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Average levels of nucleotide diversity are ten-fold lower in
humans than in the fruitfly, Drosophila melanogaster. Despite
this difference, apparently as a result of a lower population size,
patterns of genomic diversity are strikingly similar in being
correlated with local rates of recombination, and influenced by
similar interactions between positive natural selection and
recombination. Both species also show lower levels of variation
on average in non-African compared to African populations,
reflecting a similar evolutionary history and perhaps both natural
selection and founder effects in new environments.
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Abbreviation
MHC major histocompatibility complex

Introduction
Studies of genomic diversity got a head start in the fruitfly,
Drosophila melanogaster, fueled in part by this species’ rela-
tively small, compact genome, prevalence of single-copy
genes, and a wealth of genetic data that could be linked to
a physical polytene chromosome map. Early glimpses of
genetic variation in humans were often motivated by an
interest in human history or the study of particular genes
underlying human disease. A general picture of the land-
scape of genomic diversity for D. melanogaster began to
emerge by the mid-1990s. These results motivated a 
significant body of both theoretical and experimental
results that have significantly enhanced our understanding
of the relative contributions and interactions of selective,
mutational, and demographic forces in shaping this genetic
variation. These results also provide a rich framework in
which to interpret the rapidly emerging picture of human
polymorphism which has been driven by the Human
Genome Project, commercial efforts, and motivation 
provided by medicine and pharmaceuticals. Here, we
briefly review and compare the general features of genome
diversity in humans and D. melanogaster. There are striking
similarities, and differences, in the levels and patterns of
observed variation. Some can be accounted for by common
evolutionary processes, some by fundamental differences
between the two species.

Measures and determinants of genetic variation
Several statistics are available for measuring genetic 
variation (see Przeworski et al. [1] for a brief summary). For
the purpose of comparisons across gene regions and 
organisms, nucleotide variation is often summarized as

nucleotide diversity, π, the average probability that two
nucleotides will differ between two randomly chosen
sequences. Not only does nucleotide diversity provide a
summary of variation, as a function of both the number of
segregating (variant) sites and their frequencies in the 
population, but, at mutation drift equilibrium, π is also a
direct estimate of 4Neµ commonly symbolized as θπ,
where Ne is the effective population size and µ is the per
generation mutation rate. The product 4Neµ (= θs) can also
be estimated from the total number of segregating variant
sites in a sample, assuming a steady state allele frequency
distribution resulting from a balance of the introduction of
new alleles by mutation and their removal by drift. The
comparison of these two estimates of θ leads to a useful
statistic to detect selective and demographic events
through their disruption in mutation drift equilibrium [2].

A species with a large effective population size retains
more variability than a species with a small population size.
Differences in mutation rate can have similar effects.
Regions of the genome with high mutation rates will have
more variation both within, and between, species, than
those regions with low mutation rates. Therefore, differ-
ences in variability between species can be a result of
differences in either the mutation rate or the effective 
population size or a combination of the two factors.

The introduction of natural selection, where different 
variants result in differential contributions to future gener-
ations, will modulate levels of variation estimated by θs or π
away from the mutation-drift equilibrium level of variation.
A new advantageous mutation can rapidly sweep through a
population to fixation eliminating all linked variation in a
process termed a ‘selective sweep’. In contrast, balancing
selection can maintain variation in a population beyond its
expected time to fixation or loss by drift. The magnitude of
these effects of selection on variation in regions of the
genome depends on the degree of independence between
adjacent nucleotides measured as rates of recombination
per physical distance (e.g. cM/Mb). For example, directional
selection at one site can fix a region of the chromosome
around the selected site proportional to the strength of
selection, s, and the rate of recombination, c [3]. With 
higher recombination, the region affected by the selective
sweep will be smaller. In contrast, a larger ‘footprint’ of
selection is predicted in areas of lower recombination.
Balancing and other forms of diversity enhancing selection
will lead, over a sufficiently long period of time, to greater
variation than expected under neutrality in a window of
size proportional to the local rate of recombination.

Within the last decade, the theoretical impact of back-
ground selection as a result of the inefficient removal of
weakly deleterious mutations by natural selection has
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also come to be appreciated. The predicted effect of
background selection depends on the deleterious muta-
tion rate and the strength of selection on those mutants.
The selective removal of these mutations can lead to a
regional reduction in Ne, and therefore also a proportional
reduction in nucleotide diversity, particularly in regions of
low recombination [4].

Thus, we can think of the effect of most forms of selection
on linked neutral variation as a result of a reduction (or
increase) in the regional effective population size. As a
consequence, this effect only influences levels of linked
neutral variation within, and not between, species, and
thus can be distinguished from mutation rate differences.

In order to interpret the effect of selection on a region of
the genome, estimates of recombination rates from 
integrated genetic and physical maps are required. Average
rates of recombination per Mb are similar for both
D. melanogaster and humans. In humans, recombination
rates average 1.3 cM/Mb but varies from 0 to 8.8 cM/Mb
across the genome [5•]. For flies, the average is 1.5 cM/Mb
and varies from 0 to 5.3 cM/Mb [6]. Humans also have 
a particularly heterogeneous recombinant landscape 
with frequent large changes in recombination rates as one
moves along the chromosome [5•,7], in contrast with
D. melanogaster’s relatively smooth ‘recombinational land-
scape’ [8,9]. This contrast is consistent with documented
hot spots of recombination in humans (e.g. upstream of
β-globin), but none in D. melanogaster. It is also important
to note that these estimates are largely a measure of 
crossing-over; the distribution of rates of gene conversion
remain largely unknown for both organisms. Finally,
recombination rates are not static, but are variable both
within and between species [10,11].

Levels and types of genetic variation
The study of genetic variation in D. melanogaster has come
largely from the analysis of individual genes or regions
using complete sequencing of alleles sampled from 
natural populations throughout the world-wide range of
the species. Sample sizes have generally been on the order
of a few to ten or so chromosomes per locality, with the US
being most intensively studied. Increasingly, additional
locations including Ecuador, Europe, China, Australia,
and, importantly, Africa are being included. In contrast, the
study of human genetic diversity has been a more mixed
combination of sampling and detection strategies. For
nucleotide polymorphism, early (but remarkably accurate)
estimates of average genomic diversity came from the
comparison of cDNA sequences available in GenBank
[12], with no attention to sampling. A limited but informa-
tive number of complete sequencing studies of introns
have focused on diverse samples of modern humans [13].
Recently estimates have become available from compar-
isons of whole-genome sequences of several individuals
[14,15••,16], to targeted complete sequencing of gene
regions of candidate loci of human disease, phenotype or

pharmacogenetic interest [17–25,26•] many in large samples
of individuals representing diverse geographic locations
and/or ethnically defined populations. We focus our 
discussion on estimates of nucleotide diversity in humans
that are likely to be unbiased by method of detection or
screening of known polymorphic sites.

There is a roughly ten-fold difference in average
nucleotide diversity between humans and D. melanogaster.
It is striking that the average nucleotide diversity between
D. melanogaster individuals (0.011 for non-coding regions)
encompasses not only the average non-coding nucleotide
polymorphism within modern humans (0.001), but is on
the order of the average divergence (0.01–0.02) between
humans, chimpanzees and gorillas [14,16,27,28••,29,30].

These averages belie a wide range of levels of diversity,
however: for D. melanogaster, total (coding and noncoding)
diversity ranges from 0–0.010, synonymous diversity from
0–0.032, and non-coding diversity from 0–0.028 [27,28••].
Humans also show a wide range of nucleotide diversity,
ranging for noncoding introns for example from 0–0.0015
(for Lpl, PDHA1, and an intron of Dmd [1,18,31,32]).
Nucleotide diversity in the MHC region in humans is 
perhaps the highest in either species (>0.10), but this high
diversity is clearly associated with uniquely strong 
balancing selection [33].

As nucleotide diversity is a product of both mutation and
effective population size, the order of magnitude difference
in average nucleotide diversity between D. melanogaster
and humans begs the question, which of these factors are
different? Available evidence indicates the nucleotide
mutation rate per generation appears to be approximately
equal between humans and flies [34]. The ten-fold 
difference in average nucleotide diversity between the 
two species appears to be as a result of a roughly ten-fold 
larger long-term effective population size in D. melanogaster
compared to modern humans (Ne ≈ 300,000 versus 20,000,
respectively [13,35]).

Results from most genes also indicate more nucleotide
diversity in African, compared to non-African populations
for both flies and humans [28••,36]. For example, the
average nucleotide diversity for D. melanogaster is 0.0063
for total coding regions in African samples and 0.0049 in
non-African, and average synonymous sites diversity is
0.0184 in African and 0.0142 in non-African samples
[28••]. For human African versus European–American
samples, these contrasts are 0.00068 versus 0.00054, and
0.0012 versus 0.0009, respectively [36]. Other studies
give similar results on average [1,26•]. Although this
lower variation has been attributed largely to founder
effects in the expansion of both species out of their
ancestral ranges in Africa, there is some evidence that
selection in the new, non-African environments could
have contributed to the lower variation at some genes in
D. melanogaster [28••].
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An interesting trend emerges when we contrast estimates of
diversity for nonsynonymous (amino acid changing) versus
synonymous changes (Table 1). Assuming for the moment
that synonymous changes are selectively neutral, the ratio of
these two types of variants provides a measure of the
amount of constraint on amino acid changes. For flies, this
ratio is 0.049 (mean θs values compiled for 19 genes from the
literature [V Bauer DuMont, unpublished data]). This
would imply that in flies, 95% (= 1 minus 0.049) of the 
nonsynonymous mutations are deleterious and removed by
selection. In contrast, for humans this ratio is 0.358 [36],
more than seven times higher than in flies, suggesting that
64% of the nonsynonymous mutations are deleterious.
Similar results have been observed by Halushka et al. [36],
Stephens et al. [26•] and others.

Could this difference be a result of more efficient selective
constraint in flies? One approach is to compare the 
frequency distribution of different types of variants by
comparing the ratios of diversity based on θs to those based
on π, which takes into account the frequency of the vari-
ants. For π, these ratios are 0.041 versus 0.258 for flies and
humans, respectively (V Bauer DuMont, unpublished
data; [37]). Table 1 illustrates nearly identical ratios for π
and θs in flies, versus a lower ratio for π compared to θs for
humans. One interpretation of this contrast is that there are
more amino acid variants that behave as mildly deleterious
(and thus segregate as rare variants) in humans yet are
selectively removed in flies. This is compatible with less
effective selection resulting from a smaller effective popu-
lation size in humans in which genetic drift can overpower
weak selection. This fits with the estimation by Fay et al.
[38•] that 80% of amino acid variants are deleterious, with
20% being very slightly so (see Fay and Wu, this issue,
pp 642–646). A lower Ne may not alone account for the 
relatively higher level of non-synonymous polymorphism
in humans. Other factors such as reduced constraint as a
result of a greater redundancy associated with multi-gene
families in humans need to be investigated. We must also
be very cautious in our assumption of synonymous sites as
neutral (as discussed below).

Given the order of magnitude lower nucleotide diversity
(and inferred population size) in humans compared to
D. melanogaster, it is striking to note that variation for 
simple sequence repeats (in particular, dinucleotide
‘microsatellites’) is comparable, on average between
humans and flies (4Neµ estimates of 5 and 8, respectively
assuming a stepwise mutation model; [35,39]). However,
this appears to be due to a significantly higher slippage
mutation rate in humans compared to D. melanogaster [35]
which appears to compensate for the approximately order
of magnitude lower effective population size in humans.

Variation and recombination
In both flies and humans, nucleotide diversity correlates
positively with local rate of recombination (e.g. [9,40] for
flies, and [1,13,41••] for humans). The correlation does not

appear to be explained by mutational differences across
the recombinational landscape. Resolving the contribu-
tions of positive selection versus background selection
continues to be a difficult problem. For D. melanogaster
from Africa, Andolfatto and Przeworski [42•] show an
excess of rare variants in low recombination, which 
suggests a dominant role of hitchhiking. A similar, though
not significant, trend is seen for humans [41••]. The 
comparison of X-chromosome to autosome variability
[9,28••,43•] also supports a role for hitchhiking in 
non-African populations of D. melanogaster (and D. simulans).
Payseur and Nachman [44] argue that a lack of a correlation
between variation at rapidly mutating microsatellites and
recombination in humans is further support against 
background selection as the dominant influence in shaping
the correlation. However, the effect of mutational rate and
process heterogeneity for microsatellites [45], and a large
variance in estimates of microsatellite variation, may
obscure any correlation. The observation of a positive 
correlation between microsatellite variation and recombina-
tion in one study of D. melanogaster may be associated with
a lower slippage rate in flies compared to humans [35]. 
The growing number of instances of positive selection 
(summarized below) clearly indicate that selective sweeps
and associated hitchhiking can occur.

Levels and patterns of linkage disequilibrium
While the issue of linkage disequilibrium is discussed at
length elsewhere in this issue (see Wall, this issue,
pp 647–651), it is worth, in our comparative context, noting
one particularly interesting contrast to emerge from the
studies of genomic diversity in humans and flies. In both
species, levels of linkage disequilibrium tend to decay
with distance between the sites being compared (as
expected by basic theory). There is a great deal of variation
in the size of the regions showing linkage disequilibrium,
however. This appears to be due both to differences in
rates of recombination in different parts of the genome 
but also to the impact of recent selection in some 
cases [46,47,48•]. Demography and population structure 
probably also has contributed to heterogeneity in this 
pattern for both humans and flies [49] and the higher 
average levels seen compared to simple predictions [50].

A striking contrast between humans and flies emerges from
comparisons of local linkage disequilibrium (in regions
<10 kb in length). Andolfatto and Przeworski [51] report 
a general excess of linkage disequilibrium across loci 
surveyed for variability in D. melanogaster. Estimates of
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Table 1

Ratio of nonsynonymous to synonymous nucleotide diversity.

Fruitfly Human

θs 0.0006 / 0.0122 = 0.049 0.000359 / 0.001003 = 0.358

π 0.0005 / 0.0122 = 0.041 0.000275 / 0.001067 = 0.258



recombination rate relative to mutation rate (c/u) based on
observed levels of linkage disequilibrium tend to be lower
than c/u estimates based on laboratory crosses. This pattern
suggests that there is less evidence of recombination (more
linkage disequilibrium) than expected given the direct 
laboratory estimates at these loci. Humans show the oppo-
site pattern. Although there is an excess of long-distance
linkage disequilibrium, there is an apparent deficiency of
short-distance (<10 kb) linkage disequilibrium compared to
the expectation from empirical rates of recombination and
a population size of 10,000 [18,32,49,52].

Simple demographic models with migration rates that have
been estimated for D. melanogaster are shown not to lead to
the pattern observed [51]. Andolfatto and Przeworski [51]
conclude that the excess linkage disequilibrium in
D. melanogaster is largely a consequence of past and current
natural selection acting across the genome. The deficiency
of local linkage disequilibrium in humans may be resolved
by the inferred occurrence of surprisingly frequent tracts of
gene conversion [53]. Gene conversion may also explain
the surprisingly low level of linkage disequilibrium in two
regions of very low recombination on the D. melanogaster
X chromosome [54].

Contrast of variability between the
X-chromosome and autosomes
Less variation is observed on the X-chromosome in North
American compared to African samples of D. melanogaster.
In contrast, the level of variability on the autosomes is 
similar between African and non-African populations
[28••,55]. These data suggest that a simple bottleneck
hypothesis may not be sufficient to explain the previous
observation of less variability in non-African populations
[56]. Although the effect of inversions and corrections for
X-chromosome effective population size [28••] needs
more investigation, one explanation for these results is
that selective sweeps have been frequent within the
derived non-African populations (see Andolfatto, this
issue, pp 635–641).

In humans, average levels of nucleotide variation are also
lower on the X-chromosome compared to autosomes
[15••,26•,41••]. A lower effective population size for
X-chromosomes does not appear to be sufficient in itself to
account for this lower variation. Consideration of the lower
mutation rate on X chromosomes, due to male driven 
molecular evolution (apparently lacking in flies [57]),
brings them closer, but the X is still slightly less variable
than expected. For example, Stephens et al. [26•] estimate
average heterozygosity per site for the X as 0.00045 and for
autosomes as 0.00096, a two-fold difference. We can adjust
the X values as follows: multiply by 4/3 to account for the
effective population size difference, and by 1.29 to account
for the lower mutation rate on the X (based on a five-fold
higher rate in males [58]), leading to a ‘corrected’ X 
estimate of 0.00077. The remaining 2.5-fold difference
between X and autosome variation may simply be due to

chance or to errors in correction. However, as argued 
for Drosophila, it may also represent the consequence 
of selective sweeps, which will be more efficient in 
hemizygous males, and thus lead to a greater hitchhiking
effect on the X chromosome [7,43•,56]. Comparison of
genes with equivalent rates of recombination will be
required to evaluate this relationship further.

Codon bias and GC content
Difference in Ne across a species’ genome and between
species can also affect the level and patterns of variability
by modulating the effectiveness selection (see Akashi, this
issue, pp 660–666). There do appear to be mutations that
result in nearly neutral fitness effects. The evolutionary
trajectory that these mutations follow, and thus their effect
on variability, is greatly effected by changes in Ne. Amino
acid variants can have a spectrum of fitness effects ranging
from advantageous to lethal. Evidence also exists that syn-
onymous mutations (those that do not alter the amino acid)
may not be completely neutral. For example, codon bias
(the nonrandom use of codons within a synonymous 
family) exists in both humans and flies. However, the
cause of the bias potentially differs between the species.

There is evidence that selection for optimal translational
accuracy or efficiency has shaped codon usage in Drosophila.
This has been illustrated, for example, by a negative 
relationship between synonymous site divergence and the
level of codon bias at a locus, and by a positive relationship
between the level of codon bias at a locus and its level of
recombination [59,60]. In D. simulans the ratio of polymor-
phism to divergence is significantly higher for non-optimal
mutations than optimal, and optimal mutations segregate at
significantly higher frequencies than non-optimal [61,62].
But codon bias appears to not be correlated with gene
expression level in mammals and was thought to depend
solely on a gene’s location relative to the GC-rich isochores,
which are thought to be caused by regional mutation bias
[63]. However, recent studies propose that codon bias in
humans is not due simply to mutational bias. For example,
Smith and Eyre-Walker [64] show that GC content is
regionally elevated above its mutation drift equilibrium
level at both coding and non-coding regions possibly as a
result of selection or GC-biased gene conversion. Indeed
GC-biased mismatch repair has been observed in primates
[65]. Also it is worth mentioning, as recombination interme-
diates create mismatches that result in gene conversion [66],
that this GC bias of mismatch repair may also explain the
intra- and inter-chromosomal correlation of recombination
rate with GC content in humans [67]. Karlin and Mrázek’s
[68] data suggests that a genomic level signature of dinu-
cleotide combinations may be responsible for human codon
bias. Iida and Akashi [69] show that within alternatively
spliced loci, constitutive exons use GC-ending codons 
significantly more than alternatively spliced exons. Although
their result is not conclusive, it does suggest that some form
of translational selection is involved because constitutive
exons should experience such selective pressure more often.
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The consequence of codon and GC bias in flies and
humans is thus that subtle selection appears to exist even
on synonymous sites. These sites must be used only 
cautiously as a proxy for strictly neutral levels of diversity
in the genome.

Evidence for targets of positive selection
Evidence is accumulating that recent positive selection 
is a relatively common occurrence in both humans and 
fruitflies. There are few examples of long-term balancing
selection being a major force in shaping variability in 
much of the genome in either Drosophila or humans. Adh is 
the only strong example in Drosophila [70]. Variation at the
MHC region is a corresponding strong example in humans
of long-term balancing selection preserving polymorphism
even through human speciation [33].

As the number of loci surveyed and sample sizes grow, so
do the number of studies indicating that some form of
recent positive selection has influenced the levels of 
variation within and/or between species at individual loci.
In numerous cases in D. melanogaster, selection appears to
have pushed individual haplotypes into higher than
expected frequencies, given their apparent evolutionary
‘youth’ (e.g. Pgm [71,72•], Su(H) [73], and Fbp2 [74]). Also,
some recent studies reveal an excess of amino acid fixa-
tions between D. melanogaster and D. simulans relative to
synonymous fixations. These results have been interpret-
ed as evidence of positive selection pushing amino acid
mutations to fixation (Rel [75], Hex-t1 [76], mth [77], Cid
[78]). There is also evidence of positive selection resulting
in a local reduction of variability relative to divergence
and/or relative to the level of variability in surrounding
chromosomal regions (Sdic [79]; Notch [V Bauer DuMont,
JC Fay, CF Aquadro, unpublished data]). It should be
noted that not all loci surveyed for variability show strong
evidence of the action of positive selection (Hex-A, Hex-C,
and Hex-t2 [76]; Dras 1, 2, and 3 [80]) stressing that the
above mentioned results are truly locus specific.

In humans there is also evidence of selection rapidly
increasing the frequency of ‘young’ haplotypes. Two cases
appear to be in response to exposure to malaria (e.g. Duffy
[22]; G6PD [48•]). Remarkably, the classic example of a
balanced polymorphism (sickle cell anemia at the β-globin
gene), does not show a general departure from neutrality
[17], though this probably reflects again the recent origin(s)
of the sickle cell variant. Disease has also been argued 
to have played a role in the relatively recent origin 
and increase in frequency of the CCR5-∆32 allele in 
northern European populations [81]. At the lactase gene,
the haplotype that is associated with lactose persistence
appears to have been driven by selection to high frequency
in northern Europeans [82]. Variation at the melanocortin 1
receptor gene is also implicated as a candidate for recent
selection. It remains controversial, however, whether the
increased number of nonsynonymous versus synonymous
polymorphisms in humans from northern latitudes is

caused either by a relaxation of selection for epidermal
melanin compared to equatorial regions with high UV
exposure, or by selection for reduced melanin and the need
for UV for vitamin D metabolism [23–25]. A regional reduc-
tion in variation within the Dmd gene in humans is also a
candidate ‘footprint’ of recent directional selection, though
the target is unknown [32]. As for Drosophila and many
other organisms, numerous genes involved in reproduction
also appear to be driven by positive selection [83,84].

Consideration of the time frame for which tests of 
neutrality have maximal statistical power to detect the
effects of natural selection may explain in part the large
number of cases of recent selection. Tests of selection that
depend on allele frequency distribution, such as Tajima’s
D, typically only have significant statistical power within
Ne generations after a sweep [85]. The large effective pop-
ulation size (300,000) and generation rate (10 generations
per year) of D. melanogaster predict that these types of tests
are sensitive to selection occurring within the last
30,000 years. For humans, the expected sensitivity range is
500,000 years (assuming Ne = 20,000 and 25 years per 
generation). Modern humans and D. melanogaster share a
similar demographic history of a recent range expansion
out of Africa, ~100,000 and 10,000 years ago, respectively
[86,87], within the predicted time of sensitivity of detect-
ing positive selection for each species. As discussed in the
contrast between X-chromosomes and autosomes, lower
X-linked variation in non-African samples of Drosophila
may be a signature of this selection. The existence of a
large tract of depressed nucleotide polymorphism in the
Xq25-q29 region from human non-African samples [88], as
well as the previously discussed examples of selection at
the melanocortin 1 receptor and lactase genes are also 
suggestive of recent directional selection in non-African
populations associated with novel environments.

Conclusions
Nucleotide diversity is on average 10 times lower in
humans compared to flies (average nucleotide diversity 
is ~0.001 in humans versus 0.01 in D. melanogaster). 
This contrast appears largely as a result of differences 
in effective population size, and not mutation rate. In 
contrast, microsatellite variability shows a very different
pattern with humans being equally or even more variable,
the smaller effective population size in humans being 
offset by a higher microsatellite mutation rate in humans
compared to flies.

Both species show striking differences in the level of
nucleotide diversity across the genome, varying well over
an order of magnitude. In both species a significant corre-
late of variability is the local rate of recombination in which
the assayed genes reside. The presence of a correlation
between microsatellite variation and recombination rates is
unresolved. A significant positive correlation has been
reported for some surveys in D. melanogaster. However, a
correlation has not been seen for humans.
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Linkage disequilibrium extends farther, on average, in
humans than flies, though there is great variation within
both species. A particularly interesting contrast is that the
local level of linkage disequilibrium is less than expected
in humans, and more than expected in flies, based on
direct estimates of recombination rates. The relative 
influences of population structure, admixture, selection,
and gene conversion to these patterns remain unresolved.

Flies and humans both had their origins in Africa and 
probably spread world-wide within the last 10,000 to
100,000 years, respectively. Levels of nucleotide variation
tend to be higher in African samples compared to 
non-African samples for both species, consistent with a loss
of variation associated with founder effects and/or 
selection in new biotic and physical environments. But this
pattern may be restricted to X chromosome genes in flies.
Whether this reflects footprints of adaptive fixations and
not founder effects versus the complication of inversion 
polymorphism on autosomes remains unresolved for flies.
Such contrasts are not available for humans at present, but
the footprints of adaptive change are becoming increasingly
evident from studies of DNA sequence variation both
within and between species for both humans and
Drosophila. The general pattern to emerge for both species
is that selection has acted mainly to reduce variation, rather
than to enhance it: most evidence for selection indicates
some form of recent directional selection, with few, though
important, examples of long-term balancing selection.

The prospect of more thorough sampling, both of genomic
and geographic regions, with large sample sizes promises to
further our understanding of the ways that natural 
selection, recombination, demography and other factors
have shaped genomic diversity in both flies and humans.
This understanding will contribute significantly both to
the understanding of our own evolutionary history, and to
our ability to understand the often complex links between
genomic and phenotypic diversity.
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