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A genetic study on defective characteristics

in Japanese Black cattle

Hidemi Oyama

Japanese Black cattle is one of the Japanese original breeds “Wagyu” and the most
popular beef cattle in Japan. However, recently, the defective characteristics have become
a problem by reason of leading to economic losses of farmers, and it is important to
investigate the defective characteristics to get the genetic insight. In this study, we focused
on defective appearance and stillbirth in Japanese Black cattle.

Defective appearances, including white spotting (WS), tongue defect (TD), and nipple
defect (ND) was reported that the annual incidences of these defects were increasing, and
the incidence of heifer calves was significantly different between normal and defective
dams in WS and TD (p < 0.01). This finding suggests that the genetic factor may strongly
influence the incidence of appearance defects in Japanese Black cattle. Therefore, we
estimated genetic parameters of defective appearances of Japanese Black heifer calves
housed in the Kagoshima Prefecture. Variance and covariance were estimated using the
Gibbs sampling algorithm. The estimated heritability ranged from 0.29 for TD to 0.76 for
WS. Percent breeding value (%BV) estimates indicated high variation in WS and ND
among sires, reflecting higher heritability. Furthermore, there was a positive linear
relationship between the %BV estimate of a sire and the mean incidence rate of each
defect in his female offsprings. TD was positively associated with other defects. Therefore,
genetic factors strongly affect the incidence of defective appearances in Japanese Black

cattle. Moreover, we investigated a relationship between WS and carcass traits. As a result,



phenotypic and genetic correlations between WS and carcass traits were non-correlated,
suggesting non-relatedness. Furthermore, we investigated a relationship between a MITF
gene SNP (9.32386957 A>T) related to WS in foreign breeds (Fontanesi et al., 2012) and
WS in Japanese Black cattle bred in Kagoshima Prefecture. In addition, we explored
candidate SNPs affecting WS by using genome-wide association study (GWAS).
Genotyping was performed by direct sequencing and allele-specific PCR, respectively.
As a result, we observed both alleles of the g.32386957 A>T SNP in this population.
Furthermore, composition of the SNP genotypes was clearly different between non-
spotted and spotted groups (p =1.53x10°), suggesting that the g.32386957 A>T SNP was
also strongly associated with WS in Japanese Black cattle. Variation in the MITF gene
clearly explained the differences between non-spotted and spotted phenotypes but, at the
same time, it was also evident that this SNP does not completely link to the WS in
Japanese Black cattle. Moreover, according to the result of GWAS, there was no
significant SNP related to WS.

Reproductive ability is receiving increased attention from beef cattle producers in
Japan due to the high production cost and insufficient supply of feeder calves in Japanese
Black. Although the breed is regarded as a small type when compared to European breeds
and expected to show less occurrence of dystocia, stillbirth can be one of the influential
factors in calf production. However comprehensive research has not yet been conducted
on the trait in Japanese Black. In this study, we estimated genetic parameters of stillbirth
in Japanese Black cattle in Kagoshima. We defined stillbirth as calf mortality between
244 days after successful insemination and a day after parturition. The single-trait
threshold sire-MGS model was used for parameter estimation. The annual incidence of

stillbirth ranged from 1.8% to 2.2%. The estimated heritability both direct and maternal



for stillbirth was 3.1% and 3.3%, respectively. This estimate was lower than that

previously reported in Japanese Black cattle.
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Table 1-1 FFOBERFEOREL (F B akHIA T Y132, 1980)

R N

1900 4F—1912 4 HEFE ZEAH A b

1920 44X JSHUR 2 B8 0 245 W CREAE (RS (BRAATRYE) DERK OBk 2EBR4A
1935 4 HEFAF T 2 DS AR SR AA e 4 R

1937 4F B FEEO—Tull < BERFETRBA O A >

1940 4F H e PE S B PR (R R AR VE D A T

1944 4% enfERR Gk < REANTE, HEEAAE, M TR >

1948 4= A E TR R 2 DRR AL

1950 4 A W R B THLE DO AT
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Table 1-2 Fb-O&GEFEEOREY (FEK B % —, 2018)

TEE 4 i1l Yok 14 RS SRR 29 ARBE
¥ A 2 (KQ) EB 4375 499.9
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7 — AN AE(cm?) £EB 52.6 63.1
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17



EDHET, RFHBROBEIZL > TRIEL 2D b OFEATTRIZHB W TEE
gL 72D b 0% BEOBHR DML E 578 & FBEEREIC - HUIER b
STeb DD, BEMES L TORMBEORMEIILED L THERI SN THEY, ZnbHD
PG RIS RE L & ICREFERSHICTERINL TS (&R
FRER T g, 1980; EFAX ek, 2017) .

BUED BB T 2 BEUCE 2 FAE L, b Seksr s v (e
R, 2017) (ICBWT, 25 1 H] O NCHMAEDBIE 2L D L Sh
TWa b0 (EE ERMEER. BE%) . [F 28] BEmkbo L Bbh b,
ZF OB HIR E T, BB HE L 220 b0 (2, /NRER)  [5
3H] EEMRLO L BN DR, ZOBGHERSNEEA L, o, oY
DIEBUZ L - THE L 2 RFADIEOHE LD, oI LS b oL B
nabo (REA, HLEE - BT OBEE 2 B, LIHCRES) © 3FEE
SN TWD, 209 L, KigE LTHbhs b OIFEREA, ILEH () -
%y
U LDOHWEOFEEHAEDH L Db ZHUCHEY T 5, WEEOFEHB 1T, (1)
PE - B DORE  BENENS O (FHNRRETREOEZE LI 2N %
Br<) . REHIE (FRCHEZ L RWHIEIER) 88 - SR (FElR b0,
HHIZ £ D b DR OEZE TRV DO ZERS), ET 720 UFEIE 7235 Eir 72
LOERS), FE UNE) 2R, WD - @8R - 655 - WIkkG, AA%DS L
200 EEGDEMAb O, BE - BN - fEER - ILMRED S H 2 58 1
BOEMA L0, TNV TNE | BEE - 8655 - BHREO VT

# () LIS OBRE 7o HBE, FLEAECRE X NEH FLEAORAE ENH D . 50%

AR AT b0, FLEE (M) - BEsl () DM/ H 5 H 0, (1)
HIEOEE A ROHIHED 9B 1~4 KPE/N2H DT, WO AGER S FL

(R) DHDLHD, () LREIIMAEIC L > TENEORFE PO BN LHY;
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B FWEORE L L TORRIT VN, FiRaRE L TORRINS, (5) &
DOYE HEES - B UANAOABERH 25>, 2137 Z LOAADOLGEIZD A

EFEEZRL, AE BKE) EroidngEe | NABEITAA L OmMENFT L5
B EIZOVTOREINTND

AW TIL, BEORTH ABE, HORE (R - b - ez - e - 7E)
KOHLIAD B (FLEESOR 2 - FLEABGE - IR - FLIERE S - S/ o
3MICHEH Lic, ABHX, FBEEMEDLR LT | FEUWREMEMITHA (AR
IKEER, 1950) HFLEE “HOBEICE S FEH - HOME OEROKE (B
MOKPER, 1984) IZBWTH, BEMEOMEOEME L LT HrE LN EREE
RABEDIRNT L) CFREE CERE 24 £ 4 A 1 BEMWKFER S TE 9 5 (B
JKPER, 2012b)) DREATICHEV, BIfEIFFELL) S TR Y (RHMOKPFER, 2012a) |
MEORSEEROWE L L TURkEN CEBMTH D, AFLIOEDR
wOREE ) KORLEAD RS (FLETEAE . LIRS, FLEEL]N) 1, 1950
FRPLBBMSNTHETH LD GEEBaEMHE P RifE#S, 1980), 205 b, H
BE & FLEHO B IR ERBE AR ICRIE L R 25803V | BIIRFIC L - TRIK
BRI OB D RN H 5.,

TIVE TICH & X, B REREBREOME 2B 5 ABE, & ORE KO
IO RE OFRAEFENEL EEEMICH D Z & AR E HEORFIZB T, Th
DOEBEREL TWDLRFEE EF RN AEENTEFFORERIZIIAER
EZNDDHT L L UhU5,2017), Ziuk, BEMETRERETLIZNDLD
BEEMNBUETHREEIITIKIN TV RN &0, BEBORAITITEBN
BNRKEWABEMERH D Z L 2R LTS, & HIC, HEEA R4 & AEE
ZHORFORICEENT-HROBERIIIAREN DY, B—EBEFIZED
RETIIRNZ EaHE L UMMUs, 2017), ALEIICE T 5 BAOERIX
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WS ODPDOREREEND HBETEIZ L > THEIN TS EB 2 H T
Do LNLAN G, BAITESIEEZ RTFEOMEET L E SN TEY ., &
fr7 & KRB ORI WO EIRMERH D & STy b (Protas &, 2008; Hayes
5,2010), £ x| RWFFETIL, A ®APE & LT - 7=, Ihara & (2006)
(X, ESEAENTIC K o TRBAE TRAT DA R OFAEIL, W ODEIR
TEENABEICEET 5 AREMEN H D Z L ZH DI Lic, L L 6| 3
ANEARA R BN & ORRER G532 DAL M SN TV, ZD720,
AWFZE IR B R PE BB AT O ME - HEEH DBARHY N T A —Z 2 HEE LTz,
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Table2-1 FEEAEIZI T H2EBORENL (F &R ERHER 917

e, 1980)

Ei=KL

AR ‘

M4 (AR E] PN

1924 4 FEVEEIR [REVE S IR A F AR R e (AR ] HES (BHHEEZED) , WEH (B fES O HR
B, B, BRE, mEXLKOHORELEZLLBELDOK
ORI

1928 4F R R AR EARR] BEM, 0EY - BRI O AL NEETAE H O

1929 4F IR [{HRSFEZEERICEE T 2 HLE] —eEf B 1B, B MR, B (RLDSMNIRE LT
x) F

1932 4 IR [FA B FEHRE] BEE RS, PR, KW, B EIEERETO/NA
HE2RSBEAOHLLDOLPEOER ETZIXEED L
)

19334 SR [SEUROFEAERT] FHEA, J0EE - IWESLSA O A, FEHEHE O
ORI

1935 4F ER RS [ AR ] HEA, JEE - IWESLS O A, FEHEHE O
ORI

1940 4F g Es [P EES R EREEREAERE]  BEa, IEsE ) - AEH () DS oasE, Eo
K7D bOkREE L0, 2HHE, AF, - D8E, &%
B K& O

1948 4F  ZEFREk S [BEMEEATEE] REf, IEE () - AEHS () DAtoBas, BF

K OK
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2. MR O TGk

2-1. fEAHTR

MENZIE, A AEEE N EER RS TS & RSO TS Tw
%, 1998 4 7 Hirb 2016 4F 4 A F TlTAEE IR S R PE R B FfELE 74
771,830 fRIZ BT &, FARER OB &L AR E®R (LT, 747
—4&) BV, 205, BEERFRVEE (LT, ER) 1 714,065 £,
BEEFEOMEE (LLT, ) 1357765 Th o7 (Table2-2), 723, A%
T TEHRMITEKICE LR b Db TR TEER TV S,

Table 2-2 Data structure of calves.

Trait Normal calves Defective calves Incidence (%)
WS 743,537 28,293 3.81
TD 748,911 22,919 3.06
ND 765,277 6,553 0.86
Total 714,065 57,765 8.09

No. of calves, 771,830.
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2-2. T—HDIERH

(1) B AL, BEBEAOWENICRICALS R, ZOTORERE
I EE R TH D (Figure2-1), FEIEHEIZISWNT, FLAE - FEE (0D
B LSO BEEE, AR THRINK (ROBEEARFTHR) Lo
RESTRIEL LTHbIL, EDITRIE L 72 5 OEINRRN (RO KL
) O/NEEEDR B DA IR, BERINE (2~10%) Oxtg &b (REFA
Bk, 2017), 7272 L, FUE - FLEES (REE0) 123l 2 AsE (Figure 2-
2) 1%, ZORE SRR BERATRETH D, 0B, AT —F TITHE - A
R (REEs) O BRBES & EiL T,

Figure 2-1 White spotting Figure 2-2  White spotting on udder
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(2) FOERE . HEO—EHHLWNIEENAL LD THY (Figure 2-3) .
AR TITREE (B HE) - hiE (R0 X) - & (5bHOX) - ek (&
FOX)-\AE (LALK) 2 LD THEORFE L L, FEEMEICHB T,
EORFBITREIT O, EEETHRAE LTI - EHLS O A5
S LR LT DA ITERINE (2~20%) OB LD (EFF 5

£ 2017).

R g i FiE B&

Figure 2-3  Tongue defect (white color showed defective area)

(3)  FLEADRF : AR CILFLEABOR 2 - FLEAEET - FLIE S - FLEAIR G A -
FLEREL/ N b A £ & O CTHIHO R & Uie, AFEAE (Figure2-5) &
(XIEH 4 RS DAIEEN 2 AR IARERELTLE ST D b D, FLIARET

(Figure 2-6) & IZFLEAR L@ L0 bEEHI LT\ 5 6o, FLEEE A (Figure
2-7) CIFHBRLEEE Lo b o, ABMREE (Figure 2-8) L IEXFLEHADEE
HARE LTS b0, AIHE/N S ITHBEIEE LD bEI > T0nDH D
T FRT, FAATECIXALIASON B R QLIRS 130 & LT, LI
N OVFLEFM S RN (FLEEAE/ S - 2~20%, JLEFAR@ A © —f 20%)
DR L5 (BRERAREKTZ, 2017),

24



Figure 2-4  Normal teats

Figure 2-5  Teat absence Figure 2-6  Abnormal teat location (1)

Figure 2-7 Abnormal teat location (2) Figure 2-8 Abnormal teat location (3)
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2-3. T — X Ok

B OF B IAE G oA & "9 2 & D, Wright (1934) 12X » TR S
72747 VT ¢ (Liability) OfE&ICES < BERICEW., E% 4 (0], 8%
Z M1 L L 2fEOREIE L L THoTz, ZOMm T, WEO RN
FH A SEITHERE LT, BEOHRIOERNRER P D D ERETDH
DTHY ., ZORNZHEGEERNT A TEY T4 THD (HHED, 2005),
D, 20747V T 4 BBEL TR & XIZIEFE 2D, BEZ8EX 256
TITHRBIEAET D Z L BT,

WIS, FHT =2 711,946 HFD 5 B LIS T D EIRD T — Z ZHil okt
Gl L,

-« HAERFREARAE IR DS 1R £ 7213 17 UL LD b 0,
- HZEAEH 23 1,000 SEAT O H O,

- AR PETEES 50 BEATH O R,

- BAEREN 20 BRI D4 (FRHEA) o

HIlBRTR D7 — # 13 553,437 {1 & 72 v | AR I T 5 NER % Table 2-3 (2R
L7z, &6IZ, 553437 oM O BEF T2 BIHE LT 2 A, AT —
Z G 88,317 AR Lo THE Y . T D DO%RGIERIL 266,786 {5 £ T
W, £ZT, I 88317 thdREIZHOWT Y, M7 L RIERICHEE, B0
REROHBEORFE ZThZh, E¥% [0), AEE 1) L LTEHALE

(Table 2-4),
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Table 2-3 Data structure of calves.

Trait Normal calves  Defective calves Incidence (%)
WS 533,121 20,316 3.81
TD 535,933 17,504 3.27
ND 548,497 4,940 0.90
Total 510,677 42,760 8.37

No. of calves, 553,437.

Table 2-4 Data structure of dams had own calf data.

Trait Normal dams Defective dams Incidence (%)
WS 85,449 2,868 3.36
TD 85,903 2,414 2.81
ND 88,138 179 0.20
Total 82,856 5,461 6.59

No. of dams, 88,317.
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2-4. ST 5L

SATICIE, ERERE T =~ v ET NV ERWTEREH T A —X 2 HE LT,
7 =< /ET /L (Figure2-9) &%, BEREESIOWFLEE1 72 E D KL 912, *IGEK
H & DBk R > TO DB ICHGERE O ERM%Z TR 5720 0ET L
ThHhDH (ExK, 1994),

K7 &7

LRI R
D B

B

Figure 2-9 Diagrammatic illustration of animal model.
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B, HHTCHWEZET VIZLLTOEY TH 5,
Uijkim = 4+ BYS; + Fj+b, ., < IBC,+ b, ., * CAD+ b, ., * CAD} + uy,

+ €ijiim
0 .
if Uijkim <T

Yiikim =
1 otherwise

22T Yijm VXK B OMETHICI0 2RO BB, Ujgm 12747
B YT o TOEBME, p 132, BYS, 131 & HORAEFHROREGNR. F
3 BEEHOBREFOEEE. IBC, 1 k& B OMET-F0Fs84% 8. CAD, 1

| % H O AR REFER b, . (37 PO ENT S5 1 IRIREIFEREL

b, O b, ., (XHERRERICAT 5 1 RO 2 WIRERRE ; w, (2 m

FHOMBGBEEIE 3 K ejjpm 135RAEETT,

SN AN TS ZD R DRSS Sy O EMEHAEYER A= % Table 2-5 (TR L72, 72
B, MAEHRIT 1975 42 F Tl - 7=,

S (Fai) oHEEITIE, Gibbs sampling % W2 XA AHEEEEIT O .
BLUPF90 7 7 2 U — THRGIBBS1F90 7' 7' 4 (Misztal &, 2002 ; Tsuruta
5, 2006) ZfEH L7z, Z2d6, 207077 ATE O IIRBEMHELE LTH 20
SINTHIRICIZIEH &2 (1), 8% 120 ([T HBm L, Hricid, BEoEESHE
1.00 {Z [ % L T 400,000 [F]0> H#EH 4170, e 99> 100,000 [ DY 7" /L- % burn-
in & LCTAEZEL . £D% D 300,000 [El D 7L % % H) OB I AW, 4
W OUACRILOFEZRIZIZ, FL—RA 7By M Lo CTHREMICHET S22 L0
T& % BLUPF90 7 7 2 U —® POSTGIBBS1FI0 7' 12 7' Z A(Misztal &, 2002) %

LAY
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Table 2-5 Levels, mean and SD of each effects.

Effects Levels Mean + SD
Birth year- season 71 -
Reproductive farm 3,545 -
Pedigree information 771,252 -
Inbreeding coefficient of calf - 5.44 +£4.20
Calving age of the dam - 6.72 + 3.53

F7-. HEBHEM (EBV) OB —RA1X 2006 FEICEREL., ZOFEICAEEH

714D EBV EXMEZ 0 [ICE X HL 2, 2&F{KICHIT 5 EBV I OiRAEZT-

779
—o

30



D%, VanTassell & (2003) KX Cole & (2007) o iiEasE L LT, L

S EBV #%BV (25 L7-, EHFEIZILLFO®EY Th b,

%BV = (1 — F[—EBV + F~1(1 — x*)]) x 100

T2 T, %BV IZEBV ZEBEDOR r — VIR LK HEBORAER (%), F
I IHEAEE L0 AT O RFRE o AMEE, F~ 13 F OWiBA%. EBV |1BE~— A%
BOHEEBFRAM., x IZOWTICHWESEBEBOBERLEZRT, ok, HIRXIX

Figure 2-10 ®i@ Y Th 5,

Figure 2-10 Diagrammatic illustration of %BV.

31



3. FERKLOER

3-1. SRRy HEE fIE

HEE S 7=k GEHD By DGR % Table 2-6 1Rk L7e, BHHEF /T
0.03 (TD) 725 0.26 (WS) D#HIPATH Y, WS KU TD IXIEEL AL 07
7z, EESEIZ051 (TD) 205 3.38 (WS) O#HZ -7,

FR WU D BHERFE B OFIGIE WS, TD X TUND TZiZ41 0.01,
0.15 X Tr0.01 2o/, ZDZ b, TD OFEBLUIIE, BIEA 2R & 2R
EOMFEOWGTNEEL TNWD I ERFBINT, LALRRL, TDIZDW
TUEFHHRERICEEESE SN TWRNZ ERH DL AEEERH D, ZNHITL - T
BT ITEERH T Db Lt 28725, TD OBRAEIX, KRR
[ZEORT, FAORERIT TEORELHRT 2, T07d, MoOBEHD
A LT 5 EHEER LI Vot LV, X512, Randhawa &

(2009) 1%, Ny Ty u—IZBIT o/ EHEAROIAIT, 7Y RO IR
HERA O L O AR EFLERIE L2 LI2Eo T, FEA RS
ICERRIEIE L, SOICHBZHSIENTE D EWMELTWD, MR
S, FRITRERTE L WV o L EEIF IV THRINICHEEAZRIET 2 b D
Thv (E5,1983), ABFIEICEIT D TD DR E —&T 5, 2D b,
Randhawa & (2009) OifiHiE, TD 2EREEAIRERIC X > THRAT L alRetED
HHZEEHRLTWND,

AL WS, TD, ND TZE4 0.76, 0.29 (1050 TH Y, BEFMMET
AT LHEEUTEEER DR BEMR L TWD Z ERNREI N, L LR
5. WS KONND I8\ T, REVGEICxT 2B RE OB ENIEE AL

0 THoT-T20, BIERN 10D ENBFEINEZN, FNFN0.79 LY
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0.50 LHEE STz, —MAvIC, BB L 5 R BOMTHRAET D HHITS S
BIETFSICEoTHRIATHZENHALNTNDEN, 2L OFISRH D Z L3l
HINTWD (Olson, 1999), £z, WS DIEEITIT—E DKEDEMES
RNEEL TCODLAEENS D, L LARRL, ABFFRICE W T3NS
ERHIROHZEZE L TBY | BHEEEDHRITET MM T RN, 5%
FEMBEENRICOWTOREET 2 LERH D, S HIT, 1924 FE XV RBEN
IEBREMETRAET 2 AMOLRIT, FEMEEOPTIF2LER LRI, £
D HBER 53T dH B INEDNT Ko TRAED 2 VIFRERME & L Tilbh T &
ko, EELLKARWEEE LTRSS TEL, ZhHDEEIZEL->TH
BOREINWNSLRoTWDLAREERH D, 2FV, FHmEICKENT, &
S/MSWVWHBHIADOH TIZRSIT S Z 0 TET, fidkd LTEINLTWVRN
AREMEDN D VD . 2O L) RIRZENBEIBUICE ENTWRWI EBEEL TV
L7b L, )7, ND OEEIOMIZEE LT, Brka b (2002) [EEIFLEHD
BREEY, Dy —~ VA E—NVER N Y=~ T T AL AETE
ALEAL, 045 KM 043 LRELTHY . Z ORERITAMIED ND OB L H
Bt 5 & bFNITUED T2, NDIZHOWTIE, AR TIET — 2 K04 |,
FLEECRN . FLEEal, LB . FLETRGE M OFLEREV N O 5 fifE A £ &0
TIHREELTHES TWLZENREEL TCWDHAEERH H, 4/%IT. S HIZ
T X EERM U LT, BN R, LIS, FLEE RS, FLEURIEAS K O
SHELNENENUC DWW TEIBIINT A =2 ZHEET DM ERDH DL, S HIT
EMMEIZI T 2 AFEHA ROV TESENT 2 LSRR, W< O OBIs1
MABICEELTWD EfEIN TS (lhara 5, 2006) . ND OFEHLIZE
F D BEHEEC OV THLRET HRLERDH D,
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Table 2-6 Variance components and heritability of each appearance defect

Genetic Farm Residual Phenotypic
Trait Heritability"
variance’ variance’ variance™ variance’

WS 3.38 +0.25 0.05+0.01 1.00 +0.00 4.43 +0.26 0.76 +0.01
D 0.51 +0.04 0.26 +0.01 1.00 +0.00 1.77 £ 0.04 0.29 +0.01

ND 1.06 +0.17 0.03+0.01 1.00 +0.00 2.09 +0.17 0.50 + 0.04

"Mean+SD. *Residual variance was fixed at 1.00 within the analysis. WS, white

spotting. TD, tongue defect. ND, nipple defect.
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3-2. BENROHEEE

ART —H %% 20 BHLL EAE L TR Y . o EEFM (EBV) OIEfE
JEAY 0.90 LA EDRANTI T 2%BV O#iPHIZ, WS, TD KT ND TZ L1 0.0%
~95.4% (n=214). 0.0%~34.2% (n=142) K 1*6.0%-99.6% (n=102) 7=~7=, %
o, RF—ZHic#fE 5 U EAELTREY, oORT—FXFICHE O
RAEFREOFLERD & 5 R (n=17,449) 1Z351F 2%BV OHiFHIL, WS, TD X T'ND
TENZ10.0%~100.0%, 0.1%~34.6% %% O 0.0%-31.9%7- - 7=, KIZ, KEH
BT INE DR RO FEOWBY (22T, EHZE4 Figure 2-11 &KW
Figure 2-12 @30 b A 77 A &AERK L2, WS IZEBW T, R4 L OE4FDO%BV
ICIHERIC L > TRERENH D Z EHRINT T &b, MEKER TRIER D
MRH 52 EDNMER SN, S5 WS IZBWTER NI ADIIKRE MR L
7ol A RAEKROBAORIERLL L (4 57.0% K% O« 47.6%) OfETR
13%BV 7 10%AKi CTH D Z LA/RSNTZ, £, TDIZBW T, RFEKTE:
ED%BV 1L 35U ARG THY . ZDE A~ 7T AIRITFEE O R (R4 :89.4%
FOEEAE © 98.4%) D%BV 723 10%ANl T D Z LRSIz, ZDX D 7R
Elpoc B E LT, 1924 0 BIsE - - BEFFEOFAIZB VT, WS & TD
MEFELLRWEEE LTRSS TE RO TH L0 Livewy, fliJi, ND
2B T 5%BV Tl RAFMITKREREDHR S NZ—F T, BAFTIE%BY @
T &AL 10%A0 & . AT TREEZENNS S 2o TNl &b 1
B CTEDMER S iz, T, ILBOEEIES RN L - T2 5 2 & 3%
LTWD0s LRV, B 2 138 AR EIZ W T, HETITELEIS T 2 AT
MWTRALVRNTHD—FHT, HETITARA M EEINTRY (2EfMABERH
22,2017), ZDOZ EPMERIMIZICEE L TWD ATEEMEDR ® 5, 41 1E. ND O

(BT 2B FORET 272D, SORLPENMETH D,
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(a) (b) (c)

Density

000 002 004 006 008 010

0O 20 40 60 8 1000 20 40 60 8 1000 20 40 60 80 100

%BV of sire (%)
Figure 2-11 Distribution of the %BYV estimates of defective appearances for sires.

(a), white spotting (n =216). (b), tongue defect (n =145). (c), nipple defect (n =115).

(a) (b) (c)

Density

O_LI'JO 0.92 0.94 0.06 008 0.10

—

0O 20 40 60 8 1000 20 40 60 8 1000 20 40 60 80 100

%BV of dam (%)

Figure 2-12 Distribution of the %BV estimates of defective appearances for dams
(n = 17,449).

(a), white spotting. (b), tongue defect. (c), nipple defect.
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EFEOAE (WS n=214, TD : n=142 &, TXND : n=102) O%BV & Zil b DiR
DR GEA R & OBMR A Figure 2-13 (R Lz, W& OBIZIZIEDRRIE D
B AN ER 8 H 7= (t-test for regression coefficient: p<0.01), 7235, FHEMIZHIT
HRERE (RY) 1X WS T0.742, TD T 0.481 L (YND T 0.350 72572,

L EDOFERDG | 8O &H D FEMEFI TR E SN2 0 b DO FEEO
FAZEAD LWL DD DJR KRBT Z RIK LTV D ATREME R STz,

300
-
S

. A
m 25, -
g 5.0
p—

A

8 ., WS
Yy
o 200 F e TD
8 A
© ° ° A ¢ ND
; A [ ] .,’. A AA _;".
¢ 10 |, N - - WS
) N 7 A A A A".' A ™D
= e A . Py -
S .. ," A“‘,“‘ A
5100 e, 4, N A . — ND
) ‘ A
an A -
< s A
= A
g
-1

%BV of sire (%)

Figure 2-13 Distribution of incidence of defective appearances in calves with the
%BV of sires.

WS, white spotting. TD, tongue defect. ND, nipple defect.
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BB T DZHEES O BLUP DOiiglX, WS, TD X TNND TE+h £ 1.14,
269 LTN072 THY, TNHITBIREFZ DHORE IBRRMINTEY, TDIX

BHERF M DED K E -T2 (Figure 2-14),

i (a) (b) (c)
< ) i
z ™7 I
5
o J k memﬁﬁk il

T T
-1 -10 -05 00 05 10 15-15 -10 -05 00 05 10 15 -05 00 05

Solution of reproductive farm

Figure 2-14 Distribution of the solutions of reproductive farm in defective
appearances.

(a), white spotting. (b), tongue defect. (c), nipple defect.

BRI BT 5 HAEEFRH O BLUE LN DOFRAR%E Figure 2-15 K
Figure 2-16 (2o L 7=, HA4EZEEi o BLUE O#iPHIX, 0.99 (WS) 75 1.52 (ND)
TH 0, 1988 45 2015 TN THIIME M &8 LTz, 2, BAEROHER
EBRIBROBM A D D . Fex OLETO®RE L —& L7z (hUb, 2017),
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Figure 2-15 Relationship between defective appearances and the solutions of

birth year-season.

sum, summer. win, winter.
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Figure 2-

birth year-season.

sum, summer. win, winter.
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BB T D RO AARE S OVt R R R O — IR (TR) [BlmtRik %
Table 2-7 |27~ L7z, T-A4 DU AR E e O\ AR R I3 12 35 1) D & 13-0.01 (ND)
5 0.08 (WS) &Ur0.01 (ND) 725 0.00 (TD) THV., FoEEICBNTH

TAEL, BEOBEIIZHEVRE LW LARBR IR,

Table 2-7 Estimated regression coefficients of defective appearances.

IBC CAD
Trait
Linear Linear Quadratic
WS -0.001+0.002 0.006+0.003 0.001+0.000
TD 0.000+0.001 -0.008+0.002 0.002+0.000
ND 0.007+0.003 0.003+0.003 0.000+0.001

MeantSD. IBC, inbreeding coefficient of calf. CAD, calving age of dam
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BARH

FEIE 2 QMR 1236 1 2 2RI O B a2 % Figure 2-17 K& O" Figure 2-18 |2
mUTZ, 7B, TS IERELES K OMER DA T & Dk HERRZ)S 20 fELL ETH
% 1975 4725 2009 E DR & LTz, FREEAIC I 1T 2 BIsr#E L, WS T
1.90%~34.48%, TD T 0.59%~3.36%}% OF ND T 0.28%~2.78%, /123 C
1T WS T 3.05%~25.44%, TD T 0.49%~3.10%}2 X ND T 0.26%~1.27% T &
0. FEEER R OWEEO RSB T, AEICEA L T DHIA MR Sz (ttest
for regression coefficient: p < 0.01), 725, W& ki LT, A ORBFAD B
TIZEB L TWDEAA L BN D05, ZAUTESE T & OKRELD MR Tl
2,889 1£~16,789 1 Td 2 DIZx LT, FHMEATIL 22 f~65 1 & D7z T
b5, Flo, NDIZEBWTIE, MLV bHEMEFO A ERAOE S A RIS
mo 7o (ttest, p<0.05), ZOEHE LT, MEFAOFPHELZV XY T
MENZ ERFELTHDEELARY, LALARRG, WS & TD %, flE
4L R ORIFROME A EZIT 0> (p>0.05) Z &b, ZAETO
W DOFFIZIB WV THEZEITR N E BRI S L7,
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Figure 2-17 Estimated genetic trends of defective appearances in sires.

WS, white spotting. TD, tongue defect. ND, nipple defect.

Mean of %BV (%)
=
=

—a—WS
—o—TD
ND

N N DD E N O N DD PN DSOS
NN T DD OD R M N B A RN

birth year of cow

Figure 2-18 Estimated genetic trends of defective appearances in dams.

WS, white spotting. TD, tongue defect. ND, nipple defect.
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3-4. TR o B

B O FREER K ONESHEEI % Table 2-8 127~k L7z, WS & TD O FAE!
FERA K OVEAFERSIR, £ %41 0.286 K11 0.463 L IEOFHRENH Y | Fm Fi%
BHEXE B%ICENWTEBICHAETH-72Z EMnD, WEOHICERM L OEIR
MR B R SN Tz, /MU D (2017) 1, WS & TD Zf#38 L 714 %l
ENETORBOMBEDEDOP TR S N-TZ L EME LT, SbIZ
WS & TD & DOBFEIZ W TR, FdBirsi gt (BEMA R, 2017)
[ZBWT TELEES - B LM ABEDR 50y, FITETZ LVWEA DG EIC
DHEFEEZEL] EORTENH D X OI2, MBEOEEESER I THD

ZDOTEML, AR THRROMEA RSN, 7, TD & ND DD
RIFARE & e FR B XM 95%ICB W THRE TH o7z, LLARR L, T
BAMREL1T-0.027 LITIF 012 o 722 &, WH OREEMEIIIEF /SN &2
Mgt sz,
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Table 2-8 Estimates of genetic (above diagonals) and phenotypic (below diagonals)

correlations™ among defective appearances.

Trait WS D ND
0.463 +0.028 * 0.039 + 0.040
WS
(0.408 - 0.518) (~0.039 - 0.110)
0.286 + 0.008 * ~0.039 + 0.052
D
(0.271-0.301) (~0.140 - 0.055)
0.000 + 0.014 ~0.027 £0.013 *
ND
(~0.028 - 0.026 ) (~0.053 - —0.001 )

"Mean + posterior SD. (a - b) shows 95% highest posterior density (HPD)
region,*95% HPD region does not include 0. WS, white spotting. TD, tongue defect.

ND, nipple defect.
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4, /g

EEMMECRAET 2HML. MEORMEL R S OB b —H TITEIHE
FARIFEHRRE 52 5 RBIFE TH 5, RBFFE T, B S IRE R B OME
TECTRAT HHEMUICE VT, TAERER OIS 553,433 4 IV TR/ T
A—REWHIE LT, ok, TAIFBEBOTTHLHE (WS), HORE (TD) Kk
OFLEHD A (ND) &Wo o SFHOHEBICAE R Lic, o Qo) OHEE
2%, BIEBEE T L% T Gibbssampling i THEE L=, & HICHEEBE
filil% Van Tassell & (2003) % Of Cole & (2007) D Jiik%EBEIZ%BV (T4 L
7=

BB 28 E=1E, 0.76 (WS), 0.29 (TD) KT 050 (ND) & FFfRAEED
bREHEESNIEZ LD, HEBOBEIITEEHERBREHEF LTV
FREMEDS R STz, Fio, RGBT KT 2 B F O FIA 1%, 0.01 (WS),
0.15 (TD) K& 1r0.01 (ND) &HEESHL, WS & NDIRIZFEAL 0 THoTZZ L
M, MEICIXEIHEZOREIIZLEA L RN LIRENT 7T, TD D%
AENITEARI 220 R L B E DR OM G N EL TV D 2 ENRBR ST,

R (KT — & fic#%E 20 HLL EAEPEL TR Y, hofEERM (BV) O
EREREAY 0.90 LI EOER) (281 5%BV O#iFHIX, WS, TD XIO'ND TZh <
A1 0.0%~95.4% (n=214), 0.0%~34.2% (n=142) K& 1}6.0%-99.6% (n=102) T&
V. B (R =2 HPICE SO RAER OO & 5 EK) 17,449 BT
5%BV DO#iFHIL, WS, TD X TIND TZZ 41 0.0%~100.0%. 0.1%~34.6% %
N 0.0%-31.9%7- > 7= Z &6 WS & TD [ ZlERE TRIERDER A H 572 H DD,
ND DWW TiE, RFEE D RAFDHRUBY OFPANKE N7, ZAUx, 4%
TIZB W THEE CHBORKEN R D Z ENER LTV DAL H D, &
BT, LEFEORFD%BY & D DIRFOFEEEFE AR L ORRICIE, ED
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HRIE D BIFR 2 ZR 8D B 17z (t-test for regression coefficient: p<0.01), Z D Z L2 b
BED & LT ITEAMBR SN RN OO, FHEEBOFAEICEAD LN

ONDOBAR T ZRIK LTV D ATREMEA R S 7z,

FHRBICB T D EIHRZ OMROMEIL, 1.14 (WS), 2.69 (TD) }1*0.72 (ND)
ThY ., BIRFOME KM UTERERE o7z, S 610, HAFFHOZ R
1988 47> b 2015 T THAMEM 27~ L, Fex OLIETOHE & —B L7z ()
5, 2017), — 77, TFOERBE K ORI O RIX < /hEVH O
Thh, HEBOREIIIHEVZEL RN ERRBE I,

FEREA X OMEARIZ 31T 2 B HEBOBE#EEIT, 2TICBWTHEICEF LT
W DAEA S HER S Fu7=  (t-test for regression coefficient: p < 0.01),

VR OB TIZ WS & TD ORI IE DEA=AH B K OFRAHBE 23
TD & ND OFICRORBAABNF S, fem FEE LXK 5% ICB W THET
o7,

AT 2O L 5 7%, PRENDLHWVEBERL R~ T RBEEITRE
BREICEVBDIELZENTES, L LR L, BRFIHERKO K Z WRF
HLDONT o 2AEBE LSOO, HBEBD SELLERD D, ZODH, HI3E
IZBWWT, HEEE BEMEORFIVE Ch HRAEE & OBEMEZTHA LT,
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H3% BEIREIREREMME CRAT 2 BB & BAEE O

BEEEM: DO TR A
1. #5

RISV T, IS REREE CRAET 2 HEMICET 28BN/ A —
Z DOHEENZ DN TR, ZORER, ABEOBISHIMEIIFE 42 LAMBRICH Y |
ABEILE G EN T RRETH 5 2 L AVRE N, )i, FEkEE L & —
(2019) (C X% & 1985 4EM 5 2013 4EIC/ T €, HABE., v — A RNHfE, N7
DJE S KT BMS No. DEARAYEEEN T~ LR, B2 FIENIREIC R W TIAE X
TREMICHD ZLnb, FIRE L bMRIERICK B2 EAL TND Z & 2l
LTWd, ZNOLOWEEBET D L. HEE L BREE ORI ERR 72 B
HOFRMENBZ b D0, ZHE TICHE S KAEE & O OBIFRIZOWNT
A LI HBI03 20, £, BUTOREMBEDOPERNRE ) OW R TlX, FKEl R
FEEAE (EMOKESR, 2015) (28T, BEAICEIT 2 B B o CHEIAZHE T
BURAERE S OB DR SN THD Z e n | (RICHBORA L IR &
BT DR BT 5 5BEH2 B EA HIVUIHETH V. WHOBRIZOWN
THOLMNZT D EIFEETH D,

Z ZCARBIE T, BIETHWE T —ZIZBW T L &iERE oMk %
L, RS IRE BB CRAET 5 HBE & BT O B A T L7z
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2. MR O TGk

2-1. fEAHTR

MEHZIX, 26 2 B CEM L 747 — % 771,830 . KOV R 5 24 1 [RIHE
AEHADITTRIFIN TS, 200341 A2 5 2017 4210 H ECoMIcE &
NI FEF =2 ZEEN AR 404,648 tHiCEk 5, AR E i & S8

(LR, BT —%) ZHui- (Table 3-1),

SIHliZ, ZhbD O b, FHT =% EBRT —F 20 R fE kI3 119,534 £
ThHY (LT, FA—BKAT—2), Ao Tid, BKREE L L TRRER (U
T, CW), m—X i (LR, REA), NI OFEE (LUF, RT), K TFIEN®
JES (LR, SFT) &XU'BMSNo. (LUF, BMS) @ 5 H % MW=, KABED
SEASH R B %4 Table 3-1 12, HBEDPFR% Table 3-2 1277 L7z,

Table 3-1 Basic statistics of carcass traits.

Trait Mean SD Min Max
Cw 420.9 47.4 274.9 688.1
REA 55.7 8.6 29.0 125.0
RT 7.4 0.8 4.4 12.8
SFT 2.9 0.8 0.2 7.5
BMS 9.5 2.1 1.0 12.0
SAM 29.0 15 20.4 42.0

CW, carcass weights. REA, rib eye area. RT, rib thickness. SFT,
subcutaneous fat thickness. BMS, beef marbling standard. SAM, slaughter

age in month. n = 119,534
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Table 3-2 Data structure of calves for white spotting.

Trait Normal calves Defective calves Incidence (%)

WS 115,315 4,219 3.66

WS, white spotting. n = 119,534

2-2. T — X O

ABEDOAEEITEE 2 2 L AR 2MEOBMEIE & L, ST EIRERIVE & LT
W7

WIZ, FH—HAT—% 119534 1hD 95 5, LTSS T A EE T —2 %
v bOREE Lz, B, HAFBEICOWTIE, FEMEE3SD 255 L L,

- HAERREA AR DY 1R £ 7212 18 5L B b o,

- HAEAEH 23 50 R O b D,

- FEPETERLDN 20 A O BHEEF,

- LB H D 100 FERTED B D,

- LN 50 AR O & H,

- LEAED 25 r AT £7213 34 o ALl Lo b D,
- FEPETEELD 20 AR DO IEE B E,

- RAREHEDN 10 RGO (FRIET) .

T =2 Hy MEOT —ZHUT 53,807 HhL 720 | BATEE KO L & H oA
it E% Table3-3 12, HEEOWNR % Table3-4 (TR L7z, &5, HABE, K
AR E I O L & A IZ 31T 2 504 & ABE DT AR DO BfR %A Figure 3-1~3-7
(2R LTz,
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Table 3-3 Basic statistics of carcass traits.

Trait Mean SD Min Max

Cw 420.9 47.1 274.9 688.1
REA 55.8 8.4 30.0 117.0
RT 7.5 0.8 4.4 11.8
SFT 2.9 0.8 0.2 7.5
BMS 5.4 2.0 2.0 12.0
IBC 5.3 4.0 0.0 325
SAG 29.0 15 25.0 34.0

CW, carcass weights. REA, rib eye area. RT, rib thickness. SFT, subcutaneous
fat thickness. BMS, beef marbling standard. IBC, inbreeding coefficient of calf.

SAM, slaughter age in month. n = 53,807

Table 3-4 Data structure of calves for white spotting.

Trait Normal calves Defective calves Incidence (%)

WS 52,113 1,694 3.25

WS, white spotting. n = 53,807
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Figure 3-1 Distribution of carcass weight (CW).
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Figure 3-2 Distribution of rib eye area (REA).
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Figure 3-3 Distribution of rib thickness (RT).
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Figure 3-4 Distribution of subcutaneous fat thickness (SFT).

52



Number of cows

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1.000

12,000 r

10,000

8,000

6,000

Number of cows

4,000

2,000

23 456 78 9101112
BMS

12.0%
11.0%
10.0%
9.0%
8.0%
7.0%
6.0%
5.0%
4.0%

Incidence rate for WS (%)

3.0%
2.0%
1.0%
0.0%
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Figure 3-6 Distribution of inbreeding coefficient of calf (IBC).
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Figure 3-7 Distribution of slaughter age in month (SAM).

54



3.0 ik
X BRE T =~ VET A EHWTEBIINT A—ZZ2HE LT, 2B,
SRV T VIZLL D@ Th b,

Uijkl =u + BYML + RF'] + +ul + eijkl
Vitmno = W + SYM,, + FE, + by.; * Fi + by.; - SAM, + byy - SAM?, + V', + €' jimno
O if Upa<T

Yiike =
1 otherwise

ZIT, Y ETATEY T 40 T IBIE, Uy, (3 k& B OMEERICS T
% A BEDBIMEFEE, . Vigmno 13 k 3 H OHEEKIZ I T 2 RBE OFRMME, u &
WOy T2, BYM; (X1 FHOHAEFEA OREGh R, SYM,, IZm&EHD L
FRAEH OREENR. RF, 12 E R OBIMRFZOLERZR. FF, 1InEHDOIEE
EROEEHE. F 1Lk &EB OMEAFOTRGE. SAM, (X0 FH D & & A,
b, . IO AR T D 1 RIREIREREL b, KO b, ., (T &

x5 1 IRE O 2 IIREVFRRE, v, 1313 H OEERIZI T 5 ABEOFEMAYE
BEIR. v 13 13E A OMERIZ ST 2 AT E OFRINEIR IR, ey MY

€ imno VFIRAZTRT,

SN N T2 B 2D SR D K #eSL % Table 3-5 12/R L7z, 7283, & HIZ 1975 4

FCiMlo 7=,

55



Table 3-5 Levels of each effects.

Effect Levels
Birth year-season 137
Reproductive farm 953
slaughter year-season 135
slaughter house 14
fatting farm 258
Pedigree information 159,252

F7-. #EEBHM (EBV) OB — AT 2002 FEICEE L., ZOEICEEN
724D EBV EXMEZ 0 [ICE X HL 2, 2&EKICHIT 5 EBV I OiRAEZT -
7=,

BT, FEOBLR— AFHE% O EBV A EVELE RN (SBV) (& HL L7~
SBV = EBV / SD

2 ZC, SBY IRMEIE(CEREAN, EBV TR — A PR O HEE HHRA, SD 13

N—Z4E (2002 ) A FEF o4 EBV OFEERZEZ 777,
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3. MERNOEZ
3-1. SRRy HEE fIE

HERE SN2 Bk oy Bl oy Dk R % Table3 -6 (2R L7z, WS IZ331) 2 B i

L 0.03 Th Y, HRBEICKT 2IEERES#IL CW, REA, RT, SFT
JOVBMS TEHE4597.91, 6.40, 0.13, 0.05 X 1r0.35 72~ 7, BEinmiix
WS, CW, REA, RT, SFT X (!BMS TZhh 3.71, 1079.85, 40.59, 0.29,
043 K275 TH Y, RTOREICBNT, BE S (BHEZE - BERF)
KV BEOBBPRKE N7,

BEZRIT WS, CW, REA, RT, SFT X TXBMS TZH L4 0.74, 0.45,
0.56, 0.38, 0.60 }21*0.68 Tdh V., &THOFEICE N THIEED L EVEER
DHEE S A0, S OITHmEFHREEXHE 99%IZBWTHEZ 72 (Table3-7),
WS DIEARRITATE L FREE -7z, BAPEOBRERIZBWNTINE TOHR
LB L2 2 A, CWIE, Oyama & (1996) M OVKIES (2003) Dy

(0.44 11 047) LRBETH o723, #HS (2011) O (0.68) LYK
Moz, REAIZOWTIL, Oyama ©» (1996) O#i4 (0.54) LRIEE TH-7
M, KiED (2003) KOWEH S (2011) o4 (0.31 X 1r0.37) XV Edo
7co RTIZDWTIL, Oyama b (1996), KiEH (2003) K OMHH & (2011) @
i (0.38. 0.37 &1r0.40) LFEFBETH o7, SFT KV BMS IZHBW\ T,
Oyama & (1996), Ki%H (2003) K OWMEH & (2011) o (SFT : 0.50,
0.32 X 1*0.37, BMS : 0.50, 0.57 %1*0.50) LY &< HEE Iz,

P EOFER I Y, WS, CW, REA, RT, SFT X O'BMS 2\ TiL, LD
W & L TGN T A — X ICETOEEEIH D OO, [FEOBERN S
52 &R ST,
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Table 3-6 Variance components of WS and each carcass traits.

Variance
Trait Farm Genetic Residual Phenotypic
Mean  SD Mean SD Mean SD Mean SD
WS 0.33 2.05 3.71 1.26 1.00 0.01 5.04 2.60

Cw  597.91 59.97 1079.85 51.57 731.61 33.66 2409.37 63.68

REA 6.40 0.68 40.59 1.80 2513 117 7212 1.00
RT 0.13 0.01 029  0.02 034 0.01 0.76  0.02
SFT 0.05 0.01 043  0.02 024 0.01 0.72 0.01
BMS 0.35 0.04 275 0.10 095 0.06 406  0.05

WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib thickness. SFT,

subcutaneous fat thickness. BMS, beef marbling standard.
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Table 3-7 Heritability of WS and carcass traits.

h? HPD 99%
Trait p
Mean SD Low High
WS 0.74 0.06 0.62 0.85 *x
CwW 0.45 0.02 0.40 0.50 **
REA 0.56 0.02 0.51 0.62 wx
RT 0.38 0.02 0.33 0.43 *x
SFT 0.60 0.02 0.55 0.66 *x
BMS 0.68 0.02 0.63 0.73 *x

WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib

thickness. SFT, subcutaneous fat thickness. BMS, beef marbling standard.

h2, heritability. (Low - High) shows 99% highest posterior density (HPD)

region, **99% HPD region does not include 0.
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3-2. HIE & BT ER OB 55

FEIE 2 O R IC 36 1 2 25 T8 OB #8% % Figure 3-8 } OF Figure 3-9 |Z7R
L7z, 728, TH OIS K OMEE O B4R 2 L oK YESRA 20 fRLLETH 5
1969 475 2009 O & Lic, FEAICIIT 2 AN #ET, WS T-091~
049, CW T-1.24~1.03, REA T-1.50~1.80, RT T-1.980~0.79, SFT T-0.32~
0.95 X% U} BMS T-2.33~1.94, HfE“FI2F\ Tid WS T-0.82~0.41, CW T-1.08~
0.43, REA T-1.51~0.74, RT T-2.01~0.33, SFT -0.01~0.91 &% U} BMS T-2.40
~1.42 Th > A K OMEF0 SFT LIANTHEIC EA L TEB Y, SFT TiXA
EICHEmN B S5 7= (t-test for regression coefficient: p<0.01), £7-. ML
b U C L MR O RYFES EFICEE) L TW A B 553, ZAVUTAS
Z & OKRER D MEATIE 15 1 ~4,030 4 Th 2 DIkt LT, FEkEATIE 13~
58 fE& DN Ted Th D, k. BHIVEIZE T HRERE (RY) 1%, FKEFIC
BT, WS T0551, CW T0.672, REA T 0.855, RT T 0.849, SFT T 0.843
JOYBMS T 0.907 &0, M4V T, WS T 0.859, CW T 0.827, REA T
0.834, RT T 0.911, SFT T 0.872 XX BMS T 0.845 727z, WS |[Z5F % i#/5
FOEEMIRTE (55 2 3) & REROBEMMRH - 7=, HAREIZE WL, 2FEET
O BB FFE OFLLE K OVBHEME T D BISAIRR N DHERBIC OV T (B E T v
K —,2019) ERIFROBIMAH Y . BEMEIZIIT 2 AREOBARII B OHE
BRAREOMER T ORIz, S5, WS L TSFT (23 T, FREF X
D HHEFD A, REA LN BMS 123V Tk, M4 L 0 S FEHEA O 57 3 E R0

i X 2N B> 7= (t-test, p < 0.05),
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Figure 3-8 Estimated genetic trends of WS and carcass traits in sires.
WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib thickness. SFT,

subcutaneous fat thickness. BMS, beef marbling standard.
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Figure 3-9 Estimated genetic trends of WS and carcass traits in cows.
WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib thickness. SFT,

subcutaneous fat thickness. BMS, beef marbling standard.
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3-3. HIE & BT B TR O Bk

WS L EREE (CW, REA, RT, SFT & U BMS) O & O AR E i DA
FHEE % Table 3-8 12, E{=AHBI % Table 3-9 (TR L7z, WS &R AEE DR o>
FARE K ONEARFARIIE, & TOMAEG O THAAR (RAUHH : -0.03~0.02, &
FHBE @ -0.06~0.08) 7 OHE TldAed o7z (p<0.05), L7=3-> T, Mi#H OB
AR & 1B 722 BEME SRR S L7 b O O AWFFEOFE R, BBEOIEIRIL
R EICEEEE 527202 E Rz,

INETOBRBHARRIEE L EAREOBEMIZI T 2 #HE Tl T4ES
FEMRREDOZ BB T2 ~7 0 R TROEE (v U7) 13, EERERID B
WHEHEM DN T DREIPFEI/NS <Y (p<0.05), €V 77 AfilEHE KAEIE
DERBEFOF ¥ U 7L, EFHREREERLD & BMS o =23 F EITEN

(p<0.05) L#iEEINTWD (FEH 5, 2004),

WA B TEE T D FRUFARE M ONBASFRBE IS, SFT-REA [ & U SFT-BMS [H] T
(TE OB (FRAUAHB : 0.19~0.67, BEIsFHEY : 0.17~0.61) . TH LS OHMAE
HOETIXIEOHB (FAFAR : -0.01~-0.05, AR : -0.25~-0.12) 2% Hi,

EIF R 99% X2 TOMAAEDLE THE Th o7z, 2. KARERM
DOHEBIZONWTINETORE LI LI & 2 A, KA CIEEARNICFRE
AR L7722, BMS & CW. REA K O'RT BIZEBWT Oyama & (1996) & D
H XA FROTT R EHEE S, EHIZ, SFT-BMS MO AKES (2003) @
Wt &0 ANRFED ST AME S HEE S 7z, BT E M O s FHES Tk, CW-RT i,
CW-BMS [ & Y SFT-BMS I CilE D i 2 (Oyama o, 1996; K% 5, 2003)
EFREEETZ » 7273, REA-BMS BIIANIFED 575 < . REA-SFT [H, RT-SFT [H]
KO RT-BMS [A] TIIAMFIED ST 2ME< . CW-REA [H], CW-SFT [#] X U8 REA-RT
filX Oyama & (1996) & O LV AWFED HF KRS HEE Sz, L LR
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5. FBREOKRX XIZEENTIH D OO, EADORURIL E DS DEIZEWN
Th, ZHNETORE L FEEOMMEZR LI D, AR CTHEREER O
BIE AR5 2 LN TE T,
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Table 3-8 Phenotypic correlations between WS and carcass traits.

r HPD 99%
Traitl Trait2 p
Mean SD Low High
WS CW 0.02 0.02 -0.03 0.06
REA 0.01 0.02 -0.03 0.06
RT -0.01 0.02 -0.05 0.03
SFT 0.00 0.02 -0.04 0.05
BMS -0.03 0.02 -0.07 0.01
Cw REA 0.47 0.01 0.45 0.49 wx
RT 0.67 0.01 0.65 069  **
SFT 0.31 0.01 0.28 033  **
BMS 0.19 0.01 0.16 0.23 wx
REA RT 0.39 0.01 0.36 0.41 wx
SFT -0.10 0.01 -0.12 -0.07 wx
BMS 0.48 0.01 0.46 0.50 ke
RT SFT 0.24 0.01 0.21 0.26 wx
BMS 0.33 0.01 0.31 036  **
SFT BMS -0.05 0.01 -0.08 -0.03  **

WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib

thickness. SFT, subcutaneous fat thickness. BMS, beef marbling standard.

r, correlation coefficient. (Low - High) shows 99% highest posterior density

(HPD) region, **99% HPD region does not include 0.
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Table 3-9 Genetic correlations between WS and carcass traits.

r HPD 99%
Traitl Trait2 p
Mean SD Low High
WS Cw -0.02 0.07 -0.22 0.16
REA 0.08 0.06 -0.08 0.24
RT -0.06 0.07 -0.24 0.14
SFT -0.01 0.06 -0.16 0.16
BMS -0.05 0.05 -0.17 0.08
CW REA 0.37 0.03 0.30 043  **
RT 0.61 0.02 0.55 0.67 wx
SFT 0.21 0.03 0.13 0.29 wx
BMS 0.17 0.03 0.09 0.24 wx
REA RT 0.27 0.03 0.18 0.35 e
SFT -0.25 0.03 -0.33 -0.17  **
BMS 0.56 0.02 0.50 061  **
RT SFT 0.18 0.03 0.09 0.27 wx
BMS 0.36 0.03 0.29 044  **
SFT BMS -0.12 0.03 -0.19 -0.05  **

WS, white spotting. CW, carcass weights. REA, rib eye area. RT, rib
thickness. SFT, subcutaneous fat thickness. BMS, beef marbling standard.
r, correlation coefficient. (Low - High) shows 99% highest posterior

density (HPD) region, **99% HPD region does not include 0.
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4, /g

AWFFETIX. ABEOIRIKIC K DA E DI OV TH LN T2 %
HRYE LT, BIREREREMREOME 4 CTHRAT 5 BB & KREE O BE
[ZOWTHRE LT, ok G iy oHE i, g7 =~Lre7 v52H
T Gibbs sampling ¥ CHEE L7z, S OICHEEBE MM (EBV) 1L EREAM

(SBV) |ZZ&H#a LTz,

THRAERE L N SR O e DR FFD, 53,807 DT — & & I\ TilE{sH)
RTA—FEHE LI-FER, EE%8IE WS, CW, REA, RT, SFT XU'BMS T
ZNE10.74, 045, 0.56, 0.38, 0.60 X(10.68 THY ., &THOFEICENTH
FREEN D B WIBIREN T Sh (U@ F 4% X 99%) . WS (T DWW TIEER 2
L FRRE, HAREIC W TTBEORE (Oyama &, 1996; Ki# 5, 2003; #
H5,2011) &g U CGEBST A—Z ICETOEBIIH b 00, HiE B
%5 2 WIS BRI RIE 2R Th 5 2 L 3R ST,

FREE K O I2 BT 2 BB E OBR#EE T, SFT DA THEEIC LA LT
B SFT TIIXA B E RN RS- 2 &b (t-test for regression coefficient:
p<0.01) ., BEMMITI T DIEATEE DB B OHERE S AW FEORE R T b i
WaNTz, WS LEPITEE (CW, REA, RT, SFT T BMS) DM DOFRMAHREE K
ONEEMIL, 2 TOMAE DT THRIERE (RAFER : -0.03~0.02, BB
-0.06~0.08) LHEESNT=Z LD, HBEEOWRKIIHAE I EL 527202
ENERTE T, Fo, BRIBEMOERBIER &K ONE{sMHBIIL, SFT-REA &
Y SFT-BMS [ CIT B OFABY (FRAHRS : 0.19~0.67, /MRS : 0.17~0.61), &
LS DA G o TIXIEDOMBE (RTUAHE : -0.01~-0.05, EI=FHE @ -0.25~-
0.12) Ao, ETOMAEDLETHEE Th o7 (RmFHEEEXIH 99%)

FAFETIL, ABICRAEIC OV TELICHET 72012, T, BCKRMFEIZE
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WTHREOAME L BHRN H 5 & Wi ShTws (Fontanesi &, 2012) . MITF

(microphthalmia-associated transcription factor) i&fz -OE RN EEFME CTHAF
952 L 2fEd Lo BT, QMO AL OBFERLZ BRI L, SbICT /L0 A
RBSEARNTIC & - T, FABEIRAEICEEE - 2 fffi SNP 2B L7=,
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AT REMMECTRAET LIS 50 BRI
1. #65

EEMIT, HELDTNBOaEZBNCETHL AATHLIEN DD
AR A FFODBERBA OME TH D, L LN 5 £ OFITITHNAIFRE
AR > HM GMRIXK) BEAETDHERS 5, HEITREREE Lo
A FEDRFEZ AR O b O TH Y | TR EFH L (EER 8=, 2017)IC
BWTEAERICHE S, Iksh T

HEEEITHEO—HNAE LD CHEHSORENY Y 7 tax BT
DGR T 208, FBEDOIERETH 2 N2 BEFALAOM E OFRENIC
H HBEEATED Hivsd (Kawahara-Miki 5, 2011) K 912, Jox OIERFDFE-
TWEeEE B2 b5, L LR, BNEORBREIZIEIT 5 AEHIEHE
D 1 DEPhITHRM &L 2D EENRF T O, ABERO—H kSN D &
NI >TWND, AL, SREEEET - T AU 2 e — L, Fd Sufl & 8 Rk
THLIEHAME LD THY , FEIRER TIE 1924 FFIZHIE S o BEIR B IR

TR AR SRR 5 ) (R EF A8k i e S U S8, 1989) | A [EHY
(Z13 1940 EICHRFPER DI O TBEFEN ORI I Nz (& BEHIE
Rebpaka, 1980), 1948 0 b T EERIFBREKEHE A —JCAINIAT O L 127 |
BAEIZE > TV 5,

BIfE, RS2 R OREBIEIL, 4% 4 » H E TITON D FHRES, £ AT
(X 12~30 » A#nAd . A ATk 14~30 » HEAREIZIT DI D BERF A RFIZE
PRSI, EOFRETARORE SITL - TEERE E L THbiL s (BEFFE G
2,2017) o RERMERIZ FABRGLAEAECRBGEAENBIT ST, BhEiH S h
RN, EDTH, AEEORAEITREME L L COMFEORMEZHER O 21T T,
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ZO—H TITRFBRE L 7257, /NMUD (2017) 1%, HER S REREFfED
MEFATHRAT D2HBEIC OV THA L, £ORAERITELIMEAN THD Z &,
FBEA R ORI ABOENE O L0 &40 AR RAEREZFRITHINSE 5
ZlEWE L, 202G, BEMETRAT D2 AMIIEAICITHIETE T
WZRWEWS BN D D L L bIT, 5% b ABHERAEINT 5 bRtk 2 R~ L
T, o, AiEICBWT, BEMFETHAET L AHOBEFET 0.76 LHEE
SN EMND, HEROBEMNGRIZHFAFAETHY (F2%F), 51
BEIZRWT, AMOREAELKARE (AERE, v —XEHE, N TOES, K&
THE DR S K O'BMS No. ) & OB A A Lok R, W& ORICITERRI 72
BhEIX 72 o7 loh, AEEZIIK L CHRBEE L 202 LRSS,
Lo L2y 6, BEMEO ABEIE AT D 2 i KB s 7 2B 2 WA 13 R 7
B2\, ZDT, ABERAZ AT 2 BIn FARORRIT, BREMEDOAEPES
BHRIZBWTEREDHLBDLELEZ LD,

BEMEO X O RHEAREOABEORAEIL, FNVAX A TROENDHE S
KB DO AREE T s ICKEL SR TWD EENDH0D, fIsh s %< A
bivd LA SN TS (Olson, 1999), ZHvE TOHmE (M5, 2017) TH,
HEED R WIELN BAENTZHR AP AR L FF> TWAGAR b T2 20 b,
BEMEO AR AL HMEREFPEE L TV D aMREEL R L TWD, &
T, BEEO A HEIZE G 2 0 FBEEFH AP N D0 EF 6TV 5 (Fontanesi
5, 2010, 2012; Olson, 1999; Ruvinsky, 2012) , = ®H T, Fontanesi & (2012) L™V
V22 L ERITH D MITF Bin O ERS Z2 QDA H5nfE (2 U 7 Uk
WNABAL U ABZ VT oy A B =) EABDOENEATE (2T T T
TRy —F) LORITHE L. A Fry IMIZH 5 9.32386957 (A>T)
EWVWDH SNP DPHIEOAEIZR bATICHEET L Z L 2HmE L, MITF
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(microphthalmia-associated transcription factor) E{n{IXfHfREEH KD X Z /3
A~ &R ORISR L RGIIE O LN B S RE IR T TH D (LRIR
2008), 72, ¥ VA, Ty FROA XRETEIARBLEFOERIZILY AT =
MIEOAREZ5| X 292 &% 54TV 5 (Steingrimsson &, 2004; Levy &,
2006; Opdecamp ©, 1998; Rothschild &, 2006; Karlsson &, 2007) , A@Ef{s+ D%
i, e M7 =Ly FTHEOHBERHEZE Wo iR Z 5 & 2 T8I
WRBRTHD, V=T T NVTREGRES A 7 2A DIFREIRTFO1OTHL LW D
SN H Y (Tassabehji ©,1994; Nobukuni ©,1996), > D7 L v 7 7 4 —fET
BET DV Y=~ RIA N T Ly 7 7 4 —EGERIC S BE TS (Philipp 5,
2011), L L7236, ZHNETICREMED & 5 HARTRAT LAKROA
L MITF BIR 1 OERR & OREMEZ A L |EITR A7 670, £ 2 TR
FETIE. £79. O MITFBGT L YL RS BB T O AF(ET D 2 ES L.
Z OB & ABEO A HE L D BIEME 2 T L7z, IRIZ, @ RARICBW T,
MR BIR T 2B T T2 2 L DTE DY ) AU A NEEMENT (GWAS) %
T ABEOFEAICBI G D SNP Z PR3 L7,
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2. MEN O E
2-1. HLEEUE

O MITF &z Foticix, BIRERZERENEICB T 24/ 7 (17
) K OWE VL BRI O B TEA L7 SVekEE o~ L (62 iK) Z&ie s
79 fE iR 2 4L U7=, & 79 EEICIIT 2 ABED A X, A 38 {4 & OVEE 41 {E{K T

HO . FERY T ICEBT S A0 EITA 7 B RO 10 (EA, SekbiE-D
VNV OABEOR BIIA 31 KK OV 31 {E{K72 -7~ (Table 4-1),

Table 4-1  Structure of samples (D

Samples Non-spotted Spotted Total
Muscle 10 7 17
Swab of nasal cavity 31 31 62
Total 41 38 79

@ GWAS IZ1E, ODFER. MITF IR T D YiEAERBA~T vl (TAT) L
E ST 38 EMR (FBERE « 19 R, IEFHE : 19 (K KT HHEh R v Z—
DR 4 By (. BPL BHL BHIR) (230 2 %8R4 81 ik (95
BE - 22 R, IEHHRE : 59 EK) (ZH17 55/ L DNA Z iz (Table4-2), 72
B U, piEZBEREY T #EZNLBCH 7 Ed 5%,

Table 4-2  Structure of samples @

Samples Non-spotted Spotted Total
Kagoshima 19 19 38
NLBC 22 59 81
Total 41 78 119
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2-2. /7 7 . DNA i 51
2-2-1. AV T

JE VS R PE LR Y 7 V21T D5 DNA filiHi21E, DNeasy® Blood &
Tissue Kit (BkX&tkx7 720 HR) M0,

2-2-2. SRR L

JEE R B VRLpE B R i S P RE Y o T Ls 81T A DNA HHIZIE., 7= 2 — Lk
Z N2,
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2-3. XAV b —7 2RIk

2-2-1\ZBWTHIE Lo, BEMEFAY T VBkD S 7 5 DNANRGL, &
A V7 b= 2 REE O THEAEROMER LB RMZRE LTz, H#%
TR AETeA > b 1MBEE 374 bp D PCRIEGIRE XA LY Fo—F7 R
FOSIZHWZ 7" A ~—I%, MITF-IntIMF2 : 5’-
GAGAATACAGCCATGCACAAGA-3’ & MITF-IntIMR2 : 5’-
TGTCTCGGGACACCTTGTTTA-3' T %, PCR HiiiE|% TaKaRa Ex Taqg® (¥ 7
T A IR, KE#) ZHWT, ROSIRITEE SN FIEIC L7223 > TR
i 50 pl ([ZFH%E L 7=, PCR X Veriti 96-Well Thermal Cycler (#h—%€7 ¢ v/ ¥
—Y AT 4 T4 v TRASH, ) TITo 72, RISSHMHIF95.0°C T1 43
OB MR . ZAPEIREE 95.0°C T 15 MfH, 7 =—1U > 7R 60.0°C T 30
FORE], (A RIEEE 72.0°C T30 D 1 %A 7 1% 35l K L, F&IZ 72°C
TS5 MOMERIGEIT> T2, 5517 PCR EMIL 2% T H v — A7 )L TR
#%. Viogene Gel/PCR DNA Isolation System (F 4 7 A 7 A 7 #R &4k, 5UHF)
Zfili o THIH L 72,

XA V7 h—7 2 ARINZIE BigDye® Terminator v.3.1 Cycle Sequencing Kit
& BigDye® Xterminator PurificationTM Kit (Wb Hh—E7 4 vy —H A1
VT4 T 4y VRS, ) ZHWTHEE SN FIEIC Lo TIT - 72,
fi#HriZ ABI PRISM 3500xI Genetic Analyzer (74 77 7 J g o— R % R U8k
2tk BHE) TITo 7, HBONAEIROHEEARSIL Clustal W 7'm 75 4

(https://www.genome. jp/tools-bin/clustalw) % N THEFI| St Yi%Zs B o4 %%

RS L. BIn FRARE LTz,
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2-4. RINLBE 429 PCR ¥ (AS PCR)

AS PCR (T 1 E{KIZ > & X BIs 20T T 2T - 72, ASPCRIZHIVZ
TIA~—x, FEET T TEHFFRN T T A ~—T_s-allele-Fa : 5
TTTCAGTTGGTACGTGTCTTaCTA-3’ L D 77 A ~v—& L T MITF-Int1IMR2
Z. s A TR 7 4 ~—& LTA s-allele-Fa : 5-
TTCAGTTGGTACGTGTCTTaCTT-3’ L il D77 A ~— & L T MITF-IntIMR2
R\, 7ok, FRNT 74 ~—0 3Kl 4 I IS D/ U550 135
R Z AR T 270D I Ay FHETH S, F7=. PCREEIRED KK
£ B RSIEIGT DR ZBET 5 72012, k-Casein BE W bR URISRT
HE S, o077 A ~—I%, cattle_K-Kasein-F: 5’ -
TGTGCTGAGTAGGTATCCTAGTTATGG -3’, cattle_K-Kasein-R: 5’-
GCGTTGTCTTCTTTGATGTCTCCTTAG-3"' % {572, AS PCR O iK%
TaKaRa Ex Tag®% 0.5 units, 10x Ex Taq buffer (Mg2+ plus) % 2.0 u¢. 2.5 mM
dNTPs % 1.6 ud. %774 ~— (MITF [ 2 fi & x-Casein f 2 i) % 5 pmoles
KOV 5DNA Z 60ng Th V| HED 20 wl k70 b X 5 IZHMK THREE L
2o BUOSZAEIE, 95.0°C T 60 FH DML, 95.0°C T 15 B, 7=—U
JIRJE 60.0°C T 30 #0fH. fFRIRE 72.0°C T30 R D 1A 7 V% 27 [Blfk 0
KL, fI&RIZ 72.0°C TESHOMRRICZEIT o7, 723, BEdRE LTI T
(CEARTFRHE SR D S O b [FRFZHENT L2, 75172 PCR EY % 3%
DT H v —A 7% W TEKIKEI 21TV, RISLEAR T B8 EEY) O A )

O YEEROBTRIZRE LT,
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2-5.SNP Fv 7\l = ) XA T

ENTIC A2 SNP F v 13 IR BV~ 7L ) OYNLBC 3> 7L TENEh,
GeneSeek £1:? Bovine50K Chip (LA, GGP-50K) K T lllumina £t BovineSNP50
v2 BeadChip (LLF, Hlumina-50Kv2) 7=-7-, 7238, ZHHD SNP F v 7 IZE %
A% SNP 2%, 49,463 SNPs (GGP-50K) K TFr 54,609 SNPs (lllumina-50Kv2) 72

>7,

26. 7A VT 44— fu—/)b
£ SNP F v FTHIE SN 2-5 D SNP D H &, 29 AD 5 Yt RIS E ST

HITEY, 2O TOLRM%24 Tz L7z 40,673 SNPs (GGP-50K) K Y

46,164 SNPs (lllumina-50Kv2) Z il L7~

a—LL— | GRIETHHEEDOREEE) >0.95
- v A =7 LABE (MAF) >0.01
CN=T g s U A oYLyl (B DR IZRW T, LB s B
RAEBUTEE LRV E WD IRAE)  >0.001

MO A XBRH3ICRE S BIERB LB T O, EM & DORIZ AT

(BEh, BA) N7, BEinTDOi&EHE., WIKME OGERE BN U WEEE
MOz b
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2-7. WeatfEth
O AV 7 b= AL LT ASPCRICE » THE LB TR E M
BERFE 38 (B L OVEFRE 4L EIARIZ 5300 L ISR ) A 3l 2 AV Tl
FEM OBAR TR Z T LTz,

@ BEREY 7 (GGP-50K) K OYNLBC ¥ 7/v (Hllumina-50Kv2) %+

NENUZEBNT, MO A “FRE LD GWAS 21T7-7=, 728, 7

HFIZIZ PLINK (Purcell &, 2007) % v 7=,
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3. R LB
3-1. XA VLT hr—rx  RAEITE D MITF Bia D2 B O
BA VLY Nor—7 Ty AEIC L o COY IR O B E S 2 e E LR, B

FRFEIC BT S HCK TR & FREIC MITF Ba1281) 5 9.32386957 D A 75

T ~® SNP 25 sd <417 (Figure 4-1),

0.32386957 (A>T)

kE T T T B & T & T T &

Ww T T T o & T = T T 3

W T T T & & T G T T =

GI‘GI‘CI‘I‘CCTTlTTTAAI‘GTTG

Figure 4-1 Electrophorogram of the g.32386957 (A>T) of the MITF intron 1M.

Position of the 9.32386957 (A>T) SNP was shown by an arrow.

78



3-2. ASPCR |Z . %A MITF &5 T D F OHeR

AS PCR M OVEXWKENC X » THINLEAR TRl 25 7o R IEMEIZ AL
Bn 23 &4, 2[E0 PCRIZ &V 3% SNP O s 8 2 & T & 7= (Figure

4-2),

« k-Casein
4= VITF

« k-Casein
4= VITF

100bp TT TA AA TT TA AA
ladder
(1) T allele specific primer (2) A allele specific primer

Figure 4-2 Results of allele-specific PCR (AS PCR).

x-Casein: x-Casein gene fragment
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3-3. BB LM OB+ DOHERS

MITF i&fs 28T 5 9.32386957 (AST) DOERIZHOWT, @ FREZREL
Tt % Table 4-3 1T7R" ¥, AWFFE CEsS S A 7o BB IR B IR pE BB FnfE 4 79 AR
BB ETHOBESIE, TT A, TA BE O AA BICZh 2 23 fER, 38
ERE DN 18 R CTh 7o, Teds, XA L7 byr—7 = R EE AW 17 8
DOEARFANTTT AL, TA R RO AA BITEAZ 1 EER, 13 ER &L O 3 @R T
&Y. ASPCR THIEZ 7= 62 [EIETIL, T2 22 {8, 25 [E A& O 15 {#
KTholz, SHIT, FAITEEFRZELZE A, EFHETIITTA, TA
RO AA RIS 224 20 fEfR, 19 EAR KL O 1 EfR, ABEfECld, £hEh 3
B L9 fEA S AT R T o o 7oy 23U B0y b XA BE 2 FH U723
EFHECXLER T A KON T OBEITENZ410.738 KT 0.263, HELRE T 0.321
KOr0.679 THY, EFBETIT T, AR TIX A OB FHER ST,
ZiUZX, Fontanesi & (2012) O#HE L FEEORERE ZoTc, S HIT, MR O
W TR OV T A ZRREERATZ L 25, BERGEE (p=153x10"
) NHERINT=Z EnD ., BCKELFE (Fontanesi 5, 012) & [AERIC, MITF &=
FITHEIT D 9.32386957 D A D T ~OEFE)N BEMMEICE T 5 HEREICD
RS BE T D Z RS NTe, L L b, BEFFEO A8 25T HBE & RE
T2 &, AR TITIER BBV T AA RIS 1R, ABEREZERB VT TT AU 3
AR KON TA B8 19 B Hav, KB L BE TR —F L WEIS R 2 HGE
DO, TOZ EF, YEERZ T TIIXREBMEO AR AEOT X TEFHH T
X722 EboRE N7, Fontanesi © (2012) 1%, MITF Bz FOE R L HEOF
L OBRIZHN N A ONDL Z A F R LTEBY, KFEOMAIZZDOZ L&
b L7,

—HREIIZ, BEEOFEITERNE, BELCAROKRE S (&) 1TENEEE R
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TR OIZ, ABEZIEm T OBSHERNBEOLL Z EnmbNTWD, £, ZhE
TOHEBEOWEIKIT, FEEEOT TIIF2EA LRI, TOHEBRRHA LN TH
DINEPT Ko THRIED D VITRRMEA L L THRbOATWD, LIER> T, IER
FECH LN AABUER CTIZABEOBIR T2 R EMTHT 203, ZOKRE M
INDDWNFIFE A LRI LN L D RBIR T DA EDHEITR > TWIZIZ®DIZ
FEENBIER SR TDb LRV, L L6, HEEFETELND TT
A& TA BUERLEE O TIERA T E 220y, BOK i Tl KIT Eis ¥ (thev-
kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog) D285 #, [ B D FE 5
(ZBEE 9% = & <°(Fontanesi ©, 2010; Ruvinsky, 2012), MITF i&fs 1. KIT i&fs 1
K ¥ paired box 5 (PAX5) &{x N ABKO®EICED 2 F@EMLR T THDH Z &2l
HLTWD (Hayes ©,2010), 51T N6 OB TOER L QA OA L DR

HMEIZOWTHRETA0NERNDL DL EEZLND,

Table 4-3  Genotype and allele frequencies of the g.32386957 (A>T)

G Number Genotype frequency Allele frequency
roup

ofsamples 17 TA AA T A
Non-spotted 40 20 19 1 0.738 0.263
Spotted 39 3 19 17 0.321 0.679
Total 79 23 38 18 0.532 0.468

Chi-square=26.779 ( p =1.53x10%)
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3-4. GWAS (T X A5t SNP O

BEMETRAET L2 AMICONT, BIEEY 7L KT NLBC ¥ 7 L% [
W T GWAS % 1T - =58 % Figure 4-3 K O Figure 4-5 (Zx L7, IR B 7L

(Figure 4-3) X, MITF &mFDOBE 22T TARICEE SS9, 5§ 22
TR LA BB SNP 136N o722y TA BUZEE L Tngn
NLBC ¥ > 7 /MzBWTiX, AE TRV 00, BENEDILD SNP 235 5
7= (Figure 4-4), X512, NLBC o 72BN TIE, & 19 FROE KL OE
25 FLAMRIZENTH, AETIERWL OO, BIEREEDILD SNP 23 S
7z (Figure4-4), L L2236, WO 7B N TS BB AEICEE G
LM SNP 1Zf b /e o7z, ZhuL, Wi s v (IR
Y70 38 flfR, NLBC H o 7L 8L{EIK) M2 EMFINTH 5 AlHE
MWRd 25, TDD, ARIII DI IV EBNMLE BT, BESITTH0E
D& D,
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Chromosome
Figure 4-3 Manhattan plot of GWAS for white spotting of Japanese Black cattle by using Kagoshima samples (40,673 SNPs). The x-

axis indicates the chromosome no., and the y-axis indicates -log10 ( p-value). Dashed line indicates not significance level but some

relations.
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Chromosome

Figure 4-4 Manhattan plot of GWAS for white spotting of Japanese Black cattle by using NLBC samples (46,164 SNPs). The x-axis

indicates the chromosome no., and the y-axis indicates -log10 ( p-value). Dashed line indicates not significance level but some relations.
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4, /g

BEMAETRAET 2 OB, MEOFMEICADREE L 5 2 | —HTBMERIC
& o TRFEMBRICL DB HEHED 1 >Th b, AWF5ETiL, @ Fontanesi &

(2012) |2 k& - THERK L CHEEOF M & BN & 5 & s S/ MITF {51
DR (9.32386957 A>T) NEEMBECTHAET DI 4R L, HMOFEL
OREM AT L, & 512, @QGWAS IZ &> THBFFREAIZET 5 M SNP & 1
R L7,

O EHZIZ, BB RPEREFAE 79 [k (EWEE : 40 [, ABERE - 39
&) 77 ADNA M L7=, Wi, ¥4 L7 h o —27 =2 ALK ORI
{6FHFEP) PCR 1£ (AS PCR) 12XV MR R OMER K OEIs A EZ1T -
oo TORER, REMECOYUBUELRDOFELHER TE T, IHIT, ThbxH
BERE & IER RS BB FHEE IS OW T A RIRE 2R 7= 5. WRER o0
BRI B E R GEZENH Y (p=153x10°) | BFLERNEBMEDO N
BEOAMICHMEET L AR LT, L, —ETHIA DR SN2 &
N, YEHERZ T CIIARBAEOETEHPTE W L LRI T,

@ #MEHZIEZ, OD H 6 MITF Ei5 723 TABICdh o 7= 38 fEIR (IEHRE : 19 &
R, EBERE : 19 ffR) ROFER R ¥ — B34 81 ik (IEREE : 22 {4,
FUBERE : 59 fE{R) 2k L7, /ricid, I A ZRREIC L D GWAS IZ L - T
WBEE 23R Lz, TORE, ABRAICES T 246 SNP 1Z5 57 h o
oo ZORKE LT, GHICHW Y TV EDN DI ERF R BT,

KSR FE T, KIT B FOE RS ABEOREBUCERE T % 2 & <>(Fontanesi &,
2010; Ruvinsky, 2012), MITF HE{a+-. KIT &{s+ M O PAXS &5+ 2 A BE D &I
b2 FEEE T ThD 2 EEREL TS (Hayes ©5,2010), 5%ITZi b0
AR T DR L ABEOA ML ORFEMEIC ST HRFTTHIMBERDH L EEZ S
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N5, S50, Yo7 ABEHEL L T, B GWAS 21TV ., &M SNP 2 1E
RTHVEND D,
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FoE BREGREREMETCRATIREICET 2 B0
INT A —H DHETE

1 &

4

=i
=1
g

AR, BRI O ZEHEME DO S FA O EEHE OB LTI LD
FHIEDEIEE D B Z > TWD, ZDTed, FAAERDM Ea X5 &
LT, BEMEOBIHEN DM ENETETEAZED TND (BRKES,
2018), FAAENCIIT 2 KAtk RIS A AR (RARKEES, 2015) Tid, Zriffkmo
TARCHIPE A e D R, BIRMEA D 1 4F 1 FERZ HAR & L CTIB, BB O
sRibZHERE L T %, S BICFBEE TR, S FSF FOFEROETICON
THREE LTI TRy, BEMEFFOAEEILREZ M D LENHDHE LT
W5,

THDOEFEFKLD 1 DTHDILEIL, EF K OEHEHE O TIZ L HIAD
A RLRHEDIRIGIC L 2 BHMEDIK T 25| S T 2 & (i b, 2014), %
TR L > TRRENBRAL RDIARRIBE TH 5, SMEMTEIZIIT 5 FEEDIE
AR GEPER) 13, AV =—TF » OWHARDREPEA T 5.75% (Eriksson ©, 2004) |
RN—7 2 FORMHMETH 5 Aberdeen-Angus FE, Blonde d’Aquitaine f& . Charolais
fifi, Piemontese fi, BeefSimmental f& }z O* Gasconne f& CTZ 1€ 41, 8.27%. 8.59%,
7.41%. 6.20%. 6.18%. 5.95%}% (}3.96% TH V) | SLFRIIK TS 5 Z & s S
T (Citek ©, 2011),

— I FERERCAERHATE 72 E O EIZ BT 585N T A —Z OHEE T, H
RBISR ERMRIRIZ L D2 b D LT3 b D, RMERNRICIT, RHEBIRER
EKFEHIRHEBR BN R B 0 | 20 5 HEHEBIEZIRIL, BBz 65 H



MR BARIR TH Y | KIS R IT R O ERE ) 72 & DBREEZN R K O
NI TR0l s GRS 0 by R 7ofinE odfz) R0 & T
&% (Raphael, 2014), KkeRIRHEBRETRNRIL, BEPERFLHE (RAERLE:) DOFRF
BN T, [A—FFOFERER EORKIIKGEINTHDL Z L 2rnd R e
LTHWOND, ERLZEERMOW OO TIHIEE DB/ NT A — X et
SNTHY (Table 5-1), FEFEXBMEIEE & L6 OEBEERE K O RMES
(1% 7.0%~9.9% K () 8.0%~12.9% (Hansen &, 2004a; Heringstad &, 2007) . ##
WHE L LT 6 OEBEBRRE K ORHEREFRIT, 2%~9.8% % U8 1%~12.8% (Luo
5, 1999; Eriksson ©, 2004; Hansen >, 2004b) & #45 X CTu\v2 (Table 5-1),

i)y, BEMMIIT DIEERIT, (WBRD 6,475 BHHOEHIT 2.4% (NEDH,
1995) K OMLHEE O 4,529 BEOLEN T 2.7% (Rl 5,2015) E#@ERHDH, X5
(2. Table 5-1 (Z/RF & 9 IZFEDBImRITALIRE DLEH THEINTBY , H
HIPE & L7568 OEH#RIRR & RHEBERNENZI 17%, 11% & S EmfEIC
AT E O E & L TRl S LT % (RiTH 6,2015), L7=23-> T, BE
T CIIEED BRI BRI SN D0, BEMFECHRAET HEICET S
BARAYRHMIT A 720, AP Tl BIREBREREMHED 7 4 — )L R T —Z Zff
S TIEDFRERMZRHE L, BIREBER T —RITHRE T V2 VW THERE
DIEIRHINT A —Z HHEE LT,
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Table 5-1 Properties of incidence rates and estimated genetic parameters of stillbirth.

Model Heritability (%)

) Incidence PE!
Reference Breed Parity . .
Threshold Linear Animal Sire-MGS rate (%) Direct Maternal (%)
O O Charolais 1 3.9-8.0 0.2 0.5 -
Eriksson et al O O Charolais later 0.9-1.3 1.0 0.5 1.9
(2014) O O Hereford 1 3.8-7.5 0.4 0.1 -
O O Hereford later 0.9-1.4 0.6 0.3 1.5
Luo et al (1999) O O Holstein - 5.6-11.8 4.0 6.0 -
Hansen et al Danish Black and
O O _ _ 1 10.4 10.0 13.0 -
(2004a) White, Holstein
Hansen et al
O O Holstein 1 0.09-0.25 10.0 13.0 -
(2004b)
Heringstad et al
9 O O Norwegian Red 1 2.0 7.0 8.0 -
(2007)
HIH & (2015) O O Japanese Black 1-3 2.70 17.0 11.0 -

'PE: maternal permanent environmental effect
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2. MR O TGk

2-1. HEEAH B

MEHZIEZ, 2010 4F 4 A ~2013 4F 3 A @ 3 4RI FosRk S 7o RV & IR R 3 4L
BHEABDOEEL G LREE 12,023 BHOT—% (LT, #FEFT—4) KO (A
) REFAEER SN S RSSH (LLT . 2R SGH) ORI 7
TR TH D 282,232 HOT — 2 (LA, IEH T —4#) &Mz, 2010 4
4 J]~2013 4£ 3 H £ TO 3 FEROIMPE « IEH T — ¥ OREAEIT 294,255 FH (L

T, FERET —#) T, EET—F OWNFIL Table 5-2 (TR L7zl Y TH 5,

Table 5-2  All data used in this study.

No. of calves 2010 2011 2012 Total

Defective 3,933 4,098 3,992 12,023
Normal 94,391 95,970 91,871 282,232
Total 98,324 100,068 95,863 294,255
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2-2. T — X O

FEEOA ML, B (55 2 BROW 3 8) LRl 2RT 2 &0
b, E¥Z [0), stELZ (1) & L 2EOMMEE L L TH-T7,

WU, BERET —F 294,255 1D 5 b LA TIZe% 4§ DD T — & Z HIBRxt
Gl

C TERETORKD TR K DIEE] ., TREFEOIETITIE S BRIV
kO THEERET] THLHHD,

- R EIC XL o THA LTZ B O,

* FHOMERI AR B O,

- EHEDODH D,

- TR FL (BREHEE ZOMOSBEOLZHERE) Obo,

s T2 KMER DD B D,

- HAERFREARAE IR S 1R £ 7213 14 L LD b 0,

» AR RARE O 222 28008 20% 2L D b D,

- AEFTAN RSN F 72T A PERR RS 5 BEA O BIH RS,

- BB 5 BRI ORAY (FEMET) o
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TR/ OT — X HL 213,261 - TH Y . 1IE7E K OFERE - OFEENGR %2 Table

5'3 L:i_\‘ L/f:o

Table 5-3 Data after editing.

No. of calves 2010 2011 2012 Total

Stillbirth 1,315 1,604 1,379 4,298
Normal 71,878 69,720 67,365 208,963
Total 73,193 71,324 68,744 213,261
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2-3. ST ITiE

SHTICIE, HREREAR S (sire) —F5f4A (maternal grand sire-MGS) €7
v (BLF. sire-MGS 7 V) W TEIBIANT A—Z ZH/EE LTz, T2 T,
sire-MGS €7 /L (Figure 5-1) & 3R MROEEEICH SE, TNOLORBTH HFE
KA OERMZ TR T 2 72DICHNGN DR GET IV (sire BT V) 12, HE~D
BEAEZ A2 6 DTN A B BRN T, WY ORWEHEMZ TRl 2 7202/
MREZBE LI=ET NV THD (xR, 1994),

/\Dlj— ﬂﬁ

™ ™
b

a

Figure 5-1 Diagrammatic illustration of sire-MGS model.
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B APICANZET VTN ERUTO@Y) TH S,

Uijkimno = K + BYM; + F; + PE, + b, *IBC, + b, *IBD; + b, -CAD,,

+b,., *CAD? + s, + MGS, + € jkimno

0 if Uijklmno <T

Yijklmno =
1 otherwise

Z 2T Uijrimn 13 | FHOFHOFFEDORMERLER. Vijmno 174 T EV T
A, T IFRME, p 132V BYM; (2% B OHAEFEH OREIE, F 13j&EHR
DBIRRF DI BINF, PE, 1T k FHOKGEORHEBREOE &R, IBC, 131
FHOTHOEZARE. IBD, 1% k FHORFOIERSEE. CAD, 1 mBEHD

HIERFREEAERD, b, ., 13T F OIREIC T 5 — K OMREIRREL, b, . 13
EDIAARENCIT B — R DREHREL, by ., RO by ., IXHVERF AR

R4 5 =B O IR OREIFRE, s, 1L nFEHO sire DR, MGS, 1o FH
D MGS @;Zj]%\ €ijkimn 62]:&%%%;‘%%1%50
MW= B 2h Bk HEE T, Table5-4 1Zox L7z, 7238, MAEIEHIE 1975 4

F Tl o7,

93



Table 5-4 Levels, mean and SD of the respective effects.

Effect Levels Mean + SD
Permanent environment 103,249 -
Reproductive farm 7,230 -
Birth year-season 36 -
sex of calf 2 -
Pedigree information 851 -
Inbreeding coefficient of calf - 577 +4.10
Inbreeding coefficient of dam - 441 +4.01
Calving age of dam - 5.83+294

S Qo) OHEEIZIX, 5 2 EE O 3 B & [AFRIC BLUPFIO 7 7 X U —
® THRGIBBS1F90 7' 77 A (Misztal %, 2002 ; Tsuruta &, 2006) ZfEH L.
E® A 11, SEEZ [2) ([ZEM LT, oriZid, mROKES % 1.00 (ZEE
L C 500,000 [H] D HLH L A 1TV, Fe A 50,000 [E] D2 7L % burn-in & L CHY
F L, £DHED 450,000 [l DY 7 % Fi% EH) OBF I AWz, 4T OUCIR
WOMERIZIZ, hL—X7 1y NMZEXo THREMNICHET 2L DTX S

BLUPF90 7 7 3 U — POSTGIBBS1FI0 7 2 /' 5 A (Misztal &, 2002)% FHV 7=,
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BT HEE S 17z sire KON MGS D x5y (37580 5y % T, Willham
(1972) O FEESEIC, HEK ORHMEEESE GO 2 To@0 B L

7
o 4 0o oy o
Odm | = [_2 4 0] OdvGs
on 1L =4 Hlofes
Z 27T, of [ TEESEERS ERHERIR T, by, V& of &oZ DOROD
B I sire DBIRHL. 0kgs 1L MGS DBRTHL, 0465 X 02 &

Omes PHDBIZIEZHTH D,
F72. HEBHA (EBV) OEin~— A1 2007 4EH 5 2011 4E D 5 AERIC % E
L. ZOMICAEENZREREREN O EBV FHEZ 0 ICE & # X, 2FkIckT

% EBV N OiRZEZ -T2,

X 512, VanTassell & (2003) KX Cole & (2007) o FiEEZHEL LT, Lk
FLO EBV Z%BV ICE# LT7-, HHHFEZILLTO®EY ThH S,

%BV = (1 — F[—EBV + F~1(1 — x*)]) x 100

ZIT. %BV IE EBV 2 EBEO RS — VTR LIEREDRAER (%), F HEEYE

EMAR OBRAMBEE, F~1 13 F OwWiB%%k, EBV I3BE— A% OHE
BRI, x (ZHTIZH W IEE DI AR 2R,
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3. R M NHEER

3-1. T E o3
AW TE LN EIREEEREEMFEOEERIZ2.0%TH Y 34/ TIT 2011
D 2.2%03 5% 5o 7= (Table 5-5) . = OB I3/ & (1995) M ONFETH 5 (2015)

Wt Lo BB OIERER LR Z o 72,

Table 5-5 Incidence rate of stillbirth.

Year? Normal calves Stillbirth calves  Incidence of stillbirth
2010 71,878 1,315 1.8%
2011 69,720 1,604 2.2%
2012 67,365 1,379 2.0%
Total 208,963 4,298 2.0%

LJapanese fescal year.
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gyt G0 oy HEEE

HEE SNTEBAY/ 8T A — 2 % Table 5-6 (27~ L7z, [EHEEG B OB E
{5480 0.038+0.013 K& T8 0.041+0.020, E#HAE(RE K ORHEERRIZZ T
3.1%+1.0%}% () 3.3%+1.6% Cdh o> 7=, & 51T, AKFeHIRHEBRBE /3 1#70% (0.103+0.027)
Th V.| DA RN TE SIS 2FE D b K& < £ORMFBI
4D EIG ORBAIRHEREI ) 13 8.3%+£2.0% Th -7, £7=. BIHEF
I 0.049+0.006, % DRI KT HHEIATE 3.9%20.4% & HEE SHL, KigehIRE
PEERBEZNR L VNS WS DD, SRS bIEICET D 2 PRSI,

—RIZ, BRRE OBERIFMENZ LML TEY . AFEICBWTHIA
RN R iz, ARWFIE L RERICEEZ BIERE & L Tl 724 MNE SO
Wik (Table 2-1) TiE, EHEEEFET 7%~9.9% M ORHEE LR T 8%~12.9%
ThO ., AUFZEL 0 @B R RS2 s, AeigiE e BB 2 THE
TE S NWIZFEPEDEBEEARR KL ORHEBIZR T, £ 17% LT 11% & i
(AT &, 2015) SN TRV, AHFEOME L T 5 L EEEES BN L
5%, BMEERIBNBEZ IGENoTe, IR, SWICHWZERH O
RESIRBIBAIMERR DN R0 5 Z L X0T7 — MR R > T2 Z E D FRKED S
LI, 7 — Z RIS DWW TR, AW CILERE A RIT IS & D e o 7o
2, HIE S (2015) IHIFEND 3PEE TEE - THT L7 2 &, AMFgE Tl
BT — 2 W2y, K TG 240 H ORI AFIR IR B 23ISR
Lo TRy (BIRERERELFMHAEAS, 2019), TN L0 HHEOE TR
ELTCHEILT —ZICEGENR, LIEER-T, 5%, 06D T7T —Z %50
THMr CET RV, B TR, BENEO KPR + —V F 7 —& T
TNHZE/LT EITEH LY, L LR G, AT 3 FEMOREBIFZ -
e, EHICERMMOT— 2 2E/SE5 2 & T, Fl—RBFoT7—2nERHS
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. FRNTE R A2 SES D 2 LIEARETHhH D LB X T, )7, FEELBIEIE
E LT A EFEO®E (Table 2-1) TiE, EEEEIRZE T 0.2%~4.0%& N
RIS T 0.3%~6.0%TH V. BEFHE & i+ 5 LIRVWEmRH 72 b D
DO, AFEOFRREFRE Ch o7, I 61T, SEMFEICE T oHE TIE, |
HBEERIV MR EROGPESHESNTEIY (Table 2-1) . AHFFETH[H
OB A LN T, S 5I2, Eriksson 5 (2004) 1 X#EIL WU KI5 KA
RMERESHOEELZ vy L —fE A~V 7+ — RETENLZN 1L.9% KL
0.6% &L E L TERY ., AFEOMED T m < HEE I,

PLE XY | B IRPERFEMFECHRAT DIEIL, Ena972 R AEEE L T
HHDD, EORBII/NENoTc T Eb | FEOHEBENZEKITH L <, &E
(ZITRF 2 295 2 & AR STz,
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Table 5-6  (Co) variance components and heritability of stillbirth.

(Co) variance HPD (95%)
Parameter -
Mean SD Low High p
6 farm 0.049 0.006 0.038 0.060 *
6% pe 0.103 0.027 0.055 0.154 *
6% 0.010 0.003 0.004 0.016 *
6%sMGS 0.007 0.004 -0.001 0.014
6°MGs 0.014 0.005 0.006 0.025 *
624 0.038 0.013 0.016 0.064 *
6dm 0.007 0.014 -0.020 0.034
6%m 0.041 0.020 0.009 0.081 *
6% 1.000 0.004 0.992 1.008 *
o%p 1.239 0.039 1.168 1.316 *
6*farm /6% 0.039 0.004 0.031 0.048 *
6%pe /5%p 0.083 0.020 0.046 0.120 *
h2g 0.031 0.010 0.013 0.051 *
h?m 0.033 0.016 0.007 0.064 *

o%farm, reproductive farm variance. o%pe, permanent environmental variance. 6%,
genetic variance of sire. 6%smas, Sire-MGS genetic covariance. 62mas, genetic
variance of MGS. 6%q, direct additive genetic variance. 6%qm, direct-maternal additive
genetic covariance. 62m, maternal additive genetic variance. o, residual variance.
6°p, phenotypic variance. 6%mrm/c?p, total ratio of reproductive farm effect per
phenotypic variance. 6%pe/c%p, total ratio of permanent environmental effect per
phenotypic variance. h?4, direct heritability. h>m, maternal. heritability.
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3-3. BRNRIZB T HHEEMH

%% 100 BHLL ERFOA4: (123 H) S OY 100 BHLL ERF SRR (141 8H) 12
BT DIPEDO%BV % Figure 5-2 127~ L=, %BV O#iPHIZ, RXFL TR TEN
1 8.3%~15.2% M N 7.3%~13.4% T V) | FEHEAF T IV TEASHI 2R/ T > F 08
MRS NI, L L s, KL ORRF DBV IR OIENIII B2 h

7,

0 _ (a) (b)
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Figure 5-2  Distribution of the %BYV estimates of stillbirth.

(a), sire. (b), maternal grand sire.
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REBNRTHLHAEFEA TL ORAERKLOHEMHIL, L 0.8%~3.2%
(Figure 5-3) }% 11 0.39~0.23 (Figure 5-4) TH V. FEROMHEMN R S, FF
(L EDEZENTH LANRbESHEESHL TWEZ &b A3 (12~2 H)
DI, ZOMOFEENLLRTIED U A7 BN 2 H D 2 L AR
e &7z (Tukey-Kramer: p<0.05), Z @ Z &% Uematsu & (2013) D& [
HEolz, ZORKNE LT, BBICEDREDO R N LA, ZHUTHE D fofEikhe
DK T, BEEERIZ L 2K BREOEAR ENFEL TWD Z ERHREIND,
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Figure 5-3 Relationship between birth year-season and incidence of stillbirth.
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RN R T MR OHEEEIX, HEPEEF-T 0.05 (MEE+-: -0.05) TH Y, MEFE
T X VHEETF O PFEEIT R VST WA R A b, b, AT =228 5
PERIIZ & DFEEFR (Figure 5-5) IZB W T H RO A R 57z (p<0.01), ¥
AFEICBWT, ETPHEORGIERENREGLS 2D ERWREINTEDY

(Philipsson, 1976) . £ 7-. Eriksson & (2004) (%, 3EPE & FE 1D AERMAEDMIZ
HRRE D D @ W IEDBARHBE N & 2 Z L 2 A LT\ 5, £, BEMMEICKT
DEEFDERMAEIT, MPEF R VIEETFO TN REL 2D L OWmE UMD,
2008 ) NHEZXD L, MEEF LV HEE A OERMEENRE W, HEEFS X
VIEPED Y A7 N E D RN D Z & AVRIR STz,

24 T
22 1
20 +
1.8 +
1.6 +
14 +
12 +
1.0 +
08 +
0.6 +
04 +
02 +
0.0

Incidence rate of stillbirth (%)

male female
sex of calf

Figure 5-5 Relationship between sex of calf and incidence of stillbirth.
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HeE S AR GIR) DOREYFREIIE T NS oo b DO DFEEFREA L IE
ORRBH D Z EARENT- (Table 5-7), F7-, HAEREFRZ & OIFED
FAER K OHEE M OHERS % Figure 5-6 & OY Figure 5-7 (2o~ L7z, HZERFREEAEG
[ZDOWTIE, A 5.83 i L D Bl E 7 ITm THNILH DT L, SFLEDER
PERE L 72D Z ENR STz, HRMORFIL, BT ORELT TR, BHDOH

cHERFICZ K OREALE L L (ILUIBIR, 2008) . E 7, ZHMEAIE, N0
D PREBERE DK T o1 B 2B 1 DM F R R E F OBIREE DL Z 5 2 L2V
& Z TV 5 (Eriksson 5, 1966) , & D7 WIEE F 721X m #n 72 RO 203 Tl
TR EIT) 72 L FRCEBRBLETH D Z EARBEI N, KRIZ, K
o R OB O AR B DR AR DR & Figure 5-8 (2. TN OHEEME %
Figure 5-9 |ZR L7c, AFROBRAFDIEZRELE L HIZBWTH, I RED I
AT 25I1FE, FEEDOY 27 BZHEINT 52 E0NRENT- (t-test for regression
coefficient: p<0.05), R & (2015) %, BEFMIZIWT, E ORI
15%LL | & 72 2 B TBACEL 23 Thodu iz & EUS EED Y A7 BRaicm< e b
ZEEWME LTS, L, BBFEICIBWT, FEEDFAER L KPR OED
PRI, BERMICESCIC EF LT e, L LR, REOITRREAN
18%LL EIZ72 D & FEEDF/ERIINT Y RNRAEN D, ik, AFOEL%
BOFELY b, 18%~19%7 7 ALL EOKUES (& 756 1) 73 17%~18% D
7 Z ALL T OKMER (FfK 1,068 1) L0 D722 EREEL T D AMREMEN S
Do
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Table 5-7  Estimated regression coefficients.

Regression

. . CAD IBC IBD
coefficients
Linear -0.008 0.016 0.009
Quadratic 0.007 - -

CAD, Calving age of dam. IBC, Inbreeding coefficients of calf. 1BD,
Inbreeding coefficients of dam.
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Figure 5-6 Relationship between calving age of dam and incidence of stillbirth.
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Figure 5-7 Relationship between calving age of dam and prediction of stillbirth.
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Figure 5-8 Relationship between inbreeding coefficient and incidence of stillbirth.
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Figure 5-9 Relationship between inbreeding coefficient and prediction of stillbirth.



3-4. RS

FEAER K OSRET A B8 U % FERE DRSS 2 Figure 5-10 (TR L7z, 454
IR D72 < &b 10 BHLL BEde, FEPEIC 31T 2 AR SR X, FRAE A (507
#H) MOREGMA (507 8H) 2BV T, £ € 4-0.82~0.10 10 0.76~0.21 TH
0| EIRERERBMME CRAET HHEICBIT HBEMNRY A7 X, Fx ERE
MCTHDHI EN/REIT (t-test for regression coefficient: p<0.01), iU, Zi
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Figure 5-10 Estimated genetic trends of stillbirth.
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AT TIX, 2010 4F 4 H ~2013 4= 3 A D 3 FERIIFLEk S VT SEET — & ZfH
U CRERSIREREBMFICI T D EDOFRAEICED 5 BRITHOWT, B
T A =4 BB B R T — R AR T IS K o THEE LTz, T DRRIC,
BONR & U TARFOMER R OMASH | AR L U CHARRE#R O —K([E
I K O RV AR S ORI AR 3 0 — R BT & | S Bsh BT I X BT R
KA RHEBR BN R 85 K Ok 24 %8 L, THRGIBBS1F90 (Misztal &, 2002 ;
Tsuruta ©, 2006) ~'2 7 Z A& HWTHEE L7z,

AW TR U 7o R B R BB O 28T 213,261 - Th o 72, B
PESRIT, 2010 4EFE75 1.8%, 2011 4EJE 78 2.2%, 2012 4EJE 78 2.0% & 7o 72, &5
(o, HEE SIS SERE D EEREE R ORHEBRFRIL, FNZE 3.1%21.0% K% Ot
3.3%+1.6% Th o722 L b, IR REREIE TRAT LT, BisH7
FRAFEH L TS Z EARIR S L7z, LavL, BEf (AiTH &, 2015) OE{sH
T D LR o T (EHEEER - 17%, RHEEER © 11%) 75,
ZAUEHHTICH W EF O R E SRBRAIEN R D Z L HEL TnD L
U7, Filo. RAGENT T D KB REBRE 0 OB 613 78.3%+2.0%, %
THIEZ W OEIATE 3.9%20.4% L HEE S22 LD RHAR O BRI &RER
BIZOWTHEREDOHEK TH D Z ENRI T,

FNROHEEMIZHOWT, HYEFFEM (SBV) 1%, %% 100 SHLA LS
(123 88) K OMEAIS (REAFR) % 100 BELL ERFOREARA: (141 8H) TS L 7oAk 3.
ZOLUUEENEIN 934 K NT.32 ThHhoTeZ &b, FEFIZR W TEBN

72N T Y DR ST,

HAAE A Tl SEEEROHER & [AIRRIC, SERE T ORI IC I AE U 2 7 AV
FU . ERHER EORBESIRMERBRITIX, A X0 BEREDNMRR SN D Z &
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MRS, Ziud, ZBHICL RO A LA, 2RI D SEERE O
T, BHEERIZ L 2 REBREOEAR ENFRE LTEZDBND,

PERICIL, HET4 (0.05) BNEL 72> TEBY ., T4 L0 b4
PRKREL, FEO VAT NEELZ ENBZ LN,

HAERFREAR I X R 3 A i £ 7@l 21 E L, FERED Y RTINS E D 2 LA
REINTo, RREFE MO FIT, BHOFKE - HEFHICZ OXELLEL L,
— 77, R R TIRINER ISR 5 R D3 Z R RE DR TR E LS, Zhi
L DIHRHERFRE DI T ARIR S, FI2BEREDE 2 1205 T, 4RO
ML TR DM D (Ror B A A E R MBS s, 2011) Z &/ L
PO R EZBRE U ETEUICRAZFEH LTS ZENEE LWL, UL EX
V| WIFER B 22 R IZ381T 2 0 i Tl FRICFIRE WA BI 21T 9 METH D |
FEREFEAED U A7 I O T 72O, B 6 AR OLEN—FLE LW
& DRI I LT,

R4 ORE ORI LR T DIE EHEDO Y 27 LN 25 Z L 2VURE
iz,

R KX ORI D FEE DBARRI#EN T, Fx LAMMTH Y | KA
T O RN ARN) 72 B2 & D FTREME DRI S Tz,

LLEoRER L, IS RPERBRE CRAT 5 50M IR B0 72 LR A3 BEE
LTWBHHDOD, ZOEBII/INSNhoToZ b, SEFED BN &I L <,
WREIZIIRMZ T2 2 EARE Sz, Lo LRt sire-MGS E7 /LTl
FEEOMEFDOBIBIIR AT Y XRNEREINRNZ LD, SHRITSHICT—X
ZBMLE BT, 7= LET LI OWTHAEEZIT O LERH 5,

ASHOBELE L UL, T X E2EMTH LI Lo THEMZER L, SLELE
LI WEERZ M#ENICRET 2 2 2 B E LT, TA4OEE L ORF L
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DOREEMEZHRET D2 TETH D, SHICHABEZIZILD LT 5B RE~D
HREIZOW TR T OLEDRD D,
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CECL ey

=

TRk 26 4F 12 A 2R SN AAOBENR BT D5 #t (A
A4BENIARBREEREMEES, 2014) T, @008 BIE ORE 2 I+ %
T2 DOFHHPES STV D, BRMIZIE, FRCRIFIERDRENWE SN DB
EHREBO 5 b FEERGHRBIE IOV TR, FMEA R OG- 2 5k 5
ICEETFRBREDFEMICE DL Z L, EOREDH MK O R L SEHE O
RS T 2 L OB D 2 L BEEET 2D O TIHEEREROA~T 1
DS, HYEEIET 2 b O TIEHPER T DR 2 BRI L 2 & 1R
K (T 1 OREFR) ORI T B b 2 DR & RRBIBE O BLO AT RENE
ICOWTHIAFIZEMMET 2 L5805 L LTS, ZOX I, WYt
EREMERLEFIT R SN TV D BEEMERA T, Aond BIER Th 2 IREE AR
BRI R L EANLRET D ZENE OO THETH D ([HE, 2000),

L L72an s, BIsMAR BRIFE ORAENBA L & BRI EM PR
KEEAR TSRS JE L CWDIREE & 72> T D 72D, (RIKER 2 2h =R B < [RlE
L722WR Y | ZOEMMOIRRBE T2 RET D 2 L ITEFICRNETH D (HE,
2000), Z D78, BISHIAR BIEE OLHIS ILLERM D b O Zh =) 72 JERRITIE,
JREER AR AR L7 DNA ZWNEDMSLIIZE CTH 5 (B, 2011), 24l
Tz, BEMETEAT HEEMIARREEIZIIT S DNA Z#Rkix, #ilxix,
rua—7 42 16 REPIETIE~A 7 vV T T4 b~v—Th—%& H T8N
FrE SNTZJRINBEE &, BB cDNA 74 7TV —DRA7 V== 74795 2
ETCHINBETZHEEL, I /I v 7Yoo T XA E—var k
) —Hr7Tay bAATIVEALE—Tariifo, RINEREZRELE
(Kobayashi 7>, 2000; Ohba %>, 2000; Hirano %, 2000; ‘F-%f, 2011), ¥4, FLAME
TiE, 7/ 2y ZRHEICHW D @87 SNP EHRIC K Y . BEMARIEPEICE
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2 RIKEEF DTSR ELR LD FHE~DIER B FRETH L L OWRENRH 5
(%5, 2017),

ZOMDOARBIFEDORENKERIZEAL T, FHEXEt ¥ — TIHEHER LU
PER A ALARIZ B W CEBREFMI A FEii L TR Y . BRREFREER IR
JHRHMMEEZ AR LTS (FELEE L4 —,2018), LLans, WARET
FEEMR BN OBIEHARBIEEICHIT 5 BIFBUR TIH THh TV,

AAFFE T, BEMECTHRAET HHMEFLEICOVTHEL, W ONDOER
MR 2155 Z N TE T, BIAIFHRBICOWTIE, 5§ 2 BIZBWTHPRE
MOEWVIBEEPHEE SN Z & T, BIEREERREN LRI, £
7o FIEOHEE BN & A0 AR L OMBNIAE RS W IEDOHEBENRD
bl Z &b, HEE BN A A o EEERK % OB MBI LR ORI A
BTHhHZ Lam e, ZORmEIE, LA, BRINOBRBEIEERP BB OMAE D

(C X > TR TE DA ieME 2R L7cRiE R & bRIE L7z U6, 2017), & 61
FEEZDOWTIE, 5 4 BIZBWT MITF E{E 7O SNP & HBEDFEA & o B
AT E 2 A MEITABICEE L, BEEORWEECTHAERD 48.1%703~T
RHZR LT, 2O i, ABHZR 00T WBE 2R ORI B RO R
BRFEEMTIES AL TND I EEZBRLTWD, UL EDZ & h, HEO

ICHRBREND BHVELGREZ R TIEEICOW T, V7L O@EICBWT
HLHEE MO BALE FiZe EoFREHWD Z & T, JRIKEBE T OFRE % %)
BHNATR D AREMEDR B D, 70, FORFIED L 9 ITEIREK & BREE K]
DO STREEG L TWDIBE T, JRKRER ORI T < SE BRSO %
IZOWTHEAMSELHENH D,

5, FEEIZ DWW TR E R SR L ORI EREENZNEN 3.1% K 0 3.3% &
WEINTZZ LD EHERRKIZIIRFMZEST 5 Z LRSS NIZ L b FERE
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DOFERKITMERIKIC L DU BENIIFF SN D, —RIZ, BTG EORIEIZT )
R A RRPD5E R, WENES I OTEEI OV TIRE 2170 FHBRUS
AR L CHEBNISREI SR OU R NK ON 55088 0 | F 2 12
FIXEVEEMAEOH D 1 AU OEREZ ST 5 2 L TURM/HIFTX
D (PexaAR,1994), F7o, Tav vy 7RIZEWT, RETE, A7 T3 O
LI & WV o TR BRI E A DS S R T S 7o 012, FLEEE O B RUS & R
THIEEFEHTHDL ERESN TS (KD, 2014), & 512, Eriksson
(2014) 1%, ¥y L—fl LU 74— NI T, JEPE & il D) FE DI
EHEE{AFHRS (0.95~0.96) K ONREMEEARHAEY (0.96~0.98) 735 Z & %
HELTWD, 2070, SBITEEMFE CRAET HIEL MHEAICHEIKRT 5 2 &
FHEE LT, U & Oy IS OV E 1 TR O RS e EOTEE L D
O M2 T 5 2 & T, MR ORI OWTHRFTT O ERH 5, &
7o AR THWZ BEMFEOERLSKIL, FEFICHGE SN FERE FEAD
ko> TEBEHLTOIMERD -T2 0, BEMEO KT 4 — L FF—
B EMRGEHNCAF D 2 ST BURTIREE LV, & 51T, FE O HEEA ATRE 22 AT AR R
(ZHIRR (240 HLLE) AR HNTEY, RTCOMEEDOT — X ITER SN2
EWVWIREDB DD, TDIH, ZNHDOT —Z 2RI INET H7-012, K
HiEa A v 2 —Fy b TITH 2L THBNICT — X 2% 2 L o7, HAeK
Tl LIV AT AR T D2 ERNEE L, ZOBE, HFEHFRICE T2
WD AR Y 244 HRFEOHRICOW T HRBRICT —F _X—2fb L, &
LR AW TEEEOm E2 BN E LB Z2FE T HZE bHEETH
Do LML G, TNOEEBT DT OIITBIEZ O NI N VLERF R TH
Do, FBEEROBEIHEAE A NGB TR D K5 23 AT A AR IO
i 20ENDH D,
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BEICBT25%DREL LTI, AERE L THRWERIE Ol £
RHNER EOREBORFIZONWT OB NT A —F 2 HEE L, AL OHE
Bz oW T, KRIEE L OBEEZRE T2 TFTETH D, Lo, BIsH/IT A
— X ZHEET 256 A ENTAMBERD R LA L2, BEERRIC O
THRHTD2HERDH D, S HIC, ABEZOW T MITF {5 1-LAAH BEE 23 &
L EME SN TVDLEEBEFITONWTHE L, SNP A B VA ER LI LT,
FHEE GWAS 1T L o TIEH SNP 2R BT 5 FETH D, £/, AL Tk, BEM
FICBWTHY ) Iy 7Rl RGE S T\ A7, 7/ 2y 7Rl cHW S
SNPIEHATEN T2 2L TR T —F ZRMICEETE 50 LRV,

TR BET TR —FEIZL DXy MV T U —FT 4 T AT —3 3 (CBS)
RF v M AT —3 3 (CS) DEAi M OFLH A~ DT AT ISR B i 2 1
MIZ LY TR OAEILREOTGESATOIL TR D . Ak 27 FLIED b Z5H
A DTN TIEIMERIZ & 5 b DD TAAMSITIRIR L L TEKHETHER L T
W5 (EMKES, 2019), ED-0, FHAOAESEZ®RIET 5L & biz, BE
TR CIHAT DHEBOE L Vo B ARRIPE 2R L, BREME 40
TEMRMAGE N D Z LITHEETH D, AFROFERN O | BIEHRREIET
D W BB T, FERINICA L THEENREFENRDT 5 2 & 21
(SRR
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