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INTRODUCTION 
The concept of coancestry (or kinship) between two individuals plays a central role in animal 
breeding in order to estimate genetic parameters and to carry out genetic evaluations (Falconer 
and Mackay, 1996) and in the field of conservation, to decide which animals will contribute 
gametes to the next generation and how the matings will be organised (Caballero and Toro, 
2000). As a consequence of the great interest produced by the development of molecular 
markers several estimators have been developed to measure pairwise coancestry using the 
molecular information. Most of them are described in Lynch and Ritland (1999) and Toro et al. 
(2002) and their performance compared by computer simulation. In the last work several 
estimators were calculated for 62 individuals genotyped for 49 microsatellite loci and their 
values compared with the genealogical coancestry calculated from the complete pedigree. Here 
we analyse with more detail some of them and the implications of their utilisation on the 
management of a cryoconservation programme. 
 
MATERIAL 
The Iberian pigs considered belong to two strains (Guadyerbas and Torbiscal) of an early 
conservation programme established in 1945 at 'El Dehesón del Encinar' (Oropesa, Toledo, 
Spain) and that share as common ancestors. The current number of breeding individuals is 7 
sires and 28 dams (Guadyerbas) and 15 sires and 60 dams (Torbiscal). The complete genealogy 
of all animals is available back to 1945, with 1639 entries animal-sire-dam and 18.9 
(Guadyerbas) and 21.0 (Torbiscal) generations from the founders until the animals genotyped 
in this study (Rodrigánez et al., 2000 ; Toro et al., 2000). The number of genotyped 
microsatellite loci was 49, distributed among the 18 autosomal chromosomes. The number of 
alleles per loci ranged from 2 to 9, with an average of 4.24 alleles and the heterozygosity 
values ranged from 0.19 to 0.79, with an average of 0.58. 
 
METHODS 
The coancestry coefficient (f ) between individual X and Y was defined by Malecot as the 
probability of identity by descent. The molecular coancestry between two individuals X and Y 
(fM) is obtained by applying the Malecot (1948) definition to the marker genes, that is, the 
probability that two alleles taken at random, one from each individual, are equal (identical by 
state). With several markers the molecular coancestry will be the arithmetic mean over loci. 
 
There is a well known relationship between the expected value of molecular coancestry (fMi) 
contributed by one allele and the genealogical coancestry (f): , 
where p
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i is the frequency of allele i. The contribution of the n alleles of a locus can be weighted 
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in several forms thus providing several different estimators. Under the asumption of f=1 the 
weighting factor will be and we obtain the Li and Horvitz (1953) estimator  )1( iii ppw −=

ip 2
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Under the assumption f=0 the weighting factor is )1()1( −−= npw ii , as suggested by Ritland 
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The estimator of Li and Horvitz (1953) calculated for each locus can be averaged for N loci (L 
and H1). Another alternative (L and H2) is to average the molecular coancestries calculated for 
each locus first and then apply (1). For the Ritland estimator (RIT) the weight for each locus 
would be 1 . Eding and Meuwissen (2001) suggest a new estimator (E and M) applying 
(1) but using as weighting factor for each locus  

)1/( −ln






∑ ∑ ∑−−−+∑−=
n

i

n

i

n

i
iii

n

i
ii pfpfppw )1()21()1( 22222  

 
In order to assess the dispersion of the coefficients and estimators, simulations were carried out 
using the gene dropping method and following the actual pedigree. A pig genome was 
simulated with 2125 loci distributed across 18 chromosomes of approximately the length 
indicated in the PigMap. The recombination fraction among consecutive loci on the same 
chromosome was 0.01 and 49 markers were located at their map positions. At each marker 
locus there were 6 alleles at equal frequencies and in Hardy-Weinberg and linkage equilibrium. 
The number of simulation runs was always 100. The results were averaged across simulations. 
 
RESULTS AND DISCUSSION 
 
Table 1. Statistics of the pedigree and molecular coancestry coefficients and the 
estimators of the pedigree coancestry (pig data) 
 

 All individuals Guadyerbas Torbiscal 
 Mean MSE ρ Mean MSE ρ Mean MSE ρ 

Pedigree 0.16 0.00 1.00 0.39 0.00 1.00 0.16 0.00 1.00 
fM 0.41 0.07 0.93 0.55 0.03 0.63 0.43 0.07 0.39 

L&H1 -0.01 0.04 0.90 0.23 0.03 0.57 0.03 0.02 0.42 
L&H2 -0.01 0.03 0.93 0.23 0.03 0.63 0.02 0.02 0.37 

RIT -0.01 0.04 0.78 0.09 0.09 0.69 0.09 0.01 0.45 
E&M 0.03 0.03 0.74 0.21 0.04 0.30 0.09 0.01 0.28 

 
Pig data. The mean, standard deviation and mean square error (MSE) of all coefficients are 
given in Table 1 together with their correlation (ρ) with the pedigree value. The value of the 
molecular coancestry is obviously greater than the pedigree one. With respect to the estimators 
of the pedigree coefficient all the estimators underestimate the true value. The correlation 
between the coefficients and the pedigree value was very high when all the animals were 
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consider together and there was a wide range of pedigree coancestries (0.14-0.53). It was lower 
when the two strains were considered separately. The range of f values is only 0.34-0.53 in 
Guadyerbas and 0.14-0.36 in Torbiscal. The estimator RIT and E and M seems to behave 
worse than the others. 
 
Simulation data. The simulation results appear in Table 2. When the actual values of the gene 
frequencies are utilised the results mimic those obtained with real pigs. The RIT estimator is 
the worst when all the animals are considered together and the best when the strains are 
considered separately. They are very biased but their correlation with the pedigree is high for 
all animals and decrease for each strain. When the true values of the allelic frequencies in the 
base population are used (italic figures) all the estimator except RIT are unbiased, as expected, 
because they are base in the molecular coancestry coefficients. The E and M estimator behaves 
worse than the oldest and simplest one (L and H). 
 
Table 2. Statistics of the pedigree and molecular coancestry coefficients and the 
estimators of the pedigree coancestry (simulated data) 
 

 All individuals Guadyerbas Torbiscal 
 Mean MSE ρ Mean MSE ρ Mean MSE ρ 

fM 0.30 0.02 0.96 0.49 0.04 0.58 0.30 0.02 0.58 
L&H1 -0.01 0.03 0.96 0.28 0.01 0.57 -0.02 0.03 0.56 

 0.16 <0.01 0.96 0.39 <0.01 0.58 0.16 <0.01 0.58 
L&H2 -0.01 0.03 0.96 0.27 0.02 0.58 -0.01 0.03 0.58 

 0.16 <0.01 0.96 0.39 <0.01 0.58 0.16 <0.01 0.58 
RIT -0.01 0.03 0.79 0.09 0.09 0.64 0.09 0.01 0.63 

 0.22 <0.01 0.96 0.48 <0.01 0.58 0.22 <0.01 0.58 
E&M -0.01 0.03 0.92 0.32 0.07 0.50 -0.06 0.05 0.47 

 0.16 <0.01 0.96 0.39 <0.01 0.58 0.16 <0.01 0.58 
 
Implications. One of the applications of coancestry coefficients in Conservation Genetics is to 
decide the gamete contributions (semen and oocytes doses) to a cryopreservation bank. Toro 
and Maki-Tanila (1999) showed that these contributions should minimize w’Gw, where w is 
the vector of gametic contributions of candidate animals (∑ ) and G is the coancestry 
matrix for all individuals including reciprocal and self coancestries. For this reason it could be 
of interest to see how different will be the contributions when different coefficients are used 
and their correlation with the contributions calculated when pedigree information is used. The 
minimum contribution of any individual was fixed to a value of 0.1% and the calculations were 
done using a simulated annealing algorithm. 

=1iw

 
The results of the gametic contributions are given in Table 3. The true f value attained are 
greater than the value when using the pedigree value specially when the E&M method is used. 
The variance of the contribution also increase substantially. The most discouraging result is the 
low correlation between the contributions calculated with the estimators and with the pedigre 
information. 
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Table 3. Gamete contributions calculated when different estimators are used 
 
 f fM L&H1 L&H2 RIT E&M 
Estimated f value 0.140 0.385 -0.088 -0.063 -0.018 -0.086 
True f value 0.140 0.157 0.167 0.157 0.157 0.193 
Variance of contributions 0.365 2.658 4.560 2.731 2.980 6.975 
Correlation with best 
contributions 

1.000 0.236 0.240 0.237 0.222 0.106 

 
CONCLUSIONS 
The coefficient of molecular coancestry fM that follows Malecot method seems the most natural 
to use as a measure of similarity. Furthermore, and due to this analogy, the estimators derived 
from it can be expected to give adequate estimates even if inbreeding is present (Eding and 
Meuwissen ,2001). However, as previously has been shown (Toro et al., 2002 ; Eding and 
Meuwissen, 2001) the lack of information on the allele frequencies in the base population 
induces a high bias of these estimators in populations with complex pedigrees even with 49 
markers. If the population we are dealing with has been maintained closed with a reasonable 
amount of mixing, predicting coancestries markers will be poor as it is shown by the results of 
the much lower correlation within strain and to consider only first degree relatives will be 
advisable. On the other hand the high correlation between molecular and genealogical 
coancestry obtained when the two strains are considered together will allow to predict with 
accuracy which strain an animal comes from. In the application presented here it should be 
emphasised the limitations of inferring genealogical coancestry from marker information when 
implementing cyopreservation banks. 
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