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ABSTRACT

Data coming from one natural population of D. subobscura, that of Crete,
are presented in detail and examined for nonrandom associations of genes and
gene arrangements. This population and four others previously studied are
reanalyzed for the detection of higher than first-order interactions. Only first-
order interactions are important and statistically significant, especially those
concerning genes and inversions in which these genes are included. The
paucity of linkage disequilibria detected is remarkable, and we argue that it
does not depend on the methods of study, rather it is genuine. We further
argue that most of the disequilibria detected are probably due to mechanisms
based on epistatic selection.

HE study of nonrandom associations between genes in natural populations

is a promising approach to the problem of the maintenance of genetic vari-
ability, especially in regard to the selectionist-neutralist controversy. Indeed,
the existence of linkage disequilibria can be explained either by epistatic selection
or drift and historical events. In a previous paper (Loukas, KrimBas and VERGINI
1979) we presented data concerning four natural populations of Drosophila
subobscura. We found a limited number of such disequilibria: only between
genes included within inversions, with those inversions and only between the
very closely linked genes of the Est-9 gene complex. Although a neutralist
explanation could not be excluded, the evidence was in favor of a selection
mechanism.

In this paper, we present data concerning another natural population, one
from Crete. Furthermore, we reanalyze the previous data together with the new
data for higher-order interactions between genes and between genes and inver-
sions. These second-order and higher interactions have not been investigated in
the data already published by us; only pairs of genes, or a pair consisting of one
gene and one inversion were considered.

MATERIALS AND METHODS

A natural population in orange orchards near the village of Alikianou of the Canea Depart-
ment in Crete was sampled in September 1977, (For a description of the site, see KrimsBas
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1954.) The pertinent crosses and the techniques for detecting allozymes, as well as the descrip-
tion of the sites of the Mt. Parnes, Preveza, Barcelona and Sussex populations, are found in
Loukas, KrimBas and Vercint 1979, The genetics of these loci and their genetic maps can be
found in Louxkas et al. 1979.

RESULTS AND ANALYSES

The Crete population: Only polymorphic genes located on chromosomes O
and J were sampled since the situation was clear for chromosome E (Loukas
and KrimBas 1975), and genes located in chromosomes A and U were few and
did not display important polymorphism in the other four populations studied.
Thus, 13 genes have been sampled, eight located on chromosome O (Est-5, Odh,
AO, ME, Xdh, Lap, Pept-1, Acph) and five on chromosome J (Aph, Est-3, Pgm,
Est-7 and Idh). Allozyme frequencies are indicated in Table 1. Since isogenic
strains for chromosome O have been derived, using a balanced strain, it was
also possible to detect the presence of silent alleles. We found only one such
allele, for Pept-1. Table 2 contains the frequencies of gene arrangements in
chromosomes O and J. The study was made in such a way as to record the gene
arrangement and the allele present at each locus for every chromosome sampled.

TABLE 1

Alleles (in the left columns) and their frequencies (in the right columns) for 13
polymorphic loci located on chromosomes QO and J in the Crete natural population

Est-5 (chr. 0) Xdh (chr. 0) Aph (chr. T)
795 0025 708 0005 700 0554
106  0.025 1.06 0010 073 0431
100 044 104 0124 046 0015
0.90 0455 100 0738
086  0.054 0.9 0074 Est3 (chr.J)
095 0099 720 0218
Odk (chr. O) 086 0020 100  0.728
114 0040 ' ‘ 090 0054
100 0950 Lap (chr. 0)
086  0.005 711 0015 Pgm (chr.J)_
058  0.005 1.06 0149 132 0.054
100 0809 100 093t
AO (chr. 0) 056 0020 071 0015
710 0.008 069 0013 -
1.08 0.040 - . 7st-7 (chr. J)
105 0163 Pept-1 (chr. 0) 704 0.020
100 0.663 760 0.015 1.00  0.980
0.95 0.079 1.00 0.277 Idh (chr.J)
057  0.030 040 0703 747 0008
0.82 0.020 silent  0.005 1.00 0.995
ME (chr. O) Acph (chr. Q)
710 0010 788 0020
100 0.955 100 0.9926
094 0035 0.54  0.054

All samples contain 202 genes.
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TABLE 2

Frequencies of gene arrangements for chromosomes O and J in the Crete natural population

Ogp 0.005 Tots 0.460
Os 4418 0.678 7, 0.554
544 0.218 Jor 0.040
PRI 0.040 N =202
1 0.054
3442 0.005
N =202

We have performed all 20 possible tests for random associations between pairs
consisting of one gene and gene arrangements located on the same chromosome,
as well as all 34 possible tests between pairs of genes located on the same chromo-
some. In these tests, chromosome O has been divided in two segments, Segment I
and Segment II, since inversions of the two segments do not overlap. The genes
Est-5, Odh, AO, ME and Xdh are located on Segment II, whereas Pept-1, Lap
and Acph are located on Segment 1. Statistically significant tests only at a prob-
ability less than 0.05 are reported in Table 3; that is, four tests between genes
and inversions and four tests between pairs of genes. In Table 3, for every test
we indicate the alleles considered, as well as the gene arrangements, the chi-
square testing homogeneity, the degrees of freedom and the significance. By r
we symbolize the remaining alleles, grouped in one class, and by inv the inver-
sions (all gene arrangements, except the Standard one, grouped in one class).
Probabilities, indicated by an asterisk on its left, are Fisher’s exact probabilities
calculated by a method invented by J. Sourbis and briefly described in our previ-
ous paper (Louxkas, KrimBas and Vercint 1979). This method was used only
when one expected class contained less than five genes or chromosomes.

From the four significant tests between genes and gene arrangements, three
were not unexpected, the genes Pept-1 and Acph show nonrandom associations

TABLE 3

Tests for random associations between genes and inversions of the sarme chromosome and
between pairs of genes located on the same chromosome

x2 d.f. P
1. Xdh (1.04,1.00, r) versus O chr.SL(O, ., , ;1) 6.371 2 <0.05
2. Pept-1 (0.40,r) versus O chr. SI (031 446+ Osrr O3+4) 13.256 1 <0.001
3. Pepr-1 (0.40,7) versus O chr. SII(ST, inv) 6.611 1 <0.02
4. Acph (1.00,1) versus O chr. SI(O;, , 4 5+ Ogp, Oy 1 ) 11.691 1 -<0.001
5. Est-5 (0.90,r) .  versus Lap (1.00,7) 4532 1 <0.05
6. Odh (1.00,7) versus AO (1.00,r) *0.033
7. AO (1.05,1.00,7) versus Xdh (1.04,1.00,r) 16018 4 <0.01
8. Esi-3 (1.00, 1) versus Aph (1.00,r) 6.350 1 <0.02

Inversions of the O chromosome are considered separately accordmﬁ to their position in Seg-
ment I (SI) or Segment II (SII) of this chromosome, Only the eight statistically significant
tests at the 0.05 level are reported out of 54 tests performed. Futher explanation in the text,
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with gene arrangements of Segment I (No. 2 and No. 4) exactly in the same
direction as found in the other four populations studied previously. These genes,
as well as Lap, are included in these inversions. Lap does not show a departure
from random association because both predominant gene arrangements in Crete,
namely O, ,,, and O, ,, harbor mostly the same allele of Lap (7.00). This is
not the case with Ogr, but this arrangement is rare in Crete. O;., and Osp ;1
differ from one another by a single inversion (O;) and thus by a single step in
the gene arrangement phylogeny. It is easily conceivable that, whatever is the
original gene arrangement (either O,., or Oz, ,), the derived one (Osi,1s
or O, ;) would most probably include the same allele found in the original one.
This, however, has not been the case for Pept-1 and Acph. Although this is not
an airtight argument for selection, it constitutes evidence in favor of it. For a
more detailed discussion of these associations see Loukas, KrimMsas and VereINt
(1979).

The nonrandom association between alleles of Pept-1 and inversions of Seg-
ment IT (No. 3) on which it is not located can also be explained from the non-
random associations between Pepi-1 and inversions of Segment 1. It is due to the
well-known nonrandom association between inversions of Segment I and those
of Segment II; most of these inversions (actually all of them in Crete) are found
associated with the O, * gene arrangement of Segment I.

The nonrandom association of Xdk alleles with inversions of Segment I (No.
1) was not expected, since this gene lies on Segment II. However, the level of
significance is not high, and in 20 tests, one is expected to be significant at the
0.05 level. The most probable explanation is sampling error. In general, no
associations were detected in Segment II between genes located in that segment
and the respective inversions. It is true that in Crete such inversions are not very
frequent, about 0.10. Furthermore, in the tests performed, different inversions
are grouped into one class. However, inspection of the detailed results did not
show any evidence for association, and this is the same pattern reported in our
previous paper.

Four of 34 tests were significant when tested for associations of pairs of genes
located in the same chromosome. The first deals with Esz-5 and Lap (No. 5).
Although these genes are far apart in the chromosome and the level of signifi-
cance is not high, we tend to believe that it is a genuine association because it
was previously found (Zouros et al. 1974). The second is between Odh and AO
(No. 6). Both genes are located in Segment II, near to each other (their effective
separation is 1.7 centimorgans). This association was found for the first time;
it could be due to a sampling error, but it should be noted that the distance be-
tween these two genes is the least among all other pairs of genes studied. It is
not due to a mechanical linkage by inversions; if we test the allelic combinations
of AO and Odh (1.00 and 1.00 versus r and r) with the gene arrangement in
Segment II (87, inv), we do not find a nonrandom association (P =7*0.299).

The third case is found between alleles of AO and Xdk (Segment II of chromo-
some O, No. 7). Zouros and Krimvsas (1973) also found significant nonrandom
association between AO and Xdh, but in a different direction, in the same popu-
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lation as the one reported here. It is possible that the variation in the electro-
phoretic techniques does not permit a complete cross-identification of Xd# and
AO alleles between the study of Zouros and Krimpas and the present one.

Xdh and AO are not closely linked, but they seem to be physiologically related,
as pointed out by Zouros and Krimsas (1973). Recently, FinNERTY and JounN-
soN (1979) formulated an hypothesis according to which the genetic variability
of both Xdh and AO in D. melanogaster could result from recessive modifiers
at the lzd (and mal) loci in natural populations. If this hypothesis is correct for
D. subobscura, our findings could be explained without the invocation of a selec-
tive mechanism. However, the extraction technique and the use of a balanced
strain reduces such a possibility since the modifiers should be located on the same
chromosome with the markers. Furthermore, the mapping data reported in
Louxkas et al. (1979) make probable that at least some variants of Xdh and AO
should be alleles of the structural genes. This question needs a more detailed
investigation before a definite judgment can be formulated.

Finally, there is a case of nonrandom association between Est-3 and Aph (No.
8), both located on chromosome J far apart in the map. However, the Crete
population harbors, at a significant frequency, the gene arrangement J, ,, which
is located between these two loci; for J,..;, heterozygotes the genetic distance
(remembering zero male recombination) is reduced to five centimorgans.

In general, we can state that there is a paucity of nonrandom associations be-
tween genes. When these disequilibria are found, the genetic distances tend to
be small or reduced by the presence of inversions in the population studied.

Likelihood analysis of multiple-locus gametic disequilibria in the five natural
populations: Smouse (1974) presented the methodology for the likelihood anal-
ysis of multiple-locus gametic disequilibria. The present multi-locus analysis
utilizes the same methods and approach that were utilized by CHARLESWORTH,
CuarLEsworTH and Louras (1979). Although our analyses involve contingency
tables of nine dimensions, a brief description of log-linear models, which we have
drawn from FienBerc (1977), is given for the simpler situation of a three-
dimensional contingency table.

Let each gamete be categorized according to the following three variables:
gene arrangement of a chromosome segment (dimension 1,7=1,...,7), allele
at enzyme locus A (dimension 2, j=1,...,/) and allele at enzyme locus B
(dimension 3, k=1, ... ,K). Then, z;; is the count of gametes in the i*® row,
78 column and £* layer of the table of observations, and ;5 is the corresponding
expected value for that cell for some specified model. We can express the natural
logarithms of the expected values, log 71z, for each model as a linear combina-
tion of terms (u-terms) involving deviations from a grand mean. Each model
is subject to analysis-of-variance-like constraints in which successively higher-
order u terms measure deviations from lower-order terms.

For example, the model of complete independence of the three variables is
given by:

log mijxr—u + U1 (3) + Uz(j) + U3 (k)
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subject to the constraints

I J K
Sy TR Uy T E Uiy T 0,
where
1 I J K
u=——=23 2 log myj
IJK +i®
'1 J K
Uiy :]—K—]Z%llog mijr— U
1 I K
Uz (j) ZYE‘}%lOg Mije— U
1 I J
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Under multinomial sampling of gametes, the maximum likelihood estimates of
the expected values for this model are:

Lit+ T+j+ T4 45
N2 ’

A ——
mijx —

where + in place of an index denotes the sum over the appropriate dimension
of the table of gametes.

We are interested only in a set of hierarchical log-linear models in which
higher-order terms are included only if the related lower-order terms are in-
cluded. For the three-dimensional contingency table, there are eight hierarchical
models that can be specified. Further, we specify a nested hierarchy of models
in which each model contains the previous ones in the hierarchy as special cases.
Thus, the following sequence of models for the logarithms of the expected values
forms a nested hierarchy:

(@) u+ vy + waegy) + User)
(b) v+ gy + vy + sy T w2y + Uisiny
(€) u+ uiiy + uesy T Usry + Uazgij) T Uaaany T Ussgry -

For models (a) and (b), there are closed-form estimates of m;j; utilizing appro-
priate marginals of z;; as complete minimal sufficient statistics. However, for
model (c) it is necessary to use an alternative, proportional-fitting algorithm to
obtain maximum likelihood estimates of the expected gametic counts. In prac-
tice, the expected counts for each model were computed by using this algorithm.
The goodness-of-fit of each model was assessed by the statistic
J K
G2=22]1221”kln[ﬂ] N
L 1
where In is the natural logarithm. G® is minus twice the logarithm of the likeli-
hood-ratio test statistic. If the model fitted is correct and the total sample is large,
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G* is approximately distributed as x* with degrees of freedom equal to the num-
ber of cells minus the number of parameters fitted (including the single param-
eter for the grand mean, u). A “large” sample size is considered to be 10 times
the number of cells in the table.

We are primarily interested in partitioning the total chi-square value for a
nested hierarchy of log-linear models into several components due to differences
between models. The differences of goodness-of-fit statistics between adjacent
models in the hierarchy are interpreted as tests of effects of nonrandom associa-
tions of alleles among loci or alleles with gene arrangements.

In the analysis of the three-dimensional contingency table we proceed as
follows: (1) test of total effects: G?(a), with degrees of freedom equal to d.f.(a);
(2) test of gene arrangement X locus effects: G*(a) — G?(b), with d.f(a) —
df.(b); (3) test of two-locus effects, after adjustment for gene arrangement X
locus effects: G*(b) — G?(c), with d.f.(b) — d.f.(c); 4. test of the residual two-
locus X gene arrangement effect, after adjustment for all effects above: G2(c)
with d.f.(c). In practice the test of total effects was obtained as the sum of the
tests of the components comprising estimable parameters (see below).

To test randomness of associations between two or more genetic markers
(genes, gene arrangements), we have used data dealing only with the O chromo-
some for the five natural populations studied. The table of gametes for each of
the five populations was a nine-dimensional set of dichotomies. A dichotomy
represents the most common class versus all other types combined of a particular
variable. The nine variables were allozymes for each of seven enzyme loci and
chromosome arrangements for each of two segments of the O chromosome. Be-
cause of the large number of cells and moderate sample sizes, the tables of counts
are sparse. Therefore, certain higher-order interaction terms could not be esti-
mated because of the persistence of zero values in the configurations of margi-
nals. The approach adopted was to exclude from a model any parameter that
could not be estimated because of zeros in the configuration of margins corre-
sponding to that particular term. Also, because of the restriction to hierarchical
models, those higher-order terms were excluded that had a related lower-order
term excluded from a previous model in the nested hierarchy.

It is important to note that it was not possible to obtain a uniform degree of
convergence in some samples for successively higher-order models. Therefore,
the fit of the models will become poorer for this reason alone. In particular for
the Preveza population, it would not be safe to attribute biological significance
to the apparent significance of effects of higher-order interactions. The detailed
results are too voluminous to be included and are deposited with the Department
of Genetics of the Agricultural College of Athens.

The results of partitioning the likelihood-ratio goodness-of-fit statistics for the
multi-locus gametic distribution of a sample from each of five populations are
presented in Table 4. In this table, tests of the statistical significance of effects
are adjusted for those terms included in effects higher in the table and all higher-
order effects are assumed to be nil. One should exercise caution in interpreting
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these results because of the relatively small number of observations and relatively
large number of parameters that have been fit.

In terms of overall effects, we have the following sums for each population
(where z is the approximate standard normal deviate):

Sussex, England . ....... G2=173.08,df. =118, z=3.28
Mt. Parnes, Greece . . . . ... G2 =158.27,d.f. =101, z=3.61
Preveza,Greece . . . .. .. .. 2 =95382 d.f. = 163, z=4.50
Barcelona, Spain . . .. .. .. G?=233.85,d.f. =120, z=6.17
Crete, Island of . . .. ... .. G2=107.82,df.= 77,z=2.32.

The sum of the effects for each population is highly significant except for the
sample from the Crete population (P < 0.05).

The results are clear with regard to at least two major points: the significance
of nonrandom associations between inversions of Segment I and Segment II of the
O chromosome, which is already well known and documented (for a review see
KrimBas and Louxras 1980), and the most statistically significant interactions,
which are those between loci and chromosome O arrangements of Segment I.
This last result is consistent with that found previously for the chromosome O
data in Louxas, KrivBas and VErGINI (1979) and mentioned above in this
paper. The present analyses further suggest that there is no significant additional
interaction of arrangements of Segment IT with loci after adjusting for the effects
involving those of Segment I. Furthermore, there are a few statistically signifi-
cant higher-order locus interactions in the present data, in agreement with the
results of a similar analysis performed on the British populations (CrARLES-
woRTH, CHARLESWORTH and Louras 1979). However, in neither set of data is
there consistent evidence for strong interactions among all pairs (or greater
n-tuples) of loci.

DISCUSSION

The result of these studies, concerning five natural populations of D. sub-
obscura, is the detection of a very limited number of linkage disequilibria; the
only clear-cut cases being the associations of some genes with the inversions in
which these genes are located. However, the contrary is not true, e.g., every gene
located within an inversion does not necessarily display a nonrandom association
with the inversion.

This is contrary to the expectations from the model proposed by FrRaNKLIN
and LewonTin (1970), but is in agreement with similar studies performed on
natural populations of species of the genus Drosophila (for a review see Louras,
KrmvBas and VereIN: 1979). The paucity is probably genuine and not due to
the restricted power of discrimination between allozyme variants by the usual
electrophoretic techniques used (for the loss of discrimination due to the pooling
of alleles into electrophoretic classes, see Zouros, GoLping and MacKay 1977;
Werr and Cockeraam 1978). The additional use of methods based on sensitivity
to urea and on changes in electrophoretic conditions permits a better allozyme
discrimination, but does not seem to increase the number of these disequilibria
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(unpublished). This is partially expected to be the case from the already pub-
lished pattern of allelic frequencies determined by such methods (Coyn~E, FELTON
and LEwoNTIN 1978); the number of alleles is increased, but common alleles
remain common and their frequencies do not change considerably, whereas most
of the new alleles detected display rather low frequencies. With such changes,
the homogeneity tests performed by us (where rare alleles are grouped in one
class) would not be greatly affected. Taken at face value, the experimental
data available so far do not show such disequilibria. Of course these studies are
in progress and the final results are not yet available.

‘We have taken care to sample our populations in such a way as to minimize
the possibility of creation of spurious disequilibria by the inclusion in the same
sample of flies originating from two micro-populations differing in their allelic
frequencies. This was achieved by sampling in one of two consecutive days under
cne and the same tree for each population. Furthermore, the dispersal behavior
of this species (Loukas and Krimsas 1979) is such as to exclude such a possibil-
ity. Flies can move about 50m per day in summer, and this results, under
neutrality conditions, in complete panmixia for very large areas populated by
the species. Moreover, three different lines of evidence point nearly to the con-
clusion that at least two of cur populations, the only ones studied in these respects,
have an effective size not essentially different from infinite. We refer to studies
performed on lethal allelism for the populations of Mt. Parnes and Crete
(Loukas, KrimBas and Sourpis, in submission), to studies dealing with the
estimation of population size by the usual ecological methods during the period
of bottleneck and that of high density, and to studies based on the temporal
method (of temporal changes of allozyme frequencies) Becon, KrimBas and
Louxas, in submission) for the population of Mt. Parnes. The obvious conclu-
sion is that the linkage disequilibria detected are not due to drift. They could,
however, be due to our sampling errors. This can be excluded for most of the
disequilibria detected since they are repeatedly found in the same direction in
all populations, especially when we examine the combinations of genes and in-
versions including these genes. The pattern is such that simple neutralist ex-
planations are not completely convincing (for a detailed discussion of this subject
in regard to the middle-gene explanation, see Louras, Krimsas and VERrGINT
1979).

There is, however, another possibility. When the inversions were created,
certain alleles were “tied up” with these inversions. Not enough time has elapsed
since that event to destroy completely the original disequilibrium that has been
conserved by purely mechanical means. In this case, an estimation of the age
of inversions is possible. Simple calculations would set a rather recent origin
for these inversions (of some ten thousand to at most a hundred thousand years)
(KrimBas and Louxas 1980). From the actual evidence available and for other
reasons mentioned in the previously cited paper, it seems that inversions are
much more ancient; thus, this explanation would not be satisfactory. It is prob-
able that most of the disequilibria detected by us between genes and inversions
are maintained by epistatic interactions at the fitness level. However, it should
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be noted that the argument concerning the ancientness of inversions is based on
rather arbitrary mutation rate values.

The possibility of alternative explanations for the linkage disequilibria ob-
served in this and previous studies and especially the paucity of the linkage dis-
equilibria would plead in favor of the view that epistatic interactions on the
fitness level are mnot so important, contrary to what is actually believed
(FarcoNer 1960).

‘We would be inclined to conclude that epistatic interactions do not seem to
be important for electrophoretically detected polymorphic genes, although they
could exist in some specific cases. However, this does not provide a final argu-
ment against a panselectionist view, since frequency-dependent selection mech-
anisms or mechanisms based on niche variations in selection coefficients would
not necessarily be detected when studying linkage disequilibria.

LITERATURE CITED

CrarLesworTH, B., D. CHarLEsworTH and M. Loukas, 1979 A study of linkage disequilibrium
in British populations of Drosophila subobscura. With an appendix by XK. Morgan. Genetics
92: 983-994.

Covne, A. J., A. A. FeLton and R. C. LewonTin, 1978 Extent of genetic variation at a highly
polymorphic esterase locus in Drosophila pseudoobscura. Proc. Natl. Acad. Sci. U.S. 75:
5090-5093.

FaLconer, D. S., 1960 Introduction to Quantitaiive Genetics. Oliver & Boyd, Edinburgh.

Fienserc, S. E., 1977 The Analysis of Cross-Classified Categorical Data. The MIT Press,
Cambridge, Mass.

FinnerTy, V. and G. Jounson, 1979  Post-translational modification as a potential explanation
of high levels of enzyme polymorphism: xanthine dehydrogenase and aldehyde oxidase in
Drosophila melanogaster. Genetics 91: 695-722.

FrankLin, I. and R. C. LEwonTin, 1970 Is the gene the unit of selection? Genetics 65: 707--734.

Krimeas, C. B, 1964 The genetics of Drosophila subobscura populations. I. Inversion poly-
morphism in populations of Southern Greece. Evolution 18: 541552,

Krimeas, C. B. and M. Louras, 1980 The inversion polymorphism of Drosophila subobscura.
Evolutionary Biology 12: 163-234.

Louxras, M. and C. B. Krimpas, 1975 The genetics of Drosophila subobscura populations.
V. A study of linkage disequilibrium in natural populations between genes and inver-
sions of the E chromosome. Genetics 80: 331-347. , 1979 The genetics of Dro-
sophila subobscura populations. X. A study of dispersal. Genetica 50: 127--134.

Loukas, M., C. B. Krimeas, P. Mavracant-Tsreinou and C. D. KastriTsis, 1979 Genetics

of Drosophila subobscura populations. VIII. Allozyme loci and their chromosome maps.
J. Heredity 70: 17-26.

Louras, M., C. B. Knimeas and Y. VerciNi, 1979 The genetics of Drosophila subobscura
populations. IX. Studies on linkage disequilibrium in four natural populations. Genetics
93: 497-523.

Smousg, P., 1974 Likelihood analysis of recombination disequilibrium in multiple-locus gam-
etic frequencies. Genetics 76: 557-565.

WEeir, B. and C. C. Cockreruam, 1978 Testing hypotheses about linkage disequilibrium with
multiple alleles. Genetics 88: 633-642.



768 M. LOUKAS, C. B. KRIMBAS AND K, MORGAN

Zovuros, E., G. B, GoLpixg and T. F. C. MacKay, 1977 The effect of combining alleles into
electrophoretic classes on detecting linkage disequilibrium. Genetics 85: 543-556.

Zouros, E. and C. B. Krimnas, 1973 Evidence for linkage disequilibrium maintained by selec-
tion in two natural populations of Drosophila subobscura. Genetics 83: 659-674.
Zouros, E., C. B. Knmeas, S. Tsakas and M. Louxas, 1974 Genic versus chromosomal varia-
tion in natural populations of Drosophila subobscura. Genetics 78: 12231244,
Corresponding editor: W, W, ANDERsON



