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The article reviews available data on the “death cap” (Amanita phalloides) occurrences in the North-West of the
European Russia (Leningrad, Novgorod, Pskov Oblasts and St. Petersburg City). The literature data are ana-
lyzed, the review of ecological preferences of the species in the studied area is carried out. It has been suggested
that the species can be both native and imported and was introduced with broad-leaved tree seedlings during the
foundation of numerous manor parks in the XVIII—XIX centuries. Molecular-genetic analysis was carried out,
showing that ITS sequences of A. phalloides samples from Leningrad Oblast form a common clade with the se-

quences of collections from Central Russia as well as from Northern and Central Europe.
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INTRODUCTION

Amanita phalloides (Vaill. ex Fr.) Link is an iconic
species, “death cap” that is responsible for numerous
human poisonings. It was assumed earlier, that the spe-
cies is rare or even absent in the Northwestern part of
European Russia. During the last twenty years, new
findings of the species on the territory were made by
both mycologists and amateurs. Present paper summa-
rizes all existing collections of the species to highlight
the presence of this deadly poisonous species in the re-
gion.

MATERIALS AND METHODS

Sampling and identification. For the literature re-
view information from database of agaricoid fungi dis-
tribution was used (Bolshakov et al., 2021). For the ex-
isting specimens we checked Mycological Herbarium
of the Komarov Botanical Institute RAS (LE). During
survey of the mycobiota of Northwest Russia, several
new collections of the species were obtained and new
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localities were revealed. Due to characteristic appear-
ance, identification was performed in the field.

DNA techniques and phylogenetic analysis. DNA
was extracted from small pieces of dried basidiomata
using the FitoSORB DNA extraction kit (Syntol, Rus-
sia) according to the manufacturer’s instructions. PCR
reactions were performed in 20 UL of reaction mixtures
containing 10 uL of iQ Supermix (BioRad), 0.2 UL of
each PCR primer, 4.6 UL of deionized H,0, and 5 uL
of template DNA. The ribosomal ITS1-5.8S—ITS2
region was amplified with the primers ITS1F/ITS4B
(Gardes, Bruns, 1993). PCR products were visualized
using agarose gel electrophoresis and GelRed staining,
and subsequently purified with the Fermentas PCR
Purification Kit (Thermo Fisher Scientific, Lithua-
nia). Purified PCR products were sequenced on an
ABI model 3500 Genetic Analyzer (Applied Biosyste-
ms, USA). Raw data were edited and assembled using
Molecular Evolutionary Genetics Analysis Version 6.0
(MEGAG6) software (Tamura et al., 2012). Newly
generated sequences were deposited in the GenBank.
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Table 1. Sequences and strains of Amanita species included in molecular analysis

Species G‘?nBank 1D (specimc?n Country References
accession number number, strain)

Amanita pantherina MK327260 RET 403-8 Czech Republic — ok
MHS508488 MB-102863 Germany Cui at al. (2018)

A. phalloides AJ308097 FVORO-0023 Russia —
AY325834 O Gulden 49/94, Norway | Norway —
EU909444 Am.pha.PV02.1 France Pringle et al. (2009)
MKS512068 A54 Czech Republic —
MWO036159 LE-BIN 4016 (strain) Russia —
MZ647956 Khovpachev-A3b Russia current study
MZ647957 LE 332058 Russia current study
NOBAS5223-18* O-F-21495 Norway —
AJ889921 KF02-19 Denmark —

A. virosa MZ647955 Khovpachev-Alb Russia current study
KY924845 RET 291-3 France —

Note. The newly generated sequences are given in boldface. *The BOLD Systems accession number.

**Sequences marked with “—” are unpublished.

Additionally, 10 ITS sequences were retrieved from
GenBank and the BOLD Systems (Ratnasingham,
Hebert, 2007) (Table 1). Sequences were aligned with
the MAFFT version 7 web tool (Katoh et al., 2019) us-
ing the E-INS-1 option. Maximum Likelihood (ML)
analysis was performed in the IQ-TREE Web Server
(Trifinopoulos et al., 2016) with 1000 ultrafast boot-
strap replicates.

RESULTS
Literature review

XIX—XX centuries. In 1828 Weinmann published
the list of fungi that were found in Pavlovsk manor
(Weinmann, 1828). He mentioned “Agaricus phalloides
pileo flavo” with reference to Fries. Fries in his Syste-
ma Mycologicum (Fries, 1821) accepted broad concept
of the species and cited five “infraspecific” taxa differ-
ing in pileus color. Iconography given to the form
“b. pileo flavo” depicts rather Amanita citrina Pers. in
modern concept (Fig. 1). As Weinmann followed
Fries, it can be assumed that he probably found not
A. phalloides, but A. citrina. Later, in subsequent sum-
marizing work on flora of “agro Petropolitano” (Wein-
mann, 1837) he also mentioned five forms, simultane-
ously citing iconography. Fungi depicted on illustra-
tions cited fit quite well the modern concept of
A. phalloides (Fig. 2). No precise localities are given,
but it is known that Weinmann mostly worked in Tsar-
skoye Selo (suburban area of modern St. Petersburg)
and Gatchina (modern Leningrad Oblast). To our
knowledge, no specimen of A. phalloides collected by
Weinmann exists. In 1892 and 1894 Thesleff found the
species during his investigations on the territory of
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modern Vyborgsky District (Thesleff, 1920) with men-
tion “ekskog” (oak forests). According to the list of lo-
calities, he visited oak forests in three localities: around
Vyborg Bay (“kring Viborgska viken i Viborgs sock-
en”), Vesennii Island (“Luuri-holmen i St Johannes
socken”) and Malyi Beryozovyi Island (“holmen
Vasikkasaari i Finska viken, Bjorko socken”). Thus, up
to 2000 there were only literature data based on centu-
ry-old observations of the species from the territory of
North-Western Russia with no specimens deposited in
collections.

New findings (2000 — nowadays). First data on
A. phalloides findings from the territory of St. Peters-
burg confirmed by specimens belongs to the 2010s
when the species was found in Primorsky and Kurortny
districts of St. Petersburg. Since 2011, death cap basid-
iomata collected from the territory of St. Petersburg
and Leningrad Oblast were regularly exposed during
the annual autumn mushroom exhibition organized by
St. Petersburg Mycological Society (Fig. 2, g). In 2018
the species was included in Red Data Book of St. Pe-
tersburg (Arslanov, 2018). In 2018, 2020, and 2021 au-
thors of present paper found new localities of the spe-
cies in Leningrad Oblast (Kingiseppsky and Luzhsky
districts).

In Pskov Oblast the species is included in the Red
Data Book (Sudnitsyna, 2014) as protected on the ter-
ritory of Sebezhsky National Park with reference to
Kovalenko et al. (2003). Nevertheless, in the latter pa-
per the species is not mentioned and its’ presence in the
protected area is not confirmed. Later it was found in
Loknyansky district (Popov et al., 2013), Polistovsky
Nature Reserve (Kalinina, 2021) and in the Pushkin
Museum-Reserve (Morozova et al., 2022). Notewor-
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Fries, 1821 Syst. mycol. 1: 13

a. A Phalioides, pileo subsquamoso, margine lzvi,
stivite apice cavo, volva connata balboso.
Foag. phelloid, Faill, par. p.74. t. 14. f.5 A, bulboss

& verruens, Bull, . 2. 577, Decand, fr. 3. p. 210,
A. vernalis. Bolr, 1. 43.

a, pileo albo, Liun, Svec, 1337. Hall. helv, 2355, A.
bulbesns, Schef, t. 231, Am, Pers, 1, c. A, 103ipie
dus, ¥iil, p, 1032,

b, pil. flave. An, citrinns, Schaff. ¢, 20. Nees I, ¢, f.
165. Am. Pers, p. 251, Ag. verrucos, Curt. 2, .
312, fig. dexir. A. Mappa. J¥illd. Ber. 381

e pil, pallide viridi, Roz. Obs. Jul. 1775. t. 1, f. 6, 2
t. 8. f. 1- 4. Ag. virese, Fl, Dan 3“ 1346,

d. pil. olivaceo-viridi. Am. viridis, Pers, L. o.
e. pileo fusco, Alick, 3, 78. f. 1, A. sinuat. Schum,

Colore varius, icoderus. Stipes demum cavas,
% unc. longus, firmus, fibrillosus, volva bulbifermi
mwnc laxa, nene marginata, Pilews irregularitev

Ag. citrinus Schaeff. t. 20
'\ kXX

A 4
(a) | 0w 4 e
Ag. citrinus Nees f. 165 Am. Pers. p. 251 Ag. verrucos. Curt. 2 t. 312
e A ikt e[ fig. dextr.
Lamellae pluci .

L %
dine poquales.. Stipes 3 vne ’ﬂl‘?@’n',
subattenvatus, 5— 4 lin. erassus bribosus,;
7+ Amaxtra cirmina: pileo glabro
citrino, lamellis stipiteque albis. Disp.
weth. fung, po66. Schueff. fung. 1. 2o,
B. Amanita Mappa: pileo Nauescents
e b i .

Agaricus Mappa : stipitatus, annulo
fixo wmueeso, pileo planivicalo fAano,
fusco-variegato, lamellis albidis, stipite
bulboso voluate, MPilld, FI, Berol p. 581,
Batsch, EL fung. p. 57. huius loci sunt.

ons, An:‘ln‘il.l citrina satis frequens

in fag et g in, regios
nibus i is, v plori

1.

+ pileo

ad verram ; vavietatem quamdam in trun-
cis putridis inueni, eolore amoene sul-
h i Ry

acri diversam. .!’hprt nune ptl;o con-
colov, nuuc albus est. Pileum rarissime
s s o e

AMappa auctorum, qui seeundum ahug:
fevum, mlor_z ob'mlriw_e et _]nmu_!lin

©"

(o) R e

el (e) .

A. mappa Wild. Ber. 351

1102. A%arreus Mappa flipitatus, annulo fixo

~ inverfo, pileo planiufeulo flavo, fufco varie.
gato, lamellis albidis, flipite bulbofo volvato.

Agaricus Mappa pileo flavo cinerafcente, pallido,

maculis inaequalibus fufcefcentibus plerumque
pito; flipite elongato lamellisque fubconco-
loribus albis, Bazfch fung. §7. n. §0. Schacffer
tab. 20, :

(D n der Jungferuheide paffim. Autumno. =

Weinmann, 1828

Enumeratio Fungorum in agro Pawlow-
skiensi praecipue crescentium. Aus
ctore J. 4. Weinmann.

Ordo I Pileati.
Agaricus Linn, Fries systema mycolog. Vol.Lp.8.
Series 1. Lencosporus,
vernus Bull
Phalloides Fr. pileo flavo,
porphyrins A, 5.

wvaginalus Bull, pileo albido.
= = griseo.

- =~ pileo livido.

(2

=- = = livido,

Fig. 1. Original descriptions of taxa associated with Amanita phalloides concept: a — “forms” of Agaricus phalloides from Systema My-
cologicum (Fries, 1821). We collect here iconography ascribed to “b. pil. flavo” (encased in rectangle); b — illustration of Agaricus
citrinus from Schaeffer (1762); ¢ — illustration from Nees von Esenbeck (1817); d — description of Amanita citrina by Persoon (1801),
there is also reference to Schaeffers’ plate; e — illustration of Agaricus verrucosus from Curtis (1787); f — description of Agaricus mappa

from Willdenow, 1787; g — page from Weinmann (1828).
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thy, that in 2021 large population of A. phalloides was Amanita phalloides in the North-West of European
firstly detected in particular site of a forest regularly in- Russia. Here we provide list of known occurrences of
spected since 1995. the species arranged in chronological order (Fig. 3).
No information on A. phalloides from Novgorod St. Petersburg and Leningrad Oblast: Pavlovsk —
Oblast is known so far. ?A. citrina; no locality given (Weinmann, 1837).
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Weinmann, 1837 Vail. Par. tab. 14 | |A. virescens
- Fig.5 - Fl. Dan. tab. 1246~

157 —

5

391. A. phalloides Fr. Vaill. Par. tab. 14. Fig. 5.

—  a. pileoalbo. A. vernalis Bolt. tab. 48.

— b, pileo flavo. A. bulbosus Bull.
Champ. tab. 2.

— ¢ pileo pallide-viridi. A. virescens
Fl. Dan. tab. 1246.

— d. pileo alivaceo-viridi. A. bulbosus
Bull. Champ. tab. 577.
Fig. D. G. H. M.

— e pileo fuscescente A. bulbosus Bull.
L. c. Fig. E. F.

In sylvaticis graminosis muscosis, pratis humidiusculis

et apiicis ¢t inter folia decidua, passim. Aestate,
(a) autumno.

J

. 1 (4. bulbosus Bull. Champ. || A. bulbosus Bull. Champ.
A. vernalis Bolt. tab. 48 tab. 2 iy Ml

Fig. 2. Original descriptions of taxa associated with Amanita phalloides and illustration of the species in modern concept: a — “vari-
eties” of Agaricus phalloides from Weinmann (1837); b — plate from Vaillant (1727) that was chosen by Weinmann as main “variety”;
¢ — illustration to variety “c. pileo pallide-viridi”, A. virescens from Vahl (1799); d — to the variety “a. pileo albo”, A. vernalis from
Bolton (1788); e — to the “b. pileo flavo”, A. bulbosus from Bulliard (1798); f — to the “d. pileo olvaceo-viridi” and “e. pileo fuscescen-
te”, A. bulbosus from Bulliard (1798); g — basidiomata of Amanita phalloides exposed during mushroom exhibition in St. Petersburg
in 2018; h — A. phalloides in situ.

St. Petersburg: Primorsky district, vicinity of former et al., 2020); Kurortny district, vicinity of Zelenogorsk,
station “Morskaya”, pine forest, coll. and det. S.N. Ar- 05.09.2020 (A. A. Khovpachey, pers. observ.).

slanov, 30.09.2016, LE 311893, LE 311894; Kurortny Leningrad Oblast: Vyborgsky District (Thesleff,
district (Arslanov, 2018); Primorsky district, Reserve 1920); Kingiseppsky district, vicinities of Velikino set-
“Severnoe Poberezhye Nevskoy Guby” (Morozova tlement, in oak valley (remnants of manor park) and

MUKOJIOI'UA U GUTOIIATOJIIOTHUA  tom 57 Ne 4 2023
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Fig. 3. Occurrences of Amanita phalloides in the Northwestern European Russia: a — North-West of European Russia (in brown) on
the map of Russia; b — Leningrad (LEN), Novgorod (NGR), Pskov (PSK) Oblasts and the city of St. Petersburg (SPE). The white
circles represent data from XIX century, brown dots — personal observations, red dots — published data not confirmed by specimens
kept in LE and green diamonds represent localities of specimens kept in LE.

coniferous-broadleaved forest, coll. and det. D.A. Tom-
chin, 14.09.2018, LE F-332058, LE 315730; Luzhsky
district, Shalovo-Perechitsky protected area, mixed
forest with Quercus robur, Tilia cordata and Corylus
avellana in undergrowth, coll. and det. D.A. Tomchin,
25.07.2020, LE 312591; Kingissepky district, vicinity of
Vistino village, 25.08.2020 (A.A. Khovpachev, pers.
observ.); Kingissepky district, Kotelsky protected area,
vicinity of Glubokoe lake, mixed forest with Quercus
robur, 26.08.2020 (L.Yu. Semyonova, pers. observ.);
Kingissepky district, Kurgalsky protected area, mixed
forest with Tilia cordata and Corylus avellana in under-
growth, 12.09.2020 (D.A. Tomchin, pers. observ.); Lu-
zhsky district, Cheremenetsky protected areca, mixed
forest with Corylus avellana in undergrowth,
26.08.2021 (D.A. Tomchin, pers. observ.).

Pskov Oblast: Loknyansky district, vicinity of Bash-
ovo, mixed forest, under oak, 10.08.1998 (Popov et al.,
2013); Sebezhsky district — doubtful (Sudnitsyna,
2014); Bezhanitsky district, Polistovsky State Nature
Reserve, 17.08.2017 (Kalinina, 2021); Loknyansky dis-
trict, Polistovsky State Nature Reserve, 04.09.2017
(Kalinina, 2021); Loknyanskiy district, vicinity of Sk-
raby village, under oak, 20.08.2017 (E.S. Popov, pers.
observ.); Pushkinogorsky district, museum “Mikhai-
lovskoye”, Mikhaylovskoye manor, on the grass under
lime and oaks, coll. and det. O.V. Morozova,
11.09.2018, LE 315731 (Morozova et al., 2022); Lok-
nyansky district, vicinity of Maloye Koskovo village,
forest with Quercus robur and Corylus avellana in un-
dergrowth, 14.09.2019 (L.B. Kalinina, pers. observ.);
Ne 4
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Loknyansky district, Bashovo, forest dominated by
Alnus incana with admixture of Quercus robur and
Fraxinus excelsior and numerous Corylus avellana in
undergrowth, under hazel, 21.08.2021 (E.S. Popov,
pers. observ.); Loknyansky district, vicinity of Ko-
shnevo village, mixed forest, under oaks, 30.08.2021
(E.S. Popov, pers. observ.).

Phylogenetic analysis. Our findings can be consid-
ered as conspecific with specimens from Central Rus-
sia, Northern and Western Europe as a common clade
is formed on the phylogenetic tree derived from ITS
nrDNA sequences (Fig. 4).

DISCUSSION

A. phalloides, a conspicuous and attractive mush-
room, is responsible for numerous human poisonings
due to presence of amatoxins (Wieland, 1968; Wien-
land, Faulstich, 1991; Gurevich, Zhurkovich, 1995;
Khovpachev et al., 2020) and is considered as one of
the most feared fungi (Hyde et al., 2018). The species is
native to Europe and widespread. In mycological liter-
ature of the XX century, the species was reported also
from Asia (Imazeki, Hongo, 1987; Teng, 1996), but re-
cent studies showed that Asian lethal amanitas repre-
sent several distinct taxa endemic to East Asia (Zhang
et al., 2010; Cui et al., 2018). Outside Europe it is
known as invasive from North America (Pringl et al.,
2009; Wolfe et al., 2010) and from Australia (Trim
etal., 1999). The species is easily exported with its
symbionts (Tulloss, 2023), and there is evidence that

2023
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73 Amanita virosa MZ647955 Russia
Amanita virosa KY924845 France
Amanita phalloides EU909444 France
100 Amanita phalloides MZ.647956 Russia

- Amanita phalloides AY325834 Norway

97U Amanita phalloides MW036159 Russia
Amanita phalloides MK512068 Czech Republic
Amanita phalloides MZ647957 Russia
Amanita phalloides AJ308097 Russia

Amanita phalloides MOBAS5223-18 Norway

Amanita phalloides AJ889921 Denmark
100 Amanita pantherina MK327260 Czech Republic

0.05 Amanita pantherina MH508488 Germany
u

Fig. 4. Phylogenetic tree of Amanita phalloides reconstruct-
ed from an ITS dataset using ML analysis. Newly generated
sequences are given in boldface.

the species is able to host shift (Berch et al., 2016). Re-
garding distribution in Russia, the species is common
and widespread in the nemoral zone in the European
part (Bolshakov et al., 2021). The most frequent habi-
tats are pine and pine-birch forests, oak and conifer-
ous-broadleaved ones are less frequent. In addition,
the species is drawn to anthropogenic habitats such as
aspen forests, birch stands with grasses, pine plantings
(Kiyashko, 2015).

Habitats of our findings can be divided into two
groups — old artificial stands with Quercus robur and
deciduous or coniferous-broadleaved forest with Quer-
cus robur, Tilia cordata and/or Corylus avellana in un-
dergrowth. Probably, in the artificial stands the species
was brought with tree seedlings used for numerous
manor parks foundation in XVIII—XIX century. Note-
worthy, that during the long-termed survey of genus
Amanita in Cyprus, A. phalloides was found only from
a Corylus avellana plantation and was absent from na-
tive habitats (Loizides et al., 2018). The second group
of habitats is presented by deciduous or coniferous-
broadleaved forests with Quercus robur, Tilia cordata
and/or Corylus avellana in undergrowth. These habi-
tats are not very common and readily accessible, so
thorough mycological studies have not been done until
recently. Possibly, in such habitats species is native but
is not observed. In oak forest situated on the north-
west of Izhora Upland Leningrad Oblast (protected ar-
ea “Oak forests near Velkota village”), Amanita phalloi-
des was not found despite the regular surveys since
2012. Interestingly, that in 2021 large population of
A. phalloides was firstly detected in particular site of a
forest (Bashovo, Pskov Oblast) regularly inspected
since 1995.

The authors are very grateful to O.V. Morozova
(BIN RAS, Saint Petersburg) and L.Yu. Semyonova
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for kindly providing information about the findings of
the species. The work was supported by the institution-
al research project of the Komarov Botanical Institute
[ “Herbarium collections of the BIN RAS (history, conser-
vation, research and replenishment)”, Ne 122011900032-7]
using the equipment of the Core Facility Centre “Cell
and Molecular Technologies in Plant Science” at the
Komarov Botanical Institute, RAS (St. Petersburg,
Russia).
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HH#HH

B craTbe npuBeneH 0630p UMEIOIIMXCS CBEACHUI O HaXOAKaX CMEPTEIbHO SIAOBUTOM OJIeMHOI ITOTaHKU
(Amanita phalloides) Ha Tepputopumn CeBepo-3anana eBporreiickoil yactu Poccum (Cankr-IleTepOypr, Jle-
HuHrpazackasi, Hosroponckast u I[IckoBckast o6actu). [IpoaHaqn3upoBaHbl TUTepaTypHBIE CBEACHUSI, TPOBE-
JIeH 0030p 3KOJIOTMYEeCKUX MPEATOYTeHUM BUIa Ha CCIIeTyeMoit TeppUTOpUM. BhickazaHo MpeaIoaoXKeHue,
YTO BUJ MOXET SIBJISIThCSI KAK a0OPUT€HHBIM, TaK U 3aHOCHBIM U ObLJ1 MHTPOAYLIMPOBAH BMECTE C CakeHIIaMK
IIMPOKOJIMCTBEHHBIX IEPEeBbEB IPU CO3TAaHNMM MHOTOYMCIICHHBIX HNpuycaacOHbIx mapkoB B XVIII—XIX BB.
[MpoBeneH MOJEKYISIPHO-TEHETUUECKUIT aHaliu3, TMOKa3aBIIUi, 4yTo TocienoBaTesbHOCTH [TS-06pasios
A. phalloides n3 JlennATpamckoii 061. 00pa3yroT eIUMHYIO KJIaay ¢ IOCIeI0BaTeIbHOCTSIMY KoJUleKInii 13 LleH-
TpanbHOit Poccuu, a Takke CeBepHoii u LleHTpanbHoit EBpornbl.

Karoueswie crosa: 6nenHas ioraHka, OuopasHoobOpasue, sHIOBUThIE BUNBI, Amanitaceae
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