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Abstract.

Gastrolobium (Fabaceae: Mirbelieae) is an endemic Australian genus that produces
toxic sodium monofluoroacetate. A phylogenetic reconstruction of Gastrolobium and
the related genera Brachysema, Callistachys, Jansonia, Nemcia, Oxylobium and
Podolobium is presented, using two molecular data sets. The first data set uses
sequence data from 94 taxa and three regions — the psbA-trnH intergenic spacer and the
trnK 5’ intron from cpDNA, and the 3’ end of the external transcribed spacer (ETS)
from nrDNA. The second data set uses sequence data from 48 taxa and five regions, the
three previously mentioned plus the ##L/trrF intergenic spacer from cpDNA and the
internal transcribed spacer (ITS) from nrtDNA. In both cases, Gastrolobium is shown to
be paraphyletic, with Brachysema, Jansonia, Nemcia and Oxylobium lineare nesting
within it, and Nemcia is shown to be polyphyletic within Gastrolobium. Past key
morphological characters, such as fluoroacetate content, ovule number, subtending
floral bract type and characters associated with pollination syndrome, are shown to be
homoplastic, with fluoroacetate possibly a plesiomorphic condition lost in more derived
species. Podolobium is also shown to be polyphyletic, with the P. ilicifolium group
putatively sister to Gastrolobium, and the P. alpestre group sister to Callistachys, a
member of the Oxylobium group. A monograph is presented in which Gastrolobium is
expanded to include Brachysema, Jansonia, Nemcia and Oxylobium lineare. In total,

109 species are presented, of which 29 are described as new.
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Chapter 1 — Introduction

Gastrolobium

The tribe Mirbelieae (Fabaceae) is endemic to Australia, and comprises a major
component of the flora in many temperate ecosystems. The c. 60 species of
Gastrolobium R.Br. belong to this tribe, and most of the c. 60 species currently assigned
to this genus are endemic to the south-west of Western Australia, except for two species
that occur in northern Australia, G. brevipes and G. grandiflorum (Figure 1.1).
Furthermore, it is one of the largest legume genera in the south west of Western
Australia, where it forms a major component of the understorey in many areas, such as
sandplains with their accompanying vegetation, which is usually heath (kwongan) or

mallee (shrubby eucalypt woodland).
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Fig. 1.1. Distribution of Gastrolobium.

Gastrolobium, as currently circumscribed, comprises simple-leaved shrubs that
have terminal, racemose inflorescences with yellow, orange and red petalled flowers.

The coloration of the flower is typical of the tribe Mirbelieae, with the standard petal


















Page 9

Results vary through the literature as to the congruence of morphological and
molecular data. Some studies (e.g. Bremer and Struwe 1992; Bayer e al. 1996; Soltis
et al. 1996b) find congruence between the morphological and molecular data, though
they also found some incongruencies. Compiling both types of data would be useful
where there are a limited number of characters in any one data set. For example, there
are too few reliable morphological characters to give a well supported phylogeny of
Gastrolobium and related genera, so molecular characters could become invaluable in
this group. Morphological characters are by no means useless in resolving this group;
however, they are few relative to the large number of taxa in the genus, and that many

of the characters are continuous rather than discreet.
Molecular phylogenetics

Molecular phylogenetics is a field that has rapidly expanded over the last decade
or so. There are a number of tools available for systematics from the field of molecular
biology. These include DNA fingerprinting (e.g. microsatellites), randomly amplified
polymorphic DNAs (RAPD) analysis, restriction fragment length polymorphism
(RFLP) analysis and nucleotide sequencing. Nucleotide sequencing is currently being
used widely for phylogenetic reconstruction, using mainly chloroplast DNA (cpDNA)
and nuclear DNA (nDNA) regions.

The polymerase chain reaction (PCR) is a major advance in molecular technology,
which has allowed closer examination of molecular evolution, and has been adopted by
many evolutionary biologists to assist in phylogenetic reconstruction. Major advantages
of using PCR for the examination of sequence variation is the ability to select specific
areas of the genome for analysis (Jordan ez al. 1996), and also allows the production of
large amounts of template DNA, negating the need, in most cases, for cloning. For
example, in the chloroplast genome, where different regions are evolving at different
rates (Wolfe er al. 1987; Shimada and Sugiura 1991; Morton and Clegg 1993), a
particular region(s) can be selected for the taxonomic level being studied. Regions with
relatively low variation (e.g. rbcL) are more useful at a higher taxonomic level (e.g.
family, order) than would a more rapidly evolving regions (e.g. the rrnL-trnF spacer),

which are more applicable to the generic level.
The chloroplast genome

The chloroplast has a central role in energy metabolism within the plant cell,

containing within it all the machinery for photosynthesis, and also participates in the



















































TABLE 2.3. Scquence characteristics of the psbA/trnH spacer, the trnK 5” intron and the external transcribed spacer (ETS) sequenced in this study. NA = not applicable.

Sequence characteristic psbA/trnH trnK 5’ Intron ETS Combined (all 3 sequences)
Spacer

Length range (bp) 180-414 816-1016 315-345 1592-1931

Length mean (bp) 356 897 339 1781

Aligned length (bp) 603 1852 355 2310

G + C content mean 29.5% 33% 58% 37%
0.00-21.36% 0.00-20.20% 0.00-28.44% 0.44-21.45%

Sequence divergence (%)

Number of variable sites

Number of potentially informative sites

Number of constant sites

Number of autapomorphic sites

Number of unambiguously coded indels

Coded indel size range (bp)

Ratio of coded indels to potentially informative

sites

328/603 (54 %)
192/603 (32 %)
275/603 (46 %)
136/603 (22 %)
5

2-241

1:38

466/1352 (34 %)
237/1352 (18 %)
887/1352 (66 %)
229/1352 (16 %)
1

5-20

1:22

233/355 (65 %)
142/355 (40 %)
123/355 (35 %)
91/355 (25 %)
0

0

1027/2310 (45%)
571/2310 (25%)
1285/2310 (55%)
456/2310 (20%)
16

2-241

1:36

97 98eg













































Page 41

Gastrolobium and Nemcia, due to the similar combinations of characters present in
these genera. Therefore, the lumping of Brachysema, Jansonia, Nemcia and Oxylobium

lineare appears to have the strongest support from this analysis.
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22 Oct. 1964 (PERTH); Irwin District: North of Watheroo, M.G. Corrick 10689, 24
Sep. 1991 (MEL, PERTH); Dandaragan, R.D. Royce 5126, 20 Sep. 1955 (PERTH);
Carnamah, A. Morrison 16347, 7 Nov. 1906 (CANB, K); SE of Jurien Bay, F.C. Vasek
681008-83, 8 Oct. 1968 (CANB).

Map 10. Distribution of G. callistachys.

Toxicity. Very toxic; fluoroacetate 100-1000 pg.g! (Aplin, 1964).

Affinity. The weeping habit and flat leaves of G. callistachys, combined with the long
racemes, make this species difficult to confuse with any other species of Gastrolobium.
The irregularly grouped leaves, which are evident upon close inspection, distinguish it
from G. bilobum and G. stenophyllum, which also differ by having a raceme with very
short internodes (< 1.5 mm long), whereas G. callistachys has long, open racemes (up to

10 mm long).
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densely pubescent; ovules 5-6. Pod stipitate, fusiform or ellipsoid, 12-15 x 22-30(-35)

mm, glabrous. Seed not seen.

Flowering period. September to November, with some flowers present on one

collection made in April. Fruiting period. From November.

Distribution (Map 11). South-west Western Australia. This species has a very narrow

distribution, being endemic to Peak Charles and a nearby granite outcrop.
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Map 11. Distribution of G. acrocaroli.

Habitat. Grows on granite outcrops in well-drained areas with skeletal soils, in open

shrubland or dense heath with Acacia, Calothamnus and Labichea.

Selected specimens (10 examined). WESTERN AUSTRALIA: Roe District: Peak
Charles, 32°53’S, 121°10’E, A.S. Weston 8992, 28 Nov. 1975 (PERTH); Peak Charles,
32°53°057S, 121°09°44°E, S. Barrert 395, 19 Apr. 1995 (PERTH); Peak Charles, Peak
Charles National Park, ca 45 km W of Salmon Gums, 32°52°54”S, 121°09°29”E, K.R.
Newbey 6438, 10 Nov. 1979 (CANB, PERTH); Peak Charles, 32°53’12"S,
121°09’53”E, G.T. Chandler 779 & S. Donaldson, 9 Nov. 1998 (CANB); large granite
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Pedicels terete, 1-1.5 mm long. Calyx campanulate, 6-7 mm long, + glabrous, lobes not
recurved; upper two lobes united into an almost truncate lip, rounded, c. 2 mm long;
lower three lobes triangular, obtuse, ¢. 1.5 mm long. Corolla: standard transversely
ovate, ¢. 12 x 11 mm including the 4 mm claw, orange with a red ring surrounding the
yellow centre, apex emarginate, base cordate; wings obovate, c. 8 x 3 mm including the
3 mm claw, orange, apex rounded, incurved and overlapping to enclose the keel, base
auriculate on upper margin only, saccate; kee/ half transversely elliptic, turgid, margins
not incurved, c. 6 x 2 mm including the 3 mm claw, pink to maroon, apex rounded, base
auriculate, saccate. Style long, straight, only the apex is incurved to hooked, scarcely
sericeous at base; ovary shortly stipitate, shortly sericeous; ovules 4-6. Pod and seed

not seen.
Flowering period. June to November. Fruiting period. Unknown.

Distribution (Map 12). South-west Western Australia. Grows in a restricted region on

granite outcrops in the area around Mt Buraminya, SE of Norseman.

Map 12. Distribution of G.involutum.
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mm long. Corolla: standard transversely ovate, reflexed, 13-15 x 15.5-16.5 mm
including the 4-5 mm claw, yellow-orange with a red ring surrounding the yellow
centre, apex shallowly emarginate, base slightly cordate, auriculate; wings ovate to
obovate, 13-14 x 3.5-5 mm including the 4-5 mm claw, yellow-orange to red, apex
rounded, incurved and overlapping to enclose the keel, base auriculate on both margins,
slightly saccéte; keel half circular or very broadly elliptic, margins not incurved, 12-13.5
x 4-4.5 mm including the 4-5 mm claw, pink or red, apex obtuse, base auriculate,
saccate. Style long, incurved, lower half pubescent; ovary stipitate, densely pubescent;
ovules 6-7. Pod stipitate, ovate to elliptic, 9-14 x 4.5-7 mm, glabrous. Seed reniform,

4-4.5 mm long, arillate.

Vernacular name. Granite Poisorn.

Flowering period. August and September. Fruiting period. From October.
Distribution (Map 13). South-west Western Australia. Restricted in distribution,

occurring only around the Coolgardie area, with an outlier in a little-explored region

south of Merredin.
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Map 13. Distribution of G. graniticum.
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Selected specimens (144 examined). WESTERN AUSTRALIA: Avon District: 4 miles
[6.5 km] W of Wagin, 33°19°S, 117°17°E, T.E.H. Aplin 2831, 8 Nov. 1964 (PERTH).
Darling District: Upper Helena Valley, 31°56°S, 116°04°E, J. Seabrook 419, 23 Oct.
1977 (PERTH); 2 km west of Waterloo to Bunbury, 33°20°S, 115°48’E, G.J. Keighery
13388, 24 Oct. 1993 (PERTH); Walpole-Nomalup National Park, Pt 235, 35°01°50”’S,
116°35°30”E, A.R. Annels 564, 14 Dec. 1988 (PERTH); 13km W of Kojonup towards
Boyup Brook, 33°50°26”’S, 117°01°12”E, G.T. Chandler 738 & S. Donaldson, 2 Nov.
1998 (CANB, MO). Eyre District: SE base of Mt Arid, 33°58°53”S, 123°13°40”E, G.T.
Chandler 815 & S. Donaldson, 13 Nov. 1998 (CANB, K, MEL, NY, PERTH); High
Island, Duke of Orleans Bay, 33°54’S, 122°36’E, P.G. Wiison 8178, 2 Oct. 1968
(PERTH); Bald Island, off Albany, 34°55°S, 118°28’E, A.R. Main s.n., Dec. 1963
(PERTH) ; Bakers Spring, eastern Stirling Range, 34°26°S, 118°20’E, G.J. Keighery
5453, 19 Oct. 1982 (CANB, PERTH); 3.2 km N of Ellen Peak, Stirling Range, 34°20°S,
118°20’E, M.D. Crisp 5295, 19 Jan. 1979 (CANB, PERTH). Roe District: Mt Ridley,
33°18’S, 122°07°E, H. Demarz D7970, 13 Dec. 1979 (PERTH); Mt Beaumont,
33°22°S, 122°41’E, M.A. Burgman 2401 & S. McNee, 29 Sep. 1983 (PERTH).

Map 14. Distribution of G. bilobum.
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