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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, NDland ND2, which are involved in essential tErocesses 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 )?fpes of
transitional and transversional replacements of nucleotides and to align sequences. The results showed that the COXT 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

Number Gene _id Gene name Locus Gene type p_value q_value

Holestein

1 ENSBTAG00000043561 COXl1 MT:5686-7299 protein coding 0.0001 0.0001

2 ENSBTAG00000043556 (6(0), ¢ MT:7373-8057 protein coding 0.001 0.0001

3 ENSBTAG00000043560 COXx3 MT:8128-9750 protein coding 0.01 0.00148

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

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

1 ENSBTAG00000043561 COXl1 MT:5686-7299 protein coding 0.0001 0.00011

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

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

4 ENSBTAG00000043558 NDl1 MT:3100-4056 protein coding 0.01 0.001

5 ENSBTAG00000043571 ND2 MT:4265-5307 protein coding 0.001 0.0001

(Bos indicus) gliwdS g (Bos taurus) cpliida o8 1o (5,088 g o)) o5 le ¥ Joo

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 152412 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 col 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

Numb G Holestein Cholistani
umber ene name Number of region Number of deletion Number of region Number of deletion
1 COXI
2 CcOox2 84 52 57
3 [¢0).€] 116 114 122
4 ND1 74 23 26
5 ND2 53 35 37

LS 5 (nliada oI5 93 )0 (5,05 e Slays o 00 @S b (o8 Sis s ¥ Jsu
Table 4. Results of coverage transcriptome among mitochondrial genes in Holstein and Cholistani breeds

Number Gene name Start End Length Strand
I 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



v 95 G eilS BT sl JSbaiz g cegim Sl 5 (il (slawglie aslllas 1) ISas 5 (g ped Vaf

#8_taurus_Jun_2004_:_chrm ATGTTCATTA ACCGCTGACT ATTCTCAACC AGCCATAMAG ATATTGGTAC CCTTTATCTA CTATTTGATG CTTGGGCCGG
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_CompIETe_QENDNE  ..vvviies coiiieiiis ceeieriee cere s e e e aeeer
#NC_005971.1:5690-7234_Bos_indicus_mitochondrion_complete_genome  ......ooee coveevins veviinninn B i e G vevennn (T

#8_taurus_Jun_2014_: chrm TATAGTAGGA ACAGCTCTAA GCCTTCTAAT TCGCGCTGAA TTAGGCCAAC CCOGAACTCT GCTCGGAGAC GACCAAATCT
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_COMPIELE_QENDNE  ..vvviies ciieeios et ireiee creeriins crrrrres arrren s e aeeena
#NC_005971,1:5690-7234_Bos_indicus_nitochondrion_complete_gename  .....vvve v, Tt e i e e e

#5_taurus_Jun_2014_: _chri ACAACGCAGT TGTAACCGCA CACGCATTTG TAATAATCTT CTTCATAGTA ATACCAATCA TAATTGGAGH ATTCGGTAAC
#NC_006853,1:5687-7231_Bos_taurus_mitochondrion_COMDTETE_QENOTE  ivvvvvvvs vovivniins niinies s srrrr i e e
#NC_003971.1:5690-7234_Bos_indicus_mitochondrion_conplete_genome ... Torr werrrrinns s LT, [

#B_taurus_un_2014_: _chrw TGACTTGTTC CCCTAATAAT TGGTGCTCCC GATATAGCAT TTCCCCGAAT AAATAATATA AGCTTCTGAC TCCTCCCTCC
#NC_006853,1:5687-7231_Bos_taurus_mitochondrion_compTELe_geONE  ivvvvvuvs vovvvniins sininnnies i e e e
#NC_005971.1:5690-7234 _Bos_indicus_mitochondrion_complete_genile  .vvvvives ovvrninns coviiinnns i s s Tovvieens

#8_taurus_Jun_2014_: _chrm GCAACCTAGC CCATGCAGCA GCTTCAGTAG ATCTAACCAT TTTCTCTTTA CACTTAGCAG GAGTTTCCTC AATTTTAGGA
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_complETe_genDIE  ovvvviiis vovrininns wininniin i s e e e
#NC_005971.1:5690-7234_Bos_indicus_mitochondrion_complete_genome  .......... cooveii cevinnn, T et ee e s e e

#8_taurus_Jun_2004_:_chrm GCCATCAACT TCATTACAAC AATTATCAAC ATAAAGCCCC CCGCAATGTC ACAATACCAA ACCCCTCTGT TCGTATGATC
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_CompIETe_QENDNE  ..vvviies coiiieiiis ceeieriee cere s e e e aeeer
#NC_005971.1:5690-7234_Bos _indicus_mitochondrion_COMPTETE_GENOME  ovvvviees hieeeies weeireiee creeriins cinreres arrrrnaes e A

#8_taurus_Jun_2004_:_chrm ACCTAAATAC AACCTTCTTC GACCCGGCAG GAGGAGGAGA CCCTATTCTA TATCAACACT TATTCTGATT CTTTGGACAC
#NC_006853. 1:5687-7231_B05_taurus_mtochondrion_CompIETE_QENDIE  ..vvtiies ciieeiis ceeieeiee ceeeiiis crrrree arrrre s e aeeera
#NC_005971,1:5690-7234_Bos_indicus_nitochondrion_complete_gename  ...vvvvvnn oo, Toviin nnrnniin Tovvviinns o Covvinnr s

#5_taurus_Jun_2014_: _chri CCCGAAGTCT ATATTTTAAT CTTACCTGGG TTTGGAATAA TCTCTCATAT CGTGACCTAC TACTCAGGAA AMAAAGAACC
#NC_006853,1:5687-7231_Bos_taurus_mitochondrion_COMDTETE_QENOTE  ivvvvvvvs vovivniins niinies s srrrr i e e
#NC_003971,1:5690-7234_Bos_indicus_mitochondrion_complete_genome  ....covves vovviiiinn ceninnnnn A .

#8_taurus_un_2014_: _chrw ATTTACAGTA GGGGGTTTAA CTGRANTTGT CTTAGCCAAC TCTTCCCTCG ATATTGTTCT TCACGACACA TACTACGTTG
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_compIETe_geNDNE  ivvvviies vovrnninns wuiinnins i e e e e
#NC_005971.1:5690-7234_Bos_indicus_mitochondrion_complete genome  Go.....ooe covveeiinn voviiniins connienn aeens e eernieee v e

#8_taurus_Jun_2014_: _chrm TCGCACATTT CCACTATGTT TTATCAATAG GAGCTGTATT TGCTATTATA GGGGGATTTG TTCATTGATT CCCACTATTC
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_complETe_genDIE  ovvvviiis vovrininns wininniin i s e e e
#NC_005971.1:5690-7234_Bos_indicus_mitochondrion_COMPTETE_GBNOME  .vvvviies hieeis ceeiiiniee ceeerrnns crnnirees arrrrn e rnaaeien e L

#8_taurus_Jun_2014_: chrm TCAGGTTATA CTCTCAACGA TACATGAGCC AAAATCCACT TCGCAATTAT ATTTGTAGGC GTCAATATAA CCTTCTTCCC
#NC_006853.1:5687-7231_Bos_taurus_mitochondrion_COMPIELE_QENDNE  ..vvviies ciieeios et ireiee creeriins crrrrres arrren s e aeeena
#NC_005971,1:5690-7234_Bos_indicus_nitochondrion_complete_gename  ....vvvves vovvviiinn s e Torir s e e

SllS g (nliida o155 90 annlie ;0 COXT 55 ololr ;o suisilSs o JIgs ol ISbaiz (g ¥ S
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 C G
A - 0.65 15.66
T/U 0.73 - 23.76 0.42
C 0.73 27.96 - 0.42

G 27.50 0.65 -
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*The replacement ratio is one row to one column. Numbers outside the diameter (ifalic) indicate the transversional subsitution and numbers on the

diameter (Bold) indicate the transition substitution.
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GCTAATAATT GTCTTCTTAA TTAGCTCATT AGTACTTTAC ATTATTTCAC TAATACTAAC GACAAAGCTG ACCCATACAA

GACTATTAGA AGTCGATAAT CGAGTTGTAC TACCAATAGA AATAACAATC CGAATGTTAG TCTCCTCTGA AGACGTATTA

CCGTCCAGGC TTATATTACG GTCAATGCTC AGAAATTTGC GGGTCAAACC ACAGTTTCAT GCCCATTGTC CTTGAGTTAG
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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 -

s e s 1y (Jaml edile (S ) jhad s, olasl g abld gz (ST Hhad 715 slael abl oo fyginw 4 @y S5l o3l S #
*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.

ATGACACACC AAACTCATGC TTATCATATA GTAAACCCAA GOCCTTGACC TCTTACAGGA GCTTTGTCTG COCTCTTAAT

TATGGAATAA TTCTTTTTAT TATCTCCGAA GTACTATTCT TTACCGGATT TTTCTGAGCT TTCTACCACT CAAGCCTCOGC

ATTCACCCAC TAMAACCCCCT

CACTACTACA AGCCTCAGAA
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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 (ifalic) 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 (ifalic) 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 -
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*The replacement ratio is one row to one column. Numbers outside the diameter (ifalic) indicate the transversional subsitution and numbers on the
diameter (Bold) indicate the transition substitution.
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