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Abstract

Nonamplified (null) alleles are a common feature of microsatellite genotyping and can bias
estimates of allele and genotype frequencies, thereby hindering population genetic ana-
lyses. The frequency of microsatellite null alleles in diploid populations can be estimated for
populations that are in Hardy–Weinberg equilibrium. However, many microsatellite data
sets are from nonequilibrium populations, often with known inbreeding coefficients (

 

F

 

) or
fixation indices (

 

F

 

IS

 

 or 

 

F

 

ST

 

). Here, we propose a novel null allele estimator that can be used
to estimate the null allele frequency and adjust visible allele frequencies in populations
for which independent estimates of 

 

F

 

, 

 

F

 

IS

 

 or 

 

F

 

ST

 

 are available. The algorithm is currently
available as an Excel macro that can be downloaded at no cost from http://www.microchecker.
hull.ac.uk/ and will be incorporated into the software 

 

MICRO

 

-

 

CHECKER

 

.
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Traditionally, genetic analyses have been based on assump-
tions of panmixia, but many natural populations exhibit
nonequilibrium conditions (Whitlock & McCauley 1999;
Estoup 

 

et al

 

. 2001). For example, as a result of local breeding
structure or admixture, populations may depart from expected
Hardy–Weinberg proportions (H–W). Deviations from
H–W can also be caused, however, by polymorphism at
polymerase chain reaction (PCR) priming sites resulting in
the failure of amplification of particular alleles (i.e. null
alleles). Null alleles are relatively common in microsatellite
analysis (Dakin & Avise 2004) and it is desirable to identify
their occurrence and frequency for various population
genetic analyses and partition their effects from biological
causes of H–W deviation.

Several algorithms have been developed to estimate null
allele frequencies, which assume that the population is in
Hardy–Weinberg equilibrium (Chakraborty 

 

et al

 

. 1992;
Brookfield 1996). These algorithms are employed by software
programs such as 

 

micro

 

-

 

checker

 

 (van Oosterhout 

 

et al

 

.
2004a). This program can discriminate between H–W deviations
caused by null alleles from those caused by inbreeding

and Wahlund effects and can identify genotype biases
caused by short allele dominance (large allele dropout)
and stuttering (van Oosterhout 

 

et al

 

. 2004a). However,
current null allele estimation algorithms are not applicable
in populations that show deviations from panmixia.

Here, we propose a calculation for estimating null alleles
in populations with known inbreeding coefficients (

 

F

 

)
or fixation indices (

 

F

 

IS

 

 or 

 

F

 

ST

 

), derived from population
genetic theory of inbreeding (Crow & Kimura 1970). If 

 

p

 

i

 

 is
the frequency of allele 

 

i

 

, 

 

r

 

 the frequency of the null allele 0,
and 

 

F

 

 the mean inbreeding coefficient or fixation index,
then the expected proportion of homozygotes (

 

p

 

ii

 

) is equal
to:

(1)

and the expected proportion of alleles segregating with a
null allele 0 in heterozygous genotypes (

 

p

 

i

 

0

 

):

 

p

 

i

 

0

 

 = 2

 

p

 

i

 

r

 

 (1 

 

−

 

 

 

F

 

). (2)

Defining 

 

n

 

2

 

 as the frequency of individuals in the data
set, which exhibit a single allelic product, but which may
possess either one or two copies of allele 

 

i

 

, [i.e. the sum of
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equations (1) and (2)], 

 

p

 

i

 

 can be estimated by solving the
following quadratic equation:

(3)

This equation has two solutions:
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 + 2
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2
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F
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}/2
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F

 

), (4a)
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). (4b)

Finally, the summed allele frequency over all alleles
(including the null allele) at the locus is equal to unity:

(5)

Equations 4a and 4b can be solved, and in conjunction
with equation 5, return a single real solution. This allows
the null allele frequency to be estimated and amplified
allele and genotype frequencies to be adjusted (see figure 1).

The inbreeding coefficient may be obtained from pedi-
gree studies (e.g. van Oosterhout 

 

et al

 

. 2003, 2004b) or from
molecular markers by the Bayesian method of Wilson &
Rannala (2003). Similarly, 

 

F

 

 statistics can be obtained from
molecular markers that can be assumed to be free from null
alleles such as allozymes and single nucleotide polymorph-
isms (SNPs). Additionally, a standard outlier analysis,

conducted on 

 

F

 

IS

 

 values obtained from several unlinked
microsatellite loci, can be used to separate loci exhibiting null
alleles from those reflecting a biological signal of inbreeding.

The algorithm will be incorporated in a future version of

 

micro

 

-

 

checker

 

 but can currently already be used as an
Excel macro. The input required to run the macro consists
of the inbreeding coefficient 

 

F

 

 or the fixation index 

 

F

 

IS

 

 or

 

F

 

ST

 

 (based on an independent set of molecular markers)
and the frequency of the putative homozygote allele-size
classes (i.e. genotypes exhibiting only one allele).

 

Availability

 

The Excel macro including a help file and examples can be
downloaded for free from the University of Hull 

 

micro

 

-

 

checker

 

 website http://www.microchecker.hull.ac.uk/.
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Fig. 1 Relationship between the inbreeding coefficient (F) and
null allele frequency (r) in a hypothetical population with an
observed frequency of samples that exhibit a single allelic product
(n2), (see insert). In this example, a population with F = 0.25 would
be estimated to have a null allele frequency r = 0.10, as indicated
by the drop-lines. Other solutions for r with given F are shown by
the curve.
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