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Abstract A potential bias in estimation of inbreeding 
depression when using pedigree relationships to assess 
the degree of homozygosity for loci under selection is 
indicated. A comparison of inbreeding coefficients based 
on either pedigree or genotypic frequencies indicated 
that, as a result of selection, the inbreeding coefficient 
based on pedigree might not correspond with the ran- 
dom drift of allelic frequencies. Apparent differences in 
average levels of both inbreeding coefficients were ob- 
tained depending on the genetic model (additive versus 
dominance, initial allelic frequencies, heritability) and 
the selection system assumed (no versus mass selection). 
In the absence of selection, allelic frequencies within a 
small population change over generations due to ran- 
dom drift, and the pedigree-based inbreeding coefficient 
gives a proper assessment of the accompanying prob- 
ability of increased homozygosity within a 'replicate' by 
indicating the variance of allelic frequencies over repli- 
cates. With selection, in addition to random drift, direc- 
tional change in allelic frequencies is not accounted for 
by the pedigree-based inbreeding coefficient. This result 
implies that estimation of inbreeding depression for 
traits under either direct or indirect selection, estimated 
by a regression of performance on pedigree-based coeffi- 
cients, should be carefully interpreted. 
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Introduction 

Two individuals of common ancestry may each carry 
replicates of genes present in the ancestor and, when 
mated, they may pass to their offspring genes that are 
'identical by descent'. Mating related individuals is 
called 'inbreeding'. The inbreeding coefficient of an indi- 
vidual is the average probability that two genes at any 
given locus are identical by descent (Falconer 1989). The 
average inbreeding coefficient of all individuals in a 
population expresses the amount  of drift in allelic fre- 
quencies from a defined base population (Falconer 
1989). As a result, inbreeding causes a change in the 
frequency of heterozygous animals and, therefore, a 
change (usually considered a reduction) in the mean for 
traits subject to positive dominance gene interactions: 
inbreeding depression. A broad survey of the effects of 
inbreeding on various performance traits in livestock is 
given by Pirchner (1985). 

Models used to estimate inbreeding depression 
usually include inbreeding as a regression variable. For 
a model with nl unlinked, biallelic loci in gametic-phase 
equilibrium, the theoretical value of the regression coef- 
ficient for inbreeding (Kempthorne 1957; De Boer and 
Van Arendonk 1992) equals: 

nl 

b= - 2 ~ pkqkdk 
k=l 

where p and q are allelic frequencies and d is the 
genotypic value of the heterozygote at the kth locus. 
Early estimates of b were made on an intra-sire basis to 
account for some of the effects of both genetic and 
environmental time trends (e.g. Von Krosigk and Lush 
1958; Allaire and Henderson 1965). More recently, 
mixed models have been applied, which correct for 
environmental trends by considering them as fixed ef- 
fects (e.g. herd-year-season). Genetic trends are account- 
ed for by random additive genetic effects, including 
additive genetic relationships (which account for in- 
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breeding; Casanova et al. 1992; Miglior et al. 1992), 
dominance effects, and additive*additive interaction ef- 
fects (without accounting for inbreeding in the domi- 
nance and additive*additive relationship matrices; 
Miglior et al. 1993). This latter model was shown to yield 
seemingly unbiased estimates of additive genetic effects 
(breeding values) in the presence of dominance and 
inbreeding for both selected and unselected populations 
(Uimari and Kennedy 1990; De Boer and Van Aren- 
donk 1992; De Boer and Hoeschele 1993; Johansson 
et al. 1993). However, using stochastic simulation with a 
finite number of loci, Uimari and Kennedy (1990) and 
De Boer and Van Arendonk (1992) showed that for 
populations under selection these models might give 
estimates of inbreeding depression that do not corre- 
spond to theoretical values. This may be because theor- 
etical values assume gametic-phase equilibrium (De 
Boer and Van Arendonk 1992). Ignoring inbreeding in 
the dominance-relationship matrix and ignoring 
covariance between additive and dominance effects also 
can lead to biased estimates of the dominance effects 
(Johansson et al. 1993). A third reason might be the 
inaccuracy of pedigree relationships for determining 
inbreeding coefficients in the case of loci with alleles 
under selection. To quote Falconer (1989; p. 85): "When 
the coefficient of inbreeding is deducted from the pedi- 
grees of real populations, it does not necessarily describe 
the state of dispersion of the gene frequencies. It is 
essentially a statement about the pedigree relatios- 
nships, and its correspondence with the state of disper- 
sion is dependent on the absence of the processes that 
counteract dispersion, in particular on selection being 
negligible." 

The aim of the present study was to illustrate poten- 
tial bias in inbreeding depression estimates when using 
pedigree relationships to assess the degree of 
homozygosity for loci under selection. The simulation 
study employed, using a finite-locus model, compared 
average inbreeding coefficients based on actual 
genotypic frequencies and those based on pedigree rela- 
tionships. 

Methods 

Simulation model 

The model simulated genotypic and phenotypic values for a single 
trait. An animal's genotypic value was the sum of its genetic values for 
100 unlinked, biaUelic loci. Allelic effects were (1/2) a and ( -  1/2) a. The 
genotypic value of the heterozygote was d. Thus additive genetic 
variance is: 

lOO 
2 a a =  ~ 2 p q [ a + d ( q - p ) ]  2 (1) 

l = 1  

where p and q are frequencies of favorable and unfavorable alleles, 
respectively, in the first generation. A normally distributed environ- 
mental effect with standard deviation aE was added to each genotypie 
value such that the narrow-sense heritability (h 2) was 0.30 in the first 
generation. Each simulation included nine generations. The first 
contained 75 males and 75 females whose genotypes were randomly 

generated assuming Hardy-Weinberg proportions and gametic- 
phase equilibrium, giving initial allelic frequencies (p and q). Geno- 
types of animals in later generations were simulated from parental 
genotypes. Selection, either randomly or on basis of own phenotype 
(mass selection), was both in males and females. The number of 
selected males (N,,), the number of selected females (NI.m), with 
multiple females mated per male but only one male per female mated, 
and the number of progeny per mating (Np), were to maintain a 
constant population size (150) over generations. The effect of inbreed- 
ing level was studied by varying the number of males and females 
selected. The probability of an offspring to be male or female was 
50%. 

Inbreeding coefficients 

If inbreeding is the only source of disequilibrium, the inbreeding 
coefficient (f) in a population for a given locus can be estimated from 
the deviation between the expected (~) and observed (p) number of 
heterozygotes (Curie-Cohen 1982) 

f = ( 2 - p ) / 2 .  (2) 

In a biallelic model, let the observed numbers of genotypes in a sample 
of n be a11, 2a12 and a22 for the favorable homozygote, the hetero- 
zygote and the unfavorable homozygote, respectively, then 

2=2pgln,  p=2a12 (3) 

where 

p = (ali + alz)/n, tt = (a12 + aa2)/n. 

Equations (2), (3) and (4) can be combined to obtain 

(4) 

f - -  allaz2--a12a12 . (5) 
(al 1 + aa2) (a12 + a22) 

When information on genotypic frequencies is known for multiple 
unlinked loci, an averaged f over loci can be derived (e.g. Bumstead 
et al. 1987). When the expected number of heterozygotes, ~, is based 
on genotypic frequencies from the same generation for which f is 
estimated, equation (5) is expected to give non-zero inbreeding only 
when inbreeding is practiced as a mating system in the previous 
generation. With random mating in populations of finite size, in- 
breeding in terms of allelic dispersion can be assessed by using the 
allelic frequencies of the first generation to estimate expected 
genotypic frequencies in subsequent generations. In the present study, 
allelic frequencies in the first generation (for each alternative and 
replicate sample separately) were used to calculate the expected 
number of heterozygotes in subsequent generations. 

Inbreeding coefficients on the basis of pedigree relationships were 
computed using the algorithm of Tier (1990). As a reference, a simple 
prediction of inbreeding trend was considered where N e is the effec- 
tive population size and f (averaged over animals) in generation t 
equals (Falconer 1989) 

(6) 

Alternatives 

First, estimated inbreeding coefficients on the basis of genotypic 
frequencies and pedigree, and the predicted inbreeding coefficient on 
the basis of effective population size, were compared for a situation 
with no selection and random mating (assuming a = 20, d = 0, 
h a = 0.30, initial frequency p = 0.5) for different effective population 
sizes Ne: 100 (N,, = 50; NI;,~ = 1; Np = 6), 40 (15; 2; 10), and 20 (6; 5; 
10). (N.B. derivation of Ne from Nm, Nr.m, Nv is correct for situations 
without selection, but is used for situa}{ons with selection as well.) 

Second, random and phenotypic selection were compared at 
N~ = 40 (initial frequency p = 0.5 and h2= 0.3) under an additive 
model (a = 20 and d = 0), partial dominance model (20; 10), a com- 
plete dominance model (20; 20) and an overdominance model (20, 80). 



The sensitivity of results was tested for alternative heritabilities 
(h 2=  0.5), and alternative initial frequencies (p = 0.3 and p = 0.7). 
Results for each alternative are presented as averages of 30 replicates. 

Results 

With no selection and random mating, all three methods 
(genotypic frequencies, pedigree and prediction) showed 
similar trends in the inbreeding coefficient (Fig. 1). Dif- 
ferences in absolute levels were small. The inbreeding 
coefficient based on genotypic frequencies gave slightly 
lower estimates, even negative estimates in early gener- 
ations. With low true inbreeding coefficients and small 
sample sizes, equation (5) will tend to slightly underesti- 
mate inbreeding coefficients (Curie-Cohen 1982). A de- 
crease in effective population size, as expected, increased 
inbreeding over generations. In the absence of selection, 
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all three effective population sizes gave average allelic 
frequencies which were very close to initial frequencies 
(Table 1). Variances of allelic frequencies increased with 
increasing generation number and with decreasing effec- 
tive population size. Random dispersion of allelic fre- 
quencies (random drift) is assessed by the inbreeding 
coefficient. Assessment of random drift on the basis of 
genotypic frequencies and of pedigree gave similar re- 
sults, i.e. the pedigree-based inbreeding coefficient can 
be used to assess the average change in homozygosity 
relative to a 'base population'  associated with random 
drift. 

Effects of mass selection (under an additive model) on 
inbreeding coefficients are in Fig. 2. Mass selection in- 
creased the pedigree-based inbreeding coefficient. Selec- 
tion reduced effective population size because relatively 
more parents originated from the same (genetically su- 
perior) families (Wray and Thompson 1990). An appar- 

0.40 0.40 

0.35 

0.30 

~E 0.25 
0 
o 

0.20 
r  

0.15 

_c 0.10 

0.05 

0 

[] gen-20 - - A - -  ped- 40 

�9 ped-20 .... G..  gen-100 

o pm- 20 .... ~--. ped-100 

--E}-- gen-40 .... 0 - - -p re -100  

I I I I I I 

3 4 5 6 7 8 
Generation 

0.35 

E 0.30 
"5 

0.25 
0 
0 

0.20 
._..E 

0.15 
.Q 
"5= 0.10 

0.05 

0 

[] gen-mass 
�9 ped-mass 
o predi~ed 

- - G - -  gen-no 
- - � 9  ped-no 

_ _ _  ~. = ~ = = - _ 7 _ 2 ~  

F I ! f ~ I I 

2 3 4 5 6 7 8 
Generation 

Fig. 1 Inbreeding coefficients per generation based on genotypic 
fr.equencies, pedigree and prediction for different effective population 
sizes (20, 40, 100), no selection, initial frequencies ofp = 0.5, h 2 = 0.30, 
and an additive model (a = 20, d = 0) 

Fig. 2 Inbreeding coefficients per generation based on genotypic 
frequencies, pedigree and prediction for effective population size 40, 
mass selection, initial frequencies ofp = 0.5, h 2 =0.30 and an additive 
model (a = 20, d = 0) 

Table 1 Mean alMic frequencies for 3000 loci (100"30 replicates) and empirical variances (in brackets) per generation for varying effective 
population sizes (initial frequency p = 0.5, h 2 = 0.30, a = 2 0 ,  d = 0) 

Gener- 
ation 

No selection Mass selection 

Effective population size" Effective population size a 

20 40 100 20 40 100 

1 0.500 (0.001) 0.501 (0.001) 0.500 (0.001) 0.499 (0.001) 0.500 (0.001) 0.499 (0.001) 
2 0.500 (0.006) 0.500 (0.004) 0.500 (0.002) 0.527 (0.006) 0.520 (0.004) 0.510 (0.002) 
3 0.499 (0.012) 0.500 (0.006) 0.500 (0.002) 0.551 (0.012) 0.541 (0.007) 0.519 (0.003) 
4 0.501 (0.017) 0.501 (0.009) 0.500 (0.003) 0.572 (0.019) 0.560 (0.010) 0.529 (0.003) 
5 0.501 (0.023) 0.502 (0.011) 0.500 (0.004) 0.592 (0.024) 0.579 (0.013) 0.539 (0.004) 
6 0.499 (0.027) 0.501 (0.014) 0.500 (0.005) 0.612 (0.029) 0.598 (0.016) 0.548 (0.005) 
7 0.500 (0.032) 0.502 (0.016) 0.501 (0.006) 0.633 (0.034) 0.614 (0.019) 0.558 (0.006) 
8 0.500 (0.037) 0.503 (0.019) 0.502 (0.007) 0.652 (0.039) 0.631 (0.021) 0.567 (0.007) 
9 0.503 (0.042) 0.504 (0.021) 0.502 (0.007) 0.671 (0.043) 0.647 (0.024) 0.575 (0.008) 

"Derived as 1/Ne = 1/4N,,  + 1 * /4(N,,Nm;y), which in theory is only correct with no selection 
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ent difference between inbreeding coefficients based on 
genotypic frequencies and pedigree was observed, with 
the former being higher. An explanation can be found in 
the average allelic frequencies (Table 1). Variances of 
allelic frequencies were slightly higher with mass selec- 
tion than with no selection which is related to the 
slightly higher pedigree-based inbreeding coefficient. 
However, with selection there is not only drift in allelic 
frequencies, there is also a directional change in allelic 
frequencies. Therefore, the inbreeding coefficient based 
on pedigree was no longer related to the change in 
number of homozygous loci. 

Changes in allelic frequencies over generations with 
mass selection were not constant, but slowly decreased. 
Because o -2 was constant in simulating phenotyic per- 
formance over generations and o-] gradually decreased 
with changing allelic frequencies [-equation (1)], h 2 de- 
creased over generations. 

Genetic models with dominance effects should be 
considered when inbreeding depression is of interest 
(Fig. 3, Table 2). Pedigree-based inbreeding coefficients 
decreased slightly with increasing dominance values. 
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Fig. 3 Inbreed ing  coefficients per  generat ion based on  genotypic 
frequencies and  pedigree for effective popu la t ion  size 40, mass  selec- 
tion, initial frequencies of p = 0.5, h 2 = 0.30 with an  addit ive model  
(a = 20, d = 0), par t ia l  dominance  (a = 20, d = 10), complete  domi-  
nance (a = d = 20) or over dominance  (a = 20, d = 80) 

With a complete dominance model, as opposed to an 
additive model, the negative bias in the pedigree-based 
inbreeding coefficient decreased relative to the in breed- 
ing coefficient based on genotypic frequencies. However, 
there was a positive bias with an overdominance model. 
The decrease in the pedigree-based inbreeding coeffi- 
cient was related to a decrease in variance of allelic 
frequencies with increasing dominance values (Table 2). 
With an overdominance model and selection, variance 
in allelic frequencies and inbreeding are lower relative to 
no selection alternatives. The decrease in inbreeding 
coefficient based on genotypic frequencies with increas- 
ing dominance values might be explained by a smaller 
effect of selection on the frequency for the beneficial 
allele from selection (Table 2). However, comparison of 
these alternatives with the no selection alternative is not 
obvious. For example, the assumed d-value in the over- 
dominance model did not result in a complete stabiliz- 
ation of allelic frequencies. However, it did result in a 
reduction in variance of allelic frequencies when com- 
pared to the situation without selection (Table 2), and a 
lower inbreeding coefficient based on genotypic fre- 
quencies (0.0542 versus 0.0659 in generation 9). It should 
be noted, that the additive genetic variance in the first 
generation was not influenced by d. However, as p 
changed over generations, the amount  of additive gen- 
etic variance depended, in addition to other factors, on 
the magnitude of d [equation (1)]. 

Changes in inbreeding coefficients with different heri- 
tabilities (0.3 versus 0.5) are given in Fig. 4. Higher 
heritability increased the accuracy of mass selection and, 
therefore, under a finite-locus model, resulted in greater 
changes in allelic frequencies. As a result, the difference 
between inbreeding values based on pedigree and 
genotypic frequencies increased with increasing herita- 
bility. 

Figure 5 gives inbreeding coefficients with different 
initial frequencies (p = 0.3, p = 0.5, or p = 0.7). The pedi- 
gree-based inbreeding coefficient was not influenced by 
initial frequency. With an initial frequency of the benefi- 
cial allele of less than 0.5, selection resulted in increasing 
frequencies of the heterozygote (at generation 9, p was 
0.447). Therefore, in this situation the inbreeding coeffi- 
cient of genotypic frequencies was found to be negative. 

Table 2 M e a n  allelic frequencies 
for 3000 loci (100"30 replicates) 
and  empirical  variances (in 
brackets)  per  generat ion for var-  
ying genetic models  (N e = 40% 
initial frequency p = 0.5, mass  
selection, h a = 0.30) 

a Der ived as 1 I N  e = 1 / 4 N  m 
+ 1 /4(N*N, , ; s ) ,  which in theory  
is only correct  with  no selection 

Gener-  No  selection Mass selection 
a t ion 

Addit ive Addit ive Par t ia l  dom. Compl .dom.  Over  dom. 
a = 20; d = 0 a = 20; d = 0 a = 20; d = 10 a = 20; d = 20 a = 20; d = 80 

1 0.501 (0.001) 0.500 (0.001) 0.500 (0.001) 0.500 (0.001) 0.500 (0.001) 
2 0.500 (0.004) 0.520 (0.004) 0.522 (0.004) 0.520 (0.003) 0.512 (0.003) 
3 0.500 (0.006) 0.541 (0.007) 0.542 (0.006) 0.538 (0.006) 0.522 (0.006) 
4 0.501 (0.009) 0.560 (0.010) 0.560 (0.009) 0.554 (0.009) 0.531 (0.007) 
5 0.502 (0.011) 0.579 (0.013) 0.579 (0.011) 0.571 (0.011) 0.539 (0.009) 
6 0.501 (0.014) 0.598 (0.016) 0.596 (0.014) 0.586 (0.012) 0.547 (0.011) 
7 0.502 (0.016) 0.614 (0.019) 0.611 (0.016) 0.599 (0.014) 0.555 (0.012) 
8 0.503 (0.019) 0.631 (0.021) 0.627 (0.018) 0.614 (0.016) 0.559 (0.013) 
9 0.504 (0.021) 0.647 (0.024) 0.643 (0.020) 0.627 (0.017) 0.565 (0.013) 
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Fig. 4 Inbreeding coefficients per generation based on genotypic 
frequencies and pedigree for effective population size 40, mass selec- 
tion, initial frequency p=0.5 with a partial dominance model 
(a = 20, d = 10), and with different heritabilities (0.3 versus 0.5) 
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Fig. 5 Inbreeding coefficients per generation based on genotypic 
frequencies, pedigree and prediction for effective population size 40, 
mass selection, and a partial dominance model (a = 20, d = 10) with 
different intial frequencies (p = 0.5, 0.3, or 0.7) 

A high  init ial  f r equency  of  the benefic ia l  allele cons ide r -  
ab ly  inc reased  i nb reed ing  based  on  g e n o t y p i c  f requen-  
cies. 

T h e  d i s t r ibu t ion  of  i nb reed ing  coefficients ove r  loci is 
i l lus t ra ted  in Fig. 6. I n  the base  genera t ion ,  the ave r age  
inb reed ing  coefficient  is zero,  where  n o n - z e r o  values  
o r ig ina te  f r o m  the s amp l ing  of  an imals .  F igu re  6 indi-  
cates  t h a t  the  i nb reed ing  coefficients  b a s e d  on  g e n o t y p i c  
f requencies  t end  to be  n o r m a l l y  d is t r ibuted ,  wi th  the 
va r i ance  inc reas ing  wi th  inc reas ing  mean .  T h e  d is t r ibu-  
t ion of  i nb reed ing  coefficients ove r  an ima l s  ba sed  on  
ped igree  is i l lus t ra ted  in Fig. 7. In  the  base  genera t ion ,  
by  def in i t ion all an ima l s  have  zero  inb reed ing  coeffi- 
cient. W i t h  an  inc reas ing  m e a n - i n b r e e d i n g  coefficient  
ove r  genera t ions ,  the  va r i ance  of  the  d i s t r ibu t ion  in- 
creases,  bu t  the d i s t r ibu t ion  is ve ry  skewed.  
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Fig. 7 Distribution of inbreeding coefficients per animal based on 
pedigree in first, fifth and ninth generation with effective population 
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additive model (a = 20, d = 0) 

Discussion 

T h e  a i m  of  this s tudy  was  to i l lus t ra te  po ten t i a l  bias  in 
e s t ima t ion  of  i nb reed ing  depress ion  w h e n  using pedi-  
gree re la t ionsh ips  to  assess the degree  of  h o m o z y g o s i t y  
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for loci under selection. The statement by Falconer 
(1989; p. 85), that the inbreeding coefficient based on 
pedigree as a result of selection might not correspond to 
a random drift of allelic frequencies, was illustrated by 
comparing inbreeding coefficients based on pedigree 
and on genotypic frequencies. Apparent differences in 
average levels of both inbreeding coefficients were ob- 
tained depending on the genetic model (additive versus 
dominance, initial allelic frequencies, heritability) and 
the selection system assumed (no versus mass selection). 
In the absence of selection, allelic frequencies within a 
small closed population change over generations due to 
random drift. The pedigree-based inbreeding coefficient 
gives a proper assessment of the accompanying prob- 
ability of increased homozygosity within a 'replicate' by 
indicating the variance of allelic frequencies over repli- 
cates. With selection, however, there is a directional 
change in allelic frequencies, in addition to random drift, 
which is not accounted for by the pedigree-based in- 
breeding coefficient. This result implies, that estimates of 
inbreeding depression for traits under either direct or 
indirect selection should be carefully interpreted. It is 
not possible to quantify the actual degree of bias, as both 
the genetic model and the selection history cannot be 
quantified. Pedigree-based inbreeding coefficients, of 
course, can be used for traits not under selection in a 
given population. 

In this study (Tables 1 and 2), empirical variances of 
allelic frequencies IV(q)] were determined. Theoreti- 
cally, with no selection Vt(q) = Poqo Ft (Falconer 1989). 
This equation was used with both pedigree- and geno- 
type frequency based inbreeding coefficients. With no 
selection, P0 = 0.5 and N e - -  40 ,  the use of both inbreed- 
ing coefficients slightly underestimated observed vari- 
ances ( -  0.002 to - 0.004). The predictive value of this 
equation for situations with selection is worse, as ex- 
pected from the increase in F with selection (Fig. 2): 
biases up to + 0.018. 

The model used in this study had a finite number of 
loci, as did the model used by Uimari and Kennedy 
(1990) and De Boer and Van Arendonk (1992). Using 
pedigree-based inbreeding coefficients with selection, 
both Uimari and Kennedy (1990) and De Boer and Van 
Arendonk (1992) reported an over-estimation of in- 
breeding depression with an initial frequency p < 0.5, no 
apparent bias with p = 0.5 and under-estimation with 
p > 0.5. These results correspond with results from this 
study as presented in Fig. 5. With p = 0.3, the genotype- 
based inbreeding coefficient is lower than the pedigree- 
based inbreeding coefficient. Now, with the 'true' (geno- 
type) F lower than the assumed (pedigree) F, the re- 
gression coefficient b is over-estimated in the analysis. 
The empirically measured bias in inbreeding depression 
shown with selection under finite-locus models can be 
explained by the inappropriate use of pedigree-based 
inbreeding coefficients to assess relative changes in 
homozygosity. Under an infinitesimal model, selection 
is assumed not to influence allelic frequencies. In that 
case the results of this study will not be applicable. The 

question of whether or not an infinitesimal model is a 
correct starting point when assuming non-additive ge- 
netic effects was recently discussed by Smith and M/iki- 
Tanila (1992). 

The present study focussed on differences in average 
levels of inbreeding coefficients over generations and on 
the distribution of inbreeding coefficients (over loci or 
over animals) within a generation. This study illustrated 
a potential bias in estimated inbreeding depression due 
to a bias in the average inbreeding level within a popula- 
tion, assuming that differences in inbreeding coefficients 
between generations are reflected properly in differences 
in inbreeding coefficients between individuals within a 
generation. Our study did not consider the relation 
between the pedigree-based inbreeding coefficient 
(probability of increased homozygosity) and the true 
level of homozygosity on an individual basis. With 
random mating this relation might be close to 1, but 
selection might disturb this relation depending on the 
true genetic model. Natural or artificial selection might 
give rise to increased fitness (e.g. relatively within full-sib 
groups) of animals with lower true levels of homozygos- 
ity. Thus, in practice the probability of increased 
homozygosity on the basis of pedigree information 
might be systematically over-estimated for those ani- 
mals that have a high probability. This point requires 
further research. 

In this study simulated distributions are given. Comp- 
parison with experimentally observed distributions (e.g., 
Allarie and Henderson 1965; Miglior et al. 1992) is 
difficult because in practice overlapping generations 
exist. It is important to recognize that the pedigree- 
based inbreeding coefficient will not be normally distrib- 
uted and, at low levels of inbreeding, a majority of 
animals will not be inbred. 

The pedigree-based inbreeding coefficient is used in 
breeding value estimation. Studies by Uimari and Ken- 
nedy (1990) and De Boer and Van Arendonk (1992) have 
shown that mixed models, using dominance effects 
(without accounting for inbreeding in the relationship 
matrix) and a regression on inbreeding, yield seemingly 
unbiased estimates of breeding values for selected and 
unselected populations. The inbreeding coefficient is 
also used to optimize breeding programmes with regard 
to the expected level of additive genetic response and its 
variance (i.e. risk) considering population size (Meuwis- 
sen 1991; Meuwissen and Woolliams 1994), selection 
system (Goddard and Smith 1990; Woolliams and 
Meuwissen 1993), or mating system (Toro and Perez- 
Enciso 1990). These studies used pedigree-based in- 
breeding coefficients. The most stringent restriction on 
the rate of inbreeding in practical breeding programmes 
may be imposed by inbreeding depression on fitness 
traits (Meuwissen and Woolliams 1994). In many practi- 
cal situations fitness traits are not under artificial selec- 
tion, so that the use of the pedigree-based inbreeding 
coefficient in optimization studies following the prin- 
ciple of limiting inbreeding depression on fitness might 
be justified. Optimizing breeding programmes by ad- 
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jus tment  of  the economic  value of the addit ive response 
for the effect of  inbreeding depression on traits under  
selection (Godda rd  and Smith, 1990) might  be inappro-  
priate if a pedigree-based inbreeding coefficient is used. 

Conclusion 

F o r  (simulation) models  assuming a finite n u m b e r  of  
loci, thereby allowing alMic frequency changes due to 
selection, the pedigree-based inbreeding coefficient does 
not  give an appropr ia t e  assessment of the average 
change in homozygos i ty  for loci under  selection relative 
to a base populat ion.  Therefore,  the use of  pedigree- 
based inbreeding coefficients to est imate inbreeding de- 
pression for traits under  selection is potential ly biased. 
The pract ical  value of these findings depends on the true 
underlying genomic model.  As this model  is se ldom 
known,  caut ion should be used in interpret ing est imated 
inbreeding depression for traits under  selection. 
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