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Abstract. Here we describe a new short retroposon
family of rodents. Like the primate Alu element consisting of two similar monomers, it is dimeric, but the left
and right monomers are different and descend from B1
and ID short retroposons, respectively. Such elements
(B1-dID) were found in the genomes of Gliridae, Sciuridae, Castoridae, Caviidae, and Hystricidae. Nucleotide
sequences of this retroposon can be assigned to several
structural variants. Phylogenetic analysis of B1-dID and
related sequences suggests a possible scenario of B1-dID
evolution in the context of rodent evolution.
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Introduction
Short retroposons, or short interspersed elements
(SINEs), are 80–400 bp repeats in eukaryotic DNA that
can amplify in the genome (Rogers 1985). Short retroposons carry internal bipartite RNA polymerase III promoter (A and B boxes) and are transcribed by this polymerase at early stages of development and in certain
tissues of adult organism (Bachvarova 1988; Grigoryan
et al. 1985; Kim et al. 1995). New copies of the elements
appear in the genome in the course of reverse transcription (retroposition). Most of the retroposons have an Arich tail at the 3⬘-terminus, and most of the copies are
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flanked by 5–20 bp short repeats appearing during the
element’s integration into the genome (Rogers 1985).
According to the present views, amplification of short
retroposons is related to active templates, “master sequences,” while the rest of their copies is inactive (Deininger and Batzer 1993). The master sequences exist for a
certain time period until inactivated and replaced by
other variants. Hence, there are two processes in the
evolution of short retroposons: evolution of the functional templates and degradation of their inactive copies
(Zuckerkandl et al. 1989).
Short retroposons can influence the functioning of
genomes, e.g., disturb gene expression during integration
or through unequal crossing-over with the repeats involved (Zheng et al. 1992; Makalowski 1995). Single
copies of short retroposons can control transcription as
silencers, enhancers, or insulators (Thorey et al. 1993;
Hanke et al. 1995). It remains unclear if short retroposons are solely parasitic (“selfish”; Doolittle and Sapienza 1980; Orgel and Crick 1980) sequences or play a
cellular (physiological) role (Vidal et al. 1993; Chu et al.
1998).
At present we know around 30 short retroposon families from genomes of various vertebrates and invertebrates as well as plants (Deininger and Batzer 1993;
Okada and Ohshima 1995). SINEs can be divided in two
major classes by their origin. One descends from 7SL
RNA (∼300 nts) and is represented by two families: B1
elements in rodents (Krayev et al. 1980) and the Alu
family in primates (Deininger et al. 1981). The Alu element consists of two monomers with similar nucleotide
sequence. Both B1 and Alu lack the internal 155-bp region of 7SL RNA (Ullu and Tschudi 1984). The second
retroposon class is more ample; it originates from certain
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tRNAs or their genes (Okada and Ohshima 1995). Four
families of this class were described in rodents: B2 (Kramerov et al. 1979; Krayev et al. 1982), ID (Kim et al.
1994; Sutcliffe et al. 1982), DIP, and MEN (Serdobova
and Kramerov 1998). Their sequences are quite similar
within the 5⬘-part but are different elsewhere. The ID
element is widespread in rodents, although the number of
its copies in the genome is usually not high: 100–4000
(Kim et al. 1994; Kass et al. 1996). It is quite possible
that the ID element is an evolutionary precursor of other
tRNA-derived retroposons in rodents (Serdobova and
Kramerov 1998); in turn, ID originates from small BC1
RNA and more distantly from alanine tRNA (Kim et al.
1994).
Here we describe a new retroposon combining these
two classes; it is composed of two monomers, the left
(5⬘) one is related to B1, and the right (3⬘) one is related
to ID.
Materials and Methods
We studied DNA of the following rodent species (their code is given in
parentheses). Family Gliridae: forest dormouse Dryomys nitedula
(Dni); Sciuridae: long-tailed marmot Marmota caudata (Mca) and Indochinese ground or palm squirrel Menetes berdmorei (Mbe); Castoridae: beaver Castor fiber (Cfi); Hystricidae: Indian porcupine Hystrix
leucura (Hle); and Caviidae: Guinea pig Cavia porcellus (Cpo).
DNA was isolated from frozen liver by incubation with protease K
followed by phenol/chloroform extraction. Genomic libraries were constructed in pGEM7f+ (Promega) digested by Hind III and Eco RI. The
libraries were screened by a labeled DNA fragment (nucleotides 16–
135) of mouse B1. B1-dID DNA of certain species was amplified using
primers 4 (5⬘GCAYRCCTTTAATCCCAG) and 14 (5⬘CTGGGGATKGAACCCAGRG) (Fig. 1). PCR and hybridization conditions were
described elsewhere (Serdobova and Kramerov 1998; Kramerov et al.
1999). PCR products were cloned into a Sma I site of pGEM7f+. The
cloned DNA fragments were sequenced with the standard M13 primers
or primers complementary to the B1 and dID sequences using Sequenase 2.0 and the USB/Amersham protocols. The B1-dID copy number was estimated from frequency of positive clones in the genomic
libraries of dormouse, marmot, palm squirrel, and beaver. The positive
clones were identified by colony hybridization to the mouse B1 probe
and following sequencing of repetitive elements in the isolated clones.
The B1-dID copy number for guinea pig and porcupine genomes were
determined by PCR titration described in detail elsewhere (Kramerov et
al. 1999).
The nucleotide sequences were aligned using GenBee service
(Brodsky et al. 1991) and manually corrected using the GeneDoc program (Nicholas and Nicholas 1997). The time of active amplification of
B1-dID subfamilies in the genome was calculated as described in Kapitonov and Jurka (1996) (Kimura’s two-parameter model [Kimura
1981]; CpG sites were excluded and indels were considered as a single
mismatch; the rate of changes was 0.005 / (site × Myr) as synonymous
substitutions in Sciuridae [Robinson et al. 1997]). Phylogenetic trees
were constructed by the maximum parsimony method with a randomized order of sequences (100 times) and the bootstrap procedure (100
replications), with the help of the DNAPars and SeqBoot programs
(Phylogeny Interference Package, version 3.57c) (Felsenstein 1993).

Results
A number of clones were selected from genomic libraries
of dormouse, marmot, palm squirrel, beaver, and Guinea

pig by hybridization with mouse B1 DNA. Sequence
analysis of the clones has revealed copies of short B1like retroposons in all the above genomes, while in the
genomes of dormouse (Gliridae), marmot, squirrel (Sciuridae), and beaver (Castoridae) we found an unusual dimeric retroposon (EMBL accession numbers Y16204–
Y16220). Figure 1 presents aligned nucleotide sequences
of this retroposon and their consensus. The left (5⬘) part
of this element (135 bp) is similar to mouse and rat B1,
whereas the right (3⬘) part is common with the rodent ID
(Fig. 1, upper and lower parts, respectively). This sequence featured a 19-bp deletion as compared to the ID
element. Based on the above structural features of this
element we called it B1-dID, where d refers to the deletion.
The left monomer of B1-dID is present in two variants: one carries a tandem duplication of a 19-bp region
and the other lacks it. Only the first variant was found in
the dormouse genome, while both variants were revealed
in the marmot genome (Fig. 1). Note mismatching between the B1-dID and mouse B1 sequences in the duplication region; the mouse element also has a duplication in this region, but it is longer—29 bp (Ullu and
Tschudi 1984; Labuda et al. 1991).
In addition to the above deletions, the right monomer
has three nucleotide positions distinct from the Guinea
pig ID element (marked with ! in Fig. 1). Note the absence of tetranucleotide CCTG specific for the ID element at the A-rich tail of B1-dID, although four copies
(Mbe-86, Mca-02, Mca-34, and Mca-51) carry long Crich segments at the same position.
As with other retroposons (Rogers 1985), most of
B1-dID elements are framed with 5–19 bp direct repeats
(underlined in Fig. 1). This confirms that B1-dID is a
single element capable of retroposition rather than two
retroposons randomly integrated nearby. B1-dID copies
are terminated with quite variable A-rich sequences (Fig.
1), which characterizes almost all retroposon families
(Rogers 1985). The two parts of this element (B1 and
dID) are also linked with an A-rich sequence of variable
length containing the AAA(A)T motif.
The sequences presented significantly differ from
each other and the consensus sequence (Fig. 1). However, one also notes more homogeneous and similar elements. These include all five sequenced dormouse B1dIDs and a significant portion (seven) of the squirrel
elements (grouped in the upper part of Fig. 1). We designated this group of variants as gsB1-dID (Gliridae/
Sciuridae B1-dID).
We found two more B1-dID sequences in the genomes of marmot and Guinea pig by similarity search in
the data blank (EMBL AC: Z13234 and X60129). In
both cases the structure of these genomic repeats was not
considered in the original publications. These two elements were combined with five partially (not shown
in Fig. 1) and all completely sequenced B1-dID copies

Fig. 1. Aligned nucleotide sequences of B1-dID elements from the forest dormouse (Dni), palm squirrel (Mbe), long-tailed marmot (Mca), and beaver (Cfi) genomes. The retroposon
sequences are given in uppercase while the flanking host sequences are in lowercase with the direct repeats underlined. Consensus sequences of B1-dID, mouse B1 (Quentin 1989), and
Guinea pig ID (Kim et al. 1994) elements are included for reference. Internal duplications in the mouse B1 and the left B1-dID monomer are shown with solid and empty arrows above
the sequences, while presumable RNA polymerase III promoters (A and B boxes) are indicated below the sequences. For other explanations, see text.
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to construct the consensus sequence of this element
(Fig. 1).
In addition to the gsB1-dID we found a variant designated as proB1-dID. It lacks the above deletion in the
ID monomer and, apparently, is closer to the B1-dID
precursor. This is confirmed by the estimated time of
their active amplification: 35 and 41 Myr for gs- and
proB1-dID, respectively. Only 1 out of 14 sequenced
marmot copies can be assigned to this type (Mca-53); all
three sequenced beaver elements proved to be proB1dIDs, despite a small internal deletion in one of these
copies (Cfi-35) (Fig. 1).
The number of copies of this retroposon as well as the
proB1-dID: gsB1-dID ratio in the genome varies among
the rodent families. According to our estimates, B1-dID
elements are abundant in the genomes of dormice and
squirrels (0.4–1 × 105 copies) by contrast to the genomes
of beaver (5 × 103), porcupine (5 × 102) and Guinea pig
(50). Here we present PCR sequences from the genomes
of porcupine (Hystricidae) and Guinea pig (Caviidae)
obtained with primers shown in Fig. 1. Figure 2 presents
aligned nucleotide sequences of the cloned PCR products
together with gsB1-dID and proB1-dID consensus sequences. Hence, the genomes of porcupine and Guinea
pig carry copies of B1-dID although these copies are
highly divergent and differ from the gsB1-dID variant.
Most of the B1-dID copies in the genomes of porcupine and Guinea pig lack the 19-bp internal duplication
in the left (B1) monomer. However, some of them (Hle04, Hle-04d, and Cpo-76) carry additional sequences that
presumably result from an 8- or 10-bp duplication,
whereas one copy from the Guinea pig genome (Cpo-57)
has a duplication similar to that of the classical B1 element (Fig. 2) Judging from the right monomer structure,
the majority of B1-dIDs in porcupine and Guinea pig can
be assigned to the typical B1-dIDs, although proB1-dID
variants also occur (Cpo-102, Hle-15, and Hle-37). Note
that B1 and especially ID monomer sequences are more
divergent in these species as compared to dormice and
squirrels.
We tried to infer the phylogenetic relations between
B1-dID by constructing a phylogenetic tree of completely sequenced copies using the maximal parsimony
method with the bootstrap procedure for the B1 and ID
monomers (Fig. 3A and B, respectively). Precursor B1
(PB1, Quentin 1994) and the Guinea pig BC1 RNA (Kim
et al. 1994) were introduced as the outgroups for B1 and
ID trees, respectively.
The B1 monomer tree is clearly divided into two
branches corresponding to the gsB1-dID (all Dni and
Mbe as well as Mca-01, Mca-02, Mca-34, Mca-51, and
Mca-64) and the other sequences. On the ID monomer
tree one can see that the proB1-dID elements (Cfi-06,
Cfi-14, Cfi-35, and Mca-53) are neighboring the ancestral sequences. The rest of the sequences branched into
two groups containing different variants of B1-dID. All

branching points discussed have significant bootstrap
values (at least 75).

Discussion
The family of genomic repeats presented is the fifth
example of dimeric retroposons containing 7SL RNAderived nucleotide sequences. In addition to the wellknown Alu element in primates composed of two 7SLderived monomers (Deininger et al. 1981), this group
includes the type II SINE in galago Otolemur crassicaudatus (Daniels and Deininger 1985) and the MEN element in palm squirrel Menetes berdmorei (Serdobova
and Kramerov 1998). Interestingly, mouse has a low
copy number retroposon RSINE2 also composed of IDand B1-like monomers (Repbase Update, http://
www.girinst.org/Repbase_Update.html). In these three
elements the left monomers are tRNA-derived sequences. The structure of B1-dID element demonstrates
the inverse order with 7SL-derived sequences on the left
and tRNA-derived sequences on the right. So, it is the
first SINE where a 7SL RNA–related monomer precedes
a tRNA-related one. Because we know no examples of
dimeric retroposons formed from two tRNA-derived sequences, it is possible that the 7SL-derived elements tend
to associate either with their homologs or tRNA-derived
sequences. Such association may provide for a more
efficient amplification of the resulting retroposons relative to the initial monomeric elements. According to our
observations, B1-dID elements in dormice and squirrels far exceed the monomeric B1 and ID in number of
copies in the genome (by one or two orders of magnitude; data not shown), indicating that the majority of
B1-dID copies appeared by amplification of master B1dID sequence(s) rather than by independent acts of insertions or recombinations between separate B1 and ID
elements.
A particularly high number of B1-dID copies (0.4–1 ×
105) is present in the genomes of dormice and squirrels
(which explains the surprisingly high number of ID elements in squirrel estimated by dot-hybridization; Kass et
al. 1996). Note that the variant with both the deletion in
the ID monomer and the duplication in the B1 monomer
(gsB1-dID) is specific for these rodents. It is quite
possible that these structural rearrangements provided for an amplification explosion of this retroposon
in the genomes of dormice and squirrels. At least, we
found no 19-bp duplication in the B1 monomer in the
genomes of porcupine and Guinea pig and no specific
deletion in the ID monomer in the genomes of beaver; at
the same time the number of B1-dID copies in their
genomes was significantly lower than in dormice and
squirrels.
We propose the following scenario of B1-dID origin
and evolution illustrated by phylogenetic trees presented

Fig. 2. Aligned nucleotide sequences of B1-dID obtained by PCR from the genomes of Guinea pig (Cpo) and porcupine (Hle). Conservative and highly conservative nucleotides are
displayed on gray and black background, respectively. Consensus sequences of proB1-dID, gsB1-dID, and intermediate (intB1-dID) variants are given for reference. For other
explanations, see Fig. 1 and text.

141

142

Fig. 3. Phylogenetic trees of B1 (A)
and ID (B) monomers of B1-dID
elements (maximum parsimony
method). Bootstrap probability is given
on the right of the corresponding node.
For other explanations, see text.

in Fig. 3. At the first stage a B1 element without the
internal duplication was fused to the common ID element. The resulting proB1-dID had moderate capacity
for amplification (taking place ∼ 41 Myr ago) and small
structural rearrangements had no dramatic effect on it. At
a certain time period the 19-bp fragment was deleted
from the ID monomer (Fig. 3B) and, finally, the 19-bp
duplication occurred in the B1 monomer (Fig. 3A),
which gave rise to the gsB1-dID element and provided
for its active amplification (∼ 35 Myr ago) in the genomes of dormice and squirrels.
It was interesting to relate B1-dID evolution to the
evolution of rodents. While studying the distribution of
this element in the genomes using the PCR technique, we
failed to find it in the genomes of Muridae, Cricetidae,
Spalacidae, Zapodidae, and Dipodidae (Kramerov et al.
1999). On the basis of this fact and the data obtained in

this work we conclude that (1) the above families, constituting the group of myomorphous rodents, differentiated from other rodents quite early, before the appearance of the proB1-dID element; and (2) by contrast to
the traditional viewpoint (Romer 1966; Wahlert et al.
1993), dormice with a typical B1-dID element cannot
be assigned to this group but should be grouped with
the squirrels, thus supporting alternative views of morphologists (Carrol 1988) and molecular taxonomists
(Nedbal et al. 1996) on evolutionary relations of rodent
families.
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