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SUMMARY

I. Title

Development of meat quality prediction technique

by using properties of myofibrillar protein

II. Contents and scope of the project

Section 1. Development of pork quality predictor using myofibrillar protein
1. Analysis of muscle and myofibrillar protein isoforms
2. Selection of target protein isoform for pork quality prediction

3. Validation of myofibrillar protein isoform as pork quality predictor

Section 2. Development of DNA marker associated with myofibrillar protein
1. Analysis of candidate gene associated with myofibrillar protein
2. Searching of DNA marker in variation of target gene of protein isoform

3. Selection of DNA marker and development of analysis method

Section 3. Commercialization of pork quality prediction technique
1. Evaluation of experimental group
2. Validation of quality predictor and marker

3. Commercialization of pork quality prediction technique

IV. Results of research and development

Section 1. Development of pork quality predictor using myofibrillar protein

Composition of myosin heavy chain (MHC) isoform influence on muscle fiber
characteristics that affect postmortem metabolic traits and subsequently pork quality.
Especially, composition of MHC slow isoform were closely related to composition of muscle

fiber type. In metabolites, ATP, glycogen, and lactate that indicate the rate and extent of



postmortem metabolic traits were closely related to composition of MHC slow isoform. In
the various pig breeds, there were no significant differences among various pig breeds.
High composition of MHC slow isoform of muscle showed normal rate and extent of
postmortem metabolism. Moreover, pork with high composition of MHC slow isoform had
high water holding capacity. For criteria of MHC slow isoform for pork quality prediction,
7% of MHC slow isoform composition was set. The group with more than 7% of MHC
slow isoform composition (High group) showed normal range of rate and extent of
postmortem metabolism, and high water holding capacity. Compared to the group with less
than 7% of MHC slow isoform composition (Low group), the High group showed more
frequency of normal pork quality class and less frequency of abnormal pork qaulity. In
addition, the High group had significantly higher frequency of quality grade. Therefore,
composition of MHC slow isoform can be useful as the predictor of pork quality, and more
than 7% composition of MHC slow isoform 1is associated with normal postmortem
metabolic traits, higher quality such as water holding capacity, and finally, make it possible
to reduce the frequency of abnormal pork quality, and increase the frequency of normal

quality traits.

Section 2. Development of DNA marker associated with myofibrillar protein

Candidate genes are previously identified genes with a known function coding myosin
heavy chain (MYH) isoforms. MHC isoforms are classified of slow isoform including B
-MyHC isoform and fast isoforms including MHC 2a, 2x, and 2b. MYH7, MYH2, MYHI1
and MYH4 genes are coding those MHC isoforms, respectively.

It was reported that there is no polymorphic sites in cDNA region of the genes that are
coding MHC isoforms. Therefore, regulatory region that include 5'upstream and
3'downstream region is selected to find polymorphic sites. Nine SNPs and two InDels were
identified by direct sequencing using four breeds of pigs (Berkshire, Duroc, Landrace,
Yorkshire). The PCR-RFLP assays were established for three of the nine identified SNPs.

For association study to evaluate the effects of SNPs on myofibrillar protein isoforms
composition and meat quality traits, not only the three SNPs but also other SNPs involved
in muscle fiber characteristics found previously were used. DNA markers that can be affect
myofibrillar protein isoforms composition were developed and simultaneously analzing
methods of those SNPs were established. Significant differences among genotypes of DNA
markers were in MHC slow form composition and when MHC slow form composition were
less than 5%, pig had lower meat quality and reduced the frequency of 1st grade meat.
Therefore, DNA markers developed in current study can be used as meaningful molecular

markers to predict MHC slow isoform composition and evaluate meat quality
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Section 3. Commercialization of pork quality prediction technique

Experimental group was build including various pigs breeds such as Berkshire, Duroc,
Landrace, Yorkshire, and LYD. For analysis of effect of pork quality predictor, pork quality
predictor applied to the experimental group, and pork qaulity traits were measured and
sensory characteristics were evaluated. In each breed, pigs were classified into two groups
based on 7% composition of MHC slow isoform. In Berkshire and LYD breed, influence of
MHC slow isoform composition was significant compared to other breeds, and muscle pH
measured at postmortem 45 min and 24 h, and filter—paper fluid uptake and drip loss were
influenced by MHC slow isoform composition. Moreover, MHC slow isoform composition
was associated with sensory characteristics in Berkshire breed. In all pigs breed, group
with more than 7% composition of MHC slow isoform (High group) had no or few
frequency of abnormal pork quality such as RSE and PSE compared to group with less
than 7% coposition of MHC slow isoform. Especially, pigs with quality grade 1+ were only
in the High group except Duroc breed. LYD breed showed also similar tendency to other
breed. The High group showed high muscle pH45 min and pH24 h, low filter—paper fluid
uptake, drip loss, and cooking loss. Therefore, composition of MHC slow isoform has the
effectiveness as a pork quality predictor, especially in Berkshire and LYD breeds. Finally,
manual for collection of antemortem muscle sample was developed. The effectiveness of
MHC slow isoform composition can be improved by standardized procedure and systematic

and accurate collection of muscle sample through this developed manual.
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A 1A = V=d

1. 9 5F 71«43

MEAH GA O 71948 @A 7l A3 G

AT 7Y 19 dEAd EALS AR 5ol SR =EAY B &4olH, 37]4
giabsee] AL A% §3 Oa, Ix, Ih)E 735 - ok S27F w2o] P74 gaks el
A et EA-S 7}A(Schiaffino®} Reggiani, 1996). &y ZAF 73 ZA 4FS nA:=
29y @zl MHC 2 MLC 59 @z ol sdakel AaAdA o gk A4+ FH ol
Aof o] Fol XAl Q)& AEE wn| 3T}

MHC o}3&(isoform)9] AAZ4L T2 A (Fry &, 1994, Talmadge, 2000)ol 4] o] F o=
3 Qo AHEvuke] MHC isoforms AAE4 A E:= training®] monitoring % S2W 7
Anz &5t FEolH [Rivero &, 1997) F4 3 @t HEH4o IS vAE 84
o2 o4 sta oy FAZl A3 Amy A mv gk Aol

2 A =Rage) 4%, FRAN mav ARsEd B 148 wAAAE A
Aok 49Tl REEA(ENES 10-2004-0105410, 10-2006-0011287). ©]9} 7 79 SAx
2o ugd dAe @, F b 222 AQNTIE @A A

S 8o #ojstE B FAAE BAJAAE A TEo] AR SAREE A
B, B 10-0784166-0000), Mtk HEFA o2 S2S WA AN E 2AF B4
FTolANE AR A TS Fv JAR FHEI DNA ZA A 7ol HQasie, ol &
AaliA= Qs S H e Jho] A8 s o] ofgktt

o #E A4 2 AR EdSe ey 2

Qe 7)1 QAT AT V& QAP LA T e) BE AL

s} ¥ 2= =7 solg 770 E35 =
s | A 2AE F F7F #08 DNARAFAA (10-0784166-0000)
N HREEE FAAE 87 ——

3o 872 AW SAEFTA A (10-2006-0011287)
EEE = x| weteke] WolE W Eele=

; CAE 2AA 542 ol 8F =529

T = R
SR 84 9 Sero] o=y (10-2007-00058510)
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3. AFATE AT5E 2 APATA}

= ATEE
regionol| A A £ &
3o (Figure 2), %3

BAFAAE

@7 E A (SNP) S W
Az U SAAAE PG ARA
29 A7l @3k 7]ES W5

T-1: AAGTAGTCCT CCT CCACCT GACATTT GAL
¥-2 : AAGTAGT CCT CCT CCACCT GACATT T GAA
¥-3 : AAGTAGTCCT CCT CCACCT GACATTT GAL
T-4 : AAGTAGT CCT CCT CCACCT GACATTT GAA
T-5 : AAGTAGT CCT CCT CCACCT GACATTT GAA
T-f © AAGT AGT CCT CCT CCACCT GACATTT GAL

=T : AAGTAGT CCT CCT CCACCT GACATT T GAA

L-1 1 AAGTAGT CCT CCT CCACCT GACATT T GAA
L-2 : AAGTAGT CCTCCT CCACCT GACATTT GAA
L-2 0 AAGTAGT CCT CCT CCACCT GACATTT GAAL
L-4 : AAGTAGT CCTCCT CCACCT GACATTT GAA
L-5 @ AAGTAGT CCTCCT CCACCT GACATTT GAA
L-6 : AAGT AGT CCT CCT CCACCT GACATT T GAAC
L-7 : AAGTAGTCCTCCT CCACCT GACATTT GAAC

CC TC CC CC CC TC TT TC CC

mECACAATAT AT AT AAAACT AAT
BGCACAATATAT AT AAAACT AAT
mECACAATAT AT AT ASAACT AAT
BGCACAATAT AT AT AAAACT AAT
BOCACAATAT AT AT AAAACT AAT
mECACAATAT AT AT AAAACT AAT
BGCACAATATAT AT AAAACT AAT

AGCACAATAT AT AT AAAACT AAT
AGCACAATAT ATAT AAAACT AAT
4 GCACAATAT AT AT AAAATT AAT
AGCACAATAT AT AT AAAACT AAT
AGCACAATAT AT AT AAAACT AAT
4 GCACAATAT AT AT AAAACT AAT
4 GCACAATAT AT AT AAAMCT AAT

200bp

100bp

o]
T

A4E 2L A4

—_

Figure 2. Results from the myogenin 5 promotor — BspCNI PCR-RFLP analysis.

T allele : 463bp +

158bp + 43bp

C allele : 463bp + 82bp + 76bp + 43bp
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Table 1. Effects of MGH genotypes on growth, carcass and meat quality measurements in Whole Pig

MGS5
Trait (i 91:79} i 1:-(:70}
Total fiber number (x 10°%) 1,356°(26.8) 1,441"(36.8)
Lean meat production ability
Backfat thickness (mm) 19.60° (0.60) 18.10° (0.82)
Loin eye area (cm?) 53.19° (0.80) 55.02° (1.10)
Meat quality
PHasmin 5.84 (0.03) 5.91 (0.05)
Drip loss (%) 4.95 (0.27) 5.37 (0.38)
Lightness (L*) 47.62 (0.27) 47.84 (0.37)

Significant level: ** P < 0.001, *® P < 0.05
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e

e olgd AT 54 248 HAAEad(Figure 3-A), °]& F
_] sy
e}

AT (Ryu 5, 2005; Choe %, 2008), Sz wolete] A#AA A+ (Ryu

of Asteld 5ol Fdo| v A= el ek AAAIL

: HC 1IB
MHC TA

- t—mHCH

_ Ix (429bp)

R 1 (384bp)
[ — [ J11x (429p)
- ITa (375bp)

- — o S— ! IIx (429bp)

Tib (398bp)

Figure 3. Analysis of muscle fiber characteristics using three different methods. (A) Serial
sections of longissimus thoracis muscle, stained for mATPase activity after acidic preincubation
at pH 4.7. Muscle fibers were identified as type I (slow-twitch, oxidative), Ila (fast-twitch,
oxido—glycolytic), and IIb fiber (fast-twitch, glycolytic). (B) SDS-PAGE pattern of myosin
heavy chain (MHC). SDS-PAGE was carried out using a 8% gel. (C) Analysis of the
expression of MHC isoforms by RT-PCR with the use of multiplex PCR.
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[e]

j:ﬁ_

19 A~ DNAZEA SF 547 9 oo]slErd Wol ArE A A
ARom, oFAL A TH AT (Nam 5, 20085 2 A3 S(Figure 4).

A EA 2 sS4y AR A7 Myosin isoform ¥48 %38 (Figure 3-B, 3-C),
MHC, MLC isoforms®t 94 543e] Z@#A(Choi 5, 2005, 2006)8 £43t9oH, ©]
T isoform®] AFEUAL v A= S #4319 S (Chol &5, 2006, 2007).

AYE Aol e] ABA AT Myosin isoforms®t AFE Z7]2] lactate, glucose—6-phosphate,
glycogen, ATP92] A ##AAE Y3, myosin isoforms’} A= B2 ALE 27 UAER
2 oghald WA Fojdtlis AL ¥ W (Chol %, 2007). A5 tiAMERA ) 9 H7F A
= g FHESH vA= @l st #4535 (Choe &, 2008).

(B) Soleis mmcie at Owk 3wk and Swk of age .

Figure 4. Serial sections of fast-twitch (pectoralis major) (A) and slow-twitch(soleus)
muscles (B) at hatch, 3 and 5 weeks of age stained for mATPase activity after
acidic preincubation. Stained sections were examined by a computerized image
analysis system. Muscle fibers were identified as type I, ITA, or IIB by dark, light,

and intermediate staining, respectively.
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o Zzbe] AT 7ER thARE BA 9 2SS
T e, o] W A 2R type A2 THE
B}t (Schiaffino & Reggiani, 1996). <A+ type 2 &5 7F =ga 37134 <¢ tAibs
o A8, type IIB= F5E=7F whEal F7]4Q thatsHo] Al 24l otk w8k
A type I type IIBel W& %S myoglobin &%, lipid $h=%, & % 4=, mitochondria

5 Yt AR glucose ¥ glycogen?] ke AA vEepdY s EdozE AR
type 1¢] =Z7|7} type TIBol|l H]&lA A @A =, £ AFZAIHgdAE type 12 muscle
fiber area”} type IIB] W3] 2Fgko.m (2741 vs. 4490 um?), type MA(2302 1tm*)% type B
HlgfA 2HA A4 vHTable 1-1). @994 & 247 & 2 sS4 & 24T £404
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5 T T2 & F At Choi & Kim, 2009). 744
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A zkel7h glom, 2 AgAE o
N A FES o) gt EAg Ay el mak= weg Ao R BAHAT. 7 =4
S type 2AE 7HAAL dEdH, dE B oE & 59 vastus
intermedius muscle® 7% SAF type 18] FAo] & E50]H(70-80%)0| ™, HiH A
(longissimus muscle)2] 4% A1 type 1B ZA o] 2 (80-90%)°] tHKlont et al.,
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Table 1-1. Muscle fiber characteristics in the porcine longissimus dorsi muscle

Mean + SD Minimum Maximum

Muscle fiber area (11m2)

Mean 4026 + 772.5 2756 6629

Type 1 2741 £+ 506.6 1693 4077

Type 1A 2302 + 503.0 1462 3562

Type 1IB 4490 + 994.0 2927 7584
Muscle fiber numbers per mm’

Sum 256.4 £ 46.36 151.0 363.0

Type 1 21.57 £ 11.51 4.00 60.00

Type 1A 33.68 £ 10.55 12.00 57.00

Type 1IB 201.3 + 44.36 114.0 289.0
Muscle fiber total numbers (x 1,000)

Sum 1116 + 205.8 742.1 1789
Type 1 94.50 + 52.69 18.78 290.3
Type 1A 146.8 + 46.52 48.73 250.5
Type 1IB 8749 + 184.8 564.7 1557
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Table 1-2. Composition of muscle fiber type in the porcine longissimus dorsi muscle

Mean + SD Minimum Maximum

Muscle fiber number percentage (%)

Type 1 571 + 2.80 1.28 14.74
Type 1IA 7.65 + 2.65 3.30 15.90
Type 1IB 86.64 + 4.28 74.65 94.10

Muscle fiber area percentage (%)

Type 1 8.36 + 4.15 1.76 20.26
Type 1A 13.42 + 435 4.89 24.89
Type 1IB 7822 + 5.91 67.79 88.08

SAS W Gl Ee EA Sy olghdd AY ke b AoR Hosy, 5 2 A
Fr B 4FE T 25 75 9 ol AHAoR HojitE dWARZ = myosind actin
o] low = W olghs XHI}E WM AZE troponin tropomyosine] $th. o] F

myosin< molecular motor protein®. 2 A8}e4 ALZE-S B3 R E FFAUA =
= 9eg dhoh, 24 myosing] 8% AESE V|Fo2E Y949 thick filament

A FH, ATPaseE 7}#| 3L 2] 2™ actin filament®} 2 3131
=5 AEHA S JheA dE Aotk Myosing FEstE EAS AHHW myosins
hexamer®|™ 2702 heavy chain(MHC)¥} 47§¢] light chain(MLC)= A% o] it} Isoform
olgt & Ve & e Wy AoIAY, amino acid FA Y 2L o]z Q] FxAHQ zolE
7EAH, ol#gk F-xAQl Apolm QlE] EAdo] thE S wikH, &4 A TRHE giiE
o] @M AL jsoformsE 7FAR vk, MHC2F MLC H3F isoforme] &3t} ELH5E&E9]
MHC isoform& mRNA @94 971¢] MHC isoforms® 3% w, 7 % MHC 1, 2A, 2X
2 2B isoformsE A% FAToNA LEYE isoformolth AF FAZA @A EHE MLCE
ELC 1s, 1If, 37} 4™, RLC 259 2(7} v} 2 A2 A= MHCE slow(MHC 1)9}
fast(MHC 2A, 2X, 2B) isoforms® uro] #4391, MLCE 1s, 1f, 3f 2f 31 ELC
fast/slow ratio, 1f/3f ratio®= #2333 tHTable 1-3). RLCY A% #H A ZFZFoA= 2s, 2f
isoformo] W&, SAEAAE 2s isoform? WEFo] 3] AFoloja XA AQAF

=

i

FZ=90 o
T =
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HAA Gl A MHC isoformset 24 Fejetdel 543t dddes 2498 A
(Table 1-4), &4+ type A2 Z7]+= MHC slow isoform¥ Aol A#AAA=

=021, P < 0.05), <A Hir 2Z7]3= MHC fast/slow ratio®t A9 HARAE
030, P < 0.01). <1 type 19 @9W AT 4= MIC slow isoform Z43} & Aol A3
AAZE YEFRH o (r = 071, P < 0.001), MHC fast isoform %73 5o AAAAE e
o= -0.71, P < 0.001).

Table 1-3. Myosin isoform composition in the porcine longissimus dorsi muscle

Mean + SD Minimum Maximum
Myosin heavy chain isoforms (%)
Slow isoform 6.57 £ 2.96 1.13 13.81
Fast isoform 9337 + 3.04 85.86 98.91
Fast/slow ratio 19.59 + 16.28 6.24 90.93
Myosin light chain isoforms (%)
Is isoform 4.86 + 2.14 1.30 10.34
If isoform 32.87 + 2.41 26.05 39.20
3f isoform 10.59 + 2.80 5.47 17.36
ELC isoform 4832 + 3.94 39.53 57.30
RLC isoform 51.68 £ 3.94 42.70 60.47
ELC fast/slow ratio 11.04 + 5.69 3.48 31.29
1/3f ratio 3.38 £ 1.17 1.56 7.12

Abbreviations: ELC, essential light chain; RLC, regulatory light chain.
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Table 1-4. Correlation coefficients (r) between myosin heavy chain isoform content and

muscle fiber characteristics in the porcine longissimus dorsi muscle

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio

Muscle fiber area (11m2)

Mean -07 07 307
Type 1 -13 12 12
Type IIA 21 ~21 08
Type 1IB —01 01 21
Muscle fiber numbers per mm’

Sum 07 —.07 26"
Type 1 1 . ~51"
Type 1IA 01 —.01 —.19
Type 1IB —12 12 07

Muscle fiber total numbers (x 1,000)

ok

Sum 19 ~.18 ~26
Type 1 73" ~737 -56""
Type IIA 07 -.07 ~21
Type 1IB 02 .02 ~.08

A i
o oX,

1 % myosin isoform< <A F
2 2AF 24 dBAdo] A durd o wm A type 9] MHC 1 isoforme
type ITA9|+= MHC 2A, type IIXo|+= 2X isoform, type B+ 2B isoformeo] < A3kt}. ule}
A 2AH 2 AR B4 A MHC isoforme AMg FH, @ 5 o8 ERESEA =&
AHAAE JEFAUHFry et al, 1994; Talmadge et al., 1995; Rivero et al, 1997). ¥ <42
FHo = ZAF type 2 MHC isoform FA4719 =& A#AS et MHC slow

LA G A {soform FA 2
L
:

rhN
=
ol
a)
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isoform< 4 type 12] Z7](r = 074, P < 0.001) ¥ <=(r = 0.73, P < 0.001) =43 =&
Aol AAAAE ety ow, AR type IIBSE F9 FAdAAE el (r = -051 to -
0.54). o]¢} ¥kt & MIHC fast isoform= <A type I 7] A3 F-o AaAAA(r = -0.73,
P < 000D, IB%k= Ao BHAAE YEFATHr = 054, P < 0.000).

o]¢} #o] MHC isoform FA& &4+ EA, &3 24 type TA & 9 =
Ao 2 BAE =Y, o]AS MHC isoform® ATPase activity & % & 7]ed). wat
Al A T Al type MHC isoformell 7]<E3ke] W 3tA dvk spARE, &+
I MHC isoform 42 dAHA= &= o]y olf= F 7HH = A9d
A= A A4 Faolvr. ZA - pure fiber$t hybrid fiber®Z 78 4 9o, pure
fiberol+= MHC isoform 3t 7}%] /9 WA} oF o ZA4AF type [olE MHC 1

isoform%tro] £A43l= d-$o|t}. Hybrid fiber= 3] A Fo F 71K s 1 o]4t9
isoformo] EA3dE A-$o]8 hybrid fibere A% F<9 &5 2 oW Q9o 293 Wty &=
Sol Al AR E A Folth wEkA ole g A SA el o)s MHC isoform¥ <4
fr type 274 118 BYA dAo] AT F MAEZE AT type 54 ¢S HAE
il A jsoforme] MHC isoform o]9lel % oj&] 7[x|7} &A13}7] wito|ch, & vzl
troponin ¥ tropomyosin S oy dyido] ZAHF B AFgs v E F oy, 53 MLC
isoform7} A typed] F5 2 0|4 S FFS v T

mpEla] 2 Ao A= MLC isoformo] A &4 vA = IS #4317 938 a3

[e]

48 HAAAHTable 1-63 Table 1-7). MLC 1s isoform &4 <A Hit Z7|(r =
026, P < 0.01), type I Z7)(r = 031, P < 0.01), IIB Z7](r = 025, P <

AE HetH o, @A d 24T Fo4e 59 AddAE et = —0.25, P < 0.0l).
ol¢} W= MLC fast/slow ratior +AIF Hir A7) (r = -025 P < 001) 2 type 19 =
71(r = -034, P < 00D¢= F9 HadA, @iy 2A4F 0 = 025 P < 0.0D%=
Ao FAAAE YEeAT. AT type 2F39] AFRAF BEAZA A A= MLC 1s isoformo©]
<A type I9] & (r = 031, P < 001 3 =27 £48(r = 025 P < 00D)3 4o ZAAAE
el oW fast/slow ratiow= o]} ¥k AEES YEFWACHr = -031 and r = -0.24,
respectively). 88 o2 MLC slow isoform$! 1s isoform< slow twitch muscle fiberg!
AH type Io] =431, fast isoform$] 1fe} 3f isoform= fast-twitch fiber?l type IIo| < x|
shof, whebA] 2 AT Aol % slow isoform¥ type IZFel& A AddA 7 P4 ¥ Ao
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Table 1-5. Correlation coefficients (r) between myosin heavy chain isoform content and

muscle fiber composition in the porcine longissimus dorsi muscle

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio

Muscle fiber number percentage (%)

Type 1 a3 73 —60""

Type 1IA .09 -.09 -12

Type 1IB —54" 54 47
Muscle fiber area percentage (%)

Type 1 74 —74 ~59""

Type IIA .04 —-.04 —-.04

Type 1IB ~51 50" 44
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Table 1-6. Correlation coefficients () between myosin light chain isoform

muscle fiber characteristics in the porcine longissimus dorsi muscle

content and

Myosin light chain isoform

1s 1f 3f fast/slow 11/3f

Muscle fiber area (11m2)

Mean 26" 02 ~.08 -25" 16

Type 1 317 ~35" .04 ~34" -.10

Type IIA 20 03 ~.05 ~18 10

Type 1IIB 25" 08 ~.07 ~23" 17
Muscle fiber numbers per mm’

Sum -26 02 01 25" -.07

Type 1 —.06 21" —.08 05 01

Type 1IA -.07 14 .02 11 .08

Type 1IB -25 -.08 .03 24 -.10
Muscle fiber total numbers (x 1,000)

Sum —.04 01 13 24" —15

Type 1 ~.06 11 -.07 04 01

Type IIA ~.03 04 .06 17 .08

Type 1IIB —.18 -.08 .03 18 -.10
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Table 1-7. Correlation coefficients (r) between myosin light chain isoform content and

muscle fiber composition in the porcine longissimus dorsi muscle

Myosin light chain isoform

1s 1f 3f fast/slow 11/3f

Muscle fiber number percentage (%)

sk

Type 1 31 11 —.05 ~31" —.04
Type ITA A2 .10 .01 18 1
Type 1IB —11 —14 .03 19 —.04

Muscle fiber area percentage (%)

Type 1 25" 08 —.04 —24" ~.09
Type 1IA 10 .10 01 18 .08
Type 1IB —11 ~.07 .03 19 ~.14

o 28 546 e VA AR B4 g4 2 BA

Bas golSd| o3k wol Aslel B, Pxe HEHE A

(B

T al
A AlS oz ASeA Avk AA 59 T8 olyA= ATPE creatine phosphate, = 7] 4 ti
AR A 7A tHAE o] &ate] AARSRAINE, EE F 25 W 9] Abawsgo] TEHY
o] F= @74 kel ols ATPE K. WAAY #7420 tAle A Wl glycogen
2 oAl F W= free glucoseE FE o] &3}

fr Al v HFAEQ lactateE AA3HA H
o] W3}, 53] lactate®] =48 AFS Hsﬂ 13}2 7}xqc>7ﬂ H, AE
HAs ASAA Y, &

He @714 gALE olsstE AS & =
= EH/\VL%OJ ATP, glycogen, glucose-6-phosphate (G6P), latate &% =
=8 lycolytlc potentialZ #2413} tH(Table 1-8). T3k A ZHoA] 74 j

Aloll #ol 3= B4 pyruvate kinase (PK)¢} latate dehydrogenase (LDI)E =A )
Table 1-994 = AMS 27] thrabibeEst 714 A Baeke] ARdds E435300. AR
27] ATP @& G6P (r = 031, P < 0.01), glycogen (r = 053, P < 000D} Ao Aa
AR BA59l oW lactate HE(r = -045 P < 0.001), GP (r = -049, P < 0.001), PK &

=

AS(r = -036, P < 0.00D)e= -9 Aa#AA7F veldt Glycogen &2 lactate &3 (r
= -054, P < 0001) @ GP (r = -032, P < 00D)¢ ¥ AH#AAAZ vtebulch =3k
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O

Lactate 3ol S7Md,= 259 @714 o8 Fodez S7i8= Aoz 493U
o AFdnE £33 BW, myosin isoform A FAHF EA I = A
C 1 isoform< 24 type 243 2 Aol e Aoz #4y
A9 olgket ARl EA-S UEE molecular marker2 A4 3reelvhal e vl
AR diAbEE 22 B dAgelA = ARSTiAL B F ddde] B4 Hde, 58 ATP
glycogen, lactate™ AFStAF AEE 7hsshed o] 8% Ed= ddy o
TAIE] VEARRE o]&T oAt

Table 1-8 Metabolic characteristics at the early postmortem period in the porcine
longissimus dorsi muscle

Mean + SD Minimum Maximum

Metabolite contents

ATP 6.53 + 2.94 0.41 13.05
Glucose-6-phosphate 4.85 £ 1.28 0.67 7.70
Glycogen 36.96 + 23.38 8.77 95.42.
Lactate 26.65 + 6.87 15.48 43.45
Glycolytic potential 110.18 + 46.02 47.74 227.53
Glycolytic enzyme activities

PK (U/L) 47.13 £ 7.06 24.14 58.82
LDH (U/L) 712.9 + 211.1 457.95 1409

Abbreviations: ATP, adenosine triphosphate; PK, private kinase; LDH, latate dehydrogenase.
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Table 1-9. Correlation coefficients (r) between metabolite contents and glycolytic enzymes

at the early postmortem period in the porcine longissimus dorsi muscle

G6P Glycogen Lactate GP PK LDH
ATP 317 53 —45™" —49™" -36" ~10
G6P 15 ~.08 19 04 ~12
Glycogen —54" ~32" 11 —.06
Lactate 877 —45" 21
GP 21 .09
PK —42

Abbreviations: ATP, adenosine triphosphate; G6P, glucose-6-phosphate; GP, glycolytic
potential; PK, private kinase; LDH, latate dehydrogenase.
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2. @ ol g H2 {Q %4 AA

g2

7. Ao AR gAL 2 2ol HA

Al 1AF-IA o] 123 A2 e w2 Myosin heavy chain(MHC) isoform< -4
A E ARSI B 22 AR E UEY o], 2 dSAAZAY TheAdE HoFSlh
A AFoAE F2 dSFAREA MHC isoform®] 7FsAdS AdudEes 53] <l
o}, dukA o # myosing £33 ZAFEHA EAS Exo] o zo]rt 9l

o8l 5dA gk

Ol
L

f
Ir
=
(o

o > o @ .

aH A ), A 23d A oA EE

MIC isoformel AT 54 2§49 MAE AT 2489 4 58 A3AKA
HeAe doluad gtk o dAste]l B ATelME MAM, §%, dsdels, aaA 4
&

=
=
7HA FFEOE AE APws A, #44 2gl
3

, 3 = HWg wiAlE] As Y T, F
d AR T o FdRPslA AEElen, B dF 2HE $LdH v EaAFel =
g3l AE e MHC isoform ¥48 93 A85 FHEa, B3 5 ALS AL S48 43
A F24E SASAT AR AF AL WolE "LOHU] # @l *}? 45% 5244 png

R-value(Ros, Ros, Ro)E SA3G o0, 42
uptake, cooking loss), ¥ % (shear force)E =743

A A 5o A= creatine phosphate % %7134 thAlel & 714 thALE E3le] adenosine
triphosphate (ATP)E AJ4Fstt}, 18y 5 A Wdo| o]FojxH g H3 AT+
of B7FsEA 7|4 Al AlghE wrow wEbx 7|4 hAatel] osf ATPE AArstA
dArh @712 Al HE HAMEE R lactateE AARSHH, AbSoll = WE R Q1] lactate”f
oF Ho® olFdstA HEotar 25 Wl 49 o2 Qs A 259 pHeE oF 7445
Y Astetr] AlEFste] AMStiALE FA Y= AlFel= of 53 T 5.7 Ax9 pHE UEYA #
tH(Scheffler & Gerrard, 2007) upE} A AFE 259 pHYE AFSOIALY A ERZA AMEE 4 9l
o, AFS 45 pHeE AFS 2719 tANSEE 75T 7 L, AFS 2449 pHE ARS-thA)
o M9E 7t Ik

APF 250 Ao R Wk ﬂxéoﬂ RolA Tk Ws F 3 VA FEsa AldA
o] = 2180 AlHA] Lol w 2 7 A
AFS A8 myosind actin Afo] ol
Aol A myosin¥} actin Aol A -
MU AQl ATP7} s o] A-td ez doldA He Aok AFFAA o] o] FofA
TP+ adenosine diphosphate(ADP), adenosine monophosphate(AMP)Z &<l 4t3}
%, o]+ tTHA] inosine monophosphate (IMP)Z ©olv|w3ly % HEFEXH O & inosined
hypoxathinee] ®tHKoh %, 1993). ATP, ADP, AMP9 Ht) &FF33-°S 258-260 nmeo]H,
IMP$} inosines 248-259 nm, hypoxanthine< 250 nm©¢|%(Bendall & Davey, 1957;
Newbold & Scopes, 1967; Khan & Frey, 1971; Honikel & Fischer, 1977). ATP7} &
hypoxanthine ©.% thALY = A} o]y A4S HWFFade o]&sto] A7 A
T " AR ASEE 7S AT dE &0 HEF AHES] hypoxanthine®] FHEFO
FeTFE AFFUA Se7F mEYal 3ad g glon o9 v E ATP $HeFo] EThW AL

Ir
Olg rir
o>
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SoiAL SR s A EHE AES 9u skt welA hypoxanthine¥ adenine®] H] &
(Rasp)e o8& Wets AEEA AMEE7E 5, 1.05 oY 4AF old%d 7lsA ol
= (Honikel & Fischer, 1977). ¥ Ao A g2 pH ¥ R-valued #4243 =&
o] ytgto] AAAHS <ol E9lon, xFHA 2 Hagh Huigte] d¥7Y F¥27F HE
& 2 Yehi i dvk(Table 2-1).

Table 2-1. Postmortem glycolytic characteristics in the porcine longissimus dorsi muscle

Mean + SD Min. Max.
Muscle pH
PH45 min 6.25 =+ 0.24 5.44 6.78
pHa4 1 5.76 £ 0.25 5.34 6.61
R-value
Rosg 0.85 £ 0.15 0.63 1.31
Rso 091 + 0.14 0.71 1.34
Rysg 1.13 £ 0.13 0.81 1.37
F2e 87 2§44 2ol 9% W Ao FHA U KA Y 2EH
A 71F 2 el o8l S /A $2Rb) o, Agel g7 el o Bt
= 54 5249717 Aok webA 2 ATl e AT S48 Addoz 2487 919
AAH £A% e AASGOH, o F 98] 4, ® BASSG. Sae dnA

K
(CR-300, Minolta Camera Co., Japan)& ©]-&3}¢]
Internationale de I'Eclairage)®] ™ %(lightness), %2} % (redness), 34 E(yellowness)i e
Atk Ao HEHS JEd7] 98 SE4A 2 (drip loss), 727 & (cooking loss; Honikel,
1998) % o ¥} x| & 4= F(filter-paper fluid uptake; Kauffman %, 1986)% =43¢ c). vpA 2o
2 Universal Testing Machine (Model 1011, Instron Co., USA)2. 2 AEHS A3 dr
& o583t

Autd oz K-S Hrul Al 7ol HiE SAPIEELS gre SHEdFgos gt 50
o], FHEAEe] 6% oY AF oo m wudiy B Ao SHHYrt da HigA
) FHRY o) ASANA vUsA Exs AowE JElyow, Hirdows Adge £
ool £t Aoz 45 (Table 2-2)
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Table 2-2. Meat quality characteristics in the porcine longissimus dorsi muscle

Mean + SD Min. Max.

Meat color

Lightness 45.65 + 3.56 32.72 57.63

Redness 6.83 + 1.16 3.54 9.82

Yellowness 230 £ 0.78 0.73 5.52
Water holding capacity

Drip loss (%) 293 + 1.99 0.57 13.91

FFU (mg) 31.50 £ 233 3.50 141.60

Cooking loss (%) 28.65 £ 5.79 5.65 46.84
Tenderness parameter

Shear force (N) 52.05 + 15.6 23.71 113.79

Abbreviation: FFU, Filter paper fluid uptake.

iAo BATL TAFE olFol4 glod, TAfE 25F £E 4 gaA
o) fe) &

I IIA, IIB A 7FA fFd oz PR A(Schiaffino & Reggiani, 1996). 4y¥k& o=

o oX

ol iy Jm

N

g 1o ddAe #3 IBEU 2o, myoglobin & o ZAdR B =
APEAJ 0] ZFsith wbdlE AR §9 IBE @i de] A9, myoglobin 3 2 EA
E7F grol YA uiAlEAde] e, £33 AT 73 13 IIBY 342 5A4&
(Lawrie, 1985).

2A W SR AL, 259 F5I oghe] A Ao R Foldh, x5 thALE Al I
S F= gig4de @A RZE myosine] AUF Myosine 2719 subunit® T EH o] glod
(myosin heavy chain®} myosin light chain), ¢| & MHCE ZA slow$} fast isoforml.@Z -
23 gdon, AF4doems 1, 2A 2X, 2BE Hw F Advh B AITY wHAS
(longissimus dorsi muscle)s +243 Ay 4 73 1IBY dwddo] 13 MAXY & Ao
2 Uewgew, IIBY Ao Ioly HANY ¢ =& AS&E yetwvH(Table 2-3). 3
MHC slow®} fast isoform®] A% A §38 2443 FAE FAE vepglo, o= 7
£ AT A= Aol tHRyust Kim, 2005; Choi®t Kim, 2009).

L
N

ml
e
O e

<
o
29
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Table 2-3. Myosin heavy chain isoforms composition and muscle fiber

porcine [ongissimus dorsi muscle

characteristics in the

Mean + SD Min. Max

Mpyosin heavy chain isoforms

Slow isoform (%) 6.03 £ 2.87 0.40 16.46

Fast isoform (%) 9397 + 2.87 83.54 99.60

Fast/slow ratio 22.17 + 22.5 5.07 249.07
Cross-sectional area (umz)

Mean 4515 + 758 2745 7119

Type 1 3340 = 752 1078 6016

Type A 2967 + 821 1550 11596

Type 11B 4952 + 920 2771 8522
Muscle fiber area composition (%)

Type 1 6.88 + 3.25 0.07 17.82

Type LA 8.52 £ 2.92 0.58 19.51

Type 11B 84.60 + 4.25 70.92 94.73
Muscle fiber density (number/mm’)

Sum 227 + 36.1 140 364

Type 1 21 £ 9.94 1 56

Type A 30 = 10.7 2 72

Type 11B 177 + 339 92 319
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Table 2-4. Postmortem metabolic characteristics in various pig breeds

Breeds
Level of
Berkshire Duroc Landrace Yorkshire significance
(n=204) (n=38) (n=60) (n=29)
Muscle pH
He 6.19" 6.22° 6.07° 6.19" +
PHas min (0.05) (0.07) (0.05) (0.06)
q 5.78" 5.68° 5.69° 5.64° o
PHa4 (0.06) (0.07) (0.06) (0.07)
R-value
0.95 0.95 0.93 0.91
Ross (0.03) (0.05) (0.04) (0.04) NS
1.00 1.01 0.99 0.97
Raso (0.03) (0.04) (0.03) (0.04) NS
1.05 1.05 1.07 1.08
Ross (0.03) (0.04) (0.03) (0.04) NS

Levels of significance: NS, not significant; ¥ P < 0.1; *x P < 0.01.
' Standard error of least—-square means.

P east-square means with different superscripts in the same row differ significantly (P
< 0.05).
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Table 2-5. Meat quality characteristics of longissimus dorsi muscle in various pig breeds

Breeds
Level of
. . significance
Berkshire Duroc Landrace Y orkshire
Meat color
. 46.34° 48.05° 47.53" 46.21°
Lightness (0.68)" (0.83) (0.75) (0.79) o
6.84° 5.99°¢ 6.62" 7.54°
Redness (0.37) (0.45) (0.41) (0.43) e
2.53% 2.74% 2.40° 2.94°
Yellowness (0.22) (0.27) (0.24) (0.25) **
Water holding capacity
. 5.34° 5.80% 6.10° 5.63%
Drip loss (%) (0.37) (0.45) (0.41) (0.43) *
48.28" 52.43 70.84° 46.25
FFU (mg) (7.29) (8.86) (7.94) (8.38) -
. 26.01° 27.87° 33.97° 30.60°
Cooking loss (%) (1.40) (1.17) (1.52) (1.61) o
Tenderness parameter
41.78" 53.78° 55.43° 51.97"
Shear force (N) (5.15) (6.27) (5.61) (5.93) o

Abbreviation: FFU, Filter paper fluid uptake.

Levels of significance: NS, not significant; * P < 0.05; #x P < 0.01; *=x P < 0.001.

' Standard error of least—-square means.

¢ Least-square means with different superscripts in the same row differ significantly (P
< 0.05).
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Table 2-6. Myosin heavy chain isoform composition and muscle fiber characteristics of

longissimus dorsi muscle in various pig breeds

Breeds Level of
Berkshire Duroc Landrace Y orkshire significance
Mpyosin heavy chain isoforms
. 5.65 5.75 7.01 5.59
Slow isoform (%) (54! (0.87) (0.68) (0.79) NS
. 9435 94.25 92.99 94.41
Fast isoform (%) (0.54) (0.87) (0.68) (0.79) NS
. 25.69 20.28 2034 18.27
Fast/slow ratio (531) (8.57) (6.69) (1.77) NS
Cross-sectional area (umz)
Mean 4414 4148° 4666 4267 +
(177) (265) (210) (213)
3696° 2744° 3110° 2978"
Type 1 (174) (260) (206) (209) o
2963 2640 2905 2620
Type A (154) (230) (182) (184) NS
4699° 4585° 5252° 4808
Type IIB (215) (321) (254) (258) i
Muscle fiber area composition (%)
7.69 6.48 7.22 7.71
Type 1 (0.83) (1.24) (0.98) (1.00) NS
8.37 8.5 8.47 8.42
Type 1IA (0.75) (1.12) (0.88) (0.90) NS
83.94 85.01 8431 83.87
Type 1IB (1.06) (1.58) (1.25) (127) NS
Muscle fiber density (number/mm’)
231 240 217 236
Sum (7.99) (11.9) (9.45) (9.59) NS
20 23 24 26
Type 1 (2.54) (3.80) (3.01) (3.05) NS
29 3 29 3
Type 1IA (2.69) 4.01) (3.18) (3.23) NS
182 185 164 178
Type 1IB (7.36) (11.0) 8.71) (8.84) NS

Levels of significance: NS, not significant; ¥ P < 0.1; * P < 0.05, *=+ P < 0.00L
! Standard error of least—square means.

ab Least-square means with different superscripts in the same row differ significantly (P < 0.05).
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Table 2-7. Correlation coefficient (r) between myosin heavy chain isoform content and

muscle fiber characteristics of longissimus dorsi muscle in various pig breeds

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
Cross-sectional area (umz)
Mean 0.00 0.00 -0.08
Type 1 0.02 -0.02 -0.01
Type 1A 0.07 -0.07 -0.10
Type 1IB 0.01 -0.01 -0.10

Muscle fiber area composition (%)

Type 1 0.22" -0.22" -0.20°
Type IIA 0.01 -0.01 0.04
Type 1IB -0.18" 0.18 0.13

Muscle fiber density (number/mm’)

Sum -0.02 0.02 0.08
Type 1 0.23" -0.23" 021"
Type IIA -0.05 0.05 0.12
Type 1IB -0.07 0.07 0.11

P <005 TP <001
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U= A |H7| = gty 53] AAS A5E pHE ©o]&3to] AMS 27]9] AMS AL £
7hedl 2 4 vl =3 ALS 4589 A3 R-values ATPO ©Qlits

P ARE 7t + JoH, adenine AE Y 3= inosine AF Y 3eHES v E&& YERY
T Rxe 105 7]EoZ WE AMS 27] SR B ol dF9 #d AEEA AMEYY| =
3t} (Honikel & Fischer, 1977).

AA Aol MHC isoform A3 AMFtiAL & 3F {94 HadAds e Ao
A5 ATHTable 2-8). 7t FFEE Uro] AAlgk MHC isoform /33 AFStiAL 3h 31
P49, Waso|a MHC slow isoform FA4 2 A 244 pHeF Ao 4#AAA (G = 026, P
< 0.0DE, FHAAME AR 458 pHeF A #AAG = 049, P < 0.0DE YehHAT
(Table 2-9). #x=d o]2o A= MHC slow isoform3} AFSthAL & 3+ §-94 F@#AA 7 o
EfupA] ekgkon} Q@AM A= MHC fast isoform3} slow isoform®] W]&o] A}S 458 pHet
—r~4 NABRA (G = -025, P < 0.05), R-value®t A2 F@3A(r = 030, P < 0.05)7} A= A

2 B
MHC isoform /43 AMS-tjAL 54 b i 238 FFEA W, 5o g /94

Kol

R-value®) WEFo R ARG o, EFe 9 wesods AN 297 2 7 BEH
2 o] BAS ST 94 1@ vheh el AFuiael oa] AT lactatet % )
of FAHWA 2% pHE AsFA7)7] WEel, AF pHiE AFUAL A9 AEE 5T
= AZZA AL =
2

PN'

—1 =

AAAA Y 57 E3toy, MHC slow isoform FA0] H&4% ALS 458 2 244 pH7}
31, slow isoformel|l wldk fast isoforme] W&o H&FE Ro TA7F Fol, MHC fast
isoform®] Aol FE&FE ARSFUAL Sl wEA gy = Ao2 FA4 5

Table 2-8. Correlation coefficient (r) between myosin heavy chain isoform content and

postmortem metabolic characteristics of longissimus dorsi muscle

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
pHas min 0.08 -0.08 -0.15
pHas 0.05 -0.05 -0.08
Raso -0.05 0.05 0.10
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Table 2-9. Correlation coefficient (r) between myosin heavy chain isoform content and

postmortem metabolic characteristics of longissimus dorsi muscle in each pig breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio

Berkshire

pH4s min -0.01 0.01 0.11

pHas 1 026" 026" -0.32""

Raso 0.14 -0.14 -0.18
Duroc

PHis min 0.49" -0.49" -0.49™

pHas & -0.13 0.13 0.12

Roso -0.29 0.29 0.2
Landrace

pHas min 0.05 -0.05 -0.29

pHas 1 -0.10 0.10 0.06

Raso -0.14 0.14 0.33
Yorkshire

PHis min 0.02 -0.02 -0.25°

pHas & -0.14 0.14 0.07

Roso -0.11 0.11 0.30°

P <005 TP <001
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F42d 5 2121 MHC isoform®t 2 EA & 31 A3 dolrry] f3te], AMFtiAL &
A 2 wHoR i S2YEQ SAMEE, AR, SR Bee(SEEdE, o
AgFF#)e AR MHC isoform Z4 3] AaiAs AAs. B34S A4 439
a8 FFHE Uro] AASEATE =5 STt FeAEE FES HRe 58
AegoR WEV &4 A3 S48 Holi, SEEHH0] ESTE WU|HHeR £
o] Hol A&t £3] WRUF B00)olal, FHEAE] 6201448 Af, o] Fuakal
ZHo] s EAYY, 859 AFo] W ol AS8-(pale, soft, exudative; PSE)S YEFITHRyu &

Kim, 2006).

A A& MHC isoform 243 S5 A#AAA 4943745 B fast isoformit
slow isoform®] W] &o] oARAFaaFd Ao HFAAA(r = 017, P < 0.05F HeblAaL, o&
Alelstd o4 daaArE gl ASo®E Yt (Table 2-10). 72 #3E= A¥ud, W=
oA MHC slow isoform® FA4L ZAAMT(r = 021, P < 0.05) % M= (r = 0.18, P <
0.05)ek g9 FaaAlE 7= AR vegor, 5470 = -019, P < 0.05) % o3
AFF(r = =021, P < 005)3%= -9 FA#AE 7HA= Ao UEstHTable 2-11).
MHC fast isoform 243} fast/slow ratio slow isoform 243 Wkt AES veRAT. &
AM A= fast/slow ratio”7} A QY HFAAA(r = 0.25 P < 0.09)E YESA
th 2y ol & A9t wF, d=dolX, M= MHC isoform %43 SAIET
o4 gaaAE JebgA g

MHC isoform ZA43 FAZTEI FaAE4 A3sE FFaAud, W=y FEo4 MHC
isoform &4 SHAIEIT 94 FABA} =& A= Uy on, 53 MHC slow
isoform?] &Aool E&FE ALY 3 S5EAT 9 (A FFFo] Yol E 5 K40
2 A4S e Aoz B4Fdn
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Table 2-10. Correlation coefficient (r) between myosin heavy chain isoform content and

meat quality characteristics of longissimus dorsi muscle in various pig breeds

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
Lightness 0.04 -0.04 0.01
Redness 0.02 -0.02 -0.05
Yellowness 0.03 -0.03 -0.11
Drip loss -0.06 0.06 0.10
FFU -0.02 0.02 0.17°

Abbreviation: FFU, Filter paper fluid uptake.
TP < 0.05.
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Table 2-11. Correlation coefficient (r) between myosin heavy chain isoform content and

meat quality characteristics of longissimus dorsi muscle in each pig breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
Berkshire
Lightness -0.01 0.01 0.05
Redness 021" -0.217 -0.24”
Yellowness 0.18" -0.18" -0.15
Drip loss -0.19° 0.19° 0.20°
FFU 0217 021" 0.19°
Duroc
Lightness -0.07 0.07 -0.01
Redness 0.18 -0.18 -0.10
Yellowness 0.08 -0.08 -0.12
Drip loss -0.17 0.17 0.22
FFU -0.02 0.02 0.05
Landrace
Lightness -0.08 0.08 0.09
Redness -0.03 0.03 -0.01
Yellowness -0.02 0.02 -0.11
Drip loss 0.04 -0.04 0.04
FFU -0.24 0.24 0.29
Yorkshire
Lightness 0.16 -0.16 0.04
Redness -0.15 0.15 -0.01
Yellowness -0.03 0.03 -0.11
Drip loss 0.09 -0.09 0.03
FFU -0.06 0.06 0.25"

Abbreviation: FFU, Filter paper fluid uptake.
TP < 0.05.
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Table 2-12. Myosin heavy chain slow isoform content of [longissimus dorsi muscle in

quality grades of cold pork carcass by Animal products grading service

Quality grades of cold pork carcass

Level of
significance
1+ 1 2

Total 9.41° 5.43 4.96° o
(n=225) (n=8) (n=175) (n=42)

Berkshire 7.83 5.82 5.40 NS
(n=127) (n=1) (n=97) (n=29)

Duroc 8.98" 4.87° 3.12° +
(n=32) (n=4) (n=27) (n=1)

Landrace 11.3 6.67° 5.86" N
(n=46) (n=3) (n=33) (n=10)

Yorkshire ) 4.65 5.21 NS
(n=20) (n=18) (n=2)

Level of significance: NS, not significant; ¥ P < 0.1; = P < 0.05; ** P < 0.01.
ah Least-square means with different superscripts in the same row differ significantly (P
< 0.05).
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1293 2xpd A7Z239E S8 2AFaMA ofs o] 3y<¢l myosin heavy chain (MHC)
o] =4 Oﬂzoﬁ}iﬂ 7Vede BolFle, I Tl AR slow isoforme] 7HE AgE Ao w
etttk 2 AFATY HE 53 SH2ASA0A AA FH HES f8 3xdels MHC
slow 1soform4 A EAARA e THede At 3Ad AT 7IZEESE el A o
wAgste] A Sn gl HAEo] o] Fojx 7] ofHYal, AgFHom o]FolA FL Fo AY
s FESHA K skl

MHC slow isoform®] SZd=dx=zAe 71548 AZs7]) 98, AAE MHC slow
isoform FAE NEHsz FARNS AAgon FAEM o3 2uEon HEAT.
A HAZ AP AA 7z 2 A MHC slow isoform® ZAo] 603 £ 2.802
2 Yetuth AR A EACAE pls mn®l BT 6.0 HOH, pHy » A ot 5760102
o, R-value &A% 25 AAHY W £¥3= Aoz yebdtHTable 3-1). S24EA AR
% (lightness)7} Ht 45.62, o 32| 8- 4=k (filter-paper fluid uptake)e] 31.20, H5<24 = (drip
loss)ol 2912 UEty 2% 53 Hel £k Aoz yerwrh 5 AARE g4 9
 EaE 7 2we EA, AFFUAL 2 SAEAS vlas] WY, EASANAE T st
o4 #ol7l gle Aoz YES T (Table 3-2). AFStiAL &A= MHC slow isoforme]
ZA o] e IFo] v IF HE AMS 45 E 9 244] pHY) oA ow ¥ Aow e
SeHP < 0.05). L8y R-value FAolA = 2ol7F giddvh. SHEHANAME AHAAEZFH(P
< 0.05)3 SE5EAHP < 0.DANA 794 zol7F Ao, MHC slow isoform®] F 40|
< AFo] ¥ aFel vl FYHom AL ARAEFTFHEN SETEHFS UEo], By

A e AoE veiyth $4s £33 & A SdAAAE 594 Zolrk g1l
sk 3h 4 &‘ﬂoﬂ ogt ~EY AR WAHE FHAAE dolE Y] 9138 cortisol T EZE
ztol 7l gl Ao Z yeyt(delHy YERA &) ZEASE MHC slow
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Table 3-1. Descriptive statistics of all pigs

Parameters n Mean + SD Min. Max.

Mpyosin heavy chain isoforms
Slow isoform (%o 244 6.03 + 2.80 0.40 16.46

Fast isoform (%) 244 93.97 + 2.80 83.54 99.60

Carcass traits

Carcass weight (kg) 244 86.18 = 7.60 70.00 119.0
Backfat thickness (mm) 244 23.13 £+ 4.68 10.00 37.00
Loin eye area (cmz) 244 46.72 + 10.45 24.59 81.48

Postmortem metabolic traits

Muscle pHis min 244 6.18 + 0.28 5.44 6.81
Muscle pHas n 244 576 £ 0.25 5.34 6.57
Rag 244 0.94 + 0.21 0.63 1.35
Rysp 244 1.00 + 0.20 0.71 1.37
Rosg 244 1.06 + 0.16 0.79 1.37

Pork quality traits

Lightness 244 45.62 + 3.58 32.72 57.63
Redness 244 6.86 + 1.14 4.00 9.82
Yellowness 244 232 £ 0.77 0.86 5.52
Filter-paper fluid uptake (mg) 244 31.20 £+ 24.12 3.50 141.6
Drip loss (%) 244 291 + 1.89 0.83 9.80
Cooking loss (%) 244 29.25 £ 5.55 11.96 46.84
Shear force (N) 244 5428 + 16.34 23.71 108.0
NPPC color score 244 2.81 £ 0.73 1.00 5.25
NPPC marbling score 244 217 £ 0.77 1.00 4.70
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Table 3-2. Comparison of carcass traits, postmortem metabolic traits, and pork quality

traits between two groups categorized by myosin heavy chain slow isoform composition

Low High Level of
(n=163) (n=81) significance
MHC slow isoform (%) (3%;1 (%%63; -
Carcass traits
Carcass weight (kg) ?06645 (807 '9538) NS
Backfat thickness (mm) (20%3797) (26‘ '5732) NS
Loin eye area (cm’) ?0%'7997) ?1%'1735) NS
Postmortem metabolic traits
Muscle pHis min (?)1063]3) (?)%)?:) *
Muscle pHas n (?)6082]3) (%Zf;) "
Rass (8342‘) (83‘3‘) NS
Rso (ggg) (ggg) NS
Riss ((1)(1)‘2‘) ((1)(1)‘2‘) NS
Pork quality traits
Lightness ?06.'2775) ?()6-3777) NS
Redness (8:?3) (gj?g) NS
Yellowness (38;) (388) NS
Filter-paper fluid uptake (mg) %? 86 ?)d %2924%; *
Drip loss (%) (3611;) (%%% ¥
Cooking loss (%) ?005()6) ?005422) NS
Shear force (N) (519"23933 (610724:‘) NS
NPPC color score (SSZ) (38‘7‘) NS
NPPC marbling score (3(1)2) (Ség) NS

! Standard error of least square means.
Level of significance: NS=not significant; ¥ P < 0.1; * P < 0.05; *+x P < 0.001.
2P | east square means with different superscripts in the same row differ significantly (P < 0.05).
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MHC slow isoforme 7|E®s= AA% 542 435 T3] MHC slow isoform®] =
dol w& AFo] HFHo] $FIASS st olF FI SFHASAAEA S VS
AAs7] el MHC slow isoform X4 ¢ A2 FAE o|&ste] nluiAs A3
MHC slow isoform 42l At 2= @4 diolA] slow isoforme FAo] ¥ o1
w9 £EXE S T%E V|Eo® AAs e, 7% vwd 23 7 Ogo® ERskth W
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Fo Hu e FHAgko] ‘3 L% Ao g YetEth 7% wRty 23 5 e vlu #4 2
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< 0.05) pH7F 7% %3 15| 7% u|9t Z1Fof v Fodo=w & Aoz yeldy. 4
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Table 3-3. Descriptive statistics of group categorized by less than 7 26 of myosin heavy chain
slow isoform composition

Parameters n Mean + SD Min. Max.

Mpyosin heavy chain isoforms
Slow isoform (%o 167 4.56 £ 1.59 0.40 6.89

Fast isoform (%) 167 95.44 + 1.59 93.11 99.60

Carcass traits

Carcass weight (kg) 167 85.57 £ 7.59 70.00 119.0
Backfat thickness (mm) 167 23.01 + 4.80 10.00 37.00
Loin eye area (cm’) 167 46.76 + 10.78 24.59 81.48

Postmortem metabolic traits

Muscle pHis min 167 6.15 £ 0.29 5.44 6.81
Muscle pHas n 167 575 £ 0.24 5.34 6.54
Rag 167 095 £ 0.21 0.63 1.35
Rys 167 1.00 £ 0.19 0.71 1.37
Rsg 167 1.06 £ 0.16 0.79 1.37

Pork quality traits

Lightness 167 45.50 + 3.75 32.72 57.63
Redness 167 6.86 £ 1.16 4.49 9.82
Yellowness 167 227 £ 0.75 0.86 5.02
Filter-paper fluid uptake (mg) 167 32.04 £ 2491 4.90 141.6
Drip loss (%) 167 295 + 1.89 0.83 9.80
Cooking loss (%) 167 29.13 + 5.33 17.03 46.84
Shear force (N) 167 53.86 + 16.42 23.71 104.0
NPPC color score 167 2.81 £ 0.74 1.00 5.25
NPPC marbling score 167 2.16 £ 0.75 1.00 4.70
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Table 3-4. Descriptive statistics of group categorized by more than 7 % of myosin heavy chain

slow isoform composition

Parameters n Mean + SD Min. Max.
Mpyosin heavy chain isoforms
Slow isoform (%) 77 9.21 + 2.15 7.08 16.46
Fast isoform (%) 77 90.79 £ 2.15 83.54 92.92
Carcass traits
Carcass weight (kg) 77 87.48 + 7.49 74.00 115.00
Backfat thickness (mm) 77 2340 + 4.42 14.00 35.00
Loin eye area (cm’) 77 46.62 + 9.71 25.58 68.88
Postmortem metabolic traits
Muscle pHis min 77 6.23 + 0.26 5.60 6.78
Muscle pHz4 77 579 +£ 0.29 5.45 6.57
Ryss 77 0.94 + 0.22 0.63 1.33
Ryso 77 0.99 + 0.20 0.71 1.36
Ryss 77 1.07 £ 0.17 0.80 1.37
Pork quality traits
Lightness 77 45.86 + 3.18 38.14 51.53
Redness 77 6.86 = 1.09 4.00 9.14
Yellowness 77 242 + 0.80 0.98 5.52
Filter-paper fluid uptake (mg) 77 2938 + 22.36 3.50 105.3
Drip loss (%) 77 2.81 = 1.90 0.84 8.36
Cooking loss (%) 77 29.52 + 6.04 11.96 40.07
Shear force (N) 77 55.19 + 16.23 26.95 108.0
NPPC color score 77 2.81 £ 0.71 1.00 4.25
NPPC marbling score 77 2.18 £ 0.82 1.00 4.00
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Table 3-5. Comparison between selection group and non-selection group classified by 7 2%

of myosin heavy chain slow isoform

7% < > 7% Level of
(n=167) (n=77) significance
MHC slow isoform (%) (3;?3} (%12%) o
Carcass traits
Carcass weight (kg) ?0628% (8079142) NS
Backfat thickness (mm) (20%37933 (26‘ 5%16) ¥
Loin eye area (cmz) ?0{7997) ?1%'1659) NS
Postmortem metabolic traits
Muscle pHis min (?)1073]3) (%%)f) *
Muscle pHa4 n (%608;) (%Z)f) *
Rass (8342‘) (83‘3‘) NS
Rso (83%) (ggg) NS
Ross ((1)(1)3) ((1)(1)‘2‘) s
Pork quality traits
Lightness ?06_'2775) ?063789) NS
Redness (8:?3) (82?‘11) NS
Yellowness (38;) (SSS) NS
Filter-paper fluid uptake (mg) %? gg)d %29297; *
Drip loss (%) (831'2) (gg?) NS
Cooking loss (%) ?003692) ?095257) NS
Shear force (N) 519.238(; (61().7386) NS
NPPC color score (égg) (383) NS
NPPC marbling score (3(1)2) (S%g) NS

! Standard error of least square means.
Level of significance: NS=not significant; ¥ P < 0.1; * P < 0.05; *+x P < 0.001.
P 1 east square means with different superscripts in the same row differ significantly (P < 0.05).
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Table 3-6. Correlation coefficients (r) between muscle pHo 1 and pork quality traits

. 1 Drip Cooking Color Marbling
Lightness FFU loss loss score score’
Muscle pHas n -0.49" 036 048" 049" 046" 0.18"

! Filter-paper fluid uptake

* NPPC color score

3 NPPC marbling score

Level of significance: ™ P < 0.01, ™ P < 0.001.
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Table 3-7. Myosin heavy chain slow isoform composition in two groups categorized by

muscle pH measured at postmortem 45 min

Low High
(n=96) (n=148)
Muscle pH 591 6.37
uscle min
- (0.02)’ (0.02)
5.83 5.95
MHC slow isoform composition (%)
(0.33) (0.28)

! Standard error of least square means.

Table 3-8 Myosin heavy chain slow isoform composition in two groups categorized by

muscle pH measured at postmortem 24 h

Low High
(n=190) (n=54)
Muscle ol 5.63 6.10
uscle

PHa 0.01)" (0.02)
5.71 7.19

MHC slow isoform composition (%)
(0.24) (0.47)

! Standard error of least square means.
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Table 3-9. Myosin heavy chain slow isoform composition in two groups categorized by

lightness
High Low
(n=144) (n=100)
48.06 43.25
Lightness 1
(0.19) (0.29)
5.97 5.72
MHC slow isoform composition (%)
(0.26) (0.39)

! Standard error of least square means.

Table 3-10. Myosin heavy chain slow isoform composition in two groups categorized by

drip loss

High Low
(n=54) (n=190)
Drio 1 % 5.79 2.27
rip loss
b ’ (0.15)' (0.10)
5.54 6.05
MHC slow isoform composition (%)
(0.41) (0.27)

! Standard error of least square means.

Table 3-11. Myosin heavy chain slow isoform composition in two groups categorized by

filter-paper fluid uptake

High Low
(n=46) (n=198)
il fluid uptake (mg) 68.90 25.70
ilter-paper fluid uptake (m
pap P & 2.18)’ (1.17)
5.33 6.05
MHC slow isoform composition (%)
(0.48) (0.26)

! Standard error of least square means.
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MHC slow isoform %A% SAdZaxzAe] A&AAS HEFHow @37 A& o3t
ot B4 ¢k S35 HAA ARG 248 AASIAT oA EA og 4%
7 B3R ¥ SH5EHAEE VFoE AT, 1 75 pale, soft, exudative (PSE) =52
W 50 23, S5E4% 6% %23o|H, reddish-pink, soft, exudative (RSE) =82 W% 43
Z3 50 o3}, &5+ 6% 23 reddish—pink, firm, non-exudative (RFN) &=8& W% 43
Z3} 50 o8, S5EAH 2% 23 6% ©]F, viX|H o 2 dark, firm, dry (DFD) =% W%
43 °13l, SFHEAT 2% o3} o|th AWk o2 =Ko A REN¥ DFDE A4S, PSE9 RSE
E odeEFoR Euh 2 A@aeA olststd EAS ol&d sdeHd &3ke JiAE T

2]

o

Al 4 Ho DFDE 357, REN<2 81, RSE& 9, PSE+

AF2 BAHS E‘r(Table 3-12). o] =52 E4 el PSE 9 459 o]ESole wut
Y= RSEZF vl AA vl sdol7E =53] A2 olojA] MHC isoforms¥ §d3+5 3+
e B AEks vﬂrﬂro} H ofEy o] Aoy, Dol EF-3lal AlgtE SZdwo] A=
MHC slow isoform #/d& o] &3 Sd5w o] v 40 o dded Aadol vetyt

Fd5wol wE MHC slow isoform 48 A¥uW, RSE 536%, RFN 582%, DFD
6.28% % o|ststd Egd &g FATHAA BAFALFE MHC slow isoform 4 0] H&
Aoz yEeldtl PSES] %, MHC slow isoform®] ZAlo] 579% = =& Z o= yEyko
MAF7E 450 7] wiel AEs deks shr)ol= FErt vk

tggoz oA AAs MHC slow isoform? A4 7%E 7|To2 F 5oz B73%
= W, 4 25 HelAMe Sdew &S Vs tH(Table 3-13). MHC slow isoform Z
do] 7% w|Rkel Z1Fol A= DFD7F 26.09%, RFN©| 63.04% = el 3, RSE 6.52%, PSE
4.35%= ERSET obd Ao A PSE =59 MHC slow isoform?] ZA4lo] RSEe| H|&| 3=
L Ao ‘«}E}”X]U 4% E5 MHC slow isoform Z/Jo] 7% Wkl ZFA Z&A3IS T
MHC slow isoform Z/do] 7% Zx3} ZIwolA+= DFD 29.73%, REN 62.16%, RSE+ 8.119%,
PSE 52 gl Aoz et ZHdAE & F %ol MHC slow isoform?] /o] =
< Iwo] ¥ 1Fe| ¥lE DFD, RENY 22 AAESS vl go] i3, g o FEH9
Fejel PSEE gilem, RSEE X33t O] FEF HER

129% glow, AAQHoz S5 &
A
[e]

/\
/\1J‘ MHC slow 1soform4 FAo) 7% & 1EFAA Xé’e}%o

_4

gk ‘-‘?TE © hal
o] ZHEo] HL Aow HAHQL aerE MHC slow isoform® A& SZdo =042
A ARE oo, 53 7% 23Y Ag, -] ¢, AMEFY vER =Y 7 9
t}.
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Table 3-12. Myosin heavy chain slow isoform composition in pork quality classes

PSE RSE RFN DFD

(n=4) (n=9) (n=81) (n=35)

MHC slow isoform 5.79 5.36 5.82 6.28
composition (%) (1.29)1 (0.86) (0.29) (0.43)

! Standard error of least square means.

Table 3-13. Frequency of pork qaulity classes in the two groups categorized by 7% of
myosin heavy chain slow isoform composition

7% < > 7%
(n=92) (0=37)
24 11
DFD 1
(26.09%) (29.73%)
58 23
REN
(63.04%) (62.16%)
6 3
RSE
(6.52%) (8.11%)
4 0
PSE
(4.35%) (0.00%)

! Percentage in the column

A1 AFHA “SAFEURE oy o&AqA N7 AFZAAE L9k3H, MHC isoform
xS APSUAL 2 SHo AE T AR S dFE vAE Ador EAHglon,
E3%] MHC slow isoform FA< 24 type AW & dAfAo] gl Aoer FALY}

o

&

AFS tiAlEE B g Ao MHC slow isoform 42 A
AE Aoz yelyton AMSYAL ARE 7153k=d S23 ATP, glycogen, lactate?} A
A BEF o At oy EFFNA MHC slow isoforme] A4S 43 Ay FF 7+
o7} il ew, MHC slow isoform®] Z/d°] ¥&FH AMF 7] ARG =7 AAdolw, ALE
A Wl A Aoz veyt B3 SR F Hado] SUlEE Ao FA4H
). MHC slow isoform®] &&= A] 7|58 AAS 7] a8 +HES A
A3 MHC slow isoform 4 T%E 7|FEo2 4

=

g
4

A
A& G . MHC slow isoform &7 7% =3}
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oA ARSUALZE ARl S AgA W oA HAHS FlstHa, BaeHo] =
=& Stk ®3k 7% Rk e vlE ANESY EHE0] i, o]dESY H3HE
gkt d8 = A= 1+%5 729 MHC slow isoform %A

7} 3, slow isoform ZA o]
Hol] 93, ol =R F VteAdS UFI, ANESY FHEES =Y ¢ Uk

MHC slow isoform

Quality predictor
Low Muscle pH [ High ]
Pork quality
. Filter-paper
l High J Fluid uptake t Low |
1% 0%
4% 1%
. Abnormal High
lit
Clag ‘2 é}iade Quality class Quality class
[PSE] [1+]

Figure 3-1. Summary of Development of pork quality predictor using myofibrillar protein

1soform
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A 2d ZAFENE #-d DNA EA1A 7

2 A F-IA A= ALAF- A A w3 vidE s A9 SAFAY Y FHEEte Fa3% 94
2H23E e YA RE ol FE 7MY F8% @Al myosin isoformEC] #sle] W H

AANE ZF3n SHFHAAZR AAFHT. 2987 myosine -+ 712 heavy chain(HC)}
Z}e] heavy chain head H-¥° 529 light chain(LC)e] £4 3t} o]E F49] light chain
& regulatory light chain(RLC)3} essencial light chain(ELC)S. = z}z} 3 A FHETo] 7
t}. %3k myosin heavy chaine ™#5-#¢ heavy-meromyosin(HMM)3} 2] 5821 light
-meromyosin(LMM) 2.2 &5 o] X HMM= YA actin ¥ light chain, ATP 52 23
971 9= S1 919 mel g3 At He S2 R E EH o] 2vkFigure 1-1).

tail domain

DOOOCCO0COCCOODO0A0T0000A,

51 S2

HMM LMM

Figure 1-1. Structure of myosin in porcine skeletal muscle

Myosin isoform< heavy chain® light chainol 4 2z £A3=d), 2 A A= 1452
Aol Al B3 w2 o+ FEEA Fo3A 83t SA¥ e Aol gl

%= myosin heavy chain (MyHC %3 MHC) isoform-e W& 3=

2 AAFAT A FAZAAE 4709 MyHC isoforme] £Aj38H, o5&
o] welA slow form¥ fast forme = =LA F-Eo] v} slow formeS B-MyHC isoform 3
7F &A8ka, fast forme MyHC2a, 2x 28]al 2b 37}A] isoforme] &A 3t} o) &8 Zzbzh 3
Mol FdAel] oA WY = AR I dow, A olF B3 isoform¥t & A}
tH(Table 1-1).

5

(e]
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Table 1-1. myosin heavy chain isoforms expressed in porcine skeletal muscle

Gene Isoforms Pattern of Expression
L-MyHC G-MyHC (MHC-B/slow) Slow skeletal muscle, heart
MyHC2a MyHC2a (MHC-2A) Fast skeletal muscle
MyHC2x MyHC2x (MHC-2X) Fast skeletal muscle
MyHC2b MyHC2b (MHC-2B) Fast skeletal muscle

(Schiaffino and Reggiani, 1996)

oo A= wx] ZA ol £A13E 4719 myosin heavy chain isoformsE Z}7] @&
sk 470 ARl diaiA] FAXARE AT A slow typedl S-MyHC F3dA= =)
A AAA TH grarm Gl A& ¢l o (Figure 1-2, Davoli %, 1998), & A7} A &3t
exon? FAE Fotwar QA FATE cDNA sequencing w4 ZA 3 1935719] o}n]w4bo
TAEHl gt e ¥HEE FAAYdE 2o BAANS HYoH(Table 1-2), thi-#9

ofr] At Mol H2 HELS v

1)

o fo

Pig chromosome 7

Sex-averaged Female Male
50025 — 00 — 1 — 00
a7
—1 148
_ns?—-_ w3 °°
- 208 257-
A 44 83
_4”—?—-.— g? bg
|- 524 X 2
— 551-"'"---=E 56.7 Eag
22 b
[~ 695 —+ ®3  $ip
wa M
B 135
- 631 =+ 907
Wl 204
—+ wre
50115 4 1m0 -+ 126 i
-1 %7 —4 121
iz °F

=1 1844

H -+ ma\_— 1434
PI2ZPOTA —— 1484
$02912 == 1823
\ 1 e

= 2001

Figure 1-2. B-MyHC locus in linkage map
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Table 1-2. Amino acid sequence homology analysis with other species

Species ID(%)
S. scrofa 100.0
M. musculus 98.7
H. sapiens 98.6
X. laevis 91.0
D. rerio 88.9
D. melanogaster 60.5
C. elegans 52.2

Fast type¢l MyHC2a, 2x, 2b FAAE =% #x dAA 129 g-arm Do 993 om
(Figure 1-3(a), Davoli &, 1998, 2003), BAC clone screening 23} 2a, 2x, 2b FAX7} A
HE A el A w5 77k 91Xl SR8 S 0T & AATHFigure 1-3(b),
Costa 9} Chang, 2005). o]E% 55 dAA7MA A3 exond A= Tobs A &9kl cDNA
sequencing A3 239} 2x FAA= 193971 ZElal 2b A AR 1937719 ofn| Aoz
AEo] Q) o §AAE SMyHC §AAS vl 2 b2 Y558 AT =
< R4S HYom(Table 1-3), tF-#9] ofv] =4t A do] H& BHELS HATH

L
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(a) Pig chromosome 12

Sex-averaged Female Male

50143 —00 -T- 00 - 00

M

"PRKAR1A —1- 349 1 U6 —— 1 352
—+ s —
/@vsms + a1 4o 8 s0143 - 00
sia L s0 M 15
S0096 —— 577 \ / az 14 )T PRKAR1IA —4— 188
T =2 e L GH1, 50083 —f~ 27.4
71
12
50090 —1— 851 T8 ., - }730096 —+ 413
=4 937 1
S0147 4~ 978 A jme ©2
- 1102 "2 50090 —4- 606

'ALOJ;{Z -1 :,‘;:\ . ¥ 50147 —f~ 698

0108 1298

MyHC2e - 111 1

18 ALOX12. S0106 —— 902
MyHC2a MyHC2b A o5

—t— 1567

4 617 Sscr12
e 1735
(B) BAC 140e12
T BAC 069i12

e
=
B.0kb 43.3kb

El
)

ﬁ 59 Ekb

5.0kb

Figure 1-3. (a) Loci of MyHC fast type isoforms in linkage map

and (b) Location and order in porcine BAC clone
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Table 1-3. Amino acid sequence homology analysis with other species

(a) MyHC2a

Species ID(%6)MyHC2a
S. scrofa 100.0
M. musculus 97.7
H. sapiens 95.7
X. laevis 84.8
D. rerio 80.0
D. melanogaster 57.5
C. elegans 50.8

(b) MyHC2x

Species
S. scrofa 100.0
M. musculus 97.9
H. sapiens 96.6
X. laevis 86.3
D. rerio 81.5
D. melanogaster 57.2
C. elegans 514

(c) MyHC2b

Species MyHCZb
S. scrofa 97.5
M. musculus 96.5
H. sapiens 95.5
X. laevis 85.9
D. rerio 81.8
D. melanogaster 56.8
C. elegans 51.0
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A ZAFAA L3 4

TAE o A3, cDNA 7AF E4& SalA] ofredt Ado] =5 g dth & AAlo A=
ol A7) AR ofw|mAl A S 4

sto] A4 A4S AASATHTable 1-4). ¥l 7} Fd%9] ofr] =4t 44 247 NCBI9
genome databaseE Ea B39 01 (Assession number: S-MyHC, BAB20630; MyHC2a,
BAA82144; MyHC2x, BAAR2146; MyHC2b, BAA82145), ofu]i=Ait A ¥ w842 ClustalW
programe ©| &3t th obv] k=4t A vlaw BAA 3 A -MyHC FdA7F & Al 7€)
fast type Hd FHAAEC] 9% o] FAAHE Bl A H|EA, 80% dle e FHAHE H
Atk 2y, ol B BfReEEHS Y Aot w44 42 (Table 1-2) Hu:
2o Axtw A myosin isoformE°] 722 isoform”7]¥lE HAA o] ¢ il ElE7|g]eY FH
A A9 isoform 7ol ofu|il A do] Adldoez ] B Aol7t A&5E & ¢ AT
E3], A87] M2 7RSS A sEAS B4 e W, ofbv| At o] Aolg 3, A
% S1 F-9lo A isoformztel 714 & #FelE H AL oledt A EAde] a2 A whd e
T2 7|5 Aol7f WASHA o], AAA SR isoformite ZFF 7|l Aol7l AZ
Aoz FAdFo] A AAZ myosin® FLI Ve @HIEA HE SI H9 W actin
binding F9¢l loop 1, 2 43 ELCS RLC binding 9ol A isoform7t ofv] =4t A o] t}
E 5ol w8 2 AeolE HE AT Chikuni 5(2001)& o]#g *}o] 7} isoformzlel 7] 4 <l

1€ & Avkal A3 v ik

8
<
@]
z
=
.
@]
<]
@]
=
8
E
2
59
rie
4
>
o
bl
ol
jus)
=
S
N
S
o,
N
=
L
E
29
59
hu

fr ot
=
(ld

1 IIa 1Ib IIx 1 IIa 1Ib IIx
(aa) [(1935) (1939) (1937) (1939) (aa) | (838) (842) (840) (842)
1 1
IIa 81.2 IIa 80.5
1Ib 817 91 1Ib 80.3 944
IIx 816 97 965 IIx 80.3 9577 978

(a) (h)

1 IIa 1Ib IIx 1 IIa 1Ib IIx
(aa) || (441) (441) (441) (441) (aa) | (666) (656) (656) (656)
1 1
IIa 84.1 IIa 30.4
1Ib 83.8 948 1Ib 80.1 933
IIx 842 960 973 IIx 793 965 942

(c) (d)
Table 1-4. The results of amino acid sequence homology analysis for genes MyHC

isoforms. & oFv| 4t M@ 2FEF-H ofu| ik A (A= S1(h), S2(c), LMM(d))
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MSSDQEMATFGEARPYLRKSERERTEAQNKPFDAKT SVEVAEPKESEVEG
TIFGEARPYLRRSEKERTEAQNKPEDAKTSVE HG

MSEDQEMAIFGEAAFYLR(SE(ERIEAQNRPFDAAT:VFvnzp(EstXG

~MVDAEMAAFGEARPYLRRSERERLEAQTRPFDLEKDVYVPDDREEFVE

TVQSREGGKVIVKTEAGATLTVKEDQVFPMNPPKFDKIEDMAMMT HLHE
TVQSREGGKVTVKTEAGATLTVKEDQVFPMNPPKFDKIEDMAMMTHLHEP
TIQSREGGKVIVKTEAGATLTVKEDQVFPMHPPKEFDKIEDMAMMTHLHEP
KILSREGGKVIAETEHGKIVIVKEDQVLQONPPKFDKIEDMAMLTFLHER

AVLYNLKERYAAWMIYTYSGLECVIVNPYRWLEVYNAEVVIAYRG]
AVLYNLKERYAAWMIYTYSGLECVIVNPYKWLEVYNAEVVTAYRG]
GVLYNLKERYAAWMIYTYSGLFCVIVNPYKWLEVYNPEVVTAYRG!
AVLYNLKERYASWMIYTY¥SGLECVIINPYKWLEVYNAEVVARYRG]
APPHIFSISDNAYQFMLTDRENQSILITGESGAGKTVNTKRVIQYFATIA
APPHIFSISDNAYQFMLTDRENQSILITGESGAGKTVNTKRVIQYFATIA
APPHIFSISDNAYQFMLTDRENQSILITGESGAGHTVNIKRVIQYFATIA
APPHIFSISDNAYQYMLTDRENQSILITGESGAGKTVNTKRVIQYFAVIA

EEPTSGHMRGTLEDQIISANPLLEAFGNAKT VRNDNSSRFGKE
EEPTPEKMQGTLEDQIISANPLLEAFGNAKTVRNDNSSREGKE

AIGDRE((EQTPG77¥GTLEDQ;IQANFALEAFGNAATVRNDNEERFG(F

IRIHFGTTGKLASADIETYLLE
IRTHFGTTGKLASADIETYLLEKSRVIFQLKAERSYHIFYQIMSN
IRTHFGTTGKLASADIETYLLEKSRVIFQLRAERSYHTFYQTTSNI
IRTHFGATGKLASADIETYLLEKSRVIFQLRAERDYHTFYQTL SN

RVIFQLRAERSYHIFYQIMSNKKPEL

IEMLLITTNPYDYAFVSQGEITVPSIDDQEELMATDSAIEILGFISDERY
IEMLLITTNPYDYAFVSQGEITVPSIDDQEELMATDSATEILGFTSDERYV
IEMLLITTNPYDYPFISQGEISVASIDDQEELIATDSATDILGFTNEEKV
LDMLLITNNPYDYAFISQGETTVASIDDAEELMATDNAFDVLGFTSEE(N

SIYRLTGAVMHYGNLEFEQRQREEQAFPDGTEVADKAAYLQGLNSADLLE

IYRLTGAVMHYGNLEFRQR DGTEVADKAAYLQGLNSADLLK
IYRLTGAVMHYGNLEFEQR DGTEVADKAAYLQSLNSADLLK
SMYRLTGAIMHFGNMKFKLEQREE! DETEEADKSAYLMGLNSADLLE

ALCYPRVEVGNEFVTRGQTVQQVYNAVGALAKAVY DKMFLUMVTRINQQL
ALCYPRVEVGNEFVTEGQTVQQVYNAVGALAKAVY DKMFLUMVTRINQQL
ALCYPRVEVGNEYVIKGQTVEQVINAVGALAKAVYERMFLUMVTRINQOL
GLCHPRVE THGONVRQV MYATGALAKAVYERMFNWMVTRINTTL

NEY

DIXQPRQYFIGVLDIAGFEIFDFNSLEQLCINFINEXLQQFFNHHMEVLE
DIRQPRQYFIGVLDIAGFEIFDFNSLEQLCINFINERLQQFFNH!

DTRQPRQYFIGVLDIAGFEIFDFNSLEQLCINFINERLQQFFNHHMFVLE
ETHQPROYFIGVLDIAGFEIFDFNSFEQLCINFINEKLQQFFNHHMEVLE

EEYKKEGIEWEFIDFGMDLAACIELIERPMGIFSILEEECHMEPKATDTS
QEEYEKEGIEWEFIDFGMDLAACIELIEKPMGIFSILEEECMFPEATDIS
QEEYRREGIEWTFIDFGMDLAACTIELIERKPMGIFSILEEECMFPRATDTS
EEYKKEGIEWEFIDFGMDLQACIDLIERPMGINS I LEEECHMEPKATDMT

FENKLYEQHLGKSNNEQ! /EAHFSLIHYAGTVDYNITGWLDEN
FRNKLYEQHLGKSNNF QKPKPARGHAEAHF SLIHYAGTVDYNITGNLDKN
FENKLYEQHLGKSANFQRPKPARGEVEARF SLIHYAGTVDYNITGNLDKN
FRAKLYDNHLGKSNNFQRPRNIRGRPEAHFALIHYAGTVDYNIIGWLQEN

KDPLNETVVGLYQKSSVKTLAFLFTGARGADAEAGCGRKG!
KDPLNETVVGLYQKSSVKTLAFLFAERQ--SSEEGGTE
KDPLNDTVVGLYQKSALKTLAFLFSGAQTGEAEAGGTHKGE!
KDPLNETVVDLYKKSSLKLLSNLFANYAGADTPVERGK

VSALFRENLNKLMINLRSTHPHFVRCIIPNETKTPGAMEHELVLHQLRCH
VSALFRENLNKLMINLRS FVRCIIPHNETKTPGAMEHELVLHQLRCH
VSALFRENLNKLMINLRSTHPHFVRCIIFNETKTPGAMEHELVLHQLRCN
VSALHRENLNKLMINLRSTHPHFVRCIIPNETKSPGVIDNPLVMHQLRCN

GVLEGIRICREGFPSRILYADFEQRYKVLNASAIPEGQFIDSKKASEKLL
GVLEGIRICRKGFPSRILYADFRQRYKVLNASAIPEGQFIDSKKASERLL
GVLEGIRICREGFPSRILYADFRQRYKVLNASAIPEGQYIDSKKASERLL
GVLEGIRICRKGFPNRILYGDFRORYRILNPAAIPEGQFIDSRKGAERLL

GSIDIDHTQYKEGHTKVEFFRAGLLGLL KLAQLITRTQARCRGFL
GSIDIDHTQYKEGHTKVEFFXAGLLGTLEEMRDEKLAQLITRTQAMCRGFL
ASIDIDHTQYKFGHTKVEFKAGLLGLL! KLAQLITRTQARCRGEL

GSLDIDHNQYKFGHTKVFFRAGLLGLLEEMRDERLSRITTRIQAQSRGVL

ARVEYQRMVERRESIFCIQYNIRAFMNVRHWFWMKLYFRIKPLLRSRETE
MRVEFREKMMERRESIFCIQYNIRAFMNVREWEWMKLYFRIKPLLKSEETE
ARVEYQRMVERRESIFCIQYNIRAFMNVRHWEWHMKLEF! LLESAESE
SRMEFE (LLERRDSLLIIQWN4RAFMSV?NWFWMKLYF(I(FLL(EAETE

KEMANMKEEFEKTKESLAKAEAKRKELEEKMVALMQEKNDLQLQVQAEAD

K KEEFEXTKEDLAKSEAKRKELEEKMVALMOEKNDLQLQVQAEAD
KEMATMKEE FQKTKDE LAKSEAKRKE LEEKMVT LLKEKNDLQLQVQAEAE
KEMATMKEEFGRLKEAL

EARRKELEEKMVSLLQEKNDLQLQVRREQD
SLADAEERCDQLIKTKIQLEAKTKEVIERAFEDEEE INAFLTAKKRKLEDE
GLADAEERCDQLIKTKIQLEAKTKEVIERAEDEEE INAELTAKKRKLEDE
GLADAEERCDQLIKTKIQLEAKIKEVIERAFDEEE INAFLTAKKRKLEDE
KIQLEAKVKEMTERLEDEEEMNAELTAKKRKLEDE

CSELXKDIDDLELTLAKVEXEXHATENKVKNLTEEMAGLDETTAKLTKEK
CSELKEDIDDLELTLAKVEREKHATENKVKNLTEEMAGLDEN IAKLTREX
CSELXKDIDDLELTLAKVEXEXHATENKVKNLTEEMAGLDETIAKLTKEK
CSELKRDIDDLELTLAKVEXEKHATENKVKNLTEEMAGLDEL IAKLTREX

Figurel-4. MyHC isoform
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KALQFAHQOTLDDLQAFE DXVNTLTRAKTKLEQQOVDDLEGSLEQ)
KALQFAHQOTLDDLQAFE DRVNTLTRAKTKLEQQVDDLEGSLEQEXRLRY
KLLQFAHQOTLDDLQAFE DKVNTLTRAKTKLEQQVDDLEGSLEQEKRLRM
KLLQFAHQOALDDLQAFE DKVNT LTRAKVKLEQHVDDLEGSLEQEKKVRM

DLERAXRKLEGDLKLAQESTMDIENDRQQLDEKLKKKEF] SRIED
DLERAKRKLEGDLKLAQESTMDIENDRQQLDEKLKKKEF] SKIED
DLERAKRKLEGDLKLAQESIMDIENERQQLDEKLKKKEFEISNLQSKIED
DLERAKRKLEGDLKLTQESIMDLENDRQQLDERLKKKDFELNALNARIED

EQALAMQLGRKIKELQARIEELEEETEAERASRAKARRQRSDLERELEET
EQALAMQLQRKIKELQARTEELEEEIEAER KAERQRSDLSRELEET
EQALAIQLOKKIKELQARIEELEEE IEAERASRAKAEKQRSDLSRELEET
EQALGSQLORKIKELQARTEELEEELEAERTARLEVERLRSDLSRELEET

FRER R RRR KRR KRR AR R [ RRR ] JRRE KR KRR R R R KRR

ERLEEAGGATSAQIEMIKR JKMRRDLEEATLOHEATARTLRE

ADSVAELGEQIDNLORVAQKLEXEXSEMEME IDDLASHME TV SHAKGNLE

ADSVAFLGEQTDNLQRVEQRLEKEKSELKMEIDDLASHMET £
ADSVAELGEQTDNLQRVRQKI IDDLASNMET KGNLE
ADSVAELGEQIDNLQRVKQKLEKERSEFKLELDDVT SNMEQT T RARANLE

FMCRTLEDQLSELKTXEEEQRRLINDLTAQRARLQTESGE YSRQLDERDT
KMCRTLEDGLSEVKI INELSAQKARLQTESGEFSRQLDEKE:
CRTLEDQLSELX INDLTAQRGRLQTESGEFSRQLDEKE,

KMCRTLEDQMNEHRSE

KLQTENGELSROLDERE.

EETQRSVNDLTSQR

LVSQLSRGRQAFTQQTEELKRQLEEE TRAKSALAHAVQSSRE LREQ
LVSQLSRGEQAFTQQIEELKRQLEEETE LAH VQSSRADCDLLREQ
LVSQLSRGRQAYTQQIEE LKRQLEEE IRAKNALAHAL B REQ

LISQLIRGKLIYTQQLEDLZRQLEEEVKAKNALAjALQSARﬂDCDLLREQ

e

YEEEQEARAELQRAMSKANSEVAQWRTKYETDAIQRTEELEEARKRLAQR

EEEQEARAELORAMSKANSEVAQWRTEYETDAIQRTEELEEAR
YEEEQESKAELQRALSKANTEVAQWRTKYET DAIQRTEELEERK
YEEETEARAELQRVLSKANSEVAQWRTHYETDAIQRTEELEEARKKLAQR

LQDi KCASLEKTKQRLQNEVEDL]
LQDAEEHVEAVNAKCASLEKTHQORLQNEVEDL]
LQAAFFHVEAVNAKCASLERTKQRLQNEVEDL]
D3 KCSSLERTKERLQNETEDI]

i DVERSNAACARL DK
ILDVERSNARCARLDEEQ
L DVERTNARCAALDEKQ
v DVERSN: LORE

RNFDKILAEWKQKYEETHAELEASQRESRSLSTELFRVENAYEESLDQLE
KYEETQAELEASQRESRSLSTELFKVENAYEESLDRLE
KYEETHAELERSQREARSLGTELFKMKNAYEESLDRLE
KYEESQSELESSQREARSLSTELFKLKNAYEESLEHLE

TLXRENKNLQQEISDLTEQIAEGGRRIHELEKIKKQVEQEKSEIQAALEE
TLERENKNLQQEISDLTEQIAEGGRHIHELEKVEKQIEQEKSELQAALEE

TLXRENKNLQQEISDLTEQIAEGGRRIHELERIKRQVEQERSEIQAALEE
TEXRENKNLQEEISDLTEQLGSSGRT IHELEKVREQLEAEKLELQSALEE
EASLEHEEGKILRIQLELNQVKSEVDRKIAEKDEEIDQLERNHVRVVES

REASLEHEEGKILRIQLELNQVKSEIDRKIAEKDEEIDQMERNHIRVVES
REASLEHEEGKILRIQLELNQVKSEVDRKIAEKDEEIDQLERNHVRVVES
RERSLEHEEGKILRAQLE FNQIKAEMERKLAEKDEEME QAKRNHLRVVDS

MQSMLDAEIRSRNDAIRLKKFMEGDLNEME IQLNHANRMAAREALRNYRNT
MQSTLDAEIRSRNDALRIKKKMEGDLNEME IQLNHANRQATEAIRNLRNT
MQSMLDAEIRSRNDATRLKKKMEGDLNEME IQLNHANRMAAEALRNYRNT
LQTSLDAETRSRNLBLRV??{HEGDLNEHEIQL51ANRHAAEAQ(QV15L

QGILKDTQIHLDDALRSQEDLKEQLAMVERRANLLQAE IEELRATLEQTE
QGVLKDTQLELDDAIRGQDDLKEQLAMVERRANLMQAR IEELRASLEQTE
QGILKDTQIHLDDALRGQEDLKEQLAMVERRANLLQAE IEELRATLEQTE
QSLLKDTQIQLDDAVRANDDLKENIAIVERRNNLLQAELEELRAVVEQTE

RSREVAEQELLDASERVQLLHTQNTSLINTHE
RSRRVAEQELLDASERVQLLHTQNTSLINT
RSREVAEQELLDASERVQLLHTQNTSLINT!
RSRELAEQELIETSERVQLLHSQNTSLING

KLETDISQIQGEMEDIIQ
LETDISQIQGEMEDIVQ
LETDISQMQGEMEDILQ
ADLSQLQTEVEEAVQ

KXATTDAAMMAEE LKKEQDT SAHLERMKKNLEQTVEDLQHR
EARNAEEKARKAITDARMMAFELKKEQDT SAHLERMK TVKDLGHR
EARNAEER TTDAAMMAEELKKEQDT SAHLE TVKDLGHR
ECRNAEEKAKKATTDAAMMAEELKKEQDT SAHLERMKKNMEQT TKDLGHR

IQKLEARVRELENEVENE QKRNVEAVKGLRKHERR
KQIQRLEARVRELEGEVESEQKRNAEAVKGLRKHERR
KQL <LEARVRELENELEAEQ{RNAEEVZGMRKSERR

KELT¥QIEEDRKNILRLQDLVDKLQAKVESYKRQAEEAEEQSNVNLSEE
VKELTYQTEEDRKNVLRLQDLVDKLQSKVKAYKRQAEEAFEQSNVNLSKE
VKELTYQTEEDRKNILRLQDLVDKLQAKVKSYKRQAEEAEEQSNTNLSKE
IKELTYQTEEDRKNLLRLODLVDKLQLKVRAYKRQAEEAEEQANTNLSKE

REKLQHELEEAEERADIAESQVNKLRVKSREVHIKIISEE 1938
RKLQHELEEAEERADIAESQVNKLRVESREVHTKVISEE 1837
RKLQHELEEAEERADIAESQVNKLRVESREVETKVISEE 1939
REVQHELDEAEERADIAESQVNKLRAKSRDIGTKGLNEE 1935

*_ identical sequence
:, conserved substitutions
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o H8 v obg fAx A4
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MyHC isoform & 3259 ofv| 4t A& v 248 A ShA Asg npg) 2o
slow type¢l G-MyHC #AA7F tE fast typeol WA i o=zw & AolE WY
MyHC isoform2 7RAH 2 & v]&o] b2 Ud v g weps 259 753 54 2
Aot ¥ug vl i (Wimmer %5, 2008). 2#u, 244 d443 E  isoform?
cDNA 971449 Yol A= o]H polymorphism® #&% A ¢t} (Chikuni %5, 2001). o] &gt
A= isoform 1Fe] 7154 Abolw WA G A ofv| At A A Aol oA AHY
ARy, RAZEe] WA EkE isoformE Sl W W& 9] Aol ofm|wAl Aol Y ¢ gl
ok o], 479 isoformES FHAE sE Aol ¢ =3 BAEA ES v ZrheE A
g el polymorphismo] EA18HA &FEthe
k4], MyHC isoform< 7|AE =2 @3 v]go
A4 a1 %%03‘9“%14401] P FEs Y F UM

oM we AFANEL x| o] FATol AAFHA slow fiber?] H| &S T AEaL, fast
fibere] W] &S fﬂ&ﬂr Haslar Qv (Cooper &, 1970; Hende &, 1972; Szentkuti &,
1978; Schlegel &, 1982; Kiessling &, 1982; Bader &, 1983; Salomon %, 1983; Lefaucheur
%, 1986; Wegner 5, 1990; Solomon %, 1990). dvtx oz MyHC Fdx @ae] #AS
" S-slowet 2a, 2x, 2b7} AEE WA, A f-(muscle fiber)d HE]7} slow typeol Al fast
type 2.2 AsHGI &dHA JQH(Schiaffino 5, 1994). o] E E3 4] slow type 59 A
7} fast typel. @ A3gE o, B-slow MyHC isoform® W& o] A% o] fast isoformS & A3k
HE #5382 Row, G-MyHC 42 dHx4d 9ol MyHC isoformEZFe] 2dy]
ol s = e FLI FH4 82 2 F ds AoE AT, wepA, E HA
A= L-MyHC FHAE #HA ol oy fHdx= dAstar, o fdxe] ddxzd 99
of e wrAa] Bkt
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846 GGATCCTCGC CTCCTTGGAC TCCCAGCCCT CCTTCCCAGG CCTCCCTCTT ACAGGCTGGG

<786  CTCCATCCCC ATCTGCCGAG CTCTCCTCCA CCCCTCCCTT GAATCTTGCT GCCCTGACCPF o
<726  GCTGCAGGAC CTTAAAGAGG GCATTTCCTC TCTCCGTA&A GTGAGGGACT TGGACCCACT

666 ACTGAGGCCT GTCTGGCTCT GAGGTCCCAT GACCTCAACA CATGGCCAGG CCAGTCCAQG

-606 GAAACCAGTG CCCCATCCAG AGTCCCCATT TCTAATCTCC CTAGTCGCTG TTCTTGCCCA

-546  TCTGGCTGGG AAATCTTCTT CCAGCCTECC CCATGGCCCA ACTCTGCTCT GCTCCTCTGC

-486 TGCTGACTCT CAGCCCTTCC CATCTCACAG TTGGAGGCAT GACCTGGGCC AGGGAGCAGG

-426 GAGGACTCTG TGCAAGAGGG CCCAGGCTGG TCCCAGGGGGE CAGGGGCCGA GGGCAGCAGT

366 GTCAGGGGCC AGGAGAGCAC TGGGGGAAGC CAGGEEE;gthJGCCCGAGG TCATGGTGGT

-306  CGTGGTCAGT TCCCTCTCCT GgAGCTGTGG AATGTGAGGC CCGGCCTGGG AGATATTTTGﬁA/T_ﬁCh
246 gg%;&pETA GAGCCATCCC CGCCCCCTGG AATCAGACCC TGCTCACTCC ATGCCATAAC

<186 AATGACGACC ACTTCEAAT%d%L%Fgg;AGG TAGGAGGGGE TGGGGAGGGEE GAGCATGGCT

<126 TGGEGAAGGGG GGAGCCTGGG GGAAATACTC TAGTGACAAC AGTCCTTTCT AAATCCGGCT

66 eeaem;ggﬁlmomamae GOTGGGGACG ccorecmoc COATATATGT AGGRCCTGAC
-6 CAGGT CALA [ole] [ GTAG
55 GAGOGTGGAG CTGGAGGCC : AGGTTTAGGA AGGGGCTCCT
115 CTAGGAAGAG CAAGR CTGG TCACTGAGCA
175 CAGACACATG GAFAGGTCTA AACATGARTA JATGTGCTAA TGGGAGIGTG GGGGGGTGGA
235 GGGGGCTCAT GTG
295 CAGAGAATGT GTGTGTGT

Figurel-5. 5" regulatory region of G-MyHC gene
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Chang 5(1993)° 2l3] B-MyHC frdxte] 57 ddxd @92 1 727t A& wexon,
Figurel-50] 4] H3i= n}o} 7ol exon 18 A 02 A9 oF 850bp7t Ha Al 5 wax=s o
9 E3 ofw| At A E ¥ vhERIFA 2 human(82%) & ERE¥ s@AAdo] w$ =& Holrth A
AGdol= TATA boxet CCAAT box7} EA3tH, 8742 E-box(CANNTG)7} &4 gt} &=
gk element A9} Belw Udxd B97F w3 o, BA/T rich g F9% & Aq-olA
Al Z o] ¥4 A tH(Dharmesh &, 1999).

ol WHxd e EAstE WA FAES AV AETE VesES "wHsHA
=4, E-box® A-$+= basic helix-loop-helix(bHLI) binding domain® A, myogenic
regulatory factor]t}. Element A®} B9 H-+% myotube “JEjoA] Foldo=z 2 -&3f=
trans-acting factor24 A FAGA 834 28T Aoz o4y o] AW, intron 1 GG
ol A= 7] g 79 positive regulatory element®} negative regulatory element”} &4 3}
Aoz ¥auFth £3], BA/T rich 99 &84 715 A3 (mechanical overload, MOV)
3lo] Eo]d o2 nuclear protein® Z3dte] A S EoFE Vs B9EA Ho,
typezte] HAeE FE3tA He AoE Bag v i (Dharmesh &, 1999). Zeu, A A7A]
ol TAxHIY WelA Zze] THxd F-9o 3 7ese R BaHAA, SNP &
polymorphism &4 ¢ )

2 A ANA = @A o} (isoform)oll &k HA FAAEHAN S-MyHC FAAE
A e Aoz Uy E FE9 5

s
A Z)%5Ee] dalA Fas Adwels

ie?
(27
e
BN
i
off
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=
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off
:ll—ll

Ao AFAnE nigtoz AAA B-MyHC
Hro® 2AE M FEEMAAM, FF, dsgolxa, 23M)e ZF AAYE AVAEE S
Alete], 49 el &A3F= polymorphism< Y , °] dFA3E BE O E myosin

= S Ay
isoforme] W& Hjgof WolE & F YT A4 2<E v .
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2. 44 wuld o}y fAA Wold] wWE DNA EAAA Ha

A9 SAYF gese] Fod new 48

FF 2= ol 1

2 T AT

of UE W FAAE Fu FRAAAE AR 14 2A2004% 479 myosin
|

%

heavy chain isoform®] A3}, olE2 THF=5T0 WA slow typed} fast typel @
AA T2 slow typeoli= MIHC isoform 1°] € A}3}aL, fast types 2A, 2X 123l 2B2]
371A] isoforme| £xj&H o] & FHdl= FHAAE 44 MYH7, MYH2, MYHI, MYHA4°|t},

7z} isoform® o}v| A4 A E-S vuEAe 1A% A3E 53 slow type isoforme] tE
fast type°l ¥|s] izl o= o]z v fast type isoformﬂoﬂl‘* A0 =A YEya,
T3 FAME isoform®¥ FAAOl ¢ EA eSS < AAY. ol¥ g MHC
isoforma WA E W@ u| o] thEW, Tlof uwhe} 259 ]%7‘—1 EAo] AAAvtal oy
vl Qi Wimmer &, 2008). Z1#y ¢H AFA9 & isoforme cDNAG7ZIAE WolA of
w3l WHolw WA E R 9¢ko ] (Chikuni %, 2001), o]+ 7IAE MHC isoform & H]g-o
12 = 9 = #d4 gle] HdALS el IA &Fae 572 & AU S'upstream
TATA boxtt CAAT hox & AANFFS A4S 3 = A& AEES =43 T L%
HzxA Aol 1 7)Fo] dHAJA &YW 3'downstream G EE mRNAFTES X243}
= siRNAG9 2ax 37 w83 x oz F&Hwa Ay wEA 2 dAgEES 4
myosin heavy chain isoforme FH Q3= FHAAES WG o] old, S'upstream G <
3'downstream @ oA HA7IAMEEAE B3 P @S AAT

MHC A 3o #AE ¥ MHC isoform 1914 2A, 2X, 2BE A= WA, +HH
(muscle fiber)e] HE)7} slow typedlA] fast typel & H3Avty d# A ¢ vH(Schiaffino 5,
1994). o]& E& A slow type 91579 <A F7) fast typee® A3k w, MHC isoform 1 4
Lol du o] fast isoforme.® A&HE FF3 & 5 oW, o|lF sAdsts MYH7 4
Ape] e xd o 9 o] myosin heavy chain isoformE7+e] @& go] TS = = U= F2
sk 14 Q9lol & 4 9le Ao dAdHY. T 2A, 2X, 2B MIHIC fast isoformE&-&
Ak Aol A7 HAAAMA 1289 g-arm HF ol W 7HFHA 9 ]3}31 21 e] linear
3 W xd e v = 9lorm g MHC fast isoform®] Abo]d 9w waH| Lo d3¢e =
F e Aoz dadn, wgA 2239 E A= MHC isoform 18 29 3= MYH7 34
Mutolu) g} fast type isoforme W3 MYH2, MYHI, MYH4 +7dA9] 5'upstream <<
7} 3'downstream ol Wdl AVIAMEEHE S GFA 48 Ak
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7F. EaxAFgel diE AVIAE 4 R AALT Adapolol wE dIAd T

Myosin heavy chain slow isoformd| & 349 isoform(MHC isoform 1)°] &=A3t™ =AY
A THelg-arm ol YA MYH7 Aol oA A ET 2 AgoAe THxESG
Ao HAVIMATZxe WolE BAsHY] st MYH7 Fd49] S'upstream <ol thaf] of
5.3 kb, 3" downstream G99 ] ¢F 3.2 kbE A7IAEEH S HAA A HFigure 2-1). fast
isoformoﬂl‘“ 3712l isoform (MHC isoform 2A, 2X, 2B)o| =gty 2 MYH2, MYHI,
MYHA w7k o)sf wraw=d, o 37/1e] FdAes E5F A AMA 1299 g-arm% 9 <l
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2

ALHA oz A8l U= Aol Avh(Figure 2-1). MYH2 FAA MYHI FAA= oF
Skberd Wolx glow, MYHI F3AA9 MYH4 A= of 8kbyhd "ojxglon] H ¢l
IXE MYH2 329 S'upstreamd®] #%F ofvel A fx144e] Abo]dl 5 kbt 8 kb <
283 MYH4 534 2F2] 3'downstream 94 A 7FA] A7) dEA-S A A )

—

b

5 MYH7 3

5.3kb 3.2kb

(a) Myosin heavy chain slow isoform gene in SSC7

5 MYH2 MYH1 MYH4 3

—— — — —
3.2kb Skb 8kb 3.3kb

(b) Myosin heavy chain fast isoform genes in SSC12

Figure 2-1. Analysis regions of 4 genes coding Myosin heavy chain isoform

to sequence and detect polymorphisms

(1) Myosin heavy chain slow isoform & Aol 3t 7] A 84

Myosin heavy chain slow isoforme Y3 MYH7 34X+ NCBICl Genebankel
mRNA S 7] A D (NM_213855)%F H.arElo] 9l7] ol WazxdegAetMe primerd 2HS 98k
Nz2A7IES R 4 gy uwElA] tE biological database$! ‘Ensemble genome
browser' & ©] €3l MYH7 A2+ 5'upstream 99 % 3'downstream 92 A4S &4
sttt o] AMEE g o2 15719 amplicons TEE F AT Fo] 2ZEolH set(S1~S15)&
Primer3 program(http://frodo.wi.mit.edu/primer3/)-2 o] -&3to] A& A v Table 2-1). zt7}e]
ZFolH = 700 bpA Lo ZolZ AdH Sl annealing temperaturer™ 60C7} HE=E Eo
A2k kol set S1~S9%= S'upstream® oF 5.3kbE ¥3HEFH, Z o] set S10~ 157
°F 3.2kb9] 3'downstream <3 9-& X333l ) tHFigure 2-2).

=& 2 FETU QUIAE WeolE &A3r] fsiA 4 FE(Yorkshire, Landrace,
Berkshire, Duroc)®] =& = *¢] DNAE o] &3t or, 22 FF HA 1079 DNAE &3
3l pooling DNA samples 7t #EEE 271A(F, F207F) 2433t A7 E &40 o] &3
o} ZF #x 9] DNAT EDTAE A e Ao A Sambrook 5(1989)e] #¥ ®&E 7|E
(G-DexTMIIb, Intronbio. korea)& &3l FZ3}%9ch. PCRS £ F3 50u= 100nge] = A|
DNA<®} 7} 10pmole] primer, 0.256mM¢e] dANTP, 1x PCR buffer 2 1.25U2] DNA polymerase

(i-MaxTMII, Intronbio., Korea)E& il Mastercycler gradient (Eppendorf Co., Germany)E
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ol g3te]  FHHL.

Biosystems, USA)Z 21 A8

2 2 polymorphisms2 2

3l
AN
2l

71w

o,
shach

.L4

2  ABI PRISM®3730 Genetic

Analyzer

(Applied

Seqman program (DNASTAR, USA)o 2 & A7|AqdE

Table 2-1. Primer sequence for sequencing regulatory region of MYH7 gene

' PCR annealing temperature.

- . Y Size Ann.!
Primer Region Sequence (G 3" (bp) (T)

F: ATGTATGTGTGGCGTGTGC

S1 S5'upstream 666 60
R : GCACTTTGGTGTTGGACCT
F: TGCCAGTGAACAGAGCTGA

S2 S5'upstream 682 60
R : ATCCAGTAGGCCTGTGGTCT
F: GCCATATCGTGAGTGCAAGT

S3 S5'upstream 714 60
R : TGCTCTCCGATAGACAGTGG
F: TGTTCTCCACGGTCTGAATC

S4 S5'upstream 706 60
R : CTTTGTCTGGGCTCTGTCAC
F: CTCCTCCCATTCCTGGTAGT

S5 S5'upstream 665 60
R : GAACTCGTCTCTCTGCCTCA
F: AGCTGCTCTGTCCTCAAACA

S6 S5'upstream 725 60
R GGTGAGGGCTCTTTGTAACC
F: AGGGCTGTCCTATGGTCAAT

S7 S5'upstream 621 60
R : AGCACTGCCCACAGGTAGTA
F: AGCAGTGTAGCAGGCACTGT

S8 S5'upstream 724 60
R : AACTGACCACGACCACCAT
F: CTTCCCATCTCACAGTTGGA

S9 S5'upstream 700 60
R 1 CCACACTCCCATTAGCACAT
F 1 GGAGGAAAGAGAGGGACACA

S10 3'downstream 688 60
R : TCTCACATCCATCCCTGCT
F: GACTTGGAGGTAGGGAACCA

S11 3'downstream 797 60
R 1 GGTCAGCTTTTCTGGGTAGG
F: AATGTGGGGTTGACTCAGGT

S12 3'downstream 726 60
R 1 GCAATCTAGGGGTGAGGAGA
F: ATGTGAGCATGAGCCCTGT

S13 3'downstream 691 60
R : CTTTCCCTGTGGTCTTGGTT

S14 3’ downstream F: CCTTCCCCAGTTTGAGATGT 620 60
R : TCAGCTCCTCCTCCTTTGAT
F: CTCTTTGGAGGGCAGGAAT

S15 3'downstream R : 734 60

GGGAGTATGAGAGGCAGGAA
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MYH7 A2l S'upstream QoA  insertion/deletion(InDel)¥} ¥ 7] t}3 A (Single
nucleotide polymorphism, SNP)o] Z+7zt 1714 (InDell, SNP1) A% 1 tH(Figure 2-2). InDell
2 S1 amlicon®l A3} ‘AAT A <€e] insertion/deletion = o8& e o]t} Berkshireo] A
+ insertion®] YE¥Y Durocol A& deletione] YEFES ™, Landrace?t Yorkshireol| A=
insetion¥ deletion®] YWEFsET SNP12 S2 amplicon®] $1A|3ta on thE AEFo] IF
Co712 AT g)+= ¥FH Yorkshireo| A% C/A tranversion ¥ o|7} vERYETE

MYH7 f+23412] 3'downstream 4 9ol A] SNP29} SNP37} 37 = 9l vh(Figure 2-2). SNP2:=
TE 34 C/A tranversion©] YEFSEY. SNP32 Berkshiredl A%t G/T transversion©] 4
By thE 3FFS G allele® 1A 9= A SR YUEHY. MYH7 74l tigk A7]A
dENA3 WA SNP 5 SNP12 Yorkshire &9¢]4 o] SNP3% Berkshire Eol& oz 1}

ko, SNP2REo] 47}A] EEollA aL2HA ¥olE YERITh

InDel* C/A

S1v i B

2V

5.3kb

*InDel : insertion or deletion

(a) b'upstream region of MYH7 gene

C/A G/T
Exon4l
..... N l l 3
e . B

s15
- -5 9 - &
' I

3.2kb

(b) S'upstream region of MYH7 gene
Figure 2-2. Primer set to analyze sequence of 5'upstream region and 3'downstream

region of MYHY gene in porcine chromosome 7 and polymorphisms

that were detected
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(2) Myosin heavy chain fast isoform & Aol 3t 7] A 84

obx A3 vle} 7o) myosin heavy chain fast isoforme FW3lE 3719 FHAXE E%
A A 1299 grarmPB F ol MYH2, MYHI, MYH4 2.2 932 J v (Figure 2-1).
utgkA MYH?2 A9 S'upstream 2 3.2 kbe} Al A9 Alo] 5 kb, 8kb ¥ aL
MYH4 Fr7d#¢] 3'downstream 49 3.3 kbell tiell A7 EE4 B g @48 A gk
o] A= Al Genebankolli= mRNAAZIAM A (2 NM_214136, NM_001104951 ] 3L
NM_001123141)%F ¢ A 21913 Ensemble genome browserE ©|838te] MYH7 #4429 ¢
ZIMEEAIe 2 BRI oE VxAVIME S EAsEAT

MYH?2 7442 5'upstream g 9ol gk A7|ALENE 93
S A2 o™ (Table 2-2), A% pooling DNAYE MYH7 24}
ot o1& &3 6719 amplicons FE&3F9 ™, o= ¢F 3.2kbe] 4
2- 3). %3 PCRAMES o &3lo] A3t $dd WRo=m 9744

:cl>(j
i
e

sxglol set F1~F6
| AFES A Y

shalal 2l th(Figure

i
S

Ol
i o Mo
He

S}
o
(it
>
o)
v

Table 2-2. Primer sequence for analyzing sequence of 5'upstream region of MYH? gene

- 1
Size Ann

Primer Region Sequence (6' — 37) bp) (T)

F: GCAGTCTACTGGGCAGGTTTA

F1 5'upstream 667 60
R : AATAGCGAGGGGTCTAGGGTA
F: CAGGTTCTTTTCTGCTGCAC

F2 5'upstream 686 60
R : TGGGCATTTTCTCTGTGCT
F: GAGTGAGGCTTTGCCTTTTC

F3 5'upstream 713 60
R : CTTCCACTCTGAGCTGTTTCC
F: ACATGCTGAGTGGAACCAAG

F4 5'upstream 799 60
R : TATATGAAGGCCACGGTGAG
F: TGTGTGCCCTTCTTCATCA

F5 5'upstream 750 60
R : AAGGAAGGTTCAGGCTGGT
F: AGCCAGGAGGAATTTGTGAG

F6 5'upstream 721 60
R : TCTCCAGCACCTTTCCTGA

' PCR annealing temperature.
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MYH?2 73429 S'upstream 9 QoA &= & 3Fbe] WMol (SNP4, T/C transition)”} 2715 ¢l
t}. SNP43= F5 amlpicon®] A3 Landrace® Duroco] A= T alleleZ 3L 5o 9l A vt
Berkshire, Duroco] A= ¥ o] 7} eyt

T/C

r
1
@
-
1
L ]
®
@

3.2kb

Figure 2-3. Amplicon structures of 5'upstream region of MYH? gene and
information of polymorphisms detected by direct sequencing
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MYH2 §23A2¢ MYHI +3A43F g gt A7|d#4E 93] §o] Zdolm set I
7~F152 A Z3s] o (Table 2-3), Y3 pooling DNAZ o] &3¢t} o] &3 <=3 97
9] amplicon®& MYH?2 428 vrA 9 exon¥t MYHI f3A9] A W

Table 2-3. Information of primers used for sequencing noncoding region
between MYH? and MYH]I genes

- 1
Size Ann.

Primer Region Sequence (5" — 3') (bp) ()

F: ACAGTCATCATCTCCCAGCA

F7 MYH2~MYHI 721 60
R : AATTCTTAGCGGCAGGTCAC

8 MYEH? ~MYVHI F: CGGGAGGTTCACACAAAAG 770 60
R ¢ TCTGAGGTTGGGGATCAAAT

: AGTGGAAACGAA AA

F9 MYH2~MYHI F CAGTGG CGAACCCAAC 781 60
R : TCCTGAAGCCAGTGTGATGT
F: AAATGGCCCTGTGAGAGAAC

F10 MYH2~MYHI 668 60
R : AATGGAAATAGGCTGCCTTG
F: CCAGGTGATCAAGGTCAAGA

F11 MYH2~MYHI 777 60
R : TTTGCTCCTTACCGGAGACT

F19 MYH? ~MYHI F: TCAGTCTGTCTTTGGCTGCT 630 60
R ¢ CAGGATGTGTGGCATGTGT
F : ACACATGCCACACATCCTG

F13 MYH2~MYHI 798 60
R : CAGGAAACTCAAAGCACTCG
F: CCTGCATGTTGCTCCATACT

F14 MYH2~MYHI 712 60
R : GATGCTTCTCCAACGCTTTT
F: GAAGGATGCTGCAGAAGGA

F15 MYH2~MYHI 766 60
R ¢ GTCAAAGTCTGGGAGACAGGA

'PCR annealing temperature.
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MYH?2 429 MYHI 1A d9oar]= SNPS(C/A  transversion), SNP6(G/A
transition) Z# 3l InDel2 7} @A F AT F9 amplicono] A= 7A%F SNPAE HE EHEd A4
Hol7l Yel o, F10 amplicon®] $+F SNP6< Yorkshire®} Landraceo] A yEeLf= ¥,
Berkshire®} Duroc< G allele® LA FH o] A AT} InDel F15 ampliconol 4] Ve

cf\ G/A InDel*
5‘-| MYH2 ! L ‘L: MYH1 |—3'
2 F15
L ] i & i & O —— —
10
 — f—a gz 5
| |
' 5.5kb '

* InDel : insertion or deletion

Figure 2-4. Amplicon structures of noncoding region between MYH? and MYHI genes

and information of polymorphisms detected by direct sequencing.
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MYHI A9k MYH4 A A3E @9l gk Fo] Zelo]™ set FI6~F29E A28l e
O

H(Table 2-4), & 1471¢ amplicons
AA gy Al AFE-8E pooling DNAE ©]

[e}
ZE3to] of gkbel o2t Fo] W@ WA ARAS
[e]

22l A WA exond E3H3FaL UHFigure 2-5). =E3F PCRAMHE S o] &3to] Ayt %Y

S R FRE E A L

Table 2-4. Sequences of primers used for sequencing noncoding region between MY H]
and MYH4 genes

- - 'y a Size Ann.'
Primer Region Sequence (G 3" (bp) ()

F: ATCCCGAAGTCGATGAACTC

Fl16 MYHI] ~MYH4 825 60
R : CACTGATGGACACTGCATGA
F: TGAAAGGGTGTGGTTGACTC

F17 MYHI] ~MYH4 692 60
R : TGCACTCGTGGAACTGAGA
F: CTTGCAAACCTCACCTCTGA

F18 MYHI] ~MYH4 606 60
R : ATGGGTGTCGTGGAATGAG
F: CAAATGTGACCCATTCCTCA

F19 MYHI] ~MYH4 790 60
R : AAGAGAAGCGTGGACCAGAT
F: GCCTGCTTCTCATCTCTCTGT

F20 MYHI] ~MYH4 716 60
R : CCAGAAACGAAGTACCAGGAG
F: GCAAACAGGCAGGTACAGAA

F21 MYHI] ~MYH4 734 60
R : CCGCACACACGTAATTTTG
F : ACTAGAAGAAAGCGGCAAGG

F22 MYHI] ~MYH4 720 60
R : CAGCCCTAGAAAAGGCAAAC
F: GCACATGGCTCATAGCAGAT

F23 MYHI] ~MYH4 500 60
R : TCACCAGGGAGGTAATGGTT
F: AACCATTACCTCCCTGGTGA

F25 MYHI ~MYH4 780 60
R : CGCTGAATGAGGGAGAGATT
F: TTGAAGCTCCTCCCCATATC

F26 MYHI ~MYH4 583 60
R : ACGCATGTGCTATCTTTGGA
F: TATGCGTCTTGGTCTCATCC

F27 MYHI ~MYH4 729 61
R : CAGGAGTCCGTGTGATGTTC
F: GTCATGAGGATTTGCCTGTG

F28 MYHI ~MYH4 765 61
R : GGCATCTCAGCTCCACTTTT
F: ATCCATTCACAGCCACAGTC

F29 MYHI ~MYH4 R 663 61

CGTGTGATCCTTGCAGTCTT

"PCR annealing temperature.
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MYHI] FAA} MYH4 5427 404 SNP7T(G/A transition), SNPS8(G/A transition)
SNPS(A/T transversion)©] A% A tHFigure 2-5). SNP73 SNP82 F16 ampliconel| %] 3%t
T} SNP72 RE FEo|A 124 e en, SNP8L Landraces A9t AEFF oA vERS:
t} SNP92 22 amplicono| $*38+™ Yorkshire, Landrace, Berkshireol| A ey 3, Duroc-
A alleleZ A o] ATt

G/A
G/A A/T
5'—| MYH1 : ‘ l/ : MYH4 |—3'
F16 y y N X 2y 2 — )
L 2 -9 - L o o o o
I I
79 kb

Figure 2-5. Amplicon structures of noncoding region between MYHI! and MYH4 genes

and information of polymorphisms detected by direct sequencing

MHC fast isoform +dx&9] Ad wpAg F-EFo 2 MYH4 73449 3'downstream %<
of W3t Fo] ol set F30~TF35E Al2t& 3l vH(Table 2-5). $EA AR&3 pooling DNAE
o] &3}od 6719 amplicons 53}l (Figure 2-6) °F 3.3 kboll o8] 7] E2-S A
Ty e FEAF e gEA HolE HE & gl vk (Figure 2-6).

Table 2-5. Sequences of primers used for sequencing 3'downstream region of MYH4 gene

- 1
Size Ann.

Primer Region Sequence (6' — 37) (bp) (T)
F30 37d ‘ F: AATCCAACGTCAACCTCTCC 633 61
owhstream R: TGTGTTACTGCCTCACATGGT
F: TGCTCTAAGAAGAGGCAAAGG
F31 3'downstream 727 60
R : ATGGGGTTTGAATGCTGTG
F: ATCTGCAGGGTGAAGGAATC
F32 3'downstream 77 61
R : TTAGCAACACAGGACCCAAG
F: AGTAGGGCAGGGTTCTTTTGT
F33 3'downstream 650 60
R : CAGTTGGCCAGTGCTTCTAA
F34 374 ) F: CCCAGTGTGGGAATCCTAAT 690 60
owhstreant R: AGCCTCTTGCTTTCTCCTTG
F: ATGCGGGATCACTGAGATTT
F35 3'downstream 784 60
R : AACCTACACCCTCATGAATGC

' PCR annealing temperature.
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Figure 2-6. Amplicon structures of 3'downstream region of MYH4 gene and information of

polymorphisms detected by direct sequencing

3l MYH7, MYHZ2, MYHI, MYH4 A9 W@ zdgdo] st d7]A
Asle] BAE fA AT A S Table 2-63% 2t} myosin heavy chain®] 2}
isoformE9] ol A do] AMA|, FHF #AGl M =2 FHAAE HolE Aom Uy
A Q. olmxAkS FYEE g YiEviely o] #AAFE 5'upstreamt
3'downstream GAA A= AFd] HEAQ HAIFE HATL 53|, MYH4 FAAANA 7178
AA A E Hol7p wAw A kgt X 2 AFE B3 F 119 WelE dagdoen, 9
hel SNP¢} 27§2] InDelz T4 %o 9t} SNPE transversion(SNP1, 2, 3, 5, 9)°] 57192
o, transition©o] 47] SATHSNP4, 6, 7, 8).

> o

Table 2-6. Overview of polymorphisms found in genes coding porcine myosin heavy chain

isoforms

Polymorphism Gene Region Primer Nucleotide Rﬁic%ilcr‘ggn
InDell 5'upstream S1 -/AAT -
SNP1 5'upstream S2 C/A -

MYH7

SNP2 3'downstream S14 C/A Apol
SNP3 3'downstream S15 G/T -
SNP4 MYH?2 5'upstream F5 T/C PstI
SNP5 F9 C/A HpyCHAV
SNP6 MYH2~MYHI - F10 G/A -
InDel2 K15 -/A -
SNP7 K16 G/A -
SNP8 MYHI ~MYH4 - K16 G/A -
SNP9 F22 A/T -
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SNP9] &3l flaide AATEY] MAH(DA=a) A0 Zast
) <2 Berkshire 2045, Duroc 385, Landrace 60+, Yorkshire 29+ %=
< 331Folth E A= 23750l AL, AMFEIA = TR TR U 49 FEeERY ¢
TATOEN FEH JEEAE AT xpdRol A FaEeld ®
AR ANA FAAFY] a9 By o A8 S84 5 s A
AR B & F ds Ao ARdY. oFA HAH A7
HAFE  DNAw= EDTAE Hd AmEoA Sambrook 5 (1989)°] Wi FEi=
(G-DexTMIIb, Intronbio. korea)E &3l FZF3}9ch LA WHol&Eo W3 FHdAHEAE 9
A= FAGrysge] Hgstar &4 wWREe syl restriction fragment length
polymorphism (RFLP) W& 7str] aia A 2 Hol9A & AL + e AdaEA
= @Atk F=E3 DNASH oA Altd SoliZefolwE o] g3kl PCR-RFLPYH o=
SNP2, SNP4, SNP5ell wia] AT Hetel A A FAadA4dE49E A A

MYH7 s3#Fe] 3'downstream o] £33 SNP22 AR A Apolol €8] <12 5t}
SNP2:= S14 Zgolmsetel 9l&] =% 680bpe] PCRAMES RFLPel o]&3lt) CC HA A4
S 7HA AAE U E 680bpe] W] A7IANE AA FAAE S 717 A= 504bpet 176bp
o] dyo] AE FRATE wak o]FHIAA AC FAAF] A Al @680, 504, 176
bp)ol B AQE7| witol 37HA FAAHE B T8 7 AoH(Figure 2-7).

650 680
500 504
=l 176
100

M AA AC CC

Figure 2-7. PCR-RFLP fragments of the SNP2 in 3'downstream of MYH7 gene
M, 1kb plus ladder size marker (Invitrogen, USA).
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MYH?2 442 5'upstream < &0l £33 SNPAL A 3E A Pstlo] o3& 129w, 2
< e E o] &ste FHAIAGVIME ML FS Zeholw setol &3 F3FE 750bpe
PCRAMES CC d A& oA 539bpet 211bpe] + @HoE At v TT {25 o A
v Ay i aE 750bp7t vew, olFHFAA CT FdAHe] 4¢ A7FA @A
(750, 539, 211)o] W vebdt} wElA SNP4el| st f-Axd #2490 753t Figure 2-8).

<750

650 — < 539

500 —>

200 — «—1211

M I CI €

Figure 2-8. PCR-RFLP fragments of the SNP4 in 5'upstream of MYH? gene
M, 1kb plus ladder size marker (Invitrogen, USA).

MYH?2 329 MYHIGAA Abelel EA3kE SNPS= AldE A HpyCHAVel o= <12
Al SNP5E F9 Zgo]lH setoll 98] &= 781bpe] PCRAHE ¢tell 2w x|k o] 3¢
AFE A HpyCHAV 98] Q250 Hes= Fio] Ui Wolr FAAFGEN oy g o
Ark whEbA BHoh B&2Q FAAEEAS Al AHEE o] sets AZFTHTable 2-7).

Table 2-7. The sequences of new primers used for genotyping SNP5

Restriction

Enzyme Sequence (B — 3') Size (bp)

Polymorphism

F: GCCTATGCTTCCAGGTCTTC
SNP5 HpyCHAV 279
R GCAGTCACCATTCAGTTTTCC
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M=z AREE zetolmE F3 F5H PCR AF=& 279bpolH. o= AA A3 oA 168bp,

57bp, 54bpe] AlgH oz Lol Xit) 3% o7z A d79Es e W= 5Thp Hdbp @

Aol FEHA 23 stz bmbm wEol, A el 27H-'~’4 RO molAu, §a4%o
HAgle]l &4 vEbdTE v CC Fd 23S 168bp T o E% HAoks o] 135bpe}t 33bp7t

i 37] S PCRAHE Q] S E}\}\g o] FFA) o] FHF
= ©H(168bp, 135hp, 57hp, 54bp, 33bp)e] YERAT wEkA] Af
W SNP59] 37FA] A H o] B i 7hs 3k th(Figure 2-8).

FIT= *Mﬂt} 33bp4 5
Aol AC SAAREe 9o =
2 AE3E Lo luie o] &3}

200 168
«— 135
100
50 <— 57+54

M CC AC AA

Figure 2-8. PCR-RFLP fragments of the SNP5 in noncoding region between MY H? and
MYHI genes. M, low molucular ladder size marker (New England Biolab, UK).

SNP2°]] ﬂ%:} FAAE 42 3= Table 2-80 dth SNP2+& 3275 s 4o s
AL, CC FdAd el e F FdaAFd 3] =& WmGA%E Yeuth AA 482
old A ACHAATANTYE © e ¥rz e, ol AR C allele(68%)
| A alleleo] Bl =7 "}E}‘f}‘jr Ty AAA vzl 2 7 FEEEE Boldt A%

_4

o

S Bt} Berkshireod| A= AA 4289 Bl AC 9l=vwtE YUgx|wr CC AR o| &
2 AR AdFo]l YErET X %E Durocd Ladraced A= CC FAAH o] w9 =2 HE=Z
e, AA AR S 7FR RAE glslh B8k Yorkshires ©HE Al #5343 o=

A AAT AC F A o] CC A BT v-% =4 YEst
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Table 2-8. Frequency of gene and genotype of SNP2 recognized by Apol restriction enzyme

Genotype Gene
Breed N
AA AC CC A C
: 0.24 0.29 0.47
Berkshrie 200 (19) (58) (93) 0.39 0.61
0 0.05 0.95
Duroc 38 o) ) (36) 0.03 0.91
0 0.25 0.75
Landrace 60 o) (15) 5) 0.13 0.87
: 0.38 0.55 0.07
Yorkshire 29 an (16) ) 0.66 0.34
0.18 0.28 0.4
Total 327 (60) 1) (176) 0.32 0.68
SNP4e] 3l f4x8 E24743= Table 2-99] ¢lvl. SNP10¥= 331%F9 tha] =% #20]
4= 53} Berkshireo| A qE Al 7FA] At o] ZH FEAEQom o]y HIAA CT FdA}

ol 714 =& WEE WUl Landrace™ 607 EF TT FAxAEoR A Yuth
Duroc¥ Yorkshres= CC FdA& o] ##= A e¢ki, TT AR =7t 242 89%, 97% =
= Utk AR e QoA % Berkshireo| A5t a2 A YElg oW, Ur R M FE2
749 T allele 247+ 95%, 100%, 98% = A4 A ch

Table 2-9. Frequency of gene and genotype of SNP4 recognized by Fstl restriction enzyme

Genotype Gene
Breed N
CC CT TT C T
) 0.21 0.4 0.25
Berkshrie 204 (12) (110) (52) 0.48 0.52
0.00 0.11 0.89
Duroc 38 ) ) (34) 0.05 0.95
0.00 0.00 1.00
Landrace 60 ) ) (60) 0.00 1.00
) 0.00 0.03 0.97
Yorkshire 29 ) (1) (98) 0.02 0.98
0.13 0.35 0.53
Total 331 (12) (115) (174) 0.30 0.70
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SNP5o| W3k f-dxd 2424 33= Table 2-10°] 21t} SNP53= Duroc, Landrace, Yorkshire
of dislAE ¢EHATE Berkshires® 157F #4332, F7HAAE S A Fof vt SNP5
o] FHAFPNEE T2 SNPe #Zo] FFHE FoldtA yesth Berkshire®t Durocol Al &
CC FAAEN =7 =4 vebd w18 Landrace?t Yorkshire:® AA type¥l =7} =4 vEbyt
AAAR HE=Z HGS e CC FAAFNET A YeAR, ol x4 F47t

Berkshireol| A @ola] 188 o= @A)

Table 2-10. Frequency of gene and genotype of SNP5 recognized by HpyCHAV restriction enzyme.

Genotype Gene
Breed N
CC CT TT C T
. 0.21 0.4 0.25
Berkshrie 204 (42) 110) (52) 0.48 0.52
0.00 0.11 0.89
Duroc 38 ©) ) (34) 0.05 0.95
0.00 0.00 1.00
Landrace 60 ©) ©) (60) 0.00 1.00
: 0.00 0.03 0.97
Yorkshire 29 ©) (1) (28) 0.02 0.98
0.13 0.35 0.53
Total 331 (42) (115) (174) 0.30 0.70
ARAA ] B4 $AdSAAZA ] DNAVA 7ol . o|E 98] 24U <
o ARE FEAAAE] WM FafAdzEIAe] 974

wa T
q
ot
o,

)

2,

. X5 =2 myosin heavy chain isoform< mRNA
, 7L % MHC isoform 1, 2A, 2X % 2B isoforms+
A% skeletal muslce(FA )4 A= isoformolt}h o] isoformES 714 tALZE-S
3= slow type(MHC isoform 1)¥% @714 thAR2RE-E 3= fast type(MHC isoform 2A, 2B,
2X)E Ul AY, 1 Ao we} 259 5 W o]3da Ao FF¢E vAA Av &
Aol A= o] & 4702 myosin heavy chain isoforms codingsl= 22t e] 47 FAAHMYH7,
MYH2, MYHI, MYH4)2] 5'upstream¥ 3'downstream %99S X3l 22 Ao sl
% 28 kbe] VA ATEE wotd & QA T 11709 Wol(SNP 971, InDel 271)& st
Atk o=l I FHAIREAVIMS vidste] VxEa R S 47)%F(Berkshire 204
+, Duroc 38, Landrace 605, Yorkshire 29%F) 33159 WAl WelA Fd4 2 FHAXH

MEE 3% 5 ot

roope

Q7R B AFHAE AL 279 skeletal MHC isoform 442 5'flanking % &
olt} 3'flanking Gl dis] @& A7 MAHZA &L AEolth. thE ZFol A& mouse
adult IIB 3 AHTakeda &, 1992)%} rat embryoic 4 AHBouvagenet &, 1987; Yu %, 1989)
oA A= n glom H oAM= MYH?2 +AAHMHC isoform 2A)2] 5'flanking < < 9]
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Chang 5-(1995)e] ]3] ¥4 n} gt} o] Hae] wrEw MYH2 gened] HAAA F9 =256
-31 9A¢ 5'flanking Dol TATA box7} UA¥H CCAAT box motifyx $Slch. 1¢]ar
muscle-specific regulatory element$! E box, MEF2-like binding ¢ 7} &4 Ach ¥ A5
HA Y-S F3 MYH2 442 S'upstream oA A SNP4= AANA|F9 2 5-H
=702 Aol Qov, 3719 MEF2-like bindng #91(-911~-901, -863~-853, -164~-154)%
Atolo &3kt SNP4o] S'upstream < 9ol A regulatory elementE3 v 712 A YA 3)ar
ATH= oA MYHZ2 e wdel d3s & & & 202 7|drt.

x| A MYH4 AAHMIHC isoform 2B)e| thalA %= 3'-UTR (EMBL accession no.
AJ493461) dFelA shuke] SNP7F warel ®b glvk(Davoli, 2003). MYH4 ++7d 42| 3'-UTRO]
A ZFA ol A +2691 A ol gl o, Meishang A9 gh v A FFoA EF A allele 1527} &
A yergdth 28y B oM B34 9542 Berkshire, Duroc, Landrace, Yorkshireol] ©jdF 7] A
A4S S8 WHolgAA g A= oju gt Wol WA X skt Davoli & (2003)2] ¢17-9]

% Duroc, Landace, Yorkshireo] w3 allele frequencyS X3 3}tl. A allele ¥I%=7} 7+
0.981, 0.830, 0.767= =7 Yelged), ol WolRlExA7F vl A&s & F oy 2
Toll A A% pooling DNAO| tgk Q7] AEM A E5 X ke Aoz oA} olE
DNA pooling#]¢] DNAZZEFEHAANA s FAAEE 7HAA X3S 743 34, 4

A Edown gusE & )

S
i
)

)

—

=

Myosin heavy chain isoform A XE2] S'upstream %+ 3'downstreameol| gk Ao

AA7EA] & o] Fojx|A] &gkt dF AR @wd] FEREHAN A= AV Ao,

—_

Ho|ghAlg F8t 2] 7)&e] wiglo] theh A7) 58 Abefoltt. whebA] 2xd H A
812 %3 Myosin heavy chain isoform fAAE¢] FAG oA A3tz A3 SNPEF o]
of et FHAEATIHe e ZAFENA oY E coding e FAAES old skt
¢ 88 Aow dAddr. 2y ofF Us AS4om @i&3tr] A= 23dRY v
P4 g ATEANE g R AAR S4E 238y FZEFY ABEE FEst 1 7%
S Wadorstth. A F AFHA Y 3AEE AgolA e olgdt AFARE e E 7t
SNP9] #4dA3 3} myosin heavy chain isofrom32] #AE W Yoyl S2AH FA
=9 TS gel HATHOR FHASFE DNAvHA R L HAZFS TS DNA

g
Ao et e vidsinA )
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Figure 3-1. Candidate gene for myosin heavy chain isoforms
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B AL 1, 223d A7 Tl SAREN A o SR AAT(MYH7, MYH2, MYHI,
MyYH4)e) Tazxdgded e AridEd s A HTFigure 3-2).01% 3 & 9719
SNPe9} 271¢] InDel& T&stal, o] 5 A7Itd3d AAE 2T F A= A$E A(restriction
enzyme)”} €413+ 3719 SNPe| tfs] PCR-RFLP7|H & ©] &3 FAAFHAGY| S vlA g
o} A3¥:=9] DNAE EDTAE A3 g olA Sambrook 6—(1989)52 W k= YE
(G-DexTMIIh, Intronbio. korea)E %8| FZ&3}al, Z}7zF SNPE ¥ 3= 998 PCR3H7] 9 &l
Eo] izglolmE A A HTable 3-1). PCRS = 3 20u= IOOngJ H 2 DNA®2}F 7+
10pmole] primer, 0.25mM<¢] dNTP, 10x PCR buffer 2@ 1.25U2] DNA polymerase (i-MaxTM
I, Intronbio., Korea)E& 231l Mastercycler gradient (Eppendorf Co., Germany)E o]-&3to] &
gty PCR WFS-x27A 2 94Tl A 1057 pre-denaturation 3+ §-, 94Col 4 denaturation 1%,
7z} sLglol o] H A% (Table 3-1)o| 4] annealing 1%, extension 72C 188 3t cycle® 319
cycles W3l & wpx|uto g 72T oA 10222 PCR WS &3, o] PCRAME &
SNPEH=Z Aa 4 Apol, Pstl, HpyCH4VE A 2|3t RFLP7| W& o] &3] fdx3 84
A B o, ofo] wE ME=sfEl o] Table 3-20] e ITH

o mo &

[E7IMg g Ed
Slow
(Type 1)

MYH7

ssc7 s MU EARAA AR BRI A=

Fast
(Type 2a, 2x, 2b)
MYH2 MYH1 MYH4
ssC12 s5—— [1a [}—— mx |} ([ m| } o
5kb 8kb

Figure 3-2. Sequence analysis about genes coding porcine myosin heavy chain isoforms
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Table 3-1. Overview of polymorphisms found in genes coding porcine myosin heavy chain

1soforms by direct sequencing

A li , Restriction
nneaing Nucleotide

Gene (Region) Primer (5'—3")
temperature enzyme
MYH7 F: CCTTCCCCAGTTTGAGATGT
_ 60°C C/A Apol
(3'"downstream) R: TCAGCTCCTCCTCCTTTGAT
MYH? F: TGTGTGCCCTTCTTCATCA .
. 60C T/C Pstl
(5'upstream) R! AAGGAAGGTTCAGGCTGGT
MYH? F: GCCTATGCTTCCAGGTCTTC
62T C/A HpyCHAV

(3'downstream) R: GCAGTCACCATTCAGTTTTCC
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Table 3-2. Methods of genotyping each polymorphisms in genes coding porcine myosin

heavy chain isoforms

Ger.le Enzyme Allele size (bp) Figure of electrophoresis
(Region)
MYH7 C allele : 680
Apol
(3'downstream) A allele : 504+176
MYH?2 T allele : 750
Pstl
(5"upstream) C allele @ 539+211
M TT CT CcC
MYH2 A alicle 16857+ 200
J
(3'upstream) C allee : 135575433 150
50
gk SNP7F A FHUAED 9 Sdo A= A%E sty s A F-dA e o
Aste] Sz 2 FHASAE AAGY. AN E 9 SHAPEES FF5, 428 Y
A4 a1y A A A ajlef dFs Wt A A= 34 IS g
3171 Y& el A F238HA o]8% 31 1+ Berkshire, Duroc, Landrace, Yorkshire®] 47] #
FTo=z xAFAoH, dHA 1597 AAFEHA 7272 F 23172 75 o] AdrKTable.
3-3). w44 220s Hdg wAsty] s vY v, FY AR 5 sY skl A
Ao, 5% dAS 271E FdstA FAET AT =gd A3 MHC
isoform #4-& & =55 HEU s4Z AMEE F5YAse] FHEa, RS UANTS
T ARE ol &3ty F2S SA AT
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Table 3-3. The structure of experimented pigs

Breed Female Castrated male Total
Berkshire 68' 52 120
Duroc 0 30 30
Landrace 2 42 44
Yorkshire 19 18 37

Total 159 72 231

! number of pigs

Table 3-43= Ag=we] s SAFENAEAY 2 545 AL daolt. 259 F54
ojgtell AF Ao Hojzty, =K ] FE dWRdd SAfRUdE

o
=
>
>
2
o,
=
OO
o
o
4
|

myosin®] A, Myosin< 2719 subunit® T EH°] 9™ (myosin heavy chain® myosin light
chain), ©] % MHC (myosin heavy chain)& tiAF S wel slow$} fast isoformOo. 2 Fi-8 5
Ak, 2 AF =TS MHC slow isoformHB]&o] Hat 590% .2 MHC fast isoform(94.1%6)°
Hl 8] $A yElyton o] wiAel =854 7E“jr MHC slow isofrom®] &< #H 4 0.4%
A
il

=+ o
el =% 2443 S (pHow) 22beElel 24 SA Y BaES S5 Drip loss) 7F9 4
#Z(Cooking loss), o ¥*&F % (Filter-paper fluid uptake, FFU)¢] 37}% ®H o=z gelgct
S e M A(CR-300, Minolta Camera Co., Japan)ZE o]&3dle] =A3la, FAxw A3
(Commission Internationale de I'Eclairage)®] ™ Z(lightness)® UWERHAOH, o]} 3HA
NPPCe] 7]Eol whe §48 45, Sl AW NPPCY]Edl wet 45300, £20
= Universal Testing Machine(Model 1011, Instron Co., USA)S. & A W&H-S SAH3lo] An
of &3t ATt

A AU 16.46%= MA W therst wolE Jehy 9ot
% :lloﬂ/‘i %‘Xé% %742183 ]% ﬂﬂ] ‘-‘?FDH, L:_]_'/FEE],, %/\li melug—%]:’ OEEE :Il%g—]:]_
SpHE A5 27 giAEEE d79e B35 A58 T (pHismw), 283 HE pHHEIE &7

=
=

AR 259 pHE oF T4 A FH A3lsl7] AlZste] AMStiAL7E SAE = A Hd = oF b,
3~57A %2 pHE YE}A QE}(SChefﬂer & Gerrard, 2007). A @79 H pHusmn 6.17,
pHon® 57602 Avkdoz 93t S48 Yl I8 ¢ F ok ¥ E(dightness)”} 50

veh S 5S4 " (drip loss)© 6.OAH]%°E‘ i AgFo R HrhslEd, A]@%—EA B A
4560, 2.92% = AUl 23 Arh Cooking loss ¥ FFUS A -¢% 7H7; 29.26%, 31.08%
o2 AAA nedEs el gl

MHC isoform % #2Jd 44 A=t AdHEee] 454 7L dae o
T oy, MAEE gt Welg Yehlal o fHAge] aaE FAs ] Ad
Aol ghar g
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Table 3-4. Myosin heavy chain isoform and meat quality traits of [longissimus dorsi

muscle
Traits N Mean SD Min Max
Myosin heavy chain
Slow isoform (%) 231 5.90 2.70 0.40 16.46
Meat quality traits
PHosmin 231 6.17 0.28 5.44 6.81
pHoum 231 5.76 0.25 5.40 6.57
Drip loss (%) 231 292 1.91 0.83 9.80
Lightness (L") 231 45.60 3.58 32.72 597.63
NPPC Color score 231 2.81 0.72 1.00 0.25
NPPC Marbling score 231 217 0.78 1.00 470
Cooking loss (%) 229 29.26 5.54 11.96 46.84
FFU (mg) 231 31.08 2395 3.50 141.60
Shear force (N) 231 54.34 16.57 23.71 108.04

Abbreviation: SD, standard deviation; Min, minimum; Max, maximum.;
NPPC, National Pork Producers Council; FFU, Filter-paper fluid uptake.

i

MYH isoform< #93dlE 2 x1e] SNPEo| st 34 %3
AAH %= Table 3-5, Table 3-6, Table 3-7° L}ERLFQ)ITH

MYH slow isoforme =W3akal 3= MYH7 4] 3'downstream regionol 4 2
SNP (Apol Dol g #dxd 2 FdA4HI%== Table 3-569F #vh dA4o= CC #4
Aol 7h we HEE ERG 0P (54%), FAAREAE C alleleo] 68%7 % kth. Duroc
2 Landraced] A& AA @A o] vERRA Zol C allele 1=7F W& Z=9kom, Yorkshire
MM E o2 FEH 924 CC FAAF] 71 Aol A alleledl =7l =4 YelE 54S
e T

4% fAAPNE 2

Table 3-5. Frequency of gene and genotype of Apol site in 3'downstream of MYH7 gene

Breed N Genotype Allele
AA AC CcC A C
Berkshire 120 (02%31 ?3?; ?5%15)) 0.39 0.61
Duroc 30 (8) O(? )3 ?2?93 0.02 0.98
Landrace 44 (8) 0(71)6 ?3% 0.08 0.92
Yorkshire 37 (()ES ?121) O(i)l 0.64 0.36
Total 231 (()413 ?6%? (?'Sj) 0.32 0.68

Yumber of pigs
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P

MYH fast isoforme W32l ¥ MYH?2 42 5'upstream regionol A 274 % SNP
(Pstl &l digk A3 9 FAAHEE Table 3-69F 2o AAAo=z TT FAAZo
7 =S RIEE UER o (59%), CC waAtd ol 71 A A YeEFRTH8%). Berkshireol A=
Al FAARY el B YERRAIN, &8 AEEdAdE CC FdAd ol yEhA Fgke
Landrace® 4-%+ 44% E5F TT #dxde 7HA L Ak oo we} FAaxRI o= T
allele(759¢)°] C allele(25%) .t} €53 =7 YES

—_

Table 3-6. Frequency of gene and genotype of FPstl site in 5'upstream of MYH? gene

Genotype Allele
Breed N
CC TC TT C T
) 0.16 0.60 0.24
2 ) )
Berkshire 120 (19)" (72) (29) 0.46 0.4
0 0.10 0.90
Duroc 30 o) (3) 27 0.05 0.95
0 0 1.00
Landrace 44 o) o) (44) 0.00 1.00
: 0 0.03 0.97
Yorkshire 37 o) (1) (36) 0.01 0.99
0.08 0.33 0.09
Total 231 (19) (76) (136) 0.25 0.75

Yumber of pigs
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wrlE MYH fast isoform= ZW3Fal 9+ MYHI 54AA2] 3'downstream regiono| A 271
H SNP (HpyCHAV #Dell gk f3dA3 9 FHARIEE Table 3-79F 2t} Berkshire2}
Durocoll & CC fFAAd o] @A 9t Landrace®t Yorkshireol A& wFiz= AARAAE v]&
o] =/ yelgt AAdoz CC AL 6% FIEE el oy, C alleleo] 69%= 3
Al e

Table 3-7. Frequency of gene and genotype of HpyCHAV site in 3'downstream of MYHI gene

Genotype Allele
Breed N
AA AC CC A C
} 0 0.14 0.86
2 ) )
Berkshire 120 )" a7) (29) 0.07 0.93
0.03 0.33 0.63
Duroc 30 (1) (10) 7 0.20 0.80
0.55 0.39 0.07
Landrace 44 24) a7) (44) 0.74 0.26
: 0.43 0.51 0.05
Yorkshire 37 (16) (19) (36) 0.69 0.31
0.18 0.27 0.55
Total 231 A1) (63) (136) 0.31 0.69
Yumber of pigs
et Zo] SRS IHEdAL Jdv FEAe WA AGAAqA] @S M SNPo| s
MHC slow isoform ¥ &2 3o AdAA BEAS AAFPY. EAATA 22238 SAS 929

% < 4

general linear model procedureE ©]&€3Att FEAE yuy = u + G + By + Sk + eju ©l
W, yius B5A, p2 W, G #AAIEA, By FE0 wE AR, S A i
AR, ejumts HAFo]Tth W3k probability difference (PDIFF) optiong ©]&3Fe] fAx3 3t
o] BAASE Fo% Aol7t FE FESIAUY. oy g TAA ABRAHENE Este] FAA
o w2 g5 B39 e o5 Fa 74 SNPEY 7S A

Table 3-89 MYH77AA2] 3'downstream regiont Apol 9]l tf st
vEely gltk. MHC slow isoformH] &2 AARZAAEE S 562%, ACHHAAT -2
AH 2 5.82% %=, AATAAG ] FAA oz s kAR SAAR Fo)HE YEUA &%k
o} S EAAE ¥ E(Lightness, L)7F AAFAAF o] 10%Fe)FEod Al vhE fHx3 el
vlaf A et tHP < 0.10). 2 9 vE Ao ARl fFo 4l &Kol 7F ek
Al gkttt MHC slow isoform¥ el A Fdxb@ zbell 2o 2¢l Zol= YUAA N 7Hd wHA v

- (e}
B AA fdAd 0] "E(Lightness, L)AAE & §44881 Y =4 Jehvys 43S
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Table 3-8. Association of Apol site in 3'downstream of MYH7 gene and myosin heavy

chain isoform and meat quality traits

Genotype
s o) () o Fvalue
Myosin heavy chain
Slow isoform (%) 5.62 (0.50)" 5.84 (0.39) 5.82 (0.29) 0.9127
Meat quality traits
PHsmin 6.16 (0.05) 6.22 (0.04) 6.18 (0.03) 0.4781
pHaa 5.65 (0.04) 5.67 (0.03) 5.72 (0.02) 0.1951
Drip loss (%) 3.30 (0.31) 3.62 (0.24) 3.17 (0.18) 0.2799
Lightness (L") 47.84° (054)  46.60° (042)  4657" (0.3D) 0.0681
NPPC Color score 2.53 (0.11) 2.62 (0.09) 2.60 (0.06) 0.7477
NPPC Marbling score 2.06 (0.12) 2.22 (0.09) 2.25 (0.07) 0.3383
Cooking loss (%) 30.33 (0.76) 31.17 (0.60) 30.25 (0.45) 0.3805
FFU (mg) 40.19 (3.59) 32.69 (2.81) 33.78 (2.10) 0.1456
Shear force (N) 60.71 (2.56) 58.84 (2.00) 59.86 (1.50) 0.7887

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.

Standard error of least-square means

*PDifferent superscripts indicate significance levels within rows of each SNP locus.

MYH75A 49 5'upstream regiond] Pstl 7} & Ho| v
ool oA Apol sitet Y2 A Pstl #9] o) 4]+= Myosin heavy chain slow isoform3FaFol A
T ARl Ao 7t YEbtHP < 0.05). CC FAAH el 11% = TC (5.83%), TT (5.83%) A}
gy @2 MHC slowform$FaFg Mtk %3 CC Fdxdy TC FAA
TT FAAgEG ©A e tiP < 001). pHemn® AR Z7]0A
AP THARS S 7 whE L T R A o]
vl TTH A8 o]
oAM= A kel oAl Aol 7f vEbA] 2k
A3 MHC slow isoform$h
ok

AERA FATL HE5T

uabs CC F4dA8 3 TC
pHemin S A L3 2 S-23)
Pstl & ol tist A#AA

FE&E WA dEste A

=2 o™
97 e CC Ao KAgash Ao

FAAY
%_
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7t ¢ e
wEHER dojds ongiv
| ¢ttt & F vk
| @A Yed CC Fd A ol
2k 4 ) Bolgukdt A2 TT FdAxd3 74 MHC slow
isoforme] =A WEbd TC A" o] CC A H 7 pHemn /| SA WUkt F o)t}
AL MHC slow isoform$aFo] Zvhal &4 8-4do
MHC slow isoform3t&< &2 A 3sle] A w7 =
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Table 3-9. Association of Pstl site in 5'upstream of MYH? gene and myosin heavy chain

isoform and meat quality traits

Genotype
raits 19 70 (159 Fvalue
Myosin heavy chain
Slow isoform (%) 411" (0.52)! 5.83" (0.35) 583" (0.41) 0.0406
Meat quality traits
PHsrmin 6.00" (0.08)  6.07" (0.05) 6.22" (0.03) 0.0071
pHaum 5.68 (0.06) 5.74 (0.04) 5.69 (0.02) 0.3400
Drip loss (%) 3.23 (0.47) 3.47 (0.30) 3.28 (0.16) 0.7725
Lightness (L") 46.44 (0.83) 46.49 (0.54) 46.82 (0.28) 0.8471
NPPC Color score 2.55 (0.17) 264 (0.11) 2.58 (0.06) 0.7885
NPPC Marbling score 2.38 (0.19) 2.28 (0.12) 2.19 (0.06) 0.6188
Cooking loss (%) 30.19 (1.17) 30.38 (0.76) 30.56 (0.40) 0.2375
FFU (mg) 34.78(5.53) 35.14(3.58) 34.14(1.89) 0.9686
Shear force 61.46(3.91) 61.99(2.53) 59.08(1.33) 0.5857

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means

*PDifferent superscripts indicate significance levels within rows of each SNP locus.

Table 3-10° MYHI7A A2 3'upstream region prCH4V et FAe] APAHEA
HE BHoFar vd MHC slow isoform&H oA AA FdxdHe] th& F F-dx3l nls|
A Eb o™ (P < 0.05), §4%E F o34 FF F(Filter-paper uptake, FFU)o|] CC #H
FET A YEETHP < 010). &, AA A ] CC FdAFE K Bado] ymu ) o=
FHo] Ador ¥Es ou|sitt FFUS vE SARAM = A el o4l A
ol 7} YEbUA] &t HpyCHAV #9919 dAAd Ao A= MHC slow isoform$FaFoe] 7}
& AA vehd AA AR 459% % HHH T (5.90%) BT FA B wkekth o] FFUA &=
AA FRAAFH] CC FAAGHN BAALE FoZQ Aol= IAAN, FAHoz= Zp7}
40.25%%F 34.43% = & #olE HAAth ole A= AA A S JRATE Aol dERdt
sq;d—o = %O]QE}_

SAlFEH A oly FAAW EAE= SNPel gk ARAEEH
slow isoform®&Fo] 44 FF(6%) Ve o &30 Astedri= A
ol# gk AAHFE Bl FJw& DNAWEAE F3l TEaEd
A AAFEAA SAHol Fhesty] Wil A oA A =

O =

dFsto] o] Fad MAE AET & A= T8 guE AR

F

_

M 24 W0

=t

E
=
o w
i



Table 3-10. Association of HpyCHAV site in 3'downstream of MYH? gene and myosin

heavy chain isoform and meat quality traits

Genotype
s () e Sy Frvaue
Myosin heavy chain
Slow isoform (%) 459" (0.52)! 5.87* (0.35) 6.46" (0.41) 0.0366
Meat quality traits
PH5min 6.27 (0.05) 6.17 (0.04) 6.16 (0.04) 0.2518
pHaum 5.70 (0.04) 5.72 (0.03) 5.68 (0.03) 0.6899
Drip loss (%) 3.25 (0.33) 3.40 (0.22) 3.26 (0.25) 0.8659
Lightness (L") 46.60 (0.58) 46.52 (0.39) 47.06 (0.45) 0.6535
NPPC Color score 2,61 (0.12) 2.60 (0.08) 2.58 (0.09) 0.9816
NPPC Marbling score 2.26 (0.13) 2.13 (0.09) 2.27 (0.10) 0.4215
Cooking loss (%) 30.93 (0.81) 31.08 (0.54) 29.68 (0.64) 0.2375
FFU (mg) 40.25" (3.81) 30.61" (2.54) 34.43" (2.95) 0.0682
Shear force (N) 60.01 (2.73) 59.81 (1.82) 59.39 (2.12) 0.9847

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
'Standard error of least-square means

3PDjifferent superscripts indicate significance levels within rows of each SNP locus.

S| .
X B4 ARV AR g3 (myogenesis) ol Al F-E F A ¥ o
Aw, ZAFLEHAL MyoD AR & FAHAE Aoz 2 2yA vH(Olson
%, 1990; Weintraub 5 1993). S| A MyoD AR myogenin, MYF3, MYF5, MRF1 %
o] 4 HFAAER FAHEHARH, MYF5, MYF3 A A= myoblast®] proliferation®] o3}
3, MRF1 ¢ myogenin -+7dA= myoblast differentiation®] ¢t} (Buckingham, 1994;
Figure 3-3). -4 3934 (myogenesis)oll A ©]& FHAATS AAPEA GARY oY =
A Foe AHHo R FAXEES 2 ZAFHEA oty wwel A A4S @
ot 7 FR% THFHAXTORE B 4 QuHTe Pas and Visscher, 1994; McPherron %-.
1997). ¥ dA7Ee AghAdTE %3 myogenin AR S'upstream regiontfo]l A SNPE &
ot TSR Ves TR " 3-3).

[o}
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PCRWH&-Al  Forward (5'-ACCTTCCCCACAATGACAAG-3’), Reverse(5'-TGGACTGAGA
AGCCCAAAGT-3") primerZ 1x4(10pmol/xl)? 713kt 1 9] 100ng2] = ADNA<} 0.25mM )
dNTP, 10x PCR buffer 2 1.25U02] DNA polymerase (i-MaxTM II, Intronbio., Korea)E %
31 Mastercycler gradient (Eppendorf Co., Germany)Z ©| &3] & H3 20u= =3It
PCR WF&Z7AL 94T A 1087+ pre-denaturation 3+ 5, 94Col A denaturation 1%, 61Tl
A annealing 1%, extension 72T 1%-2 3+ cycle® 3} 30 cycles ¥HE3 3 vpxjeto =g 7
2ColA 10852 PCR %8 Fxstvh 2ela AR A BspCONIE A€ ste] RELPHH ©
2 F4248-& g2lgtth(Table 3-11).

U
n e

o D f2 o f>

N
\\\" 1]
Determination ﬂm)'? Differentiation Maturation
- 5 .,
] (Y .
C {> S __,-" \\\\
L= ! )
ACNI \
(T/C) 9
SSC exonl exon2 exon3 3

Figure 3-3. BspCNI site in 5'upstream of myogenin involved in myogenesis (Kim %, 2010)

Table 3-11. Method of genotyping BspCNI site in 5'upstream of myogenin

Enzyme ) ) )
(Region) Allele size (bp) Figure of electrophoresis
200bp
BspCNI T allele: 463+158+43 158bp I
(5'upstream) C allele: 463+82+76+43 82bp 100bp

76bp

TC TT TC CC M

118



o)
do
2

AP EA ] o] & 231F Hete] tjs) Xﬁ} B4 AAgden, A4
x} I == Table 3- 129} 2o dAld ez CC w4 e vigo] 89%= v Eskem, TC

FARE9%), TT FA4A2%) o2 YEsth o] Yorkshireol AW 3744 Fdxtd o] &
T YERg 2w, Berkshire®t Duroce =5 CC %zﬂx}aﬂ oz 1AFo] 9, Landrace= o
2rtE] & A9 A7 BE CC F3a4E S 7FA A Sl delth o]l whal fdAEl e
% T alleleo] 0.94% C allele (0.06)el w8 =% =A vES

rr:i

=
&

Table 3-12. Frequency of gene and genotype of BspCNI site in 5'upstream of myogenin

Genotype Allele
Breed N
CC TC TT C T
: 1.00 0 0
2 ) )
Berkshire 120 (120): o) o) 1.00 0.00
1.00 0 0
Duroc 30 (30) o) o) 1.00 0.00
0.95 0.05 0
Landrace 44 (12) ) o) 0.98 0.02
: 0.38 0.51 0.11
Yorkshire 37 (14) (19) ) 0.64 0.36
0.89 0.09 0.02
Total 231 (206) 1) ) 0.94 0.06

Yumber of pigs

Myogenin- A 2}2] 5'upstream regiont] BspCNI #$ol 4 TT +A1AHE 717 A= 231
T @ A4FQ2%)0 EHstERE Ao A Aol A AYstal CC #FdAE (206-7)# TC
FAAFH @21 s AA e (Table 3-13). #4123 SAFGW Aoy g=fF 9 S2FA
SN AL FodQl ZolE Bk 4 gtk e MHC slow isoform¥ FFUZ &
oA kA oﬂ?ﬂr*é%”@ﬂr’c—ﬂr FAREE s F0" & ATk TC #4439l MHC slow
isoform¥ &= 6.73% = CC F A (5.63%)el Hl3l] 1% =& AFE UeHo, B
o] A& FFUAA R 2921%% CC A% (35.86%) wla] A vehd ¢35 E*’Fﬁf‘.g
et v = TCHAAE S M%7 9%l F3ste] & TT X2 s [Fo2l Ao]7F
A FRAAT S B FAY F o Jdoe FE oo 2 el g B4l Zod A
oz Addrh w3 2 549 Berkshire @ Duroc S W3l BspCNI #99 C
alleleit g o] F-5 2¢lste], FFHAAoz 48T F 3= DNAvAEA S 7[AE FAE 4

275 Aot

o
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Table 3-13. Association of BspCNI site in D'upstream of myogenin and myosin heavy
chain isoform and meat quality traits

Genotype
Traits CcC TC P-value
(n=206) (n=21)

Myosin heavy chain
Slow isoform (%) 563 (0.27) 6.73 (0.77) 0.2001

Meat quality traits
PHasmin 6.22 (0.03) 6.15 (0.07) 0.4243
pHom 5.59 (0.02) 5.76 (0.06) 0.2451
Drip loss (%) 3.49 (0.17) 2.83 (0.47) 0.2131
Lightness (L") 46.73 (0.30) 46.57 (0.84) 0.8653
NPPC Color score 2.59 (0.06) 2.68 (0.17) 0.6424
NPPC Marbling score 2.22 (0.07) 2.25 (0.19) 0.8978
Cooking loss (%) 30.57 (0.43) 30.24 (1.18) 0.8052
FFU (mg) 35.86 (1.99) 29.21 (5.56) 0.2882
Shear force (N) 60.37 (1.40) 57.01 (3.91) 0.4465

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means

*PDifferent superscripts indicate significance levels within rows of each SNP locus.
(3) +AFxAAEA PPARGCIA FAAe] draxd gy DNAvVA

Jej = o] ™ (Brooke and Kaiser, 1970), ©|E A9

A type 19 493+ slow-oxidativedt A28 u]o] A}
» T FAd A AFgFE vAA HH, 019} Hhoh &
type IIb ¢ -9+ fast-glycolyticst A ZHA] o] wWE AT UASER Qs FheFo]
& A%+ =520 pale, soft, exudative(PSE)3SF o]dS02 #AE 7hsdo] ol th(Klont
5, 1998). YA 3]l type Mats o5 €34 w72 A2 slow-glycolyticdr A& 2h=

Peroxisome proliferator-activated receptor- gamma coactivator-1 (PPARGCIA) + 4X}“

PGC19 A7AZAN AL Al#k(adaptive  thermogenesis)¥ A ¥AX  F3Hadipocyte
differentiation)el] FL3 &S i, T2 oYX thate} 2e AHo| ¢l oW (Puigserver
5, 1998) <A type I IS sl 9 (Lin &, 2002)& stohar M Qoi(ig 3-4).
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PGC-10

PGC-1a

Figure 3-4. Functions of PPARGCIA gene (Jiandie, 2002)

L HAYPATE FalA HA PPARGCIA 4R exonlol A3 SNPY 7|4

L ial
urs] a(1¥ 3-5), H'upstream 2 3'downstream regiond] ™3I A7AMAEM S Ea vhgo
SNPE Al w=(21d 3-6)8te] MA3kar vk
Alul
IT—ﬁl AC
C-T G G T- -G
1 2 3 4 5 I 7 I GI |V 1 [‘;ll 10 11 12 13
S & E B H § |8 E E
Leu-Val,, Cys-Sery, Asn-Ast,, Pro-Thry,
— RN A 1N s
LXXLL PEKAP DHDY FKAP SRD SRD PKAP RRM

Figure 3-5. Genomic structure of PPARGCIA gene and SNP recognized by Alul restriction enzyme

SNP2
SNP1
Nspl Apol
PshAI T T’ l l
5 ! S5'UTR | Exonl jme== sss === Exonl3 3'UTR r— 3

Figure 3-6. Polymorphisms in 5'upstream and 3'downstream of PPARGCIA gene
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Zy7} SNPE %33k J9& PCRap7| el So| Zefo]lE Al%kekltTable 3-14). PCR
Lz By 201E 100nge] HADNA ZF 10pmol®] primer, 0.25mM¢] dNTP, 10x PCR
buffer 2 1.25U¢ DNA polymerase (i-MaxTM II, Intronbio., Korea)E #i. Mastercycler
gradient (Eppendorf Co., Germany)E& ©]-&3lo] F3drt. PCR ¥hgx7-& 94Tl 1023t
pre—denaturation 3+ ¥~ 94C ol 4| denaturation 15, 2} 3E#}o]m o] #HH-&%(Table 3-14)°l 4
annealing 1%, extension 72C 1#-& 3F cycle® 3}o] 30 cycled wWHE3H & wix|gto g 72T
o /] 10222 PCR ®WH&& FH3IYHTL o] PCRAMEES SNPEE AStE 4 PshAl, Nspl,
Apol, Alul'E A3t RFLPZ|HE ol&3le FdxAgREAs HAsdtH(Table 3-15). &
3'UTR% ¢ SNPE <¢1A|8t= Agasrt §gle #AZE direct sequencings &3] A&

A}

Table 3-14. Information of polymorphisms in PPARGCIA gene and PCR condition

i i Restriction
Region Primer (5'—3") Annealing Nucleotide
(Enzyme) temperature enzyme
A/G PshAT
F: TGGAACATTATGGGCACTCA 62°C
R: AACCTGTTTGCTCTATGTCGTG
5'upstream G/T Nspl
F: TCTTTCACTTTAGCATTTGAGCA .
R: TGCCCAGATCAGCTTAGTTTC 61C A/T Apol
F: TAAAGATGCCGCCTCTGACT o
Fxond R: CTGCTTCGTCGTCAAAAACA 62C A/T Alul
C/T no enzyme
3 UTR F: CACAGGTTCTGCGTTACGAC 60C
R: AAAGCACCAGTTCGGGTTAC
C/T no enzyme
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Table 3-15. Methods of genotyping polymorphisms in PPARGCIA gene

(P?ezgsgf) Allele size (bp) Figure of electrophoresis
W3bp — 1000 bp
596 bp 650 bp
PshAI A allele = 943 '
) 346 bp 300 bp
(5'upstream) G allele : 596+346
100 bp
942bp—> < 1000bp
584bp—> ggggg
Nspl T allele : 942 358bp—» < 300bp
(5'upstream) G allele : 584+358
850 bp
i;g :g = «— 601 bp
«— 476 bp
Apol A allele : 601+81
(5'upstream) T allele @ 476+125+81 A0 b=
«——125bp
“—g1bp
150 —
100 — «— 121
Alul T allele : 121+31+27+21 50 — + 61,60
(Exon8) A allele © 61+60+31+27+21 «37.27.21

M AA AT TT
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Table 3-16°] PPARGCIA A9 exon8ol $i= Alul 9ol tigh f428 2 Fd25]
%7F YEbSIth Berkshires 107(AT +3d248)E A9 2= /A7 TT #3445 vErd
1 (909%), Yorkshire® TT F3AES 714 AAE & 159 Jebuvh3%). A4 F4ax
=% T allele (0.67)¢] A allele (0.33) Hu} =4 veRs)

Table 3-16. Frequency of gene and genotype of Alul site in exon8 of PPARGCIA gene

Breed N Genotype Allele
AA AT TT A T
Berkshire 120 ( (()))1 ?117(; ((i.(?g) 0.05 0.95
Duroc 30 (()fg ?11(1)? O(i)S 0.65 0.35
Landrace 44 O(S)O ?f;? ?ﬁ? 0.48 0.52
Yorkshire 37 (()22? ?SS O(? )3 0.78 0.22
Total 231 (()413 ?6?33 (?'Sj) 0.33 0.67

"number of pigs

Table 3-17, 18, 19i= PPARGCIA +#AA2] S'upstream regionoll & Al SNP #-$jol 3+
FAAE 2@ FAANEE WojFa glvl. PshAl #99 4% Berkshire’} vh& FF3} wja
ste] Aoldt Ay 2 Fdx M= E YER L vk Berkshirew A alleleWl =7} 0.700. =
A YERY BHE, YA EEFES G alleleo] A dERSTh wEba] AA fFAARIEE 85
F2=0 2 YEFHTHA allele:0.44, G allele:0.56). Nspl #FH 9ol EE FE A T allele®] =

IH

A Vet e™, E4) DurocolAE RE A7 TTZ 3AFo 9t Berkshire:® o] 833
AN GT ARGl 51962 7Hd weolar vhe F89 vz GGRaAgel 19%E A sa
AATt. Apol oAM= EE FFAA AA FAAGR &0 & FAA & A4 #F
o™, Duroc(100%)3} Landrace(95%)°l 4] vi-%- =kth. Berkshire®t Yorkshireo] A= AT
A E 247y 33%, 35% YERSAIRE TT /3% -2 Berkshired| A qF 5% #2 5 ¢},
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Table 3-17. Frequency of gene and genotype of PshAIl site in b'upstream of PPARGCIA gene

Breed N Genotype Allele
ree AA AG GG A G
] 0.49 0.41 0.10
Berkshire 120 0.70 0.30
(59)! (49) (12)
0.07 0.30 0.63
Duroc 30 0.22 0.78
(2) 9) (19)
0 0.14 0.86
Landrace 44 0.07 0.93
0) (6) (38)
] 0 0.41 0.09
Yorkshire 37 0.20 0.80
0) (15) (22)
0.26 0.34 0.39
Total 231 0.44 0.56
(61) (79) (91)

Yumber of pigs

Table 3-18. Frequency of gene and genotype of Nspl site in 5'upstream of PPARGCIA gene

Genotype Allele
Breed N
GG GT TT G T
: 0.19 0.51 0.30
2 ) )
Berkshire 120 (93): 1) (36) 0.45 0.55
0 0 1.00
Duroc 30 o) o) (30) 0.00 1.00
0 0.05 0.95
Landrace 44 o) ) (42) 0.02 0.98
: 0.03 0.32 0.65
Yorkshire 37 (1) (12) 24) 0.19 0.81
0.10 0.32 0.57
Total 231 (94) 75) (132) 0.27 0.73

Yumber of pigs
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Table 3-19. Frequency of gene and genotype of Apol site in 5'upstream of PPARGCIA gene

Genotype Allele
Breed N
AA AT TT A T
) 0.63 0.33 0.04
2 ) )
Berkshire 120 (75): (10) ) 0.79 0.21
1.00 0 0
Duroc 30 (30) o) o) 1.00 0.00
0.95 0.05 0
Landrace 44 (12) ) o) 0.98 0.02
: 0.65 0.35 0
Yorkshire 37 (24) (13) ) 0.82 0.18
0.74 0.24 0.02
Total 231 A7) (55) ) 0.86 0.14

"number of pigs

PPARGCIA 32 3'UTRel &A43l= SNP1, SNP2el| thd 448 H= 2 fdx4
%= Z44; Table 3-203% Table 3-21¢ YERQITE SNPIoA = TT 2@ 2] W=7 68%
2 7 =4 Jelgoy, T allele R1=7F 08022 C allele(0.20) 5.t} =4 yElgty 3k
SNP2¢] - Berkshire, Landrace, Yorkshireo| 4] T allele®] ®I%=7} Z}7} 0.74, 0.81, 0.65%= C
alleled] W3 =A YelyEd, Durocdl Al e ¥Hl2 C allele?] =71 0672 =7 YERsET] o]

.]

we} AA FAANEE T alleleo] 0.68, C allele®] 0.32% e

Table 3-20. Frequency of gene and genotype of SNP1 in 3'downstream of PPARGCIA gene

Genotype Allele
Breed N
CC TC TT C T
: 0.04 0.17 0.79
Berkshire 111 (1) (19) (88) 0.12 0.88
0 0.03 0.97
Duroc 30 o) (1) (29) 0.02 0.98
0.16 0.42 0.42
Landrace 45 7 (19) (19) 0.37 0.63
) 0.15 0.70 0.15
Yorkshire 20 3) (14) 3) 0.50 0.50
0.07 0.26 0.68
Total 206 (14) (53) (140) 0.20 0.80

Yumber of pigs
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Table 3-21. Frequency of gene and genotype of SNP2 in 3'downstream of PPARGCIA gene

Genotype Allele
Breed N
CC TC TT C T
) 0.09 0.34 0.57
Berkshire 111 (10): (38) 63) 0.26 0.74
0.47 0.40 0.13
Duroc 30 (14) (12) ) 0.67 0.33
0.02 0.33 0.64
Landrace 45 (1) (15) (29) 0.19 0.81
: 0.05 0.60 0.35
Yorkshire 20 (1) (12) 7 0.35 0.65
0.13 0.37 0.50
Total 206 (96) T7) (103) 0.32 0.68

"number of pigs

Table 3-22% PPARGCIAR AR exon8oll A3 Alul 919 FHdAH 2 F2ue] A
A Adolvt. AP A= Al 2ol 7t Jﬂfﬂﬂxl O}Q}Z]UJ A el wel MHC
slow isoform3t&Fo] zto]E& HATHP < 0.05). TT F3AEE 490%= AA #4243 (6.15%),
AT FAdxH6.31%) 5.t A vetsth SdddoA = %ﬁ]@oi vgﬁ;‘ﬂ 2ol 7F e
A kA" MHC slow isoform?}%kﬂr H#E3te] vheap 7
slow isoform@#Fo] 27 VJepd TT §H448e &
AAE(AASAAE: 3.05%; ATSAAE: 3.129%)0] n&] Fxtor= =4 Jgo
wago Ayl FFUE 37.70% 2 3
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Table 3-22. Association of Alul site in exon8 of PPARGCIA gene and myosin heavy

chain isoform and meat quality traits

Genotype
s (ot ) (o128 Fvalue
Myosin heavy chain
Slow isoform (%) 6.15" (0.46)" 6.34* (0.36) 4.90" (0.44) 0.0386
Meat quality traits
PH5min 6.20 (0.05) 6.23 (0.04) 6.14 (0.05) 0.3061
pHoum 5.72 (0.04) 5.68 (0.03) 5.70 (0.03) 0.5493
Drip loss (%) 3.05 (0.28) 3.12 (0.23) 3.76 (0.28) 0.1568
Lightness (L") 46.26 (0.51) 46.95 (0.40) 46.99 (0.49) 0.5263
NPPC Color score 2.59 (0.10) 2.51 (0.08) 2.68 (0.10) 0.3714
NPPC Marbling score 2.06 (0.11) 2.23 (0.09) 2.34 (0.11) 0.2745
Cooking loss (%) 30.49 (0.72) 30.43 (0.57) 30.63 (0.71) 0.9739
FFU (mg) 33.24 (3.36) 32.12 (2.67) 37.70 (3.27) 0.4027
Shear force (N) 60.99 (2.38) 58.35 (1.89) 59.89 (2.31) 0.6265

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.

'Standard error of least-square means

3PDjifferent superscripts indicate significance levels within rows of each SNP locus.

Table 3-23, Table 3-24, Table 3-2591% PPARGCIA A2 5'upstream regiont] 914
gk 371 ¢] SNP (PshAI, Nspl, Apol Z<)ell i dddE&4d37 yetuglth o] Al SNPe]
FAxE e wEl MHC slow isoform¥t &l #94¢l 2ol #FHA fddry 28y 47
Eo| A= Al SNP 5+ NPPC marbling score| 93-& 3 1t} NPPC marbling scorei=
PshAI 2919 4% AA Al v F AR Z8ka (P < 0.10), Nspl #$]A4
= GT FAA"] TT FHdAFETY A Yt oH(P < 0.05), Apol #HS9lA+= AT, TT
FAAFe]  AAd wWE EA YEETHP < 005). °]F Fid PPARGCIA A9
5'upstream regiont] ¢ *| 3k 371¢] DNAvFA+= MHC slow isoform$F=o| ks n|x x| o

o, WA d-ste] IS Fa U2 As & ¢ Utk

[=] =
FEEES By FaAG e Aeolrk Al TT w4499 Fa 58>

128



CC #AAF(4.65%), TCHAAH(A.09%)2 vlwste] A vep} Bpgo] -
0.05). =3 FFUANAME FES557 2] TT FdxFo] th& FAAH S| 13|
S8k HeEES YERYT (P < 0.01). S2(NPPC Color score)oll A= CC HFAdA3d o] TCHHA
Ao vl& =4 el en, TT FAA8e o2 Yelti(P < 0.05). SNP1el g o
HAAEA AoE FEEA TT 4] & fAaxduy S3o] ¢43vta & 4 Qv
SNP2o A= MHC slow form¥ S|4 foAQl o]z} At CC FdAH Y
MHC slow formea&2 441% 2 v FAF(TC A4 570%, TT F428: 6.38%) W]
gl vl BEA UERRTHP < 0.05). Hg SHAE AL 27| R HEd @ ¢ Qe
pHamin 7} T2 F- 1A 3} vjaste] @A YERSTHP < 0.05). 15 (Shear force) ol &= whol=
CC FAA o] o datA vestt (P < 0.10). SNP2d| thal AaAd 84S 53] g4 d& A3}
o frabek AEs AT g AAdTh EA 1829 MHC slow form3o] 5%nRro = 1
ettt Aolw yolrt pHusmin®l Y FFU 59 SAH Ao AdlH= 5L
ot} webA], 2 A9 DNAvA S MHC slow form @ 23 3#dte] 833 Aow o
=N
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Table 3-23. Association of PshAI site in 5'upstream of PPARGCIA gene and myosin

heavy chain isoform and meat quality traits

Genotype
Traits AA AG GG P-value
(n=61) (n=79) (n=91)

Myosin heavy chain
Slow isoform (%) 5.84 (0.51)! 591 (0.37) 5.72 (0.32) 0.9260

Meat quality traits
PH5min 6.20 (0.05) 6.23 (0.04) 6.16 (0.03) 0.3095
pHaum 5.74 (0.04) 5.69 (0.03) 5.70 (0.02) 0.4491
Drip loss (%) 3.06 (0.31) 3.62 (0.23) 3.19 (0.19) 0.1127
Lightness (L") 46.85 (0.56) 46.85 (0.41) 46.67 (0.35) 0.9419
NPPC Color score 2.60 (0.11) 2.59 (0.08) 2.60 (0.07) 0.9969
NPPC Marbling score 2.47* (0.12) 2.22" (0.09) 2.15" (0.08) 0.0628
Cooking loss (%) 31.21 (0.80) 30.88 (0.57) 30.15 (0.49) 0.5157
FFU (mg) 30.82 (3.70) 36.43 (2.69) 33.90 (2.29) 0.2750
Shear force (N) 60.27 (2.63) 59.82 (1.92) 59.49 (1.63) 0.9697

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
'Standard error of least-square means
*PDifferent superscripts indicate significance levels within rows of each SNP locus.
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Table 3-24. Association of Nspl site in 5'upstream of PPARGCIA gene and myosin heavy

chain isoform and meat quality traits

Genotype
Traits GG GT TT P-value
(n=24) (n=75) (n=132)

Myosin heavy chain
Slow isoform (%) 5.73 (0.65)' 6.18 (0.42) 5.67 (0.27) 0.5220

Meat quality traits
PHusmin 6.09 (0.07) 6.17 (0.04) 6.20 (0.03) 0.2673
pHaum 5.72 (0.05) 5.72 (0.03) 5.69 (0.02) 0.6935
Drip loss (%) 3.08 (0.41) 3.19 (0.26) 3.37 (0.16) 0.7453
Lightness (L") 45.46 (0.71) 46.83 (0.46) 46.79 (0.29) 0.1313
NPPC Color score 2.63 (0.14) 2.63 (0.09) 2.58 (0.06) 0.9037
NPPC Marbling score 235" (0.16) 244" (0.10) 2.13" (0.06) 0.0314
Cooking loss (%) 31.18 (1.01) 31.09 (0.65) 30.28 (0.41) 0.4950
FFU (mg) 31.00 (4.76) 33.32 (3.05) 34.88 (1.93) 0.7288
Shear force (N) 58.29 (3.37) 60.46 (2.16) 59.51 (1.37) 0.7885

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means
*PDifferent superscripts indicate significance levels within rows of each SNP locus.
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Table 3-25. Association of Apol site in 5'upstream of PPARGCIA gene and myosin heavy

chain isoform and meat quality traits

Genotype
Traits AA AT TT P-value
(n=171) (n=55) (n=5)

Myosin heavy chain
Slow isoform (%) 5.72 (0.25)" 6.09 (0.43) 6.49 (1.25) 0.6238

Meat quality traits
PH5min 6.20 (0.03) 6.15 (0.04) 6.07 (0.13) 0.3891
pHoum 5.70 (0.02) 5.70 (0.03) 5.70 (0.10) 0.9999
Drip loss (%) 3.29 (0.15) 3.43 (0.27) 3.00 (0.77) 0.7755
Lightness (L") 46.77 (0.27) 46.54 (0.47) 49.13 (1.36) 0.1761
NPPC Color score 2.61 (0.05) 2.56 (0.09) 2.29 (0.27) 0.4714
NPPC Marbling score 217" (0.06) 2.40" (0.10) 2.67* (0.30) 0.0379
Cooking loss (%) 30.53 (0.38) 30.60 (0.66) 2792 (1.91) 0.3809
FFU (mg) 34.40 (1.80) 34.16 (3.15) 33.43 (9.09) 0.9925
Shear force (N) 60.23 (1.26) 57.81 (2.21) 50.14 (6.39) 0.1984

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means
*PDifferent superscripts indicate significance levels within rows of each SNP locus.
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Table 3-26. Association of SNP1 in 3'downstream of PPARGCIA gene and myosin heavy

chain isoform and meat quality traits

Genotype
Traits CcC TC TT P-value
(n=14) (n=53) (n=139)

Myosin heavy chain
Slow isoform (%) 5.98 (0.82)' 5.87 (0.47) 5.64 (0.37) 0.8693

Meat quality traits
PHusmin 6.26 (0.07) 6.28 (0.04) 6.21 (0.03) 0.3500
pHaum 5.61 (0.06) 5.65 (0.04) 5.69 (0.03) 0.4229
Drip loss (%) 4.65" (0.45) 4.09" (0.26) 3.44" (0.20) 0.0115
Lightness (L") 47.02 (0.77) 47.46 (0.44) 46.69 (0.35) 0.3030
NPPC Color score 290" (0.16) 241" (0.09) 258" (0.07) 0.0141
NPPC Marbling score 2.21 (0.19) 2.22 (0.11) 2.35 (0.08) 0.5089
Cooking loss (%) 32.08 (1.18) 30.56 (0.68) 31.05 (0.54) 0.4600
FFU (mg) 40.30" (4.91) 35.69" (2.81) 24.54" (2.22) 0.0098
Sheare force (N) 56.74 (3.84) 55.65 (2.20) 58.44 (1.74) 0.5296

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means
*PDifferent superscripts indicate significance levels within rows of each SNP locus.
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Table 3-27. Association of SNPZ2 in 3'downstream of PPARGCIA gene and myosin heavy

chain isoform and meat quality traits

Genotype
Traits cC TC T P-value
(n=26) (n=77) (n=103)

Myosin heavy chain
Slow isoform (%) 441" (0.62)! 5.70* (0.39) 6.38" (0.40) 0.0155

Meat quality traits
PHusmin 6.09" (0.06) 6.27" (0.04) 6.26" (0.04) 0.0158
pHoum 5.61 (0.04) 5.68 (0.03) 5.68 (0.03) 0.4527
Drip loss (%) 3.54 (0.35) 5.87 (0.22) 3.67 (0.23) 0.5392
Lightness (L") 46.54 (0.59) 47.25 (0.37) 46.84 (0.38) 0.4342
NPPC Color score 248 (0.13) 249 (0.08) 2.65 (0.08) 0.1636
NPPC Marbling score 2.21 (0.15) 2.28 (0.09) 2.36 (0.09) 0.6016
Cooking loss (%) 30.97 (0.91) 30.53 (0.57) 31.48 (0.60) 0.3408
FFU (mg) 35.87 (3.84) 40.24 (2.41) 35.31 (2.48) 0.1661
Shear force (N) 51.42 (2.92) 58.58 (1.84) 58.88 (1.89) 0.0626

Abbreviation: NPPC, National Pork Producers Council; FFU, Filter—-paper fluid uptake.
Standard error of least-square means

*PDifferent superscripts indicate significance levels within rows of each SNP locus.

gl

U 2AfuN Aol g@d die) DNAvA Wt

2= ATolAE F 10719 DNAwRFAC] dis] e ety 2 S2439] AddE4S
Algdth o] FAA AR EWAtd £ MHC slow formdl &S v AL DNAWFA =
Table 3-28¢] 8. °F=]o] Qlt} o] 47] DNAwtA ] thet AR+ 43 544 F+2 MHC
slow forme] Th& FAAFol| w8l A v FAAHe] MHC slow form3tae =5 5%H]
oz yeluttls Holul o= FHeH MHC slow form8HaFel 59%mup wre ot}

Ol

1 MHC slow form3teFo] 4.6%0°]3F 4 w AT 27| A} S = (pHasmin) 2 BEFH(FFU)O| <
m A5l QAT PPARGCIA #32¢] Exon89 AWl Alul #91e] A% TT #2439
MIHC slow form&@&o] 490%= Sdo| 7942 2ol YA plsmn®t HFHo] v

oo
o

AeS Feld £ gArt. wgbs MHC slow form@ kel Q43S Fa HEH oz S o
FE A= DNAvFAE S1E F e, 53] @2 MHC slow form$H(4.6%)& 7FA] oL
NS A SHo Agtdve AL ¢ F Iy
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Table 3-28. SNPs that affect myosin heavy chain isoforms in the current study

Restriction

Gene Region Variation Meat quaility
enzyme
MYH?2 5'upstream T/C PstI PHasmin
MYH]I 5'upstream C/A HpyCH4V FFU
PPARGCIA Exong A/T Alul -
c/T
PPARGCIA 3'UTR ‘ no enzyme PH45min
(SNP2)

o] &} H%O], TAlFTE Aot = FFE FA FUAT FH-o| IS v A= DNAvWH
T Y AT MYH7 574 42] 3'downstream region] Apol &9 AAFHAAF o] thE
A E 1}l Lightness7F A4 UEow, o] f-dx3 9 MHC slow form&#eo] oh& 73
AFuoy v AE wolvlE o o4 Aol vk w3 PPARGCIA 449
5'upstream regiont] 4| SNPE<S &% NPPC marbling scored] <943S F31 At
PPARGCIA A4 3'UTRY SNP12 W43 9g&s Fa g}

AAE9] "Wol7l AA MHC isoformdh ol

il
FAAEZ es #AUD F UM BI VIS ZAFEAN B =
C &
_]

MHC slow isoformo] 5%mw| %Y o S-2
Al SAE A5 F e e ]E
=3l

& 4238 @ MHC slow isoform3t# 7|+%

NW@J
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Table 3-29. SNPs that affect meat quality traits in the current study

Gene

(Region) Variation Enzyme Meat quality
MYH7 .
(3’ downstream) C/A Apol Lightness
AG PshAI
PI,DARGCJA G/T Nspl NPPC marbling
(5'upstream)
A/T Apol
PPARGCIA no enzyme )
(3'UTR) or (SNP1) brip loss, FFU

.

MHC slow formo] 938 F¥= DNAwAL 2 %13 9
AtH(Table 3-00). =olA ESHE 2 HAE
°© w

He] HrtE A o 9}#31, HE SHAS5FL 1+ 1, 2 5522 Yo, ueha] 7l
DNAwtA| & 1+&d& #4& T8 d4AE 7Isds 7Isd & & ok Ad¥d =19 F
@G EAoR 1+5FS U2 JAE TRE OF 3% Eslt. a2 x Esta MHC slow
isoformo] 5% Rte 2 A Uehd FAAEolA HEFESE 1+sH5o] A APt
HpyCHAV locus), @ 1%% &3 (Alul, SNP2 locus)@th o] Table 3-30¢] YE} 9lon
ol 5 Fd <A AF3F 5%u|REe] MHC slow isoform & &4 d&3=d $83 7|50 =2
T J&e v ?zﬁ ghelsk 4=tk
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Table 3-30. Relation between each locus and meat quality grade 1+

MYH?2 gene Genotype of Pstl locus

. CC TC TT P-value
Traits (n=19) (n=76) (n=136)
MHC slow isoform (%) 411" (0.75) ' 5.83" (0.49) 5.83" (0.26) 0.0406
Meat quality grade 1+ 0 0 7
MYHI gene Genotype of HpyCHAV locus

. AA AC CcC P-value
Traits (n=41) (n=63) (n=127)
MHC slow isoform (%) 459" (0.52) 587" (0.35) 6.46" (0.41) 0.0366
Meat quality grade 1+ 0 5 2
PPARGCIA gene Genotype of Alul locus

AA AT T P-value

Traits (n=44) (n=63) (n=124)
MHC slow isoform (%) 6.15" (0.46) 6.34" (0.36) 490" (0.44) 0.03%6
Meat quality grade 1+ 3 3 1
PPARGCIA gene Genotype of SNP2 in 3'UTR

. CC TC TT P-value
Traits (n=26) (n=77) (n=103)
MHC slow isoform (%) 441" (0.62) 570" (0.39) 6.38" (0.40) 0.0155
Meat quality grade 1+ 1 2 4

Abbreviation: MHC, myosin heavy chain
1
Standard error of least-square means
*PDifferent superscripts indicate significance levels within rows of each SNP locus.
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¢ AF}E ngoz MHC isoformS W3 FdA DNAwAQ  PstI 99
HpyCH4V Z$]ol sl diplotype 2418 At 71 &35 g th(Table. 3-31). 7
F7F w$ AA Y CCAC (177), TCAC (11%) diplotype A3t v ] 48 2ol
e A#dd FAS AT oL A3 CCCC FAaAzx3 T TTAARAA x3to] Z47F 4.87%,
453%% & 2] ng & MHC slow isoform3#-S YeErdon(P < 001), $21+%
T @ 155 YeluA] skt ol# 3 AnE B Pstl F9 HpyCHAV F$1914 MHC
slow isoform&teFe] 27 vetdd CC 343 9 AAFAZS stvat® 7kxar giohd,
MHC slow isoform&r#Fo] 5% n|qto w2 t}E Z3tgo] n3] ¥ A velhva 4 1+53% &
AHA F= Thes AMEES gel® & uth webs ol A7 2dEd e E W, MHC slow
isoform (%) ¥&Fe] 5% VY A4+ SAAT I doju, o]& DNAMAE Eall AA G

=
A AWM S ks A8e #53 + dth

Table 3-31. Diplotype analysis for Pstl and HpyCHA4V locus.

Diplotype
CCCC TCCC TTAA TTAC TTCC  povalue
Traits (n=18) (n=65) (n=41) (n=51) (n=44)
4.87™ 6.58" 4.53° 5.73% 6.82°

MHC slow isoform (%) 0.0083

(0.81)" (0.59) (0.55) (0.40) (0.49)

Meat quality grade 1+ 0 0 0 5 2

Abbreviation: MHC, myosin heavy chain
1
Standard error of least-square means
by fferent superscripts indicate significance levels within rows of each SNP locus.
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t}. multiple DNAW7A Ad7]18 7t

2]
of ed & d= W i A5 HAH
. MHC slow isoformo] 43S Fi1 A=
Pstl #919t HpyCH4V %]l W3] multiple DNAFFAE /gt & SNP el st
multiplex PCR-E 93] 27}% primer set (Table 3-32)& A 28lar 2 primerE 1x0(10pmol/ul)
A ZH7slar 1 9] 100nge] #H A DNASF 0.25mMe] dNTP, 10x PCR buffer 2 1.25U2] DNA
polymerase (i-MaxTM 1II, Intronbio., Korea)& 3. Mastercycler gradient (Eppendorf Co.,
Germany)E °ol&3te] & H3 50 FFATE PCR w&xde 94TA  10%3F
pre—denaturation 3+ ¥, 94C el Al denaturation 1%, 60°Col A annealing 1%, extension 72T 1
-8 3 cycle? 3o 30 cycled ¥FE3 & wixjeto 2 72Co|A 1082 % PCR ¥$S #8
5 T35k Table 3-33°] HElUAE nRel o] A7 FS Fl 750bp, 279bp
s}

i
s
(ld
offt
o
r
o
do
.

=
S
do
2
D)
=
n2
~
i
ot
o,
ol

Table 3-32. Condition for multiplex PCR

Target Primer (5'—3") Annealing Cycle
temperature
1 F: TGTGTGCCCTTCTTCATCA
Potl 9] & R: AAGGAAGGTTCAGGCTGGT
60C 30
HpyCHAV 34 , P GCCTATGCTTCCAGGTCTTC
R: GCAGTCACCATTCAGTTTTCC

o7l Aska A Pstl, HpyCHAVE Z+7} A 2stH Table 3-313 #Zo| Z}7}e] FAXEH &
TES b PstIe) A T alleled o, 750bpe] PCRAM==7] 2] i & e
A9k C alleled ™, 539bp + 211bp=E Wrol ok 3 HpyCHAV 912 PCRAHEC] Pstld]
ola] B4 FHelu = 170bp ¢ 108bpe I UERUA vk =, 539bp 2 211bp MERE #H
Y& gl &

HpyCHAV®] %ol C allele? ™, 168bp, 57bp, 54bp= 2™ A allele o= 168bp
W =7) 135bpet 33bpe] 7 M= S o ol itk o] 943kl Pstlell €@ 537bp, 110bp,
103bpi= & vpebdTh = 168bpet 135bpe] F5-= FAAE S e 4 9ok
weba] 2Tl A AjEst multiple DNAYFA 73S o] &3te] SE=d oA KHilh
o

golstA AR FAA4FE Aotstn, 28 A3 & e Ao BuAL
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Table 3-33. The figures of PCR product and bands digested by each enzyme

PCR RFLP (Pstl) RFLP (HpyCHAV)

750—
539—

<700

1 <537
<500 ;

800—
700~

500—

<750

+250
+200

+150
<100

~168
<135

§ 110,103

57,54

211-
170—

<279 109—

170—
109—

M PCR

cC TT TC M M CC AC AA

AQA AW e 2 HE7E T

SHFHAAE ©43e] myosin heavy chain
& TARR AA Gt HH Y = Zol

= 4719 MHC isoform®] €434, o] & of uwtg}A Slow form¥} Fast form o

2 AA FHo] #r}. Slow forme G-MyHC isoform 3l7} £A413l3, Fast form< MHC

2a, 2x 1¥]3L 2b 37}A isoforme| EAI3H 77y MYH7, MYH2, MYHI, MYHA4 7 Aol

ol ).

A2A A= FAFEN A #d DN
1208 AFF4& =
(MHC) isoform< =193}

2

ry ﬂllo r ‘:m

fo
3
A o
ok

rlo

@

220 Ao A MHC isoformsE FQ3E A7 471 FAARL x4 9 (5 upstream
region, 3'downstream region)ell w3 Q7| S AFda FAAE AAHE Y
gt 7E HFXALE FE olE TEAAAS] cDNAG oA WHol7f MAEA @ggornsE
TGS A Bde] I3 e & F e 2EAFYgoe=E AAGY. EFY, F53F HolE
gkelstr] sl 479 A F8 FF(Berkshire, Duroc, Landrace, Yorkshire)S o= A%

A3k, 9719l SNPeF 271¢] InDels W=Eshal, ddolAe] 214 - &3 #

A)
=

#18l PCR-RFLP (polymerase chain reaction-restriction fragment length
polymorphism)”7]'H-& o] &3lo] 371 &gl digh F-HdAFAG7]H-S viA ),

32t AFolAE ol wgo® HAPETS ASH B AFAAete] dAE T §4
A FAFEM Aoty W SAAE FAEA AR S TP AP S s g,
22hd g Fel ded AU FaAW SNPiERtoby s 2 drRle] Badkal gl
SR EAABE DNAvEAC ek 3424388 #438te], MHC slow formell 9&& = + U=
gl wiAE EEstaL, ol wAld Ade ¢ e AEHE Jiedte] dFEERE %3
of ARAAEAE T3 VT A, Ed DNAvFAE F3 MHC slow form$haol] o]

83 S 3] MHC slow form¥ &2 3% 5% 52
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DNA ul_;_l Pstl locus HpyCH4V locus

isoform | | |
v

:

Figure 3-7. Summary of Development of DNA marker associated with myofibrillar protein
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Table 1-1. Design of experimental group

Total

Male

Female

Breed

100

50

50

Landrace

50 100

50

Yorkshire

100

50

50

Duroc

50 100

50

Berkshire

400

Total
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7y 3074 13 AAH =S HAAYa, vHAAL ddFol drk 7] EA 8 Berkshire 127
2 EAL g ZtHTable 1-2). A3 =7 A A% (Live weight)o]
% (Carcass weight)e it 84.13kg® A &(Carcass percent)o] ¥

i 10791kgeol™, = o+
77.82% % EAHAY. AFAeHe] Ax7t W AT FABack fat thickness)9t 54
<A A (Loin eye area)™ 7—}7L Hit 2336 mmet 27cmE YEbg T SAS gEAe] A%
W) 2 &> (longissimus muscle) & &34 oA A EFo] Fskx @7 sfofst= oy =] 9l
Aoy, F 2T (I A 6, #am 20)0l wialAl A A=A
Table 1-2. Growth and carcass traits of Berkshire pigs
n Mean SD Min. Max.

Live weight (kg) 127 107.91 6.30 94.87 120.51

Carcass weight (kg) 127 84.13 5.04 73.00 94.00

Carcass percent (%) 127 77.82 1.24 74.31 83.16

Back fat thickness (mm) 127 23.36 4.46 10.00 34.00

Loin eye area (sz) 27 48.49 7.42 32.23 64.12

A= Berkshire 1277+ ¢ A 66579 AAME FH A 62F2 o] otk A
A P e F Fo 29 F shbolnz Jud hE 4P 9 4% FAY 5y
& Pl tHTable 1-3). AAFTIH =AFAA = Aol W& {22 Xol& Holx| &Sk
ARt EAEAAE FEAZE 6 A YETHP < 0.1). SX WS FACNAE GHA 7 FEA
Wk gkA Yehwom (P < 0.05), sAT dHAAAAE F242 Zol= AT E |7}
FelAd wsl tha We AT wglth olF Bl B HYe JEHT F st
Berkshire® Z-¢ @&l A|7} Aol vla] 4b53E sHo] ¢4 HERteE As & F
vk $F 2AW o EEe) g F9 FED 54 L US4 BAY Bl g

Aoz ke,
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Table 1-3. Effect of sex on growth and carcass traits of Berkshire pig

Sex
Significance

Female Male

(n=65) (n=62)
Live weight (kg) 108.24 + 0.85 ' 107.40 + 0.80 NS
Carcass weight (kg) 84.12 £ 0.67 83.81 £ 0.63 NS
Carcass percent(%) 77.53 £ 0.15 77.89 = 0.14 ¥
Back fat thickness (mm) 2120 + 0.54 2534 + 0.50 *
Loin eye area (cm’) 49.18 + 1.67 46.20 + 3.04 NS

' Standard error of least square means.
Levels of significance: NS, not significant; ¥ P<0.1; *P<0.05.

ab,c

Least square means with different superscripts in the same row differ.

WA SFHA7E2007) E SHSF E¥EE Figure 1-13% 2t} Berkshire 78 A%
= 46.5%, Bo# 33.9%, Co# 126%, Dsw 7.0%E el 20099 2¢€ A o 553
AFe 1,116871F 01, o]F SHH EdAW &S ASH 380%, B+ 300%, Ce+ 156%,
D553 127%°)th A&7 gukAel v &3 S48 43S Jelyon, B3 A, BSF
o] o Wo] Yel HAF oz FiFo] 3 AoRE AT HAT

BAEZ (46.5%)

BB S22 (33.9%)
= (12.6%)

BD S (7.0%)

Figure 1-1. Distribution of quantity grade
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o =Ae] §297)

=A4¢ SHEAHIE A Z27] pH(PHs mn), 552 (Drip loss), ¥ =(Lightness)®] 37F# &
3] AA G (Table 1-4). AFS- Z27] diAbSEo F238 A EQU pHus mine ¢#§r 453

o] Ak ZA oA FHA3I o, "Pﬂxl S 5 F 24Xl At EA A FH AT
- 5 AFEAF Dol A g lactateJ S7t=

z#5h %@4 X1 di o]o] Wt} BerkshieZ 2 pHis mn©] 6.260.% 7

T

H =< 7T
vgkom, ol AMFUALS R HA Mg EHE & At AR pls mnte 60131011, O]
Ae oA 53 =4 Y2 A2 BerkshiemE2e 54O Algdy, B AdZT oA &
Aol gk AdH7ke] Aol= FoshA & Aoz FA5A T (Table 1-5).

Table 1-4. Descriptive statistics of pork quality traits in Berkshire pigs

n Mean SD Min. Max.
PHas min 127 6.26 0.22 5.44 6.78
Drip loss (%) 127 2.09 1.32 0.87 8.79
Lightness 127 44.65 2.19 38.61 49.24

Table 1-5. Effect of sex on pork quality traits in Berkshire pigs

Sex
Significance
Female Male
(1=65) (1=62)
pH 45min 6.23 + 0.03' 6.27 + 0.03 NS
Drip loss (%) 1.94 + 0.17 2.29 + 0.16 NS
Lightness 4456 + 0.28 44.66 + 0.30 NS

' Standard error of least square means.
Levels of significance: NS, not significant.

ab,c

Least square means with different superscripts in the same row differ.
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WA S FHA7F2007) e SHASHF F¥E Figure 1-29F 2t} BerkshireZS72 1+
T8 08%, 159 764%, 2%+ 228% = uElwt) 200993 2¢€ A 558 =3V &S 1+5

v 1.8%, 16+ 704%, 269 224%, 3695 1.7%0.2, AdFH7e o9 fAgE AEe e
ok B8l 15Felael F T76%% WA A& T22% 1t wol 4wl A Berkshre ¥F
of =W AA=arel vs 3 Aor dE,

0.8% g

Figure 1-2. Distribution of quality grade

A%e) urdd AEE ol89 E U2 ERAEFS td /10l o8 PSE(ale, soft

exudative), RFN(red, firm, normal), DFD(dark, firm, dry)J 37 2 EFHtH(Table 1-6). ©]

[e)

T PSEEHL ol dSo=z FRYY 2 BerkshireSw ol A= YepyA] sk} o] #dk 571+
S SEHIE TFst] B u], 2 Ado o] &% Berkshired @2 dubddny A% ¢
oz wugh

% 4
m m

F
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Table 1-6. Clssification of pork quality classes

PSE RFN DFD
Lightness > 50 42~50 < 42-43
Drip loss(%) > 6% < 6% < 1-2%

Meat Quality Class

B DFD 20 (15.7%)
1.6% M RFN 105(82.7%)
' RSE 2(1.6%)

Figure 1-3. Distribution of pork quality classes

A A Landrace®} Duroc, Yorkshire Al 71¢] FFo wtalA] 242t 3@ Ao o]FojxaL
Ao, FFTHE 33M Y mxo] AFH AL glo] VxHFwow AT R A " de
of BF 4Rd F S Ao d¥dy. FEdr d7EAE EdE VxSsTos 44
ul i FEel dsliA FEE, 4Ezt e Ed Sy 2 SdedHd digk vlagAo
ofFold F o, ofF EuR 1, 2AF-IAA =t YxHelH Ae % F F Adrnd
ofFold Al @A o} Oﬂfo]x}gr I DNAXAFAAe] aaa3ed &84 4 ds
Aot
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ojdel FE AL 874 HWurh 54 2w 2P g, 12dd 44440
A FEIANG 43S dehlon, %40 AstEE BAR oplAth FF FE AL
%3 Adglel f4o] FHAE YRS FTFsolok s, meba] B AN AWt 2
AEAAE FASY B oPIZ £ FunE Avgel sdejor £ dFAAEAL Ak
Bg wd 5 Ak

A

A
A1 MEAA AFZAI myosin heavy chain(MHC) isoform F4, &3 MHC slow

| 54 dFAAA=EA 7S YEHET 2 HE A= %é‘ oA SAAEA e
HC isoform A3 A& e #74 9 #A5ygriete] #AE BAsto
Asstal AEAe AaLA71A stk MHC isoform 4% 4449 3F
A3le] A&Fe MHC isoform FA4-S ¥439on, 3 0‘3*}#%! gEo

2 ©.
T =
= A Hﬂ%%(longissimus dorsi muscle)?] ©WH 43} SR FAE HAA3 ] =
=&
(]

X

o

:

rt

Hy =

ﬁ
=
o
o

o5 W FHEWelsE vhE 25 vl AY] wiEel JhA 3 &
Agtely, dubtdoz wFHAdTe] dHAde Ay ¥ ZAFTY Ao FHLAE u<
(Ryu 5, 2004). AW F7= o4 gy g4 =571 9 &~ =A9 SF5
o= olgHu, A ©W AAA HA FHo] &
ZojE Ao 4HA r}).

MHC isoform 273 w&d @2, A% 54 1 dad4d 23, dA4 2d7
MHC fast/slow ratiow WJ#H & SHA 2 Foj4 FABA G = 0.24, P < 0.00D)E 7HA+=
o2 et ow(Table 2-1), W2 ¢ A= o] ~o|A %= MHC fast/slow ratiot= #]&H 3
WA Aol HAAA(r = 0.23. r = 041, P <0.05)E YeAY. 28y MHC isoform %
& A FA%E 594 ARaAY 9 Ao R et (Table 2-2).

35 o

Table 2-1. Correlation coefficient (r) hetween myosin heavy chain isoform content and loin

eye area, backfat thickness

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
All pigs
Loin eye area -0.02 0.02 024
Backfat Thickness 0.07 -0.07 -0.10
P < 0.001.
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Table 2-2. Correlation coefficient (r) between myosin heavy chain isoform content and loin

eye area, backfat thickness in each pig breed

Myosin heavy chain isoform

fast/slow ratio

fast isoform

Slow isoform

Berkshire

0.13 0.23

-0.13

Loin eye area

0.12 -0.12 -0.10

Backfat Thickness

Duroc

-0.05 -0.12

0.05

Loin eye area

-0.15 0.15 0.07

Backfat Thickness

Landrace

0.12 0.41

-0.12

Loin eye area

0.22 -0.22 -0.18

Backfat Thickness

Yorkshire

-0.20 -0.27

0.20

Loin eye area

-0.02 0.02 0.00

Backfat Thickness

P < 0.05.

i
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@) BBt A%, % L Py

7y Alge| gk P A FEoE Hrtstd o, 53 A EWHE o] &3 97HA
Yr1e e n)a2S3st 3] o] A % A (American Meat Science Association guideline, 1995)
E FHaz 3Hon, AirA(Sofrness, 1 = "¢ F-=8]&; 5 = -+ =H=sh, x7] ¢ E(initial
tenderness, 1 = "l-9~ 435 5 = -9 23, 54 (uiciness, 1 = #-¢ t53; 5 = 7% Ax
3h), Fv|(flavor, 1 = "% 23 5 = wi-$ oFgh), o] F (off-flavor, 1 = =% °F3h 5 = wf-%
4, A¥d(chewiness, 1 = "¢ F=d7 A3 5 = v A7) d5), Aol &ol(rate
of breakdown, 1 = = 37 W% A5 5 = A= 470 W5 B+5), Y¢s™mouth
coating, 1 = "% & &, 5 = v+ ), %}04 E 9] %(Amount of perceptible residues, 1 = ¥
T+ A5 5= W ”LO)C’E TSR AadS AEE AHe AL A Bojrle ¥ A=
oli, V|AEE AEE H&x 3H A% }‘C A B0k 3 Arolth AL AT
S22 ANRE XV‘—}%}—‘E B0k 3o ARE wWekH, Al &olme ARE AV
Avst 7] sk 98]l HRs Az S4E ou| st ek, A, 27d5E, A,
Ao Boluw AR dxe AHE FHEot UFAS AEE OH S 5 fEdeE F
o] Folil, FH|E ARE 8H AZS & =X e Fre HEE WilY, o]dFHE AEE
AZ S w FUE A X e Fr S uhg 9ujdit), QB S AlRE A %))
T E ) BEWlA QIXEH= Aoy 7] Ee] Y& wWelil, FoEe Y& ARE AR F
AT A QAR ¥ = AA A U &5 g o n s (Figure 2-13 Table 2-3)
17D A R MEE H9E 1) S0t
s =g - . .
2. -iJIWL HEE *:.‘BE#_UM =07 o 3 :
=] -1 i ]
3.5 UEE Sl WE ROl 4R 40 Y & - i
-1 H 2.
4. Bo; MES 8 HE 20) LA E B0 (3 ¢ 3 22 5407)
L E ﬂgl’ E!‘-’
S.0|45: MEE 8 ME FL AR 4% 3 “HZ|& (4) 0]9lo] Zo| (WD ot & 3= &47))
% LT E‘Is Wi Ll;!n.‘
O =
ETT] 5 %2 w7 U6
- .0
o Aenus i RO R UE
[:;?I, 4T e ol:«:sl;-i
oto] = THO| B Y
= =) &

Figure 2-1. Sensory evaluation form for cooked pork loin

151



Table 2-3. Definition for sensory quality parameters used to characterize the pork loin

roasts
Parameters Definition
Softness Force required to compress (biting across the fibers) the meat sample
between the molar teeth: soft to hard
Initial tenderness Force required to chew 3 times after the initial compression: tender to
tough
. Energy required at the 9th chew to swallow at a constant rate: tender to
Chewiness chewy
Number of chews required for the sample to disintegrate during the
Rate of breakdown mastication process in preparation for swallowing: fast to slow
Juiciness Amount of moisture released after 5 chews: not juicy to extremely juicy
Flavor intensity Intensity of pork flavor after 8 chews: no pork flavor to full pork flavor
Off-flavor Intensity of any flavor or after-taste perceived as inappropriate to cooked
pork: none to strong off-flavor
Mouth coating Amount of oil/fat left in the mouth surface: none to very much
Amount of Amount of connective tissue remaining upon complete disintegration of
perceptible residues meat sample: none to abundant

Cited from American Meat Science Association guidelines (1995)

9. AR S dsAAAAR AR BA

Table 2-4914+ MHC isoform A3 #sH 712 7ete] AAAS o
7td A # 7t & SAom R A 3 AA, td A s F4 54
v] k=3 & (National Pork Product Council, NPPC)ollA] wl# st =52 §4
7)ol oAl AEe] NPPC &4 H&(NPPC color score)®} )
marbling score)E H7}3tATE 7 WA, 7tE F % 2 EAL "J/ﬂ 713 He Ut
E A

ol elAske] Hrpskalvl. NPPC &4 81 =]

BF7bd 3083 29 01 719 A Z3te] bloomo] ©] Fo] é‘ T AEE T NPPC 4 A
T 17ANARE 63704 glow, A5rh gegE s SA48 e, A5 555 E
SES TR L - -3 urE}»nu} NPPC AW &= Xé.fr—t« 18458 108744 9o, A7)
WSEFE WA EYE Y AT 5EE SWANRE v B9 4 Jes WA
g2y A3 E o] NPPC Eﬂ%x}ﬂ&l{ A 1d2 SUAY g 1%E ey,
NPPC U AH% 108e ZulAdr dheF 10%= 9u)). A4 A&7e] MHC isoform 343}



Table 2-4. Correlation coefficient (r) between myosin heavy chain isoform content and

sensory evaluation of cooked pork loin in various pig breeds

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
NPPC score
Color score 0.00 0.00 -0.13
Marbling score 0.03 -0.03 -0.12
Sensory evaluation
Softness -0.05 0.05 0.13
Initial tenderness -0.07 0.07 0.14
Juiciness -0.05 0.05 0.12
Flavor -0.05 0.05 0.06
Off-flavor -0.10 0.10 0.13
Chewiness -0.06 0.06 0.12
Rate of breakdown -0.05 0.05 0.11
Mouth coating -0.06 0.06 -0.04
Amount of 0.11 0.11 0.19

perceptible residues

Softness: soft to hard, initial tenderness: tender to tough, chewiness: tender to chewy, rate
of breakdown: fast to slow, juiciness: not juicy to extremely juicy, flavor intensity: no pork
flavor to full pork flavor, off—flavor: none to strong off-flavor, mouth coating: none to very

much, and amount of perceptible connective tissue: none to abundant.
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Table 2-5. Correlation coefficient (r) between myosin heavy chain isoform content and

sensory evaluation of cooked pork in Berkshire breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
NPPC score
Color score 0.15 -0.15 -0.16
Marbling score 0.06 -0.06 -0.06
Sensory evaluation
Softness -0.28* 0.28* 0.47#%*
Initial tenderness -0.28* 0.28%* 0.45%**
Juiciness -0.14 0.14 0.28%*
Flavor -0.25 0.25 0.20
Off-flavor -0.29%* 0.29* 0.33*
Chewiness -0.21 0.21 0.42%*
Rate of breakdown -0.25 0.25 0.47%**
Mouth coating 0.05 -0.05 -0.25
Amount of -0.32% 0.32% 0.46%%+

perceptible residues

Levels of significance: = P < 0.05; ™ P < 0.01; ™ P < 0.001.

Softness: soft to hard, initial tenderness: tender to tough, chewiness: tender to chewy, rate
of breakdown: fast to slow, juiciness: not juicy to extremely juicy, flavor intensity: no pork
flavor to full pork flavor, off—flavor: none to strong off-flavor, mouth coating: none to very

much, and amount of perceptible connective tissue: none to abundant.
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Table 2-6. Correlation coefficient (r) between myosin heavy chain isoform content and

sensory evaluation of cooked pork in Duroc breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
NPPC score
Color score -0.14 0.14 0.03
Marbling score 0.18 -0.18 -0.21
Sensory evaluation
Softness 0.08 -0.08 -0.10
Initial tenderness 0.07 -0.07 -0.14
Juiciness -0.20 0.20 0.32
Flavor -0.05 0.05 0.02
Off-flavor 0.15 -0.15 -0.36*
Chewiness -0.03 0.03 -0.06
Rate of breakdown 0.04 -0.04 -0.18
Mouth coating 0.21 -0.21 -0.28
Amount of 0.12 0.12 -0.14

perceptible residues

Levels of significance: = P < 0.05.

Softness: soft to hard, initial tenderness: tender to tough, chewiness: tender to chewy, rate
of breakdown: fast to slow, juiciness: not juicy to extremely juicy, flavor intensity: no pork
flavor to full pork flavor, off—flavor: none to strong off-flavor, mouth coating: none to very

much, and amount of perceptible connective tissue: none to abundant.
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Table 2-7. Correlation coefficient (r) between myosin heavy chain isoform content and

sensory evaluation of cooked pork in Landrace breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
NPPC score
Color score 0.25 -0.25 -0.33*
Marbling score 0.21 -0.21 -0.18
Sensory evaluation
Softness -0.07 0.07 0.01
Initial tenderness -0.12 0.12 0.07
Juiciness 0.07 -0.07 0.04
Flavor 0.25 -0.25 -0.05
Off-flavor 0.12 -0.12 0.00
Chewiness -0.02 0.02 -0.03
Rate of breakdown 0.04 -0.04 -0.07
Mouth coating -0.17 0.17 0.00
Amount of 0.10 -0.10 -0.03

perceptible residues

Levels of significance: = P < 0.05.

Softness: soft to hard, initial tenderness: tender to tough, chewiness: tender to chewy, rate
of breakdown: fast to slow, juiciness: not juicy to extremely juicy, flavor intensity: no pork
flavor to full pork flavor, off—flavor: none to strong off-flavor, mouth coating: none to very

much, and amount of perceptible connective tissue: none to abundant.
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Table 2-8. Correlation coefficient (r) between myosin heavy chain isoform content and

sensory evaluation of cooked pork in Yorkshire breed

Myosin heavy chain isoform

Slow isoform fast isoform fast/slow ratio
NPPC score
Color score 0.02 -0.02 -0.24
Marbling score 0.10 -0.10 -0.15
Sensory evaluation
Softness 0.21 -0.21 -0.16
Initial tenderness 0.10 -0.10 -0.06
Juiciness -0.14 0.14 0.23
Flavor -0.24 0.24 0.15
Off-flavor -0.18 0.18 0.13
Chewiness 0.06 -0.06 0.01
Rate of breakdown -0.10 0.10 0.05
Mouth coating 0.17 -0.17 -0.22
Amount of -0.07 0.07 0.13

perceptible residues

Softness: soft to hard, initial tenderness: tender to tough, chewiness: tender to chewy, rate
of breakdown: fast to slow, juiciness: not juicy to extremely juicy, flavor intensity: no pork
flavor to full pork flavor, off—flavor: none to strong off-flavor, mouth coating: none to very

much, and amount of perceptible connective tissue: none to abundant.
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b ke FselA e K457 48

A1 AFHRA LA 2 AFHA A A SHAFVIHY] BHE 215ty ] ohkst
&0 ALste] FAAY. FES WAN, FF, dodols, faMoln, 7 FEF A
Myosin heavy chain (MHC) slow isoform®| 7% XS 7|Fo2 F IFo=w &3t v

A& AA sk

H=aM el A, MHC slow isoform ZAel &3 ¥t v FFo vls] Fslssivt
(Table 3-1). MHC slow isoform®] Z/d<2 4.39%%} 9.49%= S8k 2ol& Mo, ALS 45
F(6.11 vs. 623, P < 0.05) ¥ 24A1(5.85 vs. 6.00, P < 0.05) pH 9+ 94 Aol& HFY
o] 3} 2] &= 2 (filter—paper fluid uptake) (23.31 vs. 1751, P < 0.1) ¥ &5 % (drip loss)
(232 vs. 158, P < 00D #9242l #tolE& vehlidrh Al 1 AlF-3A ] A2 39 7o)
MHC slow isoform®] ZAo] 7% Z391 ZF A pHias mn 2 pHou n7F B5F ESkon, W4
= Heds oARAFFE Z %%—é/\“ﬁ‘: AAvt 28y =A5A B pHeF AHAAFTFE,
SEAFE AT SAFTEAE Fo4 2ot gle Ao E e
FrE(Table 3-2), =4 o] ~(Table 3-3), &M (Table 3-4) =+ MHC slow isoform® -
o) Aol oy, SHEAANAY 74 Aol7b vEuA @t 22y MHC slow
isoform XA 7% &3 LFA ARAFFE, SETEHLFY FAVE SA dek b A
AEs FAT F At A=dol oA AW FA(backfat thickness)®] 92 x}o] 7}

=

et e, 7% 23 1% SAW FAV W FAL AoE e

=
[
=
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Table 3-1. Comparison of carcass traits and pork quality traits between two groups

categorized by 7% of myosin heavy chain slow isoform composition in Berkshire pigs

7% < > 7% Level of
(n=89) (n=38) significance
MHC slow isoform composition (%) (‘(‘)3290]3) (%‘;)9;) ook
Carcass traits
Carcass weight (kg) (80452;3 (86‘ '9701) NS
Backfat Thickness (mm) (203;‘97) (26‘ 7050) NS
Loin eye area (sz) ?07.'97633 ?16'4213) NS
Pork quality traits
Muscle pHis min (%%)13]3) (%%)31) *
Muscle pHas (%%5;) (%%91) "
Lightness ?03 '386(; ?6‘ 5061) NS
Redness (8(1)?) (g % % NS
Yellowness (ég% (3%?) NS
Filter-paper fluid uptake (mg) %fgzl)d g%l; ¥
Drip loss (%) (%3125) (1052%3 -
Cooking loss (%) (20§5329) (205 8705) NS
Shear force (N) ?1526;3 ?169456) NS
NPPC color score (8(1)%) (8%8) NS
NPPC marbling score (38%) (S??) NS

Levels of significance: NS, not significant; ¥ P < 0.1; = P < 0.05; #x P < 0.01; #=:x P <
0.001.
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Table 3-2. Comparison of carcass traits and pork quality traits between two groups

categorized by 7% of myosin heavy chain slow isoform composition in Duroc pigs

7% < > 7% Level of
(n=22) (n=10) significance
MHC slow isoform composition (%) (‘(‘)13?;3) (%‘g;) ook
Carcass traits
Carcass weight (kg) (8170608) ?17435?) NS
Backfat Thickness (mm) (2034287) (202 7310) NS
Loin eye area (sz) ?11.2387) ?10 89;3 NS
Pork quality traits
Muscle pHis min ((6)62) ((6)352;) NS
Muscle pHas n (8(6)%) (8(5);) NS
Lightness 3)9319(; ?09 '5289) NS
Redness (8?% ((6)32) NS
Yellowness (éfﬁ) (g% NS
Filter-paper fluid uptake (mg) (3236‘75) (331.6983) NS
Drip loss (%) (gzg?) (gzig) NS
Cooking loss (%) (309'90733 (21?4486) NS
Shear force (N) (539"61733 (55?4158) NS
NPPC color score (égg) (S?§) NS
NPPC marbling score (Szg) (ggg) NS

Levels of significance: NS, not significant; ¥ P < 0.1; *xx P < 0.001.
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Table 3-3. Comparison of carcass traits and pork quality traits between two groups

categorized by 7% of myosin heavy chain slow isoform composition in Landrace pigs

7% < > 7% Level of
(n=27) (n=21) significance
MHC slow isoform composition (%) (‘(‘)%g; (%i%d) ook
Carcass traits
Carcass weight (kg) ?25%'2296) (9235095) NS
Backfat Thickness (mm) éggg; %393;; *
Loin eye area (sz) 52?5527) (6308147) NS
Pork quality traits
Muscle pHis min ((6)(1)2) ((6)(1)2) NS
Muscle pHas n (8(5)5) (8(6)3) NS
Lightness 3)84239) ?07 4796) NS
Redness (ggg) ((6)‘2‘2) NS
Yellowness (631"3‘) (6%2) NS
Filter-paper fluid uptake (mg) (654888 (562 '5388) NS
Drip loss (%) (32421(1)) (3232) NS
Cooking loss (%) (305"334(; (306 3092) NS
Shear force (N) (632"1528) (635'35540) NS
NPPC color score ((1)?‘2‘) (Sg) NS
NPPC marbling score ((1)?;) ((l)?g) NS

Levels of significance: NS, not significant; ¥ P < 0.1; = P < 0.05;, == P < 0.001.
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Table 3-4. Comparison of carcass traits and pork quality traits between two groups

categorized by 7% of myosin heavy chain slow isoform composition in Yorkshire pigs

7% < > 7% Level of
(n=29) (n=8) significance
MHC slow isoform composition (%) (%%3;) (%ég) ook
Carcass traits
Carcass weight (kg) ?15.1569) ?26"2225) NS
Backfat Thickness (mm) (2140679) (224'6755) NS
Loin eye area (sz) ?109421) ?39625()) NS
Pork quality traits
Muscle pHis min ((6)(1)2) ((6)%;) NS
Muscle pHas n (8(6)2) (8(5);) NS
Lightness 3)54:22) ?05 8387) NS
Redness ((7);33) ((7)431421) NS
Yellowness (éTg) (S%) NS
Filter-paper fluid uptake (mg) (2274247) (242 6146) NS
Drip loss (%) (gég) (322‘1}) NS
Cooking loss (%) (301.'6132) (3'11"253 NS
Shear force (N) (627'408 (6 45 68(;‘) NS
NPPC color score (é?(l)) (Sgg) NS
NPPC marbling score ((1)88) ((l)?g) NS

Levels of significance: NS, not significant; ¥ P < 0.1; *xx P < 0.001.
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e oz b EFolA MHC slow isoform® ZAd] wE SH4SH A3E AHE7] 93,

MHC slow isoform®] 7% %<& 7|02 % aFos BREd & 7 18Ae SASF
9 &S v B SHSHE o|Fstd EAE Vo= 3, SHAA de 2kole=
FAE v dAA FAETARHA LA A¥gsta e WEA S45H, 7T HHE ol &3
o},

HAare] A4 olgstd AL 7lFow 3 SAGTFANA MHC slow isoform 4 7%
ulgt 158 dark, firm, dry (DFD) 51.22%, reddish-pink, firm, non-exudative (RFN) 43.99¢,
reddish-pink, soft, exudative (RSE) 2.44%, pale, soft, exudative (PSE) 2.44% & YEp%tar,
% %3 IF9AE DFD 68.75%, REN 31.25%, old=5202 #dx= RSE ¥ PSEE e}
"}X] g ttH(Table 3-5). FAHETHHA LA A SATHAARE 7% vvE 2FAA = 1+
a2 YEIYR] &ka 15F 77.53%, 257 2247% % YESEA R 7% 23 aFoAE 1+
T 2.63%, 15+ 71.05%, 25w 26.32%= UEETHTable 3-6). 1+5wl 33 %= /HAF7)
171 wii-ol 9@AZA7 = 0133%]”} Sywel WE &S AdEyd MHC slow isoform

Aol & AFAA A Fde5dol Fdste A4S FUATE F AT

= A9 wasdet FA13Ien, MHC slow isoform Aol 7% %3¢l ZFdA+=
o] =52 RSE, PSE7} A&k &% 2om(Table 3-7), 1+5w9 Zd&% 30%= Yetwth
(Table 3-8). MHC slow isoform #7 7% ®|¥ ZLFolA & PSES] &3S glalent, RSE
(769%)7F YeElwkom, 2% F9 £dUH%E d= Aoz eyt

drgo] 22 4% DFD =59 32 glojAx vt MHC slow isoform =74 7% 3 &
o] PSE =529 &dHE gl tHTable 3-9). =1y} MHC slow isoform &4 7% w#|¥t 1%
ol A= RSE (10.53%) % PSE (10.53%)7} WEsth SAMEFAg7Ed o YA sS4 55 lA
= MHC slow isoform &4 7% %3 Z1FAE 1+599 H3(14.29%)0] Ao} 7% w
W OFA = 1+ewe 3ol gl v (Table 3-10).

faMe Aede va v A3dE HeErltH(Table 3-11). MHC slow isoform %74 7%
¥ 5ol A DFD =8%(15.79%)°¢] Wetwo, 7% %3 ZFlAE DFD7F &334 &
o a8y 7% 23 aFoIAE RSE ¥ PSEQ A% 9tk MHC slow isoform %4
AAglo]l 1+5 7Y &30 ¢9UA Y, MHC slow isoform &4 7% %3 2FA 25 &
&ol 7% W%t :’—%‘Oﬂ vle oA e Aoz JeytH(Table 3-12).
E}E‘r MIHC slow isoform Z/del| W& SHAEH 52
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WA I} TE AFE YRR, §ATE F ured wEa
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o
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Table 3-5. Frequency and myosin

classes in Berkshire pigs

heavy chain slow

1soform composition in pork quality

7% < > 7%
(n=41) (n=16)
21 11
DFD
(51.22%) (68.75%)
18 5
RFN
(43.9%) (31.25%)
1 0
RSE
(2.44%) (0.00%)
1 0
PSE
(2.44%) (0.00%)

Table 3-6. Frequency and myosin heavy chain slow isoform composition in quality grades

of cold pork carcass by Animal products grading service in Berkshire pigs

7% < > 7%
(n=89) (n=38)
0 1
1+
(0.00%) (2.63%)
69 27
1
(77.53%) (71.05%)
20 10
2
(22.47%) (26.32%)
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Table 3-7. Frequency and myosin heavy chain slow isoform composition in pork quality

classes in Duroc pigs

7% < > 7%
(n=13) (n=5)
0 0
DFD
(0.00%) (0.00%)
12 5
REN
(92.31%) (100%)
1 0
RSE
(7.69%) (0.00%)
0 0
PSE
(0.00%) (0.00%)

Table 3-8. Frequency and myosin heavy chain slow isoform composition in quality grades

of cold pork carcass by Animal products grading service in Duroc pigs

7% < > 7%
(n=22) (n=10)
1 3
1+
(4.55%) (30.0%)
20 7
1
(90.91%) (70.0%)
1 0
2
(4.55%) (0.00%)
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Table 3-9. Frequency and myosin

classes in Landrace pigs

heavy chain slow

1soform composition in pork quality

7% < > 7%
(n=19) (n=11)
0 0
DFD
(0.00%) (0.00%)
15 8
RFN
(78.95%) (72.73%)
2 3
RSE
(10.53%) (27.27%)
2 0
PSE
(10.53%) (0.00%)

Table 3-10. Frequency and myosin heavy chain slow isoform composition in quality grades

of cold pork carcass by Animal products grading service in Landrace pigs

7% < > 7%
(n=27) (n=21)
0 3
1+
(0.00%) (14.29%)
21 14
1
(77.78%) (66.67%)
6 4
2
(22.22%) (19.05%)
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Table 3-11. Frequency and myosin heavy chain slow isoform composition in pork quality
classes in Yorkshire pigs

7% < > 7%
(n=19) (n=5)
3 0
DFD
15.79 (0.00%)
13 5
RFN
68.42 100
2 0
RSE
10.53 (0.00%)
1 0
PSE
5.26 (0.00%)

Table 3-12. Frequency and myosin heavy chain slow isoform composition in quality grades

of cold pork carcass by Animal products grading service in Yorkshire pigs

7% < > 7%
(n=29) (n=8)
0 0
1+
(0.00%) (0.00%)
21 6
1
(72.41%) (75.0%)
8 2
2
(27.59%) (25.0%)
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SAAZ7IH Y AEAHS HAE3d7] Y8 @A
Ho ¥ = A uEELYD) 3052 NEe 29

Aol A AlgE AF sk MHC slow isoform®] z=4-& %’ﬁﬁ}&’i‘:}. O]ff‘ AR =5 A4,

HEy dnel e SHEA 2 NPPC color score, NPPC ma rbhng score 5 HEHIIE A
Attt &g dd 535
:F.

(1) AA 2 =AH¢9 MHC slow isoform FA Hlu &4

A HAz B Ao 7Rl MHC slow isoform 324 A 2@ A oA Zol7} givts
g oA AFstr] A& A 2 Ao mHHE FLFAAN AEE AFH S MHC 24
S 2493199 A 2 =A2] MHCE slow$t fast isoformo. 2 E7dle] A4S £43)a,
A} =A4 9] FA zpo]E F3Fe] paired t-testES A A ETE EAE-A A3t Table 3-13
¥} Zr}. Paired t-test®] A4 SAFN AFHE t9 FoF8Ec] 020342 F9FF 0.058 T}
auz A7l “AAe =A9] MHC isoform 2749 zkol7t gty = AF7Hd S 7173t

)

oo wEbA AR e Yt =, MHC isoform 24 Al =4 31 i}ol% 8l

.ﬂ

=

X
e

(2) AHuFgE AdSae 54 9 A5 2UHY
Z MHC slow isoform ZAo] 7% =3¢ MAS HAdste] $4 ¢ 37
sttt 3079 A ugFE F MHC slow isoform®] o] 7%7F W& 7
A 5FE Aow, o] 55 ugk $A454 9 #eH 7t A= Table 3-14¢] YeRRTh
SHEAY A AFE A5E pH7} W% Zo) A gAY AFAQ uE APHgSe

ERH AL, AR 244 pHE A 9ol Setglorn, der ANS vehArh BE4Y S e
W A FFE S5E4% 7M9 3 F(cooking loss)S ¢ @& FAE Jehlth o3t
A EFHE] AF 1004 mgs S5 1.38%, 7M€ 3 #E 1874%E e H4Eo] w1
T ES ASE UEHT o A 1 AFHA 2 S Aaela MHC slow isoform®] 24 9]
AL T A 244 pH 2 Bl 7P ko] AW, slow isoform®] o] =&FE
pHo w7} 330 AR E4%, SHEEAFY 28 05y Jo FA7 drie Aol A3

A E £ MHC slow isoform® ZFAo] 7% %3 159 Y=A SH2ASHAAH ¥
A A TH(Table 3-15). dd¥#= g€ 1+sw°] UEUA &goer, 2559 ZAdE AT
a8y AMAIS7F 5% 2 MHC slow isoform?] S o &z x ASE 9 2A7348 dA4A 7]
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Table 3-13. Results of paired t-test for differences of MHC

antemortem and postmortem with SAS software

1soforms composition between

AA=E A Muo-0
1% -5 A -
AFHEY ¢t t 1.518852
T35 M 1.5
55 %9 S 5.5

_______ p- -
Pr > |t 0.2034
Pr >= M| 0.3750
Pr >= [S] 0.1875

Table 3-14. Pork quality traits in the group selected by more than 7% of myosin heavy

chain slow isoform composition in LYD pigs

> 7%
(n=5)

MHC slow isoform composition (%)

10.12
(1.13)

Pork quality traits
Muscle pHis min
Muscle pHas
Lightness
Redness
Yellowness
Filter-paper fluid uptake (mg)
Drip loss (%)
Cooking loss (%)
Shear force (N)
NPPC color score

NPPC marbling score

6.43
(0.08)

5.73
(0.03)

47.56
(0.64)

6.15
(0.36)

2.00
(0.23)

10.04
(2.66)

1.38
(0.17)

18.74
(1.11)

39.56
(5.84)

2.60
(0.24)

2.20
(0.25)
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Table 3-15. Frequency and myosin heavy chain slow isoform composition in quality grades

of cold pork carcass by Animal products grading service in LYD pigs

> 7%
(n=5)
0
1+
(0.00%)
4
1
(80.0%)
1
2
(20.0%)
o SZ29F710 9 AE3sE Wk AlA
B AFE F3 MHC isoformsE £243}o] slow isoform® A o= =89 £ S2H&
o &3k = oS Iy MEd %é‘ﬁ]fﬂ‘ﬂJ JEStE fs 2 ﬂ Blo] A= A A o A
MHC isoform #4248 913k A&x3 vwads ek
ANaAH = 7498 Y8 71 A9 X—,LOSO]E], ANBAFHATE ASsA o] FAX K] & A-F,
B0 o)t A3t AAE AFT ¢ g LI FE9 AANA ARE AFHIE A AHE
EAA ARE AMHSE A o200 2FH =3 ofHoh AAeAE AR AHT WY
o] &Y F o, FF W Aukd o3 EYA] A BEANFH BAE ASSA dekstr] vk o
He Y FHdA AR AFHT oA"Y gUlelAE s=9 AAA ARE AFH =, 5T
o5 2AS AFHEE AT Bo] o]FoX K| @ol = AAA & A& AFHE=
¥=39 2 virdoe] ey, ayEg B AFaE FE2o AAdA 48 A4S AF
3t ¥3tY A viwd s wrEo] AEgstara sk

1) BAARE AF Avdey +A

T odgelA Ed AAAE A5 dugds 27 A FReR 7AH M‘:‘r 3 AA =
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Figure 3-3. Beaker, pincette, alcohol and liquid nitrogen storage tank

Al AE gl A x‘H% A zuls
=2AHE AF ddel #4945 s
A& AAste Ae A darxe @A Avkerr Selrkan, AfEA S401A BE
Aro) Av)efof ke, oF 700 x 2200 (mm) A% =77} Al

and mH
-
BN
i
e
I
o,
—_>*4—9

!
;

Qojof o EFow #H
o,
=

1
De Axs T 5 ARS AT A4 A

2 K
M
=2
N

Figure 3-4. Steel cage

174



(3) AAANE AH AR D FAAF
AAANE AR AL The 2ol 63A R o] Fol Rl

o #HAx e A
« A AFH A DA
+ Coaxial needle 4%

« Core needle ¢ |
o AFHET AR FEHEZt

c AR AF R A%
OEECINE:

AN AZ A, A gAgew AR ARG 4FAA g 5
AAE ol AA} e SHelA R HES GAE ngAY A
% ok 700 x 2200 (mm) ZL7lelul, HA @ w7k So7hA AfEA &HolA
2704},

() Als AH AA AA

AF st shi= F-99 ARE AGsHA a9 AH A AAE AA T 2 AT 4
F, ;A W HE T ARE AFHE ) AT Aolglenz, wHAe] HFe driyE HAFUY
2 d4des eRe W e FHelA 2% digd ol Wges of 2 7

m
A AR = AAsrdvh. AR A LY FAE A G vE 2E5E ]

N

AR 79 st Aol ANBEZE AFHE, core needled] &3t A7 AHE A&7

3l7] 98l coaxial needles 4F¢)3dt}. Coaxial needle® core needle® A At &S 3},

core needles &Y A A2 F Id=F: =oFE gES vl Coaxial needle 49

% needle F-&& E#A] E8 3t} Coaxial needleo] A9E AejolA Hx7F 4L 2,

coaxial needleo] $|oAA A Fejd 4 gloenz APoE Q3] HA7 2EHAE WAY =
= 9} gk

A gHolx ww

Coaxial needled] core needles A3t & ARE AQAFH} bH A5 JAFH A oF 10720 mg
FooFe v da B3k g AHEEE gk 2 AT
o A= AlgE el dxe] A &4 Al oF 53] AR AHE AlFsAT)



gzt

-
==

A

L= ]

h &

& Nz

(vh) A3
oA

°
pad

1

A

~N

4
g

Al715L, A 4o

-

W

o

oy
4
W
o
BH
of
K
0
e
ol
o)

5919) A
176

B

A

=
=

Al

s 7o},

o]
I



KOREA UNIVERSITY

KOREA o]
deitiZul

=z
'7 kogenebiotech IPDET =57050571e719%H

177



. M A = X
= 5fx|e] 1%

SVEREETPIRTE:

o
» Coaxial needle £¢!

» Core needle £¢! Al
- XFS ARl 2592

o

A= xfF 2ol &=

178



UM A= A7 7F 2 RSHE [MatA & D E

=hoth M

@ AH A= xH =

Wmm
=<
ol
K
ol
X
=}
0
=
NE
oK
0
=
K
3
H
=<
vy
Z0

179



Mz KF ™ EH A

AHOIM M F 7ts)

o TAXS1te E o

180



Mz KF ™ EH A

) YA

- Biopsy needle

Coreneedle & Q1 252

_a

181



Mz KF ™ EH A

X MH AR XHF Al K| 2FAS X AFSH| QB RS

182



S NERE

® :fX|o|l 17

- HXE EE=0 0 A2 EH Y

— Needle2| &&= E0|5HA &

# EAIS] S M YIS X200 needle &f ) Al X 7F AKXK| =S T

183



MM = *F

X 18

x
T

® A= X||

MA
(]

ol

Ol =
Tl=

ot Rl *MF £

A

o)
Q
172
=
g

S
e}
=
S
»
2
%)
=

S

ol

0

)

3

o

K
LH

Ol M X 5171

=
=

j

5|350] 2 #(2)0] BHLbs
2 2~4cm K| ™

L
SFO
2r 2.

t

184



MM = *F

® (oaxial needle A€l

|517| 2|3l coaxial needle= &

# NeedleS H£57] 4

¥ Needle & & 2 ZfX[7F 4 & o|-71| % Xl ol
coax1a1 need1e0| =1 7-| L} &

185



S NERE

@ C(Core needle 412l S A|& XiF

FQ! &l coaxial needled| core needle=
OF 53| Qb= X (THH M F Al 2 10~20 mg= X F 7HS)

- Core needle2 A| & X F A|, needlel| S&lQ=Z F| A
d=ot A& MF 7S

¥ Needle 220 o|
core needle 4

186



KF
—t—
+=<
Ll
=
=
=0

187



R NERE

188



S NERE

189



AT A “SHASF7|H 8879 AFAINE Qo3 §HdFS 98k dxAAA o
AARE A5 Aads dFstr] Al HaM, 75, d=dgols eaM, A
T Ut FFoR 7AY HETS ST ofF Al 1 AFHA B oAl 2 AlF-3A ol A
AN HHAZAAE Aol A83le] FHd e g5 #4390, 84 9 #5
EA Ut AAskadth vdd FE0 SdASAAE A 88ke, 74 FF ol MHC slow
isoform 24 T%E 7|To2 F IFo2 7% & v #4& 3 Ay wHas ¢ Adu
FE FEAA FHASZAA ] o)gk &7t 2 FFo vla FIlsd o, A 457 ¢ 24
Al pHet ARAEFFE, FHEEAEl S FAT I WA FEFL MHC slow isoform
o] Aol #sEAAE BAUE AR eyt Ee FF9 MHC slow isoform 24 7%
23 5] o]wEH< RSE, PSES] &do] gAY EdE&o] 2, I+ev % F5& A9
ta 7% 23 AFNAMT FHIAT I A2 A

BN

kvl RE
d 7% 23 159 AFS- 45 9 24A] pHYLF E3, A A FFH
=2 Aoz e wEkd MHC
slow isoforme] 42 HHAFAR=ZA HAFAHo| 9o, 53] H
27 o FElsith ol & AE3shr] g wetoe®m 2l A
AF i ds AR e, AAAE AH AFo s 2 AH

=
W ASE AR AFE §4429 AEAS B oY By

N ond

% MHC slow isoform
FEEAE, 7T Ee

N
ﬁ/
)
=y
o
A
<
=
i
1
s

3

N
8,

24 2 Al 1
Qe xg A8 AANE

2
o) FASE Fa AAD o

o,

190



/ Berkshire ¥

YHA = xHFH

MHC fast isoform § ‘
MHC slow isoform[ ]

PstI locus
in MYHZ2 gene

HpyCH4V locus
in MYHI gene

650 —

500 — “—853% 200

<— 168

200—> <— 135

<— §7+54

M TT CT CC

M CC AC AA
DNA HEX|QIX}

|UASE A
x| A A= xHH
LR

gaaae

Fioeness

{f@

-
TPET vy

LT

83l

Figure 3-5. Summary of commercialization of prediction technique

191



2EAZ 02 7|0 =

192



)
me I wﬁr
WS E P
~ D x k ; .
=1 OT i
P 1M . H
Eﬁ To m - U
T = =
B- - :
[
—
T X
il "
£l T o X0 r - !
T Ok :
N i) ) Wﬂ_ 7 ger I Mw b
ﬂ” umo ‘Aﬂl d@l [my —_ ﬁu TO Zo ,wu Exg
g = N 3 -
—— W o o % ; =
X TO i M = o :
o s s Nr i il b5 :
i A o or %__ i =z % 573
ool T ~ N m =1 i~ < % ¢ SR
> o K X NG N W
nE o iz ol iz i == X A
=N =+ mm oo fia R Cl B o
e B o = W X T 5 Ko X z B
o X oF NI oy o ki Eoe
PR r TR 5 o M T mé X M N oo
CIE o K i . TS - 2 iz
oF - > X R —_— CoS e Rl :
Th L z ° oo : =
X o W o R Col : -
T i B T o ol = ™ o ~ w B o
i R ) ol o i 5
N xR ﬂr i >
L N ) i = i ol
o = X 5 ¥ = T = = &
X < 4 . °l £ < a
U.:l ‘.l&l ;oﬁ dﬂ ET! 10_|L dﬂ . ﬂﬂ _ ==
e LR O™ o Hr o o Ry # TR .
™~ S T o = = -
B m Mo Iy LB F E i * T E
® s | | 5 w OB iy ~FEE
® @ I B~ TP o R
o (Mo 1Y ’ ’ L
= fagL
A — T et
(NI X -
o T

193




)
A iH wﬁr
TN
~ D < e
) m
e
e ﬂr
= a
B M ﬂr
i
o o
i =}
—
ﬂ <
ﬁ =
~
=
m A
x|
: w@ il
=] % JJL :
o ) :
e i - < o (e
Gl " Z i wm 3 : Luu
=N a) il s = :
2 : i Jﬂ_ = JML M rh
- : 4  ;
B mK e e ofF ,1@% 1_X|o - : wﬁ : Hﬁ mp_
R R L %) 0 - u : 1
m_. : : % W o X K 70 1u7r
o ™ e H o ° T B ¢ g
- -~ i = |
o—u o—u z ml OW XY ™N rLAl X X B Z, =
e T = 0 mo = 3ol X - : D HHE
;L ;L 1 ﬂu - _UrL G LUﬂ o] —— o) o} ™~
RV o o X X :
. - _ = X Gl 5 : .
el uru zr X 0 " 3 B < i
i s W T E N = 9 T o > : ;
L < E o =
Jl N oW oW ,DrL .. = : \n_ mﬁ ]1_
—— [ )Ao o 1%1_ :
- L =@ < o = o O e z 25
%E}A o ﬂ@ﬂqm Z o BR
® ® | A_u N = X oMo X 3 ; : Aun
il | ﬂmm ﬂﬂﬂ&ﬁ ; muﬂ.wﬁm
el o ® X G of _ B mL i Eoz
— T oF ® ! i ™ - T % = 2
3] I 5 - :
| B- ,.Wo MW i m
=)
. i - | g
- [ [
—_
.X EIM
o T

194



N
TR
N
Z r
T
R

% 21}

v

% 21}

100

100

100

100

N
TR
N
A

R

Rk

Z_'

® 37}t

Nio
&

Ao msh

—

A9

o %94

e

Jﬁmo

B

Rk

Z_'

® 37}t

g

iz

Rk

Z_'

® 37}t

()

1o
o

B

195




A2 A #FAEoF 7la@d o 7=

e
_Zrl

4 57h

o

o

Jmo

ojy

fveel

,ﬂl
To
B
e~

-

NI

r

-

ojy

K

Hr

al

%7

know-how

7]

Tor

-

Nk
_17_.0
do
B!
=K
Nd
_17_.0
o)
oy
)A

&
B

196



197



A 1A QANE A

- F2dS5e A AR APt AAE AHAE AT AR AFH v

k)

o)
. steA A

7} SCI =9] skEAo] 399 =& AA

- Jeong, D. W., Y. M. Choi, S. H. Lee, J. H. Choe, K. C. Hong, H. C. Park, & B. C.
Kim. 2010. Correlations of trained panel sensory values of cooked pork with fatty acid
composition, muscle fiber type, and pork quality characteristics in Berkshire pigs. Meat
Science, 86, 607-615.

- Lee, S. H, Y. M. Choi, J. H. Choe, J. M. Kim, K. C. Hong, H. C. Park, & B. C.
Kim. 2010. Association between polymorphisms of the heart fatty-acid-binding protein

gene and intramuscular fat content, fatty acid composition, and meat quality in
Berkshire breed. Meat Science, 86, 794-800.

- Kang, Y.K., Y.M.Choi, S.H. Lee, J.H. Choe, K.C. Hong, & B.C. Kim. 2011. Effects of
myosin heavy chain isoforms on meat quality, fatty acid composition, and sensory

evaluation in Berkshire pigs. Meat Science, In press.

. wAstEds 19 2w

- Kang, Y.K.,, Y.M. Choi, SH. Lee, J.H. Choe, K.C. Hong, & B.C. Kim. 2010. Meat
quality and sensory evaluation of different pig breeds: relationships between MHC
isoforms and sensory evaluation. 56th International Congress of Meat Science &

Technology. Jeju, Korea.

198



3. 9% A9 34

- ub} 27
- A} 47

- st 29

Al 22 Qe AEAH

1. SCI =&t Ao] 199 =% FiL

- Lee, S. H., Choe, J. H., Choi, Y. M., Jung, K. C., Hong, K. C., Lee, S. K., Ryu, Y.
C.,, & Kim, B. C. The influence of pork quality traits and muscle fiber chara *=teristics

on the eating quality of pork from various breeds.

199



200



M 6 g SNEugo =& ohelf

a8

A A B B & = %
o : Journal of
= Myofibrillar protein turnover: ) )
Goll & 2008 ] Animal Science,
The proteasome and the calpains
86, E19-35
A second look into fibre typing Meat Science,
Lefaucheur | 2010 ] )
- Relation to meat quality 84, 257-270
Meat qualtiy is associated with ]
Lo . ) Meat Science,
Li & 2009 | muscle metabolic status but not contractile
) . ) 81, 218-223
myofiber type composition in prematured pigs
The relationship within and between )
) ) Livestock
= production performance and meat quality , )
Latorre & 2008 o ) ] Production Science,
characteristics in pigs from three different
. 115, 258-267
genetic lines
Relatioships between biochemical
. characteristics and meat quality of longissimus | Meat Science,
Gil = 2008

thoracis and semimembranosus muscles in five

porcine lines

80, 927-933

201




202



M7 &0

Aberle, E. D., Forrest, J. C., Gerrard, D. E., Mills, E. W., Hedrick, H. B., Judge, M. D.,, et
al. (2001). Chapter 2: Structure and composition of animal tissues. Principles of Meat

Science. Kendall/Hunt Publishing Company.

Bader, M., & Miyahara, R. (1983). Relationship of newborn screening tests for congenital
hypothyroidism to subsequent SIDS. American Journal of Public Health, 73, 215.

Bottinelli, R. (2001). Functional heterogeneity of mammalian single muscle fibres: do myosin
isoforms tell the whole story? Pflugers Archiv European Journal of Physiology, 443,
6-17.

Bowker, B., Swartz, D., Grant, A. & Gerrard, D. (2005). Myosin heavy chain isoform
composition influences the susceptibility of actin—activated S1  ATPase and
myofibrillar ATPase to pH inactivation. Meat science, 71, 342-350.

Brooke, M. H., & Kaiser, K. K. (1970). Muscle fiber types: How many and what kind?
Arch Neurol, 23, 369-379.

Buckingham, M. E. (1994). Muscle: the regulation of myogenesis. Curr Opin Genet Dev, 4,
745-751.

Chang, K. C., Fernandes, K., & Goldspink, G. (1993). In vivo expression and molecular

characterization of the porcine slow-myosin heavy chain. J Cell Sci, 106, 331-341.

Chikuni, K., Tanabe, R., Muroya, S., & Nakajima, I (2001). Differences in molecular
structure among the porcine myosin heavy chain-Z2a, —2x, and —-2b isoforms. Meat
Science, 57, 311-317.

Choe, J. H,, Y. M. Choi, S. H. Lee, H. G. Shin, Y. C. Ryu, K. C. Hong, & B. C. Kim. 2008.
The relation between glycogen, lactate content, and muscle fiber composition, and their

influence on postmortem glycolytic rate and pork quality. Meat Science. 80, 355-362.

Choi, Y. M. & Kim, B. C. (2009). Muscle fiber characteristics, myofibrillar protein isoforms,
and meat quality. Livestock Science, 122, 105-118.

203



Choi, Y. M,, Ryu, Y. C., & Kim, B. C. (2007). Influence of myosin heavy- and light chain
isoforms on early postmortem glycolytic rate and pork quality. Meat Science, 76,
281-288.

Choi, Y. M,, Ryu, Y. C., & Kim, B. C. (2007). Influence of myosin heavy- and light chain
1soforms on early postmortem glycolytic rate and pork quality. Meat Science, 76, 281 -
288.

Choi, Y, Ryuy, Y., & Kim, B. (2006). Effect of myosin heavy chain isoforms on muscle
fiber characteristics and meat quality in porcine longissimus muscle. Journal of
Muscle Foods, 17, 413-421.

Choi, Y., Ryu, Y., & Lee, S. (2005). Kim. Relationships between myosin light chain
1soforms, muscle fiber characteristics, and meat quality traits in porcine longissimus
muscle. Food Sci. Biotechnol, 14, 639-644.

Commission Internationale de 1'Eclairage. (1978). Recommendations on uniform color spaces
- Color differences equations, Psychrometric color terms. Supplement No. 2, CIE
Publication No. 15 (E1.3.1).

Cooper, C., Cassens, R., Kastenschmidt, L., & Briskey, E. (1970). Histochemical

characterization of muscle differentiation* 1. Developmental Biology, 23, 169-184.

DA COSTA, N, & CHANG, K. I. N. C. (2005). Molecular characterisation of the porcine
skeletal myosin heavy chain cluster and a major candidate regulatory domain. Arch
Anim. Breed, 48, 32-39.

Davoli, R., Fontanesi, L., Cagnazzo, M., Scotti, E., Buttazzoni, L., Yerle, M., & Russo, V.
(2003). Identification of SNPs, mapping and analysis of allele frequencies in two
candidate genes for meat production traits: the porcine myosin heavy chain 2B
(MYH4) and the skeletal muscle myosin regulatory light chain 2 (HUMMLC2B).
Animal genetics, 34, 221-225.

Davoli, R., Zambonelli, P., Bigi, D., Fontanesi, L., & Russo, V. (1998). Isolation and mapping
of two porcine skeletal muscle myosin heavy chain isoforms. Animal Genetics, 29,
91-97.

204



Fry, A. C., Allemeier, C. A., Staron, R. S. (1994). Correlation between percentage fiber type
area myosin heavy chain content in human skeletal muscle. European Journal of

Applied Physiology and Occupational Physiology, 68, 246 - 251.

Gil, M., & Oliver, M. (2003). The relationship between pig genetics, myosin heavy chain I,
biochemical traits and quality of M. longissimus thoracis. Meat science, 65,
1063-1070.

Honikel, K. O. & Fischer, C. (1977). A rapid method for the detection of PSE and DFD
porcine muscles. Journal of Food Science, 42, 1633 - 636.

Honikel, K. O. (1998). Reference methods for the assessment of physical characteristics of
meat. Meat Science, 49, 447 - 57.

Karlsson, A., Enfalt, A. C., Essen—Gustavsson, B., Lundstrom, K., Rydhmer, L., & Stern, S.
(1993). Muscle histochemical and biochemical properties in relation to meat quality

during selection for increased lean tissue growth rate in pigs. Journal of Animal
Science, 71, 930-938.

Kauffman, R. G., Eikelenboom, G., van der Wal, P. G., Merkus, G., & Zaar, M. (1986). The

use of filter paper to estimate drip loss of porcine musculature. Meat Science, 18, 191 -
200.

Kiessling, K., Lundstrom, K., Petersson, H., & Stalhammar, H. (1982). Age and feed related

changes of fibre composition in pig muscle. Swedish Journal of Agricultural
Research (Sweden).

Klont, R. E., Brocks, L., & Eikelenboom, G. (1998). Muscle fibre type and meat quality.
Meat Science, 49, S219-5229.

McCarthy, J. J., Vyas, D. R, Tsika, G. L., & Tsika, R. W. (1999). Segregated regulatory
elements direct myosin heavy chain expression in response to altered muscle

activity. Journal of Biological Chemistry, 274, 14270.

McPherron, A. C., & Lee, S. J. (1997). Double muscling in cattle due to mutations in the
myostatin gene. Proc Natl Acad Sci U S A, 94, 12457-12461.

205



Olson, E. N. (1990). MyoD family: a paradigm for development? Genes & development, 4,
1454,

Rivero, J. L., Talmadge, R. J., Edgerton, V. R. (1997). A sensitive electrophoretic method
for the quantification of myosin heavy chain isoforms in horse skeletal muscle:

histochemical and immunocytochemical verifications. Electrophoresis, 18, 1967 - 1972.

Ryu, Y. C. & Kim, B. C. (2005). The relationship between muscle fiber characteristics,

postmortem metabolic rate, and meat quality of pig longissimus dorsi muscle. Meat
Science, 71, 351 - 357.

Ryu, Y. C. & Kim, B. C. (2006). Comparison of histochemical characteristics in various
pork groups categorized by postmortem metabolic rate and pork quality. Journal of
Animal Science, 84, 894 - 901.

Ryu, Y. C, & Kim, B. C. (2005). The relationship bhetween muscle fiber characteristics,
postmortem metabolic rate, and meat quality of pig longissimus dorsi muscle. Meat
Science, 71, 351-357.

Salomon, F., Michel, G., & Gruschwitz, F. (1983). Development of fiber type composition
and fiber diameter in the longissimus muscle of the domestic pig (Sus scrofa

domesticus)]. Anatomischer Anzeiger, 154, 69.

Sambrook, J., Fritsch, E., & Maniatis, T. (1989). Molecular cloning: A laboratory manual
Cold spring Harbor Laboratory press. New York, 5.

Scheffler, T. L. & Gerrard, D. E. (2007). Mechanisms controlling pork quality development:

The biochemistry controlling postmortem energy metabolism. Meat Science, 71, 7 - 16.

Schiaffino, S., & Reggiani, C. (1994). Myosin isoforms in mammalian skeletal muscle.
Journal of Applied Physiology, 17, 493.

Schiaffino, S. & Reggiani, C. (1996). Molecular diversity of myofibrillar proteins: Gene

regulation and functional significance. Physiological Reviews, 16, 371-423.

Schlegel, H. B. (1982). An efficient algorithm for calculating ab initio energy gradients
using s, p Cartesian Gaussians. The Journal of Chemical Physics, (7, 3676.

206



Solomon, M. B., van Laack, R. L. J. M, & Eastridge, J. S. (1998). Biophysical hasis of pale,
soft, exudative (PSE) pork and poultry muscle: A review. Journal of Muscle Foods, 9,
1-11.

Takeda, S., North, D., Lakich, M., Russell, S., & Whalen, R. (1992). A possible regulatory
role for conserved promoter motifs in an adult-specific muscle myosin gene from
mouse. Journal of Biological Chemistry, 267, 16957.

Talmadge, R. J., Roy, R. R., Edgerton, V. R. (1995). Prominence of myosin heavy chain
hybrid fibers in soleus muscle of spinal cord transected rats. Journal of Applied
Physiology, 78, 1256-1265.

Te Pas, M., & Visscher, A. (1994). Genetic regulation of meat production by embryonic

muscle formation — a review. Journal of animal breeding and genetics, 111, 404-412.

Van Den Hende, C., Muylle, E., Oyaert, W., & De Roose, P. (1972). Changes in muscle

characteristics in growing pigs. Histochemical and electron microscopic study. Zbl
Vet Med A, 19, 102-110.

Weintraub, H. (1993). The MyoD family and myogenesis: Redundancy, networks, and
thresholds. Cell, 75, 1241-1244.

Wimmers, K., Ngu, N. T. Jennen, D. G. Tesfaye, D., Murani, E., Schellander, K., &
Ponsuksili, S. (2008). Relationship between myosin heavy chain isoform expression
and muscling in several diverse pig breeds. J Anim Sci, 86, 795-803.

Yu, Y., & Nadal-Ginard, B. (1989). Interaction of nuclear proteins with a positive cis—acting

element of rat embryonic myosin heavy-chain promoter: identification of a new
transcriptional factor. Molecular and cellular biology, 9, 1839.

207



gl
o

. 0] EOAME SEFLUASFUM Aldst dHMHII=IHE
Atge| irE M IL|CE.

2. 0| HIM WSS WES Mols WEA| SUSMAZR
M AlgE smisely|avfAleie] oimZEels HE o}

w0l E2et LIES X2 &

t0{A= OFLIELICE.

w
Hl
M
i)
9.'.'
ﬁﬂﬂ)

208




	근섬유단백질 특성을 이용한 돈육질예측기법 개발
	요약문

	목차

	제 1 장 연구개발과제의 개요
	제1절 연구개발의 목표
	제2절 연구개발의 필요성
	1. 경제적·산업적 필요성
	2. 학술적 필요성

	제3절 연구개발의 내용 및 범위
	1. 연구개발의 목표 및 내용
	2. 연구개발의 범위


	제 2 장 국내외 기술개발 현황
	제1절 국내외 기술현황
	1. 국외수준 기술현황
	2. 국내수준 기술현황
	3. 신청연구팀의 연구수준 및 선행연구결과

	제2절 연구개발의 전망 및 수준
	1. 특허, 논문, 제품(시장) 분석을 통한 연구개발의 전망
	2. 연구개발의 목표수준


	제 3 장 연구개발수행 내용 및 결과
	제1절 근섬유단백질 아형 예측인자 개발
	1. 근육 및 근섬유단백질 아형 특성 분석
	가. 조직학적 기법을 이용한 개체별 근육특성 분석
	나. 생체의 근섬유단백질 아형 특성 및 조성 분석
	다. 근육 특성에 영향을 미치는 대사관련 물질 탐색 및 분석

	2. 단백질 아형의 최적 육질 예측인자 선정
	가. 실험군의 사후대사 및 육질변이 분석
	나. 단백질 아형 후보예측인자와 사후대사 특성의 연관성 분석
	다. 단백질 아형 후보예측인자와 육질 특성의 연관성 분석

	3. 단백질 아형 예측인자의 검증
	가. 단백질 아형의 특성 분석을 통한 단백질체 능력 검증
	나. 단백질 아형 특성과 근육의 이화학적 특성간의 연관성 분석
	다. 상관도 분석을 통한 단백질 아형 예측인자 활용도 검증


	제2절 근섬유단백질 관련 DNA 표지인자 개발
	1. 근섬유단백질관련 후보유전자 분석
	가. 근섬유단백질 관련 후보유전자 탐색
	나. 아형 유전자 간 아미노산 서열 비교분석
	다. 최적 단백질 아형 유전자 선정

	2. 최적 단백질 아형 유전자 변이에 따른 DNA 표지인자 탐색
	가. 발현조절영역에 대한 염기서열 분석 및 개체간 서열차이에 따른 다형성 탐색
	나. 후보유전자들의 다형성 분포도 조사
	다. 개체군에 대한 유전자형 분석

	3. DNA 표지인자 선정 및 진단기법 마련
	가. 유전자형과 육질관련형질과의 연관성 분석
	나. 근섬유단백질아형관련 다수의 DNA마커 발굴
	다. multiple DNA 마커 진단기법 개발


	제3절 육질예측기법 실용화
	1. 돈군 능력검정 및 육질평가
	가. 기초축군의 적정 규모 및 구조 설정
	나. 성장 및 산육능력 검정
	다. 도체의 육질평가

	2. 선정된 예측인자 및 표지인자의 효과 검증
	가. 인자들과 적육생산능력간 연관성 분석
	나. 전문 패널테스트를 통한 육질 관능평가
	다. 인자들과 관능평가결과간의 연관성 분석

	3. 육질예측기법 실용화 방안 모색
	가. 다양한 품종에서의 육질예측기법 적용
	나. 현장적용시험을 통한 육질예측기법의 실효성 검증
	다. 육질예측기법의 상품화 방안 제시



	제 4 장 목표달성도 및 관련분야에의 기여도
	제1절 연구개발목표의 달성도
	제2절 관련분야 기술발전에의 기여도

	제 5 장 연구개발 성과 및 성과활용 계획
	제1절 연구개발 성과
	제2절 성과 활용계획


	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌


