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INTRODUCTION

Pakistan is well known for its geographical and 
climatic variations which is linked with rich 
biodiversity (IUCN, 2006). The lichen diversity 
in this region is probably very high but little 
known due to the lack of surveys in many areas 
(Aptroot & Iqbal, 2012). So far, up to 400 lichens 
have been reported from Pakistan (e.g. Aptroot 
& Iqbal, 2012; Fatima et al., 2021; Habib et al., 
2021; Kousar et al., 2021; Fayyaz et al., 2022; 
Nadeem et al., 2022).

During our exploration of the lichen diversity 
of Pakistan, new collections were made from 
Jhelum and Neelum valley, Azad Jammu and 
Kashmir, Pakistan. Using molecular analysis in 
addition to phenotype and chemical characters 
we were able to confi rm the presence of three 
foliose species which are presented here. Two of 
them were not previously known from Pakistan.

MATERIAL AND METHODS

Study area
Pakistan is located in western South Asia be-
tween 24–37°N latitude and 62–75°E longitudes. 
Three specimens were collected from the regions 
Azad Jammu and Kashmir, in the year 2021, 
during fi eldwork focused on increasing knowl-
edge of the lichen biota of Pakistan. The Azad 
Jammu and Kashmir state falls within the Hima-
layan orogenic belt and the topography is mainly 
hilly and mountainous, and composed of rugged 
undulating terrain intersected by deep ravines. 

The northern districts (Neelum, Muzaffarabad, 
Hattian, Bagh, Haveli, Poonch, and Sudhnoti) 
are generally mountainous while the southern 
districts (Kotli, Mirpur, and Bhimber) are of 
com paratively low relief (Abasi et al., 2019). 
The collected specimens were deposited in the 
herbarium of the Institute of Botany, University 
of the Punjab, Lahore (LAH).

Morphological and chemical characterization
The specimens were examined macro- and 
micromorphologically under a stereomicro-
scope (Meiji Techno, EMZ–5TR, Japan) and 
a compound microscope (SWIFT M4000–D) 
with a 9MP camera system, respectively. For 
anatomical investigation, sections of thallus 
were made by hand and examined in water. 
A minimum of twenty measurements in water 
were made for each diagnostic feature from the 
three specimens. The secondary chemistry was 
analyzed by spot tests using KOH (10%; K) and 
sodium hypochlorite solution (C). Thin Layer 
Chromatography was carried out using Solvent 
System G, following standard methods (Orange 
et al., 2010).

DNA extraction, PCR amplifi cation and 
sequencing
Genomic DNA was extracted directly from a por-
tion of thallus with apothecia from each speci-
men using a modifi ed 2% CTAB method (Gardes 
& Bruns, 1993). The primer pair ITS1F (Gardes 
& Bruns, 1993) and ITS4 (White et al., 1990) 
were used to amplify the internal transcribed 
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spacer (ITS) region under PCR conditions used 
by Khan et al. (2018). PCR products were sent 
to BGI, China and sequenced from both direc-
tions. Sequences were assembled using BioEdit 
(Hall, 1999). BLAST analysis was used to retrieve 
highly similar sequences. The maximum query 
coverage and percent identity with related taxa 
were noted. Sequences retrieved from Genbank 
and suggested by published literature were used 
for an initial alignment, which was trimmed and 
then realigned using web-PRANK with default 
settings (Löytynoja & Goldman, 2010). 

RESULTS & DISCUSSION

PHYSCONIA ENTEROXANTHA (Nyl.) Poelt, Nova Hed-
wigia 12(1+2): 125 (1966) (Fig. 1)

Thallus foliose, up to 3 cm across, effuse, irre-
gular to orbicular, entire, in section 170–230 μm 
thick, sorediate, lobate, partly pruinose. Lobes 
discrete to contiguous, rarely imbricate, digitate, 
initially fl at becoming concave, 0.5–1.7 mm 
wide, surfaces pruinose, smooth. Color grey 
to pale brown when dry, dark green when wet. 
Soredia marginal, elongated to rounded, some-
what curved appearing weakly labriform or cuff–
shaped, laminal at older parts, laminal soralia 
often rounded, soredia coarsely granular. Lower 
surface off white to pale brown at the peripheral 
lobes, dark brown to blackish brown toward 
the center, smooth, somewhat glossy, densely 
rhizinate. Rhizines black, 1–2 mm in length, 
squarrosely branched. Upper cortex grey brown 
to colourless toward center, 30–45μm thick, 
paraplectenchymatous, of textura globularis, 
cells rounded, 6–10 μm in diameter. Algal layer 
even, continuous, 60–70 μm thick. Photobiont 
cells chlorococcoid, cells globose to subglobose, 
10–18 μm in diameter. Medulla pale to white, 
prosoplectenchymatous, 55–100 μm thick, 
hyphae 2–3 μm wide. Lower cortex hyaline, 
irregularly prosoplectenchymatous, 20–30 μm 
thick. Pycnidia not found.

Secondary chemistry: K+, C–, KC+ (yellow). 
Secalonic acid detected by TLC.

Specimen examined: Pakistan: Azad Jammu & 
Kashmir: Neelum Valley, Sharda (34.7931°N, 
74.1930°E), 1615 m alt., on bark, 22 July 2019, 
A. N. Khalid & K. Habib (KM–14) (LAH36706), 
ITS GenBank accession number ON329736.

Taxonomic Remarks
Physconia Poelt is a small genus of lichen-
forming fungi of about 30 species (Poelt, 1965). 
It is characterised by a foliose thallus, which 
is grey-brown to brown, usually with a whitish 
pruina, at least on the lobe ends and a charac-
teristic thick-walled-spore type. In Pakistan it 
is represented by 6 species, namely P. detersa 
(Nyl.) Poelt, P. distorta (With.) J.R. Laundon, P. 
enteroxantha (Nyl.) Poelt, P. farrea (Ach.) Poelt, P. 
grisea (Lam.) Poelt and P. muscigena (Ach.) Poelt 
(Aptroot & Iqbal, 2012). P. enteroxantha has been 
reported for Pakistan in the past from Swat. This 
study reports it from the Neelum Valley, Azad 
Jammu and Kashmir on a molecular basis. The 
Pakistani collection of Physconia enteroxantha 
(KM–14) is nested in a branch of specimens 
from Spain (AY368122, AY368120, LS483214, 
AF540522), USA (AY368121, LS483160), Russia 
(EF582767, EF582768) and Norway (MK811939, 
MK811812, MK811840) with strong bootstrap 
value. 

PHYSCIELLA CHLOANTHA (Ach.) Essl., Mycolo-
gia 78(1): 94 (1986) (Fig. 1)

Thallus foliose, irregularly orbicular, up to 3 cm 
in diameter, loosely adnate with ascending 
lobes. Lobes up to 1 mm, short and rounded to 
sometimes elongate, broad, fl at, ascending at the 
end. Upper surface greenish brown to brown, 
sometimes paler at the margins (due to the 
white underside), shiny, epruinose, sorediate. 
Lower side white with few, pale rhizinae. Soralia 
labriform at the apex of the lobes, irregular in 
shape, with powdery to granular soredia. Upper 
cortex paraplectenchymatous. Photobiont cells 
globose, 8–10 × 4–8 μm in diameter. Lower cor-
tex prosoplectenchymatons. Pycnidia not found.

Secondary chemistry: Thallus K–, C–, KC–. No 
substances detected by TLC.

Specimen Examined: Pakistan: Khyber Pakh-
tunkhwa, Kaghan valley (34°30’N, 73°18’E), 
2,500 m.a.s.l, on rock, 30 August 2021, N. S. 
Afshan & A. R. Niazi, (SG–2) (LAH37127), ITS 
GenBank accession number ON329735.

Taxonomic Remarks
The species is described and discussed by 
Moberg (1978, 1983) and Esslinger (1978 as 
Physcia luganensis and 1986 as Physciella 
chlontha); the species is characterized by labri-
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form soralia (Moberg, 1995). In the phylogenetic 
analysis, the ITS sequence of our collection of 
Physciella chloantha (BLP-61) clustered with 
ITS sequences of Physciella chloantha reported 
from Canada (KT695320) and Spain (GU247166, 
GU247162, GU247163).

Morphological comparison also confi rms its 
identity as Physciella chloantha (Moberg, 1995). 
There are three nucleotide differences between 
Pakistani and Spain specimens (GU247166, 
GU247163). This is the fi rst record from Paki-
stan, supported by ITS barcoding data. 

XANTHOPARMELIA PROTOMATRAE (Gyeln.) Hale s. 
l., Phytologia 28(5): 488 (1974) (Fig. 1)

Thallus foliose, adnate to loosely adnate with 
ascending lobes, irregular, forming rosettes up 
to 4 cm in diameter. Lobes elongate, plane to 
slightly convex, sometimes black–rimmed, sepa-
rate to weakly imbricate, up to 3 mm wide, pale 
green to yellow–green, smooth, shiny, epruinose 
and emaculate. Lower surface black, with simple 
to furcate, black rhizines. Upper cortex dark 
brown, 16–19 μm thick, paraplectenchymatous. 
Algal layer continuous, 22–26 μm thick. Photo-
biont cells chlorococcoid, 15–18 μm in diameter. 

 Fig. 1. Thallus of different foliose lichens A – Physconia enteroxantha (Nyl.) Poelt. dry thallus, 
lobes with pruina and soredia on margin, B – C Physciella chloantha (Ach.) Essl. foliose thallus 
with lobes and soredia, C – Xanthoparmelia protomatrae (Gyeln.) Hale. foliose thallus with lobes.

A
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Medulla white Lower cortex: dark brown, 20–
30 μm. Pycnidia not found. 

Secondary chemistry: Thallus K–, C–, KC+ (yel-
low). Usnic acid detected by TLC, fumarprotoce-
traric acid.

Specimen Examined: Pakistan: Azad Jammu 
and Kashmir, Garhi Dupatta (34–36°N, 73–
35°E), 817 m alt., on rock, 02 October 2021, N. 
S. Afshan & A. R. Niazi (CKT–36) (LAH37128), 
ITS GenBank accession number ON326553

Taxonomic Remarks
The species was discussed by, Hale (1990) and 
Louwhoff et al. (2009). It superfi cially resembles 
X. conspersa but consistently lacks isidia and 
has more crowded, convex lobes (especially in 
older thalli) (Louwhoff et al., 2009). Furthermore, 
X. protomatrae resembles X. stenophylla (Ach.) 
Ahti & D. Hawksw. in lacking soredia and isidia. 
The two species differ in secondary chemistry. 
Xanthoparmelia protomatrae is characterized by 
fumarprotocetraric acid whereas salazinic acid 
is the major substance in X. stenophylla (Elix & 
Thell, 2011). The morphological features of the 
Pakistani collections agree with the published 
description of X. protomatrae (Giordani et al., 
2002) except by having black lower surface (vs. 
pale to dark brown lower surface) and white 
medulla (vs. yellow brown medulla). In the 
phylogenetic analysis, the ITS sequence of our 
sample (CKT–36) clustered with ITS sequences 
of Xanthoparmelia protomatrae (MK629940, 
MK629938, MK629943) from China. Presence 
of fumarprotocetraric acid further confi rms its 
identity as Xanthoparmelia protomatrae s. l. 
(Louwhoff et al., 2009). This is the fi rst record 
from Pakistan, supported by ITS barcoding 
data.

ACKNOWLEDGEMENTS

We are highly grateful to the presubmission re-
viewer Dr. Andre Aptroot (Universidade Federal 
de Mato Grosso do Sul, Brazil) for his guidance 
that improved the manuscript, and equally we 
are highly thankful to Dr. Alan Orange (Depart-
ment of Diversity and Systematic Biology, Na-
tional Museum of Wales, Cathays Park, Cardiff 
CF10 3NP, UK) for the linguistic check. We are 
highly grateful to the post submission review-
ers, Arne Thell (Lund University) and second 
one reviewer for the revision of manuscript and 

remarkable comments that help us to make a 
better version of manuscript.

REFERENCES
Abasi, F., Ahmad, I., Ahmad, K. S., Ulfat, A. & Khur-

shid, R. 2019. Estimation of Genetic Diversity in 
Genus Mentha Collected From Azad Jammu And 
Kashmir, Pakistan. BioRxiv 866111. https://doi.
org/10.1101/866111

Aptroot, A. & Iqbal, S. H. 2012. Annotated checklist 
of the Lichens of Pakistan, with reports of new 
records. Herzogia 25(2): 211–229. https://doi.
org/10.13158/heia.25.2.2010.211

Elix, J. A. & Thell, A. 2011 Xanthoparmelia. In: A. Thell 
& R. Moberg (eds), Nordic Lichen Flora 4: 131–138.

Esslinger, T. L. 1978. Studies in the lichen family 
Physciaceae. II. The genus Phaeophyscia in North 
America. Mycotaxon 7: 283–320.

Fatima, M., Habib, K., Czarnota, P. & Khalid, A. N. 
2021. Two new Bacidina species (Lecanorales, 
Ascomycota) from Pakistan. Folia Cryptogamica 
Estonica 58: 25–34. https://doi.org/10.12697/
fce.2021.58.03

Fayyaz, I., Afshan, N. U. S., Niazi, A. R., Khalid, A. 
N & Orange A. 2022. A new species of Porpidia 
(Lecideales, Ascomycota) from Pakistan. Nova 
Hedwigia 221–235. https://doi.org/10.1127/
nova_hedwigia/2022/0676

Gardes, M. & Bruns, T. D. 1993. ITS primers with 
enhanced specifi city for basidiomycetes‐appli-
cation to the identifi cation of mycorrhizae and 
rusts. Molecular Ecology 2(2): 113–118. https://
doi.org/10.1111/j.1365-294X.1993.tb00005.x

Giordani, P., Nicora, P., Rellini, I., Brunialti, G. & 
Elix, J. A. 2002. The lichen genus Xanthopar-
melia (Asco mycotina, Parmeliaceae) in Italy. The 
Lichenologist 34(3): 189–198. https://doi.
org/10.1006/lich.2002.0384

Habib, K., Firdous, Q., Sohrabi, M. & Khalid, A. N. 
2021. Aspiciliella pakistanica a new lichen species 
(Megasporaceae, Pertusariales, Ascomycota) from 
Pakistan. Phytotaxa 511(2): 175–182. https://doi.
org/10.11646/phytotaxa.511.2.5

Hale, M. E. 1990. A synopsis of the lichen genus 
Xanthoparmelia (Vainio) Hale (Ascomycotina: Par-
meliaceae). Smithsonian Contributions to Botany 
74: 1–250.

Hall, T. 1999. BioEdit: a user-friendly biological se-
quence alignment editor and analysis program 
for Windows 95/98/NT. Nucleic Acids Symposium 
Series 41: 95–98.

IUCN [International Union of Conservation for Nature]. 
2006. News release: Pakistan’s rich biodiversity 
faces serious threats. http://www.iucn.org.neral

Khan, M., Khalid, A. N. & Lumbsch, H. T. 2018. A 
new species of Lecidea (Lecanorales, Ascomycota) 
from Pakistan. MycoKeys 38: 25–34. https://doi.
org/10.3897/mycokeys.38.26960



15

Kousar, R., Zulfi qar, R. & Khalid, A. N. 2021. Placolecis 
kashmirensis sp. nov. (Lichenized Ascomycota, 
Catillariaceae) from Azad Jammu & Kashmir, 
Pakistan. Folia Cryptogamica Estonica 58: 87–92. 
https://doi.org/10.12697/fce.2021.58.11

Louwhoff, S. H. J. J., James, P. W. & Smith, C. W. 
2009. Xanthoparmelia (Vain.) Hale (1974). The 
lichens of Great Britain and Ireland. London: 
British Lichen Society. Pp. 963–967.

Löytynoja, A. & Goldman, N. 2010. webPRANK: a 
phylogeny-aware multiple sequence aligner with 
interactive alignment browser. BMC bioinformatics 
11(1): 1–7. https://doi.org/10.1186/1471-2105-
11-579

Moberg, R. 1978. Overlooked names and new combi-
nations in Phaeophyscia. Botaniska Notiser 131: 
259–262.

Moberg, R. 1983. The genus Phaeophyscia in East Afri-
ca. Nordic Journal of Botany 3: 509–516. https://
doi.org/10.1111/j.1756-1051.1983.tb01460.x

Moberg, R. 1995. The lichen genus Phaeophyscia 
in China and Russian Far East. Nordic Jour-
nal of Botany 15(3): 319–335. https://doi.
org/10.1111/j.1756-1051.1995.tb00158.x

Nadeem, S., Niazi, A. R., Habib, K. & Khalid, A. 
N. 2022. A new species of Gyalolechia (Telo-
schistaceae, lichen-forming Ascomycota) from 
Pakistan. Nova Hedwigia 237–249. https://doi.
org/10.1127/nova_hedwigia/2022/0667

Orange, A., James, P. W. & White, F. J. 2010. Micro-
chemical methods for the identifi cation of lichens. 
British Lichen Society. 

Poelt, J. 1965. On the systematics of the lichen family 
Physciaceae. J. Cramer. 

White, T. J., Bruns, T., Lee, S. J. W. T. & Taylor, J. 
1990. Amplifi cation and direct sequencing of fun-
gal ribosomal RNA genes for phylogenetics. PCR 
protocols: a guide to methods and applications. 
18(1): 315–322. https://doi.org/10.1016/B978-
0-12-372180-8.50042-1


