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BEEI(3 1,306,174 58 3,574,169 28X TH >7/2. TN HD3EL
ER(3, FBE HBE, ER FBEHYAIBLUFRELAN
WY T 05 ABITHEET 5N\T OILDBHEIES NI
LD THB (Weigel & Gianola 1993). BiRE@&HE T
Z1HIERLZBLUP 7Z<ILVETIVIE, SEHRE
LT HB-FR-BERXOVT VIR, HEFITIN—T
BODBRAE IV — T ENBRADRXEER, HEFS
W—TRNONRAEY T 7 IV—TH L ORI T
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(BREfl) &kRMIRIBEMR & S TIEMEE - BEREET
WTH5B. ZIT, DRABIIN—TENBRREY TS
W—TDORREF &, S5 (2002) OFEICLIA S
7o, EEOEE LUSKERIIRIBEA BT T 2R EDED
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EREFRERW £/, EEOEICHT 2RENED
g, FRREICE>TELBXVTYT YT Y
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(Schaeffer 1994). —7, Powell & Norman (2000) (4,
TUT THESN/ZEGBEE 1 (HARMT 25D ERE
L 7 EBEE = A L 723550 MACE sHbfE = Le& L,
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WBIGABBIAEIET 5 C & (Atagi & 1999), T DA
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T RRD 4R EL, EHEF DR (SB), it
D (DB), 4D (SC) B LUVHF D (DC) D&
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ELEmERETHY, BHROCIDRKEE &BKRDIE
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ELTRESINDG. BB LEmBREL, BERFEICE
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EEBIEERE (0e) BN TRRLIZETHY, UT,
BImBRKEELWT I EICT 5. ABRS TR, REMELZE
BLEBEDERES W) BEICKL, HEEERMEE
BICLIGEDREE LT, EmEREEFERL £
1=, BREICH (T BEHE L 2 (M DOIEFLDER
BIREE(E, FTHBEMF L/ (IMFOFEEINITER
DEGEREDFHEXZEL LD THS (Van Tas-
sell & Van Vleck 1991 ; Burnside 5 1992).
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IE, FBELLUVIY VI VEBEICHET 5806
Ocmy Oct B KT Jcp @%E%’&ﬁﬁ L TERLI
F1(1C1E, HABEFEEBDHETEMAIFOMEF LB
A DOFEERERS L UBEBENPS HAEIESERL
7. BRERE LUIEELIESEDEmDERENDT S %
BEHTEBEDESZ, 1980h 5 1996F 4 Fh D@Ll
4£ 3,093 88ch SB & DB X8 T84 99.8%, MAF 1,344,054
FBP SCRIETI3.0% H LU DCRIEETBE8.1% Th o
oo BERIS, ELF /0B 2T 5@HDHEE,
1980 FLIFR(CEEN-MF(CEAL T, AEH L UELES
EBBLZRLEIETH . RS (2003) (3, &4
FRRENR LT EZ(IBRELFIWEETE,

AN TEMR L I BEEHEE(C K 2B FE (RN
HEZEHETRBLTVWENS, MBRELEIAENASH
ThnlE, EIFRREFOMEL LURFDRIFREIFD
BHADITNTICOVWTETEREEZED L.

BRBEESIE L IE#E (3851 1,963 TH Y, H
MiERI(E, 1983 FEEZNLIZICOVWTRL 7. BRKE
BN EDHBEIE(E, 1983 FEEFNITH VT 4.4% (C
FTELRA DI, 1996 EEFNTIE96.1% (TELTZ. 7
DPT, BFENBARDEFESEH OBEEREIEATEE
SnrciEiES (608 88, EEEMF), FFHNEOETE
FESEHOEREEBRAERET 27-0BANSEA SN
7oREkfEAE (1,355 88, BEARME) Thd. BRKESN
-iEd D, BEEHFOEHDEIS(L, 1983 FEF1
[CHWTB815% TH-o72h, 1996 EEFNTIE 23.5%
(SR LT ad, BREREREFLINOREESF & (3,
BARBREFBLAIEATERBEREARB(CY VT VT
L 7@, AETERABRICL2ABOBHENZ %
SOTVW5. HFIE, RFEDEFESICLAVERE
ERHF EBABRN CEESNZDDICNELE. B
NREBHFBR (L, NWFHNBARDOERESEFOM
DI ETHY, MEICHSFE, BRBEZEH#EN
KFDZLEEHTWS., BAERBEREL, XFEHN1HA
EBOEFRESEE OMED I ETHY, ZNITEBAZ
BINE LUEERBAICLZMFE—BEENSD, (F&

Table 1. Number of bulls and cows and percentage of parents® with data usable in
the calculation of generation intervals and selection differentials by birth year
Birth year Bull no. SB (%) DB (%) Cow no. SC (%) DC (%)
1980 118 98.3 99.2 54,358 94.2 87.1
1981 127 99.2 100.0 57,112 93.6 87.8
1982 114 100.0 100.0 60,480 93.4 87.8
1983 128 100.0 100.0 60,241 92.8 87.8
1984 141 100.0 100.0 62,341 93.0 88.5
1985 181 100.0 99.4 65,310 92.9 88.6
1986 227 100.0 100.0 74,040 92.5 88.1
1987 192 99.5 100.0 78,571 92.6 87.9
1988 251 100.0 100.0 82,493 93.3 88.4
1989 264 100.0 99.6 85,739 93.5 88.5
1990 247 99.6 99.2 84,606 93.5 88.9
1991 264 100.0 99.2 82,793 93.6 89.0
1992 202 100.0 100.0 78,706 93.6 89.1
1993 184 100.0 100.0 79,374 92.6 88.0
1994 173 100.0 100.0 79,280 92.0 87.0
1995 180 100.0 100.0 77,060 92.6 87.6
1996 100 100.0 100.0 74,249 92.3 87.5
1997 71,655 92.2 87.5
1998 35,646 92.8 88.7

2 3B : sire of bull, DB : dam of bull, SC : sire of cow, DC : dam of cow.
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213, TEMF SMFOFES(CHT 5 ERRERD
ZibERL 7o A (ST 2 HRRIMRIE, 1980 165
1996 FEDEE D SBRE(CHWT 10.25 5 7.51 &,
DBRBEDEEDEHE(CH T 6.30 5 4.95 F (THD
L, MRE &b HREBOEMIERN RO SN, XIS,
BREERERFEBE L, CNoZEERBHEFEEA
TEF(CH$E L T SBRRISE DBREDHRERDHE
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SEOBEERMEF(CH (S 2 ERRBMEE, SB R T 10.00
M5 8344, DBREBTT.I NS 653FEFTRA[MD
L7z. BRROEEICEVT, BABHEE O/,
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Table 2. Annual genetic changes (oc/yr) by
regression of estimated breeding values for
milk, fat and protein yields on each range of
birth year

Bull Cow
1980-1996 1982-1998
Milk 0.15 0.12
Fat 0.16 0.16
Protein 0.21 0.16
1993-1996 1995-1998
Milk 0.32 0.14
Fat 0.20 0.14
Protein 0.39 0.18
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WT 760 F (TR > /. BERIC DC RO AR,

1980 N5 1998 FE D EEFE (CH LT 5.01 A5 448 F (58
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Fig. 3. Means of generation intervals (yr) for
paths of sire () and dam (@) of domestic produced
bulls and sire (M) and dam (@) of imported bulls
taken into progeny test by year of birth.
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Annual genetic changes (oc/yr) expected in the future for milk, fat and protein

yields estimated from genetic selection differentials (og) and generation intervals (yr) for

four paths of selection®

SB DB SC DC Total Genetic
Gain

Generation interval®

7.78 4.95 7.98 4.49 25.20
Genetic selection differential®
Milk 2.19 1.69 1.57 0.08 5.53 0.22
Fat 2.28 1.85 2.40 0.09 6.62 0.27
Protein 2.95 2.14 2.18 0.09 7.36 0.30

¥3B : sire of bull, DB : dam of bull, SC : sire of cow, DC : dam of cow.
® Means of genetic selection differential and generation interval for bulls born from 1993 to 1996 for
SB and DB paths and cows born from 1995 to 1998 for SC and DC paths.
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The objectives of this study were to examine the effects of genetic selection differential (GSD) and
generation interval (Gl) that affect actual genetic gain per year and to predict genetic changes in the future for
milk production of Hokkaido Holstein cows and progeny test bulls in Japan. The data for estimation of
breeding values consisted of 305-d (>240-d) records of Holstein cows that produced milk with 2 times milking
from 1976 through 2001. The data included 5,012,423 records of 1,687,142 cows for milk and fat yields, and
3,574,169 records of 1,306,174 cows for protein yield. A single trait animal model with repeated records for
prediction of breeding values included herd-year-parity subclass as fixed management group effects, age and
month of calving within each birth year group as fixed effects, linear regression on inbreeding, random
permanent environment effects of cows, random additive genetic effects of animals, and random residual
effects. The Gl was calculated as an interval of the birth dates between progeny and its parent and was
expressed in years. The GSD was estimated as the difference between estimated breeding value (EBV) of
a parent and mean EBV of cows which were contemporary with the parent. Then, Gl and GSD were averaged
on each birth year of progeny for four paths of selection : sires of bulls (SB), dams of bulls (DB), sires of cows
(SC), and dams of cows (DC). Genetic standard deviations (gem, gar and ogp) for milk, fat and protein yields
were estimated based on the assumption that the accuracy of selection (square root of reliability) is equal to
the correlation of predicted and true breeding values. The Gl for SB and DB paths decreased steadily over
the years and had dropped to 7.78 and 4.95yr in the last four years (1993 through 1996), respectively. The Gl
for SC and DC paths were 7.98 and 4.49yr in the last four years (1995 through 1998), respectively. The GSD
for SB and DB paths were 2.19 0am and 1.69 aem for milk yield, 2.28 o¢r and 1.85 o for fat yield, and 2.95 o, and
2.14 agp for protein yield in the last four years (1993 through 1996), respectively. The GSD of protein yield for
SB and DB paths increased dramatically from 1985. The GSD of SB and DB paths for imported bulls taken
into progeny test was higher than domestic produced bulls in the 1980’s, the difference of GSD between both
bulls decreased in the 1990’s. The GSD for the SC path in the last four years (1995 through 1998) were 1.57
oem for milk yield, 2.40 o for fat yield, and 2.18 g, for protein yield. The GSD in DC path had no large changes
and were below 0.10 o for all traits. The annual genetic gain expected in the future for protein yield (0.30 ogp/
yr) was greater than for fat and milk yields by +0.03 og/yr and +0.08 oen/yr, respectively. Those expected
annual genetic gains correspond to 157% for milk, 193% for fat, and 167% for protein with higher genetic
progress than the actual genetic changes per year in the last four years. However, because indications of the
possibility that selection on traits other than milk production have been intensified in the cow population of
Hokkaido region, it was predicted that the actual genetic changes for milk production is smaller than the
expected genetic changes.
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