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Abstract Based on a considerably enlarged sampling, a
phylogenetic analysis of the largest group of didymocar-
poid Gesneriaceae, the “advanced Asiatic and Malesian
genera”, was performed, covering all but 3 of the 60 genera
presently recognised in this group (20 of these, mostly from
China, are monotypic). The results suggest that no fewer
than 17 out of the 57 genera examined are poly- (or rarely
para-)phyletic. Highly polyphyletic are Briggsia, Chirita,
Henckelia and Raphiocarpus. Only a dozen of the non-
monotypic genera (including the three species-richest
genera, Cyrtandra, Aeschynanthus and Agalmyla) are
confirmed as monophyletic entities, though some exhibit
considerable genetic variation. For eight genera, no state-
ment can be made, as only one (of two or several) species
was included in the analysis. For a dozen of the (particu-
larly Chinese) monotypic genera a close relationship (or
possible congenerity) with other genera was found. In
China, only Allostigma, Cathayanthe, Conandron and
Metapetrocosmea seem to have no strong affinities to other
genera, indicating that they represent phylogenetically
isolated lineages or represent remnants of previously larger
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and earlier diversified groups. The present study forms the
foundation for targeted molecular, morphological and
phytogeographic studies of the polyphyletic and monotypic
genera and particular of clades of genera with interrelations
uncovered here for the first time.
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Introduction

Recently, a preliminary molecular-phylogenetic analysis of
the largest group of Old World Gesneriaceae, the “didy-
mocarpoid Gesneriaceae” (sensu Weber 2004), was pre-
sented (Moller et al. 2009). The analysis revealed that
traditional tribal classifications of the group (Bentham
1876; Fritsch 1893-94; Burtt 1962; Burtt and Wiehler
1995) do not work and have to be abandoned. In contrast,
the study revealed a strong geographic pattern, with the
European and African and Madagascan genera forming
monophyletic groups. Both are embedded in the Asiatic
Gesneriaceae, with a rather small number of genera
forming a basal grade (“basal Asiatic genera”, mainly
confined to the Asiatic mainland) and a large number
representing the “advanced Asiatic and Malesian genera”.
In the latter group all genera with twisted fruits (plus a few
containing also straight fruits) fell in a single well-sup-
ported clade. Otherwise, little support was obtained for
internal tree structures retrieved for the remaining large
number of straight-fruited genera. One reason may be that
only 46 out of the 78 genera listed by Weber (2004) for the
didymocarpoid Gesneriaceae were included in the analysis.
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Moreover, the list of genera has changed to some extent:
Jerdonia, categorised as ‘genus with uncertain familial
affiliation” in Weber (2004) was found to belong to the
didymocarpoids, forming the most basal lineage among
this group. Some genera have been newly described
[Paralagarosolen (Wei 2004), Wentsaiboea (Fang and Qin
2004), Litostigma (Wei et al. 2010)], while others were
sunk into synonymy [Linnaeopsis into Streptocarpus
(Darbyshire 2006), Micraeschynanthus into Aeschynanthus
(Middleton 2007)]. This brings the current genus count in
the didymocarpoids to 80, of which 60 can be referred to
the “advanced Asiatic and Malesian genera”. The late B.L.
Burtt thought that there are too many genera described,
particularly from China. Indeed, the Chinese Gesneriaceae
include as many as 14 out of 20 monotypic genera, and
another 10 out of 12 with two to four described species.
One of the aims of the present study, which is based on all
but three genera of the advanced Asiatic and Malesian
genera, is to investigate the relationships of these genera
with one or very few species and to search for possibilities
of synonymization.

Another important outcome of Moller et al. (2009) was
that several medium to large genera, such as Briggsia,
Chirita and Henckelia, proved to be polyphyletic, with
Chirita appearing in at least five clades. This suggests
strong deficiencies in the taxonomic delineation at the
generic level.

To assess the level of para- and polyphyly and the
validity of the many monotypic genera among the
advanced Asiatic and Malesian genera, we collected sam-
ples of 26 additional genera of this group. Because of the
large number of species and complex taxonomic interac-
tion between species of Chirita (80-140 species) and
Henckelia (180 species), these genera will be dealt with in
more detail in separate papers. Here we keep samples of
these genera to a minimum without compromising the
outcome of our analyses. We will show that about one third
of the genera are not monophyletic and that a high number
of monotypic genera can be related to larger genera (and
possibly synonymised). Our results will show that changes
in the generic delineations are urgently required.

Materials and methods
Plant material

Plant material for DNA extraction of newly acquired
sequences came predominantly from recent field collec-
tions (Table 1). Samples included in the study here covered
67 out of the 80 genera presently classified in the Old
World didymocarpoid Gesneriaceae (Weber and Skog
2007 onwards; Wei et al. 2010). The large genus
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Streptocarpus was included to represent the eight didy-
mocarpoid African and Madagascan genera here, as the
present paper focuses on the advanced Asiatic and Male-
sian genera. It was shown in earlier work that the African
and Madagascan genera form a single natural lineage
(Moller and Cronk 2001a, b; Mdller et al. 2009).

Of the nine basal Asiatic genera (Weber 2004; Weber
and Skog 2007 onwards; Wei et al. 2010), only six were
included: Corallodiscus and Jerdonia were excluded, as
their ITS sequences were deemed too difficult to be aligned
satisfactorily with the rest of the samples. For Beccarinda
no reliable frnlL-F data could be acquired (preliminary data
suggest that Beccarinda belongs to the basal Asiatic gen-
era, M. Moller, unpublished). The monotypic Sepikea
cylindrocarpa is likely an abnormally tetrandrous Cyrtan-
dra (Burtt 1998) and placed ‘tentatively’ into the synon-
ymy of Cyrtandra (Burtt 2001a). Samples for analysis were
unavailable for analysis, however, as were samples for the
monotypic Championia and Deinostigma.

Outgroup choice

Based on recent molecular work, the outgroup taxa were
chosen from the basal Asiatic genera (Fig. 3 in Moller et al.
2009) included here; Boeica (with B. multinervia, B. fer-
ruginea), Leptoboea, Platystemma, Rhynchotechum (with
R. discolor, R. parviflorum) and Tetraphyllum, the newly
described Litostigma (with L. coriaceifolium, L. crystalli-
num) and the European genera; Haberlea, Jancaea, Ra-
monda (with R. myconi, R. nathaliae). Additionally, nine
species of the African genus Streptocarpus were included
to represent the African and Madagascan lineage that
resides between the basal and derived Asiatic and Malesian
genera (Moller et al. 2009). The trees were rooted on
Tetraphyllum, the genus on a most basal lineage of didy-
mocarpoid Gesneriaceae that could still be aligned well in
the ITS matrix (Moller et al. 2009).

Ingroup taxa

The 169 ingroup samples came from the advanced Asiatic
and Malesian group and covered 164 species, 2 varieties
and 3 unidentified samples representing 57 genera
(Tables 1, 2). Eight genera were included to represent the
Boea group, an assemblage of genera with predominantly
twisted fruits; Boea (with B. hygrometrica, B. magellanica,
B. philippensis), Emarhendia, Kaisupeea, Ornithoboea
(with O. arachnoidea, O. wildeana), Paraboea (with P.
acutifolia, P. capitata, P. crassifolia, P. umbellata),
Rhabdothamnopsis, Spelaeanthus and Trisepalum.

Among the ingroup taxa were 20 monotypic genera,
samples of 13 smaller genera (with <4 spp.) and of 18
medium sized genera (>4-30 species). Of species-rich
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Table 2 List of monotypic and

non-monotypic genera of the Genus Speci‘es Speci'e ¥
advanced Asiatic and Malesian fiescrlbed/ fiescrlbed/
Gesneriaceae, the latter grouped included included
into monopbyletic, non- . Monophyletic (12) Non-monophyletic (17)
monophyletic genera according _
to molecular phylogenetic Aeschynanthus Jack 160/5 Ancylostemon Craib 12/3
analyses. Eight smaller genera Agalmyla Blume 9716 Boea Lam. 14/3
(except Trisepalum) were Anna Pellegr. 3/3 Briggsia Craib 22/8
represented by only one sample, Cyrtandra JR. & G.Forst. >600/7  Chirita D.Don 80-140/15
and three genera were not
included Didymostigma W.T.Wang 32 Chiritopsis W.T.Wang 9/2
Gyrocheilos W.T.Wang 4/3 Didymocarpus Wall. 70/9
Loxostigma C.B.Clarke /3 Hemiboea C.B.Clarke 23/11
Lysionotus D.Don 30/4 Henckelia Spreng. 180/5
Ornithoboea C.B.Clarke 1172 Isometrum Craib 14/3
Paraboea (C.B.Clarke) Ridl. 100/4 Lagarosolen W.T.Wang 6/7
Petrocosmea Oliv. 27/4 Metabriggsia W.T.Wang 22
Ridleyandra A.Weber & B.L.Burtt 20/3 Opithandra B.L.Burtt 10/3
Oreocharis Benth. 28/6
Petrocodon Hance 4/2
Monotypic (20) Raphiocarpus Chun 11/5
Allostigma W.T.Wang 1/1 Tremacron Craib /4
Briggsiopsis K.Y.Pan 171 Wentsaiboea D.Fang & D.H.Qin 3/3
Cathayanthe Chun 171
Conandron Sieb. & Zucc. 1/1
Dayaoshania W.T.Wang 171 Only 1 species included (8)
Dolicholoma D.Fang & W.T.Wang 1/1 Allocheilos W.T.Wang 2/1
Emarhendia Kiew, A.Weber & B.L.Burtt 1/1 Bournea Oliv. 2/1
Hemiboeopsis W.T.Wang 1/1 Calcareoboea [C.Y.Wu ex]HW.Li 2/1
Metapetrocosmea W.T.Wang 1/1 Deinocheilos W.T.Wang 2/1
Orchadocarpa Ridl. 1/1 Didissandra C.B.Clarke 8/1
Paraisometrum W.T.Wang 171 Hexatheca C.B.Clarke 4/1
Paralagarosolen Y.G.Wei 171 Kaisupeea B.L.Burtt 3/1
Phylloboea Benth. 171 Trisepalum C.B.Clarke 13/1
Primulina Hance 171
Pseudochirita W.T.Wang 171
Rhabdothamnopsis Hemsl. 171 Not included (3)
Senyumia Kiew, A.Weber & B.L.Burtt 1/1 Beccarinda Kuntze 8/—
Spelaeanthus Kiew, A.-Weber & 171 Deinostigma W.T.Wang & Z.Y.Li 1/—
B.L.Burtt
Tengia Chun 1/1 Sepikea Schltr. 1/—

Thamnocharis W.T.Wang

1/1

genera (>70 species), several species were included: e.g.
Aeschynanthus: five species out of ca. 185, Agalmyla: six
out of 97, Cyrtandra: seven out of (perhaps) 450-600,
Didymocarpus s.str.: ten out of ca. 70 and Hemiboea: 11
out of 23. For genera that were found non-monophyletic in
our previous analysis (Moller et al. 2009), samples of as
many species as possible were included: for Briggsia: nine

@ Springer

out of 22, for Oreocharis: six out of 28 and for Raphiop-
carpus Chun: five out of 11.

The number of species included for the large and highly
polyphyletic genera Chirita (15 out of 80-140) and
Henckelia (four out of ca. 180) was not increased from our
previous analysis, as these genera will be dealt with in
separate, more focused and detailed papers. The same
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approach was taken for the large genus Paraboea whose
close links to Trisepalum (Moller et al. 2009) and Phyllo-
boea (Burtt 1960) will be addressed in separate works.

DNA extraction, PCR and direct sequencing

Molecular methods and protocols followed Moller et al.
(2009). For the current analyses, sequences of the trnL-F
intron-spacer (trnL-F) and the ITS regions were acquired.
The newly acquired sequences here have been deposited in
GenBank.

Phylogenetic analysis

For this study 89 trnL-F and 97 ITS sequences were newly
acquired, 5 #rnL-F and 18 ITS sequences came from pre-
vious publications (Mdller et al. 1999; Moller and Cronk
2001a, b; Wei et al. 2010), and the remaining sequences
were retrieved from GenBank (Table 1). Both sequence
regions were acquired for all samples.

The matrices were subjected to maximum parsimony
(MP), on unordered and equally weighted characters,
implemented in PAUP* v4.0b10 (Swofford 2002), and
Bayesian MCMC inference (BI; Yang and Rannala 1997)
in MrBayes v3.1.2 (Huelsenbeck and Ronquist 2001,
2007). The trnL-F and ITS sequences were analysed
combined (analysing the datasets individually resulted in
strict consensus trees with low resolution for both the MP
and BI analyses). The combinability of the two datasets
was determined by the incongruence length difference
(ILD) test of Farris et al. (1995a, b), implemented in
PAUP* (as partition-homogeneity test), on 100 replicates
of repartitioning with TBR and MulTrees on (saving no
more than 10 trees per replicate).

Parsimony ratchet (Nixon 1999), implemented with
1,000 replicates in PAUPRat (Sikes and Lewis 2001) and
PAUP*, was used to find starting trees in order to find all
islands of most parsimonious trees that may exist. The
saved trees were further optimised in PAUP*, with both
TBR and Multrees on. Tree statistics [consistency index
(CI: Kluge and Farris 1969), and retention index (RI:
Farris 1989)] were obtained in PAUP*. Statistical branch
support analyses were performed as 10,000 heuristic
bootstrap replicates (BS; Felsenstein 1985) with TBR
swapping on and MulTrees off (Moller et al. 2009) in
PAUP*.

For the BI analysis models and parameter priors were
obtained independently for the frnL-F and ITS matrices
using MrModeltest v2.3 (Nylander 2004). The model
suggested for trnL-F was GTR+G and for ITS SYM+I+G,
as suggested by the Akaike Information Criterion (AIC;
Akaike 1974). Five million generations were run in two
independent analyses each with four Markov Chain Monte

Carlo (MCMC) chains, with one tree sampled every 500
generations (=10,000 trees). The first 1,000,000 genera-
tions, or the first 2,000 trees, were discarded (burn-in). The
remaining trees from both parallel runs were used to
reconstruct majority rule consensus trees in PAUP*, and
posterior probabilities (PP) were obtained. They are not
strictly comparable to bootstrap values (Moller et al. 2009),
but are indicators of clade robustness (Lewis 2001; Alfaro
et al. 2003; but see Cummings et al. 2003; Erixon et al.
2003). A high correlation of the PP support values was
found between the two parallel runs of the Bayesian
analysis (Online Resource 1, 2, 3).

Results
Matrix characteristics

The combined matrix had a length of 1,980 characters for
analysis (trnL-F: 1,094 characters, ITS: 886). Of these, 943
were constant, 323 variable but parsimony uninformative,
and 714 (36%) parsimony informative.

Phylogenetic analyses

The ILD test indicated a high level of congruence
between the two datasets (P = 0.25), and the data was
deemed combinable. The MP analysis on the combined
datasets yielded 97,723 most parsimonious trees of
6,003 steps length, a CI of 0.3075 and a RI of 0.6454.
The majority rule consensus tree was highly resolved
and showed seven near-terminal polytomies (Fig. 1).
The BI tree recovered was basically congruent to the
MP tree in areas where the branches were well sup-
ported (Fig. 2). Thus, phylogenetic relationships are
described on the MP tree with reference to the BI tree
where necessary.

The MP tree was rooted on the basal Asiatic genus
Tetraphyllum. The European genera fell near the remaining
basal Asiatic genera with Haberlea as sister to the latter.
This relationship did not receive any branch support and is
likely an artefact of sampling in this region of the tree
(omission of Jerdonia and Corallodiscus). This was sup-
ported by the BI tree where RamondalJancaea and Hab-
erlea fell together on a polytomy.

The next grade was formed by the recently described
genus Litostigma, followed by the African and Madagascan
Streptocarpus clade (BS = 87%). A clade (BS = 99;
PP = 1.0) consisting of predominantly twisted fruited
genera formed the next grade, informally named ‘Boea
group’ (Weber 2004), with the straight fruited Didissandra
as sister (BS = 51%; PP = 0.84). Within the Boea group,
few internal branches were highly supported; the Boea
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Fig. 1 Majority rule consensus tree of 97,723 most parsimonious
trees of 6,003 steps based on combined tnL-F and ITS sequences of
191 didymocarpoid species (CI = 0.3075, RI = 0.6454). Majority
rule frequencies are given above the branches. Bootstrap values (bold)
are given below branches. Asterisks indicate branches with <50%

samples included fell in two places; the two species from
China and the Philippines (B. hygrometrica and B. phil-
ippensis, respectively) formed a sister pair (BS = 100%;
PP = 1.0) on the most basal branch. Boea magellanica
from Papua New Guinea was sister to Spelaeanthus chinii
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88 Dayaoslmnm cotinifolia
* El 00 Briggsia stewardii
100 Ancyloslemon ronganensis
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Briggsia 1
Isometrum lungshengense
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Tremacron aurantiacum
Tremacron forrestii
59 Tremacron urceolatum

support values. Branches in bold are present in the Bayesian inference
analysis with 0.99 (grey) or 1.0 (black) PP values. Names in bold
indicate generic types. Names highlighted red indicate monotypic
genera

(PP = 0.84), which in turn was sister to Senyumia minu-
tiflora (BS = 100%; PP = 1.0). Trisepalum and Phyllo-
boea were sister taxa (BS = 100%; PP = 1.0) and
formed a clade with the Paraboea samples (BS = 100%;
PP = 1.0). Emarhendia was sister to Henckelia ericii
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Fig. 1 continued

[= Loxocarpus holttumii] (BS = 62%; PP = 0.82). The
sister pair Rhabdothamnopsis sinensis and Kaisupeea
herbacea (BS = 100%; PP = 1.0) together with the two
Ornithoboea species (BS = 99%; PP = 1.0) formed a
clade (BS = 57%; PP = 1.0).

The next two grades included a clade of three Chirita
species of section Microchirita (BS = 100%; PP = 1.0),
and a clade including two Henckelia species from the
Malay Peninsula and the Philippines (Henckelia al-
bomarginata and Henckelia corrugata, respectively)
(BS = 100%; PP = 1.0), though in the BI analysis the two

Hemiboea
————————— Hemiboea rubribracteata

L': Hemiboea longzhouensis
,‘ .

Hemiboea longgangensis
Metabriggsia purpureotincta
Hemiboea bicornuta
Hemiboea magnibracteata

100 Hemiboea cay: 1
700 13;3 Hemgboe'a uf'b«.‘ap‘mla

Hemiboea gracilis

Ridleyandra

Cyrtandra

| Didymostigma
Ch. sect. Liebigia

Gyrocheilos
dominated

Didymocarpus
S. Str.

Chirita sect.
Gibbosaccus
dominated
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Loxostigma

Raphiocarpus 3
Raphiocarpus 4+ 5

Petrocosmea

| Anna
Raphiocarpus 6

Lysionotus

Briggsia 6

Hemiboea
dominated

clades formed sister clades. Neither constellation received
significant support in the two phylogenetic analyses.

The five samples of Chirita section Chirita included
here were placed in a clade, together with a sister pair of
the South Indian-Sri Lankan Henckelia, H. floccosa and H.
incana (BS = 100%; PP = 1.0), nesting here as sister
(BS = 86%; PP = 1.0) to a clade of C. anachoreta, C.
dielsii and C. pumila (BS = 69%; PP = 0.79). Sister to
this Chirita/Henckelia clade was the monotypic Hemiboe-
opsis longisepala (BS = 85%; PP = 1.0). Together they
formed the next grade (BS = 77%; PP = 1.0).
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Fig. 2 Majority rule consensus tree based on Bayesian inference analysis with posterior probabilities based on combined trnL-F and ITS

sequences of 191 didymocarpoid Gesneriaceae samples

The remainder of the advanced straight-fruited Asiatic
and Malesian didymocarpoids fell in five larger clades in
the MP analysis, but with low support as reflected in the
backbone polytomy in the BI analysis (Fig. 2).

The first clade included three well-supported subclades,
one comprising all Aeschynanthus samples with high sup-
port (BS = 99%; PP = 1.0), another all Agalmyla samples
(BS = 100%; PP = 1.0), plus the monotypic Metapetro-
cosmea peltata as sister, but with no branch support. This is
reflected in the BI analysis, where this monotypic genus
fell on a polytomy with the two monophyletic clades of
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Aeschynanthus and Agalmyla samples. The third subclade,
with Oreocharis as the largest genus, received high clade
support (BS = 100%; PP = 1.0). Few internal branches
herein were highly supported, but the topology was very
similar between the MP and BI analyses. The clade con-
tained samples of no less than 11 genera, including three
monotypic genera, Dayaoshania cotinifolia, Paraisome-
trum mileense and Thamnocharis esquirolii, and samples of
the small genera Bournea (one of two species included)
and Deinocheilos (1/2). None of the multiple samples of
the medium-sized genera Ancylostemon (3/12), Isometrum



A molecular phylogenetic assessment of advanced didymocarpoid Gesneriaceae

237

Fig. 2 continued
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(3/14), Opithandra (3/10), Oreocharis (6/28 polyphyletic)
and Tremacron (3/7) formed a monophyletic clade. This
subclade also included four (Briggsia 1-3) of the eight
samples of Briggsia (8/22) included here, B. longifolia, B.
muscicola, B. rosthornii and B. stewardii. No pattern
appeared to emerge from the relationships of the genera;
samples of Oreocharis clustered with Bournea, with De-
inocheilos (BS = 88%; PP = 1.0), with Isometrum and
Tremacron; Isometrum clustered with Tremacron
(BS = 68%; PP = 1.0), and Briggsia with Paraisometrum
and Ancylostemon (BS = 100%; PP = 1.0). Most of these
relationships received low branch support. The likely rea-
sons are the short backbone branches of this clade (Fig. 3).
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The phylogram also shows the reason for the high branch
support for the pair, Briggsia stewardii and Ancylostemon
ronganensis, a high similarity between the sequences
(identical for trnlL-F).

The second clade split into two subclades, one con-
taining a monophyletic Cyrtandra (BS = 58%; PP = 1.0)
with Hexatheca fulva as sister (BS = 55%; PP = 1.0).
This subclade was sister to a monophyletic Ridleyandra
(BS = 100%; PP = 1.0) with Conandron as sister to the
latter, though the position of Conandron here was not
supported by high bootstrap or PP values (BS = 51%;
PP = 0.54). The other subclade included the Didymo-
carpus samples (BS = 100%; PP = 1.0), except D.
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Fig. 3 Phylogram of a single
most parsimonious tree based
on combined frnL-F and ITS
sequences of 191
didymocarpoid species

(CI = 0.3075, RI = 0.6454),
illustrating the distribution of
base substitutions across the tree
and the isolation of individual
clades. Shading indicates well-
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cortusifolius and D. hancei. The former species was sister
to Allocheilos guangxiensis in the MP analysis (though
with no branch support) and these together sister
(BS = 100%; PP = 1.0) to the monophyletic Gyrocheilos
samples (BS = 100%; PP = 1.0). In the BI analysis Al-
locheilos guangxiensis and Didymocarpus cortusifolius
formed grades to Gyrocheilos (PP = 1.0). This clade was
in turn sister to the Didymocarpus clade, though only with
PP support (PP = 1.0). These differences between MP and
BI analyses were likely due to the position of Chirita as-
perifolia, which fell as sister to the Allocheilos/Gyrochei-
los/Didymocarpus samples in the MP analysis, but as sister
to the Didymocarpus clade in the BI analysis. Chirita as-
perifolia together with the Allocheilos/Gyrocheilos/Didy-
mocarpus samples formed a well-supported monophyletic
clade (BS = 99%; PP = 1.0), with the monotypic Catha-
yanthe biflora as sister, though with low support
(PP = 0.59). Sister to these samples were the two
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Didymostigma samples, though this was not supported in
the BI analysis. The two Didymostigma samples them-
selves formed a strongly supported relationship
(BS = 100%; PP = 1.0).

The third clade split into two subclades, which were
highly supported (BS = 100%; PP = 1.0 and: BS = 91%;
PP = 1.0, respectively). The first included samples of four
genera, specifically all Chirita samples of section Gib-
bosaccus, the two samples of Chiritopsis included here,
two of the three species of Wentsaiboea, W. renifolia and
W. luochengensis, and the monotypic Primulina tabacum.
The second, Petrocodon subclade, included samples from
seven genera, including the two monotypic genera Doli-
choloma and Paralagarosolen, all described species of
Lagarosolen, two out of four described species of Petroc-
odon (P. dealbatus and P. ferrugineus), Calcareoboea
coccinea, Wentsaiboea tiandengensis and Didymocarpus
hancei. Lagarosolen was highly polyphyletic, with the
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other genera scattering among its species. Lagarosolen
ainsliifolius and Dolicholoma jasminiflorum were sister
(BS = 73%; PP = 1.0), as were Lagarosolen [ui and
Wentsaiboea tiandengensis (BS = 76%; PP = 0.83). Pet-
rocodon was paraphyletic, with Lagarosolen coriaceifolius
and Tengia scopulorum nesting inside this genus
(BS = 99%; PP = 1.0).

The fourth and fifth clades were characterised by the
scattered positions of samples of Briggsia (Briggsia 4-6)
and Raphiocarpus (Raphiocarpus 1-6). The two clades
were on a polytomy with two Raphiocarpus samples
(Raphiocarpus 1 and 2) plus the monotypic Briggsiopsis
delavayi, which formed a strong sister relationship with R.
macrosiphon (BS = 96%; PP = 1.0). This pair was sister

to the core of the fourth clade in the BI analysis and
Briggsia kurzii on the polytomy. In the MP analysis
Briggsia kurzii was sister to the fourth clade. In neither
analysis were the different positions of Briggsia dongxin-
gensis and Briggsia kurzii supported. The fourth clade
included a strongly supported monophyletic Loxostigma
(BS = 100%; PP = 1.0), as sister to a well-supported
monophyletic Pseudochirita (BS = 100%; PP = 1.0). The
clade consisting of these two genera received some support
(BS = 73%; PP = 1.0). Briggsia dongxingensis was sister
to this clade, but with no branch support. The Petrocosmea
samples formed a highly supported monophyletic clade
(BS = 100%; PP = 1.0), linked to three Raphiocarpus
samples arranged in grades, with the monotypic Allostigma
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in a sister relationship with R. sesquifolius, albeit with no
support. In the BI analysis Allostigma fell as a separate
grade, forming the basal lineage.

The fifth clade was split into two subclades. One
included a highly supported monophyletic Lysionotus
(BS =100%; PP =1.0) and Anna (BS = 99%;
PP = 1.0). Raphiocarpus sinicus was sister to the Lysion-
otus samples, though only with BI support (PP = 1.0). The
Hemiboea and Metabriggsia samples formed the other
subclade. Both Metabriggsia samples fell among the
Hemiboea samples, M. purpureotincta nested deep in the
genus in a clade with H. bicornuta, H. magnibracteata and
M. ovalifolia closer to the base (BS = 58%; PP = 1.0) but
inside a strongly supported Hemiboea clade (BS = 100%;
PP = 1.0).

Discussion
Phylogenetic analysis

Our analysis is to date the most comprehensive for the
“didymocarpoid Gesneriaceae”, with all but 3 genera out
of 60 belonging to the “advanced Asiatic and Malesian
genera” included. Only Beccarinda, Deinostigma and Se-
pikea could not be included. While the maximum parsi-
mony analysis resulted in a relatively fully resolved tree,
the backbone of this tree was not highly supported. This
was reflected in the Bayesian inference analysis that
showed lower resolution. However, where the topology
was well supported, the two analyses were congruent
(Figs. 1, 2).

While intergeneric and clade relationships were some-
times not well supported, branch support for a number of
monotypic genera was high and suggests that these genera
form good natural entities (see below). This pattern was
also found in our previous analyses including samples
across the whole family (Moller et al. 2009), but including
28 fewer didymocarpoid genera. Apparently, adding more
genera did not help stabilise the analysis. Even though the
two studies are not directly comparable due to the different
taxonomic sampling ranges (i.e., Moller et al. 2009, sam-
pled across the whole family; here we sampled the didy-
mocarpoid genera only) and sampling densities (i.e. Moller
et al. 2009, included 141 samples across the didymocar-
poids, here we included 191 samples), some topologies
were consistently recovered, e.g. the relationship among
Hemiboea, Lysionotus and Anna representing the fourth
and fifth clades; the relationship between Petrocodon and
Calcareoboea, and Chirita, Chiritopsis and Primulina
representing the third clade. The link among the latter three
genera and Wentsaiboea was already hinted at in an earlier
publication (Wei et al. 2010).
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Species content and representation
of the didymocarpoid genera analysed here

Of the 57 genera of the “advanced Asiatic and Malesian
genera” included here, 20 were monotypic, 12 small (<4
species), 18 medium sized (>4 to <30 species) and seven
large (>70 species) (Table 2). Of the non-monotypic gen-
era, for 7 (mostly small) genera only one sample was
included: Trisepalum (13 species), Kaisupeea (3), Hexat-
heca (4), Deinocheilos (2), Didissandra (8), Bournea (2)
and Calcareoboea (1-3).]

Monophyly of genera

From the 29 “advanced Asiatic and Malesian genera” with
multiple samples included, 12 were found to be mono-
phyletic: Aeschynanthus, Agalmyla, Anna, Cyrtandra,
Didymostigma, Gyrocheilos, Loxostigma, Lysionotus, Or-
nithoboea, Paraboea, Petrocosmea and Ridleyandra. Their
monophyletic positions in the phylogenetic trees received
very high statistical support in most cases in both MP and
BI analysis and based on individual or combined data
(Table 3). Their relative isolated position from other gen-
era can also be demonstrated through a phylogram,
depicting the length of branches in relation to the amount
of genetic differences to other clades (Fig. 3). Here, all
(except Cyrtandra) show long branches leading to the first
diversification points for the genera, suggesting that these
represent well-defined genetic entities. In the following, the
particular genera are commented on.

Aeschynanthus

This is a genus of some 160 species, ranging from South
China, North and South India through Malesia to New
Guinea and the Solomon Islands. Our sampling (species
from China, the Malay peninsula and Vietnam) included
only five species roughly representing its range, but there is
a large sampling in previous molecular studies (Dendu-
angboripant and Cronk 2000, 2001; Denduangboripant
et al. 2001). So far, no indication has been found that
Aeschynanthus is not monophyletic, and this matches well
with the relative uniformity of the genus in vegetative,
floral and fruit characters compared to other genera.

! Originally, the genus was established as monotypic with C.
coccinea (Li 1982) and characterised by the presence of red, long-
tubed flowers with a four-lobed upper lip and single-lobed lower lip.
Burtt (2001b) transferred the generically misplaced Didymocarpus
bonii to Calcareoboea, though it did not match any of the floral
characters mentioned. In the same paper he also announced the
transfer of Didymocarpus hancei to Calcareoboea, but this action was
never taken.
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Table 3 Branch support for genera and selected clades in maximum parsimony (MP) and Bayesian inference (BI) analyses of separate trnL-F,
ITS and combined data of the 191 advanced didymocarpoid Gesneriaceae samples analysed

MP (%) BI (PP)

trnLF  ITS Combined #nLF ITS  Combined
Aeschynanthus (5/160)* [99%°]° [88%] [99%] [1.0] [1.0] [1.0]
Agalmyla (6/97) [98%] [100%] [100%] [1.0] [1.0] [1.0]
Anna (3/3) [95%) [84%] [99%] [1.0] [1.0] [1.0]
Cyrtandra (7/>600) [61%] [<50%] [58%] [0.98] [0.88] [1.0]
Didymocarpus s.s. (14/70) [90%] [100%] [100%] [1.0] [1.0] [1.0]
Didymostigma (3/2) [100%] [100%] [100%] [1.0] [1.0] [1.0]
Gyrocheilos (3/4) [95%] [100%] [100%] [1.0] [1.0] [1.0]
Loxostigma (3/7) [94%] [98%] [100%] [1.0] [1.0] [1.0]
Lysionotus (4/30) [51%] [100%] [100%] [0.96] [1.0] [1.0]
Petrocosmea (4127) [95%] [96%] [100%] [1.0] [L1.0] [1.0]
Pseudochirita (1, 2var/1, 2var) [100%] [100%] [100%] [1.0] [1.0] [1.0]
Ridleyandra (3/20) [90%] [99%] [100%] [1.0] [1.0] [1.0]
Cyrtandra & Hexatheca (1/4) - [—1 [55%] - [1.0] [1.0]
Loxostigma & Pseudochirita (1/1) [73%] [<50%] [73%] [1.0] [0.62] [1.0]
Gyrocheilos, Allocheilos (1/2) and Didymocarpus cortusifolius [58%] [100%] [100%] [0.97] [1.0] [1.0]
Hemiboea (11/23) & Metabriggsia (2/2) [<50%] [100%] [100%] [0.55] [1.0] [1.0]
Oreocharis clade [incl. Oreocharis (6/28), Ancylostemon (3/12), Briggsia stewardii, [<50%] [100%] [100%] [1.0] [1.0] [1.0]

B. longifolia, B. muscicola, B. rosthornii, Bournea (1/2), Dayaoshania (1/1),
Deinocheilos (1/2), Isometrum (3/14), Opithandra (3/10), Paraisometrum (1/1),

Thamnocharis (1/1), Tremacron (4/7)]

Petrocodon clade [incl. Petrocodon (2/4), Calcareoboea (1/2), Didymocarpus hancei, [53%]

Dolicholoma (1/1), Lagarosolen (6/7), Paralagarosolen (1/1), Tengia (1/1),

Wentsaiboea tiandengensis)

Primulina clade [incl Primulina (1/1), Chirita sect Gibbosaccus, Chiritopsis (2/9),

Wentsaiboea renifolia, Wentsaiboea luochengensis)

Petrocodon clade & Primulina clade

[84%] [91%] [0.97] [1.0] [1.0]
[54%] [100%] [100%] [0.91] [1.0] [1.0]
[76%] [100%] [100%] [1.0] [1.0] [1.0]

* Species included/species described
® Clade support
¢ [ 1 denotes presence of monophyletic clade

9 Excluding D. cortusifolius and D. hancei

Agalmyla

This genus took its present form only in the recent past by
the inclusion of Dichrotrichum and Tetradema (Burtt 1968)
and thus including erect and climbing species, sessile or
long-stalked inflorescences, and flowers with two and four
stamens. In the revision of Hilliard and Burtt (2002), which
by the description of over 60 new species (applying a rather
narrow species concept) grew to a genus of 97 species and
with a distribution from Sumatra to New Guinea, three
sections were distinguished: sects. Agalmyla, Exannularia
and Dichrotrichum. Our sampling covers species from all
these sections. The close relationship of the morphologi-
cally very similar A. paucipilosa and A. sojoliana
(sect. Exannularia) as well as A. bilirana and A. glabra
(sect. Dichrotrichum) is well reflected in the tree (sister

positions), but must not be read as an indication of
monophyly of the respective sections, as in an extended
molecular phylogenetic study using ITS sequences that
included 17 Agalmyla samples of 16 species, none of the
sections were found to be monophyletic (Chapman 2003).

Anna

All three species recognised so far have been included in
the analysis. They form a well-supported clade and thus
prove the monophyly of the genus. The clade is sister to the
likewise monophyletic Lysionotus plus Raphiocarpus si-
nicus, the little known type species of a clearly polyphy-
letic genus. The relationship of Anna and Lysionotus is
plausible from the similar habit and the fact that both have
appendaged seeds (subulate in Amnna, hair-like in
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Lysionotus). Wang and Pan (1982) and Wang et al. (1990,
1998), therefore, placed Anna and Lysionotus in tribe
Trichosporeae (which as an entity, however, proved poly-
phyletic; Mdller et al. 2009).

Cyrtandra

This is by far the largest genus in Gesneriaceae with more
than 600 species. Here we included seven species right
across the distribution range of the genus, from Peninsula
Malaysia to Hawaii. There is no suggestion for the genus
not to represent a single natural lineage, though no analysis
exists to specifically test this (previous phylogenetic anal-
yses included as outgroup only one or two species of
Aeschynanthus (Atkins et al. 2001; Bramley et al. 2004;
Cronk et al. 2005; Clark et al. 2008, respectively). Perhaps
adding more Cyrtandra species might stabilise the analysis
with respect to the monophyly of the genus.

Remarkable is the sister position of Cyrtandra (+ Hexa-
theca) to Ridleyandra (+Conandron). Though support is
only weak, this is in good agreement with chromosomal
data (both have n = x = 34 chromosomes; Kiehn and
Weber 1998) and similarities in the fruit: Ridleyandra has
thick-walled, somewhat fleshy, dehiscent fruits, while they
are thick-walled (sclerocarpous or fleshy) and indehiscent
in Cyrtandra (see discussion in Weber and Burtt 1998b).

Didymostigma

Two of the three species, including the type species, have
been included in the analysis. They form a well-supported
clade in a larger (rather ill-supported) clade comprising
Didymocarpus, Gyrocheilos and others.

Gyrocheilos

Three of the four species (including the type species, but
not the type variety) have been included in the analysis.
They form a well-supported clade in a grade comprising
Chirita asperifolia (for the accommodation of which
recently Chirita sect. Liebigia was re-established; Hilliard
2004), Allocheilos guangxiensis and Didymocarpus cortusi-
folius. In fact, the close relationship of Gyrocheilos with
Didymocarpus is well known, Gyrocheilos mainly differing
in the undivided upper lip of the corolla.

Loxostigma

Four of the ca. seven species, including the type species,
have been included in the analysis. They form a well-
supported clade sister to the monotypic genus Pseudochi-
rita. Nonetheless, the genus, as currently circumscribed,
remains problematic in some respects (inclusion of species
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with appendaged and unappendaged seeds, of terrestrial
and epiphytic species, etc.). However, it is important to
have evidence that at least some species around the type
species can be considered as a good taxonomic entity.

Lysionotus

This is a genus of some 30 species, of which 4 have been
included in the analysis. They form a well-supported clade
with high support at all nodes. Lysionotus has never been
considered a problematic genus and is morphologically
well defined (epiphytic subshrubs, flowers diandrous, seeds
with a hair-like appendage at the apical end and a capillary
funicle at the hilar end). For its likely close relationship
with Anna, see above.

Ornithoboea

Though only 2 species of this genus of 11 species have
been included in the analysis, we are confident that Orni-
thoboea will stand as a good genus. The species have a
most characteristic corolla (with upper lip of two short
blunt lobes, lower lip much larger, three-lobed; palate with
a beard of large unicellular club-shaped hairs; a line of
hairs forming a circlet around the corolla), two fertile
stamens and twisted fruits. The latter character is reflected
in the position of the clade within the “advanced Asiatic
genera with twisted fruits”. Also the sister clade (Rhab-
dothamnopsis + Kaisupeea) consists of taxa with twisted
fruits.

Paraboea

From this large genus of more than 100 species, 4 species
have been included in the present analysis. They form a
clade, but support is not very high. However, together with
the sister clade (Trisepalum + Phylloboea) a clade of high
support results. In other trees (Moller et al. 2009) Trisepa-
lum appeared nested within Paraboea. Further studies are
underway to settle the status of Paraboea.

Petrocosmea

From this genus of some 27 species, 4 species (representing
all three sections distinguished by Wang 1985) have been
included in the analysis. They form a well-supported clade
in an otherwise ill-defined complex of taxa. So there is
good evidence that Petrocosmea is monophyletic.

Ridleyandra

From this genus of over 20 species, established recently by
Weber and Burtt (1998b) with two sections, 3 species have
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been included in the analysis. They form a well-supported
clade that is (along with the monotypic Conandron) sister
to Hexatheca and Cyrtandra. The three species all belong
to the type section (sect. Ridleyandra, corolla usually long-
tubed, Malay peninsula). Whether the species of sect.
Stilpnothrix (corolla campanulate or flat-faced, Borneo)
join remains to be seen.

Poly- and paraphyly of genera

The most surprising result of the present study was that in
the “advanced Asiatic and Malesian genera” more than a
third, specifically 17, were found not to be monophyletic
(Figs. 1, 2; Table 2). The likely polyphyly of genera such
as Briggsia, Chirita and Henckelia was already indicated in
earlier papers (Moller et al. 2009; Wei et al. 2010) and is
here, based on a much larger sampling, further corrobo-
rated. In a number of cases the indicated polyphyly is
above all doubt (and also can be retraced morphologi-
cally); in other cases support is still weak, and further
studies are required before any taxonomic conclusions can
be drawn.

Ancylostemon

This is a genus of a dozen Chinese species belonging to
the Oreocharis alliance (Wang et al. 1998), which posi-
tion is clearly reflected in the present phylograms. Three
species have been included in our analysis. They fell in
two subclades of the “Oreocharis-dominated clade”: one
(A. ronganensis) into the first subclade, forming a well-
supported sister pair with Briggsia stewardii (a strikingly
similar species with regard to habit, flower form and pink
flower coloration), while two (A. aureus and A. convexus)
formed a well-supported clade in the second subclade.
The latter two belong to the core group with yellow-
orange flowers and their close relationship is evident. In
conclusion, Ancylostemon seems to be (at least)
diphyletic.

Boea

The genus Boea was redefined in the recent past by Burtt
(1984), representing a small group of ca. 14 species
characterised by simple straight hairs and consistently
twisted fruits versus the much larger Paraboea (ca. 100
species) with an indumentum of interwoven arachnoid
hairs and variable (twisted or straight) fruits. Even in this
restricted sense, Boea does not seem to represent a natural
genus. Two species (B. hygrometrica, China, and B.
philippensis, the Philippines) fell as sister to the rest of
the clade of the advanced Asiatics with twisted fruits,
while B. magellanica (the type species of Boea, Papua

New Guinea and surrounding Islands) grouped—surpris-
ingly and inexplicably—with the monotypic genera Se-
nyumia and Spelaeanthus from the Malay peninsula. For
this enigma and the fact that only three species (out of
14) have been included here, we abstain from a detailed
discussion and leave this genus to be dealt with in a more
focused, separate paper where more species samples of
the complex with twisted fruits are included.

Briggsia

At present, over 20 species are recognised in Briggsia. Our
samples (eight species) fell in six positions: in three dif-
ferent places in the Oreocharis-dominated clade, in two
places (weakly supported) near the clade comprising
mainly Pseudochirita/Loxostigma and Petrocosmea, and as
a (weakly supported) sister clade to the Hemiboea/Meta-
briggsia clade.

It is well known that the genus is not well defined (p
272, Wang et al. 1998), and particularly three species
treated in the “Flora of China”, B. kurzii, B. longicaulis
and B. dongxingensis, had been earmarked to belong
probably to Loxostigma. They are clearly caulescent (with
10-60 cm tall stems) and have herbaceous, not leathery,
leaves similar to Loxostigma; only the absence of seed
appendages suggested their placement in Briggsia (see
Wang et al. 1998; reversely, Burtt 1975 had transferred
Briggsia kurzii, the only species of the alliance then
known, to Loxostigma). Two of the three species in ques-
tion, namely B. kurzii and B. dongxingensis, have been
included in our analysis. Though they did not cluster
directly with Loxostigma, they fell as sister to the clade
comprising Loxostigma and Pseudochirita. It is likely that
the third species, B. longicaulis, will fall here as well.

The morphologically similar Briggsia longipes and B.
mihieri (differing from each other only in degrees of leaf
shape, leaf margin and peduncle pubescence) formed a
strong sister relationship in our analysis. Their clade is near
Hemiboea, but in an unsupported position and thus difficult
to comment on at this point.

Briggsia longifolia (the type species), B. muscicola and
B. stewardii, all with rosette habit, fell in three positions in
the clade dominated by Oreocharis. At present it is difficult
to speculate on the reasons for the scattered appearance of
the Briggsia samples in this clade, as most positions were
not well supported. However, B. stewardii and Ancyloste-
mon ronganensis formed a strongly supported sister rela-
tionship. Indeed, they were found to be very similar in their
sequences (identical in #rnL-F), and a comparison of their
morphology indicated very few differences, and there is
little doubt that these two species, though traditionally
referred to distinct genera, are closely related or may even
be conspecific.
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Calcareoboea

The genus was originally established with C. coccinea as
a monotpyic genus (Li 1982). This is a rosette plant with
scapose inflorescences of spectacular red flowers (with
upper lip of four short teeth and a tongue-like lower lip),
apparently addressed to bird pollinators. For reasons
morphologically difficult to understand at first sight, Burtt
(2001b) added a second species in that he transferred
Didymocarpus bonii to Calcareoboea. In the same paper
he also announced the transfer of Didymocarpus hancei to
that genus (which, however, was never made). Both
species of “Didymocarpus” exhibit little similarity to
Calcareoboea. Two species of this trio (Calcareoboea
coccinea and Didymocarpus hancei) were included in our
analysis and indeed fell into the same clade, viz. the
Petrocodon clade. Though they did not form a sister pair
(proving definitely the congenerity), the predicted rela-
tionship is remarkable.

Chirita

The polyphyly of Chirita was indicated in previous papers
(Moller et al. 2009; Wei et al. 2010). Detailed studies
relating specifically to Chirita and Henckelia are under-
way, based on the inclusion of more species in all lineages.
Therefore, no comments are given here.

Chiritopsis

The two Chiritopsis species analysed (out of the nine
species of the genus) fell in grades in the Primulina clade
among the species of Chirita sect. Gibbosaccus. The non-
monophyly of Chiritopsis was shown earlier (Li and Wang
2007), based on a larger sampling (six species covering the
two sections Chiritopsis and Schistophyllos), and will be
treated in more detail in the announced study of Chirita and
Henckelia.

Didymocarpus

This genus, in its restricted sense (Weber and Burtt 1998c),
proved monophyletic in the present analysis, with the
exception of two species: D. cortusifolius, which fell in a
clade with Allocheilos guangxiensis and the species of
Gyrocheilos, and D. hancei (for that species see under
“Calcareoboea”). At the moment, the topology is difficult
to interpret in terms of poly- or paraphyly.

Hemiboea

Hemiboea proved to be a well-supported group (sister to
the clade of Briggsia longipes and B. mihieri), but with the
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two species of Metabriggsia nesting in different positions
in the genus. For further comments, see “Metabriggsia”.

Henckelia

The polyphyly of Henckelia (sensu Weber and Burtt
1998c) was indicated already in Mboller et al. (2009).
Detailed studies are in progress (see comments under
“Chirita”).

Isometrum

It is well known that Isometrum belongs into the Oreo-
charis alliance (p 251, Wang et al. 1998), and this is
reflected in the present analysis. However, the three species
(out of 14) included, each falls into a different part of the
Oreocharis-dominated clade.

Lagarosolen

Six species of Lagarosolen have been included in the
analysis and turned up in scattered positions in a clade
comprising also Paralagarosolen (monotypic), Dolicholo-
ma (monotypic), Tengia (monotypic), Calcareoboea, Pet-
rocodon (two species each) and Didymocarpus hancei.
This Petrocodon clade proved, along with the Oreocharis-
dominated clade, to be the best-supported clade of the
advanced Asiatics with straight fruits.

Metabriggsia

Though the name suggests a close affinity to Briggsia
(differing in the presence of only two fertile stamens and
only one carpel being fertile from Briggsia, Wang 1983),
the two species of Metabriggsia definitely belong in the
alliance of Hemiboea and appear nested within that genus
(in different places) in the present analysis.

Opithandra

This genus is close to Oreocharis and distinguished by the
presence of only two (vs. four) fertile stamens (Burtt 1956,
1958). But it is not, as usual, the posterior stamen pair that
is reduced, but the anterior one. In other words, it is the
adaxial pair that persists in a functional state. This condi-
tion is very rare in Gesneriaceae (otherwise only known
from Sarmienta, Epithema and the problematic Sepikea)
and thus might be considered as a good synapomorphy of
Opithandra. However, in view of the considerable varia-
tion of the (then six) species known to Burtt (1958), he sent
out a signal of warning: “...it cannot be gainsaid that
Opithandra is a somewhat artificial genus...” and that it
would be possible “...that these species have all been
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derived independently from different tetrandrous ances-
tors...”. The position of the three species included in the
analysis, on two lineages at the base of the phylogenetic
tree, hints that the adaxial stamens are an ancestral con-
dition for the Oreocharis-dominated clade from which
tetrandry evolved, though such a scenario is not well sup-
ported given the absence of branch support in this area of
the tree.

Oreocharis

Oreocharis is a fairly large genus, comprising nearly 30
species, 6 of which have been included in our analysis.
They fell in four different positions within the Oreocharis-
dominated clade, which proved—along with the Petroc-
odon clade—one of the best-supported larger clades of the
advanced Asiatic genera with straight fruits. The phylo-
gram (Fig. 3) shows a very long branch leading to the first
node, a considerable depth of this clade, but rather short
backbone branches, suggesting a phase of rapid radiation at
the beginning of the diversification of the group.

This is likely the reason that most relationships in this
clade were not well supported, except a clade comprising
four Oreocharis species: O. argyreia grouped with Isome-
trum lungshengense (but with weak support) and O. aurea
(in the second subclade) with Tremacron begoniifolium
(with likewise weak support). The interpretation of the
scattered appearance of the Oreocharis species in the clade
is difficult. Either the genus is polyphyletic by convergence,
or the species represent relicts of a once larger and wide-
spread genus, within which the many other groups and
monotypic genera evolved (paraphyly). Obviously, more
species are in need of being included in future analyses.

Satellite genera of Oreocharis are the very small or
monotypic genera Thamnocharis, Paraisometrum, Dein-
ocheilos and Dayaoshania. The two latter have flowers
with only two fertile stamens (or sometimes only one in
Dayaoshania), but—in contrast to Opithandra—it is the
adaxial stamen pair that is reduced. The Oreocharis-dom-
inated clade is thus an exemplary alliance demonstrating
the independent reduction of stamens, both with regard to
the adaxial and abaxial ones.

Petrocodon

The two species of Petrocodon did not form a sister rela-
tionship, but formed a well-supported clade also compris-
ing Lagarosolen coriaceifolius and the monotypic Tengia
(characterised by urceolate, actinomorphic flowers with
five stamens). The close relationship of Tengia and Pet-
rocodon (with zygomorphic, diandrous flowers) was pre-
dicted already by Burtt (1970). He was the first to suggest
that in the Gesneriaceae actinomorphic flowers have

evolved from zygomorphic flowers and used Tengia and
Petrocodon as a striking example. In both species the
corolla is or tends to be urceolate, and is thus very different
from Lagarosolen (long- and narrow-tubed funnel-shaped
corolla) and other members of the clade, in which Pet-
rocodon is situated.

Raphiocarpus

The six samples of Raphiocarpus each fell in separate
positions. Raphiocarpus sinicus, the type species, fell sister
to Lysionotus, and the clade Lysionotus/Raphiocarpus si-
nicus sister to Anna (with some PP support). As will be
shown elsewhere, the seeds of Anna and Raphiocarpus
sinicus indeed share a very similar testa pattern, and a
closer relationship is probable.

Three other species, R. begoniifolius, R. petelotii and R.
sesquifolius, fell in grades with Allostigma guangxiensis as
sister to the last species. Superficially, the latter closely
resembles Pseudochirita of the sister clade, though Allo-
stigma has a bilocular ovary, while Pseudochirita has, like
Raphiocarpus, a unilocular ovary. The phylogenetic rela-
tionships are not well supported here, and more data are
needed to fully understand the relationships between Al-
lostigma and Raphiocarpus. At any rate, the polyphyly of
Raphiocarpus is not a great surprise. Its probable artificial
nature was already mentioned when it was re-established
for accommodation of the Chinese species described under
Didissandra, but not being related with the Malesian spe-
cies of true Didissanda (Weber and Burtt 1998a).

Tremacron

This is another genus of the Oreocharis alliance (Wang
et al. 1998), and that placement is confirmed here. The
genus has seven species, four of which (including the type
species, T. forrestii) have been included in the analysis. All
fall in one of the two subclades of the Oreocharis-domi-
nated clade: two (plus Isometrum lancifolium) groups with
the type species, the third groups with Oreocharis aurea
(but with weak support). To fully resolve the species
relationships here, more data are needed.

Wentsaiboea

This was recently described as a monotypic genus (Fang
and Qin 2004), but two further species have now been
described, named W. luochengensis and W. tiandengensis
(Liu et al. 2010). In our analysis, W. renifolia (the type
species) and W. luochengensis formed a sister pair in the
clade with the species of Chirita sect. Gibbosaccus, while
W. tiandengensis fell in a different clade, closest to
Lagarosolen lui.
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Monotypic and small genera

Our study suggests that B.L. Burtt (personal communica-
tion) was right in his assumption that too many genera, and
particularly too many monotypic genera, have been
established, particularly among the Chinese Gesneriaceae.
We have found close relationships for a good number of
monotypic and small (essentially Chinese) genera: Alloc-
heilos (close to Gyrocheilos and Didymocarpus cortusifo-
lius), Bournea (Oreocharis-dominated clade), Briggsiopsis
(close to Raphiocarpus macrosiphon), Calcareoboea
(Petrocodon clade), Dayaoshania (Oreocharis-dominated
clade), Deinocheilos (Oreocharis-dominated clade), Doli-
choloma (Petrocodon clade), Hemiboeopsis (close to Chi-
rita sect. Chirita), Paraisometrum (Oreocharis-dominated
clade), Paralagarosolen (Petrocodon clade), Primulina
(Chirita sect. Gibbosaccus-dominated), Pseudochirita
(sister to Loxostigma), Tengia (Petrocodon clade) and
Thamnocharis (Oreocharis-dominated clade). These gen-
era and alliances will be treated in detail in forthcoming
papers. There is promise that at least some can be sunk into
synonymy.

Four Chinese genera remain phylogenetically problem-
atic: Allostigma, Cathayanthe, Conandron and Meta-
petrocosmea. These occupied unsupported positions in the
phylogenetic trees. This suggests that they are genetically
quite distinct from other genera, and as such seem to rep-
resent good genera, possibly remnants of larger groups that
have become largely extinct, or have not yet been dis-
covered, as the recent example of Litostigma indicates.
Interestingly, Cathayanthe possesses fleshy plagiocarpic
fruits, a combination that is unique in Gesneriaceae. Its
phylogenetic position is in the vicinity of but not with
Cyrtandra, another genus with fleshy fruits. Given the
absence of branch support in this area of the tree, it would
be interesting to see where the genus settles once more data
become available, whether the fleshiness of its fruits is
linked to Cyrtandra or represents a parallel event, such as
in Rhynchotechum.

The monotypic genera Emarhendia, Orchadocarpa,
Phylloboea, Rhabdothamnopsis, Senyumia and Spelaean-
thus fell in the predominantly twisted-fruited Boea group
and will be studied in more detail in due course. More
species need to be added before the full picture can emerge.

Genera not included in the analysis

With regard to the “advanced Asiatic and Malesian gen-
era” (as defined in the introduction), numbering 60 genera,
only three remain unstudied, Beccarinda, Deinostigma and
Sepikea. The authors aim to include these in future studies.
The placement of Beccarinda with the basal Asiatic genera
was already hinted at (see above).
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Conclusions

We think that with the present data another important step
towards a better understanding of the Old World Gesneri-
aceae and its phylogenetic differentiation has been made.
Previously we have shown that the available tribal
arrangements of this group were highly artificial and must
be redefined (Weber 2004; Moller et al. 2009). In the
present paper, we demonstrate that current generic delin-
eations are far from perfect, with many genera not forming
monophyletic lineages. In many cases, the reasons lie in the
insufficient or incomplete taxonomic knowledge of the
genera. Particularly for the many Chinese genera, key
characteristics are often not known or not recorded (e.g.
fruit structure and dehiscence mode; completely unknown
in the genus Paraisometrum, Metabriggsia purpureotincta
and in many species of Ancylostemon, Briggsia, Isome-
trum, Opithandra and Tremacron; seed types unknown,
e.g. in Calcareoboea, Dayaoshania, Lagarosolen, Parai-
sometrum and Thamnocharis). Generally, flower mor-
phology is better known, but characters such as anther
fusion, anther dehiscence, corolla form, etc., are often
difficult to establish from (sometimes very scanty or bad)
herbarium material.

Single character taxonomy is another problem. It
becomes increasingly clear that Gesneriaceae are prone to
parallelisms and reversals (e.g. parallel and independent
origin of actinomorphic flowers in Bournea, Conandron,
Ramonda, Tengia and Thamnocharis (Moller et al. 1999,
2009; Wang et al. 2010), parallel changes in flower zygo-
morphy, with the upper lip becoming undivided in Gy-
rocheilos, Deinocheilos and species of Ancylostemon; or
four-lobed in Allocheilos, Paraisometrum, Calcareoboea
coccinea and Ancylostemon saxatile, manifold parallel
reduction of anterior or posterior stamen pair, parallel loss
of fertility of one carpel in Hemiboea, Briggsiopsis,
Hemiboeopsis—apparently closer to Chirita sect. Chirita
rather than to Hemiboea, and species of Chirita sect.
Gibbosaccus). The need for a combination of characters for
defining genera is obvious. Nonetheless, also combinations
of characters may be subject of parallelisms, especially
when functionally tied together. Therefore, in modern
systematics the combination of molecular and morpho-
logical data is inevitable. “With molecular systematics and
morphology (in its widest sense) we are able to combine
two independent and equally potent disciplines into a
system of mutual elucidations. Morphology must serve as a
tool for recognition of weaknesses in molecular classifi-
cations and vice versa. The resulting spiral of increasing
knowledge and accuracy should replace the unidirectional
approach of morphological and molecular systematics”
(Weber 2003, p 3). With respect to the didymocarpoid
Gesneriaceae, our study highlights many taxonomic
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problems, and these need to be clarified by proper inves-
tigations of proper specimens in a concerted effort. It
provides the framework for many future studies that can be
targeted at specific problems. This top-down approach is
urgently needed to create stable generic boundaries.

Further work also needs to focus at solving inter-clade
relationships, and the appropriate way forward will be the
addition of more molecular markers and preferentially
conserved chloroplast sequences in order to obtain support
for the backbone topology of the phylogenetic trees.

We have come a long way, but we have to finish again
with the last sentence of our previous paper (Moller et al.
2009): ‘much work is waiting’.
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