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INTRODUCTION

Over the past 11 years many small tribes (e.g., Danaid-
eae, Bremer & Manen, 2000; Hymenodictyeae, Razafiman-
dimbison & Bremer, 2001; Mitchelleae, Razafimandimbison 
& al., 2008; Aleisanthieae, Mouly & al., 2009) in the coffee 
family (Rubiaceae) have been described based on molecular 
phylogenetic studies. These are tribes that accommodate rela-
tively small problematic genera traditionally associated with 
different tribes and/or subfamilies. This study focuses on the 
Madagascar-centered tribe Danaideae, which belongs to the 
species-rich Spermacoceae alliance of subfamily Rubioideae 
(Bremer & Manen, 2000; Robbrecht & Manen, 2006; Rydin 
& al., 2009b).

Danaideae as delimited by Bremer & Manen (2000) con-
sists of three genera: Danais Comm. ex Vent. (31 spp., The 
Plant List, 2010; Govaerts & al., 2011), Payera Baill. (10 spp., 
Buchner & Puff, 1993), and Schismatoclada Baker (19 spp., 
Buchner & Puff, 1993). The tribe is distributed almost entirely 
in the Western Indian Ocean region, but has its center of spe-
cies diversity in Madagascar. Both Payera and Schismatoclada 

are endemic to Madagascar (Schatz, 2000), while Danais is 
mostly Malagasy, with one endemic species each in East Africa 
(D. xanthorrhoea (K. Schum.) Bremek.), Mauritius (D. sulcata 
Pers.), Rodrigues (D. corymbosa Balf. f.), and the Comoros 
(D. comorensis Drake). Danais humblotii Homolle occurs both 
in Madagascar and the Comores, while Danais fragrans (Lam.) 
Pers. is found in Madagascar and the Mascarenes.

Close relationships between Danais, Payera, Schismato-
clada, and the Malagasy monotypic genus Coursiana Homolle 
(Homolle, 1942) were postulated by J.-F. Leroy (a former cura-
tor at P herbarium). However, Leroy never published his find-
ings, but instead made notes on herbarium sheets at the Paris 
herbarium; these notes showed his intention to merge these 
genera in Danais. The genera included in Danaideae today were 
traditionally associated with different tribes in subfamilies 
Cinchonoideae and Rubioideae (see Buchner & Puff, 1993 for 
an overview of the taxonomic history of the four genera). Cour-
siana was decribed by Homolle (1942), although it was Cavaco 
(1968) who validly described it with the species C. homolleana 
Cavaco. Homolle’s genus was initially placed in subtribe Cin-
choninae of tribe Cinchoneae, a position accepted by Robbrecht 
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(1988). However, this taxonomic decision was rejected by 
Bremekamp (1952, 1966), Verdcourt (1958), and Andersson 
& Persson (1991), who suggested a transfer to tribe Hedyotideae 
(now synonymous with tribe Spermacoceae). The morphologi-
cal study by Buchner & Puff (1993) confirmed the close affini-
ties between Coursiana, Danais, Payera, and Schismatoclada. 
The authors presented a combination of morphological char-
acters that hold these genera together as a group, which was 
named the Danais-Schismatoclada-Payera genus complex, 
merging Coursiana in Payera. However, no potential morpho-
logical synapomorphy for the group was proposed. A distinct 
character separating the genera is growth habit; the members of 
Danais are lianescent, while both Payera and Schismatoclada 
are arborescent. Other characters suggested are the dehiscence 
of the capsular fruits: capsular fruits in Danais and Payera have 
loculicidal dehiscence, whereas those of Schismatoclada are 
septicidal (Buchner & Puff, 1993); aestivation of corolla lobes 
(Danais and Schismatoclada valvate-reduplicate but valvate 
in Payera, Buchner & Puff, 1993). Another character often 
used for separating Payera from Schismatoclada is the pres-
ence of conspicuous bracts subtending the inflorescence in 
Payera (Schatz, 2001). Buchner & Puff (1993) proposed new 
circumscriptions of Payera and Schismatoclada based mainly 
on the type of fruit dehiscence and aestivation of corolla lobes; 
accordingly, they transferred several species of Schismatoclada 
to Payera and merged the Malagasy monotypic genus Cour-
siana in Payera.

The monophyly of the genera Danais (sensu Puff & Buch-
ner, 1994), Payera and Schismatoclada (both sensu Buchner 
& Puff, 1993) has not been tested thoroughly, as Payera has 
never been included in any molecular phylogenetic study. In 
Bremer & Manen (2000), the sampled Danais and Schismato-
clada formed a monophyletic group; this sister-group relation-
ship was further confirmed by Rydin & al. (2009b), who inves-
tigated five and four species of Danais and Schismatoclada, 
respectively. Therefore, the phylogenetic relationships between 
the three genera have not yet been investigated. The present 
study is the first molecular study to investigate all three genera.

In their revision of Danais, Puff & Buchner (1994) recog-
nized an informal group of closely related species, the “micro-
carpa” group, which consists of D. microcarpa Baker, D. ver-
ticillata Baker, and D. rhamnifolia Baker and is characterized 
by mainly terminal inflorescences, small flowers, small fruits, 
and small seeds. The East African species D. xanthorrhoea was 
postulated to be closely related to D. rhamnifolia by Breme-
kamp (1966). Puff & Buchner (1993) also suggested close re-
lationships between D. coronata (Pers.) Steud., D. volubilis 
Baker, and D. sulcata (hereafter called the “coronata” group), 
which is characterized by having axillary inflorecences, elon-
gated calyx lobes, large fruits, and large seeds. The monophyly 
of these two groups has yet to be assessed with molecular data.

The main objectives of this investigation were to phyloge-
netically study the tribe Danaideae to test: (1) the monophyly of 
the tribe Danaideae, (2) its generic limits, and (3) the relation-
ships between the species of the tribe. Hopefully, the findings 
of this study should shed light on the colonization history of 
Danaideae in the Western Indian Ocean region.

MATERIALS AND METHODS

Taxon sampling. — A total of 66 accessions were investi-
gated (Appendix), of which 51 were from Danaideae, 7 from the 
Spermacoceae alliance, and 7 from the Psychotrieae alliance 
(see Appendix). The sampled Danaideae were represented by 
19 accessions of Danais, 17 of Payera (Coursiana included), 
and 15 of Schismatoclada. Coussarea hydangeifolia from tribe 
Coussareae of subfamily Rubioideae was chosen as outgroup to 
root the trees. Our sampling covered the entire geographic range 
of the three Danaideae genera, with the exception of D. corym-
bosa from Rodrigues. This latter species appears to have gone 
extinct (C. Baider, pers. comm.). The species including the types 
of Danais (D. fragrans) and Schismatoclada (S. psychotrioides 
Baker) were included in the analyses. However, the type spe-
cies of Payera (P. conspicua Baill.) was not investigated due 
to lack of sequenceable material. Several specimens included 
in our study could not be identified at species level despite us-
ing the available keys for the three genera (Cavaco, 1964; Puff 
& Buchner, 1994) and checking against the protologues. Some 
of these species are potentially new to science.

DNA extraction, amplification, and sequencing. — Total 
DNA was extracted from dried leaf material preserved in silica 
gel (Chase & Hills, 1991). DNA extraction and amplification 
were made according to protocols outlined in Kårehed & Bremer 
(2007), except for the amplification of petD (Kårehed & al., 
2008). Sequence data from one nuclear DNA (nrITS) and four 
chloroplast (petD, psbA-trnH, rpl32-trnLUAG, rps16) regions 
were utilized. The primers used in this study are summarized 
in Table 1. Sequences were assembled using Staden programs 
v.1.5 preGAP and GAP4 (Staden, 1996). Alignments were made 
manually in the Se-Al v.2.0a11 program (Rambaut, 2002). The 
criteria outlined in Oxelman & al. (1997) were applied in case 
of insertion or deletion events in the alignment.

Phylogenetic analyses. — Each dataset was analyzed 
separately to detect any strongly supported topological con-
flict. No hard incongruences were found and the datasets were 
combined. Both maximum parsimony (PAUP* v.4.0B10, Swof-
ford, 2003) and Bayesian analyses (MrBayes v.3.1, Huelsen-
beck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) were 
performed for the separate as well as the combined datasets. 
For the parsimony analyses we utilized the following settings: 
heuristic search, tree bisection-reconnection branch swapping, 
1000 random sequence addition replicates and a maximum 
limit of 10 trees saved per replicate. The same settings were 
used for calculating bootstrap support except for the use of 3 
instead of 1000 random sequence addition replicates. In the 
Bayesian analysis the best model under the corrected Akaike 
information criterion, AICc (Akaike, 1973; Sugiura, 1978) was 
chosen using the program MrAIC v.1.4.2 (Nylander, 2004). 
Each analysis included two parallel runs of four MCMC chains 
over 50 × 106 generations, with every 1000 generation sampled. 
The standard deviation of split frequencies between the two 
runs was below 0.01 and the potential scale-reducing factor 
(PSRF) was 1 for all parameters. The first 25% of the sampled 
trees were discarded as burn-in. The datasets were analyzed di-
vided in partitions to enable each region to be assigned its best 
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fitting evolutionary model. In one analysis each gene region 
was considered as an individual partition and the partitions 
were unlinked. In another the datasets were divided in two 
partitions, the chloroplast regions were regarded as one and 
nrITS the other. The same procedures were carried out for three 
additional analyses, to detect any effect that the taxon sampling 
might have on the monophyly of the tribe and its generic de-
limitations, using a different taxon sampling: the same ingroup 
accessions from Danaideae and the (seven) Psychotrieae alli-
ance; the same ingroup taxa from Danaideae and the (seven) 
Spermacoceae alliance; the same ingroup taxa from Danaideae 
and the (nine) Psychotrieae alliance and tribe Knoxieae.

RESULTS

The parsimony and Bayesian analyses based on the com-
bined chloroplast and nuclear datasets (divided in two par-
titions) generated almost identical phylogenetic trees with 
several resolved nodes (Fig. 1). The monophyly of Danaideae 
sensu Bremer & Manen (2000) is strongly supported (posterior 
probability PP = 1 and bootstrap support BS = 100%). The 
tribe was resolved in two well-supported major lineages: one 
corresponding to the genus Danais (PP = 1, BS = 91%) and the 
other to the Payera-Schismatoclada clade (PP = 1, BS = 89%). 
The Danais clade was resolved into three subclades: a sub-
clade containing a single specimen Danais sp. 1 (subclade A), 
and two subclades with moderate support: the “micro carpa“  
(subclade B, PP = 0.89), and the “coronata” group (subclade 
C, PP = 0.84). Subclade A was sister to the remaining Danais, 
and the “microcarpa” and “coronata” groups are sister to each 
other. Moreover, the Malagasy and Mauritian accessions of 
D. fragrans did not form a clade; the Mauritian D. fragrans 
(= D. fragrans 1) and D. sulcata were resolved as sisters, and 

this Mauritian group was sister to a Malagasy Danais group 
(D. coronata to D. fragrans 2 & 3). Within the “microcarpa” 
group the Comorian D. comorensis and the East African 
D. xanthorrhoea were sisters, and this clade was deeply nested 
within the otherwise Malagasy group. The Payera-Schismato-
clada clade was resolved into three subclades (D–F): a group of 
arborescent Payera-Schismatoclada (including P. homolleana 
= Coursiana homolleana) which received low support in the 
parsimony analysis but was supported in the Baysian analysis 
(PP = 1 BS = 67%; subclade D); a well-supported group of small 
species (< 50 cm tall) of Payera (PP = 1, BS = 95%; subclade E); 
and a highly supported, arborescent Payera-Schismatoclada 
group (PP = 1, BS = 91%; subclade F). In sum, Payera and 
Schismatoclada are mutually paraphyletic (Fig. 1). The addi-
tional analyses using different sets of taxa (only representatives 
of the Psychotrieae alliance, only representatives of the Sper-
macoceae or Psychotrieae alliance together with taxa of tribes 
Knoxieae and Spermacoceae) further supported the monophyly 
of Danaideae, the Danais clade, subclade E, and subclade F 
(results not presented). The support for the subclades, particular 
those of Payera and Schismatoclada, differs slightly from the 
results presented here. The main difference was the collapse 
of the Payera-Schismatoclada clade and subclade D, while 
subclades E and F were still strongly supported but had a dif-
ferent, weakly supported position. Table 2 summarizes the tree 
data and statistics from the analyses.

DISCUSSION

Monophyly of Danaideae sensu Bremer & Manen (2000). 
— The monophyly of Danaideae sensu Bremer & Manen (2000) 
was demonstrated by Rydin & al. (2009b), however, their study 
included a limited sample of Danais and Schismatoclada and 

Table 1. Gene regions used for this study and their specific primers and references.
DNA region Primer name Reference
nrITS p17 and 26S-82R Popp & Oxelman (2001)
petD PIpetB1365F and PIpetD738R Löhne & Borsch (2005)
psbA-trnH psbAF and trnHR Sang & al. (1997)
rps16 rpsF and rpsR2 Oxelman & al. (1997)
rpl32-trnLUGA rpl32 and trnLUGA Shaw (2007)

Table 2. Data description of the markers and datasets used. Number of informative characters, number of variable characters and best evolutionary 
model are shown for the different regions.

nrITS petD psbA-trnH rpl32-trnLUGA rps16 Combined
Total number of accessions in matrix 66 64 66 60 66 66
Total number of characters in matrix 609 936 513 1092 1196 4346
Number of variable characters 117 236 109 332 290 1148
Number of parsimony-informative characters 234 204 231 224 152 1045
Employed evolutionary model (AICc weights) GTRG HKYG HKYG GTRG GTRG —
% informative characters 38 22 45 20 12 24
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Coussarea hydrangeifolia outgroup
Prismatomeris beccariana PRI
Palicourea crocea  PSY
Psychotria kirkii  PSY
Schizocolea linderi  SCH
Damnacanthus indicus MIT
Morinda citrifolia  MOR
Coelospermum fragrans MOR
Kohautia caespitosa  SPE  
Oldenlandia corymbosa SPE 
Knoxia sumatrensis  KNO
Otomeria oculata  KNO
Dirichletia virgata  KNO
Anthospermum herbaceum ANT
Argostemma hookeri  ARG
Danais sp. 1
Danais humblotii *
Danais sp. 2
Danais sp. 3
Danais sp. 4
Danais vestita

Danais microcarpa
Danais rhamnifolia
Danais fragrans 1
Danais sulcata
Danais coronata
Danais pubescens
Danais sp. 5
Danais sp. 6
Danais sp. 7
Danais fragrans 2
Danais fragrans 3
Payera homolleana [Coursiana]
Payera decaryi
Schismatoclada sp. 1
Payera marojejyensis 1
Payera marojejyensis 2
Payera sp. 1
Payera beondrokensis 1
Payera beondrokensis 2
Payera coriacea 1
Payera coriacea 2
Payera coriacea 3
Schismatoclada bracteata
Schismatoclada concinna

Schismatoclada psychotrioides 1
Schismatoclada psychotrioides 2
Schismatoclada psychotrioides 3
Schismatoclada sp. 2
Payera sp. 2
Schismatoclada farahimpensis
Schismatoclada sp. 3
Payera sp. 3
Payera sp. 4
Payera sp. 5
Schismatoclada marojejyensis
Payera sp. 6
Payera sp. 7
Payera sp. 8
Schismatoclada sp. 4
Schismatoclada sp. 5
Schismatoclada sp. 6
Schismatoclada sp. 7

Schismatoclada humbertiana

Danais comorensis
Danais xanthorrhoea

Madagascar

Comoros Islands

Tanzania

Mauritius

Madagascar and Comoros Islands

Fig. 1. Phylogenetic tree of tribe Danaideae generated from the Bayesian inference analysis of the combined chloroplast, petD, psbA-trnH, rps16 
and rpl32-trnLUGA, and nuclear nrITS sequence data. Posterior probabilities are shown above and bootstrap values below branches. ANT = 
Anthospermeae, ARG = Argostemmateae, KNO = Knoxieae, MIT = Mitchelleae, MOR = Morindeae, PRI = Prismatomerideae, PSY = Psychot-
rieae, SCH = Schizocoleeae, SPE = Spermacoceae.
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no members of Payera were included. The present study is the 
first to focus on Danaideae and include all three recognized 
genera (Danais, Payera, Schismatoclada) in a molecular phy-
logenetic analysis of Rubiaceae. The monophyly of tribe Dan-
aideae as circumscribed by Bremer & Manen (2000) is strongly 
supported by our analyses. This is consistent with Buchner 
& Puff (1993) who named the group Danais-Schismatoclada-
Payera genus complex. The tribe seems to have no obvious 
morphological synapomorphy but can be characterized by a 
combination of characters: woody growth habit, many-flowered 
thyrsoid inflorescences, heterodistylous flowers, and two-loc-
ular ovaries containing many ovules in each locule (Buchner 
& Puff, 1993; Bremer & Manen, 2000).

Generic delimitations in Danaideae. — Danais as delim-
ited by Buchner & Puff (1993) is highly supported as mono-
phyletic. Its lianescent habit is probably a morphological syn-
apomorphy for the genus. Our findings do not support the idea 
of recognizing a broadly circumscribed Danais, which would 
include Payera and Schismatoclada. We reject this taxonomic 
suggestion because it would make Danais sensu lato highly 
heterogenous morphologically. In contrast, neither Payera nor 
Schismatoclada (both sensu Buchner & Puff, 1993) is supported 
as monophyletic in our analyses. This implies that the charac-
ters currently used for circumscribing these genera, namely 
dehiscence of capsular fruit, corolla aestivation, and presence 
of conspicuous bracts subtending the inflorescence, are homo-
plasious; as a result, they cannot be used for recognizing these 
genera. Our analyses confirm the close relationships between 
Coursiana, Payera, and Schismatoclada postulated by Leroy 
(unpub. data) and Buchner & Puff (1993). However, we do not 
support the taxonomic decision made by Buchner & Puff (1993) 
to merge the Malagasy genus Coursiana in Payera, which is 
paraphyletic with respect to Schismatoclada, as Coursiana 
is nested in subclade D of the Payera-Schismatoclada clade.

The present analyses demonstrate that the generic status 
of Payera and Schismatoclada as delimited by Buchner & Puff 
(1993) is untenable. There are at least two possible alterna-
tive classifications. One is to recognize a broadly delimited 
Payera (= the Payera-Schismatoclada clade), which would 
include all species of Schismatoclada and Coursiana. The sec-
ond scenario is to recognize the three subclades (D–F) of the 
Payera-Schimatoclada clade at generic level. We favor the 
first scenario, as the Payera-Schismatoclada clade is highly 
supported in our analyses (PP = 1; BS = 89%, Fig. 1), and more 
importantly can easily be distinguished from its sister Danais 
by its arborescent habit. However, we refrain from making 
such a decision here because no specimen of the type of Payera 
(P. conspicua) was investigated in our study. The second sce-
nario is not an attractive solution because there seems to be 
no obvious morphological synapomorphy or combination of 
characters for distinguishing subclade D from subclade F. In 
addition, we do not know the phylogenetic position of P. con-
spicua in the Payera-Schismatoclada clade (Fig. 1).

Phylogenetic relationships within the major lineages. — 
Our phylogenetic analyses resolve Danaideae in two major lin-
eages: the Danais clade and the Payera-Schismatoclada clade. 
The Danais clade (= Danais) is resolved in three subclades 

(A–C): subclade A is resolved as sister to the rest of Danais. 
The two latter subclades are sisters and correspond to the two 
informal groups, “microcarpa” and “coronata”, of Danais; 
however, these groups seem to be much larger according to 
our analyses. The “microcarpa” and “coronata” groups each 
contains Danais species occurring outside of Madagascar. The 
Comorian D. comorensis and the East African D. xanthor-
rhoea belong in the “microcarpa” group, while the Mauritian 
D. sulcata and the Malagasy-Mauritian D. fragans are members 
of the “coronata” group. In the “microcarpa” group, the close 
relationships between D. microcarpa and D. rhamnifolia pos-
tulated by Puff & Buchner (1994) and between D. rhamnifolia 
and D. xanthorrhoea are consistent with our findings. The 
suggestion made by Puff & Buchner (1994) that D. comorensis 
could be a variant of the Malagasy-Comorian D. humblotii 
is not supported by our analyses, which instead suggest that 
D. comorensis should be retained at species level.

There is no support for a close relationship between the 
Malagasy D. coronata and the Mauritian D. sulcata as sug-
gested by Puff & Buchner (1994). The Mauritian D. sulcata 
and D. fragrans form a clade, which is sister to the rest of the 
“coronata” group. The Mauritian and Malagasy accessions of 
D. fragrans are not closely related to each other; this implies 
that D. fragrans should be restricted to material from Mauri-
tius, where the type specimen of the species was collected. The 
Malagasy D. fragrans should be given a new species name. 
There are two potential names based on Malagasy specimens 
that are currently considered synonyms of D. fragrans sensu 
Puff & Buchner (1994): D. lyallii Baker (Baker, 1887)and 
D. obovata Drake (Drake, 1899). The former has priority over 
the latter.

The Payera-Schismatoclada clade is resolved in three 
subclades: a poorly supported subclade consisting of P. de-
caryi, P. homolleana (= Coursiana) and Schismatoclada sp. 
(subclade D or the Coursiana group); a highly supported sub-
clade of all sampled small Payera species (subclade E); and 
a highly supported large subclade containing the remaining 
species of Payera and Schismatoclada sequenced (subclade F). 
The relationships between these groups are unresolved in our 
analyses. The Coursiana (subclade D) and the large Payera-
Schismatoclada (subclade F) groups are mostly shrubs or small 
trees, while the members of subclade E are typically no more 
than 50 cm tall. Most of the Schismatoclada species belong to 
subclade F, within which S. bracteata is resolved as sister to the 
remaining species. Finally, all sampled specimens of the type 
of Schismatoclada, S. psychotrioides, group together.

Biogeographical remarks. — Tribe Danaideae as pres-
ently defined by Bremer & Manen (2000) comprises about 
60 species and is the largest rubiaceous group distributed al-
most entirely in the Western Indian Ocean region, with the 
exception of one species, Danais xanthorrhoea, in East Af-
rica. Madagascar is the center of species diversity with ca. 
98% of the species. All early diverging members of the Danais 
clade are Malagasy endemics suggesting a Malagasy origin of 
the genus. All sampled non-Malagasy species of Danais (the 
East African D. xanthorrhea, the Comorian D. comorensis, 
the Mauriatian D. fragrans and D. sulcata) are well nested in 
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likelihood principle. Pp. 267–281 in: Petrov, B.N. & Csáki, F. (eds.), 
Second International Symposium of Information Theory. Budapest: 
Akademiai Kiado.

Andersson, L. & Persson, C. 1991. Circumscription of the tribe 

the otherwise Malagasy clade. The Mauritian D. fragrans and 
D. sulcata form a clade, implying that these species are the 
result of a single colonization event from Madagascar. Danais 
corymbosa from Rodrigues was not investigated in this study, 
so we do not know whether this species is a result of a dis-
persal event from Madagascar or Mauritius. The sister-group 
relationship between the East African D. xanthorrhoea and the 
Comorian D. comorensis indicates that they could be the result 
of a single dispersal event from Madagascar to the Comoro 
archipelago followed by a second dispersal to East Africa from 
the Comoros or vice versa (a single dispersal event to East 
Africa from Madagascar followed by a second dispersal to 
the Comoros from East Africa). Alternatively, two separate 
dispersal events from Madagascar, from the same or closely 
related ancestors, to East Africa and the Comoro archipelago 
may have occurred. A proper biogeographic analysis using a 
much larger sample of Danais is needed to test these scenarios. 
Danais humblotii occurs on both Madagascar and the Comoro 
archipelago and is not closely related to D. comorensis, which 
indicates an independent dispersal event to the Comoros Islands 
from Madagascar. In sum, this study reaffirms that Madagas-
car is the main source of the majority of Rubiaceae found on 
neighboring islands (Wikström & al., 2010), and tribe Danaid-
eae provides another example of out-of-Madagascar dispersal.
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Appendix. GenBank accession numbers and origin of samples used in this study.

Species, country, area, voucher information, nrITS, petD, rpl32-trnLUGA, rps16, psbA-trnH
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Knoxia sumatrensis (Retz.) DC., –, –, Klackenberg & Lundin 268 (S), AM2670035, JQ729859*, JQ729923*, AM2668275, JQ729747*. Kohautia caespitosa 
Schnizl., South Africa, –, Bremer & al. 42566B (UPS), FJ6954441, JQ729858*, JQ729921*, AM1173245, JQ729746*. Morinda citrifolia L., –, –, –, AF3338446, 
JQ729856*, JQ729919*, AJ3200787, JQ729743*. Oldenlandia corymbosa L., –, –, –, AM9395018, JF000769, JQ729912*, AF3333813, GQ43523110. Otomeria 
oculata S. Moore, –, –, Puff & al. 82/222-2/1 (K), AM2670195, JQ729860*, JQ729924*, AM2668445, JQ729748*. Palicourea crocea (Sw.) Schult., –, –, –, 
AF14932211, –, JQ729917*, AF14751011, JQ729741*. Payera beondrokensis (Humbert) Buchner & Puff 1, Madagascar, Antsiranana, Bremer & al. 5300 (S), 
JQ729833*, JQ729896*, JQ729958*, JQ729720*, JQ729784*. Payera beondrokensis 2, Madagascar, –, Razafimandimbison & Ravelonarivo 635 (S), JQ729844*, 
JQ729907*, JQ729969*, JQ729731*, JQ729795*. Payera coriacea (Humbert) Buchner & Puff 1, Madagascar, –, Malcomber 2775 (MO), JQ729820*, JQ729883*, 
JQ729947*, JQ729707*, JQ729771*. Payera coriacea 2, Madagascar, –, Razafimandimbison & Ravelonarivo 623 (S), JQ729846*, JQ729909*, JQ729971*, 

Oxelman, B., Lidén, M. & Berglund, D. 1997. Chloroplast rps16 intron 
phylogeny of the tribe Sileneae (Caryophyllaceae). Pl. Syst. Evol. 
206: 393–410.

Paul, J.R, Morton, C., Taylor, C.M. & Tonsor, S.J. 2009. Evolution-
ary time for dispersal limits the extent but not the occupancy of 
species’ potential ranges in the tropical plant genus Psychotria 
(Rubiaceae). Amer. Naturalist 173: 188–199.

The Plant List. 2010. Version 1. http://www.theplantlist.org/ (accessed 
1 June 2011).

Popp, M. & Oxelman, B. 2001. Inferring the history of the polyploid 
Silene aegaea (Caryophyllaceae) using plastid and homoeologous 
nuclear DNA sequences. Molec. Phylogenet. Evol. 20: 474–481.

Puff, C. & Buchner, R. 1994. Revision of Danais Vent. (Rubiaceae) in 
Madagascar and the Comores. Adansonia 16: 11–64.

Rambaut, A. 2002. Se-Al: Sequence Alignment Editor, version 2.0a11. 
http://evolve.zoo.ox.ac.uk.

Razafimandimbison, S.G. & Bremer, B. 2001. Tribal delimitation of 
Naucleeae (Cinchonoideae, Rubiaceae): Inference from molecular 
and morphological data. Syst. Geogr. Pl. 71: 515–538.

Razafimandimbison, S.G., Rydin, C. & Bremer, B. 2008. Evolu-
tion and trends in the Psychotrieae alliance (Rubiaceae)—Rarely 
reported evolutionary change from many-seeded carpels to one-
seeded carpels. Molec. Phylogenet. Evol. 48: 207–223.

Robbrecht, E. 1988. Tropical woody Rubiaceae. Opera Bot. Belg. 1: 
1–271.

Robbrecht, E. & Manen, J.-F. 2006. The major evolutionary lineages 
of the coffee family (Rubiaceae, angiosperms): Combined analy-
sis (nDNA and cpDNA) to infer the position of Coptosapelta and 
Luculia, and supertree construction based on rbcL, rps16, trnL-
trnF and atpB-rbcL data; A new classification in two subfamilies, 
Cinchonoideae and Rubioideae. Syst. Geogr. Pl. 76: 85–146.

Ronquist F. & Huelsenbeck, J. 2003. Mrbayes 3: Bayesian phyloge-
netic inference under mixed models. Bioinformatics 19: 1572–1574.

Rydin, C., Kainulainen, K., Razafimandimbison, S.G., Smedmark, 

J.E.E. & Bremer, B. 2009a. Deep divergences in the coffee family 
and systematic position of Acranthera. Pl. Syst. Evol. 278: 101–123.

Rydin, C., Razafimandimbison, S.G., Khodabandeh, A. & Bremer, 
B. 2009b. Evolutionary relationships in the Spermacoceae alliance 
(Rubiaceae) using information from six molecular loci: Insights 
into systematic affinities of Neohymenopogon and Mouretia. Taxon 
58: 793–810.

Sang, T., Crawford, D.J. & Stuessy, T.F. 1997. Chloroplast DNA 
phylogeny, reticulate evolution, and biogeography of Paeonia 
(Paeoniaceae). Amer. J. Bot. 84: 1120–1136.

Schatz, G.E. 2000. Endemism in the Malagasy tree flora. Pp. 1–9 in: 
Lourenço, W.R. & Goodman, S.M. (eds.), Diversity and endemism 
in Madagascar. Mémoires de la Société de Biogéographie. Paris: 
MNHN, ORSTOM.

Schatz, G.E. 2001. Generic tree flora of Madagascar. London: Royal 
Botanical Gardens Kew; St. Louis: Missouri Botanical Garden.

Shaw, J., Lickey, E.B., Shilling, E. & Small, R.L., 2007. Compari-
son of whole chloroplast genome sequences to choose noncoding 
regions for phylogenics studies in angiosperms: The tortoise and 
the hare III. Amer. J. Bot. 94: 275–288.

Staden, R. 1996. The staden sequence analysis package. Molec. Bio-
technol. 5: 233–241.

Sugiura, N. 1978. Further analysis of the data by Akaike’s informa-
tion criterion and the finite corrections. Commun. Statist. Theory 
Meth. A7: 13–26.

Swofford, D.L. 2003 PAUP*: Phylogenetic analysis using parsimony 
(*and other methods), version 4.0b 10. Sunderland, Massachusetts: 
Sinauer.

Verdcourt, B. 1958. Remarks on the classification of the Rubiaceae. 
Bull. Jard. Bot. État Bruxelles 28: 209–281.

Wikström, N., Avino, M., Razafimandimbison, S.G. & Bremer, B. 
2010. Historical biogeography of the coffee family (Rubiaceae, Gen-
tianales) in Madagascar: Case studies from the tribes Knoxieae, 
Naucleeae, Paederieae and Vanguerieae. J. Biogeogr. 37: 1094–1113.

http://www.theplantlist.org/
http://evolve.zoo.ox.ac.uk


636

TAXON 61 (3) • June 2012: 629–636Krüger & al. • Phylogeny of Danaideae

JQ729733*, JQ729797*. Payera coriacea 3, Madagascar, Antsiranana, Bremer & al. 5317 (S), JQ729848*, JQ729911*, JQ729973*, JQ729735*, JQ729799*. 
Payera decaryi (Humbert) Buchner & Puff, Madagascar, Andohahela, Krüger & al. 81 (S), JQ729821*, JQ729884*, JQ729948*, JQ729708*, JQ729772*. Payera 
homolleana (Cavaco) Buchner & Puff, Madagascar, Fianarantsoa, De Block 1979 (BR), JQ729851*, JQ729914*, JQ729975*, JQ729738*, JQ729802*. Payera 
marojejyensis Buchner & Puff 1, Madagascar, Antsiranana, Bremer & al. 5307 (S), JQ729824*, JQ729897*, JQ729959*, JQ729721*, JQ729785*. Payera ma
rojejyensis 2, Madagascar, –, Razafimandimbison & Ravelonarivo 627 (S), JQ729847*, JQ729910*, JQ729972*, JQ729734*, JQ729798*. Payera sp. Baill.1, 
Madagascar, –, Razafimandimbison & Ravelonarivo 637 (S), JQ729843*, JQ729906*, JQ729968*, JQ729730*, JQ729794*. Payera sp. 2, Madagascar, Antsira-
nana, Bremer & al. 5228 (S), JQ729827*, JQ729890*, –, JQ729714*, JQ729778*. Payera sp. 3, Madagascar, Antsiranana, Bremer & al. 5290 (S), JQ729829*, 
JQ729892*, JQ729954*, JQ729716*, JQ729780*. Payera sp. 4, Madagascar, Antsiranana, Bremer & al. 5285 (S), JQ729822*, JQ729885*, JQ729949*, JQ729709*, 
JQ729773*. Payera sp. 5, Madagascar, –, Razafimandimbison & Ravelonarivo 646 (S), JQ729824*, JQ729887*, JQ729951*, JQ729711*, JQ729775*. Payera 
sp. 6, Madagascar, –, Razafimandimbison & Ravelonarivo 652 (S), JQ729823*, JQ729886*, JQ729950*, JQ729710*, JQ729774*. Payera sp. 7, Madagascar, –, 
Razafimandimbison & Ravelonarivo 584 (S), JQ729825*, JQ729888*, JQ729952*, JQ729712*, JQ729776*. Payera sp. 8, Madagascar, Antsiranana, Bremer & 
al. 5227 (S), JQ729826*, JQ729889*, –, JQ729713*, JQ729777*. Prismatomeris beccariana (Baill. ex K. Schum.), Borneo, –, Ridsdale 2461, AM9452062, 
JQ729855*, –, AF33165212, JQ729742*. Psychotria kirkii Hiern, –, –, Bremer 3102 (UPS), AM9452142, JQ729854*, JQ729918*, AM9453272, FJ20865713 Schis
matoclada braccteata Homolle ex Cavaco, Madagascar, –, Randriatafazaka 173 (P), JQ729835*, JQ729898*, JQ729960*, JQ729722*, JQ729786*. Schismato
clada concinna Baker, Madagascar, –, Kårehed & al. 301 (UPS), JQ729836*, JQ729899*, JQ729961*, JQ729723*, JQ729787* Schismatoclada farahimpensis 
Homolle, Madagascar, –, Gautier 2373 (P), JQ729837*, JQ729900*, JQ729962*, JQ729724*, JQ729788* Schismatoclada humbertiana Homolle, Madagascar, 
–, Kårehed & al. 282 (UPS), JQ729838*, JQ729901*, JQ729963*, JQ729725*, JQ729789* Schismatoclada marojejyensis Humbert, Madagascar, Antsiranana, 
Bremer & al. 5309 (S), JQ729839*, JQ729902*, JQ729964*, JQ729726*, JQ729790* Schismatoclada psychotrioides Baker 1, Madagascar, –, Bremer & al. 
4083-B83 (UPS), JQ729840*, JQ729903*, JQ729965*, JQ729727*, JQ729791* Schismatoclada psychotrioides 2, Madagascar, –, Kårehed & al. 283 (UPS), 
JQ729841*, JQ729904*, JQ729966*, JQ729728*, JQ729792*. Schismatoclada psychotrioides 3, Madagascar, –, Philippson 1608 (S), JQ729842*, JQ729905*, 
JQ729967*, JQ729729*, JQ729793*. Schismatoclada sp. Baker 1, Madagascar, –, Razanatsima 728 (TAN), JQ729850*, JQ729913*, JQ729974*, JQ729737*, 
JQ729801*. Schismatoclada sp. 2, Madagascar, –, Razafimandimbison & al. 600 (S), JQ729845*, JQ729908*, JQ729970*, JQ729732*, JQ729796*. Schismato
clada sp. 3, Madagascar, –, Razafimandimbison & al. 375 (MO), JQ729849*, JQ729912*, –, JQ729736*, JQ729800*. Schismatoclada sp. 4, Madagascar, 
Antsiranana, Bremer & al. 5298 (S), JQ729830*, JQ729893*, JQ729955*, JQ729717*, JQ729781*. Schismatoclada sp. 5, Madagascar, Antsiranana, Bremer & 
al. 5275 (S), JQ729828*, JQ729891*, JQ729953*, JQ729715*, JQ729779*. Schismatoclada sp. 6, Madagascar, Antsiranana, Bremer & al. 5311 (S), JQ729831*, 
JQ729894*, JQ729956*, JQ729718*, JQ729782*. Schismatoclada sp. 7, Madagascar, Antsiranana, Bremer & al. 5314 (S), JQ729832*, JQ729895*, JQ729957*, 
JQ729719*, JQ729783*. Schizocolea linderi (Hutch. & Dalziel) Bremek., Liberia, –, Adam 789 (P), AM9451972, JQ729853*, JQ729916*, AM9453092, JQ729740*

*, New sequences generated for this study. 1, Rydin & al. (2008, 2009a, b); 2, Razafimandimbison & al. (2008); 3, Andersson & Rova (1999, unpub.); 4, Ding 
& al. (unpub.); 5, Kårehed & Bremer (2007); 6, Malcomber (2002); 7, Novotny & al. (2002); 8, Kårehed & al. (2008); 9, Guo & al. (2011); 10, Chen & al. (2010). 
11, Andersson & Taylor (unpub.); 12, Andersson (unpub.); 13, Paul & al. (2008); 14, Bremer & Eriksson (2009).
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