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1- Principal component analysis

2- Animal cal rate

3- Identical by decent
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Figure 1. Principal Component Analysis for Sarabi and Taleshi breed to classification breeds on R software
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Figure 2. Principal Component Analysisfor Sarabi and Taleshi on R software to specify anima number
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Figure 3. Manhattan graph for signature selection in pure Sarabi and Taleshi
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Figure 5. LD degradation for ancestral and derived allele at chromosome 2 for Sarabi cow


http://dx.doi.org/10.29252/rap.9.20.88
http://rap.sanru.ac.ir/article-1-720-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/rap.9.20.88 ]

ay

ot o5 5 ¥ S5 > 45 holen 35 iy e T
S5 93 cpl LD ([Fouss 33,5 0 sdalie EHH o)Ll
Sl ol 90 b (gl dad o Ui g odg oo A5k " s

ol 485 g0 T P el

Ol A6 g ol D5 ag (slagls o Closil gladilis g5 holS

I s ey 3155 90 50 50 Y piges S )3 sl glis
sl 98 5 4Bl piae M Slgl s 09 Bl e
€ Ty o IA Rl Y pige9,8 3 shial M Slgl 8

st 55 Sl 0 pisag S ) adly gz g gl M gl LD (Sausls v IS
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Figure 9. LD brekage for ancestral and mutant allele on chromosome 6 for Sarabi breed
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Figure 14. LD brekage for ancestral and mutant allele on chromosome 22 for Sarabi breed
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Figure 15. LD brekage for ancestral and mutant allele on chromosome 22 for Taleshi breed

A e i [ T 50 ol bl o8 el juty aidl &85 A ol DB DTV pigeg)S gl ool oglas

sl N i 4 il ol 5 (V0 JS) LD | Saaiis 235 50 Lal gy +/88 b ply o] Slglys a8 asl i
ol b e ¢l C P Obesl onims ) lis o8 ol Dg oY (Slgld b oolas] T a4y bl cogls il

ol a8l Lias T 4 C oolunl PIYY pjg09,S 5 ot T lm ol 5 0 VF S LD SaaKls

Bifurcation diagran(RXFPI SNP on BTAZ) Ancesiral Alkele

[l 0000 0w 1

Paber

AL 15l YO pigegyS sl i g ool T gl LD (KauSs V8 s
Figure 16. LD brekage for ancestral and mutant allele on chromosome 25 for Taleshi breed

500090 00000 1500000
Pmpen
Bifurcoti NP on B

00060 o0in0 50000

Pustin

e Bl YD pseg S 3l st g oobie] I (6l LD (SaSs VY S8
Figure 17. LD brekage for ancestral and mutant allele on chromosome 25 for Sarabi breed

IS ol olual I (gly bl snias jlis il o dg0 +/AF plyp &l s P Slgld il e 4Bl g
A5 4 g ol T 93 y2 6l LD SausSls onimd L VY glds .l adl yier G 4 A (oolusl PTols cpl 3 g
w8l i 4l e W sl (S2Ss il dse <A gl bl e M gl il 315 5 bl
Sladlei ol (s G J_J] bl sias lis &S bl o


http://dx.doi.org/10.29252/rap.9.20.88
http://rap.sanru.ac.ir/article-1-720-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/r3p.9.20.88 ]

v

Olpl B g ol P 092 slagls > el ladilis o5 oglS

Bifurcagon disgram{RXFP2 SHP on BTAZCANCESTD Allese

......

LIS VY pigeg,S 0 al Lins g odlal P glp LD (SuunSis VA S5
Figure 18. LD brekage for ancestral and mutant allele on chromosome 27 for Taleshi breed

-----

oy 315 )3 VY pigegyS p3 anl i g odlial T gl LD (SanSs —V4 S5
Figure 19. LD brekage for ancestral and mutant allele on chromosome 27 for Sarabi breed

Lwd 93 (59) (Sl 348 0 Ol adllas )3 (V1) o Ken
2 0 9 2 b plitle Mg oS5 Wi slagls
U ebao) Gl 220 RNA Gl Glise b g o5 5 5L;
5 S L o o) 4 ololis EIFAG alas 51 ,liS
JRIB3 ({C4BPA (HEATR7B2 SAA3 4 Lo
BMX SLC25 A38 HSPD1 .CHAC1 ( SESN2

OKRT2 VEGFA .CDH16 {RPL23A (ATF3

ZC3H14 PTHLH ARID1B .CDKN1A (EIF4G3
FCAMR DNER HIST1H2AC M-SAA32 .DDT3
Capabgals B pig—sog)S ) il oo bL)l > PAHAZ 4
535 )55 o5 g (8s) 0 (55 Ve 1RAVEY-Y L 1AAFY
(APEVOF\Y-\YEVOSNY) Gy 13 5 pigsg,S ) sl
ENSBTAGO000002392 L —olish ol L, 5
ANK2 NCBIoLS, 55 55 ool 5500 pb &5 08 ki
ey ST el (g oS IS (sl g 5 48 Al oo
g (3Lt k3l LS (ol L glo g
Loty Jbail & ola g ol 5l 5 oyl
Sl =0T sl gl 4 pAL b olas
SlbLs,l 5l eaomy jlaw aSd e > o s ko
S LomwrgSjlog 42 )l (e LS| (imen 9 4206 (g
dw Glasl 0 (FYF V) a2 o Sl Ty auoDysS )l
5001y oot b ANKs ANK, ANKy o, o
a,\_:.alsGL}s“)_:SJsi5B u.»)_&]gR d@\dww
2 Sgdie ol Bl i )3 G 9 B Sl 05 e

M s sy (ol g5 50 VY 9098 )5 ol glis
R e R i
oS 50 olswl cgley .cowl asl iex A & G (ool
o HI (Sl sl oo a8l e P o 4 (o
G P a5 4 Q) saims)lis a5 caol +/AA Ll asély
5 \—A sla i jo aSyob ylon Canl 034 315 93y (4ly
Il ol 60 s (ol LD (Sl 294 o0 odnliie VA
155 g ailato ) 48 183 _o ol 5 sl YUy (g3l
L5l Bl LD sy ol sl 8,8 15 YL Ul
TS s g g0 o3litol e S5 3T 5 5y
45 ey ol Cglite cumer o)l 035 ) o
VEOTAY OV lapjgag)S Comon S8 I S
shamez S UL Sl any g 20352 00 Bly sl )50
5 gBly 5] 3)50 VY YD Ve SN b Y (clapigng,S
L] (bt )y s Lot sl o) ) S oS
395 B (o 090 shiner lajliblo 035 Cunly oo
D9 (6 pS gl umen canaY I ol o)l 5L
QLI Cod (093§ (3blo b b po (S5 (oLl
il 9 UL Coron 5
SNl oS 5l olitsl Ly Y jojgag,S dibaiays
(Ensemble ;I esliwl Ly BIOMART ENSEMBLE
o5 (AYYIAYAR CAFYVAARY - +) Eabse 45 Gene 87)
SRNA JLis) > EIFAG3 o5 s _olwls EIFAG,

9295 2 05 ol 3 (eoll G el gl & Al


http://dx.doi.org/10.29252/rap.9.20.88
http://rap.sanru.ac.ir/article-1-720-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/r3p.9.20.88 ]

vy

WAY bl /Y~ 0yl /ot Jo oold lidgr (slosing

iyll, d)'LM’)K—fé" Jgime g 28l o0 JUSw (pl s
(V) o hlsar g pbl iolojl 5 b e iorod g0l
05 o=l ole sy §l oy easT (gap) BSs » SYNJ2BP
9 SMAD2 <5 S1 (159, or—dl yiud ccly
SYNJ2BP (LS 4 s csleiy 45 oas SMAD3
29 VY pigsgyS 53 hlei o cBgio |y 1 0uST SIS
1S 53 a5 FAM3D (5 ¥YYOYAIA — FYVOY VA Cunbge
P FAMSED 5 as olwlid o)l s opiigyy 0,5

Dyl cclad ST glSinl g wudat olowdgn o
e -5 FAM3DFAM3C FAM3B FAM3A

2 il 4y FAM3B a8 0 il o (S st 4 odlgils
Lo,& FAM3C FAM3A 4 cis ;5 FAM3D ol ,Sily
= res Sl S gt Wsd 0 Gl el plad
3ySdas 5 ©plae 1l pyite (Sfodgm slad Shos
B gl «jl o 42> wdal (luigd ol ogSd
> Jabo sl 5 3>

wlayob lis g o) ool Caoddy =
LVl lacsslon 3 (ol pusilSe g OlaS 5 g
Lo (535 0 (omas pi (2l 2oy (092
slaHl e )0 A8 Canvgy S5 9 y9095 S 05
gl ) Buke cas o b (25 Obl ol lis ol
b e b Fy b 5o s )0 dslllas 590

Aad o il 1) dgame by SISO R o, Sl oS Jls
sbagbse 3 a8 1538 (Bl (V) ollen 5 bl
5 1505 1ty y9uST oS bllasel dles 51 (655 o ouuas
38as sl (ot 05 B (2S5 e el S 5o
9 oSSl 0F Ol BB )1 (B Bgje (b (STl
Lgd oo 0aiS (8 (sl o)) el 0gilly Hobay ine
L oSl 0 45 ol oL (3) o San 5 1gglS clollas
CubsS (635 5 (a2 ohg 4 g CudsS (&S Clao
—ODAYNAAS) CiaBao 0 Y piasg,S 53 bl o bls)l 4
st Ll GRAF 5umd3.1 el | (BOAVAVAS

2] pBg s U &S (g 0k IS 5 S lgieay &S
SO oleisas GRAF L1l . protein Rho-activaiting
S50 JS ol b e &8 Cands j5005 1505 0 ()
Ol cilisee glacdl ) ()5 oml 09y (VA)
o5 2o dlse (S 3 CGARF 5 B (V) 950
Ooje Soke (G55 o5 5 (AML) sl s dgheo (S95
AYYS - PEA= AYYS - 0FA Co_xbgos 395 o (CML)
03iSSS (15 g5l SYNIZBP £l 4y 15 S0 Ve pigeg,S
SLedbl ol ) 0 ol sl s olwld (g
b ey o5 ol i ednline glewsin e KeGG
4 dly g 9o 3l A 0 ST Y i gl oaiiS
(bl gl ok ©pplee Jold (b Jolpe cpix
o 9y iie 31 Ly Gz g il Al o (Shimy g iS5
o 9oty on (SYNI2BP) 355 o Lnsi5i , ERK
iz g3 gl ol g g3l culleb gag ol g 9509

&obo

o o ~ w b

Adam. M.G.. C. Beraer. A. Feldner. W.J. Yana. J. Wistehube-Lausch. S.E. Herberich. M. Pinder. S.
Gesierich, H.P. Hammes, H.G. Augustin, and A. Fischer.2013. Synaptojanin-2 Binding Protein

Stabilizes the Notch Licands DLL1 and DLL4 and Inhibits Sprouting AngiogenesisNovelty and
Significance. Circulation research, 113: 1206-1218.

Aminafshar, M., C. Amirinia and R. Vaez-Torshizi. 2008. Genetic diversity in buffalo population of
Guilan using microsatellite markers. Journal Animal and Veterinary Advance, 7: 1499-1515.
Andersson, L. and M. Georges. 2004. Domestic-animal genomics: deciphering the genetics of
complex traits. Nature Reviews Genetics, 5: 202-212.

Ardlie, K.G., L. Kruglyak and M. Seielstad. 2002. Patterns of linkage disequilibrium in the human
aenome. Nature Reviews Genetics. 3: 299-309.

Barrett. J.C.. B. Frv. J.D.M.J. Maller and M.J. Dalv. 2005. Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics, 21: 263-265.

Browning, B. L. 2014. Homepage of  software: BEAGLE  v.4, URL
http://faculty.washington.edu/browning/beagle/beagle.html.

Borkhardt, A., S. Bojesen, O.A. Haas, U. Fuchs, D. Bartelheimer, I.F. Loncarevic, R.M. Bohle, J.
Harbott, R.U. ReppJaeger and S. Viehmann. 2000. The human GRAF gene is fused to MLL in a
unlgue t (5; 11) ((131; g23) and both alleles are disrupted in three cases of myelodysplastic
syndrome/acute myeloid leukemia with a deletion 5q.Proceedings of the National Academy of
Sciences, 97: 9168-9173.

Brian, L. and B. Rowning. 2011. BEAGLE 3.3.2. Department of Medicine, Division of Medical
Genetics, University of Washington.

Cunha, S.R., S. Le Scouarnec, J.J. Schott and P.J. Mohler. 2008. Exon organization and novel
alternative splicing of the human ANK2 gene: implications for cardiac function and human cardiac
disease. Journal of molecular and cellular cardiology, 45: 724-734.

10. Cui, X., Y. Hou, S. Yang, Y. Xie, S. Zhang, Y. Zhang, Q. Zhang, X. Lu, G.E. Liu and D. Sun. 2014.

Transcriptional profiling of mammary gland in Holstein cows with extremely different milk protein
and fat percentage using RNA sequencing. BMC genomics, 15: 1.


http://dx.doi.org/10.29252/rap.9.20.88
http://rap.sanru.ac.ir/article-1-720-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/r3p.9.20.88 ]

W Il 86 5 e 3155 gy (slmglS > ol Sotilis g5 agls

11.Fan, B., Z. Du, D.M. Gorbach and F. RM. 2010. Development and Application of High-density SNP
Arrays in Genomic Studies of Domestic Animals. Asian-Australia journal Animal Science, 2: 833-
847

12. Gagelin, C., B. Congtantin, C. Deprette, M.A. Ludosky, M. Recouvreur, J. Cartaud, C. Cognard, G.
Raymond and E. Kordeli. 2002. Identification of AnkG107, a muscle-specific ankyrin-G
isoform. Journal of Biological Chemistry, 277: 12978-12987.

13. Giacomoni, E.H., G.P. Fernandez-Stolz and T.R.O. Freitas. 2008. Genetic diversity in the Pantaneiro
horse breed assessed using microsatellite DNA markers. Genetic. Molecular. Research, 7: 261-270.
14. Gautier, M. and R. Vitdis. 2012. Rehh: An R package to detect footprints of selection in genome-

wide SNP data from haplotype structure. Bioinformatics, 28: 1176-1177.

15.Gross, A., A. Tonjes, P. Kovacs, Peter Kovacs, Krishna R Veeramah, Peter Ahnert, Nab R Roshyara,
Christian Gieger, Ina-Maria Rueckert, John Novembre, Michael Stumvoll, Markus Scholz. 2011.
Population-genetic comparisons of the Sorbian isolate population in Germany with the German
KORA population using genome-wide SNP arrays. BMC Genetics, 12: 67.72. ] o

16.Holsinger, K.E. and B.S. Weir. 2009. Genetics in geographically structured populations: defining,
estimating and interpreting FST. Nature reviews. Genetics, 10: 639-650.

17.Kijas, JW., JA. Lenstra, B. Hayes, Simon Boitard, Laercio R. Porto Neto,Magali San Cristobal,
Bertrand Servin, Russell McCulloch, Vicki Whan, Kimberly Gietzen, Samuel Paiva, William
Barendse, Elena Ciani, Herman Raadsma, John McEwan, Brian Dalrlym_ple,other members of the
International Sheep Genomics Consortium. 2012. Genome-Wide Analysis of the World’s Sheep
?Zreggs Reveals High Levels of Historic Mixture and Strong Recent Selection. PLoS Biologics, 10:

18.McKav. SD.. R.D. Schnabel. B.M. Murdoch. L.K. Matukumalli. J. Aerts. W. Connieters. D. Crews.
E.D. Neto. C.A. Gill. C. Gao and H. Mannen. 2008. An assessment of nopulation structure in eight
breeds of cattle using awhole genome SNP panel. Bmc Genetics, 9: 37-42.

19. Mokhber, M., M. Moradi Shahrebabak, M. Sadeghi, H. Moradi Shahrebabak and G. Williams. 2015.
Genomics explore of selection signature in buffalo signs of Khuzestan and Mazandaran. Journal of
Iran Animal Science, 46: 119-131 (In Persian).

20.Nelson, W.J. and E. Lazarides. 1984. Goblin (ankyrin) in striated muscle: identification of the
potential membrane receptor for erythroid spectrin in muscle cells. Proceedings of the National
Academy of Sciences, 81: 3292-3296. - _ )

21.Nei, M. 1973. Anaysis of Gene Diversity in Subdivided Populations, Proc. Nature. Academic.
Science, 70: 3321-3323. _ ) _ ) )

22. Pan, D., S. Zhang, J. Jiang, L. Jiang, Q. Zhang and J. Liu. 2013. Genome-wide detection of selective
signature in Chinese Holstein. PLoS ONE. ;8:e60440. doi: 10.1371/journal.pone, 40-44.

23.Porter, N.C., W.G. Resneck, A. O'Neill, D.B.Van Rossum, M.R. Stone and R.J. Bloch. 2005.
ﬁ;fogéaztlon of small ankyrin 1 with the sarcoplasmic reticulum. Molecular membrane biology, 22:

24, Pritchard, JK. and M. Przeworski. 2001. Linkage disequilibrium in humans. models and data.
American Journal of Human genetics, 69: 1-14.

25.Purcell, S., B. Neae, K. Todd-Brown, L. Thomas, M.A.R. Ferreira, D. Bender, J. Maller, P. Sklar,
P.I.W. de Bakker, M.J. Daly and P.C. Sham. 2007 PLINK: a toolset for whole-genome association
and population-based linkage analysis. American Journa of Human Genetics, 81: 559-575.

26. Price, A.L., N.J. Patterson, R.M. Plenge, M.E. Weinblatt, N.A. Shadick and D. Reich. 2006. Principal
ggm 6)2%[168 analysis corrects for strati cation in genome-wide association studies. Nature Genetics,

27.Qanbari, S., J. Pimentel ECG, G. Tetens, P. Thaller Lichtner and AR. Sharifi. 2010. A genome-wide
scan for signatures of recent selection in Holstein cattle. Animal Genetics, 41: 377-89.

28.Qian, Z., J. Qian, J. Lin, D.M. Yao, Q. Chen, R.B. Ji, Y. Li, G.F. Xiao and J.Y. Li. 2010. GTPase
regulator associated with the focal adhesion kinase (GRAF) transcript was down-regulated in patients
with myeloid malignancies. Journal of Experimental & Clinical Cancer Research, 29: 1pp.

29. Sabeti, P.C., D.E. Reich, JM. Higgins, H.Z.P. Levine, D.J. Richter, S.F. Schaffner, S.B. Gabriel, V.
Platko, N.J. Patterson and G.J. McDonald. 2002. Detecting recent positive selection in the human
aenome from Hanlotvoe structure. Nature. 419: 832-837.

30. Scheet. P. and M. Stephens. 2006. A fast and flexible statistical model for larae-scale nopulation
cenotvpe data: anolications to inferring missing genotypes and haplotypic phase. The American
Journal of Human Genetics, 78: 629-644.

31. Scotland, P., D. Zhou, H. Benveniste and V. Bennett.1998. Nervous selstem defects of AnkyrinB (-/-)
mice suggest functional overlap between the cell adhesion molecule L1 and 440-kD AnkyrinB in
premyelinated axons.The Journal of cell bi gle%gy, 143: 1305-1315.

32.Tuvia, S., M. Buhusi, L. Davis, M. Reedy and V. Bennett. 1999. Ankyrin-B is required for
intracellular sorting of structurally diverse Ca2+ homeostasis proteins. The Journa of cell
biology, 147: 995-1008.

33.Weir. B.S. and C.C. Cockerham. 1984. Estimating F-statistics for the analysis of population structure.
International Journal of Evolutionary Biology, 38: 1358-1370.


http://dx.doi.org/10.29252/rap.9.20.88
http://rap.sanru.ac.ir/article-1-720-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-10 ]

[ DOI: 10.29252/r3p.9.20.88 ]

Research on Animal Production, Vol. 9, NO. 20, SUMMET 2018 ........cuiuiiii ittt et et e et e et e e e e e eaaens 99

Genome-Wide Scan for Selection Signaturesin Iranian Sarabi and Taleshi
Indigenous Breed

Seyed Makan Mosavi Kashani', Ghodrat Rahimi MianjiZ and
Hossein Moradi Shahrbabak

1 and 2- Ph.D. Student Professor, Department of AniUmaI Science, Sari Agricultural Science and Natural Resources
niversity
3- Assistant Professor, Department of Animal Science, University of Tehran
(Corresponding author: hmoradis@uit.as.ir)
Received: January 17, 2017 Accepted: May 7, 2017

Abstract

Theaim of this study was to find the footprint of selection in native Sarabi and Taleshi céttle
breeds 296 cattle from two breeds were sampled and genotyped. by 40 k microarray of illumine
company. 43 animals were removed because their ACR was below 0.09. Markers were filtered
with minor alele frequency (MAF) gual 0.01 and Hardy-Weinberg equilibrium test (10™)
After filtering, 28782 markers remained. To study the genetic structure of population and sub-
population principal component anaysis (PCA) was used. To identify selective signals for
Sarabi and Taeshi pure population theta parameter was calculated. To reduce error theta values
was averaged with near marker and Manhattans graph were obtained by haploview software.
Chromosomes 2, 5, 6, 7, 10, 22, 25 and 27 had sdection signatures. To searching for selection
signaturesin both popul ation, extended haplotype homozygosity statistics (EHH) was caculated
using R software. In addition, for each chromosome LD erosion rate for ancestral and mutant
aleles were calculated. To audcg of positions that showed signature selection, bioinformatics
web site were searched. EIFAG3 gene was identified on chromosome 2. This gene have
fundamental role in transfering RNA from nucleus to the cytoplasm and gene expression. ANK2
gene was identified on chromosome 6 which encodes polypeptide ankirin B expressed in all
tissues. On chromosome 7 the gene ARHGAP26 was found which is a tumor suppressor genes.
On chromosome 10, a gene identified that encodes protein SYNJ2BP that suppress activing
protein. On chromosome 22, FAM3D IE)_rotein coding gene detected that plays a role in cyto
sckeleton actin biochemical pathway. This gene is expressed in the placenta and plays arolein
biological functions such as migration and function of leukocyte, temperature regulation, cell
survival and hematopoiesis differentiation.

Keywords: Extended Haplotype Homozygosity, Principal Component Analysis, Selection
Signature, Statistics Theta
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