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Bodin Wongpom 2010: Effect of Thyrogobulin Gene on Marbling Score and Carcass
Traits in Kamphaeng Saen Crossbreed Beef Cattle. Master of Science (Animal Breeding),
Major Field: Animal Breeding, Department of Animal Science. Thesis Advisor:

Mrs. Amonrat Molee, Ph.D. 60 pages.

The aim of the present study was to study the polymorphism single nucleotide
polymorphisms (SNPs) of thyroglobulin gene and study the associated between SNPs and
marbling score, carcass traits of 336 Kamphaeng Saen crossbreed beef cattle from
Suwanvajokkasikit Animal Research and Development Institute (SARDI) with the cattle were

mean of body weight 561.91+55.11.

Sixteen polymorphism of single nucleotide polymorphism; SNPs A110T, A133T, G156C,
G161A, C220T, A228G, A253G, C338T, T350G, A351G, T354C, G392A, A430G, T433G,
G461A and A506C were observed and all of SNPs have the significant linkage disequilibrium
(P<0.01). This study thyrogobulin gene had polymorphism, associated carcass weight, Fat
thickness and KPH fat (P<0.05) and not associated marbling score (P>0.05) in Kamphaeng Saen
crossbreed beef cattle. Thyrogobulin gene should be developed to use genetic marker for

selections carcass traits.

Student’s signature Thesis Advisor’s signature
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aunmsinuazmaai gy Iai ludnmldidedialawazar l¥ielaonlarlsy Toyd
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(Andrew, 2007) uazunansuzneInuaunmainiu bimusataludainiiziald

=

o T o o w w 1
$uiludessirda’ (Andrew, 2007; Parmentler ef al., 2001) MAToIINAGINA1INS 1F1AT MUY

o [ [ [ J I A { 4 o
manugnssy lumsdsulgsanazaenaniuiiuiimsiiiauls iWesnnauniodaidon

'
I o =

ﬁmmwuﬁﬂsimaﬂmﬂﬁﬂammaza”lmsafiuszaznm Gluﬂﬁﬁ‘mﬁﬂﬂllﬁiﬂﬂﬁﬁﬂiﬂﬁ"l
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@ (A o o (% { < @ A a A 1
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Reference Breed Trait h’+SE
Pariacote ef al. (1998) American Hot carcass weight 0.6+0.19
Shorthorn
Dressing percentage 0.49+0.19
Fat thickness 0.46+0.19
Ribeye area 0.97+0.21
Kidney-pelvic-heart 0.45+0.19
Marbling 0.88+0.21
Yield grade 0.54+0.19
Riley et al. (2002) Brahman Fat thickness 0.63
Hot carcass weight 0.55
Dressing percentage 0.77
Loin muscle area 0.44
Kidney-pelvic-heart 0.46
Marbling 0.44
Yield grade 0.71
Eriksson et al. (2003) Hereford carcass weight 0.70
Charolais carcass weight 0.45
Simmental carcass weight 0.42

oY J d
mmmmuumaaa@ﬂuu"lmaﬂwiaqmmwmn

A a

1 s v J o v a
AoN1N708A (Thyroid gland) wuludailinszgndunduneunnria 95gu1910EU

ad d‘dy @ a a 4 = |
TatAs1 (endoderm) N UVDIABYIDEATITZAUTNTUTEA 015371 2 TasaTyauau lunud

na1 udrviamsaasenunenesmasy loguinmne i 2 WwieunuasINa19aIe isthmus



1 dy I A A d%} 1 =\ = Y A {\] Y] 5’ 9
VUIAVBIADUUISLANAIATUDIYTUWNVU @lf]llillﬂﬁ@ﬂ?!ll as gl uwmﬂmmiﬂmn"lﬂclu
dy [ ] 14 9 . <)

U9 (James, 2002) aou'Insoen1lsznoudie Parafollicular cells (C cells 1130 clear cells)

(Y [ 4 [ qg/l =
unsnayn follicular cells wazdalsznenlUae follicles cells 139 acini FAAILIFSIAIFUIRED

I . ' 1

Wurenan melurenanazlia1swan colloid ¥30 columnar YIAFDII19NE 1Y FIVTTYENS

. [ (Y] 19 < o 9 ~ 9 . A o 4 .
colloid UliJGlWQ_IUﬂ UODUFAAM YT UINUDY T3 colloid m&flu%umuaumm uaz¥aa follicle

a < A i ' s A I ' ' g .

wiivuaan Taehas colloid luaeunseva veliosnllsznoudiulvaifunan glycoprotein
' : o P4 ¢ H {
g 1ugUueq thyroglobulin Fgnduasiznauulaemaa follicle Tagh follicles cells Iniid

o < <
Tumsada wazvds thyroxine W30 iodine-containing hormone T3 oz Ty, 20NN WAV I U

[l [V 1 o
glycoprotein 08 11431/U04 thyroglobulin hormone complex Iaganyaz oAy INTO8A N
d' 1Y . . Y o [l 9 t:' o 1Y
ANuaINTaNEsuLarazauals iodine 3luadvesaenldinn Tashsiuaiuisaesy
iodine M1ntapAId NG IuAoN ULV iodine 1 iodine VziAADUINIGADN TABNT diffusion
o 1 % I
1az TAenNTZUIUNT active transport AININA 1 B9 iodine ViRV ayIugUV0I thyroxine

moelu thyroglobulin 1119319M8ADIN3 thyroxine hormone (T3 uag T4) Thyroglobulin 9

1 ] [ [ 4
d9A1U apical membrane wazid lanszumaon Tage1don13nszquvoans luu thyroid
stimulating hormone (TSH) 910 anterior pituitary gland Avasve TSH l1/ns zéjumﬁ NNUVDY
v E4
enzyme protease lumsilaee thyroxine ﬁag‘lugﬂaﬁizﬁ ¢ diffuse W1 membrane DONNIY
a o A g & = ' P
nszualania (93509, 8.1).4).; James, 2002) A9 ndi 1 aeiudeanann1aan TSH awnsaaIugu

qgj Y] L4 3 1 M) . J o
MINTAUATIZH (synthesis) LASLITINITHAN (secretion) V93F05 1y thyroxine fe
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blood

secretory vesicles with ~ H202

thyroglobulin
thyroglobulin precursor

o —> () —» () (———>
ribosomes O O/ iodinate =
&
I > I couple l@[

iodide _) deiodination

OH
porter .
DIT & MIT \ Follicular Cell
- T3 & T4 - -
g (IO colloid endocytosis by
vesicles pseudopodia
lysosomes f

o—>0

x lumen

A

a - ¢ . " y ¢
MNNn 1 ﬂﬁllﬂﬂ15ﬁ\uﬂ31$1’i (synthesis) 182 N1THAN (secretion) ﬂl@ﬁhlﬂi@ﬂﬂaﬂiillu

fan: ﬂmzﬁmuwmmﬁmi’ 111’11%1/]8158“71&1@5?“?(@{ (2549)

thyroxine ﬁagi“lu colloid 92%0g 2 31 Ao thyroxine n30 tetraiodothyroxine (T,) F992

U U

]
= |l

Wueglues larauazinnudAyINNga 894 triiodothyroxine (T;) WWUoE 1142393 latia

a

9
o 4 . @
Sraudeslsyanal 5 % ve9803 1 thyroxine 11911

s " = o 1 aK 1 ™ .
"lm@ﬂﬂaaﬂumemmﬂiymmmuaa%ummsnmﬂ@ﬂwﬂ‘ﬂ (Basal metabolic)
] D} s Y A A 2 . . o ~
uazﬂizG;uim«mamniﬂmmwumnmu (protein synthesis) AININN 2 (YUNQ, 2539; Paul,
2001; Carolyn, 2006) Tagaziiudnsimsnu'la (food intake) Lﬁaa{jiuﬁmuz Hyperthyroid

uazandas1Msnu 1diilde Hypothyroidism (Macari et al., 1986)
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i 2 na'lnvedlnsesasns luuninanemsdunsiz 11/sau
4
NN Paul (2001)

1 Q' o a { o I v
HaTiHAAMINNIIUINYBINTADLH TUNTUTIY (Carew ef al., 1998) uazdaiUNUIN
[ ak @ 1 o o = [ %
ADVLIUMIINA TUAFUVD U1 (Casas et al., 2007) Baznoy INToeaans INUINAADONI
v v
Mssay 0as1n1nuldves Ty (Cassar-Malek et al., 2001) AI01WA 3 UBNVINIL
4 o o 1 a a Iy 1
Insosfans IuudaliunumasyuIUNTAIVANMTRTYAD TA YDIUMTHAUIVDIT1INY
a o o
wazyu UM Tuagy vea luiiy TUsdu vaza1s 1ulemsn (Mcdonld and Pineda, 1989)
Ta® Thyroxine 3291 1% aAnN15a314 cholesterol lutaoa Tasmsiiumsuanaateve lusiy

(lipolysis) vinilettie luiiu uaziyadous (guwa, 2539; 835049, 1.1).4).; James, 2002)
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Time on restricted diet, d Time on restricted diet, d

d' v o d o 1 &Y a a
mwi 3 nsvlugasanuduiusvesess luuninaon Insesanumsniaau Taves Tayu
31 Cassar-Malek ef al. (2001)

7 I’z A ax y . A Y
Inseoagns Iuulinan1inauaANYLIUNTNAT TUAFUUYDY mitochondria Taoiiiald
. 1o I o 9 . ¢ I A a [ =~
Thyroxme !Lﬂﬁﬁﬂuﬂﬁ‘ﬂ’lﬁlﬁ mitochondrin cluwaamamqwu%mElslu‘iNﬂwamﬁﬁummmm
|d? = A o 9 d? 1 o F =\ A @ [ I'd =
Glﬁﬂlusllu uammmwummu”lﬂmﬂmu ﬁ\iNa“lmnlﬁﬁ'Nﬂ"IEJﬂJﬂ?ilWiJ@@ﬁ'lﬂ']ﬁﬁ\‘]Lﬂﬁ']gﬂ ATP 93
I U [ Y o J o 9 o o 9 1 =S Aa A A dg’ .
Lﬂullﬂﬁ\iwaﬂ\i"lualﬁﬂﬂl“ﬁaﬁ 1/]']11’1L“]fﬁﬁ‘ﬂ%‘ﬂullﬂ@ﬂ?ﬂuﬂigﬁﬂ‘ﬁﬂ']wa\‘]"llu (LOUISC, 2002;
J J v A v o Ia = v v .
55049, 1.1.1).) naz Insesdans luudaliandusiusnan1aAeIiuiY EBG (empty body gain),
DMI (dry matter intake), Protein accretion LiaigFat accretion “luiﬂsuu (Hayden et al., 1993)

[ A J o v A 1 a Y a 1 9
fan13197 2 Inseeages luudadinanenmsnula uazmimmuamaqmwgﬂmnmama

o

(Saira ef al., 2010) #9491 4 139UT118 Leptin hormone anatazaanailflsuansoss

a

J A d? 1 ' a Y ‘221 Aa Y dy o Y 1 dy
aaﬂuummu ﬁﬂNﬁ@]i’]ﬂﬁﬂuklﬂ‘Jﬂﬂﬂlu uasms‘nﬂu”lﬂmmmwﬂwqmwnﬂuinmﬂqwu

EY

mldinamsmuguaugaguugll ldgungisneanas



M9 2 AanduiusvedInsesdses luuAy EBG (empty body gain), DMI (dry matter

intake), protein accretion (L8 fat accretion Tun YU

11

Item Empty body gain Protein Fat DMI

T, 0.76 0.67 0.70 0.67
(0.01) (-0.02) (0.04) (-0.04)

T, 0.78 0.71 0.73 0.84
(-0.40) (-0.46) (-0.12) (-0.21)

fan: Hayden et al. (1993)

A

1 FOOD INTAKE
[\

J LEPTIN

FASTING

d' J o Aa 1 a A Aa 1
MANN 4 ﬂallﬂ‘ll’ﬂ\illﬂiﬁ]ﬂﬂ?Jﬂijﬂuﬂuwaﬁ@ﬂﬁﬂu"lﬂ LLaZﬂﬁﬂ’J‘UﬂiJﬁilﬂaQﬂlﬁQMiU’iNﬂW

A3: Saira et al. (2010)
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uaﬂmﬂf:'lmaﬂﬁaaﬁuuﬂ'ﬂﬁmmﬁﬁmﬂumiﬁmuwm adipocytes (Ailhaud ef al.,
1992; Andrew, 2007; Harper and Pethick, 2004) Tag Thyroid hormones mﬁ'mﬁﬂﬁ' white
adipose tissue (WAT) Y0311 UPIIWAIU (Grimaldi et al., 1982; Levacher et al., 1984; Flores-
Delgado et al., 1987; Teboul et al., 1991) duluGesueanalnmavinu Thyroid hormones fifl
WaA® adipose tissue Fudahiduiiise udand Thyroid receptors ¥11A TRx-1 1A TRB-1 A%
RPN UEAIBBNUDY Ob17 cells (Chawla et al.,1993) 3 Ob17 cells lumadivzwannlal
i adipose tissue uazueﬂmﬂﬁy Thyroid hormones ﬁwaﬁﬂﬂﬁﬁwuwmadipose tissue LLQ1E
91NNITANYIVEY Oppenheimer ef al. (1987, 1991b) HHINITANY Thyroid hormones Ao
YUIUMIAY 113197188911 NI Thyroid hormones TWAADAIIANVBIVLINNS

lipogenesis, thermogenesis (0% lipolysis AININN 5

ﬂ Catecholamines Plasma Fatty Acids &
Glyeerol

HEL= Hormone Senstive Lipasa

4 o I @ { o . o a . .
M 5 Insesdaos Tuwiluduntieoni (induced) ¥117109 catecholamine-mediated 114

o %
YUIUMS lipolysis buiaa byt

fan: Complete Wellbeing Solutions (2009)
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HagUoNINU Thyroid hormones gﬂﬁJWﬁ@lﬂﬂ’]iLWu&ﬁﬁW enzymes f1'N€) Gluﬂl‘].]']uﬂWﬁ
lipogenesis LU Acetyl CoA carboxylase malic enzyme glucose-6-phosphate dehydrogenase (11g
fatty acid synthase (Gharbi-Chihi ef al., 1991; Moustaid et al., 1991; Perez et al., 1993;

Ay v 1 <3 9y 4 o = 1 @
Blennemann ez al., 1995) 319 lana1nuiaziiv 1 1nsesdsos luuiinanen1snau1ved
. . &£ g JA o Yy < &Y J o ' o 1 1
adipose tissue GINL‘]Jul%’aaﬂﬂ’]ﬂu’]!ﬂﬂﬁzﬁﬂqﬂlﬂu L!agL“l)'ﬁ'ﬁﬂ\iﬂa"I'JfNﬂﬁgﬂ']lel‘]JGluﬁ'Juﬂ"N“]
1 [ dy . 9 4 o [ = 1 a a
VAT NMY LASHNTNDINATUIUD (marbhng) Y Llﬁgulﬂﬁ'ﬁ]f]ﬂ‘6@3IMU&\‘]NN@Q@ﬂWiWﬁﬂJLﬁUI@

8 4 4 091’ H 1

dnde Falnsosnens luuliugnNAIUNIUEAIBDNAIY Thyroglobulin gene (TG) vz 1dna

lugrauaell
ANUHAINTIA18Ud Thyroglobulin gene (TG)

Thyroglobulin gene (TG) at;iuuiﬂﬂmimmmaﬁ 14 V519081 centromere Y04 1A 13 Tasay
S 4! A o 1 [
(Casas et al., 2005; Moor et al., 2003) jUnuvvesdunialidnyuzgdunuuanarennlylu
~ 1 [ £ a d‘ Qy 1 = A
YsznINuanA1NU F9010nanMsuantl e uFudIUUDIBUY (crossing over) HI0ONT
Y4 y ~ 1 Y]
N8N UE (mutation) 1A Thyroglobulin gene UANHAINKA1BYDIFUUVTUNUANA AU
{1 v J : o
lutlszanns Infiaeaewus (Barendse, 2004; Casas ef al., 2005; Casas ef al., 2007) VLA U
Y Ax o] ) [ Aav A 1 (% [ ~ =
1871921097 Tu'Indlues Thyroglobulin gene AR IUIVBRANUUANANNU AIA15190 3 T
1< { o a
WHumawandesiimsansianurainnatevesgluunvesduinls Inayauludszannsia
tﬂy o A I 9 zﬂy 9 = A v o d =S v W
agnranfnatay marluvayariiosaulumsfnyusesnnuduRusvosBuUNUaNYUE

1 A A 9 [ tﬂy o @ d
ANTNUNYIVDINVAUNTNIUD Llagﬂ'ﬁ'J']\?LLNHﬂWﬁTJi‘]J‘}Ji“QWH‘ﬁqﬁ@llﬂ

IFn1sNilen Ao SNP (single nucleotide polymorphism) Aremnndina Single Strand
Conformation (SSCP) AR Microarray i8¢ PCR-RFLP @Qmﬂﬁﬂ Single Strand Conformation

I = I R ad A A a 9 a Aa 1
(SSCP) L‘]JuﬂTi@ﬁ'Jﬁ]WTIWﬁll@iT\l"]fll%”Iﬂﬂlf’)uLﬂVILWiJiJﬁJTm@'JEJW]ﬂHﬂ PCR NuUANULANAN
[ Y] o d! Qy ad . . =) 4 [ @ d' =
ﬂumwwzmﬁﬁaclﬂmwmmﬂelu%umama (pOlnt mutation) (qsum, 2540) Tﬂﬂ@?ﬁﬂﬁﬁﬂ’ﬂ??ﬂ
< 1 Aa v
PUP TR TUANINETTUIIA (nondenaturing condition) VzTNMTUANTONUAUNG TUANA
a g Y o A A A Ao 2 o o w A g EAR
Lﬂﬂlﬂuiﬂiﬂﬁﬁ’mﬂ’llW’lgﬂiﬁﬂ conformation VIﬁ]'l!‘W']geUu’t‘]Qﬂﬂﬁ'lﬂﬂlﬂﬁﬂl'ﬁ]\iﬂl@umﬁ'lﬂuu BN
[ YR~ 9 :;l a a £ =1 1 A ~ 1 o A
i]mﬂuimmﬁwunmgu (secondary structure) Frziwanomsnaoun luseninemsmo

@nlasInsda Tuan1n non denaturing polyacrylaminde gel ANNY
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References Breed Technical Genotype
Barendse et al. (2004) AMH" SSCP @22, 223, 233
Toowoomba
Casas et al. (2005) Brahman Microarray CC,CT, TT
Rincker et al. (2006) Simmental GeneSTAR 0-STAR, 1-STAR, 2-STAR
MARB
Analysis
Casas et al. (2007) GPE6™ Microarray CC,CT, TT
GPET"
GPES"
Qian et al. (2008) Simmental,  Sequencing A110T, G133C, G156C, C220T, A351G,
Angus, A506C
Hereford,
Charolais,
Limousin,
Qinchuan,
Luxi
Jinnan

LENRE NG| " = Australia Meat Holdings.

e Germplasm Evaluation Program, Cycle 6, includes animals with Hereford,

Angus,Norwegian Red, Swedish Red and White, Friesian, and Wagyu inheritance.

Y= Germplasm Evaluation Program, Cycle 7, includes animals with Hereford, Angus,

Red Angus, Simmental, Gelbvieh, Limousin, and Charolais inheritance.

Y= Germplasm Evaluation Program, Cycle 8, includes animals with Hereford, Angus,

Beefmaster, Brangus, Bonsmara, and Romosinuano inheritanc

Y ° [ Qy < 1 os/‘
u@ﬂﬂTﬂﬁﬁgl}@\‘]ﬂ"lﬁ\i'J'] SSCP mmmmnmﬂﬁ}mwwu DNA vu1atane inuu

[ us/l Qy { 1A o [ d @
Uszua 0.3 - 0.7 Kb aatiud1¥u DNA allvualngimnullezdesinndadaoou laida

o Yy I Y KR o a I Y a = a dyl
sﬂ']!ﬂ’\l']gﬁh’i1]511‘11!']§’]!a'ﬂ l!ﬁ')éﬂ\iu'lulﬂ'llﬂﬁ’]gﬁﬂjﬂlﬂﬂuﬂ SSCP tsgninauaidd1 PCR — RF — SSCP
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1 a <
%30 Ref — SSCP (restriction endonuclease fingerprinting — SSCP) @#3UINAYUA Microarray 11l
IMANANWAIININDINNALA Southern blot LAz Northern blot Tag01FaAM3ITIIATIAS19A

< Y A J @ 1 Yy aa @ a3 4
IDULD 2 aNHUY A mﬁﬂﬁmmzwu‘ﬁziw3Nﬁumaum ‘Hﬂﬂﬂﬁ"ll’é)\iﬂ!,@ul,f]hllliﬂiuﬂﬁﬂ

v

@ o L . ad A v = ad ~ Yo o y & 3
DIAIVIANNIT hybrldlzatlon "llﬁNﬂl’E]u!’é)ﬂG]’E)QﬂTiﬁﬂ‘H?ﬂ‘UﬂLﬁ)ut@ﬂLinﬁWﬂULlﬁﬁ G]f\‘ifﬂﬁ]!,ﬂu

t:; o = 1

cDNA ﬁ?ﬂoligonucleotide Funszr Tasnan13378MMn13An Thyroglobulin (TG) #1®

@ a a [ { < 1 ao
ANHUSAUNTNEIN Lla$ﬂ'lﬁL‘ﬂiﬂ]umﬂjﬁhlﬁli'lﬂijﬂLLﬁﬂ\?ﬂ\WﬂiWﬂﬁ 4 ﬂzmullﬁ’m 19U

v
=

Purumnilfaulalunmsdnudulnls Tnayau iWewauiu genetic marker #ii

v Jdo

@ @ { A o o 1 ] <} awv
ANUTUNUSD Uaﬂyﬂlgﬁlﬁﬂjsﬁﬂ\‘]ﬂUﬂﬂlﬂWW"lﬂﬂllagl’lﬂlﬂullﬂﬁﬂ Llﬂﬂﬂ1qulﬁﬂﬂ']mwa\1']u3ﬂﬂ

[V 1 = 1

v ! tﬂ' o = 09/‘ =) a =)
aana1 Ianuuanatenu ldlusdazilszmnsimmsneniu dulnls Tnayduliain
v o d a a T W % { 1 @ J
Auius viedninaneanbuznuM NN taz luduunsn Auanateny mnanuaulai 99
[ S Aav o v W [ v dy = @ av A
Autlszianivedmivinlsulyaiug laie lulsemangannanulse meruuimaluy

) P Y A @ [ A A Y [
M13111 genetic marker ¥ 1Mo YTV adnvazNNeITOITUAAINGIN LLAZAIS

wsay Tnae i)

Y ¥ o a -
m319f 4 anuduiusuesdu Inls Inayauaednyazamninan

Reference Breed Traits P-value
Moore et al. (2003) -M1” ~backfat 0.4192
Thaller et al. (2003) -German Holstein -longissimus dorsi <0.05

-semitendinosus >0.05

-Charolais -longissimus dorsi >0.05

-semitendinosus >(0.05

Barendse et al. (2004) - Angus -Marbling score <0.05
- Shorthorn -Marbling score <0.05

Casas et al. (2005) -Brahman -Marbling score 0.078
-fat thickness 0.016

-longissimus area 0.021

-Tenderness 0.181

Rincker et al. (2006) -Simmental - Marbling score >0.10

-Quality grade >0.10
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Reference Breed Traits P-value
Casas et al. (2007) -Wagyu -Marbling score 0.019
-Non-Wagyul* -Marbling score 0.897
-GPE7" -Bone yield 0.015
-Fat yield 0.030
-retail product yield 0.041
Qian et al. (2008) -Simmental, Angus, - live weight; 0.45
Hereford, Charolais, - carcass weight 0.46
Limousin, -dressing percentage 0.93
Qinchuan, Luxi - backfat thickness 0.78
Jinnan - marbling score; 0.02
- loin muscle area 0.66

LENREN Y] = Hereford, Angus, Norwegian, Swedish Red, Friesian.

2*=Heref0rd, Angus, Red Angus, Simmental, Gelbvieh, Limousin, Charolais.

3%

= commercial line was developed from an Angus

MIAN Linkage disequilibrium

M5ANEI Linkage disequilibrium Inudidgy as wlddhledelnseadeuosgenome

= J A == A = A G
me\l‘ﬂﬁ81‘(’161)'1!Glulif]ﬂﬂﬁﬁﬂkﬂlmuﬂﬂlﬂﬂ‘c’m (Yuguo et al., 2006) LWiWLiJfJL'iWIiTLI’NEJHGlW]

1 [} 9

A A Y4 A . 9 o 1 ) = I
ﬁﬁ@Lﬂﬁ@\?ﬁNWﬂwuﬁﬂﬁﬁmﬁlﬂq U Linkage AI9NULAD sllﬂlluaﬂﬂﬂa"nﬁnﬂﬁf]uWll‘]JLGUEJ‘LlL‘]_IuL!WH

a A =G

A A o = a a ~ &£ Aa
Ny ﬁi@1!']Ulﬂﬂﬂy']@ﬂﬁwaﬂlﬂﬂﬂuﬁu\‘iﬂu@ﬂﬁwa@]@@ﬂﬂu

Sripicchai (2006) AiN¥1 linkage disequilibrium Y84 SNPs 45 dwniafiilsingeguu B-

E4
A

globin gene cluster U1 1a5 Tu Ty 11TudiheTsawdr-srdaditie/sTuInadud venaindidad
Andrew et al., (1998) nAnm linkage disequilibrium U3 SNPs 88 ﬁumﬁqﬁﬂimgagjuu
human lipoprotein lipase gene (LPL) Tuilsewns African American, Finnish L11¥ non-Hispanic

4 [
white 149U 71 AU A9UUNT Linkage disequilibrium 5$1319@ 11D SNPs Nogludu
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gilnsamazisms
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1. aninaaddlasuala

Lﬁy ti' 9 = A zﬂy o o o td' o ] tﬂ'

TaronlslunisAinyl Ao Tatiiognraumuwanay 11494 336 42 NN

X % a o a o a o [ I

AUOITE LALWAUIHAANANINTAT UIINGITOIABATAIAAT INBUVAMUNILEAY TInTa

o < o g‘ o oy Y] <3

uaslgu shimanudeyadnuuzauninenn Ao hmingindou (THC) iwiinandu (TC)
oy v A = 7 1 % 49; A Y o dy [

winfigadeninmadauassin (WLC) luduunsn (MS) wuiinihdaiiiodu (LEA) AW

% [ [ g’ v &Y d' 9 v 9 ti! U dy d' Y o

e ludiudunas uaziimdn luduswn ldonmsswlviugula (TF) deaiiuiiniaa

Y v v
iodutazannuruved lududundeiannuinadIag ¥ 12 uaz 13 MUNATTIUEING

da o [ a

Tyiuunsnagdadu Tasynainsnnguiitouazianraanasndnd
< U ' =y
2. INUAIBEYIADA

3w ' A A ' a a aa 1
INUAIDINLADA Iﬂﬂﬂ'lii’f)\ii]'lﬂiﬂﬂgﬂm’l ﬂill'lﬁi 10 Waaansg °lam°luwaam/mam
A A Y A v A S o o A A loy 3 o AaA A
(tube) NARDUAIY EDTA LWﬂﬂ@QﬂuLﬁ@ﬂ!LGUQGI’J LAZHUADANULDIZ LB HULUINUNN -20 °c IND

[ <3 1 o a g

Samanmmaueneuii limsizvas 1
W A

3. MIANAADUID

an v adg @ ' = 9/31 v o o o
IFNITANAALDULD i]1ﬂ¢]’JE]EJNLaﬂﬂiﬂﬂi%uTﬂTﬁ'ﬂﬂﬁnﬁ]zﬂ (DNA trap 1I) Iﬂﬂiﬂ

frethadenldTuas 200 ul laluviaon A 400 pl Vo4 Trapping Buffer wa 1¥itiuIag

Y o 2 gy Ay A o o ' y A A 3
(15]5 vortex GN‘Vlﬂhl’mE]mWﬂ‘JJﬁmﬂiz‘mm 5 UIN u1waﬁl@1¢]’mfJNUl‘]Jﬂum’JEN‘Vlﬂ’JmLiTJ’EJU

Q U

]
~

Y
10,000 rpm 10 AAiguunines 19 Micropipette A9vounaIdMuungl)) 1dNExtraction

a

Buffer 500 ul 4111 vortex 1¥aznounandinumue TumiIesiinu3250110,000 rpm 10
Surfimaaulding @ Washing buffer 1 500 ul paulfishiu fumiesiinnumiisen
10,000 rpm 10 Swrfimaauldng @ Washing buffer IT 500 ul #au1id iy Yumoad
AMUIE259Y 10,000 rpm 10 Turfimaauldite iWarhite13gamnives wuniveanar

a

9232MIDDNINAZNOUIUNNA LAY Elution Buffer 100 pl warn ldhdnnuin liuiguivgil 65 ¢

U
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WY 30 119 Tuneananus159110,000 rpm 10 W17 Asaulanili DNA lavasa 1.5 ml

vaoalni WDNA llasrnasuguaimuazlsum
4. MsanfSinamazaamwaBe

M3A3A0VAD U0 1A8TT Agarose Gel Electrophoresis 131900 UHANTAAAALDY
T3 oiiouiuaidweanaigiu (DNA marker) fnsrwvina Taoluiiing9z19 Gene Ruler
100 bp DNA ladder Tag1% DNA 9108112 3 Tulnsans wausy tracking dye 2 Tulnsans 19
0.8% agarose gel (HudInadmTuuenADUe 11 1% TBE buffer /vy Ivivina 100
Thad 11y 30 vfi udanniiuni eel idoudavansazas Er 0.5 ue/mi szana 15 11

Y v
NoUN N 041tA2819F U0 Ethidium bromide (EtBr) a3831nau 1a211 gel lavadie UV-

q U

Source Ta81%1AT9AO Gene douctement Lﬁ@@uiﬁj DNA Tu gel
5. MInTaUMINNLI1NaE YU Thyroglobulin 91035 PCR Iag agarose gel electrophoresis

adueiana @iy uindsuadu Thyroglobulin fideansare lusiwes (s —TCC
CAG AGT TAG CCT CCA AG-3’) tag (5°-GAC CTC ACC ACC TCT CAT TCA-3") (Qian
et al., 2008) H$UNI2191299iTU Thyroglobulin ATVLIA 709-bp LAZHINMIMIATIVADUHE
mvivdSinadu TaeSeufousufiSuenasgiu (DNA marker) fnsrwvinaTaoluiis
1519219 Gene Ruler 100 bp DNA ladder Tag1¥ DNA 91933 PCR $119u 3 lulasans wauny
tracking dye 2 luTnsan5 19 1.5% agarose gel i(Yudnaradmsuusnadute lu 1% TBE
butfer Fuany A 10A 100 Taag 11w 30 1A ndanniiui eel ldoudroasazans
Ethidium bromide 0.5 pg/ml Usgunas 15 w1 ﬁqmwgﬁﬁ’muﬁaﬁnﬁmm Ethidium bromide

Y ' ) [
(EtBr) Frevinau udni gel Tddosdne UV-Source Tag141a504 Gene douctement L‘Wdﬁlﬂuﬂ‘ﬂ

PCR produce Tu gel
6. msdnennuvannmedy Inivestivinlsnaydu
=2 = | = a 1 v [ Lﬂy
msanyanuranated u lnduesdulnlsInayaulungudiedra Tailognuau

336 @1 1825 PCR (Qian et al., 2008) t1ag 11 PCR product "lﬂﬁflﬁlU?ijﬂ%(DNA Technology

Laboratory) 112z @05 9% 18I (1st BASE) )n@10819 MIAWLANA 1NV 19 DILaR Y
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Tusunsu BLAST2.2.22 (National Center for Biotechnology Information) TaalSeuneuny
MAVITNINTTIY (Gene Bank accession EU591737) Fa0 i 6 Aivua 709bp ey
polymorphism U84 single nucleotide polymorphisms Tag'lAaend108199114IU 242 F0819 ﬁﬁ
A1 Similarity e 80% %u‘lﬂﬁua"ﬁmuﬁmmgm manudvedd Tu'nil lu sNps §umia

A119)

1 tcccagagtt agectccaag acctatagea agtgaccage cccatcccaa atgecacect

61 ggacacctta ttctccaaca tagetgctaa ctatcaataa agtgtctaca tgcagaaaag
121 cattggtgac tcagattctt taatttcaga cagtcgttgg gagacaccag ggattcttgt
181 ggctcagagg gtaaagcatce tgeetgeaat gecaggaaccee gggttcaate cetgggtcag
241 gaagatcccc tgaagaagga aatggcaacc cactccagta ctettgeetg gaaaatceca
301 tggatgggtg agectggtag getacagtce atggtgtcge aaagagetgt acatgactga
361 gcgacttcac tecactcactc acctgggaga cgccaaacta tgtettaate ctcccaaggt
421 ttgaatccca ggtgctgttt ccttttgaca aatattgatg gagcatcccc tttgcaccaa
481 gcectgtgea gggtactggg gotggaggge gtegecgagga cectectetc aagaaggaga
541 ggcaggcagg tcaacagtga cccagggaat ggggatctat caagggegaa ccccagaagg
601 agacagtctc acctgtgtgt tagaaagaat tctcatgtga agattccaaa atggaggtgg

661 gaggccaact caggcetggga cagtattctg aatgagaggt ggtgaggtc

MW 6 MAUVANIATTIU (Gene Bank accession EU591737)
131: National Center for Biotechnology Information (2008)

A a I'd { 1 o o
TagiTuannan1sdns ey aae11l5unsy BLAST2.2.22 fnlssuieussvindidua

1ATTIU NS IUdUeIA01 taragUuuulfmilounumanmsulTeuiieuszing iy

v o w o ' 9 J o 9
WAL NudwudvesiioselegzluesIvd FASTA 1iudTisuinsy GeneDoc
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a d aaa A (Y]
7. ﬂ1§'J!ﬂﬁ1%ﬁ%®ﬁﬁﬂ1ﬁﬁﬂﬂ®ﬂﬁ?‘lﬁﬂlﬂﬂau Thyroglobulin ﬁaanymmmmwmmmz

ansae lvaiuunsn

7.1 ¥Anudvedd Tu'lnil uavdada naaey Hardy-Weinberg Equilibrium taga
Linkage disequilibrium Y83 SNPs éhuwﬁwhm Tas1% GENEPOP version 4.0.10 (Raymond

etal., 1995)

4 =

9
a 4 v W a 1w ' o o
7.2 AnngnanuduiusvesduInls Tnaydu dednsuzquaimann 1dun wwnin

' ' F
= S v = Y o A

:’ o < g’ o ' o f [
“ﬁ?ﬂ%j@u IV UNE N UTHUNNTULTYIIINNITAALAILE N ll"llllullﬂiﬂ ﬁu‘n maalueau

u 9

1 @

Anuru1ved lududunas uazimin luduswn ldonnmssanluiugule Tinsiewn
v o J = a - an

anuduiusvoegluuduinlsInaydu AodnyauzAMN M INA209F multiple linear

regression 198n151szanua1dninavesdulnls Inayau deanyazuaIngn a1633

v
OLS (Ordinary Least Square) lagiauuulunsiiuieastl

Y = B, X, + ,X, + ﬂ3(X it X)"‘ € ik

o

=< = Y [ g} o 9
WﬂWiﬂﬂHW‘ﬂN"lmLﬂ HIUNUNYINIOU

Y
) % =3

9
<3 o v
HIMUDEINYU U UDN

Tag v, fie mdunadmsudnyuzi
(Y EEINMTAAUAIINN Tuiiuunsn

dy d' Y o dy v C% [ v g’ v &% d'
Wunmhdatlodu aAnuruved lsiudunas uaziimin lviiusui
Y o 9 o A Y AL A
lavinmssaulugduiula voaladai k M39an157 j tazgenotype 1 i,
Y
X, fie imiinIaneuai
~, A 1 A g} o v 9 v
X fo Aunasueiviin lanowdian
BBy By A9 Aregression coefficient Y04 X, X, (Xij + X) 1o
p—— I 1% 4 1 o
XI,XZ,(X“. + X) Hu a9811109910ANULANAIVOINITIANT W30
[V 4 o o ]
gama, aderiies91nd 1uInieu Thyroglobulin Yo NA MM
Y
funue SNPs uaziiminAe e (coefficient)
A Y d‘
&y Ao Tvdun
a L4 o [y o = a 1 [ o a L4
73 TnnznanuduiusvesduInls Inaydu aednyas lviluunsn Jinsizw

v o ~ a 1T v % 9 ad . &
anuduiusvesglunuduinlsInayau aednvaz luiuumsn@2e3s nonparametric Fily
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waaranda i uidady Taeld Chi-Square Test Wuanal¥lumsnaaou
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a d
HWalasINI

= 35 dy Y= a A =S a 1 [ =
Tumsdnwinsedl Tdanu1aniwavesdulnls TnayduaodanbuzamunIngIn Ao

g’ o 2’ o < g' o A o 1 @
Winennseu (THC) iwiinanidu (TC) WMy @eINMIAaLAIEIn (WLC) gl
dy ~ Y o dy o v @ o 3’ o o Ay vy
unsn (MS) Auinthdmiiodu (LEA) anwwuves luiiudunds sazihmiin ludusni'la
% Y d! 9 1 d' a A [ 9 1 @ d‘d
vinmssanlvduiule (TF) dedoyanunde + SD nazdninavesiudnain ganisvanisni

wanoanyazaanan lduanilumsnan 5 a15199 6 uaza1snean 7 audiey

M319N 5 AURAY (Mean) AIANMTEAVULIATFIY (standard deviationists) A1GIGA

(Maximium; Max) Lmz?‘hﬁif‘]"ﬂ (Minimium; Min) mmé’ﬂym:ﬂmmwmﬂ

Trait n Mean SD Min Max
THC 242 337.78 36.84 259 511
TC 242 327.45 36.13 250.3 497
WLC 242 10.18 1.73 4.4 13.7
LEA 242 115.54 16.78 55.05 159.27
FD 242 2.43 0.88 0.5 4.5
TF 242 25.81 6.44 9.9 56.5
WG 242 561.91 55.11 438 85

oy o 9 c;y @ < oy o A @ 1
HNELHA THC= HTHUNKINTOU, TC=HUINUNBINEIU, WLC=°L!TWL!ﬂ‘ﬁﬁﬂllﬁﬂﬂ1ﬂﬂ1§@]ﬂlmﬁ

Y U

Y v Y Y
%10, LEA=WuUNMIN@aiiod, FD =Anuninved aiudumas, TF =1hwiin

o a 9 Y Y g’ o 9 ]
lusiusawd laninms s lududula, we= iwmiindhai

M990 6 AANNIVBIANEALE TuaTUUNT D

Marbling Score

1 2 3 4 Total
N 133 97 10 2 242
Percent (%) 54.96 40.08 4.13 0.83 100




24

M1 7 answavesTuidah uazeamsdams NiikasednyuzAUNINTIN LazdNYUE

lusiuunsn
Day Herd

SR P-value JEAU P-value

THC 3 0.018 32 0.2261
TC 3 0.2196 32 0.1827
WLC 3 <0.0001 32 0.6018
LEA 3 <0.0001 32 0.1159
MS 3 0.0154 32 0.0049
FD 3 0.3559 32 0.3055
TF 3 <0.0001 32 0.1142
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nAnTielszanuadninavessn Inls Inayau Avdnbazithinsfine
1. wamsasaeumsiindSinadulnlsinaydaualgmaiin PCR

o A a a @ <}
Mimsasnaeuramanliunaeuinls Inayau TaenSouisuiuaouemasgiu

a

1 4 I A a
(DNA marker) inswving ieiluasavdeunnugndesvesmsudiuasuins Inayau

tﬂ'd ' o v td‘
NUYHIANIND 709 bp ANNTNN 7
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709 bp 17 80 81 82 15.3

Wl e —

MNN 7 UaAAY PCR produce 11 gel Tael41aTe9 Gene douctement
= = a
2. wamsAnNEIANNHAINHAEvesE InsInayauy

= = | = a 1w ' &
vinmisaneInunainnated TuInivesduInTs Tnayanlunquaiedialaiie
7 Y A o ' A N B . Qa: 1 [ A ‘3 -
gnuaw 336 A2 Tag ldiaended19iia1 Similarity A 80% A1 8 uldudauid
1A g o v d‘d ! . A A :’l 1 dg‘ v o w
1A3g10 WuNH TaiiegarauduIU 242 ¢9 NTASimilarity a6 80% Uu ldudune
o ] A a 4 {
1Asg d Mm@t SNPs Tagiuaingwanisansizw adelasunsy BLAST2.2.22 0

2 ]

FeuNeUAUMAUILANIATI U (Gene Bank accession EU591737) AU IAUILTUDIAI0E1

v o w

Faamit o udriagildmiousuramanfenifioussnindiduuanasgu fudhdy
wavesiodaliegguealid FASTA 1iudh Ttlsunnsy GeneDoe azwudumiisiiifios 2
e #9010 1950 A 220 bp WuLLAREY WAC LAZIWAT HALINFNHINY
SuniafTiiieq 2 1t n3e SNPs 16 SUMUa A9 ATI0T, A133T, G156C, GI61A, C220T,
A228G, A253G, C338T, T350G, A351G, T354C, G392A, A430G, T433G, G461A lag

A506C
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Sequences producing significant alignments:
(Click headers to sort columns)

Accession \ Description Max score | Total score | Query coverage
54206 13 uy 127 91%
54207 14 15 115 93%
54208 14 un 1z 91%
54208 34 1093 1093 90%
54210 41 952 952 1%
54211 43 1092 1092 90%
34212 44 114 1140 91%
34213 31 62 662 56%
214 3.3 974 974 86%
54215 34 1022 1022 88%
54216 6.3 it 1110 89%
3217 6.4 1094 1094 91%
34218 13 1l 1110 91%
54219 74 1081 1081 90%
54220 8.3 114 114 90%
54221 8.4 1z 12 91%
54222 9.3 114 1140 92%

aaaaa inn

MNA 8 M131WEAAIA Similarity INNAMNTIATIEH A2811/501A51 BLAST2.2.22
ﬁ?ﬂ: National Center for Biotechnology Information (2009)

ApANdDINY Qian et al. (2008) ﬁﬁﬂmﬂsmmsmm Simmental, Angus,Hereford,
Charolais, Limousin, Qinchuan, Luxi {8 Jinnan 1UIU 271 A7 WURIWH UL SNPs 6 ALK U
A110T, G133C, G156A, C220T, A351G ttaz A506C §991519% 6 Feanudumuanilousy
Qian ez al. (2008) A9 110, 133, 156, 220, 351 AL 506 U IUVYULIAINUTINUA KU SNPs
DuTid199n Qian ef al. (2008) ADKMMUIT G161A, C220T, A228G, A253G, C338T, T350G,

T354C, G392A, A430G, T433G AZG461A $9a13197 7 uaanbay SNPs nwulumisdnmn

Y Y
v AA o )

T oA A < o A I A 3
ATIUNA KUY 133 1az156 @190 Ao A 1laswdlu T nu G ilaswidlu ¢ way G 1aswilu
[ = I 3 dy a 1 1) A o =
C UG naguiu A M3H019NAINANVLANANYDIT YW UFNINNIIANYI (Casas ef al.,

1 @ 1 v J 3 = J A 1 [
2005) L!ﬁ%ﬂﬁlmﬂGlNﬂl.!’é)@ﬂhlﬂ!Lﬁﬁ$ﬁ18WH‘§uu UHAAIMSLEAI0NNUANAIN U NI

4 ] H
1 (% A [ =

~ = o oA 1 v 3A o 1 Y A
AN ‘VNL'LJ’E]\'imﬂﬂ1§ﬂ1ﬂhﬁ18WUﬁﬂLLﬁﬂﬁNﬂNﬂiJﬁWﬂ‘]Jl‘iJﬁﬂLmﬂ@]Nﬂuﬂﬂﬂulﬂ UasnNI1InNY

o w

A 1 S U v JII 1 {
Eﬂﬂ‘]JIJJﬁ‘mmﬂ@]Nﬂﬁ\iwﬁGlﬁﬂﬁllﬁﬂ\iﬂﬂﬂ"llﬂ\ﬂﬂlmﬁz?ﬂﬁl‘wuﬁﬂﬁ\‘mﬁ@]@ﬂﬁuﬁﬂiﬂﬂﬂﬁ
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1 1% 9 £ 9 (% 1 < Y1 A =
Llﬁﬂﬁﬂﬂuﬂﬂﬂhlﬂﬂﬁlﬂ GINiﬂﬂ"lliJ”'ﬁﬂQﬂaTJi]$L1’Tullﬂ'ﬂﬁluﬂﬂﬂﬁ13ﬂﬂ’N‘JJWﬁWﬂ?iﬁWEIGUfJQZ‘IJLL‘]JU

=

4 1 @ {0 o 4
Manannuludszanns Infiaeaenug tazaisszdosdneinnuraintalevesgUuuuves
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=) a U dl o = a a = a 1 w d'
dulnTsTnayaunou NazimsanuioniwavesduInls Inayduaeanvuznaul msy

a

=) a =S ) d' 1 % d'
duInTsTnayduligduunvesduivannatelunaazdszansaansan 4

AALLLANIATF
\SGGTARRGCATCTGCCTGCART GCHEERAC 221
186
281
245
306
401
366
181
izg
521
Sbict 427 ABCATCCCCTTTECACCRRGCCCTETECRGEETACTEEEEETEAEEEEETEECCREGRC 486
MW 9 taaImIfTouMense nINRUVTNIATTIUAURA UL TVOIAIDE1
131: National Center for Biotechnology Information (2009)
d’ =) = o 1 d' 7 a o d’
M319N 8 15195 eUNIVA WU SNPs NWUNLIIUIIIDU
Qian et al. (2008) This Studies
Breed Simmental, Angus, Hereford, Kamphaeng Saen Crossbreed Beef Cattle

Charolais, Limousin, Qinchuan,
Luxi, Jinnan
Technical Sequencing Sequencing
Genotype A110T, G133C, G156A, C220T A110T, A133T, G156C, G161A,
A351G, A506C C220T, A228G, A253G, C338T,
T350G, A351G, T354C, G392A,
A430G, T433G, G461A, AS506C
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lF\Ie Project Edt Arange Shade Groups Score Tree Reports Plot Window Help

D||@| &[7)w) C|s|6| mra=l<]/ ||

=

=|%|#| s|=|== [C Q|P|E|S|HII|L| D[ G| =l

* 200 *
1G HNCAGAGGGTAAAGCATCTGCCTGCAATGCA \ aAVASXICIN 22CcAAATCGCAACCCAC

3.1 )l CAGAGEGTARAGCATCTGCCTGCARTGCAN @YV N Wl C A '™ CCCTGGGTCAGGRE AAGGAAATGGCAACCCAC
8.1 HEICAGAGGGIAAAGCATCTGCCTGCAATGCA [CA.TCCCTGGETCAGGAAGATCCCCTE: AGAAGGAAATGGCAACCCAC
9.1 HIICAGAGGGIAAAGCATCTGCCTGCAATGCAGGAACG) sGETTCAe TCCCTGGEICAGCAACGATCCCCTGEAGAAGGARATGGCAACCCAC

VL CAGAGGGTARAGCATCTGCCTGCAATGCAGGAACCUGGGETTCAE TCCCTGGETCAGGAAGATCCCCTGEAGAAGGARATGGCAACCCAC
IS CA G AGGGTARAGCATCTGCCTGCAATGCAGGAACCHGRETTCA TCCCTGRETCAGGAAGATCCCCT@: AGAAGGARATGGCAACCCAC
'R N CAGAGGGTARAGCATCTGCCTGCAATGCAGEAAC 'FGGGTTCAﬂTCCCTGGGTCAGGAAGATCCCCT - AGAAGGAAATGGCAACCCAC
1P IR G AGGGTAAAGCATCTGCCTGCAATGCAGEAACC GRGTTCA, TCCCTGRGTCAGEAAGATCCCCTR: AGRAGGARATEGCARCCCAC
VLR CACAGGGTARAGCATCTGCCTGCAATGCAGGAACCYGGGTTCA- TCCCTGGETCAGGAAGATCCCCTG: AGRAAGGARATGGCAACCCAC
16.11 CAGAGGGTAAAGCATCTGCCTGCAATGCAGGAACC‘GGGTTCA': TCCCTGGGTCAGGAAGATCCCCTGEAGAAGGAAATGGCAACCCAC
IR ISR C ACAGGGTA2AGCATCTGCCTGCAATGCAGGAACCHGGRTTC 9'7!TCCCTGGGTCAGGAAGATCCCCT “AGAAGGAAATGGCAACCCAC
YRR CACAGGGTARAGCATCTGCCTGCAATGCAGEAACCHGGETTCA- TCCCTGGETCAGGAAGATCCCCTG: AGRAGGARATGGCAACCCAC
20,11 CAGAGGGTAAAGCATCTGCCTGCAATGCAGGAAC@GGGTTC A CCCTGGGICAGERAGATCCCCTIG; AGAAGGAAATGECAACCCAC
P14 CAGAGGGTI!AAGCATCTGCCTGCAATGCAGGAACCZQ-'GGGTTCAf’TCCCTGGGTCAGGAAGATCCCCT 7. AGAAGGAAATGGCAACCCAC
vy RSN CAGAGGGTAAAGCATCTGCCTGCAATGCAGGAAC GGGTTCAETCCCTGGGTCAGGAAGATCCCCT tACAAGGAAATGGCAACCCAC
YK PN CAGAGGGTAAAGCATCTGCCTGCAATGCAGEAAC 0GGGTTCA?TCCCTGGGTCAGGAAGATCCCCT ‘AGRAGGARATGGCAACCCAC
/LSRN CAGAGGGTAAAGCATCTGCCTGCAATGCAGEAACC GGETTCA TCCCTGEGTCAGCAAGATCCCCTE:; AGAAGGAAATGGCAACCCAC
2511 1 CAGAGGGTAAAGCATCTGCCTGCAATGCAGGAAC%GGGTTCiETCCCTGGGTCAGGAAGATCCCCTC—EAGAAGGAAATGGCAACCCAC

Al d 5 q 1]
MW 10 uaaalFmududany weaied 2 e a2e 11501054 GeneDoc

CAGTOGITITG

MW 11 uaasmInTIveuVe G uagiueaC AduHYe 156 bp @28 1151itATY Chormas



29

Y A = J| ! ° ' < Y o 1 o A

LLﬂ’JﬂWﬂ’JﬁJﬂﬂJ@Q%IHVlVIﬂ"IIfN SNPs Glmmazmgmm ﬁlzlﬁuhlﬂ%Wﬂﬂ’J@ﬂN ANNINN

~ @ { o 1 (Y 1 (% J A J

11 92ins W vouud G uaztuac %’aunuﬁmgmm 156 bp LLﬁﬂQ’JWI’J’EJElNﬂQﬂﬁTJﬂJ%IuUlTlﬂ
A A = @ ' A | A o w

GC uaidtneans 1 G nsensil C Gl’J’EJEJNi]ZiJ%T‘HUlTIﬂ GG #1359 CC auaay Lazan

[

= A =) o A = J o ] ~ a
HaM3ANEIAWYe9E 11 Inil uazanuddada vowaazdmmviia SNPs vos8u In 15 Tnayau
1 A = ] Aw a = a = 1 o [V A
Wu anwdvesd Tunil nazanudoadavesduInls Inaydu Ianuuanaieny a1
o = <3 P ) 1A 1 Ao a =
9 Az iMIANE1INAT 9L IA LA L liANULANA1 YA NNDEaTa LazAND
| 1 { o ] ] {1 o 1 ] 4
AuIndinn wu Adwnus 110 3 Tulnd TT Tanudmisy 0.017 uad Tulni AT Hanud
' i o . eqep e < ! ° !
MNY 0.927 waziieRIMIANEININAGOL Hardy-Weinberg Equilibrium AWy ludumiia
1 09/’ a o A £ a A [ 1 IRy v 1
maiuiid TuIndifleawusenainauga seeramaanmsninmstuguanldnudadlagla
U o [l a [ d
Yavsl¥dailinIneuuuugy (random matting) ¥3001910AINMIAAEDN TAONLE 1HU NS
o A ' ' A a ' 7 A A v &L o A
Aaenou TnnuiesIng U5y uazm lsad ieiai e lamognrauswnaauy vio
v A 2} dy ' v Jdo AA o = dy a o ¢ A
M3fadoN I IFONDHUFAMNLAUNTANHAULANINAN HONIINTDINNANINAYHUT 11109
=2 a A = a dy o 3 Y=
msAny1ensnavesdy Ins1s Inayaululszans Taegnuanswmanauiivladgny lu
ANHAULYDIANVUANAINUB UL ALNYUUALAS (SNPs; single nucleotide polymorphism)
o A v o A 7 A o o @ P
Aan15199 8 Tagvoyanina1diilsz Tewilusean1511usum s ol 3aiug maizaun
1A o = o w J [ A v A A 9 [
313 TuInilag Tanudinyaednsuzauninen visanyuziiNeadosnuanyue

4

Y [ v Y @ o
AUNNINUAT 1518113029 IUT v §0iu s Idassamndhminevesnsdsuls eiusg

a

1 v ] 9
(breeding objective) TaaNagiinvioann1mnd 1u'lnilaq Yuegivdsinasninaved Tulni

A1 v

1o Nneanvaznauls

319N 9 MINATOV Hardy-Weinberg Equilibrium

SNPs P-value SNPs P-value
A110T 0.000 T350G 0.008
A133T 0.000 A351G 0.000
G156C 0.124 T354C 0.606
Gl61A 0.000 G392A 0.071
C220T 0.075 A430G 0.008
A228G 0.055 T433G 0.000
A253G 0.523 G461A 0.051

C338T 0.605 A506C 0.161




[

Mm99 10 A10d3 11 ni uazauddada ves Thyroglobulin gene

SNPs Allele/ Frequency SNPs Allele Frequency SNPs Allele frequency SNPs Allele frequency
Genotype Genotype Genotype Genotype
A110T A 0.519 C220T C 0.504 T350G T 0.508 A430G A 0.527
T 0.481 T 0.496 G 0.492 G 0.473
AA 0.056 cC 0.215 TT 0.302 AA 0.322
AT 0.927 CT 0.562 TG 0.413 AG 0.409
TT 0.017 TT 0.223 GG 0.285 GG 0.269
A133T A 0.923 A228G A 0.502 A351G A 0.769 T433G T 0.537
0.077 G 0.498 G 0.231 G 0.463
AA 0.889 AA 0.219 AA 0.719 TT 0.347
AT 0.070 AG 0.566 AG 0.099 TG 0.380
TT 0.041 GG 0.215 GG 0.182 GG 0.273
G156C G 0.524 A253G A 0.510 T354C T 0.508 G461A G 0.845
0.476 G 0.490 C 0.492 A 0.155
GG 0.252 AA 0.248 TT 0.248 GG 0.732
GC 0.446 AG 0.525 TC 0.521 GA 0.227
cC 0.302 GG 0.227 CcC 0.231 AA 0.041

0¢
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SNPs Allele/ Frequency SNPs Allele Frequency SNPs Allele frequency SNPs Allele frequency
Genotype Genotype Genotype Genotype
G161A G 0.444 C338T C 0.496 G392A G 0.512 A506C A 0.502
A 0.556 T 0.504 A 0.488 C 0.498
GG 0.426 cc 0.235 GG 0.231 AA 0.227
GA 0.037 CT 0.521 GA 0.562 AC 0.550
AA 0.537 TT 0.244 AA 0.207 CcC 0.223

53
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HNENYKA * = P<0.05; ** = P<0.01 ; ns = non singnificant
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3. MSANE Linkage disequilibrium

A3ANHN Linkage disequilibrium %1141 1984Ta598319984 genome taziialsz Tomnd
TuSeamsanyuwuiivesdy nieth ldnydninaveunilsiitioninades neumsany
Adaiingdn SNPs 4 16 duinia Ao A110T, A133T, G156C, G161A, C220T, A228G, A253G,
C338T, T350G, A351G, T354C, G392A, A430G, T433G, G461A Loz A506C X Linkage
disequilibrium oghailifedfaynaeda (P<0.05) #a31lfi 12 Fartoandoady Qian er al. (2008)
ﬁﬁ N1 linkage disequilibrium Tuwilsgnsves Simmental, Angus, Hereford, Charolais, Limousin,
Qinchuan, Luxi tta¢Jinnan 31494 271 @2 § SNPs 6 @119 A110T, G133C, G156A, C220T,

A351G 1az A506C 1iaz1i9 6 SNPs 3 linkage disequilibrium AonY

v
L3 A A A

Sufumsgdinnsiiielsznamaninalumsfnuanuduiug wSesninaves
SNPs fudnuaziiauls arsdearinduma SNPs 1 16 furandnearngiuluns
Usznarmdnina AuFumsfinues Moore ef al. (2003) fimsdnudninavesiu lnls
Tnayduiusimdu DGATI luTlacewusmstiiiauain Tawanuy (Bos Taurus) waz
Casas ef al. (2005) Ain1sAny1anTnavesdulnlsInaydu saududu DGATI
(DIACYLGLYCEROL O-ACYLTRANSFERASE 1) itag8u CAPN1 (Calpain-1) TuTan515u
Falulszinamdninalumsinuanuduiug nseaninaves SNPs fudnvuzAUAIN

9
FINIZADUIIA UKL SNPs 919 16 Auriamndnyiniua i
= v o d a Aa =S a ' @
4. HAMSANHIANNENAYS HazdnSwavestiuInlsinaydu Aednbazaamnan

AIANYIONTUBI SNPs udazdMUa fednyay THC ,TC, WLC, LEA UagTF 1ag

i1 ) 4
71311 SNPs @r a0 wd11115D 15109910 SNPs 14 16 @1uniiadl linkage disequilibrium

o @ a

pg1elTod 1A NINaDa (P<0.05) MINANHINLIIA LS SNPs 71 G156C, T350G 112 G392A ]

anuduuiaednyae THC uazTC ad1eliisdAyn19ana (P<0.05) #9a15199 10 uay

o ]

WUIIGUHUL SNPs 1 AT10T, A133T HaeT350G UANUTURUT Aoanyue TF 96193

=

UodAYNIADA (P<0.05) A9A13199 10 HATWUIIAIKUL SNPs N1 A228G 1agC338T

1]
I 5

v o 1 o [ £ < Y1 A a A @
ANVTAUNUD AoanbUL FD ALFANAI1T 1NN 10 G]Nﬂ%WiuUlﬂUWEIullﬂjiIﬂa‘U“ﬁuiJﬂ'ﬂiJﬁﬂqu‘ﬁ

aQ

v o w a

ApdNyaL THC, TF, FD uagTC 0819iiaddun1eana (P<0.05) F9a0ananany Qian ef dl.

9

(2008) AAny1lsznIves Simmental, Angus, Hereford, Charolais, Limousin, Qinchuan, Luxi
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' a 1 v o aa 1w
ua Jinnan Wu3ou InTs Tnayau lulianuduiusnieada (P>0.05) Avdnymz WLC uaz
9 A o = a A =~ a d v
LEA 1azaeandod Casas ef al. (2005) iiimsanyoninavesdu Inls Inayau TuTauswitdu
1A a 1= v o aa 1w ~ a
wuidu InTs Tnaydu lulianuduiusnwada (>0.05) Avanymz WLC uazdu Inls Inayau
~ v o Jd1 v 1 1 1
naANNFuNUTAOANYML FD HALANA 19910 Qian ef al. (2008) NANY11524105909 Simmental,
Angus, Hereford, Charolais, Limousin, Qinchuan, Luxi 8% Jinnan wueunls Iﬂmﬁ ulud
o o 4 aa 1 o 1 {
ANVTNRUTNIIADA (P>0.05) Aoanbae THC HAZUANAI91A Casas e al. (2005) 11
o = a A = a d o ! a = [ v J
MmsananiwavestuInls Inayau TuTausmiiu wueuInls Tnaydu Sanuduius
1w £ = ng; dyd v P 1A v o Jou A a £
Avanymz LEA ¥9lumsdAnpiassiivnanvasi lulianwduiusoudulnls Tnayau @
a 1 o A o =2 £ Y A9 Y < Y1
prvnannanuuananululszanns Taishimsane deondeyan lanauivzwiulan
= a =} v o Jd W A 1 1Y 1 [ 3
dulnTs Inayau Danuduiusaeanvazgumunaniuana iy luuaazilszanng aai
~ Y] ~ a I A Y] :II [ A o =2
manaziaudu InTs Tnayawiu wiesnaneiugnssuiy lundazlszmnsihimsdn

¥ o a 1T @ 1
msi]zéfaﬁﬂmmmﬁuwuﬁmm?}ﬂﬂsTﬂay‘aumaﬂymzﬂmmwmﬂﬂ’ou

3199 11 MdnFvesdu InlsInayau (meanstSE) AoanbmsAmnINGgIn

Genotype THC TC WLC LEA FD TF
A110T AA -8.65 -7.61 -0.39 227.13 0.28 -4.33%%*
(8.44) (8.16) (1.05) (357.48) (0.57) (3.94)
AT -4.11 -3.98 -0.11 279.81 0.19 -7.83%*
(7.34) (7.10) (0.91) (311.10) (0.50) (3.43)

TT = z - 2 - ~kok
A133T AA -7.21 -5.53 -1.10 -113.49 -0.04 -0.84*
(5.21) (5.04) (0.64) (220.94) (0.35) (2.43)
AT -13.26 -11.71 -1.17 -73.85 0.40 -0.75*
(6.4) (6.21) (0.79) (272.24) (0.44) (3.00)

TT - - - - - -*

G156C CC -21.36%* -19.81%* -1.37** -146.13 0.18 2.53
(5.24) (5.07) (0.65) (222.16) (0.35) (2.45)

GC -1.78%* -2.38%* 0.65%* 9.87 -0.23 0.39
(3.12) (3.01) (0.38) (132.15) 0.21) (1.45)

CcC K3k Kk Kk - - -
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Genotype THC TC WLC LEA FD TF
G161A GG 0.22 0.88 -0.29 -55.97 0.20 0.53
(1.93) (1.87) (0.24) (82.12) (0.13) (0.90)
GA 5.08 04.92 0.23 -23.37 0.03 0.27
(4.86) (4.70) (0.60) (206.09) (0.33) (2.27)
AA = 3 5 - - -
C220T CC -3.33 -2.27 -1.07 530.73 2.47 16.35
(16.24) (15.70) (2.02) (687.78) (1.1D) (7.59)
CT -16.92 -14.84 &2l 453.08 2.24 14.94
(17.65) (17.07) (2.19) (747.79) (1.21) (8.25)
TT v - 2 S - -
A228G AA 7.57 7.31 0.39 -617.11 -2.03* -7.66
(13.20) (12.76) (1.64) (559.05) (0.90) (6.17)
AG 15.05 16.41 -1.07 -546.24 -2.38% -7.49
(12.87) (12.45) (1.60) (545.20) (0.88) (6.01)
GG - - . i < -
A253G AA 0.67 0.74 -0.68 -13.38 1.69 243
(13.11) (12.48) (1.63) (555.27) (0.89) (6.13)
AG -4.23 -4.12 -0.67 7.12 1.40 7.26
(12.61) (12.20) (1.56) (534.20) (0.86) (5.89)
GG - - - - - -
C338T CcC 10.11 8.95 0.89 115.13 -1.55% -0.52
(7.82) (7.57) (0.97) (331.49) (0.53) (3.65)
CT 10.42 9.16 1.34 105.67 -1.09* -1.32
(6.58) (6.36) (0.81) (278.89) (0.45) (3.07)
TT - - - - -* -
T350G GG 9.94* 10.17* -0.40 -58.54 -0.53 6.83*
(5.18) (5.01) (0.64) (219.56) (0.35) (2.42)
TG 6.18* 6.19% -0.40 -7.64 0.17 3.64%
(3.64) (3.52) (0.45) (154.29) (0.24) (1.70)

GG
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Genotype THC TC WLC LEA FD TF
A351G AA 2.01 1.20 0.89 44.28 0.50 -2.74
(4.84) (4.68) (0.60) (205.05) (0.33) (2.26)
AG 4.02 3.41 0.57 100.75 0.46 -1.69
(3.92) (3.79) (0.48) (166.36) (0.26) (1.83)
GG - > ; - - -
T354C CC 8.85 8.24 0.02 134.68 0.54 -2.80
(12.64) (12.23) (1.57) (535.64) (0.86) (5.91)
TC 7.05 6.20 0.19 3.24 0.17 1.10
(4.58) (4.43) (0.57) (194.26) (0.31) (2.14)
TT v - 5 S - -
G392A AA 2.02% 1.78% 0.53 120.88 0.46 -9.39
(10.05) (9.72) (1.25) (425.97) (0.69) (4.70)
GA 9.39% 8.13* 1.39 106.68 0.42 -6.05
(7.75) (7.50) (0.96) (328.45) (0.53) (3.62)
GG s k - N - -
A430G AA 0.40 0.015 0.38 92.85 -0.18 -2.59
(5.59) (5.41) (0.69) (236.94) (0.38) (2.61)
AG -0.33 -0.77 0.34 55.60 -0.34 -2.29
(5.30) (5.13) (0.66) (224.71) (0.36) (2.48)
GG - - - - - -
T433G GG -5.47 -4.95 -0.30 103.54 0.46 0.68
(5.69) (5.50) (0.70) (241.24) (0.39) (2.66)
TG -4.97 -4.64 -0.30 120.96 0.10 0.16
(3.42) (3.30) (0.42) (144.86) (0.23) (1.59)
TT - - - - - -
G461A AA 591 4.41 1.56 46.41 0.72 -0.99
(6.52) (6.31) (0.81) (276.31) (1.07) (3.04)
GA -0.89 -1.10 0.57 -101.67 0.66 -1.95
(4.79) (4.64) (0.59) (203.23) (1.04) (2.24)

GG




37

M519N 11 (619)

Genotype THC TC WLC LEA FD TF
AS506C AA -16.37 -14.51 -1.31 61.89 0.72 -9.57
(15.71) (15.19) (1.95) (665.27) (1.07) (7.34)
AC -19.32 -18.20 -0.59 8.97 0.66 -10.48
(15.20) (14.70) (1.89) (643.69) (1.04) (7.10)
CcC - > : - - -

HNENKa * =P<0.05; ** = P<0.01 ; ns = non singnificantly

=® v v d = a LY Y] Y Aac .
5. amsAnInNNaNRUsvesEU InlsInayauneanyazlvilunsn 42835 Nonparametric

= 09/’ dydw s A = v o J = a 1T o
ﬂTﬁﬁﬂBTﬂiQumﬁﬁQﬂigﬁﬂﬂLW’E)ﬁﬂ'HWﬂQWMﬁNWH‘ﬁ‘UENﬂuqﬂjiiﬂayau@ﬂaﬂBﬂw
9

@ Y] [ YR~ A [ =1 a =\ [ o g I
luifuunsn vazuenaniuduiunsdudunduinlsInaydulianuduiusaoanyuy
Tuiuunsnnuanaadusen ldudazlssns dK19IUI98 Barendse e al. (2004) WUITIU

InTsTnayaulianuduiusiudnuas luduumsn (P<0.05) Tuilsgans Angus tagShorthorn

[

Casas et al. (2005) wunowInTs Inayau lufianudusiusfudnuue luuunsn (2>0.05) lu

a

1529105 Brahman Rincker ef al. (2006) wu1ou 1n 13 Inavau luianuduwusdudnyae

U

=2 1

C% . LS! = a =
lvifuunsn (P>0.05) Tuilsew1ns Simmental avrnnisAnyIwydu InTs Inayay il
¥ o Jd1 % { o [ !
mmﬁuwu‘ﬁ@aaﬂymx"lmuw,msﬂ (P>0.05) (hlﬂigﬁlﬂﬂiIﬂlﬁ@QﬂWﬁNﬂHLWQLLZ‘Tu ﬂ\WﬂﬁNﬁ
£ g A ' T 1 A a A v o W @ ~

11 Fudunsauduedauid¥ain EJunl‘nTﬂﬂauvauummauwu‘ﬁmaﬂymﬂwmmiﬂ‘n

uananueen lilusazlszying
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38

P-value Genotype Marbling score
1 2 3 4
A110T 0.9764 AA 6 7 0 0
7.14 5.21 0.53 0.10
AT 121 84 10 2
119.26 86.97 8.96 1.79
TT 2 2 0 0
2.19 1.60 0.16 0.03
A133T 0.1963 AA 117 88 9 1
118.16 86.17 8.88 1.77
AT 8 7 1 1
9.34 6.81 0.70 0.14
TT 8 2 0 0
5.49 4.00 0.41 0.08
G156C 0.5303 cC 32 26 2 1
33.52 24.45 2.52 0.50
GC 61 40 7 0
59.35 43.28 4.46 0.89
CcC 40 31 1 1
40.12 29.26 3.01 0.60
G161A 0.5789 GG 76 50 3 1
71.44 52.10 5.37 1.07
GA 6 3 0 0
4.94 3.60 0.37 0.07
AA 51 44 7 1
56.60 41.28 4.25 0.85
C220T 0.6847 cC 27 23 1 1
28.579 20.843 2.1488 0.4298
CT 76 74.744 53 7 0
54.512 5.6198 1.124
TT 3029.678 21 2 1
21.645 2.2314 0.4463
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P-value Genotype Marbling score

1 2 3 4

A228G 0.3913 AA 28 29.128 24 1 0
21.244 2.1901 0.438

AG 76 75.293 53 8 0
54913 5.6612 1.1322

GG 29 28.579 20 2 1
20.843 2.1488 0.4298

A253G 0.6821 AA 29 32.975 28 2 1
24.05 2.4793 0.4959

AG 73 69.798 48 6 0
50.905 5.2479 1.0496

GG 31 21 2 1
30.227 22.045 2.2727 0.4545

C338T 0.6623 CcC 3031.326 25 1 1
22.847 2.3554 0.4711

CT 69 69.248 50 7 0
50.504 5.2066 1.0413

TT 34 32.426 22 2 1
23.649 2.438 0.4876

T350G 0.2919 GG 35 30 3 1
37.921 27.657 2.8512 0.5702

TG 54 54.959 39 7 0
40.083 4.1322 0.8264

GG 44 28 0 1
40.12 29.26 3.0165 0.6033

A351G 0.4787 AA 93 73 6 2
95.628 69.744 7.1901 1.438

AG 15 9 0 0
13.19 9.6198 0.9917 0.1983

GG 25 15 4 0
24.182 17.636 1.8182 0.3636
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P-value Genotype Marbling score

1 2 3 4

T354C 0.8323 cC 3130.777 22 2 1
22.446 2.314 0.4628

TC 71 69.248 49 6 0
50.504 5.2066 1.0413

TT 3132975 26 2 1
24.05 2.4793 0.4959

G392A 0.4589 AA 29 30.777 23 3 1
22.446 2.314 0.4628

GA 77 74.744 52 7 0
54.512 5.6198 1.124

GG 2727.479 22 0 1
20.041 2.0661 0.4132

A430G 0.7978 AA 43 32 2 1
42.868 31.264 3.2231 0.6446

AG 55 54.409 38 6 0
39.682 4.0909 0.8182

GG 3535.723 27 2 1
26.054 2.686 0.5372

T433G 0.6324 GG 34 36.273 29 2 1
26.455 2.7273 0.5455

TG 53 50.562 33 6 0
36.876 3.8017 0.7603

TT 46 46.165 35 2 1
33.669 3.4711 0.6942

G461A 0.7454 AA 7 3 0 0
5.4959 4.0083 0.4132 0.0826

GA 3030.227 21 4 0
22.045 2.2727 0.4545

GG 96 97.277 73 6 2
70.946 7.314 1.4628
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M519N 12 (519)

P-value Genotype Marbling score

1 2 3 4

A506C 0.7176 AA 30 30.227 23 1 1
22.045 2.2727 0.4545

AC 74 73.095 52 7 0
53.31 5.4959 1.0992

CcC 29 29.678 22 2 1
21.645 2.2314 0.4463
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1. M3viInaaay Hardy-Weinberg Equilibrium

1.1 W'l http://genepop.curtin.edu.au/ udndenlyn Hardy Weinberg Exact Tests

Genepop on the Web

GENEPOP is a population genetics software package originally developed by Michel Rayimo,
monip2.fi), at the Laboratiore de Genetique et Environment, Montpellier, France. The lates!
montp2.fr/~rousset/Genepop.htm. Genepop 4.0 runs under Windows, and can al
the developer tools installed. To compile under Unix or Linux, open a termi Tindow and

. univ-

1.1@8n7 Hardy Weinberg Exact Tests ~ fou have

a
o

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

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

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

and help 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 Weinberg Exact 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) Qption 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) Qption 8 Help

MWHHINA 1 saasnsn T Hardy Weinberg Exact Tests
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Suboptions & Paramig

For each locus in the population:

1. H1 =Heterozvgote deficiency L]

2. HI= (o]

3_Probability test ®
Global test:

4_HI =Heterozygote deficiency O

5_H1 =Heterozygote excess (o]

Would you like complete enumeration ofalleles if possible? © Ves

©No

Markov chain parameters (try the default values inidially please)

Hardy-Weinberg Exact Tests

3.Aum adeyanaznin1siased

Dememorization number (100 - L0000} [1000 |

Number ofbatches (10 - 10000 [wu

Number ofiterations per batch (400 - 10000)

QOutput Formatissias,y

248801 out put

wana luminsnasialy

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

Choose a datafile to upload or paste the datafile into the text box below

4.188n1u Submit data el

Tsnunsunnnisamezt

| [[Browse

Submit data

Clear Form

MWHUINT 2 Ltﬁﬂ\iﬂﬁlﬁﬂﬂi%}myﬂlm Hardy Weinberg Exact Tests




55

1.3 Out put N }A91NNATOY Hardy-Weinberg Equilibrium 910 11/5441054 GENEPOP

Genepop  wversion 4.0.10: Hardy-weinberg test

File: 235931 (Title Tine: "he Thyroglobulin gene ")
Mumber of ?Dpu1atiuns detected: 1

Mumber of loci detected: 18

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

Markov chain parameters for all tests:

Cememarization: 1000
Batches: 100
Iterations per batch: 10060

Hardy weinberg: Probabili S
wevever e Tveeenndn] .00 P-value

U

Y

- $191P>0.05 uaaandwnsdananliog

________________________ aupavey Hardy-Weinberg

rResults by popdlatio ¥ ¢ A\ 1 Nz
==============t===f======| - 01A1P<0.05 u@mAINAMMUIAINAII0Y

auaavey Hardy-Weinberg

Fop G5.11
Fis estimates

Tocus P-wal S.E WEZ R&H Steps

Tocl 0. 0000 0, 0000 0.7836 0.7671 B8FE37 switches
Toc2 0.0000 00,0000 0.9382 0.9426 88235 switches
Tog3 0.0000 0.0000 -0.8569 -0.8571 89518 switches
Togd 0. 0000 0, 0000 0.5041  ©0.5056 63415 switches
Tlogs 0,129 0.0051 0.1073 0.1075 89857 switches
logé 0. 0000 0,0000 0.9250 0.9287 89578 switches
log? 0.0735 0.0047 -0.1220 -0.1222 89707 switches
logs 0.0522 0.0034 -0,1302 -0,1305 89832 switches
logS 0.0017  0.0004 -0.0396 0.4758 32272 switches
Toglo 0.0018 0.0005 -0.030% (0.4802 29503 switches
Togll 0.0058 0.0007  0.1753 0.1758 B9915 switches
loglz 0. 0000 00,0000 0.7222 0.7248 B5700 switches
Togls 0.68168 0.004% -0.0395 -0.0398 B955%8 switches
Togld 0.0000  0.0000 -0.10%3 0.2534 14500 switches
Togls 0.0060  0,0010 0.1815 ©0.181% 859516 switches
Tlogleé 0,000 0, 0000 0.2441 0.8197 29891 switches
logl? 0.0002 00,0001 0.1566 0.5650 21545 switches
Togls 0.1502 ©0.0053 -0.0571 -0.0G73 89866 switches
A1 (Fisher's method):

chiz : Infinity

of : 36,0000

Prob High. =ign.

MNWHUINT 3 LdAINaNIINAToY Hardy Weinberg
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2. MINAaedd Linkage disequilibrium

2.1 'l http://genepop.curtin.edu.au/ udnden i Linkage Disequilibrium

Genepop on the Web

GENEPOP is a population genetics software package originally developed by Michel Raymaond (Ravmand@isem. univ-montn2.fr} and Francois Rousset (Rousseti@isem. univ-
monip? 1), at the Laboratiore de Genetique et Environment, ) i available from http://kimura.univ-
montp2.fr/~rousset/Genepop.htm. Genepop 4.0 runs unger| A o ] oo . . Tt will compile on Mac OSX machines if you have
the developer tools installed. To compile under Unix opfinu 1.128N% Llﬂkage dlSGqUI“bl’lum ory. Then issue the command:

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

This latest version is easier to use and has sgfie additional analyses (compared to v3.4) plus the ability to run in Batch maode.
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

. W\ { 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) QOption 2 Help
3. Population Differentiation Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) QOption 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) Qption 5 Help
6. Fst & other correlations Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) QOption 6 Help
7. File Conversion Equivalent to Dos versions 3.4. Indudes additional file conversion to ARLEQUIN format. QOption 7 Help
8. Miscellaneous Utilities Upgraded to Genepop 4.0.10 (compiled binary from source code provided by Francois Rousset) Qption 8 Help

MNEUINT 4 uaasmsn lads Linkage Disequilibrium MekimMInaao

Y
2.2 udr ldsuunsuazuaaaniing e v taz@onautdUADUAININ

Suboptions & Parameterey Linkage Diseouilibrium
Diploid Data:
Genotvpic disequilibrivm:
1. Test for each pair oflociin each population @®
using the loglikelihood ratio statistic @
using probability tests [ 5]
2. Only Create genotypic confingency tables (o] ., o d'
. .. 3. Aumnddeyaiiac
Markov chain parameters fpf sy 2.L@@ﬂ1VI out put itially please)
3 a [
o - NINNTIAINZH
Dememorizaggh number LL@@\?I‘HV%’]W’W\? |1000
!}En
[1000

t

21

ppage )

4.\ @entlu Submit data 11l

Choose a datafile to upload orpaste the datafileinto tH

FNUNINNNITIATIER

Submit data

a A ) . . e
MNNUINN 5 meﬂmaeﬂhmmm Linkage Disequilibrium



2.3 Out put N }AINNATOY Linkage disequilibrium 910115311053 GENEPOP

Fil

5.971A" P-value

- §1A1P>0.05 wandnvisaessumilieg
Linkage disequilibrium Lagiariis
- f1AIP<0.05 WAAIIITNABIAIWUNDE]

Linkage disequilibrium sRgiaris

o wown up

wu

oL

(VR VR VAN A N VG T i i)
Lok T T T T T T T O M Y L T T O o TN & O T & O« L = A = ]

w

[N LRV ]

11 locl locz
11 locl log3
11 loecz logs3
11 locl logd
11 loecz logd
11 log3 logd
11 locl logh
11 locz loghb
11 log3 loghs
11 logd logs
211 locl logo
211 loc? logt
11 log3 loge
11 logd logtg
11 loghs logs
211 locl log7
211 loc? log7
11 logsa log7
11 logd log?
11 loghs log?
11 loge log7

ulin gene

-000250
-00Z520
-154500
-055480
-000000
.351230
.4284170
.0BZ08B0
-000000
-000000
- 000000
-000070
-0040&0
-1230s0
-345300
-454410
021830
- 000000
-000000
-003310

"

Genepop wersion 4.0.10, Genotypic linkage disequilibrium
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000584
-004117
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-000000
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008034
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-000000
-000000
_ 000000
000054
-000750
-00g145
008383
-008472
.001531
-000000
-000000
-0005&3

Switches

34305
24240

78176
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o1 oo oom
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L I O I L ]
=1 dv v =W dy w0
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E

| U T CRR T % ]
i

1
e
omon

ooy ooy
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m
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3. msanuadlilnil

3.1 1w li http://genepop.curtin.edu.au/ uanaen 119 Basic Information, Fis and gene

diversities

Genepop on the Web

GENEPOP is a population genetics software package originally developed by Miche! Raymond (Ravmond@isem.univ-montp2.fi) and Francois Rousset (Rousset@isem. unfv-
manip?. fr}, at the Laboratiore de Genetique et Environment, s now available from http://kimura.univ-
montp2.fr/~rousset/Genepop.htm. Genepop 4.0 runs unger & ~ . h Linux. It will compile on Mac OSX machines if you have
the developer tools installed. To compile under Unix opfinu]  1.LQRNY  Basic Informatlon, Hirectory. Then issue the command:

'g++ -DNO_MODULES -0 Genepop GenepopS.cpp/~03' X 4 .
Fis and gene diversities

e additional d mode.

This latest version is easfer to use and has s

The web version is still available for teg

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.

Status of Web Version

Option 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) QOption 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) QOption & Help
7. File Conversion Equivalent to Dos versions 3.4. Indudes 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

MNEUNT 7 uaaamsin lués Basic Information, Fis and gene diversities WRRINTH

anudd Tu'lnil

Y
3.2 Llé}’ﬂﬂimlﬂiiﬁwLlﬁﬂ\iﬁﬁlW]NﬁlﬁM HAZIADNATNIUADUAININ

[option1 | [ Optien2 | ["Option3 | | Option4 | [options | [ Optien6 | [ Option 7 | | Optiens |

Allele Freouencies, erc.

Suboptions

'
a

3. A I adayan

B

Basic In,

o | AazmnnTAszi
o]

= £ @ Diploid
2.1aanli out  put o Hapioid

LAAITUNTNFNG

4.\@an1)u Submit data Vel

Choosea datafile to upload orpaste the datafile into t}

Browse..

T9UNTNNINTTILATIZI

MWHWINT 8 tdasn1siaonluyves Basic Information, Fis and gene diversities



3.3 Out put 11491013 11 Indl anTdsuunsy

Fi=z: computed a= in Weir & Coclkerham (19847 ;

al=o a= in Robert=on & Hill (19843

Fop: 96.11 Locu=s: locl

Genotyplc matrix:

2 4
2 108
4 21 &0
Genotypes  Obs. Expected
2 ., 2 10a 74 1804
4 | 2 21 a8 . 6393
4 . 4 G0 26.1804

Expected number of homozvgotes 1003607
Obzerved number of homozvgotes 168
Expected number of heterozvygotes: 88.6393
Obzerved number of heterozvyvogotes: 21
Allele frequencie=s and Fis:
Fi=

Allele Sample count Frequency W F&H

2 237 0.6270 0.7636

4 141 0.3730 0.7636
Tot are 0.7636 0.7671

d’ Aa J o [
MNHUINN 9 Llﬁﬂﬂwaﬂﬂquﬂ‘ﬂiuq‘ﬂﬂm@\j SNPs AT UIANG
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