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ABSTRACT

This study was conducted to use the pedigree information of Hanwoo cows participating in the Hanwoo cow test project
to examine changes in pedigree completion, inbreeding coefficient, and effective group size. As of 2020, 273,381 cows
participating in the Hanwoo cow test project were used, and the final 581,816 data were used for analysis by inquiring
up to 13 generations of pedigree records. The pedigree completeness index(PCl) analysis used only individuals who
knew both parents and whose parents knew at least one parent. According to the analysis, pedigree completeness and
average coefficients are increasing gradually with the year of birth, with the mean coefficient of the lastest animals with
accumulated pedigree records relatively low. The results of estimating the effective group size were estimated in the
range from 215 animals(1999-2019) to 51 animals(2018-2019), indicating a trend in which the effective group of groups
containing animals born in the past rapidly decreases over time. Through the Hanwoo cow test project, Hanwoo farmers
should make continuous efforts to prevent inbreeding coefficient damage by customized breeding considering individual
pedigree information and genetic ability, and to minimize the loss of genetic diversity by mitigating the concentration
of bulls. However, as many studies have shown, the effective group size is decreasing, and in order to maintain genetic
diversity in Hanwoo groups, additional studies such as cow genomic selection, which can increase effective group size due
to the variety of selection and breeding methods.
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Table 1. Pedigree information for each generation of Hanwoo breeding population
with both  without both with one of the parents generation

eI parents parents dam sire total total total ratio (%)
1 260,611 11,591 333 846 1,179 273,381 46.99
(95.33) (4.24) 0.12) (0.31) (0.43)
2 111,624 19,558 94 1,467 1,561 132,743 22.82
(84.09) (14.73) (0.07) (1.11) (1.18)
3 60,767 20,969 18 535 553 82,289 14.14
(73.85) (25.48) (0.02) (0.65) (0.67)
4 30,823 18,203 9 55 64 49,090 8.44
(62.79) (37.08) (0.02) (0.11) (0.13)
5 13,652 11,726 9 11 20 25,398 4.37
(53.75) (46.17) (0.04) (0.09) (0.08)
6 5,489 5,912 11 2 13 11,414 1.96
(48.09) (51.80) (0.10) (0.02) 0.12)
7 2,126 2,531 5 4 9 4,666 0.80
(45.56) (54.24) (0.11) (0.09) (0.20)
8 780 1,040 5 - 5 1,825 0.31
(42.74) (56.99) 0.27) (0.00) 0.27)
9 271 412 2 1 3 686 0.12
(39.50) (60.06) (0.29) (0.15) 0.44)
10 77 165 2 - 2 244 0.04
(31.56) (67.62) 0.82) (0.00) (0.82)
11 15 49 - 1 1 65 0.01
(23.08) (75.38) (0.00) (1.54) (1.54)
12 4 8 - - 0 12 0
(33.33) (66.67) (0.00) (0.00) 0)
13 - 3 - - 0 3 0
(0.00) (100.0) (0.00) (0.00) )
Total 486,239 92,167 488 2,922 3,410 581,816 100
(83.57) (15.84) (0.08) (0.50) (0.58)
Ao T 22 ZAANE BH, IAti7E A1 54 OiE] 273,381F-2 2F47%9] 25 Hlom, o] F PIFZE S
£ 7R 26061152 95,3302 ekt on), QR RS 2k Al 11,591 4.24% 2 Uekleh, w331 Rmphole )

Al 1L,179%% 20, o] ZF ofH|gk ok= 7iAl= 846 %2 0.31%, o]u|Tk of= 7HAl= 333%F 0.12%2 LFERTE. 2M|choll A= 24
T4 TjH] 132,7435%2 9F 22.82% 2 w35}l Rl o o] F PRIRRE of= il = 111,624F2 84.09% = LFEREO M, I H
g ¥2= 7hAls 19,558%F 14.73% 2 LRttt 1% Bl o= -9 1A|t= 1,1795F, 24|t 1,561, 3AItH 553%2 L
Eptom, o] 5 1A|th= ofu|T ob= 7iA] F47t ohE AT o B2 210 2 LEsiT.
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31, 71 th 0 2 3AITH(93.5%), SHITH(80.3%) & =0 2 2= o] Alch7t 371l whet PCI7} ZH4she FA1E UERASICE =
Sk 1At 2] T PCLE 50%E 2HASE A0 & BA R0 ohE At B} =2 A3kE Uehiioh dRbd o 2 ojz|gh it =2
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B, Guersey 52] B+ PIC7t 74~97%(Melka et al., 2013), dlut=3 24 E5-2] W4t PIC7} 94%(Serensen et al., 2005)=
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Table 2. Pedigree completeness index(PCI) for each generation level of Hanwoo breeding population (n=232,461)

L
)

|t
T
oo

N
°

PCI level mean std min max
PCI1 0.996 0.040 0.500 1.00
PCI3 0.935 0.088 0.167 1.00
PCI5 0.803 0.115 0.100 1.00

Table 30lli= 243 o] w2 3A|chet SAIche] ZF FEeHd =245 AASHITE S4Y 2010'd0] 3,7325F2 Al&ksto] 2018
7HA] 65,005F2 S7Fsh= 2102 FA|E Uehl 9l on, 2019| of| 27,073%F2 WA 47} 2R 22 2| 24 7l Eo] =%
3] A] E9k7| ufi2o|ck. 3Mchet 5Hce] PICE Hlwgh At 201060l 2+ 85.4%, 61.1%2 LHEREoH, o] & Al Z7}
ZAM|1Z Hof 2018 0ll= 212} 95.5%, 85.5%, 201980l = 212} 95.5%, 86.9%71A] Ad5] 71 7102 Lelgth, o= J1E35t
P55 48 Foto] Zadle 2oy il s 27 50 7IEE Aol 8 7St e 575 AR SAE 2

32w,

Table 3. Pedigree completeness index(PCI) of PCI3 and PCI5 for each birth year of Hanwoo breeding population

. . PCI level
birth year # of animals I3 IS
2010 3,732 0.85411 0.61057
2011 5,787 0.86846 0.64174
2012 9,685 0.89816 0.68281
2013 12,518 0.91089 0.71252
2014 18,895 0.91518 0.72984
2015 28,525 0.92425 0.76122
2016 43,351 0.93188 0.79068
2017 55,048 0.94354 0.82764
2018 65,005 0.95273 0.85515
2019 27,073 0.95553 0.86914
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Table 40ll= F-2-& X5 411 Q1= 7HA] 260,61150] tiet 25 34 o] 2k 486,239 thisto] 2t Alchd 2t FalAl4= -
T TaAlg T4 9 HIEE UERHSITE IA|ThRE] 124]ci7kA] 32718 SR thel Wt ZaAle 52 o7t S57H5

Faohs 73 Holal Lo, 3AIh7kA] 7HA| F4=7F A4 thH] 89.06% = T At o] EE-To & =0
Z10 = LFeRTE 3MIT7EA] 7HA] 433,0025F 5 %101 0969 WA= 138,583 %2 32.01% 2 YERSTE. 1AItH 260,6115F &
T2 00621 A= 46,9725 18.020 2 LFERF T ThS-0 & T A|4 3.12506 7HollA] 196, 704% 75.48%.2 717 BES T
eI kAR areo] Zzlofet o 4= Qli= 259601/ 7ol A &= 2895 0.11%7 YEFLFA], oF&17ER] 57 toll A= Q17]
WS 0] 5 A &2|Q wHl7} o] RoIR| AL Ql5-S BRI 4 Utk 24|t 111,624F & A7} 0% 7HAl= 50.118F2
44.90% = 1A|chol] v]sf Zx1o] Azj 2] gk 7iAe] Hlgo] gho] obxl Z1 0 2 Yepal, 3Aclo] 4} Alci7t 745 20|
09621 7iH12] F4=7} 57 sl th2 IHE Tof| A AJ7to] Z|idof| me} i FalaeEo] F7kettal B gt Aol H| 5t 7
S UeRItHNomura et al., 2001; Gutiérrez et al., 2003; Sarensen et al., 2005; Parland et al., 2007; Martinez et al., 2008)
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Table 4. Inbreeding coefficient level for each generation of Hanwoo breeding population

inbreeding level
gen 0.00% 3.125% 6.25% 12.50% 25.00% >25.00% total
1 46,972 196,704 12,99 2,823 827 289 260,611
(18.02) (75.48) (4.99) (1.08) (0.32) (0.11) (53.6)
2 50,118 54,622 5,018 1,458 304 104 111,624
(44.90) (48.93) (4.50) (1.31) 0.27) (0.09) (22.96)
3 41,493 16,429 1,985 638 188 34 60,767
(68.29) (27.04) (3.27) (1.05) (0.31) (0.06) (12.5)
4 25,618 4179 661 258 98 9 30,823
(83.11) (13.56) (2.14) (0.84) 0.32) 0.03) (6.34)
5 12,507 873 157 64 49 2 13,652
(91.61) (6.39) (1.15) (0.47) (0.36) (0.01) (2.81)
6 5,280 151 25 6 2 1 5,489
(96.19) (2.75) (0.46) (0.11) (0.47) (0.02) (1.13)
7 2,069 33 4 4 16 - 2,126
(97.32) (1.55) (0.19) (0.19) 0.75) (0.00) (0.44)
8 773 3 1 - 3 - 780
(99.10) (0.39) (0.13) (0.00) (0.39) (0.00) (0.16)
9 268 1 1 - 1 - 271
(98.89) (0.37) (0.37) (0.00) (0.37) (0.00) (0.06)
10 75 1 - - 1 - 77
(97.40) (1.30) (0.00) (0.00) (1.30) (0.00) 0.02)
1 13 - - - 2 - 15
(86.67) (0.00) (0.00) (0.00) (13.33) (0.00) (0.00)
12 4 - - - - - 4
(100.0) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
total 185,190 272,99 20,848 5,251 1,515 439 486,239
(38.09) (56.14) (4.29) (1.08) (0.31) (0.09) (100)

Table 501= 1980\ 761 2019\ 8714] 2783t 4 F F-1.0] H57| 5 Bl A G2 A A E7 3l 486,239l thsto] 7743 =
AU ke STl et T, Sl iAol thet Bk ZulAle Bl obH| = ofn| 2R 5ok kA of AleiRt

IS Wt 2l SAE T A ol et Ak S7Fshe FA1E E3lth SAE o wEt ZuAleT SRt
ATLEI(F 5, 2011; £ 5, 2014)2F 22 AAE eIl =3 el 24T AL 48 28718 #5082 384%E
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Table 5. Change of inbreeding coefficient and generation interval for each year of Hanwoo breeding population

Wit g n inbreegh'ng Fx (%) average generation interval
coefficient (F~F.) Sire-anim Dam-anim Average
1980 89 0.000 - 6.90 2.09 4.82
1981 76 0.000 0.000 7.34 3.00 5.31
1982 82 0.000 0.000 8.26 3.88 6.03
1983 146 1.027 1.027 9.01 3.54 6.31
1984 115 2.391 1.364 9.62 3.75 6.67
1985 99 0.000 -2.391 7.70 3.60 5.57
1986 129 0.000 0.000 6.87 4.01 5.13
1987 155 0.262 0.262 6.65 4.37 5.45
1988 188 0.000 -0.262 6.47 5.19 5.78
1989 259 0.097 0.097 6.29 5.23 5.85
1990 421 0.141 0.045 7.18 5.44 6.33
1991 618 0.003 -0.139 7.77 5.76 6.79
1992 736 0.002 0.000 8.10 5.69 6.92
1993 1,111 0.084 0.082 7.19 5.35 6.27
1994 1,135 0.112 0.027 7.15 5.24 6.20
1995 1,060 0.118 0.006 7.15 4.94 6.03
1996 1,454 0.166 0.049 7.83 4.39 6.12
1997 1,791 0.151 -0.015 8.51 4.61 6.57
1998 1,920 0.320 0.169 8.71 4.65 6.68
1999 2,017 0.148 -0.172 8.44 4.38 6.41
2000 2,730 0.151 0.004 791 3.94 5.93
2001 3,466 0.168 0.016 7.03 4.15 5.59
2002 5,584 0.185 0.018 7.20 4.20 5.70
2003 7,193 0.167 -0.019 6.81 4.36 5.59
2004 7,754 0.272 0.106 6.89 441 5.65
2005 9,219 0.337 0.065 7.02 4.38 5.70
2006 10,748 0.329 -0.008 7.56 4.37 5.96
2007 14,382 0.491 0.162 7.86 4.34 6.10
2008 16,584 0.537 0.046 7.93 4.28 6.11
2009 18,057 0.585 0.048 7.97 4.06 6.01
2010 22,990 0.556 -0.029 7.78 4.04 591
2011 25,663 0.663 0.108 7.60 4.01 5.81
2012 30,313 0.798 0.135 7.41 3.99 5.70
2013 30,785 0.833 0.035 7.44 3.83 5.64
2014 34,812 0.976 0.143 7.25 3.72 5.49
2015 39,554 0.962 -0.014 6.95 3.77 5.36
2016 47,452 1.038 0.076 6.66 3.86 5.26
2017 54,470 1.061 0.022 6.49 391 5.20
2018 63,964 1.170 0.110 6.64 3.98 5.31
2019 26,918 1.239 0.069 7.11 4.12 5.61
total 486,239 0.839 7.47 4.27 5.87

199041 o] ol 3H9- PiEe) Ul 2 te]s} HEsto] Lzt Qlofw o WA 3

)2 Bl HAMQ) WEA R} 2ASHE|RIA 19835 ZIALE 184 ik ojeh o] BEAE o] 83
S B0 SRS 2150} ol 13707 Aclol o8] el thee] HES) BT TALE
#35) 4% 4 91| whEo] YEHR TH0] Folur} Fesirhi Al

FAuglon] YESEARIGEEH
AN
4
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Table 6. Change of effective population size for each base year of Hanwoo breeding population

base year term (years) SAFt1, t average generation interval AFL Ne

1991-2019 28 0.01100 592 0.002325 215.06
1992-2019 27 0.01239 5.89 0.002701 185.09
1993-2019 26 0.01239 5.85 0.002787 179.40
1994-2019 25 0.01157 5.83 0.002699 185.24
1995-2019 24 0.01130 5.82 0.002739 182.54
1996-2019 23 0.01124 5.81 0.002839 176.14
1997-2019 22 0.01075 5.80 0.002832 176.57
1998-2019 21 0.01090 5.76 0.002990 167.24
1999-2019 20 0.00921 5.72 0.002632 189.95
2000-2019 19 0.01093 5.68 0.003268 152.98
2001-2019 18 0.01089 5.67 0.003429 145.80
2002-2019 17 0.01073 5.67 0.003581 139.64
2003-2019 16 0.01055 5.67 0.003739 133.71
2004-2019 15 0.01074 5.68 0.004064 123.03
2005-2019 14 0.00968 5.68 0.003926 127.36
2006-2019 13 0.00903 5.68 0.003943 126.81
2007-2019 12 0.00911 5.65 0.004293 116.47
2008-2019 11 0.00749 5.62 0.003825 130.72
2009-2019 10 0.00703 5.57 0.003918 127.63
2010-2019 9 0.00655 5.53 0.004024 124.26
2011-2019 8 0.00684 549 0.004691 106.58
2012-2019 7 0.00576 545 0.004481 111.57
2013-2019 6 0.00441 541 0.003976 125.74
2014-2019 5 0.00406 5.37 0.004362 114.63
2015-2019 4 0.00263 5.35 0.003516 142.19
2016-2019 3 0.00277 5.35 0.004935 101.31
2017-2019 2 0.00201 5.37 0.005400 92.59
2018-2019 1 0.00179 5.46 0.009773 51.16
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