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Abstract

Two new species of the lichen genus Lecaimmeria are described and illustrated from Pakistan, namely, Lecaimmeria asiatica
and L. crispula. The former taxon is characterized by pale brown to dark brown thallus, up to 2-mm large areoles, flat to
strongly convex apothecial disc, taller hymenium 120—150 um, apically branched, not anastomosing paraphyses, large conidia
5-7x1.1-1.4 um, with respect to ecology, and the absence of secondary metabolites, whereas L. crispula can be characterized
by having a light brown to chocolate brown thallus, apothecia having flat to slightly concave discs with wavy margins that
curl inward, a tall hymenium150-180 pm, branched and anastomosing paraphyses, large ascospores 25-33 x 12—17 pm, and
absence of secondary metabolites. A phylogenetic analysis is provided based on nrITS and nrLSU sequences that support
the separation of both novel species. Comparative analyses with related species of Lecaimmeria are provided to confirm the

status of these species.
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Introduction

The lichen genus Lecaimmeria C.M. Xie, Lu L. Zhang &
Li S. Wang has recently been erected and segregated from
Immersaria Rambold & Pietschm., using multigene phylo-
genetic analysis (nrITS, nrLSU, RPBI, RPB2, and mtSSU)
(Xie et al. 2022). The genus is represented by 11 species
from Asia and Europe of which seven species are distributed
in alpine areas, high-latitude steppe, or high-altitude dessert-
steppe areas of China (Xie et al. 2022). Previously, only one
species of Lecaimmeria was reported from Pakistan, viz.,
L. pakistanica K.Habib, R.Zulfigar & Khalid (Habib et al.
2022).

Lecaimmeria is characterized by its waxy glossy,
orange or red-brown thallus with an amyloid medulla,
immersed apothecia with a crypto-thalline margin, orange
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epihymenium, thallus with an epinecral layer, and its Porp-
idia-type asci with eight halonate, non-amyloid ascospores
(Xie et al. 2022). Species of the genus frequently grow on
granite or sandstone, with the exception of one species, L.
tuberculosa C.M. Xie & Xin Y. Wang, which invades on
jade.

In this paper, we describe two new species of Lecaim-
meria, L. asiatica H.S Asghar, Oryakhil, Naseer & Khalid
and L. crispula Niazi, Nadeem & Afshan sp. nov. Lecaim-
meria asiatica grows on calcareous rock in the dry temperate
pine forests of the Himalaya, whereas L. crispula grows in
moist temperate forest, near a waterfall on enriched siliceous
rock in Khyber Pakhtunkhwa Province. We present a brief
diagnosis, an extensive description, illustrations, and a phy-
logenetic analysis based on two loci.

Materials and methods
Morphological and chemical studies
Collections were made during a lichen survey of Chitral

and Kaghan Valley (Khyber Pakhtunkhwa) Pakistan in
2021-2022 and from Afghanistan in 2022. The macro- and
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micro-morphology of the specimens was examined using
a stereomicroscope (Meiji Techno, EMZ-5TR, Japan) and
a compound microscope (SWIFT M4000-D) with a 9MP
camera system, respectively. For anatomical investigation,
hand-made sections of apothecia were examined in water
and KOH (10%). A minimum of twenty measurements in
water were made for each diagnostic feature from four speci-
mens. The collected specimens were deposited in the her-
barium of the Institute of Botany, University of the Punjab,
Lahore (LAH). The secondary chemistry was analyzed by
spot tests with KOH (10%; K) and sodium hypochlorite solu-
tion (C) and Thin Layer Chromatography with the Solvent
System C following standard methods (Orange et al. 2001).

DNA extraction, PCR amplification, and sequencing

Genomic DNA was extracted directly from a portion of
thallus with apothecia from each specimen using slightly
modified 2% CTAB method (Gardes and Bruns 1993). The
ITS region (Internal Transcribed Spacer of the nrDNA) was
amplified using the primer pair ITS1F (forward primer)
(Gardes and Bruns 1993) and ITS4 (reverse primer) (White
et al. 1990). The nrLSU region was also amplified by using
the LROR as forward and LRS as reverse primer (Vilgalys
and Hester 1990) following the amplification protocol of
Khan et al. (2018). PCR products were sent to BGI (Bei-
jing Genomics Institute), China, where both strands were
sequenced.

Sequences were assembled using BioEdit (Hall 1999).
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cg) analysis
was used for an initial verification of their identities and
to retrieve highly similar sequences of the ITS region.
The newly generated sequences and additional sequences
retrieved from GenBank were used in an initial alignment,
which was then trimmed and realigned using web-PRANK
with default settings (Loytynoja and Goldman 2010). On
the CIPRES Portal (Miller et al. 2010), the HYK+ G +1
model was selected using jModelTest (Posada 2008). Using
RAXML-HPC2 v. 8.1.11 on CIPRES Portal, maximum
likelihood analysis (ML) was also implemented (Stamata-
kis 2014), using 1000 bootstraps for rapid bootstrapping.
FigTree v 1.4.3 (Rambaut 2014) was used for displaying the
phylogeny reconstruction from the ML analysis.

Results

Phylogenetic analyses

The final dataset of ITS consisted of 35 sequences including
Poeltidea perusta (Nyl.) Hertel & Hafellner (MK620112)

as an outgroup (Xie et al. 2022) (see Table 1 for voucher
details). The aligned ITS1-5.8S-ITS2 region comprised 569
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sites, of which 378 were conserved and 179 variable; 156
were parsimony-informative (Fig. 1). Lecaimmeria asiatica
formed a separate independent clade outside a group com-
posed of L. ginghaiensis C.M. Xie and Li S. Wang and L.
tuberculosa C.M. Xie and Xin Y. Wang. The analysis con-
firms the distinctness of the new taxon from other species.
The sequences of Lecaimmeria crispula were recovered in a
clade together with L. mongolica C.M. Xie & Lu L. Zhang,
L. tuberculosa C.M. Xie & Xin Y. Wang, and L. ginghaien-
sis C.M. Xie & Li S. Wang demonstrating their status as
independent species.

The nrLSU final dataset is composed of 18 sequences
including Romjularia lurida (Ach.) Timdal (KF683107)
as an outgroup (Xie et al. 2022). In the tree resulting from
analysis of the LSU region (Fig. 2), L. crispula formed a
well-supported lineage sister to L. mongolica C.M. Xie &
Lu L. Zhang. The molecular phylogenetic analysis strongly
supported the taxonomic delimitation of the new species.

Taxonomy

Lecaimmeria asiatica H.S Asghar, Oryakhil, Naseer &
Khalid, sp. nov. (Fig. 3A-E).

MycoBank number MB850362.

Holotype: Pakistan, Khyber Pakhtunkhwa, Chitral,
Garam Chashma (35° 59’ 50" N and 71° 33’ 50" E), 2550 m
a.s.l., on calcareous rocks, November 14, 2021, M. Usman &
G. Qadir. (GC06B) (LAH38008-Holotype) (GenBank acces-
sion number 0Q221138) and Isotype (GC09, LAH38009)
(GenBank accession number OQ221139).

Etymology: The specific epithet “asiatica” refers to the
Asian continent where the species have been found.

Diagnosis: Distinguished from the morphologically anal-
ogous species, L. ginghaiensis, by its pale brown to dark
brown thallus, up to 2-mm large areoles, flat to strongly con-
vex apothecial disc, taller hymenium 120-150 pm, apically
branched paraphyses and large conidia 5-7 % 1.1-1.4 pm and
absence of secondary metabolites.

Description: Thallus: crustose, areolate, c. 7 cm wide,
in Sect. 220-270 pm thick, upper surface pale brown to dark
brown, becomes greenish when wet. Areoles separate, flat
to weakly convex, irregular/angular, densely pruinose near
the margin, without fissures, 0.5-2 mm across, often with
whitish margins/rim. Prothallus: visible between areoles,
black Cortex: 2-layered, ca 40-60 pm thick, paraplecten-
chymatous, cells 8—12 pm in diam., upper layer dark brown,
15-20 pm thick, lower layer hyaline, 25—35 pm thick, epine-
cral layer distinct, up to 15 pm high. Algal layer: 85-105 pm
thick, chlorococcus, cells globose to subglobose, 10-20 pm
in diam. Medulla: white, hyphal bundle hyaline. Apothecia:
lecanorine, 1-3 per areole, immersed initially slightly raised
when mature surrounded by the areole, becoming conflu-
ent. Disc: contiguous to separate, flat to strongly convex,
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Fig. 1 Phylogenetic relation-
ships of Lecaimmeria spp.
based on a maximum likeli-
hood analysis of the ITS region.
Sequences from Pakistan are

in bold

MZ227469 Lecaimmeria ginghaiensis

88| MZ227453 Lecaimmeria qinghaiensis

MZ227455 Lecaimmeria ginghaiensis

1001 MZ227470 Lecaimmeria ginghaiensis

10 MZ227471 Lecaimmeria qinghaiensis
MZ227477 Lecaimmeria tuberculosa

98 MZ227476 Lecaimmeria tuberculosa
0Q221138 Lecaimmeria asiatica

99| F 0Q221139 Lecaimmeria asiatica
0Q787079 Lecaimmeria asiatica

92| MZ227398 Lecaimmeria mongolica

84| MZ227389 Lecaimmeria mongolica
9 MZ227397 Lecaimmeria mongolica
MZ227396 Lecaimmeria mongolica

75 MZ227388 Lecaimmeria mongolica
0Q679941 Lecaimmeria crispula
|OQ679942 Lecaimmeria crispula

KR061348 Lecaimmeria iranica

100
KR061347 Lecaimmeria iranica

MZ227458 Lecaimmeria lygaea
100‘ MZ227460 Lecaimmeria lygaea
% 95 MZ227459 Lecaimmeria lygaea

100 MZ227474 Lecaimmeria tibetica
| MZ227475 Lecaimmeria tibetica
MZ227440 Lecaimmeria orbicularis
MZ227433 Lecaimmeria orbicularis
MZ227432 Lecaimmeria orbicularis

MZ227429 Lecaimmeria orbicularis

82 1

100 MWS508503 Lecaimmeria pakistanica
100 4' MW508504 Lecaimmeria pakistanica
70 MZ227401 Lecaimmeria botryoides

83| | MZ227402 Lecaimmeria botryoides

99 ‘IT‘M2227404 Lecaimmeria botryoides

L MZ227412 Lecaimmeria botryoides

MK620112 Poeltidea perusta

chocolate brown, rounded at first becoming irregular, some-
times surrounded by a white rim, 0.5—1.7 mm in diam., epru-
inose. Proper exciple: thin, poorly differentiated, reduced,
hyaline, 10-25 pm thick. Epihymenium: 30-50 pm brown.
Hymenium: hyaline, 120-150 pm tall. Paraphyses: apically
branched, not anastomosing, 1-3 pm wide, apical slightly
swollen, apices 2—4 pm wide. Hypothecium: 60-19 pm
tall, light brown, containing algal cells Asci: Porpidia-type,
clavate, 60-90 x 15-20 pm, 8-spored. Ascospores: hya-
line, ellipsoid, 10-15 x 5-8 um. Conidiomata: frequent,

0.03

immersed, linear, rarely tuberculiform, black, margin pru-
inose. Conidia 5-7 X 1.1-1.4 pm, bacilliform.

Chemistry: thallus K-, C—, KC—, no lichen substance
detected by TLC.

Additional specimen examined (paratype): Afghani-
stan: Kabul, Paghman, at 1800 m a.s.1., 34.543896° N and
69.160652° E; on rock; 14 June 2022, Naqibullah, PGM-3D
(LAH38007) (GenBank accession number OQ787079).

Ecology: Saxicolous on calcareous rocks in a dry
temperate climate at an altitude of 2100-2550 m in
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MZ227066 .ecaimmeria orbicularis

MZ227071 Lecaimmeria orbicularis

MZ227040 Lecaimmeria tibetica
MZ227039 Lecaimmeria tibetica
95|
MZ227076 Lecaimmeria lygaea
100] MZ227075 Lecaimmeria tygaca
3 L V2227077 Lecaimmeria lygaca
MZ227047 Lecaimmeria botryoides
10! MZ227046 Lecaimmeria borryoides
sd 100) MZ227048 Lecaimmeria botryoides
L MZz227053 Lecaimmeria botryoides
MZ227042 Lecaimmeria tuberculosa
100 MZ227041 Lecaimmeria tuberculosa

MZ227078 Lecaimmeria gingh

81 MZ227037 Lecaimmeria mongolica
93

— MZ227038 Lecaimmeria mongolica

0Q679940 Lecaimmeria crispula

KF683107 Romjularia lurida

0.02

Fig.2 Phylogenetic relationships of Lecaimmeria spp. based on a
maximum likelihood analysis of the LSU region. The sequence from
Pakistan is in bold

open situations exposed to sun and rain, in hilly topog-
raphy having maximum and minimum ranging from 20
to 36 °C in the summer to —4 °C in the winter. The
area receives an average rainfall of about 603 mm. The
second collection was found at an elevation of 1800 m
a.s.l., in Afghanistan’s dry temperate climate, with a
mean maximum of 26 °C and minimum 6 °C temperature
and snowfall in January.

Comments: The species is morphologically similar
to Lecaimmeria ginghaiensis, which also has a brown-
ish thallus and shares the same chemistry, but the new
taxon differs in having flat to strongly convex apothe-
cia (vs. flat), taller hymenium 120-150 um (vs smaller
52.0-63.0 um), and apically branched paraphyses (vs.
unbranched) and with respect to ecology found on
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calcareous rocks (vs. on sandstone) (Xie et al. 2022).
Lecaimmeria tuberculosa is morphologically similar to
L. asiatica but the former has a red-brown thallus and
smaller (0.3-0.6 mm) apothecial discs. Anatomical dif-
ferences also include small hymenium (55-83 pm thick),
small ascospores (6.0-12.5%3.0-5.0 um), and small
conidia (3.0-4.5x 1.0 um) (Xie et al. 2022), whereas
the ascospores and conidia of the new taxon are larger
(10-15x%5-8 pm) and (5-7x 1.1-1.4 um), respectively.
Diagnostic features distinguishing L. asiatica from other
related species of the genus are presented in Table 2.

Lecaimmeria crispula Niazi, Nadeem & Afshan, sp. nov.
(Fig. 4A-E).
MycoBank number MB850363.

Holotype: Pakistan, Khyber Pakhtunkhwa, Kaghan
Valley (Sharan) moist temperate forest, (33°10'32.45"N,
68°43'49.62"E), 2425 m a.s.l., on siliceous rock, August 22,
2022, M. Nadeem, A. R. Niazi & N. S. Afshan (LAH37798),
ITS (GenBank accession number 0Q679941), LSU (Gen-
Bank accession number OQ679940).

Etymology: The specific epithet “crispula’ (Latin) refers
to the wavy margins curled inward above the apothecial disc.

Diagnosis: Distinguished from the morphologically anal-
ogous species, L. mongolica by its light brown to chocolate
brown thallus having flat to slightly concave apothecial disc,
wavy margins that curl inward above the apothecial disc,
taller hymenium (150-180 pm), branched and anastomo-
sing paraphyses, large ascospores 25-33 x 12—17 pm, and
absence of secondary metabolites, differing from related
species in ITS and LSU region.

Description: Thallus crustose, epilithic, well developed,
continuous, areolate, up to 7-cm wide, in Sect. 250-300 pm
thick, light brown to chocolate brown, no change when wet.
Areoles distinct, plane, smooth, angular to irregular in out-
line, flat to strongly convex, highly pruinose near margins,
glossy, adnate, without fissures, marginal areoles slightly
larger, up to 2 mm across, up to 0.8 mm thick. Prothallus
black, not distinct. Cortex: two layered, ca 50-55 pm thick,
paraplectenchymatous, cells 12—-16 pm in diam, epinecral
layer distinct, up to 25 pm high. Algal layer 90-130 pm
thick, chlorococcoid, cells globose to subglobose, 15-22 pm
in diam. Medulla white, 18-32 pm thick, corresponding
with areole, IKI+ blue. Apothecia lecanorine, abundant, up
to 1.5 mm in diam., 1-5 per areole, completely immersed,
contiguous to separate, surrounded by the areoles. Disc
flat to slightly concave, reddish brown to chocolate brown,
rounded at first becoming irregular, surrounded by a white
rim, up to 1 mm diam., highly pruinose, margin pruinose,
white, wavy, raised above surface of disc, curled inward,
rough, without incisions. Proper exciple: thin, poorly differ-
entiated, reduced, hyaline, 15-25 pm thick. Epihymenium
22-26 pm thick, pale brown to brown. Hymenium hyaline,



Mycological Progress (2024) 23:13

Page50f9 13

Fig.3 Lecaimmeria asiatica sp.
nov. ((LAH38008-Holotype).
A Thallus. B Apothecia. C
Apothecium section. D Pyc-
nidium section with conidia. E
Ascospores

150-180 pm tall. Paraphyses apically branched, anasto-
mosing, 1.5-2.5 pm wide, apically slightly swollen, api-
ces 3—4 pm wide. Hypothecium: 70-120 pm tall, hyaline.
Asci: Porpidia-type, clavate, 90—150 X 30-45 pm, amyloid,
8-spored. Ascospores: hyaline, ellipsoid to broadly ellip-
soid, 25-33 X 12—17 um. Conidiomata not found. Conidia
not observed.

Chemistry: cortex and medulla K-, C—, KC—; medulla
IKI + blue; no lichen substance detected by TLC.

Additional specimen examined: Pakistan, Khyber
Pakhtunkhwa, Kaghan Valley (Babusar Pass) (35.1462° N,
74.0482° E), 4155 m a.s.l., on siliceous rock; August 24,
2022, M. Nadeem, A. R. Niazi & N. S. Afshan (LAH37799),
ITS (GenBank accession 0Q679942).

Ecology: Growing on rain and sun exposed sili-
ceous rocks in a humid continental climate, at an alti-
tude of 4170 m a.s.l., hilly topography, which receive
heavy snowfall in winters, with maximum and mini-
mum temperature of 15 °C and — 8 °C, respectively,
annual rainfall 893 mm.

Comments: During current explorations of lichens from
Kaghan Valley in Pakistan, we observed several specimens
that could not be readily assigned to any known species.
A morpho-anatomical and phylogenetic analysis of the
ITS and nrLSU regions confirmed their position within the
genus Lecaimmeria and showed their distinctness from other
known species of the genus. We therefore describe these
specimens as a new species, Lecaimmeria crispula.
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Fig.4 Lecaimmeria crispula
(LAH37798-Holotype). A, B
Crustose thallus with abundant
apothecia. C Apothecia with
curled margins. D Cross section
of apothecium. E Ascospores

Lecaimmeria crispula is superficially similar to
L. mongolica (Xie et al. 2022). The comparison of
the new species with its close relatives is presented
in Table 2. Our species can be distinguished from
Lecaimmeria mongolica in having light brown to
chocolate brown thallus (vs. orange thallus), larger
ascospores 25.0-33.0x 12.0-17.0 ym (vs. small
10.0-17.5%x 6.0-7.5 pum), and absence of secondary
metabolites (vs. gyrophoric acid) (Xie et al. 2022).

Another phylogenetically close taxon, Lecaimmeria
tuberculosa, differs from the new taxon in having a red-
brown thallus (vs. light brown to chocolate brown), small
areoles 0.5—1.3 mm (vs. large areoles 2 mm across),
small apothecia 0.3—0.6 mm in diameter (vs. large 1 mm),
smaller ascospores 6.0-12.5%3.0-5.0 pm (vs. larger
25-33x 12-17 pm), and paraphyses are unbranched and
not anastomosing (vs. apically branched and anastomo-
sing) (Xie et al. 2022).
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The new taxon differs from Lecaimmeria ginghaiensis in
having light brown to chocolate brown thallus (vs. yellow
thallus), larger areoles up to 0.2 mm (vs. smaller areoles
0.5—1.5 mm), taller hymenium 70-120 um (vs. 52—-63 um),
and larger ascospores 25.0-33.0x 12.0-17.0 um (vs. small
10.0-17.5% 6.0-7.5 um) (Xie et al. 2022).

Conclusions

Two novel species based on nrITS and nrLSU sequences
support the separation of the species from already
reported species of the genus named Lecaimmeria asi-
atica and L. crispula. Further molecular data on the Asian
members of genus Lecaimmeria as well as data on several
new monophyletic branches including Asian representa-
tives of the Lecideaceae will be presented elsewhere in
the nearest future.
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Appendix

Table 1 Sequences used in the ITS phylogenetic analysis of Lecaimmeria species. New sequences are in bold

Name of species

Country/origin

Voucher specimen

GenBank accession

GenBank acces-

number (nrITS) sion number
(nrLSU)

Lecaimmeria botryoides China: Qinghai KUN 20-66765 MZ227412 MZ227053
Lecaimmeria botryoides China: Sichuan KUN 20-66711 MZ227404 MZ227048
Lecaimmeria botryoides China: Sichuan KUN 20-66706 MZ227401 MZ227046
Lecaimmeria botryoides China: Sichuan KUN 20-66707 MZ227402 MZ227047
Lecaimmeria asiatica sp. nov. Pakistan LAH38008 0Q221138 -
Lecaimmeria asiatica sp. nov. Pakistan LAH38009 0Q221139 -
Lecaimmeria asiatica sp. nov. Afghanistan LAH38007 0Q787079 -
Lecaimmeria crispula sp. nov. Pakistan LAH37798 0Q679%41 0Q679940
Lecaimmeria crispula sp. nov. Pakistan LAH37799 0Q679942 -
Lecaimmeria iranica China SDNU20117623 KR061348 -
Lecaimmeria iranica China SDNU20117663 KR061347 -
Lecaimmeria lygaea China: Tibet KUN 20-69054 MZ227458 MZ227075
Lecaimmeria lygaea China: Tibet KUN 20-69070 MZ227459 MZ227076
Lecaimmeria lygaea China: Tibet KUN 20-69072 MZ227460 MZz227077
Lecaimmeria mongolica China: Inner Mongolia SDNU20190350 MZ227388 MZ227037
Lecaimmeria mongolica China: Inner Mongolia SDNU20117851 MZ227396 -
Lecaimmeria mongolica China: Inner Mongolia SDNU20117613 MZ227397 -
Lecaimmeria mongolica China: Inner Mongolia SDNU20190354 MZ227389 MZ227038
Lecaimmeria mongolica China: Inner Mongolia SDNU20117399 MZ227398 -
Lecaimmeria orbicularis China: Qinghai KUN 20-66935 MZ227440 MZ227071
Lecaimmeria orbicularis China: Qinghai KUN 20-66899 MZ227433 MZ227066
Lecaimmeria pakistanica Pakistan LAH-36674 MW508503 -
Lecaimmeria pakistanica Pakistan LAH-36675 MW508504 -
Lecaimmeria ginghaiensis China: Qinghai KUN 20-3127 MZ227471 -
Lecaimmeria ginghaiensis China: Qinghai KUN 20-3115 MZ227470 -
Lecaimmeria ginghaiensis China: Qinghai KUN 20-68687 MZ227453 -
Lecaimmeria ginghaiensis China: Qinghai KUN 20-68698 MZ227455 -
Lecaimmeria qginghaiensis China: Qinghai KUN 20-849 MZ227469 MZ227078
Lecaimmeria tibetica China: Tibet KUN XY19-1288i MZ227474 MZ227039
Lecaimmeria tibetica China: Tibet KUN XY19-1288A MZ227475 MZ227040
Lecaimmeria tuberculosa China: Gansu KUN 18-58856 MZ227476 MZ227041
Lecaimmeria tuberculosa China: Gansu KUN 18-58857 MZ227477 MZ227042
Poeltidea perusta Chile UR00039 MK620112 -
Romjularia lurida Spain S. Pérez-Ortega 1372 - KF683107
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