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Substantial genetic differentiation, as great as among species,
exists between populations of Drosophila melanogaster inhabiting
opposite slopes of a small canyon. Previous work has shown that
prezygotic sexual isolation and numerous differences in stress-
related phenotypes have evolved between D. melanogaster pop-
ulations in “Evolution Canyon,” Israel, in which slopes 100-400 m
apart differ dramatically in aridity, solar radiation, and associated
vegetation. Because the canyon’s width is well within flies’ dis-
persal capabilities, we examined genetic changes associated with
local adaptation and incipient speciation in the absence of geo-
graphical isolation. Here we report remarkable genetic differenti-
ation of microsatellites and divergence in the regulatory region of
hsp70Ba which encodes the major inducible heat shock protein of
Drosophila, in the two populations. Additionally, an analysis of
microsatellites suggests a limited exchange of migrants and lack of
recent population bottlenecks. We hypothesize that adaptation to
the contrasting microclimates overwhelms gene flow and is re-
sponsible for the genetic and phenotypic divergence between the
populations.
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A recurrent issue in evolutionary biology is the amount of
genetic isolation required for incipient species to diverge
from a common ancestor, with geographical isolation and its
impact on gene flow a prominent source of genetic isolation
(1-3). Indeed, Mayr (4, 5) has stressed repeatedly the role of
geographical separation of populations in the origin of species.
Although several evolutionary mechanisms may give rise to new
species in contiguous populations, in the absence of these
mechanisms gene flow would seem to exert a potent homoge-
nizing force on incipient isolates (6, 7). Nonetheless, profound
adaptive radiation of species can occur without large scale
geographical isolation, as in the >450 species of haplochromine
cichlids from Lake Malawi (8-11). Critics reasonably may
dispute that such cases are evidence for speciation without
geographic separation, because in Lake Malawi (=500-km long)
and other such instances, potential spatial and ecological sepa-
ration are large relative to the dispersal abilities of the speciating
populations.

Accordingly, we have investigated “Evolution Canyon,” Israel,
where Drosophila melanogaster occurs on north- and south-
facing slopes with greatly differing climatic regimes and in the
intervening region; the slopes are 400 m apart at the top and
100 m apart at the bottom (12-14). Although adult Drosophila
can traverse several kilometers in a single day (15), populations
on each slope have diverged in body size, heat and desiccation
tolerance, oviposition thermal preference, fluctuating asymme-
try, rates of mutation and recombination, and mate preference
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(16-18). We thus ask: Have the populations likewise diverged
genetically according to microsatellite markers and a candidate
gene strongly linked to resistance to environmental stress? Is this
divergence consistent with genetic isolation despite the conti-
guity of the D. melanogaster populations in the canyon? Finally,
does the divergence implicate any evolutionary mechanism(s) as
its cause?

To address these questions, we analyzed both putatively
neutral (microsatellites) and non-neutral (hsp70Ba, a heat shock
gene) markers in D. melanogaster collected from the middle
elevation of each slope. Microsatellites, abundant repetitive
DNA sequences with motifs 2-6-nucleotides long, are ideal tools
for the study of population history. In particular, they can
elucidate migration rates between populations and detect recent
population growth or decline (19-23). In D. melanogaster,
hsp70Ba is one of five genes encoding Hsp70, a heat-inducible
molecular chaperone that plays a crucial role in inducible
thermotolerance and resistance to other stresses (24). Because
thermotolerance is related to Hsp70 levels, nucleotide variation
affecting Hsp70 levels can be a target of selection. Such variation
potentially occurs in the Asp70Ba promoter, where D. melano-
gaster from Evolution Canyon are polymorphic for a 1.2-kb P
element insertion that interrupts a regulatory region essential for
high Asp70 transcription. We report remarkable differences in
the frequencies of both microsatellites and the P element-
bearing hsp70Ba allele (henceforth Asp70Ba’) between D. mela-
nogaster inhabiting the two slopes <400 m apart. These differ-
ences are consistent with local adaptation to contrasting
microclimates, overwhelming gene flow between the adjacent
habitats.

Methods

Flies. Flies were collected from the two midslope stations 90 m
above sea level on the opposite slopes of Evolution Canyon
(Lower Nahal Oren, Mt. Carmel, Israel) during August-
September, 1997. First, isofemale lines were established from the
samples with 25 lines per slope. Next, 10 females and 10 males
of each isofemale line were combined in population cages to
construct north-facing slope (NFS) and south-facing slope (SFS)
synthetic populations. The populations were maintained as mass
cultures with random mating for 50-55 generations on standard
cornmeal-sugar-yeast-agar medium in half-pint bottles at 24 *=
1°C and on a 12/12 light/dark cycle.

Abbreviations: NFS, north-facing slope; SFS, south-facing slope; HSE, heat shock element.
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Microsatellite Detection. We sampled 39 females from NFS and 39
females from SFS. DNA extracts were prepared with a standard
proteinase K protocol according to Gloor et al. (25). PCR
primers were designed for 15 loci according to Schug et al. (26).
Primer sequences and amplification conditions are available also
at http://www.mbg.cornell.edu/aquadro/microsatellite.html.
Primers were labeled with a carbocyanine dye (Cy-5) on the 5’
end. Each 20-ul reaction mixture contained 2 ug of template
DNA, 100 pmol/ul of each primer, 1.5-2.5 mM MgCl,, 2 mM
dNTPs, 2 ul of magnesium-free buffer and 0.1 ul of 500U Taq
polymerase (Sigma). The thermocycling profile was 45 cycles of
94°C for 30 s, 52-60°C for 75 s, and 72°C for 6 min. PCR products
were visualized by electrophoresis on denaturing sequencing gels
with an ALFexpress II DNA automated sequencer and protocols
of APBiotech (27). Samples were loaded with an internal lane
standard, usually Ps¢I-cut lambda, and labeled with ROX, a red
fluorescent dye. Fragment sizes were determined with ALFWIN
FRAGMENT ANALYZER 1.03 software (APBiotech).

hsp70Ba® Screening. Single-fly DNA preparations were prepared
from individual flies as described above. The hsp70Ba promoter
region was amplified from individual flies by adding 2 ul of
template DNA to buffer [10 mM Tris-HCI (pH 9.0)/50 mM
KCl1/0.1% Triton X-100] with 1.5-3.0 mM MgCl,, 0.2 mM each
dNTP, 5 pmol of each primer, and 1.25 units of 7Tag DNA
polymerase (Promega) per 25-ul reaction. The primers were:
upper, 5'-GCAAGCAATCATCATCCAAT-3’, and lower, 5'-
ACTGTGTTTCTGGGGTTCAT-3'". These primers flank a
polymorphic P element insertion site. To determine P element
frequency, this amplification was performed on individual males
and females in conjunction with an additional PCR that con-
tained the same lower primer as described above and a P
element-specific upper primer (5'-GCCTTCTTTTATCTTT-
TCTGG-3"). For PCR amplification of 4sp70Ba promoters to be
cloned and sequenced, 1 ul of template DNA from individuals
was added to buffer [S0 mM KCl/50 mM Tris-HCI (pH 8.3)] with
1.5 mM MgCl,, 0.2 mM of each dNTP, 5 pmol of each primer
(flanking primers as described above), and 2.5 units MasterAmp
Extra Long DNA polymerase mix (Epicentre Technologies,
Madison, WI) per 100-ul reaction. Reaction conditions for all
PCRs consisted of an initial 1.5 min at 94°C, 35 cycles of 92°C
for 1 min, 54°C for 1 min, and 72°C for 2.5 min and a final step
at 72°C for 5 min.

For cloning and sequencing, PCR products were amplified
from single-fly DNA template, cleaned with Qiagen spin col-
umns, resuspended in water, and cloned into the pPGEM-T Easy
vector (Promega) according to manufacturer recommendations.
Individual plasmid clones were prepared with Qiagen Miniprep
spin columns, suspended in water, and sequenced. Sequencing
reactions were performed with ABI Prism cycle sequencing kits
(Perkin—-Elmer) according to manufacturer instructions. All
samples were sequenced by using primers based on vector
sequence (pUC/M13 forward and reverse). Internal sequencing
primers (available on request) were used to provide complete
coverage. Sequencing was conducted on an ABI 377 sequencer
(Perkin-Elmer).

Statistical Analysis of Microsatellites. Each locus was examined for
gene diversity, heterozygosity, and genetic differentiation mea-
sured by Wright’s F statistics (Fst; ref. 28), by using POPGENE
(http:/ /www.ualberta.ca/~fyeh/index.htm) and GENEPOP
(29). The significance of Fsr values was assessed with allelic
permutations generated by FSTAT (5,000 resamplings; ref. 30).
Because no direct sequence data for microsatellites were avail-
able in this study, we determined approximate (maximal) repeat
numbers for each allele by dividing the PCR product size by the
number of base pairs in a single repeat (according to ref. 26). We
investigated the relationship between (i) gene diversity, (if)

13196 | www.pnas.org/cgi/doi/10.1073/pnas.231478298

Table 1. Numbers of private alleles in two populations of D.
melanogaster from the opposite slopes of the Evolution Canyon

Frequency, f

Population <0.05 0.05=f=05 >0.5 Total
NFS 2 7 2 11
SFS 7 5 5 17

Three arbitrary categories based on their frequencies (f) are distinguished.

heterozygosity, (iif) variance of the maximal repeat number, and
(iv) number of alleles as dependent variables and (i) slope, (i)
marker chromosomal location, and (iif) recombination rate per
chromosome physical unit length as independent variables.
Whenever feasible, P values from exact as opposed to asymptotic
or Monte Carlo methods are reported (31). These were com-
puted mainly with STATXACT 4 (Cytel; http://www.cytel.com;
ref. 32).

Because a bottleneck in one or both populations can affect the
estimation of genetic distance (33), the program BOTTLENECK
(http:/ /www.ensam.inra.fr /URLB /bottleneck/pub.html;
refs. 34 and 35) was used to assess whether studied populations
were subject to a demographic decline. This program detects a
deficiency in the number of alleles observed given the expected
heterozygosity and the principle that under mutation-drift equi-
librium allelic diversity is reduced faster than heterozygosity
(36). Three significance tests (sign test, standardized differences
test, and Wilcoxon sign-rank test) and three mutation mod-
els (infinite allele, two-phased, and stepwise mutation) were
implemented.

To obtain maximum likelihood estimates of migration rates
between slopes and effective population sizes of NFS and SFS,
we analyzed a coalescence/Monte Carlo Markov Chain proc-
ess, generated by MIGRATE (http://evolution.genetics.
washington.edu/lamarc/migrate.html; refs. 22, 37) and run on
SunOS 5.6. The estimation process uses an expansion of the
coalescent theory that includes migration and Metropolis—
Hastings importance sampling. The following assumptions are
made: populations have constant sizes through time such that
they do not grow or decline, and the mutation rate p is constant
(but may vary across loci according to a gamma distribution).
Additionally, suppositions of the coalescence theory (sensu
Kingman, ref. 38) need to be valid. The parameters P to estimate
using genealogies G with data D were 6 = 4N.u and y = 4Nm,
where Nk is the effective population size and m is migration rate
per generation. The likelihood formula is based on the product
between the genealogy likelihood (DIG) and the prior proba-
bility of the coalescent genealogy

Pr(GIP):L(P)= >, Pr(DIG)Pr(GIP)
G

(ref. 22). We set the Markov Chain Monte Carlo parameters as
follows: 10 short chains with 1,000 genealogies and 2 long chains
with 10,000 genealogies sampled and burn-in of 10,000. Beerli
and Felsenstein (22) found that these numbers are sufficient to
produce a convergence to a value independent of the initial
parameter values.

Results

Microsatellites. Despite a small number of total alleles and low
heterozygosity, many of the alleles in both the NFS and SFS
populations were private (Tables 1 and 2). Thus, because other
allele frequencies were also very different, Nei’s (39) genetic
distance (D = 0.566) and the Fgr statistic of genetic differenti-
ation between slopes are remarkably high (Table 3). The two
populations did not differ significantly in gene diversity (Hsr),
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Table 2. Measures of genetic variation in D. melanogaster from Evolution Canyon by chromosome for 15 microsatellite loci: gene
diversity (Hsy), observed heterozygosity (H), variance in maximal repeat number (Var), and the number of alleles (the repeat

sequence and cytological location according to ref. 26)

No. of
Hst H Var alleles
Chromosome Locus Repeat Cyt. location d*, <M rf NSF SFS NFS SFS NFS SFS NFS SFS

X DELTEX (AGTT)s 6A1-2 49 3.83 0.214 0.646 0.231 0.526  2.333  6.667 3 4
DROACS2 (CT), 1B1-5 66 0.00 0.138 0.233 0.147 0.265 2.000 18.00 2 2
DROSEV2 (TTG)o 10A1-2 33 3.44  0.401 0.187  0.371 0.133 2333  4.333 3 3
1] DROEXPAND (CAG)s 21C3 55 163 0356 0.626 0.333 0.333 1.000 1.000 3 3
DROGPAD (GT)19 47A 5 1.60 0.527 0.288 0.454 0.333 0.500 8.000 2 2
DROGPDHA (CT), 25F5-6A 37 495 0.483 0.291 0.600 0.226 2917 1.667 4 4
ELF1 (CAG)e 54F 32 3.41 0.716 0.723 0.607 0.484 1.667 2.500 4 5
OoDD (CAG)4 24A 47 4.22 0.366 0.299 0.061 0.083 1.000 1.000 3 3

TWI (CAG)3 59C-D 47 271 0.000 0.000 0.000 0.000 0.000 0.000 1 1
1! DMCATHPO (ACQ)s 75D-E1 9 0.48 0.528 0.719 0.297 0.500 1.000 1.667 3 4
DMHSP82 (TA)s 63B9 41 4.29 0.767 0.833 0.650 0.389 43.23 49.611 7 9
DMPROSPER (GA)12 86E1 4 135 0.606 0518 0.136 0.350 2.333  2.333 3 3
DMSIDNA (GQ)s 96E1-4 54 3.88 0.593 0.000 0.250 0.000 2.500 0.000 5 1
DMU1951 (TA)16 93C 36 3.53 0.608 0.774 0.067 0.243 1.667 11.333 4 7
DROLMALK (CAA)g 98 56 3.81 0316 0.106 0270 0.111 1.000 0.500 3 2

*d, distance to centromere.
r, recombination rate per DNA unit length (40).

heterozygosity (H), variance in the maximal repeat number
(Var), or number of alleles (exact Mann—Whitney test, P > 0.05
in each case). Microsatellite variability depended on chromo-
some location (Spearman rank correlation = —0.41, P < 0.025
for Hsr and distance (in cM) to centromere, and Spearman rank
correlation = —0.32, P < 0.1 for H and distance). The number
of alleles was correlated (Ry = 0.45, P < 0.02) with recombina-
tion rate per DNA unit length (40). Although DMHSPS82
(chromosome III, 63B9) was the most variable locus, on average
chromosome III did not vary more than chromosomes X and II.
Of the loci analyzed, DMPROSPER (III 86E1) is located nearest
the asp70 clusters (II1 87A7, 87C1), but its allelic frequencies did
not deviate significantly from the average.

Table 3. Estimates of Fst values and results of tests for
interslope differentiation in D. melanogaster from
Evolution Canyon (the assumption of random

mating within populations is relaxed)

Chromosome Locus Fst P*
X DELTEX 0.516 <0.0001
DROACS2 0.789 <0.0001
DROSEV2 0.691 <0.0001
1l DROEXPAND 0.116 0.0014
DROGPAD 0.305 <0.0001
DROGPDHA 0.629 <0.0001
ELF1 0.036 0.0029
OoDD —0.026 >0.5
TWI —0.066 >0.5
1 DMCATHPHO 0.075 <0.0001
DMHSP82 0.012 >0.5
DMPROSPER 0.282 <0.0001
DMSIDNA 0.197 <0.0002
DMU1951 0.064 <0.0001
DROLMALK 0.731 <0.0001
Across all loci 0.365" <0.0001

*The P values refer to the exact G test (ref. 30).
Jacknifed value; its 95% confidence interval (bootstrapping over loci) is equal
to (0.193, 0.513).
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We used the BOTTLENECK program (34, 35) to test for a
potential effective population size reduction that may have
occurred either during the colonization of the canyon or due to
unfavorable weather. None of the three mutation models pro-
duced results unequivocally suggesting bottlenecks in either
population in the recent past (Table 4).

Estimated 0.95 HPD intervals of the parameter 6 are NFS
(0.782 < 6 < 0.921) and SFS (0.818 < 6 < 0.943). For the
migration rate, 4N.m, the 0.95 HPD intervals are: from NFS into
SFS (1.620 < y < 2.249) and from SFS into NFS (1.252 < y <
1.818). For a comparison, the average gene flow M estimated
directly from Fst, M = (1/Fst — 1)/4 (41), was 0.835.

hsp70Ba® Frequency. Sequencing of the highly conserved tran-
scribed region of the 4sp70Ba gene in the Evolution Canyon lines
expectedly revealed little polymorphism (not presented here, but
see GenBank accession nos. AF 385405-385408). By contrast,
the lines were polymorphic for a 1,222-bp insertion in the
hsp70Ba promoter. Sequencing identified this insertion as a
nonautonomous P element at position —184 relative to tran-
scription start (GenBank accession no. AF377341). This P
element intervenes between the second and third of the four heat
shock elements (HSEs) located in the Asp70Ba promoter. Nine-
ty-six individuals from NFS included five ~sp70Ba’” homozygotes
and 55 heterozygotes (an allelic frequency of 33.9%), and 124
SFS individuals included three heterozygotes (a frequency of
1.2%). This interslope difference in genotype frequencies is
highly significant (P < 0.0001 by using exact permutation test).

Discussion

Interslope Genetic Divergence. Our assay of microsatellite vari-
ability revealed striking genetic differentiation between popu-
lations derived from the opposite canyon slopes, with genetic
distance (D = 0.566) as large as that between sibling Drosophila
species (allozyme data, refs. 42—-44). For example, D values
obtained from allozyme data and ranging from 0.5 to 0.6 have
been recorded for the D. melanogaster-Drosophila simulans
species pair and Drosophila willistoni group [summarized by
Coyne and Orr (43, 44)]. Clearly, comparisons between micro-
satellite- and allozyme-based distances should be taken with
caution because of the higher microsatellite mutation rate (45).
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Table 4. Tests for Cornuet and Luikart’s (34) bottleneck effects under three models of microsatellite evolution

Exp. H Probability

Population exc. H exc. H def Sign test SD test Wilcoxon Interpretation
Infinite allele model (see ref. 36)

NFS 7.46 9 5 0.289 0.07 0.119 No deviation

SFS 7.37 9 5 0.273 0.04 0.241 No deviation
Two-phased model of mutation

NFS 7.82 6 8 0.237 0.425 0.951 No deviation

SFS 7.83 8 6 0.575 0.372 0.801 No deviation
Stepwise mutation model

NFS 8.15 5 9 0.080 0.060 0.193 No deviation

SFS 7.86 5 9 0.101 0.040 0.241 No deviation

The table includes: Expected number of loci with excess heterozygosity (Exp. H exc.), observed number of loci exhibiting heterozy-
gosity excess (H exc.), observed number of loci with heterozygosity deficiency (H def.), and the probability values for each test. The
number of loci expected to have an excess of heterozygosity depends on the number of chromosomes sampled, the number of alleles
observed, and heterozygosity expected from the observed allele frequencies under the assumption that the populations are at the
mutation drift equilibrium and that all loci mutate according to the model specified. Probabilities from three tests [sign test, standard
differences (SD) test, and Wilcoxon test] were calculated using the BOTTLENECK program.

Nonetheless, to our knowledge this is the highest intraspecies
genetic distance ever reported for Drosophila, approached only
by a D of 0.44 between D. melanogaster populations 15 km apart
from one another in the Brazzaville area of the Congo (46).

Similarly, the Fsr value for NFS and SFES populations was also
high in comparison with other reports (Table 5), even when the
relatively large standard error of the estimate is considered. If
microsatellite size homoplasy, which may occur both among and
within species, is taken into account, even higher coefficients of
genetic divergence are expected (49, 50). Numerous private
alleles and several near-private alleles in both populations
strongly affect the D and Fsr values. Although other genetic
distance measures have been developed specifically for micro-
satellite data, e.g., Rst or du? (33, 51, 52), we chose to use D and
Fgr for two reasons: (i) the ease of comparing our results with
others’ and (i) the behavior of other measures is not obvious
when the assumptions of the stepwise mutation model are
violated. Indeed, microsatellites may follow a complex nonstep-
wise mutation pattern (49).

Chromosome Ecology. In our data, intraslope genetic variation
(Hst) decreased with marker distance from the centromere, a
strong suppressor of recombination. This may reflect a negative
association between allelic variation and recombination, which is
contrary to the trend in Drosophila (and other taxa) and poten-
tially caused by background selection and selective sweeping
(53). The association between allele number and distance from
the centromere was negative but not significant (data not
shown), whereas the correlation between allele number and
recombination rate (40) was positive and significant at P < 0.02.
This inconsistency resists simple explanation, but could be
caused by high variation in recombination rate (54, 55) or
background/sweeping selection and diversifying/balanced

selection interacting with recombination in opposite ways (54,
56, 57).

hsp70Ba. The hsp70Ba” allele was 28 times more frequent in NFS
than in SFS. These large differences in microsatellite and
hsp70Ba’ frequencies are consistent with low but nonzero gene
flow between NFS and SFS populations. Estimated migrants
from NFS into SFS and from SFS into NFS do not exceed three
and two individuals per generation, respectively. Calculations of
migration rate from microsatellite frequencies likely underesti-
mate actual migration, because genetic methods describe only
migration events resulting in gene pool changes. Whatever
degree of sympatry Drosophila populations in Evolution Canyon
represent, even a largely reduced gene flow is expected even-
tually to homogenize allele frequencies between populations
(6-7). Yet, the interslope genetic distance we report is equiva-
lent to those from allozyme data associated with complete
reproductive isolation (43, 44). We hypothesize that divergent
natural selection acting in the two microclimates overwhelmed
the homogenizing effect of migration with a subsequent shift in
mating preferences (18, 58), in turn yielding a correlated differ-
entiation of genetic markers. Indeed, reproductive isolation is a
frequent byproduct of adaptive response to different selection
regimes (ref. 59 and references therein). Because reproductive
isolation is an essential component of incipient speciation within
the range of a common ancestor (60), we emphasize that
Drosophila in Evolution Canyon prefer mates native to their own
slope; although the different lines from the same slope did not
deviate more than 1.3% from random mating, the deviation
between lines from opposite slopes exceeded 15% (18, 58).
The between slope difference in hsp70Ba’ frequency is con-
sistent with differential thermal selection. During and after heat
shock, the heat shock transcription factor (HSF) trimerizes and

Table 5. Comparison of microsatellite differentiation for various populations of D.
melanogaster, D. simulans, and D. pseudoobscura.

Species Populations

Fst (=SEM) Reference no.

D. melanogaster Evolution Canyon
(NFS/SFS)

D. melanogaster
California/Kenya

Congo/North Carolina

USA

D. simulans
D. pseudoobscura

California/Zimbabwe and

0.361 (=0.168)

0.121 (+0.007) 47
0.152 (+0.006) a7
0.041 48
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binds to HSEs in the Asp70 promoter to release the paused
transcriptional apparatus and induce transcription (61). Al-
though HSEs 1 and 2 are sufficient for some transcriptional
activation, the additional HSEs increase transcription. The P
element insertion disrupts the Asp70Ba promoter, intervening
between the proximal and distal HSE pairs, and may therefore
alter cooperative binding and transcription. Indeed, strains with
the P element insertion in the hsp70Ba promoter have lower
inducible thermotolerance and lower Hsp70 protein levels than
strains lacking the insertion (unpublished data). Thus, the
difference in Asp70Ba” allele frequency may result from stronger
selection against the insertion in the SFS.

Although neither our data nor prior work suggest such
alternative explanations for the divergence in genetic markers,
the divergence could have arisen via (re)colonization of the
canyon by individuals from genetically distant ancestral pop-
ulations, perhaps accompanied by a habitat preference, ge-
netic drift, and /or evolution of the synthetic populations while
in laboratory culture. Microsatellite frequencies indicate no
bottlenecks, suggesting that genetic drift has not have played
a major role in the diversification. Laboratory evolution seems
unlikely because microsatellite frequencies in D. melanogaster
change slowly in laboratory culture due to relatively low
mutation rates (62, 63), and hsp70Ba” allele frequency did not
change with time.

Our findings and hypotheses on the genetic and phenotypic
divergence in D. melanogaster are consistent also with patterns
both for other drosophilids and unrelated species in Evolution
Canyon. Another drosophilid, D. simulans varies in thermotol-
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erance in the same way as does D. melanogaster (17). In addition,
their allozyme diversity indices significantly differ across the
canyon (14). As with the P element in the Asp70Ba promoter, the
frequency of a BARE-1 retrotransposon in the wild barley
(Hordeum spontaneum; ref. 64) varies with the height and
dryness of the slope on both slopes but especially on the drier
SES. In fact, a 3-fold difference in BARE-1 abundance signif-
icantly affects genome and cell size, thereby presumably leading
to adaptive changes in the plants’ growth rates. Recently, Nevo
has hypothesized that incipient sympatric speciation may be
ongoing in a soil fungus (Sordaria fimicola) and other taxa
(Nostoc, Lotus, etc.) inhabiting Evolution Canyon (see ref. 65
and references therein). The D. melanogaster case presented
here, however, is unique not only in detecting massive fine scale
genetic differentiation in a very mobile organism but in revealing
genetic changes associated with incipient sympatric or near
sympatric speciation driven by adaptation to local environments.
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