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CHAPTER FOUR 

ANTIOXIDANT CAPACITY OF DIETARY PLANTS OF THE 

BLACK RHINOCEROS 

4.1 Introduction 

The antioxidant activity of phenolic compounds is mainly due to the redox properties 

that allow them to act as reducing agents, oxidizing agents, hydrogen donators and 

metal chelators (Villano et al., 2005; Tawaha et al., 2007). A compound can transfer a 

hydrogen atom or single electron to reduce an oxidant. The antioxidant activity of 

phenolic compounds depends mainly on the structural configuration of the molecule, 

such as the number and position of the available hydroxyl groups (Paixao et at., 

2007). 

Many phenolic compounds have been assayed for their antioxidant capacity using 

different analytical methods such as 2,2-azinobis (3-ethyl benzothiazolium-6-sulfonic 

acid) (ABTS .+), 2,2-diphenyl-I-picrylhydrazyl (DPPH) and the ferric reducing 

antioxidant potentials (FRAP) (Villano et al., 2005; Paixao et al., 2007). These assays 

use different chemical reactions, principles and experimental conditions, which may 

lead to variable results when attempting to compare assays (Paixao et al., 2007). 

Certain limitations such as slow reaction rates (Brand-Williams et al., 1995), 

solubility problems of certain antioxidants and possible interference from organic 

acids may be encountered when these assays are used (Fukumoto and Mazza, 2000). 

Furthermore, absolute values of antioxidant activities may vary from one study to 

another, causing difficulty when comparing single compounds even when the same 

method is used (Re et al., 1999; Paixao et al., 2007). Another difficulty is that the 

antioxidant activities of pure phenolic compounds are expressed in different terms and 

are therefore difficult to compare (Villano et aI., 2005; Paixao et aI., 2007). The main 

limitation in using antioxidant activity assays is that they may not be representative of 

antioxidant activities in vivo (Villano et al., 2007; Choi et al., 2007). However, 

antioxidant activity assays are useful as indicators of the antioxidant capacity of 

dietary components prior to consumption (Villano et al., 2007) . 
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Certain assays utilize free radical chromo gens, which are quenched in the presence of 

antioxidants and may lead to a decrease in absorbance. Widely used chromogens are 

ABTS '+ and DPPH', both of which show excellent stability under certain assay 

conditions and also show important differences in response to different antioxidants 

(Arnao, 2000; Samarth et al., 2008). Alternatively, the Folin-Ciocalteu assay has been 

used to measure the total phenolics in various natural products and beverages 

(Davalos et aI., 2003; Katalinic et al., 2006; Tawaha et al., 2007; Paixao el al., 2007; 

Villano et al., 2007). The FRAP assay directly measures the redox potential of an 

antioxidant (Halvorsen et al., 2002). 

4.2 The DPPH' method 

DPPH is a violet-coloured stable free radical that was discovered by Goldschmidt and 

Renn (1922) (cited by lonita, 2005) and is used as a colorimetric reagent for redox 

reactions. This reagent does not react with oxygen and can be kept indefinitely with 

little decomposition. It has been used in a variety of investigations such as the 

determination of antioxidant properties of amines, phenols and natural compounds 

such as vitamins, plant extracts and medicinal drugs. When the DPPH radical is 

reduced, its decolourisation can be measured at room temperature and at a wavelength 

of 515 nm (Brand-Williams et al., 1995; Arnao, 2000; Argolo et al., 2004; Chen et 

al., 2006; Paixao el al., 2007). The reduction of the DPPH' depends on the ability of a 

substance or a complex mixture of substances to donate either hydrogen atoms or 

electrons to the radical. Reduction of DPPH' may lead to the formation of a free 

radical (R') and a reduced form of DPPH' as shown in Fig. 4.1. The free radical 

produced can undergo further reactions if it is not completely eliminated. The 

decolourization of the DPPH' is an indication of the number of DPPH molecules 

reduced by the antioxidant molecule (Arnao, 2000; Paixao et al., 2007). 

64 



Chapter Four: Antioxidant capacity o(dietary plants ofthe black rhinoceros 

+ RH - --... + R" 

N02 

diphenylpycrylhydrazyl (radical) 

N02 

diphenylpycrylhydrazine (nonradical) 

Figure 4.1: Structure of a DPPH radical undergoing reduction by an antioxidant 
molecule (adapted from Paixao et al., 2007). 

The DPPH radical method is rapid and simple, when the DPPH' is dissolved in an 

organic solvent, which does not interfere with the DPPH assay. Interference could 

lead to underestimation of the effectiveness of certain antioxidant compounds in the 

reaction mixture (Brand-Williams et al., 1995; Amao, 2000; Paixao et al., 2007). 

The mechanism by which antioxidants react with the DPPH' may differ and the 

scavenging activity of different compounds depends on the structure of the 

antioxidant (Brand-Williams et al. , 1995). Furthermore, certain antioxidants react 

quickly while others react more slowly with DPPH' due to its stability. As a result, 

kinetic assays may be useful for slow reacting compounds although the reaction rate 

may not be linear (Brand-Williams et al., 1995; Bondet et al. , 1997; Paixao et al., 

2007). 

4.3 The ABTS'+ method 

The ABTS assay is rapid and requires limited technical experience to enable the 

processing of a large number of samples (paixao et al., 2007). ABTS'+ is a stable 

cation chromogen free radical, which can be generated using either manganese 

dioxide or potassium persulfate (Miller and Rice-Evans, 1997a; Denis et al., 2004) . 

This radical is soluble in both aqueous and organic solutions, thus, both hydrophobic 

and hydrophilic compounds can be measured readily (Amao, 2000; Re et al., 1999; 

Nenaids et al., 2004). This radical can be employed against a wide range of 
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compounds such as plant extracts, beverages and biological fluids (Re et al., 1999; 

Nenaids et al., 2004; Villano et al., 2005; Katalinic et al., 2006). 

The ABTS radical assay is based on the ability of an antioxidant to donate a hydrogen 

atom to the radical cation. The reduction of blue-green ABTS·+ cation is measured by 

a decrease in absorption at a wavelength of734 nm (Miller and Rice-Evans, 1997a & 

b; Re et al., 1999; Nenaids et al., 2004). Different researchers have modified the assay 

by dissolving the ABTS·+ in inorganic solvents or phosphate buffered saline (PBS). 

This may be the reason for the lack of consistency of the results between various 

laboratories (Nenaids et al., 2004; Villano et al., 2005). Furthermore, an antioxidant 

reduces ABTS·+ in a manner dependent on the time of the reaction, on the antioxidant 

activity of the sample and concentration of antioxidant (Miller and Rice-Evans, 1997a 

& b; Re et al., 1999). 

4.4 The FRAP assay 

This assay directly measures reductants in a sample (Halvorsen et al., 2002). The 

method was initially used to measure plasma antioxidants (Benzie and Strain, 1996) 

and was further used to assay pure compounds (Pulido et al., 2000). Many phenolic 

compounds, including plant extracts can be assayed for their ability to reduce ferric 

ion-2,4,6-tri-2-pyridyl-s-triazine (FeJ+ -TPTZ) complex to ferrous ion-2,4,6-tri-2-

pyridyl-s-tri<\Zine (Fe2+ -TPTZ) complex. This method takes advantage of the 

oxidation-reduction abilities of reductants and is applicable to both aqueous and 

alcohol extracts of different plants (Pulido et al., 2000; Wong et al., 2006). However, 

a possible limitation of this method is that it does not react with thiols found in plants, 

which emphasizes the lack of accuracy for certain crude samples (Halvorsen et al., 

2002). 

4.5 The Folin-Ciocalteu assay 

This assay is rapid, reproducible and can be used to assess the phenolic content of a 

wide range of samples at the same time (paixao et al., 2007; Tawaha et aI, 2007). In 

principle, the assay measures the ability of various phenolic compounds to reduce a 
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phosphotungstate-phosphomolybdate complex, which results in the formation of blue 

coloured reaction products that can be measured at 765 nm (Paixao et al., 2007). The 

reduction of the phosphotungstate-phosphomolybdate complex depends on the 

number of phenolic hydroxyl groups available (Singleton and Rossie, 1965; Katalinic 

et al., 2006; Tawaha et al., 2007). 

Not all the phenolic compounds in an extract may contribute equally to the overall 

reduction of the Folin reagent as certain extracts with a high number of phenolic 

compounds may give either low or high values (T!1waha et al., 2007). A limitation of 

this assay is that it is not specific when estimating the total phenolic content in a 

mixed sample (Paixao et ai., 2007). Furthermore, interference from sugars, lipids and 

chlorophyll may overexpress the total phenolic compounds obtained in a given 

sample under certain circumstances (Luximon-Ramma et al., 2002; Davalos et al., 

2003). 

In the present investigation, plants found to be part of the diet of the black rhinoceros 

by molecular analysis of dung and by observation studies, were assessed for their 

antioxidant capacity using DPPH, ABTS and FRAP assays. The Folin-Ciocalteu 

method was used to measure the total phenolic content of these plants. This study 

attempted to ascertain a possible relationship between black rhinoceros browse and 

the antioxidant capacity of this browse. 
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4.6 Materials and methods 

4.6.1 Reagents 

Methanol, hydrochloric acid, acetic acid, sodium chloride, potassium chloride, sodium 

phosphate, potassium dihydrogen phosphate and sodium carbonate (anhydrous) were 

purchased from Merck (South Africa). 2,2-diphenyl-l-picryl-hydrazyl, gallic acid, 

Folin- Ciocalteu's phenol reagent, 2,2-azinobis (3-ethyl benzothiazolium-6-sulfonic 

acid), potassium persulfate, ferric chloride, 2,4,6-trypyridil-s-triazine and ferrous 

sulfate heptahydrate were purchased from Sigma Aldrich (Germany). 

4.6.2 Preparation of plant extracts for antioxidant activity assays 

Leaves of twenty-five plant species reported to form part of the diet of the black 

rhinoceros were collected from the GFRR. These plants were assessed for their free 

radical scavenging activities, ferric reducing abilities and for total phenolic content. 

The plants were identified and classified at the Selmer Schonland Herbarium in 

Grahamstown. 

The leaves of the plants collected were placed in separate Ziploc plastic bags (lOx 25 

cm) with silica gel distributed between the layers of the leaves and each sample was 

stored at - 20°C. Extraction of the fresh plant material was carried out as soon as 

possible after collection. Plants leaves (I g wet weight per sample) were placed in 3 

ml of 80% methanol and ground using a mortar and a pestle. The homogenates were 

transferred to 25 ml tubes and shaken in the dark at 20°C for 48 h. The homogenates 

were stored in the dark at -20°C for 48 h to ensure maximum extraction of phenolics 

(Awika et al., 2003). Samples were equilibrated to room temperature and centrifuged 

(15 500 x g, 15 min at room temperature) and the supernatant decanted. Each residue 

was extracted twice (3 rnl 80% methanol) and centrifuged (15 500 x g, 5 min at room 

temperature) until the extracts were clear. The concentrations of the extracts were 

measured as the actual dry weight of plant material (1 g wet weight dried at 60°C for 

12 h) per volume, as described by Halvorsen et al. (2002). 
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4.6.3 Preparation of working reagents for the assay of antioxidant capacity and 

phenolic content 

4.6.3.1 The DPPH reagent 

The study investigated the antioxidant activities of different plant extracts usmg 

DPPH" (25 mg/I), prepared fresh in 80% methanol using 45 ml eppendorf tubes and 

protected from light. The assay for DPPH" scavenging activity was initially developed 

using an extract from Carissa haematocarpa. The stability of the DPPH" radical 

solution was monitored throughout the experiments and the initial absorbance of 

DPPH' was ± 0.600. 

4.6.3.2 The ABTS'+ reagent 

ABTS'+ was generated by oxidation of ABTS salts with potassium persulfate (J :0.5, 

volume/volume (v/v); both were prepared in ddH20. A 7 mM ABTS solution was 

added to 2.45 mM of potassium persulfate. The reaction mixture was left to stand in 

the dark at room temperature for 12 h before performing the antioxidant assays. Prior 

to analysis of these extracts, the ABTS'+ stock solution was diluted with PBS, pH 7.4, 

containing 150 mM NaCI and dissolved to an absorbance of 0.700 ± 0.012 at 734 nm. 

The ABTS'+ cation solution was equilibrated at 30°C for 30 min and kept at 4°C until 

required. The ABTS absorbance was monitored for stability throughout the analysis. 

4.6.3.3 The FRAP reagent 

The FRAP reagent was prepared daily (for compatibility with the previous analysis) 

by mixing 300 mM acetate buffer (PH 3.6), 10 mM of2,4,6-TPTZ solution in 40 mM 

hydrochloric acid and 20 mM of ferric chloride (Fe3CI) solution in proportions of 

10:1:1 (v/v/v), respectively. The FRAP reagent was used at 37°C. 

4.6.3.4 Folin-Ciocalteu reagent 

For the preparation of the standard stock solution, 0.05 g of gallic acid was dissolved 

in 80% methanol to a final volume of 10 ml and was stored at 4°C. For the preparation 

of working solutions of gallic acid, the following volumes: 0, 10, 20, 30, 50 and 100 

~L were pipetted separately and diluted to a total volume of 1 ml using 80% 

methanol. A standard calibration curve was constructed using six concentrations: 0, 

50, 100, 150,250, 500 mg/I gallic acid. A 0.2 N Folin-Ciocalteu reagent was prepared 
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in ddH20. Anhydrous sodium carbonate (Na2C03) was prepared as a 20% solution by 

dissolving 20 g of salt in 80 ml of ddH20. The solution was heated for 30 min at 

60·C, cooled to room temperature and the volume made up to 100 ml. 

4.6.4 Antioxidants and total phenolic assays 

4.6.4.1 The DPPH radical scavenging activity assay 

The effect of plant extracts on the DPPH· absorbance was estimated following the 

procedure described by Brand-Williams et al. (1995) and Davalos et al. (2003), with 

modification. Stock solutions from the crude extracts were prepared as I mg/ml 

working solutions in 80% methanol. Separate concentrations in a range between 0 and 

1000 ~g/ml of an ascorbic acid standard and plant extracts were prepared. Assays 

were performed in a microtitre plate reader and absorbance read on a Powerwave 

spectrophotometer (Bio-Tek Instruments, Inc). Briefly, to a 96-well microtitre plate, 

5.2 ~I of plant extract was added to 194.8 ~I of the 25 mg/I of DPPH radical. The 

decrease in absorbance was measured at 515 om for 30 min at I min intervals at room 

temperature. The procedure was followed for all plant extracts, a methanol blank and 

ascorbic acid controls. For each concentration (0, 250, 500, 750 and I 000 ~g/ml) of 

the samples under the study, the reaction kinetics were plotted and the percentage of 

the DPPH·+ remaining was calculated as follows: 

% DPPH"rem = [(A SIS nm) sampl.l(A515 nm) Blank] X 100 

where, (A SIS nm) Sample is the absorbance of the test sample and (A515 nm) Blank is the 

absorbance of the methanol blank sample. 

4.6.4.2 The ABTS radical cation antioxidant activity assay 

The ABTS radical cation decolourization assay was performed, with mlllor 

modifications, according to Re et al. (1999). The ABTS radical was warmed to 30°C 

before use. After incubation of 200 ~I ABTS·+ cation with 2 ~I plant extract at varying 

concentrations between 0 and I 000 ~g/ml, the absorbance reading was taken 

immediately for 6 min at 30°C using the Powerwave spectrophotometer (Bio-Tek 

Instruments, Inc.). The ascorbic acid standard was assessed as described above, and 

ddH20 was used as a blank. The percent antioxidant activity was calculated using the 

following equation: 
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% decolourization = [(Ao-Ax)/(Ao) x 100J, 

where, Ao is the absorbance ofthe blank solution, and Ax is the absorbance of the test 

sample (Lima et al., 2005). 

4.6.4.3 Ferric reducing antioxidant power (FRAP) assay 

The total antioxidant capacity of each plant extract was determined according the 

original procedure of Benzie and Strain (1996) using the FRAP assay as modified by 

Wong et al. (2006). In brief, 200 ~I ofFRAP reagent was heated to 37°C, followed by 

the addition and mixing of 20 ~I of ddH20 and 6.67 ILl of plant extract. Absorbance 

readings were taken immediately at 593 nm. The temperature was maintained at 37°C 

and the reaction monitored for 30 min at 1 min intervals. A methanolic solution of 

ferrous sulfate (0.028 - 0.28 mg/I) was used to generate a linear calibration curve. The 

results were expressed as mg Fe (II)/g of dry weight of plant material. Ascorbic acid 

was used as a reference standard in the assay. 

4.6.4.4 Assays o/the total phenolic content o/the plallt extracts 

Total phenolic content was estimated by the Folin-Ciocalteu colourimetric method, 

based on the procedure of Waterhouse (no date), using gallic acid as the standard 

phenolic compound. The method in brief was as follows: for each calibration, 20 ~I of 

the standard phenolic compound, plant extracts and the blank reagent were pipetted 

into separate tubes, and to each tube, 1.58 ml of ddH20 was added, followed by the 

addition of I 00 ~I of Folin-Ciocalteu reagent. The reaction mixtures were gently 

mixed and incubated at room temperature for 8 min, after which 250 ~I of Na2CO) 

anhydrous (20% solution) was added and mixed gently by pipetting. The reaction 

solutions were incubated at 40°C for 30 min with continuous shaking at 100 rpm. The 

absorbance readings of the resulting blue coloured solutions were measured at 765 nm 

using the Powerwave spectrophotometer. The results were expressed as gallic acid 

equivalents (GAE)/g dry weight. 

4.6.5 Statistical analysis 

All experiments were performed In triplicate for separately prepared sample 

concentrations. The data are expressed as mean ± standard deviations (SD). 

71 



Chapter Four: Antioxidant capacity of dietary plants o[the black rhinoceros 

4.7 Results 

Due to the relatively high sample number, selected results of plants showing high, 

medium and low antioxidant activities are represented graphically. A complete data 

set ofthe different antioxidant assays is tabulated for all plants at a concentration of I 

mglm!. Three antioxidant assays are reported. 

4.7.1 DPPH radical scavenging activity assay 

Each plant extract was tested for the free radical scavenging activities against the 

DPPH radical using 0, 250, 500, 750 and I 000 Jlg/ml as working concentrations. A 

dose-response characteristic profile of three selected methanolic plant extracts of the 

twenty-five plants investigated on the scavenging of the DPPH' is presented in Fig. 

4.2. 
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Figure 4.2: Dose-response profiles of three selected plant extracts on the scavenging 
of DPPH rad icals. Ascorbic acid was used as a reference standard. The results are the 
mean of triplicate determinations ± SD. 

The ascorbic acid and P. pyracantha had similar scavenging abilities of the DPPH' at 

I 000 Jlglm!. P. pyracantha extracts had higher antioxidant activity relative to other 

plants investigated, and showed a higher activity at 250 Jlg/ml compared to ascorbic 

acid at the same concentration. Similar trends were observed for the other plant 

species investigated, however, these activities were lower than P. pyracantha. 
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As an example, O. mucrunata, is presented in Fig. 4.3 showing the kinetics of DPPH· 

scavenging at the concentrations investigated over 30 min. 
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Figure 4.3: Kinetic reaction showing the percent DPPH· remaining when monitored 
for 30 min at different concentrations of o. mucrunata extract. The results are the 
mean of triplicate determinations. 

The scavenging of DPPH· was most noticeable in the first minute of the assay. The 

plant extract continued to scavenge the DPPH· at a much slower rate, and the 

reactions were relatively stable after 30 min. A 30 min incubation time was chosen 

for the DPPH assay for the remaining plants. The scavenging ability was highest at 

the higher extract concentrations. 

The plant antioxidant activities, as determined by the DPPH assay at I 000 i!g/ml, 

are presented in Table 4.1. 
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Table 4.1: Percentage DPPH radical remaining after incubation with extracts from 
various plants reported as part of the diet of black rhinoceroses of the GFRR 
evaluated at 1 000 llg/ml for 30 min. 

Plant family Plant species % DPPH' remaining 

Celastraceae Putterlickia pyracantha 20.15 ± 2.65 

Anacardiaceae Ozoroa mucrunata 21.51 ± 4.18 

Euphorbiaceae Phyllanthus verrucosus 23.43 ± 2.79 

Celastraceae May tenus capitata 26.77 ± 1.36 

Ebenaceae Euclea ulldulata 33.83 ± 1.64 

Euphorbiaceae Jatropha capell sis 50.83 ± 0.96 

Fabaceae Schotia afra 62.45 ± 1.92 

Apocynaceae Carissa bispinosa 63.62 ± 2.37 

Celastraceae May tenus heterophylla 77.50 ± 1.50 

Tiliaceae Grewia robusta 77.65 ± 3.76 

Anacardiaceae Rhus pterota 82.82 ± 2.29 

Apocynaceae Carissa haematocarpa 87.09 ± 4.21 

Portulacaceae Portulacaria afra 87.34±2.12 

Asteraceae Tarchonanthus camphoratus 89.73 ± 5.10 

Salvadoraceae Azima tetracantha 90.38 ± 1.28 

Solanaceae Lycium ferocissimum 91.19 ± 2.62 

Plumbaginaceae Plumbago auriculata 91.43 ± 0.35 

Asteraceae Brachylaena ilicifolia 91.76 ± 4.11 

Capparaceae Capparis sepiaria 91.97 ± 1.76 

Asparagaceae Protasparagus crassicladus 92.06 ± 1.32 

Bignoniaceae Rhygozum obovatum 92.21 ± 3.25 

Asparagaceae Protasparagus africanus 93.84 ± 0.50 

Boraginaceae Ehretia rigida 94.92 ± 3.02 

Asparagaceae Protasparagus suaveolens 95 .97 ± 0.63 

Euphorbiaceae Euphorbia bothae 99.71 ± 1.30 

Positive control Ascorbic acid 22.34 ± 3.13 

The mean values of triplicate assays ± SD. Plant are listed in the decreasing order of 
the antioxidant activity. The plants, which scavenged DPPH' at ~ 50%, are shown in 
bold. 
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The percentage DPPH' remaining in the reaction mixture ranged from 99.71% to 

20.05%. The plants with the highest antioxidant activities were P. pyracantha 

(Celastraceae) > O. mucrunata (Anacardiaceae) > P. verrucosus (Euphorbiaceae) > 

M. capitata (Celastraceae) > E. undulata (Ebenaceae) and J. capensis 

(Euphorbiaceae). The ascorbic acid had a value of22.34% ± 3.13. 

4.7.2 ABTS radical cation decolourization assay 

The ability of plant extracts and the ascorbic acid to scavenge the ABTS'+ was 

monitored for 6 min using the concentrations of 0, 250, 500, 750 and I 000 J!g/ml. Fig 

4.4 shows the dose-response characteristics of three selected plant extracts. 
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Figure 4.4: Effect of concentration on the decolourization of ABTS'+ absorbance by 
the plant extracts. The reaction was monitored for 6 min and the results are the mean 
of triplicate determinations. 

Plant extracts showed an increasing antioxidant activity with an increase in the 

concentration, with the ascorbic acid completely scavenging the ABTS'+ at 500 J!g/ml. 

The majority of the plant extracts had a limited effect on the scavenging of the 

ABTS'+ (Table 4.2). O. mucrunata was used as an example to represent kinetic 

profiles of antioxidant activities against the ABTS'+ when evaluating incubation time 

at different concentrations as shown in Fig. 4.5. 

75 



Chapter Four: Antioxidant capacity of dietary plants o(the black rhinoceros 

0.8 
= .~ 
:; 0.6 
.~ 

" E 
= = 
-"'''' 0.4 Q .., 

~ .... 
"" -+ • 0.2 
"' f-
lO 

0 "-

0 

-""' Control 
___ 750 ~glml 

2 
lime (min) 

......... 250 ~glml 
___ I 000 ~glml 

4 6 

__ 500 ~glml 

Figure 4.5: Decolourization of ABTS'+ by methanolic extracts of O. mucrunata when 
monitored for 6 min with I min intervals. The results are the mean of triplicate assays. 

Each concentration of the extract reacted similarly with the ABTS '+ and completed the 

reaction in I min. The degree of scavenging of the ABTS'+ increased with increasing 

concentration of the extracts. 

Three different plant extracts, each showing high, medium and low ABTS'+ 

scavenging activity are presented in Fig. 4.6. The antioxidant activities were evaluated 

at 1000 !!g!ml for 6 min with I min intervals. 
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Figure 4.6: Decolourization of ABTS'+ absorbance by methanolic extracts of O. 
mucrunata, P. verrucosus and L. ferocissimum. Ascorbic acid was used as a positive 
control and water blank was as a negative control. The results are the mean of 
triplicate assays. 

The percentage decolourization of the ABTS'+ absorbance of the twenty-five plants 

investigated is presented in Table 4.2. Each plant extract (I 000 !!g/ml) was evaluated 

for scavenging activities. 
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Table 4.2: Percentage of ABTS radical scavenged by various plants reported to be 
part ofthe diet of black rhinoceroses ofthe GFRR evaluated at 1 000 flg/ml for 6 min. 

Plant family Plant species % ABTS decolourization 

Eupborbiaceae Phyllanthus verrucosus 84.05 ± 3.27 

Celastraceae Putterlickia pyracanth a 80.46 ± 2.15 

Anacardiaceae Ozoroa mucrunata 70.19 ± 3.62 

Eupborbiaceae Jatropha capensis 47.26 ± 11.55 

Ebenaceae Euclea undulata 44.02 ± 6.96 

Celastraceae Mayteflus capitata 41.14 ± 2.85 

Anacardiaceae Rhus pterota 34.26 ± 2.26 

Fabaceae Schotia afra 20.17 ± 3.90 

Portulacaceae Portulacaria afra 20.03 ± 1.40 

Celastraceae May tenus heterophylla 18.17±3.24 

Apocynaceae Carissa bispinosa 17.92 ± 1.99 

Asparagaceae Protasparagus crassicladus 14.72 ± 1.92 

Tiliaceae Grewia robusta 14.64 ± 1.61 

Solanaceae L ycium f erocissimum 14.04 ± 5.26 

Asteraceae Brachylaena ilicifolia 10.56 ± 1.70 

Plumbaginaceae Plumbago auriculata 10.45 ± 1.98 

Cappararaceae Capparis sepiaria 8.53 ± 0.32 

Bignoniaceae Rhygozum obovatum 6.38 ± 1.64 

Boraginaceae Ehretia rigida 5.75 ± 3.39 

Asteraceae Tarchonanthus camphoratus 5.32 ± 3.04 

Apocynaceae Carissa haematocarpa 4.68 ± 1.65 

Asparagaceae Protasparagus africanus 4.58 ± 0.25 

Salvadoraceae Azima tetracantha 4.13 ± 1.65 

Asparagaceae Protasparagus suaveolens 4.11 ± 4.17 

Euphorbiaceae Euphorbia bothae 2.24 ± 2.01 

Positive control Ascorbic acid 89.3 ± 2.25 

The results are mean values of triplicate assays ± SD. Plants are listed in decreasing 
order of the antioxidant activities. The plants, which scavenged ABTS'+ at ?: 40%, are 
shown in bold. 
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The percentage of the ABTS'+ scavenged due to antioxidant activities of the plant 

extracts ranged from 84.0S% to 2.24%. Plant extracts showing the strongest 

antioxidant activities were P. verrucosus (84.0S ± 3.27), P. pyracantha (80.46 ± 2.1S) 

and O. mucrunata (70.19 ± 3.62). 

4.7.3 Ferric reducing antioxidant power assay 

The plant extracts were also investigated for their ability to reduce Fe3+-TPTZ to Fe2+_ 

TPTZ. A linear calibration curve of ferrous sulfate in the range of 0.028-0.28 mg/I 

was constructed (Appendix P) to determine the reduction of Fe3+_ TPTZ. The ferric 

reducing potentials were initially measured using different extract concentrations over 

30 min, and a representative sample of the plant extracts is shown in Fig. 4.7. 

2.5 
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I.S 

-+- Ascorbc acid 

o 2S0 500 750 1000 

Phnt extracts (~gJml) 

......... P. verrucosus ~ M . capitata -+- S. afta 

Figure 4.7: Concentration-dependent activities of the three-selected plant extracts on 
the reduction of Fe3+-TPTZ to Fe2+-TPTZ. Ascorbic acid was used as the reference 
standard. The results are the mean of triplicate assays. 

The profile shows that an increasing concentration of plant extract leads to greater 

reduction of the Fe3+-TPTZ. The greatest activity was shown by P. verrucosus. 

The kinetic reactions of each I 000 ).tg/ml plant extract, when monitored at 593 nm for 

30 min, are presented in Fig. 4.8. 
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Fi~ure 4.8: Kinetic reactions of each 1 000 f.Lglml plant extract on the reduction of the 
Fe +-TPTZ complex to Fe2+-TPTZ complex when monitored for 30 min. Ascorbic 
acid was used as a reference standard. The results are the mean of triplicate assays. 

High reduction potential was observed for P. verrucosus and the O. mucrunata. Both 

the reactions were time dependent. Ascorbic acid standard completed the reduction 

reaction rapidly (within I min). 

All plant extracts reacted rapidly with the FRAP reagent in the first minute, but varied 

in ferric reducing capacities. Plant extracts of I 000 f.Lg/ml were used to assess the 

ferric reducing capacities for 30 min and the results are presented in Table 4.3. 
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Table 4.3: Ferric reducing antioxidant power (FRAP) assay of GFRR plant extracts 
evaluated I 000 Jlg/ml for 30 min. 

Plant family Plant species mg Fe (II)/g dry weight 

Euphorbiaceae Phyllanthus verrucosus 62.92 ± 2.50 

Anacardiaceae Ozoroa mucrunata 45.55 ± 5.97 

Celastraceae Putterlickia pyracalltha 45.13 ±3.20 

Ebenaceae Euclea undulata 24.84 ± 1.35 

Celastraceae May tenus capitata 23.00 ± 2.01 

Euphorbiaceae Jatropha capensis 18.89 ± 0.66 

Fabaceae Schotia afra 15.65 ± 0.69 

Apocynaceae Carissa bispillosa 14.36 ± 0.13 

Celastraceae May tenus heterophylla 11.12 ± 0.30 

Tiliaceae Grewia robusta 8.80 ± 0.85 

Anacardiaceae Rhus pterota 7.36 ± 0.36 

Asparagaceae Protosparagus crassicladus 5.87 ± 0.84 

Bignoniaceae Rhygozum obovatum 5.32 ± 0.88 

Asteraceae Tarchonanthus camphorates 4.89 ± 0.59 

Asparagaceae Protosparagus suaveolens 4.68 ± 0.54 

Capparaceae Capparis sepiaria 4.50 ± 0.62 

Apocynaceae Carissa haematocarpa 3.99 ± 0.35 

Portulacaceae Portulacaria afra 3.95 ± 0.48 

Boraginaceae Ehretia rigida 3.82 ± 0.26 

Plumbaginaceae Plumbago auriculata 3.57 ± 0.08 

Salvadoraceae Azima tetracantha 3.16 ± 0.82 

Asparagaceae Protosparagus africanus 2.97 ± 0.65 

Asteraceae Brachylaena Wcifolia 2.27 ± 0.59 

Euphorbiaceae Euphorbia bothae 2.05 ± 1.54 

Solanaceae Lycium ferocissimum 0.20± 0.02 

Positive control Ascorbic acid 46.10± 3.36 

The results are represented by the mean triplicate assays ± SD. Plants are listed in 
decreasing order of Fe3

+ -TPTZ reducing capacity. Plants with the highest reducing 
capacity are shown in bold. 
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The strongest antioxidant capacities were exhibited by P. verrucosus > O. mucrunata 

> P. pyracantha > E. undulata and M. capitata. 

4.7.4 Total phenolic content of plant extracts 

The total phenolic content of the twenty-five plant extracts was studied using the 

Folin-Ciocalteu assay, and the results are presented in Table 4.4. 

A linear calibration curve of gallic acid, in the range between 0 and 500 mg/l was 

constructed as shown in Appendix Q. There was a wide variation in the total phenolic 

content of the plant samples investigated, which is shown in Table 4.4. The phenolics 

ranged from 5.66 to 33.87 GAE/g dry weight. P. verrucosus > J. capensis > M. 

capitata > E. undulata > C. bispinosa > O. mucrunata and P. crassicladus showed 

the highest total phenolic content (> 20 GAE/g dry weight). 
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Table 4.4: Total phenolic content found in various plants reported as part of the diet 
of the black rhinoceros of the GFRR as determined by the Folin-Ciocalteu assay. 

Plant family Genus and species GAE/g dry weight 

Euphorbiaceae Phyllanthus verrucosus 33.87 ± 1.73 

Euphorbiaceae Jatropha capensis 30.97 ± 0.12 

Celastraceae May tenus capitata 24.81 ± 1.21 

Ebenaceae Euclea undulata 24.05 ± 0.18 

Apocynaceae Carissa bispinosa 23.90± 0.77 

Anacardiaceae Ozoroa mucrunata 22.89 ± 2.29 

Asparagaceae Protasparagus crassicladus 22.01 ± 0.86 

Anacardiaceae Rhus pterota 19.57 ± 0.84 

Fabaceae Schortia afra 17.89 ± 0.46 

Apocynaceae Carissa haematocarpa 17.42 ± 0.55 

Celastraceae May tenus heterophylla 17.29 ± 1.21 

Plumbaginaceae Plumbago auriculata 16.42 ± 3.39 

Asparagaceae Protasparagus suaveolens 15.79 ± 0.75 

Bignoniaceae Rhygozum obovatum 15.04± 1.46 

Asteraceae Tarchonanthus camphoratus 14.33 ± 1.74 

Tiliaceae Grewia robusta 14.11 ± 0.70 

Euphorbiaceae Euphorbia bothae 13.45 ± 1.06 

Celastraceae Putterlickia pyracantha 13.40 ± 1.53 

Capparaceae Capparis sepiaria 12.29 ± 1.74 

Asteraceae Brachylaena ilicifolia 12.10 ± 0.99 

Portulacaceae Portulacaria afra 10.61 ± 1.01 

Boraginaceae Ehretia rigida 10.40 ± 1.10 

Asparagaceae Protasparagus africanus 10.03 ± 1.41 

Salvadoraceae Azima tetracantha 7.65 ±0.87 

Solanaceae L ycium ferocissimum 5.66 ± 0.40 

The results are represented as the mean of triplicate assays ± SD. Plants are listed in 
the decreasing order of the phenolic contents. GAE = gallic acid equivalents (mg/I). 
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4.7.5 Correlation of antioxidant activities of the twenty-five plant extracts with 

total phenolic content 

The total phenolic content of each plant extract was plotted against their antioxidant 

activity when investigated using the DPPH, ABTS and FRAP assayed as shown In 

Fig. 4.10 A, Band C. 
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Figure 4.9: Correlation between the total phenolic content and the antioxidant 
activity of the twenty-five plants evaluated using the A) DPPH, B) ABTS and C) 
FRAP assays. 
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The correlation coefficient of the graphs depicted in Fig. 4.9 suggests a low level of 

correlation between antioxidant activity and phenolic content. However, the graphical 

representations of the antioxidant assays against total phenolic content indicate that 

the majority of plants with a low antioxidant activity also have a low phenolic 

content. Although less pronounced, plants with high antioxidant activities also have 

relatively high total phenolic content. The exception is P. pyracantha which in all 

three assays had a high antioxidant capacity, but a relatively low total phenolic 

content of 13.4 GAE/g dry weight. 

84 



Chapter Four: Antioxidant capacity o(dietary plants o(the black rhinoceros 

4.8 Discussion 

4.8.1 Preparation of plant extracts 

The present study has investigated the antioxidant capacity and the total phenolic 

content of twenty-five plants of the GFRR, many of which form part of the diet of the 

black rhinoceros of the GFRR. In order to prepare plant extracts for antioxidant 

assays, researchers have used different procedures such as freeze-drying or using a 

rotary evaporator to concentrate plant extracts (Karawita et at., 2005; Chen et al., 

2006; Suddhuraju and Becker, 2007). These procedures could result in a loss of active 

compounds. Furthermore, since antioxidant compounds are water or lipid soluble, or 

bound to plant cell walls, their recovery depends on the solvent used for extraction 

(Karawita et al., 2005; Chen et al., 2006; Suddhuraju and Becker, 2007). It is also 

important to consider how the extraction procedure could influence the qualitative 

estimation of antioxidant capacities from plant materials (Prakash, 2001; Choi et al., 

2007). This is particularly important when different assays are used to measure the 

antioxidant capacities of plant extracts, as it could result in incorrect interpretation of 

the antioxidant activity found in the extracts (Prakash, 2001; Karawita et al., 2005; 

Chen et al., 2006; Suddhuraju and Becker, 2007; Choi et al., 2007). 

This study has used a simple methanol extraction as used by Karawita et al. (2005) 

and Wong et at. (2006). Extraction from plants such as E. bothae, was problematic, 

and may have led to an underestimation of the antioxidant capacity of these plants. 

4.8.2 The DPPH' assay 

Free radicals can be produced through normal metabolic processes or by phagocytes, 

and can be deleterious when produced in large quantities in biological systems. For 

this reason, antioxidant molecules may be useful in inhibiting the reactivity of these 

radicals (Cheeseman and Slater, 1993; Martinez-Cayuela, 1995), but the activity of 

antioxidants against free radicals in biological systems is not entirely clear. As a 

result, exogenous free radicals have become useful in assessing the antioxidant 

activities of samples in vitro as representative of a biological system (Brand-Williams, 

1995; Chen et al., 2006). This has led to a variety of assays to test for the antioxidant 
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activities of pure compounds and plant extracts using radicals such as DPPH (Chen et 

al., 2006, Paix1io et al., 2007) . 

Little information is available on the antioxidant capacities of plants forming part of 

the diet of the black rhinoceros of the GFRR. This study has investigated the 

antioxidant activities of these plant extracts against the DPPH·. The degree of the 

DPPH' decolourization depends on the nature of antioxidants in the samples (Brand­

Williams, 1995) and the stability of DPPH' in reacting with antioxidants in plant 

extracts was similar to the studies of Brand-Williams et al. (1995) and Bondet et al. 

(1997). The present study resulted in using a reaction time of 30 min to allow for any 

slow reacting antioxidants in the plant extracts to react with the DPPH·. 

By using a 30 min reaction time, differences in the scavenging capacities of plant 

extracts against the DPPR were noticed when assessed in four concentration ranges 

as shown in Fig. 4.2. Most plants reached the steady state when assayed for 30 min at 

I 000 ~g/ml shown in Fig. 4.3 . Therefore, this concentration was used as the standard 

concentration for further analysis of radical scavenging activities of plant extracts. 

The convenience of using one concentration for assessing antioxidant activities of 

samples is in accordance with the study of Pulido et al. (2000) and Mosquera et al. 

(2007). 

The percentage of the remaining DPPH', after scavengmg by the plant extracts, 

ranged between 99.71% and 20.05% and demonstrated that if extracts react for 30 

min, most reached steady state. Plants having the best antioxidant activities are shown 

in a decreasing order in Table 4.1. The best six plants were P. pyracantha > O. 

mucrunata > P. verrucosus > M. capitata > E. undulata > J. capensis. P. pyracanth a 

and O. mucrunata exhibited higher antioxidant activity than the ascorbic acid at the 

concentration tested. Among all plant families investigated, two species from the 

Celastraceae (P. pyracantha and M. capitata) and two species from Euphorbiaceae (P. 

verrucosus and J. capensis) exhibited strong radical scavenging activities. The results 

suggest that different plant extracts have a variety of antioxidant compounds with 

different scavenging activities and reaction rates against DPPR. These results are in 

agreement with the study of Mosquera et al. (2007), where plants showing high 
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scavenging activities against the DPPH radical often were from the family 

Euphorbiaceae. 

The higher antioxidant activity of some plants, when compared to the ascorbic acid at 

the concentration investigated, would best be explained if compounds in the extracts 

were isolated and characterized individually. The scavenging activity of the plant 

extracts is most likely due to the presence of phenolics and flavonoids, which are able 

to donate hydrogen or electrons. However, detailed mechanisms of the scavenging 

abilities of plants extracts are not clear and remain for further investigations (Kefalas 

et al., 2003; Rai et al., 2006). The results obtained in this study suggest that the 

DPPH' assay is useful in assessing the antioxidant activities of plants browsed by the 

black rhinoceros. 

4.8.3 The ABTS'+ assay 

The ABTS'+ method has been used widely to evaluate the radical scavenging activity 

of antioxidants of plant extracts as well as pure of compounds. The method is based 

on the ability of antioxidant molecules to donate hydrogen to the ABTS radical 

(Miller and Rice-Evans, 1997a and b; Lima et al., 2005; Choi et al., 2007). 

The present study investigated the ability of select plants, forming part of the diet of 

the GFRR black rhinoceros, to scavenge ABTS·+. The scavenged ABTS'+ is presented 

as the percentage decrease of absorbance at 734 nm in Fig. 4.4. An example of 

selected plant extracts showing an increased response to different concentrations over 

time is shown in Fig. 4.5. 

Some studies have experienced a biphasic reaction with the initial reaction being due 

to the most active compounds reacting rapidly with the radical. The remaining 

compounds which are less reactive in the sample, give a second slower reaction (Re et 

al., 1999; Villaiio et aI., 2004). Due to the plant extracts being relatively crude, and 

potentially containing a range of unknown antioxidants, this phenomenon may be 

occurring in these investigations. 

The antioxidant activities of the plant extracts against the ABTS'+ ranged from 

84.05% to 2.24% as shown in Table 4.2. The strongest antioxidant activity was 
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obtained in the plant extracts from three different families. These were P. verrucosus 

(84.05% ± 3.27), P. pyracantha (80.46% ± 2.15) and O. mucrunata (70.19% ± 3.62). 

Most plant extracts contain flavonoids, which may contribute to a wide range of 

antioxidant activities (Garcia-Alonso et al., 2004; Samarth et aI., 2008). According to 

Shimoi et 01. (1996), plant flavonoids, which show antioxidant activity in vitro, may 

contribute as antioxidants in vivo. 

This investigation prepared the ABTS'+ in an aqueous solution. Therefore, the 

hydrophobic compounds in the plant extracts may be underestimated for their 

antioxidant activities. For this reason, it would be informative to know which 

compounds contribute to the antioxidant activities. However, the ABTS'+ assay gave 

comparable results to the other antioxidant assays used to assess the antioxidant 

activities of the selected GFRR plants. 

4.8.4 The FRAP assay 

The FRAP assay was initially used to test for plasma antioxidant capacity (Benzie and 

Strain, 1996). This assay was modified to measure the reduction of Fe3+-TPTZ 

complex to Fe2+ -TPTZ complex by plant extracts and pure compounds (Pulido et 01., 

2000; Wong et 01., 2006). The ability of antioxidants to increase the absorbance of the 

FRAP reagent depends on an oxidation-reduction reaction changing the colourless 

Fe3+ -TPTZ to a blue coloured Fe2+ -TPTZ complex (Katalinic et 01., 2006; Suddhuraju 

and Becker, 2007). The antioxidant activity is related to the reducing potentials of the 

test compounds (Firuzi et 01.,2005; Paixao et 01., 2007). 

The present study investigated the ferric reducing antioxidant capacities of GFRR 

plants. This assay is known to produce conflicting results depending on the solvent 

used (Pulido et 01., 2000). This study standardized the experimental procedure by 

dissolving the test samples in 80% methanol as described by Firuzi et 01. (2005). 

The plants that showed the strongest ferric reducing capacities were P. verrucosus > 

O. mucrunata > P. pyracantha > E. undulata and M. capitata. The ascorbic acid 

standard showed high ferric reducing capacities when compared to the majority of the 

plant extracts, but showed less reducing capacity when compared to P. verrucosus. 
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4.8.5 Total phenolic content 

This study estimated the total phenolic content in each of the twenty-five plant 

extracts using the Folin-Ciocalteu assay because phenolic compounds are reported to 

be good sources of antioxidant activities (Duan et ai., 2006; Katalinic et al., 2006). 

Methanol was used for the phenolic extractions, and for this reason, most compounds 

extracted in this study were hydrophilic. 

Bandoniene and Murkovic (2002) showed that plants contain a diverse group of 

phenolic compounds such as phenolic acids, hydroxycinnamic acid derivatives and 

flavonoids. According to Singleton and Rossie (1965), phenolic compounds respond 

differently in the Folin-Ciocalteu assay due to the number of available phenolic 

hydroxyl groups that could be oxidized. The total phenolic content obtained from the 

twenty-five plants investigated ranged from 5.66 to 33.87 GAE/g dry weight. The 

results are presented in Table 4.4, which indicates seven plants having a phenolic 

content >20 GAE/g dry weight. 

E. undulata, M. capitata, O. mucrunata and P. crassicladus are preferred browse of 

the black rhinoceros (Brown et al. 2003), which had a high phenolic content as shown 

in the present study. Plants such as P. verrucosus, J. capensis and P. pyracantha, 

which also had a high phenolic content, have not been reported as preferred browse of 

the black rhinoceros. Muya and Oguge (2000) reported that the black rhinoceros 

prefers plants with a low quantity of secondary chemical substances. 

It is very difficult to conclude that the obtained values of phenolic compounds in this 

study are due entirely to the oxidizable phenolic hydroxyl groups present in the plant 

extracts as certain substances such as chlorophyll, lipids, aromatic amines and sugar 

derivatives might influence the assays (Singleton and Rossie, 1965; Luximon-Ramma 

et al., 2002; Davalos et al., 2003). Furthermore, the influence of the phenolic content 

found in the preferred diet of the black rhinoceros needs further investigations to 

determine its effect. 
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4.8.6 Correlation between antioxidant activities, phenolic content and black 

rhinoceros browse 

Antioxidant studies typically use different analytical methods to determine 

antioxidant activity due to the differences in the chemical reactions involved in the 

assays (Paixao et ai., 2007). This study has established the P. verrucosus, O. 

mucrunata, E. undulata, M . capitata and J. capensis as the best five plants exhibiting 

high antioxidant activities and phenolic content between the four assays. Extracts 

exhibiting high antioxidant activities by one method showed good antioxidant activity 

by the other methods. This is also applicable to plants with low antioxidant activities 

and phenolic contents when evaluated alone (Fukumoto and Mazza, 2000). An 

exception is the plant extract P. pyracantha which showed high antioxidant activity 

for all three antioxidant assays, but had a relatively low total phenolic content. P. 

crassicladus and C. bispinosa had total phenolic contents of 22.01 and 23 .90 GAE/g 

dry weight, respectively. However, both these plant extracts had low antioxidant 

activities when assayed by the three antioxidant assays. 

Ausland et al. (2002) and Brown et al. (2003) reported E. bothae, G. robusta, J. 

capensis, P. auriculata, A. tetracantha, E. undulata, O. mucrunata and R. obovatum 

as the preferred plants in the diet of the black rhinoceros. In our study using the rbcL 

gene as a molecular marker, C. bispinosa was the most frequently identified plant in 

the dung. Of the preferred browse, three plant species, namely J. capensis, E. 

undulata and O. mucrunata were identified as having high antioxidant activity. The 

C. bispinosa showed a relatively a high total phenolic content when compared to the 

other plants investigated. However, most of the plants identified as the black 

rhinoceros browse in the GFRR had low antioxidant and total phenolic content. From 

the results of this study, and the diet preferences observed by Ausland et al. (2002) 

and Brown et al. (2003), it might be considered that the black rhinoceros prefers 

plants with low antioxidant activities. However, this cannot be stated with any 

certainty. The black rhinoceros appears to select plants that give it a balanced diet, 

which may be the reason for the successful propagation of this species on the GFRR. 
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CHAPTER FIVE 

CONCLUSION 

A large increase in the number of black rhinoceroses, from only four introduced to 

the GFRR in 1986, motivated the present study to investigate molecular methods of 

diet determination, and the evaluation of the nutritional value of their browse. As an 

attempt to contribute to the conservation and management of the black rhinoceros in 

the GFRR, this study adopted molecular and biochemical approaches to characterize 

the diet ofthe black rhinoceros. 

Initially plant DNA was amplified and the rbcL gene partially sequenced from a 

variety of plants collected in the GFRR. These plants were chosen based partly on 

the results of observational studies of browsing black rhinoceros. The rbcL 

sequences of these plants served as a reference collection from which unknown 

sequences obtained later in the study could be compared and identified. Difficulties 

in extracting DNA from certain plants were overcome by using a modified CTAB 

extraction protocol. The addition of BSA to PCR reaction mixtures allowed for the 

PCR amplification of extracted DNA samples containing Taq polymerase inhibitors. 

Of the twenty-three plants sequenced, sixteen were not identified when compared to 

plant sequences in the GenBank database. The sequences generated in this study will 

be deposited in the GenBank database once the plant specimens have been lodged 

with the Selmer Schonland Herbarium in Grahamstown, which will be done in the 

near future. The 802 bp rbcL gene sequence was unable to discriminate between C. 

haematocarpa, M. nemorosa and P. verrucosus, as these sequences proved to be 

identical. For the discrimination of these plants, a sequence greater than 1 kb may be 

required to yield sufficient variation, as suggested by Kress et al. (2005). 

A proof of concept study of a single dung sample identified C. bispinosa, P. afra, P. 

crassicladus, P. auriculata, R. pterota and L. ferocissimum. Extraction of DNA 

from dung is challenging as the DNA is often degraded. Extracting a representative 

sample is difficult to ascertain, especially from a heterogeneous dung sample. 

However, in this study, the rbcL gene from DNA extracted from dung was amplified, 
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cloned and sequenced. Ideally, when using this approach, a larger number of clones 

should be sequenced to allow for a more conclusive result. However, this is labour 

intensive and time consuming, therefore in this study, it was decided to explore GS 

FLX sequencing. 

GS FLX sequencing has the potential to generate a large number of sequences from a 

single sample. Sequence data was obtained on dung samples collected t four different 

seasons and C. bispinosa was identified as the most prevalent plant in these dung 

samples. Although GS FLX generated a larger data set, a higher number of sequences 

were expected. The reason offered for these disappointing results is that the clonal 

DNA amplification product was too long. In future, primers should be designed to 

amplify a suitably variable segment of the rbcL gene, approximately 450 bp in length. 

The main reason for using the rbcL gene in this study was that it is plant specific and 

being a chloroplast gene it is highly conserved, yet has sufficient variation to allow 

for differentiation between plants. Although the DNA from dung was often degraded, 

the template was of sufficient quality for PCR amplification of the 802 bp of the 

rbcL gene. Future studies should utilize primers that amplify a shorter segment of 

DNA, and which covers a more variable region of the rbcL gene. It is most likely 

that this variable region would be on the 3' end of the gene. It may be necessary also 

to design primers for specific plants, or families of plants, due to sequence variation 

between the plants. This would probably lead to investigations using multiplex peR. 

The peR may have shown bias when amplifying plants from dung samples. For 

example, E. bothae was identified as the preferred browse of the black rhinoceros by 

Ausland and Sviepe, (2000) and by Brown et al. (2003) yet this plant was not 

identified in the dung samples analyzed by molecular techniques. In contrast, the C. 

bispinosa was identified in all four seasonal dung samples, but was not identified as a 

significant component ofthe diet from observation studies. The C. bispinosa is tough 

and woody while E. bothae is a succulent plant with soft tissues, making it possible 

that its DNA did not survive digestion. The identification of succulent soft tissue 

plants such as E. bothae in dung may be a limitation of the molecular approach. 
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Although certain plants were identified using both observational and molecular 

techniques, other plants such as C. bispinosa were only identified in this molecular 

study. As these methods identified different plants browsed by the black rhinoceros, it 

may be valuable to use both of these methods together for the identification of plants 

in the diet. It may also be of value to identify other plant specific genes or regions of 

DNA, to allow for an increased ability to differentiate between plants present in the 

black rhinoceros dung. 

Plants identified in the dung or by observation studies of the black rhinoceros were 

assessed for antioxidant capacities and their total phenolic content. An important 

finding of this study is illustrated clearly from an investigation of the relative position 

of certain plant species in Tables 4.1 - 4.3 which present the results of three different 

antioxidant assays. It is particularly evident that it is the same six plants that have the 

highest antioxidant activity in each assay and, furthermore, five of these plants also 

show the highest phenolic content (Table 4.4). This is in spite of each assay being 

chemically different. Davalos et al. (2003) reported on the antioxidant capacity of 

seven different commercial dietary antioxidant supplements evaluated by three 

different methodologies and showed different antioxidant activity patterns, depending 

on the method, yet a range of samples showed the same overall pattern. Other studies 

report that antioxidant activities of particular compounds may vary from one study to 

another, even when the same assay is used making comparative data difficult (Re et 

aZ., 1999; Paixao et aZ., 2007). No one method is entirely suitable for predicting 

antioxidant capacity of an extract and the use of more than one method is 

recommended, suggesting the use of caution in the interpretation of results (Luximon­

Rarnma et aZ., 2002). 

A comparison of the major plant species indicates that only a few plants with high 

antioxidant capacity and phenolic content are favoured by the black rhinoceros. The 

black rhinoceros appear to prefer plants of relatively low antioxidant and total 

phenolic content. However, based upon these studies alone, it would be premature to 

suggest that the black rhinoceros selects plants for its diet based mainly on these 

criteria. 
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Appendices 

APPENDICES 

Appendix A: Isolation of genomic DNA from plant tissue using the 
DNeasy Plant Mini Kit 

Plant material (0.1 g) was ground to a fine powder with liquid nitrogen. The material 

was placed into a safe lock micro centrifuge tube containing 400 ~l AP 1 buffer, 

followed by the addition of 4 ~l RNase A. The mixture was incubated for 10 min at 

65°C, followed by mixing (x 3) between incubation by inversion. Thereafter, 130 ~I 

AP2 buffer was added to the lysate, followed by incubation for 5 min on ice. The 

lysate was applied to the QIAshredder Mini Spin Column which was placed in a 2 ml 

collection tube, and centrifuged (15 500 x g, 2 min at room temperature). The 

fraction collected was transferred to a new microcentrifuge tube without disturbing 

the pelleted cells. A 1.5 volume of AP/3 buffer added to the recovered lysate and was 

mixed immediately by pipetting. A 650 ~I of the lysate was pippeted into the DNeasy 

Mini Spin Column set in a collection tube. The mixture was centrifuged (6 000 x g, 

for 1 min at room temperature) and the recovered eluent was discarded. The column 

was placed in a new 2 ml collection tube and 500 ~I A W buffer was added. The tube 

was centrifuged (6 000 x g, 1 min at room temperature). The eluent was discarded and 

the collection tube was reused. A further 500 ~I A W buffer was added to the DNeasy 

Mini Spin Column, followed by centrifugation (15 500 x g, 2 min at room 

temperature). The column was centrifuged (15 500 x g, 5 min at room temperature) to 

dry the membrane. The column was transferred to a 1.5 ml microcentrifuge tube and 

I 00 ~I ddHzO was added directly to the DNeasy membrane. The tubes were incubated 

for 5 min at room temperature and centrifuged for 1 min at 6 000 x g to elute genomic 

DNA. The eluent was stored at -20°C. 
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Appendix B: Composition of buffers and solutions 

Appendix B1: Tris (1 M), pH 8 per litre 

Tris base salt (121.2 g) was added to 700 ml dddH20 and the pH of 8 was adjusted 

with HC!. The solution was made to a litre with dddH20 and autoclaved for 20 min. 

Appendix B2: 0.5 M EDTA, pH 8.0 per 200 ml 

EDTA salt (37.2 g) was added in 100 ml dddH20 and the pH was adjusted with 5 M 

NaOH. The solution was made up to 200 ml with dddH20 and autoclaved prior to use. 

Appendix B3: 50 X TAE (Tris-Acetate-EDTA) buffer, pH 8, per litre 

Tris base 242 g 

Glacial acetic acid 

0.5 M EDTA, pH 8.0 

57.1 ml 

100 ml 

Appendix B4: CTAB extraction buffer 

2%CTAB 

l.4MNaCI 

20 mMEDTA 

100 mM Tris buffer, pH 8 

2%PVP 

2%BSA 
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Appendix C: PCR mixture for the amplification of the rbeL (802 
bp) gene in a total of 15 /-ll 

Reagents Final Concentration 
Quantity 

(vol) 

Triple deionized water Variable 

5 X Taq Buffer IX 3 ).II 

10 mM dNTP mix 200).lM each 0.3 ).II 

2S mMMgCIz 1.4mM 0.84 ).II 

Genomic DNA template 200 ng DNA/IS f.ll X (Variable) 

Forward primer rbcL 10 f.lM 0.8f.lM 1.2 f.ll 

Reverse Primer rbcL 10 f.lM 0.8f.lM 1.2 f.ll 

Taq Polymerase 5UI f.ll 1.0 U/f.ll 0.2 f.ll 

BSA20mglmi 2.4 - 2.7 mglml 1.8-3 f.ll 
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Appendix D: BSA addition to the extraction of DNA of the listed 
plants 

Plant species BSA (Ilg) 

Azima tetracantha 39 

Euclea undulata 

Phyllanthus verrucosus 69 

Mayetenus nemorosa 
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Appendix E: Preparations of chemically competent cells, JM 109 
strain 

To maintain lab stock of highly efficient low background Escherichia coli strain, 1M 

109 competent cells for plasmid transformations was prepared as follows: 

Appendix El: Time required for preparing competent cells 

Day I: Cells were plated and incubated at 37°C overnight. 

Day 2: Colonies were selected and cultured for 4 hours at 37°C until the OD reached 

between 0.6 and 0.8. 

Appendix E2: Preparations of reagents 

The KCI of 3 M was prepared in 50 ml; 1M MnCI in 50 ml; 1M CaCI in 50 m!. The 

CH3COOK 30 mM, pH 5.8, 10 mM MOPS, pH 6.8 and 15% rnIv glycerol was 

prepared in 500 ml using dddH20. 

Appendix E3: Buffer 1: RFl, pH 5.8 

The 90 mM KCI, 50 mM MnCh, 10 mM CaCh, 30 mM CH3COOK, pH 5.8; 15% rnIv 

glycerol per 100 ml total volume. 

Approximately, 30 mM CH3COOK and 15 % rnIv glycerol were mixed and the pH 

was adjusted to 5.8 with HCI and autoclaved prior to addition of90 mM KCl, 50 mM 

MnCh and 10 mM CaCh, respectively. The mixture was then stored at 4°C until 

required. 

Appendix E4: Buffer 2: RF2, pH 6.8 

MOPS 10 mM, pH 6.8; IS % rnIv Glycerol; 10 mM KCI; 75 mM CaCh per 100 m!. 

Approximately, 10 mM MOPS, IS % rnIv glycerol were mixed in a 100 ml clean 

reagent bottle and the pH was adjusted to 6.8 with KOH and autoclaved prior to 

addition of 10 mM KCl and 75 mM CaCh respectively. The solution was stored in 

4°C until required. 
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Appendix ES: Procedure for preparing competent cells 

Step 1: E. coli JM 109 strain cells, stored at -80°C were streaked on a LB agar plates 

(without any selective agent) and incubated at 37°C for 16 h to isolate colonies. 

Step 2: Using a sterile inoculating loop, a single colony was scraped from the agar 

surface, inoculated and grown in a sterile 5 ml LB broth medium (without a selective 

antibiotic since these cells do not contain plasmid) and incubated at 37°C with 

vigorous shaking at 180 rpm for 12 h using a Multishaker PSU 20, BOECO 

(Germany) 

Step 3: Cells were diluted 1 :200 in sterile LB broth and were grown at 37°C on a 180 

rpm shaker until they reach an OD between 0.6 and 0.8 (approximately 4 h) . The cells 

were quantified using Biowave spectrophotometer at 600 nm by making 1:5 dilutions 

in 1 ml cuvette. 

Step 4: The cells were cooled for 10 min in an ice bath prior to processing. The cells 

were pelleted into four separated pre-chilled 25 ml sterile centrifuge bottles and were 

centrifuged for 10 min at 2 300 x g at 4°C using the Beckman Avanti centrifuge (JA-

20 rotor). 

Step 5: The supernatant was decanted and the bacterial pellets were gently 

resuspended in 1I200-culture volume of ice-cold RFI solution on ice, making sure 

that less than 5 min was taken for this procedure. These suspensions were kept for 20 

min on ice prior to centrifugation at 2 300 x g at 4°C for 10 min. 

Step 6: The supernatant was decanted and the bacterial pellets were gently 

resuspended in 11400 culture volume of ice-cold RF2 solution on ice and were 

dispensed in multiple 100 ilL aliquots using pre-chilled eppendorf tubes. The 

chemically competent cells were then stored at -70°C freezer until required. 
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Appendix F: Media and plates 

Appendix FI: Luria Bertani (LB) plates with Ampicillin 

The LB medium prepared was supplemented with the agar powder (15 g) to a litre 

using dddH20. The medium was autoclaved and allowed to cool to 50°C before 

adding 100 ~glml ampicillin. Ready-made E. coli FastMedia LB Agar IPTG/X-Gal 

was also used as alternative in the preparations of plates. 

Appendix F2: LB plates with AmpicillinlIPTG/X-Gal 

The LB plates were was supplemented with 0.5 mM IPTG and 80 ~glml X-Gal. 

Alternatively, 100 ~l of 100 mM IPTG and 20 ~l of 50 mglml X-gal was spread over 

the surface of the LB-ampicillin plates and was allowed to absorb for 30 minutes at 

37°C prior to use. Alternatively, the ready-made E. coli FastMedia LB Liquid Amp 

was used for preparation of plates. 

Appendix F3: LB medium per litre or Ready made LB medium 

Bacto®-Tryptone (10 g), 5 g Bacto®- Yeast Extract and 5 g NaCI were dissolved in a 

litre of dddH20 . The pH was adjusted to 7.0. Ready-made LB medium was also used 

as an efficient media for bacterial growth. 

Appendix F4: SOC (Super Optimized Culture) medium in 100 ml 

The Bacto®-Tryptone (2 g), 0.5 g Bacto®-Yeast Extract, 1 ml of 1 M NaCI and 0.25 

ml 1 M KCI were dissolved in 97 ml dddH20 and autoclaved. The medium was 

allowed to cool at room temperature and later, 1 ml of 2 M Mg2+ and glucose stock 

solutions were each added to a final concentration of20 mM, followed by the addition 

of 1 ml dddH20. The pH of the solution was adjusted to 7.0 and was kept at 4°C until 

used. This media was used for growth and recovery of E. coli cells after 

transformation. 
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Appendix G: Transformations 

High efficiency 1M 109 competent cells prepared and stored frozen as described in 

Appendix E were thawed for 5 min in an ice bath. In brief, 50 fll of the cells were 

carefully transferred into 1.5 ml microcentrifuge tubes containing 2 fll of ligation 

reaction mixture. The tubes were gently agitated and incubated on ice for 20 min for 

binding. The transformation mixture was heat-shocked for 35s in a heating block at 

42°C for permeation of the plasmid DNA into the cells. The tubes were immediately 

placed on ice and incubated for 2 min. Super Optimized Culture (SOC) medium at 

room temperature was added (950 fll) to both tubes containing transformants for 

recovery and were further incubated for 45 min at 37°C with vigorous shaking at 180 

rpm. The tubes were microcentrifuged at 6 000 x g for 1 min to collect the cells. Each 

transformation culture of 100 fll was plated separately into a selective antibiotic plate 

as prepared in Appendix Fl and F2. The plates were incubated for 12 h at 37°C for 

colony growth. 

119 



Appendices 

Appendix H: Plasmid "Easy" Preparation 

Preparations of easy buffer in 50 ml total volume are listed below 

1 M Tris-Cl Stock pH 8 

0.5 M EDTA stock pH 8 

15% w/v Sucrose (weigh out fresh) 

10 mglml RNAse A stock (DNAse free) 

100 mglmllysozyme 

0.5 ml 

0.1 m! 

7.5 g 

1 ml 

1 ml 

The buffer was filter sterilized and stored at - 20°C. 

Procedure 

Overnight cultures of approximately 1.5 ml were microcentrifuged in 1.5 m! sterilized 

centrifuge tubes for 2 min at 7 400 x g using a benchtop spectrafuge 24D (Labnet 

International, Inc). The supernatants were decanted and 50 ul of easy buffer prepared 

was added to the pelleted bacterial cells for resuspension. The cells were incubated at 

37°C for 30 min and boiled for 1 min at 100°C. The tubes were immediately incubated 

on ice for 5 min and microfuged for 10 min at 15 500 x g. The supernatants 

withdrawn were used in PCR for screening of the rbcL insert. 
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Appendix I: Purification of plasmid DNA from E. coli cultures 
using a QIAprep Spin Miniprep Kit 

Overnight cultures of E. coli in LB medium were pelleted for 2 min at 7 400 x g. The 

recovered medium was discarded and the pelleted bacterial cells were resuspended in 

250 ~I of PI buffer. 250 ~I of P2 buffer was added to the bacterial mixtures and the 

tubes were gently inverted two to three times. After addition of 350 ~I N3 buffer, the 

tubes were immediately mixed two to three times by inversion. The tubes were 

centrifuged for 10 min at 15 500 x g in a table-top microcentrifuge. The supernatant 

recovered from each tube was applied to the QIAprep Spin Column by adding 0.5 ml 

PB buffer and centrifuged for 1 min at 15 500 x g. The eluate was discarded and the 

columns were placed in new microcentrifuged tubes. The columns were washed by 

adding 0.75 ml PE buffer and centruged for 1 min at 6 000 x g. The eluate was 

discarded and additional centrifugations were carried out to all tubes to remove the 

residual buffer. The columns were further placed in new sterile 1.5 ml 

microcentrifuge tubes, followed by addition of 50 ~I sterile ddH20. The tubes were 

left to stand at room temperature for 1 min before elution of the plasmid DNA by 

centrifugation for 1 min at 6 000 x g. The plasmid DNA was stored at - 20°C required. 
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Appendix J: Plasmid polymerase chain reaction mixture for the 

screening of rbeL gene inserts using M13 primers 

Reagents Final Concentration Quantity in 15 ~L 

Triple deionized water Variable 

5 X Taq Buffer IX 3 ~I 

10 mM dNTP mix 200 ~M each 0.3 ~l 

25 mMMgCb 1.4mM 0.84 ~I 

Plasmid DNA 200 ng/15 ~I 1.2 ~I 

Forward primer M13 10 ~M 0.8~M 1.2 ~I 

Reverse Primer M13 1 0 ~M 0.8 ~M 1.2 ~I 

Taq Polymerase 5u/~1 1.0 U/Ill 0.2 ~I 
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Appendix K: 

P.afr a 
G.robus ta 
O.mucrunata 
R.pte rota 
P.auriculat a 
A.tetracantha 
E.bot hae 
J. capensi s 
G.capitata 
M.cap itata 
P.pyracantha 
C. rud is 
C . haematocarpa 
M.nemoros a 
P.verrucosus 
C.bispinos a 
S.myrtina 
L . f erocissimum 
B. ilicifolia 
E. undulata 
P.crassicladus 
P. a fricanus 
P.suaveol ens 

P.afra 
G. robusta 
O.mucrunata 
R.pterota 
P . aur icul a t a 
A. t e tracant ha 
E.bothae 
J . capensia 
G.capitata 
M.capitata 
P .pyracantha 
C.rudis 
C.haematocarpa 
M,nemorosa 
P.ve rrucosus 
C.bispinosa 
S.myrtina 
L.ferocis simum 
8.ilicifolia 
E.undulata 
P.crassicladuB 
P.africanus 
P.suave o lens 

P.afra 
G.robusta 
O.mucrunat a 
R.pterota 
P.auricula ta 
A. te t racant ha 
E.bothae 
J . capensis 
G.capitata 
M.capitata 
p .pyracant ha 
C.rudis 
C. baemat ocarpa 
M.nemorosa 
P.verrucosus 
C.bi spinosa 
S .myrtina 
L. ferocissimum 
8. ilicifolia 
E,undulata 

ClustalW 2.0.8 multiple sequence alignment of plants 
from the GFRR 

ATG'::CACCA'~AAACAGAG;,CTjl..AAG(''':A AGTG':'':'GGA':' '!'TAAAGCAGGTGTTAAAGAT ':'AC 6 0 
A ~G ':'Ci\CCAC1\lu'\Cl\.G1\.G:\CT }\)\J\GC"'':' ':''i'GI ':'GGI', TTCAAAGC ':'GGT GTT l\l\AGl>. TT AC 6 0 
l\ ':';':'C l\CCT~C i:J\l\CAGAGAC ':'AAAGCAAG:, .;,:,'rGGA"::-;CAAAGCCGGCG':'TlIAAGP,CTA'.' 60 
;,TGTCACCACAMCAGAG.l\C'::" l "Al\GC}\.CAT G'l'TGGA'i'TCA.l\AGCCGGCGTTJI.A1\GAC'f AT 60 
A':G'.·CACCACAAl\.CAGAGAC : AAAGCAAG. GT'!'G3 A'. ':'CAAAGCCGG'. G'I'TAAAGP..G . A':' 60 
A'!'(~ "CACCACAAACA'-;AGP,C'I 'l,".AGCAl',';TG'!'TGGA'f ':'CAAAG!';'.:'GGTG'I''l'AAJI.GA'1''rA'l' 60 
A ~'G':'CACCACAAACAGAGAC :'AAAGCAAG1'G:'':'GGAT'l'CAAGGC':'GG'':'G r1'AAAGAT .'A 60 
A,!' G"_CACCJ:.SAAF-.CAGAGAC,!'l'.l>.AGCAAGTG'.:'Tr;GA'I''.:'CAAGGC'I GG'l'GTT AAAGA':'l'AT 60 
A'l'GTCACCACAAACAGAGAC'r AAAGCGAG,!'GTTCGAT':'CAAGGCTGGCGTTAAAGAT'l'AT 6 0 
ATG':'CACCACAAAC'A(~Ar;ACTAAAGCGAGTGT':'GGATTCAAGGC'rGGTGTTAAAGATTAT 60 
ATGTCACCACA!lACAGt'Gl~CTAAAGCGAGTGTTGGATTCAAGG'~TGGCGTTAAAGATTA':: 60 
ATGT";ACCACMAC,T.\GAGACTAAAGCAAG':'GTTGGA':'TCAAGGCTGGTGTTAAAGATTA':' 60 
A'rG'!'CACCACAAACAGr,GAC'rAAAGCAAG'i'GTTGGATTCAAAGCCGG'l,'G':.'TAAAGAG1'AC 60 
A'{ G. CACCACAAACAGAGAC'! AAAGCAAG'. G'. TGGATTCAAAGCCGG CGT ':'AAAGAGTAC 6 0 
A 'fGT CACI:ACP-.AACAGA "JACT1:-J>.AGC ]I..AG :-r.TTGCAT l'CAAJl..GCCGGTr,':-T p.. .... ';.AGAG:'l>.C 6 0 
A. G':'CACCACAAACAGAGAC'.'AAAGCAAG' G':'TGGA'!'TCAAAGCCGGTG' .'AAAGAGTAC 60 
ATGTCl>.CCACAAACAr AGACTr·,AAGCMGTGTTGGATTCAAAGCTGGTGTTAAAGAGTAC 60 
ATG r CACCACAAACA('AGAC'rAAAGCAAG'rG'f-;" GGA ':'TCAAAGC' GGTGTTAAAGAGTAC 60 
1\TGTCAC ... l \CAAACAGT ... Gl\C':'lW\GCAAGTG'r'rGGA'rTC1>.AAGCTGG'rG'rTl\AAGAT TA'r 60 
A':'G':' :ACCACAMCl\GAG.!l.C'l'JI..AAGCl'_f\GTG':'TGGATTCAJ'· • .1I"GCTGGTGTTAZI-.AGATTAC 6 0 
A ':'GTCACCACAAACAGAGACT AAAGCAAG G'l'TGGA'rT1' AAAGC'l'GGT GTT AAAGA ':'T AC 60 
A'':'(.TCJl..CCACAl',ACAGAGAC'l'l'.AP-.Gc;a.AG1'G'.:'':.'GGATTTAAl'.GC'.:'GGTGTTAAAGll.'l''l'P.C 60 
ATG':CACCACAAACAGAGACT AAAGCAAGT GTTGGA':'TT AAAGCT GGT GTT AAAGATTAC 60 .. . 
AAA':'TGACT':'A'fTA''.:AC~:CC':·GAATATCAACCTCAGGATACTGATATCT':·GGCAGCATTC 120 
AAl .... '!'TGACT:'AT'!'ATACTCCTGATTATCAAACCCTAGA'l'ACT GATATC'l'T GGCAGCATTT 1 2 0 
AAATTCl>.CT:'A'l.'TA"':'ACTCCTGl ... CT ATA'.'AACCAAAGr ... Tl'~CTGA':A":'CTTGGCAGCATTC 120 
A,~ATTGACTTATTATACTCC '·'GAGTAT.l\T.i\ACCAAAGATACTGATATC T GGCAGCAT 'l 'C 120 
AAA'"':'. GAC'."" A ':'':'A _·AC':'CCTGAG':-/\. CAAG':'CAAAGA'!' AC':'GAT A ':'~TTGGCGGCC':'TC 1 2 0 
AtI.ATTG1,--:- T;\':."':'ATAC':.'CC1'GN :'f·t. TGAAACCAAAGATAC'I'GA'l'ATTTTGGCAGCA'l"!.'C 120 
AM.' • GAC'.·T A "'; ...... 'A .·AC':'CC:'GAA':·A ":CAAACCAAAGA'l'AC:'GA ':' A'r'CT'rGGCAGCAT'!'C 1 2 0 
AJl..ATTr.AC71'r..'::':'A':'ACTCC':.'GAGTATCAAACCAAAGJI..TACTGATA1'C'':TGGCAGCA':'TC 120 
AAAT TGACTTATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTC 120 
AAA':''rGA 2':' '':A'l'":'ATA .... Te .... ':'GAC·i'ATGAAA.:CAAAGATACTGATA'l·C':"! 'GGI....AGCAT":'C 120 
AAA--TGAC'l'':'A':TATACTCC':'GAC'!'A'! GAl'I.ACCAAAGATACT GATATCT TGGCAGCATTC 120 
AM T:'GAt..: ':':'A'r':'ACAI.,.. TCCTGAC'rATGAAACCAAAGAT ACCGATATC ':" !' ';GcnGCl ... T'r'!' 120 
P...AAl''.:'GACT':'AT:' P-.TAC':.'CCTGAA'rAC~AAACTAAAGA'l'AC'':'GATATCTTGGCP..GCATTC 120 
AAA'r T GAC':"'1'ATTATAC'rCCTGAATACGAAACTAAAGA TACTGA' 'ATCTTGGCAGCATT C 120 
"AAA':'':'GACT'.:·AT":'ATAC':'CC-:''GJl..A'!'ACGAAAC·:-AAJl.GATACTGATAT C':'TGSCAGCJl..':'TC 120 
AAATTGAC. 7A7'!'ATACTCC'.'GAATACGAAACTAAAGATACTGA':"A:'CTTGGCAGCAT'~'C 120 
AAA ':'':'GACTTAT':'A':'AI.... '!"CCTGAA ':' ACGAAACCAAAGATAC'l'GA TATCTTGGCAGCATTC 120 
AAAT':'GAC:'·.:'ATTATACTCC'l'CAGTACCAAACCAAGGATACTGA'rATATTGGCAGCATTC 120 
J.\J.\l\'i'':'~~ J.l.t..:':'TAT-;A '::' J.\''':T'':CT GAC':'AT(,AAACCA.AGGA'rACTGAT 7'l.TC-!'T GGCA';CATTT 120 
AJo..AT'j'GACTTA':'.:'.ATAC'fCC'l'GAGTATG".AACCAA.f\GATr~CTGATATC':'':'GGCAGCA'1TC 120 

GA , ':.'GACT T A':''l'A. AC':'CCTGATT ACGAAACCAAAGA'::' AC'!"GAT ATCTTGGCAGCATTC 120 
AGATTG.h.CT'l'A1"r A'i'p..CTCCTGA'rTACGAAACCAAAGATAC'I'GA':.'ATCT,!'GGCAGCA'i'TC 120 
AGA':'':'GAC':'TAT':"A':"AC:'CCTCAT':'ACGAAACCAAAGA':'AC''.:GA'f A'::CT':GGCAGCAT7C 120 

CGAG''.:AAt..:':'C .... I CAA(;CTG~AG':'":'CCfj':-CAGAAG.~GCAGGGGCCGCAG AGCTGCCGAA 180 
CGAGTAJ'I.C ':.'GCTCAACC TGGAG':.'TCCACCAGAGGAAGCAGGGGCCGCGGTAGC TGCC GAA 180 
CC AG':' AAt..: '::' ..:: ...::- ..... .A,.' ... CCTGGl\GTTCI....ACCCGAGGAAGCAGGG,;CTGCGG':' AGCTGCGGAA 180 
CG1'l.G:'AAC :-CGTCAACCTGGAGTTCCACCCG!l.GGAAGCAGGGGC'I'GCGGTAGCT GCGGAJI. 180 
CGAG •• "h.A(; '. CC. CAACCCGGAG'. ':'CCGCCTGAGGAAGCAGGAGCCGCGG':' AGC. ';C':·GAl. 180 
CGl'.STAAC'.i'CCTCAACCCGGAG':'TCCACC':.'Gl",AGAGGCAGGGGC'':'GCGt::. r AGCTGCTGAA 180 
CCAG'I'AAG'rCCTCAACCTGGAGT~CCACC:'GAGGAAGCAGGAGC'.' GCGG1'AGC. GC':'GAA 1 8 0 
CGAS':'AAC7CC'::'CJ'I.ACC':'GGAG':.'':'CCGCC'l'GAGGAAGCAGGAGC'fGCGGTAGC":'GCTGM 180 
CGAGTAl~CTCCTCAACCTGGAGTTCCGCCTGAAGAAGCAGGGGCGGCGGTAGC':'GCTGAA 180 
CGAGTAACTCCTCAACCTGGAG":" ::CCGCC GAAGAAGCAGGGGCGGCGG'!'AGCTGCl'GAA 180 
CG!\GTA!l.CTCC'::CAACCTGGAGTTCCGCCTGAAGA1'1GC!~GGGGCGGCGGTAGCTGCTG!'..A 180 
CG1\GTAACTCC":Ci\i\C~CGGAGTTCCl\CCTGAGGAAGCAGGGGCCGCGGTAGCTGCCGAA 180 
CGAG'':'/I::'.CTCC'':'CAACCCGGAG'!"TCCACCCGAP-.Gl'.AGCAGGGGCCGCGGTAGC':"GCCCP..A 180 
CGAGTAAC':'CCTC/\ACCCGGAG':'TCCACCCGi\.J\GMGCAGGGGCCGCGG":'AGCTGCCGAA 180 
CGJI..GTAAC'ICCTCAACCCGGAG':'TC(;ACCCGAlI.GAAGCAGGGGCCGCGG'l'AGCTGCCGAA 180 
CGAG':AAC:-CC:-CAACCCGGAG'r:'CCACCCGAAGAAGCAGGGGCCGCGGTAGCTGCCGM 180 
GGf ... "}':'AAC.:'CC'. CAACCGGGAGTTCCACCTGAAGAAGCGGGGGCCGCGGTAGC'fGCCGM 180 
CGAGTAACTCC TCAF.CC':'CGAG':'TCCACC':'GAAGAAGCAGGGGCCGCGGTAGCTGCGGAA 180 
CG/\GT AACTCCTCAACCTGGAGTTCCGCC'I'GA!\GAAGCAGGGGCCGCAGT A GC': CCCGAA 180 
CG:\GTA.i\.Cl'CCTCAACC':'GGJl.Gr:CCACCGG!' ... "-..Cll.l',GCAGGGGCCGCGG'l'JI.GCTGCCGAA 180 
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P.crassicladuB 
P.africanus 
P. suaveolens 

P.a£ra 
G.robusta 
O.mucrunata 
R.pterota 
P.auriculata 
A.tetracantha 
E.bothae 
J.capensis 
G.capitata 
M. Capitata 
P.pyracantha 
C. rudia 
C.haematocarpa 
M.nemorosa 
P.verrucosus 
c.bispinosa 
S.myrtina 
L.ferocissimum 
8.ilicifolia 
E.undulata 
P.crassicladus 
P.africanus 
P.9uaveolens 

P.afra 
G.robusta 
O.mucrunata 
R.pterota 
P.auriculata 
A.tetracantha 
E,bothae 
J.capensis 
G.capitata 
M.capitata 
P.pyracantha 
C.rudis 
C.haematocarpa 
M.nemorosa 
P .verrucoslls 
C.bispinosa 
S .myrtina 
L. ferocissimum 
8.ilicifolia 
E.undulata 
P.crassicladus 
P.africanus 
P.suaveolens 

P . afra 
G.robusta 
O.roucrunata 
R.pterota 
P.auriculata 
A. tetracantha 
E.bothae 
J .capensis 
G.capitata 
M.capitata 
P.pyracantha 
c.rudis 
C.haematocarpa 
M.nemorosa 
P.verrucosus 
C.bispinosa 
S .myrtina 
L. ferocissimum 
B. ilicifolia 
E.undulata 
P.crassicladuB 
P.africanus 

CGAGTAACTCC:'CAACCCGGAG':'TCCCCCTGAAGAAGCGGGCGCTGCGGTAGCTGCCGAA 180 
CGAG':'AAC':'C':':'CAAC' .CGGAG'!'TCCCCCTGAAGAAG(;GGGCGC',:'GCGGTAGCTGCCGAA 180 
CGAG7MCTCC! ClI..l'I.CCCGGAGTTCCCCCTGA.1\GAAGCGGGCGCTGCGGTl\GCTGCCGAA 180 

,C. ', CTAC'l'GG':'.~CI~TGG.l\Ci\AC'.'G'.'A . GGACCGACG(~AC :"·:'ACCAG':'CT':"'GATCG!" .I'AC 240 
" CT':'(:':'P-.C':'GGTACll.TGGACAACTG':'C:'GGACCGA':'GGAC 'l'ACCAGCCT'::GATCGTTAC 240 
1 CT':'C 'AC _'GG'l'ACA'"i'CGACAAC':'G':'G':'GGACCGACGGGCTTACCAGCCTTGATCGT'I'AC 240 
r:T':C':'ACTGG:"ACATGGACAACTG':"G':'GGACCCATGGGCTTACCAGCCT'l'GATCGTTAC 240 
':'C':'TC':'ACTGG:'ACATGGACAACCGTGTGGACCGATGGGCT'rACCAGCCT:'GGTCGTTAC 240 
7C'i'TC 'i'AC'~'GGTACATGGA(;AAG:'GTG!GGACCGATGGGCTTACCAG~C':-TGATCGT':'AC 240 
TCT':-C':']I..C TGGT]'I,CJ\':'GG~.CAAC':'GTG'i'GGlI.CCGATGGGC'!.TACCAGTC':'TGATCGTTAT 2 4 0 
1'CT':'C . AC . CGTACA':'GGACAAC'. G':'G"!'rGACCGATC-GGC' ':·ACCAG':'C':'TGA';CGT':'A. 240 
TC'l'TC'rAC'rGG:'ACf,T (.GAC/lo.AC'!'G'l'GTGGJ..CCGA GGGCT'fACCAG'':C',:''rGA'rCGT':AC 240 
~'C .'TCTAC ':'GG':'ACAT CGi1CAAC1'G, G':'GGACCGATGGGCTTACCAG'-: CTTGATCG':'TAC 240 
'.:'C:'rrC::'l'ACTGG':'Ar:Jl.':'CGACAAr::Trj!GTGGACCGATGGGCTTAC:CAG~'CT':'GA7C(;TTAC 240 
'':'C':':'CTAC':'GG , ACA'.:'G3l~C AACTG',:'ATGGAC1'GACGGGcTr ACCAGTCTTGA o::.'C G":'T AC 240 
':'C", ~C'. AC':-':;G':'ACA''.: w ACAAC:-C':'G':'GCACCGATGGACT':'ACCAGCl. TTGAT':GT':'AC 240 
,!C T':'C':'AC TGG':'~.C.h,:':GGACAA':TGrGTGGACCGl\TGGACTTACCAGCCTTGl\'l' CG':' 'i'AC 2 4 0 
';'C, I \.. TACrr-G':'A...:A;-":GACAJ\CTGTG:'GGI\.CCGA'l'GGACTTACCJ\GC;::'l'TGATCG , 'AC 240 
'!.'C',;.".rCTlI.CTGGTAC~.TGGACAAC·.rG'':'GTGGACCGATGGACTTACCAGCC'l'TGATCG'l'TAC 240 
:'C·.":C'":'ACTGG7 ACA't GGACMCTG'. GTGGACCGA ':"GGGCT 'r ACCAGCCTTGA1'CGTT AC 240 

TCTTCTACTGGTACATGGACAAC'l'GTA GGACCGA,!'GGACTTACCAGCCTTGA'!'CGTTAC 240 
'l'CTTC'l'AC TGG, ACA':'GGACAACTGTG':'GGACCGATGGACTTACGAGCCT'fGATCG'1'TAC 240 
TC'r':'C';.'AC':'GGTACATGGAC1'\GCTG':'GTGGACCGATGGAC,£'':'AC'r AG'l CT',i,'GATCGTTAC 240 
':'CTTC:'ACTGG1'.I\CATGGACAACTGTGTGGAC'rGATGGACT'rACCAGTCTTGATC GTTAC 240 
TCT~:C ":AC':CG':'ACA':'GGACAACTGTGTGGAC':'CATO:;ACT'l'ACCAGTCT':'GATCG7TAC 240 
TC'l''[ ~; l'ACl'GGTACn'-:GGACAlI.CTGTGTGGACTGATGGACTTACCAGTCTTGJ'l.TCCTl'AC 240 

I<.AAGGACGATGC':'ACCACAT'fGJ\ '!'GCCG'r'l'CC'I'GGAGAAGACAAT CAAT ATA'!'1'TGTTAT 300 
]l..AAGGACGATGC':'ACCAC]I..TCGAGCCl'GTTCCTGGAGAAGAAAGTCAA'l'TTA':'TGCTTAT 300 
AAAGGACGA'!'GC':'ACAACAT':'GAGCCCGTTGC'rGGAGAAGAAAATCAATATA':'ATG":'TA'r 300 
AAAGGACGA'::GC':'ACAACA ':'':'GAGCCCG".:'TGC'l'GGAGA/,GAAAA TCM '::'ATATATGTTAT 300 
AAAGGGCGA'I'GC':'ACAACATCGAGCCTGTTGCTGGAGAAGAAAATCAA TATATATGTTAT 300 
l\A7\GGACGATGCTACCACATTGAGCl;':'GTTCTTGGAGAAGAAAATCAATATATTGCTTAT 300 
AAAGG]\CG]I.:::'GC ·::'!\CCACA,!,CGl~GCCCG7TGC '!.'GGAGAAGAAAATCAATATATTGC':'TAT 300 
AAAGGACGA':'GC'l'ACGACI~. CGAGCCCG-:"':'GC l'GGP.GAAGAAAATCAAT A';: ATTGC':'':' A!' 3 0 0 
lJ1AGGAC'":A'!:G(:TACC1~CATCGAGCCCG'1''I'GC'!'GGAGP-.AGJl.AAATCAl'1TTTA'I'TGCT'.:'AT 300 
AAAGGACC A':'GC:-ACCACA7CG1~GCCCGTTGCTGGAGAAGAAAGTCAA TT TATTGC TTAT 300 
~.AAGGA(;GA'l'GC'I'AC(:ACp.TCGAGCCCGT'l'GCTGSAGAGAAAAATeAATT'rA':'TGCTTAT 300 
AAAG GTCGATGC':'ACCACATCGAGCCCGT TGC TGGAGAAGAAACTCAATTTATTGCTTAT 300 
AAAGt;GCGA';:CC':'ACCACA CGAGCCCGT':'CCTGGAGAAGAAGATCAA TT':'ATTGCTTAT 300 
N .... AGGGCGA·!'GCTACCACA':'CGJ"I.GCCCG'::'TCCTGGAGAAGAAGATC]!..AT'::'TATTGCT'::'1't.T 300 
A; GGGCGA':'GC':-AC( ArA':' .... Gl\GCCC.3TTCCTGGAGAAGAAGATCAATTTATTGCT':'AT 300 
P-.MGGGCG;t', TGC'l'ACCAG1",'':'CGr,GcCCG"':'': 'CC'i'GC;a.GAAGAAGA ~CAATT'l'ATTGC 1:1'AT 300 
AAAGG'l'CGA'rGC'!'A':'CACA'.'CGAGCCAG. , CC . GGAGAAGT\AGA'r CAA TTT A','':'GCT", A":' 3 0 0 
Po.AAGGGCGA'!'GC': ACCG':::A ':'CGAGC~TGT'rGTTGGAGAAAAAGA'l'CAGTATATTGI::TTAT 300 
MAC-GCCGA. GC'. A":. GGAA'.'CGAGCC. G _'TCCTGGAGAAGAAAA 7CAA'fA':'ATTGC'1'T AT 300 
AAAGGGCt;;ATGCTACCACATCGAG,::r'; CG'':'TGCTGGAfjAAGP,P.F.A'l'CAATATAT'!'GCTTA7 300 
AAAGGACGATGCTACCACATCGAGGCCGTTATTGGGGAAGAAAATCAATT TATTGCTTAT 300 
AAAGGACG1l.7GCTACCACA':.'CGAGGCCGTTGTTGGGGAAGAAAGTCMTTT AT':'GCTTA'::' 300 
A}\AGGACGA':GSTlI.CCACA'l'CGAGGCCGTTGTTGGGGAJI.GAAACTCAAT:'TATTGC'ITAT 300 

G",I\GCT':'Acccc'rr AGACCT':' T'l'GAAGAAGG'!'l'C':'G'I";'ACT AA T A 'l'GTTT ACT 'l'CCA';'! 360 
G':'l'~GST'rp,Cc::(:p..':' ':'AGA(:C:'T':'T':'GAAGAAGG'.:'TC ':· GT'l'P.CT]I..A':,'A'l'GT'I"I'ACTTCCATT 360 
G1'AGCTTACCC : ':''::AGACC':-':TT'l'GAAGAAGGT:'C .'G1 TACTAACATGTTTAC':'TCCA T 360 
G':'AI-·CT': ACCCTT':.:AGACC'f'::'TT':'CAAGAAGGTTCTG',":'ACT AJ'.CATGTTTACTTCCAT r 360 
GT1\GCT'l'ACCCCT'~AGACC':'TT'!'TGAAGAAGG:'':'CTGTTACTAACA 'IGTTTACT TCCATT 360 
GTAGC':'''A~Cc'r-;'7AGACC1'':''rT ':'GA1\GAAGG':'':'C1'G':'TACTAACATGTT'!'ACT-:'CCATT 360 
GTAGC: 'TACCCC T'::'AGAGCT':'T'r l'GAAGAl"\GGT ':'CTGTTACTAACATGT':TACCTCCATT 360 
GTAGC. ':'ACCCC':'TAGACC'l'7':":''l'GAAGhAGG' ':CTG':'TAC'!'AACATGT AC':'TCCATT 360 
G'':'AGC'l'TA'l'CCl'TTAGACC T'X'!''l 'CGAAGMGG,!'TCTGTTACTAACA'XGT'l"I'ACT:'CCATT 360 
GTAGCTTATCC':-':'?AGACCTTT'l'CGAAGAAGGTTCTGTTAC 'rAACATGTTTACT 't CCAT! 360 
G':AGC'l'TAT(:C ':"TTAGACC"r'!' ':'TCGAAr;AAGGT'l'CTGTTACTP.ACATGTT:'AC':''! eCATT 360 
G':'AGCTT,\CCCCT'::'AGACCTT'I'TTGAAGAGGGTTCTGT':'ACTAACATGTT':'ACTTCCATT 360 
G';'AC ;':' ':'A(:.'::CC':'TAGAC':T,!,':':'':'GAAGAAGG':':-CTGT':ACTAACATG'~~'rTAC':·'I'CCATl' 360 
GT! ... CCT'::'ACCCCTTAGACC:" T ·TTGr.J~Gt'\ GGTTCTG'-'TJI.CTAACATGT':'':'P-,CT TCCATT 360 
GTA(:C":'TACCCl..:"'!'AGi\CCTTT':'TGA. .GAAGGTTCTGTTACTAACATGT T:'l-\C':'1'CCA.":'T 360 
G"'AGC'!":"i\CCCC,:"rAGACC·!":-~ 'T·l'GA]I.GJ\AGG':'TCTGTTAC'I'AACAl'G'l"l".l'ACT·:CCATT 360 
GT AGC-:-",'ACCCC';:'. /, GJ,CC:'':':'T't'GAAGAAGGT'-:C':'GTT AC':' AACATGTTT AC':''rCCATT 3 6 0 
G'!'AGC'!"l'ACCC'r-:,' '!'AGACC·:-l 'TT'l'GAAGP.AGGTTC'l'GTTACCAACA'!'G'!,,:''l'AC'rTCCA'l'T 360 
GTAGC':'TACCCA·::- ':.'AGACCT?TTTGAAGAAGGT'l'CTG':'TAC 'l'AACA':'GTT1'AC'!.'TCCA'r'l' 360 
G':'AGCT':'A'l'CCTTTJ>.GACC'l'T':":' 'l'GAAGAAGG':'TC'l'GTTAC'!'AJIo.CA 'l'G'l'TTACTTCCA':'T 360 
G'!'AGC'!'TA'!'CCTTTAGACCTT'I'TTGAAGAAGG.:'TCTGTTAC·::'AACATGTTTA.CTTCCATT 360 
G'::'A ::;'::":'ATCC': :-TACACC':'T'::TTGAAGAGGGT'!'C'::'GTTACTAACA': GTTTACTTCCATT 360 
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P.suaveolens 

P . afra 
G.robusta 
O. mucruna ta 
R.pterota 
P.auriculata 
A. t etracantha 
E.bot hae 
J. capensis 
G.capi tat a 
M.capitata 
P. pyracantha 
C.rudia 
C. haematocarpa 
M.nemorosa 
P.verrucDs us 
C.bispinosa 
S.myrtina 
L.ferociss i mum 
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E .undulat a 
P,crassicladus 
P.afri canuB 
P.suaveol ens 

P.afra 
G.rohusta 
O.mucrunata 
R.pt erota 
P.auriculata 
A, tetracantha 
E.bothae 
J.capensis 
G.capitata 
M.capitata 
P.pyracant ha 
C. rudis 
C.haematocarpa 
M.nemorosa 
P. verr uCOsUB 
C.bispinosa 
S.myrtina 
L. ferocissimum 
B. ilicifol ia 
E.undulata 
P.crassicladu6 
P . africanus 
P.suaveolens 

P.a£ra 
G.robusta 
O. mucrunata 
R.pterota 
P.auriculata 
A. tetracantha 
E . bothae 
J.capensis 
G.capitata 
M.capitata 
P, pyracantha 
C, rudis 
C,haematoca rpa 
M,nemorosa 
P,verrucoaua 
C ,bispinosa 
s,myrtina 
L,ferocissimum 
B.ilicifolia 
E,undulata 
P,crassicladu6 
P, africanus 
P, suaveolena 

GTAGCT_ATCC1TTAGACC~~TT~GAAGAAGG~TC~GTTACT~~CA?GTTTACTTeCATT 360 

G,!,GGGTAP::':G :-~:!.'''' l'GGGr'l'CAAAGCCC'I'GCGTGCTC'£ACG'rTTGGAGGAT'I"l'GCGAA'"'C 420 
GTGGG':'AA. G:'A·:TTGGG':-. CAAAGCCC. GCGTGCTC-::·ACG'.:·TTGGAGGA7'. :GCGAATC 420 
C;: ·GG(;':'AA'I·GTri.'.:." f':'GGG'rTCp..AJI..GCCCTGCC;CGC':'CTACGTCTAGAGGATC'l'Ar::C;AATC 420 
G. GGG'. M'I'G'.l\ . •• GGG 1". CAAAGCCC'r'GCGCGCTCT ACG':'CTAGAGGA':'CT ACGAA":' C 420 
GTG:;GTlJ..A~C·:·A":'TTGGG'!~CJl..AAG~CC:GCGCGCT(:l'AC '-;':.·CTAGAGGATC';" GCGAATC 4 2 0 

G: 'GGG . AA":'G":'A':" . _ GG':'TTCAAAGCCC':'GCGCGC':'CTACGCC'!'AGAGGA :' TTGCGAA'l'C 420 
CTGGG'~ AA ":' G'."A,:, '.:' :' G,GG'r':'CAAAGCCC':'GCGCGCGCTACGTCTGGAGGAT~TGCGAA TC 420 
GTGGGTAATG':'ATTT GGG'fTCAAAGCCCTACGCGCCCTACGTCTGGAGGAT':'TGCGAATC 420 
G r ":;GG r AA TG';,' l. T :-:·GGG':'TCAl\AGCCCTGCGCGCTCT ,t\CG':'CTGGAGGATTTG~GAl~7C 420 
GTGGG":' !>.ATG":'CTTTGGG'f CAAAGCCC TGCGCGCTCTACGT CTGGAGGATTTGCGA.I1. TC 420 
G1'GCG':'AA'. G'":'A1"t".'GGG1"fCAAAGCCC';'ACCGCC':'C'l'A CG'r CTGGAAGAT ';,' . GCGAA1'C 420 
G'.:'GGG·.!·AJI.'.:.'G'.::AT"''l'GGCTTCMGGCCCTG':GCGCTCTACGTC'l'GGAGCJI..TT TGCGAATC 420 
G':'AGG':AA_'G'I'A':" i" :'GGGT':'CAAAGCTCTACGCGCTC1'ACG'l'CTGGAAGAT1'TGCGAAT C 420 
G"'AGGTAA"rG':'A'r'l"!'GGGTTCAAAGr:::-Cl'ACGCGC'l'CTACGTCT GGAAGA 'I'TTGCGAATC 420 
G':'AGG':'AATGTAT TTGGS':'TCAAAGC':'C':'ACGCGCTC TACGl'C':'GGAAGA'l'TTGCGAATC 420 
G:'Ao'1 :;TAA'rG: ATTTGGG':":'CAAAGC'.";':.'ACGCGCTCTACGTC'.:'GGAAGAT':'TGCGAA':'C 420 
GTAGG~·Ail.':'G':'.n. 'J.·TT GGGTTCAA!\GCCCTGCGCGCTCTACGTCTGGAA(,ATTTGCGA ATC 420 
GTl\GGTAATG'i' A::·TTGGGTT CAAAGCC. ... ·:'G(.GCGCTCTACG7CTGG1 .. AGATCTG>::GAATC 420 
G':.'r.GG'l'Jl..A'':'G':'1',TT':'GGGTTCAlo.AGCCCTGCC;·.:'GC'!'CTACGTCTGGAAGP-.T':'":,GCGAA'rc 420 
G. GGG:'AlI'i'G':'A . '. :-C;GG'. TCAAAGCCC'l'GCGCGCTCTACG':'CT GGAAGA':'T:'GCGAA':"C 420 
GT GGGTAATG'l'A'l'T'!'GGTl'T(;AAAGCCC'I'JI..(:CAGC'!'C'I'ACG'l'TTGG1\GGATC'l'GCGAAT'I' 420 
G~GGG'~AA':'G:'A1"i'TGGTTTCAAAGCCC ':'ACGAGC-:'CTACGTTTGGAGGATCTGCGAATT 420 
G'l'(,-.GGTM':'GTA'r:·':'GC~Tl':'·CAAAGCCCTACGAGCTCTACG':.'T':'GGAGGATCTGCGAATT 420 . .. .,. . ~ 

cC"'G:"rGC':.·TA'rATAA.7\JL;C~'IrCCAAGGCCCG':C'!.'CACGGTA'i'CCAAGTTGAGAGAGAT 480 
C:C':."(: ";:-GC';,'?A ':'TCG1\AAl ... c 'rTTCCA!IGGl,.. (:CG",C'i'CACGGTATCCAAG-:"TGAAAGAGA'r 4 8 0 
cc Tr.CC '~CG'rl\'i:ACA;\;dJ-C 'l"!".:'CCAAGGACCAC''::GCATGGGATCCAJl..G'':'TG1J..GAGAGA'l' 4 8 0 
(;C .1tCCGCGT A7 ' \(;AAAAAC •• -:'CCAAGGACCACCGCA , 'GGGATCCAAG':"!'GAGAGAGAT 4 8 0 
CCTCCTGC'l'Tt-.TATTAAFJl..C':'T TCCAA'7.cCCGCC'!'CA'!'GGCA'l'CClJ..GGTTGAAAGAGA'l' 480 
CC'1'CC'1 GCT':'A 'l'AG':'AAAAC'!'T'l'CATGGGACCACCTCATGG1'ATCC AAGT TGAAAGAGA _' 480 
CC:'ACT'l·C '!'TA:'ACTAAAAC':'';,·TCCAAG<:;GCCACCTCM:GGAATCCAAG':.'TGAGAGAGA'!' 4 8 0 
CCTACTGCrTA~ACTAAAACTTTCCAAGGGCCGCCTCATGGTA~CCAAGTTGAGAGAGAT 480 
C ..... cCC ':'GCTTATTt..: ':'j\AAACT TTCCAAGG ... ...:CGCCGC' ATGGTAT('CAAG1'TGAGAGAGAT 480 
CCCCCTGC1''!'ATT CTAAJI..ACT T7CClI,!'.GGCCCGCCGCA'l'GGTATCCAAGTTGAGAGAGAT 480 
CCCCC'GC':' ':'A':'''I'C':'AAAACT T':'CCAAGGCCCGCCGCATGGTA'r CCAAGTT GAGAGAGA':' 480 
CCCCC'l'GC'l'TA'i:'ACT.AtJ\AC'l·1' 'l'CCr~GG':CCGCCTCATGGCATCCAAGTTGAGAGAGAT 480 
CC TACGGC .'':'A:'G ~' 'l'AAAACC _ TCCA!~GGCCCGCC'1'CA':'GGCA'~CCAGGT,!,GAGAGAGAT 480 
CC',;:'Jl..cr;G :::',;:' TATGT'rJl..JI..AACCTTCCAAGGCCCGCCTCJI..TGGCAT CCAGGT7 GAG.n..GAGAT 480 
CCTACGCCTTh.~G·;-TAA.l\ACC'ITCCAAGGCCCGCC ! CAT GGCATCCAGGTTGAGAGAGAT 480 
CC':'ACGGC'';' TA':'ATTAAMCCT':.'CCAA(;GCCCGCC TCATGGCA'l'CCAGG'fTGAGAGAGAT 480 
CC':AC '!'TCTTATAT1·"_h.lillCC'I'TCCA:'\GGGCCGCCCCATGGCATCCAAG~TGAGAGAGAT 480 
CC'i'ACTGCTTATG:TlVv\AC~':' ':''CCAAGGTCCGCCTCA ':'GGG1~ TCCAAGTTGAAAGAGAT 480 
CCTAC'l'GC (j'i'ATGTTAAAACT,!,'.:'CCAAGGTCCGCC'I'CACGGCATCC~.AGT'i'GAGAGAGAT 480 
CC':'AC. -rCG':"AT~C '!' AAAACT1',!,CCAAGGA CCACC'I'CATGGT AT CCAAG'!'TGAAAGAGA r 480 
CCI':CC~GC':'TA'r,:,cCJI..JI.JoJl..C l'TT CCJI..AGGCCCGCC'l'CATGGTATCCAAG'I'TGAAAGAGAT 480 
CCCCCTGCT • A":,: ~'CCAAAACTTTCCAAGGCCCGCCTCATGGT A'rCCAAGTTGAAAGA GAT 480 
C (: C cr.: ;,(; (: TT AT'rr.:cp..JI...l'.Ac'r~ .. ':'CCAAGGCC(: GCC'I'CA GGT ATS(:AAG·!"I'GAAJI.GAGp.: r 4 8 0 

AM TTGA1'.CJI.lI.G'.:'AI GGCCG'l 'CCT CTATTGGGATGCAC':'ATTAl'..ACCGA.i\.n.TTGGGGTTA 540 
AAAT':'GJ\ACAAA":A':'GGGCGTCCCCTA. TGGGA';'GTI~CTA':'TAAA( CTAAATTGGGG':':'G 540 
JI..AA'.:"rGAAC!V\.G':'A'l'GG~.CG'!'CCCCTr~,:"rGGGA1'G'l' ;'l.CTA':'TAP-.ACCTAAATTAGG'"'TTA 540 
AAA'l'7 GAAcr,AG':'A . GGACG'.'CCCC'.'AT';'GGGAT G't'A C·:'AT Tl..AACC l'AAAT ':AGG'J" 'l'A 540 
AAATTGAACAAG~ACGG':' CG1'(:C(;CTA':' ':'GG(;A,!·GTACTA'r'r)!'.AACC'l'AAAT'!'GSGG'l'':,'A 540 
AAA. TGAACAAG:A'i'GGTCG~CCCCTA:'TAGGATGTAC':'ATTAAACCTAAA':TGGGGTTA 540 
AAA~TGAACAAATA rGG7(:GCCCTCTA': ':'GG(;:'TGTAC":'ATTAAACCAAAAT 7 GGGGCTA 540 
AAA'I'TGAACAAG'f ATGGTCGCCCCC'l'ATTGGGT1'GTACTA TTAAACCTAAAT TGGGGCTA 540 
7\Al\T-:'GAACAAGTA':'GGA('GCCCTCTATTGGGGTG':'AC':'ATTAAACCT AAATTGGGATTA 540 
lI .. AA T l'GAAClI_h.GTJI..T GGl'.CGCCC? CTATTGGGG'l'GTACTAT TAJI..ACCTAP..ATTGGGATTA 540 
AAATTGAACAAGT ,.., TGGACGCCCTC'. AT1'GGGG 'GT ACT A 'r T AAACC'.'AAJ.\ 1"1'GGGAT1'A 5 4 0 
AAG'1'":'G1J-CJl..Jl..G'fA'rGGCCGCCCCCTA':"rGGGATGTACTATTAJI...ACCT Jl..JI..A1'TGGGG'I''I'A 5 4 0 
AAAT':'GAACAAr" ..... A'":·GG: 'CG':'CCCC7 G7:'GGGA:GTAC?A':'7 AAACC':'AAATTGGGG·:'TA 540 
AAA":.·TGAACAAATATGG':,:(:GTCCCC'l'GT":'GSGA'I'G':'AC'l'ATTAAACC":' AM T':'GGGG'r'rA 540 
AM 1".:'GAACAAA':'ATGGTCG'fCCCCTGT'r GGGATGTACTATTAAACCT AAATTGGGG'l'TA 540 
AAAT":'GAP-,CAAA'l'A':'GG:'CG':' '::CCC':'G': 1 GGGA':'GTACTATTAAACC':'A1\AT TGGGGTTA 540 
l'..AJ. 1'TG".A(; !\AGTl'\.TGGTCGTCCCCTGT~GGGA'l'GTACTA~TAAACCTJI..AATTAGGT~TA 540 
A1,ATT GJ\AC'AAG':'A'::"GGTCG1'l,..CCCTG7 rGGGA':'GTACTAT'r AAACCTAAATTGGGGTTA 540 
AAt-.":,':'(.AACM··.G''';a::GG'j' (~G:·CCCCTGTTGGG!'':''GTJI..CTA':' '!,P.':'..ACCTAAP.T'l'GGGG'l'TA 540 
AA/I"'.'TGAACAAG. A':'GG':'CG'i'CCCC":'G :";"GGGA'!'G:" AC':·A·.":·AAACCGAAA':'TGGGG':' 'A 540 
l"A":::TGAACAAGTA'1'GG':,'cr.'I'CGCC'J.'A'1''I'GGGATGTACTATTAAACCAr~l-.AT'rGGGA'l"l'A 540 
AAA'_' ':''GAACAAG :A':' GG:'CG:CCCC. AT'.:'GGGAT GTAC,!'A'1'l'AAACCAAAAT· GGGAT:A 540 
AAAT TGAAt::AA0':'A':'GG':(:G':'(:CCCTAT'.:'GGGCTG'1'C-..cTATT Jl.J!. .. 1\~CP..AAA'I'TGJI..~'TTAG 540 
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P.afra 
G.robusta 
O.mucrunata 
R.pterota 
P .auricu l a t a 
A. t etra c antha 
E.bothae 
J .capensi s 
G.cap itat a 
M. ca p i t a t a 
P.pyracantha 
c. rud i s 
C.haematocarpa 
M. nemorasa 
P.verrucoslls 
C.bispinosa 
S .myrt ina 
L. ferocissimum 
B,ilic ifol i a 
E.undulata 
P. crassicla du s 
P.afri canus 
P.suaveolens 

P. afra 
G. robusta 
O. mucrunata 
R.pte rota 
P . auricula ta 
A. tetracant ha 
E .bothae 
J.capens is 
G. capi tata 
M.capitata 
p .pyracant ha 
c. rudis 
C.haematocarpa 
M.nemorosa 
P. verrucos us 
C.bisp i nosa 
S. myrtina 
L. ferociss imum 
B.ilic ifolia 
E.undulat a 
P . cra ssicladuB 
P.afri canus 
P. suaveol e n s 

P,afra 
G.rohusta 
O.mucrunata 
R.pterota 
P .auricul a t a 
A. t etracantha 
E.bothae 
J.capensis 
G.capi t ata 
M.capi t ata 
p .pyracantha 
C. rud is 
C.haematocarpa 
M,nemoros a 
P.verrucosus 
C.bispinosa 
S.myrt ina 
L. ferociss i mum 
B. ilici folia 
E. undulata 
P.cras sic ladus 
P.africanus 
P. suaveolens 

T-C':'GC':'AAAAACTATGGTCGAGCAGT':'TATGAATGT CTTCGCGGTGGl'.C!'TGATT':'TJI.C 599 
T - CCGCTA"AGlV\C :'l\CGGT ... \.';A.G...:TGT7T ATGMTGT' ":'r ':'CGCGGCGGACT T ':;AT'f :":'l\C 5 9 9 
T-CCGC':·l"l\GA..!l..C'1·A':G";':AGl',GC'rG'':'':'TJ\':'G~.A'i'GTC'l'ACG,!GG':'(;G~.CTTG;.CTTTAC 599 
':' - cceCT AAGAAC7 ACGGT I~GAGC'!·GT ' ::-· :'A. GAA':'GTTT ACG • GG~GGAC ':"7GAC'1'T'l'AC 5 9 9 
-:· -O:CGS':'AAGJI..AC7 ACGG':'AGA.GCAG'!'T':'A'rGAA':,'G·':·CT]l..CGTGGTGGAC1''l'GAT:''rTA': 599 
... · -CCGCGAAGAAC ':·AC GG'i·AGAGCGCi'·.i'TA '"':GAAT GTC'1'ACGC GG TGGACTTGA ':T,!,TAC 599 
':' - CCr,CTAAGAA'::':'ATt;GTAGAGC(jGT~ATGAATGTC':'TCGCGGTGGAC':'':'GAT 1'':'AC 599 
T-CCGCTAAGAATTA'':'GGTAGAGCGGTTTATGAAT GT CTl'CGCGGTGGA C'ITGATTTTAC 599 
':' - (:CGC~AAGAA':TATGGTAGAGCAGT i' ':'ATGAA'!'GTCTCCGCGGTGGACTTGA':'T'rTAC 599 
7 -CCGCTAAGA..'\T'l'A~GG:·AGAGCAGTTTA G':".A':'GT CTCCGCGGTGGACTTG.P.':.'TTTAC 599 
':' - CCGC . AAGAA'i'T AT GG-::'AGAGC G T ':' A':'GAA'l'G':'C1'CCGCGGTGGAC:'TGA ,:,,":, '. ':' AC 599 
T -CCGC:·A]I..G;~A':7ACGG':'AGAGCGGTT'.:'ATGP,.A'i'GTC'rTCGCGGTGGAC'l''rGATTTTAC 599 
T - CCGC:'AAP.AACT AC GC: 'ACGGCAGT '!":'A :GM TG C'!"l'CGTGG·r GGACTT GA T·_"rr AC 599 
';.' - CCGC':'AAA]i.Jr..CTAC(Z;T}!I.GGGCAG':' :'':'ATGP.A'i'GTCTTCGTG~TGGACT':'GATT'i"TAC 599 
T -CCGCTAAAAACTACGGTA GGGCAGT TTAT GAATGTC'l':'CGTGGTGGAC':'T GATTTTAC 599 
'l' - CCGCTAAAAAC':'ACGGTA SGGCAG':' ':'TATGAACCTCTTCGTGGTGGACTTGAT TTAC 599 
T - CTGCT"Jl.AAJlJ .. CTACGG':'AGAGCTGTTTATGAATGTC':.·T CGCGGGGGACTTGATTTTAC 599 
':' - I,..CGCTAA1V\ACTACGG':'AGAGCTG':1'TATGAATGTCTTCGC~G':"GGACTTGA'fT':'TAC 599 
T - CCC-C'!.·AJI..AAACTACGG':.·AG]l..GCTGT·l'TATGJI..ATGTCTTCG':'GGTGGCCT':'GA ':'TTTAC 599 
l' - eCGe! AAAAAC"': ACGGT AGAGCAG':'TTA r;· GAA '!'GTC':'CCGCGG'!'GGAC'=-TGAT'~TT AC 599 
',:, - CCG(:ll.AAAAACTP.CGG':'Jl..GAGCAG':'':''1'A':GAA':'GT e':'ACGCGGTGGGC TTGA':'T 'I" 'l'Ae 599 
':' - CCGCAAAAAAC":'AC GC'l~AGAGCAG':' l 'TATGAA'l'G 'rC'l'ACGCGGTGGGC':':'CATT'l'TAC 599 
':'G":''.":.GJl.Jl..A..CAft.l .. CGTCr.C'.:'AGA-CAG'l''r ':'A '':''GAATGTC' ACGCGSTGGGf":T TGA'r'1"'T :'AC 599 

, ' 

CA]I..AGA GATGrJl.1\.!I.CGTG!\ACTCccr~CCJ\TTTATGCc..T TGGAGAGJ'l.CC;GT':.'TCTTATT 659 
CAAAG1:o..TGATGAAAACGTGAACTCCCAACCATTTATGCGTTGGAGAGACCGTTT CTTA·:;-T 659 
cr,JI..AGA'l'GA1'G.P.(;AACGTGAAC':·CCC]I...z-""I.CCAT'I"!'.P.TGCGT'rGGAGAGACCGTTTCC'rAT'l' 659 
CAAAGA'l'GAT GM;AACGTGAAC','CCCAACC'l' ':'':'TATGCG':'TGGAGAGACCG':'T':'CCTATT 659 
Cll..AAGAT GP.':'GAGM'rG: 'GAACTCCCAACCA':'T':.'ATGCGTTGGAGAGACCGTT'!'CT'rG'!' ':' 659 
CAAAGA':·GA ·:'GAGAAT G'1'GAACT CTCAACCA'1'T'l·A'l' GCGT'l'GGAGAGACCGTTTCT'r AT'r 659 
CAAAGAl'GAT'-A':AACGTGAACTCTCAACCAT'1'TA':'GCGT':'GGAGAGACCGT?TC~TATT 659 
CAAAGATGATGAGAAC G'.rGAATTCCCAACCA~TTATGCGTTGGAGAGACCGTTTCTTAT :' 659 
C1\AAGA . ";P.:::GA(!AACG'!'Ai\AC""!' CCCAACCATT':'ATGCGTTGGAGAGACCG':.'':'TCT':'AT':' 659 
cr .... :"I.AGA':'GATGl\Glu\CGTAA..-""I.CTCCCAACCATT:'A'l'GCGT·l.'GGAGAGACCGTTTC'l' ':'A'fT 659 
CAA/IGATCA':'GIi..GTI,ACG'. AAACTCCCAACCli..':'TT ATGCGTTGGAGAGACCG':'T':'CT';'A'I'':' 6 5 9 
CP_~"\GATGAl'GAGAACGTGAAT'':'CCCAA.r:CGT'l''!'ATGCGTTGGAGAGACCGTT":'C'!'Tl.'l'T 659 
CAAAGA':'GA'!'GAAAACGTGAACTCCCAACCG'~,!"i'A':'GCGTTGGAGAGATCGTT:'CGTATT 659 
C]I...Jr../I.,>]I..TGA:·GAJl.AACG'!·GAAC':'CCCP.ACCG':'T:'ATGCGTTGGAGAGATCG'I'TTCGTATT 659 
CAAAGATG1\TGAAAACGTGAAC TCCCAACCGTT'f ATGCGTTGGAGAGA'fCGTTTCGTA'l'T 659 
CAAAGATGA ":'GAAAACGTGAACTC':CAACCG":'TTA'.:'GCGTTGGAGAGAT':''l'T :'TCTTTTT 6 5 9 
CA1\.P.GATGA':'GAAIIJI..CGT Gl>.AC'l'CCCAACCA!'TTA':.'GCGTTGGAGAGATCGT TTCTT ATT 659 
(' AAAGA ':'GATGl\GAACGTGAACTCACAACCA'l' ':' ';'A":'GCGTTGGAGAGATCGTTTCTTATT 659 
'.:';o..]I.J\ GATGP..';.·GAGAACG'.!.·Gi!l.AC'!. CCCAACCA':·T ':.'ATGCG'l"rGGAGAGACCG'.::' 'i''.!·CT'l'AT '!' 659 
CMAG,r.. ':' ~; A. TGM~AACG·"GAAC ";CC:CAACCAT':'':'A .'GCGT':.' GGAGAGACCG';'T'!,C'!':' A'!'T 6 5 9 
C.A.AGGATGATGAJl.AACGTCAA':TCACJl.Jo.CC'l' ':.'':·TA':.'GCG'l·TGGCGAGACCGT'f 'l'CG'l'ATT 659 
CAAGGA':.'GATGllAAAC G'l'GMCTCACAAC C _ T TTA':'GCG':'1'GGCGAGACCGTTTCG':'AT . 65 9 
C]I._~GGA~GATGJl..JI~.CG7~~~CTCACAACCTTTTATGCGTTGGCGAGACCGTT:'CGTATT 659 

T':'GTGCCGAAGCAA: l'TATfu.,\AGCACAGGCCGl\AACAGGTGAA.~TCAl)AGGGCATTACTT 719 
'7'TG';' ACCGAAGCTCTTTATA AAGCA .... · AGGCTGAAACAGGTGAAG'!'CAAAGGACATTACTT 7 19 
T':'GTGCGGAr,Gr:AA':!.'T 'l'A'l' ]I..AAGCGCAGGCTGAAACAGGTGAAATTAAAGGT CATTACT '1' 719 
': • G':'GCGGAAGCAA·. :'1' A':·AII.AGCGCAGGC1'GAAACAGG':'GAGAT':' AAAGG-:'CA':':'AC'!'T 719 
-:-:G:'GCCGAAGCJl..CT ':' '.:'T":,AJI..A-:;CACAGG~ ,!"GAAACTGGTGAAATC]l..AAGGGCATTJl..CTT 719 
!"I'G-::'GCCGAAGC -rC':' ':' .'ATAAAGCACAGGCCGAAACGGG~GAAATCAAAGGGCAT'~A':'T'r 719 
r~ ~ GT(,CCGAAGC;'.AT ':'T':'TAAA':'CACAGGCTGAAACGGG'.:'GAAATCAAAGGACA':.·:'ATT':' 719 
·1'TG7 GCCGAASCAA':'TTATAA.n.GCACAGGCTGAAACAGGTGAAATCAAAGGA CAT TATTT 719 
TT ..;;TGCCGT:o..AGCACTT·i'ATAAAGCACAGGCTSAAACAGGTGAAA TCAAAGGGCATTA(.'i'T 719 
TTGTGCCG~.GCi'\CT':TATfI.AAGCACAGGCTGAAACAGGTGAAATCAAAGGGCATTACTT 719 
• 'I'G l GCCGAAGCAC·~ ," :·A'!'AAAGCACAGGC'.'GAAACAGG1'GAAATCAAAGGGCA1''I'AC':'T 719 
':"=GTGCCG~.GCA~ l'TTATAAAGCACAGGCCGAAACTGGTGAAATCAAAGGGCATTAGT T 719 
':''!'G':'GCCGAAGCACTT'i'A'l'AAAGCACAGGCTGAAACC GGTGAAATCAMGCGCA':':'AC':''1' 719 
~ '':'G'!'GCCGAAO":: ':::-:--:"':.'ATAAAGCACJl..GGC- GIU\ ACCGGTGAAATCAJI..AGGGCATTACTT 719 
TT GTGCCGAAGCACTTTATAAAGCACAGGCTGAAACC GGTGAAATCAAAGGGCAT':'ACTT 719 
':'':'G":,GGACGCCGAA':.'T':'A":'AAAGCACAAGCTGAAACC~S~AAAA':'CAAAGGGCATTACT1· 7 1 9 
TTGTGCTGA}"\.GCGCTTTATAJI.AGCACA.1\':'CTGfI.AACAGGTGM ATCA.:n.AGGGCA':'TACTT 719 
'. ':'G':'G"":CGAAGCACTTT l\ T 1-1AAGC A ( AGGCTGAAACAGGTGAAA TCAAAGGGCATTAC':'T 7 19 
':!.·TG'l·GCCGAAGCTAl'TTA'1'AAAGCACA]I..GCTGAAACAGGTGAAA'I'CAAAGGGCATTACT'l' 719 
T'l'GTGCCGAAGCAAT":'T'!· .'AAAGC;::lCAGGC7 GAAACAGGTGAAATCAAAGGGCATTAC'l'T 719 
':: i'G'!'GC ,!,GAAGCTCTTTr~TAA,r."GCACAAGCAGAAACAGGTGAAA'1'CAAAGGACAT'rACT'!' 719 
'!'TG1'GC TGAAGC'I'AT1':'A'!'AAAGCACAAGCAGAAACAGGTGAAATCAAAGGACATTAC l' 719 
T':'G'l'GC'"':GAAAG7(:T':.':·ATll.Jl..AGCAC]l.JI..GCAGAAACAGGTGll.AP.':'CAAAGGACATTAC'l'T 719 
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P.afra 
G.rohusta 
O.mucrunata 
R.pterota 
P.auriculata 
A. tetracant ha 
E.bothae 
J.capens is 
G . capitata 
M.capitata 
P . pyracantha 
C.rudis 
C.haematocarpa 
M.nemorosa 
P.verrucosu9 
C.bispinosa 
S.myrtina 
L.ferocissimum 
8.ilicifolia 
E.undulata 
P.crassicladus 
P.africanUB 
P.suaveolens 

P.afra 
G.robusta 
O. mucrunata 
R.pterota 
P.auriculata 
A. tetracantha 
E.bothae 
J .capensis 
G.capitat a 
M.capitata 
p.pyracantha 
C.rudis 
C.haematocarpa 
M.nemorosa 
P.verrucosus 
C.bispinosa 
S.myrtina 
L. ferocissimum 
8. ilicifolia 
E.undulata 
P.crassicladu9 
P.africanus 
P. suaveolens 

GAATGC;TAr.:CG'~I\GGTACA':'GCGAAGAAA':'CATAAAAAGGGCTGTAT':'TGCCAGAGAATT 779 
GA,;'\TGCTAC':'C~]I.GGT]I.C.l\TCCGAi'\GAJlJ\'rGATAAAAAGAGC'I.'TCATGTGCCAGAGA.1\TT 779 
Gl IATGCTACTGCAGGTACAT GCGAAGAAAT(:;ATG1\AAAGGGCTGTATT':' GCAAGAGAGTT 779 
C;JI..A'.!'V.:l'AC'.:.'(, CAGG'.:.'l'~CA'l'GCGl',l>.'}'I. CATGC'.:.'AJl.Jl.A~GGGC'I'G'l'ATT'l' Gr.:AJl..GAGAGTT 779 
GM : CCT AC':'GCGGGT ACK. G':'GAAGACN.'GA':'GAAAAGGGCCG. AT G';'GCCAGAGAATT 779 
GP-.A'I'C :Ti~::l'GCG';GT.zI..I:::A ':.'GCGAAGAAATGATGAAAP.GAGCTG1'ATTTGCCAGACAA':'T 779 
GAA7 GC1AC.GCAGG ACA:'('CGAACAAATGA:'CAAAAGGGCTG AT':.'TGCCAGGGAATT 779 
GAA <;"GC 1 AC'!'GCAGG'l'ACA":'GTGAAGAAA ':'GA ':'CAAAAGGGCTGTAT':' ':'G(..::AGAGAAT'I' 7 7 9 
G.1l.A':'GC ":'ACTGCCC'G:'ACATGCGAAGAAATGA'':'CAAAAGGGCTGTA TTTGCTAGAGA!-l.CT 779 
GAl'\T ~C':'ACTGCCGGTACATGCGAAGN\A':'GA'f CAAAAGGGCTGTATTTGCTAGAGAACT 779 
G]\.A'I' GCT1,C':'GCCGGT1~CATGCGA!>.GAAA TGA':'CJlAll.AGGGCTGT'ATT':'GC'l'AGAGAACT 779 
GAA';GCT }\CGGCAGG1'ACA'fGGGAAGA':'A. GCTCAAAAGGGC'. G'r A':'G'l'GCCAGAGA!'\ T 'I' 779 
Gp..A'':'GCTACTGCAGG'':'Acr,':'GCG,~AGAAA':.'GATGA~'\J\F..GAGC'I'GCA 'I"rTGC'l'P..GAGAAT'.:' 7 7 9 
GAATGC'~'AC ':'C :-;AGGT AC.n.". GCGAAGAl l.A'.:'GATGAAAAGAGC':'GCA':'':':'GCTAGAGAATT 7 7 9 
GJI.ATGC ~ AC '!'GCAGGTA(:A':'GCGAAGAAA "'{jATGP..JI,]l.AGAG':TGCATTTG(:TAGAGAA'l'T 7 7 9 
GAA_'GCTAC i.'GCAGGTACAO;:CCGAAGAAA-:'GA':'GAAAAGAGCTGGAGACGCCACAGAAT~' 779 
GAA":'GC. A':', fJCAGG':'AC'ATG-.: ;AAGAAA'. GA':'CAAAJ!..GAGCTGTATT':'GC'I'AGAGAATT 779 
GMTGC T l\CTGC]l..GGTJI..CATGCGrlAC1·.GA-:;" Gl\,!,G".l\ .. ~.GAGCTATAT'.:"'.:.'GCTl\G',GAlI.T'!' 779 
G;V~ TGC'i'ACTG"';GGG'~'ACATGCGAAG1\AA TGA':'GAAAl\G.JGCTGTATT':'GCCAGAGAATT 779 
GAA'.:'GC':'AC'.:'G(;1'~GGTACA'l'GT(.AAGA1\A'1'GA'l'AAA,...,a .. GGGCTGTA'l'TTGCCAGAGAA'l"l' 7 7 9 

GhA1'GCAAC':'GCAGG':'ACATG':"GAAGAAA":' GATGAAAAGGGCCGTATT' 'GCCAGAGAAT T 779 
GAA'l'GCAAC_GCl\GGTACATG'l'(;AAGAAA'l'GP-:l'TAJl.J\..AGGGCCGTAT'l"l 'GCCAGAGAA1'T 779 
GAATGCAAC'I'GCAGG'l 'ACATG'. GAAGAAATGA ':'GAAAAGGGCCGCATTTGCCAGAGAAT:' 779 

CSGAG":'':'':C':'A'. CGl AA TG'::A ':'G 802 
GGGAG':'7 CCTA'.:'CG'.:.'PATGCA':'G 802 
GGGi\GTTCC"A7CGTT.\J'\TGC'A':'G 802 
GGGl".G':''.:'CCTAT CG'!.'l..A'l'GCA":'G 802 
GGGAG'l' :CCTA" CG:'AATGCATG 802 
GGGAG"~ TCC'l'A'l'CGTlI.ATG(:ATG 802 
GGGAG:'TCC'!'A1'CGTAA~GCA'l'G 802 
AGGAG ':"TC'::':'A'E:GTAA':'GCA':"G 802 
GGGAG'I rCC1'ATCGTAATCCA'!'G 802 
GCGAGTTCC':'l\'. l ,GTAATGCA":'G 802 
GGGAG':'7CC'i',~':'CG ""'!-,J<TGCA"'G 802 
GGGAGT'.'CC';'A':'CG . i\A':·GCA. G 802 
GGGAGTTCCTA'l'CGTJI.A':.'GCA'"'G 802 
GGGAG'~TCCTATCGTAATGCATG 802 
GGr;AG:''l CC'~ATt::G'rM":,GCA'rG 802 
GGGAGTTCCTATCGTAATGCA~G 802 
GGGAG'~'TCCAA'f ,:::GTA.lI.':'(iCATG 802 
GGG"\GT'.:.'CCTATCGT'.JI.TGf;.~TG 802 
GGGAGT :' ''::C':' l~TCG'l'AAT('.(:A'l'G 802 
AGGAG':' ':CC'l'.i''l.TCGTA.t..'!'GCP-:l'G 802 
GGGAG:" . ";C':'A':'CG'. M'. "';CA:'G 8 02 
GSGAG':'":.·CC':'ATCG'J..'AA'l'GCAT G 802 
GGGAG: ":"CCTA .CC".AA':'GCATG 802 
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Appendix L: 

Clone7 
Cl one3 
Clone!1 
Cl onel 
Cl one9 
Cl one2 
Clone6 
Cl oneS 
Cl onelO 
CloneS 
Cl one 4 

Cl one? 
Clone3 
Clone l l 
Clonel 
Clone9 
Cl one2 
Clone 6 
CloneS 
c l onelO 
Cl oneS 
Clone4 

Clone7 
Cl one3 
Clone ll 
Clonel 
Cl one9 
Clone2 
Clone6 
CloneS 
Cl onelO 
CloneS 
Clone4 

Cl one? 
Clone 3 
Cl onell 
Clonel 
Cl one9 
Cl one2 
Clone6 
CloneS 
Cl on elO 
Cl oneS 
Clone4 

Clon e? 
Clone3 
Clonell 
Clonel 
Cl one9 
Clone2 
Clone6 
Clone S 
c l one lO 
CloneS 
Clone4 

Clone 7 
Clone3 
Clonell 
Clonel 
Clone9 
Clone2 
Clone6 

ClustalW 2.0.8 multiple sequence alignment of clones 

N:. G: .::r.ccJ\cr~l'.AC1!.GAGl',CT1'~],(~CAAG'i'G i.,"i'GGA'l"':'TAlI.AGC'T'GGT GTTAAAGATTAC 6 0 

ATG ,'C!, CCACAAACAGAGAC. AAAGCAAG';'GT'. GGA':', '.'AAAGC':'GGTGT'l'AAAGA~i'AC 60 
p..'!'C'':"CACClI.C.a..AACJV]AGACTA..'\AGC,!'":'':'TGTTGGA'.:'':'CAAAGCTGG'l'GT'!'AAAGAT':'AC 60 
A':GTCACCACAAACAGAGACl'AAAGCAAGTG·. ~GGA1'':''l'AAAGC':'GG'rG?T AAAGA'l'TAC 60 
ATG':'CACCACAAACAGAGACTAAAGCAAGTGTTGGAT'!'TAAAGCTGGTGTTAAAGA'l' ':'AC 60 
ATGTCACCACAAACAGAGACTAAAGCAAG~GTTGGATTCAAAGCCGGTGT AAAGAGTAC 60 
~~G':'CA~CACA1\ACAGAGA~TAAAGCAAGTGjTGGATTCAAAGCCGGTGTTAAAGAG':'AC 60 
ATGfCACCACi\ ... ZI. .. Z:.CAG!\.G.n,CTI\ .. A,ZI..GCAAGTG':' G(;A':"TCAlIAGCCGGl'G1'':'AAAGAGTAC 60 
A . G'. CACCACAAACAGAGAC'l'AAAGCAJIG':'GTTGGA':":·CAl 'lAGC:'GG':'G. '-;:AAAGA r .. AC 60 
l\TG'I'C;\CCl'~Cl\A.z\CAG1~GAC':'Cl1Jl.GCAAG':'G'i'TGG1~TTCl1.AAGCGGGTG'l'TAAl!.Gr"G7AC 60 
A .... G:'CACCACAAACAGAGAC:'AAAGCAAGTG·:'TGGA':' .. ·CAAAGCCGGCG~'l'AAAGACTAT 6 0 .. 
AGA'!'TGAC:"~A'I":'A':'ACTCCTG1V~TACGAAACCAAAGA' ... ~ACTGATATCTTGGCAGCATTC 120 
AGAT':.'GACT '':'ATTA'l'AC'~'CCTGATTACGAAACCAAAGATACTGA'rA'r~TTGGCAGCA'!'TC 1 2 0 
AAATTG1I(,,;TTATTA':'AC';'CCTGATTATC.A1-\ACCC';:·; .... GA':'ACTGATA':'CT':'GGCAGCATTT 120 
i,Jl.A':.'TGACT7]1.'i'':.'i\TACTCCTGAC':'l'.TA..1LlI..CCTC~.GGA:'AC':'GATATCTTGGCAGCATTC 1 20 
AAAT· .. GAC:''r A':.''PAT t~C ':" ;C: GAC·. A·l'AA.-ICC'. ":AG~A ':' ACTGA'l'ATC'rTGGCAGCATTC 1 20 
]'~AA'':'''!'GACTTAT'l'A1'AG':'CC'!'GAATACGAAACTAAl',GA':'Af::'l'GATA'I'Cl"':'GGCAGCAT'I'C 120 
AAA .. ·.'GAG ... A .. _ A": AC'.'CC:·GAA ':' ACGAAAC·:AAACA'..'ACTGA A ..'C':'':.'GGCAGCA'r'?C 1 20 
AA})..'':''~·GA(:':'':'AT'i ATAC :c(: ':'GJl..ATACGl'.A ..... Cl ·;\AAGA '1 ACT GA':' ATCTTGGCAGCAT:'C 1 20 
AAAT: 'GAC7TA'o;- 'ATACTCCTGAC TA':'(:AAACC.ttAAGATAC'l'GACATCTTGGCAGCATTC 1 20 
AAAI'.:':::GA\'; ';.".'A, ':'':'ATACTCC'':GAA TACG.\AACCAAAGA·:'ACTGAT A':'CTTGGCAGCAT7':: 120 
'A..1\_n.':'':'G]\S':'TA'':·T! \':'AC':'CCTGAGTATl'!.TAACCAl:AGA'Z'AC':.'GATA'l'CTTGGCAGCATTC 120 

CGAGTAAC':'CC':'CAACCCGGAG':':'CCCCC':'GAAG1lAGCGGGCGC':'GCGGTAGC';GCCGM 180 
CGAGT1',AC·lt::CTCAACCCGGAGT':'CCCCCTGAAGl1.AGCGGGCGC'IGCGGTAGCTGCC:GAA 1 80 
CGAGTMC'l'GC .. CAACC'r GGAGTTCCACCAGAGGAAGCAGGGGCCGCCC'! 'AGCTGCCGAA 1 80 
CGAG':'A'l'C':'CC(:CAACC':'GG G':' TCCA':'CAGAAGAAGCfl.GGGGl.CC .... AGTAGC'::CC,::GAA 1 80 
CGAG':'ATC:'CCCCAACC'':''GGAGT:'CCATCAGAAGAAGCi\GGGGCCGCAGTAGCTGCCGAA 180 
CG,t\G'i'AN.':'TCCT ClIl~C";CGGAGTTCCACCCGAAG1.v\GCAGGGGCCGCGG'rAGCTGCCGAA 180 
CGAG'I'AAC':'CCTC]I..ACCCGGAG':'TCCACCCGl\l\GA..n.GCAGGGGCCGCGGTAGCTGCCGAA 180 
CGAG .. M C'. CC 'CAACCCGGAG':'7CCACCCGAAGAAGCAGCGGCCGCGG1'AGC':'GCCGAA 1 80 
CGP,GTAAC'I'CC'1.CAACCCGGAG,!'TCCACCCGAAGlI.ACCAGC.GGCCGCGG'l'AGCTGCCGJ!I.A 1 80 
CGAC ':'AACTCC 'I'CAACCGGGAG'!'?CCACCTGAAGAAGCAGGAGCCGCCGTAGCTGCGGM 180 
CGAG'.:'AAC.:'CC:-.:AACC'.:'GGAGT':::'CCACCr::GAGGAAGCAGGGGCTGCGGTAGCTGCGGAA 1 80 

~ C '.:'TC J.'AC':'GG ·:'ACA':'GGACAACTG'~'G ·:'GGAC':'("A7G(AC'l':'ACCAGTC' TGATCGTTAC 240 
',(. T . ":':'111.... TGG':' l~CA':'GGI\ 1....AACTG·:GT"';Gl~C':'G;'TGG1\CT':'A~CAGTCTTGA'r .... GTTAC 24 0 
'i'CTTCTACTGGTACATGGACMC .. ~GTGTGGACCGA'l'GG}\CTTACCAGCC':.'':'GATCGTTAC 2 4 0 
1'C':"l CGAC':'GG . ACATGGACAAC1'G'!'A'l'GGAC'. GACGGAC .'·':ACCAG1'CTTGA':'CG?'J.'AC 240 
TC'f':CGAC':'GGTACATGGACMC'lG A'l'GGACTGACGGACTTACCAGTCT1'GA':'CGTTAC 240 
• C? TCT AC: 'GG :ACA l'GGACAAC?G':'Gr GGACCGATGGACTTACCAGCCTTGATCG'l'TAC 24 0 
'l·C'l' 'f r.: '£A':: 'l'GG,!'ACATGGACAACTG'l'GTGGACCGATGGACTTACCAGCC'l·TGA'I'CG'l"l'AC 2 4 0 
':'CTTCTACTGGTACA'!·GGACAAC':.'GTG':'GGACCGATGGACTTACCAGCCTTGATCGTTAC 24 0 
';::"C'!'TCTAC·:'. .... GTACATGGACAACTG':'G':'GGi\CCGA'1'GGAC':'TACCAGCCTTGATCGTTAC 240 
TC1'TCCACCGGTlI.CATGGACAACCGTGTGGACCGATGGACTTACCAGTCTTGATCGTTAC 240 
TCT.(:TAC::-GG':'lI('ATGC,lI,CMCTGTG":'GGAC"::Gl'I ':'GGG';':''i'ACCAGCCTTGATCGTTAC 240 

AAAGSACGATGC':'AC .. :JI..CA'':'CGAGGCCC. :'TATTGGGGlI..AGAAAATCAJI..TT' AT':'GCTTAT 3 00 
AAAGGACGA't GCT ACCACA . CGAGGCCG'.:'TG ... GGGGAAGAAACTCAATTT A'r":'GC ':'TA'.:' 3 00 
AAAGGACGA ':'G"':':'ACCA':ATCGAGCC':'GTr~'CC'::GGAGAAGAAAGTCAA TTTATTGC'l'TAT 3 00 
AAAGGACGATGCTACCACATCGATCCCG?TCCTGGAC'AAGACAATCAATATATTTGTTAT 300 
AAAGGACGATGCTAC('ACATCGA':'CCCGTTCC'i'GGAG~IAGACAA'!'CAATATAT:'TGTTAT 300 
.1I.AP.GGGCGA7GC:'P..CC.~.CA':'CG]\.GCCC;G'!' I'CC·I'GGAG]\.AGAAGATCAA'!'TTATTGCTTAT 300 
AAAGGGCGATGCTACCACATCGAGCCCG r'!'CC1'GGAGAAGAAGATCAATTT ATTGCTT A '!' 3 00 
AAAGGGCGA'l'G'::TACCACA'... CGAGCC:CGTTCCTGG.!i.G1'.AGAAGA'.:'CAATT'.:'A'.:".:'GC'.:' '!'A'l' 3 0 0 
AAAGGCCGA ~GC :ACCACATCGAGCCCG':'~CC'~'GGAGAAGAAGATCAATT7A·l'TGC'l":'A'.. 3 0 0 
AAAG·";GCGA':'GC:'ACll.ACA';CGAGCCCGTTC':TGGG.,P.~.ACAGlI.::CAATA1'A-:C'l'GTTAT 300 
AAAGGACGA 1'GC':'ACAACA1''I'CAGCCCG: 'TGCTGGAGAAGAAAA CM TA';.'A·:'A'!G'I'1'A':· 300 

G':'AGC'!' ':'A'l·...:C'i'T':'AG1 ... CCTTT';''!'G1IAG1\l\GGTTCTGTTACT1....ACATGT'l'TACTTCCATT 3 60 
GTAGC'.:'TATCCT':'TAGACCTTTTTGAAGA.Z\GGTTCTGT':.'AC':.'A1'.CP.TGTT':.'ACTTCCATT 360 
G':'AGCT7ACCC;,,: " !'AGACC'. 'r:'':' GAAGAAGG • • C':'G'. ':'AC .'AATA7 GTTTACTTCCAT:' 3 60 
G·l'AGC '1"rACCCC':':"'AGACC'.!.' :"!":."l'GAAGAl'1GG~TC ':'G·1"l'ACTAACATG'I".:''rAC'l'TCCAT'l' 3 6 0 
C:' AGC'~T ACCCC t '..'AGACC'.'1.'":"!'1'GT AGAAGG:"!'C?G .. r ACT AACA ':'G'!'1' • AC ':':'CCATT 36 0 
G':'Ar.C'.:' ':'ACCCCT ~'AGACC-: 'r7':'':'GAAGlI.AGG:':'C ':'GTTAC':'AACA':.· r.T~·TAC'!'TCCAT·:' 360 
G": AGC ... ·TACCCC':' ':' AGACC·. ':'T'.:'TCAACAAGGTTC:'GT·!'AC':' AACAT GT':'TACTTCCAT'l' 360 
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CloneS 
ClonelO 
Clone S 
Clone4 

Cl one7 
Cl one3 
Cl onel l 
Clone! 
Clone9 
C!one2 
Cl one6 
Cl oneS 
Cl one l O 
Cl one S 
Clone4 

Clone? 
Clone3 
Clonell 
Cl onel 
Clone9 
Cl one2 
Cl one6 
Cl oneS 
C!onel O 
CloneS 
Clone4 

Clone7 
Cl one 3 
Cla nell 
Cl onel 
Clone9 
Clone 2 
Clone6 
CloneS 
ClonelO 
Cl oneS 
Clone4 

Clone7 
Clone3 
Cl onell 
Clonel 
Clone9 
C!one2 
Cl one6 
Cl one8 
ClonelO 
CloneS 
Cl one4 

Cl one7 
Clone3 
Cl anell 
Clonel 
Clone 9 
Cl one2 
Cl oneG 
CloneS 
C!onelO 
Clone S 
Cl one4 

Cl one7 
Cl one3 
Clenell 
Clonel 
Cl one9 
Cl onez 

GTAGCTTAC CCCTTAGACC T7! TTGAAGAAGGTl'C':'GT'l'AC TM CA'l'GTTl'AC TTC CAT'l' 360 
GTAGCT'::ACCCC ':' ·~ AGA(:C':'':'T':' ':'GAJI..CAAGr;':'TC':'GTTACTAACA'.:'G'!"TTACTTCCA'::" T 3 6 0 
GT.!',GC':' ':'ACCC ...... T7.7\.GACC':'':'T"; rG.l\AG}\AGG-'TCTG~T~.CCl'v~l.CATGTTTACTTC C,!l.TT 3 6 0 
G r AGC':'T '~CC --:7:'TAGACC7'':'T '':'GM~GAAG,; '.'T '':; 'i GT TA ..... T AACA TGTT ":" ACTTCCA TT 360 

GT GGGTM 'I'G:' A.CT·. GGTT': !~AAJI..GC(,;(,;:-Jl..CGAG:: :'C'! A (';G':'TTGGAGGAT(,;TGCGJI..A ':' '1' 4 2 0 
G':'GGC':'AA'.'G'.'A. :TGG:"~ TCAAAGCCC:'ACGAGCTCTACGT':'TGGAGGATC':'GCGAAT 4 2 0 
GTr;GS':.'AA T GTA'}T'l'(j(;GT':":AAACCCC:'G::;GTGC 'reT ACG: 'TTGGAGGAT TT GCGAA TC 4 2 0 
G'~'GGGTAATGTA ':'TTGGGT':'CAAAGCCCTGCGTGCTCTACGTT GGAGGATTTA CGAATC 420 
G'~GGGTAAT":;TA'::''1'TGGGTTC1-\iV\GCCC':'GCG:'GCT''::';'1~CGTTTGGAGGAT T ACGA!\TC 4 20 
C 7 ',GGTAA":. G ;:ATl'TGGGT':'CAAi'\GCTC ':'j~.CGCGSTCTACGTCTGGAAGATTTGCGAA':'C 420 
G :f\GGT 1\A ... ·G • A 'r 'r' . :;GG':'':'CAAAGC':- ::TACGCGC':' C':'ACGTC':'GGAAGATT~GCGAA TC 4 2 0 
G':'AGG'i'A'fJ.:':'G':'A'!."':'TGGG':""CAAM,.C'!'C'''ACGCGr::rC'I'ACGTC'':'GGAJI.GA'':'T':'GCGAAT C 420 
G. ACG'.'L'iATG·:·A ~". L ("GG·.".l.'CAAAGC'l'C'::·AC("CGC'::'C':'ACG:'C':'GGAAGA'!''l':'GCGAAT C 4 2 0 
G':'GGGJl..AATC'l'G'.:'TTG~;A:TCAAAGCC'!''I'G ':G':.'GCTCTACG:' C':'GGAAGATCTTCGAATC 4 20 
GTGGGTAA: 'GTAT'!'TGGG'!'TCAAAGCCC TGCGCGC TCTACGTC'I'AGAGGAT CTACGAATC 420 

CCCCC~GC7TAT':'CCAAAACTr7CCAAGr~CCGCCTCATGGCATC"::AAGTTGAAAGAGAT 480 
CCCCCTGC'£'I'A'I'TCCAAAAC'r 'l "l'CCAAGGSCCGCC'l'CA'I 'GG"rA TCCAAGTT GAAAGAGAT 480 
CCTCCTGC .' '1' A .":'CGAAAACTTTCCAAGGCCCGCCTCACGG':'A':'CCAAGT TGAAAGAGAT 4 8 0 
CCTA'!''l'G·:::r: 'ATG'!'AAAAACT":'TCCAAGGA(:CGCCTCACGCCATCCAGGTTGAGAGPO.GAG 480 
CC. A :":GC':'TA'l'GTA.AAr.AC'I'T;:'CCAAGGACCGCCl'CACGG :'ATCCAGGTTGAGAGAGAT 480 
cc'::' ACGGC1"r1l. '.!.'A'l''r1l.AAl>.CCT'rCCAP-.GGCCCGCCTCATGGCAT(: CAGGTTGAGAG}'I.GAT 480 
CC'':'ACGC'C'l'TATATl' AAAACC r:'CCAltGGCCCGCC'l 'CATGGCATCCAGGTTGAGAGAGAT 4 80 
CC1"ACGGC~~AT A':·TAAJ:..Jl..CC':'':'CCA]I.GG':C '; GCC':'CATGGCATCCAG'~':'TGAGAGAGAT 4 8 0 
CCTlI.CGGS' rATJI.TTAr.A.I\CCT'rCC.n_I\GGCCCGCC'1.·CA':'GGCATCCAGGTTGAGAGAG.~T 4 8 0 
CC':'l~"';TGc'r?AT A'l":'Ab.AAC?:'':·CCAA.GG':'CCGC.CTCl\ TG GGATCCAAGTT GAGAGAGA'!' 480 
CC'l'ACCGCGTATACAl>.A1', r,CTT'! CCAA"GACCACCGCATGGGATCCAJI.G'!'TGAGAGAG'fJ..T 4 8 0 

AAA':'':'GAACAAG'l'A TGG'1'CGT CCCC'i'A'':''!'GGGATG':'AC TA'I'TAAACCAAAGT'f GGGAl 'TA 540 
AJl.,A':'TGAACAAG'::'A'l'CG':'CGT ..... CCCTA':'TGGGATG':'ACTAT':."'AAACCMAA TTGGGAT TA 540 
AAA":'TGAACAAA':'ATGGGCGT CCCC ?"",TTGGGATGTACTATTAAACCTAAATTGGGGTTG 5 40 
AAATTGAAt..:AAGTATGG":'CGCCI.:CC'!'AT':'GGGATGCAC-:·ATTAAACCGAAATT GGGG':"TA 5 40 
J\AATTcr·.ACAAGTATGGTCGCCCC CTATTGGGATGCACTA TTILn.ACCGA.I\A':'TGGGGTTA 5 4 0 
AAA !';"GAACN\A·. A ':'GG':'CG':'CCCC7 G ;-:'GG-GATGT ACT A':'T AAACCT AAA T'.:'GGGGTT A 5 4 0 
}\;:'\.A'.!.".i.'GAAC:AAATATGG': CGT CCCC':'G'l".:'GGGA'l'G':.·AS'!'ATTAAACC':'Jl.J..ATT GGGGTTP>. 540 
AAA'l"~'GAACAAATA. GG:CG':'CCCC ':'GTTGGGA':' G':'AC . AT'!'AAACCTAAAT'l'GGGGTTA 540 
Al'.ATTGAASAP-.ATA'r'C;-:-iTCG'l'(:CC(';'l'GT'l·GGGATGTACTAT'r1lJl..ACCTAAAT'! GGGGTTA 540 
AAGT:'GAACAAGTATGG'l'CGTCCCCTGC'!'GGGATGTACTATTAAACCGAAATTGGGGTTA 5 40 
AAATTGAACAAG,!'ATGGACGTCCCCTATTGGGATG':'ACTA'::''!'AAACCTMATTAGG':'TTA 540 

TCCGCAAAAJIJ'~CT1\CGG·'::·AGAGCAGT'.:'TA'l'GAA'l'GTC'.:'ACGCGG:'GGGCTTGA'l"!'l''rACC 60 0 
'. CCGCAAAAAAC':·ACGGTAGAGCAG'l'". ;:'A':'GAA': GTCT ACGCGG':-GGGCT'rGAT': T':'ACC 6 0 0 
"'CCC; ::1' Jl.Jl.GAAC1'ACGGTCGAGCTC-Tl'A1'G.n.A'i·G1'C:-':CGCGGCGGACT TGA":.·TTT}'I.CC 600 
.'CTGC·r AAAAAC T AT CG .'CGAGCAGT':'T A'f GAA'l'G:'CT'I'CGCGG':.'GGACT":.'GAC 'I'TTACC 6 00 
': C,!,Gr::'~ 'fJ..AAJ:..A; :":.'A'l'GG'l'CGAGCAG··"l":'A'rGAATGTC'! '1'CGCGG'l'GGACT '1'GA(:'fT TACC 6 0 0 

:'CCGC'.!.'AAAAAC':'ACGGTAGGGCAG-:" :'TA';:GAATG:'CTTCGTGGTGGACTTGA T:'TACC 600 
':'CCGC':'AAAAl',C'!'ACC0 : 'AGGI..":CAG'.:' ':'TATGitATG':'CT1'CGTGGTGGACTTGAT'1. ':'':'ACC 6 00 
TCCG S':'AAA.l\ACTACGGTAGGGCAG'l'TT1 .. l'GAATGTCTTCGTGGTGGACTTGA~'l.' l'TACC 600 
TCCGC ..... ·AAAJIACT1\CGGT!\GGGCAGTTTA·"';GAA':'GTCTTCGTGGTGGACTTGA'I'TTTACC 60 0 
TC CG :'1''AJ\AAl'~C '!A'.:Gr;TAGAGCG'rGT~'A'!'GAATG'!.'CTTCGCGG'!'GGAC'!'TGAl·TTTACC 600 
'"';CC:;C-:·AAGAAC'. ACGGTAGAGC7 G :~': ATGM '. ~r;' . .'ACGTGGTGGACTTGACT':' .'ACe 600 , . 
AAGGA'::'CATGAAAACG':'GAAC':'CACAAc'CT':' ':'A'l' XGTTGGCGAGACCGTTTCGTAT T':' 6 60 
M GGATGA':'CAAAACGTGAAC1'CACAACC:'T'fTA':'GCGT'l'GGCGAGACCGTTTCGTAT1'T 6 6 0 
AAAGAT GATGPJ>J:\A CGT ,"jAI~c'rCCCAACCA ':'':''':' ATGCGT~;T"t\,lAGAGACCGTTTCT':'A '1'1''1' 660 
fo.AAGATGA':'GAlI..A.:;'!'GTGAl'l.CTCCCAACCATTTAT GCG'::'GGGGAGACCGTTTCTTATTT 660 
AAAGAT GA :'GAAAA'rG':"GAACTCCC1~CCA ...... ':'A '!" GCGTTGGAGAGACCGTT TCTT ATTT 660 
AAhG]l.,'!'GA'L·G.n.AAACGTGAl'o.CTCCClI.ACCG':'T'rATGCG'I'TGG.n.GAGA'I'CGT Tl'CT'l'A'I":'T 6 60 
AAA3ATGATGAAAACC':GAAC'1' CCCAACCGTTTAT GCG'r ;:'GGAGAGATC GTT':'C'I'TATT':' 660 
AAAGA l'GA'I'G.n.AAA(:G':'GJI..AC ':'t~CCAACCG1":· ':'ATGCGTTGGAGJl..GATCG'I'TTCTTA'!'TT 660 
AAAGAT GATGAAAACGTGAAC':'CCCAI' CCG':·'f'.;:'ATGCGTTGGAGAGATCGTTTC'!'TATTT 660 
AF-AGATGl\.1.' GAGAACG':'GAACTCCCAACCATTTA":'GCG:·':GGA ~AGATCGTT':'CTTA":, '[':' 6 60 
MAGA'l·GATG,!l.GA,,"\CGTGAACTCCC]I_~CC]'.TTTJI.TGCGTTGGAGAGACCG':'TTCC':'ATTT 66 0 

':'G':'GCCGAACC':C'. ':" :'A', AAAGCACAAGCAGAAACAGG·. GAAATCAAGGGACA':'T AC·:-'.·G 720 
TG'I·GCl'GAAGC1'C'I' '::'I'A'::'l\AAGCACAAGCJI.GAAACAGG1'GAAA 'l'CAAAGGACATTACT'l'G 7 20 
1 G:'ACC GAAGC'l'C'!''I':'1\'l'AAAGCACAGGC'l'GAAACAGGTGAAG 'l'CAAAGGACA'l'':'AC '1"rG 720 
':. G''::' G(,;I.":GJl.Jl.GC':}'IJI.':':"rAT Jl...A'fJ.. C:Ar::AGGC(';CAJlJl.CA CiG'::GAAA 'I CAAAGGGCATT A(,; 'fTC 7 2 0 

':GTGCCGAAG~l\.ATT':'ATAAAGCACAGGCCGAAi\CAGGTGAAATCAAAGGGCAT'l·ACTTG 720 
'rG~": XGi-.AGCF.C':':: ':'ATJr..AAGCACAGGCTGAAhCCGG':'GAAATCAAAGGGCAT TACTT G 720 
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Clone6 
CloneS 
ClonelO 
CloneS 
Clone4 

Clone? 
clone3 
Clonell 
Clone! 
Clone9 
Clone2 
Clone6 
CloneS 
Clonel O 
CloneS 
ClonM 

Clone? 
Clone3 
Clonell 
Clone! 
Clone9 
clone2 
Clone6 
CloneS 
clonelO 
CloneS 
Clone4 

TG '!'GCCGAAGCAC7TT.1J,.TJ..AAGCACAGGCTGAAACCGGTGAAATCAAAGGGCATTACTTG 72 0 
.~ IjTGCCGAAGCAC'. '!'';:A';:F~GCAC1\'3GCTGAAACCGGTr,AAATCAAAGGGCATTA...;T rG 720 
':GTGCCGl\AGSACTTTAT.v.AGCACAGGCTGAAACCGG'.:'G.h..AATCAAAGGGCATTAC TTG 720 
TG'!" :;c .. ..;;i\'IGCAATTT;..':-AA1\TCACAAGCTGAAACAGGI,.,,,:;AAATCAlJ\GGGCA T":'ACTTG 720 
'l·G"'GCGGA~.GC7iA.·'::·T!,T}l.AAGCGCAGGCTGAAACAGG~:'GAAAC'··AA.h.GG?CATTAC'!.'TG 720 

AATGCAAC'.:'GCAGGl'ACA':'G:'GAAGAAA':'GA _ GAAAAGGGCCG'~'A'1'T'!'GCCAGAGAA':'TG 780 
AA'1'GCAAC':.'G':::AGGTACA?G':'GAl~GAAA·::GATCAAAAGGGCCGCA'l·TTGCCAGAGAAT'l'G 780 
AATGC':'ACTGCAGGTACATCCGAAGAAATGATAAA.l'I.AGAGCT TCA,!'GTGCCAGAGAATTG 780 
AATGCTAC .... ·.; ..... GG(;·~ACA'~GCGAl,l~A; \TGA':'A.\AAAGG-:;~TGl'ATTTGCCAGAGAAT7G 780 
AA"'GC?ACCGCGGG:ACl>.':'GCGAAGN ATGA':"Ai",..VI-AGGGCTG'i'ATTTGCCAGAGJI..ATTG 780 
AA. ,~C':'ACTGCAGG1'ACl\TGCGAl\GAl\A . GA'I'GAAAAGA(.;CTG':'AT1":'GC~AGAGAA'1". G 780 
AATGCTAC'':'G~AGG':AC[l.'''LC';fu'!..GAAA':'GATGA}U',.:?GAGCTG':'A'l''l'TGCTAGAGP.r.':.l'G 780 
AA 7 GC • AC :GCAGGT A':ATGCGAAGAAATGATGAAAAGAGC':'G':A':'T1'GC'.:' AGAGAATTG 780 
AATr.C'i'ACTGCAGGTACA'IGCGAAGAAA':'(;ATGAAAAGAGCTGTAT'l"I'GC'l'AGAGAATTG 780 
AATGCTACr rCGGG':'ACA ':'GCGAAGAAATGATCAAAAGAGCTG':'AT'l'TGC'r AGGGAGTTG 780 
AAT GCTAC':'G .... AGG":'ACA'::r.CGAAGACATGCTAN\AAGGGCTGTATGTGCCAGAGAG'I'TG 780 

GG!'.GT'l'CCTA'!CGTAJI.'l'GCA':.'G 802 
GGAGT':'CC'. A'rCG. AA':'GCA:'G 802 
GGAGT'.CCt A":;,CGTll.ll.':'r.CATG 802 
GGAGT·:,cc,:' .a::-CG·~'AA":GCA': G 80 2 
('<:iAGT':'CC'!'A':'CC .... AATGCATG 802 
GGAGTTCC':'ATCG'.:'AATGCATG 802 
GGAG'rTCC':'ATCCTAA':'GCA'!'G 802 
CGl\GTTCCTATCG:'l\ATGCATG 8 02 
GGAG":":'CCTA":''':G':'AA'.'GCATG 802 
GG.l\G?TCCTATCGTAATGCA'.!.'G 80 2 
GGAG':'TCC':'ATCG . AA'. GCATG 802 ... 

130 



Appendices 

Appendix M: Comparison of eleven clone sequences to the GFRR 
plant sequence database 

Clone number and percent identity 

Plants 1 2 3 4 5 6 7 8 9 10 11 

P. auricula/a 91.4 92.5 91.6 90.9 89.4 92.5 91.1 92.5 91.8 92.9 100.0 

E. undufata 92.8 94.4 92 .9 92.5 92.5 94.4 92.6 94.4 93.2 94.9 93.0 

B. iflicijolia 92.7 94.1 90.9 91.8 92.2 94.1 91.0 94.1 92.8 94.6 93.0 

P. afm 96.8 92.5 90.8 90.9 90.9 92.5 90.6 92.5 97.1 92.4 92.9 

P. verucoSU$ 91.6 99.6 91.9 91.3 92.5 99.6 91.8 99.6 91.8 98.9 92.5 

C. hoematocarpa 91.6 99.6 91.9 91.1 92.3 99.6 91.8 99.6 91.8 98.9 92.5 

M nemorosa 91.6 99.6 91.9 91.1 92.3 99.6 91.8 99.6 91.8 98.9 92.5 

M. capitata 91.2 92.8 92.4 92.2 91.1 92.8 92.0 92.8 91.5 93.3 92.5 

L. j erocissimum 91.2 95.0 91.4 91.8 93.8 95.0 91.3 95.0 91.4 94.9 92.4 

J. capensis 91.7 92.9 91.8 92.9 91.4 92.9 91.5 92.9 92.0 93.3 92.4 

G capitOla 91.2 92.8 92.3 92.4 90.9 92.8 92.0 92.8 91.5 93.3 92.3 

S. myrtina 91.0 96.0 91.4 91.4 93.0 96.0 91.3 96.0 91.2 95.8 92.1 

C. I1ldis 91.7 92.9 91.4 91.8 90.2 92.9 91.1 92.9 91.8 93.4 92.1 

A. tetracantha 90.9 92.6 91.9 92.2 90.7 92.6 91.8 92.6 91.3 93.1 92.1 

P. pyracalllha 90.5 92.7 91.9 91.8 90.7 92.7 91.6 92.7 90.9 93.2 91.6 

E. bothae 91.0 92.5 90.8 92.2 91.4 92.5 90.6 92.5 91.3 92.8 91.6 

P. crassicladus 90.2 91.9 99.6 89.8 90.2 91.9 99.4 91.9 90.4 92.0 91.5 

G. robus to 90.7 93.3 90.8 93.0 91.0 93.3 90.8 93.3 90.8 93.2 91.4 

P. africanus 90.0 91.4 99.4 89.8 90.2 91.4 98.8 91.4 90.3 91.5 91.4 

C. bispinosa 90.2 97.6 90.3 90.0 91.2 97.6 90.1 97.6 90.3 96.9 90.8 

O. mucrnnata 90.9 92.0 90.0 98.9 90.8 92.0 89.8 92.0 91.1 92. 1 90.8 

R. plera/a 90.0 91.4 89.5 99.1 90.2 91.4 89.3 91.4 90.3 91.4 90.5 

P. sauveolens 87.7 89.5 97.9 88.1 87.7 89.5 96.9 89.5 87.9 89.6 90.0 
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Appendices 

Appendix N: Comparison of the rbcL FLX generated sequences 
from black rhinoceros dung samples against the 
GFRR rbcL plant sequence database 

Table Nl: Summer dung sample 

No. of Sequences Family of match Genus Species % Match 

Twenty-seven Apocynaceae Carissa bispinosa 98.8 

One Ebenaceae Euclea undulata 96.0 

Three Portulacaceae Portulacaria afra 96.3 to 96.6 

Table N2: Autumn dung sample 

No. of sequences Family of match Genus Species % Match 

Twenty-five Apocynaceae Carissa hispinosa 94.7 to 98.4 

Five Asteraceae Brachylaena ilicifolia 91.0 to 95.8 

Five Celastraceae Gymnosporia, capitala 80.1 to 98.9 
Puttl-r,ickia tha 

One Euphorbiaceae Jah'opha capensis 96 

Nine Portulacaceae Portulaca ria afro 92.8 to 98.4 

Two Solanaceae Lycium feroscissimum 93.9 

Table N3: Winter dung sample 

No. of sequences Family of match Genns Species % Match 

Thirty-four Apocynaceae Carissa bispinosa 99.2 to 98.4 

One Anacardiaceae Rhus pterota 95.4 to 95.9 

Eleven Portulacaceae Portulacaria afro 95.5 to 98.8 

Two Rhamnaceae Scuda myrtina 92.7 to 95.9 

Table N4: Spring dung sample 

No. of sequences Family of match Genus Species % Match 

One Asteraceae Braclzylaena ilicifolia 96.2 

Eleven Apocynaceae Carissa bispinosa 91.2 to 96.9 

Five Ebenaceae Euclea undulata 95.0 
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Appendices 

Appendix 0: Reagents for antioxidant assays 

Appendix 01: Acetate buffer: 300 mM, pH 3.6 in 1 litre 

3.1 g sodium acetate.3H20 

16 ml glacial acetic acid 

ddH20 was added to a litre and stored at 4°C 

Appendix 02: PBS, pH 7.4 in 1 litre 

137mMNaCI 

2.7mMKCl 

10mMNaHP04 

2mMKH2P04 
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Appendices 

Appendix P: Ferrous sulfate calibration curve 
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R2 = 0.9977 
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0.25 0.3 

Concentration response curve for ferrous sulfate standard with the absorbance 

measured at 593 run. The experiment was run in triplicate ± SD. 

134 



Appendices 

Appendix Q: Gallic acid calibration curve 
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Concentration response curve for gallic acid standard with the absorbance measured 

at 765 nm. All data are shown as means ± SD. The experiment was run in triplicate. 
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Appendices 

Appendix R: Total recovery of plant extracts 

Phenolic compounds were extracted from twenty-five different plants representing 

fourteen families, twenty-one genus and twenty-four species for using 80% methanol 

Plant family Plant species mg dry weight recovered/ml 

Euphorbiaceae Jatropha capensis 246.67 

Ebenaceae Euclea undulata 226.62 

Celastraceae May tenus heterophylla 188.33 

Boraginaceae Ehretia rigida 180.00 

Euphorbiaceae Euphorbia bothae 176.67 

Asteraceae Brachylaena ilicifolia 176.67 

Asparagaceae Protasparagus suaveolens 170.00 

Apocynaceae Carissa haematocarpa 149.50 

Portulacaceae Portulacaria afra 146.67 

Fabaceae Schortia afra 137.58 

Solanaceae L ycium ferocissimum 134.30 

Celastraceae May tenus capitata 133.33 

Asparagaceae Protasparagus crassicladus 133.33 

Bignoniaceae Rhygozum obovatum 133.33 

Capparaceae Capparis sepiaria 133.33 

Asparagaceae Protasparagus africanus 133.33 

Salvadoraceae Azima tetracantha 133.33 

Apocynaceae Carissa bispinosa 130.33 

Celastraceae Putterliclda pyracantha 125.00 

Anacardiaceae Ozoroa mucrunata 103.33 

Anacardiaceae Rhus pterota 100.00 

Asteraceae Tarchonanthus camphoratus 97.33 

Euphorbiaceae Phyllanthus verrucosus 63.33 

Plumbaginaceae Plumbago auriculata 56.67 

Tiliaceae Grewia robusta 50.67 

Values are the total amount of dry plant material recovered/amount of the initial 
volume used for extraction. Working solutions of 1 mg/ml of each plant extract were 
prepared and analyzed for antioxidant activities and total phenolic content. ,,"RHOllES .~ 
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