dtﬁiﬁ@:‘klklﬁfr/%@(u BOTAELRMmMBEFA LIER R
DB L CEIEDORERZR(L L EEBNOXHE

ARES « RIS - HSTh— - k=R - SRBEE

JCEERNAS 1 BEGEAS, FIRHIER 001-8555
"RLBEKRSE, WA 080-8555
THEEA LG ERARELEERS, ETDRE 060-0003

AL, 2001, 15 B)

B £  FHHTHE, —#ROLHAE (RA) & VanRaden A4MRBE L 72 h% (VRA) A L&Y L /-H350%
BELERTL, LBEDOAFINRS 1 VEBICHET B FETROKR EELAADETRLE L USE
BOREERE L /2. AHBL, 4,630,163 HOMBEREER L, BROFLTYXLEZRVTE
B.lrc. TR, E IS, RAEFBTRLT R TOMBAERL 72384 (RAD), 521, RAEEA
L, B#EA% 1950 FLITIC L 72358 (RASD), $53 &L T, VRA &M L, B 1950 1187
L7456 (VRASD) ) 3 IR0 Aac{Ria 8 L /- E«“}Lﬁ:m:_sa@tt’é‘émm 1976 15 2000 4E 8
AXTICHBERT LRERRASBELR, 7 F==IETIVICE, SR EREAT 226 OER
BERON, I/, DROACEBEERL, AVTUT oYU T Y IHEEBE L7 VRAS IL,
RASO &HEEIL, TERERZBEO LA EB<HEL . RAS) & VRASO 1E, STEERIDIEMICEE A
& /. 1960, 1870, 1980, 1990 35 & UF 2000 E4 FNOMEF O FERRZTES(E, VRAS) TR & 0.26, 0.56,
1.23, 1.89 5L T 4.18%, B3 E40.31,'0.43, 0.77, 1.97, B U 6.14% TH-7-. 1971-1980, 1981-
1990 £ L U 1991-2000 EDQ IR CE TN MEDES I Y FREERFH LRR L, K40, 07, 0.06 &
LTF0.22%/5, TEHFIIEL003, 012 BLU045%/FTH-7-. BAD (3 VRASD L&z L, R38E(L
BESTE R L I8, 2SR, Ly o/ 0885 LU SNF 053 AZR1EIL, VRASD (CBWWTH~
—24.8, —0.9, —07 BLU—2.1kg TH 7. RAD & VRASD OF3FS THIE S M- BIEBRIICIL,
FHLCBEF L HIT 0999 LI EDIBRIABEEL 2. LLEMD, VRAL A S B SR Lidkls, &
BB CEESEICHAFATHA L OSBRI
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ASRAOHMIL, SHTELTLOLT, KENOR
WHEVI L, 510, BECERAEERANTEI&N
(—HERTHBENIHENZ . T, JUYHKED
HUBGEFHBEORAL & AR S ORI
WOFE, BRI ENREA OB RS APy (C
A (GTBL) SNBTRR RS, Fhoit, 3
Fld, RAETHTHAERRERLICERTE &
BT\, ARFBROLRE, BESEORD KD

WEENDFHNRET (EI0Ri) 2HREE 3, WiE

DEOBPE, 2P GHk) BMOAVFUFIHLT
U2 7aROEBMIRAL, BENETREBETELS
(VanRaden 1992 ; Wiggans & 1395). —7%, ZL&4osE3s

EHEE : PIRED (fax: 011-726-3111,
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BIEld, $ERME (Hermas © 1987), EEELSESH (Hermas
5 1987 ; Miglior & 1992 ; Short & Lawlor 1992 ; Migiior
& Burnside 1995;Wiggans & 1995; Thompson & 2000),
KM (Smith 5 1998 ; Thompson S 2000) # J VRS
HE (Misztal 5 1997) 4 & T8 cb':ﬂh.é LDEEND
S, ThX, H4OWEIHEICIT, FI{REEERL
CETNEERTLOM—HBNTH Y, J’(ﬁﬁﬁ@fj‘b
BERGEXRBERET SR EIROSNS (Wig-
gans 5 1995).

FARRRBMOETE I, SHROLHTEE LT, Wright @
BRE¥CEND D, LiL, HERLEES (B>EKD
RS EELT 254, SREKH ISR EEE
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AR - BBE - RS - 8K - BB

HRKEN B, KETEE (Tabular method) (3, B#L7
NI ZLlzdoT, ATmETH (A, Numerator rela-
tionship matrix)- 455 L, @O FEEED 1/2 H
S FEREB BT A AETSY, BEFHERATOS
TLNDEAICEL TWS (Van Vieck 5 1987).

Henderson (1976), Quaas (1976) # LT Golden &
(1990 I3, RETEEEEMC, TR HET IS
EEAR L 7, COAEIISTFOBTHOETH (AT
FEFENCEHETZ & BMICL TWE —F, Hud-
son 5 (1982), Tier (1990), Meuwissen & Luo (1892)
H LU Miglior & (1992) 13, FA{RHOEHE B/
(Recursive) 7D XALEBLV, ABEOI4EET

HoThH, BFHERCSA2BFEEGL, SEespy

TEMT I AEEME L. LR LAHRE, ERAR
HNGBEOEZFREE 0 SRELTVEOT, TRTH
BEOMBHIERERE THN S LWARSLMBRIERT

13, AZEMEBMNCHET S TEEMSSH 3. Van-

Raden (1992) (3, #I/N—TDFIGERIEH %+ FIR
L, T30 B/IMEF 4 T8Y 55 (VRA) Z4R%
Lz, RAPEOHFEDTH, BANS ORIEFEAL
BT Y, RevhBFREeBET 52 RIS
BoTWaicth, BRFEOFEICEIVRADL I EH
BEOMANEZ NS, ANNTHE, Ll -—age07
7% (RA, Regular inbreeding algorithm) & VRA S &
B LA EEE SR T 2 L &40, bmEotl
AY A 2EBICE T HAHTROKRRE LU IO

RETEOEVEARFRD LNV LR EIRD O

B EERABOHTE ICRIZTHEICOVLWTHREL
I-.

MRS L UHE

FHF T, RVRY A VEITE} 2 sEEOME
ZrANVEERLE E1OT 7V, BFRILRSY
1 A ERPSIEERSHT 2000 % 10 ARD £ TIoEE
L 7-mESs L ERESRME S L UNESREiE0e
Bt 4227 508 RO MEIEW TH 2. BHFODICE, &
ADEFRBZSTEFZEFELEENZA, CHSEHME
OEFFEESEHOAEOHRETHE. BAOBEESE
FoEEE, kB, hF¥, BE, £5Y, 7523,
F—=APZUT, 22—S—SU RELU A YD8 A
Hichiz-oTwa, BREHE, BHyoaeTh Y,
C D S BEHFEECENETHRIVA S 1 L EOEY
ERb, XFHRIVA S Y REBOMESBETHL &
BEEELD. FAA, BREGHS 087,955 O
(2, BEFoMEERFARANTBELIEET 3. £20
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Table 1. Number of cows and bulls, and frequency
{%) with unknown parents by class of birth year
Cow Bull
Birth year —— - - —
No. % No. . %
Unknown 148,936 99.7 3,285 97.1
190121950 2,586 0.3 1,534 8.0
1951-1960 7,481 0.1 8,048 3.5
1861-1970 206,858 2.6 17,358 2.1
1971-1980 929,270 3.5 31,744 0.3
1981-1990 1,660,820 3.7 45,83 0.1
-1991-2000 1,553,911 4.4 22,492 0.0
Total 4,499,862 7.0 130,301 3.1

® Minimum birth year for cow, 1897 for bull.

g7 713, JEEEERRREIRERS A 2000 £ 10
BETICERL /2,049,123 BOMBIERTH S, D
MERIEERIC (S, 1974 EA SEIRENRTELTH L f2lts
BIUBTEARTRELE TS, EVERHMBFEOE
BESHFEENTOVE, T/, SBHEMA(, 207,220 58

(BEME PR 10.1%) HEENTV S, 53 DMmiiES

(2, INTERBULL (The International Bull Evaluation Serv-
ice) HARL TWSEBRFOBRBIRRE 7 7 1 L4
i L. CO7 7T, KEBRBESE APL (Animal
Improvement Programs Laboratory) & % —xw b
R—L—3 (fip : //aipl.arsusda;gov/ pub/bulls /031
hoff.zip) A5 v a—FLAEOT, 1997 E8 A5
2000 4F 8 ADHMIC 1 BAREN-LOERBL 7<TE
- 174,650 SEOMBIER TH 5. MRS, XK@, #F
7 ASUIBIUTS  RAOMKBRRES YL, b
HEOFRINZZ A AEL MBREHRICH B 124,554 FBOF
HEENBICLAE BRLAIBEBRO 771 ILE, B3
L7 EHEHERL, TO82, Y 4,499,86258, Bk
130,301 88, &5t 4,630,163 EHOMBERE®BEL . *
NPT, DABOERBSEF OMI (44749755
(240 99.4%), BIRRICERFL 12,249 58 (B4
D 9.4%) THol-. BBEOMBESRR, A+ ETED
EBFESHLUERSFOREEISEBHRIN TS, EE
SRS (L, BRESLEHELLVEEICL > TEEES)
ENTUVS., RAGCHRHIBEZFESE 0L L R
d, HEFESI—THOlF BRSO SFRE LUE
BHRARBEORERL . BEFEORNL, M
T ES L UFEREICB T 18T ETH . T
ENRRNEEEROZE, L mE7 7 HDPT

MECLTOHERT @B THE, Thdi, Rk



AR & UEI SRS

JEFIIL—T7TH, GRAFEILEFEOSISHF
(4T 99.7, BEELET 97.1%).

I EREOHEICE, Miglior 5 (1992) #BRARL B
BFIL T ZLEEBLE.
ENHERTHY, VAANDOLANBEETH D, T_TO
B, Eae, FRILYETOTEALICRBTES
£ ICEHIL . BEEENRIDTERE, Zo@%EE

FLTHH2 L R(HELTFOEENS 4E8TICE

FhicvoeiRELR. Thwi, ExERosEs,
WRAEALEE,SHEL, LURCHERN B
BB HRENR G S, A ERE. 3TBEORE
TEHEL L B 0FETE, MATRELSTRTOME
NG, 4 4,499,862 B8, i 130,301 BEEOEACEEE
B L7 (RAD). B2 OAETR, HEFEORNTER
[E2WT, kLA THRESRREL, 1951 FLik%
(CEENEEECDOT, S 449286088, B
127,024 HOFZFREEELE L 2HY, 1950 ELETICE
NIBEEEREFRDE L7 (RASD). £ 30HFETIH,
- RAB0 LEHRIC1OS0FELIAIICAE TN - BHROTmELE R
He L, 1951 FLPRICE X N BHROATREEEB L
Fo s SHEARIC VRA 88 L 72 (VRASD). VanRaden

SOFINTYZALIE,

(1992) {3, RIZH 1 AIBOL I (CATINEEFIB L

FREATIE, ORESFREEABENTHoTE, B
RoO@ETHNL, THNREHERITVEDER
FLf Fhpa, GEARODEEOESZERE, @
BT E TR OEEO FEERERE LD L
RELE. LIS, RAS TEE L s @ o dn
S EEA A EEOEEE TR EZ A E L,
hato—FE L o 1951 ELRRICE RN, T8
HRELERE, HEFEREOWESIL— T35
&L, BUKTI—TOFEAREEEEFOEEDS
EHREE L TR ELEEOERFELE, By
=T OEEREFRICE > TEET 08, FASH
RETHETRESHEL . FOEMED,

(Z1Fr=Fet1)/p<t07s & Ui, S 2T, AP 40E

B AR BE £ DR, p ReEkETHS. 4
&, LEEORIVA S 1 »ERD, EEREOREHL D
EoEBLRERTVEEEL, BRI —TF%
WRELES, o7, BEFEOUHAEE, T8/ EN0ES
TR EL, BRGNS ER L.
BIAE, H5BEOMBREERICHDMAEH 62 OGS,
HAEIE 24-44+-8+H164-32=62 FEA S 5 %, F/-, 55
* OIS, 4+25/32=48 L4 D,
EUBOMIITRIL S FEMEE, LEEICE T 1978
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M5 2000FE 8 A X TICHIEEIRT L /2305 BORERL
Bhorl i ABEIIERE 1,620,939 SEOME
535N/ 4810604 R TH S, BHEIC, Zo 2
EE&(31239977 8337268 BE B L UEIEEES B
(SNF) I3 1,523,859 F 4,379,907 iR CH o7 B, %
BB, W7 /0 BEE LU SNF OFEE S 1EERE
4, &47418kg*1,818kg, 280kgt72kg, 248kg56
kg & & TF 656kgL 185k TH o7z, AT, UTOR
SETIEFERAL, RAD & VRARD ICL - TEBY LR
REBERAWT, OERIEDEE EEEEOMES T
rof.
Virno=HYDi+mpb+abit+binb,+ by pes i
2T Ve RE IS RICHEENAE, IR,

HE i 7BBE LU SNF D 305 B RBEHTH 2.
hypi [/ BB OER - Fi 0 BROV T I3 A0S
RTHE. mpbid | EEERFDHRERIN—T - Sk
ROS¥HRE LT ab: 1T k BEERRNBARY 7
W—7 - ABEOBEDRTHS. mob & ab DI SR
SRR, FES (2000) DFERIHES T, inb, 130 FBE
OISR (%), b lE nb. DRLEGEKTHY, F3Z
1% Hi- Y DIBLE GRISR(E) AL T3,
bvia (3 n BB EBFEOIBINNRIZEFHE (FEIE), pe.ldn
EEBEOEANBENRE LU g IRELZRTH
RTHY, CHoLEEHDHREAERL . BOETIZ(E,
lterating on data &0FE 2 7T XA (Schaeffer &
Kennedy 1986) T-R#E81(C#E % 78 % Indirect approach
(Miszlal & Giancla 1987) AL 7. ZOFER, A
DIEMNABREZERL TV EH, AETRICL-TE
LRAYTFUTUH LT v IOBMOBPEHBTEL
\n F Ak A, VanRaden (1992 B & UF Wiggans 5
(1995) OFFEFA L, RENICREREEBIBEMT
BEA(CHT ZRESMOLICH L, TROILIEY
FRAHTL 72, RIESES S UER MBS BT
LIRESNMOBLIEE, Suzuki & Van Vieck (1994) Hyft
EL/AAREANZ A—FEERVAE 5, HEE-o
BEROMZS, FRtL ORI 7 LEFIALT, i
LRYMAST.

= ®

SRICER L - BF5EIE, CPU (FRBEEE) &
L T Alpha21264 (667 MHz, RISEE 1Gbite) ZiE#L
7= Compagq Alpha Station XP1000 (Unix Trueb4 Ver.4.0F)
T&H5. RAD (L, 450 ATADVIZSHRE AT L AT,
# 46 B3R5 10 500 CPUBSRIEE L 72, RASO (4, B

BFRT, CPU BERSIIH9 32 SR L f=. VRAS0 1, 1@
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Fig. 1. Mean number of known generations for

cows and bulls by birth year.

= Animals born before 1950 were assumed to be
unrelated. — Al animals were assumed fo be
related with available pedigree information.

DRBTRASO SEIL CPUBMEEL, IHEEZ TS
DFEEL - TENCAREEESTE TS AEICHE
ELSEROFNEEREEZFRATE 50T, VRAS
EERALEELTE, | DORESE THEATRETH
Z. B 1CId, i &S OESEIHT 2T
FERL ARFREOSTESRIED, R Thhs
BEROKES[CREESNG, TRTOMGEAVERE
& —RICEERE L Vi8S, 1960, 1970, 1980, 1990 54
U 2000 £4£ E MO OG- ERIE, H461, 67,
83, 965 LU 116 1, IBHEICHEVWTELIY, 54,
7.0, 00 BLU S ERTHY, FEFICHL, B
RERERLA HRBOEXT, M EfEgficE W
THEL2132 & 126 HRTH-F —7H, 1950 FLIETIS
EFNS-EROTHEEFRDE L, 1951 ELBFICEEAT
BftkExsiz L 7=488, 1960, 1970, 1980, 1900 HLUF
2000 4 EMDHEOTHHEREIZ, €419, 35, 5.0,
6.4 HL U 83 B, BHEICHSNTEL13,25,39,57
BLUBAHRTH /= HEBORKIS, MWF LB
FIZHBEVLTENLY & 93 TH o7

21213, RAO, RASO £ & TF VRAS) TR L 7ot
C EERYOREF(CHT S FENASEREERL

1960, 1970, 1980, 1990 &5 K TF 2000 4 FN D OT
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Fig. 2. Mean inbreeding ceefficients for cows and

bulls calculated using RAD, RAS0 and VRAS0 by birth
year.

== RAQ : Regular algorithm, and all animals were
assumed to be related with available pedigree
information. — RAB0 : Regular algorithm, and ani-
mals born before 1950 were assumed to be
unrelated. === VYRAS0 : Algorithm proposed by Van-
Raden (i992), and animals born before 1950 were
assumed to be unrelated.

EpFaz{a¥id, RAD ICB VW THE40.44,067, 157,211 8
LU 4.39%, TEEESRIE, &40.41,027,0.32, 1.39, B LU
5.76% T#H 1. RAS0 DIBS, BEED TR,

BIHE=540.17, 0.43, 1.1, 1.71 B LU 4.01%, B
£%0.16, 0.17, 0.24, 1.28, BLU 5.11% TH -7 VRA
50 DHE, MFOFHIEFREL, RBCE 2026
0.56, 1.23, 1.89 B L UF 4.18%, B3, B40.31,043,
0.77, 1.97, BLEF5.15% TH-o7=. 1950, 1970, 1980,

1990 B L T 2000 FELEFNOREFICH VT, VRAS OF

Epfr S fE#id, RASODENG &Y 840,09, 013,012,
018 BLU 01T% BVMEZERL, SUAELETICESY
RAD O3z 30 L ~UL ISERT 2 @[ ARL 5 7.
—7, EHELEE, ERICE 40,15, 0.26, 0.53, 069 LY
0.03% Z\MEE R L, & <IT, 1970 A5 1990 (LR
{CHWT, VRAS) OTRILFNIE, RAD H LT RASD
EHEL, HSMTEWMIEROL~VERLE
DORRL, AEOEBRBESLEEOWEEFICBWT, B
DIBERP AU O THY (BFDROLEHS
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Fig. 3. Mean inbreeding coeificients of buils
calculated using VRASD for each registered country
by birth year. )
VRAS0 : Algorithm proposed by VanRaden (1992),
and animals borm before 1950 were assumed to be
unrelated.

DESHT4%), HHFEDOBBRBS LB OBURLEOLT
(FRBLITEHIBEIS e, o/ B3T3, VRASOIC
57 BEESOTI9RZREE BHE [CREFE ICHT
2Zfb& LTRL:. SBOIEME-E, 1985 FENI SR
FREOEREFEEICRO SN DFEOESESS
oS OFR SRS, 1960, 1970, 1980, 1990 &
LT 2000 FITHWT, H41.29, 1.27, 1.42, 3.8 B LU
518% Thofc. S FELV IS A0EHESE
OBl BRLEM 28, KB, HF¥BLU
bABEDEFRS @IS, TE, TIEEROLRE
RAFEECE /. KB, AFY, 504, 75V
BIUDHBADRSESEH OBMLEDR, 1995 F4 £
NOFEFEFEIT, |R42.58, 2.88, 2.87, 211 B L
5.25%THY, bIEOBMFOIE RN E (T
nr.

K212, ARERD 2 S A0S LTS OEE
L7 fFrDah_ EEEF CE3Z R 09% O4EHF) (4,
RAO @ 17.48% 1S VRAS0 O 1.37% (i L 7=.

—R, L3R 1.5625% LIT 03T 3@ GEaC{Riht

0% THUMEE) OIERIE, RAD @ 33.44% 55 VRAS0
@ 53.30% ICH8AD L /=, FEHESFOIBEATEIRE, RADIC
BT 79.46%, VRASD BT 4.50% TH7h% iF
AT1HREN 1.5625% LUT 032 B OSRRE S, RAD IzBWT
709% TH-7HON, VRAS) TIL 79.66% 18D L
72. RAD OEAITAHMERIL, Hf&BltscBnTES
39.5 £ 31.8%, VRASO TlZ8439.3 &£ 28.1% TH-o1.
F 32, VRASO TBH L ot S B Ic B 17 24EY
RUAEHEROLLRBE R /. 1971~1980, 1981~
1990 £ L U 1991~2000 EDE- 10 FERT, WEDELS
YR R A (T, &40.07,0.06 HLTF0.22%/
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Table 2. Frequency of cows and bulls born from
1951 to 2000 by level of inbreeding coefficients
calculated using RADY and VRASOY

Frequency (%) 7

Inbreeding
RAO VRAS0
Cows .
F%=0 17.48 1.37
0<F%<1.5625 33.44 53.30
1.5625<F% <3.125 22.71 22.31
3.125<F%x6.25 22.01 19.63
6.25<F%<12.5 4.03 3.08
12.5<F%<25 0.21 0.19
F9% >25 0.12 0.12
Bulls
F%=0 79.46 4.50
0<F%<1.5625 7.09 79.66
1.5625<<F%<3.125 4.05 7.73
3.125<F% <6.25 6.21 - b.47
6.25<F%<12.5 2.78 2.32
12.5<F% <25 0.41 0.31
F%>25 0.02 0.01

® Regular algorithm, and all animals were assumed to
be related with available pedigree information.

B Algorithm proposed by YanRaden (1992), and animals
born before 1950 were assumed to be unrelaled,

Table 3. Annual increase in inbreeding coefficients
" caleulaled using VRASD® by class of birth year
Birth year Cow Buli
1971-1980 0.07 0.03
1981-1990 0.06 0.12
1991-2000 0.22 0.45

253

@ Algorithr proposed by \‘/anRaden (1992), and animais
born before 1950 were assumed 1o be unrelated.

F, EEFOBSERBKICE 4003, 0125 L 0.45%/
FETHo H4CE, BFEBRFOREEEICHNT S

BAF L BFOFEEREEROE L ERL 2. oz
EEINT B HF OIS EEkIE, 1960 A5 2000 5F
ODHEBCH VT, RAOTO18, S 1.43%, VRASO T
0.24 1r65 1.28% £ TLAEMOERL, BAERICLEZX
BREREBOSNTI 2 BFEOREEICHYTER
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Fig. 4. Mean inbreeding coefiicients of dams

(each O and @) and sires{each [J and W} calculated
using RAD and VRAS0 by birth year of cows and
bulls. .

RAOD : Reguiar algorithm, and all animals were
assumed to be related with available pedigree infor-
mation. VRAS0 : Algorithm proposed by VanRaden

{1992), and animals born before 1950 were assumed
{o be unrelated.

FOEEAEEEIL, RIS RAD T 1.87 15 4.63%,
VRAS0 T0.09 55 431% £ TLEE L, 1980 LIRS,
WA ERICB 5 FOEZEROZB4580 T 21 ERH¢
@Hons. BEFOREEICHT 4O TINLEE
2, PHOTBEICHE LT RA0 T.23 1S 4.36%, VRA
50 T0.27 15 3.81% T TLRMEBIERL /245 19604
FANS 1990 FRIETH T T VRASD OIERED L~
IS HEE L. BEFOREECHT ERF0TH
FARFEE(E, BHRIC RAO T 1.88 55 4.45%, VRAS0 T
0A3AS 418% FTLERL, WERMSEFERO
EENEA LT

Fd4l2it, #E FEE A7/ 0ERBBLUSNF
BT HENRIEETR L/ 2LE, SR, I5 /0
BEHLUSNFOEZBERE, RAOICEVWTEA
—~27.0, —1.0, —08H LU —23kg, VRASHICHWLT
fro—248 —09, —07BLU—21kgTH-7/. BES
{<Id, RAD & VRASD DIFEFEI- L > THEEN-F
EOFEMI TSNS CBRFORIGEH L
FEnLi cnoo®meat Lo Hid, 1985 FEEN
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Table 4. Estimates of inbreeding depression® for
milk, fat, protein and SNF yields

Inbreeding depression

Trait RAQY VRAS0®
Milk ~27.0 -24.8
Fat- —1.0 —0.9
Protein —-0.8 -0.7
SNF —2.3 —2.1

Dkg/1% inbreeding. " Regular algorithm, and all
animals were assumed to be related with available
pedigree information. @ Algorithm proposed by VanRaden
(1992}, and animals born before 1950 were assumed to
be unrelated.
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Fig. 5. Genetic rends of cows and hulls for milk

yield with correct inbreeding ceefficients calculated
using RAD and VRARD,

w= RAQ : Regular algorithm, and all animals were
assumed to be related with available pedigree
information. — VRAS0 : Algorithm proposed by
VanRaden (1992), and animals born before 1950 were
assumed to be unrelated.

DEEFICH I 2FHETREHLEECEREN TV S, i
DTGB, 1970, 1980, 1990 B LTF 1997 484 F
NICEVT, RAVDEZBRMTHIEL 288, &84
—461, —262, 166 & & 7F 563kg, VRASD DT TH
ELBHES B4 —440, —258, 162H X UF550kg T
Hof RA0 DERFBETHE L S OFTHESD
3, VRASO dFh LU EB4—21, —4, 45450 13kg
DERMFEHONE —FH, BHAEE, RAO DFERHE



WRRE L UBEREN OB E

THEE L 723%&, 1970, 1980, 1990 B LT 1995 4 5 h
IZBWT, &4 —334, —32, 662 5L 1,054kg, VRASD
O SERITHIE L 70358, B4 --333, —41,630 B LU
1,028kg DFHEBBNET SN, RAD OIFSER T
fIE L 7o 1Bt O F9E1EEIL, VRASODEFNLY &
Bh—1, 9 BBLU 2Bkg DEEHSNRBOHOSN. T
FloHT 3 BB EOESDRICSVTHESALE
ZFEFIAL, 1970 5 1997 £ X TICE TS ICH
(3 3 BOFL /Y RIRHREIL, RAD 54 TF VRASO
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1970 905 1995 R X TICE EN/TBIBLEICE (1 22 ED
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kgﬁiaaet&sm,Eﬁ#mﬁur%&z1tm
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FOMTER Lo MBERIE, ROomELss
BN 8, VRASD DFIRIC & - TIESHERD
LARIWHTREBICER T3 2 &34 <, RASO &LE#EL,
0.2% AT OEALICT Eleh o 72, BAOBMEE, 5
DOMBIERHFRELTH /4, VRAS OF Ao -
T AR OBREB/MNER S OB TE S Z & AH8E
L7, Bhwp i, VRASD OR3e15kis, BABELFR
L73BREtER Sl L, BWIEATES LB
EN L. A, Lutaava © (1999) (4, VRA OIEEICLE
TRFBOBAREEFEIRAL TV, RHFTE, VRA
50 DEERICL Y, ARBEAEINT 2ERERLS (B
2). LoL, &BRIKBVTIEEREEHETS>TE, B
DA FREE L0 EEETZZET, VRA
50 BRBRAKRICELEANFO—S ADOHEARTETD
Y, ZRIEOEEREFMEIcFNETE S (VanRaden

1992), LHBEOALEDIE, FIWR T VBOBFEDS

PEEICE, SHBREEROTEEMEIL VLD EHER
ENBHH, VRASO i, bl /=& 5 [CiiEsmsRase
IEERICH L THESRAETHY, 2T, RAI &FER
BOREZZRD L XD BOHET &, E5(CRAS0 &
EHEICHBRROERIHRAROSNE 2 End, FIF
EBEAH S LD EHBENS,

WREFRO LV ERELICH 2 ER T, Eity
RELYFILOHERICHF T BT, FATERE
BET¥3 (Young & Seykora 1996). —Z &(d, B
OFEVGERBBEAIEBENIAOHTHY, ENMFICHEL
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T, RADZ{EE L/1BS, RASO & U HAEERTEERELS
RESB BB &N RSN Miglior & Burn-
side (1995) (4, EMH{L% 1950 ELIETE L, VRASO %
FALLBEDAFFICBHBRILAY 1 VE@HS,
1960, 1970, 1980 5 L TF 1987 44 T M O MO TR
REEER02 09,16 BLUI% LHELL XEBD
FIR P4 2 EBICENT, VanRaden (1992) (4, 1960
FLAE BRI L, BBAHETELD, 04, 105
K TF2.0% L#EL /- Short & Lawlor (1992) 13, XE
(CEFBHNATRER IR A v BONBEREFH
L, BMHRICALT7S, 160, 1.80 BLTF2.80% ~x L1
Thompson & (2000) 14, RBOHRILZ S A v EADE
REREH 108 FICHRL AT 4.2% ITEL TVWS
CEERELS VARAEZFIALKEE AT YOS
B 5 FENAERE LB L /2528, ERiHEORTRE
H%%E?hﬁ,#@u,ﬁﬁkﬁd(ﬁa,hfﬁg
Y &R ERO LIS N S D EHEBERE. Fi-,
IEEEICE T 3 160 EA TN OMFE O TSR IEK
(0.26%) &, HFFELEBEL, HTFHPITEVLULER
L7z 1987 S E MO O TI9:7 32 H% (4 VRASO
[SBWT1.62% THY, 1960 ELBIIHF ¥ &L,
STERO LN THOGESHEN LR L TV D
Ban

Young & Seykora (1996) 14, KEOHILZ Y1 V%
BITEWT, ERHUROREN 160 FELRTTHNE,
1970 05 1990 FE FNOEBIZH T BEL - Y EiR
REFEEOLABHFERICERTEI &AL, 00805
0.12%/FENHWBTHLEERLE. O LR, ks
EEMBEORIA S 4 Y EMOBIT 5 TR ESO
ABRTERLBTES Z C&REL T3, Miglior &
Burnside (1995) (3, A+ FDFIZ 7 4 »ERHD 1987
PO 90 FEEINOEBICE VT, ELY/- YRR
FEOLAEMET 00T BLUBHET021%/58H
EL JEEED 1981 5 1990 EICH 173 EDEY
Y THRERE ARG, XEOME S EETRITE
WHEDOHFFEHEL TREBE (0.06%) THhH-ol
Thompson & {2000) (£, KEOFIN R P41 ks
W, 1990 6 1998 EF O BB T 0.20%/FE & ME L 1o
h&:h%kﬁﬁwmmvbmwﬁubwéﬁétu
AR L AR (0.22%) ST % &, FAiRETH
SCEAYIBALA. BBLAZI NS, BECBITEE
TRED L~ XBBLUHF ¥V EtEL, B0E
A EHOLNEY, FECHIT DTSR FN A8
ERIRVHDERBEINS, £, HIREEICHITEE
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iﬂ*‘:tbt%c L, RELGEREBHShAH, T

£/, RETHEREINATVWIBHRILAY L 58 (British

Friesian) (3, FREDJLHME,S ORETEAIZL -
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B 1997 FEICR134% ETLER L& OBEHN D B
(Roughsedge & 1999). dbk#isid5 1+ 235 F & D L
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Objectives of this study were to compare the inbreeding coefficients calculated using the reqular
algorithm {RA) and the algarithm proposed by VanRaden (VRA) with incomplete pedigrees and to investigate
the inbreeding levels and the Influence on inbreeding depression and breeding values for milk production in
the Hokkaido Holstein population of Japan. Pedigree information used for calculation of inbreeding
coefflicients was obtained from the herdbook for registered Holsteins, dairy catile milk records for nonregis-
tered Holsteins, and INTERBULL evaluation files for bulls in foreign countries. These pedigree data consisted
of 4,499,862 cows born between 1901 and 2000 and 130,301 bulls born between 1897 and 2000. An inbreeding
coefiicient for each animal was calculated using the recursive algorithm of the tabular method. Inbreeding
coefficients were caloulated using RAQ (RA algorithm assuming that all animals are related), RAS0 (RA
algorithm assuming that animals born before 1950 are unrelated), and VRAS0 (VRA algorithm assuming that

. animals born before 1950 are unrelated). /The data for estimation of inbreeding depression and breeding
values comprised 1,620,939 cows and 4,810,604 records for 305-d lactation milk and fat yieldé. 1,239,977 cows
and 3,372,358 records for protein yield, and 1,523,859 cows and 4,379,907 records for SNF yield. An animal
model with inbreeding coefficients calculated using RA0 and VRAS0 included a linear regression on
inbreeding to estimate inbreeding depression as fixed efiecis. To reflect the reduced variance of Mendelian
sampling, the ratio of error variance to additive genetic variance was corrected with inbreeding coefficients
of sires and/or dams. Average numbers of generations for cows and bulls born in 2000 were 11.6 and 1.8
when the pedigree information is available, and 8.3 and 8.4 when animals born before 1950 are unrelated,
respectively. Mean inbreeding coefficients for cows and bulls born in 2000 calculated with RA50 were 4.01%
and 5.11%, respectively, and they increased to 4.18% and 5.15% with VRAS0. These small increases
occurred due to the fact that number of animals with unknown parents was small. The CPU time required for
calculation of inbreeding coefficients was less with RA50 or VRASE than with RAD. Mean inbreeding levels
-calcuiated using VRAS0 were 0.26%, 0.56%, 1.23%, 1.88%, and 5.14% for cows and .31%, 0.43%, 0.77%,
1.97%, and 5.15% for bulls born in 1960, 1970, 1980, 1990, and 2000, respectively, The average Increases In

~ inbreeding per year were 0.07%, 0.06%, and 0.22% for cows and 0.03%, 0.12%, and 0.45% for bulls born in
the 1971-1980, 1981-1890, and 1991-2000, respectively. Estimates of inbreeding depression were —24.8 kg
for milk, —0.9kg for fat, —0.7 kg for protein, and —2.1kg for SNF. Correlation between breeding values
corrected using inbreeding coefficients calculated with RAQ and VRAS0 was 0.993 or more for all traits.
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However, the average breeding value corrected using inbreeding coefficients with VRAS0 was slightly lower
than the one with RAD. The results of this study suggest that inbreeding coefficlents with VRAS0 could be
used to understand approximately the outline of inbreeding levels in the Hokkaido Holsiein population and to
apply to not only genetic evaluation but also selection and mating programs considering inbreeding

depression.
Nifon Chikusan Gakkaiho, 73 (2) : 249-258, 2002
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