[ Downloaded from rap.sanru.ac.ir on 2026-06-08 ]

[ DOR: 20.1001.1.22518622.1400.12.34.20.7 ]

[ DOI: 10.52547/rap.12.34.172 ]

-

$) rb il 9 (5559UiS pole o1
o Oy Sledagi

WY Voo oline; IY¥ oyleis /pm)'lp Jlo ob alide sleuingss

" zusﬁ M&O"

5 (Bos taurus) g ludls o5 g5 25 95 )3 (NS giue 0935 (Suilo, 5iilgn anlllas
RNA-Seq gosls ;1 aaliw! b (Bos indicus) oiliwls”

£ edgmatio e o (65Lely s doseo LIS Lo podE ¢ g yoi o]

ul)J\ ‘Jal) bl olKiisly “5)')51,;‘;5 0aSisly ‘Ls"b la5h: 55/5 b C)'Lo‘ 9 S AJ})‘ th,.fi)lf -\
(daShAD@UOZ.AC.If : Jaguus oinwssi) e ) o L5 bl oS 53,5 ISl o sold ol 0g)F cpls Ml 5 K55 luils -
Ol @5 «3)gliS oy 9 Whjsel liiod (lojls 938 (ol pole ClaiS duwge «S3gSSgn leutingy i el Mol g S lslinl Y
) 5 o5 oISils (55l 01> Sl ilons 5 ool pole ogsS cpld Mol 5 S lucls —F
VEJEIY s V0N il g
VAY B AVY taan

bganso 008>

RNA-Seq obsS sla Jlgs 51 ealizl b cilisee slagy ol a5 Como dgse 4 poi Seudls bl 2 Syl 18D 9 oo
Ak AL 38 4 yase f Jl SO L bdisS 1 gl 10 (0,Sles Siogi A Cumd (g pels s S Wl o (gy5k8 Cplicunl 03)ST SaS
ND4 ND3 (slagyj Jols (SliundS 5 cpliile g5 9355 25 9 )3 (638 oo slagy) Sgliste pla yl3bo bYS (py 0yl Gudods ploxl j] Ban
W A8 gylew 4 Coglie 555 (s jpE g (i SIS b ablie 1> (65 5] padgilio alen | oge slaaisl)d 3 a5 55 NDG 4 ND5 (NDAL
55 ¥ 4 (BOS taurus) 1, yol puuailSig oltils (5, 95 3550 5l @iges ¥o pleal 4y bgy o RNA-Seq (slaosls | asllias ) ) U gy g g0
s oy g e ol pbol sl 15 ozl Sl Oty bl 3 gBly ysdlolaly jad yusiolesS deyie 5 (BOS INCiCUS) louuels” o3lo
ol dopy 5 Jlail (ply wdlol g Bis (Slg (ASdnin (ol Jold &5 ()aiS50e 0] g0 O 2 GS8) BB 5 gt Sl Jidg
A5 o3lizsl DNASPV.5 g MEGAB dGB slalséls 5 5l abolis 5 Jlisl st slo i jSols

Sy Sl g5 @ bgye Jlasl 4l g Jobo (i g plidln pif 4 bypye dalllas 3)90 slagyj plos > Bl Jgb g 4l oy RABY
4 NDAL & bgyye Gl sly oo g aais 55 g VF b sy & ND4 5 & basye JlwedS g plaile cglS > Bls slg dlasi o b
9 ND4 5 ND3 (slagy; )0 gogip,Sudlyy by gdaw o3Vl 250 5 b YY 5 WY Job b el 4 pgif Oialidl coge Jlail 4l Y 50
(ommed g (JSbais 4l YA L ply g bayi plo 5l iy NDS ool o JSais  le sl il odalie NDB (5 ool )0 yiday oy eS|
S aomlpl il JolSS b o alypuss (gl Judd Wl o &S Can (obld  uisls 1 i bjL o Jsl dsls as s oS ol lis gls
s (IS0 oy lal 5 (i &y bigyye Wlgie il @slie by iS5 (liile 4355505 53 )3 & (6,0 gie slaiy okl Yo
sl odal 39291 595 5 93 JalSS (o )3 o5 aidly (bl g Jl sla 0l Olise 9 €95 9 (sogir Sl 5 by

il > Sl 5 5)MSghe p55 S SRS 4 e SliudlS SN 4 G (plidle clagls ) e A5 (sl 213 o 1 S oS
bl e (dame Cglite Lulyd & Gglite Joall pnSe g o)) ol yeets O 4 o 008 ()0 g Loy (B2 g5 9

orltls (Sl @Bl § Gls ogin Suily Libe (o5 ole s 8lS (5o jlg

dogi b did oy idaud j0 JblasS gl MIDNA ¢4
» Bos indicus us el samslis 81,8 sble 4
o2 g o bl 0)F g 4 Cple | g g N
shls Bos taurus culio jb a4 (F) cool Luol (8,8
095kl o b Ll (0 s> Esl il
V) ail 0 T4 4 T3 T2 T1 Jols caliseo mMDNA
aad b gl ey (g)aS e DNA (S5 5,Sles
J &S s (5,8 ge pgiy JolS Db Jlg S8 4 VA
as by u‘*‘" Sldles O.;.I @L.: W) ui‘:)‘)‘f OI)IA.B\L...%
(D-Loop) sxiguisss yue anl S gyl ()8 50 DNA
Yy 9 O'jJB)" YW J&L» ‘U) \n'% )I Js,wj.a OAJ?MJ A\ u.’>|9; 9
&S Cul 59y (§394ve Sy oS sS Lg)xSs;‘.é.o r°9")
sl 9 (095905 SLRNA plas (ol o ogMe il oo
» boden cpl sy lp W2 WIRNA
5> 09 I Salil ol pg5 L 5 6 g
235 45 0ds IS dld g} by ()8 gine (Slang

doddo

< cul gl S (S35 5 eliplsl aalys
o8 S ol JL\”)}; Sl Conl S o0 slagls
i o8 Wb Ll 98 O ) (usKiiery s)
95 9 (ool ) G0l gl (el 2929 4 el
o ol b ol b (W) s (GusSte/ (es)
035 (8 6 (V) Ll 3y 5 (FOY) Wl )5 Jitws
5 5 53 U5 oSl Skl DNA (glaosls 5
i3 oo Sl ) (g

Sglite (Sajlsdrge Lld 4 o sladli g laaisS
don jl lags Sy jpdx pas byl bl )3 g wleds
Sl ey & JoSUge slaodly (M) Lad o jleso
ulp (taurine-zebuing) oo p)8l odes (SlEgd
&S amd e olis awled Ll sl Ll g8 glaslp
sl pogpl oy sodiss 5l B3l g slagl
o Seof dbauly b gl clinl  oobal (B s

I3l S, wlge (MDNA) ,uSsie DNA g
Sl bt il gile Jal sla e yaiel gly o


http://dx.doi.org/10.52547/rap.12.34.172
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.34.20.7
http://rap.sanru.ac.ir/article-1-1226-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-08 ]

[ DOR: 20.1001.1.22518622.1400.12.34.20.7 ]

[ DOI: 10.52547/rap.12.34.172 ]

Wy

Sdgaio ulc 9 3 > domo wolsls Lé,o){i (w9 yed VSN

S5 93 oy )3 )8 gie pois > Cglie (o BV (o)
Slite ol Jlosnl bY> 53,8 by g (il o litls

W g, 9 319
¥ plesl & bgsye RNA-Seq (slaodls jl dalllas ol yd
BOS ) 1S, yol (uailSnsy oKl (5 b 95 S50 5l igd
acyi0 43 (Bos indicus)  lads osle 45 ¥ 4 (taurus
Sl by Ul 5 gl sedslel sad s
(V) ol)Ken g Huang adllas ;5 bodly pl i eolasiwl
Jolis joShe sladilbuliS dms aodd job 4y .0d AJg
g gy SagS Clibd 4 MRNA by Jol,e
bl (oL g s )Silel Jlasl (cDNA cals) il
i € 9 (Gb can Yoo 2005) caunlio 0301 b lalad
Ky b & “9) b‘); -3 LS])‘.’ ol odlol sl
a5 b Jlg TIX. Hlumina Genome Analyzer
oligS il YeAF+ oY o VVeVAFWY Wy b g
@5k i VB Job 4 (025 (b Jlg5 sl 93 o ) (i
Pl ool gy lwds g spliids dlE gy sy
gl iS5 VoY (Va3 YY o)l 0 dlp ey
Short (sequence) Read Arshive ) obsS (sla yislgs
S59SSgm Ml (o 3950 SNl SIL ((SRA)
o9es 9 Oy ©ygm STA Loy b g 0ud e (NCBI)
s http://www.ncbi.nIm.nih.gov/sra/SRS454433

UJLMLz JI;’;}
http://www.ncbi.nlm.nih.gov/sra/SRS454432
Bges pyi Sl (Js3ld 5 boj Gl ol g 4
Slo Qs (S8 5 oyl pplodls g8 Conar
Ap e (MIDNA) (guSsie sbay; ole wliMs]
LAY b ca S 8 ol adlas Bua o cush colss
OleMbl 14 .(VYONE) 24 00> sy kel eglize ol
& pys by gl )Sde (g poto Sl Jly
4uslis Bos indicus 4 Bos taursus ol o5 455,35 90
Jlos bayj Gidg haw g agf ledle jlisle Cglis
AW
) S5 g (S5 gy
il a4 NCBI g5 odb oL 51 edlawl L
4 Ensembl 4 (https://www.ncbi.nlm.nih.gov/)
Jg  (https://asia.ensembl.org/index.html) : 5]
o5 o (Bos taurus) spleils o5 (dly 58S gie 0 &2
FASTA cwy 4 4 glscwl (Bos indicus)  luds
05 pU ey oyladd & bgype GleMbl 1130,5 0,55
(el g pleiln S5 9> 3 (5N gie pgi )> Cusbye
Gl 0dds 1)1 Y Jolis 5o

Voo lin 1YY ojlos /om3jlsd Jlo ool Clilg (slosimg}

@ bl sl ) 1S gine pois Sl Loy ol &5 canl pl
(A) Slosds Jiio s
CLRNA & sz o) ol s> cLMDNA
RNA 33 5 Comn «So8 9 Sy 2olynj ogism)
O ygind A3 sli] don & (g WY 5 (IRNA)
sasly i A e (IS5, 1) Atk gl
C popSsiw saslgy; (Cyth) b g, 550w ATPase
55,405 NADH 4 (COX1, COX2, COX3) jlys’
ND1, ND2, ND3, ND4, NDAL, ) aslgyj can ol
(1) sz (ND5, ND6

Cono dgne 4 poi Sl Qb Jly wde s b
RNA-Seq obsS” (b Jlgs 5l odlinal b o) (smiin S
Sy Wl sld ol el opMe .l 03,5 KoS
ol (63,8 Siogil A Cuns (g prely OB
Job Lo 4 paxie 55 g o L s litl slaasss
éJLwd.x.wy 2 don jd aed &l B b o i 9 oS
FrellS g dde (SiB) @l I gt Sl glaosls
P Cubgisy S adllas pyin Susly (VY) diwe
(1) ool ool bl

Sl b 290 JIg Ges b pgte Sl b
des j ik Jelss Lol cov Wl e ool adlls
(IS yob 4 aisl adllae CBlual g e (S pai ol
P Gos cwlio Jhbg (slp il ooy (e e
Cudgig) Jlot g 5 Ban 4y diten (V) sl p3Y i
Gl Gglite Jlg5 oas 4 Lo

S5 £95 Ol 9 Wide qwy polate 4 ladlllas >
ray) ‘_;\im» )] odlazwl L O 0 0% 9l§ dtm.)‘);
0 slSs cblly Susjkd @l (S s
15540 o5 Jlg a8 oy ol b s VFe Jsb 4 CYTB
9 (oal oge) gt Jols paloite (S dluds 90 &
SPS g pgiy Hdd (Aol (usSll/ ) 9
pys B > in e oo lE > 5 slagls
() conl e Jlos (bl 5 ()98l ()48 e

A5 L ool b caaluis (Bos indicus)  lids sl
9 &8 ply 3 Caeglie g Ol oo 4 g 3y (Sl
o) ebl el (s g5 Cmun > e sl
Sl D5 93l G ey JB g Sl Bl g
b g ord dalde ( Jleaelsy (pliils £5 05 93 o o Ol
Aol oo salB 3 39290 slag Coenl 4 a2y
5 ) gl bodblie ) & (Gl sl
S pbsl il B (Gilow & Cuglie 35 g umjpé
b dSgie pi 3 1) (ogiSuily Gidgy & adlas
ol adlas j Gun 1 sl e (fpams S oy


https://www.ncbi.nlm.nih.gov/
https://asia.ensembl.org/index.html
http://dx.doi.org/10.52547/rap.12.34.172
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.34.20.7
http://rap.sanru.ac.ir/article-1-1226-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-08 ]

[ DOR: 20.1001.1.22518622.1400.12.34.20.7 ]

[ DOI: 10.52547/rap.12.34.172 ]

Sdgaio o5 o3bsly s dazmo (oL Lo poMe (g e e

W¥ (Bos indicus) slls” s (BOS tAUrUS) pliils o5 4565 15 93 53 (5,88 giue poif (Suilogiilan axlllao

(Bos indicus)  sleuds”s (BOS taUrus) pluils oS ;> (6,08 gie (F i 4 bgyye Slaseio =V Joio

Table 1. Specifications of five mitochondrial genes in Holstein (Bos taurus) and Choleistani (Bos indicus) cattle
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Table 2. Quantitative expression of isoforms of mitochondrial genes in Holstein (Bos taurus) and Cholestani (Bos indicus)
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Table 4. Determination of junk regions in mtDNA in Holstein and Cholistani breeds
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Table 5. Results of coverage transcriptome among mitochondrial genes in Holstein and Cholistani breeds
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Figure 1. Results of coverage transcriptome at the five mtDNA gene locus in Holstein and Cholistani breeds
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Figure 3. Polymorphic regions based on amino acid sequences at the ND3 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 ND3 gene locus in

Holstein and Cholistani
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Figure 4. Polymorphic regions based on nucleotide sequences at the ND4 gene locus in comparison between Holstein
and Cholistani breeds
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Figure 5. Polymorphic regions based on amino acid sequences at the ND4 gene locus in comparison between Holstein
and Cholistani breeds
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Figure 7. Polymorphic regions based on amino acid sequences at the NDAL gene locus in comparison between
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Table 8. Percentage of transitional and transversional substitution in the nucleotide sequence of ND4L gene locus in
Holstein and Cholistani
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Figure 8. Polymorphic regions based on nucleotide sequences at the ND5 gene locus in comparison between Holstein
and Cholistani breeds
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Figure 9. Polymorphic regions based on amino acid sequences at the ND5 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 ND5 gene locus in
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Figure 10. Polymorphic regions based on nucleotide sequences at the ND6 gene locus in comparison between
Holstein and Cholistani breeds
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Figure 11. Polymorphic regions based on amino acid sequences at the ND6 gene locus in comparison between
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Extended Abstract

Introduction and Objective: The advent of the new generation of transcriptome sequencing
has helped to improve the overall accuracy of different gene expression predictions using short
RNA-Seq sequences. This technology can provide a more comprehensive view of functional
genomics in many species with a unique gene sequence. The aim of this study was to investigate
the structural reasons for different expression of mitochondrial genes in two subspecies of
Holstein and Cholistani cattle, including ND3, ND4, ND4L, ND5 and ND6 genes, which are
involved in important processes such as energy metabolism against stress. Biological and non-
biological as well as disease resistance are involved.

Material and Methods: In this study, RNA-Seq data were used to integrate 40 samples from the
University of Wisconsin Dairy Cattle Center (Bos taurus) and 45 Christian cows (Bos indicus)
at the Gujaratpir farm in Bahawalpur, Punjab, Pakistan. IGB, MEGAG6 and DnaSPV.5 software
were used to investigate the level of transcriptome coverage and genetic differences among the
five mitochondrial genes, which included polymorphic regions, deletion and addition regions,
binding regions and the percentage of transitional and transversional nucleotide substitutions.
Results: The highest deletion region and length in all studied genes was related to Holstein
genome and the highest length and binding region was related to Cholistani cattle. The highest
number of deletions in Holstein and Cleistani cows were related to ND4 gene with 74 and 66
points, respectively, and the lowest deletions were related to ND4L with 9 and 4 deletion sites,
respectively. The ND4 and NDA4L genes had no binding regions, but the ND5 and ND6 genes in
the Holstein and Cleistian breeds with 1 and 2 binding regions increased the genome by 11 and
22 bp, respectively. The highest level of transcriptome coverage was observed in ND3 and ND4
genes and the lowest level was observed in ND6 gene locus. The number of polymorphic
regions in ND5 locus was more than other genes and equal to 38 polymorphic regions. The
results also showed that the percentage of transitional substitution in bases is higher than
transversional substitution which can be the reason for the stability of changes during evolution.
Therefore, some of the structural reasons for mitochondrial genes that were expressed
differently in both Holstein and Cholistani subspecies could be related to deletion and addition,
polymorphic regions, transcriptome coverage level, and type and amount of transitional and
intersecting substitutions during the evolution of the two subspecies.

Conclusion: Intense selection for milk production in Holstein cows compared to the Cholistani
breed has led to a reduction in the length of the mitochondrial genome and changes in the
nucleotide structure of some mitochondrial genes, resulting in altered gene expression and
different responses to different environmental conditions.

Keywords: Addition and deletion, Cholistani, Gene Expression, Holstein, Transcriptome
Coverage
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