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Reassessment of Chirita umbrophila (Gesneriaceae) Based on Molecular and
Morphological Evidence
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Abstract—Chirita umbrophila is a species endemic to Yunnan, China, and its exact systematic position remains a mystery since it was treated
as a species with uncertain generic af�liation in the taxonomic revision of Chirita in 1985. In the present study, the phylogenetic relationships
between C. umbrophila and its allied species were inferred using two nuclear ribosomal DNA regions (ETS and ITS) and three chloroplast
regions (rpl16, rps16, and trnL-F). Additionally, the type locality of C. umbrophila was revisited and �owering specimens were collected and
examined. Our phylogenetic analyses showed that Chirita umbrophila is imbedded in three accessions of Loxostigma kurzii with strong support.
Morphological observations revealed that C. umbrophila can be characterized as perennial herbs with somewhat tufted leaves at the top of the
aerial stem, large ventricose corollas with yellow-brown spotted interior surfaces, four anthers cohering in pairs, and two equal or subequal
stigmas. Detailed morphological analyses suggested that C. umbrophila is indistinguishable from Loxostigma kurzii (�Didymocarpus? kurzii).
Therefore, both molecular phylogenetic results and morphological evidence support that Chirita umbrophila is conspeci�c with Loxostigma kur-
zii, and a taxonomic treatment is provided herein.

Keywords—Briggsia, Loxostigma, phylogeny, taxonomic treatment.

During the past two decades, �eld investigations by both
botanists and plant hobbyists discovered numerous new ges-
neriads in China, providing surprising insights into species
diversity of Gesneriaceae. The number of species in Gesneria-
ceae in China has had a marked increase from 1990 to now,
evident in the 413 species recorded in the Flora Reipublicae
Popularis Sinicae (Wang et al. 1990) and the ca. 690 species
compiled in the latest list of Chinese Gesneriaceae (Wen et al.
2021). There are more than 60 authors who have recently con-
tributed to the species discovery in China (M�oller 2019).
However, compared to the strong enthusiasm of searching
and describing new species, few people focus their interest
on older and problematic species (but see Hong et al. 2020;
Lu et al. 2020; Yang et al. 2020). In fact, several species of Ges-
neriaceae from China described earlier need to be reassessed
due to a lack of key morphological characters. For example,
Oreocharis rhytidophylla C.Y.Wu ex H.W.Li was a doubtful
species described on the basis of a single collection with only
fruiting material, and its speci�c status was not con�rmed
until the rediscovery of �owering plants in the type locality
recently (Zhang et al. 2019). An accurate estimate of biological
species is critical for fully understanding biodiversity. There-
fore, in the present study, we focus on another unknown spe-
cies, i.e. Chirita umbrophila C.Y.Wu ex H.W.Li.

Chirita umbrophila was originally described by Wu (in Li
1983) based on one collection (Ping-Hua Yu 1189; Fig. 1A)
without �owers. The type locality of C. umbrophila is Zhen-
xiong county, Yunnan province, China (Fig. 2E), and up until
now no other specimens were collected after the gathering of
the type specimens. Li (1983) placed C. umbrophila in Chirita
sect. Chirita (most species in this section had been transferred
to the genus Henckelia Spreng. by Weber et al. (2011)), and
allied it to Chirita pumila D.Don [�Henckelia pumila (D.Don)

A.Dietr.] and Chirita forrestii J.Anthony [�Henckelia forrestii
(J.Anthony) D.J.Middleton & Mich.M�oller]. The recognition
of Chirita umbrophila as a species belonging to Chirita Buch.-
Ham. ex Don was mainly based on its taller stem, green-
spotted leaves, smaller sepals, and stubby capsules compared
to its allies (Li 1983). But the most important diagnostic fea-
ture of Chirita (now a synonym of Henckelia Spreng.) was the
presence of the chiritoid stigmas (Brown 1840; Burtt 1965;
Wood 1974; Wang 1985a) characterized by a barely devel-
oped upper stigma and enlarged lower stigma with usually
emarginate to bi�d apex (see Results regarding the descrip-
tion of stigma; Weber et al. 2020). However, it was not possi-
ble to examine the chiritoid stigmas of Chirita umbrophila in
the fruiting type specimens. Therefore, Wang (1985b) treated
C. umbrophila as a species with uncertain generic af�liation.
The generic af�liation of C. umbrophila was not addressed in
several following important publications, including the Flora
Reipublicae Popularis Sinicae (Wang et al. 1990), Flora of China
(Wang et al. 1998), and Plants of Gesneriaceae in China (Li and
Wang 2004). Then, Chirita was shown to be highly polyphy-
letic and disintegrated based on both molecular and morpho-
logical evidence (Wang et al. 2011; Weber et al. 2011), and
Weber et al. (2011) refrained from placing the species into
Henckelia and cited “Chirita umbrophila C.Y.Wu ex H.W.Li:
generic placement uncertain (see Wang et al. 1998).” Up to
now, Chirita umbrophila remains a species with unknown
generic af�liation.

Here we examine the phylogenetic relationships of
C. umbrophila compared to morphologically similar species
and establish species boundaries based on monophyletic
groups that can be characterized with phenotypic characters.
The aims of this research were to: 1) investigate the �oral
morphology of Chirita umbrophila, especially the stigma; and
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FIG. 1. Type specimens of Chirita umbrophila (A) and Loxostigma kurzii (B–D). A. Holotype of Chirita umbrophila (China, Yunnan, Zhenxiong, P.H. Yu 1189,
KUN [barcode] KUN1219130). B. Holotype of Didymocarpus kurzii (India, Sikkim, Kurz s.n., CAL [barcode] CAL0000019236). C. Lectotype of Didissandra ama-
bilis (China, Yunnan, Lijiang, G. Forrest 2689, E [barcode] E00387561). D. Lectotype of Briggsia amabilis var. taliensis (China, Yunnan, Dali, G. Forrest 4385, E
[barcode] E00387582). Note: B–D, copyright © The director of CAL and E, respectively. Used with permission.

LI ET AL.: REASSESSMENT OF CHIRITA UMBROPHILA (GESNERIACEAE) 5152022]



C
op

yr
ig

ht
 (

c)
 A

m
er

ic
an

 S
oc

ie
ty

 fo
r 

P
la

nt
 T

ax
on

om
is

ts
. A

ll 
rig

ht
s 

re
se

rv
ed

.
D

el
iv

er
ed

 b
y 

In
ge

nt
a 

to
 IP

: 1
71

.2
17

.5
9.

18
8 

on
: W

ed
, 2

9 
Ju

n 
20

22
 0

7:
28

:5
7

to 2) provide a taxonomic treatment based on the results of
molecular phylogenetic reconstruction and comparative
morphology.

MATERIALS AND METHODS

Sampling for Phylogenetic Study, Amplification, and Sequencing—
To infer the possible phylogenetic position of Chirita umbrophila, we
included 61 accessions representing 19 out of 35 genera of subtribe Didy-
mocarpinae (GRC 2021). We included three individuals of Loxostigma kur-
zii (C.B.Clarke) B.L.Burtt, which has a wide distribution from eastern
Nepal to southwestern China (Fig. 2E; Wang et al. 1998; Sun and Zhou
2002; M�oller et al. 2014; Sinha and Datta 2016). Two species of Microchirita
(C.B.Clarke) Yin Z.Wang were chosen as outgroups according to the phy-
logeny inferred by M�oller et al. (2011a). In addition, we selected represen-
tative samples of the straight-fruited advanced Asiatic and Malesian
genera (M�oller et al. 2009) as ingroups based on main clades recovered in
M�oller et al. (2011a). Sequences of approximately half of the included
samples were retrieved from several preceding phylogenetic studies
(M�oller et al. 2009, 2011a; Qiu et al. 2015; Xu et al. 2021) and 141 sequences
of the remaining samples were newly acquired. The full list of sampled

species and corresponding NCBI accession numbers are provided in
Appendix 1.

Total genomic DNA was extracted from silica-dried leaves using a
modi�ed CTAB protocol (Doyle and Doyle 1987) and used as the template
in the polymerase chain reaction (PCR). The nuclear ribosomal external
transcribed spacer (ETS), internal transcribed spacer (ITS, including ITS1,
5.8S subunit, and ITS2), and three chloroplast DNA regions (rpl16, rps16,
trnL-F) were ampli�ed using primers ETS-B/18S-IGS (Beardsley and
Olmstead 2002), ITS-p5/u4 (Cheng et al. 2016), rpl16-F71/R1661 (Jordan
et al. 1996; Kelchner and Clark 1997), rps16–2F/R3 (Bremer et al. 2002),
and trnL-F-c/f (Taberlet et al. 1991), respectively. The PCR conditions for
all DNA regions included initial denaturation at 94�C for 3 min, followed
by 35 cycles of 94�C for 30 s, 54�C for 30 s, and 72�C for 50 s, with a �nal
extension at 72�C for 5 min. The PCR products were puri�ed using Tian
quick Midi Puri�cation Kit (Tiangen Biotech, Beijing, China) following
the manufacturer's protocol, and then were directly sequenced with the
same primers used for PCR ampli�cation. All the sequences generated in
the present study have been deposited in GenBank (Appendix 1).

Sequence Alignment and Phylogenetic Analyses—Editing and contig
assembly were performed in Geneious v. 7.1.8 (Kearse et al. 2012). The
newly obtained sequences together with those retrieved from GenBank
were aligned with Clustal W (Larkin et al. 2007), followed by manual

FIG. 2. A–D. Variation of corolla color of Loxostigma kurzii. E. The known geographical distribution of L. kurzii and Chirita umbrophila. The type localities
and the samples included in the phylogenetic analysis (Fig. 3) are labeled on the map.
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