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Random sequencing of cDNA clones from Eucalyptus
globulus—Pisolithus tinctorius ectomycorrhizal tissues was
carried out to generate expressed sequence tags (ESTs).
Database comparisons revealed that 42% of the cDNAs
corresponded to previously sequenced genes. These ESTs
represent efficient molecular markers to analyze changes
in gene expression during the formation of the ectomy-
corrhizal symbiosis.
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Ectomycorrhizas are characterized structurally by the pres-
ence of a pseudoparenchymatous fungal mantle ensheathing
the root and a network of intercellular hyphae characterized
by labyrinthine branching. During development of the sym-
biosis, cell differentiation, and tissue patterning give rise to a
novel spatial organization, changes in cell shape, and the gen-
eration of different cell types. Morphological differentiation is
accompanied by modifications of protein biosynthesis (Burgess
et al. 1995; Guttenberger and Hampp 1992; Hilbert and Martin
1988; Hilbert et al. 1991; Simoneau et al. 1993; Simoneau et al.
1994), by alterations in gene expression (Nehls and Martin
1995; Tagu et al. 1993), and by the onset of a novel metabolic
organization in fungal and plant cells leading to the functioning
symbiotic organ (Martin and Hilbert 1991).

Several molecular approaches, including differential hy-
bridizations and use of heterologous probes, have been devel-
oped to identify genes which are preferentially expressed in
Eucalyptus globulus-Pisolithus tinctorius ectomycorrhiza,
and thus are targets for developmental regulation (Martin and
Tagu 1995). We have recently attempted to generate a tran-
script catalogue of abundant and moderately expressed genes
in eucalypt symbiotic tissues by systematic sequencing of
cDNAs to generate expressed sequence tags (ESTs).

Extensive analyses of ESTs have been carried out first in
human tissues (Adams et al. 1991, 1993) and then applied to
plants (Hofte et al. 1993; Keith et al. 1993; Kurata et al. 1994;
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Newman et al. 1994; Park et al. 1993; Sasaki et al. 1994;
Shen et al. 1994; Uchimiya et al. 1992; Umeda et al. 1994).
In this paper, we report the result of partial sequencing and
database comparison of cDNA clones of symbiotic tissues of
the E. globulus-P. tinctorius ectomycorrhiza. The results
show that this approach provides valuable cDNA clones
which could then represent molecular markers of the sym-
biosis development.

Germination of half-sib seeds of E. globulus ssp. bicostata
(Maid et al.) and growth of seedlings were carried out as de-
scribed in Hilbert et al. (1991). The basidiomycete Pisolithus
tinctorius Coker & Couch (isolate 441) was used for aseptic
establishment of ectomycorrhizas. A directionally cloned
cDNA library in the phage vector AZAPII was constructed
from poly(A)+ RNA obtained from differentiating (4-day-old)
eucalypt ectomycorrhizas (Tagu et al. 1993). By 4 days after
inoculation of eucalypt roots by Pisolithus, the fungal mantle
was well developed and tightly appressed to root epidermal
cells. Individual recombinant plaques from the cDNA library
were recovered. Inserts were obtained by PCR (Saiki et al.
1988) using universal and reverse primers (Tagu et al. 1993).
cDNA larger than 500 bp were purified on a Qiagen column
(Dusseldorf, Germany, QIAquick-spin PCR purification kit).
The selected cDNA clones were sent to Euro Séquences
Genes Services (Montigny-le-Bretonneux, France) for auto-
mated sequencing. The coding strand was polymerized from
the T3 sequencing primer (Applied Biosystems PRISM
Ready Reaction Dye Primer Cycle sequencing kit). Sequenc-
ing reactions were run on an ABI 373A sequencer (Applied
Biosystems, Foster City, CA). Each cDNA was sequenced at
least two times. Sequence data were stored, assembled and
analyzed using the SeqApp application (version 1.9; Gilbert,
1992; anonymous ftp from iubio.bio.indiana.edu). Sequences
were edited to remove vector and ambiguous sequences,
translated in the six reading frames and compared with the
sequences deposited in the NCBI nonredundant database us-
ing the BLAST network service (cutoff PAM120; high score:
60) (Altschul et al. 1994) and the Internet link of SeqApp.

Approximately 200 plaques from the cDNA library were
selected randomly for PCR amplification. After elimination of
inserts smaller than 500 bp, about 100 clones were partially
sequenced. Six were misoriented and eliminated from the
analysis.
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Sequencing of the selected clones resulted in 55 informa-
tive sequence tags. To characterize the ESTs generated in this
pilot experiment, comparison of all six possible translational
reading frames of each EST was performed. Database com-
parisons of the 55 ESTs revealed that 42% cDNAs corre-
sponded to previously sequenced genes. These cDNAs were
provisionally identified based on the following criteria: (i)
amino acid similarity higher than 50% over the entire se-
quence, (ii) an unbroken reading frame, and (iii) the presence
of appropriate conserved residues. The remaining clones
showed little or no similarity to genes in the databases and
may represent novel genes. The number of database matches
was comparable to that observed in Caenorhabditis elegans
(Waterston et al. 1992) or Arabidopsis thaliana (Hofte et al.
1993), but was high compared to the 8% of identified EST
from the rice or the Brassica napus libraries (Uchimiya et al.
1992; Umeda et al. 1994; Park et al. 1993). This discrepancy
could be explained by the high cutoff score used for the data-
base comparisons in the latter studies (Hofte et al. 1993).

As shown in Table 1, 9 sequences matched previously re-
ported fungal genes, and 7 had similarities to plant genes. The
relative abundance of fungal proteins possibly reflects the
large number of fungal RNAs present in symbiotic tissues
(Tagu et al. 1993). Many of the database-matched ESTs were
similar to known housekeeping genes. Three cDNA clones
were related to stuctural proteins. The EST32 and EST141
matched sequences encoding hydrophobins, a family of mor-
phogenetic fungal cell wall proteins (Wessels 1993, 1994).
Further studies demonstrated that these hydrophobin tran-
scripts are very abundant in eucalypt mycorrhiza when hypae
are aggregating around the root (Tagu, unpublished). Several
defense- or infection-related proteins were identified as well
as polypeptides involved in the assembly and turnover of

proteins. Root colonization by the ectomycorrhizal hyphae
could thus possibly involve degradative enzymes and defense
reaction of the host-plant (Albrecht et al. 1994a, 1994b).

Further characterization of these ESTs is currently under-
way to (i) assign the tissue origin of the transcripts, (i) de-
termine whether they correspond to symbiosis-regulated
mRNAs, and (iii) further characterize the genes by full-length
sequencing.

Generating a transcript list through cataloguing ESTs may
well provide molecular markers that are useful for decipher-
ing the modifications of genetic programs induced by sym-
biosis development (Martin and Tagu 1995).
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