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Abstract
Two new species of the lichen genus Oxneriaria are discovered in Pakistan, namely Oxneriaria iqbalii and O. kohistaniensis. 
Oxneriaria iqbalii is characterized by its non-radiating peripheral areoles, indistinct prothallus, 0.3–0.8 mm apothecial disc, 
bigger ascospores (20–26 × 10–14 µm) and conidia (15–30 × c. 0.5 µm), whereas Oxneriaria kohistaniensis can be character-
ized by peripherally non-elongated areoles, indistinct prothallus, simple paraphyses, smaller ascospores (15–20 × 9–12 µm) 
and chemistry (cryptostictic acid and 2’-O-methysulphurellin) as lichen substances. Sequences of nrITS and nrLSU region 
of newly reported species nested as separate taxa in phylogenetic analyses of current study. This is the first report of the 
genus Oxneriaria from the country.
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Introduction

The currently accepted taxonomy of the lichenized fam-
ily Megasporaceae (Pertusariales) includes eight genera, 
namely Aspiciliella M.Choisy (Zakeri et al. 2017), Aspicilia 
A.Massal., Circinaria Link (Nordin et al. 2010), Lobothallia 
(Clauzade & Cl.Roux) Hafellner (Paukov et al. 2019), Mega-
spora (Clauzade & Cl.Roux) Hafellner & V.Wirth, Oxne-
riaria S.Y.Kondr. & Lőkös (Moniri et al. 2017), Sagedia 
Ach. (Nordin et al. 2010) and Teuvoa Sohrabi & S.Leavitt 
(Sohrabi et al. 2013).

The genus Oxneriaria is characterized by radiating thal-
lus with wrinkled or lobate peripheral zone, mainly smaller 
ascospores, or the presence of substictic acid (Moniri et al. 
2017). The members of the genus Oxneriaria mainly are 
distributed in cold polar and high altitude localities of Eura-
sia and the northern hemisphere (Moniri et al. 2017), and 
is currently comprises nine species worldwide (http:// www. 
index fungo rum. org/ names/ names. asp).

In this study, two new species, Oxneriaria iqbalii and O. 
kohistaniensis described from Pakistan based on the detailed 
morphological, anatomical, and molecular characterization. 
The genus is reported for the first time in Pakistan. The 
nrITS and nrLSU-based phylogenetic analyses also support 
the identity of these taxa as novel species.

Materials and methods

Collection and preservation

Specimens were collected during surveys of different sites 
of district Kohistan and Swat in years 2020 and 2021. The 
specimens are deposited in LAH Herbarium, Institute of 
Botany, University of the Punjab, Lahore.

Morphological and chemical characterization

Specimens were examined micro- and macro-morpholog-
ically with a Meiji Techno EMZ-5TR stereomicroscope 
and a Swift M4000-D compound microscope. Anatomical 
characterization and measurement of anatomical features 
were performed by preparing and observing the slides of 
hand-cut apothecial sections mounted in water and 5% KOH. 
Ascospore measurements were taken at 100 × magnifica-
tion. Secondary chemistry was analysed using spot tests and 
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thin-layer chromatography using Solvent System C, follow-
ing Orange et al. (2001).

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted directly from a portion of the 
thallus with apothecia from each specimen using a modified 
2% CTAB method (Gardes and Bruns 1993). Extracted DNA 
was used for PCR amplification of the ITS nrDNA marker 
using primers pair i.e. ITS1F forward primer (5′ CTT GGT 
CAT TTA GAG GAA GTAA 3′) (Gardes and Bruns 1993) and 
ITS4 reverse primer (5′ TCC TCC GCT TAT TGA TAT GC 3′) 
(White and Garrott 1990). The amplified DNA fragments 
(PCR products) were visualized with the help of a 1% agarose 
gel using an ethidium bromide through gel documentation sys-
tem (Sambrook and Russell 2006). The amplified products 
were then sequenced commercially.

Phylogenetic analysis

Forward and reverse sequences of ITS region were obtained 
and final sequences of each specimen were assembled using 
BioEdit v. 7.2.5 (Hall et al. 2011) and matched with other 
online DNA sequences available through BLAST at NCBI 
(https:// www. ncbi. nlm. nih. gov/ guide/). A comprehensive rep-
resentation of currently available sequences used for the phy-
logenetic analysis is presented in Online Resource 2, together 
with voucher numbers, GenBank accession numbers and coun-
try origin. The sequences used in the phylogenetic analyses 
were retrieved from the NCBI database based on similarity 
and those used in a study on genus Oxneriaria by Moniri et al. 
(2017) (Online Resource 2). Megaspora verrucosa (Ach.) 
Arcadia & A.Nordin, was chosen as an outgroup.

Two molecular analyses (one with ITS and another with 
combined ITS and nuLSU rDNA) were performed since only 
a limited amount of nuLSU data were available, whereas a 
larger number of ITS sequences, available in GenBank, allow 
for in-depth inference of the phylogenetic position of the new 
species.

The final alignment was made by using MAFFT version 7 
(Katoh et al. 2019). All sequences were trimmed at their ends 
to nearly equal number of sites using BioEdit v.7.2.5. The final 
Maximum Likelihood phylogram was made in RAxML-HPC2 
using XSEDE tool (8.2.10) with 1000 bootstrap values. The 
evolutionary history was inferred using the Maximum Likeli-
hood (ML) method by bootstrap testing of 1000 replicates. 
Phylogenetic trees were visualized using FigTree v. 1.4.2 
(Rambaut 2012).

Results

The final ITS data matrix contains 511 characters, 369 were 
constant, 127 were variable, 96 were parsimony-informative 
and 31 were singleton sites. Two new ITS nrDNA sequences 
nested within the phylogenetic branch of the genus Oxneri-
aria have been obtained; both supporting the recognition of 
undescribed species, below introduced as Oxneriaria iqbalii 
and O. kohistaniensis. Oxneriaria kohistaniensis (KH-36, 
KH-106) appeared to be a sister species to O. supertegens 
(Arnold) S.Y. Kondr. & Lőkös., shows the bootstrap values 
of 89% in ML analysis. The ITS lineage grouping both spe-
cies is most related to the O. verruculosa (Kremp.) S. Y. 
Kondr. & Lőkös, but with no support. The sequences of O. 
iqbalii (KH-35, MD-11, MD-13) formed a separate clade 
(BS 65%) outside a group comprised of O. virginea (Hue) S. 
Y. Kondr. & Lőkös, and O. permutata (Zahlbr.) S.Y. Kondr. 
& Lőkös, demonstrating its status as an independent species.

The combined ITS and LSU data set contains 492 char-
acters, 348 were constant, 141 were variable, 55 were parsi-
mony-informative and 84 were singleton sites. In this analy-
ses, Oxneriaria iqbalii (MD-11) formed a well-supported 
separate branch from the clade comprising O. verruculosa, 
O. supertegens, O. virginea and O. permutata, whereas O. 
kohistaniensis (KH-36) appeared to be a sister species to O. 
supertegens as in ITS analysis (Figs. 1 and 2).

Taxonomic treatment

Oxneriaria iqbalii R.Zulfiqar, H.S.Asghar, K.Habib & 
Khalid, sp. nov.—TYPE: Pakistan, Khyber Pakhtunkhwa 
Province, Kohistan: Dassu, on calcareous rocks, 1607 m a. 
s. l., 35° 35′ N 73° 37ʹ E, 9 Jul 2020, K. Habib and A.N. 
Khalid KH-35 (holotype: LAH37157, GenBank number: 
ON392706) [MycoBank # MB843875] (Fig. 3).

Diagnosis: Morphologically similar to Oxneriaria permu-
tata, distinguished by its peripherally non-elongated areoles, 
indistinct prothallus, 0.3–0.8 mm apothecial disc, 130–
160 µm hymenium, bigger ascospores (20–26 × 10–14 µm) 
and conidia (15–30 × c. 0.5 µm).

Description: Thallus crustose-areolate, up to 12 cm across, 
weakly pruinose. Areoles: contiguous to discrete, rounded 
to irregular or angular, plane to weakly concave, 0.4–0.8 mm 
wide, initially crusty becoming prominent with age, upper 
surface weakly wrinkled, peripherally non-radiating. Colour: 
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whitish grey to grey when dry, light grey to greenish grey 
when wet. Prothallus: indistinct. Thallus in section 200–
300 µm thick. Upper cortex: greyish black, 25–40 µm thick, 
paraplectenchymatous, cells isodiametric, 8–12  µm in 
diameter. Algal layer: uneven, continuous, 50–80 µm thick, 
photobiont chlorococcoid, 10–20 µm in diam. Medulla: 
90–170 µm thick, hyphae hyaline, 3–4 µm wide. Apothecia: 

aspiciloid, numerous, especially in the centre of thallus, 
immersed, 1–4 per areole, 0.3–0.8 mm in diameter. Disc: 
black, epruinose to often weakly pruinose, initially concave 
becoming plane, rounded to irregular, often elongated. True 
exciple: indistinct. Epihymenium: black, 15–25 µm tall, N+ 
(green). Hymenium: hyaline, 130–160 µm tall. Hypothe-
cium: hyaline, 40–50 µm thick. Paraphyses: sub-moniliform, 

Fig. 1  Molecular phylogenetic analysis of Oxneriaria spp. by maximum likelihood (ML) method based on ITS sequences. Bootstrap values 
> 50% based on 1000 replicates for ML are shown at the branches and novel sequences generated during this study are in bold
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3–4.5 µm wide at apex. Asci: hyaline, 8-spored, clavate, 
90–130 × 15–20 µm. Ascospores: simple, hyaline, rounded 
to ellipsoid, 20–26 × 10–14 µm, with many oil droplets 
inside. Pycnidia: immersed, numerous. Condia: filiform, 
curved, 15–30 × c. 0.5 µm.

Etymology: The epithet “iqbalii” honours the renowned 
Pakistani mycologist Syed Hussain Iqbal (1937–2019).

Chemistry: Cortex and Medulla: all negative; TLC: no sub-
stance detected.

Ecology: The holotype was found saxicolous in dry tem-
perate climate, in an open situation exposed to sun and 
rain, found at an altitude of 1607 m, mean maximum and 
minimum temperature of 28 °C and − 8 °C with an annual 
rainfall varying between 700 and 800 mm, whereas the para-
types were found at an elevation of 1,800 m, in hilly forests 
of Miandam, Swat Valley with mean maximum and mini-
mum temperature of 30 °C and − 2 °C, respectively.

Additional specimens examined (paratype): Pakistan, Khy-
ber Pakhtunkhwa, Swat: Miandam, on calcareous rocks, 
1800 m a. s. l., 35° 41ʹ N 72° 48ʹ E, 15 Sep 2021, M. Usman, 
MD-13 (LAH37155,   GenBank number: ON392710), 
MD-11 (LAH37156, GenBank number: ON392709).

Notes: The species is morphologically similar to Oxneri-
aria permutata, which has also whitish grey thallus and 
shares same chemistry, but the new taxon differs in having 
non-radiating thallus (vs. indistinctly radiating), aspiciloid 
apothecia (vs. lecanorine-aspiciloid), bigger ascospores, 
20–26 × 10–14 µm (vs. 15–22 × 9–12 µm) and curved longer 
conidia 15–30 µm (vs. 16–18 µm) (Nimis 2016).

Oxneriaria virginea is also morphologically similar 
to O. iqbalii but the former has sordid chalky white thal-
lus, areoles are elongated at the periphery and give a 
lobate view and smaller 0.15–0.3 mm apothecial discs. 
Anatomical differences include the size of ascospore i.e. 
smaller (14–21.5 × 9–12.4 µm) and absence of conidia in 
O. virginea, whereas the ascospores of new taxon is bigger 
(20–26 × 10–14 µm) with presence of curved conidia. The 
chemistry of O. virginea also differs from O. iqbalii found 
once only with stictic acid (Halıcı et al. 2018).

Oxneriaria kohistaniensis R.Zulfiqar, K.Habib & Khalid, 
sp. nov.—TYPE: Pakistan, Khyber Pakhtunkhwa Province, 
Kohistan: Dassu, on rocks, 1607 m a. s. l., 35° 35 ′N 73° 37′ 
E, 9 Sep 2020, K. Habib and A.N. Khalid KH-36 (holotype: 
LAH37152, GenBank number: ON392707) [MycoBank # 
MB843874] (Fig. 4)

MycoBank #: MB843874 (Fig. 4).

Fig. 2  Combined molecular phylogenetic analysis of Oxneriaria spp. by maximum likelihood (ML) method based on nrITS and LSU sequences
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Diagnosis: Distinguished from Oxneriaria verruculosa, by 
its peripherally non-elongated areoles, indistinct prothallus, 
simple paraphyses, taller hymenium, 100–150 µm tall, big-
ger ascospores 15–20 × 9–12 µm and cryptostictic acid and 
2’-O-methysulphurellin as lichen substances.

Description: Thallus crustose, verrucose-areolate, up to 
5 cm across. Areoles: plane to strongly convex, rounded to 
irregular, 0.5–1.4 mm in diameter, contiguous, upper surface 
smooth, non-radiating at margins. Colour: off-white to whit-
ish grey or pale grey. Prothallus: indistinct. Thallus in sec-
tion 100–200 µm thick. Upper cortex: dark brown, paraplect-
enchymatous, 15–20 µm thick, cells isodiametric, 8–12 µm 
in diameter. Algal layer: even, continuous, 50–70 µm thick, 
photobiont chlorococoid, 10–15  µm in diam. Medulla: 
70–90 µm thick, hyphae hyaline, 2–3.5 µm wide. Apothe-
cia: poriform-aspiciloid, scarce. Disc: black, weakly pru-
inose, rounded to irregular, plane to concave, 0.3–0.5 mm 
in diameter. Epihymenium: dark brown, 15–20 µm tall, 
N+ (green). Hymenium: hyaline, 100–150 µm tall. Hyp-
othecium: hyaline to light brown, 60–70 µm tall. Para-
physes: simple, 1–2  µm wide. Asci: 8-spored, clavate, 
60–70 × 30–40 µm. Ascospores: simple, hyaline, broadly 
ellipsoid, 15–20 × 9–12 µm, with many oil-droplets inside. 

Pycnidia: immersed, numerous. Conidia: thread-like, fili-
form, slightly curved, 15–20 × c. 0.5 µm.

Etymology: The epithet ‘kohistaniensis’ is based on the type 
locality, Kohistan, Pakistan.

Chemistry: Cortex: K+ (yellow), C−, KC−. Medulla: all 
negative; TLC: cryptostictic acid, 2’-O-methysulphurellin.

Ecology: The holotype was found saxicolous in dry temper-
ate climate, in an open situation exposed to sun and rain, 
found at an altitude of 1607 m, mean maximum and mini-
mum temperature of 28 °C and − 8 °C with an annual rain-
fall varying between 700 and 800 mm, whereas the paratype 
was found at an elevation of 1811 m, having the same habitat 
as holotype.

Additional specimen examined (paratype): Pakistan, Khy-
ber Pakhtunkhwa, Kohistan: Razika Seo Valley, on rocks, 
1811 m a. s. l., 35° 26′ N 73° 27′ E, 9 Sep 2020, K. Habib 
and A.N. Khalid KH-106 (LAH37151).

Notes: Due to its verrucose-areolate thallus it resem-
bles Oxneriaria verruculosa, but the new taxon differs in 

Fig. 3  a–e Oxneriaria iqbalii 
(holotype). a Crustose-areolate 
thallus; b apothecia; c cross sec-
tion of an apothecium; 
 d ascospores; e submoniliform 
paraphyses
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peripherally not elongated areoles (vs. elongated), pori-
form-aspiciloid apothecial dics (vs. lecanorine-aspiciloid), 
taller hymenium 100–150 µm tall (vs. 70–80 µm) and big-
ger ascospores 15–20 × 9–12 µm (vs. 12–17 × 7.5–9 µm) 
 (Nimis 2016).

Oxneriaria rivulicola, which also lacks distinct elongated 
areoles differs from O. kohistaniensis in its zonate thallus, 
large apothecial discs (up to 2 mm), presence of prothallus 
and chemistry, no substance detected (Nordin et al. 2011). 
From the phylogenetically related taxon O. supertegens 
(Fig. 1), the new taxon differs in having smaller apothecia 
0.3–0.5 mm in diam. (vs. 0.3–2 mm), smaller ascospores 
15–20 × 9–12 µm (vs. 15–25 × 10–16 µm), shorter conidia 
15–20 µm in length (vs. 17–40 µm) and chemistry cryptos-
tictic acid and 2’-O-methysulphurellin (vs. aspicilin) (Nimis 
2016). Diagnostic features distinguishing O. iqbalii and O. 
kohistaniensis from related species of the genus are pre-
sented in Online Resource 1.

Information on Electronic Supplementary Mate-
rial

Online Resource 1. A brief comparison of Oxneriaria iqbalii and 
 O. kohistaniensis with related taxa.

Online Resource 2. Taxa used in the phylogenetic analyses. The se-
quences generated in the present study are marked with *.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00606- 022- 01836-w.
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