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Abstract

The present publication discusses the first Hungarian record of Agaricus subrufescens, which we initially attempted to identify based
on macro- and micromorphological characteristics. In order to identify the fruiting body, we subsequently used molecular methods.
The nrDNA ITS sequence data, the neighbor-joining and the maximum likelihood (Geneious Prime, raxmlGUI, PhyML)
phylogenetic analyses clearly placed our fungal specimen within the Agaricus subrufescens sensu lato group.

Introduction

The fruiting body was collected from a raised garden bed in a private garden in Piliscsaba in 2021. The macro- and
micromorphological examinations clearly pointed towards the genus Agaricus (Agaricales, Agaricaceae), specifically the A.
subrufescens species. Molecular phylogenetic analyses were conducted using ntDNS ITS sequence data for accurate species-level
identification.

Materials and methods

The fruiting body was photographed ex situ, and later, we also received in situ photos of the habitat (Figure 1). Before applying
molecular methods, we first studied the fungus macroscopically, then we analyzed the micromorphological features of the specimen
under a light microscope /Nikon Alphaphot + Hoffman Modulation Contrast, 100x (oil immersion)/ (Figure 2).

Molecular methods

Direct PCR method using Phire Plant Direct PCR Kit (Thermo Scientific, USA) was applied from samples taken from the plates of
the dried specimen. In the PCR (polymerase chain reaction) we amplified the nrDNA 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 (DNA Safe Strain) 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; 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). Agaricus litoralis was used as an outgroup. Multiple
sequence alignment was performed using MUSCLE program with the help of the SeaView 5.1 software. After checking the
alignment, our dataset was analyzed using the neighbor-joining (NJ) method with the Geneious Prime software, as well as the
maximum likelihood (ML) method with the raxmlGUI 2.0 program and the phylogeny.fr platform (PhyML). In Geneious Prime, we
constructed the phylogenetic tree using the neighbor-joining method with a 1000 bootstrap replicates and we visualized it (Figure 3).
In raxmlGUI, the phylogenetic tree was created with a 1000 bootstrap replications, and the tree was visualized with the UGENE
application (Figure 4). In PhyML, the approximate likelihood-ratio test (SH-aLRT) was used to test branch support (Figure 5).

Results

The results of the BLASTn search showed a high percentage of similarity with the Agaricus subrufescens sequences available in
GenBank, with a query coverage of 99—97—-100% (per. ident. 100% (676/676), E-value 0.00, MF511115; per. ident. 100% (658/658),
E-value 0.00, MH620769; per. ident. 99.85% (680/681), E-value 0.00, PV109381).

We included 63 Agaricus sequences in our ITS phylogenetic analysis (Figure 4). The result was in consensus with the BLAST search
findings as well as the macro- and micromorphological identification, confirming that the studied species is Agaricus subrufescens.

Agaricus subrufescens Peck 1894 — Hungary, Pest County, Piliscsaba (2801), 60 Szent Laszl6 Kiraly Road, 47.63934° N, 18.83340°
E, 3 July 2021, Dr. Gydrgy Bence Halasz, V15.

Discussion

Agaricus subrufescens is an edible, medicinal mushroom originally described from North America by C.H. Peck in 1893. 4.
subrufescens has been shown to exhibit many pharmaceutical traits such as anti-cancer, anti-microbial and immunomodulatory
properties and is rich in bioactive compounds, especially f-glucans (Zied et al. 2017).

A. subrufescens was cultivated first in the late 1800s in eastern North America, then it was widely cultivated, sold and eaten in the
Atlantic states of the United States from at least Massachusetts to Washington D.C., from the late 19th century into the 20th
(Falconer 1894a, b; Anon. 1904; Anonymous1909; Kauffman 1918).

Once a popular market mushroom, the species faded from commerce in the early 20th century. More recently, a mushroom species
growing wild in Brazil has been introduced into cultivation in Brazil, Japan and elsewhere. This Brazilian mushroom has been
referred to by various names, most commonly as A. blazei Murrill (sensu Heinemann) and most recently as A. brasiliensis Wasser et
al. (Kerrigan 2005).

According to Kerrigan (2005), the species has an amphithallic pattern of reproduction. Based on DNA sequence analysis of the rDNA
ITS region and on mating studies and genetic analysis of hybrid progeny, there is a strong case for conspecificity of the Brazilian
mushrooms with 4. subrufescens. Based on a study of the type and other data, the recent lectotypification of A. subrufescens is
accepted.
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Data are presented on mushrooms of diverse geographical origins, including Agaricus rufotegulis Nauta from western Europe,
another apparent conspecific from the Netherlands, the United Kingdom and Portugal (Nauta 1999, Hausknecht 2002) which is also
extremely similar and considered here to be conspecific with A. subrufescens. A possible role for interpopulational hybridization in
current populations of A. subrufescens is proposed. The breeding data show that isolates once assigned to different species can
interbreed and produce offspring; the biological species concept of A. subrufescens therefore appears to be inclusive. The sequence
data presented here suggest that this is a single phylogenetic unit at the species level, possibly with population level divergence
(Kerrigan 2005).

A. bambusae var. bambusae Beeli, which was described from Africa was shown to be a synonym of Agaricus subrufescens based on
molecular data (N. Thongklang et al. 2016).

L.A. Parra et al. (2018) note in their study that the cosmopolitan 4. subrufescens exhibits an unusual level of intraspecific variability.
Chen et al. (2016a) described that the ITS can be classified into three distinct types based on nine informative polymorphic positions.
The ITS sequences of American and European collections are of type A/A, B/B, or A/B, while specimens collected from Hawaii,
Thailand, China, and more recently Iran (Mahdizadeh et al. 2017) are of type C. The representation of this intraspecific diversity in
the phylogenetic tree is unreliable, as heteromorphisms and indels in key informative positions are not taken into account.

In their study, R. Medel-Ortiz et al. (2022) concluded that A. fiardii Pegler, now recognized as a new synonym of A. subrufescens,
and the sympatric and morphologically cryptic species A. macrochlamys, newly described within the Arvenses section, together form
a well-supported sister clade to A. subrufescens based on the combined phylogenetic analyses. / A. macrochlamys showed significant
differences compared to 4. subrufescens in the ITS region (five positions) and in the TEFI-o regions (six positions and a 4 bp
insertion)./

Notes

In our study, we performed a separate alignment of the ITS sequences of the 53 Agaricus subrufescens specimens using the
MUSCLE algorithm implemented in Geneious Prime. As a result, we identified 18 polymorphic positions within the ITS1F-1TS4
region (Table 2), which were subsequently visualized in the alignment (Figure 6).

Conclusion

In our opinion, the taxonomic status of the highly variable and cosmopolitan Agaricus subrufescens sensu lato is still far from being
fully resolved. Therefore, we would consider it necessary to further investigate the geographical distribution and diversity of the
species, collect new samples, and decide whether the taxa already identified in different parts of the world truly belong to one
species. To clarify this issue, it would be justified to first perform the molecular-based retyping of the Agaricus subrufescens taxon
using species-specific markers (ITS and TEF1-a), as well as a 2-locus molecular phylogenetic analysis of the cryptic species
belonging to the complex, and if necessary, its revision.

Az Agaricus subrufescens (Agaricales, Agaricaceae) els6 magyarorszagi feljegyzése molekularis
azonositassal
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Absztrakt

A jelen publikacionk az Agaricus subrufescens els6 magyarorszagi el6fordulasat targyalja, amelyet kezdetben makro- ¢és
mikromorfoldgia jellemzok alapjan probaltunk meg azonositani. A gombatermétest identifikalasahoz a tovabbiakban molekularis
genetikai vizsgalatokat alkalmaztunk. A ntDNS ITS szekvencia adatok és neighbor-joining, valamint maximum likelihood (Geneious
Prime, raxmlGUI, PhyML) filogenetikai elemzések egyértelmiien az Agaricus subrufescens sensu lato csoportba soroltdk a
gombamintankat.

Bevezetés

A gombatermdtest egy piliscsabai magankert magasagyasabol keriilt begytijtésre 2021-ben. A makro- és mikromorfologiai
vizsgalatok egyértelmiien az Agaricus nemzetségben (Agaricales, Agaricaceae), az A. subrufescens faj iranyaba mutattak. A pontos
fajszintli azonositas érdekében molekularis filogenetikai elemzéseket végeztiink ntDNS ITS szekvencia adatok felhasznalasaval.

Anyagok és médszerek

A termotestet ex situ fényképeztik, valamint utobb kaptunk in situ fotokat is a termdhelyrdl (1. abra). Molekularis modszerek
alkalmazasa el6tt eldszor makroszkopikusan, majd fénymikroszkép /Nikon Alphaphot + Hoffman Modulation Contrast, 100x
(olajimmerzid)/ alatt analizaltuk a gomba mikromorfoldgiai jegyeit (2. abra).

Molekulalaris médszerek

Direkt PCR mddszert alkalmaztunk a Phire Plant Direct PCR Kit (Thermo Scientific, USA) segitségével, amelyet a lemezekbdl vett
mintak alapjan végeztiink el a szaritott példanybol. A PCR (polimeraz lancreakcio) 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
agarozgélen elektroforetizaltuk, nukleinsavfestékkel (DNA Safe Strain) megfestettiik, majd UV transzilluminator segitségével
vizualizaltuk.
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A sikeres PCR-termék szekvenalasat egy harmadik fél (Delta Bio 2000 Kft., Magyarorszag) végezte el a Sanger dideoxy modszerrel,
tisztitast kovetden. A kromatogram ellenérzését, tisztitasat ¢s szerkesztését a FinchTV V. 1.4.0 szoftver segitségével végeztiik
(Geospiza, Inc., Seattle, WA, USA; http://www.geospiza.com). A kapott ITS szekvenciat Osszehasonlitottuk a GenBank-ban
talalhatokkal BLASTn segitségével, majd letoltottiik a kozeli rokon fajok tovabbi, magas minéségli szekvenciait (1. tablazat).
Kiilcsoportként az Agaricus litoralis-t hasznaltuk. Tobbszords szekvencia-illesztést végeztiink a MUSCLE programmal a SeaView
5.1 szoftver segitségével. Az illesztés ellendrzése utdn az adatsorunkat neighbor-joining moédszerrel a Geneious Prime program,
valamint maximum likelihood (ML) moddszerrel a raxmlGUI 2.0 program ¢€s a phylogeny.fr portal (PhyML) hasznalataval elemeztiik.
A Geneious Prime programban a torzs—fat neighbor-joining (NJ) 1000 bootstrap tdmogatottsag replikacioval hoztuk létre és
vizualizaltuk (3. abra). A raxmlGUI programban a tdrzs—fat 1000 bootstrap replikacioval hoztuk létre, majd a fat az UGENE
alkalmazas segitségével vizualizaltuk (4. abra). A PhyML-ben az approximate likelihood-ratio tesztet (SH-aLRT) hasznaltuk az
elagazasok tamogatottsaganak tesztelésére (5. abra).

Eredmények

A BLASTn keresés eredményei magas szazalékos hasonlosagi aranyt mutattak a GenBankbol elérhetdé Agaricus subrufescens
szekvenciakkal, a lekérdezés lefedettsége pedig 99—97-100% volt (per. ident. 100% (676/676), E-value 0.00, MF511115; per. ident.
100% (658/658), E-value 0.00, MH620769; per. ident. 99.85% (680/681), E-value 0.00, PV109381).

Az ITS filogenetikai elemzéseinkbe (4. abra) 63 Agaricus szekvenciat vontunk be. Az eredmény sszhangban volt a BLAST-keresés
eredményeivel, valamint a makro- és mikromorfologiai azonositassal, és megerdsitette, hogy a vizsgalt faj az Agaricus subrufescens.

Agaricus subrufescens Peck 1894 — Pest varmegye, 2801 Piliscsaba, Szent LaszIl6 kiraly utja 60., 47.63934° E, 18.83340° K, 2021.
julius 3., dr. Halasz Bence Gyorgy, V15.

Diszkusszio

Az Agaricus subrufescens ehetd, gyogyhatasii gomba, amelyet eredetileg Eszak-Amerikabol C.H. Peck irt le 1893-ban. Kimutattak,
hogy szamos gyogyaszati tulajdonsaggal rendelkezik, példaul rakellenes, antimikrobialis és immunmodulalé tulajdonsagokkal,
valamint gazdag bioaktiv vegyiiletekben, kiilondsen B-gliikanokban (Zied és mtsai 2017).

Az A. subrufescens-t elészor az 1800-as évek végén kezdték el termeszteni Eszak-Amerika keleti részén, majd széles korben
folytattak a termesztését, arusitasat és fogyasztasat az Egyesiilt Allamok atlanti 4llamaiban, Massachusettsté] Washington D.C.-ig, a
XX. szazadig (Falconer 1894a, b; Anon. 1904; Anonymous1909; Kauftman 1918).

A valaha népszerti piaci gombafaj a XX. szazad elején kiveszett a kereskedelembdl. Ezt kdvetden egy Brazilidban vadon nové
gombafajt vezettek be a termesztésbe Brazilidban, Japanban és masutt is. Ezt a brazil gombat kiilonbozé neveken emlegették,
leggyakrabban A. blazei Murrill (sensu Heinemann), majd 4. brasiliensis Wasser et al. néven (Kerrigan 2005).

Kerrigan (2005) megallapitasa szerint a faj amfitalikus szaporodasi mintazattal rendelkezik. Az rDNS ITS régi6 DNS
szekvenciaelemzése, valamint a hibrid utédok ivaros szaporodasanak vizsgalatai és genetikai elemzése alapjan erds érvek szolnak a
brazil gombak és az A. subrufescens konspecifikussaga mellett. A tipus és egyéb adatok tanulmanyozasa alapjan az A. subrufescens
legujabb lektotipizalasa elfogadott.

Adatok keriiltek bemutatasra valtozatos foldrajzi eredetii gombakrdl, mint a nyugat-eurdpai Agaricus rufotegulis Nauta Hollandiabol,
az Egyesiilt Kiralysagbol, valamint Portugaliabol (Nauta 1999, Hausknecht 2002), amely rendkiviil hasonlé és konspecifikusnak
tekintendd az A. subrufescens-szel. Felmeriilt a populaciok kozotti hibridizacio lehetséges szerepe az A. subrufescens jelenlegi
populacidiban. A tenyésztési adatok azt mutattak, hogy a kiilonboz6 fajokhoz rendelt izolatumok keresztezOdhetnek és utddokat
hozhatnak 1étre; az A. subrufescens biologiai fajkoncepcidja ezért befogadonak tiinik. A bemutatott szekvenciaadatok arra utalnak,
hogy faji szinten egyetlen filogenetikai egységrdl van szd, esetleg populacios szintii eltérésekkel (Kerrigan 2005).

Molekularis adatok alapjan az is bizonyitast nyert, hogy az Agaricus bambusae var. bambusae Beeli, amelyet Afrikabol irtak le, az
Agaricus subrufescens szinonimaja (N. Thongklang és mtsai 2016).

L.A. Parra ¢és mtsai (2018) tanulmanyukban megjegyzik, hogy a kozmopolita 4. subrufescens esetében szokatlan fajon beliili
variabilitas ismert. Chen ¢és mtsai (2016a) leirtak, hogy az ITS harom kiilonb6z6 tipusba sorolhato kilenc informativ polimorf pozicid
alapjan. Az amerikai és eurdpai gytijtemények ITS szekvenciai A/A, B/B vagy A/B tipustiak, mig a Hawaiirol, Thaifoldrdl, Kinabol
és ujabban Iranbol (Mahdizadeh és mtsai 2017) gytijtott mintakbol szarmazok C tipusuak. Ennek a fajon beliili diverzitasnak a
filogenetikai faban val6 dbrazolasa nem megbizhato, mivel a heteromorfizmusokat és a kulcsfontossagu informativ pozicidkban 1évo
indelleket nem veszik figyelembe.

R. Medel-Ortiz és mtsai (2022) tanulmanyukban megallapitottak, hogy A. fiardii Pegler, az A. subrufescens 10ij szinonimaja, valamint
az Arvenses szekcioban Uj fajként irtak le a szimpatrikus és morfoldgiailag kriptikus A. macrochlamys fajt, amely az Osszesitett
filogenetikai elemzések alapjan az A. subrufescens teljes mértékben tamogatott testvérkladjat alkotta. /Az 4. macrochlamys jelentds
kiilonbségeket mutatott az A. subrufescens-szel szemben az ITS (6t pozicio) és a TEFI-o régiokban (hat pozicio ¢és egy 4 bps
inszercio)./

Megjegyzés

Tanulmanyunkban elvégeztiik kiilon az 53 Agaricus subrufescens példany ITS szekvencidjanak az illesztését MUSCLE programmal
a Geneious Prime szoftver segitségével, amelynek eredményeként 18 polimorf pozicidt rogzitettiink az ITSIF-ITS4 régidban (2.
tablazat), majd ezt kovetden ezeket a polimorf poziciokat az illesztésben is vizualizaltuk (6. abra).

Konklizié

Véleményiink szerint a rendkiviil variabilis, kozmopolita Agaricus subrufescens sensu lato taxonomiai helyzete még messze nem
tisztazott teljeskortien. Ezért sziikségesnek tartanank a faj foldrajzi elterjedésének és diverzitasanak tovabbi feltérképezését, ujabb
mintak begyUjtését, valamint annak a kérdésnek az eldontését, hogy a vilag kiilonb6z6 részein mar azonositott taxonok valéban egy
fajhoz tartoznak-e. Ennek tisztazasara indokolt lenne fajspecifikus markerek (ITS és TEFI-o) alkalmazasaval el0szor az Agaricus
subrufescens taxon molekularis alapu ujratipizdlasa, valamint a komplexbe tartozo kriptikus fajok 2 lokuszos molekularis
filogenetikai analizise, sziikség esetén revizioja.
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Figure 1 / 1. abra. A—C: Basidioma of Agaricus subrufescens. | Az Agaricus subrufescens terméteste. D—E: Photo of the habitat of Agaricus
subrufescens. | Az Agaricus subrufescens él6helyének a fotoja.
Photographs / Fotok: A-C by Eva Vass; D, E by Dr. Gyorgy Bence Halasz
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Figure 2./Abra 2. Microscopical features of Agaricus subrufescens. | Az Agaricus subrufescens mikroszkopikus jellemz6i.

a-c: Basidiospores. / Bazidiosporak. d-f: Basidia and basidiospores. / Bazidiumok ¢és bazidiosporak. g-h: Cheilocystidia and basidiospores. /

Keilocisztida és bazidiosporak. Photographs / Fotok: Gyorgy Vrba.

Scale bars: a-h = 10 um.

Table 1 The nrtDNA ITS sequences of Agaricus species used in the phylogenetic analyses. The sequence originated from Hungary is

marked in boldface.

1. tablazat. A filogenetikai elemzésben hasznalt Agaricus fajok nrtDNS ITS szekvencidi. A hazai adat félkdvér betiivel lathato.

No. Species name / Fajnév Country / Orszag ITS (Sequences ID)
1. Agaricus subrufescens Mexico ON332806
2. Agaricus subrufescens Dominican Republic MF511113
3. Agaricus subrufescens Brazil PV109378
4. Agaricus subrufescens France KU557352
5. Agaricus subrufescens Dominican Republic MF511115
6. Agaricus subrufescens Australia MH620769
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Table 1 (continued) / 1. tablazat. (folytatas)

No. Species name / Fajnév Country / Orszag ITS (Sequences ID)
7. Agaricus subrufescens Hungary PV190461
8. Agaricus subrufescens France (Martinique) JF797201
9. Agaricus subrufescens Dominican Republic MEF511128

10. Agaricus subrufescens USA OP828869

11. Agaricus subrufescens Dominican Republic ON332811

12.  Agaricus subrufescens Dominican Republic ON332810

13.  Agaricus subrufescens USA KJ859103

14.  Agaricus subrufescens USA 0Q746396

15. Agaricus subrufescens Brazil PV109383

16. Agaricus subrufescens France PV109381

17.  Agaricus subrufescens France PV109376

18.  Agaricus subrufescens China MK617874

19. Agaricus subrufescens China KT951383

20. Agaricus subrufescens USA PQ691296

21. Agaricus subrufescens Dominican Republic MF511114

22. Agaricus subrufescens France KU557353

23. Agaricus subrufescens France PV109382

24. Agaricus subrufescens France PV109375

25.  Agaricus subrufescens Spain PV109380

26. Agaricus subrufescens Spain PV109379

27. Agaricus subrufescens Spain PV109374

28. Agaricus subrufescens Canada KJ859102

29. Agaricus subrufescens Belgium PV109368

30. Agaricus subrufescens India OM278348

31. Agaricus subrufescens Pakistan PQ136893

32. Agaricus subrufescens Pakistan PQ13689%4

33.  Agaricus subrufescens China KJ755637

34. Agaricus subrufescens Taiwan PV109363

35.  Agaricus subrufescens Brazil PV109377

36. Agaricus subrufescens Brazil PV109369

37. Agaricus subrufescens United Kingdom PP320856

38. Agaricus subrufescens Spain PV109372

39. Agaricus subrufescens Iran KT983412

40. Agaricus subrufescens India OL989211

41. Agaricus subrufescens China MK617873

42.  Agaricus subrufescens China PP475017

43. Agaricus subrufescens Thailand KUS557345

44. Agaricus subrufescens France KUS557351

45. Agaricus subrufescens Australia MH644796

46. Agaricus subrufescens China KT002160

47. Agaricus subrufescens Thailand OR035526

48. Agaricus subrufescens India OM278344

49. Agaricus subrufescens Thailand KJ541798

50. Agaricus subrufescens Thailand KU557347

51. Agaricus subrufescens India OM278266

52. Agaricus subrufescens South Korea OR924229

53.  Agaricus subrufescens USA PQ498142

54. Agaricus macrochlamys Mexico ON332805

55.  Agaricus macrochlamys Mexico T KY704307

56. Agaricus macrochlamys USA KY704305

57. Agaricus augustus USA OM522300

58.  Agaricus augustus France JF797193

59. Agaricus augustus Mexico KT874929

60. Agaricus arvensis India KF306093

61. Agaricus arvensis Spain T KF114474

62. Agaricus arvensis China MK617913

63. Agaricus litoralis Hungary PV195021
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Figure 3 Neighbor-joining phylogenetic tree of the genus Agaricus generated from ITS sequences (incl. Agaricus macrochlamys) using Genius Prime.
Bootstrap values (> 76%) are reported above the branches. / 3. abra. Az Agaricus nemzetség ITS szekvenciaibol (beleértve Agaricus macrochlamys)
generalt neighbor-joining filogenetikai fa a Genius Prime program segitségével. A bootstrap értékeket (> 76%) az agak felett kozoljiik.
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Figure 4 Maximum likelihood phylogenetic tree of the genus Agaricus generated from ITS sequences (incl. Agaricus macrochlamys) using raxmlGUI
2.0. / 4. abra. Az Agaricus nemzetség ITS szekvenciaibol (beleértve Agaricus macrochlamys) generalt maximum likelihood filogenetikai fa a
raxmlGUI 2.0 program segitségével.
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Figure 5 Maximum likelihood phylogenetic tree of the genus Agaricus generated from ITS sequences (incl. Agaricus macrochlamys)
using PhyML / 5. dbra. Az Agaricus nemzetség ITS szekvencidibol (beleértve Agaricus macrochlamys) generalt maximum
likelihood filogenetikai fa a PhyML segitségével.
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Table 2 Variable positions within the ITS sequence of 53 specimens of A. subrufescens. / 2. tablazat. Valtozo poziciok az 53 A. subrufescens
példanyanak ITS szekvenciajaban.

Position
GenBank No. Origin —
41 119 127 135 150 151 159 205 251 274 282 339 471 476 499 565 595 655

PV190461 Hungary T A A A G A C T A G A A A T T G A T
MF511113 Dominican Republic T A R R R w C Y R G A A A T Y G A T
MF511115 Dominican Republic T A A A G A C T A G A A A T T G A T
JF797201 Martinique (France) T A A A G A C T A G A A A T Y G A T
KU557352 France T A A A G A C T A G A A A T c G A T
MF511128 Dominican Republic T A A A G A C T A G A A A T cC G A T
MF511114 Dominican Republic ~ — R G G A T cC C R G A R A T cC R A W
KU557353 France - G G G A T c C A G A G A T cC A A A
KU557351 France - A G G A T C cC A A A A C - C G A T
ON332811 Dominican Republic T A A A G A C T A G A A A T C G A T
ON332810 Dominican Republic T A A A G A C T A G A A A T C G A T
ON332806 Mexico T A R R A T cC Y A G A A A T cC G A T
KU557347 Thailand - A G G A T c C A A A A C - c G A T
KU557345 Thailand - A G G A T c C A A A A C - cC G A T
KT983412 Iran - A G G A T c C A A A A C - c G A T
KJ541798 Thailand - A G G A T c C A A A A C - c G A T
KT002160 China - A G G A T c C A A A A C - c G A T
KJ755637 China - A G G A T T cC A G A A A T cC G G T
MH644796  Australia T G G G A T c C A A A A C - cC G A T
MH620769  Australia T A A A G A C T A G A A A T T G A T
KJ859103 USA T A A A G A C T A G A A A T cC G A T
KJ859102 Canada - A G G A T cC C A G A A A T cC G A T
OP828869 USA T A A A G A C T A G A A A T cC G A T
OM278348  India - A G G A T c C A G A A A - cC G A T
OM278344  India - A G G A T c C A A A A C - c G A T
OM278266  India - A G G A T c C A A A A C - cC G A T
OL989211 India - A G G A T c C A A A A C - c G A T
MK617874  China - A A G A T c C A G G A A - c G A T
MK617873  China - A G G A T c C A A A A C - c G A T
PV109363 Taiwan - A G G A T T cC A G A A A T cC G G T
PQ691296 USA - A A G A T c C A G G A A - cC G A T
PQ498142 USA - A G G A T c C A A A A C - cC G A T
PQ136894 Pakistan - A G G A T c C A G A A A - cC G A T
PQ136893 Pakistan - A G G A T c C A G A A A - cC G A T
PP475017 China - A G G A T c C A A A A C - cC G A T
PP320856 United_Kingdom - A G G A T c C A G A A A T c G G T
OR035526 Thailand - A G G A T c C A A A A C - c G A T
OR924229 South_Korea - A G G A T c C A A A A C - c G A T
0Q746396 USA T A A A G A C T A G A A A T c G A T
PV109383 Brazil T A A A G A C T A G A A A T c G A T
PV109382 France - G G G A T c ¢ A G A G A T cC A A A
PV109381 France T A A A G A C T A G A A A T cC G A T
PV109380 Spain - A G G A T c C G G A A A T cC G A T
PV109379 Spain - A G G A T c C G G A A A T cC G A T
PV109378 Brazil T A A A G A C T A G A A A T cC G A T
PV109377 Brazil - A G G A T T cC A G A A A T c G G T
PV109376 France T A A A G A C T A G A A A T cC G A T
PV109375 France - G G G A T c C A G A G A T cC A A A
PV109374 Spain - A G G A T c C G G A A A T c G A T
PV109372 Spain - A G G A T c C A G A A A T c G G T
PV109369 Brazil - A G G A T T cC A G A A A T c G G T
PV109368 Belgium - A G G A T c C A G A A A T c G A T
KT951383 China - A A G A T c C A G G A A - c G A T
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Figure 6 View of the alignment of 53 Agaricus subrufescens specimens (Geneious Prime, Muscle alignment, consensus threshold: 95% (bases
matching at least 95% of the sequences, highlighting all discrepancies)). / 6. abra. Az 53 Agaricus subrufescens példany illesztésének nézete
(Geneious Prime, Muscle illesztés, konszenzus kiiszobérték: 95% (a szekvenciak legalabb 95%-nak megfeleld bazisok, kiemelve minden eltérést)).
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