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SUMMARY

Biodiversity is an important factor to consider
when establishing conservation programmes.
The PigBioDiv project aimed to assess the genetic
diversity of the European pig by using genetic
markers. This chapter presents some methods
available for analysing such data. The two marker
technologies used in PigBioDiv, namely microsate-
llites and AFLP (described in chapters 3 and 4 by
Groenen et al., 2003 and Plastow et al., 2003),
allow a fairly precise evaluation of the within-
breed and the between-breed variation. The
meanings of the Reynolds and standard Nei
genetic distances are given under some population
genetics models. Various ways are shown for
exploiting the information those distances provide,
such as comparisons between distances, tree
building and analysis of breed diversity. The need
to combine within- and between-breed diversity
is emphasised and ways of combining those two
components of biodiversity are discussed.

RESUME

MOTS-CLEFS ADDITIONNELS

Biodiversité. Marqueur génétique. Distance
génétique. Porc.

conservation. Le projet PigBioDiv avait pour
objectif d'évaluer la diversité génétique du porc
européen a l'aide de marqueurs génétiques. Ce
chapitre présente des méthodes disponibles pour
analyser des données de ce genre. Les deux
techniques de marquage utilisées dans Pig BioDiv,
microsatellites et AFLP (décrits aux chapitres 3
et 4 pour Groenen et al., 2003 et Plastow et al.,
2003), permettent une évaluation assez précise
de la variation intra-race et entre races. La
signification des distances de Reynolds et Nei
standard est donnée pour certains modeéles de
génétique des populations. On montre diverses
facons d'exploiter I'information que ces distances
fournissent, telles que des comparaisons entre
elles, la construction d'arbres et I'analyse de la
diversité des races. La nécessité de combiner
les deux composantes intra et entre races de la
diversité est soulignée, et diverses fagons de les
combiner sont discutées.

INTRODUCTION

La biodiversité est un facteur important & Biodiversity is a large concept that
considérer quand on établit des programmes de all countries now have in mind.

Arch. Zootec. 52: 173-183. 2003.
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Preserving the current diversity of the geneticists. Future evolution of our set
living material on earth is fundamental of populations can be predicted using
for future generations to survive. The these parameters (Nunney, 2000). It
general idea is that what is lost cannot must be noted that the variability of
be rebuilt. Inthe case of animals, inthe neutral markers differs from the
recent past, more and more effective variability of markers under selection.
breeding programmes have been Both kinds of diversity, however, are
implemented, and have led to an expected to be correlated because of
emphasis on a few specialised stocks. disequilibria generated by random drift
Consequently, breeds that are lessor by hitch-hiking effects between neu-
suited to current needs tend to see theirtral and selected linked lo(Bataillon
numbers decline and to be eventually etal, 1996; Slatkin and Wiehe, 1998).
lost. At the same time, the high selec-  The emphasis in this chapter is on
tion pressure put on the main breeds methodology. Tools will be presented
leadsto adrastic reductioninthe number for measuring within-breed and
of animals that leave progeny for between-breed genetic variation and
breeding. Conservation of variation, the way to combine both will be
however, is necessary to meet future discussed. In contrast with previous
agricultural challenges and particularly studies on pigs (e.g. Lavad al., 2000;
food needs, as well as to preserve the Martinezet al,, 2000; Suretal,, 2002),
rich agricultural heritage of the various large-scale strategies are needed in the
regions of the world. An overview of analyses. An overview of PigBioDiv
the historical background of animal results can be found in SanCristobal
genetic resources and the reasons foral. (2002). Detailed results will not be
concern about their future, both in the given here but full analyses of the
developing and developed world, has project data are in preparation and will
been presented by Barker (2002). As be presented elsewhere.
detailed inthese Proceedings (Ollivier,
Amigues and Boscheg003), the
PigBioDiv project aimed to assess the MARKER POLYMORPHISMS
diversity of one particular livestock
species (pig) within one particular MICROSATELLITES
continent (Europe). This is a marker technology widely
The focus in this chapter will be on used in farm animal species. The data
the genetic diversity assessed by usingon 11 pig populations from the PiGMaP
genetic markers. Such markers are pilot-project (Lavalet al., 2000) were
widely available in the pig as in most combined with those obtained over the
farm animal species. Some are (nearly) 59 breeds of the PigBioDiv project
neutral, some are not. Some are highly (see chapter 2 of these Proceedings).
polymorphic, others have less varia- Meanwhile, the number of loci
bility. In the present project, the neu- investigated was increased from 27 in
tral genetic background is studied, since PiGMaP to 50 in PigBioDiv. Microsa-
it allows the estimation of parameters tellite loci are known to be multi-allelic
that are of prime interest for population and co-dominant, and precisely mapped
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on the pig genome (see Groergal., microsatellites, are not mapped on the
2003 in these Proceedings). The pig genome. They are known to be
technique is based on the evaluation of biallelic and they were here scored
fragment sizes corresponding to the dominantly, which meant that only

various alleles, which implies esta-
blishing a coding system for loci typed
in different laboratories. This was
needed for combining PiGMaP and
PigBioDiv data for the 27 loci common
to both projects. By using a set of 4
control DNA used in both projects a
correspondence was established.
Overall, microsatellite polymor-

presence or absence of a given band
could be scored. The proportion of
monomorphic populations for each
locus - i.e. when the band was either
always present or alays absent -
was large, since an average over loci
of 63 percent of the 59 populations
sampled were monomorphic. In con-
trast with microsatellites, a low

phism was quite large over the 70 expected heterozygosity per breed of
breeds sampled, since the averagell.6 percent was noted, with 1.4 and
number of alleles per locus was 14.5. 1.2 mean within-breed observed and

Within breed, the observed and
effective numbers of alleles per locus
were 4.5 and 2.7 respectively. The
effective number of alleles takes
account of uneven allele frequencies:
arare neutral allele will most probably

effective numbers of alleles, respec-
tively.

A question is the comparison of
performance of the two types of
markers for diversity analyses: nume-
rous butless polymorphic vs polymor-

be lostin the next generation, and have phic but less numerous and more
a very low weight in the calculation of expensive. Aswell, genomic properties
the effective allele number. Thisnumber are different: microsatellites have no
corresponds to the ideal situation where known function, while AFLP may
the allele frequencies are equal, forthe correspond to any region of the
same level of heterozygosity. The genome. Both are a priori assumed
proportion of monomorphic populations neutral.
for each locus was low, since only 2
percent of the populations sampled in
the present project were monomorphic
on average across loci. As a conse-
guence, expected heterozygosity per  The analysis of within-breed genetic
breed was high, with an overall value variation was based on the individual
of 56 percent. typings reported above. The contrast
between the AFLP and microsatellites
AFLP polymorphisms has already been
The AFLP technique is described pointed out. Variation acrosslociinthe
by Plastowet al. (2003) in these percentage of monomorphic popula-
Proceedings. This technique was only tions also differed. It was more prono-
applied in the 59 breeds of the uncedwith AFLP (range 3-98 percent)
PigBioDiv project, and 148 AFLP loci compared to microsatellites (range O-
were typed. Such loci, contrary to 16 percent). In addition a bimodal

WITHIN-BREED VARIATION
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distribution of this percentage over
AFLP loci was observed, suggesting
differential evolution forces according
to the genome region considered.

F . statistics (Weir and Cockerham,
1984) are commonly used for testing
the Hardy-Weinberg equilibrium. The

testis based onthe comparison between

observed and expected heterozy-
gosities (averaged over the loci).
Clearly only microsatellite genotypes
can be used in such an analysis. An
excess of homozygoteE (> 0) deno-

FOULLEY AND OLLIVIER

sonal communication mentioned page
199inLavaktal, 2000). The presence
of null alleles at one locus out of 50 is
expected to have a small influence on
averagedr statistics, and a negligible
effect on further analyses, such as
estimation of genetic distances.
Evidence on clustering of individuals
within particular breeds may help
explain observeé ¢ statistics. A tree
based on pairwise distances between
individuals can be built using the
UPGMA method. This distance

tes some inbreeding or heterogeneity between individuals is an approximate
of the population, i.e. a population estimate of one minus twice the kinship
composed of several sub-groups (the coefficient (Malécot 1946; Chevalet,

so-called Wahlund effect). In the 1980). When a population is made out
reverse, an excess of heterozygotesof two sub-groups, such a tree can be
(Fs < 0) can be due to a specific drawn to visualise the two groups, and

management system aimed at reducinghelp explain a significantly positivg,

the inbreeding, as sometimes imple-
mented in small local populations.
Considering now a particular
(microsatellite) locus, an excess of
homozygotes may arise from technical

statistics. Individual trees can also
detect outliers, which may be due to
sampling or label errors.

artefacts such as the presence of null BETWEEN-BREED VARIATION AND

alleles. It can easily be shown that,
assuming Hardy-Weinberg equilibrium,
the heterozygotes deficiHD) is an
increasing and rather simple function
of the null allele frequency (p since
the expected proportion of heterozy-
gotes for the null allele (such genotypes
appear afalsehomozygotes) isi(1-

p,) and the proportion of homozygotes
(undetected) ip2. ThenHD= 2p (1-
P,/ (1-p2)= 2p/(1+p,). One microsa-
tellite (S0386) indeed showed a highly
positive value ofF ., and a rather
consistent within-breed deficit of
heterozygotes. A possible explanation
would be the presence of a null allele
previously detected at this locus in
familial studies (Archibalet al., per-

Archivos de zootecnia vol. 52, nim. 198, p.

GENETIC DISTANCES

The most useful information for
between-breed analysisis derived from
allele frequencies. They can be esti-
mated from individual typings. Bulk
typing can also be used, and reduce
genotyping costs (see Groenenal.
(2003) in these Proceedings). Allele
frequencies are compared between
populations via the computation of a
genetic distance. Numerous genetic
distances are found in the literature
and, going back to the earliest concepts
proposed, genetic distances may be
seen as serving purposes either of
clustering of populations or of study of
their evolution (Nei, 1987). They can
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be partitioned into groups accordingto considered. More generally, the
mathematical criteria (e.g. Lefort- harmonic mean of the two populations
Buson and de Vienne, 1985) or popu- may be considered. If two populations
lation genetics criteria (e.g. Lavat have effective sizeld, andN, respecti-

al., 2002). vely, then ED )= t((1/4N) + (1/4N)).
In fact, this expectatlon is the mea-
MODELS UNDERLYING GENETIC DISTANCES ningful parameterin a pure drift model:

A genetic distance is supposed to the average variation in the inbreeding
tell us something about the genetic coefficient. If the effective sizes of a
differences between two populations. pair of populations would be available,
The conservationist approach may seethen the time since their divergence
genetic distance as a measure of geneticcould be derived from an estimate of
differentnesdetween populations ata the Reynolds distance. It is however
given time, without reference to any difficultto estimate accurately effecti-
model supposed to have generated theve population sizes, since the distribution
differences seen. In contrast, the of family sizes is needed (Hill, 1972).
population geneticist approach might The expectation of the standard
well be summarised by saying that Nei distance (Nei, 1972) shows a li-
genetic distance is not an abstract, nearincrease withtime, however under
idealized measure of « differentness ». a slightly more complex model, since it
It is an estimate of a parameter of the assumes that the populations have
model which is thought to have reached a mutation-drift equilibrium.
generated the differences we see Then ED/= 2vt, wherev is the muta-
(Felsenstein, 2000). The model will tionrate per generation athithe number
serve to predict future differences and of generations since divergence.
future diversity, through the unders- The expectations of the Reynolds
tanding of evolutionary forces having distance under mutation-drift equili-
led to the current differentiation of the brium and of the standard Nei under
populations under study. In PigBioDiv, pure drift are also available (Lavel
two classic measures of genetic dis- al., 2002) but these expectations are
tances were retained, namely Reynolds less simple, and so less attractive.
(D) and standard NeiD(). Each of  Anotherimportant difference between
which is more appropriate for a parti- D_andD.is that the latter, contrary to
cular genetic model which will be the former, is expected to depend on
presented now. the type of marker considered, particu-

The Reynolds distance (Reynolds larly the founder heterozygosity,.
etal, 1983) has amathematically sim- The two distances are approximately
ple expectation under the pure genetic related as follows for small distances
drift model, excluding any admixture (see Lavalet al, 2002): ED=
as well as mutations. Under such a E(D_ )H/(1-H,).
modelD, increases linearly with time:

E(D,)=1/2N, (approximately), where EXPLOITATION OF GENETIC DISTANCE DATA
is the number of generations adghe The number of genetic distance
effective size of the 2 populations estimates increases as the square of

Archivos de zootecnia vol. 52, nim. 198, p. 177.
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the numben of populations (the number
of distance figures ia(n-1)/2). It is those two distances.

obvious therefore that a framework of Once a pairwise genetic distance
analysis is needed for such large matrix is available, it can be summa-
amounts of data. Three such frame- rised and visualised by drawingrae,
works may be considered, namely (i) like a Neighbor-Joining tree (Seitou
comparisonsof a given measure of and Nei, 1987). An example of such a
distance across types of markers, or tree derived from PigBioDiv data is
across measures of distances for agivenin SanCristobatal.(2002). Itis
given type of marker, with the purpose generally admitted that when dealing
of throwing some light on possible with breeds of farm animals the
models of divergence, (ii) drawing interpretation of trees in terms of
trees in view ofphylogenyinferences  phylogeny can be misleading (SanCris-

different causes of divergence behind

(Takezaki and Nei, 1996) or of breed
clustering as a visual summary of a
large distance matrix, and (iii) analysis
of between-breed diversitywith an
objective of biodiversity management.
Various comparisonsbetween
distances were briefly discussed by
SanCristobaet al. (2002) and will be
further developed in SanCristobel
al. (in preparation) and Plastost al
(in preparation). The incidence of
different patterns of marker polymor-
phism is worth considering. A particu-
lar problem arises in dealing with those
AFLP loci which are fixed for the
same allele in pairs of populations, so-
called identically monomorphic (IM)
loci. An alternative is either to ignore
IM loci, as recommended by Weir
(1996) when such loci are rare, or to
assume a null distance at IM loci.
Because of the high proportion of IM
loci in our data, rather different multi-

tobalet al, 2002; Weir, 2002). Trees,
however, offer useful classification
tools, by allowing breeds (or lines)
clustering within the whole set ana-
lysed. Trees may sometimes reveal
unsuspected topologies or unexpected
positions of some breeds which may be
worth further investigation.

When analysing between-breed
diversity, individual breed contributions
may be derived from any set of distan-
ces. In a context of species conserva-
tion, Weitzman (1992, 1993) showed
how to derive a diversity functioW
from a set of genetic distances in order
to evaluate the relative loss of diversity
resulting from the extinction of any
given species. He also defined a
diversity expected after a given period
of time, based on the extinction
probability of each species. Thear-
ginal diversity of any species was
then obtained as minus the partial

locus distances were to be expected derivative of the expected diversity
according to the option taken. Compa- with respectto the extinction probability
ring Reynolds and Nei distances for of the species considered. Weitzman
microsatellites is also of interest, since also showed that the algorithm leading
our data strongly suggested a significant to V generates a rooted tree which may
role of mutations in the divergence be interpreted as an evolutionary tree,
between theMeishanand the Euro- and whose branch lengths correspond
pean breeds, thus highlighting the to the diversity lost when the corres-

Archivos de zootecnia vol. 52, nim. 198, p. 178.



ANALYSIS OF GENETIC MARKERS

ponding species goes extinct. nents adding up to the total contribution.
This approach was extended to the A similar method, based on the concept
situation of livestock breeds diversity of co-ancestry, instead of gene diver-
by Thaon d'Arnoldet al. (1998), and  sity, was proposed by Caballero and
has served to evaluate the relative Toro (2002). They showed that the
merits of endangered breeds when ranking of breeds based on total
setting conservation programmes. A diversity can be quite different from
relative loss of diversity for a breéd  the ranking based on between-breed
may be defined as W= [V(9-V(SK)]/ diversity and warned against conclu-
V(S), where V) is the diversity ofthe  sions which might be drawn if only the
whole set of breeds considered and latter were considered. Hence the need
V(S\k) is the diversity of the set toexamine how to bestcombine those
deprived of breel. The quantity VK) two components of diversity.
may also be termed marginal diversity,
as it can be shown to be equal to the
marginal diversity defined by Weitz- COMBINING WITHIN- AND
man for the particular situation of zero BETWEEN-BREED VARIATION
probabilities of extinction. This method _ _
has already been used in farm animal ~ Ranking breeds for conservation
species (and particularly in the pig by PUrposes is a difficult task. The main
Laval et al, 2000). In most studies issue is how to deal with small popula-
highly unequal contributions of the tions. When a breed is made of very
breeds considered were evidenced. few breeding animals, it becomes en-
The method, however, becomes compu- dangered and may eventually become
tationally demanding when the number extinct. This situation, however, is not
of breeds is high. A software has been in itself a sufficient reason for giving
developed in the framework of PigBio conservation priority to the most endan-
Div in order to obviate this difficulty = gered breeds, since this kind of reaso-

(see Derbart al, 2002). ning might lead to give a conservation
Other approaches to diversity analy- priority to a (nearly) inbred line, even
sis have been proposed. Pttt al. though it might contain no specific

(1998) presented a method to evaluate allele richness. In contrast, large popu-
the contributions of individual popula- lations generally have a higher potential
tions to the total diversity on the basis for future genetic improvement due to
of genetic markers. They showed how their higher internal genetic variability.
to derive the contribution of each A proper biodiversity analysis should
population to the total diversity by using combine within- and between-breed
the classical gene diversity parameters aspects. A global structural index is
of Nei (1977). These population con- provided by thé-__statistics of Wright
tributions may in turn be partitioned (Weirand Cockerham, 1984). An ana-
into two components, a contributionto lysis of variance, based on genotypes
the between-population diversityanda and taking the factobreed into
contribution to the average within- account, splits the total variance into a
population diversity, these two compo- within-breed and a between-breed
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variance (Weir and Cockerham, 1984).
When individual breed contributions to
marker diversity are evaluated using
the method of Peti¢t al. (1998), the
total breed contributions to gene diver-
sity may be shown to be the result of
weighting the between-breed contri-
bution (to the total between-breed
diversity) and the within-breed contri-
bution (to the mean within-breed
diversity) byF_and 1F_ respectively.

A similar definition applies to the total

FOULLEY AND OLLIVIER

deredin PigBioDiv, microsatellites and
AFLP, which are rather different in
polymorphism as well as in ease and
costs of development. Both are assu-
med to be neutral. Though the project
focussed on inferences on populations,
based on genetic marker data, attention
has also been given here to the dual
guestion of analysing marker behaviour,
given the populations at hand. Specific
behaviours of some markers could be
tested, which could provide signatures

diversities, based on the concept of for the relative strength of drift, muta-
kinship, which have been proposed by tjon or selection, as possible sources of
Caballero and Toro (2002) and Eding diversity, or even for technical artefacts

et al. (2002).

Different weights, however, may
be desirable in some contexts, as
suggested for instance by Chaiwong
and Kinghorn (1999). Using the data
of Laval et al. (2000), Ollivier and
Foulley (2002) gave an illustration of
how the two components of diversity
might be combined in aflexible manner.
Depending on the context, different
weights will apply. As emphasised by
Barker (2002), setting priorities should

be considered separately according to

whether the choice of breeds is for
geneticimprovement, for comparative
evaluation of breeds or for conservation

of endangered breeds. On the other

hand, and in a long-time perspective,
one should consider the economic
advantage of being able to cope with
changing production-marketing sys-
tems (Smith, 1986), which would

require maintaining diverse breeding

such as null alleles. In practice, the
data were directly downloaded from
the project database (see Russedl.
2003) and for most purposes existing
software were used (Becket al,
1988; Belkhiret al, 1998; Felsenstein,
2000). However, because of the large
variations in the number of microsa-
tellitestypedin each breed (for reasons
givenin Groenertal.,2003), specific
programs had to be used in order to
allow for missing data.

The emphasis has been on the
genetic models underlying the two
genetic distances analysed. Such
models are useful for trying to unders-
tand the evolutionary forces behind the
presentdiversity situation, and for pre-
dicting future evolution of diversity (see
Nunney, 2000). One should keep in
mind that the evolutionary processes
are expected to be quite different in

stocks and so giving more emphasis to species and natural populations compa-

between-breed variation.

DISCUSSION AND CONCLUSIONS

Two types of markers were consi-

Archivos de zootecnia vol. 52, nim. 198, p.

red to breeds within species under
domestication pressure, not to mention
the time scale dimension of the com-
parison.

We have not considered here purely
descriptive and model-free statistical
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tools, which are available in large analysis ofallelicrichness notconside-
numbers (e g see Lala# al, 2002). red here). Interrelations among various
Graphical data analysis such as Princi- measures of genetic diversity also need
pal Component Analysisis anotheruseful further study (Barker, 2001), and the
tool, which may be used for instance for PigBioDiv project has created a signifi-
visualising the ratio of the between- to cant resource to undertake these types
the within- breed variations. of studies.

Another aspect not addressed in A marker-based description of
this paper is the assignment of indivi- genetic diversity of a set of breeds
duals to their breed that can be perfor- needs a variety of statistical tools, some
med using the genetic marker data of which were presented here. This
generated by the projectcian be noted stage may not need any theory on pre-
that the power of an assignment test vious evolution processes. In contrast,
depends on the differentiation of the the prediction of future genetic diversity
breeds and thus again on the balancerequires the knowledge and unders-
of within- and between- breed variation. tanding of evolutionary forces acting

In conclusion, it is recognised that on the set (or subsets) of breeds, at
the analysis of molecular markers for various time horizons. Conservation
biodiversity purposes is a complex decisions must take these predictions
process. The need to combine the into account, as well as other aspects
within-breed and the between-breed (Ruane, 2000)One may also need to
components of diversity has been takeintoaccountthatthe future direction
emphasised. As we have seen, severalof animal breeding may change and
methods for measuring those com- evolve, asindeed it did in the recent
ponents are available (including the past (Hervieu and Bonnemaire, 2002).
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