Halici, M. G., & Kahraman, M. (2021). DNA barcoding

and morphological observations of three lichenized fungal species
from James Ross Island (Antarctic Peninsula).

Ukrainian Antarctic Journal, 1, 123—148.

https://doi.org/10.33275/1727-7485.1.2021.671

M. G. Halici*, M. Kahraman
Erciyes University, Kayseri, 38039, Turkey
* Corresponding author: mghalici@gmail.com

DNA barcoding and morphological observations
of three lichenized fungal species from James Ross Island
(Antarctic Peninsula)

Abstract. Antarctica seems to many people to be a very remote, isolated, and mysterious place at the end of the world, and its
name is hardly mentioned in normal life and conversation. However, considering that it plays a key role in the rapidly warming
global climate system and its contribution to the continuing sea-level rise, its importance today is increasing day by day and it
can be seen that it is of vital importance for humanity. There is increasing interest in the distribution of terrestrial organisms in
Antarctica because of the potential use of biodiversity as a predictor or indicator of climate change. Lichenized fungi cover large
areas of Antarctica that are not covered by ice and form precursor organisms that thrive in harsh environments. They are the
largest contributors to biomass and diversity. The characteristic features of these organisms can be counted as developing certain
protective mechanisms, adapting to temperature and radiation, and surviving even when the amount of water in their body is
minimized. On the other hand, lichenized fungi are the most dominant components of Antarctic terrestrial vegetation, and their
adaptation to extreme conditions; growth forms, reproduction, adaptation to environmental conditions can also be explained
through mechanisms. Because of the lichens, dominant organisms of Antarctica, studying lichen biodiversity is very important.
Although around 500 species of lichens were reported from Antarctica, the lichen biodiversity of the continent is far from being
fully known; as in the last 5 years of our studies on Antarctic lichens, we and other scientists reported a significant number of
undescribed or unreported species. So the lichen biodiversity of Antarctica is not fully known as there are still many undescribed
or unreported species on the continent. In this paper, we deal with three lichenized fungal species: Arthonia glebosa Tuck.,
Lecanora atromarginata (H. Magn.) Hertel & Rambold and Lecidea tessellata Flérke which are common in James Ross Island,
using nrITS, mtSSU, and RPBI1 sequences. The lichen samples are studied by morphological and anatomical characters. In
addition, to determine the phylogenetic positions of the species, we provide nrITS and mtSSU of these 3 species from Antarctica
and additionally RPBI1 sequences of Lecidea tessellata.
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1 Introduction

The first collections of lichens from Antarctica were
made in the early 1800’s. Until the First World War,
several national expeditions made significant collec-
tions of lichens. Because of the harsh environment
and relative inaccesibility, and also the low species
diversity compared with other parts of the world,
professional lichenologists were not attracted by
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Antarctica. The lichen samples were mostly collected
by non-specialists such as ecologists or geologists
(Dvstedal & Lewis-Smith, 2001).

The terrestrial vegetation of Antarctica is domi-
nated by lichens and mosses which are poikilohydric
cryptogams. Today around 500 species of lichens are
known from Antarctica, most of them from Antarctic
Peninsula, and the number of species decreases grad-
ually towards the continental parts of Antarctica (dv-
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Figure 1. A map showing the James Ross Island in the Antarctic Peninsula

stedal & Lewis-Smith, 2011; Sancho et al., 2019).
Unfortunately, today the lichen biodiversity of
Antarctica is far from completely and truly known.
Especially the publications of Caroll William Dodge
between 1938—1973 in which 350 new taxa and 150
new combinations were made from Antarctic collec-
tions are discussed harshly and only 39 of these
species are currently in use; most of the others were
reduced to synonymy (Hertel, 1988; Castello & Nimis,
1995; Fryday, 2011).

Recently, molecular methods are being used more in
determining the lichen biodiversity of the Antarctic
(Lee et al., 2008; Halici et al., 2017; 2018; 2020; 2021).
It is important to determine the lichen biodiversity of
Antarctica truly, as the organisms can be excellent bio-
monitors of climate change and Antarctica is a natural
laboratory for these studies (Sancho et al., 2019). In this
study, 3 lichenized fungal species (7 samples) which
have a wide distribution in James Ross Island located in
the northeast of Antarctica (Fig. 1) are studied by mor-
phological, anatomical and molecular methods.

2 Materials and methods

The collecting expedition was realized in James Ross
Island in the austral summer of 2017 (January-March).
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Lichen samples were collected from 0—100 m alti-
tude (the sites are listed in Appendix 1) by spatula on
soil or by chisel and hammer on rock. They were
wrapped in toilet paper and put in paper bags. When
brought to the Mendel Polar Station, they were left to
dry for three days in a room with air flow. The studied
samples are stored in the lichen section of ERCH
(Erciyes University Herbarium, Turkey).

Morphological examinations were all carried out
under a stereo microscope (Leica EZ24). Sections
were taken directly under the stereomicroscope by
hand and anatomical characters were examined under a
light microscope (Leica DM2500). Ascospores were
measured in water. In addition, chemical reagents for
spot tests were used to identify the species.

2.1 Lichen sampling

Two specimens of Arthonia glebosa Tuck.; three spec-
imens of Lecanora atromarginata (H. Magn.) Hertel
& Rambold and six specimens of Lecidea tesselata
Florke. were used for analysis (Appendix 1). We used
three gene regions (nrITS, mtSSU, RPB1). For Ar-
thonia glebosa the nrITS region was analyzed for both
specimens and the mtSSU region only for one. For
Lecanora atromarginata the nrlTS region was ana-
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66 MK812348.1 Arthonia didyma
+: MG773662.1 Arthonia apatetica

@ JR 0.154
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] 100 | @ JR 0.252

99 L MK812215.1 Arthonia phaeobaea

MH177774.1 Arthonia toensbergii
—‘ MH177773.1 Arthonia toensbergii
MH177772.1 Arthonia toensbergii
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—
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MNE87935 1 Opegrapha multipuncta

Figure 2. Maximum Likelihood (ML) analysis inferred from nrITS region sequences of the genus Arthonia

lyzed for one specimen and the mtSSU region for two
specimens. For Lecidea tessellata nrITS region was ana-
lyzed for all six specimens, the mtSSU region for four
specimens and RPB1 region for three specimens.

2.2 DNA isolation, PCR and sequencing

DNeasy Plant Mini Kit (Catalog No: 69104) pro-
duced by Qiagen company was used in the DNA iso-
lation. The protocol given in the kit was followed.
Amplification of all gene regions (nrITS, mtSSU,
RPB1) from the isolated DNA was performed under
appropriate PCR conditions. PCR reaction mixture
applied for gene regions 5 pl of 200 ng DNA, 5ul of
10X reaction buffer, 5 ul of 25mM MgCl,, 5 pl of 25u
dNTPs, 4 ul of 10 uM forward primer, 4 pl of 10 uM
reverse primer, 0.5 U of Tag DNA polymerase. PCR
reaction was performed by adding 21.5 pl PCR water
to complement the total volume to 50 pl for all gene
regions (nrITS, mtSSU and RPB1). PCR amplifica-
tions of nrITS were performed using fungal-specific
primers nrlITS4 (TCCTCCGCTTATTGATATGC,
White et al., 1990) and nrITS1-F (CTTGGTCATT-
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TAGAGGAAGTAA, Gardes & Bruns, 1993). PCR
amplifications of mtSSU were performed using fun-
gal-specific primers (mrSSUI-F AGCAGTGAG-
GAATATTGGTC; mrSSU3-R ATGTGGCACGTC
TATAGCCC, Zoller et al., 1999) and PCR amplifi-
cations of RPB1 were performed using fungal-specif-
ic primers RPBI-aFasc (ADTGYCCYGGYCATT-
TYGGT, Hofstetter et al., 2007) and RPB1-cR (CCC
GCATNTCRTTRTCCATRTA, Matheny et al., 2002).
PCR amplifications were carried out in a thermal cy-
cler (Blue Rey-Biotech) equipped with a heated lid, in
the following conditions for I'TS: an initial heating step
for 5 min. at 95 °C; 6 cycles with 1:30 min. at 94 °C,
1:30 min. at 55 °C, and 2 min. at 72 °C; and 33 cycles
with 1 min. at 94 °C, 1 min. at 52 °C, and 2 min. at 72 °C.
A final extension step of 8§ min. at 72 °C was added, after
which the samples were kept at 4 °C; for mtSSU and
RPBI: an initial heating step for 5 min. at 94 °C; 35
cycles with 1 min. at 94 °C, 1 min. at 58 °C, and 1 min.
at 72 °C. A final extension step of 10 min. at 72 °C was
added, after which the samples were kept at 4 °C.
After the PCR, amplificated samples were loaded
on a 1% agarose gel with ethidium bromide dye add-
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MG773672.1 Arthonia apatetica
KJ850993 1 Arthonia apatetica
KJ850994.1 Arthonia apatetica

22 KJ850998. 1 Arthonia peltigerina

& JR 0.154
100 |MH177776.1 Arthonia toensbergii
HMH177775.1 Arthonia toensbergii
MT153920.1 Arthonia lobariellae
WEKJBSN)OQ 1 Arthonia sp. lobariicola’
KJ850990.1 Arthonia biatoricola
26 ——— MN955428 1 Arthonia phaeophysciae
MH177778.1 Arthonia paretinaria
100 MHA177777.1 Arthonia molendoi
KJ851000.1 Arthonia molendoi

KJ850989.1 Arthonia neglectula
—— KJ851019.1 Arthonia sp

96

a2 L— KJ&50999.1 Arthonia stereocaulina
54 KJ850997.1 Arthonia lapidicola

100 | MG201837.1 Arthonia picea
‘MG201 836.1 Arthonia picea

65 KJ850987.1 Arthonia eos
73 489,— | FJ469671.1 Arthonia caesia

99 | r KJ851015.1 Arthonia mediella
100 L KJ851014.1 Arthonia mediella

100 | MG 207687 .1 Arthonia thoriana
MG 207686.1 Arthonia thoriana
100 | KY983976.1 Arthonia incamata
| K¥983975.1 Arthonia incamata
a1 MG 201838.1 Arthonia sanguinarna
87 ?':350932 1 Arthonia ilicina
EU704047 .1 Arthonia didyma
KJ850981.1 Arthonia granithophila
KF707646.1 Arthonia physcidiicola
28 MG495138.1 Arthonia sp
MG495137.1 Arthonia ruana
GU327683.1 Arthonia ruana
79 | EU704048 1 Arthonia radiata
81 [ KJ850969.1 Arthonia radiata
KJ850968.1 Arthonia radiata

95

89
KJ850970.1 Arthonia apotheciorum

KJ850972 1 Arthonia subfuscicola
KJ850971.1 Arthonia subfuscicola
EU704064.1 Arthonia calcarea
KJ850974 1 Arthonia calcarea
EU704065.1 Arthonia calcarea
KJ850975.1 Arthonia aff. punctiformis
AY350570.1 Arthonia dispersa
MN842780.1 Arthonia pinastn
AY571383.1 Arthonia dispersa
KJ851025.1 Arthonia sp.
GU327684 1 Arthonia rubrocincta

55 MMN733979.1 [Arthonia] cinnabarina f. cuspidans

100 MIN733978.1 [Arthonia] cinnabarina f. cuspidans
L-EU704049 1 Arthonia sp
EU704050.1 Arthonia sp

53

32 KJ850980.1 Arthonia graphidicola
KF707652.1 Reichlingia zwackhii . . . . ..
Figure 3. Maximum Likelihood (ML) analysis inferred from

0,02 mtSSU region sequences of the genus Arthonia
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gg | JNB873872.2 Lecanora fuscobrunnea

74 GU170840 1 Lecanora fuscobrunnea

65 L KP314461.1 Lecanora polytropa
46 KP314458.1 Lecanora polytropa
34 AY 398704 1 Lecanora chlorophaeodes

AF159927.1 Lecanora chlorophasodes

o7 219 |MH512983,1 Lecanora solaris

100 | MH512984.1 Lecanora solaris
KY266975.1 Lecanora intricata
7 —le: KY266891.1 Lecanora intricata
A JR 0.008
100 [ MGO73236.1 Lecanora strobilina

17 L|'-..-'|1397323?.1 Lecanora strobilina

100 | MGOF3239 .1 Lecanora strobilinoides

46 81
|MGQ?3238.1 Lecanora strobilinoides

100 MGO76965.1 Lecanora com pallens
o9 I—KYSBGOS? 1 Lecanora com pallens
100 liDQ4516?D.1 Lecanora rupicola
| DQ451669 .1 Lecanora rupicola

KF024740.1 Lecanora pringlei
30 100 — pnng

L KF024739.1 Lecanora pringlei

50 i
’7 ANY 541251 .1 Lecanora epibryon
100 KP314307.1 Lecanora epibryon

AFO70025. 1 Lecanora perpruinosa
100 | JQ993757.1 Lecanora semipallida
JQ993757 .1 Lecanora semipallida

44 JQ993743.1 Lecanora semipallida

93 97 L JQ993755.1 Lecanora semipallida

AFO70034 1 Lecanora flotowiana
29 —i JQ993736.1 Lecanora hageni
55 JQ993737 .1 Lecanora hagenii

MK970658.1 Lecanora cf. mons-nivis

456

FR7Y99209 .1 Lecanora populicola

JQ993725 1 Lecanora crenulata
AFO70026.1 Lecanora reuteri

27 JQ993741.1 Lecanora reuterii
20 JQ993740.1 Lecanora pruinosa
AFOY0018. 1 Lecanora pruinosa
JQ993720.1 Lecanora albescens
JQ993719.1 Lecanora albescens
34 JQ993727 1 Lecanora albescens
&4 JQ993734.1 Lecanora dispersa
JQ993733.1 Lecanora dispersa
JQ993732.1 Lecanora dispersa

31 JQ993722.1 Lecanora andrewii

AYEB03128.1 Umbilicana antarctica

0.02

Figure 4. Maximum Likelihood (ML) analysis inferred from nrITS region sequences of the genus Lecanora
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70| DQ986807.1 Lecanora polytropa

o3| MN023037.1 Lecanora fuscobrunnea
DQ787356.1 Lecanora sulphurea
DQ787346.1 Lecanora intricata

DQ787344.1 Lecanora perpruinosa

13

MNS508274.1 Lecanora schofieldii
5 L DQ986898.1 Lecanora contractula

MN508273.1 Lecanora leptacina
MH520111.1 Lecanora solaris
MH520114.1 Lecanora somervellii

9 | MH520114.1 Lecanora somenvellii

| DQ787348.1 Lecanora polytropa

MN192153.1 Lecanora pachyphylla

61! MK693685.1 Lecanora pseudistera

44 - HQE60556.1 Lecanora muralis
{DQ972976.1 Lecanora achariana

|— MN192156.1 Lecanora chondroderma

21l KT453824.1 Lecanora novomexicana
DQ912273.1 Lecanora hybocarpa

A IR 0.230
o ﬁ A IR 0.270

JQ782697.1 Lecanora subimmersa
{ JQ782685.1 Lecanora leprosa
- JQ782692.1 Lecanora queenslandica
MK778538.1 Lecanora leptyrodes
MK778533.1 Lecanora carpinea

I~

6

&

2|l MK693683.1 Lecanora carpinea
MK541649.1 Lecanora excludens

Ne

KY502443.1 Lecanora intumescens
KP224472.1 Lecanora anakeestiicola
E { KT453820.1 Lecanora formosa

[~ KY502440.1 Lecanora thysanophora
Ol 3Q782667.1 Lecanora caesiorubella
7dI- KY502433.1 Lecanora farinaria
{MK775542.1 Lecanora pulicaris

[ JQ782702.1 Lecanora vainioi

— DQ787360.1 Lecanora glabrata
KY502459.1 Lecanora allophana
KY502458.1 Lecanora impudens

N

JQ782699.1 Lecanora tropica
KT453821.1 Lecanora horiza

©

F DQ787362.1 Lecanora campestris

MK693684.1 Lecanora argopholis
— MNS508326.1 Lecanora alaskensis

B

4|| MH700565.1 Lecanora caperatica

Ll MH700566.1 Lecanora caperatica

- KY502449.1 Lecanora substerilis
JQ782676.1 Lecanora gangaleoides

fi°| 3Q782668.1 Lecanora californica

7| JQ782686.1 Lecanora pacifica

2 KY502452.1 Lecanora expersa
2 {KY502426.1 Lecanora cenisia
31|44)- KY502422.1 Lecanora chlarotera
w‘rspms‘ue 1 Lecanora paramerae
EF105417.1 Lecanora hybocarpa
f KY502430.1 Lecanora albella
L JQ782687.1 Lecanora phaeocardia
99 | KP224465.1 Lecanora cinereofusca
P KP224461.1 Lecanora saxigena
JQ782674.1 Lecanora flavopallida
— 99 | KR094858.1 Lecanora layana
0.1 s | | KR094857.1 Lecanora layana

MN879871.1 Lecanora baekdudaeganensis
a7 JQ900617.1 Lecanora orientoafricana

0| KY502429.1 Lecanora alboflavida

52l MH481360.1 Lecanora darlingiae

65 JQ782669.1 Lecanora elatinoides
66 KRO055656.1 Lecidea hoganii
JQ782680.1 Lecanora helva
84| KJ152466.1 Lecanora symmicta

KJ766420.1 Lecanora strobilina
JQ900616.1 Lecanora kenyana
JQ782703.1 Lecanora wilsonii

KT962184.1 Lecanora ecorticata

KY502445.1 Lecanora variolascens
JQ782696.1 Lecanora subimmergens
98 L JQ782684.1 Lecanora leproplaca
AY603139.1 Umbilicaria antarctica

Figure 5. Maximum Likelihood (ML) analysis inferred from
mtSSU region sequences of the genus Lecanora
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ed (5mg/ml) for electrophoretic separation. The
DNA bands were detected under UV light at 100 watt
after 60 minutes.

2.3 Sequence alignment and phylogenetic analysis

The sequencing was performed by ABI 3730 XL se-
quencer (applied Biosystem). Possible reading errors
were corrected with the Cluster X function of MEGA
6.0 program and the sequences of the species obtained
from the research area and the sequences of the genes
downloaded from the GenBank (Appendix 2) were
analyzed with Mega 6.0 program. The dendrograms
were obtained with ML method and Tamura 3-pa-
rameter model. Pairwise deletion was applied to gaps
in data, and the reliability of the inferred tree was test-
ed by 1000 bootstrap replications for control.

3 Results
3.1 Phylogeny
3.1.1 Arthonia glebosa Tuck.

The nrITS alignment comprised 15 accessions with a
length of 520 bp (Appendix 2). Opegrapha multipunc-
ta MIN687935 was used for the outgroup. According
to nrITS analyses, both specimens (indicated with
circles in Fig. 2), formed a clade with Arthonia didy-
ma and Arthonia apatetica. There is no data in Gen-
Bank for A. glebosa. Two Antarctic specimens of
A. glebosa studied here clearly belong to another clade
than other Arthonia specimens (Fig. 2).

The mtSSU alignment comprised 57 accessions (Ap-
pendix 2) with a length of 818 bp. Reichlingia zwack-
hii (Sandst.) Frisch & G. Thor KF707652 was used as
the outgroup. The Antarctic specimen of A. glebosa
clearly belongs to another clade than the other Artho-
nia specimens (Fig. 3).

3.1.2 Lecanora atromarginata (H. Magn.)
Hertel & Rambold.

The nrITS alignment comprised 46 accessions with a
length of 600 bp, and Umbilicaria antarctica AY603128
was used for the outgroup. The mtSSU alignment
comprised 81 accessions with a length of 630 bp and
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gg - MKG620251.1 Lecidea medusula

41
16 L KY800506.1 Lecidea protabacina

42

EUZ259904 1 Lecidea plana

98

60 MKGE20270.1 Lecidea medusula
HQB650665.1 Lecidea lapicida

FMK620247 1 Lecidea lithophila

100 L MK620090.1 Lecidea lithophila

EU263921 .1 Lecidea confluens
MKG20260.1 Lecidea swartzioidea

59
£ MKB20212.1 Lecidea promiscens

100 | MKB620265 1 Lecidea atrobrunnea

22

88

23

43

I MK620265.1 Lecidea atrobrunnea
MKB620240.1 Lecidea atrobrunnea

99 | MK620240.1 Lecidea atrobrunnea

gg | EU257682.1 Lecidea polypycnidophora

EU257681 .1 Lecidea polypycnidophora
MK970673.1 Lecidea andersonii

MKG620084.1 Lecidea andersonii

MK595453 1 Lecidea peratolica

K¥800510.1 Lecidea violascens
GU074423 1 Lecidea obluridata

93
L MG968261.1 Lecidea leucothallina

MKG20097 .1 Lecidea sp. T48781

98

&9 MKE20077.1 Lecidea silacea

09 HQ650629.1 Lecidea silacea
97 | MK620249.1 Lecidea silacea

—— MKG620205.1 Lecidea cancnformis

MK591838.1 Lecidea fuscoatnna

51

HQG650707.1 Lecidea fuscoatra

90

HQB650662.1 Lecidea fuscoatra
KY800508.1 Lecidea uniformis
KY800507.1 Lecidea uniformis
MNR_158514.1 Lecidea uniformis
MKG620199.1 Lecidea kalbii

72

—— MKG620246.1 Lecidea auriculata
MH794139.1 Lecidea tessellata

58 a3

MH794140.1 Lecidea tessellata
M JR 0.007

M JR 0.269

B JR 0.001

M JR 0.109

M JR 0.260

99 M JR 0.176

78

66

HQB650667.1 Lecidea nylanden

‘JNDDQ?ig 1 Lecidea aglaea

100 | KR303636.1 Lecidea aglaea

HQE50670.1 Lecidea roseotincta

Figure 6. Maximum Likelihood (ML) analysis inferred from nrITS

35 61
55
56 65
EF485166.1 Lecidea rubrocastanea
59 HQG650669.1 Lecidea pullata

&0 KF&650950.1 Lecidea albohyalina
re) KF&650952 1 Lecidea sphaerella
100 1 AM292702.1 Lecidea sphaerella

HQB50666.1 Lecidea lepraricides
HQB650668.1 Lecidea polytrichina
MMN764276.1 Rhizoplaca parilis
—
0.02
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91,HQ660567.1 Lecidea fuscoatra var. grisella
58| IHQ660566.1 Lecidea fuscoatra
DQ912275.1 Lecidea fuscoatra
261 GU074488.1 Lecidea cancriformis
GU074487.1 Lecidea cancriformis
MNO023046.1 Lecidea cancriformis
KR055656.1 Lecidea hoganii
MK684569.1 Lecidea atrobrunnea
MK591146.1 Lecidea atrobrunnea
MK684743.1 Lecidea lithophila
GU074498.1 Lecidea plana
731GU074497.1 Lecidea plana

GU074489.1 Lecidea cancriformis
30 GU074492.1 Lecidea confuens
43| |GU074510.1 Lecidea atrobrunnea

711GU074509.1 Lecidea atrobrunnea
— KF683103.1 Lecidea plana
GU074470.1 Lecidea andersonii
-IGU074469.1 Lecidea andersonii
GU074474.1 Lecidea polypycnidophora
[1GU074473.1 Lecidea polypycnidophora
I—-GU074503.1 Lecidea laboriosa
GU074496.1 Lecidea silacea
60} AY756402.1 Lecidea silacea
DQo86878.1 Lecidea silacea
MK684707.1 Lecidea medusula
HQ660570.1 Lecidea lapicida
GU074493.1 Lecidea lapicida var. lapicida
MK684635.1 Lecidea aff. lapicida

DQ986882.1 Lecidea laboriosa

Z—IU HQ660561.1 Lecidea auriculata
95— HQ660560.1 Lecidea atrobrunnea

WJR0.001
HQ660576.1 Lecidea tessellata
WJR0.260
65 WJR0.109
W JR0.007
9| GUO74491.1 Lecidea tessellata
MK684698.1 Lecidea tessellata
MK684668.1 Lecidea tessellata
71 MK684667.1 Lecidea tessellata
KR055661.1 Lecidea tessellata
—— GUO074490.1 Lecidea fuscoatra
GU074500.1 Lecidea auriculata
——GU074495.1 Lecidea obluridata
GU074494.1 Lecidea lapicida var. pantherina
HQ660564.1 Lecidea diapensiae
AY762094.1 Lecidea sanguineoatra
HQ660562.1 Lecidea berengeriana
HQ660565.1 Lecidea floridensis

27_ HQ660574.1 Lecidea pullata
24 |_— FJ644537.1 Lecidea hypopta

HQ660573.1 Lecidea polytrichina
EU075529.1 Lecidea haematites
5 AY567788.1 Lecidea turgidula

9!
7 98 KJ766424.1 Lecidea turgidula
HQ660571.1 Lecidea leprarioides

23 HQ660563.1 Lecidea cyrtidia

29 KF662399.1 Lecidea cf albohyalina
84 KF662400.1 Lecidea sphaerella
97 |AM292749.1 Lecidea sphaerella

HQ660572.1 Lecidea nylanderi
43 HQ660575.1 Lecidea roseotincta
971 KY123745.1 Lecidea roseotincta

L— KT453859.1 Rhizoplaca parilis —
0.01

Figure 7. Maximum Likelihood (ML) analysis inferred from
mtSSU region sequences of the genus Lecidea
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Umbilicaria antarctica AY603139 was used as out-
group (Appendix 2). According to nrITS and mtSSU
analyses of L. atromarginata specimens in Fig. 3
and Fig. 4 (triangle), formed a separate clade.
There are no data of L. atromarginata in GenBank,
but three specimens of this species clearly belong
to another clade from the other Lecanora speci-
mens (Figs. 4, 5).

3.1.3 Lecidea tessellata Florke.

The nrITS alignment comprised 55 accessions with a
length of 575 bp, mtSSU alignment comprised 65 ac-
cessions with a length of 610 bp and the RPBI1 align-
ment comprised 40 accessions with a length of 755 bp
(Appendix 2). Rhizoplaca parilis MN764276, KT453859
and KU935393 were used for the outgroups respec-
tively.

According to nrITS, mtSSU and RPB1 analyses of
L. tessellata specimens in Fig. 6, Fig. 7 and Fig. 8 with
square, matched with L. fessellata specimens depo-
sited in GenBank. So clearly all these specimens be-
long to L. tessellata (Figs. 6, 7 and 8).

3.2 Morphology and Anatomy
3.2.1 Arthonia glebosa Tuck.

Morphology and Anatomy: Thallus squamulose, brown,
almost areolate or subeffigurate. Apotechium lecideine,
black, usually aggregated, swollen, arcuated, convex,
margin excluded, 0.1—0.35 mm (Fig. 9a). Epihyme-
nium brown or blackish brown, 10—15 pm, N-, K-.
Hymenium hyaline, sometimes with a brownish tinge
and with oil droplets, 30—55 um. Hypothecium hya-
line or brown, 25—140 pm. Ascus 8-spored, 50 x 20 um.
Ascospores hyaline, elipsoid to subglobose, usually
one septate, when septate, asymmetric, sometimes no
septum present in young ascospores, (§—)10—12.5—
15(—16) x 4—5 um (n = 15), ascospore length/width
ratio (1.6—)2.14—2.62—3.1(-3.5) um (n = 15) (Fig. 9b).
Paraphyses simple, unbranched, 3 pm. Algae green,
chlorococcoid, more or less globose, ~15 um diam.
Thallus K-, C-, KI-, Pd-. Medulla K+ yellow and
KI+ blue. Pycnidium not observed.

Examined species: JR 0.154, JR 0.252 (see Ap-
pendix 1).
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73 MNOZ3058.1 Lecidea cancriformis
MKB84914 1 Lecidea cancriformis
MMO23057.1 Lecidea cancriformis
MMNO23056 1 Lecidea cancrilormis
MMO23059, 1 Lecidea cancrifomis
KFG83115.1 Lecidea fuscoatra var. gnsella
ag |- AY 756408 1 Lecidea fuscoatra
MIKE24200 1 Lecidea fuscoatra
MKG85015 1 Lecidea aff. promiscens
MKGE4918 1 Lecidea atrobrunnea subsp saxosa
MEGE4908.1 Lecidea atrobrunnea subsp. stictica
— MKG84919.1 Lecidea fuscoatrina
50'_5}_‘_ DOSBGE20. 1 Lecidea silacea
100 [ AYT56409 1 Lecidea silacea

——— [MJ9BBRE21.1 Lecidea labonosa
MKEB4890. 1 Lecidea labonosa
o 100 |ga | MNOZ3061. 1 Lecidea polypycnidophora
MEGS4897 1 Lecidea polypy cnidophora

82 [ MNO23060.1 Lecidea andersoni

%91 MK584915.1 Lecidea andersonii

MKB84246 1 Lecidea medusula
W‘LMKEB-WESJ Lecidea medusula

o5 51— MKB84910.1 Lecidea lapicida var. lapicida

MKGE5037 1 Lecidea lithophila
MEGE4895 1 Lecidea plana
—m{ KFE83116.1 Lecidea plana
MKEB4896 1 Lecidea plana

100 | MK684994 1 Lecidea kaibii
| MKE24092 1 Lecidea kalbi
MKES85036, 1 Lecidea auriculata
gg [ MEB85025 1 Lecidea aunculata
MKEE5012 1 Lecidea aunculata
MKG84989 1 Lecidea aunculata
100 - MKG84996.1 Lecidea tessellata
~ Il JR 0.007
100 || MKEB84971.1 Lecidea tessellata
MHEBB4970 1 Lecidea tessellata
69| MKE845%4 1 Lecidea tessellata
N JR 0.001
N R 0109

51

54

KUS35393 1 Rhizoplaca panlis 0.05

Figure 8. Maximum Likelihood (ML) analysis inferred from RPBI region sequences of the genus Lecidea
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Figure 10. Lecanora atromarginata (H. Magn.) Hertel & Rambold, (a) — thallus and apothecia; (b) — ascus and ascospores

Ecology and Distribution: Tt occurs on soil (Free-
bury, 2014), on humus (DeBolt & McCune, 1993)
and it is very common in dry or cold open habitats
(McCune, 1997).

Arthonia glebosa is considered as rare on a global
scale (Baldursson et al., 2003). It has been reported
from Mongolia (Biazrov & Zhurbenko, 2004), Saska-
tchewan (Freebury, 2014), Arctic Iceland, Greenland
(Kristinsson et al., 2010), USA, Russia (Zhurbenko,
2009), Ecuador (Sklenéf et al., 2010), Tibet (Ober-
mayer, 2004), Canada (Williston, 2000), China (Bili-
chenko, 2021) and South Orkney and James Ross
Islands in Antarctic Peninsula (@vstedal & Lewis-
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Smith, 2001). World-wide distribution of Arthonia
glebosa is indicated by red circle in Figure 12.

3.2.2 Lecanora atromarginata
(H. Magn.) Hertel & Rambold.

Morphology and Anatomy: Thallus crustose, continous
or dispersed as unregular patches, up to 2 cm. Thallus
chalky white or dirty white, rimose-areolate. Prothal-
lus present around the thallus and margins of the
areoles, black. Apothecium present, lecideine, round-
ish to angular, black, epruinose, immersed or subses-
sile, 0.2—0.55 mm (Fig. 10a). Margin present at the
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Figure 11. Lecidea tessellata Florke., (a) — thallus with apothecia (the areolate thallus in the upper left belongs to Lecanora
atromarginata which was detailed above); (b) — ascus and ascospores

young ones, very thick, black, excluded at the old ones.
Epihymenium greenish black, 20—60 um, N-. Hyme-
nium hyaline, 40—100 um. Hypothecium mostly hya-
line, sometimes brownish hyaline, 20—40 um. Ascus
8-spored, 38 x 17 um. Ascospores simple, hyaline,
elipsoid with oil droplets, 8—10.5 x (3—)—4.5—6 pm
(n=20), l/wratio (1.33—)1.67—2.06—2.45(—2.67) um
(Fig. 10b). Paraphyses simple, unbranched, tips
clavate or almost capitate, 2—4 pm. Algae green,
chlorococcoid. Thallus and medulla K+ yellow, C+
yellow or C-, medulla I-. Pycnidium not observed.

Examined species: JR 0.008, JR 0.230, JR 0.270
(Appendix 1).

Ecology and Distribution: Lecanora atromarginata
occurs on inland rocks at high altitudes in shaded
sites. It is usually accompanied by Rhizocarpon gemi-
natum, Staurothele gelida, Usnea sphacelata, Lecidea
tesselata, Rhizocarpon disporum and Rusavskia ele-
gans (Sliwa & Olech, 2002; @vstedal & Lewis-Smith,
2001; Hansen, 2009). On James Ross Island it is
usually found with Lecidea tessellata which is de-
tailed below.

Lecanora atromarginata has a bipolar distribution
and is found in portions of arctic Asia, Europe, Scan-
dinavia, Arctic (Greenland, Svalbard, Canada) and
Antarctica, where it occurs on calcareous, siliceous
and other base-rich rock at high elevations (Kristins-
son et al., 2010; Brinker, 2020). World-wide distribu-
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Figure 12. World-wide distribution of examined species (red
circles: Arthonia glebosa Tuck.; blue squares: Lecidea tessellata
Florke; purple triangles: Lecanora atromarginata (H. Magn.)
Hertel & Rambold.)

tion of Lecanora atromarginata is indicated by purple
triangle in Figure 12.

3.2.3 Lecidea tessellata Florke.

Morphology and Anatomy: Thallus crustose, well de-
veloped, rimose-areolate, sometimes almost subef-
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figurate, greyish white, dirty white or ash-grey, centers
of the areoles are blackish, sometimes between are-
oles there are rusty colored patches (Fig. 11a). Areoles
contiguous, flat or weakly convex, regular or irregular.
Prothallus sometimes present, black, very thin. Apothe-
cium black, sessile or almost immersed, aggregated
or dispersed, adnate or appressed, plane, weakly pru-
inose, roundish or angular, lecideine, (0.2—)0.25—0.4—
0.55(—0.7) mm (n = 40). Apothecium margin promi-
nent, black, concolorous with the disc, smooth or
fissured especially at mature ones, pruinose or not.
Epihymenium dark brown or black, 30—100 um, N+
red, K-. Hymenium hyaline or blue-greenish hyaline,
sometimes it has bluish tinge, 55—80 um. Hypothe-
cium brown or brownish hyaline, 30—110 pum. Asci
8-spored, 34—80 x 8—20 um. Ascospores hyaline,
simple, ellipsoid, almost oblong, (7—)8—8.5—9(—
10.5) x (3—)—4.5—(—5.5) um (n = 40) and ascospore
length/width ratio (1.4—)1.66—2.12—2.57(=3) um (n =
=40) (Fig. 11b). Paraphyses simple, thin, unbranched,
sometimes septate, tips are slightly enlarged 3—5 pm.
Pycnidium not observed. Thallus and medulla K- or
K+ pale yellow, KI-, I-, C- or C+ yellow, Pd-.

Ecology and Distribution: Lecidea tessellata occurs
on both calcareous and siliceous rocks (Hansen,
2017) as well as on sandstone (Lendemer, 2010); on
basalt (Hansen, 2017) or on granite rocks (Knudsen
& Kramer, 2007).

L. tesselata is a bipolar species. It has been report-
ed from America (Mayrhofer et al., 2016), Iran (Mo-
niri & Sipman, 2011), Turkey (Halici et al., 2007),
Mongolia (Huneck et al., 1984), Armenia (Haruty-
unyan et al., 2011), Russia (Tarasova et al., 2015),
Greenland (Hansen, 2017), Morocco (Egea & Rowe,
1988), Pakistan (Aptroot & Igbal, 2010), New Zea-
land (de Lange et al., 2018), India (Upreti et al.,
2006), Europe and the Antarctic (Qvstedal & Lewis-
Smith, 2004). World-wide distribution of Lecidea
tessellata is indicated by blue square in Figure 12.

4 Discussion

The lichens are the most dominant organisms of Antarc-
tic terrestrial vegetation and important to understand
the terrestrial biota of Antarctic which is under the
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effect of global warming. Although around 500 species
of lichens were reported from Antarctica, the lichen
biodiversity of the continent is far from being fully
known; as in the last 5 years of our studies on Antarctic
lichens, we and other scientists reported significant
number of undescribed or unreported species (Halicli
etal., 2017;2018; 2020; 2021; Cao et al., 2018; Park et
al., 2018; Halic1 & Bartak, 2019; Sancho et al., 2020).
In our opinion, if more lichens are examined with
molecular techniques, the lichen biota of Antarctic
will be known more detailed.

These 3 species detailed here were previously re-
ported from James Ross Island (@vstedal & Lewis-
Smith, 2001; 2004) but they were never DNA-barcod-
ed. According to our molecular studies (Figs. 1-7),
the reports of these species are correct. All the speci-
mens collected by us share the similar descriptions
provided by @vstedal and Lewis-Smith (2001; 2004).

It is important to know the accurate checklist of
lichens in Antarctica as they can perfectly be used in
biomonitoring the climate change in Antarctica
(Sancho et al., 2019). As the molecular methods
are used in determining the lichen biodiversity of
Antarctica, we will have a more accurate checklist of
the continent.
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JHK-mTpux-KonyBaHHs Ta MOp(OIOriyHi cocTepekeHHs 3a TPhOMA
JliXeHi3oBaHMMM BUaMH rpudiB 3 octpoBa /Ixkeiimc Pocc (AHTapKTHYHUIA MIBOCTPIB)

Pedepar. AHTapKkTHKa 0araTboM BMIAETHCS AYXKE BildaleHUM, i30JIbOBAaHUM, 3arafkKOBUM MiICLIEM B KiHIIi CBiTYy, sIKe He
3rajlyloTh y 3BUYaliHUX po3MoBaX. OaHaK BpPaXOBYIOUM 1i KJIIOUOBY POJIb Y MIOOAIbHIN KIiMAaTUUHINA CUCTEMI, 1110 LIBUIKO
HarpiBa€eThbcs, i BKJIAJ y MiJilloM piBHSI MOps, 1110 0Ci TpUBA€E, BAXJIUBICTh 1[bOTO PETiOHY 3pOCTAE 3 IHSI Ha IeHb. 3POCTAE il
iHTepeC y po3Moili HA3eMHUX OPraHi3MiB, 1110 i1 HACEJSAI0Th, a)Ke BUKOPUCTOBYIOUU 3HAHHS MPO OI0Pi3HOMAHITTSI, MOXHA
nependayuTy ado BIACHIAKYBaTH KiaiMaTU4yHi 3MiHM. JliXxeHi30BaHi rpudu y cKjaii MiOHEPHUX YIpynmoBaHb MOKPUBAIOTh
BEJIMKI, BiIbHI BiZL TbOY, 061aCTi AHTApKTUIM, i H06pe cebe MouyBaloTh y CYBOPUX YMOBAX. IM HaleKUTh HAOIIbIIA YacTKa
biomacu Ta pisHOMaHiTTs. JIiXxeHi30BaHi 'pUOU BOJIOAIIOTH BJACTUBICTIO BUPOOJISITU TIEBHI 3aXMCHI MEXaHi3MU, aJanTyBaTUCS
JIO TeMIlepaTypy i BUIIPOMiIHIOBaHHSI, BUXKMBATU HaBiTh 3a MiHiMaJIbHOI TigpaTallii. 3 iHIIIOro 60Ky, BOHU — Haiibisibllia rpymna
OpraHi3MiB-JIOMiHAHTIB aHTAPKTUYHOI POCIMHHOCTI, i iX afanTalii 10 eKCTpeMaJIbHUX YMOB — XUTTEBI POPMU, PO3BMHOXEHHS,
afanranisi — TeX MOXHa IMOSICHUTH LIMMU MexaHizMamMu. BHacmiok Toro, 110 JMIaiHUKA, OpraHi3MU-I0MiHAHTA AHTapKTUIN,
BUBYCHHS iX OiOpi3HOMaHITTS AyXe BaxkiauBe. [lompu Te, 1110 3 1aHOTO perioHy BimoMo 6au3bko 500 BUAiB, BBAXKAEThCS, 110
Pi3HOMAaHITTS JIMILIAMHUKIB TYT BiloOMe JaJieKO He CIOBHA. 3a OCTaHHI I’ITh POKIB i MU, I iHIIIi aBTOpM BiA3Hayaau Garato
BU/IiB, paHillle HEBIIOMMX Y perioHi abo B3arajii HeonucaHuX. Y 1iii poOoTi, 3 BUKOprcTaHHSSIM nocainoBHoctei nrlTS, mtSSU
ta RPB1, po3oupaeThcs Tpu JlixeHi30BaHi BUIu rpubiB: Arthonia glebosa, Tuck. , Lecanora atromarginata (H. Magn.) Hertel &
Rambold ta Lecidea tessellata Florke, 3Buyaiini Ha octpoBi Ixemc Pocc. Y 3paskax nuinaiiHUKIB BUBYAIA MOPMOJIOTIUHI Ta
aHATOMIiUHi MMOKa3HUKU. J1ogaTKoBO, A/ BU3HAUYECHHS (DLIOTEHETUYHOTO TIOJOXEHHSI, HaBOASAThLCS MocaimoBHocTi nrlTS
Ta mtSSU 11ux Tpbox BuAiB 3 AHTapKkTuayu Ta RPB1 — mst Lecidea tessellata.

KiouoBi ciioBa: AHTapkTUKa, 6iopisHOMaHITTS, Arthonia glebosa, Lecanora atromarginata, Lecidea tessellata
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Appendix 1. The sites where lichens were collected

JR0.154

JR 0.252

JR 0.008

JR 0.230,JR 0.270

JR 0.001

JR 0.007, JR 0.109

JR0.176, JR 0.260,
JR 0.269

Arthonia glebosa Tuck.

Arthonia glebosa Tuck.

Lecanora atromarginata (H.

Magn.) Hertel & Rambold

Lecanora atromarginata (H.

Magn.) Hertel & Rambold
Lecidea tessellata Florke.

Lecidea tessellata Florke.

Lecidea tessellata Florke.

Antarctica, Antarctic Peninsula, James Ross Island, Vega Island, 63°50'0"
S, 57°25'0" W, on soil, alt. 5 m, Leg. M. G. Halici

Antarctica, Antarctic Peninsula, James Ross Island, Solorina Valley,
63°52'39.0” S, 57°46'51.6" W, alt. 2 m., on soil, Leg. M. G. Halici

Antarctica, Antarctic Peninsula, James Ross Island, SE Tip of Johnson
Mesa, 63°49'46.2" S, 57°54'21.6" W, alt. 292 m., on rock, Leg.
M. G. Halicl

Antarctica, Antarctic Peninsula, James Ross Island, Solorina Valley,
63°52'39.0” S, 57°46'51.6" W, alt. 2 m., on soil, Leg. M. G. Halicl

Antarctica, Antarctic Peninsula, James Ross Island, "Dirty Valley"
63°48'38.1” S, 57°51'36” W, alt. 92 m., on rock, Leg. M. G. Halicl

Antarctica, Antarctic Peninsula, James Ross Island, "Lachmann Lake",
63°48'36" S, 57°48'29” W, alt. 36 m., on rock, Leg. M. G. Halicl

Antarctica, Antarctic Peninsula, James Ross Island, Solorina Valley,
63°52'39.0” S, 57°46'51.6"” W, alt. 2 m., on soil, Leg. M. G. Halici
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Appendix 2. mtSSU, nrITS and RPB1 sequences used in the analyses; newly produced ones are in bold

Arthonia

Species Nunc'fg:r]i?lr;]I(TS) Country Year
JR0.154 MZ502374 Antarctica, James Ross Island 2021
JR0.252 MZ502376 Antarctica, James Ross Island 2021
Arthonia apatetica MG773662 the Carpathians 2018
Arthonia cinnabarina f. cuspidans MN734112 Norway 2020
Arthonia cinnabarina f. cuspidans MN734111 Norway 2020
Arthonia cinnabarina f. cuspidans MN734114 Norway 2020
Arthonia cinnabarina f. cuspidans MN734113 Norway 2020
Arthonia didyma MKS812348 Norway 2019
Arthonia phaeobaea MKS812215 Norway 2019
Arthonia sardoa AF138813 - 1999
Arthonia susa MHZ887470 USA 2018
Arthonia toensbergii MH177774 Norway 2018
Arthonia toensbergii MH177773 Norway 2018
Arthonia toensbergii MH177772 Norway 2018
Opegrapha multipuncta MN687935 United Kingdom 2018

Species Gen](SraTtlrtllgsl\IUu)mber Country Year
JR0.154 MZ502372 Antarctica, James Ross Island 2021
Arthonia punctiformis KJ850975 Japan 2014
Arthonia apatetica MG773672 Carpathians 2020
Arthonia apatetica KJ850993 Sweden 2014
Arthonia apatetica KJ850994 Sweden 2014
Arthonia apotheciorum KJ850970 Sweden 2014
Arthonia biatoricola KJ850990 Japan 2014
Arthonia caesia FJ469671 Zambia 2014
Arthonia calcarea EU704064 France 2014
Arthonia calcarea KJ850974 Sweden 2014
Arthonia calcarea EU704065 France 2014
Arthonia cinnabarina f. cuspidans MN733979 Norway 2020
Arthonia cinnabarina f. cuspidans MN733978 United Kingdom 2020
Arthonia dispersa AY350750 — 2005
Arthonia dispersa AY571383 — 2005
Arthonia eos KJ850987 Japan 2014
Arthonia graphidicola KJ850981 Sweden 2014
Arthonia graphidicola KJ850980 Japan 2014
Arthonia ilicina KJ850982 USA 2014
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Continuation of Appendix 2

Species Gen](S;l:lgsI\II}J)mber Country Year
Arthonia incarnata KY983976 Japan 2017
Arthonia incarnata KY983975 Japan 2017
Arthonia lapidicola KJ850997 Sweden 2014
Arthonia lobariellae MH177776 Norway 2018
Arthonia mediella KJ851015 Sweden 2014
Arthonia mediella KJ851014 Sweden 2014
Arthonia molendoi MHI177777 Norway 2018
Arthonia molendoi KJ851000 Sweden 2014
Arthonia neglectula KJ850989 Sweden 2014
Arthonia parietinaria MH177778 Norway 2018
Arthonia peltigerina KJ850998 Sweden 2014
Arthonia phaeophysciae MN955428 Japan 2020
Arthonia physcidiicola KF707646 Uganda 2014
Arthonia picea MG201837 Japan 2018
Arthonia picea MG201836 Japan 2018
Arthonia pinastri MNS842780 Italy 2020
Arthonia radiata EU704048 Belgium 2009
Arthonia radiata KJ850969 Sweden 2014
Arthonia radiata KJ850968 Sweden 2014
Arthonia ruana MG495137 South Korea 2017
Arthonia ruana GU327683 Germany 2009
Arthonia rubrocincta GU327684 USA 2009
Arthonia sanguinaria MG201838 Japam 2017
Arthonia sp. KJ851019 Sweden 2014
Arthonia sp. MG495138 South Korea 2017
Arthonia sp. KJ851025 Uganda 2014
Arthonia sp. EU704049 Rwanda 2009
Arthonia sp. EU704050 Florida 2009
Arthonia sp. MH177775 Norway 2018
Arthonia subfuscicola KJ850972 Sweden 2014
Arthonia subfuscicola KJ850971 Sweden 2014
Arthonia thoriana MG207687 England 2018
Arthonia thoriana MG207686 England 2018
Arthonia toensbergii MH177776 Norway 2018
Arthonia toensbergii MH177775 Norway 2018
Arthonia stereocaulina KJ850999 Sweden 2014
Reichlingia zwackhii KF707652 Sweden 2014
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Continuation of Appendix 2

Lecanora

Species GenB(arllr;lI(Tl\gl)lmber Country Year
JR0.008 MZ502324 Antarctica, James Ross Island 2021
Lecanora albescens JQ993719 Belgium 2012
Lecanora albescens JQ993720 Estonia 2012
Lecanora albescens JQ993727 Poland 2012
Lecanora andrewii JQ993722 Estonia 2012
Lecanora chlorophaodes AY398704 Sweden 2003
Lecanora compallens MG076965 Netherlands 2017
Lecanora compallens KY586037 Italy 2017
Lecanora crenulata JQ993725 Poland 2012
Lecanora dispersa JQ993734 Hungary 2012
Lecanora dispersa JQ993733 — 2012
Lecanora dispersa JQ993732 — 2012
Lecanora epibryon AY541251 Austria 2004
Lecanora epibryon KP314307 Svalbard 2014
Lecanora flotowiana AF070034 — 1998
Lecanora fuscobrunnea JN873872
Lecanora fuscobrunnea GU170840
Lecanora hagenii JQ993743 Estonia 2012
Lecanora hagenii JQ993755 Slovakia 2012
Lecanora intricata KY266975 Antarctica, Victoria Land 2012
Lecanora intricata KY266891 Norway 2014
Lecanora perpruinosa AF070025 — 1998
Lecanora polytropa KP314461 Svalbard 2014
Lecanora polytropa KP314458 Svalbard 2014
Lecanora pringlei KF024740 USA 2013
Lecanora pringlei KF024739 USA 2013
Lecanora pruinosa JQ993740 Poland 2012
Lecanora pruinosa AF070018 — 1998
Lecanora reuteri AF070026 — 1998
Lecanora reuteri JQ993741 Poland 2012
Lecanora rupicola DQ451670 Spain 2007
Lecanora rupicola DQ451669 Spain 2007
Lecanora semipallida JQ993757 Hungary 2012
Lecanora semipallida JQ993743 Estonia 2012
Lecanora semipallida JQ993755 Slovakia 2012
Lecanora solaris MH512983 Russia 2019
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Continuation of Appendix 2

GenBank Number
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Species (nrlTS) Country Year
Lecanora solaris MH512984 Russia 2019
Lecanora strobilina MG973236 Spain 2018
Lecanora strobilina MG973237 Spain 2018
Lecanora strobilinoides MG973239 Spain 2018
Lecanora strobilinoides MG973238 Spain 2018
Umbilicaria antarctica AY603128 Antarctica, Lagoon Island 2004

Species Gen]?;t:lgg\{jl)mber Country Year
JR0.230 MZ502369 Antarctica, James Ross Island 2021
JR0.270 MZ502367 Antarctica, James Ross Island 2021
Lecanora achariana DQ972976 — 2006
Lecanora alaskensis MNS508326 USA 2020
Lecanora albella KY502430 Austria 2017
Lecanora alboflavida KY502429 United Kingdom 2017
Lecanora allophana KY502459 Albania 2017
Lecanora anakeestiicola KP224472 USA 2015
Lecanora argopholis MK693684 Ukraine 2019
Lecanora baekdudaeganensis MN879871 Korea 2020
Lecanora caesiorubella JQ782667 Australia 2012
Lecanora californica JQ782668 USA 2012
Lecanora campestris DQ787362 Sweden 2007
Lecanora caperatica MH700565 USA 2018
Lecanora caperatica MH700566 USA 2018
Lecanora carpinea MK778533 Russia 2019
Lecanora carpinea MK693683 Ukraine 2019
Lecanora cenisia KY502426 Romania 2017
Lecanora chlarotera KY502422 Czech Republic 2017
Lecanora chondroderma MN192156 China 2019
Lecanora cinereofusca KP224465 USA 2014
Lecanora darlingiae MH481360 USA 2019
Lecanora ecorticata KT962184 United Kingdom 2015
Lecanora elatinoides JQ782669 Australia 2012
Lecanora excludens MK541649 Norway 2019
Lecanora exspersa KY502452 Slovakia 2017
Lecanora farinaria KY502433 Norway 2017
Lecanora flavopallida JQ782674 Australia 2012
Lecanora formosa KT453820 China 2015
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Continuation of Appendix 2

Species Gen ](Zyl;ilrtllgsNUu)mber Country Year
Lecanora fuscobrunnea MN023037 Antarctica, Victoria Land 2019
Lecanora gangaleoides JQ782676 USA 2012
Lecanora glabrata DQ787360 Sweden 2007
Lecanora helva JQ782680 Thailand 2012
Lecanora horiza KT453821 Spain 2015
Lecanora hybocarpa DQ912273 — 2006
Lecanora hybocarpa EF105417 Spain 2007
Lecanora impudens KY502458 Czech Republic 2017
Lecanora intricata DQ787346 Austria 2007
Lecanora intumescens KY502443 Ukraine 2017
Lecanora kenyana JQ900616 Kenya 2012
Lecanora layana KR094858 USA 2015
Lecanora layana KR094857 USA 2015
Lecanora leproplaca JQ782684 Fiji 2012
Lecanora leprosa JQ782685 Thailand 2012
Lecanora leptacina MN508273 USA 2019
Lecanora leptyrodes MK778538 Russia 2019
Lecanora muralis HQ660556 Germany 2010
Lecanora novomexicana KT453824 USA 2015
Lecanora orientoafricana JQ900617 Kenya 2012
Lecanora pachyphylla MN192153 China 2019
Lecanora pacifica JQ782686 USA 2012
Lecanora paramerae EF105418 Spain 2007
Lecanora perpruinosa DQ787344 Austria 2007
Lecanora phaeocardia JQ782687 Thailand 2012
Lecanora polytropa DQ986807 — 2006
Lecanora polytropa DQ787348 Austria 2007
Lecanora pseudistera MK693685 China 2019
Lecanora pulicaris MK778542 Russia 2019
Lecanora queenslandica JQ782692 Australia 2012
Lecanora saxigena KP224461 USA 2014
Lecanora schofieldii MN508274 USA 2020
Lecanora solaris MH520111 Russia 2019
Lecanora somervellii MH520114 Russia 2019
Lecanora strobilina KJ766420 — 2006
Lecanora subimmergens JQ782696 Thailand 2012
Lecanora subimmersa JQ782697
Lecanora substerilis KY502449 Australia 2012
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Species Gen](?.;r;lgé\IUu)mber Country Year
Lecanora sulphurea DQ797356 Ukraine 2017
Lecanora symmicta KJ152466 Germany 2014
Lecanora symmicta KJ766421 — 2006
Lecanora thysanophora KY502440 Czech Republic 2014
Lecanora tropica JQ782699 Thailand 2012
Lecanora vainioi JQ782702 Thailand 2012
Lecanora variolascens KY502445 Austria 2017
Lecanora wilsonii JQ782703 Australia 2012
Umbilicaria antarctica AY603139 Antarctica, Lagoon Island 2004

Lecidea

Species GenB(e:;;lI(Tl\él)lmber Country Year
JR0.001 MZ502279 Antarctica, James Ross Island 2021
JR0.007 MZ502322 Antarctica, James Ross Island 2021
JR0.109 MZ502373 Antarctica, James Ross Island 2021
JR0.176 MZ502371 Antarctica, James Ross Island 2021
JR 0.260 MZ502375 Antarctica, James Ross Island 2021
JR 0.269 MZ502377 Antarctica, James Ross Island 2021
Lecidea aglaea JNO009719 Sweden 2011
Lecidea aglaea KR303636 — 2015
Lecidea albohyalina KF650950 Sweden 2014
Lecidea andersonii MK970673 Antarctica, Victoria Land 2019
Lecidea andersonii MK620084 Antarctica, Dronning Maud Land 2019
Lecidea atrobrunnea MK620265 Svalbard 2019
Lecidea atrobrunnea MK620240 Argentina 2019
Lecidea auriculata MK620246 Argentina 2019
Lecidea cancriformis MK620205 Argentina 2019
Lecidea confluens EU263921 Austria 2010
Lecidea fuscoatra HQ650707 — 2011
Lecidea fuscoatra HQ650662 — 2011
Lecidea fuscoatrina MK591838 China 2019
Lecidea kalbii MK620199 Argentina 2019
Lecidea lapicida HQ650665 — 2011
Lecidea leprarioides HQ650666 — 2011
Lecidea leucothallina MG968261
Lecidea lithophila MK620247 Norway 2019
Lecidea lithophila MK620090 Austria 2019
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Species GenEy(zli]r;lI(TT\;;lmber Country Year
Lecidea medusula MK620251 Austria 2019
Lecidea medusula MK620270 Norway 2019
Lecidea nylanderi HQ650667 — 2011
Lecidea obluridata GU074423 Austria 2009
Lecidea perlatolica MK595453 China 2019
Lecidea plana EU259904 Sweden 2007
Lecidea polypycnidophora EU257682 Antarctica, Victoria Land 2007
Lecidea polypycnidophora EU257681 Antarctica, Victoria Land 2007
Lecidea polytrichina HQ650668 — 2011
Lecidea promiscens MK620212 Argentina 2019
Lecidea protabacina KY800506 USA 2017
Lecidea pullata HQ650669 — 2011
Lecidea roseotincta HQ650670 — 2011
Lecidea rubrocastanea EF495166 USA 2017
Lecidea silacea MK620077 Canada 2019
Lecidea silacea MK620629 Canada 2019
Lecidea silacea MK620249 Austria 2019
Lecidea sp. MK620097 Antarctica, Victoria Land 2019
Lecidea sphaerella KF650952 Czech Republic 2014
Lecidea sphaerella AM?292702 — 2007
Lecidea swartzioidea MK620260 Austria 2019
Lecidea tessellata MH794139 China 2017
Lecidea tessellata MH794140 China 2017
Lecidea uniformis KY800508 USA 2017
Lecidea uniformis KY800507 USA 2017
Lecidea uniformis NR158514 USA 2017
Lecidea violascens KY800510 USA 2017
Rhizoplaca parilis MN764276 — 2020

Species Gen](fy;lrzlgle}l)mber Country Year
JR0.001 MZ502302 Antarctica, James Ross Island 2021
JR0.007 MZ502323 Antarctica, James Ross Island 2021
JR0.109 MZ502324 Antarctica, James Ross Island 2021
JR0.260 MZ502375 Antarctica, James Ross Island 2021
Lecidea andersonii GU074470 Antarctica, Dronning Maud Land 2010
Lecidea andersonii GU074469 Antarctica, Dronning Maud Land 2010
Lecidea atrobrunnea MK684659 Argentina 2019
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Species Gen](?.;r;lgg\{}l)mber Country Year
Lecidea atrobrunnea MK591146 China 2019
Lecidea atrobrunnea GU074510 Greenland 2010
Lecidea atrobrunnea GU074509 Antarctica, South Shetland Islands 2010
Lecidea atrobrunnea HQ660560 Canada 2011
Lecidea auriculata HQ660561 USA 2011
Lecidea auriculata GU074500 Sweden 2010
Lecidea berengeriana HQ660562 Sweden 2011
Lecidea cancriformis GU074488 Antarctica, Ross Dependency 2010
Lecidea cancriformis GU074487 Antarctica, Ross Dependency 2010
Lecidea cancriformis MNO023046 Antarctica, Victoria Land 2019
Lecidea cancriformis GU074489 Antarctica, Ross Dependency 2010
Lecidea albohyalina KF662399 Czech Republic 2014
Lecidea confluens GU074492 Austria 2010
Lecidea diapensiae HQ660564 Sweden 2011
Lecidea floridensis HQ660565 USA 2011
Lecidea fuscoatra HQ660566 Sweden 2011
Lecidea fuscoatra DQ912275 Austria 2006
Lecidea fuscoatra GU074490 Sweden 2010
Lecidea fuscoatra var. grisella HQ660567 Austria 2011
Lecidea haematites EU075529 Brazil 2008
Lecidea hoganii KR055656 USA 2015
Lecidea hypopta FJ644537 USA 2009
Lecidea laboriosa GU074503 USA 2010
Lecidea laboriosa DQ986882 — 2006
Lecidea lapicida MK684635 Argentina 2020
Lecidea lapicida HQ660570 Canada 2011
Lecidea lapicida var. lapicida GU074493 Austria 2010
Lecidea lapicida var. pantherina GU074494 Austria 2010
Lecidea leprarioides HQ660571 Norway 2011
Lecidea lithophila MK684743 Austria 2019
Lecidea medusula MK684707 Argentina 2019
Lecidea nylanderi HQ660572 USA 2011
Lecidea obluridata GU074495 Austria 2010
Lecidea plana GU074498 Sweden 2010
Lecidea plana GU074497 Sweden 2010
Lecidea plana KF683103 USA 2014
Lecidea polypycnidophora GU074474 Antarctica, Mac Robertson Island 2010
Lecidea polypycnidophora GU074473 Antarctica, Victoria Land 2010
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GenBank Number
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Species (mtSSU) Country Year
Lecidea polytrichina HQ660573 Sweden 2011
Lecidea pullata HQ660574 Norway 2011
Lecidea roseotincta HQ660575 Norway 2011
Lecidea roseotincta KY123745 USA 2016
Lecidea sanguineoatra AY762094 Norway 2008
Lecidea silacea GU074496 Austria 2010
Lecidea silacea AY756402 Sweden 2008
Lecidea silacea DQ986878 — 2006
Lecidea sphaerella KF662400 Czech Republic 2014
Lecidea tessellata HQ660576 USA 2011
Lecidea tessellata GU074491 Austria 2010
Lecidea tessellata MK684698 Argentina 2019
Lecidea tessellata MK684668 Argentina 2019
Lecidea tessellata MK684667 Argentina 2019
Lecidea tessellata KR055661 USA 2015
Lecidea turgidula AY567788 Sweden 2005
Lecidea turgidula KJ766424 — 2014
Lecidea sphaerella AM?292749 Slovakia 2007
Rhizoplaca parilis KT453859 USA 2015

Species Genl?ﬁ;l}])(];\{l;mber Country Year
JR0.001 Mzstiséziéi‘ﬂ’lg““ed Antarctica, James Ross Island 2021
JR0.007 Mzsfézfléi‘ﬂ’lg““ed Antarctica, James Ross Island 2021
JR0.109 Mzstloséizlg‘::’lg““ed Antarctica, James Ross Island 2021
Lecidea andersonii MN023060 Antarctica, Victoria Land 2019
Lecidea andersonii MK684915 Svalbard 2019
Lecidea atrobrunnea subsp. saxosa MK684918 USA 2019
Lecidea atrobrunnea subsp. stictica MK684908 Austria 2019
Lecidea auriculata MK685036 Argentina 2019
Lecidea auriculata MK685025 Argentina 2019
Lecidea auriculata MK685012 Argentina 2019
Lecidea auriculata MK684989 Argentina 2019
Lecidea cancriformis MNO023058 Antarctica, Victoria Land 2019
Lecidea cancriformis MK684914 Antarctica, Victoria Land 2019
Lecidea cancriformis MNO023057 Antarctica, Victoria Land 2019
Lecidea cancriformis MNO023056 Antarctica, Victoria Land 2019
Lecidea cancriformis MNO023059 Antarctica, Victoria Land 2019
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End of Appendix 2

Species Gen]i’.(zi{l;];\glmber Country Year
Lecidea fuscoatra AY756408 Sweden 2019
Lecidea fuscoatra MK684909 Austria 2019
Lecidea fuscoatra var. grisella KF683115 Scotland 2014
Lecidea fuscoatrina MK684919 USA 2019
Lecidea kalbii MK684992 Argentina 2019
Lecidea kalbii MK684994 Argentina 2019
Lecidea laboriosa DQ9Y86821 — 2006
Lecidea laboriosa MK684890 USA 2019
Lecidea lapicida var. lapicida MK684910 Austria 2019
Lecidea lithophila MK685037 Austria 2019
Lecidea medusula MK684946 Argentina 2019
Lecidea medusula MK684923 Argentina 2019
Lecidea plana MK684895 Sweden 2019
Lecidea plana KF683116 USA 2013
Lecidea plana MK684896 Sweden 2019
Lecidea polypycnidophora MNO023061 Antarctica, Victoria Land 2019
Lecidea polypycnidophora MK684897 Antarctica, Mac Robertson Land 2019
Lecidea promiscens MK685015 Argentina 2019
Lecidea silacea DQ986820 — 2006
Lecidea silacea AY756409 — 2006
Lecidea tessellata MK684996 Argentina 2019
Lecidea tessellata MK684971 Argentina 2019
Lecidea tessellata MK684970 Argentina 2019
Lecidea tessellata MK684894 Austria 2019
Rhizoplaca parilis KU935393 USA 2016
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