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Abstract 

The Malagasy genus Carphalea of the coffee family (Rubiaceae) as defined by Kårehed and Bremer 

(2007) consists of six species (C. angulata, C. cloiselii, C. kirondron, C. linearifolia, C. 

madagascariensis and C. pervilleana) of woody shrubs or small trees, and is recognised by its distinctly 

lobed calyces. These authors showed that the genus is paraphyletic with respect to the genus Triainolepis 

based on combined chloroplast (rps16 and trnT-F) and nuclear (ITS) analyses. On the other hand, the ITS 

analysis resolved Carphalea as monophyletic with moderate support. Carphalea linearifolia, 

rediscovered in 2010, has not previously been included in any molecular phylogenetic studies of 

Rubiaceae. This study further investigated the monophyly of the genus Carphalea using sequence data 

from chloroplast (rps16 and trnT-F) and nuclear (ITS and ETS) markers and parsimony and Bayesian 

methods. The newly collected C. linearifolia was also added in the analyses. Carphalea resolved in two 

clades (the Carphalea clade I and II), with Triainolepis as sister to the latter clade. Carphalea linearifolia 

grouped with C. madagascariensis and C. cloiselii in the Carphalea clade I. A new genus needs to be 

described to accommodate the species in the Carphalea clade II. Carphalea should be restricted to 

include only the members of Carphalea clade I. Finally, the conservation status of C. linearifolia was 

assessed using the IUCN criteria as critically endangered. 
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1. Introduction 

1.2 Rubiaceae – The coffee family 

1.2.1 Rubiaceae in a global perspective 

Rubiaceae is the 4th largest angiosperm family (Robbrecht, 1988; Davies et al., 2009) with 

10 900 - 13 500 species, which are classified in 563 - 611 genera (Simpson, 2010), more than 40 

tribes and three subfamilies (Rubioideae, Cinchonoideae and Ixoroideae) (Bremer et al., 1999). It 

occurs in a wide variety of habitats and is mostly pantropical, with only a few members in the 

temperate regions. The highest species diversity is found in the humid tropics (Davis et al,. 

2009), where they grow predominantly in forest understories (Davis & Bridson, 2003). The 

number of species decreases rapidly from the tropics through the subtropics, the temperate areas 

to the poles (Davis et al., 2009). 

1.2.2 Rubiaceae characteristics 

The members of Rubiaceae are mostly trees and shrubs, but can also be lianas and herbs. Most of 

the rubiaceous species are terrestrial, but epiphytic and aquatic species are also known. 

Rubiaceae have simple, opposite, decussate and stipulate leaves with entire margins. The stipules 

have colleters that protect the young shoots by producing mucilaginous compounds. They also 

have fused corollas and typically inferior ovaries (Simpson, 2010; Davis & Bridson, 2003). 

1.2.3 Malagasy Rubiaceae 

In Madagascar, there are about 650 species (in 90 genera) of Rubiaceae, but the figure is thought 

to be much higher (Wikström et al., 2010); it is the second largest flowering plant family present 

(after the Orchid family) and the largest woody plant family there. The members of the family 

represent about eight percent of the Malagasy angiosperm species, and are important components 

of different vegetation types in Madagascar; however, they are mostly common in evergreen and 

humid forests. Endemism is high at both species and genus levels (98% and 30% respectively) 

(Davis & Bridson, 2003). 

1.2.4 Carphalea 

Carphalea, belonging to the tribe Knoxieae in the subfamily Rubioideae, is one of the endemic 

Malagasy genera of Rubiaceae, which was first established in 1789 by Jussieu (type of the genus 

Carphalea madagascariensis Lam.). The genus Carphalea was revised for the first time by Puff 
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(1988), who recognised a total of ten species: six species restricted to Madagascar and four 

species confined to the African mainland. Puff’s (1988) revision was based on morphological, 

anatomical, karyological and palynological data. The monophyly of Carphalea sensu Puff 

(1998) was evaluated by Kårehed and Bremer (2007) as a part of a phylogenetic study of the 

tribe Knoxieae based on combined chloroplast (rps16 and trnT-F) and ITS sequence data. The 

results did not support Carphalea as delimited by Puff (1988) as monophyletic, and as a result, 

the authors restricted the genus to contain only the six Malagasy species, rendering it endemic to 

Madagascar. The African species of Carphalea were transferred back to Dirichletia Klotzsch. 

 

Carphalea as defined by Kårehed and Bremer (2007) comprises Carphalea angulata Baill., 

Carphalea cloiselii Homolle., Carphalea kirondron Baill., Carphalea linearifolia Homolle., 

Carphalea madagascariensis and Carphalea pervilleana Baill. 

 

Carphalea linearifolia has been found in south central-western Madagascar. It was not included 

in any previous molecular studies of Rubiaceae, as it had not been found or collected for almost 

100 years and was thought to be extinct. The only eight old specimens available at P herbarium 

are not suitable for DNA-extraction. The species was re-discovered in 2010 and collected by the 

field botanists of Missouri Botanical Garden in the Makay region, southern Madagascar. 

Unfortunately, no leaf samples preserved in silica gel was collected for this rare species. 

Carphalea angulata occurs only in northern Madagascar while C. kirondron has a much wider 

distribution ranging from northern to southern Madagascar, with the exception of the east coasts 

of Madagascar. Carphalea pervilleana can be found in northwest, west and south-central 

Madagascar and has recently been collected in southwestern Madagascar as well (S. 

Razafimandimbison, pers. com.). Carphalea madagascariensis occurs in the thicket, 

xerophylous forests of the south and southwest Madagascar. Finally, C. cloiselii has its center of 

distribution in the western-southern side and in south-central Madagascar (Puff, 1988). 

 

Carphalea species are typically shrubs (rarely trees, up to 10 m tall) and often occur in the 

secondary vegetation and savanna woodland (Puff, 1988). Puff (1988) reported the presence of 

different growth forms (several to many stemmed shrubs and single stemmed trees) within the 
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same species, which could be due to the effects of fires. Its members are recognised by their 

showy inflorescences with petaloid calyces, typically with five or four lobes (Fig. 1), with the 

exception of C. linearifolia with one sole, enlarged lobe. Carphalea madagascariensis has equal 

lobes, while C. kirondron and C. pervilleana have one lobe that is larger than the other lobes. 

Carphalea angulata has five lobes that differ in size and shape. Finally, the lobes of C. cloiselii 

are not as distinct as in the other species but rather small. Carphalea linearifolia is recognised 

with white calyces; C. madagascariensis and C. cloiselii white to pale pinkish calyces, whereas 

C. kirondron and C. pervilleana have red calyces; calyces are dark pink in C. angulata. The 

corolla tubes are elongated in all species except for C. cloiselii with short, funnel-shaped tubes 

(Puff, 1988). 
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Figure 1 Figure taken from Puff (1988) showing different calyx shapes in Carphalea. A-F: C. angulata; G-H: C. kirondron; I: C. 
pervilleana; J: C. cloiselii; K-L: C. madagascariensis; M: C. linearifolia. 
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1.2.5 Problematics to be addressed in this study 

The present study focuses on the following main issues. Carphalea as defined by Kårehed and 

Bremer (2007) is paraphyletic with respect to the genus Triainolepis based on their combined 

chloroplast/nuclear and combined chloroplast trees. Carphalea was resolved in two clades, one 

containing C. madagascariensis and C. cloiselii and one formed by C. angulata, C. kirondron 

and C. pervilleana. The latter clade is the sister group to the Triainolepis clade meaning that it is 

more closely related to Triainolepis than to the C. madagascariensis-C. cloiselii clade. On the 

other hand, the ITS tree from the same study moderately supported Carphalea as monophyletic 

(BS = 73%; PP = 0.92). Carphalea linearifolia, rediscovered in 2010, has not been included in 

previous molecular genetic studies of Rubiaceae. Therefore, its phylogenetic position within the 

genus remains unknown. 

1.2.6 Objectives of the study 

The present study has three main objectives, 1) to further investigate the monophyly of 

Carphalea as defined by Kårehed and Bremer (2007), and adding an ETS dataset to the 

combined rps16/trnT-F/ITS data used by Kårehed and Bremer (2007); 2) to assess the 

phylogenetic relationships within the genus, in particular pinpointing the phylogenetic position 

of C. linearifolia; and 3) to evaluate the conservation status of C. linearifolia using IUCN criteria 

(IUCN, 2001). 

2. Materials and Methods 

2.1 Field study in Madagascar 
I conducted a two-month field study in the Makay region, Madagascar, to collect new material 

(silica-gel material and voucher specimens) of C. linearifolia. Other Carphalea species occurring 

in the same area were also to be collected. The trip took place in November and December 2012, 

because the species was collected in flower in December 2010. Knowing the geographic 

coordinates of the two specimens of C. linearifolia made in 2010, it was easy to locate the 

species in the mountains of the Makay region. 
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2.2 Taxon sampling and the choice of molecular markers 
A total of 36 specimens, representing 30 species, were included in the study of which 29 were 

used in Kårehed and Bremer (2007) and seven specimens (representing C. linearifolia, C. 

kirondron, C. pervilleana and Triainolepis sp.) were newly added. A list of the species studied 

with their voucher information and GENBANK accession numbers are summarised in Appendix 

1. For the species lacking sequences for any of the markers, sequencing was conducted to get as 

complete datasets for each marker as possible. Markers used in the analyses were the same as in 

Kårehed and Bremer (2007) (rps16, trnT-F and ITS – internal transcribed spacer) with the 

addition of another nuclear marker, ETS – external transcribed spacer. 

 

Hedyotis nigricans and Conostomium quadrangulare were defined as outgroups to root the trees 

except for when the sequencing had not been successful and no sequences obtained. In those 

cases other species were put as outgroup (outgroup for rps16: Conostomium quadrangulare;  

outgroup for ETS: Otomeria elatior; outgroup for ITS: Otiophora lebruniana and Otiophora 

parviflora; outgroup for combined nuclear: Batopedina pulvinellata). 

2.3 Laboratory works 

2.3.1 DNA extraction 

Total DNA was extracted from the leaf fragments of Carphalea kirondron (cl002 and cl003), 

Carphalea pervilleana (cl001, cl004 and cm019), Triainolepis sp. (cm022), Hedyotis nigricans 

(cm023) and Carphalea linearifolia (cm020 and cm021) using the CTAB method as outlined in 

Doyle & Doyle, (1987) and was subsequently purified with QIAquick® PCR-kit (QIAGEN, 

Solna, Sweden/Hilden, Germany) following the instructions provided by the manufacturer.  

Approximately 0,02 grams of dried plant material from each species was added in 2 ml CTAB-

tubes half filled with silica beads and 700 l of CTAB-mixture, at a temperature of 60°C, was 

added (10 ml of CTAB mixed with 20 l of 2-mercaproetanol). Then the tubes were placed, one 

by one, in the bead beater for 40 seconds at 5000 rpm in order to crush the plant material and 

obtain a homogenised solution. The tubes were incubated at 60°C for 30 minutes; every 10th 

minute the tubes were turned upside down a couple of times to mix the solution. Next, the plant 

material was transferred to 1.5 ml tubes and the 2 ml CTAB-tubes rinsed with 200 l of CTAB-
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mix to get as much of the plant material as possible into the new tubes. 700 l of Sewag were 

added to each tube and the tubes were extracted on the shake board for 30 minutes and then spun 

in the centrifuge for 15 min at 10 000 rpm. It made the solution in the tubes separate and the see-

through top layers in the tubes were transferred to other 1.5 ml Eppendorf tubes, one for each 

sample. 100 l of the samples were then put in spin-columns, quickspin tubes. The material left 

in the tubes would later be prepared as the doublets. 500 l of PB was added to each quickspin 

tube which were then centrifuged for one minute at 13 000 rpm. The PB was thrown away and 

750 l of PE added to each tube and the tubes once more centrifuged at 13 000 rpm for one 

minute. After removing the PE the tubes were centrifuged dry for one minute at 13 000 rpm. 

Next, the spin columns were moved to new, marked, 1.5 ml tubes. 50 l of EB was added to 

each spin column and the tubes centrifuged for 2 minutes at 13 000 rpm and then the columns 

thrown away. The DNA samples were now ready for PCR. 

 

The DNA-material that were left in the 1.5 ml Eppendorf tubes (the doublets) were mixed with 

2/3 of their own weight in isopropanol. The right amount isopropanol was calculated by dividing 

2 with 3 (2/3= 0,66666…) and that number multiplied with the weight of the sample (excluding 

the weight of the tube). The weight multiplied with 2/3 is the amount isopropanol in μl to be 

added. The tubes were then centrifuged at 10 000 rpm for 15 minutes to get a solution that 

separated in one liquid phase (isopropanol) and pellets at the bottom of the tube. The liquid 

phase was removed and 750 µl of washing buffer was added to each tube and the tubes incubated 

in room temperature for 20 minutes. After incubation the tubes were centrifuged for 15 minutes 

at 10 000 rpm. Next, the washing buffer was removed from the tubes leaving only the pellets. 

The tubes were left in room temperature to dry. When the pellets were dry 50-150 µl of EB 

buffer was added (10 µM, TrisHcl, pH 8,5) and the tubes put in a fridge overnight for the pellets 

to dissolve in the solution. Once the pellets are fully dissolved, the doublets are ready and can be 

stored in the freezer for future use. 

 

DNA-material was already available in the Rubiaceae DNA-genbank and GENBANK for the 

species used in Kårehed and Bremer (2007) (except Hedyotis nigricans) so extraction of their 

species used in this study was not needed. 
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2.3.2 PCR – DNA amplification 

Polymerase chain reactions (PCR) were run on an Eppendorf® Mastercycler® gradient 

(Bergman & Beving Instrument, Stockholm, Sweden). The 50-µl reactions included 5 µl reaction 

buffer, 5 µl TMACL, 4 µl dNTP, 0.5 µl Paq DNA polymeras (5U/µl), 0.5 µl 5’ primer (20 µM), 

0.5 µl 3’ primer (20 µM), 0.5 µl BSA 1%, 1 µl of DNA templates and 33 µl sterilized H2O. The 

ingredients for the cocktail were kept on ice during the mixing to prevent the reaction to start. 

The cocktail was mixed for as many samples as that were going to be sequenced and then 

transferred to PCR-tubes where the DNA also was added. The sequences, primers and references 

are summarised in Table 1. 

 

Table 1. Sequences, primers and references used in this study. 

DNA region Primer Sequence 5’-3’ Reference 

rps16 F GTG GTA GAA AGC AAC GTG CGA CTT Oxelman et al. (1997) 

rps16 2R TCG GGA TCG AAC ATC AAT TGC AAC Oxelman et al. (1997) 

trnT-F C CGA AAT CGG TAG ACG CTA CG Taberlet et al. (1991) 

trnT-F F ATT TGA ACT GGT GAG ACG AG Taberlet et al. (1991) 

trnT-F A1 ACA AAT GCG ATG CTC TAA CC Taberlet et al. (1991) 

trnT-F i CCA ACT CCA TTT GTT AGA AC Bremer et al. (2002) 

ITS Leu1 GTC CAC TGA ACC TTA TCA TTT AG Urbatsch et al. (2000) 

ITS 4R TCC TCC GCT TAT TGA TAA GC White et al. (1990) 

ETS 18sETS ACT TAC ACA TGC ATG GCT TAA TCT Baldwin & Markos 

(1998) 

ETS Hed-ETS TGG WTA GCA CGG TTT GGT TGG A Wiktröm (2013) 

 

The PCR-reaction programs are summarised in Table 2. 

 

Table 2. PCR-reaction programs used in this study. 

 rps16 and trnT-F ITS and ETS 

Initialization 94C - 2 min 30 s 97C - 1 min 

Denaturation 94 - 45 s 97C - 10 s 

Annealing 52 - 1 min 97C - 10 s 

Extension 72 - 1 min 20 s 55 - 30 s, 72 C - 20 s (+4 sec/cycle) 

Final extension 72 - 6 min 72C – 7 min 

Number of cycles 35 40 

Program rps16J AK-ITS 
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2.3.3 Electrophoresis 

The PCR-products were run in agaros gel in the electrophoresis machine to see if the PCR had 

been successful. 1 ml of blue dye was mixed with 3.5 ml of PCR-product and placed in the gel in 

the electrophoresis machine. The voltage was turned on for 30 minutes and then the gel 

examined in the UV-light cabinet. One negative control of each marker containing no DNA was 

also put in the gel as a control for contamination. A DNA- ladder was added to the gel to 

compare the results with. (The DNA-ladder shows how far the different markers should migrate 

and by comparison to the ladder you can see which gene you got.) 

2.3.4 Cleaning of DNA 

The PCR-products and 100 µl distilled H2O were added to each well on a Millipore plate. The 

Millipore plate was put in the vacuum pump for a few minutes until the water had been extracted 

and the filters were dry. Next, 100 µl of distilled H2O was added again and the plate put on the 

shaker for 20 minutes. After the shaker, the plate was placed in the vacuum pump once again to 

remove all the primers and other substances that are small enough to go through the filter. 

Remaining in the wells after the cleaning was only DNA. When the filters were dry again 35 µl 

of distilled H2O was added and the Millipore plate once again put on the shaker for 20 minutes. 

The samples were then transferred to a MicroAmp® Optical 96-well reaction plate and mixed: 2 

l H2O, 3 l DNA, 5 l primer. For the species that got weak bands in the electrophoresis 

machine after the PCR, 5 l of DNA was added and H2O was excluded. Now the samples were 

ready for sequencing. 

2.3.5 DNA Sequencing 

The same primers as used for PCR were used for the sequencing and the samples were sent to 

Macrogen Europe in Amsterdam, the Netherlands, for sequencing. 

2.4 Sequence editing and alignment 
When the sequencing was done the raw sequence data from the Macrogene was edited with the 

Staden, Pregap and Gap 4 computer programs to see whether the sequences were correctly read.  

For each marker, all the edited sequences along with those taken from the Rubiaceae DNA-

genbank, were put together in a matrix and aligned by eye using the program Se-Al v2.0a11 

Carbon. 
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2.5 Phylogenetic analyses  
The matrices were first analysed separately using parsimony methods to detect the presence of 

any strongly conflicting topologies. Then the combined nuclear, combined chloroplast and 

combined chloroplast and nuclear matrices were analysed using both parsimony and Bayesian 

methods. 

2.5.1 Parsimony analyses 

For the parsimony analyses the matrices were performed with the computer program PAUP 

v. 4.0b10 using the following settings: heuristic search; stepwise addition; swap on best only; 

random; reps 100; hold one tree at each step; TBR; save multiple trees; swap on best trees only. 

Uninformative characters were excluded. Because sequencing of some markers was not 

successful for all species, taxa without any sequence for the marker analysed were excluded from 

that particular analysis. 

2.5.2 Bayesian analyses  

A Mr Modeltest was run for each of the data matrices using MrModeltest version 2.2 (Nylander, 

2004) in order to choose the best-fit nucleotide substitution models. The Bayesian analyses were 

performed using MrBayes v. 3.1.2 (Huelsenbeck & Ronquist, 2001). The analyses were 

corrected under the Akaike Information Criterion, AICc (Akaike, 1973), the general time-

reversible model with a gamma distribution (GTRG) was selected as the best-fit substitution 

model by hLRT4 in MrModeltest 2.2 (Nylander, 2004) for all datasets.  Two parallel MCMC 

chains were run for 10 million generations, with a sampling frequency of 1000. The first 50% of 

the sample trees were discarded as burn-in. 

2.5.3 Conservation status assessment 

The sizes of the C. linearifolia populations were estimated by counting the number of individuals 

in each population found during the visit to Makay. Further notes about the habitat of the species 

were taken to evaluate direct threats and imminent dangers. 
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3. Results 

3.1 Field study in Madagascar  
Specimens and silica-gel leaf material were made from two individuals of C. linearifolia from 

Makay. The first individual plant was collected in flower about 50 meters up on a mountain hill, 

on dry, rocky and sandy habitat. On higher elevation of the same mountain, about 150 meters up, 

the second individual plant was collected, also in flower. No other Carphalea species were found 

on the same mountain, but a C. pervilleana with red calyces was collected along a riverbed at 

lower elevation. 

 

A total of five specimens for each individual were made under the same collection number: one 

for the TAN herbarium in Antananarivo, Madagascar, one for the MO herbarium, one for the S 

herbarium in Stockholm, Sweden and two for my own research. Some flowers were preserved in 

70% alcohol for later morphological studies, and leaf fragments were preserved in silica gel for 

later DNA-extraction. No fruits of C. linearifolia were collected in Makay. 

3.2 Determination of species 
The specimens made were compared with the Carphalea specimens at the TAN herbarium in the 

Tsimbazaza Botanical and Zoological Garden, Antananarivo. The identification was confirmed 

with Puff’s (1988) species key. 

3.3 Results from phylogenetic analyses 

3.3.1 Separate parsimony analyses 

The results from the separate analyses are summarised in Table 3. The separate analyses of trnT-

F, ITS and ETS datasets retain the same monophyletic group consisting of all sampled 

Carphalea and Triainolepis species (BS = 80 for trnT-F; BS = 100 for ITS:  BS = 66 for ETS). 

In the rps16 analysis this clade collapsed. In all four trees (not presented), Carphalea is resolved 

in two clades, one (Carphalea clade I) containing C. madagascariensis, C. cloiselii and C. 

linearifolia (BS = 85 for rps16; BS = 100 for trnT-F; BS = 86 for ITS; BS = 72 for ETS) and the 

other (Carphalea clade II) comprising C. angulata, C. kirondron and C. pervilleana (BS = 58 for 

ITS; BS = 54 for ETS). The only exceptions are the rps16 tree, which left C. angulata 

unresolved and the trnT-F tree, which left the Carphalea clade II unresolved. 
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In the ETS tree Carphalea is monophyletic but with poor support (BS < 50). The results from the 

ETS analysis are not considered to contradict the results from the chloroplast and ITS analyses 

because the tree is not resolved. There is also no conflict between the trees from the other 

separate analyses. 

 

Table 3. Summary of results for separate analyses using parsimony methods. 

 rps16 trnT-L ITS ETS 

Tree length 156 324 553 285 

Consistency index (CI) 0,724 0,759 0,559 0,593 

Retention index (RI) 0,816 0,853 0,689 0,691 

Nr. of taxa analysed 34 36 33 28 

Nr. of characters 1217 2422 863 522 

Nr. of parsimony informative characters 97 206 187 110 

 

3.3.2 Combined chloroplast and combined nuclear analyses  

The results from the combined parsimony analyses are summarised in Table 4. The combined 

chloroplast and combined nuclear trees from parsimony analyses and Bayesian analyses all 

resolved the same Carphalea-Triainolepis clade (BS = 100; PP = 1 for the chloroplast tree and 

BS = 100; PP = 0.54 for the nuclear tree) (Fig. 2 and Fig. 3). The Carphalea clade I (BS = 100; 

PP = 1 for the chloroplast tree and BS = 98; PP = 0.91 for the nuclear tree), Carphalea clade II 

(BS = 69; PP = 0.83 for the nuclear tree) and Triainolepis clade (BS = 100; PP = 1 for the 

chloroplast tree; BS = 95; PP = 0.8 for the nuclear tree). In the combined chloroplast tree, C. 

angulata is not resolved in Carphalea clade II but as sister to C. kirondron, C. pervilleana and 

the Triainolepis clade BS = 100; PP = 1). 

 

The paraphyly of Carphalea is supported by the combined chloroplast tree (Fig. 2), while its 

monophyly is moderately supported (BS = 64; PP = 0.58) by the combined nuclear tree (Fig. 3). 

The tree from the combined chloroplast Bayesian analysis is consistent with that from the 

parsimony analysis. I do not consider these results to be in conflict, because the support of the 

monophyletic Carphalea in the nuclear tree is not strong. As a result, I merged the four datasets 

in a large matrix. 
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Figure 2. Phylogenetic tree resulting from the parsimony analysis based on the combined chloroplast data. Numbers at 
branches are bootstrap values followed by posterior probabilities. 
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Figure 3. Phylogenetic tree resulting from the parsimony analysis based on the combined nuclear data. Numbers at branches 
are bootstrap values followed by posterior probabilities. 
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3.3.3 Combined all four markers analyses 

The results from the combined parsimony analysis are summarised in Table 4. The results from 

the combined parsimony analysis and Bayesian analysis including all four markers presented the 

same Carphalea-Triainolepis clade as the other analyses (BS = 100; PP = 1) (Fig. 4). Here as 

well, Carphalea clade I is the sister group to Carphalea clade II and the Triainolepis clade 

(BS = 100; PP = 1). 

 

Carphalea cloiselii and C. linearifolia are sisters (BS = 89; PP = 1) and together they form a 

sister clade to Carphalea madagascariensis (BS = 100; PP = 1), comprising the Carphalea clade 

I. Within Carphalea clade II (BS = 78; PP = 1), C. kirondron and C. pervilleana are sisters 

(BS = 98; PP = 1) and C. angulata is the sister to them (BS = 78; PP = 1). Carphalea clade II 

and the Triainolepis clade are sister groups (BS = 97; PP= 1). In the Triainolepis clade T. 

mandrarensis groups with T. tomentella (BS = 100; PP = 1), which is the sister group to the rest 

of the Triainolepis species (BS = 100; PP = 1) that in turn group in two clades. Triainolepis 

xerophila is the sister to T. arcuata and T. sp. cm022 (BS 79; PP = 0.99); T. arcuata and T. sp. 

cm022 are sisters to each other (BS = 80; PP = 1). The last clade within Triainolepis contains T. 

africana Comoros and T. africana Madagascar (BS = 98; PP = 1). The two clades last mentioned 

are sister groups to each other (BS = 86; PP = 1). 

 

Table 4. Summary of results for combined analyses using parsimony methods. 

 rps16/trnT-F ITS/ETS rps16/trnT-F/ITS/ETS 

# of most parsimonious trees 864 12 4 
Tree length 480 885 1387 
Consistency index (CI) 0,742 0,540 0,603 
Retention index (RI) 0,873 0,649 0,714 
# of taxa analysed 36 35 36 
# of characters 1385 1088 5024 
# of parsimony informative characters 302 297 600 
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Figure 4. Phylogenetic tree resulting from the parsimony analysis based on the combined chloroplast/nuclear data. Numbers 
at branches are bootstrap values followed by posterior probabilities. 

3.4 Carphalea linearifolia 

Carphalea linearifolia was collected in the Makay region in south-central Madagascar. The rain 

season is from November to April with temperatures up to 30º C, and the dry season from May 

to October with temperatures over 30º C. Carphalea linearifolia was found growing on dry, 
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sandy soils and flowers start to blossom in November, most likely after the first rain. The first 

population of C. linearifolia I found in Makay consisted of 50 individuals up to one meter tall. 

On higher elevation, about 100 meters higher, on the top of the mountain, another population 

with 50 individuals up to 50 cm tall was located. 

4. Discussion 

4.1 Paraphyly of Carphalea and its taxonomic implications 

on generic limits of the tribe Knoxieae 
The paraphyly of Carphalea sensu Kårehed and Bremer (2007) is strongly supported by the 

combined nuclear/chloroplast and combined chloroplast trees (BS = 100; PP = 1) (Fig. 2 and Fig. 

4), consistent with the highly supported combined chloroplast/ITS tree of Kårehed and Bremer 

(2007). The poorly to moderately supported monophyly of Carphalea in the combined nuclear 

tree (BS = 64; PP = 0.58) (Fig. 3) is consistent with the moderately supported Malagasy 

Carphalea clade (BS = 73; PP = 0.92) in the ITS tree of Kårehed and Bremer (2007). It is worth 

noting that this Carphalea clade receives poor support (BS < 50) in my ETS tree but collapses 

my ITS tree (results not presented). The difference between my ITS tree and that of Kårehed and 

Bremer (2007) could be due to the fact that they used gap coding; I did not do any gap coding, as 

there were no unambiguous indels. It can be concluded that the highly supported paraphyly of 

Carphalea sensu Kårehed and Bremer (2007) in the combined nuclear/chloroplast and combined 

chloroplast trees (Fig. 2 and Fig. 4) are not contradicted by the combined nuclear tree (Fig. 3).  

There are at least two alternatives to render Carphalea monophyletic; one is to merge 

Triainolepis in Carphalea, which would make this latter genus rather heterogeneous, 

morphologically. Triainolepis has 3-5 lobed stipules, 5-merous (rarely 4-merous) flowers, 

hypocrateriform, pubescent corollas, ovaries with 4-10 locules, 2-3 ovules per locule and 

drupaceous fruits (Bremekamp, 1956; www.mozambiqueflora.com). In contrast, Carphalea has 

stipules with 3-5 linear setae, 5- to 4-merous flowers, narrowly cylindrical corollas (except for in 

C. cloiselii that has narrowly funnel-shaped tubes) pubescent on the inside, ovaries with 2-3 

(rarely 4) locules, 4-6 ovules per locule and dry, indehiscent fruits (Puff, 1988; 

www.mozambiqueflora.com). 
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Moreover, Triainolepis is a well-established genus that has been used in many regional floras 

(e.g., Flora of Rubiaceae of East Africa, Verdcourt 1976; Flora of Rubiaceae of the Seychelles, 

Friedmann, 1994), and therefore, this change would be disruptive for a Rubiaceae genus that is 

firmly rooted in the Rubiaceae literature for over 140 years. 

 

The other scenario is to recognise to the Carphalea clade II at generic level and restrict 

Carphalea to include C. linearifolia, C. cloiselii, and C. madagascariensis (the latter one being 

the type species of the genus). I favour this scenario, as it reflects the taxonomic distinctness of 

the two clades of Carphalea sensu Kårehed and Bremer (2007). 

 

Carphalea madagascariensis, C. cloiselii and C. linearifolia have white to pink-whitish calyces, 

while the other Carphalea have red or dark pink calyces and corollas. Further, the leaves of the 

Carphalea clade I are smaller than the leaves of the Carphalea clade II, and the former is 

restricted to the southern parts of Madagascar and the latter in the north, west and south of the 

island. 

 

Based on the evidence presented a new genus,”Pseudocarphalea inedit”, should be described to 

accommodate C. angulata, C. kirondron, and C. pervilleana. The formal description of this new 

genus will be published elsewhere. 

4.2 Phylogenetic relationships within the newly defined 

Carphalea and Pseudocarphalea 
Carphalea cloiselii and C. linearifolia form a clade that is the sister group to C. 

madagascariensis (Figs. 2-4). These species are characterised by having white or pale pinkish 

calyces and distributed in southern Madagascar. Carphalea cloiselii and C. madagascariensis are 

restricted to southern Madagascar and grow sympatrically. Carphalea linearifolia is only known 

to occur from the Makay region and seems to have been extinct from its type locality in south-

western Madagascar. 

 

Carphalea kirondron and C. pervilleana form a clade that is sister to C. angulata (Figs. 2- 4). 

This clade (Carphalea clade II) is characterised by their red calyces, (C. pervilleana and C. 
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kirondron) or dark pink calyces (C. angulata), and distributed in the north, west and southern 

parts of Madagascar. Carphalea angulata is restricted to the Antsiranana province, whereas C. 

kirondron has a much wider distribution ranging from northern through western to southern 

Madagascar. Finally, C. pervilleana is distributed in western and central-western Madagascar. 

4.3 Remarks on the Carphalea-Pseudocarphalea-

Triainolepis clade 
The Carphalea-Pseudocarphalea-Triainolepis clade is mainly restricted to the western Indian 

Ocean region, but has its center of species diversity in Madagascar. Carphalea and 

Pseudocarphalea only occur in Madagascar, while Triainolepis has a wider geographic 

distribution ranging from the Comoros, the Aldabra Group and to East Africa (Bremekamp, 

1956; Verdcourt, 1976). The species of the Carphalea-Pseudocarphalea-Triainolepis clade are 

woody shrubs or small trees that grow in savannah woodlands and are fire-resistant; therefore 

they are good candidates for conservation purposes. Further, the species of Carphalea and 

Pseudocarphalea with showy flowers have a high potential value for horticulture. 

4.4 Conservation status of C. linearifolia 
The conservation status of C. linearifolia is unknown, as it is only known from a few, old 

specimens and one locality in the Makay region, where I found two populations, each with 50 

individual plants. The species typically grows in the savannah woodland and appears to be 

resistant to fire. However, the fact that it seems to have been extinct in its type locality in south-

western Madagascar suggests that its natural habitat has been reduced and will continue so. As a 

result I consider C. linearifolia to be critically endangered (CR; C2a) (IUCN, 2001). 

5. Conclusions 
The results confirmed a strongly supported paraphyletic Carphalea with respect to Triainolepis. 

Carphalea linearifolia is resolved in the same clade as C. madagascariensis and C. cloiselii 

(Carphalea clade I). I conclude that the genus Carphalea has to be restricted to include only the 

members of Carphalea clade I and a new genus, “Pseudocarphalea”, will be described to 

accommodate the species in the Carphalea clade II (sister to Triainolepis). 
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Finally, the conservation status of C. linearifolia was assessed as critically endangered using 

IUCN criteria. 

6. Acknowledgements 
I would like to thank Birgitta Bremer for financial support and comments on my essay. Next, I 

would like to thank Sylvain Razafimandimbison for supervising my study and for the guidance 

in Madagascar, it would not have been possible without you. I would also like to thank the staff 

at Missouri Botanical Garden, Antananarivo, for support and guidance with a special thank you 

to Sylvie Andriambololonera. Jacky Andriantiana at TAN is thanked for assistance in the field. 
Anbar Khodabandeh is thanked for assistance in the laboratory and Niklas Wikström for 

explaining the computer programs over and over. Another special thank you to Catarina Rydin 

and Clara Eliasson for advice and positive energy. Finally, I would like to thank all my friends 

for help and support during hard times. 

  



 

 

-25- 

7. References 

7.1 Articles and books 
Akaike, H. (1973). Maximum likelihood identification of Gaussian autoregressive moving 

average models. Biometrika. Vol 60. No 2. 255-265. 

 

Baldwin, B. G. & Markos, S. (1998). Phylogenetic utility of the External Transcribed Spacer 

(ETS) of 18S-26S rDNA: Congruence of ETS and ITS trees of Calycadenia (Compositae). 

Molecular phylogenetics and evolution. Vol 10. No 3. 449-463. 

 

Bremekamp, C. E. B. (1956). Monographie des triainolépidées, tribu nouvelle des rubioidées 

(Rubiacées) I-II. Proceedings of the Koninklijke Nederlandse Akademie van Wetenschappen. 

Series C. Biological and medical sciences. Vol 59. 1-21. 

 

Bremer, B., Bremer, K., Heidari, N., Erixon, P., Olmstead, R. G., Anderberg, A. A., Källersjö, 

M. & Barkhordarian, E. (2002). Phylogenetics of asterids based on 3 coding and 3 non-coding 

chloroplast DNA markers and the utility of non-coding DNA at higher taxonomic levels. 

Molecular phylogenetics and evolution. Vol 24. 274–301. 
 

Bremer, B., Jansen, R. K., Oxelman, B., Backlund, M., Lantz, H. & Kim, K-J. (1999). More 

characters for a robust phylogeny-case study from the coffee family (Rubiaceae). Systematic 

biology. Vol 48. No 3. 413-435. 

 

Davis, A. & Bridson, D. 2003. Introduction to the Rubiaceae. The natural history of 

Madagascar, edited by Goodman S.M. & Benstead J.P., 2003. (The university of Chicago). 431-

436. 

 

Davies, A. P., Govaerts, R., Bridson, D. M., Ruhsam, M., Moat, J. & Brummit, N.A. (2009). A 

global assessment of distribution, diversity, endemism, and taxonomic effort in the Rubiaceae. 

Annals of the Missouri Botanical Garden. Vol 96. No 1. 68-78.  

 



 

 

-26- 

Doyle, J. & Doyle, J. L. (1987). Genomic plant DNA preparation from fresh tissue-CTAB 

method. Phytochemical Bulletin. Vol 19. No 11. 

 

Friedmann, F. (1994). Triainolepis. Flore de Seychelles. (Orstrom Editions). 581-583 

 

Huelsenbeck, J. P. & Ronquist, F. (2001). MRBAYES: Bayesian inference of phylogenetic 

trees. Bioinformatics. Vol 17. No 8. 754-755.  

 

Kårehed, J. & Bremer, B. (2007). The systematics of Knoxieae (Rubiaceae): Molecular data and 

their taxonomic consequences. International association for plant taxonomy (IAPT). Vol 56. No 

4. 1051-1076.  

 

Oxelman, B., Lidén, M., & Berglund, D. (1997). Chloroplastrps16 intron phylogeny of the 

tribeSileneae (Caryophyllaceae). Plant Systematics and Evolution. Vol 206. No 1-4. 393-410.  

 

Puff, C. (1988). Observations on Carphalea Juss. (Rubiaceae, Hedyotideae), with particular 

reference to the Madagascan taxa and its taxonomic position. Bulletin du Jardin botanique 

national de Belgique / Bulletin van de National Plantentuin van België. Vol 58. No 3/4. 271-323. 

 

Robbrecht, E. (1988). Tropical woody Rubiaceae. Opera botanica Belgica. 1st edn. 272. 

 

Simpson, M. G. (2010). Diversity and classification of flowering plants: Eudicots. Plant 

systematics. 2nd edn. (Elseiver inc.) 397-400.   

 

Taberlet, P., Gielly, L., Pautou, G. & Bouvet, J. (1991). Universal primers for amplification of 

three non-coding regions of chloroplast DNA. Plant molecular biology. Vol 17. No 5. 1105-

1109. 

 

Urbatsch, L.E., Baldwin, B.G., Donoghue, M.J., (2000). Phylogeny of the Coneflowers and 

Relatives (Heliantheae: Asteraceae) Based on Nuclear rDNA Internal Transcribed Spacer (ITS) 

and Chloroplast DNA Restriction Site Data. Systematic Botany 25: 539-565. 



 

 

-27- 

 

Verdcourt, B. (1976). Rubiaceae (Part 1). Flora of tropical east Africa. (The eastern African 

community) 149-151.  

 

White, T.J., Bruns, T., Lee, S. & Taylor, J. (1990). Amplifications and direct sequencing of 

fungal ribosomal RNA genes for phylogenetics. PCR protocol: A Guide to Methods and 

Applications. (Academic Press, London). 315-322. 

 

Wikström, N., Avino, M., Razafimandimbison, S. G. & Bremer, B. (2010). Historical 

biogeography of the coffee family (Rubiaceae, Gentianales) in Madagascar: case studies from 

the tribes Knoxieae, Naucleeae, Paederieae and Vanguerieae. Journal of Biogeography. Vol 37. 

No 6. 1094-1113. 

7.2 Webpages 
International Union for Conservation of Nature: www.IUCN.org (2013-05-20) 

Mozambique Flora: www.mozambiqueflora.com (2013-05-20) 

Sonnerat: www.sonnerat.com (2013-05-20) 

Genbank: http://www.ncbi.nlm.nih.gov/genbank/ (2012-09-24) 

7.3 Software 
Nylander, J.A.A. (2004). MrModeltest 2.2. Program distributed by the author. Evolutionary 

Biology Centre, Uppsala University. 

7.4 Other 
Primer for ETS (hed-ETS) recieved from Niklas Wikström. Botanical Institution. Department of 

plant systematics. Stockholm University. (2013). 

  

http://www.iucn.org/
http://www.mozambiqueflora.com/
http://www.sonnerat.com/
http://www.ncbi.nlm.nih.gov/genbank/


 

 

-28- 

8. Appendix 1 

8.1 Genbank sequences 
Species names and accession numbers in the EMBL/Genbank archives for the sequences used in 

the molecular analyses listed. Species, voucher specimen, accession number: rpsl6, trnT-F, ITS.  

 

Batopedina pulvinellata, E. Robbrecht, Malaisse 7695 (UPS), AM266813, AM266902, 

AM266989; Carphalea angulata, Baill., Gautier 4455 (TEF), AM266815, AM266904, 

AM266991; Carphalea cloiselii Homolle, ATH 434 (TAN), AM266816, AM266905, 

AM266992; Carphalea kirondron Baill, Thulin & al. 10390 (UPS), AM266818, AM266907, 

AM266994; Carphalea madagascariensis Lam, Razafimandimbison 524 (UPS), AM266819, 

AM266908, AM266995; Carphalea pervilleana Baill, Razafimandimbison 544 (UPS), 

AM266821, AM266910, AM266997; Knoxia manika Verdcourt, C. Puff & E. Robbrecht, 

Schaijes 3339 (BR), AM266825, AM266914, AM267001; Knoxia platycarpa Arn, Lundqvist 

11302 (UPS), AM266826, AM266915, AM267002; Otiophora lebruniana Bamps, E. Robbrecht 

& C. Puff, Reekmanns 10118 (UPS), AM266833, AM266922, AM267009; Otiophora parviflora 

Verdcourt, Cholocholo, Nurmi & Steiner 76 (UPS), AM266835, AM266924, AM267011; 

Otomeria elatior Iwarson & Ryding 883 (UPS). AM266842, AM266930, AM267017; 

Parapentas setigera Verdcourt, Leeuwenberg 3722 (L), AM266848, AM266936, AM267022; 

Paratriaina xerophila Bremek, Razafimandimbison & Bremer 489 (UPS), AM266850, 

AM266938, AM267024; Pentanisia microphylla Chiov, Thulin & al. 9206 (UPS), AM266857, 

AM266945, AM267030; Pentanisia prunelloides Klotzsch, Eckl. & Zeyh. Walp, Bremer & al. 

4275 (UPS), AM266860, AM266948, AM267033; Pentas bussei Krause, Luke 8319 (UPS), 

AM266866, AM266954, AM267039; Pentas hindsioides K. Schum, Iversen, Poes & Temu 

85101 (UPS), AM266872, AM266960, -; Pentas longituba K. Schum. Ex Engl, Bremer 3094 

(UPS), AM266878, AM266965, AM267050; Pentas pauciflora Baker, Thulin 10898 (UPS), 

AM266883, AM266970, AM267055; Pentas pubiflora S. Moore, Luke 8917 (UPS), AM266885, 

AM266971, AM267056; Triainolepis africana Hook, f, Kenya, AF129276a, -, -; Triainolepis 

africana Hook, f, Kårehed, Razafimandimbison & Bremer 235, Madagascar (UPS), AM266896, 

AM266982, AM267066; Triainolepis africana Hook, f, Razafimandimbison 443, Madagascar 

(UPS), AM266897, AM266983, AM267067; Triainolepis africana Hook, f, Barthelat & Sifari 
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235, Comoros (P), AM266898, AM266984, -; Triainolepis arcuata (Dubard & Drop) Bremek, 

Razafimandimbison 552 (UPS), AM266895, AM266981, AM267065; Triainolepis 

mandrarensis Homolle ex Bremek, Razafimandimbison 521 (UPS), AM266899, AM266985, 

AM267068; Triainolepis tomentella Bremek, Razafimandimbison 538 (UPS), AM266900, 

AM266986, AM267069 

 

Outgroup: 

Conostomium quadrangulare (Rendle) Cufod, Tweedie 2477 (S), AM266812, AM266988, - 


