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Figure 1. Summary of the results of ten quality-control tests and individual quality tests of the nucleotide of the
forward readings for the pure Sistani breed



http://dx.doi.org/10.52547/rap.13.35.149
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.35.14.0
https://rap.sanru.ac.ir/article-1-1228-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-07 ]

[ DOR: 20.1001.1.22518622.1401.13.35.14.0 ]

[ DOI: 10.52547/rap.13.35.149 ]

d)LLJ O Jovo g OLi}lf Axo> ,al.al )@U (Ol:jl& J,;Lu.)l ey ‘)Lf;é‘ u.o‘ S TR 4)]))5 J?“’)

o : ae e . o e - e . . & e .
oy ‘jw uaJL>JI)J 9[5 F}U.J/va‘).\ 59))35,\,‘.)9‘.\55;& Lglm‘_;&.:,\,.? u.leL.m
Summary
@Per base sequence quality
@5a5|c Statistics
Quality scores scross all bases (Sanger / llumina 1.8 encoding)
@F‘Br base sequence quality a0
QF‘E\'UIE sequence guality. 28 |
@F‘Ersecxuence guality scores e
34
QF’B\' base sequence content 32—
Per sequence GC content 30
28
@Per base N content -
@Seuuence Length Distribution 24
equence Duplication Levels 22
20
@O\-‘errepresenled sequences 18
@Adaptercantent 18
14
12
10
8
6
a
0

12 3 4586 7 8 9 1519 30-34 45-49 60-64 75-79 @0-94 105-109 120-124 135-139 150
Position in read (bp)

dw] dl)-.‘ 9) L d‘.hui‘..‘sly sz,\..:;.lSy db‘)bjl CutsS O?“’).i 9 CutsS JhSEaw FHIN dL"’()}"}‘ C;Lu doMs =Y Ji.w
. ol .
Figure 2. Summary of the results of ten quality-control tests and individual quality tests of the nucleotide of the
forward readings for cross-breeding of Sistani and Holstein
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Figure 3. Summary of the results of ten (}uallty-control tests and individual quality tests of the nucleotide of the
forward readings for cross-breeding of Sistani and Monte Billiard
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ool OFVA Bl o)y sk my 9w pojeesS
Sl Vo s bl Lls 1y sa5lS 5 S5 IS
So b o3 Job ol 5l msiny Caled 9 o sl )
@ 25 (05 Oyg0 Gplpe e b g LSy (S350
oy bl bli j ool casl oSes oS00 Sl
)50 sladiges d‘)’. FLERVIS ki b g sy slusls
ladiges ol )3 wcul 0392 51355 3 (6 i Capol Sl (o)
Oypo Sydn OS5 g Ges b 3ble ol 2 g
5 e e Gble ) Coly g w5
olpl sl Bl oad Jewl  poin Sl
Sl Bl )3 dg2ge g9l S s iy
Cod > Slizpan s ) 2m 11 losgy S5 5
Oibgr g odd mmgigy bli 58y Ul wlsle L
Ol 3l syt CELS Cunl (Son LIyl (oogt Sudl 5
w03 Gl 8l (y 3590 Sdiged 3 ol wla g b3

SIS e ekl 08 b plegh
g 5l ol b diged Cdn pyto Sl i )3 (A5HS 9
ol slag; oasS S blas 5 cpluils clags cDNA L
Jaws RNA-seq (sybs 1 edlatnl b oy Lo pd osds
P b AlS ailfy SO JSS a oKl Y
s xSy S K xe i g S
idyed s 4 45 15 lulis SNP oSyl V- VTS
Ol 92 25930 9 @2y 95 59y 3 cnlidls S b I
< 2l e ool Slo |y BioS cnl @l ol Sdng
RNA-Seq (s)st3 5l oxSore b pote Sl s ooy
S8 5 llid Gy a0 4 g)ke 5 T L0,
(F) 2o syl 5 5 o

Siglfy ST S da SlB18 Bua b daggy
XowsS Cuzod 93 (g5y » RNA-Seq (¢,0ls jl oolawl b
gl SO S s oKl YAADY 5 YA Sl

WSNP o Lol

S9) » OP9e kb de e s g CudS Sl e
o] s (@l S5 cladises g S
9 Sl 9 O)llo Coge g Sl pliiln 5 (Sl
WEYAD 5 VEYYEY AVV-FY AOVFRS (o iay o Jliope
b bl sAFS 5 SO JShae

Sly oad LS GuSglSy ST gla MSbaix Sl
Cige g (g 4ol 5 plidle o Sl Al
2 0dd AlS (oa5gilS 9 ST sl SIS I yrde )Ll
Al (Al Sl S5 5 Jlhos 5 (Sl 4l
Ap oS oS cal o) dauly Vil el oyl
ORIl el 2l cige g ppluile dlE b Sl
P @y syl odd gu39lS 9 SO sla b
Ban 3,8 Jlesl @1y core Glaglas tophat? sl
pie e 4 &5 o ol Olahal cpl (85 ks
9 sl 2 pgin Sl p @ly (lardslSe o gl
S Al)8 > ongS ) 9 el A yen (@2 ye o9
@ bbbl pie ol ol (il SO S
A dlgss 4B Sl )3 guiglS e ST M lyie
(e O.Lol U“’L o 085 Jloel clodas (glial dias
wor () o) 235 58 b e g (dpen 2oy
b 4 Sy S gl ISy ol o
M g Gibire bl a3 asde lapgiges S
Jsb 5 ead @l agelly S5 b Sae
5 Sl &Bual > digad sl )l 3925 Lapgiges S
olsS & @y g G o)lad pojses)S (nliile
BB ol o)y Job 5L caas FYAFIVe 5 Canl pgjgeg S
chilyd 3 )l (Y0:0) agglsy O (JSiainr aey
S 5b i VOAYYVEY Jobo L) o)led pgjgeg)S &5
2lpde Loyl g Cunl o5 poij 53 poiges)S i SYob


http://dx.doi.org/10.52547/rap.13.35.149
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.35.14.0
https://rap.sanru.ac.ir/article-1-1228-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-07 ]

[ DOR: 20.1001.1.22518622.1401.13.35.14.0 ]

[ DOI: 10.52547/rap.13.35.149 ]

S s dozxe 5 LIS drar plol ol (Ll s lowsl dnw L8] yaol (sio 32 41558 Jou,
‘a¥ Sl AT § pogin Sl 5 69y p sy ST oMbz plolis

Wil3 oo Yloinl & 2l 3939 sKanl S oy (cietlS s
lao (S5 Gpdy e Jole glaylojlo )n caa
(B) a3y yo3 yoie S CuheS (e b sy

ROIP gl g S Bl 9> poin Sl (o)
Gy S IS w0l olaw ais” Gua L
Lz ol YY-FY o FADAY cunle g £43 (owyp b Mdged
AlS g S P eld S aselSy SO IS
oiRody ol o 0ad @S (lauiglSy ST IS
9k 2ees 5 ol Sl cap (o2 Slyie
b gasglfy SO JSS e gl (slb slaiee
(V) 2,5 51,8 oolasl 3y50 4365l (gl YL S5

S5 v Sl g ais polatedy cdmo}y
9 o o8 olo Golite lag; g5 s9) 2 sl
YFOFSY § OYVYA iy SliwalS 5 cpliilas g5 cumax
adls )18 oad plo glite (45 ¥V ggecme il 03 VY Iy
(V)

Yoo odd glels ol 0V Dl &S o5 cais
2o b Gimgh ol 3 dgldd nl & gy Cglite Cumex
9 <8l g slite (SladisS > 4 Cul (oo layinggy
s RNA-Seq ()5l 65,10 Sse Jolse plo
(V) il ladiges dluss
Gosls 3l ool L saisilSer S5 S win ol
dlwgS 4w Longissimus thoracic alac ,»> RNA-Seq
L YYYVE iS4 e &5 35 pbl (jged
Lo 00 bgis & S aielSs 5 IS
g Ndg odSNS Ay sy S o by
s 53 b o el Sy i 4 geiie Loy VY Dgis
5 JSsan ol AV (il Kot clodas 3,5
T 51 doy YA oS YU gl aials by Cilises ga352lS's3
@i Wdg el aiSWS cusglly SO IS
dcgome 5 RNA-Seq slaodld ggomme 0 Hud 5
Ol 3 038 (lulid 0 a8 gy ST o Mbaix
5 ln prspad 45 98 ly d929e (093] @lie (SiRgR
2 b Gl emen S S 1) (bsS
«opjeed LoNgissimus thoracis ;o oud lo (slayy;
S s Sbrn ool Jlen Sl IS5 4 ohs

P93509)S P SIS 4 0l (plulid (Gu59ElS 9 ST ISS i Sl ) Jor
Table 1. Number of single nucleotide polymorphisms identified separately for each chromosome

ol casS (saSNP 50 ol casS slSNP

. L ox . . Lo 33 0D (ALS L5".::SNP blf 53 0D (AS dlmSNP l°559‘5)§ J9|o
9 Sl axel 1> ige g (Sl aiel i e e T . . £9i9°955
e S b ol o (Sl aeel Sl alls (5L cas)
20VF FEYA DFYA YYVY VDAYV -5V )
235 YoV o4 SAYA APV S FYF Y
B%i SAf- PR YYD AVAFYF0 ¥
£Y.q FAAY 055 avIY Y-AYasaq £
FOVY Y00 P SVY AYVRNEYE )
£.9A £01Y fras FYFA VAAFOAVYS 2
£P¥9 Q- AY AAFE YrYY VAYEYASOA %
vEY- £5v4 OSVE DAAY VATYAFAYS A
YEVS Yoy veYs £r14 \-OV-AYD- q
£500 FAVY 4. ) VY VoFYa0-\S y.
YY) AYSE yrya $A-5 VT VST 3
Y0 TErY YD TEYO ANFFIYD \Y
OYVE SEY. $o¥Y avas AFYE-Y0- 3y
Y- YASD rYY rary AFSFAYA.- \F
raq FOYY FEVF FA-Y ADYASSVS 0
£YAY FEY- £Y0) £av0 AMYYESAY \$
FAYA OAFA favy £5YF YOOADAS X%
£E1Y Ay vovs aavs £5.EVY A
YEEY AFAY AY-Y D5SY SF-OVFOV 4
VEVY Yoos Y0 Yaar VY- FYS00 Y-
£y DAAY I} £YVY sy Y\
vary DAYY £y £Y0A SAFYOAVE Y
IR FOM £2A9 £AYY DYDY~ -5Y Y
Y.y YYYA YYaA Ya.5 SYVAFAY- e
DIYVY £0%) £-0 Y- FYL-FVY- Yo
YEAY FYAY Y5y YAAY DVSAVESE ys
Vera YEA VA-A Y01 FOF-VA-Y Yy
TASY YAY- YY-A YOFY ESY\YOES YA
10 0-5¥ fovs YEYA 0YO-OYYE 4
FAVS VYYY TYFaq B VOATTAVAY SR
YWEYAD VEYYSY Y- FY \OYFAS YV FYYYAR Eg00me



http://dx.doi.org/10.52547/rap.13.35.149
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.35.14.0
https://rap.sanru.ac.ir/article-1-1228-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-07 ]

[ DOR: 20.1001.1.22518622.1401.13.35.14.0 ]

[ DOI: 10.52547/rap.13.35.149 ]

Sl e dozme 5 LB dmer plol Jol (B uslows] dmas )Ll pol (cien ez 23 458 Jgus,

AIA

Table 2. Types of single nucleotide polymorphs

VN e /Y0 0)los [ pad jaw Jlo ol Cladgs (slouing sy

SWElS g SO ISbas glgil -V Jga

mas N azseal 03 SNP ¢l
Jios = i 3k Cdgem i bl 5 s oAl i 4
Loy ;‘I\AI’E Lo SNP slass Lo SNP slaes Lo SNP sluss
AVARY ¥¥a Y. (A A yaa YIvs Yvy AIC
YIVY ¥ay ¥IvY v-a YIAY Yo ¥IvE Yoy C/IA
V/ay &Y \IEA YAY \IAY YY¥ A ARAY AT
VA Yoy VIAY y.q AN £\8 y/va yYYy T/IA
¥/8\ 14 ¥/a5 AY- ¥/va OFy ¥/Y. YoA CIG
¥/¥o OA ¥/A A-Y ¥/5¥ HO¥ Y/va AAYd GIC
YIvE ¥ao Y/AY Yo /¥ ¥v YIAY AREY GIT
Y5 FAN YIvY oYy YIvY YAY Y/¥Y¥ YAD TIG
\A/EY YYOA Yelo¥ YYY. VeIV \\ied YV Yoo CIT
\7ird yyay \E[-Y YA \O/YY YAVY \o/Y. Yoy TIC
WY YYFY 0/0% Y- S/ ar \0/N0 AYOA AIG
Va/fo Yors Ye/vE Aaral Ye/oY Y¥YY Ye/vE VEAY G/IA
Voo VWWYAY Voo \Yezzd Voo AR Voo AYAD Egoxe

2 odd byl bl ey o i el Ol
ol 5 Sl Qlesl aaiad i TSITV Caws

Syokd &S Dol Mol adlas pl mlS ggesme
SBSNP ol Ml s 5 cawl SNP glaolSl>
b Ylaan! jeShe @l ¢ asdllas opl )3 ond ololid
s plas RNA-Seq obs)l o e slaygSl g Jolge
Ap e byl Ls_ﬁle.)‘ uidq—\(lo.b| (SIS
u'?)l& » Lglmbl}) b Ol dLmd.I}'L#a‘ 9 uaJl& u.:LMM
g Wi 4y ) (lde ige 5 Jlienw (pluila)
Gl 0 ieid (olacolds jlw disoj

‘é‘b)-\é 9 ’SAW:.«
Bdged SaS Limgh cpl W 2ys0 (cbodly 4y oo piwd
w1y Glhya8 4 S S

el 4 Ts (oo Sles uigily 0550k Cuns

Ohlen 5 (2959 phagh @l b @l ool (V Jgi)
9 Koyl cpliila clagls poin Sl 69, 2 (VA)
il 4l OK"‘ b Baby S SlidS
S Nl & Cand TV (93 Shos i G355 9
Sy 383 i |y pep digel Al g TS (03,Sas
agolipw] i ceb Wl o 03ols Jhe ¢ ya ol
Yy ($3,8ee pf (A5l 5 (L3l (6l Wl L ks ye
©¥es p a5glSY (L3l Sl 4 g b el
Sl DNA aws) IS5 0 odps Slpudd Coww

Py msiny oSt Jlail SieSs (o) p s pide
SaoS ol o> slaogley wa e b ) by coly
»lebs nie (Shy K olalie oyl bl sies

&l

Asghari, E.B., Gh. Dshab, M.H. Banabazi and M. Rokouei. 2021. Analasis of Genetic Differences: in
Genes Associated With Immune Response Among Purebred and Crossbreed Sistani and
Montebeliarde Cow Population Using RNA-Seq Data. Research on Animal Production, 12(31): 134-

Banabazi, M.H., A. Nejati, J.I. Imumotin, M. Gaderi and S.R. Miraei. 2017. Genetic Variance
explanation of Residual Feed Intake((RFI) by SNPs discovered on transcriptome of Holstein cows.

Bolger, A.M., M. Lohse and B. Usadel. 2014. Trimmomatic: a flexible trimmer for Illumina sequence
Canovas, A., G. Rincon, A. Islas-Trejo, S. Wickramasinghe and J. Medrano. 2010. SNP discovery in

Djari, A., D. Esquerre, B. Weiss, F. Martins, L. Koufariotis, Y.P. Chen, S. Bolormaa and B. Hayes.
2014. Regulatory and coding genome regions are enriched for trait associated variants in dairy and

Ehsaninia, J., M. Moradi, S.S.H. Haffezian and M.B. Sayad. 2011. Crossbreeding effects on milk fat
yields performance of Iran population local cattle. Animal Sciences Journal, 91: 27-33 (In Persian).
Flintoft, L. 2008. Transcriptomics: Digging deep with RNA-Seq. Nature Reviews Genetics, 9(8): 568-

1.
145 (In Persian).
2.
Animal Science Journal, 114: 169-182 (In Persian).
3.
data, Bioiformatics, 30(15): 2114-2120.
4.
the bovine milk transcriptome using RNA-Seq technology. mammalian Genome, 21: 592-598.
5.
beef cattle. BMC Genomics, 15: 436.
6.
7.
568.
8.

Gorbani, A. and M. Behpai. 2020. Association of GDF9 Gene Polymorphism with Sperm Quality and
Quantity traits in Iranian Holstein Bulls. Research Animal Production, 11(27): 95-100 (In Persian).


http://dx.doi.org/10.52547/rap.13.35.149
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.35.14.0
https://rap.sanru.ac.ir/article-1-1228-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-07 ]

[ DOR: 20.1001.1.22518622.1401.13.35.14.0 ]

[ DOI: 10.52547/rap.13.35.149 ]

d)bL: Oy doxo g L‘)Li';lf dxo> ,aLa‘ ).9\5 ‘Ql:j\& J:;L@J ey ‘)Li'.é‘ u.a‘ S TR 4)]))5 Jy.;)
Vo Sl AN 515 pgt Sl (555 2 S35 5 S5 o Mty ololis

9. https://github.com/ncbi/sra-tools.

10. Kamalzadeh, A., M. Rajabbaigy and A. Kiasat. 2008. Livestock production systems and trends in
livestock industry in Iran. Journal of Agriculture and Social Sciences, 4: 183-188.

11.Li, H., B. Handsaker, A. Wysoker, T. Fennell, J. Ruan, N. Homer, G. Marth, G. Abecasis, R. Durbin
and 1000 Genome Project Data Processing Subgroup. 2009. The Sequence Alignment/Map format
and SAMtool. Bioinformatics, 25(16): 2078-2079.

12. Meuwissen, T. and M. Goddard. 2010. Accurate prediction of genetic values forcomplex traits by
whole-genome resequencing. Genetics, 185: 623-631.

13.Park, K.D., J. Park, J. Ko, J. Kim, B. Kim and H.S.K. Ahn et al. 2012. Whole transcriptome analyses
of six thoroughbred horses before and after exercise using RNA-Seq. BMC Genomics, 13: 437.

14. Pennisi, E. 2012. ENCODE Project Writes Eulogy for Junk DNA. Science, 337(6099): 1159-1161.

15.Pitt, D., N. Sevane, E.L. Nicolazzi, D.E. MacHugh, S.D.E. Park, L. Colli, R. Martinez, M.W. Bruford
and P. Orozco-terWengel. 2019. Domestication of cattle: two or three events? Evolutionary
Applications, 12(1): 123-136. doi: 10.1111/eva.12674.

16. Salimpour, M. and M.H. Banabazi. 2021. The Single Nucleotide Polymorphisms (SNP) discovery and
calling on genes differentially expressed between Holstein (Bos taurus) and Cholistani(Bos indicus)
cattle populations. Animal Science Journal, 130: 203-2014 (In Persian).

17.Sharma, U., P. Banerjee, J. Joshi and R.K. Vijh. 2012. Identification of SNPs in Goats (Capra hircus)
using RNA-Seq Analysis. International Journal of Animal and Veterinary Advances, 4: 904-914.

18. Varkoohi, SH., M.H. Banabazy and M. Ghsemi-shib. 2021. Allele specific Expression (ASE) analysis
between Bos Taurus indicus cows using RNA-Seq data at SNP level and gene level. Cellular and
Molecular Biology, 93(3). E20191453.

19.Wang, L., Y. Zhang, M. Zhao, R. Wang, R. Su and J. Li. 2015. SNP Discovery from Transcriptome of
Cashmere Goat Skin. Asian-Australasian Journal of Animal Acencesi, 28(9): 1235-1243.

20.Wang, Z., M. Gerstein and M. Snyder. 2009. RNA-seq: a revolutionary tool for transcriptomics.
Nature Reviews Genetics, 10: 57-63.11.

21.Zhang, C., G. Wang, J. Wang, Z. Ji, Z. Liu, X. Pi and C. Chen. 2013. Characterization and
Comparative Analyses of Muscle Transcriptomes in Dorper and Small-Tailed Han Sheep Using RNA-
Seq Technique. PLoS ONE, 8: €72686.


http://dx.doi.org/10.52547/rap.13.35.149
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.35.14.0
https://rap.sanru.ac.ir/article-1-1228-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-06-07 ]

[ DOR: 20.1001.1.22518622.1401.13.35.14.0 ]

[ DOI: 10.52547/rap.13.35.149 ]

Research on Animal Production, Vol. 13, N0. 35, SPring 2022 .........coiiuuiiniiii e et e et 157

The Single Nucleotide Polymorphisms (SNP) Discovery on Transcriptome of Pure
Sistani and Cross-Breeding of Sistani and Holstein, Simmental and Monte Billiard
Bulls

Rasoul Farzaneh Dizaj', Mehdi Amin-Afshar?, Saeid EsmaeilKhanian®,
Nasser Emamjomeh-Kashan* and Mohammad Hossein Banabazi®

1- PhD Student, Department of Animal Sciences, Science and Research Branch, Islamic Azad University, Tehran,
Iran
2- Assistant Professor, Department of Animal Sciences, Science and Research Branch, Islamic Azad University,
Tehran, Iran

3- Associate Professor, Department of Biotechnology Research, Animal Science Research Institute, Agricultural
Research, Education and Extension Organization, Karaj, Iran, (Corresponding author: esmaeilkhanian@yahoo.com)
4- Professor, Department of Animal Sciences, Science and Research Branch, Islamic Azad University, Tehran, Iran

5- Assistant Professor, Department of Biotechnology Research, Animal Science Research Institute, Agricultural

Research, Education and Extension Organization, Karaj, Iran
Received: 9 August, 2021 Accepted: 22 September, 2021

Extended Abstract

Introduction and Objective: Breeding between Indus cows and Taurus cows in the Sistan
region of Iran has been done in recent years through the use of liquid sperm, frozen sperm, or
foreign bulls. There are few studies in Iran on the effects of interbreeding programs on Sistani
cattle. The present study was performed to identify mononucleotide polymorphisms (SNPs)
based on RNA-Seq data in purebred Sistani cows and its crosses with three foreign breeds of
Holstein, Simmental, and MonteBilliarde cows.

Material and Methods: In this study, RNA-Seq data were used for pure Sistani, Sistani and
Holstein, Sistani and Montebeliarde, Sistani and Simmental cattle. For this purpose, first of the
tail vein of purebred cattle mixed with Holstein, Simmental, and MonteBilliarde. (4 treatments
and for each treatment two biological replications) in the same environmental, nutritional, and
managerial conditions located in the breeding center of Sistani cattle in Zabol. blood was drawn.
Results: SNP discovery analysis was performed on transcriptome using SAMtools software
package, which led to the discovery of 152496, 177042, 134285, and 163362 SNPs in pure
Sistani breeds and its crosses with three foreign breeds of Holstein, Simmental, and
Montebeliarde bulls. In this study, there was no direct relationship between the number of SNPs
identified and the length of chromosomes. Also, 12 types of SNPs were identified, of which
four types were transition and eight types were transversion. The most common known SNPs
were transition which was 71.84% in pure Sistani, 72.65% in Sistani and Holstein, 72.60% in
Sistani and Simmental, and 71.94% in Sistani and MonteBilliarde.

Conclusion: Overall, the results of this study confirmed that RNA-Seq technology is an
effective, economical, and efficient method for identifying SNP loci. Factors influencing RNA-
Seq evaluation are such as the number of samples.

Keywords: Cross-breeding, Nucleotide transition, RNA-Seq, Single Nucleotide Polymorphisms
(SNP) discovery, Transcriptome
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