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ABSTRACT

This study consists of 2 studies. Study 1: The effect of breeds on growth
performance and meat quality in crossbred pigs. The result found that Duroc and
crossbred pigs were effected on the live weight (LW) and the average daily gain at
104 days (ADG 104 d) is higher than Pietrain pigs. Moreover, Pietrain and Crossbred
pigs have a percentage ~of red meat (PL) and the loin eye area

(LEA) higher than Duroc pigs.

Study 2: The polymorphism of insulin-like growth factor 2 (IGF-2) on
growth traits in 303 crossbreed pig (Large White x Landrace x Duroc Jersey) were
analyzed using the PCR-RFLP technique and digestion with a restriction enzyme
(Bcnl). The effect of sex on growth performance was found for weaning weight (WW)
and Day (day) of females which was higher than males (P < 0.05). Moreover, the final
weight (FW) and average daily gain (ADG) of a male were higher than females
(P < 0.05). Genotype of IGF-2 has 3 genotype: AA (308 bp), AB (308, 208 and 100 bp)
and BB (208 and 100 bp). The genotype and gene frequencies for IGF-2 gene were
determined and shown that AB genotype frequency has higher than AA and BB, was
0.78, 0.193 and 0.020 respectively, and the allele frequency was allele A (0.587)
higher than alleles B (0.413). The PIC of the IGF-2 gene in 3 crossbred pig populations
was 0.368, it showed that the gene IGF-2 in this population is a moderate
polymorphism. Thesis study found the genotype of the IGF-2 gene has associated on



the average daily gain (ADG). Genotype AA has associated with the highest ADG
(744.14 ¢/d) and genotype BB has associated with the lowest ADG (708.33 ¢/d)

Keyword : Crossbr th Performance
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f 2 d9u ARTTUUNIINANWUS (matting system)
LAEITUUNITAALG DN (selection system) n1sAALiandniainteyanisuaniaan

(phenotype) Wagtoyanugusein (pedigree) u3mUseiiuiialilanuAnsHaNiugves
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dniusiazs (Estimated breeding value, EBV) lngdnuwaznisuansaanasiuegiudnina
Y2INUFNTIU (genetic) TaUBNENALEEINALINGDY (environment) (937ne ShuIsTe,
2552)1N1UAIAAEINERIuAazAIa1NA EBY Fedniagaievoniiugnssunaludsdaisusaly
v ° a . ’ v A ' o A o &
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1n15An¥IAINAURUSVRIBY IGF-2 dudnuaenisiasaiulavesansiugnsslauveslssina

=

Ing wusUwuuwesdu 3 sUkuU fia AA, AB, uay BB lnuansndsuuuuilulnd AB uaz BB

Y 2 1 )

fmilndmaamguugeandngnsniiguuuudlulnd AA (nes1 1010500 wavAue, 2558)

v
LYY v 6 v
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Y v

W 312A1U130UD1 genetic marker fana1dluAnLdanansIvidianwaen1saSyLAULaNA

(Y (Y ) 1

] = a & a a a °
u@ﬂf\nﬂNUﬂqiﬂﬂHqﬂjﬁmﬂf\]IuvLﬂﬂ LAZAUNBARANANNEAULUUDENIUIN LNT1ENN

>

4 a U A

a ] X A o oA o ¢ ) & Ao W Y o
ﬂ"liLaaﬂIeﬁ genetic marker LWaN1IANLADNARNILHNDIUAUANUNVDNUINEN UMD ABDNUAITU

9

narnnatevesguiuuilulnd wazsuuuudadagunetluldlunisfadananslaegns

al a a
HUsEaANTNIN

1.2 InnUsaAvaIn133Y

[

1. wensaaaeu Uuuudlulndvesdu IGF2 lugansgnuay 3 ateiug (@153l x
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3 < s
LAUALTY X )TOALIDTT)
2. liensiaaeumNidadauaraunlulnduesdu IGF-2 ludseansansgnmay

3 q1emiug (@15ak x waudisy x a3oRLI85Y)

6

3. WefinwiAuduRUsUe B IGF-2 flan15iasqiulauedgnsgnuas 3 aewug

9

(81591291 X UAUALSY X Q3OALIDST)

4. veldiluwwmddunsinsandaidengnsandu IGF-2 Tilinsasaiulaia



[
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nsdnwinsalilfunisnsivageuiUuuuilulndassdu (IGF-2) dednuymue
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< s
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2. N3udsanuddadanazanddlulndvesdu IGF-2 ludssyinsansgnuay
3 genug (@159 x waudiise x g3onLIesT)
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3. NIWARNUTUNUTVDIBY IGF-2 don15ta3ayulnvasgnIgnuay 3 a1ewus
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(@13919%1 x WaudLsY x 930ALRD3T)
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ansdudaiimswgiafidrdguan Ussmalvedinisndnansiiindunngd daus

w.el. 2549 - 2559 nswAnansveslngiunnTuludnsifosas 2.98 et Tud w.a. 2559

=

TUSUIUNITNERENT 14.54 A1Us7 FalUTUuMSERNAUIN

P

U w.p. 2558 Bailnsuanans

v
=< = 1

U 13.56 81U L091851A1989gn3HTInUTUasUu FederalvidinisvenguTuau
ASNANRNNINTUY (AN57971 1) (NTLNSILNWASLALANNTA, 2559) WaNINUATENIIATY

[ L4

) 9] Iy v Y] 2 = o A P Aa o

n153an1swaadadenianunisusvlgaiugidudnuilaladendanalvgnsnidnvue
a a aa a a aa v 1 I < 2 a
n1sLeseyulang vnansasaiulaanzainsaveanslaeg1uil WuNsansuyunINGs
matunsasivlavesgnsdsdoinludnuas idanuddgunn (@Wnonuuiesgiudusn
| a a P o a |
INYATHALEIMITUNINA, 2547) 31NANTNN 2 LIBUUITIWIUENTMIUNNIARIN Y0 U TENA
Tnewudnhut w.a. 2556 - 2559 JansTaunavuaingu 53,633,162 i3 kaziln1Andn1suan
galan ARNIANAIITINITHANGNTI1UIN30,438,884 A1 AL TDIAIUIAD
MAReTuoaNRENVLeNININEAZNT 31U 9,564,140 6n

M99 1 USinainsnanansvestsemalnelull 2549 — 2559

U (w.e) Swine (1,000 heads)
2549 13,315
2550 13,545
2551 12,088
2552 11,771
2553 12,099
2554 11,886
2555 12,829
2556 14,139
2557 13,036
2558 13,565
2559 14,011

i ﬂi%ﬂi?ﬂLﬂU@iLLﬁ%ﬁ‘Mﬂiﬂj (2559)



M15199 2 YSinasansnngluussmeandannuginasevingd wa. 2556 - 2559

R 11U (7)
ninA 52
W.A. 2556 W.A. 2557 w.A. 2558 W.A. 2559

ALY 1,956,201 1,941,230 2,023,178 2,130,625 8,051,234
a1A

. - - 2,312,371 2,303,626 2,406,844 2,541,299 9,564,140
ALIUDDNLALILNUD
AANANY 7,437,169 7,429,271 7,117,922 7,854,522 30,438,884
mals 1,365,822 1,361,508 1,417,291 1,484283 5,628,904
iimﬁgﬂﬂizmﬁ 13,071,563 13,035,635 13,515,235 14,010,729 53,633,162

U : NFLNTIUNVYATHALENNTAL (2559)

L o/

2.2 M3UFuUgesnugdnd (Animal Breeding )

v & 1y aa

n1sUSUsRugiauddyuin Wesandunisdadendniniwugnssuifvasdl

9

[

nsanenenludidnigudely n1susulseiugdn dasiduludivesseuunsuauiug (matting

]

system) LagseuUN13AnLARN (selection system) N15UTUUTIRUEAMULLA 2 Uszian Ae

1.n15USuUgaiuguuUaanAn (conventional Breeding) 2.n15US9UsshUvRUgAIANS

[

(molecular breeding) fall

2.2.1 MUTUUTIRUGLUUKUUALHY (Conventional Breeding)

N15U5ul 3o Ui uUA AL (conventional breeding) 1 UayadnuyazUsing

a

(phenotype) WapgnilsAinudnyazUsINgILTUBLTUBVEHATEINLGNTIY (genetic) TaAU

Y

anSnaiiiaaInduanday (environment) waginailan BLUP (best linear unbiased) gn
hanldiieAnaendnd lnayseuurinuAINTsHaEuug (estimated breeding value, EBV)

Y098m Bstsuanienmannsalunisisvenanvastuludidaisunely egslsinunis

o

UTEUIMAIAMAIN SNANN UG Vo9an vauelaUIuaal (quantitative traits) w3ednuazdIfay

a U v LY

NaLAwgna dellvedninvaleyusenisiidanaliaruwiuglunisdnidenst lngniganvue

' '
v [

fiangnsiugnssus JsdmalvinisnevaussdenisdndeniJuldladn wenantudnuoe

=D

a ° v —— P ) o o saa aa .

ngnAIuaAnBLne (sex limited) 139013U5UU IWUTARINUYIITIANB11 (generation
interval) #7835 conventional breeding A3lU 28218 U NI 12ABITD AR ILANS
anwuzUIINgNoauIRgaINTadteys AItuNIUTEIIMAIMINTUENTSN wazAndondn il

1 1Y

LagNSUTELINAMIITUENSSUlAgTT BLUP laildlddayavesduniinadednumusdsing



[ [

naulalagnssdalianuuaiuglunisdadendy Yeyadnuazusingiinanldieysulse

Y

Ly

Wugdnd wuald 2 ngu Ae 1) nsAndandnilaglddeyadnuurusinglaenss (direct

phenotype) tiaUsrinauAn EBV uazA1dnsIfiugnssy (heritability) wag 2) n13AnLEenaN

[

é’ﬂwmwiwﬂQﬁﬁmmﬁuwuﬁﬁ’ué’ﬂwmzﬁau% (indirect phenotype) WazaNwuziTIUTUM
An9INN1sLandeendunalefuini (polygenes) wasdanindon udnuvayi
ﬁﬂé’miﬂﬁuqﬂﬁmﬁ’l ﬁaﬁ?umﬁﬂ%’uﬂqaﬁu@,wu conventional breeding 3¢liUszau
Anudnsanniin wenandedifavnaraiuds Samulguiainnisdniiudeyavesdnune
Usingiidestneties salufaeiesienlilunisnsiaindnunznnguisdnune
gaflsiangs @3ANY Snusde, 2552; ana Lﬁaqaﬁﬁaﬁ?ﬁqa, 2555; ANA 2775504 LATYAMY,
2555; ANUANT WILLNG, 2556)

2.2.2 MIAnLaanlags Marker assisted selection (MAS)

(% [ 3

Marker assisted selection A8 35n15tun15USUUTaRUEERT laen150 5391

al

dll [ . { & a A & 1 A a [ v 6
bATBINNIYNUTNITL (genet|c marker) NMUUIUNTD FUAIUVDI DNA NUANUAUNUS

¥

v v ‘:4' d'd Y1 Yaa a va
fuanuaeiaula lng gene marker NRAITANTANTIINLANE Taeldisn1smeiesUfun

(%
= ¥ = [ dl

~ i v v ¢ O N A
ANTLLASLUBATIINY gene marker sBa1Uhal llﬂ']r]llLﬂuvl,ﬂi@qqu']ﬂwamauuf\]gmEJUV]auSLQ

Y

agluuTinnue Tutagtulinysudsaiugdnd anansald gene marker Helunisdnidendi’
v 5 (% A ¥ v A v ¢ ! (% A v
AITUNIARLERAMIEY gene marker @nansaAmFentaludn N1y wazaunsaAnFenls
agawiug mssdunisdndonandeyaiugnssuvesdaiusazsn wenanuudsaiuise

¥V ¥

U1Meya genotype Wu1suUsELUAMAINITHANNUTLY tnan1nualy genotype

WWudnsnaran (fixed effect) F9agsinlyinisentaaniaiukiuduiiyuindy (Pinta et al,

2013.; Francia et al., 2005)

2.3 1ASOMUBIIWUTAIEAT (genetic marker)

NNIATIINT genetic marker ABNISATINBUANLITBIAUGN YA YNILIANK
A2IUNAINATY (polymorphism) WiaAunIFULUUVe1 alleles MUY genetic maker
v = a a o w a2 o oA X = a
MINUINTIN FauAn1NNsGsuLUAw IR IR UAUNAERLEWEINTUMTBAAAIINUNG
Ingiinfusyninen1seuIuAIsaIgneanIsiugnIsakagansaialanu o wesludiu

Wuduwazarunluldtu Weiansidsunlasludunduiu geuinisiudsunlasanvo

=

Neugnssunazdaliiinauuanf1svesdnwarlsIng Msvauunaianiwiy

v

ugmansluanaaiulsanTIaniALlsUTIumaiugnssuiiiadunigludseeins



LaANNLUTUTIUNRUGN SRR TENIeUsEYInsla AetuFealinisly genetic marker
WaANEIAMMUIYBITUNATUANNITHAAIDDNYBINN YU LA NE 1A Y NI1UATYFA

£ = o [

lnuAuaudRvae genetic marker d391A73AHsRsdM5UNS1Y genetic marker LitafnLAeN

13 I~ v

dndnsomuaudnyaenUsingfaulane genetic marker Maanlddaslidinaso

9

nsuanseenvesanvaizUsng dedrulngiduuiinaves DNA Alild8u (noncoding DNA)

[ [ A

Way genetic marker A5HAMUFUNUSAUSNBUENADINIIAALGDN LAY genetic marker

a 1 [y

wiazylndauauUiuardnyusNuanA1ail (A29UAT WINe, 2556) nATiAluNITNTIaN

genetic marker Usznaumeinaila fadl

2.3.1 Restriction Fragment Length Polymorphism (RFLP)

Y genetic marker ¥flausafdrunlglun1sAnen genetic mapping lnan1sld
WOulwdding g (restriction enzyme) Anaemlduie o AUULISINNE (restriction size)
~ ! L aa Q{I UMYy & cou o = a ~
WianTIamARILEANF1auRduengndatimuduleidadmgiliosainfduediay
o 1 [ € o o v ] [y v 1 o = o 1%
nannanglaziinuniasulsddndmizaiuisasnlauanseiuludaiinaz i Jsvinlvuunn
o ‘: ] a a A v | (Y] | 1 =3 [ .
LAYIIUIUVDITUAIUAL UL N LAANANAY Leoe19l5An10 RFLP LUu genetic marker
a v & | ] ! v saaa
fanunainnatvgeunludadiazliaunsauenaaiuwa nanesgndednindouluanin

homozygous tag heterozygous (A9UN1 WIULNE, 2556)

2.3.2 Single Nucleotide Polymorphism (SNP)
WARRINNNSHAILITRUNALA DNA sequence 39ATINISMIANULANANTOIAFULUE
W 1 AIWALY kaztnda1nn15ilasuladwadatnubuaitnann li@miwiaue restriction site
Wasuwladluaig 9y SNP Ans19baUS o ue12dIna lin15han 90N n199 1US Ny
Using Mmudsuudasaiulunig lnaataiinisuandoanialudiuuin (genetic
. a a ° v 9 Y . A
polymorphism) #39873gdnan1lnnIsianseanluniuauniy (mutation) Tuasay
WSgULNBUTENINIAAULUANIR LULTENINNETTINUNG LhardlaInANaUnANUIINT N
ac ) ' Ao ' ) ) = v A a
lunisinwuanizlundazunaaniiainuuansiafunaiusnssuie lidUsednsam

lumsinwnarUaendeanratiafes (AU Wsllne, 2556)



2.2.3 Single-strand Conformation Polymorphism (SSCP)

SSCP 1JuATN15M529UIANULANFNI9AIN AL UL AN US U ulAe PCR ATlA1l

wan@eiu eniziuamaladanientelufuadufiduieiu (point mutation) tnafla SSCP

'
[ v a

adendniinnfdwe @enerluanmsssund (nondenaturing condition) aziinisunsiau
viorutumelulinanaiiadulassaasumnegutuasdssnavsenuaiuoastunie
il conformation fisnzdsfinasenisiadouiilusznineniswensualuaurulniiley
non-denaturing polyacrylamide gel 1Jusanans ImLaqamaﬁLSuLaﬁﬁmasmﬁ'mLﬁLﬁmwa
WerfanursailifiAnlassadefiuananeiudsdenals nsiadoudiluauiulniaaeiy
A l9940150599 SSCP i draneidueiinueiunndumlaaullunisnsianuy
SSCP ABstioas vunANNENvRsAB Ul MmNy ald S UnTIIdEUANILANGNS TnedTH

AoliAdsiiiu 200 Thndlelnd (65uns Yuzlvannng, 2545)

2.4 nalnan15¥191uva4 insulin-like growth factor (IGF) Tugfidn

Insulin like growth factor 1 (IGF-1 ) wag Insulin like growth factor 2 (IGF-2 )
& o Ao a Y o o a a a a 19 a Xa
Judunfiununmiieitesiudnuagnisiasgiaule Ysvansammsldens Bulilisuuuy
t:ll = d‘d d' | % = U [ a a
ainvang lnggunilsuuuufunneneiy InaneanuaIunTnvesaneuen1siasyiule
Nuanm1aiune 8u IGF-1 10U peptide hormone Afunt g A lun1sidudonansaes
growth hormone Tun1snszAuNISaTaYAUlAYeLwad319n18 Insulin like growth factors
(IGFs) gnuanTUUTIINAUA181ANISAIUANYBY growth hormone NIGNKNERIN pituitary

gland maiﬁmwmugummam 99d9u hypothalamus 1ng growth hormone releasing

'
a o w

hormone (GHRH) Waz somatostatin (SMS) fi & 1Anylun1TNTEAUNITHER IGF1 Tusiuuen

o

¥

Udoeiirdnszuaiion IGF1 aziiminevauassisiieidolag 1 1GFs uay Insulin like growth
factors — binding proteins (IGFBPs) azgnaudtInduluarulUniussuuvyuisuianly
FroServiilmunefid receptor Smaziiinaulunaln autocrine wis patacrine danaln
Wi AnaFuiustusening stromal cellway epithelial cell d1wsu 1GF-2 1T
growth factor Aifiunu v luiodevesindeu nzduninadydtluasiudsunlassusng
veswasuateiln vhaouioadesiu IGF-1 way pro insulin ne IGF-2 axiin1suanseanits
Tusuuagusiunisuendu uslildgnarueulagnsaain Growth hormone ¥4 IGF-1 uag
IGF-2 13uBunusdm3u Insulin like growth-21 Receptor (IGF1R) duifuluianadadnyayin

VULBAARA tyrosine kinase nMsduannualunsasdyaaneluwadiviglunisfindiuau



YDUYARUALNTEAUNTOYTOAVDLTAT N1TANYINUIIMIUUANGNVBY phenotypic Anwae

nsaseyaule sauanslunindseznaui 1

'I'arget tissues

— Epithelial
F990089 -

Interstitial
fluids

Fituitary %

L Encothetial cell

amuseneu 1 nalnn1smiauuesdu insulin-like growth factor (IGF)

fa - ousSed Tui (2557)

2.5 8 insulin-like growth factor 2 (IGF-2) Tugns

Insulin-like growth factor 2 (IGF-2) lﬂlﬁgﬂmugui@amqmn Growth hormone
IGF-2 1T growth factor Aifiunuvluiileidovessideurhuiinfinssdunisadyfivlauay
Wavuuasguinseawaduateniin vinsiAeadesiiu IGF-1 wag pro insulin Tng IGF-2 9]
M5UERIDENTSILSY LazUSMANEUBNEU 1 IGF-1 uas IGF-2 1Ty ligand d1%5U Insulin-
like growth 1 Receptor (IGF-1R) %ﬂLﬂuImaqaﬁﬁq Ty UUAdRT e IGF-1 uag IGF-2
W uu IGF-1R 239 tyrosine kinase Winn1sdsdaimneluwaddinadonisiiiu
SuueawaduanIzAUNNTOYTonURNTAG MudnsluaMUsEneuN 2 (Ratajczak et al.,
2011) nsAnwuugAtansluanaliiidu IGF-2 Sy candidate gene M taafy
nsafradiennsuazniniaiauivlavesgns Wedsldlunisusvlsiusqnslid
mim%mlﬁvimﬁﬁeﬁu Tnedu IGR2 fnademswauiveuilaienduiie (Kolarkova et al,
2003) gn3iitasTulgnstsnun 194 Iasutadu autosomes 18 4 waslalulvuina 1 4
(Wilson et al, 1991) lnsdnwauznisiaigidvlalugnsifudnvasiidiAyninasugia

#8uAIuANNITHANIBNUINNNY (polygene) L¥U 8 Melanocortin-4 Receptor (MGAR)

(Piorkowska et al., 2010; Ovilo, 2005) 84 Insulin like growth factor-1 (IGF-1) (Duclos et
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al., 2005; Tomas et al,, 1998) WAA1NN15ASIONATEU Insulin like growth factor-2
(IGF-2) Suaguiian telomeric waslaslulengdl 2 WeifnnisnatsBuazdinlinisadis
ndunilouasiilounsgeiunisnasBuvesdu IGF-2 fuilnadenmnimenn uazmaasauile
¥83dn35 (Hou et al., 2010; Matthew et al.,, 2004) 31nAI5AN¥IANUFUNUTVDIEY IGF-2
sednwaznisdaaulnlugnsilinatia PCR-RFLP IfenTaaaeuUnuudlulndves
U IGF-2 (LN57 Lﬁmﬁua WATAMY, 2555: LNAS BNINTL khATAME, 2558; Knoll et al.,
2000; Kolarikova et al., 2003; Fontanesi et al., 2010) fauanslun1s1sil 3 wan15@nwvin
inswhgu I6F-2 fsusuudlulnd 3 sUluu AA, AB wazBB (Knoll et al., 2000) uagddl

51897484 Kolarikova et al. (2003) n@13E98u IGF-2 H5Uwuudlulnd 3 sUkuy Ae GG,

GA wag AA PgLuny

M13797 3 NSANEIBU IGF-2 son1suadeusiulpavesgnsineldinaila PCR-RFLP

Breed enzyme referent

gniugUeunss, ansvisdeesales, ansgnuaueese 4
L ) ) W33 Ligafia
Bes X \Uauasd, ansgnuauwausiiag X [Weuas way Benl
PR . . azaay (2552)
ANTANANEDTALTYS X WAuALSY X LUEUATS

LNFST BINNTO

gnsnugnszlou Benl
LazAny (2558)
.. ‘L Knoll et al.
gnInugasalai Ncil
(2000)
N .\ Kolarikova et al.
gnInugasali Neil
2003
-t d 0L | (W Fontanesi et al.
gnsnugansalan, ansiuggien waggnIiugauslsy Adel

(2010)




DISION
( Ras |

R

-~
( CELL PROLIFERATION |

[ 1GF1 \ V=) Insulin’

IGF1R IGF2R

InsR

A

( METABOLIC FUNCTIONS )

AUsENU 2 uansnalnnisinauuesdu IGF-2

fiun - Ratajczak et al. (2011)

a N o [ . . . !
N13AVANNITLANIBBNYBIEH IGF-2 fidnwazilu genomic imprinting lagnuin
I3 o a a | 9 Y o a . A ' Ao a
Junizdadavesduvesuignnalililvivivauniewansesn (imprinted gene) noundada
) ] e o & ) ~ N A 9 ¥ o & N av vo
waggnanenannNwasauiugundgn Wewndungnnalildlvihaududunlasuinain
Taslulouudl 138091 maternal imprinting aguanseanlatanizdunlasuuianlasiuleuy
NNBLNLU 1szlu sperm Wuazdin1s methylation U3 imprinting control region
(ICR) Yl dAutaNIntnNnseAuN1sNIUYe38Y (enhancer, E) @13150n38AUBY IGF-2
Thfin1sasng waly ovum wudnluusiu ICR agliiingg methylation ¥inlwgu ICR @w1sa

as9lushiu CTCF Favzunuiann1sieuves enhancer iy IGF-2 luignnszeu dauans

Tunnusenaui 3 (ANFU AINENSAIUNN, 2552)

NMNUILNOU 3 LAAINTZUIUNITLAN genomic imprinting VOIBU IGF-2

fiun: Bell and Gray (2000)
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2.7 ANANNUSVRSEY IGF-2 dansiadyiaulnvasdns

12

WoAsIENnIANUFUNUSU0I8Y IGF-2 dan15iaSeytAulnvesgnInuin

Janudunusiu

Y

¥
1Y o

ANWYUSUINUNRNTN

v 1

AUVIINITNAADY ANWULUINUNNEIUN BNWULAIINYTD

8161 wardnvauzanurulutudunds senludanuainisnauiug (EBV) wenanuudad

ANMUFNRUSAU 8rTIN1aRS e RUlasoTu (ADG) USN1a@IMISRRUMTNFAIMILANTY (FGR)

AUl UAWae (BFT) waztvinuinaa (HW) (wnsy 1igeiala bazany, 2552 ; LA

D1NNT wazAMY, 2558; Kolarikova et al,. 2003; Fontanesi et al,, 2014) (mi’m‘ﬁ" 4)

M15797 4 ANUENTUSURITY IGF-2 donisaseyiulavesgns

genotype
traits population referent
AA AB BB
Large Kolarikova et
BWT 11.52 + 2.18° 1559 +0.48° 14.26 +0.39°
White al. (2003)
Weaning LAY 8INNATal
4.92+0.26° 5.76+0.34° 6.52+0.61° nszlau
Weight wazAMY (2558)
GG GC CC
BL (cm) 73.14 + 0.41° 72,67 + 0.33°  73.14 + 0.41° Pietrain,
Yorkshire, — uns? iiwsiva
BF (mm) 12.25 + 0.75° 10.27 + 0.18° 10.79 + 0.23%® YxP, LxP, agAuy (2552)
YxLP
AA AG GG
ADG" +47.806+2.298 +30.398+2.243  +13.932+3.035
. Large
FGR -0.209+0.014 -0.144+0.014 =0.057+0.019 Fontanesi et al.
White
BF" ~3.605+0.349 -1.830+0.340 0.146+0.461 (2014)
X and Duroc
HW +0.771+0.057 +0.583+0.056 +0.268+0.075

wu8wme : BWT A8 body weight before beginning of the test

BL A® body length (cm)

BF @® backfat thickness (mm)
ADG #® average daily gain
FGR f® feed: gain ratio

HW @8 ham weight (kg)

* A P-value < 0.05
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1NNT5951891UU89 Kolaoikova et al. (2003) NlAAENYIAMUFUNUSVDITUY IGF-2

saUszdninmnisiesgivlaiazaunidelugnsateiugaisali nugduuudlulng

(%
o £ 1

3 sUuuu e Flulnd AA, Flulnd AB uazdlulnd BB wilinusnuduiusiv indnugiuy

v A =

(WW) dnindaaniag (FW) 9951019095t AulafAodu (ADG) usnanildiinisAnud

ANUETUSYRIEU IGF-2 Nudnwazn st aulalugnsateiugnszlay wusuuuudlulngd
3 sUuuuAe Wind AA, Flulnd AB wazdlulnd BB lnenansnilsuuuuilulnd AB

1%
o Y 1

(5.76 + 0.34 Alan3u) uaz gnsfisigUuuululng BB (6.52 + 0.61 Alansy) fuiminme 1w

U

| A

a9nd1 gnIndgunuuTulnd AA (.92 + 0.26 Alansu) udanslunnsluuudlulndlid
AuduT LS Ut vTNuInAaen (AT S1MNNTa] LAy ALY, 2558 ) sHulunanisAnwives
Hou et al. (2010) AnwiAnudusiusyasninuvainvalevesianglalnavesdiu IGF-2 uu
exon 7 8 sadnwaznisagAvlalugnsius Wuzhishan lagldinadia PCR-SSCP wy
sUnuURTUND 3 sUuuu Fedlulnd AA, FTulnd AB wazdTulnd BB waedlulndvis 3 JUuuu

Lifimnuduiusiuuntndgaiing wasauInTeIasi

a4 a vee v o & i o

WNS3 WEiNe uazAne (2552) lnfn®rauduiusueadmiand1am1aiugn sy
YBIBUIGF-2 AIRdN B NISIAZLAUIALAYLINYBI3 N8 UUTEIINTANTLTINTAMAINTS
Ingldansgnuangasades x 1Weunsa 31U 17 67 anTannaulausy x [Wouwnse 913w
18 67 waraNIgNNaN esAdyshaTRANMSY X Weunse 91U 23 A wuguwuudaulngd 3
sUuy Fedlulnd GG, Fulnd GC wazdlulnd CC Failulnine 3 sUuuuliifinnuduiug
fudnsnmsasaivlasdedu (ADG) uwanudgnsnillulng GG fimnue1iansa (76.20 + 1.37

a i o 4 a = 5

wudag) wanndngnsndisdwuululnd GC(72.67 + 033 wuRunsg) wazidlulnd cC
(73.14 = 0.41 swuiians) 393lulnd aniindnundneay wiulain8dy IGF-2 (i genetic

marker Nnaulandaaudunusivanuuzniasgiauls asduasuudmnglunisfinw

= a I a o a a
ﬂiﬂuLW@'ﬂ@aaUﬁNﬂJmﬁquqqﬁJu IGF-2 llﬁ\lﬁ@]@aﬂﬂmgﬂqﬁLﬂiwLmUIWIUEjﬂﬁ
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uni 3

A9N15ALHUN5IY

3.1 MUNAaReN 1 BnSwavasarenuddeystansmunsasyaulauazannwiialugns
3.1.1 NQuUMIBENUTEIINT

lun1sfine Bnsnavesatenugradnwuzn1syaulakarann nialugns

v 6

Tdfoyaansiianun 3,007 f (gnsaneiugnien 855 M, gnsaeiugidounss 217 67 uaz

9

ansgnuaugien x Wewnse 1,935 69) tugnsanuigvenvuilasuuingiunisy

& Yo H 1 2 A N o % a [y o 1
N3 EIENT ﬁ]%iﬂi‘UE]’]‘Vi’]i LAZUT BYNLANN FUFNTUUINUN 104 Alansy LLﬁ%uql‘U"Zﬂ

A [ S A v
‘VlIiQ"ZJ']ﬁG]'JL@ﬂ"ﬁu‘ml@iUm@ﬁ’]u

=3 ¥ [ a a dy
3.1.2 ﬂ'ﬁLﬂU%@%ﬁﬁﬂHm%ﬂ’]iLf\ﬁQijI@ LASANTNLUD

£

gnslunisnaaenseilldgnsmiinlugied we. 2555 - w.a. 2559 Juiindeya

Y

nssAulasznaudiy Umidndais (LW), 9nsin1saigiiulaneiu (ADG) Lagdnsi

n1stasLAulaa TullinTuNuntn 104 Alansy (ADG 104 d) uasiunnveyannnInLil

Y 9

[

wasa1nn1sgnansnielunial 45 il fie Aunutlasiudunds (BF), iWesiduiilouns (PL)

dl' o | o a = o % & A vy o & o
WBYNTILTND U 4 DIANYALYYE LNINITLUNUNAUIGALUDRAY (LEA)

3.1.3 MyAATIEviToyaN1Ehn

InsenAtevesloyadsyanaainnisiasayiule wazamuaniile lagldyadids

PROC MEANS msiiasizsinanuannagnvand iivalylunisviiuneaunistaeldyndide PROC

ISP

Stepwise HUUY1ABIVDIANNITVOINISVINUIBITABAT R (R-Squared) figs wazAnade

'y} 6 1 o U

A IUBIANNARIALAT DY (MSE) AR NNTAATERANANTUR LS VR ILARL AN walg g la

YAAH9 PROC CORR WaZALATIENBVTNAURIaIeNUIARUTEaNSAINNI5IRTYAULA LAy

q

3

AunnLileldYnMmds PROC GLM nisdsigvianuailldlusunsudusagy SAS (SAS, 2002)
luwanteadanldlunisiiasievidvsnavesaneiugioUssansninnisiasayiaule way

ANAMLLDATANNT
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Vij = U+ breed; + e;;

e
Vi Ao UsEAvSamnisiaseyiule LLaz@mmWLﬁa
b fio  AledesivosdnvazaNssaun TSyl
breed; fio  dvEnailosnanewuiuesdns
e fo AnweaaLAdou

3.2 UNAABIN 2 ANNRAINWAIUBIBU insulin-like growth factor 2 (IGF-2) ¢i@
nsseyiulalugns
3.2.1 NQUMIBENUTEIINT

Uszrnsgnsnlslumsfnursuuuuilulnduesdu IGF-2 den1sia3aiule (growth

performance) Asailldgnuan 3 aeiug (@5alil x uaudlsy x 3eALRD3) S1U3U 303 i

Y

1%
o Y

~ & Y a o | =t a ! ! ]
Aazine Mageaglauignenyuuranialudssinalneg Jumidnansnoudisening
100 - 120 Alansu Heaneldlsasoussuulanlasusesinsgiurasnsuladnilnegns

A o =2 v =2 v ¢ a :’/ £ a a
wu’mﬂﬁﬁumsﬂﬂmazgﬂuwﬂwuqﬂisam 3’33J‘1/N“ZJE)3£@ﬂW§Lﬂ]§€1QJ}LG]UIG]

3.2.2 psiiudeyadnumznisiasayiule
Tagan1siasaLivlavesgns wanduiinnisasyidulaannusgnionyuuiamis

Usznavluaie dnvazummdnngiug (WW) dnevuzdivingavinenousn (FW)

Tulun151884 (Day) tazn1stasqaulasedu (ADG)

3.2.3 N5LAUFBE19LABN

ushegnidonans tieldlunisainfidue uaglinsiansuuuuiluln gy IGF-2

Tnggnsgnmildanssdmsunuiegdeon warlduassnagn (snare) titetosiululians

(%
a

AUsU UsaTaTUlUNTSIAUMIBE AR AR9vNIsIAUMeEEn adesvanTy T aildn

6 o (3

I@suurndunsennsunsglagaemdad sauluisdinisaauauanndmunndusednvnsy
FmuraUsednide way dnviathtnanisanisusilunisiiushed e iine Tnevh
mafiufegadeniidudenuinuas (ugular vein) lWuisnsifufegiudenfifinn
Fudntfosfiaauarlivinlidnifaunainune wazldnasaiiuiegis (test tube) Tnpd

0.5 M EDTA (Ethylene diamine tetrameric acid) Usunss 1 fadans laegifudleg1aden
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a

U3una 10 Baddns/im wazihluiiuinufigunndl 4 ssrwaled Wiiesenisain genomic

U

DNA siald

3.2.4 NM3anm genomic DNA
ﬁLé‘uLa‘LuLﬁaﬂﬂuaaﬁ’mfiLgmqﬂéhauu sgnvagludadonuny Javhnsgadadonu
Usuans 100 lalasans lavaon 1.5 1adans na991n0us9%1n151R210.9% NaCl
U315 1,000 lalasans wenlddfusnents vortex wdadumdesdisninuiiiseu
10,000 SoUABLT W 5 Wit wdlaita (v 2 ada) 1@y 20% SDS Usunas 70 lalasans,
1% Proteinase K USu1a5 25 lulAsans, 7.5M Na-acetate USu195 50 lulAsans wae

a

5M GUHCL USanms 625 lulasans wawlviidiiumenis vortex ilugulugaaunugumadl

Y

a

Mgaumall 60 BsAwadoa uiu 3 - 6 FUe nlutumiesenusiseu 10,000 soUD
- . . - | - A
w19 w5 Uil gadulaldnasalvd USuaas 600 lulasdans ainduiiiu Absolute
a a [l v Y @ = a c 1% y
lsopropanol Ysunns 600 lulasdns weune Tansidnduauiunznouaoue uaitu
a P 2 | a a | g A vy a &
WNEIMIBAALTITOU 10,000 SEUABWNT WY 5 U9 ndUlaNwnae il nLnLnauaLo uLe
W1 75% Ethanol Usu1ms 500 tulasans iiled1enenaumdue wazdumieanigninusi
58U 10,000 S8UMBUEY WU 1 unmaiulanaundelienizaznau (B 2 a59) Rengnau
AouliwaUTEN 30 U NaIRENaUWIILAANAISazae TE buffer (10 mM Tris-HCL,

1mM EDTA) U3u105 30 - 50 tulpsding @uegdulsuimngnoufidue) a1niuiluuy

a

Ngaunnl 37 oarwaidea lu water bath sdutiauiu 3 - 6 9lu3 nawINtudumiIes
t4 < ' a a ! a ®
AI8AIUL5ITBV 10,000 5BUMBUN U 5 U gadulauinsisdeununInGLduLe

% =
AILLATBY nano drop

3.2.5 N13A5IVEBUUTUINAOUD LavANNINALIULE HETBNTInAIgANEULE

a a A o vy v = A a A ~
ﬂ']i@]i']‘ﬂaaUﬂﬁll']mﬂL@‘UL@V]ﬁﬂfﬂlﬂ PIYLATIBY Nano drop Vl@JLLﬂQ%'JLu@QQ']ﬂI‘UiWu

A 1

a aa Aa P | a
LLaeNINUINFDN @ﬂﬂausﬁ?\iLLaﬂVlﬂJﬂ'J']llEJW’J@@UQQ?JWU?ZNWN 260 TJ']IULiJmi a')urﬂﬁ@]u

= a aa & a I a £
QﬂﬂauLLmEJ’J V]ﬂJﬂ']’]iJEJ']']ﬂauqqq@ﬂizimm 280 U']I‘ULNGW aqﬂagaqﬂﬂLBULaaqﬂﬂUﬁqmﬁ

v
A a 19 a aaa a = A a d'
NUAIULVUVYUYBIAT 50 INIﬂiami/Naﬁmi ﬁ]gﬂﬂqﬂjqﬂﬂﬂﬂaULLﬁﬂ NUATITNYIIAAUY

260 Wil Wi 1 Mdnsiduganaunasi A260 : 280 131308 ATIZYIANTAAY

Adueinisuuideumelusaunsanisiduensalil Tnednsdiu A260 : 280 vaIaNsazane
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a &

AdueUTENTA2TRYTENINN 1.8 — 1.9 Fad1u1nnd1 1.9 wanadrdinisvuideusidue

[

Ue8NI 1.8 wananUululusAu (Un @159a55A, 2557) Faiinsnall

1. NS oUAID819ALBULD haztANa1sazaly TE buffer 31u7u 20 lulasans

aslUluwmazviaan

2.\ UakA384 nano drop LinRaiaen sz wdnanie 9anuuga TE buffer 1uld

IIALND set bank

3. Warmenszawmdaaniz 1ntugaUsuin 1 lulasdns lunassluldiminie

TAA1AANAULAINAINE1IAFY 260 ULLLUAT Lar 280 UILULAT 1NTUBIUAN

Mwansluasasdiamanudutulagldans C,v, = GV,

4. fraueiieududunniiulvamnsariiliideoasls Tnenisiiiu TE buffer viie
Usuamnududuresfiiouewiaznaaaliiiusinamiuduvusiiuniaen (1138 wasans,

2546)

3.2.6 M5V DNA Tuvaeanaaasdie™s PCR (polymerase chain reaction)

weda PCR 31 3 dunou lun1sauaugumnl Faviegn Mudusunsu 25 - 50 soU
Gﬁuagﬁummmmzau LLazmmﬁqw‘émmﬁLﬁuLa (UM FaSsassa, 2547) 33 flesAusznau
P99 maqaﬁiﬁiﬁﬂumiﬁﬂﬁﬁ@Uﬁﬁ‘%mﬂizﬂauﬁw \A393 DNA thermal cycler, fi8uLe
futhu U (DNA template), PCR buffer, Thermostable DNA polymerase (taq DNA
polymerase) L‘fJuLaulszjﬁﬁ%Lﬁﬂﬂﬁﬁ?m, Deoxynucleotide 4 wila (ANTP) Aa dATP, dCTP,
dGTP waz dTTP, iinduléide waz Primers 2 wdla Ao Forward / Reverse primer 115U

P9 IGF-2 (W57 89NN LaYAE, 2552 ; LNAST BININTO basAnly, 2558) tnedlaneuLud

LOG
he

Primer-1 Forward: 5 CACAGCAGGTGCTCCATCGG 3

Primer 2 Reverse: 5 GACAGGCTGTCATCCTGTGGG 3

[
1Y [

TUNUNTYIUHATE PCR LiloiNUSHIMEY IGF-2 (W97 1189t wavAE, 2552 ; LNATT
SININTAL LazAME, 2558) Ingn1TNaudnsara1ani1ee lunasn PCR Usznauaae DNA

template USu105 20 lulasdnsg, 2.0 mM MgCl,, 1.0 U Tag DNA polymerase, 200 piM
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o

dNTP wag 10 pmol primer aantutdmaen PCR Nila1savaronauluteiu ldaslunies

DNA thermal cycler AslUsiAIUASH

Initial denaturation fgaumad 95°C \unan 3 i
Denaturation flgaunil 95°C unan 30 Jundl
Primer annealing flgamail 60°C 1uan 1 il
Final extension fgaunadl 72°C \unan 5 i
ymLAS 1Y 30 s8U

3.2.7 m3nsaaguuuudlulndvesdu IGF-2 aae35 Restriction Fragment Length
Polymorphism (RFLP)

Tnasia Restriction Fragment Length Polymorphism (RFLP) Tun1snsiaiiasigi
sUnuuIulndvesdu IGF-2 tngld PCR product Aildainnisiind wuddue dnsedulesd
F1g (restriction enzyme) 1 viin Ao toulal Benl 91NTUATIVEDUVUIATDITURLOUAIEY

TWsunsu Gene Snap wag Gene Tool iAFUKUULATIUIATDITUA WALIWE I nUTUAIY

(%
a |

AOULDVRITU IGF-2 un 308 bp thTudrumbue udnmeduluidindnng Benl laeil

(%
v

TunoUAIL WNUUTaNINNUN1s T TRUSHIRT 6.7 lulasAns, 10X buffer Usuas

1 lulasans, wulwsl Benl 0.3 lulasans waz PCR-product Usung 2 lulasdns Ysunssau

vavun 10 lulasdns dnluguigamgll 37 esaneaided 1Uuiaal 6 - 8 99lus nsI3deu

Y
sUnuuRlulnddu IGF-2 ndsdnseduleddndunie da8-2% agarose gel T9ma1using

Andlniiag. 100 Liad WUuan 35 util innsduiinamuausduenelslasedmelusunsy

Gene Snap &g Gene Tool

3.2.8 MRS ITRANLD DA kazALDLUIN

1R99N9 5390 UwuuIlulndyesdu IGF-2 Tuansnndvimsisnanundada

wavAudtulndresdu IGF-2 nu35ues Falconer and Mackay, (1996) feaunis

anuaalulvy (genotype frequency) = Srunudmindslulnl (cenotype) fifvun

FUIUFRINUA
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ANLA8AaA (allele frequency) flA) = (F1uau f(AA) x 2) + (S1uau f (AB))

(F1UIUDIRAVINUA X 2)

3.2.9 mylasgvanuduusvesgluuuIlulndvestu IGF-2 sensasaydule
AaszrauduusvessUwuvIlulnduesdu IGF-2 denisiaeiule (growth
performance) ludns 2875 General Linear Model (GLM) tagldlusunsudusagy SAS
(SAS, 2002) lalnansadaiildlun1simsieidninavedlulntuesdu IGF-2 dednuuy
N33 YLEULA Feaung

yi = 4+ Gene; + e;;

Vi Aa ANAWNAYRIANBATANTIAUNITAIYRULY Usenaume
anwazdIilngIuy dnyaugdndngaiieneus
Tlunsides waznsiasyAvlenaiu

ARAYTINYDIAN YU ANTIOUNITLATYLAULY

—
o))}
©

9 vdwallevanguuuudlulndvesdu IGF-2

()
)
>
M
o)}

e Aa | AUARIALAGOU

3.2.10 MFAATIEVANUNAINUAIENIIRLENITUV0EY IGF-2 luansanuay
AngwinuaInratevesglkuudlulnduesdiu IGF-2 Tuansgnuay nsdwn
averaged number of alleles (N,) L@ ¥ effective number of alleles (No) 5218 9@
anelslelndfdunn (observed heterozygosity, Ho) wazanamnalslalndisiainmune
(expected heterozygosity, H.) ijwqﬂGTWLLﬂﬂ\‘iﬁﬁ’]ijﬂluLLﬁiaSﬂisﬁlﬂﬂi P85 Chi-square
test (Smouse, 1982) Lagaa PIC (polymorphism information content) 48381 IGF-2 62

38n15284 Brouillette (Broillette et al., 2002) faduns

Effective number of alleles (Np) = o
i=1 Pi
Anenelslalndfnaianue (H) = 1 — Xr, p?

Polymorphism information content (PIC) = 1 — XL, p? — 2[X By, p2p?]
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uni 4

NANTINAaBY Lazn13anuIne

4.1 uneaed 1 Ew%waﬁuaqmﬂﬁus‘jeiaﬂszﬁw%mwmstﬁzyLa‘u‘lmLLazﬂmmmﬁﬂuqni
4.1.1 UsgansnnnsiasayLiule LLazqmmWLﬁammqm

31991 5 ugnsAAs (means) druldosiunanmsgiu (SD) Arga(Min) wazA1gsgn

(Max) Gumﬂiz?m%mwmﬁlﬁuimLLaz@mmwLﬁaiuqﬂiawmaﬂsﬁuﬁ: nnsAnwAssEny

Aadsvosdnuay LW, ADG uay ADG 104 d lugns fianun (9500, Waunse uaz ans

anwaw) Ay 105.15 Alandy, 143.58 nfu/3u uag 736.04 n5u/5U auddiu Aade

1

[ § @ a1 a [ IS a1
U949 BF maqqﬂiaﬂawuqaiaﬂmm 0.91 LYURNLUNT E‘:!ﬂiﬁ’]EJWUﬁqL“LJEJLLG]iNJﬂ’]

§ &

0.87 WURALIAT UazgnIgnuauilal 0.87 lwuRluns AlLadednuuy PL vesgnsatgiuinion

[y

§1A1 55.44% anyaneNugilounsailen 56.15% uagansanuauilen 56.12% Anaduanuae

a1

LEA vasansanenugnsenilan 55.44% gnsaneiugilounsadian 56.15% uazansgnuauiian

a1

56.12% lndiAeaumiiade ADG 100 d vesgnsateiugasonlulszmeanauwInigadian
Windu 880 n¥u/Tu (Johnson et al, 2002) Lazr@oanaoIiUIIBIIUIDS Hoque et al.

(2007) finudrAnadsves ADG 105 d vesgnsaeiudaioaiiaegil 870 + 110 n3u/du

s

A dadaudIiu Choi et al. (2014) Tilfis1asnuanaioves BF vasgnsaeiuinienian

]

2.249 [ WURALLAT WAFBAAADINUIIUITUYDY Rybarczyk et al. (2011) wag Goran et al.
(2004) NenuANRABdNuAE PL Yosgnsnufidennse uazansaneiuggieaviniu 55.20%
LAY 56.86% NINAIAU uaa%wmﬁnwﬁnwwm Suzuki et al. (2005) ag (Hoque et al.,
2009) lss1gauaiadsdnumy LEA lugnsaioiusgSeailan 37.00 maraeufians uaz
36.99 ANTIAIURMAT AINAWTU WATAUEIRU Edwards et al. (2003) AinuinAadsdnsas

LEA Tuansaeiug (Uownse wasdnsaignusnsendiaiviniu 53.2 a15109uRuAT waz

50.2 ANSNLEURAUAT INUARU



M5 5 Toyavesuszansnmnisiaiaiule wazaunmiledndluansauanenug

21

s

9

Breed Number Variable Mean SD Minimum  Maximum
LW; ke 105.28 5.36 92.00 125.00
ADG, ¢/d 143.26 8.08 123.28 172.92
ADG 104 d, g/d 738.02 66.5 531.95 968.03
Duroc 855
BF, cm 0.91 0.14 0.58 1.47
PL, % 55.44 0.99 52.10 58.46
LEA, cm? 34.96 1.84 30.12 42.52
LW; ke 103.43 4.49 90.00 118.00
ADG, ¢/d 147.92 9.46 125.41 173.20
ADG 104 d, g¢/d 70290 63.81 563.17 887.15
Pietrain 217
BF, cm 0.87 0.15 0.52 1.39
PL, % 56.15 1.03 51.52 59.22
LEA, cm? 36.36 2.20 30.12 43.61
LW, ke 105.29 5.43 90.00 125.00
ADG, ¢/d 143.24 8.90 109.92 177.43
ADG 104 d, ¢/d 738.89  71.50 525.06 994.93
Crossbreed 1935
BF, cm 0.87 0.14 0.58 1.57
PL, % 56.12 0.95 52.52 59.60
LEA, cm? 36.12. 2.04 30.48 43.51
LW; ke 105.15 5.36 90.00 125.00
ADG; ¢/d 143.58 8.79 109.92 177.43
ADG 104 d, ¢/d 736.04 - 70.17 525.06 994.93
Total 3,007
BF, cm 0.88 0.14 0.52 1.57
PL, % 55.92 1.01 51.52 59.60
LEA, cm? 35.80 2.06 30.12 43.61
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4.1.2 VENavesEeNUGHOUTEAVENNNNSAS YU WasAuNLLBYRIENS

3 Aeug

a

anSnavesateiusdeUsed@nsninni19asy vl wazannInliauesans

9

(Y =

3 geiug wansbiiud gnsaneiugnien wavansannay a1 LW (105.28 Alansu uas

s

105.29 Alanu maudav) Fegandgnsatewugilennse (103.43 Alanu)

9

6 A

wignsatenuglounsedinn ADG(147.91 n¥u/3u) Ngandignsateiuggien

9 9

o w 1

9
Y
LazansgnNa (143.26 n5u/7u way 143.24 nSu/du A1ua19u) unegielsh

(ZMPY

5 <

gniateugnien wazgnsgnudan de1 ADG 104 d (738.02 nFu/Ju uae

T YU 9

'
[ o w a 1 Ly

738.89 nTu/3U Mud1dv) Ngandtgnsareiugidewnse (702.90 n$u/9u audndu)

Tugnsaneiugnieniian BF windu 0.91 wufiwns Fawnnndnansaeiudilownss uazgns

Aa I3

ANHANNNAIDEN 0.87 LWURUAT UaE 0.86 WURLUAT AUAIAU WidNTa8NUG

]

Uounss wazgnsgnuauilan PL (56.14% uag 56.11% A1ua1aU) kay LEA (36.36 #1574

' Y]

WURALUAT UBE 36.12 ANTITURALAT AudRU) Ngandnansaneiuggien (55.44% uaz

(%
Y

30.96 M13INYURLUAT AINFIGTU) (A32971 6) eTlifinsanngnsaneiugileunsadugns

fittnsazauluiusios (Kaic et al, 2009) @enAdss Edward et al. (2003) ﬁiwmuiﬁqmmﬂ

=e

ugnSoniian BF Ngendngnsareiugidonnss (2,55 wuRuns kaz 2.30 Lufiuns
AUENU) UBNAINTUNSAN YIRS Goran et al. (2004) las1ea1uinA1 PL vesgnsaneiugide

LAY (62.11%) ganinansateiugason (56.86%) uadawdeiu Edward et al. (2003)

6 | [

1951897UA1 LEA vesgnsansiugilownss (53.2 m151awuiiuns) da1nnnignsanenug

9 9

A59A (50.02 MITUIUALLNT)
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s

M15797 6 BVENAvRIAENUGHEUTEANSNINNTRTYLAULAkAEAMNNILBYRIANT 3 dneug

3

Breeds
Traits
Duroc Pietrain Crossbreed P- Value
Mean SE Mean SE Mean SE
LW; kg 10527°  0.18  103.43° 036 10528 0.12 **
ADG, g¢/d 14326° 029  14791° 059 14324° 0.19 **
ADG 104 d, ¢/d 738.02° 237 70290° 472  7389° 158 **
BF, cm 091  0.004 087" 0.00  0.86° 0.003 *x
PL, % 5544° 003  56.14° 006 56.11° 0.02 *x
LEA, cm? 34.95° 006 3636° 013 3612° 0.04 *x

aa 1

" uansdimnAnuana e Nltsd Ay NadAnANUTee 0.01 (P<0.01)

o

ab v v -dl U U U 1 a v aa
’ GI’JEN‘HTW(51Nﬂ‘lﬂ,uLLﬂ’JLLu’JuEJuLLﬁ@\‘iﬂ'NﬂJLLG\ﬂG]N@EJN?,JUEJﬁ’WﬂZQV]'NﬁO@ (P<0.05)

4.1.3 Msassaunsihueesiduiiliounsanussansammasasaiulnuay
ANNNLLDUDIENT 3 Anewug

138379815 multiple linear regression tievinue PL nglddeyaussdnsan
N13La3eAule wazANMDUDIENT 3 @teiug wudlluwai 1 den R andiga (0.66) lnedl

fnUsdaseAe LEA dulunad 2 diuwlsdaseia BF way LEA vl R? 1viniu 0.93 was

a

luwnandnalyian R? asfias (0.94) Aslunan 3 warluinai 4 lnedluman 3 3 fauwdsdasy
Y

q

Ao LW, BF waz LEA Tutnad 4 31 ADG 104 d Wusuwlsdassiiudnun (m151991 7) Indipes
AUN133189UYBs Marchello et al. (1999) Nlavinutsunilnan wazdivingnvesans

WUAT RZLW1AU 0.844 uana1nugsdl Ayuso et al (2013) Vian1svinueumtngInfnuLeg

a T

WDannalvd A R Nasiaayinnu 0.62

Y 9
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A5199 7 N19LATIEY multiple linear regression

Model Dependent Independent

. . B P-Value R? MSE
variables Variables
1 PL, % Intercept = 41.60 0.66 0.34
LEA, cm? 0.39 X
2 Intercept = 44.52 0.93 0.06
BF, cm -3.72 *x
LEA, cm? 0.41 o
3 Intercept = 45.65 0.94 0.06
LW, kg -0.008 o
BF, cm -3.76 **
LEA, cm? 0.40 o
4 Intercept = 45.81 0.94 0.06
LW; kg -0.01 o
ADG 104 d, ¢/d 0.0001 o
BF, cm =3.76 *x
LEA, cm? 0.40 **

a o

" uansdimiAanuana e Nltsd A e NadAALgee 0.01 (P<0.01)

4.1.4 n153As g AanduiusveIlsednsainnisiasyiiulakagauniniiiovesdns
3 angiug

IINAITIN 8 wanIdIAIFUINUTVOINI5LIT ey LAV UazAMAINLILBvDIaNS

3 @1enug Aranduiusrasussansainnisiasyiiule uazanawiilodaAagsening

Y

-0.86 14 0.82 AvaNHLUEIZNIN LW AU ADG 104 d df1g9ga (0.82) nnAranduiiug

AINENTAINTTONENA NN TN LW Arae agdanalsie ADG 104 d ganuldiie wenainil

v I3

TANAUNUSTENRIG PL AU LEA TALYNAY. 0.81 WAAIANAUNUSIENING BF AU PL

3.

L% I3

ANENAUNUSITIAUNINU -0.48 haLA@NAUNUTILAIN BF AU LEA fawwinnu 0.04

D

IADAAADINU (Bressan et al, 2016) 1AS189 1 UANENFTUNUSSENI19 BF AU PL

2

v v

AavduiusidEa (-0.20) wenanwil Smith et al. (2011) las18eu BF Hdaanduiugid

pid)}

U [

aunu PL (-=0.960) wag BF JAnandunusidauiniu LEA (0.350) wadmukeanu Schwab et al.

(2006) 7i518947U7 BF Senandunusideautiu LEA fi -0.23
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M13797 8 AnanduiusuosEEnSnImNIsTYLAULY LavaunNLLBYRIENTANNANE UG

Traits LW; ke ADG, ¢/d ARG 1044, BF,cm PL,% LEA cm?
g/d
LW; kg 1.00 -0.43" 0.82" 0117 0247 031"
ADG, ¢/d 1.00 -0.86 006" -0.43" 0.01
ADG 104 d, g/d 1.00 0100 -0.127 017"
BF, cm 1.00 -048" 004
PL, % 1.00 0.81"
LEA, cm? 1.00

" wanadernanuunneseeeiited Auauadavinnuidede 0.05 (P<0.05)

Y

Y WEADIANANUBANF1IDE 9N UEN

[

ouadan fiannanindedie 0.01 (P<0.01)

4.2 UNAABIN 2 ANNRAINWAIBVBIBY insulin-like growth factor 2 (IGF-2) ¢i@
nsseiulalugns
4.2.1 anvazn1sRTL AUl veIUTEYINTENTaNHAY

MnMIsivdeyadnuypgNISIas Y AU AT TN SPNHANTINIY 303 #3 (WA

166 ¢ wagwAlle 137 67) wudnansiminuegiuy (Weaning weight, WW) Wiy

[

5.64 Alan3u A1 WW deengadianianu 3.20 Alandu uazasdawindu 8.70 Alansy

LY

FelNAABIIUNITINENUVRY LNATT BINNs) kaeay (2558) Fesrenululseuinsansiug

nsglaudluanidnnegiul (weaning weight, WW) Llade 5.40+1.44 Alansu wadiAdosndn

N1991891U 89 Estany et al. (2002) Alavian15AneUdsukUaI8 Y S microsatellite

] [

alleles Tudw IGF-2 vosgnsiudsgmaaidunuinanadsuvinng1uudanyiidu

(%
a

7.21 Alansu dmindianingneusil (Final weight, FW) Waswiafy 111.39 Alansu FW

P o [

prgalaviiiy 100 Alandu wavgeaedid oy 120 Alansu Fellaulnaifg iy

q

Lamberson et al. (1996) Mlfsnas1udnunindianvingvesansas 109.7 Alansy way

A9nAaadU Gardan et al. (2006) la@AnwNAYIEU IGF=2 falasias1inatutilauas lusiuls

eV DN 1(’15’1EJ\?WU’]’]U’]MUﬂG]’JﬁﬂVHEJGUEIQﬁﬂﬁ AN 106+3 Alansy ’J‘UI‘Nﬂ'ﬁLaEJ\‘i (DAY)

Y

0y 142.72 Ju Fedaudafun1s518971u9049 Scheckel and Ryan (2002) wag Craig and

Schinckel (2002) Nlassauiulunisidedans wieegh 132 Tu uwag 138 Tu muddu uag
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gnsIMsiasyLivlafeu (Average Daily Gain, ADG) lafgag#l 740 n3u/u ADG HAsngn
gl 630 N3/ WazAngagnegi 830 I/ Tuaennnediu Piao et al. (2004) Alas18a1udn

n31IN1TRTLAUlaRD U (ADG) laasmnny 697.5 nSuiu

M15797 9 TeyaiugudnuuznsRsAUInveENIgNHAY

Traits Mean Min Max SD
WW, kg 5.64 3.20 8.70 0.95
FW, ke 111.39 100.00 120.00 6.33
DAY, day 142.72 136.00 153.00 3.48
ADG, g/day 740.00 630.00 830.00 0.05

4.2.2 N3ANBVENATDUNARDNITLATQYLAULA
NSANYIBNINAVBUNARDE NBENTRTYAULNTBIENT wuweiaviswaseymin
neuy (WW) ﬁmﬁfﬂﬁaqmﬁwdauﬁh (FW) S1urufuildlunisides (Day) wazdnanis
S3yduladetu (ADG) Tnsananmdeivinavesdnuuyihndnudiuy fganiansmeag

1 % 4

AWANNIAY 5.760 nTu/Tu wag 5540 nTu/IU ANUF1GY (P<0.05) kAN TLNAK

Y

2.

O

Umtindganignaugfgaindgnsinaiedan 112.060 Alandu wag 110.580 Alansu

2D

MUaIAU (P<0.05) I Tulunisidesvesansineg (141.57 Ju) ddniestiegningnsine
Wy (144.11 F0) (P<0.05) swluiednginisiasasiuladoTuve sgnsines (112.020 nSu/3u)
gandngnsineiie (110.540 n5u/3) (P<0.05) (1191971 10) @8AAdBINUN1TANYIVD
Piao et al. (2004) lAfinw18sNavBLNARDEN ¥AENITAIYAULS uazAMNINEBUDIANS
! Yyl a a 1 U ! = 1 Y .
wuhanInARIgRsINTRsYRulRseTuaINInansineile uidaudaiu Bocian et al. (2012)
nAnwvsesANuunnsveunalugnanseedvinusnaaen wazdinveun wudidmin
negIuNl 28 Ju vosansiway (6.900 + 1.210 an.) WilAuuandeiuansineiile

(6.680 + 1.310 nn.) sauludsdnuitlunsideesanina wasineadelifianuuansdieiu

(153.47 + 2.64 W way 154.22 + 2.63 U AUa9U)
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M13199 10 BVENaveINARDINYMENISRTYAULNVRIENS

Sex
Traits Male Female P-Vale
Mean SE Mean SE
WW, ke 5.540° 0.073 5.760° 0.081 0.049
FW, kg 112.060° 0.489 110.580°  0.537 0.042
DAY, day 141.57° 0.249 144.11° 0.274 0.010
ADG, g¢/day 750.00° 0.004 730.00° 0.004 0.010

NUYLNG b |east square means within the rows with different superscripts differ

(P<0.05)

4.2.3 MsasRaeuUwuUIlulnduesdu IGF-2
ATIADUBY IGF-2 ¥03gnIgnKas $1u2u 303 M 9nnsiiisdIuauduy IGF-2 eis
PCR 1U318u IGF-2 fvunn 308 bp lerludwunsuuuuilulng Tasnisdaseiouluide
UM Bncl WUI1BY IGF-2 @010 W UNTNYUERUTNTTUVOIANT LA 3 JULUU fiD
Fulnd AA 3lulnd AB uazdlulnt 88 Tne3lulnd AA nutudrufiduwe 1 vuin (308 bp)
3lulnd AB MuTuaLASu® 3 ua (308, 208 Wag 100 bp) wazdlulnd BB WuTudIu

Mduie 2 1uIn (208 war 100 bp) fawanslummUszneud 4
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308 bp

-
o
v
e
-

Arwdsgnoyu 4 A PCRProduct of IGF-2 gene Lanes M = 100 bp maker,
Lanes 1 - 7= PCR-Product of IGF-2 gene (308 bp), B) Genotype of IGF-2 gene:
genotype AA (308 bp) genotype BB (208 ez 100 bp) and genotype AB (308, 208 wag
100 bp)
4.2.4 anudalulnduazanuisadavesdu IGF-2

nMsAnwsUBuUTUng vesdu IGF-2 Tuuszvinsansannas 31w 303 #3
wugUuuululnd 3 Uuuu e Flulnd AA Fhilnd AB uaz Fhulvd BB Tnedarudilulnd
Winifu 0.191, 0.789 uaz 0.020 MUANRU wazAALEsada A g9n319aaa B lagile 0.586

way 0.414 mwa1Ru A1 PIC (polymorphism information content) U838u IGF-2 iAyinfiu

v

0.368 (1157991 11) BeauvaInnaevesdu IGF-2 Tuuseynsgnsgnray 3 atgwug de

1
N =

U1uNa1e MIUAISANEIUBS Yue et al. (2014) A51891UA7 PIC > 0.5 98U 93F3A1Y
vanvianeiigd WidaAl PIC < 0.25 9guansfisnumaInaneiing wagaAn LUl snns
WUgNTIUV098U IGF-2 luansilAn average number of alleles (Na= 2.000), effective
number of alleles (Ng =1.943), observed heterozygosity (Ho = 0.789) uay expected
heterozygosity (He = 0.485) (1157991 12) FIUANANAINNITANBIVE T Kolarikova et al.

LY < = a

(2003) tasremuitugnsiugarsalmiluaisisassiin dasundlulnd BB (0.64) uas AB

LS

(0.34) gan313tulnd AA (0.02) Taulufispnuddadia A (0.18) Ainindadia B (0.82) 31N
A1nuddlulnd wazanundadasgmulidnfinnuuysusiureudvasludsesnnsgnsa
AnwAAuulsusiuresdadanasanunlsusiuvesguuuudlulnd uaivwendeey

nanNvaneveIiugnssululsEIININANwININUTEYINTAANMUMAINNAI8VBIR UGN TTUAY
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dondanaliiaunsafndondnila Feauisatunduy genetic maker WisvielunisAnden

gnslviinssadivlanaladely

A5 11 anuddada wasauadlulndvesdu IGF-2 Tugnsgnnay

genotype frequency allele frequency
Gene Totel totel PIC

AA AB BB A B
IGF-2 0.191 0.789  0.020 1 0.586 0.414 1

0.368

Number 58 239 6 303 176 124 303
miwqﬁ 12 mwwmﬂwmsmﬁuqmimmgu IGF-2 MEjﬂiQﬂmam
Gene Number N, Ng Ho He
IGF-2 303 2.000 1.943 0.789 0.485

MUY A : Ny = average number of alleles, Ne = effective number of alleles,

Ho = observed heterozygosity, He = expected heterozygosity.

4.2.5 anuduiusvesgUwuuilulndvesdu IGF-2 deanuausmitasayiuls

31nn1sAnyIAuFuTusvessUuuudlulndvesdy IGF2 dednume

nsasdulavesEns vilimsudrguuuuvesdlulnd AA Alulnd AB wae lulnd BB linuy

v Y

ANuduTusAumdnvg 1wl (WW, ke) dantinsiaanienousa (FW, kg) 31uruiunld

Tun1918e9(Day, ) winuANuduusAUsnsINTaseAulasio T (ADG, ¢/d) Ingguiuy

ulnd AA Tanudusiusfuan ADG fign (744.14 n$u/5w) wilslfinmuensinsiuguuuy
lulnd AB (741.59 n31/3w) suuuualulnd BB (708.33 n3u/du) danudunusiuel ADG
G‘i’ﬂqm (915797 12) FeaAAdediUnITTI891LIEY Kolaokova et al. (2003) évinns@nwn
Auduiuivesiiu IGF-2 fuusAvdnmmataigdulasasauaiolugnsiusanaloy
wuhdiguuuudlulng 3 ULUU Ao AA, AB; ey BB Lwiiaiwummé’uﬂ’uﬁ'ﬁ’uﬁmﬁﬂﬁ’aqmﬁwEJ
noULN kagdnIINITRsULRUTRRD Y UoNINTII8UYDT Hou et al. (2010) TildAnwn

a a s

AUFUNUSVRIBY IGF-2 dunUs exon 8 sadnvurn1siaTydulalugnsaieiug

v 9

1%
v o Y

Wuzhishan wu31gduwuudlulndvesdu IGF-2 Wilanuduiusivdmindigainenousin

Iaugaiu Oczkowicz et al. (2009) NlaAnwIANNFURUSVOIBY IGF-2 Aun1staseyLAule
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wazaaangInlugnsludsemalduaud astgaemusvuuuilulnduesdu IGF-2

[y

Lifimnuduiusiuan ADG uisuuuudlulnd AA (36.01 + 3.05 Alansu) dewased1nin

a o

neuuNgange wazdduiuiulunisidewinign

[

Niu et al. (2013) ladnwiansanuanludseinenma lnedansiugiulewaudiu

v IS s v s (3

Woiug 2 aneiughe ansiugeetadud warans Wughaunsy nudgnsanuaiugiuiles

9 9

v
6 o 14

Fosianuduiusiudmdndiganie Insansndsuuuuiululnd GA

9 U

c
>IN
]
al
=
=
>N o,
(e
®
allo
)]

fumilndganig (FW) geanfe 93.9+4.2 Alansu Feuanssiugnsndsvwuuilulnd GG

Y

(91.4+5 5 Alan$u) uazansidgunuudlulng AA (90.4+3.1 Alansu) udansfidsuuuy

IS [

ulnd GG uavansnisuuuululnd AA lifianuuansiaiu diuansgnuauiugiuilos

Y
1%

v 6 I3 a LY Y g LY 14 ! Aa a 6} a o Y
gniuguausglaNuduRusivrEndIgaving wuhgnsniisukuuaululnd GA uwin

Y

Aanving (FW) asgafie 9434=5 Alansy Fewansraduansndigyuuuiluind Ge

(91.4+4.2 Alan$u) uargnsndguuuuTlulng AA (88.8+6.5 Alan3u) suiludsansfisiguuuy

Y

o

ulnd GG "A FW wandnsivansisiguuuy 3lulnd AA uenanlidanuinansgnuanug

Y 9

4

[y

IS v 6 4 = § (% L . . a a - A A
wilssiugnsiuduesades danudunusnudnsnssyiuladetu (ADG) neitansidl

=

a

sUuudululnd GG (240+100 n3u/4w) gafian WagunnsneiuansasisUuuuIlulnd GA

q 9

(220100 n§1/3u) uazansiiisuuuudlulnd AA (180+100 n3u/Tu) uazgnsilsuuuy

Y 9 Y

¥
A A

Fulnd GA Hei1 ADG wanednanuansiisuuuudlulndaa Tuansgnuauiuiiullesivans

1A e

Wughaunisy wuhdeanuduiusivdnsmsasyiulasieiu (ADG) @nsniisuwuuilulnd

GG A1 ADG g471anntiniy 490100 n¥u/Ju weilidanuuandieduansniiziuuy

a

3Muilnt GA (480100 n3a/u) uazansndsUuuudlulng GG Augnsiiiguuuudlulnd GA

9

uansnerugnsidgusuuRTulnd AA (460+100 nfu/5u)
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M1319 13 AnuduiusvessUukuuilulnduesd IGF-2 dednuarnsiasaliulnvesdns

QUG
Growth Trait
Genotype
WW (ke) FW (kg) Day (day) ADG (g/d)
AA 5.64 111.19 141.93 744.14°
AB 5.63 111.55 142.92 741.59%°
BB 5.83 107.00 142.67 708.33°
P- Value 0.88 0.21 0.15 0.02

4.2.6 anuduiusvessUnuuIlulndvestu IGF-2 sednwaenisasayiulalugns
MGHIGERIGRG
A o/ [ s a 6] = ! [
1NN15199 14 uansauduiusvessiuuuilulndeesdy IGF-2 dednwue
nsiaseulaluansinay wavinadle wudngusuudlulnduesdu IGF-2 luansinagny
Auduiusiviulunisides lnefgnsndsuwuudlulng AA (140.21 Ju) danuduiusiu

3
Sruautilunsidesdesiign uildfienuuandrstuansfifisuuuudlulngd AB (141.81 $u)
ansfifizuuuudlulng BB fnnuduiusiudnuiuiimaiegeiian (144.33 $u) Uuuuilu
Tndvesdu IGF-2 laiflauduiusiudnuagdmiinmueiun (Ww), 5mﬁfﬂ§hq®ﬁw (FW) way
gn3IN3La3eAULsie T (ADG) daugnImeadelinunnuduiusiunnanyasfie WW, FW,
Day uaz ADG @onndediiu Searnan-Bridges et al. (2003) idnwI8nSnavesszeziiaily

nsiasuansufvuzsodnuaensiasyAulaluansiagninavesdu IGF-2 wuil gnsinag

(% 1%
o &Y 1

wazansadisludanuduiusiviaminmeua (WW) datindigaing (FW) wagdnsinig

SAulame U (ADG)
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M50 14 enuduiusvessusuuIlulndvesdu IGF-2 dednwarnisasaaulaluansines

waziweLley
Growth Traits
Sex Genotype
WW (kg) FW (kg) Day (day) ADG (g/d)

AA 5.51 112.69 140.21° 764.48
Male AB 5.53 112.00 141.81%° 751.42
BB 6.20 108.67 144.33° 710.00

P- Value 0.45 0.57 0.03 0.11
AA 5.78 109.69 143.65 723.79
Female AB 5.76 110.97 144.33 729.05
BB 5.47 105.33 141.00 706.67

P- Value 0.87 0.20 0.10 0.63
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uni 5

d3Una aAUIENa uazdalauauuy

5.1 Uneaadi 1 dndnavasaienugsayszansmunisasyaulauazanniwiiolugns

a 1

NUNAFBIN 1 WudrarewudansidndnaseUse@niainnisasyiivle uas

[y

dvswadulszdndainnisiasyLiule A

pd)}

AunLile laeansaneiudnsen wazanIgnHay

U 9 Y

unilndganignousn (LW) uag gn31n1sasyiivlase Juilafunumin 104 Alandy

v
= v s =

(ADG 104 d) gendnansaneiudilownss uenaniansgnuas azansangiudilowns

I [y

Aa a 1 1 f @ dglj dy ~ Y dy o ~ § &
Novdnanem lesiguillawns (PL) wag nunnuaallody (LEA) Nd@en11dnsa1ewignion

v
aa a ! § = S

wailBvinadera U lududunds (BF) ndsunitansateiugnien wenainil a1u1sn

a a

k4 o f = dy v a a dy
A57198UN157U8 WWastauliawmg (PL) ﬁ]qﬂsﬂﬂyjﬁﬂigﬁ%ﬁﬂqwﬂ?iLﬁ]'ﬁﬂJL@‘UIGI LASANTNLUD

o

Y

ansle tnefaun1sinnuuiugl (R?) 8gsendng 0.66 - 0.94 Aranduiusseninsaumind

Tim (LW) hagodnsinisiasgyaulaseduiiaiunuivin 104 Alandu (ADG 104 d) dan

AN USENER e 0.82

5.2 uNnaasil 2 ANNRaINa8uasdy insulin-like growth factor 2 (IGF-2) ¢i@
nsiseyiulalugns

n1TANEIAINTNRAINRaI8v898U Insulin-like growth factor 2 (IGF-2) fanns

Widulalugnsanuay 3 a1eiug (1359l x uaudisy x a3enwesa) WeAnwdvinaves

[
a a 1 J o CY

IARDNITS AU wudwallsddvswanoAUIrInrg 1Ll (WW) wagd1uiauiuiiaes
(day) gendwne (P<0.05) wenanduansinagiiuinindigniie (FW) uazn1siasysiule

sou (ADG) gandneiily (P<0.05)

81 IGF-2 Svwn 308 bp wazdiguwuudlulnd 3 sUuuu : Flulnd AA (308 bp), Flu
i AB (308, 208 waz 100 bp) wazdlulnd BB (208 waz 100 bp) 31nN15AN¥IAINNATIY

I waganudduveedy IGF-2 wuin anuddlulnd AB faraaninanuddtulnld AA wazdlu

Y

a

9 BB TneiiAn 0.789, 0.191 wag 0.020 Awd1su AuEsada A (0.586) Qﬂﬂjwmmﬁé’aﬁa
B (0.414) A1 polymorphism information content (PIC) U898 IGF-2 Iuﬂiz%ﬁﬂ§Qﬂi

anuau 3 aeug den 0.368
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NNTANYIAMUNAINNAIEVDY B IGF-2 sloanwarn1siasqiiule wudrguuwuy

Fulndvesdu IGF-2 fanuduiusiudnsinisiasaaulaseTu (ADG, n3u/w) lnenguuuy

ulnd AA Tengenige (744.14 n3u/90) widlulnd BB dmnuduiiusiunisiasiiulng

flgm (708.33 n$u/3u)

1HIaNAITAIAMUNAINNAI8YDIEBY IGF-2 sian15iasaiulaluansng 2 iwe wuin

LY IS

wegdanuduiusiuiulunisifes lngngnsniisusuudlulnd AA (140.21 Fu) T3uluns

U

Wealoeign Falifianuuandreiugnsndgluuuilulnd AB  (141.81 )

5.3 UDLEAUBLUL

2CNa,

1. 91NN15ANYIAL NN USYREY IGF-2 fanisiasyiiule luansgnuay 3 aeiy
Asfndenansfdsvuuuilulnd AA uazilulnd AB (esainiiauduiusiv
mMswiaivlafeTu (ADG) gsningnsifigduuuilulnd BB

2. dnwarniaainiulndudnuasBeliina FagnauaudsBunaieg (polygene) fty

= ~ = S o A A o a a ] o
ﬁ]ﬂﬂjimﬂqiﬂﬂwqﬂumqLLVTU\T@UVI@’J‘UQ@J&ﬂwmgﬂqiL‘ﬂiﬁyJLmUImijuﬂfJU
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Genetic and Alleles Frequency of Insulin-like Growth Factor 2 (IGF-2) in Swine
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Abstract

The objective of this research was to evaluate eenctype and alleles frequencies of IGF-2 gene
in 303 crossbreeds (large white x landrace x duroc). The average body weight of pigs before slaughter
was 111.390 kg. PCR-RFLP protocols were used to identify polymorphisms of IGF-2. The effect of
different sex on growth performance was found for weaning weicht (WW) of females (5.757 ks.) which
was hicher than males (5.542 kg) (P<0.05). Moreover, the final weight (FW) and average daily growth
{ADG) of male were higher than females (P<0.05). Using the PCR-RFLP found size of IGF-2 gene was 308
bp. Genctype of IGF-2 were AA (308 bp), AB (308, 208 and 100 bp) and BB (208 and 100 bp). Genotype
frequencies of AA, AB and BB were 0.193, 0.787 and 0.020, respectively. Frequency of A alleles (0.587)
was higher than B alleles (0.413). The PIC of IGF-2 gene in 3 crossbred pig populations was 0.368, it
showed that the gene IGF-2 in this population is moderate polymorphism. The results of this study
indicated that IGF-2 gene polymorphism potentially used as the genetic marker for body weicht in pig

selection.

Keywords: eenotype frequency, allele frequency, swine
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aavieroushiigeningnawadiofien 112.060 an.
uaz 110.580 nA. AHAWY (P<0.05) 12lURdnT
masgiuladaTutaaanned (112.020 nity/
) figandhanawadie (110,540 ndy/3u) (P<0.05)
(Table 1) daaanrdaaiun1ifinu1923934 Piao
et al. (2004) FosdvinavaunAsadnuaizAmATN
mnuazqmmmﬁaﬂmqm WUhan AR

nmaigdivissatuganignawadie uidaudiv
Maria et al. (2012) fifnwiias AnuuARsNTaY
melugngnssa surrAsamieinuInAnon uaz
v wuinieninvenad 28 Su vosans
wmel (6.900 = 1.210 nn) LifiRrmuenanaiuans
uaRiy (6.680 + 1.310 AN)

Table 1 Effect of sex on growth performance in crossbreed swine

Sex
Traits Male Female P-vale
Mean SE Mean SE
WW, ke 5.540° 0.073 5760° 0.081 0.04%9
FW, ke 112.060° 0.489 110.580° 0.537 0.042
ADG, &/d 112.020° 0.488 100.540° 0.538 0.042

Note: WW = Waaning weight, FW = Final weight, ADG = Average Daily Gain y_ s
*% | eact cquars means within the rows with differant superscripts dffer (P<0.05)

nsasadousUuuuTiulndvasiu IGF-2

narssdiuiubu 62 #2833 PR
wuindu IGF-2 fivuia 308 bp ot lusuun
sUuvudlulnd lremsdadreauleifindunie
Bndl 81 IGF-2 A1 303 UUNENEZAUSNTTHT
anila 3 3uuv Aa Jlulnd A4, 4B, uas B8 ey
Slulnd Aa wududm@idue 1 vua (308 bp)
Siulnd AB wuSudrudidue 3 vum (308, 208
uaz 100 bp) uazIlulvd B8 wuSududidma 2
24U (208 uaz 100 bp) Awuamilu Figure 1

rudSulnduazmnitidadavesdu 16 F -2

Anmiannzduuuilulnd vadu GF-2
Tudszvnianignuay S1uu 303 2 wuzduvy
Flulnd 3 3Uuvvy Ao AA AB uas BB fianud
Flulnd wiriu 0.191, 0.789 was 0.020 AR
uazAeuiisaia A ginindada B laufid 0586

uaz 0.414 m1ud1dU A1 PIC (polymorphism
information content) va38u IGF-2 HIA1MIAY
0.368 (Table 2) Sarumanuatsvoidu 168-2 Tu
Uszwnianignaas 3 awwus daunannis
MIBNEIT Yue et al. (2014) fis1e91ue PIC >
05 arifennumainvatsfige uddhe PIC <
0.25 IpuamBAmvaINMaeTian uasAaE
wUsvnanusnassiwaadu IGF-2 Tugnitidn average
number of alleles (N, = 2.000), effective number
of alleles (N, =1.943), observed heterozygosity
(Ho = 0.789) uaz expected heterozyzosity (Hg =
0.485) (Table 3) Fauand193nn13AnET Vo4
Kolarikova et al. (2003) la1g31udn lugnawus
adalnilumsraaindndenuiThilnd B8 ©.62)
uaz AB(0.39) gandndlulnd Aa (0.02) :ruluda
AMuidada A (0.18) dndndada B (0.82) 20
Aaruidlulnduazanuidadasziiildndai
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wlsunursuinglulizmnigniiifinn Aem MAINUAIBYIRNUINIIUIY Boudanaliarunaan
wlslsraedafauazenuudivinuraazduuud Fadondnild Saannsathundu eenetic maker
Tulnd Wudrfivavanfaanunainanatzvas wetslunsimdanansliimusiyduladiald
wusnissludszsnsfifinm mndszvnifians saly

306 bp

208 bp

100 bp

-
v—
(N

A)
Figure 1 A) PCR-Preduct of IGF-2 gene Lanes M = 100 bp maker, Lanes 1 - 7 = PCR-Preduct of IGF-2

gene (308 bp); B) Genotype of IGF-2 gene: genctype AA (308 bp) senctype BB (208 uas 100
bp) and genotype AB (308, 208 uaz 100 bp)

Table 2 Genotype and allele frequency of IGF-2 gene in swine

Genotype frequency Allele Frequency
Gene Total A Total PIC
AA AB BB
IGF-2 0.191 0.78% 0.020 1 0.586 0414 1 ——
Number 58 239 [ 203 176 124 303 ?
Table 3 Genetic diversity of IGF-2 gene in swine
Gene Number Na Ne Ho He
IGF-2 303 2.000 1.943 0.78%9 0.485

Note: N, = averase number of allsles, N, = afactive number of allales, Hy = cbeaniad hetarozyzosity, H, = axpactad heterosysocsy.
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Abstract:

The objective of this research was to evaluate the effect of different breeds on growth
performance and meat quality in swine. Swine is another important economic animal. Growth
performance and meat quality traits are economic traits in swine production. If pigs thrive can
sell quickly, reduce production costs. The breed is one of the important factors for growth
performance and meat quality. This study used growth performance and meat quality data from
the commercial farm in different 3 breed pigs (Duroc, Pietrain and Crossbreed). The analysis
effect of breeds on growth performance and meat quality using PROC GLM., predicted
regression linear model using PROC STEPWISE and correlation among growth performance
and meat quality traits using PROC CORR by SAS (1998). The result found that. means of
percent lean (PL. %) and average daily gain (ADG, g/d) were 55.92% and 143.58 g/d.
respectively. The effect of different breeds on growth performance and meat quality was found
for PL. ADG, back fat (BF. cm). loin eye area (LEA. cm?), live weight (LW; kg). and average
daily gain at 104 days (ADG 104 d. g/d) (P<0.01). Breed of Pietrain and Crossbreed pigs were
PL, BF and LEA higher more than Duroc pig. Moreover, Pietrain pig was higher ADG (147.91
g/d) more than Duroc (143.26 g/d) and crossbreed (143.24 g/d). The LW and ADG 104 d found
that Duroc and Crossbreed pigs were higher than Pietrain pig. The result of regression linear
model address that, LW, BF, ADG 104 d and LEA accounted for the greatest amount of
variation of PL (R?=0.93). The correlation between ADG 104 d and LW was higher (r=0.82,
P<0.001). Moreover, the correlation of LEA and PL was (r = 0.81, P<0.01). The conclusion of
this research showed that crossbreed pig was high growth performance.

Keywords: breeds, growth performance, swine
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Introduction

The swine is another important economic animals. Growth traits and meat quality are the
importance economic trait in swine production. If pigs thrive can sell quickly, reduce
production costs. The breeds is one of factor important for the growth. Cause crossbreeding is
extensively used in pig production to increase the total efficiency of pig production.
Accordingly, when choosing the best animal crossbreeding strategy. it is important to recognize
that growth and meat quality traits depend on the crossbreed [1, 2, 3]. A number of research
has the objective for improving growth performance and meat quality in swine. [2], study
carcass and meat quality traits of for commercial pig in China show that the DLY (Duroc x
(Landrace x Yorkshire)) and PIC (foreign five-way crossbreed) had heavier live weights more
than I M (Landrace x Meishan) and DLM (Duroc x (Landrace x Meishan)). Evaluation of
Duroc and Pietrain pigs on carcass and meat quality, the result found that Pietrain progeny had
a higher percentage of lean at slaughter more than Duroc pig (52.6 vs. 50.7, P < 0.05) [4].
Moreover, Pietrain progeny had more loin muscle area when compared with the crossbreed pig
(Duroc x Pietrain) [5]. Duroc boars appropriate with a valuable source of genetic material for
improving the carcass and meat quality of finisher pigs [6]. Therefore, our objective of this
study was analysis the effect of breed on growth performance and meat quality in swine.

Materials and methods

Amimals

For this study, 3,007 pigs (855 Duroc, 217 Pietrain and 1,935 Crossbreed pigs) from
the commercial farm in Thailand were used in this study. Pig was standard managed according
to commercial conditions until achieved a body weight of approximately 104 kg. All pig was

fed and water ad libitum until slaughtered at the commercial slaughter house.

Growth performance and meat quality traits

The individual pig (year of birth between 2012 - 2016) was weighted (LW) before
slaughter, average daily gain (ADG) and average daily gain at 104 days (ADG 104 d, g/d) were
calculated. Within 45 min post — mortem. back fat thickness (BF. cm) were a measurement of
the first rib and percent lean (PL, %). After chilling at 4 °C, loin eye area (LEA, cm?) were
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place a plastic grid over the loin eye and count the dots or square the fall within the boundaries
of the longissimus muscle convert to square inches by dividing the number of dots or squares

by the appropriate conversion factor on the grid.

Statistical analysis

The means of growth performance and meat quality traits were analyzed using PROC
MEANS [7]. Multiple linear regressions using to predict the equation model by PROC
Stepwise. The prediction model selected was the most right best fit model with a maximum R?
and minimum mean square error (MSE).The correlation among traits used PROC CORR. The
effect of breeds on growth performance and meat quality using the GLM procedure [7]. The

means between variables were considered significantly different at p < 0.05

Yy = ;1+breed,+ey

where:
Yy is the Growth preformance and meatquality
u is the mean
breed is the fixed effect of breed (Duroc, Pietrain and Crossbreed)
e is random residual effect

Results and discussion

Table 1 shows the means standard deviation (SD) minimum and maximum for growth
performance and meat quality in three breeds pig. This study showed the means of PL in three
breeds pig (Duroc, Pietrain and Crossbreed) were 55.44%, 56.15% and 56.12%, respectively.
Means of ADG in all pig was 143.58 g/d. Moreover. means of BF, LEA. LW and ADG 104 d
were 0.88 cm. 35.80 cm”, 105.15 kg and 736.04 g/d, respectively. Mean of ADG 100 d in
Canada Duroc pig was 380 g/d. [8]. [5, 9] report mean of PL of Pietrain and Duroc pig was
55.20% and 56.86 %, which similarly with this study. [10. 11] showed mean of LEA in Duroc
pig were 37.00 cm” and 36.99 cm?, respectively. Contradictory [4] report mean of LEA in
Pietrain and Duroc pig was 53.2 em?, 50.2 em? respectively. The LEM higher more than
referent [10, 11] because of pig high LW (150 kg). Moreover [12] report mean of ADG 105d,
g/d in Duroc pig was 870 = 110 g/d. But [13] report mean of BF in Duroc pig was 2.249 cm.

The effect of breeds shown the follows Pietrain and Crossbreed pig were PL. BF and
LEA higher than Duroc pig. The Pietrain breed is known for its high of lean meat [14].
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Moreover, Pietrain pig was higher ADG more than Duroc and Crossbreed pigs (147.91
g/d, 143.26 g/d and 143.24 g/d, respectively). Duroc and Crossbreed pig were LW and ADG
104 d higher than Pietrain pig (Table2). [9] reported a similar result for carcasses of Pietrain
group had significantly higher percent lean than the Duroc (P<0.001). Duroc pigs had more
back fat than Pietrain pigs. Furthermore, Pietrain had more loin muscle area when compare
with Duroc pig, similar to results from this study [4].

Table 1 The descriptive data of growth performance and meat quality in three breeds pig

Breed Number Variable Mean SD Minimum Maximum
LW; kg 105.28 5.36 92.00 125.00
ADG, g/d 14326 808 123.28 172.92
ADG 104 d. g/d 738.02 66.5 531.95 968.03
Duroc 855
BF. cm 0.91 0.14 0.58 1.47
PL.% 55.44 0.99 52.10 58.46
LEA, cm? 3496 1.84 30.12 42.52
LW; kg 103.43 4.49 90.00 118.00
ADG, g/d 147.92 9.46 125.41 173.20
ADG 104 d. g/d 70290 63.81 563.17 887.15
Pietrain 217
BF. cm 0.87 0.15 0.52 1.39
PL.% 56.15 1.03 51.52 5922
LEA, cm? 36.36 2.20 30.12 4361
LW, kg 105.29 543 90.00 125.00
ADG, g/d 14324 890 109.92 177.43
ADG 104 d. g/d 73889 71.50 525.06 99493
Crossbreed 1935
BF. cm 0.87 0.14 0.58 1.57
PL. % 56.12 0.95 52.52 59.60
LEA, cm? 36.12 2.04 30.48 4351
LW; kg 105.15 5.36 90.00 125.00
ADG, g/d 143.58 8.79 109.92 177.43
ADG 104 d. g/d 736.04 70.17 525.06 994 93
Total 3,007
BF.cm 0.88 0.14 0.52 1.57
PL. % 5592 1.01 51.52 59.60
LEA, cm? 35.80 2.06 30.12 4361
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Table 2 The effect of breeds on growth performance and meat quality in swine

Breeds

Traits P-

Duroc Pietrain Crossbreed

Value

Mean SE Mean SE Mean SE
LW: kg 10527* 018  10343° 036 10528 0.12 **
ADG, g/d 14326° 029 14791* 059 14324° 0.19 *%
ADG 104 d, g/d 738022 237 70290° 472 7389" 158 *%
BF, cm 0912 0.004 0.87° 0.00 0.86° 0.003 *%
PL.% 55.44° 0.03 56.142 0.06 56.11*° 0.02 *%
LEA, cm? 34.95° 0.06 36.36 0.13 36.12° 0.04 **

** sigmificant different the 0.01 level of probabulity (P=0.01)
+b row means with common superseripts do not differ

Multiple linear regression analysis was performed to predict the PL using the data of growth
performance and meat quality in three breeds pig. The highly significant model (R2 =094)
were 2 models (model 3 and model 4), could be obtained by a combination of LW, BF, ADG
104 d and LEA. While. model 2 prediction equations of PL were shown as the dependent
variable and independent variables were BF and LEA (R*=0.93). The lowest R” was model 1
and showed the independent variables was LEA (Table3). [15], predicted live and carcass lean
weight in pig. the result showed the greatest accountability model length R? was 0.844.
Moreover, in the presence of [16] investigation multiple regression models using theses

parameter resulted showed good predictability of commercial lean cuts weight (R2 =0.62).

Table 4 shows the correlation of growth performance and meat quality in swine. The correlation
on growth performance and meat quality between -0.86 to 0.82. The result showed the
correlation between LW and ADG 104 d was found the highest correlation (0.82). The highest
correlation of this study showed that. the swine high LW and high ADG 104 d also. In addition,
to high relationship correlation between PL and LEA was 0.81. [17]. report 10th-rib back fat
was negative correlated with loin muscle area (-0.23). Moreover, the correlations between
percentage composition in lean and Back fat was negatively relationship (-0.20) [18]. [19],
report percentage lean was negatively correlated with back fat depth and positively correlated

with loin eye depth.

60



IPSFAB-2017

International Postgraduate Symposium on Food, Agriculture and Biotechrology 2017

Table 3 The regression linear model of growth performance and meat quality in swine

Model Dependent Independent
i P- Value R2 MSE
variables Variables
1 PL, % Intercept = 41.60 0.66 0.34
LEA, cm® 0.39 e
2 Intercept = 44.52 0.93 0.06
BF, cm 3.72 o
LEA, cm? 0.41 e
3 Intercept = 45.65 0.94 0.06
LW; kg -0.008 3
BF, cm -3.76 T
LEA, cm? 0.40 "
4 Intercept = 4581 0.94 0.06
LW; kg -0.01 =
ADG 104 d, g/d 0.0001 s
BF, cm -3.76 =
LEA, cm? 0.40 =

** Significant different the 0.01 level of probabihity (P<0.01)

Table 4 The correlation of growth performance and meat quality in swine

Traits il ADG, g/d ARG BF,cm PL,% R
g/d cm?
LW; kg 1.00 043" 082" 0117 0247 0317
ADG, g/d 1.00 -0.86" 0.06° 043" 0.01
ADG 104 d, g/d 1.00 010" 012" 017"
BF, cm 1.00 048" 0.04"
PL.% 1.00 081"
LEA, cm? 1.00

* sigmificant different the 0.05 level of probability (P<0.03)
** significant different the 0.01 level of probability (P=0.01)
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Conclusions

Results of this study indicate that breed was affected on growth performance and meat quality
in swine. Duroc and Crossbreed pig are appropriate for growth performance, such as LW and
ADG 104 d. Pietrain and Crossbreed pig were high meat quality (BF, PL and LEA). Crossbreed
pigs showed good of the growth performance and meat quality.
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DNA Extraction

LOMPOSITION OF WHOLE BLOOL

In mammals, DNA is present in white
3 blood cells.
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Blood 10 ml + EDTA 1 ml

White blood cell 100 pl
0.9% NaCl 1,000 pl

Centrifuge 10,000 rpm, 5 min

Pour off the solution

Make 2 times \/

Add
209 SDS 70 pl

1% PrpteinaseK 25 pl
7.5 M Na-acetale 50 pl

Warm up at 60 °C for overnisht

L

5 M Guanidine HCL 625 pl

Transfer a aqueous layer into 600 pl

Add Absolute Isopropanol 600 ul

Centrifuge 10,000 rpm, 5 min
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DNA Extraction

Add Absolute Isopropanol 600 ul Centrifuge 10,000 rpm 5 min

U._

Centrifuge 10,000 rpm 1 min Add 75% Ethanol 600 pl Pour off the solution

l

Make 2 times

Pour off the 75% Ethanol

|

|

.

Dry the pellet for until dry Add TE buffer 30-50 pl

Centrifuge 10,000 rpm 5 min

l

Check quality by nano drop Genomic DNA Transfer a aqueous layer into 600 pl







Polymerase chain reaction (PCR)

DNA Template

PCR Mixed

Initial denaturation

Denaturation
Primer annealing

Final extension

at 95°C for 3 min
at 95°C for 30 sec
at 60°C for 1 min

at 72°C for 5 min

S Add
DNA Template 2 ul
10X PCR-Buffer
- MgCl, 0.8 pl
- dNTPs (10mM/each) 1 pl
- Primer forward 1 ul
(5 CACAGCAGGTGCTCCATCGG 3')
- Primer reward 1 pl
(5" GACAGGCTGTCATCCTGTGGG 3)
- Buffer Tag 1 ul
- Tag DNA Polymerase 1 pl
- sterile water 3.1 pl
total 10 pl
— 30 times —

Dye with Gelstar for 5-10 min and
recorded DNA bands of the IgF-2 gene
under the UV light of 308 bp
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PCR-Product +
1X loading dye 4 pl

29% aoarose cel
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Restriction Fragment Length Polymorphism (RFLP)

— Add
PCR-Product 2 pl
— 10X PCR-Buffer 1 pl
Enzyme Benl 0.3 pl
PCR-Product Restriction Enzyme : Ncil sterile water 6.7 pl
total 10 pl

Warm up at 37 °C for overnisht

2% acarose cel and Dye with Gelstar for 5-10 min

Genotype of IGF-2 gene:

genotype AA (308 bp)

genotype BB (208 Waz 100 bp) andgenotype
308 bp AB (308, 208 uaz 100 bp)

208 bp

100 bp
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