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NEWS AND VIEWS

Mating types and uniparental
transmission of chloroplast genes

Jfrom Brian Charlesworth

MANY sexually reproducing species of
lower eukaryotes are not differentiated in-
to males and females: all gametes are of
equal size. Nevertheless, in a large number
of species, gametes can be classified into
different mating types, such that successful
sexual fusion occurs only between cells of
opposite mating type. Such species are
called heterothallic, in contrast to homo-
thallic species where no such restrictions on
gametic union exist. The common pattern
in both algae and lower fungi is to have just
two mating types, controlled by alternative
mendelian alleles''2. In higher fungi
(Basidiomycetes), many mating types, with
more complex inheritance, may be
present?, Mating types present an in-
teresting problem for the evolutionary
theorist. An ancillary problem is posed by
the association of mating types with uni-
parental transmission of chloroplast genes
in the green algae Chlamydomonas?,
described in detail below.

The only serious theoretical study of the
evolution of mating types has recently been
made by Rolf Hoekstra*. He assumes a life
cycle characteristic of a yeast or unicellular
alga such as Chlamydomonas, in which
haploid cells proliferate vegetatively by
mitotic cell divisions. In appropriate condi-

tions, the vegetative cells can differentiate

into gametes, pairs of which can then fuse
to form diploid zygotes. The zygotes
undergo meiosis to produce tetrads of
haploid daughter cells, which resume the
cycle of vegetative growth, Hoekstra
assumes that the species is initially homo-
thallic, so that gametic union can occur
between cells derived by vegetative division
from the same meiotic product. Gamete
recognition and fusion depends on (at
least) two complementary factors, such asa
diffusible pheromonal attractant and a
corresponding receptor site, A gamete of a
homothallic species produces both factors,
and might be less efficient at recognition
than gametes specialized to produce just
one factor, because of seif-saturation of
the receptor sites. A mutant allele that, say,
abolishes production of the pheromone
might therefore have a selective advantage
and invade the homothallic population,
but clearly it cannot spread to fixation. Its
presence would facilitate the spread of a
mutant at another locus which abolishes
production of the receptor sites. Selection
would favour tighter linkage between the
two loci, leading ultimately to the existence
of a supergene involving variation of at
least two distinct but tightly linked loci,
with two complementary types of gamete
predominating in the population. This
prediction of a supergene controlling
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mating types agrees with genetic data on
Chlamydomonas’, and with both genetic
and molecular data on yeasts®%® The
model works best if the gamete recognition
depends in part on diffusible pheromones;
the mating-type loci in yeast are known to
control such pheromones >,

This model thus provides an attractive
explanation for heterothallism, at least for
the case of two mating types, but how does
one explain the existence of homothallic
species? Homothallism would be favoured
by selection in environments where popula-
tion density is low, so that the chance of en-
counter is small for gametes derived from
different vegetative clones. (This is
analogous to the selection pressure towards
self-fertilization observed in flowering
plant species in which pollination efficien-
cy is low!?)) Homothallism in yeast is
achieved by an elaborate mechanism in
which both sorts of mating-type gene are
present within each cell, one of the two be-
ing expressed as a result of movement to a
special chromosomalsite !, In this way, fu-
sions between gametes derived from the
same clone are made possible. There is also
indirect evidence for the presence of two
mating-type genes in the homothallic alga
Chlamydomonas monoica'?. This system
is most easily understood in terms of des-
cent from an ancestor that was originally
heterothallic.

As mentioned earlier, mating types in
Chlamydomonas raise another evolu-
tionary issue. Denoting the mating types in
heterothallic species as m¢ * and mi-, it was
discovered by Ruth Sager in 1954 that cer-
tain mutant alleles are only transmitted to
the progeny of a sexual cross when carried
in the mt* parent®. It now seems estab-
lished that such mutants are carried on the
chloroplast DNA *-' and that the chloro-
plast DNA from the mt- parent is
destroyed in the zygote shortly after
mating '>'¢, The chloroplast DNA in the
progeny thus comes only from the m¢*
parent and is apparently protected from
degradation by methylation of its cytosine
residues'®. This is in accordance with an
hypothesis of Sager and Ramanis?. UV ir-
radiation of the mt* gametes before mat-

ing reduces the frequency of uniparental |

transmission, showing that the effect of the
mt* locus is exerted before zygote forma-
tion '8,

A new twist to the story has been pro-
vided by the work of Van Winkle-Swift and
Aubert'? on the homothallic species
Chlamydomonas monoica. In crosses bet-
ween wild type and a mutant conferring
resistance to erythromycin (ery-ul), they
find that tetrads produced at meiosis show

either 100 per cent transmission of ery-ul
or 100 per cent transmission of wild type,
each type of tetrad occurring with roughly
equal frequency. They suggest that haploid
cells of C.monoica contain both mt* and
mt~ genes, but a gamete expresses only one
of these, with fertile unions occurring sole-
ly between mt* and m¢~. Uniparental in-
heritance follows the usual mating-type
rule, accounting for the two classes of
tetrad.

The evolutionary raison d’étre of this
convoluted mechanism of transmission of
chloroplast DNA has been somewhat
obscure, although Sager!® has suggested
that it has the advantage of suppressing
recombination between chloroplast genes.
A simple explanation in terms of ‘selfish
DNA’ is as follows. Consider a hetero-
thallic species in which mr* and mt-
chloroplast genomes are transmitted in
equal frequency to the next generation. A
chloroplast mutation arises which interacts
with a product of the mating-type region,
in such a way that it causes destruction of
the mt- -derived chloroplast DNA when
transmitted via an mt* gamete. Such a
mutation will spread to fixation, sinceiten-
sures the exclusion from the progeny of
chloroplast genomes derived from the op-
posite parent. A similar mechanism will
operate in homothallic species, if Van
Winkle-Swift and Aubert’s model is cor-
rect and provided that at least some
matings take place between gametes de-
rived from different meiotic products. A
difficulty is that two functions are required
for uniparental transmission: protection of
the m¢ *-derived DNA and destruction of
unprotected DNA. The postulated variant
would thus have to involve a double muta-
tional event. A similar requirement for two
mutations exists for systems of unequal
transmission of nuclear genes in other
organisms®, (
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