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ABSTRACT. Based on molecular, morphological and cytological studies the previously
monotypic genus Deinostigma W.T.Wang & Z.Y.Li has been expanded to include several
species previously ascribed to Primulina Hance. Deinostigma now comprises seven species,
including one previously placed in synonymy. The new combinations Deinostigma cicatricosa
(W.T.Wang) D.J.Middleton & Mich.Mdller, Deinostigma cycnostyla (B.L.Burtt) D.J.Middleton
& H.J.Atkins, Deinostigma cyrtocarpa (D.Fang & L.Zeng) Mich.Moller & H.J.Atkins,
Deinostigma eberhardtii (Pellegr.) D.J.Middleton & H.J.Atkins, Deinostigma minutihamata
(D.Wood) D.J.Middleton & H.J.Atkins and Deinostigma tamiana (B.L.Burtt) D.J.Middleton
& H.J.Atkins are made. Deinostigma eberhardtii is lectotypified. The genus is defined by
a combination of an alternate leaf arrangement, hooked hairs on many plant parts, flowers
with the pedicel inserted at an angle and off-centre on the receptacle, and, where known, a
somatic chromosome number (2n) of < 36. This new circumscription of the genus expands its
distribution from Vietnam into South China.
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Introduction

The genus Deinostigma W.T.Wang & Z.Y.Li in the Gesneriaceae currently has only
one species, D. poilanei (Pellegr.) W.T.Wang & Z.Y.Li from the southern Annamite
range of Vietnam. It was erected as a genus to accommodate the species first described
as Hemiboea poilanei Pellegr. This species was placed in Hemiboea C.B.Clarke due
to its bilocular ovary and the perception that one of the locules was sterile, a trait of
the species in Hemiboea. Wang & Li (1992) argued that it did not belong in Hemiboea
due to having alternate leaves, free bracts, inside of corolla glabrous, filaments broader
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in the upper half, anthers hairy, anther locules divaricate with apices confluent, disc
absent, and stigma bifid. In further arguments they noted how it differed from other
Asian genera and concluded that a new genus was necessary to accommodate it. Since
then, the status and relationships of Deinostigma poilanei have remained obscure due
to being known from only very few specimens and because relatively little research
has been done on the Gesneriaceae of Vietnam.

During work at the Muséum National d’Histoire Naturelle in Paris for an as-yet-
unpublished checklist of the Gesneriaceae of Cambodia, Laos and Vietnam by DIM, it
became clear that Deinostigma poilanei was similar to anumber of species from Vietnam
and China that were moved into Primulina Hance from Chirita Buch.-Ham. ex D.Don
by Weber et al. (2011), namely P. cycnostyla (B.L.Burtt) Mich.Moller & A.Weber,
P cyrtocarpa (D.Fang & L.Zeng) Mich.Moller & A.Weber, P. eberhardtii (Pellegr.)
Mich.Moller & A.Weber, P. minutihamata (D.Wood) Mich.Moller & A.Weber and P.
tamiana (B.L.Burtt) Mich.Moller & A.Weber. None of these Deinostigma-like species
were included in the molecular phylogenetic analyses by Weber et al. (2011) but were
moved into Primulina based on their previous inclusion in Chirita sect. Gibbosaccus
C.B.Clarke by Wood (1974). All species of the hitherto Chirita sect. Gibbosaccus that
were included in the molecular analyses formed a single highly supported clade with
Primulina tabacum Hance, the type of Primulina (Weber et al., 2011).

Deinostigma poilanei and the species of Primulina similar to it share a number
of morphological traits that are not found in other species of Primulina. These are
alternate leaf arrangement (opposite or verticillate in the remaining Primulina species),
hooked hairs on many plant parts but particularly on the pedicels, and flowers with
the pedicel inserted at an angle and off-centre on the receptacle. In several species
the fruit is strongly curved. The alternate leaf arrangement is not particularly clear in
the species with a congested rosette of basal leaves but is nevertheless observable by
only a single leaf emerging from the apical meristem at a time. Differences also exist
in the basic chromosome numbers, with Primulina having exclusively x = 18 (> 100
species counted out of > 150 described) (Moller & Pullan, 2015 onwards) while one
Deinostigma-like species, P. tamiana, has been counted with x = 16 (Christie et al.,
2012). In other features the plants are indeed similar to Primulina. It should also be
noted that these Deinostigma-like Primulina species occur on a variety of substrates
but not on limestone and that the majority of the remaining Primulina species occur
on limestone substrates.

In Wang et al. (1998) Chirita cicatricosa W.T.Wang is placed in synonymy
of C. minutihamata D.Wood (= Primulina minutihamata), typified by material from
China and Vietnam respectively. We found that the material from China has longer,
more slender and more falcate fruits and somewhat larger flowers than material from
Vietnam. Coupled with their large disjunct distribution, and pending a revision of the
species, we suspect that they may represent distinct species and treat them thus here
(see also below).

The aim of this study was to investigate the relationship between Deinostigma
and Primulina and clarify the status of the Deinostigma-like Primulina species.
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Materials and Methods

Plant materials

Herbarium specimens and living collections of Deinostigma poilanei and the
Deinostigma-like Primulina species were studied in the Royal Botanic Garden
Edinburgh and the Muséum National d’Histoire Naturelle in Paris.

Materials for morphological and phylogenetic analyses were collected in
Vietnam (Deinostigma poilanei, Primulina tamiana) and China (Primulina cyrtocarpa,
Chirita cicatricosa) (Table 1). Data for the phylogenetic analyses were downloaded
from GenBank (including one additional sample of Primulina minutihamata from
China which we are treating here as Chirita cicatricosa). These basically represented
a reduced matrix of Old World Gesneriaceae as presented in Middleton et al. (2015).
Altogether 132 samples (129 species) were included, covering all 32 genera currently
recognised in the subtribe Didymocarpinae of tribe Trichosporeae (Moller et al., 2009,
2011, 2014; Weber et al., 2013; Middleton et al., 2014a, 2015). The sampling included
20 samples of 19 species of Primulina, including the type, P. tabacum (Table 1). The
phylogenetic trees were rooted on samples of Microchirita (C.B.Clarke) Yin Z.Wang
(Moller et al., 2009, 2011).

DNA extraction, PCR and phylogenetic analysis
Sequences of the nuclear ribosomal internal transcribed spacers (ITS) and the plastid
trnL-F intron-spacer (#rnL-F) for four samples, Chirita cicatricosa, Deinostigma
poilanei, Primulina cyrtocarpa, and P. tamiana, were obtained. The extraction of
genomic DNA was carried out using a CTAB procedure (Doyle & Doyle, 1987, 1990).
The PCR amplification of ITS and #7nL-F were performed using primers ‘5P’
(5-GGA AGG AGA AGT CGT AAC AAG G-3’) and ‘8P’ (5’-CAC GCT TCT CCA
GAC TAC A-3’) (Mdller & Cronk, 1997) and ‘¢’ (5’-CGA AAT CGG TAG ACG CTA
CG-3’) and ‘f” (5’-ATT TGA ACT GGT GAC ACG AG-3’) (Taberlet et al., 1991),
respectively, run on a Biorad T100™ Thermal Cycler (Hemel Hempstead, UK). The
10 pL reactions contained 1 uL 10x NH, reaction buffer (Bioline, UK), 1 uL dNTPs
(2 mM), 0.3 uL. MgCl, (50 mM), 0.4 pL of each primer (10 uM), 5.6 uL ddH,0, 0.1
uL Biotaq polymerase (5U/ul) (Bioline, UK) and 1.2 uL DNA template. The PCR
thermocycle profile for ITS started with an initial denaturation for 3 min at 94°C,
followed by 30 cycles of 1 min at 94°C, 1 min at 55°C and 1.5 min at 72°C, finished
with a final extension step for 5 min at 72°C. For trnL-F it was: initial denaturation for
4 min at 94°C, followed by 30 cycles of 45 s at 94°C, 45 s at 55°C and 3 min at 72°C,
with a final extension step for 10 min at 72°C. PCR products were run on 1% agarose
gels to check for amplification success and quality. PCR amplified fragments were
purified using ExoSAP-IT (Affymetrix, UK) following the manufacturer’s protocol,
and sequenced using the dideoxy chain-termination method. Sequencing samples were
prepared using the BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher
Scientific, UK) following the manufacturer's recommendations, and sequencing was
carried out by the Edinburgh Genomics sequencing service (University of Edinburgh,
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UK). Editing and assemblage of sequencing results were performed using the programs
Sequencher 4.5 (Gene Codes Corp, Ann Arbor, USA). The newly acquired sequences
were added to the reduced matrix of Middleton et al. (2015) and the matrices realigned
manually. They were subsequently submitted to GenBank (Table 1).

Since the combinability of the ITS and ##nL-F matrices, tested with the ILD test
(Farris, 1995a, 1995b), implemented as PHT in PAUP* 4.0a146 (Swofford, 2002),
did not indicate incongruent phylogenetic signals (P = 0.58), the two matrices were
analysed together. The reconstruction of phylogenetic trees by maximum parsimony
(MP) and Bayesian inference (BI), including the calculation of bootstrap (BS) and
posterior probability (PP) branch support values, were carried out as previously
described (Moller et al., 2009, 2011; Weber et al., 2011; Middleton et al., 2015): the MP
analysis on the combined data was carried out in PAUP* v.4.0b10 (Swofford, 2002),
on unweighted and unordered characters. Alignment gaps were treated as missing data.
Starting trees were found by parsimony ratchet (Nixon, 1999), in PAUPRat (Sikes &
Lewis, 2001) and PAUP*, and the saved trees further optimised in PAUP*, with both
TBR and Multrees on. Statistical branch support was obtained from 10,000 heuristic
bootstrap replicates each starting with a random addition tree, optimized with TBR on
and Multrees off in PAUP* (Moller & al., 2009, 2011).

The BI analyses were run in MrBayes v.3.1.2 (Huelsenbeck & Ronquist,
2001; Huelsenbeck et al., 2007). Models and parameter prior settings were obtained
independently for the #7nl-F, the ITS spacers and 5.8S sequences using MrModeltest
v.2.3 (Nylander, 2004), and were GTR + I + G for #nL-F and the ITS spacers, and
SYM + 1+ G for the 5.8S gene, respectively, 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. One tree was
sampled every 1000 generation (= 5000 trees), and the first 250 trees (5%) discarded
as burn-in, determined after plotting the generations against the Log(n) likelihoods
and a majority rule consensus tree construct with the ‘sumt’ command and posterior
probabilities (PP) obtained in MrBayes.

Cytology

The chromosome numbers for Deinostigma poilanei (R. Rybkova HB 222) and
Primulina cyrtocarpa (M.Moller & Y.G. Wei MMO 06-908) (Table 1), were determined
from root tips as previously described (Jong & Méller, 2000; Christie et al., 2012).
For Chirita cicatricosa (Zulin 131585, China, Guangxi, Shangsi), leaf cuttings were
cultivated in pots at the South China Botanical Garden, Chinese Academy of Sciences.
Actively growing root tips were harvested and pretreated in the dark with 0.1%
colchicine and 0.1% 8-Hydroxyquinoline (1:1) at room temperature for 3 hours and
then fixed in 3 : 1 absolute ethanol : glacial acetic acid at 4°C for 2 hours. They were
macerated in a mixture of 1 : 1 1M HCI and 45% acetic acid at 37°C in a water bath
for 45 min, and stained and squashed in 1% aceto-orcein.
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Results and Discussion

Phylogeny

The MP analysis resulted in 204 most parsimonious trees with a length of 4123 steps,
CI of 0.3772 and RI of 0.6797. For the BI runs, the average standard deviation of
split frequencies was 0.003949 indicating a strong convergence of the two runs.
Furthermore, a close correlation of the PP values between the two runs was observed,
confirming the reproducibility of the runs.

In both the MP (Fig. 1) and BI (Fig. 2) phylogenetic trees, Primulina s.s.
(excluding Chirita cicatricosa, P. cyrtocarpa, and P. tamiana) forms a highly supported
clade (BS = 100%; PP = 1), and, most importantly, is the sister clade to Petrocodon
with maximum branch support (BS = 100%; PP = 1). Deinostigma poilanei, together
with Chirita cicatricosa, Primulina cyrtocarpa and P. tamiana, forms a separate clade
(BS =73%; PP = 0.88), which is sister to the monotypic Metapetrocosmea W.T.Wang
with maximum branch support (BS = 100%; PP = 1). Although most of the genera
are in highly supported clades, as in previous studies (Mdller et al., 2009, 2011), the
backbone of the phylogenetic tree is not resolved. However, since both Primulina s.s.
and the Deinostigma clade form strongly supported sister relationships to other genera
respectively, it is unlikely that the two genera are closely related. Consequently, we
transfer the Deinostigma-like Primulina species to Deinostigma and refer to them thus
hereafter.

Morphology

All species are herbs. They are all probably perennial and, judging from the numerous
leaf'scars on the stems of some species, they are likely to be deciduous in the dry season.
In particular, Deinostigma cycnostyla has a thick stem with numerous congested leaf
scars. The other species have a relatively thin stem and species such as Deinostigma
minutihamata are mostly procumbent.

All species have an alternate leaf arrangement although this is not so obvious
in Deinostigma cycnostyla where the leaves are very congested. The alternate leaf
arrangement is in contrast to Primulina s.s. where the leaves are opposite or in whorls,
usually of three. The leaf blade is ovate to elliptic with a weakly (Deinostigma tamiana)
to strongly (D. cyrtocarpa) crenate or dentate margin. In all species the length of the
petiole is very variable within an individual, but compared to most other Asian genera,
it is generally long in proportion to the length of the leaf blade, and often longer than
the blade.

The inflorescences arise from the axils of the upper leaves, are borne on
long peduncles, and are dichasia with the typical paired-flower arrangement of the
Gesneriaceae. They are few-flowered in most species to many-flowered in Deinostigma
eberhardtii. In most species the inflorescence is fairly lax but is rather congested in the
terminal branches in Deinostigma cycnostyla. There are hooked hairs on the pedicels,
which are not found in Primulina s.s.

The corolla is white, blue or variations on purple (or combinations of these),
infundibuliform, with the lower lip 3-lobed and the upper lip 2-lobed. From the colour
and morphology bee pollination is likely.
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Fig. 1. Maximum parsimony strict consensus tree based on combined ITS and #nL-F sequence
data. Clades representing entire genera are collapsed. Numbers along the branches are bootstrap
values. Asterisks denote branches receiving < 50% support.
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There are two fertile stamens and three staminodes (the central one sometimes
obscure). The filaments are geniculate around the middle and glandular or hairy
distally. The anthers are hairy or glandular in all species.

The ovary of Deinostigma poilanei is small, c. 5 mm long, at an oblique or
sometimes almost a right angle to the pedicel and slightly curved upwards, similar to
D. cycnostyla (c. 2.4 mm long), D. eberhardtii (c. 4.5 mm long), D. tamiana (c. 5.5
mm long) and D. cyrtocarpa (7-9 mm long). At maturity, the capsules in Deinostigma
poilanei, D. tamiana and D. cyrtocarpa are 1.5-2 cm long and in D. eberhardtii
2.5-2.9 cm long. In these species, the capsules are falcate and inserted at an angle to
the pedicel to be carried + horizontally (not known in Deinostigma cycnostyla).

In Deinostigma cicatricosa and D. minutihamata, the ovary is much larger, c.
12—-18 mm long, and only at a slight angle in relation to the pedicel. In Deinostigma
cicatricosa, the mature capsule is 4.5-5 cm long, has a slight curve and is slender, while
in D. minutihamata, the capsule remains straight, 2.3-3.5 cm long, and is broader. In
all Deinostigma species where it is known the capsule dehiscence is loculicidal.

The internal structure of the ovaries could not be studied in all species. In the
species studied the internal structure varies considerably. In Deinostigma poilanei
it is bilocular for its entire length, with axile recurved bifid placentation (Fig. 3A). In
Deinostigma tamiana and D. cicatricosa only the basal part is bilocular while in the
middle and distal parts the carpels are not fused and the ovary is unilocular (Fig. 3B,
C). We surveyed other species previously within the circumscription of Chirita, and
now included in other genera (i.e., Henckelia dielsii (Borza) D.J.Middleton & Mich.
Moller, Microchirita prostrata JM.Li & Z.Xia, Primulina hochiensis (C.C.Huang &
X.X.Chen) Mich.Moller & A.Weber and Primulina liguliformis (W.T.Wang) Mich.
Moller & A.Weber), and found them to possess a unilocular ovary for their entire length
(Fig. 3E-QG). The exception was Primulina dryas (Dunn) Mich.Moller & A.Weber, the
ovary of which is bilocular throughout but with the abaxial locule being sterile (Fig. 3D).

Chromosome numbers
The chromosome number of Deinostigma poilanei and D. cicatricosa was determined
as 2n =32, that of D. cyrtocarpa as 2n =c. 30 (Fig. 4). For all species, the chromosomes
within each complement did not differ significantly in size and were c. 0.8—1.2 pm in
length. Deinostigma tamiana was counted previously as 2n = 32 (Christie et al., 2012).
The counts for all other Primulina species to date (139 counts for 118 species
and 4 varieties, Mdller & Pullan, 2015 onwards) were uniformly 2n = 36, except for a
tetraploid count of 2n = 72 for one accession of P. longgangensis (W.T.Wang) Y.Liu &
Y.Z.Wang (Christie et al., 2012) and one count of 2n = 28 for the same species (Cao et
al.,2003), the latter likely erroneous since two other counts of P. longgangensis showed
2n =32 (Liu et al., 2012; Kang et al., 2014). Overall, the chromosome size of species
of Primulina s.s. is slightly larger than those with 2n = c. 30 and 32 chromosomes,
being mostly up to 1.6 pm long, with the exception of P. aff. balansae (Drake) Mich.
Moller & A.Weber with chromosomes up to 2.0 um long. Overall, the chromosome
numbers are in full congruence with the phylogeny, separating Primulina s.s. with 2n
= 36 from those with 2n = c. 30 and 2n = 32 chromosomes.
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Fig. 3. Photographic sections taken near the base, the middle and the tip of ovaries of diverse
species belonging to Deinostigma W.T.Wang & Z.Y.Li (A—C), species previously included in
Chirita Buch.-Ham. (D-F) and Microchirita prostrata JM.Li & Z.Xia (G). (Photos: M. Méller)
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Fig. 4. Chromosome spread preparations of three Deinostigma W.T.Wang & Z.Y.Li species. A.
Deinostigma poilanei (Pellegr.) W.T.Wang & Z.Y.Li prometaphase with 2n=32 chromosomes.
B. Deinostigma cicatricosa (W.T.Wang) D.J.Middleton & Mich.Mdéller metaphase with 2n =
32 chromosomes. C. Deinostigma cyrtocarpa (D.Fang & L.Zeng) Mich.Méller & H.J.Atkins
prometaphase with 2n = ¢. 30 chromosomes. Scale bar: 10um. (Photos: A, C: M. Méller; B:
Hui-Min Li)

Geography

The Annamite range of mountains that straddles the border between Vietnam and
Laos, and extends into NE Cambodia and further south in Vietnam to just north of Ho
Chi Minh City, is known to be an area of high biodiversity and home to many endemic
species of plants and animals (Averyanov et al., 2003; WWE, 2015). The Annamites
are particularly interesting for Gesneriaceae as the genus Billolivia D.J.Middleton,
now with seven species (all of which were also described as new), was recently
described from the southern end of this range (Middleton et al., 2014a, 2014b; Vu et
al., 2015). Deinostigma, however, occurs across almost the full length of the mountain
range and into southern China, a distribution pattern not otherwise observed in other
Gesneriaceae genera except for those which are generally much more widespread (e.g.
Aeschynanthus Jack, Didymocarpus Wall., Rhynchotechum Blume).

Conclusion

In summary, phylogeny, cytology and morphology support a separation of Chirita
cicatricosa (previously included in synonymy of Primulina minutihamata), Primulina
cyrtocarpa and P. tamiana from Primulina and their integration into an expanded
genus Deinostigma with a distribution range covering Southern China and Vietnam.
Primulina cycnostyla, P. eberhardtii and P. minutihamata must also be moved into
Deinostigma based on their close morphological similarities to species which have
been included in the phylogeny. The genus includes species with leaves in alternate
arrangement with distinct nodes (except congested in D. cycnostyla), bilocular ovaries,
at least at the base, and a chromosome number smaller than 2n = 36, these characters
distinguishing Deinostigma from Primulina s.s. Metapetrocosmea, though monotypic
and sister to Deinostigma in the phylogeny, is excluded from Deinostigma due to its
many differences, such as the unilocular ovary, epipetry, free anthers, capitate stigma,
and the capsule globose and straight in relation to the pedicel.
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Taxonomy

We do not attempt a revision here of the species now included in Deinostigma but
note that a revision is needed. The only major change to the existing taxonomy that we
make is to resurrect Chirita cicatricosa from synonymy of Primulina minutihamata
and make combinations in Deinostigma for both (see below). All type material cited
below has been seen by the authors.

Deinostigma W.T.Wang & Z.Y.Li, Acta Phytotax. Sin. 30(4): 356 (1992). — TYPE:
Deinostigma poilanei (Pellegr.) W.T.Wang & Z.Y.Li

Chirita subsect. Cicatricosae W.T.Wang, Bull. Bot. Res., Harbin 1(4): 69 (1981). —
TYPE: Chirita cicatricosa W.T.Wang

Perennial herbs, caulescent with distinct or short stem. Leaves simple, alternate,
sometimes congested into a rosette, petiolate; blade slightly peltate or not, margin
crenate or dentate, secondary veins pinnate. Inflorescences axillary, cymose; pedicels
with hooked hairs. Flowers with the pedicel inserted at an angle and off-centre on the
receptacle. Calyx lobes divided to base, elliptic, those on ventral side slightly longer
and wider. Corolla white, purple, blue or combinations thereof, infundibuliform,
lower lip 3-lobed, upper lip 2-lobed, lobe apices rounded. Fertile stamens 2, filaments
slightly curved, anthers adnate face to face, hairy or with glands, staminodes 3 but
with central staminode sometimes obscure. Nectary 5-crenate or apparently lacking.
Ovary fusiform, bilocular throughout or at least near base, then unilocular from middle
to apex; stigma of only lower lip developing, broad, flat and weakly 2-lobed. Fruit
straight to strongly falcate, oblique in relation to the pedicel, dehiscing loculicidally;
many-seeded, seeds unappendaged.

Distribution. Seven species in southern China and Vietnam. Some of the Vietnamese
material was collected close to the border with Laos and it may also occur in that
country.

Deinostigma cicatricosa (W.T.Wang) D.J.Middleton & Mich.Méller, comb. nov.
— Chirita cicatricosa W.T.Wang, Bull. Bot. Res., Harbin 1(4): 69 (1981). — TYPE:
China, Guangxi, Dongxing, Banba Commune, Renbei, 3 October 1976, Fang, D. et al.
1525 (holotype GXMI [GXMI050619]). (Fig. SA-D)

Distribution. China (Guangxi).

Notes. Wood (1974) included a specimen from Southern Guangxi (although he cited
it as being from ‘Kwangtung’ (Guangdong)) in his new species Chirita minutihamata,
along with material, including the type, from Vietnam. Wang (1981) later described
Chirita cicatricosa from Guangxi without explicitly including the Chinese material
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of C. minutihamata or referring to that species. Wang (1985), Wang et al. (1990) and
Wang et al. (1998) placed Chirita cicatricosa in synonymy of C. minutihamata and
cited localities corresponding to the type locality of C. cicatricosa and the material
cited by Wood (1974). We acknowledge that the material from China and the material
from Vietnam are indeed very similar but the differences between them, particularly in
the longer, slender, more falcate fruits and the somewhat larger flowers of the Chinese
material, along with the widely disjunct distribution, lead us to suspect that they may
be recognised as distinct species when the group is revised. We therefore provide the
combination in anticipation of this.

Deinostigma cycnostyla (B.L.Burtt) D.J.Middleton & H.J.Atkins, comb. nov.
— Chirita cycnostyla B.L.Burtt, Notes Roy. Bot. Gard. Edinburgh 23: 96 (1960). —
Primulina cycnostyla (B.L.Burtt) Mich.Moéller & A.Weber, Taxon 60: 781 (2011). —
TYPE: Vietnam, Da Nang, Ba Na, 1000-1500 m, 27 February 1939, Poilane, E. 29123
(holotype P [P00602510]).

Distribution. Only known from the Ba Na Hills of central Vietnam.

Notes. This species has not been included in molecular phylogenetic analyses but has
been transferred to Deinostigma based on its morphological similarity to Deinostigma
poilanei.

Deinostigma cyrtocarpa (D.Fang & L.Zeng) Mich.Mdller & H.J.Atkins, comb. nov.
— Chirita cyrtocarpa D.Fang & L.Zeng, Acta Phytotax. Sin. 31(5): 468 (1993). —
Primulina cyrtocarpa (D.Fang & L.Zeng) Mich.Moller & A.Weber, Taxon 60: 781
(2011). — TYPE: China, Guangxi, Hezhou City, 130—140 m, 16 June 1991, Zhou L.S.
& Zeng L. 1263 (holotype GXMI [GXMI050608]). (Fig. SE-H)

Distribution. NE Guangxi (Hezhou).

Deinostigma eberhardtii (Pellegr.) D.J.Middleton & H.J.Atkins, comb. nov. — Chirita
eberhardtii Pellegr., Bull. Soc. Bot. France 73: 418 (1926). — Primulina eberhardtii
(Pellegr.) Mich.Moller & A.Weber, Taxon 60: 782 (2011). — TYPE: Vietnam, Thua
Thien-Hue, Baika, Eberhardt 2466 (lectotype P [P00602512], designated here;
isolectotype VNM).

Distribution. Vietham (Thua Thien-Hue and Da Nang).
Notes. This species has not been included in molecular phylogenetic analyses but has

been transferred to Deinostigma based on its morphological similarity to Deinostigma
poilanei.
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Fig. 5. Deinostigma cicatricosa (W.T.Wang) D.J.Middleton & Mich.Méller (A-D) and D.
cyrtocarpa (D.Fang & L.Zeng) Mich.Mdller & H.J.Atkins (E-H). A. Habit and mature fruits.
B. Flower cut open. C. Flower top view. D. Flower front view. E. Habit. F. Mature fruits. G.
Flowering branch. H. Flowers front view. (Photos: A, B, E, F: M. Mdller; C, D, G, H: Yi-Gang
Wei)
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Deinostigma minutihamata (D.Wood) D.J.Middleton & H.J.Atkins, comb. nov. —
Chirita minutihamata D.Wood, Notes Roy. Bot. Gard. Edinburgh 31: 370 (1972). —
Primulina minutihamata (D.Wood) Mich.Méller & A.Weber, Taxon 60: 783 (2011).
— TYPE: Vietnam, Kon Tum, Ngok Pa Not, 2300 m, 12 December 1946, Poilane, E.
35803 (holotype P [P00602518]; isotype P [P00602519]).

Distribution. Vietnam (Kon Tum).

Notes. See notes under Deinostigma cicatricosa. This species has not been included in
molecular phylogenetic analyses but has been transferred to Deinostigma based on its
morphological similarity to D. cicatricosa and D. poilanei.

Deinostigma poilanei (Pellegr.) W.T.Wang & Z.Y.Li, Acta Phytotax. Sin. 30(4): 357
(1992). — Hemiboea poilanei Pellegr., Bull. Soc. Bot. France 73: 421 (1926). — TYPE:
Vietnam, Khanh Hoa, Nha Trang, 300 m, 29 May 1922, Poilane, E. 3846 (holotype P
[P00606338]; isotype P [P00634330]). (Fig. 6A-E)

Distribution. Vietnam (Khanh Hoa, Thua Thien-Hue and Da Nang).

Deinostigma tamiana (B.L.Burtt) D.J.Middleton & H.J.Atkins, comb. nov. — Chirita
tamiana B.L.Burtt, Gloxinian 49(4): 20 (1999). — Primulina tamiana (B.L.Burtt)
Mich.Moller & A.Weber, Taxon 60: 785 (2011). — TYPE: Originally collected as
Soviet-Vietnam Expedition 0/114 from Vietnam, Vinh Phuc, Tam Dao National
Park, cultivated in RBGE under accession number 19981743*A, vouchered for the
herbarium as CULTE 15738 (holotype E [E00269898]). (Fig. 6F-J)

Distribution. Vietham (Vinh Phuc, Tam Dao NP).
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Fig. 6. Deinostigma poilanei (Pellegr.) W.T.Wang & Z.Y.Li (A-E) and D. tamiana (B.L.Burtt)
D.J.Middleton & H.J.Atkins (F-J). A. Habit. B. Flower side view. C. Flower front view.
D. Immature fruit. E. Mature fruit. F. Habit. G. Flower side view. H. Flower front view. 1.
Immature fruit. J. Mature fruit. (Photos: A, B, C, F-J: M.Maller; D, E: Sadie Barber)
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An expansion of Deinostigma

PO1S86M1
6S€1054S

6967€90OH

8celosrd

LTET0SLA
$967£90H

rSSTI6dr
¥967€90OH
L96TE9OH

6vSTI6AL
9967€90H

LSETOSIA

186C€90OH

0867£90H

LOSTOSIA
8€S10S(d

€L8T€90OH

cov10sLd

16¥10504
6987€90OH

LTSTI6AL
98+ 10S[d
1L8TE90H
TTsTI6dAr
0L8TE9OH

ces10srd

¥887€90H

£887€90H

Aunood
Surdurf ‘uveuung ‘eury)

udpIen) sepoqr)) dA0qe
1S9I0J ‘BAR[ ‘BISQUOPU]

aAe) A1req
‘neq YemeleS ‘BISAe[RIN

KJ[[BA UNIy “nsIp
eyqesemnyyues ‘redoN

Kunod 3uo3nyg

“Jold Iy NSy
Suerlny ‘ueuung ‘eury)

S LITYSYIN “e1puy
Aunoo

Fuop3uI[ ‘ueuung ‘eury)
Kyreoo|

umowyun ‘exue| LIS
Aunoo

Suop3ul[ ‘veuung ‘eury)
159qnIqAS

Ieou ‘FurpreAy) ‘redoN
doyng

10( ‘Te]\ SueIy) ‘pue[rey],

Kyunoo noy3uay)
‘Sutb3uoy) ‘eury)

Aunoo
Sury uer], ‘rxduenn) ‘eury))

eny3uoN ‘Aunod
odeN ‘1x3ueno) ‘eury)

dd

NOY ‘A

am

N A

dd

A1 a

Adl

S00I66 ZX ‘Buvy
(0£59D) 101 d ‘SPoom

8€E66S "D M2D P [ ‘Bung

(1661
uonpadxy nppyvy
-ysmquipg) H 601 VWA

[12229661

angy 1nd] 8€6. 9661
uonipadxy uvys uo31or)

usHDAS S 12304
zeel
-80 OWW "IV 12 " 42110/
[Ls1 O] us pp Suvp
[zl
-80 O "IV 12 "W “12]]19
9477 MvYIYpY ADYSOYG
0S¥ IV 12 [ ‘UOIIPPIN
90EI1 ZX ‘Suvy

£18-90 OWN
DA 1M P W 121I9N

1790 W'q SuoN'W'g

Ued'A™
wnpdastiquif Dussoxoy
UORIPPYA'["A
(O1oer) ving.ivq vis1qary

oIR[D g D PAInf vodyIvXaf]

DIV
(uo@-Q) prjofionin viyyoUIE]

RIAV
(wo@ Q) pjrwund vijayouzfy
‘Suaxdg ([yeA ) puvour vyjayouafy

NI’V P1jofipun.i3 vijayousfy

nmgTd ® P4MV
(sonremuy 1) vsosooy vijayouapy

ISIQINYOTIN 2 UOISIPPIN LA
(ez1og) nsja1p vyayouL]

IV
(uo@-q) ijofiq vijayouaE]

I[N YOI 79 UOIRIPPIAN'['A
(9oury) vra.coyovUD DIjIYOUIE]

BR[O D
vv1dpogns vaoqrudf]
LN YIIAN
%9 109NV (Suem'L'M)
ppounoaind.ind vaoqgruaf]

WANYIN % 1PGM 'V
(Suep\ "1 M\) pjofippao vaoqruagy



Gard. Bull. Singapore 68(1) 2016

168

[ceciodr
PTer0sd

[sscredr

STET0SIA
8967¢90OH
¥L6TE90OH

[€eT0sd

eecoredv
/cslevedv

cee1osrd

S00££90OH

8ee105rd

900£€90OH

8yscrodr
L8Y10S(d

yeseredr

88710S(
TL8TE9OH
96¥10S (1

L6Y10S(d

Sov10sLd
86710514

LETECY AV

80510514

0162€90H

Suay Sunung
‘uejue[oy] ‘eIske[e|N

A)11e00] uMmouuUN ‘eury)

Aunoo
noyzguo ‘Ix3ueny ‘eury)

Ky1eoo]
umouun ‘BISABIRIA

UeYS IYZN ‘URUIRE ‘BUIYD)

noyary
0} peoI ‘ueuunX ‘eury))

0d e1f Suay) ‘Ajunoo
NoYOry ‘ueuuny ‘eury))

“JoId My nsry
Suermy ‘ueuung ‘eury)

K)1[e00] usmoudun ‘eury)

ueUUNA ‘BUIYD

urpnydwex ‘redoN

Aunod
odeN ‘1x3ueny) ‘eury)

dd>

Md1d

nm
Sl
dad ‘9

nm
‘Ad ‘4

dd

Adl

STEFY INA "Y'V Yvpyvy

L680000T
ADY HND WOy ISYONoA

ECL-S0 ONWNIW
DA ‘12M P W H2II9N

[20-96-SD AgH HnD]

1-0002 42SS0)d N

uyary W ‘Sinquaydudny
-udyouny gH x2

20L7L0 DX oM

F/001-10

ONW "d A 10 % W “42]10W
[0I-10

ONWW "dX 10 » W “12119W
(V69729661

d4099 D1 626£ 9661
uonpadxy uvys uo31]0vr)

69901-S ‘ZX ‘Suvy

899/ 9661
uonipadxy uvys 3uo31ovo)

[VELYT6861
74099 D] 076
(6861) uoyipadxy

pv3unfudyounyy

Y3mquIp/ Moy

60L DA oM

Uepgey % 1oV
('1prY) Pa21428 DILIYDI0LO1N

Suep, 7 wix (Jderg)
DIODINPUDAD] DILIYIOAI I

Suep 'z wIx
(1g¥) psowny ffv vILAIYI0LO1N

Suep, 7 WX (9YrR[D G D)
DSOUI31IDD DILAYIOLITN

Suep LM (uny) 2
“LIOIN) pIvjjad pauisodo.432dvia N

1307[9d 1110]232d snjouoisdy

WIXBIN SnLopfionnd snjouoisAy

WS MM 11152440 SnjOU0ISA
Suep L'
X0 uny) 113u1yd snjouoisAy

“ds pw3nsoxoy

SR IO

(uSim) 1ynffiid vusysoxo
UBLAN®

Sue q wnijofiiqo)3 vuiS1soxoT



169

An expansion of Deinostigma

8S€1051d

0r0££90OH

TT0EE90OH

€20£€90H
¥20£€9OH
0€0£€90H
710€€90H

L10£€90OH

010€€90H
TLSL69AS
STOEE9OH
ST0€€90OH
09ST16dl

8sscrodr

LESTOSIA

€P6ZE90OH

976C€90H

LT6TE9OH
8T6TE9OH
7€6TE90OH
8167€90OH

1762€90H

7167€90H
¥85L69Al
6T6TE9OH
6162€90OH
€€STI6AL

[escrodr

Ayunoo uerxuery
‘SuopSueny) ‘eury)

Aunoo
onys3uex ‘Ix3ueno ‘eury)

Aunod
Suerlueyg rx3ueny) ‘eury)

Aunoo

uy Suoy ‘rx3ueng) ‘eury)
Aunod

uIqIyS ‘ueuung ‘eury)

Aunoo
Suop3ul[ ‘ueuung ‘eury))

Suojo( ‘ueurey ‘eury)
Ayunoos eny

1|7 ueq ‘uenydlg ‘eury)
Aunod

nIxuif ‘ueysoeleq
‘Ix3ueno) ‘eury)

Kunoo ui)
oeyy ‘uop3ueny) ‘eury))

Aunoo
Suo( SuIf ‘veuung ‘eury))

Aunoo
Surunpy ‘rx3ueno) ‘eury)
meysue|
d ‘yepay| ‘eiske[e]y
uoyd eyyes doyJ 1em
‘uemes UOUeN ‘puefrey],

SN

Md1d

A1l 9

Md1d

N

NOY A

NN ‘A

Adl

NN A

N A

M4l d

dd>

(1+822¥ SN) 2O 10 d1X

£16-90 OWN
DX 1oM ¥ W 119N

L16790 ONN
DA 1oM P W “2I19OW

92.790 ONN
‘DA 1M P W 12119

$I12S9 WA yg

6€C1
80 ONN "IV 12 "W 12119

00L-L0 DX ‘1oM

CLOI-L0 ONN
WT ‘0D B W H2]IOW

[0 WO ‘uvny)

LIET
80 OWI "IV 12 "] 12119

[cci
80 ONN "IV 12 "W 12119

[E11-L0 OWW
‘DX 19M ® W 210N
98EH9 144 NV Yvpyvy

608t 10 32 ["d UOIIPPYN

Q0UBH SMIPGIDIP UOPOI0LIDJ
ION
YOIN B MDA (PM'D'A)
§N1]0f120D1.100 UOPOI01JD]
I9IM 'V X IIIONUDIN
(uny)) 1paMa}s S14DY202.4()
MY
% LI YN (UBd'A ™)
SISUDUDSUOL SLIDYI02.4()
IOM 'V B IO
(Suep\"L'M\) S1su22]1u SLIDYI02.4()
TOQIM 'V % BIIOINUSTIN
(qrex)) v1jofiduoj s1ivy202.4()
ued A vsourdn.iiaf
“TeA UNYD) DYIUDASDY S14DYD02.4()
PPNV ®
WIOINUSTN 1GID.LD S1IDYI02.4()
PPNV

29 TIIQIN YT (SUBM L'M)
D1]OJ1U110D SLIDYDI02.4()

NIR[D gD HUDYIUIq SLIDYD02.4()

PPNV % BIAN YN

(I'T' M H) p1jofituo3aq s1ivy202.4()
ued’A™A

X9 UNYY) V1244841 SLIDYI02.4()
YEPYRY % 1OGIM 'V

(IPrY) p1o1a D1LUYI0LIIN

UORIPPIN [ % PPV
(qre1))) vsojngny vILYI0IIH



Gard. Bull. Singapore 68(1) 2016

170

Sre1osrd
£68905X[
8Ye105ld
SOIS86MN

ceerosrd

9015861

PeET0Sd

9€0£€90OH

P70£€90OH

LEOEE9OH

6£0€€90H
1¥0€€90OH

€r0€€90OH

ges1osrd
$8L90SX[
YCS10Sed
€0s10s(d

6676V

0ST0SId

c0s10sed

6£67€90H

LY6TE9OH

0v67€90OH

Tv6TE9OH
¥6C€9OH

9v6C£9OH

TeH
18D ‘uoI3ay [eroads
Suen) SuoH ‘wemwaIA

1x3ueno ‘eury)
3uo3y] Suoy ‘eury)
AK)1[e00] UMOWUN ‘BUIY))

ueuung N ‘eury)

uery
ueun ‘ueuung ‘eury)

uI31I0 umouun

Aunoo
uen3eJ\ ‘UeUUN ‘BUIYD)
oFeqia
Suoyooe ‘A1unod
UIMNIY ‘NOYZIND “eury))

Aunod
noyz3uo ‘rx3uens) eury)

K10 1Iyooy ‘1x3ueny ‘eury)
K10

noyy oy ‘rxsuenn ‘eury)
Aunod

Suoyoury ‘rxsuenn) ‘eury))

Adl

N

SN ‘d

SN

A4dl

DL IRE!

Mdld

DL IRE!

Md1d

[€1617661 ADDT
NND] £861 T ‘aouvdiday

s g ung ‘g

[0S016L61 ADEY
D] 69¢ DL Doyfpon

FOII-66 7 "D
[zezeco61 ADDY MND]

£S0-8/ MySU] UDIUOSYHIULS

(61195 SN)
pLST “ou ‘uonipadxy
.Nem ”\&Sv\le&.ﬁm‘

C6SSIL6]
TDgY N> wiodf 12yono

19928 P12 WX ‘1yg

20010 M ‘Suvyl

§98-90 ONWIW
DX 12M ¥ W 42II9N

LL01-L0 OWIN
DA 1M P W 12119

crEI-80 ONN
‘DA 1M P W 121190

¥8.-90 ONN
DA 1M P W IION

Suem 'z

ux (poop Q) vj[owad vuinutig
Suep 7 uix (‘zzep

-'pueH) vypdastiquilf vunuiiig
PNV % BIION

YOI (uunq) spdup vunpnuitig
"TM'H

X0 NA\ KD P2I142S DIUISOIO0.)DJ

qlelr’) vsoaLou DIUISOI04]oJ

‘[SWAH £L0ouUtid DIUISOI04)o J

qUe1)) 11440Y DIUISOI04JD]

MYS'WA
22 RIIQNUIHA UYD H'M
SUDDSIPLIIA UOPOIOAID ]

Suep\ 7 U1
(uny)) wn.iomdoss uoposojog

BN

YOI %9 19goA 'V (BUdZ T %
3ueJ Q) sn1j0fi1323u1 UOPOI0.LJD ]

IOINUSTIN

22 1M DA (UM 79 nI'T UBk
TOMDR) SISUIYI2Y UOPOIOLJD]

LION YT B 19QM 'V
(‘[Swoy) 100unYy UOPOI0.L1D]

MDA SHoUI3NLI2[ UOPOI0LIDJ



171

An expansion of Deinostigma

LOTS86MN

6v€105d

6782L80d

8787,80d

9t0£€9OH

Lye10sLd

r€82.800

C1690SXT1

£06905X[

St0€€9OH

182,800

€0IS86/1A

9CS105rd

¥182,800

$187L80

6v67€90OH

06cCovIY

0182,L800

08905 X[

S6L90SX[

8+6CE90OH

082,80

Aunoo
uen( ‘rx3uens) ‘eury)

uery
mys3uoy ‘rxsueny) ‘eury))

x3ueno ‘eury)

x3uenn) ‘eury)

umo}
ue3ueYOORTY ‘AJUN0d
SuoyoonT ‘Ix3ueno) ‘eury))

£J11800] UMOUNUN “TURUIAIA

1x3ueno) ‘eury))

1x3ueno) ‘eury))

1x3ueno ‘eury)

Aunos onyg
Suex ‘1x3uenn) ‘eury)

1x3ueno) ‘eury))

M4l d

SN

dd

dd

Adl

dd

A4dl

Adl

Al g

dd

161790 OWW

‘DY ‘1M B W 42I10OW
(¢L£6C SN)

975968 Sutliag uoyipadxy

FEIL90 7K Suvy

FEIL9O W 7T

£911-L0 O DX oM

[S1617661
140499 MO §461 N
aoydznay » 'y ‘unlvyyny y

i wr i

U's g Ung

Us g Ubg

16790 O
DX 12M ¥ W 42II9N

162¢SO WT TTIW T

Suep 'z WA (WO'H'A
2 SueJ Q) pijofiual vunULIg

Suep 7 UIX
(Suepy 1M\ pivuurd puynuitag
Suem 'z
uIg (Bue LM 1 Suesq)
sapro3odorydo vurpnuirig

Suep 'z
uix (Suepy' LM 1 Sued d)
DIPINODUIINUIU DUTJNUILL]

PPNV R
TTQIN YOI (NX "' 2 0]
UBA ) SISU2SUDYDION] DUIJNUILL]

Suep 7 WX (SuepmL'M)
S1SU23UP33U0] PUIINUILL]

SuepyZ wik (Suepy'L'M)
D1]Of1iv2UL] DUINUILLT

I3goM 'V

29 ID[OIN YOI (Suepmy"L'M)
S1uLLofiin31] vunuLg

I9goM 'V

29 WO YOI (USYD XX
Sueny D D) sisua1yo0y vunNUILLL

QMY % WIIANYSTN
(Buep ank 7 SueyZ' X0
‘UM ") Stsuaonys3und
“TeA Suepy 7 uix (‘e 10

3ue Q) psojnpuv3 pulnuLLf

Suep "z wix (Te
19 SueJ'QqQ) vsojnpuv)3 vulnuLIg



Gard. Bull. Singapore 68(1) 2016

172

€€0€€90H

1€0£€90H
7€0£€90OH

€L6TE90OH

00££90H
€00££90OH
1€87.804

¢se10srd

9¢67£90H

02ST10SId
S€6T€90OH

LLSTE9OH

6062€90H
806C¢9OH
187,800

00€CoVIY

[I'H Sc[[oMXBIN
Se1od ‘eIsAee]N

yeng e3ung
Sunung) jo o3pu
opIs ‘Sueye  ‘eIsAe[RIN

seu|
Sununo) ‘yepay| ‘ersAe[e|

Aunoo
1S3ueyg ‘Ix3ueny) ‘eury)

Aunoo
Ix3uIf ‘rx3uenso) ‘eury))

Aunoo
ueySeA ‘IX3ueno) ‘eury))

1x3ueno) ‘eury)

IOATY
uery ‘Suopgueny) ‘eury)

RED

nm

RED

Mdld

Nd1 A

M4l d

dd

S0¥S9 144 T ‘ov%

F/T-0TH0LS TV 1299

26009
IIA VI I PYO

IPI1-L0 OWN
DX 1oM ¥ W 1IN
[S£-§0 ONN
DA 1M P W 1IN

862790 ONIN
DX 12M ¥ W 119N

0911 WT 1T

[orsT1S661 ADEY NND)]
Uus XD AP [0 M

PPNV
('1prY) prjofiotonb vipuvdopry

10QOM "V (MI1Y 29 199OM"Y)
pyjuv.idydiod vipuvopry

PPNV
('pry) pivjonad vipuvdopry

uny)) snotuis sndivoorydvy
nry uex 2 MDA ponvy3

‘JeA Suepy M (Suenyqz'S)
SISUDIXSUDNS DILIYIOPNIST

Suepy' L' (BuenHzZ's)
SISU2IXSUDNS DILIYIOPNIST

Suepy 7 UIX (0SuoZ"]
10 ‘Bue Q) UPSIUIM DUINUILL]

QJOUBH uinovqgv] vuljniilLg



