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INTRODUCTION 
A genetic diversity study of European pig populations has been undertaken with EU support. 
The populations considered included 23 local breeds, 14 national varieties of 4 major 
international breeds, 21 commercial lines, mostly derived from these international breeds, and 
the Chinese Meishan breed. A full presentation can be found on 
http://databases.roslin.ac.uk/pigbiodiv. Preliminary analyses are presented here, based on 
microsatellite and AFLP markers used in individual and bulk typing.  
 
MATERIAL AND METHODS 
Data. DNA from the 59 populations was extracted from about 50 pigs per population. 
Individuals were typed for 50 microsatellites (at Labogena5 and WAU4) and for 148 
polymorphic AFLP bands (at Keygene, Wageningen). A subset of 25 populations was typed on 
pools of DNA for 20 microsatellite markers (at WAU4). Frequencies of AFLP negative alleles 
(absent bands) were obtained by taking the square root of absent band frequencies. 
Within-breed variability. The within breed variability was summarised using the expected 
and observed heterozygosity, the observed and effective numbers of alleles and Fis statistics. 
The Genetix software (Belkhir et al., 1998) and specific programs were used.  
Between-breed diversity. The between-breed diversity was analysed by a bootstrapped 
Neighbour-Joining (NJ) tree based on Reynolds distances (DR). The standard distance of Nei 
(DS) was also considered (see Weir, 1996, for definitions). Computations were performed with 
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specific programs allowing for missing values. Using the approach of Weitzman (see Laval et 
al., 2000). the overall diversity was allocated to the 3 categories of populations defined above. 
 
RESULTS AND DISCUSSION 
Within breed variability. The mean observed (Ao) and effective numbers (Ae, the inverse of 
expected homozygosity) of alleles per population, averaged over the 50 microsatellites, ranged 
from 2.9 to 7.2 and from 1.9 to 4 respectively, with means equal to 4.6 and 2.8 respectively. 
Although Ao and Ae are related, populations sharing the same Ao may have quite different Ae 
due to the presence of rare alleles. Significantly non zero Fis values were found in 22% of the 
populations, mainly for local breeds. One fourth of these non zero values were negative, 
corresponding to synthetic lines or suggesting specific management rules in some local breeds. 
AFLP vs microsatellites. Since they are corrected for heterozygosity, the Reynolds distances 
(DR) calculated from AFLP or microsatellites are expected to be similar. Using as estimate the 
average of locus-specific distances and setting a zero value for loci identically monomorphic, 
AFLP showed smaller DR values than microsatellites (fig. 1a). Conversely, the standard 
PHYLIP algorithm (Felsenstein, 1986-2000) that ignores identically monomorphic loci yielded 
AFLP distances larger than with microsatellites and a stronger correlation (fig 1b), whereas 
both methods gave almost identical values for microsatellites. This indicates that AFLP 
markers include sequences showing low variation that may not be neutral. 

Figure 1. Comparison of Reynolds and standard Nei distances. (a) microsatellites vs 
AFLP (Reynolds distances, averaged over all loci), (b) idem with the formula of PHYLIP, 
(c) idem with Nei distances, (d) Reynolds vs Nei  (microsatellites) 
 
Under the pure drift model, the variance of DR has been shown to be approximately equal to 
[2/L(k0-1) (F+1/2m)2] (Barker et al., 1993; Foulley & Hill, 1999), where L is the number of 
unlinked loci, k0 is the mean number of founder alleles, m the harmonic mean of the sample 
sizes of the populations involved, and F=E(DR). Assuming Hardy-Weinberg equilibrium, this 
equation indicates that the accuracy obtained with 50 microsatellites, and 4.6 alleles each, 
could be obtained with 180 AFLP bands. Markedly smaller bootstrap values were obtained 
with AFLP in tree building (not shown), that may be due to uninformative monomorphic 
bands, departure from HW hypothesis, linkage between loci, or poor estimation of allele 
frequencies due to dominance. 
Comparison of Reynolds and standard Nei distances. Distances between 2 populations are 
most easily understood in the simplest evolutionary scheme, where a founder population split 
into two daughter populations, which then diverged. Under the pure genetic drift model, the 
expectation of DR is the average inbreeding coefficient F, while the expectation of DS is a non 
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linear function of F and of the unknown homozygosity h0 of the founder population (Laval et 
al., 2002). This is illustrated by the large dispersion and the low correlation between Nei 
distances based on AFLP and microsatellites (fig. 1c). The two clouds in fig. 1d correspond to 
distances between European populations on the one hand, and between European breeds and 
the Meishan breed on the other hand. The existence of the European cloud is compatible with a 
pure drift model (then: DS ~ (Ae - 1) DR for small F), while a model incorporating mutations 
must be invoked to explain the relationship of DS to DR when the Chinese breed is included. 
Pool typings. Typing in pools generally led to more peaks identified by the analyser (pseudo-
alleles) than true alleles observed in individual genotyping, probably because of PCR echoes. 
The distances based on the frequencies of these pseudo-alleles were smaller. Grouping of 
alleles can however reduce this bias, and seems to improve the distance calculations. 
Trees and genetic diversity. When the distance between two populations is mainly due to 
drift, the Reynolds distance, approximately equal to ½(t1/2N1 + t2/2N2), is the meaningful 
measure of divergence between two populations of effective sizes N1 and N2, having diverged 
for t1 and t2 generations from a common founder population. The high correlation in the lower 
part of fig. 1d supports this hypothesis for the European breeds. 
Ignoring the Meishan breed, which may be viewed as an outgroup, fig. 2 suggests a phylogeny 
of European breeds rooted at the point indicated.  
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Figure 2. Neighbour-Joining tree based on microsatellites individual data (Reynolds 
distance, PHYLIP algorithm), with some bootstrap values. LO: local breeds, SY: 
synthetic lines, LW: Large White, LR: Landrace, HA: Hampshire, DU: Duroc, PI: 
Piétrain, MS: Meishan, : root for European breeds 
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The figure also shows that lines within breeds are grouped with high bootstrap values, apart 
from the Landrace group. The situation in which a population is far from the others on the NJ 
tree, as it can often be observed for local breeds, may reflect a great divergence time or a small 
population size, both implying a big effect of drift, i.e. loss of genetic diversity. However, this 
European tree should be interpreted with care, since the hypothesis of no migration is unlikely 
to hold and selection cannot be ignored.  
The contributions of each group of breeds to the European between-breed diversity was based 
on DR for microsatellites and expressed as a loss of diversity resulting from the removal of the 
entire group. The losses were 49.6, 9.0 and 30.2 % for local breeds, international breeds and 
commercial lines respectively. Diversity has also been previously addressed in this context of 
European pig populations using the same Weitzman approach (Laval et al., 2000; Ollivier et 
al., 2001). However, without further analyses we cannot be sure whether the high loss of 
diversity apparently associated with the loss of local breeds indicates that they contain unique 
alleles, or is simply a reflection of the fact that they are relatively inbred. In any event, 
conservation decisions should account for additional criteria and also consider within-breed 
variability, as discussed, e.g. by Barker (2001), Caballero & Toro (2002), and Eding (2002). 
 
CONCLUSION 
A good overview of the pattern of diversity in European pig populations was obtained in this 
project by using a careful sampling scheme of individuals based on the general 
recommendations of FAO. Interesting insight into the genetic analysis of diversity was derived 
from comparisons between 2 types of markers and 2 genetic distances. Although good 
accuracy of bulked typing has been reported, this methodology produced biased estimates of 
distance here. However multiple peaks can be grouped in order to have more disjoint classes of 
“alleles”. The use of biallelic markers can be envisaged for diversity studies if such markers 
can be easily typed, however co-dominance is desirable and SNPs may be better candidates 
than AFLP for future studies. Only preliminary analyses were presented here, and more work is 
needed on this very valuable data set.  
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