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Abstract In this paper we describe a pair of novel
Ty3/gypsy retrotransposons isolated from the dioecious
plant Silene latifolia, consisting of a non-autonomous
element Retand-1 (3.7 kb) and its autonomous partner
Retand-2 (11.1 kb). These two elements have highly
similar long terminal repeat (LTR) sequences but diVer
in the presence of the typical retroelement coding
regions (gag-pol genes), most of which are missing in
Retand-1. Moreover, Retand-2 contains two additional
open reading frames in antisense orientation localized
between the pol gene and right LTR. Retand transcripts
were detected in all organs tested (leaves, Xower buds
and roots) which, together with the high sequence similarity of LTRs in individual elements, indicates their
recent transpositional activity. The autonomous elements are similarly abundant (2,700 copies) as nonautonomous ones (2,100 copies) in S. latifolia genome.
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Retand elements are also present in other Silene species,
mostly in subtelomeric heterochromatin regions of all
chromosomes. The only exception is the subtelomere of
the short arm of the Y chromosome in S. latifolia which
is known to lack the terminal heterochromatin. An
interesting feature of the Retand elements is the presence of a tandem repeat sequence, which is more ampliWed in the non-autonomous Retand-1.
Keywords Pair of autonomous and non-autonomous
retrotransposons · Tandem repeat · Transcriptional
activity · Sex chromosomes · Silene latifolia

Introduction
Retrotransposons represent a class of mobile elements
with duplicative mode of transposition via RNA intermediate. They are widespread among eukaryotes and
often compose a signiWcant fraction of the nuclear
genome (Bennetzen 1996; SanMiguel et al. 1996). In
plants, retrotransposons are found in all genomes that
have been examined, but they seem to be highly abundant only in species with large genomes, in some plants
comprising more than 50% of nuclear DNA content
(Pearce et al.1996a; SanMiguel et al. 1996; Suoniemi
et al. 1998). The replication strategy of retrotransposons oVers the potential for explosive increases in copy
numbers and thereby these elements increase the size
of the host genome (Kumar and Bennetzen 1999; SanMiguel and Bennetzen 1998). DiVerential ampliWcation
of retrotransposons is largely responsible for signiWcant
diVerences in genome size even between closely related
plant species (SanMiguel 1998; Vicient et al. 1999;
Kalendar et al. 2000; SanMiguel and Bennetzen 1998).
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It has been found that plant genomes host diverse
populations of retroelements which are classiWed into
several basic classes (Hull 2001), each of them is represented by various families including elements similar in
their nucleotide sequences and thus supposed to be of
the same origin. However, even the retroelement
sequences belonging to the same family may diVer considerably in their length and structure, as they occur in
the genome as deletion derivatives of the full-length
retroelements (Havecker et al. 2004). A typical example is solo-LTRs derived from LTR-retrotransposons
by recombination-based excision and elimination of
internal element sequences between the two terminal
LTRs. In addition, non-autonomous elements lacking a
part or whole of the regions coding for retroelement
proteins have been reported from several species. As
these elements are not capable of encoding functional
proteins required for their replication and/or transposition, they can be propagated in the genome only at the
presence of a functional intact element. However, the
molecular mechanisms producing these non-autonomous elements, as well as the population dynamics of
autonomous and non-autonomous elements in plant
genomes are only poorly understood. Moreover,
except for a few extensively sequenced model species
like rice (Jiang et al. 2002a, b), only a little is known
about the occurrence of these elements in other plants.
Here we describe Retand, a novel family of Ty3/
gypsy retrotransposons including the full-length and
the corresponding non-autonomous elements occurring in the genome of Silene latifolia. These elements
are localized at subtelomeric heterochromatin regions
of a vast majority of chromosomes and are transcriptionally active. An interesting feature of these retrotransposons is the presence of an array of tandem
repeats within their sequences which is more ampliWed
in the non-autonomous element, as well as the
presence of two extra ORFs in antisense orientation
located upstream of right LTR of the autonomous
element.

Materials and methods
Cloning and hybridization
The construction of a sample BAC library of the male
S. latifolia and the preparation of a membrane with 960
BAC clones were described in Lengerova et al. (2004).
Screening was performed by hybridization with AlkPhos Direct hybridization kit (Amersham Pharmacia
Biotech) according to the manufacturer’s protocol.
Probes were prepared by PCR ampliWcation of LTR
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region, regions of gag and pol genes, ORF3 region and
STR1 tandem repeat region with following primers,
respectively: LTR-F1 (5⬘-TTCCGGGTGTAATTCC
AGAG-3⬘), LTR-R1 (5⬘-CATATTCTGCACCCGCT
GAC-3⬘), GAG-F1 primer (5⬘-CCGACTCTCCAAA
GTCGAAC-3⬘) and GAG-R1 (5⬘-TTCTGCCCTTC
ATTCTTGCT-3⬘), POL-F1 (5⬘-ACGGTCAGTGCC
GTAATCATC-3⬘), POL-R1 (5⬘-GTCGTCTCGGCT
TCTATGTC-3⬘), STR1-F1 (5⬘-GAGGTGTCCAAG
ACCGTTGT-3⬘), STR1-R1 (5⬘-GCCGTCGACTTCT
TTCTTGT-3⬘), ORF4-F1 (5⬘-TAACGTAACCCGGC
TCTGTC-3⬘) and ORF4-R1 (5⬘-TTTGGAGGATTTC
GAGGATG-3⬘) with BAC4J4 clone containing an
autonomous Retand element as a template DNA.
After hybridization, detection was performed using
CDP-Star detection reagent. BAC DNA was isolated
using the Qiagen Plasmid Midi kit. BAC DNA was
digested with restriction enzymes and desired fragments containing parts of Retand elements were subcloned into linearized and dephosphorylated plasmid
pBluescript IISK+ and transformed into XL1-Blue
cells. Subcloned fragments were sequenced using
GeneJumper Primer Insertion Kit for Sequencing
(Invitrogen) based on transposon-mediated insertions
of primer binding sites. All parts of the Retand elements were read 2–4 times (by VBC-Genomics,
Vienna) and the clone sequences were assembled with
Staden Package software (Staden et al. 1996).
Fluorescence in situ hybridization
In order to synchronize the germinating seeds of S.
latifolia and S. viscosa (seeds come from the seed collection of the Institute of Biophysics, Brno, Czech
Republic), the DNA polymerase inhibitor aphidicolin
was added for 12 h, and mitoses were then accumulated with oryzalin as described in Siroky et al. (2001).
Slides were treated as described in Lengerova et al.
(2004) with slight modiWcations. Slide denaturation
was performed in 7:3 (v/v) formamide: 2£ SSC for
2 min at 72°C. Slides were immediately dehydrated
through 50, 70, and 100% ethanol (¡20°C), and air
dried. The probe was denatured at 70°C for 10 min,
and 100 ng of the denatured probe was added at room
temperature and hybridized for 18 h at 37°C. Slides
were analyzed using Olympus Provis microscope, and
image analysis was performed using ISIS software
(Metasystems). DNA was labeled with Fluorolink
Cy3-dUTP (Amersham Pharmacia Biotech) (red
labeling) in combination with the nick translation mix
(Roche) or with SpectrumGreen direct-labeled dUTP
(green labeling) and the Nick Translation kit (both
Vysis).
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RNA isolation and RT-PCR
Total RNA was isolated from S. latifolia male plant tissues (leaves, Xower buds or roots) by extraction with
RNA Blue (TopBio) and chloroform. All RNA samples
were treated with RNase free DNase (Gibco-BRL) to
remove any contaminant DNA. Reverse transcription
was carried out with the SuperScriptIII First-Strand
Synthesis System for RT-PCR (Gibco-BRL) by random
priming method, with 1 g of the template RNA. RNase
H was added to remove the RNA template from the
cDNA:RNA hybrid molecule after Wrst-strand synthesis. The RT-PCR reaction mix (50 l) consisted of 1£
PCR buVer, 0.2 mM dNTP, 0.2 M primers, 1.5 mM
MgCl2, 1 U of Taq polymerase (TopBio) and 10–100 ng
of reverse-transcribed RNA or equal amount of reverse
transcriptase-untreated RNA as a negative control. The
following primers were used in the RT-PCR experiments (sequences of primers see above): LTR-F1, LTRR1, POL-F1, POL-R1, STR1-F1, STR1-R1, ORF3-F1
(5⬘-CCATTAGTGGGCGACCTAGA-3⬘), ORF3-R1
(5⬘-TTCAGGCTGCCTACGACTTT-3⬘), ORF4-F1,
ORF4-R1, Actin-F1 (5⬘-CCTTGTCTGTGACAATGG
AAC-3⬘) and Actin-R1 (5⬘- GCTCACAATACCGTG
CTCAA-3⬘). The reaction proWle included 35 cycles of
40 s at 94°C, 1 min at 55°C and 1 min at 72°C preceded
by initial denaturation (2 min at 94°C) and followed by
Wnal extension step (7 min at 72°C).
DNA sequence analysis
Basic sequence analysis was done with Staden Package
software (Staden et al. 1996). Multiple sequence comparisons were performed with ClustalW (Thompson
et al. 1994) and plots of sequences were done with JDotter (Brodie et al. 2004; http://www.athena.bioc.uvic.ca/
pbr/jdotter/). Homology search was performed with
BLAST and FASTA (Altshul et al. 1997; and Pearson
and Lipman 1988, respectively). The search for conserved protein domains was done with RPS-Blast
(Marchler-Bauer et al. 2003). Sequences of tRNA used
for identiWcation of PBS were obtained from the
Arabidopsis thaliana tRNA database (Lowe and Eddy
1997; http://www.lowelab.ucsc.edu/GtRNAdb/).

Results
Structure of non-autonomous Retand-1
and its autonomous partner Retand-2 in S. latifolia
In the course of characterization of the BAC4G8 clone
giving prominent subtelomeric Xuorescence in situ
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hybridization (FISH) signals, we found a novel nonautonomous retroelement that we named Retand-1
because it contained a tandem repeat array instead of
genes (retroelement with tandem repeat). This element was 3,679 bp long and contained almost identical
long terminal repeats (LTRs) diVering in only one base
at 3⬘end (99.8% identity) indicating a recent insertion
of the element. The LTRs began with TG and ended
with CA, similarly as the LTRs of most plant retrotransposons. We propose that the sequence TATAAAT located in the center of left LTR could serve as
putative transcription initiation signal for Retand-1. At
both ends of the element, we found 5 bp direct repeats
CTTTG, which probably represent the target site
duplications (TSD) generated during the element integration. Several features necessary for retroelement
replication were also identiWed, including primer binding site (PBS) located downstream of the left LTR and
polypurine tract (PPT) located upstream of the right
LTR (Fig. 1). PBS was separated from the left LTR by
5 bp and showed complete identity to the 15 bp at the
3⬘ end of Arabidopsis tRNALysine. The interesting feature of Retand-1 was an array of tandem repeats,
named STR1 (Silene tandem repeat 1), composed of 12
monomers located in the central part of element. Total
length of tandem repeat array was 799 bp. Most monomers of STR1 represented perfect repeats 67 bp long,
some contained one or few base substitutions, one
monomer had 9 bp deletion and other monomer had
4 bp insertion (Fig. 1b). No signiWcant homology has
been found between STR1 and any other tandem
repeat described to date.
In order to identify a full-length (master) Retand
element, we screened the sample BAC library of S.
latifolia with LTR of the Retand-1 as the probe. Out
of 960, 157 BAC clones hybridized with this probe.
BAC4J4 clone containing a large restriction fragment hybridizing with LTR was selected, subcloned
into a plasmid vector, and sequenced. The sequence
analysis revealed the full-length element with a total
length of 11,073 bp. This autonomous element,
named Retand-2, in contrast to the smaller nonautonomous element Retand-1, contained all genes
typical for retroelements. On the other hand, the
array of tandem repeat STR1 was less ampliWed in
Retand-2 compared to Retand-1. Retand-2 has two
LTRs of 585 and 584 bp on left and right ends,
respectively, with 98.5% identity. The sequence analysis of Retand-2 revealed the presence of four ORFs
(Fig. 2). Searching the database of conserved
domains (RPS Blast) with the Retand-2 sequence as a
query allowed the identiWcation of the region potentially coding for gag protein (the Wrst ORF), prote-
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Fig. 1 a Scheme of the non-autonomous Retand-1 element with
structural and functional features marked as follows: LTR long
terminal repeat (starting with TG and ending with CA); PBS
primer binding site (its complementarity to the 3⬘ end of tRNALysine
is indicated); PPT polypurine tract; TSD target site duplication. Gag gene is 3⬘end truncated. Tandem repeats STR1 are

marked by arrows each corresponding to one monomer. b Multiple alignments (by ClustalW) of 12 monomers of tandem repeat
STR1. Missing nucleotides are represented by dash; nucleotides
that diVer from prevalent bases are shaded; asterisks indicate
positions where nucleotides are identical in all monomers. The
bar equal to the length of 1 kb is indicated

ase, reverse transcriptase/RNase H and integrase
(second ORF corresponding to pol gene). The order
of the coding domains indicated that Retand-2 could
be classiWed as LTR retrotransposon of the Ty3/
gypsy type (the family of Metaviridae, Hull 2001).
Downstream of the pol gene there is an array of tandem repeats with seven monomers homologous to
the STR1 tandem repeat of Retand-1 element. The
remaining two ORFs, named ORF3 and ORF4, are
in antisense orientation. They are located between
the STR1 tandem repeat and the right LTR; these
ORFs are 896 and 1,676 bp long, and overlap by
28 bp. The search for conserved protein domains
done with RPS-Blast revealed the homology of
ORF4 to the transposase 28 domain of gypsy-type
retrotransposon (pfam04195, E-value: 3e¡05), thus
probably representing the remnant of other mobile
element inserted into Retand-2. Comparison of the
autonomous Retand-2 and non-autonomous Retand1 elements showed their homology in LTRs (left
LTRs showed 85% identity, right LTRs showed 86%
identity) as well as in the region downstream of the
left LTR where gag gene is located. Similarly, there is
a homology between both Retand elements in the
region upstream of the right LTR. The gag gene is 3⬘
end truncated in Retand-1.
In order to determine the lengths of STR1 tandem
repeat arrays in the genome of S. latifolia, we partially

digested genomic DNA with restrictases TaqI or
MboI, cleaving within the STR1 monomer, and
hybridized Southern blot with STR1 as a probe
(Fig. 3). We observed a ladder-like pattern in which
bands corresponded to monomer, dimer, trimer, etc.,
reaching the size of the arrays up to several kilobases.
The variability in the length of STR1 arrays inside various autonomous Retand elements were determined
by PCR in ten selected BAC clones containing Retand. PCR with primers complementary to the
sequence Xanking the STR1 array in Retand-2 resulted
in products in nine of ten BAC clones; their length was
either the same as in the Retand-2 or diVered at maximum 200 bp which corresponded to maximum three
monomers.
Retand is ubiquitously transcribed
The transcriptional activity of the Retand elements
was studied by RT-PCR with total RNA extracted
from leaves, Xower buds, or roots as a template. The
primers were designed to amplify the regions of LTR,
pol gene, STR1 tandem repeat, ORF3 or ORF4.
Especially primers derived from the LTR region,
which is the most variable among retrotransposons,
ensured that expression of Retand sequences will be
speciWcally followed. Two sets of otherwise identical
reactions diVering only in including or omitting the
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Fig. 2 a Scheme of the autonomous Retand-2 element with indicated LTRs (dark-shaded boxes), gag gene (spotted box), and pol
gene (light-shaded box) with positions of individual coding domains (pr, rt-rh, int). Two ORFs downstream of tandem repeats
STR1 (arrows), ORF3 and ORF4, are marked by open boxes.
Positions of stop codons are plotted in three sense and three antisense reading frames. The bar equal to the length of 1 kb is indicated. b Multiple alignments (by ClustalW) of seven monomers of

tandem repeat STR1. Missing nucleotides are represented by
dash; nucleotides that diVer from prevalent bases are shaded;
asterisks indicate positions where nucleotides are identical in all
monomers. c A dot matrix comparison (by JDotter) of autonomous Retand-2 (horizontally) versus non-autonomous Retand-1
(vertically) elements shows the homology in LTRs, a part of gag
gene, and the tandem repeats STR1. Homologous sequence regions are represented by dots or lines

reverse transcription step were always run in order to
check eventual false-positive results caused by contamination with genomic DNA (Fig. 4). In RT-PCR
experiments with LTR, pol gene and STR1 primers
fragments of expected size were ampliWed. The LTR
and pol gene were equally ampliWed from leaves,
Xower buds and roots; however, the expression of
STR1 was reduced in Xower buds. In ORF3 and
ORF4, located in antisense orientation, only weak
expression was detected in all organs tested. Primers
amplifying a part of actin gene, which is always
spliced after transcription, were used as a control and
resulted in longer band in genomic DNA template
(non-spliced copy) and shorter band (spliced) when

RNA was used as a template. These data demonstrate that Retand is expressed in all organs tested—
leaves, Xower buds and roots. We have cloned and
sequenced the part of pol gene ampliWed by RT-PCR
in diVerent organs (six to nine clones from each
organ—leaf, Xower bud or root) to answer the question whether only one or more Retand elements are
active. We found high polymorphism in pol transcripts indicating that many diVerent Retand elements are transcribed. Most of the pol gene
transcripts (83%) did not contain any stop codons
and thus could be translated. Comparison of
sequences from diVerent organs showed that there
were no organ-speciWc fragments.
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Fig. 3 Southern analysis of S. latifolia male genomic DNA partially digested with decreasing amounts of restrictases MboI or
TaqI (having restriction sites within the STR1 tandem repeat
monomer) and hybridized with the STR1 tandem repeat as a probe

Retand is abundant in S. latifolia genome
and is also present in other Silene species
The abundance of the Retand elements was determined
by the screening of a sample BAC library with probes
derived from deWned regions of the element. Four
diVerent probes, representing LTR, gag gene, pol gene,
or STR1 tandem repeat regions, were separately used
for hybridization. Screening of the sample BAC library
resulted in 16% of positive clones for LTR (157 of 960),
13% of positive clones for gag (129 of 960), 9.4% positive clones for pol gene (90 of 960), 7.6% positive clones
for STR1 tandem repeat region (73 of 960), and 8.2% of
ORF4 (79 of 960). Taking into account the S. latifolia
male genome size (1C = 2,925 Mb, Siroky et al. 2001)
and the average insert size in our BAC library (100 kb),
the estimated numbers of copies per haploid genome
were ca. 4,800 determined by hybridization with LTR,
3,900 for gag, 2,700 for pol, 2,200 for tandem repeat
region, and 2,400 for ORF4. This calculation is based on
presumption that each positive clone contained only a
single copy of the element. To test this, ten selected
BAC clones digested separately with four restrictases
were hybridized with LTR probe to Wnd that in most

Fig. 4 Transcriptional activity of Retand analyzed by RT-PCR.
The primers were directed to amplify the following portions of
Retand transcripts: long terminal repeat (LTR), pol gene (pol),
ORF3, ORF4 and tandem repeat STR1 (STR1). The reactions
were performed parallel with total RNA isolated from leaves,
Xower buds or roots (RT-) and with the adequate amounts of reversely transcribed RNA (RT+) into single strand cDNA. Primers amplifying housekeeping actin gene, which is spliced, were
used as a control. Actin primers amplify non-spliced copy on
genomic DNA template

clones (nine of ten) maximum three bands contained
parts of LTR as a result of restrictase cleavage inside
LTR and/or between two LTRs of single element (data
not shown). Ninety BAC clones contained pol gene and
79 of them contained also ORF4 indicating that most
(88%) autonomous Retand elements contained ORF4.
It suggested that Retand-2 characterized here is a typical autonomous Retand element. These data indicate
that (1) there is a similar number of non-autonomous
and autonomous Retand elements (2,100 and 2,700 copies, respectively), and (2) tandem repeat STR1 is present in about a half of Retand elements (2,200 of 4,800
elements).
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The presence of Retand in other related Silene species, S. dioica, S. diclinis, S. vulgaris and S. viscosa was
studied by genomic Southern blotting. Genomic DNA
was digested with diVerent restrictases and hybridized
with LTR as a probe. Strong signals in all tested genomic DNAs demonstrated that Retand was present in
high copy numbers in all the tested Silene species (data
not shown).
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of most chromosomes (Fig. 5d). This result is consistent with the presence of tandem arrays in about half of
the Retand elements. FISH revealed similar subtelomeric localization both in closely related species, S.
diclinis and S. dioica (data not shown), and in a more
distantly related S. viscosa (Fig. 5e).

Discussion
Retand is localized at subtelomeres in Silene species
In order to study chromosomal localization of the Retand elements, we used LTR as a probe for FISH. In S.
latifolia, strong subtelomeric signals of similar intensities in a vast majority of chromosomes were observed.
The only one exception was the Y chromosome having
signal only on the q arm (Fig. 5a) containing the pseudoautosomal region (Lengerova et al. 2003) and hybridizing with a marker subtelomeric repetitive sequence,
X43.1 (Fig. 5b) described by Buzek et al. (1997). FISH
with probe derived from the pol gene reXecting the
localization of full-length elements resulted in a similar
pattern compared to LTR probe. The intensity of signal localized on the Y chromosome was signiWcantly
lower compared to the X chromosome and autosomes
(Fig. 5c).
Fluorescence in situ hybridization performed with
the STR1 tandem repeat as a probe gave much weaker
signals of variable intensities located at subtelomeres
Fig. 5 Chromosomal distribution of the Retand sequences analyzed by FISH.
Metaphase chromosomes of
S. latifolia (a–d), and S. viscosa (e) were hybridized with
LTR (a, b, e), pol sequence (c)
or the tandem repeat STR1
(d). Chromosomes were counterstained with DAPI (red);
probes were labeled with Cy3or SpectrumGreen-conjugated nucleotides (here all signals are in green in a, c–e). b
Bicolor FISH of sex chromosomes of S. latifolia hybridized
with LTR (red) and X43.1 repeat (green); DAPI is in blue
for contrast. The X and Y
chromosomes in S. latifolia
are marked, bars = 10 m
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On the basis of the order of coding domains, Retand
can be classiWed as a Ty3/gypsy-type retrotransposon
(Hull 2001). However, in the autonomous element of
Retand-2, there are two additional ORFs in antisense
orientation at the 3⬘ end which are present in most Retand elements. One of them, ORF4, has a homology to
transposase 28 domain and is probably a remnant of a
mobile element inserted into Retand in the past which
lost its other parts. Recently, a number of retrotransposon families have been identiWed, some of them have
also additional coding information. One group represents retrotransposons with “env-like” genes (Peterson-Burch et al. 2000; Zaki 2003; Neumann et al. 2005,
and references therein). Other novel coding regions
have been identiWed within various retrotransposons,
e.g. Cyclops (Chavanne et al. 1998) and Ogre (Neumann et al. 2003). Similarly to Retand-2, the additional
ORFs present in RIRE2 of rice (Ohtsubo et al. 1999)
and Grande1 of maize (Martinez-Izquierdo et al. 1997)
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are also in antisense orientation. These ORFs have
also similar position upstream of the right LTR as was
found in Retand-2. The function, if any, of antisense
ORFs is unknown.
The presence of the non-autonomous element Retand-1 is another remarkable feature of the Retand family. This phenomenon is well documented in DNA
transposons (Feschotte et al. 2002) but recent genomemining studies revealed also non-autonomous retrotransposons demonstrating their high diversity (Havecker et al. 2004). Retand-1, similarly as other nonautonomous retroelements, contains only minimal
sequences required for replication including LTRs, a
primer binding site and PPT. The best known examples
of a pair of autonomous and non-autonomous elements are RIRE2 and Dasheng from rice (Jiang et al.
2002b). Large non-autonomous elements like Dasheng,
ranging in size from 5.5 to 8.6 kb, have now been
named large retrotransposon derivates (LARDs) (Kalendar et al. 2004). A non-autonomous Retand-1 element with size of 3.7 kb could be also assigned to this
group. Retand family with about 5,000 copies, about
half of which are non-autonomous elements, is another
example demonstrating staggering success of nonautonomous elements. The high identity of LTRs of
Retand-1 (99.8% identity, diVering in 1 bp over 608 bp)
as well as of Retand-2 (98% identity of LTRs) demonstrates their recent insertion and suggests that Retand
is an active element. It is also supported by its observed
ubiquitous transcriptional activity.
Most of the Retand elements are localized in subtelomeres of most chromosomes. The absence of subtelomeric heterochromatin at the p arm of the Y
chromosome revealed by DAPI banding (Buzek et al.
1997), where Retand is missing (Fig. 5a, b), indicates
that Retand is concentrated at heterochromatic
regions. Thus, it represents another example demonstrating that subtelomeric or telomeric regions appear
to be particularly favorable refuges for retroelements
(Pearce et al. 1996b). In some cases retroelement adaptation to these niches may have been so eYcient that it
resulted in the replacement of conventional telomerase
activity (Pardue et al. 1996). In cereals, Ty3/gypsy retrotransposons have been accumulated in the centromeric regions as was shown in sorghum (Miller et al.
1998), rice (Dong et al. 1998), barley (Presting et al.
1998), maize (Ananiev et al. 1998), and wheat (Fukui
et al. 2001). In Arabidopsis, retroelements are enriched
in the pericentromeric regions rather than that in centromeres (Fransz et al. 2000) while in banana monkey
retroelements are concentrated in the nucleolar organizer region (Balint-Kurti et al. 2000). Subtelomeric
localization of Retand in S. latifolia is speciWc for this
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element because most of retroelements are distributed
ubiquitously along all chromosomes as was shown by
Matsunaga et al. (2002) when reverse transcriptase
domain was used as a probe for FISH.
An interesting feature of Retand is, similarly to
Dasheng, its array of STR1 tandem repeat which is less
ampliWed in autonomous element Retand-2 than in the
non-autonomous element Retand-1. So far, the arrays
of tandem repeats were found in several mobile elements. They are located upstream of the right LTR in
maize retrotransposons Grande1 (Martinez-Izquierdo
et al. 1997) and Cinful (Sanz-Alferez et al. 2003), and
Drosophila retrotransposon micropia (Lankenau et al.
1994). A special group represents retrotransposons
containing the arrays of tandem repeats but lacking
coding capacity. In addition to Dasheng in rice (Jiang
et al. 2002a), it includes, e.g., ZLRS element from
maize (Monfort et al. 1995). So far, no exact function
has been attributed to the tandem repeats present in
retrotransposones, although their conserved location
among some Ty3/gypsy elements indicates their potential structural or functional signiWcance (MartinezIzquierdo et al. 1997; Sanz-Alferez et al. 2003; Lankenau et al. 1994). In order to test their potential to form
secondary structures, we performed an analysis using
Mfold software (Zuker 2003) for both Retand-1 and
Retand-2 tandem repeat arrays as well as for some
other tandem repeats located inside mobile elements,
including micropia and Grande1. However, in all tested
sequences the potential of tandem repeats to form secondary structures was comparable to random
sequences under various ionic strengths and temperatures. Tandem repeats could serve as a junction
between an internal domain containing gag-pol and its
3⬘ end part containing ORFs with unknown function in
the location of retroviral env gene. A similar organization was recently observed in Cinful retrotransposon
family (Sanz-Alferez et al. 2003).
The presence of tandem repeats within retroelement
sequences raises the question about their eventual role
in the origin of satellite repeats. Tandem repeats
located inside mobile elements represent a pool of
numerous, but relatively short tandemly organized
regions, some of which might become ampliWed to
longer arrays subjected to homogenization and ampliWcation mechanisms acting on satellite repeats. Similar
tandemly repeated regions occurring within rDNA
intergenic spacers have already been proposed as a
source of satellite repeats in plants (Unfried et al. 1991;
Macas et al. 2003). However, in spite of several reports
of highly ampliWed satellite repeats derived from other
parts of retroelement sequences (Pasero et al. 1993;
Rossi et al. 1993; Langdon 2000; Cheng and Murata
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2003; Tek et al. 2005), none was shown to originate
from a tandem repeat similar to that occurring in the
Retand elements. FISH experiments on S. latifolia
chromosomes described here also showed that there is
no prominent satellite derived from the Retand repeats
apart from original retrotransposon located at subtelomeres.
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