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INTRODUCTION 
For conservation purposes, using neutral genetic markers is a powerful technique to assess the 
amount of genetic diversity within breeds of economic interest. 
Breeds are populations which have diverged since a small number of generations. As a 
consequence, we consider that genetic drift, rather than mutation, is the main factor driving the 
genetic differentiation. We propose to use the Wright-Malécot inbreeding coefficient as a 
within breed diversity measure. The aim of this work is to provide new maximum likelihood 
and Bayesian estimates of the inbreeding coefficient assuming an evolution of breeds due to 
genetic drift only. 
 
ONE POPULATION : DISTANCE BETWEEN GENERATIONS 
In order to measure the change of allele frequencies during t generations we consider a sample 
of genes drawn in the tth generation of a population evolving from a known founder generation. 
The founder allele frequencies are estimated with a finite sample of individuals (Kantanen et al 
1999). Assuming an evolution by genetic drift only, the genetic distances of Nei and Tajima 
(Nei and Tajima 1981), noted FNT, and of Reynolds (Reynolds et al 1983), noted FR, computed 
between these generations, allow us to estimate the growth of the inbreeding coefficient, noted 
Ft. The estimations of Ft and of the effective size, noted N, performed in natural populations 
give the increase of inbreeding coefficient and the size of a Wright-Fisher population that 
would experience a comparable increase in variance of gene frequency over time. 
We developed a maximum likelihood estimate of Ft based on the Multinomial Dirichlet model 
(Laval 2001). We assume that after t generations of genetic drift the distribution of allele 
frequencies can be approximated by a Dirichlet distribution provided that the inbreeding 
coefficient is small (Ft < 0.1). This estimate is positively biased but it can easily be corrected 
with the founder sample size. 
The results obtained with this corrected estimate, noted FML(corr), are given in figure 1 showing 
the accuracy of estimations (mean square error) computed, over 20 loci and 1000 replications, 
with founder frequency distributions involving two, four and eight alleles and samples sizes 
equal to 25 individuals for both the founder and the tth generation.  
Since t, the number of generations between the founder and the tth generation is known, we can 
derive the estimation of the effective population size from the estimation of Ft (Table 1). The 
accuracy criteria (µ for the mean and σ for the standard error) were computed, with 20 loci and 
1000 simulated populations of 100 individuals, using the Nei & Tajima, noted NNT, and the 
maximum likelihood estimates, noted NML(corr). 
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Figure 1. Square roots of Mean Square Errors of inbreeding estimations: Three sets of 20 
loci, each one exhibiting two, four or eight founder alleles 
 
Table 1. Estimations of effective population size (N=100) with 20 microsatellites 
 

  Nei & Tajima  Corrected ML  
  NTN̂  

NTN 'ˆ  )(
ˆ

corrMLN  
)('ˆ

corrMLN  

Ft t µ σ µ σ µ σ µ σ 
0,040 8 135 84 107 38 113 59 95 34 
0,058 12 128 73 111 38 108 42 97 32 
0,077 16 125 47 114 36 106 34 98 29 
0,095 20 123 38 115 32 103 30 97 27 

Ft and t are the growth of inbreeding coefficient and the number of generations from the 
founder generation. The mean number of founder allele is equal to 4. 

N̂  is the classic estimate 

tF
tN ˆ2

ˆ = . 

'N̂  is an unbiased estimate corrected with the variance of the Reynolds distance computed 
under drift assumption (Laval 2001; Laval et al., 2001) 
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We also proposed a Bayesian estimate, noted FMCMC, based on a MCMC (Monte Carlo by 
Markov Chain) algorithm (described in Laval, 2001). The results obtained with this approach 
are given in table 2. The two first rows and the two last rows correspond to the estimation of 
Ft=0.01 and Ft=0.1 respectively computed with 20 loci and a number of simulations set to 100. 
B, SE and √MSE are the bias, the standard error and the square root of the mean square error 
respectively. 
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Table 2. MCMC estimations of Ft=0.01 and Ft=0.1 from biochemical markers and 
microsatellites exhibiting mean numbers of founder alleles equal to 2.5 and 4 respectively 
 

 Nei & Tajima, F  NT
ˆ Corrected ML,  )(

ˆ
corrMLF MCMC,  MCMCF̂

 B/Ft SE/Ft √MSE B/Ft SE/Ft √MSE B/Ft SE/Ft √MSE 
Bioch -0,029 1.267 0.013 0.172 1.230 0.012 -0.27 0.529 0.006 
Micro -0.106 0.842 0.008 0.231 0.847 0.009 -0.181 0.416 0,005 
Bioch 0,022 0.326 0.034 0.024 0.334 0.035 -0.112 0.340 0.037 
Micro -0.088 0.225 0.025 0.088 0.256 0.028 -0.001 0.220 0,023 

 
TWO POPULATIONS : DISTANCE BETWEEN POPULATIONS 
The comparison of allele frequency distributions between populations should give a way to 
estimate the amount of genetic diversity in each population. We consider two isolated 
populations X and Y diverging by genetic drift only from a founder population in which the 
allele frequencies are unknown. In this model, the Reynolds distance, noted DR, have drift 
expectation equal to the average of the inbreeding coefficient of populations X and Y, D=½(FX 
+ FY) (Laval et al. 2001). 
We have extended the MCMC algorithm (Laval, 2001), which gives a way to estimate the 
inbreeding coefficients in each population. Table 3 compares the performance of this method 
with a statistic (FR), derived from DR (Vitalis et al., 2001). The estimations of FX and FY were 
computed using 100 pairs of simulated populations exhibiting equal sizes of 100 individuals 
and diverging from a founder population since 5 (true inbreeding coefficients FX and FY equal 
to 0.025) and 75 (FX=FY=0.31) generations of drift respectively. 
 
Table 3. Square roots of the mean square errors of the estimations of inbreeding 
coefficient FX and FY 
 

 FX=0.025 FY=0.025 
FR 0.0134 0.0166 
FMCMC 0.0083 0.0091 

 
 FX=0.31 FY=0.31 
FR 0.1020 0.1130 
FMCMC 0.0620 0.0765 

a) 20 SNPs markers (each one exhibits 2 
founder alleles). 

 
 FX=0.025 FY=0.025 
FR 0.0180 0.0182 
FMCMC 0.0112 0.0126 

 
 FX=0.31 FY=0.31 
FR 0.0740 0.0680 
FMCMC 0.0781 0.0883 

b) 20 microsatellites (mean number of 
founder alleles equal to 4). 

 
DISCUSSION 
In this paper we focused on cases where the expected increase of inbreeding is equal or less 
than 30 percents (30 generations for a population of 50 individuals). This seems a realistic time 
scale since the validity of the assumption of no mutation may be more questionable for longer 
time intervals. The number of markers used was 20, a common value in recent surveys, 
allowing one to perform useful comparisons of methods for current works. 
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One population: Distance between generations. The estimations of the effective population 
size obtained with maximum likelihood method are the most accurate whatever the marker 
used (Table 1). The corrected estimate N’ is less biased with a smaller variance than the classic 
N estimate, whatever the polymorphism and the method used. 
The maximum likelihood estimate of Ft is more accurate than the classic genetic distances 
when diallelic markers are used (Figure 1) but a positive bias, proportional to the loss of allele 
due to genetic drift (Laval 2001), appears when the polymorphism of marker increases. This 
method should be an efficient method with the SNPs markers whereas the FNT distance remains 
the best method when microsatellites are used. However, the MCMC algorithm is the best 
approach when the genetic differentiation is small (Table 2). 
 
Two populations : Distance between populations. For closely related breeds, in which the 
observed differences between allele frequencies is mainly due to the genetic drift effect, the 
genetic distances are proportional to the inbreeding coefficients FX and FY (Laval et al 2001). 
As a consequence, a large distance measured with neutral genetic markers is due to the loss of 
the genetic diversity within one breed at least. It is hence necessary to estimate each inbreeding 
coefficient in order to determine in which breed the loss of genetic diversity is the highest and 
decide which breed has to be conserved. 
Since the Multinomial Dirichlet model depends on the loss of alleles due to genetic drift it is 
not desirable to use the MCMC approach for inbreeding coefficient higher than 0.1 when 
highly polymorphic markers are used (Tables 3b). However, this method provides a way to 
more accurately estimate FX and FY than the statistic FR does when SNPs markers are used 
(even for inbreeding coefficient equal to 0.3, table 3a).  
 
CONCLUSION 
This work has shown the utility but also the limits of the Multinomial-Dirichlet model. 
Maximum likelihood and Bayesian estimates based on this model should be the appropriated 
methods to assess the genetic diversity with SNPs markers. When microsatellites are used the 
Bayesian estimates should also be consider for weakly differentiated populations (domestic 
breeds recently created for example).  
These estimates should also be used to detect the parts of genome which are under selection in 
a gene detection framework. Since computation times required are reasonable even for the 
MCMC algorithm, the drift distributions, taken as null assumption, are easily computable. 
These methods could be alternative approaches to the coalescent theory based estimates which 
require intensive computation times when the number of alleles is higher than 2. 
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