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INTRODUCTION

Tribe Gomphostemmateae Scheen & Lindqvist (Lami
aceae: Lamioideae) includes three genera—Bostrychanthera 
Benth., Gomphostemma Wall. ex Benth. and Chelonopsis Miq., 
which together comprise about 46 species. Molecular phyloge
netic studies have provided strong support for the monophyly 
of Gomphostemmateae (Scheen & al., 2010; Bendiksby & al., 
2011). Members of this clade tend to have relatively large, 
fourlobed corollas that are strongly dilated distally (Harley 
& al., 2004). Possible synapomorphies include similarities in 
fruit pericarp structure (Ryding, 1994a, b) and the apparent 
branching of the columellae in the pollen exine (Pozhidaev, 
1989; AbuAsab & Cantino, 1994), but the sample size in these 
studies was too limited to be conclusive.

Bostrychanthera was established by Bentham (1876) 
with his description of B. deflexa Benth. It was thought to be 
monotypic until Mo & Wei (1983) described a second species, 
B. yaoshanensis S.L. Mo & F.N. Wei from Guangxi, China. 

Bostrychanthera has similarities to Chelonopsis, including lax 
inflorescences of pedunculate cymes and bearded anther thecae 
(Harley & al., 2004). Although Diels (1901) transferred B. de-
flexa to Chelonopsis, most authors have considered the two 
genera to be distinct (e.g., Wu & Li, 1977; Li & Hedge, 1994; 
Harley & al., 2004). Molecular phylogenetic studies (Scheen 
& al., 2010; Bendiksby & al., 2011) indicated that Bostrychan-
thera and Chelonopsis form a clade within Gomphostemmateae.

Gomphostemma, the largest genus in tribe Gomphostem
mateae with about 30 species, is widely distributed from India 
and Burma to Malesia, predominantly in lower montane rainfor
ests (Walsingham & Bramley, 2010). Prain (1891) proposed three 
sections (G. sect. Podosiphon Prain, sect. Stenostema Prain, 
sect. Eugomphostemma Prain) based on corolla and fruit char
acters. Gomphostemma differs from the other two genera of 
Gomphostemmateae in having denser, shortpedunculate inflo
rescences and lacking the bearded anther thecae (Harley & al., 
2004). Although fruit pericarp structure (Ryding, 1994a, b) 
suggested a close relationship between Gomphostemma and 
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Chelonopsis, molecular studies showed that Chelonopsis is 
more closely related to Bostrychanthera than to Gomphostemma 
(Scheen & al., 2010; Bendiksby & al., 2011).

Chelonopsis is an East Asian genus of perennial herbs 
and shrubs (Murata & Yamazaki, 1993; Wu & Wu, 1996). The 
genus was established by Miquel (1865) based on C. moschata 
Miq. from Japan (Hara, 1958). In the subsequent century and 
a half, the genus has grown to include 16 species and three 
varieties (Wu & Li, 1977; Hedge, 1990; Murata & Yamazaki, 

1993; Li & Hedge, 1994). A recent taxonomic revision of the 
genus reduced the number of species to 13 (Xiang & al., 2008, 
2009). With the newly described species C. praecox Weckerle 
& F. Huber from Sichuan (Weckerle & al., 2009), the genus as 
currently circumscribed includes 14 species and two varieties. 
Chelonopsis has generally been assumed to be monophyletic 
(Wu & Li, 1977; Li & Hedge, 1994).

The two main morphological characters used to recognize 
Chelonopsis are the inflorescence with lax pedunculate cymes 

Fig.  1. Overview of Bostrychanthera and Chelonopsis, showing the morphological diversity. A, Bostrychanthera deflexa. B–D, Chelonopsis 
subg. Chelonopsis: B, C. moschata; C, C. longipes; D, C. chekiangensis. E–L, C. subg. Aequidens: E, C. souliei; F, C. forrestii; G, C. giraldii; 
H, C. odontochila; I, C. rosea; J, C. lichiangnensis; K, C. praecox; L, C. mollissima.
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(true also of Bostrychanthera; Fig. 1) and nutlets winged at the 
apex. The latter character is very rare within subfamily Lami
oideae (Scheen & al., 2010). Additional morphological char
acters that help distinguish Chelonopsis (Harley & al., 2004) 
include flowers more than 1.5 cm long, corolla weakly two
lipped (Fig. 1), corollatube strongly dilated distally, and anther 
thecae distally bearded (Fig. 2). In the early classifications of 
Lami aceae, which were based on morphology, Chelonopsis 
was placed in subtribe Melittidinae (Dumort.) Endl. (Bentham, 
1848, 1876; Briquet, 1895–1897). After a survey of stomatal 
and trichome characters, and taking into consideration a previ
ous karyological study (Cantino, 1985), AbuAsab & Cantino 
(1987) suggested that subtribe Melittidinae might not be mono
phyletic, an opinion that was further supported by a study of 
fruit pericarp structure (Ryding, 1994b). None of these mor
phological studies was able to suggest a single synapomorphy 
for Melittidinae.

A series of recent molecular phylogenetic studies (Scheen 
& al., 2008, 2010; Bendiksby & al., 2011) have provided strong 
evidence that subtribe Melittidinae is polyphyletic. Conse
quently, this taxon has been abandoned. In its place, the tribe 
Synandreae Raf. was recircumscribed to accommodate a clade 
comprising five North American genera that were traditionally 

included in subtribe Melittidinae, but excluding the distantly 
related Eurasian genera Chelonopsis and Melittis L. (Scheen 
& al., 2008). Scheen & al. (2010) assigned Melittis to tribe 
Stachydeae, where it is strongly supported as sister to the rest 
of that tribe. In the same paper, Chelonopsis and two addi
tional Asian genera, Bostrychanthera. and Gomphostemma, 
composed a newly established and monophyletic tribe Gom
phostemmateae, which was also strongly supported by a sub
sequent study based on more molecular markers (Bendiksby 
& al., 2011).

There has been much less controversy regarding the infra
generic classification of Chelonopsis. Based on external mor
phological characters, but mostly on habit and calyx morphol
ogy, Wu & Li (1965) divided Chelonopsis into two subgenera, 
subg. Chelonopsis and subg. Aequidens C.Y. Wu & H.W. Li. 
The former is characterized by unequal calyx lobes and her
baceous habit while the latter is characterized by equal calyx 
lobes and shrubby habit. Chelonopsis subg. Aequidens was fur
ther subdivided based on leaf shape into two sections, C. sect. 
Aequidens and sect. Microphyllum C.Y. Wu & S.J. Hsuan, 
which are characterized by lanceolate and ovate leaves, respec
tively. On the basis of a trichome character, C. sect. Microphyl-
lum was further divided into two series, C. ser. Lichiangenses 

Fig. 2. Anther hairs on pollen 
sacs of Bostrychanthera and 
Chelonopsis (arrows). A, B, 
B. deflexa; C, C. mollissima; 
D, C. praecox. — B and D: SEM 
micrographs.
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C.Y. Wu & H.W. Li with glandular trichomes and C. ser. Roseae 
C.Y. Wu & H.W. Li without them.

One of the most fascinating aspects of Chelonopsis is the 
high level of endemism. The genus occurs in East Asia, in
cluding eastern Tibet, mainland China and Japan (Takhtajan, 
1986), with the center of diversity in southwest China (Xiang, 
2009). However, most of the 14 currently recognized species 
of Chelonopsis are narrow endemics. For example, C. giraldii 
Diels has only been found in two localities on Mt. Qinling, 
and C. praecox has only been found in Shuiluo village in 
Sichuan province. In addition, all species of subg. Aequidens 
are adapted to xeric habitats and only grow in dry, warm to hot 
river valleys. For the past few years, human activity has gradu
ally reduced the extent of the habitats needed by Chelonopsis 
species. Although none of the species are nationally listed as 
endangered, species such as C. forrestii J. Anthony, C. odon-
tochila Diels and C. lichiangensis W.W. Sm. are very rare in 
the wild, and C. rosea W.W. Sm. var. siccanea (W.W. Sm.) 
C.L. Xiang & H. Peng has not been found in the wild since the 
name was published in 1916.

It has become increasingly clear that Chelonopsis is a mem
ber of tribe Gomphostemmateae (e.g., Scheen & al., 2008, 2010; 
Bendiksby & al., 2011), but these studies focused on broadscale 
relationships at the subfamilial and tribal levels, and only two 
species of Chelonopsis (both of which are in C. subg. Chelo-
nopsis) were included. Consequently, interspecific relation
ships within the genus are unknown, and neither the monophyly 
of Chelonopsis nor the existing infrageneric classification has 
been tested through a phylogenetic analysis.

The aims of this study were therefore to infer the phylog
eny of Chelonopsis based on sequence data from five chloro
plast regions (psbAtrnH, rps16, trnL intron, trnL-trnF spacer, 
trnStrnG) and two nuclear DNA regions—ETS (external 
transcribed spacer) and ITS (internal transcribed spacer). The 
resulting phylogenetic tree is used to: (1) test the monophyly of 
tribe Gomphostemmateae based on a larger taxonomic sample 
than used in previous studies; (2) test the monophyly of Che-
lonopsis; (3) infer phylogenetic relationships within the genus; 
(4) test the infrageneric classification of Wu & Li (1965, 1977); 
and (5) trace the evolution and assess the taxonomic value of 
selected characters.

MATERIALS AND METHODS

Field work. — The tissue samples used in this study were 
collected in the field from 2004 to 2011. Fresh leaves were dried 
with silicagel for the purpose of DNA extraction. Voucher 
specimens are deposited in the herbarium of Kunming Institute 
of Botany, Chinese Academy of Sciences (KUN).

Taxon sampling. — A total of 38 accessions were analyzed, 
including representatives of all three genera of the newly estab
lished tribe Gomphostemmateae (Scheen & al., 2010): Chelo-
nopsis, Bostrychanthera and Gomphostemma. We sampled 12 
of the 14 species of Chelonopsis, including the newly described 
C. praecox, representing all of Wu & Li’s (1965, 1977) subgen
era, sections and series. Two species, C. abbreviata C.Y. Wu 

& H.W. Li and C. bracteata W.W. Sm., were not sampled be
cause we were unable to find living plants of them despite 
our repeated efforts. Bostrychanthera deflexa, the type of 
Bostrychanthera, and six species and one variety of Gomph-
ostemma were also included; some of them were represented 
by more than one accession. Several lamioid genera from other 
tribes were also represented in the dataset, including one spe
cies each of the genera Physostegia Benth., Galeopsis L., Leu-
cas R. Br., Brazoria Engelm. & A. Gray, Lamium L. and three 
species of Colquhounia Wall. Scutellarioideae has been shown 
to be the closest relative of Lamioideae (Wagstaff & al., 1995; 
Scheen & al., 2010; Bendiksby & al., 2011; Li & al., 2012); 
therefore, five species of Scutellari oideae (three of Scutel-
laria L., and one each of Holmskioldia Retz., and Wenchengia 
C,Y, Wu & S. Chow) were included as outgroups.

DNA extraction, amplification and sequencing. — Total 
DNA was obtained from fresh or silicadried leaf fragments. 
All accessions were identified using published keys and com
pared to herbarium specimens. Total genomic DNA was iso
lated using the CTAB procedure of Doyle & Doyle (1987) as 
modified by Soltis & al. (1991) for fresh or frozen samples. 
After extraction, the DNA was resuspended in doubledistilled 
water and kept at −40°C for further use.

The DNA amplifications were performed in a thermo
cycler (Biometra T1, Biometra, Göttingen, Germany). PCR 
and sequencing of the trnL intron and trnLtrnF intergenic 
spacer were performed using the universal primers of Taberlet 
& al. (1991), as two separate fragments using primers c and d, 
and e and f, respectively. The trnS-trnG spacer was amplified 
and sequenced using the primers trnS(GSU) and trnG(UCC) 
(Hamilton, 1999), and the primers used for amplifying and 
sequencing the psbAtrnH region were psbA and trnH as de
scribed by Hamilton (1999). For amplifying the rps16 intron, 
the primer sets developed by Oxelman & al. (1997) were used. 
Polymerase chain reactions (PCR) contained 2 µl DNA solu
tion, 5 µl PCR reaction buffer, 5 µl dNTP mix (0.2 mM), 2 µl 
each of the primers (5 µM), and 1.5 U TaqDNA polymerase. 
The final volume was adjusted to 50 µl with distilled sterile 
H2O (Xiang & al., 2012a). PCR conditions for all plastid DNA 
regions (trnL intron, trnLtrnF spacer, trnStrnG, psbAtrnH, 
rps16) were as follows: denaturation at 94°C for 3 min, 35 
cycles of 30 s at 94°C, 30 s at 53°C, 1 min at 72°C, and a final 
extension of 7 min at 72°C (Xiang, 2009).

The 3′ 18SIGS primer of Baldwin & Markos (1998) and 
the 5′ primer ETSB (Beardsley & Olmstead, 2002) were used 
to amplify a portion of the 3′ end of the ETS, and the PCR con
ditions were as described by Pastore & al. (2011). Amplification 
and sequencing of the ITS region (ITS1, 5.8S rDNA, ITS2) were 
performed with primers ITS4 and ITS5 (White & al., 1990) or 
Nnc18S10 and C26A (Wen & Zimmer, 1996), using the fol
lowing protocol: 35 cycles, each consisting of 94°C for 1 min, 
annealing at 55°C for 30 s, extension at 72°C for 1 min and 
further extension for 7 min. PCR mixtures were as described 
for the plastid fragments (see above), but we added 2% DMSO 
(dimethyl sulfoxide; Varadaraj & Skinner, 1994) to reduce the 
effects of secondary structure and allow PCR primers to bind 
more efficiently to the functional copies of ITS.
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Amplified products were purified using a QIAquick PCR 
purification kit (BioTeke Corporation, Beijing, China) follow
ing the manufacturer’s instructions. Sequencing reactions were 
performed with the dideoxy chain termination method running 
on an ABI PRISM 3730 automated sequencer. All sequences 
used in this study together with their GenBank accession num
bers are listed in Appendix 1.

Sequence alignment and phylogenetic analysis. — Se
quences were edited with SeqMan (DNASTAR Package) re
ferring to the corresponding chromatograms. Alignment was 
initially performed using the program CLUSTAL X v.1.81 
(Thompson & al., 1997), followed by manual adjustment in 
PhyDE v.0.9971 (http://www.phyde.de/index.html) to create 
the nexus file.

Phylogenetic trees were reconstructed using maximum 
parsimony (MP), Bayesian inference (BI), and maximum like
lihood (ML). Maximum parsimony analyses were performed 
with the heuristic search option of PAUP* v.4.0b10 (Swofford, 
2003). Gaps were treated as missing data. All unambiguous 
characters and charactertransformations were treated as unor
dered and equally weighted. Support for clades was calculated 
via bootstrap analyses (Felsenstein, 1985) using 1000 replicates 
as described by Li & al. (2009, 2011).

Bayesian inference was carried out with MrBayes v.3.1.2 
(Ronquist & Huelsenbeck, 2003). Prior to analysis, the appro
priate nucleotide sequence evolution model for each marker 
was selected using the Akaike information criterion (AIC) as 
implemented in Modeltest v.3.7 (Posada & Crandall, 1998). The 
bestfitting models and parameter values are shown in Table 1. 
Model parameters were estimated directly during the runs fol
lowing Zeng & al. (2010). For each analysis, two simultaneous 
runs were performed, starting from random trees for 2,000,000 
generations, having three heated and one cold chain. Markov 
chains were sampled every 100th generation. Analyses were 
run until the average standard deviation of split frequencies 

was less than 0.01 (Ronquist & al., 2005), indicating the con
vergence of the two runs. To assess whether the MCMC chain 
reached stationarity, we used the program AWTY online (Wil
genbusch & al., 2004) to visually check for convergence. The 
states of the chain that were sampled before stationarity were 
discarded as burnin, and the posterior probability values were 
determined from the remaining trees.

For ML analyses, we used the RAxML webserver pro
gram available at the CIPRES portal in San Diego (http://8ball 
.sdsc.edu:8889/cipresweb/Home.do). This online version 
implements a very efficient and rapid bootstrap heuristic in 
RAxML (Stamatakis & al., 2008). For each analysis, the ‘‘max
imum likelihood search’’ and ‘‘estimate proportion of invari
able sites’’ boxes were selected, with a total of 1000 bootstrap 
replicates performed.

Incongruence tests. — To examine the extent of conflict 
between the cpDNA and nrDNA datasets for a comparable set 
of taxa, the incongruence length difference (ILD) test (Farris 
& al., 1994, 1995) was implemented using the partition homo
geneity test of PAUP*. This test was performed with 1000 
replicated analyses, using the heuristic search option, simple 
stepwise addition of taxa, tree bisectionreconnection (TBR) 
branch swapping, and setting maxtrees to 1000.

Morphological and biogeographical data. — States for 
nine morphological and biogeographical characters repre
senting vegetative morphology (habit, leaf shape, trichomes), 
reproductive morphology (corolla tube, calyx, nutlet), and bio
geography (distribution pattern) were reconstructed using Mes
quite v.2.7.1 (Maddison & Maddison, 2009). All morphological 
characters were scored based on examination of herbarium 
material (CDBI, E, K, KUN, MO, PE), as well as on our previ
ous experience working with this group (Xiang & al., 2009, 
2010, 2012b, 2013). Character optimization was performed on 
the Bayesian consensus tree using a parsimony model with 
the unordered states assumption as implemented in Mesquite.

Table 1. Bestfitting models and parameter values for separate and combined datasets in this study.

Region

AIC  
selected 
model

Base frequencies Substitution model (rate matrix)

I GA C G T AC AG AT CG CT GT
ITS GTR + I + G 0.1951 0.3420 0.3064 0.1564 0.9935 1.8944 1.5422 0.4862 2.7013 1.0000 0.3790 1.6179
ETS TVM + G 0.1561 0.3361 0.3056 0.2021 1.5505 4.6343 2.6622 0.6934 4.6343 1.0000 0.0000 0.6519
ITS  +  ETS GTR + I + G 0.1861 0.3332 0.2986 0.1821 1.1764 2.5188 1.5456 0.6017 3.0316 1.0000 0.3336 1.4248
rps16 TVM + G 0.3276 0.1589 0.1886 0.3249 1.2049 1.2834 0.1130 1.1677 1.2834 1.0000 0.0000 0.5974
trnL intron TIM + I + G 0.3729 0.1711 0.1947 0.2612 1.0000 1.1643 0.3616 0.3616 2.2992 1.0000 0.5376 0.7917
trnL-trnF K81uf + G 0.3105 0.2285 0.1398 0.3212 1.0000 1.1858 0.4156 0.4156 1.1853 1.0000 0.0000 0.4904
trnH-psbA TVM + I 0.3667 0.0957 0.1654 0.3722 2.3295 1.0040 0.6321 1.0173 1.0040 1.0000 0.3848 0.0000
trnS-trnG GTR + G 0.3053 0.1886 0.1380 0.3681 1.1325 1.0621 0.0955 0.6456 0.5650 1.0000 0.0000 0.4572
Combined 
chloroplast 
data matrix TVM + I + G 0.3365 0.1634 0.1690 0.3312 1.2408 1.2805 0.2618 0.8530 1.2805 1.0000 0.3887 0.8729
All combined 
data matrix GTR + I + G 0.2920 0.2160 0.2086 0.2833 1.1691 1.7741 0.5208 1.0015 2.2238 1.0000 0.4776 0.7323

http://www.phyde.de/index.html
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RESULTS

Sequences and alignment characterization. — One hun
dred and eighty sequences were newly generated for this study 
(Appendix 1). Sequence lengths were 470–497 nucleotides (nt) 
in Chelonopsis (349–510 nt in the other included taxa) for the 
trnL intron, 286–294 nt (185–309) for the trnLtrnF spacer, 
470–565 nt (449–572) for the trnStrnG spacer, 303–361 nt 
(168–424) for the psbAtrnH spacer, 846–908 nt (802–916) for 
the rps16 intron, 582–641 nt (481–626) for the ITS15.8SITS2 
region, and 399–449 nt (374–448) for the ETS region. The re
sulting combined and aligned sequence matrix contained 4033 
positions (including gaps), of which 521 positions belong to the 
trnL intron partition, 310 to the trnLtrnF intergenic spacer 
partition, 482 to the psbAtrnH partition, 572 to the trnStrnG 
partition, 980 to the rps16 partition, 701 to the ITS partition, 
and the ETS region contributed 467 bp. Of the 4033 nucleotides 
24.08% were variable (13.17% parsimonyinformative) in the 
dataset (Table 2).

Phylogenetic analyses. — Overall, the nrDNAderived 
tree was much less resolved than the tree inferred using three 
cpDNA markers. The ILD tests indicated significant differ
ences between the cpDNA and nrDNA datasets (P = 0.01). A 
visual comparison of plastid and nuclear trees was performed to 
identify any discrepancies between them (Electr. Suppl.: Figs. 
S1, S2). The cpDNA data supported sect. Aequidens (C. souliei 
(Bonati) Merr. and C. forrestii) in the subg. Aequidens with 
strong support values (92%, 98% for the MP and ML bootstrap 
values, respectively, and 1.00 for the Bayesian posterior prob
ability; the values for these three measures of support are listed 
in the same order below). Analyses of nuclear data, however, 
placed sect. Aequidens as sister to subg. Chelonopsis with weak 
support (–, 70, 1.00). Despite the incongruence detected by 
the ILD, the data was concatenated. However, analyses were 
performed on datasets including and excluding sect. Aequidens.

The complete set of taxa alignment contained 4033 char
acters, of which 531 (13.16%) were informative. Parsimony 
analysis of the combined dataset produced 24 equally most 
parsimonious trees, each of 1762 steps (CI = 0.703; RI = 0.745). 

The majorityrule consensus tree from the Bayesian searches 
is presented in Fig. 3. With C. souliei and C. forrestii removed, 
parsimony analysis results in two equally parsimonious trees 
of 1039 steps (CI = 0.679; RI = 0.725). This analysis produced 
a resolved consensus tree (not shown) that was almost identi
cal in topology to one with all taxa included, and phylogenetic 
relationships were highly similar between the trees obtained 
in the ML, MP and BI analyses.

Phylogenetic relationships are very similar between the 
total evidence trees obtained in the BI, ML and MP analyses, 
although somewhat lower resolution was obtained with MP 
analysis. Tribe Gomphostemmateae was well supported as 
monophyletic (100, 93, 1.00) and consisted of two large clades. 
Species of Gomphostemma formed a supported (–, 94, 0.99) 
but poorly resolved clade that was sister to a wellsupported 
clade (99, 100, 1.00) consisting of the species of Chelonopsis 
and Bostrychanthera.

The ChelonopsisBostrychanthera clade was found to have 
two primary subclades: subg. Chelonopsis plus Bostrychan-
thera deflexa (99, 100, 1.00); and subg. Aequidens (73, 94, 1.00). 
The latter, in turn, was found to comprise two primary sub
clades: sect. Aequidens, with low support values (53, 57, –); and 
sect. Microphyllum, with very strong support (100, 100, 1.00). 
Section Microphyllum is further divided into two sister clades, 
corresponding to ser. Rosea and ser. Lichiangenses.

Nine morphological characters were mapped on the Bayes
ian consensus tree constructed from combined data of nuclear 
and cpDNA data (Fig. 4). Lanceolate leaves appear to be a 
synapomorphy for sect. Aequidens. Moreover, distribution of 
these characters across the cladogram is highly congruent with 
the infrageneric classification of Chelonopsis.

DISCUSSION

Tribe Gomphostemmateae and the circumscription of 
Chelonopsis. — Our molecular results confirm the monophyly 
of tribe Gomphostemmateae (Fig. 3.), corroborating the results 
of previous studies (Scheen & al., 2010; Bendiksby & al., 2011). 

Table 2. Properties of data partitions used in this study and statistical characters resulting from MP analysis.
GC content 
(%)

Aligned  
length [bp]

Variable  
characters

No. informa
tive sites

Tree  
length

Consistency 
index

Retention 
index

trnL intron 35.17 521 80 48 114 0.754 0.846
trnL-trnF spacer 36.72 310 77 56 107 0.804 0.880
trnStrnG 32.26 572 99 34 129 0.868 0.793
psbAtrnH 28.64 482 73 30 82 0.963 0.957
rps16 33.05 980 142 48 174 0.879 0.889
Combined chloroplast data matrix 33.51 2865 471 216 624 0.827 0.845
nrITS 65.42 701 295 192 669 0.652 0.695
nrETS 62.50 467 205 123 402 0.689 0.781
ITS + ETS 63.13 1168 500 315 1097 0.650 0.713
All combined data matrix 41.11 4033 971 531 1762 0.703 0.745
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However, although our analysis confirms the monophyly of 
Gomphostemma, it does not support the monophyly of Chelo-
nopsis unless Bostrychanthera is included within it.

Previous studies found Bostrychanthera and Chelonopsis 
to be sister groups (Scheen & al., 2010; Bendiksby & al., 2011), 
but only two species (C. longipes Makino, C. moschata, both 
in subg. Chelonopsis) were included in those analyses; the po
sition of these two species relative to Bostrychanthera in our 
analysis is consistent with those previous studies. With ten 
additional species of Chelonopsis included, our analysis found 
B. deflexa (type of Bostrychanthera) to be embedded within 

subg. Chelonopsis (Fig. 3). Thus, the species of Bostrychan-
thera should be transferred to Chelonopsis. Despite differing in 
the fleshiness and absence of winged apices on the nutlets, Bos-
trychanthera does share many morphological characters with 
subg. Chelonopsis: herbaceous habit, 3/2bilabiate calyx, lax 
inflorescences of longpedunculate cymes, absence of stellate 
hairs (present in Gomphostemma; Xiang & al., 2010), and tufts 
of hairs on the anthers (Figs. 1, 2). The last of these characters 
is absent in Gomphostemma and rare elsewhere in subfam
ily Lamioideae; it is apparently a synapomorphy for the clade 
comprising Bostrychanthera and Chelonopsis. Furthermore, 

Fig. 3. The Bayesian majorityrule consensus tree based on the combined data of nuclear (ITS, ETS) and cpDNA (psbAtrnH, rps16, trnL intron, 
trnLtrnF spacer, trnStrnG). Thick branches have Bayesian posterior probabilities higher than 0.95. The bootstrap support values higher than 
50% in maximum parsimony (MP) and maximum likelihood (RAxML) analyses are shown above the branches in that order. The infrageneric 
classification of Chelonopsis follows Wu & Li (1965, 1977).
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chromosome numbers correlate with the primary split in tribe 
Gomphostemmateae based on DNA sequence analyses. Both 
Bostrychanthera and Chelonopsis have chromosome numbers 
of 2n = 32 (e.g., Hsieh & Huang, 1998; Funamoto, 2007; Xiang 
& Funamoto, unpub. data), while Gomphostemma has 2n = 
34 (Cherian & Kuriachan, 1981, 1984; Hsieh & Huang, 1998).

The poorly known species B. yaoshanensis, which is en
demic to Mt. Dayaoshan in Guangxi Province, was not in
cluded in the present study because material was unavailable. 
Bostrychanthera yaoshanensis differs from B. deflexa in its 
densely hirsute stems and white corolla, but the presence of 
tufts of hairs on its anthers, its fleshy exocarp and its geograph
ical distribution all suggest a close relationship to B. deflexa. 
Thus, we transfer this species to Chelonopsis, but its position 
should be tested with molecular data in the future.

Relationships within Chelonopsis. — The relationships 
recovered by the molecular analyses based on combined data
sets support the infrageneric classification of Wu & Li (1965, 
1977). Our phylogenetic analysis suggests that there are two 
large clades within Chelonopsis (Fig. 3). One is the subg. Che-
lonopsis (including Bostrychanthera), with species of China 
and Japan each forming a separate and moderately supported 
subclade. The other is subg. Aequidens, with the two primary 
subclades corresponding to sect. Aequidens and sect. Micro-
phyllum. This relationship is also recovered in the separate 
analysis of the cpDNA data (Electr. Suppl.: Fig. S1). However, 
in the separate analysis of the nrDNA data, sect. Aequidens 
(C. souliei, C. forrestii) form a sister group to subg. Chelonopsis 
albeit with weak support value (–, 70, 1.00; Electr. Suppl.: Fig. 
S2). No morphological synapomorphies have been identified in 
support of this relationship (see below; Fig. 4). The incongruent 
placement of sect. Aequidens could be a result of polyploidy in 
this section, but these species have never had their chromosome 

numbers reported to date. Studies on cytology may provide 
more convincing evidence. Thus, we mainly discuss the re
lationships within Chelonopsis based on analysis of the all 
combined dataset as well as morphological characters as below.

The five species of subg. Chelonopsis (B. deflexa, C. cheki-
angensis, C. longipes, C. moschata, C. yagiharana Hisauti 
& Matsuno) fall into two subclades. According to Wu & Wu 
(1996), these five species belong to a SinoJapanese distribution 
pattern. The close relationship is further supported by ecologi
cal similarity (e.g., wet places in forests) and morphological 
similarities (Fig. 1A–D): all of the species possess an herba
ceous habit (versus woody in subg. Aequidens), rhizomes, pu
bescent leaves, and 3/2bilabiate calyx (versus equally 5lobed 
in subg. Aequidens)

Subgenus Aequidens is composed of sect. Aequidens and 
sect. Microphyllum (Wu & Li, 1965, 1977), both of which form 
monophyletic groups, although two species of sect. Microphyl-
lum (C. abbreviata, C. bracteata) were not sampled (Fig. 3). 
Section Aequidens is characterized by lanceolate leaves, while 
section Microphyllum has ovate leaves. Additionally, most spe
cies of sect. Microphyllum have clavate glandular trichomes, 
which are absent in sect. Aequidens (Xiang & al., 2010). 
Furthermore, the pollen averages are slightly larger in sect. 
Microphyllum than in sect. Aequidens (Xiang & al., 2012b). 
Traditionally, sect. Aequidens has been thought to consist of 
three species: C. albiflora Pax. & K. Hoffm., C. souliei (Bonati) 
Merr. and C. forrestii (Wu & Li, 1977), but C. albiflora and 
C. souliei were treated as conspecific by Xiang & al. (2008) 
because they are very difficult to distinguish based on mor
phology and have entirely overlapping distributions. In our 
analysis, the accession of C. souliei 1 was originally collected 
as C. albiflora. This accession formed a wellsupported sub
clade (100, 100 1.00) with the other two accessions of C. souliei, 

Fig. 4. Selected morphological characters mapped on the Bayesian consensus tree derived from molecular phylogenetic analyses. Symbols are 
filled squares (F) or open squares (O). Selected characters are: 1. Calyx: 3/2bilabiatae = O, equal = F; 2. Habit: herb = O, shrub = F; 3. Distribu
tion: SinoJapan = O, SinoHimalayan = F; 4. Capitate glandular trichomes: absent = O, present = F; 5. Corolla tube: dilated above middle = O, 
dilated near base = F; 6. Nutlets: drupelike and subglobose = O, flattened and winged at apex = F; 7. Leaf shape: lanceolate = O, broadly ovate = 
F; 8. Pattern of leaf anticlinal walls: nearly straight = O, irregular = F; 9. Clavate glandular trichomes: absent = O, present = F.
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which reinforces our earlier finding. Thus, only two species 
(C. souliei, C. forrestii) are retained in sect. Aequidens. Che-
lonopsis souliei is readily distinguished from C. forrestii by 
its verticillate leaves but both have lanceolate leaves, which 
appear to be a synapomorphy for this section.

Section Microphyllum has been further subdivided into two 
series, (ser. Roseae, ser. Lichiangenses) based on the presence 
versus absence of glandular trichomes (Wu & Li, 1965, 1977). 
Both series were recovered as monophyletic groups in the pres
ent study, but with only weak to moderate support (Fig. 3). Spe
cies within sect. Microphyllum are easily distinguished from 
each other by flower color, leaf shape, bract morphology, and 
geographical distribution. It has been suggested that C. giraldii 
represents a monotypic series (Xiang & al., 2010) because of 
its distribution, leaf morphology, trichome morphology and 
pollen grains (Xiang & al., 2008, 2010). However, our pres
ent results support its placement in ser. Roseae, as proposed 
by Wu & Li (1965, 1977) in their infrageneric classification. 
Furthermore, our molecular results suggest that the newly de
scribed species, C. praecox (Weckerle & al., 2009), should be 
placed in ser. Lichiangenses of sect. Microphyllum, though its 
sisterrelationship to C. lichiangensis is only weakly supported 
(Fig. 3). Morphologically, C. praecox also fits well with Wu 
& Li’s (1977) concept of ser. Lichiangenses as indicated by the 
following shared characters: robust shrubs, young branches 
very densely pilose and with few glands, leaf blade broadly 
ovate, very pilose abaxially and with glandular trichomes.

Taxonomic significance of selected characters. — Mo
lecular divergence is not necessarily commensurate with 
morphological change (Donoghue & Sanderson, 1992), as 
demonstrated for example in Iris L. (Wilson, 2011), Jumella 
Schltr. (Rakotoarivelo & al., 2012), Pyrus L. (Iketani & al., 
1998), and Saxifraga L. (Vargas, 2000), as well as in bryo
phytes, such as Isothecium Brid. (Draper & al., 2007), Neckera 
Hedw. (Olsson & al., 2011) and Fontinalaceae (Shaw & Allen, 
2000). In Lami aceae, incongruence between molecular phy
logenetic trees and infrageneric classifications based mainly 
on morphology is common, as seen for example in Cleroden-
drum L. (Steane & al., 1999), Hemigenia R. Br. (Guerin, 2008), 
Mentha L. (Bunsawat & al., 2004), Minthostachys (Benth.) 
Spach (SchmidtLebuhn, 2008), and Isodon (Schrad. ex Benth.) 
Spach (Xiang & al., unpub. data). However, our analysis dis
played strong congruence between the consensus tree based on 
DNA analysis (Fig. 3) and the morphologybased infrageneric 
classification of Wu & Li (1965, 1977).

Wu & Li (1965, 1977) recognized two morphological 
characters, habit and calyx shape, as being most useful for 
determining relationships within Chelonopsis, especially at the 
subgeneric level. Several authors have also noted that particu
lar characters are taxonomically significant at the sectional or 
series level (Weckerle & al., 2009; Xiang & al., 2010, 2012b, 
2013). Here, we tentatively optimized nine selected morpho
logical characters on the majorityrule consensus tree from the 
combined datasets (Fig. 4). Further work is needed to assess 
structural homology of each of these characters. However, us
ing Wu & Li’s (1977) character state assessments, it is possible 
to discuss taxonomic implications of these characters.

As might be expected for characters used to distinguish 
subg. Chelonopsis from subg. Aequidens, Bayesianbased 
character reconstructions generally inferred a single origin 
without loss for all four selected characters when optimized 
onto the Bayesian majorityrule consensus tree (Fig. 4). The 
morphological characters that differentiate subg. Chelonopsis 
from subg. Aequidens are particularly interesting. In addition 
to the difference in habit and calyx shape (Wu & Li, 1977) 
(Fig. 4), there are differences in distribution (Xiang, 2009) and 
presence or absence of capitate glandular trichomes (Xiang 
& al., 2010). Unequivocally, all species of subg. Chelonopsis 
are herbs with 3/2 bilabiate calyces and leaves lacking capitate 
glandular trichomes, while the species of subg. Aequidens are 
shrubs with equally 5lobed calyces and leaves with capitate 
glandular trichomes.

There are also biogeographical correlates with the phy
logeny of Chelonopsis (Figs. 3, 4). Subgenus Chelonopsis is a 
SinoJapanese group; all species are montane and grow in moist 
forest understories. Within subg. Chelonopsis, two Chinese 
endemics (C. chekiangensis C.Y. Wu, Bostrychanthera deflexa) 
grouped together while three Japanese endemics (C. moschata, 
C. longipes, C. yagiharana) formed the other primary subclade 
(Fig. 3). In contrast, subg. Aequidens is an exclusively Sino
Himalayan clade with a major center of diversification in south
western China. Generally speaking, taxa of subg. Aequidens 
are adapted to xerothermic environments, and are restricted 
to drywarm or dryhot river valleys. Chelonopsis giraldii is 
found in similar habitats but is confined to Mt. Qingling in 
western China.

Within subg. Chelonopsis, two morphological characters 
differentiate Bostrychanthera deflexa from Chelonopsis: co
rolla tube and nutlets (Fig. 4). The corolla tube of all Chelonop-
sis species expands gradually from the dilated base (Fig. 1B–L), 
and the nutlets are dorsiventrally flattened and obliquely long
winged at the apex. In contrast, the corolla tube of Bostrychan-
thera is abruptly dilated above the middle (Fig. 1A), and the 
nutlets are fleshy, which is likely to have originated indepen
dently in Bostrychanthera and Gomphostemma.

Within subg. Aequidens, leaf shape, pattern of leaf epi
dermal cell walls, presence of clavate glandular trichomes and 
phyllotaxy have high taxonomic value at the sectional level 
(Fig. 4). In sect. Aequidens, leaves are lanceolate and leaf epi
dermal cells are nearly straight, while all other species of Che-
lonopsis have ovate leaves and irregular anticlinal cell walls. 
Furthermore, C. souliei is characterized by having whorled 
leaves. Xiang & al. (2010) suggested that trichomes have taxo
nomic importance at the sectional level. With the exception 
of C. giraldii, all species in sect. Microphyllum have clavate 
glandular trichomes, which are absent in sect. Aequidens.

In conclusion, our analysis of molecular data has provided 
a wellresolved phylogeny for Chelonopsis. The two primary 
clades of Chelonopsis correspond to Wu & Li’s (1965) subg. 
Chelonopsis and subg. Aequidens. The species of Bostrychan-
thera should be transferred to Chelonopsis if the latter is to 
be monophyletic. Our molecular analysis also supports the 
monophyly of all of the sections and series in Wu & Li’s 
classification, but the support for the two series within sect. 



384

TAXON 62 (2) • April 2013: 375–386Xiang & al. • Systematics of the genus Chelonopsis

384 Version of Record (identical to print version).

Abu-Asab, M. S. & Cantino, P.D. 1987. Phylogenetic implication of 
leaf anatomy in subtribe Melittidinae (Labiatae) and related taxa. 
J. Arnold Arbor. 68: 1–34.

Abu-Asab, M.S. & Cantino, P.D. 1994. Systematic implications of pol
len morphology in subfamilies Lamioideae and Pogostemonoideae 
(Labiatae). Ann. Missouri Bot. Gard. 81: 653–686. 

 http://dx.doi.org/10.2307/2399915
Baldwin, B.G. & Markos, S. 1998. Phylogenetic utility of the external 

transcribed spacer (ETS) of 18S26S rDNA: Congruence of ETS 
and ITS trees of Calycadenia (Compositae). Molec. Phylogen. Evol. 
10: 449–463. http://dx.doi.org/10.1006/mpev.1998.0545

Beardsley, P.M. & Olmstead, R.G. 2002. Redefining Phrymaceae: 
Placement of Mimulus, tribe Mimuleae, and Phryma. Amer. J. Bot. 
89: 1093–1102. http://dx.doi.org/10.3732/ajb.89.7.1093

Bendiksby, M., Thorbek, L., Scheen, A.C., Lindqvist, C. & Ryding, 
O. 2011. An updated phylogeny and classification of Lamiaceae 
subfamily Lamioideae. Taxon 60: 471–484.

Bentham, G. 1848. Labiatae. Pp. 27–603 in: Candolle, A. de (ed.), 
Prodromus systematis naturalis regni vegetabilis, vol. 12. Paris: 
Tretttel and Würtz.

Bentham, G. 1876. Labiatae. Pp. 1160–1223 in: Bentham, G. & Hooker, 
J.D. (eds.), Genera plantarum. London: Reeve.

Briquet, J. 1895–1897. Labiatae. Pp. 183–375 in: Engler, H.G.A. & 
Prantl, K.A.E. (eds.), Die natürlichen Pflanzenfamilien, vol. 4(3a). 
Berlin: Englemann.

Bunsawat, J., Elliott, N.E., Hertweck, K.L., Sproles, E. & Alice, 
L.A. 2004. Phylogenetics of Mentha (Lamiaceae): Evidence from 
chloroplast DNA sequences. Syst. Bot. 29: 959–964.

 http://dx.doi.org/10.1600/0363644042450973
Cantino, P.D. 1985. Chromosome studies in subtribe Melittidinae 

(Labiatae) and systematic implications. Syst. Bot. 10: 1–6.
 http://dx.doi.org/10.2307/2418431
Cherian, M. & Kuriachan, P.I. 1981. Lamiaceae. Pp. 707–708 in: Löve, 

Á. (ed.), Chromosome number reports LXXII. Taxon 30: 694–708.
Cherian, M. & Kuriachan. P.I. 1984. Lamiaceae. Pp. 127–128 in: 

Löve, Á. (ed.), Chromosome number reports LXXXII. Taxon 33: 
126–134.

Diels, L. 1901. Die Flora von Central China. Bot. Jahrb. Syst. 29: 
469–659.

Donoghue, M.J. & Sanderson, M.J. 1992. The suitability of molecular 
and morphological evidence in reconstructing plant phylogeny. Pp. 
340–368 in: Soltis, P.S., Soltis, D.E. & Doyle, J.J. (eds.), Molecular 
systematics of plants. London, New York: Champman & Hall. 
http://dx.doi.org/10.1007/9781461532767_15

Doyle, J.J. & Doyle, J.L. 1987. A rapid DNA isolation procedure for 
small amounts of fresh leaf tissue. Phytochem. Bull. 19: 11–15.

Draper, I., Hedenäs, L. & Grimm, G.W. 2007. Molecular and mor
phological incongruence in European species of Isothecium 
(Bryophyta). Molec. Phylogen. Evol. 42: 700–716. 

 http://dx.doi.org/10.1016/j.ympev.2006.09.021
Farris, J.S., Källersjö, M., Kluge, A.G. & Bult, C. 1994. Testing 

significance of incongruence. Cladistics 10: 315–319. 
 http://dx.doi.org/10.1111/j.10960031.1994.tb00181.x
Farris, J.S., Källersjö, M., Kluge, A.G. & Bult, C. 1995. Construct

ing a significant test for incongruence. Syst. Biol. 44: 570–572.
Felsenstein, J. 1985. Confidence limits on phylogenies: An approach 

using the bootstrap. Evolution 39: 783–791. 
 http://dx.doi.org/10.2307/2408678
Funamoto, T. 2007. Comparative chromosomal characters of three 
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and SinoHimalayan distribution patterns respectively.

TAXONOMIC TREATMENT

Based on the molecular analysis, the current generic limits 
of Chelonopsis cannot be retained. The simplest way to obtain 
a monophyletic classification is to transfer the two species of 
Bostrychanthera to Chelonopsis. The necessary new combina
tions are provided below.

Chelonopsis Miq. in Ann. Mus. Bot. LugdunoBatavi 2: 111. 
1865 – Type: C. moschata Miq.

= Bostrychanthera Benth. in Bentham & Hooker, Gen. Pl. 2: 
1170, 1216. 1876 – Type: B. deflexa Benth.

Chelonopsis deflexa (Benth.) Diels in Bot. Jahrb. Syst. 29: 
554. 1900 ≡ Bostrychanthera deflexa Benth. in Bentham 
& Hooker, Gen. Pl. 2: 1216. 1876 ≡ Chelonopsis benthami-
ana Hemsl. in J. Linn. Soc. Bot. 26(175): 298. 1890, nom. 
illeg. superfl. – Holotype: CHINA. Fokien, Amoy, Jun 
1870, R. Swinhoe s.n. (K).
Distribution. – This species is known from Fujian, Guang

dong, Guangxi, Guizhou, Hubei, Jiangxi, Sichuan and Taiwan. 
It consists of herbs that occur in wet, lower montane areas, 
mostly below 1000 m.

Chelonopsis yaoshanensis (S.L. Mo & F.N. Wei) C.L. Xiang 
& H. Peng, comb. nov. ≡ Bostrychanthera yaoshanensis 
S.L. Mo & F.N. Wei in Guihaia 3: 307. 1983 – Holotype: 
CHINA. Guangxi: Jinxiu County, Liuxiang, Shanggu
chen, 11 Nov 1981, Da-yao-shan Exped. 12513 (IBG!)
Distribution. – This species is restricted to Mt. Dayao

shan, Guangxi. To date, it is only known from one locality 
near the village of Shangguchen. The first author undertook 
botanical expeditions to Guanxi in 2007 and 2010, but no plants 
of this species were found. We have reason to think it might 
be extinct.

Note. – The correct number of the holotype is 12513, rather 
than 13513 as Mo & Wei (1983) cited in the protologue.
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Appendix 1. List of specimens used in the present study including voucher information and GenBank accession numbers. Sequence data generated for this 
study are indicated with an asterisk (*). Multiple accessions from the same species are numbered. Missing data are indicated with an ndash (‒).

Genus: species1, origin, voucher (herbarium), ETS, ITS, psbAtrnH, rps16 intron, trnL intron, trnLtrnF spacer, trnStrnG; species 2, etc.

Bostrychanthera Benth.: B. deflexa Benth. 1, Guangxi, China, C.L. Xiang 048 (KUN), JX893184*, JX893208*, ‒, JX893258*, JX893282*, JX893311*, 
JX893340*; 2, Guizhou, China, Sino-American Guizhou Bot. Exped. 1923 (A), ‒, ‒, ‒, FJ854020, FJ854267, FJ854154, ‒; Brazoria Engelm. & A. Gray: 
B. enquistii M.W. Turner, Texas, U.S.A., M.W. Turner 61 (TEX), ‒, ‒, ‒, HQ911600, EF546966, EF546889, EF546898; Chelonopsis Miq.: C. chekiangen-
sis C.Y. Wu, Zhejiang, China, C.L. Xiang 0602 (KUN), JX893185*, JX893209*, JX893235*, JX893259*, JX893283*, JX893312*, JX893341*; C. forrestii 
J. Anthony, Sichuan, China, C.L. Xiang & H. Peng HP5141 (KUN), JX893186*, JX893210*, JX893236*, JX893260*, JX893284*, JX893313*, JX893342*; 
C. giraldii Diels, Shaanxi, China, C.L. Xiang 025 (KUN), JX893187*, JX893211*, JX893237*, JX893261*, JX893285*, JX893314*, JX893343*; C. lichian-
gensis W.W. Sm., Yunnan, China, C.L. Xiang 020 (KUN), JX893188*, JX893212*, JX893238*, JX893262*, JX893286*, JX893315*, JX893344*; C. longipes 
Makino 1, Japan, Yamamuro 44619 (KUN), JX893189*, JX893213*, JX893239*, JX893263*, JX893287*, JX893316*, JX893345*; 2, Japan, S. Okuyama & N. 
Maruyana s.n. (UPS), ‒, ‒, ‒, FJ854025, EF546938, EF54686, ‒; C. mollissima C.Y. Wu, Yunnan, China, C.L. Xiang 05005 (KUN), JX893190*, JX893214*, 
JX893240*, JX893264*, JX893288*, JX893317*, JX893346*; C. moschata Miq. 1, Japan, C.L. Xiang Y0607 (KUN), JX893191*, JX893215*, JX893241*, 
JX893265*, JX893289*, JX893318*, JX893347*; 2, cult., P.D. Cantino 1429 (BHO), ‒, ‒, ‒, ‒, FJ854270, FJ854157, ‒; C. odontochila Diels, Yunnan, China, 
C.L. Xiang 022 (KUN), JX893192*, JX893216*, JX893242*, JX893266*, JX893290*, JX893319*, JX893348*; C. praecox Weckerle & F.K. Huber, Sichuan, 
China, C.L. Xiang 06070401 (KUN), JX893193*, JX893217*, JX893243*, JX893267*, JX893291*, JX893320*, JX893349*; C. rosea W.W. Sm., Yunnan, China, 
C.L. Xiang 036 (KUN), JX893194*, JX893218*, JX893244*, JX893268*, JX893292*, JX893321*, JX893350*; C. souliei (Bonati) Merr. 1, Sichuan, China, 
C.L. Xiang & H. Peng HP5240 (KUN), JX893195*, JX893219*, JX893245*, JX893269*, JX893293*, JX893322*, JX893351*; 2, Tibet, China, L. Chen & Z.H. 
Dong CD01 (KUN), JX893196*, JX893220*, ‒, JX893270*, JX893294*, JX893323*, JX893352*; 3, Tibet, China, T. Zhang & al. 08CS651 (KUN), JX893197*, 
JX893221*, JX893246*, JX893271*, ‒, ‒, JX893353*; C. yagiharana Hisauti & Matsuno, Tokyo, Japan, C.L. Xiang 0601 (KUN), JX893198*, JX893222*, 
JX893247*, JX893272*, JX893295*, JX893324*, JX893354*; Colquhounia Wall.: C. coccinea Wall., Yunnan, China, C.L. Xiang 046 (KUN), JX893199*, 
JX893223*, JX893248*, JX893273*, JX893296*, JX893325*, JX893355*; C. compta W.W. Sm., Yunnan, China, C.L. Xiang HP5134 (KUN), JX893200*, 
JX893224*, JX893249*, JX893274*, JX893297*, JX893326*, JX893356*; C. seguinii Vaniot, Guizhou, China, C.L. Xiang 065 (KUN), JX893201*, JX893225*, 
JX893250*, JX893275*, JX893298*, JX893327*, JX893357*; Galeopsis L.: G. bifida Boenn., Xinjiang, China, E.D. Liu & C.L. Xiang 086 (KUN), JX893202*, 
‒, JX893251*, JX893276*, JX893299*, JX893328*, JX893358*; Gomphostemma Wall. ex Benth.: G. arbusculum C.Y. Wu, Yunnan, China, C.L. Xiang & al. 
0161 (KUN), JX893203*, JX893226*, JX893252*, JX893277*, JX893300*, JX893329*, JX893359*; G. chinense Oliv., Yunnan, China, C.L. Xiang & H. Peng 
HP6070 (KUN), JX893204*, JX893227*, JX893253*, ‒, JX893301*, JX893330*, JX893360*; G. crinitum Wall. ex Benth., Yunnan, China, C.L. Xiang & J. Xu 
032 (KUN), JX893205*, JX893228*, JX893254*, JX893278*, JX893302*, JX893331*, JX893361*; G. javanicum (Blume) Benth., G.E. Juan s.n. (US), ‒, ‒, ‒, 
HQ911595, HQ911667, HQ911735, ‒; G. strobilinum Benth. var. acaule (Kurz ex Hook. f.) Prain, Thailand, Maxwell 87-1305 (L), ‒, ‒, ‒, HQ911596, HQ911669, 
‒, ‒; G. sp., Yunnan, China, C.L. Xiang 03031 (KUN), ‒, ‒, JX893255*, ‒, JX893303*, JX893332*, ‒; G. wallichii Prain, Thailand, M. Tagawa & al. 9498 
(US), ‒, ‒, ‒, ‒, HQ911668, HQ911736, ‒; Holmskioldia Retz.: H. sanguinea Retz., Hainan, China, C.L. Xiang 415 (KUN), ‒, ‒, ‒, ‒, JX893304*, JX893333*, 
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