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Genomic coalescence in a population of
Laxmannia sessiliflora (Angiospermae,
Anthericaceae): an association of lethal
polymorphism, self-pollination
and chromosome number reduction
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A population of Laxmannia R. Br. (Angiospermae, Anthericaceae) near Collie, Western Australia,
combines the taxonomically significant sessile inflorescences of L. sessiliflora Dcne. (n = 4) and the
derived breeding system of L. ramosa Lindl. (n = 4). It exhibits a polymorphism for seed-aborting
lethal equivalents, significant levels of self-pollination and a chromosome polymorphism in which a
haploid genome with n = 3 is most frequent. Allozyme analysis indicates that the population is either
of hybrid origin or one that has uniquely diverged from a phylogenetic link between the two species.
The population is considered to represent a natural demonstration of the phenomenon of genomic
coalescence as modelled by James (1992, Heredity, 68, 449-456) in which devices which reduce the
number of independently segregating supergenes heterozygous for recessive lethals are elevated to
high frequencies by inbreeding. The population also suggests a mechanism whereby dysploid
chromosome number reduction may be promoted by natural selection in natural population systems.
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Introduction

Chromosome repatterning is a characteristic feature of
the speciation process (Stebbins, 1950; Dobzhansky,
1951; Grant, 1971; White, 1978) and speciation without
chromosome repatterning, as in the homosequential
species complexes of Hawaiian Drosophilids (Carson
et al., 1970) is uncommon (White, 1978). However, the
evolutionary processes by which chromosome rear-
rangements, especially those resulting in chromosome
number changes, may become fixed in populations are
complex and not well documented. All structural
mutations, including those which are necessary to
rearrange the genome onto a different number of
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centromeres, must initially occur at very low frequencies
in the population, and as heterozygotes. These structural
heterozygotes must be of reduced fitness because of the
meiotic irregularity they cause and, other things being
equal, they should be removed from the population by
natural selection.

Following an analysis of the evolution of complex
hybridity in Isotoma petraea (James, 1965; James et al.,
1990, 1991), James (1992) demonstrated that inter-
change heterozygosity, or other devices that link super-
genes that are heterozygous for recessive lethal
equivalents, would be elevated to high frequencies under
conditions of inbreeding. He referred to this phenom-
enon as ‘genomic coalescence’ and suggested that it is
the basis of a common evolutionary pathway which has
lead to dysploid chromosome number reduction in
several Australian plant groups and to other systems
which tie otherwise independently segregating chromo-
somal units together (James, 1996).

In this paper, the breeding systems of Laxmannia
sessiliflora and L. ramosa are described and a chromo-
somally variable population of L. sessiliflora from near
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Collie, Western Australia is compared with more regular
populations of the two species. This population appears
to exhibit genomic coalescence en flagrante.

Materials and methods

The species and their genetic systems

Laxmannia sessiliflora Dcne. and Laxmannia ramosa
Lindl. are two stilt-rooted species of the Anthericaceae,
a family recently separated from the Liliaceae (Dahlgren
et al., 1985). The species commonly occur in a variety of
habitats throughout the south-west of Western Austra-
lia, and are small inconspicuous herbs growing to a
height of 10-20 cm. Both species grow in the sandy
spaces between larger shrubs of the kongwan and
banksia woodlands and on the lateritic gravel of the
jarrah forest, sometimes in mixed populations.

Laxmannia sessiliflora is readily distinguished from
L. ramosa (Keighery, 1987). In the former, the inflor-
escences are sessile within leaf axils, or rarely with short
decurved peduncles, and the sepals are white whereas in
L. ramosa, the inflorescences are borne on straight
peduncles exceeding the leaves, and the sepals are lined
red. The species are especially different, however, in
terms of their genetic systems (Keighery, 1987)
(Table 1). Laxmannia sessiliflora has a single ovule in
each of its three locules (three ovules per flower) whereas
L. ramosa has two ovules per locule (six ovules). Both
species have a chromosome number of 2n = 8. In
addition, we observed that, in L. ramosa, the anthers in
recently closed buds are adpressed against the stigma so
that self-pollination is regularly achieved on flower
closure. There was no evidence for self-pollination on
flower closure in L. sessiliflora.

In addition to L. sessiliflora and L. ramosa having the
characteristics outlined above, three aberrant populations
of related Laxmannia have been observed at Stirling
Ranges, Porongurups and Collie. Because they have
sessile inflorescences, the populations are considered to be
taxonomically closer to L. sessiliflora than L. ramosa, and
they have been grouped as L. sessiliflora™ in Table 1.
However, these forms have a more straggling L. ramosa-
like habit and their sepals are lined red. They also have two
ovules per locule and they self-pollinate on flower closure.
Chromosome numbers of 2n = 8 have been recorded in
the Stirling Ranges population, whereas 2n = 7 and 6
were found in the Collie population. The Collie popula-
tion is the population of particular interest in this paper.

Seed- and fruit-set analysis

Plants were potted in the field and transported to a
relatively insect-free glasshouse at The University of
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Western Australia. Anthers containing pollen were
dabbed onto the stigma of the same flower to effect
self-pollination. Open flowers were emasculated with
fine forceps and pollinated using whole anthers from a
different plant to effect cross-pollination. The perianths
of pollinated flowers, which persist until the fruits
mature, were colour-coded with inks to allow subse-
quent identification. The number of pollinated flowers
which set fruit was recorded. At maturity and before
dehiscence, the numbers of fully formed and partly
developed seeds were recorded for each fruit by dissec-
tion and counting.

A series of pollination experiments was also conduct-
ed in the field so that fruit-set in the field and seed-set
within retained fruits could be assessed. Some plants
with marked but otherwise untreated flowers were
covered with fine muslin cages to impede insect visits.

Karyotype analysis

Root tips, preferably newly formed and actively growing
stilt roots that had not yet reached the soil surface, were
harvested, pretreated with 0.1% colchicine for 3 h and
fixed in 3 absolute alcohol:1 glacial acetic acid for at
least 1 h but not longer than 24 h, hydrolysed, stained
and squashed according to the Feulgen technique. Good
metaphase spreads were photographed and karyotypes
assembled in the usual fashion.

Karyotypes in normal L. sessiliflora and L. ramosa
were constant and all plants appeared homokaryotypic
for an n = 4 genome consisting of three large acrocen-
trics, which were all separately recognizable on the basis
of overall size and centromere position, and a smaller
subtelocentric (karyotype 1, Fig. 1). This genome is very
similar to that characterizing other Laxmannia species
and also the related Sowerbaea juncea (Stewart &
Barlow, 1976), and was designated the A genome.
Variant karyotypes among 47 plants from the Collie L.
sessiliflora* population were sorted into their compo-
nent haploid genomes on the basis of minimal depar-
tures from the standard A genome. The analysis was
limited to gross differences that could be confidently
recognized by inspection only.

Isoenzyme variation

Fresh leaf and shoot-tip material was collected from
four populations, namely

CS*: L. sessiliflora*, from a wet shrubland depression,
15 km ESE of Collie on the S side of Coalfields Rd.
CR: L. ramosa, from a low grey sand hillside, 12 km
ESE of Collie on the S side of Coalfields Rd.

PS: L. sessiliflora, from a clayey grey sand colluvial flat
in the Swan Shire Recreation Reserve, Stratton (a Perth
suburb).



366 S.H.JAMES ET AL.

Table 1 Genetic systems of Laxmannia taxa

Genetic system component L. sessiliflora L. sessiliflora* L. ramosa

Ovules per loculus 1 2 2

2n 8 6,7,8 8

Pollination Open Selfing on closure Selfing on closure

Fruit set

P (flower — fruit) On selfing 0.912 (283, 10, 4)! 0.515% (136, 7, 2) 0.171 (677, 19, 3)
On crossing 0.898 (147, 7, 2) 0.391° (115, 6, 2) 0.893 (112, 5, 2)
In field 0.482 (1385, 10, 2) 0.364 (762, 5, 1)
In field, caged 0.372 (556, 5, 1)*

Seed set

P (ovule — seed) in fruit In field 0.950 (963, 6, 1)° 0.490 (176, 10, 19 0.513 (277, 5, 1)
In glasshouse 0.494 (114, 10, 17)

P (ovule — seed) in flower On selfing 0.053 (316, 9, 2)®
On crossing 0.574 (112, >6, 2)
In field 0.187 (762, 5, 1)

! P (flowers, plants, populations). 20.854 in pop. 1, 0.000 in pop. 2. 30.7333 in pop. 1, 0.018 in pop. 2. *In this population the fruit-set in uncaged
plants was 0.557 (422 flowers, 4 plants). > P (fruits, plants, populations). *Pop. 2. "Pop. 1. 8 P (flowers, plants, populations).

PR: L. ramosa, from a clayey grey sand colluvial flat in the
Swan Shire Recreation Reserve, Stratton (a Perth sub-
urb). (PS and PR grow together in a mixed population.)

The material was stored in sealed plastic bags on ice
while being transported to the laboratory, where indi-
vidual samples were placed in tubes and frozen
at — 80°C until grinding immediately prior to allozyme
analysis. Approximately 25 mg of tissue was homoge-
nized in 20 uL of phosphate grinding buffer (Sampson
et al., 1994), wicks of chromatography paper were added
and loaded onto 11.25% starch gels, which were run as
described by Wendel & Weeden (1989) using the buffers
and methods described by Waycott et al. (1997).

Good quality electrophoretograms were obtained for
five enzyme systems (IDH, EC 1.1.1.42; GPI, EC 5.3.1.9;
MDH, EC 1.1.1.37; PGM, EC 5.4.2.2; PGD, EC
1.1.1.44) yielding six readily interpretable loci. No
Mendelian analysis of electrophenotypes was undertaken.

Results

Seed- and fruit-set analysis

The two species, L. sessiliflora and L. ramosa, differ in
their fruit- and seed-set responses (Table 1). In L.
sessiliflora, about 90% of the flowers that were self-
pollinated or cross-pollinated on plants transferred to
the glasshouse set fruit. However, only about 50% of
flowers set fruit in the field, and this yield was reduced to
37% on plants that were caged so as to impede flying
insect vectors. Small crawling insects may well be
important in pollinating L. sessiliflora, and these may

effect more sclf-pollination than cross-pollination.
About 95% of the ovules in field-collected fruit of L.
sessiliflora had developed into seed. We conclude that
there is no impediment to seed formation, apart from a
requirement for vector-mediated pollination, in L.
sessiliflora.

In L. ramosa, fruit- and seed-set is reduced by
impedimenta other than pollination limitations. Al-
though essentially all the flowers will be pollinated
because they are automatically self-pollinated on flower
closure, they are open during the day and may first be
visited by cross-pollinating vectors. However, in the
field, only 36.4% of 762 marked flowers set fruit
(Table 1). Artificial self-pollinations resulted in a
17.1% fruit-set whereas artificial crosses resulted in
89.3% fruit-set, and results for glasshouse- and field-
conducted hand-pollination experiments were compa-
rable. If, in the field, the probability of cross-pollina-
tion is x, then using the data recorded in Table 1, we
might propose:
0.893x + 0.171(1  x) = 0.364,
whence x = 0.267, suggesting that 27% of all pollina-
tion events are outcrosses, whereas 73% are selfs.

The probability that an ovule in a self-pollinated
flower in L. ramosa became a fully developed seed was
only 0.053, whereas P(ovule—seed) following crossing
was 0.574, and under field pollination conditions was
0.187 (Table 1). These data again allow a confirmation
of the field pollination regime to be about 1/4 crossing
and 3/4 selfing. Partly developed seeds were common in
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Fig. 1 Karyotypes in Laxmannia sessiliflora from Perth (karyotype 1) and from L. sessiliflora* (CS*) (karyotypes 2-8). The
normal 4, the small subtelocentric in genomes A, C, E and F, is from 4 ym to 5 ym in length.

all fruit types and accounted for about 25% of the units exhibited by L. ramosa (Oguic = 1 —0.171/0.893 =
showing postzygotic development in the selfed fruits. 0.809, dgeea = 1 —0.053/0.574 = 0.908), and the ob-
The inbreeding depression (9) for fruit and seed-set vious seed abortion, must be attributed to homozygosity
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for seed-aborting recessive lethal equivalents. That is,
L. ramosa populations are characteristically polymor-
phic for seed-aborting recessive lethals (or lethal
equivalents).

The L. sessiliflora* populations appear to be poly-
morphic for seed-aborting lethal polymorphisms but the
data reported here are somewhat confusing. With
respect to the fruit-set data obtained in the glasshouse,
it appears that Population 1 (Stirling Ranges) may be
devoid of a lethal polymorphism, whereas Population 2
(Porongurups) may carry an abundance of lethals, many
of them shared by neighbouring plants within the
population, so that fruit-set is very low following either
self- or cross-pollination. On the other hand, the
Population 2 plants may have been damaged on transfer
from the field. The seed-sets within fruits of Population
1 plants in the glasshouse and of Population 2 plants in
the field were comparable at about 49%, indicating that
considerable levels of seed abortion characterize both
populations. The lethal polymorphism was not quanti-
fied in the third population, Collie, but was obvious
because of the low seed-set and the occurrence of a high
frequency of aborted products in field-collected fruit.

Karyotype variation in the Collie L. sessiliflora*
population

The standard karyotype from Perth material of normal
L. sessiliflora and seven aberrant karyotypes identified
amongst 47 Collie L. sessiliflora* (CS*) plants are
illustrated in Fig. 1. Karyotype 1 is from the Perth
material. It consists of four pairs of chromosomes
numbered 1, 2, 3 and 4, and is homokaryotypic
(homozygous) for the A genome. Karyotype 2 (CS¥) is
homozygous for a three-chromosomed B genome, which
may be derived from the A genome by fusion of
chromosomes 1 and 4, to yield the distinctive } large
submetacentric. A combination of genomes A and B
yields karyotype 5. Karyotype 3 has seven chromo-
somes, three of which are recognizable as genome B. The
remaining four constitute a new genome C which may
be derived from genome A by pericentric inversion of
chromosome 3 to yield the smaller metacentric denoted
3*. Recombination in a BC heterogenome could pro-
duce genome D containing chromosomes 4, 2 and 3%;
genome D exists along with genome B in karyotype 4.
Karyotype 6 comprises seven chromosomes from which
genome B can be extracted. The remaining four chro-
mosomes include one acrocentric with an extended long
arm, and two shortened acrocentrics. These chromo-
somes, denoted 1™ ", 2" and 3", along with a normal 4,
constitute the new genome E. Similarly, karyotype 7
comprises genome B and a new genome F which
includes the 1" " and the 3* chromosomes along with

normal chromosomes 2 and 4. Karyotype 8 is similar to
the BB homogenome (karyotype 2), except that its
chromosome 3" has a short arm larger than the normal
3 and shorter than that of 3*, thus defining genome G. A
total of seven different haploid genomes was recognized,
either n = 4 (A, similar to the standard genome, C, E
and F) or n = 3 (B, D and G). Statistical analysis of
chromosome arm measurements confirmed that the two
most similar genomes (D and G) contained distinctly
different chromosomes (data not shown).

BB (2n = 6) was the only homokaryotype observed
in the Collie population, and only those chromosomes
contained within the B genome were found in the
homozygous condition within heterokaryotypes.
Hardy—Weinberg equilibrium theory predicts that one
or more of the chromosomes not found in the B genome
will occur in the homozygous form in 0.1337 of the
plants within the population (Table 2). In our sample of
47 plants, no such individuals were found, representing
a significant deviation from Hardy—Weinberg expecta-
tions (X? = 6.15 including Yates’s correction,
P < 0.05). This suggests that the non-B-genome chro-
mosomes are recessively lethal.

Isoenzyme variation

The results of the isoenzyme analysis are presented in
Tables 3 and 4. The four samples differed with respect to
their levels of genetic diversity. The normal L. sessiliflora
(PS) exhibited very little isoenzyme variation, with
negligible observed heterozygosity. Among 139 electro-
phenotype determinations from this population, only
one heterozygote was in evidence (H, = 0.007). The L.
ramosa populations, PR and CR, were more and
comparably (x? = 3.53, NS) diverse, exhibiting 19 and
24 heterozygotes amongst 181 and 178 electropheno-
types, respectively (mean H, = 0.120). However, there
was a deficiency of heterozygotes in these samples, mean
H. being 0.125 and 0.215, respectively, with an overall
mean of 0.170. From these figures, F = 0.294 and the
outcrossing rate, t = (1 — F)/(1 + F) = 0.546 over the
two L. ramosa samples, the recurrent selfing rate
s =1—1 = 0454.

CS*, the Collie L. sessiliflora* population, was the
most diverse, exhibiting 40 heterozygotes amongst 179
electrophenotypes (H, = 0.223), although only two of
the six loci were polymorphic. There was a significant
shortage of homozygotes at the PGM locus in this
population; 25 of the 30 PGM electrophenotypic deter-
minations were of heterozygotes, giving an F-value of
—0.7. The F-value associated with the GPI-2 locus in the
CS* sample was also negative.

Two plants of the CS* sample used for isoenzyme
analysis were also karyotyped, and both were BB
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Table 2 A worksheet showing how the »* value associated with the zero occurrence of plants which were homozygous for one
or more of the chromosomes not found in the B genome of Laxmannia was calculated. See Fig. 1 for definitions of the chromosome
types. There are only two non-B alternatives to the fused 14 chromosome found in genome B, (1 and 4) and (1 + + and 4). There
were 20 of these alternatives amongst the 47 plants (94 genomes). The expected frequency of non-B 1/4 chromosome homozygotes
is therefore (20/94)> = 0.0453. Similarly, the expected frequency of non-B 2 chromosome homozygotes is (1/94)> = 0.0001 and
the expected frequency of non-B 3 chromosome homozygotes is (29/94)> = 0.0925. The expected frequency of plants homozygous
for one or more non-B chromosomes is therefore 1 — (1 — 0.0435)(1 — 0.0001)(1 — 0.0925) = 0.1337

No. of chromosome types per karyotype

Karyotypes No. of plants 14 1 I++ 4 22— 3 3* 3+ 3-
BB 12 2 2 2
AD, BC 12 1 1 1 2 1 1
BD 14 2 2 1 1
AB 6 1 1 1 2 2
BE 1 1 1 1 11 1 1
BF 1 1 1 1 2 1 1
BG 1 2 2 1 1
Total 47 74 18 2 20 93 1 65 27 1 1
Expected frequency of 0.0453 0.0001 0.0925
non-B chromosome homozygotes
Overall 0.1337
Expected number of 6.29
non-B chromosome homozygotes
¥? (with Yates’s correction) 6.15

homokaryotypes. Both of these homokaryotypes were
heterozygous at the GPI-2 locus (1.4), one was homo-
zygous at the PGM locus (3.3) and the other was
heterozygous (2.3).

Three of the alleles in CS* were present in one or both
L. ramosa samples (PR and CR) but not in PS. The
allozyme data were used to construct a UPGMA dendro-
gram (Fig. 2) based on a genetic distance matrix
calculated according to the methods of Nei (1978).
The cladogram indicates that CS* is most similar to CR,
PR is next most similar to these, whereas PS is the most
distinct, and basal to the other three.

Discussion

Laxmannia sessiliflora and L. ramosa are, generally,
readily separable from each other on the basis of their
morphology and genetic systems. Laxmannia sessiliflora
has sessile inflorescences, one ovule per locule, and is
open-pollinating, free of seed-aborting lethals and has
little allozyme diversity, at least in the population
sampled (PS). On the other hand, L. ramosa has
pedunculated inflorescences, two ovules per locule, and
is highly self-pollinated because its anthers are adpressed
to the stigma at flower closure; in addition its
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populations are polymorphic for seed-aborting lethals,
which are readily demonstrable by comparing seed-sets
following experimental selfing and crossing. The species
also exhibits much higher levels of genetic diversity at
allozyme loci.

Laxmannia ramosa
Collie

Laxmannia sessiliflora
Collie

Laxmannia ramosa
Perth

Laxmannia sessilifora
Perth

L I I | | |
0.0 0.05 0.10 0.15 0.20 0.25

Genetic distance

Fig. 2 upgMmA dendrogram of genetic distance matrix using
the methods of Nei (1978).
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It is reasonable to expect that lethal polymorphisms SR~ 2
would resist the approach to homozygosity promoted by ) 3 & S 2 §Q
self-pollination at flower closure only for those loci ’é N T248 8 g =
linked to the lethals or components of lethal equivalents. g E & - Sssse g 2 %
The F-values at individual loci within the L. ramosa = = 5 g‘g
population samples, ranging from 1 to — 0.17 (Table 3), = 9] & S 55
support this contention. The average of the F-determi- & - - - S é‘
nations for the two L. ramosa samples presented in = A - b 2 %
Table 4 allows us to estimate that the level of inbreeding 'q:, s . ; £
in that species is equivalent to a recurrent selfing rate 3 S & ~oa O o 9 g
less than 50%. This figure is much less than the +75% ° - &g
estimated from fruit- and seed-setting patterns in the g o e i 2 § 050 « £ %
field, and is likely to be an underestimate because it %‘ © - I IR
would be confounded with the selection for heterozy- g STS8 = o 2
gosity engendered by the polymorphism for seed-abor- o o & ——v 3 S°oed 2 § g
ting lethals. However, all significant departures from ; E . gl %‘)g
Hardy-Weinberg genotype frequency distributions in 2 S ~ 2o Sseg9S 2] 2%
this species were associated with an excess of homozy- 2 sxas f g
gotes, or a shortage of heterozygotes. This probably 2 z -5 ©°$° 2 2
reflects the expected outcome of inbreeding associated @ . 2
with self-pollination at flower closure and suggests that 9 % g . - 5 o
the loci showing a shortage of heterozygotes were not 'g OZ|TIIIIA=TTT '50 g
closely linked to components of the recessive lethal 3 Swme S
equivalents. The effect of the lethal polymorphism is o o) — o o sesss 21| ¢ g
perhaps seen in the absence or reduced frequencies of O oo g g
cer.tain homozygotes (see Table. 3), suggesting that those g < & ~ g Ses 2|2
loci were linked to lethal equivalent components, and M o - o 2N
. . . . . ~ % 0 T = — S o
in the much greater level of genetic diversity in terms of . ) " SSse f | 3 S
the percentage of polymorphic loci (P) and the number *8 © “ T § E =
of alleles at polymorphic loci (4) compared with 5 ® © oo § = S
L. sessiliflora (PS) (Table 4). R~ ° 3 a

The average of the F determinations for Collie g S g R = 25
L. sessiliflora* (CS*) presented in Table 4 is negative g SRR T TR R
(-0.47) and indicates that the population is totally § ©  ® g 1o
outbreeding. However, self-pollination at flower closure = o) 5o ocs—-g i|=74
is characteristic of the population, so that this estimate ° 8 = g o x
cannot be true and is, in all probability, confounded by 2 E & - ce—® i g E 3
a recessive lethal polymorphism. The existence of a = A ) 7
lethal polymorphism in the CS* population is indicated - © = A N
by: (i) the fact that six of the seven haploid genomes -% " - o 8 £g
identified in the population occurred only as heterozy- é = o b Sg é
gotes; (ii) the significant shortage of plants homozygous S S g a 2 E go
for one or more of the chromosomes not occurring in 5 A RSES S ST ®% oz
the B genome; (iii) excessive allozyme heterozygosity < e o 8 %‘3:5
and the absence of 2.2 homozygotes at the PGM locus, E é & -9 S3S gl S 2 g i 4
which was statistically significant; and (iv) the absence 2 5 o -
of 1.1 and 3.3 homozygotes at the GPI-2 locus. The 82, ol - o 23zZS w '&E 2
negative F-values at both polymorphic loci suggest that S E 2 A o ! “ g =R
the lethal polymorphisms in this population are partic- éé % o o= £ i ;-50
ularly intense. S £E5 5

The lethal polymorphisms maintaining high levels of . o @ © oo | § % fé
genetic diversity in both L. ramosa and the CS* o 3 - =B
population impart a facade of outbreeding, if we = S g - R E '5 =
measure their breeding systems in terms of F. However, S 2 SE[zxam TR CE ST
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Table 4 Genetic diversity parameters for the four population
samples, detailed in Table 3, based on six loci

Sample A4 P H, H, F
PS 1.2 16.7 0.01 0.01 -0.02
CS* 1.5 333 0.22 0.15 -0.47
PR 2.0 83.3 0.11 0.13 0.25
CR 2.2 83.3 0.13 0.21 0.38

A, the mean number of alleles over all loci; P, the percentage of loci
that were polymorphic in the sample; H,, the observed frequency of
heterozygotes averaged over all loci; H,, the mean expected hetero-
zygosity, averaged over all loci; F, Wright’s inbreeding coefficient,
averaged over polymorphic loci.

both forms are mainly self-pollinating through adpress-
ion of the anthers to the stigma at flower closure, and
are highly inbreeding. Where high levels of inbreeding
and recessive lethal polymorphisms are associated in a
plant population, the use of F to measure the breeding
system may be quite unreliable.

We also note that the increase in ovule number from
one per locule in L. sessiliflora, which does not carry
seed-aborting lethal polymorphisms, to two in L. ramosa
and L. sessiliflora®, which do, represents an obvious
adaptation that would compensate, at least in part, for
the seed abortion that results from the lethal polymor-
phisms.

The Collie L. sessiliflora* (CS*) population combines
the taxonomically most significant morphological attri-
butes of L. sessiliflora, namely sessile inflorescences, with
two ovules per locule and a breeding system similar to
that of L. ramosa. CS* is also more similar, allelically, to
L. ramosa in both the Perth and Collie regions (PR and
CR), and is especially similar to the nearby CR. These
data suggest that CS* is either a population of hybrid
origin or a population which has uniquely diverged from
a phylogenetic link between the two species.

Although the origin of the CS* population is likely to
remain contentious until more extensive population
genetical, cytological and molecular phylogenetic ana-
lyses are undertaken, the situation in this population is
of special interest. There is here an undeniable associ-
ation of a lethal polymorphism and high levels of
inbreeding. These conditions are those which promote
the genomic coalescence modelled by James (1992).
And, indeed, ‘coalesced’ genomes, which have three
chromosomes rather than four, have been elevated to a
high frequency in the population (78.7%). Stochastic
effects associated with dispersal from this source pop-
ulation may be expected to found monomorphic 2n = 6
populations, but a detailed search of the population
system remains to be undertaken. Nevertheless, genomic
coalescence driven by natural selection operating to
reduce the genetic load associated with polymorphisms
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for seed-aborting recessive lethal equivalents and high
levels of inbreeding (James, 1992) may here account for
the dysploid reduction of chromosome number within
(and perhaps between) populations.

Genomic coalescence was first proposed to account
for the linkage of chromosomes by interchange hybrid-
ity during the initial evolution of ring-of-six (O6)
complex hybrids in Isotoma petraeca (James et al.,
1990) and the phenomenon was then proposed to be
of general importance in cytoevolutionary processes
(James, 1992). The impact of this proposal on evolu-
tionary literature has been negligible, possibly because
few workers can easily accept that lethal polymorphisms
and inbreeding can be commonly associated in plant
populations. The demonstration of the occurrence of
genomic coalescence in terms of chromosome number
reduction in association with lethal polymorphisms and
inbreeding in the Collie L. sessiliflora* population is
therefore important, and supports the contention that
the phenomenon may well be pertinent to the dysploid
speciation in evidence in many groups of Australian
plants which utilize lethal polymorphisms and self-
pollination (James, 1996).

Although dysploid chromosome number variation is
characteristic of many Australian native plant groups,
the direction of the chromosome number change has
been contentious. Traditionally, patterns of chromo-
some numbers within plant groups have been interpre-
ted on the basis of a low primitive chromosome number
for the angiosperms (x = 7 or thereabouts) with higher
numbers being derived following one or more ancient
polyploid events (palacopolyploidy) (Stebbins, 1950;
Smith-White, 1959; Raven, 1975; Ehrendorfer, 1976).
However, the alternative proposal that primitive chro-
mosome numbers are high and diploid, and evolution is
commonly through descending dysploidy (James, 1981),
is receiving considerable support in studies which
combine chromosome number patterns with the preci-
sion of modern cladistic analysis. Such studies include
Stace et al. (1993) (Rutaceae); Stace & James (1996)
(Lobelioideae); Stace et al. (1997) (Epacridaceae). The
common association of hermaphroditism, inbreeding
and seed-aborting lethal polymorphisms in many com-
ponents of the Australian flora (James, 1996(|8@:&£n ),
the population genetic consequences of the association
as outlined by James (1992), and the demonstration of
the phenomenon in this study, provide a logical expla-
nation of why genomic coalescence and descending
dysploidy should be a feature of angiosperm evolution.
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