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Notion de nombre efficace

Nombre réel : nombre d’éléments (individus) hétérogènes
Nombre efficace : nombre d’éléments (individus) homogènes

ayant le même comportement selon un critère

Exemple :
Nombre efficace d’allèles : nombre d’allèles de même
fréquence produisant la même variance que le nombre réel
d’allèles.



Notion de nombre efficace

Dans les populations naturelles, tous les individus ne
participent pas forcément au processus reproductif, si bien
qu’en général l’effectif de la population N qui détermine le
rythme de la dérive génétique n’est pas égal à l’effectif de
recensement de la population...



Notion de nombre efficace

... On définit donc l’effectif efficace de la population (ou taille
efficace) comme l’effectif d’une population idéale (de type
Wright-Fisher) pour laquelle on aurait une fluctuation du
polymorphisme équivalente à celle de la population naturelle.



Notion de nombre efficace

... C’est donc le nombre d’individus d’une population idéale
pour lequel on aurait un degré de dérive génétique équivalent à
celui de la population réelle. On note ce nombre comme Ne.



Tout dépend du critère choisi...

Il y a en fait plusieurs types d’effectif efficace, selon à quel effet
de la dérive génétique on s’intéresse.



Changement de la consanguinité de la population
(inbreeding effective population size).

Dans une population idéale, la probabilité que 2 gènes soient
identiques par ascendance à la génération précédente est
égale à 1/(2N). Le changement du coefficient de consaguinité
d’une génération à l’autre est donc donné par

1− Ft+1 =

(
1− 1

2N

)
(1− Ft )

Donc, dans une population réelle, l’effectif efficace sera celui
qui provoquera un changement de consanguinité de même
amplitude que dans une population idéale.

N(F )
e =

1

2
(

1− 1−Ft+1
1−Ft

)



Variance du changement des fréquences alléliques
d’une génération à l’autre (variance effective
population size).

Dans une population idéale, la variance de la fréquence
allélique (pt+1) conditionnelle à celle de la génération
précédente (pt ) est donnée par la variance binomiale

v = var(pt+1|pt ) =
pt (1− pt )

2N
.

Si v̂ est cette même quantité mesurée dans la population
réelle, alors l’effectif efficace de variance sera donné par

N(v)
e =

pt (1− pt )

2 v̂



Changement de l’hétérozygotie de la population d’une
génération à l’autre (eigenvalue effective population
size)

Dans une population idéale, le changement d’hétérozygotie
d’une génération à l’autre est donné par

Ht+1 =

(
1− 1

2N

)
Ht

Si bien que l’effectif efficace d’une population réelle provoquant
le même changement d’hétérozygotie que dans une population
idéale sera défini comme

N(H)
e =

1

2
(

1− Ht+1
Ht

)



Estimation à partir du déséquilibre de liaison



Estimation à partir du déséquilibre de liaison



En théorie, (mais pas toujours) les différents types de taille
efficace donnent des valeurs identiques. On utilisera une
définition ou une autre selon les cas...









Mesure ”Intégrées” (coalescence).

Mutation Θ = 4 Ne µ

Selection Ne s
Recombinaison Ne r



Mesures de Ne

Multi-échantillons (2 générations ou plus)

I Pédigrée
I Marqueurs / séquences (He, Variance, ...)

Mono-échantillon (1 génération)

I Marqueurs / séquences (LD, Haplotypes, AFS,
Coalescence)



Remarque sur l’estimation à partir du déséquilibre de
liaison

I En théorie, pour des locus liés, mais difficile à implémenter
(calculs)

I A l’origine, application sur des locus indépendants
(non-liés). Paradoxe ? Mesure de la variation inter-locus
(temps⇒ espace)

I Développements récents (NGS, Haplotypes, ABC, ...) :
devient possible pour des locus liés !



Remarque sur l’estimation à partir du déséquilibre de
liaison

I Devient possible pour des locus liés !
I Mesure de la variation inter-locus (temps⇒ espace)
I LD sur locus liés :

Locus proches: évènements anciens
Locus éloignés: évènements récents



Novel Multilocus Measure of Linkage
Disequilibrium to Estimate Past Effective
Population Size
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Linkage disequilibrium (LD) between densely spaced, polymorphic genetic markers in humans and other species
contains information about historical population size. Inferring past population size is of interest both from an
evolutionary perspective (e.g., testing the “out of Africa” hypothesis of human evolution) and to improve
models for mapping of disease and quantitative trait genes. We propose a novel multilocus measure of LD, the
chromosome segment homozygosity (CSH). CSH is defined for a specific chromosome segment, up to the full
length of the chromosome. In computer simulations CSH was generally less variable than the r2 measure of LD,
and variability of CSH decreased as the number of markers in the chromosome segment was increased. The
essence and utility of our novel measure is that CSH over long distances reflects recent effective population size
(N), whereas CSH over small distances reflects the effective size in the more distant past. We illustrate the utility
of CSH by calculating CSH from human and dairy cattle SNP and microsatellite marker data, and predicting N
at various times in the past for each species. Results indicated an exponentially increasing N in humans and a
declining N in dairy cattle. CSH is a valuable statistic for inferring population histories from haplotype data, and
has implications for mapping of disease loci.

The large number of densely spaced, polymorphic genetic
markers generated by modern genomics is a powerful tool for
answering genetic questions. For instance, they are being used
to fine-scale-map trait genes (Pritchard and Przeworski et al.
2001) and to infer the history of the human population
(Reich et al. 2001). Inferring past population size is of interest
both from an evolutionary perspective (e.g., testing the “out
of Africa” hypothesis of human evolution) and to improve
models for the mapping of disease and quantitative trait
genes.

Under a neutral model with constant effective popula-
tion size (N), the homozygosity of a marker, the probability of
sampling two identical alleles from the population, can be
used to estimate N, provided the mutation rate is known (e.g.,
Kuhner et al. 1998; Slatkin and Bertorelle 2001). If N has
changed in the past, the homozygosity will estimate a form of
average N. The higher the mutation rate, the less events from
the distant past remain relevant and thus the average N esti-
mated will reflect N in the more recent past. Similarly, linkage
disequilibrium (LD) can be used to estimate N if the recom-
bination rate is known. As will be shown in this paper, LD
over large recombination distances estimates N in the more
recent past than LD over short recombination distances. Use
of LD rather than individual marker homozygosity has the
advantage that the recombination rate is more controllable
than the mutation rate (by selecting the length of chromo-
some segments), and more recent N can be estimated because
recombination rates can be much higher than mutation rates.

Therefore, although estimates of average past population size
from n unlinked loci can be more accurate than from n linked
loci (Kuhner et al. 1998), using LD between n linked loci can
provide additional information on historical changes in
population size.

Most measures of LD, such as r2 and related measures
(Devlin and Risch 1995; Weir 1996), quantify the association
between a pair of loci. Higher-order association coefficients
analogous to r2 can be defined for groups of 3, 4, or more loci,
but they have not been found to be a practical value (Hill
1981). Such higher-order LD measures also ignore the essen-
tially linear nature of chromosomes and of recombination. An
ideal multilocus measure of LD would take account of this
linearity and capture as much as possible of the information
content of the data (no single statistic could contain all the
information). In addition, it would be desirable if the measure
of LD used had a simple expectation, at least under standard
models such as the neutral model.

Definition of Chromosome Segment
Homozygosity (CSH)
We propose a novel multilocus measure of LD, the chromo-
some segment homozygosity (CSH). CSH is the probability
that two chromosome segments of the same size and location
drawn at random from the population are from a common
ancestor, without intervening recombination. CSH is defined
for a specific chromosome segment, up to the full length of
the chromosome. The CSH cannot be directly observed from
marker data but has to be inferred from marker haplotypes for
segments of the chromosome. Consider a segment of chro-
mosome with marker locus A at the left-hand end of the seg-
ment and marker locus B at the other end of the segment. The
alleles at A and B define a haplotype. Two such segments are
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E-MAIL Ben.Hayes@nre.vic.gov.au; FAX 61 39217 4359.
Article and publication are at http://www.genome.org/cgi/doi/10.1101/
gr.387103. Article published online before print in March 2003.
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Jiménez-Mena et al.

RESEARCH

Analysis of different estimators of effective
population size for conservation genetics
Belén Jiménez-Mena1,2,3*, Etienne Verrier1,2 and Frédéric Hospital1,2

Abstract

Background: The difficulty in obtaining accurate estimates of the effective population size (Ne) has been
remarked across the literature. There are different methods to estimate Ne that use different kind of
information about pedigree or molecular markers to measure genetic drift. The analysis and comparison of the
performance of methods that infer Ne using molecular information are gaining importance due to the
decreasing costs of sequencing and the availability of large number of molecular markers. In this simulation
analysis, we (i) analysed in detail an estimator based on the decrease of heterozygosity, N̂eH

, and (ii)
performed a comparison of this with an estimator based on linkage disequilibrium, N̂eLD

, and standardized
variance in allele frequencies, N̂eT

, using different scenarios of number of loci, population sizes, initial allele
frequencies and time interval between samples.

Results: N̂eH
presented bias and a large variability over time, explained by the large variability of

heterozygosity and its asymmetrical distribution. We showed that the combination of the number of
segregating alleles and the number of loci used might be provoking an impact on the variability of N̂eH

. When
using low number of loci (<100), the three estimators displayed differences in their performance after one
generation of genetic drift. With higher number of loci (≥100), the mean of the three estimators narrowed
towards the true value of Ne and their performance was improved. N̂eT

and N̂eLD
were the best estimators to

use in such case. All estimators performed accurately when initial allele frequencies were close to 0.5; N̂eT

seemed to have the best performance when the initial allele frequencies were increased.

Conclusions: N̂eT
and N̂eLD

estimators are the most adequate to use under the conditions tested in this
study. N̂eH

might be more efficient with a large number of loci with high number of alleles. To have an
accurate estimate of Ne, a minimum number of 100 loci should be used. When the loci used have allele
frequencies different than 0.5, attention on potential bias on the estimation on Ne should be considered.

Keywords: effective population size; genetic drift; heterozygosity; temporal method; linkage disequilibrium
method

Background
One of the key concepts in population genetics is ef-
fective population size (Ne). The Ne of a given popu-
lation can be defined as the corresponding number of
individuals in an ideal population that would have the
same rate of genetic drift as the considered population
[1]. Despite its importance, Ne has been considered as
”notoriously difficult to estimate” [2], and even com-
pared to a ”black box” [3]. Among others, Ne makes it
possible to predict the rate of decline in genetic diver-
sity over time in a population. Accounting for genetic
drift can be used to help develop more effective con-

*Correspondence: belen.jimenez@jouy.inra.fr
1AgroParisTech, UMR1313 Génétique Animale et Biologie Intégrative, 16

rue Claude Bernard 75231 Paris 05, France

Full list of author information is available at the end of the article

servation breeding plans to maintain genetic diversity,
particularly for threatened species or breeds.
Since S. Wright defined the concept of Ne in 1931 [1],
several methods have been developed to estimate Ne

based primarily on two kinds of information: (i) pedi-
gree or (ii) molecular information.

Methods based on pedigree use information about re-
lationships between the individuals in the population,
e.g. parentage. Pedigrees can be used to genetically
manage a population. However, it is often difficult to
keep track of breeding and parentage relationships of
individuals in a population over many years [4], es-
pecially in wildlife populations. Methods to infer Ne

based on incomplete pedigrees lead to biased estima-
tors of Ne [5].
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Submitted as a research article for BIOLOGY LETTERS.  

Word count: 2758 

 

One size fits all? 

Direct evidence for the heterogeneity of genetic drift throughout the genome.  
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1B. Example of within-chromosome heterogeneity in estimated Ne. Each dot 

represents the Ne estimated per window. 

Errors bars indicate 1 SE (estimated by bootstrapping). 
 

(Note: 1B will be inside 1A as inset). 


