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Summary. During the study of the lichen biota of Yakutia, Acarospora rosulata (Th. Fr.) H. Magn. was identified
on the basis of morphological, anatomical, secondary metabolites and molecular data for the first time in Russia.
Phylogenetic analysis based on ITS sequences revealed that the studied specimens form a well-supported clade (BS
value = 86%) with specimens from Mongolia, USA, and Norway. The studied specimens are characterized by a brown,
shiny, squamulose areolate thallus, sometimes with some outer lobes, numerous apothecia immersed in the areoles, a
well-developed exciple, simple ellipsoid ascospores (4-5 x 1.5-2.5 um) and the content of gyrophoric acid as the main
substance. Lecanoric and hiascic acids are reported for the first time in the species. A comparative analysis of samples
from Yakutia is carried out with descriptions by other authors. Since the original description of the species did not
include a holotype, the article also provides a lectotypification based on the original material from Norway. A speci-
men stored in the herbarium of Uppsala University (UPS) was designated as the lectotype. A comparison with related
species is also provided.

IlepBas Haxopka Acarospora rosulata (Acarosporaceae) B Poccuu us SIxytun

B. B. Tabakuna', JI. B. Tarapuna', C. B. Yecnoxos"?, 1. A. IIpokomnbes'

' bomanuueckuti uncmumym um. B. JI. Komaposa PAH, yn. Hpogﬁ. IIonosa, 0. 2, 2. CaHKm-Hemep6ypz, 197376, Poccus

2 Bomanuueckuti cad-uncmumym JJBO PAH, yn. Maxosckozo, 0. 142, e. Braousocmok, 690024, Poccus

Kntouesvie cnosa: 6mopasHoobpasme, neKTOTUNNPUKALNSA, TUIIATHUKN, Poccust, Qprnopuctuieckme HaxXOMIKIL,
Axyrtn.

Annomauus. B Xone M3ydeHUA MMXeHOOMOTHI IKyTHY Ha OCHOBaHIY aHATOMUY, MOP(OIOINH, COCTaBa BTOPUY-
HBIX MeTa0OJIITOB ¥ T€HETIIECKOTO aHaMu3a ObUI BbISIBIIEH HOBBII A1t Poccyyt Bup, mminaiinuka — Acarospora rosulata
(Th. Fr.) H. Magn. ®uoreHeTM4eckuit aHaIn3, OCHOBaHHBIN Ha ocefoBaTenbHOCTAX ITS, mokasa, 4To n3ydyeHHbIe
06pasibl popMUpPyIOT XOpOLIO IoAAep>KaHHY0 Knagy (BS value = 86 %) ¢ o6pasiamu u3 Monromuu, CIIIA u Hopse-
run. VIsydeHHbIe 06pa3Ibl XapaKTePU3YIOTCsI KOPUIHEBBIM, O/IECTSIINM, YeNIyITYaTo-apeoINpOBAHHBIM TA//IOMOM,
VHOTJA ¢ HeOOIbIIMMIY JIONACTAMMY IO KPar0, MHOTOYMCIICHHBIMI allOTelMAMY, IIOTPYXEHHBIMI B apeOJIbl, XOPOIIO
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PasBUTBIM SKCUMITY/IOM, IPOCTHIMI S/UTMIICOMAHBIMK criopaMut (4-5 X 1,5-2,5 MKM) U cofiep>kaHueM rupodopoBoii
KIC/IOTBI KaK OCHOBHOTO BTOPUYHOT0 MeTabomuTa. BriepBble /s Busia BBLIBIICHBI IEKAHOPOBAs U XMacClieBast KNCTIO-
ThL. [IpOBORUTCS CpaBHNTE/NbHBIIT aHAMN3 06pasioB A. rosulata us SIKyTuu ¢ onucaHUsAMH APYTUX aBTOPOB. BBuay
TOTO, 4TO IIPU NIEPBOOIMCAHNM BI/ja He ObUI YKa3aH TOJIOTUIL, B CTaTbe IPOBOAUTCS TeKTOTUMMN(UKALMS Ha OCHOBE
opuruHanpHOro Marepuana u3 Hopsernn. B kadecTBe nexToTHIIA BHIOpaH 06pasel, XpaHALUIACSI B repbapuu yHu-
Bepcuteta Yicansl (UPS). O6¢cyxaaoTcst oTn4ms oT MOPQOIOrindecKu 61mM3Knx BU0B.

Introduction

The genus Acarospora A. Massal. is the largest
in the family Acarosporaceae Zahlbr. and includes
about 300 species (Knudsen et al., 2023). It is
characterized by polyspore asci (usually more than
100 spores), simple hyaline ascospores, areolate to
squamulose thallus, aspicilioid or pseudo-lecanorine
apothecia, and to the apical dome K/I -.

Acarospora rosulata was long known only from
Oppland, Norway (Magnusson, 1929). However,
recent studies by Knudsen et al. (2010) showed that
this species is more widespread and known from
Asia (Mongolia) and North America.

During the study of the Yakutia lichens bio-
diversity, we discovered A. rosulata, which is
reported here for the first time for Russia. Further it
is given a detailed description in the article.

Materials and methods

Field and herbarium studies. — The samples were
collected during an expedition in 2023 by S. V. Ches-
nokov in the Bulunsky District of Yakutia. A total of
four specimens were collected. Specimens from Nor-
way stored in the LE herbarium were additionally
studied. The study of anatomical and morphologi-
cal features, as well as photographs, was carried out
using a Stemi 508 stereoscopic microscope and an
Axio Scope A.1 microscope with an Axiocam 506
camera. Measurements of microscopic features were
carried out in water without adding KOH. Type ma-
terial was studied based on photographs from Up-
psala University (UPS). All samples are stored in the
lichenological herbarium of the Komarov Botanical
Institute of the Russian Academy of Sciences (LE).
The doublet specimens have been deposited in the
herbarium of the Altai State University (ALTB).

Chemical analysis. — The presence of secondary
metabolites was determined by color reactions
(“spot” test) with undiluted Lugol’s solution (I), 10 %
KOH solution (K) and with a sodium hypochlorite
(C) solution (Smith et al., 2009).

LC-ESI-MS/MS analysis. — For the analysis 5 mg
of lichen was ground in a mortar. The resulting
powder was extracted twice with 0.5 ml of acetone.

The extraction was carried out with constant stirring
for 24 hours at a temperature of 20-25 °C. The
obtained extracts were centrifuged at 15000 g for
5 min and then kept at 4 °C until analysis. LC-ESI-
MS analysis was performed with a Shimadzu LC-
30 Nexera chromatograph. For chromatographic
separation, a Phenomenex Keenetex C18 column
(100 x 2.1 mm, 1.7 um) was used. The mobile phase
consisted of (A) aqueous formic acid (0.1 %) and
(B) acetonitrile. Analyses were performed at 40 °C
with a flow rate of 0.3 ml/min in the linear gradient
elution mode with a change in the proportion of B
from 30 to 100 % over 20 min. The volume of injected
sample was 2 pl. Spectra of eluting substances were
recorded in UV at 250 nm. After chromatographic
separation, the samples were analyzed using a triple
quadrupole mass-selective detector LCMS-8030
Shimadzu (Japan) with electrospray ionization (ESI)
in the negative mode. The voltage on the capillary
was 3.5 kV, nebulizing gas flow rate 3 L/min, drying
gas (nitrogen) temperature 250 °C, drying gas flow
rate 15 L/min. Mass spectra were recorded in the
range 100-800 m/z. MS/MS spectra were obtained by
collision-induced dissociation of precursor ions with
an energy of 15 eV. The resulting chromatograms
were processed using the MZmine 4 v. 4.1.0 software.
To identify lichen substances, we compared of their
polarity related to their retention time (Rt), obtained
m/z values of pseudo-molecular and fragment ions
with the authentic standards from the Komarov
Botanical Institute of the Russian Academy of
Sciences (BIN RAS) collection.

DNA extraction, PCR amplification and DNA
sequencing. — DNA extraction was performed using
a commercial Phytosorb kit (Synthol, Russia). The
following primers were used for the PCR: ITS1f
(Gardes, Bruns, 1993) and ITS4 (White et al., 1990).
The amplification program: initial denaturation
94 °C - 5 min, then 5 cycles (94 °C - 30 s, 55 °C -
30s, 72 °C - 60 s), 30 cycles (94 °C - 30 s, 52 °C -
30s,72°C-60s), elongation 72 °C - 300 s (Westberg
et al,, 2015). The obtained amplicons were purified
using the Cleanup S-cup kit (Eurogen, Russia), after
which they were sequenced at the BIN RAS. The
obtained sequences were compared with sequences
from the NCBI database (NCBI. URL: https://www.



118

Tabakina V. V. et al.

A first report of Acarospora rosulata (Acarosporaceae) in Russia from Yakutia

ncbinlm.nih.gov/) using the BLASTn algorithm
(Altschul et al,, 1990; BLAST. URL: http://www.
ncbi.nlm.nih.gov/BLAST/) to check the sequence
identity and check for possible contamination.

Sequence alignment and phylogenetic analysis. —
Chromatograms were edited and aligned using
the ClustalW algorithm in the Unipro UGENE
(Okonechnikov et al, 2012). The new sequence
was uploaded to NCBI (GenBank). Our resulting
ITS sequences were aligned along with sequences
members of the genus Acarospora available from
GenBank (Table 1).

The alignment consisted of 14 sequences with
527 sites, of which 414 were conserved. We con-
structed single-locus ITS nrDNA phylogeny using
the Maximum Likelihood (ML) method. For the ML
analysis, following substitution models were selec-
ted: TIM3e+G4 for ITS1, ITS2 and 5.8S. Phyloge-
netic tree was constructed using IQ-TREE with 1000
bootstraps (Nguyen et al., 2015; Chernomor et al,,

2016; IQ-TREE. URL: www.igtree.org) and visua-
lized using iTOL (Letunic, Bork, 2021; iTOL. URL:
https://itol.embl.de/).

Results

Molecular study. The three newly sequenced
specimens of Acarospora rosulata grouped together
with three existing A. rosulata specimens, forming
a single well-supported clade (BS value = 86 %)
(Fig. 1).

Typification note. While searching for type ma-
terial, a reference to a holotype was discovered in
Knudsen et al. (2010). When examining the proto-
logue, no reference to a holotype was found, leading
us to conclude that the specimen was erroneously
designated as the holotype (Turland et al., 2018).

However, this specimen is the only original ma-
terial that was found, which is why it was chosen for
lectotypification.

Table 1. GenBank accession numbers and additional information for the specimens used
in the phylogenetic analysis. Newly generated sequence is in bold

GenBank
Species Location Collection data (herbarium) Accession
number
A. bullata Anzi Austria Obermayer 1987-09-09 (GZU 1-90) GU184108
A. bullata Anzi Germany Huneck-Poelt 21 v 1993 (GZU) GU184110
A. bullata Anzi Italy Reeb and Roux VR 8-VII-98/6 (DUKE) GU184114
A. bullata Anzi Iran Maassouni Safavi 1850 (B 60 0133511) GU184113
A. rosulata (Th. Fr.) H. Magn. | Mongolia | Reeb and Zavarzin VR 30-VII-04/4 (DUKE) GU184115
USA,
A. rosulata (Th. Fr.) H. Magn. . . Knudsen 929 (UCR) GU184116
California
A. rosulata (Th. Fr.) H. Magn. Norway Westberg 08-193 (S) GU184118
Russia,
A. rosulata (Th. Fr.) H. Magn. Yakutia Chesnokov 16.08.2023 (LE L-26088) PQ736105
Russia,
A. rosulata (Th. Fr.) H. Magn. Yakutia Chesnokov 27.08.2023 (LE L-26090) PQ736514
Russia,
A. rosulata (Th. Fr.) H. Magn. Yakutia Chesnokov 27.08.2023 (LE L-26091) PQ736523
A. badiofusca (Nyl.) Th. Fr. Spain Reeb and Roux VR 2-1X-00/23 (DUKE) GU184121
A. badiofusca var. badiofusca France Reeb and Roux VR 9-VII-98/11 (DUKE) GU184120
(Nyl.) Th. Fr.
A. macrospora ssp. macrospora |\ oo | Timdal 3186, 04.03.1982 (O, Lichens 33416) GUI184123
A. Massal. ex Bagl.
A. cervina A. Massal. France Reeb and Roux VR 6-VII-98/11 (DUKE) GU184124
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A. rosulata Chesnokov Russia (LE L-26090)
A. rosulata Chesnokov Russia (LE L-26091)
A. rosulata Westberg Norway
A. rosulata Reeb Mongolia
A. rosulata Chesnokov Russia (LE L-26088)
A. rosulata Knudsen USA
100 A. bullata Maassoumi Safavi Iran
A. bullata Huneck-Poelt Germany
A. bullata Reeb Italy

|— A. bullata Obermayer Austria

98
100

A. cervina

A. macrospora ssp. macrospora
A. badiofusca var. badiofusca
A. badiofusca

Fig. 1. Phylogenetic tree of Acarospora species inferred from the ML analysis (bootstrap > 85 %) of the ITS nrDNA.

Acarospora rosulata (Th. Fr.) H. Magn., 1924,
Goteborg. Vetensk.-och Vitter.-Handl., Ser. 4, 28(2):
121.

= Acarospora fuscata * discreta f. rosulata Th. Fr.,
1871, Lich. Scand. 1: 218 (Fig. 2).

Lectotype (designated here) (Mycobank Typi-
fication no.: MBT 10023767): [Norway] “Oppland,
Véga, Th. Fries, 1863” (UPS L-67470 (116799) [digi-
tal image!], cited on the label as “holotype”) (Fig. 3).

We provide a detailed description of the species
based on the studied specimens from Yakutia and
Norway stored in herbarium LE and literature data
(Magnusson, 1929; Knudsen et al., 2010). Differenc-
es from descriptions by other authors are presented
in parentheses.

Thallus squamulose areolate, contiguous to
dispersed, forming clusters sometimes with some
outer lobes: specimens from Yakutia - up to 12 cm
in diam., specimens from Norway - up to 1 cm in
diam. (up to 7 cm, Knudsen et al., 2010). Areoles
or squamules up to 3.5 mm in diam., rounded or
irregularly shaped, sometimes lobed, 2-3 lobes per
squamule, broadly attached. The thickness of the
areoles is up to 1.5 mm according to Knudsen et
al. (2010), however this feature differs significantly
between Asian and European material: in specimens
from Yakutia it is up to 1 mm, in specimens from
Norway it is 0.2-0.4 mm. Upper surface light to dark
brown, shiny or slightly shiny, smooth or rough,
wrinkled, fissured, sometimes with whitish pruina
(epruinose, according to Knudsen et al, 2010).
Lower surface light or brown. Epicortex uneven,
up to 40 pum thick (n = 71). Upper cortex 25-55 um
thick (n = 72) (30-80 um thick, Knudsen et al,

2010), with red-brown upper layer up to 20 um
thick, paraplectenchymatous, consisting of cells
2-7 um in diam. (specimens from Yakutia - 3-7 um
in diam. (n = 41); specimens from Norway — 2-5 um
in diam. (n = 31)) (1.5-3 um in diam., Magnusson,
1929, 3-6 um in diam., Knudsen et al., 2010). Algal
layer 50-140 pm thick (n = 71), continuous, dense,
with algae 6-15 um in diam. (n = 54). Medulla up to
450 um thick (n = 76) (specimens from Norway —
100-250 pm thick (n = 32)) (90-120 um thick,
Magnusson, 1929; up to 600 pm thick, Knudsen et
al., 2010), prosoplectenchymatous. Lower cortex
about 15 um thick, pale, indistinct or ecorticate.
Apothecia 0.2-1.1 mm in diam. (n = 68) (speci-
mens from Norway - 0.2-0.5 mm in diam. (n = 31)),
1 to several per areole, usually numerous (up to 36),
initially punctiform, then immersed. Disc concave,
round to irregular, reddish-brown or darker than
thallus, smooth or slightly rough. Exciple specimens
from Yakutia up to 120 pm thick (n = 72), specimens
from Norway — 20-40 um thick (n = 34) (10-15 um
thick, Magnusson, 1929; 20-40 pum thick, Knudsen
et al, 2010), often with brownish top. Hymeni-
um 80-150 pm high (n = 68), hyaline, epithecium
10-15 pum thick (n = 68), brown. Paraphyses 1.5-
2.5 pum thick (n = 85), conglutinated, with brown
cups, apices widened up to 3.5 um in diam., septate,
sometimes with oil drops. Asci 60-80 x 20-30 pum
(n = 72), clavate, containing 100-200 spores. As-
cospores 4-5 x 1.5-2.5 um (n = 78) (3-4 x 1.7 um,
Magnusson, 1929), hyaline, simple, ellipsoid to
broadly ellipsoid. Subhymenium 25-70 pum thick
(n = 64) (specimens from Yakutia - 25-50 pm thick
(n = 34)). Hypothecium 9-20 um thick, yellowish.
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Chemistry. HPLC revealed the presence of gy-
rophoric acid (major compound), lecanoric acid,
hiascic acid (in trace amount), atranorin (in minor
amount) (Fig. 4).

Ecology and distribution. Europe (Oppland, Nor-
way), western North America, Asia (Mongolia) and
Russia (Yakutia). On siliceous rocks, sandstone,
schist, rarely on calcareous rocks.

Specimens examined: “Russia, Republic of Sakha
(Yakutia), Bulunsky District, right bank of the river
Olenek, 3.3 km northwest from the mouth of the river
Ballaganagh, 72°16°59.4"N, 123°05'29.5"E, 27 m
a. s. L, sandstone cliffs on the shore, on sandstone.

27 VIII 2023. Leg. S. V. Chesnokov” (LE L-26089,
dupl. in ALTB; LE L-26090, LE L-26091); “Russia,
Republic of Sakha (Yakutia), Bulunsky District,
env. Tiksi, 2.35 km west of the weather station,
71°35°39.0"N, 128°52°07.2"E, 46 m a. s. 1., shale
outcrops overgrown with dryad, arctous and lichens,
on shale. 16 VIII 2023. Leg. S.V. Chesnokov”
(LE L-26088).

Additional specimens examined: “Norway: Gud-
brandsdalen, Lom, c. 400 m. s. m., ad saxa erratica.
Leg. A. H. Magnusson” (Keissler, Krypt. Exs. 2867)
(LE L-27490, LE L-27491).

Fig. 2. Acarospora rosulata: A-D - thallus; E - exciple; F - thallus section. Scale bars: A-D = 1 mm; E-F = 100 pm.
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Fig. 3. Lectotypus of Acarospora rosulata. Norway, Oppland, Vaga, Th. Fries, 1863 (UPS L-67470).
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Fig. 4. LC-MS chromatogram of acetone extracts of Acarospora rosulata: 1= lecanoric acid; 2 = hiascic acid; 3 = gyro-

phoric acid; 4 = atranorin.

Discussion

According to Magnusson (1929), Acarospora
rosulata  has morphological similarities with
A. veronensis A. Massal. However, they are easily
distinguished by spot test with C (A. rosulata has a
positive red reaction). Acarospora rosulata belongs to
group of brown-colored Acarospora with a positive
C+ reaction.

Acarospora rosulata is most closely related to
A. bullata Anzi. They are clearly distinguished by the
fact thatin A. rosulata, the apothecial disc is smooth,
rough, or fissured, while in A. bullata, the disc is dis-
tinctly wrinkled. Furthermore, A. rosulata is clearly
distinguished by molecular data.

In this study, Ilya Prokopiev was the first to iden-
tify secondary metabolites for A. rosulata, such asle-
canoric acid, hiascic acid (in trace amount) and mi-
nor amount of atranorin. We attribute these results
to the use of a more precise HPLC analysis method.
However, these compounds likely have no taxo-
nomic significance, as lecanoric acid is a common
secondary metabolite in brown-colored Acarospora
(Golubkova, 1988), and the other components are
present in low concentrations. Further studies of

secondary metabolites in the Acarospora genus are
needed to confirm their taxonomic significance, as
they are currently insufficient.
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