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F1,F2 LAz backcross (Abashtetal., 2006) HANNIANEN
QTL azinldnsuiilesdn QTL ffsnsnane
@i”ﬂﬂ:rmszuj fafﬁ'ﬁ‘iumu\ﬂmm‘ﬁm‘luisﬁu wazdnwy
aglunanalaslulay 1wy QTL Aflaninase
‘Emﬂﬂﬁqmmirﬂuuﬁi@:sriwmmuﬂumumﬁﬁLmﬂqﬁu
Lﬁmmnfi’mwmma@nmmﬁmﬁnﬁqgﬂmuau
sosdunuazgalulsazdasuesany (Siwek et al.,
2004) A9FasdinnsAnEselddnnsamuma QTL v
Judiule sidedusumisiiesndiudulafiiasd
AvanasednEuy d9azdesiinisfiansnniaen
F1uMa199 QTL ag1eraumaunauiazinllld
Tunsaniaendmd vsaldlunsAnusely

Candidate gene approach ﬁumsﬂ‘}ﬁ_lﬂ@aﬁ’uflﬁ
. A A Aaa a =
Candidate gene AR HUNNANENA 1178
4 e e e o - d ooy oq
eateeiuaneusnauladnen e ld vl uilu
A o A o o & PR
wraaunnelunisAnaensadnd TagduiAne
(A oy Al o Al =
anaazlddninnlunsaaupuansusiauladnm
Tpamse wAtusananalliansnamnenisuandann
yaadnenzRanlafnen (Parmentier et al., 2001;
Kuhnlein et al., 2003) A9i14n13AN=1 candidate gene
sduazAeansiunalnniegIsananinaqdaaiy
anwueiaula 38An® candidate gene %38 direct
marker mﬁﬁgﬂLLuummmwm‘TuLLﬂW?a
ATNUAINUAIENINAUGNITNLNARTUFATAY 111
a = P = )
nnian1nilagundasuaiieanilaua (single
nucleotide polymorphisms; SNPs) #3@iinann
1A IULN9A w9l Ldwin (insertion,
deletion) (Fulton, 2008) A8n13NAN®IANNELLLS
ae98udaulug Ae 73 PCR, PCR- RFLP 478
PCR-SSCP iusiu t1aqtiunsld candidate gene
AnwanwuzndandAyniaasegialuln
ANBUSNINAIUNNTIANANAR (production traits)
ANBUTNINNITAUAUS (reproductive traits) WAy
¥ ' . . v
ANAUNUARLTA (disease resistance) LuWFAW



630

(Table 1) Iaafszlogsdivadaslun1sdniansn
#AB3an91 Marker Assisted Selection (MAS) 111
lugaaunssunisaeslilaldnisdmasntiaintiu
flavin-containing mono-oxygenase (MFO3) viNe
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AnwuzidaudrAgniaasegia uidedas
aa gd % v v
219938n158A avsiasldRuuLarszazIa1EUIY
NIMATAINITOATRNUTUNNBNTNAADAN WL
naula vieeueaivenalddeyaainnisiinen QTL
4 e A e we de o co
Wansinumkaestiune &y marker NENRLSTIL
QTL 2e9dnsaieianla (Hong et al., 2009) tHiasan
anwausndrAyniaasegiadaulunidudnwue
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Table 1 The candidate genes for important or economic traits in chickens

Traits Gene* Breeds

Genotyping References
method

Growth and body com-GHSR

White Recessive Rock (WRR) and PCR-RFLP

Fang et al., 2010

position Xinghua
IGFI Leghorn and Fayoumi PCR-RFLP  Zhou et al., 2005
cGH Leghorn, WRR, Taihe Silkies and X PCR-RFLP Nie et al., 2005
Meat quality INS, IGFI Xinghua and White Plymouth Rock PCR-RFLP Lei et al., 2007
Reproduction PRL White Leghorn, Yangshan, Taihe PCR-RFLP Cuietal., 2006

Silkies, White Rock, and Nongdahe

Disease resistance
- Avian Influenza virus Mx/

Commercial broiler line

PCR-RFLP Ewald et al., 2011

*GHSR = ghrelin receptors or growth hormone secretagogue receptor gene, IGFI = insulin-like growth factor

| gene, cGH = chicken growth hormone gene, INS = insulin gene, PRL = prolactin gene, Mx/ = Myxovirus

resistance | gene

msARLAaNaLtuN (Genomic Selection)

Genomic selection %38 Genome wide

'
aa
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iednAandnTlnes Meuwissenetal. (2001) Lﬂuﬁ’ﬁﬁ'u
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Angl genomic selection HAMNUNLENTHGINT 85%
LL@tﬁa"m\‘i’]uﬂ’]iﬂixﬂﬂm% genomic selection
ﬂ%\‘i wsnlulaun (Hayes et al., 2009; VanRaden et al.,

2009) ilasannnstsifiuen EBV ann13lddeya
989 DNA 7itflu SNPs lutvidndaesannuduiug
(relationship matrix) AelFRan1sae9 BLUP %\‘1@’1@
Fandflidsnng GBLUP (Misztal et al., 2009; Hayes
etal., 2009) wazA1 EBV ﬁﬂixmm”l,rﬁfmn%gmm
alufind fdedanivanuans 19w whole-genome
breeding values (GEBVs) (Avendafio et al., 2010)
138 genome-wide predicted breeding value (GEBV)
VEG genomic breeding value (GEBV) Wlusi (Muir,
2007) LazAMNLNGeAeTa9n" T szifiudn GEBY
Tatnmeaauundalulauuluvatadsana Taun
anigeling TTuaud eaainsIaY LAz Hisasuaus
(Hayes et al., 2009)
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RPN e 1 = = ~
markers) NyszlaminsinadalunisAneuwawini

Wuﬁqﬂﬁu (mapping studies) (Emara and Kim, 2003)

mMsAnNE1 Genomic selection

msmsragavalulni (SNPs genotyping)
N19ANH19A SNPs ausinlinanens
msufFauiisuaAuALEule (DNA sequences) 184
Fnfaaslunna e sduiidesnisinm 1y
n13%11 genome sequence aasbnnnldnaulian
Ham SNPs 1lszann 2.8 Arusumls (International
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Chicken Polymorphism Map Consortium, 2004;
Burt, 2005) LLﬁ%%ﬁ@ﬁﬁ@di%Lﬂ?l‘ﬂ\‘iﬁﬂLL@SI;f‘LA'Vlu@‘d
vt %qﬁﬂ’]iﬁwmuﬂﬁ'ﬁmiﬁ'uj an 1y nsATef
9/ SNPs A1nNN"13%11 PCR-RFLP, single-stranded
conformational polymorphism (SSCP) (Emara
and Kim, 2003) ilaqiiudinisimuiuaszld DNA
microarray ¥ DNA chip lunnansénifhiii 3enses
waa malulad DNA microarray Wtaualng Edwin
M. Southern (Heller, 2002) qa SNPs #Aanud1Aty
wWueg1annlun1s@neiANduius sz na 19
AonLLssanaes SNPs AudnBosfinantesn
(phenotype) ﬁqguax‘lﬁm?ﬁﬂwﬁ SNPs genotyping
fivannuane TnafaanisAnenildsuainuie
BENILNTNANE 4 35 LAwA 1) primer extension
(nucleotide incorporation) 2) hybridization 3) ligation
WA 4) enzymatic cleavage 11aqiiuil assay 45
N13911 SNPs 13ed1tu 100,000 SNPs #a assay
Hefunuilszans 1-10 cent/SNPs vsatlszann
3 U/ (Kim and Misra, 2007) TanueTinngin
PCR fiffunuasiitlszanni 200 w/sums malula
alulnil (genotyping technology) tsenausag
DNA chip ﬁLﬂu SNPs assays ﬁﬁﬂwﬁgﬂﬂwméj@ﬂ
famfanz 1 & SNPs TueandusanEy uaz:An
TAgnasuInaNens 13EM7I¥n SNPs chip ludnd
ﬁ@mu’%ﬁwﬁzﬁﬂﬁm A2 lllunina (http://illumina.com)
way Affymetrix (www.affymetrix.com) (Sellner et
al., 2007; Rincon et al., 2011) ﬂaztmﬂnﬁﬁzﬁqﬁmm
nsAnE1qa SNPs vianealun Ae n1sulszidfiuen
nsnaiufieldlunsdmidendng wazlddusy
N19%1 genome wide association studies LRI
anunsonsLEui A defudneneielsnfiaula
Anmlé (Ragoussis, 2009) %mmmwmuaiu%ﬂ
fiflanilunadnenqm SNPs Téuanslu Table 2 uas
TuifaqiiulAin1sWmun SNPs chip d1mFudng
\isegna 1y Ia (Matukumalli et al., 2009) gns
(Ramos et al., 2009) LWz (Magee et al., 2010)
wazln (Groenen et al., 2011) d9ldiinsuan
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SNPs war@IWInRaN (GXE interaction) inauls
(Long et al., 2008) aslmauanduasinadanazfias
AaLaen SNPs NRUsvansninaeadszannsluumay

X A
NUN

Table 2 Main characteristics of the most popular genotype assays

Assays Assay type Technology basis  Multiplexing Application
Tag Man open 5’exonuclease TagMan probes 64-256 Medium custom SNP density
arrays / PCR medium-large sample size
SNPlex Oligonucleotide  Capillary 24-48 plex Medium custom SNP density
ligation/PCR electrophoresis large sample size
iPlex Primer extension  MALDI-TOF 12-40 plex Medium custom SNP density
Mass spectrometry large sample size
Goldengate Primer extension/ Bead array 384-1536 High custom or off the shelf
ligation SNP density medium-large
sample size
Genechip Hybridization Oligonucleotide 10,000-1.8 WGA studies, of the shelf
array million SNP assays/ linkage analysis
small-large sample size
Infinium 11 Hybridization/ Bead array 6,000-1.2 WGA studies, very high
Primer extension million density custom SNP studies

and ligation (1)
or single base
extension assay (Il)

small-large sample size

Source: Ragoussis (2009)

msusziiumn GEBV

nalsziiu GEBV tnelddnsya SNPs a4y

, 4 4 o4 4 A
genomic selection vralduiATaslalNalNNAIN
wiug lunsAnRendnd witasainnAsia1seun
989013192481 GEBV éisiuril EBV Aa 1) ailusiaad
dayaalulnidnldain SNPs NinsauAguiivaluw
Tlaunge TedfuyuaAaudiegalunisalulngd
Ansnilada waz 2) waieuzelunalunislssiiu

- . o x4 v A .
GEBV {AudUfaiiNann T iaaannfeeinisin
Fayaalulnilidndanlunislszifiugon asadusias
Anelumanmunzanlunislssiliunmasdn sy

nannisleziiu GEBV daulnnjazissilunudnd

|
Aoy

nidayaatulnl wazdeyadnwoiilenng (reference

population) UN9ATINNNTUIEHY GEBY 1annvdnd
d'd U a = [ a .
nideyaalulmlinasae19ihaq (evaluation
population) 3817132481 GEBV 3NANNNNIAALASN
SNPs Naglddanlunislssiiudn GEBV @anoust
Tunnsi@aen SNPs AlElun139A9Y A dndnay
o U 1 = 'S £ = v =
wndrfanlunisinaydaziesidayaalulni
raveblladihe 10% 299971491 SNPs AANEA
FanUNA ATA1UTU SNPs Nagldlunisaasiviiay
Aasl missing genotypes A1N91 10% AMNAUIU
&nfianuandne FAnudaanasnge (minor allele
frequency; MAF) siaaldmndn 2.5 — 5% (Biscarini
et al., 2010) LATAIANNAIALARDUIBIAINNTD
- v e 2o 4
AlulnddunmiuAIAIAUNIERATUIRIAINAYIND
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#8aa (Hardy Weinberg chi-square () A23ANNT
600 Liailun1794n SNPs fianasnlifiinAany
panawpaauaany aniiuasiinimeagat SNPs 7if
annanednuusiaula Weldlunisszifiuan
GEBV satlumasine sely wu Anwouznlesidus
Telsanflurinna1d SNPs 411914, 369 A luanisd]
AnmaizANaNyandiug (fertility) 14 SNPs Auau
3,090 AWMU ANNINUNARRILALITU (Hayes et al.,
2009) Aaiulddn 41uan SNPs Tlaziinunlddmsy
sviiuAn GEBV azimanuumAnsnafiy fiu@g"ﬁu
§1u2u SNPs TIAMENAAadNHULARANTANSA
SRR TIN

WATARlFEWINssvifiv GEBY 19w nneld
WmAlA BLUP approach (Meuwissen et al., 2001;
Misztal et al., 2009) Bayesian approach (Meuwissen
et al., 2001) viaUnensianaldiznng regression
éauﬁuﬁ%m@éuj 1% A1NNNIANEIURY Moser et al.
(2009) TafFauiisuANNLLLEN189an1sE RN
A" GEBV aasdnmnizitlefifuslsmuluing uas
profitindex (Australian Selection Index, ASI) 1a4lALiN
agﬂ’li‘ﬁlﬁ 1A least squares regression (FR-LS),
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etal., 2010) Tmmﬁ'qﬂqu@:ﬂﬂuﬁﬂwﬂuzﬁ’ﬂwmzﬁﬁ
ANNAATYNIATEFAA LU AnmuensaseyFLin
(Johansson et al., 2010; Gu et al., 2011) AN
nanasLazAnnInaedld (Liu et al., 2011) ¥l
mmﬁém:urﬁhLLmiwmﬁu‘ﬁlmu@uﬁnwmz%u%
¥ EAIanLNNEsaY 19y annisAnETes Gu et 4l
(2011) WuqN g1 LIM domain-binding factor 2
(LDB2) fatjuulpslaulangfl 4 faaudusiusiy
v aaliesinsnn LagAansAnE genome wide
association study ‘ﬁlﬁﬂuﬁﬂ 113911 case control study
(ﬂ@jmﬁ‘)‘ﬂﬂ’]\i‘ﬁﬂﬂa Lm:ﬂ@'wﬁfmﬂwﬁgﬂmﬁmﬁﬁ



634

’Lummﬂﬂmm@@mﬂm wmqnumwnun@uﬂﬂm
L‘Wfﬂﬂn‘]:fwumummLLmnmNﬂummmmmn@uu
Tnefuiuaneanuanaiuinasiuiuifende
ﬁuﬁﬂwmzﬁuj) Tnglanizag19deludne s
Lﬁm‘*ﬁmﬁummﬁﬂuwﬁuﬁifﬂ‘lﬁmrﬁhm (Preisinger,
2010) u@ﬂmnﬁmiﬁﬂm GWAS flagnunsa ey
‘v;nﬁnwmﬁﬁmnﬁﬁmﬂ@ﬁwmzﬂmng Tnerlaisioq
ﬁmmuﬁﬂﬁumwﬁﬁ (Hypothesis free) (Liu et al.,
2011) tumungi wInddays SNPs 2994m5 1w
dszang uazluenasinaifudeyadnuaizeng
PAIARTAINANT WU ANAIUnIulsa naeld
HAKARF @mmwﬁ:@ WIRAUNDFANITH 19NaY
ANNTDANHIANNANNUTVRIANHEUEAL SNPs
[RevnAumsiuiiansnanednendiisaula
Tunanaels

[ 4

AnanwmsldmsAnanalunlumsiiulganug
ANNLLANUEN (Accuracy)

ANUHUEN 1B GEBV %u@giﬁwawﬁm"ﬂ
1&un 1) szAueee Linkage Disequilibrium (LD)
iwd'}\uﬂ’"}'fﬂ\mmﬂﬁuqmm (marker) iU QTL 2)
SNuUIdRTANEN (Training set, TS) 3) AN8RT
ﬁuﬁqmimmﬁﬂwmzﬁ'ﬁﬂm LAY 4) N1INTZANYFN
2849 QTL (Hayes et al., 2009; Brito et al., 2011) e
5) mmﬁ‘um markermﬂumﬁ‘ﬁﬂ‘m (Solberg et al.,
2008; Fan et al.,

UsziRuliannA1@audNius (correlation) 321314

2010) TIANNLNUENFINTD

WANERAT 42 (4) : 627-642 (2557)

A1 GEBV (estimate breeding value) FEannisidiv
pneilamasinge] iU EBV (true breeding value) Fudiasg
#l&annns simulation (Muir, 2007; Calus et al.,
2008; Chen et al., 2011) Tunsuszidiupsn GEBV
mﬂ\iﬁﬂwmz‘ﬂ'ﬁmﬁmmﬁugﬂﬁmzﬁurﬁ:ﬂ—ﬂmnmq
AziilszAnsninga nzgaTiinAmul g Ll
(Gonzalez-Recio et al., 2009) dusUanHULATAN

amsiugnIsNANsiNauIudeyadnizilng

'
al

s e e em Y ey e
navienaluiugUsrdd soniedndnlaildvinnag
= Y 1 a k2 1 Q‘
AlulniTidanlunisdsviliusosasgae s A
wuginle (Hayes et al., 2009; Chen et al., 2011)
AINN3ANIUB Gonzalez-Recio et al. (2009) WL
o dl v 1 ] o A U Uy
A9 SNPs NldHuasianuuugn Aa a1 lddna
SNPs ansuafalulni nsdseily GEBV Aqeds
Bayes A 138 Reproducing kernel Hilbert Spaces
regression (RKHS) HAauaiugnlaliansnaiii wsiie
ANANUIU SNPs adlmastanie informative SNPs

38n19 RKHS aziimanuuaugunnngn Bayes A

Tuuansliiiuindanisildlunisssfiv uazdiuu
SNPs AldTnasan uuy ug1duag1aunn
Gonza'lez-Recio et al. (2008) Wu31 n1slddaya
genomic NN lun91s2RUAY GEBY 289aN1 e
ﬁmmm’;‘mmmidLﬁ@ﬁﬂﬁﬁmmmuéwLﬂ'u@,ﬁu
ﬁqﬁumaﬂmﬁummimmuﬁuﬁ:‘imﬂﬁmﬂ@ﬁuﬁﬂﬁ
wingdansiae (GEBV) MR uudutngandinislszidiu
ﬁf;ﬁ%ﬁiﬂﬁ%’mﬂ@%‘iuﬁmﬁ (EBV) (Table 3)

Table 3 The accuracy of EBV and GEBYV for economic traits in chickens

Traits Heritability Accuracy (r)* References
EBV GEBV
Body weight at 6 weeks 0.25 0.51 0.61 Chen et al., 2011
Breast meat 0.29 0.34 0.51
Leg score 0.20 0.43 0.73
Food conversion rate - 0.1 0.27 Gonzalez-Recio et al., 2009
Egg production 0.26 ~0.14 ~0.30 Wolc et al., 2011b
Egg weight 0.67 ~0.50 ~0.59
Body weight at 42-46 weeks 0.48 ~0.53 ~0.60

* r = correlation between predicted and true breeding value
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WANNIARLABNAIERT genomic selection AZAAAIUAD
LNEN 6 L1ABU (Wolc et al., 2011a) waNaNE Dekkers
(2007) lanansliiiudinislddeyaatuiinddoniu
n1sUlssiiiuen EBV’Luﬁﬂwmzﬁﬁmﬁmmﬁuqmmqq
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r:mm@uzﬁumm@ﬁmLﬁ@mﬁu@;q%umnmﬂﬁmﬂ@

o

Anmnizilsngiienaenaian 120% (Figure 1) Atiu

o

mmLLﬂuéﬂLL@zmﬁmmﬁuqmmLﬂuﬁ@@"ﬁ?{zﬁmm
fidsnarananaLauaInsdniden Inadnenisitlen
Smeugnesusnasiinisneuauesnisfaiden|éa
NINANBRTINUGNTINGY u@nmnfi Dekkers (2007)
Sauaadliifiuindndeanaiunanauguasnsdaiden
Tnelddoyaaluindinasatinamanlunislszidiuen
GEBV azfiaidanuinafiliidn GEBV Aflannuusiugn
atinetiog Wi 0.55 LA 0.75 dusudnEmsilen
févmﬁﬁuﬁqmmﬁﬁ (h*=0.1) Wargs (h*=0.4) ANANAL
(Figure 1)
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Figure 1 Effect of the accuracy of marker-based estimated breeding values (M-EBV) (rMG) on extra

response to selection (% over selection based on phenotypic data alone) for a trait with

heritability equal to (a) 0.4 and (b) 0.1*

* M-all = selection on breeding values derived from marker information (M-EBV) alone and

phenotype with genotypes available on all individuals; M-own = selection candidate alone;

M-males = males alone; P-female = phenotypes available on only females; P-all = phenotypes

available on all individuals
Source: Dekkers (2007)
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AU (Cost)
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SNPs) FAaANHUENANHIALAINAADAINNLNUEN
- Y
Nanasls

Table 4 The major advantages and disadvantages of genomic selection

Advantages

Disadvantages

1. More accurate breeding value estimation

2. A shorter generation interval

3. Breeding progress can be increased by
extensive application of genomic selection

4. Can used the data of SNPs chip in genome
wide association studies with traits of interest

5. To provides information that can already be
used in growing animals without performance
testing and pedigree

6. Increase gain with no cost to inbreeding

1. The cost of genomic selection is high

2. The accuracy of the evaluation using a

genotyped subset would be poor in the traits

with low heritability

3. SNPs chip might be specific in each

population because GxE interaction

4. New technology might be not stable
5. Spent a lot of time to estimate GEBV

6. If SNPs are not correlated with the traits should

be increase error of GEBV
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Figure 2 The improvement of animal production by molecular breeding scheme
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