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Abstract

A complete understanding of the mode of evolution of molecular markers is important for making inferences about
different population genetic parameters, especially because a number of studies have reported patterns of allelic vatiation at
molecular markers that are not in agreement with neutral evolutionary expectations. In the present study, house mice (Mus
domesticus) from the fourteenth generation of a selection experiment for increased voluntary wheel-running activity were used
to test how selection on a complex behavior affects the distribution of allelic variation by examining patterns of variation at
six microsatellite and four allozyme loci. This population had a hierarchical structure that allowed for simultaneous testing
of the effects of selection and genetic drift on the distribution of allelic variation by comparing observed patterns of allele
frequencies and estimates of genetic divergence at multiple hierarchical levels to expectations under models of neutral
evolution. The levels of genetic divergence among replicate lines and between selection groups, estimated from
microsatellite data or pooled microsatellite and allozyme data, were not significantly different from expectations under
neutral evolution. Furthermore, the pattern of change of allele frequencies between the base population and generation 14
was largely in agreement with expectations under neutral evolution (although the PGAM locus exhibited a pattern of change
within populations that was difficult to explain under neutral evolution). Overall the results generally provide support for
the neutral evolution of molecular markers.

The patterns of genetic variation present within and
among a subdivided system of populations ate the result
of selection, genetic drift, founder effects, migration, and
mutation (Wright 1951). In populations that have been
recently isolated and are finite in size, selection intensity
at different loci will vary depending on the function of
the gene products, but random genetic drift will affect all
loci equally (Crow and Kimura 1970). Since the discovery
of allozyme variation (Harris 1966; Lewontin and Hubby
1966), molecular markers have been used in many
different types of studies which have trevealed, among
other things, insights into processes such as migration,
genetic differentiation, founder effects, and hybridization
in natural and experimental populations (Doherty et al.
1995; Lehmann et al. 1996; Wolf and Soltis 1992; Wolfe
et al. 1998).
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Although the utility of molecular markers in population
biology has been high, how they evolve has been debated in
the literature for decades (see reviews in Lewontin 1991;
Mitton 1997; Watt 1994). Work that has attempted to
address the mode of evolution of molecular markers usually
takes one of two forms:
correlation between single- or multilocus molecular marker
heterozygosity and one or more components of Darwinian
fitness (e.g., Pogson and Zouros 1994; Savolainen and
Hedrick 1995; Watt et al. 1985), or they compare population
genetic statistics (e.g., Fsy) calculated from multiple classes
of molecular markers (e.g., Allendorf and Seeb 2000; Karl
and Avise 1992; Latta and Mitton 1997; Pogson et al. 1995).

Several studies have applied both of these methods. For
example, Pogson and Zouros (1994) found significant
correlations between fitness and multilocus heterozygosity
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at allozyme but not nuclear restriction fragment length
polymorphism (RFLP) loci in the scallop. They argued that
this discrepancy between allozyme and RFLP markers
supported an overdominant model of selection acting on
allozyme loci but not on RFLP loci. In another study, Karl
and Avise (1992) found significant differences in allozyme
and single-copy nuclear RFLP allele frequencies among
populations of the American oyster, and concluded that the
data were best explained by balancing selection on allozyme
loci. Pogson et al. (1995) found similar patterns in six
populations of Atlantic cod, in which variation at nuclear
RFLP loci was enormous in contrast to the pattern observed
at allozyme loci; again, the discrepancy was interpreted as
evidence for selection acting on the allozyme variation across
the populations sampled. Finally, Allendorf and Seeb (2000)
genotyped sockeye salmon from four Alaskan populations at
allozyme, microsatellite, randomly amplified polymorphic
DNA (RAPD), and mitochondrial matkers. Unlike the
studies summarized above, they found similar patterns of
allelic variation and genetic differentiation among the four
classes of markers and concluded that all classes of markers
were evolving neutrally.

The general result that some molecular markers may
evolve in a nonneutral manner in some systems is important,
because the conclusions of most studies of population struc-
ture generally rely on the assumption that molecular markers
are evolving solely as a result of genetic drift, mutation, and
migration. However, if molecular markers are evolving in
a nonneutral manner, then estimation of parameters, such as
the time since populations became isolated or migration
rates, is difficult with simple population genetic models
(Hartl and Clark 1989).

A complimentary method to those used in natural
populations is to test the mode of evolution of molecular
markers in a hierarchical population with a known evolu-
tionary history at each level in the hierarchy. Other studies,
primarily with Drosophila melanogaster, have investigated the
evolution of molecular markers in laboratory populations
with known evolutionary histories. For example, Cavener
and Clegg (1981) found that selection for ethanol tolerance
in Drosophila caused a change in the allele frequencies at the
alcohol dehydrogenase, al-glycerophosphate dehydrogenase,
malate dehydrogenase, and 6-phosphogluconate dehydroge-
nase loci. In addition, Oakeshott (1979) showed that the
alcohol dehydrogenase locus tresponded to temperature
selection, while Luckinbill et al. (1989) found that only
glucose-6-phosphate dehydrogenase responded to selection
on life span, and finally, Deckert-Cruz et al. (1997) found
that selection for longevity resulted in a change in allele
frequencies at phosphoglucomutase and CuZn-superoxide
dismutase.

Multilevel hierarchical populations that have been pro-
duced and maintained in a laboratory are quite desirable for
evaluating the mode of evolution of molecular markers
because the allelic variation measured at the different
hierarchical levels is attributable to a particular evolutionary
process. For example, replicated artificial selection experi-
ments have two or more selection groups, which differ in
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selection regimen, and each selection group contains two or
more replicate lines, which should differ only as a result of
stochastic processes (e.g., founder effects, genetic drift).
Such hierarchical populations allow the total allelic variation
to be partitioned among selection groups, among lines within
selection groups, and among individuals within lines. Thus
partitioning the effect of selection (i.e., vatiation among
selection groups) and genetic drift (i.e., variation among lines
within selection groups) on the patterns of variation
observed at molecular markers is possible.

In the present study we investigated the distribution of
allelic variation at microsatellite and allozyme loci in hierar-
chical populations of house mice from an artificial selection
experiment for high levels of voluntary wheel running
(Garland 2003; Swallow et al. 1998). Although the relation-
ship between fitness and movement in natural populations
varies, in this system wheel running is directly related to
fitness in the selected lines because only individuals who run
the most are allowed to breed. In addition, wheel-running
activity may reflect components of many different behaviors,
is affected by morphological, physiological, and biochemical
traits, and may be of ecological relevance if it reflects general
propensities or abilities for locomotion during dispersal,
patrolling the territory, and traversing the home range (e.g.,
Boggs and Frappell 2000; Garland and Carter 1994; Kelt and
Van Vuren 2001; Kramer and McLaughlin 2001; Miles et al.
2000). The populations used in this study have been isolated
and maintained at known population sizes for 14 gener-
ations, while experiencing one of two selection regimens (i.e.,
selection for high wheel running versus unselected control).
Because the experimental design has four replicate lines
within each of the two selection groups, the effects of selec-
tion (i.e., differences between selection groups) and genetic
drift (i.e., differences among lines) on the genetic divergence
can be partitioned into different levels in the population
hierarchy. If the assumption of neutral evolution of the
microsatellite and allozyme loci is correct, then divergence
among lines within selection groups and divergence between
selection groups is not expected to differ significantly from
theoretical expectations of neutrality. On the other hand, if
the molecular markers or loci in linkage disequilibrium with
these markers were influenced by artificial selection, then the
neutrality of molecular markers would not be supported.

Materials and Methods
Establishment of Lines and Selection Regimen

The establishment of lines and selection regimen has already
been described (Swallow et al. 1998), so only a brief
description will be provided here. Male and female (112 of
each) laboratory house mice (Mus domesticus) of the outbred
Hsd:ICR strain were purchased from Harlan Sprague-
Dawley (Indianapolis, IN). These individuals were paired
randomly to produce generation —1. From generation —1,
one male and one female wete chosen randomly from each
litter, and these individuals were paired randomly with the
provision of no sib mating. Thirteen of these pairs were
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assigned randomly to each of eight lines, and four lines were
randomly assigned to each selection group (selection or
control). Offspring from these pairings were designated as
generation 0 and selection was begun at generation 1. Lines
were maintained with 13 pairs per generation, although only
10 pairs were used per generation through generation 14.

In each generation, mice were weaned from the dams at
21 days of age, weighed, toe-clipped for individual identifi-
cation, and housed in groups of four by sex. At 6-8 weeks of
age the mice were placed in cages with activity wheels for 6
consecutive days. The selection trait was the average number
of wheel revolutions on days 5 and 6. Within-family selection
was used to reduce the effects of inbreeding; in selected lines,
the highest-running male and the highest-running female
from each family were chosen to breed, while in control
lines, one male and one female from each family were
randomly chosen to breed. Breeders were paired randomly
within lines for 14 generations, with the condition of no sib
mating.

Sampling of Animals for Genotyping

A subset of the animals (10 males and 10 females) from
generation 14 of this artificial selection experiment were
chosen for genotyping by randomly choosing one male and
one female from each family. After production of generation
15 was complete, these individuals were sacrificed and their
livers were removed and stored at —80°C until genotyping.

Microsatellite Genotyping

DNA was extracted by proteinase K/SDS digestion and
phenol:chloroform:isoamyl  alcohol extraction methods
(Sambrook et al. 1989). DNA was resuspended in TE and
stored at —20°C until used for polymerase chain reaction
(PCR). Four microsatellite loci were chosen from Dietrich et
al. (1992) (D11Mir16, D7Mir18, D13Mit14, D15Mit16) and
two from Hearne et al. (1991) (744 on chromosome 12 and
750 on chromosome 11). Microsatellite loci were chosen that
were highly polymorphic across inbred strains of mice and
were not in close linkage with each other. Microsatellite
genotypes were determined following Dietrich et al. (1992),
except 10 pl PCR reactions with 10-25 ng of DNA were
used.

Samples were run on 8% denaturing acrylamide gels.
After the run was complete, gels were visualized by silver
staining. Gels were first fixed by gentle rocking in 10%
ethanol for 5 min, then transferred to 1% nitric acid for 3
min, and then rinsed twice for 2 min in ddH,O. The gel was
then stained for 15-20 min in 5 mM AgNO; and 0.03%
formaldehyde. The gel was then rinsed once in ddH,O for
15-20 s, and then placed in developer (0.28 M sodium
cartbonate, 0.111% formaldehyde, and 0.016 mM sodium
thiosulfate) until bands began to appear. Developing was
terminated by adding an equal volume of 10% acetic acid and
allowing the gel to rock for an additional 5 min. The gel was
then rinsed with ddH,O and a scanned into a computer using
Adobe Photoshop 5.0.
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Figure I.

between lines within selection groups, [ measures

Population hierarchy. Fi g measures divergence

divergence between selection groups within the total popula-
tion, and /s measures within-line inbreeding levels.

Allozyme Genotyping

Allozyme genotypes were assayed using the same liver tissue
as for the microsatellites. Allozyme genotypes were deter-
mined using cellulose acetate electrophoresis (Hebert and
Beaton 1989). Slight modifications to Hebert and Beaton’s
(1989) protocols were used following Carter et al. (1999).
PGI, PGM, MDH, and 6PGD were the only allozyme loci
genotyped in generation 14 because an exhaustive survey of
numerous allozyme loci found only these four loci to be
polymorphic in the base population (Carter et al. 1999). PGI,
PGM, MDH, and 6PGD were not in close linkage with one
another, with PG/ residing on chromosome 7, PGM residing
on chromosome 4, MDH residing on chromosome 5, and
6PGD residing on chromosome 4.

Statistical Methods

Allele frequencies and levels of genetic divergence were
estimated using Wright’s (1951) F statistics in a three-level
hierarchical analysis of variance (ANOVA) with sources of
variation between selection groups, among lines within
selection groups, among individuals within lines, and
between alleles within individuals (Weir 1996, chap. 5; Weir
and Cockerham 1984). Because of the additional hierarchical
level (i.e., among lines within selection groups; Figure 1), Fgr
was subdivided into 7 g and Fgr (Smouse and Long 1987).
Fi g corresponds to the probability that two randomly
chosen alleles within the same line are identical by descent
relative to the particular selection group where they are
nested, and Fgy corresponds to the probability that two
randomly chosen alleles within the same selection group are
identical by descent relative to the base population.
Calculations of Wright’s /7 statistics were computed using
GDA version 1.0 (Lewis and Zaykin 2001). The significance
of the F statistics was evaluated using 95% confidence
intervals (ClIs) that were calculated by 1,000 bootstrap
replicates of the loci. This technique was used because it
allows evaluation of the significance of each statistic without
making assumptions about the distribution of the statistic.
The expected values of /{g and Fgr under a neutral
model were obtained by simulating the expected level of
divergence among lines within selection groups and between
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Table I. Allele frequencies for control lines (C) and selected lines (S)

Locus Line 1 (C) Line 2 (C) Line 4 (C) Line 5 (C) Line 3 (S) Line 6 (S) Line 7 (S) Line 8 (S)
PGI (fast) 0.917 0.735 0.000 0.737 0.895 0.722 0.647 0.844
PGI (slow) 0.083 0.265 1.000 0.263 0.105 0.278 0.353 0.156
PGM (fast) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PGM (slow) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
MDH (fast) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
MDH (slow) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6PGD (fast) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6PGD (slow) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
D11Mit16 (126) 0.528 0.176 0.618 0.316 0.132 0.237 0.139 0.438
D11Mit16 (135) 0.472 0.824 0.382 0.684 0.868 0.763 0.861 0.563
D7Mit18 (120) 0.361 0.588 0.444 0.921 0.763 0.684 0.806 0.531
D7Mir18 (131) 0.639 0.412 0.556 0.079 0.237 0.316 0.194 0.469
D13Mit14 (145) 0.765 0.735 1.000 0.605 0.342 0.684 0.472 0.531
D13Mit14 (150) 0.118 0.147 0.000 0.395 0.658 0.316 0.111 0.156
D13Mit14 (153) 0.118 0.118 0.000 0.000 0.000 0.000 0.417 0.313
144 (198) 0.444 0.676 0.250 0.289 0.316 0.132 0.528 0.531
144 (210) 0.556 0.324 0.694 0.711 0.421 0.842 0.361 0.469
144 (230) 0.000 0.000 0.056 0.000 0.263 0.026 0.111 0.000
D15Mit16 (127) 0.139 0.382 0.176 0.395 0.105 0.316 0.028 0.500
D15Mit16 (130) 0.222 0.235 0.059 0.079 0.184 0.158 0.111 0.125
D15Mit16 (133) 0.611 0.294 0.765 0.526 0.632 0.421 0.444 0.219
D15Mit16 (137) 0.028 0.088 0.000 0.000 0.079 0.105 0.417 0.156
150 (100) 0.765 0.088 0.000 0.368 0.211 0.395 0.375 0.000
150 (102) 0.147 0.147 0.188 0.079 0.000 0.000 0.000 0.219
150 (108) 0.059 0.000 0.000 0.000 0.342 0.316 0.063 0.000
150 (110) 0.029 0.765 0.813 0.553 0.447 0.289 0.563 0.781

Locus names are in italics with allele names in parentheses.

selection groups, based on the estimated effective population
size of each line (~35) for the first 14 generations. The
effective population size in each line of each generation was
calculated as
4N; — 2
6 T/,g ( + 2 )

where 1V is the census population size and 17;is the among-
individual variance in progeny number within each line. The
simulation took a number of random samples equal to the
effective population size of a patticular line from a binomial
distribution, with the probability of sampling a particular
allele equal to the frequency of that allele in the previous
generation. The simulation was run 1,000 times based on the
effective population size of each line and an initial allele
frequency of 0.5 (although this does not influence the null
distribution of /i g and Fgr). Fig and For were estimated
from each simulated allele frequency data set following Weir
and Cockerham (1984). The observed values of /7 g and Fgr
were then evaluated relative to the null distribution of Fpg
and Fgr by the percentile method to determine if the
observed levels of divergence were significantly different
than the level expected under neutrality (Manly 1997).

Results

All of the allozyme loci assayed in this study were
polymorphic in the base population (Carter et al. 1999).
During the 14 generations of the artificial selection

experiment, PGM, MDH, and 6PGD went to fixation for
the same allele at each locus in all four selected lines and in all
four control lines, while PG/ remained polymorphic in seven
of eight lines (Table 1). In the base population, the allele
frequencies were highly skewed at MDH and 6PGD (0.928
and 0.981, respectively) for the fast allele, which became
fixed by generation 14. PGM and PGI had less skewed allele
frequencies for the most common allele (0.639 and 0.577,
respectively) (Carter et al. 1999), and microsatellite loci were
not scored in the base population.

All of the lines in both the selected and control groups
had values of Fig that were not significantly different from
zero (Table 2), suggesting that within-family selection and
disallowing sib mating has been effective in limiting the levels
of inbreeding within lines. For the microsatellite loci,
estimates of Fgr ranged from —0.032 to 0.052, with a mean
estimate of 0.001, which was not significantly different from
zero (Table 3). The mean estimate of Fgr with all of the loci
(i.e., including the data for PGM) was —0.003, which was also
not significantly different from zero. These results suggest
that no significant genetic divergence had occurred between
the selection groups. In contrast, the estimates of /1 g from
microsatellite loci ranged from 0.095 to 0.218, and the mean
estimate over all microsatellite loci was 0.149, which was
significantly different from zero (Table 3). The mean
estimate of [ with both microsatellite loci and the one
allozyme locus included was 0.173, which was also
significantly different from zero (Table 3). These results
indicate that a significant amount of genetic divergence has
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Table 2. Estimates of the reduction in heterozygosity (Fis)
caused by nonrandom mating within lines with 95% Cls generated
by bootstrapping the loci

Line F|s 95% ClI
Control lines
Line 1 —0.066 —0.158, 0.033
Line 2 —0.046 —0.200, 0.158
Line 4 0.036 —0.347, 0.330
Line 5 0.016 —0.161, 0.154
Selected lines
Line 3 0.135 —0.138, 0.431
Line 6 —0.064 —0.232, 0.130
Line 7 0.095 —0.120, 0.291
Line 8 0.173 —0.043, 0.342

occurred among lines within each selection group. In
addition, the observed values of Fig and Fgp based on
microsatellite and pooled data were not significantly different
from the expected level of divergence under neutrality for
P16 (Pricrosac = -005 and Ppogicq =.084) and For (Pricrosac =
666 and Pyoo1eq = -654; Table 3 and Figure 2).

Discussion

Within each line, all of the microsatellite loci and one of four
allozyme loci were polymorphic in generation 14 (Table 1).
Three of the four allozyme loci that were polymorphic in the
base population (Carter et al. 1999) went to fixation in all
lines, while PG/ remained polymorphic in all lines with the
exception of line 4 (Table 1). The fixation of MDH and
6PGD was expected because of the highly skewed base
population allele frequencies, and the probability of fixation
by drift alone was .55 for MDH and .858 for 6PGD. In
addition, the finding that PG/ remained polymorphic in
seven of eight populations was also expected, as the PG/
alleles were at frequencies of 0.557 and 0.422 in the base
population. However, the PGM locus, which was poly-
morphic in the base population with allele frequencies of
0.639 and 0.361, went to fixation for the same allele in all of
the lines in both the selected and control groups. This is
unexpected because by genetic drift alone, the probability of
fixation is quite small (P = .028).

Multiple explanations are possible for the changes in
allele frequencies at PGM during the 14 generations of
selection. First, this pattern may suggest the influence of
a deterministic process, like selection, acting on PGAM or on
loci closely linked with PGM. However, the selection seems
not to be related to the experimenter-imposed artificial
selection, because PG is fixed for the same allele in both
selected and control groups. This nonneutral pattern of
evolution measured at PG is not uncommon in studies of
allozyme variation (e.g., Carter 1997; Carter et al. 1999;
Carter and Watt 1988; Mitton 1997; Pogson 1991; Pogson
and Zouros 1994; Watt et al. 1985). However, most studies
find that the patterns of allozyme variation generally fit
a model of overdominance acting to maintain polymor-
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Table 3. \X/right’s FST
Subdivided Fst

Locus Fie [
PGI 0.348 —0.032
D11Mit16 0.146 0.039
D7Mit18 0.129 —0.011
D13Mit14 0.208 0.052
144 0.095 —0.032
D15Mit16 0.096 —0.001
150 0.218 —0.036

Meanmicrosat
Meanpooled data

0.149 (0.108-0.192)
0.173 (0.120-0.236)
.065
.084

0.001 (=0.023-0.029)

—0.003 (—0.025-0.022)
.666
.654

Py
microsat

P

pooled data

Fgr is subdivided into among-line within selection group divergence (/1)
and between selection group divergence (Fgr). Mean icrosa is the mean
estimate based only on the microsatellite loci with 95% Cls in parentheses,
while the Mean,ooied data 18 the estimate based on both microsatellite and
allozyme data with 95% Cls in parentheses. P values test whether the
observed values of /i and Fgr are significantly different from the
distribution under neutrality (significance is evaluated based on a two-tailed
test; Figure 2).

phism. The pattern of variation measured here suggests that
the region of the genome containing PGA appears to be
evolving by directional selection. This argument is perplex-
ing, because the effective population size within the lines is
smaller than that of the base population; hence if un-
controlled laboratory selection was acting on one allele at
PGM we would expect it to be fixed in the base population,
as selection in the base population would be less affected by
random genetic drift. In addition, unintentional directional
selection for a single allele at PG might have occurred at

300
FG::,,, =-0.003
200 | FLGM=0'”3
100 - —
|
—
N —

0 h L %
03 02 01 00 01 02 03 04 05 06 07 08 098 10

FGTOI F]_(_;

Figure 2. 'The null neutral distribution of Fgr (cross-hatched
bars) and F1g (gray bats) produced from 1,000 simulated data
sets based on the effective population sizes of each line and the
time since the populations became isolated. Fgreons) and
F1Gobsy are the observed levels of divergence estimated from
the pooled molecular marker data.



the University of Wisconsin during the initiation and
duration of the selection experiment.

A second explanation centers on the effects of sampling
the base population to produce the founding population of
the lines. PGM may be fixed in all lines as a result of a founder
effect that was the result of the sampling of mice from the
base population when the lines were founded. Although the
probability of drawing an entire sample of 160 mice all
containing the same allele at PGAM is highly unlikely, the
possibility exists that the sampling resulted in the first
generation of mice having an increased frequency of the
more common allele than in the base population. If this were
the case, then random genetic drift might be strong enough
to cause the fixation of this more common allele in 14
generations with highly reduced effective population sizes
within each line. Unfortunately, determining which mode of
evolution is influencing PGAM is not possible given the
restrictions of our data, but the second neutral explanation is
in agreement with the dynamics of the other microsatellite
and allozyme loci assayed in this study.

Fig was also used to determine the level of genetic
diversity within lines. Fig is a measute of the observed level
of heterozygosity within a line relative to the expected levels
of heterozygosity under the assumption of random mating
within a subpopulation (Table 2). If individuals within
a population are nonrandomly mating, then Fig will be
significantly greater than zero. Fig estimates were not
significantly different from zero in any of the lines within
either selection group (Table 2). This indicates that using
within-family selection with no sib mating in the selected
lines and random mating and no sib mating in the control
lines results in minimal amounts of inbreeding within each
line.

The level of genetic differentiation among populations
was evaluated between selection groups using fgr and
among lines within a selection group using /7. At the
hierarchical level of the line within the selection group
(Figure 1), each line should be experiencing the same
selection as the other lines within that particular selection
group, and divergence among lines within a selection group
should be the result of founder effects, genetic drift, and
mutation [see also Garland et al. (2002) concerning an allele
with major effects on muscle mass|. Significant levels of
genetic divergence occurred among lines within selection
groups (ie., I1g # 0). F1g was significantly different from
zero when estimated using microsatellites or the pooled data.
In addition, the expected value of /] g under a neutral model
was not significantly different from Fjg estimated from
microsatellite or pooled microsatellite and allozyme data
(Table 3), which indicated that the microsatellite and
allozyme markers are evolving neutrally among lines within
selection groups. At the level of selection group, essentially
no genetic divergence was expected between the selection
groups under a neutral model (Table 3 and Figure 2), and the
observed genetic divergence (Fgr) between selection groups
does not differ from this expectation (Table 3). In addition,
the estimated value of Figr for the microsatellite and pooled
data were not significantly different from zero, and the
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estimated 95% CI included the mean estimate of Fgr under
the neutral model (Table 3). If the molecular markers were
associated with the imposed directional selection on wheel
running, then higher than expected divergence should have
been measured between selection groups. Given that the
observed divergence is in agteement with the expected value
at both the hierarchical levels within the population, we can
conclude that molecular markers are evolving essentially
neutrally among lines within selection groups as well as
between selection groups.

In summary, genetic divergence between selection
groups, genetic divergence among replicate lines within
a selection group, and potentially the patterns of change in
the allelic variation between the base population and
generation 14 at all of the allozyme loci were not different
from expectations under a model of neutral evolution. These
results on the distribution of allelic vatiation within and
among multiple levels of a hierarchical laboratory population
with a known evolutionary history largely support the neutral
evolution of molecular markers in closed populations
undergoing selection for an integrated locomotor behavior.
However, as demonstrated in many studies of natural
populations, allozymes (e.g., PGM) may not consistently
agree with expectations of neutral evolutionary change.
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