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The paper contains an overview of the results of the studies made on the truffle
Terfezia terfezioides, particularly the investigations related to the associations of this
fungus with plants. Twelve plant species originated from a natural habitat of the fungus
were supposed to be connected withierfezioides based on the anatomy of the endogenous
fungal structures in their roots. Aseptic experiments were carried out on modified MMN
substrates with different phosphate concentrations to study the interactibrtefezioides
with Robinia pseudoacacia and Helianthemum ovatum. The colonization of the roots of
black locust was always weaker than thatHelianthemum. The main characteristics were
the intracellular coiled, branched, frequently septated hyphae in dead root cells. The
intercellular hyphae formed Hartig-net with finger like structures onlyHeianthemum.
the interactions could not be considered unambiguously as mycorrhizae. There was no
difference between the RFLP profiles of the nr DNA ITS of nineteen fruit bodies collected
at the same time from the habitat and the ITS of three randomly chosen specimens were
identical on sequence level, too. These invariability makes to design species specific PCR
primers possible to check unambiguously the host plants.
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Introduction

Terfezia terfezioides (Ascomycota, Pezizales) is a hypogeous fungus described
first time from lItaly [1] and deposed into the gentlierfezia only 64 years later [2].
Since the first report the truffle was found many times in Europe mostly in the
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catchment area of the Danube river [3, 4, 5, 6]. The characteristic natural habitat of the
fungus is the mixed black locust forests on sandy soils [3, 4, 6].

The mycorrhizal characteristics of oth@erfezia species have been widely
studied particularly because of their markelue [7]. The natural mycorrhizal plant
partners of the genus usually belong to the family Cistaceae [7, 8]. Somi#ro
mycorrhizal systems oferfezia species were used to study the effect of the substrate
on the mycorrhizae [9] or the effect of drought stress on mycorrhized plants [10].
Although many data — however sometimes misleading results — have been published
about the plant connections of oth&erfezia species, the knowledge about the root
interactions ofT. terfezioides is insufficient. After some suggested host plants [4] only
the black locust Robinia pseudoacacia) were published as mycorrhizal partner of the
truffle [11]. The main aim of the field works of our studies was to obtain data about the
probably host plants oF. terfezioides based on the endogenous fungal structures of the
roots of the plants collected from one new habitat of the truffle. On the other hand
sterile strains of the fungus were isolated from fruit bodies and this culture was used to
study in vitro the features of the root associations wikh pseudoacacia and
Helianthemum ovatum. The former was chosen to obtain more reliable data about the
interaction the latter was chosen to check whether the truffle is compatible with this
plant which is from the family Cistaceae and originated from a semi-desert habitat
resembling the habitats of oth&erfezia species.

The internal transcribed spacer (ITS) region of the nuclear ribosomal genes has
been commonly used to identify fungal partners in mycorrhizal connections [12, 13,
14] since specific PCR primers of the region and their PCR reaction conditions were
designed [15, 16, 17, 18]. The mycorrhizal partne opfeilii was also identified with
the help of that molecular marker [19]. This and also other studies of the ITS region of
different Terfezia species documented a strange intraspecific — moreover intrahifal —
variability of the DNA region revealing in RFLP profiles and in sequences, too [19, 20,
21, 22]. This variability made reasonable the study of the variability of the ITS. of
terfezioides within one habitat to check whether the region was reliable enough to
design species specific primers for further studies of the host plants of the fungus.

Material and methods

The area from where the root samples for natural host study and the fruit bodies
of T. terfezioides for strain isolation and molecular studies originated lies on the Great
Hungarian Plain next to Kunfehérto.

The root samples were collected between October 1999 and October 2000. For
microscopical investigations the samples were prepared following the methods of
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Grace and Stribley [23] with small modifications. The rootlets were cleared with KOH,
stained with lactic acid-aniline blue, and covered in lactic acid. The detailed procedure
can be found in Kovacs and Bagi [24]. One plant was considered as associatdd with
terfezioides if endogenous fungal structures with the main features of Tierdezia
mycorrhizae were found in its roots.

The sterile strain of the truffle was isolated from ascocarps in October 1999 and
has been kept on modified MMN medium (250 mg/L (N#HP Oy, 500 mg/L KHPGO,,
150 mg/L MgSQ x 7 H,O, 50 mg/L CaC] x 2 H,O, 25 mg/L NaCl, 20 mg/L
FeEDTA, 10 g/L glucose, 3 g/L maltose, 10 g/L agar, 2 ml/L Wickerham’s vitamin,
streptomycin, the pH adjusted to 8 before autoclaving) in the dark at 25°C. The sterile
plantlets ofR. pseudoacacia and H. ovatum originated from seeds. The plantlets were
inoculated with mycelium in Petri dishes on MMN with different phosphate content,
12.5, 25, 50, 100 and 200% of the original phosphate concentration of the substrate.
The dishes with plants were left to grow in conditioned chamber for 28-32 days. Semi-
thin (0.5-0.8um) longitudinal sections were cut for light microscopy and stained with
neofuchsin-crystal violet and ultra-thin (60—75 nm) longitudinal sections were cut for
transelectron microscopy, stained with nyhacetate and contrasted with lead citrate.
For detailed description of the culture abtions and microscopical preparation see
Kovécs et al. [25].

For DNA investigation 19 ascocarp collected in the same time were used. The
DNA was extracted from desiccated fruit bodies according to Gardes et al. [16] with
slight modifications. The amplification of the ITS region was carried out with ITS1F
and ITS4 primer pair according to Gardes and Bruns [18]. The RFLP analysis of the
ITS was made using f6l, EcoRlI, Hinfl and Xhol enzymes and the digestion products
were analysed by electrophoresis on agarose gel. The direct sequencing of the PCR
products was carried out with the primers used for amplification. The detailed
procedure can be found in Kovacs et al. [26].

Results and discussion

Roots of forty-nine plant species were studied collected from the habitat of
terfezioides. Based on the anatomical structures twelve of them were supposed to be
connected with the truffle, such amthriscus sylvestris, Brachypodium sylvaticum,

Cdltis occidentalis, Clinopodium vugare, Crataegus monogyna, Euonymus europaeus,
Glechoma hirsuta, Muscari racemosum, Robinia pseudoacacia, Rubus caesius, Ulmus
minor andViola odorata. The previously reported habitats of the fungus were always
Robinia forests [3, 4]. HoweverRobinia is not mentioned in the description of the
environment of the holotype [see in 3]. The hypothesized partner speciesfefia
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are frequent plants in mixed black locust forests. The herbaceous specie8. e.g.
sylvaticum, V. odorata or G. hirsuta are common underwood formers in Robinietum
plant communities, just like some of the woody plants, e33.occidentalis, C.
monogyna, P. spinosa or Ulmus species.C. occidentalis is mentioned almost in all
descriptions of the habitats df. terfezioides [3] and C. monogyna was the most
frequent shrub found in plant coenological studies together with this fungus [4].

With the knowledge of the results of the in vitro synthesized associations of the
truffle the previous consideration of the “mycorrhizal partnersToferfezioides [24]
should be questioned. Both the inoculatdd ovatum and R. pseudoacacia plantlets
showed no difference compared with the control ones during the period of the
experiments. The anatomical features of the colonisations showed the characteristics of
mycorrhizae of otheTerfezia species [8, 19, 27] like the intracellular coiled, branched,
frequently septated hyphae. There were significant differences between the
colonization level of the roots of the two plant species at all the used phosphate
concentrations. The colonization Bif ovatum was always stronger, e.g. at the lowest
phosphate level the roots oRobinia were not colonized while the roots of
Helianthemum were. The colonization of both plants proved to be extremely strong in
case ofHelianthemum at the 100% phosphate level, in caseRubinia only at the
highest concentration. The phosphate concentration had strong effect on the
synthesized mycorrhizae (the studied truffles formed ectomycorrhizae with Hartig-net
without sheath at high phosphate content and ectendomycorrhizae without sheath with
Hartig-net and with coiling intracellular hyphae at lower phosphate concentration) of
H. guttatum with T. arenaria andT. claveryi [9], such odd influence was not detected.
All the colonized cells were dead and defemeaction of the host cells were frequently
observed on the plant cell walls. Finger-like structures, the most reliable features of the
Hartig-net [28] were found only in the roots éfelianthemum. The comparison with
previously publishedlerfezia root associations is rendered difficult, not just by the
taxonomical differences, but the insufficient, unreliable documentations of the works
[11, 29] or the different aims of the studies [30]. Moreover, the interactions. of
terfezioides studied in the experiments presented here could not be considered
unambiguously as mycorrhizae. Furtharvitro experiments should be carried out to
clear the character of the interactions ofterfezioides with plants. This interaction
could be not clear mycorrhizal which is not unique among ascomyceteous fungi.

Although someTerfezia species show intraspeciefic variability in their ITS
sequences [19, 20, 21, 22], the RFLP profiles of the ITS region of the nineteen studied
fruitbodies were the sameEcoRI has not digested the amplified region (740 bp
approx.), while @ol, Hinfl and Xhol digested the region into 2 (400 and 300 bp
approx.), 3 (340, 190 and 145 bp approx) and 2 (555 and 185 bp approx.) detectable

Acta Microbiologica et |mmunologica Hungarica 49, 2002



TERFEZIA TERFEZIOIDES 211

bands, respectively. The ITS sequences of the randomly chosen three samples were
also identical (Gene bank AJ 305169, AJ 306555, AJ 306556). Based on the results not
just the certain RFLP profiles could help to find the natural hostsTeffezia
terfezioides, but such a conservative genetic marker makes possible the design of
species-specific PCR primers like in the case of ascomycédtales melanosporum T.

brumale andT. indicum[31] andT. borchii [32].

Acknowledgements. One part of the work was conducted during G. M. Kovacs's stay at the

Lehrstuhl Spezielle Botanik/Mykologie at the Universitat Tubingen, sponsored by the Ministerium fir

Wissenschaft, Forschung und Kunst Baden-Wiirttemberg. We would like to thank the Kiskunsag National

Park for permission to collect samples, and the Kiskunsag National Park and the Hungarian Scientific
Research Fund (OTKA, T 032158, T 032738) for financial support.

10.

11.

References
. Mattirolo,O.: lllustrazione di tre nuove specie di Tuberaceae ltaliane. Mem Reale Accad Sci 3&rino
377 (1887).
. Trappe,J.M.: A synopsis of the Carbomycetaceae and Terfeziaceae (Tuberales). Trans Brit Mycol Soc

57,85 (1971).

. Babos,M: Distribution of Choiromyces venosus and Terfezia terfezioides in Hungary. Mikologiai

Kozlemények20, 47 [in Hungarian] (1981).

. Kiraly,l., Bratek,Z., Albert,L., Lukacs,Z.: The arenicolous truffle (Terfezia terfezioides). Mikologiai

Kozlemények3l, 49 [in Hungarian] (1992).

. Montecchi,A., Lazzari,G.: Atlante fotografico di funghi ipogei. Associazione Micologica Bresadola,

Centro Studio Micologica, Vicenza (1993).

. tawrynowicz,M., Markow,M., Milenkovi¢,M., Ivar¢evi¢,B.: Terfezia terfezioides — a new hypogeous

fungus for Balkan Peninsula. Acta Myca2, 233 (1997).

. Awamah,M.S., Alsheikh,A.: Laboratory and field study of four kinds of truffle (Kamah), Terfezia and

Tirmania species, for cultivation. Mushroom 36, 507 (1979).

. Dexheimer,J., Gerard,J., Leduc,J-P., Chevalier,G.: Etude ultrastructurale comparée des associations

symbiotiques mycorrhiziennes Helianthemum salicifolium-Terfezia claveryi et Helianthemum
salicifolium-Terfezia leptoderma. Can J B38, 582 (1985).

. Fortas,Z., Chevalier,G.: Effet des conditions de culture sur la mycorrhization de I'Helianthemum

guttatum par trios espéces de terfez des genres Terfezia et Tirmania d'Algérie. CarvQl B453

(1992).

Morte,A., Lovisolo,C., Schubert,A.: Effect of drought stress on growth and water relations of the
mycorrhizal association Helianthemum almeriense-Terfezia claceryi. Mycott@jz4.5 (2000).

Bratek,Z., Jakucs,E., Béka,K., Szedlay,Gy.: Mycorrhizae between black locust (Robinia pseudoacacia)
and Terfezia terfezioides. Mycorrhifa271 (1996).

Acta Microbiologica et Immunologica Hungarica 49, 2002



212 KOVACS et al.

12. Henrion,B., Chevalier,G., Martin,F.: Typing truffle species by PCR amplification of the ribosomal DNA
spacers. Mycol Re88, 37 (1994).

13. Gandebouf,D., Dupré,C., Roeckel-Drevet,P., Nicolas,P., Chevalier,G.: Typing Tuber ectomycorrhizae by
polymerase chain amplification of the internal transcribed spacer of rDNA and the sequence
characterized amplified region markers. Can J Micro#&[723 (1997).

14. Paolocci,F., Rubini,A., Granetti,B., Arcioni,S.: Typing Tuber melanosporum and Chinese black truffle
species by molecular markers. FEMS Microbiol LE38, 255 (1997).

15. White,T.J., Bruns,T.D., Lee,S., Taylor,J.W.: Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. In: Innis, M. A., Gelfand, D. H., Sninsky, J. J., White, T. J., (eds): PCR
protocols. A Guide to Methods and Applications. Academic Press, San Diego, 1990, p 315

16. Gardes,M., White, T.J., Fortin,J.A., Bruns,T.D., Taylor,J.W.: Identification of indigenous and introduced
symbiotic fungi in ectomycorrhizae by amplification of nuclear and mitochondrial ribosomal DNA. Can
J Bot69, 180 (1991).

17. Henrion,B., Le Tacon,F., Martin,F.: Rapid identification of genetic variation of ectomycorrhizal fungi by
amplification of ribosomal RNA genes. New Phyid?2, 289 (1992).

18. Gardes,M., Bruns,T.D.: ITS primers with enhanced specifity for basidiomycetes — application to the
identification of mycorrhizae and rusts. Mol E@)I113 (1993).

19. Kagan-Zur,V., Kuang,J., Tabak,S., Taylor,F.W., Roth-Bejerano,N.: Potential verification of a host plant
for the desert truffle Terfezia pfeilii by molecular methods. Mycol R@3, 1270 (1999).

20. Kagan-Zur,V., Holdengraeber,S., Martin,F., Roth-Bejerano,N.: Intraspecific variability of Terfezia
bouderi ITS region suggests that lobed fruit-bodies could arise from fusion of independent initiation.
NCBI GenBank AF092096, AF092097 and AF092098, 1998

21. Aviram,S., Roth-Bejerano,N., Kagan-Zur,V.: Phylogenetic relations between isolates of several Terfezia
species. NCBI GenBank AF301420 and AF301422, 2000

22. Aviram,S., Roth-Bejerano,N., Kagan-Zur,V.: Two ITS forms within a single hypha of Terfezia boudieri
strain. NCBI GenBank AF301418 and AF301419, 2000

23. Grace,C., Stribley,D.P.: A safer procedure for routine staining of vesicular-arbuscular mycorrhizal fungi.
Mycol Res95, 1160 (1991).

24. Kovacs,G.M., Bagi,l.: Mycorrhizal status of a mixed deciduous forest from the Great Hungarian Plain
with special emphasis on the potential mycorrhizal partners of Terfezia terfezioides (Matt.) Trappe.
Phyton41 [in press] (2001).

25. Kovacs,G.M., Kottke,l., Vagvolgyi,Cs., Oberwiek|F.: Interaction of Terfezia terfezioides with
Robinia pseudoacacia and Helianthemum ovatum influenced by the phosphate concentration in vitro.
Manuscript 2001

26. Kovacs,G.M., Rudnoy,Sz., Vagvolgyi,Cs., LtityzD., Racz,l., Bratek,Z.: Intraspecific invariability of
the ITS region of rDNA of Terfezia terfezioides in Europe. Folia Microl#6l[[in press] (2001).

27. Morte,M.A., Cano,A., Honrubia,M., Torres,P.: In vitro mycorrhization of micropropagated
Helianthemum almeriense plantlets with Terfezia claveryi (desert truffle). Agricult Sci FirdaB69
(1994).

28. Kottke,l., Oberwinkler,F.: Cellular structure and function of the Hartig net: coenocytic and transfer cell-
like organization. Nordic J BdZ, 85 (1987).

29. Roth-Bejerano,N., Livne,D., Kagan-Zur,V.: Helianthemum-Terfezia relations in different growth media.
New Phytol114, 235 (1990).

Acta Microbiologica et |mmunologica Hungarica 49, 2002



TERFEZIA TERFEZIOIDES 213

30. Morte,M.A., Honrubia,M.: Improvement of mycorrhizal synthesis between micropropagated
Helianthemum almeriense plantlets with Terfezia claveryi (desert truffle). In Elliot, T. J. (ed): Science
and cultivation of edible fungi, Balkema Rotterdam, 1995, p 863

31. Rubini,A., Paolocci,F., Granetti,B. Arcioni,S.: Single step molecular characterization of morphologically
similar black truffle species. FEMS Microbiol Let64, 7 (1998).

32. Bertini,L., Agostini,D., Potenza,L., Rossi,l., Zeppa,S., Zambonelli,A., Stocchi,V.: Molecular markers for
the identification of the ectomycorrhizal fungus Tuber borchii. New PHy88| 565 (1998).

Acta Microbiologica et Immunologica Hungarica 49, 2002



