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Studies on comparison of expression levels of
sex steroid hormone receptor genes and sex hormone
levels among sex phenotype in muscle and adipose
tissues and its application for breeding and
selection in Hanwoo
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SUMMARY

I. Title

Studies on comparison of expression levels of sex steroid
hormone receptor genes and sex hormone levels among sex
phenotype in muscle and adipose tissues and its application for

breeding and selection in Hanwoo

IT. Objectives and importance of the project

There are differences in yield and quality grade among sex phenotype in
Korean cattle. Generally, carcass quality grades of steer are better than those of
cow or bull, while bull shows higher carcass yield than cow or steer. Factor(s)
that affects quality grade of beef among sex has not been clearly understood.
Main physiological differences among sex phenotype are circulating steroid
hormone profiles. Bulls have relatively high levels of circulating androgen
mainly secreted from testis, while cows have relatively high levels of circulating
estrogen mainly secreted from ovary. Steers have relatively low levels of
androgen and estrogen due to castration. Steroid hormone profiles in muscle and
adipose tissues are expected to be different among sex classes. Presently, there
is no report on relationship of steroid hormone levels, gene expression levels of
steroid synthesis and its signal transduction, and related enzyme activities with
beef quality of Hanwoo.

Objective of this study was to compare expression levels of sex steroid

hormone signal transduction related genes, sex steroid hormone levels, and
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related enzyme activities among sex phenotype in muscle and adipose tissues of
Hanwoo. Gene expression levels were also compared between high- and low
marble groups in muscle and adipose tissues. Hanwoo selection models were
studied using information of genetic expression.

Expression levels of androgen receptor and estrogen receptor a1 genes were
compared among sex phenotypes (bull, steer, cow) in muscle and adipose
tissues of Hanwoo. Those expression levels were also compared between high-
and low marble groups in muscle and adipose tissues. Gene expression was
analyzed by both RT-PCR and northern methods. Correlation between selected
meat quality characteristics and gene expression levels were analyzed. Various
steroid hormonal effects on AR mRNA levels were determined by RT-PCR in
explant culture of subcutaneous adipose tissues. Various steroid hormone levels
were compared among sex phenotypes (bull, steer, cow) in muscle and adipose
tissues of Hanwoo. Aromatase enzyme activities were measured in muscle and
adipose tissues. Hanwoo selection models were studied using information of

genetic expression.

Ill. Contents and ranges of the project

1. Comparison of expression levels of sex steroid hormone receptor
genes among sex phenotype in muscle and adipose tissues of

Korean cattle.

The mRNA levels of androgen receptor (AR) gene determined by RT-PCR
were higher (p<0.05) in bull at longissimus muscle tissues than those in cow or
steer, while mRNA levels of androgen receptor at subcutaneous adipose tissues
were similar among sex classes. Northern analysis of AR gene also showed

similar results as RT-PCR data: AR expression levels were higher (p<0.05) in



bull at longissimus muscle tissues than those in cow or steer. The mRNA
levels of estrogen receptor alpha gene in steer were higher (p<0.05) at
longissimus muscle and subcutaneous adipose tissues than those in cow or bull.
There were no significant differences in mRNA levels of AR and estrogen
receptor alpha genes in both longissimus muscle and adipose tissues of steer
between high (marbling score=5)- and low(marbling score<4)- marble beef.

Correlation between selected meat quality characteristics and gene expression
levels were analyzed. mRNA levels of ERa gene in adipose tissues showed
strong correlation (r=0.61) with marbling score, and ERa mRNA levels also
showed strong correlation (r=0.59) with crude fat content in rib eye. AR mRNA
levels in muscle tissues showed negative correlation (r=-0.42) with shear force.

Various hormonal effects on AR mRNA levels were determined by RT-PCR in
explant culture of subcutaneous adipose tissues with the 50 nM and 500 nM levels
after 24h and 48h treatments. Hormone treatments affected AR mRNA levels. But,
there was no dose effect on AR mRNA levels. Both 17f-estradiol and
progesterone did not affect AR mRNA levels after 24h, but these decreased
(p<0.05) mRNA levels after 48h. Testosterone did not affect AR mRNA levels
after both 24h and 48h. Dihydroxytestosterone and dexamethasone decreased
(p<0.05) AR mRNA levels after both 24h and 48h.

2. Comparison of steroid hormone levels and related enzymes

among sex phenotypes in muscle and adipose tissues of Hanwoo

Difference in the distribution of sex steroid hormones is the most important
physiological factor among bulls, steers and cows. In this research, the contents
of steroid hormones (a-androsterone, dehydroepiandrotestosterone, epitestosterone,
testosterone, androstendione, pregnenolone, progesterone 170-hydroxyprogesterone,
cortisone, 17a-estradiol, 17f-estradiol etc.) in muscle tissues and fat tissues of
bulls, steers and cows were compared and correlated with sex, meat grades and

aromatase activities. Results indicated that mutually dependent steroid pairs
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were pregnenolone-progesterone and testosterone-hydroxyprogesterone commonly
found in muscle and adipose tissues, cortisol-cotisone found in muscle tissues
only, and DHEA-testosterone in adipose tissues only. Most of these steroid
pairs are composed of substrate and product of a single step, which could be in
a rapid equilibrium.

Levels of estrogens and corticoids were higher than those of androgens and
progestogens in all tissues regardless of sex, and the level of testosterone was
higher in bulls compared with steers and cows as previously reported in other
species of bovines. The meat grade was inversely correlated with masculinity
index in steers, and this tendency was more apparent in muscle tissues. It
seems that a sex is the major factor to determine the level of steroid hormones,
which can be correlated with the meat grade. The aromatase activity was
generally higher in steers than bulls and cows in fat tissues and was inversely

correlated with masculinity index in steers.

3. Hanwoo selection models using information of genetic expression

Concentrations of sex hormones and their receptor gene expression levels in
terms of mRNA’s were analyzed to find out their relationship with carcass
characteristics of Hanwoo especially the marbling scores (intra-muscular fat
levels) and the effects of sexes on those characteristics. To take the loin eye
samples for hormonal and gene expression analyses, carcasses of 10 steers, 10
bulls and 16 cows were taken from Namwon and Daekwanryung branches of
National Livestock Research Institute (NLRI). Sampling was made twice for
each carcass. Hot carcass samples were sent to Chonnam University for
hormone and genetic analyses and the cold carcass samples were sent to the
meat science lab of NLRI for analyses of chemical and physical properties.
Panel test results from Daekwanryung bulls were also collected. To find out the
relationship between carcass measures and laboratory analysis results of
physical and chemical properties, data of contemporary groups slaughtered at

the same days were also collected. And for the estimation of individual breeding
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values for growth and carcass traits, whole pedigree and performance test
records were obtained from two brach farms. Annual genetic evaluations were
done separately by each brach. However, to figure out the relationships of
carcass traits with gene expression levels, two database were combined together
and breeding values of only carcass traits were estimated. Followings are the
major results from this study.

Correlation coefficients between marbling scores and crude fat contents in
the rib eye were estimated to be around 0.7. These correlations were not
greatly different by sexes or by years of evaluations before and after 2000
when marbling scoring system changed from 1-5 scale to 1-7 scale. Sex effect
was a significant source of variation for estrogenic sex hormones in both
muscle and adipose tissues while marbling was a significant source of variation
for both estrogenic and androgenic sex hormone levels. Marbling score of
carcass was positively correlated with fasted live weight at slaughter, carcass
weight, back fat thickness or rib eye area in terms of residual correlation
coefficients where sex was not a significant source of variation for all these
carcass traits. Sex effects were significant sources of variation of physical and
chemical properties of loin eye muscles. Residual correlations showed that there
were positive relationship between marbling scores and shear force or moisture
content and negative relationship between marbling scores and cooking loss.
Marbling scores were also positively correlated with pH or with water holding
capacity. Tenderness or juiciness evaluated from panel test was highly
correlated with carcass marbling score. And the other properties in significant
relationships with tenderness on panel test were cooking loss, juiciness and
water holding capacity. Significant positive relationships with estimated breeding
values of body and carcass weights at slaughter or with rib eye area were
found in the expression levels of androgen receptor genes. And estrogen
receptor gene expression level in adipose tissues was positive and significant

related with marbling scores in the loin eye area.
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IV. Suggestions for research results and its application

This study was performed to compare expression levels of sex steroid
hormone signal transduction related genes, sex steroid hormone levels, and
related enzyme activities among sex phenotype in muscle and adipose tissues of
Hanwoo. Gene expression levels were also compared between high- and low
marble groups in muscle and adipose tissues. Hanwoo selection models were
studied using information of genetic expression. Some useful results were
obtained from the study.

mRNA levels of estrogen receptor alpha gene in adipose tissues showed
strong correlation (r=0.61) with marbling score, and ERa mRNA levels also
showed strong correlation (r=0.59) with crude fat content in rib eye. AR mRNA
levels in muscle tissues showed negative correlation (r=-0.42) with shear force.
In the steer, levels of pregnenolone and 17n-hydroxyprogesterone were significantly
higher in high-marble group than in low—marble group. The meat grade was
inversely correlated with masculinity index in steers, and this tendency was
more apparent in muscle tissues. It seems that a sex is the major factor to
determine the level of steroid hormones, which can be correlated with the meat
grade. The aromatase activity was generally higher in steers than bulls and
cows in fat tissues and was inversely correlated with masculinity index in
steers. Significant positive relationships with estimated breeding values of body
and carcass weights at slaughter or with rib eye area were found in the
expression levels of androgen receptor genes. These information will be useful

to develop method(s) to produce high quality beef.
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androgen 7l°] Z2& Awj& Wwer AAME Fste AAE AASA HWH, o
o]’ Aol Al testosterone 9 TE 7
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Wb =Ae s 2R 9 gestosterone 0| E 1L, cortisol 5 FE0
% zZ

|
A7) 3 A AL FarA Fdo] -84 &2 A

¢

4
H3ATE (Gettys 5, 1988). AAM$= FAF FAE = 39 AFITE=
proteolytic activity7} d+ =2 FF9 cortisol, lipogenic E37} A= & F=
o] insulin ¥ A A &g & FF9 testosterone e WEH <
We=thar Baskth (Gettys 5, 1988).
g} Fol circulatingshs= WP AIZE A 2 ztolo] gES mH ¢ AR
H AP rodentE: Ao ®E g AFolA 2
e 2ol AhALeE oy A tiAbel Fadk %S shal dso] we A v
ol A= ok Fofe didt AFE AT AAola @A 5US Steinhart
AT 1FL Simmentaldl A 7] ol EAjslE ~HREOE T E2ES H”, i
23t FAY wr)dAE AASLET androgendl ZEE  testosteroned

androgen precursor?] dehydroepiandrosterone %<& =& W FAL AANSE

)
lo
o
otk

O{N

Lo

tt sz 7]EZAHQ precursor®l pregnenoloned catabolic corticosteroid?l
cortisol F+2 uott} (Fritsche®t Steinhart, 1998; Fritsche %, 1988b). Cir-
culating T 2¥o] 179 L&A Ao FAHE o FRI AAMF 117
oA ol gt TEE FF Ao|7f B ThsAdo] Erh shARE Hte] Ao 9
Wz A ~AHREo|E FT 2ol endogenousstA A HETH=
Bk whebA, A} AAG LTlllA Hols L RolE T2 kol Ao
T SR AY ARzAdA FAE zHRoE a2 ¢ Hold o3 8]l
3 T Ut Fritsche & (1998a) T3k & 317]9] visiblegdh 7HA Ui~
= Az AASA &L high fat 7]ellA &
TS s drt. 1 A3 testosterone, dehydroepiandrosterone (DHEA),
androstendione, androsterone, pregnenolone™ progesterone <<= high fat 17|
oA =& whH  cortisol %2 high fat aL7]ol A o Ykt}. o] 23k datax WA
WoEe A= 2S5 EY ¥ BE 49 androgen EEEo] FA EHA
1 = endogenousdtA A EA A dAHE £ &S AAstE Aot}
Steinhart 1% 43L7] U < GC-MSE ©]
of EAAT. 1 olfre= 7] Wele A ] T2Fo] EAgrE A
[e}
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of
o

ax
re

[e]

£
M
5

28 A 9wl radioimmunoassay R



(4) 5243 AWz i FAHoM T2 FaA

el 713 vk} o] A Fo circulatingshi= WEH A7 AR (AT A,
FAL AN, dAHF AN SH Folo] dFgFES vHA F AAR HZ
rodentE thdow g Agto] ot ZHxAH A4 e ZAsts 452
wol A Hrjatel oA thatel Fog S st Ao® BRI Yk A,
o 252AH Az z*=4
T-9F dolrkA AE=Eo]l Hare] Ao mAE FEFd o A F¢FY
4 NAE 9 Beks mAEY] 9% et A5E AFs] F ZoE #d
o}, A3} rodentol A &= testosteroned estrogen 5 A S ZEo] X WALS} o Y X
A Zdel 83 S skal dgo] e A Ut

+ androgen receptor (AR)E EdA AEdc} o}z 399

2572 A7 Az A A AR mRNA expressiono] T3t A& glow, ¢ Fo)A
T A" AR mRNA F&5 dlagk 237t glo] oo gigh A+7F Hashr}. 3

oM % estrogene] AW TlAbel A gl vi@ Ast Wasth TAH O

e}

A3} Z&F Ao A estrogen receptor W3d %A testosteroneS estrogen

= =
o7 HAWAZ]= H AE3+= aromatase EA 9 activity®t mRNA 23

¥,
estrogen] osl4 Wde] 2AE = LPL §a4bel 9@ P4 MR wm - B4
@ 2ast gk ole@ datan B FA ANWLS mASEY FLF ARD
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o
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T A AN FFe S5, A 5 e T SeA 9
=
()

o, Al Har] Sael A= fcdd gid AFE Tl - oA mmg 2
ojth A= 71 2 AEHQ Aole IAL estrogen 5 HaolA EHEHE= A
TEE FFo] Bi, i AhoA EH]E= testosterone 5 androgen Al T2
B Fol Eow, AMSE estrogen?}t testosterone T HJTEE BE o] u
< Blojth. At AdEEolA e SS2A Y AR EAlehs dE 2o A

Aoy, T+

=
o] TAlstr® Ud¥hAQl T =& A WHQl radioimmunoassay WS A-8317] 7}

og7] wZolth & AFeAE GC-MSE o] &3to] ¢ x4 el EAlst= 4
=

FTEE S AHEE b - B30

durAd 0 7 androgene A HMEHE A AIE 988 = AR 4¥A ).
ol#13t 42 testosterone 0] ¥ FH KT} testosterone o]l S A AlS
of SUlAY FHLEVF X =2 FAB}E AT AAdd 2J3EA] testosterone
o] YrolX W aromatase] 2J3t testosteronel ZH-E estrogenoZ AW EHE %
Lovlgste] wotd The Aol Erh whebx AAel oA WA HH w7 Eot
A 7 o] antiadipogenic & 37} A& testosterone F=o] WolF o uwhE} x| HbE=A o]
S7HE AARIA ofYH, estrogen ol AetE AARIA= Bttt Testo-
sterone A&+ androgen receptor (AR)E ZAf3dle] oz Hdri g =



Tohar, ofA 9o L&A I AWz F A AR mRNA expressiono] ofdh oA
]

R mRNA %< Hludt 71 vjn| &}

AVl rat, 259 AFolAM estrogens A WEZE oAEE FHEo] e HAow
Buya ok dxwk i AFo A= estrogen®] proadipogenic 37} = A
o7 Hi%o] (Dieudonne 5, 2000), estrogene A Htiafo] m 2= J3Fe H e}
3 Atk @9l A E estrogeno] AW HiAbl WA= o] dig s}

Attt FAFoR, AWMzAY ZSFA oA estrogen receptor WaE  GAH
testosteroneg estrogen®. & HHWA|7)1E= & 49 aromatase® activitye} 2@ kA
estrogend] & L& o] ZHY = LPLO activityel Fdx @d dAS A=z
vl - EA e 9t Qo) o]# e datarT S-S WSS BA
A2 ol&d F dS Aol 53], ¢ dAHLS FF estrogen FE
T = A F2 AMTS v R SlA =T
ARG 45 A 53t ol e AL estrogeno] AWFRZE F=AHE JA =
&5 o AT Hiughs ARkEE Fdolth Rats o] 83 Aol Al estrogen
o] proadipogenic &2}7} &°] R1H AT (Diedonne &, 2000). o} 7t+] &3}
giel wet estrogenol AMtHAbell WA= EIrF WS AHE FE= oY
oh wpebA, 9ol Al AW, Axz B E estrogen©] AW uAbel] mX]= oJ
of tigk A7k Qs
At AR sEoA e AsEwe] A4 W
AT7E st A Fa=Ez Q)
o] A WthAtel w2 = G ol
o] AFE Ko &4 F Wt NS Y3 Fag Foks MAHSA HA &
T

FHOR g ke ABAH Aol 7o



A1 A e 240 As2E 34 2 Asde 3 /4
Apell ek A 2y WA

1. A4
AuHoZ F:FAA G} AATY F4 (FUARE 5)& FAL FAR
9 9594 $58 Aew 2HA A ole@ @5 4w e Aol guw
che WREIAS g3 AAge Aol A wEd AoE FAFM, 1 FolA
% 53 4sEE A Aolrt A4 2 Gue mA Aoz AzEd $4 53
4 SRS

3 AMSS AR Aol Aae] fFol Yov], mepr] g

androgen”] & 2] FF 27t 542 Twol FFS vH F US AeE A

A2E AASA HHE, ¢ oA Ao A testosterone
Lol Bu|EXx g=th dAL UioA EH|EE estrogen 5o AZE
o A dFS Fol v Aol FHI AAg-oke] Aol F et
Testosterone & Z¥ signal® androgen receptor (AR)E 73] o) target
gene transcriptions X3l ZE22 AEHEth A3 rate] AW E3Z o ARo] &
Azt AL Fgelxglal, 53] AR mRNA 43¢ adipogenesis ¥4 olA Z7}5
o] adipose tissue development® ZFZ3st= Hoz HUHEYT (Dieudonne %,
1998). Bovine®ll A= Montbeliard # %2 5 X% o4 AR mRNA F&& FAS
Ay Fart AAMS-olA AR mRNA o] © =4t (Branstetter 5, 2000).
152 testosterone 0] ¥ FA4olA AR mRNAZE Al @dEE olfi=
androgen®] AR expressione JA|3l7] wjFolgtx AeAdtt. 41k AR protein

datax Y&+ ¥btd] A3 E o] WHokoly rat prostated] A A Al 9 & A nuclear

_10_



AR immunoreactivity 7} 723839t (Goyal 5, 1998). &AW testosteroneS aro-
mataseo] 2@ A estrogene® HAW=E £ Q7] wjEo]| estrogene] 2% AR
expression =4 7|23} estrogen receptor® &3¢ muscle growth Z&o] tfsk o
T7F F7EH o7 dEojop & Flo|t}, obA -0 L5FA I AW AoA AR
mRNA expression®] W3gt AF= glor, o= ¥ AR mRNA &5 H
gk Ayt wn)ske] ofo] gk A7t Qs

AYeE rat, 259 Aol A estrogend AWEFHS JA|GtE FHEo] dE Fo=
adH A ot A B A Fo A= estrogen©] proadipogenic EI7F YE RO
2 W% o] (Dieudonne %, 2000), estrogeno] A M thAle] wjx]= o ke Bz o]
847 83 Ao AlRHY. HFodlAE 90% ©]/e] heiferet A M-
¥3tE o] gl implantE o] &3l AAES
3k B S9 A estradiol 17-f E&

M gastn, 2% 4 FheAn
2

—

721713, lean meat A2tS F =3}
kAl estrogen zeranolS A @ sl AW
(Moran %, 1991). Estrogen implant *
2 e dA &

RodentE Wi oz & AolA ovariectomizedd 4HANA A HFH2H o] Z713}
a1, estrogen A2 AWFHo] Fadtes A3E E o (Wade &, 1985), estrogen
< AREAS A= B Ak A Agolx= #HAde® Qlske] estrogen
Aol 7hABH A HrEH o] 718l il estrogens A EEtH A WEZ o] 7HAElE
A3ZE Ho]Fo] (Tchernof 5, 1998), rodentell Ao} H-AFS A& B3 Qo).
Estrogen A W*%2Zlo A lipoprotein lipase (LPL)9] &Adel] <3S mlxA ==
AME Z2Astal 9go] FAF AT LPLL Ay A o] Az on A&
Z2A3= FA oA key enzymel E X—}%fﬂt‘r. =, chylomicron¢] A A< free
fatty acid®} glycerol® 7}5E38]3F 3 thA] free fatty acidZ reesterificationdle] =
AsteE 9&s 3l Homma 5 (200002 estrogene LPL activity ¢+

mRNA % BEFE XA =ZN AWH4S JA e 485 shofa Bk
Estrogen®] #8-< estrogen receptor (ER)°| bindingdle] A&7} "€}t ER

type ERa type¥} ERE typee] &el4 Atk F type A2 tE geneol 9]&to]
ThEojZth Tl subtype ME FEF9 7|5 & Tt JAN 553 V|E

_11_



e
L

N

olr

st o w2 delx Aok Female® A|Wx4elA ERa$t ERp ®F7F 23y
gAE ATt F typeol EAlel @E @ ERE= ERnel 283 A=
Ji= Ae® Busa vt (Smith 5, 2004).
Maleol A estrogen <F<°] female Bt} X & #AAZ estrogen®] maleol A
A Abel WX = @Eel] i = ekl etk 1Yy, FHE estrogen-
receptor-a A&7t Ao]® (knock-out) AFHE ©]83+4] maledl A= estrogen®]
A} Z-do] F=Q23 dA8S Fa = ARAo] ¥rE H th. Estrogen receptor—
a FAA7F Aojd (knock-out) A ¢ 7)\‘er TR BTl Az gheke]l St

391 aL, insulin resistance®} impaired glucose tolerance @AE H.JACW energy

-

]

Fl

expenditure’} 74 3Lt (Cooke %, 2001; Heine 5, 2000). Endogenous estrogen
S A 4 ¢l aromatase FAA7F 2oj® (knock-out) AF AHIY FH B
T = AF3Z shgko] =715k, insulin resistance®} impaired glucose
tolerance Gt (Jones &, 2000). o]# st A= estrogen o] FHLS
AR A ARk A 7 BF A estrogene estrogen receptorns %
sto] A 4 24 T oA tial HAGoA Fagh A4S stal UYFS A4
skl Sl

Estrogen®] 28 AZAE=

o
ox
o
f

L

oAt A M} FA RFe] FFolu AxA
o] #£A|3}+= aromataset testosterones estrogen® @ AW A]F ovary-independent
estrogen A2t HAo| A FAZ AstS s} Alghe] A

B a0 o8 =& 9o estrogen©| testosteronel ZHE AW I L 9l o] el
Ao, AW =32 ghako] F71bH testosteroneol A estrogenlZ AWMEE YT F
7}3kt}. Estrogen©] leptin A4S =ol&= 83 3l Aoz 484 21, leptin
w3 W E 2 A aromatase FA S %9 estrogenCZ e AW U5 Eole= AT
S 3= Ao w ®HuEAr) GlucocorticoidE aromatase activitys ZF7HA1AH A3
Z Ao A testosteroneC ZH-E estrogen®.® HAWA7E=E ZHE =ZA (potent
stimulator) 9&<g 3t At (Joyner 5, 2000). o213k ZF&L& Al I}
Az tfE Aoz HaFEAYh McTernan 5 (2000) o &}2] H-H- 2|0k 2] of A
+ insulin?} cortisole] aromatase &4S FXsA oY, FRpe] AR A A=
insulin® cortisol®] aromatase A4S A= A& e S HFSATL

olelg 94 Aol mE aromatased) B 2 PAe Aol FFMomE 4

"% 2] o] = aromatase



2 2olE giAl 8ol JFS wFHeEN AHE AW A4 FE LS 24
St 988 & Foz Az A, o 7ol estrogenic compound implantZ} 2ol
A AFES SN AYEFHL FaAIves AL dH A AAT estrogen©]

A2 S HEA7IE 7142 glle B8 YwolA® of4 daiA A &k w

% estrogeno] AW oiAbel mX&E G o] dig At AAsih
Aoz AHxAI 2 XA A estrogen receptor d YA testosterones
estrogen®. @ HAWA|7|= W 283}l aromatase 42 activity®t mRNA 2& <
dE AEE A - F4F dart Yk ol2ld dataw I SH RS B

=
Y Fo@ AR 0§28 £ 92 Aol

O

AN HE ¢ 252 HI AUzAgqA] AT2E A A5 A 9 X
W X3 BwE #H fFAAEY Hd 58 RT-PCR ¥ northern WHo=Z H]

1) Total RNA ¥

Total RNAE Chomozenski®t Sacchi (1987) W o2 v o] Easich
15 ml 2ol 600ul denaturing solution®] £ %Ho] A+ tissue £, 60ul 2M
Na acetate (pH 4), 600 ul acidified phenol, 120 ul chloroform< %7}, RNA £
A3} phenol &Yoo) 23] 3AE wi7tA] 73 A vortexingstil -20Ceol A 58 A
ettt 4T, 15000 rpm, 2027+ 9AE st e de 15ml FE &2t

Sl oF g00ulell 600ul®] phenol(25):chloroform(25):isoamylalcohol(1) & NS Y&

_13_



o x3] gAE W7hA vortexingdFth 4T, 15000 rpm, 103+ dAlEel e &
SRS 2 15 ml FE AT RNA €9 (oF 600 p)¥ 28 volumed
2-propanol®} &A%t T -20CA 247 AFstE . 4T, 15000 rpm, 2037 9
AE-gste] RNAE H A A7]a1 RNA pelletS 70% ethanoldll A2 39tk RNA
pelletS T F HFaFe] 05% SDS, DEPC-treated ddH,O°l *¢] k43 &34
2 F FHEE S48k RNA $%5 (OD 1=40 ug/ml RNA) 7A4tstsieh 0.1
volume® 3M sodium acetate (pH 5.2)¢ 2.5 volume® ethanol2 7 7}ste] RNA
g Atk A 47T, 15000 rpm, 20%3F 94E 28k pelletS 70% ethanol

2 ANA 3 & DEPC-treated 0.5% SDS & ol Zo o] &3

2) RT-PCRel & #4423 &4

Bovineoll /1 <&z A7 ES B O R primerE ZA o], ol#l el reverse
transcribed—polymerase chain reaction (RT-PCR) ¥ o2 ztzte] fdx e &
S ZAMEF T 3 northern #4718 913 ¢DNAES & H &}

9ol &g total RNAE ©]&3te] RT-PCRS F33t3lth Total RNA 4ugs
PCR tubeo] ¥ 1 oligo dA(T)E 7}k 70Col A 587t heatingdle] annealing2
T3k jceoll A 587t coolingdtgth. Cooling%9] dNTPs mix (2.5mM), RNasin
ribonuclease inhibitor (40unit/xl), AMV Reverse transcriptaseS Z7}38}a 427 ol
A 1A 7 ¥EgE 9tk PCRo|l E 83 primers %38t F0])8FA Tl A &3] Aol A
AA 3 volume2] ddH20E #H7Fske] 100 pmoles/u! % ZE primers =9 F
10pmol/ul = 3] 3Fe] A3t PCR WSS $3Fe] RT cDNA template 4 0,
forward primer (10 pmoles/ul), reverse primer (10 pmoles/ul), 10x PCR Buffer,
dNTPs mix (25mM each), ex Taq enzyme (Gunit/w)S 22 A7} & &= 50 ul
2 volumes FA 3}l mixalth Mineral oil 30 ul =% tube 9o =X3F3 U}
94C, 5 min first denaturation HF-§ $ cycle #A (94C 30 sec denaturation,
50-60C 1 min primer annealing, 72°C 1 min primer extension)< <331t} 30
cycle¥ 5 ulE Fsld AVgdso=z & ALE gAdsAdd. F71 FFo] a3}
W 5 cycle A ZZ3¢} olgld Ao T HF ZFE cycled 2A43¥ &, PCRS
Al FgetAdt. PCR SZol tigt AZS 98t control® f-acting  ©]-&3}3A T}

PCR product:= agarose H7]95 o2 <131t}

_14_



3) RT-PCR product @A 2 TA cloning

PCR producti= PCR Purification KitE ©]&3}o] AASA Y. AA S productE
agarose {7]9E o2 st ofg ek o] TA cloning systems ©]83}o] PCR
productZ cloning 3} ¢ t}.

pGEM-Easy TA cloning vector (Promega)E ©]8&3t¢] RT-PCR product=
cloning 391t} Androgen receptor cDNA¢°| t3F PCR product® A A3l ligation
3+ Tk Ligation solutiong JM109 competent cells 50ulel]l @& % jceoll A 20%7F
incubationd} I th. 42Coll A 45% F<¢F heat-shocks = ¥ icedllA 2&7F w33t
950ule] SOC medium= #7Fste] 1413 308 59F 150rpme] shaking incubator®]]
A kg3t th. EHE LB/ampicillin(100ug/ml) /IPTG(0.5mM) /X-Gal(80ug/ml)
plated] Z+Z} 10ul, 50ul, 100ul, 200ulZ smearingstxl 37CelA overnight
incubationd} 93t} thSY white colonyE #3dto] LB/ampicillin brothell ®j<3sk &
plasmidE # &3} EcoRIC. 2 Awsle] insert 4% 55 ZAMSEITH o4 =7]

S 2t 9ls= clonedl wiste]l A7 DS E4 o] ST AL S A8

4) Northern &4]o| o3 f-dx dF £4

&5z 9 AMxzA A total RNAE 83, total RNA 20ugs 1.0%
formaldehyde agarose gel 719 &2z EE39th H71ds 100V, 1 - 2 A7H*
UVellA 2859 1855 band #Hlstar @gatel 71 ARE #ojA vFe] mRNA
band Z7|E ZAAsl=d o] &3tk Agarose gel A9 RNAE capillary WH$-02
membrane®] Fo]3FAth H o] ¥ membraneS microwave ovenol 4] 25% baking3d}
o] membrane®] RNA7} @402 FAH =S stth

cDNA insertE ©]&3}4 hybridizationo] 2238 *P-labeled probeZ random
priming kit (Stratagene)S A}g&3le] A% ATt Membranes A %3 probe2}
hybridizationdto] clone®] Wa ¢S w3 o] AT 05% SDS, 6X SSC,
10% dextran sulfate, 100 ug/ml sperm DNA=Z TA % hybridization & HE& ©]-&3}
Atk 65ColAl 242k &<t prehybridizatoin¥  “P-labeled probeE  H7}éto]
hybridizationg 12417t o)A A X893t} Hybridizationo] membrane 2X SSC/0.1
% SDS (P24 10 23]), 2X SSC/0.1 % SDS (42TelA 30%), 0.1X SSC/0.1 %
SDS (42TCell A 30%), 0.1X SSC/0.1 % SDS (B5TlA 30+), 0.1X SSC/0.1 % SDS
Sd A (65CANA 30%) Z+Z washingdFSth. Washing$°l membraneS rapl =

#A] image platedl| 4] =2 A]7] 31, phosphoimage analyzerZ ©]-8&38}o] northern 23}
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th. A=A explant culturedl Xl AZEE Ao 93 §A= 3 A
AWz 2 explant culture Kristensen 5 (1999)¥ Houseknecht & (2000)¢] =

Me BF, 24%e] FARUL E5FAME 09 A5l HS womE 2%
q

A gl A 2gHA BEE .
Sl e &9 SAel wolde AAREA 100g = AW, A5

AzAE EAE 4 wrrgle] 2o Fa uaRe o9y 24L WolA Melw:,
HEo ARG deh AgEd EE BHEA 20 - 0g AET 74 v 4=

o] =77 Adste] 2-37] @olElZ 20ml M199 & o]
al

ko]
i)
=
=R
jang]
jo)
jovg]
5
o
fr
w
)
=
5
Q
of
ol
Au)
—
oy
o
@
rir
=
@
o
o)
>
=2
°
o
=X
Mo
o
=
fu
>,
a
i1k
fu

A Ao =R T HE UL clean benchoﬂﬁ FHHor S5y 49
]:[L]/‘I, E’EU(S]-% flame 2. & Uaﬂﬁ.é],ﬁ/q /\134 Tq— J—]o]'X] —8‘ H]—@'& EZ—], blood
clot &€ AASL LAHA %o A% APA S o] gatodrh AWEH L MI9 &

B o =2 petri disholld 23 washingdt F-o] ETE o] &3] 1.0g2 A #3Fe] 10cm
petri dish o &#At Mediume 10 cm plate @ 15 mlES ©] €3t} Bovine
albumin T2 98 5% 5 243t 1%2 5o o] &3t 24S 792 &
Al ZEA 10 mg ©]dte] Z7]2 0.1lmm diameter explantE 4] 3} th.

Basal medium= M199 medium® = 25 mM Hepes, 1% bovine albumin %
antibioticsE 37}, ©]-&3tlth. Basal mediumel #4E s =] H7bste] 1 &
W= BA3FQITE. 178-estradiol, testosterone, dihydroxytestosterone, progesterone
% dexamethasones 50nM % 500nM F 7FA FE 2 basal mediumel| #7}hsbir
24h9} 48h &<t ZH7} vkt $of RNA w8 E 9% samplingS 33 th Total RNA
£ #8359 RT-PCR WHoZ Fd4 w3 dds EA s th

2. SAA

EAY (RT-PCR vs Northern) 7Fe] Hjule} A 7ke] M ¢F Hluls AR
Fiol et t-testE ol&stdlow AE FHAA dAFEo] vl LAY
71538 high marbling group (MS 5 ©]%)3 low marbling group (MS 4 ©|&}h)3F
of wEv e FHEE Ud t-testE FFAUTE olwl, BluEE T HFHIEEIY



A2 Fotest 23 Ao]7k glem= F ®@ike] miite] Fdatrtta 7hgato]
S TR }ﬂ(poohng)o}oi g =

(@]

A #FF) A SAS proc ttest procedureE o] -&3lo] 4314t}
9
=

AW FAA e =39 HlulE SAS proc glm procedureE o] €3 on Ak
H 7k o t-test (LSD test)E& E3}o] 95% A FFFoA FstA . EAHEY

2
ZYA L= S FZX W3 EF(ether extract %), A (Warner-Bratzler
shear force, kg/5in®)¢} 42 WASFZIF = o3 AT 2R Frdel A=
A3 RulzxzAd"aE w3 (Pearson’s correlation coefficient) Al 52 4

5z
Atk o]+ SAS 9] proc corr procedures F3dto] FA 3T

3. 27 9 1%
7. RT-PCRe| 9% A8 FH4A &4d &4

) & 24 &1

F5 A2, AAG Fae SARAN SRR eI FAdT A
o fxste] gueirt. =i A4 T4 sk A3} Ao Ftel
of “70Cel Ak AAS- 147, HIAA 105 2 S 105 & 347N 245

AHsF e, A sample FH @A ¥ 1-13F 1-20] yEY Utk AAMSE
high-marble group (ZWA %% 5 ©])3} low—marble group (WA= 4o|5hH o2

samples 73] marbling 5w A2 Td vlale] &85k

2) AZ2E A3de ¥ FAR G5
§19 29227 ANzAdA Aok FAY A5 Ag D Ay =A7)
#d F3d2 FollA androgen®] 4155 H9Esh androgen receptor A (Brand-

stetter %, 2000), estrogen®] 21&E H Y3}l estrogen receptor i, testosterone®
ZHE estradiol FAdo] #Hs= aromatase FH A (Hinshelwood &, 1993) 2
lipoprotein lipase 4%} (Senda %, 1987)5 & H3lo] AW (F&, AAS, o)

2 539 (high-marble, low—marble) f4 A && F+S B w3}

o
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Table 1-1. Steer used for sampling of adipose and muscle tissues

High-marble steer Low-marble steer
Quality .
. . L. . Quality
Individual | Sample | Marbling | grade, |Individual | Sample | Marbling d
rade,
number ID score Final number ID score i e
Final grade
grade
0050 H1 7 0, Al+ 0064 L1 3 2, B2
0052 H2 5 1, Al 0068 L2 2 2, B2
1018 H3 5 1, Bl 0070 L3 2 2, A2
184(99)° H4 6 0 0051 L4 2 2,A2
232(100)" | H5 5 1 1004 L5 3 2, B2
212(106)" | H6 6 0 1012 L6 3 2, B2
184(107)" | H7 5 1 1028 L7 3 2, A2
* AAAA ] TR WS, Foete] e EHHE] 4ATHEE AAL

Table 1-2. Bulls and cows used for sampling of adipose and muscle tissues

Bulls Cows
Quality Quality
Individual | Sample | Marbling | grade, | Individual | Sample | Marbling | grade,
number 1D score Final number 1D score Final
grade grade
21009 B1 2 2 0003 C1 1 3, C3
21011 B2 1+ 3 0027 C2 1 3, B3
21012 B3 1+ 3 2007 C3 1 4, D
21013 B4 1++ 3 3019 C4 1 3, B3
21014 B5 2++ 2 3023 Ch 1 4, D
21015 B6 2 2 3025 C6 1 3, C3
21032 B7 5 1 3030 C7 1 4, D
21034 B8 3011 C8 1 3, B3
21035 B9 3013 9 2 3, B3
21036 B10 4003 C10 3 3, C3
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3) RT-PCRY] 93 ¥ A 23 24

Total RNA &3
Total RNAE Chomozenski®t Sacchi (1987) Wi o= Estgorn, SAdA
223 total RNA AbRlo] 18 1-19] A A = o] 2t}

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

WAL

Figure 1-1. Total RNA isolated from muscle tissues

Lane Sample 1D Lane Sample ID Lane Sample 1D
1 Cl 6 H1 11 Bl
2 C2 7 H2 12 B2
3 C3 8 H3 13 B3
4 C4 9 H4 14 B4
5 C5 10 H5 15 B5

RT-PCR conditions

oAl e total RNAE ©]83te] RT-PCRS Fask3ith Total RNA 4ugs
template® ©]-&3lo] AMV reverse transcriptase ¥H3-2 2 first-stranded cDNAZS
gyt PCRo HQ3k zZ47te] ARt ek primere= ¥ 1-3°] A|A|FHo] A=
sequenceZE ©]g€3+gtl. PCR product™= agarose 7|9 % o= shelstgict ¥sf 2
S zAo A RT-PCRE 33 Axrt 2@ 1-2A¢ et} 9tk Androgen
receptor cDNA+ I3tX| 8l x2] SR Z2%, SAEHFE2 EFoA RT-PCR

(56°C annealing, 35 cycles)ol|l 2l3]A oA 172bp band7} &Z = it}

RT-PCR product TA-cloning
PCR product@ A3t & TA cloning system< ©]83} cloningdtt}t. Trans-

formationd}3 white colonyE % 3}e LB/ampicillin brotholl ®j %3t & plasmid&
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androgen receptor insert:= 172 bpdS &5ttt IV ES E435te] dd

A e sk,

Table 1-3. RT-PCR primer information

PCR
Gene name (Ref) 5’ primer 3’ primer product | Product
size, bp
androgen receptor
ttgatttttcagcecatccactgga | cctggttttcaatgagtaccgeatg | 172bp ok
(Brandstetter et al., 2000)
estrogen receptor o tttgacatgttgetggetac ttgcacttcatgctgtatag 320bp ok
estrogen receptor [i not
tetectgtetectataactgeg | tagtgatatcecgacgeata 440bp
(Malayer & Woods, 1998) expressed
low
aromatase agagaatgtaaaccagtgca  |tctcagaagggtgaccagga 490bp .
expression
[f-actin ggcaccacaccttctacaat atctecttetgeatectgte 693bp ok

A B
sc im Im 100bp 1 2 3

-172bp

-172bp

Figure 1-2. RT-PCR amplification (A) and TA cloning of androgen receptor
cDNA in subcutaneous (sc), intramuscular (im) adipose tissues and in
longissimus muscle tissues (Im). B. EcoR I digestion of pGEM-Easy

androgen receptor clones 1, 2, and 3.
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B-actin cDNA $Z

PCR &% 3t A= 9/38l9 control® [i-actin primerE ©]-83%t}h. Annealing
temperature 55C 3l Al RT-PCRZ 35 cycles %3 A3}, 2@ 1-3] vEhd v}
oF Zo] fractin cDNAv <5 2 IstA% 24 E5Fo|A]l sampleitel] fFAFSE 5

o7 A3k 693 bp band7} =ZH )

Muscle tissues

Cows Steers Bulls

C1 C2 C3 C4 Cowmp HI H2 H3 H4 H51000 B1B2 B3 B4 B5 1000

- 693bp

Subcutaneous adipose tissues

Cows Steers Bulls

Cl1 C2 C3 C4 Cowop HI H2 H3 H4 H5 1wy B1B2B3 B4 B5

-693bp

Figure 1-3. RT-PCR amplification of f-actin cDNA in muscle and subcutaneous

adipose tissues.
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Androgen receptor (AR) #A3 ==
SAZRAY I A 22 A AH AR FdA ¥E FE
Atk A 22 AR A #d FES AA

ETA
FaoA] FolH o= <p<0.o5) =3kt (1%1 1-4,
A }_ A

H

—
|
o
—_
|
D
N
Y
)
o
o
2

A5, Shas, HIAA G Aol A %*}3 o *o*ﬁ"ﬂ 2ol 7 gl k. A datas pooling
sts W, 253249 AR A #AFFo] AWz B =0t (p<0.01).
s 7]

A4 0 & androgen< anabolic agent@=* 2| 12 T4

“T"l =
A7 98 sl Aoz dHA A o] e AALS testosterone O] B
AAF-e] 1717 FARYG SUlAY AR 4 9 22 299 E dA = A

ojty. AAlel o]l A testosterone FEol SrobAW aromatasel €] ¥ testosterone
O RIHE estrogen® ®o] AW FE H|esle] vrold sheAde] k. whebA, AA
Oﬂ gl WAL H=H w7l EolR Aol antiadipogenic 37} & testosterone
wol vropflel wep ArEA o] F7kE AF{AA ol H W, estrogen FEol A8t

4l 7:‘JJr" A= EEgatt
Testosterone &2+ signal androgen receptor (AR)S 7d-3te] ol target
gene transcriptions 313t FAEZ2 HdE¥7] wjtdd androgen receptorol] g
A7 Festth AP rate] A EAe] ARl EAdt= AL gRlEAa, &

3] AR mRNA <=0°] adipogenesis I} olA ZF7}5 o] adipose tissue develop-

mentE ZAstE Ao 7 HuE At (Dieudonne 5, 1998). Bovineoll 4= Montbeliard
9] % %A AR mRNA %<& 2Ae A3, Famt AA S AR

<
mRNA 9] ] =t} (Branstetter 5, 2000). Testosterone F+9°| =< —’Fioﬂ
A AR mRNA7}F 94 @ ¥ A8 androgen®] AR expressions A3t A
AMAFetaL ot 23 u 22U testosterones aromatase©] 314 estrogeno @ A
Wy £ 9)7] wjiEo] estrogenol 9% AR expression %4 7]#3} estrogen

=

receptor® %3+ muscle growth ZZo| o A7 Fr718H o2 Ay ojor & A

mlo
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Muscle tissues

M Bl B2 B3 B4 B5 M B6 B7 B8 B9 BI0

Subcutaneous adipose tissues

M Bl B2 B3 B4 B5 M B6 B7 B8 B9 BI0

Figure 1-4. RT-PCR amplification of androgen receptor (AR) c¢cDNA in muscle

and subcutaneous adipose tissues of bulls.
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Muscletissues

M C cz2 C3 ¢4 CG M C6 Cr C8 (€9 C10

Subcutaneous adipose tissues

M €1 €2 €3 ¢4 e M C Cr 38 €9 C10

Figure 1-5. RT-PCR amplification of androgen receptor (AR) cDNA in muscle

and subcutaneous adipose tissues of cows.
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35 [~~~ o

c 3 [

S |

2 2.5 OBull
:% 2 r E Cow
(0]

e 1.5 OSteer
<

0.5

Muscle tissue Adipose tissue

Figure 1-6. Expression levels of bovine androgen receptor (AR) gene in muscle
and subcutaneous adipose tissues among sex phenotype in Korean cattle.
Steer=14, Bull=10, Cow=10. * Higher in muscle of bull than that in steer
and cow (p<0.05). Higher at muscle tissues than adipose tissues
(p<0.01).

Estrogen receptor a (ERa) 3 A F&

SAEAY IRz A ¥ ERa 34 2d 4F< RT-PCR W4
v - A8k A 223 A 24 BSFeA ERa a4 2d FES
HIAA Fau daRt ZAAglA Fo4o = (p<0.05) =3t (28 1
Al Faast bae] A= 54 2249 T 10}X]‘ﬂ 4 B A frAabgk Bl s
Btk AA datag poolingdt z
23 Hl=skd &% T4 %4 ERa %%ﬂx} Aol o AMFAA M =
Zhell B F7EAR1 A7 22 Aom AR,

Estrogen®] AWzxZA oA 282 estrogen receptorE 72 -3te] w7l =™, female
o] XWZ 2o A estrogen receptor a9} estrogen receptor i EF7F HHE = AL
2 B uE Yt Maleoll A estrogen % °] female Bt} 4 & #AFE estrogen
o] malecll X AW hAtel m A= @3Foll their = WEebA Fdoh 2y HE
estrogen-receptor-n A7} AolE  (knock-out) AFHZ ©] &3] maled A=
estrogen®] AW iAL Ao Fad TS s Uvke= ARHe] wEA

Estrogen receptor-a 427} Aol (knock-out) AF A I} 57 EFoA A

k2 gako] F715F9] 1L, insulin resistance®} impaired glucose tolerance 4=
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B omn energy expenditureZ’t 7A3sFth (Cooke &, 2001; Heine &, 2000).
Endogenous estrogens A4kt 4= ¢l& aromatase A7 Z2ol¥ (knock-out)
AFH GAHI FA BTN E AHFZ shgko] =718k, insulin resistance®}
impaired glucose tolerance A4S HA (Jones &, 2000). ol#3s A=
estrogen o] AL ARG R AANE AR} A BT A estrogen

estrogen receptor 0Z F3le] AW =4 2H 59 dUA A FAA T

53], &5 422 T estrogen F=7F AAGH FARG ofF E2UE B
A w2 AASS MR R WA =T T

T Al estrogen®] proadipogenic &7} 9l&¢] H1E A (Diedonne %,
2000). oA 7AA F=3 AEel wel estrogene] A ARl m A=
A AgE dEie obdtth weba gh9o A A E estrogeno
Gl gk A7t H L3t

>
oF
= fol
>
>
2
=)
N
rr

3 *
2.5 F *
5
2 O Bull
S 15 | E Cow
$ O Steer
o 1 r
L
0.5 r
0

Muscle tissue Adipose tissue

Figure 1-7. Expression levels of bovine estrogen receptor a (ERa) gene in muscle
and subcutaneous adipose tissues among sex phenotype in Korean cattle.
Steer=14, Bull=10, Cow=10. * Higher in steer than in bull and cow
p<0.05). No differences between muscle and adipose tissues (p>0.05).
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Aromatase 3 T =

Aromatase 4% RT-PCR< annealing <=2 51TCoA 1TCH &8 7PHA 5
5C7HA 88ttt 438 A3} aromatase FAA W F£FLS estrogend] FoT
A 22 daoA b =k, tgoR Uil A oftk dEEdY (1™
1-8). JA W Z2Z oA AW aromatase FAA WdH FFS ZAE A3, W F
Fo] AAcw v =

StaL JRA] Zrell kel E Heol AFshv]= ot (2™ 1-9).

4. RT-PCRel 9% SH5E #3

AAGANA WAL 50144 high-marble® E7F3l1, WAL E 40]38 =
low-marble® &

T groupztell A @Eo] Ao
o AR A 2 FE

2 RT-PCRZ H| %359

Nz2 9 yA| Y EFA low-marble
group®. T} high-marble group©ll A

BF we TS BAOU FHIA Aol
AR (p>0.05) (¥ 1-10). ERa FdA TdFT2 AAS S22 2 J317

" 5o A high-marble?} low—marble groupztell =ZFe]l7}F Itk (¥ 1-11).
51C 52T 53T 54C 55T

ms 1 o ms 1 o ms 1 o m s i o ms 1 o

- 490bp

Figure 1-8. RT-PCR of aromatase cDNA with increasing annealing temperature
in muscle (m), subcutaneous (s), intramuscular (i) adipose tissues and
ovary (o) of Korean cattle.
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Subcutaneous adipose tissues of steers

High-marble Low-marble

Hl H2 H3 H4 H5 H6 H7 L1 L2 L3 L4 L5 L6 L7

Subcutaneous adipose tissues of bulls

Subcutaneous adipose tissues of cows

Figure 1-9. RT-PCR of aromatase cDNA in subcutaneous adipose tissues of

Korean cattle.
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Muscletissues

High-marble Low-marble
M HI1 H2 H3 H4 H5 H6 H7 M MILIL2 IL3L41L51L6 L7M

Subcutaneousadiposetissues

High-marble Low-marble

M H1 H2 HS H4 H5 H6 HYM M L1 L2 L3 14 L51L6 L7 M

Quantitation of RT-PCR product

22

12 I I] 777777777777 I,,,,} ,,,,,,

16 r
14
12 L OHigh—-marble

O Low-marble

AR expression

04 - (.- -1

Muscle tissue Adipose tissue

Figure 1-10. Comparison of expression levels of androgen receptor gene by
RT-PCR in high-marble- (marbling score = 5) and low-marble group

(marbling score <4) in steer of Korean cattle. n=7. No difference

between high- and low-marble group (p> 0.05).
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Muscle tissues

High-marble Low-marble

M H1I H2ZH3H4 H5 H6H7 ML1 L2 L3L4 L5 L6 L7 M

Subcutaneous adipose tissues
High-marble Low-marble
M H1I H2H3 H4H5 H6H7 M L1L2 13 1415 L6 L7 M

Quantitation of RT-PCR product

3.5

3 -

O High—marble
B Low—-marble

1.5

ERa expression

0.5 [~

Muscle tissue Adipose tissue

Figure 1-11. Comparison of expression levels of estrogen receptor a (ERa) gene
by RT-PCR in high-marble- and low-marble group in steer of Korean
cattle. n=7. No difference between high- and low-marble group (p> 0.05).
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t}. Northerno] 93 §AA 23 EA

Northern ¥ 22 AR % lipoprotein lipase Trx%z} s FA A He 7

2 o g & U AgFzAA total RNAE 3lar, total RNA 20ug< 1.0%
formaldehyde agarose gel Z7]9Foz EZ3At. cDNA insertE ©]-83}¢]

hybridization®] 223+ *P-labeled probeZ random priming kit (Stratagene)S AF-&-
o] A %3+t Membranes A %3+ probeét hybridizationdle] clonee] WHa okt
S A

1) Androgen receptor (AR) A A} northern
5S4 249 A androgen receptor At (message 1.8 kb)¢] 4 northern ¥4
A= 29 1-129 YEbY 9t} Northern & messageS phosphoimage analyzer
A &Fstal, total RNA band®] 28S RNA band®= 7 #3sle] normalizationsto] 2

datas poolingstSls W, <5x29 AR 32 Lol AWx4 B =34t
(p<0.01). sAx=2 2 IFsA YA A o]eg northern 2d ZAIe 99
RT-PCR A3 A3ot edd &S wolFa

AAG-oll A SHARE SEE2 AR Fd2 2d
At (g 1-13). AAl$ high-marble group?]
A AR HAA W3 4F0o] low-marble groupE.th =& AFS WO, FolF el
zol= glleh (p>0.05).
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Muscle tissues

Bulls Cows

Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 C1 C2 C3C4 C5C6 C7 C8 CY C10

Subcutaneous adipose tissues

Bulls Cows

Bl B2 B3 B4 B5 B6 B7 B8 B9 B10Cl1 C2 C3C4 C5C6 C7 C8 C9 C10

2

a OBull
g E Cow
o OSteer
<

Muscle tissue Adipose tissue

Figure 1-12. Expression levels of bovine androgen receptor (AR) gene in muscle
and subcutaneous adipose tissues among sex phenotype in Korean cattle.
Total RNA was analyzed by northern method. Bottom. Expression level
of AR gene was normalized by band intensity of 28S ribosomal RNA.
Steer=14, Bull=10, Cow=10. * higher in bull than in steer and cow at
muscle tissues (p<0.05). Higher at muscle tissues than adipose tissues
(p<0.01).
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Muscle tissues of steers

High-marble Low-marble

Hl H2 H3 H4 H5 H6 H7 L1 L2 L3 14 L5 L6 L7

Subcutaneous adipose tissues of steers

High—marble Low—marble

Hl H2Z H3 H4 H5 H6 H7 L1 L2 L3 L4 L5 L6 L7

Quantitation of northern message

2.5
2 [
23
Q1.5 -
> O High—-marble
E B Low-marble
ast 1 B
<
0.5
0

Muscle tissue Adipose tissue

Figure 1-13. Comparison of expression levels of androgen receptor gene by
northern analysis in high-marble- and low-marble group in steer of
Korean cattle. n=7. No difference between high- and low-marble group
(p> 0.05).
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2) Lipoprotein lipase (LPL) northern
S5 A LPL mRNA9| northern 412 29 1-149] YEpd npep o] n

AAG-AA 7H =okem, AAS-g das 2 FES Bt

A
Cows Steers Bulls
Cl1C2C8 (C9 C10 L2 L5 Le L7 H3 Bl B2 B3 B5 B6
B

100

LPL mRNA

Cow Steer Bull

Figure 1-14. Lipoprotein lipase (LPL) mRNA levels among sex phenotype in
muscle tissues of Korean cattle. Northern data were quantitated by

phosphoimage analyzer. Mean+standard deviation (n=b).
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Table 1-4. Pearson’s correlation coefficients (top) and probability (bottom)
between selected meat quality characteristics and gene expression levels

in muscle and adipose tissues of Hanwoo

Trait armrt armn arart aran eramrt eraart
ms -0.28 -0.26 0.40 0.04 0.39 0.61
0.15 0.18 0.03 0.82 0.04 0.0004
ee -0.20 -0.53 0.12 -0.44 0.48 0.59
0.36 0.01 0.59 0.04 0.02 0.004
whbsf -0.42 -0.40 0.27 -0.02 0.02 0.14
0.05 0.07 0.22 0.93 0.93 0.52

ms = marbling score

ee = crude fat content in the rib eye (ether extract)

whbsf = Warner-Bratzler shear force (higher the tensile and lower the tenderer)

armrt = Androgen receptor (AR) mRNA levels determined by RT-PCR in
muscle tissues.

armn = AR mRNA levels determined by northern in muscle tissues.

arart = AR mRNA levels determined by RT-PCR in adipose tissues.

aran = AR mRNA levels determined by northern in adipose tissues.

eramrt = Estrogen receptor alpha (ERa) mRNA levels determined by RT-PCR
in muscle tissues.

eraart = ERa mRNA levels determined by RT-PCR in adipose tissues.
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op. AgEA Ao 528 A AT AR T £4

A A T2 Ao ot FA} @E HjalE explant culture systemS
o]-§-3to] Kristensen & (1999)9] WHol| Fale] Faatant o] 7k As=28 (17
[i-estradiol, progesterone, testosterone, dihydroxytestosterone, dexamethasone)< 50
nM %= 500 nM T+ 7FA] =2 vjR| o M 718t 24h9}; 48h &oF Z+ZF njoFst o
total RNAE #3}o], RT-PCR WH o2 AR mRNA 34 @#d F3S 24359
o (29 1-15). GLM FAAZ A3 T28 AHZEs AR 44 #del| {fo4o
2 9¥%e FH 2229 = & §lolAM 50 nM¥F} 500 nM A #= L
A3E YEH

M T2 A A¥E HW, 17f-estradiol 22 v 24holl= 4 2d S
o] WMakA] kAt 17f-estradiol 2] ¥ Wik 48helE= AR mRNA F3o] 7438}
ATt (p<0.05) (¥ 1-16). Estradiol A 2IAIZHE 2447k 4] 48AI1 02 &3S o)
AR mRNA FFo] fFodoe=z 743t (p<0.05). Progesterone A <A] v
24hell= A2 B o] WIA| ZFUA|INE progesterone A ] 48hel= AR
mRNA F550] ZHA3AT (p<0.05) (8 1-17). Progesterone # 2] A7 244 7t
Al ABAIZIe R 535S W AR mRNA 50 Fodo= sttt (p<0.05).
Testosterone 2] 24h % 48h =594 AR mRNA ol &S v X% ot
(28 1-18). Dihydroxytestosterone A &&= 24h 2 48ho]l EF AR mRNA &%
ZFAAATE (p<0.05) (28 1-19). Dexamethasone gl& 24h 2 48ho] =% AR
mRNA %8 #2220 (p<0.05) (¥ 1-20). dA4ez J32 A= AR
mRNA ol FaFs v AA A, a4 23E FAh
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Control 17p-estradiol Progesterone Testosterone
24h 48h 24h 48h 24h 48h 24h 48h
50 500 50 500 50 500 50 500 50 500 50 500

Dihydroxytestosterone Dexamethasone
24h 48h 24h 48h
50 500 50 500 50 500 50 500

Figure 1-15. Effect of various steroid hormones on expression of androgen
receptor (AR) gene in explant culture of bovine subcutaneous adipose
tissues. Explant cultures were performed for 24h or 48h with the
hormone treatments (50 nM and 500 nM). RT-PCR (58C annealing
temp., 40 cycles) products were analyzed by 1% agarose gel

electrophoresis.
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3.5

2 r i OControl — .
O Estradiol - 50
1.5 r CEstradiol = 500

AR expression

05 - | .-

24h 48h

Figure 1-16. Expression levels of androgen receptor (AR) gene in explant
culture of subcutaneous adipose tissues with 17fi-estradiol treatment (50
nM or 500 nM) for 24 and 48h. * lower in estradiol treatment at 48h
(p<0.05). lower at 48h than at 24h in estrogen-treated group (p<0.05).

3
T .
2.5 - T L
* *

c o - T T
g OControl — .
9_; 1.5 OProgesterone — 50
& OProgesterone — 500
c 1 —1 | -1 --
<C

0.5

0

24h 48h

Figure 1-17. Expression levels of androgen receptor (AR) gene in explant
culture of subcutaneous adipose tissues with progesterone treatment (50
nM or 500 nM) for 24 and 48h. * lower in progesterone treatment at 48h
(p<0.05). lower at 48h than at 24h in progesterone-treated group (p<0.05).
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S 2r
‘0
a3 O Control —.
cl15r—  F fr-—-- ---| |OTestosterone — 50
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0
24h 48h

Figure 1-18. Expression levels of androgen receptor (AR) gene in explant
culture of subcutaneous adipose tissues with progesterone treatment (50
nM or 500 nM) for 24h and 48h. No difference in testosterone treatment
(p>0.05). no incubation time effect.

3
¥ T
2.5 T T
S 2 r [ T
G
g O Control — .
c 1.5 r ODihydroxyT - 50
& O DihydroxyT — 500
o
< 17
0.5 r
0
24h 48h

Figure 1-19. Expression levels of androgen receptor (AR) gene in explant
culture of subcutaneous adipose tissues with dihydroxytestosterone
treatment (50 nM or 500 nM) for 24 and 48h. * higher in control at
both 24h and 48h (p<0.05). no incubation time effect.
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% T T OControl — .
;% 1.5 - O Dexamethasone — 50
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o
< 1 | .-
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24h 48h

Figure 1-20. Expression levels of androgen receptor (AR) gene in explant
culture of subcutaneous adipose tissues with dexamethasone treatment
(50 nM or 500 nM) for 24 and 48h. * higher in control at both 24ha
and 48h (p<0.05). no incubation time effect.
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Aol Aol AW e WRuAY 43} S FololA uF
ol

INE 535 JE2E A Aol g 2 gFe 1

androgen” 43

2 Bastget. Al 2 (serumW] TEE FF Zo]lE HWH,

)
3/8 Simmental-5/8 Hereford MFZFoA IHS e 3 AFAITZ2EY 2
T insulin¥ cortisol 59 WEH Al Al2glo] & AWEAE woli, FH
S =L 7o AHATEE 2 testosteroned WS 4259 cortisol 52 WEH A
7V S SAAT AL ANEFA S FAAA FHo] e ¥ oRE B
o (Gettys &, 1983). ®FA, AAMlS+= TR FA & FF9 A =2E
proteolytic activity”’} A& =2 52| cortisol, lipogenic 237 Y& =& F=F
9] insulin ¥ A A g e FF9 testosterone &9 WEHIAIY FFS
WrEvhal BaskATh (Gettys 5, 1988). dubAo® AsaEe Aln AH, oy
2 &), A B A 4 2d giakek 2 AV e Ae®E e A Ao
(Mystkowsi 5, 2000). Androgen¥ estrogen S9¢ AZ=2EE AWE=FS 7HA
(antiadipogenic) A 71 &37F A= A= dHA Joy, AZAH hdstA] gka

Al a4vF A&t Ao HuHa gt

oA = ol gk Fokell g A+t AN AAolal & 5] Steinhart F
A A7 18 Simmentaleld 7] Wel EAsE rERols =R BA
Baustgt. A9 mrdAE AASEY androgend ZE

androgen precursor?] dehydroepiandrosterone =52 F2 HHH  FAL AANFH

&)

tt AZE2Eo 7]E A<l precursor?l pregnenolone¥} catabolic corticosteroid$!
cortisol FF& ottt (Fritsche®} Steinhart, 1998; Fritsche %, 1988b).
Circulating T 2¥o] 117]9] &&ZF 3 XHZx2o ZX 5 o] =73 AAM9 1

71l A ol R T2 ] Aol7t B ThsAde] Euh shAN FHre] Aol
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BS)

AWz Ao A AE|Ro]l= FERo| endogenousdtA A TH

© Bk 8o mEbd A A 7)o Kol ZHRolE 2R o
Apol= HERA Y AHERA A FAE ~HREoE T EE o Apolo] ogh g1l
T A7tst 4= 9lth Fritsche 5 (1998a)> T3k 2]317]9] visibledt 7AW} &

WA 2= AAG low fat 1719} AHFZAS A ASA &L high fat 2L7]0l
A Z28 FFES MY, 1 23 testosterone, dehydroepiandrosterone

(DHEA), androstendione, androsterone, pregnenolone® progesterone <& high
fat a27]olA ¥ ¥bH cortisol %2 high fat aL7]dlA © wktt. o] 23k data:

SR E B 2R = 28X % 2] androgen#] TEEo] =4

A
5(5
rO

o0

HAY E+ endogenousdtAl AWz A oA AdE 7 deS AlALstE Aol
Estrogen?® & 44 42E dio|Auk AT

=
TR BT &Kol AuxF
o] £A}3}+= aromataset testosterones estrogengi AW A A ovary-independent
] ¥

estrogen AF Ao A FA Al JEdS s} AlE ] X HFEZ A= aromatase

Fho osfA W 29 estrogen®] testosteroneS ZH-E HAWHIEFH 1 lS-o]
Aar, AW =2 ko] F71slH testosteronedl A estrogeno ® AW EH = Y F

N
N
(o

t}. Estrogen®] leptin A4S =ols Z8S 3t Aoz &eA oM, leptin

gk A2 A aromatase &S Fo] estrogeno 2] AW FS Foly 9T
S 3t Ao w2 HuEAY. Glucocorticoidi= aromatase activityE S7FA1 A AW
Z 2 o) A testosterone & ZHE] estrogen®® HAWA|7|E= ZAEd =24 (potent
stimulator) 9&-& 3t At (Joyner 5, 2000). ©]&]3t 28L& Alo|A Tz}
o7t e Aoz HuFEArk McTernan 5 (2000) o zpo] HH X HlZ 2] o] A
+ insulin®} cortisolo] aromatase &S FXEF o, HAke] A WpEz A A=

insulin®} cortisol®] aromatase &AS JAA7)E= FES = AS AHIA
_1

HA

olfgt b4 Ao WE aromatase®] &4 FE P9 Aole FTFHoEE AW
2HZol= tA} Zgo JFS nFozH Az A 43 HEF 28-S x4
st 988 & Foe=Z AsdET Ao 713t vie} o] estrogenic compound

AN AREAL FRANTE AL FAA A

implant7} &olA AAE
AE BaAde 7142 gl BEE QFoAE ofz 4y

Tl estrogeno] A HrE=F
A AR e
oAM= By E52AY AgEAed EAEtE ~HREOE TEE (o

—androsterone, dehydroepiandrotestosterone, epitestosterone, testosterone, andro-—



stendione, pregnenolone, progesterone 17a-hydroxyprogesterone, cortisone, 17i

— .

O

—estradiol, 17fi-estradiol

testosteroneS estrogen®. & HH A7) =

ol# steroid hormone BEAH A=Z F=X)

& 49l aromatase activityE B AA$, 7

o =) o) . . .
A, ol A vl BA4eka, O A3E §FE85H 9 masculinity index ¢k %
S =) =)

E#AE B
) ‘dlgjzg\/\(
cholesterol o o
1. P450scc l
2. desmolase
3B-HSD
HO (e)
pregnenolone progesterone
o
P450,7, 1 o P450,74 .
P450,7,
o
o 3-HSD o
DHEA \ hydroxyprogesterone o o
HO, --OH
17p-HSD androstenedione

)/ZB-HSD

%

aromatase

testosterone estradiol

Sa-reductase

|
>§ ;é ©
I

|1

epitestosterone

5a-dihydrotestosterone

NN

cortisiol
reductase 1 1-B-HSDHase
cortisone
(o]
HO" =

a-androsterone

Biosynthetic pathway of steroid hormones
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2. 48 R OH

7}. Steroid ZE2E 24
ZAY steroid TE2EL o} 9] steroid hormone ¥24) flow chartol] A3t

SAUR 23 F GS-MSE ol &3ke] B3

F3 da, T4 L AATY A 24L 1Kg o2 AHAs] 2H2A, I3
Ay, 2l Ao eld ¥ -20Te] Agetdrh o 10ge) AnE F2E BA
o ALgsksich

2) Steroid FZ (Hartmann¥} Steinhart, 1997)

¢F 10g9 Al&°] 35 ml ¢ methanol® 23 0.2-2.0 ug/kg?] standard hormone
S methanolol] =¢] H7ista EQA1 AT £ suspension &8-S ice-bathol
bkt £35S homogenizer(PolyTron PT3000)%
homogenize3d %, 60 5% &< 7tE O}Oq Gl A s AHAAY TFES A7
$, 2000 gollA 10 & &< A8t =S AASIAT e dES 20 mlo
hexane2 2 FZE3lo] AWS A A3ATE Methanol 89 55 45T 4 Rota-

Vapo & ZF 714938t methanols SHA Y. A7 489S solid-phase

d93 10 mlY EFFHF
T

o HU i

extractions} %3

3) Solid-phase extraction

Crude extract® #2 % clean up: Cs~SPE cartridgeZ 2 mle methanol® 3
mle SHFFE £xH 22 conditioningdtil, FE=H FE&HAS loadingsdtar k3t
AFgor Mottt 2879 cartridgeE 2x1 mlY Z=H49 1 mle methanol/water
(40:60, v/v)Z elutiond}e] 8 mle tubeo] ¥kt 1.5 mle] methanol/water(60:40,
v/v)Z elutiondte] polar steroid (fraction 1)Z 8 mlel tubeel] ¥t 1.5 mle
methanol® elutiond}®] nonpolar steroid (fraction 2)2 8 mle] tubeo] Wit} 4

5Co A Rota-VaplZ F¥F 714938} solventE F A At

Polar steroid?] clean up: +"E Y% fraction 1S 2 mle] water-saturated

ethyl acetate®ll ultrasonicationdl®] %9t} Si-SPE cartridgeE 4 mle water-
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saturated ethyl acetate® conditioning3}il, A5 2 loadingdle] #1& Qlo] filtration
3tk tube$t cartridgeE 2x1 mle] water-saturated ethyl acetate® elution*| %l
o 23" 89S 8 ml tubeo] sl 45CoA Rota-Vaplz FIF 71435l

solventE S 9HA] Z t

Phenolic steroid®} neutral steroid®] <22 (phenolate®] =) &vwjE “d
fraction 25 200 ul®] water-saturated chloroformell ultrasonicationd}o] <5<l
1.8 ml9] hexanes 7}slal & 410 &t} 2 mlel 025 M KOH &S 7hskar 1
¢ hHE] Hole: F, 28 ¢ AR S5 EeAAY (5 2t dgst
Ao B ae] ethanols M7 % Qvh). 915 (F71F)°] fraction 2a°] il
ol Z=(FgM=)o] fraction 2bolth. Y=& nonpolar steroid® clean upS $3+e]
ettt ofgl F(fraction 2b)& 0.5 ml®] 1 M HClS *3+gH 8 ml tubeol] &%ttt

oF

b gole] pHE AASHTH ) pHE S0l A opibgoletek Fith),

o

e

01

ll

0

e

i)
of

Nonpolar neutral steroid9] clean up: phenolate extractionol| 4] H &3 F7]=
(fraction 2a)2 2 ml®] hexane/ethyl acetate(90:10, v/v)Z F *H condition¥
cartridge®l loading3}il, 1 ml¢] hexane/ethyl acetate(90:10, v/v)& F W A il 25
ml ¢ hexane/ethyl acetate(25:75, v/v)E nonpolar neutral steroidZ elutiond}o] &
ml 2] tubeoll Wit} 45Tl A Rota-Vapo 2 23 7FE3le] solventsS A7 T

o
e
o
fet

Nonpolar phenolic steroid?] clean up: phenolic steroid+= T3 Z&&
fraction 2bZ4-E Al FZ&3}t}. fraction 2b= 3x2 ml®] diethyl etherel] 1%
A4 3] agitationA FAtE. TLsPH oF 17 FoF AR 80 =S FE A
t}. Ether =5 &3t €92 238 & 1 ml9 ethyl acetate/methanol(80:20, v/v)
o =%th. NH.-SPE cartridgeE 2 mle] water-saturated ethyl acetate®} 2mle]
ethyl acetate/methanol(80:20, v/v)2 &2 <=x}% © & condition A|7]3, A] & (fraction
2b)E loading?dr %, 3x1 ml9 ethyl acetate/methanol(80:20, v/v)2. & Al& tubeE
Mol elution AATH £8E 8 mle tubedl Wi, 45ToA Rota-Vapl = &

7}4 3] solventE EWHAI At

ol
2

A
>~
i
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4) Steroid®] trimethylsilylation
Internal standards: methyltestosterone(0.5 ug/kg), medroxyprogesterone (1.0
ug/kg)9] methanol &S Z}79] sampleo] Yol steroide] w23} H]uEko

internal standard® A}&3}$T).

Silylation: BAE  steroid FEE9 methanols ZAA7F22 dgla, 40 uld
MSTFA/TMIS/DTE(1000:2:2, v/v/w)& 7Fg % tubes & & The, 60TColA 15
2 ot 7Fdetdnt. C-179 side chaing 7FA2 A+ steroidE HHES A AV

7] 98] 4Tl A overnights}$i

5 GC-MS +4

GC-MS #7: HP-5 capillary column(30m x 0.25 mmlD, 0.25um film thickness),
carrier gas(helium:purity, 5.0), flow rate:1.0 ml/min, oven temperature: from 13
0C1 #) to 290C at 12C/min, 20 min %S-2, injector temp: 260C(1 min,
splitless), transfer line: 290°C, EI ionization: electron energy:70 eV, ion source
temp: 180C2e] =S AF&3t9 o, Table. Molecular mass for the SIM-MS
analysis of steroids oA WERH vhe} & AES AREslo] SIM w4 8-St

Molecular mass for the SIM-MS analysis of steroids

Steroid SIM-MS Steroid SIM-MS
a-androsterone 434, 419 | cortisone 630, 615
bu-dihydrotestosterone 434, 405 | hydrocortisone 632, 617

dehydroepiandrotestosterone )
] 17n-estradiol
epitestosterone 432, 417 . 416, 326
17f-estradiol

testosterone

androstendione 430, 415 | estrone 414, 399
pregnenolone 460, 445 | estriol 504, 414
progesterone 458, 443

17a0-hydroxyprogesterone 546, 441

medroxyprogesterone 560, 545
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(s )

Extraction’'Deprofeinizing
methanal a0 {G0°C)

Fraction 1 SepTration Fraction 2
polar steroids CH-SPE non-polar steroids

A

Fraction 2a Fraction 2b
neutral stergids phenolic steroids
ki L 3
Clean up Clean up Clean up
Bi-5PE Si-SPE MHz-5PE
i
-J.l GC-MS ||-1

Flow chart of steroid hormone analysis
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Y. Aromatase activity &3

Testosterones 71 @& 3Fo] 17-fi-estradiols 343} aromatase (Scheme of
aromatase reaction)®] A2 AAFE  estradiol¥ HolAdE  testosterone?l
percentE U3 o] AAEste] F43Fth (Larionov et al, 2003).

estradiol CPM x %

e estradiol percent = T =100
testosterone CPM + estradiolCPM x 5

testosterone CPM < %

e testosterone percent = 1 > 100
testosterone CPM + estradiol CPM x 3

3NADPH + 30,

P450arom

HCOOH + 3NADP + H,0 + *H,0

Scheme of aromatase reaction

AU

Enzyme assay : 52% 500mge] sampled A Zio Y1 FH3 & 244
powderS 0.IM phosphate buffer (pH 7.4) o] ¥ 3 sonicator® sonication*] % t}.
4,000g°1 4 10&3t centrifugation § 45 AWS thA] 70,000g A4 2A]7F cen-
trifugationA] 71 ¥ pelletS 1ml 2] 0.IM phosphate(pH 7.4)° Y ojA A &3]AA
ot A 8308 pellet fraction®] NADPH generating system(10mM Nicotinamide,
2mM NADP, 2mM NAD, 2mM ATP, 10mM  glucose-6-phosphate, 2U/ml
glucose-6-phosphate dehydrogenase)$} [1,2,6,7-"H] testosterone(10uCi, 96Ci/mmol)
7} 60nM9] radio-inert testosterones X7F3F & 5AIZF F<F 37ColA] shaking
incubationA] Z t}. Incubation ¥ 4ml ] methanol2 % 7}381e1(80%) & AWtSS 5
A A ZAt}. Procedural lossesS monitordl”] $13] radio-inert estradiol 500ugS

=
7Fek & -20Cel A overnight*] At}. Overnight 3+ Fof centrifuger] AA A5 Hwt
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23] %71 ¥ methanols evaporateA] 71t} evaporated & 8] 3x2ml

o
9] diethyl ether 2 agitation$ ether fraction?2 X.o}A evaporateA| 7 t.

Steroid 9] clean up: solventE E ¢ fractiong hexane:chloroform(80:20, v/v)ol
f3|A At C18 SPE cartridgeE 4ml¢] hexane:chloroform(80:20, v/v)o. &
conditioning 332 hexane:chloroform(80:20, v/v)ol|l &3]%¥ sampleS loadingdle] %
Fglo] filtrationA] 1T}, hexane:chloroform(80:20, v/v) 2= steroid fraction< elution

A7l & solventZ evaporater] A t}.

Thin liquid chromatography: fractiong < 50ule]3tZ A7l T silica gel
Foss TLC plate©] spotting 3t % chloroform:acetyl acetate(55:45, v/v)E solvent®
Abgatel  FEAFH T UVosoll Al ER18A]  estradiole] & F9¥F FHojRo}
methanolel  &3iA1 T, YA Este] TLCY silica gel particles A7AE 3

solventZ evaporate?] 7 th.

Estradiol fraction®] &% =7 silica gel particleg A7 3+ estradiol fraction<

500ul®] ethanololl &381A17] & ABxoll X 522 =434

Liquid scintillation counter& ©]-§$F radioactivityZ7g: estradiol fraction<
scintillation vialel ¥ %, 20ml®] Scintillation cocktails % +=t}. controld® &7

estradiol fraction sample?} 7| scintillation countinga}$l

o. B4 A&
A5 22L& androgen 74]"[' 6714 T2} estrogen Al 47}A], progesterone Al
T2 Az A A Ay ZF )

B she A9l TE2E R g S AEste] s2E e #AE =A

T 2 SAW =AW ether extract %) ¥ A ©#(Warner-Bratzler
shear force, kg/5in®) @ 37 24183t} 4a#A1= SASS proc corr procedure
o] g3l o HF¥AGFE Pearsone] T A#AAFE FAH AT

r-{m
O

high marbling group (MS 5 ©]’)¥} low marbling group (MS 4 ©]
F 328 F$£Fo HZE Hlal= SAS proc glm procedure (YHFAEH R EH)E

)
83t 95% A FFFONA t-testS AL
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3. 249 4 1%

7b 2HZOE ZE2E EA4

HO
cholesterol o o
1. P450scc l
2. desmolase
38 -HSD
HO o *
pregnenolone* progesterone
P450 (o]
P450,7, 17 l
---OH
P450]7m
—~—
3[3 -HSD o
DHEA® hydroxyprogesterone AOH
androstenedione

aromatase
QH

HO

3ﬁ 7//
178 -HSD

estronc ¥ reductase

[e]
cortisiol
H 11-B-HSDHase

OH
11B HS o
° ---OH
aromatase
testosterone‘
estradiolV
So -reductas .
cortnsone&
OH OH o}
o o " HO 1
epitestosterone )
Sa-dihydrotestosterone a-androsterone

Mutual dependence of steroid hormone content and biosynthetic pathway.
Pairs of steroid hormones with r>0.9 and p<0.0001 were selected in muscle and fat
tissues o found in muscle tissue only; €,%: found in fat tissue only; * A: found

in muscle and fat tissue.
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[e)
<54

X
D

Wz A 23709 ~HEol= S A% A, cortisol-
cortisone ¥HFS LK/ 22 At DHEA-testosterone® estrone-estradiol %2
AW zA g qut  AF oJFEo] AEHEJ oW pregnenolone-progesteroned}
testosterone-hydroxyprogesterone 3% <& X2 3 AWtz Z oA FEXHoZE A
T ojFEo] TAHEAY. o5 Y RE 2] 2 2] =(testosterone-hydroxyprogesterone
A= ARAE ARoA AZ AFHOR olxstil v TELEEA(Mutual
dependence of steroid hormone content and biosynthetic pathway Z19d 3
Z), olE T2 Aol rapid equilibriumS ©]FiL &S AlAbstal vk B
£ Al&9A estrogenolY corticoid®] =< androgen©| Y progestogen®]
o Addow =g (Fig. 2-1, 2-2, 2-3, 2-8, 2-9, 2-10).

=SS5 ZA A FA steroid EEEQ a-androsterone, dehydroepiandrosterone,
epitestosterone, bia-dihydrotestosterone, androstenedione, testosterone, pregnenolone,
progesterone, 17a-hydroxyprogesterone < B AA, AAS 2L 4 A7k Zol7}
2121t} Polar ¥ phenolic steroid hormones %ol A 17n-estradiol, estroneS 7] A%
oA 7} E=9kal, WhH estriol?}t hydrocortisones AA$-oll A 7 vkt (2™ 2-5).
MI #k2 ofefo] 2o ofste] Aglatdnt 532eA ML gk BHIAAMS-lA 7 =%
O} A7k F490 Aol AT (2" 2-6). ZSFF oA high-marble group®]
low-marble group®Rt} ¥ Ml #& B o {27 <l Aol= It (27 2-7).

M — T+ epiT < 0.64 < 100

Vpreg

Az Ao A A steroid & EZ+# 2l a-androsterone, androstenedione, dehydroe—
piandrosterone, epitestosterone, bia-dihydrotestosterone, testosterone, pregnenolone,
progesterone, 17a-hydroxyprogesterone <& H|AA, AAM$ L i Ao 2o
7F 910tk (¥ 2-11). Polar ¥ phenolic steroid hormones %ol A4 17a-estradiol,
estrone AA-olA 7F4 =kar, WFH estriol, cortisone, hydrocortisone< 7 A
F-ol A ZHE stk (19 2-12). A ERA A ML gk v AAS-olA 7 Eoke
U Alzbol oAl Aol it (29 2-13). AWZZF oA high-marble group
o] low-marble group®th =2 Ml g2 HYou foA<l Zol= gt (29 2-14).

5% AxAY steroid TEE dataE EF poolingdlte] 4 xgE 3
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2 th. Neutral &2 Fo| A4 n-androsterone, androstenediones 7 Aol A 714 =4k
o (29 2-15 2-20). ¥ testosterone¥} 17a-hydroxyprogesterone B A A|-$-ol A
oFor =9ktt (¥ 2-15). Polar ¥ phenolic steroid hormone oAl 17a
—estradiol, estrone> AA§-olA4 71 =9%aL, estriol, cortisone, hydrocortisone= 7 A%
oA 7Hg vkt (19 2-16; 2-21).

T2 group B E androgens (a-androsterone, dehydroepiandrosterone, epite-
stosterone, 5a-dihydrotestosterone, androstenedione, testosterone), progestogens
(pregnenolone, progesterone, 17a-hydroxyprogesterone), estrogens (17a-estradiol,
estrone, 17f-estradiol, estriol), corticoids (cortisone, hydrocortisone)® %3} pooling &
data® E43 A, androgen®} progestogene A 7tel] f-2oZ <l X}'O]T: S (29
2-17). ¥FH, estrogen< steeroll A o402 =9kl corticoideE FolH oz wott) (1
g 2-13).

A Aol A steroid hormone 53 marbling group?tel]l #HAL v w3
High-marble group©Ol low-marble group=Cl pregnenolone % 17a-hydroxy-
progesterone =2 |oFoz =Jgct (OF 2-22, 2-27). WEIM o] F S22
ZUH XLt Mol =2 A2=2 EHHECCE Neutral steroid hormone 5ol A
ttE $2ZEE  (a-androsterone, dehydroepiandrosterone, epitestosterone, 5a
—-dihydrotestosterone, androstenedione, testosterone, progesterone)< high-marble
group®} low-marble group7tell f<] %<l ZFo]7F §121 T} Polar 2 phenolic steroid
S 289l 17a-estradiol, estrone, 17@-estradiol, estriol, cortisone, hydrocortisone<
high-marble group® low-marble group?tell 242 2oz} it (29 2-23).

T 28-S group ¥ E androgens, progestogens, estrogens, corticoids@® 3F3s}to]
AA ol A steroid hormone =¥ marbling group?tel ##HAJS vl
Androgens, progesterones, estrogens, corticoids X high-marble group¥}
low-marble groupZtoll <A<l x}o]7} ATt (T Y 2-24, 2-25). MI & 7 A)
Lol A high-marble group®] low-marble groupE.t} Z%h o} Fol# el xlol= ¢l

Ak (1Y 2-26).
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Table 2-1. Content of steroid hormones in muscle tissues of bulls

@ nmol/kg

Group Class WA s 21009 | 21011 | 21012 | 21013 | 21014 | 21015 | H+t
n-androsterone 0.06| 0.28 0.24| 0.06] 0.04] 0.03 0.12
dehydroepiandrosterone 0.05( 0.30 0.25 0.05 0.03 0.03 0.12
Androgens epitestosterone 0.08] 0.24 028/ 0.08] 0.04[ 0.03 0.12
5a-dihydrotestosterone 0.08] 0.24 031 0.09] 0.04[ 003 0.13
Neutral androstenedione 0.08| 0.46 037 0.11] 0.05[ 0.06 0.19
testosterone 0.07 025 035 0.09] 0.05] 0.04 0.14
pregnenolone 0.04| 0.23 028/ 0.07] 0.03] 0.03 0.11
Progestogens progesterone 0.04| 024 027 0.07] 0.03] 0.03 0.11
17n-hydroxyprogesterone 0.03| 0.20 0.20 0.04 0.02 0.02 0.09
17n-estradiol 3.25| 3.23 324 598 506 561 4.39
Phenolic|  Estrogens estrone. 1.75| 2.57 247| 463 435 4.83 3.43
17[t-estradiol 762 5.65 6.06| 1296 9.38] 888 8.43
estriol 3.10[ 341 347 501 485 533 4.20
Polar Corticoids cortisone 224 201 1.86| 218 219 2.02 2.08
hydrocortisone 1.96| 1.82 1.61 182 185 161 1.78
Total amount of androgens 041 1.77 1.80] 048] 025 0.22 0.82
Total amount of progestogens 0.11f 0.67 0.75 0.18 0.08 0.08 0.31
Total amount of estrogens 15.72| 14.86| 15.24| 2858| 23.64| 2465 20.45
Total amount of corticoids 420 3.83 347 4.00] 4.04] 3.63 3.86
Masculinity index 28.76| 42.68 51.9| 27.17| 21.81| 17.63| 31.66

1

Figure 2-1. Average content of steroid hormones in muscle

tissues of bulls.
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Table 2-2. Content of steroid hormones in muscle tissues of steers

@9 nmol/kg

Group | Class MA Ws 1004 [1012{1018|1028]|0064 | 0068 | 0070 [0050| 0051 | 0052 | H+t
n-androsterone 0.13] 0.38 0.05] 0.04] 0.23 0.15 0.28 0.14] 0.11] 0.20] 0.17
dehydroepiandrosterone | 0.03] 0.15] 0.05] 0.04] 0.02| 0.02[ 0.02) 0.12] 0.03] 0.04] 0.05
Androgens epitestosterone 0.03| 0.28 0.06| 0.04| 0.05 0.03 0.04] 0.15 0.10| 0.14] 0.09
5a-dihydrotestosterone | 0.04] 0.25) 0.06/ 0.04{ 0.26| 0.16/ 0.37| 0.13] 0.15 0.22] 0.17
Neutral androstenedione 0.10| 0.15 0.11] 0.06] 0.42] 0.41] 0.38 0.14] 0.36] 0.54] 0.27
testosterone 0.04] 0.14] 0.07| 0.05] 0.04] 0.05 0.04] 0.14] 0.04] 0.06| 0.07
pregnenolone 0.03| 0.06| 0.05) 0.03 0.08 0.07 0.06 0.12 0.11] 0.07| 0.07
Progestogens progesterone 0.05] 0.07] 0.05] 0.03] 0.07] 0.06] 0.07] 0.12] 0.06] 0.08 0.07]
170-hydroxyprogesterone| 0.03] 0.05 0.04| 0.02[ 0.02| 0.02] 0.02] 0.11] 0.02] 0.02] 0.04
17n-estradiol 3.83| 4.45| 4.44] 3.99 5.38 16.96| 12.60|16.22| 14.92| 12.65| 9.54
) estrone 3.38| 3.18| 4.20| 3.40[10.62| 19.20| 13.87|12.78 10.15 12.91| 9.37
Phenolic| Estrogens -
17 -estradiol 3.03| 3.36| 5.27| 4.81| 5.05] 13.59| 26.04/123.50] 11.66| 8.86| 10.52
estriol 4.92| 470 5.60| 4.71| 253 3.21| 2.44) 297 2.86] 2.43| 3.64
Poar | Corticoids com'so.ne 2.12| 160 192 159 2.03] 1.85 1.75 1.81] 1.71] 2.77| 191
hydrocortisone 1.61] 0.57| 1.44] 1.16] 1.67| 1.30] 1.22| 1.24 1.10| 1.44| 1.27
Total amount of androgens 0.37| 1.35| 04| 027 1.02 0.82] 1.13 0.82 0.79] 1.2| 0.82
Total amount of progestogens 0.11) 0.18 0.14] 0.08 0.17] 0.15 0.15] 0.35 0.19] 0.17| 0.17|
Total amount of estrogens 15.16]15.69[19.51|16.91|23.58 52.96| 54.95|55.47| 39.59| 36.85| 33.07
Total amount of corticoids 3.73) 2.17 3.36] 275 3.7 315 297 3.05 281 4.21 3.19
Masculinity index 16.11{68.91|24.15(19.77/14.02| 13.87| 12.7434.43) 16.29| 28.51| 24.88
'] 1f4
[ — SR R S - —e —_— i i i i
P
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Figure 2-2 Average content of steroid hormones in muscle

tissues of steers.
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Table 2-3. Content

of steroid hormones in muscle tissues of cows

2] nmol/kg

Group Class WA WM& 2007 | 2013 | 3001 | 3019 | 3023 | 3025|3030 | A
n-androsterone 0.15] 0.04 0.07 0.19] 0.04 0.04 0.04] 0.08
dehydroepiandrosterone 0.10, 0.09 0.06] 0.15[ 0.04] 0.12] 0.03 0.08
epitestosterone 0.16] 022 010 0.21] 0.04] 022 0.03 0.14
Androgens -
5n—-dihydrotestosterone 0.18 022 011 0.26] 0.05 0.21] 0.04] 0.15
Neutral androstenedione 0.26] 028 0.5 0.34] 0.06] 0.19] 0.05[ 0.19
testosterone 0.09 0.04 0.09 0.12[ 0.07] 0.09] 0.040] 0.08
pregnenolone 0.13] 013 0.09 0.18 0.04 020 0.03 0.11
Progestogens progesterone 0.13 0.05 0.08 0.18 0.03] 0.12] 0.03 0.09
17o-hydroxyprogesterone 0.07) 0.02] 0.05] 0.09] 0.02 0.09] 0.02 0.05
17n-estradiol 502 268 4100 424 390 296 433  3.89
Phenolic | Estrogens estrone 4420 579 376 396 399 504 417 4.44
171 -estradiol 6.11) 1698 4.93] 535 479 755 586 7.36
estriol 558 593 558 566 572 615 577 577
Poler Cortiooids cortisone 1.88 248 193 1.85 1.90] 240 196 2.06
hydrocortisone 1.39 2200 147 141 142 2.08 1.46 1.63
Total amount of androgens 094 089 058 1.27] 0.30] 0.87 0.23 0.73
Total amount of progestogens 0.33] 020, 022 045 0.09 041 0.08 0.25
Total amount of estrogens 21.13] 31.38 1837 19.21] 184 21.7| 20.13] 21.47
Total amount of corticoids 3.27]  4.68 34| 326| 332 448 342 3.69
Masculinity index 37.70] 25.66) 26.48 30.98 23.30| 25.75 18.15] 26.86
[
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:
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Figure 2-3. Average content of steroid hormones in muscle

tissues of cows.
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Figure 2-4. Sex-dependency of average content of neutral steroid

hormones in muscle tissues. ns, not significant.
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Figure 2-5. Sex-dependent average content of polar & phenolic
steroid hormones in muscle tissues. *, P<0.05.; *x, P<0.01; S,

sex; M, marbling score; ns, not significant.
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Table 2-4. Pearson correlation coefficient of ms, ee, wbfs with each steroid

hormones in muscle tissues

ms ee whsf
Group Class Name — - -
coefficient | P value |coefficient| P value |coefficient|P value
n-androsterone -0.019] 0.932 0.053| 0.810 0.221] 0.310
dehydroepiandrosterone -0.172| 0.432 0.007{ 0.974 0.178| 0.417
epitestosterone -0.059| 0.788 0.161f 0.463 -0.025| 00911
androgens -
5a-dihydrotestosterone -0.108| 0.625 0.051| 0817 -0.085] 0.699
neutral androstenedione -0.076| 0.732 -0.074| 0.736 -0.053| 0.810
testosterone -0.157| 0474 -0.040[ 0.858 0.120f 0.587
pregnenolone -0.225| 0.302] -0.044| 0.842 -0.054] 0.806
progestogens |progesterone -0.235| 0.281 -0.112| 0611 0.102| 0.644
17a-hydroxyprogesterone -0.164| 0.455 -0.028| 0.901 0.156| 0.476
17o-estradiol 0.339| 0.113 0268 0215 -0.306] 0.156
. estrone 0.302| 0.161 0.246| 0259 -0.285] 0.187
phenolic |estrogens -
17~estradiol 0.319] 0.138 0.408|  0.053 -0.481]  0.020
estriol -0.195| 0.374] -0.186| 0.395 0.133]  0.545
o cortisone 0.046| 0.833 0.002| 0991 -0.238] 0.274
polar  [corticoids -
hydrocortisone -0.195| 0.373 -0.133| 0544 -0.188| 0.390
=
- *
= 1 b
) B Ster
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E

Figure 2-6. Relationship between sex and MI in muscle tissues. ns,

not significant.
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Figure 2-7. Relationship between MS and MI in muscle tissues of

steer. ns, not significant.
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Table 2-5. Content of steroid hormones in fat tissues of bulls

9] nmol/kg

Group Class name 21009 | 21011 | 21012 | 21013 | 21014 | 21015 | Ht
n-androsterone 0.04| 0.04] 025 0.12| 0.05] 005  0.09
dehydroepiandrosterone 0.03 0.04 0.26 0.11 0.04 0.07 0.09
Androgens epitestosterone 0.04 0.04 0.27 0.18 0.04 0.06 0.11
5n-dihydrotestosterone 0.04| 0.04] 029 022 0.04] 007 012
Neutral androstenedione 0.06| 0.06] 033 027 007, 0.09 015
testosterone 0.05| 0.03 038 022 006] 007 014
pregnenolone 0.03 0.03 0.26 0.16 0.03 0.06 0.10
Progestogens progesterone 0.03 0.03 0.27 0.16 0.03 0.06 0.10
17n-hydroxyprogesterone 0.04] 0.02| 0.22] 0.09] 0.02 0.05] 0.07
17n-estradiol 2.83| 366 388 429 6.28] 502 433
Phenolic|  Estrogens estrone 2771 286 288 261 458 433 334
170-estradiol 768| 6.26| 827 666| 1040 6.11| 756
estriol 3.03| 355 454 4.08] 497 509 421
Polar Corticoids cortisone 243\ 217 227 200 214 217 220
hydrocortisone 222 195 191 146 176] 175 184
Total amount of androgens 0.26| 0.25 1.78 1.12| 030 041 0.69
Total amount of progestogens 0.10 0.08 0.75 0.41 0.08 0.17 0.27
Total amount of estrogens 16.31| 16.33| 19.57| 17.64| 26.23| 20.55| 19.44
Total amount of corticoids 465 412 418 346| 390 392 4.04
Masculinity index 2290 17.07| 55.16| 43.31| 24.22| 23.30| 30.99
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Figure 2-8 Average content of steroid hormones in fat tissues of
bulls.
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Table 2-6. Content of steroid hormones in fat tissues of steers

2] nmol/kg

Group Class name 1004] 1012 1018 1028| 0064] 0068 0070] 0050| 0051| 0052 3+t
n-androsterone 0.07| 0.11| 0.13) 0.03] 0.20] 0.16] 0.18 0.40| 0.29 0.05] 0.16
dehydroepiandrosterone | 0.06] 0.12| 0.12] 0.04| 0.02| 0.02] 0.02] 0.14] 0.03] 0.07| 0.06
Androgens epitestosterone 0.05] 0.15 0.17] 0.04| 0.04| 0.02[ 0.04] 0.17| 0.06 0.09 0.08
5n-dihydrotestosterone | 0.07] 0.18| 0.20] 0.04] 0.28| 0.17| 0.20| 0.28 0.31] 0.31] 0.21
Neutral androstenedione 0.13] 0.23] 0.23] 0.06| 0.41| 0.38 0.33 0.16] 0.35] 0.11| 0.24]
testosterone 0.12| 0.17| 0.19] 0.05 0.06| 0.04] 0.05 0.09] 0.06/ 0.09 0.09
pregnenolone 0.06| 0.13| 0.16] 0.03| 0.05[ 0.07| 0.07] 0.29] 0.11] 0.13] 0.11
Progestogens progesterone 0.06] 0.13| 0.16] 0.03] 0.06| 0.07] 0.07 0.21] 0.09] 0.14] 0.10
170-hydroxyprogesterone| 0.05 0.08 0.10] 0.02| 0.02] 0.02] 0.02| 0.08 0.02| 0.04] 0.05
17n-estradiol 4.58| 3.69| 4.05 4.21| 7.34| 7.33[19.34] 6.68/19.40/16.26| 9.29
. estrone 2.96| 3.91| 4.25 3.23/110.09| 8.51{14.98/17.10/13.26/11.11| 8.94
Phenolic| Estrogens -
17 -estradiol 5.71| 4.68| 4.88 5.19| 6.83/17.67|21.12 9.44|22.14|17.88/11.55
estriol 5.21| 587 599 5.03| 1.53| 1.41} 3.71| 4.84] 3.29 3.03| 3.99
. cortisone 2.01| 1.82| 1.91] 1.91| 1.69| 1.67] 1.94 2.07| 1.82] 1.70| 1.85
Polar Corticoids -
hydrocortisone 143 1.28 1.40] 1.27| 1.13 1.05/ 1.51] 1.70] 1.28 1.31| 1.34
Total amount of Androgens 0.50| 0.96| 1.04] 0.26] 1.01| 0.79] 0.82| 1.24] 1.10| 0.72| 0.84
Total amount of progestogens 0.17] 0.34] 0.42] 0.08] 0.13| 0.16] 0.16] 0.58 0.22| 0.31] 0.26
Total amount of Estrogens 18.46|18.15|19.17|17.66|25.79|34.92|59.15|38.06|58.09|48.28(33.77|
Total amount of Corticoids 3.44] 3.10 3.31| 3.18| 2.82| 2.72| 3.45 3.77| 3.10, 3.01| 3.19
Masculinity index 32.59|137.23|38.17|119.97|17.26/10.62|13.88/19.06| 15.65] 19.84|22.43
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Figure 2-9 Average content of steroid hormones in fat tissues

of steers
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Table 2-7. Content of steroid hormones in fat tissues of cows.
2] nmol/kg

Group Class A HE 2007 2013 3001] 3019 3023] 3025 3030
n—androsterone 0.04| 0.03| 0.09] 0.05| 0.11| 0.03| 0.04] 0.05
dehydroepiandrosterone | 0.03| 0.21| 0.09] 0.05] 0.05| 0.25] 0.04] 0.10
epitestosterone 0.04] 0.15] 0.13| 0.05| 0.05{ 0.12] 0.04 0.08

Androgens -

5n-dihydrotestosterone 0.04| 012 0.17[ 0.06] 0.09| 0.21] 0.04] 0.11
Neutral androstenedione 0.07| 021 0.18] 0.09] 0.07| 025/ 0.06] 0.13
testosterone 0.04| 0.05| 0.10[ 0.05 0.07| 0.09| 0.05 0.07
pregnenolone 0.03f 0.09] 0.10] 0.05 0.05] 0.09/ 0.03 0.07
Progestogens progesterone 0.03f 0.02] 0.12] 0.04] 0.06] 0.02| 0.03 0.05
17n-hydroxyprogesterone | 0.02| 0.01| 0.07{ 0.03] 0.05| 0.02| 0.02| 0.03
17n-estradiol 547| 356 4.71| 4.17| 4.30| 425 425 4.39
Phenolic|  Estrogens estrone 483 362| 458 3.84| 537 477 4.18| 446
17i—estradiol 7.35| 365 750 457| 381| 2157 513| 765
estriol 558| 4.98| 574 598 4.71| 241 6.02] 5.06
Polar Corticoids cortisone 1.96| 260 1.94| 185 210] 1.96| 1.78 2.03
hydrocortisone 149 254| 1.43| 1.38| 156| 148 127 159
Total amount of Androgens 0.26| 0.77] 0.76] 0.35| 0.44| 095 027 0.54
Total amount of progestogens 0.08| 012 0.29| 0.12| 0.16| 0.13| 0.08 0.14
Total amount of Estrogens 23.23| 15.81| 22.53| 1856| 18.19| 33.00| 19.58| 21.56
Total amount of Corticoids 3.45| 514 337 3.23| 366| 344 3.05| 362
Masculinity index 19.89| 24.62| 28.96| 20.26| 22.98| 27.29| 22.39| 23.77

5 iy

Figure 2-10. Average content of steroid hormones in fat tissues of

COWS.
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Fig. 2-11. Sex-dependency of average content of neutral steroid
hormones in fat tissues. *  P<0.05.; =% P<0.01, S, sex; M,

marbling score; ns, not significant.
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Figure 2-12. Sex-dependency of average content of polar &

phenolic steroid hormones in fat tissues. *, P<0.05.; #x*

’ ’

P<0.01; S, sex; M, marbling score; ns, not significant.
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Table 2-8. Pearson correlation coefficient of ms, ee, wbfs with each steroid

hormones in fat tissue.

G al N ms ee whsf
roup ass ame coefficient | P value |coefficient | P value |coefficient | P value
n-androsterone 0.402|  0.057 0.361| 0.091 -0.271]  0.210
dehydroepiandrosterone 0.148|  0.500 0.288] 0.183 -0.336| 0.117
epitestosterone 0.306| 0.155 0.311f 0.149 -0.347| 0.105
androgens -
5a-dihydrotestosterone 0.371f 0.081 0.263] 0225 -0431] 0.040
neutral androstenedione 0.078| 0.723 0.057| 0.797 -0.316| 0.142
testosterone -0.013] 0.953 -0.060[ 0.787 -0.088| 0.691
pregnenolone 0.488| 0.018 0459 0.028| -0.382] 0.072
progestogens |progesterone 0.393| 0.064 0.265| 0.222 -0.265| 0.221
17n-hydroxyprogesterone 0.108| 0.625 0.058| 0.793 -0.074| 0.738
17o-estradiol 0.091] 0.680] -0.025] 0911 -0.262] 0.228
. estrone 0.444| 0.034 0.391| 0.065] -0.302| 0.161
phenolic| estrogens -
17~estradiol -0.070] 0.752] -0.056| 0.799] -0.328| 0.127
estriol 0.139] 0.526 0.110| 0.619 0.142| 0519
o cortisone -0.009| 0.967 0.147) 0504/ -0.144] 0513
polar corticoids -
hydrocortisone 0.034| 0.877 0.213|  0.329 -0.167| 0.446
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Figure 2-13. Relationship between sex and MI in fat tissues. ns, not

significant.
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Figure 2-14. Relationship between MS and MI in fat

tissues. ns, not significant.

3) Aol g ZAAA 9 steroid THF W] ALFE A

Table 2-9 Sex-dependency of average content of steroid hormones

9] nmol/Kg

sex Bull Cow Steer
Group Class - — . IR -

steroid Ha g | FEEA | g | A | gk | E59A
n—androsterone 0.11 0.08 0.07 0.05 0.17 0.11
dehydroepiandrosterone 0.11 0.10 0.09 0.07 0.06 0.05
epitestosterone 0.12 0.10 0.11 0.07 0.09 0.07

Androgens -
5n-dihydrotestosterone 0.13 0.11 0.13 0.08 0.19 0.10
Neutral androstenedione 0.17 0.15 0.16 0.10 0.25 0.15
testosterone 0.14 0.13 0.07 0.03 0.08 0.05
pregnenolone 0.11 0.10 0.09 0.06 0.09 0.06
Progestogens |progesterone 0.10 0.10 0.07 0.05 0.08 0.05
17n-hydroxyprogesterone 0.08 0.08 0.04 0.03 0.04 0.03
17n-estradiol 4.36 1.19 4.14 0.73 9.42 5.87
) estrone 3.39 1.07 4.49 0.64 9.15 5.25
Phenolic | Estrogens -
17P-estradiol 8.00 2.15 751 522 11.04 7.61
estriol 4.20 0.85 542 0.95 3.81 1.43
o cortisone 2.14 0.15 2.04 0.26 1.88 0.26
Polar Corticoids -

hydrocortisone 1.81 0.20 161 0.38 1.31 0.25
masculinity index 31.33 13.33| 2455 3.56 0.06 0.05
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Figure 2-15. Sex-dependency of average content of neutral
steroid hormones. *, P<0.05.; ** P<0.01; S, sex; M,

marbling score; ns, not significant.
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Figure 2-16. Sex-dependency of average content of polar &
phenolic steroid hormones. *, P<0.05.; =% P<0.01; S, sex;

M, marbling score; ns, not significant.
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Figure 2-17. Sex-dependency of average content of androgens
and progestogens. *, P<0.05.; M, marbling score; ns,

not significant.
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Figure 2-18. Sex-dependency of average content of estrogens and
corticoids. *, P<0.05.; =x P<0.01; S, sex; M, marbling

score; ns, not significant.

_67_



[ 5
Ba - .
g jrwerm.
E
W
2
£ 1
E s = ey
b
+
£
E : - wa
‘ ren :'h'."
| T=i=inahod SRR [ L] [ g Al (RO

Figure 2-19. Average content of polar & phenolic steroid
hormones statistically correlated with sex. (Pr>F= 00003
17-a-estradiol), 0.0002(estrone), 0.0002(estriol), <0.0001
hydrocortisone)). *, P< 0.05; =* P<0.01;, S, sex; M,
marbling score; ns, not significant.
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Figure 2-20. Relationship between sex and average of MIs.

ns, not significant.

_68_



i IEETR
13§ I W sy
e

Figure 2-21. Average content of neutral steroid hormones
statistically correlated with sex. (Pr>F=0.02(androsterone),
0.0169(17-a-hydroxyprogesterone)). *, P<0.05.; ** P <0.01;
S, sex; M, marbling score; ns, not significant.

4) AN A ZHAFREY e 1EFH9 steroid hormone H 1l #4

Table 2-10 MS and average content of steroid hormones of steer

@2l nmol/kg

Group Class Sex high marble(ms=5) low marble(ms<5)
Steroid MS Group o+ XFEA by XFEA

n-androsterone 0.16 0.15 0.16 0.10
dehydroepiandrosterone 0.11 0.04 0.04 0.04
Androgens epitestosterone 0.14 0.05 0.07 0.07
5n-dihydrotestosterone 0.17 0.09 0.19 0.11
Neutral androstenedione 0.16 0.05 0.28 0.15
testosterone 0.12 0.05 0.07 0.04
pregnenolone 0.16 0.10 0.07 0.03
Progestogens |progesterone 0.14 0.07 0.07 0.03
17o-hydroxyprogesterone 0.08 0.03 0.03 0.02
17n-estradiol 7.85 5.70 9.81 6.02
Phenolic| Bstrogens estrone 9.58 6.43 9.05 5.16
17l—estradiol 10.77 8.73 11.10 7.62
estriol 4.85 1.34 3.56 1.37
Polar Corticoids cortisone 1.93 0.11 1.87 0.29
hydrocortisone 1.45 0.19 1.27 0.26
masculinity index 28.95 8.87 22.33 14.47
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Figure 2-22. MS and average content of neutral steroid hormones

of steers. *, P<0.05; ns, not significant.
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Figure 2-23. MS and average content of polar & phenolic steroid
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hormones of steers. ns, not significant.

_70_



S
!

=
a

et e Cor] of e Tsae cimedinnol .21

Endmeens CiTgeTipETE

Figure 2-24. MS and average content of androgens and progestogens

of steers. ns, not significant.
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Figure 2-25. MS and average content of estrogens and corticoids of

steers. ns, not significant.
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Figure 2-26. Inverse co-relation of MS and average of Mls in

steer. ns, not significant.
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Figure 2-27. Average content of progesterones statistically
correlated with MS. ((Pr>F)=0.038(pregnenolone),
0.037(17-a0-hydroxyprogesterone)).
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Y. Aromatase ¥4 4247

Testosterones estradiol2 AW A 7] =6 #-83= T 49 aromatase A4S A
Wz A =(Fig. 2-30; 3% 2-14, 3% 2-15, & 2-16) AAS7F I AA S el
Hlslo] fFoldor E=groy SLHFFAAM=(Fig. 2-28 ¥ 2-11, ¥ 2-12, ¥
2-13) Azrel ¥=d FES Bt AAST A
aromatase?] @A o] ES FF Mt @it S B, HAAS9 dx
= AuaAE #2717 olEdn (Fig. 2-29, Fig. 2-31). 714§-2
U Az o A §He] T3S aromatase®] Aol HE&FE MUVF =S5 T

%!

o
7hate ol 3t AEge 82 v Felstdu (Fig. 2-32, Fig. 2-33).

o
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1) &% %4 aromatase 4

Table 2-11. Aromatase activity in muscle tissues of bulls.

o conversion in 5h conversion in h
ID No % conversion in bh
(pmol/mg) (pmol/mg/h)
21009 6.00 7.20 1.44
21011 6.46 7.75 1.55
21012 7.26 8.71 1.74
21013 3.44 413 0.83
21014 2.42 2.90 0.58
average 1.23

Table 2-12. Aromatase activity in muscle tissues of steers.

o conversion in bh conversion in h
ID No % conversion in bh
(pmol/mg) (pmol/mg/h)

0050 4.55 5.46 1.09
0051 4.17 5.01 1.00
0052 3.77 452 0.90
0064 6.21 7.46 1.49
0068 7.89 9.46 1.89
0070 5.18 6.22 1.24
1004 4.80 5.76 1.15
1012 5.96 7.16 1.43
1018 4.81 5.77 1.15
1028 4.98 5.97 1.19

average 1.25
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Table 2-13. Aromatase activity in muscle tissues of cows.

o conversion in bh conversion in h
ID No % conversion in bh
(pmol/mg) (pmol/mg/h)
2007 2.99 3.58 0.72
2013 3.53 4.23 0.85
3001 3.52 4.22 0.84
3019 791 9.49 1.90
3023 4.19 5.03 1.01
3025 4.12 4.95 0.99
average 1.05

SN

W i
B e

Figure 2-28. Sex-dependency of average aro—

matase activity in muscle

=T
e

Figure 2-29. Sex-dependency of MI and

aromatase activity in muscle tissues
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Table 2-14. Aromatase activity in fat tissues of bulls

% conversion in 5h

conversion in 5h

conversion in h

(pmol/mg) (pmol/mg/h)
21009 2.72 3.27 0.65
21011 3.56 4.27 0.85
21012 3.56 428 0.86
21013 2.45 2.93 0.59
21014 2.88 3.46 0.69
average 0.73

Table 2-15. Aromatase activity in fat tissues of steers

% on in 5h conversion in 5h conversion in h
conversion in
° (pmol/mg) (pmol/mg/h)
0050 4.10 492 0.98
0051 5.06 6.08 1.22
0052 3.80 456 0.91
0064 3.74 4.49 0.90
0068 10.46 12.55 2.51
0070 5.90 7.08 1.42
1004 4.15 498 1.00
1012 5.04 6.05 1.21
1018 4.16 5.00 1.00
1028 6.52 7.83 1.57
average 1.27

Table 2-16. Aromatase activity in fat tissues of cows

L conversion in bh conversion in h
COW % conversion in 5h
(pmol/mg) (pmol/mg/h)
2007 2.87 3.45 0.69
2013 391 4.69 0.94
3001 2.79 3.35 0.67
3019 2.43 291 0.58
3023 3.56 4.27 0.85
3025 2.35 2.82 0.56
average 0.71
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Figure 2-30. Sex-dependency of average aromatase activity in fat
tissues. **, P<0.01; s, sex.
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Figure 2-31. Sex—dependency of MI and average aromatase activity in

fat tissues.
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Fig. 2-32. Masculinity index and marbling score in muscle and
fat tissues of steers.
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Fig. 2-33. Aromatase activity and marbling score in muscle and fat
tissues of steers.
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Table 3-1. Number of Hanwoo cattle slaughter and rib eye sampled for

analyses by sexes and by date slaughtered

No. Heads Slaughtered(No. Sampled)
Date Slaughtered Total
Cow Steer Bull
'02.12.05. 8 (3) 8 (3)
'02.12.23. 10 (4) 10 (4)
'02.12.26. 5 (2) 5 (3) 10 (5)
'03.04.21 33 33
'03.05.06,08. 8 (7) 12 (4) 20 (11)
'03.05.12. 4 (3) 4 (3)
'03.06.03. 8 (3) 8 (3)
'03.07.28. 4 (4) 4 (4)
Total 31 (16) 25 (10) 11 (10) 67 (36)

3) %A AG} EAF (E 3-2)

S @S e BEA AU SI6~410UE o] FAE o §aAw, A

Fask MAA Fat BT BF KAl wet £EF st o 24
AGol A =Z3 ek
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Table 3-2. Ages at slaughter and carcass weights of Hanwoo cattle on test

(only sampled in parentheses)

Quality Age at Slaughter (days) Carcass Weight (kg)
Sex No.Heads -
Grade Ave Max Min Ave SD
c 3 16(8) 2866(2988) | 3998(3779) | 876(894) 260.7(268.5) | 56.5(66.9)
oW
4 15(8) 3620(3601) | 4190(3964) | 3052(3288) | 239.3(245.4) | 51.0(63.3)
1 1(0) 708 708 708 406 -
Bull 2 6(5) 747(742.2) | 770(765) 722(722) 439.0(441.2) | 39.2(43.4)
3 17(5) 737(742.8) | 775(775) 709(720) 408.6(414.2) | 30.7(25.8)
1+ 5(1) 328(843) 851 789 366.4(341) 57.3
Steer 1 5(2) 815(823) 840(840) 787(805) 312.4(351) 41.2(8.5)
2 15(7) 803(798) 843(843) 749(749) 307.9(313.3) | 30.0(27.5)
4) Al SASFE TAEA (X 3-3)
- AR B oo §4 2~-35w9 H&o] o rnE e AN U
o] Hto] vHA yErsT
- sk WA Fael glelAd BAW A U@ EEAA AM Faol
Hlal) ds] 24 Uetstew o= Hlswy B 7|7k mE xo]7t kg
A Avz 94 5 vk
- SAGHE A QoAM= FAEFAC vlE AL xFdEAE B 7 AL
U grae] wol7h AM Gl HalA ZA Jeps,
Table 3-3. Carcass characteristics of Hanwoo cattle of only sampled for analyses
) Marbling Score Back Fat Thickness ) )
Quality Rib Eye Area (cm”)
Sex (1-7) (mm)
Grade
Ave SD Ave SD Ave SD
3 1.8 1.2 10.3 55 70.5 129
Cow
4 1.8 15 18.0 15.7 66.3 6.7
2 2.8 1.1 8.0 3.3 94.2 14.3
Bull
3 1.8 1.1 6.6 4.1 86.8 8.3
1+ 7.0 - 7.0 - 79.0 -
Steer 1 45 0.7 9.0 14 785 7.8
2 2.6 0.5 8.3 2.1 73.4 5.7

_81_



5)

kel

7FE 7 #(cooking loss)¥ H.4=3(water holding capacity)S ®»W, 2%
wol daas 7tgdiEe]l AAL B4y EokAs Aol ddont
Aoy Szt F8lg Aol B 4 It

pHS Fi3akel] dojA= Folv 51t g zols & F gl
U AMS SAFY TR EHe daFoluy HIAMSKY FEgEel Hls)
w2 Aol

A FFE FdTFol Eobe wet molA= Ao en, 53] H
AAl 1+5we AFole 1~255° vla] dA43%] & =ALLFS B
U 1A RE AL vlolB 2 WHolE o 4 ISt

R

pud

A E A

3 (3£ 3-4)

Warner—Bratzler shear force=

-1

Table 3-4. Physical and chemical properties of Hanwoo beef of only sampled

Fo] Fa(AM
Aol we o

Water
Shear
) Cooking Holding Crude Fat| Moisture
Quality Force ) pH
Sex 5. | Loss (%) | Capacity (%) (%)
Grade (kg/0.5in")
(%)
Ave | SD | Ave | SD | Ave | SD |Ave| SD | Ave | SD | Ave | SD
c 3 77 | 27 | 245 | 26 | 497 | 44 |56 01|51 |25 71331
oW
4 83 | 42 | 266 | 34 | 515 | 46 |56 |01 | 41 | 35| 716 | 2.7
Bull 2 53 | 25 221 | 06 [ 506 |26 |55|101|57 16709 1.1
3 79 | 39 | 233 | 18 | 517 | 34 (5510134 |13]|720 |11
processing | 6.3 | 0.8 | 23.1 | 14 | 497 | 15 | - - 132114720 |11
1+ 3.8 - 14.4 - 54.3 - |56 - |159| - | 644 | -
Steer 1 6.8 | 1.8 [ 228 13 [ 510 | 05 (56|01 7509|699 |16
2 76 | 20 1219 06 | 52418 [55]01] 63 |15] 702 |13
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- #AM RS FA herd-year-seasons 7] 1w O E Stil, AHERE 1A E
FH2osta F7kEe 9 FATH BUHASG sdEA (SAVIEAT 4,

2003) ==9AESs A EHe gHFer A GG

#2412 ABTK (animal breeders tool kit, BL. Golden et al., 1992)2] tkblup
tool kits &&atom =FA ABAS(SWD)H =A4S(CWT), TA B+
(BF), SAYWAREA), <WlAEE=MS) 571 FZdol diadl Gaus-Seidel
iteration 10'°71%] F#et=E s ¢t}

- BLUP modelel #-&% $AEi-234HE) 83 fddib-2342HG) 3

25 e 2o

swr  CWT BF REA MS

SwWT 2047.11 700 30 150 0

CcwT 700 707.6 51.6 72.04 2.8

E= BF 30 51.6 5.17 8.147 0.377
REA 150 72.04 8.147 43.59 2.36

MS 0 2.8 0.377 2.36 0.837

sSwT  CWT BF REA MS

SwWT 635.13 400 15 70 0

G= CWT 400 300.38 2.7 48.5 4.58
BF 15 2.7 3.84 -2.1 0.239

REA 70 48.5 -2.1 16.45 0.29

MS 0 4.58 0.239 029  1.0352

- 33 BLUP Animal Model Z5E® dojxd A& Sj(BLUE)E
(herd-year-season &3 #|¢]) t}& 3% 3-50 AA] 3t}
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(BLUP) from
MS
2.19
-0.33
-2.32
0.0003
1961
-0.02
0.52
3}

80.56
-4.35
13.34
0.0050
1961
0.16
3.68

(BLUE) and summary
REA

of w2} ApE-x| o] A of

BF
4.48
152
-2.06
0.0044
1961
-0.08
207
7b el w2l AAjE o
o] 4%

sex
BLUP

321.33
-32.93
39.49
0.0379
1961
-0.04
12.19

Best Linear Unbiased Predictors
CWT

7FA el

the

0.02
14.54

A

1961
x|

Best Linear Unbiased Estimators
76.76

of

SWT

560.16

-48.23

0.0335
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AAE

multivariate Animal Model
ATl AFEE Al

statistics

BLUE
mean
Cow
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Steer
b(slage)
Mean
SD
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Table 3-6. Correlation between crude fat (Cfat) content in the rib eye and

marbling scores

MS years | farm | sex Cfat Cfat MS MS SD| N r
scoring mean SD mean

1-7 all both all 6.14 3.34 2.60 1.44 318 0.680

DKR all 6.18 3.34 2.59 1.40 296 0.665

NW all 571 3.34 2.72 1.85 22 0.859

both bull 5.85 2.97 2.38 1.22 272 0.614

COW 4.60 2.98 1.43 0.98 12 0.790

steer 9.19 4.59 3.98 1.66 34 0.674

>1998 | both all 5.56 2.77 2.23 1.52 211 0.703

DKR all 554 2.69 2.12 1.42 189 0.674

NW all 571 3.34 2.72 1.85 22 0.859

both bull 5.22 2.45 1.76 1.02 174 0.608

COW 4.60 2.98 1.43 0.98 12 0.790

steer 8.54 294 3.84 1.72 25 0.729

1-5 all both all 6.14 3.34 2.55 1.31 318 0.669

DKR all 6.18 3.34 2.55 1.29 296 0.659

NW all 571 3.34 2.54 1.50 22 0.795

both bull 5.85 2.97 2.36 1.18 272 0.637

COW 4.60 2.98 1.43 0.98 12 0.790

steer 9.19 4.59 3.70 1.30 34 0.568

>1998 | both all 5.56 2.77 2.15 1.31 211 0.701

DKR all 554 2.69 2.06 1.26 189 0.684

NW all 571 3.34 2.54 1.50 22 0.795

both bull 5.22 2.46 1.74 0.95 174 0.608

COW 4.60 2.98 1.43 0.98 12 0.790

steer 8.54 294 3.56 1.30 25 0.693

_86_



I
oF
o}

o)
=

S Xge &3}
59 mARAY 2ANTF He] AAE YA FhdA RN &
AA F (NW-Steer)2] A$-ole 277874 18 E¥E ®Holy 4y
w9 Frbol whel A FEFe] Ao AXAo® TS ®ola glth 1Y
U 4 (NW-Cow)tt ti@aEoA &89 v AA 4 (DKR-Bul)e 759
AoiME SUAL =S Ex7F 17586 wEFom 13-4 2, 338744
kel FAAHA F7ME B oy 3477kl AwdEe] Zelvt YEA
S B AT ol e AWEgES Hol:s A9 1 E2AARe Ao
g 2] oEes & Adn

| ——8 CrudeFat, %

o]
2L
&

I
=
z

NW - Cow

DKR - Bull

[EIDKR - Bull BNW - Cow OINW - Steer |

Figure 3-1. Relationship between marbling scores and crude fat contents (ether

extracts) in the rib eye by sexes
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Table 3-7. Effect of sex and marbling score on hormonal levels (mol %) in loin

eye muscle and fat tissues (unit of hormonal levels, nmol/kg)

Effect Hormones p-value / R’
Muscle Fatty

Sex u-andosterone 0.2024 /0.90 0.8158 /0.85
dehydroepiandrosterone 0.2502 /0.49 0.9888 /0.21
epitestosterone 0.9607 /0.70 0.1104 /0.96
bi-dihydrotestosterone 0.6841 /0.88 0.2157 /0.99
androstenedione 0.4168 /0.25 0.0726 /0.64
testosterone 0.3807 /0.29 0.7344 /0.91
pregnenolone 0.4640 /0.84 0.5818 /0.85
progesterone 0.3595 /0.61 0.5779 /0.61
17e-hydroxyprogesterone 0.1156 /0.61 0.2994 /0.46
17-estradiol 0.0000 /0.95 0.0003 /0.86
estrone 0.0003 /0.80 0.0002 /0.85
17f-estradiol 0.0841 /0.71 0.0037 /0.95
estriol 0.0015 /0.75 0.1850 /0.37
cortisone 0.1114 /0.64 0.0041 /0.58
hydrocortisone 0.0592 /0.49 0.0101 /0.56

MS u-andosterone 0.0000 0.0000
dehydroepiandrosterone 0.4797 0.7421
epitestosterone 0.0025 0.0000
bi-dihydrotestosterone 0.0000 0.0000
androstenedione 0.7658 0.1048
testosterone 0.9888 0.0000
pregnenolone 0.0000 0.0000
progesterone 0.0265 0.0422
17e-hydroxyprogesterone 0.0731 0.2010
17u-estradiol 0.0000 0.0002
estrone 0.0043 0.0006
17f-estradiol 0.0095 0.0000
estriol 0.0592 0.4055
cortisone 0.0193 0.3176
hydrocortisone 0.8406 0.3316
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Table 3-8. Effect of sex on carcass characteristics - solutions and partial

regression coefficients (n=63)

LSMeans(sex) SWT, kg CWT, kg DP, % BF, mm | REA, cm® |MS, 1~7

P-value 0.245 0.258 0.375 0.868 0.394 0.218
Bull -58.1 32.0 72.3 -6.7 79.0 11.2
Steer 902.8 636.7 74.9 22.3 161.4 18.1
Cow 407.3 222.2 54.5 5.7 59.3 1.1

Age Effect: b (age/sex)

P-value 0.001 0.010 0.376 0.009 0.006 0.167
Bull -0.88 -0.46 37.7 -0.02 -0.01 0.01
Steer 0.47 0.43 17.0 0.02 0.12 0.02
Cow 0.05 0.03 155 0.00 0.01 0.00

- X4y B dEdete 3 B4 2 FEACEREY Aoz A#HAA

5 HW (X 3-9), EF5A AAFTH AT = AL 1o 7k AHE B
Ao EFA AAFolY AT SAEHA Tk =2 Ao A
s 2

- WA E EI Ve AFoly sAWHEA 9 SAW FA 5 ASHFHA
FAE Ao FAPH ATAS HYov O ATAAFEE ¥tk
- Al 2 g7t =4 AEAAd #4E 34 (AT 2 SuAEE)

SAEEZRA o]gled Aot wA & zolE Hogwd (3% 3-10), AdHE

gl foX2l AolE H A2 HMwe (Warner-Bratzler shear force,

WBSF), 7}g8# % (cooking loss), pH, E<3 (water holding capacity,

WHC) 2 %32 (moisture)©] LT},

Table 3-9. Residual correlation coefficients between carcass characteristics

ol AN ¥E =AFER SATHFEA olsted A4

Trait CWT DP BF REA MS
SWT 0.97 0.38 0.39 0.67 0.38
CWT 1 0.58 0.41 0.71 0.38
DP 1 0.34 0.46 0.22
BF Symmetric 1 -0.00 0.30
REA 1 0.19
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Table 3-10. Effect of sex on carcass characteristics related with tenderness (n=39)

%Sil)\f) BF, cm |MS, 177 g 1/3;? Eg;’fm/g pH  [WHC.%|Moist, %|C.Fat, %

Pvalue | 0929 | 0349 | 0000 | 0000 | 0000 | 0000 | 0000 | 0805
Bul | 62 | 108 | 2394 | 2532 | 6159 | 3738 | 8041 | 115
Steer | 176 | 167 22 18 | 60 | 505 | 619 | 240
Cow | 62 12 86 243 | 57 | 481 | 733 31

Age Effect: [i (age/sex)

Pvalue | 0141 | 0264 | 0000 | 0000 | 0000 | 0000 | 0000 | 0280
Bul | 00z | o001 020 | 035 | 076 | 040 | 121 | 001
Steer | 001 | 002 | —001 | 003 | 000 | 000 | 001 | 002
Cow | 000 | 000 | 000 | 000 | 000] 000 | 000 | 000

Table 3-11. Residual correlation coefficients between carcass characteristics and

physical or chemical composition of loin eye area

Trait MS WBSF | C.Loss pH WHC Moist C.Fat

BF 0.33 -0.35 -0.06 -0.25 0.03 0.12 0.49
MS 1 -0.36 -0.51 0.15 0.23 -0.34 0.78
WBSF 1 0.14 0.42 0.29 -0.35 -0.44
C.Loss 1 -0.54 -0.67 0.67 -0.49
pH Symmetric 1 0.53 -0.95 -0.17
WHC 1 -0.63 0.21

Moist 1 -0.08

- a2y SAFA} SAW =AY §F (crude fat, Cfat in Table 10)3tel

= e AudAE Bt ol A =4 SAW i AITe] ARt

|
i
1
Jm
oX,
o
fu
i
o,
59
e
k1
2,
%
oft
_0|L
rlr
2
)
)
flo
[y
N2
o L
R
(il g
ooZ
uls g
=
< L
Nord

+
E

> Y
o
(o]
s
fz
>
)
M

o 4 2 4
M
ot
oft
)
lo
e
N
s
=0

jubad
N
>
1o
i
ik
a
i
oX,

|
ol
jubal
=
rd
- £
N
o
k1
fo,
N
N,
ok
) U.?l_',
of
)
=2
rlr
il
rlo
ol
*
1o,
oz
rJ
rJ
ol
flt
S
2
o
=)
8

Sy
A
i
o
o
)
9
ftlo
fz
o
=

_91_



-

Table 3-12)°l 4= -+ 4?1 2Fol 7} vERLA]

- BUAMETL EAhel whe EAdely drt Fbehe 4

st

SAAel QoA A make] folHel Aol @] (flavor)ol A ek

o ZZAZF (texture), Y54 (uiciness)olW A= (tenderness, Tender in

ABAE BHAo

Table 3-12. Effect of sex on marbling score and panel properties of beef (n=30)

LSM | MS, |Textr, |Mature,| WBSF, | C.Loss, WHC, | Juicy, | Tender,| Flavor,
(sex) | 1~7 | 1~3 | 1~3 |kg/5in’ % pH % 1~5 | 1~5 1~5

P-value | 0.309 | 0.974 | 0.192 0.000 0.000 | 0.000 | 0.000 | 0917 | 0.116 0.000
Bull 23.8 2.0 2.0 298.9 -336.6 | 791.8 | 4624 | -34 25.8 |373378.1
Steer 4.2 14 2.0 46.3 10.7 5.5 77.2 1.2 5.1 6.5
Cow 0.8 1.8 6.8 6.3 23.1 55 50.9 6.2 4.8 5.6

Age Effect: i (age/sex)

P-value | 0.290 | 0.973 | 0.020 0.000 0.000 | 0.000 | 0.000 | 0.298 | 0.147 0.000
Bull 0.02 0.00 0.00 0.29 -0.36 0.78 041 | -0.01 0.02 371.2
Steer 0.00 | -0.00 | 0.00 0.04 -0.01 0.00 0.03 | -0.00 0.00 0.00
Cow 0.00 0.00 0.00 0.00 0.00 0.00 | -0.00 | -0.00 | -0.00 -0.00

Table 3-13. Residual correlation coefficients between panel properties of beef

Trait | Textr | Mature | WBSF [C.Loss| pH WHC | Juicy | Tender | Flavor
MS -0.27 -0.36 -0.49 -0.34 0.05 0.22 0.63 0.63 0.03
Textr 1 0.22 0.29 0.31 0.00 -0.26 -0.17 -0.29 -0.00
Mature 1 0.17 0.49 0.00 -0.31 -0.27 -0.31 -0.00
WBSF 1 0.08 0.47 0.33 -0.51 -0.28 0.49
C.Loss 1 -0.56 -0.71 -0.35 -0.70 -0.55
pH Symmetric 1 0.55 -0.04 0.44 0.99
WHC 1 0.10 0.58 0.56
Juicy 1 0.65 -0.05
Tender 1 0.45
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Table 3-14. Summary statistics of carcass properties and sex hormone reception

gene expressions for animals used for expression analyses (relative

concentrations)

Variables* N Mean SD Median Min Max
ms 22 2.182 1.220 2.000 1 5
whsf 22 5.074 2.213 4.935 0.54 9.44
ee 22 7.930 3.109 7.410 3.84 12.79
armrt 22 2.157 0.738 1.880 1.24 3.93
arart 22 1.420 0.221 1.375 1 1.7
armn 22 1.976 0.457 1.975 1 2.76
aran 22 1.003 0.289 1.080 0.42 1.43
eramrt 22 1.366 0.557 1.135 1 3.11
eraart 22 1.413 0.415 1.330 0.95 2.44
bvslwt 22 -3.660 22.298 -10.143 -36.291 53.905
bvewt 22 -3.291 19.386 -7.535 -25.913 37.607
bvbf 22 -0.417 2.670 -0.466 -5.688 4.520
bvrea 22 0.032 5.039 -1.548 -7.796 9.964
bvms 22 -0.291 0.539 -0.305 -1.263 0.990

* ms: marbling score (1-7), whsf: Warner-Bratzler shear force (kg/5in°), ee: ether extract (%),
armrt: androgen recepor in muscle tissues by RT-PCR, arart: androgen receptor in adipose
tissues by RT-PCR, armn: androgen receptor in muscle tissues by Northern blot, aran: androgen
receptor in adipose tissue by Northern blot, eramrt: estrogen receptor in muscle tissues by
RT-PCR, eraart: estrogen receptor in adipose tissues by RT-PCR, bwslwt: estimated breeding
values for body weight at slaughter (kg), bwcwt: estimated breeding values for carcass weight
(kg), bvbf: estimated breeding values for back fat thickness (mm), bvrea: estimated breeding

values for rib eye area (cmZ), bvms: estimated breeding values for marbling scores
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Table

3-15. Pearson’s simple correlation coefficients (upper right off-diagonals)

and Spearman’s rank correlation coefficients (lower right off-diagonals)

between carcass properties, sex hormone receptor gene expressions and

breeding values of carcass traits”

n=22 ms ee whsf armrt arart armn aran eramrt eraart bvslwt bvewt bvbf bvrea bvms
ms 1 038 -034 -012 005 -016 -042 041 032 021 023 010 007 058
p 0.078 0.118 0587 0.840 0476 0.052 0.057 0143 0341 0313 0654 0.751 0.005
ee 034 1 -0.04 -020 012 -054 -044 048 059 017 005 036 -006 032
p 0127 0.857 0.364 0.585 0.010 0.042 0.024 0.004 0455 0.820 0.102 0.788 0.149
whsf -035 0.07 1 -042 027 -040 -0.02 002 014 -062 -065 033 -053 -0.22
p 0114 0.770 0.054 0.223 0.068 0936 0933 0521 0.002 0.001 0129 0.012 0.336
armrt  0.00 -0.11 -047 1 -040 068 -0.11 -020 -032 037 043 -035 039 003
p 0993 0634 0.028 0.067 0.001 0.630 0.361 0.141 0.090 0.047 0.106 0.075 0.892
arart 000 013 035 -036 1 001 -043 038 039 -040 -051 053 -054 -0.16
p 099 0558 0.113 0.095 0.967 0.046 0.083 0.072 0.066 0.015 0.012 0.009 0471
armn -0.16 -060 -054 055 -008 1 -0.01 -023 -056 014 021 -028 017 -0.10
p 0469 0.003 0.010 0.008 0.708 0949 0310 0.007 0544 0343 0202 0451 0.673
aran -056 -0.35 0.01 -019 -040 004 1 -052 -039 006 019 -041 026 0.03
p 0007 0110 0952 0.385 0.062 0.855 0.013 0.076 0.796 0404 0.061 0.249 0.886
eramrt 018 0.16 -0.13 013 022 004 -030 1 051 -020 -027 022 -025 -0.20
p 0428 0468 0572 0553 0316 0.861 0.172 0.016 0364 0.232 0326 0272 0372
eraart 0.11 047 027 -030 057 -048 -031 050 1 010 -0.07 051 -019 024
p 0642 0.028 0217 0.182 0.006 0.024 0.167 0.018 0673 0.765 0.014 0.385 0.273
bvslwt 019 002 -064 047 -027 033 -0.03 001 -015 1 09 -036 084 035
p 038 0913 0.001 0.029 0221 0132 0.891 0.960 0.519 <.0001 0.100 <.0001 0.116
bvewt 023 -0.05 -067 047 -046 034 0.09 -013 -039 089 1 -058 092 038
p 0303 0818 0.001 0.026 0.033 0120 0.696 0572 0.071 <.0001 0.005 <.0001 0.082
bvbf 014 040 033 -024 049 -033 -033 0.03 065 -036 -061 1 -0.80 018
p 0522 0.066 0139 0291 0.019 0.138 0.138 0907 0.001 0.097 0.003 <.0001 0.417
bvrea 011 -0.11 -055 035 -044 027 017 -005 -041 084 094 -075 1 0.08
p 0633 0622 0008 0.106 0.040 0.230 0439 0.842 0.057 <.0001 <.0001 <.0001 0.719
bvms 049 016 -030 016 -021 004 003 -030 -001 022 034 024 008 1
p 0022 0470 0175 0474 0352 0.855 0.881 0.182 0974 0334 0121 0.280 0.736

* ms: marbling score (1-7), whsf: Warner-Bratzler shear force (kg/5in%), ee:

tissues by RT-PCR, eraart:

estrogen receptor
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ether extract (%),
armrt: androgen receptor in muscle tissues by RT-PCR, arart: androgen receptor in adipose
tissues by RT-PCR, armn: androgen receptor in muscle tissues by Northern blot, aran:
androgen receptor in adipose tissue by Northern blot, eramrt: estrogen receptor in muscle
in adipose tissues by RT-PCR, bwslwt:
estimated breeding values for body weight at slaughter (kg), bwcwt: estimated breeding values
for carcass weight (kg), bvbf: estimated breeding values for back fat thickness (mm), bvrea:
estimated breeding values for rib eye area (sz), bvms: estimated breeding values for marbling
scores, p: p-values (HO: p=0)
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F ()] e Hola oy AEAqA Y ddFES FUAYEe 4

(o] gaaAE Hola 9lth

Table 3-16. Residual variance (diagonals)-covariances (upper right off-diagonals)
and partial correlation coefficients (lower left off-diagonals, italic fonts in
shaded area) of and between carcass properties, sex hormone receptor

gene expressions and estimated breeding values of carcass traits”

df=19 ms wbhsf ee armrt arart armn aran eramrt eraart bvslwt bvewt bvbf bvrea bvms
ms 1898 -1874 1026 -390 -0.62 -2.86 017 -117 1117 1263 1356 -2.68 21.1 7.792
whsf =035 145 -29.05 -359 20 -051 -346 -2.85 -2.352 -665.3 -595.1 43.08 -134.6 -5.628

ee 028 -028 7127 177 -125 -531 -336 019 4.021 3382 2287 2093 279 9.035
ammrt  -036 -012 008 621 -065 122 020 010 0202 500 529 -877 164 -0.366
arart -016 018 -016 -029 083 052 -039 0.02 0163 -281 -315 466 -94 -0.320
armn 048 -003 -046 036 042 190 041 014 -0611 -247 -131 -3.09 -142 -0.922
aran 004 -030 -043 009 046 032 087 -0.04 -0494 109 200 -440 551 0.18
eramrt -027 -024 002 004 002 010 -005 09 -0276 -71 -33 -257 0.78 -1.033
eraart 019 -014 035 006 013 -033 -039 -021 1850 597 335 648 153 1422
bvslwt = 030 -057 042 021 -032 -019 012 -008 046 9209 7423 -3354 1730 77.800
bvewt 038 -060 033 026 -043 012 026 -004 030 095 6612 -499.6 1625 74.181
bvbf 005 031 022 -031 045 -020 -041 -023 041 -030 -053 1321 -194 6.216
bvrea 022 -050 015 030 -047 -005 027 004 005 083 092 -077 475 2993
bvms 073 -019 044 -006 -014 -027 008 -043 043 033 037 022 006 6.030

* ms: marbling score (1-7), whsf: Warner-Bratzler shear force (kg/5in2), ee: ether extract (%),
armrt: androgen receptor in muscle tissues by RT-PCR, arart: androgen receptor in adipose
tissues by RT-PCR, armn: androgen receptor in muscle tissues by Northern blot, aran:
androgen receptor in adipose tissue by Northern blot, eramrt: estrogen receptor in muscle
tissues by RT-PCR, eraart: estrogen receptor in adipose tissues by RT-PCR, bwslwt:
estimated breeding values for body weight at slaughter (kg), bwcwt: estimated breeding values
for carcass weight (kg), bvbf: estimated breeding values for back fat thickness (mm), bvrea:
estimated breeding values for rib eye area (cm2), bvms: estimated breeding values for
marbling scores
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