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THE‘DISTRIEUTION OF FREE AMINO ACIDS IN DIASTELLA SALISB., LEUCOSPERNUM R.BR. AND SOME OTHER NEMBERS OF THE PROTEACEAE

""... It is untenable ... to view secondary plant
setabolites as plant 'yarbage cans' designed for
'containerizing' nonfunct jonal nolecules.”

Rosenthal (1982)
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1. . ’ INTRODUCTION

1.1 Backqround

Diastella Salisb., is a small Proteaceous genus endemic in a very small distribution range in the extreme South-
western corner of the Cape. fiastella comprises seven species. Rourke (1976) recently revised Diastella for the
account of the Prﬁteaceae being prepared for the Flora of Southern Africa. 1In this revision he réports that 18th
century classifications placed most of the known species of Diastella in either Protes ﬁr Leucadendron, In 1809
Salisbury founded Diastella. Brown rejected this classification in 1810 and formed a clumsy and confusing arrangement
by placing these species in Niwetes Salisb. Sect Il Aimetes spuriae R, _Br.. In 1911 Phillips reinstated Piastella.
Hall and Veldhuis (1985) 1ist 2. buekii as 'endangered', 0. ayrtifolia as ‘critically rare', 0. parilis and D.
protecides as 'vulnerable' and consequently the opportunity was taken to investigate some pﬁytochenical conponents of

the species concerned while material was available.

- Johnson and Briggs (1975) suggest phylogenetic relationships in the Proteaceae and suggest separate but neariy
parallel lines for Diastella and Leucosperma.  Rourke notes the occurence of a nmatural, putative bigeneric .hybrid
between Diastella and\Zeucosperwun which indicates a still closer relationship between the two genera than this nearif
parallel line. & single specimen of the putative hybrid was found growing betneenbtwo presumed parent species at
Betty's Bay, namely Diastella thyweloeoides ssp. wmeridiana and Leucospersum oleifoliuw. Rourke describes the hybrid
as being quite sterile but exceptionai]y vigorous, however Brits (pers. comm.) of the Tygerhoek Protea Research Unit
has obtained seed from cloned material of this putative hybrid. The seedlings have leaf forms varying.between those
of the presumed parent species. These seedlings have since been dried and placed in the Compton Herbarium for further

| study.
1.2 Prablem statement

This thesis reports on a phytochemical investigation with the view to supplementing lorphological-data with chewical
data for a further taxonowic study of the relationship between Diastella, Leucospermm and the putative hybrid. This
investigation was a part of a broader phytochemical study being undertaken at National Botanic Gardens, Kirstenbosch,_
in which the non?protein awino acid complements and the presence of certain flavonoids have been compared in several

senbers of the Proteaceae. This project will eventually be extended to other taxa and other chemical compounds.

ARino acids were selected to form part of this study as Prof. J. N. Eloff, Director of National Botanic Gardens, had

good experience in the analysis of free amino acids. The necessary equipient had been installed in the laboratories
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at Kirstenbosch and various analyses were being carried out, primarily in the Proteaceae. It was also decided to
evaluate the potential use of amino acids for a taxonomic study of several genera of Proteaceae originating from both

'.uithin and outside South Africa.

The worth of usingvnon-protein amino acids as chemotaxonomic markers has been the subject of criticisa (e.g. Portér
1967), however they have.been used succeésfully in recent years in chemotaxonomic studies and also for confirming the
identity, at species level, of unidentified seeds (see Eloff 1983). Free amino acids have been used for
| chemotaxonosic analyses in various oréanisns, e.g. coelenterates, zoanthids, ciliates {Kittredge and Hughes 1964),

algae (Scott 1954, Ito and Hashimota 1966), and angiosperss.
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2. LITERATURE REVIEW

2.1 Free Awino Acids - biological roles

Non-protein amino acids are generally considered to be secondary plant products, but many have been shown to be
infermediary metabolites e.g. 4-amino butyric acid. Fowden (1964) points out that they are generally not included in
any proteins. Their concentrations in plant material can be low (e.q. freé amino acids account for.about 0.02% of the
dry mass in young leaves of Leucosperaus bolusii), or high (e.g. N methyl serine alone accounting for 5.5% of dry mass
in young leaves of Dichapetalum cymosum (Eloff 1970)), Free amino acids tend to occur in higher concentrations in

" flowers and seeds than in leaves in the Proteaceae (e.g. about 0.7% in L. dolusii flowers).

“The concentration _of free amino acids may indicate the degree to which they can bs used as cheuotaxonomicv markers.
Anino acids in high concentration may play a major role in nutrition, metabolism, or interaction with other organisms
.or factors, | Bell (1981) indicates that for a non-protein amino acid to be synthesised it would presumably provide
some selective advantage to the species making it. It nay play some role in the ecosystem as a whole, giving the
plant added competitive advantage over species devoting themselves to the synthesis of primary metabolites. The plant
would then benefit by the use of resources to synthesfse and even accumulate the amino scid. However, the possibility
aust not be overlooked that a taxonomically significant amino acid may actually occur in ; very low concentration, not

detectable by normal analytical procedures.

- Where novel ‘non-protein snino acids occur, such as the Lathyrogens found in species of lathyrus, and L-canavanine
found in Canavalia ensifbnvis,’ they often appear to fill specific roles - in these instances producing toxic effects
in predators. Bell (1981) suggests the following roles of non-protein aninb-acids:

Storage : often accumulating in storage tissue, e.g. canavanine has a high N:C ratio and is thus a good
nitrogen reserve.
Defeﬁce 1 For example, Rosenthal reports that canavanine comprises up to 133 of the cotyledons of some
seeds, and represents up to 90% of the soluble nitrogen;
¢+ Produce physiological effects in other organisas, e.g. canavanine which is mentioned above
under storage and apparently serves both in storage and defence. Canavanine is toxic to most

predatorss

Cause disease or toxicity, acting as feeding inhibitors, e.g. up to 9% of seed dry weight of
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Mucuna spp. comprises 3,4-dihydroxyphenylalanine (L-DOPA) which causes a form of anaemia, the
neurological disorder Parkinsonisq, and inhibits radicle and hypocotyl growth in some plants

(see Rosenthal 1982);

Phytotoxin, as suggested by the presence of non-protein amino acids in root exudafes,. or

liberated from seeds during imbibition. These amino acids ﬁaf inhibit germination or growth
of competing plant species;

.t Fungicides or bacteriocides, for example homoarginine is toxic to Candida albicans (yeast) and
Staphylococcus aureus (bacterium).,  Canavanine is toxic to a range of yeasts, bacteria, and

viruses.

Other possible biological roles are:
¢ Growth factor in plant producing amino acid;

"+ Reward to pollinators (Baker and Baker 1976) or seed disperser.

In " considering the selective advantage of non-protein amino acids it must be remembered that plants producing such

toxins need to have a way of avoiding autotoxicity, which is a further drain on resources.

¥hen Bell and Tirimanna (1965) investigéted the free awino acids in some fifty species of Vicia, there wére not many
'protein’ amino acids present, with the exception of arginine, glutamic acid and aspartic acid., Seneviratne and
Fowden (1968), presenting data for Acacia species, and Dunnill and Fowden (1965), presenting data for Cucurbitaceae,

excluded all 'protein® amino acids and concentrated on the dominant non-protein amino acids.

Van Staden (1966) found that the dominant amino acids in members of the faqi]y Proteaceae are mostly protein amino
acids, although there was an unknown compound which occurred as one of the dosinant ninhydrin positive compounds in a

few Protea species.

It is important to differentiate between the concepts of non-protein amino acids,- and free amino acids. ﬁon-protein
anino acids exclude the 'protein' amino acids, imino acids and amides. Free awino acids include all anind acids which
‘are not incorpdrated into proteins. In this report the térn 'free amino acids' is used and includes the 17 amino
acids, 2 amides and 1 imino acid usually contained in proteins, as well as non-protein amino acids such as ornithine,
4-anino butyric acid and 3-alanine, and a host of other known amino acids, the nuaber of nhicﬁ presently exceeds about

240 in various plants and a further 160 from other natural sources (Rosenthal 1982).
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The presence of non-protein amino acids is more likely to have systematic significance than the presence of any of the

20 'protein’ anino acids in the free state.

It is important to consider the interplay between anino acids and soil nitrogen as part of thé diséﬁssion on the
biological role of free amino acids . 6Goodwin and Mercer (1985) indicate that the chief nitrogen tfansport compounds
in plants are aspartic acid, asparagine, glutamic acid, glutamine and arginine., Some plants use other compounds such
as canavanine which has a particularly high N:C ratio of 0.8 and occurs in high concentration (8% of dry mass) in
Canavalia ensiformis (Jack bean) seeds. The transport compound can also vary according to the forw of nitrogen
| available in the soil. For example, Goodwin and Mercer rgpoét that nodulated soybean {(67ycine #ax) plants export
ureides from the roots while non-nodulated roots export less ureides and wore asparagine. Vogts>(1982) points out
-that, in several genbers of the Proteaceae; so0il is apparently more important than climate as a factor in speciation,
" Soils with little clay and Tow free salt concentrations are preferred.  This is certainly the type of soil found in

~ the South Western Cape where Diastella species occur.,

Hocking and Thomas (1974) discuss the importance of maintaining low NPK levels in soils of Proteaceous plants under
“cultivation, They indicate a toxicity response by kuea, Grevillea and»Protea to high values of NP, or coubjnations
of NP and K. Many Proteaceous plants have specialised Proteoid roots which form a dense cluster of rootlets in a mass
below the soil surface, a discrete zone of 2.0 - 3.5 cm thick in the case of Banksia ornata growing 1in heathl and.
These rootlets appear to trap water and nutrients thus enhancing nutrient uptake. As these plants grow in soils where
little nitrogen is available to the roots it ié likely that the N is retained by the plant by resorption from ageing
leaves and redistribution. The total nitrogen in the plant, particularly in the leaves, is not in very high

concentrations.

2,2 Suitable characters for use as chemotaxonomwic markers

Stace (1980) comments - that it is not reasonable to say.that‘either'chenical data, or structural data, is more
important than the other in a taxonomic study. One cannot say that the presence or absence of a particular chemical
" “compound is either more or less valdable in taxonomic analyses than, say, the presence or absgnce of petals. HoneQer,
accepting that chemical data do have a place in taxonomy, how would one seleﬁt.suitable chesical compounds to use as
- markers? Harborne (1972) proposes that flavonoids ére excellent chemotoxanowic markers because:
- They occur universally;

- They are not directly involved in primary metabolisa;
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- There is immense sifuctural’variation among the flavonoids;

- Flavonoids are relatively easily'analysed by simple chromotographic and spectral procedures;
- Small samples can be analysed;

- They are detectable in he?barium specinens.

Other important considerations are that chemotaxonomic narkers need to be stable and not subject to arbitrary

~ variation,

Chemical nmarkers should ideally be unique, which is possible where there is great structural variation, Their

presence and concentration in a species should be constant and stable.

2.2.1 Free Awino Acids as chemotaxonomic markers

The free amino acids possess some of these qualities.
- They occur universa]ly;.
- Some are directly involved in primary metabolismvuhi]e some are evidently sEcondary wetabolites;
- There is immense structuré] variation among the free amino acids;
-‘Free amind acid§ are relatively easily analysed by simple_chronotographic procedures;
- Small samples can be analysed; )

- They have been reported to be detectable in herbarium specimens.

Fowden (1958) discusses some variations in free amino_acid compositions arising in response to seasonal chanﬁes,
nuiritiona] quality of the soil, soil moisture, temperature énd post-harvest storage conditions. As long as workers
_are aware of these variables they can make allowance for them. It is perhaps simpler to typify cﬁanges in
v'ﬁorphologica1 characters than in chemical characters as it is easier to monitor changes such as flower development
Iand colour, However, it can be argued that change§ in free amino acid compositions yould follow equally strfct Taws
as do changes in morphological features and the important thing is to determine the laws involved and- to avoid

introducing variations due to experimental technique.

" Examples of seasonal variations reported in the literature are given by Virtanen and Miettinen (1953) who report
that citrulline represents 0.23 of dry mass of root nodules of Alanus incana in summer. After leaf fall in October,
citrulline increased to 0.9% of dry mass. Citrulline in 4. glutinosa was about 23 of dry mass in January.

Citrulline is probably a nitrogen reserve which is used rapidly in suemer and accumulates during winter after leaf
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fall. 'Arginine and ornithine occur only in traces in the nodules, but are abundant, along with citrulline, in the

~ roots nearest to nodules. This also illustrates the variability within a plant and between sites in the same organ.

Wilding and Stahwann (1962) report similar trends in Medicago sativa (alfalfa) and rrifaliu' (clover) root tissue
where hydroxyaspartic a;id concentration is lowest at 0.58 micromole/g in October ahd increases to 1.17 micromole/g

 'ih alfalfa (0.42 - 0.58 nicronolé/g in clover)

Murray (1983) reports changes in the free'amino acid composition in the hull (seedcoat), wmaturing embryos, embryo
sac, cotyledon and embryo axis of the field pea Pisum sativuw,  In these examples - Alanus, alfalfa, clover and

Pisum the changes are clearly linked to the nutritional function of the specific amino acids .

This illustrates that most variationé in free amino acid compositions are apparently not random, but are diétated by
" function as is the case for most variable morphological characters. For example, Prof. 8. Walker (Hitwatersrand
"University, pers, comm.) indicates that the expanded phyllodes with vestigial compound leaves produced by several.

Acécia species are probably produced as a water conservation strategy.

oA leasf, some variability in anino‘acid composition arises in reSponsé to adverse environmental conditions.
ﬁosenthal (1982) reporfs that the accumulation of 4-§mino_butYric acid in many plants is enhanced under gdverse |
eﬁvironmental conditions by conversion from glutamate by the enzyme L-glutamic acid dgcarbdxylase. . This process
- frees the amino group to supply nitrogen for other plant needs. The resulting semialdehyde can be o*idised to

succinic acid which can link in with the Krebs cycle,

Fowden (1958) discusses amino acid levels relative to plant growth and environment. He mentions changes associated
with plant development, mineral nutrition, temperature and illumination. ~Levels of amino acid concentrations

increase with increasing time of storage after excision.

"Soie changes in free amino acid cdntent.are less easily explained than others, Such variations are not exc]uéive to
: chemistry. There are also examples. of morphological variables such as the leaf tip notches or 1eaf. shape of
Leucospersur cordifol ius uhiéh can vary along the length of é branch. It must be realiséd,.though, that once a leaf
ha§ developed a géven number of notchés, it is likely to retain that number.. It is 1ikely thqt if present knowledge
does not explain the reasons for variations in amino acid compositions, or morpholegical characters, such an

explanation will be fdund in the future, thus enabling one to understand the factors controlling the variability.

- Bell (1981) points out that dormant seeds are frequently used in chemotaxonomic analyses as they represent a static
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stage in the Tife cycle of a plant. - In this stage they are less 1ike1y‘to be affected by changes in nutritional or
environmental factors, Meaningful comparisons can be made between different species when comparing them at such a

static stage. Seeds are also frequently rich in free amino acids.

Baker and Baker (1976) studied the amino acid compositions of nectar samples in several unrelated genera. They
found the nectar amino acids to be consistent in F, hybrids and in the parent species which they studied and they
recomsended that nectar amino acid patterns would be as useful as any other plant chemicals in chemotaxonomic

studies.

- 2.3 Chemotaxonomic analyses using free amino acids

Many analyses have been reported in the 1iterature in which meaningful chemotaxonomic data have been obtéined using
free anino acid markers.  Only a few references will be given here, but Rosenthal (1982), Fouden (1958), Bell (1981)
and others have discussed the subject in greater detail, Much of the work is involved with the isolation of single
- amino acids occurring in one or several species, rather than with the determination of the compositions of amino acids

in each species.

Fowden and Bryant (1958) report Azetidine-2-carboxylic acid to be confined largely to gegbers of the Liliaceae sens.
lat.. A few species of the Agavaceae, a family of plants then recently split off from the Liliaceae, contqin snall
amounts of the compound.  This imino acid often accumulates in large amounts, even representing the major proportion
of the non-protein nitrogen of particular plants in the Liliaceae. [n a later report Fowden (1972) reports finding
snall amounts of Azetidine-2-carboxylic acid in Beta wulgaris (chenopodiaceae) and Delarix regize (a lequme). This
isolation was froe 109 kg of sugar beets. In such mass extractions it islpossib]e to isolate amino acids which occur
in small amwounts in the plant. Fowden does caution, though, that pfeparations from bulk waterial like this could

result in the lengthy exposure of cospounds to conditions which could produce artefacts.

Eloff (1970) reports on the isolation of N-methyl serine (NMS) and N-Methyl alanine (NMA) from several members of the
genus Dichapetalum. He wmentioned that it would be interesting to seek a correlation between NS, NMA and
fluoracetate, looking at other members of Dichapetalaceae and some other taxa containing fluoracetate. He had not

found NNA or NNS in Acacia georginae which also contains fluoracetate.

Seneviratne and Fowden (1968) analysed the free amino acid compositions of the seeds of several Acacia species

including 4. georginae wentioned above. They do not report finding either NNA or NMS in this species. - They 1ist -
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several non-protein amino acids and note a sharp distinction between the amino acid compositions of seeds ofA genbers
of Acacia (Sect. Gummiferae) and those of other sections, Only slight differences in pattern existed between members

of the other sebtions, and there was no consistent pattern evident for all of the members constituting any single

- group,

Bell and Tirimanna (1965) note that the study of the distribution and metabolism of_inoh~protein. amino acids and
re]ated compounds in plants may be helpful both in establishing phylogenetic relationships between species uithin:.a'
genus and also in defining a genus itself. Bell (1962)vreports that-in a study involving some fifty species of
Lathyrus the non-protein amino acid compositions enabled the subdivision of the genus inte five main groups based on
" the associations of these non-protein amind acids. These five groups differed only slightly in detail from an earlier

E grouping based on morphological and cytological information.

Dunnill and Fowden (1965) conducted a chemotaxononic studyvof the family Cucurbitaceae using amino écids in seeds. -
Theyb indicate that their data provide an invaluable index which should be used in c0nsideraii§ns of relationships in
uncertain classifications. In the.sane paper they mention thét a few anino acids such as 4-awino butyric acid and 2-
amino adipic acid océur widely in thevplant'kingdom. Some show infrequent but haphazard occurrence in ‘isolated
neibers of many families of plants which are not closely related. However, some have yery limited distribution in
closely allied gfoups of plants. Erdtman (1968) describes the relationship between taxonomy and chemotaxonomy and
nakes referencé to sgch coupounds as were mentioned by Dunnill and Fowden. He points out that identical compounds
which occur in'reuotely.related taxa could be synthesised in distinctly different ways. They are analogous but not
homoTogous in the bio1o§ical sense of the term. Such instances of the occurrences of analogous compounds would not be

likely to indicate a phylogenetic relationship between the taxa synthgsising the compound.

2.3.1 The use of numerical aids in_taxonowy

~ $neath and Sokal (1973), and Spencer (1984) discuss the application of numerical te?hniques in biochemical studies,
particularly using cluster analysis techniques. Sneath and Sokal discuss a variety of clustering algorithas as well
as various methods for computing similarity coefficients when comparing species with each other. Spencer prepared a
simple computer program using an algorithw which appears to be based on that of the Xerox Data Systems CLUSANL

>'progral discussed by Hansch and Leo (1979), -

Numerical analysis can be applied in taxonomic studies by encoding morphological or chewical data in a form which
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can be énalysed by a computer program. .Species would be placed into groups (clusters) based bn the.simiiarity of

their free amino acid compositions, or other taxononic properties. There are several algorithas which can be used-
rin the process of determining sinilarities, for exanple that used by Spencer, aﬁd each has its own advantages over

others and each would produce its own éroupings which may not agree with groupings pbtained using oiher algorithas.

It is beyond the scope of this thesis to go into depth discussing the principles behind the_Various systens,

Each ;pecies is compafed with every other species to obtain a matrix 6f sinifarity indices. The highest index is
sought and reported} The twobspecies concerned are then clustered using either centroid 1inka§e or arithuetic mean -
* linkage to calculate an average value for the data pair of each characteristic. The cluster then feplaces the first
species in thevmatrix and data bank and the second speciés is removed from the data bank. This process is then
repeated comparing the new cluster with each species in the data bank. Avsimiiarity latri* is used to visually
" check the final clusters to see uhich alternative groupings could have been formed and the worker can then manually

correct groupings which appear to not be the best in his opinion.

| 2.4 Chemical identification of the parents of a hybrid

One of the queries regarding the relationship between Diastella and Leucosperaus revolves around the putative
. intergeneric hybrid. Thus it was important to see if any successful identifications had been, or could be, nade of
the parent species of any given hybrid by using chemical charasteristics. The morphological characters are blended

but the question is, how are the chemical characters of the parents blended in the hybrid?

Habe (1972) reports on studies done on the lupine alkaloids and flavonoids in seven Baptisia hybfids and the parent
-species Baptisia sphaerocarpa and B. leucophaeae. fhis study showed that while some hybrids may be indistinguishable
in appearance from plants belonging to one or the other of the parent species, the alkaloid patterns in the hybrid can
be quite unique. Another study on Baptisia hybrids showed that hybrids often4conbine the flavonoid chemistry of the
parent species but occasionally produced unique flavonoids not present in either parent. In these particular plants,
hybridisétion and introgression occur frequently as there are populations with two or more Baptisia species. In these
populations Va]] of the possible hybrids are present as well ‘as plants derived from the backcrossing of hybrids uith

parent species.

Swith (1976) reports on other chemical studies of hybrids. He states that in most cases, hybrid derivations of
Gossypium, Brassica, pine and several other species had been shown to be chemically intersediate between their

' parents. Terpenoids, 0ils and flavonoids are secondary metabolites which were used as markers.
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Yhé only reference which I found which deals with amine acids in studies on hybria;parent re]ationshibs was that of
Baker and Baker (1976) in which they studied the amino acids in flower nectars of several unrelated generé and they
found very good corre]atibns between the amiﬁo acids in the hybrids and parent species. Almost without exception, the
nectars of F, hybrids contained every one of the amino acids contained in both parents combined, and they did not
contain any amino acids which were not found in either pafent. Prosch (1986) has investigated the free amino acids in
Protea spp. hybrids, but she came to the conclusion that the free amino acid compositions of hybrids and parents in
the Proteaceae are not sufficiently reliable properties to use for identifying the parents of any given hybrid plant -
because the free amino acid compositions of parents and hybrid appear to be subject to seasonal yariation. The free
- amino acid compositions in some Lewcosperaus spp. hybrids and the putative bigeneric hybrid between Leucosperaus and

Diastella are reported in the present work.

2.5 The taxonomy of the Proteaceae

Rourke {1976) groups the species of Qiastella as follows in his key to the species of Diastella.

Hypogynous scales present - (a characteristic held in comaon with Leucospermum species although overall appearance
is clearly similar to that of the other species of Diastella)
D. parilis
D. wyrtifolia.
Hypogynous scales absent.
Leaves orbicular, oval, elliptic or lanceolate.
D. divaricata
D. fraterna
D, thymelaeoides
. Leaves acicular
D. proteoides
D. buekii

Figure 2.1 depicts the groupings of the species of Leucosperaua.

The following list shows the genera studied in this work. They have been placed in their groups, based on
morphological properties, which have been worked out in the Proteaceae. The chromosome number is also bresented in
~ the column on the right., A1l of the chromosome numbers which are presented are those presented by Johnson and Briggs

~(1975).  The groupings are based on those by Johnson and Briggs, with Vexatorella added in the 4ulacinae as proposed

by Rourke (1984).
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Crassicaudex Diastelloidea : - Conocarpodendron
SECTION Crinitae : Tumiditubus Brevifilamentun
Leucospermum , New Genus '
Cardinistylus Xericola

L, cordatus
. secundifoliun
L—vexatorella obtusata

Vexatorella alpina

Vexatorella amoena

L. royenifolium

. Saxatile [, wittebergense
L. gracile ]—_—L. prostratum
. oleifoliua L, pedunculatus
. aundii —L. calligerum
. bolusii
- L. truncatulum
L. heterophyllum
L. truncatua
—{. hypophyllocarpodendron L1, auirii
. rodolentua L. utriculosus
. tomemntosum L. erubescens
. parile L. fulgens L. patersonii
———————1. arenarium ' L. praecox - L. cordifolium
L. spathulatua L, tottum
L. profugum L. vestitua
- ——r, Jineare
L. conecarpodendron
Ei. pluridens
- =f, glabrum
L. queinzii
| L. grandiflorua
L. formosum
L. catherinae
I L. reflexus
4 L. innovans
L. cuneiforwe
L. saxosum
L. gerrardii

L, praeworsun

Figure 2.1 Binary tree created from the key to the species of Leucospersim contained in Rourke (1972) with Vexatorella
. added after Rourke (1984). No phylogeny is inferred or implied by lengths of 1ines or proximity of species
on the tree.
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Protecideae
Conospermeae
Petrophilinae
Petrophile 13
Isapogon 13
Proteeae
. Aulacinae
Aulax 1
Leucadendron 13
Vexatorella -
Proteinae
Faurea - 12
Protea , 12
Leucospermun 12 .
Diastella '
Spatalla . 12
Soracephalus -
Orothamnus -
Kigetes 12
Paranosus 12
Serruria 12
Grevilleoideae
Embothrieae
Embothriinae .
Telopea 1
Stenocarpinae
Stenacarpus 11
Grevilleeae
Hakea 10
Grevillea 10
Macadamieae
Macadamiinae
Nacadawia 14
Brabejua 14
Banksieae :
Banksiinae :
Banksia 14

2,5.1 Chemical work on the family Proteaceae

Cronquist (1973) included the Proteaceae in a 1ist of Angiospera families in need of chemical investigation, The
Proteaceae are an interesting group for systematic study as they occur widely in the southern hemisphere. ‘They are
present on several land masses including Australia, New Zealand, Africa and South America. They are well suited to

growing in xeric and poor nutrient conditions,

Eloff (1983) proposed a project in which a chemotaxonomic investigat_ion be undertaken on South African taxa,
starting with the Proteaceae. The reasons for the choice of the Proteaceae are:

1) Dr J P Rourke, curator of the Compton Herbarium at Kirstenbosch, is an expert on Proteaceae taxonomy, and

is available as co-worker
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2) Much of the.a1pha-taxononica1 work has already been done for inclusion in the Flora of Southern Africa.

3) This family is valuable in aesthetic and economic terms.

4) Gibbs (1974) reported that very 1ittle chemotaxonomic work had been done on the family.

The present work includes some parts of this general pilot survey proposed by Eloff, looking at the free amino acids
‘present in each South African genus and some exotic genera of the Proteaceae with special attention given to
Diastella and Leucospersus. The complete analysis, including the study of free amino acids in the different parts

of the plants at different times of the year, has not been completed, although some data can be presented for L,

oleifol juw which was studied in more detail than the other taxa in this study.

| - Scott (1985), Perold, Beylis and Howard (1973), Van Staden (1966), Van Oudshoorn (1963), EllsWorth and Martin
- (197), Prosch (1986) and Yan Schalkwyk (1986) have.studied the flavanoids and free amino acids in the Proteaceae

with either a strong chenical bias on the one hand, or a strong systematic bias on the other.

2.6 Some notes on the extraction of free awino acids

As noted above, free amino acids have been shown to occur in quantities in excess of one percent of dry mass of organs
of some species (see Eloff (1970); Bell (1981); Yirtanen and Miettinen (1953); Hilding\and Staheann (1962)). In one

- of these cases a single amino acid, NMA, was present in concentrations of 5.5% of thebdry mass of very young leaves.

Some factors make it difficult to interpret data - for example Daley and Bidwel) (1977) suggest that phosphoserine may
be involved in chelating metal jons. These complexes are often insoluble. P-Serine has been observed to be present
in the Proteaceae by Prosch (1986) and van Scha]kwyk (1986), and I have also found phosphoserine to occur in

relatively large amounts in most of the species which I analysed.

Pollard, Sondheimer and Steward (1958) report on an equilibrium reaction between an unknown hydroxyamino acid and its .
lactone. In basic solutions (containing ammonia) the lactone was hydrolysed to the awino acid. Acid hydrolysis
brought about the reconversion to the lactone form. They also reported that glutamic acid appeared upon hydrolysis

but the source was not known.
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MATERIALS AND METHODS

3.1 Plant material

Although the main objective of this project was to compare the free amino acid compositions of -Diastella Salisb.,
Leucosperaun R. Br. and the putative bigemeric hybrid, it was also considered to be important to compare these taxa
with representatives of other Proteaceous genera which afe'indigenous to, ahd:exotic to SouthernFAfrica. - Hehce the
.species {isted below were analysed. Brief details are given below about each species analysed and a reference number
or a voucher specimen is quoted for each. MWhere the collection was made at Kirstenbosch the accesﬁion number vis
quoted, Otherwise a collecting number is quoted and the voucher specimenvis housed in the Compton Herbarius,  The
organ(s)‘ investigated are also mentioned. The abbreviation "LWP' is a préfix to the collecting number indicating that

[ was the cbllector of the voucher specimen, and.the X' indicates that the specimen is housed in the Compton

Herbarium, Kirétenbosch._

3.1.1 Diastella Salisb.

3111 ﬁa&ﬂaMﬂﬁ(&M@n)%wh

21 January 1985  accession number 30/79 Kirstenbosch

Some of the species of Diastella are 9rouihg at Kirstenbosch although the specimens tend to be swall.

]eaf. T

(This plant may have been infected with Phytopthera cinnawowi at the time of extraction)

) 18 October 1985 LWP K36 Wemmershoek

3.1.1.2 Diastella divaricata (Berg.) Rourke, ssp. divaricata

21 January 1985 407/82 Kirstenbosch
5 July 1985 LWP K1, Cape Point Nature Reserve

3.1.1.3 Diastella divaricata montana Rourke
3 February 1986 LWP K63 Houwhoek Hoﬁntains
3.1.1.4 Diastella fraterna Rourke
10 July 1985 LWP K7 Kleinmond
10 July 1985 LP X8 Betty's Bay
3 February 1986 LWP K58 Betty's Bay
3.1.1.5 Diastella uyrtifolia (Thunb.) Salisb. ex Knight
18 October 1985 LWP K45, Tulbagh Waterfall Reserve
3.1.1.6 Diastella parilis Salish. ex Knight

18 October 1985 LWP K39 Witelsrivier, Slanghoek

flower plus leaf.

leaf (flowering plant).
Teaf and flower.

flower,

leaf and bud.
leaf and bud,
flower.

flower.

flower.
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3.1.1.7 Diastella protecides (L.) Druce

9 april 1985 1427/71, Kirstenbosch - - leaf.

25 January 1985 1427/71, Kirstenbosch . ' Jeaf.
25 November 1985  1427/71, Kirstenbosch - flower.

3.1.1.8 Diastella thywelaeoides meridiana Rourke

10 July 1985 LWP K6 Betty's Bay * leaf and flower.
3 February 1986 LWP K56, Rooiels flower.

3.1.1.9 Diastella thywelaeoides (Berg.) Rourke ssp. thywelaeoides

10 July 1985 L K'5, Steenbras Forest Reserve leaf and flower.

3.1.2 Leucospermm R. Br,
The main interest in ‘the relationship betweven Diastella and Leucosperaus revolves around the existence of a putati.ve
bigeneric hybrid in nature. Leucosperaum (Sect. Diastellaides) was named by Phillips because there‘ are superficial
resenblances between the snall flowers in this section and the flowers of iastella. Because of these simi]arifies |
and for the reason that Rourke (1976) suggested that the ancestral form of Diastella would probably have been a -
" member of this section, all members of Leuco&pefnun (Seﬁt. Diastelloidea) were analysed, It is notable that the
presuﬁed Leucospersun parent, Leucospernun oleifolium, is not a meuber of Leucospersum (Sect. Diastelloidea). For
this reason it would be interesting at a future date to analyse the four members of Léucasperuun. (Sect. Crinitae) - -
into which Leucosperaua oleifol iuw has been classified, itwo of which bwere analysed in\tt‘ais work.
3.1.2.1 Lleucospermm (Sect. Crassicaudex) cuneiforme (Burm. f.) Rourke
27 December 1985  836/72, Kirstenbosch . red flower,
27 December 1985 ~ 1026/72, Kirstenbosch yellow flower. - :
An analysis was done in triplicate of the same yellow flower material, and was compared with red
flower material from a different plant. :
3.1.2.2 leucospersum (Sect. Crassicaudex) saxosum S. Moore
] Deceﬁber 1985  40/78, Kirstenbosch ' flower.
3.1.2.3 Leucospermu (Sect. Conocarpodendron) conocarpodendron (L.) Buek ssp. viridu Rourke
7 February 1986 976/10, Kirstenbosch . flower.,
3.1,2.4 Lleucospermum (Sect. Conocarpodendron) glabrus Phillips
13 February 1986  41/73, Kirstenbosch o \eaf.
3.1.2.5 Lleucospermum (Sect. Tumiditubus) praecox Rourke
7 February 1986 907/75, Kirstenbosch  leaf.
3126 Leucospermum (Sect. Tuwiditubus) u)iriiPhiHips

13 February 1986 24'/73, Kirstenbosch flower.
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3.1.2.7 Lleucospermm (Sect. Brevifilamentus) vestitum (Las.) Rourké_

24 September 1985 LWP K30, Tygerhoek T 75 11 27 © flower,
Parent of controlled crossing with L. cordifoliua

3.1.2.8 Lewcospersum (Sect. Brevifilamentus) lineare R. Br

24 September 1985  LWP K32, Tygerhoek, T 73 10 32 flower.
Parent of controlled crossing with L, cordifeliua

3.1.2.9 Leucospermum (Sect. Brevifilamentus) cordifolium (Salisb. ex Knight ) Fourcade

24 September 1985 LWP K29, Tygerhoek, T 73 10 08 flower.
- Parent of controlled crossings with L. vestitum and L. lineare,
14 January 1985 LUWP K35, Kirstenbosch leaf.
12 February 1985 - 'LWP X35, Kirstenbosch o leaf,
4 March 1985 ~  LWP K35, Kirstenbosch ' leaf.
14 April 1985 LWP K35, Kirstenbosch leaf,
5 July 1985 L¥P K35, Kirstenbosch : flowering shoot.
20 March 1985 . 27/71, Kirstenbosch ' leaf

3.1.2,10 Leucospermum (Sect. Cardinistylus) formosum (Andr.) Sweet
13 February 1986 645/75, Kirstenbosch O lefs
, 3.1.2.11' Leucospermm (Sect; Cardinistylus) catherinae Compton
| 1 February 1986 1054/72, Kirstenbosch - leaf,
"3.1.2,12 Lleucospermm (Sect. Leucospermum) hypophyllocarpodendron (L.) Druce
3.1.2.12.1 Leucosperm (Sect. Leucosperaum) hypophyllocarpodendran (L.) Druce ssp. hypophyllocarpodendron

18 October 1985 LWP K38, Wemmershoek : flower.
3.1.2.12.2  Leucospermum (Sect. Leucospermm) hypophyllocarpodendron ssp. canaliculatum (Buek ex Meisn.)
Rourke ' : . ,
18 October 1985 LWP K43, Malmesbury ' flower, (plant with flat leaves).

18 October 1985 ~ LWP K44, Atlantis _ flower, (plant with canaliculate leaves).
3.1.2.13 Leucospermm (Sect. leucos,éerm) ﬁarile (Salisb. ex Knight) Sweet |
18 October 1985  LWP K42, Malmesbury - flower.
3.1.2.14 Levcospermum (Sect. Diastelloidea) bolusii Gandoger

14 June 1985 1047/72, Kirstenbosch 1eaf and flower bud.

5 July 1985 .. 1047772, Kirstenbosch . seed from store.
10 July 1985 LP K4, Boskloof ‘ leaf and flower bud.
12 September 1985 LWP K4, Kirstenbosch seed from store.
30 October 1985 1047/72, Kirstenboch flower.
Jeaf ,

developing seed.
material frozen since 14 June 1985.-

3.1,2.15 Leucospermm (Sect. Diastelloidea) calligerum (Salisb. ex Knight) Rourke

18 October 1985 .- LWP K41, Abbotsdale ~ flower,



3.1.2.16 Leucaspersum (Sect. Diastelloidea) heterophy!lum (Thunb.) Rourkg

3 June 1985
25 November 1985

857/72, Kirstenbosch

857/72, Kirstenbosch

leaf.
flower.

3.1.2.17 Lleucaspermum (Sect. Diastelloidea) pendunculatus (Klotzsch)

3 February 1986

LWP K59, Groenkloof

f1ower.

3.1.2.18 Leucospermum (Sect. Diastelloidea) prostratum (Thunb.) Stapf

14 June 1985

.25/75, Kirstenbosch

leaf and flowerbud.

3.1.2.19 Leucospermum (Sect. Diastelloidea) royenifolium (Salisb, ex Knight) Stapf

14 June 1985
25 November 1985

46/73, Kirstenbosch
46/73, Kirstenbosch

leaf and flowerbud.
flower.

3.1..20 Leucospermm (Sect. Diastelloidea) truncatulum (Salisb. ex Knight) Rourke

8 January 1985
21 January 1985
25 June 1985

25 November 1985

26/71, Kirstenbosch

.26/71, Kirstenbosch
~°26/11, Kirstenbosch

26/71, Kirstenbosch

leaf,
leaf,

- leaf and f1quer.

flower.

3.1.2.20 Lleucospermum (Sect. Diastelloidea) wittebergense Compton

21 January 1985
14 June 1985 -

403/71, Kirstenbosch
403/71, Kirstenbosch

leaf.
leaf and flowerbud.

3.1.2.22 Leucospersmum (Sect, Crinitae) oleifolium (Berg.) R. Br.

9 April 1985
8 Nay 1985
3 June 1985
3 June 1985
- 25 June 1985
*.25 June 1985
2 July 1985
10 July 1985
10 July 1985
10 September 1985

30 October 1985

35 November 1985

3.1.2.23 Lleucospermm (Sect. Crinitae) lundiflleisn

7 February 1986

850/70, Kirstenbosch
850/70, Kirstenbosch

. 850/70, Kirstenbosch

850/70, Kirstenbosch
850/70, Kirstenbosch
850/70, Kirstenbosch
850/70, Kirstenbosch

LWP K3, Betty's Bay -

LWP K2, Kleinmond
850/70, Kirstenbosch

850/70, Kirstenbosch

850/70, Kirstenbosch

19/73, Kirstenbosch

1eaf

1eaf.

1eaf,

leaf and flowerbud.

leaf (flowering plant).

Teaf (non-flowering plant).
seed from store.

leaf and flower.

- leaf and flower.

leaf - post-harvest environment tests. .
- seed from store.
Flower, -
young Teaf.
old leaf.
root.
Proteoid root.
seed from store - seed coat.

- Lotyledon,
frozen since 3 June 1985.
airdried since 10 September 1985,
Teaf - post-harvest environment tests.

leaf (flowerbud stage).
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3.1.3 Hybrids

Comparisons were made between hybrids and parént species of known crosses done at Tygefhoek Protea Research Unit.
This was to test thé feasibility of identifying the parents of the putative bigeneric hybrid between Diastella
thynélaeaidbs and Leucasﬁe/wua oleifoliun by comparing the free anino acid compositions of.the three.

3.1.3.1 Putative Diastella thyrélaeoidesx Leucospersun oleifoliva (Dt X Lo)

9 April 1985 670/7, Kirstenbosch leaf.
25 June 1985 670/74, Kirstenbosch leaf and flower.

3.1.3.2 Controlled crosses
3.1.3;2.1 Leucospersum cordifolium x L., vestitum
. 24 September 1985  TX 79/46 A, fygerhoek ‘ ' flower,
3.1,3.2.2 Lleucospermum lineare x L. cordifoliva '

24 September 1985 TX 79 504, Tygerhoek - © flower.
24 September 1985 TX 79 50F, Tygerhoek flower.

3.1.4 Indigenous species of the Proteaceae

3.1.4.1 Aulax cancellata (L.) Druce _
13 February 1986 = 966/82, Kirstenbosch female leaf.

female flower.
male leaf,

3.1.4.2 Aulax umbellata (Thunb,) R.Br,

3 February 1986 - LWP K60, Groenkloof male flower,
3 February 1986 LWP K65, Groenkloof female flower,

3.1.4.3 Brabejum stellatifoliva L.‘

25 November 1985  163/84, Kirstenbosch flower.
30,44 Faurea wacnaughtonii Phill, |

13 Februéry 1986 250/78, Kirstenbosch . leaf,
3.1.4.5 Faurea saligné Harv,

13 February 1986  559/76, Kirstenbesch leaf.
3.1.4.6 Leucadendron salignum Berg,

7 February 1986 233/84, Kirstenbosch female leaf.
7 February 1986 233/84, Kirstenbosch nale leaf,

3.1.4.7 - Leucadendron tinctum Williams

7 February 1986 75/83, Kirstenbosch female leaf.
7 February 1986 75/83, Kirstenbosch ' nale leaf,
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3.1.4.8 ﬁiletes cucullatus (L.) R. Br,
3 February 1986  LWP K57, Betty's Bay , 1eaf ,
3.1.4.9 Ilinete>sr figbriifolius Salish. ex Knight
7 February 1986 11/78, Kirstenbosch | flower.
3.1.4.10 Orothamnus zeyheri Pappe ex Hook. F.
13 February 1986  1015/77, Kirstenbosch 1eaf,
3.1.4.11 Paranomus reflexus (Phill, & Hutch.) N.E.Br.
7 February 1986 116/83, Kirstenbosch leaf (floﬁerbud stage).
C 30412 Parancwus sceptruw-gustaviénus (Sparrn.) Hyl o
13 February 1986 390/82, Kirstenbosch - leaf.
37.1.4.13 Protea nitida Mill. _ | |
7 Febrﬁary 1986 LH? K65 or 397/82, Kirstenbosch flower.
3.1.4.14 Protea repens (L.) L; o |
1 February 1986 489/71, Kirstenbasch | - flower.
ERWRL Serruria adscendens R. 8r.- | |
13 February 1986 207/78; Kirstenbosch léaf.
3.1.4.16 Serruria pendunculata (Lan.) R. Br.
7 February 1986 1036/72, Kirstenbosch Teaf.,
3.1.4.17 Sorocephalus tenuifolius R..Br.
13 February 1986  589/82, Kirstenbosch ‘ leaf.
3.1.4.18‘$patalla parilis Salisb. ex Knight
19 February 1986  204/78, Kirstenbosch - - leaf,
3.1.4.19 Vexatorella latebrosa Rourke
' 19 February 1986 ~ 666/82, Kirstenbosch - 1eaf .
3.1.4.20 Vexatorella obtusata (Thunb.) Rourke

13 February 1986 54/73, Kirstenbosch ; 1eaf.

3.1.5 Exotic species of the Proteaceae

Each of these plants was growing in the garden of the Director's house, Kirstenbosch, unless otherwise specified.

All were analysed on 19 February 1986, and leaf material only was analysed.
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3.1.5.1 Banksia ericifolia L.f.
6 Scott 38,

3.1.5.2 ﬂanksna serrata L. f
G Scott 34.

3.1.5.3 brevillea banksii R.Br. :
6 Scott 32, Rourke home garden. (flowering plant).

" 3.1.5.4 Grevillea robusta A. Cunn.
LWP K66, Private garden adjoining Kirstenbosch,

3.1.5.5  Hakea pugioniformus Cav.
' LWP K68,

3.1.5.6  Hakea saligna J. Knight
6 Scott 41,

3.1.5.7 Isapogon pulchellus
LWP K69,

3.1, 5 8 Macadawia ternifolia F.b.Muell.
LWp K70,

3.1, 5 9 Fbtruphrle sessilis Sieb.
NBG 54865, -

-3.1.5.10 Stenocarpus salignus R.Br.
LWP K681

3.1 5 1 Stenocarpus sinuatus (A. Cunn.) Endl.
b Scott 31,

3.1.5.12 Jelopea speciossisinus (Su.) R.Br.
6 Scott 33,

3.2 Method development

3.2.1 Standardisation of extraction procedure

Various tests were carried out to determine the effects of variations in technique on the free amino acid
compositions of selected species. The method development reported here was undertaken in order to 1iwit variabi]ity

due to experimental technique so that the data obtained could be used with confidence for a chemotaxonomic study.

. Most of these tests were carried out on
: leucospermun cordifolium which is growing in the garden outside the laboratory at Kirstenbosch.

t L. oleifolium which grows in abundance at Kirstenbosch and which is one presused parent Species of the
putative bigeneric hybrid.

+ L. bolusii which is a mesber of leucospersum (Sect. Diastelloidea) and which grows abundantly at
Kirstenbosch. :
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~ 3.2.1.1 Post-harvest Pre-extraction conditions

~ While testing the effect of different methods of macerating plant tissue it became evident that material which héd

been macerated immediately differed from waterial which had.stood for some four hours awaiting maceration. Figure
3.1 shows some changes in free.amino a;id compositions asbnoted in early experiments. There was a progressive
decrease, as time.passed, in the amount of glutamic acid, aspartic acid anq serine relative to 4-amino butyric
acid, valine, and leucine/isoleucine. I toncluded that thié éffect resulted from the increased-tiﬁe between

harvest and extraction rather than from the method of maceration.

This conclusion was confirmed in a second experiment where post-harvest conditions were varied (see Table 3.1).
There was a similar decrease in the amount of aspartic acid, glutamic acid and serine relative to 4-amino butyric -

acid and valine.

Many of the species of Diastella and Leucospersum (Sect. Diastelloidea) were collected atvsome distances from
Kirstenbosch, e.g. Tulbagh and Bredasdorp. This meant that there was considerable delay between the time of
harvest of some species and the time of their extraction. Consequently, I set about investigating the effects of

different post-harvest cenditions on thé free amino acid complenents of different material of L. oleifoliua.

Some of the post-harvest conditions used by various workers include:

: Freezing in polythene bags (Van Staden 1966);
¢ Herbarium material (Eloff 1970); - '
: Storing for varying periods of time in either paper envelopes or polythene bags. (Prosch, Van Schalkwyk,
National Botanic Gardens, pers. comm.);
: Lyophilising (J. Kaiser, Botany dept., U.C.T., pers. comm.).

Table 3.1 presents a statistical -analysis of the data for a comparison of the follouing post-harvest conditions:

Control - immediate extraction (duplicated);
_ Material stored in polythene bags for
: Two days : ambient temperature - daylight;
: Two days : ambient temperature - dark;
: Two days : frozen;
"1 Two weeks : frozen;
:-Two weeks : dried in plant press as herbarium specimen,

The dried sample is clearly the most different showing a very poor corre]atibn with the control.
The control was done in duplicate and shows an extremely good correlation showing that the methed is sound.

Anbient temperature varied between 8°C and 25°C and the two samples in this treatment show good correlations with
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12 Feb 1983 |, gordifolium

Immediate

Ry

Figure 3.1 A

Figure 3.1 A. Paper chromatograws of free amino acids in Leucospersum cordifolius leaves subjected to different post-
harvest treatments. The treatment is given above each. A distinct change in relative concentrations of
Asp, Glu and Ser with respect to 4-amino butyric acid, Val and the Leucines is evident.

B. Another example of a change in relative concentrations of the same amino acids and Ala, as in 4, asa
function of different post-harvest time or temperature conditions.

€. Another example of a change in relative concentrations of the same amino acids as in A, as well as
ethanolamine., Some of the different post-harvest treatments shown in Table 3.1 are represented.

Developwent in horizontal direction in A,C with BAW, vertical dimension in & and C with Phenol, Single
dimension in B was run using BAW.

Ala : alanine
Asp : aspartic acid
6lu ¢ glutawic acid
leucines ¢ Ile : isoleucine
Leu : leucine
Ser s serine
Val : valine
BAW : Butan-1-ol:Acetic Acid:Water::90:10:29::V:V:V
Phenol : Water Saturated Phenol (Phenol:Water::80:20::V:V)
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Figure 3.1 B
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the controls,

The frozen material had surprisingly poor correlations with the control, particularly that stored for two weeks.

Table 3.1 Corre]atlon coefficient r comparing different post-harvest treatments of 1eaf mater1al of L. oleifolius.
Each different post-harvest treatment is compared with Control 1.

TREATMENT r
Control 1 - .
Control 2 ' 0.99
2 day light at ambient temperature - 0.98
2 day dark at ambient temperature 0.97
2 day -15 °C , : 0.93
2 week -15 °C ' 0.82
2 week dried in press as herbarium specimen 0.14

The above experiments had been done using single extraction in HCW as mentioned later. Because the treatment mav .

have had an influence on the extractability of some of the different amino acids it was decided to repeat the

experiment by using the exhaustive extraction procedure as outlined later.
‘The data for this final experiment are presented in Table 3.2 together with a statistical analysis.

The correlation coefficients are given for the full data set, and also excluding proline. The reason for the
exclusion of "proline is that it is not easily detected by the AAA as it has a yellow colour reaction with
ninhydrin and at low concentrations it can be confused with background noise. The’PC‘analyses did not show the

differences in proline concentration as indicated by AAA. |

The materia} used for treatments 1 to 6 {control, sfngTe extraﬁtion, freezing (dry and in:NCH),vdrying.in the oven .’
and lyophilising) had all been macerated togefher without adding'any liquid to the plant amaterial, and the
material weighed out from the homogeneous mass of macerated tissue so that, in these tests at least, there was
minimal §anpling variabiiity. Using macerated material instead of intact leaves would prbbab]y have a much larger
- effect on changes in aminoe acid composition due to the fncreased wound effect. Many more lysosomes would have
been broken and polyphen;l - oxygen effects would have been much more accentuatgd than in intact léaves. The air

dried and cool box treatments were macerated in the same way as the control following the time period of their



able 3.2

Correlation coefflczent r comparing different post-harvest treataents of leaf material of L.
oleifolium, Each different post-harvest treatment is compared with Immediate exhaustive extraction.
The second r value is given for comparisons in which the data for proline were excluded because
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~ proline appeared to be quite unifora for each sample on the paper chroxatograns.

8.

Molar percent data for L.
specified in A.

oleifol ius leaves treated with the different post_-harvest treatments

TREATMENT r rexcl. Pro

A 1 Immediate exhaustive extraction * r
2 Immediate single extraction . 0.93 0.98
3 Lyophilised 0,92  1.00
4 24 hours -15 °C 0.92 0.99
5 24 hours ~15 °C in MCH 0.92 0.98
6 24 hours 110 oC 0.91 0.9
1 24 hours cold box 0.83 0.91
8 4 weeks air dried (loose in envelope} -0.03 -0.01
1 2 3 4 5 6 1 8
B Alanine § 10 9 9 10 13 4 13
1 Arginine 1 0 0 0 0 1 0 0
Asparagine 03 4 4 5 4 4
Aspartic acid 719 8 0 B3 1 1”7 1
Clutanic acid 0 MW XN N W1
Glutamine 2 4 3 3 2 3 1 ¢
Glycine 111 1 1 1 1 1
Hisitidine 1 1.0 0 0 0 1 ‘ 1
| 1soteucine 1 2 1t 1 1 3 3 1
Leucine i1 1 1 1 1 1 1 1
Lysine 1 1 1 1 1 1 11
Phenylalani'ne 11 1 1 1 1 98 1
Proline ¥ o3 1 1 2 5 12
Serine 7 7 9 9 9 9 8§ 7
Threonine 3 3 3 3 4 4 35 4
Tryptophan 1 1.0 0 1 0 1 1
Tyrosine 00 0 0 0 0 0 1
Valine 2 2 2 2 2 3 5 ¢
d-amino butyricacid 2 3 2 3 2 §5 -3 16
| Ethanolamine 2 223 3 3 3 5
Phospho-seri.ne 2 5.‘ 2 2 2 3 ' 3 1
Pipecolic acid 1 0 1 1 1 9 0
Ret. time 174 1011 1 0 1 1

wicromole / g.d.w.

5.8 3.3 5.5 51 4.3 1.8 5.9 8.6
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post-harvest treatment.

The single extraction was done as a comparison with previous work where the exhaustive extraction had not ‘beeh {
used. The yield was about 60% of that for the exhaustive extraction but the free amino acid compositions were not

.significantly_different {r = 0.93, and when Pro was excluded, r = 0.98). -

‘The fact that leaves were macerated before treatments 1 to 6 were applied did not appear to have a large influence

on the amino acid compositions.
 The frozen material - either frozen in dry form, or in MCW, was very similar to the control. .

The material placed in the oveh was quite similar to the control althoush the yield was poor. There was stightly
nore alanine. Some glutamic acid may have been converted to 4-amino butyric acid. It did éppear that drying at
110°C produced fewef chaﬁges in free amino acid composition than drying at 85°C for 48 hours (data not presented

here), and certainly the oven must be preheated before placing the naterial into it.
The lyophilised material was extremely well correlated with the control.,

Storing material in a cold-box was not satisfactory. The temperature had been 0.5°C for more than five hours and
it had increased overnight to reach 18°C within twenty hours, There was less alanine. Aspartic acid appears to

have been converted to asparagine. There was more valine. It was quite different to the control.

The air dried material was least sinilar to the control, Alanine increased. Aspartic acid was probably converted
to asparagine. Glutamic acid was probably converted to both glutamine and 4-amino butyric acid. The higher yield

indicates the release 6f extra free amino acids, possibly as the result of protein or pebtide degradation.

The conclusions drawn from these tests were that the free amino acid complements of Proteaceous species are prone

to variation in response to post-harvest environmental conditions and it can be concluded that the best’ post-

I

harvest storage conditions for Proteaceous plants are:
: Imnediate extraction;

: Brief storage, preferably not exceeding 24 hours:
t frozen; '
¢ 15°C - 20°C;

: Long term storage:
¢ lyophilising if these facilities are available;
s rapid drying in an oven at wore than 100°C.
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Herbarium material does not appear to be suitable for determining the free amino acid compositions of Proteaceous
plants as the dominant free amino acids appear to be mostly protein amino acids. ‘There do not appear to be

significant novel non-protein amino acids such as are found in some genera, for example Lathyrus,

3.2.2 Problems encountered with a brown precipitate in the extract

" Prosch (1986) and Van Schalkwyk (1986) reported diffi;ulties encounfered due to a brown precipitate which Hinders
fhe separation and detection of free amino acids on chromatograms. The brown deposit cakes upon drying and i§ not
ea;ily redissolved by the advancing solvent front during the development of the chromatogram in BAW or phenol. As a

result the free amino acids are not eluted prﬁperly and do not éeparate properly from this deposit and then from

each other,

This brown ideposit became a more serious prob]em the more the extract was concentrated in its final preparation.
For a while the extracts were being concentrated to 10 g dry mﬁss per millilitre. At this concentration the deposit
Was a 'rea]]y serious pfoblem and consequently the concentration process was later taken 6nly as faf as 1-5 g dry )
masS/milli]itre. This greatly improved the separations of the amino acids by the use of paper chromatograms. It is
“a well known fact that there is a 1arge'quantit§ of tannins in some Protea species. Rourke (1980) reporfs that the
bark bf Protea nitida was used for tanning leather.  Stock and Lewis (1982) repdrt that they had to use bPVP
(Polyvinyl pyrollidine) in order to precipitate out polyphenolic compouhds for purifying plant extracts for nitrate‘

reductase assays of Protea repens and P. eynaroides.

Besides not cohcentrating the final extract to more than about 5 o/m), other modifications of the extraction
- processes were found to decrease the interference caused by the brown deposit in Protea extracts (Van Schalkwyk
- 1986). - The use of PVP was tried based on the work by Stock and Lewis (1982). In the experinents where it was used o

it did not appear to be reducing the brown deposit, corroborating the results of Van Schalkwyk (1986).

It had been noticed that where the aqueous phase was subjected to rotary‘evaporation at high temperature and 16w
pfessure as done by Prosch and Van Schalkwyk (pers. comm) for removing the methanol prior to passing the solution
through the cation exchange column, there was more of the brown precipitate. It was noticed in the Le&cospernu:
material being used that as the wethanol was removed the sélufion became milky, The addition of more aethanol
.restored the clarity of tﬁe solution while the addition of water did not. The li]ky>solution did not pass easily.

“through the cation exchange resin.  When the ammonium solution was applied to elute the cations from the colusn
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1

-where the sample had been concentrated befqrehénd the eluent had a dérker colour and the resin in the colusn was
]éft much darker. It Qas concluded that the methanol allowed more of the precursor of the brown deposit to wash
‘through  the column before the adsorbed gations were eluted when the aﬁmon{um hydroxide solution was applied; The
final extract of samples from which wethano] had nbt been removed, or in which the methano! had been rep]aced with
new methanol before being applied to the column, was not as dark as the éxtracts where methanol had been removed,
even if water had been added to replace the methanol. The extracts which had héd methanol in them when applied vto
the cation exchange resin resolved faf better on chromatograms than did the methanol-free, or natér treatments. The

free amino acid»compoéition did not appear to differ in the treatments and the PC are shown in fFiqure 3.2,

Following this observafion the aqueous phase was no longer concentrated before the cation exchange step. It .was .
also deternined that there were not many ninhydfin positive compounds coning through the column witH thg wagte: when
the sample was applied, | Some phosposerine and a little aspartic acid were eluted in the water wash following the
sample ‘application and so thi»s water wash was reduced to one third of the amount previously used. As the sémple
’itself was so dilute, not having been concentrated by rotary evaporation, the reduced water wash (approximately 15 X.

_ void volume) would.probably remove most or all of the contaminants that may be present in the columh and which could

be removed.

3.2.3 Selection of suitable plant organs for analysis

Some investigation was undertaken to determine whether or not the free amino acid composition was uniform throughout
the plant. To this end an analysis was.done of seve?é] organs of Leucospermum oleifoliua. The ABA was not yet
~available at the time that the initial work of analysing the various plant parts was undertaken. There did not
appear to be significant differences between the free amino acid compositions of thé various flower and léaf samples
when observed using paper chromatograms. It was clear that the flowers ;ontained a far higher concentration of free.
amino acids than did the leaves. Where ever possible inflorescences in the 'picking stage' were selected. At this
stage about half of the flowers had extended their pollen presenters and seed set had not yet begun so that there

would not be mixing of genetic types with parent plant and embryonic plant.

There was the problem due to polyphenolics in the extract, as mentioned in Section 3.2.2, “The free amino
acid:polyphenolic coapound ratio was evidently higher in flowers than in leaves, and the free amino acid composition
did not appear to be significantly different in flowers and leaves, and so it was decided to analyse the flowers of

as many plants as possible.
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Figure 3.2 Comparison  of free amino acids in samples of Leucosperaus oleifoliuw where the aqueous phase was
concentrated by rotary evaporation prior to the ion exchange step. The solution became nilky.

A. Water was added to dilute the sample. The solution remained milky and did not pass eaéily through the
ion exchange column,

B, Nethanol was added-to dilute the sample. It became clear again, passed easily through the ion exchange
coluan and there was less brown material in the final extraction product than was present in A. See
Section 3.2.2 for a discussion about this brown material.

Developaent in horizontal direction with BAW, vertical dimension with Phenol.

BAW s Butan-1-ol:Acetic Acid:Hater::90:10:29::V:V:V.
Phenol : Water Saturated Phenol (Phenol:Water::80:20::V:V)
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It ‘was clear that flowers would»not\be available for a‘feu speciesy but should have been available for most of the
spécieg as this decision had been taken before the flowering season. It was unfortunqte; ‘houéver, that after
starting on this proposed approach, serious delays were encoﬁntered due to ma]function.af ihe amino acid analyser.

As a result of these delays the flowefing season of most of the species had passed'by the tiﬁe_ that 'they Were

: analysed so thaf in the early stages mostly flowers were analysed,_ then mostly leaves, and in the final stages only

‘ "1eaves were anaiysed. This meant that the data were not suitable for use in the numerical analyses which had been

* planned.

. After the AAA was available, and the project was under way,' the free amino acids of 'various. orgaﬁs of L. oleifoliua,
L;' bolusii and.other species uére extracted and compared, usfng PC and AAA. Tﬁese data are presented in Table 3.3,
There are basically fhe sa;e free amino acids present in é]] organs a]though in different Eoncentrations relative to
each _other. The most interesting comparison is thé'free anino acid yield per graﬁ,dry gass of vorgén. The ffee

, amino acid concentration was highest in seeds, and developing organs such as flowers, active roots, and younger

leaves. This correlates well with the data found by Prosch (1986) in Protea.

" As has alréady been mentioned, seeds would be the best stage of the 1ife cycle of a plant in which to analyse the‘
free amino acid composition as it is an entire plant; fifty or so seedé representing‘és many genotypes can be
analysed together thus mixing the genotypes; the free amino acid concentration is high; and in the dormant state
the free amino acid composition of the seed is probab1y least affected by changing envirommental factors. However, .
seeds of ioiastella species were rarely %ound and seeds are nﬁt readily available for mest of the other species

~ studied in this project.

3.3 Extraction Procedure

The extraction method isv based on that of Bieleski and Turner (1966), ~using a wmixture of
- methanol:chloroforn:water::12:5:3::viviv  (MCW) to solubilise the free amino acids (See APPENDIX vaor the meanings of

abbreviations).

Although earlier extractions were done using different plant materialisolvent (MCW) ratios, the method used for most

of the extractions reported in this work (i.e. those since Noveaber 1985) were done as follows.
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Table 3.3  Free amino acids found in various organs of. Leucosperuum oleifol ium and L. dolusii,
Data for each free amino acid represent its occurence as a percent value of the total micromoles of free

anino acids / g dry mass of material.

RT 71 etc.  : unknown amino acid with retention time of 71 minutes on AAA

02 62 P etc.  : unknown amino acid in PC with Re X100 of 2 in BAW, and 62 in phenol, purple
_ colour reaction with Ninh. spray.

Ninh. spray : 0.25 % ninhydrin; 5.0 $ 2,4,6-collidine in methanol.

PROT. ROOT : proteoid root

JUV. PLANT : juvenile plant

MAT. PLANT/SEED ¢ mature plant or seed

DEV. SEED : developing seed

‘Leucosperaun oleifol ium ' }Leucasperlup bolusii

' CFLHR YOUNG OLD ~ SEED COTY- PROT. MAIN 1JUV. MAT, [FLWR YOUNG DEV. MAT.

' LEAF LEAF COAT LEDON ROOT ROOT !PLANT PLANT | LEAF SEED SEED
Alanine 37 9 2 9 17y 1oy 37 11
Arginine T3 8 2 16 6 : 4 2 1 8 9
Asparagine 12 2 12 3 B 6, 2 17 2 13 15
Aspartic acid 11 li 4 3 77 2 18 15 19 6 4
Glutamic acid 19 02 2 11 10 17 18) 3 %) 16 W9 12 10
Glutamine 41 3 7 1 1 16 3! 2 4! 16 4 2 2
Glycine b4 1 1 5 2 1! ' 1 2
Histidine ! 2 1 1 ! ! 1 2
Isoleucine L4 2 2 2 5 211 2 271 2 1 3
Leucine I 2 1 14 4 2 1) 1 1y 1 2 1 3
Lysine 12 2 11 S S W 1 2
Phenylalanine P 2 1 1 4 1 27 1 1] 1 4§ 3
Proline 13 1 q 5 1 1y 2 3, 2 3 4
Serine S 71 2 9 13 8¢ 3 3t 1 2 5 9
Threonine : "2 4 2 2 8 41 -1 1) 1 2 3 -2
Tryptophan P2 1 1.1 2 1 2 i) B 2
Tyrosine : 1 1 2 1, -1 -1
Valine s 32 4 $ 7 2y 3 27 1 3 6
4-amino butyric acid | 4 6 - 8 3 7 4 i 6 14 E 2 10 1 5
Citrulline ! ‘ 1) ' '
Ethanolanine L1 8 4 2 2 1549l 2 3 1 2
Phosphoserine b2 5 12 2 N 5 3 7 1
Rt 7 ! 1 | o ,
Rt 171 S | 1 ! 1, o1
02 62 p Vo2 ' i
micromole/g dry mass | 7.8 2.1 0.9 7.6 18,6 16.2 5.5 0.8 0.7} 4.0 1.8 54.9 6.8
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3.3.1 Naceratfon of tissue

Leaf material 59 fresh mass) or 2 g of fiowér naterial was extracted in MCW méking allowance for wafer in’ the
tissuev by reducing the water component of the so)vent.by naking tHe ratio of the MCW 24:10:3. - Where there was
abundaﬁt material (more than 20 g or so) it was put without solvent into a kitchen blender and bfendéd until fiﬁely
macerated. The required amount of material was then removed from this large quantity thus ensuring random sampling.

The ‘tissue was then placed in MCW (24:10:3 to compensate for tissue water) in a ratio of about & millilitre per

gram,

where the quantity of material was limited and less than enough for macerating as above it was ground using a-mortar
and pestle using MCW (24:10:3) to rinse it into a beaker after maceration. In this way as little as 0.4 g of
paterial was analysed in one instance. The volume of MCW was usually more than 6 millilitre per gram when this

method was used, 15 millilitre usually being the lowest total velume used.

3.3.2 Solubilisation of the free amino acid fraction

After 30 minutes in the extraction medium mwentioned above, the supernatant was kept after being removed using a
* pasteur pipette. Further MCW (12:5:3) was added to the residue, again in the ratio of about 6 willilitre per gram

fresh mass.

This process w®as repeated once more giving a total of three washes in MCW by which stage the. plant fibres were '
essentially cleared of colour, The chlorophyll from the leaves of some species such as Fauwrea spp. and Hakea spp.
which have hard leaves was not extracted as efficiently as in the case of the softer-leaved speciés such as

Vexatorella. However, even in these hard-leaved species most of the colour was removed.

_Extractions done prior to November 1985 had been done using a sihg]e NCW wash at a rate of 5 #) NCW per g fresh mass
~of material. Consequently a comparison was wade between the triple and single extractions in MCW. That is, 6 l
MCH per g was compared with 18 ml per 9.  The correlation coefficient for the data in these two comparisons was r =
0.93 and when proline data were excluded from the comparison, r was 0.98. The conclusion from this is ihat although
_the yield in the single extraction was about 57% of thatvin the triple extraction, the free amino acid composition

is not significantly different.

A comparison was done between the use of 703 ethanol as used by Van Staden (1966) and NCW as used by Eloff (1968).

No differences were evident using PC.
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3.3.3 Dry mass determination

Where there was an abundance ofvmaterial ﬁécerated,»the balahce of the material was.dried fn an oven at 105°C for 24
~hours to deterine the dry mass. In some instances the tissue left after the extractions ianCH Qas dried in the
oven, and the dry mass estinated, These estinated dry ﬁasses were usually in the expected range (25 - 40%) and if
they seened to be unacceptable the percentage dry mass of a similar type of material Qas used in determining final

yield of free amino acids per gram dry mass of material.

3.3.4 Separation of aqueous and nen-aqueous phases

Chloroform and water were added to the pooled MCW supernatant from the three extraction sashes to makg a final MCW
ratio of about 5:5:4, In this composition the aqueous and chloroform phases separate readily. -The separation was

- speeded up by centrifuging at 10 000 - 15 000 X g for 10 minutes. -

3.3.5 (ation exchange and final preparation of extract and its storage

| The aqueou§ phase was rempved and placed directly onto columns of Dowex 50W-X8 in the H* form. Column diameter was
l.cm and bed volume about 2.9 millilitre. After all of the aqueous phase had been‘applied to the column, the column
‘was washed with 15 mi11i19tre distilled water to remove neutral and negatively charéed particles. 4 small amount of
aspartic acid and perhaps'SO% of the phoSphosérine were lost in this wash (see Figure 3.3). . The cations were then
- eluted - using 3N ammohium hydroxide in solution,  The eluent containfng the cations was concentrated in a rotary
.evaporator, with a bath temperature of 95°C, condenser temperature of about 60°C and reduced pressufe of about 200 -

ubar.

The final extract was concentrated in this manner to about 1-5 gram dry mass per millilitre of sample. In some
instances where the rotary evaporator had not removed sufficient water, the.samp1e was further concentrated by using
a stream of wars air (about 50°C) blowing into a test-tube containing the extract. The extract was storea in capped
sanple tubes at -15°C when kept‘for'long periods of tise. According to the LKB analyser handbook, the more labile
compounds  such as glutamine could break down in long periods (more than 72 hours) and so iherever possible extracts

were analysed without delay.
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c.

Figure 3.3 A, Paper chromatogram of the free amino acid extract of L. gzﬂwifarne Y3,
B. Paper chromatogran of the amino acids eluted off the ion exchange coluan in the water wash.

C. Table pfesenting the amino acids detected using the LKB 4150 Alpha amino

r~—
-

cun

-
w

Ll
cun
wat.wash

Alanine
Arginine
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4-apino butyric acid

Ethanolamine
Phosphoserine
Rt 93
Rt 111

|
[}
]
|
)
t
¢
t
1
1
)
]
|
1
i
[}
|
L}
]
[}
|
1
[}
[}
!
[}
|
i
1
]
|
)
1
|
'
1
'
'
|
[}

- e e -

- -

0.3

0.2

micromole/g dry mass |

21.2

0.5

micromoles of each compound.

Paper chromatography was done with Schieicher & Schil) 20434 paper.

horizontal direction using Butanol:Acetic acid:Water (90:10:29), then in the vertical direction using water
saturated Phenol.,

RT 71 ete.

L. cun
Y3
wat.wash

unknown amino acid with retention time of 71 minutes on AAA
Leucosperaum (Sect. Crassicaudex) cuneiforse (Bura. f.) Rourke
sample 3 of the yellow variants done in triplicate.

water wash eluent from cation exchange column.

acid analyser. Data represent

Developwent was first in the
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3.4 Analysis of free amino acids in the extract

3.4.1 Paper_chromatography

The equivalent of 300 mg dry mass of leaf (80 ng of f]ouef) was applied to Schleicher & Schill 20434 46 X 57 cn
chromatography paper. Some earlier chromatographic assays had been done using Whatwan No. 1 chfomatography paper
~and a comparison between the two types of paper showed no significant differences in R¢ values fofl amino acids.

The only visible difference was that the solvent front advanced more rapidly in the Whatman paper.

- Two-dimensional descending paper chromatographié (PC) assays were done. Bﬁtano]:Acetic Acid:Hater (B:A:W::90:10:29)
vas used in the firsf dimension and water-saturated Phenol was used in the §econd dimension. ~ Solvents were allowed
tb evaporate in a fume cupboard after each run,  The chromatograns were sprayed 1ightly withva solution of 0,253
ninhydrin and 5.0% 2,4,6-collidine in methanol (Ninh. 1spray).. The methanol was eQaporatéd using a hair-drier. and
the chromatogram was then placed in an oven at 105°C, colour reaction being checked at about fi?e minutes to see
rinitial colour reactions énd finally after about thirty minutes. The spots were outlined, sdlvent fronts marked, a
colour intensity on a scale one-fﬁ-five,given.for each spot where the most abundaht compound in the particular
sample was given a'valuejof 5. The identity of each compound was writteh on the chromatogran. , The identitieé of
amino acids had been confirméd by VYan Schalkwyk (1986) or by mé by co-chromatography with the_‘relevent authentic
standard awino acid. In some cases amino acids were eluted off the PC and the retention tine determined in the AMA,
Unknown spots were given avfiQe- or six-character code made up of the R va]ﬁe in gach dimension, and the colour,
thus making it easy to find the locality o} an unknown compound on an amino aﬁid map. For.exémple, if alanine were
to be described in this way it would be called 22 62 P as it has average Re X 100 values of 22 in BAW, 62 in Phenol, '
and has a purple reaction with Ninh. Spray. ‘Unknouﬁ compounds observed on PC are reported in thié thesis by this

identification code and an estimated quantity using the scale one-to-five. -

' The PC was photocopied to obtain a permanent record of the free amino acids obseryed in paper chromatographs of the

particular plant material.

3.4.2 Automatic Awino Acid Analysis (AAA)

3.4.2.1 Details of the analysfs

The presence of ninhydrin positive compounds on the PC were colpaked with compounds observed using an LKB 4150_

Alpha automatic amino acid analyser (AAA). This is a system using a 25 cm (i.e. about 25 willilitre) analytical
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column packed with Ultropac I cation-exchange resin in the Tithium (Li*) form, particle size 11 micrometre ¢ 0.5
micrometre. Column pressure 20 to 40 bar (lower at the higher temperatures) and temperatures 30°C, 57°C and 75°C,
There are five lithius-citrate buf'fers‘(pH values 2.80; 3.00; 3.02; 3.45; 3.55) and a 0.3 M Li0H regenerating
solution. Colour reaction is with a ninhydrin reagént stored refrigerated under nitrogen in an amber glass

bottle. Details of the buffers, the elution program and instrument specifications are given in Appendix A,

Leaf extract equivalent to 80 mg dry mass (30 ng of flower) was injected into the sample capsule with a layer of
at least 10 microlitre loading buffer at each end of the 180 microlitre capsule. In two instances two capsules
were required for a single loading of very dilute extracts in which cases program step 14 was duplicated prior to

sample analysis. This had no visible effect on the retention times of any of the compounds.

3.4.2.2  Separation of awino acids

Amino acids are eluted sequentially starting with those with the Towest ionic strength. The ionic strength of an
amino acid eluted from a cation exchange column can be decreased by increasing the pH or, alternatively, by '

increasing the temperature. Thus when all of the amino acids have been removed which will elute at a given

program step, either pH or temperature is raised.
The elution program given in APPENDIX A enables a suitable separation of the amino acids found in plant extracts.

The known compounds separate well, Ag can be seen in Figure 3.4, sometimes asparagine appearé as a shoulder on
the glutamic acid peak. In such a case the peak area for the shoulder can be estimated by taking the aréa for a
peak of a similar size to that of the shoulder. The shoulder is given that area and‘that area is subtracted from
 the printed peak area given for the conbined peaks, Thisvestimation wés checked for éccuracy by comparing a
different sample size of the same extract in which the Asn énd 6lu peaks separated and the peak areé agreed with

- the estimated area for the Asn,

An endeavour was made to improve the separation of Asn and 6lu by decreasing the first temperature, but this was
not very successful. Cystine {Cys-Cys) and pipecolic acid have the same retention time. No endeavour was made to
separate them as it was evident from PC that pipecolic acid occurred in only one species and cystine occurred in

Tow concentration (usually less than 0.5 molar percent) and neither of these would have much effect on a numerical

analysis of the data.
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Lys. .
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- Btop - sl
kKUK ¢ 63 FEB/14. &
10 13-82-86
ﬁREﬁ!
AREA TYPE  AR/.TT
5 98 J.10J4E+87 PB B.7Y
9.62 403990 8P 0.7294
13.56 683398 FV 9.8
'3.81 740348 B |.2%e
¢9.56 S5.4989%E+072 ©8 §.%=n¢
T 38.62 1.1179E+87 By |.7°°
42.41 3.4176£+07 VB 1.27)
$1.27 1.72482€+€8 BY 2.1°"
54.52 1.3146E+87 B 1.63"
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86.70 3.2861E¢87 VB 1.2 °
91.20 1.7175€+87 BEH | €'~
99.98 400988 P8 20"
110.38 27232668 PY 1.1
112.16 2391988 vB (. p°°
112.66 932380 W 1.2%,
121.19 1175568 w 1.2°°
123.62 2309208 VB 1. 89
135.58 2.5028E+087 BV 1 £°°
148 .46 1.2833t07 W 1 9%
147.68 J.8218c+88 VB 3 P°°
168.5¢ 428030 B89 0.£77
162.68 6217488 BY 2.9
170.84 5690760 YV 2.1W
175.14 442590 VB 3.1V
106.68 4773598 88 4.27%
2682.51 2675908 BB 2.0°°

11:29:%8

AREAY
3.229
8.649
8. 6Re
8.059
6.6ee
§.343
4,107
20.918
1.580

?.064
8.043
8.2¢8
8.287
9.188
0 14}

3.682
1.562
45.914

.24
0.€12
0.332
9.524
0.322

Figure 3.4 Example worksheet used for the calculation of the molar percent figures presented in the data.

See APPENDIX D for abbreviations of amino acid names.
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3.4.2.3 Detection and reporting of eluted compounds

ﬁs the compounds eluted off the column they were nixed with ninh}drjn reaéent in‘the ratiq buffer:reageﬁt::35:25.
This nixturé passed through a reaction coil at 130°C for some 3 minutes. Photometric deteﬁtion was at 440 nw and -
570 na.. The. signals from these detectors were sent to either or both of avrecprdiné integrator in ‘uﬁich the -
signals were summgd prior to being traced on paber,_ and a two-pen recorder in which the signals were traced

- separately. Figure 3.5 shows the three traces described aBove. Also shown is the report given by the integratorA-
which contains the following details: | | |

run nusber, time and date.

I : which relates to mer#ﬂmw'mw(apMﬁdwkﬂ»ﬂMdsthdcwhhhg39
compounds) for testing each batch of the reagent. This ID was changed for each new batch of
reagent. ' ' E

RT : ‘Retention time in minutes.

Area . : The area under each peak. - Sometimes visual adjustment was'nade to compensate for baseline

“waver or unresolved shoulders on large peaks. These adjustments agreed very well with
actual values obtained when a different quantity of the same sample was analysed.

Type : Type of peak : B =.baséline; V = valley; P = penetration of baseline; D = distorted.

- ARMMT & area over height -which guides the operator in setting the peak width value on the
" integrator. } _ E . :

’ -Area H s area of each peak as a percent of the total area under the tfacet

Total area.

Mul. Factor: amultiplication factor for adjusting area percentage and total area values. .

'3.4.2.4 Presentation of A data -

.- The integrator report was then photocopied onto a worksheet as shown in figure 3.4 and the molar percent values -

" were calculated.

The worksheet contains the following details:

Date of run o : as on the integrator report,
Sample date - : date of harvest/extraction.
Sample : description of samwple.

IMI; g dfy nass : quantity analysed.
n : refers to the relative standard,

MA program details : baseline settings; absorbance ranges,if]ou rates ete,
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A 440 ne

BS510ne |

cepbemtin

C coabined

440 ns and 570 na

%

] 142,69

D integrator report

RUN & 63 FEB/14/4 11129156

10 13-92-86

" AREAY
RT AREA TYPE  AR/i7) 1

5.98 3.10M4E0@? P8 9.23) 3.729
9.62 0199%8 8 0.7 0.849
13.56 683998 PV g.027 9.882
19.81 740348 B .%o 8.859
¢9.36 5.4989€+67 BB y.%: 6.668
38.62 1.1129Ee87 BY (.35 1.243
L 42,41 341%6E02 VB 1.0 4.107
e SE.2) 1.4826088 BV 21 | 207910
D B432 131466407 VB f.6 1.596
2524 W0 PY fl2vn 0454
17838 4616880 VW 1.e0y 0.35¢
80.70 3.265)E«0) VB 1.P " 3349
- 91.28 121756402 8 1.64° 2.064
99.98 480988 P8 2. e~" 0.648
11038 2732600 PV 1.119 8.328
‘112,16 2391988 v8  1.e™> 0.207
112.66 832360 W 1.3 9.160
121019 1175388 W 1.2~ 8141
4 123,62 2389288 V8  1.89¢ 8.278
136.58 2.5028E497 BV 1.9 3,607
149,46 12833407 W 1.9 1.542
147,60 3.8218E480 VB 30" 43914
169.50 425038 €8 9.¢) 8.651
162.66 6217480 BY 2.9 0.7
1064 39%708 v 2.1} 0.612
175.14 4425900 VB 3.1 a5
186.60 4773560 BB 4.97 8.824
202.51 2675990 68 2.7°¢ 0.322

'+, TOTAL ARERm B.3221€+88
WL FACTOK= 1.9000€+40

Figure 3.5 Data obtained from the LKB 4150 Alpha amino acid analyser.

A. Recorder trace of the absorption by ninhydrin positive compounds atv440 nm.

B. Recorder trace of the absorption by ninhydrin positive compounds at 570 nm.

C. Integrator trace of the combined sighals for the above two absorption readings, together with printed

retention times indicating the time at which each compound eluted from the colusn.

=4

. Integrator report. See Seétion 3.4.2. for a description of the report.
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The table :

Compound - lists awino ac:ds and other peaks which appear regularly, including unidentified
peaks. .

[y

Retention time of each peak.

'Multiplication factor for each compound which was obtained from the peak area of a known quant1ty'of
each standard amine acid u51ng the LKB Physiological Fluid standard mix or the
relevent authent1c standard awino acid.

NF = /A

vhere NF = aultiplication factor
Q = quantity in nanomoles

A = peak area

The quantity (Q) in nanomoles 1is deterained for each compound in a plant extract by multiplying the
reported peak area (A) by the mu1t1p11cat1on factor for that compound (HF) fron

the above equation.

~ Micromole/gran dry mass is obtatned by dividing the quantity Q obtained above. by the milligram dry
mass value for the quantity of plant material represented in the samp]e._

vTotal : -the total of micromole/gram dry mass representing yield in microsole of free amino ac1ds
per gram dry mass of the plant material being analysed.

Nolar percent is the amount of each compound as a percentage of the total yield of n1nhydr1n, .

positive coapounds.
A1l of the AAA data presented in this thesis are given as nolar pereent, unless otherwise specified.

T an presently writing a computer program tnto which the peak area values i1l be entered. The program will then
do the calculations which are done manually on the worksheet. A cluster analysis program can then be used to
analyse setected data fros the coeputer~fi1e; - This will mean that data will be entered once only,' thus reducing

" the chances of errors in data entry. It uil]lalso mean that data will have more significant digits than the

single decimal place used for the present eork allowed. The peak areas which were used ranged from 50_000 to

250 000 009, i.e. 5 significant digits which were not reflected in the molar percent data presented in this thesis

which were only 3 digits.

Iable 3.4 shows the peak areas for standard amino acids in four analyses and coefficients of correlation between
each, The correlations indicate the reliability of the analyser data, even when different sample volumes are

used.

PC and AAA data agree very well as seen in Table 3.5,  In some cases the correlation coefficient is fairly low,
but it must be remembered that the data being compared are integer values in a scale of 1-to-5, and real nusbers

~on a scale of 1 to 40 or more. This makes a proper comparison difficult,
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Table 3.4  Comparisons between peak area values from four different analyses of the LKB physiological fluid standard
wix of amino acids. There is less than a one percent variance in the different analyses when compared
using the correlation coefficient r. This close correlation exists even when the saaple volume is
different as was the case in 7 L L. ' '

4 L L etc. refer to standards e.g. 4th run using the LKB physiological fluid and LKB buffers, '

Code of sample V4Ll sSLLsLL 7LL
Alanine ! 2.8 2.8 2.6 3.6
Arginine ' 2.3 2.3 2.2 3.1
Asparagine v 10 1.0 0.9 1.4
; Aspartic acid ' 2.8 3.0 3.0 4.2
Cystine ' 1.9 1.9 1.8 2.6
Glutamic acid ' 3.0 2.9 - 2.7 3.9
Glycine ! 29 29 27 3.8 -
Histidine ' 28 28 2.6 3.8
Isoleucine b 2.6 2.6 24 34
Leucine N 2.6 25 15
Lysine ' 3735 30 A8
Methionine X 28 - 2.7 2.6 3.7
Phenylalanine , 2.7 2.6 2.5 3.6
Proline ' 0.6 0.6 0.6 0.7
Serine ! 2.8 2.8 26 3.7
Threonine : 2.8 2.8 2.6 3.7
Tyrosine H 2.6 2.6 2.5 3.6
Valine ' 27 21 25 3.5
3-alanine V02 0.2 0.2 0.3
4-amino butyric acid | 1.6 1.6 1.4 2.0
Citrulline 09 09 09 12
Hydroxyproline ! 0.2 0.2 .0.2 0.3
Ornithine V34 3.4 3.2 4.5
 Phosphoserine : 1.6 1.6 1.5- 21
Correlation : * 1.00
. _ coefficients ' * 1.00
. 1.00
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Table 3.5  Comparison between data obtained from Leucospermum oleifolium using paper chronatography and AAA.
Correlations are given using the coefficient r. o

Paper chromaf.ograus (PC) developéd in BAW in the first dimension and phenol in the second.

AAA : automatic amino acid analysis
Phenol : Water Saturated Phenol (Phenol:Water::80:20::V:V)
BAW : Butan-1-ol:Acetic Acid:Water::90:10:29::V:V:V
- RT N etc. ¢ unknown amino acid with retention time of 71 minutes on AAA

02 62 P etc. -~ : unknown amino acid in PC with Re X100 of 2 in BAW, and 62 in phenol, . purple
: ‘colour reaction with Ninh. spray. _
Ninh. spray : 0,25 % ninhydrin; 5.0 % 2,4,6-collidine in methanol.

. OCT etc. : month of analysis
FLWR : flower
tLeucosperaug oleifol iua
! 10 Sep 30 Oct :
: CFLWR YOUNG o S
: . LEAF LEAF . COAT
PC ./ AAA IOPC AAA PC - AMA PC  AMA PC  AAA PC  AMA
Alanine V3 5 -3 3 4 7 4§ 9 4§ 2
Arginine P T K IR | 3 2 8 2 2 4 16
Y Asparagine R S U 3 1 12 ' 2 412
Aspartic acid Vo410 1 1 i U 4 17 i 4§
Cysteine/Cystine ' 1 - -
Glutamic acid V5 16 5 19 5 2 5 2 § 11
Glutamine v 4 1 3 3 37 1
6lycine ! : -4 0 1 1 1 1
Histidine ' 0 0 ) 2
Isoleucine H 1 3 4 3 2 2 2 2
Leucine . ! 1 3 3 3 2 - 1 2 §y
Lysine : 1 1 2 2 1 1
Phenylatanine ! ! 2 1 1
Protine v 1 2 5 1 3 3 1 3 4
Serine 37 4 -6 4 7 4 7 1 2
Threonine V22 2 2 2 4 2
Tryptophan ' -2 2 1 1 1
Tyrosine ' ' B 1
Valine Y S 3 6 23 1 2 2 4
3-alanine ' ' 3
4-amino butyric acid | 2 5 3 4 4 6 4 8 2 3
JEthanolanine | 2 21 3 8 3 [} 2 2
Phosphoserine S 1 3 2 3 5 i 12 i
Rt 171 ! 1 1
0262° ! 2
micromole/q dry mass | ' 1.8 2.1 0.9 1.6
Correlation Voot 0,92 N 0
coefficients ' * 0.63 o 0.8 '
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Future work should be done using an internal standard (e.g. norleucine) which will ba added at a constant rate per
gram fresh mass of plant material, This will enable greater precision in quantifying data obtained from AAA by
- eliminating differences due to applying different volumes to AAA and also to cater for losses of material which

occur during processing,

3.5 Statistical Reliability

There are no quidelines readily available to give the number of representatives one must use for each 'species to

'obtain statistically reliable data for the free amino acid composition of a species. .

It is not practical to do triplicate assays (or more) on each species as this would be very time-consuming and it

would be very costly in terms of chemicals and other naterials.

The 1ideal i§ to use seeds as it is easy to do a single extraction using about fiffy_ seeds thereby doing’ fifty‘
genotypes. Seeds are very difficult to_dbtain for Diastella and Leucésperlua as the rate of seed set i§ very Tow in
eéch inflorescence. v‘In some species»l'found no seeds on any of large-numbers (more than 20) infloreécences. In some
species I .found perhaps one seed in 5 ﬁr 10 ihflorescences and these were frequently not naturé at the time of

harvest,

I did some duplicate and triplicate extractions using the identical material to compare the data and see if the method

yielded consistent results. See Table 3.6.

3.6 Cluster analysis of data

Nunerical taxonoric princib1es were applied to the analysis of the data for each species in an atteapt to cluster data
on the basis of the similarity of free amino acid compositions.  Two different computer programs were used, naxely
one which I wrote which uses the correlation coefficient (r) to compare data for each speﬁies, and the oﬁe after
Spencer (1984). In each of these programs each sﬁecies is conpared‘with every other species to obtain a matrix of
similarity indices. ~The highest index is sought and reported. The two species concerned are then clustered and the

average value for the data pair of each characteristic is calculated. The cluster then replaces the first species in
the matrix and data bank and the second species is removed from the data bank. This process is vthen repeated
comparing vthe new cluster yith each species in the data bank; The similarity létrices were printed out for visual

comparisons with the clusters.
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Table'3.6  Data for amino acid analyses done in triplicate and in duplicate to check for reproducibility of results.
A statistical check was done using the correlation coefficient r. The data for amino acids are presented
as the molar percent of the total micromoles per gram dry mass. :

R 7letc. - : unknown amino acid with retention time of 71 minutes on AAA

L. cun '+ Leucospermum (Sect. Crassicaudex) cuneiforme (Burm, f.) Rourke
¥1...Y3 : yellow variants, done in triplicate.

L.oleClor C2: Leucaspernun (Sect. Crinitae) aleifal ium (Berg. ) R. Br.

VoL L. L' L L,
| cun cun cun ) olei  olei
5 ¥2 3o Q2
Alanine ; 3 3 34 5 5
Arginine ' 17 15 137 12 013
- Asparagine ' 23 2 23 13 14
Aspartic acid ' 5 4 4, 10 10
Slutapic acid | 10 10 10 ) 19 16
| Glutanine ! 12 13 14 | 14 14
Slycine ! 1 1 1)
Histidine ! 1 1 1]
Isoleucine \ 1 J J 1 1
Leucine - i ' 1 1
Lysine A | 1 1, 1 1
Phenylalanine ' ‘ _ - 1 1
Proline ' 6 8 9, 2 2
. 1 Serine ' 1 8 91 ] 7
1 Threonine ' 3 3 3 2 2
Tryptophan Y 1 1] 1 2
Valine ' 2 2 1y 3 2
4-amino butyric'acid | = 2 2 -2 4 5
{ Ethanolamine i 1 1 1] 2 2
Phosphoserine ! 1 1 1} 1 1
Rt 93 ' 1 1 11 1
Rt 171 : 2 2 14
micromole/g dry mass | 35.4 30.227.0 ! 3.9 1.3
Correlation ! * 0.99 0.98 * 0.99
coefficient ! 099




Page 47

When clusters are used as part of a new cluster, the characterfvalue is multiplied by the number of species
_represented in that cluster so as to give each original species in the new cluster equal seighting when the new

average is calculated for each characteristic.

3.6.1 Indices of similarity used in veqetation studies

.'Various indices of siailarity can be used for cluster analyses of this type, as in relevé clustering on the basis of
vegetation data obtained in ecological studies. Mueller-Dombois & Ellenberg (1974) describe variousv similarity
- indices used in vegetation studies. These indices include those based simply on presence or absence of species, and
modifications to allow for quantities of each species represented. Each of these indices has factors which made me

reject them for use in this analysis, for example they do not compare the relative abundance of the same species in

.-each relevé.

3.6.2 Dissimilarity index used by Spencer

| The cluster analysis program based.on that of Spencer (1984) is listed in APPENDIX 8 and the printout obtained fros
an analysis 1is presented in APPENDIX C.  Spencer wrote his program for use in biochewical and other studies
calculates the estinated standard deviation (ESD) of the quantities of all amino acids represented in each' species. -
The program then compares the deviation of each amino acid in one sgecies fron the ESD for that amino acid, with the

deviation of each corresponding amino acid in another species fron the_ESD of that amino acid.

"~ A problesm with Spencer's program is that in sowe cases (perhaps when there is an odd nuaber ﬁf species being
compared) it Tleaves oﬁt one species and gives a double grouping for two otﬁer species/clusters. One of these
groupings is clearly nonsense as the dissinilarity indices for the two groupings are orders of magnitude frow each
ﬁther (see Figure 3.6). Other workers also experienced probleus yith this progras (Dr. P, Brain, Natal Institute of

Tuanuology, Pers. comm.).
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B Correlation toef(i;ient r using progras listed in APPENDIX B.

€ . 25000 * seessssessteaassastessssssaasassssteascessststsssateesees
25500 * ¢ DATA BANK t
25600 * SER0000888RRELRNtet RNt SItetIILLNNNItTELLItetLLILINLL
25700 DATA CLUSTERING USING FREE AMINO ACIDS IN ACACIA spp. 415,11 "DESCF(S,MI kP
25800 DATA-Acacia georginae 10,0,0,1,4,0,3,3,0,0,0,4,2,3,3

. 26000 DATA Acacia rigens +0,0,0,3,4,0,2,2,0,0 0,1,2,3,0
26200 DATA Acacia armata 14,3,3,4,4, ,3,1,0,0,0,2,2,2,2
26400 DATA Acacia brachybotria ,4,3,2,2,4,0,2,1,0,0,0,1,2,2,2
26500 DATA Acacia cyclopsis 14,3, 1,3,4,0,2,2,0,0,0,2,3,3,3
26800 DATA Acacia calamifolia ,4,3,3,2,4,0,1,1,0,0,0,1,2,3,2
27000 DATA Acacia aneura 14,3,3,2,0,0,3,2,0,0,0,2,3,2,3

© 27200 DATA Acacia baileyana +4,3,3,2,4,0,2,1,0,0,0,0,2,3,3
27400 DATA Acacia dealbata +4,3,4,4,4,3,3,2,0,0,06,0,3,3,3
27600 DATA Acacia bidwilli 10,0,0,0,0,0,3,1,0,4,3,0,1,0,0
27800 DATA Acacia farnesiana  ,0,0,0,0,0,0,3,0,0,4,3,1,2,0,3

* Figure 3.6 Dendrograms obtained using two different clustering systens:

A. The computer program using Spencer's algorithm. MNote that the index reaches a very large nusber. Note
also that A, dealbata is excluded from the cluster, and the grouping of A, bidwilli and A. rigens is
done twice, with very different indices (37.51 and 1 000 000)

8. The computer program using the correlation coefficient r,

C. The data bank used in the cluster analysis program. See Seneviratne & Fowden (1968) for details of the
values. These data are in the format for use in the computer program.
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-3.6.3 Cluster Analysis using correlation coefficient

I was initially not happy with the program by Spencer as it had some bugs in it resulting in inaccurate reporting of
clustgrs. Groupings obtained for the free amino acid data reported by Séneviratne & Fowden (1968) Qsing Spencer's
program did not agree with a visuai assessment of similarities between species data. A cluster based on the
correlation coefficient (r) seemed to agree better with this visual assesswent. The dendrograms obtained in these
two analyses are shown in Figure 3.5.. The correlation coefficient correlates the covariance ﬁf data pairs in each
set of characters being compared. Consequently I wrote the program listed in APPENDIX B to calculate the
correlation coefficient and.use that as the index for comparing the species for cluster analyses. .The printout from

arun using this program is given in APPENDIX C.

3.6.4 Observations on the application of cluster analysis

Sneath “and Sokal (1973) indicafe-that the correlation coefficient is not the bgst index to use in cluster analyses.
The correlation coefficient has been used extensively in taxononiﬁ studies, but they indicate some linitaiions in -
its use. For example, they indicate that it does not give good reflections of siﬁilarities when few taxa and
characters are being compared, and this would be a fault in the analysis shomwn in Figure 3.6. The limitations that
they mention will probably not be particularly significant in the present work as the number of taxa and characters

being compared is large. Hall (Bolus herbarium, pers. comm.) points out that the correlation coefficient is not

suitable for use in his nuserical taxonomic work although it may be suitable in the present work.

An oversight in my program is that it does not exclude 0;0 data pairs. This means that 51 data pairs are used in
each analysis (n = 41) while in fact there may be 20 or more 0;0 data pairs. The higher n value causés a'better r
| yalue to be calculated. The following two examples illustrate this point:
r = 0.93376, n = 41 with 20 X 0;0 data pairs r = 0.94420 when the 0;0 data pairs are excluded (n = 21)
- r = 0.95658, n = 41 with 30 X 0;0 data pairs r = 0,96472 when the 0;0 data pairs are excluded {(n = 11)
» This difference becoses less significant when the number of 0;0 data pairs becomes a small fraction of the number of'_

variables.

A basic problem in applying numerical taxonomical techniques is that a zero value does not necessarily mean zero.
In worphological studies it may be quite straightforward to determine the absence of a characteristic. However, in
chewistry a zero value weans that the compound was not detected. Failure to detect a compound may be bacause it has

been rerouted in a different wetabolic pathway, thus producing a different end product. Alternatively, it may be
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~present but in an amount below ihe level of detection. If the detection limit is 0.3 units then a conpound may  be
present at 0.2 units, Mathematically there is‘a vast djfference between 0.0 and 0.2 and this could be incorporated
into the cluster program in one way or another.v Due to the unreliable nature of low vafues; ‘Hall (pers. " comm.)
points out that systems such as his BOLAID contain a "no comparison' option so that that particular compound would
' not be used in comparisons of the species in question with other species. Fowden (1972) showed that a tremendous

nusber of amino acids would be detected in sugar beet if the quantity of plant material analysed were large enough.
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4, - | RESULTS

* Table 4.1 contains the free amino acid data for the species studied. These data have been presented with related genera

grouped so that visual inspection can be easily carried out.

4.1 Free ' anino_acids in Diastella

~The free amino acid compositions of the species of Diastella are 1isted in Table 4.1, Data are also given in Table
4,1 for D. fraterna collections at different localities on the same day and also at one locality about svix months -
apart. The seasonal variation certainly gives greater variabilityb to the free amino acid compositions in this species .
than do these two Tocalities. - Of particular note is the occurence of a large quabntity of aspafagine in the flower.

This has also been noted by Prosch (1986) in Protea.

o _ Correlation coefficients for 8. fraterna samples are r = 0.98 for the July collections at Betty's Bay and Kleinmond.

In',conparing the two Betty's Bay samples of July and February, r = 0.12 but when glutamic acid and 4-amino butyric _

acid are added together, r = 0.47.

4.2 The free amino acids in Leucospermm species

The free amino acid compositions of the species of lewcasperaum are presented in Table 4.1, L. oleifolium was

compared for season and locality as was 0. fraterna.

4.3 Free amino acids in the family Proteaceae

The free awino acid compositions of twelve South African and eight exotic genera of the Proteaceae are presented with

" the Diastella and Leucospermun data in Table 4,1,

It is interestiﬁg to note the differencés in amino acid conpositiohs of the male and female plants of .Aufax and
Leucadendron. A, cancellqta and L, salignuw have similar male and female data (r = 0,97 or more). The data for L.
tinctum and A. umbellata are very different. No explanation for this difference is immediately available, although if
differences "in chemical components of the sexes were shown tb be consistent, this would be a véluable means of
identifying the sex of a seedling. Proline is different in A, umbellata (which was also observed on PC with values of
5 and 3 as opposed to 18 and 3 on ARA). The ethanolamine and phosphoserine values in L. -tinctum are quite different

(10;27 and 1835 respectively) although this difference was not detected in PC and it may not be significant. There is
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Table 4.1 The free amino acids in species of the family Proteaceae which were studied in this work. Species are
grouped roughly according to the groupings given in Section 2.5, wmostly with closely related genera
adjacent., '

Data are presented as molar percent of the total micromles / g dry mass of material.

* refers to data used in the cluster analysis mentioned in Section 3.5.

§ refers to analyses which were done with single extraction in MCW.as discussed in Section 3.2.2. L. bal 1 leucospersun (Sect. Diastelloidea) bolusii Gandoger
L. cal s Leucospermm (Sect, Diastelloidea) calligeruw (Salisb. ex Knight) Rourke
RT 71 etc. : unknown amino acid with retention time of 71 winutes on AAA L. het : Leucosperaum (Sect. Diastelloidea) heterophyllum (Thunb.) Rourke
02 62 P etc. : unknown amino acid in PC with R, X100 of 2 in BAW, and 62 in phenol, purple L. ped ¢ Leucospermun (Sect. Diastelloidea) pendunculatum (Klotzsch)
colour reaction with Ninh. spray. L. pro s Leucospermum (Sect, Diastelloidea) prostratum (Thunb.) Stapf
Ninh. spray : 0.25 ¢ ninhydrin; 5.0 ¢ 2,4,6-collidine in methanol, L. roy s Leucasperwm (Sect, Diastelloidea) royenifolium (Salisb. ex Knight) Stapf
L. tru s Leucospersum (Sect. Diastelloidea) truncatuluw (Salisb. ex Knight) Rourke
F : flower material analysed L. wit s Leucosperuum (Sect. Diastelloidea) wittebergense Compton
L ¢ leaf material analysed L. oleCl or C2 s Leucospermum (Sect, Crinitae) oleifoljum (Berg.) R. Br,
L+F : leaf and flower material were analysed together L. mun : Leucospermum (Sect. Crinitae) mundii Meisn
L(F) : leaf of a plant which was bearing flowers D, bue : Diastella buekii (Gandoger) Rourke
8. div diy : Diastella divaricata {Berg.) Rourke, ssp divaricata
ATL : Atlantis ' 0. div won : Diastella divaricata wontana Rourke
B's : Betty's Bay D. fra s Diastella fraterna Rourke
K'N ¢ Kleinmwond d. wr : Diastella wyrtifolia (Thunb.) Salisb. ex Knight
NAL : near Malwesbury D. par s Diastella parilis Salisb. ex Knight
b, pro 1 Diastella proteoides (L.) Druce
fena : female D. thy wer . t Diastella thywelaeaides weridiana Rourke
D. thy thy t Diastella thywelaeoides (berg.) Rourke ssp. weridiana
Petr sess : Petrophile sessilis Sieb, ' Faur macn : Faurea wacnaughtonii Phill,
Isop pulc s Isopogon pulchellus Faur sali : Faurea saligna Harv,
Aula canc ¢ Aulax cancellata (L.) Druce Niwe cucy 1 Nimetes cucullatus (L.) R, Br,
Aula umbe t Aulax umbellata (Thunb.) R.Br. KNine fiub : Ninetes fimbriifoliusSalish. ex Knight
L'de sali i Leucadendron salignum Berg. | Orot zeyh : Orothamnus zeyheri Pappe ex Hook. F.
L'de tine s Leucadendron tinctum Wil)iams , Para refl s Paranomus reflexus (Phill, § Hutch.) N.E.Br,
Vexa late ¢ Vexatorella latebrosa Rourke ‘ Para scep s Paranowus sceptrum-gustayianus (Sparrm.) Hyl
Vexa obtu : Vexatorella obtusata (Thunb.) Rourke Prot niti t Protea nitida Nill,
L. cun s Leucospermum (Sect. Crassicaudex) cuneiforse (Burm. f.) Rourke . Prot repe t Protea repens (L.) L.
RED, Y1...Y3  : Red and yellow variants, the yellow being done in triplicate, ‘ Serr adsc s Serruria adscendens R, Br.
wat .wash : water wash eluent from cation exchange column, Serr pedy 1 Serruria pendunculata (Lam.) R, Br,
L. sax i Leucospermum (Sect. Crassicaudex) saxosum S. Moore Soro tenu : Sorocephalus tenuifolius R, Br.
L. con s Leucaspermum (Sect. Conocarpodendron) conocarpodendron (L.) Buek ssp. viridum Spat pari : Spatalla parilis Salish. ex Knight
Rourke Telo spec : Telopea speciossisimus (Sn.) R.Br,
L. gla s Leucasperm (Sect, Conocarpodendron) glabruw Phillips Sten sali : Stenocarpus salignus R.Br.
L. pra s Leucospermum (Sect. Tumiditubus) praecox Rourke Sten siny : Stenocarpus sinuatus (A. Cunn.) Endl.
L. wi : Leucaspermm (Sect, Tumiditubus) muirii Phillips Grev bank s Grevillea banksii R.Br.
L. ves s Leucaspersum (Sect. Brevifilawentum) vestitum (Lam.) Rourke Grev robu : brevillea robusta A, Cunn,
L. lin 1 Leucospermum (Sect. Brevifilamentuw) lineare R. Br Hake pugi t Hakea pugioniforaus Cav,
L. cor + Leucosperaun (Sect. Brevifilamentus) cordifolium (Salisb, ex Knight ) Fourcade Hake sal i + Hakea saligna J. Knight
L. for s Leucospersum (Sect, Cardinistylus) formosum (Andr.) Sweet i Naca tern t Nacadawia ternifolia F.b.Nuell,
L. cat s Leucospermum (Sect, Cardinistylus) catherinae Compton Brab stel : Brabejum stellatifolium L.
L. hyp hyp + Leucospersum (Sect. Leucospermum) hypophy!locarpodendron (L.) Druce Bank eric s Banksia ericifolia L.f.
ssp. hypophyl locarpodendron Bank serr : Banksia serrata |.f.
L. hyp can s Leucospermum (Sect. Leucospermum) hypophyllocarpodendron ssp. canaliculatum

Buek ex Meisn,) Rourke
L. par : Leucospersum (Sect. Leucospermum) parile (Salisb. ex Knight) Sweet
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generally ‘a uniformity of free amino acid compositions among the genera of the Proteaceae. A distinct exception
appears ' to be species of Faurea which share two unknown ninhydrin positive coupodnds which occur in high
concentration.  Prosch (1986) reported finding the same two compounds on paper chromatograms of some Profea species.

This is particularly interesting since Johnson and Briggs place Protea and Faurea in a separate group,

4.3.1 Cluster analysis of the data

Although the -data were not suitable for the application of numerical aha]ysis because different organs were
analysed, cluster analyses were carried out purely out of interest. All species were included although I could have
done separate analyses, one using the data for the flower material, and the other using the data for the non-

“flowering plants.

" Using the computer programs which perform the cluster analysis based on the correlation coefficient (r), and the
program after Spencer.(1984), _prdduced good results which were generally in agreement with the grouping done by
Rourke (1972; 1976, - 1984) and Johnson and Briggs (1975) based on horphologica] properties. Rourke (pers. comm.)

poihts out that the more characteristics one uses, the more difficult it is to obtain a cluster.

Fiqure 4.1 shows the results of a cluster analysis, using r, of representatives of twenty-two genera (68 species) of
the family Proteaceae. The correlation coefficient matrix is shown in Table 4.2,  The most significant separation

- is of clusters with flower material from those with leaf material. These are distinctly separated with few misfits,

It appears‘to be significant that Leucospérlua species and Diastella spécies were apparently grouped more often with
. each other than with the 6ther genera. The other iﬁdigenous genera also appéér to be grouped together more than with
~ the exoticbgenera. It is also significant that among all of the clusters, most of the intra-cluster correlation
coefficients are greater than 0.9 which shpus that there is generally a unifprmity of free amino acid cdmpositiohs
~ among the genera of_the Proteaceae. A distinct exception appears to be species of Faurea uhich.share two unknoﬁn
nihhydrin..positive combounds which occur in high concentration. Prosch (1986) reported finding theb same two
compounds on paper chfonatograms of sole.Protea species, . This is particularly interesting since Johnson'and Briggs

. place Protea and Faurea in a separate group.

An analysis using the program after Spencer (1984) is. given in Fiqure 4.2 with the dissimilarity coefficient matrix '
shown in Table 4,3, In this cluster the first group clustered consists of most of the flowering material. The

Leucaspermm and Diastella species again appear to be grouped with each other more than with other genera, This
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Figure 4.1 Dendrogran from the cluster analysis of all of the data in Table 4.1, using the correlation coefficient (r),
See the correlation coefficient matrix in Table 4.3 and the program listed in APPENDIX 8.

Legend to coluans shown in the dendrogram :

L : leaf

F ¢ flower

L(F) : leaf of plant which may have been flowering

LF : leaf of plant 'which was flowering

L+F : leaf and flower material were macerated together

1 s Diastella species

) ¢ Leucospermun (Sect. Diastelloidea) species

3/n s Leucosperaum species from other sections as shown in Section 3.1.2
5 : indigenous Proteaceae '

6 :

exotic Proteaceae

OCT etc. & month of analysis



Table 4.2

fanily Proteaceae analysed in this study.

Natrix of correlation coefficients computed for a comparison of each of the sixty-eight species of tt]e
The cluster analysis based upon this matrix is shown in

Species names are shortened to 18 characters for printing purposes. The full species nawes Page 56
are shown in Table 4.1, T

P : Wou B ous 1’”""”“53"'”’”’1”“E: '% % N oW W MM e 4suo7uuscsx::sznussscnscssanuuussunu::
V1L Mastells beekii AL LS00 M 45 M0 S5 A1 Sl D MRS s T 601 Martells ki DS S 66 N L ST D SO T I XD % L G LD AT T D N S KL TN 0 B R a8 s a0 L
{11 A divriota dim A0S SK T I I L B R I L ) MLy o, dinriatadin POH S S5 N6 53 T D IN D A5 T M6 TR OIS D XD AN DS JTI2-00 66 MY IS TS AN N1 L LSS ) B 2!
v 30 b divaricata sost | A0S M5 A% X2 S A SN A LD MY TR KD 3y p it met DS MG B9 TS D G2 S 06 B 2T TN UGS 90 3NS5 L0 M G A IS ST T NS SN M I S SIS )
LA B fraterm : A3 M1 A5 9B S5 S D AN ) NS S L I ST By ey 7 R T I TR 0 T TR VR LR R S YV TR e N I O I B R R R YR I T R R R
S0 hoatifolia ! S ST 80 5 5B ME AT M5 P T8D AB g il LS JTIAT T M MDD L S LTI GO N LB LD LSLSK D ST 63 L 2T 6 D M T OB L ML % G IS
161 b penlis i MK AN WA 3 U LSS S A WSS A M ST R N TR T TR U R S LI TR o TR PN R T T R L LT TR IR
110D proteider | 45 S Mmoo 0 M & A% U TE N AU KD S A0 AR LT e Vibprenide % 1 OMS N KD UMD TS SIS AR MDA KD DI I S ST ML LM D LKL
¢80 B thpmelwsids s | AU NS A N A 6 M AL TS M N T M A NS D M g g elaidr s (LS NI M TH NS DD LGS KD 6D TLLTIS LS LI MG BN S LD S T ML S RS L LT 3 M Y e
¢ 90 B Uymelacoides t | AN ST A% 8 .0 s A 155 M6 A e A8 W 390, tmebecidr t 16 SUSK N Y W TS M K2 RTTRTR  I TR R G T T TR I 7 1T e QR B T O TR Y I T R I
1100 lescopernm bolw | S n MU 845 90 0 A M MY 49 A5 SN e AN 40 eowpernm tolus | 61 D B 00 L I &9l TR BT R TR R R LR T B/ K S0 T T I SO TR Q. I Ly R R TR LR B "R/ R T
1L aadligrm 2 M5 452 46 M4 29 a8 1] S U AN S 316 -1'3 VUL alligns L6 A3 S0 LK LS 29 M .m BT T I T ST TG "I VRO |V J S BT E S TR I B Y JO TV 1 S ) QO 'V I ARV 1
{120 L Meterolylie | £ 08 m TR LI x| B QTR TR T L MU0 L aterpiplin % M6 S0 W4T 58 .l BT I G TR BV | K R R TR G R TIN5 L PR VR
113 & pedunism | ! g I I . S35 3% M M) LTS M L pedeulta LS9 T M- A D S ALY DS S 1 6 SIS 6 TS OTSILILS N B S22 M) DN 20 N2 NS T ST 6 B
P L peestratm ] : B2 M9 LA JH RTINS TR T R T e L TN T T BV Y RO R T QN ¥ T T R TR TR R YL IS B QT T R T T TR G 7. T AT
15! b repenifolim : JIS 57 60 D LTI M S D9 S N KD LS ST JBHDS DL rpeifoliae | SRS TN IE M % LD TR T R S BT R TR R0 RS U I v R TR V™ J 7. BT T R I R T
(6! k twctie PIETHD K05 13 6 A S SN ML AR TSN SR K taecatehe BT 06 D LMD LN ST AL AT S8 6B 656 SIS SSLOESY B SIS II6D SO AT M S0 ) A% 502 L) L9 L6 AN L9 S5 SM ML 40 N6
P11} b wittelergene ! P A A S KO0 MK ) 30 ST S ST L wittelergense LML SIL WAL LIS M2 OSHOSB % 20085 AL 0 S IUTL 0 S LISY 16 B S AN A% S 2 S % LT S S e
1 1, ", 1, ) ) ) () t, 1 D___.:
b ! U TR R LI T i N anr DN 0 3 » » u 2 wioy 5 %X N BN M Q8 S 6 0 % o808 S 8N M O% % 9% S @6 R0 WS % e e
10} b omeifomeyd ! DB M) B2 ML AT 63 A LIK LT A KL D T SIS L cmeifomeyd DI A3 -2 AL LMD ST LD L7 MBS 056 36 D6 LIS MBI LR SIS LA LTS N D L6 LS D9 S5 S Dl
LRy p— ] y: M09 B oS5 9 9T M6 6 L K6 S LB ) R s PSI6 IS A5 -05 5 09 38 26 1 L TR TR TR T SR SV N TR TR (T T 7 T T TR BT I RS TR
{¥ b cmocuipodndr | ¥ AN S A S 0 0 L2 ST SIS LS ST N JISE ) L comcarpodendr 803 LSO SI8 -6 -0 L2920 LI8D LD AL 49 160 6D LI6E L4 S 7S DON I3 AR LM G 0 0 I8 D L LR % LTL S 4L L6
{0 b glalee ! ia SO MDA S5 AN M S R L2 R glane I R R TR I T R TR TR T T R RO T R R T U ST T R TV R "R [T S RS T
P2 b peacat : 10 AN 63 A0 52 M8 2 TR N D L e P TRV R T R I N VR TN O TS S Y 0 X B¢ TR U QR T TR T I R R R R
!B} b mini : 'ny 6 S0 AB AN AN T8 M S A% A4S 71D L mini TR/ TR TR I L R YR 0 T T S TR TR TN R U J R ST 0 RC S T R I
PN b westite ! L SIS 0T TS A0 ) SM N L weetitm D50 A3 AR L0 B S% ID SN A 96 N5 56 L5289 ML LT JSSLE ML SN L AR ST S D AT L L SN
151 L linere : N S5 AT e & LB L i I TR TR T I R T VR TR I T I SV R VI B TR R PR TT R . I, O, T I QTR TR TV R B
1%} kowdifolim ! 1% LA S N S NS NN Locdifolie D MO M S5 6 S0 G0 3N 6 L2 S LS LA K IR 35 L5 LD LI 6 T 0 S AL S 3L L
10} b fermen : 0 RURRE I M0 L foon PUST S G LI LIRS LT 5K SO IS LS LT T 3 TN ST LM S S 6 X LTI A IS 9 N D
18! L ostherine | A B4 0 ST R N L catherine D60 6 T8 00 D9 0T LI6Y JS2LIN 0 L1 LIOS S30LG6 106 W61 L3709 LK I L2 LI 395 AR LK LIS LM 2 LS L8006 LMD 6 Dl
!N L bypdyllecarpo | 1B LS M 200 L bplpllocap L5 A1 A NS ST BL S0 SN ST N SHB 12 63D M2 D LY SIS SK L SI2 B S S IR A S S
1% b perile ! 'Y SN MWLk QT TR T T T TR " VT R ST U I TR R R e YR BT R U T R T R I R R
(N! b okeibolim ! By A 16 MR oleifolim 3 LT B2 G 5Y S5 10 LMD LD LGN G S TS L2 RIS ST LD L6 GO0 S LT L0 LNL LG S L0 L6 625 LMD 63!
'R b i : ‘R MR L madii PAH B T AW AB A T SE LG S5 L0 KDL I L2 LI B0S D32 LEST 6T T L6 T M6 MM M A N LN R
10 Medar comcellata () ‘ny S0 duarcancellata (381 N6 LB 00 A0 S5 L3 LHO ST BRSS9 LU JMRDI3D LI LR LU LGN LSS KM LM 6 LTI 62 LMD NS M5 09D 0D S8
PU Y ey comellata U U bdar cacellata 3 KD A2 ASE 2 M6 I8 IS 06 ST9 SO LD A LMD SIS TS 6D ST S TS N MDD ISE M S S Y
b ! TR TR VI L T P iB N 2 BB WS XN BN RN D Wi '% % N N N oW Q0 LR T I IR T R T O R T I B N T I ' I I

1, ) ", [} * ) 4 [} 1, s, )

’ " H ' ‘ " 0 ) 0 0 1

1350 ndar mmbeliats(n ! 1% D) Mdaramellatan ! 66 ML ML ST NS L9 6 D 62 0D 6T L6 DM LSS) LMD IS DT 2 L6629 LD LM 2 MM 0L N 3% OB
13! delar mabellata (f ! 13 $ 36} dudar ambellata (E | % D 8 IS 5K D 2 SN LG DY LKL L0 L 5 L SH S S 612 55 AL S8 S MG LD LS S Sl
SN Drabejw stellatif | 13 3§ hradejuw steliatif | 50K 0TI T D L LT DI 0L SIS 9 0 S5 UKS S SIE WL 6 SR 06 LS L 506 6D 0D
18 s mcampitos | ¥ 13! Foares mcoaghlon | 96 26 5) L6 -0 200 8 29 066 661N 50 OB LD a2 8 L 0 8 M T LS LM
!9 rerowlign | 'y 0N rurw mligw ST S K2 L S LD IS S 3 LS A9 00 L S SIT-06 L B2 5L DL D SIDSEE ST LB S0 LSS L 6B S9!
{00! Lecodeads salig | 'y 0} Leucadeadrow salig | I R I R R R R R R TR TN B TR 7 I ) T T S ™ R TR R T A R
1! ewadadron sulig | g 141 lewadeadron malig | M § S35 L6 3 SN LMD A5 M D 059 M2 A AT D S
1 lowwdadron it | Tl $ 01} leucadendren tinct | U R TR R TR T T TR R 1 R R+ QT I TR S R L R VL R T R S R R T O
0 leadeadros tinct | e 140} Leaadendron binct ! 6 ST S LT L LYY L N SS9 LTI TS S LS LI SN L6 M6 3!
LM Risetes corulists | 'y M| it coullatus | SO AT ST DS A LISL S SH NS G LS LT D 6 S L S
$4S Mimtes Linkeiifol | 1 {45 | Minetes finviifol | T TR T N T T R TR U T TR R T I T R T RV
06 Orothummw sepheri | 'y ! 46} Orothemg sepheri | VL T+ O R VI B T T ST TI  T UQ S V R I I I TR TR
14! Arasemm refles | 0 10! Rrams reflens | O TR R TR R TR TR R T G ISR R TR VI S I T B TR VR
L Rraseey soptrm | e R n—p—— ML TS N K 6 ST X AN R 6N 59 S L6 59 Y e TS
1) hoten aitide | 1y 1O ot aiti | M6 AT 0 QAL NS ST DR L OS2 U6 S SN LS LS L3 A
10! Autes ppew ! 19 P00 Protes repems ! QLR 0 L0 A0 06 6 5L S ) Ll SN
V51! Seraria ahoeade | g 181} Serruria adscendes | PSLUGT T LD 6 S R L 9D S 8L 2N 815 A5 08
o : U TR I F R TR DIl N A BB NS XD BN NN RN ML :nunnnnuauuuunauun::szs:scssssnsnssanszuucsanu::
152! Serrwria pedmcels | Y 182 Serracia pedacels | PR R E P LT
$53 Srocephelw temi | Y 153! Sorvoephales temi | 151 RTLIR TR T B ST T VI I S I R B R
S0 Setalls prilis N VS getall urilis ! 1) T TR RTTRN R IRKT T RTE R I TSR
1550 Reaatorella Latedr | 151 155 Vesatorella Lotebr | 1551 SE9 N LSD G LT T8 AN 1 D LSS
15! Nessteeedls cbtam | 1% 1% ¢ Wentorella obtuns | 1% ST AL Y 5 M A1 SY ML MY LTRSS
U510 Reakwia ericifolis | 15 $ 51 ¢ ambyis ericifolia | 0! JTO8 2 AN A5 AN LT ML KD M2
! Balwia gerrats | Ty ' Rbisgerrats ! 'y A S AN M AL s
159! Grevilhoe bankeii | 19 19! revildes baabyii | 19 JEOAS 1Y T S e A% 59
PW Grvillee miwts ! ' 60} Grevilles robosta | 'Y 59 M5 0 M A2 M MR
$6l ) ke pagucniforms | 6L L6l § Rabea pugioaiform | el TR I I R
PO Nk b ! 1 L i R TR R B IR
163} Inpogon puicielhn | 163 16} Inpoyn puickelhy | 16 294 .20 0396
! 6! mecadaia tenifel | 'Y 36 Mocadia termifel | 'y MK M
165} Metroplide sesmili 1% $65 | Aetrophile sesaili | 16 A2 AT 866065 )
! 66 | Stesocarpee wilig 'y ' 66} Stesourpw salin | Le R
16! Stewwacper simat | K 36§ Resocarpus simat | R MR
{64} Tekpes apeciomsis | 'K {6 ¢ Sekpes gpeciomsis | N 'y
Vo ! MU R B WK TINN X 1 R B NS XD AN NY N BN U '3 % N OB N M Q0 U 6 K 0 8 B % S otR 8 NS % N N N M6 R0 W 5 % 0o

\




L. calligerw

D, parilis

L. parile

L, heterophyllve
L. cungiforse y3
L. lineare

L. cordifol ive
b. divaricata son
Ninetes fisbriifo
0. fraterna
Nimetes cucul latu
Parancaus reflexy
L. royenifolim
Aulax vebell, <to
Protea nitida

L wiril

L. preecox
Serruria pecincul
L, glabne

Aulax cancel, <fe
Yexatorella obtus
Paranoaus sceptrv
Serruria adscende
Orothaanus zeyher
Petrophile sessil
lewcad, sali, <fe
Lewcad, tinc, <
Hakea saligna

L. forsosm
revillea barksil
L. mndil
Nacadawia ternife
. thywelae, ver,
Nakea pugionifors
Lewcad, tine, <fe
Protea repens

L. vestitug

D, beekii

D. thyselse. thy.
Stenocarpus sinua
Stenocarpus sallg
Banksia' ericifoll
Barksia serrata
L. catherinse

L. conocarpodendr
D, protevides
Isopogon pulchell
L. bypohyllocarpe
VYexatorella lated
Aulax cancel,
Lewcad, sall. <aa
L. bolusii
Sorocephalus teny
L. oleifolive

L, pedunculatus
L, prostratum

L. wittebergense
revillea robusta
D, ayrtifolia

b. divaricata div
L. truncatulie
L. saxosun
Spatalla parilis
Fsurea sallgna
Faurea macnaughto
Aulax uabell, <
Telopea speciossi
Brabejum stellati

TR TN Y

-

B )

-

=
<

N e
-
-

-

e
- E R R

,_
-

36

n
n
n

"o

W

N
N

n

LR RV R T

5
in

3/6

LRV RT ]

n

[T T T}

X X

N

N

n

JN
J

P

FEB
FEB
FES
FE
FEB

FEB
FEB
FES
FEB
[{3]
FEB
FEB
FEB
FEB
FEB
FEB
[{1]
FEB
- FE8
FEB
FEB
FEB
FE§
FEB

FEB
FEB
FEB
SEP
ocY

FEB
[{1]
{4
FEs
FE8
FEB
L

FEB

18]
FEd
- FEB
FEB

oct
FE8

FE

FEB
ot

DEC
e
. FEB
41
FES
FEB
nov

= 1 5

Degree of dissimilarity

F1gure 4,2 Dendrogram from the cluster analys1s of all of the data in Table 4. 1, using the program after Spencer (1984).

See the dissimilarity coefficient matrix in Table 4.4 and the prograe listed in APPENDIX B.

Legend to columns shoun in the dendrogram :

L : leaf

F : flower v '

L(F) : leaf of plant which nay have been flowering

LF : leaf of plant which was flowering

L+F : leaf and flouer naterial were macerated together

1 : Diastella species

2 ¢ Leucospermum (Sect, Diastelloidea) species

3/ ¢ Leucospermum species from other sections as shown in Section 3.1.2
5 : indigenous Proteaceae

] s exotic Proteaceae

Species are numbered as in Table 4.4,

Species names are shortened to 17 characters for printing purposes, The full’ spec1es names are shown in

Table 4.1,

OCT etc. : month of énalysis
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watrix is shown in
The full species names

of the sixty-eight species of the

The cluster analysis based upon this

or a comparison of each

Species names are shortened to 17 characters for printing purpases.

Matrix of dissimilarity coefficients computed f
are shown in Table 4.1.

fanily Proteaceae analysed in this study.
Figure 4,2,

Tabte 4.3
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observation, seen in both cluster analyses, indicates that future work may provide meaningful cluster analyses using -

free amino acids in the Proteaceae.

One may consider the following facts when analysing the data, Some modifications may be used, for examplé, to bring
better agreement with proline data from AAA and‘paper chromatography.  Another point is that phosphosering isb the
first compound to elute from the AAA coiumn and is accompanied by brown material (discussed in Sectioﬁ 3.2.2). This
material would be detected to some extent by the 440 nm detector if not also by the 570 nn detector; For this

- reason | am inclined to exclude phosphoserine fron the data.

Large quantities of what appears to be ethanolamine were détected by AAA in some samples. Inblost of these cases
- the - ethanolanine observed on the PC was apparently in quite low concentration.  Some of these samples had’ been
stored for quite a long time before being analysed in the AAA, for example leucosperaua prostratum which had  been
.stored for about seven months. [ewcadendron tinctdn féma]e had not been stored for very long but “had a high
concentratidn»of ethanolanine, which had not beeﬁ detectedson the PC. I had analysed some samples at intervals of
seven and fifteen weeks respectively following extraction aﬁd.the storage in frozen conditions had not brought abéut
:'any visible changes in the free amino acid compositions of the samples. However, I feel that ethanolamine, which is

a breakdown product, could be excluded from the data.

A visual inspection of the data in Table 4.1 shows some apparent trends in sowe of the nore closely related taxa,
for example, the arginine and asparagine-in L. cuneiforse and L. saxosum appear to stand out from most of the other
taxa, ‘but, as is also shown in the table, these samples were all flower material. Thus, it appears that any trends

are evidence of seasonal or organ properties and may not have much taxonomic significance.

4.4 Free amino acids in hybrids

| The free amino acids found in the putative bigeneric hybrid (ot X lo), Diastella'thn'elaeoiabs (Dta) crossed with
Leucosperaum oleifoliuw (Lo), are given in Table 4.4, There are also data of free amino acids found in hybrids from

controlled crosses done at Tygerhoek Protea Research unit.

The correlation coefficients from the comparison of covariance of each pair of samples is also given. It is evident
that the free amino acid compesition of Dt X Lo is poorly correlated with that of Lo (r = 0,39) but is reasonably
correlated (r = 0.82) with that of Ots. When the molar percent values of 4-amino butyric acid and glutamic acid are

added to each other, the Ot X Lo correlation with Lo increases frou‘r =0,39tor=0.78and the Ot X Lo - o
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The free amino acids in the putative bigeneric hybrid between Diastella thymelaeoides and Leucospermus
oleifolium. The data on the right refer to controlled crosses done at the Tygerhoek Protea Research Unit.

A1l of the data are presented as molar percent of the total micromoles / g ‘dry nass of material.

* Correlation coefficients (r)-are given comparing each parent with the hybrid, and the combined data for
‘both parents with the hybrid. '

Dt Lo 1 Putative Diastella thywelaeoides X Leucospermua oleifoliua
L. cord X L. lin AfF : Leucosepraum cordifoliua X L. lineare (two crosses, designated A and F)
L. cord X L. vest : Leucospernus cordifolium X L. vestitum

Y R A A P Y A P ¥

' thyw olei thya, cord vest line cord cord cord

| aer X . S | X

; L : L L

! olei) ' lin & lin F vest
Alanine b5 10 14 2 2 .2 2 -1 2
Arginine L7029 3 18 16 10 14
Asparagine b 7019 7B A nB 3B

Aspartic acid I 3 14, 1 9 10 6 § 10
Glutamic acid 23 19 3y 12 16 16 100 14 13
Glutamine I8 2.2y 2 11 .1 14 16 3
6lycine ' 1, '

. JHistidine - ! ! 1 1
Isoleucine 12 1y 2 31721 1
Leucine | 1 1, 1 3 1 1 1
Lysine ' S | 1 1
Phenylalanine . 1] ' :
Proline g 15 1y 6 7.2 4 & 2
Serine b5 4 6) 5 6 5 6 8 5
Threonine 2 1 3; 1 2 1 2 3 1
Tryptophan R ! 1 1 2 1 1
Valine a1 2 2, 3 43 3 3 2
3-alanine v 2 v !
4-amino butyric acidd 14 22 5V 2 4 3 3 3
Ethanolamine V10 2 1) 1 1 1 1 1
Ornithine , ' -2
Phosphoserine A | 1y 12 1 1 1 1
Rt 163 ! . 1
Rt 171 ' | 2 1
aicromole/g dry mass | 3.5 0.8 - 4.0) 16.8 16.2 21.9 20.2 13.0 20.5
Correlation ' - 0,72 0.8, - 0.4 0.90 0.81 0.65 0.71

coefficient Vo - 0,39 - 0.1 : 0.65
- compared with | ' - 0.92 0.88
one parent : ' - 0.9
] 1
- compared with | -*- # -*- 0.85) ~-*-+ - 0.85
both parents ' ' ot 2% 0,89 0.78
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correlation increases from r = 0.82 to r = 0,93,  (4-amino butyric acid is a conversion product of glutamic acid as

discussed in Section 2.2.1.)

1Hhen comparing covariance between Ot X Lo and the.summed chgracteristics of bbth.parents {(i.e. alanine=5+10=15
etc. 1for each amino acid), r = 0.65. hen proline is excluded because it is 23:1, r = 0.72 énd, then when 4-amino
butyric'acid is added to glutamic acid, r = 0.92. The exclusion of proline is herhaps justified in that>the amount .of
proline detected using PC is similar in L. oleifblfun and the hybrid. This treatment of the amino acid data thérefore
X does not support the hypothesis that the plant is a hybrid between Dfastella thywelaeoides and Leucospermu oleifoliua

althoush good correlations of hybrid with parents are not necessarily important as hybrids could be the additive

result of the parent amino acid compositions.

The parent-hybrid correlations are generally.better among the controlled crosseé. It is notable, however, that 4-
amino butyric acid s mostly present in fairly uniform concentration, and is in low concentration in each of the
samples. $imilar' ﬁtatistical nanipulatidns can be applied to thé controlled brdsses as were done for the putafiﬁe
“hybrid ot X Lo‘and its presumed parents, although the proline and 4-amino butYric acid figures appear to be reasonable
as presented. When comparing the hybrid characteristics with the summed characteristics of the twoiparent species, a
5etter correlation is obtained between hybrid and sum for L. cordifolium X L. vestituw than for the hybrid uith.either
parent.  In the cases of L. cordifolium X L. Iineare (two crosses) and Dt X Lo uith‘their respective parent.species,
each hybrid is more séuilar to one parent than to the other and the new correlation coefficients are lower than those

“for the hybrid and the more similar parent.

It is not possible to use these data to draw any conclusions which will show how to identify the parent species of a
presuned hybrid in Leucosperaum although using the amino acid compositions of nectar may prove successful (see Baker

and Baker 1976).
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5. - | . DISCUSSION

5.1 Free Awino Acids as Chemotaxonomic markers in the family Proteaceae

| _The results from this analysis shou.that as long as one uorks_within certain limits, it is possible to carry out a
meaningful chemotaxonomic study using free amino acids as markers. It is important to have a standard post-harvest
environaent so,asrto avoid creating adverse conditions to which the plant material will respond by altering its free

v'.amind acid composition. In cases where the material cannot be extracted within a day following harvest, it is felt
that the best method for preserving the material is in a lydphilised state. Hatéria] should always be selected to
minimise seasonal variation, Seeds are best to use as these represent a stable stage in the life cycle of thevplant.
Leaves appear to pe best as a general choice'as théy are available for a longer time (al) year around :in the
Proteaceae) than are flowers in most species; Younger leaves should be selected as they have‘a higher yield‘of free

amino acids than do older leaves,

Herbarium material does not appear to be suitable material for the deternination of free amino acid compositions in
the Proteaceae as there was a very poor yield of free amino acids in the air dried sample shown in Table 3.2, and
- their composition has a very poor correlation with that of the free amino acid composition of the control which was

fresh material.

It appears that herbariuq saterial can be used for certain purposes.  For exanple,. Etoff (1970) used herbarium
| material for extracting NNA and NMS from the leaves of Dichapetalus. In this case the asino acids in question are
perhaps not as closely linked to primary metabolism as are fhe protein amino acids which constitute the majority of
the free amino aci&s in the Proteaceae. It is likely that novel amino acids occﬁrring'in high concentrations in plant 
vmaterial would be recovered fairly ne11 from herbarium material.  This would not be true, however, if the compound
would be broken down to provide nutrients and primary metabolites for the continuing setabolism Vof the plant,
especially as the dryiﬁg‘p]ant would be experiencing stressful conditions at a temperature which does not arrest the

progress of enzymatic reactions.

5.2 Interpretation of Data

Two wmajor difficulties encountered in the interpretation of the data obtained from these analyses were firstly that
66 of the material was analysed in one month and the remainder over an extended period of eight wonths. Secondly,
auch of the material used was flower material. It is clearly evident that the decision to use flowering material of

some species and leaf material in other species was made without sufficient information, - Had the decision been made
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after the amino acid analyser had been put into use, it would have been different as the AAA is far wore suited for

detecting the differences in free amino acid compositions in different organs than is paper chronétography.

5.3 Comparison with published Data

There is general agreement with the data reported by Van Staden (1966) in that the lajarity_of frée'amino acids are

protein amino acidé, Qith few insténces where unknown compounds occurred in high concentrations relative to those of
| glutamic acid; and 4-amino butyric acid, which were most frequently reported to have the strongest reaction with
- ninhydrin,  Alanine was frequently -in high concentration, -and it was the conpound which was present in highest
concentration in seven species. Glycine, serine, aspartic acid were always present and eccurred with an overall
‘rating of 3 on the séale one-to-five.  Four unknown compounds occurred (with a rating qf 3 or wore). Ihe one unknown
{U-19) occufred in only Leucadendron argenteum; three unknowns (U-3; U-4, U-7) occurred togethér in the one species of -
Faurea nhicﬁ van Sta&en analysed and in four species of Protea; - U-7 was the dominant cowpound in three Protea

species' and co-dominant with glutamic acid in four other Protea species; U-3 and U-4 octurred together in sevén_

“Protea species,

Although the presence of these three unknown amine acids in Fbureé'and Protea support the observation in Section 4.3
that both of these genera confain wy unknown compounds 03 09 8r-P and 04 14 0-Br, only one of Van Staden's (namely U-
3) occurs in a relatively similar position on PC and would be given a code something 1ike 10 26 Y-P which does not

appear to correlate with either of my unknowns wentioned above,

I failed to find the ubiquitous occurrence of cystine that Van Staden reports, and he reports that it occurs> mostly
with a value of 2 on his scale of one-to-five. It is possible that the compound which I have identified as -

- phophoserine is the same as the compound which Van Staden calls cystine.

Except for these differences, sy data agfee with Van Staden's findings.

5.4 Analysis of the data

Although the data were not suitable for the application of numerical ahalysis because different organs were analysed,
"~ cluster analyses were carried out purely out of interest. The results are discussed in Section 4.3.1. It apbears to
be significant that lLeucospermum species and Diastella species were apparently grouped more often with each other than

with the other genera. It would appear that the other indigenous genera are grouped more with each other than being
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grouped with the.exotic genera. This observation, seen in both cluster analyses, indicates that future work may

provide meaningful cluster analyses using free amino acids in the Proteaceae..

5.5 Statistical reliability

One is seriously inhibited by practical linitations when dding a broad-based survey 1ike this. one. It was not
possible to do three or more replicates of the same extractions, or to get several genotypes, although wherever
possible sampling was done by'macerating large quantities of leaves from more than one plant and taking a small random

sample from this large sample.

Parker (1976) gives three essentials in designing an experiment to deal with uncontrolled variation which tends to '
~occur in biology. These three essentials are:

- reduce individual and sample errors to a pininun;
- avoid bias; _ : S '
- arrange to be able to distinguish variation due to error from variation due to treatments.
These essentials can only be appTied in a broad sense in a project of the kind being reported here. There was clearly

bias as a result of the decision to use flower material and not only leaf material. However, the other two points

~ Were applied as best as was practical.

5.6 The Function of Free Awino Acids in the Proteaceae

Free amino acids are important in the metabolism ofithe plant, as forms of_nitrogen storage, as carboﬁ.skeletons which
are incorporated_into basic metabolic pfocésses; and for building proteins. Another general function is, simply
~ stated, involvement by free anino acids in the interaction of the plant with its environment and with other organisms.
This project did not include investiéations into the interactidn of the plant with the environmentbbut it became very
evident that the free amino aéid composition of'a_?roteaceous plant is readily affected by the ényironnent, biotic or

abiotic.

It seems to be reasonable to postulate that the presence of phosphoserine in fairly large quantities in many of the
~ species analysed could indicate that these plants use this compound for storing phosphorous. This may be an important
- strategy as Proteaéeous plants typically occur on soils which are low in phosphorous. ~ The only record given by

Rosentha]b(1982) of phosphoserine in plants is given by Daley and Bidwell (1977) who found it in Phaseolus vulgaris.

The function of a character is a central factor deterwining its expression in the phenotype. The free amino acid
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composition is the phenotypic expression of the gehotype of the plant. Some characteristics have functions related to

season, and asparagine appears to be such a characteristic, being in higher concentrations when the plant is in a

_flowering cycle,

So it is important, when sampling is carried out, to keep accurate records as is the normal practice in collecting
herbarius material and plant material for propagating. Entries in a collecting register should include descriptions
of s0il-type and Habitat, the stage of the life cycle (vegetative or reproductive), and maturity of the plant as well

as the date, locality and other cellecting details, It is important to remember when collecting material that one

" would probab]y look immediately for explanations for unusual morphological characteristics, and record these, but

differences in chemical characteristics will only become evident after days of analysis. It may be easfer to explain
such differences if good records were taken at the tine of collecting. It would be well vorth analysing a soil sample

for N (and perhaps also P and K) and texture.

In the final analysis the comment made by Vogts (1984), that there is a closer dependance of Proteaceous species on

soil than on climate for speciation, may be what is wost prominently reflected in these free amino acid composition
data. For example, if soil data were to be added to Figure 4.1 and Figure 4.2 along with the month, group and organ

data, it may become evident that the clustering reflects soil type more than anything else, perhaps with the exception
N

Mabry (1972) made an important observation -with regard to a chemotaxonomic study. He points out that the
chedotaxonomist must understand the biological roles of the chemical compounds which he is studying., - He further

points out that the future of phytochenistry, with which chemotaxonony is inseparably connected, lies in the

~ understanding of the interactions between cell with organism, and organism with environsent. Ve are accunulating

isolated facts which must eventually be understood in the context of larger systems.

5.7 Conclusion

~ This work has not.brought forth convincing evidence that free amino acids are of as great value for chemotaxonowic

studies in the Proteaceae as they appear to be in the Fabaceae or Cucurbitaceae. However, the data do suggest that
there is some agreement between groupings based on morphological properties and those based on the amino acid data

presented in this thesis, Therefore I feel that the present project has indicated that free amino acids can be used

for chemotaxononic studies in the fanily Proteaceae, although the distribution of these compounds among the species

appears to be variable. When the data were used in cluster analyseé, it appeared that Diastells was shown to be more
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-similar to Leucospersu than to the majority of the other genera which were analysed giving strong support for the
previous groupings made based on morphological and morphological properties. However, sin_ce these data were not

rea_lly suitable for cluster analysis, these findings are noted for interest only.

It is not possible at this stage to say that Diastella should be included with Leucbspem/'. There appears to be more

~evidence suggesting an affinity of Diastella with Leucospersum than that it should not be grouped together with .

Leucosperaum.

In {his context it is interesting to compare the findings of Perold (1984b) that all Diastella species ﬁroduce
conocarpin and ifs associated compounds plus an unknown flavonoid X.  Leucospermum species tend to produce either
conocarpin and its associates or leucodrin and its associates and sometines an unknown f1 avmoid X. ~ Seven of .the
eight ’species in Leucospe/'buu (Sect, Diastelloidea) pfoduce rleucodri'n and it‘svassociates, three aiso prodﬁcing the
N unknown flavonoid X. The only species in the section which produces conocarpin.and its assotiated compounds is L.
‘peduncul atua, It is interesting to note that L, oleifolium, the one presUmed parent species of the hybrid 0t X Lo,

produces conocarpin and its associates as do the Diastella species. Perold did not find the unknown flavenoid X in L.

oleifoliua,

Scott (National Botanic Gardens, pers. c¢omm.) has shown me some data for delphinidin and cyanidin eccurring in some

| Diastella and le;/caspernui species. She had analysed somé of the material which I had collected. The ﬁix Diastella
species which were analysed contained cyani&in. L. pedunculatum, the one species of Leucaspenbl (Sect, Diastelloidea)
' thch Perold found to produce conocarpin, 'alsﬁ produces cyanidin.  According to the groupings in‘ Figure 4.1, L.
pedunculatum does not appear to have a distinctly different free amino acid composition as compared with _the other
nembers of the section. Two other members of section Diastelloidea were analysed and contained delphinidin as did (.
parile and all three samples of L, hypbphyl lacarpodendron, which are members of section Leucaspersum. Other samples

have been or are being analysed but the data are not yet available,

Thus, if Diastella were to be sunk into the genus Leucospermum, it should probably be kept as a distinct section and _

“not be placed into one of the established sections.

No conclusive findings' were obtained to show that free amino acid compositions will be particularly useful for

identifying the parent species of a hybrid.

It may be worthwhile analysing the free amino acid complements of the nectar of the Proteaceous plants as Baker and
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.Baker (1976) report Eonsistent'nectar amino acid data in several plant genera and‘their hybrids, Variations’jﬁ nectar
compositions would probably have a more direct effgct on the berpetuation of a ne;tar producing species than would é
f'change in the chemical composition of aﬁy othér organ. A change in the nectar aﬁinb acids of a plant could have
serious consequences on the successful pollination of thevplant, and consequent]y; on the séed prodﬁctibn.v It is
therefore likely that nectar amino acid composition.uould be stab]e, énd Bakef and Baker appearrtb show this to be

:true in the species which,théy studied.
5.8 Future work

As the data presented in this thesis are difficult to interpret because both flower and leaf naterial were used, those

species will be reanalysed, where possible, so as to pbtain more cdmparab]e data using leaf naterial.

Further work will be done comparing the free amino acids in different organs of different species to see if any
'meahingful patterns exist. Proteoid roots appear to have high concentrations of free amine acids, and will be studied
more closely, Of particular interest is the consideration of nitrogen uptake, transport and storage in the plant, and

phosphoserine as a possible storage form of phosphorous.

More work needs to be done investigating the cyclic changes in free amino acid compositions during the course of the

year, to see if any definite patterns are followed.

fhe data obtained froﬁ fhese studies should be compared with.thét for other Fynbos species, particularTy those that
have. zimilar phenotypic characteristics to those of the members of the Proteaceae. The faba?eoUs planté endenic »in
the Fynbos, Brunia:eae, Ericaceae and Restionaceae, would be interesting families to comparé as a starting point. The
* study of thé legunes should be particularly interesting because they fix nitrogen so that more N would bé available
~ for amino acid synthesis. Furthermore,. there is a vasi data bank with which to compare ]egume data, as a great deal

'ofvuork has been done on lequminous plants in other parts of the world.

The study of other classes of chemical compounds, such as flavonoids, should continue to see if they indicate any
bansuers to the questions about the relationship between leucospersum, Diastella and the putative bigeneric 'hybrid._

Particular attention should be given to Leucospermum sections Diastelloidea and Crinitae.
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SUMMARY

Diastella is a small Proteaceous genus endemic in the South Western Cape. Hal) and Veldhuis (1985) 1ist D; buekii és
_endangered, 0. ayrtifolia as 'critically rare, 0. parilis and 0. proteoides as vulnerable, - and consequently the
| opportunity' was taken to obtain soﬁe information regarding the chemical components of the vséecies of _Diastella.
 Diastella species had been placed variously in Protea, Leucadendron and Niwetes prfof'to the genus  Diastella being

formally accepted in 1911, Johnson & Briggs (1975) suggest that Leucosperawus aﬁd bia;tel?a have nearly parallel
'phyldgenetic lines, Rourke (1976) suggests that Diastélla probab]yvaroﬁe from a membef of 'Leucasperuu: section

Diastelloidea. The occurrence in nature of a ferti]e putétive bigeneric hybrid between 2. thylelaeafdbs and £, (Sect.

- Crinitae) oleifolium corroborates sone of Rourke's arguments.

A bhytochemical investigation was undertaken with atvieu to usiﬁg the déta 6btained in a cmenotaxonoﬁic vstudy‘ to
jnvestiéate the relationship betweenvDiastella, 'Leucospermuu and the putative hybrid. Bell (1981) reports that free
amino acids have been fdund to be reliable chemotaxonomic characteré in plants and'conséqﬁently free amino .acids were
used in the present study. Very little chemotaxonowic work has beén done on the Progeaceqe, aqd aslitvnas isportant to
compare the relationship between fiastella and Leucosperwum with that of Diastella with other ueuﬁers of the family, the ,

free amino acids in several other genera originating both within and without South Africa were analysed. .

Some duplicate and triplicate tésts were carried out to confirm the reliabilityv of the extraction in >a _
methonol:chloroform:water wixture, Tests uére carried out to determine suitable post-harvest cenditions uhichvuere to‘
be used to prevent the variationbin the free amino acid composition of a sample so that reiiable data could be obtained
: for ﬁsg in this ﬁhemotaxonomic study. It was found that lyophilisihg, or shorf term storagé in polythene bags at sub-
zero or asbient (15°C to 25°C) temperatures prevented changes in the free amino acid composition.of the: leaves of
L. oleifolium. Amino acids were detected using paper chromatography = (solvents butanol:acetic acid:water

(90:10:29) and water-saturated phencl) and by using the LKB 4150 Alpha automatic amino acid analyser.

" The original intention had been to anal*se flouer‘material from each species, but instrusent failﬁre cauged'a 1on§ delay
after which the flowering season had passed for most of the taxa. Therefore, most of the analyses were done using leaf
material, Consequently the data were not suitable f&r a proper taxonomic study using numerical taxonomic systeus,
Nevertheless, a2 matter of interest, sixty-eight taxa were compared using a cluster analysis program which I.nrote for
use on the IBM PC XT computer, using fhe correlation coefficient (r) to compare species, - and another_ prograk after

Spencer (1984) using standard deviations to compute dissimilarity coefficients. The groupings ebtained in the cluster
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analyses of the data showed that Diastella and Leucosperaum were grouped with each other more frequently than with other
genera. The other indigenous genera were frequently grouped together or with the exbtic'génera,. and the exotic genera
were frequently grouped with each other. = Visual inspections of thé tabular presentations of the data indicate some
trends ‘within taxonomic groupings,» but these appear to indicate seasonal variation and probably héve_litt]e taxononic

significance.

From'.these data one cannot say that Diastella should be sunk into the genus Lewcospersus, although when comparing taxa
using the cluster analyses, a closer relationship with Leucospermu may have been fndicated than that with other . taxa
' which were compared with these two genera. Perold (1984b) indicates that while the pheno]ic_]actonés in Digstella and
" Leucosperaum (Sect. Diastelloidea) are generally different, there was greater ;imilarity between Oiastella and L. (sect.
Crinitae) aleifoliuﬁ vhich is 6ne of the presumed parent species of the pﬁtative bigeneric hybrid. ‘vFor this reaﬁon it
is felt that future work should investigate the chemical sinilarities between Oiastella and Leucospermus section

(rinitae as well as section Piastelloidea.

The free amino acid data did not show any specific yalﬁe, in this case, as a means of identif}ing the parent species of

' hybfids. Some differences were noted in the free amino acid compositions of the different sexes of Leucadendron and
B Aulax which nay meaﬁ that one can use the free awino acid conposition of a plant to identify its sex.. Further
investigation needs to be done in these areas as this could be economically important fo the growers of these p]ant;\ if

they could determine the sex of a seedling.

In conclusion, the chemical data indicate a sfmi]arity between Proteaceous genera in.that there do not appear to be
- prominent novel free awino acids such as is the case among some members of the Fabaceae (i.e. a similarity by absence
rather than by presence), Thus I do ndt feel that one can use the data obtained in this work to make any conc]usions‘

about the value of using frée amino acids as taxonowic characters in the Proteaceae, other than that 'they can vary |
between organs, they change with the seasons, and they can alter between harvest and extraction and one wust work within
- these linitations, There are better sinilarities observed between the flavonoid conpositions thah the free amino a;id
conpositions of Diastella and L. oleifolium, the one presumed parent of the putative bigeneric hybrid and further study
should be undertaken into the compositions of these and other chemical compounds in Diastella énd sections Diastelloidea

and Crinitae of the genus Leucosperaun.
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A.l  Instrusent specification for the LKS 4150 Alpha amino acid analyser.

1.3 INSTRUMENT SPECXF ICATION AND SAFETY WARNINGS

.3 1 Specification

The following is the detailed specification of the LKB 4150 Alpha amino acid analyser.

Detection Limit

Reproducibility
Buffers

Ninhydrin Reageht
~ Pump

Operating Pressures

Aﬁalytical Column
Resin

Sample Injection
Temperature Controls

Programmer

Photometer

Chart Recorder
- (Optional)
Autoloader

Refrigeration Unit
Dimensions

~-equired Services

Safety Systems

Ninhydrin - better than 100pM
Fluorimetry (Optional) - better than 10pM. -

Better than 3% at 10nm

Up to five buffers and one regeneration solution, all stored under nitrogen and fully
programmable. Reservoir volume 4 litres.

Stored under nitrogen in a 2.5 litre amber glass reservoir in a dark, refrigerated cabinet,
One Applied Chromatography System pump with two pumping heads. Each pump head has
sapphire pistons and valves, easily adjustable flow rate and a maximum rating of 400 bar.

Buffer pressure: maximum 40 bar
minimum 6 bar

* Ninhydrin pressure: maximum 40 bar

minimum 6 bar

High pressure glass column in a solid state heating system. The resin bed length is
adjustable from 20cm to 45¢m (less than 20cm with optional adapter).

Ultropac 11 catxon-exchange resin, sodium or lithium form, with particle size of 11um %

0.5 um,
Automatic loading system is used to load sample capsules into the fluidic system. Each

capsule can contain between 5] and 160ul of sample.

Column: Temperature variable between ambient and 90°C.
Reaction Coil: Temperature set to 130°C + 0.2°C.

Microprocessor controlled prégrammer containing 20 programmes each of 20 steps.
Programmer contains all operator functions, operation timer and column temperature

control
Single flow cell with optical beam splitter to provide detection at 440nm and 570nm using

ninhydrin and a tungsten halogen lamp. Outputranges0t02.0,0to1,0t00.5,0t00.2 and0
t00.1 absorbance units linear or 0 to 2.0 absorbance units logarithmic. Automatic chart fold-

baci( is provided allowing peaks of up to three times the chart width to be represented.
Recorder output 0mV to 100mYV for all ranges. Flowcell volume 8pul, pathlength 15mm.

Two channel, continuous writing chart recorder with chart width of 250mm and a response
time of 0.5 sec. for full scale deflection. Chart speeds0.1,0.2,0.5,1, 2,5 or 10mm. sec=! or

mm. min =,
Integral autoloader unit in darkened, refrigerated cabinet providing the facility to load up to

16 capsules.
Additional capsules may be inserted into the priority load position during analysis.

This provides a cool storage area for the ninhydrin, autoloader and sample capsules.

Fluidics Cabinet: 9lcm x 48cm x 88cm (wx d x h)
Programmer Unit: - 44emx 42cmx 13em(wxdx h)
Chart Recorder 2210: 37cmx24cmx Ilem(wxdx h)

Ozxygen free nitrogen gas (99.99%), regulated to 5 bar.

Drainage facility
220V/115V, 50Hz/60Hz, 500VA main supply.

Automatic shut-down in the event of:
High coil temperature
Photometer lamp failure
Low ninhydrin pressure
Low buffer pressure
Low nitrogen pressure

High column temperature '
Battery memory protection on mains fail (for up to 6 months)
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A2 Alpha data sheet giving details of the elution program for plant extracts, and other 'relevent details used in the

analysis of amino acids using the LKB 4150 Alpha amino acid analyser,

ALPHA DATASHEET | !

Prog.No.. <2 . .. P L
sampe.. L0ACadovdrar. 2alig nu s, . N eren U B O
Volume Losded. 79ul, Ameunt Loaded. Drez d,u °c TIME N123456PF c oD
Run Number. . 5.3 Operator , L‘NP ..... 1 2 z X Y | X Y .
2 34 ) ¥ Y x %
Fluorescence | 440nm | 570nm | 3 cL | Xy ¥ X
'. i 23 || 22 X ¥ ¥ X
Baseline Setting e so AYo] . v 3 . y -
| 00.Range/Gain] __— 9,1 | 0. . e | . Y x
Buffer pH Molarity 7 (% by Y X S
1..... VR S 2 S 8 sT|| ur y N ¥ ¥
2..... 2 22 . ... g <[ 2 v X %y
b N ;.": ........... 0 ’:0., ....... 10 7€ 5] Y . X XX
4..... 3"5 ........... l.'.o ......... i n Yy X i X e e e ey X'_ .
S..... 3,)'{ ........... J 'bs cesanes 12 3u 3u R T
6.... -04 ........... ”, =2 13 3y < X . EEEEII ¥ ¥ .
: . Buffer { Ninhydrin/oeA” 14 » 2u ) ot : T x 7-(
e pfbe [3s ] 26 1 SN
i 7 9.5 17 e
Operating Pressure by | 38 18 8 .
ChartSpeed . . ... 0. ....... PRI 19 . .
RcunBodLmath...?.?.Dr ........... mm 20
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A3 Buffer formulations for the analysis of physiological fluids using the LKB 4150 Alpha amino acid analyser.

LKE

. BIOCHROM

PHYSIOLOGICAL FLUID ANALYSIS ON THE LKB 4150 ALPHA

Buffer Formulations

Loading Buffer Buffer Buffer Buffer Buffer Lithium

Buffer 1% 2¢ E L 5%  Hydroxide
PH | 2.20 2.80 3.00 3.02 3.45 3.55 -
Li+ fon . . | |
Concentration (M) 0.2 0.2 0.3 0.6 1.0 1.65 . 0.3
Citric Acid (g) ~  48.00  48.00 148.00 48.00 148.00 105.05 -

Lithium Hydroxide (g) © 42.00 42.00 42.00 42.00 42.00 35.00 62.95

-Lithium Chloride (g) - - ' 21.25 84.75 - 170.00 314.35 -

Phenol (g) 5.00 5.00 5.00 5.00 5.00 5.00 -

Thiodiglycol 25% (ml) 400.00 40.00 140.00 50.00  40.00 ho.oo' -

Isopropanol (ml) - ~ 75.00 175.00 - - - -
Conc HC1l (mls approx) 80 77 T4 73 55 - -
Final volume (litres) 5 5 5 5 5 5 5

% indicates in which buffer reservoir each buffer should be placed



APPENDIX B

The first program, written by nme, uses the correlation coeff

Progras listings of the cluster analysis prograns for the I8N PC .

calculate the similarity coefficients. The second program uses the algorithm of Spencer

(1984).

8.1 Program using correlation coefficient., See the printout in APPENDIX C,

'illlll.lll!llllllllll!llllllllllllllGIllllllllllllllllllll'

- 19 HD$ED)

20 HD$(2) = "¢ _ #

30 HD$i3) = "d {LUSTER AMALYSIS BY CORRELATION CO-EFFICIENTS '
40 RD$i4) = v £
50 HD$(S) = "¢ 125 ¥ POMRIE : 3 APR 1986 ¢
40 HD$(8) = “# IBM PRINTER ' [
70 HD$(7) = 'llllllllllllllllllllllllllllllllIllil!llolllIlllllllllllll'

8 lllllllllllllllllllllllllllllllllllllllillllllllllllllllll

90 * & HEADER AHD CONSTANTS . 3
100 ° llllllll(llllllllllllllllllillllllllllllllllllllllllllllll

130 BTS=TIASS

120 NSG1$ = ° PRESENTLY READING DATA FROM DATA BANK *
130 MSG2$ = © PRESENTLY CALCULATING CORRELATION CO-EFFICIENTS™
140 nSG38 = © PRESENTLY FINDING THE LARGEST CORRELATIONS ~
- 150 MSG4s = ° ~ PRESENTLY REARRANGING DATA, NANES AND NATRIX ~

160, MSGS$ = °

170 UL$ = CHR${27}+CHRS:45)+CHRS(1)
180 NL$ = CHR$127)+CHRS{45)4CHRS(D)
190 FL = 66:PN = 1

200 LF$ = CHR${27)+CHR$(51)+CHRS{36)

210 FF$ = CHR$(12) : :
230 LINS & "-eeeeeiesesmsssmsssesessosmsssmasomsessesssnmsesisensmmanesnonnnnsnonaTanaTIne -
240 GOTO 1450 * TO BOJY
250 END
260 ¢
a0 ::::::::::::::::::::::::::::;::::=:=::=:===:===:=:::=:=:== : ' . ) .

88
2% llll!lllll(Illlllllllilllllllllllllllillllllllllllllllllll

300 * % PROCEDURE : PRINT HEADINGS ON SCREEN AMD PRIRTER  #
310 * lllllllillllllllllllllllllllllllllllllllllllllllllllllllll
320 CLS:PRINT:PRINT:PRINT: PRINT:PRINT: PRINT: LPRINT LF$:LPRINT FF$
BOFRI=1107 '

340 PRINT TAB(11);HDS(D)

350  LPRINT TAB(11);HDS(I)

360 NEXT 1

370 LPRINT:LPRINT DESCRS '

380 LPRINT "USING “;NP;* PLANTS AND “;WV;™ VARIABLES."

390 LPRINT:LPRINT"CORRELATION"; TAB(20);UL8; "SPECIES/CLUSTER 17;NLS
400 LPRINT UL$;"COEFFICIENT"NL8;7AB(20)ULS; "SPECIES/CLUSTER 275HL3
410 LPRINT 7AB(30);ULS;"NEW CLUSTER NANE™;NLS

420 LN = 20 : RETURN
430 ° P T LT L LT IR A R T A L]

440 " & DATA INPUT . ¥
450 "IIIlllllIIIllIlllllllllllll!lllllllllllllllllll!llllllllll
440 LOCATE 17 : PRINT NSG1$

J0FRR I =1 10N

480 READ NS

490 NEXT

500 NC = NP ° RENENBER NP

510 DIN CH(NP#2,HV),U(xPOZ),NN$(HP02),R(HP&Z,NP»Z)

520 FOR 1 = 1 T0 NP

530 LOCATE ¢,1 :PRINT “Sp. "3l

S40 Wl =1

S50  READ NS:NNS(I): = “al$

560 FGRRI=:=1T10MN
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570 READ CH(I,I)

580 NEXT R

590 NEXT i

$00 ST = 1 : FIN= NP-1

610 IlllllllllllllllllllllllllllllllllllllilllllIllil!l!llllll
420 * & PROCEDURE : CORRELATION COEFFICIENT CALCULATOR %
630 ' IllllllllllllIllllllllllllllllllllIlllllllllllllllllllllll
440 LOCATE 17 + PRINT MSG2$

450  LOCATE 1,20 :PRINT “No. renaxnan

440 FOR X1= ST 10 FIN

470 LOCATE 1,1 & PRINT “Sp, 1 “3X1

680 IF NP = NC THEN STY = X1+l

890 FOR Y1 = STY T0 WP

700  LOCATE 1,12 : PRINT "Sp, 2 “3YI
710 IF 11 = X1 THEN 900

720 FRC=170 N

730 XS = CH(X1,C)UCH(X1,C)
740 XS = CHOYL,CHRCHYL,C)
750 XY= CHOXL,CHCH(YL,O)
760 X0 =YD # XS
m Y0 :10 418
780 SP=SPaXt

790 §X = SX # CHOX1,C)
800~ SY = SY 4 CHOYLO)

- 810 NEXT C

820  AX=SX®SX/ M
830 AV =SY ®SY/ W
840 - AP =SXESY/NY

850  BX = XD -AX
850 - BY = YO -AY
870  BP = 5P -AP

880  ROX1,Y1) = BP/SOR(BX#BY) : IF NP ( NC AND Y1 ( X1 THEN R(YI, 1) = RiX1, Y1)

390 XS = 0 2Y5:0:XY=0:X0:0:10=0:5P=0:5X=0:5Y=0:AX= 0 AY=0:AP=03BX=0:BY=0:BP<0
900 NEXT M1

- 910 NEXT X1

920 ° !IllllllllllllllllI!Illl!!lllllll!llllllll!lll!llllllll!!l
930 ' & PROCEDURE : FIND LARGEST CORRELATION ¥
40 ' IlllllllllllllllllllllllllllIl!lllllll!lllllllllll!!l!!lll
950 LOCATE 17 : PRINT NSG3$

960 HC = 0

970 FOR X1 =1 T0 NP-1

980  LOCATE 1,7 PRINT X1

990  FOR Y1 = X141 TO NP

1000 LOCATE 1,19 :PRINT Y1

1010 IF HC { R(X1,Y1)THEN HC = R(X1, Y1):XP=X1:1P=Y1

1020 NEXT NI

1030 KEXT X1

1040 ' IlllllllllIIllllllllllllllllllllllllllllllllllllllllllllll

1050 * # PROCEDURE : PRINT PAIRS IN CLUSTER, NAME CLUSTER '
1060 ' BEEERRSEEEREERRERERSMERRERERRERRRERARSRERRRRRRRARERRERERES

1070 LPRINT HC;TAB(15);ULS;NN$ (XP);NLS:LPRINT TAB(13); sULSNNS(YPISALS
1080 NNSCXP)="x2 "3BIDS(NNS$(XP)+" ’ *)4,29)
1090 LPRINT TAB(30);ULS;NNS(XP);NL$ .

1100 LPRINT

ELSE STY = 1

1110 LN = LN 4 42 IF LN ) FL -5 THEN LPRINT FF$ ¢ PN = PN + 1 3 LPRINT TAB(34)3"PAGE “3PN 3 LPRINT : COSUB 370 :

LPRINT LINS : LN = 4 . e
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1120 IF NP { 3 THEN RETURN ,
1130 lllliiiiillllllllllllllllllIlIl!!!l!lll!llllllllllllllilll

1140 * % PROCEDURE : CALCULATING AVERAGES OF PAIRS OF DATA 4
1150 * EEERESERESRRERRRREREREEREERRRERCEERAREERERRRECERENRNRARRE
1160 ¥ = WIXP) 2 WCXP)=W(XP)+W(YP)

70 FOR I = 1 TO W
1180 CH(XP,I)=(H|CH(XP,I)00(YP)ICH(YP,I))/H(XP)

1190 NEXT I
1200 ° T T R R AL R et L et
1210 * & PROCEDURE : REARRANGING DATA, NANES AND MATRIX ¥

1220 ° IllIllllllllllllllllllllllllllIlllllllllllllllllllllIlllll

1230 LOCATE 17 : PRINT NSG4$

1240 FOR I = 1 TO NP

1250 LOCATE 1,7 & PRINT I

1260 FOR J = YP 10 NP

1270 LOCATE 3,18 : PRINT

1280 R{I,J)=R{I,0¢1)

1290 NEXT J

1300 NEXT I .

1310 FOR 1 = YP TO NP

1320  LOCATE 1,7 : PRINT ]

1330 FORJ =1 TONV

1340 LOCATE 1,18 : PRINT J

1350 CH(I,I) = CR(T+L,d)

1360 NEXT J :

1370 W(D)=¥{1+1)

'1380> FORJ =1 TO WP

1390 LOCATE 1,18 : PRINT J

1400 R(I,J)=R(141,J)

" 1410 NEXT J

1420 NEXT I

1430 ST = XP: FIN = XP

1440 LOCATE 1,7 : PRINT ©

1450 FOR I = YP 1O NP

1450  LOCATE 1,7 = PRINT I

1470  NN$(1)=NN${1+1)

1480 NEXT I

1490 NP = NP - 1

1500 GOTO 610

1510 RETURN

1520 * SEERSEREEEERERREENEEERRREREEE R R RN AR
1530 * & PROCEDURE : CALCULATE ELAPSED TIME ¥
1540 ° T e R A AL A AL L it
1550 BT = UAL(BTQ)I360000AL(HID$(BT$,4,2))iéooUAL(RIGHTS(BTQ,Z))
1540 CT = Uﬁl(cr‘)|36°°§UAL(HID‘(CT‘,4,2))'600"5L(RICHT’(CT$,2))
1570 T17=CT-BT ' :

1580 TTH = INT(TT/3600) : TTM = INT((TT-TTH#3400)/60) : 115 = TT-TTHe34600-TTHR40
1590 TT8=STRS(TTH)+"Hr “+SIR$(TTH)+"Nin *+STR$(TT5)+"Sec”

1600 RETURN

1610 END
1620 ‘ IIIlIl'lll||llIII|lllllllllillIlllll!lllllllllllllll!!l!.l'
1830 sszzsaspessssesssecesassssssses222ssSs3322332 83235383883 5S

1640 * SRRHEREREETERMRRHEERERHEEEERERERERNRRERRRRRERE RN RRRANRAREE
1650 * EEREENERRREPEEEESEERERERRERRRRERENEEERRRR NN EERRERRRRENLE
1660 ° ¢ BODY ' : %
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1670 * llll"ll"llllll"llllllllllllllllllllllllllllllllllllllll

1680 READ DESCRS, NV, NF

1690  GOSUB 290

1700 LPRINT LINS

1710  COSUB 430 * READ FROM DATA STATENENTS
1720 LPRINT LIN$ : CLS

1730 CT8=TINES

1740 GOSUB 1530 ° CALCULATE ELAPSED TIME

1750 LPRINT : LPRIN?  CLUSTER ANALYSIS CONPLETED.

TOTAL TIME TAKEN : f;TTG;TAB(éO);'DATE + ";DATES
- 17280 ¢ FEREEER R AR R R R R RE R R R R ARE A REAE
1770 * # VARTABLE DESCRIPTIONS *
- 1780 ° P T LT e e R i A iR AR i L LS
1790 "AP = SX ¥ 5Y / WV
1800 "AX = Sx‘2 / W
1810 “AY = 5Y*2/ W
1820 'BP = SP - AP
1830 ‘BT$ & BT = BEGIN TIME
1840 °BX = XG - AX
1850 ‘BY = Y@ - AY
1860 ‘C = LOOP COUNTER - CORRELATION
1870 ‘CH{I,J) = CHARACTERISTICS ARRAY
- 1880 ‘CT$ % CT = CLOSE TIME
1890 ‘DATES = DATE .
1900 *DESCRS = DESCRIPTION OF DATA
1910 ‘FF$ = FORM FEED
1920 'FL = FORM LENGTH
1930 *HC = HIGHEST CORRELATION
1940 "HD$ = HEADING
1950 ‘1 = LOOP COUNTER :
1960 ‘J = LOOP COUNTER ; ' .
1970 'LF$ = LINE FEED SPACING
1980 "LINS = DRAW LINE
1990 ‘LN = LINE NUMBER
2000 N$ & NN${I) = SPECIES NAME
2010 “NC = REMEMBER NP
2020 °NL$ = STOP UNDERLINE COMMAND
2030 ‘NP = NUMBER OF SPECIES
2040 NV = NUNBER OF VARIABLES
2050 'NSGn$ = PROCRESS MESSAGE
2060 "PN = PAGE NUMBER
2070 “R{1,J) = CORRELATION COEFFICIENT ARRAY
2080 “SP = SUM OF PRODUCTS XY
2090 ‘ST = START OF LOOP
2100 “STY = START OF YI LOOP
2110 °SX = SUM OF CHARACTERS IN SPECIES
2120 'SY = SuM OF CHARACTERS IN SPECIES 2
2130 "TIMES = TINE
2140 °TT = TINE TAKEN : TTH, TTM, TTS HOURS, MIN, SEC
2150 "ULS$ = UNDERLINE COMMAND ;
2160 ‘¥ % W(I) = NUMBER OF SPECIES IN A CLUSTER
2170 ‘X1 = LOOP COUNTER
2180 'XP = FLAG FOR Sp. 1 IN CLUSTER
2190 "X@ = SUM OF XS
2200 XS = SQUARE OF X .
2210 ‘XY = PRODUCT OF X & Y e N

BEGAN AT : "3BT$;" ENDED AT & “;CT$:LPRINT
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2220 °Y1 = LOOP COUNTER .

2230 YP = FLAC FOR So. 2 IN CLUSTER

2240 °YD = 5UM OF Y5

2250 ‘YS = SQUARE-OF Y
2260

2270 °DATA BANE WUST BE WADE UP OF THE FOLLOVING :

7280 * DESCRIPTION OF DATA : NOT MORE THAN 160 CHARACTERS, ENCLOSED IN QUOTES

2290 *© NUMBER OF VARIABLES

2300 ° NUNBER OF PLANTS

2310 © MV ITENS FOR VARIABLE NAMES - )

2320 WP GROUPS OF DATA COMPRISING SPECIES NAME AND NV VALUES FOR EACH ‘ VARIABLE

2330 © LINE NUWBERS 10 START AT 25400, INCRENENT 10

25499 ° T L L AR R E L

25500 * # - DATA RANK ¥

25501 & LAST MODIFIED 27 WAR 1986 L

25502 R AREEEERERREREERE RN E AR R R R R : :
25700 DATA “FREE ARMINO ACIDS AS CHEMOTAXONONIC MARKERS IN DIASTELLA AND OTHER GENERA OF THE FANILY PROTEACEAE"

" 25710 DATA 41,48

25711 DATA ALA,ARG,ASN,ASP,CYS,GLU,GLN,GLY,HIS,ILE,LEU,LYS,HET,PHE,PRO,
,RT93,R7163,R1171,RTll5,RT130,2996;3583,0309,0414,4868,0262,RT71

25720 DATA Diastella buehii _ : :

25722 DATA 607,,,7.8,02,4903,1|2','203,06,[;)2D1,),106,04,306’)1500))06',,606,,,),))),)),,)01

25730 DATA D, divaricata divaricata

25732 DATA 16),2,11,0,24,2,,,3)257313:1)0y01935 15105510351, 95 4500002004 00000°

25740 DATA D. divaricata montama , 7

25750 DATA D. fraterms

25750 DATA D, myrtifolia

25770 DATA D. parilis

25780 DATA D protecides : -
25787 DATA 5,-6,9,10,,14.5,8.3,2.9,3.9,1.3,.9,1.8,,-7,11.1,5,3,1.7,.2,1.6,.7,7.9,,2.1,,.l,7o9,,,l.7,,,,,,,,,,,
. 25790 DATA D. thynelaeoides meridiam . .
- 25797 DATA 5’7,4,6,0’23,8’o,o,l,1,0’11’3)5’2’1)0)1)2)14’)loliolzlllolllllllil’)
25800 DATA D, thymelaeoides thymelaeoides
25807 DATA S995,0,38)1551251y59981109203112003125 953000000 000000 00
25810 DATA Leucospermun bolusii
25813 DATA 3,,17,5,.5)16,365 90, 1592024)791001092112002209310090 0000000200
25820 DATA L. calligerun ]
25830 DATA L. heterophyllun _ ' .
25831 DATA 3,7,14,10,,16,8,0,1,1,15,,1y14,1002)1,0,20951 20 12300200 00000000
25840 DATA L. pedunculatun
25850 DATA L. prostratun :
25851 DATA 6,,2)15,)12,2)25y151110201571501191202103330920 1201020020000 12
25860 DATA L. royenifalium
25861 DATA 3,5,24,9,,10,16, 4y 1)2,1,05,143131893,201941)31:51 0090392010 03100 0090210002
25870 DATA L. truncatulun .
25871 DATA 2,20,11,9y,16,9,, 01104110090 7030 10 030000 80 ds 0000800 d2000000001
25880 DATA L. vittebergense
25881 DATA 10,4,8,13,0,10,2,92,1)15922,7529311130131024112 209220 802202200 200
25870 DATA L. cuneiforae y3 '
. 25891 DATA 206'1209,2302’4,,1003,13.5'06,08,oa'03,07)02;64,903’605,3'0,,01,104,,2',103),02)1),,07"103',,,,))"

SER, THR, TRP, TYR, VAL, 3AL8, 4ABA,CIT ETHN, HPRO, 0RR, PSR PP, RT67
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25900 DATA L. saxosum
25901 DATA 6,19,34,5,,4,3,, 151010y 4 2718041, 20150080 e nan s deinnsenens
25910 DATA L. conocarpodendron

25920 DATA L. glabrun
25921 DATA 3.7,107,508;1903),4102)206)03),05)03,12,,06,204)407)306,,03,09,02,40l,,2),,4»7;,)0‘,,.2,,,,,,,,,

25930 DATA L. praecox :
2593! DATA 8.5,7.5,2.3,16.3,,29.3,3.5,1.1,.5,.7,.3,.7,,.7,1.7,6.8,2.4,1.1,.3,2.1,.3,4.3,,1.6,,,3-9,,,.6,,.5,,,,,,,,,

25940 DATA L, muirii
25941 DAT“ 2.1,2.6,19.4,3.7,ol,16.5,17.7,.3,l,.9,.5,.4,,-5,28.6,10.1,2.2,.8,.3,1.8,o4,4.l,,l-3;.3,,l.9,,,.5,,.7,,,,,,,,,

25950 DATA L. vestitum

25960 DATA L, lineare
25961 DATA 2:5,1812)2302'1003,91,16,704,,06)101,07;06',03'1»7,406,09'104,04,205),302,,08')52'105’)))01,109,',,,,,,'

25970 DATA L. cordifoliun 7
25971 DATA l.8,2807,1902,1009,)1202,202';02’1o5157106',03)612,406,07'104,o3,203,,lo9,04,1);02,103,,’103,06,,,,,,,,,

25980 DATA L. formasum

25990 DATA L. catherinae

26000 DATA L. hypahyllocarpodendron hypophyllocarpodendron

26001 DATA 5,407,17.5)7,,1509,08,,3,106,102,07,,117'1305,317)04,2:1,05;3:4,02,4)01,705,,ol)l16,',08)101)105,,,,,,),'
26010 DATA L. parile .
26011 DATA 2,8,13,9,22,100 )11 1,151213)4,31311 2003000 1210003018000 002

26020 DATA L. oleifoliun

26021 DATA 10.3,1.9,,3.4,,19.2,1.9,,,1.5,1.2,,,.4,15,3.9,.7,7.5,,2.l,,22.3,,2.1,,,6.6,,,,,,,,,,,,,,

26030 DATA L. mundii

26040 DATA Aulax cancellata (male)

26050 DATA Aulax cancellata (female) )

26051 DATA 302'05,,13,,3109,108'14,105,203,107'105,04'2'432,6,305)o3)202'3os',509,)306,,’505)}’),)’[})})})

26040 DATA Aulax umbeliata (male)

26061 DATA 3,19,7,95,97y 44y 11151 1,18,5y 2030110220113003 000000300 02300019

26070 DATA Aulax uabellata (female} ,

25080 DATA Brabejum stellatifolium

26081 DATA 8,5,12,5,,14,8,1,1,l,1,,,2,11,9,4,2,,3,;5,;2,,04;211;;1';1;))2;,;1117

26090 DATA Faurea macnaughtonii

26091 DATA 502,04,,1401,,‘03,05,07,,ol,01)ol,)c6)104)103,106,01'03,,,303),307,41)o1)1504,,,1ol',ul,',),S,s,,,

26100 DATA Faurea saligma

26101 DATA 1202),03,1606,,1019,04,1.1;01,07)05,01);52;02,204)xo9,02,02,03,o1,2:2,,6'1,25'4)rl,l‘ol',,108;,,,,,,5,5,,'
26110 DATA Leucadendron salignua {male’

26111 DATA 802,201,608,906,,26.4,2.1,08,1.7,14,o‘,u?,o&,17,103,701,213'07,01,06,03)4,,405,,o1)12!8,,)3,,104,,,,););,
26120 DATA Leucadendron salignum (female)

26121 DATA 407,07,1102,11.3,,27.6,2.6,09,08;-6;05)l’),05'2'1’705,205)103)02,1ol,03,403,,305,,01,1102,,)3))1ol,)),);)}p
26130 DATA Leucadendron tinctua (male)

26140 DATA Leucadendron tinctum (female)

26141 DATA 8,2,5,9)515)45 0039191921, 205131 1100080220 0005109310 201200120000

26150 DATA Kimetes cucullatus ' :

26151 DATA 306)07}2309,305,.3,18.8,1208’102)108}106;oe,oz,)02,402,602)402)205,05,209,02,606),203",101),,)},,,,))[;)
26140 DATA Minmetes fimbriifolius

26161 DATA 204,302,27.1,40’)01,11,12-6,09,09,106,08,05,02'04)404;10;403,213,04'207’03)1'slil‘7’l",llllii°lllllil"'
26170 DATA Orothamnus zeyheri . -
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26171vDATA 12.4,.7,2.4,4.6,,34.4,3.l,l.é,.1,.8,1.[,.6,,1-6,1-6,11.3,3-3,.3,-8,1,.4,2.5,,3.6,,.4,10.7,,,.6,,.1,,,,,,,,,
25200 DATA Paranoaus refiexus
26201 DATA 5.8,11.9,4.4,10.5,,24.5,9.9,1,1.7,.S,.S,l,.l,.5,4.5,6.l,2.6,

26210 DATA Paranonus sCepTrun-gustavianus
26211 DATA 1008;02,,1506,,3707,401,1os,04'102;102,05,,202,3,504,402,08'o’;loS);llé),aol,,14,306)),));;))),);;

26220 DATA Protea nitida :
26221 DATA 402,2.1'1607,807,03,908,909,09,106)07)05,02,04,04,2103'459,201,2o1)03)207,02)105))5;36"109,,,,)05,’,,,",,

26230 DATA Protea repens :
26231 DATA 3029201'2803’601’01'509’9'07'103’309'1.2'07'Dl’03'1501'5.6’402’205'02'307’.1'09"301,03"07',"'08',",',"

26240 DATA Serruria adscendens

109'02)1,ol,‘o‘,05,208,,01)1-9',,1,,105,,',,))),

- 26241 DATA 318,207,3)606,,25-3;1o7,106,02,106,102,o‘),l09,304)519,208)05,101,201,02)8),808));1301;);),,),,),)))

26250 DATA Serruria pedunculata
26251 DATA 9-2,.8,3.8,19.1,,28.8,3,.4,,.5,.5,.8,,.8,2.6,10-1,2.9,1.1,.3,.6,.4,4.5,,4.4,,,4.5,,,,,.8,,,,,,,,,

26260 DATA Sorocephalus tenuifolius
26261 DATA 802,n1,2'1,7.4!,2006,s!2|7,103,1;5,1|4;03'01,1.5,201,1301,2,02,1,207,05,108'1'109',03,200913,,,,,,,,,,,,

26270 DATA Spatalla parilis

26271 DATA 4-5,37.7,3-2,1.2,.1,2.9,9.1,.7,1;7,.8,.6,2,.3,.4,.9,13.7,3,1.4,.3,1.6,.2,.l,,,,,,,,Z.é,,.7,.2,.1,,,,,,,
26280 DATA Veratorella latebrosa : '

26281 DATA 909;05,5-2,22:4,01,908,3,138,102,nS,05)09,,09,104,808,3,306,202,09)oS,l,)So‘,,ol,lSoé,,,04,,ol,,),,,,,,

26290 DATA Veratorella obtusata
26291 DATA 805,1.4,)1007,,4104;106,06)08,08)07)1ol,)lol,lo&p‘o’,‘o’)lo’,05,102),107;)5,,01)3),,104))1,,;,),’,

- 26300 DATA Banksia ericifolia

26301 DATA 12)312;13);12r31711)1;1311)116;1)1;)1111211151r:zrrrrpzrrtrrrr;3r

26310 DATA Banksia serrata
26311 DATA 11.5,1.5,3,9.4,,17.7,6.6,.5,.3,1.2,.9,1.6,,2.5,3.5,10,4,3.5,3.2,.2,1.3,,7.7,,7,,,7.5,,,,,2.6,,,,,,,,2,

26320 DATA Crevillea banksii
26321 DATA 1309,03,’609,’1509,705,03'02,103’1ll,ll"2.2'2.9,8.8'208'03’05’1.4"8',19.1"'509",l"”’,,""'

24330 DATA Grevillea robusta _ : :
26331 DATA 10.6,1.3,,6,,18.8,2.2,,.2,1.9,.9,.7,,1.5,3.7,2.5,.8,2,.8,3.3,,11.7,,9.5,,,18.4,,.9,1.8,.5;,,,,,,;;,

26340 DATA Hakea pugionifornis :
26341 DATA 1208,06,’1308',1909'1'06’04’101'D7'03',103’1;5'802’3'402,09’06"7.3,'901"03'806"'306’,"',,"’,

26350 DATA Hahea saligma . .
26351 DATA 1606,103 "1402 ',1909,2.6"09,07'07'106"107'105".9,108,109,09,202,,80l,,903",802",1',',"',",

26360 DATA Isopogon puichellus v
26361 DATA 507,503,5008,603))905)2.6}02)04,04)03'1,)04,102)3,09,09,03,02,,107;08;3-3,,,2»7,);103,,07,;),),,),

26370 DATA Macadamia ternifolia
26371 DATA 7.7’101’408'1602'01,2102,2,03,'07'05'102',08,709'805,2’2,1'107,09'01,206',1004,”10,,,07"2.4,,",',,,

26380 DATA Petrophile sessilis
26361 DATA 12-4)2 )1005'1301))2107'201),07)oa'08'05"09,207'503,102)204,'07),404',401',)12'))117,;'1)}'))))

© 26390 DATA Stemocarpus salignus

26391 DATA 7.4,,3.3,15.4,,23.4,3.2,,.3,1.2,.9,.1,,.9,3.9,1.7,.6,1.9,.1,1,,19.6,,4,,,9.1,,,1.8,,,,,,,,,,2,

26400 DATA Stenocarpus sinuatus

26401 DATA 12 ',,2403”2305,05"02"102’01"07'305,108'1'1’)06,,'05',807,,,1103,',2.2,""""))

26410 DATA Telopea speciossisimus

26411 DATA 1005'1'2!3,1009,12,16,301'101,03,09,101,203"1l‘,zl,'s.‘,z.‘,03,08,04'3.9'10.5,'11,'01'8.4)"202'))"’,'l'i"
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Program based on that of Spencer (1984). See the printout in APPENDIX C.
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APPENDIX C
Examples of analyses using the programs listed in APPENDIX 8.,

€1 Cluster analysis using the correlation coefficient. See program listing in APPENDIX B.

ARARKE KRR KA TR KK E KRR R LKA R K KRR KK KRR Kk

. 'y
% CCLUSTER AMALYITE 3Y COREELATICN CO~EFFICIENTS 'S
& ' X
€ LES W PLWETZ IR 1765 X
L TEh BRINTER X
*41(13(!13(-3#*‘!%&11‘#(!lkxlif-#! (1 $ &1 K*!*K‘* ***(#*Kil*l*”

- p—

ERET AMING ACIDS A3 CHEMI T {UMOMIC MARKEERS IN UIAET_LLA AND CTHER GENEﬁﬁ.br
THE FAMILY PROTEACEAE. o : '
Excluding Etnam, P-ser, i mmisining Asn with Asp, Gla % 4-ab with CGlu.

ING 88 FLANTS &hND I3 jéﬁ!ﬁBLES. ’ '

CCREELATION SFPECIES/CLUSTER i
COEFFICIENT GPECIEG /I USTE: 2
rEw LLJQT:R NAME
. 7989104 ' Diastella pueiii : _ '
: D. thvmeia=olaes thvmel aecides
¥Xx Diastella buelkii
. 9957699 D. fraterna
: L. padunculatum
X D, fraterna
e FFTGG2ET Apulax_cancellats <female>
Paranonus scaptrum—gustavianus ‘
% Aulax cancellata «<female>
« 7249305 D. divaricata mantana .
¥%¥ D. divaricats montana
. 7957832 - ¥Xx D. divaricata mcntan
Leucosparauwn balus11
XX D. divaricata mocntana
| . 99446859 L. ravenifolium
' » Pro ea _nitida _
¥¥ L. royenifolium
. 9953918 X% D. fraterna
¥ L. raoaveniftclium
% D, fraterna -
. 9945497 _ Leucadendron salionum <male
Laucadendron tinctum <female:’
: X¥ i euzadendron _salignum <ma
. 72448358 % D. diva=~icata montsna
' Leucacendron sal:qnum “fema?e} _
ix O, Jdivaricata montana
94236 Xx_Aulax cancellata <female
Serruria adscendens
¥*x Aulax cancellata <female>
« 9940627 ¥x D. divaricata mortana

Mimetes cuculiatus
¥ D, divaricata montana




CORRELATIGN
COEFFICIENT

. 9926809

. 9925473

L2499

. 9928473

9913595

» 7909466

. 7897401

. 987033

. 7884125

. 7888102

. 9884509

i
1
iv
[}

Al s canosilabs wmales
A% faucaderdron Sall1onun sma
£ Gulaxy cancellata dmaleX

dl=y canceliata <femnaled

D. divaricata montana

£
L. vestitun
¥X D, divaricata montana -
¥¥ 0. ftraterna
Mimetes fimoriifolius
¥ Do fraterna
L.. f+ormnosum
X% _Aulax cenceliata <fzmaler
¥X L. fornosum
XX Aulax cancellata <male-
ferruria pedunculata :
¥¥ Aulax cancellata <male>
Crothamnus sevheari
Grevillea banksii .
¥x Orotheamnus zevheri
Xk Aulax cancellata imaieX
Leucadendron tinctum «<male>
¥X Aulax cancellata <male:
- D. mvrtifolia
¥ L. formosum . .
¥X D. mvrtifolia
D. parilis
L. calligerum’ v
¥ D. parilis
Petronhile sessilis
Stenocarpus sinuatus
i Fetrophile sessilis
¥ D. divaricata montana
) D. protecides
¥ D. divaricata montana
XX D. divaricata montana
L. glabrum
¥ D. divaricata montana
¥ D. divaricata montana
XX Aulax cancallata “malear
¥¥ D. divaricata montana




. 9857
- 98544601

. 7841498

. 9840004

. 9826654

9819901

v5981?653
'.ésizgaz
. 9795129
;9799882
. 978698

« 977435

Page 88

XX

. i
Stengoarous sallanus
¥¥ D, mvrtitolia
L. hynaohvilocersadendron th:oﬂ»lzacarocdpraron

l
Aul i unoeiiata femalal

£ L. hvpony lloca“podendrcﬁ

L. pra=cox

Faranagmus refienus
Xk L. praecox

X

incarpgodendran

X¥

¥¥ D. fraterna

cuneiforme v

L. parilis

L

L. prascox

XX

%% D. parilis

D. p

by}

r
i

"y
it fms
I Ll

- D3

D]

|

% D, parilis

Hakea pugioniformis
Halkea saliqgna
** Hakea ouq;on1form1s

L. gleifclium
Grevillea robusta :
X L. cleifolium’

D. mvrtifolia

XX

D. thvmelaeoides meridiana
¥X D. mvrtifolia ’ .

Halea puqQicniformis

XX

Telcpea spPciossisimus
: ¥X Hakea puqioniformis

Eanikcia zerrata
Halkza pugioniformis

X X

¥¥ Banksia serrata

D. divaricata montana

X K

Macadamia ternifolia
¥¥ D. divaricata montana

D. parilis

L. mungii
‘ XX D. parilis




CORRELATION
'COEFFICIENT

——— > S A e AT O S " o ity o A o 42— e e D Aoy i g i M At e S i S e S e ke B i M e B8 S S S D R0 et S it

.9774291

cF770%44 .

v

.9767771

9734903

L5T7156209

.97114696

.9676037

« 94655267

. 9634881

. 96615358

X

SFECIES/CLUSTER 1

CSFECIES/CLUSTER 2

NEW CLUSTER NAME

Diastaila huekii

L. oleifalium

XX

¥ Diastella buekii

Diasteila puekii

D. mvrtifolia

XX

XX

¥ D1a=te11a bueP11

D. divaricata montana

Xk

Brabejum stellatifolium
X¥ D. divaricata maontana

D. divaricata montana

L. heterophvllium : _
¥ D. d1«ar1cata montana

D. divaricata montana

D. pariliz=

XX

X K D._divaricata.montana'

Orothamnus zevheri

XX

Sorocephalus tenuifolius:

¥ Orothamnus *eyherl

Orothamnus zevheri

XX

Banksia serrata

XX Drothamnus *eyherx

L. truncatulum

. Aulaix umbellata <{male>

¥ L. truncatulum

Banksia ericifolié
Fetrophile sessilis.

XX

XX BRanksia ericifolia

D. divaricata divaricata
Orothamnus zeyheri

X%

XX D, divar1cata d1var1cata

Diastella buekii

xx

D. divaricata divaricata

XX

¥X Diastella buekii

D. divaricata montana

xx

Banksia ericifolia

XX

XX D. divaricata montana

Protea repéns
Isopogon pulchellus
XX Frotea repens

D. fraterna

XX

L. cuneiforme v3

Xx D. {ratefna
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CORRELATION SFECIES/CLUSTER !
.COEFFICIENT SPECIES/CLUSTCER_2
' NEW CLUSTER MAME

— S L o S S T s S S . s Sl B - o S o ot S S S Yot A Mot MM o e S S D e o W D e T OO i bt S

- 7551844 L. prastiratum
L. witteseraensa _
¥¥ L. prastratum

-9549254 k% L. prostratum
' Veratrtoralla lLatebrosa
¥ L. prostratum

. 954193 L. catherinaa
Spatalla sarilis
¥¥ L. catherinae

.9489925 %% Diastella buekii
' ’ ¥ D. divarizata montana
¥ Diastella buekii

. F460432 ¥*X D. fraterna
' - XX L. prostratum
¥ D. fratarna

.94461B4 - xX L. truncatulum
- L. conocarpodendron
¥%¥ L. truncatulum

9451124 ¥ L. truncatulum.
- L. cordifolium
X¥ L. truncatulum.

« 9295983 , Faurea macnaughtonii

Faurea saligna
¥X Faurea macnauqgbtonii

. 9219382 ¥X D. fraterna

XX Protea repens
: ¥ D. fraterna

312079 x% Diastella buekii

X D. fraterna
XX Diastella buekii

. 828737 .*X L. truncatulum

¥ L. catherinae
¥ L. truncatulum

. 7180095 ¥ L. truncatulum
L. saxosum

X L. truncatulum

. 6547665 XX Diastella buekii

¥ L. truncatulum
XX D:astella buekxx

.4213587 XX Diastella buekii

X Faurea macnaughtonii :
¥X Diastella buek11 e e e
CLUSTER ANALYSIS COMPLETED. BEGAN AT : 21:10:25 ENDED AT : 02:00:06

04-09-1986 .

thﬁ TIME TAKEN : 4Hr 49Min 41Sec .
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€.2  Cluster analysis using the program after Spencer (1984). See program listing in APPENDIX 8.

AR R R A R AR A RN A R R A R R AR R R R AR R R R AR AR R RN AR A A R A R RN AR A R RN N AR AR AR RAR ARARARRRARRARAR

* -Cluster analysis using Spencer's algorithm L%
* Modified by Les Powrie, 10 July 1986 %
Run date : 08-15-1986 starting time : 12:23:15
Data source : diastell.seq Clusters written to : 15081223.dia
FREE AMINO ACIDS AS CHEMOTAXONOMIC MARKERS IN DIASTELLA AND OTHER GENERA OF
THE FAMILY PROTEACEAE '
Using 41 variables in 68 plants.

33.64103

C: Diastella buekii

C: L. catherinae

Dissimilarity " Species 1 Species 2 Cluster name
6.173538 - L, praecox Serruria peduncul . C: L. praecox
8.351498 : D. fraterna _ Nimetes fimbriifo . C: 0. fraterna
- 8.387533 L. glabrum - C: L. praecox C: L. glabruw
8.929894 C: L. glabrum . Aulax cancellata - Ci L. glabrum
9.156122 0. divaricata won C: 0. fraterna Ct 0. divaricata won
9,627505 C: 0. divaricata won ‘Himetes cucullatu C: 0. divaricata aon
11,2036 C: L. glabrum fexatorella obtus C: L. glabrum
11.36471 Orothasnus zeyher Serruria adscende C: Orothamnus zeyher
11.44932 C: Orothamnus zeyher Paranoaus sceptry ~ Cs Orothasnus zeyher
11.60881 L. lineare L. cordifoliun C: L. lineare
12.19521 C: L. glabrum : Orothamnus Zeyher C: L. glabrum
12,7382 0. parilis L. calligerun C: D, parilis
13.34054 L. heterophylium L. parile C: L. heterophyllum
- 11,56266 C: L. heterophyllum L. cuneiforse y3 C: L. heterophyllum
13.07394 C: L. heterophyllum C: L. lineare C: L. heterophyllus
11.82338 C: 0. parilis C: L. heterophyllum C: D, parilis '
12.66025 C: 0. divaricata won C: 0. parilis C: 2. divaricata won
15.00383 Petrophila sessil Leucadendron sali C: Petrophila sessil
11.94502 C: L. glabrua C: Petrophila sessil C: L. glabrua
13.87392 C: L. glabrua Leucadendron tinc 2 L, glabrus
15.61244 Faurea aacnaughto Faurea sal igna C: Faurea macnaughto
-15.89473 C: L. glabrum Hakea saligna C: L. glabrux
16.05606 Diastella buekii D. thyselaeoides C: Diastella buekii
16.15258 C: 0. divaricata mon Paranosus reflexu C: 0. divaricata mon
16.52907 C: 0. divaricata mon L. royenifoliun C: 2. divaricata won
17.58318 C: L. glabrum L. formosum C: L. glabrus
18.11607 Aulax umbellata < Protea nitida C: Aulax umbellata < .
17.91346 C: 0. divaricata mon s Aulax umbellata < . C: 0. divaricata mon
19.62395 C: L. glabrua revillea banksii C: L. glabrum
20.41587 C: 0. divaricata mon L. muirii C: 0. divaricata mon
21.01066 Cs 0. divaricata mon 1 L, glabrun C: 0. divaricata mon
22,4249 C: D, divaricata mon L. sundii C: D, divaricata mon
24.1741 C: . divaricata mon Nacadamia ternifo C: 0. divaricata aon
26.87336 C: 8. divaricata won D. thymelaecides C: 0. divaricata won
29,07159 Banksia serrata Banksia ericifol i C: Banksia serrata
2977099 C: D. divaricata won Hakea pugioniforn C: 0. divaricata mon
30.68657 C: 0. divaricata won - Leucadendron tinc C: 0. divaricata mon
31.82424 Protea repens L. vestitum C: Protea repens
28,511 C: 0. divaricata won C: Protea repens C: 2. divaricata mon
33.91837 C: Diastella buekii C: 8. divaricata mon C: Diastella buekii
- 344724 C: Diastella buekii Stenocarpus sinua C: Diastella buekii -
35.5088 C: Banksia serrata Stenocarpus salig C: Banksia serrata
35.07528 C: Diastella buekii t Banksia serrata C: Diastella buekii
38.6805 L. catherinae L. conocarpodendr C: L. catherinae

C: Diastella buekii



Dissimilarity

Species 1

Page 92

~ Species 2

Cluster name

RB.6077
39,07007
40.53491
41.023%
40.97905
41.23716

47,2915
8,23966
19.90642
52,92662
54,6351
5978591
64,75989
54,87003
7088235
74,25891
77.85562

110.56

1248327

134.5666

141.61

151.8076

C: Diastella buekii

C: Diastella buekii -

C: Diastella buekii
C: Diastella buekii

C: Diastella buekii

L. prostratun
C: Diastella buekii

C: Diastella buekii

C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
D. wyrtifolia
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii

- Cs Diastella buekii

C: Diastella buekii
C: Diastella buekii
C: Diastella buekii

C-

D, proteoides |

Isopogon pulchell

L. hypohyllacarpo

 Vexatorella lateb

-

Aulax cancellata

L. wittebergense

Leucadendron sali
Leucospersua bolu
Sorocephalus tenu
L. oleifoliug

L. pedunculatus
L, prostratus

Grevillea robusta -

D. wyrtifolia
0. divaricata div
L. truncatulum
L. saxosum
Spatalla parilis
Faurea macnaughto
Aulax unbellata <
Telopea speciossi
_Brabejum stellati

C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: L. prostratum

C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
L: Diastella buekii
C: D, wyrtifolia

C: Diastella buekii

Cs Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii
C: Diastella buekii

Finishing tine : 23:33:09
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APPENDIX

DIX D
- Abbreviations
AAA : : amino acid analysis using the LKB 4150 Alpha amino acid analyser.
Baw o ': Butan-1-ol :Acetic Acid:Water::90:10:29::V:V:Y
ptXlo o : putative bigeneric hybrid between Diastella thymelaecides and Leucosperaus oleifbliui.v
Dta | , :-Diastella fhyaelaeoides sSp. thyneylaeoides, presumed parent bspecies of bt X.lla _ |
ESD i R estimated.standard deviation, |
LW 1 leslie Ward Powrie, collector of the material with collector's number.
lo o 2 Leucospermum oleifel jua, preéumed pa}ent species of Dt X Lo
Lt I + Hethanol:Chloroform:Water::12:5:3::¥:v:V
| Holar percent ¢ the molar quantity of one anino acid as a percentaée of the total moles of free anino acids in a sanple,
Ninh. spray | + 0,252 ninhydrin; 5,03 2,4,6-collidine in methanol. |
Phenol - : Water Satufated Phenol (Pheno]:Hater::SU{ZU::V:V)
T | _ _. : correlation coefficient after Parker (1976).

Tygerhoek P.R.U, : Tygerhoek Protea Research Unit of the Horticultural Research Institute, located ét
Riviersonderend. : v . ' o

Amino acid abbreviations '
: after the three-letter forms used by Lehninger (1975) and some of my own.

-Ala : alanine
Arg ¢ arginine
Asn : asparagine
Asp : aspartic acid
Cys : ¢cysteine
Cys-Cys : cystine
6In : glutamine
6lu : glutanic acid
Gly : glycine
His : histidine
[le : isoleucine
Leu : leucine
Lys : lysine
Het : nethionine
Phe : phenylalanine
Pro : proline

Ser : serine
Thr : threonine
Trp : tryptophan
Tyr : tyrosine
Val : valine
3-ala : 3-alanine :
4-ABA : 4-amino butyric acid
Citr : citrulline

Ethan : ehtanolaaine
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Horo : hydroxyproline

Orn : ornithine

P-ser : phosphoserine

Pip ¢ pipecolic acid |

RT 71 etc : unknown amino acid observed in AAA with retention time of 71 minutes.

02 62 P etc : unknown amino acid observed in PC with purple colour, Rr X 100 of 2
in BAW and 62 in phenol.

Abbreviations used in figures and tables

Species names are abbreviated as follows, sometimes with the first four characters of the specific or

subspecific name.

D, bue
D, div div
D. div #on
D. fra
0. myr
‘. par
- D. pro :
D, thy wer
D, thy thy

L. cun
RED, ¥1...Y3
* wat.wash
L. sax
L. con
L. gla
L. pra
L. aui
L. ves
L. lin
L. cor
L. for
L. cat

L. hyp hyp
L. hyp can

L. par
L. bol
L, cal
L. het
L, ped

L. pro
L. roy
L. try
L. wit
L. oleClor C2
L, o

DtX Lo

.
.
.
.
.
B
.
.
.
.
.
.

)
.
.
.
I3
.
.
.

Diastella buekii (Gandoger) Rourke

Diastella divaricata (Berg.) Rourke, ssp. divaricata
Diastella divaricata montana Rourke

Diastella fraterna Rourke . :
Diastella wyrtifolia (Thunb.) Salisb. ex Knight

Diastella parilis Salisb. ex Knight

1 Diastella protesides (L.) Druce

: Diastella thywelaeoides aeridiana Rourke S
t Diastella thymelaeoides (berg,) Rourke ssp. weridiana

Leucosperium (Sect. Crassicaudex) cuneiforme (Burm. f.) Rourke

: red and yellow variants, the yellow being done in triplicate.

water wash eluent from cation exchange column.

Leucospersum (Sect. Crassicaudex) saxosum S. Moore

Leucasperaum (Sect. Conacarpodendron) cenocarpodendron (L.} Buek ssp. viridus Rourke
Leucosperauw (Sect. Conocarpodendron) ¢labrum Phillips

s Leucospersum (Sect. Tuwiditubus) praecox Rourke

Leucosperwum (Sect. Tumiditubus) muirii Phillips

s Leucosperwuw {Sect. Brevifilamentum) vestituw (Lam.) Rourke
: Leucosperaun (Sect. Brevifilamentum) lineare R. Br
+ Leucospermun (Sect. Brevifilamentus) cordifoliuw (Salisb. ex Knight ) Fourcade

Leucosperaum (Sect. Cardinistylus) formosua (Andr.) Sweet

s Leucospermur (Sect. Cardinistylus) catherinae Compton .

Leucosperaua (Sect. Leucospermum) . hypophyl Iacarpadendran {L.) Druce
ssp. hypophyllecarpodendron

Leucospernus (Sect.  Leucospersun) hypaphyllacarpadendmn ssp. canal iculatuw
(Buek ex Meisn.) Rourke

Leucospernum (Sect. Leucospermum) parile (Salisb. ex Knight) Sweet

: Leucospermum (Sect. Diastelloidea) bolusii Gandoger

: Leucosperaum (Sect, Diastelloidea) calligerum (Salisb. ex ¥night) Rourke

s Leucosperwum (Sect. Diastelloidea) heterophyllum (Thunb.) Rourke

Leucosperwun (Sect. Diastelloidea) pendunculatum (Klotzsch)

1 Leucosperwum (Sect. Diastelloidea) prostratum (Thunb.) Stapf
1 Leucosperyum (Sect. Diastelloides) royenifelium (Salish. ex Knight) Stapf

t Leucospernsum (Sect. Diastelloidea) truncatulum (Salisb. ex Knight) Rourke

: Leucospermum (Sect. Diastelloides) wittebergense Compton

t Leucosperaum (Sect. Crinitae) oleifolium (Berg.) R. Br.
: Leucospermum (Sect. Crinitae) mundii Meisn

: Putative Diastella thymelaeoides X Leucosperaus oleifolium

L. cord X L. lin A/F Leucosepraun cordifoliua X L. lineare (two crosses, des1gnated A and F)

L, cord X L. vest

Avla canc
Aula umbe
Brab stel
Faur macn

s Leucosperaun cardrfahun X L. vestituy

s Aulax cancellata (L.) Druce

s Aulax umbellata (Thunb.) R.Br.

s Brabejuw stellatifolium L.
1 Faurea macnaughtonii Phill.
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Faur sali ' s Faurea saligna Harv.

L'de sali s Leucadendron salignu Berg,
L'de tinc 1 Leucadendron tinctus Williams
Niwe cucy : Mimetes cucullatus (L.) R. Br.
HNine fimb 1 Minetes fimbriifolius Salisb. ex Knight
Orot zeyh : Orothamnus zeyheri Pappe ex Hook. F.
Para refl - v Paranoaus reflexus (Phill, & Hutch.) N.E.Br.
- Para scep -t Paranowus sceptrus-gustavianus (Sparrm ) Byl
Prot niti '+ Protea nitida Will,
Prot repe : Protea repens (L.) L.
Serr adsc 2 Serruria adscendens R. 8r,
Serr pedu : Serruria pendunculata (Lam.) R. Br.
Soro tenu 1 Sorocephalus tenuifolius R. Br.
Spat pari s Spatalla parilis Salisb. ex Knight
Vexa late 1 Vexatorella latebrosa Rourke
Yexa obtu : Vexatorella obtusata (Thunb.) Rourke
- Bank eric s Banksia ericifolia L.f.
Bank serr “+ Banksia serrata L.f.
Grev bank s Grevillea banksii R.Br. -
Grev roby s Grevillea robusta A, Cunn,
Hake pugi "+ Hakea pugioniforsus Cav.
Hake sali : Hakea saligna J. Knight .
Isop pulc s Isopogon pulchellus
Kaca tern s Macadamia ternifolia F.b.Muell.
Petr sess : Petrophile sessilis Sieb.
Sten sali 1 Stenocarpus salignus R.Br,
- Sten siny : Stenocarpus sinuatus (A. Cunn.) Endl.
Telo spec s Telopea speciossisimus (Sm.) R.Br.
fema : female
FLWR : flower
PROT. ROOT : proteoid root
JUV, PLANT : juvenile plant
_MAT, PLANT/SEED  : mature plant or seed
DEV. SEED : developing seed
ATL : Atlantis
B's : Betty's Bay
K'N : Kleinnond
NAL - : near Malmesbury
F : flower material analysed
L : leaf material analysed
LF 1 leaf material from a flowering plant
L(F) "t leaf mateial from a plant which could have ‘been in flover
L+F : leaf and ﬂower material were analysed together
1 : group 1 D;astella species
2 : group 2 Leucospersus {sect. Diastelloidea) specles
3/t : group 3 species from other sections of Leucospersus (see section 3.1. 2)
5 : group 5 other indigenous genera of the family Proteaceae
6 : group 6 exotic genera of the family Proteaceae

OCT etc month of analysis

19 NOV 1986





