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ABSTRACT 

With the aim of inferring phylogenetic relationships among 86 species (including 45 species 

from Vietnam) mostly of the subfamily Convallarioideae (=Nolinoideae) (Asparagaceae sensu 

APG IV), we analyzed their chloroplast DNA sequences (rbcL and trnL-F) by both Bayesian 

inference (BI) and maximum likelihood (ML) methods. Our dataset included six of the seven 

tribes classified in this subfamily; Convallarieae, Dracaeneae, Liriopeae Nolineae, Polygonateae 

and Rusceae (Eriospermeae not examined). Our study supported the sisterhood between 

Convallarioideae and Asparagoideae and the monophyly of all the tribes except Polygonateae. 

Within the Convallarioideae we examined, Dracaena formed the basalmost clade. Theropogon 

did not positively nest in any of the tribes including Convallarieae in which it had often been 

classified. It was weakly defined as the second basalmost branch. Ruscus (Rusceae) nested in 

Polygonateae as the sister to Maianthemum, hence Polygonateae was recognized here as 

paraphyletic. Nolineae was discordant in position between BI and ML analyses, probably 

reflecting the limited molecular markers we examined. In both BI and ML analyses, all genera of 

Liriopeae and Convallarieae were monophyletic and their intergeneric relationships were 

consistent. In Liriopeae, Liriope was sister to the clade of Ophiopogon + Peliosanthes. In 

Convallarieae, Aspidistra + Tupistra formed the sister clade to Reineckea + Rohdea. Interspecific 

relationships within these genera were, however, not clearly resolved, except for several pairs of 

sister species. We also briefly discussed some of the resultant phylogenetic relationships from the 

morphological and/or evolutionary aspects. 
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INTRODUCTION 

Plants of Asparagaceae Juss. (nom. cons.) 
circumscribed by Chase et al. (2009) had been 
variously classified. Some botanists classified 
all of them in one family Liliaceae (Krause, 
1930; Cronquist, 1981; Chen et al., 2000), 
whereas others recognized a number of 
families in them (Dahlgren & Bremmer, 1985; 
Conran, 1989; Nguyen, 2007; Takhtajan, 
2009). Classification schemes later presented 
by such botanists as Reveal (2012) and 
Fischer (2015) differed from the scheme by 
Chase et al. (2009). Thus, the taxonomic 
delimitation of the plants is still unstable and 
controversial.  

Based on combined molecular and 
morphological studies, Chase et al. (2009), 
Reveal & Chase (2011) and APG IV (2016) 
subdivided their Asparagaceae into seven 
subfamilies; Agavoideae Herb. (1837), 
Aphyllanthoideae Lindl. (1846), 
Asparagoideae Burmeist. (1837), 
Brodiaeoideae Traub (1972), Lomandroideae 
Thorne & Reveal (2007), Convallarioideae 
Herb. (1837) (replaced name: Nolinoideae 
Burnett 1835. For this replacement, see Tanaka 
& Nguyen, 2023), and Scilloideae Burnett 
(1835). In the present paper, we focus on the 
Convallarioideae circumscribed by them. 

With the aim of inferring phylogenetic 
relationships among taxa of Asparagaceae, 
several phylogenetic studies have so far been 
conducted (Rudall et al., 2000; Tamura et al., 
2004; Kim et al., 2010, 2012; Seberg et al., 
2012; Wang et al., 2014; Meng et al., 2021 a 
& b; Wang et al., 2022; Ji et al., 2023). In 
several reports (Kim et al., 2010, 2012, 2017; 
Seberg et al., 2012; Ji et al., 2023), it was 
shown that Convallarioideae is sister to 
Asparagoideae. Stevens (2001 onward) listed 
seven tribes in Convallarioideae: 
Eriospermeae Endl. ex Meisn. (1842: tab. 
diagn. 397, 400), Dracaeneae Dumort. (1829: 
60), Rusceae Dumort. (1829: 60), Liriopeae 
Baker (1875: 509) (this name is adopted here 
as the correct name for a group of genera 
including Liriope instead of Ophiopogoneae 
that has often been used), Nolineae S. Watson 
(1879: 218), Convallarieae Dumort. (1827: 

138), and Polygonateae Benth. & Hook. f. 
(1883: 749) (we added publication data to the 
list). In our research, we examine samples 
from all of the tribes except Eriospermeae. 

Regarding the intertribal and intergeneric 
phylogenetic relationships within 
Convallarioideae, the results of previous 
molecular analyses were rather inconsistent 
(Jang & Pfosser, 2002; Kim et al., 2010; 
Wang et al., 2016; Meng et al., 2021 a & b; Ji 
et al., 2023). For example, Kim et al. (2010) 
showed that Speirantha is sister to the clade of 
Convallaria + (Aspidistra + (Reineckea + 
(Campylandra + (Rohdea + Tupistra)))), 
while Ji et al. (2023) reported that Convallaria 
is sister to the clade of Speirantha + other 
genera of Convallarieae (excluding 
Theropogon). Thus, we still need to more 
accurately resolve these unsettled 
phylogenetic relationships in this subfamily. 
Further, as one of the causal factors for 
topological discordance, limited taxon 
sampling has been suggested (Heath et al., 
2008; Nabhan & Sarkar, 2011; Wiens & Tiu, 
2012). This factor should be taken into 
account when one attempts to infer the 
process of phyletic diversification by building 
phylogenetic trees based on molecular data. 

Vietnam and its neighboring Indochinese 
countries have many species of Liriopeae and 
Convallarieae (e.g. Averyanov et al., 2016, 
2017 a, 2021; Nguyen et al., 2021; Tillich, 
2023). However, except for a study by 
Nguyen et al. (2020), no phylogenetic studies 
on them have been performed. To properly 
infer the phylogeny of this subfamily, we need 
to incorporate such Indochinese species into 
studies. Considering our insufficient 
knowledge about the phylogeny of this 
subfamily and the possible impacts of limited 
taxon sampling on building phylogenetic trees, 
we undertook our own study, using many 
species of Liriopeae and Convallarieae 
occurring in Vietnam. Here we report the 
research results obtained by analyzing their 
chloroplast DNA sequences (rbcL and trnL-F). 

In the present paper, we briefly discuss 
some of the resultant phylogenetic 
relationships from the morphological and/or 
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evolutionary aspects. 

MATERIALS AND METHODS 

Taxon sampling, DNA extraction, PCR 

amplification, and sequencing 

Of the 92 samples studied, 46 (Appendix 
1) represent 45 species in five genera of 
Convallarieae and Liriopeae 
(Convallarioideae) collected from Vietnam: - 
Aspidistra (19 species), Tupistra (7), Rohdea 
(3), Peliosanthes (11) and Ophiopogon (5), 
and the remaining 46 (Appendix 2) represent 
41 species in 19 genera of Asparagaceae  
(18 of Convallarioideae) and one species of 
Liliaceae (Disporum) from outside Vietnam 
(mostly China). Totally 86 species (one 
overlapped species is deducted from the above 
summation) including one species of 
Disporum (as the outgroup) were examined 
here. Since the reconstructed phylogenetic 
trees of Asparagaceae have often been 
diecordant between studies based on nuclear 
and chloroplast DNA sequences (Kim et al., 
2010; Wang et al., 2014; Floden & Schilling, 
2018), we examined two chloroplast DNA 
markers (rbcL and trnL-F) that have been 
widely employed for inferring the phylogeny 
of this family (Kim et al., 2010, 2012; Wang 
et al., 2014; Ji et al., 2023). 

Total genomic DNAs of the samples were 
extracted from silica gel-dried leaves using 
the CTAB method (Doyle & Doyle, 1987). 
Primers of rbcL and trnL-F were from 
Taberlet et al. (1991) and Zurawski et al. 
(1981) respectively. Procedures of polymerase 
chain reaction (PCR) amplification and 
sequencing followed our previous work 
(Nguyen et al., 2020). 

Sequences newly generated from this 
study were edited in Sequencher version 4.1.4 
(Gene Codes Corporation, Ann Arbor, MI 
USA) and submitted to NBCI GenBank 
(Appendix 1). These sequences and other 46 
samples downloaded from the NBCI 
GenBank (Appendix 2) were aligned in 
MAFFT v7.505 with default parameters 
(Katoh & Standley, 2013). 

Phylogenetic analyses 

Substitution models with free-rate 
heterogeneity were identified through the 
ModelFinder (Kalyaanamoorthy et al., 2017). 
Phylogenetic analyses were performed by both 
maximum likelihood (ML) and Bayesian 
inference (BI) methods. The ML phylogeny 
was reconstructed in IQ-TREE 2 (Bui et al., 
2020) under the best-fit model of substitution 
TPM2+F+G4, branch support of 1000 ultrafast 
bootstraps (UFBS) replicates was determined 
in UFBooT2 (Hoang et al., 2018). MrBayes 
v3.2 (Ronquist et al., 2012) plugin PhyloSuite 
v.1.2.3 (Zhang et al., 2020) was used to infer 
the BI analysis under the GTR+I+G4 model. 
Two independent runs with four chains each of 
the Markov Chain Monte Carlo (MCMC) 
simulations were set to perform 10000000 
generations with the sampling frequency of 
every 5000 generations and the first 25% of 
generations discarded as burn-in. The 
convergence of the running results was 
assessed by Tracer v. 1.7.2 (Rambaut et al., 
2018). After reaching the stationary state when 
the average standard deviation of the split 
frequencies was < 0.05, the two independent 
runs were combined to obtain the majority rule 
consensus trees and to calculate posterior 
probabilities (PP). The output trees were edited 
in FigTree v.1.4.4 (Rambaut, 2018). 

Terminology on phylogenetics/cladism 

We followed Lincoln et al. (1987). 

RESULTS AND DISCUSSION 

DNA sequence characteristics 

All rbcL sequences here analyzed 
comprised 1122 base pairs (bp) in length with 
97 (8.6%) parsimony-informative sites, and 
trnL-F sequences consisted of 1156 bp with 
132 (11.4%) parsimony-informative sites. The 
combined data matrix of 2278 characters 
including 229 parsimony-informative sites 
(10%) was used to build phylogenetic trees. 

Phylogenetic relationships 

Intertribal relationships 

Eriospermeae, which was omitted in our 
analyses, has been included as one of the 
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seven tribes in Convallarioideae (Stevens, 
2001 onward). Its phylogenetic position has 
been inferred as the sister to the reminder of 
Convallarioideae (Jang & Pfosser, 2002; Kim 
et al., 2010; Wang et al., 2016; Meng et al., 
2021 a & b; Ji et al., 2023). In our analysis of 
Convallarioideae (excluding Eriospermeae), 
we recognized five monophyletic tribes 
(Convallarieae, Dracaeneae, Liriopeae, 
Nolineae, Rusceae) and one paraphyletic tribe 
(Polygonateae; for details see below) (Fig. 1). 
Within this subfamily, Dracaeneae formed the 
basalmost clade (PP = 1, UFBS = 100%), 
agreeing with previous reports (Wang et al., 
2016; Floden & Schilling, 2018; Meng et al., 
2021 a & b; Ji et al., 2023). 

In our study, phylogenetic trees built by 
BI and ML methods showed a high similarity 
in topology among the tribes of 
Convallarioideae, except for Nolineae which 
formed the sister clade to Convallarieae (PP < 
0.5) in the BI tree (Fig. 1 a) or to the clade 
(UFBS = 66%) of Liriopeae + Convallarieae 
(UFBS = 70%) in the ML tree (Fig. 1 b). This 
inconsistency in the position of Nolineae may 
be ascribed to the insufficient numbers of 
markers and parsimony-informative sites 
(10%) in our data matrix, and/or to the 
different methods of building trees (Planet, 
2006; Urantowka et al., 2017). 

The relationships between Nolineae and 
other tribes of Convallarioideae have been 
inconsistent among studies. Namely, in a 
study by Seberg et al. (2012), Nolineae was 
positioned closer to Convallarieae and 
Rusceae than to Liriopeae. In a study by 
Meng et al. (2021a), which was based on a 
comprehensive transcriptome data (covering 
2126 genes), Nolineae was sister to the clade 
(BS 100%, PP=1) of (Liriope + Theropogon) 
+ (Convallarieae + Polygonateae). In their 
study based on five markers (ITS, psbA-trnH, 
trnC-petN, rbcL, and matK), Wang et al. 
(2016) showed that Liriopeae is sister (PP < 
0.95) to the clade of Nolineae + 
Convallarieae. Ji et al. (2023), who analyzed 
68 plastid protein-coding genes, also 
confirmed that Liriopeae is sister (BS = 48%, 
PP = 0.83) to the clade of Nolineae + 

Convallarieae (BS = 52%, PP = 0.93). Thus, 
the results of both Wang et al. (2016) and Ji 
et al. (2023) agreed with the BI tree in our 
analysis. Judging from these results, 
Nolineae is likely to have originated at least 
before the beginning of the diversification of 
Convallarieae. 

In our analysis, Theropogon, which is a 
genus of Convallarioideae (Chase et al., 2009), 
resided as the second basalmost branch sister 
to the clade (PP = 0.51, UFBS = 58%) 
consisting of Liriopeae, Nolineae, 
Convallarieae, and Polygonateae + Rusceae 
(Fig. 1), implying that the origin of 
Theropogon preceded the beginning of 
diversification of these tribes. It was 
phyletically distinct from any other tribes of 
Convallarioideae, including Convallarieae to 
which it had often been assigned (Engler, 
1887; Hooker, 1892; Conran & Tamura, 1998; 
Takhtajan, 2009; Fischer, 2015). Our data 
hence raise doubt about the placement of this 
genus in Convallarieae. In previous 
phylogenetic studies, Theropogon was 
variously positioned; it resided as the sister to 
Ruscus + (Sansevieria + Dracaena) in Wang 
et al. (2016), to Liriope in Meng et al. (2021a), 
to Maianthemum (Polygonateae) in Ji et al. 
(2023), or to the clade including Dracaeneae 
and Rusceae (Kim et al., 2010; Meng et al., 
2021 b). Thus, none of these studies showed 
that Theropogon nests in Convallarieae. 

Ruscus resided as the sister to 
Maianthemum with moderate supporting 
values (PP = 0.83, UFBS = 64%, Fig. 1). 
Polygonateae is hence interpreted here as a 
paraphyletic group. Rusceae was unstable as 
to its position among previous studies (Rudall 
et al., 2000; Kim et al., 2010; Seberg et al., 
2012). In recent studies (Wang et al., 2016; 
Floden & Schilling, 2018; Meng et al., 
2021a&b; Ji et al., 2023) it was inferred as the 
sister to Dracaeneae. Judging from all these 
results, Rusceae also appears to be of old 
origin within Convallarioideae. 

Our study supported the monophyly of 
Liriopeae (PP = 0.93, UFBS = 70%, Fig. 1), 
agreeing with previous reports (Kim et al., 
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2010; Seberg et al., 2012; Wang et al., 2014, 
2016; Floden & Schilling, 2018; Meng et al., 
2021b; Ji et al., 2023). On the other hand, its 
phyletic position has been discordant among 
studies; i.e., Liriopeae was sister to the clade 
of Convallarieae + Polygonateae (Floden & 
Schilling, 2018; Meng et al., 2021a) or formed 
a polytomous clade with Nolineae and 
Convallarieae (Meng et al., 2021 b). In our BI 
analysis, Liriopeae was inferred as the sister 
clade (PP = 0.93) to Nolineae + Convallarieae 
(Fig. 1a), agreeing with Kim et al. (2010), 
Wang et al. (2016) and Ji et al. (2023). 

Intergeneric relationships 

As in Ji et al. (2023), our data showed that 
Asparagus and all the genera belonging to the 
tribes of Convallarioideae are monophyletic: 
Maianthemum, Polygonatum, Disporopsis, 
Heteropolygonatum - Polygonateae; Rohdea, 
Reineckea, Aspidistra, Tupistra, Speirantha, 
Convallaria - Convallarieae; Liriope, 
Peliosanthes, Ophiopogon - Liriopeae; and 
Dracaena - Dracaeneae (Fig. 1). In our paper, 
Theropogon is treated separately from these 
tribes because of its phyletic independency as 
mentioned earlier. 

 

 

Figure 1. Phylogenetic trees of Convallarioideae (Asparagaceae) based on chloroplast DNA 
sequence data (rbcL and trnL-F). a. Bayesian (BI) tree, numbers near nodes represent Bayesian 

posterior probabilities (PP, values < 0.5 not presented), b. Maximum likelihood (ML) tree, 
numbers near nodes indicate ultrafast bootstrap percentage (UFBS%, values < 50% not presented). 

Abbreviation used: A = Aspidistra, Aspa = Asparagus, Bea = Beaucarnea, Con = Convallaria,  
D = Disporopsis, Dis = Disporum, Dra = Dracaena, Hete = Heteropolygonatum, Liri = Liriope, 
Mai = Maianthemum, Noli = Nolina, O = Ophiopogon, P = Peliosanthes, Poly = Polygonatum,  

R = Rohdea, Rei = Reineckea, Rus = Ruscus, Spei = Speirantha, T = Tupistra, The = Theropogon 
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Within Liriopeae, it was strongly 
supported that Liriope is sister to the clade 
(PP=1, UFBS = 96%) consisting of 
Peliosanthes + Ophiopogon (PP = 0.86, 
UFBS = 94%) (Fig. 1). This finding disagrees 
with earlier studies in which very few samples 
of Peliosanthes were analyzed (Rudall et al., 
2000; Tamura et al., 2004; Kim et al., 2010; 
Seberg et al., 2012; Wang et al., 2016; Meng 
et al., 2021b; Ji et al., 2023). For example, in 
studies using only one sample of Peliosanthes 
macrostegia, Peliosanthes was recognized as 
the sister to the clade (BS > 95%, PP > 0.95) 
of Liriope + Ophiopogon (Kim et al., 2010; 
Wang et al., 2016; Meng et al., 2021b; Ji et al., 
2023). In Wang et al. (2014), where both 

nuclear (ITS) and chloroplast DNA sequences 
(psbA–trnH, rbcL, matK, trnL–F) were 
analyzed for six species of Peliosanthes, four 
species of Liriope and over 30 species of 
Ophiopogon, the three genera formed a 
polytomous clade. The topological 
discordance between genera of Liriopeae in 
these studies may stem from the insufficient 
numbers of used markers, limited taxon 
sampling, and/or different methods of 
building phylogenetic trees. The probable 
involvement of these factors in phylogenetic 
inference has been suggested in several works 
(Zwickl & Hillis, 2002; Crawley & Hilu, 
2012; Wiens & Tiu, 2012; Floden, 2017; 
Russo et al., 2017). 

 

 

Figure 2. Ophiopogon sp.1. a) Habit, b) Flower with three perianth lobes removed 
 

In Convallarieae, we recognized six 
genera (Fig. 1): Convallaria as the basalmost 
clade (PP = 1, UFBS = 98%); Speirantha as 
the sister to the clade (PP = 0.91, UFBS = 
93%) consisting of two subclades (PP < 0.5, 
UFBS = 50%), one comprising Tupistra + 
Aspidistra (PP = 1, UFBS = 100%) and the 

other consisting of Reineckea + Rohdea (PP = 
0.99, UFBS = 67%). These results agree with 
Ji et al. (2023). In our study, Aspidistra 
proved to be more closely related to Tupistra 
than to Rohdea, and this relationship is also 
corroborated by our morphological 
observations. Namely, compared with Rohdea, 
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Aspidistra and Tupistra usually possess a 
relatively larger stigma, a longer style nearly 
as broad as the ovary (vs. distinctly narrower), 
and warty, brownish or blackish (vs. smooth, 
orange or red) mature fruits (Tanaka, 
2003a&b, 2010a&b; Averyanov et al., 2019b). 
In these respects, Reineckea agrees with 
Rohdea in our preliminary and previous 
observations (e.g. Wang et al., 1978). 

Here we add some notes on the identities 
of several samples used in previous 
phylogenetic analyses of Convallarieae. The 
species used under the names of 
Campylandra fimbriata and Tupistra 
aurantiaca in Kim et al. (2010) are classified 
under Rohdea by Tanaka (2003a, 2010a&b). 
In Kim et al. (2010), the clade of Reineckea 
+ (C. fimbriata + (Rohdea japonica +  
T. aurantiaca)) is sister to Aspidistra. In 
Tanaka’s classification, the former clade is 
equivalent to Reineckea + Rohdea, so their 
result does not contradict our result. 
Likewise, in Meng et al. (2021b), Aspidistra 
sp. was sister to Tricalistra ochracea, and 
Reineckea carnea was sister to Tupistra 
fimbriata + Tupistra sp. The species of 
Tricalistra was transferred to Tupistra as 
Tricalistra ochracea (Ridl.) N.Tanaka 
(Tanaka, 2003b, 2010b), and Tupistra 
fimbriata belongs to Rohdea (Tanaka, 2010a). 
If Tupistra sp. (voucher: G.W.Hu 208, KUN) 
in Meng et al. (2021 b) represents a species 
of Rohdea, the relationships among 
Aspidistra, Tupistra, Reineckea and Rohdea 
in Meng et al. (2021b) are compatible with Ji 
et al. (2023) and our study. Thus, in 
interpreting the relationships among taxa, we 
need to pay careful attention to 
identifications made for the samples used. 

Interspecific relationships 

Ophiopogon Ker Gawler 

Phylogenetic relationships between 
species were poorly resolved as reflected in 
the discordance between BI and ML trees 
and/or in the weak to moderate bootstrap 
supports (PP < 0.5–0.8, UFBS < 50–80%, 
Figs. a & b). However, in samples of 
Ophiopogon from Vietnam, we found that 

Ophiopogon sp. 1 is most closely related to  
O. pierrei L.Rodr. (PP = 1, UFBS = 100%). 
Ophiopogon sp. 1 (sample BM 02, Fig. 2) and 
O. pierrei (Tanaka, 2000) share such character 
states as an elongate stem with several rigid 
prop roots, linear leaf blades clustered in the 
distal part of the stem, narrowly lanceolate 
bracts, and a nearly hemispheric semi-inferior 
ovary. Their phyletic closeness is thus also 
supported by morphological observations. 
However, the former has some morphological 
differences from the latter (e.g. leaf width, 
length of peduncle, flower number per 
inflorescence, etc.), so our decisive 
identification of Ophiopogon sp. 1 is 
postponed until our closer study is completed. 
On the other hand, O. ogisui M.N.Tamura & 
J.M.Xu formed a branch sister to  
O. longifolius Decne in both trees (Fig. 1), 
though the bootstrap support was moderate in 
the ML tree. These two species differ 
markedly in various morphological traits;  
O. ogisui has elliptic leaf blades with a 
distinct petiole (Tamura & Xu, 2007), 
whereas O. longifolius has significantly 
narrower elliptic to linear blades (Tanaka, 
1998). This disparity between phylogeny and 
morphology apparently necessitates further 
investigation of their relationship. In 
Ophiopogon sampled from China, we found 
close relationships between O. latifolius 
L.Rodr. and O. platyphyllus Merr. & Chun, 
and between O. marmoratus Pierre ex L. Rodr. 
and O. szechuanensis F.T.Wang & Tang  
(PP = 1, UFBS > 80%). Detailed analyses and 
discussion on the interspecific relationships of 
Ophiopogon from China were made by Wang 
et al. (2014). 

Peliosanthes Andrews 

In our study, some close specific 
relationships supported by moderate to strong 
bootstrap values were found. Namely, we 
found sister relationships between 
Peliosanthes serrulata L.Rodr. and 
Peliosanthes. sp. 1 (PP = 1, UFBS = 90%); 
between P. crassicoronata K. S. Nguyen, 
Aver. & N. Tanaka and P. hexagona Aver., N. 
Tanaka & K . S. Nguyen + Peliosanthes. sp. 2 
(PP = 1, UFBS = 90%); and between 
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Peliosanthes yunnanensis F. T. Wang & Tang 
sampled from Vietnam and P. macrophylla 
Wall. ex Baker + P. ophiopogonoides W. T. 
Wang & Tang from China (Fig. 1). The 
identity of the sample identified as P. 
macrophylla (Nie3242 in Wang et al., 2014) 
from China may need re-examination because 
this species has been known only from Nepal, 
Bhutan and India (Borah et al., 2020). 

As in Ophiopogon, relationships among 

many Peliosanthes species, however, 

remained largely unclear as reflected in the 

discordance between BI and ML trees and the 

weak bootstrap supports (Fig. 1). 

It appears noteworthy that  

P. macrostegia Hance and P. teta Andrews 

resided basally in both trees (Fig. 1). It has 

been known that they are both widespread 

(from India, south to the Malay Peninsula, 

east to Taiwan and/or China) and highly 

polymorphic (Tanaka, 2018; Averyanov et 

al., 2016, 2021). This fact might reflect their 

long history after being established as a 

species, for it is likely that it takes a certain 

amount of time for such perennials to spread 

over vast areas of Asia and to increase their 

diversity (or variation) as a result of 

adaptation to diverse environmental 

conditions. In contrast, species such as  

P. hexagona (Averyanov et al., 2015),  

P. ophiopogonoides (Wang & Tang, 1978) 

and P. yunnanensis (Wang & Tang, 1978; 

Nguyen et al., 2017) resided as the 

terminalmost branches of the trees (Fig. 1). 

These species are reported to be local in 

distribution (southern Yunnan, China, and/or 

northern Vietnam) and not to be polymorphic 

in particular, implying their shorter history 

after being established as a species. 

Apparently, we need to accumulate more 

data to test this inference. 

In this study we used five, as yet 

unidentified species of this genus 

(Peliosanthes sp. 1–sp. 5, Appendix 1, Fig. 1). 

They will be dealt with elsewhere after their 

morphological features become more amply 

available. 

Aspidistra Ker Gawler 

We found that Aspidistra semiaperta Aver. 
& Tillich is sister to A. sarcantha Aver., Tillich, 
T. A. Le & K . S. Nguyen (PP = 0.99, UFBS = 
89%, Fig. 1). They share similar morphological 
traits such as urceolate perianths, broadly ovate 
anthers and peltate stigmas (Averyanov & 
Tillich, 2015; Averyanov et al., 2019 a). We 
also found that A. letreae Aver., Tillich & T. A. 
Le is sister to the clade (PP = 0.99, UFBS = 
66%) of A. lubae Aver. & Tillich + A. erosa 
Aver., Tillich, T. A. Le & K. S. Nguyen (PP < 
0.5, UFBS = 89%) in both trees. Aspidistra 
lubae and A. erosa are similar in having an 
ascending rhizome with prop roots, lanceolate 
leaf blades, slender rigid peduncles, horizontal 
flowers, campanulate perianths with a cupulate 
or slightly urceolate tube, anthers attached to 
the lower half of the perianth tube, and slender 
cylindrical styles (Averyanov & Tillich, 2014; 
Averyanov et al., 2019a). These two species 
somewhat resemble A. letreae (Averyanov et 
al., 2017b) in having a similar habit, an 
elongate rhizome with prop roots, and 
triangular perianth lobes, but A. letreae 
strikingly differs from them in the size and 
shape of leaves and flowers. Concerning these 
three species, the results of our molecular 
analysis were well-compatible with 
morphological observations. We scarcely 
found any definite relationships among other 
species because of low supporting values  
(Fig. 1). 

Tupistra Ker Gawler 

In our study, Tupistra nganii K. S. 
Nguyen, Aver., N.Tanaka & Nuraliev and  
T. muricata (Gagnep.) N. Tanaka were found 
to have a sister relationship (PP = 1, UFBS = 
96%, Fig. 1). It was earlier suggested by 
Averyanov et al. (2020) from a morphological 
standpoint that these two species are closely 
similar, sharing a campanulate perianth, 
recurved triangular-ovate perianth lobes, and a 
cylindrical pistil with a small shallowly lobed 
thin (non-incrassate) stigma. In both BI and 
ML trees (Fig. 1), T. cardinalis Aver., N. 
Tanaka & T. S. Hoang, T. gracilis Aver. & N. 
Tanaka and T. tripartita Aver., N. Tanaka & 
K. S. Nguyen formed a monophyletic clade, 
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though the topology differed between the 
trees; i.e., in the BI tree (Fig. 1a),  
T. cardinalis was sister to the clade (PP = 1) 
of T. gracilis + T. tripartita (PP < 0.5), while 
in the ML tree (Fig. 1 b) T. gracilis formed a 
clade sister (UFBS = 74%) to T. cardinalis + 
T. tripartita (UFBS = 94%). Phenotypically  
T. cardinalis (Averyanov et al., 2018) differs 
markedly from both T. gracilis (Nguyen et al., 
2017) and T. tripartita (Averyanov et al., 
2019 b) mainly by its perianth lobes of 
different coloration and larger, less exserted, 
dentate, brown to dull purple stigmas nearly 
covering the anthers (vs. trilobed, white or 
yellowish stigmas scarcely covering the 
anthers). The phenotypical difference thus 
appears greater between T. cardinalis and the 
other two species, which is more compatible 
with the topology of the BI tree (Fig. 1a). 

It seems notable that Tupistra 
fungilliformis F. T. Wang & S. Yun Liang 
formed the basalmost branch (PP = 1, UFBS = 
96%) in both trees (Fig. 1), for it has been 
suggested that species with a pendulous 
floriferous stem-like T. fungilliformis and its 
allies (e.g. T. clakei Hook.f., T. pingbianensis 
J. L. Huang & X. Z. Liu, T. tupistroides 
(Kunth) Dandy) are morphologically close to 
Aspidistra (Tanaka, 2010b: 87). Like many 
species of Aspidistra (e.g. Li et al., 2004), at 
least both T. pingbianensis and T. tupistroides 
have repent rhizomes. Recently, a few more 
species were deemed as close to this group, 
such as T. natmataungensis Y. H. Tan. & H. B. 
Ding (Ding et al., 2019) and T. annamensis N. 
Tanaka, N. S. Ly, K. S. Nguyen & T. S. 
Hoang (Ly et al., 2022), have been discovered. 
To deepen our understanding of the 
evolutionary relationship between Tupistra 
and Aspidistra, it seems desirable to 
investigate them more in detail from both 
molecular and morphological aspects. 

Tupistra theana Aver. & N. Tanaka, 
which is unique in having a small pistil among 
species of this genus (Averyanov & Tanaka, 
2012), formed the second basalmost branch 
(UFBS = 100%) in the ML tree, but this 
phyletic position was not supported in the BI 
tree (Fig. 1). 

Rohdea Roth 

We found that Rohdea dangii K.S.Nguyen, 
N. Tanaka & Aver. is sister to R. filosa Aver. 
& N. Tanaka with a moderate support (PP = 
0.99, UFBS = 77%, Fig. 1). This clade of  
R. dangii + R. filosa resided as the sister to  
R. delavayi (Franch.) N. Tanaka with a weak 
support (PP = 0.68, UFBS < 50%). On the 
other hand, R. tonkinensis (Baill.) N. Tanaka 
formed a branch sister to R. wattii (C.B.Clarke) 
Yamashita & M. N. Tamura (voucher: s.n. in 
Ji et al., 2023) with a strong support (PP = 0.8, 
UFBS = 98%), but its relationship to another 
sample of R. wattii (Zhangcq0026) was 
unresolved (Fig. 1). This topological deviation 
in the use of the sample Zhangcq0026 may 
come from its short sequence of rbcL gene 
with only 615 bp and missing trnL-F 
sequence. The closeness in phylogeny 
between R. tonkinensis and R. wattii is also 
strongly supported by their morphological 
similarity; they share, for example, an 
elongate stem and elliptic to narrowly ovate 
leaf blades (Tanaka, 2010 a). Morphologically 
R. dangii is near to both R. tonkinensis and  
R. watii, but has some marked differences 
from them (Nguyen et al., 2021). The 
molecular data supported the specific 
distinctness of R. dangii. 

CONCLUSION 

It is evident from previous and our studies 
that the subfamily Convallarioideae 
(Asparagaceae sensu APG IV) includes seven 
tribes: Eriospermeae (not examined here), 
Dracaeneae, Rusceae, Polygonateae, 
Liriopeae, Nolineae and Convallarieae. Our 
data supported the monophyly of all these 
tribes except Polygonateae. Within this 
subfamily we examined, Dracaeneae formed 
the basalmost clade. Theropogon, a genus of 
this subfamily, did not positively nest in any 
of the tribes including Convallarieae in which 
it had often been classified. It was weakly 
defined as the second basalmost branch, 
implying that it is an isolated lineage of old 
origin having weak relationships with the 
tribes of the sister clade. It is desirable to 
conduct further multidisciplinary studies on 
the taxonomic identity and phylogenetic 
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position of this genus. Though not examined 
here, it is also desirable to clarify the 
phylogenetic position of Comospermum 
Rauschert, another genus of Convallarioideae 
(Chase et al., 2009), toward a better 
understanding of the phylogeny of this 
subfamily. Though Ruscus formed a branch 
sister to Maianthemum of Polygonateae, 
further analyses may be needed to more 
accurately resolve their relationship. 

The present study supported the monophyly 
of all the genera belonging to Polygonateae, 
Convallarieae, Liriopeae and Dracaeneae 
(Dracaena). Intergeneric relationships within 
Liriopeae and Convallarieae were concordant 
between BI and ML trees. In Liriopeae, Liriope 
was resolved to be sister to the clade of 
Ophiopogon + Peliosanthes. We may need to 
test this inference by studies from other angles 
(e.g. morphology). In Convallarieae, the clade of 
Aspidistra + Tupistra was resolved to be sister 
to the clade Reineckea + Rohdea. This 
phylogenetic inference agreed with our 
morphological observations.  

Phylogenetic relationships of species 
occurring in Vietnam were, however, not 
clearly resolved, except for some pairs of 
sister species such as Ophiopogon pierrei and 
Ophiopogon sp.1, Aspidistra semiaperta and 
A. sarcantha, A. lubae and A. erosa, Tupistra 
nganii and T. muricata, and Rohdea 
tonkinensis and R. wattii. Further analyses are 
thus needed to more accurately resolve 
interspecific relationships within genera of 
such tribes as Liriopeae and Convallarieae 
from Vietnam. 
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Appendix 1. List of species of Convallarieae and Liriopeae (Asparagaceae) from Vietnam 
examined, their voucher specimens and sources, and NCBI GenBank accession of newly 

sequenced samples in this study 

Species 
Voucher 

(Herbarium) 

Collected 

place 

GenBank accession 

rbcL trnL-F 

Aspidistra Ker Gawler     

A. alata Tillich NSK 1244 (HN) Cao Bang OQ680631 OQ658020 

A. anomala Aver. & Tillich CPC 1605a (LE) Thanh Hoa OQ680632 OQ658021 

A. atroviolacea Tillich BM 03 (HN) Thue Thien Hue OQ680633 OQ658022 

A. babensis K. S. Nguyen, Aver. & 

Tillich 
NSK 969a (HN) Bac Kan MN165130 MN153047 

A. bella Aver., Tillich & K. S. Nguyen NSK 862 (HN) Ha Giang OQ680634 OQ658024 

A. campanulata Tillich  NSK 1227 (HN) Tuyen Quang OQ680635 OQ658025 

A. cryptantha Tillich  NSK 1241 (HN) Cao Bang OQ680636 OQ658026 

A. cylindrica Vislobokov & Nuraliev AL 84 (LE) Lam Dong OQ680637 OQ658027 

A. erosa Aver., Tillich, T. A. Le & K. 

S. Nguyen  
NSK 1147 (HN) Quang Binh OQ680638 OQ658028 

A. hainanensis W.Y.Chun & F. C. How NSNL 01 (HN) Hoa Binh OQ680639 OQ658029 

A. letreae Aver., Tillich & T. A. Le ND 02 Hue OQ680640 OQ658030 

A. lubae Aver. & Tillich ML 01 (HN) Son La OQ680641 OQ658031 

A. lutea Tillich CK 1711a (HN) Hoa Binh OQ680642 OQ658032 

A. minor Vislobokov, Nuraliev & M. S. 

Romanov  
GL 35 (HN) Gia Lai OQ680650 OQ658033 

A. papillata G. Z. Li  HTS 637 (HN) Lang Son OQ680643 OQ658034 

A. phanluongii Vislobokov NSK 1350 (HN) Dong Nai OQ680644 OQ658035 

A. sarcantha Aver., Tillich, T. A. Le & 

K. S. Nguyen 
NSK 944a (HN) Ha Tinh OQ680645 OQ658036 

A. semiaperta Aver. & Tillich CPC 1566b (LE) Hoa Binh OQ680646 OQ658037 

A. superba Tillich NSK 1218 (HN)  OQ680647 OQ658038 

Ophiopogon Ker Gawler     

O. longifolius Decne BM 01 (HN) Hue OQ969134 OQ658040 

O. ogisui M. N. Tamura & J . M. Xu NSK 1243 (HN) Cao Bang OQ969135 OQ658041 

O. pierrei L. Rodr. LD 22 (HN) Lam Dong OQ969136 OQ658042 

O. tristylatus Aver., N. Tanaka & Luu LD 20 (HN) Lam Dong OQ969137 OQ658043 

O. sp. 1 BM 02 (HN) Hue OQ969132 OQ658039 

Peliosanthes Andrews     

P. crassicoronata K. S. Nguyen, Aver. 

& N. Tanaka 
NSK 964 (HN) Gia Lai MN263921 MN263920 

P. griffithii var. breviracemosa Aver. & 

N. Tanaka 
NSK 1271 (HN) Cao Bang OQ969138 OQ658045 

P. hexagona Aver., N. Tanaka & K. S. 

Nguyen 
NSK 1280 (HN) Hoa Binh OQ969140 OQ658047 

P. serrulata L. Rodr. NSK 1322 (HN) Kien Giang OQ969142 OQ658049 

P. teta Andrews NSK 1352 (HN) Ha Noi OQ969144 OQ658051 

P. yunnanensis F. T. Wang & Tang NSK 940 (HN) Lao Cai OQ969146 OQ658053 

P. sp. 1 ND 01 (HN) Hue MZ476866 OQ658044 

P. sp. 2 NSK 1279 (HN) N. Vietnam OQ969139 OQ658046 

P. sp. 3 CK 1312 (HN) Tuyen Quang OQ969141 OQ658048 

P. sp. 4 CK 1409 (HN) Tuyen Quang OQ969143 OQ658050 

P. sp. 5 NSK 1324b (HN) Kien Giang OQ969145 OQ658052 
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Species 
Voucher 

(Herbarium) 

Collected 

place 

GenBank accession 

rbcL trnL-F 

Rohdea Roth     

R. dangii K. S. Nguyen, N. Tanaka & 

Aver. 
NSK 1163 (HN, LE) Son La OQ969147 OQ658054 

R. filosa Aver. & N. Tanaka CPC 5299a (LE) Cao Bang OQ969148 OQ658055 

R. tonkinensis (Baill.) N. Tanaka NSK 1221 (HN) Ha Noi OQ969149 OQ658056 

Tupistra Ker Gawler     

T. cardinalis Aver., N. Tanaka & T. S. 

Hoang 
NSK 1246 (HN) Cao Bang OQ969150 OQ658057 

T. fungilliformis F. T. Wang & S. Yun 

Liang 
NSK 1203 (HN) Ha Giang OQ969151 OQ658058 

T. gracilis Aver. & N. Tanaka CPC 6721 (LE) Thanh Hoa OQ969152 OQ658059 

T. khangii Aver., N. Tanaka & 

Vislobokov 
CPC 7158 (LE) Son La OQ969153 OQ658060 

T. nganii K. S. Nguyen, Aver., N. 

Tanaka & Nuraliev 
NSK 1182 (HN) Ha Giang OQ969154 OQ658061 

T. nganii K. S. Nguyen, Aver., N. 

Tanaka & Nuraliev 
VR 1015 (HN, LE) Ha Giang OQ969155 OQ658062 

T. theana Aver. & N. Tanaka CPC 2581 (LE) Quang Binh OQ969156 OQ658063 

T. tripartita Aver., N. Tanaka & K. S. 

Nguyen 
NSK 1325 (HN) Son La OQ969157 OQ658064 

 
Appendix 2. List of samples representing 42 species (Asparagaceae and Disporum of Liliaceae) 

from outside Vietnam used in this study, and information about their voucher specimens, 
sources and NBCI GenBank accession 

Species Voucher Country of origin 
GenBank accession 

rbcL trnL-F 

Disporum cantoniense (Lour.) Merr. J23 CN NC_065360 NC_065360 

Asparagus officinalis L. JiY 2019084 Yunnan, CN ON872702 ON872702 

A. schoberioides Kunth Kim 05-165 - JF972888 KY909046 

Dracaena angustifolia Roxb. s.n. Yunnan, CN MN200193 MN200193 

D. fragrans (L.) Ker Gawl. s.n. Hainan, CN MW123093 MW123093 

Disporopsis aspersa (Hua) Engl. Li 22773 Yunnan, CN EU850072 EU850172 

D. pernyi (Hua) Diels J22 CN OL587681 OL587681 

Heteropolygonatum marmoratum 

(H.Lév.) Floden 
DNA3708 - MH891735 MH891735 

H. ogisui M. N. Tamura & J. M. Xu X19026 CN MZ150833 MZ150833 

Maianthemum bifolium (L.) F. W. 

Schmidt 
Wen 8530 Beijing, CN EU850093 EU850197 

M. henryi (Baker) LaFrankie s.n. CN MW429372 MW429372 

Polygonatum cyrtonema Hua Nie-Meng 203 Chongqing, CN EU850071 EU850170 

P. odoratum (Miller) Druce LP197246 CN MZ150859 MZ150859 

Ruscus aculeatus L. LiuC 2020049 Yunnan, CN ON872723 ON872723 

Theropogon pallidus Maxim. Exp. 4213 Tibet, CN ON872724 ON872724 

Beaucarnea recurvata Lem. Lou s.n. Yunnan, CN ON872730 ON872730 

Nolina atopocarpa Bartlett s.n. - KX931462 KX931462 

Convallaria majalis L. Liu M et al 598 Heilongjiang, CN ON872704 ON872704 

C. majalis L. Nie 201 Heilongjiang, CN KJ745528 EU850171 

Speirantha gardenii Baill. JiY 2019094 Yunnan, CN ON872718 ON872718 
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Species Voucher Country of origin 
GenBank accession 

rbcL trnL-F 

S. gardenii Baill. s.n. Anhui, CN ON872696 ON872696 

Aspidistra cavicola D. Fang & K. C. 

Yen 
JiY 2019092 Yunnan, CN ON872717 ON872717 

Tupistra muricata (Gagnep.) N. 

Tanaka 
13CS6063 Laos ON872699 ON872699 

Rohdea delavayi (Franch.) N. Tanaka 15CS10509 Yunnan, CN ON872710 ON872710 

R. wattii (C.B.Clarke) Yamashita & M. 

N. Tamura 
Zhangcq0026 CN JF941120 – 

R. wattii (C.B.Clarke) Yamashita & M. 

N. Tamura 
s.n. CN MW822041 MW822041 

Reineckea carnea Kunth AnH 2019112 Yunnan, CN ON872727 ON872727 

R. carnea Kunth JiY 2019101 Yunnan, CN ON872715 ON872715 

Liriope graminifolia Baker GY 34 Guangdong, CN KF671513 KF671374 

L. muscari (Decne.) L. H. Bailey JiY 2019107 Yunnan, CN ON872721 ON872721 

Ophiopogon chingii W. T. Wang & 

Tang 
Nie3739 Yunnan, CN KF671468 KF671329 

O. grandis W.W. Sm. HGWZ469 Hunan, CN KF671466 KF671327 

O. japonicus (Thunb.) Ker Gawl. GY44 Guangdong, CN KF671478 KF671339 

O. latifolius L. Rodr. HGWZ518 Yunnan, CN KF671497 KF671359 

O. marmoratus Pierre ex L. Rodr. HGWZ625 Yunnan, CN KF671487 KF671349 

O. peliosanthoides W. T. Wang & 

Tang 
Nie3586 Yunnan, CN KF671507 KF671369 

O. pingbienensis W. T. Wang & L. K. 

Dai 
Nie3927 Yunnan, CN KF671508 KF671370 

O. platyphyllus Merr. ex Chun Nie2338 Guangxi, CN KF671498 KF671360 

O. reversus C. C. Huang GY42 Guangdong, CN KF671474 KF671335 

O. sylvicola W. T. Wang & Tang HGWZ00793 Yunnan, CN KF671494 KF671356 

O. szechuanensis W. T. Wang & Tang HGWZ593 Yunnan, CN KF671486 KF671348 

Peliosanthes macrophylla Wall. ex 

Baker 
Nie3242 Yunnan, CN KF671525 KF671387 

P. macrostegia Hance Led9297 Guangxi, CN ON872701 ON872701 

P. ophiopogonoides W. T. Wang & 

Tang 
HGWZ536 Yunnan, CN KF671526 KF671388 

P. sinica W. T. Wang & Tang Nie3234 Yunnan, CN KF671522 KF671384 

P. yunnanensis W .T. Wang & Tang Nie3724 Yunnan, CN KF671528 KF671390 

Notes: “-” missing data; CN = China. 


