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Abstract

In this study; we analysed the ITS sequences of 9 lichenized fungi species (Aspicilia cinerea, Circinaria
contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia dubia, Rhizoplaca peltata, Rhizocarpon geographicum,
Tephromela atra and Xanthoparmelia pulla) which have a wide distribution in the alpine zone of Erciyes Volcanic
Mountain in Central Anatolia. ITS sequence data obtained from those 9 species are deposited by us in GenBank for
further molecular studies and Neighbor-joining dendrograms with related species obtained from GenBank are also
presented here along with the macroscopic photographs of the specimens studied. Besides, morphological and
ecological differences between the related species are discussed.
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ITS (rDNA) marker kullanilarak Erciyes Dagr’nin (Kayseri, Tiirkiye) bazi likenlesmis mantar tiirlerinin
tammmlanmasi

Ozet

Bu ¢aligsmada, Orta Anadolu’da yer alan Erciyes Dagi’nin alpin zonunda yayilis gosteren 9 yaygin likenlesmis
mantar tiiriine ait 6rneklerin (Aspicilia cinerea, Circinaria contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia
dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela atra ve Xanthoparmelia pulla) ITS dizi analizleri
elde edilmistir. Bu 9 tiirden elde edilen ITS sekans verileri ileride yapilacak molekiiler ¢alismalar da kullanilmasi igin
Gen Bankasi’na yiiklenmistir. Ayrica Gen Bankasi’ndan temin edilen iligkili tiirler ile hazirlanan Neighbor-joining
dendrogramlar ve caligilan 6rneklere ait makroskobik fotograflar da verilmistir. Ayrica iligkili tiirler arasinda morfolojik
ve ekolojik farkliliklar da tartigilmustir.

Anahtar kelimeler: Liken, biyogesitlilik, sistematik, taksonomi
1. Introduction

The first lichen checklist of Erciyes Mountain was published by Steiner (1905). In that study, 83 lichenized
taxa were reported. In the first period of 21% century; Giiveng (2001) reported 40 taxa and John (2002) reported 2 taxa
from Erciyes Mountain. Later Halic1 et. al. (2005) compiled 223 lichenized and lichenicolous fungi taxa in Erciyes
Mountain. After this study 9 more lichen and lichenicolous fungi taxa were added in the checklist of Erciyes Mountain
(Halici et. al. 2006; 2007; 2014) and the number of lichenized and lichenicolous fungus taxa reached to 232.

The taxonomic studies on lichenized fungi in Turkey based on morphological and anatomical characters
recently started (Tiirk et. al. 2015). However, analysis of nuclear rDNA is increasingly becoming important for lichen
taxonomy. Among the ribosomal regions, the internal transcribed spacer (ITS) region has the highest probability of
successful identification for the broadest range of fungi. In some cases, morphological and anatomical characters for
identification of lichens in species level may be insufficient (Arup et. al. 2013, Vondrak et. al. 2016). For this reason;
we start to analyze the ITS sequence data of lichenized fungi species previously reported in Erciyes Mountain. Here we
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present 10 ITS sequence data and related Neighbor-joining dendrodgrams of 9 lichenized fungi taxa from Erciyes
Mountain.

2. Materials and methods

2.1. Lichen material

Lichen specimens (Aspicilia cinerea, Circinaria contorta, Lecidea atrobrunnea, Lecanora rupicola, Physcia
dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela atra and Xanthoparmelia pulla) stored in ERC
(Erciyes University herbarium) were used for this study.

2.2. Extraction of DNA and PCR Amplification

Ten lichen samples were used for DNA extraction. DNA was extracted using protocol of Qiagen Dneasy
Plant Kit (Cat. No: 69104). PCR was carried out in 50 pL reaction volumes using 4 pl of 10 x reaction buffer, 4 pl
MgCl, (50 mM), 0.5 pl each primer, 1 pl ANTP (10 mM), 0.1 ul Tag DNA polymerase, 3 ul of genomic DNA and 36.9
ul dH,0 on a thermal cycler equipped with a heated lid. Primers used for PCR amplification of ITS regions were 1TS1-
F (5'-CTTGGTCATTTAGAGGAAGTAA-3") (Gardes and Bruns 1993) and ITS4 (5-
TCCTCCGCTTATTGATATGC-3’) (White et. al. 1990). The PCR was performed under the following conditions: An
initial denaturation 4 min at 95 °C; 7 cycles with 1 min at 94 °C, 1 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 5 min at 72 °C was added, after which the
samples were kept at 4 °C. PCR products run on agarose gel and sequence analysis of ten lichen samples from which
DNA bands were obtained was done.

2.3. Phylogenetic analysis

Sequence results of the lichen samples were compared using BLAST program in NCBI website. Then, the
results were edited in BioEdit program. Sequences were aligned by using Clustal w option in the BioEdit program. For
phylogenetic tree, MEGA 6 (Molecular Evolutionary Genetics Analysis) program was used and genetic distances were
determined by method Kimura-2-parameter. Phylogenetic trees of the lichen samples were performed by using
neighbor-joining method (Tamura et. al. 2013).

Table 1. The studied specimens, herbarium numbers and GenBank accession numbers

Species name ||Herbarium number ||GenBank accessions number
Aspicilia cinerea ||ERC MB 0.002 ||KX550108
Aspicilia cinerea ||ERC MGH 0.018 ||KX550104
|Circinaria contorta ||ERC MGH 0.139 ||KX550106
||Lecidea atrobrunnea ||ERC MB 0.008 ||KX550101
||Lecanora rupicola ||ERC MB 0.010 ||KX550102
||Physcia dubia ||ERC MGH 0.025 ||KX550105
||Rhizoplaca peltata ||ERC MB 0.003 ||KX550109
[IRhizocarpon geographicum ||ERC MB 0.011 ||KX550103
Tephromela atra ||ERC MB 0.004 ||KX550110
Xanthoparmelia pulla ||ERC MB 0.001 ||KX550107
3. Results

Descriptions, photographs and discussions of lichenized fungus species studied for this paper are given below.

3.1. Aspicilia cinerea (L.) Korb. Figure 1
Specimens examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt. 1380 m,
06.04.2015 [ERC MB 0.002]; Kayseri, Erciyes Mountain, Yilanli Mountain, in the vicinity of Koyunbaba, 38° 43" N, 35° 26' E, alt.
1205 m, 29.06.2003 [ERC MGH 0.018].

Thallus cracked-areolate, 2—3.5 c¢m in diam; areoles usually irregular, (0.3—)0.6—1—1.4 mm in diam. Thallus surface whitish gray,
sometimes yellowish white. Apothecia numerous and aspicilioid type, ranging in number from 1 to 10 per areole,
(0.15—)0.2—0.25—0.3(—0.35) mm in diam. Apothecia disc black; usually pruinose. Thallus and medulla K—, C—, KC—, Pd + yellow-
orange. Epihymenium greenish or brownish green. Hymenium hyaline. Paraphyses moniliform. Asci clavate,
(80—)82—98—114(—120) x 14—19—24(—26) um. Ascospores not observed. This species has a wide distribution in subarctic and
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arctic-alpine areas in the Northern Hemisphere (Purvis 1992). It has also wide distribution in Turkey especially in subalpine and
alpine areas of Turkey on hard siliceous rocks (e.g. Halic1 & Giiveng 2008, Cobanoglu et al. 2013).

Table 2. Bant sizes and nucleotide variable sites of the specimens studied

Nucleotide variable
Species nhame PCR results Sequence Bant size (bp) .
results sites
IAspicilia cinerea (ERC MB 0.002 and ERC MGH
+ + 800 344
|0.018)
||Circinaria contorta (ERC MGH 0.139) + + 750 218
||Lecidea atrobrunnea (ERC MB 0.008) + + 560 182
||Lecanora rupicola (ERC MB 0.010) + + 600 130
||Physcia dubia (ERC MGH 0.025) + + 790 201
||Rhizoplaca peltata (ERC MB 0.003) + + 589 167
lIRhizocarpon geographicum (ERC MB 0.011) + + 530 196
Tephromela atra (ERC MB 0.004) + + 580 114
Xanthoparmelia pulla (ERC MB 0.001) + + 568 93
g 3
4
f?-’&o'ﬁ o4
CAGA 22
a5 qil306811304|gb|HQ171233.1| Aspicilia hispida
qil306811306|gb|HQ171235.1| Aspicilia hispida
4i[306811302|gb|HQ171231.1| Aspicilia fruticulosa
% 83L_ i[306811303|gblHQ171232.1] Aspicilia fruticulosa
- gil312126112|gb|HQ389194 1| Aspicilia vagans
100 | gi|312126114|gb|HQ389196.1| Aspicilia vagans
27 T— gil157410416|gb|EU057897.1| Aspicilia caesiocinerea
100 I—gi|220683820]gb|FJ532372.1| Aspicilia caesiocinerea
19 gi|336069677|gb|HQ259269.1| Aspicilia verruculosa
| w qil157410460|gblEU057941.1] Aspicilia verruculosa
|Gil157410426|gbIEU057907 1] Aspicilia epiglypta
100 [gi|3360 670|gb|HQ259262.1| Aspicilia epiglypta
gil57282129]emblAJ458278 1| Aspicilia cinerea
gi|336313723|gblJF703124 1| Lobothallia radiosa
—
0.02
Figure 2. Neighbor-Joining (NJ) dendrogram of Aspicilia cinerea and related species (ERC MB 0.002 and ERC MGH

0.018)
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In the NJ dendrogram (Figure 2); it is clear that our samples from Erciyes Mountain (ERC MB 0.002 and
ERC MGH 0.018) is branching with Aspicilia cinerea. The closest branching to A. cinerea is A. epiglypta (Norrl. ex
Nyl.) Hue. There are significant morphological and anatomical differences between A. cinerea and A. epiglypta. A.
epiglypta has longer conidia than A. cinerea. In addition, while A. cinerea has a distribution in subarctic and arctic-
alpine areas, A. epiglypta has a distribution in the coastal areas (Nordin et al. 2007). A. cinerea is also morphologically
quite similar to A. intermutans but the latter species has smaller conidia and larger mature ascospores (Fryday 1997).

3.2. Circinaria contorta (L.) A.Nordin, Savi¢ & Tibell Figure 3
Specimen examined: Tukey, Kayseri, Erciyes Mountain; incesu, Siirtme (Western part of Erciyes Mountain), 38° 35'
N, 35°36'E, alt. 1100 m, 27.05.2003 [ERC MGH 0.139].

Thallus  saxicolous, pale brownish; cracked-areolate.  Areoles irregular and  discrete,
(0.3—)0.5—0.8—1.1(—1.2) mm in diam. Prothallus not visible. Apothecia irregular, numerous and aspicilloid; blackish
especially young apothecia pruinose, (0.15—)0.2—0.25—0.3(—0.4) um in diam. All spot tests negative.

This species has a wide distribution on calcareous rocks and limestone in Northern Hemisphere (Purvis
1992). It has also very wide distribution in Turkey on siliceous and weakly calcareous rocks (e.g. Oran et al. 2007,
Halic1 & Aksoy 2009).

gil449132495|gblJQ797517.1| Circinaria lacunosa
gil449132498|gb|lJQ797520.1| Circinaria lacunosa
gil449132531|gblJQ797553.1| Circinaria cerebroides
93 | gil449132512|gb|JQ797534 1| Circinaria cerebroides
gil449132491|gblJQ797513.1| Circinaria emiliae isolate
93 1 gil449132490|gblJQ797512.1| Circinaria emiliae isolate
gil449132489|gblJQ797511.1| Circinaria esculenta
100 | gil449132488|gblJQ797510.1| Circinaria esculenta
gil449132529|gb|lJQ797551.1| Circinaria cf. elmorei
gil449132520|gb|lJQ797542 1| Circinaria cf. elmorei
a7 gil449132534|gb|JQ797556.1| Circinaria alpicola
_|—_gi|449132530|gb|JQ797552A1| Circinaria alpicola
gil449132496|gblJQ797518.1| Circinaria jussuffii
4100‘gi|449132499|gbuo797521_1| Circinaria jussuffi
gil449132517|gb|JQ797539.1| Circinaria gyrosa
100 | gil449132506|gblJQ797528.1| Circinaria gyrosa

94

37

43

99

ag —C gil488887661|gblJX306736.1| Circinaria mansourii
=] gil488887660|gb|JX306735.1| Circinaria mansourii
 — gi|510950002|gb|KC990383.1| Circinaria contorta
ool— gi|336397051|gb|HQ650638.1| Circinaria contorta
gi|359751782|gb]JN943617 1| Lecanora muralis

| v
0.02

Figure 4. Neighbor-Joining (NJ) dendrogram of Circinaria contorta and related species (ERC MGH 0.139)
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ERC MGH 0.139 numbered sample is branching with Circinaria mansourii in NJ dendrogram (Figure 4).
But when we examine the morphology and ecology of this sample; it is obvious that it has quite important differences
from C. mansourii. While C. mansourii has subsquamulose to appressed sub-fruticose thallus attached by tiny
rhizomorph-like extensions on perennial grasses (Lumbsch et al. 2011); our sample has obviously crustose thallus
growing on siliceous rocks. Besides C. mansourii is known to be sterile as no apothecia or pycnidia are known from this
species (Lumbsch et al. 2011); but our sample is richly fertile. Because of all these reasons; we classified this sample
under the species name Circinaria contorta.

3.3. Lecanora rupicola (L.) Zahlbr. Figure 5
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.010].

Thallus crustose, cracked-areolate; areoles slightly convex greyish, 3 cm in diam. Apothecia immersed to
slightly raised, lecanorine, (0.5—)0.7—1—1.3(—1.5) mm in diam. Apothecia disc smooth, gray. Thallus and medulla K+
yellow, C—, KC—, Pd—; Apothecial disc C + vivid yellow. Asci clavate, 8 spored, (51—)52—56—60(—62) x
(14—)16—17.5—19 pm. Ascospores hyaline, simple, (14—)14.5—15—15.5(—16) x (7—)7.1—7.5—7.9(—8) pm.
Hymenium hyaline, (67—)67.5—78—88.5(—92) um. Paraphyses slightly thickened in the apex. Subhymenium hyaline.
Hypotecium hyaline.

Circumpolar from temperate to artctic in Northern Hemisphere on hard siliceous rocks from sea level to high
altitudes (Purvis 1992). It has a wide distribution in Turkey (e.g. Aslan 2000, Kocakaya et al. 2009).

BN

Flgure 5. Lecanora ruplcola (ERC MB 0.010)

93 gil45181474|gb|AY398707.1| Lecanora rupicola
g||94448993|gb|DQ451665 1| Lecanora rupicola

95 g||94448991|gleQ451663 1| Lecanora rupicola
g||47088193|gb|AY541243 1| Lecanora bicincta
g||47088214|gbIAY541264 1| Lecanora bicincta

o gil45181475|gblAY398708.1| Lecanora swartzii

L gi|94448983|gblDQ451655.1| Lecanora swartzii

gil47088198|gblAY541248.1| Lecanora carpinea
—EFB| gi|327180416|emb|FR799199.1| Lecanora carpinea
gil509725455|gb|JX466472.1] Parmelina tiliacea

86

0.01
Figure 6. Neighbor-Joining (NJ) dendrogram of Lecanora rupicola and related species (ERC MB 0.010)

In the NJ dendrogram (Figure 6); the closest branching to Lecanora rupicola is L. bicincta Ramond. While L.
rupicola has sessile to subimmersed apothecia and whitish or grayish pruinose apothecial disc, L. bicincta has slightly
stalked apothecia and bluish pruinose apothecial disc. In addition, L. bicincta has parathecial ring which is black in
apothecial discs (Lumbsch & Elix 2004). This parathecial ring is lacking in L. rupicola. L. rupicola and L. swartzii
(Ach.) Ach. are similiar species, but L. swartzii is reacted with C + vivid yellow to orange and has more convex areoles
(Lumbsch & Elix 2004).
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3.4. Lecidea atrobrunnea (DC.) Schaer. Figure 7
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.008].

Thallus areolate, 5 cm in diam. Areoles flat, irregular, dark brown to pale brown, (0.6—)0.7—0.8—0.9(—1.1)
mm in diam. Surface brownish and reddish brown. Apothecia black to reddish brown, 1 per areole,
(0.2—)0.25—0.3—0.35(—0.4) mm in diam. All spot tests negative. Epihymenium brown, 14—18—22 pum. Hymenium
92—115—138(—140) um. Asci clavate, (85—)87—100—113 x 14—15—16(—17) um. Ascospores not observed.

Lecidea atrobrunnea has a wide distribution in the higher altitudes of mountains and alpine zones on
siliceous rocks (e.g. John & Breuss 2004, Yazici et al. 2011).

Tt Ir S
' \\}‘Ag;_‘.’; -
co"éég 5

gi|392508242|gb|JX036051.1| Lecidea polypycnidophora
gi|167030874|gb|EU257681.1| Lecidea polypycnidophora

98 gi|300252606|gb|GU074441.1| Lecidea polypycnidophora
i _| gi|300252618|gb|GU074453.1| Lecidea andersonii

971 gi|167030879|gb|EU257686.1| Lecidea andersonii
gi|166202365|gb|EU259902.1| Lecidea laboriosa
4100|jgi|166202364lgblEU259901A1| Lecidea laboriosa
MB0.008-TS4
gi|300252620|gb|GU074455 1| Lecidea atrobrunnea
— gi|166202360|gb|EU259897 1| Lecidea atrobrunnea
— gi|300252622|gb|GU074457 1| Lecidea atrobrunnea
50_| gi|300252621|gb|GU074456.1| Lecidea atrobrunnea subsp. saxosa
931 gi|166202361|gb|EU259898.1| Lecidea atrobrunnea subsp. saxosa
29 gi|392508235|gb|JX036044 1| Lecidea cancriformis
gil167030871|gb|EU257678.1| Lecidea cancriformis
gil299560895|gb|GU170841.1| Lecidea cancriformis
gi|300252592|gb|GU074427 1| Lecidea auriculata
100 l:giI300252593|gbIGU074428.1| Lecidea auriculata

a3 gi|166783002|gb|EU263922.1| Lecidea fuscoatra
—l:;i|336397120|gb|H0850707.1| Lecidea fuscoatra

1L'IIJ|

100

99 gi|319894023|gb|HQ605928.1| Lecidea fuscoatra var. grisella
1001 gi|319894026|gb|HQ605931.1| Lecidea fuscoatra var. grisella
gi|319894033|gb|HQ605938.1| Lecidella elaeochroma

0.02

Figure 8. Neighbor-Joining (NJ) dendrogram of Lecidea atrobrunnea and related species (ERC MB 0.008)

Lecidea atrobrunnea and L. atrobrunnea subsp. saxosa Hertel & Leuckert are very closely related in the NJ
dendrogram (Figure 8). Furthermore, L. polypycnidophora U. Rupr. & Tirk, L. andersonii Filson, L. laboriosa Miill.
Arg. and L. cancriformis C.W. Dodge & G.E. Baker are phylogenetically related with L. atrobrunnea. L. atrobrunnea
differs with 2'-O-methylperlatolic acid from those species (Brodo et al. 2001); besides the latter species are not known
from Turkey. L. atrobrunnea subsp. saxosa includes conorstictic and norstictic acids (Nash 2002). L. polypycnidophora

includes 4-O-demethylplanaic acid (Ruprecht et al. 2010) and L. andersonii includes planaic acid (Ruprecht et al.
2010).
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3.5. Physcia dubia (Hoffm.) Lettau Figure 9
Specimen examined: Turkey, Kayseri, Erciyes Mountain, Kog Mountain, 38° 42' N, 35° 32' E, alt. 2270 m, 16.07.2002
[ERC MGH 0.025].

Thallus irregular, gray or brownish gray, 3—4 cm in diam. Lobe tips often darker, (1.7—)2.2—2.6—3(—3.4) x
(1—)1.4—1.8—2.2(—2.3) cm. Surface gray and cream-colored. Sored present, soralia lip-shaped. Apothecia few and
black; semi-immersed, 0.1—0.7—1.3(—1.4) mm in diam. Thallus; K+ yellow, C—, KC—, P+ yellow.

It has a wide distribution from temperate regions to boreal regions (Seppelt et al. 1996). It grows on acidic
roks (e.g. Halic1 & Cansaran-Duman 2007, Candan & Ozdemir Tiirk 2008).

.‘a' : ) o r?

gi|13272245|gb]AF224402.1| Physcia dubia
gi|13272244|gb|AF224400.1| Physcia dubia
gil13272246|gb|AF224403.1| Physcia dubia
MGH0.025TS4

qil13272247|gblAF224404 1| Physcia stellaris

59 L— gi|13272250|gb|AF224408.1| Physcia stellaris

75 1 9119623175|gb|AF224422 1| Physcia adscendens
gi|13272261|gblAF224430.1| Physcia adscendens
gi|13272228|gb|AF224377 1| Physcia magnussonii
gi|9623162|gb|AF224376.1| Physcia magnussonii

gi[151936041|gb|DQ534476.2| Physcia caesia
100 i: gi|13272268|gb|AF224437 1| Physcia caesia
70— gi|13272235|gb|AF224388.1| Physcia caesia

gi|115342739|gb|DQ862484.1| Physconia distorta

80

98

|
0.0

Figure 10. Neighbor-Joining (NJ) dendrogram of Physcia dubia and related species (ERC MGH 0.025)

In the NJ dendrogram (Figure 10), the closest branching to Physcia dubia is Physcia stellaris (L.) Nyl..
While P. dubia is sorediate, P. stellaris is not sorediate; also P. dubia is saxicolous while P. stellaris is mostly epiphytic
(Brodo & Craig 2003). P. adscendens (Fr.) H. Olivier differs from P. dubia with helmet shaped soralia (Galloway &
Moberg 2005). The other related saxicolous species P. magnussonii Frey has numerous apothecia and it is not sorediate.
(Moberg & Hansen 1986). P. dubia is mostly known to be sterile; but interestingly the population from Erciyes
Mountain which we studied was fertile with few apothecia.

3.6. Rhizocarpon geographicum (L.) DC. Figure 11
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.011].

Thallus crustose, 4 cm in diam. Areoles scattered, (0.5—)0.8—1.2—1.6(—1.9) mm in diam. Prothallus present
and black coloured. Areoles greenish yellow. Apothecia black, 0.3—0.5—0.7 mm in diam; immersed between areoles.
Thallus and medulla K—, C—, KC—, Pd+ yellow. Epihymenium bluish black. Hymenium 29—68—107 um. Paraphyses
3—3.2—3.4 pum. Asci dark green to brown, 8 spored. Ascospores muriform and elipsoid, dark brown,
(32—)33—37—41(—42) x (18—)19—20—21(—23) pm.
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Rhizocarpon geographicum is a cosmopolite species on siliceous rocks (Armstrong 2002, Webber &
Andrews 1973). It is also known from almost everywhere in Turkey where siliceous rocks are present (e.g. Yazic1 &
Aslan 2003, Tufan et al. 2005).

011)

Figure 11. Rhizocarpon geographicum (ERC MB 0.

46~ 9i1319894039|gb|HQ605944 1| Rhizocarpon lavatum
1IJUngi|31989403819blHQ605943.1| Rhizocarpon lavatum

80 gi|29837340|gb|AF483610.1| Rhizocarpon lavatum

I gi|29837339|gblAF483609.1| Rhizocarpon petrasum

wolb— gi|319894037|gb|HQ605942 1| Rhizocarpon petraesum

MB0.011-ITS4
™ gi|29837349|gb|AF483619.1| Rhizocarpon geographicum
) gi|11993308|gb|AF250805.1| Rhizocarpon geographicum
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Figure 12. Neighbor-Joining (NJ) dendrogram of Rhizocarpon geographicum and related species (ERC MB 0.011)

In the NJ dendrogram (Figure 12); the closest branching to Rhizocarpon geographicum is R. lavatum (Ach.)
Hazsl. R. geographicum has a greenish surface color, but R. lavatum has a grayish and brownish surface color
(Matwiejuk 2010, Joshi et al. 2010). While R. geographicum has a hyaline hymenium, other species which have longer
than from 34 um of average ascospore length such as R. macrosporum Rasanen have a green hymenium (Moniri et al.
2010).

3.7. Rhizoplaca peltata (Ramond) Leuckert & Poelt Figure 13
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.003].

Thallus often lobed, 3 cm in diam. Lobes rolled downward, edges blackened, 2.5—2.9—3.3(—3.5) mm in
length, 1.5—2—2.5 mm in width. Surface greenish yellow. Apothecia yellowish, (0.7—)0.8—1.4—2 mm in diam. Thallus
and medulla K—, C—, KC—, Pd+ yellow. Hymenium 68—75—82 pm. Paraphyses hyaline, simple, 2.7—3.2—3.7(—4) pm.
Asci clavate, 8 spored, (47—)48—50—52 x (15—)16—17—18(—19) pum. Ascospores globose, (7—)7.4—8.2—9 x
(6.5—)7—7.6—8.2(—8.5) pm.

It has a distribution in the arid regions. It often grows on vertical surface of rocks (e.g. Pisut 1970, Halic1 &
Aksoy 2009). In the NJ dendrogram (Figure 14), the closest branching to R. peltata is R. melanophthalma (DC.)
Leuckert. R. peltata contains pannarin, zeorin and norstictic acid in medulla, but R. melanophthalma has contain
psoromic and lecanoric acid (Arup & Grube 2010). Furthermore, R. peltata is distinguished from R. chrysoleuca and R.
melanophthalma with presence of terpenoids and with having a crater-like structure of apothecia (Arup & Grube 2010).
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Figure 13. Rhizolac pelta (ER MB 0.003) '
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Figure 14. Neighbor-Joining (NJ) dendrogram of Rhizoplaca peltata and related species (ERC MB 0.003)

3.8. Tephromela atra (Huds.) Hafellner Figure 15
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.004].

Thallus crustose, 5 cm in diam. Areoles usually irregular. Surface grayish-white. Apothecia black, sessile,
1.1—1.3—1.5 mm in diam. Thallus and medulla K+ yellow, C—, Pd—. Epihymenium dark reddish coloured. Hymenium
purplish or purplish red, 238—245—252 um. Hypotecium 43—56—69 pum. Paraphyses branched, (2.8—)2.9—3—3.1 pm.
Asci clavate, 8 spored, 38—46—54 x 15 pm. Ascospores hyaline, simple, (6—)8—10—12(—13) x (4—)5.5—6.7—7.9(—10)
um. It has a wide distribution from coastal regions to high mountain regions (e.g. Rigler 1852, Giiveng et al. 2006).
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Figure 16. Neighbor-Joining (NJ) dendrogram of Tephromela atra and related species (ERC MB 0.004).

In the NJ dendrogram (Figure 16); the closest branching to Tephromela atra is T. follmannii Pérez-Vargas,
Hern.-Padr. & Elix. T. follmannii differs from T. atra with areolate-bullate to verrucose thallus (Pérez-Vargas et al.
2010). Another species of the genus T. grumosa (Pers.) Hafellner & CI. Roux is sorediate, but T. atra is not (Muggia et
al. 2008). While T. atra includes a-collatolic and a-alectoronic acid, T. grumosa includes lichesterinic acid (Westberg et
al. 2015, Millot et al. 2008, Hesbacher et al. 1996). T. atra is very similar morphologically with Lecanora gangaleoides
but it can be easily distinguished with its purple hymenium (Millot et al. 2008).

3.9. Xanthoparmelia pulla (Ach.) O. Blanco, A. Crespo, Elix, D. Hawksw. & Lumbsch Figure 17
Specimen examined: Turkey, Kayseri, Talas; Erciyes Mountain, Ali Mountain, 38° 40" 476" N, 35° 32' 993" E, alt.
1380 m, 06.04.2015 [ERC MB 0.001].

Thallus foliose, 6 cm in diam. Surface dark green and brownish green. Lobes (6—)6.1—6.3—6.5 x
3.4—3.5—3.6 mm. Apothecia absent. All spot tests negative.

It has a wide distribution in Africa, Australia, New Zealand and Europe. It is mostly found on siliceous soil
and siliceous, acidic and volcanic rocks (e.g. Nimis & John 1998, Kinalioglu & Aptroot 2012).

gi|25991291|gb|AF451747 1| Xanthoparmelia pulla

54

gil50953188|gblAY581071.1| Xanthoparmelia pulla

gi|399892607|gblJQ912308.1| Xanthoparmelia delisei
gi|399892606|gblJQ912307.1| Xanthoparmelia delisei
75 gi|323521105|gb|HM578943.1| Xanthoparmelia chlorochroa
_|jgi|323520987lgb|HM578825A1] Xanthoparmelia chlorochroa
100 gi|291481099|gb|GU593039.1| Xanthoparmelia protomatrae
W[-_QHZSMM100|gblGU593040.1| Xanthoparmelia protomatrae
gi|18140869|gblAF410840.1| Parmelia sulcata

83

| e |
0.0m

Figure 18. Neighbor-Joining (NJ) dendrogram of Xanthoparmelia pulla and related species (ERC MB 0.001)

In the NJ dendrogram (Figure 18); the closest branching to X. pulla is X. delisei (Duby) O. Blanco, A.
Crespo, Elix, D. Hawksw. & Lumbsch. Morphologically these two species are very similar to each other but X. delisei
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contains glomelliferic and glomellic acides (de Paz et al. 2012, Szczepanska & Kossowska 2014). Other related species
X. protomatrae contains fumarprotocetraric acid (Giordani et al. 2002), but X. pulla contains stenosporic, divaricatic
and 4-O-demethylstenosporic acid (de Paz et al. 2012, Szczepanska & Kossowska 2014).

4, Conclusions and discussion

In this study, the ITS sequences of 9 common lichenized fungi species (Aspicilia cinerea, Circinaria contorta,
Lecidea atrobrunnea, Lecanora rupicola, Physcia dubia, Rhizoplaca peltata, Rhizocarpon geographicum, Tephromela
atra and Xanthoparmelia pulla) which has a wide distribution in the alpine zones of volcanic Erciyes Mountain in
Central Anatolia are provided. Sometimes morphological characters used in lichen classification lead to
misidentifications. Because of this, it is also important to make molecular studies in lichen taxonomy. Those ITS
sequences provided for this study are now in GenBank and can be used in the future phylogenetic studies of lichens..
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