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OPINION

If FST does not measure neutral genetic differentiation,
then comparing it with QST is misleading. Or is it?
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Abstract
The comparison between neutral genetic differentiation (FST) and quantitative genetic
differentiation (QST) is commonly used to test for signatures of selection in population
divergence. However, there is an ongoing discussion about what FST actually measures,
even resulting in some alternative metrics to express neutral genetic differentiation. If
there is a problem with FST, this could have repercussions for its comparison with QST as
well. We show that as the mutation rate of the neutral marker increases, FST decreases: a
higher within-population heterozygosity (He) yields a lower FST value. However, the
same is true for QST: a higher mutation rate for the underlying QTL also results in a lower
QST estimate. The effect of mutation rate is equivalent in QST and FST. Hence, the
comparison between QST and FST remains valid, if one uses neutral markers whose
mutation rates are not too high compared to those of quantitative traits. Usage of highly
variable neutral markers such as hypervariable microsatellites can lead to serious biases
and the incorrect inference that divergent selection has acted on populations. Much of
the discussion on FST seems to stem from the misunderstanding that it measures the
differentiation of populations, whereas it actually measures the fixation of alleles. In
their capacity as measures of population differentiation, Hedrick’s G¢ST and Jost’s D
reach their maximum value of 1 when populations do not share alleles even when there
remains variation within populations, which invalidates them for comparisons with QST.
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Introduction
A major topic in evolutionary biology and conservation
genetics is to determine the genetic structure of populations and to elucidate which processes have led to the
observed structures. When the focus is on neutral
genetic markers, population differentiation is commonly
expressed as FST, GST or related measures (from now on
we use FST and GST interchangeably, because for our
purposes here, they are equivalent). FST is a parameter
that expresses the probability that two alleles drawn at
random in a subpopulation are identical by descent
compared to two alleles drawn at random in the whole
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population. Thus, a positive FST means that the average
relatedness among individuals in the same subpopulation is higher than among individuals from different
subpopulations, i.e. that there is a population genetic
structure (Holsinger & Weir 2009).
The same principle applies to the loci that influence
the expression of quantitative traits. Hence, if these
quantitative trait loci (QTL—here to mean the functional loci, not tightly linked noncoding loci) are
exposed only to the same neutral evolutionary forces as
noncoding neutral genetic markers, then their expected
level of differentiation among populations should be
equal to that of neutral loci. Under the assumption that
the effects of these QTL on a quantitative trait are additive and equal, then quantitative genetic divergence
(expressed as QST) of traits only exposed to neutral
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evolution equals FST for neutral genetic markers (Lande
1992; Spitze 1993; Whitlock 1999; McKay & Latta 2002).
However, if divergent or convergent selection also acts
on populations, divergence in quantitative genetic traits
under selection will differ from divergence in neutral
genetic markers. Thus, the comparison of quantitative
genetic divergence (QST) with neutral genetic divergence (FST) can inform us on the relative roles of selection and neutral evolution in driving patterns of
population differentiation. When QST > FST, divergent
selection is inferred to have acted on the trait of interest; when QST < FST, convergent (stabilizing) selection is
inferred; and when QST = FST, selection may have operated but no other process than divergence due to
genetic drift needs to be invoked to explain the population genetic structure (Spitze 1993; Leinonen et al. 2008;
Whitlock 2008).
Compared with other methodological approaches to
test for divergent or convergent selection, the comparison of QST and FST can be applied to a large number of
populations and traits, does not require the collection of
fitness measures in the wild and can detect the cumulative effect of past selection even in the absence of current
selection. It therefore is a good method for screening for
signatures of historical selection in a biological system
(Whitlock 2008). Since its inception in the early 1990s, it
seems to have become firmly established in the toolbox
of evolutionary biologists (Leinonen et al. 2008).
Recently, it has been argued that FST might not be an
accurate measure of neutral genetic differentiation
(Hedrick 2005; Meirmans 2006; Jost 2008; Kronholm
et al. 2010; Meirmans & Hedrick 2010). Later we discuss
these criticisms in the context of comparisons between
QST and FST.

A brief overview of QST and FST
QST is calculated as the ratio of additive genetic variance among populations to total additive genetic variation: QST = VAMONG ⁄ VTOTAL (see Whitlock 2008 and
Leinonen et al. 2008 for more details and an overview
of how to estimate QST properly). As VAMONG = VTOTAL )
VWITHIN, we can rewrite this as QST = (VTOTAL )
VWITHIN) ⁄ VTOTAL, which can range from 0 (no differentiation, VTOTAL = VWITHIN) towards 1 (complete
differentiation, VTOTAL  VWITHIN). These variance
components can be derived from results of controlled
breeding designs, or using animal model methodology
when interbreeding between populations is uncontrolled, such as in the wild (Pujol et al. 2008). In practice, when two populations overlap completely, QST
equals zero. When QST is 0.50, overlap is moderate. Yet
when population means are far apart and overlap is in
practice (with limited sample sizes) nonexistent, QST is

still smaller than 1. This is because the within-population variance component still has a significant weight in
the ratio of (VTOTAL ) VWITHIN) ⁄ VTOTAL. A QST of
exactly 1 could only be reached when populations are
fixed for alternative genotypes, so when VWITHIN = 0.
FST can be calculated from the distribution of variation
in neutral markers within and among populations (estimation techniques reviewed in Holsinger & Weir 2009).
In its simplest form, FST is estimated using heterozygosity: FST = (HTOTAL ) HWITHIN) ⁄ HTOTAL (Nei 1973), where
HTOTAL is the total expected heterozygosity based on the
observed allele frequencies of the pooled populations,
and HWITHIN is the average expected within-population
heterozygosity based on the allele frequencies of each
population. With this notation, the parallel between the
formulas for QST and FST in comparing among-population variation to total variation is obvious. Note that
HWITHIN is normally referred to as HS, the subpopulation
heterozygosity, but from now on we use the subscript
within and the term population for the lowest level to
facilitate comparison with QST notation. In theory, the
range of FST is from 0 (no differentiation) to 1 (complete
differentiation), just like QST.

Issues with FST and its comparison with QST
Recently, it has been argued that for highly variable
markers, such as microsatellites, FST might not be an
accurate measure of neutral genetic differentiation
(Hedrick 2005; Meirmans 2006; Jost 2008; Kronholm
et al. 2010; Meirmans & Hedrick 2010). A more variable
marker (in the sense of having more relatively common
alleles) will have a higher HWITHIN, because homozygotes will be more rare. As both HWITHIN and HTOTAL
have a theoretical maximum of 1, HTOTAL ) HWITHIN
will tend to zero as a marker is more and more variable. This in turn implies that FST will necessarily
approach zero for more variable markers. Jost (2008),
Heller & Siegismund (2009), Gerlach et al. (2010), Meirmans & Hedrick (2010) and Whitlock (2011) give
numerical examples and empirical data that provide
compelling evidence for this relationship. Hence, a
highly variable microsatellite can never yield a high FST
if many alleles are common, even when populations do
not share a single allele and are in that sense completely genetically different. In fact, FST has a theoretical
maximum of 1 ) HWITHIN (Hedrick 2005; Meirmans &
Hedrick 2010). (Note that the lower values of FST for
more variable markers are independent of the method
used to estimate FST, be it method-of moments, maximum likelihood or Bayesian: Holsinger & Weir 2009;
Meirmans & Hedrick 2010).
This has a problematic effect on the comparison
between QST and FST. If the estimate of FST depends on
 2011 Blackwell Publishing Ltd
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Comparing QST with FST: which markers to use?
Marker variability is related to mutation rate, and both
FST and QST have been suggested to depend on mutation rate (e.g. Kronholm et al. 2010). Therefore, a solution to this apparent paradox might be to compare QST
and FST only when neutral markers have the same
mutation rates as the underlying QTL of quantitative
traits. In that case neutral loci and QTL will have the
same marker variability and will show the same rate of
neutral divergence when populations are not exposed
to selection, and QST = FST (Hendry 2002) To test this
claim, we modelled the neutral divergence of a quantitative trait composed of 10 QTL versus the divergence
of 10 neutral loci in exactly the same way (contra
Kronholm et al. 2010), using the program quantiNemo
(Neuenschwander et al. 2008). The meta-population
was composed of 25 populations consisting of 1000
individuals each, which were connected by a migration
rate of 10)3 according to the island model. We systematically varied the mutation rate of the QTL and neutral loci from 10)8 to 10)3. Each locus consisted of a
maximum of 10 alleles, and simulations were started
with all loci maximally polymorphic to reach equilibrium sooner. We recorded QST and FST after 5000 generations (longer runs showed that populations had
reached equilibrium for QST and FST under all mutation
rates) and ran 10 replicates for each mutation rate. The
results (Fig. 1) clearly show that FST decreases when
mutation rates of neutral markers go up. However,
they also show that QST equally decreases when mutation rates of QTL go up. When mutation rates for QTL
and neutral markers are equal, QST and FST yield similar values. Hence, when neutral loci and QTL have the
same mutation rate (i.e. the same marker variability)
 2011 Blackwell Publishing Ltd
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Fig. 1 FST and QST decrease in the same way as the mutation
rates of underlying loci become high. We varied the mutation
rate of 10 neutral loci and 10 QTL underlying a quantitative
trait, within a meta-population connected by a low level of
migration according to the island model, and recorded FST and
QST at equilibrium in 10 replicates. See text for more details.

they will show the same rate of neutral divergence
when populations are not exposed to selection, and so
there is no paradox. Under all mutation rates
QST = FST, but the absolute values will be lower when
mutation rate is high. (Note that QST varies much more
over replicates than FST, as discussed before by O’Hara
& Merilä 2005 and Whitlock 2008).
Hence, the neutral marker used in the comparison of
QST and FST should preferably have a mutation rate
similar to that of the investigated quantitative trait.
Unfortunately, the mutational dynamics of QTL are not
well known. The overall mutation rate in eukaryotes
(including humans) is approximately 10)8 per base pair
per generation (Drake et al. 1998; Nachman & Crowell
2000; Roach et al. 2010), but it may vary across the genome (Ellegren et al. 2003). Apparently, such variation
occurs on different scales, including sequence context
effects (the influence of neighbouring nucleotides on the
rate of mutation at individual sites), variation within
chromosomes (on the scales of kilobases as well as
megabases) and between chromosomes (among autosomes as well as between autosomes and sex chromosomes). In addition, part of these mutations will not
have functional effects because they are synonymous in
their coding for amino acids, so this low mutation rate
may even be an overestimate of the phenotypic mutation rate for QTL. Besides point mutations of base pairs,
functional mutations may also be attributed to other

kinds of mutation mechanisms such as insertions and
deletions (and any corresponding frame shifts), trinucleotide microsatellites coding for certain amino
acids, gene duplications, etc. The evaluation of the different mutation mechanisms and their corresponding
mutation rates is an active research field, and a full
review is beyond this note. However, if we do not
know the mutation rate of the quantitative genetic trait
we are interested in, then how do we choose which
marker to use to estimate FST?
Fortunately, we may not need to know the exact
mutation rate of the quantitative genetic trait under
study. In our simulations (Fig. 1), QST and FST seem to
be rather constant at mutation rates lower than 10)5.
This result is in accordance with the famous equation
by Wright (1943) for expected FST at equilibrium under
the island model of population structure:

FST as proportion of maximum FST
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where N is the population size, m is the migration rate,
and l is the mutation rate. Normally, this formula is
simplified by ignoring the mutation rate, because mutation rate is typically so small relative to the migration
rate. In Fig. 1, with a migration rate of 10)3, mutation
has no noticeable effect on FST if its rate is £10)5. However, for mutation rates that are high relative to migration rates, the effect of mutation on FST should not be
ignored. To generalize this result for other migration
rates, we calculated how mutation rate influences FST
using Equation 1 (Fig. 2). Just as in Fig. 1, FST is hardly
affected by mutation when the mutation rate is at least
2 orders of a magnitude smaller than the migration rate,
but FST is increasingly affected as mutation rate
increases (see also Whitlock 2011 for similar results). In
effect, the curves in Fig. 2 show by which amount FST
is reduced relative to QST for a given mutation rate of
the neutral marker, assuming a low mutation rate of
10)6 or less for the QTL. This result holds for different
population sizes, except that for larger population sizes
mutation already decreases FST at lower mutation rates
(not shown). As long-term (equilibrium) values of both
migration rate and population size are rarely known, it
therefore seems safest to use neutral markers with very
low mutation rates of 10)6 or less, because these give
similar FST values as unselected QTL with mutation
rates that also seem to be that low. More variable neutral markers (with higher mutation rates) can only be
used when migration rate is at least 2 orders of magnitude larger (Fig. 2). This finding thus generally disqualifies the use of highly polymorphic microsatellites,
which can have mutation rates in the order of 10)3
(Buschiazzo & Gemmell 2006), for QST–FST comparisons.

Fig. 2 Mutation decreases FST when mutation rate is relatively
high compared to migration rate. For a fixed average population size of 1000, and variable mutation and migration rates,
we calculated equilibrium FST using Equation 1. Each obtained
FST was divided by the maximum obtained FST for a given
migration rate (i.e. when mutation rate was negligibly low),
and this proportion plotted against mutation rate. Only at a
rate of 10)6 or lower, mutation does not have a noticeable
effect on FST for any level of migration. Note that the dotted
part of the curve for a migration rate of 10)3 coincides with the
results in Fig. 1.

Instead, we would like to promote the use of neutral
single-nucleotide polymorphisms (SNPs; reviewed in
Brumfield et al. 2003; Morin et al. 2004). We feel that
these provide us with a closer approximation to the
genomic mechanisms driving quantitative trait evolution
and to the presumably low mutation rates of underlying
QTL than do highly variable markers such as microsatellites. However, one should take into account that we
might obtain an unrepresentative estimate of FST if we
only focus on few SNPs, because neutral markers are
exposed to evolutionary stochasticity. In addition, QST of
single quantitative traits should not be compared with
the average FST, but with the distribution of FST (Whitlock 2008). By estimating FST for a large number of independent SNPs (i.e. without linkage disequilibrium
within populations), we can approximate the genomewide distribution of FST for independent neutral QTLlike loci. This then provides the expectation for the distribution of differentiation in a neutral quantitative trait,
with which we can statistically compare our estimate of
the observed QST to test for the effect of selection on the
trait (Whitlock 2008; Whitlock & Guillaume 2009). Scoring large numbers of SNPs is now becoming increasingly feasible for any kind of organism (Ouborg et al.
 2011 Blackwell Publishing Ltd
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2010; Tautz et al. 2010). It is even possible to take into
account that a small percentage of SNPs might be under
divergent selection (Brumfield et al. 2003; Glover et al.
2010), which otherwise tends to yield higher FST values
(but a more conservative test for divergent selection on
the quantitative trait of interest). Another issue is the
occurrence of multi-allelic SNPs. Assuming these are not
scoring errors, their presence reflects the underlying
mutation rate of DNA and may reflect the phenotypic
effects of a QTL with the same multi-allelic states, so for
these reasons multi-allelic SNPs should not be dismissed
or corrected. However, as the frequencies of third (or
even fourth) alleles for SNPs are low and multi-allelic
SNPs are generally rare, the average mutation rate of
SNPs is hardly changed by multi-allelic SNPs and their
effect on average FST will be negligible.

Repercussions for past QST–FST comparisons
based on multi-allelic markers
Previously, we argued that more variable markers will
yield lower FST values than those of neutral QTLs, and
that this could bias comparisons of QST with FST. But
are FST values really much reduced in practice? To test
this, Heller & Siegismund (2009) analysed 34 recent
studies dealing with 43 species and calculated FST as
well as the alternative population differentiation measures G¢ST (Hedrick 2005) and Jost’s D (Jost 2008). These
alternative measures of differentiation are specifically
derived to avoid the effect of within-population heterozygosity on FST, so that we can compare values across
markers or studies. Their results showed that G¢ST was
on average 85% larger than FST, and D 60% larger, but
could be up to 4.5 times larger than FST. Meirmans &
Hedrick (2010) expanded their search to include another
41 species from 36 studies, which confirmed these findings and showed G¢ST and D could be up to 10 times
larger than FST. Both studies clearly showed that FST
decreases when HWITHIN increases, confirming the theoretical expectation that the more variable the marker
used, the lower the estimate of FST.
This has implications for empirical studies that compared QST with FST. The most recent meta-analysis of
such studies (Leinonen et al. 2008; see also earlier
reviews in Merilä & Crnokrak 2001 and McKay & Latta
2002) concluded that the QST values are on average
higher than FST values (mean difference 0.12) suggesting a predominant role for natural selection as a cause
of differentiation in quantitative traits. An important
proportion of these studies are based on markers that
likely have higher mutation rates than QTL. Given the
theoretical and empirical evidence that in that case FST
provides us with a considerably lowered value, we
argue that a considerable part of the studies this meta 2011 Blackwell Publishing Ltd

analysis is based upon are likely flawed (Edelaar et al.
in preparation). If so, the overall conclusion of the
meta-analysis is also compromised.

When using markers with high mutation rates,
could we not compare QST with modern
alternatives for FST?
Leinonen et al. (2008) were in fact aware of the reduction in FST by high within-population heterozygosity
and re-analysed a subset of studies for which they
could calculate Hedrick’s G¢ST (Jost’s D was not yet
available at the time). While initially this subset of studies showed the same trends as the total set of studies,
after this correction for within-population marker variability the average difference between FST and QST was
not significantly different from zero for any type of
trait. They acknowledged that this result gives support
to the contention that the estimates of neutral genetic
divergence may be biased downwards. However, they
questioned whether G¢ST is ‘actually the correct measure
of neutral genetic differentiation that can serve as the
expectation for neutral divergence in QST’.
We agree with Leinonen et al. (2008) when they suggest that G¢ST should not be used as the neutral expectation for QST. It was developed as a standardized version
of GST, where the observed GST is rescaled to the maximum it could reach given the level of within-population heterozygosity: G¢ST = GST ⁄ GSTmax, where GSTmax =
(k ) 1) * (1 ) HWITHIN) ⁄ (k ) 1 + HWITHIN), with k equalling the number of populations (Hedrick 2005; a nearly
unbiased estimator for G¢ST is given in Meirmans &
Hedrick 2010). This implies that when comparing two
populations for a highly variable marker, G¢ST gives a
value of 1 as soon as these populations do not share any
alleles (Meirmans & Hedrick 2010). In contrast, the putatively equivalent QST would be <1 if these alleles were
replaced by genotypic breeding values, because we
would still have within-population variance.
Jost (2008) attacked the same problem as Hedrick
(2005), but applied a mathematical partitioning of genetic
diversity (heterozygosity) into pure, independent withinand between-population components, which yielded
his D = [(HTOTAL ) HWITHIN) ⁄ (1 ) HWITHIN)] * (k ⁄ k ) 1).
Just like G¢ST, D takes a value of 1 when comparing two
populations that do not share any alleles of a highly variable marker, whereas QST would not. This means that in
their function as an analogue of QST, Jost’s D and G¢ST
overestimate neutral genetic differentiation.
Another way to understand why these modern measures of population differentiation for multi-allelic
markers cannot replace FST in its comparison with QST
is to realize that there are actually two different perspectives of genetic differentiation (Gregorius 2010).
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The first is the classical perspective of differentiation
between populations for their allelic composition: how
far are populations from having nonoverlapping allele
frequencies. Jost’s D (and to a certain extent G¢ST) refers
to this kind of genetic differentiation. The second is the
opposite perspective of differentiation between alleles
for their population affiliations: how far are alleles from
belonging to nonoverlapping populations (cf. differential fixation between alleles). FST (and to a certain extent
G¢ST) refers to this kind of genetic differentiation. Gregorius (2010) concludes that the recent criticism against
FST stems from the fact that it is normally interpreted as
the former, but actually should be interpreted as its
opposite, i.e. as a measure of differential fixation. Historically, FST was first applied to bi-allelic, Mendelian
genetic markers. Here, the distance and fixation perspectives of differentiation are theoretically identical
(Gregorius 2010): when two populations are fixed for
an alternative allele, they also have completely nonoverlapping allele frequencies and vice-versa. The distinction between the two types of differentiation therefore
never became ingrained into our thinking, and FST
became wrongly equated with population differentiation in either sense.
Just like FST, QST is also a measure of differential fixation, so population differentiation in the second sense.
Remember that QST only reaches its theoretical maximum
of 1 if VWITHIN = 0 but VTOTAL > 0, which means complete differential fixation. Of course a comparison
between two measures of population differentiation
should be measuring the same kind of population differentiation. Jost’s D (and to a certain extent G¢ST) does not
depend on within-group variability because it is a
measure that refers to the first perspective of differentiation, and hence is theoretically not useful to compare
with QST to test for signatures of selection. Its relationship with FST is nonlinear as it is not just a simple transformation of FST (see also fig. 2 in Meirmans & Hedrick
2010; and Whitlock 2011). In addition, as Jost’s D captures the difference among populations in allele composition and FST the differential fixation of alleles across
populations, Jost’s D can actually be smaller than FST (see
also fig. 2 in Meirmans & Hedrick 2010). For example,
when 99 of 100 populations are fixed for allele A and the
final population is fixed for allele B, Jost’s D is near to
zero but FST (and G¢ST) is one (Gregorius 2010; Meirmans
& Hedrick 2010). If these alleles were replaced by
genotypic breeding values, QST would also be 1 as
VWITHIN = 0 but VTOTAL > 0. Finally, Whitlock (2011)
argued that Jost’s D does not describe the effects of local
genetic drift, which would make it unsuitable as an estimator for population divergence by neutral evolution.
It has also been suggested that if FST can be corrected
for within-population variability perhaps QST should

also be corrected, as traits that are more variable within
populations would have a lower QST value (Hendry
2002; Leinonen et al. 2008; Meirmans & Hedrick 2010).
We do not think this is desirable or even necessary. As
QST is a fixation index, it should reflect the divergence
among populations relative to variability within: if a
trait is more variable within populations, then populations that have the same absolute divergence will show
more overlap and hence are in effect less divergent, as
correctly represented by a lower QST value. Also, it is
true that a higher mutation rate of QTL results in larger
values of VWITHIN, as VWITHIN (the genetic variance of
the sum of QTL effects) equals the sum of the genetic
variances of each QTL, if the effects are neutral, equal,
additive and independent (no covariance). In turn, a
larger VWITHIN because of a higher mutation rate of
QTL means a lower value for QST (Fig. 1). However,
the same is true for neutral loci: a higher mutation rate
means a lower value for FST (Fig. 1). Hence, if both
types of loci have an equal mutation rate, then the comparison between QST and FST is not changed and
remains valid despite lower absolute values of both
(Fig. 1), and no correction is necessary for QST or FST.

Final remarks
In summary, when comparing QST with FST, we should
use neutral markers with a mutation rate that gives an
estimate for FST that equals the estimate for a neutral
QST given the mutation rate of the underlying QTL.
Neutral markers that are more variable than neutral
QTL because of higher mutation rates should not be
used: FST estimates for these will be biased downward,
and alternative metrics that are designed to deal with
differences in marker variability such as Jost’s D or G¢ST
just express something different about the data.
There have been many criticisms against the QST
method (see e.g. Merilä & Crnokrak 2001; Leinonen et al.
2008; Whitlock 2008; Miller et al. 2008). For example, theory assumes purely additive and equal effects of QTL to
quantitative traits and no epistasis or dominance, which
is probably never true in real situations, and this could
bias estimates of QST. However, even greater issues may
be how to correctly estimate QST, and the bias introduced by the likely nonrandom choice of traits in empirical studies (Goudet & Martin 2007; Miller et al. 2008;
Whitlock 2008; Santure & Wang 2009). Following Whitlock (2008), we therefore suggest that empiricists construct a priori hypotheses for traits they expect to be
under selection for mechanistic reasons and use the QST
approach as an initial screening. Such QST–FST comparisons should then be accompanied or followed-up by
other approaches to evaluate whether, how and why
selection acts on these traits (Whitlock 2008).
 2011 Blackwell Publishing Ltd
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Previously, we only discussed FST-like metrics that
evaluate alleles as being identical or nonidentical (i.e.
ignoring genetic distance among alleles). However, for
sequence data, one can calculate genetic distances
among alleles, and under certain assumptions compare
within- and among-population variation in these
genetic distances to estimate FST (using AMOVA). It
appears that for these kind of data FST is independent
of mutation rate (Kronholm et al. 2010; see also Whitlock 2011). In addition, the phenotypic effects of a given
QTL may be caused by mutational changes at different
positions within the QTL, so in that sense may perhaps
also be better represented by a haplotypic point-ofview. The direct use of haplotypes (instead of the SNPs
that cause such haplotype variation) for comparisons of
QST and FST should be further explored theoretically.
While here we tried to reconcile the recent criticisms
against FST with the usefulness of QST–FST comparisons,
this paper at the same time adds to the criticisms
against QST–FST comparisons as currently employed.
We stress that the neutral loci used to estimate FST
should not have such high mutation rates that they
decrease FST compared to a neutral QST. Uncritical use
of neutral markers renders QST–FST comparisons to
those between apples and oranges.
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