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FEvery wall 1s a door. And you have the key:.
Ralph Waldo Emerson
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KN EBEAONHMETH D MPIL, &P Th o RO S 2 IR LLED
AEEEANLZND & DM X5 KA, £ R Os R 28T, g
D 1944 FIZRBEE, BEME, BAMBENLE S L THEYZIN, X5 H
AREMAFEDS 1954 FI0mfl & U CRRIE I Tz, 1948 412 4 [E A48 gk i 2= 23
NI, KR AEFLE L REE RO T TOMENREREL R NED
535, 1950 4FE D O BAEEOFERAIZ L 2 FRFTFEOHE MBS L OHHE
W ORZICHEIEBAFLE L ToREOKEL EbIC, ZERAENO A
A~ O3 X 54T & 7= (Sasaki 1982 ; Mukai 2009) .

ZOLIICHNYSHN, AEMED R TEZMEREOR TH, &0 DT
BEMBEICOWTIE, WEDO—2THLIENZHMICEN TE Y (Xie © 1996),
191D TNVTT A« 0y FREEARBICESS RO A B Bz EIZ
WA EDOFSDOTD, TORBTHLIBHRHEDOK BRIV ENNTE
. KEzF UK LT, MAOFRERZMENIREST L2 L ERD, KB
#RTZ AR T (Best linear unbiased prediction : BLUP) £ (Henderson 1953)
CEDBEHEMO TR, BEIOERZ AW Rk A2 B9 & L 7= 7 Al A6 9 3%
NEEMAEEBSICEI Y 2EER S L7z (Mukai 2009 ; National Livestock
Breeding Center 2015b). & H (T, fZEHEIN T TOMFFERFE & AT D
o, fEEFHEENOm ELMbd 2 2iIck b, MAeOHEECHEN R R & o
BT E O RE IR BN 72 1m) &2 % T 7.

BIME, BEMMEEBIEE & O AR OREFY (2014 £, FH L& H
W 29.4 » A 1%, AN ERE T 484.6kg, T —AFHHEM T 59.1cm?, NT D
JE X T8.0cm, BZ FAGNIE T 2.4 cm, A 88 AL BB T 74.1, NIE N5 28 HE K 4= (BMS)
T 6.6 (No.) &72>THY (National Livestock Breeding Center 2015¢), fgHh

BHEZHOWTIE, FHOEABBALLE, AROZERAREE L -T2 &
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Mmoo, HAICLEHEARVWERADE RTINS,

FO—HT, IBHZHCESEZY TR, REMEEMAOELBH RS
HEZ D S8, ZHOMFEZNEICL T D2 Thl, BX%ED L5
IZ L DIERBIERCEBHOEM, I HIZIEZRMEO R IC L 5 o EHE DK
THEEIN TS (Nomura H 2001). £ 7=, fial &% 8l CIIAEN & HE 4 M
Ex®257®, BREGEROZEHEBIVCEMEEN2EMICERILL TEY,
MBI DT LI EAREE (JREITF) CIEMEXR S0, WHEE S
B ORI ORBNZ < A HiLDd (Bureau of Social Welfare and Public Health,
Tokyo Metropolitan Government, Japan 2013). Hidaka & (1997) %, &/ A %
A VREEBIRBELOT =206, EHERITMLNDORFZHE > THDHEED
2L, WIERBEBIXOFERICHEEL TWAHEENZNZI, 344%F L O
548%THV, HEBRBLOCEAREBICLII2HERNERORD L ITFRPEREIC L
HEAEE -0 ORFOBELN, 10900 T THDL EHMEL TS, LaLAan
O, BEMBIZCBWTIE, 20 0NBERDLETRENZEETHD L
IERTWARW., E5IC, TNOLEFREFEABE L OBEBEBEHRBEFRICONT
HAFIE STV,

Txld, o oRMED > HBIRKZARMED A TR LT, RN T
SR D R W2 RN E TR E OB IC & 2 B RIEE O 5 b , HAix

BEZERMEP R TE D XMt EiToC&E . BERMIZIE, Bhogaxs &£+
BN R MElCxt LT, BB 2R LERORKICHBEKRT S L @A ST
% W Wi B2 4B A% (Westerling & Hedrick 1979; Melton & 1982;Mandell 5 1998)
NWBETEEE L THRYIMEDNE S IR ZED TP T, BRI LD
# (Inoue H 2002) BT ICE IS 5 HHEH)E W ESH (Inoue H 2008)
P, BEMZEERNBAGETHDLZ La L. £, BB & Mok
WIZE (Inoue H 2008) RHEIEIZN=E (Inoue H 2011) & DBISHIBEIR & HEE
L, BN DU RN IERDOERNTEEFOURICECEZEZ RN L&
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R L C& . mFETIE, MPICBWYTHENBMEK, o, a1 %
(C18:1) °E / NN (MUFA) Z H0IZ, £ O&E &N WO RKICE
A H 2% &L LT (Sakuma ©» 2012 ; Suzuki & 2013), BRELEICH T TO
MENEAIZTD & & H 12 (Nogi 5 2011; Yokota © 2011;Nakahashi 5 2012),
HEROBELGIZBWTS, TUOLORELZURFEE L LTI AL TW N
ZH 5.

COXITHTERBELEZUBRRRIZNZA 2565, BHILEZFRFICKR
LED2ET2581001%, BETLIMORBFEEICEZEL RIS RWNE I,
% 4 & 7 /v (Henderson & Quaas 1976) |2 X 0 @EIZH /N T A — X 2 HEE L,
BEMOEMRK R (HE) Z2ET 22D EETHD. £, R &
TOHREZNRWICEKE L TV 72DIT, HEINTE/NT A —F & HITERK
U7 BRI RIS L D AR 02k, WERICAHE RBEMR N EW T L 2 iR
L7z BT, MZEIKGTRICED HEHESE &KL TS 2 EIZh 5.

Ll s, BEEEMOBKEEZ 2GS, BERICIE THEEEK

(correlation) | BAAMIZ, TRIRBRER] O X o limtEzfEo [KIREE
(causal relationship) | WHFEET 2L E N H 5. B 21X, EIRWFE & oS
OREREEZ - GE, MIRMBORE SFIBREORESLCHOHICET D A LE v
D WHETFICE 5T 570, REMICOMEEOMS EICEEL2E2D. L)
LG, ToWohm, 20, 20D P IERBMRICEEL 52252 L
FAEFEEEZ RN, 20X, FPEMICERRABEELH D56, 20
KR & 2 M1 5 B2 U 7 L (Structural equation model, Wright 1921 ;
Haavelmo 1943) (2@ M L, WEBOXRMUWLRERBERORE S ZHET D
TENTAREETHD. EFRAET I, BREE, LY HERE0LS
HCIEHA SN T& 70, L4, Gianola & Solensen (2004) 723 %] ® T & M) #E
RO BICE AN LT, £72, Varona b (2007) X, ZHEET LV EMHEES
BRXET VBT EEIRECHL EWME L. BEIICBIT2RBEERt D
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BHMEST7 Pyl T28E FRNET VI TFTOL I 5
yi = Ay + XiB + u; + e

TIZT, AR RFEEICEZY T HIEMAKDUADB0DL X t1TH] ; BITREZN R
DT v uy TN R DR v e 13 ZDRT ML BIONX; 138E
HMOAEEITIITH D, ERRXox7 hrwd e O IEFF4 A6 1T

MERHAREA

ZZT, GolIfEmmERE (3 AT W XK E B ORAITHI TH S .
LR Zyizx L THERIL (reducing) 3% & (Gianola & Solensen 2004 ;

Varona ©» 2007), #EFBEXETT VI TFTO L >IcExHBIZOND

A=Ay =X;B+u; +e
yi=I—-A"XB+A-A) Ty + T-A)g

=1y e

2T, pi=0-ANXB, uy=I-N)TyuBLPe=U-AN1e THD. X
AR NI Nl MR S W Tl e

[el-flol [ sl

ZIT, Gp=A-MN16,AI-AN"1, Ry=0-AN)PgoI-AN)"1, ufle BLW
Gy & Ry 1 EBEISE A=Y ML ERBRO LD TH D (Go (XMHINAIEE () 5
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1741, Ry 1357 () mHfrolchs). 2o kg, #HEFREAET VT,
WEHMORREGREER LZZEEET V~LERTED.

IOk, @E, ZIREETNVTHELLREMOBELEZR L, HiE TR
XET NV TOBMBIFILF T2/ 2D (Varona® 2007 ; Valente 52013). L »»
L, ZIBEET LTI, tMoBEORMEIZEEIN W TEENL ) B
BRL, thoBEORMMEEZN Lic THBENZ) BRHOEEET, TOHED
) EEHRLMEECTCERVOICR L, HEFBRET VT, BEENR
BEDREBERMORREDR (HMENLREBEDIRICHYT D) ORE 25
BEL CHEET D2 EMNAEEL 725 (Valente 52013). fil 21X, K0-1ad X 5
B2WEMORREEZRE LSS, MELTRAETVIIUTO L IITE
TIENTED .

y1=U; +e€q

Y2 = A1y Hu; +e;

ZIZT, y; Ly, WEERAE, w Euw lTENEN, vy Ly, ICEBEEET SN
MEBEDIETH D E &I, uy iy, CHENICEETIORETLH D,

e ITFRADR, Myl Fy 2Oy, TRHT2RRDRTHS. F72, BTl
TOXIITERTE S

y1=u1+el=u;+e;

V2 = ha1(ug + 1) +tuy +e; = (A, uy +uy) + (A€ +€2) =uz + €5

22T, uidup, et keI ENEN, ZIWEET NMICE T HMEINNESD R
EHEREDRTHDL. ZOAND, MEFBEXNET VBT 28 RIT, %
ST RBMEICEHEMICEET 27210 TR <, RREEEZ I L Ttho RAB{H
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CHEBENICRET LR b. £, ZREET VICBIT 28 BRI
EEN R R E KRR Z N LMEN R BRI RO D, OENR2R
ThHZ EeERnbLND (W) =ku +uy).

VAN 7N

uq u, uq us

L l

yi —» ¥2 cC — 2

T !

eq e, €1 €2
(a) (b)

Figure 0-1. Hypothetical recursive causal structure involving two traits under

no external intervention (a) and under the external intervention (b)

oY, WERICKRBEGENRGFEL, R0 OB K ER2BEZEET
LRFNIFAET D856 (ZE T4 A (intervention) ] & \W9 ), ZEEET
VTCHEE LI BRI RIS IR G BERZEIRANDH D (Valente
5 2013). X 0-la Dy (A ADEL, EREE S NT-Fl %X 0-1b 12 L7z,
ZoREERTRTE, UTOXHCR5b

yi=¢

Yy, = 7»21C+u2 +e2

T, clFERTHY, BIIRERMELI Licy Oy, ~D MW R ER
FITHFE LR,
Lopez de Maturana & (2009) (%, ERWIM, oS B X OERD 3 E



BIZBWT, ERMBE NS & SERESRIZ, DS NI ERIIEET
KEBELZREL, BEFBEAXETALZHEHA L CRERZHEE L. 20
il A, GE AR 28 o3 i EE 5 I MO TIRIR A R AT 0.47, SRR IR s B FEPE R~
1% 0.23, WS N EPERICE X D %RIL 0.60 ThH o7 & & L7z, Valente
5 (2013) &, ZOMREFICHNT, oS ICx LT ERZR I X
HNABWINNEAT T2 G, S 2/l L CHERICHENIZL 26 &
DR AR I & o i 5 O BB B R 01272 0, AR O BAE O NENL B AL
BRoDAEENDD EHRELTWS., 20, HEEELZNR L L-EHE
Ta T AREEVAT A EFITT D BT, IBEM OB KRR E
HETLHZLITEETHDS (Rosa b 2011).

KEEELZMMAL, BE TR VIV REDERNHEE TREIC IR
BEMIZEHEOBENRREEERD L2 LEICBV T, MBEFASICLY K
ERDIBEOERIZNLWITNAANT LT, R IBEZRMUMNICTK
BTLILENARBERD. ZOXIIC, BRET e 7T HIZBITHHAEIEND
Th<, MBEROREICEDMBORERLE, ZE AT LTOEMH
A% & 725 (Rosa & Valente 2013). LA ED Z &b, JEEBIC KR BLR R
FETHHEG, NOOBEOKRICIE, HiEHRXET VOEHSRE S
NHXETHDH.

AT, MEFRAETAVEZEAT S A, BEMORREEKEZ R
%5, RHLEEIET R EOFAIFERNALELRD. LrL, BHRF
W% AW T Verma & Pearl (1990), Pearl (2000) 1%, HaFAVICIKRBGR %2 M
4 % Inductive Causation (IC) 7/ T U X LZRR L. ICT /LAY XA
%, REMEZHEET D247 Ry U —7 (Bayesian network) @ —
DThHDH. £, AT Xy MU —7 &1X, NTLTHHEE D5 TR AJICH
MEanTns, RRAKZHERICLVERST L2777 INVET VLD —DT,
RNEBERE/FEDO FHMEER>27 7 70 ) v I EETHS ZENRTE D, #i
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ZIE, 3-o0HEG A, B, CHHELET 254G O KRR,

P (A, B, )

%, R OFETH,

P(X,Y)=P (Y| X)P (X)

ZHWT, WO XHSICEMRTAHZENTX D

P(A,B,C)=P (C|A,B)P (A, B)

=P(C|A,B)P(B|A)P(A)

CZTC,P(CIABIL,ALEBREZLNTZEETDCOEMEMNEHERLDT,
FLRALBMNCEXVBRICAELLZEBEZDZENTE, 774 WNVET
IWTIE,AEBNPLC~DY I TREITDHIENTE D, FERIZ, P(B|A)
X, AL B~DY 7 TRETHZENTED (K0-22). ZDXIIZ,
AT EM ORI RBEREZHET D52 ENAIEICRD. 20L&, 777
A ANVET VT, F8 (HEEEH) %/ — K (node) F7-ILTEA (vertex)
EWVWW, J— Rl E SR ]INRNADZ EEY 7 (link), 8 (edge) F 721l
(arc) EWoH. Vo7 hmEodH 2460 Y > 7 (directed edge) & J51A)
P2 RS 720 HmE Y > 7 (undirected edge) BZHH D, XA VT Xy MU
— 7%, AR EZFLZLVAMY 7 THEKRKINLSAMIERE S 7 7
(directed acyclic graph : DAG) TRESNDH T T 74 WNVET L THD. A
W77 74 hNVETILVTIE, WY 2707x/) — K& 8/ — F (parent
node)J, Y 27% /) —FR% [+ —1F (childnode)] &RBTH. 7z, %
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DOHTRLIEL DR, AWMT T 7 4 VT T TGS D [R5 A0 O 57 i
Pz w4 — L, UToXsicksnDd .

k
p@ = | [p@ulpan
k=1

ZIZT, payldx, OBl — FEATHD.

(©)
(b)

Figure 0-2. Fully causal relationships based on conditional probabilities (a) and

causal relationships under conditional independence given A (b)

ZDORIBRATT U Ry MUY= FHWEREMEEOH EITIL, [F&M4
ff % 57 (conditional independence, Dawid 1980) ] ZF|/H L T\ 5. K44
XM, X, XY, ZOFEZRDOHIL, Y L ZREZONTEEEIT X OFKMEN
EHMBY DEICEKFALZVWERET D E, UTOLSICKRDLEND

P(X|Y,Z2)=P(X]|2Z)
IDEOSRCZHEAONTERICOMAETHLIEE, XL YT ZREZDL

NET MM vy, gioX 0-2a DFIT, RIZ/— KB & CH»
AZHBEZENTEFTTMHMLTOHLAGAE, MEOFRLEEHLE EXNDE,



P(B,C|A)=P(B|C,A)P(C|A)

=P(B|A)P(C|A)

ElD. ZOLINT, FHEMEMSEERTIENTED L, VT RS
TN TE, REORKRREEEREECTCE DS (K 0-2b). —HT, /77
A HNVETIVOREBE LTIE, 77 7D TR E M E 5 ¥
Wrn "I RECTH Y, AWM oHE (d-separation) & FRIZN DKL 7 F 7 NiElz L
TV R S MSE & W S % (Pearl 1988 ; Lauritzen 1996) .
Valente 5 (2010 & 2011) 1%, IC 7 ATV A A2 FEHBICSAL, ¥ 3
2b—Yary7T—BRLOHBARYXT DT —% % HWZw5E THH O A i
ERBLTVWD. HOIE, ICT VI X LE2LERETT AL THELNE
e (3R SEUCEB L. Zofds, () a8k, BEHR TEIE
T ENERMHEORKSANPLR/ONLIEREEZDZENRTED
(Valente © 2010).
FEGRRBICHEFBRXET VRIS LI, oS, 5505
FEREOBEHILESCHEEHARBABETIEZ S Ao D (7 X : delos Campos
5 2006b ; & : Varona 5 2007 ; ¥L A4 : de los Campos 5 2006a). L 7> L,
IO ORI, BEFoFEEREAVCTREABELZREL TS, —FH T,
— LR REELHE L THESTBRANET VA2 EM L2 RITIEFIC
i, B LI AAR Y XT TOMNSE (Valente B 2013) & B9 o fi5 1 g
MR OR R ELHE L, MO BMR AR X7 5 Th S de novo
AT N EHE L7 (Bowman & 2014) RHE SN TWVWHIRETH 5.
Ao LB, BIEOBAROMPHBIZEWNTIL, B2z FKRET D
BRI ICR B L B2 220, BELRUBRAGIHEL > TnD. &
TAETIE, RORKICEEL LG Z2EMBHEESIER SN, 250k
BxWRPEE LTI ANDMBEMICH L. T o WEBERIZ I3RS FE E
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WD ENRHREINTWD2 (Shirai H 1996 ; Sato ©H 2013), T HEHE
OB K T 2 RM LK REROF GO OWTITHMETITRW. —5 T,
BN Mo EIcw S L CEREMBZBEMORMBREE L, BEFRA
DOANNEFEFRZ Gl SR ZTIREE o> TWDH P, Pl 2R ENRBERD
BRETIHBICISATEL T, NIBEKREABE & OBGHER BIE I L
TV,

UbkoZ Enn, KFETITETHE 1 =T, BEMEEFTFICBIT 2 NE
HHRICE DRENBLEOBEZH O L. TO%, NIBEREERNEY
IZOWNWT, HEEBLO® 2 FEET AV EHWVWTEBHN AT A —X EHEL,
INOEEMOBEMEREZHALNCT S LT, NEEROBIRHEER D
AREMEIC O W THE Lz (88 2 2 (1)), RIS, WEKMNZE & BB
BRI LTH, HEEBL O 2 BEET VL EZHWVW T IO EEM O &S
BEWALMZLE (F2F (2). Z0kHiC, BEERBLR 2 BEET L
ZMWTIERB OB REMREZH LN L BT, KREELHE T OF
BHae@®R L7z, #BIRLEEEICH LT, ZHEET TV THEMOERBER
BRI Uik () SaEicxiL T, "4 Y7 Rrxy hY—7 D—DT
HHICTNAY XA LZ@EMA L CRREEELZHE L. F 3% (1) CTIEAK
B E A ER oK RS, %3 % (2) TEENBAKESTRERE
WORREEEOHELZRATZ. M2 T, ZnbOREHBE CHE FIRlET
NEEMTHZ L THREMOKRES R ZHEL, REMELRICBIT KR
MEHES L OEE FRELET VOEMAICO TR LEZ (B3 E (2).

11



w1 =
BEMMEICBIT AHNBEKBICEE L7-RFNHEL

1. &5

BREOFEATHICB T, BRI OMiE 2R ET DKb EH
BRI/ > TV 5 (Murata 1988 ; Okamoto & 2003 ; Ibi & 2006). Z @ 7=
O, IEMIZZHE O a2 BigL Lz, RESEOZEL X ORBFEIEE A EE
MIZITONTWD . 20X ) REETEL, WMESIEN MR EoLEEA
B DL =T, EFLL— A U BROME LM MEROK R R+ 070
G, W= ATV R=v AR EDHEGRHE, MRESRAKER L, BETF
BORWFEZFERTH—-KELoTND.

T EHRIZIE, BREEREN TEERBRENT DI, WNIBEROZ W2
FSNTWND., "RAVRZA CHEERREFTIE, &HRITMONDERE %
BoTWAHEED IS, FIREBICHEEL THWDHEEN 344%TH Y, ZOfh
DFFEBEOME L ALY DL 548% Tholc L E SN TWS (Hidaka B
1997) .

WIS O 5 b, JFZRMERIRESE (FEARER), IBIEES X OKRE
KL, AREEFICHBICAOND2EW THY, EBNRRKOEHEHITBIT
HIFBEARE, IEMER B I ORBE /NG EEO T BROBERIT, T L
A 13.6%, 10.5%F XN 3.8% &, LA m WA RN RE STV S (Bureau
of Social Welfare and Public Health, Tokyo Metropolitan Government, Japan
2013). JFHERER X, TORTLE»0 —MWICHEEF L I TEY,
JFIgR L EEWNIC AL, HMmMMEORFEIS I ORHERENERFLBO L2 X
LRI L2 HRERTH D, BMEE L, B ORBEEIC X0 IR
MAMRKICERLT 2D THY, JERPEAT D & EENITIEN > T2 iEH 8
FEBL NG oMth D figids 2 218 L, BRARBEOESC THIZR EDERZII S EZ 7. %

12



e, ZORMEEIRICILZEBRBROERD —2LEEZX6NATND

DX D I NI X, NIRRT R EAL O BEIEIT ML D BB A R FE KT
FTRL, FEMAOEERAOERTICL D, MENRRENERKORKIC
HLigo TWaD. Bz, EEOREDICKHTAIFREOREL LT, HFEEIZ
Mg 2 2 & TR K 14%, BB AR B K 3% T2 2 L Bn@wiE S
NTW2 (Brink & 1990). Mz T, BABEICHT HHEL L TE, KK
FE A REK 3.6% (Davis B 2007), 2 — A NHEHEEZ &K 2.7 cm? (Brown &
Lawrence 2010) A S E L5 2 &nMESINTWD . S HIZEMRZRHETIE, 7
AU DEBEENED KA (USDA 1997) @/ & (Small) X453 @ 10 B
BEPCTRKR1.0L, DTN TRHIVRGORBICIVEDST D Z LI
X TWb (Brown & Lawrence 2010) .

ZOEIIE, BMEFCHALZANBERO LB &S WRERZ T TR, 2
NODOEBFIZEDBERNBE~ORBELRE SN TV LR, BREMAEIZENT
X, 28D OWNIBER D KT TERABE~ORELRFERERITH S I
EhTwiRwn. 5%, WK BRI S0 A E2RFTT 5 L
ThH, ETIEINEREFORRNBEICH T 52 BECORFEHNLRBERORE L2
T D ENBETHD.

ZOROARETIE, BEMMEICEIT O5RERNBEIC T 2 NIRERO KL%
HeE 9 2 LI, WIRERIC X 2 BEHEMNE L ORMSEMRRENEKE R
LHZExHEME LT

2. MEB XU FHIE
21 T—%

FrE R 23 BE CTIEE S 41,2004 4025 2006 4F E CoficE E I B
BT 5,788 BEHO MBI, NIBEEL L OKRABEORED 5> b, RO
kA 10 SHLL ERF ORI I W EEI N, IEEF 5,383 BHO R E A

13



IMTICBE L 7o, NIRRT o 2 T BAREEIE, R XL OORIG R O IF#®IT,
LESCTANMERETBRES TR LEBEREA V. B, XKIBLICITR
R, MIBRBLOEBRELEENL TS, 2D ONIERERIL, BE (1)
FFERAE (0) O 2MET—FXELTREINTEY, FEEEL LUK
WFREFE L, IE& (0), —¥BERE (1) BLORERE (2) OXS TSI T
WA EREEE, WEFEL LT, BAERE, 2—ALNHE, NT0OES
BEXOKTIENE, NEFRE L LT, FEN2 ML (BMS, No.), W& (BCS),
AOLEY, HOZXOBLOEHOGE AV, BAREIELS TALRME
ANBARZHEAMAH S (IMGA1988) 2AHlEL, BMAEEZRWIZ2TORK
EILHE 6-7 B CHMLE@RE v,

2.2 HREHEAT

BREEIZH T 2NBEROEEZHET 272012, /hEREZHNWT
fENT LTz, T ET AICE D RIE, BEOME (2 k#E ; E8E L O,
A (3K 2004, 2005 B8 X TN20064), L&A (12 k%), BERE
(23 k%), EEAMICKT 2 1 RBEIP 2 kDL RE (% 30.8 » Hm)
BLOSHBRER TH L. & 1-1 IZHKKEOTLEE 2R Lo, SHi2iX, IMP
Version 7 (SAS Institute Inc. 2007) @ [EF L O H Tk (FEHK/NHFE) |

F7va e,

14



Table 1-1. The number of records and the mean and SD of the number of records for each

level of the fixed effects included in the model

Effect Level No. of records Mean SD
Sex

Steers 794 - -

Heifers 4,589 - -

Slaughter year

2004 1,639 - -
2005 2,078 - -
2006 1,666 - -

Slaughter month

Jan. 369 - -
Feb. 366 - -
Mar. 417 - -
April 480 - -
May 428 - -
June 452 - -
July 504 - -
Aug. 496 - -
Sep. 495 - -
Oct. 436 - -
Nov. 531 - -
Dec. 409 - -
Farm
23! — 234.0 359.17

"Total number of levels.
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2.3 BEHBEROHE

PN B S L OVBEEE N A 0 PERRAE I, BATHIC L VL TH Y, RFIR
WL THXTORBELZ T TET D, 20D, AR TIE, H
N KOBERTE TH R ABERATTHR A4 T, 2014 4 11 H 10 H 2 5@
& A7 Nl Bl & PEBRAE A2 £ L 7= (Tokyo Meat Market Co. Ltd., Japan
2014). EHEMZRRFRBIIZ, B OFEREOREICIE U7 EREIC, BHiHR
SR NSRS FEEYEEREE RS ZEICEVEH L. KB
PR T HPERREIL, EOL XL TH—H 2400 ThHDDITK L, ATHEEE
FN T D PERAEIL, R, 23 L AMARWEOH S EEB LY 1/3 10D
2/3 R DFIFEF I LT, £ EH, 3,000, 2,000 3 K 1,000 TH -
. T D OFTIEES oy BE TR IRE O B RE (1,500 M) &, AHEICE T
HoHBEROPEREE LTERA L.

B S £72, HASE, NEBIORERIICLVEESIRLDZ D
O, ATHBICL VLY ThD. MBENREENELAZHET 2-0I1C, &
SIHTTTIE, 2013 12810 2 R E O T4 W O SEL & 2 £ H L 72 (Ministry of
Agriculture, Forestry and Fisheries 2014). Z O EHE Wlikg 1L, BREMEZ 5
M P RO AME T —Z PRSI THD R, 2013 FICLE&FINE
M4 98.1% N BEFF TH H Z & (National Livestock Breeding Center
2015a), BEMED L O 2ERREAME ORI ENAAXSA TV RN L
Nh, REOHEEE L TR L., MEMRREFENBKIL, BERER/RD L
OB WA, NWIRBER &2 R & T HAEROBD 2R LD I LI
IO EHBELL.

3. BRARBLUER
31 ABERROBEERL XL OFERESR
ABFFE T 72 5,383 BEO I E 41235 1 B P O e 08 R 5 & OV
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ARZR 12 TR L. HWRRERB X OBENEEORERIL, ThTh,

16.1%B LN 232%THYH, KIBAXOBEERLE (69%) L0 HEN-T-.

Table 1-2. The number of diseased animals and corresponding prevalence rates

Disease' No. of diseased animals Prevalence rate (%)>
MNL 869 16.1
BFN 1,248 23.2
ILI 371 6.9

'"MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine including appendicitis, colitis and rectitis.

*Total number of inspected animals = 5,383.

ZAVITEE LT, RO RS A AL R SR R RS T B R AR A T Y, E R
DEWHELITE T D 93,594 BEHLO WM FOmAR R 2 HKIT, 2012 FITBIT D
FFEAREESE, NERHEEE B L ORIG & N E2 SO TR OBERENR, Zh£h,
13.6%, 10.5%% L 3.8%TH % & #HiF L T\ 5 (Bureau of Social Welfare and
Public Health, Tokyo Metropolitan Government, Japan 2013). 7 X U @ A H 4
IZHB VT, Brown & Lawrence (2010) 7%, HFREDGFORA LN 19.5%
TholmtHMELTWD. KFZEICHE T 5 NIEERORER (IEIF#EE T
23.2%, RIBR T 6.9%) X, MHMEREFEZRE, ZH To®RE (JENEET
10.5%, RIFERT3.8%) XV b 2FESHWMETH-Z. LrLAanb, iF
R ORBE (16.1%) 1L, Brown & Lawrence (2010) 23 & L 72 fFi%K
BOBEER (19.5%) CFRBETH-TZ. RKFETITREMEL T OREE
AWTWwWa—FT, ZHcToREICBTD TWHA oRSICIX, ARHAD
AHEBLORMEELEENTWDZ NG, AL bIEEEX & KB
ROBEENE P> b EEZLND. £, AFRICHWET — X IZE
BRE, FFIC, B RHICENTFRNEEET L L TENOH DR TIUE

L7 =2 ThnrZ enb, REFEZZHET LEEHIEDN, AFRIZE T
17



LDNEMIER L RIGRDOEREBEORFKRDO —2>ThHLHEEZLND. MA T,
FRHETORTE O NBRFOIFEAEARICEBEZHEZ TNDHEEZIOLND. Abe b

(1998) 1%, NENIEEIEDIFEAERNBBTMEELE SO 5 AMHE THEICRRD
ZeEWET L, FEORBES R AR T S Z & TREX O3 A
TP T D ATREME 2 R L 72

TAV I TENBEORERICEAT IHEITZNbDOD, HARUANTOF
BRI L BN O AERICEAT 2 &b O®EILE Y. 2k, AARICE
TN DHEFOFEAEN, MEELEKL TERATHL I LEHBRLTNSD.
FFIgIC B E 2 20T RINO —212, T R Xy ook ) M@t smHEo
B REZ 5N TEH (Mori 1981 ; Watanabe 1993), JEEfE % £#79 5 2
ET, MEFBLONL—ALHNOZ U REF T URAURFEICELS LD L
WD HE N A B ILDH (Nagaraja H 1978 ; Motoi & 1993). = K k& ¥ T,
MR ORAICHEMRLTEY (Mori 1981), F7=, RIEEEEZF & T8
JEEI R D ZECWME e ie 5 & b BE#E L TWb (Shimada & Morinaga 1977 ;
Motoi & 1984 ; Katamoto 5 1996). HAEICKB T2 BREMBEFAEED =D
OB RIEET AT 2%, RESEOZGE, BH 20 » HM»Z Lk
CHEDIEHMOBRENEAL RS TWVWD., ZOXIRIEEHFEE, 4V 7
= F A7 (Oka © 1988 ; Shimada © 1988) <°Afit (Oka © 2015) D#F 5
NHEEESE OB D IR THDL EVIHRERN DD LTV, 250N
RO BELZRZITHEMIELEEZBND.

T3 & VKM BEIE O i (K 5k & B A & £ 1-3 1CR Lz, IFIRA2 o FEESR
X, 31.5% (—HBBEIE 24.8%, 2FEH 6.7%) T, KBEHROFEFERIL, 17.2%
(—HEPEHE 14.3%, BBFEFE 2.9%) ThHoT-.

McKeith & (2012) 1%, AEHFICHT L EHOREL2MET L2 AN THE
Jiti & 7172 National Beef Quality Audit-2011 @ T, 7 AU D8 1D L H

5 TR S W A A O AT & O IRz B < PR o 2FEFERDR, Th X,
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209% B LN 93% ThHhomZ L H2WELTWDE. TR, KRiFZETOHF
g & RIBEOBEFZERIIFNLEH, 31.5%B LN 17.2%E, 10 R4 FEE W
HLDOTHoT~.

Table 1-3. Cross-tabulation of MNL with the level of liver condemnation and ILI

with the level of large intestine condemnation

Part Condition Condemnation level'

of the organ None Partial Full Total

Liver
Normal 3,690 (68.5) 483 (9.0) 341 (6.3) 4,514 (83.9)
MNL 0 (0.0) 851 (15.8) 18 (0.3) 869 (l6.1)
Total 3,690 (68.5) 1,334 (24.8) 359 (6.7) 5,383
Large intestine
Normal 4,456 (82.8) 400 (7.4) 156 (2.9) 5,012 (93.1)
(0.02) 371 (6.9)
Total 4,457 (82.8) 769 (14.3) 157 (2.9) 5,383

—_—

ILI 1 (0.02) 369  (6.9)

"Number of animals and (%).

JFBRBESE (TR A U 72 2 & 0T 0 IR I A8 B 3E S A 7= 14 o0 $50 (869 BH) 1
JFRORBESEICRABE L T ez b B & 3T I 2% BE 3 X 4u 7= {8 {4 %% (824 BH)
CIRIERBETH o7z (R 1-3). LLRRb, HFERERICREL ZEED
gL, 20l e A EN—HMBEFEL L (—HBEIE 851 BH, £PEIE 18 5H)

TEHLZLO0, 2K THEEI ATV, £, KIBRICEBBAELEZZ LI
T RIBRBEEINEZEEOEAIZHOWVTH, 1FI1F 100%TH - 7=, KIFHE
e L AV RN B 7o R 9% B 78 0 B BE 43 AT I, T IEUBE 38 L~V BINS 2 7o 1T B AR
BB OGS ERKIC, MELLBEEDORBEOIZTEALLEDN —HEE (369
BH) Tholo (LFEFE1H).

JIFBARBESEIC B L TV 2R WK 4,514 BHD 9 5, 824 SH O ik 23 BEIE X

19



NTWiz, ZTOZ LiE, RGO X 5 AT RREE LIS O TR H &, T
BEHEORERFRTHAHZ EEZRLTWND. S I, IFHEREEREBEIK &
M BMEARME T, IFHEREL NV RKREREVWDRD biLe. BEFEREITNTER
RS BMEAEN (2.1%, 18/869) L0 &, FHEHEMAEN (7.6%, 314/4,514)
TEVEZIRBOOLNTZ. 2D &%, FEREREFR LY &, FEREEIND
NP IR oA A, TS KV IRA 2 B2 52 TnWLH 2 LR LT
W5,

RKIGRIZHEEL THWDEERNORGFEER (2B 0.3%, 1/371) &REHEL
TWZRWEEN OISR (RFEFE 3.1%, 156/5,012) OBLRIX, JFRIREEEIC
BITOIMREFAKTHY, REBRUNDOKGIEHR O FPREEL NVIZLDE
BrhH 2z T2 ea2pRBL TS, IFRRERICK T 28R & RKIZ, K
5 9% e BB AR AR O KIGBEFER HIFIE 100%THEH0, AT —FOHFIiE, KB

CHRELTWVWDI2LODREGREFEINL TR WEMKN 1B THER I,
LWL s, HEEEO/NNGFTEFRSN TN I END (BEARTH),
AEEDRIGRIZ/NFBOI S TRIEL TWZbD LRI,

32 NIBRBEEICLII2EENLREEHELR

Pl A% oD A BRI, PRI S O A I A E R AR DS L THRE ST
W5, b L, NIBPEEINTZGE, T ORED D Y axhfida O M 23 285
nb. gk LB, NBEEICLIERBIZEATHICE VKLY THD.
AT T, BB WA S 4 (Tokyo Meat Market Co. Ltd, Japan 2014)
BT L HEAME PR L. ITIBO2BEIER X O — 5B O B R IX
ZNEH 3,000 I LT 1,500 HTH Y, KEFEIREDEZEREIL 2,400 I TH
S, IO OPEREIE, BREE (~NT7 X, A V) &2k <2 To NS
it O ClRbEMTH O, S ZORIBERIC LD EEY 720 OB
RBPRICENET L. BMZT2A5E, TRNODOHERFITELD 1HEAESZD D
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BEIL, T ERE<20WEEDRD. L2rLans, BHY7TD ONFRE
WA L DR OBEFERIT 10 205 20%D KR %<, KT 50.0%TH
D, KBRIZEDKRIBOBEIERIT 10%KMOEENZ VD, KK 19.4%Th
528 (M-, BEEPGWVEL TIIRERBRIIENI2BEDND S.
EHMCTEERICIELSDENRALNDI LD, MEFHE THIRELED
RUMPFIET D EEZLNLD, THEELRORZMOVFEN 285 < & 5
ZEMND, HEBEAELTHWDIRWNEZD.

Condemnation
rate

60%

50.0%

19.4% E

Farm

50%
Liver

B Large intestine

40%

30%

20%

savany
jssssssena]

jaaaes]
jidsssseag

|

10%

Figure 1-1. Liver and large intestine condemnation rates per farm from MNL
and ILI
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Smith (1998) 1%, MEFEEIC LD 1 EE Y720 OHEKN 1.28 R, T A
U GBREERIKTOEYTZD OBKD 36 (R NV EHEE L. Brown &
Lawrence (2010) & F£72, JFREIC L2 EMORFABR LN 159 R
EB2Z22HELTC0DE. AENTARSIN TV AEBEFEOT — & &L RIFFEIC X
D7 =20, BOPEOWAFEEXKRICE 2 2FEMOBEENZZBRIL, W
1.55 8 (FFRREERBIC K DIFEEEICHE > HRK 1.10 BH, KRIBRE
BICE D2 RGREFEICHEIER 045EM) Thd HEENTZ. Z0HEKIT,
2013 Bl RETE S I N oM EE, 529,567 B (Ministry of Agriculture,
Forestry and Fisheries 2014), B & W i R N #1012 L 2 #EFREH (Tokyo Meat
Market Co. Ltd., Japan 2014), JAFHEUIREEEICHOW T, ZOREER 13.6%

(Bureau of Social Welfare and Public Health, Tokyo Metropolitan Government
2013), FFECIREEIESEBIC & 2 AT IR FE R 100% (£ 1-3), Il —HMEEL X
DCE2FEFEOEEZTNZTI, 97.9% (851/869) B LN 2.1% (18/869) (F 1-3)
EAWTEHB LA, IS, RIBEICHOWTIE, B DORHER 3.8% (Bureau
of Social Welfare and Public Health, Tokyo Metropolitan Government 2013), K
MR MBI KD KRIGFERER 99.7% (R 1-3) Z/HVWTHEBE LZ., LarL2n
B, B AR A Ak R R R UER T R N E A BT (Bureau of Social Welfare
and Public Health, Tokyo Metropolitan Government, Japan 2013) 723 #4 L 7= &
LR OMEEE (3.8%) 2L, KIBEREL/NBEROME S (KK T OMEIK,
INBRIEZTOEEKS IO GTOBERXOBEE) PEEnTnd. 202 LxE
L, FAOHEZIImMFOBRICEEREL TWDEKIIRT L, KBRZT
BLOWFOBRICEREL TWDEEKOEEEARFEOT 22y bEH
WTHEMR L, 92.8% & WO EZG (BEARGH). RKEMIZ, RIBRORER
FELT, 3.8%0DVIZ3.5% (3.8%x92.8%) #HEICH W=, iz, #i
WL7ZE O, ZHTORECRITE TWHE OoRSICE, BRAHOILA
BRELUORHELEENTBY, BREMEL T CTEIHLEHAE LY B RBXE
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DRBENENEEZOND. 201, RIBRBEERICEL D KRBEEICHED
EEOBKIT, AFERICBITAI2RELD ERETWVWEHERINS.

3.3 BRABEICK T 5 NBEROZE

RIFFRTORNAREOFRKE, EOBKAREICH L THFRREFEDHE
IR o2 (R 1-4). I, AFESIXE AR (Shin 5 1988 ;
Brink © 1990 ; Brown & Lawrence 2010), fZA #E & (Shin & 1988 ; Brink &
1990 ; Davis & 2007 ; Brown & Lawrence 2010), = — A [ f4 (Shin 5 1988 ;
Davis © 2007 ; Brown & Lawrence 2010) 35 X OVEN &4 (Brown & Lawrence
2010) b & L ME SN TND. 2T b D% O H T, Davis H (2007)
I, PR A3 B A B & & B K 3.6%0/) S 72 & L, Brown & Lawrence(2010)
br—AREBEERK 2.7 cm® B L OIENI 2 MEE2 e K 1.0 (K F S8 &b
LTW5.
ARIFFRORERTIX, BHELE KIBAPAKAERZ, 2 —AFEMAL LIV
BCSIZHE (P<0.05) ICEBL, KBRXREIATFOEIICHLEELZEXTH
T(F1-4) . BEXIFEAEES L —AXHEEZ, T2 7.6 kg(1.8%)
B LU0.9 cm? (1.8%) JEd &+, BCS % 0.05 (1.4%) W< L7z, KIE%D
$7-, BAEEZ 148kg (3.6%) <, m—AMHEME 1.5cm® (2.9%) /)
<, NTDOES% 021 cm (2.9%) #<, BCS & 0.07 (2.0%) W< L7,
W, NEMERICHREA LA, BRI XV B S i RN EESESE 25 s
JEBT 5720, BHEBGE, THEZIEMRLOFHEELZHRY. 26
OIERIE, WEEREZEKTIE, HEKZBDOSEDL2 200, RN
MR I NEICET 2R ARBEICEBEEEZ D2 LI 5.
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RIFFIZBWNT, HAREICHT 2 KBROEE L, BIHEXEORBELY
HIRA Th o7 (F1-4). Ak &R0, JEIEESEIXIEENIC G EE L %
L, Bz Elds. ZOFEERKRBAEZFEELTWD LIE
ToHE, RIBROBIEARMIEELD TTX 0 IRAZRE 2RLT0D L
HEZOM, AKARICH LT, IBHEELD S RIBROT N L0 EA LR E
BhHEZTWDEWIFHERVED. RFERICHALLT —% TiX, KB
RICEEL TWDMEMAE 37130 (£ 1-3) @55, BEMEFEICLEBELTNWD
fE R I1E 66.6%IZFH Y 5 247 81 (BEIRILE) TH Y, BIHEENKBERO
FANCRKRELSEELTWVWDLZEEZREBLTWVS,

34 HARBEOETICE2HEBANRRFHEL

NIRZEIRICRE L TV D EEIEMABS KON E RO WD & 2 Lz M8
FO 7R R RIHE R &2, AR BIIC R 1-5 10 Lz, BRHSICH T 5 B Rl
Bix, BAOHBEENEICEESND. BR-ERITA (BHEE) »bC (K
B, WHEFERIT L (52) 265 (BW) IZoEsh2d (JMGA 1988).
Ll s, CEROFERIZOWNTIE, BIEBERICHEAEAL TWVWD C-4 EHk
D2 (ZDHH THIIRBRICHLME) 2507 SEHL, CHERIZHEY L
o lolz®, F1-5 TIEEKLTWS., o, A-1 B B-1 FH/k&IiZiEY
ZERD N2 oTeled, ZTROEDERDOIEFERIZONTHE 1-5 TIEERKL
Ths.

X077 ALY ORI, A-5 KD 2,079 H2 5 B-2 FREO
816 M £ TN & o 7. kil OB P BAL TR L 72 5 15 2 ZE e R 5 [
EY7ZD ORI, RBEICLOIBENEROIRT 7.6 kg IZZNZEN DO ER DI
PIfli4% 2 3 U, 15,800 7 (A-5) 72»5 6,202 [ (B-2) L H#EE S i, REEICK
ffs 9% e BT R D R 1E, 30,769 M (A-5) 225 12,077 [ (B-2) Th o7z,

72770, SEWNBEMIIEFROAEIZLIVEBH LAVWERELZ. FMRNEEIC
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KT ORBITENEFL LD KGR TREPoTTD, RIBRBEBITHE S BEK
IZHEMIEERIC L DRIV O RED o7, BHEXEBS I ORBRICER LT
EEOREEGIZESE, R TOERICOLLLIBEREMOMEFLZRENT 5 &,
ZTnEN, 1,779 HB XU 1,750 HTh o7z, ZhbDOHMEZ AW THIE L
TS 20 o MESFE KL, BEERS LKL RBEMEEKT, 202
U, 13,520 AR LW 25,903 FITH -7z, BREATOMEFEEIE, FEHKO
BHBEMB RO ERICETI2REFEAEZEZHNTHEB Lz (£ 1-5).
Hidaka & (1997) 1%, HREB L OCESREEIC L DKW EE DD & TIE
EEIZL D, RNVASA CEEBIEFFOMAE Y20 ORfFRIE K2 10,900
MThseHmE L. BRERLSLHBEOEVNS, AU & 138 A MK R
7% H DO, Hidaka b (1997) B3HEE LZHE LV &, AENIEEIER KM 2
BIZEDOBERNEREOMD 2T CTHEE L AEICBIT 2BREO FNKE
o T

NERHEESE & RIG R ~D BN, MENICEPEORNBAFEERKIZE R D
BEOREIFHERATHY, ZnEi, 7.52 BHB LD 483 [EM L H#E S
nile., ZTOHEMEIZ, 2013 FiIaEF s MAFEE, 529,567
(Ministry of Agriculture, Forestry and Fisheries 2014), fg /i 58 %€ @ B %
10.5% ( Bureau of Social Welfare and Public Health, Tokyo Metropolitan
Government 2013) B X O KGR OMEA R 3.5% (i), BIEIEL XX
R BEROIMESER A EAL, 224, 1,779 Mk LT 1,750 M (A H)
FHWTHEB SN, L2Lans, gidLizi e, BEMEICKT 5
PR & KGR O EEORERT, ZHTOREHELV b EVWEEIOLND.
Zok, MR E KBRBEBICE 2MBENREBELE, AFERICBT R
HIvbREnWEHEEINS.
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4. fEwm

L EORER K0, ITRAREEIE & RIG R OB K D NIBBERE S EFE I X IF
TE#EMNLBEKIT, BBLE 155 EHIC R eHESRT. AT, FEE
WCKAETIRIESE &L RIGRIC K D HEMRERIT, £fh, & 7.52 EH
B 483 EHEHEESINTZ. 20X 51T, R TIE, NIREHKRIZED
B AR O TR o BB 22 R R Y, NIRBEIEIC K 2 EHEM R
FOBREATHLZEN RSN, Tho0BERIEZ, ZEFOIANICKT S
RATT Tl <, BTER 7o E FE AR A I & O K T IS X 2 AN A & o
7y, PEOHHFEEREICLREELRITLTVD LB bND. Kif
JECHEE LeHRIE, IBMEAL RKBRICEIOBEAERE~DREL T 2 KT
LTHEELTWDR, RITER L RIBRIIBLNEEISIORRWZEIC S R
BERKITLTWD., Fio, KFRORFICFIH LRI & K& O &
KL, EEOREBMBEICBIT 2BEROT NGV EHERINTZ. 20k
O, IEMEE L RERICED2EREROREFEMNHELIIVEATHLIEEZ LN
5.

BIEFEIZAEN 20D OWNIBEWFIIE DO — K THh D &, LTI ILHERM
LTWd., Lol ans, RMICEYIREG 26T 28EHIEX, BE
FEOMBNREE FIETHY, BOVEIRHEICRZS N2 ®MERFRO
MR T D EOICR T TWAS ., T4, [BUHBEKRSLT 2 /B0 X
D7, FHOKRPLEKICEEL TWLI2RERENEREZED TS, 2o
X, BRICH G REEL L TCEREIEICHAZAAENR TV IREL 5.
TH LI E A I WIs RN, REIH ORISR 212 XKD 4 WAEE
EVOBURZITHE T 2RO — 2220 b Liview. x T, EEMIC
WIBZERICHED IS WS ZRKT 5280, 9 —DDERENZD.
ZOXDIBRNBEROBEMERZHE L TREEZ T 2720I100F, HEOE
CHRENZERICTH T2 LNEETH .
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5. EX

WIEZ IR T o 2 1T L RCIREESE UIFBRIESE (B4, SEIT)) B LU
KGRI L DL RIGBEIECHE O EHEMRRFEL, 26 T, IFERR
B, MENEESE S X VR IG& O R EIC X 2 B RRE O T IS D BB 22 %
BRI KL L, 5383 BHOEREMELEFT 2 AW THE L. EEMNEKIT,
IO ORNEREFZIRIE &+ 2REMAOEREICHEEF/ERLRTL D Z
IR VEH L. RIS, MEHERIT, RIS 2 b OB ORE
CE2HEWNEEORD DEZRLDLZEICLVEN L. FERERL LUK
Bk OFREBIC L 2 ARFEESE~OBEBENRRFENELOEEIT, MY
LSSEMIC LD bHEFE SN, B/B RSO, FEIREEIC L DERA
BE~ORBREBIIALN LoD, BHELEBSIORBERICED, kK
WERE P —ADEMIABECHED L, AL K2R RrIN. &
2, RKIBRICEOANTOREIVERICH DT L bR N, FIHEE
BLOKRBROBEIZ X5 HMEMBREKIL, MELZYEKRT, ZhEih,
15,800 M L 030,769 I Th o 7. T, EELKICK T 2 MEEHE KX,
ThTh, MI152EHBLT483EHEHESH, BHRNEREDKTIZLD
BHEORETINREINT.
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o=
BEMEICRBITHA2REHE OB LHIBEKRICOWVTOHE

1. &5

TAETIE 1991 FOFROEA B BHLLARE, WA 6 O AW k5T
ToD, BEMBEORERBEECTHLENZZH (BMS) M ESE25HD
FANRE M E 72D T SN TE 0. MRS HENm TIX, BMS O
CREFEOZMBLORMEE N EZRELCELEN, TOo—~F THARE
FRAOERZFERTDHIHEKE 7> TWD. FFIZ, HEIEMERRER (F
BORBEESE), MEMEESER X VKGRI, BEMEZBEOEE ISy, BRER
HMTHBIZADLDNLDEMRTHY, NIEELI SR TR ER>TWVD.
JFRCIREESE I, WIREm B L OEENICHEBROBREIER LS NS Z &2
5, —MRAJICHEIEN &I TWD . B E, BV oR#FEEICLS A
IR DB L L THmONTEBY, RKIGRXROFEIZIGBELHL TS L. TAED
WHAFICE T2 26 EFOBEBRIIENEL, ZRLEN, 13.6%, 10.5%
BLXU3.8% UMk ate) THDHLEHMESIN T D (Bureau of Social Welfare
and Public Health, Tokyo Metropolitan Government, Japan 2013) .

PN BB 973 L N ik P R AL D BEIE A BN S, AEHR ORAE D S H D HE
B R BRENBEREMSIET TR, XEEEOEERDBETIES. B
KB L OB E RO EH KA RE OB K D @A AEFEREIORKRT
T, BN ARRFEMNBRELEORNICR > TWD. & 132 Tik, AFEREEERER
CE DN L ORI A RBICE 2 RIGFEIEICHE S, T E oW A4
ERERA~OEENRRFANBROEEN, Zth, FHK 1.10 BHB X
W 045 EMICT LD EHERF SN, E72, WIRERBERERIZ X 2 BABREDOIK
TITfE S MR 2B & LTk, IRIFER O RBIC X 2K Y720 oE KR
K 15800 I THY, EERKTITHEMO 752 EMHIC LD LHEINT.

30



FERIC, KBROBEBIZEDMEE Y70 OB KITHRK 30,769 I TH Y, FE
¥R TIIEMPN 483 @A LHTE S, MBENHEROAFX 1235 @MIC E
HEHMRI SN,

WIRZE P FEIE O ER & L CRESELZ ZH T 28 EF FIENEHRI LT
D0, ZOLHREEZFEZ, BMS ILREBES N2 EWMEFAAEEEIT D -
DICBEICEE LIZBEEHETHY, EICZOMEFER L2 BRHRT 5L
LW, BAROEEATSGICBWTIE, WE, Fflo, FRAETO &% %
3 BMS MAECH i DR EICKE S FHFELS L THBY (Murata 1988 ; Okamoto H
2003;1Ibi & 2006), F OB ENEEZTDOWNAICEHICKEBLZ RIET O THD.
ZD—7J T, BMS I PR O A B B A I, BLUPEDOBEAZREICK DK
RoknrF THREMICA EL, BIETEEEMEELSIEE ;o 2EFEH N
6.6 (No.) {23 L TV % (National Livestock Breeding Center 2015¢). L L,
BMS ICREINDIEMEEOMERBMNZ, ¥ X7EEE&ELEHD S,
ZUNRTERHKROT I VBT F R EDORWEK S 2D S8 % (Ueda
5 2007). ZHIEHRICFROEKRLSEZEHZR D ZLIZHRMND, lida b
(2015) XA OMAEN & &2 36% %22 BEKOFMLIETT5 2 &
FRELTWVWD. 2O LI, WEICHTHHEED, HEENEDLEHEKL W
FREVIHEE=—REEHL CETVAHILEFREARMETHY, A
RAIENEEND EZIATHD.

T4, Nishioka © (2008) (X, BMS 7217 T/ <, WO L EY e K ORWEK
HRESCIEMOE % £ 7 Aaffi ks & (MUFA) B A HAf 2 2
THEMELTWD. IENBMHE SN OZERLEEICEEST S L) #iEIT
%% & 1Y (Westerling & Hedrick 1979 ; Melton & 1982 ; Mandell & 1998), &
EMICBNTSH, MUFA EW0 & WA D (Sakuma H 2012) XKW O JEBE
(Suzuki © 2013) DHEBICHEHLS DL LEVWIRERDHD. 2D, BMS I

WELLZLRTEHNORAL, AORKICKEST DNEN MK Z T B O
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=D LT 570, WAAEIZB VTR MLA 2 & D 7o B B B 0 3 AR ) B
HEIZOWTOMIENE AR > TEZTWD (Inoue H 2008 & 2011 ; Nogi
% 2011 ; Yokota © 2011 ; Nakahashi & 2012). Z O EOF TH, HKWER
DX NREICET HHEAFBES BMS & IEBEH K & @m0 EE IO
TOMEITZ . LrL, HOLEY O XS 2AEKMNIEE LRI L
DEARABIE L, Yokota b (2011) IZX o THEINTWVWDHIZEEEY, £
DY TNEEFLRNbEDTH -7 (n < 1,000). £72, FMFICBTL5HAE
AR ERICIEmWEEHEBERHRE S TWDH 2 (Shirai b 1996 (18 F i
Fi) ; Sato © 2013 (AAMEMAM)), BEMEIZIL T 5HREITENIZEL V.
ZOZEnb, BREMEICE T 2RERMNEZER, B3LXOEMEBERK L £
COREMTOBCHBERZHEHTILEND D .

—H T, Bk Lz &80, @B AAERE D O R E A EZ A IEE A
O WIBEIR O FIEH MBI E SN TEBY, ZOXIERRKRO 5N TWD A, fil
BEBRFEEABEBRT LI EEFHE LY., 22C, ZOMEZMRRT RO
—D & LT, BEMICHBERBIZHEDICS WHEBEFAZEBET 52 ENRET 6
5. ERFEROBAFIL, RV AHZ A (Uribe H 1995; Van Dorp & 1998)
RLWH4 (Snowder & 2006 ; Schneider » 2010) 1B W T — MKW Z
ERHMBNTWD. LL2disb, HBHHEMOBEEN 028 THL LD
W (Uribe B 1995) 047 h— Y ZADOEMEEN 0.39 Th D7 E (Van Dorp
5 1998), BIRICKLDZEENLBMMNER OGS DLZ LD, FITBIT D0
KONDERFIZTBLEHICHRT A2 ENARTHLEEZIDLND.

CORDAETIE, (1) BEMELEFTFTHBEICBERINDNBEKE TH
HRFROREESE, IEMFEEEER L ORIBR D BB NT A — & 2HE L, NIEE
WERRBE E OBRERFET S22 2 HME Lo, RFRC, FHEESRTEH
D PN ik % BEMEHC VWb R ERARL. £/, 2) REMERE
FIZBTL2RAEKRMZERBLIORIND EEVBRMAKM ORISR AL O MNIC
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L, AEFRELOREFUBOEEZHRFT 5270, RERMNEEL XD
ME WGl AL A D BARH) /N T A — 2 ZHEE L7z,

2. MBI OFHE

2.1 BEMBICBITLZLERTEMINT-ABEREKARE L OBICH
BE %

2.1.1 T—%#

FHLIEOOIICHAWET =2 25T, BEMMES,788 HONEER B L O
BEABE Ok E Koot Uz, FIH LR R (BRI, TR
FER I ORIBR) ORESGT, sl TIEB LR IOV TIE, FIEDL
B Thd. BHAFBEIZOWTIE, KRERE, v —A5HE, NTOREZ,
BTEMERLELOCBMS &L, TOFMAIEETHE 1 ETETNWLH LB T
» 5.

2.1.2 HREHEMT

PRI OWREIL, 27 — ¥ TRtk IN Ty, BENRIATEY T 4 X
r—VIZHE > T2 (Falconer 1989) L RE L. ZD7e®, HIHOBLHIME
FUToOXSErmsng

y &y Yir) = {0 if lyne, (Ugrns L) < TMNL, (Tern» TrL1)
ML SBEN: ZILE 1if Lynp, (Ugrny Linr) > TMNL, (Terns TiLr)

2T, lynes gy BERN Ly, Teey BE D1 0E, o, FFRREEE
(MNL), JEWi#EsE (BFN) B X O KRG% (ILI) o747V 7 1 L HE%
FZLTWD. NIBEROEBIEN T A 7 €U T ¢ LWL ORI ERE %
LT, BE-BET=vAETLVEZHEHAL TOMEZITo7-. BEELHET
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DD BRSDHEEICIE, BRET =~ AVET VE, Bin, KEBLY
KB O LB OHEEITIL, 2 TBET =~ VET VA Wiz, T,

BRROHEMIT2HEET VL L. M OIS B S 2 #HEE T
HECIE, RIRTEEOKEDBZRE, TEBRSIE 7 V=T A =2 L L.
EFETNVDTHNRTZIIUTDOEBY TH D -

y(D=XB+Zu+e

o7 Frul e RKESMAIZLLTO LB

[e]~N {[g] ' [GO g@ § R00® 1]}

ZIT, yIIEABEOBRIEDO N b HIZABER OB SN nWI A4 T E Y
T A DT RV BIXEROME QKUE ; BB LOME), &&F B/KUE ; 2004, 2005
B EV20064), L&A (12Kk#), IBEFREY (23Kk#E), LEAmICHT 251
Wk L O2moEZEE (F30.85 Alin) 2ET0RERRORT v u 3R
BEAFEORT RV el 3fEEDRY bL BROX EZIFBEMOAEITIITH S.
72, Go lTARMAEAR (38) 3 HUATA ; AVEARINAY MR ARELAT 41 5 Ry 1158 22
(3) S 8ATH ; LIZHALITHI TH 5. RK2-1-UTKKEOTEE 2R L. Wik
PIRTEEICKT L TIE, ey MU 7 BEBERWTRAEREZ AT B T 4 ITAH
L7, EREICK L TIE, BER L OEES#E, ThEh, 0B X TONUIRE L.
DKy OHEE I, X T XY TV v & L= THRGIBBS1F90
(Tsuruta & Misztal 2006) 7' 1 7 Z A& H\, FHINAY ML AR 2017 51 0 F 4L 12
% 35,515 SHoMMmERZ MWz, Dk ZzHET L2201, FT7 XV
7Y v 7T 550,000 B OV ERFEASHE, &AIO 50,000 Y T EN—
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AR E LTHE L. R&EMIZ, %Y 500,000 > 7 Ln5 10 Mk T
F BT 50,000 V> 7LD FEZFEMEE L THB D Z R IZ.

BRAMIE, S5 8ks 25, CBLUPY0thr (Misztal 5 2002) 71 7
T LEHAWVT 100 KB (RESEE 10" UT) S¥52 L TTPHILE.

M L 25 MERET S0, 105U Eo®MNEEkE > STHOM
M A, MR EIEICHEBES 7 v — I, T 70 —FHT, PR
WREEFE, PRIEEFER X OVKIG & 0 B REALO A 4 efk Uiz, FfEd 7 —
7O 43 ¥E1%, R (R Development Core Team 2009) % AT, & {x ) HEEE (2 %
LCREEEZAWEEEN Y 7 A% =Sk £hE L.

K & jOBIAAIEERE (D) 1, RO K HITEFR L7 (Caballero & Toro 2000 &

2002) :

i *Jjj
Dy; =(fo”)_fij

ZIT, fulfild wnEN, EE BRI OB BEY L OALRE, f; 13EK B
L HEORT T A XK TH D

MR 7 V=T % 58T 5720, FE x OV ERREDOSEIR (D = 0.375)
T AR —FRRE LT, WIRERO BRI 27 Vv —7 O %, IMP
Version 7 (SAS Institute Inc. 2007) DANOVAZ FHWTHHr L7z, S HI2, FEREF 7V
— 7O BEREMEIE D %S, Tukey-Kramer®HSDT A k(P < 0.05) % W THRIE
L7z, 72720, FEEEDBELNEENRWT TAX =T —T1L, Zhb D0
BRI LT
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Table 2-1-1. The number of records and the mean and SD of the number of

records for each level of the fixed effects included in the model

Effect Level No. of records Mean SD
Sex
Steers 869 - -
Heifers 4,919 — —
Slaughter year
2004 1,767 - -
2005 2,224 - -
2006 1,797 - -

Slaughter month

Jan. 406 - -
Feb. 383 - -
Mar. 439 - -
April 519 - -
May 453 - -
June 492 - -
July 542 - -
Aug. 526 - -
Sep. 532 - -
Oct. 471 - -
Nov. 574 - -
Dec. 451 - -
Farm
23! - 251.7 385.41

'Total number of levels.
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2.2 BEMEICHT 2 AERMEER X OBREHER OBIEH B
2.2.1 7T—%4

IR T CTHEE S A7 1185580 BEFFEALE 40> B 45 b B g, 7L
BILOZEN S OMANE#RST523EDE R A M Lz, WERAEEIL, SfsthHEA
HARPWKAM = (IMGA 1988) 23556-7E M CREE L 7=, BMS, W (BCS), W
DOLEY, HOEDBIOIENE (BFS) Tho. BMSIEL (1FEAERW) 22512
(Z\Y), BCSIEL (B2W) 72257 (W), BRIOLED I (52) 765 (RVY),
WO EHITL V) 265 DY) BEUBFSIEL (HW) 767 (GEfV) TRS
NOBRETH 5. MRS, BTN ORIy 22 mmfEE A T A A LT,
oI NERIRLUT.. BB ORES K OREIE, TA e~ 7T 7 0—%H
W, Inoue® (2011) DO HIEIZHEL THhE L7z, AR TOHoHr*tg & L-RENEEH
B, A A U (%, C18:1), MUFA (%), SiRWNAEII O fafiE (MUS) B LD
MR HRIERE (ELONG) & L, MUFA, MUSH L OELONGIEZLL F DR % W T

B L.

MUFA =Cl14:1 + Cl16:1 + C18:1
MUS = (C14:1 + C16:1 + C18:1) / (C14:0 + C16:0 + C18:0)

ELONG = (C18:0 + C18:1) / (C16:0 + C16:1)

ZZT, Cl40 (R U RFUM), Cl6:0 VSV FUER) BLUCI80 (AT 7 U~
f2) 1XREMRE R O W ERIEIEE, C14:1 (R U AR ML A VEB), Cle:l (v b
A V) BILOCIS: IR OB WAREaffEigR ch 5.

RVE AT TR B L OB AR AR 0 JE AR R B 2 #22-2- 11T R L 72
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Table 2-2-1. Descriptive statistics of meat quality traits and fatty acid

composition of Japanese Black cattle (n = 11,855)

Trait' Mean SD Minimum Maximum
BMS 6.9 2.25 2 12
BCS 3.7 0.62 2 6
FIR 4.2 0.87 2 5
TEX 4.3 0.77 2 5
BFS 3.0 0.22 2 5
C18:1 (%) 54.4 2.96 42.8 64.5
MUFA (%) 63.7 2.82 52.0 72.6
MUS 1.9 0.24 1.1 2.9
ELONG 1.9 0.23 1.2 2.9

'BMS = beef marbling score; BCS = beef color score; FIR = firmness of beef;
TEX = texture of beef; BFS = beef fat color score; C18:1 = oleic acid; MUFA =
total monounsaturated fatty acids (C14:1 + C16:1 + C18:1); MUS = the ratio of
MUFA to saturated fatty acids ((C14:1 + Cl6:1 + C18:1) / (C14:0 + C16:0 +
C18:0)); ELONG = the ratio of elongation ((C18:0 + C18:1) / (C16:0 + C16:1)).

2.2.2 HREHEMT

RO L350, BCS, WO LEY, WOXHBIUBFSIE, SFEIT7T/KETHHAMS
NORRIBEETH LD, RK2-2-1UTRLTZERBY, KR THWZT —ZI34FE 72135
KT L TWDHIZE EF Y, ZOFHBMB DR, o), HDOLEY,
X DR L OBFSZ4X 53D, BCSESK DL T AT EY T 4 A7 —VITHED
(Falconer 1989) E/F71 7 =V A /VIBE LRUE LTz, T H4TREOBIREIZLLT O X
INTTREND

yi =jifti_; < l; <15 (19 = —0and 1, = +o)

ZIT, L BEU (Kotkk) 13, theh, BEiICHT574780) 7 4 L

EZRLTWD. AIHORNEAREOBIEN T AT BT 1 L ZNLSNDTE DO#IE
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BHEIC LT, BE - BT =~ VETAEZHEH L Cothz o7, BIEREHEE D

7= DAy OHEE IR, BIPE T =~ VET L%, #ick X ORI O L5
Lo Bk A HEE T DERIC

IEIET V=T A= L Uiz, T, BROHEEMEIRIPEETLNE L

R DHEEIZIE, 2IE T =~ V7 v iz, MO
/o, ETNAVOITHIRLIILLTDO L BY THD -
y(H)=XB+Zu+e

o7 Frul e RKESMAIZLLTO EEBY

[ngmi%?A m%J}

Z I T, yIIBMSE L QRN O BRI DO~2 ~v 5 1IEBCS, WO LV,
WX OB LOBFSOBHISNZZNT A T EY T 0 DOR7 hL; BIHEEROME (27K
e, BB IOME), &4 (15K ; 19984E 0 H20124F), & & H (12K %),
EHEREY (302Kk#E), EHEHAEICHT 1R L U2k 0L ZEE (FH31.8%
) 2E50RERORT " ThD. F72, u, e, X, Z, Gy, A, RgB LTI X
ARE2I2THRREATHIEFR LS DO TH DH. RK222TKKEDOTEHE L~ LT,
INTA—=BERFET HTZDIIZ, 7TV IVEITK LT, RIBELZOEHOR
EIZHIGET D 10 BE O 1y &, TEH, 08 L ONIIEE L7=. THRGIBBS1F90 (Tsuruta
& Misztal 2006) 71 77 F I FIUN T o8 sy OHEE & Bl o0 1 2 5 L 7.
AP 7Y 7Kk, 2000000 TN EFEESE, N—r A I E L TR
100,000 > 7 /L & A HE L 72 #£ 0100,0000 > 7 )V % JAZ, Sk sy & ABIR o & Tl %
K7z,
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Table 2-2-2. The number of records and the mean and SD of the number of

records for each level of the fixed effects included in the model

Effect Level No. of records Mean SD
Sex
Steers 3,394 — —
Heifers 8,461 — —
Slaughter year
15 - 790.3 523.7

Slaughter month

Jan. 549 - -
Feb. 658 - -
Mar. 388 - -
April 763 - -
May 741 - -
June 1,004 — —
July 1,631 - -
Aug. 710 - -
Sep. 1,692 - -
Oct. 644 - -
Nov. 2,149 - -
Dec. 926 - -
Farm
302! - 39.3 98.98

"Total number of levels.
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3. MRBIUEEZ
3.1 BEEICEIT S LEH TR INT-NBER L ARE & OE&EHRER
3.1.1 RIAIEME

PR E X OB R & #2121k LTz, FFRLIREESESS X OIS O R,
ZIEI, 16.1%3 L 1U23.0% T, KGROHEEER (6.8%) LV bEmhro7z. HIET
SN L7e 7 — 2 LIZEEET 2720, MEELFEIRORKRLIZFFR L TH-T-.

Table 2-1-2. The number of diseased animals and corresponding prevalence rates

Disease' No. of diseased animals Prevalence rate (%)’
MNL 929 16.1
BFN 1,331 23.0
ILI 391 6.8

'MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine including appendicitis, colitis and rectitis.
*Total number of inspected animals = 5,788.

RO B AR R X, 20124R 1206 1) D ITHUIREESE, IEIEAER L OKEG & /Maz &
DGR OBEBEN, TN, 13.6%, 10.5%BLU38% Th-ol- L L TWVD
(Bureau of Social Welfare and Public Health, Tokyo Metropolitan Government, Japan 2013).
ZOWEIL, B B REAERATTIC X 5 ZH & BB 1T 593,5948HO KA
ARG R A FEC L TR Y, WEBRER O CRFRUIRESE & IRIAESE O RREE N BN &
R LTCWe, ZhuTxt L, AREFFRICIT D RERIL, IR & KGR TRt o#
HRY bRMEmEmr ol BiOWEICEIT S T4 oRSICE, SERHOHA
HBLORMELEENTND Z 0D, RIFEIZEIT 2 ZNLRIFORBEROS S
DOERE LT, BEMEZTORLBHEZHANTNDZ EREX L.

HALAA TRFBRIEFE DR AERIZE T 2 Bl O 1THED, T AU A TIET 4 —
Fw oy MZBT DR OFRAERICET 2WMEN L <, TOHMIZI022530% L Sh

TU% (Shin 1988 ; Brink ©1990 ; Davis ©2007). AFHEIREESE & BTHEE O BA4R 1 B i
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TIERWAS, IR & EE R AFRAB O —>TH 5. Brown & Lawrence (2010) 1%, fF
5 & BIFRBORAERDN, THEN, 13.7%BLP9.5% Tho7= LA L TRY,
McKeith (2012) & E72, WHEHEIIK T2 LS5O ELZMET 2N THEMIN
7= National Beef Quality Audit-20110 1 C, 8 % FT?D & &35 CULEE X v 7= A I 24E O TR
2R DIFIBEEHEDN13.7% Th D Z L A HE LT\ D, ARIFFEICISIT 2 T EIREESE O i
BRI, INOORBGEORARLEFRRE TCH-T-.

BT E O ARG B2 R2-1-310R Lz, SE¥ &S Al 308 (= 1.67) » A
THY, HAER, o—ANmE, NT7ORE, K TIENES L OBMSOF-EE]
ZHEH, 409.1kg, 53.1cm?, 7.4cm, 2.8cmBLU6.TTH-7-.

Nakahashi & (2008) 1%, 2572529% Al T L& SN BREMFEICE IR T D%
WEHRE, r—A0HEE, NT7DES, KBRS X UOBMSOYHHEL, EhEh,
4345kg, 58.8cm’, 7.6cm, 2.7ecmBL 61 TH D EME L. &5, RUMET
FERODEZ Inoue H> (2008) HHE L TW5 (FRAHERE, n— X NHEHE N7 DEE,
FBFIENE S L OBMSAFHFH, 419.0 kg, 54.7 cm?, 7.8 cm, 2.7 cm$B L OV7.1).
AAFZENZ BT DERTBE DWW D70, ADR L7228 EDHE LV bFE RNV, 20
AW TEHRETH ST,

Table 2-1-3. Descriptive statistics of carcass traits

Trait' Mean SD Minimum Maximum
CW, kg 409.1 47.1 251.0 629.0
REA, cm’ 53.1 7.3 28.0 86.0
RT, cm 7.4 0.9 4.0 11.0
SFT, cm 2.8 0.8 0.2 6.2
BMS 6.7 2.2 2 12

'CW = carcass weight; REA = rib eye area; RT = rib thickness; SFT =

subcutaneous fat thickness; BMS = beef marbling score.
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3.1.2 #EEE

F2-1-MR LT X 91T, RFRICENT, BEESHTIC X 5 NIBEER OB IRFIT
FEIAEESE CIEHRREE 00.28, FEREESE & KIHR TIIHAKLS, EH56H0.18ThH
o7, XRIS, BABEOBERE, FRENSEWVETHY, KRHER, 7—2X
OHfE, N7 OREE, EFEVER XZOBMSTZILEN, 0.64, 0.40, 037, 0.675 %
V0.63Th o7z, 2IE ST THEE SN2 BImROHFIIH & K2-1-41T8 LTz, HEEED
ZFEAENE, BEEICIAHEEFRETHY, HBESITIC L DBEFR £ FHREHE
{75 (Posterior standard deviation : PSD) DO#iFAN TH 7. 2E /3T CHEE S iz
NENGTEESE & KGR DBARERD2D (ZLNEIL, 04438 K 1VN0.33) 721775, BHIBESTIC
L 2BEFE £ PSDOFHNICINE Bieholz. ZIUH2OOHEEMIL, FRIEE &K

RIEO2IEE ST THEE SLIZETH - 7.

Table 2-1-4. Posterior means of heritability, genetic variance, and residual

variance

Genetic Residual Range of

Trait' Heritability PSD’ variance variance heritability’

MNL 0.18 0.06 0.23 1 0.18-0.21
BFN 0.28 0.06 0.40 1 0.29-0.44
ILI 0.18 0.06 0.22 1 0.19-0.33
CW, kg 0.64 0.08 1109.00 619.90 0.65-0.66
REA, cm’ 0.40 0.07 20.53 30.77 0.40-0.41
RT, cm 0.37 0.06 0.25 0.41 0.37-0.38
SFT, cm 0.67 0.08 0.48 0.23 0.68-0.69
BMS 0.63 0.08 2.96 1.70 0.66—0.66

'"MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine; CW = carcass weight; REA = rib eye area; RT
= rib thickness; SFT = subcutaneous fat thickness; BMS = beef marbling score.
*Posterior standard deviation of heritability.

*Heritability estimates from bivariate analysis.
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BEMEICHB T ORANEOBERIL, —IC s MERICH 5. BEfmfE
NEE 45,3148 %V 72Inoue ©  (2008) D#ETIE, FWER, »— A H@EEE, N7
DR X, B FIENER X UOBMSOEEED, 2, 0.75, 049, 042, 04835 LW
0.54ThH v, BEFMM2,27580% FV /=Nogi 5 (2011) 2k B &, £ Eh, 0.61, 0.49,
0.49, 0.34FB L V051 LA STV D, AIFFRICHE T DR RIT, B TFRIEZERNT
FR2WE ER%ETH o, L LD, A THE SN E#5%IT4 T, Oyama

(2011) 10 EA EDOMIERERZ £ & Okt CHlE Lo ERE, v — A NmE,
NI DIREE, KTIENER X UOBMSOHEEE, £ L, 0.237250.78, 0.287250.61,
0.247250.50, 0.077>50.593 £ 1U0.167>50.74 DEIFHN TH > 7=.

FOTIROBARRIT—RANTERNZ M5 TS, Urben (1995) 1%, »F
TAT URNVAZA AR T D, JER, NRERE, 77—, BB IOENUE
EALD X D72, AAPFICHBA L THLNDEFDOBIRHINT A—Z ZHEEL, Zhb
IR DA, HIUHEZENL (0.28) ZBRE HLAVERVME (0.00~0.15) THDHZ &%
WELTWAD. [FAEEIZ, Van Dorps (1998) &, 7 h—T X (0.39) ZfRE, b
DFIFRDOBIREAME (0.00~0.16) Z L ZHWEL TV D.

T AV HIORAFITIBNTIE, U MEREREGETED & b IREEO SV, REHIC

WAENRESNTWAEHRTH S (Smith 1998). Snowder (2006) 1%, o7 IR
FHRIEGERE DAY, MUFLFE ML AR & A R D BB FHEH 07 — & &
> MHT, 0.042250.08DHEEMENHF O & @A L=, F£72, Schneider> (2010)
b, TUHARE, VR H— NV L OHERE CRERL S VT BESLRT A &, T
AR A AR HOIEFAEMIC R T 2 U UIFRERIERRE OBIRD, £hLh, 0.11
BLUV0OTTHD EHE LT

H AT O NIRRT 5 BIE B ORE TN, Aben (1998) 1%, HENEEIED
FARPBREBNFEOFME PSRRI CHARICE R Z EaWmE Lc. £, SRR
it & B AR DBMMOMAE DN L > Th, IBIEIROFAERNER L Z & & R
72U, MO RFEDIENESEORAERICHBEL 525 Z L2 Lz, Zhb Ok
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B, TR S 2 RRE OBIB O MBAFIET 5 2 L 2R LTS,

AR, B MTBWTIE, 71— U ieiE BRI % & & Lo SIEMEIRR UK L T,
U RT AN 7 I B BN ) LU A RABIENT (GWAS) 12 X 55 T8
FENT A THIL TN D (Satsangi® 2011). Anderson (2011) %, GWASZ H T+
D—FHENOHETE LTz b N RIEMER B OBEEEN028TH Y, 99D 7 V(R 1
ZFE LTc e L, ABFEIZEIT 2 RIBROEBIERIL, b0t MIBT LM
& HEATRYY (0.18) 23, HEE SNZBLEREZET D &, AUFFRICTHWIZ3 DD
PRI CICEBI B O RTREEDN MR T E 5.

FEIFEESEIZ 132 DB TE DEMIHIC LY, THSCRBIGE & Ok 2R
Gt LIERZ R E W (EITERDIEFIZHTH) GEVRH LI EDHAHINTND.
RTEIIER N BN D 72D, JERPE(LT D00, 1Y 7 uFAT 2 (Okab 1988 ;
Shimada 5 1988) <°Ak 1 (Oka 52015) Dig 572 EIC K HEZ T 5 Z LN FAIRETH 5.
—77, %EONENEIER BRI, EEISED 2B EZZ T bRV EE
GHRIEIZE D Z LD 5. BARIICIRITEE DR B %217 S FlAD—2IZ, REMEDE
EESEIC R L CO D ERDOZRIREIC L D 1BREZ D S B 5 2 L B3R TF 6 5.

3.1.3 BHEERE T LB R DR

DS IR 7V — T Offilg b L2 T v Fr 77 A& K2-1-1ICR L. 7 T A
B — AT DGR, ATEEOREMEA N 107 NV — 12 SN, SRl 70— 71325058
FHOFEMEACRERL S HL72. WIBEIRIZ 1T 2 ZEIBOFER & BREMOFAME (B
HREEIE) Z2FR2-1-510R L. K2-1-1 & RK2-1-50F R 7 V—T7 D=2 — Rix, A
WZHE LTV D, ANOVADFER, 2 TONIRERIZE W CRkES 7 v — 7 025
FAETH- (P <0002, £PARFLH). BRI S V—THOF
TG ONET & ZEILE DR RIE, KIBRICBITA/BELEFETHY, i r—7
ALBTHEHMA Kb Em< GRELLTVY), 72— BEN (BELIZ W) #E

R&podz. MRHNC, FFEAREEIZ IS DM 7 v — 7 OIBALIE, NEIFEEIECR
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IERICBIT BIERL L By, FEIES 7 L —TFFCHERMAK bE < (RELLTVY),
I N—T7HN R B GRELIZCW) fRERST.

ARWFFETHEE SNTCBERNL S TPHITE 5L 912, ANOVAIZ KD i S =W
NI k9 DRI 7 — T OMRIIAE TH o7z (P<0.01, RPARi#H). ZD
MR, PRI EAR R ERNET 2 2 L 2R L TR0, BRI
HAMGEORER S £z, R L7zAbed (1998) DOFERERBEZFFTLHHDE /25
7-.

0.52
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0.48
0.46
0.44
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Genetic distance

A BCDETFGHTIJ
Sire group

Figure 2-1-1. Simplified dendrogram for 10 sire groups classified by genetic
distance as a result of cluster analysis. The codes of each sire group

correspond to those in Table 2-1-5.
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Table 2-1-5. Mean estimated breeding values of internal diseases

Mean estimated breeding value
Sire group! I:; rsrifeesr MNL? BFN g ILI
A 6 -0.380 " 0.885® 0.525°
B 2 —0.320 *° 1.080° 0.395
C 2 —0.265 "¢ —0.280 °° —0.200 "¢
D 8 —0.049 >° 0.063 °° —0.123 ¢
E 4 —0.130 *° —0.035 "¢ 0.125 2bed
F 4 0.118° —0.275 "¢ 0.208 **
G 8 —0.339 2° —0.463 ¢ —0.038 "¢
H 4 ~0.505 ° —0.263 °° 0.063 "¢
I —0.085 2° —0.508 -0.310¢
J 5 0.022 % 0.308 *° 0.072 "

'The codes of each sire group correspond to those in Figure 2-1-1.
MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine.

"dMeans within a column with different superscripts differ (P < 0.05).

3.1.4  PIBEIR M O BELR

PWIEZ I DR, 7783 L OERIARRE 2 32-1-6127R L7z, AT HLREESE & fth o> Pl
T & OFBIE, &TRTH 7. FFEIREEIE L RIS KIBR OBASAEE (Zh
Zh, —023FB K 1U-049) 1F, AR (2 Lh, —0.0986 L T-0.11) KV HiEHN-
T3, FFERIREESE & R NG EESE M O AR KA BY 0D 95% fix i 4% % £ (Highest posterior
density : HPD) X[HIX0%EA TRV AR TlIen-o7-. AOMBEIL, IFEREEEIC
B DAZ WEHRDMIENIEFE L RIBRITHE D 09 <, £z, TOW b [RIERZ2fEH 712
e LTNS.

FTHARIESE & DGR & 13RI, TRIIEESE & RIGRM DOBAR, 772+ X ORI
BIZARTEDETHY (FnZh, 096, 0.083% L100.41), FFiZ, FWIEDBERAE
BAaHLNTZ. ZNOEBOKEEMBIIHOWAAEREREDHE TH -T2, v DEN
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BRAEIE AN, IERENOIEIERICH D BBEHTH D L2lan D, IENIEESEDIE
KRBT &, JENEIEH G- P Ol 2 £18 9 5. 2D Z &, JEVEEEDEIH
BGZEBRT 52 LK > TRIBREZFE L TOL RN H D Z L 2RI L TH
5. AWFFEZ IS DAENIERIE & RIBREOAERIEDORA I L OFGEMBEIL, Z o4k
PREEROMIE IS B 22 T TV D B R BN D, HIRAYIC, FFEUIRERSE & il D PR ip
[l CIT AR DBERGED b,

Table 2-1-6. Posterior means of genetic, residual, and phenotypic correlations

(£ posterior standard deviations) between internal diseases

Trait' Genetic Residual Phenotypic
correlation correlation correlation

MNL — BFN -0.23 +0.18 —-0.04 =+0.03 -0.09" + 0.04
MNL — ILI —-0.49" +0.20 -0.02 +0.02 -0.117 +0.05
BFN — ILI 0.96"" +0.03 0.08"" +0.03 0.41""+0.05

'"MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine.

"95% highest posterior density (HPD) region does not include 0; = 99% HPD
region does not include 0.

3.1.5 WIBER L KARE DB

PIEZTR & AT M OB AR, 7as L ORI % #£2-1-712R LTz, FFELREESE
RN E M OBEHBNIT/NE < (-0.11~0.18), BAWEELEOME (-0.11) ZFR\
TETETHoZ. ZNHDOPSDITIEARE < (0.17~0.20), EAFHBID95% HPD
XENX0Z2EATEY, AECIEIeholz. ZTHOLBEMOEZAEMBE (-0.06~0.08)
B L OFEARAER (0.00~0.05) &, AETIFERVWNSRETH T,

Todd & Krook (1966) 1%, T o THIE L 72 FFBOIREEIE 2 AR F R 04T L 72 SR
H, EXIVELE BV REZNVIFEREFLDIRN TH L e L. #oI1LERL, ~
L 74— FREEBFIZBWT, i rtafifigiifigns<, 78, 4 IVER
LB L DLW RE ER ST 5 2 T, FFRRESEEROFHIC L KIh LTV 5.
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Table 2-1-7. Posterior means of genetic, residual and phenotypic correlations (£

posterior standard deviations) between internal diseases and carcass traits

Trait! CW REA RT SFT BMS

Genetic correlations
MNL —0.11 +0.17 0.14+020 0.14 £0.18 0.18+0.19 0.15+0.18
BFN -036"+0.13 -0.24+0.17 -0.33"+£0.15 —0.11+0.15 0.21 £0.15

ILI -0.22 +0.20 -0.17+0.24 -0.05+£0.21 0.18+0.22 0.39"+0.20

Residual correlations

MNL 0.08 +£0.10 -0.02+0.07 0.00 £0.06 -0.06+0.11 -0.03 +£0.12

BFN -0.03 +0.10 -0.06 £ 0.07 0.08 £0.06 0.14+£0.11 —-0.18 +0.14

ILI -0.27""+£0.10 -0.15+0.08 —0.16 £0.07 —-0.15+0.14 —-0.25=+0.15

Phenotypic correlations

MNL 0.00 0.03 0.04 0.03 0.05
BFN -0.17" -0.12"" -0.05" 0.01 0.02
ILI -0.217" -0.14"" -0.12"" 0.00 0.02

'"MNL = multifocal necrosis in the liver; BFN = bovine fat necrosis; ILI =
inflammation of the large intestine; CW = carcass weight; REA = rib eye area; RT
= rib thickness; SFT = subcutaneous fat thickness; BMS = beef marbling score.
"95% highest posterior density (HPD) region does not include 0; = 99% HPD
region does not include 0.

TURMFIUODOL ) RMEMEEZL, TEFTORKEEZEZ LTS (Mori
1981 ; Watanabe 1993). F7z, RESEIZ L4 Loy KT, mFHhs L ovr—2
YHADOTZ Y R R LALRHEEICE < (Nagaraja 1978 5 Motoi 51993), = K
R e UHREIEDS, ERSUIEEREC L — A VT U R— U R e E ORIEEEHG 512 B
L7V ORFEER SELEELRERTHL LV O HEHH D (Nagarajab 1978 ;
Nagaraja ©1979) .

Watanabe (1993) (%, 2MFRICHRE L2 v ABEO IR OIS EALRRAS, BEE
JEEHIC= R R v o 28 U CRIE SR ICEE L TR, ZoRE

LofMEroO RS VR IEFE EHERTHEEREICEL, MiEE¥ I EL
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NUPMEBEIRNZ & Z2HE Lz, £72, Watanabe (1993) 1%, AT 1A RIAENE
PEFRIZE LWIRZ R T 2 E2RAT S & & big, REHRCHE Sz EikoL
—AUNBHHENLS T N R OB, BHETROFRIFIER & L THERE
FHERLLTWD LRI TV,

NS DOIATIREL, BIEREIOMBEN T R L~ ULE & EFp 2 &%
RLTWD. Z0O &S REEHE G FEXRRC, B FIENESBMSOEINOD X 5 7205
PFERLMEIED. ZOZ&iE, =V RS U L-OLREEHG G AT A &E L
TR FHENESSBMSICHIEERICBIR L TV D Z L 2R LTV D, L LR D, AHf
FEDFERIZIBWTIE, FFHUREE L BTEE & O], i, IEFICLDENERDE
B & FTBMSRK FIEIAIE & OMICRAN BRI bR ho T (R2-1-7). =
R EEAIBROFEEICHBR L TWD LHRE SN TS (Mori 1981), A#FIE
(BT 2RI EBMS, B THENIERNICERRY 22 BMRITFRD b ieino T,

JIFBOIR AT & B AT L R O AR BE & 1 RIS, IRIFEESEC K SR R, = —
ARHEFER L O T ORI OER, FEEB X OFRAMEEIL, BIEE L T DR S
ORBIER (0.08) ZFRWTETATHY, BEIMHBEIE-036705-0.05, FEAEMRIZ
—0.2775-0.03, F£AAHEAZ-021705-0.05OFH TH 72 (£2-1-7). TN HBER
DRI ETHE TH S 72DIZx L, BB TITNENEEE L KN E &R JUIN
7 DEE O, FREMBETIIRBR EEARREL LONTOEIOMIZITHE TH-
7-.

2 OB LB E R OAR B R ADORBMBIL, RO/ S R E A FRALHI 5
PRIV RLT NI LERLTWD. —J, IEEERICRE LS, BRI L D
BFEHL G 2 JE T 57200, RABOE, THRIEZITERR EOBBREELE S Z L2
E<HMBNTWD., b OERITHEEEZED S8, AR EETSE5. £,
KGR EEARREL LONT DR IHOEZAMBEICEERADBEENRR N Z &
DB, SRR X B KGR OEIZ L D BERE &SN T OE ST E L KIFE 7]
MRS D L EREL WD, AETRLEMEEEIHS ETHMHETHY, KEHM
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FRTIERND, TRDLDOBFIRMAREEZER TS EL 2L 2R L TWD

HEITERSEC R IG 2% L AN E R, 0 — AR HERS LU T ORI L OBEMEE, 5
AL & BN RSN T ORI OMBEZ RO CTHE TRV, 2 TADETH-
7o (£2-1-7). 2o OBRIE, KROKE Z2EEPELEMIIZZN G ORFITHED 1<
<, £, ZOWHRBERBEMICHDLZEEZRLTND. 2O LiX, BIELE K
Wk 2D S0, RT3 E 2 E S8 2 BKICIFHEGORWERTH 5.

NEREESERC R 2% & B FREIGE°BMS & D& (&FHBSIE, NERGEESE & Fz FREIAIER
BEEFEE (-0.11) ZBRWTATIETH 5724 (0.18~0.39), KiFK & BMSH7Z T 23
FETH-oT. —J7, HRAMBIZ, MRS L TR OBZMHE (0.14) ZBR
WTETATHETIE -7z (-025~-0.15). U HERMOFRAFRBIIL0.000> 5
0.020FPAD/ NS RETH -7, ZOHT, HERASRIE OB BRI EESE &
BMSO], KK EBMSORM THER I, 2D Z &%, ENLZBMSOEEN Z i
5 OWNIRZIRICECIICRED TN E 2B L TV 5. ZORBRIIRA - OREKIC
ITERA EE S, KRS, BAEORRFAEFEY AT LARPEEIZ L » THE OEWBIRIC
b2n. ZOFERFEHO—DIZ, HARDOTHIZE T 2Rl OREIZ, BMSBKE <
HELTWD ZERETOND. Bl 2 BRI NIRRT WHEEREREZ L LT
b, EWIRNIZHERE ) A FrORRIEA R OFRIH 282 5 2 &0, BUEDRERGEI /G 04
WAL AT L% 2 5 2 L%, BMSO ERSAEHERF OBl NG, AFEHIZE 5T
BRTITE L W2 L Th D b D,

3.2 BEMRICRIT 5 RERMEER L CIENESE K OB BILR
3.2.1 REPIEME

WEAMTEE THLBMS, BCS, LEY, OB ILUBFSOBRAMEO VAL, £
Zi, 6.9, 3.7, 42, 438X UB.0TH -7z (FK2-2-1). BMSH1IIKHEIZHIZY 5340 L
TS DIZxt LT, BCSTIESAYE, LEY, TOBLUBFSTIHAKETH 7. &
7z, BFSOFHERAEL, THODOREOT THR /NI WN022TH o7z, JEIHMER
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TIZ, C18:13 L UMUFAR50% &8 %2 T =, £7-, MUSEELONGIZI.0% B2 TH
D, REFEIIEEIES S EMIENIEEEIS L0 b RE <, RFBLIDAENIRN RFEE16
DOREMIEEERIE % EAl > Tz,

Yokota®> (2011) %, BEEFMIZEITHBMS, BCS, LIV, XHEBLUBFSOH
HME DRI, 2 Eh, 6.6, 3.7, 40, 43BXUB.0THLEWMELZ. ZhbDfE
1%, ABFEIZEBIT HEEIZIEFR U Th oo JEHITE 7, C18:12353.6%, MUFAA57.8%
TholotWMELTEHBY, AFFETHOLNTIE (C18:1T54.4%, MUFAT63.7%) X
D H/NED o T, JEIBEO AR OWTIE, F8 L b TE < (Yoshimura &
Namikawa 1985 ; Zembayashi & 1995 ; Inoue 52002 & 2008), HEHZFEVVEE D Z &M
HIHA TS (Ishida ™ 1988 ; Inoue H2008) . AWFIEIZIS 1T 27 — I HD HHfEFOE|
BRENT &N (R2-2-2), HHLOMELV bAAFENES Ko R K EBZ B
5.

3.2.2 #EEE

PVEAS AT TR R 3 & OB RRAELAL O HUTEE 04T K 2 R &2 #2-2-31 R L7z, WE
AR OHEEMIL, TRE (BFST0.30) 22L&V (BMSTO0.72) fEThHH, &5
IZBCS %R £0.60LL EOEEHETH - 7. 2B T CHEE S 7= BARR O#PH 1 %
2-231TR LT, ZEALOHEEEPHEBE CHE SN ZEERRETHY, HEES
Bric X 2 8fE3E + PSDOFPANTH - 7245, 2B W CHEE SL7=BMS, LE D,
X B L UBFSOBEREIL, BHEELSITIC K 58EFE £ PSDOFANIZINE 720
DOBRRD BT, T b OHEEEIL, BMS, LEVEBIOX DB L OBFS&MUS,
MUFAR] D2 W CHEE SNIZETH V, ARFEI12THR LIZNIETR OB RR &
RIS, BT TV INT—F & LTS TREICERT 2BEREDPEBESHTICL D

B + PSDO#EFHIN & 72 - TunNi-.
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Table 2-2-3. Posterior means of heritability, genetic variance, and residual
variance of Japanese Black cattle (n = 11,855) for meat quality traits and fatty
acid composition

Trait' Heritability PSD? Ge%letic Res.idual Rz‘mge‘ ?f 3
variance variance heritability

BMS 0.72 0.047 3.716 1.451 0.48-0.86
BCS 0.40 0.080 0.007 0.011 0.39-0.45
FIR 0.70 0.086 11.371 5.206 0.43-0.88
TEX 0.67 0.079 10.603 5.433 0.68-0.90
BFS 0.30 0.067 0.012 0.027 0.22-0.36
C18:1 (%) 0.63 0.046 4.722 2.770 0.61-0.63
MUFA (%) 0.63 0.048 3.975 2.372 0.63-0.65
MUS 0.60 0.048 0.030 0.020 0.62-0.64
ELONG 0.61 0.044 0.030 0.019 0.64-0.66

'BMS = beef marbling score; BCS = beef color score; FIR = firmness of beef;
TEX = texture of beef; BFS = beef fat color score; C18:1 = oleic acid; MUFA =
total monounsaturated fatty acids (C14:1 + C16:1 + C18:1); MUS = the ratio of
MUFA to saturated fatty acids ((C14:1 + Cl6:1 + C18:1) / (C14:0 + C16:0 +
C18:0)); ELONG = the ratio of elongation ((C18:0 + C18:1) / (C16:0 + C16:1)).
*Posterior standard deviation of heritability.

*Heritability estimates from bivariate analysis.

ARFIEICR T 2 WERMIBE D 5 B, BMSTIXEmWEEE (0.72) BMHEE Sz,
BEMEOKNEE, FFrICBMSOBRRILEHVEMICH 5. 2 1E, Osawad (2004)
I, ABVEE O A TS CIE L 722,998 8D REFFED T — 4 /b, BMSOBEIRHEA
0.57CThH o & Lz, FMRIC, BMSOBEImHR & LTiE, [MILRD2,1985HD T —Z )
HHEE L720.43 (Oikawa 51994), ‘EHRD-T68HD T — Z D2 HHEE L 720.50 (Yokota
52011) EWVWOMENRDHD. TOEE, I SHIEHNRR S Z LITERL T
WHEEZBND. BEMEL, &< DA R X OHIBEA ToEL, WRM™MTH
NCETRAER D DH Z D, FEHI K BIRAHRICERNSAE L, £ O RERR
bRAeHEEZLND. £, BUED L R4 T O RIS A X 72815 1 O
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L, RIS LB OB ERZ RES L TWD EEX NS, @F, B
EOBGHERZRD SE5H. L LANRD, RIS/ T@EIC E S E )
NTWLREOBIERIT, TOREEZWET 5720 RASCHBS N6 HEA S IZE
BrORBIZEY, R RD2ZELHY H 5.

BCSOEAZHIL, A UEREFFECTOikawad (1994) DFEHF ITMRME (0.06) Z
LTWb b0, AR THE SNIEIZTREETHY (0.40), Yokotah (2011) 23
HEE L7-fE (0.24) R°Osawad (2004) 23HEE L72fE (0.37) LREETH T,

WOLED & EOOBMERIT, WEREOF THEIBMSIZKSEVETH-7- (1
Zi, 0.703 K 1R0.67). ARIFFETOHEEEIL, Oikawad (1994) BHEELZLE D &
THOME (ZFHZF, 0398 K00034) X, Yokotah> (2011) 23HEE L7-fE (£ 2
1, 0498 L 1N0.34) L0 HRMFL mVMETH » 72, £72, AWFIE THEE S AL7ZBFS
OBEARITTRE (030) THY, MOETHZEOERSE (0.009, Oikawa 1994 ;0.02,
Yokota52011) & I1FRKE S B -> Tz, ZD K 9 REITHIZE L OFEROEWIE, 4
HIZHWEET VOBENIELDHDTH L EEX bILD. AIFFETIE, BCS, LEV,
XOBLUOBFSAE T IV HNAT—H L LTHRY, FEEE WAL, —7h,
Oikawa® (1994) & Yokota® (2011) X2 6 DOPE A AR & L TR, T
TV CHEAT L CU 5. Dempster & Lerner (1950) (2 X 2B GGM O b SD £ BV,
FMEE 7 LV CHEE SNBERIL, ET AV THEINTCEBERID b REARD
ZENHEENTWS (Matos 51997 ; Varona £ 1999 ; Kizilkaya 52002) . AHFZED T
— X T, BEETNVEMANTBCS, LEY, OB IUBFSOBMLEERLHE LR
IZBWTH, ZEh, 034, 063, 06158 L000.08L, BEET LV TOBELBELY
INSUVMERHEE St CERRRLED) . ZofRTIX, BT T V2V & & OBFS
DBAZRORAD D, MOBEIZHANTIHEFICRKE o7, BIBET L THEE L 7ZBFS
DEAREPMMOTBE AN TIFEF IS < 22 D1E, BFSOERBERN L TH/HhI W
ZENFRRTHD B R DI, R2-2-UTHH L 72 EUE D 5 FHE L 7ZBFSOZERE

007 CHo7z. ZHIZTE L TIX, Yokotat, (2011) & [RIEEIZ, BFSOFRAZS BN IEH
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IhE <, RABERERFZEN0.15Th 72 2 L MEWEEE (0.02) OJRETH-7= L
BLRELTWD. HLEORERNG, RUERINNIWEEIZE, @H LCET VORI

(BIE F 72138 ) OFBEZRELZT D52 L Rm@ I,

AWFFEZ I T DRI OB == 1T m < (0.60~0.63), FEATHIZEIZR VTS, [
FROHENZ . Nogin (2011) 1%, BEMFE227SHDOMEREMH Y~ 7 vEHWT,
C18:1, MUFA, MUSH L OISR AE & R ((C18:0+ C18:1) / (C16:0 + Cl6:1
+C18:0 + C18:1) X100) DEA=FENZINL, 0.78, 0.68, 0.63F L TV080TH o7&
#E L7, Yokota® (2011) & Nakahashi® (2012) &, HEFIFHES728H (YokotaH2011)
6 L U4,61588 (Nakahashi 52012) DR 7056, C18:1 (0.653 £ 100.80)
EMUFA (0.603 L 100.82) TrWiBEmRLHE L7z, Inoued (2011) 1F, BB
EHR63H & T, AWFSE L [R TIEMERG 5% 7L 2D, C18:1, MUFA, MUS
B L OELONG TZLZ4L, 0.73, 0.66, 0.753 L 0.67DBIEFEAHEE L. AUF5E
&, Inoue® (2011) ZBR< 2B DEATHIZETIE, BlAIE, Nogin (2011) BT H
T UE (C17:1) ZMUFAOFEHIZESH TV D X 912, ¥ 7 A MUFA, MUS
B L VELONGOMEA R > TS, ZRUT b6, ZHAGIEEEMHKRDE
BRIL, AFREEZDRETORET, 0.60LL EOEWVMENHEE S TW5H. AEIGEE
BRI ZNE CHiERGBERE SN TV N2 b dh Y, EIR LB ORMEIZ LD
LHBOERIZT TR, ERIANTOER G REWEHEIND. IGIEEO LR
FEHETH Y, FRPOIRE, V—ANONRT T U T HERE, denovol AT AR LN
NEIGEE DS EAE RO fafnib e & 8% 5217 T\ % (Bauchart 1993 ; Chillard 1993 ;
Jenkins 1993). E&=UIZIZ, NEMIERAER DR IZEALET 5 AT 7 1 A )LCoAA At
fi%3% (SCD) iEfmf (Taniguchi®2004 ; Ohsaki 52009) <CHENIlA G kA% % (FASN) &
{5+ (Morris 52007 ; Abe 52009) DZEEN, T ARREIIZ I T 2 AEMEERLAIZ DR
AETLIENRREESNTEY, ZULOBIETFOEMICEIT 2HEDEND, BIRE
DREZIZEHEL WD EEZX LS.

BB L RIS, ZoMomfE T, EVBHEAROEERITEBIREL D HIK
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<, Pitchford® (2002), Kelly® (2013), Saatchi® (2013), Ekine-Dzivenu® (2014)
B &L OBuchanan® (2015) N7 U H A, ~NL 73— KRS 2 FlfEd & U7 SRR
72 ETHEE Lo m3$ X, C18:17T0.134250.56, MUFAT0.067°50.49Th 72, AT
5t (Inoue 52008) THEM L TWDH X DIZ, ZHUTMEDIEWICL DD EE RS
I %. Ekine-Dzivenu® (2014) %, CI8:1°MUFADEZRIZBIT HRERMMEL T 0
fiho> S fE & OiFEVME, TR TOSCDEIRFDORBLOBE NI LD 6D THDH EBLEL
TW5. E£72, Abed (2009) 1%, FASNEIZFOCI8GELX M L3¥H T u s A7
OFEFEN, BEMRE (0.67) EHRALRAZ AL (017), T HAA (0.02) BLO~NLT
4+—F (0.07) ORFERTEZRLZLE2WMELTERY, Z0O L&D RBEFHEEDEN

25 b A ] CRENIERAAL R DBAR RN RAR D FR D —2 Ll > T D,

3.2.3 PVEHRMTEER OBK
WERAMATEEMOBES L ORI %2 #£2-2-4127 L. BMSE LEV B IUE
W, LEY & EHEDOROERMARIF099TH Y, EEMIZFLFEEEEZEZTH LW
EEEWHETH 72, ZNHIFETEDOHE TH -2 &0 n, FilZIE, BMS% A
kEEE2LLEVREOLMETD LN, XRIZITMEOLIWEKRTHY, BMS
BB TAHZETLED E 2O LBENICKBE TE S Z LRS-, FAFEEIC
BOTH, ZUHOFEMICAHEE THMOIEOMBENRA LT (092~094). Zh 6D
R, foRfERREICBT WA ICBOTHREBETH 7. Shirai s (1996) (118
FERFEICBWT, BMSE LEVBIOED, LEY L& LEOMOBEMERMD, £
Zi, 1.00, 09938 L0999 HEE L7z, £/, TNOWERBOREIEREN, £hEh,
0.86, 0.798B K TM0.79TH D LE L. HARBEMAFEIZIVTIE, Satob (2013) 73,
INHERORBAEIIHRETH L DD (030~0.46), BVESHER (ZiLE
1L, 0.80, 0.89F L 1M0.94) ZWEL TW\W5H. BMSHHIAE & & LB BIFRL TERY,
FRFOMIEEIE L KGFEEOMICADOREKRE R H D Z L1F, I<mbonTn5
(Savell 51986 ; Ueda ©2007). 7z, FRTOMIENZENRZ VNS, RHOLED & X
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ONRBEL D2 EHMBINLTWASZ LG (Breidenstein 51968), ZiU5H723BMS, L
FOBLIOEOBOHEHEICEHN-ZLDOLEEZLND.

Table 2-2-4. Posterior means of genetic (above diagonal) and phenotypic (below
diagonal) correlations (with their posterior SD) between meat quality traits of
Japanese Black cattle (n = 11,855)

Trait! BMS BCS FIR TEX BFS
BMS —-0.53" 0.99" 0.99" 0.05
(0.073) (0.001) (0.001) (0.137)
BCS -0.33" —-0.58" —-0.57" —0.06
(0.028) (0.080) (0.076) (0.145)
FIR 0.93" -0.31" 0.99" 0.11
(0.014) (0.033) (0.001) (0.273)
TEX 0.92" -0.32" 0.94" 0.04
(0.027) (0.031) (0.024) (0.279)
BES -0.03 0.04 —-0.07 —-0.07
(0.028) (0.029) (0.050) (0.044)

'BMS = beef marbling score; BCS = beef color score; FIR = firmness of beef;
TEX = texture of beef; BFS = beef fat color score.

"95% highest posterior density region does not include 0.

BCSEBMS, LEVBIPEHEOMICHETHERRNADHBENR N, BIR
FERRIXZ 24, —0.53, —0.58B L UN—057CTH Y, ®EFHREIZZNZEH, —0.33,
—031B L UP—032TH o7z, BCSITEmWERANREL, T HHGE S LA
HHZEND, TR OADHEIL, ZNODOREDOUBIZHBED LD TH T,
Shirai® (1996) 1%, AWZE L RO ADHELZBEMICBWTHEL TRY, &
{BAEBIT-0.530 5-0.41 DHIPH, FRIAHBIT-036725-031L W& L7z, £/, Osawa
5 (2004) 1%, BEMETETHOPADEE (-0.33) BLORMMEE (-0.28) %
B L7z, BARTIE, IEMiMEoRn,, R EoRazi5s <4252 &8l
IZEN BTV 5. BCSEBMSOM DA DOEBMBZ, AW DB AW = > k
FTAMIEDLONFERDO—>EBbND. ZORED FTIE, A BN AR

RESAT TR B K DRATRRIS, I ORFWERITZBMS O/ Nl 2 #3 < mlgetE 2 7w
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LT, F7z, BlomRMtEE LT, EEHMHFOMERESX I VAL~V EKRL
TWAHEEZXLND. B I VADNRE AR ZFLE L (Matsui 51996 ; Ohyama ©1998) ,
Ke ¥ I AFEIOK 5 NBMSZ A E X+ 2% (0Okat 1998 ; Hayashi 52003) &\ 9
HERHDH. Fiz, Katob (2011) 1%, BEBEMBEOFEMES & RV A X A CFROMEFDD
A LT-FUBBEFICEB T AIMiET 4 I VAL~UL L BMSH OBEEHBZHEE L, IE
BRI TH 5220 HELAEOHM T, —0.94& 9 IEFIZHROADOBRIER 2 #®E L
TW5., —FHT, B2 IVATHRGEZEES T2 LRM6NTEHEY (Hayashi 52003 ;
Itoh & Hirooka 2003), ZiL5HDBEMEND, B X I U AL~ULABCS & BMSOH O EIf%
EHIEEZILTND EHERIND.

Bl U7 AR E & 3 FRADIC, BES & Z O o WEARTTEE & O O &5
BIZIZIZOTH Y (—0.06~0.11), 2415 DPSD (0.137~0.279) 1Z At DO FZE DPSD (0.001
~0.080) LERTREL, 0EFEREVT R o7, RAFEBE G FRRICEE TE2R

<, IFIF0TH o7 (—0.07~0.04).

3.2.4 PVEIRAMTEHE & MR IERAE K o BEfR

WERTZE & RRMEEMEEC ] O BRI L ORI 2 R2-2-512r L7=. BMS, L
FUBIOED LEMEBERMEKROEBERL XL OERAHEEE, HORETADETHT-

(—0.21~—0.01). 7=, BMS & MUFA % [ < lENilg#LEL & O], FIR, TEX & ELONG
& OBEASFHBAIZAE (P <0.05) TH v, ZIAIHEE TiE, BMS & ELONGHH, FIR £ ELONG
[#], TEX&MUSH K UELONGHITHE (P<0.05) ThoT-.

FATHIIEIZ BT 2BMS &G FRAA A O EASFHBIIE, Inoue® (2008) DEE & FRu>
TETEDETHY, C18:1L DO T0.152>50.40 (Inoue 52011 ; Nakahashi 52012 ;
Nogi 52011 ; Yokota©2011), MUFA & @] T0.137>50.28 (Inoue 52011 ; Nogi 52011 ;
Yokota 552011), MUS & D] T0.247%>50.29 (Inoue 52011 ; Nogi 52011), HAEIifR#HE
JERERE & D T0.14 (Nogi 52011) 3 K TUELONG & D[] T0.37 (Inoue 52011) T
bofe. LEVRLED LRI L OB S, Yokotah (2011) 1T & 21T
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72 (0.26~0.52) LIXWORE L TCW. £72, b OEEB ORI IZHS
W, TR L 1T R AR 2 TARDETH- 720, EEMBEITIETEDETH-T-
(ERIARFLED .

Table 2-2-5. Posterior means of genetic and phenotypic correlations (with their
posterior SD) between meat quality traits and fatty acid composition of Japanese
Black cattle (n = 11,855)

Trait! BMS BCS FIR TEX BFS
Genetic correlation
Cl8:1 —0.17" 0.15 —0.14 -0.15 0.39"
: (0.064) (0.081) (0.073) (0.070) (0.123)
-0.13 0.05 -0.09 -0.12 0.77"
MUFA (0.066) (0.088) (0.071) (0.070) (0.089)
MUS -0.15" 0.06 —-0.12 -0.14 0.79"
(0.066) (0.087) (0.072) (0.070) (0.084)
-0.217 0.19 -0.19" —-0.18" 027"
ELONG — 4.065) (0.079) (0.073) (0.070) (0.122)
Phenotypic correlation
Cl8:1 —0.04" 0.05" —0.04 —0.04 0.22"
: (0.017) (0.018) (0.021) (0.021) (0.024)
—0.01 0.04" —0.01 -0.02 0.31"
MUFA (0.017) (0.018) (0.020) (0.020) (0.023)
MUS -0.03 0.06" —0.04 —-0.04" 0.31°
(0.017) (0.018) (0.020) (0.020) (0.023)
—-0.09" 0.07" —-0.09" —-0.08" 0.16"
ELONG — 4.017) (0.018) (0.021) (0.020) (0.024)

'BMS = beef marbling score; BCS = beef color score; FIR = firmness of beef;
TEX = texture of beef; BFS = beef fat color score; C18:1 = oleic acid; MUFA =
total monounsaturated fatty acids (C14:1 + C16:1 + C18:1); MUS = the ratio of
MUFA to saturated fatty acids ((C14:1 + Cl6:1 + C18:1) / (C14:0 + C16:0 +
C18:0)); ELONG = the ratio of elongation ((C18:0 + C18:1) / (C16:0 + C16:1)).

"95% highest posterior density region does not include 0.

Inoue ® (2008) DHFZEIX, AWFEDT —Z O —f &2 N5 TH D0, ThlL
D FATHIGE ClE 72 5 B O] (Inoue 52011 (—fixt-MEAFEH BHFEMICHBIT
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L% ES), Nakahashi 52012 (AE¥EIE), Nogi 52011 (BHUR), Yokotan2011 (&
WIR)) #HWTWD Z &N, BIEMBAOBRMENREZRDFEEN S LRy, 2ok
972, MW D@ & LTE, BMAREHOBISHIRER OBV DIED, £
DA EAE DS TR SN FHIBREOEVW B HEA TN LB bND. HARIZBIT SR
ROREATIE, & &tk WHECHRE L2m L RORRE TRl S 41, BMSIZHH S 7z
EAROEATE Y T B v — 2 RWE BN - A NE O & (IFEHIA) L0 HE
S5, BRANEEENFRC Cho7c s LTH, HARNIEN O/, ©F v, I
DOAREAFISE &, RO, MR OBV XY, v — 2RI BN 5 8022
MO EIZHEZ2 D . IBiOARfMENMES (@R m <), WMREOEENMES, Wik
A RWZE, IBRHEITBNCT < 2D B2 b5, £z, BMSOBRD—
Thortls BHRMORE X) 1I21E, BEMRERNPHDL ZLPWESNTEY

(Osawa 52004 ; Kato 52014), BMSOM I /N EWNEE (M NEE) BMSORHA
MEWZ EMHE SN TND (KatoH2014). A HD T &0, WEBREO S,
F 71X, SRR OB 351 A BMS ORFAMAS 5V MEAR L, ASERFDEE AR (Fh
SSDSEY) ER, F IR MK < T HBMSA LIV WO BMSTIZIR O MER T
bHEEX NS, FMBWIC, HEEIREOIKY, £721X, MR OR WIS T
X, RfaFnEOR @SRV BT HBMSB B, MWK OBMS b8 %
7o, ZO XD REEROBMSOFHA m < 725 EF X BVD. AT LU ATHRE
DL NTH—EMGTHONTZREEHRE AN TND Z D, G OMEE SN D
Br< S EMTERN. O L) RREICIZFENEGHEBICHLEELZ 52TV D 0
t LAV,

BCS & NEMIFEAHLAR D8 s L OSRAFERS X, 2 THWIEOMEBETH Y (0.04~0.19),
BARHHBIIIELONG & D [# 2 BT TH E Tl - 72, BCS & AR HLAL O BARHH
BAZDWTIE, BMS EENIEEMLRL & DREMR & B2 v, FEATHIZE L IZIERROFE R TH
- 72. Nakahashi 5 (2012) 1%, BCS & C18:1 D EAFHEI 2 0.09 & #EXE L 7=. Yokota & (2011)

IZBCS £ C18:18 L OMUFAD T, ZiLZ1L, 0.108 X013 B Z=HE Lz

60



2, FEERNIZZN I, —0.043 L 0-0.01 & #Hd L7,

BFS & RNl L DB st L OFAAARIL, 2 TAHE (P < 0.05) ZRIEDOMHETH
D (0.16~0.79), L DOPEMEATTEE & H Tl - 72, FFIZBFS & MUFAH 35 L U'MUS
FOBEBHBE TR, ThEh, 0778 L 00.79Th > 7-. [FFKIZ, Yokotah (2011)
HBFS & C18: 1 °"MUFAD[H] T, ZiLZ4, 0.463 K TR0.600D ELEZHY TR B S HH B A HE
E LTS, Machara® (2008) HRAORTIEH S8, ZhbDORERIZENE
N, 0218 L0250 EOMHBEEZHRE L TWD. AT, 6 IERRAREMZ 1) ¢ 7%

BEBEHTIC VTS, JENIACHEEAEERE & C18:1 (-0.35) °MUFA (-0.38) DfHiZ
AORRR, Thbb, IEVOBEMEV (V) &RERER B2 BfRE#E LT
WW%. Nakahashi® (2012) &, BHGARNT 2 H TRV HE A & C18:1DRHICA
DELFER (-024) ZH#EE L. T n2o0WEE, BN EH TH D & JEFHOH
AR D R S SV THEI B 72 5 EZR L TV 5.

[E N CHEMEERER A2 L B FEEE DO — DI L &L 9 & T2 H 0 fHAITEA TH 525, i5
FERLER O FHANZ IR & 5 300D, 2O X 512, RO L REaFnE o I ik
FRVNVEASHBEIN B 5 2 &, £ 7o, WERKMTEEMOREROE /3 Tik~72 X 912, BFS
EMDORNERE & OBCHENHE, MOBEIZEEEE X202 LD, BFSE
RN OBOEBERNE HICKRETNEL, BOGTREMEZ LKL ITEET S
ZENFRETHDHEBZLND. L L, RIoaniy GEewv) Pt E
N2 Edh, BFSZIRL T4 2 &I K 2 IRWEEHELAL O S BIZBUIR Tl A
oW EIT, REMEORRNBFSZIRS 5 2 LIZGORN LT, ANEFIE
FURTLHBICITEERLETHD. 20D, EBEOKRE TIE, REMENE
<, MOBFSHAIZR L2 BHMAFF OS2 &K 22 L3, LiLoRMFEi i
RICEN L. AR TTHILIZB/MD 5 6, A% E b OFEIE368EDBES & i
WOBAHH R O B FEAMH O BAfR & [X12-2- 1127~ L7z, BFS & JRRIEEHE AR D BIFRIZ F6 N T i
gt G B IARIT, BFSO BRI 23 & CHRITBEALA S EDOMEIRTH L. LA LR b,
BFS & REaF1fE % & MUFAF L UOMUS & O BHEEM O (Z 24, 0.88F X 110.89)
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DEWZ b H Y, ERSM2 w7 IR DEEIT ) 72 <, BFS & MUFA[H] Cl3228H,

[FIEEIC, MUSEDORITIIIBETH Y, BFSE RBIFIE ORI WENHE LW L2731

Tu 7=,

C18:1 (%) MUFA (%)

8 - 8

4 4

0 0

-4 -4

-8 -8

03 02 01 0 01 02 03 0.3 -0.2 -0.1 0 01 02 03
BFS BFS

MUS ELONG

0.8 ‘ 0.8

0.1 0 0.1 0.2 03
BFS

01 ¢ 01 02 03
BFS

-0.3 -0.2 0.3 -0.2

Figure 2-2-1. Scatter plots of predicted breeding values of 368 sires with
carcass progeny between BFS and C18:1, MUFA, MUS or ELONG. BFS = beef
fat color score; C18:1 = oleic acid; MUFA = total monounsaturated fatty acids
(C14:1 + C16:1 + C18:1); MUS = the ratio of MUFA to saturated fatty acids
((C14:1 + C16:1 + C18:1) / (C14:0 + C16:0 + C18:0)); ELONG = the ratio of
elongation ((C18:0 + C18:1) / (C16:0 + C16:1)).
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4. %
PNIERIR & B2 TR 0 BER & AT L 7228 Clt, PIEIR IR B IRV ER R
WDHEE SN2 &0 s, HFHUREESE, IENEEER L OKIGA &2 H DR E BRI KR

!

THZENARETH D Z LAUR ST, TTEREEIE L R NTRE & D BIfRIT, NS
SRR EEAIE & OB & TR > Te. IFRUIREESE L L ATE & D& {sHEE
DIFEALENIETH 72D, ZOETN0EFERET R o1, R, NENE
FERORMR & WEIZBET 2EREE L OIT, ZhbOFEB{MET T 5 & WER M
T5 LV EBRICEE O BRVEBHBENED bR, b0 Z LI, WIER % &
BRICHR LR b, EROARIZET 2NEEOK R S FRFICIT 5 2 & AAATEET
bHZEERLTND., LA DL, IR THRRICEE OEWESHEB,
HRIABESEC KGR & WEICRIR T 2BMS E O TR LZ. 202 LiX, Ehk
BMSO{EZ 8L 2% &, 24 b DOAREZEISIZHE D LT WEEROHEINCE R 5 2 L &
AL TEY, WIBEEE AEORBEENPNETH D Z 2R LTS, AT
X, P & RN TR O2IE 7L CHEE SNV S B A BN TN D,
LinL7edih, b LAIBZRR & BMS & ORICERMARBRDFET 256, WHERO
BILWROEDY HFHEDY, BB T 2 EENRBIEIRORES LD ST
D, T, PR & BPTEE R O R RERZ B 62N 5 KRS 72 &
ICHLD A D & b EE L 25 TL B,

—77, WERKMTEE LRI OBMRE M L& 2 A, WHERMNTEE TR
FED D R WVBIRENHEE Sh, WEREMOBEHE LM, WEREZ FRFICS R
THDIHAEDRENL D THh oz, £z, FRHBHKICE TS, LITiFEs LUK
MZFERDRLTVD LIS, BEEPEVNI LD, WERES THDEEZ LN
To. —J5T, AWRIZET HBMS & EIIFEHEL & OB, 2% < DISEATHIIE & 5
WA ThoT. £, HOLE O REX O EIENEEHAK & OBHRIZOVWTHHATHY,
FATHRIE L 1T 72 > Tz, L LR D, ARIFE T8 & L72C18:1, MUFALB L}

MUSIZAREIFIE 27~ L, @V REFIE SRS 2 5] & N, AR LED
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EOEELTHHMICEHITT TH D, £/, BFSIIAEIFIEEIZBEIRT 2 AN Ak
EHRVEISMHBEA R 4, RMEZWRT 5 LEoab < GEEal) 2”52 L
PRSIz, 2o, BRBEHROKRIZIE, ZU6DOBELEDNT U AHEZ T
Ehti 2 MENRH D Z L DRIBENTD, BFS EENIEEHLEL O BREAG O340 7> 51,
INHDOWEDRIFIENKETHD Z LB EHAT.

LIEDZ LD, BEMEINEEOAEEY 2T MLV REBROBIINBRE ST
WD NIEGE, X, B R ER R OfREE L LTHER STV 2 IR O &
Lo, BIEHRUENARETH DL Z RSz, L LR 6, NIEEF TIEBMS
&, NEWIMEHHAL CTIIBFS & OB RBER AL BRICHEDENE D THDH Z &b,
s DRI 2SI E M OBMR A 8 Lo, #8722 3 L T < B
H5.

5. B

AREOBHBNE, (1) BEMBILE S CTHEIET 5 NIRRT H 2 T2 I RREESE (T
BUREESE), BEMIEES L OKGROBEHI/NT A—2 Z2H4E L, ZibNIgRER &
BARE (BAERE, o—2 N, NT70ES, K TIEEER L OB ML 1E
(BMS)) MOBfREZRESTHZ L THDH. MAT, (2) BEMEEFFICKITHIH
ERATEE B L ORI ORBRZ AT 52 L Th 5.

WA & BT E OBfR A Fi A L7zii9E (1) TiE, HREFfES,7888H D NlEE N
E R E Otk 2 gei ot Lz, RlgPm o7 — 2138, i (1) £ 72395EA (0)
DUET —2 Th 5. BIBHINT A =21, MEBLIOEET =~ LET/VTHEL
7. PEUREESE, JRWIEEAE K ORIGROMRERIT, TnEh, 16.1%, 23.0%Fk LW
6.8%CThV, B\EFE + FHRIEHERZ (PSD) 1X, THEN, 0.18+0.06, 0.28 +0.06
FBLV0.18 + 0.06 & HEE 7. IFEREEIE & JRNGEESE, KRIGKk & OEGHEBX, £
nEN, 023 (P=0.19) FBLU-049 (P<0.05) Tholo. xIFRAIC, AN L
KIGRDOBIEFHBRITEDEVMETH -7 (0.96, P<0.05). IR L RKAIE & O
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FIEHBIL, IS L OKRGZ L AR E R, v — X HRE, N7 DR X & ORT,

—0.21 (KRG & BAEER]) 725-0.05 EIIEEL AT DOES[RE]) £TOAE (P<
0.05) 72 EOMHBENALNT-LISNE, 55 < IZIZ0ITITVMENHEE S 7z, IFHOREESE &
ARG & OBEAHBEITE T AR TIIRro 7. R, FEIiEER X 0K
KEFEWER, o—ARHEHE, T OESEOMOBEMEEIZETAT, TR L
FWEERM (-0.36) 8L OIEMESE L T DE X (-033) TIEAE (P<0.05) T
bole. LLRns, BIELL XOKREK EBMS & OB, 2 TIETER
Zi, 021 (P=0.16) $XLT0.39 (P<0.05) Thoto. WHBRLER CT0%FRE DOBEIRF
DPHEE ST Z D, PIRER OBISHIL R O FTREMEARIE S 7. BRI IR
B KIGRICHE D IZ VARSI ENER, 7 —ARHkE, NT70RESE2m EsE5
BfRICH o7 Z &0, BRI KIGR & WERE OBRNIBEGRIT, &R EFEL
WHEDTH o7z, L LR b, IS KGR & WEICER L TV 5BMSOMIZ,
R NME E L < R WIBIRBIBIRAS A B A7z, 2D Z &%, BMSICEN - ERDE
WS, PWIRRRICRE LT WER OB INCEN D Z L 2R/ LT 5.

WS E L IR IR O BIfR 2 R L 72878 (2) i, BERMEIEE 411,855
FED D LN TR HE L O v T v E ot L, WERRAHZE X, BMS, K
t (BCS), WO LY, ADOXHIIOMEN® (BFS) & L, IEMIEMAIL, 4 LA
Y (%, C18:1), #E / NEafnfislifE (%, MUFA), ARfafifE (MUS) I X OWER
RS RIERIE (ELONG) & L7z, HEBLOBEOT =~ LVETLVEHNWT, &
BRI T A= EHE Lo, WHEEMNEEOBEEE (£PSD) 1%, FFE (BFST0.30
+0.067) 2> 5 =V (BMST0.72 + 0.047) il T &b o 72 [ERIFEFA L D521, 0.60 + 0.048

(MUS) 7>50.63 +0.04633 J OY £0.048 (C18:135 L U'MUFA) D @&\WMETdh - 72. BMS
ELEVRLZW, LEDY XD EORICIE, ETIEELO (P<0.05) (i, KEIZ
#HAEOBRWEIMHEN A2, BMSZBRE T2 Z L TLEY L&D BREMIZHERE T
52 EREIFFSZ. BCSEBMS, LEVBIOE D & OBBHBANRIZIHKS, 2
THEOMB (—0.55f2, P<0.05) Tholz. BCSHAEmWEREANEL, Hiho DAk
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EEINLBEMBHD LG, ZNHBEROADERITIERICHED I VEDTEH
o7z, XM, BFS & £ OO WERMTIEE & OROBMEEITZE<, 0LAE

WE o7, RN EBMS, LE D BLOE O L OB, 58VADHET
H Y, BCSE DML, BHWIEOHBETH 7. RIS, JEIEEHLAL & BFS & DH
ZI%, tORERMIEE & AN TRWIEOHEBN A B/ (ELONGT0.27 + 0.122~
MUST0.79 + 0.084, P<0.05). RESAHTEE I L ONBNIEEALA CHFEE D b @ O EIR
RNRWESNTZZ L0, ZROHDBEOBERINBIZHEBAS Thb &2 bl
7273, BFS & JENEEHHAR ORI R BB AU R ICH G OEN DO TH L Z &b, i
HOIBERFC Z N O TRE R OB MR LoD, MU AL =L T 0 0ERH DL Z
EDTRIR ST
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HI3E
BEMMAEICBIT5EROREEEDRE &
KRR D F RN DOV T DHFE

1. #
BEMREORFNRWNERE TH DI 22HE (BMS) 1X, 4R g A H Bk 2812,

A [E ) 72 B RN 324 X DB B3 X O 2 B BN O g #1C L VTR

W\ b L, BAAEDORBAROAERNTRICEBIT 2 AMEOREICRE LS FLELTWS

[

(Murata 1988 ; Okamoto /2003 ; Ibi 2006 ; Nishioka 552008). L L727235, BMS
& L TRENDENE RO E RN, FANARho 2 R 7 BHkOT X/
T T Rip E DRI & &8 (Ueda2007), FERAICFROERL %
B 5Z Lt 27220, Lidav (2015) X4 W o 22 MG G & & 28 & 0k
DFMEZERFEE2 2L 2HELTND. 20X, BIEOWEICKHT HEE
2, HEENLDERLWFREW)I =—X LT EEEL TEXTEY, ZORESCHIED
BEENRLENTND. ZOXIRH, WNOBHRSEBKRIZEEST S &) RITEEHLK

&
i

(Westerling & Hedrick 1979 ; Melton & 1982 ; Mandell £ 1998 ; Sakuma %2012 ; Suzuki
52013) T RUBIEDO—2 LT 50O AN RSN TERY, 4, IE
B & BT R OGBS SO WD TR R E STV 5 (Inoue 52008 &
2011 ; Nogi 52011 ; Yokota 52011 ; Nakahashi 2012) .

BMSD A EIZF 5 L CE IREFEB O LG L ORBIEE X £ 72, AT FRA
OEFREFHFET DR E b2poTnD. RS, BREMEREFTIE, HEHRIERRE
S8 (FFEREZE), NEWGEESEFS ORI 72 & D NI 3 I 2 A BF 2 A R 28 L2 AV
B LT\ 5. NIBREEIR 1L, PRRB P &AL O BESEICAE 5 ELBE Ze iR IR 720 72
<, FHEBEOEFEREN O TIC X 2 MEARRFENEROFEKIZH 2> TN,
DIz, FIFETHIBRREIC L D RFHHREAEHEE LIz & 25, JFRIREEE & KiG%
DFEENT K D NTFlEF L OVKIBEEREICfE O EEERHH LD, RETHEMALSSEMIZ LS
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EHERF ST FTo, HRITEESER L OVKG (P D AR P RAR DK T & 5 [
BRI, FRIFI2.35EM LHEFH S, TORBORE SPLRALMISHEEND &
ZATHD.

PR FEAE D ZEIK & U CIRIEEEN 2 ZAa T 2 8 E HIER M S Th 255, Z0
£ O efE#E A, BMSICRE SN D Edn B AR AEPEEAT O 72 IZEH LT EE
FHiETHY, REICZE OB ERAGIEZERT 2 Z L3 LV. ZoMEE T 5
BRI DO —2IZ, BIHICHIBEIRICR D I W2 RIS 5 2 ERZET o
ZEMD, F2ETITINERE BIRHINT A =2 2 HET D L & BT, WIEER &
FWEE & ORRE TR L-. WHAFICET 2 E258R OB RRIT—RIOIZEW 2 &
MH BTV SA (Snowder 52006 ; Schneider 52010), 52 TIH20%FLE O 155K
ZFEUREEZE (0.18), ARMAHEZE (0.28) FBLUKMGE (0.18) THEE L7z, ZOfER
%, TNHDOHRFE HOREBICIICHREAIRETH DL Z L 2R LTS, L LR
5, BMS & lEEESET K OVREG %% & D] TU RIZH & OE BRI R BIR 3580 b
7o, TOZ X, ENBMSOMERZRT 5 L, T b ONIERIFICHED O3V ME
KON ENR D Z L 2mie LTV, WIEER & BMSORRF RSNEETH D Z &
LTV e, ZORRIE, WIBER & RRTBEMO2IBE T T v THEE S - tEE
P Dl A BTV D2, TREBNCITRK 2 B A5 R D K 9 2207 a2 £ KR EAMR 23
FAET HHEERH 5. b LAEER & BMS & ORICRMRREGRNFET 2546,

BROBEEROEDD T HEDY, FIREITHT HEHENRBIERIRORE S
o TL L. ZO7s, NIgERE & BT E R ORISR Z B 6 2T 5 K R G
o IO MO MERH D &2 b,

Al U< 528 CHiA L7 WEAK A E & BB/ I O BRI IV T, e TAF%E
THHE SN TV D L 9 IZ (Inoue 52008 & 2011 ;Nogi 2011 ; Yokota 552011 ; Nakahashi
52012), EVEARRPIENIEEER THEE S (0.60~0.63), NENIEEMLAL DS B ITA
GThbEZEZRLN. —J)7T, BNiof (BFS) 13 EaFEEIZBAMRT 2 NENMEFL AL
EHRVEISAEBEA R S 4, RNMEZWRT 5 LEoGab < (i) 2”52 L
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PRShiz. ¥£7-, BFSEIEWIEBEMROBERMO A1 6L, 46 OE D [FRFL
ERWEETH D Z ENHEATZ Lnb, RIEMEERT 2 &2 O OB EROBER A F
MICHAE T2 Z L b RETHDL LB BN,

Inductive Causation (IC) 7 /LU XA (Verma& Pearl 1990 ; Pearl 2000) ® X 9 72
RO R FAEEHEEEIL, ERICE DL 5 RRRBERH D 0O0ERETDHZ &
NFEET®H SH. ValenteHb (2010) 1%, IRAET NV EHWEHELBOFIEIZICT L=
VDALERD ANDZ ERRREL, VIalb—varya—42HWTEEEET L
SR LNTFEZE GF) HEICICT V) XAEZ#EHATHZ LIk, HiFSnsmHE
HEZEIT L.

72, ICT VT Y A L5 ORAEMHT THH S - RG2S RE 7 v
ST 52 & T, IWEMOREDROKRE SAHET LI LNAREL 7225 (Wright
1921 ; Haavelmo 1943) . ##§1& H 22 0E 7 v % BAYIE(R D 43 BF IZGianola & Sorensen (2004)
DN L CLLE, ¥ (delos Campos 52006b), K (Varona52007) 3 L OFLAL (de
los Campos ©2006a) DESH-CEGTEE IS HFRNET VE2 A LI2FER 72 ST
Tl ZIWEET LTI, tOBEORIEICEEI 2 [EH#72 ) BEHR L,
OB EDORMEZ ST Uiz TR BEIRE G, TOFENR] BEHE L
e T Vol L, #iERAE T LTI, EENREESE L, MENE G
NP Y T HREMORREDREORE SEHBEL CHET HZ L NAREL 725D
(Valente 52013). 7z, KRMELMY L, s HRAET I X KRR HE
ERREIC 20T, TEBNZERE OBWEIRBERSA S 25 E I8N T, fl#EHEIC
L VIRK E 2 D IE DOEMIANBINII AT HZ LT, R E R DHEZRMIZK
BIEDLZLENARELRD. 20X, BT E 7 T AIRBT HFRIEND TR,
fRE OB I X D iEDOWER Y, AEV AT ATOEA LA E 7D (Rosa
& Valente 2013).

ZD, RETIE, (1) BB 2 NIEER & BT E M O R R % He
ETHZ L, e, 2) BEMEICKTHINEREHOREEEAHET 22 L% H
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& L. &6I, HonREMEITHE SR T V2 M L, TREROKRS)
REHEE LT,

2. BB L OHE
2.1 BEREICKIT 2 WIBER & R ER ORREEDORE
2.1.1 T—%#

F52%2.1 THW 2 BB ANTES, 788 5H D WIER I J6 L OB TR E D Rt & 35,5158H D
LA 2 ARSI AT IS U7, R U 72 g (1T BRI IESE, RRGEESE S K OVKI2%)
DFCERGIT, e 5L Kk KORWIEE (Bt EE, v — 20wk, N7 DES,
& FREMIE 3 L UBMS) Ol HIEIZE1F21 TR 72 B0 THDH. £, NIEE
I3 D Fe BB RS IS KOV BRI FR2-1-218, BT O ARG 3R 2-1-31T R LTz
LBV THD.

2.1.2 BB

WIIBE i C & B LR BESE, NEIESER X ONRIBR DIBTERI 7 A4 T B U 7 1 LA
FEEOBICBRMEICR LT, BE - 7 =~V ET A E2EA L CotiziTo72. &
(5B KORED LGS OHEEITIX, RESS U7 VZWEET VE W, £7 L
DITHNIRFLUILUA T D EBY TH S

y(H)=XB+Zu+e

RO 7 brut eD A MITLULTDO EEBD

[e]~N {[g] ' [GO g@ § R00® 1]}
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ZZCy, 1, B ou e X, Z Gy A, RoB IO IFIBEIZH28E2.1.2 TR _717%
EFRLCHDTHD. FAREDLHFEITR2-1-1ITRLIZEBY TH 5.

BEBLOEESBOFEERIMEHLTOIIL, XTAV 7V o FERELRE
THRGIBBS1F90 (Tsuruta & Misztal 2006) 7'1 7 Z L& Wiz, X7 X% 71U v 7k
(X V505 LDV TN BRI A ST, RRI8IRE B K ORI R & R 27
FE D DR DNTZY TN OERSANLETET, IO L BbhizZ &
5, I, HNERE KBREZBRWZOEE (n— AR, NT0ES, ET
NERAIE, BMS, RFEREESEIS L OMENIEESE) CLIWEMIT 217528 &L, 256
BEICK L TE 7 X 77U v 7 T150,0007 > 7V & 5648 S8, e f100100,000
YINEN—A I E UTIREE LT, RofERYIZEE © 750,000 7L DO FA% L
il & L Toisn & ki,

2.1.3 Inductive Causation (IC) 7 /LY X A

LIEET MR THELNTRZE 38 2B, ICT VA Xhz#M Lz, 22
T, A (b)) L, BESE TR LR LR LN DER, T2
L, IWEMOBEHREZME L WEMOBEBRERTEREE XD ZENTED

(Valente 52010) . ICT /L= U XA, TEER OB 2 F5(2 Lic —H OFFEHHIRE
ZITOHDTHY, RDIAT v T 6725 TW% (Pearl 2000). 7=, Hi%[X3-1-1
WHRLTZ. B, UFAXBLIOXTO -] MEm Y o7 %, 5] BIO [«
RO M~OREEGZ RS MY 7] 2RT.

A7 vl KNEMEEEZHEE T H0G L ROLETORED ) AEEDO2JREZRY &
i, TOMDOIEE L DR TOMAEDLE TR SN Z O2E DOm0 L 5
5% E, FOQEEEMY 7 THRET 5.

HARW 7e Bl % &, 3-1-1DStep 12D X 512, KRG ZHEET 25 E
Z, yl, y2, 3B L OYADAEE & LT7-a, WIOITEDO2REyl Ly2l22nW T, =

DM DOTEE TH Dy38 L Oy4IZ L 2 &2 TOMAAEDOETERMAHT ENTzyl & y2 D1
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FHERE LYy & y2DFEBA, pyiyas, Pylyalyas Pyly2iyayadd & Bpyp N ETOE 72D (FE
Thd) e, ylenRzERY 7 THRETHZ 18k, KV ETOREDOMAE
WITx L CHRERDOUIRAAT S Z L2k, MY 7 THRE I 7 T 7R
b (K3-1-10Step 1K) .

AT w72 ATy F1ITHELNENZ T 7 (K3-1-1DStep 14X) 1230\ T, 4
WO (B, y2) ZEF>, B &> TWARVIEE (B, yl —y2-y3iZBiT 5,
yleiy3) 2, BEERE y2) 280REORTOMBE b L TRINIEETH
DA, DFY, WEBEpy, Pyiyayes PyiyayadS £ Opyiyayae N B THEIZO L Big 572
WA, IBOBEE (y2) 2k L CRZAM 5325 (X3-1-1DStep 2, y1 — y2 «
y3). ZDX 9 7VEHEEA Tunshielded collider] & FFATWA. [RAIERIZ, RV ETO

TEEOMAE ORI L TH RO Z1T S .

AT T3, AT v F2THRLNIZE SR AW T 7128V T, F/z Z2unshielded
collider D ARG 77 7 71272 BIRWEE, FIRERIR Y MEjm U o 7 12\ & 2415 5.

[XI3-1-1DStep 204, y2 —yd3 EH Y > 7 THREG S TWD. Zo U 27izxtL
Tyd Dyl E 22T 186 (y2 < y4), #Hi7z72unshielded collider (yl — y2 « y4
BIOY3 - y2 «—y4) DERINDTZD, ydrby2~OF0 Y 7 3R TE 720,
—J7, V2 DydilaE E o T (y2 — y4), #H7-72unshielded colliderid Ak & 17
W2 (y1 > y2 » ydB L 0Yy3 - y2 —» yb), 20 byd~DRHZ( 5325 2 &3]
REL 720, [M3-3-1DStep 3V RREAEED 7T 7 70D, LT, TR T
TEE, Y- 2 o3 oyl RAEOIRTTTDZ ETHAS.

RAEBADRHE B E 5 DT OW T OB 2R EX, e F% % (Highest posterior
density : HPD) [#lfR4 S¥EIZ L7z, HPDEIMRAN0Z G A TWAHE, TOMBITAEE
TIEApn & S, MERITHEH R E ISR Sh e A EKEfERICE > TR L. K
WFIETIE, A EAKEET T 2 KRG O R UL 2 5Tl 726012, F7e HZHPD/KHE
(70, 75, 80, 85, 90k L 195%) ZiwMH L7c. ZD43#HTITIX, Valente & Rosa (2013)

73R (R Development Core Team 2009) S&a CIERL L7c 7 1 7T L& HW .
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YYYY

(Step 1) (Step 2) (Step 3)

Figure 3-1-1. An example of steps for the IC algorithm (yl to y4 represent
traits).

2.2 BEMEICBIT 2 HERERORERE EEEORRE
2.2.1 T—4#

Fi2E2. 2 CHW BREMELS5BHO REMFEINE 0 515 b T B RS AHE #H,
FRV U TABLOEND OMAERST,52380 % oHricft L=, R Lz AEK AT
Z (BMS, W1 (BCS), WOLEV, WOXHEIOIENI® (BFS)) ORI
FRE221 TR LB THD. £z, BRI E OIE R/ 22 mmE:
ERATA ALY T NERNT, HAZ v~ 7T 7 4 —TllE LZIBNER KD
5, HAWNIE OAfEME (MUS) ZLL FOXTHE L (Inoue52011).

MUS = (C14:1 + C16:1 + C18:1) / (C14:0 + C16:0 + C18:0)

A

3
X

BORAHEIIFR22- 1R LI EBY ThD.

2.2.2 SWERRNT
KIFFETHW=T—XDOBCS, WO LEY, WOXHELUBFSIY, 4F 72 135KHUE
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DM E EFE > TWele® (R2-2-1), H2H22TIE, WOLED, ZHIBLUBFS
EWAE IR T AT E VT 4 27 —/WZHE S (Falconer 1989) NEF 77 2 U IV IEHE &
REL, BEETVTHITZIT 7. LOLARRE, KETERO T IV hVBE
% [RIRFIC TR OB 7 /L CRENT 2 50 L7ofE SR, BUR Lisho 7o, F72, H2®E
3205 R & i L, BFSOBISRLSIMNIBIZET NV EBIEET VIC X D85/ T A
— X OWEFERDRKE S B DR o722 & (BFSZEBRW BB D 7£130.02~
0.05, HERFHBID7£130.00~0.17), AFETIXZ N HAEE OBIRE L O A BUK S D

WELHMIEZIEET VCHEM L. T VORI TO LB Y TH D
y=XB+Zu+e

RO 7 brut eD A MITLULTDO EEBD

[o]~N {[g] ' [GO ? g R00® 1]}

ZZC, vy, L, B ou e X, Z, Gy, A, Roy B LI IZBEICH28E2.22 Tk 7217
FIERITLHDTH D, FAREDRGLIIR2-2- 1R LTEEBY THDH, T T
U > 7% 3245 U 7= GIBBS1F90 (Misztal 52002) 7’1 7' F A& AWT, #Eink LUk
IRy DER DA E ST, X T AP 7Y 71280 200,0000 > 7L EFAESH,
N—r A UHI E L TRAID 100,000 > 7 /L 2 R EE L 72 0100,000 > 7 L D itk

PEfE & LTy &2 RO Tz

2.2.3 Inductive Causation (IC) 713U X A
LIEET VAT TR LN EZE (3R 28, AFE213EFRERIZICT LT XA

Zu M Uiz, AEKYESHR T 2 KR E O R IR EE 2 549~ 5 72 912, #72 ZHPDK
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#£ (80, 85, 908 L 195%) Z i L7-.

2.2.4 BEHFBEXET VRN
ICT VT RAATHHE SRS ICHEE T ESeT vE2#E Lz, G R

ETNVOTHIRLITUTO LB TH D
y=MAQDy+Xp*+Zu" +e*

EReox7 b ruw b e DFRIFESMAIZLTO EBY

el 56" v il

T,y B, ou, e, X, Z, AB X ONIBEICHR R EET ICBIT S
R ERIBED D TH DD, T HONRY MVIETBEICESERET L s L OE
BORERL WD, T7bb, 20O RIIMOERPEOREZZIT RN &
ZEW L T2 (Gianolak Sorensen 2004 ; Valente 552013). X T, AL, % k%
MOTIESE A Ry SHEEREE GHLE R 22 EMOMEE) 21200t xt
(22T, tIBEH) 174 ; GlIME BT T VoMM ELR (38) 5
178 (Tbb, HEBEDHROSHB XOESE) ; PlifE e s v
DIRZEDBORAITHI TH L. MEHTBRNET VICE T 2 WEMOKEL
BUTOERE L. ZiE, BEORMBEICEELZHEILIETOEREYTT
AR L TWLEIRETLHDDERIETHDL. 2D X I7/NT A —ZHIRNR,
LEEBICE T OHMERBORE L /EIZT 5.

% B AT T 5 AW 72 GIBBS1F90 (Misztal 52002) 7'17 27 J A% AW,

WMESTBRAET VORI A= DOERSAM G KREEDOR 7 — F (4,
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ylidyl > 2O R REEEIZBIT Dy208) X, AP CTHEOLLEEL L, 7%
#2 (k) SHATANIE AR T 2RE L, EMFARSIFTOL L. FTX
TV I K 01,000,000 T EFEASHE, S—r A BB E L TR
¥ D500,000% > 7L 2 REHE L, 100> T AT 572500008 > 7L & K
o, HBETERXETLVNDONRT A —ZOERIHERERD -,
ETNLVOBMAEERFT D720, FENXNTA—FOEZEY T bT E
7 v ANG B (Deviance Information Criterion : DIC) # % i L 7-. DIC

IFLL T oA TE SN D (Spiegelhalter 52002) :

DIC = 2D(6) — D(6)

[y
[y

D(8) = —2log{p(y|0)} + C,

D(6) IZABMEN D OT BT  ADHHE, y I3BRE, 6 1XTT LVORMD/ T A
—4, p(y|0) ITEEREEB LOCITERTH 5.

3. REABLUOEBE
3.1 BEMMEICHIT 5 NIER L BB E R OK REEORR
3.1.1 ZRHEMT

KAEEL L ORBREZRWICOEE TEIREMT 217 > T8I, Bink LU%%
FMBE A RK3-1-112, Bink LOERES RS T, £3-1-286 L UK3-1-31T5R
L7z, BABEOBERIIHRE (N7 DEEXT039) HEy (K FIEMIET0.70)
fECTH Y, NIREHROBEERITITRE (0308 L0035 Tholz. RETHEIN

FHEWEE OBGERIL, F2EIITCHBEEST LV ZHWTCHE L-B8ERE 0 b5+
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ICHESNTWDHOD, TOET/NEL, BFEET LV CHIE LT-BEE + F
B Z= (PSD) O#IPAN TH 7. —FF, WIBEH OBEHRIL, $F283.1 THE
L7238 R (FFHAREESE T0.18% L OENIEESET0.28) + PSD i z il x T < #
EINTEY, MOBEELEOHBEICLVES RolcbDEEXbND. ZDXLIIZ,
Fl—D7 — 2 #BIEET LV THE LTBEELY b, HAREL SO S EEET
JVTHN LIDBIRER R R D272 2 & D, 2N OBEICK L TESE COL RN
NI THDH EEZ BT,

B E M OBACHEBENL, v — X mkE L B TIRNE O TH#EE DA O FHE
(-0.41) 28, B FAEWIIE & BMSOM T < AR TIXRWADHHEE (-0.16) A6
ToAEDNE, AERIEDOHR (0.22~0.68) Tho7-. T bDORAMRIE, BEMEIC
WL, m— AR E B FEVEOR (-0.07) ZFREOsawab (2004) DOHE &,
12— Z o aifE & B TFAEMIE DM (0.06) BN TDES & TIEMIEDOM (-0.04)
R X Kawadah (2003) OWE L IZIZFEEOFER CTH o 72, HAER OEZEFHBIX
ETETHY, BMSENTDES (0.14) BLOETIENE (0.09) ZBRWTHET
otz (0.24~047). v — XA L B FIEMIEOBfRIE, Kawadab (2003) 23#8E
L72fE (-0.01) &< Rleo Tz,

HWTEE & NIgRIR & OBSHERIE, N7 DR S EIEELDOR (-035) &Ry
THEMFF< (-0.21~0.15), AETITeholc. ZHDOEEMBIC OV TH AT
§9<, AETIER0o72 (-0.14~0.21). Bindk JOREME L bIZ, $2E31 TR
BETNVICEOVHE LD LIZIERKEDIETHY, +PSD OFPHNTH - 7.

PBZRIR C db 2 T BUIRIESE & IS EESE R OB AEAE BN TIZIE0ICZE L (0.05), 7%
FBEIIAEZRADE (-0.22) Tholo. HF2FE31TIE, ThboBEsk L UOFEEME
%, TNEN-023BLT-0.04THY, EHLLHLFETIERVD, KETOMKRELIX
HBDb0OThole, 2, A E ARG DE TN TIA—FZHET L LI
XL LI=zbDEZONS.
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Table 3-1-1. Posterior means of heritability (diagonal), genetic (above diagonal)
and residual (below diagonal) correlations (with their posterior SD) obtained
from multiple trait model

Trait' REA RT SFT BMS MNL BFN
REA 0.46 0.36" -0.41" 0.68" 0.15 -0.21
(0.087) (0.118) (0.096) (0.057) (0.197) (0.178)
RT 0.47" 0.39 0.22° 0.50" 0.10 -0.35"
(0.063) (0.063) (0.104) (0.120) (0.163) (0.120)
SET 0.30" 0.24" 0.70 —-0.16 0.10 —-0.18
(0.137) (0.093) (0.076) (0.094) (0.156) (0.137)
BMS 0.36" 0.14 0.09 0.67 0.14 0.15
(0.092) (0.136) (0.152) (0.087) (0.182) (0.144)
MNL -0.05 0.01 —-0.04 —-0.04 0.30 0.05
(0.104) (0.067) (0.125) (0.138) (0.061) (0.135)
BEN -0.05 0.11 0.21 —-0.14 —-0.227 0.35

(0.100)  (0.063)  (0.124)  (0.114)  (0.061)  (0.057)

' REA = rib eye area; RT = rib thickness; SFT = subcutaneous fat thickness; BMS
= beef marbling score; MNL = multifocal necrosis in the liver; BFN = bovine fat
necrosis.

"95% highest posterior density region does not include 0.

Table 3-1-2. Posterior means of genetic variance (diagonal) and covariance

(with their posterior SD) obtained from multiple trait model

Trait' REA RT SFT BMS MNL BFN
REA 24257 0918 —1.435 5.959 0552 —0.795
(5.390)  (0.369)  (0.392)  (1.291)  (0.725)  (0.742)
- 0.260 0.080 0.457 0.033  —0.135
(0.048)  (0.041)  (0.152)  (0.056)  (0.053)
- 0.502  —0206  0.047  —0.095
0.071)  (0.121)  (0.078)  (0.073)

3.196 0.173 0.202
BMS (0.524)  (0.228)  (0.198)
0.447 0.025
MNL 0.136)  (0.067)
0.563
BEN (0.141)

"'REA = rib eye area; RT = rib thickness; SFT = subcutaneous fat thickness; BMS
= beef marbling score; MNL = multifocal necrosis in the liver; BFN = bovine fat

necrosis.
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Table 3-1-3. Posterior means of residual variance (diagonal) and covariance
(with their posterior SD) obtained from multiple trait model

Trait' REA RT SFT BMS MNL BFN
28.304

REA (3.775)
1.585 0.405

RT (0.262)  (0.034)

- 0.715 0.072  0.217
(0.272)  (0.029)  (0.048)

M 2471 0.122  0.047 1.544
(0.895)  (0.105)  (0.084)  (0.360)

unL 0245 0.005  —0.016  —0.047 1.000
(0.525)  (0.042)  (0.056)  (0.161)  (0.027)

ppy 0276 0.072  0.097  —0.170  —0.218 1.000

(0.529)  (0.040)  (0.053)  (0.141)  (0.062)  (0.027)

' REA = rib eye area; RT = rib thickness; SFT = subcutaneous fat thickness; BMS
= beef marbling score; MNL = multifocal necrosis in the liver; BFN = bovine fat

necrosis.

3.1.2 ICT VY XA

K & DR EIC R ZHPDIMIR 2 L TR L6420 7 T 7 % [M3-1-2127R L
2. 95%3 L U90%HPDH 2 V72356, n— ANEEE T DS, FFHRE
FE L NENGEESERI O U o 7 S S 7z s, A ) o 7 13 S vie o 7z ([X3-1-2a)
HPDHIFR ZER75% £ Tl L7273, BB EMTEV <o) v o7 BmitiEanis
DO, FHTEE L NIBZIRE & DV > 7 13 Siv7eh o 72 ([X3-1-2b & ¢) . Ffé I,
70%HPDRIRE T, MR Ch DN L NTORIB I VL FIEHE DY 7
B EN T (3-12d). ICT VY XD AT v F1IOMWE [, BN H#E
ERRED/NS WIZERIR, FEDEE & IZTRWERIZH HTFEM T, KZ72HPDH
fEEEALCTHY 7 DR SN AR SN (F3-1-1 & X3-1-2). HifFL
Tk, INSRHPDHRRIZ L V< DY v 7 2R LAy, 70%HPDEIR T 6
JFECREESE L AP E RO U v 7 i3 S n T, Fi, ICT VT Y XLDRT v 72
IZEWRESNLIAMY 7 b SN oTl. ZhUE, BEMEBENSG LT S
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%X 9IT, BLRIEE & NN O 2B <, FRZ, IFEREIIE & OFEEEANZIE
OIZEHELWZ ERNRNEEBZLND. 2O X HIT, FFHIREEE LAY & OB
SN OBIEEMTITENIFE LS, EHERREROGEO ONRN-722 &1F, HIET
Dfc/NAFSTHONTT, TFEIREEEPEATEEICA BB a2 5 2 T iRinoiz b
IRERDEITITIR > TN D,

REA SFT BMS MNL  REA SFT MNL REA MNL REA
N /N RT SFT BMS
NS
RT BFN RT BMS BFN RT SFT BMS BFN  BFN — MNL
(@) (b) (©) (a)

Figure 3-1-2. Links between traits detected by the IC algorithm with 95 and
90% (a), 85% (b), 80 and 75% (c), and 70% (d) of HPD intervals. REA = rib eye
area; RT = rib thickness; SFT = subcutaneous fat thickness; BMS = beef
marbling score; MNL = multifocal necrosis in the liver; BFN = bovine fat

necrosis.

ICTNVTY AATHRIHSNIZETY 27056, 3ELU ETHERSATWD Y
271, #7z72unshielded colliderd A2 ff S A7 NR Y [RIBLBAGR O 5 A 23 K7 A9 I [R] 44
ThHhoHZLamRmL TS (Pearl 2000). filZ1E, X3-1-2bI231F % v — A NHFE, /S

JE X3 LUBMS THERL S LD A AIFEEER 77 7 (Directed Acyclic Graphs : DAG)
DY 7 2B T HREEED T ML, (1) BMS—»>r— A HHE (REA) -7
DJEE (RT)J, (2) TBMS—REA—RT] 353XV (3) [BMS—REA—RT] OETTH

FHICFEIZETH D (Valente 52010), FERELE L TERTELEUTOL IS -

P (BMS) P (REA | BMS) P (RT | REA) (1)
P (RT) P (REA | RT) P (BMS | REA) 2)
P (REA) P (BMS | REA) P (RT | REA) 3)
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ZIT, EROFRECHEHANT 2) BLO 3) XELEETL L,

P (RT) P (REA | RT) P (BMS | REA) 2)
=P (REA, RT) P (BMS | REA)

=P (REA) P (BMS | REA) P (RT | REA) = (3)

P (REA) P (BMS | REA) P (RT | REA) 3)
=P (BMS, REA) P (RT | REA)

=P (BMS) P (REA | BMS) P (RT | REA) = (1)

£, ETOREMETH URERNHFLND.

ICT7 V=) XA THE S8 ) > 7 28NS s Rt L&
M3 256, TofEm ) o 7 ITAEYFR2FREHRE I L THmMT T 2 638213 &
5. BRI ERIC AW PR R RS A2 RET 2 DIXHEETH 253, FE ORI
D E ZH2"E L7-Hammond (1955) DORLEFLMICHE, B, A, IEMOIEICRE S
D &) RERFNEHSC, BEBEMMIZI T L MG O MR IEE (Yamazaki 1977) ¥ X
Oy R & IR ZCHE (Yamazaki 1981) O A I 5 FERFIME @A HE SN T0DH 2
EMD, TNHDFEHRZFM L TRRNZEROKRREREZHET L2 L AETH D
MH LIV, LI LG, AR THEONWIERBEMOERM Y 7 27 WmI 4
HZEFE LW, FlxE, n—XEmEEBMSHO Y 7 2D EiFTESE, n— R
LRy DHEFE I W AEN O RGO BT L, v — A S EREA K & VIE EBMS
AEBERICEmD 5P REMEX®H 5. 20T, ENZHEO®IT v — 2y DO mfEIZ R
L, BVIZMERZ W, 77200, BMSHEWE 7 — A REH S OFMRNEZH LA, =
—ANHEEERELSTHAREELHS. £/, o —ARHEBEENATOEIMDOY 7
TIX, FAROHEBICHT 5 ER TH 5 FEHG 508 E, RT3 EOIRERIT
boHEBEZDLNDD, BamttHIEN BAR R S (IMGA 1988) ORIEJ71ATI,
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1 — AN &N T DR S ORESFT A F—WiE TIEH 2PN T L Z b, H
P72 RIRBIRITE 22V, 2D X 91T, BZIBERO Y 71Tk L TAEDFRIC
ELLDHAMESLZE X DILAHER, HONCHBE LNMFELRWVWEE X LD F
WZOWTIEL, V7o ERET D LITRNETH 5.

UbEDZ &0 b, AotrTdg s LERERICHESRAET Vv elM+ 52 &
WEETH D LHWrT L7z, Lol s, WRXMERETHHEOMAGDLEIZLD, ¥
B OKAEMBADORE SOHEERRAENETET D 2 Lnd, B 5 KRS HEE
SNDAREEMELH Y, ABRIORIMFEMA L/ ML H 5 L Bbh.

3.2 EEMRICRIT2HAEVEMOERMEEDRE
3.2.1 ZEMT

WEASMTEE S LOMUSOERER, Bi5k JOEEMBEAER32- 1R Lz, &F
B DEsRIE, BFS (0.10) ZFRWTHREE (BCST0.38) 7»HEyy (BMSTO0.74) fE
Tho7-. BCS, ADLZEY, XDBLUBFSOKENRIE - IXSKHEDHAMAIZE EF
STVl (F2-2-1), HF2E22B X UB2TIHE, ZhOOREZIEFHT Y v
B EREL, BREREET VCRITAZITo7z. L LR b, REIZBWTHRIE
B EAE L THEE Sz 2 b OB OBEHEIE, BFSZ RV CTH2E32THEE X
NTEBEREIZZFRFEOETH Y, BIEHR £ PSDOFHN TH -7 (F2-2-3). H2
FH32THEMLIELEBD, BFSTALNCBFEORE RAEITEM LI2ET /L OE
(B L BfE) 12X Db THY, BEET LV CTHE SN2 BEENRIEE T L THE
ESINTEHLOEID b REL DI EITERL TS (Matos 1997 ; Varona 1999 ;
Kizilkaya ©52002). £7=, #EET /L THEE L 7Z-BFSOBIREDMMOTEE I~ TIER
IS T o2, BFSORMEND/NEINWZ LICERT L LB b,
BMSE LEDRBIOED, LED &L DOMOBEMABIL0.99DIEF @\ MET
HY, BCSEBMS, LEVBLVEHEDOMICHBETHERBNADHBNR LN

(—0.72~—0.70) . *tFRAIIZ, BFS & Z DM AERAHEE & O D@ {sAHBEITIZIF0
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THY (—0.06~0.04), ZiL5HDPSD (0.130~0.136) 1L DOFZE DPSD (0.000~0.053)
EHRTREL, 0OLFEREVT M-, — 5T, BFSZRW-HWEFE L MUS
& OBBFHBIEZ AU EHR L W B B 53, BFS & MUSH TIdf B 7Ze bhlg igsi
BESHBENHEE Sz (0.51). 26 OBRIE, 20 DEDEWVLA R TRVIEEIH
TOHFEDENRRLND OO, FREI2THEE LR (F2-2-4) B L OLATH
%% (Shirai 1996 ; Yokota 2011 ; Sato 52013) & [FIEROMEHI TH - 7.
B THRVIEDFKAMBENABMSE LEY (0.57) BLUE®H (052), LED L&D
(0.71) L OMICFEH HALTZ. BCSEBMS, LE D BIUEH & DORITIZILERAIFH
HOMBEN A LT (—0.16~—0.15) . MUS & AE RS T, BMS & O (0.20)

ZFRANT, MBI AR TR AR T.

Table 3-2-1. Posterior means of heritability (diagonal), genetic (above diagonal)
and residual (below diagonal) correlations (with their posterior SD) obtained

from multiple trait model

Trait' BMS BCS FIR TEX BFS MUS
BMS 0.74 —-0.70" 0.99" 0.99" —0.04 -0.13"
(0.049) (0.053) (0.000) (0.002) (0.132) (0.065)
BCS -0.15 0.38 -0.72" -0.72" 0.04 0.08
(0.072) (0.048) (0.051) (0.053) (0.136) (0.081)
FIR 0.57 —-0.16" 0.66 0.99" —0.05 -0.13"
(0.062) (0.060) (0.046) (0.002) (0.130) (0.065)
TEX 0.52" -0.16" 0.71" 0.62 —0.06 -0.13
(0.061) (0.058) (0.032) (0.046) (0.135) (0.067)
BFS —0.04 0.03 -0.05 —0.04 0.10 0.51"
(0.053) (0.026) (0.043) (0.041) (0.022) (0.102)
MUS 0.20" 0.05 0.15 0.13 0.03 0.63

(0.109)  (0.058)  (0.089)  (0.083)  (0.037)  (0.045)

' BMS = beef marbling score; BCS = beef color score; FIR = firmness of beef;
TEX = texture of beef; BFS = beef fat color score; MUS = the ratio of
monounsaturated fatty acids to saturated fatty acids ((C14:1 + C16:1 + C18:1) /
(C14:0 + C16:0 + C18:0)).

"95% highest posterior density region does not include 0.
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3.3.2 ICT/VTY XA

ICTNAY XALDREIZEL HDHPDHRAZEH L THRoNZ3>D 7T 7 %2, K
3-2-1lT/R L7z, 95%HPDIEIR A V72456, BESEZFRWZIZERITY 7 i S
ey, AU 7 iIm S e o7 (M3-2-1a) . 90%35 K UN85%HPDHI R 2 1 1] L
TR, BIZIZBCSEFIRMTY v 7 3 S vz (K3-2-1b). £72, 80%HPDIH
TlE, SHIZBCSEBMSIITY 73S, 1 ZEALEDY IR 7 L
ST, BFSED U U7 i3t Enienorz (K3-2-10). HfFL Tz bBh, /hE
72HPDRIRRIZ L 0V < DV v 7 2L, ICT VTV XADRAT » I 2T X 0 RIE S
NBAEMY 7 b S, ADHIcB\Th, FEMEBNEBE MR E D
BT ROEIRICH DIWEM T, KEARHPDEMZ@EA L CH ) v 7 BSMRHEns
A 3 HERR STz (383-2-1 & [X3-2-1). F72, ARFE3I TR LIZWNIRER & HARE
FIC BT DFRZEM OB (F3-1-1) LD bHEREN/ NI N &b (R3-2-1), &
WESIZY 7B ENTLLBEALND.

MUS BCS MUS BCS MUS BCS
BMS BFS BMS BFS BMS BFS
FIR FIR FIR
TEX TEX TEX
(@) (b) ()

Figure 3-2-1. Links between traits detected by the IC algorithm with 95% (a),
90 and 85% (b), and 80% (c) of HPD intervals. BMS = beef marbling score; BCS
= beef color score; FIR = firmness of beef; TEX = texture of beef; BFS = beef
fat color score; MUS = the ratio of monounsaturated fatty acids to saturated
fatty acids ((C14:1+C16:1+C18:1) / (C14:0+C16:0 +C18:0)).
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3.2.3 BEAFBRXET VAN

ICT VY RLTHESNTEREHEED S B, Al > 7 B Sz X3-2-1cD
KRG ZHE TR T VICEA Lz, L, K3-2-1coRE#&EICE TS, L
FVLEDMOY 7 IFEA ) U Thoto, —RINCIE, AR TR R A &
CREREE BT HHAMY V7 ERETHZ ENFARETH D03, AFEROLAIZE N
T, AMY 7 2XET LMY RIERPAIE LR o7, £, ZORRMEETIX
[LEVSED] ~OFMY V72 RELIZSGETYH, £ EHOSLED ] ~
OHMY 7 Th, HEIZIERSE L S5O T (Valente 52010), ICT /L3 U XA
THEIEINZ Y 7 O AR ZIREST 5 Z 1L TE RV, 207w, [X3-2-1c0 K Rk
EEEIZLT, LEY (FIR) EEH(TEX) DV 71K LT, TLE Y- Oexrr) |
ETLED—ZD Mprrex) | O2HEBDAEM Y 7 ZARGE LT LA T OIS & s 2

XETLVOAZEA L

0 0 0 0 0 0
0 0 0 0 0 0
A, = Apmsmus Apms,Bcs 0 0 0 0
0 ArirBecs  ArirBms 0 0 0
0 Arex,pcs  ArExms  ATEXFIR 0 0
0 0 0 0 0 0
BLO
0 0 0 0 0 0
0 0 0 0 0 0
A, = Apmsmus Apms,Bcs 0 0 0 0
0 ArirBcs  ArirBmS 0 AFIRTEX 0
0 Arex,pcs  ArexBums 0 0 0
0 0 0 0 0 0
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22T, ADRYIOITEINIMUSIZEZ Y T 5. FIRRIS, 252, 3, %4, F5BLUH
61T L FNLENEH, BCS, BMS, LEY, EOBILUBFSIZEZHE LTS, £, )
TWHE DI ~DORENR 2 R IEERETH 5.

ZIWEET VL FR2EHEOEE F T T AV CHEE S, BI5B XA
Ry, B K OB O F% ) L PSDAEHK3-2-21R L., iz, MG AT
TV THEE SIS R B D), PSDIS K UN5%IE #E g 4 #23-2-312, &R D
BIfE L BRI DV v 7 #3221 L. BIRE L OFRES A, Widifee
TNTILEDSED (K3-2-20) ) BERTLED<ZD ([X3-2-2b) ] DEL L AR
ELISATHORBOMEPHEE Shz. THIL Tz bB 0, MEiReT L CHt
ESNTEBMS, LEVBLOEOOBEIRSHRDIE, ZWEET LV THESNTZ LD
ERIpoTHEY, ZWEET LV THEINIEELY b/hShro7z. —7F, BCS, BFS
B L OMUSDOER I L OERES A I IE T RAE T VL LIREET L TRKD
ENHEE SN, ZNH3EE, ZODAGHNTHO & OREIC L &M ShTn
RNZ NG, ZIWEET NV EMBEFRAET LV THEICENR R -T2 BB
L. LLans, BEMEBICE L TE, Z0EEAERSEEETT L LG TR
ETIVTHEE SNTER R 5 Tz,

MUS7» & BMS~DERB R & £ TSR0, RAEEDO T, MUSH AL M -
T5 (RfafiEREL<725) &, BMSH1.45 (FIR-TEX) 32 100.85 (FIR—TEX)
B30 2 2R LTV (K3-2-3 & X3-2-2). £72, BCSH»HBMS~D#EHE Tl
BCSHNLHENNT 5 (5 < 72 %) &, BMS230.54 (FIR—TEX) # £ 140.52 (FIR—TEX)
KT 22 2R T [FEEZ, BMS2LFIRE L OTEX~DO#EE TiX, BMSH1
HALHEIN9 % & FIRA30.28 (FIR-TEX) ¥ & 1*0.13 (FIR—TEX) , TEX7%0.07 (FIR—-TEX)
¥ L 100.22 (FIR—TEX) M k345 —7F, BCSHHFIRE L UOTEX~DO#%EK TiE, BCS
N TEALH T 5 & FIR230.08 (FIR-TEX) 3 £ 100.02 (FIR—TEX), TEX#30.03

(FIR-TEX) $X10.08 (FIR—TEX) ¢ ETKFT5Z &N RENT-.
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Table 3-2-2. Posterior means and SD of the variance components for multiple

trait model and the structural equation model (SEM)

Variance Multiple trait SEM (FIR—-TEX) SEM (TEX—FIR)
component' Mean SD Mean SD Mean SD
g2 BMS 1.367 0.227 1.576 0.167 1.563 0.163
g2 BCS 0.210 0.013 0.212 0.012 0.211 0.012
2 FIR 0.265 0.031 0.179 0.002 0.117 0.002
o2 TEX 0.228 0.024 0.107 0.002 0.160 0.003
a2 BFS 0.041 0.001 0.041 0.001 0.041 0.001
g2 MUS 0.019 0.002 0.018 0.002 0.018 0.002

r, BMS,BCS —0.148 0.072 — — - _
r, BMS,FIR 0.568°  0.062 - - _ _
r, BMS,TEX  0.524"  0.061 - - _ _
r, BMS,BFS  —0.040  0.053 - - _ _
r, BMS,MUS  0.202°  0.109 - - _ _

*

r, BCS,FIR  —0.158"  0.060 - - _ _
r, BCS,TEX  —0.158"  0.058 - - _ _
r, BCS,BFS 0.028 0.026 — — - _
r, BCS,MUS  0.054 0.058 - - _ _
r, FIR,TEX 0.706°  0.032 - - _ _
r, FIR,BFS —-0.050  0.043 - - _ _
r, FIR,MUS 0.154 0.089 - - _ _
r, TEX,BFS  —0.042  0.041 - - _ _
r, TEX,MUS 0.127 0.083 - - — _

r, BFS,;MUS  0.026  0.037 - _ _ _
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Table 3-2-2. Posterior means and SD of the variance components for multiple

trait model and the structural equation model (SEM) (Cont'd)

Variance Multiple trait SEM (FIR-TEX)  SEM (TEX—FIR)
component' Mean SD Mean SD Mean SD
o2 BMS 3.851  0.338 3.132 0.334 3.090  0.316
g2 BCS 0.129  0.019 0.126  0.017 0.127  0.017
o2 FIR 0.525  0.046 0.024  0.003 0.012  0.002
o2 TEX 0.376  0.035 0.009  0.004 0.030  0.009
g2 BFS 0.005  0.001 0.004  0.001 0.004  0.001
g2 MUS 0.032  0.003 0.033  0.003 0.033  0.003
r, BMS,BCS  —0.701"  0.053 -0.623"  0.073 -0.630"  0.073
r, BMS,FIR ~ 0.999°  0.000 0.936"  0.013 0.928"  0.034
r, BMS,TEX  0.996"  0.002 0.606"  0.217 0.870°  0.051
r, BMS,BFS ~ —0.035  0.132 -0.2317  0.056 -0.204"  0.060
r, BMS,MUS —0.132"  0.065 -0.250"  0.050 —0.144"  0.043
r, BCS,FIR ~ —0.716"  0.051 —0.697"  0.061 -0.678"  0.072
r, BCS,TEX  —0.720"  0.053 -0.472"  0.213 -0.631°  0.104
r, BCS,BFS  0.039  0.136 0.208"  0.063 0.222°  0.068
r, BCS,MUS  0.075  0.081 0.145°  0.025 0.143"  0.025
r, FIR,TEX  0.996°  0.002 0.641°  0.214 0.759"  0.104
r, FIR,BFS ~ —0.049  0.130 ~0.339"  0.049 -0.262"  0.077
r, FIRMUS ~ —0.129"  0.065 —0.064  0.040 —0.033  0.046
r, TEX,BFS ~ —0.063  0.135 ~0.280"  0.129 ~0.355"  0.080
r, TEX,MUS —0.128  0.067 ~0.080  0.057 -0.070  0.038
r, BFS,;MUS  0.514"  0.102 0.601°  0.060 0.624"  0.072

1

02 = residual variance; 7, = residual correlation; o5 = genetic variance; 1; =
genetic correlation; BMS = beef marbling score; BCS = beef color score; FIR =
firmness of beef; TEX = texture of beef; BFS = beef fat color score; MUS = the
ratio of monounsaturated fatty acids to saturated fatty acids ((C14:1 + Cl16:1 +
C18:1) / (C14:0 + C16:0 + C18:0)).

"95% highest posterior density region does not include 0.
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Table 3-2-3. Posterior means and SD of the structural coefficients resulted from

the structural equation model (SEM)

SEM (FIR — TEX)

SEM (TEX — FIR)

Structural 5

’ 95% HPD 95% HPD
component Mean SD ) Mean SD ]

interval interval

ABMS.MUS 1.446 0.305 0.844, 2.037 0.851 0.239 0.378, 1.312
ABMS.BCS -0.539 0.158 —-0.861, —0.216 -0.519 0.156 -0.833,-0.192
LFIR.BCS -0.077 0.014 -0.106, —0.049 -0.024 0.011 -0.047, -0.002
ATEX.BCS -0.033 0.016 —-0.066, 0.001 -0.078 0.020 -0.118, —-0.039
AFIR.BMS 0.275 0.004 0.267, 0.284 0.127 0.005 0.117, 0.137
ATEX.BMS 0.074 0.008 0.059, 0.089 0.222 0.009 0.204, 0.239
ATEX.FIR 0.553 0.011 0.534, 0.572 — — —
AFIR TEX - - - 0.601 0.009 0.582, 0.620

') = structural coefficient; BMS = beef marbling score; BCS = beef color score;

FIR =

firmness of beef; TEX =

texture of beef; MUS

the ratio of

monounsaturated fatty acids to saturated fatty acids ((C14:1 + Cl16:1 + C18:1) /
(C14:0 + C16:0 + C18:0)).
> HPD = highest posterior density.

95% highest posterior density region does not include 0.

MUS

1.45J'

BCS

MUS

0.851

-0.52

BCS

Figure 3-2-2. Links and posterior means of structural coefficients between traits
with directed edge of FIR to TEX (a) and TEX to FIR (b) based on results of the
IC algorithm with 80% of HPD intervals. BMS = beef marbling score; BCS =
beef color score; FIR = firmness of beef; TEX = texture of beef; BFS = beef fat
color score; MUS = the ratio of monounsaturated fatty acids to saturated fatty
acids ((C14:1+C16:1+C18:1) / (C14:0+C16:0 +C18:0)).
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Valente > (2013) 1%, ZIPEET /L LG TFRAE T V0BG 5D BARAIZIR

FNENRRDEREFO LI TEY, QiE OBERIL TEHERN ) BEHR L,
OB ORI EZ I LT THBENZR ) BEDHREET, AR 2EEDHREY
FLTWDHDIZRIL, $HETIE, REEENOMOEORIEZ I S 7o TEHE
72) BIEHRIL T ERLTND ERRTND. Mg HFENET LV THEE S L7-BMS,
LEVBIUREOOEEBEST, ZRETT AV THESNTZ2HE Y D LT
(#£3-2-2). K3-22706, TR HORENMUOIE, £V, BMSIZBCS &EMUSIZ (¥
3-2-2a&b), LEVIIBCS, BMSE LU E HIZ (X3-2-2b), = HIIBCS, BMSE LW}
LEDIT (KM3-2-2a) RMTTF N TWDHRETHD Z DA D, 2D DRERIE
ZEET VB TCIEREMED EROBE (4 EIOMER TIEZBCS EMUS) 23 Tk
OE (BMS, LEVRBLUE D) OBBHEREOMICHIIL TND Z & Z R
LT3, Bouwman® (2014) (%, FILHOIRESMEKIC ZIEE T T L &S 7R
T NEEA LR D, & RT T VICEA L2 RGBT 5 BRPE
DIBOWAD, TMEELY V72N E 2B LT, 166 FE, ZORRD,
SWEET N EEEFBRAET VLB T A RESHOE RS VWREL L1200 Th 5
EEELTND.

EHERET LV THAMY Y72 TLED-E®H (K3-222) 1 £ TLED <X (K
3-2-2b) ] DELLEE LIZHEATH, HE SISO F% O/ 51L&
FOARTRIC ThH o7z (F£3-2-3). MUSH SBMS~DREERE (Aamsmus) (F1ETH
D, BCSHBMS (smspes), LEY (prpes), &9 (Mexpes) ~OREIIETH
Tholze. NEMEDE / — N LR DPENMUS EBCSIZITAF(E LRV, Zhb
MEBOFBE, 2EET BT D 2 b ORERICHIET DAL RO/ 5
E—HLTWE 72, BMSHHLED Oprews) BEVED (expws), LE Y 2
5&H expr), SONHLED prrex) ~OREO/KF L, T DIREDMHE
WHRRET LV CREM TSR T RIcb b b, ZEEETT AL TOMET D
RALGBOR T L —F L T,
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TSGR I D F% O/ I E R T LV TR THRLE Tho72b DD,
AemsMus & Apmspes AN DAREII M E 7 VIR CHEICHE 2 > Tve (£3-2-3). Lol
RING, TLEV - (M3-2-2a) ] OAMY 7 ZFoME T 7 L THE S
AT MrrBMs & Atexms DRI E, TLED X9 (K3-2-2b) ] OFMY 7 #FFOET )L
THESNEZZNLORIZIFE UME (0.349) Tho7-. MifkiE =T 7V Theracs
Erexpes DFNTIZIEFR CETH Y, TLEYV SZ D) OFMY 7 R ofiE e
EFTFNVT-0110, [LEV—ZD] OAMY 7 Z2RKO>ET /L T0102TH-o72. LE
D LEDEOFMY 7 OMEICL Y ELBERORRNRN R H01%, ZomE
I X > CHRIEMT SN DEROBMRNED Y, £, L%WE O WK E R O
BHELT 0 EEXOND. —HT, METARTLED & XO~OEEREO
FNRZEA LR >72DiX, BMS, LEY, DI LTUBCSH 5K HDAGEIRDHEIER)
ENHET L TEThoTHEEZILNS.

ARFFETIL, ICT T Y XAHN [BMS— L % D «BCSJ, [BMS— X H«BCSJ ¥
JOTLEY-Z®] THRSNDIDAGZHRH Lz (KM3-2-1c). ZoHa, bL L
FV-ZD] OV U7 ITEERRERRBERAFELIZE LT, ICT /T Y XATIE

[LEV-Z0] OV Z7IZHMIHTT56Z LITARETHD. Tz, Hib L7z
£, TLEV-&®] OmY 2712 [LEVsZH] & TLED <X D2ff
BoRmY 7 %UE L., DAGICHEE HFERE T V2 A L TR S U7 hex v

(1%3-2-2a) &Aprex (X3-2-2b) DRRZNRITE RV, £ E£H0.55L0.60TH -7z,
MET/VTERAESNEDICH, TLEV-ED] BEIR TLEV<ZD] OETILT,
ZIEN-34461.08 L U-34543.0TH Y, [LEV—ZD] OEFET/LODICOFTH/NE
Mote. 72, HEE SN Arrex D E S pxr & 0 b EBEICKEDoT=Z LMD,
ZOMEIZBNTL [LEV<ED] OFMY 7RI bo2b61L0NEBEZ BN
7z.

AT CHEE S N7 R RAEE > &, BMS2IMUS & BCSIZE B Z 21 TV D Z L AVUR

SHIZ. BMSIZH T 2MUSOZIR (kamsmus) 1E, [LED - (M3-2-2a) | DDAG
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BLOTLEY —Z® (X3-2-2b) | DDAGT, ZIZ4111.455 L V0.85 & HEE i,
72, BMSIZH T HBCSONE (Agmspes) X, EAENDOHEEHEET L T-0.54
(X¥3-2-2a) B L V-0.52 (¥3-2-2b) EHEESNTZ. ZDXHIL, WHOBERIIHD
ANZRALERAT L EITEETHD. FHIBMSIZOWTIE, BARDFEATSO
AR EICR BB E G2 ORETHLH 0, ZIEET ANLELNDIERT
T2, BRI RRRBEIZOVWTHIE L T Z L AREMARKRO—BI &7
.

BMSIZ%3 5 MUS DB F~DAEY N2 B & LT, BRI T o g i
fa DI EHIE 13 E 2 Hd. Vernon (1977) 1%, NENIEES EONRNMIAIZI T HNIEE
ARG G- 2. D 2 A U 72in viro CORER T, RO T v F UM
(C16:0) MAREAEREZR HMET L LME L TWD. Fio, REGFEHE G2 HLEN
o LT RNEFENIER 2 M S & 5 L FRIRFIS, AT 7 v A L CoARE (LI R
(SCD) Bin1-FBid L OSCDIEMEE med 5 Z & AHE I TWS (Smith$2009).
ST, A U BEEOEWEEORGENRSCDIEMEE mD D Z LN A F—)L
FECTHE SN TS (Changs1992). b0 Z L iX, faFfElilE S & D %\ ko
k523, SCDIEPEDAR NIZ X 2 e o A fafifb ok X OC16:051& 0rma#H X,
it RO AR B AR Ol L OB B RO T2 BN TND Z L ARB LTV D,
F7-, SCDEIETFDOHBUIAMIZ L > TERRY, 7o AEESFO BT HEN Tl
FLEEDN 512 % A #RBEIS T THIIN L (Martin ©51999) , [RIARIZ 5 2E R34 0 i AR I
BWTH, 125 HEFIZSCDOMRNA L ~L D B — 7 BB SN TV 5 (Lee 52005).
UbEDZ LD, fGEEHICE £ 5 IFE OIS, SCDELSFDFBLHN
T2 Al COFBEEOEOABMSIZRT HMUSONE pusmus) & LTHRILTWD
LbDEEZHND.

BMSIZ %13 2 BCSOAE &R Asms peslTE TH D (83-2-3), ZAUIKE ORI
RHERTSELRENDD Z LARLTWD., ZhalE, IEEHTomEE # 2
VALVULREMR L TOWAFEEM N H D, B I VANREAERERET S &V )
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# & (Matsui 51996 ; Ohyama©1998), IEEHIFHF O E ¥ I ARBMSZ A L+
HEWHIHENH D (Oka 1998 ; Hayashi 52003). ZivH OEMAE Az, HNEHO
BB REZE, IEEHRPICEZ I VALV EFIRT 5 2 & TBMS% A E X5 EF
Bz £ L TW\W5b., — 5T, EXIVARRAGEZRES T2 A MbLNA TS

(Hayashi 52003 ; Itoh & Hirooka 2003). LA L&, BEX I AL ULBMS &
BCSIZILBMARETEHR Th 5 Z L3 RB SN 5. S HIZ, FFLFETIE, BMSEBCS
DRI BEEFIFET-0.28 (Osawa$2004) 3 X UMBEFIFET-0.31 (ShiraiH>1996) @ X
I IRBADOFRIBFENHME SN TV 5. FHAYIZ, Hodgson® (1992) 1%, 7 AU D
FLH A TR LRI HEIC Bt D (IED) B Z#E LTV 528, ZOEWE,
T AU T FHRRMEA D & AR OSBRI A HEL S DEWIZE DD EE RS
no.

KRIFFROFRERNP R LTcRBEERO LE D B L& HORRIE, Shirain (1996) ¥
LT Hodgson® (1992) |2 L v i S 7z BAfR & R CAEDOBAR TH - 72. AL T,
BCSHH LEY (prpes) BETE D (hpxpes) ~DREBADO/NSVETH -7 (&
3-2-3). BMS?22H LEY prpms) BEED (Mpxpms) ~OFREULZIZERE L
X720 H DD, BMSORBZE AN WERIZE O T TlIk b KREWI L6 (FR2-2-1),
INOOBMPIZLDEBIREVWEZ IO, 72, 2RO ORREBHENEDET
HHZENL, BMS, LEVBIPEOORFFHEKICHELNHDTHY, ®VBMS
TLED EEOERLSTAHEZZONS. BMSITHIEN & & LW BRAH Y, 4R
HOFIIEN & & &K B BICITAOBRR H 5 (Savell ©1986 ; Ueda©2007) = & 1%
I<monTsy, FRTOMEHEESEINTS L, LEV L EDbmETH2E
DRSS TW S (Breidenstein 51968) . JEE [H 0 BAGR 2N R RpEEL ATRE D & 9 9> & 7
I 2IE, MR E TRAE T ALLIE T 7 /L CHEE W HE 72 AE Y 2 B R 20 2R

(Valente 52013) I OARBI Z MRFTd UL L0y, i HRRAE TV 2 VT,
EMORERRN ED L ICWBICEHBRT 20IC20WT, S HR58E L REE 5
2T Nb.
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b L, KRBEROH HER T, B K & R b BEZBEET LR FDMEET 556 (O
A (intervention) 23& > 72356), LIWEET NV TORER AL I Lo BHEIEIXME
ST BREFEREZE RN H D (Valente 52013) . AWFETHWZE TIE, BHEW
(ZEZRBMSDEEIZK T 2 ADOREN R bIBEEIND. flz X, IEEHHRFICH
4 26EIOBERAREFEL )LD ay ha—LReE X I UALULOHIRZ E,
MUSRBCS % N2 HICHEFITEAET 2 K 5 2R3N AN B - 7256, MUSSBCS % I
L7 BB 72 R RTINS LY 7 e v 7 S, BMSIZIZE R 7B 580 R Livs
b, #HiEHEXET LV THE SNZBMSOBLEAHNIE, ZHEETT LV THEIE S
ni-EEs#H (3.851) LV b/hal, TLEVSZ® (X3-2-2a) ] DDAGB LU L
FV—Z® (¥3-2-2b) ] ODAGT, £NEN3.1328 L U3.090TH -7z (#3-2-2).
ZHUE, MUSRBCSIZFRWIT A LB, ZIWEET VLV THE SN 7-BMSDOI&
BOBPBAHEESND ZLE2RLTEY, ZOME, BHEMCBITL2EED T F
YZIFFRICTHo72E LT, BIFFUREEE AN TEBEORREEDOKRTELH I &%
REL TS, FAERICLED L EDITHONTYH, ZIWEET L THE S 8s 5 i
L0 bEEFRAE TV CHEE SNBSS BRI L2 L, Bt d [FH
CZERYTUIEDENVZD (R3-2-2). ZDkd, LEV LEDICKHT 2 F G HE

DIREATHODIEEDRLETH D,

4. &

PR & BT EICICT v 2 ) R AT 5 2 & ¢, AER B X ORFER
A & RENGEESERNC I U v 7 SR SIS, T0%HPDRIRRICHRE DR ZFED 5
F TG E A ER O U > 7 i3t SheinoT-. £z, 70%HPDRE T 1T
BolRESE LA ERM O Y 7 i3t s 0T, Al o7 bR SR ol o
EHmm ) v GRS E IS R ET AV EEHAT A5G, TOREMO
e Y v 7 AR ERIE SRR E RIS L CHMY V27T ARERH D, L
LW b, BIRER TIIRMIEE L ARE & ORI RBERITAME T2, Ak, EWY
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72 RERBR 2 E T 2 DR WEE R NIZERTY 7 B <l Esniz v ik
Wb, AiY 7 2t RAREE ZHEE T 5 DITRNEETH - 72,

STHRBII, WHE
(AR 72 BERERIBAMR AR T S 7= 721 ©e <, KV /NS 7:HPDRIR AT 5 2 &

\\\

BIZICT V) ALz#ALZE 25, BESERWI-REERM

T, X0V U BRmHEh, LEV EXDOROY 7 ZBRNTHERMY v 7 MR
A Y o 7B LT, BEBICHERE S7ZDAGH 1%, BMS2IMUSS°BCSIZ X4
HAMNCEYFEINDL ZEARB IR, ICT VAU X LORER%E I U7 KR
BAEE TR ET A2 Y TEH 5 2 L T, IWEROBEBEN R EEE & KRR
HeEd 5 Z ENTE. HEEFREET L CTHEE SNTZBMSOBEIEI KN, £WETE
THUTHELTZLO XY LD LT s, ZREET VL DR EZHIZL
7= BREFE T, IEEHE R O SRR O RFEL L3y hr—Loe X I
ALV ORIR72 L, MUSRBCS~DIT AN D - 7 5h, BREEEOERICENZE
C3ELEBZOLN. 61T, LEV LEHOZHET H5E DKL EEGHE O3
ENITMODOERENLETH D Z LRI L.

PEDZ &S, ICT VT Y X LERAWEREROREEEORR L, sRET5
B DA DN K - Tl 4 R FAEE D HEE ShRWEE LD H0Y, WERET

BONTRREO X I, FRIFERNES TH, EMFIIC L2 Y LB X LN DK EMHE
WERBTDZENTEZ, ZOZ 2, ICT AT Y XAOFMAR, HERiEHRSmE
FIIBR AR ERORREEZFET 2R AR LTS, £z, 55
T KA & fE e T VICE A L CTE o T, BRGE2ED D BT,
TERDZIEEET A NOHEONLERE LT, LVZDFEHROTELEHZDHHD
ThHO, SHOBBUBOBISTHIEABMEEND. S50, xR LI BEMO
BAGRDNGIR < HEERRZE D/ NS WK RME B HRE LT <, ZNOLDOFELZHNLHD
WLV AN THDL EEZ BN,

95



5. ER

AREOHBNE, (1) BEBMFEICT 2NERERE (TF2IMEEREE (IFERRESE),
NEWiEESE L ORIGR) LR ERORIEELHET 52 &, £z, (2) BEMm
HIZHB T 5 WEIREMORREEZ#HE ST 2 Z & THDH. MA T, Inductive Causation
(IC) 7TV X LDFERE FEITER LKA SE G FEXer v 2 AL,
BRORRREHET HZ L THD.

PIEEIR & BE AT O IR s & HEs L 722 (1) I, 528 (1) tRLT—
Z &y hTh 5 BEFFES, 7885 D NI & BT E OFték 2 W 7Eic it L7z, ZIE
EF7 0 (MTM) TEIEHINT A—=ZZHEL, £0KkE (3% SicIcrva U X
LT 52 LI Lo URERORRMEZHEE Lz, e F%REE (Highest
posterior density : HPD) O/KMWEAEERET HZ LIZLV, BARLIREAEIZEIVNRE
FAEEZ MM L7z, 95%HPDMRRAZ FAWVZICT v 3 Y XA ZuA LZfER, v—Ri
Mg & N7 DESH, FFHREEIE & IRIEIERI M U 7 23K S #v7-. HPDI#IIR

ZNEKRT5% E T L72h, BRAFRERTEIVZ< D) v 7B Enizbon, &
WIEE & IR & DU v 7 I3 Sie oo, RAERIIZ, 70%HPDREIRE T, Pl
VI C DML L N T DR S B L OB FIENRE & OV 7 3k S vz, FFE
RESE L BRI ER OV v 7 i3mt s d, Al 7 b Eniznoiz. KRk
B ROREESE & O EMBITIZIF0ICHE LS, RRABBRLEO ONRo72Z &M
O, HFRRESIIHEAREICEEREL G2 2W 2t sh. B 7 25
TR A G ICHE T RRAE TV (SEM) 23 2546, COREMOERY 7 %
EWFRIREANERR EEA R L THEMY V7 T 0ERH L. L LRn s, 1IC
TN Y XLOFERNBIE, FRWIVE L RAEE & ORRBEFRITIAMHIC ST, EW
R RBEREZRET 2 ONKNERATRERTY 7 R mitianizZ &
5, AWMU 7 2 RRMEZHE T 2 DIIRNEETH 5 &Il L7z,

WETZEMORRME 2 HE L72F%E (2) T, #2® ) LRL7—#tv b
Th 2 BEBMEIEE F11L,8558 ) b5 LA N G IS KO 72 fricfi L7z,
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WERAFEX, BMS, W& (BCS), AOLEY (FIR), AOX%H (TEX) BLV
M€ (BFS) & U, MEWIESMHARITREZRE (MUS) & L7z, MTIM CEIRHI/RT R
— B EHEE L, TS () SBICICT VT ) X AEEMAT 52 L2k - TRER
DRRHEEZHEE LTz, 95%HPDRIFRZ M L72ICT /v = U XL D#RE R TIE, BFS%
PR IE RIS Y v 7 S S hu7=. 80%HPDRIME TlE, S5 DU 7R
B S 72720 T2 <, FIRETEXEZ W TEEm Y o 7 3 f1m Y o 7 1224k Lz,
Fhdz, ICT VT U X LDOFERIZFIRSTEX & FIR—TEXD2FEFE O A U > 7 AKX
E L7 R EMEE IR L CSEMA 4 Cided, IWEBOREDRZHE Lz, BB LV
PR, EEHEBILED L DSEMTHIE LA HIZER U Tho72. SEMNHFH
FL7ZBMS, FIRE X OTEXDEIE7HE, MIMTHEE Szl v H/hE o7z, xf
HRAIZ, oD EDIBEIZ b &I e ) - 72BCS, BFSH X UMUSD &/
SEM &EMTM TR o7, HEREORF 5 IXMSEME TE TR L Th-7=. MUS
7> HBMS~D RN R 2 R ISR 50, RAREEO T, MUSH LA B35 (R
fafnENEm < b)) &, BMSA31.45 (FIR-TEX) L0085 (FIR—TEX) M k3%
ZLERLTWE. £72, BCSHHBMS~DOREEE T, BCSHTHAEINT 5 (K<
72%) &, BMS20.54 (FIR-TEX) XL 00.52 (FIRTEX) IKF§ 252 L %RLT
Wz, BLEDOFERN G, MUSRBCS~DIT ARBMSIZEE A RITT Z &R Sh, b

AP ECTZEIE, ZIEET AV ORERZ I L7 BRI, BMSOW R &D
KFEZR &R L TV,
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IR EE A ORHRTE E LTy S fdo 5 b, BREMRIINEE
B Th RN 2 (BMS) (AL ST Ty o 72, 1991 O 4N O A B -k A #§1Z,
AEW 22 BRI X D BENG R & AR FRHEITOYWEIC LY, BMSIIRE
iz b Lz, 20X 9 ks Al - e ERAE L, T > THEIC
WRZIT-> TEEL DEANDE NI, BIETIE, BMSITZHARD L ATHIZEH
J D EEMAEOREICRKELS HFELTNDZIT T < (Murata 1988 ; Okamoto
2003 ; Ibi 52006 ; Nishioka $2008), FI4T I HHZ RARWVBMSDZ X & AE D
BET, 4 TH Wagyu) & L CRAINDICESTND.

ZD—J5 T, 200ELL RIZH 72 2BMSICHE A A E W BIZ Lo TA U ek x 72 ]
BRREL L TE TS, BMSICERZ Y T B, BEMEELH OB 7225
PEED S, REOMERFZ REEIZ LT % (Nomura®2001). F£72, BMSO[H EIiZ
WhH L CERERR OZGE LORMIEE X, ARIEEHFRAORFZHET DR
bl TWA. FRT, FFERMERUREE (FFRUREISE), TRIEISER L VKB
RENHEFELTEBY, ENRKOZNEGICET HIFRIREESE, RIASEEE L ORI
EINGEEDTBROBBERIL, FNEIN13.6%, 10.5%3 L U3B.8% L, LLiymy i
RN X TW D (Bureau of Social Welfare and Public Health, Tokyo Metropolitan
Government, Japan 2013). L22L723 6, BEMFICIRE>72 2 GHERORERICHO
WTOWE T D2, 2O X D 2B, PR R EAL O FEFRICLE O B 72 #%
FIRICTZ T T <, FHRMADEPERE ) OIKTIC X 2 MBER A IR D JRIK IS
Hg o TWD, BEFEICEBW T, 2D OWNIRER S KIETHARE ~D F 2
ROREF R BRITHA S NI E T, Ak, IR &2 B2 S8 5800
MAEBRHTT 2 ETh, EPIENIBERIC X D NEE I 2 BRI 7B R
DREZIEYPECTHZENMETH D L Ebh.

ZOHFEIETIE, FRER CIEE S L7 BB FfES 3835 O WNIgR i, WIRFEIER

98



L ORI E Oitsk % VT, BBMREICRIT B RTEE I 5 NIsZER O 28 %
HeET 5 & IT, IR I X 5 R X OB e g R A HEE LT, ARIF
FEN BT DATHARIESE, NEiEsEs L OVRIGROMBERIT, ZAZLh, 16.1%, 23.2%
BLV6I%THY, AiHOSH TORE LD b, R L KGR TidafEin<
BVMETH o7z, ZilcomEICH T2 TWHA) OR3I2E, RRAOILATER X
ORHELZENTWDN, AR THE LZOIZRENFEZ T THLS. 202 &
5, BB DIENEE L RKIGROBERIZIVEATHL LEX L. AT
s X KB OREIERITENEN, 31.5%BLCNT2%TH Y, 0 5 BLAFEIREEIC
FEE LA CRES LWL, £72, KBRICBELEZMEOKRED,
IBHZBRE R THEFEI TN,

BTN k3 2 PN D28 T U, IFBUIREESEIC K DN E ~DF B
FR GNP Ton, IEERB L OKRBRICLY, AEREE v — 2N HEILAE
A L, WEBIE RD ZENRENTZ. £, KIBRICED AT OEINFRIC
B9 25 Z & bR S o, ITERIEEER X ORI R ORI X 2 ITlEF L OUKIGBE
TN E D BRI OV T, 2ETERKLSSEMIC B2 S HFtSniz. 72,
HENEESE R KX ORI R MBI LE 5 BER RO O IR T IC L 2 BB RIE, 2hth, 4
[E1#07.52f@ M 36 K UM.83(E M L HEFH <4y, PIIRIRINIC K 2 B RGRE AR ISP o [l
P72 RR RS, PIBBEREIC K 2 BEN 2R K0 IR TH 2 Z & RS,
TS OERIT, EFEE OIAICKT DB T TR L, BTER R ERE SR TE & O
KT X 2R RO &, BAEOWAFEEEERICHFEE RIFLT
WEEEDND. AHFECHEE L7-BRIE, FRIEESE & KGRI L DA EE~DE
BT AR U TEB L TWD R, IEEEE & KIBRITEAEZELUSNOKRNIZEICH
BRELZRFTLTWD., Ee, RIFREORFICH A LEZM & Hick T 2WAEDIE
WHEEAE & RIGROBEFR LV &, EROREMMEIZBIT DBERO T REN EHELE S
Wi, 2o, BN & KIBRICK 2 EEORFHBRRKILILVIELTH DL LB
LI, FHIEOFRNG, b ONIERROMREZ D S8 53R REAICKET
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oHZEDBRHLMNE ST

PR ERI S G782 D OPIBIRFRRIE D —BER TH 5 &, JEATHFEIER L T\ 5.
LML s, RIEEEZ 2463 2B HIEE, SR IcRE SN D EmE R
W DEPEEMERFT D=0 EE L TV BLEESTETH Y, MIEEICE O s B
TEZRGEHT 5 2 ST L. 4, IBIRBMERST X VD K57, FRIORSE
DRICBIE L CW A RERENER 2HEDTEBY, 20X 2 it BEE A%k
B, R ORIEEIEIZ A K D 4RERE &) BUR Z FTIE T D fRIRSR D — 2172 5
mb L. iz, BIEUSHIBIRIEICHE D IZ W 28RS 5286 —oD
BINE WX D, ZOXH1Z, NIBEROBBNERZHE L CREEZT 5729
EIRDBISLREN 2 EMEICTRIT 2 Z ENEETHDH Z b, H28 (1) Tk
MBI DIARH ST A — 2 HHEET D L L bIT, WIRER & NEE & OBRZ s

L

L.

ZORER, WRFICET 2 EREROBERIT, —HOIENZ EBmHLNTND
23 (Snowder 52006 ; Schneider 52010), AMFFE TIiI20~30%F2 A DA KA HLAREE
st (0.18), MEWGEESE (0.28) BLOUKIGZHK (0.18) THESNZ. ZoZ&iF, Zh

DR & HREEBIICKEBRAIRETH L Z 2R L TWD. I HIZ, HFHEREE
ERHNTEE & ORNCA BREMHBEITERO 6T, BN KGR & WEIZET 5
RN & OFITIE, B RIFRIREER LIS O WERSE AL b RAFTh 5
09, WERICHAOROVBEENRBERESRD O ZhHDZ LiE, NIEER %
BEMICER LR D, 1EROWEIZET DA EOL R bRIKHIIT S 2 & AVATRE
ThHZ EEZRLTVSD. LL22N D, BMSE G LOKRGER & O Tl R

[ZH A OEVERI R BB bz, 202 L, EREBMSOEKE®IT 5
L, ZHRDONEEEFICRED LT UVEEROHINCEN D Z L 2RI L TR Y, WK
i EBMSO R BITITEEPMLETH D Z L AaRm LTV, ELInbiE, WiE

oI LW ER OB EE TV CHEE SNIZHBENLENWEBRTH Y, TBEMIC
TREENORERD X5 e 1Atk 2 RO RRBEGENIAAET 2580 H 5. b LR
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L BMS & ORICRMRRBAGENFET 256, WEMOBREHROEDY FHEDY,
BIEIH T D EHERBIEIRORE S EDSTL S, 207, WIERRF &
PITEE T O IR R BEER 2 B & 2329 2 KR EMT 2 SIS b IV M MR H 5 &5
z b,

—J7, BMSIZE R Z Y CTRURMGIERI LY 59 —2DMETH 5 BEMHEEM
DBIRI IR ZARMEDBD 1L, RFOHERFZFEEZ LTV D 721F T, o I
FAZ X DI ZIBERE IR O EIE, I BTSRRI X 2 BIEE O T & 5%
SEN TS (Nomuras2001). BISHIZERMEZMERF I 2 72 0121E, RFEDOHERF & i
B EE U 7= AR BRI H DN e — B D R AR BL O E SN EE TH 575 (Honda
52004, 2005a & 2005b), BMS7EIFIZHE D 72V T2 72 WE TR E DBRFE T & D R4
BEOSEL S, BIEMZHEEORD 2 IHIT 2 B2 5. SHICBETHE, R
A B L7ZBMSIC & 0, FRTORIEN G EIZZ WD T50% 48 2 TR Y (Horii
52009), MABNI & EOBE RN, AN Z T BEHROT X BT T
R7p E DR 2D SET0D (Uedan2007). ZAUTAERMTHROERL S
R 9 ZLITORMRY, Tidah (2015) 1 FHT OB & &E36% 225 L&
RO BIR T T2 2 2WMEL TS, ZDXHIE, FREICHT HUEN, HE
ERLLERLVVERE VI EEF =X L TETRY, ZOXESHEOE
ERLENATND. 2O LD 2RWOH, IREEHILIA OSSR ES S &
WEINTED (Westerling & Hedrick 1979 ; Melton 1982 ; Mandell ©1998), ¥4
%, BEMEICEBWNTY, LA Ui (C18:1) °F / RNfafnfisiile (MUFA) % Hils
2, ZOEEPAORIKIZEE LG22 LT 2WENRRIN TS (Sakuma s 2012 ;
Suzuki 52013). Z D72, BMSIZRE LB HENGBAIL, AORBRICEES
D NENIEEALRR 2 BRE AR O —> & <, FEITIB W TR 2 3 O T B
TR M OEARAI BT IZ D W TREANCHFZE ST 52 (Inoue 52008 & 2011 ; Nogi
52011 ; Yokota©2011 ; Nakahashi 52012), WD LE Y O X 5 e WESFTEE & REN

FRHELAY & DB BE 2 KB 7 — 2 2 FIV Tl L7 s 13y, £ 2T, BMS
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@ Lo BUEDORATHE (IMGA 1988) TR L2 PERKTEE (BMS, W (BCS),
WOLED, HOZDHBIONEN® (BFS)) MOBAKREZLO THET H L &b, K
BREATIEE L RRAEERLALRT (C18:1, MUFA, fHRNIEMI OAfaFfIE (MUS) B LW
FEMESH RICEE (ELONG)) OBIRHIBAMRIZOWTE2E (2) Til& L.

BRI NT A —F 2 HEE LIcfs R, WERAMATEE CTHRE (BFST0.30) 7»2H &
(BMST0.72) BIZENIHEE S, WEREROBEHELE, WEBE % FRFIC
BRI DDIHMEDERNLDThH o7, £72, IBIHEBHERICBWTY, FITHETE
WMESNTND IO, BEFE/ET0LULEENZ G, ARPESHTHDL EH
A BN, —J5T, BESIIAEIREIZBELR T D RN T & 5 MUFAL L UMUS &
FRVIEDBISAR] (0778 £ 100.79) AR &7, Ziux, AN O TREIFIEE % [#
BB T O ENARETH L Z 2R L TWDA, oML, ~afEs
WRT D LEMOAREES GEEL) RDIBFRER LTz, BUEOKATSE TIX
FEIG DEHEE GEAV) WITHF N2 & s, REafifEZ i B3 55412 I1XBFS
EDNT U RAEEZ TCEBT HMENDD. 207w, EBEO R TiE, Rk
W<, D3OBFSHNAICR 2 BRIl & FF oS 4%k 9 2 2 L0, EiRoft%ii-
THRICENR D, LLens, BFSEIENBEHEMR DO BREMO DM 5L, b0
HEORBLENKNETH D Z ENER T END, NREHEERT 2 & OF- 72 Tik
AW EROBRREREST 22 BN ETHL B2 L.

B DR R & %3 5 F1EO—21Z, Inductive Causation (IC) 7 /L3 U X A
(Verma & Pearl 1990 ; Pearl 2000) 7288% Y, ZEET A nbELNTIEE (3 2K
CHEHAT2Z Lk, BEHBEORELRNERMEFHEEDREAIETD D
(Valente 52010). £7z, ICT /v = U XL THiH SN2 REREE %, Gianola & Sorensen
(2004) PNEMEIZDOEIEAN L7oE BT T VICEMT5 2 & T, WERO
RRDEORE I ZHET HZ L AEEEL 725 (Wright 1921 ; Haavelmo 1943) .

ZIWET TV CHEE LT IER OBIRNER &, & RAE T LV TOBEB

HBIZXFE CI1Z72 % (Varona©2007 ; Valente 52013). L22L, ZEEET /LTI, fho
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EOFRMEI B S g TEE | Bisghi R L, toREORMEZ I LT TH
el 7e) BIZREE T, [AHENL) BEDR LM HEETERVOICH L, M)
BAET AT, BEENZBRER EEROR R R (B 7B BRI 5

5) DRESZHBELTHIET 22 LA AHEEL 2D (Valente 52013) . £7z, KR
WML, #E R 7 /W X0 RRSIRAHEE "TREIC 2, TREMICEE O
BORRBERE D 55818V T, FRERFEICL YRR L RO EDERIZNG
IS AT HZ LT, RERDIPELERUNICSET L ENAREE 2D, 2Dk
I, BT BT T MBI DRI T, FMEFHEORKEIIC L 5Dk
TRE, BEVATLATOEM I TE S (Rosal Valente 2013). Z D72, 3
B (1) TIEERBMEICI T 2 WA & ARTZE R O RS, 3% (2) TR
BB OREMEEZHEE L-. AT, ICT /AT Y XADORE R 2 KRR L7 KR
MEIcEE RN ET V2 L, WERORDRZHEE L.

PR & BT E I O R RS HEE CIT k9, WNIRRF3E (FFRUIREEE, e
Wi L OUKIBR) ERASIEE (R ERE, »—A0HE, ~70ES, &R
WE3 LUBMS) 25O 8IWE TEIEET VIC K D/3T A =2 HEEZIT T2,
WH L Zeoro 7o, BASIEEIZRIET —Z ThH0ICxt L, WIBRERIFEIZEND,
PR (1) E3ERE (0) O2ET7T —# & LTl SNREL T T hvT —X
Thd. BTTVINT—EEIFELELT =X LT, BIENRIATEY T
A AT = VEARE LTCBEET LV COMT28MA L2 &8, E7VvE2EMICL, IX
WEREHICSEE—HThD ERDbNT. 20D, KR EKEAEELZRVZ6/F
HTEWEET Vofa £ L, %2 ) o8BEG. WIERER & BATEEIZ95%

% (HPD) WIRROICT VAU ALz T 5 2 LT, BREEME L OHF
BORIESE L IRNGEEAERI M U 7 5 S 7228, T0%HPDFIR ISR E O G 2 %
HDHET, NIEER EERBEMOY 7 i3t Shiehr o7z, £72, 70%HPDH R
T, FFRRESEEERNFERMO D v 7 3 End, Al v 7 bR Ehzn-o
. TOXOBEmY) U7 2 GTRIMEEIIEE T RAET A ZEMT 025G, €0
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WER O Y > 7 2B PRI ERIE R 2B L TR Y 71T 2 %R
b5, LinLRenn, BIRSCIIREREE &R E & OREERITHE TR, K
K, AR KRR AR T T 2 ONNEREABERTY > 7 8% < i Sz
EVVOARBLIN G, Y 7 A0k RIS & HEE T 2 OVREEE & filr L.

—77, WEREMORKREHEOHEE TIX, 95%HPDRIROICT /L= U X LD Mz
£V, BFSZBRWIZWERERICEIEN 2 REREHRARH SN2 ¢, Kok
S7HPDRIfRZEM 952 & T, LVE< DU 7k S, 80%HPDHIRE TIX
LEVEEOOMDY 7 W TER Y 7 BnAmY 7122kl ICT v Y
ALDFERZIIZ, ZO TLED] & T&0] OfIZ TLEV-ZD] & TEHo1
F0] OFMY 7 mikE LI2BEOAMIENEER 7 7 7 (DAG) ([CHEEBRAET
NERTIEIHDHZ LT, WEAMOEZNRBEDRERREDREHE L. EH60
DAGIZEWTH, BMSHMUSSBCSIZH B LS, LIV & ZDIIBMS EBCSIZE
BEZ T HZENRENTZ. 20X, BEOBRICHD A=A LEFEHTLHZ
CIFHETH Y, FFICBMSIZOWTIE, AARDAEA TS Ol IRE I i b 8% b
AHWETHDHZ LD, ZREET ANLELNAERIET T, REMRER
BIRICOWNWTHIE L TR Z L BREMABRERO B D, £12, ZhbORE
BIFRITHEEHICR I ST b D TH 503, BMSIZXT HMUSSCBCSOEEEICIX, #55
BRI DO REIFIELE X I VAL ANADEE L TS L& X b, £72, FIRRTEX~D
BMSD I, AT ORIEN & & LIRS EEDEBNPENTEY, EMFIITR
WARPERBEREBBRH SN &5 2 bt it SRS 558 Lo e
ETIVTHEE SNTZBMSOBIE DN, ZIEET LV THELIZ LD L b LT
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ES'ET Y

Beet marbling score (BMS), one of the superior features of Japanese Black cattle has
been improving due to conducting nationwide genetic improvement and progressing
management technique. However, this improvement focused on BMS for a long time has
decreased genetic diversity in Japanese Black cattle population. In addition, some internal
diseases are frequently observed in Japanese Black cattle as a consequence of concentrate
feeding which has contributed to improving BMS. Hence, in the present study, at first, the
economic losses due to internal diseases in Japanese Black cattle were estimated to clarify the
impact of the diseases on the beef cattle industry (Chapter 1). Then, the genetic parameters of
internal diseases and relationships between internal diseases and carcass traits were estimated
to discuss the possibility of genetic improvement for the traits (Chapter 2.1).

To maintain the genetic diversity of Japanese Black cattle population, diversification
of target traits for selection by developing an alternative meat quality trait such as fatty acid
composition could be one solution. Thus, genetic relationships between meat quality traits and
fatty acid composition were estimated in Chapter 2.2.

In any breeding or production system based on multiple traits, it is important to study
potential causal relationships among them. Exploring observational data, statistical and data
analysis techniques such as the inductive causation (IC) algorithm allow searching for how
variables are causally related. The causal structure inferred using the IC algorithm can be then
applied to define a structural equation model (SEM). Fitting such models allows the inference
of the magnitude of causal relationships among traits. In this context, the investigations were
performed to discuss the possibility and availability of causal inference derived by the IC

algorithm and SEM for Japanese Black cattle breeding (Chapter 3).

Chapter 1  Economic losses related to internal diseases in Japanese Black cattle
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The objective of this chapter was to estimate the direct economic losses due to the
condemnation of the liver and large intestine because of internal diseases [multifocal necrosis
in the liver (MNL) and inflammation of the large intestine (ILI)], and the indirect losses
because of reductions in carcass performance from MNL, bovine abdominal fat necrosis
(BFN) and ILI using data from 5,383 Japanese Black cattle. Direct losses were estimated by
multiplying the price of the condemned part by the frequency of its occurrence owing to the
disease. Similarly, indirect losses were estimated as the product of unit carcass price and
reduction in carcass weight (CW) due to the disease. The direct impact on the beef cattle
industry from MNL and ILI was estimated at around ¥155 million per year. A least-squares
analysis showed that MNL had no influence on any carcass trait, whereas BFN and ILI
significantly reduced CW, rib eye area (REA) and darkened the beef. ILI also reduced rib
thickness (RT). The indirect losses from BFN and ILI were estimated as a maximum of
¥15,800 and ¥30,769 per animal and around ¥752 million and ¥483 million for the industry,

respectively, mostly because of the reduction in CW.

Chapter 2 Genetic relationships between traits in Japanese Black cattle
2. 1.  Genetic relationships between internal diseases diagnosed at slaughter and carcass

traits in Japanese Black cattle

The objective of this chapter was to estimate the genetic parameters of certain
internal diseases (MNL, BFN and ILI) and to investigate relationships between the internal
diseases and carcass traits [CW, REA, RT, subcutaneous fat thickness (SFT) and BMS].
Records of the internal diseases and the carcass traits of 5,788 Japanese Black cattle were
used for this analysis. The data for all the diseases were recorded as binary data as to whether

the disease was observed (1) or not (0). Genetic parameters were estimated using linear and
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threshold animal models. The prevalence rates of MNL, BFN and ILI were 16.1%, 23.0% and
6.8%, respectively, and heritability estimates were 0.18, 0.28 and 0.18, respectively. The
genetic correlations of MNL with BFN and ILI were —0.23 and —0.49, respectively. In
contrast, the correlation between BFN and ILI was positive and high (0.96). The genetic
correlations of MNL with the carcass traits were all weak and not significant. In contrast, the
genetic correlations of BFN and ILI with CW, REA and RT were all negative and significant
correlations were found between BFN and CW (—0.36) and between BFN and RT (—0.33).
However, the genetic correlations for BFN and ILI with BMS were both positive at 0.21 and
0.39, respectively. The estimated heritability of the internal diseases suggests that they can be
improved genetically. Genetic relationships of BFN and ILI with meat quantity traits were
favorable for beef cattle breeding, because lower disease liabilities were associated with
improved CW, REA and RT for BFN and ILI. However, rather strong and unfavorable genetic
relationships were found between BFN or ILI and BMS, which is related to meat quality. This
suggests that selection for animals with superior BMS would increasingly lead to animals

with higher liability to the internal diseases.

2. 2. Genetic relationships between meat quality traits and fatty acid composition in

Japanese Black cattle

Genetic parameters were estimated to investigate the relationships between meat
quality traits and fatty acid composition from 11,855 Japanese Black cattle. The meat quality
traits included BMS, beef color score, firmness of beef (FIR), texture of beef (TEX) and beef
fat color score (BFS). The data on fatty acid composition included oleic acid and
monounsaturated fatty acids (MUFA) contents, the ratio of MUFA to saturated fatty acids
(MUS) and the ratio of elongation. The heritability estimates for meat quality traits ranged

from moderate (0.34) to high (0.72) except for BFS (0.08). The strong genetic correlations
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among them were useful for simultaneous genetic improvement. In addition, high heritability
estimates of fatty acid composition, ranging from 0.60 to 0.63, indicated that they could also
be improved genetically. The genetic correlations of fatty acid composition with BMS, FIR
and TEX were weak and negative. In contrast, positive and stronger genetic correlations were
found between BFS and fatty acid composition, in particular, related to the level of
unsaturation (0.60 and 0.61 for MUFA and MUS, respectively). This implies that improving
the level of unsaturation makes fat darker (more yellow) and thus requires balancing with

BFS.

Chapter 3  Searching for causal structures and inferring causal effects among traits in
Japanese Black cattle
3. 1.  Searching for causal structures among internal diseases and carcass traits in

Japanese Black cattle

An adaptation of the IC algorithm was implemented to search for phenotypic causal
structure among internal diseases and carcass traits, which are the same data set used in the
chapter 2. 1. The IC algorithm was applied in the joint distributions of these traits
conditionally on genetic effects. Such information was obtained from the posterior
distribution of the residual (co)variance matrix of a standard Bayesian multiple trait model
(MTM). Statistical decisions in the IC algorithm regarding declaring partial correlations as
null or not were based on highest posterior density (HPD) intervals. Different HPD content
magnitudes were applied to evaluate the structure sensitivity to it. The only links detected by
the IC algorithm were undirected edges between REA and RT and between MNL and BFN,
with a 95% HPD interval. Applying smaller HPD intervals until 75% detected more edges
among carcass traits, however no edges between carcass traits and the internal diseases yet.

Using 70% HPD interval finally recovered extra edges between BFN of internal disease with
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RT and SFT. As expected, applying smaller HPD intervals resulted in more edges recovered.
However, even 70% HPD interval detected neither edges between MNL with carcass traits
nor directed edges. This result and almost null residual correlations between MNL and carcass
traits implied that MNL did not affect carcass traits. Changing undirected edges to directed
ones is needed to fit a SEM to a causal structure including undirected edges. Biological prior
knowledge about the edges could be applied to specify directions, but no specific directions
seemed more reasonable than the other in this case. Therefore, the results of the IC algorithm

in the present study did not help to infer an alternative causal structure with directed edges.

3.2.  Searching for causal structures among meat quality traits in Japanese Black cattle

The objective of this section was to infer phenotypic causal networks among the meat
quality traits used in the chapter 2. 2. The IC algorithm was applied to their joint distribution
conditionally on genetic effects to search for causal links among these traits. Such information
was obtained from the posterior distribution of the residual (co)variance matrix of a standard
Bayesian MTM. Except for BFS, the IC algorithm implemented with 95% HPD intervals
detected only undirected edges among the traits. However, applying 80% HPD intervals
resulted not only in recovering more edges but also undirected edges were changed into
directed ones, except between FIR and TEX. Therefore, two competing causal networks
resulting from the IC algorithm with either the arrow FIR — TEX or FIR < TEX, were
fitted with a SEM to infer causal structure coefficients between the selected traits. Results
indicated similar genetic and residual variances as well as genetic correlations estimates from
both SEMs. The genetic variances of BMS, FIR and TEX from the SEMs were smaller than
those obtained from the MTM. In contrast, the variances of BCS, BFS and MUS, which were
not conditioned on any of the other traits in the causal structures, showed no difference

between the SEMs and MTM. Signs of all structural coefficients were the same between the
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two SEMs. The structural coefficient for the path from MUS to BMS showed that one unit
change in MUS improved 1.45 (FIR — TEX) and 0.85 (FIR < TEX) of BMS in the causal
structures. Also, one unit of BCS decreased 0.54 (FIR — TEX) and 0.52 (FIR < TEX) of
BMS in the path from BCS to BMS in the structures. The analysis uncovered some interesting
functional relationships, direct genetic effects, and magnitude of the causal effects between
these traits, for example indicating that BMS would be affected by interventions on MUS and
BCS. In addition, a breeding strategy based on MTM would mislead a selection efficiency for

BMS, if interventions existed in this scenario.

The results in the present study showed using the IC algorithm to infer a causal
structure is one of the helpful tools for detecting a causal structure without proper prior
knowledge or with uncertain relationships between traits. The results after fitting a SEM to
the causal structure also presented that fitting the SEM could infer the effects of interventions
which were never given by correlations. Hence, information from the SEM provides more
insights and suggestions than that from a MTM does on a breeding strategy, and thus the new

procedure is expected to be utilized for the field of Japanese Black cattle breeding.
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