
Polyploidy and Gender
Dimorphism

Miller and Venable (1) claimed that
polyploidy is a “trigger of unrecognized im-
portance” for the evolution of gender dimor-
phism, an idea originally proposed by Jen-
nings (2) and Baker (3). In our opinion, their
phylogenetic analysis of North American Ly-
cium (Solanaceae) does not support the
claimed associations between polyploidy,
self-fertility, and gender dimorphism. There
is no support (bootstrap ,50%) for the sister
group to the gynodioecious clade, and col-
lapsing the nodes supported by ,50% boot-
strap results in an unresolved polytomy at the
base of Lycium 1 Grabowskia. Thus, the
inferred ancestral state for the gynodioe-
cious clade may not even be self-incompat-
ibility. The limited taxonomic sampling,
which encompassed 13 of some 100 species
of Lycium, and limited geographic sam-
pling, which included no Asian, African, or
Australian species of Lycium, further re-
duces confidence in the published topolo-
gy. And only a single concurrent origin of
dimorphism and polyploidy was hypothe-
sized, which makes it difficult to assess the
temporal order and statistical significance
of the character changes.

As evidence for self-compatibility, Mill-
er and Venable cited a greater proportion of
selfed pollen tubes at the base of the style
in dimorphic species relative to cosexuals
[figure 4 of (1)], but they did not give the
total number of pollen tubes reaching the
base. Because the hermaphrodites of the
dimorphic species specialize as males and
set very few seeds, however, the total num-
ber of pollen tubes reaching the base of the
style is likely to differ substantially be-
tween the cosexual and dimorphic species.
Consequently, the log ratio of outcross to
self pollen tubes reaching the base of the
style is also likely to differ, and self-com-
patibility will easily get confounded with
gender specialization in the hermaphrodites
of the dimorphic species.

Self-incompatibility and dioecy are
known to occur in genera (4) not mentioned

in table 1 of (1). Moreover, in half of the
genera presented in that table, the ancestor
may be polyploid rather than diploid. Miller
and Venable mentioned 37 related pairs of
taxa where polyploidy disrupted self-incom-
patibility, yet they do not discuss the frequen-
cy of gender dimorphism in these taxa.

The authors claim that the combined
appearance of polyploidy and consequent
loss of self-incompatibility play an impor-
tant role in the evolution of gender dimor-
phism. To demonstrate the importance of
the pathway with both loss of self-incom-
patibility and polyploidy in the evolution of
gender dimorphism, however, it is not suf-
ficient to demonstrate that the pathway ex-
ists, as Miller and Venable have done in
table 1 of (1). Instead, one must also dem-
onstrate that gender dimorphism arises
more frequently via this pathway than via
other pathways. Self-incompatibility sys-
tems have been lost repeatedly, often in the
absence of polyploidy (5). Indeed, theoret-
ical modeling and empirical evidence both
suggest that inbreeding depression is stron-
ger in diploid than in polyploid species (6,
7). Hence, male sterile mutants would be
even more likely to invade in diploid than
in polyploid species that have lost self-
incompatibility.

Figure 1 schematically illustrates this issue.
If gender dimorphism is equally or more fre-
quently associated with self-compatible diploid
taxa than with self-compatible polyploid taxa
(each being derived from self-incompatible dip-
loid ancestors), as depicted in Fig. 1A, the
result suggests that the loss of self-incompati-
bility but not polyploidy is important in the
evolution of gender dimorphism. If, by con-
trast, gender dimorphism is equally or more
frequently associated with polyploid self-in-
compatible taxa than with polyploid self-com-
patible taxa (both derived from diploid self-
incompatible ancestors), as depicted in Fig. 1B,
the result suggests that polyploidy but not loss
of self-incompatibility is important in the evo-
lution of gender dimorphism.

Johanne Brunet
Aaron Liston

Department of Botany and Plant Pathology
Oregon State University

Corvallis, OR 97331–2902, USA
E-mail: brunetj@ava.bcc.orst.edu

References
1. J. S. Miller, D. L. Venable. Science 289, 2335 (2000).
2. D. L. Jennings, in Evolution of Crop Plants, J. Smartt,

N. W. Simmonds, Eds. (Longman Group, Essex, UK,
1976), pp. 251–254.

3. H. G. Baker, Am. Nat. 124, 149 (1984).
4. D. Charlesworth, in Evolution: Essays in Honour of

John Maynard Smith, P. J. Greenwood, P. H. Harvey,
M. Slatkin, Eds. (Cambridge Univ. Press, Cambridge,
1985), pp. 237–268.

5. S. G. Weller, M. J. Donoghue, D. Charlesworth, in
Experimental and Molecular Approaches to Plant Bio-
systematics, P. C. Hoch, A. G. Stephenson, Eds. (Mis-
souri Botanical Garden, St. Louis, MO, 1995), pp.
355–382.

6. R. Lande, D. W. Schemske, Evolution 39, 23 (1985).
7. B. C. Husband, D. W. Schemske, Evolution 51, 737

(1997).

11 October 2000; accepted 21 December 2000

Response: Although Jennings (1) and Baker
(2) did remark on the potential connections
among polyploidy, loss of incompatibility,
and gender dimorphism, our study (3) was, to
our knowledge, the first to document this
scenario in nature and to provide comparative
evidence suggesting its significance for the
evolution of gender dimorphism in plants.

As Brunet and Liston suggest, support for
the sister group to the gynodioecious clade in
the published Lycium phylogeny is weak; how-
ever, a broader phylogenetic analysis, including
25 species from five continents (4), gave sim-
ilar results. The gynodioecious clade is strongly
supported, and its sister group does not change
in the most parsimonious trees. More to the
point, any putative sister group is very likely
self-incompatible and diploid, because all co-
sexual Lycium tested to date are self-incompat-
ible diploids. Self-incompatibility is both ances-
tral and widespread in Lycium; alleles at the
S-locus show transgeneric evolution and are
more closely related to S-alleles in other So-
lanaceous genera than to other S-alleles in Ly-
cium [reference 23 in (3)]. The transition in
Lycium from diploid self-incompatible cosexu-
ality to polyploid self-compatible gender di-
morphism happened too fast to leave a phylo-
genetic record of the order of the transitions, but
our hypothesized order seems the most plausi-
ble (5).

We did not confound self-compatibility in
the hermaphrodites of the dimorphic species
with gender specialization, as Brunet and Lis-
ton suggest. The dimorphic hermaphrodites,
whether selfed or outcrossed, have numbers
of pollen tubes similar to the numbers for
outcrossed, but not selfed, cosexual species
(4). The self-incompatibility reaction was
seen in selfed cosexuals, but not in selfed
dimorphic hermaphrodites (4).

Fig. 1. Hypothetical
pathways for the evo-
lution of gender dimor-
phism from cosexual
ancestors. D, diploid; P,
polyploid; SI, self-in-
compatible; SC, self-
compatible. All species
are derived from diploid, self-incompatible ancestors. (A) Situation in which gender dimorphism is more
often associated with diploid self-compatible species than with polyploid self-compatible species. (B)
Situation in which gender dimorphism is more often associated with polyploid self-incompatible species
than with polyploid self-compatible species.

T E C H N I C A L C O M M E N T

23 FEBRUARY 2001 VOL 291 SCIENCE www.sciencemag.org1441a



That self-incompatibility and dimorphism
occur together in some plant taxa shows that
dimorphism evolves through a variety of sce-
narios—hardly a surprising finding (6). Ta-
ble 1 in (3) includes only examples where
both polyploidy and gender dimorphism are
apparently derived. Our survey [p. 2337 and
figure 1 in (3)] was done to test the first step
in the proposed scenario. The frequency of
dimorphism among these self-compatible
polyploids is roughly one-third. These data
probably do not provide a reasonable test for
the frequency of dimorphism among recently
self-compatible polyploids (among other
things, cases of experimental induction of
polyploidy were included). Yet they suggest
that our scenario may be common, in view of
the frequency of polyploid events in self-
incompatible groups in nature. Many
polyploid, self-compatible species may re-
main self-compatible cosexuals [p. 2337 of
(3)]; we suggest that gender dimorphism is
but one outcome following such an event.

Our scenario does not require that in-
breeding depression be stronger in polyploids
than diploids. It need only be strong enough
to permit, in combination with any resource
compensation, the invasion of females. None-
theless, we would argue that the paucity of
currently available data makes the wide-
spread acceptance of the view that inbreeding
depression is weaker in polyploids prema-
ture. This result depends upon the model of
mutation assumed (7), and the available em-
pirical evidence is at best mixed (8, 9).

We view the final argument of Brunet and
Liston—that establishing the importance of
the scenario described in (3) requires demon-
strating that this scenario arises more fre-
quently than others—as unjustified, because

we never asserted that our scenario was the
most important for the evolution of gender
dimorphism. Still, their suggestion that statis-
tics on frequencies of different evolutionary
events could be used to support the proposed
scenario is reasonable. Formulating the cor-
rect comparisons to document the proposed
mechanism is subtle, however, and we are not
convinced that the comparisons Brunet and
Liston suggest are the crucial ones. Rather,
we contend that there is comparative support
for polyploidy as a trigger for the evolution of
gender dimorphism, as long as (i) polyploidy
results in the breakdown of self-incompatibil-
ity, and (ii) self-compatibility triggers gender
dimorphism in polyploids, as is widely ac-
cepted for diploids. An appropriate compari-
son for (i) would be to ask whether the fre-
quency of loss of self-incompatibility follow-
ing polyploid speciation from self-incompat-
ible diploid hermaphroditic ancestors is
greater than the frequency of loss of self-
incompatibility following non-polyploid spe-
ciation. An appropriate test for (ii) would be
to ask whether the frequency of gender di-
morphism is higher in self-compatible than in
self-incompatible polyploids.

With regard to (i), in the survey reported
in (3), self-incompatibility was lost in 70% of
the polyploid species associated with self-
incompatible diploid hermaphrodites. We do
not have a frequency for the loss of self-
incompatibility following non-polyploid spe-
ciation, but the natural history of self-incom-
patibility suggests it is probably lower than
70% [see, e.g., (10)]. As for (ii), roughly,
one-third of these same 70% self-compatible
polyploids are dimorphic, whereas gender di-
morphism is absent among the self-incompat-
ible polyploids in this survey. Comparative

data on the relative frequencies of these
events and other transitions to gender dimor-
phism will be a welcome addition to our
understanding of the importance of different
scenarios.
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