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Abstract: Primulina (Gesneriaceae) is an enigmatic group of lithophytic plants which encompass over 160 species mainly
distributed in the limestone region of southern China and nothern Vietnam. A majority of species of the genus have very nar—
row distribution which have been found in only one or a few proximate localities. It seems that this genus could even pos—
sess much more diversity than presently known as lots of new species have recently been and are being discribed particular—
ly from its distributional center. In the presnt study a new species of Gesneriaceae P. bobaiensis from Guangxi China is
described and illustrated. We intuitively judged the higher taxonomic unit i.e. genus that the assumed new species should
belong to; compared the morphologies of this assumed new species with all other recognized species previously discribed in
the genus and deduced possible close relatives of the new species based on morphological similarity. Then we tested its af—
finities to other sampled species from the same large region and the divergence of DNA sequences between the assumed new
species and its closest relatives. Morphologically this new species is assumed to belong to the genus Primulina and can be
easily distinguished from all other Gesneriaceae species by its special floral appearance e. g. lower lip is much longer than
upper lip and it has spotted marks on the inside of the upper lip (the majority of other species have striped marks on the in—
side(s) of the lower and/or upper lips). Subsequently the taxonomic treatment of being attibuted to Primulina and the
monophyly of the recircumscribed genus Primulina s.1. are also corroborated by the molecular evidence based on the plastid
matK gene. Within the genus the new species is suggested to be the sister of a lineage comprising P. swinglei and P. laxi—
Sflora. Further examination of the matK sequences indicated 5 and 11 base differences of P. bobaiensis separating from P.
swinglei and P. laxiflora respectively implying potential long period of isolation from these species or high substitution
rate of the matK gene in these taxa. Moreover the new species is restricted on Danxia rocks while its closest relatives as
well as most of its congeners are confined on limestone rocks suggesting possible specific edaphic adaptation and isolation of
the new species. Further the high endemism with low abundance and usually morphological and molecular distinctiveness
of this and many other species of Primulina would also superimpose the importance of conservation of these rare species.
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The recently recircumscribed genus Primulina
Hance (Gesneriaceae) contains more than 130 species
with large morphological diversities ( Weber et al.
2011). It has grown to be one of the species—richest
genus of Gensneriaceae in South China and its sur—
rounding regions one of the distributional centres of the
family across the world with 59 genera and over 460
discribed species found in China alone (Li et al.
2004 ;Wei et al. 2010). Primulina is still expanding
rapidly with lots of new species and varieties that have
been and are being discribed mainly from the distrbu—
tional centre of the limestone regions of South China
especially from Guangxi Zhuang Autonomous Region
where dozens of new species have been discribed in the
last several years (Xu et al. 2008;Li er al. 2009;Li
et al. 2010;Xu et al. 2010;Huang et al. 2011;Wu
2011; Xu et al. 2011a 2011b; Hong et al.
2012 ;Huang et al. 2012;Wu et al. 2012;Xu et al.
2012 ;Chung et al. 2013; Wen et al. 2013; Zhao et
al. 2013).

In the present study we found and discribed a

et al.

Gesneriaceae population with special floral appearance

from the generic distributional centre of Guangxi Chi-
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na. The new population was found growing on Danxia
rocks but not on limestones habitat occupied by most
others of its congeners. According to its floral structure
and chararaters this new population can be easily at—
tributed to the recently redefined genus Primulina and
is assumed to represent a new species in the genus after
carefully checking the morphologies against all the rec—
ognized congeners including specimens and those dis—
cribed in literatures (Wang et al. 1990;1999 Li e
al. 2004;Wei et al. 2010). Whereas depending on
morphological comparisons alone it is difficult to assess
which known species the new species is closely related
to due to large morphological diversities and complicat—
ed morphological evolution in Primulina (Weber et
al. 2011).

Traditional taxonomy has been proved to largely
contradict with the molecular systematics in Gesneri—
aceae and the majority of the traditional genera have
been revealed as non-monophyly (e. g. Wang et al.
2011;Weber et al. 2011). Further numerous mono—
typic genera with distinct morphology have been widely
proved to be embedded deeply within other genera and

their generic status thus should be abandoned that a—
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gain imply large incongruence between phylogenetic re—
lationship and morphological similarity (Weber et al.

2011). The incongruence between phylogenetic rela—
tionship and morphological similarity had often led er—
rors in generic level taxonomic treatments for some spe—
cies and a large proportion of taxa should be trasferred
from their genera originally assigned by traditional tax—
onomy to another according to the molecular phyloge—
netics (Liu et al. 2010;Moller et al. 2011 ;Weber et
al. 2011). All these would suggest complicated mor—
phological evolution in Gesneriaceae and necessity to
combine molecular evidence with taxonomic treatment.
Hence we also tested the generic placement and parti—
cular intrageneric relationships of the new species to
other Gensericeae species from the surrounding areas
where the new species was found based on a molecular
framework a matrix of matK gene modified from our

previous study (Wu et al. 2012).

1 Materials and Methods

We newly sampled the new species and four other
Primulina taxa within the same region in the present
study each with one individual as the representative of
the corresponding species. Further we also newly sam—
pled 14 taxa representing other 14 genera from the same
large region. These newly sampled taxa would be added
to our previously obtained matK sequences from other 41
Primulina taxa mainly from the same large region.

Total genomic DNA was extracted from silica dried
1987).

DNA sequences were amplified using a PCR procedure

leaves using the CTAB protocol (Doyle et al.

of initial denaturation at 94 °C for 3 min followed by 34
cycles of 30 sec at 94 °C 40 sec at 52 C and 90 sec at
72 °C with a final extension at 72 °C for 10 min. PCR
products were purified using TIANgel Midi Purification
Kit (Tiangen Biotech) according to the manufacturer’ s
instructions and then sequenced on an ABI 3730 DNA
Sequencer ( Applied Biosystems International Foster
City CA USA) using Big Dye Terminator (Applied Bi—

osystems Shanghai China). The primers used for am—

plification and sequencing are the same as in Wu et al.
(2011).

DNA sequences were manually edited and spliced
using the software Bioedit 5.0.9 (Hall 1999) according
to the bidirectional chromatograms for each of the se—
quences. All sequences after edition were aligned in
Clustal X 1. 81 (Thompson et al. 1997) and adjusted
manually in Bioedit 5. 0. 9. The flank regions at both
ends with many missing sites were excluded and the in—
dels within sequences were filled by gaps. Then the
matrix of these newly obtained sequences was added to
our previous larger matrix and aligned visually in Bi-
oedit 5. 0. 9. The genbank accession numbers and
sources of the plant materials are as listed in the supple—
mentary material (Table 1) and the final matrix is a—
vailable upon request from the corresponding author.

Phylogenetic analyses were conducted using neigh—
bor joining (NJ) in Mega 4. 0. 2 (Tamura et al.
2007) Maximum Parsimony (MP) in PAUP version 4.
0b10 (Swofford 2002) and Bayesian Inference (BI) in
MrBayes v3. 1. 2 (Huelsenbeck et al. 2001) respec—
tively. For the NJ method we chose and calculated
Kimura 2-parameter distance with pairwise deletion of
the gaps and reconstruct the phylogeny based on the dis—
tance matrix. Branch Support (BS,) was calculated
with 100 bootstraps also using NJ method and the same
parameter settings. The MP analysis was conducted u-
sing the following settings: 100 replicates of random
stepwise addition with tree bisection—reconnection
(TBR) branch swapping performed using heuristic sear—
ches with all most-parsimonious trees saved at each rep—
licate (MulTree on). Branch Support (BS,,,) was as—
sessed using bootstrap analysis with 100 bootstrap repli—
cates each with 10 stepwise additions. As the inadequa—
cy of the parsimony informative sites of the matK se—
quences would have yielded excessive equally most par—
simonious trees in the tentative MP heuristic search
therefore 500 000 trees were set as the maximum limit

for the first round of heuristic searches based on the o—

riginal matrix and 50 000 maxi
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Table 1  Genbank accession numbers and the plant material sources used in the present study

Taxa MatK Collector (Voucher) /Location
Aeschynanthus austroyunnanensi KJ137885 R. C. Hu & Q. Zhang/Huanjiang County Guangxi China
Beccarinda tonkinensis KJ137886 W. B. Xu/Shangsi County Guangxi China
Chiritopsis glandulosa KJ137887 W. B. Xu/Pingle County Guangxi China
Chiritopsis sp. KJ137888 W. B. Xu/Zhongshan County Guangxi China

C. lingchuanensis KJ137889 L. Wu & B. Pan/Lingcuan County Guangxi China
C. glandulosa var. yangshuoensis KJ137890 W. B. Xu/Yangshuo County Guangxi China
Dayaoshania cotinifolia KJ137891 N. Z. Huang (Cultivated in Botanical Garden of Guangxi Institute of Botany (GXIB))
Didymocarpus glandulosus KJ137892 S. S Mo & Q. Zhang/Huanjiang County Guangxi China
Gyrocheilos retrotrichum KJ137893 S. S Mo & Q. Zhang/Huanjiang County Guangxi China
Hemiboea cavaleriei KJ137894 Y. Liu/Lingcuan County Guangxi China
Lagarosolen coriaceiforlium KJ137895 L. Wu & B. Pan/Yangshuo County Guangxi China
Lysionotus fengshanensis KJ137896 S. S Mo & Q. Zhang/Huanjiang County Guangxi China
Ophithandra sinohenryi KJ137897 W. B. Xu/Fangcheng City Guangxi China
Oreocharis xiangguiensis KJ137898 W. B. Xu /Lingcuan County Guangxi China
Paraboea swinhoii KJ137899 S. S Mo & Q. Zhang/Huanjiang County Guangxi China
Paraisometrum mileense KJ137900 Q. Gao/Xingyi County Guizhou China
Petrocodon sp. KJ137901 B. Pan/Jiangyong County Hunan China
Priminlina swinglei KJ137902 B. Pan/cult. In GXIB

Henckelia anachoreta KJ137903 W. B. Xu/Ningming County Guangxi China
Primulina baishouensis KJ137904 B. Pan/Yongfu County Guangxi China

P. bobaiensis KJ137905 B. Pan/Bobai County Guangxi China

P. cordifolia KJ137906 Q. Gao & B. Pan/Yangshuo County Guangxi China
P. dryas JX195976 A. Chautems & M. Perret 01 =019 (G)

P. eburnea KJ137908 Q. Gao & B. Pan/Guilin City Guangxi China

P. fimbrisepala KJ137909 Q. Zhang/Shaoguan City Guangdong China

P. gongchengensis KJ137910 Y. S. Huang & W. B. Xu (10496) /Gongcheng County Guangxi China
P. gueilinensis KJ137911 Q. Gao & B. Pan/Guilin City Guangxi China

P. guihaiensis KJ137912 Q. Gao & B. Pan/Guilin City Guangxi China

P. hedyotidea KJ137913 W. B. Xu/cult. In GXIB

P. hochiensis KJ137914 W. B. Xu/cult. in GXIB

P. langshanica KJ137915 W. B. Xu & B. Pan (10021) / Quanzhou County Guangxi China
P. laxiflora KJ137916 Y. S. Huang /Longzhou County Guangxi China

P. liboensts KJ137917 W. B. Xu/Guangxi

P. liguliformis KJ137918 B. Pan/Hechi City Guangxi China

P. lijiangensis KJ137919 W. B. Xu/Yangshuo County Guangxi China

P. linearifolia KJ137920 Y. Liu/Guangxi

P. longangensis KJ137921 Y. S. Huang /Longzhou County Guangxi China

P. longicalyx KJ137922 L. Wu & B. Pan/Guilin City Guangxi China

P. longii KJ137923 Y. S. Huang& B. Pan/Yongfu County Guangxi China
P. lunglinensis var. amblyosepala KJ137924 W. B. Xu/Huanjiang County Guangxi China

P. lutea KJ137925 W. B. Xu/cangwu County Guangxi China

P. lutea KJ137926 S. S. Mo/Hezhou City Guangxi China

P. macrodonta KJ137927 L. Wu & B. Pan/Lingcuan Guangxi China

P. medica KJ137928 B. Pan/Pingle County Guangxi China

P. minutimaculata KJ137929 W. B. Xu/Longzhou County Guangxi China

P. debaoensis KJ137930 W. B. Xu/cult. in GXIB Guangxi China

P. ningmingensis KJ137931 W. B. Xu/ningming County Guangxi China

P. pseudoheterotricha KJ137932 W. B. Xu/Zhongshan County Guangxi China

P. pungentisepala KJ137933 W. B. Xu/Guangxi China

P. ronganensis KJ137934 Y. S. Huang & B. Pan/Rongan County Guangxi China
P. rongshuiensis KJ137935 Y. S. Huang & B. Pan/Rongshui County Guangxi China
P. shouchengensis KJ137936 W. B. Xu/Yongfu County Guangxi China

P. subrhomboidea KJ137937 B. Pan/Yangshuo County Guangxi China

P. tabacum KJ137938 W. B. Xu/Hezhou City Guangxi China

P. tribracteata var. zhuana KJ137939 W. B. Xu/cult. in GXIB Guangxi China

P. wangiana KJ137940 Y. S. Huang & B. Pan/Rongan County Guangxi China
P. wentsait KJ137941 W. B. Xu/Ningming County Guangxi China

P. yangshuoensis KJ137942 Q. Gao & B. Pan/Yangshuo County Guangxi China
P. yungfuensis KJ137943 J. Liu et al. /Yongfu County Guangxi China

P. sinovietnamica KJ137944 W. B. Xu/Longzhou County Guangxi China
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Table 2 Difference of the nucleotides of the new species to its close congeners
Species 32 63 113 149 173 174 298 511 525 567 702 752 834 1005
P. bobaiensis C T C G T C T C A C A C G A
P. swinglei ? ? C A T A C C A C G T G A
P. laxiflora T C T G G C C T T T G C C T

Note: The first row represents the site numbers in the matrix. The mark (?) represents ambiguous state for the site. The different bases of P. swinglei and P. laxiflora to

the new species are highlighted in bold.

s6/54 [— Primulina hedvotidea
63/68[ o5~ L. debaoensis
L00/100 [g7] P. debaoensis
S 100 - P. wentsaii
51/68) : P. minutimaculata

(.84
§2/72

.86

; 97/99 P. pungentisepala
c ] {
6/100 1.00 22 s:’nmiie.f}‘gmfcap
1.00 P. ningmingensis
P. eburnea
P. lunglinensis var. amblvosepala
P. langshanica

89/76| 0.51
1.00

1.67 P. tabacum

et P. macrodonta

89/86 = P. lutea

1.00
62

0.61

|

1.00 P. lutea

L00/100 — P Jinearifolia

2 rinelei
100/99 —90E2 P. Swinglei

1.00 P. longangensis
P. longicalyx SRR

=
ey
]

1.00

P. wangiana

.1

67/58
100

68/68

0.99
58] 1.00

92/96

1.00

57
(.99

— P. drvas

56 95/97
0,79

= Ophithandra sinohenryi
.3 Oreocharis xiangguiensis

59
0.99

ayaoshania sp.
Paraisometrum mileense

.73

79/83

P. laxiflora

1.00 “— 'P. bobaiensis

P. hezhouensis

60/55 P. liboensis
, — P. rongshuiensis
66/77 10).97 P. liguliformis
——_ P. ronganensis

P H'fbrcg?c'r{ea a var, ,i}mana
P. pseudoheterotricha

P. gueilinensis

! P. yungfuensis
P. baishiouensis
g, yangshuoensjs
. subrhomboidea
P. guihaiensis
P. cordifolia

P. hochiensis
P. medica

P. gongchengensis

E: gg:’a‘:ﬁ:a’m’(}.\ga
P. lingchuanensis
—] ;
0.90 P. shouchengensis
—— P. fimbrisepala i
—— P. glandulosa var. yangshuoensis
—— P lijiangensis

P. longii

ﬂimdon coriaceifolium

Petrocodon sp.

Hemiboea cavaleriei

e

Didymocarpus glandulosus

1.00

ey - ] ;
ﬁl— Lysionotus fengshanensis

Gyrocheilos retrotrichum

Henckelia anachoreta

100 Aeschynanthus austroyunnanensi
29091 ¢ Beccarinda tonkinensis
1.00 Paraboea swinholi
Fig. 1 Phylogenetic placement of the new species P. bobaiensis(highlighted in bold) to its close relatives. Nodal supports bigger than 50%

from NJ and MP are sequentially (before or behind the left slash) listed above the branches while PP values bigger than 0.50 from BI method are listed

below the branches in italic.

mum trees were set for each of the bootstrap pseudorep—
lications. Prior the Bayesian analysis we used Modeltest
(Posada et al. 1998;Posada et al. 2004) to select the
fittest DNA substitution model based on the Akaike In—

formation Criterion (AIC). Two runs of Metropolis-cou—

pled Markov Chain Monte Carlo (MCMCMC) analyses
were performed simultaneously with a random starting
tree and four chains for each run (one cold and three
heated). The MCMCMC length was 10 000 000 genera—

tions and the chain was sampled every 1000th generation
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from the cold chain. Bayesian clade posterior probabili—
ties and average branch lengths were calculated based
on the sampled trees combined from the two runs after
the first 15% of the total trees were discarded as burn—
in. The burn-in for each run was validated by plotting

the likelihood values against the generations.

2 Results and Analysis

2.1 Phylogenetic placement of the new species

After pruning the flank regions with many missing
characters the matK region obtained varies from 950 bp
to 1 156 bp for all the sampled 61 accessions with an av—
erage GC content of 32% and the final aligned matrix
has 1 156 bp in length with 115 informative sites as well
as 165 additional variable but uninformative sites. TVM
+ G model was selected as the fittest substitution model
for the matK gene by the Modeltest.

Through three methods we yielded phylogenetic
trees with generally consistent topology and the Bayesian
50% majority consensus tree was more resolved than
those from the other two methods. Maximum constraint
of 500 000 trees was hit in the first replication of MP
heuristic searches with the shortest tree length of 401
steps consistency index (CI) of 0.79 and Retention in—
dex (RI) of 0.84. The results from all three methods
indicated that all the Primulina taxa sampled in present
study formed as a monophyletic group with low NJ and
MP bootstrap support but high Bayesian posterior proba—
bility (BS,; =56% ;BS,,, =58% ;PP =1.00). The new
species was embedded within Primulina being sister
(BS,; =100% ; BS,, =99% ;PP =1.00) to a lineage
(BS,; =84% ;BS,,, =82% ;PP =0.98) composed of P.

swinglei and P. laxiflora (Fig. 1). Further examination

mp

of the matK genes indicated the new species differed
from P. swinglet and P. laxiflora by 5 and 11 nucleo—
tide bases respectively implying potential long-term of
isolation between the species or higher substitution rate
of the matK gene in these taxa (Table 2).
2.2 Taxonomic treatment

P. bobaiensis Q. K. Li Q. Zhang & W. L. Li

sp. nov. Fig. 2 & Fig. 3.
Herbs perennial. Rhizome subterete 2 - 7 cm
long 1 -3 cm across. Leaves 5 -9 crowded at the apex
of rhizome petiolate ;petiole applanate 3 —12 cm long 5
—15 mm across;leaf blade herbaceous elliptic or oval
4 —12 x2 -6 c¢m apex acute to obtuse base cuneate to
broadly cuneate margin shallowly serrate pubescent on
both surfaces lateral veins 3 —6 on each side impressed
adaxially and prominent abaxially. Cymes 2 -4 1 —3-
branched 5 —124lowered ;peduncle 5 —18 ¢m long 1 -
3 mm across pubescent;pedicel 1.2 —=3.1 cm long pu-
bescent; bracts opposite oblanceolate 8 — 22 x4 -9
mm margin repand apex obtuse pubescent on both
sides. Calyx 5-parted nearly to the base lobes narrowly
lanceolate 3 -5 x0.8 — 1.1 mm apex acuminate out—
side pubescent inside puberulent margins entire. Corol—
la deep purple 16 — 18 mm long outside pubescent in—
side sparsely puberulent;tube ca. 7 =9 mm long ca. 4
mm in diam. at the base ca. 6 —8 mm in diam. at the
mouth ;limb distinctly 2dipped adaxial lip 2-parted to
over the middle lobes broadly ovate 3 —4 x3 -3.5
mm ;abaxial lip 3-parted to over the middle lobes ob—
long 6 -8 X3 —4 mm. Stamens 2 adnate to ca. 5 mm
above the corolla tube base filaments linear 5 -8 mm
long purple twisted at over middle glabrous; anthers
reniform dorsifixed ca. 2 mm long glabrous ;staminodes
3 adnate to ca. 6 mm above the corolla tube base later—
al ones 2 mm long apex capitate middle one 0.5 mm
long. Disk annular ca. 1.1 mm in height margin repand.
Pistil 12 =15 mm long ovary 4 —6 mm long ca. 1.3 mm
across pubescent;style pubescent 6 —8 cm long; stigma
obovate 1 —1.5 mm long. Capsule not seen. The species
is only known growing on Danxia rock from one locality in
Wangmao Town Bobai County Guangxi China. It is in
flowering from September to October. The specific epithet
is derived from the type locality Bobai County Guangxi.
P. bobaiensis is special in floral morphology which can be
easily distinguished from all other Gesneriaceae. It is e—
sampled  rela

ven very different  from its

tives in floral appearance. The details of diagnostic
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Fig. 2 A. Habitat of the new species (Primulina bobaiensis) in Danxia landscape; B. P. bobaiensis;
C. Flower of P. swinglei; D. Flower of P. laxiflora.

Table 3 Distinguishing morphological characters among P. bobaiensis P. swinglei and P. laxiflora

P. bobaiensts P. swinglei

P. laxiflora

Corolla White at mouth upper lobes pointed at termi—
nal ;round spotted upper lobes oblong upper la—

bia ca. 1/2 in length to the lower.

White at mouth upper lobes pointed at ter—
minal ;striped upper lobes ovate upper la—
bia slightly shorter than the lower.

Yellow at mouth upper lobes round at ter—
minal lower lobes near round upper labia
slightly shorter than the lower.

morphological characters of P. bobaiensis to its phyloge—
netic close relatives of P. swinglei and P. laxiflora are
listed in Table 3.

China Guangxi Yulin City Bobai County Wang-
mao Town Yanshi temple on rock face of Danxia land—
scape rare elevation 123 m 9 October 2010 Yu-Song
HUANG and Bo Panl100839 ( holotype IBKj; isotype
PE). Guilin Botanical Garden introduced from Bobai
County Wangmao Town 31 August 2009 Wei-Bin XU
et Bo Pan 091775 (1BK).

3  Conclusion and Discussion

The new species embedded within Primulina seems
robust strongly supported by both morphological obser—

vation and molecular characters. The status as an inde—

pendent species is also easy to be confirmed by its very
special appearance. According to our knowledge the ex—
tremely unsymmetrical labia with the lower one extended
to two folds or more in length than the upper one is rare
in other recognized Gesneriaceae taxa in this areaj;the
two spotted honey guides on the upper two lobes but not
any marks on the lower three lobes are also rare. All the
floral characters seem stable as several cultivated indi-—
viduals on yellow soils in greenhouse show no discern—
able morphological variations compared with those ob-
served for the wild population on Danxia rocks unlike
many other taxa which show observable or striking mor—
phological variations between and/or within populations
(Wei et al. 2010). Although the species status is easy
to be confirmed whereas the exact relationships and

whether there is more closely—related known species for
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Fig. 3 P. bobaiensis Q. K. Li & W. L. Li A. Habit; B.
Corolla opened showing stamens and staminodes; C. Stamens; D.
Pistil and calyx; E. Stigma. (Drawn by ZHU Yun-Xi from the holo—
type).

the new species still needs further molecular analysis
based on denser sampling.
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