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SUMMARY

I. Title: Development of production technologies for high quality & nutritional values of

beef in Hanwoo

II. Goal of Study

1) Detection of a great amount of SNPs for high quality and nutritional components
of beef using the information of Hanwoo genome and high—thoroughput SNP
genotyping analysis,

2) based on the genome (SNP) information, development of feeding management
programs for short—term growth, high quality and nutritional values of beef,

3) so as to establish a combined breeding/feeding technology for the production of

Hanwoo beef with high quality and nutritional components.

III. Contents of Study

Phase I. Detection of large amount of SNPs for the beef of high quality nutrients and

development of a feeding management program for fast growth

(O Development of feeding program for growth stage based on domestic TDN feeds
and feed nutrients

(O Construction of reference population with phenotypes for nutrional components

(O Detection of SNPs for high quality and nutrional values of beef using the
Affymetrix 648K SNP chips

(O Detection of SNP contents in Hanwoo genomes using bioinformatics tools

(O Classification of Hanwoo steers into different groups based on the detected SNPs

for fast growth, and application of differenticated feeding programs to each group

Phase II : Cross—validation of the SNP markers for high quality and nutrients of
Hanwoo beef and development of a feeding management program for the nutritious
beef
(O Evaluation and cross—validation of the SNPs for high quality and nutrients in a
commercial Hanwoo population
(O Classification of Hanwoo steers into different groups of beef based on the

detected SNPs for high quality, and application of feeding programs to each group

Phase III : Development of SNP kit for fast growth, high meat quality & nutrional
components and establishment of a combined breeding/feeding technology for the

production of Hanwoo beef with high quality and nutritional components.



(O Construction of SNP kits for fast growth, high meat quality & nutritional components

(O Selection index of the SNPs for optimum selection

(O Establishment of customized feeding standards for fast growth, high quality &
nutrient beef according to different genetic groups

(O Construction of database for individuals, genomes, phenotypes and SNPs

IV. Research and Development Outcomes

1) Detection of genome information for high quality & nutrient Hanwoo beef using
statistical genetics tools

(O Using the Affymetrix 648K SNP chips, a large amount of SNP was detected to
breed specific SNPs for Hanwoo, Black, and Brindle Cattle as well as for
imported beef (US and Australia)

(O A large amount of SNP was detected for high quality & nutrient beef of
Hanwoo

(O The average prediction accuracy of marker—assisted breeding values for the
high quality & nutritional values of beef was 43%. Among the components, 18
traits had breeding values accuracies greater than 50%.

(O There is a possibility of genetic improvement of the beef nutritional
components due to the fact that the heritablities of the traits were
intermediate, and that the Bongwha Hanwoo steers had significantly different

compositions for the major fatty acid components.

2) According to genetic and functional level, short—term high—growth and

high—quality specifications established program

(O Complete of growing period to fattening period of specification program
development Basis on the high—quality domestic forage and enhancement of
TDN content, DMI

(O Complete of short term feeding management program development according
to the genetic level of growth and meat quality

(O Complete of analysis of the added effect of improving meat quality, functional
materials

(O Complete of high functional, high—quality feeding program effective

verification

3) High thoroughput genotyping with high density SNP chips and development of
SNP Kit for prediction at early stage
(O The 743 Hanwoo steers were genotyped with the Affymetrix bovine 640K
SNP arrays



(O The SNP kits were developed to predict fast growth, high quality and

nutritional components of Hanwoo beef at early stage

4) Functional analysis of Hanwoo SNPs using bioinformatics tools and database
construction of Hanwoo genome
(O Database of Hanwoo genome information was constructed

(O Functional studies for major SNPs in Hanwoo genomes were performed

V. Proposals on Practical Application

1) Construction of SNP chips for multi—purose Hanwoo production and the application
of the chips to sire and dam genetic evaluation program in Hanwoo

2) Establishment of Hanwoo genome database to efficiently exploit Hanwoo genome
information

3) Specification management for shortened slaughter age (26—27 months of age) and
quality meat production by feed development

4) Functional / wellness beef meat production that consumers are demanding in future
and environmentally friendly beef meat production by short—term feeding program

5) Suitable breed and customized specifications system of Provide according to
combination of specific traits and specific brand that Required by farmers

6) Beef meat considered delicious and healthy production system of technology
development by Improve the quality of meat, as well as unsaturated fatty
acids, such as content, High—Density Lipoprotein Cholesterol, Conjugated

linoleic acid



i

ATNTHA Y AL

A1 A

73 Al

A1

0

Jo

KW

B

Al 2

17

A3

B

70 vk

A

=19 7]

A2 %

20

21

21

1. T T O 7 A8 B e

21

22

23

Al 3%

24

T &% SNP chipel 9+ SNP

7F, 1% o &% SNP chip A

13

1.

. The Affymetrix Bovine Axium 648,000 SNP

24

SNP 71

i

o
i

3to]

= °l

offq 1U% &= SNP chip

2

o
=K
o
ol

o+ o

;01_ —

i)

ol

29

fese

Ko

N
=K
o
ol

o

B

30

N EZ =g ol (mtDNA) +4 W &% 5o] SNP o&F s -

7h mEZEg o DNA A4 H]

ol

pzel

-

W

!

o

U, o8 SNP AHE &8

No

ol
!

s

of

B!

]

3

= 248

t}. th g% SNP 4 x



QTL (SNP)

A

3

=
[¢)

S
=

4. )&% SNP chip

33

=
=

L, &= Affymetrix bovine 640K SNP array

SNP 7@5]_

44

2 o)
=

AFADEA (GWAS) 23 248 59
AFABEA (GWAS) AT 175

.

Jo

- 37

2.

o7

)

61
61
61

N
o
olo
jant

Gl

e

)A

N
i)
_
=

62
64

3

3

1
o

o)

Mo
ofr
&
h
!
J_,NO
N
y

S ol

S|
&

aYE

£9)

- 11EABHE SNP w7

zel

Jo

B
W

imjat

o

=3 AA

7t &3t
. Fs3t

69

=
=

70
70

B

o
oy
4
K
)

wir
od

TMR¥} TMFA}= 9

i

_?4

Al

12

TMF AFE 9] A&7 7be]] wE

& TMR 4

Eix

.

o

aAE (TMF) #H7H7F AAM S/ %

d}k
=

.

% TMR

& W7 A

°©
= &

)
=

E

OO]:

HasEF 2 9

o]
=

Aad ol

=

2

A=A
ul AF= ] TDN 45 =}ol7} in vitro v kol A

%}

2t

!

)

j
lod

3t jn vitro

A7t

S
=

2 (GABA)

il

96

103

=27

109

o
=

oF. AFS(Adjusted auto feeding system)



113
113
114
121
126
129
129
129
130
130
132
132
132
~134
136
140
145
148
152
152
153
155
155
156
157
158

)
-

oy Jo Jjoo T e
Wogn NN X X
HT._ ﬂ ‘.JAIO

A 7]

: R o : : :

: P <] : : :

=

A T R )

” P O : m

o : : Nq

T o S = : :

e LA P iy S S

P oE = T Pl mw <] : Th

pKoP i P :

Pof i PN m A

NE o : N ) b :do =K w

e Bt owm ™ g =

—~~ fva va : =4

WK K X Z. W T+ : N

— - .

X ok b mK v N JJo : X
,wé o~ e X0 o r m . N
T ® o £ E 2 Jooo R

o -
m
i

I

Z1 A EE kit 7
N

[

o

al
=

o B

S
SNP 7]
9] 2,473,884 SNPs Ho] g H|o]

7
TRAAA W@

™

o B
W
ﬂau%at%

=1. O
Elas

[e)
=
[e]
=
o
=
3L
L
°
=

SNP tagging H.#}

s
o)
=

B
Hr
ﬂl

0

9
A

N'uﬂ O%O _ = ‘.IM_OI‘._
oﬂ " WO R
T o g o
BN fe R
XE \M Orl _ZT.E ﬁl
. .

A 3

} QTL 1;_1 SNP %ﬁﬂx&]i }_Q

AFAL Y3} 9 HAES A

S
=
&

5
_'Q,_

ETGAE D FEEOLN Q] Z]OJIE
. J_ET{ﬂ /\éjq_

w o
He Ao T

%o X H o

3
1% Affymetrix bovine 640K SNP arrayE o] &
=
O FAA AR HO E H|O] A GEE e

u
=

A
7h A %
dEE SNP w79 AT EA
7} 7]
ZS|

_,A M
~ o
<

OO]: 5

o
=l
o

T

&

=

- R

.o

3 A

5. SNP Chip g@ @E 0371] Jz_§]
Xﬂlx‘—j gq_:|17H%} }\(jjq_

A4t & SNP chip
3. Functional category % pathwayel] 9

A3

1

2.

1

2.

4.
Al 47
A5 &



ks A E

A2d A4 A3

wr
)

oo

X

B

)

b. 8% t}&= A& SNP contents &5 2 1754, Fv, Wd7]A4 SNP kit

7

160
160
161
162

A

+

Njo

hya

162

S A g o] e ol

gt

2.

=T
mijat
i)

el

el

Jo

B

—

g
Hin
™

oy
o
o

)

TH

B

‘165

SEELS

s

AT ALHA A FH

A6 %

e

‘_ﬂo

B

o

169

171

A7

172

_10_



CONTENTS

Chapter I. Overview of R&D projects

Part 1 Economic’ SOCial and industrial needs ................................................................ 15
Part 2. Taste, quality, nutritional values of Hanwoo meat -« 15
Part 3. Improvement of taste, quality, nutritional values of Hanwoo meat - 17

Chapter II. Current trends in the technology and development of research

Part 1 Application Of genomic information ...................................................................... 20

Part 2. Production technology of healthy meat cow by genome information 21
1. Angus meat il’l United States .......................................................................................... 21

2. Waygu meat in Japan ........................................................................................................... 21

Part 3. Production technology of high quality meat of Waygu using oleic

acid o100 <) 88 Ao TR LR T T T P P T P PR PP PP PRSP P PP PRI PIPPYILPYIPPROR: 22

Chapter HI Contents and Results Of the Study ................................................................... 23

Part 1. Genome information of high quality & nutrients of Hanwoo meat

USINg Statistical ZENeticS tOOLs e 24
1. Selection of SNPs available in Hanwoo in the high density chip «eeeereeeeeeeees 24
a. Selection of SNPs using the Affymetrix Bovine Axiom 648,000 SNP
AATT QY weeeresesessese s 94
b. Comparison of SNPs between Hanwoo, Black and Brindle cattle --eeeeeeeeees 25
2. LD analysis using SNPs between Hanwoo, Black and Bringle cattle e 26
a. LD aH81YSiS in HaHWOO .................................................................................................... 26
b. Comparison of LD between Hanwoo, Black and Brindle cattle e 29
3. mtDNA analysis and detection of large SNPs in Hanwoo e, 30
a. Population structure using mtDNA sequence analysis e, 30
b. Specification of Hanwoo breed using large amount of SNPg e, 31
c. Population structure using large amount of SNPg e, 392

_11_



4. GWAS to detect QTL for high quality and nutrients with HD SNP chips 33

a. Data collection and basic statistics of Phenotypes s, 33
b. GWAS using the Affymetrix bovine 640K SNP array oo, 39
C. Slgmflcant SNPS after- GWAS reSUltS .......................................................................... 44
d. Candidate genes near the QTL for high quality and nutrients e, o7

5. Prediction of molecular breeding values and selection response s 61
a. Prediction methOdS Of mOleCU.lar breeding Values ................................................. 61
b. Accuracy evaluation of the predicted molecular breeding values -weeeeeeeeeeees 61
c. Results on accuracy evaluation of molecular breeding values <o 62
d. Evaluation of selection response using the significant SNPs oo 64

6. Validation of the detected SNPs for high quality and nutrients of beef - 66
a. Analysis of phenotypes in Bongwha Hanwoo Steers s, 66
b. Allele frequencies of the SNPs for fatty acids in Bongwha steers e 69

Part 2. Feeding programs for fast growth, high quality & nutrients
that are fitted to different genetics of Hanwoo Steers .. 70

1. In vitro fermentation and digestibility in the best fit rumen fermentation 70

a. Characteristics of TMR and TMF feeds and digestibility e 70
b. Fermentation trends for storage period of TRM and TMF feeds «weeeeeeemeeeeenes 72
c. Effect of TMF on productivity, fermentation & blood components -« 78
d. TMR feeds of fast growth by controlling high quality forage & nutrients -83
e. Effect of TDN levels in vitro on fermentation of mirobes in rumen - 36
f. Effect of GABA on meat quality & quantity /n vitro fermentation -oeeeeeeeeeee 96
g. Effect of breeding values and feeding period on production cost and
high Meat QUALILy  coeeeeereree s 103
h. Evaluation of short term feeding program using AFS .. 109
Part 3. Detection of high quality & nutrients in Hanwoo meat - 113
1. Collection of samples and high quality & nutrients in Hanwoo meat - 113
2. Evaluation of high quality & nutrients on different quality grade -« 114
3. Evaluation of high quality & nutrients on different slaughter age ---eeeeeeeee 121
4. Evaluation of meat quality & nutrients between Hanwoo and the imported126
Part 4. Genotyping with high density SNP chips and SNP Kit - 129
1. Genotyping with high density Affymetrix bovine 640K SNP array e 129
a. analysis with the bovine SNP array in Hanwoo reference population - 129
2. Development of SNP kit for early prediction on Hanwoo meat e 130

_12_



a. SNP kit for early prediction of fast growth, high quality & nutrients -« 130

Part 5. Genome database for functioning SNPs using bioinformatics tools 132

1. Construction of Hanwoo genome database -, 132
a. Database of the 2,473,884 SNPs for breeding in Hanwoo e 132
2. Function of browser in Hanwoo genomes & SNP tagging e, 134
3. Functional category & pathways of genes and SNPs in Hanwoo -eeeeeeeeeeeees 136
4. Query for various QTL and SNPS§ -« 140
5. QUETY Of SNP CRIDS  ttesserssssssississssassssusissssssesessassssessssssssassssassesasassssssistssessssassssssasissasasess 145

Chapter IV. Achievement of goal and contribution to the research field -«eeoeeeeeeeeeseenes 148

Chapter V. Research product and plan of practical application

Part 1 ResearCh pr-oduct ......................................................................................................... 152
1' Goal Of researCh product ................................................................................................... 152
2‘ Publication ................................................................................................................................. 153
3‘ Patent .......................................................................................................................................... 155
4. Common DrOdUCt .................................................................................................................... 155
5' Technology transfer- ............................................................................................................. 156
6' Education ................................................................................................................................... 157
7. AdvertiSement ......................................................................................................................... 158
Part 2 PrOdUCtion Of researCh development ................................................................. 160
1. Detection of large amount of SNPs for multi—purpose in Hanwoo - 160

a. SNP contents for fast growth, good taste & nutrients and SNP kit - 160

b. Application to national sire evaluation program 160

C. Application to national COW evaluation PIrOGLAIIL rreverereseressosnnessnssinisioinsienanionnesns 161

d‘ EXpeCtatiOH Of income ..................................................................................................... 162
2. Hanwoo breeding system using the genome database e 162
3. High quality & nutritional components of Hanwoo beef -, 163

4. Feeding for fast growth, high quality and nutrients for different genetics 163

Chapter VI. Science and technology information in other countries -« 165

_13_



Part 1. GEnOme SELECTLION wrrreeerrerrererserresteteitetatatststsssssessesss e ssessessessassessessassessesensensensns 165

Part 2. MoIeCUIAr Dreeding PFOGFAMm « s 168
Part 3. Angus beef in US for high meat quality s 169
Chapter VI Research facilities and eqUIDMEnt 171
Chapter VIL REfErERe. s 179

_14_



AN EOA 2l iR

M 1¥

" iy G ™ od ﬂ, ; B oo %o Hp
#Fd g wpMHamPoy®wb AR
¥ 0L o mop w0 L EoEE DN p e
e x X 4 x olp ) mu.w M_LH LS~ ,_WE > m Nz
v U o owEE e T E oo WA
J N N 4 o AR < n s o] S Ho oy o
o e T Do % Ky o) o 2
© B ol z o W ooy K o
= "o R K .
CA: T ﬂ%jAﬂﬂﬂJ T M
- R S kg oo fo X <
g —_ = —_
s 23270 SERETIEY i
M_/_H = 9 HA]_I BN Bo © " oy o &) _Mﬂ J)
D - O T O
_— ~ o
= T WPy TLLg @I N
S A A= B N R
® = om0 W= mK ~ 0 b TR 7o o 70
w o X e ~ JJ) m a s ™= & T~ Jo
m_,n " SN O~ = WE g —~ N w ‘W R oo
WE S g CF A 4 8 S g = 0 oo = N
o] X o B o T I K
~o io Nro Iy il S 50 ) Og BT . _
W e @ WS T o B m o woWw < 0
S = X B o Ao + o= PloKjo o = Ho o~ R
g L L ow L N
C T R T TR
L A I S-S A
TN - e o B L N 0 Mo A 1w
= XN o o 22 NoOXo B %0 ol © X go = B
=0 ,ﬂl &o z_l JH ° xH N ,Mu T <0 o T ) y N B :
w3 oF N T oo 2y T T o
g 0NN mum e E o N kT8 T OE R = N
o %Mo # 2oy o N ® o2 oL o W og 9T
il E 9 o _wlo s k3 W U S ~ T o X
%5 s W o9 o= = o=
TR S LeHt s ok Dwy Fow T Mo
A T W o X ™ o B T M
R e T T R
g 28 e R d e TEEY Ao
~ = Ur ~ X I- N i ﬂ ~ X T
T o P BT o 2 % T R
o] ~ —_
o S R R S T - (N O S I
e Mo B o o b B AT XX oE X = < oT
O O O O O O O

AHIMP,

3H
=L

e,

),

| WA W (intramuscular fat) &= 117]2]

o

=

glutamic acid

_15_

arginine,

o

R

F(palatability)

AN
2] obu] =4k (taurine,

hu{

H] &),

7]l

(palmitic(c16:0), stearic(cis:o), oleiccig:1), linoleic aicdcig:2),

hypoxanthine )

J

Qs

Al 24

O



b # g

(2012) 2 AR

=%

¢

O Jo

J)

]

o toleles A4

= o
R

glueke] 2aL7] &uAt

A

=ls

O

T

[

°

[

o]

=1
o

o uw

o

=

;O.#

(Scollan &, 2006; Arihara 2006).

o

o

9

w52 glutamic acid

WA 54 (volatiles), IMP, inosine 59

oF
o
oy

o

k)

v ol 4

o

431719 Aol F3e] Ho gk

o7 #Hojxo] Ln|xe #

O Harle] FWAES 2~8%=2 Ao v Holu

S+ A
H

O A7t W FAE B 4 9le (Biesalski, 2005)

-

.

31

Eay

ke

371

F A A

X

=0

w obujet, th

a9d ®
2l (bioactive compounds) ©]

A
H

Mo

A gkl

=
-

L=

=

q

e

o

2

]

S

5ol o

—

0
%o

J)J
o1

™
bl

i

)

al

al

o 4

=

=Z=
|-

LN

ol Hlsf

[e=]
=

=

=
(Mou et al.,

barsh, W
g

R
=

BE7 =

' omega—3 A|HHAFS = A
=]

3k

e 2 (

o] ¥&7 omega—3 AWAFS B
[e)
UheFet
5, 2004).

L —

11~29%7F A

ok
=1

| linoleic acidZ+%-8 CLA7} AWE7] of

cysteine A= HFE

B

S

[e)
(Dannenberger

o]
A
ol

& 0.1 4%==(Choi &, 2001) &

HO]—}\
=
SN

v gz €]

3 a7l djdoew ¢ wol k{8 (Williams and Burdge, 2006).

9

TS FE 77mgo]

3= conjugated linoleic acid (CLA)

G
o

1)

71l Hl

O Harjel &4
s

taurine® &3 *°|™ methionine

100g
2002).

4

5 U

H}7F Q)0 carnosinel] 7

L
s

3} 71%5< A4 histydyl dipeptide®

anserine< T3}

]
=

(O Carnosine

8

2 33} (antiaging)



o ZE A E]

o] Eo

HO]-}\

7

kel

100g & ©F 375mg <=#1% (Hipkiss, 2009).

Gl il o =
jan )|
= AT R S > < "
~ e n X o
R 53 2% %
= T == 7} ~
¥ ZTFEQ i g 3 E5  kE
2 x e om T g 8 F o= ® g
S ™K o I g M n 2 = @ b o
— o = Mo N 5 ST =R ~
woa BT oy S o ~ o
Tom o= o iy Zo P = to o
TRt ™ Jo il 2 = X
icy XK 0 i o = hod < o 5 M
= —_ E.E r~ &l o Z:! — oH
i o N on N 1oM = i £ T . 3 N o o|
ﬁﬂc oo g mﬁ ojy %o — TR i ™o Wrm
% 2 = —
bo g AT b %° o0 E & o o 5 = % B we
. 2 M = W gy = & S |E & R
9 Mvrv N X % =T OW m m owa o W_U = & -~
A ;OH 1__/| ] N E:i m ;Qn_ j.:! 0 (35) ﬂ ;Iﬂ_yl
— . o o S T oY
e K gy 8 — = = Mo - w
% T S I - = T il o N =
o I R T BB ELL e T
X Y I TILN < £ ~ = T N X =
o om © R i = B3 u X do %
L N & 7 E g 5| g © o & o A g
= ) o B o o 5 = O Fm oF ® o Ao o
Wogo gz M T L o Tiu io Jlo I
‘m‘._ W 0 N UL B ... &0 o O o — E#E ) LB»O ) —
iR gl = m g S8 E w — g & B W o ¥
AR = o 2 T W T
{] it s i o B )W N2 5 o
— u * = = o R e v N - —
= M o X 2 T 2l o s = L P o oF k) %M N
O m o R olr ul e S @ T
) <O — —
= ox N W owourowm i T o oar NG
D W — b m o« & ey T X o %0 B
N o o)) UM o <G - i K e Yo BF do X
o} ofr Ey - Jo 2 i
<] By e Ro ~ X ~ W o Jo
> B X s R dr N " o R =
= T o [ i o o -, % P+ mﬁ )
~ T o m LT o ~ < o
rooon N Hom m or B » = m o & o o e X om w O
— % < M o B R Rl ol e = N HR ujp
E X 4 of X L B o[RS O - 20N o OB Lo
w o £ R RS i LN o S
—_ T o Nk N = . w X = ©
= 5=k = wF P EIE s
o}J Jy ol 14 o o o
ﬂ \ml _L X el S o2y o= T
O O ﬂ ;.O.._ ‘% Of ;O_‘_ at 5 ~
O O O

_17_



X

1 (%)>

o
Ko

i

0
R
Hi
70

Jo

73 15 46 44 18 35 46 68 61 37 64 51
16 40 29
25
24
40

37
50

<Y A ¥} = (Marbling

29
26

22
28

Z ¢+ & (Shear Force)

37

A I (tenderness)

46

T} = A (Jiuciness)

19

= (flavor)

33

H (Fat color)

e

Al

28

20

65

65
71

21

13
12

Palmitic 2H(C16:0)
stearic 2F(C_18:0)
oleic 4H(C18:1)

A A

59
78

14
17
27

73

66

75

30

<A

A

=0

H

3} 4]
-2 (meat color)

X

31

56

<33 (meat brightness)

51

3 & (meat firmness)

48
A2: A E. 0. Malau—Aduli 5 J.

174 D. G. Riley

[ex
fu

S Z ] (meat texture)

Anim. Nutr. 2000

, J. Anim.Sci. 1996

=
[<]

A 1: Wheeler

2002

JAS.
, JAS 2004

, JAS 2005

=
[<]

JAS 2001

=
[

A33: J. K. Bertrand
A 5: Pitchford

=
]

AT6: Wheeler

, JAS 2002.

=
]

=
[<]

A+8: Dikeman

JAS 2004
, JAS 2006 (YE3-9)

a5,
&11: K. Inoue

&I 7£7: Nephawe
& 79: Shojo

S JAS 2007 (Brahman)

AF10: T. Smith

=
[<]

=3H)

% J. Anim Sci 2011 (¥

A+12: T. Nogi

The Animal Consortium 2011 (¥ ¥3}-$-)

=
o

=]
.

= S BRI

a

7N

]
Al

o

o F7hm Aol AMEst o

XO]_
Sk
.

= =
h [}

3t

<

&

A7 S A A = A

=i
=

&

]
A =3

[e)
9

=l;

)

<l
5]

Q
a

)
=

AFFAI A 7o)

Els

age 9
AAA

]

om g

al

F5}4]

mEw 257 2871€4

A A el

3 zea9

ol

&o] A

&

28732718 &

217%% 195 =

Fszksh Al zol7h gl

S

=9 3 &9 38% (1+0)%

™

ISRl iy

]

E5A

st A, 2470L el

ks

(40~472F) FA}

o

S o)

&, 12%) 2 e

&

=

_18_



ol

B

N
-

M4k H M| 40~a7X}

-1+

-1+

-1

64.4

59.3

56.2

52.8

57.8

aa.8

40.6

41.8

100% =

90% =

80% -

70% -

60% -

50% -~

40% -

30% -

20% =

10% =

0%

a1x}p a2x} a3x} aax}t asx} aex} a7x}f

a0x}

o,

] Apo]7h Kol=

S

A

v= g

)1\_]__

= n
s T

THH(WDGS) AHE-

(6]

A<
=

<

s

_19_



o]
=

Fol thvkss A=A el

°©

Al

=
T

&

-

R

=

Al FEF genome project”}

il 7}

o

A A A
A7h Ankst

sto] A1gle] A

S

T

ha

| —

A=xQ 1 (2010, Science), 1
=

73
O #HZ 24 4712 (NGS) 245 o] &
]_

°©

o=
1] =

7t

-0
%

%

=t Eelno] (SNP) 2

°

&

Aol A #F44 7]

tol 310wkl &

=hel 7=

I3

o 7 A3 99%o| e &

L
21\-]1’__—

]

E

A 7IER Y A4

O &9 7%, 2003 o

FAAE &=
O o]g} o] thko 7 WEFEojzl SNP AH

A1 A FAA AR &8 Vs

M2

]
B
ol
!
™

)
)

343t

o

e Al =o)Xl SNP

3|

o, #A A

3tod (od, Tllumina 50Kk,

S

°]-&

o

=

of AMARE, e SNPE |8 4% th&F SNP A

770k , Affymetrix 640k array)

1

o|J
M

FSobx (12714 %) el

=

=

A

7} Genome—based Estimated
A

o %
=5
H A

o

kL,

5]

X (genome—wide association study, GWAS)

_20_

F AR A &
)

s

o thg

o

=
o
G

Ly
2

stof el Y

O M= &5 SNP chip

)

4

%7

457} (Molecular Breeding Value) H+& 524

[e]

o, v=, S5 FollA

s

Breeding Value) &

SNP chip
9lo

=
=



¥ 20 43 YH

o2 11d] TJI™E DNA kit H8 113

oF o7 JJ R T of B W I
& A= am Ton ™ T 0 Gl
3 T
| eEITR W e X ogw
;o o PorT R B PR T
E 5 " o) o W = o & M o B
e BT T oo S0 o %o KOE R
e 7o R X X w S g 1 k¥
g =T e b wom i TR~ N 75 op (si¥En i
o =t P S I o Hq4w = = AU E T
ogE — 7 ~ 5 = N OL B3 m G
o M o ® o T X o 8 3 ey |
= M _ o = T <N ° oY
ST WO = 3 S do Ay = £ ¢
Loz oo P L= S S T o f
z oy BT ot iy N0 N g 08 ¢
u oof * o S . T )
- T O 0i
LGS o - =) - =0
. X X - o H;I = ﬂwl _— §
x o) T o] T 2 —_ 1H o b g = ol X Tg |
% e ™ 0y 0 o B 5 W 9 Qg |
e (z) (= dwZygs N wHsZzEE 2 i
T _— b
=) \& i I S i G Bu |
- Gl ranlion uliv:'e o OT N ow T W B =0 i g0 ¢
o o B W o ® TP oy ® o "l
{ B T o 7 Oﬁ! TO o o T o ~w T
AL - £97 2381
th - ~ N En_ Oru 0 Ll.._ ‘Nﬂ N 5 m —_ fiTe) d” =0
< 9 o or MW m = B oo Gy N
0 — ,
N B - (B R R 0%
PHB L O TR A o FHE
— = o = 5 =~ < ofny i £ wept
TR = s o P R X N Fl
E#E ) 1__/| a EE ‘_IIH mw u dSJ f
TE o N L X W on Mog
CC- i Moo o . o o £ Holol
" BB o ®m Aog o ®ox N0 H3iC
5 B X S HE = z nof, g
H TR o T g S N o i MUt
[ ~ N VA fiTe) —_— ~ ‘.M_vuo 3] — —_— o] ,Z L] _Inn;
THEXw KT " N N R BEES
3! o — — Ov <~ X oLl ol B T i “ nnm i
< B o X o o . X L R
zel LkO lam BT_ ZT _,Aﬁl HT-_ ; ik
X0 90 O I -— Or; — ~ # BUons;
%0 "L B AT N 25
0 - o XF =0 -~ — ) .
T R g o o W o
U N o W o= I
3 ‘DJ E.:._ ~ = 7 ) &I 1>_Al Ay e &
I I S ool e
— O O O

o] g-3of

[e)

=
_21_

2k o 8-%F SNP chip

DNA polymorphisms in bovine fatty acid synthase are associated with beef fatty acid
[¢)

composition.
Department of Biochemistry, Biophysics, and Molecular Biclogy, lowa State University, Ames, 1A 50011, USA.

Zhang S, Knight TJ, Reecy JM, Beitz DC.
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AL EAGARANES A8 9 w5 nED fAA YUt

o=

ghp-ol M 37573

=

w4 dd3 Add SNPE A7 7IMor v v

e

1. 8% dj&F SNP chipdl Y& SNPEZANAM FFEZFo) F83 SNP 44
7F 1% tfg%F SNP chip A¥ : The Affymetrix Bovine Axium 648,000 SNP Array
O Al 285 3A A Affymetix bovine 640K SNP chip= ©]&3sle] 12Pd% 250, 2295 250
T, 3APAE 2435, & 7437 SPAAIEE FAAE S BAGE. A AIES AT A
dele) AR AHsE.
O 4 SNp A¥z7:
— HIE7F 2 gfgIA} 1% 7Hminor allele frequency, MAF) > 0.05
— S -gRIM I (H-W) FFHAE 2%kl 483k P gke] >0.001
— call rate: test¥]o]x AA| 7fAE FollA missing genotype H]& < 0.1
£ A A Z4: test®o]R A SNPE Zo|A missing genotyped SNP H]& <0.1
O 2% &3 SNP=# vlZ Qe 91A]sk= SNP=1He] A2l (kbp) 1ML v 2+

ot22] 226 SNP 7 adjacent SNPEZH B 72 (kbp)

BTA  chiptj2| SNP == 285NPI| % BTA H mEEA
1 39,393 28,110 714 1 5.63 6.61
2 33,689 24,220 719 2 5.64 6.78
3 28,736 21,378 74.3 3 5.68 6.98
4 31,778 23,666 74.5 4 534 6,50
5 26,684 19,484 73.0 5 6.22 8.16
6 23,436 21,215 74.6 6 5.63 8.12
7 26,574 19,060 717 7 5.01 1146
8 28,153 19,920 70.8 8 5.69 740
9 27,056 19,377 716 9 545 6.72
10 28420 20,185 710 10 5.16 6.68
11 26,629 18,759 704 11 5.72 759
12 22,734 16,841 74.1 12 541 9.28
13 20,179 14,694 72.8 13 573 731
14 18431 12,993 70.5 14 6.47 9.33
15 21,737 15,939 733 15 5.34 6.87
16 19,847 14,389 725 16 5.66 7.43
17 17,617 12,253 69.6 17 6.12 10.18
18 15,733 11,582 73.6 18 5.69 8.25
19 13,446 9311 69.2 19 6.87 8.94
20 18,292 13,258 725 20 542 6.57
21 18,366 13,150 716 21 544 8.17
22 15,183 10,981 72.3 22 5.59 7.77
23 17,624 13,600 77.2 23 3.86 5.95
24 17,120 12,386 723 24 5.05 6.22
25 11,442 8,525 74.5 25 5.02 8.27
26 15,219 10,983 72.2 26 470 6.07
27 14,725 10,492 713 27 433 7.94
23 13,662 9,975 73.0 23 463 6.00
29 14,018 10,408 74.2 29 493 7.63
ol 630,973 457,134 72.5 A 5.45 7.63

O % 630,973 SNP ZFof|A] 39 83 SNP = 457,134702, AZ=E o]z chipell Aold = A



glom =Zast FAHERE 2 HEE gh9olvt 183 SNP chip #A1&+e] RS AAE +
O 83 SNPES o]galo] nfz o 9|3 SNP pairE3te] Azl (kbp) & XA A3, BE

adjacent SNPE7F @A) S 545 kbpgow] TFAA= 7.63kbp §&. o] HZ 07 SNP

S7+8] 7HA0] 5,450 bpl= ot 1HAES 95%+= 2+7.63= 15,260bp oJulell S

w3, S 2 FHiold dE of8%F SNP chipe o]gste] 183 SNP 7l vl

2

4 SE2 980 SNP S8t sNp2tel H@2h4 8l 2FEA (kbp)

BTA  chipl{2] SNP== B2 % A % E2 % BTA ot EEEA} A EFHEL E2 EFHK
1 39393 24308 62 20970 53 20622 52 I 6.51 7.60 755 9.21 7.68 9.40
2 33689 20,702 61| 17,922 53 17,097 51 2 6.60 7.97 7.63 9.75 799 1040
3 28786 18226 63 15101 52 14,634 51 3 6.66 8.01 804 1006 829 1059
4 31,778 20135 63| 17498 55 16607 52 4 6.00 7.28 6.90 875 7.27 9.31
5 26,684 169687 04 14696 55 14090 53 5 713 8.98 8.24 | 1112 860 1155
] 26436 18599 65| 15801 56 15603 55 6 642 8.0 755 1098 765 1108
7 26574 16606 62 | 13666 51 13,911 52 7 676 1264 824 1561 810 1500
8 26153 | 17,162 | 61| 4761 52| 14355 | 51 8 6.60 840 768 1024 789 1071
9 27056 16858 62 14050 52 14174 52 9 6.27 7.54 752 9.62 745 9.53
10 28420 17414 61 14755 52 14407 51 10 5.99 781 7.06 9.51 723 1003
11 26630 16098 60 13670 51 13,015 49 11 6.66 8.31 784 1048 824 1139
12 22734 14508 64 | 12595 55 11,923 52 12 628 1002 723 1253 764 1287
13 20179 12616 63 10541 52 10251 51 13 6.67 8.43 798 1109 821 141
14 18431 11,319 61| 10005 54 9187 50 14 742 1050 840 1248 915 1364
15 21737 13816 64| 12048 55 11525 53 15 6.17 7.69 707 9.02 1.39 9,76
16 196847 | 12198 61| 10532 53 9,802 49 16 6.67 8.58 i3 | A2 831 1151
17 17,617 10771 61 9,058 51 8526 48 17 696 1086 827 1312 880 1393
18 15,733 9943 63 8123 52 7,701 49 18 6.63 913 810 | 1254 855 1339
19 13446 7962 59 6,864 51 6,152 46 19 8.03 97 931 1215 1039 1398
20 16292 11535 63| 10082 55 9451 52 20 6.23 737 7112 8.94 7.59 9.89
21 18366 11515 63 9736 53 9,257 50 21 6.21 8.62 734 1092 772 1178
22 15183 9617 63 7,880 52 7,625 50 22 6.38 8.30 779 1119 205 1162
23 17,624 11,839 67 10379 39 9438 54 23 444 6.44 5.06 2.03 5.56 .63
24 17120 10690 62 9330 54 8863 52 24 584 7.22 6.70 8.67 7.05 9.01
25 11,442 7515 66 6,216 54 5997 52 25 570 8.18 0.88 1084 714 1123
26 15219 9430 62 7,858 152 7,380 48 26 548 747 6.57 9.52 700 1036
21 14,725 9089 62 7910 54| 7441 51 27 5.00 8.68 574 9.83 610 1094
28 13,662 8750 b4 7449 55 7,080 52 28 5.28 6.56 6.20 7.88 6.53 8.38
29 14,018 8837 63 1,734 55 7,042 50 29 5.83 8.38 666 1025 731 1208
IseudoX 280 105 38 9 33 86 31 PseudoX 1428 2434 1629 3071 1747 3263
X 16,602 5662 34 5387 32 4814 29 X 2628 4983 2762 4387 3091 5123
B 647,856 400812 62 342710 53 328056 51 Ha 7.00 9.67 819 | 1179 856 1245

<L

O A7 Aol 2ARR 3 714 25072k 4 Brindle) 3 -5-Black) 247} 1855 #4]
At 9 mel e 9l

O 97 1dak Aael vl & Be DaARehs 83 SNPEE S7Hsglet] o 39l AR
7178 T43FE Wel 57kl MAFE 7IE= $5ste] {83 SNP= Zg= ol SNP=e] 57}

H Ao= 7]Qld.
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2
& (linkage disequilbrium, LD) J=& = ZANEE] 7 SNP AE
7F #Hdl 10Mb (1x10bp) eIl RAEel diste] AR LD SA4A = r* #h& AHssisd o
T 2 4% olgdto] GOLD Z2I%E 7583l

O 714 pi = 3 WA vz A4 7 (el Ist SNP allele '1) 9] RIE=E Ta}r
AR w7 S AA; o] (ol 2nd SNP allele '1) Rl%E 7Fez. wheba] v
T 47019] haplotypeo] (11, 12, 21, 22) &A3tH. hijx= F #FA el S+= j hapltoyped]
RIS HER.

O 7z |aAd= 5 »ALS] AZE 0~1lkbp, 1~10kbp, 10~20kbp, 20~30kbp,
30~40kbp, 40~50kbp, 50~60kbp, 60~70kbp, 70~80kbp, 80~90kbp, 90~100kbp,
100~200kbp, 200~300kbp, ~~, 900~1,000kbp (1Mb), 1Mb~2Mb, ~~, 9Mb~10Mb
2 T

O EE AsdaA@o7hel Axshs F83 SNPEZS rghs AAsida g A
BTA) 199 A4 BE F5ANA(2970) 9 BtS SNP pair 1+ F+ r* 32 o
xob e = Ee] 3l
— 1 kbp o9l Al U= F SNPES A9 F r® @2 0.3179°1 10kbpol ! H5-
0.242%0%. 1 o]F2 F wAZ] Azt A4 Holel| webr] A= (D) FEe 4 so}

A= AEE BP oM 50kbp 0144 A 0.10]52 VEF W
— olgfg A¥E foAl v FE 0.28 PSS AF, FeFdelA ng, u)ed Y
#AE FAAQTL E E=Estax & Ao, o] QTLI Fo4l A#EAF S A=
SNP w55 =37l Sl SNP whzbAe]l #HA 10kb olujofof o5 AIAIE] .
B A3, Affymetrix bovine Axiom 640k arrays A& ZH$ H 1+749] 5.45kb=E
Uelo B2 mpA el Ao FolHl dAvtdoe] o gAaEod dE 7y

O AEAE L) & FoZ wpA 114el diste] A mitk thio] Aol AR AdAnkdos

l-‘>~4
=
_0|L
2 0
o
BN
>~
=
=
o
wn
Z,
o)
o
2,
=
\

=

’Do

ol

/Bé]—

rot

ol
dlo

QAAER B EEAGHOAE) = 2 Aol E UehiA gotg (ol £ 22)
O QuRdd gue 499 44 54 FEgd 7)), d9Ed, QIL 24 2 33ud 9
AR 0o B V)% AR ATl F B9 AP ALY FE(C: BAA, FAERL, He

F) ol vls] LD7F ¥4 &= ol + LD 1983 Hlws] B AT (o <50kb) A4 = kol
YA EAERIC Hgte] WA YER. o] F A FF59 A oW 7|3Hes AEZ Q] 45t

S TR ARE st Rz A717F dasigla mEA vlaA Al A Sl
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SMNP pair TH3H

o i o s ||

BTA(SAEDLS

SMNP pair == r? FrpEma EETA SMNP pair == rf s EEEA
o~1kbp 71,754 0.317 0.327 1.166 0.341 0.335
1~10kbp 558,521 0.242 0284 8,979 0.238 0292
10~20kbp 585,836 0.175 0.231 9,305 0162 0232
20~30kbp 580,128 0.140 0.199 9,329 0.128 0196
30~a0kbp 569,356 0.118 0.176 9,090 0.110 0.180
40~50kbp 564,772 0.102 0.159 8,885 0.092 0.158
sS0~60kibp 559,990 0.090 0. 144 8,967 0.079 0142
B0~70kbp 555,661 0.080 0.133 8,661 0.070 0132
7o~80kbp 553,463 0.07 2 0.122 8,528 0.065 0125
20~90kbp 550,191 0.066 0.114 8,805 0.062 0.125
20~ 100kbp 551,181 0.061 0.107 8,529 0.058 0122
100~ 200kbp 5,416,817 0.043 0.082 84,008 0.042 0006
~200kbp 5,339,101 0.02= 0057 84 773 0.029 0078
~a400kbp 5,280,967 0.022 0046 23,746 0.023 0068
~S500kbp 5,243,840 0.019 0030 82,025 0.021 0068
~B00kbp 5,213,226 0.017F 0037 22,361 0.019 0062
~FO0kbp 5,175,888 0.016 0035 21,896 0.018 0.059
~a00kbp 5,149,032 0.015 0.033 81,457 0.017F 0057
~o00kbp 5,137,808 0.015 0033 80,317 0.016 0.054
~1000kbpl1hMb) 5,112,240 0.015 0.032 72,652 0.016 0.056
~2Mb 50,222,956 0.014 0.020 772, F00 0.015 0.056
~2rb 49,095,216 0.012 0.028 720,827 0.014 0057
~ AR 482,285,811 0.012 0.026 500,521 0.0132 0.057
~Shik A7 A0 526 0.011 0.025 570,401 0.012 0.055
~BM 46,677,406 0.010 0.024 551,052 0.012 0.059
~7 Ak A5 267,397 0.010 0.024 542,506 0.012 0057
—~2M 45,067,141 0.009 0.023 534,086 0.011 0.057
—~arAk A4 357,629 0.009 0.023 511,521 0.011 0.059
~10ME 43,584,273 0.009 0.022 503,208 0.010 0.055
P
& SNFP OpH 7+
SMH  0~1kbp EZEHAH0~1kh) 1~10kbp 10~20kbp 20~30kbp 30~40kbp 40~50kbp 50~60kbp 60~70kbp 70~80kbp 80~90kbp 90~100kbp
BTAL  0.326 0.333 0.258 0.193 0.156 0.131 0.115 0.100 0.090 0.080 0.075 0.069
BTA2 0324 0332 0257 0192 {.155 0.132 0117 0.102 {.092 0084 0079 0071
BTA3 0311 0327 0234 0172 0.137 0.116 0101 0.089 0079 0071 0.066 {0.059
BTA4 0.316 0327 0237 0177 0.141 0.118 0.101 0091 0.080 0073 0.065 0.061
BTAS 0.326 0.333 0242 0179 0144 0123 0.106 0.094 D084 0.080 0071 0066
BTAG 0311 0.319 0.246 0.184 0.150 0.127 0.108 0.098 0.089 0.078 0.071 0.065
BTA7 0.317 0.326 0.253 0.182 0.148 0.122 0.105 0.095 0.084 0.074 0.070 0.066
BTAZ 0.326 0.330 0.249 0.188 0.154 0.127 0112 0.100 0.088 0.079 0073 0.067
BTAD 0.315 0.325 0239 0178 0.142 0.123 0.105 0091 D083 0075 0.068 0062
BTAI0 0321 0329 {241 0173 {.134 0114 0100 0.088 0.079 0072 0064 0.058
BTAl1l (0329 0338 0.255 0.186 0.151 0.129 0112 0.099 0088 0.079 0.071 0.067
BTA12 0.294 0314 0228 0.165 0130 0.110 0.094 0084 0075 0.066 0.063 0.055
BTA13  (0.316 0.332 0.243 0.174 0.137 0.115 0.101 0.08% 0.075 0.071 0.065 0.061
BTAl4 0332 0.329 0252 0.184 0.149 0.122 0.107 0.093 0.083 0.073 0.066 0.058
BTA1S 0.306 0.32 234 0.169 0.137 0.119 0.103 0.092 0.083 0.075 0.066 0.062
BTAle 0336 0.341 0347 0.174 0.139 0.117 0.008 0.083 0.076 0:06G 0.060 0:054
BTA17 0326 0.332 0259 0186 0.152 0122 0111 0.096 0.088 0076 0.071 0065
BTA1Z 0320 0329 0237 0162 0.133 0111 0.004 0081 0.074 0.065 0061 0058
BTA19 0341 0335 0238 0.162 0.128 0.110 0.092 0.079 0070 {.065 0.062 {.058
BTA2D 0323 0333 0251 0.186 0.148 0.124 0.108 0094 0.085 0074 0.068 0.063
BTAZ1 0.317 0.328 0.240 0.174 0.140 0.116 0.101 0.092 0.081 0.074 0.066 0.062
BTA22 0.307 0.324 0242 0171 0.136 0.109 0.096 0.085 0.075 0.0e8 0064 0.057
BTAZ23 0.281 0.302 0205 0.140 0.108 0.089 0.080 0.070 0.062 0.057 0.052 0.048
BTA24 0312 0323 0241 0172 0137 0.117 0.09% 0086 0078 0070 0.063 0057
BTA25 0.300 0.376 0225 0151 0115 0.096 0.080 0071 0.063 0.056 0.051 0.045
BTA26 0332 0338 {257 0183 {.143 0.118 0.102 0.087 0.079 0.068 0064 0.057
BTAZ7 0332 0336 0247 0.168 0.129 0.108 0.090 0.079 0070 0.060 0.056 0.051
BTA2E  0.297 0.312 0221 0.157 0.128 0.107 0.090 0.080 0.071 0.064 0.059 0054
BTA29 0311 0.323 0.237 0.175 0.137 0.116 0.103 0.088 0.077 0.069 0.064 0.058
EEA 0317 0.327 0.242 0.173 0.140 0.118 0.102 0.090 0.080 0.072 0.066 0.061

SNPERto| = At

=uge] dAES griFh olYd A= ol 4 QTL=
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<Hayes & Goddard, 2009, Nat. Rev. Genet.>
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171574 #d SNPE U W= flste] 39 Als, A &9 2507, =% 2 A 247t 18
TFOl ABE A3t DNAE F=3F9 Affymetrix bovine 640K SNP array +4S 331395

- =9 A A (BTA) 25H 9 HA5F= 83 SNP 27} 7,515, 6,216, 5,9977)

5 2ke] SNP pairgel diste] Ag) 44 2 e v ok a-e] w40 9g
BTAZ25 SNPs ot =2 (HW) = A (CWD
Bin  SNP pairzt= =@ gt WXL HE g EEEA  EHE S ghaEER
i O0~1kbp 0.275 0.315 0.402 0.369 0.370 0.363
2 1~10kbp 0.208 0.268 0.341 0.241 0.212 0.326
3 10~20kbp 0141 0.207 0.276 0.299 0.241 0.276
4 20~30kbp 0.109 0170 0.246 0.276 0.202 0.240
i 30~40kbp 0.093 0.154 0.225 0.258 0.186 0.223
=) 40~50kbp 0.079 0.137 0.217 0.250 0172 0.211
7 S50~60kbp 0.071 0.125 0.208 0.240 0.168 0.206
8 60~70kbp 0.06<4 0121 0.202 0.234 0.158 0.195
9 70~80kbp 0.057 0.110 0.193 0.226 0.151 0.189
10 80~90kbp 0.053 0.103 0.186 0.221 0.149 0.186
11 90~100kbp 0.048 0.09& 0183 0.218 0.139 0174
12 100~200kbp 0.036 0.081 0174 0.207 0.128 0.158
13 ~300kbp 0.027 0.070 0170 0.202 0118 0146
14 ~400kbp 0.023 0.064 0.166 0.196 0114 0.139
15 ~500kbp 0.022 0.062 0161 0191 0.110 0.134
1&6 ~600kbp 0.022 0.06<4 0160 0,191 0.109 0.132
i7 ~700kbp 0.021 0.063 0.159 0.190 0.110 0133
k] ~800kbp 0.020 0.061 0.159 0.190 0.110 0.133
19 ~900kbp 0.020 0.062 0.155 0.186 0.107 0.130
20 ~1000k{1Mb) 0.020 0.060 0151 0.184 0.108 0.132
21 ~2Mb 0.019 0.056 0.149 0.181 0.108 0131
22 ~3Mb 0.017 0.051 0.143 0174 0.103 0.125
23 ~4nib 0.016 0.047 0140 0170 0101 0.123
24 ~5Mb 0.015 0.043 0137 0.165 0.098 0.120
25 ~&Mb 0.015 0.044 0.135 0.163 0.096 0117
26 ~7Mb 0.014 0.044 0.132 0.159 0.095 0.115
27 ~8Mb 0.013 0.041 0130 0.158 0.092 0.111
28 ~9Mb 0.013 0.041 0127 0.154 0.092 0110
29 ~10Mb 0.013 0.040 0123 0.149 0.090 0.109
BTA 25
0.45
04 =
il
0.35 =
N
0.3
n
5 0.25 -
T [ =o
o E =7
02 T e = Bl A
-_— =8 -
—_— = Gh2
0.15 — %_
E== e )
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% —
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0.05 1—
= e
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Distance (bp)

1 kbp o|He] Aglel Q= F SNP=2 4% -9, %, Fiolx Hat ghel 242 0.28, 0.40 %
0.37% Z¢AelM LD %7 718 Ekor 1 vy 4 9 3% o7 YEhd,
- F AT Azt A dojHe| mEb AREAF (D) Jov F3 oA AFE Bl
-9 ¢ SNP 7HAo] 10kbd) ¢ 0.21%, S99 #4e 4% 247 0.34 2 0.312 Yekst



O AMAoR FPRTE S99 Ha AuRFd Jusk w4 ekt ol AR A

(N=18), 7+ #F& Hdap7] fste] 259 1At Javks o] gsto] 2ol g 5
3

Z
O webr 990 4 Ao g e B 522 AddeddS Bol7] "ol 44, W
3 g€ QTL #9158 TFsked sl &9un o 22 59 SNPE &-8sto] gl o]
Ao Jt) B, A9 A ABA|E Qste] AR AFEI} ] gomm Z7}AQ]

71 fEiMe Bu B2 AlE37](sample size)®BuF ofYzl HRF-dxte} AREAHE
‘]

SNP(QTL) & g487] $eiMes 1Hs et et shAgh 94 Aol %ol r’glo] &
o] el 0.20]7el SNP #H+t 7HAo] 10kbpo|ujolr, ¥ Ao 8% Affymetrix bovine 640K

array°ll &= 39 42 SNPEQ Hit 1122 Tkbpo| P& A3t A|ga717F Fod A9

¥vE QTL(SNP) & B4E gE0] = Zlo% 7|ds.

3. 8%, &9 2 FAi nEEZ= ol (mtDNA) B4 2L £Z Eo] SNP & &
=3

DNA (mtDNA) A €9 vlaw4] 9 AffymetrixA} bovine 640K SNP 7}
TEY 54 RS

7F mEFZEZoF DNA MY HluEdS S 39, 4, 5% T Ay 54

O AFEFUEB, 197), =g Q&= 59 (KB, 18%F), #4&BRL 19) F 567 AEE
o mtDNA 910bpell ldshes J& AQ a#l5stela, CLUSTALWE o]&3ate] 757

SRR

Asl7] 98kl Full F BASS o] 83891 Arlequin ZE IS TE38191E

o= GREY] feiM e 4 FEvd 2 L 44 5498 7L 9

Heta FAS ANl F. Wb B ATNE B, 5% D Hadel dhste] METseoh
3

o
A 3 (BRO) & -, 27l sidet= mtDNA A& GenBankelA

@23}

O Haplotype®4] A3} KB7F 7P w2 teds UehilaL(h=0.368), #4(BRD g 41355

BRO)= 47 0.94 9 0.972 &2 tord S YeEhsls. (ofd] %2 #x)

Table 2. mtDNA genetic diversity and pairwise Fy estimated values for Korean cattle populationse

Populations  ne  Variablesitese Po  S¢  #he o e g KB~ JEB« BRI+  BRO-
KB - 18+ 5¢ 2¢ 3¢ 3¢ ¢ p368+0.125¢ 0.001¢ - @
JEB = 194 150 145 1o Te o 087140030 0005¢ 0151%k o o
BRI » 15+ 18+ 16¢ 3¢ 12¢ ¢ 0940£0.029¢ 0.005¢ 0.162% (00055 -4 :
BRO» 27« 33« 130 200 210 ¢ 0971£0.019- 00050 0.121%%47 0 Qe9%*+ (0147 -

n=Number of samples: P="Parsimony informative sites; § = Singleton variable sites: #h = Number of haplotypes. +
h=haplotvpe diversity; m=Nucleotide diversity; the level of significance depicted as * donates significance at * p<0.001.
= Donates not significant at p=0.05.¢
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(Dadi &, 2012, Asian—Aust. J. Anim. Sci.)
O Fsr A= ol8sto] HAebite] #x4] #3}(genetic differentiation) & #5%F ¥l 418 A3
A (BRO) 9F g A (BRD7H] Fergk 0.014= wil-¢- wekom, A (BRD 9 AlF2-5-(EB) 1t
9] Fer#gt® 0.005% % WA Jebts.
O olgst d7= mtDNA AIPHE dgato] gk, S5 4 F

L
g sk A4 07 AR ATs] Fvl, mebd fH74 o) 227} B

FRe e #
2

o, SNP) &-&dllof sh= A= AAstq =

L o8 SNP RS &8s o 55 5014 1%

O FTAZ Q8 A%8el gd) 5989 F7h2 A% 899 9d 48 & FFE3 448 & g
%

O FFa2A 9 As 507, EAER! 24 5079 S AFste] DNAE 2283lal Nllumina
bovine 50K SNP chip& o]&3te] §42H8S #A80l%. =, &5 FolM F4ss H17]9
T Bos taurusEQl AFEH], YA, Aldle 2 2)FE] tisiA= Deckers (2009, PNAS) of| A
1B ¥ o7 Tllumina 50K SNP 42+ S o] &-38fo] 438195

O SNP RI% ®o]#42 SPSS SARZIAE ol&alfion, &% Ht, A Wk 55 ZAlsho]
Chi—square SAZFS ol&3ste] FEE A 5.

O Ilumina bovine chip®l A= 52,678 SNPE TolA oA EFF| F 543 common SNP =
37,3700 2 72%% ASFR L 22% (11,454) SNPE2 E% Eol4, &
A TE WA FFeME B (EHJAAE F AE 7= WoldE) & BAs. -9 A
OEAE M SNP7E 71 wioral wheba] g ® SNP = 7 7R Wk (b ¥ #=)

32
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Figure 2. Polymorphic SNPs dynamics across the chromosomes of different cattle breeds, unknown chromosomes were excluded
(Polymorphic, 20.05-20.95),
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0.50]7¢<1 SNP i

P
T

H]

wHEE 1,1437), 2,51

871 2 16,15570

O ES sh¢ FF 5o] SNPE 2AFSH A7 & 53071 SNPE 2=sioletl 7F 8= #3e tiste] gt
$ F% 5o SNP B4 ol ol veht gl olela Avhe +9U43) Aust W3 TRl
A BEH9 FRH WH Hol4S AL Aor 3] £1HE A D dF w SUGE B9
% 5 geirlel AAURE AT 5 U8,

Table 2. The number of private SNPs found in Hanwoo compared
to cach breed genotyped by the Bovine SNPSOK. assay
Number Alleles frequency in Hanwoo
Hieeed of SNP Minimuimn Maximuimn Mean
Angus a1 0.01 0.280 0.05
Limousine 39 0.01 0.278 0.06
Charolais 207 0.01 0.406 0.047
Simmental 15 0.01 0.213 0.05
Holstein 178 0.01 Q.277 0.042
(Dadi &, 2012, Asian—Aust. J. Anim. Sci. 25(1):28—-32)
9. 08 SNP AugE Bgeel ¢, A4, ¢ F9 AeaAa 54
O W57 & SNPE i T=s flste] w38 Alm, (B4 3¢ 250579 S5 2 & 47
1879 AlEE F3sto] DNAE F%E3ke] Affymetrix bovine 640K SNP array 4 &3to]
Zt SNPE9] 7%, = A allele) /MRS 2lo] Fed FFEE v LA
O 54 A3}, F 6478567 SNPE T AoIE #9-Ha, BE-F9, AL-F9 FFAIN 7
Z1 gigelzt vizzate]7h 0.4017821 SNPE 42,17371E wH=3l9la, 1 FollA] tigdAA} "lxExto] 7}

32

5 7= iog} AL Og‘yL ‘oﬂﬂ E]._E_ O 7] % :rL ExA] S ]_] 0] 6 o L]—E]—LHZ o]

O]H_‘S él’]ﬁ_ = T 1T ?;T z;]'x_o L Tl‘%_jl = ‘—IS’E Al AL AT = T—ﬂ A

S Ao SO ul A EZX X‘]quﬂ o

2 07T, =T X 12 ¥mo oH T

= 50 mu 741/\3] ﬂ?ﬂ(/\ﬂ/\]— ?SJF,H)

— =T X BIa- o\=1 0, ©
Frequency) CH ='l0|7(r:ﬂ57:}0|
[l an] SMNP_ID BTA | XKi(bp) SNP Allele = =1

28326 AX-21315504 i7 35,671,098 ASGS ~ 0.222 0.996
12505 AX-26892321 7 28,223,951 FaVi= T 0.208 1.000
1236 AX-1R8289050 1 76,489,706 ASSC o 0318 0728
19290 AX 19002790 1o 96,948,470 ASS ~ o.ez3 0762
39502 AX-24375033 27 21,137,214 T/S e 0722 0.899
39501 AX-24375029 27 21,137,008 AST o 0.306 0101
40085 AX-24500097 28 5,168,073 Vi< o 0.9494 0.783
223271 AX-20022146 13 46,343,571 P = o 0.000 0032
23884 AX-20187585 i3 80,747,113 TrCT e 0.139 0.228
295 AX-18060829 S 15,796,401 LS o~ 0.528 0.851
894 AX-18203703 1 55,180,234 AST o 0417 0179
8285 AX-25T74T7T724 4 96.827.065 T/G T 0.850 o0.848
123628 AX-271326986 7 89,750,474 SRS o 0.000 o.228
14515 AX-27272516 a8 11,111,857 ASS o~ 0.533 0798
34392 AX-232629752 22 32,020,919 LS o 0u.06e3 016l
5317 AX-25048882 3 41,026,901 T/G T 0.167 0.134
15304 AX-27708338 9 10.425.327 T/G LE 0.639 0191
241302 AX-23216683 22 28,209,102 avac<l o 0111 0.195
14856 AX-27350081 8 31,248,813 fevi<] { o 0917 0.859
AH713 AX-2/582/60 8 91,2/3,110 PAS A ; 1.000 (SR e ]
1347 AX-18310962 1 81,908,736 ASGS - 0.750 0.929
13221 AX-27087114 7 76,615,793 TAC LE 0344 0149
59049 AX 25156114 2 70,416,122 ST L 1.000 o.s85
296 AX-18060831 a 15,796,955 TS LB 0.500 0166
40175 AX-24512026 28 7,940,185 T/G T 0o.a11s8 0111
13491 AX-27122829 7 85,856,948 T/G T 0.5832 o821
590482 AX-25156107 2 70,413,766 SRS o 1.000 o239
19769 AX 19112252 11 17,976,826 ST/ Lh 0.000 0192
34387 AX-232629449 22 31,991,205 Tr< e 0.028 0.156
13207 AX-27086319 7 76,269,621 T/C T 0722 o882
23023 AX-19966562 13 21.501.763 evi=1 A 0.735 0.206
14860 AX-27250180 a8 21,275,578 TS LB 0.194 o216
23103 AX-19984954 i3 35,887,793 AL ~ 0.028 0.134
<404 AX-18095090 S 24,941,622 LS o~ 0.94944 o.809
12658 AX-27141137 7 90,804,586 AST o 0.500 0.202
23878 AX-20187285 13 80.689.687 TrC T 0111 0.220
40176 AX-24512034 28 7,940,937 TS e o0.889 o.28901
19771 AX-191123582 i1 17,982,440 ST L 1.000 0.805
14513 AX-2/7272969 8 11,094,103 Ay o U500 (o RV



S|
ay

4. 987 SNP chip= °]&3% 2 17154 QTL(SNP) = A% AZdAH

REE I PIES P e

M

O AlsE 20119 11€95H 20149 52 7|]3Hs<t 58
5 oA A 74355 FHEt] §4 THHEE T o SASS S (KAIS e
= A 13534 U Z2)
O &g 7HAe] S ZHRE

SINE)
w(Qgrade), HEAF, SHEHH EMA), THAYEMarb) 2 234 - 37574 54439 d-d

sxug e sy 1% 2 3kt B
1%}
201111 82 = 250 250 243 743
201112 122 = 31.3 325 320 31.9
201201 32 ESTA} 33 34 40 36
201202 14 #| gk 223 200 231 200
2%} &4} 439 448 715 715
201303 138 = 0] A 5% 106 106 125 11.2
201304 28
201305 24 Uy 1A 2EHA 3EXE S|
3%}
201402 10 = 250 250 243 743
201403 150 = 938 976 959 958
201404 39 HEFEHEL 100 103 120 108
201405 37 e sy 670 601 694 601
201406 7 A|CH g} 1317 1343 2145 2145
SHH| 743 BlO| A % 11 11 13 11
1,2,3, 44
ga/gn 1++ 1+ 1 2 A (%)
A 8 33 70 99 170 (23)
B 44 73 133 54 304 (41)
C 38 77 106 48 269 (36)
oAl (%) a0 (12) 183 (25) 309 (42) 161 (22)| 743(100)

P

Mo Trait name AP ] Mean stdev Min Max Ho| A==
T1 Qgrade(l++,1+,12 => 1234 1 250 2.68 0.92 1.00 4.00 0.34
2 250 272 1.02 1.00 4.00 0.28

3 243 312 1.23 1.00 2.00 0.40

LZ3 743 2.83 1.08 1.00 5.00 0.38

T3 CHE ko) 1 250 401.28 52.07 213.00 484.00 013
2 250 42140 4816 276.00 562.00 011

3 243 421,87 52.66 220.00 546.00 012

1,22 743 414.79 51.82 213.00 562.00 012

T4 S2FX|= (0~100) 1 250 2.02 0.77 1.00 3.00 0.38
2 250 215 0.74 1.00 3.00 0.35

3 243 2.23 0.75 1.00 3.00 0.23

1,23 743 64,42 3.90 47.07 7327 0.06

T5 RO CHHE (cm?) 1 250 89.00 9.55 58.00 114.00 011
2 250 88.85 1016 53.00 132.00 011

3 243 86.31 10.32 62,00 114.00 012

1,23 743 88.07 10.07 53.00 132.00 011

16 SX A (mm) 1 250 13.44 5.51 3.00 31.00 041
2 250 13.70 5.39 2,00 36.00 0.39

2 243 13.57 5.28 3.00 42.00 0.39

1,23 743 13.57 5:39 2.00 42.00 0.40

T7 Marb (1~9) i 250 5.02 1.84 2.00 9.00 0.37
2 250 4.97 1.9% 2.00 9.00 0.40

3 243 4.87 1.70 2.00 9.00 0.35

1,23 743 4.96 1.85 2,00 9.00 0.37
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No Trait name e M Mean stdev Min Max HO|H =
8 =& (%) 1 250 64.00 496 51.62 78.67 0.08
2 250 61.52 443 4551 7133 0.07
3 243 50.80 6.99 22.28 65.89 0.14
1,23 743 58.85 7.96 22.28 78.67 0.14
T9 CHel = (95) 1 250 19.36 181 13.64 25.32 0.09
2 250 19.91 181 15.04 29.03 0.09
3 243 16.63 293 6.67 2514 018
123 743 18.65 2.65 6.67 29.03 0.14
T10 x| gk (96) 3: 250 15.04 4.99 6.19 25.94 0.33
2 250 17.21 549 5.59 3245 0.32
3 243 32.20 9.54 1151 63.95 0.30
123 743 21.38 10.29 5.59 63.95 048
T11 3|2 (%) 1 250 1.07 0.23 0.55 2.67 0.22
2 250 112 0.37 0.00 5.65 0.33
& 243 1.05 0.38 045 2.67 0.36
1,23 743 1.08 0.33 0.00 5.65 0.31
T12 Cholesterol {(mg/100g) 1 250 60.83 5.80 47.38 91.06 0.10
2 250 58.84 6.32 46.28 76.66 011
2 243 54.03 1017 30.88 83.71 0.19
1,23 T43 57.94 815 30.88 91.06 014
24

No Trait name AL EX} N Mean stdev Min Max HO|H &
T13 pH 1 250 5.67 0.29 5.07 6.44 0.05
2 250 5.85 0.08 5.65 6.01 0.01
3 243 5.54 0.07 5.39 5.87 0.01
1,23 743 5.69 0.22 5.07 6.44 0.04
T14 1* 1 250 3819 29 33.25 49.45 0.07
2 250 39.10 3.35 2847 4813 0.09
3 243 38.86 3.46 27.90 48.93 0.09
123 743 39.05 3.25 27.90 49,45 0.08
T15 a* 1 250 21.66 2.02 15.64 28.25 0.09
2 250 18.89 276 11.63 25.69 015
3 243 1818 2.60 11.58 25.62 0.14
123 743 19.59 2.80 11.58 28.25 015
L6 |b* 1 250 13.24 160 9.43 17.5¢ 012
2 250 919 153 4.80 13.08 017
3 243 7.99 E52 2.32 11.82 0.19
1,23 743 1016 273 2.32 17.59 0.27

SEE
Mo Trait name o EA ] Mean stdev Min Max HO| A=
T17 WHC (%) 1 250 7042 4.67 55.91 8199 0.07
2 250 20.26 3.99 8.40 28.60 0.20
3 243 15.83 548 4.40 29.00 0.35
1,23 743 35.69 25.26 4.40 81.99 0.71
Tig Drip loss (%) 1 250 1848 249 11.80 24.70 0.13
2 250 1248 3.06 6.82 28.08 0.25
3 243 19.27 4.52 977 3138 0.23
123 743 16.72 4.60 6.82 31.38 0.28
T19 Heating loss (%) 1 250 2143 3.03 1243 30.50 0.14
2 250 1551 271 9.23 27.56 0.17
3 243 14.34 344 3.96 27.28 0.24
1,23 743 17.12 4.37 3.96 30.50 0.26
T20 Shearing force (kg) 1 250 26.27 771 9.90 54.43 0.29
2 250 87.45 18.30 4775 136.53 0.21
3 243 61.43 3118 18.69 180.62 0.51
123 743 58.35 3284 9.90 180.62 0.56
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N

Mo Trait name oK} ™ Mean stdev Min Max HO|H ==
T21 color 1 250 5.20 0.88 1.67 7.33 017
2 250 5.30 1.09 275 8.00 0.21

= 243 5.33 0.72 3.50 8.00 0.14

1.2.3 743 5.28 0.91 1.67 8.00 0.17

T22 flavor £ S 249 4.97 121 1.00 7.67 0.24
2 250 5.25 1.34 1.50 8.25 0.26

3 243 535 0.82 3.25 8.00 0.15

1,23 742 519 115 1.00 8.25 0.22

T23 tenderness 1 250 499 139 1.00 8.67 0.28
2 250 5.28 143 0.00 8.75 0.27

3 243 541 1.03 0.00 8.00 0.19

1.2:3 743 5.23 131 0.00 8.75 0.25

T24 Juiciness 1 250 511 1.33 1.67 8.67 0.26
2 250 5.28 143 0.00 8.50 0.27

3 243 546 0.90 3.00 8.00 016

123 743 5.28 1.25 0.00 8.67 0.24

T25 preference 1 250 4.95 134 1.00 8.33 0.27
2 250 521 1.48 1.50 8.50 0.28

% 243 543 0.95 3.00 8.00 0.18

123 743 5.20 1.29 1.00 8.50 0.25

o444 #(mg/100g)

No Trait name A} N Mean stdev Min Max HO|H ==
T26  AMP 1 250 6.89 1.58 3.03 11.83 0.23
2 233 015 0.04 0.06 0.29 0.30

3 243 143 0.62 0.38 519 043

123 726 2.90 311 0.06 1183 1.07

127  IMP 3 250 108.54 50.02 5.33 230,70 046
2 234 126.26 2149 63.28 188,79 0.17

3 243 78.64 2813 11,77 145.03 0.36

123 727 104.25 40,65 5.33 230,70 0.39

T28 Inosine 1 250 27.16 7.74 1241 54.63 0.29
2 234 22,63 3.09 13.24 3192 0.14

3 243 3040 792 404 5036 0.26

123 727 26,79 7.38 4,04 54.63 0.28

T29  Hypoxanthine 1 250 21.39 6.12 0.48 4182 0.29
2 234 1614 261 6.72 2460 016

3 243 24.30 6.06 7.59 67.21 0.25

1.23 727 2067 6.20 048 67.21 0.30

e s =4 ({mgs/100g)

Mo Trait name o K} N Mean stdev Min Max Hol A=
T30 Ala X 250 47.91 15.21 1476 100.41 0.32
2 250 29.87 6.42 13.29 44.39 021

3 243 25.78 7.67 6.95 5115 0.30

123 743 34.60 14.26 6.9% 10041 041

T31 Arg 1 250 298.19 81.72 12T 510.51 0.27
2 250 277.00 41.40 1.20 39277 015

3 243 22351 60.02 59.59 403.01 0.27

1,23 743 266.64 7051 120 610.51 0.26

T32 Asp 1 250 223 157 0.00 9.45 070
2 MNA MA A MNA A MNA

= 242 0.10 0.55 0.00 4.35 5.56

1.2:3 492 118 .59 0.00 9.45 A B

T332 Cys 1 250 5.82 3.62 0.74 2274 0.62
2 159 4.48 3.07 102 25.53 0.68

3 243 7.28 411 0.00 19.63 0.56

1,23 662 6.01 3.84 0.00 25.53 0.64

T34 Glu X 250 1217 719 214 43.38 0.59
2 234 6.58 2.84 272 24.30 043

3 243 8.48 4.41 0.00 25.25 0.52

123 727 914 5.68 0.00 43.38 0.62

T35 Gly 1 250 11561 4.57 5.14 33.22 0.39
2 250 7.93 349 312 38.93 0.44

= 242 6.89 185 2.84 156.01 0.27

LZ2 742 8.83 4.04 2.84 38.93 0.48
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MNo Trait name AFEHK N Mean stdev Min Max HolAH 5=
T36 His 1 250 105.07 38.49 35.78 28330 0.37
2 250 34.76 8.72 9.45 66.56 0.25

3 243 30.06 9.57 7.28 63.69 0.32

123 743 56.88 4166 7.28  283.30 073

T37 iLe 1 250 5.79 348 2.23 2345 0.60
2 250 4.90 1.64 0.32 1010 0.33

3 243 6.24 167 0.00 13.44 0.27

1,23 743 5.64 2.49 0.00 2345 0.44

T38 Leu 1 250 10.16 572 4.05 39.24 0.56
2 250 9.28 3.32 171 1955 0.36

3 243 9.53 283 321 20.29 0.30

1,23 743 9.66 417 171 39.24 0.43

T39 Lys 1 250 12.29 5.60 1.25 40.81 046
2 250 9.15 3.09 218 19.80 0.34

3 243 9.81 348 3.65 2256 0.35

1,23 743 1042 4.42 1.25 40.81 042

T40 Met 1 250 4.56 2.97 1.29 1991 0.65
2 250 4.26 1.40 1.25 8.80 0.33

3 243 6.27 1.62 0.00 1247 0.26

1,23 743 5.02 2.29 0.00 1991 046

T41 Phe 1 250 6.22 3.65 2.32 2497 0.59
2 250 6.13 2.09 1.89 1335 0.34

3 243 7.62 2.05 3.04 2194 0.27

1,23 743 6.65 279 1.89 2497 042

T42 Pro 1 250 5.64 2.08 235 15.16 0.37
2 249 2.37 0.65 0.00 5.01 0.28

= 243 4.88 167 0.00 14.04 0.34

123 742 4.30 212 0.00 15.16 0.49

T42 Ser 1 250 1349 6.46 5.88 43.09 0.48
2 247 814 240 297 15.83 0.29

= 241 853 2.90 1.90 22.22 0.34

12,3 738 10.08 4.98 1.80 43.09 0.49

T44 Thr 1 250 3534 14.89 14.82 110.74 0.42
2 250 60.21 16.29 25.85 209.01 0.27

3 243 57.93 22.83 8.26 174.90 0.39

123 743 5110 21.46 8.26 209.01 0.42

T45 Tyr 1 250 676 3.44 2.24 22.64 051
2 250 8.20 321 0.89 17.11 0.39

3 243 876 2.57 249 19.54 0.29

12,3 743 7.90 3.21 0.89 22.64 0.41

T46 Wal 1 250 837 4.86 3.38 36.56 0.58
2 250 740 2.33 271 15.45 0.32

3 243 3.08 2.54 279 18.21 0.31

123 743 795 347 271 36.56 0.44

T47 Anserine 1 250 12035 54.39 34.88 33943 0.45
2 238 11476 64.39 10.59 408.06 0.56

= 243 33946 101.79 85.62 663.91 0.30

12,3 731 191.37 129.38 10.59 663.91 0.68

T48 Carmosine i1 250 709.14 152.80 226.43 1228.02 0.22
2, 250 881.35 17649 226.36 1592.98 0.20

3 243 704.70 217.89 188.09 1319.46 0.31

1,23 743 765.63 20143 188.09 159298 0.26

T49 Creatine S 250  1509.50 139.07 878.58 2000.28 0.09
2 250 167467 190.80 1039.75 2478.26 011

¥ 243 1451.55 21940 962.67 2250.85 015

12,2 743 1546.12 208.22 878.58 2478.26 013

T50 Creatinine 1 250 18.76 8.03 3.97 51.05 043
2 250 49,58 6.27 34.59 87.30 013

3 243 18.07 7.26 1.56 42.24 0.40

1,2,3 743 28.91 16.40 1.56 87.30 0.57
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Algrat =8 (%)

Mo Trait name A} ] Mean stdev Min Max Ho| A==
T51 C10 0 1 250 0.04 0.01 0.00 0.07 0.27
2 250 0.05 0.02 0.03 031 041

3 225 0.04 0.01 0.02 0.08 0.28

1,23 725 0.04 0.02 0.00 0.31 0.37

T52 c12 0 1 250 0.08 0.03 0.02 0.22 0.37
2 250 0.10 0.04 0.04 041 0.39

3 238 0.09 0.03 0.05 019 0.29

1523 738 0.09 0.03 0.02 041 0.37

T53 C14 0 £ 8 250 2.53 0.55 1.32 452 0.22
2 250 3.40 0.63 0.02 5.67 0.18

3 243 3.38 0.58 212 517 0.17

1.2.3 743 3.10 071 0.02 5.67 0.23

T54 Cl4 1 i 250 0.76 0.27 0.04 172 0.36
2 250 pEaE S 0.33 0.44 211 0.30

3 243 1.06 0.32 0.37 223 0.30

1,23 743 0.98 0.35 0.04 223 0.35

T55 C15 0 1 250 0.23 0.09 0.00 111 0.40
2 250 0.29 0.06 017 0.57 0.21

3 241 0.25 0.06 0.14 0.48 0.23

12,3 741 0.25 0.08 0.00 111 0.30

T56 C16_0 1 250 2293 1.95 17.63 3013 0.09
2 250 26.65 1.90 15.68 3275 0.07

3 243 26.29 1.84 20.85 3123 0.07

123 743 25.28 2.54 15.68 3275 0.10

T57 Cle 1 1 250 3.77 1.20 0.11 6.25 0.32
2 250 4.49 0.82 215 7.45 018

3 243 4.60 0.79 2.82 8.16 0.17

123 743 4.28 1.02 0.11 8.16 0.24

58 ci7 0 1 250 0.60 0.15 0.35 1.34 0.26
2 250 0.53 0.10 0.33 1.04 0.19

3 243 0.55 0.13 0.17 1.27 0.24

12,2 743 0.56 0.13 0.17 1.34 0.24

T59 C17.1 1 250 0.67 0.17 0.39 161 0.26
2 250 0.64 0.12 0.36 1.28 0.19

3 243 0.63 0.15 0.09 1.20 0.23

1,23 743 0.64 0.15 0.09 1.61 0.23

T60 Cl8 0 1 250 10.44 2.01 5.27 1914 0.19
2 250 10.27 138 6.70 14.40 0.13

3 243 10.30 1.45 6.94 17.99 0.14

1,23 743 10.34 1.64 5.27 19.14 0.16

Tl c18 1 1 250 43.71 3.23 30.05 51.74 0.07
2 250 4392 2.22 38.09 49,55 0.05

3 243 44.54 2.34 37.63 50.84 0.05

1,23 743 44.05 2.66 30.05 5174 0.06

Te2 C18.1 11t 1 250 2.10 0.77 0.16 7.93 0.37
2 250 1.65 0.28 1.04 2.68 0.17

3 243 1.86 0.68 0.16 8.40 0.36

1,23 743 1.87 0.64 016 8.40 0.34

T63 18 2 1 250 2.97 1.05 0.05 7.36 0.35
2 250 2.06 0.54 0.95 3.81 0.26

3 242 1.89 0.46 0.77 5.00 0.24

12,3 742 231 0.87 0.05 7.36 0.38

Te4 C20.0 =E 250 0.05 0.02 0.00 031 041
2 250 0.06 0.05 0.04 0.63 074
3 MNA MNA NA MNA NA MNA

1.2,3 500 0.06 0.04 0.00 0.63 0.64

T65 C18 3 2l 250 010 0.06 0.02 0.64 0.62
2 250 0.08 0.03 0.03 0.32 040

3 176 0.37 3.67 0.04 48.82 9.97

123 676 016 1.87 0.02 48.82 1153

T66 CLA Scllt 2 250 0.34 015 0.00 1.82 043
2 250 0.25 0.06 010 0.45 0.26

3 242 048 3% 0.12 49.84 6.61

123 742 0.35 1.82 0.00 49.84 514
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MNo Trait name Ak N Mean stdev Min Max Ho|H ==

T67 €201 g 8 250 0.32 011 0.08 0.89 0.34
2 250 0.39 0.14 0.19 1.88 0.35

3 159 0.36 0.10 018 0.79 0.27

1,23 659 0.35 0.12 0.08 1.88 0.34

T68 CLA_10t12c 1 250 0.02 0.02 0.00 0.25 0.95
2 250 0.02 0.02 0.01 0.22 0.66
3 NA MNA MNA MNA NA NA

12,3 500 0.02 0.02 0.00 025 0.81

169 c20. 2 E S 250 0.15 0.27 0.00 129 1.79
2 250 0.03 0.02 0.01 0.23 0.51
3 MNA NA MNA NA NA NA

1,23 500 0.09 0.20 0.00 129 2.20

T70 C20.3 1 250 0.31 0.12 013 0.95 0.38
2 250 0.20 0.07 0.07 0.64 0.36

3 242 0.40 322 0.09 50.25 810

123 742 0.30 184 0.07 50.25 610

T71 C20 4 1 250 0.62 0.34 0.00 217 0.54
2 250 0.40 019 010 125 048

3 242 0.64 351 0.15 54.89 549

1,23 742 0.55 2.02 0.00 54.89 364

T72 Cc24 1 1 250 0.17 0.07 0.03 0.55 0.42
2 250 0.10 0.04 0.04 0.28 0.37

3 234 0.34 3.67 0.04 56.16 1091

12,3 734 0.20 2.07 0.03 56.16 10.52

172 SFA 2 250 36.88 3.23 29.03 48.38 0.09
2 250 41.36 271 26.23 48.60 0.07

3 243 41.04 347 32.64 75.03 0.08

1,23 743 39.75 375 26.23 75.03 0.09

T74 USF 1 250 56.01 3.45 43.79 53.89 0.06
2 250 55.33 240 4871 61.51 0.04

3 243 56.76 16.81 17.61 312.02 0.30

1,23 743 56.03 9.92 1761 312.02 018
T75 MUFA 1 NA NA NA NA NA NA
2 MNA MNA MNA MNA NA NA

3 243 52.47 4.83 15.40 106.48 0.09

123 243 52.47 4.83 15.40 106.48 0.09

T76 PUFA : 250 4.51 143 118 11.16 0:32
2 250 3.04 0.77 152 6.09 0.25

3 243 3.66 12.99 0.62 20510 3.55

1,23 743 374 7.50 0.62 205.10 201

T77 UFA/SFA 21 250 1.54 0.21 0.94 2.07 013
2 250 1.35 0.15 1.01 2.05 011

3 243 1.39 0.40 0.23 7.03 0.29

123 743 143 0.28 0.23 7.03 0.20

178 n-6/n-3 £ 249 LANE 1.83 1.59 13.81 0.20
2 250 9.08 125 4.55 15.77 014

3 243 9.60 3.34 057 29.74 B8:35

1,23 742 9.26 2.31 057 29.74 0.25

_38_



1 (100  Captic acid FrE el SFA

2 C120  Lavdcacid ZEH SFA

3 Cl40  Mynstic acid Ojg|~Eh SFA

5 €150  Pentadecylic acid TR A4 SFA

&  C180  Palmitic acid ZO|EH SFA

8 C170  Margarc cid DIEFIEM SFA
10 180 Steatc acid AHOEM SFA
14 C00  Arschidic zcid o272 SFA

4 (141 Myrstoleic acid O2|~E2y 4 USFA

7 161 Palmitoleic acid 20| USFA

9 (171  Heptadecenoic acid RG] M A USFA
11 (181  oleicacid =2 USFA 207} 97 Xt
12 (181, 11t  elaidic acid zho| Sl USFA 207k 0F X
13 182  Linoleic Acid 2y USFA  SO7F 63 FEM
15 (183  Linolenic Arid Bl L USFA 207 33 R
17 €201  Eicosenic acid OHO| 2 M4t USFA
18 (202 Ficosadienoic acid HIDIBALCIH =4t USFA
20 203  Eicosattienoic acid HOo|ZMER|YA  USFA M7 62 KA
21 C24  Arachidonic acid o2k | E A USFA 207 67 A|2HA
22 (241  Nervonic acid HE£4 USFA QO 7F 97 F%hr
16 CLA, 9cllt Conjugated linoleic acid S| =g

18 CLA 10t12c Conjugated Linoleic acid

LA 2|z2 QA2 AXIZ 7[5 04 EH 0|
sotgtid BEOiZsEY SIS e BREe

oOo20C Or O =} = b |

s8R0z Y
TSR SHAH Saturated Fatty Acids, SFA)  K|2HAMARE0) 9l= EH4-S0| 2% O ZE02 HZE(C-CE BA|)
£ 25 A8 Unsaturated, USFA) ELAZH 0|28 =1 C140 14= Btz (02 0|5 Bk
TS oK A
C7H2 ot WA PUF 2007t 37 R|2A 29 Ljo| ZHR LAY SA0| @7|= S ZAAA HE Rt 2 od HE

Q|7 6 A4 A L] SYAHENE IR0 Y e $HAE 5,
o HHA 2 Lo ZYAHES 7tz HUGHY BUTES £/ ot EYAHEMHDDE BE

L} )&% Affymetrix bovine 640K SNP arrayE ©]-&3st 272 AAAAEA (GWAS)

O SNP arrayell &= ghf-old 8% 24242 SNPel| tist
ato] b F AR GWASE 49 3193

(1) F®lolay B4 mdY ] J&Fsh= vHo] adHEALH)E AP RA S 2 Eato] B3

=t SAS 9.05 AAgte] FaElE. & AR FATE AN A s Foll 49
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(2) SNPS} Jd3o] Qlahea

O 9 (DA SASE o]g3sto] FoA(P<0.05) 117 H= FWlo] g5 Bdef] HAs & AL
ST [ XA = =] = O [e) o]
EHY WAgLe BAGOR 1Feo] 7 SNPel tistel AnEAS the) o] AAHGS
=) O I~ = i=] 35 o Ay A [e) =] [e}
- RIS G IAEA FHE sy 2on PLINK 227398 5313+
Y(EHESE &2 = ¢ + AX + e, X =1, 0, -1 for ZF SNP2] AA, AB, BB ##
2+
- B+ T TP tste] SNPQ 4714 (additive) &35 YERE
— oA &l 83 Affymetix SNP arrayel Sl 457370 SNPEe] tjste] 2 Jadz A%
)= O 2~ == o < -6 =] o =) =
A4S FEsIR T, AAAY fFogFe] 1x107° ofskel P s 7k SNPE @Y 43 FAA
FAEE 7H AFS Btk AES Jgla AHssS
O A4 4y F 7570 w55 - 715 A3 49 e [F24Q SNP g ofdl &
o .
of 2450} Qg (oldl ® F2)
- — 20| 0| SNP 7= QA _— wx 20| 0l SNP == am=h)
= = p<10®  p<10° p<10® T i = p<10®  p<10®  p<iot T
1T EH= 0 0 22 0303 T28  Leu 36 68 130 0257
T2 BFT 0 11 93 0.000 T29  Lys 16 34 101 0201
T3 EMA 0 1 19 0216 T30 Met 34 64 133 0261
T4 Marb 0 9 39 0023 T31  Phe 33 66 128 0225
T5  Chol 23 43 91 0000 T32  Pro 23 39 119 0.089
T6  pH 5 18 72 0042 T33  Ser 46 77 173 0210
T7  Color 0 3 42 0013 T34 Thr 1 15 66 0034
T8  Flavor 0 3 22 0000 T35 Tyr 5 17 47 0276
T9  Tender 1 4 25 0013 T6  Val 46 69 146 0.260
T10 Juciness 1 4 59 0.000 T37 Anserine 2 5 31 0.197
T11 Preference 0 2 31 0.047 T38 Carnosine 0 2 20 0.201
T12  col L 0 3 37 0000 T39  Creatine 0 3 49 0068
T13  cola 1 4 37 0052 T40  Creatinine 0 2 22 0154
T4  colb 0 3 29 0004 T4l  C14.0 4 8 43 0352
TI5  WHC 1 5 40 0000 T2 C141 15 20 34 0517
T16  Driploss 0 2 30 0004 T43 €160 0 1 24 0307
T17  Heatloss 2 5 37 0133 T44 161 3 7 25 0435
T18  WBSF 148 205 349 0111 T45 C180 1 7 37 0410
T19  AMP 3 16 57 0278 T46  C181 3 7 32 0262
T20 IMP 3 6 28 0457 T47  C18.1 1it 9 24 76 0470
T21  Inosine 3 10 50 0182 T48 €182 1 1 47 0152
T22  Hypo 9 16 66 0197 T49  SFA 7 28 79 0334
123  Ala 21 41 11 0103 TS0 USF 24 50 142 0289
124  Arg 5 13 53 0225 TSl  PUFA 1 8 59 0106
T25 Gy 25 50 133 0140 TS2  UFA/SFA 0 24 0225
T26  His 7 25 129 0.000 T53  n-6/n-3 7 23 81 0009
127 iLe 40 73 152 0.266 SH| 615 1,234 3,721
O AZAEA (GWAS) 43, a5 - 17154 A7 Fo8os #asojzl SNP P=10
SpzelA 615717k BAERI, P=107 frelaaie 1234709 T} SNPEo] BaRgg
§ o _
- AmHor WAz gAY FASCH B SNPEo] wEH o, FAYRAA
[e) [e) o
= AA e 4]l SNPEo] EEE Sl
— Uy} A5 7tel dEE FA A= (tender) 2} W54 (juiciness) &} ¥ 201 7)
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SNPEo| W&Hal EAF/ AN FA/ AT AZ/AUAYES] A P=10"° 5T
A A S
— el #efsts Fo AR Ak AR A9 P =10 fo5FelA 3671 SNPEO]
=5 = E3] C14_0(MyristAh),  C14_1 (MyristolicAt),  C16_1(StearicAh),
_1(OleicAh), C18_1_11t(ElaidicAh) o} A#H 2% Q1 SNPEo] vt d=H 5.

— 7 PR AFEolR wAL A7) did FH Y mdF A din] REFHozl viAE
of &3t A EojA= A vl &Y. oty dEelA HolRo] 7 FAME TP feoAdl
ul7 SNP 10715 AWstdsd dntdo® Tdy FA4ke) 35% ~ 60%E A5t 43
3] ¥ HIEE YEES. AW oy A= A 15 3712 A8t whA &

Hlo] b EAWE A &ste] FAHEE nAR

i
>~

— C18:1°]4} C14:1, Hypoxanthin®] GWAS #4243 57 A0A 3 oA tet3] =
A #osh= SNPES 2= 3193 (oFd] 3¢ Manhatten plot &%). 92 Uemoto &
(2010)  C18:1° diste] A& 3¢ FHdold GWAS ®AAx 484 199
(52,722kbp) oA o}F =2 F%

— olglst A At A FA B, & 1FS/EAFAN 22 FAPH A of
T A2 2719 a3dE 7H gl fAaxE #ofsks Ao ofd

7h #oRtis SAF Al &

C14:0

~logia(p)

T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 <} a 5 5 7 8 a 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25 27 29

Chromosome
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Hypoxanthine
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o AR (GWAS) A3 4™ #2124Q1 SNP HH
T1_CWT
SNP ID SNP BTA  Position{bp) Additive StdErr Povalue  (HLOGIOP  NAA NAB NBB  0%unm O e
(MinorA/NajorB) T
AX-26386478 [C/M] 6 16,863,356 -28.44 659  0.00002 474 0 24 640 0.028
AX-26386632 [1/G] 6 16,902,148 -27.99 646  0.00002 477 0 25 639 0.028
AX-27012090 [G/A] 7 58,717,642 -7.69 176  0.00001 4.85 93 280 291 0.026
AX-27446913 [A/G] 8 57,340,326 -13.06 308  0.00002 4,60 4 112 548 0.027
AX-27758911 [T/C] 9 23401421 2703 621 0.00002 481 1 23 640 0.026
AX-27857129 [A/G] 9 49 641,155 1363 314 0.00002 4.78 6 95 563 0.027
AX-20311536 [T/C] 14 28,690,060 742 179 0.00004 441 97 314 253 0.025
AX-22782669 [m/C] 20 60,395,865 -9.64 228  0.00003 4.58 18 223 423 0.028
AX-23876447 [A/G] 24 61,034,474 -8.14 2200 0.00004 444 25 211 428 0.026
AX-24113572 /a1 26 11,124,082 27.82 673 0.00004 4.39 0 23 B4l 0.026
3y 0.267
T2_BFT
SNP ID SNP BTA  Position(bp) Additive StdErr = P-value  (LOGIOP NAA NAB NBB 0% gupy0wan
(MinarA/MajorB) NPy jirat
AX-18107780 [A/G] 1 28,344,450 162 0.33 0.00000 5.83 1 82 581 0.036
AX-18111920 [t/C1 : 29,437,303 1.38 031  0.00001 5.06 5 81 578 0.028
AX-18192529 [A/C] 1 52,128,279 161 034  0.00000 5.50 5 58 601 0.029
AX-27154489 [A/G] 7 94,333,743 3.30 073  0.00001 511 0 16 648 0.030
AX-19497235 [A/G] 12 4,889,853 312 069 0.00001 514 1 14 649 0.027
AX-20490823 [A/G] 14 78,816,260 3.06 066  0.00000 541 4] 20 644 0.032
AX-20953590 [A/C] 16 25,325,559 2.86 0.61  0.00000 542 0 23 641 0.032
AX-21227556 [T/C] 17 10,074,494 188 .38  0.00000 5.85 2 54 608 0.034
AX-23283069 [A/G] 22 36,928,974 188 040  0.00000 544 1 52 611 0.032
AX-23283964 [c/m 22 37,119,273 0.81 017  0.00000 5.37 57 265 342 0.031
3y 0.312
T3_EMA
SNP ID SNP BTA  Position(bp) Additive StdErr  P-value = ()LOGIOP NAA NAB NBB  0%gupy0uas
(MinarA/MajorB) (ENPYY ftrat)
AX-274456% [G/C] 8 56,977,033 198 042 0.00000 5.66 73 292 299 0.033
AX-20324312 [A/G] 14 32,082,781 187 047  0.00007 417 37 207 420 0.022
AX-21300362 [T/G] 17 31,223,381 -3.59 0.85  0.00003 4.55 2 71 591 0.026
AX-21562835 [m/C] 18 21,840,377 195 049 0.00007 415 30 189 445 0.022
AX-23172506 [A/G] 22 10,764,368 194 045  0.00002 476 45 273 346 0.028
AX-23635776 [c/m 24 3,485,513 271 066  0.00004 4.35 6 120 538 0.025
AX-23635781 [A/G] 24 3,485,985 269 0.65 0.00004 4.36 7 118 539 0.025
AX-23635830 [C/T] 24 3498672 2.88 071 0.00006 421 4 103 557 0.024
AX-23861004 [A/G] 24 57,725,849 -246 061  0.00006 423 9 140 515 0.024
AX-24614011 [A/G] 28 33,093,881 7.50 187 0.00007 4,16 0 15 649 0.024
3 0.254
T4 Marb
SNP ID SNP BTA  Position(bp) Additive StdErr P-value | (-LOGIOP NAA  NAB NBB  0%cupyO st
(MinorA/MajorB) =My O sty
AX-26490559 [m/cl 6 44,818,145 019 004  0.00000 5.33 10 153 501 0.032
AX-2760249% [A/G] 8 96,743,576 041 0.09 0.00001 5.02 4] 33 631 0.030
AX-28002650 [G/T] 9 87,889,948 047 010  0.00000 5.35 0 26 638 0.032
AX-28063487 [G/A] g 102,100,253 -0.17 004 0.00001 513 15 192 457 0.031
AX-28063503 [c/m ] 102,105,547 -0.16 003  0.00000 5.54 36 226 402 0.032
AX-18943118 yis| 10 82,507,390 -0.19 004  0.00000 5.97 11 206 447 0.039
AX-19868693 [G/A] 13 8088416 013 003  0.00001 5.26 78 236 350 0.027
AX-20637281 [C/T] 15 32,345523 012 003 0.00001 4.99 150 321 193 0.028
AX-24213852 [G/A] 26 34,807,090 -012 0.03  0.00001 5.01 123 312 229 0.028
AX-24752742 [C/T] 29 20,001,080 0.20 0.04  0.00000 5.53 8 161 495 0.034
¥ 0312

_44_



T5 Cholesterol

SNP ID (Mimfﬁ:dajorm BTA  Position(op) Additive StdEr  P-value  (JLOGIOP NAA NAB NBB  0sneyCuan
AX-25022262 [T/G] 3 33713982 6.33 106 0.00000 8.36 0 45 618 0.053
AX-25185988 [A/G] 3 79,021,823 577 1.05 0.00000 728 0 47 Bl6 0.046
AX-25737918 [T/C] 4 94,469,150 6.62 122 0.00000 712 0 34 629 0.044
AX-26105288 [C/T] 5 66,626,756 10.30 174  0.00000 8.26 0 16 647 0.051
AX-27287052 [4/G] 8 15,051,798 532 0.93 0.00000 7.79 4 43 616 0.042
AX-28480796 [C/a] 8 39,071,586 5.63 1.06 0.00000 6.86 0 46 617 0.043
AX-28051721 [1/G] g 99,413,797 731 136 0.00000 6.98 0 27 636 0.043
AX-21591937 [T/G] 13 28,448,350 718 118  0.00000 873 0 36 627 0.055
AX-23113902 [C/G] 21 68,316,707 3.39 0.63 0.00000 6.95 8 113 542 0.040
AX-24327721 [T/G] 27 9,561,488 6.48 118  0.00000 7.23 1. 32 630 0.042

3 0457

T6_pH

SNP ID N BTA  Position(bp) Additive StdErr = Pvalue = (JLOGIOP NAA NAB NBB  0%mey07uan

(MinorA/MajorB) smry T it

AX-22048044 [m/c] 2 12,103,206 0.08 0.01  0.00000 7.06 0 66 598 0.045
AX-26178563 [A/G] it 85,124,087 011 0.02  0.00000 7.05 0 31 633 0.043
AX-26221363 [m/Cl 5 96,243,286 014 0.03  0.00000 6.03 0 15 549 0.036
AX-26381762 [C/T] 6 15,614,673 014 0.03 0.00000 5.72 0 15 649 0.034
AX-27090623 [T/C] 7 77,568,763 0.08 0.02  0.00000 6.58 2 45 617 0.037
AX-27356303 [A/G] 8 33,044,300 012 0.02 0.00000 5.94 0 20 544 0.036
AX-27702048 [m/C] g 8,836,620 011 0.02 000000 591 0 22 p42 0.035
AX-21275167 [G/A] 17 23438203 0.05 0.01  0.00000 5.82 5 112 547 0.035
AX-21275214 [m/C] 17 23453982 0.05 0.01  0.00000 5.96 5 111 548 0.036
AX-22911289 /7] 21 19,450,293 -0.13 0.03  0.00000 6.18 0 17 647 0.037
3 0374

T7_Color

SNP ID i BTA  Position(bp) Additive StdErr = P-value  (-JLOGIOP NAA NAB NBB  0%mueyO uan
(MinorA/MajorB) ismpy T parait

AX-18204219 [T/C] 1 55,341,150 0.36 0.07  0.00000 5.77 5 94 565 0.033
AX-25533111 [C/a] 4 42,949,828 -0.21 0.05 0.00002 4.66 34 213 417 0.026
AX-25718977 [A/G] 4 89,816176 0.21 0.05 000001 4.85 41 244 379 0.028
AX-26351842 [A/G] 6 7437210 -0.18 0.04 000001 510 119 318 227 0.029
AX-26762976 [T/G] 6 115,860,181 -0.25 0.06  0.00003 4.56 13 165 486 0.026
AX-27762187 [T/G] 9 24,248,516 -0.61 0.14  0.00001 498 2 22 640 0.025
AX-18720825 [A/G] 10 26,748925 0.27 0.06 000001 5.22 14 148 502 0.030
AX-21194198 [A/G] 17 805,459 081 019  0.00002 470 0 16 648 0.027
AX-23476995 [m/C] 23 20125978 073 017  0.00003 4.55 0 19 645 0.026
AX-23871690 e 24 60,038,006 -0.23 0.05 0.00002 470 21 184 459 0.027
b3 0.278

T8 Flavor

SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBE  0%mney0 uan
(Minor&/MajorB) oo

AX-18459324 [C/T] 1 121,384,033 -0.28 0.06 0.00001 5.00 25 255 384 0.032
AX-25474350 [m/C] 4 26,684,206 -0.27 0.06  0.00000 535 43 229 392 0.030
AX-26762976 [T/G] 6 115,860,181 -0.30 0.07 000005 4.32 13 165 486 0.025
AX-26763001 [G/T] 6 115,864,052 -0.36 0.09  0.00003 446 12 79 573 0.022
AX-27332778 [m/C] 8 26,844,904 -0.72 018  0.00005 4.26 0 28 636 0.025
AX-18870574 /el 10 65,007,725 -0.24 0.06  0.00005 427 39 244 381 0.024
AX-19506885 [C/A] 12 7,729177 0.26 0.06. 0.00003 453 300 239 395 0.027
AX-19874673 [C/A] 13 9,586,153 0.22 0.05 0.00002 465 109 327 228 0.027
AX-19874678 [m/c] 13 9,586,382 0.24 005 0.00001 5.25 91 325 248 0.032
AX-23782470 o 24 40,023,824 -0.32 0.08 0.00003 448 13 129 522 0.024
3 0.268

_45_



T9 Tender

SNP ID (Minori\?lfr‘!ajorﬁ) BTA  Position(bp) Additive StdErr P-value  (-)LOG10OP NMNAA NAB NBB GESNP,.U:W!_’}
AX-25179852 [C/T] 3 77,481,501 0.65 014  0.00000 5.67 1. 49 614 0.033
AX-26757292 m/al 6 114,557,897 -0.37 0.08 0.00001 487 6 138 520 0.029
AX-27197589 [A/G] 7 105,385,221 -0.29 0.07  0.00001 501 25 214 425 0.029
AX-27267281 [C/T] 8 9,931,240 0.83 016 0.00000 6.59 0 38 626 0.041
AX-18785106 [A/G] 10 43,278,813 -0.23 0.05  0.00003 459 93, 318 253 0.027
AX-19060779 [A/G] 11 5,389,421 -0.27 0.06  0.00003 4.56 300 225 409 0.026
AX-19697477 [A/G] 12 56,187,594 0.23 0.05  0.00003 451 129 342 193 0.027
AX-20310292 [G/A] 14 28,377,449 0.34 0.08 0.00001 545 137 160 401 0.030
AX-20818545 [A/G] 15 75,654,844 -0.37 0.09  0.00002 463 12 95 557 0.024
AX-21814435 [G/A] 19 17,681,372 0.28 0.07 0.00003 450 24 216 424 0.026

¥ 0.293
T10 Juciness

SNP ID oh BTA  Position(bp) Additive StdErr P-value = (-)LOGIOP NAA NAB NBB  0%enpy O st

(MinorA/MajorB) smry T it
AX-25076819 [A/G] 3 48,580,614 -045 010  0.00000 5.35 5 78 581 0.030
AX-25179852 I/ 3 77,481,501 0.56 013 0.00001 483 i 49 614 0.028
AX-26097056 [C/T] 5 64,639,615 -1.10 0.24  0.00000 542 0 15 649 0.032
AX-27267281 [C/T] 8 9,931,240 0.77 015  0.00000 645 0 38 626 0.040
AX-18665432 [m/C] 10 13,156,315 -0.23 0.05 0.00001 487 84 327 253 0.030
AX-19775800 I/ 12 77477113 -041 0.09  0.00002 472 4 92 568 0.027
AX-20472022 [A/G] 14 73,407,532 -0.68 014  0.00000 5.56 0 42 622 0.034
AX-22658642 [C/T] 20 27,748175 -0.22 0.05 0.00002 478 85 295 284 0.027
AX-24151946 [G/A] 26 20,384,845 -1.06 0.24  0.00002 472 0 14 650 0.028
AX-24640005 m/a 28 38,997,960 -0.58 013 0.00002 478 i 46 617 0.027
¥ 0.302

T11_Prefernce

SNP ID i BTA  Position{bp) Additive StdErr P-value  (-)LOGIOP MNAA MNAB NBB  0%mupyO iy

(MinorA/MajorB) ismpy T parait
AX-18544689 [A/G] I 143,426,578 -0.74 018 0.00003 450 0 24 640 0.026
AX-25179852 /T 3 77,481,501 0.50 012  0.00004 441 1 49 614 0.025
AX-25474350 [T/C] 4 26,684,206 -0.23 0.05  0.00002 478 43 229 392 0.026
AX-26441856 [A/G] 6 31,717,838 -0.21 0.05 0.00002 473 87 308 269 0.027
AX-26441863 [A/C] 6 31,719,539 -0.21 0.05  0.00002 4.67 90 307 267 0.027
AX-26757292 m/a 6 114,557,897 -0.33 0.07 0.00001 5.03 6 138 520 0.030
AX-27267281 [C/T] 8 9,931,240 0.65 0.14  0.00000 5.33 0 38 626 0.032
AX-18834722 [A/G] 10 55,442,058 -0.21 0.05 0.00003 455 81 306 277 0.026
AX-22658642 [C/T] 20 27,748175 -0.20 0.05 0.00004 445 85 295 284 0.025
AX-24191664 ¢/ 26 29,659,278 0.20 0.05 0.00003 452 86 306 272 0.026
¥ 0.272

T12 col L

SNP ID e BTA  Position(bp) Additive StdErr P-value  (-)LOGIOP NAA NAB NBB 0 supyC umsin

(Minor&/MajorB) oo
AX-22440648 [A/G] 2 113,932,045 -0.75 017  0.00002 476 47 200 417 0.024
AX-26006760 [A/G] 5 40,707,662 -0.80 0.19  0.00002 472 300 208 426 0.026
AX-26091844 [A/G] 5 63,310,305 -0.76 017  0.00002 477 43 254 367 0.028
AX-27597650 [1/C] 8 95,454,069 -0.86 0.20 0.00001 491 22 207 435 0.029
AX-21230784 [A/C] 17 10,902,649 -0.82 019  0.00001 4.86 27 223 414 0.029
AX-22988737 m/a 21 37,564,204 1.06 0.24  0.00001 5.00 10 126 528 0.028
AX-23889359 [m/C] 25 1,458,086 0.84 0.18  0.00000 5.39 34 227 403 0.031
AX-24327721 [T/G] 27 0,561,488 -2.34 048  0.00000 579 1 30 633 0033
AX-24526169 [C/T] 28 11,527,674 0.69 016  0.00002 4.67 66 244 354 0.025
AX-24789253 [m/c] 29 28,887,293 0.75 017  0.00002 4.66 43 257 364 0.027
¥ 0.280
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T13 col a

SNP ID (Mimfﬁ:dajorm BTA  Position(op) Additive StdEr  P-value  (JLOGIOP NAA NAB NBB  0sneyCuan
AX-24918009 [A/G] 3 7,761,481 057 013 0.00003 4.57 64 282 318 0.026
AX-24918102 [C/A] 3 7,783,947 0.55 013 0.00004 441 69 274 321 0.024
AX-24918121 [A/G] 3 7,787,893 0.57 0.14  0.00003 459 61 278 325 0.026
AX-27153902 [G/A] 7 94,181,023 0.54 013  0.00004 442 116 343 205 0.027
AX-19054135 [T/C] 11 3,875,546 -0.96 021 0.00001 5.07 7 104 553 0.029
AX-19357699 [G/A] 11 79,209,884 -0.63 014  0.00001 514 51 273 340 0.030
AX-20347974 [m/C] 14 38,750,861 -0.60 014  0.00003 451 45 264 355 0.026
AX-21177897 [G/A] 16 78412580 -0.66 013  0.00000 617 69 290 305 0.037
AX-22998390 [T/C] 21 40,425,717 0.64 015 0.00002 481 37 222 405 0.027
AX-23046314 [1/C] 21 52,990,616 071 015 0.00001 5.27 25 242 397 0.033

3 0.285
T14 col b
SNP ID N BTA  Position(bp) Additive StdErr | P-value  (-JLOGIOP NAA MNAB  NBB  0%sney0%uan
(MinorA/MajorB) smry T it
AX-25877506 [m/c] 5 6,796,841 -0.46 010 0.00001 5.27 21 199 444 0.031
AX-25877597 [A/CT it 6813328 -0.58 013 0.00001 4.93 5 126 533 0.030
AX-25877621 [m/Cl 5 6,819,337 -0.53 012 000001 4.83 6 157 501 0.030
AX-25877624 [T/G] 5 6,820,425 -0.52 012 000001 488 7 157 500 0.030
AX-26084632 [T/C] 5 61,578,247 -0.38 0.09 0.00002 473 47 239 378 0.026
AX-19848303 < 13 2923796 046 011  0.00001 4.34 17 181 466 0.028
AX-22998390 [T/Cl 21 40,425,717 042 0.09 000001 521 37 222 405 0.029
AX-23730864 [C/T] 24 27727284 058 013  0.00001 515 8 120 536 0.029
AX-23730873 [c/m 24 27,729,208 057 013  0.00001 494 8 115 541 0.028
AX-23963588 /1] 25 17,917,063 -0.35 0.08  0.00002 465 71 285 308 0.026
3 0.288
T15_WHC
SNP ID i BTA  Position(bp) Additive StdErr = P-value  (-JLOGIOP NAA NAB NBB  0%mueyO uan
(MinorA/MajorB) ismpy T parait
AX-18431001 [T/C] 1 113,934,887 101 0.22  0.00000 5.39 145 328 191 0.031
AX-18431103 [m/al 1 113,968,500 -0.95 022 0.00001 489 163 332 189 0.028
AX-18431106 [C/T] 1 113,969,069 -0.95 022 000001 489 163 332 1689 0.028
AX-18431167 [A/G] 1 113,984,020 101 022  0.00000 539 145 328 191 0.031
AX-25564639 [T/C] 4 51,294,382 131 0.30  0.00002 4.77 12 196 456 0.029
AX-25782361 [r/Cl 4 105,173,150 -1.39 0.32  0.00002 4.75 10 163 491 0.028
AX-26981762 [m/C] 7 50,709,941 -1.23 0.24  0.00000 625 50 271 343 0.038
AX-27887934 [G/A] 9 58260151 -341 074  0.00000 532 0 30 634 0.032
AX-21158308 [C/a] 16 73,955,905 359 079  0.00001 516 0 26 638 0.031
AX-24752437 em 29 19,924,984 -111 025 0.00002 481 39 231 394 0.027
b3 0.304
T16_Driploss
SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBE  0%mney0 uan
(Minor&/MajorB) oo
AX-25705067 [T/C] 4 86,339,366 -0.86 0.20 0.00002 461 32 189 443 0.025
AX-28459191 [A/G] 4 86,354,358 -0.85 0.20  0.00003 458 32 190 442 0.024
AX-26442407 [A/G] 6 31,891,131 381 0.81  0.00000 5.53 0 14 650 0.033
AX-27042054 [T/C] 7 65,578,897 221 051  0.00002 474 1 32 631 0.026
AX-27042086 [m/C] 7 65,587,678 221 051 0.00002 474 1 32 631 0.026
AX-27262801 [A/G] 8 8,940,294 -0.70 017  0.00003 452 132 331 194 0.026
AX-18780159 [A/G] 10 42,015,727 -219 048  0.00001 5.20 4 37 626 0.030
AX-19507690 [A/T] 12 7,961,625 283 0.64 0.00001 4.99 0 23 B4l 0.029
AX-20597352 [A/G] 15 23717163 136 032 0.00003 4.60 4 85 575 0.026
AX-24761852 cm 29 22,455,840 0.87 020 0.00002 477 30 227 407 0.028
3 0.274
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T17 Heatloss

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-18585984 [A/C] 1 152,566,977 165 035  0.00000 5.69 1 48 615 0.033
AX-18585992 [A/C] 1 152,568,848 159 0.34  0.00000 540 1 49 614 0.032
AX-22425365 [A/G] 2 110,113,351 075 015 0.00000 610 43 278 343 0.038
AX-22425465 [T/C] 2 110,139,283 082 016  0.00000 6.60 31 265 368 0.043
AX-22425700 [T/G] 2 110,200,764 -0.59 014  0.00002 468 821 291 291 0.026
AX-26488637 r/cl 6 44,304,176 097 021  0.00001 5.29 6 139 519 0.032
AX-20043540 [A/G] 13 49,113,272 0.60 014 000003 4.55 64 262 338 0.025
AX-20232600 [T/Cl 14 8,457,486 -0.85 019 000001 4.93 100 167 487 0.030
AX-23950107 [m/Cl 25 14,833,940 -0.55 013 0.00002 465 162 320 182 0.026
AX-24471020 [T/Cl 27 43,317,059 -0.66 015 0.00002 4.71 38 257 369 0.028

53 0.313
T18_ WBSF
SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan
(MinorA/MajorB) smry T it
AX-18035623 [m/Cl 1 8,812,674 17.08 223 0.00000 1318 0 56 608 0.085
AX-26385329 [C/A] 6 16,589,603 2114 253 0.00000 1547 0 42 822 0.099
AX-26469526 [A/G] 6 39,438,580 1949 255 000000 1316 0 42 b22 0.084
AX-26611277 [T/C] 6 76,696,893 2173 262  0.00000 15.24 0 39 625 0.097
AX-28480796 [C/A] 8 39,071,586 2197 240 0.00000 1819 0 46 618 0.116
AX-19636586 [m/cl 12 39,410,311 18.86 223 0.00000 1578 0 55 609 0.102
AX-20280611 [A/G] 14 20,633,352 1901 225 000000 15.75 0 54 610 0.102
AX-22692033 [A/G] 20 36,537,821 19.05 225 000000 1583 0 54 610 0.102
AX-23952173 [G/T] 25 15,314,457 20.44 232 0.00000 16.98 0 50 614 0.109
AX-24563091 [1/C] 28 20,843991 18.86 223 0.00000 15.78 0 55 609 0.102
3 0.998
T19_AMP
SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan
(MinorA/MajorB) ismpy T parait
AX-18561334 [m/C] 1 147,069,807 0.56 012 0.00001 5.27 0 32 631 0.032
AX-26406169 [r/cl 6 22,105,777 077 016  0.00000 597 0 19 644 0.036
AX-26422666 [T/Cl 6 26,553,317 0935 016  0.00000 793 0 17 646 0.049
AX-26512952 [A/G] 6 50,424,327 097 019  0.00000 6.48 0 13 650 0.039
AX-18631076 [G/A] 10 5142440 077 016  0.00000 5.62 0 18 645 0.034
AX-18823304 [G/A] 10 52,401,668 0.69 015 0.00000 549 0 22 641 0.033
AX-18892081 [C/T] 10 70,314,867 077 016  0.00000 591 0 19 644 0.035
AX-19593123 [T/C] 12 28,517,710 -0.74 016 0.00000 531 0 18 645 0.032
AX-23589064 [G/A] 23 45,532,849 -0.25 0.05  0.00000 5.32 100 160 403 0.032
AX-28537043 [T/G] 25 41,667,475 0.85 014  0.00000 8.75 0 24 639 0.054
3 0.375
T20_IMP
SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan
(Minor&/MajorB) oo
AX-25084591 [A/G] 3 50,595,045 -6.93 162 0.00002 4.67 15 110 538 0.024
AX-25768112 [T/G] 4 101,715,156 -17.02 391 0.00002 481 0 25 638 0.028
AX-25860032 [G/T] 5 2,287,259 -1943 3.97  0.00000 590 0 24 639 0.036
AX-26255613 [T/Cl il 104,917,013 20.57 458 000001 5.08 0 18 645 0.030
AX-26672531 [G/T] 6 94,105,680 12,79 3.03 000003 4.56 0 43 620 0.027
AX-27322264 /T 8 24242477 -19.54 3.61 0.00000 705 0 29 634 0.043
AX-27911877 [G/T] 9 654,392,539 -4.80 106  0.00001 510 114 319 230 0.029
AX-22615245 [T/C] 20 16,842,335 -29.23 533 000000 723 0 13 650 0.044
AX-23131382 [C/] 22 1,028,209 -23.21 422  0.00000 727 0 21 642 0.044
AX-24178839 [G/A] 26 26,402,625 -16.08 377  0.00002 4.64 0 27 636 0.027
Y 0.333
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T21 Inosine

SNP ID (Mimfﬁ:dajorm BTA  Position(op) Additive StdEr  P-value  (JLOGIOP NAA NAB NBB  0sneyCuan
AX-25689260 [1/C] 4 82,274,539 -2.77 0.58  0.00000 5.62 4 79 580 0.032
AX-27322264 I/ 8 24,242,477 5.98 100  0.00000 841 0 29 634 0.052
AX-27811877 [G/T] g 64,392,539 137 0.30  0.00000 533 114 319 230 0031
AX-27912875 [A/G] El 64,697,539 203 0.29  0.00000 1120 151, 337 175 0.070
AX-27912941 [T/A] g 64,716,608 162 035  0.00001 5.24 3| 237 395 0.031
AX-27913166 [A/G] g 64,782,508 171 0.35  0.00000 5.96 34 239 390 0.036
AX-27913315 [G/C] g 64,830,306 167 0.37 000001 5.03 200 250 393 0.033
AX-27913716 [1/C] g 64,927,821 -1.67 0.30  0.00000 766 134 338 101 0.048
AX-23131382 [C/T] 22 1,028,209 551 118 0.00000 542 0 21 642 0.032
AX-24103222 [C/T] 26 8,534,383 447 0.92  0.00000 5.79 0 35 628 0.035

3 0.400
T22_Hypoxanthine

SNP ID (Mmoriﬁidaj_org} BTA  Position(op) Additive Stder | Pvalue  (JLOGIOP NAA NAB NBB  0%sneyO uan
AX-27912473 [A/C] g 64,571,219 123 0.25  0.00000 6.00 40 253 370 0.036
AX-27912574 [A/G] g 64,604,308 125 025  0.00000 6.16 41 263 359 0.038
AX-27912875 [A/G] g 64,697,539 162 0.21  0.00000 1307 151 337 175 0.082
AX-27912941 [T/A] g 64,716,608 141 0.26  0.00000 715 31 237) 3895 0.044
AX-27913166 [A/G] g 64,782,508 140 0.26  0.00000 7.20 34 239 390 0.044
AX-27913315 [G/C] 2 64,830,306 147 0.27  0.00000 698 200 250 393 0.047
AX-27913617 [G/A] g 64,899,782 119 025  0.00000 5.74 44 247 372 0.033
AX-27913675 [G/A] g 64,915,912 135 0.26  0.00000 6.50 30 248 385 0.041
AX-27913716 [1/C] g 64,927,821 -141 0.22  0.00000 994 134 338 191 0.063
AX-21275346 [G/A] 17 23,503,448 5.37 1.02  0.00000 6.71 0 15 648 0.041

¥ 0468

T23 Ala

SNP ID i BTA  Position(bp) Additive StdErr | P-value (-JLOGIOP NAA NAB NBB  o%supyOuan

(MinorA/MajorB) ismpy T parait
AX-18402082 [T/C] 1 106,305,353 1374 232 0.00000 832 0 14 650 0.051
AX-18502845 [t/c] 1 132,861,279 1081 182  0.00000 833 0 23 B4l 0.051
AX-25319135 [A/G] 3 110,487,238 1469 240 000000 8381 0 13 651 0.054
AX-26381762 [C/T] 6 15,614,673 1546 2.22 000000 1111 0 15 o649 0.069
AX-26998092 [A/G] 7 55,059,474 1018 162 0.00000 918 0 29 635 0.057
AX-27322264 /T 8 24,242,477 10.35 157  0.00000 10.07 0 31 633 0.063
AX-27772067 [T/C] g 26,876,269 12.79 210  0.00000 8.69 0 17 ob47 0.053
AX-19693559 [A/G] 2 7] 55,180,437 7.20 121 000000 832 1 50 613 0.050
AX-19722625 [1/C] 12 63,261,957 1450 231 0.00000 9.21 0 14 650 0.057
AX-23563959 [1/C] 23 40,199,166 14.30 203 0.00000 11.34 0 18 646 0.071
3 0577

124 Arg

SNP ID il BTA  Position(bp) Additive StdErr | P-value  (-JLOGIOP NAA NAB NBB  0Zsey0uan

(Minor&/MajorB) oo
AX-18018714 [T/C] 1 4,369,855 2310 503  0.00001 5.27 7 55 602 0.027
AX-18055707 [A/C] 1 14,350,694 51.88 11.09  0.00000 546 0 16 648 0.032
AX-18474871 [G/A] i 125,943,303 -12.94 276 000000 547 47 313 304 0.036
AX-25319135 [A/G] 3 110,487,238 6841 1218 0.00000 7.54 0 13, 651 0.046
AX-26381762 [C/T] 6 15,614,673 64.96 1135 0.00000 7.80 0 15 649 0.048
AX-26503246 [G/A] 6 47,840,338 58.17 9.85  0.00000 8.25 0 20 644 0.051
AX-27322264 [C/T] 8 24,242,477 41.57 8.03  0.00000 6.53 0 31 633 0.040
AX-23079860 [G/A] 21 60,989,733 3971 8.61 0.00000 532 0 27 B37 0.032
AX-23563959 [1/C] 2 40,199,166 55.64 1042 0.00000 6.90 0 18 646 0.042
AX-24327721 [T/G] 27 9,561,488 -36.68 7.68  0.00000 5.65 1 30 633 0.032
3 0384

_49_



125 Gly

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-18502845 [T/C] 1 132,861,279 423 0.63  0.00000 1049 0 23 841 0.065
AX-26381762 </m 6 15,614,673 6.07 076 0.00000 1412 0 15 649 0.0a8
AX-26503246 [G/A] 6 47,840,338 4.34 0.67  0.00000 9.67 0 20 644 0.060
AX-27322264 [C/m 8 24,242 477 38l 054 0.00000 11.84 0 31 B33 0.075
AX-27772067 [m/C1 8 26,876,269 4.68 073 0.00000 961 0 17 847 0.059
AX-20614423 [G/A] 15 27,385,524 4.00 0.66  0.00000 8.65 0 21 843 0.053
AX-20804169 [T/G] 13 72,340,990 418 076  0.00000 7.35 0 16 648 0.045
AX-22615245 [T/C] 20 16,842,335 546 0.83  0.00000 10.03 0 13 851 0.062
AX-23079860 [G/A] 21 60,989,733 320 059  0.00000 717 0 27 837 0.044
AX-23563959 [1/C] 23 40,199,166 4.57 071 0.00000 9.66 0 18 646 0.060

¥ 0.612

T26_His

SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan

(MinorA/MajorB) smry T it
AX-18190772 [C/T] 1 51,660,552 23.30 436  0.00000 6.89 0 26 638 0.042
AX-25373812 [T/cl 4 1120424 -21.05 4.02  0.00000 6.67 0 31 633 0.041
AX-25401694 [A/G] 4 8,209,624 28.38 571  0.00000 6.06 0 15 649 0.036
AX-26381762 [C/T] 6 15614673 2762 572 0.00000 5.77 0 15 549 0.034
AX-27732222 [A/G] 8 16,353122 2594 462  0.00000 7.54 0 23 84l 0.046
AX-27772067 [T/c] g 26,876,269 26.10 538  0.00000 5.82 ] 17 847 0.035
AX-18964017 [T/C] 10 87,554,550 2541 509 000000 612 0 19 645 0.037
AX-19197407 [C/T] 1 39,136,307 28.74 571 0.00000 6.20 0 15 549 0.037
AX-23435950 [T/3] 23 11,171,182 25.36 523 0.00000 581 0 18 646 0.035
AX-23563959 [1/C] 23 40,199,166 28.80 5.20 0.00000 7.34 0 18 B46 0.045
3 0.388

T27 ile

SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan

(MinorA/MajorB) ismpy T parait
AX-26381762 [C/T] 6 15,614,673 347 045  0.00000 13.39 0 15 649 0.084
AX-26503246 [G/A] 6 47,840,338 290 0.39  0.00000 12.40 0 20 844 0.078
AX-27322264 [C/M 8 24,242 477 260 031  0.00000 15.14 0 31 633 0.096
AX-27772067 [T/C] 8 26,876,269 3.00 0.42  0.00000 11.34 0 17 6847 0.071
AX-18760894 [1/C] 10 36,871,587 276 044  0.00000 9.16 0 16 648 0.057
AX-19555781 c/m 12 19,367,988 267 043 0.00000 9.09 0 17 847 0.056
AX-19693559 [A/G] 12 55,180,437 157 025  0.00000 9.50 1 50 613 0.058
AX-23079860 [G/A] 21 60,989,733 223 034 0.00000 9.90 0 27 837 0.062
AX-23563959 [T/C] 23 40,199,166 269 042 0.00000 9.73 0 18 646 0.060
AX-24158606 [1/C] 26 21,853,792 343 045  0.00000 13.10 0 15 649 0.082
¥ 0.702

128 Leu

SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan

(Minor&/MajorB) oo
AX-26381762 [C/T] 6 15,614,673 6.09 077  0.00000 14.05 0 15 849 0.088
AX-26503246 [G/A] 6 47,840,338 4.90 0.67  0.00000 12.10 0 20 644 0.076
AX-27322264 [C/M] 8 24242477 438 034 0.00000 14.66 0 31 633 0.093
AX-27772067 [T/AC] g 26,876,269 510 073 000000 11.20 0 17 847 0.070
AX-18760894 [T/C1 10 36,871,587 4.58 076 0.00000 8.64 0 16 648 0.053
AX-19555781 </ 12 19,367,988 465 073  0.00000 9.37 ] 17 847 0.058
AX-19693559 [A/G] 12 55,180,437 263 042 0.00000 9.04 1 50 613 0.055
AX-23079860 [G/A] 21 60,989,733 365 059  0.00000 9.07 0 27 837 0.056
AX-23563959 [T/C] 23 40,199,166 4.62 071 0.00000 9.75 0 18 646 0.060
AX-24158606 [T/C] 26 21,853,792 5.81 0.77  0.00000 12.81 0 15 649 0.080
¥ 0.689

_50_



T29_Lys

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-25319135 [A/G] 3 110,487,238 537 091 0.00000 816 0 13 851 0.050
AX-26381762 [/ 6 15,614,673 564 0.85  0.00000 10.23 0 15 649 0.063
AX-26503246 [G/A] 6 47,840,338 4.80 074  0.00000 9.84 0 20 644 0.061
AX-27322264 [C/m 8 24,242 477 4.00 0.60  0.00000 10.38 0 31 B33 0.065
AX-27772067 [m/C1 8 26,876,269 5.06 0.80  0.00000 8.35 0 17 847 0.058
AX-18760894 [m/cl 10 36,871,587 4.90 0.83  0.00000 832 0 16 648 0.051
AX-19555781 [C/M] 12 19,367,938 476 0.80  0.00000 8.33 0 17 647 0.051
AX-20614423 [G/A] 15 27,385,524 4.32 072 0.00000 842 0 21 b43 0.052
AX-23563959 [1/C] 23 40,199,166 5.00 078 0.00000 9.63 0 18 B46 0.060
AX-24158606 [T/C] 26 21,853,792 4.98 0.85  0.00000 8.07 0 15 649 0.049

¥ 0.560
T30_Met
SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan
(MinorA/MajorB) smry T it
AX-18043309 [C/T] 1 10,784,288 145 024 0.00000 844 0 43 621 0.053
AX-26381762 €/ 6 15,614,673 294 040  0.00000 12.39 0 15 849 0.077
AX-26503246 [G/A] 6 47,840,338 240 035  0.00000 11.02 0 20 644 0.069
AX-27322264 [C/T] 8 24,242 477 210 028  0.00000 1278 0 31 633 n.081
AX-27772067 [m/C] 8 26,876,269 254 038  0.00000 10.55 0 17 847 0.065
AX-18760894 [r/C] 10 36,871,587 232 0.39  0.00000 8.39 ] 16 648 0.051
AX-19555781 [C/M] 12 19,367,938 231 038  0.00000 877 0 17 647 0.054
AX-23079860 [G/A] 21 60,989,733 195 030  0.00000 9.73 0 27 837 0.061
AX-23563959 [T/C1 23 40,199,166 226 037  0.00000 8.88 0 18 646 0.055
AX-24158606 [1/C] 26 21,853,792 298 040  0.00000 12.75 0 15 849 0.080
3 0.646
T31_Phe
SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan
(MinorA/MajorB) ismpy T parait
AX-26381762 [C/T] 6 15,614,673 396 053 0.00000 1249 0 15 649 0.078
AX-26503246 [G/A] 6 47,840,338 324 046 0.00000 1111 0 20 844 0.069
AX-27322264 [C/M 8 24,242 477 298 0.37  0.00000 1421 0 31 633 0.090
AX-27772067 [T/C] 8 26,876,269 339 050 0.00000 1043 0 17 6847 0.065
AX-18760894 [1/C] 10 36,871,587 312 052  0.00000 8.39 0 16 648 0.051
AX-19555781 c/m 12 19,367,988 3.05 051 0.00000 853 0 17 847 0.052
AX-20614423 [G/A] 13 27,385,524 272 046 000000 831 0 21 643 0.051
AX-23079860 [G/A] 21 60,989,733 250 041 0.00000 8.94 0 27 837 0.056
AX-23563959 [T/C] 23 40,199,166 311 049  0.00000 9.30 0 18 646 0.057
AX-24158606 [1/C] 26 21,853,792 382 0.53  0.00000 11.64 0 15 649 0.072
¥ 0.642
132 Pro
SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan
(Minor&/MajorB) oo
AX-18502845 [m/C1 1 132,861,279 185 030  0.00000 7.33 0 23 84l 0.045
AX-22231045 [A/C] 2 59,871,413 109 0.20  0.00000 7.39 0 56 608 0.046
AX-25319135 [A/G] 3 110,487,238 229 039 0.00000 8.01 0 13 651 0.049
AX-26381762 [C/T] 6 15,614,673 262 036 0.00000 11.88 0 15 649 0.074
AX-26503246 [G/A] 6 47,840,338 194 032 0.00000 874 0 20 644 0.054
AX-27322264 </ 8 24242477 162 026 0.00000 922 0 31 633 0.058
AX-27772067 [T/C1 9 26,876,269 20 034  0.00000 8.06 0 17 647 0.049
AX-19693559 [A/G] 12 55180437 111 0.20  0.00000 741 1 50 613 0.045
AX-20804169 [T/G] 15 72,340,980 196 036 0.00000 7.26 0 16 648 0.044
AX-23563959 [T/C] 23 40,199,166 2.26 0.33  0.00000 10.58 0 18 646 0.066
¥ 0.530

- 51



T33 Ser

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-18502845 [T/C] 1 132,861,279 4.65 071 0.00000 9.98 0 23 841 0.062
AX-26381762 </m 6 15,614,673 7176 0.85  0.00000 18.18 0 15 649 0114
AX-26503246 [G/A] 6 47,840,338 588 075  0.00000 13.82 0 20 644 0.087
AX-27322264 [C/m 8 24,242 477 4.99 0.60  0.00000 1515 0 31 B33 0.096
AX-27772067 [m/C1 8 26,876,269 595 081  0.00000 1210 0 17 847 0.075
AX-19555781 </ 12 19,367,988 547 0.82  0.00000 10.27 0 17 847 0.064
AX-20614423 [G/A] 13 27,385,524 505 074 0.00000 10.74 0 21 643 0.067
AX-23079360 [G/A] 21 60,989,733 440 0.65  0.00000 10.39 0 27 837 0.065
AX-23563959 [1/C] 23 40,199,166 596 0.79  0.00000 1284 0 18 B46 0.080
AX-24158606 [T/C] 26 21,853,792 6.08 0.87  0.00000 11.19 0 15 649 0.070

¥ 0.779

T34 Thr

SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan

(MinorA/MajorB) smry T it
AX-26262288 [A/G] 8 106,428,975 7.97 166  0.00000 572 5 72 587 0.032
AX-18746427 [A/G] 10 33224717 6.14 127  0.00000 5.7% 12 126 526 0.032
AX-18769683 [T/G] 10 39,082,570 9.60 203 000000 553 2 51 611 0.031
AX-22575025 [T/C] 20 6,813,318 1211 261  0.00000 5.38 0 35 629 0.032
AX-22761859 [A/C] 20 55,540,767 8.05 171 0.00000 551 8 52 604 0.027
AX-23133264 [A/G] 22 1,567,110 9.53 189  0.00000 6.20 4 52 608 0.034
AX-23587337 [A/G] 23 45,155,618 510 110  0.00000 535 260 133 505 0.027
AX-24026091 [G/A] 25 32,579,073 525 113 0.00000 5.42 17 177 470 0.032
AX-24140890 [C/A] 26 17,843,332 1415 3.06 0.00000 5.34 0 25 639 0.032
AX-24706146 [T/G] 29 8,539,335 2032 4.20  0.00000 5.78 0 13 B51 0.034
3 0.313

T35_Tyr

SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan

(MinorA/MajorB) ismpy T parait
AX-25580996 [G/A] 4 55,884,511 -0.55 012 0.00000 545 136 318 210 0.031
AX-26381762 </ 6 15,614,673 362 0,55  0.00000 9.90 0 15 849 0.061
AX-26503246 [G/A] 6 47,840,338 316 048 000000 9.99 0 20 644 0.062
AX-26506311 [A/G] 6 48,574,614 245 051 0.00000 5.63 0 18 b46 0.034
AX-26506383 [1/C] 6 48,590,702 150 032  0.00000 548 0 49 615 0.033
AX-27322264 c/m 8 24,242 477 249 039  0.00000 9.45 0 31 633 0.059
AX-27T72067 [T/C] g 26,876,269 296 052 0.00000 757 0 17 47 0.046
AX-19555781 [C/M] 12 19,367,988 256 053 0.00000 5.82 0 17 647 0.035
AX-23563959 [T/C] 23 40,199,166 251 051 0.00000 590 0 18 646 0.035
AX-24158606 [1/C] 26 21,853,792 310 0.56  0.00000 7.38 0 15 649 0.045
¥ 0.442

T36_Val

SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan

(Minor&/MajorB) i
AX-26381762 [C/T] 6 15,614,673 5.04 0.64  0.00000 13.69 0 15 849 0.085
AX-26503246 [G/A] 6 47,840,338 410 056 0.00000 12.02 0 20 644 0.075
AX-27322264 [C/M] 8 24242477 363 045 000000 14.34 0 31 633 0.091
AX-27772067 [T/AC] g 26,876,269 444 061  0.00000 1205 0 17 847 0.075
AX-19555781 [C/m 12 19,367,988 413 0.61  0.00000 1047 0 17 847 0.065
AX-19693559 [A/G] 12 55180437 227 0.35  0.00000 9.56 1 50 613 0.058
AX-20614423 [G/A] 15 27,385,524 346 056 0.00000 9.08 0 21 643 0.056
AX-23079860 [G/A] 21 60,989,733 321 049  0.00000 9.95 0 27 837 0.062
AX-23563959 [T/C] 23 40,199,166 4.09 059  0.00000 10.84 0 18 646 0.067
AX-24158606 [T/C] 26 21,853,792 5.07 0.64  0.00000 13.86 0 15 649 0.087
¥ 0.722

_52_



T37_Anserine

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdErr P-value  (-)LOG10OP NMNAA NAB NBB GESNL“’.UZ(‘H.’}
AX-18055998 [A/G] 1 14,431,598 4315 880 0.00000 7.20 0 46 617 0.045
AX-27424731 [G/T] 8 51,344,016 1513 3.23  0.00000 545 109 318 236 0.032
AX-27424853 [C/T] 8 51,375,304 -14.06 311  0.00001 514 159 314 190 0.029
AX-27425786 [T/C] 8 51,647,804 -2647 6.20 0.00002 4.65 5 80 578 0.026
AX-19144806 [G/A] 11 25,933,743 4554 993 0.00001 5.26 0 36 627 0.032
AX-19144908 m/cl 11 25,963,192 4953 1140  0.00002 479 0 27 636 0.028
AX-19689338 [C/T] 12 54,186,929 30.84 7.18  0.00002 470 3 60 600 0.026
AX-19702222 [T/G] 12 57,591,886 3272 7.55 0.00002 477 6 32 618 0.023
AX-21791204 [A/G] 19 12,185,794 1546 356  0.00002 479 51 260 352 0.027
AX-22995714 [T/G] 21 39,673,649 77.36 1561  0.00000 6.04 0 14 649 0.036

3 0.303
T38_Carnosine
SNP ID oh BTA  Position(bp) Additive StdErr P-value = (-)LOGIOP NAA NAB NBB  0%enpy O st
(MinorA/MajorB) smry T it
AX-22259301 [G/T] 2 66,942,923 75.82 1824  0.00004 444 3 40 620 0.023
AX-22429294 [A/G] 2 111,103,057 -64.79 1547  0.00003 450 3 63 597 0.025
AX-26471045 [T/C1 6 39,816,286 -43.04 10,50 0.00005 433 13 134 516 0.024
AX-19966177 [A/C] 13 31,417,291 4305 947  0.00001 518 200 161 482 0.029
AX-20217663 [T/C] 14 5,079,832 4279 10,36  0.00004 439 13 142 508 0.024
AX-21195642 [A/G] 17 1,374,912 132,90 32.24  0.00004 437 0 16 647 0.025
AX-21641050 [A/G] 18 40,519,246 72,39 1534 0.00000 5.54 i 73 589 0.034
AX-21909627 [T/G] 19 41,061,589 -40.29 915 0.00001 490 200 200 443 0.029
AX-21909807 [T/Cl 19 41,105,089 -39.67 945  0.00003 452 16 197 450 0.027
AX-23685842 [T/G] 24 16,525,138 53.18 1303 0.00005 430 3; 39I 559 0.025
3 0.265
T39_Creatine
SNP ID i BTA  Position{bp) Additive StdErr P-value  (-)LOGIOP MNAA MNAB NBB  0%mupyO iy
(MinorA/MajorB) ismpy T parait
AX-22054750 [T/C] 2 13,942,131 133.20 29.04 0.00001 5.27 3 14 646 0.024
AX-19965028 [C/m 13 31,161,823 37.69 865  0.00002 481 64 271 328 0.027
AX-19965203 [G/A] 13 31,202,062 38.67 871  0.00001 498 60 255 348 0.027
AX-19965227 [C/T] 13 31,206,865 38.65 871 0.00001 497 60 253 350 0.027
AX-19965240 [G/A] 13 31,209,286 37.88 874  0.00002 477 59! 253| 351 0.026
AX-19965291 m/cl 13 31,219,235 38.20 888 0.00002 471 54 250 359 0.026
AX-20217663 [T/C] 14 5,079,832 52.23 1121  0.00001 487 13 142 508 0.027
AX-21730315 [A/G] 18 61,162,624 154.20 3501 0.00001 491 0 18 645 0.029
AX-24303291 [A/G] 27 2,656,631 53.22 10.86  0.00000 592 19 170 474 0.034
AX-24303313 [G/A] 27 2,661,659 52,38 10.89  0.00000 573 18 168 476 0.033
3 0.231
T40_Creatinine

SNPID (Minori::r‘!ajorﬁj BTA  Position(bp) Additive StdErr P-value  (-)LOGIOP NAA MNAB NBB U:ITSNL‘:!UZ("!.’}
AX-25140449 [A/G] 3 66,243,494 5.39 123 0.00001 483 1 18 644 0.026
AX-27999095 [G/A] g 87,069,561 151 0.33  0.00001 516 66, 258 339 0.028
AX-27999116 [G/A] g 87,074,303 147 0.34  0.00001 4.86 63 261 339 0.027
AX-27999153 [T/G] g 87,080,565 142 0.33  0.00002 4.69 72 278 313 0.026
AX-20562681 [T/Cl 15 14,495,324 216 046  0.00000 540 120 146 505 0.031
AX-20652886 m/cl 15 35,789,851 237 0.54 0.00001 493 7 108 548 0.028
AX-20652920 [T/Cl 15 35,797,810 233 0.53 0.00001 489 8 107 548 0.027
AX-22758170 [A/G] 20 54,523,949 181 042  0.00002 477 200 179 464 0.027
AX-22758676 [C/T] 20 54,671,001 163 040  0.00004 4.38 27 192 444 0.024
AX-23671931 [C/T] 24 12,610,081 514 1.24  0.00004 442 0 22 641 0.026

3 0.270

_53_



T41 C14 0

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-28441631 [m/Cl 1 147,920,597 -010 0.02 000001 4.84 64 304 295 0.029
AX-18565582 [G/T] 1 147,983,814 -010 0.02 000001 5.22 66, 302 295 0.032
AX-22034875 [T/C] 2 8,141,614 017 0.04  0.00000 5.67 6 109 548 0.033
AX-28597226 [G/A] 15 58135423 -0.11 0.02 000000 654 155 324 184 0.038
AX-21307939 [C/G] 17 33,468,304 016 0.04 0.00001 516 5. 115/ 543 0.031
AX-21948438 [C/G] 19 50,782,987 -0.34 0.07  0.00000 548 0 28 B35 0.033
AX-21950135 [T/Cl 19 51,317,647 019 0.03  0.00000 871 9 153 501 0.054
AX-21950176 [A/G] 19 51,326,750 01s 0.03  0.00000 827 9 155 489 0.052
AX-21950207 [m/Cl 19 51,333432 020 0.03  0.00000 1217 17 186 460 0.076
AX-24609752 [A/G] 28 32,121,352 -0.33 0.07  0.00001 5.00 1 22 8B40 0.027

53 0.405
T42 C14.1
SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan
(MinorA/MajorB) smry T it
AX-24155165 [C/] 26 21,138161 0.07 0.01  0.00000 1668 128 330 205 0.104
AX-24155168 [G/A] 26 21,138,509 0.08 0.01  0.00000 2359 156, 338 169 0.148
AX-24155170 [C/T] 26 21,139,360 0.08 0.01  0.00000 2359 156 338 169 0.148
AX-24155173 [C/T] 26 21,139,545 (U 001  0.00000 2275 153 337 171 0.142
AX-24155174 [C/T] 26 21,139,834 0.08 0.01  0.00000 2359 156 338 169 0.148
AX-24155175 [m/cl 26 21,140,035 0.08 0.01  0.00000 1926/ 108 335 220 0.124
AX-24155177 [T/Cl 26 21,140,458 0.09 0.01 000000 2640 131 338 194 0.166
AX-24155183 [C/A] 26 21,141471 0.09 0.01 000000 2654 137 343 183 0.169
AX-24155201 [G/A] 26 21,144,708 0.09 0.01  0.00000 2655 137 343 183 0.169
AX-24155202 [A/G] 26 21,144,824 0.09 0.01  0.00000 2655 137 343 183 0.169
3 1486
T43_C16.0
SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan
(MinorA/MajorB) ismpy T parait
AX-22315135 [m/C] 2 81,579,957 -0.69 017  0.00003 4.48 1 68 594 0.026
AX-22315324 c/m 2 81,645,767 -0.69 016  0.00002 4.64 2 67 594 0.027
AX-25647784 [C/T] 4 71,967,317 033 0.08  0.00002 4.66 87 315 261 0.027
AX-26170048 [T/Cl B 83,000,055 -034 0.08 000001 491 93 325 245 0.029
AX-26551659 [C/T] 6 61,087,517 033 0.08  0.00003 450 47 230 386 0.024
AX-19244529 [A/G] 11 50,368,798 -0.33 0.08  0.00002 474 118 342 203 0.029
AX-21950207 [T/C] 19 51,333432 048 010  0.00000 5.88 17 186 460 0.035
AX-24080674 [C/M] 26 2,292148 -0.38 0.09 0.00001 4.86 34 233 396 0.028
AX-24609752 [A/G] 28 32,121,352 -110 0.27  0.00004 4.45 1 22 640 0.024
AX-24775686 m/Cl 29 25,639,268 127 0.29  0.00002 4.73 0 21 642 0.028
3 0.278
T44_C16_1
SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan
(Minor&/MajorB) oo
AX-25123909 [m/C] 3 61,433,639 -0.14 0.03  0.00001 494 125 346 192 0.030
AX-26878255 [T/G] 7 24,654,879 0.23 0.05  0.00001 4.33 2 116 545 0.030
AX-27850122 [T/C] g 47,589,255 -0.48 011 000001 513 0 27 636 0.031
AX-20917174 [G/A] 16 15,825,216 -0.67 013 000000 6.64 0 18 645 0.040
AX-21948438 [C/G] 19 50,782,987 -0.55 010  0.00000 6.82 0 28 635 0.042
AX-21950135 [m/cl 19 51,317,647 0.20 0.04 000001 5.24 9] 353 501 0.031
AX-21950176 [A/G] 19 51,326,750 019 0.04 0.00001 484 9 155 499 0.029
AX-21950207 [T/C] 19 51333432 0.22 0.04  0.00000 722 17 186 460 0.044
AX-23191214 [m/Cl 22 14,972,151 -0.53 011  0.00000 5.37 0 23 640 0.032
AX-24325138 [C/T] 27 8,771,898 -0.56 012 0.00001 5.27 0 20 643 0.031
Y 0.340
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T45.C18.0

SNP ID (Minori\?li‘!ajorﬁ) BTA  Position(bp) Additive StdEr  P-value  (-JLOGIOP NAA NAB NBB  o%gneyOuan
AX-22012942 [A/G] 2 2,479,388 043 010 000001 4.93 4 102 557 0.029
AX-25028473 [G/A] g 35,278,329 125 0.24  0.00000 6.53 1 12 850 0.034
AX-19541019 [G/T] 12 15,803,262 -0.24 0.05 0.00001 4.92 99 311 253 0.028
AX-19541031 [C/T] 12 15,805,907 -0.24 005 000001 492 100 312 251 0.028
AX-22588624 [/C] 20 9,919,863 116 0.25 0.00001 5.29 0 15 648 0.031
AX-24155175 [r/cl 26 21,140,035 -0.25 0.05  0.00001 519 108 335 220 0.032
AX-24155177 [T/Cl 26 21,140,458 -0.25 0.05  0.00000 536 131 338 194 0.032
AX-24155183 [C/A] 26 21,141,471 -0.25 0.05  0.00000 532 137 343 183 0.032
AX-24155201 [G/A] 26 21,144,708 -0.25 0.05  0.00001 516 137 343 183 0.031
AX-24155202 [A/G] 26 21,144,824 -0.25 0.05  0.00001 516 137 343 183 0.031

53 0.310
T46_C18. 1

SNP ID el BTA  Position(bp) Additive StdEr = P-value  (-JLOGIOP NAA NAB NBB 0 sneyT pan

(MinorA/MajorB) smry T it
AX-25369923 [m/Cl E 121,373,751 083 0.20  0.00003 451 1 100 562 0.028
AX-20025661 [C/G] 13 44,986,332 0.59 014  0.00003 4.53 18 168 477 0.025
AX-21152153 [C/A] 16 72,582,067 -131 031 000003 4.48 0 37 626 0.027
AX-21583275 [C/T] 18 26,258,593 -0.51 010 0.00000 588 123 330 210 0.036
AX-21583288 [C/T] 18 26,261,965 051 010  0.00000 597 156 341 166 0.036
AX-21950034 [m/cl 19 51,296,645 -0.52 011  0.00000 351 56, 249 358 0.031
AX-21950049 [T/C] 19 51,299.813 -0.52 011 0.00000 5.61 59 246 358 0.031
AX-21950135 [T/C] 19 51,317,647 -0.81 015  0.00000 6.79 9 153 501 0.042
AX-21950176 [A/G] 19 51,326,750 -0.80 015  0.00000 6.68 9. 155 489 0.041
AX-21950207 [1/C] 19 51,333 432 -0.87 014  0.00000 9.49 17 186 460 0.059
3 0.355

T47.C18.1 11t

SNP ID o BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07mney0 pan

(MinorA/MajorB) ismpy T parait
AX-18251673 [m/C] 1 67,509,898 047 0.09  0.00000 6.55 0 14 649 0.040
AX-25773307 < 4 103,095,211 047 0.08  0.00000 748 1 12 850 0.040
AX-26175706 [A/C] 5 84,394,173 0.38 0.06  0.00000 1038 0 35 628 0.065
AX-26175813 [A/G] B 84,417977 033 0.05  0.00000 1137 3 41 519 0.064
AX-26175984 [G/A] 5 84,460,649 0.30 0.05  0.00000 7.69 0 42 621 0.048
AX-26362672 [G/A] 6 10,609,153 019 0.03  0.00000 7.29 4 90 569 0.043
AX-27247445 [A/G] 8 5,258,690 046 0.08 000000 7.58 0 17 646 0.046
AX-27247472 [T/C] 8 5,263,988 051 0.09  0.00000 814 0 15 648 0.050
AX-27690902 [A/G] 9 5,551,825 037 0.07  0.00000 693 0 24 639 0.042
AX-24256331 m/Cl 26 44,146,351 0.29 0.06  0.00000 5.81 3 21 639 0.028
3 0.467

T48_C18_2

SNP ID e BTA  Position(bp) Additive StdErr  P-value  (-JLOGIOP NAA NAB NBB  07muey0 pan

(Minor&/MajorB) oo
AX-18281815 [G/A] 1 74,558,517 0.65 014  0.00000 532 0 18 645 0.032
AX-24930045 [A/G] 3 10,821,710 0.60 013 0.00001 516 0 21 642 0.031
AX-25539361 [T/C] 4 44,662,461 0.29 0.06 000000 347 4 89 570 0.032
AX-27041288 [A/C] 7 55,384,563 079 017 000000 5.63 0 13 650 0.033
AX-27322264 [/ 8 24,242 477 052 011  0.00000 5.40 0 29 634 0.032
AX-27601628 [m/cl 8 96,531,130 0.68 015 000001 515 0 16 647 0.030
AX-19026965 [C/T] 10 102,256,483 083 015  0.00000 699 0 15 648 0.042
AX-20031373 [G/A] 13 46,174,079 018 0.04 000001 514 29 2100 424 0.029
AX-23398089 [C/A] 23 2,111,069 047 010  0.00001 5.04 0 34 629 0.030
AX-24442581 [T/Cl 27 37,228,485 0.62 013 0.00000 5.50 0 21 642 0.033
Y 0.325
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T49_SFA

SMNP - X ] 2

SNP ID (MinorA/Major8) BTA Position(bp) Additive  StdErr P-value (-JLOG10P  MNAA NAB NBB | O sney0 prany
AX-25812141 [G/A] 4 112,255,049 372 034  0.00000 10.76 1 11 651 0.058
AX-25812348 [T/Cl 4 112,297,194 273 0.55  0.00000 6.08 i 11 651 0.031
AX-26785405 [T/G] 7 1,510,073 3.00 0.45  0.00000 1013 1 18 644 0.057
AX-26786782 [T/G] 7 1847161 231 047  0.00000 5.98 1 17 645 0.032
AX-27048193 [T/C] 7 67,097,956 3.26 051  0.00000 9.36 1 13 649 0.051
AX-27068533 [T/Cl 7 71,994,126 2.23 0.37  0.00000 8.65 3 22 638 0.044
AX-27114095 [G/A] 7 83,594,165 143 0.29  0.00000 5.88 2 49 612 0.033
AX-27230875 [T/C] 8 952,227 290 0.59  0.00000 5.87 0 13 650 0.033
AX-18856018 [C/T] 10 61,213,939 2.20 0.41  0.00000 7.02 1 24 638 0.040
AX-23099192 [A/G] 21 65,157,100 237 0.46  0.00000 6.53 i 18 644 0.036
¥ 0418

T50_USF

SNP ID e BTA  Position(bp) Additive StdErr P-value = (-)LOGIOP NAA NAB NBB  0%enpy O st

(MinorA/MajorB) smry T it
AX-25812141 [G/A] 4 112,255,049 -4.22 037  0.00000 1257 1 11 651 0.068
AX-25812348 [m/cl 4 112,297,194 -3.38 0,57 0.00000 821 1 1I| 651 0.043
AX-26785405 [T/G] 7 1,510,073 -3.37 047 0.00000 11862 1) 15 644 0.066
AX-27048193 [T/C] 7 67,097,956 -3.68 054 0.00000 1087 1 13 649 0.059
AX-27068533 [T/C] 7 71,994,126 -244 0.38  0.00000 948 3 22 638 0.048
AX-27075839 [c/m T 73,692,604 -3.14 0.34  0.00000 8.02 1 13 649 0.043
AX-27114095 [G/A] 7 83,594,165 -179 0.30  0.00000 828 2 49 612 0.048
AX-18856018 [C/T] 10 61,213,939 -250 042  0.00000 818 1 24 638 0.047
AX-23092797 [A/G] 21 63,698,005 -250 043 0.00000 797 1 23 639 0.045
AX-23099192 [A/G] 21 65,157,100 -273 048  0.00000 7.78 1 18 644 0.043
3 0512

T51_PUFA

SNP ID ol BTA  Position(bp) Additive StdErr = P-value ()LOGIOP NAA NAB NBB  0%sney0 uan

(MinorA/MajorB) rpy T ptraity
AX-24920045 [&/G] 3 10,821,710 0.89 019  0.00000 5.40 0 21 642 0.032
AX-27925261 [T/G] g 68,093,688 1.07 0.22  0.00000 564 0 15 648 0.034
AX-19026965 [C/T] 10 102,256,483 1.07 0.22  0.00000 5.67 0 15 648 0.034
AX-20031373 [G/A] 13 46,174,079 0.29 0.06  0.00000 6.02 29 210 424 0.035
AX-20031683 [T/C] 13 46,239,050 -0.21 0.05 0.00001 517 110 300 253 0.029
AX-21448597 [A/G] 17 70,225,201 0.60 0.14  0.00001 4.90 1 39 623 0.028
AX-23046539 [C/T] 21 53,059,305 -0.77 017  0.00001 5.04 0 26 637 0.030
AX-23398089 [C/A] 23 2,111,069 0.70 015 0.00000 5.31 0 34 629 0.032
AX-24442581 [T/C] 27 37,228,495 0.90 019  0.00000 5.57 0 21 642 0.033
AX-244644089 [G/T] 27 41,981,338 1.06 0.24  0.00001 4.88 0 13 650 0.029
3 0.315

T52_UFA/SFA

SNP ID (Minori?:r‘!ajorﬁ} BTA Position{bp) Additive  StdErr P-value (-)LOG10P NAA NAB NBB UIISNL‘L"UZ@,-; 1
AX-25812141 [G/A] 4 112,255,049 -0.16 0.04 0.00000 5.37 1 11 651 0.027
AX-26706723 [A/G] 6 102,496,931 0.08 0.02 0.00001 4.95 3 58 602 0.027
AX-26785405 [T/G] 7 1,510,073 -0.14 0.03 0.00000 5.47 1 18 644 0.030
AX-27068533 [T/C] 7 71994126 -0.11 0.02 0.00000 5.34 3 22 638 0.026
AX-27114095 [G/A] 7 83,594,165 -0.08 0.02 0.00002 477 2 49 612 0.027
AX-20201243 [T/Cl 13 83,677,061 0.03 0.01  0.00003 4.54 79 279 305 0.025
AX-20217259 [G/A] 14 4,982,761 -0.06 0.01 0.00000 574 4 140 519 0.036
AX-20223320 [C/T] 14 6,324,435 -0.03 0.01 000002 474 79 300 284 0.027
AX-21978787 [G/A] 19 58,200,628 -0.04 0.01 0.00002 481 67 298 298 0.029
AX-23023406 [A/G] 21 46,856,948 0.06 0.02  0.00004 4.42 3 76 584 0.023
¥ 0.279

T53_n-6/n-3

SNP ID (Minori!j;ajorgj BTA Position(bp) Additive  StdErr P-value (-)LOG10P NAA NAB NBB U:-'SNF‘Y-’G:H.-;.A.}
AX-26288105 [T/C] 5 111,660,949 2.32 0.44 0.00000 6.77 1 18 644 0.037
AX-19007753 [A/G] 10 97,917,534 254 0.53  0.00000 5.65 0 15 648 0.034
AX-21725477 [C/G] 18 59,762,878 262 0.46  0.00000 771 0 20 643 0.047
AX-21726620 [C/T] 18 60,136,641 1.57 0.31  0.00000 6.14 0 43 618 0.038
AX-21729752 [T/C] 18 61,027,640 1.54 0.30 0.00000 6.49 0 50 613 0.040
AX-21729760 [T/C] 18 61,029,219 152 0.30  0.00000 6.21 0 49 614 0.038
AX-21730830 [T/C] 18 61,272,207 186 0.38  0.00000 5.86 0 30 633 0.035
AX-22924906 [C/T] 21 22,487,251 213 0.41  0.00000 6.63 0 26 637 0.040
AX-23476599 [T/C] 23 20,047,467 240 0.49 0.00000 6.01 0 18 645 0.036
AX-23649201 [T/C] 24 6,723,584 211 0.44  0.00000 5.64 0 22 641 0.034
¥ 0.380
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CRAFABEH (GWAS) A3} 545 - 37157 A SNP SR8 SRA10A 24

AFABTA (GWAS) A aF5E - 7]ed3 duso] fofdos wasojil SNP FH9 T

Trait SNPID SNP BTA position{bp) Gene ID Symbol Description

AMP AX-25251120 AJG 3 04,602,302 613428 ZFYVED zinc finger, FYVE domain containing ¢

AMP AX-21228857 il 17 10,389,610 510,704 ARHGAP10 Rho GTPase activating protein 10

AMP AX-23947669 T/C 25 14316609 530,050 MYH11 myasin, heavy chain 11, smooth muscle

Arg AX-27383057 il 3 421900741 540,904 SMARCAZ SWI/SMF related, matrix associated, actin

Arg AX-27393120 G/A g 43003529 540,904 SMARCAZ dependent regulator of chromatin, subfamily a,
Arg AX-27303413 T/C 3 43,074,008 540,904 SMARCAZ member 2Locus tagB0OS_8813

Arg AX-19505018 AJC 12 7148927 100848938 LOC100848938 SCAN domain-containing protein 3-like

BFT AX-20188782 T/C 13 80991041 100140064 LOC100140064 uncharacterized LOC100140064

C100 AX-18138304 T 1 37,088,650 537951 EPHA3 EPH receptor A3

100 AX-18271028 G/A 1 72,068,222 539,303 MFI2 antigen p97 (melanoma associated) identified by monoclonal anti
C100  AX-18475843 AJG 1 126183969 535,743 SLCIAD solute carrier family 9, subfamily A (NHES, cation proton antiporte
C10.0 AX-26786496 T/C 7 1,795452 100,848,503  LOC100848503 405 ribosomal protein S4-like

C10.0  AX-27292336 G/A 8 16,387,599 784,112 LOCT784112 teshis-specific Y-encoded profein 1-like

C10.0 AX-27292518 A/G 3 16,422,013 784112 LOC784112 teshis-specific Y-encoded profein 1-like

C10 0 AX-27292563 oT ] 16431196 784,112 LOCT784112 testis-specific Y-encoded protein 1-like

c1o.0 AX-27292642 G/A 3 16,459,953 784112 LOCT784112 testis-specific Y-encoded protein 1-like

Cl00  AX-27292662 C/A a 16,463,743 784,112 LOCT784112 testis-specific Y-encoded protein 1-like

C10.0 AX-27292681 T/C 3 16,466,558 784112 LOCT84112 teshis-specific Y-encoded protein 1-like

C100 AX-276533715 T/C 8 106,610,606 281536 TLR4 toll-like receptor 4

c1o.0 AX-18720704 AJC 10 28044433 539,639 RYR3 ryanodine receptor 3

C100  AX-18851216 G/A 10 59866957 514,642 TRPM?7 transient receptor potential cation channel, subfamily M, member
C10.0 AX-19078515 T/C 11 9344052 100,848,188  LOC100848188 uncharacterized LOC100848188

C10 0 AX-19273396 0T 11 58453657 521,137 LRRTM4 leucine rich repeat transmembrane neuronal 4

Cio0 AX-19273845 AJG 11 58579511 521,137 LRRTM4 leucine rich repeat transmembrane neuronal 4

C10 0 AX-19273932 G/A 11 | 58601271 521,137 LRRTM4 leucine rich repeat transmembrane neuronal 4

c1o.0 AX-19927939 A/G 13 22138761 100,848,730  LOC100848730 uncharacterized LOC100848730

C10.0 AX-20561872 G/A 15 14319119 521,194 MAML2 mastermind-like 2 (Drosophila)

C10.0 AX-20562003 G/A 15 14,346,566 521,194 MAML2 mastermind-like 2 (Drosaphila)

Cl00  AX-20911600 C/A 16 14184421 613,624 RG518 regulator of G-protein signaling 13

c1o.0 AX-21683055 G/A 18 52252428 526,915 LOC526915 histone cluster 1, H2bh-like

c1e AX-23201374 T/C 22 17,183,599 532578 SETDS SET domain containing 5

C10.0 AX-24504006 AJG 28 6,066,812 5285971 PCNXL2 pecanex-like 2 (Drosophila)

C10.0 AX-24701757 T/C 29 7483203 352958 CTSC cathepsin C

C12.0 AX-18187550 il 1 50,846,287 525,906 CBLB Cas-Br-M (muring) ecotropic retroviral transforming sequence b
cl4 0 AX-21850207 T 19 51333432 518878 CCDC57 coiled-coil domain containing 57

Cl41 AX-25880686 G/T 5 7538015 528,870 MAV3 neuron navigator 3

Cl41  AX-21818010 C/A 19 18538900 538,774 SUZ12 suppressor of zeste 12 homolog (Drosophila)

Cl41  AX-21818011 G/A 19 18539339 538,774 SUZ12 suppressor of zeste 12 homalog (Drosophila)
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Trait SNP ID SMP BTA position(bp) Gene ID Symbaol Description

Cl4. 1 AX-21950207 CIT 19 51,333,432 518,878 CCPC57 coiled-coil demain containing 57

Ci4 1 AX-22614232 CIT 20 16,597,806 538,236 IPO11 importin 11

Cl4 1 AX-24155165 T/C 26 21,138,161 280,924 SCD stearoyl-CoA desaturase (delta-8-desaturase)

Cl4_1 AX-24155168 G/A 26 21,138,509 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4 1 AX-24155170 T 26 21,139,360 280,924 SCD stearoyl-CoA desaturase (delta-S-desaturase)

Ci4 1 AX-24155173 CrT 26 21,139,545 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4 1 AX-24155174 T 26 21,139,834 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4 1 AX-24155175 cIT 26 21,140,035 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4 1 AX-24155177 c/T 26 21,140,458 280,924 SCD stearoyl-CoA desaturase (delta-3-desaturase)

Ci4 1 AX-24155183 AfC 26 21,141,471 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4a 1 AX-24155201 AJG 26 21,144,708 280,924 SCD stearoyl-CoA desaturase (delta-3-desaturase)

Ci4 1 AX-24155202 GfA 26 21,144 824 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4.1 AX-24155363 T/ 26 21,192,152 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)

Cl4 1 AX-24207088 C/T 26 33,385,494 780,850 WTILA vesicle transport through interaction with t-SMNAREs

Ccl4 1 AX-24207090 ASG 26 33,386,212 780,850 VTILA homolog 1A (yeast)

cis5. 0 AX-1B833805 ASG 10 55,189,586 783,948 RSL24D1 ribosomal L24 domain containing 1

Ci5_ 0 AX-18833042 GlA 10 55,217,409 783,048 RSL24D1 ribosomal L24 domain containing 1

€16 1 AX-25894082 ASC 5 11,047,989 536,906 PPFIAZ protein fyrosine phosphatase, receptor type, f polypeptide (PTPRF),

C16 1 AX-27085942 AjG 7 79,037,287 785,099 LOC785098 calcium-binding mitochondrial carrier protein SCaMC-3-like

C16.1 AX-27198338 T ¥ 105,566,086 787,122 LOC787122 ADP/ATP translocase 1-like

Ci7. 0 AX-18417355 GJA 13 110,376,357 525,900 SHOX2 short stature homeobox 2

C18 0 AX-26045203 T 5 50,810,707 614,880 PPM1H protein phosphatase, Mg2+/Mn2+ dependent, 1H

C18.0 AX-22625740 T/C 20 19,332,914 539,556 PDE4D phosphodiesterase 4D, cAMP-specific

C18 0 AX-22625746 AJG 20 19,341,257 539,556 PDE4D phosphodiesterase 4D, cAMP-specific

C18.0 AX-24155175 /T 26 21,140,035 280,924 SCD stearoyl-CoA desaturase (delta-3-desaturase)

C18 1 AX-20605913 c/T 15 25,495,619 782,358 MXPE2 neurexophilin and PC-esterase domain family, member 2

C18.1 AX-21950049 CIT 19 51,299,813 518,878 CCpCs? coiled-coil demain containing 57

Cis 1 AX-21950207 /T ig 51,333,432 518,878 CCDCS7 coiled-coil domain containing 57

Cci8 1 AX-21978787 AJG 19 58,200,628 100,336,619 SDK2 sidekick cell adhesion molecule 2

c18_1 AX-23134316 T/C 22 1,860,475 510,209 SLC4AT solute carrier family 4, sodium bicarbonate cotransporter, member
C18 1 11t  AX-23484977 G/A 23 22,044 073 100,271,839 C23HBorf141 chromosome 23 open reading frame, human Céorfl4l

c18_2 AX-25539361 C/T 4 44 662,461 100,138,038 ARMCLO armadillo repeat containing 10

Ci8.2 AX-28468302 AJG 5 19,015,523 100,138,578 LOC100138578 605 ribosomal protein L7-like 1-like

C18.2 AX-20031373 AfG 13 45,174,079 788,075 LOC788075 605 ribosomal protein L17-like

C18:3 AX-27926911 G/T 9 68,562,029 100,138,434 LAMAZ laminin, alpha 2

c20 0 AX-13260125 G/a 1 69,357,577 100,848,917 LOCL00848917 kalirin-like

C20_0 AX-18581755 T/C 1 151,628,490 520,743 KCMJB potassium inwardly-rectifying channel, subfamily J, member &

c20.0 AX-22126452 G/ 2 31,659,833 532,067 COBLL1 COBL-like 1

Trait SNF ID SNP BTA position(bp) Gene ID Symbol Description

C20_0 AX-22128224 ASG 2 32,136,503 497,029 GRB14 growth factor receptor-bound protein 14

C20 0 AX-22128575 cT 2 32,247,100 497,029 GREB14 growth factor receptor-bound protein 14

C20 0 AX-22128730 GJA 2 32,285,812 497,029 GRE14 growth factor receptor-bound protein 14

C20.0 AX-25084560 C/T 3 45,283,157 786,305 LOC786305 nucleolar protein of 40 kDa-like

C20.0 AX-26585352 C/T G 70,057,988 100,847,212 LOC100847212 uncharacterized LOC100847212

C20.0 AX-26649007 G/A 6 88,111,170 530,642 DCK deoxycytidine kinase

C20.0 AX-26687976 AJG G 28,011,766 506,971 RASGEF1E RasGEF domain family, rnember 1B

C20 0 AX-26639062 cT 6 100,620,777 506,880 LOC506880 non-POU domain containing, octamer-binding pseudogene

C20.0 AX-26767328 /T 6 116,760,857 617,976 LDB2 LIM domain binding 2

C20.0 AX-27607974 G/a 8 98,139,171 783,574 LOC783574 605 ribosomal protein L7-like

C20 0 AX-27697115 C/A 9 7,602,328 100,848,047 LOCL00848047 cAMP-dependent protein kinase type 1-alpha regulatory subunit-like

c20.0 AX-27732857 c/T g 16,503,577 100,295,568 LOC100295568 60S ribosomal protein L37 pseudogene

C20.0 AX-27732883 c/T 9 16,508,535 100,295,568 LOC100295568 60S ribosomal protein L37 pseudogene

C20.0 AX-27308319 c/T g 36,391,522 540,355 HS35TS heparan sulfate (glucosaming) 3-O-sulfotransferase 3

C20. 0 AX-27816529 AJG 9 38,526,454 100,138,380 LOC100138380 nucleophosmin-like

C20.0 AX-27963105 G/A a 77,698,668 536,155 REPS1 RALBP1 associated Eps domain containing 1

C20.0 AX-27963597 C/T 9 77,824 446 505,914 ABRACL ABRA C-terminal like

C20.0 AX-27984132 c/T g 83,340,595 534,358 UTRN utrophin

C20.0 AX-27987506 AJG 9 84,150,302 534,358 UTRM utrophin

C20.0 AX-19544428 T 12 16,568,996 505,325 LRCH1 leucine-rich repeats and calponin homology (CH) domain containing 1

C20.0 AX-19786528 AfG 12 79,880,331 516,045 DOCKS dedicator of cytokinesis 9

C20.0 AX-20758493 G/A 15 61,428,234 281,880 KCMA4 potassium voltage-gated channel, shaker-related subfamily, member 4

C20.0 AX-20944917 G/A 16 23,220,404 533,920 LYPLALL lysophospholipase-like 1

C20.0 AX-21811662 G/T 19 17,100,574 617,930 ACCN1 amiloride-sensitive cation channel 1, neuronal

C20_0 AX-23043911 T/C 21 52,313,495 539,366 LRFMS leucine rich repeat and fibronectin type III domain containing 5

c20.0 AX-23087008 G/A 21 62,502,143 617,871 C21H140rf132 chromosome 21 open reading frame, human Cldorfi32

Cc20 0 AX-23087025 cT 21 62,504,784 617,871 C21H140rf132 chromosome 21 open reading frame, human Cl4orfi32

C20.0 AX-23488509 ASG 23 22,809,969 539,910 TEAP2D transcription factor AP-2 delta (activating enhancer binding protein 2 d

C20.0 AX-23545459 T/C 23 36,037,356 100,847,951 LOC100847951 uncharacterized LOC100847951

C20.0 AX-23989765 THC 25 24,361,393 100,848,497 LOC100848497 uncharacterized LOC100848497

Cc20. 0 A-24457569 C/A 27 40,458,747 616,895 RARE retinocic acid receptor, beta

C20.1 AX-23499532 T/C 23 25,279,637 617,293 ELOVLS ELOVL fatty acid elongase 5

C20.2 AX-19941483 C/T 13 253,537,103 513,129 KIAAL1217 KIAA1217 ortholog

C20.2 AX-19941617 G/T 13 25,563,553 513,129 KIAA1217 KIAA1217 ortholog

C20._2 AX-10941717 C/T 13 25,589,173 513,129 KIAAL1217 KIAA1217 ortholog

C20.2 AX-19941752 G/T 13 23,594,852 513,129 KIAAL217 KIAA1217 ortholog

C20-3 AX-24375844 C/A 27 21,360,782 100,313,312 MIR383 microRNA mir-383

C20. 4 AX-109670698 C/T 12 40,410,674 100,847,215 LOC100847215 uncharacterized LOC100847215
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Trait SNP ID SNP BTA position(bp) Gene ID Symbol Description

C20 4 AX-19671129 T/C 12 49,522,021 100,847,215 LOC100847215 uncharacterized LOC100847215
c20 4 AX-24375844 CiA 27 21,360,782 100,313,312 MIR383 microRMA mir-383
C20_4 AX-245375863 AJC Z7 21,364,422 100,313,312 MIR383 microRMA mir-383
c24 1 AX-19670698 c/T 12 49,419,674 100,847,215 LOC100847215 uncharacterized LOC100847215
Cc24 1 AX-196870860 G/T 12 40,452 757 100,847,215 LOC100847215 uncharacterized LOC100847215
c24 1 AX-19670925 Gla 12 49,476,187 100,847,215 LOC100847215 uncharacterized LOC100847215
c24.1 AX-19671129 T/C 12 49,522,021 100,847,215 LOC100847215 uncharacterized LOC100847215
Carnosine AX-26521340 /T B 52,893,126 539,158 ATOH1 atonal homolog 1 (Drosophila)
Carnosine AX-26521403 AJG =] 52,907,402 100,139,828 LOC100139828 UBX domain-containing protein 6-like
Carnosine  AXM-26521465 T/C & 52,926,233 100,139,828 LOC100139828 UBX domain-containing protein 6-like
Carmosine AX-23930368 EfT 25 12,445,569 100,139,490 SHISAS shisa homolog 9 (Xenopus lasvis)
CLA_10t12c AX-18314545 G/ 1 82,822,087 615,672 VPS8 vacuolar protein sorting 8 homolog (5. cerevisiag)
CLA _10t12c AX-25992709 [ETFLY 5 36,791,655 614,719 TMEM117 transmembrane protein 117
CLA_10t12c AX-284433535 /T & 32,157,001 339,158 ATOHL atonal homolog 1 (Drosophila)
CLA_10t12c AX-27628579 T/G 8 102,950,951 514,357 UGCG UDP-glucose ceramide glucosyltransferase
CLA_ 10t12c AX-27628600 c/T 8 102,957,965 514,357 UGCG UDP-glucose ceramide glucosyltransferase
CLA_10t12c AX-27730026 T =] 15,802,561 281,866 IMPG1 interphotoreceptor matrix proteoglycan 1
CLA_10t12c AX-18728985 G/A 10 28,791,298 539,899 RYR3 ryanodine receptor 3
CLA_10t12c AX-20188812 AJG 13 80,958,819 539,018 ZFP64 zinc finger protein 84 homolog (mouse)
CLa_ 10t12c  AX-23581420 T/C 23 43,860,378 281,137 EDM1 endothelin 1
CLA_9cilt  AXM-25893030 G/ 5 10,777,943 531,552 ACSS3 acyl-CoA synthetase short-chain family member 3
CLA_9ciit AX-21559792 AJG is 21,046,339 539,135 TOX3 TOX high mobility group box family member 3
CLA_Sclit AX-22039319 /T 21 25,986,348 100,297,143 ANKRD34C ankyrin repeat domain 34C
CLA_ Sclit AX-23238762 =77 22 26,315,000 504,415 CHL1 cell adhesion molecule with homology to LICAM (close homolog
CLA_Sclit AX-23400532 T/C 23 25,279,637 617,293 ELOVLS ELOVL fatty acid elongase 5
CLA_G9clit AX-24636433 Gia 28 38,054,654 539,977 NRGi'neuregulin %
col_a AM-22422254 T/ 2 109,323,936 100,336,136 LOC100336136 TIR domain-containing adapter molecule 2-like
Creatinine AX-18106114 THC 1 27,875,299 100,848,640 LOC100848640 craniofacial development protein 2-like
Creatinine AX-25816531 G 4 113,221,141 517,496 ZMF777 zinc finger protein 777
Cys AX-21020775 G/A 16 42,138,548 540,683 VPS13D vacuolar protein sorting 13 homolog D (5. cerevisiae)
Flavor AX-25602173 C/T 4 61,264,054 527,805 LOC527805 uncharacterized LOCS527805
Flavor AX-27126155 T/C 7 86,665,455 538,062 EDIL3 EGF-like repeats and discoidin I-like domains 3
Flavor AX-27126158 T/G 7 86,666,022 538,062 EDIL3 EGF-like repeats and discoidin I-like domains 3
Flavor AX-27126254 G/A 7 86,705,135 538,062 EDIL3 EGF-like repeats and discoidin I-like domains 3
Flavor AX-27126551 F.¥ie 7 86,774,874 538,062 EDIL3 EGF-like repeats and discoidin I-like domains 3
Flavor AX-27126601 Gl 7 86,786,843 538,062 EDIL3 EGF-like repeats and discoidin I-like domains 3
Flavor AX-19787687 S 12 80,132,782 100,125,312 UBACZ UBA domain containing 2
Flavor AX-21134383 /T 16 68,214,341 521,326 HMCM1 hemicentin 1
Trait SMNP ID SNP BTA paosition(bp) Gene ID Symbol Description
Flavor AX-21134426 G/A 16 68,222,816 521,326 HMCMNI hemicentin 1
Flavor AX-21550014 c/T 18 13,992,033 618,586 MKD1 naked cuticle homolog 1 (Drosophila)
Flavor AX-21646944 /T i3 41,780,924 540,208 TSHZ3 teashirt zinc finger homeobox 3
Flavor AX-24248457 T/C 26 42,525,803 518,515 BTBD16 BTE (POZ) domain containing 16
Glu AX-19168151 /A 11 31,495,980 281,172 FSHR follicle stimulating hormone receptor
Glu AX-21553751 T/C 18 19,602,600 514,467 SALLT sal-like 1 (Drosophila)
Gly AX-28428013 G/A 6 28,013,275 100,301,359 LOCI10030135% DNA fragmentation factor subunit alpha pseudogene
Gly AX-27659188 T/C a 109,966,435 538,990 DBCI deleted in bladder cancer 1
Gly AX-19275204 T/C 11 59,006,381 521,137 LRRTM4 leucine rich repeat transmembrane neuronal 4
Heatloss AX-23973572 T/G 25 20,634,743 786,830 LOCT786830 protein CWC1S homolog
His AX-20561145 G/T 15 14,152,846 521,194 MAML2 mastermind-like 2 (Drosophila)
His AX-23344522 G/C 22 51,025,799 534,029 IPBKL inositol hexakisphosphate kinase 1
His AX-23344565 G/A 22 51,035,521 534,029 IPBK1 inositol hexakisphosphate kinase 1
Hypo AX-27881609 C/a g 56,458,950 782,448 LOCT782448 rab-like protein 2A-like
Hypo AX-27912629 G/A a 64,632,307 100,174,924 LOC100174924 uncharacterized LOC100174924
Hypo AX-27912875 GfA g 64,697,539 100,174,924 LOC100174924 uncharacterized LOC100174924
Hypo AX-27912941 AT a 64,716,608 100,174,924 LOCI100174924 uncharacterized LOC100174924
Hypo AX-27913166 GfA g 64,782,508 533,801 SNX14 sorting nexin 14
Hypo AX-27913315 Cja 9 64,830,306 281,363 NTSE 5'-nucleotidase, ectofCD73)
Hypo AX-27913617 AfG g 64,899,782 100,336,870 LOC100336870 5'-nuclectidase, ecto (CD73)-like
Hypo AX-27913675 AfG 9 64,915,912 100,336,870 LOCI100336870 5'-nucleotidase, ecto (CD73)-like
Hypo AX-27913716 C/T g 64,927,821 100,336,870 LOC100336870 5'-nuclectidase, ecto (CD73)-like
iLe AX-26956250 G/A 7 44 806,018 512,272 GZMM granzyme M (lymphocyte met-ase 1)
iLe AX-2T175757 T/C 7 99,662,402 540,772 RIOK2 RIO kinase 2 (yeast)
iLe AX-18747891 AT 10 33,617,436 617,536 TMCO3A transmembrane and coiled-coil domains 54
iLe AX-19978197 T/G 13 34,397 169 100,847,632 LOC100847632 uncharacterized LOC100847632
iLe AX-20828646 T/G 15 77,707,095 504,317 LRP4 low density lipoprotein receptor-related protein 4
iLe AX-21020775 GfA 16 42,138,548 540,683 WPS13D vacuolar protein sorting 13 homolog D (5. cerevisiag)
iLe AX-21043886 e 16 47,309,188 100,848,595 LOC100848395 calmedulin-kinding transcription activater 1-like
iLe AX-23566248 T/C 23 40,670,615 533,000 GMPR guanosine monophosphate reductase
IMP AX-22149402 G/T 2 37,815,537 281,406 PKP4 plakophilin 4
IMP AX-25408289 AfG 4 9,864,287 511,754 CDK6 cyclin-dependent kinase &
IMP AX-26672531 T/G 6 94,105,680 100,300,832 LOC100300832 ribosomal protein L23a pseudogene
IMP AX-20478355 C/T 14 75,180,205 100,847,513 LOC100847513 uncharacterized LOC100847513
IMP AX-21668213 C/a 18 46,658,891 785,831 LOC785831 uncharacterized LOC785831
IMP AX-22691624 G/A 20 36,445,515 386,587 GDMF glial cell derived neurotrophic factor
IMP AX-22691646 G/T 20 36,450,009 386,587 GDNF glial cell derived neurotrophic factor
IMP AX-22831984 AJG 21 12,722,020 532,150 MCTP2 multiple €2 domains, transmembrane 2
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Trait SNP ID SNP BTA position(bp) Gene ID Symbal Description
IMP AX-23568073 GiA 23 41,070,345 506,612 DTMBPL dystrobrevin binding protein 1
index_meat AX-18425222 AJG 1 112,420,226 526,133 KCMABL potassium voltage-gated channel, shaker-related subfamily, beta
index_meat AX-26703388 C/A <] 101,666,518 537,006 WDFY3 WD repeat and FYVE domain containing 3
Inosine AN-24445366 GiA 27 37,887,057 528,057 CSGALMNACTL chondroitin sulfate MN-acetylgalactosaminyltransferase 1
Inosine AX-24474018 T/C 27 43,979,386 789,528 ZNF385D zinc finger protein 385D
Leu AX-22014438 C/T 2 2,966,881 786,110 LOC78611C 405 ribosomal protein 53a-like
Leu AX-19978197 T/G 13 34,397 169 100,847,632 LOC100847632 uncharacterized LOC100847632
Leu AX-21020775 G/a i6 42 138,548 540,683 WPS13D vacuolar protein sorting 13 homolog D (S. cerevisiag)
Leu AX-21043886 T 16 47,309,188 100,848,595 LOC100848595 calmodulin-binding transcription activator 1-like
Leu AX-23566248 T/C 23 40,670,615 533,000 GMPR guanosine monophosphate reductase
Lys AX-22014351 GiA 2 2,844 452 786,110 LOC786110 405 ribosomal protein 53a-like
Lys AX-22014409 G/A 2 2,961,019 786,110 LOC786110 405 ribosomal protein 53a-like
Lys AX-22014438 T 2 2,966,881 786,110 LOC786110 405 ribosomal protein 53a-like
Lys AX-24970039 Cra 3 20,812,057 516742 LOC516742 histone cluster 1, H4i-like
Lys AX-24970220 GiA 3 20,857,769 282,227 FCGR1A Fc fragment of IgG, high affinity Ia, receptor (CD64)
Lys AX-19458351 T/C i1 102,262,202 523720 NTNG2 netrin G2
Lys AX-20526300 T i5 4,264,919 525,931 PDGFD platelet derived growth factor D
Lys AX-21043888 T/C 16 47,309,188 100,848,595 LOC100848595 calmodulin-binding transcription activator 1-like
Lys AX-24467285 T/G 27 42,518482 784,326 UBEZ2E2 ubiquitin-conjugating enzyme E2E 2
Lys AX-24881307 cT 29 49,412 703 784,876 KCMQ1 potassium voltage-gated channel, KQT-like subfamily, member 1
Marb AX-19104242 G/A i1 15,646,241 100,336,097 LOC100336097 small nuclear ribonuclecprotein E-like
Met AX-22014438 C/T 2 2,966,881 786,110 LOC786110 405 ribosomal protein 53a-like
Met AX-26956250 G/A 7 44 806,018 512,272 GZMM granzyme M (lymphocyte met-ase 1)
Met AX-27175757 T ¥ 99,662,402 540,772 RIOKZ RIO kinase 2 (yeast)
Met AX-18747891 AjC 10 33,617,436 617,536 TMCOSA transmembrane and coiled-coil domains 54
Met AX-19906562 G/C 13 17,146,581 505,901 PRKC() protein kinase C, theta
Met AX-19978197 T/G 13 34,397,169 100,847,632 LOC100847632 uncharacterized LOCI00847632
Met AX-20828646 T/G 15 77,707,095 504,317 LRP4 low density lipoprotein receptor-related protein 4
Met AX-21020775 G/a 16 42,138,548 540,633 VPS13D vacuclar protein sorting 13 homolog D (S. cerevisiag)
met AX-21043886 T/C i6 47,309,188 100,848,595 LOC100848595 calmodulin-binding transcription activator 1-like
et AX-22960916 AJG 21 31,032,863 100,337,259 LOC100337259 calcium and integrin binding family member 2-like
mMet AX-22060922 T/C 21 31,035,363 100,337,259 LOC100337259 calcium and integrin binding family member 2-like
et AX-23566248 T/C 23 40,670,615 533,000 GMPR guanosine monophosphate reductase
n_B/n_3 AX-26446139 G/a B 32,891,908 536,367 GRID2 glutamate receptor, ionotropic, delta 2
n_B/n_3 AX-23734335 T 24 28,637,843 281,062 CDH2 cadherin 2, type 1, N-cadherin (neuronal)
n_B/n_3 AX-24152373 G/a 26 20,474,694 538,529 SLC25A28 solute carrier family 25, member 28
Phe AX-19978197 T/G 1z 34,397,169 100,847,632 LOC100847632 uncharacterized LOC100847632
Phe AX-21020775 G/A i6 42,138,548 540,683 WPS13D vacuolar protein sorting 13 homolog D (S. cerevisiag)
Phe AX-21043886 T/C 16 47,309,188 100,848,595 LOC100848595 calmodulin-binding transcription activator 1-like
Phe AX-23566248 T/C 23 40,670,615 533,000 GMPR guanosine monophosphate reductasze
Pro AX-27254362 /T 8 7,022,223 541,160 GLRA3 glycine receptor, alpha 3
Pro AX-27659188 T/C 3 109,966,435 538,990 DEC1 deleted in bladder cancer 1
Pro AX-19418152 T/A 11 03,027 457 327,710 MDUFAS MADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 8, 19kC
Pro AX-20039610 G/A 13 47,991,609 282431 PROKR2 prokineticin receptor 2
Pro AX-20039622 cT 13 47,993,859 282,431 PROKR2 prokineticin receptor 2
PUFA AX-27534538 G/T 8 79,043,380 784,831 LOC784831 dual specificity protein phosphatase 5-like
BUFA AX-20031373 BJG 13 46,174,079 788,075 LOC788075 605 ribosomal protein L17-like
PUFA AX-24375863 AJC 27 21364422 100,313,312 MIR383 microRNA mir-383
Ser AX-22014351 G/A 2 2,944 452 786,110 LOC786110 405 ribosomal protein S3a-like
Ser AX-22014409 G/A 2 2,961,019 786,110 LOC786110 405 ribosomal protein S3a-like
Ser AX-22014438 c/T 2 2,966,381 786,110 LOC786110 405 ribosomal protein S3a-like
Ser AX-19206562 G/C 13 17,146,581 505,901 PRKCQ protein kinase C, theta
SFA AX-24155175 c/T 26 21,140,035 280,924 SCD stearoyl-CoA desaturase (delta-9-desaturase)
Thr AX-25864792 T/C 5 3,625,062 777,736 ATXN7L3B ataxin 7-like 38
Thr AX-23139361 T/G 22 7,625,003 524 663 SUSDS sushi domain containing 5
Tyr AX-22087334 cT 2 22,088,975 508,266 CHN1 chimerin (chimaerin) 1
Tyr AX-19713562 C/G 12 60,746,444 100,848,098 LOC100848098 histone-lysine N-methyltransferase SETMAR-like
USF AX-28450347 G/A 2 123,795,837 512,059 MATMNL matrilin 1, cartilage matrix protein
USF AX¥-21978787 BJG 19 58,200,628 100,336,619 SDK2 sidekick cell adhesion molecule 2
USF AX-23040722 G/A 21 51,451,506 532,366 LRFNS leucine rich repeat and fibronectin type 1 domain containing 5
Val AX-22014351 G/ 2 2,044 452 786,110 LOC786110 405 ribosomal protein S3a-like
Val AX-22014409 G/A 2 2,961,019 786,110 LOC786110 405 ribosomal protein S3a-like
Val AX-22014438 cT 2 2,966,881 786,110 LOC786110 405 ribosomal protein S3a-like
Val AX-27173757 T/C 7 99,662,402 540,772 RIOK2 RIC kinase 2 (yeast)
Val AX-21020775 G/A 16 42138548 540,683 VPS13D vacuolar protein sorting 13 homolog D (S. cerevisiae)
Val AX-21043886 T/C 16 47,300,188 100,848,595 LOC100848595 calmodulin-binding transcription activator 1-like
Val AX-23566248 T/C 23 40,670,615 533,000 GMPR guanosine monophosphate reductase
water AX-26743830 T/G 6 111,173,723 538,691 HS3ST1 heparan sulfate (glucosaming) 3-O-sulfotransferase 1
WEBSF AX-22256726 c/T 2 66,251,517 100,847,595 LOC100847595 uncharacterized LOC100847595
WESF AX-23050386 AJG 21 54,154,323 787,825 LOC787825 dynein light chain 1-like pseudogene
carcass weight AX-24355138 G/A 27 16,025,347 790,088 LC(C790088 405 ribosomal protein 528-like
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ERf L ol
Hz =z SNP==(10"%) Corr(Train Set) Corr(Test Set) Hs =HA SNP==(10"% Corr(Train Set) Corr(Test Set)
T1  Cholesterol 91 0446 0.396 T26 Met 133 0.570 0.208
T2 pH 72 0.552 0475 T27 Phe 128 0.581 0.298
T3 Color 42 0.299 0.513 T28 Pro 119 0.541 0.291
T4  Havor 22 0.269 0420 T29 Ser 173 0.640 0.214
T5 Tender 25 0.235 0.545 T30 Thr 66 0.515 0.555
T6é  Juciness 59 0.452 0.594 131 [Tyr 47 0.313 0.311
T7  Prefernce 31 0.239 0.520 T32 wal 1456 0.583 0.247
T8  coll 7 0415 0.542 T33  Anserine 31 0.366 0.513
T9 «cola 37 0.356 0482 T34 Carnosine 20 0.298 0.440
T10 colb 29 0.314 0450 T35 Creatine 49 0.449 0.521
T11 WHC 40 0.409 0.551 T36 Creatinine 22 0.253 0.439
T12 Driploss 30 0.253 0.529 T37 Cl40 43 0.382 0.534
T13 Heatloss 37 0.380 0.539 T38 (Cl4.1 34 0.347 0.491
T14 WBSF 349 0.794 0.010 T39 Cle 0 24 0.215 0472
T15 AMP 57 0.579 0.485 T40 Cl16.1 25 0.284 0.380
Ti6 IMP 28 0.304 0421 T41 (Cl18 0 37 0.389 0.546
T17 Inosine 50 0.361 0.441 T42 (C181 32 0.326 0.516
T18 Hypo 66 0451 0.524 T43  (C18_1.11t 76 0.477 0.405
T19 Ala 111 0.580 0.357 T44 (C18 2 47 0466 0456
T20 Arg 53 0420 0.301 T45 SFA 79 0441 0.507
T21 Gly 133 0.607 0.353 T46 USF 142 0.579 0.492
T22 His 129 0.670 0.546 T47 PUFA 59 0.514 0416
T23 iLe 152 0.634 0.275 T48 UFA/SFA 24 0.324 0.462
T24 leu 130 0.588 0221 T49 n-6/n-3 81 0.542 0.558
T25 Lys 101 0.479 0.298 Average 70 T 0439 0.430
Hs = SNP==(10"% Corr(Train Set) Corr{Test Set)
Té  Juciness 59 0.452 0.594
T49 n-6/n-3 81 0.542 0.558
T30 Thr 66 0.515 0.555
Tl WHC 40 0.409 0.551
T41 (18 0 37 0.389 0.546
T22 His 129 0.670 0.546
T5 Tender 25 0.335 0.545
T8 col L 37 0415 0.542
T13 Heatloss 37 0.380 0.539
T37 C140 43 0.382 0.534
T12 Driploss 30 0.353 0.529
T18 Hypo 66 0451 0.524
T35 Creatine 49 0.449 0.521
T7  Prefernce 31 0.339 0.520
T42 (€181 32 0.326 0.516
T33 Anserine 3 0.366 0.513
T3 Color 42 0.399 0.513
T45 SFA 79 0441 0.507
ok FYE B4 837 33T Bt A

=
O TRN A58 ¢ BEe FAdol st daAlF Fetgtel 0.44%10™ TST ARl thstel= 0.432
Z ARl YERstE. TRN ARRellM = Ad3les #ho] 7HE 22 942 WBSF(REE) (0.794)
% Histidine (0.670) =elIaL AlF gkl 7HE w2 @42 Creatinine (0.253) ©l3ls. RHHO
TST zAtz=olA d8AT ghol 7HE &2 342 Juicines (%) (0.594), n—6/n—3 (0.558)
oIl AlFgtol 7HE w2 A2 WBSF (0.010) 13+

-~ Corr(His(Training), Hispa(Training)) Corr(His(Testing At&.), Hispa(Training))
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Squared Correlation-Training

o _| < |
@ . o
o (=]
o
£
© © © &
S £ o 7 f
S &
g g . 4
o o - — [
5 P
& |
3 o | \
o
o _|
(=] &
T T T T T T T e
(6] 20 40 60 80 100 120 ! ‘ ! ! ! ‘ !
] 20 40 60 80 100 120
Number of markers
Number of markers
—  Corr(WBSF(Training), WBSF,(Training)) Corr(WBSF(Testing #F5.), WBSFy,4(Training))
e |
o | -
o _|
© | <]
o
o
= k=
£ =
§ 'GTJ © |
T 87 5 °
5 kst
z o
[ =
£ 8
S o - =
o 5 @ ©
e ° g
=3 o
g (2]
o N
5 = o
=] 8 % éy
| &7 # e
(]
e | Y ﬁ
= 2 \% %dd’_@ WW
T T T T T T T T T T T
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Number of markers Number of markers

— F8AF gro] TST AR TRN ARolA Buh A W& o= #2%Ql npAE st
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Ao A7) mE 4

S o BANE B 53710 BREE TST AR dushd A4 AgenA o dwe

P

- TST ARE olgste] SAsolR §7k) JAE, 2 WE G YT TS 043019
v, 187) 949 A% AR 50% VIO vEkon], 347 FAN 40% o19e HHnE
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O wAGFe BALT7E Fgme] A ok 232 FAKE R 75 FAeflA P=107" % FF2
2 aEolRl nlARe BASE A AR o BAVE mAEe A gl 7 g &
Ao g WEHAZ wA F= geFstel, TRN zAkg5elM= vbA $27F S7F "ol wet 3= v)g
Al T e S Hel ubde (AIS 0.88), TST ARl vlAL7E S71 "ol wel g3
Tt AAade AT BS (3RS -0.74).

— olFd Ayt= oM AdFeltol TRN Ahgolx dasojxar S48 vpAast gho] TRN k5o

PAETRE SYA0 BE AW AZTSDO) 488 2 obF 2 #ES D Y v
E3P7} obdl o)y, Ws] vhASE 7} AT A TSTARANE #4 85719 NHnE %
oA g e S ANl F

- FF AT 3L Ba] ASH0T AR F9) T2 U ALY AL Gk TSR] TST A

o) = o Z = = 5
5o AL A9 £ 9 ALt 5 AT A5 AR Vg §
03 : o8
Corr(N(SNP), Y_trainhat) Corr(N(SNP), Y_testhat)

0.8 + 2 08
Cl At
= o7 o7
it ¥ . e g
g 06 * S " = 08
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® os “? . ! 7t os ‘3‘0‘4 0-
7t $ee e

04 i H oa & ‘
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Ruus = irg;0 % PHPAESAINES, Rpdd A RE3S e,
p7 g8 A §48, gHAEASA SNPE A E s vEo)H
h%pe = H¥(1—q)/(1—gh?
- 1x107°¢] FoEE 7HA 3 W= F o]zl SNP7t
AMA ] F A o] SNP7F szl Af-ol= 7 fo4Ql SNPRES A3l S
%

O Fo FAEE ArtE o R 5842 ol ®oll =45 3=
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=z |8y SNP ID BTA Position(bp) 0%sue sum g hi.. E
h: .-"c:{pher':}r_\fpe?
€140 035 AX-28597226 15 68135423 0038 0114 0325 0268 1.20
AX-21950207 19 51333432 0076
€141 052 AX-24155201 26 21144708 0169 0169 0327 0419 1.09
C16.1 044 AX-20017174 16 15825216 0040 0084 0194 0383 1.07
AX-21950207 19 51333432 0044
€180 041 AX-25028473 3 35278329 0034 0034 0084 0389 1.04
€181 026 AX-21950135 19 51317647 0042 0042 0160 0230 1.16
C18.1 11t 047 AX-18251673 1 67,509,898 00407 0279 0593 0265 1.22
AX-25773307 4 = 103095211  0.040
AX-26175813 5 84417977 0064
AX-26362672 6 10,609,153  0.043
AX-27247472 8 5263988 0050
AX 27690002 9 5551,825  0.042
€182 015 AX-19026965 10 102256483 0042 0042 0279 0114 154
SFA | 033 AX-25812141 4 112255049 005870190 0570 0177 1.39
AX-26785405 7 1510073  0.057
AX-18856018 10 61213939  0.040
AX-23099192 21  65157,100 0036
USF 029 AX-25812141 4 112255049 00687 0226 0782 0082 1.66
AX-26785405 7 1510073  0.066
AX-18856018 10 61213939  0.047
AX-23092797 21  63,698095  0.045
PUFA 011 AX-20031373 13 46174079 0035 0035 0330 0074 1.89
colLa 005  AX-21177897 16 78412580 0037 0037 0697 0016 3.66
Heatloss 013 AX-22425465 2 110,139,283 0043 0043 0318 0095 1.69
AMP | 028  AX 26422666 6 26,553,317 0049 0102 0369 0196 1.33
AX-28537043 25 41667475 0054
IMP 046 AX-27322264 8 24242477 0043 0132 0288 0375 1.10
AX-22615245 20 16,842,335 0044
AX-23131382 22 1028200 0044
Inosine 018  AX-27322264 8 24242477 0052 0122 0674 0067 1.96
AX-27912875 9 64,697,539  0.070
Hypo 020 AX-27912875 9 64,697,539 0082 0123 0623 0085 1.82
AX-21275346 17 23503448 0041
Arg 023 AX-25319135 3  110487,238 0046 0178 0792 0057 1.89
AX-26503246 6 47,840338 0051
AX-27322264 8 24242477 0.040
AX-23563959 23 40,199,166  0.042
Tyr 028 AX-26503246 6 47,840,338 0062 0212 0770 0080 1.69
AX-27322264 8 24242477 0.059
AX 27772067 9 26276269  0.046
AX-24158606 26 21,853,792  0.045
Anserine 020  AX-18055998 1 14431598 0036 0036 0183 0167 1.27
A4 AWA o R AP -FE YR ZAstE AR daEEHoxl o niAE AL H
[e] = O .
Auhkeo] o FEHow yepgorn (£> 1), 22 g4 < (Color_a, Inosine, Arg) 9]
[e) [e] =
5 2u) 7p7to] Addik-go] FIVeHAl UERRES.
FARE Algte A5 2712 FAEE S0 FoAQ1 vk 7t AlstEo] Qla, viAERE
= = =] )=] S o = 3L [e) & = 2~ O
AEAE FEsto] A - angto] FEHA AdNkgo] HEEHA dq5H 4 F S
SE.O = I~ |=] = o] Z =] (e} e] =z 35 hy2
T+ FHA AR ] 9 AR viARY g ASet] A whee ATS a4
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0.18
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T
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3ol
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&7 A $-

171
22
10
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0.05
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2.84
0.57
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0.10
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0.13
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0.02
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o Az

=
309

40

10

=

2.6

2.2
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89.1

30

[e)

5
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192
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34 o AubAAS  EFEex BIAAMS  EF:eX
pH 0.1992 5.7 0.01 5.7 0.02
Color_L 0.0059 39.2 0.17 41.0 0.64
Color_a 0.0232 19.6 0.15 18.4 0.54
Color_b 0.2207 10.0 0.09 9.6 0.32
B4 0.0088 34.6 0.24 32.3 0.89
Driploss <.0001 18.4 0.19 14.8 0.68
i =kdac; <.0001 16.7 0.17 20.2 0.61
Ay 0.0999 57.1 1.21 64.5 4.45
S 0.1280 5.3 0.05 5.5 0.17
el 0.4987 5.3 0.09 5.5 0.34
Ax 0.3139 5.4 0.06 5.1 0.21
=ass 0.6398 5.4 0.05 5.5 0.20
HeE 0.7541 5.3 0.05 5.4 0.19
O 7] opvlieat A 24
— ofmAF Ade S S E S Q46 oJte] S WA HERE SAS GLME o] &3t §4,
S 9 AJLS vHENE Bt BAS T39S

4 Fogw  AubAMS BZFEeA BIAAME BT
Ala 0.1480 24.5 1.39 29.6 2.64
Arg 0.1467 2124 7.95 241.9 15.13
Cys 0.0815 4.9 0.49 7.1 0.93
Glu <.0001 5.4 0.70 12.6 1.34
Gly 0.2612 6.6 0.49 8.0 0.94
His 0.0904 32.9 3.24 46.9 6.16
iLe 0.0280 5.3 0.34 7.2 0.64
Leu 0.0164 8.1 0.57 11.6 1.09
Lys 0.0440 8.5 0.57 11.4 1.08
Met 0.0005 5.0 0.29 7.6 0.55
Phe <.0001 5.8 0.37 10.0 0.70
Pro 0.0134 4.3 0.22 5.7 0.41
Ser 0.0026 7.2 0.60 11.8 1.14
Thre 0.0515 44.2 2.32 55.7 4.42
Tyr 0.0031 7.3 0.41 10.5 0.79
Anserine 0.0763 269.3 10.44 316.5 19.85
Carnosine <.0001 764.4 24.04 448.7 45.73
Creatine 0.0190 1466.2 23.12 1327.6 43.99
Creatinine <.0001 14.7 0.96 29.7 1.82

— B4 Gly, ile, Leu, Lys, Met, PHe, Pro, Ser, Tyr A¥o] 2z oz t}=24 vepston g+
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AF8HE-21Q1 Anserine, Carnosine®l|A % A0 %2 th2A YEFE S Creatine, Creatinine®| A%

23t AR S AN Ee] FIHOR e JR NES BAS

32 FASE AW BELA B FEE
C10_0 0.1865 0.04 0.002 0.03  0.004
C12.0 0.2989 0.10 0.005 0.08  0.009
C14_0 0.0939 3.41 0.083 3.05  0.158
Cl4_1 0.2762 1.06 0.044 0.94  0.084
C15_0 0.8570 0.25 0.010 0.24  0.019
C16_0 0.0058 26.42 0.271 2450 0516
C16_1 0.4243 4.55 0.136 4.27  0.260
C17_0 0.8900 0.56 0.018 0.56  0.035
C17_1 0.0620 0.60 0.021 0.70  0.041
C18_.0 0.8299 10.40 0.232 10.53  0.442

C18_1 (&#<lxb 0.0375 43.85 0.362 4578  0.689
C18_1t 0.8827 1.78 0.085 1.74  0.162
C18_2 0.4402 2.01 0.102 2.21  0.195
C18_3 0.8667 0.07 0.007 0.07  0.014

CLA9_c11t 0.1806 0.28 0.015 0.33  0.028
C20_1 0.7187 0.21 0.016 0.20  0.030
C20_3 0.7324 0.20 0.012 0.21  0.023
C20_4 0.6767 0.42 0.035 0.46  0.066
C24._1 0.9391 0.10 0.007 0.10  0.013
SFA (GE£3}A]%4h 0.0404 41.18 0.412 39.02  0.783

USF(=ZX3A4%4h)  0.0597 55.15 0.394 57.04  0.750

MUFA (5}7F= 3230 0.0136 51.46 0.442 53.71  0.634
PUFA 0.3760 3.00 0.139 3.31  0.264

UFA/SFA 0.0785 1.35 0.024 1.46  0.046
n—6/n—3 0.0051 9.12 0.321 11.42  0.610

BAZT CL6.004 Boheterssl 24507 AR oF 20 Yl Ueten Leleli

ok AA|ESAHAHSFA) 3, EXSAHAHUSE) 9 o7 e A AR (MUFA) o 74 -9-0f|1 A
B3} stekr) oF 29 TlEA AATFA 07 thEA YERES.
olgfst A= -5 Aol B - AkFe mel g2 YERdS Arlste] &

T3t §d8 F949, 7o Ak Al C14.0, C14.1, C16.0, C16_1, C18_0, C18_1, SFA,



USF9] 380l 7z+7} 0.35, 0.52, 0.31, 0.44, 0.41, 0.26, 0.33, 0.28% F4H o] AL o2
FAHE nolA AAERS FAH Mok 2 S-S Ueh) 3 v ol AR A% §4

4 %] Aot ke AL AN F.

v e sk A Ade] AL A F2 SNP P Rl
O oA 3t AxFE 2 AAS-S3tel 58 AL Aol foHo® thEd ek, olel
wAste] At el Bofshs T2 SNPEel disted F Fwicte] sl (allele) RI%E 2po]

o
F

ZA}

¢

5 229 S (F Aazte] 328 AJols x? HAE X))
Klgkatdg SMNP_ID SMP BTA position(bp) MAF(& &h) MAFESH ¥z test
{minor/major) P_value
C16.0 AX-21950207 [1/C] 19 51,333,432 0.17 0.13 0.4875
Cc181 AX-21950207 [T/C] 19 51,333 432 0.17 0.13 04875
SFA AX-25812141 [G/A] 4 112,255,049 0.01 0.03 0.0583
SEA AX-26785405 [T/G] 7 1,510,073 0.01 0.10 0.0231
USF AX-25812141 [G/A] 4 112,255,049 0.01 0.03 0.0583
USF AX-26785405 [T/G] 7 1,510,073 0.01 0.05 0.0231

O SFA 9 USF 24] 718 §o40% folaht 4719 SNPSol tjsle] EaiAMSAR Be o
wE AL el Sl ek MEsE Sl o R el e (P<0.05). ol A A
of pofshs GRS thetel BAAMNS AW FARNzAo] T AW A AAS A o

O %z
‘lT =
2RI YSL AN ] Ful, F4Y AFE BaA 2] AL QRS AT 5 e

1
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ks
1. 959 34 daz7d 39S 4 WY n vitro TAEA 9 438 8w A3

b9 HF daxy #3s 9% TMRY TMFARR S 2254 3 2308 Bl Alg

(D A48 2 &

AFAAE AAEE TMF % TMRO deHjz2 FH|sto] AH vlwslgdon, Total Mixed
Ration ¥ Total Mixed Fermentation®] 7]+:24 4 S sdstA AA st A3
W o SASEoRE e TMR W TMFe| tishe] wbE9lel AwetCGrah) 7F F2kd
A2 AFE o]8€39] 2 x 2 Cross—over WHO 2 A A5t}

Table 1. Nutrient composition(%, DM basis) of experimental feeds for Hanwoo

L

steers in growing stage

Type DM CP EE NDF Ash

TMR 59.3 139 5.1 42.3 9.75

TMF 58.2 14.1 55 43.3 10.2
(2) 1 At

b whEId T a g
HEE ol ko] & 2
of W29l pH, ¢yl v% W VFA %8 24E Abshal v Zoh vk 9
o] pH= At H9 # 3/‘] WA Grolx| b 1 32 Hak SUbEE A

wol 61t Algetais TMR wol77F TMF 9780 B4 £
b abel= Atk WS e] gt Yol = TMR 9 TMFE 58t
A S7FE QT o] §- AlRto] AFapetrE A A E] stolgth wo] 3434 TMRel H 6k
TMFE AFE &9 w9 f tR Yol 57 i %2 A4S Boy gAz AR
b Apol= WolA ookt

Table 2. Comparison of the TMR and TMF for Hanwoo steers of growing stage in

pH, NHs;—N, major VFA concentration and its composition in rumen fluid by time.

Items TMR TMF SEMY Pr > F?
—————————————— - 0.5 hour - ————————————
pH 6.90 6.88 0.915 0.811
Ammonia—N (mg/100mg) 6.82 7.30 0.887 0.286
Total VFA (mmoles/100ml) 46.2 47.1 6.531 0.815
Individual VFAs (mmoles/100mmoles)
Acetate (Co) 61.3 62.4 2.324 0.431
Propionate (Cy) 16.4 16.9 0.121 0.330
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Butyrate
Co/Cs

pH

Ammonia—N (mg/100mg)

Total VFA (mmoles/100ml)

Individual VFAs (mmoles/100mmoles)
Acetate
Propionate

Butyrate
Co/Cs

pH

Ammonia—N (mg/100mg)

Total VFA (mmoles/100ml)

Individual VFAs (mmoles/100mmoles)
Acetate
Propionate
Butyrate

Cs/Cs

pH
Ammonia—N (mg/100mg)
Total VFA (mmoles/100ml)
Individual VFAs (mmoles/100mmoles)
Acetate
Propionate
Butyrate
Co/Cs

66.4
17.8
12.2°
3.73

13.9
4.49

6.67
18.1
67.8

57.5
19.2
13.9
2.99

6.78
7.01
69.3

61.0
17.6
14.9
3.47

6.84
6.74
54.22

63.5
17.9
14.3%
3.55

2.327
0.310

0.875
1.138
12.868

1.249
1.010
2.177
0.123

0.889
0.647
19.237

2.032
1.108
1.674
0.233

0.914
0.432
4.336

2.218
0.827
2.074
0.283

0.461
0.284

0.543
0.186
0.271

0.076
0.173
0.498
0.580

0.754
0.681
0.216

0.319
0.499
0.228
0.484

0.683
0.213
0.325

0.061
0.835
0.021
0.155

1) Standard error of the means. 2 Probability levels.
3 Mean values in a row different superscript differ significantly (P<0.05).

Fleie] VFA T&&
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o GA|ZH7HA]
A HEFE Oy F
7F oA =skoy, SAIAQL Akol= fllTh Acetate (Cy) A H]E 9
| = AFH3 oA Ak =
2 7AgS Bt 18y propionate(Cs) % butyrate (C4) ZA vl g+ A
HFHAA A TMFE A5 35 Lol vh B2 ATS
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v} Table 494 B vte} ). TMRel vlste] TMFS AE (Dry matter) ¥ A 3EHE A
=2 (neutral detergent fiber, NDF)2] & #3388 th =om Zoh¥ A (crude
protein, CP) 2% 2= (P<0.041) %Sk

Table 3. Comparison of TMR and TMF for Hanwoo steers of growing stage in
effective degradability (ED) of major nutrients in the rumen.

ED TMR TMF SEM Y Pr>F?
EDDM 575 60.7 4.315 0.334
EDCP 60.4 65.3° 2.324 0.041
EDNDF 30.8 32.4 3.216 0.452

U Standard error of the means.
2 Probability levels.

b Mean values in a row different superscript differ significantly (P<0.05).

(3) 1%

AR W FQo AR ARAIES A vl Table 7004 K upgl 2ok w39 4

frawaldolAel ol AEe MR Ak AR dFLskEol TMR Folgol Hlsko]
= 2

Table 4. Comparison of TMR and TMF for Hanwoo steers of growing stage in whole
tract digestibility (%) of nutrients

Nutrients TMR TMF SEM Pr > F
DM 66.9 69.5 4.013 0.057
CPp 76.1 75.8 4.260 0.266
NDF 48.3 5l.2 6.487 0.137

U Standard error of the means.

2 Probability levels.
U &¢8 TMR ¥ TMF At59 A&7t & dE e #st

(1) 789 4 e

= s AUA 2ARRE ol &% FATMR, 94 2AIRE o183 &4 TMF, =

ZAIRE o] &% 54 TMFE woio] uFa whrjapekel] 3loiA
=

B\ [e}
7 lgolt. AlmE AR 1ol Ad A}



= Rotary type DAL F7]S o] &3510] 40ToA 48417 AL G| oA Bas A7 &
TMR % TMFel &£3x]¢]s

bolch Aol AHgE ABTE 3T BN, G2
WEARE ER@ £9 TME AL TTD, S A, FAREG BEARE ol F
WA AT (T2), St R4, AL, fAre EVAAE £Fst] Ae Fuja

TMR Fel§ AT (T2 THae] Azseich

A Abms A AbRa el e A 5 2 AR enbske] 47 @1 =

Ageth AlRe] A7z 04, 5%, 10, 1564, 20, 254, 30¥=E & 3o

AF A Al AR A2 v $H]= Table 5014 YeRfict & Alge] T1 9 T2

Aol AHEE FEAtEE ud, 2T, &% 0.1%, Ak 0.1%E HEAIE £V

go] 40CelA 8AIRE st V1A ow wg AZlom eyt 2k § 2441 9] Fof A%
ATH7E AHESElTh wEAL S ol o] &8 ARA < Table 59} #t}. T39

HA7Vel = WA= Lactobacillus acidophilus 30SC 1.2 %107 cfu/ml, Saccharomyces

cerevisiae ATCC30068 2.1 #10° cfu/mlZ AFEW9] 0.1% #AFSH & Foi&kqit).

_,d
il
10,
ot
1%
2
N
o,
flo

Table 5. Chemical composition and formulation of experimental diets

ltems T1 T2 T3
Ingredients (%)
Fobber 7.2 Rice straw 7.9 Rice straw 8.5
Tall fescue 7.2 Beet pulp 9.5 Beet pulp 8.5
Straw
Whole barley 256 " B0 1€ a56  Whole barley  42.7
barley

Molasses 5.1 Molasses 5.5 Molasses 6.0

Lime stone 1.0 Lime stone 0.8 Lime stone 0.9

Corn(M) 0.8 Corn(F) 4.0 Malt hulls 8.5

Corn(F) 5.1 Rice bran 19.0 Corn(F) 4.3

Rice bran 945 Terment yoo Rl bran 20.5

feed

Ferment feed 18.4 - - Prolactin 0.1

Water 5.1 - — — -

Total 100.0 100.0 100.0

Chemical composition (%)

Dry Matter 65.00 64.00 64.00
Crude protein 12.00 12.00 13.00
Crude fiber 16.00 17.00 17.00
NDF 45.00 45.00 44.00
ADF 22.0 24.00 24.00
Calsium 0.95 0.98 1.12
Phosphorus 0.42 0.34 0.39
TDN 69.0 69.00 69.00

* TDN : Total Digestible Nutrient ™ ADF : Acid Detergent Fiber ™ NDF : Neutral

Table 6. Chemical composition of crude feed used for fermentation feed
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Chemical composition(% ) Content (%)

Dry Matter 59.00
Moisture 41.00
Crude protein 8.80
Crude fiber 8.43
ADF 13.25
NDF 22.44

* TDN : Total Digestible Nutrient
“ ADF : Acid Detergent Fiber

"™ NDF : Neutral Detergent Fiber

AlEALE 25kgs ZEtAE Wo FrjAow B3 fXsky  QFEH W] wE (0, 5
10, 15, 20, 25 ¥ 30%) AA&7|ztel] 2a Ade S 4 = 2

pH, A& o WsE A ow, # AdolA & A= SAS (Statistical Analysis
System) &4 package (1999)2] GLM (General Linear Model) procedure® ©]-&3}]

A4S 9, Duncandl HEFAWHOE BF 1 #94L BPHAT

(2) A7 2%

Oh SR W

Aol W SRS WEE Table7dh @th x7] FEEEe @A xAR9

z= pel 2
sfgov, A/ 159 A% F £ReF T/ FAA TS o9 ge A
Lo 5 (1999)0] MER ATCNNE AGYIcte] Any met vigEe] wael o3 7
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L ghok(sk, 2001).

Table 7. Changes of moisture in TMR and TMF unit: %
Item T1 T2 T3 mean SEM
day
0 43.75 46.13 41.59 43.82 1.13
5 43.79 44.20 37.75 41.91 1.47
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10 43.55 45.09 38.27 42.30 1.48

15 52.35 49.46 49.32 50.38 3.79
20 52.87 49.17 47.72 50.31 4.08
25 52.87 49.17 47.72 49.09 3.96
30 52.63 47.32 49.28 49.74 3.77

T1 : Fobber, Tall fescue straw, Ferment feed

sk

T2 : Rice straw, Whole barley, Ferment feed

seksk

T3 : Rice straw, Whole barley, Prolactin

A vebged ot wEARel Frkel we fae] FA&EL w2A AYH Ao
ARET olsh fabg Wero® AMUEA AXAl RAMEEE oRR Adere Wiz

of wAste] pH7F wolxal o]& Qs fafiv A=y FAtdS A e mAEe] A%

o] AAstA Ho] Aol F7F Arkar BRaskal Aok &, 2006).
Table 8. Changes of pH values in TMR and TMF
Item T1 T2 T3 mean SEM
day
0 5.32% 4.89P 5.00P 5.07 0.08
5 5.19 4.94 5.06 5.06 0.08
10 5.03 4.95 4.98 4.98 0.11
15 4.94 4.92 5.07 4.98 0.12
20 4.79 4.81 4.93 4.84 0.10
25 4.69 4.73 4.86 4.76 0.11
30 4.68 4.70 4.79 4.72 0.10

®With each row, means with different superscripts differ significantly (P<0.05)

(t}h) NDF, ADF¢ H 3}k
NDF, ADF9] &2 ojwl Ao AdAst HeFS Holx 9ktty(Table 13,14) 18 20
g AA7Izre] Ak & TMRe| w®ldl TMF AH237F ADF o] folstAl F7hst

_75_



ek 2 A7AHe g tiFie] ADF9} NDF= raAlzto] A #ste] weh zhAsw o]
d Ay dEe] o v vAEEo]l ARl el #ofdorx AEmaet v

of FEAGEE ol 2 TMF APARS tFAzel wE FAMFt AR AHA P
@ AR ole g BAEE FAYL FANA RPon ol FAAste ot W}

ul-o] ) abel] o) gk msklA] @xfel Z])1gk Z1A & 5 Ql= Alelrk(o] T 2002).

Table 9. Change of NDF content in TMR and TMF unit: %
Item T1 T2 T3 mean SEM
day

0 30.25% 26.32° 4.46% 32.34 2.63
5 32.76 34.65 41.08 36.16 4.32
10 32.34 33.26 37.10 34.24 2.81
15 35.28 31.66 31.23 32.72 2.77
20 36.82° 36.17¢ 50.13% 41.04 2.27
25 33.19 31.02 29.80 31.34 1.84
30 33.52 40.89 31.29 32.36 1.89

BbeWith each row, means with different superscripts differ significantly (P<0.05)

Table 10. Change of ADF content in TMR and TMF unit %
Item T1 T2 T3 mean SEM
day

0 14.84 13.70 14.15 14.23 0.28
5 14.41 14.34 14.69 14.48 0.37
10 13.86 15.29 13.43 14.19 0.63
15 19.14 18.89 30.64 22.89 0.63
20 13.80° 13.41¢ 14.84° 14.02 0.21
25 17.67 16.37 17.35 17.13 0.98
30 14.14 13.54 13.80 13.83 0.30

abe\With each row, means with different superscripts differ significantly (P<0.05).
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() Ar=e vAEe] Wl

HaAbg et waAe HUF Az § ARVl w2 v QAWEtE #lsidith § 5

T vAES AR E o]&ste] FANE, @R, vpA A, F odbE|g ol F3EolE XA}
stk (Table 7). Lactobacill= 1547kA] =21 sttbzl 202 o] 30U7bA] AdA s #4=
FABFA T o] T T2eA4 15474 7F 2 5 YEUYH7E 209 ol {4 o @

oxHA 304 o]F 6.11 cfu/mlE HojFth arE 15974 F4S stk 209 o] %

a
Rrb w48 "WolA= Ae & F Y Bacillus sppa= 1047H4] S48tv7F AdAA o=
&

159 ol F 47k FAA ANk F weleol S Table 159] dehRich S o
obz 1097H40 $4& sebt 15 2 ol F F245] BolAtht 202 ol F thAl FA5] 45@
A% ¥ 5 vk 27 TMF 2 TMR A2A 5714 Aol gol EAdeh 2et 43713

S
Table 11. Change of microbial number in TMR and TMEF. unit: log

Ttem Oday bday 10day 15day 20day 2bday 30day
Lactobacilli

T1 6.52 8.85 7.79 7.34 6.11 6.04 6.11

T2 5.97 6.08 6.36 7.08 6.86 6.49 6.04

T3 5.99 5.93 5.86 7.26 6.11 5.90 6.75
Yeast

T1 5.88 7.23 7.60 8.28 5.60 4.96 5.88

T2 6.23 6.20 6.61 7.18 6.85 3.30 4.15

T3 4.30 5.60 5.30 6.75 6.62 5.51 3.30
Bacillus spp

T1 10.56 13.32 13.94 12.64 12.34 12.41 12.08

T2 10.72 13.18 13.53 12.95 12.65 12.56 12.78

T3 10.79 13.04 13.49 13.18 11.92 12.66 12.38
Total bacteria

T1 10.81 12.71 13.38 9.79 12.59 12.15 12.43

T2 10.86 13.04 13.48 9.59 12.70 12.26 12.41

T3 9.93 13.11 13.36 9.83 12.70 12.40 12.36
Fungi

T1 5.49 5.76 5.53 3.38 3.30 4.75 3.04
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T2 4.49 6.04 5.36 3.60 3.30 5.04 3.36
T3 - - 4.45 4.49 4.84 4.88 3.78
cfu/ml

(3) 3 =k

TMR WAl FEFFS T3t
E AFelME A7kl Aol weh uAES] waed o8 AE

st (3F &, 1999), o= lgh FRI=e] F77F vEhd Aew 4 & Slth pHe| 7HE
H3E Bol A te T1 Ag =2 5.32-4.68(0.64) M35 HIE=dH, Io)F2E LEAIR
o] 7R FArEY A Al gl WEE wel Fog AlREUh e Hiuodn A%
717kl whel pH7F AAE] askitta BauEQlth (BF 5, 1999). Alx Aol FrrEs
% NDF, ADF9| &ake of& Rate| oshd fhAshs ZAo=® BumdARE (o] 5, 2002),
ol Aol TMR wWigAIR Sl 544 Alge Fds AF7F o] FofA A o} AA st
e Holx okgtth. TMR ol AMAshe wAdES] 455 593 AdolA ikt S+
1547b4] S48 3tk 209 ol F kg3t ® AL B S 9tk o] T TlelA 15474 7}
=2 FE dEtrl 209 olF fakd i "o 30 o]F 6.11F "ozt
EE 159704 S4E sttt 209 ol% w4
NME BEF7E FAEHAT v HAE 109
A Hom, T2 A AALOE

>
S
s
il
ot
o
4 4
s
folr
~
oy
fuj
-
>
—
(@)
e
S
)
OJ.,
_OL
)
o
N
il
kS
N
N
—
1
ne
fuia}
_%
rin
o
e

o TEALR(TMF) 3717 AA §4%¢9 A, 28 3 @9 A3l vA= 93

(1) A4 94 g

Algol o]&d FTAFES 6712L (160+10kg) 3+ AAS 4852 FAISHATH ALEH]
S AFY o 1.7%% &% F ¥ (09:00 @ 17:00) ol Foistiar, 7t A FHz A

HAFe AL 283 B3 FU= AFAA AZTH 448 A TEE ol AR

o] A% 2 wjgh|= Table 129} a1, 3824 242 Table 139 YERASITH
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Table 12. The ingredant and formula of feedstuff

T1 (%) T2 (%) T3 (%) T4 (%)
Components rate Components rate Components rate  Components rate
Cereals 28.35 Fobber 7.2 Rice straw 7.9 Rice straw 8.5
Tapioca 5.5 Tall fescue 7.2 Beet pulp 9.5 Beet pulp 8.5

straw
Brewer grain 19 Whole barrey  25.6 Whole barrey 35. W h oo le 42.7
6 barley

Vegetability agourd 30.3 Molasses 5.1 Molasses 5.5 Molasses 6.0
Malt hulls 1.5 Lime stone 1.0 Lime stone 0.8 Lime stone 0.9
Fibroid material 5 Corn(M)” 0.8 Corn(®)™ 4.0 Malt hulls 8.5
Molasses 6.5 Corn(F)™ 5.1 Rice bran 190' Corn(F) 4.3
Salt 0.6 Rice bran 24.5 Ferment feed 177' Rice bran 20.5
Lime stone 1.52 Ferment feed 18.4 Probiotics 0.1
Calcium sulfate 0.26 Water 5.1
Medicine 0.25
Pobiotics 0.2
Buhher 0.5
Mineral mixture 0.25

Total 100.0 Total 1 OOO' Total 1 08 Total 1 OOO'

* Corn(M) : Corn Meal
“ Corn(F) : Corn Flake

Table 13. Chemical composition of feedstuff

[tem T1 T2 T3 T4

Chemical composition (%)

Dry Matter 87.00 65.00 64.00 64.00
Moisture 13.00 35.00 36.00 36.00
TDN" 69.00 69.00 69.00 69.00
Crude protein 14.00 12.00 12.00 13.00
Crude fiber 18.00 16.00 17.00 17.00
ADF™ - 22.00 24.00 24.00
NDEF™ - 45.00 45.00 44.00
Calcium 0.80 0.95 0.98 1.12
Phosphorus 1.20 0.42 0.34 0.39

* TDN : Total Digestible Nutrient
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“ ADF : Acid Detergent Fiber
“* NDF : Neutral Detergent Fiber

= Algel olgd waAtRe AR, B4, vA, 2y, ®5
5 E37lel Yol 40TCelA 8AIZE w3t @71F o2 g A

gl AFE FATsE ARgekdv daAbge] olg¥ dmAbRe de4 %
Table 1404 yepllon], AR 2= SAE, AARAFAF 2 dAdEs £48 300
Table 14 Chemical composition of fermentative source (fermentative feed) used in

the TMF feedstuffs

Chemical composition Content (%)
Dry Matter 59.00
Moisture 41.00
Crude protein 8.80
Crude fiber 8.43
ADF* 13.25
NDEF™ 22.44

* NDF : neutral detergent fiber
“ ADF : acid detergent fiber

(2) A+ 23

b FAF 4 AsAAZ

TAEFL A MAAZFTE H 159.6kgolR L, A8 FEY AF IATEY AT H
301.3kge & vebRth T257F AlFel 7B #A ks, T1 A7k 78 A8k A
Foll oAM= T4A-ET7F AL R FEU7HA 148.4kge 2 7Hg ol F7hetsl
3, T1AET7F 123.7kgo 2 FAFe] 71 wWokth T19 s$Agst o8 A+ Als
Fe A7l wiiel Zb Aol AARAAZ oA 2 Aolb §IAAR, T1H A
o] AR AFAA e wEk T1A=F7F 7P e AAZS dehdla, Esk o3 A}
zoTg AAME FAFS AE e (Table 15).
J213t dats w9y HEE s A7a, FUdL olFEE
i (Kleiber 5, 1952; McGilliard %5, 1983; Noctl 5, 1985), T1 A& 19 Ay A
Hlo] AbF e AR ALRAAF L Aolzb wAshy] Han, wge] FdAo] AstEI AR
AHE B AR T80l S7HE AR Wl (FHFA 2000).

N

o
o
o

WA Ao Ay

O

Table 15. Growth performance and feed efficiency of Korean native steers during
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growth period depending on different feedstuffs

Treatments
Items Mean SEM
T1 T2 T3 T4
Initial
160.30 160.40 158.90 158.60 159.60 2.17
(days)
28 187.90 190.80 182.80 184.70 186.50 2.70
56 201.20 206.80 191.70 199.00 199.70 2.83
Weight
(kg) 84 210.10 221.50 202.80 212.90 211.80 3.12
112 237.00 252.90 247.30 256.10 248.30 3.25
140 258.80 275.40 267.60 278.40 270.10 3.64
168 284.00 308.00 306.10 307.00 301.30 4.09
Total weight gain
123.70 147.60 147.20 148.40
(kg)
Daily Weight i
atly Welsht satl 0.74 0.88 0.88 0.88
(kg)
Feed intakes/day
6.43 5.63 5.63 5.63
(kg)
Feed efficiency 0.11 0.16 0.16 0.16

T1, concentrate and rice straw; T2, TMF containing tall fescue; T3, TMF containing

barley rise straw; T4, rice straw TMR containing barley and microbial inoculant

(W) g Ao st

2+ AP Folol e €% WEd 9 228wk vA= 92 Table 16, 17
2187 ok Fo AL 83 (56 HF R 335 AA AT dF dAEA F
albumin FE°] 12 XAl 3.40-3.490% FoA9 Aole glolout 245 3x wAA]
albumin ¥%+ 3.65-3.89% A5 YEHTY. almuming L5oA WA Aol F7Hgk
of we} Fadrt (Galbraith &, 1978). ¢3& WEAIEE Fold 99 A5 w39
propionate &2 F7}slal, < triglyceride, cholesterol 2 glucose H%7} S57}shth
I BuEoe] AT olst AL dmEe adET F5T W gAES o83 Hed
o715 A EHA EEkdvH (Y s, 2001).

Table 16. Blood characteristic of Korean native steers depending on feeding of TMR

and TMF (56 days)

Treatments
Item Mean SEM
T1 T2 T3 T4
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Total protein (g/dl) 6.65° 6.11° 6.487 6.13" 6.34 0.07

Albumin (g/dl) 3.49 3.40 3.45 3.48 3.46 0.03
SGOT (U/L) 66.17°>  71.50*  66.42°  78.00°  70.52  1.92
SGTP (U/L) 25.75 27.67 27.00 26.67 26.77  0.71
Creatinine (mg/dD) 1.53¢ 1.36° 1.32° 1.20° 1.35 0.03
BUN (mg/dl) 13.57¢  11.89% 9.69¢ 10.82°  11.49  0.39
Total cholesterol (mg/dl) 113.92® 120.25° 104.00® 101.17° 109.83  3.03
HDL cholesterol (mg/dl) 55.50 60.25 53.58 53.75 55.77  1.28
LDL cholesterol (mg/dl) 11.83 12.67 10.83 11.58 11.73  0.36
Triglyceride (mg/dl) 27.83 28.08 31.17 26.08 28.29  0.95
Glucose (mg/dl) 89.75®*  95.08° 88.50"  92.75®  91.52  1.08

b With each row, means with different superscripts differ significantly (P<0.05).

Table 17. Blood characteristic of Korean native steers depending on feeding of TMR

and TMF (112 days)

Treatments
Item Mean SEM
T1 T2 T3 T4

Total protein (g/dl) 6.22 5.92 6.20 5.97 6.08 0.06
Albumin (g/dl) 3.46" 3.61° 3.63% 3.63% 3.58 0.03
SGOT (U/L) 63.17 73.08 76.08 77.33  72.42 2.48
SGTP (U/L) 22.00°  25.75*  23.75*">  22.25"  23.44 0.57
Creatinine (mg/dl) 1.34 1.33 1.27 1.28 1.31 0.02
BUN (mg/dl) 10.22®>  11.75*  10.17® 9.03° 10.29 0.31
Total cholesterol (mg/dl) 129.67° 108.33" 120.58*® 111.00" 117.40  2.78
HDL cholesterol (mg/dl) 66.25°  55.17°  65.00* 59.58"  61.5 1.31
LDL cholesterol (mg/dl) 12.58 11.42 11.92 10.83 11.69 0.30
Triglyceride (mg/dl) 28.42%  27.92*  20.17° 18.83" 23.84 1.13
Glucose (mg/dl) 97.25° 101.92" 100.67" 105.67* 101.38  1.06

® With each row, means with different superscripts differ significantly (P<0.05).
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Table 18. Blood characteristic
and TMF (168 days)

of Korean native steers depending on feeding of TMR

Treatments
Item Mean SEM
T1 T2 T3 T4

Total protein (g/dD 6.28% 6.11% 6.47% 6.31% 6.29 0.07
Albumin (g/dD 3.65° 3.72b 3.89% 3.84" 3.78 0.03
SGOT (U/L) 61.75°  71.33*  66.00™ 69.67° 67.19 1.35
SGTP (U/L) 20.75°  26.50° 23.33° 22.08° 23.17 0.58
Creatinine (mg/dl) 1.28°% 1.33" 1.27° 1.23° 1.28 0.02
BUN (mg/dl) 13.30° 9.82° 10.72° 10.38° 11.05 0.32
Total cholesterol (mg/dl) 121.93 135.17 145.42 142.25 136.19 4.40
HDL cholesterol (mg/dl) 59.25 58.50 61.08 60.58 59.85 1.25
LDL cholesterol (mg/dl) 16.83 17.92 18.92 19.50 18.29 0.68
Triglyceride (mg/dl 27.67 26.25 23.83 23.67 25.35 0.80
Glucose (mg/dl) 86.50 89.75 91.17 91.50 89.73 1.11

b With each row, means with different superscripts differ significantly (P<0.05).
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Table 19. Formulae (%, as—fed basis) and chemical composition(%, DM basis) of the

experimental diets for the Hanwoo steers in growing period to late fattening period.

o o
?6.571] B = f20 71]
(12 ~ 2071€%)
127144) 28714%)
Awl Az 31.4 -
B Az 12.1 -
odtul Az 3.6 2.9 3.6
R4 - 9.0 14.3
ojgrg]l gto] ek - 7.70 _
7] & 3.6 - -
ST 12.1 16.3 40.7
SrraTd 3.6 14 14.3
o 7 u} 6.1 - -
AA A - 2.1 -
T3 F 5 3.5 14.3
) =} - 13.1 -
SFFT gt - 11.3 11
A 0.2 0.2 -
2134 0.4 0.4 0.4
B 18.9 -
! 0.6 0.3 -
H BRI — vl 5 3HA 0.4 0.4 =
ZEHpo] R E A 2 1.5 1.4
s}ehA A
(%) 29 33 27
Ze A (% of DM) 13.28 15 16.50
Z A% (% of DM) 2.5 2.72 4.0
i\f)xﬂxﬂ S8 AR of 51.72 42.4 33.40
A (% of DM) 27.59 15.45 13.70
74ast g T (% of DM) 67.52 74.40 80
Z+ (Ca) 43g 38¢g 34g
Q1 (P) 22g 20g 23g

DM : A%, dry matter
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A

Hool —E S AT AARS A8 FAEAE, 7 A GAE 37HA FEoE T

(total digestible nutrients, TDN)-& @& ste] AlxE ALRE o] &30 W5

ujAZol ot xolE in vitro WEASAH E Fa TAES TAFSEY SAES flsE AR
s fst 7 EARE &8 Akt

(2) Ax 2 WY

h wiFHe] =n): gL QAHE 98l WFF9] cannula 7F &FE ¢HA (600 Kg £ 50)
275 ol &sidlth AIg Al A AFEH F9AE (AF7] AMSE, 5.6 kg) ¥ AR (R4,
2.4 kg) 7:3 v]&= 09:00 £ 16:000°] 2Q°ﬂ o] gofetgith. w9 v =l 9%t
EDDM (effective degradability of dry matter, & A& Fal&) % EDCP(effective
degradability of crude protein, & @@z B &5)5 F4s7] Y3l APIAE= 4
TDN 9 &%A59 Tall-fescues 7:39 H|E&=Z 72t 53 AlHE 2.1g, Tall-fescue
0.9g&3% 3 % 3g2 7 X 7 cm nylon bagell Ho} 250ml AHztEet~=0 Wi, 12132 A
=2 AS YA AFEFH (McDougall” s buffer solution)= 1:1H]&= &3] vk
160ml & ¥o] 3—way stopcockEs &3t nFupfE AztEelAd 45 Wl & g
oF7] (VS—8480SR) el 135 rpm, 39C 271 3holl % 48A17F 7k4] wjekatgich. @ a7 2
HFEA 3period i SR 1, =4 W BASE O Z= pH, gas production, ammonia—N &

, VFA X%, EDDM % EDCPE ZAFsk3ith.

(Wh) Ado AHEE AFR: A F 29l 53ALEE AlkAE 3714 TDN (total digestible
nutrient) 7}&  7FA 22 vigrE ok 8]S4 7] LTL1 (Low TDN Level, 67%), MTL1 (Mid
TDN level, 69%) W HTL1 (High TDN level, 76%) 2} 8]9=7] LTL2(ow TDN Level,
74%), MTL2 (Mid TDN level, 78%) % HTL2 (High TDN level, 81%)% AF&33it).
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Table 21. ¥]537] FFALRS] ¢

Treatments (TDN level)
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Ingredients LTL1 MTL1 HTL1
(67%) (69%) (76%)
Corn, ground 10.37 38.52 67.70
Wheat (soft) 4.44 2.81 1.33
Wheat flour—second clear 5.63 3.26 1.33
Gluten feed 22.22 10.96 2.67
Wheat bran 36.00 21.48 8.44
Soybean meal 2.96 2.22 1.33
Coconut meal 11.85 8.89 1.63
Urea 0.44 1.48 2.67
Rice polishing 1.33 5.63 8.15
Molasses 1.33 1.33 1.33
Limestone 2.52 2.52 2.52
Mineral—salt 0.89 0.89 0.89
Table 22. H|FF7] EFAFR ] w3y
Treatments (TDN level)
Ingredients LTL2 MTL2 HTL2
(74%) (78%) (81%)
Corn, ground 20.77 33.33 47.33
Wheat (soft) 4.00 2.67 1.20
Wheat flour—second clear 11.87 5.33 1.07
Gluten feed 13.33 7.87 0.67
Wheat bran 28.93 12.67 0.67
Soybean meal 4.69 6.67 8.93
Coconut meal 8.53 5.33 0.67
Urea 0.67 0.93 1.20
Rice polishing 0.67 18.67 31.73
Molasses 3.60 3.60 3.60
Limestone 1.87 1.87 1.87
Salt 0.53 0.53 0.53
Minvit2 0.53 0.53 0.53
Table 23. A SAIE 2] AntAHE
] AT (%, DE7ZIF)
A BALE
DM CP EE Ash
TS
W% 47)
LTL1 93.94 15.29 6.44 7.85
MTL1 94.36 16.11 6.99 7.56



HTL1 94.04 16.10 7.20 6.97

H &5 7]
LTL2 90.69 17.8 6.93 7.09
MTLZ2 90.28 17.9 8.23 7.11
HTLZ2 89.77 17.8 10.49 6.74
AR
Tall—-fescue 94.25 7.65 7.66 5.18

(th A wieF AF % 1, 3, 6, 12, 24 W 48 Agke]l 3—way stopcockell 8 FAH]
= ddsto] 7ka WS A sila, aFeRE AlAse] Al pHE S8
Ammonia—N E% ZAFE 93] #lgd 0.8mlE AF 5t Fawcett and Scott (1960)
© 2 Spectrophotometer (DU-650)& ©]¥, ammonia—N&LE ZASISTh vpx7x 2,
VFAFLE ZAME fd kel 0.8mlE AFHAL, wAE &5 FAE 98] 0.2 ml 25%
phosphoric acid®} 0.2ml 2% pivalic acidE internal standard® A}&3}9] gas chromato
graph (GC—HP6890, Hewlett Packard Co.) & ©o]&3slo] At 203 ¥ nylon bags Al
& % dry ovenelA 60T 48A1%F &<t Az F JHEstel EDDM % EDCPE 918 AOAC
(1995)WHj o2 Avkdi A4S gtk 2 wigAgtel #al&2 Orskov and McDonald
(1979) 21 o & AAtstA )

— Yy = atb(l—e

Vo ARt oA EaE reln, o’ & BelnE FE S 54 REi p
b AARoR BelEt FE, ¢ & b7 oAb Eelg olth

]
W ab 4 cE AAste] olgfe] 24l (Prskov and McDonald, 1979) ¢ theldlel EDDM %
EDCPE AAksit}

(2) A74d¥% 2 nF
537 AFRE] 7} sampling AlZFell Wik} o] pHy AAAOS= TDN7PF & &4
wolow wjek Fx9 48hol|A 9 pHE LTL1, MTL1, HTL1 £4= 5.67, 5.63, 5.63% H]
F%57] AF=Re AF 5.64, 5.7, 5.632 A} H3lY. Total gasd 3> w547 483, 491,
520 ml H]S%7] 447, 461, 477 mlE HTL1, HTL20A %<& 7pA wbgers wolvh(ad
4, 5). H]FHA79 AZtd gas productione HJFA|Z F GA|ZF7FX] HTL1o] =ka
(p<0.05), W72 AF5 A3 144 ztol= ®olA| gtk ujFF718] A5 AA 4
o2 A7FF gas productione HTL27} =UgA9E F2oAQl ztol= gldeh. v]S-47]
ammonia—N %= HIF & 12A]17H(p<0.05) & AQ)st Y =] AlZkeA] F224 1 Aol §
QAT AA AR ammonia—N §%+ LTL1AA A YErSH. vSF7] ]S 7]19] Ayt
AQl total VFA wXeoAel & F4<1 Aol= AT, vk F 6hellA 9] total VFASE
© HTL1oA o Aol nls] 9402 =9t (p<0.05, Table 4). VFAS] Ao =
ek & 1hollA LTL19 butyrates X7} v Aol vl =4t (P<0.05,). HSF7]
749 wjeko] Fuhi= 48hollA total VFAFEE MTL291A 7H4 %3k, butyrate 5%

[Re)
15

N

Jo o7

_88_



oAo R EST A9 MTL2eA thE del 7ol Hl3] %2> ammonia—NEEEF KO,
oA o)zl ekttt M5 7] LTL1eIAM ©& A+l #®ls] EDDMeS “b"  Fol =%
(p<0.05), ol kA ut HTL1lA tEx g ol nls %7 Eaf&l
“EDDM” kol =A 2AF H Stk EDCPX mizb7EAI 2, HTL1AIA A AR QT BS
7191 4= LTL2oA o2 gl 7ol vls]l EDDMS  “c” ko] %9+ (p<0.001), #94
1 kbR, LTL29] EDDMgte]l th& Aol vl =A A HUth. EDCPe -9
EDDM#} ©t24 “b” 3 “EDCP” 9 o] MTL29 HTL2914 LTL2X Y #9 Aoz
A ZAFE AT (p<0.05). ¥ AL vlF A7) 9 v[SF7]9 AAHe A 913 AR
A% TDN# &S AbstaAl #3388l vh, Wb vl A&l osk wa A 9 in vitro &
AR RS ol &ste] dEY WAl oA ES AT AR A3 vl d7] 9o
S57] BT AMFESE ﬂJHl G TDN 5 £2 58 TDN &0 AR H U= ALQFE ol A
xﬂAlo}L *Zoﬂﬁ vl 719 A 69%94 TDN &= 9 v F7]9 A% 78%9

= HEESUlel e I Ak & sk A
ARt

[*]
’,
oo £ R

2
w
g
N
it
)
N
rAI
l:f.
Q
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abli ru
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Table 24. H]S-A7] Hjekly VFA % 4 A4

1 2
Items TTL1 MTL1 0T SEM Pr>F
_________________ 1h__
Total VFAs 55.41 60.47 56.73 1.986 0.574
Molar proportion(mmoles/100mmoles)
Acetate (Cy) 64.06 63.78 64.00 0.178 0.818
Propionate (C3) 21.77 22.37 22.74 0.174 0.064
Butyrate (Cy) 10.44% 9.92P 9.70° 0.110 0.012
Co/C3 2.94 2.85 2.81 0.028 0.182
_________________ 3h__
Total VFAs 67.83 74.52 76.36 2.635 0.386
Molar proportion(mmoles/100mmoles)
Acetate (Cy) 63.94° 63.60° 66.33% 0.501 0.045
Propionate (C3) 23.44 23.63 23.31 0.311 0.923
Butyrate (Cy) 9.34 9.56 8.94 0.143 0.247
Cy/C3 2.72 2.69 2.84 0.048 0.451
_________________ 6h__
Total VFAs 71.87° 89.89" 97.95° 3.674 0.002
Molar proportion(mmoles/100mmole)
Acetate (Cy) 67.86 65.369 64.17 0.768 0.134
Propionate (C3) 23.29 22.780 22.56 0.340 0.688
Butyrate (Cy) 8.09 10.02 10.09 0.544 0.331
Co/C5 2.91 2.87 2.84 0.055 0.885
————————————————— 12h-
Total VFAs 112.825 123.2 120.28 3.402 0.457
Molar proportion(mmoles/100mmoles)
Acetate (Cy) 62.77 63.25 64.19 0.350 0.253
Propionate (C3) 22.53 22.58 22.03 0.331 0.768
Butyrate (Cy) 11.95 11.50 11.38 0.202 0.509
Co/Cs 2.78 2.80 2.91 0.056 0.599
————————————————— 24h—
Total VFAs 152.39 156.91 172.85 4.610 0.152
Molar proportion(mmoles/100mmoles)
Acetate (Cy) 62.91 63.18 63.68 0.431 0.780
Propionate (C3) 21.31 20.88 20.93 0.304 0.839
Butyrate (Cy) 12.92 13.17 12.66 0.181 0.534
Co/Cs 2.95 3.02 3.04 0.062 0.871
————————————————— 48h—
Total VFAs 197.63 199.02 197.96 3.404 0.988
Molar proportion(mmoles/100mmoles)
Acetate (Cy) 63.88 63.39 63.84 0.503 0.928
Propionate (C3) 20.20 20.68 19.76 0.279 0.458
Butyrate (Cy) 12.82 13.20 13.40 0.171 0.385
Co/Cs 3.16 3.064 3.22 0.066 0.688

'SEM = Standard error of means. ?Pr > F = probabiliy level.
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Table 25. H]S=7] Hjekly VFA % 9 314

Treatment

Items LTL2 MTL2 HTL2 SEM1 Pr>F2
_______________ 1h_______

Total VFAs 62.10 62.90 65.45 3.703 0.936

Molar proportion(mmoles/100mmoles)

Acetate (C2) 69.36 69.24 68.62 0.539 0.862

Propionate (C3) 20.62 20.74 20.20 0.298 0.777

Butyrate (C4) 7.11 6.76 7.85 0.335 0.438

C2/C3 3.37 3.35 3.40 0.071 0.972
_______________ Sh_______

Total VFAs 66.73 66.97 70.20 2.738 0.856

Molar proportion(mmoles/100mmoles

Acetate (C2) 69.75 68.28 68.66 0.680 0.700

Propionate (C3) 20.26 20.86 20.42 0.321 0.769

Butyrate (C4) 6.87 7.58 7.83 0.291 0.412

C2/C3 3.45 3.29 3.36 0.085 0.765
_______________ 6h_______

Total VFAs 106.77 118.18 113.54 3.037 0.334

Molar proportion(mmoles/100mmoles)

Acetate (C2) 68.41 69.17 68.23 0.459 0.712

Propionate (C3) 20.49 19.71 20.36 0.257 0.455

Butyrate (C4) 8.27 8.46 8.44 0.161 0.895

C2/C3 3.34 3.51 3.35 0.065 0.555
——————————————— 12h——————

Total VFAs 123.26 122.14 124.54 2.496 0.936

Molar proportion(mmoles/100mmoles)

Acetate (C2) 65.89 66.06 66.00 0.584 0.994

Propionate (C3) 20.85 21.12 21.98 0.297 0.295

Butyrate (C4) 10.12 10.06 9.50 0.273 0.644

C2/C3 3.16 3.14 3.00 0.068 0.623
——————————————— 24h—————-—

Total VFAs 152.85 147.96 172.33 9.873 0.935

Molar proportion(mmoles/100mmoles)

Acetate (C2) 64.80 61.36 63.30 0.868 0.222

Propionate (C3) 20.54 22.16 22.70 0.530 0.255

Butyrate (C4) 12.01 13.27 11.44 0.389 0.167

C2/C3 3.15 2.79 2.79 0.099 0.215
——————————————— 48h—————~—

Total VFAs 198.04 209.870 201.76 8.910 0.884

Molar proportion(mmoles/100mmoles

Acetate (C2) 64.59 62.56 62.41 0.487 0.118

Propionate (C3) 19.08 20.57 22.05 0.337 0.072

Butyrate (C4) 12.71b 13.58a 12.24b 0.192 0.002

C2/C3 3.44 3.04 2.83 0.124 0.122
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ISEM = Standard error of means. ?Pr > F = probabiliy level.

Table 26. H]S37] AF&2] EDDM % EDCP

. treatment
items [TLL MTLL HTL1 SEM Pr>F
Parametersland EDDM
a 28.73 31.71 33.29 0.822 0.058
b 41.942 38.402 35.89P 0.978 0.025
c 0.14 0.12 0.14 0.005 0.238
EDDM 59.66 58.9 59.02 0.493 0.710
parametersland EDCP
a 25.08 27.31 26.40 0.458 0.126
b 35.67 31.34 35.15 1.698 0.590
c 0.049 0.067 0.070 0.909 0.656
EDCP 40.30 44.79 45.91 1.245 0.145

Table 27. ¥]S%F7] AF=¢ EDDM % EDCP

treatment

items [ Tlo MTLo OTlo SEM Pr>F
parametersland EDDM
a 27.44 31.56 30.51 2.9061 0.115
b 41.57 42.81 41.63 0.586 0.667
c 0.112 0.06P 0.07° 0.006 0.0008
EDDM 56.28 56.04 55.73 0.459 0.900
parametersland EDCP
a 19.69 22.72 19.453 0.750 0.128
b 27.310 30.862 20.882 0.660 0.050
c 0.16 0.13 0.24 0.022 0.079
EDCP 40.41P 44.472 43.932 0.694 0.004
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vl 7154 Ed (GABA) & FH7V8IY in vitro B9 2E A 4 9 $%, §3 539 7
e &

=(GPB) A7} shals
F1sl AAl skl

v m{n

2]
522 y —amino butyric acid (GABA)E AA3t= vlA
o W9 dasd vl ARE, §F SA5H AT 9FE 24

T

o
O

In vitro

Ao F2ldt GABAAA U ESQ], Lactobacillus brevis YM 3-30, #5%5 7|4z
MRS broth (Oxoid LTD, England) el wiFatqlct. Aelr A" MRS HiX|+=
monosodium glutamate (MSG)E 5% 7}l o™, pH 5.0, 32° CollA 48A7F vlF3}S
th Ao H7hsk GPBO ¥ =& 600mmelA 1.8 o]glon, A= 10°CFU/ml, GABA
ET= 45mg/mle® =4 H g

AR 71 2E tFerE ol gkl e, A et Control, GPB:2g/L. GABA, 5g/L GABA,
Hd GPB:2g/L GABA, 5g/L GABA, A 9F:2g/L. GABA(99.9%; Sigma—Aldrich Korea
Ltd.), 5g/l. GABA(99.9%; Sigma—Aldrich Korea Ltd.) =& % 77019 Az ol Hg+¥H
2 160ml serum bottle®l 78ttt wlkel AFE¥ rumen inoculum< ¥+5%] cannulae”}
FAE 4870€E % sk AAS (600147 k) ZHE fof A= EREeIGIT @Nkeke E<t
2 39 2 A" B # H#sida, 9 & FA] w9 €& (ruminal content) >
ArRYAE AASH] 8l 43 cheeseclothollol stdith, o el REFAUEES COE
bubbling3t buffer medium £ (20% vol/vol) & &33}o] ©o]E inoculuml Z A3}
¢t} Buffer medium 8§92 Russell?} Van Soest (1984).9] WO =2 Axsto] A5t
=3

160ml serum bottle®] ¥71H 2 50mls +F39

d7veto] tixzg2 ARSIt Ao A e HlEel wEp H7FE $ 397 CellA
100rpm o= 0, 12, 24, 48 AZbE<t vkt Agar=2 3k ow Ade WA gl
W EBEXEEoZE  Total gas(TG), pH, ammonia nitrogen(NH;—N), biogenic
amines (BA), super oxide dismutase (SOD) ¢} glutathioneperoxidase (GSH—Px) & #2413}
At

& 7 AR kHAlM 7] (Laurel Electronics, Inc., Costa Mesa, CA)® Z743I30H,
pH M530p meter (Schott instruments, Mainz, Germany)Z =433t NH;—NHE+=
Chaney ¢} Marbach(1962)2] W o=z F4A 3o, VFA, BA+= HPLC(Waters Ltd.,
Massachusetts, USA)Z TAX3FA Y. Antioxidant enzyme assaysi-?l2 Marklund and
Marklund (1974)% o2 &4 s3i

In vivo

A= 2670€E" SAAS 24FF FAEk] APS I ST A 5o AT
602.06 £ 10.13 kg & A= om A7+ Control(Con), T1, T2E ZH7} 4upg|¥ 24
o shalth. 271AlTS AEMAY stF Aol F4 sielon, AAFR stF el AT
4 % endotoxiniAlE Q3] AAFHE HAASGT. T AAAAE 129U%5F AAEH3TH.
2}7Ee] FA =2 35 13kgd AdA o wE Fwjsti= TMR(concentrated fodder feed,

3 7)AAES TS (2% DM basis)
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brewer s grain, mixed grasses, rye grass straw, corn gluten feed, oat grass,
crushed corn, lime powder,71.9%DM) 2] A8 E o}x 3 Ao Z}ZF 6.5kg® o3t}
T3t TMRAFR S JgA o=k 29w (CP), 11.12; =AW (CF), 2.60; &=A4#/ (CH),
9.44; Z3¥, 8.63; Z4, 1.76; 91, 0.39. 22 ==} Ao+ GBPHE/MEL 3g/L
(T1), 5g/L (T2), 0g/L(Con) & thFHrel 4lojM 194200ge 284l LG8 woisksd
o FAEES FEAY d9TATE Alsag, §4, S%¥ew 9 Plasma endotoxin

(Chromo-LAL Limulus Amebocyte Lysate) &A1& A3 313

(3) A4
In vitro
Table 228}3Fo] pH= OAIZFoll A 48A1ZF wiFat o4 oz Fhasiiv. & 7k A
NH;-N&EE wjek Alzkel wel 5Us geoz F7etth(P<0.05). & 7hs v Eof
GABA ¢} GPB-produced GABA& tix7-¢ BlwslA] F94 o]z} veptA] ekgteh. wi
of NH3—N&Z=+ T7olA iz vluste] Fo4 02 &3kt (P<0.05).
Table 23°|4 propionate, butyrates =%} acetate :propionate (A:P)H]&-2
UERFA] kAT F VFASEE T7AEF7F 48417 Atz 3] 9]
(P<0.05).
TBAGEE 48A1ZF HigkelA 7Hd =tom, thxeA 7Hd =kt T29 T3A g+
10.62 mM ,11.21 mM=Z H2]7-3F 71 okt Akt SIAe =9 A] T1AHZ FANA &
o] © 215.99mM=E 7 =9kt
SOD$F GSH-Px+= fFo Ao x po]7F YEbA] 3kA GBPY GABAE H7FshA] &
oAl SODS GSH-Px 7+ A vebst

2

In vivo

Table 25914 F SAZFS GBPHZF Ael7F thx+o vls] 27} 6.50kg, 18.34kg A
ettt AdFEAS oAM= T1 (0.76 kg), T2 (0.85 kg) 2 th=7(0.71 kg) v} %t} 1
b /o7 Aole dERA] dgith SASFAAE F4 Aozt VERA] kA RE
endotoxin ¥ %A T1, T2 %7} 27} 17.23, 16,42 EU/mIE thx7 29.23EU/mlel] H]
3l freolrow Wkt (P<0.05).
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Table 28. pH, total gas and ammonia nitrogen (NH3—N)concentration of in vitro fermentation added with either
GPB—produced GABA or GABA using soybean meal as substrate

Time (h) Treatments
T1 T2 T3 T4 T5 T6 T7 Mean Linear P—
value
pH

0 5.98°¢ 5.97¢ 5.99ab¢ 5.98" 5.99ab¢ 6.01% 6.02% 5.99w 0.0001

12 5.61° 5.643% 5.643b¢ 5.65% 5.68% 5.66% 5.63 5.64x

24 5.49 5.45 5.46 5.48 5.50 5.45 5.45 5.46y

48 5.42 5.41 5.43 5.41 5.42 5.44 5.42 5.48y
Total gas production (ml)

12 74.00° 75.00° 80.33% 82.67° 83.00? 71.00° 71.67° 76.62x 0.0001

24 77.00 81.00 80.33 78.33 79.67 77.00 79.00 79.10x

48 96.50% 91.00b 99.67 99.67° 102.33% 98.33% 108.00% 99.43w
NH3—Nconcentration (mg/dl)

0 34.10 34.63 32.87 33.97 34.33 33.73 32.43 33.68z 0.0001

12 75.55°¢ 79.00b° 85.00%¢ 90.73% 96.47% 74.93°¢ 79.90%° 83.06y

24 96.10¢ 104.10¢ 104.07¢ 104.33° 103.57¢ 105.43° 110.13% 103.93x

48 107.75° 127.67°  130.67" 128.6.33"  117.07™  118.70" 158.20° 127.11w

Means followed by different superscript letter in a row (a,b,c,d)andcolumn (w,x,y,z) aresignificantlydifferentatb%levelbyDMRT.
T1: Control, T2: 0.2 g GPB—produced GABA, T3: 0.5 g GPB—produced GABA, T4: 0.2 g autoclaved GPB—produced GABA, T5:

0.5 g autoclaved GPB—produced GABA, T6: 0.2 g
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Table 29. VFA production of in vitro fermentation added with either GPB-produced GABA or GABA using soybean
meal as substrate (mM)

Time Treatments ]
) T1 T2 T3 T4 T5 T6 T7 Mean Linear P-value
Acetate

0 36.85% 35.59% 36.39% 35.243 35.52% 33.67" 32.13° 35.06 0.4120
12 44.92 41.43 44.03 42.11 44.23 43.02 42.70 43.21
24 41.98 45.86 43.56 43.55 44.01 45.75 44.13 44.12
48 49.30ab 49.15% 50.67% 48.61%° 46.66° 51.90% 52.47*% 49.82

Propionate
0 9.88% 9.13 8.96°¢ 9.10 9.00c¢ 9.25" 9.09 9.20 0.0240
12 16.43% 14.77° 15.35% 15.19% 15.98% 15.47% 15.78% 15.57
24 16.81 17.43 17.45 18.96 18.95 17.72 18.28 17.94
48 22.20 23.98 23.07 26.61 23.85 23.75 24.96 24.06

Butyrate
0 3.71° 4.00° 4.47% 3.94° 3.73° 3.81° 3.89° 3.93 0.0560
12 8.59¢ 9.673bcd 10.83% 10.36% 10.10%¢ 9.46P 8.91¢ 9.70
24 13.48 12.92 15.41 14.18 16.44 15.08 13.26 14.39
48 25.19% 29.62% 27.37% 21.61° 21.14° 21.40° 30.88? 25.31

AP ratio
0 3.73bcd 3.90%¢ 4.06% 3.878b¢ 3.95% 3.64¢ 3.544 3.81 0.0001
12 2.73 2.80 2.87 2.77 2.77 2.78 2.71 2.78
24 2.50% 2.63% 2.508b 2.30b 2.32P 2.58?% 2.41% 2.46
48 2.22 2.05 2.20 1.83 1.96 2.19 2.10 2.08

Total VFA
0 50.442 48.71% 49.822 48.28% 48.25% 46.73b 45.10° 48.19 0.473
12 69.94¢ 65.87¢ 70.21% 67.65% 70.31% 67.95¢% 67.39" 68.47
24 72.27¢ 76.21% 76.42%c 76.68%¢ 79.40% 78.55% 75.670cd 76.46
48 96.68°¢ 102.75° 101.11° 96.84°¢ 91.65¢ 97.04c 108.31% 99.20

Means followed by different superscript letter in a row (a, b, ¢, d) and column (w, X, y, z) are significantly different at 5% level

by DMRT.

T1: Control, T2: 2 g/LL GPB-produced GABA, T3: 5 g/LL GPBproduced GABA, T4: 2 g/L autoclaved GPB-produced GABA, T5: 5
g/L autoclaved GPB-produced GABA, T6: 2 g/l GABA chemical, T7: 5 g/l GABA chemical
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Table 30. Biogenic amine concentration of in vitro fermentation added with either GPB-produced GABA or GABA

using soybean meal as substrate (mM)

Time Treatments

(hr) T1 T2 T3 T4 T5 T6 T7 Mean Linear Pvalue
Histamine
0 6.73 5.03 6.44 6.19 5.97 6.18 6.14 6.10° 0.0001
12 14.16% 12.13% 11.01% 11.43b¢ 10.55P¢ 10.08b¢ 9.66° 11.29¢
24 14.72? 9.41° 10.42° 11.19° 10.95° 9.98° 9.36° 10.86%
48 15.99¢ 9.34¢ 9.96° 11.51° 13.23° 9.58¢ 9.62°¢ 11.32%
Methylamine
0 0.24 0.25 0.28 0.24 0.25 0.29 0.27 0.26° 0.0001
12 0.33 0.30 0.32 0.33 0.30 0.29 0.31 0.31°
24 0.33 0.34 0.31 0.33 0.34 0.32 0.30 0.33°
48 0.33 0.34 0.34 0.32 0.34 0.35 0.49 0.36%
Ethylamine
0 0.31 0.29 0.35 0.36 0.26 0.28 0.39 0.32° 0.0008
12 0.39% 0.33° 0.38% 0.39% 0.43% 0.30° 0.31° 0.36%
24 0.46 0.36 0.34 0.47 0.41 0.38 0.39 0.40%
48 0.35¢ 0.36° 0.35¢ 0.35¢ 0.50% 0.42° 0.46% 0.40%
Tyramine
0 0.40% 0.40% 0.43% 0.32° 0.39% 0.33 0.39% 0.38° 0.0001
12 0.37 0.33 0.34 0.37 0.38 0.38 0.42 0.37°
24 0.34 0.35 0.34 0.44 0.39 0.45 0.35 0.38°
48 0.56 0.57 0.56 0.65 0.60 0.67 0.59 0.60%
Total biogenic amine
0 7.68 5.97 7.50 7.12 6.87 7.08 7.19 7.06° 0.0001
12 15.25% 13.09% 12.05° 12.51° 11.67° 11.06° 10.71° 12.34%
24 15.86% 10.47b¢ 11.41% 12.44° 12.08b¢ 11.13b 10.41°¢ 11.97°
48 17.22¢% 10.62°¢ 11.21¢ 12.83° 14.67"° 11.02°¢ 11.17¢ 12.68°%

Means followed by different superscript letter in a row (a, b, ¢, d) and column (w, X, y, z) are significantly different at 5%
level by DMRT.

T1: Control, T2: 2 g/L GPB-produced GABA, T3: 5 g/L GPB-produced GABA, T4: 2 g/L autoclaved GPB-produced GABA, T5:
5 g/L autoclaved GPB-produced GABA, T6: 2 g/l GABA chemical, T7: 5 g/L GABA chemical
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Table 31. Mean weight gain, ADG, FCR, marbling score and blood endotoxin level of Hanwoo cattle fed with GPB-

produced GABA

Parameter Control T1 T2 Mean SEM P value
Gain in weight (kg) 91.33 97.83 109.67 99.61 7.19 0.2474
ADG (kg) 0.71 0.76 0.85 0.77 0.05 0.2375
FCR (kg feed/kg gain) 13.7 12.47 11.42 12.53 0.94 0.2804
Marbling scores 6.17 7.17 5.50 6.28 0.62 0.1991
Blood endotoxin (U/ml) 29.23° 17.23° 16.42° 20.96 2.66 0.0253

Means followed by different superscript letter in a row are significantly different at 5% level by DMRT.
T1: Control, T2: 3 g/l GPBproduced GABA, T3: 5 g/LL GPB-produced GABA
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Table 32. Chemical composition(%, DM basis) of the experimental diets.

Experimentaldiets
Items Early Late _
fattening Feed fattening Feed Rice straw

Composition(%6, fresh basis)

Moisture 10.75 13.14 13.24
CpP 12.63 13.99 6.41
EE 3.11 3.39 1.01
Ash 6.77 6.21 11.84
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CF 8.84 8.93 32.24

NDF 40.72 39.29 86.5

ADF 18.16 17.04 55.2

TDN 734 74.11 49.8
(3) o 23t
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Table 33. Body weight change of Hanwoo steers by growth stage as influenced by

breeding value

Parmeters T1 T2 T3 T4 Std Error Std Dev
First day 25.08 25.40 24.82 24.60 0.561 3.327
weight (kg)
180day weight (kg) 190.77a 186.51ab  178.25bc 173.51c¢ 3.406 20.151
480day weight(kg) 452.74a 420.57b 404.65¢ 384.62d 4.247 25.129
720day weight(kg) 643.97a 617.74b 589.85¢ 573.25d 5.650 33.428
Carcass weight(kg) 461.45a 447.82b 425.06¢ 409.22d 5.274 29.877
Slaughterage (day) 923.60 921.41 918.72ba 908.45b 2.947 20.894
Back meat 93.12 90.94 88.96 88.80 1.624 8.766
size (cm?2)
Back fat size(cm?2) 12.75 12.14 12.03 11.90 0.761 4.294
Marbling score 6.24 5.94 5.75 5.48 0.255 1.441
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Table 34. Correlation analysis of treatment A

paramete first day 180 day 480 day 720 day Carcass Carcassday back meet Back fat Marbling
rs weight size size score
first day 1 0.59217¢ —-0.23341 0.09566 —-0.1035 0.30209 —0.26852 0.4161a —-0.29679
180 day 0.59217% 1 —-0.27242 0.00222 -0.12184 0.3093 —-0.2607 0.2242 —0.14382
480 day —0.2334 —0.27242 1 0.57362* 0.65495% —0.18547 0.27926 0.04182 0.26191
720 day  0.09566 0.00222 0.57362°% 1 0.65196% —-0.34033 0.41018" 0.30764 0.161
Carcass —0.1035 —-0.12184 0.65495 0.65196% 1 0.02572 0.45685% 0.0948 0.21992
weight
Carcass 0.30209 0.3093 —0.18547 —0.3403 0.02572 1 0.01494 —-0.04707 —0.26953%
day 3
Back —-0.2685 -0.2607 0.27926 0.41018"  0.45685% 0.01494 1 —-0.10804 0.47253%
meat size
Back fat  0.4161° 0.2242 0.04182 0.30764 0.0948 —0.04707 —0.10804 1 —0.25389
size
Marbling —0.2968 —0.14382 0.26191 0.161 0.21992 —-0.26953 0.47253% —0.25389 1

score

- 105 -



Table 35. Correlation analysis of treatment B

parameters  first day 180 day 480 day 720 day Carcass Carcass back meet Back fat Marbling
weight day size size score
first day 1 0.08977 0.00763 —0.0707 —0.29573 —0.12087 0.05457 —-0.16743 —-0.17764
1
180 day 0.08977 1 —-0.0664 —0.2803 —-0.27322 0.00352 —0.21856 0.09673 —0.00554
1 5
480 day 0.00763 —0.06641 1 0.74769% 0.1756 —0.14529 —0.18985 —0.03045 0.16614
720 day -0.0707 —0.28035 0.74769% 1 0.24172 —-0.10305 —0.0338 0.11278 0.24549
Carcass —-0.2957 —0.27322 0.1756 0.24172 1 0.12004 —0.08655 0.48059% 0.1042
weight
Carcassday —0.1209 0.00352 —-0.1452 —0.1030 0.12004 1 —0.45983a 0.06801 —0.23446
9 5
Back meat 0.05457 —0.21856 —0.1898 —0.0338 —0.08655 —0.45983% 1 —-0.11928 0.23056
size 5
Back fat -0.1674 0.09673 —-0.0304 0.11278 0.48059 0.06801 —-0.11928 1 0.2912
size 5
Marbling -0.1776  —0.00554 0.16614 0.24549 0.1042 —0.23446 0.23056 0.2912 1

score
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Table 36. Correlation analysis of treatment C

parameters first 180 day 480 day 720 day Carcass Carcass day back meet Back fat Marbling
day weight size size score
first day 1 0.22915 0.22111 0.09996 —0.06638 0.08312 -0.12047 -0.1014 0.21274
180 day 0.2291 1 0.36774° 0.31548 -0.37192° 0.11217 —0.34168 0.06952 0.13518
5
480 day 0.2211  0.36774° 1 0.65712% —0.30706 0.16753 —0.25796 -0.1971 -0.10293
1
720 day 0.0999 0.31548 0.65712¢ 1 —0.28732 -0.01178 -0.23571 -0.21028 —0.20863
6
Carcass -0.06 —0.37192" —-0.30706 —0.2873 1 —-0.03101 0.62262° 0.38181° 0.38945"
weight 64 2
Carcassday 0.0831 0.11217 0.16753 -0.0117 —0.03101 1 —0.2461 0.03895 0.11561
2 8
Back meat -0.12 -0.34168 -0.25796  —0.2357 0.62262° -0.2461 1 0.0053 0.5007%
size 05 1
Back fat size  —0.10 0.06952 -0.1971 -0.2102 0.38181"° 0.03895 0.0053 1 0.02657
14 8
Marbling 0.2127 0.13518 —-0.10293  —0.2086 0.38945" 0.11561 0.5007 0.02657 1
score 4 3
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Table 37. Correlation analysis of treatment D

parameters first day 180 day 480 day 720 day Carcass Carcass back meet size Back fat size Marbling
weight day score

first day 1 0.15612 0.23249 0.1864 —-0.12592 —-0.25213 —-0.1103 0.0493 0.41936

180 day 0.15612 1 0.05843 0.05639 —-0.14793 —0.00922 —-0.19735 0.17473 —-0.29336

480 day 0.23249 0.05843 1 0.71304*% 0.17693 0.34817 —-0.1089 —-0.17466 0.02959

720 day 0.1864 0.05639  0.71304% 1 0.51506% 0.24435 0.1157 0.12036 0.10359

Carcassweig —0.1259 -0.1479 0.17693 0.51506% 1 0.24716 0.55961% 0.32971 0.10496
ht 3

Carcassday —-0.2521 -—=0.0092 0.34817 0.24435 0.24716 1 0.15568 —0.25798 —-0.1778
2

Back meat -0.1103 -0.1973 —0.1089 0.1157 0.55961% 0.15568 1 0.3034 0.26424
size 5

Back fat size 0.0493 0.17473 —0.17466 0.12036 0.32971 —0.25798 0.3034 1 0.17531

Marbling 0.41936b —0.2933 0.02959 0.10359 0.10496 -0.1778 0.26424 0.17531 1

score 6
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Table 38. Body weight change of Hanwoo steers by breeding value.

Korea breeding value

T1(High) T2(Low) SEM
191.63 191.75 10.59

Stage Items

Initial B.W., kg

Final B.W., kg 660.25 624.88 16.72

6 ~ 25 month of age ) b
Total intake, kg 7715.58% 7643.64 69.18
Daily gain, kg 0.83 0.77 0.12

Feed efficency 0.06 0.6 0.03

Korea breeding value
T1 (High) T2 Low) SEM

Stage Items

Initial B.W., kg 660.25 624.75 16.72
a b
Final B.W.. ke 741.62 700.50 18.56

25 ~ 28 month of age Total intake, kg 660.62 663.50 0.13

Daily gain, kg 0.89 0.84 0.02

Feed efficency 0.081 0.075 0.01
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Carcassweight (kg 459.125 426.25 15.74
)
Back meat 94.875 89.25 4.56
size (cm2)
Back 13.5 11.5 1.24
size (cm?2)
Table 39. Chemical composition(%, DM basis) of the meat.
Items T1 SEM p value
Moisture 52.514 53.479 1.920 0.728
Cp 16.441 16.648 0.682 0.835
EE 29.935 28.684 2.709 0.749
ASH 0.823 0.784 0.064 0.687
Cholesterol(mg/100g) 494.299 521.856 22.059 0.414
pH 5.600 5.613 0.013 0.514
T1: High Korea breeding value
T2: Low Korea breeding value
Table 40. Soluble amino acids of the meat.
Items T1 T2 sem p value
(mg/100g)
Ala 25.579 23.660 0.730 0.091
Arg 211.571 204.146 5.952 0.393
Asp ND ND ND ND
Cys 9.710 9.129 1.349 0.765
Glu 7.450 7.179 0.542 0.729
Gly 7.098 7.044 0.236 0.876
His 25.001 22.810 1.407 0.293
iLe 6.968 6.604 0.205 0.240
Leu 10.784 10.010 0.392 0.190
Lys 10.829 9.944 0.733 0.409
Met 7.010 6.784 0.189 0.422
Phe 8.486 8.033 0.248 0.234
Pro 4.708 4.548 0.110 0.333
Ser 9.179 8.929 0.398 0.676
Thr 47.584 46.684 1.792 0.732
Tyr 10.755 9.988 0.325 0.120
Val 9.196 8.578 0.359 0.253

T1: High Korea breeding value
T2: Low Korea breeding value
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Table 41. Fatty acid composition of the meat.

Items T1 T2 sem p value
(%)
C10:0 0.046 0.043 0.005 0.647
C12:0 0.084 0.078 0.010 0.662
C14:0 3.468 3.331 0.252 0.713
Cl4:1 1.169 1.125 0.110 0.784
C15:0 0.208 0.219 0.013 0.539
C16:0 26.286 27.246 0.542 0.244
Cl6:1 4.844 4.713 0.233 0.700
C17:0 0.468 0.486 0.033 0.704
C17:1 0.583 0.514 0.049 0.364
C18:0 9.564 9.784 0.342 0.663
C18:1 45.743 44.591 0.737 0.289
C18:1, 11t 1.556 1.661 0.177 0.717
C18:2 ND ND ND ND
C20:0 2.020 2.074 0.102 0.715
C18:3 0.098 0.103 0.026 0.876
CLA, 9cl1t 0.319 0.291 0.016 0.257
C20:1 ND ND ND ND
CLA 10tl12c ND ND ND ND
C20:2 ND ND ND ND
C20:3 0.156 0.159 0.011 0.880
C20:4 0.296 0.335 0.029 0.363
C24:1 0.070 0.075 0.005 0.536

T1: High Korea breeding value
T2: Low Korea breeding value
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taurine, carnosine 5-< Purchas et al. (2004, Meat Sci.)2] #HE& W33}

2 SSAI5EE 5A citrate buffer2 £33t dA s &, HPLC &47|71E ©]&3t4

BAE L, A FRAEES & d7dol SR EAMHE &8ste] HPLC £47]7]

I
i
HH

< 11158

CHEY 2¥5E =2TF=2 O Egne

gy e TE P E Ag =] S /EE
SM pH L* a* b* HEH pH

T2 #d B8 CEHUF NMELF
ouE free amino acids creatinine creatine anserine carnosine
Ay ma sFA 9% uFa PUFA n-3 FA CLA
i | AMP IMP inosine hypoxanthine

HEF NzE ARTE o b S OEY

19-44702 WSlolA et 90% o]4e] 26—3671L Alolo] R H
O A =ATFAE Az F3E 743579 FF5HS ATH 1247F, BS5H 209%F, C
TH 16772 FAHEACH, §ATF Wt 1++5F 90%F, 1+5F 183F, 157 309%F
2 2%F 16152 74

m2012 =2013 2014

117

1++ 1+ 1 2
a9 3-3-5> SdTFE 29Uy 35 5
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420.19a 412.05a 400.79b 0.0051

421.33a
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64.96 64.97 65.10 0.7231

64.70

91.89% 88.72c 86.61c <.0001
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Hlow, A

=

=

Tender
= Prefernce

i |UCINESS

= Color
== Flavor

SERER

o A% 2437%2 71 A dehgon] £95 5] Wobge) whet fel

o

T

=
N

u 1++9F 1+3+2] Zpol7}
A gl M

1

kel
=

1+

B 25 FAE 7.09% =2 wolA

ol & a2

1+

R

ASTE 98 Aol Ue

Table 19.

TR

i A el

ro
3w

p value
4, o]= =

<.0001
0.0004
<.0001
0.0001
0.0268

-
T

70.90A
20.30a
7.09D
1.20a
59.80ab

64.19B
20.10a
14.09C
1.16a
58.08b

1+
61.44C
19.68a
17.56B
1.07b

59.79ab

1++
55.76D
18.56b
24.37A
0.97b
61.78a

Le@t ()7} begro] #9202 ol

Fat(%)

Ash(%)
Cholesterol (mg/100q)

Moisture(%)
Protein(%)

T

of

[

Fel7h f1l5
116 -
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1++ 1+ 1 2 p value

L* 41.73A 39.86B 38.52C 37.50D <.0001
a* 20.85 20.85 20.78 20.59 0.8565
b* 12.34a 11.87a 11.40b 11.00c <.0001

Fego] WA o3 2 AYHY) WEOE Al
O 253 HEY, e Aov} gion), a0 Fe] A $A5H0] £S5
57 4

1++ 1+ 1 2 p value

pH 5.84 5.83 5.82 5.85 0.3396

Water Holding Capicaty (%) 48.24 49.05 48.80 4973 0.2027
Drip loss (%) 16.36 15.50 15.77 16.12 0.2338
Cooking Loss (%) 20.69A 19.34B 18.02C 17.04D <.0001
Shear Force (kg) 4891c 53.93b 56.11ab 58.37a 0.0006

#H(WBSF)9 3% f25H°] 5% FFo=z Fasoen, o #5379
b7

I=]
A5 3 7ol AX(tenderness)’F =X HTE Ay dx]star L. 717]18E X0 93 Ak

Shear force (kgf)

60
55 A
AB
50 = : =
45 = : 3
40 .
1++ 1 1
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HNAEZ ZFo] AMP, IMP, inosine, 2 hypoxanthine2 117]9] Zu|¢} ddEH &3
, 79 11719 EFn|EA9 kel IMPE inosineS AA hypoxanthine o

™
HHA A B T Fo] =o% (Yano 5, 1995)

Table 22. §&Fgol| & A Fr=4 vl

1++ 1+ 1 2 p value

AMP 3.89bc 3.81c 4.29a 4.20ab 0.001

IMP 100.22b 110.80b 126.35a 129.83a <.0001

Inosine 24.46 25.69 24.56 25.58 0.2781

Hypoxanthine 18.46 18.86 19.79 19.17 0.2746
frejotr| =it Ao ME 17|y Fuef AHE RAo=Z dHA o, B AT A
A% anserin, carnosine 59 dipeptides® @48} 7155 AW 7|54 Heol=2x &

B A Q03 creatine ¥ creainine2 JYX| thAlel Bl Ve EEE EHFA

frelobu| =2k Z glycine(Gly), alanine(Ala), proline(Pro)< ©8FS- X 317]o| A np5-2] gk

Zu)o] JeEA=z d#x dow  (Fukunaga 5, 1989), phenylalanine(Phe),
arginine (Arg), histidine(His), leucine(Leu), methionine(Met)-2 2283} #HAFH Aukzo g
glutamic acid(Glu), aspartic acid(Asp)= 117] &9 v EZE 4HA

el otH|:=4be] EAAH 2559 eFolA =2 FFY Ala, Arg, Pros YEHOH,
ol 25wHY AT AdAHLE AgEFo] vrof A A 2 ofr|ity FHE =2

2 X< (Table 28)
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Z7}3}99 2.1 creatine, creatinined] ZA$o+ 255 3¢50 1++ Hoh =4 YEd

Table 23. S25F W& fFgotu)=AF 2 dipeptides &% (unit: mg/ 100g)

1++ 1+ 1 2 p value
Ala 36.42c 40.49ab 38.76bc 42.51a 0.0057
Arg 264.76b 281.85b 279.15b 315.79a <.0001
Asp 211 2.27 2.05 2.50 04138
Cys 5.23ab 5.62a 4.45b 5.23ab 0.0585
Glu 9.62ab 10.03a 8.40b 10.44a 0.0192
Gly 9.69 9.98 9.04 10.02 0.153
His 62.39¢ 76.25b 78.35b 85.46a <.0001
iLe 5.61ab 5.40ab 477b 5.71a 0.035
Leu 9.59ab 9.61a 8.45b 9.91a 0.0543
Lys 10.36ab 11.06a 9.95b 10.58ab 0.196
Met 4.52ab 447ab 3.78b 4.58a 0.0202
Phe 6.14ab 6.09ab 5.28b 6.34a 0.0214
Pro 3.81b 4.28ab 4.04b 4.63a 0.0034
Ser 10.86ab 11.27a 10.04b 11.84a 0.0263
Thr 40.12b 43.90b 43.75b 49.48a 0.0018
Tyr 7.15ab 7.10ab 6.48b 7.68a 0.0401
Val 7.88ab 7.94a 7.01b 8.22a 0.0562
Anserine 102.68b  11647ab  116.93ab  132.45a 0.0434
Carnosine 697.19c  77839%ab  762.39b 817.60a <.0001
Creatine 144440c  1564.80b  1633.70a  1663.40a <.0001
Creatinine 31.45ab 30.88b 32.22ab 33.20a 0.0974

‘oily’ C18:2+ ‘cooking oil’ C18:3& ‘fishy ¥km|7} EMojgtar H 11

-

O §ATHEC F275 AdA] Aol m5d= E78 XA YA EX A

9

Ake] vl Eo] 42 T3 zol7t gllon, o= AHke] tiBE-E A= oleic acid
o] Hl& Alol7} BA 7] WjFo =z dAdd
O WA 2 o] dadd =2 24539 917|2kal 34 n—6/n—-3A18 EX3 A4t
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swolel siA AAE 2404 E8sival & F (s
O v, F 7 o9 olFZddew 749 tHEEIFAYIHPUFA)Y B¢ SH2TH] &
STE Z7bsle A Hola =1, eicosatrienoic acid(C20:3)+= 8 ZH2HE F
M= LDL-Z#2HE Astzrgo] ¢HA o™ (Park and Yoo, 1994), arachidonic
acid(C20:4)& % 35F°] 0.79%% thE TFEY F82 2 =5 (Cho &, 2005)
O 71%5A Aato 2 d# 2 CLA(conjugated linoleic acid)9] 2% 9¢,11t 2 10t,12¢¢] o] A

A7 g BAHgom FAEFe] BE folH Aol e

Table 24. S2AS5F W& XH2k ZA vl (unit @ %)

Composition 1++ 1+ 1 2 b value
C10:0 0.04ab 0.04b 0.04ab 0.05a 0.0575
C12:0 0.09 0.09 0.08 0.09 0.2535
C14:.0 3.00 2.95 2.84 2.80 0.1243
C141 0.98a 0.97a 0.93a 0.83b 0.0032
C15:0 0.23c 0.24bc 0.25ab 0.27a 0.0011
C16:0 24.36 24.66 24.73 24.32 0.3567
Clel 4.29a 4.22a 3.99ab 3.74b 0.002
C17:0 0.54b 0.57ab 0.56b 0.60a 0.0454
C171 0.64 0.64 0.63 0.66 0.3237
C18:0 10.10b 10.14b 10.40b 10.94a 0.0034
c181 4431 4424 43.61 4343 0.0554

C181, 11t 1.86 1.90 1.87 1.86 0.9424
C18:2 2.29b 2.36b 2.56b 2.82a 0.0001
C20:0 0.05 0.05 0.05 0.06 0.3014
C18:3 0.10 0.09 0.09 0.09 0.7009

CLA, 9clit 031 031 0.29 0.29 0.4879
c201 0.39a 0.36ab 0.33bc 0.32c 0.0065

CLA, 10tizc 0.02 0.03 0.03 0.02 0.415
C20:2 0.08 0.08 0.10 0.10 0.5581
C20:3 0.22c 0.22c 0.27b 0.32a <.0001
C20:4 0.40c 041c 0.56b 0.67a <.0001
C241 0.11c 0.12c 0.14b 0.17a <.0001

Saturated Fatty Acids 3841 38.73 38.96 39.14 0.536
Unsaturated Fatty Acids 56.00 55.93 55.37 55.33 0.2391
PUFA 341c 3.49c 3.88b 4.32a <.0001
UFA/SFA 148 146 144 143 0.4355
n-6/n-3 8.94 9.18 9.14 8.73 0.3067
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& 59 1FZ 275 HE Aol

A7 (19-2570 €% 295, 26—2870¥% 665, 29-3171€% 1785, 32-347H L%
1665, 35—44701€9% 61F)°l we} =AF-E 339kg o 2R 442kg 714 FrH oz F7}
v, ol HEol MiHAZATERE, SAY FA, vied AsE EFd® Skl wet

7k 27kske T3 Fe vhe e A

200

150

100

frE B NN

19-25 26-28 29-31 32-34 35-44
SorE=d

19-25 26-28  29-31 32-34  35-44 p value

=S 33948c  41336b  41735b  42463b  44187a  <.0001

X ONES 68.31a 64.35b 64.18b 63.77b 63.38b <.0001

i | & 2 O R 84.24c 8899b  91.04ab  92.35a 92.57a 0.0002
=SX|e=7 9.44b 13.89a 14.49a 15.12a 15.22a <.0001
b2 2 x| 4 444c 5.52b 5.57b 5.90ab 6.25a <.0001
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m Markling index IMF (26)

20

15 Y N e R

10

Z_JIIII

25 26-28 29-31 32-34 35-44
a8 13 398 a8 nEYR 49 ZUA T Fo

o
=
7
6
—p— C 0l Or
o
=i Flavor
e Tenderness
4 g
i JLIICINIES S
= Preference
=
2

19-25 26-28 29-31 32-34 35-44

T 19-25 Bt} =4 Yeld (Table 24)
O TUAYEe AHHo =z #AAE AWshFs uds] B, 2678 L7R] 43 F71shtt

7ol F MM F7HEE FEY

g 2EE o vl

iy

Table 27. TALEd wWE dulgdR 9

19-25 26-28 29-31 32-34 35-44 p value
Moisture(%) 66.24a 63.36b 62.04b 61.74b 62.22b  0.0026
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Protein(%) 2030a 19.83a 19.79a 1946a 1842b  0.0119

Fat(%) 11.70b 1528a 16.79a 1747a 17.67a  <.0001

Ash(%) 121a 1l1lab 1.10ab 1.05b  1.02b  0.0477
Cholesterol (mg/1009) 6181 6028 5989  60.08 5858  0.5441

O 234Ul hE 49 Hole ANAOR §9H Aol LpehiA gkgkort, 35-44

ML FA HAMETF e AoF Ve
Table 28. =A| €& WE A% Hl W
19-25 26-28 29-31 32-34 35-44 p value
L* 39.91 40.13 39.62 39.27 39.84 0.3437
a* 21.44a 20.67ab 20.86a 20.72a 19.98b 0.0680
b* 12.07 11.91 11.74 11.58 11.53 0.3134

Lo
ot
—o
e
Q‘L
(e
ol
o
N
o
N
flo
—
©
o
o
-
oL
o
w
o
o
W
-
N
:\_l,
Ry
=
Q‘L
e
Ho
Lo
»
(o
fru

¥

[o

19-25 26-28 29-31 32-34  35-44

value

pH 5.82ab 5.81b 5.83ab 5.85a 5.83ab  0.1607

Water Holding Capicaty (%) 49.93 49.00 49.15 48.73 48.60 0.6206
Drip loss (%) 16.70ab  1604abc  15.42c 1593bc 16.84a 0.0087
Cooking Loss (%) 18.30 19.29 18.65 19.01 19.56 0.1374
Shear Force (kg) 58.38a 52.56ab 54.49ab 52.75ab 50.97b  0.1029

O dAwdel A FedYol weh T Aol ol ZshUo] FrhsEA Hekelo]

stolA Y, 2770 @l 337HEE Alelelle #F93 AFol7t |l

kom, & i S Ae FE FoF Aolrt gldS
O Z3ot¥® 27+1/1d® o]% IMP &= T4 4¢SS BY
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® Shear force (kgf)

53

S0

45 T T T T
19-25 26-28 29-31 32-34 35-44

Table 30. =A & ©WE iaAd Fr=2 vl

19-25 26-28 29-31 32-34 35-44 p value

AMP 4.27 3.94 3.99 3.99 4.16 0.5283
IMP 129.69a 117.25ab 111.38b 116.22ab 110.30b 0.1505
Inosine 23.05b 24.90ab 26.11a 25.09ab 24.54ab 0.0716
Hypoxanthine 18.18 19.30 19.20 19.09 18.70 0.8033

O frglotu] =4t & 754 dipeptides®] &2 ZSILEERZ Fo4 zolE Ho|X| S
O 27+17/§¥® o]F i E2d 2 & carnosine &3 A HeFS BHYo v}

23l ® Skl e 7154 peptides &) K3 AFo] fleS e

o

Table 31. =A|LH WE Fgolv) =2t 2 dipeptides ¥ (unit: mg/ 100g)

Components 19-25 26-28  29-31 32-34  35-44 p value
Ala 39.37 39.42 40.22 39.33 38.16 0.7945
Arg 306.37a  269.99c 289.84ab 281.64bc 274.04bc  0.0317
Asp 2.10ab 1.87b 2.24ab 2.15ab 2.75a 0.3239
Cys 5.43ab 4.91ab 5.60a 5.04ab 4.37b 0.2372
Glu 9.38 8.98 10.15 9.69 9.25 0.5919
Gly 9.78a 9.57a 10.14a 9.63a 9.05a 0.4372
His 68.77 77.52 72.38 74.70 76.53 0.4876
iLe 5.39 5.15 5.76a 5.28a 5.06a 0.2781
Leu 9.63 9.02 10.04 9.20 8.83 0.2624
Lys 10.60 10.24 11.09 10.33 10.24 0.4455
Met 4.37ab 4.13ab 4.72a 4.23ab 4.01b 0.1444
Phe 591 5.73 6.43 5.86 5.63 0.2086
Pro 4.06 4.15 4.26 4.12 4.09 0.8849
Ser 10.95 10.68 11.48 10.77 10.49 0.5372
Thr 43.95 4445 4401 44.64 43.79 0.9935
Tyr 7.36ab 6.97ab 7.55a 6.78b 6.79ab 0.2071
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Val 7.96 747 8.29 7.60 7.19 0.2297

Anserine 119.04a 119.54 113.52 119.31 114.80 0.9002
Carnosine 808.72a  734.86b 768.85ab 752.57ab 761.63ab  0.1751
Creatine 156130  1570.60 1579.80 1563.80 153390 04525
Creatinine 29.75b 31.67ab __ 33.56a  31.74ab 30.80b 0.0109

A8t Aoz &H A oleic

rlo
Az
g
o

O 989 FASAHL A0 AP 1Y B
o z4e F5UY0] FrAUA fIHoE Frkse Ao Ueon,

3] 357/€9® o]FE F9F F7HE K] (Table 29)
A

Composition 19-25 26-28  29-31 32-34  35-44 p value
C10:0 0.05a 0.05a 0.04ab 0.04ab 0.04b 0.1033
C12:.0 0.10a 0.09b 0.08b 0.09b 0.08b 0.0711
C14:0 3.13a 2.96ab 2.90b 2.84b 2.93ab 0.1276
C14:1 0.91ab 1.00a 0.91b 0.91b 0.97ab 0.1891
C15:.0 0.30a 0.27b 0.24c 0.24c 0.22c <.0001
C16:0 2467ab  25.04a  2463ab  24.26b 24.26b 0.0535
Cle:l 4.15 412 4.17 3.98 411 0.5410
C17:0 0.72a 0.59b 0.55c¢ 0.55¢ 0.54c <.0001
C17:1 0.82a 0.65b 0.63b 0.63b 0.63b <.0001
C18:0 10.37 10.25 10.39 10.30 10.07 0.8170
C18:1 42.75b 43.26b 44.11a 44.32a 44444 0.0045

C18:1, 11t 1.67b 1.87ab 1.86ab 1.94a 1.94a 0.1794
C18:2 2.54 2.28 248 251 250 0.4113
C20:0 0.05 0.05 0.06 0.06 0.05 0.7085
C18:3 0.11 0.09 0.09 0.09 0.09 0.4789

CLA, 9cl1it 0.27 0.28 031 031 0.30 0.3067
C20:1 0.35ab 0.31b 0.34b 0.38a 0.39a 0.0002

CLA, 10tiZc 0.03 0.03 0.03 0.03 0.03 0.8611
C20:2 0.08 0.09 0.08 0.09 0.10 0.9372
C20:3 0.27 0.24 0.26 0.25 0.24 0.5164
C20:4 0.58a 0.46ab 0.52ab 0.47ab 0.45b 0.1021
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SH2 ]

(n=743)
IMP 7l
Hypoxanthine 18.9°
Carnosine 765.1%
C16:0 25.29*
C18:0 10.33°
c18:1 44.06"
C18:2 2.31°
c18:3 0.08%
SFA 39.71°
UFA 55.73*
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Comparison of Physicochemical and Functional Traits of
Hanwoo Steer Beef by the Quality Grade

Dong-Gyun Lim', Ju-Su Cha, Cheorun Jo?, Kyung Haeng Lee?, Jong-Ju Kim*, and Ki-Chang Nam*
Department of Animal Science and Technology, Sunchon National University, Suncheon 540-950, Korea
"Depm‘nnem of Health Administration and Food Hyvgiene, Jinju Health College, Jinju 660-757, Korea
‘Department of Agricultural Biotechnology, Center for Food and Bioconvergence, and Research Institute

of Agriculture and Life Science, Seoul National University, Seowl 151-921, Korea

j.Depar!menr of Food and Nutrition, Korea National University of Transportation, Jewngpyeong 368-701, Korea

‘School of Biotechnology, Yeungnam Universin, Gyeongsan 712-749, Korea

Abstract

The physicochemical and functional traits for loin muscles of Hanwoo steers were compared by quality grade (QG). A
total of 300 Hanwoo steers were slaughtered, their carcasses were categorized into four groups (QG 14+, 1+, 1, and 2), and
the longissimus dorsi muscles were analyzed. QG 1++ group had the highest fat and lowest moisture content (p=<0.05). QG
14+ showed higher L* and &* color values, higher cooking loss, and lower shear force values, compared with the other
groups (p<=0.05). The flavor, tenderness, juiciness, and preference scores by sensory evaluation were highly ranked for pre-
mium QG groups ( 1++ and | +). Regarding the micro compounds, QG | and QG 2 had greater amounts of inosine mono-
phosphate, and QG 2 had greater amounts of anserine, carnosine, and creatine, than QG 1++ (p<0.05). QG 1++ and 1+ had
higher percentages of oleic acid (C18:1) than QG 2 (p<0.05). Within premium QG 14+ and 1+, the results of the nucle-
otides, free amino acids, dipeptides, and fatty acids did not show any distinctive differences. Hanwoo beef as determined by
the current grading system was not significantly different in terms of functional components; the only significant difference
was in intramuscular fat content.

Keywords: Hanwoo steers, quality grade, functional components, sensory evaluation

- 127 -



~._ Korean J. Food Sci. An.
L1} Vol 34, No. 3, pp. 287-206(2014)
DO hifp:/jdx.dol.org/10 5851 fkosia 2014.34.3 287

I

Comparison of Physicochemical and Functional Traits of
Hanwoo Steer Beef by the Quality Grade

Dong-Gyun Lim', Ju-Su Cha, Cheorun Jo?, Kyung Haeng Lee®, Jong-Ju Kim*, and Ki-Chang Nam*
Department of Animal Science and Technology, Sunchon National University, Suncheon 540-930, Korea
"De'pm‘rmem of Health Administration and Food Hygiene, Jinju Health College, Jinju 660-757, Korea
*Deparment of Agricultural Biotechnology, Center for Food and Bioconvergence, and Research Institute

of Agriculture and Life Science, Seoul National University, Seoul 151-921, Korea
Department of Food and Nutrition, Korea National University of Transportation, Jewngpyeong 368-701, Korea
‘School of Biotechnology, Yeungnam University, Gyeongsan 712-749, Korea

Abstract

The physicochemical and functional traits for loin muscles of Hanwoo steers were compared by quality grade (QG). A
total of 300 Hanwoo sieers were slaughtered, their carcasses were categorized into four groups (QG 14+, 1+, 1, and 2), and
the longissimus dorsi muscles were analyzed. QG 1++ group had the highest fat and lowest moisture content (p<0.05). QG
1++ showed higher L* and #* color values, higher cooking loss, and lower shear force values, compared with the other
groups (p<0.05). The flavor, tenderness, juiciness, and preference scores by sensory evaluation were highly ranked for pre-
mium QG groups (1++ and 1+). Regarding the micro compounds, QG 1 and QG 2 had greater amounts of inosine mono-
phosphate, and QG 2 had greater amounts of anserine, carnosine, and creatine, than QG 1++ (p<0.05). QG 14+ and 1+ had
higher percentages of oleic acid (C18:1) than QG 2 (p-<0.05). Within premium QG 14+ and 1+, the results of the nucle-
otides, free amino acids, dipeptides, and fatty acids did not show any distinctive differences. Hanwoo beef as detenmined by
the current grading system was not significantly different in terms of functional components; the only significant difference
was in intramuscular fat content.

Keywords: Hanwoo steers, quality grade, functional components, sensory evaluation
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Association of carcass weight with quality and functional
properties of beef from Hanwoo steers
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Abstract. The association of carcass weight with quality and funetional properies of Hanwoo (Korean native cattle )
beef was investigated. The carcasses of 250 Hanwoo steers were categorised into light (<375 kg; n = 74), medium
(375425 kg; n = 76) and heavy (>425 kg; » = 100) groups and were evaluated for back fat thickness. rib eye area,
and beef marbling score 24 h postmortem using the Korean carcass grading system. Rib eve area, back fat thickness, and
marbling score significantly increased (P < 0.05) with increasing carcass weight. However, marbling score and
intrammscular fat content showed only a little increase (P < 0.05) beyond a limit of 375 kg. Inosine-5"-monophosphate
concentrmtion was significantly higher (P < 0.05) in medium and heavy carcasses. Camosine concentration was
significantly higher in medium carcasses. Total saturated fatty acid content and n-6:n-3 ratio decreased as carcass
weight increased (P < 0.05). Medium and heavy carcasses had significantly higher (P < 0.05) scores for sensory
quality parameters. Owerall, medium carcasses of Hanwoo displaved optimal sensory and health benefits while
minimising the economic disadvantages of growing carttle to heavier weights.
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Exon CDS — non-synonymaous 7,504
Exon CDS — synonymous coding 11,543
Exon — UTR 8,014
Exon — other 2,965
Splicing site 51
Intron 184,253
Other 404,024

*(CDS = coding sequences; UTR = untranslated regions.

Number of SNPs 648,855
Number of validated SNPst 618,345
Sample pass rate 99.94%
Average sample call rate 99.62%
Reproducibility* 99.94%
Mendelian consistency 99.96%

" For blood, semen, ear punch, and hair bulb samples from all 20 breeds shown in
Table 1.

 These SNPs are polymorphic and pass performance criteria for all the breeds and
samples tested. Additional SNPs may be validated on a per-breed basis. These SNPs
were used for sample performance and coverage calculations.

* Reproducibility of SNP calls are for replicates run on different plates.
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The Korean domestic cattle (Bos taurus coreana, called 'Hanwoo') has high economic value,

which has been assumed that numerous and valuable genetic variations were linked to several kinds of trafts such as meat quality and dissase
resistance in this breed. In the current study, we investigated genomic features of 10 individual hanwoo seed bulls, Including selection of
appropriate referance genome, discovery of single nucleotide polymorphism (SNP) and trait-assodated nensynanymots SNPs (nsShPs).
Whole-genome sequencing using a Genome Analyzer TIx generated 3 total of 26.5 Gb of sequences, of which 594,716,859 and 592,990,750
reads covered 98.73% and 93.79% of the bovine reference genomes, UMD 2.1 and Btau 4.6.1, respectively. In total, 2,473,884 and
2,402,907 potential SNPs were discoversd against UMD 3.1 and Bfau 4.6.1 respectively. Of the total SNPs discovered in this study, 1,095,922
(44.3%) and 982,674 (40.9%) ar= novel which were not identified in dhSNP respectively, Among them, 46,201 (UMD 3.1) and 28,613 (Btau
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marbling (intramuscular fat) and yellow hair. In further, the relationships between Hanwoo-spedific SNPs and the genes related with 5 quanti-
tative traits were investigated.
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HW_003104102.1 Bas maurus breed Hereford chromaserms 8 gensmes scaffol, - *
- Bos_taurus_UMD_3.1, whole genome shotgun saquence. 89,70 | 100-00./.16; | L1 ABLO800. | “ARlERa- 00 [ oABT AT
HW_003103968.1 Bos murus breed Hereford chromosome & genomic scaffold, N sy i .

& Bos_taurus UMD_2.1, whole genome shotgun sequence. E8.79 100.00 2 1019 3E5047E3 3695725 0.0 2462.E
Blast Result & Home = Blast
in SHP

Position Allie hwSHP ) novel f common
3695299 A Hoved SHEP
fuery 475 GEARATAGCCACCARAGCCCARGARACCCAGATAGTCCCARRCAGEATARACCCARGATG
PEETELTTREEEL TEE Fd |||||||||IIII||||||||I||||I|IIII
Sbjct 36895266 GERAATAGCCRCCCRRGTICC ""'-'-:—'.P..."—'."'C"' GARRGTCCTARRCAGEATARRTICRRGETG
his00&49181 (-/A)
Query 535 CRTCCTRRGR R TR C R TTARTC AR TTARTEREGACCRR R CR R GRECRARRTRET
| I T T T O O I EREE FRERFVENLE, ERLELLEES
Sbjct 36985328 -RRLCACCCCRRGRCRCRTRATTRARTCRRLTGRARCRRRGRTCRRALCRCRRALRRRCRRRTET
SHP detaill = Hamw = SHP > Datail
hs00649181 :SNP detai
SHP 1D Chir, Mo Conltig 1D I EIOR SHP type Rl allele SHP allche Haoboro tag Heteno albsle
hal0s49181 Chr. 06 AN _ 1035968 IGHSE20D [nsartian - - Heéteronygote A
howSHP tag Howvelf common SHP tag Common SHP desc 100k chip id
Howal -
Gene 1D Region NESHP sy SNP meSHP desc T neSKP desc 11 orentation
E InteRegion -
Gne descrption LKMo
QTL_ID=1546; Harma="Mik protin parcentage Abbrav=PP;PUBMED D= 16426646 a8 _[D=104]1 tran=Mik praten
] percentage FankMarker=BMS 24960,V TO_narme="milk protain amount™PTO_name="mik protein content ;040 _name="rmilk proten
QTL chescription percentage’;Map_Type=Linkage;peak_cM=03. 45 F-Stat=1.23

29 3-159. BLASTE £3 A9 23 dlojgghe] nHlm A,

® SNP rojefel AR A7A59 oy &84 s flsl &9 F3A A, A
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A, 5242 A4, uniprot metazoa, NCBI NR H|o|EH|o] A5 &3¢ Q= )30

o A HolEHlo)AE A Al AEek A FHE 3-10)

Enter Query Sequence

Enter your FASTA seguance(s)

" f b - P TR A 1y
Or, upisad fie {only fasta format fle o M8 MSE IR oe

Choice program [ database

Chawe bast program blagn ¥ Choice database B.taurus genamc DA db (nudeotide) ~
B, DL geno kA el (nucleotide’
Algorithm parameters B.taurus protein db (nuclestide)

B.taurus CDS db {protein)
Uniprot metazoa db (protein)

Word size 26 2 Max farget segs 2 - .
NCBI R db (protein]

G2 0pEn 5 s Gap extendead 2 o~

Penaky k3 & Reward @ .

Exptected threshold 10 H Percent idently o o

a9 3-160. BLASTE £3 dolg T&/ ¥ &84

4, Okt QTL 2 SNP TAARF R %3]
7} QTL

o o §F MFE Sl& # AyE FEl wExl A7) Wol(SNPs) 2k AminalQTL
database®] cattle QTLE] 67} trait R AA FRE dolguo|~sH( 1 3-9)

e &=y THAFE 67] FL traintS Reproduction, Meat, Milk, Exterior, Health,
Production 2.2 T4 Q1o Z} traitso] d|ddh= SNPsE 3H¢- Eo]Ael SNPs, W
novel SNPs T12al 7] 7% NCBI®| dbSNP wloJeso]~5 Fa ofv] Bieixl
commonSNP C.& -i-5o] HloJg o] As}

® 7} SNPs®] Al Ar= AW 848 1A JRE alge® CDS 999 cSNP, &
N o] oprAl M WolE f8ekE non—synonymous SNPs, f+34ke] ddE 24

3l= promoter G rSNP, 1 & FHAel F4AF Aol inter—region®] EA=
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SNPss Al JBE dlolewo] A3} 3.

QTL = Home > QTL

6 displayed in total records.

CbDs =
Traits Category Total intron  Promoter InterRegion Etc o)
nsSHP  (aaChSNP)  sySNP total

Hovel SHP 856,415 631 434 4,598 5,229

Reproduction Common SHP

Hanwoo Specific SHP

Novel SNP

Meat Comman SHP

Hanwoo Spacific SNP

Novel SNP
Milk Camman SHP
Hanwaoo Specific SNP
Novel SHP
Exterior Common SHP
Hanwaoo Specific SNP
hovel SNP
Healch Common SHP
Hanwoo Specific SHP
Movel SHP

Production Caommon SHP

Hanwoo Specific SNP

I3 3-11. QTL Jtelzg & 7|Wte 2 £F #A3 67] F2 traits@E FEH SNPs

o 7 wraits® MY F Fui & 3-23 gor] o5 AF shelme @ SNPse] Al
AnE AN 9% 3w, A9 f449 97 3w, 710, QIL id B B 5o

SNPse ¥} 22 Al ARE F32F @97+ 440] 7k afes o (1" 3-12)

¥ 3-2. Z QTLY & 53%Y 75 AR

2244 a4

K
Reproduction &9 5474 F=te] Y 9 dsAdol e wAH

Meat 2 3 FA=E o), A7 opu|wal shek, A e S5 ded JR

Milk FAe A 9 R R dEEd AR

Exterior B (A S v ES B 934 3 pigmentation

Health W A fAAEe] v X3 Ho Qe AoE AW AA, 7IAF A
9 e AHs YK

Production growt?ﬁﬂr AH@sFe] 46702 A traitsC.E ARFAQl A¥ weight, depth, high
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2% 3-12. QTL¥ SNPs®] A AR,
AR, 7154 H, dade] opulwal o] Fu

1}, SNPs

gh-] 7HA

A g, faAr
dlole] ol

‘IEI’
= &3l A7

T

A

+  Fortlity

& Ganeral

wTen, Pyt R

e (aaChanii) sysnie  torsd

s
Catogory Toital
nESHP {asChSIED) sySHP  total
Hierves SHP
Common SHP
Hanwod Spaciic I
" serinduction Categury Totsl
Comey
Thave: i
L] i
Semen qipkey Comrron S
el
I Saacre She
for e R
ol : ol
Mg Soofe S
el 5300
T
ATL o o
vrosome AR . Costy & .
AT Tipe Bepresduction ¥

10 Ssplayed ntotal 18 recondy

[ Trat groso: Semen quaity | Trat : Percentage bew oerm after cemonc stresa)

e

s

ntron  Promoterinterfagion  Etc

ikron Promoterinterilegion  Ebc

Hame = GTL > Detal

traits
Traa firgen r Corai ) g
QL I=0970: e = PACHnTIgN B BT 30T Gt
Pervaniage s b w =505 T;PUBMED_ID: o = M3tk Parcetage
er sparm Suon918 bew spmrafter tsmobe stressFankitacie: VIO names Twreom
ea Barmar Gubkty LAty M _rame.
odmane [k RN M0 TYD4-LRagedSiai-Hands Cnmedegr
rem wenig_cH 7 B2 S
vl {4 74, L
He tota s w518 witron Prometet ar
Ml S
ot
P
Harvwdd
Spachc S
Trast firgap heovmnn Tl s} reginn drfiminn
QTL_ID= P28 e = e 77 AT GHTOTC
Prcranzage ISR PO T PUBHED_ID = 158308 =M EiatsRaractige
et sperm 1 et g aft oamate neressFarkiatar =106 T35V TO_names"speem
afrnc R ety - st O S it ana
= & 2] 3 = o skZ2~ o) o o] %
g Pdo] BHE SNPs RS HNF @977 g2l & 9o Fazy 994
3lo. E +o. O X HE Fol &5 gl
, 5 5o] SNPs¢ 722 SNPs9| AF JrE g2l g4 9l

o] ARE 2 473,884 SNPs %

HHx

9}
512 novelSNP, 7]& SNP9} &) &}

Z A
at=

7] %% NCBI dbSNP

9,

D}Eﬂ 2] _/] o].u] LAk

E

=

_E__"
E
o

3

U= HW Specific SNPZ #3535 Novel dHloJEHo]|A G- (28 3-11).
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+= common SNP, %o 4wt Lhek
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Inco  logout  Sgnup  Help

Wariation Gene 100K SNPchip B I o i i Genome Browser Search

Variation = Home > Variation > Introduction

Statistics result from excluding mitochondria (UMD 3.1)
Common SNP Novel SNP HW Specific SNP m

Referance Detail view Total SNP
Count Percent Count Percent Count Percent

UMD 3.1 | 2,473,865 1,377,945 {55.74%) 1,095,920 (44.9%) 46,301 (1.9%)

Commen ShPs
W Hovel SHPs

aintergenic
Gene

130,000 200,000

a0, VENTURE VALLFY, 40, Omokehean-ro 152 bear-gll, Gwonseon-au, Suwon-s, Gyeonagi-do, Korea 441-413

13 3-138. 3% SNPs9 4AAY YXNARE Z3 Qe function database, novel® common, 3+
HW Specific SNPZ T4% o] & novel database.

o

o I 7E Tl dolxl SNPs dpollx AlEAl B X SNPs 8} 75 HEE Al

sb7] $18ll 3 3-34 %t 22 index tagdHE &

¥ 3-3. SNPchip 7/1&& ¢33 SNPs category & A Al

genotype category Index Tag
Novel Heterozygote novel SNP Novel SNP
Homozygote hanwoo specific SNP Hanwoo SNP
commonSNP
Heterozygote
(known) dbSNP Common SNP
Homozygote
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e 25 B« WirtoA « Dntndiction

Infrin v i=inr regam (1T
thw, irenad il - o Ty

o Wl W il [ATTIHERLE =
Oy = Tulsl WHF

¥ L]

1% 3-14. Variation category® A% 2%} category. Function/Novel tab2 %3 2}
chromosome!] SNPs®| # 3 2 A& Zlg|ue]d B3 94 EAARE &g 4 Qi)

® Variation? 2xF AlF 74Ea8] F function category+= A2 genotype W3 E E
o] wHE 71 A Al gelo] HE CDS 99je] SNPsE 7Fe-d] whald o=
W= nonsynoymous SNPs(nsSNPs) ¢} @il A Gate] Hol= §lou AlsmujelA]

TZ WHolE f & 4 9= synonymous SNPs(sySNPs) 12]3 §Ax intron

o Ho

o, A HdE ZEsk= promoter ¥, 1E]a 1 8] A} A7F Aol €] <]
Ql inter—region®.Z A3} &} variation H|o]E]e] FEALS Foglst (18 3-14).

® Variation?] A% FHE SNPs 7fEZ o7 7Ao] 7bs3sl 1 44 FHE= SNPs €17
AR, 7% A, dd QTLAR, allele AR, §82 JHZ 74 Fo] 9lom, keyword

e B3 BE AuE P4 98 5+ 9% 3-15)
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Home > SHP

SNP =
SNP TD O7TL Type v
=3
Typa ") Is 100K chip? / ! Is Hanwoo SNP?
by 20 L
2 displayed in total 2 records, v

SHP Id Chr. No Contig ID position allele Region/gene nsSHP  Gene QL hwSHP/ novel/common 100k chip id
Chr.23 NwW_003104548 7056474  GJC cDs R-=G 282493 Naowal SHP hb_059007
7 Chr.23 NW_003104548 7056471  AJC cDs W-=G- | 282403 Nowel SNP hb_059006

% 3-165. Variation®] AF HE. SNPO| AF-FR=2 AW AXNHE, 7| BB, allele 8, QTL AE 5L do]

Ejuo] 23} &3l

5. SNP chip A48 AKX AA %3

7}. 100K SNPchip
EA AFE Ydl sk HZAskE SNP chip 7BEE 100,284

o R 7 AR7L dlojg o] AstE

® 3k B9 fHH
SNPs 7} Auk ¢l om,

(133-16).

o5 A ¥H FHE

Ds

Traits Category
nsSHP {aaChSNP)

Movel SNP
Common SHP
Health
Harwoo Specific SMP
Total
Mowel SNP
Common SHP
Meat
Hanwoo Specific SMP
Total
Mowvel SMP
Comman SHP
Production
Harnwoo Spedific SMP
Total

Mowel SMP

Common SHP
Reproduction

Hanwoo Specific SMP

Total 1,157
Mowel SMP 75 49
_ - Common SHP 308 2232
SE Hanwoo Specific SMP 18 12 12 1,785
Total 400 283 1,372 17,912 274
Meat 2 (FromAffymetrix Test) : BHEEE 5 /RN SHE 270 7,268
a9 3-166. &9 §F A7E 93 tAdE &¢ 100K SNPchips] BAFEA #d AR,
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® 100K SNPchipt] 7z} #1824 SNPse] 328} 0|52 Al 2]lAEE SNP /E A
ARl AFEo] allele K, YXAPH, 7+ SNP type FRE AA3] gl &= 9lom,
contig IDE Z¥&A =W Genome Browser$t dEro] 1A HelAA oA i
SNPs SIAZ o], stdeto]Es} sto] &2l dHoly &85 =R (I"3-17).

® 7} SNPs+ 3l 44 2 QTL AEgE AAEo] olon, e 4 JuE &7
o7 &8317] 98, 100K SNPchip list®} HanwooSNPe] 7-¢- w2 553} to] dlo]H
wlo] A ARgARe] HA S Asketals (1H3-17).

SNp = Home > SNP
SNP ID QL Type | — v
bt |
Type ¥ 1= 100K chip? / Is Hanwoo SNP?
T
20 displayed in total 43 records. byan
SHP Id Chr. No Contig ID position allele Region/gene nsSHP Gene oTL hwSHP /novel{common 100k chip id
his00063403 | Chr.01 MW _003103811 590258 G/C Cchs R->P i Hanwoo Speafic SNP hb_034190
his00053010 | Chr.01 MW_0031035811 5791728 cfT CDs A->T 735701 Hanwoo Specific SMP hb_034244
5 Chr.01 W _003103319 2050265 GfA DS T-»1 100229503 Hanwoo Spedfic SMNP hb_034454
500117335 | Chr,01 NwW_003103820 4015708 T CDs Y-=M 100299991 Hanwoo Spedific SMP hb_034504

a9 3-167. ¥$ ©%3 100K SNPchipg] 44 SNP A A,

A3 gr g gojgwo) o] &4l &8-S 9% Search’]s

o 9o §F MFS AT FHAAE JRE GAEHOE AFstaA doJEuo]Ad BE
keyword AA°] 7ts st=5 AAT.

® QTL29 7ZAE2 ##H Keyword, QTL id, SNP id, contig id, gene id, S+&AW X4
K, chromosome F¥E ZH|aLe|st ato M) a8 wolon, AEsAES Sl

AEW 715 T4 Ao 7hssteE dlolEuo]Astet (1" 3-18).
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ik}
I
1

qQTL
SHP
GEME

B

Chromosome: | All
SNPID:
Position:

Keywords:

[ search | [ Reset

| Contig:

[
=

Al Y

W

Home > 244

% 3-168. Ho|gHol2Y] XE keyword 2 id ARE &83} search 7|5 23
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S §oto] & O”:]r ol o] <3 2—-1—-1>9A= AlA

=Z3 % F vt (reference population)d =7]¢F &4 =
A4 SF7F A5 YErdh

Table Ranges of accuracies(reliabilities) for GEBV across traits for various
sizes of the reference population
Size Reference Range of
Author Breed Ponulation Method Accuracy
P (Reliability)
Harris et. al. . GBLUP
(2008) Holstein 4,500 Bayes A.B 50%~67%
Hayes et. al. . GBLUP
(20092) Holstein 332~637 Bayes A 14%~55%
De Roos Netherland . .
(2009) dairy cattle 1,583 Gibbs Sampling 52%~82%
Hayes et. al. Holstein 781 GBLUP
(2009b) Jersey 287 Bayes A 42%~82%
Bayes SSVS
VanRaden et. al. . GBLUP
(2009) Holstein 5,335 Non—linearA.B 44%~T79%
Verbvla et. al Australian BayesBLUP
(321009)' ’ Holstein 1,098 Bayes A 54%~T74%
— Friesian Bayes SSVS
Rolf et. al. GBLUP
(2010) Angus 2,405 (using GRM) 23%~44%
Forni et. al. . GBLUP
(2011) Porcine 1,989 (using GRM) 28%~66%

O Harris 5(2008)2 IlluminaSNP50 bovine chipg ©]-83}9] (44,146 SNP w=}#A)
4,500F2 Sd AAS 40 Hoke] dist] FAA SEF7HE FHL A SF7
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O Hayes 5(2009a)°] IluminaSNP50 bovine chip= ©]€3Fo] 1998 FE 2003 A}
ole] Bl Holstein 74 79879 19 AEEeol gt Fd4 4 A3dE 7HA a0 A
@ v s BT olgste] A SF7bE #7129 A& BLUP WY
o7 FAHE SF7Ee vl A ST 1998 H-E] 20021 Atole] EHiojd AMAES
#x A (Reference Population) &% A3t mpxut 2003 Hold MA=2 A
4 Ak (Validation Population) &2 AAsle] §4x SE7F L ANHEE F=43519
A== Z $F7HTBY, True Breeding Value) S &% E3= AR 7]E9 A%
BLUP W& o] &3t 4 §F7HEBV) 9} §44 RS ol&ste] 4% K44

FF7HGEBV) o] BdAsE 719 557 4F =R yrojM =45 WS olE
il

H

O Hayes 5(2009a) 9] #H =&l vdd=ol F3A4 Aol digt A5 T35k
CRV 7]#¢] De Roos(2009)7} ®ist AyE AvRd, A AzE 60K SNP
Beadchip& ©o]&3te] #Fx Hdoz F 1,583F¢ st fxA 24 AHE 711 A
& AEY WS ol&ste] SNP wA Y ans FAst JgeE F
19999 FE 2003 Aol Ejolt 429F FoA 5%E L9z Fx Hd
of A4 Ader dAsto] AF=E FAsIT. vAdY WHE olgste] FAHE 74
A FF7F & =7F RO Fds Fot] FAHE ST/ Al fA4E, FEN,
AA, 4 dolgt AME d¢ 18 FHEY JA
23 9% ES ACE Bkl

O Hayes 5(2009b)2 Holstein?} Jersey 7 Fwhol tfdte] 2tz 2z A 781F
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7752 A3 lluminaSNP50 bovine chip
= o] &3ste] A A e A=l dig FAA 24 AAE AL AR vy
WHs BT ol&sty #484 SF7FE FASAY. A 99 qde o] g5kl &
By oriy FAY A SF7H] A9 oAS2AEAHPEV) & o] &3 o3

H7 AJg 2 =4st= " (expected accuracy)S ©] 2319t Hayes 5 (2009a) ol
)

m04'

[e:

F4 W (realized accuracy) ¥ vt 4% Holstein¥} Jersey
i ]

£ FAFRE, f
1

of whetel FHA o= 8%%t
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’

ﬁ
%9 35S vehygieh m@ vy

stl= W Holstein®] - A kel wish Fznto] vl WRlew 49 74
A FE7F AR w9kl
SHE e Aol tiste] 3
7F =2 Zo g Bt
VanRaden % (2009)2 IluminaSNP50 bovine chip< ©|&3te] 3% Aoz 1952
WRE 19984 Aoleo] Efolt Holestein F4 3,576F5 74 Aoz 1999 HE
20024 Atolo]l Elojdk EAERQ F4 1,759FF o]&3te] ¥ 5,335% ] gt #xA)
A A AL A 4 dES ol & A W vAdEy B s o] §ste] 4
d FF7HE vwskglth BE 27709 A diste] 71E8 dE AL b
7 AFEe 27% FoE FAEHSeH, Agy HdYg o s Y FAA
§E7He] A¥F s A7 49%9F 50%% FHE 26~27% HEO AFHE zolE e
Aok W oaseit
Verbyla 5 (2009) < IlluminaSNP50 bovine chipg ¢] &3] =z Hdo =z 1,940d
2E 2,000 Atolel]l ol Australian Holstein—Friesian ¢4 1,098%F A4 Hdo
E¥& 2005d@FH 2007 Atolel Ejold FA& 400FE ol &ekith HlAE WU

(Bayes_SSVS) 0.2 48 4 &F7F 487t A9 WRlor 48 84 5%
)

N

1
H&e] A= A7 1.3%, 9.4%9 0.2% =A F7438t30H, ojelsh Aol npztrhA]
A ZAM 2 HlTe 2Asks A FARASNTE EAA] EE Dol A" A=

Wyel BIAE o5 W nlat ok ¥ FAE T sk
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O Rolf 5(2010)& Angus 24 24055 2% € H 3F A5 A3 F(Average daily
feed intake) ¥ At& AF & FF(Residual feed intake) | thdt A5 E FA5t0] %
Ay A5E olgsion, FHdA dd Fds FHst] FAA FFE FHo= W

= ol&sto]l 71EL] ZHAl 7IRke] dd YA (NRM) = o] &3t 89 SF71e A

|ZSAT AR 4F F el vistel 248 A §37be) gen Firol

grs H
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M 1%, o] A 59 HebeM s 3% Y% shetettta Bausielow, Hd s Ab

15 1%
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common haplotype 54 %, 4) w77 dA#EH4F (LD FHol I ATE
200478 AldsaL 9l 58] & FAleE A Aol fFAkeAl AL 3= v= vE
g st Jerry Taylor 89 =9 FA|Ql  ‘Characterization of 50,000 SNPs
and development of high—throughut assays for Ilinkage and Ilinkage
disequilibrium mapping in cattle’ oA F¢FF] F&& HEFe] SNPupA aE Sl
o
O 7= vz gt Jerry Taylor wF®elA ity 4&Fa 472~ Jd (N>3,500)
o] g&sto] FAAEE wERS TS EA4 JAAA AJ A FAFH AVIA
(quantitative trait nucleotide: QTN) ¥ $3t AFE 333
O wl=r vBepAIks 24 USDA MARC(S-5-A7A1E]), NCBA (P]=r5-%-"44kAt4 3]) Bl
T TN FHIF 3 Fo®E et 9l DNA vpAREF s SAFAYAE 19984
FH Fdste 2 147 F5 FFl st EAYERE v d= 8 MAS 2273
2 el B HAE T Ae

O &4+ CSIRO, UNE % NSW -4 % Queensland DPI 5% =2 S90S 9
5t ATHHAE (CRCO)E A5 19999 FE 7W7F S-S SXA7]7] 913 oF7 4l
A TeS NEste] tekst B FEet H9S 2Adske] FAAE g

SNP = 9 AFlstE 913 A5 35t Q4.

O E9AaeAd A APgAHoz o]gsE= DNAFFARZA  GeneSTAR marbling
(Genetic Solutions/Bovigen3|Ah) 2} AA¥¥ thyroglobulin A2+ wFA, Igenity TM—L
(Merial/Quantum Genetics&AF) 2] wiEs 9 &3 AdE leptin FAAF wbA,
TenderGENETM  (Frontier Beef Systems/GeneSeek¥Al) HE+= GeneSTAR
Tenderness (Genetic Solutions/BovigengAh) 52 2317] dEel #AAo] {iF4H
calpain® calpastatin 8%} vA Go] AHH oz L3} S, 3 GeneSTAR
HHENME Alsade] s 387 o AE &8st 5 A

ool HEHI D SHEFOL A APANDL FuatE A9,

|
30

b
2

o fArbAEo]

A3E. vl= AT IH5F T
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Sirloin Filet

ving  “DV*

Amo ing  %DV"

-‘ Nutrition

Facts Total Fat 4g 6% Sodium 659 3%
Serv. Size 4 oz (112g) Sat. Fat 1.5g 7% Total Carb.0g 0%

Servings varned Cholest. 65mg 22°% Protein 25g 50% RECIPE

Calories 140 Iron 10% = Znc 30% » Riboflavin 8% » Niacn 35%
Fat Cal. 35 Vitamin BS 35% « Vitamin B12 20% « Choline 20°% INS IDE
Potassium 10% = Phosphorus 25% = Selenisn 50%

Not a signficant source of distary fiber, sugars
Vrtarmin wvitamin C. and calkcwum

aly Vales [OV] are
2,000 caore cet

Extra Lean

|
CERTIFIED by
: Keap American Heart Association §~’,

Refrigerated - heartcheckmark org

While many factors affect heart disease, diets low in
saturated far and cholesterol may reduce the risk of heart disease.

I National Cattle Herd Iq Ll - il

Bulls with Superior Genetic EPDs

Merit for Beef Healthfulness

Beef Cattle »
Seed Stock Populations Selection

Beef Cattle
Resource Populations

l Collection of‘ Collection of Collection ofl
v
Live Animal Carcass Nutrient Tenderness/
Measurements Composition Composition Taste Data
Data
Used for Used for Used for Used for

P{ Genetic Evaluation )—
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Anaerobic chamber 3m2 A7 A=A Y = o5
Liquid fermenter 300L/hr u] AY = o] &l <F " !
Spectrophotometer Beckman LA g B4 " !
o] A2yl al
Sonicator ] @E_EF/LJH gL " "
343 n) 7 Carl Zeiss u e B " !
Gas chromatography HP n e AR " !
HPLC Shimazu u] A E A REA " "
Clean bench T &Y 9 PCR " !
DGGE BioRad | AE FE EA " "
Gene pulser BioRad u s A " "
o A 5 ‘U_] @ x_]x n n
Real Time PCR machine | BioRad XJ o t
(¢}
) 3 2w 9AxR
ﬂ_(??]_i}_g— E!] }\gg 3 " "
Deep freezer 47w
Shaking incubator =2k u] A Eul oF " "
. DNA, RNA
‘——E,‘}‘\_]_' 5 n n
Hybridization chamber Hybridization
Incubator =k u] A E-wjj oF " "
PCR machine Bio—Rad DNA =% " "
&% centrifuge u A E AR " "
HGH v A Carl Zeiss n) A E A " !
Speed Vac shd 78} == " !
Ultracentrifuge Beckman DNAZ #3 " "

Homogenizer
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