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Abstract: Tuber magnatum Picco, the Italian white truffle mushroom recorded for the first
time in Tiirkiye, is a rare and economically valuable mushroom. Samples were collected from
Sakarya province during field studies in 2024. The samples were identified as T. magnatum
according to their macro- and microscopic features. To make molecular confirmation of the
species, the samples' ITS1 and ITS4 gene regions were analysed and registered in Genbank
with the number PP239641. The sample showed 100% compatibility with other T. magnatum
accessions in Genbank. The distributions of Tuber species in Tiirkiye were given, and their
taxonomic features were compared.

Ozet: Tiirkiye’den ilk kez kaydedilen Tuber magnatum Picco, Italyan beyaz triif mantari,
nadir bulunan ve ekonomik agidan oldukg¢a degerli bir mantardir. 2024 yilinda Tiirkiye nin
Sakarya bolgesinde yapilan arazi ¢alismalarinda 6rnekler toplanmustir. Bu 6rnekler makro ve
mikroskobik ozelliklerine gore T. magnatum olarak teshis edilmigtir. Tirlerin molekiiler
teyidini yapmak i¢in Orneklerin ITS1 ve ITS4 gen bdlgeleri ¢alisilmis ve Genbank’a
PP239641 numaras! ile kayit edilmistir. Ornek Genbank’taki diger T. magnatum kayitlarryla
%100 uyum gostermektedir. Ayrica Tiirkiye’de yayilig gosteren Tuber tiirlerinin dagilimlar

Introduction

Truffles form a symbiotic relationship with various
plants, particularly with coniferous or broad-leaved trees).
They develop their ascocarps in soil, resembling tubers,
and may have different colours ranging from white to
black. Unlike other fungal species that form fructification
above soil, truffles complete their entire developmental
stages in soil. As the fruiting bodies of truffle species
begin to mature in soil, they begin to spread aromatic
scents with different chemical structures they create in
their bodies from the soil to the environment (Jeandroz et
al. 2008). As the mushroom matures, the odour emitted
gradually increases and this attractive odour affects
animals. These gorgeous scents are also the main reason
why truffles are valued for human consumption. Truffles'
unique aroma gives them high economic value, totalling a
market of nearly 3 billion euros (Lovri¢ et al. 2020).

According to Bonito et al. (2010) and Leonardi et al.
(2021), approximately 200 Tuber species have been
identified worldwide. In the Index Fungorum database
(2024), 406 names related to Tuber genus (including
synonyms) appear of which 198 are listed as accepted
Tuber species. The addition of newly described Tuber
species to the list in recent years is particularly
noteworthy. For instance, 41 new Tuber species have been
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verilmis ve taksonomik 6zellikleri karsilastirilmsgtir.

described worldwide within the last five years, including
four species in 2019, six in 2020, nine in 2021, 15 in 2022,
and seven in 2023.

The collection and consumption of truffle species
dates back to ancient times (Hall et al. 2008). Tuber
species grow naturally in Spain, Portugal, Italy, southern
Germany, the European part of Russia, North Africa and
America (California), where warm and temperate climate
prevails (Alsheikh & Trappe 1983, Castellano et al. 2004,
Wedén et al. 2009). Among the truffle species, those with
economic value are Tuber aestivum (Wulfen) Spreng., T.
brumale Vittad., T. borchii Vittad., T. magnatum Picco
and T. melanosporum Vittad. Tuber magnatum and T.
melanosporum grow in a relatively small geographical
area compared to T. aestivum, T. brumale and T. borchii.
While T. magnatum grows naturally only in Italy, France,
Sweden, and the Balkan Peninsula, T. melanosporum
grows in Spain, France, and Italy. In contrast throughout
Europe (Castellano et al. 2004, Jeandroz et al. 2008).

The studies carried out on truffle species in Tiirkiye
led to identification of 11 new species so far (Table 1).
Oztiirk et al. (1997) gave the first truffle record, T.
brumale, in the country from Nigde. The same species
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was also recorded from Denizli, Nigde, Osmaniye, and
Samsun at different times. The second record, T.
aestivum, was reported by Gezer et al. (2014) from
Denizli. Akata et al. (2022) provided the last truffle record
as T. oligospermum.. A general consideration of the
regions where truffles distribute in Tiirkiye, it appears that
they were recorded more frequently in the Aegean and
Marmara regions, most probably due to the optimal
climate and vegetation these regions provide for a better
development. On the other hand, when the forest presence
and some suitable geographical features of other regions
of Tiirkiye are considered, it is also possible to find more
truffle species. With the special attention of targeted
studies in the country, we believe that revealing the
existence of truffles is very important in terms of
biodiversity and in determining species with commercial
value. In field studies carried out in this context, T.
magnatum was collected for the first time in Tiirkiye and
included in the list of Turkish mushrooms.

Materials and Methods

Macro- and microscopic investigation

Within the scope of the Tuber inventory project
organised by the General Directorate of Forestry, some
regions of Tiirkiye were investigated to identify truffle
species. Truffle hunters Sen Kalyoncu and Onur Ozmet
participated in the Sakarya region with their Lagotto
dogs. Tuber samples were checked from areas indicated
by specially trained dogs digging the soil. In identifying
the collected samples, the specific odours of the fresh
samples and habitat characteristics were noted, and
colour photographs were taken. Morphological and
microscopic characteristics were studied in the
laboratory using a microscope (Leica DM3000)
microscope and a software measurement module (Leica)
were used for microscopic examinations. Melzer’s

Table 1. Distribution of Tuber species in Tiirkiye.
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reagent, 10% KOH, methylene blue, Congo red, and
distilled water were used as examination media. In
determining the spore measurements, width and length
of 25 different spores (n) were measured in Melzer’s
reagent, and the length-to-width ratio (Q) was
determined. Spores are yellowish to yellow-brown in
water, and there is no specific colour in other chemicals
(Melzer’s reagent or Congo red).

For the identification of the samples, the relevant
literature was used (Trappe & Castellano 1991, Pegler et
al. 1993, Montecchi & Sarasini 2000, Breitenbach &
Krénzlin 1983, Trappe et al. 2007, Riousset et al. 2012).
The samples were then dried at +45°C for 3-5 days. The
dried samples were placed in ziplock polyethene bags, the
collection number and location information was written
on them, and stored at the Fungarium of Selcuk University
Mushroom Application and Research Centre. The
collected samples were given consecutive numbers
starting with “HHD”, which is the personal collection ID.

Molecular analysis

Total DNA was extracted from dried ascocarp tissue
by using the DNeasy Plant Mini Kit (Qiagen, USA)
following the manufacturer’s protocol. The quality of the
DNA was checked based on an electropherogram in 1%
TBE-agarose gel. Polymerase chain reaction (PCR)
amplification and sequencing amplification of the ITS
region of the template DNA was performed using the
primers ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4
(TCCTCCGCTTATTGATATGC) (White et al. 1990).
The PCR product was purified using A & A
Biotechnology (Gdynia). A Clean-up kit was used
following the manufacturer’s protocol before the
sequencing. The sequences of T. magnatum obtained in
this work were deposited at GenBank (National Center for
Biotechnology Information, NCBI).

Tuber species Collected regions
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For the molecular phylogeny, the Sanger reads
obtained from ITS1/ITS4 were assembled using Bioedit
version 7.2, and BLAST analyses were performed with
the assembled sequences for the identity rate search. The
assembled sequences and the nucleotide sequences of the
retrieved in-group and out-group members were aligned
using the ClustalwW algorithm of MEGAX software
(Kumar et al. 2018). The phylogenetic trees
demonstrating the evolutionary history of HHD19491
(Genbank accession no: PP239641) were constructed
using the Maximum Likelihood method and K2
nucleotide substitution model with a gamma distribution
(Kimura 1980). The bootstrap method was implemented
for the accuracy estimation using 1000 bootstrap
replicates (Felsenstein 1985).

Results
Phylum ASCOMYCOTA (Berk.) Caval.-Sm.
Class Pezizomycetes O.E.Eriksson & Winka
Order Pezizales J.Schrot.
Family Tuberaceae Dumort.
Tuber magnatum Picco, 1788 (Figs 1, 2)

Ascocarp: Hypogeous, tuberiform, irregular in shape,
lobed, gibbous, sometimes flattened, deformed, striated,

Fig. 1. a. Macroscopic view of T. magnatum, b. cross section of peridium, c-d. asci and ascospores.
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angular, turbinate, usually 2-4(6) cm in diameter (Fig.
1a). Ascocarp can reach 20 cm or larger (REF). In
addition, some specimens can reach to a mass value of 500
grams, representing notable dimensions for the species
(Montecchi & Sarasini 2000).

Peridium: Surface smooth, white to pale yellow,
yellow, light yellowish when fresh, sometimes with
greyish spots, pale yellowish ochraceous to brown when
dry, with small greenish papillae (Fig. 1 a); under a
magnifying glass, the surface is finely grained. The
rounded outline of a ribbed conical base can be observed
even in young specimens, unlike other species of Tuber.
Whitish in section, pseudo-parenchymatic (Fig. 1b).

Gleba: Solid, white when young, then pinkish
yellowish, pinkish ochraceous to grey pinkish when ripe,
turning brown afterwards, crossed by anastomose whitish
veins. The flesh is initially compact and hard and has a
somewhat soapy feel.

Smell: Tuber magnatum has an intense odour, fragrant
with notes of methane and cheese, an intense garlic-like
odour or flour-exquisite flavour, smell also like a mixture
of lighting gas, fermented cheese, garlic, and shallot; it is
characteristic and exquisite.
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Asci: Globose to subglobose or ellipsoid, hyaline,
with thin or slightly thickened walls, stalked or non-
pedunculate up to 1-2 um, (60.81-) 65.72 x 77.83 (-
80.27) um in diameter and contain 1 to 3 spores, but could
be sometimes 4-spored, (Fig 1. c-d).

Ascospores: Subglobose to broadly ellipsoid, hyaline
when young, becoming light yellow to yellowish brown
at maturity, with reticulo-alveolate ornamentation, with
large meshes, constituting mostly of hexagonal meshes
with 4-7 pm across, ornamentation 2-5 pm high.
Including their alveolate-reticulate ornamentation, the
ascospores measure (27.42-) 31.29-38.66(—41.27) x
30.33-30.47(-36.28) um, Q = 1.031-1.27 (Fig. 1c, d).

Species examined: Sakarya-Hendek, in Poplar
plantation, 40°55'03.99"N, 30°55'49.24"E, 122 m,
03.01.2024, HHD19491 (GenBank No: PP239641)

Discussion

Due to cultivation of Tuber magnatum is extremely
difficult, it is the most expensive of the truffles and a good
deal of research has been done to understand its ecology
and biology. However, we still know little about its life
cycle which remains currently unclear. Tuber magnatum
is the most valued truffle because of its characteristic,
exquisite, very strong smell, and particular, pleasant taste
for Italians (Gori 2005, Flammer et al. 2013). It might be
considered that a white truffle is worth two black one
(Tuber aestivum and T. brumale) as it sells for twice as
much and more than the Périgord truffle (Tuber
melanosporum). It is used in thin strips and should not be
heated (Gori 2005, Flammer et al. 2013). Its price can
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reach 7000 €/kg at auctions (Graziosi et al. 2022). It is
commonly known as the "Italian white truffle,” "Piedmont
truffle,” or "Tartufo Bianco di Alba," as it grows in a very
restricted area (Riccioni et al. 2016). It is more common
in Balkan Peninsula and European countries (Spain,
France, Switzerland, Italy, Croatia, Hungary, Romania,
Serbia, Bulgaria and Greece) (Hall et al. 2008,
Marjanovi¢ et al. 2010, Biintgen et al. 2019, Graziosi et
al. 2022). Although the distribution of T. magnatum is
restricted in Eastern Europe, more interestingly, it was
reported from Thailand based on molecular and
morphological investigations (GenBank No: KY427074,
KY427075 and KY427076) (Suwannarach et al. 2017),
suggesting that its distribution is not yet fully determined,
or that its natural habitat is continuously expanding due to
climate change scenarios (Biintgen et al. 2019). Tuber
magnatum is a whitish truffle characterized with a smooth
to suede-like surface, and pale-coloured ascomata (Hall et
al. 2008, Graziosi et al. 2022). It has a yellowish-clay
surface and is finely papillose, the spore pattern has few
large links, and the colour of the gleba is generally paler
than that of other similar species. Tuber excavatum
Vittad., T. fulgens Quél., and T. dryophilum Tul. & C. Tul.
also have spores with few and large meshes partially
similar to those of this species, but the spore size and
number of meshes are very different. Tuber excavatum
has a distinct cavity on the ascocarp, T. fulgens has more
meshes (up to ten) on the spores, and T. dryophilum has
dark gleba, globose spores and more meshes than T.
magnatum (Mello et al. 2000, Bonito et al. 2011,
Alvarado et al. 2012, Suwannarach et al. 2017).

Table 2. Accession numbers and % identities of sequences used in phylogenetic tree.

Genbank accession Species name Total Max % Query Reference
number Score Score Identity  Cover in %
PP239641 Tuber magnatum 1242 1242 100 - Current study
JQ925646 Tuber magnatum 1216 1216 100 92 Bonito et al. (2013)
AJ002509 Tuber magnatum 1118 1118 100 100 Mello et al. (1997)
MZ423175 Tuber magnatum 948 948 100 100 Leonardi et al. (2021)
KJ524534 Tuber excavatum 289 289 93.37 31 Hilszczanska et al. (2014)
KC330228 Tuber excavatum 289 289 93.37 33 N/A
FM205687 Tuber excavatum 289 289 93.37 31 Marjanovic et al. (2010)
JN392211 Tuber gennadii 384 285 95.05 37 N/A
KJ524540 Tuber maculatum 356 278 94.94 35 Hilszczanska et al. (2014)
FM205644 Tuber maculatum 356 278 94.94 36 Marjanovic et al. (2010)
HM485361 Tuber gennadii Castellano 278 278 94.48 28 Bonito et al. (2013)
FM205642 Tuber puberulum 349 270 94.83 35 Marjanovi¢ et al. (2010)
FJ809882 Tuber oregonense 459 270 90.87 21 Bonito et al. (2010)
FJ809881 Tuber oregonense 404 270 90.87 21 Bonito et al. (2010)
FJ809868 Tuber gibbosum 402 270 91.50 19 Bonito et al. (2010)
AJ557541 Tuber borchii 270 270 94.83 30 Halasz et al. (2005)
KP276184 Tuber pseudomagnatum 340 267 93.37 36 Fan et al. (2016)
JN392266 Tuber oligospermum 380 267 94.25 40 N/A
JN392259 Tuber oligospermum 380 267 94.25 40 N/A
FJ809870 Tuber gibbosum 398 267 93.85 17 Bonito et al. (2010)
0Q398590 Choiromyces 360 261 93.71 35 Assyov & Slavova (2023)
meandriformis
0Q779652 Choiromyces 360 261 93.71 35 N/A
meandriformis
JQ771192 Tuber pseudomaganatum 343 265 94.74 34 Fan & Cao (2013)
JF261384 Tuber borchii 265 265 94.25 30 Stielow et al. (2011)
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Fig. 2. The evolutionary history was inferred by using the Maximum Likelihood method and Tamura 3-parameter model (Tamura,
1992). The tree with the highest log likelihood (-6135.83) is shown. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying the Maximum
Parsimony method. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G,
parameter = 4.2756)). The rate variation model allowed for some sites to be evolutionarily invariable ([+1], 37.29% sites). The tree is
drawn to scale, with branch lengths measured in the number of substitutions per site. The proportion of sites where at least 1
unambiguous base is present in at least 1 sequence for each descendent clade is shown next to each internal node in the tree. This
analysis involved 24 nucleotide sequences. There were a total of 1691 positions in the final dataset. Evolutionary analyses were

conducted in MEGA11 (Tamura et al. 2021).

Tuber magnatum resembles T. borchii, T. gennadii
(Chatin) Pat., T. gibbosum Harkn., T. maculatum Vittad.,
T. oligospermum, and T. oregonense Trappe, Bonito & P.
Rawl. Tuber magnatum can be easily separated from
others by the cells of peridium. Tuber gennadii, T.
maculatum, T. oligospermum, and T. oregonense have
prosenchymatous cells while T. magnatum has
pseudoparenchymatous (Mello et al. 2000, Bonito et al.
2011, Alvarado et al. 2012, Suwannarach et al. 2017).
Sometimes T. magnatum is macroscopically confused
with Choiromyces meandriformis Vittad., the false
meander truffle. This, however, has an intense unpleasant
odour and presents round spores with digitiform warts
(Montecchi & Sarasini 2000).

Tuber magnatum (PP239641) was compared
phylogenetically with close species on the NCBI
database. All the isolates have query covers above 90%
and accession lengths are around 600 base pairs for each
specimen. White Tuber species were divided into six main
clades (Excavatum, Gennadii, Gibbosum, Maculatum,
Magnatum, and Puberulum) by Bonito et al. (2011). An
ITS-based phylogram of PP239641 (Fig. 2) places it
within the monophyletic Magnatum clade with high

Trakya Univ J Nat Sci, 25(2): 203-210, 2024

bootstrap (100%) support and Bayesian posterior
probabilities (1.0). The analysis findings demonstrated
that PP239641 shared a great deal of similarity with other
sequences of T. magnatum (Table 2 and Fig. 2). The Max
scores of T. magnatum species are significantly higher
than other close species as well as query cover of the other
species is very low (Table 2). Compared to other
sequences, PP239641 is undoubtedly closest to T.
magnatum according to the BLAST algorithm and
phylogenetic analysis. BLAST algorithm results are given
in Table 2. Clades of Tuber species are distinctly
separated with maximum likelihood analysis with 1000
bootstrap replicates (Fig 2).
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