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ABSTRACT

A novel Ty3/Gypsy retrotransposon, named Pyret,
was identified in the plant pathogenic fungus
Magnaporthe grisea (anamorph Pyricularia oryzae).
Pyret-related elements were distributed in a wide
range of Pyricularia isolates from various gramin-
eous plants. The Pyret element is 7250 bp in length
with a 475 bp LTR and one conceptual ORF. The ORF
contains seven nonsense mutations in the reading
frame, indicating that the Pyret clone is lightly degen-
erate. Comparative domain analysis among retroele-
ments revealed that Pyret exhibits an extra domain
(WCCH domain) beyond the basic components of
LTR retrotransposons. The WCCH domain consists
of ∼300 amino acids and is located downstream of
the nucleocapsid domain. The WCCH domain is so
named because it contains two repeats of a charac-
teristic amino acid sequence, W-X2-C-X4-C-X2-H-X3-K.
A WCCH motif-like sequence is found in the precoat
protein of some geminiviruses, viral RNA-dependent
RNA polymerase and also in an Arabidopsis protein of
unknown function. Interestingly, detailed sequence
analysis of the gag protein revealed that Pyret, as
well as some other chromodomain-containing LTR
retrotransposons, displays significant sequence
homology with members of the gammaretroviruses
(MLV-related retroviruses) in the capsid and nucleo-
capsid domains. This suggests that chromodomain-
containing LTR retrotransposons and gammaretro-
viruses may share a common ancestor with the gag
protein.

INTRODUCTION

Long terminal repeat (LTR) retrotransposons show an overall
organization strikingly similar to retroviruses, which consists

of gag, pol and, in some cases, env genes flanked by LTRs at
each end. In the most recent virus taxonomy it was proposed
that LTR retrotransposons are classified in the Retroelemen-
topsida, the class to which retroviruses belong, and are further
divided into two main families, Pseudoviridae (corresponding
to the Ty1/Copia subgroup) and Metaviridae (Ty3/Gypsy
subgroup) (1,2). The phylogenic relationships and origin of
these retroelements are of great interest because they are ubiqui-
tous components of eukaryotic genomes and thereby are
supposed to have played important roles in the evolution of the
genome (3,4). Most phylogenic studies of retroelements have
been conducted based on the pol gene, which is the most highly
conserved among the retroelement genes, revealing that LTR
retrotransposons have a discrete phylogenetic lineage from
retroviruses (3,4).

On the other hand, sequence homology of gag proteins is not
generally found among distantly related retroelements (5).
Therefore, phylogenic analysis of gag proteins is rarely
reported. The gag genes of simple retroviruses typically
encode the matrix (MA), capsid (CA) and nucleocapsid (NC)
proteins (5). The gag proteins of some retroviruses, however,
encode one or more additional domains that vary among
different viruses. Retroviral MA protein is required for
membrane targeting of the gag protein and for capsid
assembly. The CA protein forms the prominent hydrophobic
core of the viral virion (6) and the NC domain encodes a small
basic protein that plays a critical role in the RNA selection
leading to RNA packaging into the viral particle (7,8). The NC
protein contains one or two zinc finger motifs characterized by
the amino acid sequence C-X2-C-X4-H-X4-C, which is consid-
ered to be a hallmark of the gag protein in retroviruses and also
LTR retrotransposons, with some exceptions. In addition, a
stretch of ∼20 amino acids in the CA domain is highly
conserved in most retroviruses, except for spumaretroviruses,
and is termed the major homology region (MHR) (9). An
MHR-like motif has also been identified in an LTR retrotrans-
poson, Ty3, in its CA domain and was shown to be involved in
multiple steps of Ty3 retrotransposition (10).

Despite the information obtained in retroviruses, very little is
known about the gag proteins of most LTR retrotransposons
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because only limited sequence homology has so far been
described between retroviruses and LTR retrotransposons. In
this paper, we isolate a new LTR retrotransposon named Pyret
from the phytopathogenic fungus Magnaporthe grisea and
perform a detailed sequence analysis of Pyret, especially the
gag protein. Comparative sequence analysis revealed that this
element is novel because it carries an extra domain between the
NC domain and protease, which is characterized by a short
stretch of specific amino acid sequence, termed the WCCH
motif.

MATERIALS AND METHODS

Fungal strains and growth conditions

The original hosts and locality of fungal strains used to inves-
tigate the distribution pattern of Pyret-related elements can be
found in Eto et al. (11) except for a Pyricularia zingiberi
isolate from Zingiber mioga, HYZiM101-1-1-1. The isolates
were purified by monoconidial isolation and maintained on
PDA medium for short-term storage or on sterilized barley
seeds for long-term storage, as described previously (12). For
DNA extraction, fungal mycelia were grown in CM liquid
broth (0.3% casamino acids, 0.3% yeast extract, 0.5% sucrose)
at 26°C for 5 days on an orbital shaker (120 r.p.m.).

Construction of a genomic library

The cosmid vector pMLF2 was kindly provided by Dr Sally A.
Leong. A genomic library of GFSI1-7-2, a foxtail millet isolate
of M.grisea, was constructed in pMLF2. Fifty micrograms of
total DNA was partially digested with Sau3AI and ligated into
the BamHI-digested pMLF2 vector.

DNA isolation and analysis

Total fungal DNA was isolated as described previously (12).
DNA gel blot analysis was performed using a dioxetane chemi-
luminescence system, Gene Images (Amersham, Arlington
Heights, IL). EcoRI-digested fungal DNA was separated on a
0.8% TAE–agarose gel and transferred to a nylon membrane.
A 0.6 kb DNA segment used for probing Pyret-related
elements, corresponding to the gag domain (nt 1307–1902) of
Pyret, was cloned from a M.grisea isolate (NNPM3-1-1) and
then labeled with fluorescein by the random prime labeling
method. Hybridization was performed in 5× SSC, 0.1% (w/v)
SDS, 5% (w/v) dextran sulfate, 5% (v/v) liquid block (Amer-
sham) at 60°C overnight. Southern blots were then washed
twice in 1× SSC containing 0.1% SDS for 15 min at 65°C and
twice in 0.5× SSC containing 0.1% SDS for 15 min at 65°C.
Detection procedures were performed according to the manu-
facturer’s instructions.

DNA sequencing and analysis

Sequencing reactions were performed using the ABI Prism
Big-dye Terminator Ready Reaction sequencing kit (Applied
Biosystems, Foster City, CA) and analyzed with an ABI310
sequencer. Sequence searches were conducted using the
BLAST program (13) available at DDBJ (http://
www.ddbj.nig.ac.jp/). Amino acid sequences were aligned
with the CLUSTAL W program (14) using the BLOSUM
series of protein weight matrices (15) and adjusted manually if
necessary using Jalview (http://www.ebi.ac.uk/~michele/

jalview/). A phylogenetic tree was constructed by the
neighbor-joining method of Saito and Nei (16) and viewed
using TreeView (17). The tree was subjected to bootstrap
resampling of 1000 replicates.

RESULTS

Isolation of Pyret from a foxtail millet isolate of M.grisea

A clustered distribution of transposons has been often reported
in M.grisea (18–20). To analyze a transposon cluster in the
M.grisea genome, we screened a cosmid library of GFSI1-7-2,
a foxtail millet isolate of M.grisea, by probing with five known
M.grisea transposable elements including MAGGY, Pot2,
MGR583, MGR586 and Mg-SINE. Cosmid clone S8-C-6,
which hybridized to four of the five transposons, was chosen
for further sequence analysis. The insert of S8-C-6 was ∼40 kb
long. A BLAST database search allowed us to detect a 9 kb
long retrotransposon-like sequence delimited by two 475 bp
LTRs in a partial sequence of the S8-C-6 insert (Fig. 1). The
retrotransposon-like sequence contained a 1.8 kb insertion of
an MGR586-like DNA transposon. The conceptual translation
product of the retrotransposon-like sequence exhibits a signifi-
cant degree of similarity to gene products of several Ty3/
Gypsy LTR retrotransposons. Therefore, we concluded that
this sequence corresponds to a new Ty3/Gypsy LTR retro-
transposon of M.grisea, which we named Pyret.

Sequence analysis revealed that Pyret is 7250 bp long and
contains one putative open reading frame (ORF) composed of
1811 amino acid codons including seven nonsense mutations.
The 5′- and 3′-LTR sequences of Pyret are 93.5% identical
with 31 base substitutions. Interestingly, all the base substitu-
tions are C:G→T:A transitions that are characteristic of repeat-
induced point mutation (RIP), which was originally found in
Neurospora crassa (21). Hence, the Pyret copy isolated in this
study is lightly degenerate, probably by a RIP-like process as
reported in another M.grisea retrotransposon, MAGGY (22).
The Pyret LTR sequence begins and ends with the 7 bp
terminal inverted repeat sequences TGTTACG…CGTAACA
that are highly conserved in LTRs of several fungal retrotrans-
posons such as CfT-1, Grasshopper, Skippy, MGLR-3, Boty
and Cgret (23–28). Pyret is flanked by the 5 bp direct repeat
sequence TTAAA, which is probably a target site duplication
generated during retrotransposition. A polypurine tract
(AAAGGAAAGGAAA) is found adjacent to the 3′-LTR in
Pyret and is believed to serve as primer for plus strand cDNA
synthesis of the element. The position of the primer binding
site (PBS), at which minus strand reverse transcription

Figure 1. Partial structure of the cosmid clone S8-C-6. Arrows represent long
terminal repeats. The shaded box indicates an MGR586-like element inserted
in Pyret. The nucleotide sequence of Pyret has been deposited in the DDBJ/
EMBL/Genbank nucleotide databases under accession no. AB062507. B,
BamHI; E, EcoRV; K, KpnI; S, SacI; X, XhoI.
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initiates, could not be identified unambiguously in Pyret. A
possible PBS candidate is, however, the TGATCGCTCCTG
sequence that is found in the 5′-untranslated region. Since the
12 bp sequence CAGGAGAGATCA, which is almost comple-
mentary to the PBS candidate, occurs in the middle region of
the LTR, a self-primed reverse transcription mechanism
proposed for some fungal LTR retrotransposons (29,30), could
be adopted in Pyret.

Analysis of hypothetical protein regions

The hypothetical protein product of the ORF of Pyret exhibits
significant homology with gene products of known retroelements,
especially with those of fungal Ty3/Gypsy retrotransposons. A
14 amino acid sequence that fits the consensus of the zinc finger
motif (C-X2-C-X9-C) and protease, reverse transcriptase, RNase

H and integrase domains are found in that order, confirming
that Pyret belongs to the Ty3/Gypsy superfamily (Metaviridae).
This also indicates the presence of a gag–pol ORF in Pyret,
which is a rather unique gene structure in LTR retrotrans-
posons. Among sequences available in the databases, the most
closely related element to Pyret is Cgret, which was identified
in the cranberry fruit rot pathogen Colletotrichum gloeospori-
oides (28). The protease, reverse transcriptase, RNase H and
integrase domains of Pyret display 54.5% (55 of 101 residues),
72.5% (124 of 171 residues), 73.2% (93 of 127 residues) and
54.8% (230 of 418 residues) amino acid identity, respectively,
to the corresponding domains of Cgret. At the C-terminus of
integrase, a chromodomain is observed in Pyret, indicating that
Pyret is a member of the chromodomain-containing elements,
‘chromoviruses’ (3,31).

Figure 2. Amino acid alignment of CA-like domains of chromodomain-containing LTR retrotransposons. The bottom block includes authentic CA domains from
several gammaretrovirses. Coloring was generated by Clustal X using default values. Accession numbers for the elements in protein databases are as follows:
Cgret, AAG24791; Skippy, AAA88790; CfT-1, CAA77890; MarY1, BAA78624; REAL, BAA89271; MAGGY, AAA33419; RETRO, AAD13304; Sushi,
AAC33525; KIAA1051, AB028974; Moloney murine leukemia virus (MoMLV), AAB59942; feline leukemia virus (FeLV), AAA43054; baboon endogenous ret-
rovirus (BaEV), BAA00923. Nucleotide accession numbers for the elements which were conceptually translated from their DNA sequences are as follows: Del1,
X13886; RIRE3, AB014738; Legolas, AC006570; Gimli, AL049655; human endogenous retrovirus (HERV-E), M10976.
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Comparative analysis of the gag protein among
‘chromoviruses’ and simple retroviruses

The amino acid sequence of the gag gene product is not gener-
ally well conserved among distantly related retroviruses (5)
and LTR retrotransposons. Therefore, little is known about
conserved domains of the gag protein in LTR retrotransposons
except for the zinc finger motif, which is conserved in most
LTR retrotransposons and retroviruses. In this study, however,
multi-alignment of the gag proteins of closely related elements,
‘chromoviruses’, which include Gypsy/Ty3 LTR retrotrans-
posons and their potential members from fungi, plants and
animals, allows us to identify several conserved amino acid
sequences in the gag proteins (Fig. 2). We searched for these
conserved sequences in the gag proteins of seven clades of
‘non-chromoviral’ LTR retrotransposons (clades Mdg1,
Gypsy, Osvaldo, Mag, Athila, Cer1 and Mdg3), according to
Malik and Eickbush (3), and seven genera of retroviruses
defined in the most recent report of the ICTV (2). Interestingly,
a genus of retroviruses, Gammaretrovirus (mammalian type C
retrovirus and MLV-related retrovirus), posesses in its CA
domain a greater number of sequences showing recognizable
similarity to the conserved sequences, than do other retro-
viruses examined. Gammaretroviruses are simple retroviruses
and include a number of endogenous and exogenous viruses
from mammals, birds and reptiles. The type member, Moloney
murine leukemia virus (MoMLV), and the other three
members, including human endogenous retrovirus E (HERV-E),
are presented in the alignment of the gag proteins (Fig. 2).

Referring to the domains defined in MoMLV, the conserved
sequences in Figure 2 lie within the CA domain. The CA
protein of MoMLV is ∼30 kDa, spanning 263 amino acids, and
forms the hydrophobic internal core of the viral virion (32,33).
The MoMLV sequence corresponding to amino acids 27–217
in the p30 protein (amino acids 243–433 in the MoMLV gag
protein) is represented in Figure 2, demonstrating that simi-
larity between MoMLV and chromoviruses can be recognized
in most parts of the p30 protein. In all retroviruses, excluding

spumaretroviruses, a stretch of ∼20 amino acids in the CA
domain is highly conserved and termed the major homology
region (MHR) (9). MHR-like sequences are found in most
chromoviruses at the corresponding location in the CA domain
(Fig. 2). The MHR-like motif in chromoviruses, however,
significantly differs from the authentic MHR motif and also
shows some sequence variations, including a gap among the
chromoviruses. In addition, several members of the chromo-
viruses, such as grasshopper and Tf1, do not apparently even
bear the motif (data not shown). Therefore, the MHR-like
motif seems not to be exceptionally conserved in chromo-
viruses.

The upstream region of the conserved CA domains that
compositionally corresponds to the retroviral MA domain or
proteins of unknown function (e.g. p12 in MoMLV) is poorly
conserved among chromoviruses or barely present in some of
the elements (e.g. CfT-1) (Fig. 3). Similarly, little sequence
homology exists among the elements downstream of the
conserved CA domains except the zinc finger motif. The zinc
finger motif occurs twice in the NC domains of most retrovirus
groups but once in most gammaretrovirses and not at all in
spumaviruses. In most chromoviruses including Pyret the zinc
finger motif is present once in the NC domain. The retroviral
zinc finger motif is flanked by basic amino acids that have
been shown to be important for both RNA packaging and viral
infectivity (34,35). Generally, the zinc finger motifs of chromo-
viruses are also flanked by basic residues, even though the
conserved sequence is not clearly identified (data not shown).

Pyret exhibits an extra domain between the NC and
protease domains

Structural analysis of Pyret indicates the existence of an add-
itional intervening domain of ∼300 amino acids between the
NC and protease domains (Fig. 3). The amino acid sequence of
the additional domain displays no similarity with known
proteins by BLAST search except with the ORF1 products of
three closely related fungal retrotransposons, CfT-1, Skippy

Figure 3. Comparison of overall structure of Pyret with five chromodomain-containing LTR retrotransposons and MoMLV. Boxes indicate ORFs, including puta-
tive frames, and vertical lines correspond to stop codons in them. The positions of domains in the gag and pol proteins are indicated. MA, matorix protein; CA,
capsid protein; NC, nucleocapsid protein; RT, reverse transcriptase; INT, integrase; CHR, chromodomain; env, envelop protein; MHR, major homology region; ZF,
zinc finger motif; W, WCCH motif.
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and Cgret. The length of the additional region varies from
∼300 to 450 amino acids depending on the element. Overall
homology of the additional domain among the four fungal
retrotransposons is generally not high except between Pyret
and Cgret. However, a highly conserved sequence spanning 28
amino acids was identified in the additional domains of all the
elements. The consensus sequence is H-X2-h-X-W-X2-C-X2-
D-X-C-X2-H-X-(S/T)-X-K-X4-h-h-P (Fig. 4), where h is a
hydrophobic residue. We designate this potential motif as the
WCCH motif and, consequently, this additional domain as the
WCCH domain. Interestingly, the WCCH motif is present
three times in Cgret, twice in Pyret and once in CfT-1 and
Skippy (Figs 3 and 4). This repeating nature and the amino acid
composition of the consensus indicate that the WCCH motif
may be a variation of the zinc finger motif.

We searched for the WCCH motif in other protein sequences
in the databases. A small stretch of amino acids similar to the
WCCH motif is found in the precoat protein of some gemini-
viruses (V1 protein or AV2 protein) (Fig. 4). The geminivirus
precoat protein is encoded in a different but overlapping ORF
with that of coat protein. Although a specific function has not
been assigned to the geminivirus precoat protein, its associ-
ation with viral replication and movement in the host plant has
been demonstrated (36). WCCH-like motifs with recognizable
similarity were also found in several protein sequences, such as
RNA-dependent RNA polymerase of Lelystad virus and a
protein of unknown function in the Arabidopsis genome.
RNA-dependent RNA polymerase and the precoat protein are
likely to be nucleic acid-interacting proteins, thereby implying
involvement of the WCCH motif in protein–nucleic acid inter-
action.

Phylogenetic relationship of Pyret to other Gypsy/Ty3 LTR
retrotransposons

We performed a phylogenetic analysis using the combined
information from three well-conserved domains, reverse tran-
scriptase, RNase H and integrase, according to Malik and
Eickbush (3). We focused on fungal Gypsy/Ty3 LTR retro-
transposons, including a sushi element from the fish Fugu
rubripes that is closely related to the fungal elements (37).
Only the elements whose sequences are completely or almost
completely determined were employed for the analysis. A

phylogenetic tree was constructed based on the neighbor-
joining algorithm (16) using two insect Gypsy/Ty3 LTR retro-
transposons, Gypsy and Tom, as outgroups (Fig. 5). The tree
was subjected to bootstrap resampling of 1000 replicates. The
WCCH domain-containing elements, including CfT-1, Skippy,
Cgret and Pyret, formed a monophyletic group that stands
apart from another fungal group that includes WCCH domain-
less elements, MAGGY, grasshopper, REAL, MGLR-3 and
marY1, and the fish element sushi. This indicates that Gypsy/
Ty3 LTR retrotransposons from filamentous fungi and fish
could be divided into two groups with respect to the presence
or absence of the WCCH domain based on the pol sequence.
Two yeast elements, Ty3 and Tf1, were more distantly related
to the other fungal elements and the fish element as reported in
previous papers (3,31,38).

Distribution of Pyret-related elements in Pyricularia
isolates

Finally, the distribution of Pyret-related elements in Pyricu-
laria spp. was examined. We use the genus name of the
anamorph, Pyricularia, in this section since the teleomorph has
not been determined in some Pyricularia species and isolates.
Pyricularia spp. include several host-specific pathotypes that
can infect only a limited range of host plant species, e.g. the
Oryza (rice-infecting isolates), Triticum (wheat-infecting
isolates) and Digitaria (crabgrass-infecting isolates) patho-
types (39). Those isolates are genetically diverse with respect
to rDNA, nuclear DNA and distribution of transposons (11,39–
41). A Southern blot with 12 Pyricularia isolates from 11 plant
species is given in Figure 6. In contrast to the previously

Figure 4. Alignment of putative WCCH motifs from four fungal retrotrans-
posons. The bottom block includes WCCH motif-like sequences in various
proteins available in the databases. The WCCH motif occurs twice in Pyret
(Pyret-1 and Pyret-2) and three times in Cgret (Cgret-1, Cgret-2 and Cgret-3).
The numbers after the hyphen are given according to the order of occurrence in
the WCCH domain. Coloring was generated by Clustal X using default values.
Accession numbers for the proteins in the databases are as follows: Arabidop-
sis thaliana putative protein (A.thaliana), CAA16935; tomato leaf curl gemin-
ivirus AV2 protein (ToLCV), AAA92806; Lelystad virus orf1A,1B protein
(Lelystad), CAA01837.

Figure 5. A phylogenic tree of fungal Ty3/Gypsy LTR retrotransposons based
on an alignment of the sum of the amino acids in the reverse transcriptase,
RNase H and integrase domains. The tree is constructed by the neighbor-join-
ing method (16) and rooted using insect LTR retrotransposons Gypsy and Tom
as outgroups. The number indicates the frequency with which a given branch
appeared in 1000 bootstrap replications. Accession numbers for the elements
in databases are as follows: Tom, Z24451; gypsy, M12927; Ty3, M34549; Tf1,
M38526; CfT-1, Z11866; Skippy, L34658; Cgret, F264028; Pyret, AB062507;
marY1, AB028236; Sushi, AF030881; MAGGY, L35053; REAL, AB025309;
grasshopper, M77661; MGRL3, AF314096.



Nucleic Acids Research, 2001, Vol. 29, No. 20 4111

reported Pyricularia LTR retrotransposons MAGGY and
grasshopper, which are distributed only in specific pathotypes
of the fungus (25,42,43), Pyret-related elements exhibit a wide
ranging distribution pattern in the Pyricularia population.
Actually, Pyret-related elements could be detected by Southern
analysis in 75 of 79 Pyricularia isolates from 31 monocot plant
species (data not shown), suggesting that Pyret may be an ‘old’
element that was acquired in the Pyricularia population at an
early stage of its differentiation.

DISCUSSION

We have isolated a novel LTR retrotransposon, Pyret, in the
causal pathogen of blast fungus, M.grisea. Pyret is unique
because it exhibits an extra domain (WCCH domain) between
the NC and protease domains in addition to the common
components of retroviruses and LTR retrotransposons. The
WCCH domain contains one to three copies of the WCCH
motif whose consensus is H-X2-h-X-W-X2-C-X2-D-X-C-X2-
H-X-(S/T)-X-K-X4-h-h-P (where h is a hydrophobic residue).
Some retroviruses, exemplified by mouse mammary tumor
virus (MMTV), also show an extra domain between the NC
and protease domains and actually produce a corresponding
gag–pro transframe protein (p30) possessing both zinc-binding
and dUTPase activity (44,45). However, p30 and a putative
protein encoded by the WCCH domain seem to be functionally
different, for the following reasons: (i) p30 does not contain
the WCCH motif; (ii) the consensus sequence of dUTPase is
not found in any of the WCCH domains encoded by four
fungal elements; (iii) the WCCH domain is within ORF1 while
p30 is translated in a gag–pro transframe manner. Thus, the
function of the WCCH domain is unclear to date.

One surprising finding in this study is that Pyret, as well as
other members of the ‘chromoviruses’, a group of Gypsy/Ty3
LTR retrotransposons, displays significant sequence
homology in the CA domain of the gag protein with most
members of Gammaretrovirus, a genus of simple retroviruses.

Even among retroviruses, little sequence homology is known
in the gag protein except for the MHR and the zinc finger motif
when they belong to distantly related retrovirus groups (5).
Another common feature between gammaretroviruses and
‘chromoviruses’ is that the zinc finger motif is present once in
the NC domains of most of the members while it occurs twice
in most retroviruses. Furthermore, Malik and Eickbush (3)
reported that the GPY/F module, which is well-conserved in
the integrase domains of Gypsy/Ty3 LTR retrotransposons, is
also found in the integrase of some Gammaretrovirus
members. These facts suggest that gammaretroviruses are rela-
tively close to Gypsy/Ty3 LTR retrotransposons, especially to
chromoviruses. At least with regard to the CA domain in the
gag protein, chromoviruses and gammaretroviruses may have
roots in a common ancestor. Alternatively, they may retain the
features of the common prototype of Retroelementopsida,
while the other members have modified their sequences and/or
acquired other components during diversification and evolu-
tion.

In Pyricularia, four Gypsy/Ty3 LTR retrotransposons have
been identified so far, grasshopper, MAGGY, MGLR-3 and
Pyret (25,26,42). The former two elements are distributed in a
pathotype-specific manner while the latter two are more ubiqui-
tously distributed (25,26,42,43). Among these, MAGGY is the
only element that has been shown to have transpositional
activity to date (12,46). We assessed the activity of Pyret by
comparing the fingerprinting patterns between sister progeny
obtained from a cross between foxtail millet and wheat
isolates of P.oryzae as described by Eto et al. (11). Many
DNA rearrangements near transposable elements were
reported between sister progeny in Southern blots probed with
MAGGY, MGR586 and Pot2, indicating that these elements
are active (11). However, few rearrangements of Pyret bands
were observed in 40 pairs of sister progeny examined (unpub-
lished data), suggesting that Pyret is not a very active element.

In a BLAST search a 0.3 kb region in Pyret (nt 1649–1986)
was found to be 91.1% identical to MGSR1 (M.grisea short
repeat 1), which is reported as a SINE-like repetitive sequence
in M.grisea (47). This putative element is 336 bp long, delimited
by 8 bp direct repeats, and was cloned from a 0.8 kb XhoI frag-
ment in a rice isolate of M.grisea. The 0.8 kb XhoI fragment
was commonly found in six λ phage clones from different loci.
Thus, the 0.8 kb XhoI fragment itself seems to be repetitive. A
corresponding region to the 0.8 kb XhoI fragment was identi-
fied in the NC and WCCH domains of our Pyret clone and also
in those of Cgret with recognizable similarity. These data
suggest that MGSR1 may be a conceptual element, even
though we cannot rule out the possibility that a SINE-like
element might have transposed into the prototype of Pyret in
ancient times.

Even though the WCCH domain identified in this study was
found in only four fungal Gypsy/Ty3 LTR retrotransposons,
WCCH-like motifs were recognized not only in several viral
proteins but also in proteins of unknown function in the human
and Arabidopsis genomes (data not shown). Therefore, this
putative module may have some function in a wide range of
organisms. Experimental evidence of RNA- and/or DNA-
binding ability of the WCCH motif is of interest and will be
addressed in the future.

Figure 6. DNA gel blot analysis of the distribution of Pyret-related elements in
Pyricularia isolates. Genomic DNA was digested with EcoRI and probed with
a Pyret probe (see Materials and Methods). Isolates used and their host plants
were as follows: lane 1, UG-77-7-1-1 (Eleusine indica); lane 2, G10-1
(E.coracana); lane 3, NI986 (Eragrostis lehmanniana); lane 4, Br58 (Avena
sativa); lane 5, 0903-4 (Oryza sativa); lane 6, Br127.11 (Triticum aestivum);
lane 7, Br130.1 (T.aestivum); lane 8, NI919 (Leersia oryzoides); lane 9, NI979
(Pennisetum clandestinum); lane 10, HYZiM101-1-1-1 (Zingiber mioga); lane
11, NI907 (Digitaria sanguinalis); lane 12, Br29 (Digitaria horizontaris).
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