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Table 1 Fundamental Statistics for Carcass Traits  (No.=11087)
Trait Abbrev’ Mean SD! Min. Max.

Slaughter Age (month) 24.61 £3.80 15.5 36.0
Carcass Weight (kg) cw 417.98 £40. 90 290 587
Longissimus Muscle Area (cm?) LMA 47.72 £5.82 24 78
Rib Thickness (cm) RT 6.66 =0.77 3.8 10.5
Subcutaneous Fat Thickness (cm) SFT 2.73 £0.85 0.7 7.0
Beef Marbling Standard Number 2 BMS 2.07 £0.29 1 6
Firmness ° 2.00 £=0. 31 1 4
Texture * 2.42 +0.51 1 4

1Abbrev=Abbreviations; SD=Standard deviation
2BMS was scored from 1 to 12
3Firmness and Texture were scored from 1 to 5



Ve - AAREATRICBT AR~ — D —& R AL B/ TR BT DR 3
ATWVR, IZ&0, 1969 HLAAT, 1970 4-4%, 1980 41X, 1990 44X,
ZFZT, BARBEMAROIEDT —Z2HESE, BEN/ST 2000 LD 5 HUCHHEL, TREhoficsnT, 4
A—REHEEL CRIZHMBZEREL, LEVREDNE AVFE O L E AR O BlF EAR O E L0 HEE LT
LR EACEIICO LT F FH = — R B BT A AR
FFEA B PE D=2, TR OB BT OB R BFEL, F_H KR
L% OS BT EERGTTT 2% B UIFEE T 572, BIEHIINTA—ZDHTE

HEESNTZE B RTA—F 2K 2 IR T. BEFET

—f MEELVAE

A A AT O ABGE ORI, & T IREEME
A —BEERMF P BEREL TVD 1997 25 2010 4EDFLERD
b, B EERO BN E RN 250kg LLE, AT A 3
36 4 H R THD 11,087 EHOIEBTF DT —4% A\ iz (3
1. Mt 1950 FARETHREZRIRVHD 86,999 BADFLHK
ERIHLZ. Znbida RN CTREBSWIZBE F L2
DT —HThD. IR E TN EZECW), m—ZH8
i FE(LMA), T DESRT), & FIEMIESET), I 122 HE
FLUE(BMS No.), LEV(Firmness), &H(Texture)?d 7 EEL
L, (ﬁ)EIZEﬁW%H%A LEBREE V. ZIRE T
SRS BLOBEREHEELL. Ak
ETUTLL T OB THS.

y=Xb+Zat+e
ZIT, y FEIME, b IR IO R, a (TR0
FIEEAIE, e 13FEE, X BLY Z ILESITIERT.
B RAT Q@ K YE), TR (14 K HE), HaTH (12 Kk 7E),

BEFU8 KEE AR, BEAEIL | RoBEFELT
BRELE. 0BRSS BLIOEREMOHEEIZITTar T A
MTDFREML Z W7z Y. F72, BEFRRBLOE GO
YeFHE(SE)NE T 1 T4 VCEG I FEL L T-.

EEAEEP R L OE Y VBRI W R EOSHT T Blair &

Pollak?, Sasaki & *POMRMF 7% 5E L TiTo72. T70b

b, BARA SN R U AR A O BhEtEA o B AR - il
IZEOHEE L7z, 4 Y 0B E B R X B o & Fhag

< LET LT

Table 2 Phenotypic and genetic parameters on

SFT 23 0.50 Thgb @<, KT LMA 73 0.38 Th->72. BMS
No.DIEHMAZHIT 0.14 LR, WEBEEE MRV EZET
bolz. BIREOEHERRZZIL 0.011 7°5 0.017, BIEMEBED
IEHERRFEIT 0.018 235 0.046 DIETH-72. LMA, SFT D3
BRITERD YORELFRRE Tho7), BED ¥, N
5 2OHE LB METHo72.

Firmness & Texture I BMS No.& ® &z AH B 28 5 <
(0.798:0.987), Haﬂﬁx%ﬁkﬁgﬁ;’g@aﬁzﬁmﬁ THZE
WRBESTz. L, o AR L BMS No.LDig{5HH
B, RAFAESIZIEA >7=. CW 1L RT EIEDORLRE 0.5 L
L ORBAHBE LB EMHBERHEE I, CW AEWEERN
RT MRELZRDEVIAFELWBERA RS L. CW & SFT
DOFRAFAREIL 0.42, VAL 0.29 LIEDHETHY,
CW DB RIZPEV SFT NELRDIENRIEINTZ. LMA &
SFT OBfRIZFHVAOBEMLEFHETHY, R Fmel T
HFELVME R THD. —J5, Firmness & Texture £ LMA &

ThoT-.
ElHES

HRE ORI A X 1 IRT. CW 1 1980 4144
PFETIEML TR, 2000 4FLLFE I3 72 B2 57z,
LMA 1% 1980 FFETIEMIBR FEMEM Tho7lcbDn,
1980 4Ef5 1990 R EFHMEMICH 7=, LovL, 2000
FERITEFBE B AMERL T2, RT 13 1980 ERETIX

seven carcass traits

CW! LMA® RT! SFT! BMS' Firmness Texture
cW 0.305  0.358  0.526  0.294  0.000  0.058 -0.047
LMA 0.351  0.384  0.290 -0.224  0.005 -0.581 -0.116
RT 0.546  0.331  0.246  0.356  0.212  0.340  0.326
SFT 0.420 -0.004  0.366  0.500  0.164  0.177  0.006
BMS 0.055  0.053  0.128  0.052  0.140  0.798  0.891
Firmness 0.085  0.047  0.156  0.109  0.460  0.183  0.942
Texture 0.118  0.000  0.198  0.111  0.297  0.365  0.204

Phenotypic correlations are below and genetic correlations are above the diagonal.

Heritabilities are on the diagonal.
Standard error (SE) of heritabilities are 0.011-0.017.

SE of Genetic correlations are 0.018-0.046.

1 CW = carcass weight; LMA = longissimus muscle area; RT = rib thickness; SFT = subcutaneous fat thickness;

BMS = beef marbing standard number
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Figure 1 Genetic trends expressed per additive genetic standard deviation of the breeding values of

dams born the same year for seven carcass traits

Solid line ; Mean of the breeding values of dams born in the same year for seven carcass traits

Broken line ; Breeding values per additive genetic standard deviation

BV=breeding value; SD= genetic standard deviation
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Table 3 Genetic gains per year estimated as the regression coefficient of average breeding values of

dams born in the same year for seven carcass traits

Trait Period No. of dams Genetic gain =+SE! P-Value

oW before 1969 684 -0. 0816 *0. 0409 0.07
(kg/year) 1970-1979 3327 —0.0671 £0. 0521 0.23
1980-1989 19280 -0.0269 +=0.0189 0.19

1990-1999 10349 0.2789 #0. 0902 <0.05

after 2000 9477 0.3377 #=0.0993 <0.01

LMA! before 1969 684 —0.0109 £0. 0031 <0.01
(cmz/year) 1970-1979 3327 —-0. 0256 £0. 0060 <0.01
1980-1989 19280 0. 0328 #0. 0048 <0.01

1990-1999 10349 0.0834 =0.0162 <0.01

after 2000 9477 —0.0165 *£0.0129 0.23

RT! before 1969 684 0.0012 £=0.0005 <0.05
(cm/year) 1970-1979 3327 -0. 0023 £0. 0006 <0.01
1980-1989 19280 -0. 0022 £0. 0005 <0.01

1990-1999 10349 0.0038 £0.0017 0. 05

after 2000 9477 0.0001 £0.0016 0. 96

SFT! before 1969 684 0.0051 #=0.0011 <0.01
(cm/year) 1970-1979 3327 0.0018 £=0. 0009 0.10
1980-1989 19280 -0. 0068 *0. 0008 <0.01

1990-1999 10349 -0.0020 =0.0023 0. 40

after 2000 9477 0.0006 =0.0011 0.63

BMS! before 1969 684 0. 0006 #=0. 0001 <0.01
(score/year) 1970-1979 3327 —0. 0008 £0. 0003 <0.05
1980-1989 19280 0. 0002 #=0. 0002 0.41

1990-1999 10349 0.0010 #=0. 0005 0.07

after 2000 9477 0. 0046 #0. 0005 <0.01

Firmness before 1969 684 0. 0006 #=0. 0002 <0.01
(score/year) 1970-1979 3327 -0.0012 %=0. 0003 <0.01
1980-1989 19280 -0. 0006 *=0.0001 <0.01

1990-1999 10349 0. 0008 #0. 0007 0.32

after 2000 9477 0.0040 #0.0004 <0.01

Texture before 1969 684 0.0003 #=0. 0001 <0. 05
(score/year) 1970-1979 3327 0.0010 #0. 0002 <0.01
1980-1989 19280 0. 0025 #0. 0003 <0.01

1990-1999 10349 0. 0037 #0. 0007 <0.01

after 2000 9477 0.0012 #0.0003 <0.01

1 SE=standard error; CW = carcass weight; LMA = longissimus muscle area; RT = rib thickness;

SFT = subcutaneous fat thickness; BMS = beef marbing standard number
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DT TSI, 4-5 7 A IRERCIE, AR5 S 345 5 FE Al
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Table 4 Allele frequencies of the GHSRI1a-DelR242 loci in sires and dams in Japanese Shorthorn
cattle

Sires Dams Frequency difference
Allele N ; > >
(95) (540) X d. f. P - value
AGG 0. 595 0. 686
DelR242 0.405  0.314 52 (13 <0.05

I Number of animals. 2Degree of freedam.

Table 5 Nominal P-values, least squares means, and SE (in parentheses) for the effects of DelR242
genotype for carcass traits in 532 heads of half-sibes sired by 17 bulls by GLM procedure of SAS.

Genotype No.t d.f.} oW '(kg)  LMA !(cm®) RT' (cm)  SFT !(cm) YE 1 (%) BMS No. !
P-value (2] 0. 47 0.71 0. 34 0.63 0. 60 0.97
AGG/AGG 148 407.0 (3.8) 48.6 (0.6) 6.42 (0.07) 2.61 (0.07) 72.6 (0.1) 2.10 (0.04)
AGG/DelR242 279 404.3 (3.1) 48.5 (0.5) 6.41 (0.06) 2.55 (0.05) 72.7 (0.1) 2.10 (0.03)
Delk242/DelR242 105 408.7 (4.1) 49.0 (0.6) 6.52 (0.08) 2.58 (0.08) 72.7 (0.1) 2.10 (0.04)

INo.=Number of animals; d.f.=Degree of freedom; CW=carcass weight; LMA= Longissimus muscle area; RT=rib
thickness; SFT=Subcutaneous fat thickness; YE= carcass yield estimate; BMS No.=beef marbling score number
Number of dams, 207; Number of steers, 325. Average shipping age was 24.2 £2.9 month-old (mean+SD) (range:
17.8-37.1 month-old).

Table 6 Fundamental statistics, additive genetic variance and heritability on carcass traits

Traits Abbrev! Recorders Mean sp! VA1 Aot
Age, day AGE 121 245.1 £20.6 - -
Dairy gain, kg DG 121 1.3 £0.1 0.01 0.37
180-day old adjusted body weight, kg BW_180 121 242.2 +30.8 289.90 0.47
365-day old adjusted body weight, kg BW_365 121 480.6 £37.7 543.05 0.51
Total thickness of eight points of subcutaneous fat, mm T8SFT 121 79.9 =15.7 50.04 0.52
Roughage intake, % ROUGH 121 45.0 £2.3 1.29 0.44
Concentration weights per lkg body weight gain, kg CONC_1 121 4.6 £0.5 0.07 0.36
Roughage weights per lkg body weight gain, kg ROU_1 121 3.8 £0.5 0.06 0.31
Body weight at the start, kg BW_S 121 326.2 =32.6 294.71 0.42
Withers height at the start, cm WH_S 121 115.2 £3.5 4.33 0.59
Body length at the start, cm BL_S 94 127.3 £5.4 11.18 0.54
Chest depth at the start, cm CD_S 94 56.7 +£2.4 1.71 0.46
Chest width at the start, cm CW_S 94 38.6 3.7 3.80 0.51
Rump length at the start, cm RL_S 94 42.5 £2.3 1.97 0.66
Hip width at the start, cm HW_S 94 37.9 £1.7 1.09 0.60
Thurl width at the start, cm TW_S 94 38.6 £2.0 1.54 0.44
Pin bone width at the start, cm PBW_S 94 24.8 +1.8 1.15 0.55
Chest girth at the start, cm CG_S 94 155.2 £7.7 22.43 0.56
Cannon circumference at the start, cm CC_S 94 17.7 £0.8 0.23 0.39
Body weight at the end, kg BW_E 121 505.5 +38.6 567.65 0.48
Withers height at the end, cm WH_E 121 127.1 £3.3 4.18 0.56
Body length at the end, cm BL_E 94 148.2 *£5.8 12.73 0.50
Chest depth at the end, cm CD_E 94 65.1 2.5 2.39 0.53
Chest width at the end, cm CW_E 94 46.8 £2.9 3.22 0.49
Rump length at the end, cm RL_E 94 48.9 £2.2 1.00 0.34
Hip width at the end, cm HW_E 94 44.8 £2.2 1.98 0.56
Thurl width at the end, cm TW_E 94 45.0 £2.0 1.61 0.46
Pin bone width at the end, cm PBW_E 94 31.5 £19.6 3.41 0.65
Chest girth at the end, cm CG_E 94 184.4 £4.9 9.79 0.57
Cannon circumference at the end, cm CC_E 94 19.8 £0.7 0.21 0.49

'Abbrev=abbreviation; SD=standard deviation; V,=additive genetic variance; b2=heritability
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Table 7 Single gene effects on body weight, body conformation and feed intake traits during direct-
testing

Traits LRT' P-value al + SE! q! +gf! %, due to
marker

DG 2 12.55  <0.01 -0.01 =£0.02 0.08 =0.02 1. 55
BW_180 2 0.21 0.90 1. 15 1.99

BW_365 2 7.03 0.03 0.72 £4.82 16.40 =£6.11 8. 50E-04
T8SFT * 1. 26 0.53 1.62 0. 58

ROUGH 2 10. 27 0.01 -0.77 =*=0.25 -0.48 =£0.32 21.31
CONC_1 2 6.51 0.04 0.05 =£0.06 -0.21 =£0.09 2.90
ROU_1 2 10. 45 0.01 -0.10 =£0.06 -0.25 =£0.08 5.93
BW_S 2 0. 60 0.74 3.06 5.07

WH_S ° 3. 57 0.17 0.37 0.95

BL_S 2 1.16 0.56 0. 05 -1.10

cp_S 2 0.78 0.68 0. 25 0.13

cW_s 2 4. 36 0.11 0.77 -0.78

RL_S 2 6.07 0. 05 0.64 =£0.27 0.30 =*0.37 10. 01
HW_S * 2.80 0.25 -0.28 -0. 33

.S 2 4. 33 0.12 0.01 -0. 48

PBW_S ° 1.03 0. 60 0.24 -0.02

CG_S 2 0. 86 0. 65 0.95 0.17

cCc s 2 9.67 <0.01 0.20 =£0.12 0.47 =£0.17 6. 45
BW_E 2 5. 17 0.08 1.83 =£5.12 15.23 =£6.62 0.10
WH_E 2 1.74 0.42 0.04 0.70

BL E 2 0.70 0.71 -0.19 0.92

CD_E 2 0.79 0.37 0.12 -0.39

CW.E 2 0.08 0.96 -0.08 -0.13

RL_E °* 0.08 0. 96 0.10 0.16

HW_E 2 0.19 0.91 -0.09 0.14

TW_E * 1. 09 0.58 0.09 0.43

PBW_E *° 0.71 0.70 -0.22 -0. 33

CG.E 2 3.08 0.22 0.91 1.03

CC_E 2 5. 28 0.07 0.20 =£0.10 0.21 =£0.15 8. 20

1 LRT = likelihood ratio test;
portion of additive genetic variance

2 See table 6 for the list of abbrebiations.

SE was shown when P-value is less than 0.10

a = additive effect;
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GH"™ WV DSRNIRBRMETIIV TULOHEEN 0.71 L&
WOIZKL, HAREAFETIT L 7ULOHEDR 0.85 L&)
Sfz. GHTPY ORI BEBRMETIL T 7YVEED 0.61
Tholzh, BAFABTIIZAAROOLNT, &I T
TVVCHEESN TV, CW-2 DIEHERTHD NCAPG
@ SNP &, i fhfEEH I A B E O MBI RS W EEN T
W5 M TULVOBEEIT/NEL, BARBEAETIT MM BoiE
BPRBEEEIE 0.001 LD T/RShodz, ST, CW-1 1T
HEHT D SNP O RY, WAL ICE N E RO INZIR
PHAESN TS C(Q) TULDMEEMNEL, HAEMFET
X C TULVOBEED 0.99 MLELIFE C(Q) TINMCEES
LT,

BEMEOBR TR O A
\Z, AR A OB IR ORIEV-E) 2K 12 (TRT.

, WSS AT R IS BT 5K BIEF ORI RE R
13 (R, BB T, CW IZBWT NCAPG, CW-1 D
BAR TR CEHEOENKEL, IREET LV TOEMLB T
DR RBHTAER LA E Chove. ML cWw-1
NCAPG E0bREDo72038, FINREER S BUS 5B
TR DB FDEIE (%V, due to maker) T NCAPG D3R
DaoT-. LMA Tld NCAPG, CW-1 R EH MM B, qq

HORMEVFHER 11
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DTN D 72D SEBEOFEANIEI—EL TR WEDD,  NCAPG LWb K& o7, RT Tt NCAPG DBAE TR 0O%)
HELBEBTROMRENEDOLI, AMEE, FNEE BERROLNTZ. SFT Tik PK.10 THDHDS, NCAPG D CW
DHICEDDIELETRHOHREOE LS LB CW-1 X ~OFBELIFOMENRROLNIZ. BMS F o3 —Ti

Table 8 Fundamental statistics on carcass traits

Trait Abbrev ! Recorders Mean S
Japanese Black
Slaughter age , month Age 480 29.52 1.43
female f 203 29. 20 1.41
male m 277 29.76 1. 40
Carcass weight , kg cw 480 456. 14 56. 11
female f 203 411.75 38.85
male m 277 488. 67 42.99
Longissium muscle area ,cm®> LMA 480 61.35 7.86
female f 203 59. 83 6.87
male m 277 62. 47 8.35
Rib thickness ,cm RT 480 8.20 0.97
female f 203 7.99 0. 84
male m 277 8. 36 1. 04
Subcutaneous fat thickness ,em SFT 480 2. 69 0.74
female f 203 2.86 0.74
male m 277 2.57 0.72
Beef marbling standard 2 BMS 480 6.95 2.21
female f 203 6.78 2.27
male m 277 7.07 2.16
Japanese Shorthorn
Slaughter age , month Age 942 24.54 3. 44
female f 378 25. 65 3.31
male m 564 23. 80 3.32
Carcass weight , kg Ccw 942 408. 06 40. 37
female f 378 399. 43 41.23
male m 564 413. 84 38.76
Longissium muscle area ,cm> LMA 942 48.23 5.21
female f 378 48. 25 4.99
male m 564 48. 22 5. 35
Rib thickness , cm RT 942 6. 36 0. 65
female f 378 6. 48 0. 67
male m 564 6.28 0.62
Subcutaneous fat thickness ,cm SFT 942 2.42 0.72
female f 378 2.68 0.75
male m 564 2.24 0.64
Beef marbling standard ° BMS 942 2.10 0.34
female f 378 2. 14 0. 40
male m 564 2.08 0.29

'Abbrev=abbreviation; SD=standard deviation; 2BMS was scored from 1 to 12

Table 9 Additive genetic variance and heritability on carcass traits

Trait Japanese Black Japanese Shorthorn
v, 1 ]]2 1 v, 1 hg 1

& 1095. 83 0.61 332. 10 0.31

LMA? 24. 66 0. 40 10. 84 0. 44

RT? 0.38 0. 40 0.17 0.41

SFT? 0.22 0.41 0.21 0. 46

BMS? 1.97 0. 40 0. 05 0.42

1 Va= additive genetic variance; A?= heritability.
2 See table 8 for the list of abbrebiations
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Table 10 Genotypic and allelic frequencies of markers

Genotypic frequencies

Allelic frequencies

Marker Records
pp pPq qq p q
Japanese Black
GH-L127V 477 LL 0. 080 LV 0.423 Vv 0. 497 L 0.291 V 0.709
GH-T172M 477 TT 0.270 ™ 0.683 MM 0. 046 T 0.612 M 0.388
NCAPG (CH-2) 480 IT 0.477 IM 0. 506 MM 0.017 I 0.730 M 0.270
Ch-1 480 CC 0.719 CG 0. 275 GG 0.006 C 0.856 G 0.144
Japanese Shorthorn
GH-L127V 942 LL 0.747 LV 0.217 Vv 0.036 L 0.856 V 0.144
GH-T172M 942 TT 1.000 ™ 0. 000 MM 0. 000 T 1.000 M 0.000
NCAPG (CH-2) 929 IT 0.892 IM 0.107 MM 0. 001 I 0.946 M 0.054
Ch-1 942 CC 0.996 CG 0.004 GG 0.000 C 0.998 G 0.002
Table 12 Phenotype average for each genotype of markers in Japanese Shorthorn
GH-L127V NCAPG (CW-2) ov-1
LL LV W 1 ™ MM €C(QQ) CG(Qq) GG (qq)
Recorders 700 201 33 829 104 930 0
£ 288 74 10 334 38 370 0
n' 412 127 23 495 66 560 0
Mean —=SD? Mean = SD* Mean = SD? Mean = SD? Mean = SD? Mean Mean =+ 8D’ Mean = SD?
Age' 24.64 +3.44 24,20 +3.22 24,73 +3.85  24.70 +£3.42 23.36 +3.10 19.66 24.55 +3.41 23.66 +4.94
£! 25.76 +3.33 25.02 +3.05 26.86 +3.26  25.76 +3.30 24.64 +2.98 25.65 +3.27 24.94 +6.95
n' 23.73 +3.23 23.80 +3.78 25.76 +3.33  23.99 +£3.32 22.62 +2.94 19.66 23.82 +3.30 22.39 +4.28
ow'! 408.74 +40.39 406.88 +40.43 405.18 =+£39.95 408.36 =40.45 407.23 +39.89 394. 00 408.26 +40.36 397.00 +41.61
£! 398.89 +41.69 402.34 =+39.55397.40 +41.31 399.37 -+41.37400.97 +39.97 399.68 +41.15373.00 +53.74
n' 415.63 +38.02 409.52 +40.86 408.57 +39.8  414.42 =+38.70 410.83 +39.70 394. 00 413.94 +38.85421.00 +1.41
LMA! 48.35 +4.96 47.93 +5.92 47.42 +5.80  48.23 +£5.12 48.13 +5.92 51.00 48.22 +5.22 48.50 *+3.51
£! 48.22 +4.90 48.04 +5.28 49.00 +5.85  48.11 +4.96 49.05 +5.29 48.19 +5.00 51.50 +0.71
n' 48.43 +5.00 47.87 +6.29 46.74 +5.78  48.32 +£5.24 47.59 +6.23 51.00 48.24 +5.36 45.50 +0.71
RT! 6.37 +0.64 6.34 +0.68 6.24 *+0.59 6.37 +0.65 6.29 +0.63  6.20 6.36 =0.65 6.40 *+0.48
£! 6.47 +0.66 6.54 +0.67 6.36 *+0.70 6.49 +0.67 6.38 +0.64 6.48 +0.67 6.15 =+0.21
n' 6.31 +0.62 6.23 +0.66 6.18 +0.55 6.29 +0.63 6.25 +0.62  6.20 6.28 +0.62 6.65 +0.64
SFT! 2.41 +0.71  2.44 *£0.76  2.33 +0.61 2.44 +0.72  2.23 +0.65  2.20 2.41 +£0.72  2.45 *+0.58
£! 2.65 +0.71 2.82 +0.82 2.54 +0.82 2.70 +0.75  2.49 +0.58 2.69 +0.74 215 +0.49
n' 2.24 +0.66 2.22 +£0.63 2.24 +0.49 2.26 +0.64 2.08 +£0.64 2.20 2.23 +0.64 2.75 +0.64
BMS! 2.11 +0.35 2.09 +£0.31 2.03 +0.17 2.10 +0.33  2.15 +0.41  2.00 2.10 +0.34  2.50 +0.58
£! 2.15 +0.42  2.12 *0.33  2.10 #+0.32 2.13 +0.40  2.21 =+0.41 2.14 +0.40 250 +0.71
nl 2.08 +0.30 2.08 +£0.30 2.00 +0.00 2.07 +0.27 2,12 +£0.41  2.00 2.08 +0.29 2.50 +0.71

! See table 8 for the list of abbrebiations
* 8D = standard deviation

CW=1 OZhENFRDHIL, CW LRI C(Q)TUNLDIFLE
THIME I CTHo7=. GH Tk GH"#7Y® SNP @ L 7Y T
A EEPRERDIRDBBESNTNDLA, LL B
BIEIE LV B, vV B0 15kg BREEKED->T2b o0, 4

B AW TR ERDRIT

RO ole. — 5,

HABEARE CIIBE FHEDNRIGIZE 7228050, 1FEA
CoRE, Eis T CHEIRROEERD o, M,
NCAPG T SFT T 2 —RABOOLNIZ. LL, RIUE
TIE M ZULDIFLET SFT AWNERHEE THLLDD,
RBAEETTNVTIZREMMED SFT LB\ An TR O &

R ThHoT.
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Table 13 Single gene effects on fatty acid composition and carcass traits

Trait Marker LRT ' P-value al =E£SD d! £9sD %A due
to Marker
Japanese Black
cw? GH-L127V 2.88 2.37E-01
GH-T172) 1.24 5.39E-01
NCAPG(CW-2)  65.56  5.77E-15 —21.72 + 6.58 7.54 4+ 6.94 29. 82
oW1 16.40 2.74E-04 24.44 4+ 11.12 9.25 + 11.56 7.16
LMA®  gu-L127V 0.42  8.09E-01
GH-T172H 1.75 4.18E-01
NCAPG (CW-2)  14.90  5.83E-04 -0.42 + 1.33 2.37 + 1.40 3. 66
Ch-1 12.65 1.79E-03 3.80 =+ 2.14 1.20 + 2.23 8. 66
RT? CH-L127V 3.13  2.09E-01
GH-T172M 3.92 1.41E-01
NCAPG (CH-2) 6.99 3.04E-02 -0.03 =+ 0.18 0.20 + 0.18 1.70
-1 0.52 7.70E-01
SFT®  Gu-r127v 0.12 9.40E-01
GH-T172M 0.63 7.31E-01
NCAPG (CH-2) 4.66 9.74E-02  0.25 =+ 0.13 0.16 =+ 0.13 5. 29
Cr-1 0.34 8.44E-01
BMS®  gH-L127V 1.32 5.18E-01
GH-T172M 1.29 5.25E-01
NCAPG (CH-2) 0.74 6.92E-01
V-1 7.87 1.96E-02  0.47 + 0.61 -0.15 + 0.63 4.23
Japanese Shorhorn
cw? GH-L127V 0.90 6.37E-01
NCAPG (CW-2) 0.88 6.43E-01
cr-1 0.21 6.50E-01
LMA®  gH-L127V 3.50 1.74E-01
NCAPG (CW-2) 1.87 3.92E-01
-1 0.00 9.45E-01
RT GH-L127V 1.88 3.91E-01
NCAPG (CH-2) 0.63 7.29E-01
-1 0.15 6.94E-01
SFT®  Gu-r127v 1.60 4.48E-01
NCAPG (CW-2) 7.31  2.59E-02  -0.02 + 0.32 -0.21 *+ 0.32 1.43
-1 0.12 7.30E-01
BMS®  gr-Li27v 1.57 4.55E-01
NCAPG (CW-2) 1.35 5.09E-01
Cr-1 2.50 1.14E-01

' LRT = likelihood ratio test;
variance
® See table 8 for the list of abbrebiations

a = additice effect;

FE=H BE

BEFFEE A A A RO SRR COHFSR R E O
BMS F o N—EORBMNREERLRDINT, AW Txt
LT SNP OHEIZB W THEBRMS A E AR T
RECEZRY, FIHLRL L THZENENOE B L)
ThbD. GH T OZAE, hosd M2 HHIHICE
EMHETIIER TE-bOD, HAEARE CIIFEELRD
STz, EBIT, NCAPG, CW-1 1Zfi dh iR EHITAY v —T UL
FEFECTHLHDD, HAREMAFE CTIZENENORE M
PEDBIG AR - Tuie, BB B AT R IR RER

d = dominance effect;

%VA = proportion of additive genetic

D 10 FEMHEY, o AE—IL, TRy, a—bk—r, 7
T AR FEOINE BFRERHESNIZ, FIFDERESN
TFEENRRERSTT2D, [ERFOFEREHRFT 256
TEOHDOZRHEITONTIZH RSN TEY, RE4FLH

ZBIGENERER AR Lo TWBEE Z LN TS 10,
—J7, AARBE ML, HALH 5 O1E R4 Th o 42
TR LAKE, BRI OWIMECTHERFEL ML CH R Ik
HERHY, va—hR— U FORBRIRNES R TNG 9167,
ZOIH7 BB A A AROBEYE ROEVDD,

ER T ZABEEOBEVWRENL TS E b,
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BETROBRICEALTE, BEMETIX NCAPG &
CW-1 THEISNTWDII BN E RO BRI T
AW EHTHLROONEIED, NCAPG THRIDEX,
CW~=1 T BMS T2/ N— D RPFRO N2 EDE- D
M THD. EHIT, NCAPG © CW DOBESEIC 5D 5%
B OHREOEIED 23%EIEFITEL, BRI HUIKIL
Th 4%DOEERD, QTL ELCIEFICREVDREE
FIZx L CRED ZENFERINT. NCAPG & CW=1 D 2 D
@ SNP TERIBZBUTH D LR DOEIEG K 30%EIH I
REWHERTH-7-. Nishimura & PIZD 2 5D SNP %
Hie 3 DOV—H—DOFHRIT/IZHHO 1/3 (ZIEHT
HERELTEY, AFETHWZEMICBWORSNZE
WHBRIFIRARTITRVWES 26N, BREMEICED
T, NCAPG (IR E RO R OHD M TV OB
PMES, M 7UNVERA T DEEO ML DT EE S b
IO o T R EFEIE AR DKL COD ATREME B 2 B
To. ZDT, NCAPG R ~—T1— LU TR 27201
1, BRI RO LR AR NIRRT
DRSS, Fe— T, AARBATETIEM 7URAE
1RO MO R ARE TIX o7 M TUL OB R ER
AR EEOEHOH AR T D20, MEEZERL
TEOLRBETEATONEENE 2 O, S5, BEFE
TIE CW-1 DEENZENT, CW R LMA, &51Z BMS ~ C
TINDTTRHRBEDOLNTZH DD, C T UL OB E
HEGRIIMEN ThH-o72. LhL, EH~DEEDORKEN
FEREARIZBILC C TUNER L2 R THREOF A E
HEHLEEDN. GH IZBL TS R WM S
ST LKA E ORI B~ T-. Tatsuda & 9
i GH "M LN EELEOHBEZREL TV,
Matsuhashi & *PI3k N EEEOBEIIRD SN, & FIE
BEIEICREE 4 ALHAE LTZ. &5HIC Tatsuda & % GH 7172M
& BMS DB A RS L7223, Matsuhashi 5 P13 BMS TiZ
72<, CW, RT, SFT &LDB#AZHEL TV, OO WA
oY GH DRI ATEE ORI E L > TR AR
REE2DAHEMENE 26T,

BEMEICSVTUBE~OR ERDIRBBOONIZ~—
T, BAE AR CILZ O E OB H50,
NFB e TIEed o7, AR ARITEEMREICL~fE
BHEBMNEL, ZORERRAENREN. BEMETE, —F
DA s AR O B AL 9223, B AL R C LI RE &
HIZIKE 600kg A AR O BALLL 9, SBIT, FXIT
L BBGE T R OREN DT RO H AR 2MR D 7280 IR E 1]
M 0 H fof R ) SO il B OB T I T D DN FERE
THY, AT E OO ZED /NS ENEEHZ O A L HE
ECED. 2O, BAREMTE CIIERGEICEL GRIE

I TERE N &+ IR L TOARWTTEEME N Z 265, T
D&, EMEZREARHIRE ) FEAL N R #E T 72 5 2 &2 HERI T
5. BABEORBEICK L TEE TSR I
BOANLITOFUEEE IRV, FRAR O A I H fif ©
ETeny, Thb b, HATREH OFREE D7D 1B IR %2 0 F
THEBE BT o270, T3, SORDEEOH MO
REMENERLIE VAR CHI LD, 2B BT X&LE 20
NDH, D X7 B K WO M7 AL B X H M 5T
TR THD. 207, S %M EZEBLBREF RO
HMEICE Y I VEMA AR TEZEAIE, —ED
DG Lk, —EDEE A Wi OM B E2 R eI 270 L
DY T NARH T IEOHESL AN E THHES 2 BT, #1E
WY TV CEIE, BBV INELZ2D, R
BB T ORI D FTReME D D & T,

A LB R 2RO T, A A IR %)
RBRRDOENI o1, R FIEORENEN O LRS-
7. T2, BERMM T, NCAPG & CW-1 ORRBPFEDL
Ni=Zenn, AFROBEMBEMICIBVT, NCAPG,
CW-1 DBIBETEZHBEABREOKABEOK B ~—
J—ELLTERTEAEE 2O,

FNE BENEREREFECFOBRERES
BICET5ZHBELGF N DIER
BERBLURARE~NDZE

]
BUEDH W OFFAMIAR I S HEZ B AP EAN TOD23,

e EEALA 3 B R IS BT 2L O DR ORRIC
TREWI OB LOBE LTk, ITE RN
HEDFRFE X DMIT2T Tid e, BENI OB 238 7= 7254l
JBEELTHEREIN TS, 2O LH57%F, — iR Ffn g
e & % 18 50 \CHEE T 2888 OBR % °Y, stearoyl-CoA
desaturase(SCD) %2 fatty acid synthase(FASN) V72 & I& 1)
WAL\ B a2 5 A BB F 2 OMERL, FHOE
FERL R B T2 L AT T0D. RE N FEIRT
HOAAFATIZB N THRIIDRNEDD—EDHH N H
~OEMIZHETROONDHT-0, B ARBEARIZEB W THIE
Wi A FRAE D — DL LA M E T 3 FT R CThDHE
E2oND0, AARBEARIZBITHFRT ORI
Z ORI T 2 & 1T Th 72w, 22T, Jig
R FE R D R FRIRE L TRET T 27012, BREFMFEAA
DRI BRAR PRI BT DR BB HESNTVD SCD,
FASN, sterol regulatory element binding protein 1 (SREBP-
D, growth hormond GH)IBAR F D& AR TS H R4 A
FEAF A DO RE IR AR -2 2B OV CI A LT,

i
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F—H MHEBLUVAE

MENIE FRANO M CRESh A A ARAEARIES
4= 279 HA (F£2 180 §A, Wk 99 F1) OO FAsN 2 v
7o MRHEDE S A i 27.6+2.5 CEHE R HE(RE) ©
ol MEHPIZB T DT st I E O ARG A K 14
Rtz

e AIE, BB A ATF V= RT AL L=, HAIm
~ 7 T7 40— (GC-1TA; B &t B AR, HUERTH) I
KoLz, e, IRl RES AR LI, Z/aak
NV =AY )= ARE R (7 anaiR )V b A% ) —=2:1) A
B ISR, EHKE D AR —F — Tl - E L. £
D, By ImL EF R LA R 0.5mL &% 80°C
T 20 DHELAT VAT AL LTZ. AT VAT IVIRIRIZ
AFTY Iml, KK 2ml 20 E LY BEL 7215,
B REZZARRK 2mL CfEER = D REL, 20 RiEE

Aya= b T7 74— OREL LT, IR IZIV AT R
(C14:0), SVARLAUEE(CL4:1), 7T U (C16:0), /¥
NIV A BE(CL6:1), AT 7Y E(C18:0), AL AR
(C18:1), U/ — /W BR(C18:2) DA &I & 243 Hr L, fafnlli i ik
A7l A (SFA; C14:0+C16:0+C18:0) &l 7~ fa Fi i i i
At #EIE (MUFA; C14:1+C16:1+C18:1) & B Hi L 7= Fiz,
NTEAREE N B AR AR A T 2 (2 K DB P B & (carcass
weight ; CW), m— 2N & (longissimus muscle area;LMA),
ANTOEES (rib thickness;RT), B T HENIE (subcutaneous
fat thickness;SFT), BMS > /3— (beef marbling standard;
BMS), # 84 FE Y (vield estimate; YE), BCS J /73—
(beef color standard;BCS), iR (luster), LEY (firmness),
X (texture), BFS F 73— (beef fat standard;BFS) ®id
AR S RIEE L LT,

BETHIE, BEE» S BB LS A

Table 14 Fundamental statistics of fatty acid and carcass trait

Trait Abbrev! Recorders Mean  +gp! v,! B2t
Fatty acid composition, %
Myristic acid C14:0 279 2.70 =£0.55 0.12  0.43
Myristoleic acid Cl4:1 279 1.78 =£0.58 0.14 0.50
Palmitic acid C16:0 279 23.86 *+1.79 1.26  0.44
Palmitoleic acid Cl16:1 279 6.79 =£1.55 0.97 0.48
Stearic acid C18:0 279 7.94 =£1.80 1.28  0.51
Oleic acid C18:1 279 50.46 =*+2.85 3.23  0.44
Linoleic acid C18:2 279 2.72 *£0.76 0.12  0.39
Saturated fatty acid SFA 279 34.50 =+3.07 0.38 0.45
Mono unsaturated fatty acid MUFA 279 59.03 £2.94 3. 47 0. 46
Carcass trait
Carcass weight, kg CW 279 445.83 £49.64 400.19  0.42
Longissimus muscle area, cm® LMA 279 51.02 =*£7.15 12.70  0.40
Rib thickness, cm RT 279 6.81 =£0.92 0.20  0.40
Subcutaneous fat thickness, cm SFT 279 2.70 =£0.83 0.25 0.40
Yield estimate” YE 279 72.12 =*+6.26 0.58 0.42
Beef marbling standard® BMS 279 2.03 =£0.29 0.02 0.38
Beef color standard? BCS 279 4.16 =*0.67 0.13 0.43
Beef fat standard! BFS 279 3.12 =£0.51 0.08 0.40
Luster’ 279 2.11 #0.38  0.04 0.41
Firmness® 279 2.02 =£0.25 0.01 0.38
Texture” 279 2.59 =£0.53 0.09 0.42

'Abbrev = abbreviation of traits; SD = standard deviation; Va = additive genetic variance; A?= heritability.

*YE = 69.419+0.130LMA+0.667RT-0.025%*1/2CW-0.896SFT

3BMS was scored from 1 to 12
4BCS and BFS were scored from 1 to 7
5Luster, firmness and texture were scored from 1 to 5
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DNA %\, FASN, SCD, SREBP-1, GH @ 2 7 Ft
(L127V , T172M) OKBAB TR OWTENL I, Abe
5 Y, Taniguchi & ®, Hoashi & Y, Chikuni & ¥ 05 (2
DSWTHELZ.

HRISFORRIT, FRBELZETDOITREET
JLERFWTCEHlL=. 4 SNP 2513 Qxpak®™d snp_ad 47
AN IITY, SREBP-1 O AR KR EYL SNP LAl
T LTZ. W= EF A RUTR DL THS.

Yijkim = sex; + year; + monthy + farm; + bx i, + SNP + wjjig,

+ ey (1)

Vi VB fkim DORIE, sex; 13 7 OREIE (2 K
Y8), year; | ZREEME J ORI (3 KUE), month, 13F&
@ H k OREEHE (12 KYE), farm) TR 1 OREGNR
(7T K¥E), b ITEE AW xjpm PEUFEREL, wyy, (TFE
iklm DRV =R ELT MO, Ao 2) (AT F AT
TP BINE, ejum 13IRFETHD. SNP ITKBIEF
JED SNP OFRINEIZNH(a) I L OEMEZ R(D) THD. ATT
BN AER T 2701, 3 AR Lz #EfFHEL T 1501
SEZE Wz, B RE L, T7 L (1) N SNP s 1R
®9ﬁ%%ﬁ%b\f:%®®3ﬂﬁﬂiﬁfﬁkbfﬁux P BT A=
FAMICEOVGETZ. AN BRI HUIC SO D E — BT
JED SNP SRR R OB

variance percentage = [2pq(a+d(qg—p))*1/V,

p & qld SNP DT UNLHEE, VA IZET /L(1)D SNP 205
EERWZET ADBELNI AR S THD ).
F7-, TEAX AN ROV T episnp AT T a iy
T L. W=7 L UTRDOERBYTHA.

Vijkim = Sex; + year;+ monthy + farm;+ bx;,, + SNP1 + SNP2

+ SNP1*SNP2 + i + €y (2)

SNP 1 & SNP 2 132 NENH—B5F O AS FR0 R
THY, SNP 1#SNP 2 1L 2 BB FIEBOTERZ L AR
ThbH. 2 B FER O A2 25 B1% Cockerham &5
U %N 4 SRE— L DI RS RGN R (RN S X 4
TNZh SR, FRIMBY IR X B IR, MR R X AN Zh AL, Btk

IR DEBVEH L.

SR X BB LU TRMT A AT o7, BERREL, €7
NV(2) NDZERE L AR RVIZET L2 IR AL L
TATW, PEIT A 2RI VST,
DI, REDOSLEMEEBET D512
Hochberg 20 J7 1% (BH £) 12KV S EMEEZEE L P il (g
)% R Y7 b =7 (http://www.r—-project.org/) Z iV CH
L7z, BH {E£CI, 5 IS FD>H SREBP-1 BEW

|2, Benjamini &

GH "™V REEFAN TRAICEESHL TV (R a2
M), 3 s F e VTt H—Bn A ROBE

IZOWTIE, 20 TBE X3 A5 =60 MELL CTHIER
1TV, TERFL A EIZOWVTIL, 20 BB X3 = AZy
28— (FASN-SCD, FASN-GH, SCD-GH) =60 I&ELL
T, filEEITHT-.

FEH R

BBETOBEBTHHAELBERTHELZE 15 \IRT.
SREBP-1 BEY GH T8\ T, Z2AITRBOLeH
ST EBIZ, GHYVIZBWTIE L TULOHEEED 0.94 &
FRSECHY, 1FFE L TVVICEESICUz.

FWHEOBEHEER | T, RSB EIS OBIRRIT
0.39~0.51 LHIEE TH-7-. C18:2 IXBEBFETIIMO
HRBAEE 2 LE MRV ERER I E SN TS WO LRI,
0.39 LR O TR IRV B EIHEE SN,

FHE T ICRB T R TR RAUEORRE R 16 12,
BB TR ORER, AR - BEEE 17 1IRT.
AR OFEL, IENIEEEIE T, Cl14:0, Cl4:1 T FASN
& SCD 73, Cl16:1 & C18:1 T FASN 23, C18:0, C18:2, SFA,
MUFA T SCD DN HE Th-oT-. FASN T TW 7Y
NOFIET C18:1 BN EEAMM TH-o7n, Cl4:1 T
I TW TUNAOHFIE TR B Th o7z, EHIL,
C16:1 Tix AR/AR TibLENFEN-T=. 2D, MUFA
DORE 32 EDHD C18:1 T FASN OB RBHE ThHh-o7zIz
L6, MUFA TIXE B TidedorceE 2 b,
SCD T, ieb EERIENIFE ThHDH C18:1 THEREEN

Table 15 Genotypic and allelic frequencies of markers
Genotypic frequencies Allelic frequencies
Merker Records
pp pq aq p q

FASN 273 TW/TW 0.06 TW/AR 0. 44 AR/AR 0.50 ™W 0.28 AR 0.72
SCD 277 AA 0.39 VA 0.48 Vv 0.13 A 0.63 vV 0.37
SREBP1 277 SS  0.00 LS  0.00 LL  1.00 S 0.00 L 1.00
GH T 263 VvV 0.01 LV 0.10 LL  0.89 V. 0.06 L 0.94
Gl TN 263 TT  1.00 MT  0.00 MM 0.00 T 1.00 M 0.00
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Table 16 Phenotype average for each genotype of markers

FASN SCD Gl L2
. TW/TW TW/AR AR/AR AA VA Vv VvV LV LL
No. of animals
17 120 136 109 132 36 2 26 235
Slaughter age 28. 22 27.42 27.69 27. 35 27.67 28. 08 28.52 26.53 27.70
Fatty acid composition, %
C14:0 ! 2.21 2.60 2.84 2.61 2.73 2.85 2.56 2.74 2.71
Cl4:1 ! 1. 45 1.67 1.93 2.02 1.74 1.23 1. 89 1. 86 1.79
C16:0 ! 22.90 23.82 24. 00 23.79 23.87 23.95 21.48 23.96 23. 86
c16:1 ! 6.53 6.52 7.08 6.71 6.91 6. 64 8. 58 7.06 6. 81
€18:0 ! 7.87 8. 15 7.74 7.65 7.85 9.20 5.93 7.74 7.95
c18:1 ! 53.01 50. 81 49. 82 50. 52 50. 47 50. 21 53. 37 50. 21 50. 42
c18:2 ! 2. 86 2.72 2.70 2.81 2.73 2. 46 3.71 2. 87 2.71
SFA ! 32.98 34. 56 34.59 34. 04 34. 45 36. 00 29. 97 34.43 34.51
MUFA ! 60. 98 59.01 58. 83 59. 25 59.12 58. 08 63. 84 59. 12 59.01
Carcass trait
cw ', kg 459.35  449.44  440.77 447.55  444.35  445.81 439.50 455.92  444.73
LMA ', cm? 50. 12 50.73 51.40 52. 18 50.51 49. 50 47.50 53.42 50.72
RT ', cm 7.08 6.70 6. 88 6. 83 6. 76 6.91 7.25 6. 94 6.79
SFT ', cm 2.59 2.71 2.68 2.62 2.70 2.93 2.75 2. 66 2.67
YE ! 72.63 72.45 71.76 72.19 72.01 72.28 72.50 72.92 72.01
BMS ! 2.12 2.03 2.02 2.03 2.02 2.08 2.00 2.04 2.03
BCS ! 4.12 4.22 4.12 4.17 4.18 4. 06 3.50 4.08 4.17
BES ! 3.06 3.13 3.13 3.15 3. 11 3.06 3.50 3. 08 3.11
Luster 2.00 2.12 2.13 2.07 2.12 2.22 2.00 2. 15 2. 11
Firmness 2.06 2.01 2.02 2.02 2.01 2. 06 2.00 2.00 2.02
Texture 2.59 2.61 2.57 2.58 2.58 2.67 2.50 2.62 2.59
! See table 14 for the list of abbrebiations.
Table 17 Single gene effects on fatty acid composition and carcass traits!
Trait Marker ~ LRT ® P-value qg-value ® a?+SE 2 JENI %VA * due
to marker
Fatty acid composition, %
Cc14:0 * FASN 36.24 1.35E-08 6.28E-07 -0.34 = 0.07 0.01 =0.08 37.7
SCD 11.48 3.00E-03 2.50E-02 -0.17 £0.05 -0.003 £0.01 11.1
Ccl4:1* FASN 24.30 5.28E-06 1.64E-04 -0.23 = 0.07 -0.08 = 0.08 20.5
SCD 50.16 1.28E-11 1.19E-09 0.37 = 0.05 0.09 = 0. 06 40. 4
cl6:1* FASN 15.10 5.25E-04 6.10E-03 -0.45 = 0.18 -0.23 £0.22 12. 7
c18:0 ! SCD 22.49 1.31E-05 3. 05E-04 -0.78 £ 0. 16 -0.46 £ 0. 20 15.8
c18:1 ! FASN 21.26 2.42E-05 4.50E-04 1.38 £ 0. 35 -0.12 £0.42 22.0
c18:2 1 SCD 11.12  4.00E-03 2.60E-02 0.19 £ 0.06 0.04 = 0.07 12. 4
SFA ! SCD 13.65 1.00E-03 1.10E-02 -1.11 = 0. 30 -0.45 £ 0. 36 12. 2
MUFA SCD 12.48 2.00E-03 1.60E-02 1.01 £0.28 0.50 £ 0.35 10. 4
Carcass trait
CW ', kg GH T 8.17 1.70E-02 8.80E-02 11.24 =+ 10.62  6.70 %= 11.99 0.8
RT * ,cm FASN 16.52  2.59E-04 3. 00E-03 -0.07 = 0.09 -0.32x£0.11 8.9
BCS ! FASN 6.19 4.50E-02 2.20E-01 0.03 = 0.07 0.09 =0.09 1.6
Luster FASN 8.98 1.10E-02 6.40E-02 -0.12 = 0.04 0.05 = 0.05 8.7
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Table 18 Epistatic effects between pairs of the genes on fatty acid composition and carcass traits'

Trait Marker LRT 2 P-value g-value °
SNP1 SNP2
Fatty acid composition, %
c16:1 * FASN SCD 4. 44 3. 50E-02 0.61
Carcass trait
YE * ScD - GH 7 6.73 9. 00E-03 0.61
Texture FASN SCD 4. 41 3. 60E-02 0.61

! Only those pairs for which statistically significant (P<0.05) gene effects were detected are listed for each trait.

®LRT = likelihood ratio test

*The q-value of test measures the proportion of false positives incurred when that particular test is called significant.

“See table 14 for the list of abbrebiations.
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