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ACHIRAYA VANDEE : THE EFFECT OF MELANOCORTIN 4
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MELANOCORTIN 4 RECEPTOR GENE/ADENYLOSUCCINATE LYASE
GENE/MICROMOLAR CALCIUM ACTIVATED NEURAL PROTEASE

GENE/GROWTH/PURINE CONTENT

The objectives of this study were firstly, to study the correlation between purine
content (PC), body weight (BW), and average daily gain (ADG); secondly, to study the
association between genotypes of melanocortin 4 receptor gene (mc4r), adenylsuccinate
lyase gene (adsl) and micromolar calcium activated neural protease gene (capnl) with
BW, ADG, PC, and muscle fiber diameter (MFD); and thirdly, compare the level of
expression of mc4r, adsl, and capnl at different ages. The BW and ADG were
individually collected. 20 chickens were randomly sampled from each age group for
slaughter to collect the breast meat for PC analysis by HPLC technique to investigate
the levels of purine content. From those 20 samples, the brains of 6 chickens were
extracted, and then the breast meat and brains were used for RNA extraction to
investigate the expressions of the genes. At the age of 10 weeks, the breast and thigh
meat of 200 chickens were collected for MFD analysis. Blood samples were collected
from all of the chickens to extract genomic DNA and the PCR-SSCP technique was
used to identify the genotype of genes. The relationship between PC, BW, and ADG

were analyzed by a correlation coefficient. For a general linear model, one-way analysis




of variance (ANOVA) was used to estimate the effects of genes on the traits and
estimate the effects of different ages on the gene expression. ANOVA was also used to
test for any significant differences. The level of significance was defined at 0.05. The
results found significant positive correlations between guanine, BW, and ADG at 8
weeks of age. The mc4r was not suitable for use as a gene marker for this population
since allele A showed a very low frequency (0.05). Therefore, the gene was eliminated
from the study. Regarding ads/, two alleles (G, T) and three genotypes (GG, GT, TT)
were observed. Two alleles (A, B) and three genotypes (AA, AB, BB) were found in
the capnl. The association between the adsl and BW, ADG, PC, and MFD showed no
significant differences (P>0.05). There were significant effects of capnl on the BW at
2-6 weeks of age and ADG 2-4 weeks of age. The genotype AB had the highest effect
on MFD detected (P<0.05). In this study, no associations between the genes and the PC
were identified (P>0.05). The level of expression of mc4r had the highest effect at 8
weeks of age, and the ads/ and capnl had the highest effect detected at 2 weeks of age
(P<0.05). The results suggest that the capnl has the potential to be gene markers for
growth improvement of the Korat Chickens and the expression of mc4r, adsl and capnl

have associated with growth.
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Gene Function References
gh - nszAUM IS AL TanaRInAe  Tanaka et al. (2003)
tgf - ﬁ - tissue homeostasis and development  Li et al. (2003)
Igf1 - muscle development and postnatal Oksbjerg et al. (2004)

muscle growth

Myh10, fg12, f2f16, - genes inducing the difference Xue et al. (2017)
n, cfl2, mapk, irs, in growth among the three

phkal, phkb, phkgl developmental stages

mc4r - control of food intake, body weight Benoit et al. (2000)

and Energy homeostasis
Igtbp?2 - modulate the growth promoting Lei et al. (2005)

ghrl - growth and carcass traits Fang et al. (2007)

4 <3 1w a a o 1
nndoyalumisen 2.1 amunansuzmsniaau lngnatuau Tasdusuauninua

- Y X9y & A A @ Aa v @ da a
lumsanwiaseil ldanuaulolumsdnudy mesr suilunianudunusaumsesg@ula

wazihninaiugunsnuld nazaugaveInde9IuY0351971880A 28 (Li and Li. 2006)

2.3 melanocortin 4 receptor 130 medr
melanocortin 4 receptor #30 medr W lnagun Tns Tulwugii 2 (GGA2) Auaaslunm
1 1 (Schioth et al., 2003) fisuvtia NM 001031514 iieifinns Transcription nA18K§1Y mRNA
£1AMVY 996 bp (http://www.ncbi.nlm.nih.gov/nuccore/NM _001031514.1, 4 t4H18U 2558)
Tas Melanocortin Lidjutﬂﬂ‘lﬂﬁ ﬁﬁl‘g Iim‘ﬁgﬂﬁ $1911910 pro-opiomelanocortin (POMC) (Wang et
al., 2009) melanocortin receptor $APEIUNGUYDY G-Protein Ynihfidludriuvesens Tuy
alpha-melanocyte-stimulating hormone ((X-MSH) 148 adrenocorticotropic hormone (ACTH) (10
fins. 2550) melanocortin receptor 11818 ligands 111970 POMC &9 MCRs 113 nuanoen’ld
5 ¥iia Ao melr, me2r, me3r, medr 1ag mesSr (AUNU. 2549) Tae¥191UUY seventh transmem

brane domainreceptors MiAinAUENYUZAY uazlimsuaaoenluisnafiuandieny

aanaasluaisnan 2.2



FMC4R
fmczr, Mc5R
GGAZiinkage
YES1
ADCYAP1
oV
BCL2

GGA2

MNN 2.1 Aoty mesr Tu'lan vulns TuTawgh 2 (GGA2)

1 : Schioth et al. (2003)

M9 2.2 MSUaAI00n JUUSNUNUANAINAUYDIEU MCRs

Receptor Sites of expression Presumed physiological role

MCI1R Melanocytes Control of hair and skin
pigmentation

MC2R Adrenal cortex, Adipocytes ACTH receptor, Control

adrenal steroidogenesis
MC3R Hypothalamus, Thalamus, Hippocampus, Energy homeostasis

Placenta, Pancreas, Stomach, Duodenum

MC4R Hypothalamus, Thalamus, Limbic system, Appetite control, Energy
Hindbrain, Brainstem, Cortex, Spinal cord homeostasis

MCS5R Brain, Skeletal muscle, Adipocytes, Spleen, Control of sebaceous gland
Thymus, Testis, Bone marrow, Pituitary, Heart, secretion

Lung, Kidney, Liver

- WusNIAL. (2550)

POMC 13lu1 precursor &NUBI MC peptides iifounndang 1813520 m 18us a- B- uae
Y -melanocyte-stimulating hormone (Benoit et al., 2000) nalnns zé’umaﬁmmm medr TUms
AuguanzauganasuluTumenanilatelseamly Arcuate nucleus 2 %tia Ao 1.
Ua1sisza1n AgRp (Agouti-related protein) ¥119115IUAY NPY (Neuropeptide Y) tag 2. Ol-

MSH ((X-melanocyte stimulating hormone) ¥1141143593A1 CART (Cocaine amphetamine related
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Tuvagharelseam Q-MSH/CART yldiAamsaueIvisanas Winms ldndeanuues
v A Yo 1 9 o . . R g 4
51910 11851918 185 Vo115 92 AINaN 53 4UN157191UY09 Insulin 1482 Leptin Fuilugns luu

Vv
augumsazen Ty uazlinadsgimsyauvealawilssam AgRPNPY uaznszduns
Mauveet/a1elseam O-MSH/CART (/e Insulin 182 Leptin d9wal¥i O-MSH/CART anad
: A o P TV o
d2U AgRP/NPY 9gfiseAumsuansonniiuliy asiy mesr SufFouailougudnaisvos
@ T W v a 9 o G4 o A o
SudedyanunedSinamsnuld (Wusasel. 2550) auaaslunwi 2.2 uazdinunalna

AAUAVAANGINUTAATINNITINNUVDIBY medr AaaIlunIng 2.3

NTS
Anmkiaty convtury

M 2.2 na lnmsnszqunsvhauessu mesr

an ; (http://themedicalbiochemistrypage.org/gut-brain.php, 4 INH18Y 2558)
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1301 : Benoit et al. (2000)
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i IFiAas 7@l 1192191 Monosodium glutamate (MSG) 110 5'-nucleotides 1811 inosine
5'-monophosphate (IMP) 48% guanosine 5'-monophosphate (GMP) Fuer ﬁﬁﬁ1ﬂﬂ1‘ﬁﬁlﬁﬂdn
(Shahidi, 2012)

MSG Hlumsilizaouilszanngauua undevesnsangaiin (Glutamic acid) 1z
Fuvsstlszneuiiyvealisiuinly wu Wsiulwiedad Tsiuluuy ngmuateiuey
funsaesiiTudatug Madiulnsadieves sy (Bellisle, 1999) ngauafioglugalTalshu

v
wvas o
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qQ U
@ I a I~ A o Y a A [ ~
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@ . { ' 1 a g =) 4 a
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=y a o ' . .
w13u'ls Tuiiaalelng (Purine ribonucleotide) ﬁagﬁmﬂszmumi Ao de novo biosynthetic
[} { v d
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2.8 Adenylosuccinate lyase gene 130 adsl

Adenylosuccinate lyase gene 130 adsl “lu"tﬂ'agjuuiﬂﬂﬂmmjﬁ 1 ﬁﬁmﬁl‘iﬂ NM_20
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gov/nuccore/NM_205529.1, 25 JUIAN 2558) Adenylosuccinate lyase I‘]Ji?lu‘ﬁ'lﬁ’%mmﬁ n9A
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(AICAR) uazrﬂ?;ﬂumﬂ Adenylosuccinate ll‘ﬂﬁju Adenosine monophosphate (AMP) (Wu et al.,

2009) AauaasluNINd 2.6

de-nove synthesis of purine SA]CAF
PRPP — - — ( SAICAR > e A ICAR >

s ﬁa

4 o @ da
NN 2.6 MINNUTU ads! TunTzuIUMIFUATIZHNITY

1301 : http://www]1.If1.cuni.cz7udmp/adsl/, 10 lB10Y 2558
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v k7
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d' a [~ A A o 1 g o P
aniuhgangi 95 °C Wunm 30 wii iedosiegieaula anvuih lilszmensaeeni

QBQ

U

U 50 °C AN DI water Y3104 5 Uadans ionaauandnae udrsaiunayareday Buffer
A (150 mM KH2PO4 + 150 mM KC1 pH6.0) U5u1as 5 adans nnduseveamanldluig
Volumetric 131101 10 Hindans 1inaza1odio Buffer A 3nasafianes 2 faaans vnuie
4920 Volumetric 131121 10 finAans azmedae Buffer A #1510 2 Hadaas 9190 1 A%e
udaonelduaa Volumetric Y51nat 10 Hanans YSud3uinsdle Buffer A 1asuifSuag 10 a
aans hweamari Idinnsesnuminseauia 045 um ldvan Vial dmsmilSmsied
HPLC (fethaaauiald Microcentrifuge tube (2-3 #ana/i0e19) udnirluiumiesd 5,000
rpm 15U 30 Tuneusainies) udnhnesnnaeuseaunisulasld HPLC-Purine

a o y v J .
Wn12H lagldnoautl Hypersil ODS C18

@ v A d' [ (% a dl A
3.4 MIINUAIBEIIARAINDINITZAUNIAL A UIADA
[ @ a o < @ 1 1A

msnsaviaszaunsaginluden vhlaunuarediudensinlnfiony 2 4 6 8 uag 10
@ 4 a aa < 1 P A 9 [ [~ A 3’,
a1 Y51 3 Hadaas Tasnulavasafimdeusiemstesnumsudsdiveudon iy
WM3as29 1ael9vann13 Enzymatic colorimetric assay 1agnsagsnluddegsegvinlfnseiny

@ . P ° o a = Y Ayvo o 1A A
wulanl uricase Fallanwdumziunsagin  lunisfinyiasail ldvhmsdediedauteniive

g a A d' a o =) a
ﬂi’Ji]ia“,ﬂ‘UﬂiﬂQiﬂGl,uLﬁE]ﬂ‘VIIiQWEﬂ‘U'lﬁiJﬁTWlfJ']ﬁfJLﬂﬂTL!IﬁfJ’cjﬁﬂﬁ

= . A
3.5 MIANEN Hlstology YBDIUD

3.5.1 MINUUAZAITNINAIBEN

I @ (] 4’4’ Y ' ° @ o fg @ 9

Numegailoriienazas Innanln 1as1ss1uiu 200 42 Aaiisuulvenudy

y & 4 A 4 v a ¥ 9y 9y ¥

Tondtedluginss@maousua nde 1: 813 2@ g9 0.5 WUALAT NNUUANAIUUNRD
d' o A A Y ] 1 o ~ 9 I'4 a o []
eihdsanilsnuazifensanaindiogie nouilaInanussgads 10% Wesuau nsus
o 1 I~ ' 9 @ A o 9 3 ° g '
f10819 a1 o 24 9 19 esnu1 Iaseas1aaziunisiviesninaan

3.5.2 mar el iy

4 [
(4 (3 1 o [ =) Y oy
wmmnmamwm@mma”a uuﬁ@mmmiﬂe“luwnw\lmﬁﬂ“lﬁmﬂwum?'w"lﬂ;mu

o %

v . ¥ 2 . ¢ Y 2
nilulaswadwvesdiods mmsdailowe Ingnsusluueansaea 70% 2 AT ASIAL 40

a ? o A 4 g y a 4
UIN Llﬂﬁﬂﬂﬂﬂﬁ( 80% 2 A3 ATIAY 40 UIN LLBANBIDA 95% 2 AT ATINT 40 UIN LLBDNBIDD
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c’al.l g’; < 4 (] d ° U 4 [ &' 4
100% 2 759 AT9aL 1 %2139 lousuoangoaanaIUIetius 1y Xylene ey lviiiowe la
= 3, 3’; = 3 ° U 4 y 4
90 2 A59 ATaz 40 Wi a5 wdRah lduglumsHuvasuman 2 a39 aTeag 40 wimiy
° 1 oo A o
ihwvae ldudeaierimsdenisidu
[ &' 4' Y o o v
3.5.3 MInaioEouazdouanoens
o A Ao v A ) A . Ve g
uilefdesmemalumndasienies Microtome 1#tia1uvu 4-7 luasou 91ntiuun
a S g 4 A o J ) a2 v
anvualasiindeudie Polysine IHiilotetindannudalan 1Iniudoud10d Hematoxylin Aou
, . Y 2 o Y 2
mmsdourhdietnanndralaeusly Xylene 4 n53 AT90¢ 3 U7 1wl Ethanol 100% 2 A543 AT
o L 2 o .3 o992 .
a2 3 117 ulu Ethanol 95% 2 A59 ATeas 2 w1H udnhwriuiiseih Taedlaliin Ivasiu
o ' 0 9 q 2 & ~ L) Y .8 = o J
dreerevh v ladlavuidunal 2 u1i mindudoudvd Hematoxylin 1iurnan 5 uii ihe'lad
a0 a Y T I = a ) . I
gndemndredaiunumninsgih lvamuduna 2 i deudnasadae Eosin iiunm 3
U a Y < o ¥ ¥ -4 =
Wi wagdeddunudnasuiluna 1 11# whindred1@ae Ethanol 95% 3 A59 Asea 1 WA
vy Y a & A o A Y ¥ & a A sy Vo
Avugamednaiuiovianisiuge Xylene 3 A59 As9az 2 WA wazllad laadounuile
& A o a 4 4 v L A [
alagoi lAmszvvnadulonduileds 1) dondesganssmingoudenuse nnuaz

v R

funnn a8 115Ny Zen 2011 (blue edition) (Zeiss; Germany)

s o d
3.6 MIANHIANNTNHUFVRIFUBLY genotype

3.6.1 MaHudIvguasaioana Genomic DNA
< Y ] A a aa 9 A o a o . [
AudlsdaenlSua 3 Hadans NndudeamUTNMaIAD (Jugular vein) Y040

° (% 3 o 1 { @ 3 o
Taswaagina 51U 610 ¢ Taeinudlesudeanussgasiiesniufenudads (EDTA) uaz

E4
a v =

3 A o @ 5 X ¥ @ o
uigangd -20 °C 9unI119¥91A1581A Genomic DNA Faiuapulunisana DNA fiaail
- M3desameninmenuns
o w 1] A a ' . .
1. thdrethadentfSuna 200 lulnsans laasluviasa microcentrifuge tube
v vy d'
YU1A 1.5 Uaaans AN RBC Lysis Buffer USu1at 600 Jadans weauldidduasnalin
ay 4 A o . = < a ' Y £
gavigidouiuna 5 wii 1l Centrifuge 13,000 rpm Fu13a1 2 WM gadIuladuuuns
y 2 L o 2 ¢ o , -
2. Muaouh 1 9nATI 1NUAY RBC Lysis buffer 153118 100 lu Insans
- mseeali)sfu
3. 1Y Proteinase K U311 20 lulasans udanhluwayldidnulasldinses
g o oA a g ~
Vortex 11ntuih liguitgaingil 60 °C Wurian 10 w1
4. 1@ GB buffer Y31na1 200 luTnsaas wernldisvuudnillquingaingil

3| = ° a = A A .
60 °C 1ua 10 U Iﬂtm1ﬂ1i1"lﬁﬂﬁﬁ8ﬂllﬂu1nﬂ‘] 3 UM FEHINUATYY Elution Buffer

v
a =)

d' g’/ a \ Q )
i ldguitgaingil 60 °C w14 luiunou DNA Elution 1511 100 luTasdasee 1 da0819

U
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- MIAATNOU
= a Y 9 o 2
5. 1Y Ethanol 100% 1511 250 TuTasaas waulidinusiniugaaisazae
d2ulaaslu GD colume collection tube Y117 2 Hadans 11y Centrifuge f 13,000 rpm u
981 5 U9
6. 11 W1 Buffer 153194 400 TuTasans a1ldlu GD column 1111 Centrifuge
A I a =1 3’1 2 ~ Y
#1 13,000 rpm (Hua1 30 1% NMiuReasazaneilFlunsdreesn
7. 1A% Wash Buffer YSu1at 600 lu1nsans aslu GD column uda1i114
. A < a 2 A o .
centrifuge 71 13,000 rpm (Hua1 30 1% Neasazaen 1 lumsdreenn ud2i1 14 centrifuge
v Y ) H
1 13,000 rpm 15uIa1 3 117BNASI W11 GD colume uaazmAsmmzdINTUAD UL
- DNA Elution
8. 11M15618 GD colume 8411/ 134 microcentrifuge tube YU1A 1.5 iadans viaoa
4 { % dl =) )
1 91PUUAY Elution Buffer Migson I3 ludunoui 4 YSua 100 lulasans asly GD
3’; a" Y= ay = Y o . ~ I =)
colume A3 13NganNRes 3-5 W U111 Centrifuge 1 13,000 rpm 1Wluraan 1 wId
v r'd
11019z 14 DNA 1503
A52980UAMUN N DNA Taeld Agarose gel electrophoresis 111 Tdoslugnieldues uv
v H ] '
1IntwAUSIEY DNA figungil -20 °C iieyhmsiiuaiuis DNA tazasavmzluuy dae
maAtA Polymerase chain reaction (PCR) ool
3.6.2. msfAnzUsuUvesEiu
3.6.2.1 M3ANYI Genotype YBIEYU medr ABINATA Polymerase Chain
Reaction-Single Strand Conformation Polymorphism (SSCP)

111 Genomic DNA #43351802198A8 1A UILEUDS Forward L1a Reverse primer

AIUNTANEIVDY Wang et al. (2009) A9H

mc4r - F: 5'- TTCGCCCATGTACTTC -3'
mc4r - R: 5'- CTGGAGGGCATAAAAGATAGT -3'

v
#1151 PCR Reaction mix 530 anuaminy 25 lulasans Uszneude genomic DNA
wWudy 10 w1 Tunfy 5una 1 lulasdes Wuarsdseneusiey lulfAsendeilsenoudas Taq
Y
DNA polymerase 51181 12.5 luTnsans F' uag R' primer 087190z 0.5 lulnsdns andu@

Nuclease free water US98 10.5 "llliﬂiaﬂi
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g’; A A a I g‘; ° Aann
JUADY Initial denaturation (3uAUNgUNYI 95 °C Wluran 6 Wi mimiuvinlfAsen 35

591 wazPea lulfnse 1 ToURal) Buitgamgd 95 °C Wuina1 40 3117 Primer anncaling
ganfl 56 °C Huam 35 Junfl uag Primer extension igavgdl 72 °C iWluia 50 Fudt uaz
wé’aa%’umquﬁw (Final extension) ﬁqmwgﬁ 72 °C ﬁ‘Junm 9 UIN mm%mh PCR product
1191 SSCP analysis Tauo1Au1aNN15 denature PCR product wazly denaturing buffer mix 334
V"i"ﬁﬂijﬂ 2 pl (98% formamide 0.09% xyline cyanole FF 11ag 0.09% bromophenol blue) Wl
PCR product 198190z 8 lulnsans U3 denature ﬁ;qmﬁgﬁ 98 °C Muran 10 ¥
uazanguugiint1asIAE) Semsinluguiudaiunm 5w Sahliastaendae
Polyacrylamide gels electrophoresis 10% gel ‘ﬁ 120 V Funan 4 ‘I?’JI?N mmi"uﬁmviu gel 171116?1’
lJus1u 0.5 XTBE fitaude ethidium bromide 1/523184 15 117 1&25 90 LAY gel 1A 29801
JULn1v09 genotype Taonsiir lildoslugmaldues uv
3.6.2.2 M3AN¥I3UBVY Genotype YBIEY ads! Arunatin Polymerase
chain reaction-Single strand conformation polymorphism (SSCP)

111 Genomic DNA #43}51802190aMA1IaUDY Forward 11a2 Reverse primer 913

v
MIANHIUBI W et al. (2009) A3l

adsl - F: 5'- CTT TCT CCT CCG CAG TCA C -3'
adsl - R: 5'- AGC ACC TTC GTC TTC GTT TT -3'

¥ Al % )
#1151 PCR Reaction mix 33unanuamny 25 1ulnasans Yseneude genomic DNA
Wt 10 wlunu Bana 1 lulnsdes wuasdszaouaise Inlfaserdalsenoudis Tag
9
DNA polymerase U31101 12.5 M Tn58a5 F' ay R' primer 08190z 0.5 1ulasans mmiu@y

Nuclease free water 31191 10.5 "llliﬂiaﬁi

a9

) { = < y o ann
TuunoY Initial denaturation SuAUNYUNYI 95 °C 1WuIAT 6 WIN NNUTIIHATN

]
Y a

asa & { a <3| a . .
35 301 318azRea TuIHATe1 1 50UA SuNgurgll 95 °C 111IA1 40 FUIN Primer annealing

[
= =

{ I a . a o, a
Ngumgil 56 °C 1Wwaa1 35 3u1d uag Primer extension NYMN 72 °C 1WurIa1 50 3w uaz

U q
Y

wﬁ’aaa‘fumutgﬂﬁm (Final extension) ﬁqmﬁqﬁ 72 °C Eﬂunm 9 U ﬁ]’lﬂig‘ll’uﬁ1 PCR product
11911 SSCP analysis Taee1Ae1aNnS denature PCR product wagld denaturing buffer mix 39U
‘v%wm 2 lulnsdns (98% formamide 0.09% xyline cyanole FF t10g 0.09% bromophenol blue)
WANRU PCR product #1861902 8 pl 91N1UYMA3 denature figaingd 98 °c una 10 wril

a 1 =] ° ' ¥ 3 g a Y o
uazanguu)led 1A Tasmsih llusvwhudailunar 5 wii udnhliasrvaeuly
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Polyacrylamide gels electrophoresis 10% gel 11 120 V i§113a1 4 $2Tua 9Inviniwmiy gel 714
"luslu 0.5 XTBE finaudae ethidium bromide 152381 15 w1#i g3 91wy gel 1nasaeaou
gUlunvve4 genotype Tasmsihldeslugnielduas uv
3.6.2.3 M3AnUUUY Genotype Y098 capnl MIEuNAA Polymerase
chain reaction-Single strand conformation polymorphism (SSCP)
111 Genomic DNA #4351002B0AMAUILIAUDS Forward Uaz Reverse primer A1

MIANYIUDY (Zhang et al., 2008) A1

capnl - F: 5'- AGG GGT AGG GTA ATA GAA CTA -3'
capnl - R: 5'- ACC GCC AGC CAT CAA AT -3

&M% PCR Reaction mix 32uavuaniisy 25 lulasaas Usznoudas genomic DNA
Wty 10 i Tundy Y3me 1 TuTasdas @umsilsznoudie TuilfAsendelsznoudie Tag
DNA polymerase 133181 12.5 luIn38a5 F' 11ag R’ primer 9871902 0.5 luInsans N
Nuclease free water 131184 10.5 Ju 15803

A 9

¥ { a <3| ¥ o aan
Tuaiumou Initial denaturation SUAUNYAUHNH 94 °C 1TuIa1 6 WIN NNUUIIZATEN

-

aaa = a 3| a a . .
35 301 51wazRYa 1WURATe1 1 souAl (FuNgMUNN 94 °C HJ1IA1 45 U Primer annealing

'
9y
Y s a

~ a < a =3 | 4 ~ = < a

NYUNHUN 58 °C 11981 45 U 1A Primer extension NYUNHU 72 °C Wuar 1w uazay
{ 3| ¥ o

AWVUABUGATIY (Final extension) Ngaingll 72 °C 1Iu3a1 9 119 91111 PCR product 311

11 SSCP analysis Taeo1AoHanns denature PCR product wagld denaturing buffer mix 374
‘V%cﬁm\lﬂ 2 lulnsans (98% formamide 0.09% xyline cyanole FF 19 0.09% bromophenol blue)
WAL PCR product A108190% 8 pl nIUTINS denature ﬁqmwgﬁ 98 °C 1flurai 10 ¥
uazaﬂqnmgﬁaﬁhaﬁ:;m‘%’JTﬂﬂmiﬁ1"lﬂzx¢ﬁuu13’lmﬁuﬂuna1 5w udnhlasreaenly
Polyacrylamide gels electrophoresis 10% gel 171 120 V ifuan 4 GI?’JTMQ mmﬁ‘uﬁmw’u gel Wlﬁl
'l9)ua1u 0.5 XTBE W@ e ethidium bromide 1523184 15 w17 ud38 910k gel 1asneeon

3UHUVURe genotype Tasmsth lideslugnielduas uv

3.7 MIANHTLAUMSUTAIDDNVDIEU
3.7.1 maudleehuieana Total RNA
Hudieeennlnlnnwsiuau 6 @ ey 2 4 6 8 uay 10 dlansi Taemsguuay

o A 3 o ] g A R =) a
FHAZIN DN UAIDYIUUDDAINDANYINITUAAIDDNUDIIY capnl ALY ads! (Gandolfi et al.,
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2011) uag (Zhu et al., 2017) 10U 1A UBUNBANYINITUTAIDONVBIIY mcdr (Sintubin et al.,
2014) Tavld/5ma 0.02 a3y udetee Tz ludslulasnumatgungilszuna -60 °C

[

o A v : 2 4
Ui atleenumsid@suaninuss RNA luiileide

3.7.2 M3ana Total RNA
@ @ 1 4 o ~ a I
Msana Total RNA 1003872199 IiefAnYIsEAUMILdasoDnURsBUo T
t’z’z ] a 9 o dy
TuABUDL9DLIDUA Tanail
L ¥ 1 o ' . .
- FminaIee19 0.05 5N laasluvasa microcentrifuge tube ¥U1A 1.5
s aa 2’, v a @ v = ~ 3 @
fiaaans niniuld Trizol 151 200 Tulnsans uadietheliazdeasuewiludnyasla
v vy
(= a a v A a <]
laifingnou Sufu Trizol vuasuiunm 1,000 lulasans asns Hoamgideullunar 5 wid
a 4 a o f { 4 {
- punan TswesuSum 200 lulasaas udnh ludumlsainelinnazneun
a < I =
gaungil 4 °C A5 12,500 rpm 1iua1 5 i
- gamsazaediulauiieday 500 lulasaas aslunasn microcentrifuge
tube V119 1.5 Hanansvaoaluy uazidnle To InswiueatSuna 500 lulnsaas imsnan
] 4 o ] @ g’/ Qy { =) | =3 (’1’1 ° Y
vaoaatedne ielidethadidu asidldngamgiiesduna 15 win ndwhlliy
= A = a Y < I =~
IIBUNDANAZNOUNAUNY 4 °C AILANWTI 12,500 rpm 1T1IA1 10 W
[ 9
- gamisazanelurasavenniuazneudyyunaausnud ANy
' Y a y A o ' o
(@1 ethanol 1313 1,000 TuInsans uagyhmsnandied1ate s1onasuie ldaesiadinu
g’/ o 4 A A A a 9 ] I =%
vnuuih lUiumlsaioanazneuigumngil 4 °C A28A1153 12,500 rpm (HuIa1 10 W
- @9 ethanol TunaeneenIunua maoazneudav1yuls waziims Air dry
I = 4 &
Ay 2-5 Wi eiaaznoulunasa e
- 1A diethyl pyro carbonate (DEPC) Y3ua 30 luTnsans 921@ Total RNA
kY { 4 A
1A1Uuga Total RNA #185ues 2 lulasdas ivershlifaanududuves RNA fidins
ganAUIAS 260 U1 THINAT AIBIATOY spectrophotometer 31 Nanodrop 2000 (Thermo Scientific,

U.S.A)

3.7.3 MIFUA1ZT First stand cDNA

o o 9y

{10y AR Total RNA 1A23911N¥15dUAT1ZH First Strand cDNA 910 Total
RNA §33mssail

11 Total RNA 1N§UA31H First Strand cDNA A204AdUATIZY First Strand cDNA
a 15“1]31] (Transcriptor First Strad cDNA Synthesis Kit; Applied Biosystems, Foster City, U.S.A)
Moy ed mMIuFUATIEN first strand cDNA SRQE Transcriptor RT Reaction Buffer

(10x) Y5ua 2 lulnsaas 25x ANTP mix USuas 0.8 Ju1A5895 10x RT Random Primers
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Y5112 2 TuTAsAns Multiscribe Tm Reverse Transcriptase P5ua 1 lulnsdag wag Nuclease -
free water US1na1 4.2 luTnsans §1 Total RNA fwizen15uar 10 Tulnsdas shuwenld
Whiutiufigamgd 25 °c funm 10 wii mnduiudefigangd 37 °«¢ Wlunan 120 wifl was
shansou lanidaemstuiigangd 85 °c fluna 5 wit Weuduataeimaiudae First
Strand cDNA 137 20 °C it 19 lunsinsziae i

3.7.4 M3An¥Y3namMsHanIeenuestu medr adsl uay capnl

Vi1 First Strand cDNA #43151082180A8$IUAUBS Forward 10 Reverse primer 11 1411
9710 Alignment U943 Gallus Gallus Taom 314 11/51n 53 NCBI Primer BLAST (https: //www.ncbi.

nlm.nih.gov/tools/primer-blast/) Aagaelumsiei 3.1

15190 3.1 Primer NS mSUATIZHA0NATIA Real time-PCR (RT-PCR) Y038U mcdr adsl

Uae capnl
Genes Sequence of primer Annealing PCR size Accession no.
temperatures (bp)

medr F:5'-GTCAAGCGTGTAGGGGTCAT -3' 59 °C 241 NM_001031514.1

R: 5- CTTTCATGTTGGCCCCTTGG -3'
adsl F:5- CGAGAGGAAGAAGTTCGGCA -3' 59°C 80 NM_205529.1

R: 5'- TGATGGGAAGCCCAAGTGAC -3'

capnl F:5'- CGAGGGCGAAATCGATGAGA -3' 60 °C 299 NM_001044672.1

R: 5'- CATAGGCGCTCATACTGCCA -3'

NI First Strand cDNA 13371 2 luInsans wanigisurh Deionized 151001 6
1u1n3585 11ag SYBR Green I Master U31as 10 laTnsans (Applied Biosystems, Foster City,
U.S.A) %1ﬂ1§l’uﬁ"|!,‘l71lﬂd’;'m RT-PCR éu LightCycler 480 (Roche; Penzberg, Germany) Lﬁﬂ’iﬂ
Snamsuaniesnvesty Tasrind19funsianiesnve houskeeping gene (glyceraldehyde -

Y
3-phosphate dehydrogenase; gapdh) TumsfFouNouseauNSHAAIDNYBINIT DY

3.8 MIMUIUMONTIMNIDIWAVIA (Average daily gain; ADG)
' W a a 1 g v @ N v [J ! d'
msaamasasimansy@ula Iganihminda lnsedalumsdiuimunl ADG #

91924 6 8 uaz 10 a1 nfFeuenniniminGudu dwaadluaumsh 1
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Y X
° v A

v
ADG = thwiingarie — dminGudu 1]

o v aAAa 9
NuIunGylve s

Tag
Y ) ¥ o Y Ao = : JRYE g
umunq&mw = u’]W‘Hﬂq@n’nﬂﬂﬂ1ﬂ1§ﬁﬂy']1ull¢lﬁ$ﬂ'lqﬁlu1’|Uﬂﬂ 'f]'lq 2468 11ay 10

o 4
e
v A 9 %‘ 9 d' o

v A 2 d'dyd @ 4
TMUNTUAY = umuﬂﬁuﬁu‘nmmiﬁﬂyﬂu‘nuﬂﬁ) 9180 ﬂﬂ@nﬁ

Q

Zoe

a ¢y Y ad aa

3.9 MIUNINTHUVYANIWIFTN A DA
v v

3.9.1 M3INTIVABUAINYNABIVRIVBYA

MN3ATI9A0ULDYAA07T Descriptive statistics 1A8NITU AURAY (mean) AYA
(minimum; min) ﬂH’g‘[ﬁ’s:fﬂ (maximum; max) ﬁ";m‘ﬁmmummgm (standard deviation; SD)

4 —— v
FusEansaNuRLLYs (Coefficient of Variation; CV) 11821975 Normality plot with test tN®
asnaeudeyavhnsanyIndinmsuenuesuvlnanie lilasWswanel P-Value Tu
M1379 Test of Normality f14oyalia1 P>0.05 LaAIUMILINLAWLVUNG uazzRITan
sauRuAInT (skewness) ioglusae 0.8 T4 0.8 aznu AT (kurtosis) Noglugae -3 fe 3
(Park, 2015)
a d ¥

3.9.2 M33IUAI1LHiA1 Hardy - Weinberg Equilibrium (HWE)

4 g 5 4 d <

iedlumsniaaeudnyuzANNANgan WD genotype vo9lszrinshldlunisdn

o o d . .

y1veimsnaaoulaens 1911sunsud 5931 GENEPOP version 3.4 (Francois, 2008)

3.9.3 maIANHANUFURUEVeIM s IALANaz SEAUNITY

A g a Y A A a A v a A o3 @ Ao

oilumsnageuauydgiuded 1 Ae mawsydule uazszauNTwudnyuznil

v o Jdo ° a s v o v ¥ v o A
anudunusiu Iohmsimnzimanuduiussznnahnindiiely 2 4 6 8 uaz 10
[ d o Aa A a v 9 as .
dladt AudsunaniTune RN A7 correlation
a da A S ' a a

3.9.4 MIUATICHINENAUDI genotype VYOI mc4r adsl AL capnl ABNIDIY nuln
: U v A A v b4 g
MHINAD STAUNITY sazvinadulandniie

A d a Y A A 1 o ~

meﬂumﬁaummgmmw 2 A9 genotype NUANANNUUDIIU mc4r ads] UL capnl

[

k4
a v a a a A a da A
UnaneMssyan In sEAUNITU wazvinadulenduiio Taeins121oNINAVEY genotype

.

AuanaenuvestunudnyazaIna1neld General linear model (GLM) @283 Univariate

[

a /R o ! = 2
Analysis Tum53n3 129 @i 19 Linear model Wtluuvuasil
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y=xB+

Tae

1 o : g Y (% 1 w =Y
y = Vector ¥amduna #etlsznaudle imindivesln szauveInsy tazvuia
k1
Wulendraniio

X = Metrix ¥94M3151nguesdnswananiaemduna (GUuuuves genotype Nuan
A4 NUYBIUAALTU LAZINATANA1INY)
a a A & Y ' ' a A
B = Vector vosaniwananl welaninmisdszuiua (Arvesdninanngluuy
genotype  MUANANAUYDIY  LAZAINUANANAUYDUNATIHAADANHUZNIS
a a v a A F k) g
WAy Ia szaunIsu uazvnadulonduiie)
1 Aa a A 2 & a a P ] o 9
£ = MYpIdNTNadu Fadluanswan iswnsaduunld
(v} o d

3.9.5 ﬂ15(‘]5'3"!]ﬁﬂﬂﬂ?]ﬂﬁﬂﬂﬂﬁﬂlﬂ@i%ﬁﬁﬂ]i!Lﬁﬂﬂi’)i’)ﬂﬂlﬂ@ﬁuﬁﬂlquﬂﬂﬁhﬂﬁu

4 I a § @
ellumsnageuauyAgIuton 3 Ao 5AUMSUAAIBONYBIBY medr adsl UAE capnl
1 H v @ { v o a r'd [
lu'laTaswdiionguanaisnuazlinsuaaeoniuananeny  1aedniznaNuLANa199095e

Aumsuaneeen 1aaly General linear model (GLM) #183% One way repeated measures ANOVA
a 4
lumsansizv

y=xB+

T

y = Vector Y0M&LNA IAUAAIMIUEAIDONUDIY medr adsl 1ag capnl N
X = Metrix ¥04mM31l5nguesdninanshiidemiduna (@giuandenuvesinly

1 o { @ d.
msanelvhmsAneINeNy 2 4 6 8 uag 10 da1¥)

. a A dl é 9 1 1 a A d’l [y d'
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M1519 4.10 AUFURUTYDI genotype YOITU capn! AuvIAdURIUgUEna1dUlondw

}
1o (um) (least square mean =+ standard error)

Type of Genotype of capnl gene
P-value
muscle AA (n) AB (n) BB (n)
Breast 202.61 +£5.34™(94) 20624 +6.21°(41) 193.87 +5.42°(59) 0.03
Thigh 177.79 £5.45(92)  179.02+6.28 (42) 184.39 £ 5.52 (58) 0.29
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M3197 4.11 MISUARIVDITU medr adsl uaz capnl Tu'lnlas1vhery 2 4 6 8 uag 10 dlant

(least square mean + standard error)

Age (Week) mcdr adsl Capnl
2 0.852 + 0.24™ 1.635+0.16" 0.295 + 0.02°
4 0.536 + 0.24® 0.925 £ 0.16" 0.029 + 0.02°
6 0.574 + 0.24™ 0.882+0.16" 0.023 +0.02°
8 1.357 + 0.24° 0.934 +0.16° 0.029 + 0.02°
10 0.271+0.67° 1.228 £0.16™ 0.027 + 0.02°
P-valve 0.054 0.013 0.000
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