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Abstract

The present work discusses the occurrence of Chlorociboria aeruginosa in Hungary which was initially identified based on
macromorphological features. Our molecular genetic study confirmed the identification using ntDNA ITS sequence data and
maximum likelihood (raxmlGUI, PhyML) phylogenetic analyses.

Introduction

An interesting bluish green ascomycetous fungi was collected in a mixed deciduous forest in the outskirts of Gyula city (SE
Hungary). Based on macromorphological features, the ascomata undoubtedly belonged to the genus Chlorociboria
(Chlorociboriaceae, Helotiales). Further investigation of the morphology of the apothecium and colour of the hymenium pointed
toward the direction of the rare species Chlorociboria aeruginosa (Figure 1). In order to confirm our identification, we conducted
molecular phylogenetic analyses using ntDNA ITS sequence data.

Materials and methods

Fruiting bodies were photographed in situ (Figure 1). Before conducting molecular methods, we first studied the morphology of the
ascomata macroscopically, as well as the greenish colour present in the fruiting bodies, which is dependent on the presence of the
xylindein compound (Donner et al. 2012).

Molecular methods

Direct PCR method using Phire Plant Direct PCR Kit (Thermo Scientific, USA) was applied from a sample taken from one
apothecium of the dried specimen. In the PCR (polymerase chain reaction) we amplified the nrDNA ITS region with the primer pair
ITSIF (CTT GGT CAT TTA GAG GAA GTA A) and ITS4 (TCC TCC GCT TAT TGA TAT GC). The PCR product was
electrophoresed on 2% agarose gel, stained with nucleic acid stain (DNA Safe Strain) and then visualized by UV transilluminator.
The sequencing of the successful PCR product was performed by a third party, after purification, with the Sanger dideoxy method
(LGC Genomics GmbH Berlin, Germany). The checking, cleaning, and editing of the chromatogram was performed using FinchTV
V. 1.4.0 software (Geospiza, Inc., Seattle, WA, USA; http://www.geospiza.com). We compared the obtained ITS sequence to
GenBank using BLASTn and downloaded the additional high-quality sequences of the closely related species (Table 1) with
available sequences in GenBank - using BLAST. Heyderia abietis was used as an outgroup. Multiple sequence alignment was
performed using MUSCLE implemented in the Geneious Prime software (Figure 2). After careful inspection of the alignment,
maximum likelihood phylogenetic analyses were performed using the raxmlGUI 2.0 program (Edler et al. 2020) and the phylogeny.fr
portal (PhyML). In raxmlGUI, the maximum likelihood (ML) tree was created with 1000 bootstrap replications, and the tree was
visualized with the UGENE application (Figure 3). In PhyML, the approximate likelihood-ratio test (SH-aLRT) was used to test
branch support (Figure 4).

Results

The results of the BLASTn search showed a high percentage of similarity with the Chlorociboria aeruginosa sequences available
from GenBank, along with a query coverage of 96-99—100% (per. ident. 99.40% (497/500), E-value 0.00, OQ534206; per. ident.
99.23% (513/517), E-value 0.00, LC425047; per. ident. 99.22% (510/514), E-value 0.00, AY755360).

In our ITS phylogenetic analyses (Figures 3—4), we included 45 Chlorociboria and 1 Heyderia (outgroup) sequences. The outcome
was in line with the results of the BLAST search, as well as the prior macromorphological identification and confirmed the studied
species as Chlorociboria aeruginosa.

Chlorociboria aeruginosa (Oeder) Seaver 1936 — Hungary, Békés County, Gyula, 46.649068° N, 21.295457° E, 6 February 2021, E.
Szajko-Petykod, A. Szajko, V6.
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Absztrakt

A jelen publikacionk a Chlorociboria aeruginosa eléfordulasat targyalja Magyarorszagon, amelyet kezdetben makromorfologiai
jellemzdk alapjan azonositottak. A molekularis genetikai vizsgalatunk megerdsitette a morfologiai azonositast nrDNS ITS szekvencia
adatok és maximum likelihood (raxmlGUI, PhyML) filogenetikai elemzések segitségével.

Bevezetés

Egy érdekes, kékes-zold tomlésgombat gombat gytjtottiink vegyes lombhullatd erdében Gyula varos kiilteriiletén, 2021-ben. A
makromorfologiai jellemzok alapjan a termotestek egyértelmiien a Chlorociboria nemzetséghez (Chlorociboriaceae, Helotiales)
tartoztak. Az apotécium morfologidja, valamint a himénium szinének tovabbi vizsgalata a ritka Chlorociboria aeruginosa faj
iranyaba mutatott (1. abra). Az azonositasunk megerésitése érdekében molekularis filogenetikai elemzéseket végeztiink nrtDNS ITS
szekvencia adatok felhasznalasaval.

Anyagok és médszerek

A termdtesteket in situ fényképeztiik (1. abra). Molekularis modszerek alkalmazasa el6tt eldszor makroszkopikusan tanulmanyoztuk
a termotesteket, valamint az ezekben megjelend zoldes szint, amely a xylindein vegyiilet jelenlététol fligg (Donner és mtsai 2012).

Molekulalaris médszerek

Direkt PCR modszert alkalmaztunk a Phire Plant Direct PCR Kit (Thermo Scientific, USA) segitségével, amelyet egy apotéciumbodl
vett minta alapjan végeztiink el a szaritott példanybol. A PCR (polimerdz ldncreakcid) 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 terméket 2%-
os agardzgélen elektroforetizaltuk, nukleinsavfestékkel (DNA Safe Strain) megfestettiik, majd UV transzilluminator segitségével
vizualizaltuk. A sikeres PCR-termék szekvenalasat egy harmadik fél (LGC Genomics GmbH, Berlin, Németorszag) végezte el a
Sanger dideoxy modszerrel, tisztitast kovetéen. A kromatogram ellendrzését, tisztitasat és szerkesztését a FinchTV V. 1.4.0 szoftver
segitségével végeztiikk (Geospiza, Inc., Seattle, WA, USA; http://www.geospiza.com). A kapott ITS szekvenciat 6sszehasonlitottuk a
GenBank-ban talalhatokkal BLASTn segitségével, majd letoltottik a kozeli rokon fajok tovabbi, magas minéségli szekvenciait (1.
tablazat). Kiilcsoportként a Heyderia abietis-t hasznaltuk. Tobbszords szekvencia-illesztést végeztiink a MUSCLE programmal a
Geneious Prime szoftver segitségével (2. abra). Az illesztés ellendrzése utdn az adatsorunkat maximum likelihood (ML) mddszerrel
elemeztiik a raxmlGUI 2.0 program és a phylogeny.fr portdl (PhyML) hasznalataval. A raxmIGUI programban a toérzs—fat 1000
bootstrap replikacioval hoztuk létre, majd a fat az UGENE alkalmazas segitségével vizualizaltuk (3. abra). A PhyML-ben az
approximate likelihood-ratio tesztet (SH-aLRT) hasznaltuk az elagazasok tdAmogatottsaganak tesztelésére (4. abra).

Eredmények

A BLASTn keresés eredményei magas szazalékos hasonlosagi aranyt mutattak a GenBankbol elérheté Chlorociboria aeruginosa
szekvenciakkal, a lekérdezés lefedettsége pedig 96-99-100% volt (per. ident. 99.40% (497/500), E-value 0.00, 0Q534206; per. ident.
99.23% (513/517), E-value 0.00, LC425047; per. ident. 99.22% (510/514), E-value 0.00, AY755360).

Az ITS filogenetikai elemzéseinkbe (3-4. abra) 45 Chlorociboria és 1 Heyderia (kiilcsoport) szekvenciat vontunk be. Az eredmény
Osszhangban volt a BLAST-keresés eredményeivel, valamint a korabbi makromorfoldgiai azonositassal, ¢s megerdsitette, hogy a
vizsgalt faj a Chlorociboria aeruginosa.

Chlorociboria aeruginosa (Oeder) Seaver 1936 — Békés varmegye, Gyula, 46.649068° E, 21.295457° K, 2021. februar 6., Szajko-
Petyko Erika, Szajko Attila, V6.
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Figure 1/ 1. abra. A—D: Ascomata of Chlorociboria aeruginosa. /A Chlorociboria aeruginosa termdtestei.
Photographs / Fotok: Attila Szajko

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

No. Species name / Fajnév Country / Orszag ITS (Sequences ID)
1. Chlorociboria awakinoana New Zealand IN943461
2. Chlorociboria awakinoana New Zealand IN943462
3. Chlorociboria awakinoana New Zealand AY755339
4. Chlorociboria aeruginascens subsp. australis (holotype) New Zealand NR 119520
5. Chlorociboria aeruginascens subsp. australis New Zealand IN943459
6.  Chlorociboria aeruginascens subsp. australis New Zealand AY 947345
7. Chlorociboria aeruginascens subsp. australis New Zealand IN943460
8. Chlorociboria aeruginascens China AY 755359
9. Chlorociboria aeruginascens USA MK966427

10.  Chlorociboria aeruginascens Estonia LT158477

11.  Chlorociboria aeruginascens Austria MK480517

12.  Chlorociboria aeruginascens USA AY 755358

13. Chlorociboria spathulata New Zealand AY755344

14.  Chlorociboria spathulata New Zealand IN943463

15.  Chlorociboria spathulata New Zealand IN943464

16.  Chlorociboria spathulata New Zealand AY755342

17.  Chlorociboria aeruginosa Japan LC425047

18.  Chlorociboria aeruginosa South_Korea KY744738

19.  Chlorociboria aeruginosa USA DQ491501

20.  Chlorociboria aeruginosa Canada HQ604856

21.  Chlorociboria aeruginosa USA MF161176

22.  Chlorociboria aeruginosa Canada JX843710

23.  Chlorociboria aeruginosa USA AY 755360

24.  Chlorociboria aeruginosa Hungary V6

25.  Chlorociboria aeruginosa Norway 781426

26.  Chlorociboria pardalota New Zealand AY 755353

27.  Chlorociboria daliensis China OMO021876

28.  Chlorociboria daliensis China OM321599

29.  Chlorociboria daliensis China OM022017

30.  Chlorociboria laojunense China OR753794

31.  Chlorociboria laojunense China OR753795

32.  Chlorociboria ailaoense China OR753790

33.  Chlorociboria ailaoense China OR753791

34.  Chlorociboria poutoensis China MH648614

35.  Chlorociboria poutoensis China KC904943

36.  Chlorociboria poutoensis South Korea MH390723

37.  Chlorociboria poutoensis China MK253757

38.  Chlorociboria poutoensis South Korea KY744740

39.  Chlorociboria poutoensis New_Zealand AY 755352
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Table 1 (continued) / 1. tablazat. (folytatas)

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

40.  Chlorociboria poutoensis Thailand MK584968

41.  Chlorociboria poutoensis South Korea KY744739

42.  Chlorociboria bannaensis China OR753792

43.  Chlorociboria bannaensis China OR753793

44.  Chlorociboria yulongense China OR753796

45 Chlorociboria yulongense China OR753797

46. Heyderia abietis USA OR387456

Consensus

Identity

1. V6_Chlorociboria_aeruginosa Hungary

2. LC425047_Chlorociboria_aeruginosa_Japan
3.DQ491501_Chlorociboria_aeruginosa USA
4.MF161176_Chlorociboria_aeruginosa USA

5. HQG604856_Chlorociboria_aeruginosa

6. JX843710_Chlorociboria_aeruginosa

7. AY755360_Chlorociboria_aeruginosa USA

8. 781426_Chlorociboria_aeruginosa

9. KY744738_Chlorociboria_aeruginosa_South Korea

10. MK480517_Chlorociboria_aeruginascens_Austria

11. AY755359_Chlorociboria_aeruginascens_China
12.NR_119520_Chlorociboria_aeruginascens_subsp_australis_type mate...
13. AY755358_Chlorociboria_aeruginascens USA

14. LT158477_Chlorociboria_aeruginascens Estonia

15. MK966427_Chlorociboria_aeruginascens USA

16. AY947345_Chlorociboria_aeruginascens subsp_australis New_Zealand
17. IN943460_Chlorociboria_aeruginascens_subsp_australis New_Zealand
18. IN943459_Chlorociboria_aeruginascens_subsp_australis New_Zealand
19. OM021876_Chlorociboria_daliensis China

20. OM022017_Chlorociboria_daliensis China

21. OM321599_Chlorociboria_daliensis_China

22. OR753790_Chlorociboria_ailaoense China

23. OR753791_Chlorociboria_ailacense China

24. AY755353_Chlorociboria_pardalota New_Zealand
25. AY755352_Chlorociboria_poutoensis New_Zealand
26. MK 584968 _Chlorociboria_poutoensis_Thailand

27. KC904943_Chlorociboria_poutoensis_China

28. MH648614_Chlorociboria_poutoensis_China

29. KY744739_Chlorociboria_poutoensis_South (Korea)
30. KY744740_Chlorociboria_poutoensis_South (Korea)
31. MH390723_Chlorociboria_poutoensis

32. MK253757_Chlorociboria_poutoensis
33.JN943461_Chlorociboria_awakinoana New Zealand
34. JN943462_Chlorociboria_awakinoana New_Zealand
35. AY755339_Chlorociboria_awakinoana New_Zealand
36. AY755344_Chlorociboria_spathulata New (Zealand)
37.JN943463_Chlorociboria_spathulata New (Zealand)
38.JN943464_Chlorociboria_spathulata New (Zealand)
39. AY755342_Chlorociboria_spathulata New (Zealand)
40. OR753794_Chlorociboria_laojunense China

41. OR753795_Chlorociboria_laojunense China

42. OR753792_Chlorociboria_bannaensis_China

43. OR753793_Chlorociboria_bannaensis China

44. OR753796_Chlorociboria_yulongense China

45. OR753797_Chlorociboria_yulongense China

46. OR387456_Heyderia_abietis USA

B T THTH T HC T
134 182 231 281 331 376 420 465

Figure 2 Alignment view (Geneious Prime, MUSCLE alignment, treshold:100% — identical (bases matching all sequences)). / 2. abra. Illesztés
nézete (Geneious Prime, MUSCLE illesztés, kiiszobérték: 100% — azonos (az dsszes szekvencianak megfelelé bazisok)).
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Figure 3 Maximum likelihood phylogenetic tree of the genus Chlorociboria generated from ITS sequences using raxmlGUI 2.0. / 3. dbra. A
Chlorociboria nemzetség ITS szekvencidibol generalt maximum likelihood filogenetikai fa a raxmlGUI 2.0 program segitségével.
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Figure 4 Maximum likelihood phylogenetic tree of the genus Chlorociboria generated from ITS sequences using PhyML / 4. dbra. A
Chlorociboria nemzetség ITS szekvencidibol generalt maximum likelihood filogenetikai fa a PhyML segitségével.
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