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Abstract

The present publication discusses the occurrence of the anamorphic form of Pachyphlodes thysellii in Hungary, which we initially studied based on its
macromorphological characteristics. For the identification of the asexual structures, we subsequently conducted molecular genetic analyses. The
nrDNA ITS sequence data, along with the Bayesian analysis and maximum likelihood (raxmlGUI) phylogenetic analyses clearly placed our asexual
specimen within the Pachyphlodes thysellii | P. ligerica clade. Furthermore, based on the analyses of sequences, we determined that the previously
uploaded Hungarian and Transylvanian P. ligerica specimens in GenBank should be considered conspecific with the taxon P. thysellii.

Introduction

The collection of the small colonies composed of distinctive, 5-30 mm, pinkish, fibrillose, mitosporic structures occurred on 21 May 2021, from a
sandy-soiled Turkey oak forest located in the northern part of Vértes. The study of macromorphological characteristics did not yield conclusive
results; therefore, to achieve accurate species-level identification, we conducted molecular phylogenetic analyses using ntDNA ITS sequence data.

Materials and methods

The asexual fruiting body colony was photographed in situ (Figure 1). Later on, the conidial hyphae were analyzed macroscopically and then using
molecular methods (ntDNA ITS1F-ITS4).

Molecular methods

Direct PCR method using the Phire Plant Direct PCR Kit (Thermo Scientific, USA), based on samples taken from the dried asexual conidial hyphae.
In the PCR (polymerase chain reaction) we amplified the ntDNA ITS region with the primer pair ITS1F (CTT GGT CAT TTA GAG GAA GTA A)
and ITS4 (TCC TCC GCT TAT TGA TAT GC). The PCR products were electrophoresed on 1% agarose gel, stained with nucleic acid stain (ECO Safe
Nucleic Acid Staining Solution) and then visualized by UV transilluminator. The sequencing of the successful PCR product was performed by a third
party (Delta Bio 2000 Kft., Hungary), after purification, with the Sanger dideoxy method. The checking, cleaning, and editing of the chromatogram
was performed using FinchTV V. 1.4.0 software (Geospiza, Inc., Seattle, WA, USA). We compared the obtained ITS sequence to GenBank using
BLASTn and downloaded the additional high-quality sequences of the closely related species (Table 1). Amylascus luteosporus was used as an
outgroup. Multiple sequence alignment was performed using MUSCLE program with the help of the SeaView 5.1 software. In the case of the ITS
sequences, the phylogenetically informative gap characters were coded as described in FastGap 1.2 (Borchsenius 2009), following the simple indel
coding algorithm (Simmons et al. 2001). After checking the alignment, our dataset was analyzed using Bayesian analysis /MrBayes 3.2.6 (Ronquist et
al. 2012)/ and maximum likelihood (ML) method using the raxmlGUI 2.0 (Edler et al. 2021) program. The Bayesian inference (BI) phylogenetic tree
was constructed using the MrBayes program and illustrated using the Geneious Prime software. The phylogenetic tree was generated using a 1000
bootstrap replications in the raxmlGUI program, and then the tree was visualized and edited (Figure 2) using the MEGA7 (Kumar et al. 2016)
software.

Results

The results of the BLASTn search showed a high percentage of similarity with the Pachyphlodes thysellii and Pachyphlodes ligerica sequences
available in GenBank, with a query coverage of 100-98-98-100% (per. Ident. 99.33% (592/596, gaps 1/596), E-value 0.00, IN102419; per. Ident.
99.31% (578/582, gaps 1/582), E-value 0.00, OQ150448; per. ident. 99.14% (577/582), E-value 0.00, KU955293; per. Ident. 98.99% (590/596, gaps
2/596), E-value 0.00, KU955291).

We included 58 Pachyphlodes sequences and 1 Amylascus (outgroup) sequence in our ITS phylogenetic analyses (Figure 2). The phylogenetic trees
generated by Bayesian analysis and maximum likelihood (ML) showed congruent topology. We found that our sequence aligns closely with the
sequence of the paratype of the American P. thysellii. The result was in consensus with the BLAST search findings, confirming that the studied
species is Pachyphlodes thysellii/ligerica.

Discussion

The hypogeous, pleiomorphic, mycorrhizal genus Pachyphlodes was originally described from Europe. In our study, we analyzed the taxonomic
position of the monophyletic P. thysellii and P. ligerica clade based on molecular data. Healy et al. (2018) had previously confirmed records of P.
thysellii from Spain, North America, and China. Furthermore, the species was found in Denmark, which was originally identified as P. ligerica.
Following the molecular analysis, the Danish specimen was shown to be in consensus with the paratype of the American P. thysellii (M. Jeppson & E.
Larsson 2021). We also found sequences in GenBank, labeled as P. ligerica, from Hungary, Transylvania and Italy, which closely align with the
sequence of the paratype of the P. thysellii. We also included in the phylogenetic tree the P. ligerica sequence from France uploaded to GenBank
(MT461402) by R. Healy (2021), which is clearly distinct from the sequence of the paratype of P. thysellii.

Phylogenetic methods

In our study, we performed a separate alignment of the ITS sequences of 19 Pachyphlodes thysellii and P. ligerica specimens (excluding the French P,
ligerica sample), downloaded from GenBank, using the MUSCLE program, SeaView 5.1 software.

Subsequently, we recorded the variable positions within the ITSIF-ITS4 region in a table, highlighting three highly polymorphic positions (98, 126,
140) located in the ITS1 segment. We determined that, based on the three informative polymorphic positions, the ITS sequences could be classified
(Table 2) into four distinct (A, B, C, D) types. The specimens classified into four sequence types were also illustrated in a set diagram (Figure 4).
After checking the alignment, we analyzed our dataset using the maximum likelihood (ML) method implemented in the raxmIGUI 2.0 software.
Amylascus luteosporus was also used as the outgroup. The phylogenetic tree was generated in the raxmlGUI program using a 1000 bootstrap
replicates, and then it was visualized and edited with MEGA7 software (Figure 3). The topology of the phylogenetic tree was absolutely consistent
with the sequences classified into four different types based on the three polymorphic positions of the alignment. The Canadian and North American
specimens came from four biogeographic regions, the European specimens also came from four biogeographic regions, and one specimen came from
China (Figure 5).
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We found that the P. ligerica from Komarom-Esztergom County (Szarliget: KU955293) has a "B" type sequence, similar to the two North American
P. thysellii samples from the east coast (Durham: JN102419 and Kentucky: OQ150448), as well as the P. thysellii specimen (Vértes: PV190204) also
collected by us from Komarom-Esztergom County. The Transylvanian P. ligerica (Transylvania, Covasna County: KU955292) has an "A" type
sequence.

From the informative sequence of type "D", which also includes the paratype of P. thysellii, type "B" differed in 2 nucleotide positions (98, 140), and
type "A" in 3 nucleotide positions (98; 126; 140).

The comparison and analysis of ITS sequences, the relatively small molecular differences in the sequences within the species boundary, the study of
phylogenetic trees, and the biogeographic overview of the samples suggested, in agreement with the work of M. Jeppson & E. Larsson (2021), that at
the species level, Pachyphlodes thysellii and P. ligerica can be considered a single phylogenetic unit. We hypothesize that the differences in ITS
sequences may be related to different geographical distributions (Figure 5).

Conclusion

We believe that a more comprehensive assessment of the species’ geographic distribution and diversity would be desirable, including the collection of
further samples and their molecular analysis. In our opinion, a better quality type sequence and a comprehensive molecular taxonomic revision of the
P. thysellii/ligerica clade would be necessary.

A Pachyphlodes thysellii (Pezizaceae, Pezizales) anamorf formajanak magyarorszagi feljegyzése; a
Pachyphlodes ligerica hazai és erdélyi leleteinek taxonémiai helyzete
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Absztrakt

A jelen publikacionk az Pachyphlodes thysellii anamorf forméjanak magyarorszagi eléfordulasat targyalja, amelyet kezdetben makromorfologiai
jellemzdk alapjan tanulmanyoztunk. Az ivartalan képletek identifikalasahoz a tovabbiakban molekuldris genetikai vizsgalatokat alkalmaztunk. A
nrDNS ITS szekvencia adatok és Bayesian analizis, valamint maximum likelihood (raxmlGUI) filogenetikai elemzések egyértelmiien a Pachyphlodes
thysellii / P. ligerica kladba soroltdk az ivartalan mintankat. Tovabba a szekvenciaelemzések alapjan megallapitottuk, hogy a mar korabban GenBank-
ba feltoltésre keriilt hazai, valamint erdélyi P. ligerica példanyok azonosnak tekintenddék a P. thysellii taxonnal.

Bevezetés

A kiilonleges, 5-30 mm rozsaszines, fibrillozus, mitosporikus képletek alkotta kisméretii telepek begyiijtése 2021. majus 21-én tortént, a Vértes északi
tertiletén talalhato, homokos talaji cseres-t6lgyesbol. A makromorfologiai jegyek tanulmanyozasa nem hozott eredményt, ezért a pontos fajszintii
azonositas érdekében molekularis filogenetikai elemzéseket végeztiink ntDNS ITS szekvencia adatok felhasznalasaval.

Anyagok és médszerek

Az ivartalan termétesttelepet in situ fényképeztiik (1. abra). Ezt kéveten makroszkopikusan, majd molekularis modszerek alkalmazasaval analizaltuk
a konidiumos szalakat (ntDNS ITS1F-1TS4).

Molekulalaris médszerek

Direkt PCR modszert alkalmaztunk a Phire Plant Direct PCR Kit (Thermo Scientific, USA) segitségével, amelyet a szaritott, ivartalan, konidiumos
szalakbol vett mintak alapjan végeztiink el. A PCR (polimeraz lancreakcid) soran a ntDNS ITS régiot amplifikaltuk az ITS1F (CTT GGT CAT TTA
GAG GAA GTA A) és az ITS4 (TCC TCC GCT TAT TGA TAT GC) primerparral. A PCR termékeket 1%-os agarézgélen elektroforetizaltuk,
nukleinsavfestékkel (ECO Safe Nucleic Acid Staining Solution) megfestettiik, majd UV transzilluminator segitségével vizualizaltuk. A sikeres PCR-
termék szekvenaldsat egy harmadik fél (Delta Bio 2000 Kft., Magyarorszag) végezte el a Sanger dideoxy modszerrel, tisztitast kovetden. A
kromatogram ellendrzését, tisztitasat és szerkesztését a FinchTV V. 1.4.0 szoftver segitségével végeztiik (Geospiza, Inc., Seattle, WA, USA). A kapott
ITS szekvenciat Osszehasonlitottuk a GenBank-ban taldlhatokkal BLASTn segitségével, majd letoltottik a kozeli rokon fajok tovabbi, magas
mindségli szekvenciait (1. tablazat). Kiilcsoportként az Amylascus luteosporus-t hasznaltuk. Tobbszords szekvencia-illesztést végeztink a MUSCLE
programmal a SeaView 5.1 szoftver segitségével. Az ITS szekvencidk esetében a filogenetikailag informativ gap karaktereket a FastGap 1.2-ben
(Borchsenius 2009) leirtak szerint kodoltuk, az egyszerti indel kodolasi algoritmust kdvetve (Simmons et al. 2001). Az illesztés ellenérzése utan az
adatsorunkat Bayes-analizissel /MrBayes 3.2.6 (Ronquist et al. 2012)/ vizsgaltuk, valamint maximum likelihood (ML) modszerrel elemeztiik a
raxmlGUI 2.0 (Edler et al. 2021) program hasznalataval. A Bayes-féle kovetkeztetés (BI) filogenetikai fat a MrBayes programmal készitettiik el és a
Geneious Prime szoftver segitségével abrazoltuk, a raxmlGUI programban a torzsfat 1000 bootstrap replikacioval hoztuk 1étre, majd a fat a MEGA7
(Kumar et al. 2016) szoftverrel vizualizaltuk és szerkesztettiik (2. abra).

Eredmények

A BLASTn keresés eredményei magas szazalékos hasonlosagi aranyt mutattak a GenBankbol elérhetd Pachyphlodes thysellii és Pachyphlodes
ligerica szekvenciakkal, a lekérdezés lefedettsége pedig 100-98-98-100% volt (per. Ident. 99.33% (592/596, gaps 1/596), E-value 0.00, IN102419;
per. Ident. 99.31% (578/582, gaps 1/582), E-value 0.00, OQ150448; per. ident. 99.14% (577/582), E-value 0.00, KU955293; per. Ident. 98.99%
(590/596, gaps 2/596), E-value 0.00, KU955291).

Az ITS filogenetikai elemzéseinkbe (2. abra) 58 Pachyphlodes és 1 Amylascus (kiilcsoport) szekvenciat vontunk be. A Bayes-analizissel és a
maximalis valoszintiséggel (ML) létrehozott filogenetikai fak kongruens topologiat mutattak. Megallapitottuk, hogy a szekvenciank szorosan
illeszkedik az amerikai P, thysellii paratipusanak szekvencidjahoz. Az eredmény Osszhangban volt a BLAST-keresés eredményeivel és megerdsitette,
hogy a vizsgalt faj a Pachyphlodes thysellii/ligerica.

Diszkusszio

ligerica klad taxonomiai helyzetét elemeztiik molekuldris alapon. Healy ¢s mtsai (2018) kordbban mar megerdsitették a P thysellii leleteit
Spanyolorszagbol, Eszak-Amerikabol és Kinabol. Tovabba megtalaltak a fajt még Daniaban, amelyet eredetileg P. /igerica-nak hataroztak.
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A molekularis vizsgalatot kdvetden a Dan leletrd]l kimutattak, hogy konszenzusban van az amerikai P. thysellii paratipusaval (M. Jeppson & E.
Larsson 2021). A GenBank-ban talaltunk még Magyarorszagrol, Erdélybdl és Olaszorszagbol is olyan szekvenciakat P. ligerica néven, amely
szekvenciak szorosan illeszkednek a P. thysellii paratipusanak szekvenciajahoz. A filogenetikai faba belefoglaltuk R. Healy (2021) altal a GenBank-ba

Filogenetikai médszerek

Tanulmanyunkban elvégeztiik kiilon, a Genbank-bol letoltott 19 Pachyphlodes thysellii és P. ligerica (kivéve a Francia P. ligerica mintat) példanyok
ITS szekvencidjanak az illesztését MUSCLE programmal, a SeaView 5.1 szoftver segitségével. Ezt kovetden tablazatban rogzitettik az eltérd
poziciokat az ITSIF-ITS4 régioban, kiemelve harom erésen polimorf poziciot (98., 126., 140.) az ITS1 szakaszban. Megallapitottuk, hogy a harom
informativ polimorf pozici6 alapjan az ITS szekvenciak négy kiilonbozo (A; B; C; D) tipusba sorolhatok (2. tablazat). A négyféle szekvenciatipusba
sorolt példanyokat egy halmazabraban is szemléltettiik (4. dbra).

Az illesztés ellenérzése utan az adatsorunkat maximum likelihood (ML) moédszerrel elemeztik a raxmlGUI 2.0 program hasznalataval.
Kiilcsoportként szintén az Amylascus luteosporus-t hasznaltuk. A raxmlGUI programban a filogenetikai fat 1000 bootstrap replikacioval hoztuk létre,
majd a fat MEGA7 szoftverrel vizualizaltuk és szerkesztettiik (3. abra). A filogenetikai fa topologiaja abszolut sszhangban volt az illesztés harom
polimorf pozicidja alapjan, a négy kiilonbozo tipusba sorolt szekvenciakkal. A kanadai és észak-amerikai példanyok négy, az eurdpai mintak szintén
négy biogeografiai régiobol szarmaztak, valamint egy minta Kinabol (5. abra). Megallapitottuk, hogy a Komarom-Esztergom varmegyei P. ligerica
(Szarliget: KU955293) ,,B” tipusti szekvencidval rendelkezik, hasonloan a két észak-amerikai P. thysellii mintdhoz a keleti partrol (Durham:
IN102419 ¢és Kentucky: OQ150448), valamint az altalunk gyujtott, szintén Komarom-Esztergom varmegyei P. thysellii (Vértes: PV190204)
példanyhoz. Az erdélyi P. ligerica (Transsylvania, Kovaszna megye: KU955292) pedig ,,A" tipust szekvenciaval rendelkezik.

A P thysellii paratipusat is magaba foglalé ,,D" tipust informativ szekvenciatol a ,,B" tipus 2 nukleotid pozicioban (98, 140), az ,,A" tipus pedig 3
nukleotid pozicidban (98; 126; 140) tért el.

Az ITS szekvenciak Osszehasonlitdsa és elemzése, a fajhataron beliili relativ kismérték(i molekularis differencidk a szekvencidkban, a filogenetikai
fak tanulmanyozasa, valamint a mintak biogeografiai attekintése arra utaltak, M. Jeppson & E. Larsson (2021) munkajaval egyezdéen, hogy faji
szinten a Pachyphlodes thysellii és a P. ligerica esetében egyetlen filogenetikai egységrdl beszélhetiink. Az ITS szekvencidkban meglévd eltérések
vélelmiink szerint a kiilonboz6 foldrajzi elterjedtséggel lehetnek osszefiiggésben.

Konkluzié

Meglatasunk szerint kivér}atos lenne a faj tovabbi szélesebb korti foldrajzi elterjedésének és diverzitasanak feltérképezése, Gjabb mintak begytijtése és
molekularis vizsgalata. Allaspontunk alapjan sziikséges lenne egy jobb mindségi tipus szekvencia, valamint a P. thysellii/ligerica klad atfogd

Figure 1 / 1. abra. A-D: Anamorphic form of Pachyphlodes thysellii. | A Pachyphlodes thysellii anamorf alakja. Photographs / Fotok: A-D by
Dorottya Vrba

Table 1 The ntDNA ITS sequences of Pachyphlodes species used in the phylogenetic analyses. The sequence originated from Hungary is marked in
boldface.
1. tablazat. A filogenetikai elemzésben hasznalt Pachyphlodes fajok ntDNS ITS szekvenciai. A hazai adatok félkovér betiivel lathatoak.

No. Species name / Fajnév Country / Orszag ITS (Sequences ID)

1. Pachyphlodes thysellii USA IN102419
2. Pachyphlodes ligerica Hungary KU955291
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Table 1 (continued) / 1. tablazat. (folytatas)

No. Species name / Fajnév Country / Orszag ITS (Sequences ID)
3. Pachyphlodes thysellii Spain KJ720736
4. Pachyphlodes ligerica Italy JF908780
5. Pachyphlodes thysellii China IN102437
6. Pachyphlodes ligerica Romania: Transsylvania KU955292
7. Pachyphlodes thysellii USA 0Q150448
8. Pachyphlodes ligerica Hungary KU955293
9. Pachyphlodes thysellii Hungary PV190204

10.  Pachyphlodes thysellii USA PV591156

11.  Pachyphlodes thysellii USA PV591137

12.  Pachyphlodes thysellii USA PV591197

13.  Pachyphlodes thysellii Canada 0Q418563

14.  Pachyphlodes thysellii USA KJ720733

15.  Pachyphlodes thysellii (paratype) USA EU543197

16.  Pachyphlodes thysellii USA IN102479

17.  Pachyphlodes thysellii USA JN102370

18.  Pachyphlodes thysellii USA PP866757

19.  Pachyphlodes thysellii USA KX577745

20.  Pachyphlodes brunnea Mexico MT461399

21.  Pachyphlodes brunnea Mexico IN102443

22.  Pachyphlodes brunnea Mexico HQ324990

23.  Pachyphlodes brunnea Mexico EU427551

24.  Pachyphlodes marronina USA IN102364

25.  Pachyphlodes marronina (holotype) USA EU427549

26.  Pachyphlodes marronina USA KJ720786

27.  Pachyphloeus coalescens (holotype) Mexico KJ595000

28.  Pachyphloeus coalescens Mexico EUS543209

29.  Pachyphloeus oleifera (holotype) Spain JQ996421

30.  Pachyphloeus oleifera Spain KJ720787

31.  Pachyphlodes carnea Mexico KC152163

32.  Pachyphlodes carnea USA ON383347

33.  Pachyphlodes carnea USA JX414189

34. Pachyphlodes conglomerata Spain KJ720788

35.  Pachyphlodes conglomerata Spain IN102487

36.  Pachyphlodes cinnabarina China MK192829

37.  Pachyphlodes cinnabarina China MK192831

38.  Pachyphlodes cinnabarina (holotype) China MK192830

39.  Pachyphlodes nemoralis (holotype) England IN102469

40.  Pachyphlodes nemoralis Sweden JX414218

41.  Pachyphlodes nemoralis Spain MF462328

42.  Pachyphlodes nemoralis France MT461400

43.  Pachyphlodes pfisteri (holotype) USA IN102474

44.  Pachyphlodes austro-oregonensis (holotype) USA JX414191

45.  Pachyphlodes annagardnerae USA IN102375

46.  Pachyphlodes annagardnerae (holotype) USA IN102472

47.  Pachyphlodes melanoxantha England JX414217

48.  Pachyphlodes melanoxantha France KJ720792

49.  Pachyphlodes melanoxantha Spain KJ720793

50.  Pachyphlodes citrina France KJ720747

S51.  Pachyphlodes citrina Italy EUS543196

52.  Pachyphlodes citrina England IN102468

53.  Pachyphlodes ligerica France MT461402

54.  Pachyphlodes wulushanensis (holotype) China MK192827

55.  Pachyphlodes depressa China KP027406

56.  Pachyphlodes depressa (holotype) China KP027405

57.  Pachyphlodes virescens USA MT461401

58.  Pachyphlodes virescens USA JX414219

59.  Amylascus luteosporus (holotype) Australia MN653041
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Figure 2 Phylogenetic tree based on maximum likelihood and Bayesian analyses, derived from ITS sequences of Pachyphlodes specimens and those
of reference materials. ML bootstrap values (> 70%) and Bayesian posterior probabilities (> 0.9) are reported above branches, on the left and right
sides of the slashes, respectively. The scale bar represents 0.1 expected substitutions per site per branch. / 3. abra. A Pachyphlodes példanyok ¢és a
referenciaanyagok ITS szekvenciaibdl szarmazo, maximum likelihood és Bayes-féle analizisen alapulo filogenetikai fa. Az ML bootstrap értékeket (>
70%), a Bayes-féle posterior valosziniiségeket (> 0,9) az agak felett, a perjelek bal, illetve jobb oldalan tiintettiik fel. A skalasav 100 karakterre esé 10
szubsztiticionak megfelelé aghosszat jelol.
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Table 2 Variable positions within the ITS sequence of 19 specimens of P. thysellii. / 2.
szekvenciajaban.

tablazat. Valtozo poziciok a 19 P. thysellii példanyanak ITS

Position
GenBank Origin Species name
1 2 3 8 10 11 29 83 98 126 140190 229 230 314 392

EU543197 USA Pachyphlodes thysellii(paratypey A T G — C T A A T G T T - - N N
JN102479 USA Pachyphlodes thyselli A T G . T - - N N
PP866757 USA Pachyphlodes thyselli AT A A A A A T G P T - - A A
KJ720733 USA Pachyphlodes thyselli - A A A AT G TDT - - G G
KX577745 USA Pachyphlodes thyselli A A A A AT G T T - - A A
IN102370 USA Pachyphlodes thyselli A A T G T T - - N N
0Q418563 Canada Pachyphlodes thyselli C ATA A A A AT G T T - - G G
PV591197 USA Pachyphlodes thyselli A AA A AT G € T - - G G
PV591156 USA Pachyphlodes thyselli A A A A A T G E T - - G G
PV591137 USA Pachyphiodes thyselli A A A A AT G S T - - G G
IN102419 USA Pachyphlodes thyselli C AT - A A A A C G T - A G G
PV190204 Hungary Pachyphlodes thyselli CAT- AA A ACG CgA A A A A
0Q150448 USA Pachyphlodes thyselli CAT- AAAACG CT - A G G
KU955293 Hungary Pachyphiodes ligerica A A C G C A A A G @G
KJ720736 Spain Pachyphlodes thyselli - A A - AT - - G G
JN102437 China Pachyphlodes thyselli THEHNICINT - - G G
KU955292 Transsylvania Pachyphlodes ligerica C AT - A A A A C T CAT - - G G
KU955291 Hungary Pachyphlodes ligerica C AT- AA A A/C T €T - - G G
JF908780 Italy Pachyphlodes ligerica A [EE T T - - G G

USA

EUROPE

PV591197 USA
C PV591137 USA
PV591156 USA

EU543197 USA
PP866757 USA
KX577745 USA
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A

R

CHINA

Figure 4 Illustration of the four sequence types (A; B; C; D) in a set diagram. / 4. dbra. A négyféle szekvenciatipus (A; B; C; D) szemléltetése

halmazabraban.
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JN102419 Pachyphlodes thysellii USA
0Q150448 Pachyphlodes thysellii USA
{KU955293 Pachyphlodes ligerica Hungary B

PV190204 Pachyphlodes thysellii Hungary

—
0.02

KX577745 Pachyphlodes thy:
MN653041 Amylascus luteosporus Australia holotype

Figure 3 Maximum likelihood phylogenetic tree generated from ITS sequences of Pachyphlodes thysellii and P. ligerica specimens using the program
raxmlGUI 2.0. ML bootstrap values (> 50%) are reported above branches, respectively. The scale bar represents 0.02 expected substitutions per site
per branch. / 3. dbra. A Pachyphlodes thysellii és P. ligerica példanyok ITS szekvenciaibol generalt maximum likelihood filogenetikai fa a raxmIGUI
2.0 program segitségével. Az ML bootstrap értekeket (> 50%) az agak felett tiintettiik fel. A skalasav 100 karakterre es6 2 szubsztiticionak megfeleld

aghosszat jelol.

Figure 5 The biogeographic map of Pachyphlodes thysellii and P. ligerica specimens from Canada, North America, Europe and China. / 5. abra. A
kanadai, az észak-amerikai, valamint az europai €s a kinai Pachyphlodes thysellii és P. ligerica példanyok biogeografiai térképe.
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Data availability / Adatok elérhetdsége

Data sets generated and/or analyzed during the current study are available in GenBank (https://www.ncbi.nlm.nih.gov/). / A jelenlegi tanulmany soran keletkezett és/vagy
elemzett adatkészletek elérheték a GenBank-ban (https://www.ncbi.nlm.nih.gov/).
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