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Taxon

eryngii var. eryngi
eryngii var. eryngii
eryngii var. eryngii
eryngii var. eryngii
eryngii var. eryngii
eryngii var. eryngi
eryngii var. elagoselini
eryngii var. elaeoselini
eryngii var. elaeoselini
eryngii var. elaeoselini

Associated plant

Eryngium maritimum
Eryngium campestre
Eryngium sp.
Eryngium sp.
Eryngium sp.
Peuredanum cervaria
Laserpitium siler
Laserpitium latifolium
Laserpitium latifolium
Laserpitium latifolium

eryngii var. el fini
eryngii var. elagoselini
eryngii var.

Ell li asclepium
Elaeoselinum asclepium
] lini El li asclepium

eryngii var. elagoselini
eryngii var. elasoselini
eryngii var. ferulae
eryngii var. ferulae
eryngii var. ferulae
eryngii var. tingitanus
eryngii var. thapsine
eryngii subsp. tusliensis
eryngii subsp. tuoliensis
eryngii subsp. tuoliensis
eryngii subsp. tusliensis
eryngii subsp. tuoliensis
eryngii

eryngii

eryngi

. eryngii

F. ferulaginis
F. ferulaginis
P. ferulaginis
F. ferulaginis
P. ferulaginis
F. ferulaginis
P. ferulaginis

P. nebrodensis subsp. fossulatus
3
B
P

nebrodensis
nebrodensis
nebrodensis

Margotia gummifera
Thapsia villosa
Ferula communis
Ferula communis
Ferula communis
Ferula tingitana
Thapsia garganica
Ferula sp.

Ferula sinkiangensis
Ferula sinkiangensis
Ferula feruloides
commercial
Apiaceae
Apiaceae

Prangos sp.
commercial (Huairou)
Apiaceae

Ferulago campestris
Ferulago campestris
Ferulago campestris
Ferulago campestris
Ferulago campestris
Ferulago campestris
Prangos ferulacea
Frangos ferulacea
Prangos ferulacea
Prangos ferulacea

Geographic origin

Greece, Ag. Nikolaos (Crete)

Italy, Apulia

Ukraine, Crimea

France

China

Italy, Remanzacco (Udine)

Italy (north)

Italy, Lago di Cei — Rovereto (Trento)
Romania, Potoci (Neamt)

Italy, Bellamonte (Trento)

Italy, Mussomeli (Sicily)

Italy, Rocca Ramusa (Sicily)

Italy, Sicily

Spain, Alhaurin el Grande (Malaga)
Spain

Greece, Andros island

Greece, Ag. Efstratios island
France

Israel, Sata Springs — Judean Mts.
Italy, Madonie Mt. (Sicily)

Iran, Esfahan

China

China

China, Sichuan

China

Iran, Khansar

Iran, Savers Mt.

Iran, Kordestan

China

Hungary

Slovenia, Pomjan (Koper)

Italy, Campoformide (Udine)
Italy, Remanzacco (Udine)

Italy, Remanzaceo (Udine)

Italy, Paisan di Prato (Udine)
Italy, Fagagna (Udine)

Armenia, Gegharkunik (Sevan)
Iran, Kordestan

Greece, Kyllini Mt. (Peloponnese)
Greece, Parnassos Mt. (Sterea Ellas)

Specimen code

P63 — AUA®
UPALD — UP
HIK119 — AUA®
LGM851101 — AUA®
HIK153 — AUA
PNS — UP

HIK124 — UP*
HIK126 — UP*

PN5 — UP
HIK118/PN6 — UP*
UPA30 — UP*
HIK122 — UP*
PN13 — UP*
HIK121 - UP
HIK151 — UP

P102 — AUA"

P109 — AUA"
LGM820301 — AUA"
HIK130 - AUA
UPAS — UP*
HIK138 — AUA
HIK152 — AUA®
HIK155 — AUA®
HIK156 — AUA"
PN4 — AUA
HIK135 — AUA
HIK136 — AUA
HIK139 — AUA
HIK154 — AUA
LGMB50404 — AUA
HIK132 — UP*
HIK133/PN7 — UP*
PN8 — UP*

PN10 — UP

PN14A — UP

PN1S — UP
HIK127 — UP*
HIK137 — AUA
P125 — AUA®
PN1/P163 — AUA"

shed), associated plant, geographic ori

ITS accession no.

HM998811
HM998817
HM998820
HM998810
HM9%8840
KF743828

HM998825
HM998827
KF743824

KF743825

HM998819
HM998823
KF743831

HM998822
HM998838
HM998813
HM958814
HM998808
HM998829
HM998815
HM998836
HM998839
HM998842
HM998843
KF743823

HM9%98833
HM958834
HM998837
HM998841
HM998809
HM998831
KF743826

KF743827

KF743825

KF743832

KF743833

HM998828
HM998835
HM998826
KF743820

1GS accession no.

HMB98776
HMS98782
HMS98786
HMB98775
HM998804
KF743840

HM998789
HMS98791
KF743838

HMS98785
HMS98784
HM998788
KF743843

HMS98787
HMS98802
HMBS98778
HMS98779
HMB98773
HMS98793
HMB98780
HM998800
HMS98803
HMS98806
HMS98807
KF743837

HMS98797
HMS98798
HMS98801
HMS98805
HMS98774
HM998794
HMB98795
KF743839

KF743841

KF743844

KF743845

HMS98792
HM998799
HMB98790
KF743834

n, specimen code

Cluster designation

Al and A2
Al and A2
Al and A2
Al and A2
Aland A2
Al and A2
Aland A2
Al and A2
Al and A2
Al and A2
Al and A2
Aland A2
Al and A2
Aland A2
Al and A2
Al and A2
Al and A2
Al and A2
Aland A2
Al and A2
Bl and B2
Bl and B2
Bl and B2
Bl and B2
Bl and B2
Aland A2
Al and A2
Al and A2
Al and A2
C1and C2
C1 and C2
Cland C2
C1 and C2
Cland C2
Cland C2
Cland C2
D1 and D2
Eland E2
Eland E2
Eland E2
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Palermo University (PAL), and/or it is available in pure cul-
tures preserved in the pertinent collection of the former

TR Institution.
g9 d o™= ™o
E E Eu Eu E E Morphology
= = I 8 I = R
Data presented here are based on specimens either collected
through the authors’ fieldwork performed in various European
countries (with emphasis placed in the Mediterranean area),
© o o or they were kindly provided by several individuals for the
SERRRY purposes of this study.
$ ¥ % % % ¥ Morphological characteristics of fresh and dried basi-
MMIEEN diomes were examined by following the methods described
elsewhere (Hilber 1982; Zervakis & Balis 1996), using light
and phase-contrast microscopy at magnifications of up
to x 1000. All sections were mounted and observed in 3 %
e KOH and selectively in cotton blue and Melzer's reagent.
8 a % % E § Particular emphasis was placed on microscopic features
g EF: % g g g like basidiospores size, basidia size (length, width), and
MDD presence of cystidia or cystidia-like elements, measured
with the aid of a micrometre in a Leitz microscope. In all
cases, a minimum of 30 measurements were conducted for
5 each character. Particularly as regards the size range of
% é ) spores, 5 % of the measurements were excluded from each
=Y & end of the range and are presented in parentheses, while
RE L :f J :l’ the quotient (Q) of their dimensions was calculated as the
3 : P : ;
§ % < E g % ratio of spore le‘ngth Overispore Wlth. L]'nff drawings were
AEITIDoS A prepared by using tracing paper with digital photomicro-

graphs. Colour description and encoding terminology are
from Maerz & Paul (1930).

Mating compatibility experiments

Selected dikaryotic strains (Table 1) representing various
hosts and geographic areas were further processed for obtain-
ing mating compatibility data between populations of differ-
ent origin. In vitro production of basidiomes, single-spore
isolation and pairing tests between monokaryons were per-
formed as previously described (Zervakis 1998). Agar plugs
(3 mm in diam) from 12 monokaryotic isolates per Pleurotus
dikaryon were placed in pairs, about 15 mm apart, in all pos-
sible combinations in 90 mm Petri dishes with malt extract
agar. Interpretation of mating results was performed 1-2
weeks after inoculation for ensuring an established nuclear

Greece, Chelmos Mt. (Peloponnese)
Greece, Chelmos Mt. (Peloponnese)
Italy, Monte Maletto — Etna (Sicily)

Italy, Madonie Mt. (Sicily)
Italy, Piano della Madonna (Sicily)

Italy, Madonie Mt. (Sicily)

qacea
acea
acea
acea
acea
qacea

= =
g 5: 8 8 & \E‘ migration and a well-formed contact zone between growing
L T s L B+ A -3 i Ry R, ‘
28 88¢%¢8 colonies. Additional pairings were carried out when these
EEEE EE . . .
SaRE: self-crosses failed to reveal all four mating types for a given

dikaryon. One tester-strain was selected out of each one of
the four incompatibility groups for conducting pairings
among different collections, in the same way as explained
above. Matings were interpreted as compatible when true
clamp connections could be microscopically observed on the
hyphae of the contact zone of the two colonies and away
from it, under the microscope. The values given represent

S
5
5
5
5
S

a Strains used for mating compatibility experiments (maintained in AUA — LGAM Culture Collection).

E 5 § § E E the percentage of successful matings (over the total of the
%%% % %% matings performed) between the monokaryotic tester-
s e strains of the dikaryons confronted. For inter-population or

inter-taxa mating experiments, the mean of all individual re-
dogguy sults among strains from the two populations/taxa was calcu-

lated (Zervakis et al. 2004).
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DNA isolation, PCR amplification, and sequencing

DNA isolation from pure cultures followed a modification of
the protocols described by Zervakis et al. (2004) and Ravash
et al. (2010). In brief, mycelia were grown on malt extract
agar in Petri dishes, harvested using a sterile scalpel, frozen
with liquid nitrogen and quickly homogenized into fine pow-
der. The powder was mixed with warm (60 °C) DNA lysis
buffer (3 % sodium dodecyl sulfate (SDS), 1 % 2-
mercaptoethanol, and 50 mM Tris—EDTA, pH 7.2) and then
extracted with phenol:chloroform:isoamyl alcohol (25:24:1).
The DNA was precipitated with 0.1 vol of 3 M sodium acetate
and 0.6 vol of isopropanol, washed with 70 % ethanol and
resuspended in water. Genomic DNA purity and quality
was determined spectrophotometrically. For DNA isolation
from herbarium specimens (dried basidiomes), the same
process was followed but instead of the SDS, cetyl trimethyl
ammonium bromide (CTAB) was used in the lysis buffer (1 %
CTAB, 10 mM Na,EDTA, 0.7 M NacCl, and 50 mM Tris—HCI pH
8) since its use improved the quality of the DNA obtained.

Primers ITS1 and ITS4 (White et al. 1990) were used for the
amplification of the ITS1-5.85-ITS2 region (Vilgalys & Hester
1990). The IGS1 region (incl. part of the 3'-end of 28S rDNA,
IGS1 and part of the 5'-end of the 55 rDNA) was amplified us-
ing primers LR12R and 55RNA (Vilgalys lab, Duke University).
The polymerase chain reaction was performed by using
a PTC-200 thermocycler (MJ Research Inc., USA) at the follow-
ing conditions: an initial denaturation step with 35 cycles of
30sat94°C, 30 s primer annealing at 55 “C and 30 s DNA chain
extension at 72 °C for the amplification of the gene regions ex-
amined. All amplifications were completed by 10 min DNA
chain extension at 72 °C. PCR products were visualized in aga-
rose gels stained with ethidium bromide; DNA was eluted
from the gel by using Ultrafree-MC 0.45-um filter units (Milli-
pore, Bedford, MA, USA).

Clones for each isolate sequenced were obtained by clon-
ing the respective amplicons (ITS1-5.85-ITS2 or IGS1 regions)
into the pGEM-T Easy Vector (Promega, USA) before insertion
into DH5a competent cells. Plasmid DNA was purified using
the NucleoSpin Plasmid QuickPure kit (Macherey-Nagel, Ger-
many). Sequencing reactions were performed at the Institute
of Molecular Biology and Biotechnology (Heraklion, Greece)
and at CEMIA Inc. (Larissa, Greece).

Resulting chromatograms were assembled and edited with
the CAP3 software (http://pbil.univ-lyon1.fr/cap3.php) (Huang
& Madan 1999). Sequences were deposited in the GenBank and
their accession numbers are presented in Table 1.

Phylogenetic analyses

Sequences were aligned through the aid of the ClustalW soft-
ware (http://www.ebi.ac.uk/clustalw/). TREECON for Win-
dows (Version 1.3b) was used for constructing phylogenetic
trees from distance-matrices (Van de Peer & De Wachter
1993). Evolutionary distances (and the respective genetic sim-
ilarities expressed as percentages) were calculated by using
Kimura's two-parameter model (1980), and trees were gener-
ated by the neighbour-joining algorithm (Saitou & Nei 1987).
Bootstrap values were derived from a total of 1000 replicates.

Bayesian Markov chain Monte Carlo (MCMC) analysis was
implemented by MrBayes ver. 3.2.1 (Ronquist et al. 2012) by us-
ing the GTR + I + C model. Two runs were performed for
10000000 generations for ensuring that the average standard
deviation of split frequencies was less than 0.01. Sampling of
Markov chains was performed every 1000 generations, and
the first 25 % of the sampled trees were discarded as burn-
in. Moreover, evolutionary history was inferred by using the
Maximum Parsimony method with the MEGA 6 software
(Tamura et al. 2013). Phylogenetic analyses were performed
for each DNA region sequenced and for the combined dataset.
Both ITS1-5.85-ITS2 and IGS1 regions were concatenated
through Mesquite software ver. 2.75 (Maddison & Maddison
2011).

In addition to the biological material examined in this
study, 27 additional Pleurotus sequences for ITS1-5.85-ITS2
and seven for IGS1 obtained from the GenBank were included
in the analysis for comparison purposes (their selection was
made on the basis of the additional information they could
confer as regards higher representation of associated plant
and geographic origins).

For assessing a possible coevolution between taxa of the
Pleurotus eryngii complex and their associated Apiaceae spe-
cies, the phylogram prepared from sequences of the ITS1-
5.85-ITS2 region of fungal specimens was compared with
a phylogenetic tree constructed on the basis of ITS1-5.85-
ITS2 sequences of the respective plants deriving from the Gen-
Bank. Sequences of Apiaceae species were selected in accor-
dance to their relevance to Pleurotus taxa studied (i.e., their
reported fungus—plant association) and their availability in
the NCBI database. Evolutionary distances for the Apiaceae
tree were calculated by using Kimura's two-parameter model,
and the pertinent tree was generated by the neighbour-joining
algorithm.

Results and discussion

The taxonomy and phylogeny of Pleurotus eryngii species com-
plex is evaluated through the examination of specimens de-
riving from most of their known associated plants and
geographic origins. Mating compatibility experiments per-
formed among representative monokaryotic isolates from 27
selected dikaryons in conjunction with a thorough study of
distinctive ecological and morphological features, and the
outcome of the phylogenetic analysis performed for 46 speci-
mens through the analysis of two nuclear DNA regions
allowed an up-to-date account of the systematics in this
complex.

Morphology

All specimens included in this study were examined as
regards their macroscopical and microscopical characteris-
tics, which are summarized in the key provided below to-
gether with habitats details. In most cases, observed
features coincided with pertinent morphological descriptions
available for Pleurotus eryngii and most of its well-established
varieties (i.e. var. eryngii, var. elaeoselini, var. ferulae, var. tingi-
tanus, and var. thapsiae) as well as for Pleurotus nebrodensis
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(Hilber 1982; Gargano et al. 2011; Lewinsohn et al. 2002,
Venturella et al. 2000; 2002; Zervakis & Balis 1996). On the other
hand, relatively scarce information was available on Asiatic
populations identified as P. eryngii var. tuoliensis and Pleurotus
fossulatus. For these two groups, as well as for Pleurotus strains
growing in association with Ferulago campestris in Europe,
more detailed accounts follow.

Light-coloured pilei (white/off-white to cream to light
beige) were present throughout the known distribution of
the complex and characterize populations growing on Asiatic
Ferula spp., Prangos ferulacea (both in Asia and Europe), as well
as material associated with Eleaoselinum and Laserpitium spp.
In contrast, pilei with dark colours were typical of taxa grow-
ing on Eryngium, Thapsia, and European Ferula spp. Further-
more, the rare and practically non-studied Pleurotus growing
on F. campestris residues demonstrated a relatively wide var-
iation in pilei colours ranging from off-white to brown. How-
ever, this morphological feature could be of use (albeit
limited) in grouping among plant-related populations in con-
trast to other macroscopical characters which are rather con-
stant. On the other hand, basidiospores dimensions proved to
be of diagnostic value since they vary markedly among the
Pleurotus taxa studied. For facilitating grouping of strains on
the basis of their associated plants, basidiospores mean
width was plotted against their quotient (length over width
dimensions) on the same graph (Fig 1). In this way, one par-
ticular group was clearly separated from the rest, i.e. Euro-
pean specimens growing on F. campestris presented
respective values of 5.0 pm and 2.54 (spore dimensions:
11.3-13.4 x 4.6-5.1 pm). Of interest was the variability

260
Ferudago campestrs
O (Europe)
Pr. ferulacea (Itaty)
— 240 O
g Pr. ferwiacea (Asia)
=] P ~,
E 220 £ Ok A
- Ferula spp. :-‘ \'. )
= (asia) () ;DLE x\OPr ferulacea (Greece)
£ PO
i Y 8 4
%, Tg 1}
9 200 e
Olhsrassnna‘;s'«-:il;;;nspp.
(Europe)
1.80
4.5 5.0 5.5 6.0 6.5 7.0
Width (pm)

Fig 1 — Basidiospores mean width presented in respect to
their mean quotient values for Pleurotus material examined
in this study and organized on the basis of their associated
plant species and geographic origin. Empty (white) circles
represent taxa/populations with light-coloured pilei and
filled (black) circles represent taxa/populations with dark-
coloured pilei. Within the larger dotted area (which includes
data from P. eryngii varieties occurring in Europe) individual
circles account for material associated with Elaeoselinum
asclepium subsp. asclepium [El], Eryngium spp. [Er], Ferula
communis [Fc], Laserpitium spp. [Ls], and Thapsia garganica

[Tg].

demonstrated by Pr. ferulacea associated material, whose ba-
sidiospore dimensions differed on the basis of their geo-
graphic origin; Sicilian specimens presented width and
quotient values of 6.0 ym and 2.42 and Greek material
showed values of 6.2 ym and 2.15 (spore dimensions of Euro-
pean specimens growing on Pr. ferulacea:
12.2-17.4 x 5.5—8.2 pm), while specimens from Asia pre-
sented values of 53 pm and 224 (spore dimensions:
9.0—-14.0 x 4.5-6.0 pm). On the other hand, P. eryngii varieties
represented on the basis of their associated plant showed rel-
atively wide variation ranging from mean width values of 5.4
(var. tuoliensis, spore dimensions: 8.7—14.3 x 4.5-6.3 pm) to
6.1 um (vars. tingitanus and elaeoselini) and from quotients of
2.00 (var. thapsiae) to 2.21 (var. tingitanus).

Ecology

The importance of ecological factors should be also empha-
sized since both habitat diversification and allochrony in pro-
ducing basidiomes play significant roles in the ability of the
fungus to cross-hybridize in nature with other populations.
For example, our long-term observations showed that Pleuro-
tus isolates growing in association with Prangos ferulacea form
basidiomes from spring to early summer as do populations
associated with Thapsia garganica, Elaeoselinum asclepium and
to a lesser extend Ferula spp. However, Pr. ferulacea is the
only associated plant among the aforementioned which ap-
pears in altitudes exceeding 1300 m, whereas E. asclepium dis-
tribution is limited to a rather narrow altitudinal zone (i.e.
400—700 m). In addition, T. garganica occurs at a wider zone
(sea-level to 1400 m) and Ferula spp. at rather low altitudes
(sea-level to ca. 700 m). On the other hand, Pleurotus associ-
ated with Eryngium spp. do not form basidiomes during
spring or summer; their appearance being prominent from
autumn to early winter at altitudes ranging from sea-level
to 1100 m.

Mating compatibility

Results of intra-stock crosses were in accordance to the bifac-
torial heterothallic mode of sexual reproduction for all 27 Pleu-
rotus dikaryons examined (selected on the basis of best
possible representation of each fungal taxon, and its host-
plant and/or geographic origin diversity). This tetrapolar sys-
tem with multiple alleles was also evidenced in previous com-
patibility studies with Pleurotus eryngii material (Hilber 1982,
Zervakis & Balis 1996). The outcome of the matings performed
in the frame of the present work among all monokaryotic iso-
lates is presented in Fig 2.

Results demonstrated notably higher percentages of suc-
cessful pairings (i.e., resulting in hybrid-dikaryon formation)
among isolates of P. eryngii from various European origins;
no common incompatibility factors were detected. Within
this group of 14 parental strains, matings between monokary-
ons associated with the same host plant provided almost
complete intercompatibility (94—100 %), whereas matings be-
tween monokaryons from different hosts varied from 78 %
(Eryngium spp. vs. Laserpitium spp.) to 97 % (Eryngium spp. vs.
Thapsia garganica). In general, relatively lower values (albeit
high as concerns determination of affinity within populations)
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Fig 2 — Schematic representation of the mating compatibil-
ity results (expressed in percentages of successful pairings)
among Pleurotus monokaryotic tester-strains from selected
isolates (their number-size appears in parentheses within
each circle denoting the particular taxon/population; details
on their identity are presented in Table 1) appearing on the
basis of their associated plant species and geographic ori-
gin. Compatibility percentage values are represented by ei-
ther solid lines (when exceeding 50 %), dashed lines (when
between 20 and 50 %) and dotted lines (when less than

20 %). Values within each circle represent respective results
for intrataxon/intrapopulation parings.

were observed in matings between isolates associated with
Laserpitium spp. vs. other European host plants, e.g. Ferula com-
munis, T. garganica, and Elaeoselinum asclepium (78—87 %) and
between E. asclepium and the rest (81-92 %).

On the other hand, when monokaryons from these 14 P.
eryngii strains were paired against strains associated with
other hosts and/or distant geographic origins, percentages of
successful matings decreased considerably, ranging from as
low as 16 % (vs. an Asiatic strain growing on Prangos ferulacea)
to 65 % (us. P. eryngii var. tuoliensis isolates from Asiatic Ferula
spp.). Of interest were the rather low values of intercompati-
bilty obtained among the P. eryngii strains and isolates origi-
nating from nearby localities on Ferulago campestris and Pr.
ferulacea (32 % for the former originating from Slovenia and
Italy, and 37 % for the latter from Italy and Greece). As regards
the rest of the ‘intrahost’ pairings among strains associated
with the same host and geographic regions, mating percent-
ages were again high (89-95 %); the lowest percentage was
noted in pairings between monokaryons P. eryngii var. tuolien-
sis from China. However, noteworthy were again the ‘inter-
host’ compatibilities which in most cases were very low, e.g.
8—17 % in pairings of F. campestris associated isolates vs. Pleu-
rotus from other plant spp. In contrast, relatively higher values
were detected between P. eryngii var. tuoliensis and European P.
eryngii varieties (65 %), and between isolates associated from
Pr. ferulacea in Europe and Asia (48 %).

Sequence data analysis of ITS1-5.8S rRNA gene-ITS2 and
IGS1 regions

Pleurotus eryngii species-complex specimens shared a similar
ITS1-5.85-1TS2 region with a size ranging from 622 to 641
nucleotides (nt). This size variation was mainly due to the
presence of two deletions, one of eight nt beginning at posi-
tion 235 and the other of 11 nt beginning at position 420 of
the ITS1-5.85-ITS2 rRNA gene, both of them detected only
in Pleurotus strains associated with Ferulago campestris from
Slovenia and Italy (the second deletion was also present in
the Hungarian strain associated with F. campestris). In addi-
tion to these deletions, this particular group presented four
point mutations (positions 99, 108, 418, and 505) and three
insertions of one nt each (after positions 505, 559, and
591). Isolates representing P. eryngii varieties could be distin-
guished from the rest of the material studied by a single
point mutation (at position 183), and Pleurotus associated
with Prangos ferulacea from Europe also by a single point mu-
tation (at position 154). As regards strains assigned to Pleuro-
tus fossulatus (Pr. ferulacea from Asia), they were
discriminated by a 2 nt insertion (after position 115) and
a single nt deletion (at position 189). On the other hand,
Pleurotus associated with Ferula spp. from Asia presented
two point mutations (at positions 93 and 149), a single nt de-
letion (position 183) and 1-2 nt insertions (after position
426).

The size of IGS1 region ranged from 902 to 924 nt, a varia-
tion attributed to the presence of two deletions, one of ten
nt beginning at position 506 and the other of 12 nt beginning
at position 554, both of them detected only in Pleurotus strains
associated with F. campestris. In addition to these deletions,
this particular group contained five point mutations (positions
264, 384, 504, 567, and 876) and three insertions of 1-2 nt each
after positions 271, 334, and 687. Isolates from different P.
eryngii varieties could be distinguished from the rest of the
material studied by three point mutations at positions 523,
569, and 657, while Asiatic Pleurotus associated with Ferula
spp. presented four point mutations (positions 257, 652, 679,
and 817) and one insertion of one nt after position 553. Fur-
thermore, Pleurotus growing on Pr. ferulacea (i.e., Pleurotus
nebrodensis) demonstrated six point mutations (positions 264,
277,390, 507, 565, and 891) and a one nt insertion after position
687. On the other hand, the only P. fossulatus strain examined
presented two point mutations (positions 334 and 565) and
a one nt insertion after position 687. In all cases, position
numbers for ITS-5.85 rRNA gene and IGS1 region are given
according to the sequences of P. eryngii var. eryngii strain P63
(GenBank accession numbers HM998811 and HM998776, re-
spectively), which served as ‘consensus sequences’ possess-
ing the most frequently found nt for each position of the
alignment.

Phylogenetic analysis based on ITS1-5.85-ITS2 and IGS1
sequencing data

Phylogenetic analysis of ITS-5.85-ITS2 data was performed
with 46 unambiguously aligned sequences deriving from ma-
terial examined in the frame of this work plus 27 sequences
obtained from the GenBank.
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Fig 3 — Phylogenetic tree illustrating the relationships among 46 specimens of the P. eryngii species complex (marked in bold)
based on ITS1-5.85-ITS2 sequences, while additional sequences from the GenBank were included in the analysis (strain code
and accession no. are noted). Trees were generated by using the neighbour-joining algorithm and the distance was calcu-
lated on the basis of Kimura’s two-parameter model. Bootstrap values derived from a total of 1000 replicates, and are noted
when they exceeded the 50 % threshold. Each distinct cluster is represented by a different capital letter, while the respective
associated plants are noted together with the geographic origin of the Pleurotus material. In addition, symbols are used for
indicating principal/diagnostic morphological and ecological characters as follows: Circle, dark, and light colours: dark and
light coloured pilei respectively; Triangle, darker to lighter colours correspond to basidiospores mean width: >6.1 um,
5.6—6.1 ym, 5.0-5.5 um, <5.0 um; Reverse triangle, darker to lighter colours correspond to basidiospores mean quotient:
>2.50, 2.22—-2.49, <2.22; rectangle, dark, and light colours correspond to basidiomes period of appearance: from autumn to
late spring, and from spring to early summer respectively; Square, dark, and light colours correspond to altitude zone of
habitats: low to medium altitudes (0—1200 m) and high altitudes (>1200 m) respectively; Oval, darker to lighter colours
correspond to associated host plant: Ferulago campestris, Prangos ferulacea, Asiatic Ferula spp., other Apiaceae spp.; Octagon,
darker to lighter colours correspond to geographic origins: Europe and greater Mediterranean region, Slovenia/N.E. Italy/
Hungary, Sicily and Greece, Asia. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

By using the Kimura's distance method, five major clus-
ters (A1, B1, C1, D1, and E1) were produced with bootstrap
values exceeding 55 % (Fig 3). Al included all varieties oc-
curring in Europe and Middle East (i.e., var. elaeoselini, var.
eryngii, var. ferulae, var. thapsiae, and var. tingitanus) plus iso-
lates from continental Asia (Iran and China); it was thus
composed of specimens bearing basidiomes with both
white and dark coloured pilei from a wide habitats range.
However, their individual positioning within cluster Al
was performed without evidencing any particular relation
in respect to their host or geographic origin despite the
fact that the material studied originated from 14 different

plant species and nine countries. Noteworthy was the
grouping of strain D625.5 in this particular cluster (depos-
ited as Pleurotus fossulatus in GenBank database), and the
rather distant positioning of strains HIK124 (from N. Italy
on Laserpitium siler) and HIK151 (from Spain on Thapsia vil-
losa) from the rest of the Pleurotus eryngii specimens exam-
ined. Cluster B1 consisted of strains with white to cream
coloured pilei occurring in Iran and China, and growing in
association with Ferula plant-hosts only, i.e. Ferula assa-foe-
tida, F. ferulaeoides, Ferula ovina, Ferula sinkiangensis, and Fer-
ula sp. (all originally assigned either as P. eryngii or as P.
eryngii var. tuoliensis).



