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Primulina bobaiensis, a new species of Gesnericaeae
from Guangxi, China and its phylogenetic placement
revealed by the chloroplast matK gene

LI Qian-Kun', ZHANG Qiang*, DENG Tao*, PAN Bo?,
HUANG Yu-Song®, LI Wen-Lan'*"
C L. College of Chemistry and Bioengineering « Guilin University of Technology + Guilin 511000, Chinas 2. Guang.vi
Institute of Botany . Guangxi Zhuang Autonomous Region and the Chinese Academy of Sciences . Guilin 511006 .
Chinas 3. College of Life Sciences & Technology of Guang.xr Universit vy« Nanning 530005, China )
Abstract; Primuling (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 narrow distribution. which have been found in only one or a few proximate localities. It seems that this genus
could even possess much more diversity than presently known as lots of new species have recently been and are being
(liscril)e(l.p;u‘licularly from its distributional center. In the presnt study, a new species of Gesneriaccae. P, bobaiensis
from Guangxi, China is described and illustrated. We intuitively judged the higher taxonomic unit.i.c. genus.that the as-
sumed new species shoutd helong to; compared the morphologies of this assumed new species with all other recognized
species previously diseribed in the genus and deduced possible close relatives of the new species based on morphological
similarity, Then we tested its affinities 10 other sampled species from the same large region and the divergence of DNA
sequences between the assimed new species and its closest relatives. Morphologically this new species is assumed 1o e
long 10 the genus Primulinag and can be casily distinguished from all other Gesneriaceae species by its special floral ap-
pearancese.g. lower lip is much longer than upper lip and it has spotted marks on the inside of the upper lip (ihe majority
of other species have striped marks on the inside(s) of the lower and/or upper lips), Subsequently. the taxonomic treat -
ment of being attibuted 1o Primulina and the monophyly of the recircumseribed genus Primuding s.). are also corrobora-
ted by the molceular evidence based on the plastid mat K gene, Within the genus the new species is suggested to be the
sister of a lincage comprising P. swinglei and P, laxi flora. Further examination of the mat K sequences indicated 5 and
U base differences of P, bobaiensis separating from P, swinglei and P. laxi flora s respectively, implying potential long
period of isolation from these species or high substitution rate of the ma/K gene in these taxa. Morcovers the new species
15 restricted on Danxia rocks while its closest relatives as well as most of its congeners are confined on limestone rocks,
suggesting possible specific cdaphic adaptation and isolation of the new species, Turther the high endemism with low a-
bundance and usually morphological and molecular distinetiveness of this and many other species of Prinudina would al-
S0 superimpose the importance of conservation of these rare species.
Key words: Gesneriaccacs Primuding s new speciess phylogenys matlX
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The reecently recircumseribed genus Primudi-

na Hance (Gesneriaceae) contains more than 130
species with large morphological diversities (We-
ber et al..2011, 1t has grown to be one of the spe-
cies-richest genus of Gensneriaceae in South China
and 1ts surrounding regions, one of the distribu-
tional centres of the family across the world. with
60 discribed species found in

s Wel ef al.. 2010).

59 genera and over 4
China alone (Li e al.. 2004
Primulina is still expanding rapidly with lots of
new species and varicties that have been and are
being diseribed, mainly from the distrbutional cen-
tre of the limestone regions of South China, espe-
cially from Guangxi Zhuang Autonomous Region,
where dozens of new species have heen diseribed in
the last several years (Xu et al. . 2008511 et al.,
2009511 e al . 20105 X0 et al . 201031 Tuang et al. .
2011 Wu et al.s 20015 Xu et al.. 2011a, 2011h;
20125 Huang et al.. 20123 Wu et al..
20133 Wen et

it
Hong et al..
20025 Xu el al. . 2012
al..2013;7Zhao et al..

s Chung et al. .
2013)
In the present study, we found and discribed a

Gesneriaceae population with special floral appear-
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The new population was found

ance from the generic distributional centre
Guangxi. China.
growing on Danxia rocks, but not on limestones.,
habitat occupied by most others of its congeners.
According 1o its {loral structure and chararaters,
this new population can be casily attributed to the
recently redeflined genus Primuling and is assumed
to represent a new species in the genus aflter care-
[ully checking the morphologies against all the ree-
ognized congeners. including specimens and those
diseribed in literatures (Wang e al. 199051999, Li
2004 3 Werl et al..2010).

on morphological comparisons alone.it is dilficult

et al.. Whereas. depending
to assess which known species the new species is
closely related to due to large morphological diver-
and complicated morphological cvolution in

2011,

sities
Primulina (Weber et al.

Traditional taxonomy has been proved to
largely contradict with the molecular systematices
in Gesneriaceae and the majority of the traditional
genera have been revealed as non-monophyly (e.g
20113 Weber et al.,2011).

numerous monotypic genera with distinet morphol-

Wang et al.. FFurther,
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ogy have been widely proved to be embedded deep-
ly within other genera and their generic status thus
should be abandoned, that again imply large incon-
gruence between phylogenetic relationship  and
morphological similarity (Weber et al.,2011). The
incongruence between phylogenetic relationship
and morphological similarity had often led errors in
generic level taxonomic treatments for some spe-
cies and a large proportion of taxa should be tras-
ferred from their genera originally assigned by tra-
ditional taxonomy to another according to the mo-
lecular phylogenctics (Liu et «l.,2010; Méller e
al . 2011 Weber et al..2011). All these would sug-
gest complicated morphological evolution in Gesne-
riaccac and nccessity to combine molecular evi-
dence with taxonomic treatment. Hence we also
tested the generie placement and particular intrage-
neric relationships of the new species to other Gen-
sericcae species [rom the surrounding areas where
the new species was found based on a molecular

[ramework,a matrix of matK gene modified from

our previous study (Wu et «/.,2012).
1 Materials and Methods

We newly sampled the new species and four other
Primulina taxa within the same region in the present
study,cach 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 1o our previously obtained matK sequences [rom
other 41 Primulina taxa mainly from the same large
region,

Total genomic DNA was extracted from  silica
dried leaves using the CTAB protocol (Doyle et al.,
1987). DNA scquences were amplified using a PCR
procedure of initial denaturation at 94 °C for 3 min. lol-
lowed by 34 cycles of 30 sec at 94 °C .40 see 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 10

the manufacturer’s instructions and then sequenced on

an ABI 3730 DNA Scquencer (Applied Biosystems In-
ternational , Foster City.CAL,USA) ,using Big Dye Tor-
minator ( Applied Biosystems, Shanghai, China). The
primers used for amplification and scquencing are the
same as in Wu er al. (2011).

DNA sequences were manually edited and spliced
using the software Bioedit 5.0.9 (Iall 1999) according
to the bidirectional chromatograms for cach 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
indels 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-
ocdit 5. 0. 9. The genbank accession numbers and
sources of the plant materials are as listed in the sup-
plementary material (Table 1) and the final matrix is
available upon request from the corresponding author.

Phylogenetic  analyses  were  conducted  using
neighbor joining (NJ) in Mega 4.0.2 CTamura er al.,
2007) , Maximum Parsimony (MP) in PAUP version
1.0b10 (Swofford 2002) and Bayesian Inference (BI)
in MrBayes v3.1.2 (Tluelsenbeck er al. 2001 respee-
tively. For the NI method. we chose and calculated
Kimura 2-parameter distance with pairwise deletion of
the gaps and reconstruct the phylogeny based on the
distance matrix. Branch Support (13S,)) was calculated
with 100 bootstraps. also using NJ method and the
same parameter settings. The MP analysis was con-
ducted using the lollowing settings: 100 replicates of
random stepwise addition with tree bisection-reconnee-
tion (TBR) branch swapping performed using heuristic
scarches, with all most-parsimonious trees saved  at
cach replicate (Mul'lree on). Branch Support (B3S,,)
was assessed using bootstrap analysis with 100 boot-
strap replicates, cach with 10 stepwise additions. As
the inadequacy of the parsimony informative sites of
the mat K sequences would have yielded excessive o-
qually most parsimonious trees in the tentative M
heuristic scarch, therefores 500 000 trees were set as
the maximum limit for the first round of heuristic

searches based on the original matrix and 50 000 maxi
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Table 1 Genbank accession numbers and the plant material sources used in the present study

Collector ( Voucher)/ Location

suangxi Institute of Botany (GXIH)

Taxa MutK

Aescliynanthus austroywmanensi KJ137885 R. C. ITu & Q. Zhang/uanjiang (‘()umy,()uangxi.(‘llinzl
Deccarinda tonkinensis KJ137886 W. BB. Xu/Shangst (‘onnly.(}lmngxi,(‘hin;l
Chivitopsis glandulosa KJ137887 W. B. Xu/Pingle County,Guangxi, China
Chiritopsis sp. KJ137888 W. I Xu/Zhongshan (County . Guangxi, China

C. lingchuanensis KJ137889 I.. Wu &. B Pan/Lingcuan County, Guangxi. China
C. glundulosa var, yangshuoensis KI137890 W. B, Xu/ Yangshuo County,Guangxi, China
Dayavshania cotinifolia KJ137891 N, 7. Huang (Cultivated in Botanical Garden ol €

Did ymocarpus glandunlosus KJ137892 8, S Mo &. Q. Zhang/ Huanjiang County. Guangxi, China
Gyrocheilos retrotriclion KJ137893 S S Mo & Q. Zhang/TTuanjiang (‘(nmly.(}uzmgxi.(‘I\in:l
Hewmiboea cavaleried KJ137891 Y. Liu/Lingeuan County,Guangxi, China
Lagarosolen coriaceiforlivm KJ1378495 L. Wu ¢ B. Pan/ Yangshuo County. Guangxi, China
Lysionotus fengshanensis KJ 137896 S, 8 Mo 8. Q. Zhang/ Huanjiang County, Guangxi, China
Ophithandra sinohenryi KJ137897 W. b Xu/Fangcheng City, Guangxi, China
Oreocharis riangguienis KJ137898 W. B. Xu /Lingcuan County,Guangxi,China
Paraboea swinhoii KJ137859 S. S Mo & Q. Zhang/Tluanjiang County, Guangxi, China
Paraisometram miileense KJ137900 Q. Gao/Xingyi County, Guizhou, China
Petrocodon sp, KI37901 1, Pan/Jiangyong County, Funan . China
Primintina swinglei KJ1379602 3. Pan/cult, In GXIB

Henckelia anachorera KJ137903 W. I3, Xu/Ningming County, Guangxi, China
Primulina faishouwensis KJ137901 I3 Pan/ Yonglu County,Gnangxi, China

P, bobuiensis KJ137905 13, Pan/ Bobai County.,Guangxi. China

P cordifulia KJt37906 Q. Gao & B. Pan/Yangshuo County, Guangxi, China
P dryas I1X195976 A. Chautems & M. Perret 01 =019 (G)
Poeburnea K1137908 Q. Gao &= B, Pan/Guilin City, Guangxi, China

P fimborise pala KIt37909 Q. Zhang/ Shaoguan City, Gnangdong. China

P gongehengensiy KI137910 Y. S, Huang & W, B, Xu (10196)/Gongcheng County» Guangxi, China
P pueilinensis KJ137911 Q. Gao .. B, Pan/Guilin City. Guangxi, China

P guihaionsis KJ137912 Q. Gao & B, Pan/Guilin CityGuangxi, China

P, hedyotidea KJ137913 W. I Xu/cult, In GXIB

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

P langshanica KJ137915 W. I3 Xu & B, Pan (100217 Quanzhou County, Guangxi, China
P tadiflora KJ137916 Y. S, Tuang /Longzhou County . Guangxis China

P liboensis KJ1a7917 W, D. Xu/Guangxi

Poliguliformis KI147918 3, Pan/lleehi City, Guangxi. China

P lijiangensis KJ137919 W. It Xu/ Yangshao County, Guangxis China

P lineari folia KJ137920 Y. Liu/Guangxi

P, longangensis KI37921 Y. S, Muang /Longzhou County, Guangxi, China

P longical K1137922 L. Wu . B Pan/Guilin City, Guangxi.China

P, longii Kl1s37023 Y. S Tnang. B Pan/ Yonglu County, Guangxi, Ching
P lunglinensis var, ambl yose palu KI137924 W. B Nu/THuanjiang County, Guangxi, China

P lutea KJ137925 W, . Xo/cangwu County, Guangxis China

P lutea

. mucrodonta

—

. omedica

—

.ot imacudata
. debaoensis

I, nnngginingensis

I, pendvlicterotricha
P pungentise pula
. ronganensis

D rongshuiensis

I, showdchengensis

P, subrtiomdondea

P tabacion

. tribracteata var, shuana
P wangam
P.owentsan

I yangshuoenses

. g fuensts

. sowovretnanica

K1137926
KJ137927
KJ157928
KJ137929
KI37930
KJ137031
Kits70s2
KJ137933
KI1137931
KI137935
KJ137036
KJ137957
KJ127938
KJI379549
K379 10
JKJ137911
KJ137912
KI137913
KITuvolt

S, 8. Mo/ Tezhou City, Guangxi, China
.. Wa &. B. Pan/Lingeuan, Guangxi, China
B, Pan/Pingle County, Guangxi» China
W, B Xu/Longzhou County, Guangxi, China
W. B Nu/Zeudt, in GXIBLGuangxi China
W. B. Nu/ningming County.GuangxisChina
W. B. Xu/Zhongshan County, Goangxi, China
W. B. Xu/GuangxisChina
Y, S Tluang &0 B Pan/ Rongan County, Guangxi.China
Y, S, Ihng ¢ B, Pan/Rongshut County, Guangxi, China
W, B Xu/ Yonglu County, Guangxi,China
B. Pan’ Yangshuo County. Guangxi, China
W, B. Xu 'Tlezhon CityGuangxi, China
W, I Xu calt. in GXTBGuangxi . China
Y. S, Tuang ¢ B, Pan/Rongan Cownty «Guangxi. China
W, B, Xu Ningning County. Guangxi. China
Q. Gao . B Pan/ Yangshuo County » Guangxi, China
1. Lin et al. #Yougln Comnty,Guangxis China
W. B, Na/Longzhon County, Guangxis China
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Table 2 Difference of the nucleotides of the new species 1o its close congeners
Species 32 63 113 149 173 174 298 511 525 567 702 752 834 1005
P, bobaiensis ¢ T ¢ G | C 1 C A ¢ A ¢ G A
P, swinglei ? ? ¢ A 1 A C C A ¢ G 1 G A
P lurxiflora T C T G G C C T T 1 G C C T

Note; The first row represents the site numbers in the matrix, The mark (2) represents ambiguous state for the site, The different Lases of 2,

furiflura 10 the new speecies are highlighted in Dold.

swinglei and P,

Primulina hedvotidea

5
PRUAE P, debaoensis

63/68[0708

100/100 P. debaocnsis
B o0 Powentsaii
51/608 1 57799 P. //mm//lml[("l//am y
(.86 A% pungentisepala
96/100 1.0 7 ’."\'III()}I‘I(’/IltlI[II(’(Il
1.00 P. ningmingensis
P. eburnéa
89/76| 0.51 P lunglinensis var. amblvosepala
700 | > langshanica
0.84 757 p ’ P. tabacum
: . L macrodonta
82172 _____:8"/8(‘ P. lutea .
00 1.00 utea
62 ! 1007100 e P finearifolia
1.00 P longangensis
0.6/ P. longicalyy o
100/82 P. Swinglei
57 100/99 0.98 . P laxiflora

1.00 P. bobaiensis

P, hezhouepsis

60/55 b dhoens
L PORCSINNenss
66/77 0_97E JOlIEs

. liboensis

P. gueilinensis
P, vungfuensis
aislionensis

P. hochiensis
Powmedica
P. gongchengensis
P.glandulosa
P. lingchuanensis
longii

0.51 P liguliformis
Loy ~ P.oronganensis
P, tribragteala var, zhuana
. pseudolicterotricha
T P.owangiana
S8 —
0.1 IV P

67/58 56— P \‘tmg\'/n/(wn_.\'/.s'
100 0,03 subrhomboidea

) U Pognihaiensis

— [ cordifolia
) 68/68 09y
51158 .00
92/96 usllo.77
1.00 57
- 0.90 1. shouchengensis
0.99 T P fimbrisepala .
. glundulosa var. yangsioensis
‘_._—.I’ . P. lijiangensis
5 95K ——— Podrvas 7 T
20 ﬁb/n—;ﬂﬂ}u)u’ml coriaceifolinm
.79 100 ]

L Ophithandra sinohenryi

).57 Oreocharis Xiangguiensis
| Dayaoshanidsp.,
Pardisometrum mileense

59
0.99

.73

Petrocodon sp.

Beccarinda tonkinensis

Paraboca swwinhoii

~ ; 2, o Y 244,
: Hemiboea cavaleriei
79783 Didvmocarpys glandulosis
1.00 1)'/‘(1(’/70/7(}.\' retrotrichum
Henckelia anachoreta
2 . . ,

M{__ Lysionotus fengshanensis .

1.00 9959 Aeschynanthues austroyunnanensi

/ !
1.0 =

Fig. 1 Phylogenetic placement of the new species

502 from NFand MP are sequentially (hefore or Lehind the left slash) listed above the branches. while PP values higger than 050 from BI method

listed below the Lranches in italie,

mun trees were set for cach of the bootstrap pscud-
oreplications, Prior the Bayesian analysis. we used
Modcltest (Posada et al., 1998 Posada er af. 2001 1o
seleet the fittest DNA substitution model based on the

Akaike Information Criterion (AICY. Two runs of Me-

P, botwdiensis Chighlighted in bold) 1o its close relatives. Nodal supports higger than

are

tropolis-coupled Markov Chain Monte Carlo ( MCMC( -
MC) analyses were performed stmultancously. with a
random starting tree and four chains for cach run ¢one
cold and three heated). The MCMCMC length was

10°000 000 generations and the chain was sampled v
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ery 1000th generation from the cold chain. Bayesian
clade posterior probabilities and average branch lengths
were caleulated 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 miss-
ing characters. the mar K vegion obtained varies from
950 bp 1o 1156 bp for all the sampled 61 accessions
with an average GC content of 32% and the {inal a-
ligned matrix has 1156 bp in length with 115 informa-
tive sites as well as 165 additional variable but unin-
formative sites. TVM + G model was sclected as the
fiviest substitution model for the marK gene by the
Modeltest.

Through three methods. we yielded phylogenetic
trees with generally consistent topology and the Bayes
i 5020 majority consensus tree was more resolved
than those Trom the other two methods. Maximum
constraint of 500 000 trees was hit in the first replica-
tion of MP heuristic scarches. with the shortest tree
length of 101 steps consistency index (CLy of 0.79 and
Retention mdex CR1) of 0,81, The results from all
three methods indicated that all the Primudina taxa
sampled mopresent study formed as a monophyletie
group with low NJ and MP hootstrap support - but high
Dayesian posterior probability € BS, 6% S,
o3P 1.0O). The new species was embedded
within Priveding heing sister (DS, 100205 BS,,,,
SR =8 s 3S,,,

K204 PP

no " 1.O0) 10 a lincage (13S
0.98) composed of P, oswingler and P,
lacd flora Clage Dol Farther examination of the mat K
genes indicated the new spectes differed from L oswern
plet and Podaci flora by 5 oand 1 nucleotide bases re
spectively amplying potential long 1erm of isolation be
tween the species or igher substitation rate of the

mat N gene in these axa Clable 2.

2.2 Taxonomic treatment

P. bobaiensis Q. K. 1.i,Q. Zhang & W. L. Li.sp.
nov. Fig. 2 &. Fig. 3.

[erbs perennial. Rhizome subterete, 2 — 7 ¢m
long.1—3 em across. Leaves 5—9,crowded at the a-
pex of rhizome, petiolate; petiole applanate, 3 12 cm
fong,5 — 15 mm across; leal blade herbaccous, elliptic
or oval,1— 12 X2 —6 em.apex acute 1o obtuse, base
cuncate to hroadly cuncate, margin shallowly scrrate,
pubescent on both surfaces, lateral veins 3-—6 on cach
abaxially.

side, impressed  adaxially and  prominent

Cymes 2—4,1 — 3-branched, 5 — 12-flowered ; peduncle

5 =18 ¢m long, | —3 mm across, pubescent; pedicel 1.2

3.1 em long. pubescent; bracts opposite, oblanceo-
late 8 =22 A4 —9 mm. margin repand, apex obtuse.
pubescent on both sides. Calyx 5-parted nearly to the
base, lobes narrowly lanceolate.3 —5>X 0.8 1.1 mm.
apex acuminate. outside pubescent, inside puberulent.
margins entire. Corolla deep purple, 16— 18 mm long.
outside pubescent, inside sparsely puberulent; tube ca.
7 =9 mm long.ca. 4 mm in diam. at the bhase.ca. 6—8
mm in diam, at the mouth;limb distinetly 2-lipped, ad-
axial lip 2-parted to over the middle, lobes broadly
ovate.3—1 2 3—3.5 mmjabaxial lip 3-parted to over
the middle,lobes oblong,6—8 X 3—4 mm. Stamens 2.

i

adnate 1o ca. 5 mm above the corolla tube base. fila-
ments lincar.5 — 8 mm long. purple. twisted at over
middle. glabrous; anthers reniform, dorsiflixed, ca. 2
mm long, glabrous; staminodes 3, adnate 10 ca. 6 mm
above the corolla tube base, lateral ones 2 mm long.a-
pex capitate.middle one 0.5 mm long. Disk annular,ca.
1.1 mm in height. margin repand. Pisul 12 — 15 mm
long.ovary 4 6 mm long.ca. 1.3 mm across. pubes-
centsstyle pubescent. 6 -8 em long: stigma obovate. |

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, Tt is
in flowering from September 1o October, The specific
epithet is derived from the type locality, Bobai County .
Guangxi, . bobaiensis is special in floral morphology
which can be casily distinguished from all other Gesne
riaccac. 10Cis even very different from its sampled rela

tives in Afloral appearance. The details of diagnostic
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C. Flower of P, wicinglers DL Flower of P faai flora.
lable 3 Distinguisiung morphological characters among 1. bofxensis <P seeinglei and . laer [ lora
P bobarensis P, swrngler P, laarflora
Corolla White at moath.apper lohes potnted a1 wernu Winte at mouth. apper lohes pomted Yellow at mowth. apper lobes rownd

nals round spotted apper lohes oblong . upper
labia en, 12

i length to the lower,

terminal s striped upper fobes ovate. apper

tabie shghtly shorter than the lower,

termimal lower lobes noar round . upper

fabra shightly shorter than e lower,

morphological characters of P, bobaiensis 1o its phylo-
genetic close relatives of P.oswinglei and P. lavi flora
are listed in Table 3.

China. Guangxi. Yulin City« Bobai County. Wang-
mao Town . Yanshi temple. on rock Tace of Danxia
landscape.rare. elevation 123 m. 9 October 2010, Yu-
Song HUANG and Bo Panl00839 (holotype 1BK :iso-
tvpe PED. Guilin Botanical Gearden, introduced from
Bobat County. Wangmao Town + 31 August 2009. Wei-
Bin XU ¢t Bo Pan 091775 (IBK).

3 Conclusion and Discussion

The new species embedded  within Pronuling
scems robuststrongly supported by both morphologi
cal observation and molecular characiers, The status as

an independent species is also casy 10 be confirmed by

its very special appearance. According 1o our knowl
cdge the extremely unsymmetrical labia with the lower
one extended 10 two folds or more in length than the
upper one is rare in other recognized Gesneriacene taxa
i this arcasthe two spotted honey guides on the upper
two lobes but not any marks on the fower three lobes
are also rare, All the floral characters scem stable as
several cultivated idividuals on yellow soils in green-
house show no discernable morphological  variations
compared with those observed for the wild population
on Danxia rocks. unlike many other taxa which show
striking  morphological

observable or Iy

VArTONS
tween and/or within populations (Wei e «f .. 2010,
Although the species status ix casy 10 he conflirmed.
whereas. the exact relationships and whether there s
more closely related known species Tor the new SPeCIes

still necds farther molecular analvsis based on denser
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