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Worm strains mix but don’t match

The resources that have made the
worm Caenorhabditis elegans a
model laboratory organism for
developmental genetics research are
increasingly proving to be just as
useful for studies of natural genetic
variation. In a study that started with
a skewed Mendelian ratio, H. Seidel,
M. Rockman and L. Kruglyak have
established, through population
genetic and genomic analysis, that
many worldwide populations of the
worm harbour alleles at two linked
loci that are incompatible with each
other. The alleles that underlie such
detrimental interactions would

normally be eliminated from the
population but are retained in this
instance by balancing selection.

To study natural genetic variation,
the authors repeatedly intercrossed

the Bristol strain of C. elegans, the
standard laboratory worm, and

a Hawaiian strain, CB4856. The
descendent strains showed a marked
under-representation of Hawaiian-
strain alleles in one region of the
genome. Crosses revealed that this
biased segregation pattern was

due to the loss of progeny that are
homozygous for the Hawaiian region
and that, curiously, the lethality only
occurs when the zygote is fertilized
by sperm from a worm carrying

a Bristol allele at a linked locus. This
Bristol allele is not inherited by the
dying embryos — it operates through
the sperm by paternal effect.

The two loci in question — zeel-1
(zygotic epistatic embryonic lethal 1)
and peel-1 (paternal effect epistatic
embryonic lethal 1) — were mapped
to the same, highly polymorphic
33-kb region. Surprisingly, tight
linkage between these alleles persists
in all but one of the 62 wild isolates
of C. elegans that were studied
— that is, nearly all the lines are
exclusively compatible with either
the Bristol or the Hawaiian strain.
Furthermore, the strains within each
category share the same haplotype
in the zeel-1/peel-1 interval.

The biological functions of zeel-1
and peel-1 are not clear, although
zeel-1 shows homology to a subunit
of an E3 ubiquitin ligase complex.
The authors speculate that wild-type
ZEEL-1 might counteract the toxic
effect of paternally supplied PEEL-1.

The effect of a paternal-effect allele
is intriguing in light of the fact that
events early in embryogenesis are
largely governed by maternal, not
paternal, products.

From a population genetics per-
spective the challenge is to explain
how the two incompatible zeel-1/
peel-1 haplotypes could be main-
tained over an estimated 3.5 million
generations. This region is rather
peculiar: the fact that it has accumu-
lated more mutations than expected
under neutrality is suggestive of
balancing selection, which works to
maintain genetic polymorphism.

The cause of the balancing selec-
tion remains to be identified. For
now, the working model is that the
developmental incompatibility arises
as a side effect of balancing selec-
tion. Because of the worms largely
selfing mode of reproduction, each
zeel-1/peel-1 haplotype would be free
to accumulate mutations: the fitness
consequences of these new, poten-
tially incompatible but as yet unchal-
lenged variants would be uncovered
by selection only rarely, that is, when
they are outcrossed.
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