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INTRODUCTION 
Among four domestic beef breeds in Japan (i.e., Japanese Black, Japanese Brown, Japanese 
Shorthorn, and Japanese Poll), the Japanese Black is the most common with a population of 
0.63 million of reproductive cows. This breed is characterized by prominent intramuscular fat 
deposition (marbling). Throughout the breed history, strains developed in five prefectures 
(Hyogo, Tottori, Okayama, Hiroshima and Shimane) have played important roles to supply 
breeding stocks to the entire breed. In 1980s, the strains had maintained their unique 
characteristics, e.g., high meat quality in Hyogo strains and high growth ability in Tottori 
strains, because of the limited migration among the strains. Since liberalization of beef import 
restriction in 1991, domestic production of high-quality beef has received more emphasis in 
Japan, and genetic evaluation of meat quality characteristics, with BLUP methodology, was 
initiated in 1991. However, due to the intensive use of a few sires with high marbling EBV, the 
decline of genetic diversity is a critical problem. From the analysis of inbreeding, Nomura et al. 
(2001) showed that the effective population size after 1991 sharply decreased and the harmonic 
mean between 1993 and 1997 was only 17.2. In the present study, we monitored the change of 
genetic diversity in the Japanese Black population from pedigree analysis, to obtain a further 
insight on the management of genetic diversity. 
 
MATERIALS AND METHODS 
Effective numbers of ancestors.  Pedigrees of animals born in every five years from 1960 to 
1995 and 1998 were traced back to ancestors born in 1937 or before. Although all of the 
new-born animals from 1980 to 1998 were available, a part of the animals could not be 
included in the analysis from 1960 to 1975. The ancestors with unknown parents are founders 
and all of their descendants are non-founders. The animals born in each sampled year is treated 
as the reference population of pedigree analysis, for which the genetic diversity is assessed. 
The numbers of bulls and heifers in each reference population are given in Table 1, together 
with the number of founders.  
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Table 1.  The numbers of bulls and heifers in each reference population, and the actual 
number of founders. 
 

Year Bullls Heifers Total Founders 
1960 447 11,632 12,079 16,454 
1965 256 12,970 13,226 16,901 
1970 224 22,787 23,011 24,275 
1975 232 36,138 36,370 29,693 
1980 250 72,885 73,135 38,936 
1985 204 58,199 58,403 29,887 
1990 301 76,624 76,925 29,722 
1995 355 57,512 57,867 24,626 
1998 293 56,554 56,847 23,180 

 
Following Caballero and Toro (2000), we estimated three types of effective numbers of 
ancestors. Founder genome equivalents (Nge) was computed from the average coancestry in 
each reference population. This parameter is the most comprehensive effective number, in 
which all the causes of the reduction of diversity are accounted for. Effective number of 
founders (Nef), computed from genetic contributions of founders to the reference population, 
explains the cause of reduced diversity due to unequal contributions of founders. Effective 
number of non-founders (Nenf) accounts for the diversity reduced by genetic drift accumulated 
in non-founders generations. Nenf was obtained from the relation 1/Nge=1/Nef+1/Nenf. The cause 
of reduction in genetic diversity was inferred from the comparison of two indices of genetic 
diversity, i.e., GD=1-1/2Nge and GD*=1-1/2Nef. 
 
Gene dropping simulation.  For the population of all animals actively used in 2001 (612,959 
heads), gene dropping simulation (MacCluer et al., 1986) was carried out, to examine the 
survivals of alleles originated from founders.  In the simulation, unique alleles were assigned to 
founders, and the genotypes of all descendants along the actual pedigree were generated 
through Monte Carlo simulation following Mendelian segregation rules.  By replicating this 
process 50,000 times, the distribution of frequencies of alleles from each founder was 
estimated.  The probability of extinction of alleles originated from a founder (Pr(lost)) was 
calculated from the proportion of replicates in which both alleles derived from the founder did 
not exist in the current population. 
 
RESULTS AND DISCUSSION 
Effective numbers of ancestors. The changes of the three effective numbers are illustrated in 
Fig. 1. Nge gradually decreased from 87.0 to 8.3 during the analyzed period, implying that the 
genetic diversity in the current breed population would be equivalent to the diversity in only 
8-9 non-related founders. The sharp decline of Nef in the earlier half period (1960-80) suggests 
that selection enhancing unequal contributions of founders such as selection among strains had 
practiced, and genes in minor strains would be lost during this period. Nevertheless, throughout 
the investigated period, Nef was much larger than Nenf, and the later effective number showed 
close values to Nge. 
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F igure 1.  Changes of the three effective numbers
of ancestors in Japanese B lack population.
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F igure 2.  Changes of the genetic  diversity
in Japanese B lack population.

 
Fig. 2 shows the change of the two genetic diversity indices. It is theoretically expected that in 
a population with a constant breeding practice, GD* rapidly approaches the asymptotic value 
(Wray and Thompson, 1990), while GD declines linearly as the generation proceeds (Caballero 
and Toro, 2000). The behaviour of GD* in Fig. 2 essentially agrees with the theoretical 
expectation, though a slight decline was continuously observed. On the other hand, GD showed 
quite a different decreasing pattern from the theoretical expectation. The index enhanced its 
decrease after 1975. Accordingly, the difference between GD* and GD progressively increased, 
suggesting that the reduction of genetic diversity after 1975 was resulted from genetic drift 
accumulated in non-founders generations. Bottleneck effect due to the intensive use of a few 
popular sires may be a major cause of the genetic drift. In fact, about 80% of the new-born 
animals in 1998 were the progeny of only five sires, while the corresponding percentage in 
1965 was about 20%. 
 
Gene dropping simulation. The average number of retained founder alleles in the population 
of active animals in 2001 was 4922.4, which was 6.2% of the total number of alleles assigned to 
founders. 
Table 2 gives the genetic contributions of the highest 8 contributors, and their probabilities 
(Pr(lost)) of allelic extinction. Of the eight founders, six were the founders in Hyogo prefecture, 
reflecting the recent emphasis on high meat quality. Actually, total genetic contribution of 
founders in Hyogo prefecture to the current breed reaches about 50%. The female founder 
‘Fukue’ showed an exceptionally high genetic contribution, since her famous son ‘Tajiri’ had 
played an important role in the production of breeding stocks. Although ‘Tajiri’ is not a founder, 
his genetic contribution to the current breed is 16.8%. 
In considering the management of genetic diversity, Pr(lost) gives useful information. For 
example, 2nd and 3rd highest contributors, i.e., ‘Moku’ and ‘Hana’, contribute to the current 
population with a similar rate, but Pr(lost) of ‘Moku’ is much higher than ‘Hana’. A detail 
examination of pedigree revealed that ‘Moku’ showed a low genetic contribution in the early 
period of the breed history. Thus, the alleles had passed a strong bottleneck in the early period, 
leading to the allelic extinction with a high probability. In contrast, the low probability of allelic 
extinction of the founder ‘Hana’ imply that she has lineages through which her alleles can be 
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surely transmitted to the current population.  In the sense of the management of diversity, a 
higher priority for gene conservation should be put on ‘Moku’ than ‘Hana’.   
 
Table 2.  Probabilities of allelic extinction (Pr(lost)) of founders with the highest genetic 
contributions. 
 

Name Sex Birth prefecture Genetic contribution Pr(lost) 
Fukue F Hyogo 0.1134       0 
Moku F Hyogo 0.0211 0.5717 
Hana F Hyogo 0.0192 0.0284 
Nishikawa F Tottori 0.0144 0.1752 
Ume F Hyogo 0.0143 0.0176 
Kumanami M Hyogo 0.0134 0.5305 
2nd Oigo M Hyogo 0.0121 0.1437 
5th Shige F Tottori 0.0121 0.2863 

 
Although we have used the gene dropping simulation to examine allelic survival in the breed, 
this technique has various applications. By the application to each live animal or local group of 
live animals, an animal or a local group having surely a founder allele with a high risk of 
extinction can be detected. Breeding scheme based on the information could largely contribute 
to the recover of the genetic diversity of Japanese Black population. 
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