P)- *) �&Q ���N � 1Z  .1
�?4
%�.� ) �&Q *�� � 1Z  � �$d�(� +hB (,'� ���' ��=-  � �%�(.-  �2
=-�B (.12"�  
*The replacement ratio is one row to one column. Numbers outside the diameter (italic) indicate the transversional subsitution and numbers on the 

diameter (Bold) indicate the transition substitution. 
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