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LETTERS TO THE EDITOR

 

The unsolved problem of how the pol-
len and pistil components of an-
giosperm self-incompatibility (SI) are
inherited has a long history (Lewis,
1960). A recent paper provides evi-
dence, based on transgenic experi-
ments in 

 

Solanum chacoense

 

, that a
single amino acid difference between
proteins encoded by two very similar
SI-specifying (

 

S

 

) alleles can result in
plants that reject the pollen of both al-
leles (Matton et al., 1999). The authors
propose that this result may help solve
the difficult problem of how new 

 

S

 

 al-
lele specificities could arise over evolu-
tionary time if there are separate (but
linked) loci for pollen and pistil specific-
ities. The purpose of the present Letter
is to suggest, however, that this pro-
posal is implausible.

The first step in the proposed path-
way from one allele (

 

S

 

x

 

) to a new func-
tional allele (

 

S

 

y

 

) could be a change in
the pistil component of recognition,
from an allele that recognizes its own
corresponding pollen specificity (

 

S

 

x

 

), to
a dual-function allele (designated 

 

S

 

xyF

 

for specificities 

 

x

 

 and 

 

y

 

 in the female
function) that recognizes both 

 

S

 

y

 

 and 

 

S

 

x

 

pollen. The 

 

S

 

y

 

 component of such a
dual-recognition allele should be effec-
tively “neutral” to the extent that no
corresponding 

 

S

 

yM

 

 (male) function
would preexist in the population. As
pointed out by Matton et al. (1999), the

 

S

 

xyF

 

 allele could therefore persist in the
population, and would not suffer the evi-
dent disadvantage (in a two-gene sys-
tem) that a changed pollen or pistil
specificity, without a change in the
other component, would simply cause
self-compatibility (Charlesworth, 1995).
Matton et al. (1999) propose that this
first change, to dual specificity, might
later be followed by changes in the
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male function, creating a new specific-
ity haplotype with female and male al-
leles 

 

S

 

xyF

 

 and 

 

S

 

yM

 

, respectively. Finally,
loss of the dual specificity by replace-
ment of 

 

S

 

xyF

 

 by 

 

S

 

yF

 

 could lead to a fully
functional system of SI based on the
novel 

 

S

 

 haplotype, 

 

S

 

yF

 

–

 

S

 

yM

 

. (The oppo-
site order of the changes, i.e., pollen re-
action changed first, followed by changed
pistil reaction, would also be possible,
and everything below can also be ap-
plied to this version.)

On closer examination, this attractive
scenario appears less easy to accept.
Consider a two-locus model, as hy-
pothesized by Matton et al. (1999). In a
population in which the first change has
occurred, so that the population con-
tains both the initial 

 

S

 

xF

 

–

 

S

 

xM

 

 haplotype
and the new 

 

S

 

xyF

 

–

 

S

 

xM

 

 one, the requisite
change to generate 

 

S

 

yM

 

 must subse-
quently happen in the very same haplo-
type that carries the 

 

S

 

xyF

 

 allele at the
female function gene. Otherwise, if the

 

S

 

yM

 

 allele appeared in a different haplo-
type, say the 

 

S

 

a

 

 haplotype, the new “

 

y

 

-
type” specificity would encounter two
disadvantages. Table 1 shows how the
model of Matton et al. (1999) would be-
have in this case and illustrates the dif-
ficulties. First, 

 

S

 

aF

 

–

 

S

 

yM

 

 plants would
have the disadvantage of being self-
compatible; the disadvantage that new
specificities cause loss of self-incom-
patibility thus appears at this stage of
the evolutionary process, rather than at
the first step, and is not eliminated by
allowing dual-specificity alleles. Sec-
ond, the new 

 

S

 

yM

 

 pollen would be in-
compatible with unrelated plants
carrying 

 

S

 

xyF

 

, leading to lower fertility
for this pollen type than for other pollen
types. (

 

S

 

xM

 

 would also manifest this
problem, but would confer self-incom-
patibility.) Thus, 

 

S

 

yM

 

 would be a cross-

incompatibility allele, not a new SI al-
lele, and would be more likely to be
eliminated from the population than to
be selectively advantageous. In view of
the two disadvantages of the 

 

S

 

aF

 

–

 

S

 

yM

 

haplotype, it seems that 

 

S

 

yM

 

 could be
an evolutionary successful mutation
only if it were to occur in the haplotype
that carries the 

 

S

 

xyF

 

 allele. It is therefore
unnecessary to discuss mechanisms
by which the two “

 

y

 

-type” components
might subsequently be brought to-
gether into a single 

 

S

 

yF

 

–

 

S

 

yM

 

 haplotype.
Can we then envisage the evolution

of an 

 

S

 

yF

 

–

 

S

 

yM

 

 haplotype by assuming
that the 

 

S

 

yM

 

 mutation arises from the
S

 

xyF

 

–

 

S

 

xM

 

 haplotype? This would pro-
duce self-incompatibility and cross-
compatibility, as required, but the diffi-
culties are not eliminated. We still have
a process requiring three successive
mutations all within the same haplotype
(loci affected shown in bold):

(1)

(2)

(3)

Note that the second of these muta-
tions must create a male determinant
that is rejected by the pistil 

 

y

 

 specificity
of the haplotype (but not by its 

 

x

 

 speci-
ficity, because the new haplotype ulti-
mately generated by these mutations
should not be rejected by pistils with 

 

x

 

specificity). The other two mutations
(steps 1 and 3), moreover, must both
occur in the same gene. This might be
plausible, given the large amounts of
time available for self-incompatibility to
evolve, but it is difficult to accept that
this process could occur for each new
specificity, given the very high numbers of
specificities in some species (sometimes

SxF SxM– SxyF SxM–→

SxyF SxM– SxyF SyM–→

SxyF SxM– SyF SyM–→
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as many as a hundred or more; e.g.,
Bernatzky et al., 1988; Okazaki et al.,
1997).

Given the mounting evidence that
separate pollen and pistil genes exist
in a self-incompatible Brassica spe-
cies (Schopfer et al., 1999), along with
the clear implication of two-gene
systems in fugal incompatibility (see
Casselton, 1997, 1998), there is a press-
ing need to solve the puzzle of how

new specificities arise. It seems, how-
ever, that the possibility of dual speci-
ficities does not provide an easy
solution to this puzzle.

 

Deborah Charlesworth
Institute of Cell, Animal and
Population Biology (ICAPB)

University of Edinburgh
Ashworth Lab. King’s Buildings

W. Mains Rd., Edinburgh EH9 3JT, UK
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Table 1.

 

Step-Wise Process leading to New SI Specificity

 

a

 

Step No. Mutation Haplotype Phenotype

 

S

 

xF

 

2

 

S

 

xM

 

Self-incompatible (specificity 

 

x

 

), cross-compatible with all 
non-

 

x

 

 alleles
1

 

S

 

xF

 

⇒

 

S

 

xyF

 

⇓

 

S

 

xyF

 

2

 

S

 

xM

 

Self-incompatible (specificity 

 

x

 

), cross-compatible with all 
non-

 

x

 

 alleles
2

 

S

 

aM

 

⇒

 

S

 

yM

 

⇓

 

S

 

aF

 

2

 

S

 

yM

 

Self-compatible, pistil cross-compatible with all non-

 

a

 

 
alleles, but pollen incompatible with 

 

S

 

xyF

 

3

 

S

 

aF

 

⇒ SyF ⇓
SyF2SyM Self-incompatible (specificity y), cross-compatible with all 

non-y alleles, complete new specificity

a An evolutionary model for SI is depicted. The model assumes separate but tightly linked pol-
len and pistil genes; note that the second mutation does not occur in the same haplotype as
the first (but in a haplotype with pistil allele SaF).

Evolutionary Dynamics of Dual-Specificity
Self-Incompatibility Alleles

Allelism is one of the most striking
characteristics of the S locus, which
controls self-incompatibility (SI) of flow-
ering plants. The deceptively simple bi-
ology of SI requires some degree of
allelism: styles reject those pollen
grains that express an S allele that they
themselves express. Even though a
population expressing gametophytic SI

can theoretically persist with only three
S alleles, natural populations generally
contain many more.

How do new S alleles evolve? De-
spite progress in the identification of
genes involved in SI, answers to this
apparently straightforward question re-
main elusive. Attempts to change the
specificity of an S allele by mutation or

meiotic recombination have been un-
successful. The most likely explanation
for this failure is that the S locus con-
tains at least two genes: a style gene
that encodes a factor to disable incom-
patible pollen and a pollen gene that
encodes a factor to control recognition
of the disabling style factor. Because
mutations that alter allelic specificity


