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showing the frequencies of occurring clades, is generated. Bootstrapping is sensitive to character number
and the degree of homoplasy. The more unambiguous characters supporting a node, the less chance that the
random resampling causes the node to collapse and the higher the frequencjf;with which it appears in the
performed replicates.

Parsimony jackknifing, as executed by the program "Jac" (Farris ef al. 1996), combines jackknifing
with parsimony analysis. Like the bootstrap it reanalyses the original data matrix, but at each "Jac” replicate
a reduced matrix generated by randomly omitting a (specified) number of characters, in this case e’ is
analysed. For analyses of large data sets the major advantages of parsimony jackknifing is its far gréater
speed and its greater ability to detect poorly-supported groups compared to existing programs (Farris ez al.
1996). Parsimony jackknifing was therefore used in this study to test clade support.

Farris et al. (1996) have shown that with a removal probability of 36.79% (~ 37%, Backlund &
Bremer 1997) jackknife values of more than 63% correspdnd to a node supported by at least one
uncontradicted character. Consequently, the percentage of deleted characters for all jackknife parsimony
analyses in this study was fixed at 36.79%. Only groups with frequency greater than 50% were retained and
clades with jackknife values greater than or equal to 63% are regarded as supported by the data (Farris ef al.
1996, Backlund & Bremer 1997, Bakker ef al. 1998).

Clade support was determined by performing 10,000 replications of parsimony jackknifing using
PAUP* version 4.0b4a (PPE) with options selected so as to emulate the conditions discussed by Farris ef al.
(1996) (collapse branches if minimum length is zero, jackknife with 36.79% deletion, emulate “Jac”
resampling, “Fast” stepwise-addition). Only groups or nodes with frequency > 50% were retained in the
jackknife consensus tree.

Successive weighting: The data set was further analysed using a successive weighting approach

(Farris 1969, Goloboff 1993, Kitching ef al. 1998). Successive approximated weighting is an a posteriori
procedure for weighting characters according to their cladistic consistency as measured by their consistency
index or rescaled consistency index on a given set of trees. As the weights can affect both the number and
topology of the resulting cladograms, it is necessary to ensure that the weights stabilize (Kitching ef al.
1998). By repeating the reweighting procedure until the weights assigned to each character in two
successive iterations are identical ensures that the weights stabilize (Kitching et al. 1998).

Lidén (1999} has critisized the performance of bootstrapping (or jackknifing) on internally weighted
characters (according to Farris’ (1969) successive approximation approach). However, Lidén (1999) does
not offer an alternative method to measure support for nodes on internally weighted characters. Apart from
Lidén’s objections there has so far been no unanimous rejection of this method in the literature and the
implications of jackknifing on internally weighted characters on branch support have nowhere else been
discussed. Sinee it is logical to examine also branch support of weighted characters, this method is used

here as the best estimate of clade support.
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2. 2. Materials and Methods
2.2. 1. Ingroup and outgroup sampling

Fifty-nine exemplars were chosen to reflect as much of the morphological variation in the
Lampranthus — group as possible. Since this morphological variation is largely encapsulated in the existing
taxonomy, the current classification is used as shorthand for describing this variation. Consequently, for
mono- and bitypic genera one species was selected as representative. Circandra was not included in the
study, since no populations of the species could be located. In Erepsia and Lampranthus, the partly
informal sections were used as a baseline for selection. Four species of Lampranthus, not placed to section
(including an as yet undescribed species), were included to test whether they do belong in this genus.

Exemplars representing at least two genera of the proposed close relatives were selected. In the
absence of an existing phylogenetic study, additional taxa were selected from Hartmann’s groups to
encompass a broad range of ruschioid morphology. These were used to provide an effective test for the
monophyly of the Lampranthus — group. Two species were chosen to represent the
Mesembryanthemoideae. Since there is sufficient morphological evidence that the Mesembryanthemoideae
are not nested within the Ruschioideae (e.g. Hartmann 1991), one of the two species, Brownanthus

pubescens, was used to root the tree.

2. 2. 2. DNA extraction and amplification of template DNA.

Total DNAs were isolated from fresh leaf material of the 59 sampled species by the method of
Saghai-Maroof ef al. (1984) as modified by Doyle & Doyle (1987). In some cases, where initial PCR
amplification did not yield a product, DNAs were further purified by using the QIAquick™ PCR
Purification Kit, following the manufacturer’s instructions.

The three DNA regions were amplified from total DNA by polymerase chain reaction (PCR). The
trnL-trnF and ITS regions were amplified using primers ¢ and f (Taberlet ef /. 1991) and universal primers
ITS5 and ITS4 respectively (White ez al. 1990). The 58 spacer was amplified using primers P3 and P4
described by Cox ef al. (1992). The sequences of the primers are given in Table 2. 1. 25ul reactions were
prepared, which contained 19 pl of sterile water, 2.5 ul of 10X PCR buffer, 1 pl of 10mM dNTPs in
equimolar ratio, 0.75 pl of each 10 pM primer, 0.5 pl of 25 mM MgCl,, 0.125 pl of Taq DNA polymerase
(5 U/ul) and 0.5 pl of genomic DNA. In general, a 10x dilution of the exiraction produqt was used as
template DNA. For the ITS amplifications, which in numerous cases yielded more than one product, 0.25ul
of DMSO per reaction was added. The thermal reactions were carried out as follows: first 2 minat 97° C to
ensure denaturation of double-stranded template DNA, 1 cycle; denaturing step of 95°C for 1 min, annealing
step of X °C for 45 sec (X = 52 for trnL-trnF region, 49 for ITS, 55 for the 58 spacer) and extension step of
72° C for 2 min; the three cycle steps were repeated 30 times and were finally followed by one extension
step for 8 min at 72°C to complete unfinished DNA strands. The reactions were cleaned using the QIAquick
PCR purification kit from Qiagen and the purified products were eluted in 30 pl of TE.
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2. 2. 3. Sequencing and alignments
Both strands of the PCR products were cycle sequenced, using the ABI PRISM Dye Terminator

Cycle Sequencing Ready Reaction Kit from PE Biosystems. The pﬁmers used for amphfication were also
used for the sequencing reactions. In addition, for some samples the internal trnl-F region primers d and e
were used (Taberlet er al. 1991, Table 2. 1). The cycle sequencing reactions were carried out following
manufacturers instructions. The samples were run on an Applied Biosysterns 377 automated DNA
sequencer.

Data files were assembled and edited using DAPSA version 4.04 (Harley 1997). Sequences were
aligned by eye. Ambiguous positions were coded using appropriate [UPAC ambiguity symbols so as to
maximize retention of information. Alignment of some portions of the 5S and trnL-F datasets was
ambiguous. These regions were excluded from all analyses described below. For all sequences a blast
search in Genbank was performed to make sure that the correct gene region had been amplified.

Gaps, which result from the alignment of sequences of unequal length during primary homology
assessment, are considered to contain valuable phylogenetic information (e.g. Giribet & Wheeler 1999).
Different methods of treating gaps have been discussed and these may influence the outcome of a
phylogenetic analysis(e.g. Eernisse & Kluge 1993, Vogler & DeSalle 1994, Simons & Mayden 1997).
Simmons & Ochoterena (2000) recently reviewed and evaluated the different methods of gap coding (e.g.
Barriel 1994, Wheeler 1996, Giribet & Wheeler 1999). In their method all gaps (including gaps that are one
position long) are coded as separate present/absence characters and not as fifth character state since they do
not represent alternative forms of bases. Some workers have also treated single gap positions independently
of adjacent gap positions.. Whereas some have treated contiguous gap positions as the result of indepenéent
indels (Eernisse & Kluge 1993) others consider them the result of a single indel and thus treat them as single
characters (Lloyd & Calder 1991, van Dijk e al. 1999). Contiguous gap positions are generally thought to
result from a single insertion or deletion (Pascarella & Argos 1992, Gu & Li 1995). Furthermore Simmons
& Ochoterena (2000) argue further that the parsimony criterion favours the interpretation of coding
contiguous gap positions as a single character. They proposed two methods to code gaps, simple indel
coding and coﬁplex indel coding. Their method of simple indel coding, although it does not incorporate all
available information, is far easier to implement compared to the complex indel coding. In addition, gaps
found in this study could easily be aligned by eye and the simple indel coding procedure was sufficient to
retrieve the phylogenetic information. In this study all gaps were treated as single sites regardless of their

length and were coded as binary characters to be added to the data matrices and included in the analyses.














































































































































































































































































































































































































































































































