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Abstract

The mode of within-locus gene action in most genomic regions is termed as the major genomic mode, i.e., it is
the within-locus allelic effects in most regions of the genome. Determining whether dominance or overdominance
is the major genomic mode is important for two long-standing evolutionary genetics issues: 1. How is the genetic
variation in most genomic regions maintained? 2. What is the major mechanism for heterosis? Many efforts
have been made, but almost all of them suffer some explanational difficulties. Here we propose an alternative
inference approach. It is based on the existent theoretical results on the correlation of the recombination rate and
the level of neutral variation in different genomic regions. Positive and negative correlations suggest dominance
and overdominance, respectively, as the major genomic mode. Zero correlations imply either few selected sites or
about equal composition and distribution of dominant and overdominant regions in the genome, depending on the
data distribution. This approach not only avoids all the problems associated with earlier approaches, but it is also
particularly useful in organisms where controlled breeding is difficult. Well-corroborated dBt@sophilaand

recently emerging data in mice and humans all suggest dominance as the major genomic mode.

Introduction cultural production (Falconer, 1989), and the pro-
tection of human welfare (Cavalli-Sforza & Bodmer,
Inbreeding depression in outcrossing populations 1971).
results from mating among relatives, and outbreeding  Two rival mechanistic genetic hypotheses concern-
enhancement between inbreeding (or isolated) popula-ing individual loci have been used to explain hetero-
tions results from mating among usually-inbreeding sis. The first is the dominance hypothesis (Daven-
lines (or small populations). Both phenomena are port, 1908; Crow, 1952), which argues that hetero-
widely observed (e.g., Wright, 1977; Charlesworth sis is caused by an enhanced expression of deleterious
& Charlesworth, 1987; Falconer, 1989; Crow, 1993; genes due to an increase in homozygosity with the
Lynch & Walsh, 1997). For the sake of simplicity, heterozygote performance being intermediate (but not
they will be collectively referred to as heterosis here- exactly) between the two corresponding homozygotes.
after. The magnitude of heterosis has many impli- The second is the overdominance hypothesis (East,
cations, such as the evolution of self-incompatibility 1908; Shull, 1908; Crow, 1952), which argues for het-
systems in monoecious plants (Lande & Schemske, erozygote superiority relative to homozygotes. Domi-
1985; Schemske & Lande, 1985; Charlesworth & nance and/or overdominance may not be necessary for
Charlesworth, 1987), the evolution of dispersal mech- heterosis (Richey, 1942; Minvielle, 1987; Schnell &
anisms for inbreeding avoidance in animals (Shields, Cockerham, 1992). For example, additive-by-additive
1982), the biological conservation of rare and endan- gene interaction may contribute to inbreeding depres-
gered species (Soule, 1986), the improvement of agri- sionin populations atgamatic phase disequilibrium and
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contribute to outbreeding enhancement between pop-phism in most genomic regions has been shaped under
ulations even under gamatic phase equilibrium with- directional rather than balancing selection; and that
in each population (Lynch & Walsh, 1997). Howev- dominance is likely the major cause for heterosis. We
er, dominance and/or overdominance are usually the start by pointing out some of the potential problems
major mechanisms of heterosis (Schnell & Cockerham, with previous approaches to discriminating dominance

1992).

Discriminating between dominance and overdom-
inance is important for discerning different mech-
anisms for the maintenance of genetic variability
(Crow, 1993), as dominance is compatible with

and overdominance, as this serves as a hecessary com-
parison for the proposed method of inference.

Problems

mutation-selection balance and overdominance essen-

tially encompasses all kinds of balancing selection at
the allelic level. While most experimental data are

consistent with the dominance hypothesis, overdom-

inance cannot be ruled out in many situations (Sim-
mons & Crow, 1977; Charlesworth & Charlesworth,
1987; Barrett & Charlesworth, 1991; Stuber et al.,
1992; Mitton, 1993; Crow, 1993). In particular, it is

difficult to distinguish dominance and overdominance
as the within-locus allelic effects for most genomic
regions, i.e., the major genomic mode. Although the

First, dominance and overdominance are defined by
within-locus genetic effects. For a locus with allefes
anda, let the three genotypic values be:

AA
1

Aa
1-hs

aa
1-s

Thenh < 0.0 implies overdominancdy = 0.5 addi-
tivity, 0 < h < 1.0 (h leq 0.5) dominance ant >

evidence for functional overdominance does not seem 1.0 implies underdominance. Note that, throughout,

to be very convincing and most cited examples are
compatible with associative overdominance, an arti-
fact of linked deleterious recessive genes (c.f., Houle,
1989, 1994; Crow, 1993), the debate over the rela-
tive importance of the two genetic effects continues
(Sprague, 1983; Wallace, 1989; Mitton, 1993; Crow,
1993; Houle, Morikawa & Lynch, 1996; Charlesworth
& Hughes, 1997) and is unlikely to be settled until an
inference of an appropriate method is made.

The purpose of this paper is to propose a new

we use ‘dominant’ or ‘dominance’ to refer to the cases
with 0 < h < 1.0 (h # 0.5), which includes cases of
complete dominant or recessive, and partial dominant
or recessive.

However, since the definition of a locus itself is
not at all clear, the definition of dominance and over-
dominance based on it may be problematic. This may
be easily demonstrated by the following hypothetical
example. For two adjacent regioAsandB of a DNA
sequence, let regiof have two type sequencésand

method to infer the mode of the prevailing within-locus a, and regiorB have two type sequencBsandb. Let
gene action, dominance or overdominance, in most genotypic values for regions A and B be, respectively:
regions in the genome. The inference of this method AA=1.0,Aa=1-hsaa=1-sBB=1.0,Bb=1
bears directly on two long-standing evolutionary and - hs bb =1 - s, and 0< h < 1.0. If we regard both
guantitative genetic issues: 1) How is the genetic vari- regions as different loci, then the genetic effects are
ation in most genomic regions maintained in diverse dominant. However, if a locus is defined to include
natural environments and during the long-term evolu- both regions, there are four different allelég; ;)4,
tionary history of populations? 2) What is the major |%, |¢. For alleles|;* and|%, we will have overdom-
genetic cause of heterosis? The theoretical foundationsinance. This is because the relevant genotypic values
upon which we base our investigative approach have (under multiplicative fithess function) are respective-
beenwell laid-out by previous researchersinmolecular ly 2 || =1-s % |4 =1-5s { || =1- 2hs+
population genetics and molecular evolution. The data h2s%, and we always havg [|% > i || and;! ||%

we rely upon are those well corroboratedirosophi- > % ]|% for 0 < s < 1.0. This relationship is some-

la, and those recently emerging in mice and humans. times referred to as associative overdominance (Houle,
What we try to accomplish here is to link the well- 1989, 1994). Thus, the appearance of dominance and
known theoretical and empirical results to the long- overdominance critically depends on what segment of
standing issues in evolutionary and quantitative genet- the genome is under study. As an extreme case, if we
ics. We conclude that dominance is the major genom- define the whole genome as a ‘super locus’, then over-
ic mode inDrosophila, mice, and humans; polymor- dominance will almost always be the case (as reflected
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Figure 1 Due to the potential GE interaction, a) dominance and overdominance revealed may change from one environment (E1) to
another (E2); b) overdominance may result when averaging over environments even if dominance is revealed for both E1 and E2 (marginal
overdominance). In b, if fitness is multiplicative across environments E1 and E2 and E1 and E2 are equally-frequently experienced, the overall
fitness ofAais 0.49, while those ohAandaaare 0.1.

by heterosis), even if dominance exists in all individual ber of particular natural environments. However, the
genomic regions. natural environments that organisms currently experi-
Second, distinguishing dominance and overdom- ence and those where selection and evolution occurred
inance has a bearing on the maintenance of geneticover the long-term evolutionary history of species are
variability, a fundamental issue in evolutionary genet- diverse and complex. Due to the common phenom-
ics. Ideally, dominance and overdominance should be enon of genotype-by-environmentinteraction (Stearns,
studied for fitnesper se instead of its components. 1992; Lynch & Walsh, 1997), dominance revealed
However, fithess cannot be measured easily (Lewon-in one environment could very well turn out to be
tin, 1974). Studying dominance and overdominance overdominance in another (Figure 1). Alternatively,
for fitness components and inferring mechanisms for dominance could exist in all individual environments,
the maintenance of genetic variability could be mis- but overdominance would be revealed when averaging
leading. This can also be illustrated simply. Assume overthe environments (marginal overdominance) (Fig-
fitness = viability'fecundity, where locus A underlies ure 1). Some data on the marker associated analyses
total viability with allelesA anda, and locusB con- of dominance and overdominance bear on this poten-
trols total fecundity with allele® andb. As before, tial problem (Fu & Ritland, 1996; P. Gaffiney pers.
let genotypic values for locus A and B be respectively: comm.). Therefore, inferences on dominance and over-
AA=1.0,Aa=1-hsaa=1-5,BB=1.0,Bb=1-hsg dominance from a particular experiment may have little
bb=1-s,and 0< h < 1.0. Given heterosis, studying bearing onthe long-termissues concerned with balanc-
viability or fecundity, respectively, will reveal domi-  ing selection.
nance. However, for the same reasons demonstrated in
the previous paragraph, if studying fitness (i.e., both
loci simultaneously), overdominance will sometimes New approach
be revealed. This happens when allefeandb are
linked together, and so are allel@andB. The existence of these potentially serious problems
Third, almost all approaches to inferring domi- with almost all previous approaches calls for an alter-
nance and overdominance involve assays of inbredsnative and new inference approachthatisimmune from
and outbreds in controlled laboratory conditions, rarely these problems.
in natural environments. Even if assays are conducted As in most molecular evolutionary studies, we
in natural environments, they are in a limited num- assume that, throughoutevolutionary history, mutation
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Figure 2 Distinct relationships of the level of neutral variation
(LNV) and recombination rate’\ under dominance, overdominance
being the major mode of the within-locus genetic effects, and under
neutrality. The three lines intersect in regions of free recombination
(r = 0.5), where the LNV per nucleotide site i&V4 .

rates fi) are more or less constant across neutral sites

such as introns, noncoding regions, pseudogenes, and

the third positions of codons. The constancy efross
neutral sites may be checked by comparing molecular
polymorphism within species with molecular diversity

across species (Hudson, 1990). We also assume that
selected sites, if any, are distributed across the whole 5

genome. This is partially supported by the observation
that even nongenic genomic DNA may perform essen-
tial functions (Zukerkandl, 1976). Then, as well-laid
out by the previous theoretical results, distinct patterns
exist between the level of neutral variation and the
recombination rate across genomic regions, depending
on dominance and overdominance. Level of neutral
variation can be obtained directly from DNA sequence
data or indirectly from RFLP data or from microsatel-
lite loci, and it can be measured by different indices
such as the nucleotide diversity (Nei, 1987). All the
principles below have been well worked out and are
well known; they are listed because they form the the-
oretical basis for our proposed inference approach.

1. Ifthere are no selected sites in the genome, the level
of neutral variation and recombination rate should
be uncorrelated (Figure 2). At any time a genom-
ic region in a population is sampled, the average
amount of the level of neutral variation is unaf-
fected by recombination (Hudson, 1983; Tajima,
1990). Level of neutral variation is determined by
the effective population sizé\;) andu. On a chro-
mosome, all the neutral regions (or sites) have the

sameN,, and the level of neutral variation is a flat
line along regions of different recombination rates
(Figure 2). Data from regions on different chromo-
somes, such as autosomes and sex chromosomes,
can be combined for analysis if their respective
N.'s are adjusted to be comparable as in Begun
and Aquadro (1992).

If directly selected sites exist, neutral sites linked
to them are likely to be under selection indirect-
ly due to linkage. At a site (or locus) of interest
(whether it is directly or indirectly under selec-
tion), if the heterozygote fitness is between or
higher than the two corresponding homozygotes,
we will refer to it as dominance or overdominance
selection, respectively. By definition, dominance
selection includes both selective sweeps (hitchhik-
ing, Maynard Smith & Haigh, 1974; Thomson,
1977; Kaplan, Hudson & Langley, 1989; Stephan,
Wiehe & Lenz, 1992; Wiehe & Stephan, 1993) and
background selection (Charlesworth, Morgan &
Charlesworth, 1993; Charlesworth, Charlesworth
& Morgan 1995; Hudson & Kaplan, 1994, 1996).
Given the widely observed phenomena of heterosis,
dominance selection generally implies dominance
(0<h<1.0,h#0.5) and excludes additivith(=

0.5) as the within locus gene action for most of the
loci underlying the traits exhibiting heterosis.
Under dominance selection, whether it is a selec-
tive sweep due to advantageous mutations or back-
ground selection due to slightly deleterious muta-
tions, in chromosomal regions of low recombi-
nation rate, the level of neutral variation is low,
and in chromosomal regions of high recombina-
tion rate, the level of neutral variation is high. This
is because, under selective sweeps, the variation
at a neutral site will be reduced due to the rel-
atively quick fixation of advantageous mutations
at a linked site, pulling the neutral variant linked
with it to fixation and eliminating unlinked variants
(Maynard Smith & Haigh, 1974; Thomson, 1977;
Kaplan, Hudson & Langley, 1989; Stephan, Wiehe
& Lenz, 1992; Wiehe & Stephan, 1993). Under
background selection, the effective population size
is reduced for neutral sites embedded in a region
or close to a site subject to continuous deleterious
mutation and selection (Charlesworth, Morgan &
Charlesworth, 1993; Charlesworth, Charlesworth
& Morgan, 1995; Hudson & Kaplan, 1994, 1995).
the effects of both kinds of selection decrease with
an increasing recombination rate. Therefore, the
level of neutral variation and recombination rate
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are expected to be positively correlated under dom- Dominance is the major genomic mode in
inance selection (Figure 2). Drosophilaand possibly in mice and humans
. For neutral sites closely linked to a site under over-
dominance selection, the coalescent time can be In Drosophila inference for the major genomic mode
much longer, resulting in a detectably higher level of dominance and overdominance has been made by
of neutral variation than neutral expectation (Hud- estimating the coefficient of the mean within-locus
son & Kaplan, 1988; Kaplan, Darden & Hudson, nonadditive genetic effects (Crow, 1993). Because
1988; Hudson, 1990). In this case, the level of A estimated is almost always greater than zero, over-
neutral variation is higher with a smaller recom- dominance (wheré < 0) is excluded. However, this
bination rate (Hudson & Kaplan, 1988; Kaplan, approach is valid only whegitherdominancer over-
Darden & Hudson, 1988). Therefore, a negative dominance exists (Deng, 1998). With more a plausible
relationship between the level of neutral variation mixture of dominance and overdominance at differ-
and recombinationrate is expected under overdom- ent loci in the genome, this approach is misleading
inance selection (Figure 2). and always favors a biased interpretation of dominance
The exactrelationships between the level of neutral (Deng, 1998). In molecular population genetics, it has
variation and the recombination rate under the two already been demonstrated that overdominance may
selection scenarios may not be simple straight lines exist in theAdh region in Drosophila (Oakeshott et
as depicted in Figure 2. The exact relationship in al., 1982; Kreitman & Aguade, 1986; Hudson, Kre-
reality depends on the strength of selection, among itman & Aquade, 1987). Recently, Houle, Morikawa
otherthings etc; In regions of free recombination, and Lynch (1996) concluded that data onthe mutational
selection is unlikely to affect the level of neutral variabilities are consistent with mutation-selection bal-
variation; thus, the lines under selective and neu- ance, which is compatible with the dominance hypoth-
tral scenarios are expected to intersect at one pointesis. However, their analyses are implicitly based on
(Figure 2). the assumption that the populations’ standing genetic
The distinct relationships between the level of neu- variability is dueentirely to mutation-selection bal-
tral variation and the recombination rate underneu- ance. For example, mutation-selection balance must
tral, dominant, and overdominant selection pro- be assumed in order to approximate the mean persis-
vide a logical basis for distinguishing dominance tence time of mutations by the ratio of the standing
and overdominance for fithess as the major mode genetic variability to the mutational variability. The
of gene action at polymorphic sites. This infer- mean persistence time of mutations is then, in return,
ence approach avoids all the potential problems employed by them to support the mutation-selection
mentioned earlier. The level of neutral variation in  balance hypothesis. Therefore, there is a problem of
different genomic regions is shaped by different logical circulation there.
evolutionary forces on thital fithessoverall the A remarkable pattern has emerged from molecular
natural environmentshat populations experience population genetic studies in recent year®tasophi-
during their long-term evolutionary history. Thus, la, thereis a significantly positive relationship between
the conclusions obtained with this approach should the level of neutral variation and the recombination rate
be more directly relevant to inferring the mecha- inthe whole genome (Begun & Aquadro, 1992), and on
nisms maintaining the standing genetic variability the third and x chromosomes (Aquadro, Begun & Kin-
in most genomic regions. Additionally, by study- dahl, 1994; Stephan, 1994; Aguade & Langley, 1994).
ing the level of neutral variation, the dependence More recent data summarized by Hudson and Kaplan
of the apparent features of dominance and over- (1995) and Charlesworth, Charlesworth and Morgan
dominance on the definition of a locus is avoided. (1995) also confirm or are consistent with the above
A locus could be a nucleotide site or a nonrecom- pattern. Because the data have already been admirably
bining genomic region that does not need to be analyzed and summarized, the details are not presented
explicitly identified. here. Interested readers are referred to the above-cited
references for the data.
Two mechanisms are invoked to explain the
observed data: selective sweeps (Maynard Smith &
Haigh, 1974; Thomson, 1977; Kaplan, Hudson
& Langley, 1989; Stephan, Wiehe & Lenz, 1992,
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Wiehe & Stephan, 1993) and background selec- occur and very rarely does any site have more than
tion (Charlesworth, Morgan & Charlesworth, 1993; two nucleotides. With DNA sequence data, a locus can
Charlesworth, Charlesworth & Morgan 1995; Hud- be as small as a nucleotide site. This reduces the com-
son & Kaplan, 1994, 1995). Researchers in the field plexity of discussing maintenance of genetic variability
have been trying to discern the relative importance of introduced by the problem of multiple alleles.
the selective sweep and background selection (e.g., When a mixture of dominance and overdominance
Aquadro, Begun & Kindahl, 1994). However, the pre- exists at different genomic regions, the sign of the cor-
cise relevance of the data to the prominent and long- relation coefficient between the level of neutral vari-
standing question concerning dominance and over- ation and recombination rate obtained by regression
dominance has been largely ignored. As pointed out analysis should reflect the prevailing mode. This is
earlier, both selective sweeps and background selec-the standard ‘averaging effect’ of regression analysis.
tion are sources of dominance selection, since in nei- When one mode dominates, the ‘outliers’ in the regres-
ther case does the heterozygote have higher fithesssion analysis may signal genomic regions with the oth-
than the corresponding homozygotes. The data cannoter genetic mode. This may then serve as a basis for
be explained if overdominance is the major genomic further genetic analysis concentrating onthese regions.
mode. We therefore conclude that dominance is indeed When the correlation coefficient is zero, the distribu-
the major genomic mode Ddrosophila This does not  tion of data points may bear some valuable informa-
exclude the possibility that overdominance exists in tion. Uniform scattering of data points around the flat
some genomic regions. However, it does exclude over- line (Figure 3) indicates that few sites in the genomic
dominance as the general mode of gene action in mostregions examined are under selection. This is because
genomic regions irosophila the level of neutral variation is about the same across
Data recently emerging from other organisms con- the genome, except by sampling error. If data points
formto the same pattern. For example, the level of neu- scatter more widely in low than high recombination
tral variation is positively correlated with the recombi- regions (Figure 3), selected dominant and overdomi-
nation rate for four X-linked loci in micéus domes-  nant sites are common and are likely to be distributed
ticus(Nachman, submitted to Genetics), and for seven evenly in the genome. This is because the level of neu-
X-linked lociin humans (Nachman etal., pers. comm.). tral variation in low recombination regions would be
More efforts may be needed to test these patterns in either higher (under overdominance selection) or lower
mice, humans, and other organisms to see if they are (under dominance selection) than the neutral expecta-
as general and robust aslimosophila However, the tion, thus having larger variation. In high recombi-
currently available data do suggest that dominance maynation regions, the level of neutral variation would
be the major genomic mode in mice and humans. be about that expected under neutrality regardless of
selection, thus having less variation.
For alocus with two alleles, overdominance uncon-
Robustness of the inference approach ditionally leads to a stable equilibrium in an infinite
population, thus maintaining genetic variability. In a
The discussion of the maintenance of genetic vari- finite population, overdominance is a factor retard-
ability under dominance (mutation-selection balance) ing fixation if the equilibrium allele frequencies lie
and overdominance (balancing selection) is general- between 0.2 - 0.8 (Robertson, 1962). Outside this
ly based on a one-locus-two-allele model. It has been range, there are some values¥f(s; + s2), where
shown (Mandel, 1959; Li, 1967; Crow & Kimura, for which s; ands, are selection coefficients against
1970) that with multiple alleles, even if some het- both homozygotes, overdominance actually acceler-
erozygotes are inferior to some homozygotes, stable ates fixation (Robertson, 1962; Crow & Kimura, 1970,
genetic variability can be maintained without contin- p. 413), thus generating the patterns of neutral vari-
uous mutation to supplement the less-fit alleles. On ation at linked sites similar to that under dominance
the other hand, it is not sufficient for all heterozygotes selection. Thus, while our inference approach applies
to be superior to maintain stable genetic variability. nicely to populations of large sizes such®sophi-
However, for within-population DNA sequence data, la, in populations of small sizes, the conclusions may
except at some mutation hot spots such as those inoccasionally, depending on values\6f(s1+ s2) when
the human mitochondrial control region (Vigilant et equilibrium allele frequencies lie outside 0.2—-0.8,tend
al., 1991; Tamura & Nei, 1993), multiple hits seldom to favor dominance in a biased fashion.
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LNV NV gene conversion is frequent, there is little reason for it

b \ to be responsible for the positive relationship between
e TN the level of the neutral variation and recombination
/ D o rate observed iDrosophila Thus, our inference about
o .C dominance as the major genomic mod®nosophila
L1y > :
05 r 05" r mice, and humans should to be robust.
(@) (b)
LNV LNV
Discussion
o o We present a new method of inference approach to the
- mode of dominance and overdominance based on exist-
L b : .
05 r N 05 - ing theoretical results and employ well-corroborated
© (

data to show that dominance is unambiguously the
Figure 3 OQutliers in the regression analysis may help identify the major genomic .mOde IrOSODh”a Recemly emerg-
minor mode of genetic effects: a) outliers (points A and B) indicate  INg data from mice and humans also suggest that dom-
possible overdominant genomic regions while most genomic regions inance is the major genomic mode in these organisms.
are under dominance; b) outliers (points C and D) indicate potential This inference approach is useful for discriminating
dominant genomic regions while most genomic regions are under d . d d . th .
overdominance. Zero slope in the regression analysis may indicate: ° Ommanc_e an OYer ominance as the major g_eno_m-
c) few selected sites across genomic regions examined, if points areiC mode in organisms where controlled breeding is
scattered evenly around the flat line; or d) dominance and overdom- difficult. It is directly related to the issues concerned
inance distribute about equally across genomic regions examined, if with discriminating the mechanisms responsible for
points scatter more widely in genomic regions of lower . . h s .
maintaining genetic variability for most of the genomic
regions. It is also highly relevant to discriminating: 1)
dominance and overdominance as the major cause for
Associative overdominance (Houle, 1989) is a per- heterosis, and 2) mutation-selection balance and bal-
plexing problem in almost all short-term marker asso- ancing selection as the major mechanism for maintain-
ciated analyses of dominance and overdominance con-ing genetic variability of fitness. It should be noted that
cerning a chromosomal region. However, for our the above two issues and inferring the major genomic
approach it may at most elevate the level of neutral mode of dominance and overdominance are not entire-
variation in some particular chromosomal regions of ly the same but highly related questions. Unless there
restricted recombination for an evolutionarily short are only a few major genomic regions responsible for
period of time. Over time, the effects of associative the most of genetic variation and heterosis of fitness
overdominance will decay and eventually be elimi- (which is unlikely), the major genomic mode of dom-
nated due to recombination. As our conclusion and inance and overdominance should be the major mech-
approach are based on the level of the neutral varia- anism for heterosis and for maintaining genetic vari-
tion patterns across the genome that are shaped by theability of fitness.
long-term evolutionary history of populations, asso- During decades of studies on testing the neutral
ciative overdominance is unlikely to be a problem. In theory of molecular evolution (Kimura, 1968, 1983;
any case, the available data reveal a major genom-King & Jukes, 1969), methodologies have been devel-
ic mode of dominance ibrosophilaand possibly in oped and data are being accumulated that may help
mice and humans, so the associative overdominance isanswer some long-standing questions in evolution-
not a concern. ary and quantitative genetics. In principle, neutrali-
Other genetic processes such as gene conversiorty tests using DNA sequence data, such as Tajima’s
(Hilliker at al., 1994) may potentially have some test (Tajima, 1983), Fu and Li's test (Fu & Li, 1993),
impact on the proposed patterns between the level of the HKA test (Hudson, Kreitman & Aquade, 1987),
neutral variation and recombination rate. However, lit- and the Mcdonald-Kreitman test (McDonald & Kre-
tle is known about the frequency of gene conversion itman, 1991) may also be employed to discriminate
and the effects it may have on the proposed patternsdominance and overdominance concerning a specific
between the level of neutral variation and recombina- genomic region.
tion rate. Clearly, more information is needed. Even if
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