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Abstract: Heretofore, the populations of the genus Sphaerotheca Guinther, 1859 (Dicroglossidae) in
their northern and western borders laying in Pakistan have been assigned to two species, S. breviceps
(Schneider, 1799) and S. strachani (Murray, 1884). The genus originated in the Oriental zoogeographic
region and comes to close geographic proximity with the Palearctic region in Pakistan. The recent
molecular studies have on one hand restricted the distribution range of S. breviceps to the eastern
coastal plains of India and, on the other hand, revealed the northern- and westernmost popula-
tion in India as a separate species, S. pashchima Padhye et al., 2017. This species has recently been
synonymized with S. maskeyi (Schleich and Anders, 1998). These taxonomic changes, however,
warranted the need for validation of Pakistani Sphaerotheca based on genetic data. We sequenced and
analyzed 16S rRNA mitochondrial gene from specimens originating from the Himalayan foothills of
Pakistan and compared these with all available GenBank sequences of the genus. Based on this data,
we conclude that the Himalayan foothills of Pakistan are occupied by S. maskeyi. Simultaneously,
we bring the first record of this species for the Palearctic region. We further suggest that more genetic
material from across Pakistan is required to ascertain the validity of S. strachani and for the phylogeo-
graphic evaluation of western and northern border populations of the genus. Our geographically
wide and revisited molecular phylogeny shows that the genus exhibits genetic diversity suggesting
further taxonomic changes. The low level of genetic divergences between S. breviceps and S. magadha
Prasad et al., 2019 compared to other species of the genus, indicates that the taxonomic status of
S. magadha is questionable. Moreover, we found that S. magadha and S. swani (Mayers and Leviton,
1956) are genetically conspecific with S. breviceps and both should be thus considered its junior
synonyms. On the other hand, S. dobsonii and populations from Myanmar need further detailed
investigations.

Keywords: distribution; diversity; first record; Indian subcontinent; mitochondrial DNA; nomencla-
ture; Palearctic region

1. Introduction

The genus Sphaerotheca Giinther, 1859 represents medium-sized frogs of the family
Dicroglossidae and comprises currently ten morphologically similar taxa distributed in
Pakistan, India, Nepal, Bhutan, Myanmar, Bangladesh, Sri Lanka, and probably Mal-
dives [1]. In Pakistan, they are known from the Hab and Malir River valleys in Karachi,
the Himalayan foothills and Potwar Plateau, and the Cholistan Desert [2,3]. The genus
originated in the Oriental zoogeographical region and the territory of Pakistan represents
the northern- and westernmost limit of the overall range of the genus [2,3]. Sphaerotheca
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frogs have high species diversity in the Indian subcontinent [4] and, due to descriptions of
various taxa, changing taxonomy, and high genetic diversity with an unclear distribution,
they are objects of several studies [5-8].

The species status of the genus in the Pakistani territory (the northern and western
range borders) is unclear with the presumption that these populations are not conspecific
to the species reported from the country. Khan [2] and Masroor [3] mentioned the taxon
Sphaerotheca breviceps (Schneider, 1799) for the Pakistani territory with its type locality in
Tranquebar, Tamil Nadu, India [9]. Moreover, Pakistan is also known to harbor S. strachani
(Murray, 1884) from the type locality Sindh (Mulleer = Malir, near Karachi), with so far,
unclear taxonomic status. However, the overall distribution and the diversity of the
genus based on genetic data from India and Nepal suggest that the Pakistani populations
should not be assigned under previously mentioned taxa [4,5,7,8]. Therefore, we bring the
first genetic data of the genus Sphaerotheca from northern Pakistan (Figure 1) to provide
arguments for its genetic affiliation that could resolve the taxonomy. Simultaneously, our
most updated and revised phylogeny of the genus provides a novel view on relationships
among these frogs with further taxonomic consequences.

Figure 1. The external morphological color variation of Sphaerotheca maskeyi from Pakistan: (A) Shah
Alam Baba (adult; DJ 9471 used in this study); (B) Batai Kalay, Qadir Nagar River, Buner (subadult);
(C) Parera, Chakwal; (D) Kotli, Azad and Jammu Kashmir (subadult); (E) Shakarparian, Islamabad
(adult); (F) Margalla Hills National Park (juvenile).
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2. Materials and Methods

Two adult specimens (DJ9470-71) were collected in mid-September 2019 during a
night survey in Shah Alam Baba, Khyber Pakhtunkhwa province, Pakistan (34.73° N,
72.09° E, 883 m a.s.l. and 34.72° N, 79.10° E, 1013 m a.s.l,, respectively; Figures 1 and 2).
These frogs were found in the agricultural area close to the direction of a dry river valley.
The specimens were photographed alive (Nikon D810, and 105 mm macro lens) and
subsequently euthanized and preserved in 70% ethanol. Before preservation, a tongue was
taken as a tissue sample and transferred into 96% ethanol, kept at ambient temperature
during the time of the fieldwork, and later stored at —20 °C.

Sphaerotheca maskeyi ‘ MT773257 (51)
MT773256
(50)

9470, 9471 (23,24) - Pakistan
KX815435-40 MT983173-4
(46-49,52,53) NT983176.92 KY#i507994

(25,27,28,30-33,
35-39,41,42,44,58)

MT773254-55 (34,45)
MT773260-61 (54,55)

y 8 MT798138-41 (26,29,40,43)
QO Genetic data A N prvestzs
* Type localities L @\ B GU191122 (unknown)
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Figure 2. (A) Map displaying the localities of genetically covered (16S rRNA) populations of the
genus Sphaerotheca. (B) Median-joining haplotype network showing the intraspecific relationships of
S. maskeyi with regard to Pakistani populations. Colors correspond to phylogenetic groups shown in
Figure 3. The depicted individual originates from Shah Alam Baba, Khyber Pakhtunkhwa province
(DJ9470), Pakistan. Details to the locality numbers are listed in the Supplementary Table S1.

DNA was extracted using the DNeasy Tissue Kit (QIAGEN) following the manufac-
turer’s protocols. A fragment of the mitochondrial 16S region (~600 bp) was amplified using
the primers 16sar (5'-CGCCTGTTTATCAAAAACAT-3') and 16br (5-CCGGTCTGAACT
CAGATCACGT-3'). Purified PCR products were sequenced in both directions by Macrogen
(Amsterdam, the Netherlands). Sequences were revised manually and aligned along with
sequences from the NCBI GenBank based on their secondary structures using RNAsalsa
0.8.1 [10] and the ribosomal structure model of Bos taurus downloaded from www.zfmk.de/
en/research/research-centres-and-groups/rnasalsa (accessed on 1 March 2021) (for Gen-
Bank accession numbers, see Supplementary Table S1).


www.zfmk.de/en/research/research-centres-and-groups/rnasalsa
www.zfmk.de/en/research/research-centres-and-groups/rnasalsa
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Figure 3. Bayesian inference tree of the genus Sphaerotheca based on 165 rRNA (~600 bp) sequence
data. Rectangles at branch nodes refer to posterior probabilities >0.95. For maximum-likelihood
trees, see supplementary Figure S1. The details on the geographic distribution of detected clades can
be seen in Figure 2.

To reconstruct the phylogeny of the genus Sphaerotheca, we included all available 16S
sequences from the NCBI GenBank database (~560 bp; Table S1) and made maximum-
likelihood (ML) and Bayesian inference (BI) trees using RAXML v.8.2.12 [11] and MrBayes
v.3.2.6 [12], respectively. We ran RAXML with the GTRGAMMA model and 1000 bootstrap
replicates. In the Bayesian analysis, we assigned the doublet model (16 x 16) proposed
by [13] to the rRNA stem regions. For this procedure, unambiguous stem pairs were
derived based on the consensus structure from RNAsalsa and specified in the MrBayes
input file. For the analysis of the remaining positions, the standard 4 x 4 option was
applied using a GTR evolutionary model. MrBayes was run for 15 million generations,
with four parallel Markov chain Monte Carlo simulations and four chains (one cold and
three heated), sampling trees every 500th generation and using a random tree as a starting
point. Inspection of the standard deviation of split frequencies after the final run as
well as the effective sample size value of the traces using Tracer v. 1.7.1 [14] indicated
convergence of Markov chains. The first 25% of the samples of each run were discarded
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as burn-in. Based on the sampled trees, a consensus tree was produced using the sumt
command in MrBayes. To support the tree phylogeny and show phylogenetic clustering of
defined clades, we performed a Principal Component Analysis (PCA) based on allelic data
(as frequencies) of the same dataset we used for tree analysis (without outgroups) using R
package Adegenet [15] implemented in the R statistical environment [16]. Prior to the PCA,
missing data were replaced by “NA”.

To assess the evolutionary distance between our samples and the Sphaerotheca clades
recovered from the phylogenetic analysis, uncorrected p-distances were calculated between
the clades using Mega-X v.11.0 [17] with the pairwise deletion option, 1000 bootstrap
replications, and by considering both transitions and transversions.

Finally, a median-joining haplotype network was created with PopART [18].

3. Results

Mitochondrial 16S rRNA data confirmed that both the analyzed sequences from the
Pakistani territory cluster with the clade associated to S. maskeyi (Schleich and Anders,
1998) (Figures 2 and 3). This represents the first published record of the species from the
Palearctic region and the first-ever published and genetically supported record for the
Khyber Pakhtunkhwa province, Pakistan. This clade is distributed from western, central,
and northeastern India, and Nepal with the northwestern-most recorded distribution in
Pakistan (Figure 2A). It forms a genetically diversified clade, showing significant intra-clade
variability (Figure 3). However, this variability is not high (0.28%; Figure 2B, Table S2). The
haplotype network also showed little variation within sequences of S. maskeyi, whereas
Pakistani sequences share the haplotype with populations of the species from northern
India and Nepal. This haplotype is separated by only one mutation step from the central
haplotype of all other investigated populations of S. maskeyi (Figure 2B).

Overall, in the 165 phylogenies (ML and BI) of the analyzed sequences, we detected
six well-supported phylogenetic clades, named as follows (Figure 3, Figures S1 and S2):
breviceps, distributed across southern, central, and northeastern India and Nepal which
includes the taxa S. breviceps, S. magadha Prasad et al., 2019 and S. swani (Mayers and
Leviton, 1956) and their type localities; maskeyi, from western, central, and northeastern
India, Pakistan and Nepal, including from type localities of S. pashchima Padhye et al.,
2017 and S. maskeyi; pluvialis, from Sri Lanka (close to the type locality of S. rolandae
(Dubois, 1983)) and southern and central India; Sphaerotheca sp., from Myanmar, probably
representing an unknown taxon (p-distance more than 7% from other clades; Table 1);
dobsonii from the western Indian coast; bengaluru, represented by sequence data from the
type locality of S. bengaluru Deepak et al., 2020 (Table 1, Figure 3 and Figures S1 and 52)).
The topology of the studied sequences is similar in both analyses, but it is not well-resolved
in the ML tree (see the position of S. dobsonii in Figure S1). In the BI tree, two main groups
of clades are inferred, forming sister position (i) pluvialis + Sphaerotheca sp. + dobsonii +
breviceps, and (ii) bengaluru + maskeyi. These detected sequence groups (except Sphaerotheca
sp.) present an admixed phylogeographic pattern (Figure 2). The highest number of clades
was found in central and southern India and their overall interclade genetic p-distances
reached more than 10% (Table 1 and Table S2). The resulting topology and clade support
(Figure 3 and Figure S1) confirmed the validity of the following species: S. bengaluru, S.
breviceps, S. dobsonii, S. maskeyi, and S. pluvialis. In accordance with the detected phylogeny,
the PCA analysis revealed six distinct clusters (Figure S2), with S. dobsonii showing a
sequence out of the confidence interval. The sequence with accession number GU191122
from GenBank, which had been assigned as S. rolandae, is nested in the clade of S. maskeyi
(genetic distance ~1%, Table 1) and is apparently erroneously identified as S. maskeyi.
Sequences of S. magadha and S. swani (breviceps clade) formed an intra-clade lineage of
S. breviceps with a p-distance of less than 2% and should be thus treated as its junior
synonyms. Similarly, according to our analysis, the recently described S. pashchima is
conspecific with S. maskeyi.
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Table 1. Uncorrected genetic distances (%) between investigated Sphaerotheca sequences as shown
in Figure 1. Given are p-distance values for 16S mitochondrial gene (lower-left) and standard error
estimates (upper-right). The complete pairwise p-distance matrix is presented in Supplementary
Table S2.

bengaluru  maskeyi Sphaerotheca sp. dobsonii  breviceps  pluvialis
bengaluru - 1.61 1.90 2.01 2.14 1.62
maskeyi 7.42 - 1.78 1.78 2.04 1.53
Sphaerotheca sp. 9.04 8.73 - 1.98 1.98 1.56
dobsonii 9.91 8.37 9.32 - 1.77 1.43
breviceps 11.27 10.92 9.96 8.99 - 1.71
pluvialis 7.89 7.60 7.39 6.79 8.62 -

4. Discussion

Herein, we provide a mitochondrial phylogeny and the first genetic data of the genus
Sphaerotheca from Pakistan. We found that the population inhabiting the Himalayan
foothills is assigned to S. maskeyi and, for the first time, we provide evidence for the pres-
ence of the species in the Palearctic region (Figure 2) and in the Khyber Pakhtunkhwa
province of Pakistan (although the collection of the Pakistan Museum of Natural His-
tory contains specimens from Mardan [PMNH 171] and Mansehra [PMNH 2160] of that
province, collected before this study). The distribution and genetic pattern of S. maskeyi
clade provide indications in support of a possible colonization through the Indian sub-
continent with the northernmost geographic limits in Pakistan. If true, this would be in
contrast with the Oriental genus Microhyla (Microhylidae), which is limited, according to
the current knowledge, only to Oriental parts of Pakistan [19]. On the other hand, both
these genera show a similar phylogeographic pattern displaying low genetic variability
in river plains of northern Indian subcontinent. This might be the result of missing geo-
graphic barriers in the lowlands of northern India and southeastern Pakistan as previously
suggested [2,19]. However, current sampling remains insufficient to draw final conclusions
on the biogeography of S. maskeyi but urges further studies for a future understanding of
the species’ evolutionary history.

In the literature, two taxa of the genus have been reported from Pakistan, i.e., S. brevi-
ceps and S. strachani. The former has been reported from the Oriental part of the Himalayan
foothills, Cholistan desert, and around Karachi [2], whereas the latter only from southern
Pakistan [20]. The widely distributed species S. breviceps has long been considered a species
complex [9,21]. Consequently, the western Indian population of the genus Sphaerotheca from
Maharashtra, Gujarat, and Karnataka has been recently described as S. pashchima [5]. These
authors also suggested the presence of this taxon in the state of Rajasthan. Recent molecular
studies have thus unraveled the long-standing mystery in restricting the distribution range
of S. breviceps to the east coastal plains of India [4,7]. However, a new study [8] from
the material originating from type localities of two taxa from Nepal (S. maskeyi, S. swani)
showed that S. pashchima is conspecific with S. maskeyi and thus this former taxon should
be its junior synonym. From the viewpoint of Pakistani localities, the northern limit of the
distribution range of S. maskeyi has now extended from Dehradun, Uttarakhand, in the
Himalayan foothills [7], to northwestern Pakistan and eastern Nepal, whereas the species’
southwestern limit is restricted to the region in Maharashtra and Gujarat, where it needs
further confirmation [4,7].

The other little-known taxon (S. strachani) was described from Mulleer (Malir), Sindh,
Pakistan [20]. Although Murray [22] was inclined to assign his specimens to S. breviceps,
he was later convinced to describe them as S. strachani based on several morphological
characteristics including the short longitudinal plaits on the back and the fold across the
body behind the forelegs. Although several studies suggest that the taxon S. strachani is
a synonym of S. breviceps [2,9,20,23], the validity of the taxon S. strachani and its possible
distributional boundaries should be tested through genetic data. Nevertheless, according
to current data, S. maskeyi is the species that has the westernmost distribution reaching close
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to the Himalayan foothills and the Sindh region of Pakistan (see the map in [3] and Figure 2
in this study). Since there are no major geographical barriers between western Indian
records of S. maskeyi and the type locality of S. strachani around Karachi (see Figure 2A),
we rather expect that S. strachani could be a phenotypic variant of S. maskeyi. The external
variation is known throughout populations of the species range [7,8] and Figure 1 in this
study. However, genetic material from Karachi, as well as other parts of southern Pakistan
and northwestern India, will be of great importance in ascertaining the specific status of
S. strachani.

A high level of genetic distances was detected between the clades, suggesting the
existence of unrecognized taxa (e.g., Sphaerotheca sp., Figure 3). On the other hand, the
GenBank sequence of S. rolandae (GU191122), which clusters within the maskeyi clade, was
probably morphologically misidentified with S. maskeyi, originating from the unknown
locality of India. The type locality of S. rolandae is in Kurunegala, Sri Lanka, and there are
no records of this species from the Indian subcontinent (e.g., [4,7]). The recently described
S. magadha [6] and S. pashchima [5] represent the intraspecific variability of S. breviceps
and S. maskeyi, respectively (see Figure 3 and Figure S1, ~1-2% in p-distances, Table 1,
Table S2). Thus, in the molecular phylogenetic context and regarding the genetic distances
of other members of the genus, these taxa, including S. swani (breviceps clade), should not be
considered separate species [8]. However, the genus requires further integrative research.

Given the current taxonomy of the genus and the fact that some species and popula-
tions might be threatened, especially near mountain ranges or at the edge of the distribution
range (e.g., Pakistan), a thorough taxonomic revision—including a wide DNA sampling
covering all taxa and coupled with morphological and bioacoustic data—is needed to
better understand species delineation and their geographic distribution.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/d13050216/s1, Figure S1: Maximume-likelihood tree of the genus Sphaerotheca with main
detected clades. The details on the geographic distribution of detected clades can be seen in Figure 2.
Colors corresponds with clades shown in Figure 3. Rectangles at branch nodes refer to bootstrap
values >75. Figure S2: Principal Component Analysis (PCA) of defined clades of Sphaerotheca genus
with suggested taxonomic affiliation showing inter- and intraclade distances. The oval outlines in
PCA represent 95% confidence intervals. First (PC1) and second (PC2) principal components explain
18.4% and 13.9% of the observed variance. Table S1: List of Sphaerotheca species used in the present
study, including sample ID or voucher numbers, sample localities, and GenBank accession numbers.
For the locality identifier see Figure 1. Coordinates are given in decimal degrees. § = sample of
photographed specimen (see Figure 1). NCBI = National Center for Biotechnology Information.
Table S2: Complete pairwise p-distance matrix for all samples used in this study.
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Supplemental Information Table S1

Table S1. List of Sphaerotheca species used in the present study, including sample ID or voucher numbers, sample localities and

GenBank accession numbers. Locality identifier (no) refer to the Fig. 1. Coordinates are given in decimal degrees. ¥ = sample of

photographed specimen (see Fig. 1).

no Clade Sample ID/voucher Source Locality NCBI N E
1 dobsonii BNHS 6010 Padhyeetal. 2017 Bankot-Mandangad Road, Maharast KY215974 17.9801 73.0649
2 dobsonii INHER Amphibia-86 Padhyeetal. 2017 Tamhini,Pune, Maharast KY215970 184773 734267
3 dobsonii 'WILD-16-AMP-651 Padhyeetal. 2017 Devi Hasool, Maharashtra KY215971 16.7415 734320
4 dobsonii BNHS 6008 Padhyeetal. 2017 Devi Hasool, Mat KY215972 16.7415 734320
5 dobsonii - Hasanetal. 2014 Bajpe, Mangalore, Kamataka AB530608 129842 74.8813
6 dobsonii - Padhyeetal. 2017 India, Bankot, Maharash KY215973 179793 73.0487
7 dobsonii - Padhyeetal. 2017 India, Tamhini, Pune, Maharashtra KY215969 184469 734305
8 dobsonii - Kotaki etal. 2008 Bajpe, Mangalore, Kamataka AB277305 129842 74.8813
9 Pluvialis INHER-Amphibia-180 Dandekar et al. 2020 ‘Wadala Tukum near Tadoba,Chandrapur, Maharast MT773262 203000 792620
10 Pluvialis ZSIA9074 Vences etal. 2000 Pattarvakkam Hill, Tamil Nadu AF215418 12.6960 80.0300
11 phovialis ZS12681 Bossuyt et Milinkovitch 2000 Sri Lanka AF249042 07.8731 80.7718
12 | Sphaerothecasp. B Mulcahy etal. 2018 Myanmar, Sagaing, Chatthin, ca. 2 km WNW of Chatthin MG935992 235744 957378
‘Wildlife Sanctuary, San Myaung camp, Kanbalur Township
13 Sphaerotheca sp. - Mulcahy etal. 2018 Myanmar MG935993 219162 959560
14 Sphaerotheca sp. - Vences etal. 2000 Myanmar AF215417 219162 959560
15 Sphaerotheca sp. - Delome etal. 2004 Myanmar AY880442 21916 959560
16 breviceps 'WILD-16-AMP-645 Padhyeetal. 2017 Tranquebar, Tamil Nadu KY215978 11.0621 79.8128
17 breviceps BNHS 6005 Padhye etal. 2017 Tranquebar, Tamil Nadu KY215977 11.0621 79.8128
18 breviceps BNHS 6006 Padhyeetal. 2017 Maithon, Jharkhand KY215975 23.7758 86.8092
19 breviceps 'WILD-16-AMP-647 Padhyeetal. 2017 Maithon, Jharkhand KY215976 23.7758 86.8092
20 breviceps ZSVWRC2179 Prasad etal. 2019 Koderma, Jharkhand MK6%4738 244180 854680
21 breviceps INHER Amphibia-189 Dandekar et al. 2020 Bramhapuri, Chandrapur, Maharast MT773258 206237 798473
2 breviceps INHER Amphibia-191 Dandekar et al. 2020 Bramhapuri, Chandrapur, Mal MT773259 206237 798473
23 maskeyi M708 this study Pakistan MW676044 34.7300 72.0900
24 maskeyi H71 this study Pakistan MW676045 34.7200 72.1000
25 maskeyi BNHS 6014 Padhyeetal. 2017 Talekhar, near the Phansad WLS KY215984 184700 72.9900
26 maskeyi 'WILD-16-AMP-658 Dandekar etal. 2020 ‘Talekhar, near the Phansad WLS MT798141 184700 729900
27 maskeyi BNHS 6016 Padhyeetal. 2017 'Wada, Thane, KY215986 19.6870 73.0000
28 maskeyi BNHS 6013 Padhyeetal. 2017 Kolad, Raigad, it KY215983 184037 733213
29 maskeyi 'WILD-16-AMP-657 Dandakar et al. 2020 Kolad, Raigad, M MT798140 184037 733213
30 maskeyi 'WILD-16-AMP-644 Padhye etal. 2017 Tamhini, Pune KY215994 184773 734267
31 maskeyi BNHS 6003 Padhyeetal. 2017 Ahwa, Gujarat KY215992 20.7644 736757
32 maskeyi 'WILD-16-AMP-643 Padhyeetal. 2017 Ahwa, Gujarat KY215993 20.7644 736757
33 maskeyi BNHS 6018 Padhye etal. 2017 ‘Waghai-Ahwa Road, Dang, Gujarat KY215988 20.7090 73.7090
34 maskeyi INHER-Amphibia-175 Dandekar et al. 2020 Pune City, Mal MT773254 184871 73.7741
35 maskeyi BNHS 6015 Padhyeetal. 2017 Akole, Sangamner, M KY215985 195180 739230
36 maskeyi BNHS 6019 Padhyeetal. 2017 ‘Ahwa-Chinchli Road, Dang, Gujarat KY215989 20.7650 739720
37 maskeyi 'WILD-16-AMP-642 Padhyeetal. 2017 Saswad, Pune, Maharast KY21591 183075 74.0830
38 maskeyi BNHS 6012 Padhyeetal. 2017 Near Yellapur, Kamataka KY215981 149799 747314
39 maskeyi ZSFWRC A/1550 Padhyeetal. 2017 Near Yellapur, Kamataka KY215982 149799 747314
40 maskeyi 'WILD-16-AMP-656 Dandekar et al. 2020 Near Yellapur, Kamataka MT798139 149799 747314
4 maskeyi ZSFWRC A/1549 Padhyeetal. 2017 Yellapur-Halliyal Rd., Kamataka KY215980 15.1602 747587
42 maskeyi BNHS 6011 Padhyeetal. 2017 Dharwad-Halliyal-Yellapur Rd., Kamataka KY215979 153494 748675
43 maskeyi 'WILD-16-AMP-655 Dandekar et al. 2020 Dharwad-Halliyal-Yellapur Rd., Kamataka MT798138 153494 74.8675
4 maskeyi 'WILD-16-AMP-641 Padhyeetal. 2017 Rehekuri WLS, Mahrashtra KY215990 18.5982 749742
45 maskeyi INHER-Amphibia-236 Dandekar et al. 2020 Chikhaldara, Melghat, MT773255 214183 713157
46 maskeyi Sb3IHNBGU Choudhary etal. 2017, unpubl. Chandrabani, Dehradun, Uttarakhand KX815435 302848 719737
47 maskeyi Sb32HNBGU Choudhary etal. 2017, unpubl. Chandrabani, Dehradun, Uttarakhand KX815436 302848 779737
48 maskeyi SbHR25HNBGU Choudhary etal. 2017, unpubl. Jagjeetpur, Haridwar, Uttarakhand KX815437 299189 781262
49 maskeyi Sh27HNBGU Choudhary etal. 2017, unpubl. Jagjeetpur, Haridwar, Uttarakhand KX815438 299189 781262
50 maskeyi INHER-Amphibia-240 Dandekar et al. 2020 Pandharkawda, Maharast MT773256 20,0962 785322
51 maskeyi INHER-Amphibia-239 Dandekar et al. 2020 Pan a, N MT773257 20.0962 785322
52 maskeyi SbSG17HNBGU Choudhary etal. 2017, unpubl. Rawadi, Uttarakhand KX815440 302218 787843
53 maskeyi ShIMIHNBGU Choudhary etal. 2017, unpubl. Joshimath, U KX815439 305544 79.5664
54 maskeyi INHER Amphibia-194 Dandekar etal. 2020 Maregaon, Chandrapur, MT773260 202579 79.7566
55 maskeyi INHER Amphibia-201 Dandekar et al. 2020 Ekara, Chandrapur, Maharashtra MT773261 203822 79.8102
56 maskeyi 'WIADA225 Prasad etal. 2020 Panna Tiger Reserve, Madhya Pradesh MN741157 24.6300 799737
57 maskeyi ‘WIADA232 Prasad etal. 2020 Panna Tiger Reserve, Madhya Pradesh MN741158 24.6300 799737
58 maskeyi BNHS 6017 Padhyeetal. 2017 Salher Fort Road, M KY215987 20.7470 739730
59 bengaluru ZSI/WRS/A/2285 Deepak et al. 2020 Bengaluru, Kemataka MWO077539 13.1876 715253
60 maskeyi CDZMTU423 Kathiwada et al. 2021 Ghyalchok, Gorkha, Nepal MT983173 ~2781 ~84.75
60 maskeyi CDZMTU424 Kathiwada etal. 2021 Ghyalchok, Gorkha, Nepal MT983174 ~2781 ~84.75
61 maskeyi CDZMTU425 Kathiwada et al. 2021 Hattibang, Chitwan, Nepal MT983175 ~2173 ~8461
maskeyi CDZMTU426 Kathiwada et al. 2021 ? MT983176 - -
- maskeyi CDZMTU427 Kathiwada et al. 2021 ? MT983177 - -
- maskeyi CDZMTU428 Kathiwada et al. 2021 ? MT983178 - -
- maskeyi CDZMTU429 Kathiwada etal. 2021 ? MT983179 - -
- maskeyi CDZMTU430 Kathiwada et al. 2021 ? MT983180 - -
- maskeyi CDZMTU431 Kathiwada et al. 2021 ? MT983181 - -
- maskeyi CDZMTU432 Kathiwada et al. 2021 ? MT983182 - -
61 maskeyi CDZMTU433 Kathiwada et al. 2021 Hattibang, Chitwan, Nepal MT983183 ~2173 ~8461
- maskeyi CDZMTU434 Kathiwada et al. 2021 ? MT983184 - -
- maskeyi CDZMTUA435 Kathiwada etal. 2021 ? MT983185 - -
- maskeyi CDZMTU436 Kathiwada et al. 2021 ? MT983186 - -
- maskeyi CDZMTU437 Kathiwada et al. 2021 ? MT983187 - -
- maskeyi CDZMTU438 Kathiwada et al. 2021 ? MT983188 - -
- maskeyi CDZMTU439 Kathiwada etal. 2021 ? MT983189 - -
- maskeyi CDZMTU440 Kathiwada et al. 2021 ? MT983190 - -
- maskeyi CDZMTU441 Kathiwada et al. 2021 ? MT983191 - -
62 maskeyi CDZMTU442 Kathiwada et al. 2021 Chhintang, Dhankuta, Nepal MT983192 ~2691 ~87.16
63 breviceps CDZMTU443 Kathiwada et al. 2021 Dharan (Jabdi), Sunsari district, Nepal MT983193 ~2667 ~87.19
63 breviceps CDZMTU444 Kathiwada et al. 2021 Dharan (Jabdi), Sunsari district, Nepal MT983194 ~2667 ~87.19
63 breviceps CDZMTU445 Kathiwada et al. 2021 Dharan (Jabdi), Sunsari district, Nepal MT983195 ~2667 ~87.19
- maskeyi [rolandae) Sharma etal. 2009, unpubl. unknown GU191122 - -
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Supplemental Information Figure S1

Figure S1. Maximum-likelihood tree of the genus Sphaerotheca with main detected clades. The details on the geographic distribution of
detected clades you can see on Fig. 2. Colors correspond with clades showed on Fig. 3. Rectangles at branch nodes refer to bootstrap

values > 75.
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Supplemental Information Figure S2

Figure S2. Principal Component Analysis (PCA) of defined clades of Sphaerotheca genus with suggested taxonomic affiliation showing
inter- and intra-clade distances. The oval outlines in PCA represent 95% confidence intervals. First (PC1) and second (PC2) principal
components explain 18.4% and 13.9% of the observed variance.
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