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E BN AHRTE, RIVRIA OFRREFEICEY 218060 EE08, EMHNEGEMESE LUERER
ILENEEMEAE L 2. HREREK(T, BEARIVR YA VEFHBRILEEZRICE VT I1984F 4815
2002 FE 3 B E COHARBICHAIBE LML /- 244,078 BBOMLEA StdE SNz FEALAFER, 6D
FEBEREL LU 16 DIRFEARETE TH o1z, HIFICE, BECHIRE L TFE - R, WMIRT—
U, BERBHBIUERIRMLE, ZEHRE L TEE, TROBETHELUERENEENERRTT
V(SM), E5(ICESE L TRENBENRE BN L 2RERFETIV RM) 2FEA L1, SEENR
DHEA (E, Method R ZfEA L THE L /2. 298K 28060 EEH DR GREROFFNE
%) 4, SMASDHEBICHENTE5% HOAR) M5 45.2% (&), RMICEEL T5.6% (D
AE) N5 46.5% () DEETH /. BRICEEEEDEHOEIS(E, SMICHEWT0.8% (DA
) 75 7.0% (KFE), RM(CHEWT 0.4% (BBORBE) M5 6.4% (KR DO#HE THES/. SM A
SHTEINARRICEL, ROAE, BREAE, siflZ0ME, HEDRSBLIURBOERSICEL
TIEDME (0.000/% h5 0.012/%), ZNLANDOFEIZ—0.046/% (K& H5—0.001/% (FIAEDS
) DHEETADEERLZ. RM D SHESNIAZRIEES, BEAZE LURIAEDS S LN,

SM DS H#E SNTOASRILE SIBRAEELLL T . ABI0EEEA B D LR S BB EI D R &
DEEFRIEEE (P<0.01) &R, MR (FEEEGRERE EBE (P<0.01) LEDEENFEOHON
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HEDEGHEIL, —H%(IC, BINBEEHREET T
ZRIVETIVEERE L, BMETSHRO L D 3EMEN0
BEGEHREESATUHEWL, LAL, ATRBEIS &
U'MOET BEEDER (S, PRERETINDE—IREIC
BOWT, WHRFEENIE S0, BEEENRO—I
NEEDODERD NS DBETE @B, HEBEMIC
RYUMEL Zo78EMEN BB (Cameron 1997). TN LD
BREANSBEREMEAHETS 2553, HEBEMORY
EHIIE T E B1BMEEET IV (dominance model) HYE
LTW3.

BMBEABDIEDHRE(CE, KBELRT—5 A
BEThd. BEHEGHEMTET 2%, BIETEY
MERBEDHERELMITT 5/20I(C1E, P20
SEREHN VLB THD (Misztal 5 1997a). 5 B T, 1E4
ISt ET IV A L TRRIET — 9 Do DB & 1
ET 5 ENTES Method R DBIF (Reverter 5 1994),

BMM#Z1T5) (dominance relationship matrix) 75 &
[CETINEROBZTIVT ) XLDFESR (Hoeschele &
VanRaden 1991) & LUMBZISA L THOBRLD & HEE
T5E60T7 44— 50 T00 5 LDERI (Misztal
1997) (24 Y, HEIEEOBELZREL HEERETRHBL
DIEFEHJEEICE > TEZ. ZDZ &L, EHETHR
E L) AXEEFAT LT, BENMEDHZE
BB ERRICL THIROFHEBA 5 &L ) BENC
BREEET S ENJREICRD I EEZREL TWS
(Misztal & Lawlor 1999 ; Varona & Misztal 1999).
52, BIENERA B CEMRETRABIDBERE(C DL
TEB L%HE, BEMICZRENTVIEINE &8
BEROHZHERL, LEDEBEGRELEL, FEDE
EENE L CEWMERICH S EsnTW3B (Falconer &
Mackay 1996). Z D& 5 [TBEMHIES L TWAEE
(F, BICEAMBEVVREZRSROELGFRBEZ RIS

BIRE IRFEDS (fax : 011-726-3135, e-mail : tkawa@holstein.jp)

BZ4 78 (1) : 21-28, 2007

21



AR - ®EE - WO - 8K

ZARICBREANMERT % 2 & TAT OESKRDIER
FRSEENS 8500, EMHEEENBIE L& L THE
BEEHBAVNS MBI ZRT. ENEDRIVRY A~
EBCHE T BHRETEOEEDETEE, 7% H5 5%
DEETHE SN, FFICEFHOIE (CEET 2HEDD
(Z(d, 10 RBEF /23 ZNUT OSSR VIR DIES
FEFOMENEEL TVWS CTRS 199 ; 85
2002). CHS/NE WBIENEEAR L Ao WRE
DPT, KBHRENMEEHELOBMANHEESNSE B S
E, CO&)BAREFEICEEEY 2 8ET(E, BEMC
FEHENTWBpEMENH B, KBORIVRY A VED
NoBoNHRICLS &, FERLGLBEMEHIRES L
TVWBOEEMNMMBEWVWET 2HEN D 5 H (Misztal 5
1997b), LABTEAHEFE(CE(FE D L) EAHH
FEAETOLNTULWRWIRRICH S.

—7, @RS (2002) $ & U Kawahara 5 (2006a) (4,
OARBEDRIVR YA VEBICE S S 1990 ERLEDF
AR RBDBEER FREE SUEFEEHDIGRILIESR
[CDOWTHE L. LALl, BEFEDLISGRILICDOWN
T3, HHABEOREERD S HE SNZREBIA DLW
RRICHSE. £, EHEGEZFICEWVWT, AR L E(E,
EFADOFIZRED LR (CHH L TETFHIETT
ZRBEREINSGD, TORT2(EMENETHRICTK
T 5 ENSNTUWS (Falconer & Mackay 1996).

RIVR AV DEREEL, 1984 FLIk, HEBSH
BEBEAREFEEHE ST 20 ELU LD DTS
IREL TW3E (BAKRIVRY A VEFRBSILEESR
2005). @ EICEEICIRESNCZERADOKRETE
(&, FBI0BDBIENEL, BMREEDES LUVIHRIEDES
RERBETEHESCHATEIENTES. AHFICH
(12%10BKNIE, 2BEDT7=Z<IVETIL, THEDLL
HBERERETIL (SM ; single-record model) & RIEERE
) (RM : repeatability model) Zf5fA L, ®FRE
DIBIENEEARL, BIEEEAEE L UERIRMEE S H
FTBIETHD. E20BNIE, BHIEEIEEE
MHEEDBOEEN S, RERE(CH T2 BEMEDEE
[COWTHBZE LI ZETHS. =55, F3INE
&L TR, BHREREICE T ZENEEN SR
IEEDBREPSMNCTEIEE LT

MElS L UFE

AT, HEEABERKRIVR S A U EFHRILE
BEYRIMWERBLIRIVR Y A VEFRFOMGERTRE LU
HAEERFREEA Lo, HRUEELERE, 1984F 4 A
M5 2002F 3 B X TOHMBICHEHBERL JURKKRE
HARAEICL > TRESNRERTH S, NS DR
(3, WMEOCFHIADICHRFEEL, WRABIALMETH
Y, MENBN 18NS 36 Hh BB TEEAEHN 1815
46 Hh AR OEBEDOEME BB T HREXICHRL 2. T—
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Sty b (E, FEOIIAP(IRE 7z 244,078 DR
BIRBFH SR INTVD. PERICERDLHRE
BOBE(E, BEFA BHENKREA B (LAVRERE
ALK 7, NSORERICE, 2EBOLEEREN
3,711 #8, 3 EEDEIMEkiEH 208 48, 4 BED LUhEk4H' 21
HMELUV6BEIBORMHKFENELIBEEL L.
T—=1y bIIE, T—%vy b EHFEENRL TH
5h, 2 ERLLEDFEAD (TIRE S NZREFAMTIIS N
TW2% DT 368,096 NDREIEBETLER(CHEMNML TV S,
Tty bMIICBF2HFSY DR, Fi5
15 RERTH o7, DITITER L FEEFE(CE, 6 Dk
RESHE (U5, B, ILRFo4E, & 2sb
JUREBSR) & 16 DFFEAFREEENELN T LS.
HERBSTEDRERIS 50 1S 96, R FEFE D
ERZ 1 A0 IDEEICRITHAHL TWE. SHER
B3, FEBENBISSNFHRICLY DEHHNER
Y, FEORS, AR EBFHS L UREBREE (841993,
1994 & LT 1997 FRAR) DIBICEREFEN AL TW 3
(&1, TRTOERIRERE, DFOBTICEIEENA X
7% (simple bayesian method) %A L TANT O1EDEL
“REIE L 7= (Weigel & Gianola 1993).
ADTE, UT02BEO7 =< IVETILEFER
L, ARERERICoES R o7z.
y=XB+Za+Wf+te
y=XB+Za+Wf+Z.cte @

EFIL ) FSM, EFIL (@ FRMTHY, Fh
ENT—IY M BLUOT—IY NI EDHT B/
OIFERL 22T yEISRAEFEDRERERT N
O MIVTHB. B3, FHER (4 - EEFABOY
TSR, BEABBLIVNIART—VDEHNR, =5
[OERZFHRORAIBRBESTCHENRENS MV TH
%. al3MENEELTFUIR (BEM), f (I EEBOEE
FOELMR, ¢ FMFAREBREFOMNREL D e (3
BENRERL, TNSEEEMRNZ MLEREL
7. R1ICE, RFHESHROKEREZRLIL. X Z,
WELUZ (3, SHRITHIST 2EER0DET@EITITH
5. BINSA—Y DEAFEENEIL, UTDEBY TH
5.

M

y Xs a Ac: 0 0 0
a 0

f 0 Fo? 0 0

E|f|=| 0|, Var =

c 0 0 l62 0
c 0 )

e 0 0 0 ldd
e 0

Z 2T, i IMEMENEEAEL, of (BEFEEOMEEEMR
DB, 03 (AR RIERTROAELE & U 08 [3FREDER
ZRLTWS, BMHETSE (0 D25% (3ot &E5FL
<, D T5%IEETIV (D) ITHEWTH ETIL (D (C
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Table 1 Number of records for two data sets, and levels of effects in equations for single-record and
repeatability animal models
Teat length Afppearance ; Rear legs The others
eet & legs rear view
Data set | (single-record model)
Records 182,017 176,025 131,408 244,078
Management groups 24,692 23,961 17,683 33,340
Cows with records 182,017 176,025 131,408 244,078
All animals including pedigree 611,533 603,449 516,505 694,133
Dominance classes 608,576 589,179 444,742 811,671
Data set Il (repeatability model)
Records 254,067 243,025 170,846 368,096
Management groups 38,642 37,241 26,254 54,279
Cows with records 182,017 176,025 131,408 244,078
All animals including pedigree 611,533 603,449 516,505 694,133
Dominance classes 608,576 589,179 444 742 811,671
HBWT op CKIBIIRIZENED DPICEINTWVS. £ Method R (3, DT —2&ER L THONIEEDHR

&, WEEMEETSE 0D 468 THB. ETIV (D
[CHFBIMEETRENEL (G2 (F065—30% ETIV () ITH
(7 5T FBIREDBL (60) (3 62—3af BB N5.
A FBELUILE, TNENMENYFMEETS, BIERRE
DEMEMBRTINE KUOBAMTIERL TWA. F 1,
Hoeschele & VanRaden (1991) #'B3% L 72 5% THER
L7z F3cfR#(d, VanRaden (1992) AMREL/ZAHET
BE L, ERERITTRS (2002) DAEICHEL 1950 F
DIRTICERE L 7o, A3 fi#(d, 1982 Hv5 2000 4
ENOMFICENTI163% H 5 407% £ TEF LT
CD& ) BRFEERFE D LR, ATIRIBP=IEINRE
BREMDERICLY, HEDRRICET2E2RBDIEMH
HEHBIL, CNOREDRRDIBESF N EDIICHA
ENZEEIOBHICEEL TWE GRS 2002). A5
SR EF ODMFDOXFICHENT, 2RPDERICHETE
TS (3 1980 FLIBTEN DB E 3% (@ LA 2 1Y,
1990 LIRS (CHEAE L /o ABIEAFTE 23D 15% e R
DEERICH /. CDL)BERBORFZDIBNE LU
TNITES L 2 2WMHEFORZ OB, EMEMZER
[CHBEERDEISHIBINEE, TOBR, RUHRKOED
[CEVWTOARBEREENSETIREICA S, T8k K
MATER LRIV R Y A VEBICE T 2B MEMEGRE
DB (L, FEREZFRED LF (&8 L T EFED(ICH
55D EHMERIENT.

DD DEIE (L, Misztal (1997) HBAE L 7z JAA-
DOM 7O 7S L%=FABLTHEL. COTOTT A
T3, lteration on data (Schaeffer & Kennedy 1986) &
Second-order Jacobi iteration # BWTRESETIVATE
ANSBEHTE L, [T Method R (Reverter 5 1994)
FRVWTASIA—FEH/ET EHENEKASIN TV S.
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DFABEICHL T, 27— 9% FER L THEONEED
ROFAEDLIFHRE (R1E) A1 ITREKRT 5 £ TRIE
SR HAEATHZN, ADMICHIT2E RIEDIVKREE
(¥, R=1%£0.0002 & L7=. EAT—2F (3, %% seed
ELTER, 27 —9DH50% 2EEAICIBE L 726
DTHY, EFEICEEL T 100, 10 FEED seed 2158
L TMethod ROF7ZILIY XLERYRL 2. B,
Method RIEEEN SIEARKEICL Z1RY DEEL RN
BE(f B 128D, LEREFF DML, T NTEBABERL S
DITHPR L 7z. Method RHEE(ES, 20EICHT 5%
LENRDODERD DLEREHET 5/ ETHY, DE
MABEBEREET 2 HETETV. TN, KOIFT
(3, ERIBRICE S1EMHEEEHELE @Fséﬁ%:nﬂf\é o)
(C, TTICHESN TV EEHEFEDFEARI NI
HEMRTAHIECL. T4bL, SMICEL TldKa-
wahara 5 (2006b), RM ('E%t'((ﬁ/** (2002) H'HERE
L7-FBRRENEEFER L, SREREDEMNEED
BAEHE L 12,

_,\

ERELUBZE

K223, SMALHESNIBEHRETEDFHAR
BAESX T 5 180000820 B S BMERD B D L

(%/YFAV & FDV), FAV [IX$9 % FDV &S, =5(C
R 1% S OR1Le (IBD/%) Z/xRL7=. Btk

(: L T, R332, RMASHESNIERETED
FAV, FDV, XEBIIRIEAEDLEE (FPV), FAV (TXT
% FDV OEEH LU IBD/% =~ L7z FAV (3, HEED
HBENETERERL TV, SMASHESN FAV (&
55% (BEDARE) NS 452% (5), RMASHEEIN
T2 FAV (35.6% BEDAZE) Mo 46.5% (&) DEE(C
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Table 2 Means and standard deviations® of proportions of phenotypic variance attributed to additive and dominance
genetic effects, ratios of dominance variance to additive variance, and means of inbreeding depression for type traits

estimated by single-record model

. Estimated variance (proportion of phenotypic variance) . Inbreeding
Trait - : Ratio depression®
Additive Dominance P
Appearance 226 .01 .032£.013 14 —.033
Feet & legs .120£.008 .015%.009 13 —.037
Dairy character .261%£.012 .028=%.005 11 —.030
Body capacity .345%.006 .070£.008 .20 —.046
Mammary system .133£.008 .032£.008 .24 —.029
Final score .216£.010 .041=£.005 .19 —.038
Stature 452+ .014 .069=£.007 15 —.016
Chest width .206£.012 .035%.007 A7 —.018
Body depth .276%.008 .063£.007 .23 —.020
Angularity .180£.009 .018%.005 .10 —.007
Rump angle .327+.006 .025+.007 .08 .003
Rump width .222%.009 .031£.006 14 —.018
Rear legs side view .173£.007 .013£.007 .08 .004
Rear legs rear view .090=£.009 .022£.017 .24 —.008
Foot angle .055+.006 .008+.004 .15 —.005
Fore udder attachment .156+.007 .009+£.006 .06 .000
Rear udder height .186£.006 .029£.004 .16 —.001
Rear udder width .161£.007 .022£.010 14 —.018
Udder support 157+ .011 .013%.009 .08 —.004
Udder depth .329+.012 .017=£.001 .05 .012
Fore teat placement .318£.011 .016£.005 .05 .004
Teat length 346+ .017 .020=£.003 .06 —.004

2 Means and standard deviation were calculated from estimates of 10 runs by method R.

® score/1% inbreeding.

bote. DNBOREFREEAL, SMALHESNIAE
BRED FAV 4, :8FE(1CH EM-REML %8 L U A-REML
FERAVWKEHEEBORSENH S (IRS 1996 ; FHA5
2002 ; $57K 2002 ; Kawahara 5 2006b). Z#15 DIREH
SBEONTEGEERE, HEHFEOARST, FAL
TN BAREE X (3dbEEIg O WS NADEE T
HB0, BBICADITHTE L/IEGERELET S
ElFTEBW. L, SHEEBEDETEDERD A
UL %56, BEDORS TEIGENEENER CHTE
SN HBFCHOBERIAMTTHEVERFEEZRL,

BECPEEDEGENHESINLSS, ROAELL
UEE DR [EADITTH BHR(ICPIREDEGENHEE
=N, BEDRE & DRITEGEROLBELLIL 7-1EEHER

SNtz F7z, Misztal 5 (1997a) (&, 5 &4EMD SM & 6
DO RMASHESINZSID FAV 2 L& L, RM A
5D FAVIESMASD FAV LY HBFFSHEESND
BEIrH 2 2 EERE L. AORICENT, RBMAS
WESNICEEHBILED FAV [F, SM AL DFN & HE
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L, BIZLEEOBBLIN+01% (FHEOAE) H5+3.4%
GELEnEE) DEETETSHESNZEQNE
511, Misztal & (1997a) DRSS EFBLT 2EGQERL
7z

FDV [, SM(CHBWT0.8% BHEDAE) NS 7.0% (&
&), RM [CHWT04% BEDARE) 15 6.4% (1KIB)
DEHTHE M. SM & RM HSHE =17 BRA
FED FDV 21L& L 123%E, ARICBEVWT 1A% BLT
EDORSITENT1.3% DEENROSNTZA, TDM
DFBTIZ1.0% LLTOECBETY, METIVEOD FDV
DERILFAV EHEE L, O THITHATH o7, Misztal
5 (1997a) (3, HAXBOERNRE L /BT
MR E 1AL EERVT—SE5FALZEHES,
RM (285 (7 21BIMEEEINR & X RERIEH RN BIFE (T
BESNTORPEETHETERWI AR L. AT
FRLET—7(F, sntil/z&6Y 2MkFDEixss
AWTWBZ E, Ff, IXNTMHEEFFNSESINER
B Ch B0, HAXBOMBENRE L LRI EENT
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Table 3 Means and standard deviations® of proportions of phenotypic variance attributed to additive genetic, domi-
nance genetic and permanent environmental effects, ratios of dominance variance to additive variance, and means of

inbreeding depression for type traits estimated by repeatability model

Estimated variance (proportion of phenotypic variance)

Trait p i Ratio Inbree@ingb)
Additive Dominance envei}rrcr)nne:rrw]ggtal depression
Appearance .232£.012 .043%.011 .335+£.013 .19 —.034
Feet & legs .130£.012 .015£.007 .377%.015 12 —.040
Dairy character .270=£.007 .031£.006 .232+.009 11 —.034
Body capacity .360=£.009 .064%.009 216+ .011 .18 —.044
Mammary system .158=£.007 .028+.007 .361£.009 .18 —.029
Final score .223=x.007 .043+£.007 349+ .011 .19 —.037
Stature .465=£.009 .060=%.007 101,011 13 —.014
Chest width .207=£.007 .035%.006 .105+.008 A7 —.016
Body depth .288=%.008 .050=%.007 .107%£.008 A7 —.019
Angularity .185%.006 .015%.003 .078%£.005 .08 —.007
Rump angle .329=£.007 .022+.004 .185+.010 .07 .004
Rump width .239=£.008 .026+.005 115+ .006 .1 —.015
Rear legs side view .196+.011 .013%.003 .115%.008 .06 —.007
Rear legs rear view .094+ .01 .014%.008 .138%.011 15 —.007
Foot angle .056£.005 .004=%.003 .061=£.007 .06 —.006
Fore udder attachment A77£.008 .015%.004 143+ .001 .09 .001
Rear udder height .206=£.009 .029%.006 126+ .004 14 .000
Rear udder width .161%.009 .020=%.005 .106=£.009 12 —.016
Udder support .191£.008 .018=£.007 .188+.009 .10 —.006
Udder depth .360£.010 .022+.007 134+ .010 .06 .014
Fore teat placement .314=£.006 .018+£.006 .109+£.010 .06 .003
Teat length .370%x.015 .017x.004 .118+.013 .05 —.003

® Means and standard deviation were calculated from estimates of 10 runs by method R.

® score/1% inbreeding.

WAL E5(C, DTORER, SM & RM D FDV DEE
NEEAEROSNZNW ENS, RMASD FDV (4,
FPV OO BIFEICHBESN THTE TE TWVWEH D EHR
N
Misztal 5 (1997b) (&, KEDHRIVZA S 1 VEBICH
(75%*”%&%%%1%% L, FDV%22% BEDAE) H5S
% (KDRS) DEEATHEL, ADTORRLY D
E:Frak\ FDV Z23RE L 7. 1BMEEDRL, BIETFOMHE
et (R7) ([CED(HRETHY, BRBFTEMBD
BMEEVWIRIBTEEINSHEN DS, CDO L) LR
DABMEICED CIERATEF (IS N TWE RS (S,
BROEWEMEDRBITFDV DETEEICEENEL S
ZENEZSND. —H, Method R &AL 71-5H38,
FOV D#HEMEILETINOP TERY 2 FENRDIELE
(C&Y, BEFOEINROHONS EDRENDH S (Misz-
tal 5 1997a). AN TIIBENRE L TEEAB &
HRT—VHEETINTEREBL TLWBDITK L, Misztal
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5 (1997b) ([FHBRAEDH L NEBL TUWVEL, ZF1
#, MED FDV DEE(L, BENROFEL—RHEER

Sz, FAV [TH9 % FDV OEIS (3, SM(CHLT0.05
EFLBEDRS - ATFFADEE) 15 0.24 (312 DEHE,

RM (ZH T 0.05 BIELEBDKS) N5 0.19 (N - RE
B D&EEICHY, FHTEL013BLU0.12, T4
HHFDVIEFAVD#1/8 (CHBY T E3REI(CTER
hore.

B (T, BEEFED FAV (CXHT 2 FDV DA &
QRERERLZ. K42, BFRFBD FAV (CXFT
% FDV 0 &—xOFICEIT 280k, BEHLLIURER
#AERLT. FDV (X L BEMANEES L TWBREILLE
69 FDV K EW—AHT FAV AVNS WME Z R L, B
MEMPTLEMNEE L TWEHEIL FDV &L
TFAVAKREWMEGICHS. 2T HERE(CBEM
MBS L TWBEDERELHE, SBEFED FAV
[CXt9 % FDV @ 0)IFfREs, &I &5 ENFRIEN
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%, EBO FDV (XT3 FAV OE=(F, SM E LU RM
NEDEEEICREL TR&L011 £ 010 THY, AE (P
<0.01) BREDREFENROSNIA, THOEEMEW
TNEROONEA S Fho, REFRKIE~034 &
0.36 [CT ERM o7z &S Wﬁﬂ’&méht FDV DK &
SIEBIT/NES K, SSITHEAFB DD (IR TEWL
MEOEGENMESNIHELEENTLSA, FAV
LEDOREESTFDVAHESNEZFE IR S NG
Mote. RO THERE L EREFE(CE T FDV A
FAV &L TEITNES K, E5(CFDV & FAV A EW
(Z E@F%T%( bH5HEE, BEMEHNIEELFDV A2
BENEET H0EMMMELC, TLAZCDFEIELSE
%M*ﬁb HAEMARES L FDV 2> TWB EE X
SNz AT, Mlsztal 5 (1997b) (3, &% \a*ﬁtiéfut
e ETY, REREICEBVWTBEMDESES
LIEREMS L TLBDY, ﬁm\E(;b(Ténﬁwzﬁfr v
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Figure 1 Distributions and linear regressions of

fraction of dominance genetic variance on fraction
of additive genetic variance estimated from single-
record (@ and =) and repeatability (© and =)
animal models for type traits.
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DRFEBVHENS S, BREREICH S SEMEER
AEICITBEMNES L TwWanL o LERINT .

RIS, SMAOSHEENZIBD/% 13, AEDRSITH
WT0.012, ROAE, BREAZE, siflE0MEH LUE
BBOEE(C B@LTo.m UTOEDEERLIZ. Z05
DADFEF, —0.046 (FFE) 75 —0.001 REAFEDS
=) @”ﬁl?%@ IBD/% % L7 (R2). RM M SH#EE
SN IBD/% 14, BERAIZICEWTE (—0.00M), &5
[CHRIAZEDSIA0.000 RSN, SM QS
EESNTIBD/% S1BEOAEBEIL fo (R3). AT
EINTIBD/% (E, Misztal 5 (1997b) DIRE & HE
L, BFIBD/% hNEKHEEENZEH DDEA DA
[TOWTIIBLMENIRO SN K, 5, &S, 1K

DRSBLUVRDIEIL IBD/ % /J\ié’a}ml,tb\, D
Eld, FmOXRES(CEET 2B DEDFEHHIVIZREK
DEFICELRW, BTT2AMICEIT 52 E5RE
LTWa. f£7, ABEDRS LFEFEDEED IBD/ %
(&, EEZRLED, HEDREDHE, RI7 9 (AN
THEEAFERBAREA L UBREICHVIREEZRL, 8l
HEDEREDHE(IRAD T 9 (LIEDL (FEBE(CEIEA
ANECRBEIEERLTVWE, CALDI EEEREIC
AN, HABEEREAZHHO LR ITEHRWESH
[z /\ék\ﬁm(vﬂttrmé ENTRBEINTL N
H, RIVRG AV OERBEFECE, FIEDRIMEE WD
WTRIRAEIR S HYER &bbnét)@tT’&Tént

IBD/% (4, BIEEDNRENFH &L L TRSNZEMEE
ERE &Y, BlEEMHR CENEEEERE (B
BIEAEDFEAR, DSD) &DEEFRDOAH L Y IBEE(CR
HE5NE I ENS, IBD/% EABMEIEAELE DEEFRICD
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Table 4 Linear regressions of dominance variance fraction on additive variance fraction and of dominance standard

deviation on inbreeding depression

Dependent Independent ) Intercept Slope 26)
variable variable Parameter® Intercept SE Slope SE R
Dominance Additive SM 0.46X1072 0.82%x107? 0.11** 0.34X10°" 0.34

variance fraction variance fraction RM 0.47X1072 0.73X10°2 0.10** 0.29%X10°" 0.36
Dominance Inbreeding SM 0.13** 0.19X10°" —5.20** 0.90 0.63
standard deviation depression RM 0.14** 0.26X107" —7.45** 1.22 0.66

® RM ; Parameter estimated from repeatability model, SM ; Parameter estimated from single-record model.

® Coefficient of determination. **P<0.01.
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Figure 2 Distributions and linear regressions of
dominance genetic standard deviation on inbreed-
ing depression estimated from single-record (@ and
=) and repeatability (@ and =) animal models for
type traits.
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Relationships among Estimates of Additive Genetic Variance,
Dominance Genetic Variance and Inbreeding Depression
for Type Traits in Holstein Population of Japan

Takayoshi KAWAHARA', Yusaku GOTOH', Satoshi YAMAGUCHI? and Mitsuyoshi SUZUKI®

" Holstein Cattle Association of Japan, Hokkaido Branch, Kita, Sapporo, 001-8555, Japan
2 Hokkaido Dairy Cattle Milk Recording and Testing Association, Chuo, Sapporo, 060-0004, Japan
% Obihiro University of Agriculture and Veterinary Medicine, Obihiro, 080-8555, Japan

Corresponding : Takayoshi KAWAHARA (fax : +81 (0) 11-726-3111, e-mail : tkawa@ holstein.jp)

The objectives were to investigate relationships among estimates of additive genetic variance, domi-
nance genetic variance and inbreeding depression for type traits of Holsteins. The data were type records
of 244,078 Holstein cows classified during the period from April 1984 to March 2002 in Hokkaido region of
Japan. The traits analyzed were 6 classification and 16 linear type traits. The analyses were conducted by
two mixed models ; the single-record model (SM) contained herd-year, stage of lactation, age of classific-
ation and inbreeding depression as fixed effects and additive animal and dominance parental as random
effects, and the repeatability models (RM) including random permanent environmental effect. The variance
fractions for random effects were estimated by method R. Estimated fractions of additive genetic variances
ranged from 5.5% (foot angle) to 45.2% (stature) with the SM and 5.6% (foot angle) to 45.5% (stature) with
the RM. Estimated fractions of dominance genetic variances ranged from 0.8% (foot angle) to 7.0% (body
capacity) with the SM and 0.4% (foot angle) to 6.4% (body capacity) with the RM. Estimated depressions per
1% inbreeding coefficient with the SM were positive for ramp angle, rear leg side view, fore udder attachment
and fore teat placement, and negative ranging from —0.046/% (body capacity) to —0.001/% (rear udder
high) for other traits. Estimated inbreeding depressions from SM were similar to those from RM except for
rear leg side view and rear udder high. Clear positive relationship (P<0.01) was found between estimates
of additive and dominance genetic variances. The estimates of inbreeding depressions had significantly (P
<0.01) negative relationship with the estimates of dominance genetic standard deviations.
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