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Abstract
Summary: LIAN is a program to test the null hypothesis
of linkage equilibrium for multilocus data. LIAN incorpo-
rates both a Monte Carlo method as well as a novel alge-
braic method to carry out the hypothesis test. The program
further returns the genetic diversity of the sample and the
pairwise distances between its members.
Availability: LIAN can be accessed at http:// soft.ice.mpg.
de/ lian
Contact: haubold@ice.mpg.de

Introduction
Linkage equilibrium is characterized by statistical in-
dependence of alleles at all loci. LIAN (from LInkage
ANalysis) tests for this independent assortment by first
computing the number of loci at which each pair of
haplotypes differs. From the distribution of mismatch
values a variance, VD, is calculated, which is compared
to the variance expected for linkage equilibrium, Ve. This
approach was poineered by Brown et al. (1980), who
applied it to wild barley (Hordeum spontaneum), but the
method can be applied to any set of haplotype data. The
null hypothesis H0 : VD = Ve is tested by Monte Carlo
simulation and by a new parametric test (Haubold et
al., 1998). LIAN is written in standard Fortran90 and is
accessible through a web interface.

Testing the null hypothesis of linkage equilibrium
Monte Carlo simulation
The input data set is scrambled by resampling the loci
without replacement and computing a VD-value for each
resampled data set. The significance of any difference
between VD and Ve is the frequency with which a VD-
value greater or equal to the original VD-value is returned
from the randomization procedure. Similarly, a 5% critical
value can be calculated by ordering the VD-values and
removing the top 5% from the distribution (one-tailed test;
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Souza et al., 1992). The simulation approach may be slow
for large data sets.

Parametric method
Instead of simulating the null distribution of VD by the
Monte Carlo method outlined above, one can assume that
this distribution is normal (Haubold et al., 1998). Then a
5% critical value, L, for VD is simply computed as

L = Ve + 1.654
√

Var(VD),

where Var(VD) is the variance of VD. A formula for
Var(VD) was given by Brown et al. (1980) and popularized
by Maynard Smith et al. (1993). Haubold et al. (1998)
showed that this formula was incorrect, leading to faulty
conclusions about population structure. A correct formula
for Var(VD) was derived by Haubold et al. (1998) and is
now implemented in LIAN.

Input and output files

Input file
LIAN takes haplotype data as input. This might have been
obtained by one of a number of experimental methods,
including allozyme, microsatellite and DNA sequencing.
The input file essentially follows the PHYLIP format
(Felsenstein, 1993). The first line in a plain text file states
the number of haplotypes, followed by the number of loci.
Each line of the subsequent data matrix looks like this:
name 1 3 2.5 4
that is, a name, of which the first 10 characters are stored
and which must not contain blanks, followed by numerical
allele designations separated by spaces. An example data
file can be obtained together with the program. There are
no intrinsic limitations on the number of haplotypes, loci
or Monte Carlo iterations the program can handle.

Results output file
The main output file quotes VD- and Ve-values as well as
a ‘standardized IA’. The latter is a measure of linkage.
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Table 1. Analysis of the multilocus data set published by Holmes et al.
(1999) using LIAN. The simulation results were obtained from 100 000
random resamplings

Quantity Value

Haplotypes 30
Loci 12
Mean genetic diversity (H ) 0.941 ± 0.009
Observed mismatch variance (VD) 1.085
Expected mismatch variance (Ve) 0.659
Standardized index of association (I s

A) 0.059
Simulated 5% critical value (LMC) 0.753
Calculated 5% critical value (Lpara) 0.730
Simulated significance (PMC) 0.00001
Calculated significance (Ppara) 0.00000

The ‘classical’ IA was defined by Maynard Smith et al.
(1993) as

IA = VD

Ve
− 1.

The IA is a function of the rate of recombination and is
zero for linkage equilibrium. However, Hudson (1994)
showed that this statistic scales with l − 1, where l is the
number of loci analyzed. For this reason we define the
‘standardized IA’ as

I s
A = 1

l − 1

(
VD

Ve
− 1

)
.

This has the advantage of being comparable between stud-
ies as long as it can be assumed that the neutral mutation
parameter θ = 2Neµ is constant (Hudson, 1994).

The measure of disequilibrium is followed by testing the
null hypothesis of linkage equilibrium. P-values derived
from the parametric as well as from the Monte Carlo
method are quoted. In addition, the program returns the
5% critical value as determined by the Monte Carlo
process (LMC) and the 5% critical value calculated from
the parametric approach (Lpara). Finally, the mean genetic
diversity ± standard error is printed, followed by the
genetic diversity at each locus going from left to right
along the columns of the data matrix.

Distance file
LIAN also generates pairwise distances between the
sampled taxa. There is a choice between applying the
matching, dice, ochiai or jaccard’s index (cf. Manly, 1986,
p. 86). The resulting distance file can be imported directly
into one of the distance programs of the PHYLIP package
Felsenstein (1993).

Application example
Maynard Smith et al. (1993) showed in a simulation study
that if recombination is at least 20 times more frequent

than mutation, most populations will be indistinguishable
from linkage equilibrium. Hudson (1994) corroborated
this result in a theoretical investigation. There are only
a few estimates of the relative recombination rate from
real data available, but Feil et al. (1999) reported that in
the human pathogen Neisseria meningitidis recombination
affects a locus 3.6 times more frequently than mutation.
Since 3.6 < 20, it would be expected that N. meningitidis
is in linkage disequilibrium. However, based on the
formula for Var(VD) introduced into population biology
by Brown et al. (1980), Holmes et al. (1999) claimed
that this organism was in linkage equilibrium. Reanalysis
of the data presented by Holmes et al. (1999) using
LIAN showed that N. meningitidis has a highly significant
linkage disequilibrium (P < 10−4; Table 1). This
conclusion fits with what is currently known about the
population genetics of bacteria in general and of N.
meningitidis in particular.
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