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Peltigera senecMagain, Miadl. & Sérus., previously known from eastern North America, is reported from 17
localities in South Norway and two localities in South Finland. The species was identified by the DNA barcode
marker (nrITS) obtained from 12 specimens and by a diagnostic terpenoid occurring in all examined specimens.
A sequence in GenBank from China is recognized as belonging to this species, hence it is also new to Asia.
Peltigera senec# apparently morphologically indistinguishable from P. polydactyloni.e., a morphologically
cryptic species, but can be identified by its terpenoid chemistry.
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Introduction

The Peltigera polydactylor{Neck.) Hoffm. complex was studied by Magain et al. (2016), who,
based mostly on DNA sequence data and geographical distinct ranges, split the complex into three
taxa: P. polydactylorssp. polydactylon P. polydactylorssp. udegheMagain, Miadl. & Sérus., and
P. senecaMagain, Miadl. & Sérus. Peltigera polydactylorand P. senecdormed well-supported
monophyletic lineages in a phylogenetic reconstruction based on a 7-locus data set, and the linages
were recognized as two distinct species by multiple species delimitation and validation methods.
Morphologically, P. senecawas said to differ from P. polydactylonin having smaller thalli with
narrower lobes and a broad, pale, marginal zone on the lower surface. The two species contain the
depsides tenuiorin (major) and methyl gyrophorate (minor) and the triterpens dolichorrhizin (major),
peltidactylin (minor), zeorin (minor), and unknown compound Pnp-1 (trace); P. seneca&ontains in
addition an unidentified terpenoid showing a pink spot in UV 366 between peltidactylin and tenuiorin
in thin-layer chromatography (TLC) solvent system C after development (Magain et al. 2016).
Peltigera polydactyloiis widely distributed in the Northern Hemisphere and also occurs in Australia
and New Zealand (the two subspecies being largely allopatric), whereas P. senecas restricted to
the Appalachian Mountains in eastern North America (Nova Scotia, North Carolina, and
Pennsylvania) (Magain et al. 2016).

In our ongoing project OLICH (a part of the Norwegian Barcode of Life project,
https://www.norbol.org; see Marthinsen et al. 2019), aiming at providing DNA barcode reference
sequences (nrITS) for a wide array of Nordic lichens, we identified a collection of P. senecdrom a
locality in Hedmark, southeast Norway, based on its ITS sequence. Subsequent TLC confirmed the
presence of the diagnostic terpenoid, and hence we examined by TLC nearly all collections of P.
polydactylonfrom Norway in O. In that study, another 16 specimens were identified, and 10 of them
were selected for DNA sequencing through the OLICH project. All obtained sequences turned out
to represent P. seneca
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During the review process of this paper, we were informed that P. senecawas identified in
Finland by Juha Pykali at the Finnish Barcode of Life project (https://www.finbol.org), and we were
generously given the data for inclusion in this paper. Subsequent TLC analyses of the ten Danish,
Finnish, and Swedish specimens of P. polydactylonin O revield an additional Finnish specimen of
P. seneca

Material and Methods

TLC: 255 specimens from Norway filed under P. polydactylonin O were subjected to thin-layer
chromatography (TLC), performed in accordance with the methods of Culberson (1972) and
Culberson et al. (1981), on aluminum plates in solvent system C. Two-dimensional chromatography
(Culberson & Johnson 1976) (first run in G, second run in C) was performed for critical
identification of the compounds. An isoneotype of P. polydactylon(Germany, Rabenhorst, Lich.
Eur. Exs. No. 559, O L-253740; cfr. Vitikainen 1994: 69) was also analyzed, as well as ten Danish,
Finnish, and Swedish specimens of P. polydactylorin O.

DNA: Ten specimens assumed to represent P. senecdrom the TLC analysis were selected for DNA
sequencing. Sequencing and editing were performed through the pipeline at the Canadian Centre for
DNA Barcoding (CCDB; http://www.ccdb.ca), using the primer pair ITS1/ITS4. Those ten
sequences (OK415804-812, OK415814), plus one sequence of P. senecgOK415813) and three
Norwegian sequences of P. polydactylon(MK811815, MK812112, MK812583) that we had
previously obtained through the same pipeline, constituted our data set. All sequences of the P.
polydactyloncomplex (i.e., 3 of P. senecaand 56 of P. polydactylon were downloaded from
GenBank on 2021-09-14 and added to our data set. The full data set was aligned in BioEdit (Hall
1999) using the bundled software ClustalW (Thompson et al. 1994). Because all our 11 sequences
of P. senecawere identical with the holotype (KX365451) and the two paratype (KX365450,
KX365472) sequences from the Appalachians downloaded from GenBank, no phylogenetic analysis
was performed. Genetic distances between our sequences and those of P. polydactylorin GenBank
were obtained by BLASTn searches.

Results

TLC: Among the 255 Norwegian analyzed specimens, 187 were identified to P. polydactylon17 to
P. senecaand 51 to other species [mainly P. neopolydactyléGyeln.) Gyeln. and P. hymeningAch.)
Delise]. Peltidactylin, dolichorrhizin, zeorin, tenuiorin, and methyl gyrophorate were constant
compounds in P. polydactylonand P. senecaand an unknown terpenoid, showing a pink spot
between peltidactylin and tenuiorin in solvent system C in UV3e after development, was
additionally present in P. senecaFigs 1, 2). The isoneotype of P. polydactyloncontained the
compounds diagnostic for the species; the unknown terpenoid of P. senecawas absent. One P.
senecawas found among the ten Danish, Finnish and Swedish specimens examined.

DNA: After trimming the ends (to AAGGATCATTA ..... GCTGAATTTAA) the 14 ITS sequences
of P. senecawere 635 bp long (gaps removed) and all identical to the three sequences of the type
material. The Finnish sequence was also identical to those. Our three Norwegian sequences of P.
polydactylonwere identical to the ITS sequence of P1541 (KX365431; as P. polydatcylonssp.
polydactylon in Fig. 1 in Magain et al. (2016). By inspecting the alignment and performing
BLASTn searches, we found one Chinese sequence in GenBank named P. polydactylonKX354722)
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Figure 1. Chromatogram in solvent system C, after development, photographed in UV3ss. Compounds: D:
dolichorrhizin, M: methyl gyrophorate, P: peltidactylin, S: unknown terpenoid in PeltigerasenecaT: tenuiorin,
Z: zeorin. Lanes 1, 4, 6, 8, 10-13, 16-19: P. polydactylon lanes 2, 7, 14, 15, 20: P. senecalane 3: P.
neopolydactylachemotype Il (of Holtan-Hartwig 1993); lane 5: P. hymenina;lane 9: P. neopolydactyla
chemotype IV.

Figure 2. Two-dimensional chromatogram (first run leftwards in solvent system G, then upwards in C) of
Peltigera senecé0 1.-224798), after development, photographed in UV365. Compound abbreviations as in
Fig. 1.
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which differed in only two positions (no gaps) from the 14 P. senecaequences. The remaining
sequences of P. polydactylorin GenBank differed in 8—19 positions and 3—-9 gaps from P. seneca

Morphology No morphological difference between P. polydactylorand P. senecawvas observed.

Discussion

After trimming the ends, our sequences were found to be identical with sequences included in Fig.
1 in Magain et al. (2016), and our material is hence identified as P. senecgl1 Norwegian and one
Finnish sequence) and P. polydactylorssp. polydactylon(three sequences) based on Magain et al.’s
(2016) phylogeny. Based on the correlation between genotype and chemotype known so far in P.
senea, we also identify the six Norwegian and one Finnish specimen that were not sequenced, but
shown to contain the UV366+ pink terpenoid by TLC, to P. senecaCorrelations between genotype
and chemotype may not always hold in Peltigera however, e.g., in the P. aphthosagroup
(Miadlikowska et al. 2018).

We found no specimens of P. senecan the material examined by TLC from coastal Western
Norway, Trendelag and Northern Norway, and the species seems to have a much more restricted
distribution in Norway than the ubiquitous P. polydactylonIt was not found among the material
studied by Holtan-Hartwig (1993) in O, and the diagnostic terpenoid is hardly any of the 41
terpenoids he recognized in the genus.

GenBank sequence KX354722 differs from our P. senecaequences in only two positions and
clearly belongs to this species. It was published as P. polydactylonfrom China, Hubei, Mt.
Shennongjia, 31°28'N, 110°18'E by Han & al. (2019).

The Species

Peltigera seneca Magain, Miadl. & Sérus. Fig. 3
Morphology The species seems to be morphologically identical to P. polydactylon

Chemistry Dolichorrhizin (major), peltidactylin (minor), zeorin (minor), tenuiorin (major), methyl
gyrophorate (minor), unknown terpenoid (minor), and other terpenoids (minor to trace).

Distribution and habitatMost Norwegian localities are in the cultural landscape and forests in the
hemiboreal lowlands of Southeast Norway, but it also occurs in the boreal zone further north (Fig.
4). There is one locality in the inner fjord district of Western Norway. The species seems to grow
predominantly on bryophytes on mossy rock, both on rock outcrops/boulders, sloping rock faces,
and on rock walls. The two Finnish specimens are from the hemiboreal coast of South Finland.

Specimens examinedFinland. Uusimaa Sibbo, Soéderkulla, [60.30°N, 25.33°E], in praerupto montis in
nemore, 1947-05-18, L. Fagerstrom (O L-253730); Helsinki, Vuosaari, Mustavuori, [60.23°N, 25.14°E], on
exposed dry silicate rock, 2008-04-26, H. Vire L1903 (H 9203766, sequence only) [ITS: at FinBOL]. Norway.
Jstfold Aremark, Rud, 59.274°N, 11.680°E, 110 m alt., blant mose pa sildreberg, 1998-05-10, B.P. Lafall
L3688 (O L-35252); Halden, Fismedal ved brua, 59.176°N, 11.568°E, 90 m alt., over mose pé steinblokker,
2002-04-21, B.P. Lefall L9165 (O L-107507) [ITS: OK415807]; Indre @stfold, est for Tjernsli, 59.556°N,
10.924°E, 60 m alt., blant mose pa tynt jordlag pa berg i beitemark, 1997-10-11, B.P. Lefall L2435 (O L-30921)
[ITS: OK415810]; Skarpsno, 59.6701°N, 11.2222°E, 102 m alt., over moser pa eksponert sildreberg, 2002-05-
20, B.P. Lofall L9332 (O L-107890) [ITS: OK415811]; Marker, Radenessjoen, 300 m N for Fokerud, 59.61°N,
11.60°E, 130 m alt., pé tynt mosedekket jord i est-vendt skrdning, sigevann fra kulturmark., 1983-01-30, J.
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Figure 3. Peltigera senecshabitus images. A: O L-77299; B: O L-107507; C: O L-41061; D: O L-35538.
Ruler divisions: 1 mm.

Holtan-Hartwig 3001 (O L-27627); Kroksund, estsiden, 59.620°N, 11.589°E, 118 m alt., over mose pa berg,
1998-07-04, B.P. Lafall L3980 (O L-35538) [ITS: OK415804]; Mastadsetra, 59.538°N, 11.671°E, 150 m alt.,
over mose pa jord, lita akerholme, 2000-03-18, B.P. Lefall L6564 (O L-77299) [ITS: OK415812]; Moss,
Arvolltangen ved Mosseelva, 59.434°N, 10.725°E, 25 m alt., over mose pa berg, 1998-05-26, B.P. Lofall L3799
(O L-35361); Rakkestad, est for Faremyra, 59.419°N, 11.565°E, 160 m alt., blant mose pa estvendt bergvegg,
1996-08-01, B.P. Lafall L477 (O L-23983); Sarpsborg, Rud, 59.384°N, 11.194°E, 50 m alt., over mose pé +
vertikal bergvegg, 1999-10-24, B.P. Lofall L6185 (O L-44147) [ITS: OK415806]; AkershusAs, 100 m SW of
Breivoll, 59.736°N, 10.728°E, over mosses on rock, 1999-08-20, H. Bratli 3829 (O L-41021) [ITS: OK415814];

>

Oslo, Sognsvannsbekken, [59.97°N, 10.72°E,] 1981-04-25, E. Timdal 2486 (O L-103097); Hedmark Rendalen,
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Leaflet | Map files by Stamen Design, CC BY 3.0 — Map data @

Figure 4. Distribution of Peltigera senecan Northern Europe. ®: Identified by DNA and TLC, ®: by DNA
only, ©: by TLC only.

Mistra ved Misteregga, 61.7117°N, 11.2466°E, 323 m alt., middelaldrende humid bjerkeskog nederst pa
skyggesida i stor elvekloft, pa halvrikt berg, 2014-08-30, T.H. Hofton 14118 (O L-205844) [ITS: OK415805];
Ringsaker, Smestadvika, 60.9448°N, 10.6823°E, 125 m alt., top of mossy rock outcrop, 2016-04-09, R. Haugan
160336 (O L-224798) [ITS: OK415813]; Vler, sor for Grimsrad, 59.4752°N, 10.9818°E, 70 m alt., over mose
pé terrbakke, dkerholme, 2002-04-13, B.P. Lofall L9108 (O L-107204) [ITS: OK415809]; Oppland Nordre
Land, Aurlund ner Dokka, [60.82°N, 10.11°E, 140-220 m alt.,] 1946-04-03, P. Stermer (O L-60775); Sogn og
Fjordane Lerdal, Fjellheim @, 61.0537°N, 7.7201°E, 200 m alt., mosekledd berg i elvedal., 2009-08-21, J.T.
Klepsland JK09-L497 (O L-165040) [ITS: OK415808].
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