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ABSTRACT

Self-fertilizing species often harbor less genetic variation than cross-fertilizing species, and at least four
different models have been proposed to explain this trend. To investigate further the relationship between
mating system and genetic variation, levels of DNA sequence polymorphism were compared among three
closely related species in the genus Caenorhabditis: two self-fertilizing species, Caenorhabditis elegans and
C. briggsae, and one cross-fertilizing species, C. remanei. As expected, estimates of silent site nucleotide
diversity were lower in the two self-fertilizing species. For the mitochondrial genome, diversity in the
selfing species averaged 42% of diversity in C. remanei. Interestingly, the reduction in genetic variation
was much greater for the nuclear than for the mitochondrial genome. For two nuclear genes, diversity
in the selfing species averaged 6 and 13% of diversity in C. remanei. We argue that either population
bottlenecks or the repeated action of natural selection, coupled with high levels of selfing, are likely to
explain the observed reductions in species-wide genetic diversity.

fundamental goal of population genetics is to un-
derstand the forces maintaining genetic variation
in natural populations. Since different evolutionary pro-
cesses are expected to have different effects on the ge-
netic variation found within a species, it is possible to
use trends in patterns of DNA sequence variation to
identify the forces that drive evolution at the molecular
level (see Kimura 1983; Li 1997).

For example, studies of Drosophila melanogaster have
revealed that genes situated in regions of the genome
with greatly reduced rates of recombination (crossing
over) are much less variable than genes in regions with
normal rates of recombination (Aguadé et al. 1989;
Berry et al. 1991; Begun and Aquadro 1991, 1992;
Langley et al. 1993). Subsequent work has shown that

et al. 1995). An alternative model is background selec-
tion, in which a steady rain of deleterious mutations
drives variation out of regions of low recombination,
since it is here that the largest segments will be dragged
to eventual loss along with every deleterious allele that
is eliminated (Charlesworth et al. 1993; Hudson and
Kaplan 1995; Nordborg et al. 1996). Much current
research in molecular population genetics is focused
on testing patterns of DNA sequence variation against
detailed predictions that arise from these models (for
recent reviews see Aquadro 1997; Charlesworth and
Charlesworth 1998).

Genetic diversity also varies in a consistent manner
between species with divergent mating systems: Self-fer-
tilizing species often harbor less genetic variation than
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TABLE 2
Comparisons of nucleotide diversity between nematode species with different mating systems
Mating No. Length  Silent No. Tajima’s
Gene  Species system strains (bp) sites? haplotypes P/S/R® D® m X 1078 g X 1073
tra-2 elegans Self 20 670 297 1 0/0/0 — 0 0
briggsae Self 6 760 500 2 9/0/4 1.3 6.3 5.3
remanegi Cross 12 418 184 12 127272 0.4 11.2 20.6
glp-1 elegans Self 20 547 353 2 1/1/0 1.3 0.9 14
briggsae Self 6 670 222 3 3/1/1 0.9 2.3 4.2
remanei Cross 12 426 137 10 20/12/3 0.4 18.8 45.7
coll elegans Self 11 696 151 4 15/14/1 17 10.2 43.2
briggsae Self 6 686 149 5 16/16/0 -0.4 9.6 44.3
remanei Cross 12 686 147 8 38/37/1 1.0 22.8 104.8
spe-9 elegans Self 16 3385 1869 4 6/2/2 -1.3 0.3 0.5
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Figure 2.—Silent site divergence esti-
mated between different strains within each
species (C. elegans, C. briggsae, and C. rema-
nei), for each of three genes (tra-2, glp-1,
and COII), depicted in the form of un-
rooted trees. At the top right is the scale
used for horizontal distances in all trees
(the bar represents divergence between two
sequences of 0.005, which is approximately
one substitution per 200 silent sites). No
tree isdepicted for tra-2 in C. elegans because
no variation was observed in the sample of
tra-2 sequences for this species. The two
nuclear gene sequences (tra-2 and glp-1)
from the two selfing species (C. elegans and
C. briggsae) always clustered into a small
number of distinct haplotypes, with little or
no sequence variation apparent within each
haplotype group. The same was not true
for the nuclear gene sequences obtained
from the cross-fertilizing species (C. rema-
nei). The mitochondrial gene sequences
(COll) also did not tend to cluster into a
small number of distinct haplotypes in any
species. Asterisks denote three C. remanei
strains that were recovered at one site
(within a 10-m radius) on the same day. The
C. elegans COIll sequences are from Thomas
and Wilson (1991).

agreement suggests that the same evolutionary mecha- morphisms that would have been favored by overdomi-
nism could account for the observed patterns of varia- nant selection (heterozygote advantage), and (3) en-
tion at both nuclear and mitochondrial genes in these hanced effects of selection at linked sites (either genetic
selfing species. As discussed above, the additional mech- hitchhiking or background selection) due to reduced
anisms that have been proposed include (1) repeated effective recombination rates.

population bottlenecks, (2) the loss of balanced poly- Since mtDNA is cytoplasmic and effectively haploid,
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N sShould not be reduced by the loss of balanced poly-
morphisms in self-fertilizing species. The observed re-
ductions in nucleotide diversity for the mtDNA suggest
that the loss of balanced polymorphisms is not the pri-
mary factor that has reduced genetic variation in these
two selfing species.

With the possible exception of tra-2 in C. elegans, none
of the patterns of haplotype diversity were consistent
with a recent, species-wide, selective sweep at or near the
genes studied (Table 2 and Figure 2). Indeed, although
there were trends in this direction, none of the neutral-
ity tests indicated a significant excess of rare alleles (Ta-
ble 2). For this reason, if selective sweeps due to hitch-
hiking are responsible for the reduced variation observed
in the selfing species, then either the selected alleles
must be loosely linked to the loci studied here or alterna-
tive alleles must have been favored in different popula-
tions.

Most of the processes invoked in models to explain
reduced diversity in selfing species are expected to re-
duce primarily the within-population diversity (Charles-
worth et al. 1997). These effects may extend to the

Wilson (1991) sampled a total of 155 silent sites among
11 alleles of the calmodulin (cal-1) gene in C. elegans and
observed no polymorphisms. Like the tra-2 gene, the
cal-1 gene is located in an autosomal region with rela-
tively low rates of recombination (local recombination
rate for cal-1 is estimated to be 1.0 cM/Mb). More re-
cently, in a large-scale search for single nucleotide poly-
morphisms to be used for genetic mapping experi-
ments, random genomic sequences from four wild
isolates were compared to the published sequence from
the standard laboratory strain, N2 (Koch et al. 2000).
On the basis of a comparison of ~730 kb of sequence
in this manner, a total of 313 single nucleotide muta-
tions were identified. These results correspond to an
average nucleotide diversity of ~ar, = 313/730,000 =
0.0004. This estimate agrees with the average value, m, =
0.0006, observed across three nuclear genes in our study
(Table 2).

Koch et al. (2000) also found that polymorphism lev-
els are much higher in the lateral regions (arms) of
each autosome than in the central regions and interpret
this as evidence that genes on the autosomal arms expe-
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combination of population bottlenecks and the action
of natural selection on nuclear genes probably explains
the reduced genetic variation in these species. Applica-
tion of this approach to other comparisons across mat-
ing systems should allow us to model the effect of mating
system evolution on genetic variation with greater con-
fidence.
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