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Abstract
GENCLONE 1.0 is designed for studying clonality and its spatial components using genotype
data with molecular markers from haploid or diploid organisms. GENCLONE 1.0 performs
the following tasks. (i) discriminates distinct multilocus genotypes (MLGs), and uses
permutation and resampling approaches to test for the reliability of sets of loci and
sampling units for estimating genotypic and genetic diversity (a procedure also useful
for nonclonal organisms); (ii) computes statistics to test for clonal propagation or clonal
identity of replicates; (iii) computes various indices describing genotypic diversity; and
(iv) summarizes the spatial organization of MLGs with adapted spatial autocorrelation
methods and clonal subrange estimates.
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Clonal species, from unicellular organisms to marine invertebrates, are dominant in many habitats. In ecological studies
on clonal organisms, particularly in clonal plants with cryptic
rhyzomatic connections, the discrimination of individuals
issued from sexual or clonal reproduction, or the estimation of sexual vs. clonal reproduction, are among the
most challenging technical issues. Molecular markers are
particularly useful since genetically identical individuals
issued from clonal reproduction can theoretically be
recognized on the basis of their multilocus genotypes.
However, reliable recognition of clonal identity, on the
basis of molecular markers, requires specific statistical
tests and procedures. Two software packages have
been recently developed, mlgsim (Stenberg et al. 2003) and
genotype and genodive (Meirmans & Van Tienderen
2004), that provide some of those required tests. The software developed here, genclone 1.0 implements new and
improved statistical features such as accounting for deviation
from Hardy–Weinberg equilibrium while testing for clonality,
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and specially adapted analyses for studying the spatial
components of clonality.
genclone requires the following information for each
individual: (i) a name; (ii) one to two spatial coordinates
(when available); and (iii) genotype at each locus for
codominant markers. The options available to users can be
divided in three sets of analysis, corresponding to the
three ‘upper panels’. (i) ‘Test’ — for checking for locus and
‘sampling unit’ reliability for optimal multilocus genotypes
(MLGs) and genetic individuals recognition; (ii) ‘MLG’ —
for computing various genotypic richness and diversity
descriptors; and (iii) ‘Spatial components’ — for describing
various spatial aspects of clonality.

Tests
These procedures use permutation approaches to test for
data quality. (In other words, the power of the analysed
sample and loci set to obtain an accurate estimate of the
maximum number of multilocus genotypes present in the
dataset and in the sampling area, respectively). All possible
datasets corresponding to all possible combinations of loci
(with L the number of analysed loci) and sampling units
(with N the total number of ‘sampling units’) are generated,
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and then the minimum, average and maximum number
of discriminated MLGs for each class of number of locus
(l) or sampling units (n) are obtained. When performed
on the loci, this permutation procedure allows us to verify
if an asymptote is reached when l tends towards L. It
therefore allows ensuring that the set of loci used permit a
good estimate of the real number of MLG present in the
sample analysed. This procedure combined with the test
for clonal identity detailed hereafter allows to ascertain
the maximum efficiency of the chosen loci combination
(Arnaud-Haond et al. 2005). When applied to individuals,
it allows us to verify if the sampling density (in terms of the
number of sampling units) is sufficient to reliably estimate
the true number of MLGs present in the sampled area. When
the number of individuals or loci is high, the computation
time can be very long due to the huge number of possible
combinations. We have therefore developed two complementary procedures based on resampling without replacement: resampling x times from the set of L loci; and
resampling x times from the set of N individuals; (where x
is chosen by the users) and then estimating the average
number of MLGs which can be distinguished with this
number x of loci or individuals. These resampling procedures also provide estimates of the maximum, minimum
and average number of MLGs in the subset of data, as well
as the maximum, minimum and the mean number of alleles
and the heterozygosity (unbiased estimate, Nei 1978) for
each subset of data generated. This is an alternative to the
bootstrap, and to the rarefaction procedure (El Mousadik
& Petit 1996), commonly used to compare the levels of
diversity among sample sets of unequal size, and can also
be used to compare allelic richness and heterozygosity in
nonclonal organisms (Leberg 2002). The last test in this
section is a test for clonal propagation based on the round
robin method proposed by Parks & Werth (1993). This
allows us to estimate, for each MLG, the probability PGEN
and the derived binomial PSEX. These probabilities are used
to test both for clonal identity and for clonal propagation
(Arnaud-Haond et al. 2005; see also Tibayrenc et al. 1990;
Gregorius 2005). A slightly more conservative test is also
provided, which is based on estimates PGEN (f) and PSEX (f),
of the same probabilities, but now taking into account the
estimated FIS in the population (Young et al. 2002). Finally,
a genetic distance matrix can be computed (based on the
number of different alleles among sampling units). The
frequency distribution of genetic distances can, for example,
help to screen for scoring errors or somatic mutations
(Douhovnikoff et al. 2004; Meirmans & Van Tienderen
2004; Arnaud-Haond et al. 2005). With a high number of
loci, or loci characterized by a high mutation rate, this
frequency distribution can also help to define a threshold
below which MLGs separated by low genetic distance and
can be considered as belonging to the same ‘clonal lineage’,
or of the same genetic individual.

MlG
This option allows us to compute the usual estimators of
genotypic richness in a sample of N sampling units. These
are: G = the number of distinct MLGs; R = the modified
index of genotypic richness, as proposed by Dorken and
Eckert (Dorken & Eckert 2001). Additionally, the commonly
used indices of genotypic diversity, derived from species
diversity indices, are computed. These are: the Simpson
complement and, the Shannon-Wiener (Hurlbert 1971;
Washington 1984) diversity and evenness indices, as
well as Hill’s Simpson reciprocal (Hurlbert 1971; Hill 1973)
(which corresponds to the ‘apparent number of genotypes
in the sample’).

Spatial components
These procedures allow us to summarize spatial aspects
of clonal diversity when geographic coordinates of the
sampling units are available. A map of MLGs can be drawn
and exported as a bitmap file. The clonal subrange section
plots the probability of clonal identity against distance
(Harada & Iwasa 1996; Harada et al. 1997). Here we use a
custom definition of distance classes (either as a number
of distance classes, or as a list of predefined maximum
distances for each class), and estimate of the ‘clonal subrange’
as the maximum spatial distance between two replicates of
the same MLG (Alberto et al. 2005). Finally, autocorrelation
procedures adapted to the existence of replicates are
computed, using Loiselle et al. (1995) and Ritland (1996)
kinship coefficients. Classical autocorrelation analysis are
performed at the ‘ramet level’ (i.e. including all sampling
units), and random permutations of the geographical coordinates are performed among sampling units in order
to test for the significance of the observed spatial structure.
Following Vekemans & Hardy (2004) Fij (the average kinship
for each distance class) and b (the slope of the regression)
are estimated and tested for significance. At the ‘genet level’
(i.e. including only one copy of each MLG), autocorrelation
is computed in three ways: (i) using central coordinates for
each replicated MLG (Hämmerli & Reusch 2003; Alberto
et al. 2005); (ii) using a weighted approach (Alberto et al.
2005; Wagner et al. 2005;) to remove the distances among
pairs of identical genotype from the dataset; (iii) using
a resampling approach in order to create and analyse
subdatasets of size g (= the number of MLG identified),
with each MLG being attributed randomly one of the spatial
coordinates corresponding to one of the sampling units
exhibiting this given MLG (Alberto et al. 2005). For this
last procedure, confidence intervals are computed at
90% and 95% level, in order to test whether the ‘observed’
distribution obtained by resampling significantly depart
from the ‘random’ distribution generated by randomly
permuting spatial coordinates among MLGs.
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