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fnqusvasduasnisdnuluadaife ilefinunfedninavesdu Major Histocompatibility
complex (MHC) class Il uay microsatellite usiadi LEI0258 siednwaizaruanansalunis
Frunilsa wardnwarimtndalifudloavdemnen wazAnw3Ulu allele genotype YOI
aosiunis Tnavinsdnuilunguiesnslifiufiosasiugindesmnansiuiu 125 insfnw
allele, genotype w94 LEI0258 uag single nucleotide polymorphism 848U MHC class I A
wAdla PCR uay PCR sequencing snuddudayaiildlunisinundotimiingauagan titer voslid
918 3 - 7 4oy 19 general linear model lun1s@nwiAuduiussening genotype  ¥89
microsatellite wag SNPs ¥938U MHC class Il nan15@N®INU1 LEI0258 3 6 allele A A (205 bp)
B (249 bp) C (307 bp) D (321 bp) E (345 bp) wa F (420 bp) wazdliimun 11 genotype e AB,
AC, BC, BD, CC, CD, CE, CF, DD, DE, iag EF @ugiu MHC class I WU SNPs ﬁgwm 16 fuMUIAB
C125T, A126T, C128T, A131G, G136T, C209G, C242T, A243T, C244T, C250T, A254T, A274G,
A282T, C360T, A361G wag G720T @ruNan1sAn®IALELRUsT0IBUAUNISIASAULAYAT titer
WU genotype BD, DE waz CD finnuduitudfiua titer sonsdumulsainmadaluldifuies
aeRudivAemnIwNiieny 7 Weu dmdu MHC wuauduiusues SNP suisit 3 (C128T), 6
(C209G), way Fuwnusdi 16 (G720T) ﬁuﬁmﬁfﬂéf’aasmﬁﬁaﬁwﬁzquaﬁﬁ AUANMUAUNUTVD
FunLs  SNPs Audnumesedu titer nuanuARLduRusosnsiteddun1eadi o duvd 3
(C128T), 5 (G136T), 6 (C209G), 10 (C250T), 11(A254T) waz 12 (A274G) wanmsAnwasuladi gu
fanandanuduiusiudnvansisyiulauazaiiquiulsn  Jedinnudululifedlfdudy
wisssnglulsznsliiudios

AEIARY Major Histocompatibility complex (MHO), lawmas, dmidnga, 8u MHC BL[ exon
2, Single nucleotide polymorphisms (SNPs), Microsatellite LEI0258



ABSTRACT

The aim of the present study was to study the effect of Major Histocompatibility
Complex (MHC) class I, and microsatellite LEI0258 on the ability of disease resistance and
bodyweight of Thai Indigenous chicken, and study the pattern of both of loci. One hundred
and twenty-five Thai Indigenous chicken were used in this study. Blood samples were
collected for Microsatellite-based and SNP analysis. PCR and PCR sequencing were used to
classify the allele of LEI0258, and the SNPs of MHC class Il gene, respectively. Bodyweight
were collected at the age of 3 - 7 months. Titers of Newcastle disease at the age of 3 — 7
months were measured. Six alleles of LEI0258 can be classified, A (205 bp), B (249 bp), C
(307 bp), D (321 bp), E (345 bp) and F (420 bp). Sixteen SNPs were found, C125T, A126T,
C128T, A131G, G136T, C209G, C242T, A243T, C244T, C250T, A254T, A274G, A282T, C360T,
A361G and G720T. The significant relationship between genotype and titer and bodyweight
were detected for the BD, DE and CD correlated with the titer against Newcastle disease at
the age of 7 months. The significant association between SNP and bodyweight were found at
the SNP 3 (C128T), 6 (C209G) and 16 (G720T). The association between SNP and titer were
found at the SNP 3 (C128T), 5 (G136T), 6 (C209G), 10 (C250T), 11 (A254T) and 12 (A274G). The
results can suggest that these loci have the relationship with bodyweight and disease
resistance ability, and there are possible to use the loci as gene marker for Thai indigenous

chicken.

Keywords Major Histocompatibility complex (MHC), Titer, Body weight, MHC BLB exon 2
gene, Single nucleotide polymorphisms (SNPs), Microsatellite LEI0258
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B-cell figna¥ranaziiannainlunszgn lemsiauiinannsnssduaniadeaeuen 1gu
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nszgn dumisliuanmadsdenlsia tlemuilthiuy Tcell Sndwumissnseglulonsegn o
Wl B-cell (Antibody) Hleda1n Ig Lﬁuiﬂiau%aﬁ‘[maqaﬁummﬁﬂ Jsausansiageulalag
FreTualialinauasamnn wiaruaER iAo g Ao neviufiSenduinig e
Fumzizasdeueuiion Jailudeanuundusendasevinafuiasiu Fond1 “Ab affinity” uag
WUIMINTEAUIAAANITASI AD 990 Ag LAumaIee ase vlF Ab § affinity qﬁmﬁaamﬂ
lymphocyte ﬁgﬂmz&:ﬂﬁwqﬁaasjmnﬂiuﬂ%zmiﬂ Arunialdiuasuutadluidu memory cell uda
gnnszdulfuamaduazadna Ab 71l affinity gunatuluasidely lunssuiunisiamn B-cell Lol
\fin antibody-secreting cell wag memory cell Wudnnguwassanangnnseiulaeuoufiauiudy
adsfl 2 vido 3 Wwadazanunsnadis 169, affinity maturation“H5UuULYEY somatic maturation
vregion Tu memory cell vilsiusvansnmluntssuinefueudouduldany  1ainstus
18y MHC WuBundnitldlunismuaunisiuniulse Thfa weiiFe waghedn lag MHC
wflamduiusiudnuarmamaiaduln szuvduiug wazmsdunmdse Sadudnunzddny
MaAsEgia Mnnsfneu MHC Tulnannseduduliingnaiuauaindusumiulse wu lsaunsn
Isathaada wazlsanaanausniay Wusu

gurassyuu MHC 1Huuuu polymorphism ﬁ?uﬁaasﬂué’ﬂwmz “multiple alleles” Tuunay
fuwntsvesdu wazdlidnwauzidu “multiple genes” Aafivatedusiuiunansdnwug ladnisiien
walulagniemuluanaseauduunfnyigy MHC vadla a1unsadwunla 3 class suiufe class |,
I wag IV wudnlu class Il dauadmendsiuseningliuasuyudaddia 55-65% winuATI8AGiy
994 class | TuAlfies 35% Farundtondeiuues MHC class | uay class Il vulaslileaue1aagnuin
fanudlunisTinfuresiusening B-F uay B-L vepann (Lamont, 1989) a1nainumdisnasiuly
d1ur83 MHC class 1| sewdlafuayudidamudutussumsiunulse samisldiinsfnui
9E1UNIVANY 51z MHC class Il Tsunuuiinseunquuaziunumddylunsiiaueusuiause



T helper cell Fadusnsziunmsvinuvesszuugiiduiulusiane Tnefisuiuuyes exon 2 v
MHC class Il gene Hudufiuasusiasuduneusnaadues s antigen binding site (ABS)
wuiinsasieaeuludiuiiiuogaunsratomszd alleles srunusnnilrnuuandnsiuludnusas
wiln Sumnzfiagliidududnulunissiuuniua MHC class Il ulald (Rifu et al, 2007) wilels
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1. MHC genes ‘Uaﬂlfiaguuiﬂﬂﬂ%u@jﬁ 16 48w microchromosome (Li et al., 1997) naugu
fussnousefuenatios 3 sumia Ao BF, BL, uag BG Sua 3 fuvishagyimiindilunng
NaR antigen Mumnsnay nanade Tusuvis BF avn@n antigen class | wulgludlawdorhly
way erythrocytes @u fuuild BL 9zn@n antigen class Il gene @mnsaduunlaannuu
waddidu non-lymphoid cell %Qag'ﬁ Bursa of Frabricius Tu Thymus cell, B-lymphocytes,
Activated T-lymphocytes, Macrophages Wag Dendritic cells @u BG ﬁ#u%mam antigen

class IV wulalu erythrocyte, platelets, intestinal cell wag arguablg lymphocytes (Pink et

al, 1977) @wnsudu MHC class I 9y WJuguniing1f encode TUsAuRTutnlun1swn

antigen U84 helper T cell wisldlunssiosuvelsanasdigiead Fulugasuduid ey

dususzuumseiumulsaludsl (Chen et al,, 1997) nMsuanieanues MHC antigen 1AATY

Tuaddadonuas wuin B-complex umaivgunsvineu lneasdiluimunsedudsy

wag histocompatibility antigen @eazifinvidludiuves B-F uaz B-L alleles anvniiining
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WMz EN T UTIYRgluaTUY anti-F uag anti-G  antibodies insgwuindianudaianly
a Y o 1 f @ A a a = QI ldl a dg{ 1
szuugifuiuvediianeadladionlun1snanuouiuan lnedaiinusening B-L uag B-F
Tunsyiuuaziousiony (linkage) Wifinn13ateduas B complex antigen lufiniden 3
Jululdnasiinnsaguinduns crossing over laeiiaduszwindlada B-L, B-F uaz B-G
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A519T 1 TAssasauarn1svinauues MHC luln (B complex)
Function Regions
Region determined by crossing over B-L (class II) B-F (class I) B-G (class V)
Presence of antigen on RBC - + +
Rejection of allograft ? + -
GvH reaction + ++ -
Immune response + ? -
Erythropoiesis - - +
Adjuvant activity - - +

[

UM -, +, ++ AB NISAMUAsEAIUANEIAL? B linsruanuddgy
fiw:  Hala et al. (1981)

dl' d‘ a & 1 S U o 1
Wesminmnisuanteenvedluana MHC 71Us1Inguuiivedwadaiee fAefiinunin T-cell
o aaa d‘l v o a ! A A o Y Ao Y
gyhufseniiadvhansueuiiau wudtlanana €08 uu Tyl Asluanaiviminduinizlanu
luiana MHC class | Tuwaigh CD4 uu T-helper asingldny MHC class Il Wil n13AIVANNS
= 1% = 2 o A o g w Ay w1 v o

LaneenYeIdu MHC uagnisadialuians Judutuneuiiarinlvissuugiiauiuniu T-cell T
Ipagneliuseansnin

} %

2. msadluanaves MHC gnasisduiludnvaziioitunisadrslusiulaeiag Wiiing
thaseenunfinufinead dufe mRNA qn translated 91 ribosome  fitnngdAndy
endoplasmic reticulum (ER) ¥il# MHC ﬁgﬂﬁ%ﬁﬂLﬂﬁauﬁaLﬁﬂé ER lesausaudiiu N-
linked high  mannose oligosaccharide Mﬁﬂmﬂﬁuﬂzgﬂdu%}ﬂﬂﬁ Golgi TRRIGED
mannose liluanafifienududeusnntu lufian MHC Tuanmuedusfiufegdredies

U843 plasma membrane 1w vesicular sialy agulanadl (Wnunmd 1a wae 1b)



a Cell membrane % b Cell membrane
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\ Cytosol
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e — ,/' “MHC B— —
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ﬁ '\L — Eﬂ # g (___Flﬁ‘l] —
\ @Jﬁ" T
TAP TAP2 —y
B B
L Lt s
it Proteasome Phagosome
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Intracellular
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nsasslaana MHC class | wag class |
Abbas et al. (2000)

n3AruANNSaTeBNYlulnayAuluszau Transcription wazTranslation

1.

mﬁmmﬁluizﬁ’u transcription 10 promoter Uy enhancer Tunsalues promoter f
fie fuvila 5 egRnfudufign transcribed 908wtV genes  galEudunTAn
transcription g RNA-polymerase. aududiuussnoudifnyues DNA sequence dauil
fio “conserved  octanucleotide”  Fufugumiaves DNA-binding  protein  @7u
enhancer Ao DNA sequence TVIWiNingns1n15iia transcription w4 linked gene
Tne enhancer sthasditissue-specific tuAaiipaameaaiiodovinlauiamiady
fiery TuFesasBuladagiand u¥e Budlinayfuiues

8m3INLAA tumover Y81 mMRNA dinalagnsewians translation wag Iuuduylulnay
Au (giftadstiumn wudh B-cell fignnszfuannuaudiaulifnmsaisduylulnaydu lns
nsvuumsRuuiBugiulnayduliauysal mnnisaddlnanaves g MintuitlsTule B
\ngineejfiu endoplasmic reticulum (ER) nanetdiu rough ER iilelaanaadsdiiaudn
fazdn peptide N1991U 5” 99nlU N155IFI09 heavy chain wag light chain Taug4 N-
linked slycosylation fuindulu ER Hiamun LﬁaﬁmLLmLﬁﬂLﬁuLLé’ﬁﬁ%gﬂﬁﬁﬁ'wﬁwﬁ Golgi
vesicles Lﬁ@ﬁﬁl,auaiugﬂﬁuaq bound-lg %39 secreted-lg HIUNTLUIUNIT pinocytosis
LuUfaundu uenaniinisuen J-chain 3sldlunisiden g 994 1gA uay I Hu dimer
WAz pentamer ﬁgﬂﬁ%ﬁumﬂuisﬁu post-translation ¢e

auylulnaydu luanagnatuaulaglusauluudazdiwesnsiauiead diulsenauves
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cell o89lsfinnu B-cell Sullluanainiosmuneuuiuead (surface markers) 8nungng
asulusazd s wadieivinvauysel dwlngagvimininseduvse

ATUANNT TV TUYBIDAR bUY RN TARIUIAINET

NstALaREUALILYEI MHC class | uag class I Wifu T-cell iflasann T-cell vhemite
fdndauanUasuegrausdesidn nanie %aLLUaﬂUaamﬁuﬂwéfaaLﬁu‘ImLaqa ceptide anvdun @
Biauelnewadiiuneszuy MHC  feiumaddaimdhilunsiiaueseufian 3endn antigen
presenting cell (APC) %38 accessory cells Jsfinthiduiumsuiusuuuuvvesusudiavliiogluanm
wieuflazinausliiy T-cell wuinmsthiauedinantuediursiaveneadiianninadne MHC class
| vie class Il Bsagimsdsuudasoudiaulidlulueed 2 suuuy

1. Endogenous synthesis of antigen Ao LLauawuﬁa%ﬂmﬂﬁu%qﬁqLLUaﬂUaauViL%ﬂﬂagj

aeluwad 19u h¥a 9130 microbe 19 Jegniiauesiumis MHC class | Ty Tyl

lanasuifie CD8 lUsiuvnuouRiIumALzgndwiounly proteasome  Bavining
USulassadnalsinanesliu peptide anduuaziindng ER isumiailios O-chain uaz B2-
microglobulin  gnasnausueafiu 11 peptide  UouURLAURBNGABUBNLARNIY
exocytotic {1 golgi 11g vesicle kaghiaualyiny T-cyl (CD8+) luign
2. Endocytosis of extracellular antigen Aa haudlauiilulusfiuluanalvajegnieuen
¢ vy A 9 ! % o ! val ‘:4'
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44' A A o o ° o § v ° Y 1 a
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- Mononuclear ‘phagocytes phagocytésis  AgMUUINLUTIULDUALIUIN
Y
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- Dendritic cell vihwthilu APC msimidsvsaidayeieizen
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1981) #oe19ves MHC  Tunismevaussgiduiululivsznavludenisneuaussmsdtuansii
(Humoral immune response) lagnsldansiaiilunisUestiuneumiau (Antigen) Lagdruysznay



YeuauRlaURsTILYR lumsAnuidesiiieduduiny MHC fevenalumsiumlsa sausa
AiRuAuSRluR 1h3a uwuafie uazUrdn Ssanmnsadesiulsinlasluleswes MHC Sanuduiug
Tunmsdumulsaluln wu lsansn lsadmada lsanasnausniau 1sa Lymphoid leukosis Wag
autoimmune thyroiditis Hudu

a v U

- B locus Tulniududdglunisnevausvesssuugiiduiulusnmie wui
MHC TulAfluwin 92 kb 3 B locus § 19 Bu uaz MHC sequence Waawun
fauddylunslfiduedosmnemaiugimnssuieldlunsduniudelsa
WU 2 fUNUSYe98U class | wag class |l Tnsfiodndiuves B-F/B-L 989 B
locus wag Rfp-Y locus THdupSosmuneves MHC

- 38n157idsu fle SNP (single nucleotide polymorphism) faainaila
Single Strand Conformation (SSCP) wag PCR-RFLP %QLwﬂﬁﬂSingle Strand
Conformation  (SSCP) 1iun1snsiamlnduesifuanfduefiiinuiunnee

wafla PCR - 7flanuuananeiuenizivasiladnisneluduiidue (point

& N

mutation) laga1dunaN1I1ALOULEE1ELAE L UAAINSITUTIA (nondenaturing

YY)

condition)  aziinisuansauiuneluanaindulasiasiadinizuied

o I~

conformation I3 mzALBEAUAWULUATEsAduRaetY Fadadulaseadng
TunRegl (secondary structure) Fedzilnasionisndoudiluszninan1singian

InslW33a Tuanin non denaturing polyacrylaminde gel finafiu

AuAtasazAtifive st major histocompatability complex (MHC)

nau8u MHC lulnsseguilasluleui 16 Fulu microchrémosome (Li et al,, 1997) nqudu
r-:’l’ ¥ a 1 ¥ o 1 = = g.j/ o 1 ‘:’ll -] 4 r-:ll a
Husgnaumuduegies 3 Auuldfg BF, BL, Lay BG Buns 3 sunuslagyinminiluniswds
antigen UANANAY NaIAD Tud 1wl BF Qende antisen class | @31 Anunis BL wag BG Uuay
WA antigen class Il wag IV aud1eu (Pink et al., 1977) dwsudu MHC class Il T Wudundning
encode lUshuniviilunisii antigen Tgs helper T cell wieldlunssesuielsaiazidndivad
= A v ado o o Y] v U &
FadugaisusundAydmiussuunmsaumulsaludnd (Chen et al, 1997)

8 MHC class Il {UuBunilsiifinnuvainnanevesguuuy (Haeri et al, 2005; uag Livant et

‘NI 1 L% ‘&Jdd 1 U b4 ¥ 1 %}

al,, 2001) LLazg‘ULLUUMmemmuuﬂuwmvmaaﬂwmzmma’lmiﬂumim’mmuimlmmemqﬂu
(Lamont, 1998) Fsdnwaziduil 39l 8w MHC class Il Fsllnauand@fimnzlunsiundssgnadu

'
P

wdommnenetugmansildlunsdindaififanuamnsalunsdunlseiia egrdlsfin &

NA1IUILAIIN §uéﬁ’aﬂdnﬁgmwuﬁmmﬂwaw %af\i’ﬁlﬂué’aaﬁﬂmdﬂgﬂLLUUI@ﬁﬁ]zﬁmaﬁﬂiﬁﬁmiﬁ

AwanInsalumsumulsAfTige

dNdNAVREU MHC siaé’ﬂﬁe}mzmwmmmiumséhumuisﬂLLa::é'nwm::ﬁé’ﬁﬁ'zymal,ﬂswgﬁaﬁlu6]
finsAnwaednSnavesiiu MHC class Il ifluasianuaunselunsiuniy a&ﬁwmwﬁq GR

HansAnwIaNnsagUlanmIsIen 2



95197t 2 axfiuldn dnnsAnwves Weigend et al. (2001) whiuiinudn u MHC
class Il laifnasamnuaiuisatunisaiumulsabuln uaﬂmﬂﬁ?unﬂmsﬁﬂm (Lakshmanan et al.,
1997; Weigend and Lamont, 1999; uag Boonyanuwat et al.,2006) WU Suanantuiinasienis
Frumulsasieg uonaintu nuansSauandiiiiudngt Builfisuuuuiiuaneeiuly visgUuuud
nasan1sEunulsAfiTau

YoNa Nt 91NN3ANYIVeT Lakshmanan et al. (1997) Tduandliifiudn 8u MHC class I
vsgluvuiiinasednwauriiAsitestunisliuandnlise Faduuszifuiiinauledn Budsnann
wanNarinanaauadsalunsaumulsaluliudiddinasonsnananveslnanaie

MnMsAnwaLe wandliifiuin Bu MHC class I tanduduiididnenmlunisioztian
Uszgniliu candidate gene marker fil#lumstisfndeondnvauranuaiisalunisiuniulsely
TAfudlosld wazdienansiinadodnunsifortostunislinandndnde datuidinanusdui
afouinsAne) ansnavesdudind1n tietfunuinislunisiiungiedlan wilesludnune
anuanansalumsiumiulse Lieldruglundunsdnidenuarufuusednuvastisadesiunns

Tnananaue Wy nandnld sns1nsiasuiuladunu
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A5197 2 agUnansAny1dvEnavesdu MHC class Il ifideannuannsalunisiuniulsa
LazdnuETiddMaLATYEAa
dsuit” Wug/aneiugin HANSANY

1 White Leghorn 91UU band : 9 band 9AWALA RFLP hybridization
mewugidumuLay  wa : lnaeiugidmnulsaiiauiives band 7 6, 7 gendn P<0.05
ladhumu Mareks  dnweug : engidleliliadausn, Swadlddleany 497 Su way il
Disease wa : lneaneviugilinandngsiinnuives band 7 2, 6 gsni1 P<0.05

2 Ottawa strain 7 314U band : 8 band AwALlA RFLP hybridization e CC1 — CC8
mewugiduuLay  wa : laaeiugfidumulsadianuives CC6 uay CC7 gendndl P<0.01 way
laidhumusio e 0.05 AU uazALAves CC1 axgslunguiifianudumulsas 7 P<0.05
Mycoplasma
gallisepticum Wag
Pasteurella
multocida

3 White Leghorn 914U band : 8.band ALMALA RFLP hybridization e CC1 - CC8
AFumuuagll wa : owTuganilumeiugitauannsalunsdunulseiuanety
AUNIU Marek’s pgsliiidpdAgmsaia
Disease

q idﬁmﬁmlmawﬁuﬁj 97U7U. haplotype: 10 haplotype fia A9, B12, B13, B14, B19, B21, B2, B4,

WAABINNGUID WAL
Uszgnaan Tulunnn
X Adda

AGANA IV RE]
seunUdlsaldminun

B5, waw B6

wa Tulnsnewusivdesnsun : nguiill haplotype WUy homozygous B14,
B21 uay B14B2 Wunauifisniiniszen 100% laewulafid homozygous B21
fidpurusnnilane 74 61 @ B1AB14 wag B14B2 H91uau 8 way 3 ¢
ALY

wa TulianewusUssgwan : naudiil haplotype WUy homozygous B14, B21
uay B14B2 Wunguifisnsiniszen 100% laewulafis homozygous B21
$1unuanniigadie 103 1 du B14B14 wa B14B2 fiduau 2 uag 3 i
HGRE

Y lonansendda:
al. (2006)

1 Lakshmanan et al. (1997), 2 Weigend and Lamont (1999), 3 Weigend et al. (2001), 4 Boonyanuwat et
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uni 2
WANlun133Y
1. dndneaas N153an159mns, wazdaya
dafnamns  dedldfiudesveameiudindesnnaannadiuiu 153 6 (weide 83

f waw et 70 §) dausteny 1 Yuaufs 7 Wedluanmidesdos fo dlsudeuusuuardfuilivh
Aanssusneg Tidadutleaiulsanmulusunsuveshfumvinedomealuladasund wandlunsen 3
wazdin13dnn1snisliemns fe

- Aoy 0-3 dUanei Tsiulaisngt 21 %

- lreny 4-6 dUnnei Tsiulaisnngt 19 %

- Ay 6 dUamiduly Tusaulidng 17 %

e 3 Wsunsuiadutosiulsrveshiuuvnine domaluladasund
914l WinTATu W sliingu
77U Thmadaailemn (Feidw) NUOANY/NEBAYN 1-2
NAOAANONLAURARFDALATY H120 YA
28 Tu Thaidaanlon (Feild) NEDARA 1-2 NEA
5 dUn Hanw/o%9ln 2ANANY/UNIUN
8 dnmi famadaailon (e dw NUOARNY/NEDAIYN 1-2
naRAANONLEUARA DRI H120 nean
12 &Um Thena@aanlen (Felu) VUBARN1/MNeanILN 1-2
NaONANONLAURNRBELAIU H120 non

UL 189915 TAZU ND, IB+ND, Hant LATDIIN daunumn 8 #Uant Tulnvie
waliug

= v 6 s a v IS al
111 : lasansdaitn Whsuuvivendaalulagasuns

¥ o a LY o v 1 = [ £ Y ¥ o
doya vihmsiaswaUseddaln  dieldlunisiiuteyasiedy  leedeyasiedinazlily
NsAnwIIANUFEITLSTEnINgURULEY MHC taun Jeyadminusniia dwing 4, 6, 8, 10, 12,
14, uaz 16 dUavt Yeyaszaugiauiulsaihma@aony 4 ey uag 7 wieu
< W 1 = Yad © o 1 = an o &
2. msinudlegiugen LHEINUMeguGen 2 35 Al
2 W ' o A & av ° o ) . Y aa & A '
N1SAUAIREINEIANBIALTTN d1nTUnsIamIseau titer MET ELISA WAudenld
waeAUssy (micro tube) Wsszaznabilidonudssfionmgiiesussanas 12 Halua
& o y a v < 1 = A A a a
NTunTuIgIneAIIsI 3000 seUABUNT Wl 15 Uil el 25 esrwaidya
(% gj o & Ao al [ . =37 Y d o a
s iMIaaiudsuilaldluvasn micro tube Wiusnwliludiunigamail -20 a3
waya nounaguInsnziiiALeufvafdelsatlinada
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& o A A = = % A 2 !

m3nufmegufeaefnwgUuwuLEy Numedabenlurasainuiden (EDTA) 7

flansUestunisutaivendeananegiiusnuliludiuioamall 4 esnwaldva nounive
Y IAsent

o

3. MIATINAATIRVSEAUIANNY (Titer)

nMyesgvszauiiauiy  annisiiadulesiulsaiiimiaida #9875 ELISA (Biochick,
2008) fieil 13EMsATIaM antibody fineq Sidnnisie 1% antibody AosnsmsrvhuFazentu
antigen ?z'fwswsnﬁmLLﬁaLLazamagwﬁ’maq solid phase wagld anti-immunoslobulin &sfnaain
Fedulelvinuiiserdndunils nstes substrate azannuietostufuuiua antibody Tudeds
a579 neiitunoudil

- Iwannaaeu (Test Plate Antigen) ﬁgﬂﬁmﬁ’w Newcastle Antigen ¥nUf)Ase11u Chicken

Antibody (Serum) Tidu Antigen-Antibody Complex

- 43 anti-chicken I1gG peroxidase conjugate ials Antigen-Antibody Complex magj

- iAuguaey (Chromagen) Winn13viUfA%81U peroxidase enzyme vibinnTs

WasuwUawesd Wudndulnenssiussiuresueniveiselsainmada Tudsu

-\ Stop Solution LilengaUfi3en wiaguelamedéng ELISA plate reader 1 405-410

nm.

4. mIEAamdue

Red Blood cell lysis

Fnsatafdue anfodadonlaslfiisnatind 593U (Genomic DNA Mini Kit) Tngin
Fregrudeniivivlunasn EDTA tube 1USums 150 pl lalunasn micro centrifuge tube LA
600 Ll 409 Lysis Buffer  waslvilinfiulasld vortex senisliflgangivosuszanas 5 uidt thaon
fograludumisafinnmisisou 3,000 pm 7 uidifieannivies 14 Micropipette  Avaaivian
druuudialy fin 100 pl wes Lysis Buffer snasanils 1lU vortedltmenouuansnauvun Juwied
A2115950U3,000 rpm 5 il aia

Cell Lysis

il Proteinase K 20 pl 1y vortex fsiishifigaumgiisiea 5 undi du GB buffer 200 pl 1y

U
al

vortex iy thluvaigamgll 60°c Wuiian 15 unit (wiSen Elution buffer 100 pl Aasegng
iloamgil 60°C)
DNA Binding
W Ethanol 96-100% 250 pl 11l vortex tJwiaan 10 3undl w3esd GD colume collection
tube Waswanlunasamegsldaslulu GD colume collection tube Unrlwaiinunly centrifuge
71 13,000 rpm Jutian 5 wndl nvesviaaIua1seen
Wash
Bu W1 buffer Usunas 400 pl 1lU centrifuge 13,000 rpm «Juan 1 unfl wweswan
Fuansfia din Wash buffer 600 pl wly centrifuge 1 13,000 rpm tJuiian 5 wdl nveanan
Fuanaite iy centrifuge i 13,000 rpm Wuan 3 w1 18 GD colume collection tube wiks
9niughe GD colume collection tube ulelu microtube wwia 1.5 pl Sl 1fist 100 ul Elition
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buffer Mw3eulildadlu GD colume collection tube fanisliigaumaivies 5 urW Wrly centrifuge
13,000 rpm Wwaan 1 urd fsdaulandu DNA Tavaon 1.5 ml vaeslud 11 DNA lunsiaaeu
AMANLATUTHE

5. 115053l IaLaZAMA WAL

NNIMIERUALDULLIAYIT Agarose Gel Electrophoresis #s13@0uUnan1sannfLou lae
WisuiisufufiBuennggiu (DNA marken) finsuaunelaglufidisnngld Gene Ruler 100 bp
DNA ladder Ingld DNA a1nd1uau 2 lulaséng waunu tracking dye 1 lalasans 14 1% agarose gel
Jusnansdmsunenddue Tu 2% TBE buffer druaunlniirvuin 100 Taad uu 30 udl wasain
i gel lUdfoudeansazans EtBr 0.5 pg/ml Uszanal 15 undi flgamaiveaudadrsdves Eter
Frerndu udaih gel TWdesde UV-Source Lﬁa@LLaU DNA Tu gel

6. ﬂ’]iﬁﬂ‘lﬂ’]gﬂLLUU‘tlE)\‘igu MHC class |l

AnwigUwuuveIdu MHC class Il aewmaila PCR Tagld primer 91131 2 @ Ag
primer microsatellite LEI0258 (Boonyanuwat et al, 2006, Fulton et al, 2006,
Lwelamira et al.,, 2008 iLag Suzuki et al., 2010)

LEI0O258 forward and reverse primers

(5" -CACGCAGCAGAACTTGGTAAGG- 3") Ay (5" -~AGCTGTGCTCAGTCCTCAGTGC- 3')

MHC class Il exon 2 (Boonyanuwat et al., 2006 W&z Liu et al., 2009)
BLBI exon 2 PCR forward and reverse primers

(5" -GTGCCCGCAGCGTTCTTC- 3') uag (5" -TCCTCTGCACCGTGAAGG- 3')

MInsREaUNSHiNUSINIEY MHC class Il 99038 PCR 1ne asarose gel electrophoresis

PCR fldiaunn 275 bp uaeinnininiivdey MelUSsuiisufumiduieninsgiu (DNA
marker) finstusuislaglufidisnayld Gene Ruler 100 bp DNA ladder Tagld DNA 91733 PCR
d1uau 2 lulasdng wauiu tracking dye 1 lulasans 14 2% agarose gel (Wudinansdmsunend
Buo lu 1% TBE buffer rruaunaliiiwuin 100 Taad wiu 30 wift ndsanduth el Tudeudne
a1savane Ethidium bromide 0.5 pg/ml Uszanal 15 it figumgiisieaudndnsdues Ethidium
bromide (EtBr) faetindu udath gel TWdesdae UV-Source Tngldiados Genedoc ilaguau PCR
produce u gel fdvua 275 bp
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gﬂ‘ﬁ 2 9um PCR product BLB exon2, 275 bp

n13ANYY SNP 4a9Bu MHC class Il Tuldfiuiiasasiuswaosnen

nsAnweamannvatsIlulyduesdu MHC class I Tundusegnslifiudiosmeiugindes
w91 153 61 1ag38 PCR (Qian et al. 2008) Wax i1 PCR product Tusilsiugws(ONA
Technology Laboratory) WagdensaamaInutua (st BASE) NAI8E19 kWIMAIULANAIIUEY
afutuamelusunsuBLAST2.2.22 (National Center for Biotechnology Information) BLAST #3®
Basic Local Alignment Search Tool Taeglunnsy3sedld blastn dmSuAumUayaved
nucleotide 9N UTBYA lABlUTeUTHUITEUINAINULUAKINTT U (Gene Bank accession NM-
001044679.1) 19U8yaves nucleotide fiseanisnlSouiisuadly iefinw1 polymorphism wes
single nucleotide polymorphisms Tneldidendhegneiifien Similarity Faus 85% FuluiuswuLE
1P5g1U wdnANAvesilulnd Tu SNPs fumiisdneg TasEuannanisiinsegi felsuns
BLAST2.2.22 M3euiiteuseninsdndiuluaninsgiu (Gene Bank accession EU591737) fudndiu
WUav09i0819 kandaguuuulvimlouiunan1siuTeuliie useninedInuuaINnsgIu. AUa1AuLUE
yosogsliiogsureslld Fasta thidrlusunsu Clustal W2 iilemsiumisves SNPs 11nns code
sequence WathuArswimauduiusiazsnsnavosdu MHC class Il searlawmasluldituilos
awﬁuém%aqmwn

feufivzinsi Multlple alignment Lwammwm SNPs Lummﬂmimmn PCR produce
sequence LUUABSENETT Forward waw Reverse primers ¢iosiin1sifewse sequence aasany i
Fupouil

- Edit sequence Tasn1sia N (Noncoding) ufidutelionaussydeya Mbutenss (unk
DNA) yaevaidu Forward uay Reverse primers 88N
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- 911015 BLAST L&U Forward DNA sequence uaz Reverse DNA sequence vk

complement i tngdenidunandil Similarity asiian

- %1 Multiple alisnment #elusunsu Clustal W2 ievsumisuas SNPs

JuUMBUNISYIN Clustal W2 @a

Step 1 1lUTTUsWNSH Clustal W2 1don DNA  sequences &7 dmaen fasta fine

sequence 1Usld

Clustalw2

Input form | Web services | Help & Documentation

Toals > Multiplé Sequénce Aignment > Clustalar2

Multiple Sequence Alignmn
Clustal%y 2 is a general purpose multiple seguence alipnment program for D& or protens.
I Mobe: ClustalW2 ks no longer being maintained. Flejte cansider using the new versson instead: Clustal Omega I

Step 2 nA Submit TaNa
Step 3 nA result summary
Step 4 A Start JalView 1 Multiple alignment aAu1a SNPs

1st_BASE_G689626_L136_ELER GTGGGGAAATTTGTGECCGATACACC -GCTGEGETGAGCC - GCAAG——— —— 169
BASE_695734_L19_BLBR. abl GTGGGGAAAT T TGTGGCCGATACACC -GC TGGGTGAGCG-GCAAG————— 167
BASE_664412_L137_BLEBF GTGGGGARATTTGTGGC TEATACACC —-GCTGGETGAGCC —GCAAG——— —— 170
BASE_695770_L74_BLER GTGGGGAAATTTGTGGC TEATACACC -GCTGGGETGAGCG-TCAAG——— —— 170
BASE_664372_LE&7_BLBR. abl GTGGGEAAAC TCG TGGCCGATACACC —-GC TGGGTGAGCC ~GCAAG————— 165
BASE_689619_L119_BLEBR. abl GTGGGEAAATTTGTGGCCGATACACC —-GCTGEGTGAGCC -~ GCAAG——— —— 165
BASE_695730_L10_BLER GTGGGGAAATACGTGGCCEATACACC -GCTGEGETGAGCC - TCAAG——— —— 164
BASE_695785_L96_BLER GTGGGEAAATACGTGECCGATACACC —-GC TEGGGTGAGCC - TCAAG————— 169
BASE_664304_L11_BLER. abl GTGGGGAAATATGTGECCGATACACC —-GCTGEGTGAGCG-GCAGG——— —— 169

1st_BASE_695738_L23_BLER GTGGGEAAATTTGTGECCGATACACE —-GC TGEGTGAGCC ~GCAAG——— —— 169

1sT_BASE_689645_L165_BLBR. abl GTGGGEAAATACGTGGCCGATACACC —GC TGGGTGAGCC -~ GCAAG——— —— 169

gi|113206149|ref |NM_001044679. GTGGGGAAATACGTGGC TEATACACC —-GCTGGGTGAGCC - GCAAG——— —— 192

I1st_BASE_664408_L133_BLBF CTGTCGAAGTGCGCG- —— —— TACTCCTEGOCGGT TG—————— TAGA————- 174

a4 -4 -3 wOw AR AR ORR OWR OWW "

o o Ve 1 I o 1
- ¥11N15 code sequence ATIALAUINANNINMUUALAUS SNPS

Anw13UuuuYes microsatellite Fuvuei LEI0258

ﬁﬂmgmwu microsatellite LEI0258 @28 primer (5'-CACGCAGCAGAACTTGGTAAGG- 3')
way (5 -AGCTGTGCTCAGTCCTCAGTGC- 3)  laea450UN15911 PCR ﬁj\‘iﬁ L‘%IN initial
denaturation  figauvigdi 94°C 5 wnit 91ntiuiiufATen 25 seu fswaziBendail
denaturation Viqmwgﬁ 94°C 1 W1¥, annealing ﬁqmugﬁ 71°C 1 Wi, extension ﬁqm%gﬁ
72°C 2 W9l waraume final extension ﬁqmﬂﬂuﬁ 72°C 10 w1 (Juul-Madsen et al., 2006)
PCR #ildiTiuunn 205 bp waginisnisasaaey lnsiUFeuiisudufiduientnsgiu (DNA
marker) insuawalagludiiisazld Gene Ruler 100 bp DNA ladder Tngld DNA 910733
PCR 17w 2 lulasans wauiy tracking dye 1 lulasans 14 2% agarose gel 1Judnans
dwsunenidue Tu 1% TBE buffer iuaudlniivuia 100 Tiad wiu 30 w¥i ndsan

Huth gel lUSoudisansazay Ethidium bromide 05 pg/ml Uszana 15wt 7
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9N ilvioud1a19dves Ethidium bromide (EtBr) meunau udiu gel ludaasiy UV-
Source IngldlA3oe Genedoc Lﬁa@LLa‘U PCR produce 1u gel fvun 205 bp

7. msaaneideyaneadn
ﬁn‘is}'lﬂ'mu?i‘um allele uaz genotype U84 microsatellite LEI0258 1@z SNPs w238y MHC
class Il

TlUsunsud U SPSS e genotype uaz SNPs 1a finudennin 3% lungqueiegnae
Ll lumdmszimanuduiug ludunousdsly
AnwAnudunUsSLazdNswavas microsatellite LEI0258 waz 8u MHC class Il ian1s
wagyiiulauazalamas

Ars1erinuduifusues microsatellite LEI0258 wazfu MHC class Il so waweingalad
0189199 aufiszytnedu uazAlamed Tuldfudosneiudndesnanidionny 3-Tideu Mo
WUU general linear model UszaalA187EWaT08 genotype U9 LEI0258 way SNPs 6875
Ordinary least square Tnefiduuussil

y=X B+ X, Bt &

ey Ao adaunadmsudnuasiitnisinundaldud aduinglnifengsieg ale
weslileeny 4 waz 7 1feu (ivhnsulastoyame’log 1iauiesuda) B, fe avdnaiilesaniade
aaft L e 5, Jusvdwarileann genotype 784 microsatellite LEI0258 wag SNPs VOIBU
MHC class Il , & fio BviswavesnitumaImAdoudus X, X, Ao incidence matrix fiuaAIN1g
UsIn[uesdvisnansil uazuansn sUsInguessuluy genotype 139 SNP Tuusiazandann (Inetdon
genotype Way SNP fifleudiunnini 0.05) auasu

nadUANANTUSTTuA A N19a87 875 Analysis of variance wazaadR F fisedu
AsTosiu 95% Felusunsudisagy SPSSTHLANGRE fe. chicsco, 1)
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o
Unn 3
NALALIITAINANITANEI

Wielsilsdoaguin microsatellite LEI0258 uazBu MHC class Il fidngnmlunisuszondidu
gene marker dwisumstelunisdadeniniiudeandennaungswesmine deliiianuanansn
Tumsiunulsawasmsadaiulniinau tdselidu nsAnuid 59l Anviussduiiddy fo
ai’ﬂmugﬂLmusuaqguﬁwuiu;gﬁﬁﬁmﬁmmﬁaﬂmw’n M5ANYIALATEY genotype vasEuE Lite
venfemnuannsolumaiisansivesduluvsguuuuinuidianuduiusfudnvasiauls uas
mMsfnwiennuduiusuayseduvesdninavesduiinaniu dnvariaula iosyyiBuding
annsanldidu gene marker Ivdelyl uar fulunssenunanisinesenunlseiy
findman fail

v a a I:g{ ~ = o =
dayanuussausnssgyivlavaslinulounaamisranldlunisine

ralafulieaniomnwwnildlunsfnwasailiiniage way Andeauuunigiu veamin
F hawen titer N197186N99 wanslup13nei 4

A13199 4 ARRY (FulBauuunsgiu) Yasuningd wazel titer Nongenee vasln
WudlaamaasnsvanlglunisAineaseil

Age (month) Titer Bodyweight (g.)
3 897.58 (1119.08) 901.830 (153.04)
q 815.32(725.84) 1220.72 (269.29)
5 534.14 (584.96) 1765.92 (455.93)
6 5751.88 (4551.30) 2012.09 (463.59)
7 5426:76,(4242.16) 2089.15 (875.07)

Allele LLag genotype U84 microsatellite LEI0258 %aelfiﬁul,ﬁaemaﬁus‘jmﬁmmwn
NaaINNISANYT allele WAz genotype ¥84 microsatellite LEI0258 WU allele 6 allele g
A (205 bp), B (249 bp), C (307 bp), D (321 bp), E (345 bp) wag F (420 bp) Fauandlunnsned 5
denAdaIfuNsAnuIves Lwelamira et al. (2008) finu allele 5 allele @o allele Aifluwinvas DNA
205, 215, 234, 307, 321 uag 345 bp N15ANYI1U9Y Han et al. (2013) wu allele 205, 249, 307,
321, 345 Way 420 bp N13AN®183 Gholamreza et al. (2013) finvallele 5 allele fio allele 7
205, 307, 321, 345 waz 420 bp Warn13ANWIeY Fariba Izadi (2011) finu allele 5 allele Ao
allelel 205, 249, 307, 321 wag 420 bp @u genotype WU genotype e 11 genotype #4
wanslumsneit 6 asmiiounazsnawes allele Anulunsinwiiuaznsanwneuntid uanslsd
WutiAuaINranenIeiugnssuvadlnanawug w3e fiugsneg ﬁﬁag'



M9l 5 Agnudalleledn LEI0258 Tuldiuifiasanewusvdosinea
Allele Frequencies Individual (n = 128)

A (205 bp) 0.070 21

B (249 bp) 0.101 30

C (307 bp) 0.399 119

D (321 bp) 0.188 56

E (345 bp) 0.174 52

F (420 bp) 0.067 20

a9l 6 A1 genotype 271 LEI0258 °1u‘lfi‘ﬁuLﬁaaa'wﬁus:mﬁaawmm

Genotypes Frequency Individual (n = 128)
AB 0.033 5
AC 0.040 6
BC 0.047 7
BD 0.040 6
CcC 0.201 30
CcD 0.094 14
CE 0.134 20
CF 0.080 12
DD 0.067 10
DE 0.074 11
EF 0.047 7

18
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AT 7 Arwduiugsswing allele LEI0258 microsatellite fugh titer wazthwidndlulafiudlesaneiusiviosmsniiiony 4 uas 7 iieu
Trait Allele (bp) 4 m rm
B SE Significant B SE Significant
A (205 bp) 0.319 0.194 0.103 -0.013 0.138 0.926
B (249 bp) -0.144 0.158 0.363 -0.085 0.110 0.444
Titer C (307 bp) 0.122 0.156 0.434 -0.156 0.105 0.142
D (321 bp) 0.226 0.149 0.791 -0.237 0.105 0.026*
E (345 bp) -0.032 0.122 0.791 0.033 0.083 0.691
F (420 bp) 0.083 0.148 0.577 -0.058 0.102 0.575
A (205 bp) -55.060 64.218 0.393 -251.668 124.906 0.047*
B (249 bp) 13.500 52.338 0.797 -27.374 101.477 0.788
C (307 bp) 12.325 51.484 0.811 -100.354 94.908 0.293
Body weight
D (321 bp) 5.230 49.282 0.916 -116.582 94.905 0.222
E (345 bp) 12.389 40.362 0.759 -63.656 74.620 0.396
F (420 bp) -38.874 48.959 0.429 -158.999 92.044 0.087
vaeWe : ¢ uansenAsuansnsessiitddymeadan P'410,05
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Mnauduiusssning allele fumsneuaussesniduiudelsainaaiawaziuiingaileny a
waz 7 WReu Nan1sAnwInuln allele D danudunusiuan titer Tunrseumulsaiiimada was
alleledl A fdvawasdormindluldfudosmeiuindeonsnaniiiony 7 ifeu (P < 0.05) Fuansly
A5 7 wansAneniilvnadenadasiunisAnewes Lwelamira et al. (2008) fiFnwALEUTLE
999 allele LEI0258 son1snavausssorweufvenuazimindluliuiies wuanuialele 6
ALY WU allele A taz C bp dANdIRUSAUNIIRDUAUDIRDALBURAUBALLNITATUNIULIATD
Aanda (P < 0.001) wagdiallele C Sauduiusfuthwiing (P < 0.007) oy 16 dai Al
299 allelelluu homozygous Wag heterozygous IuldﬁuLﬁaqawaﬁui Kuchi infiu 0.118 uag
0882  mudsiu dslunisAnwiludiuresminuiallelenazanudalulndlunisineaseiiiied

posnsuszliulenalunisAndenanwaglunisdrumulsanazanuansatunsiasiaulalula

¥ '
=

fudesaeiufindosnniifinntesdieds vnuailddifonialunndululdlunsdadents
fudosmeiuindomnamludnuazmsfunulse wilunsdnfendnvazdluinansenulums
austenasyiulaluladeuiy fuhlunmiususaniuidnFdausidulunsdadents
nquilelilaginsanunsaduniulseandsnadenldfaugly fumasydulafmngau g
91glnine

NaIINMIANALENTUSTeT cenotype far titer waztutings Taewudn genotype
fuaisil BD, DE (P < 0.05) waz CD (P < 0.01) S mduiusiuan titer sonmssnuniulsaiinna-

Falulnudiosaneiugiviomnuniiony 7 ol Radiwandlun13ei 8
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a5l 8 dNBNaVBY genotype FBA titer LAz ﬁmﬁnéf'ﬂulfiﬁuLﬁaamﬂﬁus:m%mmq
w177lany 4 uag 7 ey
Genotype 4m 7m
Titer Body weight Titer Body weight

AB 2.721+0.237 1.220+78.194 3.724+0.166 2.259+151.616
ﬁ 0.199+0.309 -71.546+101.873 -0.174+0.207 1.396+189.416
AC 0.013+0.214 1.176+70.686 3.721+0.149 2.194+136.288
ﬁ 0.491+0.291 -51.678+96.105 -0.178+0.194 -63.604+177.385
BC 2.526+0.196 1.282+64.740 3.740+0.133 2.441+121.707
ﬁ 0.005+0.278 54.114+91.613 -0.158+0.182 183.498+165.916
BD 2.663+0.212 1.220+70.086 3.429+0.147* 2.372+149.318
ﬁ 0.141+0.289 -81.144+95.538 -0.470+0.192 114.223+187.230
CC 2.643+0.095 1.265+31.325 3.751+0.065 2.472+59.727
‘B 0.121+0.218 37.470+71.853 -0.148+0.139 213.580+127.052
CcD 2.859+0.139 1.2732+45.976 3.491+£0.095** 2.288+86.357
ﬁ 0.337+0.241 44.742+79.935 -0.408+0.156 30.165+142.032
CE 2.699+0.117 1.235+38.5/74 3.652+0.075 2.306+68.624
‘B 0.178+0.229 7.376+75505 -0.247+0.145 88.456+131.932
CF 2.820+0.150 1.251+49.478 3.618+0.099 2.334+89.958
‘B 0.299+0.247 -12.843+81.413 -0.280+0.157 76.319+143.694
DD 2.891+0.164 1.209+54.132 3.529+0.103 2.376+93.948
ﬁ 0.369+0.256 -18.943+84.389 -0.370+0:160 118.049+146.471
DE 2.712+0.156 1:289+51.633 3.825%0.115* 2.515+105.037
'B 0.190+0.251 60.748%82.769 -0.074+0.169 257.049+153.819
EF 2.522+0.196 1.228+64.740 3.899+0.123 2.258+112.373
15 0 0 0 0

EEIVTI 1 < 0.05

* LAANAIAINULANANDE 193]

Y

** LARIAIAIULANG 19D 1NNYET

o

RRGIRNGRIET
A

B = 0 wansnshifidnswasiu
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$1uU SNPs Al allele waz genotype wagduna Hardy — Weinberg 998U MHC

iielugdeasuiiin 8u MHC azdifnenwlunistinanldidu marker assisted selection
(MAS) Trtulfudionndesanvomminedomaluladasudldvielidu ludesiunisfinu
TuiFesduau SNPs 7wy SULUY wazmudves SNP dananfianudidglundnisussiiy
polymorphism é’uLﬂu@mauﬂ’aé’ﬁmﬂismwﬁwaqmil,i‘]u gene marker @e1nmsAnwASl
wud Bu MHC fdnenmitagiinandssndliidu MAS 18 diidesangdlifiudonndasnamaild
Tuns@inull wuindu MHC 7 SNP - d1unu 16 duvtds (wanslupsnedl 5) fe C125T, A126T,
C128T, A131G, G136T, C209G, C242T, A243T, C244T, C250T, A254T, A274G, A282T, C360T,
A361G wag G720T Tasunsduvisiianuaenndosiuanuideivihnountiil iwu dumisdl A126T
way C128T Tusuwea Li et al. (2012), Liu et al. (2009) Bsdnwdudananludssanslituiiodu
Ay SNP suvdsdsnanaidudy mswu SNP vesdudsnandluduvisiivilou vieunnsinstu Tu
Usemnslnanewusfiuansnetu Usiasaumainaans ifandan vemugnssuvedlifuidiedineuas
U

uaNINT NA9197 5 Asufiuimndumsdaruuandisiurasnualiele waganudsiu
Tndunn Wefinsvageu Hardy-Weinbers Equilibrium ﬁwudwﬁLmﬁﬁiulwﬂnﬂﬁ%mﬂuﬁ'mLuu
29NAINFUAA Iquwﬁ mMsdeauLeanan Hardy-Weinberg Equilibrium ﬁ?uﬁmm&;mmﬂ N3
dnudan nmaemem uazmskasiusuuUlidy defimsaniadodingn Tulssanslifiudleandas
yaum Adlunisfinu wud Usssinsi Wulssansiildfinisdaiden wauwesnssiusiugld
fudloundonnamusinsuladniuasdtinnunsuatiuayumside foflefiuduunds
NUFNTTY Fedunnsd nﬂﬁi’wmeﬁmmﬁmwuaaﬂmm Hardy-Weinberg Equilibrium fugnuiinan
msdndenlnesssumAfiintuegiwiaiion uay iuamendsivinlflifudeaiinuausalunis
funulsa wazarwannsalunsuiudilidiivdsnndes
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a1519fl 9 $1uau SNP finu Avudvas SNP uaz genotype wazauna Hardy - Weinberg ¥as8iu MHC ansuaulivanun 125 67
SNPs Allele/  frequency SNPs Allele Frequency SNPs Allele frequency SNPs Allele frequency
Genotype Genotype Genotype Genotype
SNPs1 T 0.932 SNPs2 T 0.972 SNP3 T 0.944 SNP4 G 0.968
C125T C 0.068 A126T A 0.028 C128T C 0.056 Al131G A 0.032
1T 0.904 1T 0.968 T 0.944 GG 0.960
TC 0.056 TA 0.008 TC 0.000 GA 0.016
CcC 0.040 AA 0.024 CcC 0.056 0.024
SNPs5 G 0.952 SNP6 C 0.884 SNP7 0.920 SNP8 A 0.684
G136T T 0.048 C209G G 0.116 2421 C 0.080 A243T T 0.316
(n=125) GG 0.944 cC 0.864 T 0.880 0.592
GT 0.016 CG 0.040 TC 0.080 AT 0.184
1T 0.040 GG 0.096 CC 0.040 0.224
SNPs9 C 0.712 SNP10 C 0.536 SNP11 A 0.840 SNP12 0.508
Caa41 T 0.288 C250T 0.464 A254T T 0.160 A274G G 0.492
(n=125)  cc 0.672 cC 0.488 0.784 AA 0.496
cT 0.080 cT 0.096 AT 0.112 AG 0.024
1T 0.248 1T 0.416 1T 0.104 GG 0.480




M19199 9 31U SNP WU AMNDVBY SNP LAz genotype wazauaa Hardy — Weinberg 98381 MHC andwaulivisnun 125 69 (si9)
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SNPs Allele/  frequency  SNPs Allele Frequency SNPs Allele frequency SNPs Allele frequency
Genotype Genotype Genotype Genotype
SNPs13 A 0.940 SNP14 T 0.968 SNP15 G 0.948 SNP16 T 0.936
A282T T 0.060 C360T C 0.032 A361G A 0.052 G720T G 0.064
AA 0.928 T 0.952 GG 0.928 1T 0.936
AT 0.024 TC 0.032 GA 0.040 TG 0.000
1T 0.048 CcC 0.016 AA 0.032 GG 0.064
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NAN1SANYIBNENAVBY MHC gene faanuyaiznIsLa3gsAULA

NSANEIBYENAVD SNPs  LAaZAILNLY AdNwUrN1TIASEYAULR WUI1 SNPs finuiis 16
Fumiatiy Tiileeiundadi 3 (C128T), 6 (C209G), uag Aunuadi 16 (G720T) wintudinuingl
auduiusesnaditudfyneadai P<0.1 fusneazdmindl 3, 4, 5, 6 wax7 ey (A3 10)

M990 10 AlLRBELATAUAATIAAEUNIANTEIY (+ SE) vasimindd Tuldnullesaneiug
WMRBINNUNINDNY 3, 4, 5, 6 Uag 7 Lo
Genotype Bodyweight (month)

(n=125) 3 4 5 6 7

NP1 ca2Cc 930.69 (60.37) 1235 (76.71) 1562 (140.25) 2066 (121.90) 2534 (360.26)
(€125T) T42C 900.49 (51.01) 1251 (64.82) 1806 (118.51) 2004 (103.00) 1987 (304.40)
T4z2T 917.58 (12.69) 1269 (16.13) 1861 (29.47) 2085 (25.62) 2215 (75.72)

NP2 A43A 952.52 (7781) 1269 (98.67) 1997 (153.56) 2137 (157.38) 2611 (466.50)
(A126T) T43A 822.46 (135.13) 1074 (171.37)  -85.93(266.69) 1869 (273.30) 2207 (810.18)
T43T 917.05 (12.24) 1268 (15.52) 1858 (24.15) 2080 (24.75) 2205 (73.36)

SNP3 Ca45C 911.52 (12.22)* 1260 (15.54)* 1837 (29.06) 2074 (24.93) 2213 (74.21)
(C128T) T45T 1004 (50.19) 1375 (63.85) 1997 (119.35) 2183 (102.38) 2244 (304.82)
SNPU A48A 924.52 (77.99) 1232(99.10) 1868 (184.40) 2064 (157.58) 2457 (467.00)
(A131G) G48A 885 (95.39) 1235 (121.22) 1780 (225.54) 1960 (192.74) 2460 (571.20)
G48G 917.50 (12.32) 1268 (15.65) 1846 (29.12) 2082 (24.88) 2205 (73.74)

SNPS G53G 915.28 (12.40) 1265 (15.79) 1841(29.31) 2076 (25.11) 2216 (73.46)
(G136T) G53T 911.85 (95.97) 1265.(122.20) 1846 (226.80) 2110 (194.33) 1288 (568.50)
T53T 963.37 (60.26) 1301 (76.72) 1963 (142.40) 2150 (122.01) 1564 (356.94)

N C126C 925.40 (12.85) 1276 (16.35) 1871 (30:12) 2093 (26.09) 2212 (77.97)
(€209G) C126G 874.40 (60.85) 1187 {77.45) 1713.(142.68) 1951 (123.59) 2301 (369.36)
G126G 860.83 (38.48) 1210 (48.98) 1676 (90.23)* 2014 (78.16) 2208 (233.59)

NP7 C159C 898.48 (60.28) 1213 (76.53) 1793 (142.73) 1982 (121.70) 2332 (359.16)
(C2a27) T159C 890.96 (42.87) 1239 (54.42) 1840 (101.50) 2037 (86.54) 1866 (255.40)
T159T 920.37 (12.85) 1271 (16.31) 1849 (30.42) 2088 (25.94) 2241 (76.56)

NP8 A160A 907.57 (15.62) 1259 (19.94) 1845 (37.10) 2079 (31.77) 2176 (93.84)
(A2437T) A160T 917.61 (27.99) 1281 (35.73) 1869 (66.49) 2084 (56.94) 2189 (168.20)
T160T 942.14 (25.50) 1272 (32.55) 1828 (60.57) 2079 (51.86) 2340 (153.21)
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a519f 10 Anefouazauaanndeunnsgu (= SE) vesiming lulnfuiesaneiug
mﬁmmwnﬁmq 3, 4,5, 6 kA 7 oy (A8)
Genotype Bodyweight (month)

(n=125) 3 4 5 6 7
NP9 C161C 917.29 (14.77) 1266 (18.76) 1853 (34.90) 2086 (29.87) 2206 (88.00)
(C244T) Cl61T 915.69 (42.75) 1246 (54.30) 1855 (100.99) 2057 (86.43) 1957 (254.68)
T161T 917.24 (24.40) 1274 (30.99) 1824 (57.64) 2071 (49.32) 2324 (145.34)
SNP10 Cl67C 914.09 (17.26) 1273 (21.89) 1828 (40.78) 2077 (34.95) 2213 (103.56)
(C250T) Cl67T 941.67 (38.89) 1299 (49.33) 1902 (91.89) 2113 (78.75) 2098 (233.34)
T167T 915.08 (18.71) 1251 (23.73) 1853 (44.20) 2075 (37.88) 2245 (112.23)
SNPLL ALTIA 921.02 (13.57) 1276 (17.21) 1853 (32.05) 2088 (27.31) 2270 (81.05)
(A254T) ALT1T 925.56 (35.94) 1251 (45.58) 1881 (84.89) 2123 (72.33) 2000 (214.69)
T171T 878.93 (37.27) 1212 (47.26) 1750 (88.02) 1974 (74.99) 2035 (222.61)
SNPL2 Al191A 936.51 (17.00) 1291 (21.57) 1865 (40.43) 2092 (34.69) 2308 (102.09)
(A274G) Al191G 912.24 (78.06) 1303 (99.06) 1984 (185.62) 2148 (159.25) 2502 (468.70)
G191G 897.42 (17.32) 1239 (21.98) 1819 (41.18) 2064 (35.33) 2106 (103.98)
SNP13 A199A 915.22 (12.46) 1259 (15.73) 1833 (29.28) 2074 (25.05) 2179 (74.16)
(A2827) A199T 1009 (77.57) 1389 (97.96)-. 2066 (182.29) 2344 (155.94) 2765 (461.67)
T199T 908.30 (54.78) 1345 (69.17) = 1990(128.73) 2052 (110.11) 2633 (326.02)
SNP14 czrrc 1015 (94.92) 1340 (120.65) 2050 (224.82) 2280 (191.87) 2740 (570.16)
(C360T) T277C 881.47 (67.39) 1182 (85.66) 1812 (159.61) 1992 (136.20) 2301 (404.79)
T277T 916.70 (12.30). 1268 (15.64) 1843 (29.15) 2079 (24.88) 2203 (73.92)
NP5 AZ78A 1012 (66.90) 1382 (85.09) 2055 (158:19) 2275 (135.26) 2790 (399.70)
(A361G) A278G 903.29 (59.89)  1249,(76.18) 1, 1911(141.61) 2110 (121.08) 2527 (357.81)
G278G 914.46 (12.43) 1263 (15.81) 1836 (29.38) 2072 (25.12) 2182 (74.24)
SNP16 G637G 945.99 (47.54) 1334 (60.20) 2017 (111.43) 2243 (95.10) 2223 (285.55)
(G720T) T637T 915.18 (12.41) 1262 (15.71) 1834 (29.08) 2069 (24.82)* 2215 (74.52)

vinovig ¢ vineds Sdeddynisadinssdunnuuandng P<o.1

nsanelundilinagonadaiunisinyves Pinard — van der Laan (2002) Tne@nwnia
navasnsfmdannnevauestussuugfiduiusediuiing luld White Leghom lugudi 4 1wy
200 #1 nudmanisdaidenidannismeuaussdentsiunmilsaiamadasotimiing Tulnfieny 9
wag 17 dUaii Ao 1042.4+11 uag 1661.5+18.7 nsu (P<0.01) auanau hazluvusiieiny wa
nsanuiluadiifiaenadefiunsdneives Lamont (1998) smuin MHC genotype %qmuamms
mauauawaﬁzuuqﬁﬁuﬁuﬁuﬁwaLﬁmLﬁawiaé’ﬂwmzmqmmam U dvtinda SmsnswauAn
Sasnsitn waznandnle [Judu @28 wenanil nsAnvves Rauw et al (1998) waz Twinkle
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Jasmine Masilamani (2003) wuih madmidenlsididnumeniawangs iwu nsdndonldliiining
a9 fnafuanuduiuslumsaudiulssavsnmeesssuugiduiu arnfina s fueided
auayunansinuluedsd uandulsaduditiidiui 8u MHC dullnadenisiaiaiulaeslide

oflsdmiumanaiitu MHC  fnadenisiaiaifulaveslidu wud1 Non-MHC  linked
resistance HUNUIMIUNITAIVANENBUENISASYLAULR L1 Growth hormone (GH) (Kuhnlein et
al,, 1997) 3¢ GH Jugesluufiadreunain somatroph cell nsexlauesarumii (pituitary gland)
Tnggesluudiinsvhaumanienin Wy naaiauivle, seuuvmileifovesinenis, nsneuauas
Aoszuugiifuiu wagsyuuduiug udu lunmsnevauewesszuugliduiu wuii GH dwasiens
PuaNszuUndfutuitludueaduararsi Tnefnniiaueisingiagasuuiusaduosszuy
aiduAy wifi GH o agladldAsudostunsian T-cell waziwaduasszuuduiulasund usify
ansoluiinauansnsaves T-cell wag Thymic Tugrefiiinauasenls (Welniak et al., 2002)
TulAnuin GH  fiwasenisiadauduln waznismevaussesszuugiduiy udlumihiivén GH 3
oS3 yAule warmsinHaIe1vs dmsuanseaniivudafity IGF- Tulifladufiagly
FiuNSUAnIeenYes GHR mRNA (Kuhn et al, 2002) LAENaNFIUUBIANFURUSTZNI
N3EUINTVRITLUUNTIANAUA B52FUNTHAR U INTBVENAIN9 NIV IIvRsTEUUQRAuTY &
wandlunsunnd 1 uenaindlasnguiudamuin nsinuvesszuuniduiuausadousoru
sEUUUTEaINdIUNas 1nge1ansdun 1 sHalaIngfinssy vien1suandaesgasluuunain
Hypothalamus Lae Pituitary hormoneslasn1andseasluu 1wy Adrenocorticotropic hormone
(ACTH) wag Thyrotropin 91niwadTiAgAUszULYIAuTY  Hlnnudifey lumsifiunsauaunis
FA3189 Gluconeogenesis a1 glycogen, fatty acid kay amino acid lunsluannisavaulusiy
1'14ﬂ’513JL§@ LLaﬂUaﬁuaw gluconeogenesis Wag NISAILATIZI acute-phase glycoprotein Hudu
(Pieter and Stephen, 2000)
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elesomces ' $] lmmunocompetence
e | .. sse
(ii) T (iii)
@ production immuno- ,
potential competence (1)
potential
production
— ———— |
epldemlology i
Co. i
| immune | T T
(iv) | | | disease
——1  system &—— ,
I i . status
| activation ! .
________________ I
AN 3 ANUANITUSTENINNTEUIUN TV VU AN AU B SEAUNSHAR IUdR INTBVIE WA
INMIVINNUVBITTUUY ALY
newe . Bundn (G), dwndeu (B), anwrUsing (P), s umuUnAnddnsnauiain

Ananmlunisude (i) uaz naemaseliuulsaludnidsnswaunangiauniy
una (iii) ﬂalﬂﬂ’amé’mﬁuéﬁw’hqmaLU?{zJuLLUaaﬁuqmsﬂumaﬂ@ﬁmimn
nsruIuMINIAneatmlunIsiauInugnssuINiduiy () de Auaiunsaly
ANYUENNNTHANINNITYINUYBSTEUULNANAY (iv)

fian : Pieter and Stephen (2000)

NANTSANEIBNTNAVDY MHC gene fadnuwaznlsAnumnInlsa

MsANWNBYIENaYEs SNPs usavsums sednwaen1sEunulsa wuin SNPs finuii 16
ety Sisumiedl 3 (C128T), 5 (GL36T), 6 (C209G), 10 (C250T), 11 (A254T) way Fwmsil 12
(A274G) finuirdanuduiusesdituddunadftudnuvarlunsdunulsed 3, 4, 5, 6 wag?
dou mussaziBuniinandlumsnsd 11

namsAnwadiidenndesiunsinwues Li et al (2012) #AnwAuduRUSsERing
Snwaigmanfduiu uay MHC B-F gene Tuldfuiios Shadong aneiiug Wenshang Barred (LH),
Laiwu Black (LWH) Uag Jining Bairi chicken (BR) angwugas 100 63 wusiunis SNPs 65 fumnis
1n8 SNPs ﬁmmﬁ’uﬂ’uéﬁué’wmzmmﬁﬁmﬁuﬁqammaﬁuﬁ‘ wudsumdsfimilousunisiine
09 Li et al. (2012) Aiw 126 (T, G, A) uag 128 (C T) ai‘UNamiﬂﬂmwmﬁaﬂwmuﬂmmuma
wauRvedlamed sonsiuniulsaianada (ND) fisiuvis 48, 69, 127, 149, 192, 196, 220 uax
232 (P<0.05) WuRe1AuN15ANYIUeY Liu et al. (2009) AnwiAnuduiusves SNPs Tu exon 2 v99
MHC B-F gene moanuwagnsitumulsalula Chinese Beijing-You Wwag White Leghorn 9117y
250 ¢ lulrusiazanosiug wusduma SNPs 55 suva Tag SNPs Afiduvtsiiviioutunisfing
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03 Liu et al. (2009) Fesunisii 126 (G,T) wag 128 (€1 lulrivassaneiug asunaannisine
999 Liu et al. (2009) Wu SNPs 6 suvinisii loci 69, 218, 220, 221, 223 uay 235 dmudTUsHY
nsEumulsadia-aada waznu SNPs 3 duvisdt loci 214, 217 way 232 fanuduwusiuns
Aunudelsa 1[9nin-un (P<0.05) M3An®1ves Guo et al. (2012) AnwIAUVAINTAIENIY
#ugnT3NU83 MHC BLB2 gene exon 2 Tulnfiuiloaius Hebei $1uau 2000 1 (2 200 &2 was
ALl 1800 #17) Wusumis SNPs 69 suuis a3unaaInni1sAn®Ives Guo et al. (2012) wuiiby
Ei'JWUENGT’]LmﬁQﬁ 4-20, 30-37, 51-64, 84-96, 104-114, 117-129, 170-189, 224-242, 253-261 uay
263-273 Wudwdiinuduiusiunisiaulunssuiunsnovaussieszuugiduiu uay MHC
class 1B gene &eladinisAnuwiluuai Cynoglossus  semilaevis  #on15AUNULSA vibrio
anguillarum \ulsafifnnidouuaiie Adsnvuzennainduwsanquuuiiands $1uam 200
Fadunsfinwives Du et al. (2011) wushuwis SNPs 72 siuvs Sdumsiimileutunsinuives
Du et al. (2011) Aodumiadi 124-126 (GGA, AGA, GAG), 242-243 (TG, TT, GG), 250-253 (ACCA,
ACGC, AGCC, GGAC, ACGG), 254-256 (TGC, TGG, GTT) uinin1sAnsanumaInmaesnanugnssy
Ul Exon2 898U TLRA Audnuwauzn1saunulsaluln 15 @1e9ug wusiumia SNPs 2 éumia Ao
G118A uay G142 A wanuin SNPs finuuy TLRG eene lullsfianuduiusiusumimionanseny
seBuiliietestunissumulseluld (Liu et al, 2011)

nfindaunvzdanaldindiunis SNP finupnuduiusiua titer Immshmﬁ?umaﬁmm
uAnAaiy GeaunsneSurglddn iWefiansanaindiumis NP Anvluudazaufifaanuuandiaiy
(#sleinanlilusadoises druau SNPs Awd allele wag genotype wazauna Hardy — Weinberg
948U MHC class Il) BaAnarnauuansslusyduiusnssnvesdu MHC voslafifhiusvieanosiug
Fumnsnefuduiniosainnszuinns crossing over 4in DNA recombination waefinaviildiin
ansuansnsiulusysuiua Suiduanmniivivling SNP Tusundsiuandnaiu uasyinlimutodAgy
Tudumisiunnsnsiuge

wansAnuifunsBuduiaBu MHC cass Il Snasossdugiduiuresinsnievedld uay
annsnilu T lunsiauriugns smeslilidamagsaltnsvawssuunidusul ity
othalsfmulunsdvesnmsinuluadsdl flfiamaitadinansdnunlvldlunmsdndonldfuiods
farwannsalunsiunulsalinniu maglifudesdimmaunsofinnalunusifiumelaey
ué mnuAdasnisgatiui Tuswanddesnsiamuiugnssuestaiudediiaruamnsaludu
nssaiulalinntu Witesy Srinavildanuamsolusunisiumulsrandeas ERGRIEH
luitgn
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ALRALLATAIINAAIALATONNINTEIUN (+ SE) vesAT log (10) Titer lulniuiilesane

Genotype Titer Log (10) (month)
(n=125) 3 4 5 6 7

NP1 Cca2c 2.20(0.41) 2.46 (0.22) 2.84 (0.58) 3.80(0.17) 3.77(0.14)
(C125T) T42C 2.26 (0.35) 2.77(0.19) 2.70 (0.13) 3.77(0.14) 3.72(0.12)
T42T 2.40 (0.09) 2.72 (0.05) 2.59 (0.03) 3.61(0.04) 3.62 (0.03)

NP2 Ad3A 2.58 (0.53) 2.56 (0.29) 2.90 (0.21) 3.75(0.22) 3.77 (0.14)
(AL26T) T43A 1.42 (0.92) 1.98 (0.50) 2.73 (0.36) 4.01 (0.37) 3.72(0.12)
T43T 2.39 (0.08) 2.72 (0.05) 2.60 (0.03) 3.62(0.03) 3.62 (0.03)

SNP3 Ca5C 2.16 (0.34) 2.66 (0.19) 2.72 (0.07)** 3.76 (0.14) 3.73(0.12)
(C128T) T45T 2.40 (0.08) 2.71 (0.05) 2.74.(0.08) 3.62 (0.03) 3.62 (0.03)
-~ Ad48A 2.43(0.53) 2.55(0.29) 2.99 (0.20) 3.81(0.22) 3.77(0.18)
(A131G) G48A 2.43(0.65) 2.66 (0.35) 2.50 (2.25) 3.42 (0.26) 3.42 (0.22)
G48G 2.39 (0.08) 2.71 (0.05) 2.59 (0.03) 3.63(0.03) 3.63 (0.03)

NP5 G53G 2.37(0.08) 2.71 (0.05) 2.59 (0.03)* 3.63 (0.03) 3.62 (0.03)
(G136T) G53T 2.82(0.65) 2.92(0.35) 2.56 (0.25) 3.66 (0.27) 3.67 (0.23)
T53T 2.61(0.41) 2.65 (0.22) 2.96 (0.16) 3.76 (0.17) 3.72(0.14)

NP6 C126C 2.40 (0.09) 2.74 (0.05) 2.59.(0.03) 3.62 (0.04) 3.62 (0.03)
(€209G) C126G 2.53(0.42) 2.84 (0.22) 2.77(0.16) 3.67 (0.17) 3.65 (0.15)
G126G 2.28(0.26) 2.41 (0.14)* 2.61(0.10) 3.71(0.11) 3.71 (0.09)

NP7 C159C 2.57(0.41) 2.69 (0.22) 2.75(0.16) 3.78 (0.17) 3.74 (0.14)
(C242T) T159C 2.00 (0.29) 2.92 (0.15) 2.51(0.41) 3.58 (0.12) 3.65 (0.10)
T159T 2.41 (0.09) 2.69;€0:05) 2.60:(0.03) 3.63 (0.04) 3.62 (0.03)

NP8 A160A 2.41(0.11) 2.73(0.06) 2.60 (0.04) 3.60 (0.04) 3.61 (0.04)
(A243T) A160T 2.24(0.19) 2.63(0.10) 2.58 (0.07) 3.65 (0.08) 3.65 (0.07)
T160T 2.46 (0.17) 2.72(0.09) 2.61(0.07) 3.68 (0.07) 3.67 (0.06)
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peii 11 Aiadsuavanueainiadeuinsgiu (+ SE) 9eae log (10) Titer lulduiilosans
Wuﬁ:mﬁmmwnﬁmq 3, 4,5, 6 kA 7 hou (A8)
Genotype Titer Log (10) (month)
(n=125) 3 4 5 6 7
SNPS C161C 2.41(0.10) 2.72 (0.05) 2.60 (0.04) 3.63 (0.04) 3.62 (0.04)
(C2a4T) C161T  2.55(0.29) 2.76 (0.16) 2.63 (0.11) 3.76 (0.12) 3.73(0.10)
T161T 227 (0.17) 2.66 (0.09) 2.58 (0.06) 3.59 (0.07) 3.60 (0.06)
SNP10 C167C  2.30(0.12) 2.12 (0.06) 2.59 (0.05)* 3.66 (0.05) 3.66 (0.04)
(C2507) C167T  2.47(0.26) 2.76 (0.14) 2.82(0.10) 3.65(0.11) 3.64 (0.09)
T167T 247 (0.13) 2.68 (0.07) 2.57 (0.05) 3.59 (0.05) 3.59 (0.04)
NP1 A171A  2.34(0.09) 2.72(0.05) 2.61 (0.04) 3.60 (0.04) 3.60 (0.03)
(A254T) ALTIT  2.73(0.24) 2.80(0.13) 2.61(0.10) 3.66 (0.10) 3.65(0.08)
T171T  2.35(0.25) 2.50 (0.14) 2.56 (0.10) 3.84 (0.10)* 3.80 (0.08)*
SNP12 A191A  2.29(0.12) 2.70 (0.06)*** 2.63 (0.05) 3.61 (0.05) 3.61 (0.04)
(A274G) A191G  2.94(0.53) 1.53(0.27) 2.56 (0.21) 3.62(0.22) 3.67 (0.19)
G191G  2.47(0.12) 2.77 (0.06) 2.58 (0.05) 3.65 (0.05) 3.64 (0.04)
SNP13 A199A 240 (0.09) 2.72 (0.05) 2.60 (0.03) 3.62 (0.03) 3.62 (0.03)
(A2827) A199T  2.41(0.53) 2.12(0.28) 2.44(0.21) 3.87(0.22) 3.83(0.18)
T199T 2.52(0.37) 2.73(0.20) 2.70 (0.15) 3.75(0.15) 3.72(0.13)
NP4 C277C  2.39(0.65) 2.94 (0.35) 2.67.(0.25) 3.70 (0.26) 3.65 (0.23)
(T3600) T277C  2.40(0.46) 2.78 (0.25) 2.80(0.18) 3.76 (0.19) 3.72(0.16)
T277T  2.39(0.08) 2.70 (0.05) 2.60 (0.03) 3.63 (0.03) 3.62 (0.03)
SNP15 A278A  2.33(0.46) 2.83(0.25) 2.52(0.18) 3.62(0.19) 3.59 (0.16)
(A361G) A278G  2.24(0.41) 2.78 (0.22) 2.80 (0.59) 3.76 (0.17) 3.72(0.14)
G278G  2.40 (0.09) 2.7040:05) 2160:(0.03) 3.63 (0.04) 3.62 (0.03)
SNP16 G637G  2.17(0.32) 2.62 (0.18) 2.61(0.13) 3.74 (0.13) 3.74 (0.11)
(G720T) T637T  2.40 (0.08) 2.71 (0.05) 2.60 (0.03) 3.62 (0.03) 3.62 (0.03)
vinovig * vinede Sdeddynisadnssdunnuuendng P<o.1
o yynede dudfyBmeadaniseiuauanae P<0.05
oo el SuddnBunaanfiseRuAILANG1Y P<0.0
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