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Extended Abstract

Background: Selection over the past years has caused commercially modified livestock to have
less genetic resistance and adaptability compared to native livestock, which is the reason for the
reduction of genetic diversity. It is necessary to implement breeding programs to quickly adapt to
environmental changes. In the past studies that were conducted to investigate the differential
analysis of genes in the Holstein and Cholistani breeds of the Punjab province in Pakistan, a very
significant difference in expression was observed in some genes, including mitochondrial genes,
which became the basis of the present study. Therefore, this research aims to investigate the
reasons for the difference in gene expression between Holstein and Cholistani cattle breeds in
mitochondrial genes, including ATP6, ATP8, and CYTB genes, which are involved in important
processes such as energy metabolism in dealing with biotic and abiotic stresses, and also play a
role in disease resistance, using transcript data (RNA-Seq). For this purpose, transcriptome
coverage, nucleotide and protein regions and mutations, and deletion and addition genetic
differences were investigated in the mitochondrial genome of these two breeds.

Methods: Transcriptome data (RNA-Seq) with free access to 40 samples of dairy cows from the
University of Wisconsin, USA, and 45 female cows of Cholistani from the Guijatipir dairy cow
unit of Bahawalpur City, located in the Punjab state of Pakistan, were used in the present study.
Since the results of the differential gene expression of the two breeds showed different expression
levels in several mitochondrial genes, and part of the differences were related to their different
genetic structures in the two breeds, the present study aimed to investigate this topic. Using NCBI
genome databases (https://www.ncbi.nlm.nih.gov/) and Ensemble

(https://asia.ensembl.org/index.html), the sequences of three mitochondrial genes, including
ATP6, ATP8, and CYTB, for Holstein cattle (Bos taurus) and Cholistani cattle (Bos indicus) were
extracted and stored in FASTA format. IGB version 6 software was used to examine the level of
transcriptomic coverage. MEGAG software was used to calculate the polymorphic regions and to
calculate the percentage of nucleotide substitution and alignment of the sequences. The types of
polymorphisms occurring in the mitochondrial genomes of Holstein and Cholistani using
nucleotide and amino acid sequences, as well as haplotype blocks, were specified by determining
insert and deletion regions and protected regions in the genome using Dnasp5 software.

Results: Deletion sites in the Holstein breed in the three ATP6, ATP8, and CYTB gene loci were
96, 28, and 91, respectively, which were more than the number of deletion points in the Cholistani
breed (vs. 84, 9, and 57). In the Cholistani breed, there was an insertion of 64 bp in the ATP6
gene locus at position 8733 bp, and two insertion regions in the CYTB gene locus at positions
15846 and 14779 bp, 17 and 24 bp in length, respectively. No insertion was observed in the ATP8
locus in the Cholistani breed. In the Holstein breed, there was an insertion region at position 8185
with a length of 16 bp in the ATP8 locus, an insertion region at position 8733 bp with a length of
20 bp in the ATP6 gene locus, and in the CYTB gene, three insertion regions were observed at
positions 14779, 15355, and 15356, respectively, 27, 42, and 16 base pairs in length. Among the
three gene loci, ATP6 and ATP8 showed the highest and the lowest levels of coverage,
respectively, and CYTB was in the middle of the other two loci. The comparison of the nucleotide
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sequences of the ATP6 gene locus with a length of 678 base pairs in two Holstein and Cholistani
breeds showed eight polymorphic regions and three polymorphic regions based on the amino acid
sequence. They included two threonine-to-alanine conversions and one isoleucine-to-valine
conversion position. A comparison of the nucleotide sequences of the ATP8 gene locus with a
length of 198 base pairs in Holstein and Cholistani breeds, containing six polymorphic regions,
and based on the amino acid sequence, showed that they contained two polymorphic regions.
Amino acid changes included valine to isoleucine and threonine to alanine. A comparison of the
nucleotide sequences of the CYTB gene locus with a length of 1137 bp in the Holstein and
Cholistani breeds, containing 19 polymorphic regions, and based on the amino acid sequence,
revealed that only two polymorphic regions were found where the amino acid valine was
converted to valine-isoleucine and isoleucine-valine. Finally, the results of analyzing the
conserved regions in the aligned fragment of ATP6, ATP8, and CYTB genes showed that from
the sequence of the mentioned genes, the ATP6 gene had a 217 bp conserved fragment, and the
conserved region was not found in the ATP8 gene. Non-protected genes are susceptible to
nucleotide changes and mutations, which have caused the coming into being of new proteins and
their new functions, and most regions of the CYTB gene were protected. The CYTB gene had the
most conserved regions in DNA, with a length of 605 bp. Moreover, the results showed that
transitional substitution in all genes was more than transversional substitution.

Conclusion: The results of the comparison analysis of transcripts in Holstein and Cholistani
breeds, in addition to different expression levels in different genes, including the mitochondrial
genome and complementary analysis of nucleotide and amino acid sequences of ATP6, ATPS,
and CYTB genes, showed that evolutionary factors, including mutations, selection, and migration,
were three of the most important factors that caused changes in the genetic structures of breeds,
including Holstein, in such a way that the mentioned changes caused different expression levels
of mitochondrial genes in the two breeds. Therefore, to improve the compatibility of commercial
breeds, it is possible to combine effective variants and increase the economic lifespan of
commercial livestock in combination with native livestock by designing suitable breeding
programs and genomic selection.
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Table 2. Deletion regions in the mitochondrial genome of Holstein and Cholistani breeds

(Holstein) :ybuils

(Cholistani) Sbuuls

@, o pb I sl i cin) bacbis s i ciz) s sl
g ol (5L cas) bddis sl I shus (5L céx) bacdis olass
Number Gene name The number of regions Number(gf )Deletion Th(:s:uﬁnilber of regions Number(gf)l:)eletion
p p
1 ATP6 96 112 81 84
2 ATP8 28 30 9 9
3 CYTB 91 99 53 57

AP 53 g Jlail Cusdse A 5 0 Cipa cpliils Sl
i g &S B0 )5 ololis Jlasl CusBan YY 9V SbiwlS
S SbunlS 15 pgi5 )3 5k cads

» Jail (ply bl 15,08 gae 0955 3 ' Jlail (s
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CYTB 5 ATP6 olSls 45 5 bl e by Jluss] canedige
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Table 3. Determining the junk regions in the DNA of Holstein and Cholistani breeds

(Holstein) yluila (Cholistani)  Sluwds
<) ) s o y loj olass 4 .
Number Gene >l Sl (3L ) Jlasl ﬁJn?b;rA:f (3b cax) Jlasl
Number of regions Junk (bp) reqi Junk (bp)
gions

\ ATP6 5 55 1 11

Y ATP8 - - - -

CYTB 9 74 22 22

Pz anl SEATPE S5 oSl o Gheds V& Jgbay
ool 3 g sbeds Ve Joba (gibods AVEY Cuxdge
5 VOYAA AYYWA sla Cuxdge ) )0 4l 4w CYTB
bocas Vg YY WYY Job 4 slazys cuipa VAYOS
Sass DNA I glaskad 59381 b yigs opl s odmlie
ORSo 4R 50 9 W30y 0] S 3 1) DNA (sl

-\-SL_;QJ Jos w4 o5 c}.’.l bwgy odbais o

95 3 EMS e P35 ) Ol ekl b g LN g 53
Vs 2 e pis b dumlie 3 Slunls y cpluils Sl
» ATPG 55 ol o SlwdS oI5 o wlas 1)
25 s i BF Jobts g0 e (53 AVYY Copdipo
9 VOAYS ol CusBgo 10 20 4l 92 CYTB 55 oSl
ol jo.lodls &y s ¥F 5 WY Jobay (gjbcas VFYVA
gy i sdalie 2 g Sl S5 > ATP8
MAY Cusbas 1> 7y 4l S ATP8 ol jo (plidida
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Table 4. Insertion and addition regions in mitochondrial genes in Holstein and Cholistani breeds

@23 o e 3 pyS adlale z»
Number Gene name Insertions Top hat Insertions
(Cholistani)  Sbuwds
1 ATP6 8733 T 64
2 CYTB 15846 A 17
3 CYTB 14779 T 24
(Holstein) bl
1 ATP8 8185 T 16
2 ATP6 8733 T 20
3 CYTB 14779 T 28
4 CYTB 15355 C 42
5 CYTB 15356 A 16

G usgilSs (2ly o5 cnl 5 (ygls) Lide caw
il L3 ASKR o)los 4 A sigtls JIASYD Jlgi o ke

g oplidle D55 93 53 (cagi Sudl s by gaw @l
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Table 5. Results of the genomic coverage among mitochondrial genes in Holstein and Cholistani breeds

@) o3 o sl Job doxd
Number Gene Start End Length Stran
1 ATP6 8289 8967 678 +
2 CYTB 14513 15650 1137 +
3 ATP8 8128 8326 198 +

1Junk
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Figure 1. The coverage results of the ATP6 gene locus in Holstein and Cholistani breeds
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Figure 4. Polymorphic regions based on nucleotide sequl;enc%s in ATP6 gene locus comparing Holstein and Cholistani
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Figure 5. Polymorphic regions based on aminoggidl_sequ_egcesdin the ATPG6 gene locus comparing Holstein and
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Table 6. The percentage of transitional and transversional substitution in the nucleotide sequence of the ATP6 gene in
Holstein and Cholistani breeds

S5l 5 A TIU c G
Nucleotide
A B 135 135 18.37
TIU 1.62 - 867 0.54
C 1.62 8.69 - 054
G 54.56 1.35 1.35 -

! e €58 s o el o 3,50 (VAAY) (50l o ol (030l €53 5 55T ol (050) 5500 el & (o)) el S5 31 999 50 (e sSel> Loz

Slosds ooly i Ko/ & jgo 4 (AblE Ligs 9 pasud G jgody
Each entry shows the probability of substitution (r) from one base %ow to another base (column). The Tamura and Nei (1993) model estimated
substitution patterns and rates. Rates of transitional substitutions are in bold, and those of transversional substitutions are in italics.
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Figure 7. Polymorphic regions based on amlnogﬁldrsequ_egcesdm the ATP8 gene locus comparing Holstein and
olistani breeds
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Table 7. The percentage of transitional and transversional substitution in the nucleotide sequence of the ATP8 gene

position in Holstein and Cholistani breeds.

Aigls'y A

* C G
Nucleotide
A - 0.01 11.50
T/IU 0.01 15.69 0.00
C 0.01 - 0.00
G 54.70 0.01 -
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Tamura-Nei (199@) model. Rates of different transitional substitutions are shown in bold, and those of transversional substitutions are shown in italics.
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Table 8. The percentage of transitional and transversional substitution in the nucleotide sequence of the CYTB gene
locus in Holstein and Cholistani breeds

SIS 5 A TIU c G
Nucleotide
A - 0.00 0.00 13.83
T/U 0.01 - 29.14 0.00
C 0.01 24.67 - 0.00
G 32.32 0.00 0.00 -
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Table 9. Polymorphic regions in the genes located on the mitochondrial genome based on nucleotide and amino acid

sequences in Holstein and Cholistani breeds
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sequence length in of Polymorphic acid sequences length of Polymorphic
base pairs sites sites
ATP6 Nucleotide 678 Protein 226 3
ATP8 Nucleotide 198 Protein 66 2
CYTB Nucleotide 1137 Protein 379 3
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1 ATP6 461-678 217 0.0440
2 CYTB 94-311 217 0.0169
3 CYTB 385-591 206 0.0212
4 CYTB 814-996 182 0.0346
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