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Investigation of structure and genetic diversity of three native
chicken ecotypes with common ancestor and commercial lines
using whole genome sequencing data

AN WSO I PR RPN 030355 441

Ol S Ol S by degs ol (65,5LaS edSiils  als pshe 05,8 calinl (6,55 anst ol J2ils o Sy —)
R
Ol (CISSC) (5,5l 5 Slidss poke &jlis Mol o odo Glag, a5 Slalllae 55 0 Y

Rostamzadeh Mahdabi E*, Esmailizadeh A™?

1- Graduated PhD Student, Professor, Department of Animal Science, Faculty of
Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran
2- Center for international scientific studies and collaboration (CISSC)

ali_esmaili2@yahoo.com: s xSl G (DK J giens odns 55 3

OEVY/T 20 sl = VB ANV AA il s 56)

O 031N 30 4 dgd o Jold 1) Biures § BaI5 3 awy b MBI £ K55 b
@R S ol adllan 50 d Egiin sl Cbg 9 @S WG W) ()9 (g D)
o 31 g0 08 Sl ipgi3 5 2k J1g5 Sedld 3l (Jgdued 9 (S Egi ( Suiokd ulss
09k W (Ble b o3litul (SHL8 (Y 9 (g ST FT (1P (MO E) & fdo
GG Sl JCh Wiz g B30y Silosdlgn SlalBles I colimel b obgr ilgs
Admixture Gby,lple s o8 b bowms K65 sl ad eS8 (sudgils s
9 Cuis J 5 plxil cg Plink i@l 5 .ad vy e SNPRelate &< 9 SNPhylo
D 3390 SBCwms 10 (K £ai 0597 9 cg> VCFLOOIS 1315 9 Jesued duwlbno
O e uo b K5 Aol oy el 45 B18 Ol K3 bl vy gl D 03 Y
4 PP (MR E b 1he SNP ngu (02 5657 9 (2 i 9 392 SOV g1 4 b g
9 02T) Sl S nY )0 (Feen 39 U39 HIAT S (Y § (T (e (Y 4 g
) (9 STl 58 (S Eg 09 (S SBET 22 98 L F (09D
s L5531 ooliiul Caodl bo gu b b otlin Sy GB pY 3 fin (SN0 9 & 35 (&Y
EFF O cawd 3 ST sk 9 pan0 0gdl (g Soan 3390 00 (AT ez L g3 00
Nl o e (59 S9! 50 () Eg B30 OLS 1) (g BB g5! 5 (S5
Bl L oud B0kl > Nol Sl g & b

RIS
£+ 1 59l & o lod (e AaR 095
P4 - YEQ dxio

ouuS>

Soals slaejly

Sy g9
Syl (Y
o9 €0
SyFed


http://mg.genetics.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=ali_esmaili2-ATSIGN--YAAHHOO-.com&a_ordnum=1755
https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

o:‘j‘_gl:m‘ ‘_gl.& c‘sv‘..\.«.ﬂ o:\jr’l.«:) A@J‘

vl (09 E o i g A (KBS £ 9SSl (s y

R 5 (P b 03 S ke lac b b sl
Glls Lol a8 das o 0lis Ciliss glalass L LT (6,850
ol Sen OT ccpl gl il o g5 JB S5 a5
Ll o oS il age Dlio sl dte SMbL I glanaS
S1(Leroy et al. 2016) dil ol lsdsl sl L3 W 5 (sl
Si ls s ol Ol e axs 5l 58S ey glasls
u.be.:w iig; U‘ﬂ\ SR QLOJ.» LSJ‘}’ 6Lhch§ sl J\—vs:b‘f
035) Ol oges Ol e a1y LOT OIS o S jsbar .o
CJ‘ c(j Qbub)tﬂ gé}.ﬂ) de‘;?- 3 cw)b ‘QW‘ QLF)A
55 Gdoaws Sy oY olads (s 05 S (gl
s 50 K, 5l sk ST (Tavakolian 2000)
&)ﬂw&‘behfﬂdb‘ﬁf&)éy\.;k)dde@u}a&
5 eSS VA ssd A5 o555 OLL ) Lag e 05 il e
bl 5l ¥ G S| b 0SS Y b 055
S3Pspe 5 Sk, B 5l aS Wil oS 5 035 oK
Slag e O3 Al nlete Olnl o Glaf o plo & S
Rl o3 AUl f e Al g ik e gl -y eSS
Lol s Fres oSle Sosba widl e SIS0
sl b S s8 wi hls Ol ol il o e js sae VY
ssba S NS s s e 3 O O3y Ale obsS
.(Tavakolian 2000) Al . pfjiﬁs YBV/e Cs e oSl
ol S OpSE Olnl o b e Slacones &Sl a5 L
(aj;j BE) L5.€.>-‘}.? ‘_};G C).J cJJ‘obj.z (S 9d>n & o ub:b\
Ulpea M8l g o Al G5 sl cpl 55 e sdalie Lao]
Sl (Ol glaaal 5o e lagle o 5 (S5 ub
WL S 5 2558 b e sl gl SO 5 s
CJL:.&W axdllas UJ‘J"L" .,\.:)...3 oalaial ‘_;ikle) Jlat.w BE ‘})L
VLI RSN VS - W Pt (PP K L S K VCOPPI L S 3

Aw ,.i,v.:““.j C}J 9 L;’PM C,&«a.’““.j )L'I?-L-u o L‘UJUAA

doddlo
Comezr &5 dad e 0L JS05e 5 wbidOlol dalsl
L oo b S 2t dx G 5l Gallus gallus) sl ¢ e
Kanginakudru et al. 2008; Liuetal. ) ol a3l oSS (550

2006; Mwacharo et al. 2011; Nguyen-Phuc and Berres
SS1aS 6, sbas (2018; Sawai et al. 2010; Storey et al. 2012

33 e S fe 5 el e &S Wlesls L Slallias
Osman et al. ) el a3 5 Sl Ll 3,2 Cpm 5w
2016; Peters et al. 2015; Sawai et al. 2010; Tixier-
L oneSs, ol & Ol s '@,a .(Boichard et al. 2011
oeamen 3 Oldl gl (Goaess 5 ca S ) Wb cis
Coeal Sl L) Oldlee s Jhe Ol Olgea
5950 5 ek, sl § e (Burt 2007; Stern 2005) Ll s
Hillier et al. ) 43 oL JIs Of o83 4 35 Sy5n Ol
ca Y gl (galGal6) ‘@ﬁ p;j b ass (2004
S S e oS bl 1l e edd Sb Mg s S
saaise bess 8 Sb s o sk pss slle 5 las Sae
Olpea &5 A2 skl $3lse 2L M5 sl il o3k
Koboldt etal. ) 555 o atlis (NGS) " i L JI5"
i syls il YL 015 L Wb s slags,sls « NGS (2013
b DNA Uil sl U Liske Oljes 2050
O seks b 0Ll Jyome NGS (sl ol K 55 S b s
Sheslial syl o 5 Oljen Hsbay ol Oligen JIs
Sbag e K55 b bis 5 cald Cgr g5 JS Sl
Sl oo G315 g el a5 5 (93l 5 Sl B e s
Gl ey Jame bl 5 Il (505l e S
SLosiS e Slnehs 4l e 5 el (ol
S g sk (Leroy et al. 2018) S e pal b el S
(b ble bl w5 oladl o ege sl
LS o 3L Bl anw S g ann g = 5 Gla,slS 3 ks
SLols sl sl § e bas)lls 4l ,a (Wong et al. 2017)
Ol 53 Sosba bl Fosn Slom on Sives
oSS Y0/0 550 Yo XY Jlo 3§ b S B pas 4l

(OECD 2022) =l 5335

VPV 50l /Y o ol [ add 0590 [0y g9 S5 5 -



https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

vl (09 E i g A (KBS E9F 9SSl (s y

a:b’é.;&w‘ ‘51.9 LU.".L@.A o:‘jr.'.'.w) 4.@J|

GATK by 55 55750 byl 5l oS laaslol 5 Cds
& eslaws!  (indelRealigner 5 RealignerTargetCreator)
sl S a3l CkS (slao i 3550, B> I g
by 3 s e sbajlpl Sheslital b 5L kS o el s
ol ol el (PrintReads s BaseRecalibrator) GATK
i3 eslid L ONP) s ilS s O sl IS i
£ 55 JS slaesls 51 GATK 4l . s UnifiedGenotyper
Ly b B 08 Jols aaliy 4y (535,55 R ds ) s
ol csts VOF Wi b L O GIUT 51 e o35 bam
o BB sdar sl 6l baesls iS55 6,
Aoss V5l i bosll Plink il 5 51 eslinal L (LaSNP
olaS W Jlsls L GWSNP (mind 0.1) eiind 35
5 #5 ey Vo L LSNP (maf 0.05) dwsys 0 5l S
V) T S s Pvalue galin] L WSNP 5 silS
Sples oh elaad Lol Gl 5 plul (—=hwe
b mlst Gas s prpe o83 b s es do)s Samtools
A dsloee

Sheslital b ol Cons JSIas Jhay ot S5skd ooty
son g (Lee et al. 2014) . ., SNPhylo S5l s
Sbadlie Lo 5 4 (Camex V1A o (S5 el
As elwil R 33l 5 55 SNPRelate an Sl eslinad L Aol
.(Zheng et al. 2012)

S 5 Comer Sl oy Cgx ADMIXTURE b,
{(Alexander et al. 2009) A eslanal sl o 53 (S35 755
B T o e T JRCEE
2 Saamer sl byl g a8 55l o LA esls as emms
Vol S LSS Ve Lol yen kST B k=2 515007 g
A as S L s

#3553 dian 15 (ROH) s 555 gen st slaallis
JUINCT S JUNICH TN RS ST G JTE
odeze Jge el 3 1 SLSe sl T 5 s
G4an 53 ROH " 15 (Ceballos et al. 2018) was o 0L

7 Bootstrap
® Islands

Gl Y s SRhe dr w Ced s fe S

g, g olge
Q) g0 (00) S5 V1) Y lag e e85 IS oL s
Tailasg ani) b s e 4 (00) 058 5 () ol
Loy gam Jed SL S ST eslind L (rgﬂjj-i) 3
2 e85 dsn ol o Hiseq 2500' skl oS 2
55 JS leesls (Wang et al. 2020) us el Sl mlan
3500 NCBI oSl G b 51 (0) a3 ASir § 50 b s e
fastqc e 5 law s LU VAL Las e oS sla IS5 kS
Jlfle s 5l (Andrews 2010) =i S I3 s sy
el cwaS L Lesbl fastg slaesls % 5 (sl Trimmomatic
e b s eslial Laysll Gl uses
e R Rt Groes5 belsS gla s
sskea s 560> Ensemble ol oKL 1 (galGal6)
Burrows-Wheeler ) lssle 5 5l sz e psi5 Sk b
bwasw (..:wﬂ\ 5 (Li and Durbin 2009) BWA (Aligner
Mem x5 S0 51 ealitel L jiosson s am po 3 o eslic
e Sam C b Lo cpl s> s LB s rL?L;\
Al 4 Sl Y sl ol 53) VL B
Lietal ) 555l 5 5 e b o [20lS 5 shiaay il (4 5o
bam Wy L s ,ub b 4 A5 g Samtools (2009
Sl s (50 ,a sl 4 ColKS 1 ssus) Al eslinad
ezl U 5l packy Slo iy 5515 55 o aslomal islae o555
2 S ghark glagn, S Lus Bl Picard iyl
g n oalial e e 5 L bsesls sy sl gdl
Gl s oS sy oly sbass sblest ol

Glbl e i3 b g sk pen 4 il e ]

! paired-End

2 Forward

® Reverse

* Illumina

® Indexing

6 InDels (Insertion-Deletion)


https://mg.genetics.ir/article-1-1755-fa.html

a.sb"jl:m‘ ‘5[& ‘t.?"""«" o:\jr’l.«:) A@J‘

vl (09 E o i g A (KBS £ 9SSl (s y

o5 VennDiagram at 31 eslad b de g0 55 5 S
A Gl st LY L s ST o

SNP jlgtl 5 g aesls caS J 28

JAS alose o5 S Sb iy glaosls LT gal> e ol
‘)‘J_‘)‘rj.s )‘ oslail Lo ‘JD;A )}.194.4 Jﬂb VoA slaes .L.::Lodd %S
Lﬁ&b j:5| (53 9\ J)ljﬁ BEE= LI A NS FaStQC
(’f) LobsS sl Jis LTSI @L:;' Loy Jlecls ¢lyls
AL e 2bald YU s Shas odasOlil &S 55 Lo )3 QA L
Sl ST s 5 VAX s5d> 5 3 L;li.\;- .Z,f 03 SlsE Ges
ol sldas i s 0 V/OX s gd (gl sl Y 5 e s
YV ds) 5 o b IS e b Lo o

Lsd oo odalin foa Glapgises S 5 Se 5 5 SL s
5 Slald s el sl Bl 5y ol ) .(Orazietti 2015)
dsb w5 oasn ol o b s Sslie gladb
5 ”--homozyg” @b b skl L bacze> 03,5 ROH
Y- il b slaasas 53 (1 sde) Plink il
o b i K (W)> V0 5 (Law ) V=1/0 (6L 5S)
ekl L LSl el Ses cols S
by ki s sy omamer s (HOMOPlink il 5

(1) (FROH) i acwle McQuillan et al. (2008)

Fron = tao QD)

Lauta
535 S pss 3 BROH Jsb ¢ gemilppy  calaly (nl 5o
ot odedy SNP LS 58 SO o3l o83 IS Jsble,
el
S5 a5 SV s (P (K55 53
Danecek ) . «ul>=s Plink 5 VCFtools | ;3! o 3 eslanl b
LS s gl Saas lls ce (et al. 2011

o3litul VCFOOIS 5l 8le 5 51 ol SVal5 oy S 2l 5 ol

ROH _~1s slabs gl yeslinal 5550 sla malyl =V Jsi

Al M. o

homozyg-snp 0 ROH < o 8 ks 55 sl 5Ls, 50 SNP slaws sl
homozyg-kb Yo D) 35S o oy o3l
homozyg-density 0 ROH & (3,8 5 53 g 35 3550 o515 Sl
homozyg-gap Veer (Kb) wlze ROH 5 5 8 i 55 ol s SNP 55 o ol Sl
homozyg-window-snp o 2355 02y 53 30 30 SNP sl
homozyg-window-het A ROH & 5 5lms 555,20 SNP sl
homozyg-window-missing o ROH (S, 5 jlome 0020 (gloci y21 5 slaes

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

. s se anded G 53 e SNP (G655 0l o505 50 L oS OLS srad (slbe 2y 3 s
homozyg-window-threshold
/ro S3h iy

é)l:ﬁ)dﬁy 61.&&}4}(6}&4-\7-)}4}‘.;\5.&-tjad.v.léffa.)..igfl)lbﬁ AU)SQSL&L;\"J Q\:"’)“‘"_Y J}.b—

ool sl shasd do s i sl G5 SVslp
VIAYY Y E0 48V YA/A4 0 PPy
PRIV LYIN v/vo q XN
ARIVAR av/a. V/EA Ve Sy
£YAATY V- A VA Ve <Y
OYV0VAMA a0t %A )e ool
OAAAYY.VY AL E ANY Ve 0,568

! Sliding window

VPV 50l /Y o ol [ add 0590 [0y g9 S5 5 -


https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

vl (09 E g0 i g A (KBS £ 9SSl (qws g

o:b’d:xw‘ kSL; ‘U‘""‘G" o:‘jr‘.’.m) 4.@_“

S fp i 5l Sl pas L 5Y ST
Sls OLEl S ie b Cod |y (S5 dols o 2aS e 3
K=7UK=2 .55 sbmar ol ADMIXTURE sl
Syl dals S cpl el ads Wl () ) K s
Lo KK b e gbop e (S5 lulss ¢l ide
ot Sl OV L wess sl s S @l sl slanY
(o315 45 gazme 5 ez g dliwd) K Ui o Sl
5 .l & K=2 53 Corer ;3 CV JBla> 555 e oslind]
b K=3 s .ol 3 Sl a5 035650 pY s K=2

! cross validation error (CV-error)
2 heterogenous

slld o e suialS sy Sl Saas Sl b
L SNP \n\’"\\"’d’\"o cjﬁjs Lfli'}- tf L SNP \icYO\‘/\YV

g 555
el skd Stys SNP Ol 1T 50 5l eslizal L
\ Jg...ijb ASJ"LQLQA A (..3...».')3 &LQJQM)J J:S‘.\} U’i'j)
.L..::Lv& &Lﬁw? 2 6‘)‘) N Sl ol 0als OLES
23l SSE e glaad g o S 5l Lol bl
BE (_5.: B J_g‘ ‘_5LJ| LSLAA.L‘}A cé—»ﬁ‘ LSLNU.UA M 9 4.3‘)?;’;
M\Jm aj;-\ges‘: wﬁmwﬁv}y CJLa..b'e.AJj»u
u-ij;“:‘:" JAZL;Lia LA\:»:RA?‘ U‘i| O u.g:l:j J:’.L"‘; AMJQLL.; Y
e SassSl 5 S te dr L0 Y (Sl ol

s ses 5 () (PCA) Lol Aﬂ}cJ._J;J}Aij',?djgjj,\:ég;})b)‘\a:m.ﬂll{d)lp.é_;&ﬂﬁc)'»f;ﬁq-tfOi SSmikd dalsy sy ) S
(K 25 slirl Sl slaws bl 5 il slaslys 6l o Admixture

T T


https://mg.genetics.ir/article-1-1755-fa.html

ab‘j‘sl:w‘ ‘51.9 ‘g_;""x'é" o.sb'r.i«:) 4.@5‘

vl (09 E o i g A (KBS £ 9SSl (s y

Sl 3 Ol sl 4 axkss VNV . Sile L ROH
A el waxds VY0 . Kle L ROH axks VYo (oY
g oankad YYE/E o Sle b oandad YYEE (055650 0¥ 5 Olg
235 Y Jsdr s s jasia ool oY o3 Ols= e sl
s St 3 S f e 3 055 sl 53 ROH (215
ROH lakas S 631l 1l .ol o a3ls LS (g5l
S ke bl 5s 055680 Y i Gdie oS

S5 N e STl i 0,568 (Y 55 ROH
SV ROH 23y Cond 055 b dsb 0 2ty 5 0n S
b edalie Gl Y 5 53 AR f e 02 S Ols
L 535055 e 53 S5 5 e b 55 5l ai s sladsb

LA edalie VT r‘j)'jﬁj;)b‘}q-cu.

05 Ll sy e LS8 Comax 5o JJT@YKZSUKZZ 3
P e IS b s Si I SIKSE s s S5
SV o5 b K o s el S5 ps¥ s S
'Jj'f

055 JS > ROH w555 w2

CMJJ‘rJJSQ}S)JROH Ql&]&"sg}kduﬁmé L;w‘)ﬁ).)
03 Ol o gl @ oandad AYY Sl L ROH axkss )
o axks V0 0/FY ke L ROH aakss 44A LJ'.AJ.;LAKJ\?..CJA
J_\fiL:,«L.ROH axdad VoYY (ke ST s Ol o sl
axad VWY (S CsS1 5 Ol o Gl axdad VoYY

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

ol 5 o g e (St ) 5o 3 MK f e 03 55 sl 55 ROH (15 055 Y s

(kb) ROH J b St (kb) ROH ks Js o3l Sls ROH sluw - Sls SVl
N evy £A4AE/0) AvY A M e
AV/E AV VS YooY Sy
oVt WA/ \RvAx S
0871 TV NN oY
sav/y ACAYY/S Viv/e RIP
0oV/+ \Yorr iy YYi/t ool

X
LS YT
B R Va0 Yo-
B Vo=
Y-
3
%
a- 3
I
[=}
o=
Yoo
i )
- 7. 5a :[ - = - i .
@Y o 5 Eehi 0 = ol S0
o8
Ve a st

nglqd}dﬁdutfj(ﬁf.}u k)y}ﬁq—ijwﬁuﬂbmé_,ﬁpéum:):ROH ;U&?GJ‘UJ—YJK.':

VPV 50l /Y o ol [ add 0590 [0y g9 S5 5 -



https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

vl (09 E i g A (KBS E9F 9SSl (s y

°>Uk5L3M“| U’_LP LU.’U{.A a:‘jr.'.'.w) 4.@)‘

Gl St e 3 MK e 0 5 4 (S5 op A
it e S) 5 A 35l ol sy 5 e
Ao edalie Gl 5 S (Y IS4 Glate K5 ¢

(6 Jsa=)

5 S 5 (S ke dx) 503 S e s (S55 g5 -0 Jsdr

ol

P S5 53 s SVl
e FAE oY PP C
DYERS Y R oY
CYAE o[NP Sy
YR E L F G
ofeeYAk ofo o\ F 055689
ERS S RV PRRY ol

5 Ho) ot edalin 2w Sis 8 50ke s p b
33 el glaciaas )s(ﬁz) Sl 5550 d::.ﬂjfg_)'j):.a
dx:.wjiij}‘}:.ﬁ e aen j3 Lol by LIS N Je
e S35 S Al oo eSS 55 g 5l e etalia
S o)l 5y A edalis Q—lj Y s edd edalis
Al sl syge A 1 S sdd edalie e Sois e

S (5 55 Lile L;iuﬁjﬁ‘. o Ll Al Yl
22

LSLAWJJ)M‘J)}‘J“*)“‘;°J‘AL;-‘@:~“)§:’.;‘JJL‘°.CJ.’_~\ JJJ\;-

s o5 e 55055 ol odalin e sS55 50 SVl
AR /YA b K e
Y Y sY
Y T S
Y AL Sy
Yo YV ol
An A 05568

slacs ST S xie 5 ol A8y Sl ISawer
S A bl Y 5 o

S e SNP g op iyl 0l o3l OLES 30 3 M

2B 055 el 53 ROH Cilisis b (gloaies s o
ROH 4 o ol 58 ROH Slaba 2 gy Kl o 3l 0LES
0568 5 ol GlaceY Ll 3y i aconexr Gaas 3 A
eaS sy Olsm o sl & ROH sl o i s
b MK Cfbla.&f Sk ey saan ;3 ROH sl
SN AR ROH slaws ghls cp il 4 Cned (i 0 535S 5
S8 il el S edaasOlil &S 5y LK V/0
Y

G5 S 5 S

sl OLE Cilzsen s 55 5l eslizad b L pes gl b doilne
SR e Gl S w Ges s kS S
om0 (8 dsdxr) op ol Y 5 g ST 3
Sl s i ghie 5 Y S Ol e s glas S
(7 JS2) L (Gsoven 5 o S

R G B B P I

Gl 5 o
(FROH) i sean HOM) e sl s SVsl5
Y . e s
7 0 PP
RY e v s
o Y “ e
NE
-NY
Al
.. I
I-A 5
o
w
Jef
A
ey
JEE & e e E ol e

i SVl 5
g s o3 MK b 53 FROH L e Ssses ol o -7 S
ol 5 s


https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

a:‘j‘sl:w‘ ‘51.9 ‘u’_v‘..kg.ﬁ a:‘jr.".wj 4.‘3‘

b (09 E g0 i o5 A (KBS £ g Sl (s g

bS8 S A e p e 05 IS LIS leesls
W5 Gl e 4 Oake Jlpl S oS g bes S
Ll ) s 35501 B A3 o S5 sl Slosls 40 sazes
5> (Tiley et al. 2020) il anils biamar o S350
s Sl S s VL0 LIS iy ke ol asllae
Byl blumer (S5 sltle ) 5 S55kE o s
S i A 3l e 5 e ST aes L odali 45 5boles
LU ol gl @ cad o Glacs ST 5 Lad
P ekaslli & dmil S ke da o4 6005 S5
5T sl slile 3L o 0l e 13 &S g5 B S
L oosS oY o3 Gl aen 3 ilanes (S5 Lkl
315 ol (Ko soslst ediasolis a5 s eslsy Ll o K,
5551 PCA ST s sy gillee PCA =i L oS L e
sm;)t;rﬁ@wwswupwiwméxf
Ghle 53 slim fe b ool Sl (B s Yl

Al e ol
Sl Kl e 555 3 O sl 5 Jsb ROH w5 5T
E55 5 P50 S Tamer 4l 3,50 3 ) Gl
Ceballos et al. 2018; Fleming et al. 2016; ) s> &1, 55
Olakes o3l L5l asallles ;s (Mastrangelo et al. 2017
S5 MD W B oY gessdoee 3 auaes w3 ROH
55 il Ol @slS aabe s odiS Saie 45 il
0,565 oY & Wsls 5,155 Talebi et al. (2020) (glas)llas
Sy Camerr 4 Cawd (S,he ROH laded slaws (ol)ls
sl op mi ghls ol Y bl s Lol sl e Olanlas
5 MK Foo e Jelie 03 3 ek a6l 4 ROH ks
Lo gy ok o sl & ROH 3laas p 2S Glyls o (slag o
Talebi et al. 2020; ) by cilae sl Sldles L oS
Sosn Sl Copde 5 YL & .(Zhang et al. 2020
522 L ROH Ly 5 g5 50 Vb 55Kl Ll o oS5 58
s s ol Sl b el 5o s slac S
03 K S s ads GROH 5l (g i Soladad 55
imed il ) Ssen Sl o Sl b anylis
5 ol sbaceY 53 ol SLROH 51 iy Slakss 54

oS el 28 N b i e S f e b
ME ¥ bgse S 5 ap Sl s S Y
5 ool GLSNP s 55 ol S5 a3V il oo 055680
01 spd oS b sdalie (e fie 5 sl Y o S i

L)f&f&ﬁ@j)w\bSNp Aoy

@Y ol cuSNP
¥\

o ols LSNP

& ,g.‘fv..sm

(A7)

3 e SGS SIS e 5 ol a8 5 SO gla ISEsr -8 S

S gl o b ol LY

:.=.

SO Jolge Ol (Gler lsn 5 ol Sk b Olosas
olRd e JLSas 5 gsben Jolse dos ale s
3 Em AP S e o | el W5 oIl 5 e S AL e
3ok 4 B &S Wil e 58 Dl a anls OF 5 28
o Sl il ke gk 5o e il Jalse b
5 a5l s e Sl 4y o ¢ b Sl e
233 5 Lol (g5l Slmls 5l esliul) b A (gl S
e S 5l sans 5 Ol s 5 a8 5le ey Ololis; Gl 55
Elbeltagy et ) Llods 5850 ba g ke a0 Cusslie 5 (i
Colld Gl 4 4 o L (al. 2019; Walugembe et al. 2018
o S5 skl Lol addles s e slae S i

)\cbw‘bdjbé'dqu)Jjwa&f @,agﬁ:jil

VFe) 3l /Y 0 ylous [ padd 090 /oy 5 Serii -



https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

vl (09 E i g A (KBS E9F 9SSl (s y

a:b’é.;&w‘ ‘51.9 LU.".L@.A o:‘jr.'.'.w) 4.@)‘

& (Muir et al. 2008) 555 Li- )l H5b 53 S5
ol S o0l 5 05568 Ao (o sainY 53 oS Sl
ol wte el Gl 4 sl Gl sl
Gl s Slgd Sl ol adlas s AS s
Wil Ol 1y gl BB S5 g5 ol slanY
G oops b laf e onl 5o (S85 g5 ool o3Vl nl
cel el 1 eaul gla il 4 o Soaly s b

S § e 53 Sl g Lawal et al. (2018) (glardlas s
boaddllas b &S 55 5,50 5 o slacs S1 5l 2in |y e
3 e S S s el sl S g5 s e,
50 5 ok edalie (S5 655 b 5l s as S olaslS
odd plnil Slasysl 5 S Y 5 ke ST s s
s s sl s Yol 68 il e 4208 Sldlae
Akbary ) il e U S gla il 53ls 5 sl Sy 9 4 ges
et al. 2020; Bazgir et al. 2021; Rostamzadeh Mahdabi et
S @Y Sl s S5 g s bl (al 2021
g5 « Rabani (2010) axllas L o5 A3 38l St s S
L3S sz oolgalon,y sla Sl 51 esliad L, (K55
&L Zhang et al. (2010) axdlas L awclis 3 .cils Cillas
o s e 005683 oY o ol sy 5 el edaline S
uJUmﬁf,:L:\JJ@:@J@S}»}Jf;;—
Sy o S Sl sy el sdalin e S e
S Sl ek ebalie e Ss e (n slag S
S S CBlis goksOlis oS 3 g Sl 3)pe e S5 5 s 2
Al e et gladle s e STl 5o &

o S S s (S 655 @IS 5 B sl Dbl
(S5 a5l bl sl ol 5l eslizal a SUIK Lls WL
el s e lileS Blis slaaal 55 Ll a3 ST &S ol
LalS Cblis 5 05 LSl 53 K5 cblis Jold baasl
@l Gsten Ol U gl Copde s 4 &S AL e
L L eSS b slaw 53 b b S sl las
O S e s pdiel 5 olas i oS
OB a8 shad jpo nl b 53 050 58 s S5
Db Oy b 5o (S5 655 pals 4 e el s

Ci L s Gl Sl e oS S O 5K
S sl heyg ady ROH ol Jib Ol
L S5 S iie slizl ol S Slasd ) oS 355 0 s
Ferencakovi¢ et al. 2013; Howrigan et al. ) das o Ol
(2011

Slhosar sl 5 S b 0 glS s gss
Ll ols sy o fm 00 S S5 5 ) (S5 5805
L o5 cs3ba ol e 10 345 503 K g 03
Lo a5 ol oldl Gy basl 5 il glagiegn S|
o5 J(Lawal et al. 2018) il o ls olos sla 55
G S 5 o GUIHS Sl MSahs sz
ool Sinie SNP g op 2oy oS et b acgmer
Aol S p gl HS Y a b e IS
My s L) b b Sk Gl sy oS Sate
S e SNP g o 208 s> 058 (Y il e i S
S Ulsea e b Y opl g s Sate A L
0 M5 Lk e Olis s Slas 25 S 50 e Curer
edhe Eb e sy S5 O SOl 5 L SIS
53k als o SUslE a3 SNP slaw . Sle cpl
S 08 Y (s slacs ST 5 S e e L A lie
allae L oS cuils mmpe sl 4 Cos | SNP sl
4l cales Ulfah et al. (2016)

G e by Gl Gblamer e 03 Jsb 2
Loolyar ol cpl & Llah; oy § 0055 5 8 A5 e
23 oS K35 s el Dode Ssn sl el
Havenstein et al. ) ol o35 3550 Jlows (Sos0 4 S5
e b s s Ses 0kl Sl & J- 0l L (2003
vander ) coul o35 ol o O gllasl Dlas 5 oyl Jrals wsle
Sae g Lo (el (ool slac Y (Most et al. 2011
Ceoslie 4 byse 5oL Gla Pl e3is0) (S5 g8 3l gt
Lol slal lasls L3 oS 1y (Saie slagslen pln 5
g e 4 (Muiretal. 2008) lesls cws 3115 55

go b b 5L sy 5 Sou 2 sab ol el


https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

o:‘j‘_gl:m‘ ‘5[& c‘sv‘..\.«.ﬂ o:\jr’l.«:) Agj‘

vl (09 E o i g A (KBS £ 9SSl (s y

L) gf{:“‘“f\)
LSALOL;LALQ)KAAJQNUGJ;JA}QLA;J&LWAKQ‘:
(Sosbd 5 Sl e gle Dol el

&L

Akbary R, Esmaeelizadeh A, Amiri Ghanatsaman Z,
Avyatollahi Mehrjerdi A (2020) Identification of genome
diversity in marandi chicken wusing whole genome
sequencing method. Agricultural Biotechnology Journal
12:161-76. (In Farsi).

Alexander DH, Novembre J, Lange K (2009) Fast model-
based estimation of ancestry in unrelated individuals.
Genome research 19:1655-64.

Andrews S (2010) FastQC: a quality control tool for high
throughput sequence data. Babraham Bioinformatics,
Babraham Institute, Cambridge, United Kingdom.

Bazgir H, Esmaeelizadeh A, Amiri Z, Asadi Fouzi M
(2021) Identification of genome diversity in Lari chicken
using whole genome sequencing method. Agricultural
Biotechnology Journal 13:189-204. (In Farsi).

Burt DW (2007) Emergence of the chicken as a model
organism: implications for agriculture and biology. Poultry
Science 86:1460-71.

Ceballos FC, Hazelhurst S, Ramsay M (2018) Assessing
runs of Homozygosity: a comparison of SNP Array and
whole genome sequence low coverage data. BMC
Genomics 19:106.

Danecek P, Auton A, Abecasis G, Albers CA, Banks E,
DePristo MA, et al. (2011) The variant call format and
VCFtools. Bioinformatics 27:2156-8.

Elbeltagy AR, Bertolini F, Fleming DS, Van Goor A,
Ashwell CM, Schmidt CJ, et al. (2019) Natural selection
footprints among African chicken breeds and village
ecotypes. Frontiers in Genetics 10:376.

Ferencakovic M, Hamzi¢ E, Gredler B, Solberg T,
Klemetsdal G, Curik I, et al. (2013) Estimates of
autozygosity derived from runs of homozygosity:
empirical evidence from selected cattle populations.
Journal Animal Breeding Genetics 130:286-93.

Fleming D, Koltes J, Markey A, Schmidt C, Ashwell C,
Rothschild M, et al. (2016) Genomic analysis of Ugandan
and Rwandan chicken ecotypes using a 600 k genotyping
array. BMC Genomics 17:407.

Havenstein G, Ferket P, Qureshi M (2003) Growth,
livability, and feed conversion of 1957 versus 2001
broilers when fed representative 1957 and 2001 broiler
diets. Poultry Science 82:1500-8.

Hillier L, Miller W, Birney E, Warren W, Hardison R,
Ponting C, et al. (2004) International Chicken Genome
Sequencing Consortium: Sequence and comparative
analysis of the chicken genome provide unique
perspectives on vertebrate evolution. Nature 432:69-716.

Sl Sl
J@lﬁ LSLALSJK‘"A 39 Qw&ﬁ Js)ﬁ L;LA C,.ika.?- LJ °j}j‘i Lfi‘
a)Lo...fA 4)) (ClSSC) ngjt.é E) QU..:M rj.l.c Q)b’) L;LLJ\UH

RGN PN 5 Cl;u\ (revN00

Hillier LaDeana W (2004) International chicken genome
sequencing consortium. Nature 432:695-716.

Howrigan DP, Simonson MA, Keller MC (2011)
Detecting autozygosity through runs of homozygosity: a
comparison of three autozygosity detection algorithms.
BMC Genomics 12:460.

Kanginakudru S, Metta M, Jakati R, Nagaraju J (2008)
Genetic evidence from Indian red jungle fowl corroborates
multiple domestication of modern day chicken. BMC
Evolutionary Biology 8:174.

Koboldt DC, Steinberg KM, Larson DE, Wilson RK,
Mardis ER (2013) The next-generation sequencing
revolution and its impact on genomics. Cell 155:27-38.
Lawal RA, Al-Atiyat RM, Aljumaah RS, Silva P,
Mwacharo JM, Hanotte O (2018) Whole-genome
resequencing of red junglefowl and indigenous village
chicken reveal new insights on the genome dynamics of
the species. Frontiers in Genetics 9:264.

Lee T-H, Guo H, Wang X, Kim C, Paterson AH (2014)
SNPhylo: a pipeline to construct a phylogenetic tree from
huge SNP data. BMC Genomics 15:162.

Leroy G, Baumung R, Boettcher P, Besbes B, From T,
Hoffmann I (2018) Animal genetic resources diversity and
ecosystem services. Global Food Security 17:84-91.

Leroy G, Besbes B, Boettcher P, Hoffmann I, Capitan A,
Baumung R (2016) Rare phenotypes in domestic animals:
unique resources for multiple applications. Animal
Genetics 47:141-53.

Li H, Durbin R (2009) Fast and accurate short read
alignment with Burrows—Wheeler transform.
Bioinformatics 25:1754-60.

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer
N, et al. (2009) The sequence alignment/map format and
SAMtools. Bioinformatics 25:2078-9.

Liu Y, Wu G-S, Yao Y-G, Miao Y-W, Luikart G, Baig M,
et al. (2006) Multiple maternal origins of chickens: out of
the Asian jungles. Molecular Phylogenetics and Evolution
38:12-9.

Mastrangelo S, Tolone M, Sardina MT, Sottile G, Sutera
AM, Di Gerlando R, et al. (2017) Genome-wide scan for
runs of homozygosity identifies potential candidate genes
associated with local adaptation in Valle del Belice sheep.
Genetics Selection Evolution 49:84.

Muir WM, Wong GK-S, Zhang Y, Wang J, Groenen MA,
Crooijmans RP, et al. (2008) Genome-wide assessment of
worldwide chicken SNP genetic diversity indicates
significant absence of rare alleles in commercial breeds.

VPV 50l /Y o ol [ add 0590 [0y g9 S5 5 -



https://mg.genetics.ir/article-1-1755-fa.html

[ Downloaded from mg.genetics.ir on 2025-10-22 ]

vl (09 E i g A (KBS E9F 9SSl (s y

a:b’é.;&w‘ ‘51.9 LU;LL@.A o)‘jr.'.'.w) 4.€J|

Proceedings of the National Academy of Sciences of the
United States of America 105:17312-7.

Mwacharo JM, Bjgrnstad G, Mobegi V, Nomura K,
Hanada H, Amano T, et al. (2011) Mitochondrial DNA
reveals multiple introductions of domestic chicken in East
Africa. Molecular Phylogenetics and Evolution 58:374-82.
Nguyen- Phuc H, Berres ME (2018) Genetic structure in
Red Junglefowl (Gallus gallus) populations: Strong spatial
patterns in the wild ancestors of domestic chickens in a
core distribution range. Ecology and Evolution 8:6575-88.
OECD (2022), Meat consumption (indicator). doi:
10.1787/fa290fd0-en (Accessed on 21 March 2022)
Orazietti J. Islands AND deserts: patterns of runs of
homozygosity in chicken breeds: MS Thesis. University of
Natural Resources and Life Science, Vienna, Austria;
2015.

Osman SA-M, Yonezawa T, Nishibori M (2016) Origin
and genetic diversity of Egyptian native chickens based on
complete sequence of mitochondrial DNA D-loop region.
Poultry Science 95:1248-56.

Peters J, Lebrasseur O, Best J, Miller H, Fothergill T,
Dobney K, et al. (2015) Questioning new answers
regarding Holocene chicken domestication in China.
Proceedings of the WNational Academy of Sciences
112:E2415.

Rabani F (2010) Study of genetic diversity of Khazak and
Dashtiari  chicken using  microsatellite  markers.
Dissertation for MSc degree in animal breeding
University of Zabol (In Farsi).

Rostamzadeh Mahdabi E, Asadi Fozi M, Esmailizadeh A,
Ayatollahi A, Masoudzadeh H (2021) The study of genetic
diversity in Khazak native chicken using whole genome
sequencing. Agricultural Biotechnology Journal 13:91-
106. (In Farsi).

Sawai H, Kim HL, Kuno K, Suzuki S, Gotoh H, Takada
M, et al. (2010) The origin and genetic variation of
domestic chickens with special reference to junglefowls
Gallus g. gallus and G. varius. PL0oS One 5:e10639.

Stern CD (2005) The chick: a great model system becomes
even greater. Developmental cell 8:9-17.

Storey AA, Athens JS, Bryant D, Carson M, Emery K,
DeFrance S, et al. (2012) Investigating the global dispersal
of chickens in prehistory using ancient mitochondrial
DNA signatures. PloS One 7:39171.

Talebi R, Szmatota T, Mészaros G, Qanbari S (2020) Runs
of Homozygosity in Modern Chicken Revealed by
Sequence Data. G3: Genes, Genomes, Genetics 10:4615-
23.

Tavakolian J ( 2000) An introduction to genetic resorces of
native farm animals in Iran. Animal Science Research
Center of Iran (In Farsi).

Tiley GP, Pandey A, Kimball RT, Braun EL, Burleigh JG
(2020) Whole genome phylogeny of Gallus: introgression
and data-type effects. Avian Research 11:1-15.
Tixier-Boichard M, Bed’hom B, Rognon X (2011)
Chicken domestication: from archeology to genomics.
Comptes Rendus Biologies 334:197-204.

Ulfah M, Kawahara-Miki R, Farajalllah A, Muladno M,
Dorshorst B, Martin A, et al. (2016) Genetic features of
red and green junglefowls and relationship with
Indonesian native chickens Sumatera and Kedu Hitam.
BMC genomics 17:1-9.

van der Most PJ, de Jong B, Parmentier HK, Verhulst S
(2011) Trade off between growth and immune function: a
meta analysis of selection experiments. Functional
Ecology 25:74-80.

Walugembe M, Bertolini F, Dematawewa CMB, Reis MP,
Elbeltagy AR, Schmidt CJ, et al. (2018) Detection of
selection signatures among Brazilian, Sri Lankan, and
Egyptian  chicken  populations  under  different
environmental conditions. Frontiers in Genetics 9:737.

Wang MS, Thakur M, Peng MS, Jiang Y, Frantz LAF, Li
M, et al. (2020). 863 genomes reveal the origin and
domestication of chicken. Cell Research. 30:693-701.
Wong J, de Bruyn J, Bagnol B, Grieve H, Li M, Pym R, et
al. (2017) Small-scale poultry and food security in
resource-poor settings: A review. Global Food Security
15:43-52.

Zhang J, Nie C, Li X, Ning Z, Chen Y, Jia Y, et al. (2020)
Genome-wide population genetic analysis of commercial,
indigenous, game, and wild chickens using 600K SNP
microarray data. Frontiers in Genetics 11:1154.

Zheng X, Levine D, Shen J, Gogarten SM, Laurie C, Weir
BS (2012) A high-performance computing toolset for
relatedness and principal component analysis of SNP data.
Bioinformatics 28:3326-8.


https://mg.genetics.ir/article-1-1755-fa.html
http://www.tcpdf.org

