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ABSTRACT

Single nucleotide polymorphisms (SNPs), that usually occurs with a modification in single nucleotide
among the population of 1000 nucleotides. Such changes in nucleotides have been investigated and been
associated by meat scientist for economically important traits and to increase economical profits in stock
breeding. Pluralities in the study have correlated SNPs of potential candidate gene with economically
important traits in domestic animals have been put forward. In chickens, ING, IGFI, IGFIR, IGFBF, CAPNI,
CAPN3, GHSR, FATPI1, FGFBPI, FGFBPZ, apoVIDL-1I, PBl, miR-1614-3p, DAAMI, Wnt3A, LRP5, CHP,
RHOA, MAPK9, SFRP1, ATGL, PGC-1a, NPY, GnRHR, PRL, TGF82, CASR. UCP, ADSL, STAT5b, LRP2 and
CTSD genes have been found to have significant effects on body weight, breast muscle weight, carcass weight
and egg number. For the similar reasons, SNPs of these genes have been considered useful DNA markers for
the improvement economic value of poultry. Although further studies on different breeds of chickens would
be required to segregate such dataset for different breeds of chickens.
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SNP(single nucleotide polymorphism)©|2til FHh(Bell,
2002; Wang® Moult, 2001). ]2 SNP-2 1zt #-Z14] <]
7% °F 200~3004 71k} 3 AR A Sk HloE A
=3 JTHShin 5, 2008). T3 o] WA FAAel s 5
S (Hillier 5, 2004) ©]F ol EA3H= SNPS o= 5 &
A817] 213 Y AZE 743 F o) (Wong -5, 2004; Wang 5,
2005; ChickVD) -84, AFA|, HAobA|, Silkie &XFe]
Hw B4 S ot e =3 A 2 2AtE7]
A B EA A (next generation sequencing; NGS) &2 32
A= Qlste] SNP Zo] ¢ 7H&E3b7) 7t Eo it
(Davey &, 2011). ©]&g SNPL 7}5ellA] 7]& §59f ©
e Bshr] A% WHoZ ARSE™, DNA markerE
o]-&3t =

selection, MAS) &8t Fx5e Hrlol dojx B A
A 284 =o|7] AR vdd ST BAFEANA
AHE A4 v RS 9% A7 ol FolA AL AT
(Lee &, 2004, Oh 5, 2005 Kim 5, 2006; Cheong 5,
2007; Hong 5, 2007; Kong -5, 2007, Cho -5, 2008; Kim
S, 2009; Lee &, 2009; Fontanesi s, 2010; Xu &, 2010;
Jang &, 2011; Hirose &, 2011).

Ho
o
ot

gk e E9 SNPe| WE S Fajo] B1H SNP
olgsle] BARAINA A2 Fal olde §5o

< Heksh] 943 SFREo] HolAE AAHL v &
< WNE FE ol8sh= {8719 gl 2s AL
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(eviscerated weight; EW), 57+ A% S & (abdominal fat
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(thigh weight; TW), ™2 FAl(drumstick weight; DW),
WG 9k vl FA|(drumstick and thigh weight; DTW)
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Table 1914 Hd7t AH-53dE3 ddd FEFHA
%l INS(insulin), IGFl(insulin-like growth factor 1),
IGF1R(insulin-like growth factor 1 receptor), IGFBP2
(insulin-like growth factor-binding protein 2), CAPN1
(calcium-activated neutral protease 1), CAPN3(calcium-
activated neutral protease 3), GHSR(growth hormone
secretagogue receptor), FATPl(fatty acid transport
protein 1 or SLC27A1), FGFBP1(fibroblast growth factor
binding protein 1), FGFBP2(fibroblast growth factor
binding protein 2), apoVLDL-II(very low density apolipoprotein-
Il), PBl(Retinoblastoma 1), miR-1614-3p(microRNAs-
1614-3p), DAAMI(dishevelled associated activator of
morphogenesis 1), Wnt3A(protein Wnt-3a), LRP5(Low-
density lipoprotein receptor-related protein 5), CHP
(calcium binding protein P22), RHOA(ras homolog gene
family, member A ), MAPK9(mitogen-activated protein
kinase 9), SFRPI(secreted frizzled-related protein 1),
ATGL(adipose triglyceride lipase), PGC-la(peroxisome
proliferator-activated receptor-y coactivator-1a)] SNP&
I ke AsaE Az A9 AT e Adst
ATk
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Table 1. The association of SNPs and meat quantity traits of candidate gene in chicken

Gene SNP Population Trait p-value Reference
AFW 0.0483
T CW 0.0423
INS White Recessive Rock X Xinghua F, CW 0.0496 Qiu, et al. 2006
PCT EW 0.0475
+3971A>G BMW 0.0416
. BMW <0.0001
IGF1 570A>C Leghorn X Fayoumi F, DW <0.0001 Zhou, et al. 2005
. . . CW 0.0138 .
IGFIR 17299834 A>G Xinghua X White Recessive Rock F, EW 00165 Lei, et al. 2008
1196C>A NEAUHLF X NEAU F, AFW <0.05 Leng, et al. 2009
IGFBP2 . AFW 0.0064 .
1032CT Broiler cw 0.0018 Li, et al. 2006
BMW 0.002
CAPN1 8.2554T>C Embrapa F, CW 0.003 Felicio, et al. 2013
DTW 0.01
BW 0.029
CW 0.041
CAPN3 18UPG Meat-type quality chickens in China BMW 0.026 Zhang, et al. 2009
™ 0.043
11818T>A BW 0.025
BMW <0.05
. . . CW <0.05
GHSR C.739+726T>C White Recessive Rock X Xinghua F, EW <0.05 Fang, et al. 2009
™ <0.05
cw <0.05
BAGBITAZG BW <0.05
CW <0.05
EW <0.05
FATP1 BABIBC=A Eight meat-type quality chicken populations ™ <0.05 Wang, et al. 2010
BW <0.05
CW <0.05
2.49360G>A EW <0.05
BW <0.05
FGFBP1 g.2014G>A EW 0.02
. BMW 0.003 .
FGFBP2 ¢651G>A Embrapa Swine X Poultry F, W 001 Felicio, et al., 2012
DTW 0.002
. BMW 0.042 .
apoVLDL-II 634G>A Leghorn X Fayoumi F, DW 0.034 Li, et al. 2005
277260 A>G e ”n - CW <0.0001
RB1 239692 G>A F, individuals from 12 half-sib families W 0.006 Zhang, et al. 2011a
miR-1614-3p +5 CT Gushi X Chinese native chicken F, WW 0.022 Li, et al. 2013
1514524076 ™ 0.005
DAAM1 1514552691 ™ 0.024
514032420 ™W 0.016
BMW 0.004
Wnt3A rs14308076 W <0.0001
e . . BMW 0.0014
LRP5 rs16471736 Silkie fowls X Cornish broilers F, W 0.0029 Lu, et al. 2012a
BMW <0.0001
CHP 1514524076 W 0.0017
RHOA rs14032422 BMW 0.004
MAPK9 1514066777 BMW 0.006
SFRP1 1514066777 WW 0.0004
ATGL c.782G>A White Recessive Rock X Chinese Xinghua F, AFW <0.05 Nie, et al. 2008
PCC1a CACCSA White Leghorn, Dwarf Layer, White Plymouth AFW <0.001 Wu, et al. 2006

Rock, Blue Shell, Silkies, and Beijing You
=abdominal fat weight, BW=body weight, BMW=breast muscle weight, CW=carcass weight, DTW=drumstick and thigh weight,
DW=drumstick weight, EW=eviscerated weight, TW=thigh weight, WW=Wing weight
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INSHAAE Do) G4 FaT 4TS sa 4%
9 AT Lo BB B B FFS FE A

o2 A JthA 2011). Qiu S(2006)2] ATFolA
White Recessive Rock X Xinghua F>9] 4545} INS-%1
ZFel SNP=te] AdA 4 A3 +3737T>C SNPA
AFW(p=0.0483), CW(p=0.0423)¢} A¥Ho] EIEAT
+1549C>TSNPF CW(p=0.0496), EW(p=0.0475), +3971A>
GellAl BMW(p=0.0416)14 2] 2| Ql 2to]7h B it
=3 edd v 9gs ke AAIAR IGH,
IGFIR, IGFBP2fr7#ke] SNPEH AH&3 d o] Add$
1] Y%t A7 A7 Leghorn X Fayoumi F9] 321
& ©] &3 ATl IGF1fr3Ake] 570A>C SNPoA AA
FRAEOl AC, CCRaAgel wlstq o %2 BMW
(p<0.0001)9} DW(p<0.0001)7} FHRI=R oW (Zhou T,
2005), Lei &9 A7F°lA4 Xinghua X White Recessive
Rock F, ]88t IGFIR +AAke] 17299834A>G SNPel|
A AGHFAAE I GGRAAE S 711 AT AAFA
Ade 7 A AR & CW(p=0.0138)3
EW(p=0.0165)& 7HA= 237} BAE T Leng “5(2009)
o] B4 IGFBP2f3A+e] 1196C>A SNP2 F10115
o] SAE o] &3 AFPNAN AAFAAF ] T E FHAE
Hoh F 0 %2 AFW(p<0.05)Z <15+, Li 5(2006)
o] Aol A Broiler 1028<T5 ©]-&3F A7-ollA IGFBP2r
Z1Ake] 1032C>T SNP# AFW(p=0.0064), CW(p=0.0018)°]
A SAR LR FoH Aolrt leS Harstiith
CAPN-2 cystein protease® FH3SIIL  postmortem
tenderizationA] 3 WA &4 A& 3} Waener Bratzle
Shear Force (WBSF) scores& & 117]19] dAXel| T3
qgds k= AeE A JoH(Geesink 5, 1999;
Juszczuk-Kubiak 5, 2004), 3 Ca’+5 = o&EZ o= &
433}¥]:= neutral protease calpain®ll 2|3t THA Faj 7}
A S FFS Fol It =4 2 Al T3 FF
< 3t B o2 HuEtk(Balcerzak 5, 1995; Barnoy &,
1997; Mellegren &, 1997). Felicio 5(2013)2] X3lo)A]
CAPN1-A}e]  g2554T>C SNP¢] Embrapa F,ollA]
BMW(p=0.002), CW(p=0.003), DTW(p=0.01)ll <-2]& <l
TS F= AeFE HuHUtk £ Zhang 5(2009)°]
A7 A F= YA @1#} Huiyang Huxu
chicken(HH), Qingyuan Ma chicken(QY), Caoke chicken
(CK)¥} Mountainous black-bone chicken(MB)<] % 3074
o] §FEAE ol &% AolA FoF A5FHEA AsH
CAPN3 +3i#te] 12814T>G SNPoIA TTHHAF A GG

FAAE S 71 ARG TCRAAE S 7H A7} 24
iz o2 & BWS B (p=0.029) =L 9] CW(p=0.041),
BMW(p=0.026), DTW(p=0.043)1 = §-2]2]Ql 2}o]7} B
TEJoH, 2 FHAke] T b2 SNPS 11818T>AC A
© AAFAAF 0] e FAAF(AT, THET =2 BWS
A= A3Kp=0.025)7} Bz o] F o

GHSRS A7 AU tiAL - F3Fe vx= Ao
2 YA AYthLee 5, 2009). ©]2 s GHSRFZAF2] SNP
(c.739+726T>C)#} White Recessive Rock X Xinghua F,7F
o A EMAEI BMW(p<0.05), CW(p<0.05), EW
(p<0.05), TW(p<0.05)2} 22 Thefet AH53 23 7o) #<l
AdAe] e Ao RuF

FATP1-S A2 2424 B Uehte Zlo=
A A 002006, Hirsch 5, 1998; Pohl 5, 2004;
Schaffer 5, 1994), HITH3 A3E FRFHAAZE A
AHDoege 5). Wang 5(2010)2 o] FATP1-Fx A2
SNPEZ 870¢] FPA o= o]&H = AR 62070l
A ABEE BAEIHIL, 1 AT g46847A>G AATTEIA}
o] AG F3AE Hr} %2 BW(p<0.05), CW(p<0.05)<
FRIFE Ao GGHAAE-2 YeRA] edtha BaE Q)
o} T3 g48195G>A SNP# g49360G>A SNPIAE AA
Aol g FAAPET & 453 E(p<0.05)°]
AE YT A g49360G>A SNP2] EWell ARt AARZ
13(1367.06g) & AG31 443 (1368.62g) 7 Frxixt@ o] H]
=% Hegko]l UeEATE GGRAAG A T2 2H5d
A3} o] & EW(p<0.05)S <2 4 ATk

Felicio 5(2012)] o4l FGFBP1-fZA}9] g2014G>
A SNP-2 EW(p=0.02)¢} FGFBP2+-%4}+2] g.651G>A SNP
< BMW, CW, DTW¢} 8719] FUZ o= ol &5+ SA
gl Fo)F Zo|7F = Ak E3E apoVLDL-IH+
ZAAke]  SNP(634G>A)2 Leghorn X Fayoumi F,9
BMW(p=0.042) 2} DW(p=0.034)ll 4] -4 =}o]7} KHals]
ATHLI 5, 2005). Zhang 5(2011a)A 7ol A = RBIF+-%14}
o] 5 7)9] SNP(g.77260 A>G, 39692 G>A)°] S84 2]
CWOlA 2129l =fo] Rudta, Li 5(2013) AT-olA
+ miR-1614-3p-F-3 22| +5 C>T SNP# Gushi X Chinese
native chicken F,®] 8604 AdAS EX3 ZAx
WW(p=0.022)0ll 4] A&3S <18t CTHAAE ol o
& FAAE Hlste] v WW7E R E A

Li 5(2012a)2] A7~ DAAMI, Wnt3A, LRP5, CHP,
RHOA, MAPKY, SFRP1-4%7+¢} Silkie fowls X Cornish
broilers F,°] 76459 453 AEIL] AvAd A4

X o %
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DAAMI-2E]  1514524076(p=0.005),  1s14552691(p=
0.024), rs14032420(p=0.016) % TWol| Al ]2 Z}o]7} Bl
HAh WntBARHARe]  rs143080762F BMW/(p=0.004),
CW(p<0.0001)3tell 28] LRP5H-AARS]  rs16717363%
CHP-# 4] 151452407691 41 BMW<SF CWollA 2] 2?1
DA77 A ATHP<0.05). RHOAZ AL MAPK9
FAALe] SNPS BMWSF SFRP1-F-4 WWet #2124
A (p<0.05)°] A= Aoz Yttt 1 9ol ATGLA=
2] ¢.782G>A(Nie 5, 2008), PGC-laf-A#He] 646G>A0l)
Al AFW3 97 2}o](p<0.05)7} B = ik

AAYAE F8ANA ) A5G4, e
ARYAE WA, 19 BAR FHAAA
[

ol
tha ol ek ATHEA o] k] ol AT ATk B = E
e debdlel AAsY Bue] HED olgHE Y

g AP A Tof BEE FRFHAITY] ARl &
gk Ul-8-& Table 20 YERIL Uk
GnRHR(Gonadotropin-Releasing Hormone Receptor)-fr
AAe T2 279 A4e] &g 9 7wl d#Fol =
Aoz 4#HA Srt(Bedecarrats 5, 2006). Mazandaran
Native Chicken?} GnRHR+4}F M87298 SNP} 4hek<=
(egg number, p<0.05)¢} % (egg mass, p<0.05)°lA <]
2 Zol7} B E U th(Fatemi 5, 2012). PRL(prolactin){-
Axpel A, dte] SNPeF AdA-e BaEojxibl glo
U 14952G>A,  14969A>C, 14984G>A  SNPS  H2
haplotypeoll A A &2 A4 Al FA|(p<0.01) 2} 300L 3T &
S5 (p<0.05)0ll A 17560G>A, 17626T>A haplotypet
2,4, 6 WA k| 2FH(p<0.01)9} 300L A Hre| DG4
Al(p<0.05)ellA] AFgdo]l FRIEUTHZhang 5, 2011b).
TGF@2(Transforming growth factor 32)-f+-ZAH= Al Z32]
2Bt Fa3 dFE Fe A= A UG
(Rizzino 5, 1989). TGFE2+A+<] 71T>C SNP# 44
(p=0.03)°ll A 27 =}o]7} K115 ] th(Bennett 5, 2007).
CaSR(Calcium-sensing receptor)- A= A 3E2] Bloj| A
Zge] IS 2, T3] s22 EvE 24 Y
H7loA 248 §F5 E9ste Aoz 4HA At
(David 5, 1999; Hough &, 2004; Cifuentes 5, 2005;
Pidasheva &, 2005; Yun &, 2007). o]2igt, AU Z<
T2 Ashs HakrA #H] 7oA 4 sE2E &

HE A=35HA] =W (Hall 5, 1985) Z2A|2H 22| £1]9]
8% 9% Sh(Veldhuis 5, 1982). CaSR-f-ZAl2]

963G>T SNP2 AlAFdH(p<0.05)3 22 FA9 Hit

(p<0.05)° A A3 g1¥ATHHong 5, 2007).

UCP(uncoupling protein)= 22 AWA| 29| nEZE
glo} Wute] )31 uncoupling oxygens F3A ATP
£ At AlZUe] 3 UAE & HEAIA L4
3= 71%S 7R AtKGarlid 5, 1996). AHHA 0l A
AUA diabel] Fad JTS A e UCPHHAk]
+1316T>C SNP#} 3= Ajee Heol A dad T42 %
U 4heH&(p<0.05)ol4 F2l2 9l A7} B 1EYTHOR
S, 2005).

ADSL(adenylosuccinate lyase)= FUFZeE| LEIE A
B7ZANA HFEA L stEHA ol dE Ak ofx
et Babes Adste] FriEske A S
Hgoll =83 adoltt. FHUABZE E4 TN R
Yok o] Fo A2 F9 tAER ole Hl%
Aolsh 4 ool G FAR, LEsHe 2% olA
a3 715S 9k Zlo® 4#A 2UthLowenstein,
1972; Terjung, 1979; Babij &, 1983; Banister 5, 1983;
Buono &, 1984; Goodman¥} Lowenstein, 1997). Lee &
(2009)9] AFtollA A oA it FEFES FE=
ADSL F32H @71M < Welql 15550CT SNP# 3=
Aelst s8] A Aol ATy B4 A} A4t
oA CCraAgol Be faAREe vake Al
o] Ldl RO UEEEom, fol 49l A (p<005)o] &
AF QAT AHeko] QlojAEs cosaAtEel HalA TTH
ARGl 2L AAFE BY OV, fol2 Ao)(p<0.05)E
H st tHLee 5, 2009).

STAT5b(signal
transcription 5b)= 4% 28, 44 T2 484, IGF,
zzgd g el As Hg AR a3 2HIAE
A A%, A, o, AT Bfste] A 5L Sl
ZHs = F23 AR Aoz UHA th(Bacheloto}
Binart, 2007; Pilecka -5, 2007; Hennighausenﬂ} Robinson,
2008). SellAl STATSb-+22He] 1591C>T SNP# Ahe& 2
el duAES B HelA 286572 45(Yellow,
Arbor Acre, Youxi, Bian)Q] BollA A7¢ A3 AL H
oA CC, CTHAAZ BTt TTHHAE o] AlLtdeEo] =9
oz HIEAL, F42 Q1 2] (p<0.05)7F 1= ATt

transducer and activator of
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Table 2. The association of SNPs and egg production traits of candidate gene in chicken

Gene SNP Population Trait p-value Reference
umbe <0.
GnRHR  M87298 Mazandaran Native Chicken Fgg number 005 Fatemi, et al. 2012
Egg mass <0.05
Haplotype . )
<0.
(14952G>A, Body weight at first egg 0.01
Total f ith
14969A>C, Erlang Mountainous chicken otal number of eggs with 300 <0.05 Zhang, et al. 2011b
PRL 14984G>A) days of age
Haplotype Egg weight at 300 days of age <0.05
(17560G>A, . and
. Roduced egg number during 2", .
17626T>A) Japanese Quail o g o <0.01 Lotf,i et al. 2013
TGF32 71T>C BroilerxLeghornF, Egg number 0.03 Bennett, et al. 2007
K five chick The first lay day <0.05
CaSR  963G>T orea native cicken Mean of egg weight <0.05 Hong, et al. 2007
Leghorn The first lay day <0.05
ucp +1316T>C Daily percent lay <0.05 Oh, et al. 2005
ADSL 15550C>T Korea native chicken The first lay da}./ <0.05 Lee, et al. 2009
Mean egg production <0.05
STAT5b 1591CT Jinghai Yellow chicken The first lay day <0.05 Zhao, et al. 2012
Albumen weight <0.05
Albumen height <0.05
LRP2 14347T>C 100xalbumen ratio <0.05 Zhang, et al. 2011c
100xshell ratio <0.05
Egg weight <0.05
Dwarf layers Shell strength <0.05
Shell thickness <0.05
LRP8 1623C>T Shell color <0.05 Yao, et al. 2010
Shape index <0.05
Yolk color <0.05
2614T>C Yolk weight <0.001
———  Wenshang Luhua chickens, Yzlk nghht 20,001
CISD 5074GST Mﬁugnblagzr?}iﬁfiesnsand Yolk ratio <005 Sheng, et al. 2013
5 Yolk height <0.001

LRLR(low-density lipoprotein receptor)-2 | 3T 2 tj
Aret el Fa3t 8-S she A2 4R ATHStolt
9} Bock, 2006). #H<T LRP2(low-density lipoprotein
receptor-related protein 2)¢} LRP8(low-density lipoprotein
receptor-related protein 8)2] SNP¥} dwarf layers®] 4Fek
FAIe| dBdES Fdstr] HAE A7 ol FlHTH(Yao
S, 2010; Zhang 5, 2011c). 1 A LRP2HHA
14347T>C SNPOIA & FA|, bd5 o], @2 FAoA
frelFl  Zol(p<0.05)7F  FRIHEYaL,  LRP8FZALS
1623C>T SNPollA = A A5, 47 57, 42 A2, &
@ A=, G A2 A {2l F Ao (p<0.05)7F HALE AT
(Yao 5, 2010).

npA| ek o 2 CTSD(Cathepsin D)= 2]E4 Al AlE o
B el T8 ATS s ofxu=EA JE|to}
AZA Aol e Sild Fajjshs J4ES sk Ao=

UHA th(Retzek 5, 1992; Hah 5, 2012; Ribeca 5,
2013). Sheng 5(2013)°] AFolA  CTSDFZAE
2614T>C SNP2 @& FAoA CCHRaAg el v& 4
Aol vgte] W FATE SRl oH, 12l Aol
(p<0.01)E Rars}Hch E=3+ 5274G>T SNPA = TT 31
Aol g FRAFET £ d&o] FA|(p<0.01)9F ¢
Zo] =0](p<0.01)E EA 2™ ¢ BlE(p<0.05)2 GI-H3
Aol 7P E HlES AAER o, F940 ARyt B
I A

Im. &2

S A AdelA A se] AF AT vl

Hg may opeh EAQ fRARHTY FE
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2 %141 A ol Mgl B2 ol ge] mEL ok F
AT 7S o] &% MEL ST RE A4
2 e BAaAst] Ay S st #5HE
QA MFS A% o] o]FoiA L Th

T8 AAREQ a7)9F gk ALY
< %:%0171 ﬂ%oHH % At AR o] ARSHET ¢
g ASEHAET dBgo] Rud TR
#3# INS, IGF1, IGFIR, IGFBP, IGFBP2, CAPNI,
CAPN3, GHSR, FATP1, FGFBP1, FGFBP2, apoVLDL-II,
PB1, miR-1614-3p, DAAM1, Wnt3A, LRP5, CHP, RHOA,
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