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The genetic control of self-incompatibility (SI) was studied in the Mediterranean short-lived perennial
species Anagallis monelli (Primulaceae: Myrsinaceae). Arrays of siblings, including families derived
from reciprocal crosses, were cross-pollinated in full diallels, and compatibility groups were assesssed
from a census of fruit-set. Two, three and four intercompatible and intraincompatible groups were
found. These crossing relationships ®t the model for gametophytic SI controlled by a single
polymorphic gene locus in families derived from parents with one or no S alleles in common (two vs.
four compatibility groups), whilst one genotype was presumed to be missing in the small families that
showed only three compatibility groups.
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Introduction

Three major systems of self-incompatibility (SI) are
known in ¯owering plants: homomorphic, gametophy-
tic SI (GSI), homomorphic, sporophytic SI (SSI), and
heteromorphic SI (HetSI) (see recent review by Hiscock
& KuÈ es, 1999). Both homomorphic systems have a
genetic control usually of one gene with multiple
alleles; however, while in GSI the S-genotype of the
haploid (usually two-celled) pollen phenotype e�ect-
ively determines the SI reaction, in SSI the incompa-
tibility reaction of the (usually three-celled) pollen is
determined by both S-alleles present in the pollen
parent. Moreover, whereas the S-alleles show codom-
inance in GSI, in all SSI cases analysed thus far the
S-alleles show a hierarchy of dominance±recessive
interactions. HetSI is controlled by one gene with
two alleles Ð one dominant and one recessive in the
more common distylic condition Ð and two epistatic
genes each with two dominant-recessive alleles in the
rarer tristylic condition (Ganders, 1979).
Present knowledge of the distribution of these SI

systems in angiosperm families is very variable. Data
for HetSI, comprising some 165 genera and 25 families
(Ganders, 1979), are mostly complete, mainly because
the presence of this SI mechanism is usually signalled
by evident ¯oral di- or trimorphy (although it should
be noted that the number of HetSI taxa for which the
genetic control of SI has been rigorously characterized

are few). In contrast, SSI seems to be restricted to only
®ve (eight according to some authors; see discussion
below) families: Asteraceae (Gerstel, 1950; Hughes &
Babcock, 1950), Brassicaceae (Bateman, 1954), Betul-
aceae (Thompson, 1979), Caryophyllaceae (Lundquist,
1990) and Convolvulaceae (Martin, 1968).
The occurrence of GSI is more problematical. Gen-

erally this is regarded as the most widespread SI system;
estimates range from it occurring in around half of the
¯owering plant species (Brewbaker, 1959), in 71 families
(Richards, 1986), or 60±90 families Weller et al. (1995).
However, detailed studies on the genetic control that
clearly establishes GSI (i.e. involving diallel crosses
within progeny arrays) have been undertaken for very
few species from some 15 to 17 families (Mau et al.,
1991). Most cases of alleged GSI encountered in the SI
literature derive from reports for taxa in which `self-
incompatibility' has been determined, and for which a
syndrome of characters (absence of ¯oral heteromorphy,
two-celled pollen, absence of pollen inhibition at the
stigma) favour a GSI interpretation over other SI
mechanisms. However, exceptions are known for each
of these syndrome characters, e.g. two-celled pollen with
SSI in Betula, three-celled pollen with GSI in Cactaceae
and Poaceae; moreover, it is likely that reports of
assumed gametophytic SI for some species, particularly
in studies that do not include observations of postpol-
lination events, may actually refer to cases of `late-acting
SI' or early inbreeding depression (Seavey & Bawa,
1986; Sage et al., 1994; Gibbs & Bianchi, 1999; Lipow &
Wyatt, 2000).*Correspondence. E-mail: peg@st-andrews.ac.uk
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Mechanisms of SI seem to be mostly mutally exclu-
sive at the family level because, with the recent
exception of the Polemoniaceae, with GSI in Phlox
(Levin, 1993) and SSI in Linanthus (Goodwillie, 1997),
GSI and SSI are not found in the same family, and
likewise there are no examples of SSI and HetSI
reported in the same family (cf. Ganders, 1979).
However, both HetSI and GSI are found in a number
of families (de Nettancourt, 1977). This is partially a
re¯ection of the fact that only a few families have
widespread HetSI (e.g. Primulaceae, Plumbaginaceae,
Rubiaceae). A more common situation is for occasional
HetSI genera or species to be found in families that
otherwise lack SI or in which other taxa have GSI
(e.g. Jepsonia is the only genus with HetSI in the
Saxifragaceae, and only four of some 400 Hypericum
species have HetSI). It is likely that HetSI has
evolved independently more frequently than homo-
morphic systems.

Two opposing theories have been proposed for the
evolution of HetSI: the more traditional view holds
that the diallelic incompatibility mechanism evolved
®rst, and was followed by the accumulation of ¯oral
morph features that promote disassortative pollination
between the two compatible genotypes in the popula-
tion and thus diminish pollen wastage. A more recent
hypothesis (Lloyd & Webb, 1992) proposes that ¯oral
heteromorphy, via approach herkogamy, precedes the
acquisition of SI. The former theory would imply that
there may be some species with diallelic SI that lack
the associated ¯oral morph features. The only such
case in the literature to our knowledge is the SI
reported in Capsella grandi¯ora (Riley, 1936), for
which control by two genes each with two alleles (as
in tristylous species) was proposed. Lewis (1949) noted
that this example supported the view that incompati-
bility came ®rst and heterostyly (when it occurs)
followed as a reinforcement.

The case of Capsella grandi¯ora needs further
investigation because it seems unlikely that a genus
of the SSI family Brassiceae shows diallelic SI. How-
ever, SI species that lack obvious ¯oral dimorphy in
such predominantly HetSI families as the Primulaceae
and Rubiaceae are an obvious focus of interest, and
such taxa would seem to be a priori potential candi-
dates for `cryptic' diallelic SI. Given that a number of
species of the Primulaceae tribe Anagallideae have been
reported to have nonheterostylic but uncharacterized
SI, e.g. Lysimachia nummularia (Dahlgren, 1922),
Trientalis arctica (Pojar, 1974) and T. borealis
(Anderson & Beare, 1983; Barrett & Helenurm,
1987), and Anagallis monelli (Gibbs & Talavera,
2001), the objective in the present study was to clarify
the genetic basis for SI in this latter species.

Materials and methods

The species

Anagallis monelli is a profusely ¯owering, short-lived
perennial species distributed in the western Mediterra-
nean. Its reproductive biology was studied in the ®eld by
Gibbs & Talavera (2001), who reported it to be self-
incompatible. Cytological studies by Talavera et al.
(1997) established that A. monelli is diploid (2n� 20).
Chromosome pairing at microsporogenesis is regular,
with 10 bivalents in all Metaphase I plates analysed
(n� 100), and the pollen has simultaneous formation,
and is two-celled at time of release from the anther
(S. Talavera, unpubl. data).

Parents and progeny

In July 1996, 200 fruit were collected from 10 plants (20
from each) in a population of A. monelli growing in
open Quercus suber±Pinus pinea woodland near Hinojos,
Huelva province, SW Spain. The fruit were stored in the
dark at room temperature until sowing. In September,
seeds were bulked and put to germinate on moist ®lter

Fig. 1 Results of diallel cross in a sample of nine plants of
Anagallis monelli used to generate seed for progeny arrays. For
each cell, top left � number of fruits/number of pollinations.

Each cross scored as compatible (+) or incompatible (±) or
not attempted (?). D1, etc. are family numbers, D3R indicates
reciprocal family. Note: all plants were self-incompatible, and

that of the nine parental plants, only 2 and 42 were fully
interincompatible.
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paper in sterile Petri-dishes (50 seeds per dish) and
watered as necessary. Seedlings were subsequently
transferred to a peat:vermiculite (3:1) compost in
15 ´ 15 cm pots and the plants grown on in a glasshouse
at Seville. When ¯owering commenced (November±
December), 43 plants were transferred to an acrylic net
(0.4 mm mesh) enclosure to avoid contaminant pollin-
ation, and were maintained at 16 h light, with temper-
atures 18±30°C and watered every six hours.
A diallel cross with these 43 plants indicated that they

were all SI, and that 25 phenotypic cross-intercompat-
ible groups were present. In the present study progeny
from 10 of these crosses were used (Fig. 1), each
assigned the pre®x D, and with the su�x R to indicate
reciprocal crosses. In order to simplify the results of the

original diallel with 43 plants, Fig. 1 includes only the
nine plants that produced the 10 progeny families
(sibships). Compatibility relationships between these
nine plants and fruit-set in all crosses are also included
in the same ®gure.
Seeds of each family were sown in Petri dishes as

before except that the ®rst watering consisted of a 0.2%
solution of KNO3. Germination exceeded 80% in all
cases. Plants of the sibships D1 and D6 were cultivated
in St Andrews, and the remaining families were cultiva-
ted and studied in Seville. From the onset of ¯owering
all plants at Seville were maintained under insect-proof
mesh cages as before but with temperature control
between 18 and 24°C, whilst those at St Andrews were
grown in a glasshouse with 16 h light regime at 23°C but

Fig. 2 Model for GSI: expected com-
patibility interactions and phenotypes
generated in a full sib diallel between

two plants with (left-hand column)
one S-allele in common, and (right-
hand column) no S-allele in common.

(+/+ denotes fully compatible cross,
+/) semicompatible cross and )/±
incompatible cross). Reciprocal di�er-
ences in incompatibility between types

are indicated by shaded cells. A and B:
When two plants with one S allele in
common are crossed, the plants are

fully semicompatible. If the F1 are
crossed, then two phenotypic groups
are obtained, independently of the

direction of the cross (A ´ B or
B ´ A). If all members of the F1
generation are crossed reciprocally

(A ´ B + B ´ A), they form four
phenotypes, two in each direction of
the cross. Two of these four pheno-
types are di�erent from each other (one

in A ´ B and one in B ´ A) and two
are similar. Consequently, we would
expect with the results of such recip-

rocal crosses to ®nd three phenotypes
with a frequency of 2:1:1. C and D:
When plants that do not have an allele

in common are crossed, the plants are
fully or semi compatible. Crosses of the
F1 of these plants, independent of
direction of the cross (C ´ D or D ´ C)

form four groups of phenotypes with a
frequency of 1:1:1:1. This same result is
obtained with the progeny of the two

reciprocals of such crosses.
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uncovered since there was initially negligible insect
activity.

Diallel crosses were carried out in each of the
families D1)D6 and also between all members of
reciprocal families for which these were available
[(D2 ´ D2R) ± (D5 ´ D5R)]. Initially, two ¯owers per
cross were pollinated, but in cases where reciprocal
crosses were incongruent, additional pollinations were
undertaken (two to seven times) in each direction. In

total, some 6000 pollinations on 99 plants were carried
out.

Theoretical model for GSI

In this model it is hypothesized that incompatibility is
controlled by a single multiallelic gene with allelic
codominance. As a consequence, crosses between two
plants with both S-alleles in common (also self-pollina-

Fig. 3 Anagallis monelli: results of full

sib diallel in families D5 (1±29) and
reciprocal D5R (31±38) and D5 + D5R
(0/2, etc. � number of fruits/number of

pollinations). Reciprocal di�erences in
incompatibility between types are indi-
cated by shaded cells. Numbered pro-

geny have been rearranged into
incompatibility types, based upon cros-
sing relationships.
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tions) are fully incompatible. Crosses between plants
with one S-allele in common are `half-compatible'
(owing to functioning of pollen bearing the dissimilar
allele), and plants with no S-alleles in common are fully
intercompatible. The latter two situations, with the
respective number of expected phenotypes and their
frequencies in the progeny, are expressed in Fig. 2. In a
diallelic SI model, e.g. as for SI in distylous Primula,
crosses between compatible phenotypes (long-style ´
short-style) ss ´ Ss will always produce progeny with the
same two phenotypes in a 1:1 ratio. The same would of
course apply for cryptic diallelic SI with no ¯oral
dimorphy.
Chi-squared tests were used to determine the good-

ness of ®t between the observed results and expected
segregation ratios.

Results

In the 253 self-pollinations carried out on the 99 plants
from 10 families, only one fruit was obtained: from two
self-pollinations on plant number 31 of the D5R family.
As a further 14 self-pollinations with ¯owers of this

plant produced no fruit, it can be concluded that all
plants studied were self-incompatible.
The diallel crosses within the 10 families of A. monelli

produced three kinds of intra-incompatible and recip-
rocally intercompatible groups: families D1 and D6 each
showed four compatibility phenotypes; families D4,
D4R, D5 and D5R showed two compatibility pheno-
types, whilst families D2, D2R, D3 and D3R showed
three such phenotypes (Figs 3, 4, 5, 6, 7, 8). The four
compatibility phenotypes, as in D1 and D6 (Figs 5 and
6), are what would be expected with single locus
multiallelic GSI in crosses between progeny derived
from parents which did not share an S allele in common
(cf. Fig. 2). For both of these families, the frequencies
observed for the four phenotypes conform with the
expected mendelian ratios (Table 1). Diallel crosses that
produce only two compatibility groups, as in families
D4 and D5 and their reciprocals (Figs 3 and 4), would
be expected with diallelic SI, but also under the GSI
system in families derived from parents that shared one
S allele in common (cf. Fig. 2). That the latter case is
indeed the explanation in these families is con®rmed
when the results of the crosses between members of the

Fig. 4 Anagallis monelli: results of full sib diallel in families D4
(2±5) and reciprocal D4R (6±12) and D4 + D4R (0/2, etc. �
number of fruits/number of pollinations). Reciprocal di�er-

ences in incompatibility between types are indicated by shaded
cells. Numbered progeny have been rearranged into
incompatibility types, based upon crossing relationships.

Fig. 5 Anagallis monelli: results of full sib diallel in families
D1 (0/2, etc. � number of fruits/number of pollinations).
Reciprocal di�erences in incompatibility between types are

indicated by shaded cells. Numbered progeny have been
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two reciprocal families are considered. Thus, crosses
between plants of D5 with their reciprocals in D5R
showed that each family has one compatibility pheno-
type which is also present in the reciprocal, and each has
another compatibility phenotype which is restricted to
that family. Crosses between plants in family D4 with
their reciprocals in D4R show a similar pattern, as
expected under the GSI model. Again, the frequencies
observed for the three phenotypes conform with the
expected mendelian ratios (Table 1).

The families D2 and D3 and their reciprocals (Figs 7
and 8) showed three compatibility phenotypes, and
given the small size of these families, it is likely that in
each case one S phenotype was missing. For all four
families the proportions of the phenotypes present in
each diallel do not contradict this assumption of a
mendelian segregation of 1:1:1:1, e.g. 4:2:2:0 in D2 and
D2R (see Table 1). Again, the results of the reciprocal
crosses between members of these families con®rm this

interpretation, because the diallel between members of
D2 and D2R (Fig. 7) shows that two of the phenotypes
present in D2 are also present in D2R, and similarly
with the diallel between plants of D3 and D3R (Fig. 8).

Discussion

The diallel crosses carried out with 10 families of
A. monelli provide convincing evidence for the presence
of single locus, multiallelic homomorphic gametophytic
self-incompatibility in this species. It is notable that in
such diallels, the results of crosses between reciprocal
families can provide valuable con®rmatory evidence of
®t with the GSI model.

Although the results clearly indicate a GSI type
control of SI in A. monelli, some incongruent results
were obtained. These were of two types: the ®rst, which
were relatively trivial, resulted from several inconsistent
results from reciprocal crosses. Usually, these took the

Fig. 6 Anagallis monelli: results of full
sib diallel in families D6 (0/2, etc. �
number of fruits/number of pollina-
tions). Reciprocal di�erences in
incompatibility between types are

indicated by shaded cells. Numbered
progeny have been rearranged into
incompatibility types, based upon

crossing relationships.
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Fig. 7 Anagallis monelli: results of full sib diallel in families D2
(6±13) and reciprocal D2R (1±4) and D2 + D2R (0/2, etc. �
number of fruits/number of pollinations). Reciprocal di�er-
ences in incompatibility between types are indicated by shaded
cells. Numbered progeny have been rearranged into incom-

patibility types, based upon crossing relationships.

Fig. 8 Anagallis monelli: results of full sib diallel in families D3
(2±7), D3R (8,9,11±13) and D3 + D3R (0/2, etc. � number

of fruits/number of pollinations). Reciprocal di�erences in
incompatibility between types are indicated by shaded cells.
Numbered progeny have been rearranged into incompatibility
types, based upon crossing relationships.

Table 1 Diallel crosses in Anagallis monelli. Comparison of observed phenotype frequencies with those expected with single
locus control homomorphic gametophytic SI. (Families D1 and D6 are unilateral crosses; for D2±D5 results are for
unilateral, reciprocal and combined crosses)

Phenotype frequencies

Sibship No. of progeny Observed Expected v2 d.f. P

D1 12 5:5:1:1 1:1:1:1 5.33 3 0.149 NS
D2 8 4:2:2:0 1:1:1:1 4.00 3 0.261 NS
D2R 4 2:1:1:0 1:1:1:1 2.00 3 0.572 NS
D2+D2R 12 4:4:3:1 1:1:1:1 2.00 3 0.572 NS
D3 6 3:2:1:0 1:1:1:1 3.33 3 0.343 NS
D3R 5 2:2:1:0 1:1:1:1 2.20 3 0.532 NS
D3+D3R 11 4:3:3:1 1:1:1:1 1.73 3 0.631 NS
D4 4 2:2 1:1 0 1 1.000 NS
D4R 7 3:4 1:1 0.14 1 0.705 NS
D4+D4R1 11 5:3:3 2:1:1 0.10 2 0.956 NS
D5 29 14:15 1:1 0.03 1 0.853 NS
D5R 7 4:3 1:1 0.14 1 0.705 NS
D5+D5R1 36 19:9:8 2:1:1 0.17 2 0.920 NS
D6 17 5:5:5:2 1:1:1:1 1.59 3 0.662 NS

1Because the expected number of phenotypes is 3, each family will have a di�erent number of individuals, the frequency given is the
weighted average of the frequency in the population.
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form of occasional fruit formation where the `expected'
result was for incompatibility. In most cases, such fruits
were found to contain only 1±2 seeds and were
presumably the rare consequence of a few pollen tubes
crossing the SI `barrier' in the style. However, several of
these anomalous fruits were well ®lled with seeds but
most of these occurred in the St Andrews open
glasshouse and were presumed to be the result of
contaminant cross-pollinations. Although, overall, less
than 0.1% of untreated ¯owers formed fruits in this
glasshouse, the occasional presence of syrphid ¯ies
caused some fruit formation in nontreated ¯owers and,
most likely, in some of the hand-pollinated ¯owers. In
some cases, pollinations which were `expected' to set
fruits (as established in the reciprocal cross) did not do
so, presumably because the pollen used had poor
viability or the stigmas were passed their prime. It is
worth noting that in virtually all published cases of
genetic control of SI, some incongruent results have
been obtained (see Hiscock, 2000, for discussion of such
cases with SSI taxa).

The occurrence of GSI in Anagallis monelli indicates
that the uncharacterized but apparently non-heteromor-
phic SI reported in other genera of the tribe Anagalli-
deae, e.g. Lysimachia nummularia L. (Dahlgren, 1922),
Trientalis arctica (Pojar, 1974) and T. borealis (Ander-
son & Beare, 1983; Barrett & Helenurm, 1987) is also
most likely to be of the GSI type. This raises an
interesting situation for the evolution of HetSI which
predominates in the Primulaceae, because a phylogenet-
ic classi®cation for this family proposed by Anderberg &
StaÊ hl (1995), based on a cladistic analysis of habit,
morphological and anatomical characters, indicated
that the Anagallideae (sub Lysimachieae) was a para-
phyletic grade located near the base of the family. This
view would imply that the largely heteromorphic
tribe Primuleae, e.g. Primula, Dodecatheon, Dionysia,
Vitaliana) is a more derived clade that evolved from a
group which had GSI, or perhaps more likely an
o�shoot which had lost such ancestral GSI. However,
a more recent phylogenetic treatment of the order
Primulales by KaÈ llersjoÈ et al. (2000), based on three
chloroplast DNA sequences and morphology, has pro-
posed that monophyly in this group is best maintained
by transferring the Anagallideae (sub Lysimachieae),
together with some other genera (e.g. Coris and
Cyclamen) to the familyMyrsinaceae, and Samolus to the
Theophrastaceae. In this interpretation, the Primulaceae
Sensu stricto becomes an almost exclusively HetSI
family (with some SC taxa), whilst the inclusion of
Anagallis, Trientalis and Lysimachia in the Myrsinaceae
introduces taxa with GSI to this family. To our
knowledge, SI has not been reported previously in any
traditional Myrsinaceae, e.g. Myrsine, Ardisia.

Molecular studies on SI have indicated that despite an
apparently uniform genetic control, homomorphic
gametophytic SI consists of two very di�erent mecha-
nisms: that found so far exclusively in the Papaveraceae,
in which SI is characterized by the involvement of a
Ca2+ dependent signal transduction pathway (Franklin-
Tong et al., 1994), and that found in the families
Rosaceae, Scrophulariaceae and Solanaceae (see
Hiscock & KuÈ es, 1999 for a recent review) in which
S-RNases are implicated. It is unknown which of these
systems (if either) the remaining 15 or so families with
proven GSI belong to; however, it is tempting to
speculate that the S-RNase system is more likely to
occur in taxa which show stylar rejection of incompat-
ible pollen, e.g. as in A. monelli (Gibbs & Talavera,
2001) and the majority of GSI families, whilst the
Papaver system, if it occurs in other families, is more
likely to be found in taxa with a stigmatic level of
inhibition (e.g. as in the Onagraceae, Commelinaceae).

Of more immediate concern is the paucity of species
for which rigorous analyses of the kind of genetic
control have been made, and therefore convincing proof
of the occurrence of GSI, SSI or HetSI obtained.
Charlesworth (1985) commented that: `The data on
homomorphic self-incompatibility are so fragmentary
that it seems premature to draw any conclusions from
them¼.' This situation has scarcely changed in the
intervening 15 years. In addition, unfortunately, this
problem is unlikely to be resolved by the kind of diallel
studies report herein, for various reasons. First,
although A. monelli is in many ways an ideal species
for this experimental approach, because many small
potted plants that ¯owered proli®cally for many months
could be cultivated in the glasshouse, nevertheless, 6000
pollinations were made in this study. Most herbaceous
or small shrubby plant species which would permit
experimental progeny arrays to be grown from seed
would produce only limited numbers of ¯owers in a
limited ¯owering season, and this can be a serious
constraint for a diallel pollination programme. How-
ever, a much more serious problem is that the majority
of angiosperm species are woody taxa for which the
possibilities of such experimental studies are very
limited. The main hope for advances in our knowledge
of the occurrence of homomorphic SI mechanisms must
lie with the development of molecular probes for known
SI genes, e.g. as in the attempt to probe SSI Corylus
avellana genome with Brassica SLG and SRK genes by
Hampson et al. (1996).

Acknowledgements

P. E. G. acknowledges a E. U. Human Capital and
Mobility grant with the EstacioÂ n BioloÂ gica de DonÄ ana

596 S. TALAVERA ET AL.

Ó The Genetics Society of Great Britain, Heredity, 87, 589±597.



which funded ®eldwork in Spain, and S. T. for grants
RNM 204 (Programa de Ayuda a los Grupos de
InvestigacioÂ n ± Junta de AndalucõÂ a), and CICYT
PB96±1352. The authors thank Eduardo Narbona and
Pedro Luis Ortiz (Seville) for assistance with statistical
analyses.

References

ANDERBERGANDERBERG, A. A.A. A. ANDAND STAHLSTAÊ HL, B.B. 1995. Phylogenetic interrela-
tionships in the order Primulales, with special emphasis on

the family circumscriptions. Can. J. Bot., 73, 1699±1730.
ANDERSONANDERSON, R. C.R. C. ANDAND BEAREBEARE, M. H.M. H. 1983. Breeding system and
pollination ecology of Trientalis borealis (Primulaceae). Am.

J. Bot., 70, 408±415.
BARRETTBARRETT, S. C. H.S. C. H. ANDAND HELENURMHELENURM, K.K. 1987. The reproductive
biology of boreal forest herbs. I. Breeding systems and

pollination. Can. J. Bot., 65, 2036±2046.
BATEMANBATEMAN, A.A. 1954. Self-incompatibility systems in angio-
sperms. II Iberis amara. Heredity, 8, 305±332.

BREWBAKERBREWBAKER, J. L.J. L. 1959. Biology of the angiosperm pollen grain.
Indian J. Genet. Pl. Breed., 19, 121±133.

CHARLESWORTHCHARLESWORTH, D.D. 1985. Distribution of dioecy and self-
incompatibility in angiosperms. In: Greenwoog, P. J.,

Harvey, P. H. and Slatkin, M. (eds) Evolution: Essays in
Honour of John Maynard Smith, pp. 237±268. Cambridge
University Press, Cambridge.

DAHLGRENDAHLGREN, K. V. D.K. V. D. 1922. Selbsterilitat innerhalb Klonen von
Lysimachia nummularia. Hereditas, 3, 200±210.

FRANKLIN-TONGFRANKLIN-TONG, V. E.V. E., LAWRENCELAWRENCE, M. J.M. J. ANDAND FRANKLINFRANKLIN, F. C. H.F. C. H.

1994. The molecular and cellular biology of gametophytic
self-incompatibility in Papaver rhoeas. In: Williams, E. G.,
Clarke, A. E. and Knox, R. B. (eds) Genetic Control of Self-
Incompatibility and Reproductive Development in Flowering

Plants, pp. 42±64. Kluwer, Dordrecht.
GANDERSGANDERS, F. R.F. R. 1979. The biology of heterostyly. N. Z. J. Bot.,
17, 607±635.

GERSTELGERSTEL, D. U.D. U. 1950. Self-incompatibility studies in guayule.
Genetics, 35, 482±506.

GIBBSGIBBS, P. E.P. E. ANDAND BIANCHIBIANCHI, M. B.M. B. 1999. Does late-acting self-

incompatibility (LSI) show family clustering? Two more
species of Bignoniaceae with LSI: Dolichandra cynanchoides
and Tabebuia nodosa. Ann. Bot., 84, 449±457.

GIBBSGIBBS, P. E.P. E. ANDAND TALAVERATALAVERA, S.S. 2001. Breeding system studies
with three species of Anagallis (Primulaceae): self-incompa-
tibility and reduced female fertility in A. monelli L. Ann.
Bot., 88, 139±144.

GOODWILLIEGOODWILLIE, C.C. 1997. The genetic control of self-incompatibil-
ity in Linanthus parvi¯orus (Polemoniaceae). Heredity, 79,
424±432.

HAMPSONHAMPSON, C. R.C. R., COLEMANCOLEMAN, G. D.G. D. ANDAND AZARENKOAZARENKO, A. N.A. N. 1996.
Does the genome of Corylus avellana L. contain sequences
homologous to the self-incompatibility gene in Brassica?

Theor. Appl. Genet., 93, 759±764.
HISCOCKHISCOCK, S. J.S. J. 2000. Genetic control of self-incompatibility in
Senecio squalidus L. (Asteraceae): a successful colonizing

species. Heredity, 85, 10±19.

HISCOCKHISCOCK, S. J.S. J. ANDAND KUESKUÈ ES, U.U. 1999. Cellular and molecular

mechanisms of sexual incompatibility in plants and fungi.
Int. Rev. Cyt., 193, 165±295.

HUGHESHUGHES, M. B.M. B. ANDAND BABCOCKBABCOCK, E. B.E. B. 1950. Self-incompatibility in

Crepis foetida L. subsp. rhoedaifolia. Genetics, 35, 570±580.
KALLERSJOKAÈ LLERSJOÈ , M.M., BERGQUISTBERGQUIST, G.G. ANDAND ANDERBERGANDERBERG, A. A.A. A. 2000.
Generic realignment in primuloid families of the Ericales s.l.

a phylogenetic analysis based on DNA sequences from three
chloroplast genes and morphology. Am. J. Bot., 87, 1325±
1341.

LEVINLEVIN, D. A.D. A. 1993. S-gene polymorphism in Phlox drummondii.

Heredity, 71, 193±198.
LEWISLEWIS, D.D. 1949. Incompatibility in ¯owering plants. Biol. Rev.,
24, 472±496.

LIPOWLIPOW, S. R.S. R. ANDAND WYATTWYATT, R.R. 2000. Single gene control of
postzygotic self-incompatibility in poke milkweed, Asclepias
exaltata L. Genetics, 154, 893±907.

LLOYDLLOYD, D. G.D. G. ANDAND WEBBWEBB, C. J.C. J. 1992. The evolution of heterostyly.
In: Barrett, S. C. H. (ed.) Evolution and Function of
Heterostyly, pp. 151±178. Springer, Berlin.

LUNDQUISTLUNDQUIST, A.A. 1990. One-locus sporophytic S-gene system with

traces of gametophytic pollen control in Cerastium arvense
ssp. strictum (Caryophyllaceae). Hereditas, 113, 203±215.

MARTINMARTIN, F. W.F. W. 1968. The system of self-incompatibility in

Ipomoea. J. Hered., 59, 263±267.
MAUMAU, S. L.S. L., ANDERSONANDERSON, M. A.M. A., HEISLERHEISLER, M.M., HARINGHARING, V.V., MMccCLURECLURE,

B. A.B. A. ANDAND CLARKECLARKE, A. E.A. E. 1991. Molecular and evolutionary

aspects of self-incompatibility in ¯owering plants.
In: Jenkins, G. and Schuch, W. (eds) Molecular Biology of
Plant Development, pp. 245±269. Company of Biologists

Limited, Cambridge.
de NETTANCOURTNETTANCOURT, D.D. 1977. Incompatibility in Angiosperms.
Springer, Berlin.

POJARPOJAR, J.J. 1974. Reproductive dynamics of four plant commu-

nities of southwestern British Columbia. Can. J. Bot., 52,
1819±1834.

RICHARDSRICHARDS, A. J.A. J. 1986. Plant Breeding Systems. George Allen &

Unwin, London.
RILEYRILEY, H. P.H. P. 1936. Self-sterility in Capsella. Genetics, 21, 24.
SAGESAGE, T. L.T. L., BERTINBERTIN, R. I.R. I. ANDAND WILLIAMSWILLIAMS, E. G.E. G. 1994. Ovarian and

other late-acting self-incompatibility systems. In: Williams,
E. G., Clarke, A. E. and Knox, R. B. (eds) Genetic Control
of Self-Incompatibility and Reproductive Development in
Flowering Plants, pp. 116±140. Kluwer, Dordrecht.

SEAVEYSEAVEY, S. R.S. R. ANDAND BAWABAWA, K. S.K. S. 1986. Late-acting self-incompa-
tibility in Angiosperms. Bot. Rev., 52, 195±219.

TALAVERATALAVERA, S. L.S. L., GARCIAGARCIÂ A--PEREZPEÂ REZ, L.L., ARISTAARISTA, M.M. ANDAND ORTIZORTIZ, P. L.P. L.

1997. NuÂ meros cromosomaÂ ticos de plantas occidentales
734±737. Anales Jard. Bot. Madrid, 55, 136.

THOMPSONTHOMPSON, M. M.M. M. 1979. Genetics of self-incompatibility in

Corylus avellana L. Theor. Appl. Genet., 54, 113±116.
WELLERWELLER, S. G.S. G., DONAGHUEDONAGHUE, M. J.M. J. ANDAND CHARLESWORTHCHARLESWORTH, D.D. 1995.
The evolution of self-incompatibility in ¯owering plants: a

phylogenetic approach. In: Hoch, P. C. and Stephenson,
A. G. (eds) Experimental and Molecular Approaches to Plant
Biosystematics, pp. 355±382. Missouri Botanical Garden,
St Louis, MO.

SELF-INCOMPATIBILITY IN ANAGALLIS MONELLI 597

Ó The Genetics Society of Great Britain, Heredity, 87, 589±597.


	Genetic control of self-incompatibility in Anagallis monelli (Primulaceae: Myrsinaceae)
	Introduction
	Materials and methods
	The species
	Parents and progeny
	Theoretical model for GSI

	Results
	Discussion
	Acknowledgements
	References


