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Pentanisia är en Afrikansk ört och tillhör kaffefamiljen Rubiaceae. Det har gjorts stora 
revisioner där Pentanisia ingått, och där har det varit oklart om Pentanisia angustifolia och 
Pentanisia prunelloides varit separata arter eller en variabel art. Dessa två arter växer bara i 
Sydafrika och kallas ibland för Sydafrika komplexet. 
 
För att ta reda på om Sydafrika komplexet består av en eller två arter gjordes en DNA-analys. 
DNA används ofta för att utreda släktskap, men det är ganska nyligen som man börjat 
använda molekylära markörer (kända gensekvenser) på artnivå. Svårigheten med genetiska 
studier på artnivå ligger i att sekvenserna ser så lika ut att det blir relativt få informativa 
karaktärer. 
 
Jag använde tre molekylära markörer som visat sig användbara på artnivå; trnT-F, rps16 och 
rpl16. Jag tog själv fram sekvenserna för rpl16 från torkat växtmaterial av varierande ålder. 
 
Sekvenserna analyserades med hjälp av ett datorprogram som heter Paup (Swofford, D.L. 
1998. PAUP*. Phylogenetic Analysis Using Parismony (*and other methods). Version 4. 
Sinauer Associates, Sunderland, Massachusetts.). Programmet genererar ett släktskapsträd, en 
fylogeni, som visar hur arterna är besläktade med varandra enligt de markörer som använts.  
 
Det resulterande trädet visade att det finns en tendens till att Pentanisia angustifolia och 
Pentanisia prunelloides är två olika arter, men stödet var så lågt att det behövs mer data för att 
kunna säkerställa resultatet. 
 
Även morfologiska karaktärer, dvs egenskaper som syns på blomman när man studerar den, 
studerades. Enligt de morfologiska karaktärerna finns det stöd för att arterna är två olika. Det 
var lätt att skilja dem åt då Pentanisia angustifolia har långsmala, lanceolata, släta blad. 
Pentanisia prunelloides har håriga, nästan ludna, breda och ganska runda blad. 
 
En annan intressant upptäckt var att två exemplar av Pentanisia ouranogyne, en från Kenya 
och en från Somalia, inte satt tillsammans på trädet. Istället grupperade sig den somaliska 
Pentanisia ouranogyne med 100% säkerhet med Pentanisia longituba (också från Somalia). 
Det vore intressant att följa upp med ytterligare studier. 
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ABSTRACT 
 
The African genus Pentanisia (Rubiaceae) was cladistically analysed using three molecular markers (rps16, 
rpl16 and TrnT-F), 9 morphological characters and simple indelcoding. In pervious revisions (Verdcourt, 1952, 
1976, 1989 and Puff and Robbrecht, 1989) there has been some unclarities regarding the South African 
Pentanisia species. The question was if P. prunelloides and P. angustifolia are separate species or merely one 
variable species. My results show a tendency towards the species being separate, but more data is needed to get a 
definite answer.  
 
INTRODUCTION 
 
Pentanisia is a genus with a mainly African distribution, belonging to the family Rubiaceae 
(subfamily Rubioideae, tribe Knoxieae (Andersson & Rova, 1999; Kårehed & Bremer, in 
press)). Rubiaceae is, with more than 10 000 species, the fourth largest plant family in the 
world (following Asteraceae, Orchidaceae and Fabaceae) and can be found almost 
everywhere, though the main distribution is tropical. Most members of Rubiaceae are trees 
and shrubs, but herbs are also present such as Galium, a plant we commonly see in Sweden, 
and Pentanisia (Bremer, Bremer and Thulin, 2000). 
 
All members of Rubiaceae are easily recognizable by the opposite leaves, interpetiolar 
stipules and epigynous flowers. Many plants within Rubiaceae contain alkaloids, such as 
coffee (Coffea) with the alkaloid caffeine and Cinchona the bark of which contains quinine, a 
substance effective against malaria (Bremer, Bremer and Thulin, 2000). 
 
Pentanisia consists of herbs, subshrubs and shrublets. The leaves are sessile or shortly 
petiolate, the stipules are fimbriate and united with the petiole at the base. The flowers are 
heterostylous, and usually borne in few- to manyflowered terminal capitate inflorescences. 
The calyx-lobes are mostly 5, some of which are enlarged and more or less leaf-like, the rest 
are small or obsolete. The corolla tubes are narrowly cylindrical, hairy at the throat, with 
mostly 5 lobes and valvate in bud. The ovary is 2-5 celled, each cell with one ovule attached 
close to the apex. The style is filiform and the stigma is divided into 2-5 filiform lobes. The 
fruit is dry or fleshy, globular or ovoid, slightly lobed, indehiscent or breaking up into 
mericarps. The seeds are flattened. (Verdcourt, 1952 and Thulin, 2006)  
 
Pentanisia is found in tropical Africa down to South Africa and has, in addition, one species 
endemic to Madagascar and four species endemic to Somalia. 
 
Verdcourt (1952, 1976, 1989) recognized 16 species of Pentanisia. One of those (Pentanisia 
parviflora) has been transferred to Paraknoxia, which leaves 15 species of Pentanisia. In 
South Africa there are three species, but four taxa; Pentanisia angustifolia (Hochst.), 
Pentanisia prunelloides (Klotzsch ex Eckl. & Zeyh.) Walp subsp. prunelloides, Pentanisia 
prunelloides (Klotzsch ex Eckl. & Zeyh.) Walp subsp. latifolia (Hochst.) Verdcourt (Fabian 
and Germishuizen, 1997) and Pentanisia sykesii Hutchinson (Retief and Leistner, 2000). 
 
The genus Pentanisia has undergone extensive study by Verdcourt (1952, 1976, 1989) and 
Puff and Robbrecht (1989). Table 1 illustrates the differences between Verdcourt’s and Puff 
and Robbrecht’s classifications. The taxonomic placement of the genus based on 
morphological characters; Rubiaceae-Anthirheoideae-Knoxieae (Puff and Robbrecht, 1989) 
was however not consistent with molecular data; Rubiaceae-Rubioideae-Knoxieae 
(Andersson & Rova, 1999; Kårehed & Bremer, in press). A molecular study at species level 
has not yet been conducted and might similarly reveal new patterns of relationships within 
Pentanisia.  
 



In his revision Verdcourt (1952) pointed out Pentanisia as an interesting group to perform 
genetic studies on. He proposed this because he found the South African Pentanisia-complex 
especially variable. A genetic study might shed some light on which characters that best 
define the different species. The characters Verdcourt himself put emphasis on were 1) the 
ratio of the length and the width of the leaves 2) the type of inflorescence (terminal or 
axillary) 3) hairiness (of leaves and stem) and 4) habit (erect or prostrate). 
 
Systematics have during recent years experienced a revolution as tools and techniques for 
molecular analyses have developed in a fast pace. The development is ongoing, our 
understanding for the driving evolutionary mechanisms of evolution is increasing and our 
methods of analyses become more accurate and reliable. Molecular systematics is shifting its 
focus onto lower taxonomic levels, within families and genera, and chloroplast DNA 
sequences of group II introns have contributed considerably to that development (Kelchner, 
2002). In this study I use two chloroplast group II introns, rps16 and rpl16. The third intron, 
from the trnL-gene, being used in this study is the only group I intron found in plastomes 
(Kelchner, 2002). 
 
 
Table 1. Comparison of Verdcourt’s (1952, additions 1982) classification (left) of Pentanisia with Puff and 
Robbrecht’s (1989) classification (right).The main criteria för their classifications are indicated by the following 
abbreviations: habit: A annual, W perennial; inflorescence position: T terminal, P pseudo axillary; number of 
ovary cells: 2-5; fruit: M dehiscent into mericarps, TD tardily dehiscent, ID indehiscent (plurilocular endocarps); 
*: section further defined by procumbent habit and minute leaves. The table is taken from Puff and Robbrecht 
(1989; their table 4). 
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Introns were previously viewed as trash-DNA since they are non-coding. That view has 
changed and it is now clear that introns too have evolutionary constraints. Introns have one 
primary function and that is to remove themselves from the pre-mRNA transcript and then 
join the exons together again. If an intron is mutated or damaged so it is incapable of 
performing these splicing reactions, then the gene where the intron is located cannot be 
expressed (Kelchner, 2002). The defective intron, and thus the organism carrying that intron, 
should be selected against in much the same way as if the coding part of the gene were 
defective. 
 
This study aims to answer some questions based on Verdcourt’s (1952) revision: Are there 
three distinct species of Pentanisia in South Africa or are P. angustifolia and P. prunelloides 
merely one variable species? In other words, how many species of Pentanisia are there, 
according to molecular data, in South Africa? How well do molecular data correspond to 
morphological data? 
 
Given that there are more than one species in South Africa it would also be interesting to 
investigate how they relate to other Pentanisia species. Are the South African species more 
related to each other or are any of them more related to species located elsewhere in Africa? 
 
 
MATERIAL AND METHODS 
 
Molecular data - This study was performed using molecular markers with comparatively fast 
substitution rates since it may otherwise be hard to get any informative data at species level. 
DNA sequences from trnT-F, rps16 and rpl16 were used. New sequences for rpl16 were 
produced for 14 taxa (Appendix B), all other sequences used were obtained from Bremer 
(Bremer's lab, unpublished data). 
 
All DNA were extracted from leaves, either silicagel dried or from herbarium specimens of 
varying age. DNA was extracted using the mini-Beadbeater 3110BX protocol, the resulting 
total-DNA was then purified using Quickspin. The rpl16 genesequence was amplified with 
PCR1 (55D35 or if that didn’t work, 55D37). The PCR-products were purified from remnant 
enzymes and other reaction components by diluting with DDH2O and then vacuum-sucking 
the PCR-product through a membrane where only the large DNA molecules were caught. The 
products were then amplified again (PCR program 30) and subsequently precipitated with 
EtOH. The final product was processed in MEGAbase which yielded a spectrogram as a 
computer file. 
 
The spectrograms for the forward and reverse sequences were synchronized, corrected and 
then merged into one sequence. Before the sequences could be analysed they were initially 
aligned with the program Clustal X (Thompson et al., 1997) and subsequently modified by 
eye.  
 
Cladistic procedures - The cladistic analyses were performed by PAUP* (Swofford, 1998). 
Branch and bound analyses, which guarantees to find the most parsimonious tree(s), were 
performed with the sequences of all the data sets combined. All the three molecular markers 
were not available for a few taxa, but rather than omitting them from the analysis I inserted 
missing data to the alignment on the positions where that sequence should have been.  
 

                                                 
1 Polymerase Chain Reaction 



Potentially phylogenetically informative indelregions were coded with simpel indel coding as 
described by Simmons and Ochoterena (2000), and was performed by the program SeqState 
developed by Müller (2005).  
 
The choice of outgroup, Pentas bussei and Otomeria oculata, is based on the results of 
Kårehed & Bremer (in press). 
 
Morphological data - All the herbaria material available on Pentanisia in UPS and Stockholm 
was examined, and attempts to sequence them was also made. However many of them failed, 
probably mainly due to the material being too old for successful DNA extraction. 
 
I chose to study the following morphological characters, based on Verdcourts (1952, 1982) 
morphological classification of Pentanisia:  1. Inflorescence position, 2. Number of ovary 
cells, 3. Type of Fruits, 4. Pubescence of leaves, 5. Pubescence of stems, 6. Leaf attachment, 
7. Branching, 8. Length of Corolla tube and 9. Leaf length/width ratio. The last character is 
the one used in floral keys to differentiate between Pentanisia prunelloides and Pentanisia 
angustifolia, the two species in South Africa that are particularly hard to separate.  
 
Mac Clade was used to optimize the morphological characters on the tree (see fig 2-11). 
 
 
RESULTS 
 
The single most parsimonious tree from the analysis of the combined molecular matrix is 
shown in fig. 1, together with bootstrap support values in percentage. Values below 50% are 
not displayed. Treelength 13, CI: 0,54, RI: 0,73. 
 
The Pentanisia species form a clade separate from the outgroup with 97% support. 
 
The South African species form one clade with 98% support. Within that clade Pentanisia 
sykesii is separated from P. prunelloides and P. angustifolia with 100% support. There is 
however very weak (56%) support for P. prunelloides and P. angustifolia being separate 
species. 
 
P. microphylla groups with the rest of the Somalian species and the Kenyan P. ouranogyne, 
but the support is not very strong (63%). 
 
P. calcicola groups with the Somalian P. longituba, P. ouranogyne, P. longepedunculata and 
the Kenyan P. ouranogyne (78%). 
 
P. longituba and the Kenyan P. ouranogyne are sister taxa with 100% support, whereas the 
support for the Somali P. ouranogyne and P. longepedunculata being sister taxa is very low 
(54%). 
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Fig. 1 The single most parsimonious tree from the combined molecular matrix. Numbers are bootstrap support 
values in percentage. The vertical bar indicates the South Africa complex. 
 
 
 
 
 
 
 
 
 
 
 
 

P. longepedunculata

P. calcicola 

P. microphylla
P. sykesii  

P. angustifolia 

P. angustifolia 

P. angustifolia 

P. prunelloides 

P. prunelloides 

P. prunelloides 



The morphological characters were traced on the most parsimonious tree to visualize if they 
are useful informative characters. Figure 2 shows the inflorescence position of the different 
taxa. The black branches represent taxa with axillary inflorescences, white branches represent 
taxa with terminal inflorescences and striped branches indicate missing data. 
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Fig. 2 Inflorescence position. The black branches represent taxa with axillary inflorescences, white branches 
represent taxa with terminal inflorescences and striped branches indicate missing data. 
 
 
 
 
 
 
 
 
 
 
 



In figure 3 the taxa are divided into the ones that have two ovary cells (white branches), and 
the ones that have more than two ovary cells (black branches). Striped branches indicate 
missing data. The figure shows that Pentanisia microphylla has lost ovary cells so that it has 
only two, the same has happened in the South Africa complex. 
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Fig. 3 Number of ovary cells. Black branches represent more than two ovary cells, white branches represent two 
ovary cells and striped branches indicate missing data. 
 
 
 
 
 
 
 
 
 
 
 



In figure 4 we see that the South African species have indehiscent fruits (white branches) and 
the rest of the Pentanisia species have dehiscent fruits (black branches). 
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Fig. 4 Fruit. Black branches represent dehiscent fruits, white branches represent indehiscent fruits and striped 
branches indicate missing data. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 5 shows that leaf pubescence is a common character in Pentanisia. It was lost in P. 
sykesii and P. angustifolia (white branches) and then the phenotype developed again in P. 
prunelloides (black branches). 
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Fig. 5 Leaf pubescence. Black branches represent taxa with pubescent leaves, white branches represent taxa with 
glabrous leaves and striped branches indicate missing data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Stem pubescence is traced on the most parsimonious tree in figure 6. Black branches represent 
taxa with pubescent stems, white branches represent taxa with glabrous stems. The 
pubescence was lost in Pentanisia sykesii and P. angustifolia, then the phenotype developed 
again in P. prunelloides. 
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Fig. 6 Stem pubescence. Black branches represent taxa with pubescent stems, white branches represent taxa with 
glabrous stems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



In figure 7 the taxa with a corolla tube length shorter or equal to 10 mm are represented by 
black branches. Taxa with corollas longer than 10 mm are represented by white branches. 
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Fig. 7 Corolla tube length. Black branches represent corolla lengths less or equal to 10 mm, white branches 
represent corolla lengths longer than 10 mm. 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. 8 Ratio of leaves. Black branches represent taxa with a leaf ratio over 6,35 mm, white 
branches represent taxa with a leaf ratio less or equal to 6,35 mm. Striped branches indicate 
missing data. 
 

 
Fig. 8 Ratio of leaves. Black branches represent taxa with a leaf ratio over 6,35 mm, white branches represent 
taxa with a leaf ratio less or equal to 6,35 mm. Striped branches indicate missing data. 
 
 
DISCUSSION 
 
The result of this molecular study shows that Pentanisia sykesii is distinct from the other 
South African species, whereas there are very weak (56%) support for P. prunelloides and P. 
angustifolia being separate species. This result was anticipated since P. sykesii has fleshy 
fruits and was placed in the subgenus Holocarpa by both Verdcourt (1952) and Puff and 
Robbrecht (1989). Holocarpa is a monophyletic subgenus (Kårehed and Bremer, in press). 
 



An analysis with molecular data alone was also conducted (results not shown) and found no 
resolution regarding Pentanisia prunelloides and Pentanisia angustifolia. After adding 
morphological data there still are not two strong clades representing the two species. The 
characters included in this paper were chosen based on the characters that Verdcourt put 
emphasis on for his classification of Pentanisia, which are also the ones used in floral keys. 
Perhaps studying other characters as well would generate a clearer result. 
 
Differences between P. prunelloides and P. angustifolia (such as leaf pubescence or lack 
thereof and the shape of their leaves) could perhaps be variations within the same species. 
According to these data it is clear that the DNA sequences used in this study are not variable 
enough to show if P. prunelloides and P. angustifolia are to be considered two different 
species. 
 
However, an ecological fact supporting that Pentanisia prunelloides and Pentanisia 
angustifolia are indeed two separate species is their differentiated flowering seasons as 
reported by Massinga et al. (2005). Pentanisia prunelloides starts flowering at the end of 
August and it lasts approximately 6 weeks. Pentanisia angustifolia flowers from early 
January to late February.2 This should minimize geneflow between the two species even if 
they might still be compatible. However some of the material I have studied of P. 
prunelloides and P. angustifolia were collected, in bloom, at the same time. This contradicts 
the observations of Massinga et al (2005). 
 
Verdcourt (1976) reported somewhat overlapping flowering periods, and since that 
information is based on all existing herbaria collections it is probably accurate. Pentanisia are 
pyrophytes, that is a factor that cause Pentanisia species to flower at the same time thus 
creating a possible geneflow between species.  
 
 

 
Fig. 9  Pentanisia prunelloides, note the pubescent leaves and stem. 
 
 

                                                 
2 Massinga et al., 2005 



My personal opinion is that Pentanisia angustifolia and P. prunelloides are two separate 
species. I have studied many, many specimens and do not find them hard to determine. As 
seen in figures 5, 6 and 8 there are some good characters that makes determination simple. P. 
angustifolia is completely glabrous and has elongated, lanceolate leaves. P. prunelloides is 
very pubescent, fresh specimens gives almost a fuzzy impression (see fig 9) and the leaves are 
broadly ovate. 
 
It is interesting to see that the Somali P. ouranogyne appears as sister to P. longituba (100% 
bootstrap support), rather than to the Kenyan P. ouranogyne. However, P. longituba is very 
close to P. ouranogyne, and where they meet hybrids may apparently be formed (Thulin, 
2006). This contradicts the biological species concept, and the question could be raised 
whether these two species are in fact separate species at all. It would be interesting to conduct 
a study similar to this one on the Somali complex. 
 
For the non-somali P. ouranogyne the genesequence of trnT-F is lacking in this study, thus 
there are gaps where that genesequence is present in all the other species. One would think 
that it could be the reason for this result, but removing trnT-F from the analysis all together 
produces the same pattern for the two species of P. ouranogyne (tree not shown). 
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