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Abstract: Artificial selection played an important role during chicken domestication and subsequent
breed formation. So the imprints of selection episodes had been left within chicken genome. With the
advances in genomics and the development of methods to detect selection signatures, the elucidation of
these selection signatures had been of interest issue on the fields of evolutionary biology and population
genetics. The aims of this review were to describe the definition of selection signatures on chicken genome,
to present the main statistical methods used to detect selection signature, and to summarize some recent
results on the selection footprint in chicken. This review should offer references to the researchers in the
related fields.
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Table 1 Approaches for detecting genome—wide selection signatures
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Table 2 Summary of selection signatures surveys in chicken genome

. A ke ORI et fo . PALILERIN e
T A fat ik AR SRR e
Test platform Group o Selection signature - Researcher

method traits
Y, AN, KBS,
=T L RREN N EER, EMER, Hp 58Xk, &2 A, Rubin 251
FORANG; 387 H,
60K SNPith i . MRIREM kR o9 H.  Hp Ml Faik 510Kk e Johansson 4"
60K SNPI R FIEALNY; 32385 H, EHH 116~ H, & 1854 34EH . Li &7
AR R L IR R n) i R . "N i i
s ; R AL 39 MR g S
60K SNP i - 2. 4t475 00 Hp MIEHH?E 104K, 839 M3 H s 2 Zhang %
%K 2. g U ES .
60K SNPi5 1F.jtfff7kff” B Ry 108K IR, 42 108 P JEH Zhang 2517
=T Mg E N Jh15 H, Hp 1324 X3, 991 LR Qanbari
JEAS 19 ANff 22 S R, 104
] XOH, FAHRIEERY, T . ) .
60K SNP {5 E;]Eliféiﬁ ﬁ;?ﬁgf; E Hp 26N, AL 203 5E Elferink 202!
Ju I = PN
#; 3509 H,
T YPGERG . /IR 2K, ROH 509 N3, Fan &5
T FH AR XS 5 by 3 Al ] A7 7E 630 4>
(] PAS 1 NTE
600K SNPi J+ E%Xf%lzzlﬁf%ﬁé;%ﬁﬁﬁlxéﬁﬂ}f; Fo BRES, 6% 145 TEN; B Gholami 5
R R 5 BN R 52 2B X6 10 47 7E 656 /i
Bi5%, 81288 1MILA,
N B > 122 (5 .
12KSNP ?\%ﬁ?xgﬁgﬁéagng(jz R Aviagen For SUAMRBR, 7 1453 P Stainton %
Iy H) )5 2R No
) , I FLK 340 5] 107 4~ K3k, £
. 1R PN DA \ ; .
600K SNP A %£+ %X',%'.ﬁjiﬂii’g%% 2 haFi,IiK 874 A FEH 5 A hapFLK kK Gholami %!
eI SRR e P W41 K, 255 397 AN IER
. JEAG , 41 X Fp (B R R )24 , 4
600K SNP & F W F o) 3E 130 11 DCMS 1098 LA BB MaZE
=il MR AR 20 H hapFLK — 1294~X¥8k, 1526213 H Roux %5

32 ERMREXER

AR APR EE AR A E SR, HEHH
R TR FEXG i A R X b b 5 X R A ik
FoArkE, TEXSEENZH b A R R XS AR KR
QTLs, JFxfZ A S b B I hREfr 58 . H
A, CRMAMRZILF LGS, FEaHFA
F 1 54K IGF1 (Insulin-like growth factor 1),

fi F 3 5 Y 4 4K 1Y) CAPN1 (Calpain 1) . TGFB2
(Transforming growth factor, beta 2), i F 55 ¢
&9 IGF2 (Insulin—like growth factor 2), i T 85
f6,/K LEPR (Leptin receptor gene), HT 1054k
] IGF-1R(Insulin-like growth factor 1 receptor), i
F 27 5K IGF2BP1 (Insulin-like growth factor
2 mRNA binding protein 1) . IGFBP4 (Insulin-like



-104- F/r | A B A N S S

47

growth factor binding protein 4) . STAT5B (Signal
transducer and activator of transcription 5B), i F 28
S YL A A1) INSR (Insulin receptor) % FE[A . Qanbari
SEA T D R D R, BT R A
KIBLIGF1, INSR. LEPR & K& R 52 1 % 5% i ™5
Rubin 25t A FH S 00 F2 500 46000 21 1GF 1R INSR 7
2GR AL A F A R FRE" . Gholami 55 F)
RIS | 22 3t X B XS Bl Y 600K SNP KA
M F| CAPN1, TGFB2. IGF2. IGF2BP1 %5 5L %
N T3E$E), Stainton %5 | FH R I T Aviagen 23 v
(99 A I XG 14k R 9 12K SNP £ 4 o 46 I 3]
IGF2BP1 TEJE N FAFAEEFRIRIEY . Gholami 55
) D5 X6 LT FETAES £ 600K SNP U415 A5 0 1) 1GF -
1R, STATSB A5 REIN & Boam e #EAE ™ H A
) 5 M 3 U H 0 43 QTL B [N A2 3 20N T3k
FE, AR RS BE D A 2 B X R R TR
AN TP SRy, FRAERE N2 B T IR
.
3.3 {FEEMEREXEE

BEA A S A R B AP - i 2 R, IR
PEARIZE T XS B R E G B IR 2 — o I
QTLENE . BN R AR IR 7 M5 HoR -
B A2 R AR R R IE R . il QTLdb %k
PZEI R, R HET, 7EXY B EEN 3801 Sk
BRPERAH I QTLs . FIFH GWAS - &t & (5] 24
A IPCAENIIS R INT R e TN TR | S P TP U i
PR SRBETE, KRB Z A Bk 6 7k i
RN RYREDR , WARZEGRESEAEM . Zhang SEF HIZR
JEAM RAF e W e &, AEXG L2 F ok B
i F 1 54 @K1 IGF1 (Insulin-like growth factor
1). TRPC4(Transient receptor potential cation channel,
subfamily C, member 4) . RBI1 (Retinoblastoma 1) .
MAOA (Monoamine oxidase A) . MAOB (Monoamine
oxidase B) . MYOTA (Myosin VIIA), i F 3544
{& ) EHBP1 (EH domain binding protein 1), T 4
5 4L {4 1K ) BBS7 (Bardet— Biedl syndrome 7) .
LRP2BP (LRP2 binding protein) , i F 7 5 4t {a A
1 LRP1B (Low— density lipoprotein receptor— related
protein 1B), i T 10 5 44 {4 1K [¥) MYO9A (Myosin
IXA), T 1154 kH ESRP2 (Epithelial splic-
ing regulatory protein 2) . FTO (Fat mass and obesity
associated) , 7T 18 5 4L @ {& ) PRPSAP1 (Phos-

phoribosyl pyrophosphate synthetase— associated pro-
tein 1) FI; T Z YL @& 1% PCSK1 (Proprotein conver-
tase subtilisin/kexin type 1) &K 55 55 Jg iy 40 210
FHOCHE R AZ B AR, Fan S54E 24 H [E XS A
4 b A I F) ESRP2 LR 2 B e $E . LEPR
(Leptin receptor, i T8 5 Y o 4) 7E £ Ak 5 RE £ 11
FESE AR o R AR . Twito 55 & BUAE
LEPT DA T f¥ SNIP 26 2530 1 PR RS 7 A2 1) Bk PR A%
SR, SANTEFEMES. MXD4 (MAX di-
merisation protein 4, . T 45 YL {4 ) AN ILA
CWASHFFE & BIZIE I 5 ISR FE AR C™ . Stainton
SFAE O PIMG ah RN A b K BLLEPR Fl MXDA4
IR 37 A PEAVE AP, Gholami S8 Kl 2152 i 5 i
B PRKAB2 (Protein kinase, AMP- activated, beta 2
non—catalytic subunit, i F 85 YL fafA) JELK 57 3|k
. Roux S WeFEA5 S, RS2 e PEfk
H B PARK2 (Parkin RBR E3 ubiquitin protein li-
gase, LT 35 YL A) Bk DRI A1 F X0 JIE e 8 42 06
T, JAG2(Jagged 2, T 5 5L fk) BKZ
AT RS AL R O R R
34 THESEREEREXER

FHAMER RN EE A TR, PR
JR AR B RS A o 2 QTLdb Hidls
PEPe g, MR EAT, 7E0Y F O e 4914 5 BAE
FOEE S TR A DG QTLs. C A MF52 R PRL AL
(Prolactin, {225 Y& (k) 200 7 8 k5 il
AR, Li %" Qanbari 550 & 1% FE K 57 31 i
BAVER . SPP1(Secreted phosphoprotein 1, T 45
Qefafh) HESTFHEAMX, Qanbari % Ghola-
mi 55 I PR AL 52 B AR e HRVE T . CALBI
(Calbindin 1, {2 T2 54 @ 1K) 5 W8 E 20K
NCOA1 (Nuclear receptor coactivator 1, i F 354t
@K ), SREBF2 (Sterol regulatory element binding
transcription factor 2, T 1 5 Ytk ) Fl RALGA-
PA1 (Ral GTPase activating protein, alpha subunit 1,
(LT 55 Qe i) 20 5 H g, st A - R
HAHIE . Qanbari % Gholami 557X LRI 4] I
il ] W w8 e SR Bl bt o8
35 HURMEREXEE

I QTLdb B PE 2R, Bk H AT, 764 F
B 28 % i 561 A~ 5 U IR A ¢ QTLs. Hoh
SLC11A1 3£ [H (Solute carrier family 11 (Proton—cou-



55105

FEMGAE: WG AL N 4 EPRAR S T ALt e 105

pled divalent metal ion transporter), member 1, i F
7S G Il Vb ] FRAF B AL G, Qanbari
SEAE LR A b A AG I 232 RE DR 32 B R TR
B IR IS, 2k A L RS AR R 2 A
T L B — L8 5 R B e A A S AL LA, 40 Li 2
FEE 20 1K #) LHX2 (LIM homeobox2, fF 17
SYLER) F SFRP1 (Secreted frizzled—related protein
1, 2250 tafk) FERZksE, HiXEerHRN2S
5 WNT5E S, SRR R,
4 & #
FEKME YA KR, B, R
AT B FEDRR A R S T R R R R .
TEXG LR 20 bt 3gt B O B e BRG] P e ok ik
PRI . QTL A0 B 4 B PR 2H SIS Jr e D) 381) K o
AL B SN 8 RN IR iy (2 Ay TN e AR |
QTL, H. & B3 X I asi 5 A iy 2 5o N T4
YER o Ul WAL GEpst T 2 TR 1B 7 A N Tk 4%
TEXGSE e E R AR, Wik e geik
PRI AL He il ok R S 2 PR HOR i 4R HT
Wi A B DR 2 0 e 3 A PR R, e RO I R
SN E U, SRR 9 . AFE 4 Kk
G FIAE G B2 o R SR O e | 4 5 )
SRR SRS . T H T RT £ 05 5 A6
T EAERE O FAE AR BRIEA —, Kk
FAEES, WORTEGHH R R B e R TRE
A RAE R, S8 Ty, Kl Shak 2%
fem. B2, fEREREMIR ] ARG S
o3 A 25 2R, K AT ) T 0 8 5 ) B S 2 IR
ISCEREIE A

[ & % X # ]

[1] Xiang H, Gao J, Yu B, et al. Early Holocene chicken domestica-
tion in northern China[J]. Proc Natl Acad Sci USA, 2014, 111
(49): 17564-17569.

[2] StephensJ C, Reich D E, Goldstein D B, et al. Dating the origin of
the CCR5-Delta32 AIDS-resistance allele by the coalescence of
haplotypes[J]. Am ] Hum Genet, 1998, 62(6): 1507-1515.

[ 3] Biswas S, Akey J] M. Genomic insights into positive selection[]].
Trends Genet, 2006, 22(8): 437-446.

[4] Smith J M, Haigh J. The hitch—hiking effect of a favourable gene

[6]

[71]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. Genet Res, 1974, 23(1): 391-403.

Bustamante C D, Wakeley J, Sawyer S, et al. Directional selection
and the site— frequency spectrum[J]. Genetics, 2002, 159(4):
1779-1788.

Sabeti P C, Reich D E, Higgins J M, et al. Detecting recent posi-
tive selection in the human genome from haplotype structure[J].
Nature, 2002, 419(6909): 832-837

Voight B F, Kudaravalli S, Wen X, et al. A map of recent positive
selection in the human genome[J]. PLoS Biol, 2006, 4(3): 72.
Wang E T, Kodama G, Baldi P, et al. Global landscape of recent
inferred Darwinian selection for Homo sapiens[J]. Proc Natl Acad
Sci U S A., 2006, 103(1): 135-140.

Grossman S R, Shlyakhter I, Karlsson E K, et al. A composite of
multiple signals distinguishes causal variants in regions of posi-
tive selection[J]. Science, 2010, 327(5967): 883-886.

Zeng K, Fu Y X, Shi S, et al. Statistical tests for detecting positive
selection by utilizing high—frequency variants[J]. Genetics, 2006,
174(3): 1431-1439

Zeng K, Shi S, Wu C I. Compound tests for the detection of hitch-
hiking under positive selection[J]. Mol Biol Evol, 2007, 24(8):
1898-1908.

Ma Y L, Ding X D, Qanbari S, et al. Properties of different selec-
tion signature statistics and a new strategy for combining them[J].
Heredity, 2015, 115(5): 426-436.

Utsunomiya Y T, Pérez O'Brien A M, Sonstegard T S, et al. Detect-
ing loci under recent positive selection in dairy and beef cattle by
combining different genome— wide scan methods[J]. PLoS One,
2013, 8(5): 64280.

Randhawa I A, Khatkar M S, Thomson P C, et al. Composite selec-
tion signals can localize the trait specific genomic regions in
multi—breed populations of cattle and sheep[J]. BMC Genet, 2014
(15): 34.

Rubin C J, Zody M C, Eriksson J, et al. Whole—genome resequenc-
ing reveals loci under selection during chicken domestication[J].
Nature, 2010, 464(7288): 587-591.

Johansson A M, Pettersson M E, Siegel P B, et al. Genome—wide
effects of long—term divergent selection[J]. PLoS Genet. , 2010, 6
(11): e1001188.

Li D F, Liu W B, Liu J F, et al. Whole—genome scan for signa-
tures of recent selection reveals loci associated with important
traits in White Leghorn chickens[J]. Poult Sci, 2012, 91(8): 1804~
1812.



-106- P/ | A S A N s 4 HATE

[18] Zhang H, Hu X, Wang Z, et al. Selection signature analysis impli- [28] Qanbari S, Seidel M, Strom TM, et al. Parallel selection revealed
cates the PC1/PCSK1 region for chicken abdominal fat content[J]. by population sequencing in chicken[]J]. Genome Biol Evol. 2015,
PLoS One, 2012, 7(7): 40736. 7(12): 3299-3306.

[19] Zhang H, Wang S Z, Wang Z P, et al. A genome—wide scan of se- [29] Eriksson J, Larson G, Gunnarsson U, et al. Identification of the
lective sweeps in two broiler chicken lines divergently selected yellow skin gene reveals a hybrid origin of the domestic chicken[J].
for abdominal fat content[J]. BMC Genomics, 2012, 13: 704. PLoS Genet, 2008, 4(2): 1000010.

[20] Qanbari S, Strom T M, Haberer G, et al. A high resolution ge- [30] Hornbeak D M, Young T L. Myopia genetics: A review of current
nome—wide scan for significant selective sweeps: an application to research and emerging trends[J]. Curr Opin Ophthalmol. 2009, 20
pooled sequence data in laying chickens[J]. PLoS One, 2012, 7 (5): 356-362.

(11): 49525. [31] Stoffel W, Jenke B, Block B, et al. Neutral sphingomyelinase 2

[21] Elferink M G, Megens H J, Vereijken A, et al. Signatures of selec- (smpd3) in the control of postnatal growth and development[]].
tion in the genomes of commercial and non—commercial chicken Proc Natl Acad Sci USA, 2005, 102(12): 4554-4559.
breeds[J]. PLoS One, 2012, 7(2): 32720. [32] Twito T, Madeleine D, Perl-Treves R, et al. Comparative genome

[22] Fan W L, Ng CS, Chen C F, et al. Genome—wide patterns of genet- analysis with the human genome reveals chicken genes associated
ic variation in two domestic chickens[]J]. Genome Biol Evol, 2013, with fatness and body weight[J]. Anim Genet, 2011, 42(6): 642—
5(7): 1376-1392. 649.

[23] Gholami M, Erbe M, Girke C, et al. Population genomic analyses [33] SunY, Zhao G, Liu R, et al. The identification of 14 new genes for
based on 1 million SNPs in commercial egg layers[]J]. PLoS One, meat quality traits in chicken using a genome—wide association
2014, 9(4): 94509. study[J]. BMC Genomics, 2013, 14: 458.

[24] Stainton J J, Haley C S, Charlesworth B, et al. Detecting signa- [34] Hu Z L, Park C A, Reecy J M. Developmental progress and cur-
tures of selection in nine distinct lines of broiler chickens[J]. An- rent status of the Animal QTLdb[J]. Nucleic Acids Res, 2016, 44
im Genet. , 2015, 46(1): 37-49. (1): 827-833.

[25] Gholami M, Reimer C, Erbe M, et al. Genome scan for selection [35] Arazi H, Yoselewitz I, Malka Y, et al. Osteopontin and calbindin
in structured layer chicken populations exploiting linkage disequi- gene expression in the eggshell gland as related to eggshell abnor-
librium information[J]. PLoS One, 2015, 10(7): 0130497. malities[J]. Poult Sci, 2009, 88(3): 647-653.

[26] Roux P F, Boitard S, Blum Y, et al. Combined QTL and selective [36] Calenge F, Kaiser P, Vignal A, et al. Genetic control of resistance
sweep mappings with coding SNP annotation and cis—eQTL analy- to salmonellosis and to Salmonella carrier-state in fowl: A review
sis revealed PARK2 and JAG2 as new candidate genes for adipos- [J]. Genet Sel Evol, 2010, 42: 11.
ity regulation[J]. G3 (Bethesda), 2015, 5(4): 517-529. [37] LiX, Yang Y, Zhou F, et al. SLC11A1 (NRAMP1) polymorphisms

[27] Gunnarsson U, Kerje S, Bed’hom B, et al. The Dark brown plum- and tuberculosis susceptibility: Updated systematic review and

age color in chickens is caused by an 8. 3—kb deletion upstream

of SOX10[J]. Pigment Cell Melanoma Res, 2011, 24(2): 268-274.

meta—analysis[]J]. PLoS One, 2011, 6(1): 15831.



