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Abstract: A new species of the genus Gentiana, G. ranae
sp. nov., from Rohtang Pass in Himachal Pradesh (India)
is described here. The species shows morphological
resemblances with G. glauca Pall. and G. venusta Wall.
of sect. Monopodiae, but differs in key morphological
characters such as a stem with 46 fine lines, upper stem
leaves more densely enveloping the inflorescence, a light
blue corolla with margins of the corolla lobes scabrous
to crenulate, horizontally truncate plicae, dentate to erose
margins, and ovate to sub-orbicular seeds. Along with
the morphological characters the species is supported as
a new member of sect. Monopodiae in a molecular
phylogenetic analyses using the nuclear ribosomal DNA
internal transcribed spacers (ITS) and chloroplast rrnL-
F intron-intergenic spacer regions. This new species is
described, illustrated and discussed.

Keywords: cpDNA rnL-F, Gentiana glauca, ntDNA
ITS, sect. Monopodiae, western Himalaya.

Introduction

The genus Gentiana L. (Gentianaceae) belongs to
the monophyletic subtribe Gentianinae along with
Crawfurdia Wall., Kuepferia Adr.Favre, Metagentiana
T.N.Ho, Sinogentiana Adr.Favre & Y.M.Yuan, and
Tripterospermum Blume, consisting of about 362
species (Ho & Liu, 2001; Struwe & Albert, 2002;
Favre et al,, 2014, 2016). Gentiana finds its ecological
optimum between 3500-4500 m and is found
distributed in the meadows of temperate, sub-alpine
and alpine regions around the globe. In India, the
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genus comprises c. 68 species largely distributed in
the Indian Himalayan region (Grag, 1987; Gupta
et al., 2012; Shabir et al., 2018).

During a field collection trip to the Rohtang Pass
of Himachal Pradesh (India) in October 2017, MS
located a population of a species of Gentiana
growing on the south-facing slope at about 4200
4400 m asl., near the Rohtang temple. Three mature
individuals were collected from this population for
taxonomic studies. After a critical examination of
the specimens, the plants were found to represent a
species without any resembling description in the
available literature under sect. Monopodiae.
Therefore, a detailed study was made using
molecular and morphological methods in support
of its taxonomic status and affinities with Gentiana,
and the discovered new species is described and
illustrated herewith as Gentiana ranae sp. nov.

Materials and Methods

Field trips and herbarium visits: Accessions of Gentiana
specimens were collected from a single population
in Rohtang Pass of Himachal Pradesh in western
Himalaya. The determination of the collected
specimens down to genus level was made after
consulting the relevant taxonomic literature (Garg,
1987; Ho & Pringle, 1995; Halda, 1996; Ho & Liu,
2001; Gupta, 2009; Shabir er al., 2017), and
consultation of herbarium specimens housed at
BSD, CAL, DD, KASH, and LWG and digital
images of specimens deposited in BM, E, and K.
The holotype (Shabir 308822) was deposited in
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LWG. Field photographs were taken using a Nikon
Coolpix camera (Tokyo, Japan). Morphological
characters were noted and floral parts photographed
using a Leica S6 E stereo-zoom microscope (Leica
Microsystems, Mumbai, India) and figures and
plates were edited using software Adobe Photoshop
(Adobe. Inc. California, USA).

Ingroup sampling: In order to determine
phylogenetic relationship of the newly sequenced
taxon, sequences of 175 Gentiana samples of 174
species (out of ca. 362 in the genus) and one variety
used in a previous study (Favre ef al., 2016) and
available on GenBank were included for analysis,
and included 6 species out of 16 species currently
regarded to belong to sect. Monopodiae (Ho & Liu,
2001, Favre et al., 2020). Additionally, three samples
were included for the new species (Appendix 1).

Outgroup sampling and rooting: Based on the
phylogenetic studies of Favre et al. (2016) four
species each of the two genera Crawfurdia and
Kuepferia were chosen as outgroups, and the trees
rooted on the Crawfurdia samples (Yuan et al., 1996;
Favre et al., 2010, 2016, 2020) (Appendix 1).

DNA extraction, polymerase chain reaction (PCR) and
Sanger sequencing: Total genomic DNA was
extracted from silica gel dried leaf material using a
DNeasy Plant Mini Kit (Qiagen, Amsterdam,
Netherlands). The extracted DNA was evaluated
for its quality and quantity by using EPOCH
Microplate Spectrophotometer (BioTEK,
Winooski, Vermount, USA). DNA amplification
and sequencing of the ITS region (ITS1, 5.8S and
ITS2) was performed using the primers ITS1 and
ITS4 (White ef al,, 1990). For the chloroplast plastid
trnL intron and adjacent truL-rrnF spacer (frnL-F
region), we used primers ¢ and f (Taberlet ef al.,
1991). PCR was performed with standard methods
using 25 pl reactions that consisted of 12.5 pl
RedDye Master mix (GeNei, Bangalore, India), to
which we added 1.5 pl of a 0.3 uM solution of each
forward and reverse primer, 2 ul of genomic DNA
and 7.5 pul of double distilled water. PCR
amplification was performed with an initial
denaturation of 1 min at 95°C, 35 cycles of

denaturation for 10 sec at 95°C, primer annealing
for 60 sec at 60°C and 1 min of extension at 72°C
followed by the last cycle of final extension for 90
sec at 72°C. PCR products were checked for the
presence of a single band of appropriate size on a
0.8% agarose gel stained with EtBr. Amplicons
were purified using ExoSAP-IT (Fermantas,
Burlington, CA, USA), and sequenced at 1% Base
Labs., Seri Kembangan 43300, Selangor, Malaysia
using Sanger ABI technology. Chromatograms for
forward and reverse sequences were assembled and
edited using the computer program DNA Baser
v.4 (2013, Heracle BioSoft, Lilienthal, Germany)
and aligned using Geneious v.6.1.8 (Drummond
et al., 2010). All newly acquired sequences have
been deposited in GenBank (Appendix 1).

Phylogenetic analyses: The best-fitting partitioning
scheme and models for evolution for individual as
well as concatenated (ITS + rul-F) regions
respectively were selected using PartitionFinder2
(Lanfear et al., 2016). For the ITS region, the data
were partitioned into three parts, ITS1, 5.8S and
ITS2. For the trulL-F region, into the intron and
spacer regions. The phylogenetic analyses were
performed at the CIPRES Science gateway (Miller
et al, 2010). Maximum Likelihood (ML) analyses
were performed for the individual nrDNA ITS and
cpDNA ruL-F regions separately and combined
using RAXML-HPC2 on XSEDE v.8.2.12
(Stamatakis, 2014), run under the models
determined by Partitionfinder 2 with 20 heuristic
searches from distinct random stepwise addition
sequence parsimony starting trees, followed by a
selection of best scoring tree. RAXML bootstrap
(BS) values were calculated using 1,000 replicates.
Bayesian Inference (BI) analyses were performed
for individual as well as for the combined ITS
and rrnL-F data with MrBayes 3.2.7a (Ronquist e
al., 2012) with two runs in parallel with four chains
each running for 10 million generations and
sampling every 1000® generation. We used Tracer
v.1.6.0 (Rambaut er al., 2014) to check for
convergence of the chains. Specifically, we visually
examined the Tracer plots and further checked that
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Table 1. Comparison of morphological characters between G. ranae, G. glauca and G. venusta

3

G. glauca Pall.

Perennial herbs, stolons

poorly developed

G. venusta Wall.

Biennial-perennial with
stoloniferous roots

Basal leaves crowded, cauline
leaves spathulate to obovate-
oblong, apex obtuse to
rounded

Basal leaves indistinctly
rosulate, cauline leaves
obovate, spathulate, apex
obtuse

5-7 mm long, lobes 2-3 mm
long, sub-equal, narrowly
triangular with apex acute,
sinus between lobes acute

8—17 mm long, lobes 3—6 mm
long, unequal, narrowly
oblong, linear to lanceolate
with obtuse-acute apex,
sinuses between lobes obtuse

Elliptic-ovate with apex
obtuse, margins entire

Obovate, ovate-oblong with
obtuse apex, margins entire

Triangular, margins entire

Triangular to truncate,
margins entire or 2 to 3 dentate

Inserted at basal part of corolla
tube

Inserted at middle of corolla
tube

10-12 mm long, ovary
ellipsoid, style 0.5-1.5 mm
long, stigma lobes semi-
orbicular

5.0-13 mm long, ovary
narrowly lanceolate, style
1.5-3 mm long, stigma lobes
coiled

Characters | G. ranae M.Shabir & M.D. Dwivedi
. Perennial herbs with stoloniferous roots

Habit

Leaves Basal leaves rosulate, crowded towards base,
cauline leaves mostly obovate, elliptic to
spathulate; apex rounded to sub-rounded

Calyx 10-12 mm long, lobes 2-3.5 mm long,
unequal, lanceolate, slightly triangular
with acute apex, sinus between lobes
obtuse to sub-rounded

Corolla Ovate-obovate with acute apex, margins
scabrous, crenulate

Plicae Horizontally truncate, margins dentate to
erose

Stamens Inserted from the middle of the tube

Carpels 5-6 mm long, ovary narrowly ovate to
elliptic, style 2-2.5 mm long, stigma lobes
orbicular to coiled

Seeds 0.3-0.4 mm, sub-orbicular, ovate, elliptic,
oblong seed coat alveolate, shallow and
hexagonal pits

1-1.2 mm, ellipsoid to sub-
globose, seed coat with
spongy and complex
hexagonal pit

0.6-0.8 mm, ellipsoid,
glistering, seed coat with
rough and  complex

hexagonal pits

all ESS values were above 200. We also inspected
the MrBayes output to make sure that the standard
deviation of split frequencies was below 0.01. After
exclusion of the first 20% of the sampled trees, we
computed a Bayesian 50% majority-rule consensus
tree (“allcompat” command in MrBayes) of the
remaining 240,000 trees.

Results

Newly acquired sequences: For this study, a total of
five sequences (3 ITS and 2 ruL-F) for the three
samples of the new species were newly generated
and have been submitted to GenBank (Appendix
1). The boundaries for the nuclear internal
transcribed spacers (ITS1 + ITS2) and the
chloroplast trnL gene and intron, and the rrnL-F
intergenic spacers for the newly generated sequence
was determined using the FEATURES option
provided in Appendix 1 for previously submitted

sequences (e,g. Favre et al,, 2014, 2016).

Sequence alignments

Nuclear ITS region: The alignment matrix of the
ITS region consisted of 667 characters and included
186 sequences. 0.9% of the characters were
alignment gaps and the GC content 58%. Out of
the 667 aligned characters 458 (72.8%) represented
invariable sites, and the pairwise percentage identity
was determined to be 93.9% across the alignment
matrix including the outgroup samples. It had 523
distinct patterns, with 310 (46%) parsimony-
informative sites, 31 (4.6%) autapomorphic sites,
and 254 (38%) constant sites.

Plastid truL-F region: The alignment matrix of the
trnL-F region included 168 sequences (only two
Crawfurdia and one Kuepferia sequence were
included as outgroups), and was 1,122 characters
long. Of these characters, 11.9% were gaps, and
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the GC content was 35.8%. Out of the 1,122
aligned characters 459 (64.9%) represented identical
sites, and the percentage pairwise identity was
93.1% across all samples included. There was a total
of 786 distinct patterns, 267 (23%) parsimony-
informative sites, 218 (19.4%) constant, and 67
(5.9%) autapomorphic.

Combined ITS + trnL-F: The combined matrix
included 186 samples including the newly generated
ones and included 186 ITS and 168 rruL-F sequences
downloaded from GenBank, and was 1,789
characters long. Of these, 6.2% were gaps, 47% GC
content, 931 (68.4%) sites were identical, and the
pairwise percent identity was 93.4%. There were
1,255 distinct patterns, 554 (31%) parsimony-
informative sites, and 303 (16.9%) autapomorphic
sites. The final alignment has been submitted to
TreeBASE (Fig. 1) (hetp:/purl.org/phylo/treebase/
phylows/study/TB2:528982) and can also be
obtained from the corresponding author on request.

Maximum Likelihood and Bayesian Inference
phylogenetic analyses: The ML and BI tree topology
retrieved after analysing the combined ITS + frnL-
F regions (Fig. 1) had a similar tree topology
compared to the tree topologies from previous
studies (Yuan et al., 1996; Favre et al., 2010, 2016,
2020). The log-likelihood of the consensus tree was
-18,512.409. All the species of Gentiana included
in the present study originating from a common
ancestor and diverged into several single major
clades (Fig. 1), representing eleven sections:
1. Chondrophyllae, 2. Pneumonanthae, 3. Cruciata,
4. Monopodiae, 5. Frigidae, 6. Microsperma,
7. Kudoa, 8. Phyllocalyx,9. Calathianae, 10. Ciminalis,
11. Gentiana.

The three accessions of the newly discovered species
Gentiana ranae in one clade (BP: 100%; PP: 1) placed
in sect. Monopodiae in the phylogeny (BP: 99%;
PP: 1) (Fig. 1). The ML and BI trees on individual
ITS and rrnL-F data supported this placement (data
not shown). The new taxon was placed along with
other species of the section with the closest being
G. glauca as sister to the new species (BP: 99%; PP:

0.98). They share key morphological characters
such as stem leaves usually in crowded whorl form,
and upper leaves enveloping the inflorescence
densely. The latter is characterized by stem leaves
usually in pairs, upper leaves enveloping the
inflorescence less densely. It differs from the new
species in key morphological characters such as
striate stems, 4—6 lineolate, light blue corolla and
scabrous, crenulate lobe margins, plicae horizontally
truncate, dentate to erose margins, and the shape
and size of seeds (Table 1). Other species in this
section clade were G. davidii, and a clade consisting
of G. cephalantha, G. rigescens and G. duclouxii on
a polytomy with G. ranae & G. glauca, with G.
melandrifolia on the first branch. Most relationships
in this section were not supported (Fig. 1).

Taxonomic Treatment

Gentiana ranae M.Shabir & M.D.Dwivedi sp.

nov. Figs.2& 3

Type: INDIA, Himachal Pradesh, Rohtang Pass,
4000 m, 13.10.2017, M. Shabir 308822 (holo LWG;
iso GUH).

Perennial herbs, 5-10 cm tall, roots few, weak,
stolon forming, presence of nodes and internodes,
stem ridged, 46 lineolate, prostrate. Radical leaves
5-10 x 2.8—4.5 mm, rosulate, crowded towards the
base, present in whorls of 2-3, widely spaced; each
whortl contains 8—12 leaves. Cauline leaves 4—15 x
2.5-7 mm, opposite, upper leaves forms whorl
around the inflorescence; mostly obovate, elliptic
to spathulate with rounded to sub-rounded apex,
mid-vein distinct abaxially, margins scabrous,
tinged purple. Flowers terminal, 2—-4 clustered,
sessile. Calyx up to 12 mm long, surrounded by
stem leaves; tube broadly tubular, 7.5-9 mm long,
longer than the lobes (2/3 of the lobes); lobes
unequal 2-3.5 x 0.5-1.15 mm, lanceolate, slightly
triangular with acute apex, mid-veins indistinct,
margins scabrous, sinus between lobes obtuse to
sub-rounded. Corolla light blue, 15-22 mm long,
tube much longer than the lobes, lobes short 2-3 x
1.4-1.8 mm, broadly ovate with acute apex,
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Fig. 1. Best Maximum Likelihood tree retrieved after analysing the combined nrDNA (ITS) and cpDNA (frlL-F) sequence data of 186 samples.

Only bootstrap values >75% and Bl values >0.95 are indicated along the branches. Section names are to the right of the tree.
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Fig. 2. Gentiana ranae M.Shabir & M.D.Dwivedi: a. Habitat; b. Flowering plant; c. Habit; d. Seeds (Photos by Mohd Shabir).

margins scabrous, crenulate; plicae very short, 0.25-0.3 mm, ellipsoid, narrow and pointed toward
horizontally truncate, broadly ovate with obtuse to  apex. Carpel stipulate, stipe much longer 6-7 mm,
acute apex, margins dentate to erose. Stamens 5, ovary narrowly ovate to elliptic 5-6 x 1.6-1.7 mm,
filaments 4-6 mm long, inserted from the middle  style 2-2.5 mm, linear, stigma bifid, lobes orbicular
of the tube, terminating much below the sinus,  to coiled. Capsule stalked, oblanceolate, 7-15 x 3—
flattened at base, free part short; anthers 1-1.2 x 6 mm. Seeds 0.3-0.4 x 0.2—0.25 mm, compressed,
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Fig. 3. Gentiana ranae M.Shabir & M.D.Dwivedi: a. Habit; b. Calyx; c. Corolla; d. Capsule; e. Seeds (from M. Shabir 308832 LWG; drawn by
Mohd Shabir).

sub-orbicular, ovate, elliptic, oblong, winged, seed ~ meadows, grasslands, and on rocky surfaces, on
coat alveolate, shallow and hexagonal pits. high altitude slopes in the Himalayas, at altitudes
between 4000-4300 m. Presently, three individual

Flowering & iting: September (fl ing),
owering & [ruiting: Seprember (flowering) plants have been identified for this taxon in Rohtang

October (fruiting).
( g Pass of Himachal Pradesh in western Himalaya from

Habitar: The species is found distributed in alpine an area of ¢. 5 km2.
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Distribution: India, hitherto known only from the
type locality.

Etymology: The species is named after Dr. Tikam
Singh Rana, Chief Scientist, CSIR-National
Botanical Research Institute, Lucknow for his
remarkable contribution to the molecular
systematics and phylogenetic studies of different
plant groups in India.

Discussion

This is the first study to have analysed any Indian
species of Gentiana. Gentiana ranae is
morphologically close to the sympatric species
Gentiana glauca Pall. and G. venusta Wall. ex. Griseb.
in sect. Monopodiae. Gentiana glauca was described
by Pallas (1789) based on his own collection from
Russia. The species is so far known to occur in the
United States, Canada, East Russia and Japan (Ho
& Liu, 2001), whereas the species G. venusta was
described by Wallich (1838) from Mt. Emodi,
Kumaon in the western Himalaya (India). Later,
Grisebach (1838) validated the name. Presently, G.
venusta is chiefly distributed in the Himalayan
region of India, Pakistan, Nepal and Bhutan.
According to the natural system of classification of
Ho and Liu (1990, 2001), both G. glauca and G.
venusta are treated under ser. Sikkimenses of sect.
Isomeria of genus Gentiana. Morphologically the
sect. Isomeria sensu Ho and Liu (2001) is
characterized by their perennial and herbaceous
habit, sympodially branched stems, flowering stems
arising singly from slender stolons, often creeping
and rooting at lower nodes, with terminal
inflorescences, solitary flowers or in few-flowered
clusters, and usually sessile. The stigma lobes are
free, recurved, linear or oblong, and the seed coat
alveolate, with simple and shallow or spongy and
complex hexagonal pits. The seed testa
ornamentation in Gentiana can be of high
taxonomic value, which provides information to
facilitate the identification and delimitation of
Gentiana at infra-generic levels. Most of the
Gentiana seed type descriptions are based on single
characters, ie. seed testa ornamentation (Halda,

1996; Ho & Liu, 2001; Davitashvili & Karrer, 2010).

Section Isomeria sensu Ho and Liu (2001) is characterized
by irregular, strongly raised anticlinal walls without
distinct membranous lamellae. Recently, Favre er al.
(2020) placed ser. Sikkimenses of sect. Isomeria under
sect. Monopodiae of Gentiana. Series Sikkimenses groups
with sect. Monopodiae in a well-supported lineage
distantly related to other sect. Isomeria species in
his molecular phylogenetic analysis.

Gentiana ranae is characterized by a stem with 4-6
fine lines, upper stem leaves more densely
enveloping the inflorescence, light blue corolla and
margins of corolla lobes scabrous to crenulate, plicae
horizontally truncate and margins dentate to erose.
minute seeds ovate to sub-orbicular in shape. The
species show morphological resemblance with G.
glauca in perennial habit, narrowly triangular calyx
lobes with acute apex, while the latter differs in
having poorly developed stolons, stem leaves usually
in pair, upper stem leaves less densely enveloping
the inflorescence and stamens inserted at basal part
of corolla tube. The species shows morphological
resembles with G. venusta in fully developed stolons,
leaves obovate to spathulate, upper stem leaves
enveloping the base of the inflorescence and
stamens inserted from the middle of the corolla tube,
but differs from the latter in perennial habit, rosulate
basal leaves, absence of papillae on cauline leaves.

The specimen of G. ranae was also sent to Dr. J.S.
Pringle (an authority of the New World Gentians)
for identification, which he identified as a new
taxon under sect. Isomeria before it was moved
under sect. Monopodiae by Favre et al. (2020). We
confirmed this through molecular phylogenetic
studies. Our Bl and ML phylogenetic analyses on
ITS and combined data (Fig. 1; ITS data not shown)
indicated that among our sampled taxa, the Indian
samples of Gentiana ranae sp. nov. (voucher no. M.
Shabir 308822) were sister to Gentiana glauca
(reported from the USA, voucher no. NEU 394791)
with strong support values. The morphological
analyses revealed distinctness of G. ranae when
compared to G. glauca (Table 1). In the present
study, six (excluding the newly described one) out
of a total of 16 species recognised in sect.



Monopodiae were included in the phylogenetic
study and the result make a strong case for adding
the new species, G. ranae, to this section (Fig. 1).
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Gentiana ranae, a new species from India
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Shabir et al.
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