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Abstract: Chicken growth hormone (cGH) and insulin-like growth factor (IGF-I) have a crucial role for regulating
of growth in chickens, which improvements of genetic variation of growth might result in an increase of
productive performance in chickens. The objective of this study was to investigate genetic variation in cGH and
IGF-1 gene and evaluate associations between genotypes of these genes, and body weight and growth traits of
Khai Mook Esarn 2 (KME2) chickens. A total of 318 chickens were collected from the 5" generation of KME2.
Genetic variation of cGH and /IGF-1 genes was genotyped by PCR-RFLP method, and an association analysis
was performed by Proc GLM. In the study population, the genotypic frequency of cGH/EcoRV by SNP region in
Chr.27 (G>A +1705 Intron3) was 0.101 for AA, 0.550 for AG and 0.349 for GG. While the genotype frequency of
the IGF-1 /Hinfl by SNP region in Chr.1 (A>C 5'UTR) was 0.160 for AA, 0.591 for AC and 0.248 for CC. The
association analysis revealed association between variations of /GF-1/Hinfl and body weight in KME2. The AC
genotypic group had the highest birth weight (41.39 + 0.44 g) compared to those in the AA (39.70 + 0.51 g) and
CC (40.49 £ 0.29 g) (P<0.05). In addition, the AC genotype tended to have the highest body weight at 10 weeks
(P<0.1), but there was no association between IGF-1/Hinfl genotypes and the average daily gain at 4 weeks,
breast width and breast circumference. Meanwhile, there was no association among genotypes of cGH/EcoRV
and body weight, average daily gain, breast width and breast circumference (P>0.05) of KME2. These findings
suggested that variation in IGF-1/Hinfl could potentially be useful as genetic marker for improving body weight of
KME2 chickens.
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(IGF-I) ﬁ'uvmWwéﬁﬁfgslumimuﬂmmm?mLﬁuTmmLsma‘éwmﬂ‘ﬁ'@'w@rﬁi@ﬂixawﬁmwmﬂﬁt:m nam bl
nsAnETAsilSnszasiamamgUuLLesEY CGH uaz IGF-1 wazpnndriLsresguutusietwinguas
anwnznassAunlulildynaans 2 %@'u‘ﬁ' 5 419U 318 FI9E N MIAIINUAINUAIEN UGN ITHIRIE
cGH un IGF-1 Tnefmpfin PCRRFLP Aiamsinnudiniudlngld Proc GLM uansfnswutszanafifnm
paudaundaesiiu cGHECORV Sumiks SNP lu Chr.27 (G>A +1705 Intron3) A8 0.101 AL AA, 0.550
A5 AG UAY 0.349 A1V GG anusiiAnuaAunTluasEiu IGF-1/Hinf fumis SNP 1u Chr.1 (A>C 5'UTR) Aa
0.160 A1U3L AA, 0.591 5L AC UAT 0.248 A11FL CC NMFAAINZRANMNANR LS NUI A NdRRLS g uLLA TY
In{luastis IGF-1/Hinfl ﬁuf’mﬁﬂﬁﬂﬂﬂ‘ﬂmﬁmu 2 ﬂduiﬁﬁﬁaiﬂwﬂ AC ﬁﬁ”mﬁmmmﬁmm?;ﬂmm (41.39+
0.44 n¥u) meﬂuiuﬂ@miuiwﬂ AA (39.70 + 0.51 N3) waz CC (40.49 £ 0.29 N¥w) (P<0.05) uenaniialulndl
AC NLLmT‘ummmmmﬂmmm mw 10 d1laif (P<0.1) wsilinumanduiussendnsaulnilaastiu IGF-1/Hinf
fushmmassoiLinedeseiui 4 dlak, Aruniteen uazsaven Tuansithinupsuduiugszwindailng
898U cGH/ECORV fLriminga, f79INNILATEY Fulmadnsediy, Ananineen wazsaten (P>0.05) a4l layn
g6 2 MeRunuwaN T TwingwunATIndluesiiy 1GF-1/Hin shazi Ananwlumeimsidusbeang
maugnemdviLmslidyasimingasediildynaaw 2 sel

ARNATY: LATEINNERUENIIN HntinuanidAia UseAvanmniaiuls

AU 19 200 flas aunsndeslulseFeussuulanas
ANNNTONUBNVNTANNEIINTNRA 1F Ipaidnuzneuen

P iala | M = P v o A
Tnudesdulnndenizinaediawnnly aeddnldyndanuang 50 Haudann uazudadvaes
Uszinalne wazidunfesnisresnana Inevialdln (Laopaiboon, 2018) @nsnsniaadlulsaizeuszuude
Auiles Hemsniasyiuingn Ny 16 4Uai 8 uazanueMNINeIINTIR IF Anwuenauenaesln

siwiinuszanns 1.6 Alanfu (Na Rungsri et al, 2007)  liyn@anuiaiag 50 faudens uazudedvaesded
zﬁ'amﬂ;ﬁmwmmﬁmLﬁmﬁunuﬁmmmmﬁﬂmiiﬂ Az aN ALl LﬂuLLﬂWuﬁLﬁ®N§W1ﬁQﬂN@Nﬁﬁ
uarlFnaunulunsdaaitenns fadafludiasinlu sefuansiAenliiudle 25% (Nguyen et al., 2015)

newmnnasslifug Al edludegsia il newamwug i ldyndan 2 gudiasetne
wandlifudedisnnninasydulas dady  dSuuaznisimunBiiunistiudaiugdas (I
Yosaialudunananidrfyaeddinuileos  Auwdlen s winmnudAny lunisliss Tomiusinug

(Peawong et al, 2010) iWaWm urdnaninnie  lildyn@aiuieieg 50 An1swmuiuginiuides
o A v o A  a A £ o o WMo
Wugnesuradinfiuledneliididnsnsasoiuns  gouanau aannisiiusiuglnliygndanwawng 50
Hszazandanunaianduas dudiesedneddauay  wandufiuwenugliliedinigéi antdudniaen
s 1% s o o o ' ﬂgj A KX A ' v a ' d’j A
naaLAUNIUF Ul g oiugdR T (Iiiwies) Aall uazkanntalugu (nter se) aqiiuFaniinuiie
o o . = WMo P =, Mo Mo a4 o
nswamuwuginnede liligndarwamg 50 A8 gnastian “Inladyndans 27 inlayndanu 2 Jsesiy

srAuaneaen iniugiuies 50% uwadlindlanaile  aredenlniuiiies 25% wazlii@aniefi 75% &
\BaN13An 50% wuan lnliynganuaiag 50 HAnwur  ANHUsAUAS AnsagTAR e 1.91 FaAnTN
a a dld 021 o di YU 1 ai @ c dl ° g ' dly 1% ° o o
nmawsniuiandnnindelfldveswsneds 2,124 wefiliud Ferndnliiien1anisdn wsngdmium
n5u wnwninlineausn 38 N ladvan 365 F1 AL Ineingviralnines (Laopaiboon, 2018) uaziensnns

236



ANNANNUETENINglULLEY cGH uaz IGF-1 Auihwinaauwazmsiasayiiuls

waslaldyndau 2

mmmu‘lﬁmwmmm@mmﬂmmﬂﬂ damnanafinasil
m‘wummmﬂ 10 §Unn9f 2677.69 + 288.48 nFu
(Nguyen et al., 2015) faﬂqummmmmm@miﬂ
d’j A o dl o Y a :/1
Audlasgnuanlulaqiuiuneesiuaeizinana
TudszmAuwazmnatszing (Jaturasitha et al., 2008)
pau ln'layndanu 2 Redlanialunisimuiiugg
g A a a o o &
na@deiniuiesgnuasludagsia nsufuigeiug
- d . e A o w
ulmnamewmundulineulwuginenanln
Audesgnuanluauan fetiunsimunansniznig
vyl liigeain
v da/ o A 1 1 e 1 ] =
AoemaBnIAARanWauNug Inldyndaw
2 Wi assnyidulnngeaua niufiesdiaonuusiugn
nsldaanuginuiugananiluanaiedanlunig
APADNWAZIANNAIN LN UENNINTL (Dekkers, 2004)
PR % oA Al
AINN1IATIALeNA1sN N e aanL 31 B U A
ANANWUSAUANEUEN R ALTR Usznausiag
&1 growth hormone (GH) Muiininszfuliidniiinng
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gauuiu Rdunaulauagd Ae wisiaadaden
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199189719 UELFY 5M Guanidine HCI 15unAs 625
ml, 20% SDS U3 x 1/ 9 70 ml, 7.5M Na-acetate
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Fogaulgifna iz (Table 1) neaagtuuvaiuln
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v = a o d”
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o o = = o
ANKY proc frequency nAdMDaasguuUATW N
Taitiv 4 wlefiiusaestagninaanainnisfinm
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Table 1. PCR primers and PCR-RFLP conditions to detect genetic variation of cGH and IGF-1 gene

Gene/ Ta PCR-RFLP PCR
Sequence (5’ to 3’) References
enzyme (°C) size (bp) size (bp)
cGH/EcoRV F: 5TCCCAGGCTGCGTTTTGTTACTC3 Nie et al.,
66 296/133 429
Chr.27 G>A +1705 Intron3 R 5’ACGGGGGTGAGCCAGGACTGS (2005)
IGF-1/Hinfl F: 55CATTGCGCAGGCTCTATCTG3’ Zhou et al.,
60 378/244/191 813
Chr.1 A>C 5’'UTR R: 5 TCAAGAGAAGCCCTTCAAGCTY (2005)
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81g) 10 umoi uazsNnR AL et seTl
Tnldyndanu 2 waziBaunauANLANA1NIEIdNg
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difference tneil4TLsunsu SAS v.6.02 (SAS, 1998) &
HUARDINARRRA = U+G+SHH ey 1D vy =
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&Unii, Arundnantiien uazauinsaLen ‘ﬁ"ﬂ’]ﬂ 10
&lp i, ansnisiasey Fiulnsedudi 0-4,0-10 uaz 4-
10 dUm19f), U = overall mean, G, = aniwavasalu
nilansdiu cGH waz IGF-1, S; = (WAE 168 6 1WA
e 150 619), H, = Em’%wmﬂmmﬂmﬁﬂmz IANN 1A
‘17{ 1-12 ﬁLWﬂ% =18,8, 16, 16,6 17, 17, 19, 20, 8, 8,
waz 15 AORNAIAL WaTINALHE = 19, 16, 14, 16 5,
10,13, 20, 11,1, 10, 1569 M1 Q1A U ), €=
ANLARIALARELL

NANISYIARDILAZIANTIL

ALRRErIENEMEMaas AR
annsAnsadn i ligndanu 2 il 5

AR R E 191N (body weight, BW), 8 1911017

EELTIGET RAAaTY (average daily gain, ADG)

ANNNANUTNEN (breast width, Brw) was 1u41nse
uan (breast circumference, BrC) Tulnweag] 168 67
warlnele 150 Fin Aaugnalis (Table 2)

anutalulniluazanuidads
nansmsaaeugluuualulnilaestiu cGH
NRAUMUL SNP T1 Chr.27 (G>A +1705 Intron3) WAz
IGF-1 il A1usids SNP lu Chr.1 (A>C 5UTR) Wl
Amvanuaeedgtuuuatuing 3 gluuy luld
lynaan 2 negduuuaiing uazaunnresiugou
guuaneli (Figure 1 and 2) aruaatuiniluay
PN SaRAATatEY CGH uaz IGF-1 uandlu (Table
3) dlaRansananuiisaiatasiiu cGH nusada G
wnndndada A lulnliynaanu 2 Andufenas 62.4
fipnuaenpdesfunismenunLSaia G Saauige
24 86 lafidus lulignuangiu F2 (White Recessive
Rock Wa g Xinghua) Adiulinandmile (Nie et al.,

2005) wazilullluiAntanaafuiunisdnen lula
P . ' = o a
Wuiilasgnuan (PS boiler uaz laiyndanu) wudaas
G HANngandn 54 uleidius (Buasook et al., 2014;
Nguyen et al., 2015) HANT3ANHIAINA1 T ua R L3

=3 1 o a = 1 1 v U a
wiudndaaa G Hlaniaaznululinguiiuliinanas
e

Table 2. Descriptive statistics of data used in gene association study in Khai Mook Esarn 2 chickens

Male (n=168) Female (n=150)
Traits

Mean SD Min Max Mean SD Min Max
BW 0 (g/d) 40.69 3.12 34 50 40.19 3.58 28 50
BW 4 (g/d) 440.71 70.52 220 690 400.76 73.87 200 610
BW 10 (g/d) 1,961.89 235.06 1,300 2,650 1,638.49 197.66 1,060 2,200
ADG 0-4 (g/d) 14.39 2.42 6.54 22.86 12.47 2.83 5.61 20.07
ADG 4-10 (g/d) 35.99 5.11 2190 51.19 29.50 4.46 16.43 42.62
ADG 0-10 (g/d) 27.35 3.44 18.04  37.24 22.69 2.85 14.57 30.79
Brw (cm) 7.12 0.57 5.4 9.1 6.73 0.50 5.2 8.3
BrC (cm) 29.07 1.90 22.8 33.7 27.86 1.73 211 334

BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0 to 4, 0 to 10, and 4 to 10 weeks of

age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age

The number in () = number of sample
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Figure 1.

Marker CC

429 bp
296 bp

133 bp

622 bp

378 bp

244 bp
191 bp

Figure 2. RFLP patterns of IGF-1/Hinfl

g4 IGF-1 annsAnEluaTainLdada C |
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Nguyen et al. (2015) §innsAnugu IGF-1 TulA Thai
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1 o = v 1 Y a d’j
d18aaa A dnsasranu i lungulndiunandniie
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HaN19RTIadaLaNnand Nl 1aviuly
13 1n98283% chi-square test wamalid (Table 3)
Wud8u cGH way IGF-1 Tl ldyndan 2 Aanuddu
e luannaniung e Hardy-Weinberg \iasann’n
lalynaanw 2 rmmm@@ﬂ@nwmvmimmmuim Im
ArAINanEuzLlsIng (phenotype) v 4 mm
Wutlszananguueudiugnielugelinsuanuuy
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inter se INBFNHIAMNAUANTBIANUNUS UAZIUA
9a41s2NnINUBIALEN (Preecha et al,, 2017) 39814

. . . do ey
asansznusaaNdEveadua me R iaaun
fu cGH uay IGF-1 lulnlayndanu 2 lietTuauga
RNNNJ) Hardy-Weinberg

AMNANWUSIRITUULUEN cGH Uas IGF-1 fiD
vuind uazansaemaesaiuln
namsdnmeigUunalulnilaesdu cGH 7
SNP 114 Chr.27 (G>A +1705 Intron3) 11
ngulildsndan 2 afeil linupouduiuiaes

a o

HALUUS

sUuuvATunilaastiu cGH Muminsauazansuy
N17RT WA U TR (Table 4) wA Fan U T sna97u
pNANNUT a9 wLLEY cGH Aaunmindauay
o a a A 4w g !
gnsninasiiuinededadululidflelne (I
& o = o A &~

NudasgnuanfszAuiaan 25% NuLdlad) (Nguyen
et al. 2015) sandanuguuualunilaesdivu cGH
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Table 3. Allele and genotype frequency of cGH/EcoRV and IGF-1/Hinfl in Khai Mook Esarn 2 chickens

2

Gene N Genotype frequency Allele frequency X
cGH AA AG GG A G

318 0.101(32) 0.550(175) 0.349(111) 0.376 0.624 9.52
IGF-1 AA AC cC A C

318 0.160(51) 0.591(188) 0.248(79) 0.456 0.544 11.68

cGH, chicken growth hormone gene; IGF-, insulin-like growth factor-I gene

X’ (1,0.05) = 3.841

Table 4. Association between variation of cGH/EcoRV and growth trait in Khai Mook Esarn 2 Chickens

cGH
Growth traits AA AG GG P-value
(n=32) (n=174) (n=112)
BWO (g) 40.63+0.57 40.58 £ 0.27 40.02 £0.33 0.622
BW4 (g) 431.61+13.32 416.75+6.29 404.66 + 7.82 0.121
BW10 (g) 1,780.38 + 39.05 1,789.62 + 18.44 1,781.25+22.93 0.593
ADG 0-4 (g/d) 13.96 £ 0.47 13.43+0.22 13.02+0.28 0.094
ADG 0-10 (g/d) 24.85+0.56 24.98 + 0.26 2487 +£0.33 0.783
ADG 4-10 (g/d) 3211+0.84 32.69+0.40 32.78 £ 0.50 0.770
BrwW (cm) 6.85+0.10 6.91+0.05 6.94 + 0.06 0.840
BrC (cm) 28.41+0.32 28.50 £ 0.15 28.16 £ 0.20 0.212

cGH, chicken growth hormone gene; BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0

to 4, 0to 10, and 4 to 10 weeks of age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age,

The number in () = number of sample

siasimingaln uazdnmmsdnyEvlnlulifugies
?ﬂu‘wvuﬁ: Taihe Silkies (Nie et al., 2005) WAZAINNES
anluliid] a9lnaWug§d (Promwatee et al., 2011)
waneliiiulungaszanslinunisfadanuay
Wmmﬁuﬁjmmmdqﬁ' wans9iL Fepal Ao
UANUANE U898 cGH uazandnaaasdulinasa
snwazmaBEuTall vl coH ednduiuigl
AonudnFryTisensBoinin s ldasmueddy

' A = = ] -
ARITNNE LWANANE U cGH NN@I@&IW?\‘IWQWE@@

wvunalunszuaunisuanaasiuy GH deaasluy
GH azasdryiyraunnaulldasadluunamaiy
doyturuvaneaTia NiFandn Growth hormone

receptor (GHR) 111 FU LiiaifialussuLsinvaed [wag

Wadanaawu Wlusuaadl waznszgneau ¥l
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Lmﬁmmﬁﬁmmm?mﬁuim (Kansaku et al., 2008)
9NTIRNNUNLANLR9E Y cGH TR BT aeiunns
wanyAulnludndin (Nie et al., 2005) Lmnqmﬂm
pFaflazinunndNiugeaEiy cGH ﬂmﬂwmwm
Anen usinnafnenananasesdin cGH ennamun
Wugnssnaesaneuznaasyuiadacudullls
wazdainaulalunguuszannsliuies uazli
fudlasqnuan@n
ANUMFUHANITILATIZTAINA NN UF IR
sduuvaTunilaesiu IGF-1 A A umde SNP lu
Chr.1 (A>C 5UTR) wummzﬁ“uﬁuﬁrmmgmmu%‘iu
Inflaasiiu IGF-1 Aednsnztiningy (body weight)
wa3gninusniialulildynasau 2 Aauanslu (Table
5) lnungulddneafidsduuuatuini Ac il
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Table 5. Association between variation of IGF-1/Hinfl and growth trait in Khai Mook Esarn 2 Chickens

Growth traits IGF-1 P-value
AA AC CcC
(n=50) (n=187) (n=81)
BWO (g) 39.70 £ 0.51° 41.39 + 0.44° 40.49 + 0.29% 0.046
BW4 (g) 422.26 + 10.91 419.93 + 6.65 410.82 +9.26 0.540
BW10 (g) 1,793.64 + 32.01 1,807.59 + 19.49 1,750.02 £ 27.14 0.083
ADG 0-4 (g/d) 13.66 £ 0.39 13.55+0.23 13.21+£0.33 0.576
ADG 0-10 (g/d) 25.05+0.45 2524 £ 0.28 24.41 £ 0.39 0.793
ADG 4-10 (g/d) 32.65+0.69 33.04 £ 0.42 31.89+0.59 0.151
Brw (cm) 6.94 £ 0.08 6.93 £ 0.05 6.84 +0.07 0.411
BrC (cm) 28.25+0.27 28.61+0.16 28.20 £ 0.23 0.168

IGF-1, insulin-like growth factor-I gene; BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0

to 4, 0 to 10, and 4 to 10 weeks of age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age.

* means within a row with no common superscript are different significant (P<0.05), The number in () = number of sample

prNANAuEIUSImInusnie gandngiuuuatulnd
AA WA IWLANNELR LS TUs R sy AU TR
AINNA19EN LAZIUIATALAN ATNAIMNENAUS
A e v o C e oA g

szugnsatulnil AC Muanwuzmindannugell a1a
Wuld B4 3uan1ann@ninaaes Heterotic effect #i
a = = o

gudaninaeaalulniuwuy heterozygous
(Baranwal et al., 2012) %du@?ﬂﬁ@jﬂﬁﬁlﬂﬂmzatﬁu
A aud aenelsAmuTsneauansnaaaaiuln
wniiainasievwingaluliiianinisdn nagnln
Aa v o ! \ oy & v o o
duminsagandnazdwualilniieduaudngag

[
=

493uLH0098"Y 43 U (Patbandha et al., 2017) 99

al
o

numwmmmﬂ%wuuﬂmﬂmmfavmm”mmmw
mimmﬁramwmmu (Tarachai, 2017) snm%flummm
nsgaydeaeegninluscasuinaednisia Aualy
u@ﬂmﬂummmnmmqmwmﬂLLum‘Eui‘wﬂ AC
1098 IGF-1 HAnaninazifhuiiasiavanasatimin
safintudialieny 10 @i i layndanu 2
(P<0.1) $auriunssenuaasguuualulnilassd u
IGF-1 ipnuduiusiudnsnsascuduln (Amills et
al., 2003) LL@:maLﬁm{wﬁnﬁmq 2 41mnif (Nguyen
et al., 2015) LA nEnARTeT AL aulalunis
WanwngLuunEy IGF-1 Lﬁfamiﬁuﬂ;qﬁmﬁnﬁﬂu
nguilszannsinlayndau 2 sialdl

242

[
] o

AvawaLilasanina (Gender) NinaRatMINAI
wazran¥zMIsuLAule
HAILATITTRNBNATINTBINA WU UNAT
Svswanenmindauazninateydulnlulilayn
2471 2 wanalu (Table 6) ‘Emn,wm}%ﬁmm?iﬂ
‘L‘iﬁﬂﬁﬂﬁfa‘ﬁ'mq 4 uaz 10 Al dmsaniaiaeyivuin
wansefuludasany 04, 4-10 waz 0-10 §ank
ArInEn9an uazsavenii 10 duland NLRINETN
(P<0.01) aanpdasrumasululignuaniiflszdy
Aenlrifuiles 25, 50 uaz 75 weidus nuduwed
avdnasetimingall Tnawmeazildmindafigs
ﬂ'ﬁﬁLWﬂLﬁﬂLﬁ@’ﬂ’)qM’]ﬁu (Buasook et al., 2014) uay
Tulrignuanszudnsln Fayoumi x Naked neck uay
Rhode Island Red x Local Netch W 151 A 11a A ¢
daminsaldmaggendnlulimeile Weeny 4
Fupniauly (Bekele et al., 2010) W uLA 89 UN1T
neewliileaeiugnansinfignuasmefiinng
L@?ﬁm@uimﬁﬁndwmmﬁﬂ (Lopez et al., 2011) ta’n
nsineafeilidwlUiufanad e i Tnglilasn
a2 weazisnmnmassyRulafGanduweds
flaeng 4 aﬂmmuiﬂ LL@Wmif;wm\mh@ﬂiﬂhm
e 2 AaauuunazvAgnlieny 14u decileny
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Table 6. Effect of gender on body weight, average daily gain, breast width and breast circumference in

Khai Mook Esarn 2 Chickens

Traits Male (n=168) Female (n=150) P-value
BWO (g) 40.80 + 0.39 40.44 + 0.42 0.337
BW4 (g) 433.37 + 8.30° 385.09 + 9.20° <.0001
BW10 (g) 1,894.16 + 22.49° 1,576.38 + 24.82° <.0001
Brw (cm) 7.04 + 0.05° 6.70 + 0.06" <.0001
BrC (cm) 28.52+0.27° 27.63 + 0.30° 0.0015
ADGO0-4 (g/day) 14.04 £ 0.31° 12.32 +0.33° <.0001
ADG4-10 (g/day) 34.76 + 0.48° 28.43 + 0.54° <.0001
ADGO0-10 (g/day) 26.51+0.33° 22.02 + 0.36" <.0001

BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0 to 4, 0 to 10, and 4 to 10 weeks of

age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age.

superscript are different significant (P<0.05)

aunsannlé wmr%imﬂ'ﬁmurau%m%wmmLWﬂmi
wawsmwﬁmmmﬂmen"I,ﬂ‘wmm 151 LAZIA UL
ueinnA agnglsfnaiiafiansanfnunnssnnisaes
HANATEATIUAAld mumu@@nﬂiﬂmq 4 duanii
vnaansausnnald AsRansuLULLEN A e
@zﬁQQLﬁmﬂ?sz%nqwiﬁqniﬁ usazNAR N sTi I
r;*Tf.JLL@:maLfﬁtyLﬁuim%ﬂ’nmu@ﬁu

a

ﬂwﬁwatﬁmmnqmﬁn (Hatchability) 7 3 nafa
AnwuzMIasuLALle
m@ﬁmmzﬁ%w’%waéquL‘ﬂmmﬂﬁ;mﬁnﬁiﬂmi
Wity uTnlulnlayndanu 2 wudn gainiuasie
firwinga wazansznsasyEutnaeaclilaiyn
a2 @”zﬁ'qm@ﬁi@ﬂ’]ilﬂ?mLﬁuimiuiﬁiﬂu NAANU 2
peRTudATyBaneaii (P<0.01) wuindadeion
szwinaililfauazgeinilaning sadnunz i
fia Meenaiunasnannd il A uazwALe

wiazgainliviiuasdnlifluwsiazgainiAneds

Aumansnaiu aenndeaiunanisdne luliweng (KU

line) (Wangtaweesukkamol et al., 2013) ¥8Na31N ol
8199 HANENALDILNT AN fiflugaspuiienges
nafeunarggeu (MuarWug-Nguian)inli
ANTMUWIARBNTRIGUINY T UAZAYINTUT NAF NS
Wiy unveddiliynday 2 fiialugauien

243

ab L .
means within a row with no common

AINAT iR ERLTBUENENa TR lIneanIT
na¥euuarnqdu fuadetminliuazdnsinig
L@?mLﬁuimﬁ@ffuﬁﬁmwmnﬁwﬁu (Leotaragul et
al., 1996) ‘Lumimﬂmmqumwwmmmmmu@mu
wmslwmum@unumwuﬁ fa fiquieu fidanasie
SRenNINaNRATanas uardnmnsineanyaslad
L%wfaﬁ'mm muanegeyde lineusiiugiilasann
@muﬂmwm asnaliidaruadufiasinlaidiawn
Snuawiedu 12 o aeslsfmumniiasnisdes
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214
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