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KEYAPAT KONGROI : THE RELATIONSHIP OF HEMATOLOGICAL
VALUES AND MAJOR HISTOCOMPATIBILITY COMPLEX GENE
PATTERNS WITH NEWCASTLE DISEASE ANTIBODIES IN THAI
INDIGENOUS CHICKENS : LEUNG HANG KHAO. THESIS ADVISOR :

ASST.PROF. BANCHORN LIKITDECHAROTE, Ph.D., 84 PP.

MAJOR HISTOCOMPATIBILITY COMPLEX/NEWCASTLE DISEASE/THAI

INDIGENOUS CHICKEN/

Newecastle disease is the most amportant disease causing great loss of life in
Thai indigenous chicken farming even with the regular vaccination practices due to
varying individual capability in immune response. A study of the relationship of the
hematological values and the Major Histocompatibility Complex (MHC) gene with
Newcastle disease will give more information to help with the approach to selection
and breeding for disease resistance in the future. The hematological values and
antibodies titer'were tested from blood and sera of 153 chickens at 4 and 7 month of

age and analyzed. The average hematological results: weré: total RBC 1.4-4.2x10°

cells/ml, total WBC 5.8-37.9x10° cells/ml, pack cell volume or hematocrit 21.0-51.8
%ml/dL, hemoglobin 7.4-18.8 %g/dL, mean corpuscular volume 110.2-146.5 fL,
mean corpuscular hemoglobin 33.0-59.1 pg and mean corpuscular hemoglobin
concentration 29.9-43.0 %g/dL. It was found that chickens at 4 months of age with
low, medium and high antibodies ( 63.15+23.47, 421.77+£28.04 and 1525+131.92)
showed a significant negative relationship to the lymphocyte (71.00+2.46, 69.79+0.81

and 67.72+1.29% WBC respectively) and a significant positive relationship to the



heterophil (25.17£2.34, 27.76+0.86 and 29.41+1.05% WBC respectively) at P<0.05.
A study of the effects of Major Histocompatibility Complex (MHC) class II,
and microsatellite LEI0258 on the ability of disease resistance and bodyweight of Thai
Indigenous chickens, and the pattern of both loci in 125 chickens was conducted.
Blood samples were collected for Microsatellite-based and SNP analyses. PCR and
PCR sequencing were used to classify the allele of LLEI0258, and the SNPs of MHC
class TI gene. respectively. Bodyweight was recorded at the age of 4 and 7 months.
Titers of Newcastle disease at the age of 4 and 7 months were tested using ELISA. Six
alleles of LEI0258 were classified as A (205 bp), B (249 bp). C (307 bp). D (321 bp).
E (345 bp) and F (420 bp). Sixteen SNPs were identified at C125T. A126T. C128T,
Al131G, G136T, C209G, C242T, Alﬁﬂ; C244T, C250T, A254T, A274G, A282T,
C360T, A361G and G720T. A signiﬂcﬁm relationship between genotype and growth
as well as the titer was detected for the BD, DE and CD against Newcastle disease at
the age of 7 months. A significant association between SNP and bodyweight was
found at the SNP 3 (C128T). An association between SNP and titer was found at the
SNP 6 (C209G~t] (A254T) and 12 (A274G). These results“éuggest that these loci
have significant relationghip with-bodyweight and dis€aséresistance and that the loci

may be used as gene markers for the future selection of Thai indigenous chickens.
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MHC = Major Histocompatibility Complex
ABS = Antigen binding site

SPN; = Single nucleotide polymorphism
APCq = Antigen presenting cells

NDV = Newecastle disease virus

HEV = Haemorrhagic enteritis virus
SRBC = Sheep red blood cells

GLU = Glucose

CHOL = Cholesterol

AMY = Amylase

URIC = Uric acid

BUN = Blood Uria nitrogen

CREA = Creatinine

SOD = Sodium

POTAS 2 Potassium

CAL = Calcium

BW = Body Weight

Lym = Lymphocyte

Het = Heterophil

H : L ratio = Heterophil to Lymphocyte ratio
RBC = Red blood cell

HGB = Hemoglobin

WBC = White blood cell
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HCT = Hematocrit
MCV = Mean Corpuscular Volume
MCH = Mean Corpuscular Hemoglobin

MCHC = Mean Corpuscular Hemoglobin Concentration
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(HEV = Haemorrhagic enteritis virus, SRBC = Sheep red blood cells)
a 3 A A o o o ' = '
siaveudadoaunimsavdouludadilnlunquaiugu lymphocytes Hu1nnan
< a 4 o [
HARAVIBUADU (~70%) 31UIU heterophils, basophils 1A eosinophils 110U 20 4 1A 2%
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eosinophils 91NNIHIATUNUANANUTY 4 NQUMTNAADY (Graczyk et al., 2008)

Group Lymphocytes  Heterophils Eosinophils Basophils  Monocytes
% % % % %
NDV 70.66£11.09 22.66+11.02 2 +1.67 4.16+3.71 0.5+ 0.54
NDV+SRBC 59+14.96 33.66+16.05 1£1.55 6+2.96 0.33+0.81
NDV+HEV 65.5+6.02 22.5+5.82 5.33+3.98 5.33+£5.12 1.33 £1.96

NDV+HEV 65.16+5.15 24.33+ 6.25 2.66+ 3.07 7.66£3.14  0.16+0.41

+SRBC
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. Y. U a A 4 a 1 4
Suchint et al. (2004) ladnyia1TaaIne dan las laduazduad Taraved lniudioq
. R ¢ Y = A 2 1 A ' A a
(Gallus domesticus) NtasalunInas s mAguniioveslszmealne Fea1nnadvIud
o W aa o Aa a aa [ ) ldy A
anudiaglunmsiteneeinsaalndniendin tazenisanlsaais q Tasld lniwiies
A o % = a ] 1" A 4 (= =3 a
FUATMATINIU 40 A7 (neillonazinadatiaag 20 49) nazaromn las laauazmaual Tada

ldy A o o 9 @ ~ o Ay Y [ o ' a 4
Mulﬂwummmmu 18 A7 (!fl/‘l‘f”flf/jj 10 @ IWALLY 8 AN) llﬂ‘i/]llﬂllﬁ]'lﬂ%\ﬂ’iﬁlﬂ VDULNU NIWTUTD

< 1 a a
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Parameter Total (n=40) Range
Male (n=20) Female (n=20)

Hemoglobin (g/dl) 9.27+1.42%* 8.52+0.85 8.89+1.20 8-10
Total RBC (Xlﬂﬁul) 2.32+0.31* 2.19+0.26 2.26+0.29 2-3
PCV (%) 33.55+4.72 30.80£3.96 32.18+4.46 28-37
MCYV (11) 147.87+18.43 141.39+19.17 144.63+18.61 126-163
MCH (pg) 40.26+5.16 39.114+4.42 39.69+4.96 35-45
MCHC (g/dl) 27.93+4.56 27.79+1.77 27.86%3.37 24-31
Total WBC (X104ul) 2.05+0.39 2.05+0.53 2.04+0.45 1.6-2.5
Heterphil (%) 25.40+5.12 22.00+8.78 23.70+7.21 16-31
Lymphocyte (%) 60.30+5.33 67.05+11.49% 63.68+9.36 54-73
Eosinophil (%) 7.352.91% 4.30+3.59 5.833.53 29
Monocyte (%) 4.35+£3.15 4.05+3.39 4.20+£3.20 1-7
Basophil (%) 2.70+2.13 2.60+2.16 2.65+2.09 1-5
H : L ratio 0.43+0.12 0.36+0.21 0.40+0.17 0.23-0.57
WNEWA ¥ AURGe =SD M8 UI023EH LN IAMIANA1NAEA (P< 0.05)

A1SAN YAV O I Juul-Madsen et al. (2002)

=4

ADYIANINY A

[

Y 4
UNUDYVDI Major

Histocompatibility Complex 1N15A0UAU0IU09 U ANNUITNN15 TG udAe TsAasaaw

8nd (Infetious Bursal Disease Virus; IBDV) a32va0u1u'ln 3 aoiiuginnuuanaaues B

9
haplotype 4 ¥1a 1a8 B19 haplotype 3nsiaaseanlulang 3 aeviug

J

Q

Line 1 BW1: Red Jungle Fowl (Gallus gallus 6.25% x White Leghorn 93.75%)

Line 131

Line 21

B21: White Leghorn 100%

MIUINGUNIINAADIAIAAI Y 15199 2.4

B131: Meat-type chicken (White Cornish 50% x White Leghorn 50%)
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4 J Y 1 & J
ﬂ]’i]\?ﬁ 2.4 @Qﬂﬂﬁ%ﬂﬂﬂ‘ﬂﬁwuﬁﬂﬁﬁu GUlelfWN 6 NQUNITNAQD (Juul-Madsen et al., 2002)

Genetic group Line MHC genotype
L1-BW1 1 BWI1/BW1
L1-B19 1 B19/B19
L131-B131 131 B131/B131
L131-B19 131 B19/B19
L21-B21 21 B21/B21
L21-B19 21 B19/B19

MHC JHanon15A0UdUDIAd IBDV antigen 753979 A5 ELISA 1A31UIUYDY
MHC class IT molecules @ ® MHC class [I-positive lymphocyte W U 11 msSeuimneua

a Jd [ 1 @ g’/ 1
HOUAVDA ”lmmwaﬂ13sﬁ’mmuisﬂwaaﬂau@ﬂmu“lu”lﬂmq 6 1ag 8 U VYBIN 6 NYUNIT

[ a 0 w

' Y
nAaee nuNlszaugiawmulsanuiuedaiiisdiny (P<0.05) Tungu L1-B19 uag Li-

@

A

=2 3 ' & A 1 =) 1 [ an o
BW1 haplotype Bailu Ingnaauiiuiiod Taslunguau lifianuuanawiunadaaadas

U

Tuainn 2.4



17

b B day 6 Wday 8

Antibody titer

L1819 L21-B19 L131-B19 L1-BW1 L21-B21 L131-B131
Genetic groups ond 6 and 8

d' 1 a = d 1 Y [ ya
HNNN 2.4 AUBUAVDA ulﬁm’ﬂﬁ @]ﬂﬂ']ﬁﬁ']u'ﬂ'luTﬁﬂ Hasnauantay (IBDV) ﬂi?%jﬂﬂi‘ﬁﬁ‘ﬁ
ELISA ﬁmq 6 11az 8 I (Juul-Madsen et al., 2002)

WngMA :abedef  AINNUUANANNNADA (P< 0.05)

1 o A A 1 I3 A A Jd 1 v
wmwsmumaﬂmmamsmammngmcﬁaammaaﬂmnmenmemﬂu”lﬂmq 6 Y

Y 1A A 2 ' ' o
8 7 Wu/5u@ lymphoeyte 1N AU lunnngunisnaass endungy LI-BWI aauaaqlu

s 2.5
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MHC-LINKED VACCINE PROTECTION

5
45 B Eday 6 Wday 8 7
4 b
b
35 :
®
g 3
Q
@ 25
@
a a
5 21 a a
m L a
151 :
1 -
0,5 1
0 h T T T T T T

L1-B19 L21-B19  L131-B19 L1-BW1 21821 L131-B131
Genetic groups on d 6 and 8

! o H [ J 3 '
NNA 2.5 52AUNAAAINTONITAIBVDINGUITAALTAA DAY (Lymphocyte) 11 6 NGNS
naapaningutlesnulsnrasnandniay (Juul-Madsen et al., 2002)

WK :ab  AIANNUANANNINEDA (P<0.05)

v
=2 [ o

A Aa X Y ' Ay a4 2 4
GINflnﬂgﬂﬂ']W‘Vl 24 1% 2.5 Waﬂlﬂﬂﬂlullﬁﬂﬁiﬁlﬁuﬁ’] ITAVJUNY UTﬁﬂﬂ!WN"UUN

=

v o Jdo d 3 A A A
ANUAUNUTN VYT I aaalaaeav1? (Iymphocyte) NNHFIVUAIY

v A o d
2.6 My nF@aaludnIiln
1. Uric acid Uonn159i1a1uve lndaitln Uic acid e udolugi luTasnuvesdad
Tnvzgauiiedaitiniuilulsnitinasela (normal range 2-11 mg/dl)
= A v o a J @
2. Blood glucose 5umng Inaludeadaillnilnfszgennvesninazgiiv uagoy

é’ Y Yo = v o [ 1 3 =
qamneuum ﬂi‘ﬂﬂ’Nlll,ﬂ5EJ@]ﬁ@l’J‘]Jﬂﬂ%llllﬂ’é]EJ‘W‘]J’HL‘]J“H!,‘1JTH’J'I°H°Hf]ﬂiﬂﬂi]Z‘W‘U’ﬂll‘]J‘ill'lm

= [ A

g 1A gada 900 mg/dl Az NBUATIBNONUININT 150 mg/d]
< Y { 1 £ I 1 @
3. Cholesterol 11 lusiui 1dwarneiisuaz sumeaiauwesnediu Tnmadind
a g 91 g 9 o I3 aa o Iy @
AanssunlFenege swninnudesmsnasugalumssdia i 198sza cholesterol
o 3 Ja A % d
@1 (Bahman et al., 2011) AvLadn0 300 1 UNIA15 dmpsosaanauaz toansged wulu ie
Y 4 ,i' t&’ 1 1 A v 1 ]
Huwadvesniiiege lusrumenazgnaudelunszumdenvesdai nomamesoadiulng
1 Y [ v [ u’da! J v dy dy [ A
Tuldmnvemisuaszgndunsziaunielusinme swazaueguinluiiomevotetoazh

Y
af1aduvuy e du'ludunaa (spinal cord) au0d Ay HITIMADALAOAUAY (atheroma)


http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B8%AD%E0%B8%A2%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B8%AD%E0%B8%A2%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%81%E0%B8%AD%E0%B8%AE%E0%B8%AD%E0%B8%A5%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A2%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%AB%E0%B8%B8%E0%B9%89%E0%B8%A1%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A2%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%AB%E0%B8%B8%E0%B9%89%E0%B8%A1%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B8%A3%E0%B9%88%E0%B8%B2%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B1%E0%B8%95%E0%B8%A7%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B1%E0%B8%9A
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B1%E0%B8%9A
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%A1%E0%B8%AD%E0%B8%87
http://th.wikipedia.org/w/index.php?title=%E0%B8%9C%E0%B8%99%E0%B8%B1%E0%B8%87%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B9%81%E0%B8%94%E0%B8%87&action=edit&redlink=1
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2.7 Major Histocompatibility Complex (MHC) Tumsfumulsnludniiln
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2.8 Major Histocompatibility Complex (MHC) Tudaiin

. . e e1e < ' = 9
Major Histocompatibility Complex (MHC) 1Hunguaeguuulas luTsy dsznouaie

Tﬁﬁuﬁam%ﬁﬂﬁﬁiﬂuﬂiﬁ}ﬁmiﬁ%}”ﬁ Histocompatibility antigen ¥l glycoprotein @Qf’]ﬁ‘jﬁ 78]
Jd a 1 o W { o a @ 1
UBDAUFAATUAAN ﬁ‘]J‘VI’LI"I‘V]ﬁ"lﬂigL?‘IEJTU@Qﬂ‘]Jﬂ”liﬁi’)‘]JfT‘L!ﬂ\?ﬂl@\iigﬂﬂaﬂf’ijﬂﬂuﬂl@ﬂi”lﬁﬂ"lﬂ

Tasviuausuoudnuliun T cell 1R T cell @MNTDUENUIZTZHIN self 1AL non-self 1Ag


http://th.wikipedia.org/w/index.php?title=%E0%B8%AB%E0%B8%B1%E0%B8%A7%E0%B9%83%E0%B8%88%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94&action=edit&redlink=1
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MHC TulAgnisena152 01 B complex U Tas Tu Tsud1um1iai 16 (Boonyanuwat et. al. 2006)
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a131599510un 18N INUA 4 class AD
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v A S I A Y
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. . < Y "o Y A
cythrocyte platelets Li@% intestinal cell Wuau (Bloom and Bacon, 1985) wa luny Tudsy vse

GRGEVE

2.9 Tnssa3 198y MHC (Gene Structure of MHC)
A ' 2 Yo ° a ¥ o A = ~
ma"lmgmumgm"lﬂumimtmmﬂiuiaEJ‘vmmuTmaqasmuaumﬂﬂmau MHC

! o 4 k4 v A J = 9 =2
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% U 1 4 = 1 9 2K o = = =

AU5219 Inazuy ¥dgana 55-65% HANUARIIAAINUYDI class T HuUAIRES 35% BIAII
9 2K o = .d' [

AANYADINUVDI MHC class I 1A class IT VU 15 1 Tyue1aznunianud lumssiunuued

IUILNI B-F 1ag B-L 1106310 (Lamont, 1989)
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(linkage) 111AAN15AIDGUDI B complex antigen luiiardon JuiluliIdnvzinmsagliniu
Y 9
173 crossing over Taoinavuseraglana B-L, B-F 1laig B-G sequence Y31 3 loci AT AN

luans1an 2.5

M99 2.5 Tnseaaazmssinauves MEC 1A (B complex)

Function Regions

Region determined by crossing over B-L (class II) B-F (class I) B-G (class 1V)

Presence of antigen on RBC - + +
Rejection of allograft ? + -
GvVH reaction + ++ -
Immune response + ? -
Erythropoiesis - - +
Adjuvant activity - - +

[

HINBINA @ -+ ++ Ao MImmuaszauANNEIn;? Ao hinTuanudAw

9

i3 : Hala et al. (1981)
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1ae BG HUIZHAA antigen class IT L1y TV ANA1AY (Pink et al., 1977) #1MS VY MHC class 11

glJ d { { { { o o 4
Wi Hudunin i encode TosAuntinihnlumsii antigen lalé helper T cell el lums
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L= ~ 1 9 a 9y v = dyd d‘ 1 [
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M3199 2.6 a3UwaMIANEIBNTNAUDIOU MHC class 11 Nlgoanuaio lumsdumu

TsauazanyaeNdIAYMUATHIND

References Wugln/lsa HaMSANY
Fariba Izadi 'In 8 @10Wug (n=210) ANEINNUHAINHAIIN 1IN UENTT IUdI UV
Shavakand  Luhmann Brown Classic MHC gene (LEI0258)
(2011) (LB) Lohmann White ISL WA : WU allele ‘V%:Q‘Villﬂ 22 AHU ﬁ!ﬁ&l’;aﬂ}ﬁ]\‘lﬁjﬂ
(LB) Agassiz Cross (AC) innat immune system
Silkies (SK) Taiwanese
Cross (TC) Yellow Wai-
Chau (YW) Shiqi (SQ)
Yellow Shiqi (YSQ)
(Innat immune system)
Han et al. Chinese indigenous chicken ANHIAIINMAINY Q18917 microsatellite locus
(2013) (n=1,617) LE10258 Tldiuilos
(Genetic resistance) WA WU allele ‘v?il’qmm 22 e fifeateiy
MHC gene
Gholamreza Iranian indigenous chicken ANBIAIINYAINYA18UDY LEI0258 microsatellite

et al. (2013)

(n=242)

(Immune responses)

9
Tulniuiio
Y v
Wa - W allele NIMUA 25 @KU U 8 allele NN
Y
Tulnnsgwnguainnisnaaes Ao 205 261

295307 357 369 393 11ae 443 bp

Lietal.

(2012)

Shandong indigenous
chicken (n=300)

(Newcastle Disease)

AnynnudunussrInanyazgll quiy uag

MHC B-F gene TulAiuiosvealszmaiu
N WS SNPs AR 65 A
- wudnvuzgiduiudeTan ND fidumis
SNPs 48 69 127 149 192 196 220 tag 232

(P<0.05)
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1 \ =
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Vv o a o o w oA 1< 9 o
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< A [ . e Y A 2 o A a g
mudealdnasanssy (micro tube) Neszoziar 1A andsdNgungiiveclszunm 1-2
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] A A o =2 ' Aa A = ]

322 1NUQDAHA LW@u'lllﬂﬂﬂH1W1ﬂ1ﬂWQIﬁﬂﬁﬂﬂﬂWLLﬁzgﬂllﬂﬂﬂu MHC Tﬂﬂ!ﬂll
o ] A < A A~ [ S o A ' 3 o A
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a d U a [
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a J @ =) o w @ a a A
ﬂ'li'Jlﬂﬁ'leiZWUQiJf:]}iJ U %'lﬂﬂ'li‘ﬂWQﬂ%UﬂﬂQﬂuiiﬂu’JﬂWal‘ﬂfa ﬁjﬁlﬂ’)’% ELISA

[ e I A, 1 [ {
(Biochek, 2008) @41 1T 135715957911 antibody @14 ) AMann15ae 17 antibody NABINTT
y y
1

3]
A3529911§N3011V antigen FINTIWFUALAIMALAADYUUAIUD solid phase Az 19 anti-
. = PN £y <3 d o ama o Y = 1 A 9
immunoglobulin mmamﬂmm@u"lmuw”|‘1J§]ﬂ’im’r)ﬂ%u‘wuﬁ N13808 substrate ISHINNIDUDY
A o . A o v A
Yunulsu antibody 11.!?5\‘1?(\1@5'3% Waﬂﬂ’]ﬁﬂﬁuﬁﬂﬁﬂluﬂ"lw% 3.1

1. 1WaNNATOU (Test Plate Antigen) NYNTUAI8 Newcastle Antigen 111 73 8111
I
Chicken Antibody (Serum) JERIEY Antigen-Antibody Complex
2. 1AW anti-chicken IgG peroxidase conjugate el Antigen-Antibody Complex ﬂﬁ@&j
3. 1@ANFUAAN (Chromagen) 1NAN15%11 {75011 peroxidase enzyme M1 1HINANTS
A a g [ @ @ a A a a
L‘]Jafll!LL‘]Ja\1‘1]i’)\?ﬁﬁJ1!ﬁﬂﬁ?uIﬂ8ﬁ5ﬂﬂﬂ5$ﬂﬂ%ﬂﬂl!@u@]ﬂﬂﬂ@]@Tiﬂuﬁlﬂ"lﬁl“b'a 11!
S v
5IN
a . A aAan 9 1 1 < Y ~
4. 194 Stop Solution LW?J‘HEM‘]JJ‘]ﬂiEH udrerunlamesale ELISA plate reader 1

405-410 nm
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* 3
1.Inaail Ag

2.813

_‘_ 3.1A0801 Ab

4. 813

5. 15U enzyme labelled anti-Ig

6. 814
l‘ e
’ )
" I ; - 7. 1§11 substrate Elx‘lllﬂ

NN 3.1 HANN13A3IV Indirect ELISA 114N150529%1 Newcastle antibody titer

3.4 mlannIngn

I VoA = s R ' Yy 9 = A
wiluamnuduendeanuauysal uiwssesdaing llannududuvesd Ty Tnadu
s 3 =Y < =\ @ ] 1 ~ = <3 A
(Hgb %g/dL) ilosisulumvedilataoauadoniiiy (Het %ml/dL) Aunaelsunadamen
1 ~ a < [ = = a

uas(MCV fL) Anaed Ty Inatuludiaten (MCH pe) tag annasanuduyud iulnaduly
< A A o < A o A ® Y A o
iamea (MCHC g/dL) Taonsoaiulamenon 1uNa HYCEL® (USHN "lﬂamﬂuﬂa, 2547)
A2835 Impedance TnoiaoaNnNiIo19ua’ 11 Inarusoq Aperture Taslinszua ldnanriu
A < A 1 1 o Y a o A o A Aa ds!
oiaaen lnaruzos Aperture 9371 Iinadayaa ldiuazinsesezihdnanauimnaiuun
a 4 < o @ < A
AnTHazaaINalUTIUIUTULAZ VU IAVDINALDBALLAY

' 2 S A g 6 2 S A

aaulSuanlaaeauaaniviun (Total RBC no.cellsx10°/mL) taglSuaudaaaavid
9
o a o <
NI uaA (Total WBC no. cellsXIOS/mL) A519M119 ﬂﬁmiumumﬁaﬂﬁ”m Hemocytometer

(Campbell 1995, Pierson 2000)
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insaainnendn A HYCEL
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MUY APERTURE sz Ininadyanamie Idhuaziniesisihdyanainaduinimaz
3 o o Y 2 a <& A
HaUaAINaR  UDIHIUH VLA VHIAVDINUNAR DAV LASINIAIRDALAL
U A . .
1ann15199219 (Dilution)
A A @ 1 9 A 1 A A [ <
1AT0I9AADAAIDE15ZINM 32 ul 1dd @eadIALNRgMe ULz MBURNIINIZYN
Y Y
#1990nA28 Diluent LU Sink Cuvetle A9INUUIITINTIDINUADAAINA 1IN
A g’/ 9 . =) [ A % 1
- P15999ATIUTN : 19 Diluent 7 ml. (999190 UABATUDATIAIU 1:220
A y A YA AA 2 a A Y .
- MSRPINATIN 2 : 19a0aN9919AT W NUSUIAT 49.8 pl 139919928 Diluent 8
ml. Juons1aiu 1: 160
0 o o & A o N ya A A o
- dwmsunstudaiaenv1d (WBC) uaziad luInaty vz luaonngniionnsy
¥ 1
USAHEUNDUIYT Lysing 8 ml. 14 WBC Counting Chamber 18951891 1 : 250
A gJ/ Y ) @ o <3 A <3 A 9
- MIR0INATIGANIY : TUMIN AR oALAT (RBC) uaziniaiaon (Plt) 9z 19
A A A y A A . o '
AOANYNITID19ATIN 2 W1UT9919 11 RBC Counting Chamber 14801 1 :
35,200
A A <3 e o . g A o . N . .
- RIS UESIAUANTLUIUNITN Dilution 11a29£111 Diluent 1A 11 Dilution
Cuvette 1151
1annNsHY (Counts)
v o <A A o Aa < 1 ' 1 A @ . .
MSUVNUIUEAADA 1ATD99ZA UL UN5ITY 2 ¥29 Lunaz¥19UnT099L 11 Dilution
A L) <3 A < = g’; ~ v I @
910 WBC Chamber o uidiaaoauiantludsunasnanua 180 pl taz lunanfeinunaziy
3 A . . <3| = ' ' Y A @ 9
1HAL@0ALLAI1N Dilution 910 RBC Chamber 11511015 100 pl Tuusazsremisiunsesdaly

v
A v Y Y

ﬂﬁﬁﬂ@ﬂﬂﬁdnﬁ’msheﬂ%zwz 2 3fi duiuluudazdreveamaiy e guivldsaas
4054 1ilens 2 929 %Lﬂumsdnﬁuﬁ'wm 8 %4 Iﬂﬂlﬂémﬁ]ﬂ%wamﬂmiduﬁﬂﬂﬂﬂ%ﬁlﬂ
fuunuadafiemaudsauulumsiy luns@ifinaweansifuiadessas sawiunda
ALATINAINATFINIAGY 1750992111113 Backflush 1011182019 Aperture TnesnTuiiA

(4 4 g £
‘waqmmfﬁmmsﬂauﬂizmummﬁaﬂzﬁmmwamwemw
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Parameter Abbreiation Traditional Units

‘White Blood cell WBC x 10’/ mm’
Lymphocytes Lym x 10’/ mm’
Middle cell size Mid x 10° / mm’
Granulocytes Gm x 10’/ mm’
Red Blood cell RBC x 10’/ mm’
Hemoglobin HGB g/dl

Mean Corpuscular volume MCV fL

Red Distribution width RDW %
Platelets PLT x 10’/ mm’
Mean Platelet volume MPV fL

Platelet Distribution width PDW %
Lymphocytes Lym %

Middle cell size Mid %
Granulocytes Grn %
Hematocrit HCT %
Plateletcrit PCT %

Mean Corpuscular hemoglobin MCH Pg

Mean Corpuscular hemoglobin concentration MCHC g/dl

3.5 MY AANReA

n3ian1ng Ind (mg/dL) Aoaaineisea (mg/dL) ozaioraa(U/L, plin | minute/L) 1A Y

1 a a 4 R % < 4 a 4
A3 ANaTA (me/dL) 141A504 Reflotron” Fuiuinseens19ns 1z na 155 unl ludeauy

Dry-Chemistry (ﬁﬁﬂ MYYAT, 2544)

A a d = ~ A ®
lﬂ59Qﬂi'Jﬁ]]!ﬂi]%‘l’iﬁ"lﬁ‘lﬂ!ﬂuﬁlumi’)ﬂ Reflotron

I 4 ) o @ o = { a a o .
Reflotron” 1A osd msuns1vIaseaua1syunll luaoannan TaeuSsn Boehringer

I 4 . [ va a %’ .
mannheim, Germany Wuiases nedaTuia (semi-automated) ¥ U AU 1YL M4 (dry-chemistry

' v g = . . (% [ [
system) na12fe T lHieuatitnal (liquid reagent) lumsasaviauazerdonanmsaziouas
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AANAULE VDTS (light reflection and absorption) 11304 Reflotron” #11150A5I9IATLAVANS

Y

= =

¥q o 1 A a A 2o
Fundl 14 luded1ananiiudensau (whole blood) FSutagna1aduIUonINUEId 115D
@ yy J o o A A A 9 (% I
asvialudaanelaaledrunanlumsiauveuaiesinnedrtesnunisnageuiuiuy
I a 1 1 ?7'
Reaction part (Reagent carrier strip)l,ﬂ‘Ll!,LmJ’WaWE‘W]ﬂﬁﬂ’izﬂ@ﬂ@%}]ﬂlmuﬂi’ii}ummﬁlﬂ (dry
d‘ 9 o aan [ = % 1 d' 9 [ é 9 o
reagents) N 15111 nsernua sz ludied1andean1snitaia laguauniiag ez leny
< ) Y { o 1 a (% ¥ -
msnagevimeaziutaummizdmiuasndesmsasiviauaaz yianennutouenil
Usgnoumeaiudinn 4 diu
. 3 ' Ao ¥ o Y o Y A s A Y
1. Plasma separating layer Lﬂumu'ﬂmmma@imm Murhinseseulaiaensen i
[ [ ] 1< 1 1 1 g [
udraesliarunaraniriunad lualiinuludiu plasma reservoir sio 11/ Tuaiuiionafiuny
A15IANETUNIAY (auxiliary reagents) UINFHAAIBUAWABUANITATIVIA
] 1 A o Y @ v 1 o o Yy @ A
2. Plasma reservoir 11 uauN111928790 loun usun Ui u i nuanwa aunaIunis
Y ¥ A o aan o ?:I Y
nsoauda el fasenuiheieae 11

I 1 A % Y A Y o aaa AA Y
3. Reagent layer(s) 1 uaiunussguiewisnoz lavinlgnsenuaisninaesanis

@ J dyw Y A d . . 2 g v o o A o Y
Gli'li]')ﬂcluWﬁ1ﬁ'u11uﬁ'3uuﬂﬂﬂi$ﬂ@‘]Jﬂ'JEJfT']ﬁ‘VIHJu indicator Gﬁﬁlﬂu@]ﬁﬁ?ﬂiyﬂﬂ%gﬂ%?iﬁ

=

A < 2 a ann o 1 ¥ Y o Ay o 2
Lﬂﬁﬂulﬂuﬁ’liﬁjﬂﬂwaNa@]BUQQTJaﬂiﬂ’]‘ﬂ@ﬁ?ﬂ3ﬂ53W'J’Nu']EJ']LL“YNﬂ“]Jﬁ’liﬂ@l'E]Qﬂ’lﬁ'J@ﬁ'Juu@’m

Y
= [ a

2 . o
5znoudlsuruIe T asuHLAIUA U TAMIAT 1930
. I T3 A ) ) v o & 1 Aq Yo A
4. Magnetic tape JIUUOULNNANNVTIIAIBTVOY AT amM a1 N lFiumIoas
o & [ @ Y
sulumsasiatavazalssuiananiingiaia laun
- SHAVONFUAVDINITATIVIA
] d' EY o ann [
=g33zezna g lunisignsensiaia
A Aq Y o
- anyenauvsduaan s lunsnsiia
- factor N1 lumMsFmmoRl dgUnUIINMIATI9IATEH I ST unit N1
conventional unit
HANNIINIIVIN
. , y -
19N UALEBATINAIVUT IU plasma separating mat VBIDUU 1K ILR AR NIZTIU
1 g‘/ ] ' Y < [ 1 . A
wagu i niazgnnsesuuHunselondiag lumunn 13uaau plasma reservoir 1eson3
' A ' Y ) A ' . A 2 9
nadovao liile ldunuiienive 11 1uaS 9821 measuring chamber 103099215 W8 MDY
o o ] 4 1 I~ 1 %,‘ A o
TUNILVDINTNATDULUALAIFIDUNVIAUAVUNINANAIUEVDAD VU1 A UTUTIIY
1 1 ) 1 4 %’
AWAINUNA1IADAIU reagent layer 12 9NNATRNUAIUUAIY plasma reservoir 1D 11181119 3
o aaa @ Ay o @ a aan 9 a I ~
Mfasenuaisidesnisasvialunarduivasmsnalnserss lanandaiuaisn

raa

= . . = <3| A = TN A
7115010 28U indicator 10 @150 1UTT W ua15NUF (dye complex) MetidTu1as 50A21U
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Yy 9 A @ Y 9 AAAa dal A A o Y
iyt ueeEsnasvia laezilsauanuduvesasaninatuiieasuna1Nins AL aIu
detection parts 923191191 Tae LED a2 1duaemiunnuenaauuasdisumziunsnaaoy

’ 1 . Ada g 3w Y Yt A
20N1UINT291w0g 1UdI ulbricht sphere NTAIA I IURILTUTUINAzROUUA AR TaaTind

[ é 9 é 1Y 9 d'
drunilareaznon lannsenuUY reference detector (Dn) 1A8ATIHIILIAA NI ULAINAN

I 1 T o 1 ' 1
asznuidu 10 wazliannudumnunasiila19en1n LED @94 measuring detector (D) 92
i daanuduve sasiaz RoUNTUNIINEIY test area FI0AIUA19904 Ulbricht sphere
[ F) 3 =< 1 dy S 9 1 A aAa aan
Tagdamanuduvesauilu 1 &an 1 Hazlaiiosndn 10 wueiiiodnnaisannannlgnzen
~ A A ' Y ~ Y o
IATIUUUTI test area 3z TAgANAUUAIUNAIM 1T Idnounazazdounasnduson lian
[ 4 < o 1 { a 3

YUY measuring detector VM IAYINUIATOINILA1U I A reflectance; R YBITNIAAYUDIN

b b 1 v
gasidauves I uay 10 Minuuluduasugaiiomiocazdiuiuainnudud uuead1sh

asriald

3.6 MIANAADUID

3.6.1 Red Blood cell lysis
ax v A a o v A Y ¥ v o o . .. .
AAMIanaaoue 1nalea1uaanlasldinganadi5931 (Genomic DNA Mini Kit)
o w ] A g a 1 . .
Tagidiedruaeaninuluriasa EDTA tube 19151105 150 pl laluviaea micro centrifuge
Y Y '
tube 1AL 600 ul ¥4 Lysis Buffer waryTiidnu Iag1d vortex asne 1 inganigiivoa)szuna 5
A o o ' 4 A A 3 A a y 9 . .
Wi ihraeaal0619 Tl leain w501 3,000 rpm 7 WANgUHRHe 19 Micropipette
=< J 2 a . = ¥ & o Y
AavounaldIvuuN 1 18N 100 pl ¥4 Lysis Buffer 9nn5atiile 1111 vortex 1¥aznouuan
@ X i A <3 = 1 2
Aurua TUMleann1uI35913,000 rpm 5 Wiman lang

3.6.2 Cell Lysis

Y
=

v '
1A Proteinase K 20 1 111 vortex aane 13nqarmgilioa 5 u1dl 1Ay GB buffer 200 pl

a I

1111 vortex 11w sh T vnfiomngd 60 funan 15 wfi (3o Elution buffer 100 ul fio
#1981 ”H’ﬁqmwgﬁ 60°c)

3.6.3 DNA Binding

1@ Ethanol 96-100% 250 u1 1111 vortex 11141321 10 Tu1# 19T 8 U GD colume
collection tube a5y lunaoadloe1alaaslylu GD colume collection tube Varh ¥ ariin
111 centrifuge #i 13,000 rpm a1 5 WIT MveMaIEIUEIDEN

3.6.4 Wash

A1 W1 buffer U518 400 ul 1111 centrifuge # 13,000 rpm a1 1 11 mvewan

1 Qy a o A =
A1Ua19N49 LAY Wash buffer 600 ul 14 centrifuge 1 13,000 rpm Auat 5 WIn mveanad



37

v L, . ~ 3 A q Y . ]
Aruatang il centrifuge N1 13,000 rpm a3 u1n 19 GD colume collection tube L 4
917118 GD colume collection tube ¥11a 11 microtube Y11 1.5 pl ou v 18y 100 pl Elition
P . 3 X = a a o
buffer Na3ou'131da a1y GD colume collection tube Ae ¢ 13 Ngaingiios 5 urii i la
. ~ < A KR 1 VA g 1 1 o
centrifuge 71 13,000 rpm 131201 1 w19 asaaulanilu DNA laviaea 1.5 ml viaealnwy i1

DNA lilasraaeununinuazlSum

3.7 msnsndSinauazqumwanue
MIATIA0UAIBUIB 1A8TT Agarose Gel Electrophoresis A51980UHaMIanandy 1ag
3 euReufuAdueNIATIIM (DNA marker) 1n310v110 Tas11u#1H15192 19 Gene Ruler 100
bp DNA ladder 1aa1% DNA 9131171 2 TuTasans waun tracking dye 1 lulasans 19 1%
3 @ ) @ ] ' J
agarose gel (HudInaedmsuuenaoue Tu 2% TBE buffer iuauin Iivuia 100 Trad
WU 30 U1H Hae 1N uii gel lddoudloa1sazate EBr 0.5 pg/ml Yszuia 15 w1 #

a g 9 = ¥ ) Y o ' 4
gaurgltewdid 1 9@ves EmBr aretinal ud11h gel l1/deedas UV-Source 1iipgLinl DNA

U

Tu gel

3.8 M3An¥FUIUUVesEY MHC class 11
AnugUluuDvesBY MHC class 1T aaomalin PCR Tagld primer $1191 2 ¢ Ao
3.8.1 primer microsatellite LEI0258 (Boonyanuwat et al., 2006, Fulton et al., 2006,
Lwelamira et al., 2008 (18 Suzuki et al., 2010)
LEI0258 forward and reverse primers
(5"-CACGCAGCAGAACTTGGTAAGG-3") ag (5" -AGCTGTGCTCAGTCCTCAGTGC- 3)
3.8.2 MHC class II exon 2 (Boonyanuwat et al., 2006 (tag Liu et al., 2009)
BL BI exon 2 PCR forward and reverse primers
(5" -GTGCCCGCAGCGTTCTTC- 3") az (5" -TCCTCTGCACCGTGAAGG- 3")
ANBIANULANA1Y093UNDUBUAIIN 13911 sequencing TUAIUVDI BLPI exon 2 PCR
sequencing 71 I@rhuRenieuanuuanaaludIn exon 2 HIANULANATITEHIBUATDR
Tamed Fallauduwus Uiy SNPs alleles 315121428 ANOVA NadoUANaURUSHT
1od 1Ay n19a @ #2833 Analysis of variance 1azIa8A F N3zduANT0IY 95% §28

Tulsunsuduiagi SPSS (Release 10) (SPSS, Inc., Chicago, IL)
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3.91A5 wﬁé’fwdn DNA mﬂeﬁ PCR Iﬂfﬂ% Primer microsatellite LEI10258

An®13UUUVVYDIBU MHC class T a281nA A PCR 1A 149 primer microsatellite
LEI0258
(5'-CACGCAGCAGAACTTGGTAAGG- 3") 118% (5" -AGCTGTGCTCAGTCCTCAGTGC- 3")
TAg950UNI31H1 PCR ail 133 initial denaturation figauvigil 94°C 5 Ui sl e 25

a =

Y v 1
501 U3180108AAI1 denaturation NYMUN NI 94°C 1 UIN annealing NQUHHN 71°C 1 UM,
extension 19U N1 72°C 2 WIT 11ALIVAIY final extension NYMU NN 72°C 10 WIH (Juul-
Ay Ya o = [
Madsen et al., 2006) PCR #11a51u119 205 bp tiaz1i1n13n13as9aey laswSeueunuamy
v v Y
191193511 (DNA marker) N1n3510911a 1A 1ui 1192 19 Gene Ruler 100 bp DNA ladder 1ag1d
DNA 91035 PCR 31194 2 14 1n58A35 Werufy tracking dye 1 1uTn5an3 19 2% agarose gel
I o ) [ <3 1
Audnaredmsunenadue 1 1% TBE buffer ivaniu llihvina 100 Thad wiu 30 wi
o ¥ o v v A ¥ . A A
HAIIINUUUT gel lddoudrea15aza18 Ethidium bromide 0.5 pug/ml Usguia 15U 7
a gy Y Y a .l : Y ¥ < Y o U Y
QUNANUN BRI 1N T A IUAUYDY Ethidium bromide (EtBr) a2e11nau ua21i1 gel Tdosnie

Q U

UV-Source 1081917309 Genedoe 1Wo@LAU PCR produce 11 gel Hut1a 205 bp

3.10 MsAsRaaUM NI NaEU MHC class IT 21035 PCR g agarose gel

electrophoresis
PCR 1 18T w119 275 bp taziiimsmsasvaey TaenFeufeusudSuenasgiy
(DNA marker) 310110 Tae Uit 113192 1% Gene Ruler 100 bp DNA ladder Tag1# DNA 91
3% PCR 3119 2 Tulasaas Waud D tracking dye 1 1u1n5ans 19 2% agarose gel 1udanana
Smfnuonadue T 1% TBE busfer fnvennadlifnna 100 Taad ww 30 1t ndanniy
11 gel T8oudr8a1502018 Ethidium bromide 0.5 pg/ml Yszaas 15 11fi fgmungiifouda
419304 Ethidium bromide (EtBr) #2818 114211 gel 1d09@28 UV-Source Taelsinsoq

Genedoc [WoQLDD PCR produce 11 gel Huua 275 bp Aaaaslunini 3.2
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WA 3.2 V118 PCR product BLB exon2, 275 bp

= 2 A A o d A

3.11 MIfAnNH1 SNP v938Y MHC class 11 1uulﬂwulﬂﬂﬂﬁ1ﬂWuﬁ!ﬁﬂﬂﬁﬁ]ﬂ"lﬂ?

= ~ | = 1 (% [} ldy =
MsAnEIANraINHated 1i Inilvesdu MHC class 1T Tunguaegia Iniwiiosde
4
WHEIMARIN19v1 153 2 1835 PCR (Qian et al. 2008) 1ag 11 PCR product Ty 1iu3gns
(DNA Technology Laboratory) AT AINTIVNIAIAU I o (1st BASE) nﬂﬁl’ﬂfhﬂ HaIMIAN
LANAIUDIE 1A aA281151n54 BLAST2.2.22 (National Center for Biotechnology

Y
Information) BLAST 150 Basic Local Alignment Search Tool Taslun151139831 19 blastn
dmsudunmdoyares nucleotide 11§ M0y Tnoulfoumousz i duduIATgIu
(Gene Bank accession NM-001044679.1) 5I,‘;f’)'}sls]}’ilgiﬂsll’t’N nucleotide N@vInsfTouevuasll
oY polymorphism U ®4 single nucleotide polymorphisms Tagldidendlndraniian
.. . g ' ag v o w vy = = J o ]
Similarity ALa 85% YU lnudmuanInsgu uaavmanuavesd 1unil Tu SNPs dumii
[ A Aa s Y ~ = ' o w

A1 9 TagisuannanIs A1y Ao 115003y BLAST2.2.22 MfFeuieusenieanuid
1195311 (Gene Bank accession EU591737) U@ V1D dv09d20619 nda9agiuuy1i
millounuramsnfSeuiousznindwuwaniasgiu nudaiwavesaledeliedlves
1 d Fasta 411150051 Clustal W2 1181611119989 SNPs H1015 code sequence 1d 2

o a 4 o v J a a ~ [ 1 4 Idy A
s eimanudunusuaydnswavesdu MHC class I aoa lanos 1u lniuiiiesae

o f A
NWUTHARIN U
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AoUN2N15%1 Multiple alignment 1WA 11419 SNPs 111999101159A529 PCR
Y r v
produce sequence HUUFADIF1YNI Forward 110 Reverse primers foalins¥eune sequence YN
Y Y
409818 AUUADUI

o o w <] < <
- Edit sequence 10811509 N (Noncoding) 814 UAI0OUI01019D55970Ya AloUIDVEE

F

(junk DNA) V9N UFY Forward 1182 Reverse primers 991

-1 15 BLAST 1& U Forward DNA sequence il @1 & Reverse DNA sequence N9

FY A Y v Ao .. . A

complement 4a7 Taor@ondunaniil Similarity gaNgA

- 411 Multiple alignment #2811/511053 Clustal W2 101161111489 SNPs
)
VUABUNIT Clustal W2 Ao

Y A A 9y v
Step1 111N T15Un5Y Clustal W2 1800 DNA sequences 1L82 AAaen fasta fine

sequence "lﬂ’JNUl’a}

ClustalWw?2

Input form | Web services | Help & Documentation

Taals > Multiple Seguence Alignment > ClugERw:

hMultiple Sequence Alignment
ClustalW' 2 is a general purpose l'l'lLllﬁ_[ﬂE gequenia alignment proaram for DMA o proteins,

I Mobe: Clustal\W' 2 is no longer being maintained. Floase consider using the new version instead: Clustal Omega I

Step 2 NH Submit IOHA
Step 3 - N% result summary

Step4 N StartJalView 111 Multiple alignment sg]ﬁnmiia SNPs

1St_BASE_689626_L136_BLBR GTGGGGAAATTTGTGGCCGATACACC -GCTGGGTGAGCC -GCAAG-————
1st_BASE_695734_L19_BLBR. abl GTGGGGAAATTTGTGGCCGATACACC -GCTGGGTGAGCG-GCAAG-————
15t_BASE_664412_L137_BLBF GTGGGGAAATTTGTGGCTGATACACC -GCTGGGTGAGCC -GCAAG-————
1st_BASE_695770_L74_BLBR GTGGGGAAATTTGTGGC TGATACACC-GCTGGGTGAGCG-TCAAG—————
1st_BASE_664372_L87_BLBR. abl GTGGGGAAACTCGTGGCCGATACACC -GCTGGGTGAGCC -GCAAG-————
1st_BASE_689619_L119_BLBR. abl GTGGGGAAATTTGTGGCCGATACACC-GCTGGGTGAGCC -GCAAG—————
1st_BASE_695730_L10_BLBR GTGGGGAAATACGTGGCCGATACACC -GCTGGGTGAGCC-TCAAG-————
1st_BASE_695785_L96_BLER GTGGGGAAATACGTGGCCGATACACC-GCTGGGTGAGCC-TCAAG----- 169
1st_BASE_664304_L11_BLBR. abl GTGGGGAAATATGTGGCCGATACACC -GCTGGGTGAGCG-GCAGG—
1st_BASE_695738_L23_BLBR GTGGGGAAATTTGTGGCCGATACACC -GCTGGGTGAGCC -GCAAG-————
1st_BASE_689645_L165_BLBR. abl GTGGGGAAATACGTGGCCGATACACC -GCTGGGTGAGCC -GCAAG-————
gi/113206149|ref |NM_001044679. GTGGGGAAATACGTGGC TGATACACC -GCTGGGTGAGCC -GCAAG-————
1st_BASE_664408_L133_BLBF CTGTCGAAGTGCGCG-———— TACTCCTGCCGGTTG-————— TAGA-————
R R w % * % AR AN WN AW w

o o A 1 o '
- 1NN17 code sequence Az iana I udiUe SNPs
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a Jd y aa
3.12 MIAATICHUBYaANINADN
Y Y a A = s A
3.12.1 YoyammaladiaInen vazFuniliaen
= Y = A a 79 F
1059918 nenaumaaze1gh 4 uaz 7 heu sz doyan1e 15105y SPSS 11
[ H ] 1 1 a Jd o o [ a A
ANUNAY = Standard Error Y0IAAAZAMBNANINALDZ D1 AATIZHUIT1AYVOIINTNA
A A (% A @ Y a 4 . . A
HOININANA NN ULUASDIYNANNY aremsaasgianuulsdsiu (analysis of variance) N
o A ¢ A 2 a s = Y 5
srAUANFeNUN 95% Yl Ansiziinnudves SNPs daeTisunsuduiagil spss Tag
=) A o 1 1 (% 1 () Y a o [ Y4
SNPs Ta finnudd1nan 3% lunguadedieeg it 115 lumsnsizimanuduiug Tu
Y
Tuaouan 1
a A = v a a v d a A Y
3.12.2 dnSWave sty MHC class I aomstnsaavlanazarlames lakainaluln
5 = v d = ﬁ' =)
WHINBINEW UG INIUINBDIY 4 Haz 7 1ADY
a 4 o @ = 1 ¥ R = 1 {
ANTIRHANUFUNUTVDGY MHC class 11 a0 viinda lnfiegate awisgy
9 9 1 4 ldy A Y4 = A A Y o
tedu waza lamos Tulniuiioseeonusiiassneniiooly 4 uag 7 wou AeAMDL
general linear model UszinumonINnaved SNPs A2075 Ordinary least square Taoliauuy

[

A
JU

y=X B+ X,p, +¢

A LY o (% (% d' o = é 9 [ ?,I % ld' 1 [
Tagy Ao mdanadriuansazniimsanudelaun animindaInfie1gaies a
s A A A o 9 FY ~ Y Y A a a

lamoiilionry 4 uaz 71@ou (Minsudasdoyadie log Gouioondd) B, Ao ondwna
A [ ~ 9 1 I a a A A a a
iesvintledoaeh laun ma B, 1Hludninaiiioaain genotype € Ao ONTWAVDIAW
AAIAINADUDY 9 X{ X, A0 incidence matrix NeAIN131710W00NTWAAIN LAZLAAING
U51n9v0331u11 genotype Tnuaazardwna (Tagdon genotype NTA1IWALINAIT 0.05)
ANaIA L

' '
AN v o W aa aa ~

NATBUANNTUNUTNUWBE1AUN19ADA A287F Analysis of variance Laz@IaDd F A

13

FEAUANNIAOIY 95% ﬁaﬂiﬂmﬂsué’nﬁmgﬂ SPSS (Release 10) (SPSS, Inc., Chicago, IL)
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wanmsnaaeazmMsensena

Y
¥ LA a

a o @ o J 1 a A [ (% a a
fﬂﬁﬁﬂ‘]ﬁ'I'JﬂfJﬂ3\‘IHLW@ﬁﬂ‘lﬁl1ﬂ']11JﬁﬂJWH‘ﬁGU’OQﬂ'IIa‘Hﬂ'J‘V]fJ'IﬂU{]N TNﬂuIﬁﬂu']ﬂ'lﬁl"lfa

J A

lg A o d’ 1 d' zil Y ' a A 1
“1u"lﬂwumm"lv1ﬂmﬂwu‘ﬁmammwn IO IA R AYILOIAUYDIAIN I laKinIneT Lazal

q

a A

=S A A A 1 a 1 :&1 A t&l 9 Y =K [ Y4 U
FAAULADA LW@“B’JEJ‘IJ3$LiJl!ij“UﬂWWllﬂ“V‘lumﬂ\il‘UﬁN@ullﬂ ANYIANUTUNUTYRI TaKiaIne

Y v @

o a a a o o J [ a
nugiidquiulsatiimasa uazdnianuduiuivesgduuusu MHC fumsasegidunu
a a lg A 4 A o = ~ |
Tsatimadalu lniwios Inemenugivaeinan Tagezihimsanegluund Tulnives

= =2 o 4 1 = J =

U MHC class 11 u,azzﬁﬂy1mmfmwuﬁi:zmngﬂl,mummﬂu"lwﬂmmﬂu MHC class II t101e
% d' d' 9 (% 9 .d' [ Y a Al =
aﬂ‘]sliLl$‘VI!,ﬂEJ']"]J’ENﬂUﬂ31llﬁ11ﬂ§i]1uﬂ'li§]'lu1muiiﬂ L‘W?Ji]gﬂ@cl‘i’i!,ﬂﬂ‘]J§'$Iﬂ"]5ugmﬂ1§ﬂﬂ!,ﬁﬂﬂ

Y4 ld'd 9 a o d'd ldy A
Wug Inhlanuansalumsaieginulsanalulnnuiios

' a Aa S IA" IS
4.1 m‘mxﬂaﬂﬂ’mﬂmazmmﬁlu‘lﬂwmu@ﬂﬂﬂ
J A A ldy A v J A A [
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AR (n70) IWeide (n83) 534(n153)

amalafininen - P-value

MEAN+SE RANGE MEAN+SE RANGE MEAN+SE RANGE
RBC 4.20+0.84 1.6-3.0 4.09+0.76 1.4-3.2 - 4.15+0.80 1.4-3.2
HCT 30.46+0.61 21.0-38.0 31.83+0.55 21.1-40.1 - 31.15+0.58 21.0-40.1
HGB 10.98+0.21 7.6-14.1 11.34+0.19 8.0-13.8 - 11.16+£0.20 7.6-14.1
MCV 126.800.51 118.3-137 123.30£0.46 115.9-146.5 <0.001 125.05+0.49 115.9-146.5

sk

MCH 45.78+0.42 39.2-52.1 44.21£0.37 38.9-59.1 - 45.00+0.40 38.9-59.1
MCHC 35.70+0.42 33.0-41.3 35.83+0.38 32.0-40.0 - 35.77£0.40 32.0-41.3
WBC 13.07+0.60 6.6-20.4 14.19+0.53 6.5-24.9 - 13.63+0.57 6.5-24.9
Lymphocyte 69.32+0.70 54.0-83.0 68.82+0.64 38.0-81.0 - 69.07+0.67 38.0-83.0
Heterophil 28.17+0.67 14.0-44.0 28.31+0.61 16.0-39.0 - 28.24+0.64 14.0-44.0
Monocyte 2.47+0.17 1.0-6.0 2.54+0.16 1.0-5.0 - 2.51+£0.17 1.0-6.0
H : L ratio 0.424+0.01 0.17-0.82 0.24+0.01 0.20-0.74 - 0.42+0.01 0.17-0.82
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3

#% gd1AEIN1a0a P<0.001
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INAR (n56) (NANE (n67) 39U(n123)
ammalasinIinen
MEANZSE RANGE MEAN=SE RANGE MEANZSE RANGE
RBC 2.8420.10 2.1-3.4 2.72+0.09 1.5-4.2 2.78+0.10 1.5-4.2
WBC 18.081.46 8.6-37.9 16.231.29 5.8-37.0 17.16+1.38 5.8-37.9
HCT 36.38+1.29 26.9-44.6 34.07+1.14 22.3-51.8 35.23+1.22 22.3-51.8
HGB 13.24+0.53 12.1-17.0 12.73+0.47 7.4-18.8 12.99+0.50 7.4-18.8
MCV 126.40£18.08  112.5-136.0  144.10£16.04 = 110.2-136.0 135.25£17.6  110.2-136.0
MCH 45.70+1.16 36.9-51.9 44.61+1.03 33.0-48.1 45.16+1.10 33.0-51.9
MCHC 36.25+0.81 32.0-43.0 36.11£0.72 29.9-41.7 36.18+0.77 29.9-43.0
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M1319N 4.3 mmmmaamm‘lﬂwumaﬂmmq 4 IADULNARLASINALNEY

M AAN (AR (n70) INAIL3E (n83) 39U(n153)
- P-value
aon Mean+SE Range Mean+SE Range Mean+SE Range
Glucose 201.30+5.05 98-295 194.9244.53 106-289 - 198.11+4.79 98-295
Chol 137.80+4.55* 100-218 151.30+4.08* 100-277 <0.05 144.55+4.32 100-277
Amylase 474.20+22.13 150-800 476.50£19.85 160-962 - 475.35+20.99 150-962
Uric acid 6.57£1.30 2.8-9.7 7.38+1.17 2.0-9.9 - 6.98+1.24 2.0-9.9
d' L= s A 1 dy A = Y =1
MAINNN 4.4 ﬂ'lﬂﬂlﬂiﬂﬁf]ﬂ"llf]\‘]UlﬂWULiJfNUl‘V]EJ@'Iq 7 Lﬂ@u&‘Wﬁ@LLﬁZlWﬁlNU
MY INA(n56) INANE(n67) 33:(n123)
- P-value
1aon Mean+SE Range Mean+SE Range Mean+SE Range
Glucose 108.62+9.30 31-205 107.9248.25 31-208 X 108.29+8.78 31-208
Chol 114.90+7.60** 100-249 147.40£6.74** 100-315 <0.01 131.15+7.17 100-315
Amylase 339.20+£25.81** 154-807 430.404+22.91%** 187-788 <0.01 384.80+24.36 154-807
Uric acid 5.37+0.25 2.6-8.7 5.01+0.22 2.7-9.0 - 5.194+0.24 2.6-9.0

HUYLHA : *

@

]
9 Y A

WodAgeanana P<0.05 ** ed Ay

INNEDA P<0.01
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dasaIUTTH NI viaenme Isiadouiaaoaunyiaay I lyd Tauniny 1.4-
3.2><106 cells/ml 7.6-14.1 %g/dL 21.0-40.1 %ml/dL 115.9-146.5 f1 38.9-59.1 pg 32.0-41.3 %g/dL
6.5-24.9 x10° cells/ml 38.0-83.0 % 14.0-44.0 % 1.0-6.0 % 1% 0.17-0.82 % AINEIFD Ang Ind
o = A A o & A A A ~
Tasdnesoa oziisad tazniaginlulniumes Insdenugidoansuiiieny 4 wou i
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mg/dL
a 4' o = U Aa A l&’ A o d A
pdsmanmsnaasuiehimsifSauiaualaininenlulnnwiesmenugrassniavd

(Y] 1 o d 1
ﬂ‘iﬂﬂﬁ]ﬂ'ﬂuﬁﬂ"lﬁ‘]

a
Vo Ay YA A ' a a ~ 1 @ 13 o ] 1 A A YA [
WU’Zﬂﬂ1ﬂulﬂiJﬂHﬂaEJ"UﬁNﬂﬂaﬁﬁ’WlEJWILLG]ﬂG]NﬂLl l,mﬂmagsluﬁmqmaamclﬂamamu

A 1 o A 9 ~ Yo Idy A v
HDIWINNANUUANANNNNUTNT TN TULINADY uazmmi‘w"lmucl,u”lﬂwumm”lmmﬂwuﬁ

q

A1) HAAILEASIUAIT 1NN 4.5 11ag 4.6



M31ah 4.5 TafiaInomBouidion (mean = SE) Tiuiloundonann Tnauniug Ineuaz nsniugifearny
Ininwilosmeiufinaeamaun Inwuiiuiioslng’ Tasudsaina’
alatinInen 4 1iou 7 hou INAR INALale INAR IWAILE
WA (n=70) | twedle (83)  1WAK (n=56) | 1WA (n=67) (n=15) (n=15) (n=15) (n=15)
RBC 4.20:0.84 4.09:0.76 2.84+0.10 2.7240.09 2.99:0.16 3.16+0.12 2.79+0.14%  2.04x0.10%
HCT 30.46+0.61 31.83£0.55  36.38+1.29  34.07:L14  40.10£1.10*  35.70£0.70*  38.90+1.00%  29.70+0.90*
HGB 10.98:0.21 11.34£0.19 13242053 12732047  12.90:0.40%  11.40£0.20%  12.20+0.30%  8.90+0.40*
MCV 126.80£0.51%%%  12330£0.46  126.40=18.08 144.10=16.04 137.6+6.40% 115.00+4.50%  144.30£8.40  152.50+12.10
MCH 45.78+0.42 44214037  4570+1.16  44.61£1.03 44304230  36.70+1.51% 45304280  46.10+4.20
MCHC 35.70+0.42 35.83+0.38  36.25+0.81 36113072 3220£0.70%*  31.90£0.60*  31.50+0.90  30.00+0.70
WBC 13.07:£0.60 14.1940.53  18.08+1.46 1623129  11.81+1.04%  21.04+1.69%  18.42+1.86*  17.32+1.37*
Lymphocyte  69.32+0.70 68.82+0.64 - - 49104340  4930£2.50  57.30:+0.50  57.303.20
Heterphil 28.17+0.67 28.31+0.61 - - 43304360  3880£330  33.00:3.00  37.30+3.30
Monocyte 2.47£0.17 2.54+0.16 - - 1.80£0.20% ~ - 2.50+0.20%  6.30+1.30%  3.30+0.60*
H : L ratio 0.420.01 0.24+0.01 - - - -

nanenyg : *+++ o

a

g

v Aa

Y

INNADA P<O.01  *

RAY7 AN (2548)

v
a

WedAean1ana P<0.05



v 9 9y
M9199 4.6 Taria I ne1)SeuRey (mean + SE) Ianuiinavaean1avd Tnwuiiod Ineluman Tuooneaunile

TR oA A
Ianudieurinearinau

1A A o a -
"lﬂW1—!!3»]ﬂ\ﬂ'ﬂﬁﬂuﬂ1ﬂﬂ$31—!@ﬂﬂ!ﬂﬂ\‘i!ﬁuﬂ

. (Suchint et al., 2004) Jain
MM -
INFILNE (1993)
Ta#iaInen NAR(M=70)  1NFITiE(n=83) 3IN(n=153) INAR(n=20) 33(n=40)
(n=20)
MEAN+SE MEAN+SE MEAN4SE RANGE MEAN4SE MEAN4SE MEAN+SE RANGE RANGE
RBC 4.20+0.84 4.09+0.76 4.15+0.80 1.4-3.2 2.32+0.31 2.19+0.26 2.26+0.29 2-3 2.5-3.5
HCT 30.46+0.61 31.83+0.55 31.15+0.58 21.0-40.1 33.5544.72* 30.80+3.96 32.18+4.46 28-37 22.0-35.0
HGB 10.98+0.21 11.34+0.19 11.16+0.20 7.6-14.1 9.27+1.42%* 8.52+0.85 8.89+1.20 8-10 7.0-13.0
MCV 126.80£0.51*** 123.30+0.46 125.05+0.49  115.9-146.5 147.87-18.43  141.39+19.17 144.63%18.61 126-163 90.0-140.0
MCH 45.78+0.42 44.21+0.37 45.00£0.40 38.9-59.1 40.26+5.16 39.11+4.42 39.69+4.96 35-45 33.0-47.0
MCHC 35.70+£0.42 35.83+0.38 35.77+0.40 32.0-41.3 27.93+4.56 27.79+£1.77 27.86+3.37 24-31 26.0-35.0
WBC 13.07+0.60 14.19+0.53 13.63+0.57 6.5-24.9 2.05+0.39 2.05+0.53 2.04+0.45 1.6-2.5 1.2-3.0
Lymphocyte 69.32+0.70 68.82+0.64 69.07+0.67 38.0-83.0 60.30+£5.33  67.05£11.49*  63.68+9.36 54-73 45.0-70.0
Heterophil 28.17+£0.67 28.31+0.61 28.24+0.64 14.0-44.0 25.40+£5.12 22.00+8.78 23.70+7.21 16-31 15.0-40.0
Monocyte 2.47+0.17 2.54+0.16 2.51+0.17 1.0-6.0 435+3.15 4.05+3.39 4.20+£3.20 1-7 5.0-10.0
H:L ratio 0.42+0.01 0.24+0.01 0.42+0.01 0.17-0.82 0.43+0.12 0.36+0.21 0.40+0.17 0.23-0.57 -

HINENHR @ *+* 1y

v
9

v
a

MAYBINNADA P<O.01  * HadIAYeINIIaa P<0.05
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(63.15+23.47 421.77+28.04 e 1525+131.92 AU A 1A T) UATU TN WU fAu lymphocyte
(71.00+2.46 69.79+0.81 1A 67.72+1.29 il iFuma@oau12 aruaian) 1dlunisay ua

o -4 1 . A 2 1 1 2 o o .
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%% o o 1 a @ 1 1 1
1519 4.7 ANUAUNUTUOINQNTE uguﬁbﬂuﬁaﬂwTnm;LynmhoqneuazLkwnnmﬂiuﬂﬂ

A~ o o A A A
‘W‘L!Lll@\?vl‘ﬂﬂﬁ1ﬂwu‘§l‘ﬂa@ﬂﬂ1ﬂm1'}‘ﬂ'ﬂ1q 4 199U

Group Titer Lymphocyte Heterophil
of Titer
(153) male female male female male female

Low (8) 64.19£20.48  62.10+26.45 73.00+2.16 69.00+£2.79 25.00+2.04 25.33+2.63

0-100 Total = 63.15+23.47 Total = 71.00+2.46 Total = 25.17+2.34

Medium 438.18+28.50 405.35+27.57 69.93+0.82  69.64+0.79 27.46+0.87 28.06+0.84

o1

101-800 Total = 421.77+28.04 Total = 69.79+0.81 Total = 27.76+0.86

High 1694+146.76  1356+117.08 67.76+1.43 67.67+1.14 29.91+1.16 28.91+0.93

(54)

>800 Total = 1525+131.92 Total = 67.72+1.29 Total = 29.41+1.05




o a £ v o ' 1 . ' ' a A = s A I&l A = =
M99 4.8 dUszansANUAUNUEIZ119A1 Titer Aoa1 laknIne uazyunlinon °lu”lﬂwumm"11nﬂ no1g 4 1ADU

Titer RBC WBC HGB HCT MCV ~ MCH MCHC Lym Het Mono HL BW

Titer 1.00

RBC 0.04 1.00

WBC 0.12 0.02 1.00

HGB 0.09 0.08 0.20* 1.00

HCT 0.05 0.03 0.18* 0.91** 1.00

MCV 0.09 -0.01 -0.08 -0.44** -0.41%* 1.00

MCH 0.13 0.01 -0.01 -0.16* -0.50%*  0.47**% 1.00

MCHC 0.09 0.11 0.03 -0.03 -0.25*%*  -0.03 0.47** 1.00

Lym -0.17* -0.01 0.01 -0.21%* -0.19* 0.11 0.03 -0.01 1.00

Het 0.18* 0.04 0.06 0.18* 0.14 -0.11 0.02 0.01 -0.86**  1.00

Mono 0.00 -0.13 -0.09 0.05 0.04 0.08 0.07 -0.19% 0.10 -0.37**  1.00

H:L 0.19* 0.04 0.03 0.20* 0.20* -0.12 0.01 0.08 -0.95%*  (.97** -0.28%%* 1.00

BW -0.01 0.04 -0.04 -0.13 -0.13 0.13 0.10 -0.02 0.03 0.03 0.02 0.00  1.00
HINYLHA : RBC = Red blood cell , WBC = White blood cell , HGB = Hemoglobin , HCT = Hematocrit, MCV = Mean Corpuscular Volume ,

MCH = Mean Corpuscular Hemoglobin , MCHC = Mean Corpuscular Hemoglobin Concentration, Lym = Lymphocyte , Het = Heterphil , Mono =

Monocyte, H:L. = H:L ratio , BW = Body Weigh
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Tnwudeundosn v lugevesumianerdomaluladgsuis lanuawisoluns
Y

9 a a AR 3 A= A 1 v o Ay Y
ﬁTuﬂWHIﬁﬂLLa““ﬂ'lﬁl%ﬁﬂ]m‘ﬂjﬁﬂﬂéllu %Qlﬂuﬂﬁﬁlﬂu‘ﬂﬁﬂﬂTLWﬂﬁ@ﬂﬂﬂﬂ'JW?Jﬁiqu‘ﬁﬂulﬂﬂ'lﬂ

l 9
%

Y
ﬂ'liﬁﬂ‘]ﬁ'laluﬂﬁx‘]u INTNY Qﬁuiﬂlw‘EJQﬁﬂHWﬂ’J']iJﬁiJWM‘ﬁﬂ‘Uﬂ"IﬁﬁﬁN ?3}1] wlsataad

a

1% LW@WGJJHWaﬂ‘Hﬂ! NN Lmﬂﬁm‘uﬂ"thJaﬂymumﬁmumuiiﬂﬁlu"lﬂwumm"lwt’J

E4
9 w o

4
ﬁ']flwuﬁlwaﬂqw']ﬁsll'n ﬂ1iﬁﬂ1§l1u %\Tulﬂ ﬂﬂ‘]&l']ﬂiglﬂi‘!WﬁWﬂﬂJ 19 %WUQUQ?(}JL!UUGU@QEJHVIWUGlu

o

A

- A = = a A A =
g lniiiounde e MsAnyIAUAVE genotype YIBUL DVONDIANNAINTD TN
myuanudvesdulngUuuinunianuduius fudnvaziauls uas msfinede
ANNFURUT Az T AUV0IBNTNAYeIBUAINa 1A anyaziau Ty ieszyndudinain

a0 195y gene marker lan3alal

3 = o d A

4.4 mma allele 210 LEI10258 m@@ﬂﬁWH!N@@ﬁ]ﬂwuﬁq!‘Viﬁ@\‘i‘ﬁ1@‘1ﬂ?

HAINIIANEIANDDAAaIN LEI0258 a111309LUNoaaa 1a 6 AUaA 205 249
307 321 345 14A% 420 bp AYULAAYINAITINN 4.9 APAARDINUNITANYIVDY Lwelamira et al.
(2008) NWUOARA 5 AULWUIAB BadaN 205 215 234 307 321 LA 345 bp N1SANHIVSY Han et

o 1w oA A A @ =< 'dy A Y4 A A v A

al. (2013) wushurdssaaanmieunumsanululnnwdosaoiugimassnieun Aedada
1205 249 307 321 345 1A% 420 bp N1IANBIVOY Gholamreza ct al. (2013) NNUOAAA 5 AWLHU

[

9 oaaah 205 307 321 345 1A% 420 bp LAYNITANYIVD Fariba Izadi (2011) ANVUSada 5

)}

AuMUIAD 0aaaT 205249 307 321 LA 420 bp WUAINA genotype 910 LEI0258 Navua 11

o [ 1 4 o o o % [ d'
AT UN M”lﬂﬁuLﬁmawwu‘qmﬁmmwnmmu 128 912 aaaaalun1s1en 410910

9y o

1 [ [ a 1 a a go’ v @ {
ﬂﬁTMﬁMWMﬁi%W’JN@ﬁﬁﬁ mJmme‘uﬁuawmguﬂuﬂumimuamﬁwauazumuﬂmﬁmq
A = o oA A = v o Jo . Y a
4102 7 190U NANITANEINDIDAAAN 321 bp UANUTUNUS A titer TUMIAIUMUTIATN

{ 1 90’ L v 1 ¥
AT azoaaan 205 bp ﬁﬂ'ﬂ‘ﬁ‘WaG]’OLHTT‘Llf‘l@]’Jclullﬂﬁulﬁ@ﬂﬁ?ﬂwu‘ﬁlﬁﬁﬂﬂﬁ%‘lﬂﬂ?ﬂ@?ﬂ 7
Y

Ao (P <0.05) autgaalun1sen 4.11 Waﬂ”liﬁﬂ]el”luelﬁNﬂﬁ@ﬂﬂﬁ@ﬂﬁﬁﬂ”ﬁﬂﬂ‘kﬂﬂl@ﬂ

v A

Lwelamira et al. (2008) NAAYIANUTUWUTVYI8ada LEI0258 10N15ADUAUDIADA
a = %,‘ v o I&’ A d‘ v A o A

ueudveauaziminaalulniiuiios nuaudoada 6 iAo 205 215 234 307, 321 uag

345 bp WUBAAATN 205 LAy 307 bp HANVFURUTAVATABLAUBIADALBUAV DA THNS

a a 1 L o U v 3OI % g
ﬁ'mmuisﬂmmmcﬁa (P <0.001) azoaaa 307 bp W‘]Jﬂ’JUJﬁiJWU‘ﬁ(ﬂ‘UiHVIUﬂ@]’J P
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A Y] 4 ~ v A Idy A
0.007) N®1g 16 dlavi aAnudvesdaaauuy homozygous Ll81¢ heterozygous Tulanwiiesae
o J 1 (% o X 1 { (%
WUF Kuchi 11110 0.118 11az 0.882 (n=85) mud1ay s lumsanuludiuvesnnunoada

Aa & = XA Ay a o A o
uazawad lu lnillunsdnuiasitmendosnisdszmiuTemalumsaanenanyas lums
9 Aa Aa Idy A v d A =
aumuIsavazanuansalumses gy Talu lnnudivsmeiugimasaniguiuin
{ e I [ ly v J

veariioala vinwan 1ati Tomalumailulyldlumsaadeon lniwiiesenonugiasanig

[ 9 1 [ A [ dy =3 1
v ludnvazmadiuniulsa ualunsaamenanyasi lUinansznulunisauaons
a a () ] o [ 3‘; v Jdo IR A o I =
wigay Taluladregunu daiulumsnumurduwuidaissdanusuilulumsdadon

Y [ ] v
Tanquilie1d IndsnsamisaduniIsannaaunadon laaniug ldnumsnsy@uTan

M ENAUY901g InAo

3 Ao a J ¥ v
M3197 4.9 ANWDoaaaIn LE0258 Tulniuiiosdenufiiasinia

Allele Frequencies Pop
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

* Pop = number of populations sharing the allele.




d' a ltg A v A
M1319N 4.10 AIUD genotype 910 LEI0258 Glullﬂwumﬂﬂﬁ']fJWU‘ljmﬁ@ﬂﬁN‘U']’J
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Genotypes Frequency Individual (n=128)
AB 0.033 5
AC 0.040 6
BC 0.047 7
BD 0.040 6
CC 0.201 30
CD 0.094 14
CE 0.134 20
CF 0.080 12
DD 0.067 10
DE 0.074 11
EF 0.047 7




1 v o ' @ [ ' ¥ v w ' & o o {
M3199 4.11 ANNFUNUTIZNI90aan LEI0258 microsatellite nUAT titer taztimiinaa lu lnuilosaenufivaesnisunnielg 4 uag 7 hou

(n=128)
4 m 7 m
Trait Allele (bp)
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
C (307 bp) 0.122 0.156 0.434 -0.156 0.105 0.142

Titer
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

MINYIHA : * LAAIAIANUUANANDE1NN

@

sdANIADAN P < 0.05
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o o 4 1 1 %’ @ @ 1
HA1ANISANEIAINAUWUT VDI genotype AOAN titer AL HINWAAD TAgNLI
o ] { [ o J o 1 1
genotype A 14111991 BD DE (P < 0.05) 1ag CD (P < 0.01) HANTUNUTAUAN titer ADN1S
¥ A A A o A A A ) A
aumulsaimadalulniudiosseiuiimaesiieiiely 7 Mou nadwudasluaiind
4.12
d' Aa A 1 1 . 901 v o Iz&l A v J A
M3199 4.12 DNTWAVD genotype ADA titer 1Az Hvina2 lu lniuiiosaonugiias g

A A
V1IN0 L 7 199U (n=128)

4m 7m
Genotype

Titer Body weight Titer Body weight
AB 2.721+£0.237 1.220478.194 3.724+0.166 2.259+151.616
'8 0.199+0.309 -7.546+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
'8 0.491£0.291 -51.678+96.105 -0.178+0.194 -63.604+177.385
BC 2.526+0.196 1.282464.740 3.740+0.133 2.441£121.707
'8 0.005+0.278 54.1144£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
CcC 2.643+0.095 1.265+31.325 3.751£0.065 2.472+59.727
'8 0.121+0.218 37.470+71.853 -0.148+0.139 213.580+£127.052
CD 2.859+0.139 1.273445.976 3.491+0.095** 2.288+86.357
:B 0.337+0.241 44.742+79.935 -0.408+0.156 30.165+142.032
CE 2.699+0.117 1.235438.574 3.652+0.075 2.346+68.624
:B 0.178+0.229 7.376£75.505 -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 1.2094+54.132 3.529+0.103 2.376+93.948
'B 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 1.2284+64.740 3.899+0.123 2.258+112.373
5 0 0 0 0
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Y]

MINBIHE : * HAAIANIANUUANA NI IAYNIaDAN P < 0.05

= [IFAIAIANUUANA NI NI AYNNFDAN P < 0.01

B =0 uaaams lilionsnaiiy

4.5 91194 SNPs A3 allele 1Az genotype HazaNAa Hardy — Weinberg Ua3giu

MHC
4 o ' { 1 o o < .
ol gdeasdna 8u MEC velidneninlunisuint 1411 u marker assisted
. Y v lzil A A a [ = = Yy A ] g}/
selection (MAS) 1 Iniuiile umdesnisunvesuinedoma Tu Tadgsuts lanse luiiu
dy 9 =2 A o A B~ [ Y v =
TuidesdunisanyrluiFosdiuau SNPs 1wy j1uvuy naza11udve9 SNP AIna12d

9 W

o o ] a . v wa & <
ANuday Tudn1515210Y polymorphism duiIuguauiiadiAylsenisniiaveanisiu
= = 2 g 1A A o ~ o 7q ¥ 3 Y
gene marker #491ANTANYIATIUNLI BU MHC UAnanmnaziulszsgnalaiu MAS &

¥ 24 A A A ~Aq Y = 2 VA ~ °

muu,uewmﬁjﬂﬂwummmammwnﬂﬂumiﬁﬂym WU MHC ¥ SNP 911U 16
Amrua analumisnai 4.13) A C125T A126T C128T A131G G136T C209G C242T A243T
C244T C250T A254T A274G A282T C360T A361G 1Ay G720T Iagu19a v uaiaiiu
AOAAROINVIUITENTINDUNINN (FU AW UIN A126T tiag C128T 1U91UYD Y Li ef al.

. & = A o ' A A oA g o '
(2012), Liu et al. (2009) Fadanw1ouaana ludszs1ins Tanuiiioa3u AWY SNP @1va
(7] 1 1 [+ = U 1 o 1 dl d d 1 -7 1
AINAVAFUNY MTNY SNP vodudana ludwmianmieu visouanaany luilszanslo

[ c’d’ 1 [ 1 dyd t:id 1 @ |d9’ A

FYNUFNUANANNY VIFDINNNHAINYAY NUYATIV ﬂumwuﬁﬂﬁmm"lﬂwumm"lﬂﬂuaz

=S
IU

[
=

cy { [~ 1 o (] 1 [ [
UONIN 91NA15197 4.13 VA UNNAA N UITANUUANA WA UUDIANNDO A
{ J| 4 < 1 o 1 o
uazaudd W Induin Welln1snaaey Hardy-Weinberg Equilibrium nwuewuvyiad Tu Inil
NNF MU AT gUUURONIINANAD 1AENHEY N131181UNBBN1N Hardy-Weinberg
3’/ [ Y4 [ 4 a
Equilibrium WUl ungu1a1n msfaaon nsonen uaznsnaunuguuy gy honaisu
v o [ VX H 1 - I
Jadedana1d ludlszanns lanwdoanaeaniavd AlFlumsdner wu dsewnsil du
A o1a o A T A A A o
Yszrngd lilinmsaaden nauvesnsusmds Iniuieurdesnunvensuilgda
o w o Aav 4 < I 1 o o 3’; { o '
pazdninaunesuaiuayumsive Aot uilunraiugnssy AU i Nl
v ] 1]
A151184911BN1A Hardy-Weinberg Equilibrium 4181970910015 AA10 00 1A855TUSIAN
a da! ] 1 A I 2 A o Y ldy A = Y
matueg Ao nazilugungrilan il Inwiloslianuamnsalunmsduniulsa

[ Y Y o A Y Y A da!
l!a$ﬂ3'lllﬁ'lll'lﬁﬂGluﬂ’]iﬂﬁﬂ@]ﬂclﬂl"lﬂﬂﬂﬁﬂll?@a’f]llklﬂﬂlwnn']ﬂéuu
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A13199 4.13 91U SNP WD A20DY09 SNP 11ag genotype azd@uAa Hardy — Weinberg Y9981 MHC 1nd1uau lnnavua 125 ¢

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
TT 0.904 TT 0.968 TT 0.944 GG 0.960

TC 0.056 TA 0.008 TC 0.000 GA 0.016

CC 0.040 AA 0.024 CC 0.056 AA 0.024

SNPs5 0.952 SNP6 C 0.884 SNP7 0.920 SNP8 0.684
G136T T 0.048 C209G G 0.116 C242T 0.080 A243T T 0.316
(n=125) GG 0.944 CcC 0.864 TT 0.880 AA 0.592
GT 0.016 CG 0.040 TC 0.080 AT 0.184

TT 0.040 GG 0.096 CcC 0.040 TT 0.224

SNPs9 0.712 SNP10 0.536 SNP11 0.840 SNP12 A 0.508
C244T T 0.288 C250T T 0.464 A254T T 0.160 A274G G 0.492
(n=125) CC 0.672 CcC 0.488 AA 0.784 AA 0.496
CT 0.080 CT 0.096 AT 0.112 AG 0.024

TT 0.248 TT 0.416 TT 0.104 GG 0.480




v v v v
A13199 4.13 91471 SNP WD A20D09 SNP 1ag genotype LazduAa Hardy — Weinberg Y0381 MHC 91nd1uau Inianua 125 67 (Ap)

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 TT 0.952 GG 0.928 TT 0.936
AT 0.024 TC 0.032 GA 0.040 TG 0.000

TT 0.048 CC 0.016 AA 0.032 GG 0.064
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4.6 WAMIANHIDNEWAVEI MHC gene AoaNHMUZMIDIYADIA

MIANHIONTNAVDI SNPs LAAZAILNUY AANHMZN53 AU Ta WY1 SNPs N

Y
v A @ v

o 1 3‘/ o 1 { 1 g‘/ { 1 [ [} 4 ] o
N9 16 AWHUIUY WNead 1 UIN 3 (C128T) IMUUANUNTANUAUN YT 19T sd AN

9

AN P<0.] DUANHUSUINUIN 4 (AT 1NN 4.14)

a A A ¥ v o XA
13199 4.14 AURAYLASANUADIAAADUNINTITU (+ SE) U93U11UNND 1u"lﬂWULuaﬂﬁ1ﬂ

o o A A A
NUTHABIWWUIINDEY 4 Liag 7 IADU

Genotype Bodyweight (g.)
(n=125) 4 (month) 7 (month)
C125C 1235 (76.71) 2534 (360.26)
SNP1
T125C 1251 (64.82) 1987 (304.40)
(C1257)
T125T 1269 (16.13) 2215 (75.72)
Al126A 1269 (98.67) 2611 (466.50)
SNP2
A126T 1074 (171.37) 2207 (810.18)
(A126T)
T126T 1268 (15.52) 2205 (73.36)
SNP3 C128C 1260 (15.54)* 2213 (74.21)
(C1287) T128T 1375 (63.85) 2244 (304.82)
Al131A 1232 (99.10) 2457 (467.00)
SNP4
G131A 1235 (121.22) 2460 (571.20)
(A131G)
G131G 1268 (15.65) 2205 (73.74)
G136G 1265 (15.79) 2216 (73.46)
SNP5
G136T 1265 (122.20) 1288 (568.50)
(G136T)
T136T 1301 (76.72) 1564 (356.94)
C209C 1276 (16.35) 2212 (77.97)
SNP6
C209G 1187 (77.45) 2301 (369.36)
(C209G)
G209G 1210 (48.98) 2208 (233.59)
C242C 1213 (76.53) 2332 (359.16)
SNP7
C242T 1239 (54.42) 1866 (255.40)
(C2427)
T242T 1271 (16.31) 2241 (76.56)




d' 1 d‘ tﬂ' ao’ v W lag A
M19199 4.14 AURAYLUATANNANAAADUNINTITU (+ SE) VBIUIHUNAN Glu'lﬂwummmﬂ

Y]

s A = A 1
UPHADINVINDIEY 4 LA 7 19D U (AD)
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Genotype Bodyweight (g.)
(n=125) 4 (month) 7 (month)
A243A 1259 (19.94) 2176 (93.84)
SNP8
A243T 1281 (35.73) 2189 (168.20)
(A243T)
T243T 1272 (32.55) 2340 (153.21)
C244C 1266 (18.76) 2206 (88.00)
SNP9
C244T 1246 (54.30) 1957 (254.68)
(C2447)
T244T 1274 (30.99) 2324 (145.34)
C250C 1273 (21.89) 2213 (103.56)
SNP10
C250T 1299 (49.33) 2098 (233.34)
(C2507)
T250T 1251 (23.73) 2245 (112.23)
A254A 1276 (17.21) 2270 (81.05)
SNP11
A254T 1251 (45.58) 2000 (214.69)
(A254T7)
T254T 1212 (47.26) 2035 (222.61)
A274A 1291 (21.57) 2308 (102.09)
SNP12
A274G 1303 (99.06) 2502 (468.70)
(A274G)
G274G 1239 (21.98) 2106 (103.98)
A282A 1259 (15.73) 2179 (74.16)
SNP13
A282T 1389 (97.96) 2765 (461.67)
(A282T)
T282T 1345 (69.17) 2633 (326.02)
C360C 1340 (120.65) 2740 (570.16)
SNP14
C360T 1182 (85.66) 2301 (404.79)
(C3607)
T360T 1268 (15.64) 2203 (73.92)
A361A 1382 (85.09) 2790 (399.70)
SNP15
A361G 1249 (76.18) 2527 (357.81)
(A361G)
G361G 1263 (15.81) 2182 (74.24)
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d' 1 d‘ tﬂ' g v W lti‘ A
M19199 4.14 AURAVLUATANNUADAAADUNINTTIU (+ SE) UBIUIHUNAY GlullﬂWULﬁJ’f)\‘iﬁ']fJ

o ¢ A A A '
NWUTHADINTNUIINDY 4 U 7 199U (¢919)

Genotype Bodyweight (g.)
(n=125) 4 (month) 7 (month)
SNP16 G720G 1334 (60.20) 2223 (285.55)
(G720T) T720T 1262 (15.71) 2215 (74.52)

A2 o [

WK s * ¥NeDe Tsd 1Ay neadanssAunNuIANA1 P<0.1

= Y A9 v Yy o = .
nsanerluasatllvinaaeandoaNUNISANEIVD9 Pinard — van der Laan (2002) Tag

Y o 12

Anvdawavesmsaamonmsaouduesluszuugiduiuaoimingd Tuln White Leghorn
Tugudi 4 $109u 200 1 nuwansaaden lannisaeuauesdensdumulsafing
Fadorhniing lu'lnfieng 9 uaz 17 FUaT Ao 1042411 uaz 1661.5418.7 03y (P<0.07)
awddy nazluvaizdensu samsanualuadailfigenndeaiun1sAinyves Lamont (1998)
FINVI1 MHC genotype G’T'Nmuaumsﬂauau@wmnuugﬁé’uﬁuﬁ"uﬁwaxﬁ'mgﬁaq@i@
Snumznansean By huings sasiniskauia sasmain uazwandal Hudy dae

UDNDINI NITANYIVDY Rauw et al. (1998) t1ag Twinkle Jasmine Masilamani (2003) W21 ANF

[ v =~ 4

v Y v a 1 1 Yy % [ [ Y
ﬂﬂlaﬁ]ﬂiﬂﬁﬁﬂymgﬂWiwa@gﬂ YU ﬂ?iﬂﬂlaﬂﬂllﬂleMUWWuﬂ@’Jq\T UNANUAINUTUNUD

H 9
v A

[ a a a 9y { Y] < Av A @
511!1/]']\‘]’61‘]Jﬂﬂﬂ5$ﬁ‘1/]‘ﬁﬂ'lWﬂl'E]\ﬁg‘U‘Ugllﬂllﬂu ﬁ]'lﬂ‘VlﬂaTJiﬂ‘VN“VilJﬂlﬂuﬁ1u’)ﬂﬂﬂﬁuﬂﬁ1§u9¢ﬁ

= é’, dy I < d'dy VN~ =t g}J ~ 1 a a "y
msane luaseil tazilulszaundlmiun Gu MHC dulinasomsnsganTaveslnaie
) 1 Y
piladmTumanaigu MHC lranonisosaan Taues 1n1il wua1 Non-MHC linked
resistance VUNUIN TUMIAIVAVANHULMTTYAD I 195U Growth hormone (GH) (Kuhnlein
= I 4 - 9 [ 9 1 9
etal, 1997) B9 GH 1H 105 TuuNa51941910 somatroph cell 1NAoN ladNOITIUK U

14 yd o 1 a a [ ¥ 4
(pituitary gland) Taggo s Inulin1591191UN19MEN W 15U M5 AU e, Fouuyuiione

Y [ %

[ ' a J I
UBDITNNY, mm@nﬁu@mmzuugmqn U LLaZiZUUﬁUWUﬁ L‘]Jug]}u 1uﬂ1iﬁﬂﬂﬁu@\1ﬂl@\1
9

Yy o Y o v

a ] 1 a Y 4 %’
ISVUHUANNU WU GH fmamamamugmzuugngn umiumumaauazmim I@ﬂf]ﬂ’li

) { o a J a @ 1 1 { 4 @ o
naueNTumzmzasuuAIsaaveszuDgiquiy i GH vz T Idineniiesnumsiaun

3 Y a Y A
T-cell Lmzwaammsmué’uﬂui%ﬂﬂm uaduew1so Iy uE 150999 T-cell 1HaY
. ' A a = Y . ' ! = ! a a
Thymic lugnmannunsonld (Welniak et al., 2002) lulawua GH MNﬂ@]@ﬂWiLﬂiiym‘UT@

HAZMIABUTUBIVDTZUUYAANAY ua lunihivan GH HumuimaemswsgdauTa nazms
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= T 1A 3 A 2
WINAIY01115 Imsudaseoniaudanou IGF-T lulnf Tadufiee lilimumsuaasoonvos
[ [ 4 1
#U GHR mRNA (Kuhn et al., 2002) TagHanNg1UU09ANMNTNHUTIZHINNTZUIUNITVDY
a [ 1 o a o a @ [
sEUDRANIUADSE seumsnanludaing BNTNANININMTHNIUVDITZVYRANIY Auaag
Tupni 4.1 uaﬂmﬂﬁiﬂﬂmqyfgjuﬁ’awuﬁ MIMUYBITTIUYNANAUE IO FONADN
1 9 o a =l 1 4
szuvlszamarunaly Tage1anszqunsnauInganssn vienisdaaasssos luuwin
< 4 '
Hypothalamus I @1¢ Pituitary hormones IA8N 15N AIED5 11U 15U Adrenocorticotropic hormone
s A o Aa o o o A
(ACTH) tag Thyrotropin 1NIwad NNeINUszUUYHRNAU IAnwdidy Tumsmumsaiugu
o 4
NITFUATIEH Gluconeogenesis 91N glycogen, fatty acid {161 amino acid Tums laansazey
9
o [ 4
Tosaulundrmiio naz ldaivauu gluconeogenesis tag N13FATIZH acute-phase

glycoprotein Hudu (Pieter and Stephen, 2000)
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4.7 HAMIANHIONTWAVDI MHC gene ADANHMUTMINUMHIIA
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1 [ a o 1 v
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a oA A ' . A A
MTNN 4.15 AURAYUAZANUADIAAADUNIATIIY (+ SE) 49301 log (10) Titer Glu”lﬂ“wumm

w ¢ A A A
ﬁ'lflwu‘lélwa@\jﬁ1\ﬂn]1ﬂ91q 4118 7 1ADU

Genotype log (10) Titer
(n=125) 4 (month) 7 (month)
C125C 2.46 (0.22) 3.77 (0.14)
SNP1
T125C 2.77 (0.19) 3.72(0.12)
(C1257)
T125T 2.72 (0.05) 3.62 (0.03)
Al126A 2.56 (0.29) 3.77(0.14)
SNP2
A126T 1.98 (0.50) 3.72(0.12)
(A1267)
T126T 2.72 (0.05) 3.62 (0.03)
SNP3 C128C 2.66 (0.19) 3.73(0.12)
(C1287) T128T 2.71 (0.05) 3.62 (0.03)
Al31A 2.55(0.29) 3.77 (0.18)
SNP4
GI31A 2.66 (0.35) 3.42 (0.22)
(A131G)
G131G 2.71(0.05) 3.63 (0.03)
G136G 2.71 (0.05) 3.62 (0.03)
SNP5
G136T 2.92(0.35) 3.67 (0.23)
(G136T)
T136T 2.65 (0.22) 3.72(0.14)
C209C 2.74 (0.05) 3.62 (0.03)
SNP6
C209G 2.84(0.22) 3.65(0.15)
(C209G)
G209G 2.41 (0.14)* 3.71 (0.09)
C242C 2.69 (0.22) 3.74 (0.14)
SNP7
C242T 2.92(0.15) 3.65(0.10)
(C2427)
T242T 2.69 (0.05) 3.62 (0.03)
A243A 2.73 (0.06) 3.61(0.04)
SNP8
A243T 2.63 (0.10) 3.65(0.07)
(A243T)
T243T 2.72 (0.09) 3.67 (0.06)
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a oA A ' . A A
MTNN 4.15 AURAYUAZANUADIAANADUNINTIIU (+ SE) 49301 log (10) Titer Glu”lﬂ“wumm

o & A = A 1
MYNUTHADINVINDY 4 LA 7 19D U (AD)

Genotype log (10) Titer
(n=125) 4 (month) 7 (month)
C244C 2.72 (0.05) 3.62 (0.04)
SNP9
C244T 2.76 (0.16) 3.73 (0.10)
(C244T)
T244T 2.66 (0.09) 3.60 (0.06)
C250C 2.12 (0.06) 3.66 (0.04)
SNP10
C250T 2.76 (0.14) 3.64 (0.09)
(C250T)
T250T 2.68 (0.07) 3.59 (0.04)
A254A 2.72 (0.05) 3.60 (0.03)
SNP11
A254T 2.80 (0.13) 3.65 (0.08)
(A254T)
T254T 2.50 (0.14) 3.80 (0.08)*
A274A 2.70 (0.06)*** 3.61 (0.04)
SNP12
A274G 1.53(0.27) 3.67 (0.19)
(A274G)
G274G 2.77 (0.06) 3.64 (0.04)
A282A 2.72 (0.05) 3.62 (0.03)
SNP13
A282T 2.12(0.28) 3.83 (0.18)
(A282T)
T282T 2.73 (0.20) 3.72(0.13)
C360C 2.94(0.35) 3.65(0.23)
SNP14
C360T 278 (0:25) 3.72 (0.16)
(C360T)
T360T 2.70 (0.05) 3.62 (0.03)
A361A 2.83(0.25) 3.59 (0.16)
SNP5
A361G 2.78(0.22) 3.72(0.14)
(A361G)
G361G 2.70 (0.05) 3.62 (0.03)
SNP16 G720G 2.62(0.18) 3.74(0.11)
(G720T) T720T 2.71 (0.05) 3.62 (0.03)
wnemeg : ¢ WeDe TiedAyneadanszAUANNIANAIN P<0.1
w0 WIene Ied A iameaaanss uANNIANA1 P<0.05
s YD Ied A BaMNaaansERUANNIANAI P<0.01
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Genepop on the Web

GENEPOP is a population genetics software package originally developed by Miche! Raymond (Raymond@isem.univ-monto2. fr) and Francois Roussel (Rousset@iserm. umiv-
monip2.fr), at the Laboratiore de Genetique et Environment, Mantpellier, France. The latest version of Genepop (4.0) is now available from hitp://kimura.univ-
montp?2.fr/~rousset/Genepop.htm. Genepop 4.0 runs under Windows, and can also be com)| u have

the developer tools installed. To compile under Unix or Linux, open a terminal window and A d' .
1.1a9nNN Hardy Weinberg Exact

es (compared to v3.4) plus the ability to run in Batch mode.

'g++ -DNO_MODULES -0 Genepop GenepopS.cpp -03'

This latest version is easier to use and has some additional ar

The web version is still available for teaching pu

Es and for those who, for some reason, cannot run the latest version on their local PC or Mac. Below is the Genepop WWW
menu with links to the data input and hel

es. For further information on the Genepop program and its web implementation see the history page.

Option Status of Web Version Help Files

1. Hardy Weinberg Exadct Tests Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 1 Help
2. Linkage Disequilibrium Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 2 Help
3. Population Differentiation Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 3 Help
4. Nm estimates Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 4 Help
5. Basic Information, Fis and gene diversities Upgraded to Genepop'4.0.lﬁ(comprled binary from source code provided by Francois Rousset) Option 5 Help
6. Fst & other carrelations Upgraded to Genepop 4.0.JF(c0mp\'Ied binary from source code provided by Francois Rousset) Option 6 Help
7. File Conversion Equivalent to Dos versions 3.4. Incudes additional file conversion to ARLEQUIN format. Option 7 Help
8. Miscellaneous Utilities Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) QOption 8 Help

MNA 1 UagaIms Lsﬁlﬂﬂﬁjd_Hardy Weinberg Exact Tests

9
1.2 uﬁ’ﬂﬂmuﬂﬁmmmﬂwﬁﬁmﬂwu uazzﬁaﬂmmumaummw

1.H1 =Heterozvgots deficiency

o
2_H1 =Heterozygoteexcess o
3_Probability test @

‘Would you like complete enumeration ofalleles if possible? O ¥es

@ No

Markov chain parameters (try the default values initially please):

v ) = o a e
3.ﬂuﬁ1vl.1f\|ﬁéllﬂuﬁ‘l’]i]%‘i/nﬂﬁ'llﬂiWZﬁ

Dememorization number (100 - 10000 |1GGD |

Number ofbatches (10 - 100007

2180n1% out put

Number of iterations per batch (400 - 10000 :

) ]
uaaslunidinig

Output Formatissa=, yeri

[FIHTML - Plain Text (Notrecommended if markov chain parameters increased - see the helppage)

Choose a datafile to upload orpaste the datafile into the text boxbelow H Browse... |

4180n1)y Submit data tWo 1% \_

o a ’3
Tosuunsushnmsinsiey

Clear Form



http://genepop.curtin.edu.au/

NN 2 uﬁmmﬁzﬁaﬂﬂl%’mwm Hardy Weinberg Exact Tests

1.3 Out put N 1AANATY Hardy-Weinberg Equilibrium 910 14/504n053 GENEPOP

Genepop  wversion 4.0,10: Hardy-weinberg test

File: 235531 (Title Tine: "bhe Thyroglobulin gene ")
Mumber of ?Dpu1atiun5 detected: 1

Mumber of loci detected: 158

Estimation of exact P-values by the Markoy chain method.

Markoy chain parameters for all tests:

Cememoarization: 1000
Batches: 100
Iterations per hatch: 10

Hardy weinberg: Probabili A
wewn e wwwwwwdw| S.ANAT P-value

u

Y 1

<81A1P>0.05 naA AU Ina1 liog

________________________ auaaved Hardy-Weinberg

Results by popdlatiol. | . e
==================#======| - 01A1P<0.05 LITAINN LN UIAINAIDYAUA

v93-Hardy-Weinberg

Fis estimates

Tocus P—wal S.E Wk RLé&H Steps

Tocl QL0000 O, 0000 0.7636 0,767l 87437 switches
Tocz O 00od 0, 0000 0,938 0.9426 S8235 switches
Togs 0.0000  0,0000 -0,856% -0,8571 895158 switches
Togd QL 0QoQe O, 0000 0.5041  0.5056 63419 switches
Togs 0.122% 0, 0051 0.1073  0.1075 895857 switches
Toga 0.0000  0.0000  0.9250 0.9287 ° 839578 switches
Tog? QL0735 0.0047  -0.1220 -0.1222 0 89707 switches
Togs OU0522 0 - 0.0034 -001302-=0.130% 89832 switches
Togs 0. 0017 (@, 0004 —0.03%6 0 0.4758 32272 switches
Toglo O.0018  0.0005 -0.030% 0.4802 29503 switches
Togll 0. 0058 0, 0007 0.1753 0,1758 89915 switches
Toglz O, 0000 O, 0000 0.7222 0.7248 85700 switches
Togls 0.6168 0.004% -0.035935 -0.0395 89498 switches
Togld 0.0000 0.0000 -0.1003 0.2934 14500 switches
Togls O.0060 00,0010 0.1815 0.181% 85516 switches
Toglé 0. 0000 O, 0000 0.2441  0.6197 29891 switches
Togl? 0. 0002 0,0001 0.1566  0.5690 21545 switches
Togls 0.1502  0.0055  -0.0971 -0.0873 89866 switches
A17 (Fisher's method):

chiz : Infinity

of : 36,0000
Prob High. =sign.
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Genepop on The Web

GENEPOP is a population genetics software package originally developed by Miche! Raymond (Raymond@isem. univ-monip2.fr) and Francofs Rousset (Rousset@isem. univ-
montp2.17), at the Laboratiore de Genetique et Environment, i/ available from http://kKimura.univ-
montp2.fr/~rousset/Genepop.htm. Genepop 4.0 runs unger| A A . I . It will compile on Mac OSX machines if you have
the developer tools installed. To compile under Unix apfinul 1. 189 HN Llnkage dlsequlhbrlum ory. Then issue the command:

S

'g++ -DNO_MODULES -0 Genepop GenepopS.cpp/F03'

This latest version is easier to use and has sgiie additional analyses (compared to v3.4) plus the ability to run in Batch mode.
The web version is still available for tea

ing purposes and for those who, for some reason, cannot run the latest version on their local PC or Mac. Below is the Genepop WWW
menu with links to the data input an

elp pages. For further information on the Genepop program and its web implementation see the history page.

Option Status of Web Version Help Files

1. Hardy Weinber: Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 1 Help
2. Linkage Disequilibrium Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 2 Help
3. Population Differentiation Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 3 Help
4. Nm estimates Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 4 Help
5. Basic Information, Fis and gene diversities Upgraded to Genepop 4.0.10 {compiled binary from source code provided by Francois Rousset) Option 5 Help
6. Fst & other correlations Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 6 Help
7. File Conversion Equivalent to Dos versions 3.4. Includes additional file conversion to ARLEQUIN format. Option 7 Help

8. Miscellaneous Utilities Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 8 Help

MW 4 1aaan 311 1184 Linkage Disequilibrium (#e3n13naeeL

9
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ons & F‘ararﬂ_’ Linkage Diseovilibrium

Dipleid Data:
Genotvpic disequilibrivm:

1. Test for cachpairoflociin cach population @

using thelog likelihood ratio statistic
using probability tests

2. Only Create genotvpic contingsncy tablas 4] v 2y A
A - o 3aunilddoyan
Markov chain parameters fpf sy 2.La6ﬂ1°ﬂ out put itially please) Y
o a L4
. ISNINITAUATICH
]?memonzannumber Llﬁﬂ\fluﬁﬁ}’]ﬁ’]q
Number pA hatches (10 - 100

Numpler ofiterations per batch (100 - 10000} : 1000

Cutput For;

atssDENWE
[ Zfmail theresults. Addre
HTML - Plain Text (Not recommended for Suboption 1 - see the helppage)

Choose a datafile to upload or paste the datafile into tH

4.1d0n1ju Submit data 1V 1%

| (Browse. |

Submit data

o a L4
Tdsuunsusimsansey

= A ¥ . . crer
NMNAN 5 meﬂmaaﬂ%mmm Linkage Disequilibrium


http://genepop.curtin.edu.au/

2.3 Out put 71 1#91PNAABY Linkage disequilibrium 910 115111753 GENEPOP

Fenepop version 4.0.10, GFencotypic linkage disequilibrium

Fil 5'ﬂﬁﬁ1 P-value ckulin gene ")
- 8181P=0.05 naraainaaesduni hieg
Humn] v
Hun  Linkage disequilibrium ReINY
v
u=d - 81A1P<0.05 HAAIIINIA D IR MU DY
Linkage disequilibrium AN

Eop Locusgl LocusgZ E -Valus 5.E Switches

9g.11 locl a a 10000 828&7
11 locl 0. a 10172 33738
11 locZ 0. Q. 0524 31185
11 locl 0. Q. 4117 4£015
11 locz 0. 0.003387 243205
11 log3 4 1. a 10000 24240
11 locl 1ogs a. a alg 78178
11 locZ loaghg a. 0.008034 &8585
11 log3 logs 0. 0.0032Z&7 58z0%
11 log4 logh Q. a [fuu] £84le
11 locl logie a 0.000000 5243
11 locZ logi 0. 0.000000 42331

95.11 logs loge 0. 0 27366
11 logd logs 0. 0 43308
11 logs logs g.: ] 0 73427
11 locl logi a 10 Q. TeTe4
11 locZ Tog? a 10 Q. coZdd
11 Tog3 logd a 0 a 55725
11 log4 Tog7 0. 10 a ceT48
11 1log5 log? 0.000000 0.0330000 82387
11 logsa log? 0.003310 0.0009&3 71503

MNA 6 LEAINANINATO Linkage Disequilibrium
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3. m3nnuadulnil

3.191 1% http://genepop.curtin.edu.auw/ uadenlUi Basic Information, Fis and gene

diversities

Genepop on the Web

GENEPOP is a population genetics software package originally developed by Miche! Raymond (Raymond@isem.univ-montp2.fr) and Francors Rousset (Rousseti@isem. univ-

montn2.17), at the Laboratiore de Genetique et Environment, s now available from http://kimura.univ-
montp2.fr/~rousset/Genepop.htm. Genepop 4.0 runs ungeri A ~ . . . Linux. It will compile on Mac OSX machines if you have
the developer tools installed. To compile under Unix opfinul 1 12® AN Basic Informatlon, Fis Hirectory. Then issue the command:
'g++ -DNO_MODULES -0 Genepop GenepopS.cpp/03' y .

) - . and gene diversities
This latest version is easier to use and has sg#fie additional 4 mode.

The web version is still available for tea

ing purposes and for those who, for some reason, cannot run the latest version on their lacal PC or Mac. Below is the Genepop WWW
menu with links to the data input an

elp pages. For further information on the Genepop program and its web implementation see the history page.

Option Status of Web Version Help Files

. Hardy V Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 1 Help
2. Linkage Disequilibrium Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 2 Help
3. Population Differentiation Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 3 Help
4. Nm estimates Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 4 Help
5. Basic Information, Fis and gene diversities Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 5 Help
6. Fst & other correlations Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Option 6 Help
7. File Conversion Equivalent to Dos versions 3.4. Indudes additional file conversion to ARLEQUIN format. Option 7 Help
8. Miscellaneous Ufilities Upgraded to Genepop 4‘0.107(c0mpw'led binary from source code provided by Francois Rousset) QOption 8 Help

v o 4 { 7|
MW 7 uaaan131in 1164 Basic Information, Fis and gene diversities /o11a1193 114 1ni

9
3.2 Llﬁl’ﬂﬂillLlﬂiilﬂzllﬁﬂ\iﬁfhﬂﬁhlﬁll uamﬁaﬂmmumummw

[‘option 1 | |‘Option2 | |"Option3 | | Option4 | [options | | Option 6 | | Cption 7 | [ Options |
& Par metEroas Allele Freouencies, erc.
sl
1. ) i es. number obs/exp homozygotes and heterozvgotes, allele frequencies, stc ® 3.AUN avo jﬁlq a
Gene diversities & Fis: A o A P
2. Usingallele identity ol NITNINITIAIUANIIEHN
ing allele size o
Estimation ploidy for multilocus estimates: 4 % ® Diploid
2089019 output | 2P
e PrOpor| 9y 1 i data file
- uaadlunidinig
#re results. Addre: ‘
AL - Plain Text
A U . A Y
[ __InputData 41800n1]y Submit data tWo 14
Choose a datafile to upload orpaste the datafile into t} v | Browss...
Tsuunsuiimsiasigy
I

a A 9 . . . . "
MNN 8 Laasnsaon e 1403 Basic Information, Fis and gene diversities


http://genepop.curtin.edu.au/
http://genepop.curtin.edu.au/genepop_op5.html
http://genepop.curtin.edu.au/genepop_op5.html
http://genepop.curtin.edu.au/genepop_op5.html
http://genepop.curtin.edu.au/genepop_op5.html
http://genepop.curtin.edu.au/genepop_op5.html
http://genepop.curtin.edu.au/genepop_op5.html

3.3 Out put 71 1891011 Awa3 11 Indl mnTusunsy

Fi=z: computed as in Weir & Cocllerham (1984 ;

al=o a= 1n Robertson & Hill (19847 .

Pop: 96.11 Locu=: locl

Genotyplic matrix:

2 4
2 108
4 21 &0
Genotypes  Cbhs. Expected
2, 2 108 74,1804
4, 2 21 88 6393
4,4 &0 26,1804

Expected numnber of homozygotes 100, 3e0?
Ob=erved numnber of homozygotes 1led
Expected numnber of heterozygotes: 88.6393
Ob=erved numnber of heterczygotes: 21
Allele freqguencies and Fis:
Fi=

Allele Sanple count Frequency e R&H

2 237 0. &6270 0.7636

4 141 0 37230 0.7636
Tot 374 0.7636 0.7671

d’ Aa J o 1 1
ﬂ]WTI9MﬁﬂQWﬁﬂ31Mﬂ%Iu1ﬂﬂm®ﬂSNPS@TMWlNﬁTQﬂ

84



A Y A
sz Iy

'
a

v a y o { a { o Y J
UNAMAYIANS nesdos Mo TuN 3 ngAIneu w.A. 2523 NVanTamesyTel iU
= (% = A = @ o o A [ @ o =2 @
MsfnEIszavdszauAnyInlseTousyuIadysve suneies 1K IAMNYIY Tl ANYITEAY

o = ~ = a A o A [ [ d o I = o =Y
llﬁﬂNﬁﬂHWWIiQ!iﬂujﬂﬂWHQau'ﬁ DUNDINDY WHIAUNYITY TN ﬁ'llﬁﬂﬂ']ﬁﬁﬂ‘]sl'ﬁgﬂﬂﬂﬁmuﬂﬂ

9

=

= Aa = a o ~ a o
a3 v umaluladmanandad danindyunalulasmanuas yrimedomaluladgs

L)

A o Y] =y A~ o = 1Y) =) a =
UIT VINIAUATIIFANT LU0 W.A. 2547 ﬁ%ﬁ%ﬂﬁﬂﬂ‘ﬁﬁ%ﬂﬂﬂiﬂﬁgﬂﬂ ﬁ?‘UTJGb'TL“I/IﬂTuTaEJ

a o J o v Aa = a o ~ A W [ ~ =
Makaadad d1inIvuna luTagmanyas yineaoma lulagguis 319IauaTIsau U

[ 9

M15ANYT 2549 azdnidesvavliyaten av1ivunaluladmsnaadad d1indn

A o

a @ = [ = o o
maluTagmanyas umaneraomalulagguis 19riaunsswau UnsAne 2551 159

@ 9

msanp1szauliyaien v ivunaluladnisnaadad dnindsunaTuladnisinbas

A o

unIneaema luladguis 39niauasiwan Unisdne 2556



	1. หน้าปกไทย
	2. หน้าปก อังกฤษ
	3. หน้าอนุมัติ MHC
	4.บทคัดย่อไทย อังกฤษ คีญาภัทร์ กองร้อย แก้ส่งคณบดี
	5. กิตติกรรมประกาศ
	6.สารบัญ MHC new
	7.สารบัญตาราง MHC
	8.สารบัญภาพ MHC
	9.คำอธิบายสัญลักษณ์และคำย่อ MHC
	10.บทที่ 1 MHC
	11.บทที่ 2 MHC
	12.บทที่ 3 MHC
	13.บทที่ 4 MHC
	14.บทที่ 5 MHC
	15.รายการอ้างอิง MHC
	16.ภาคผนวก MHC
	17.ประวัติผู้เขียน



