
B2 elements present in the human genome

Vladimir I. Mayorov, 1,4 Igor B. Rogozin,3,4 Eugene A. Elisaphenko,4 Linda R. Adkison1,2

1Division of Basic Medical Sciences, Mercer University School of Medicine, Macon, Georgia 31207, USA
2Dept. of Obstetrics and Gynecology, The Medical Center of Central Georgia, Macon, Georgia 31201, USA
3Institute of Molecular Evolutionary Genetics and Dept. of Biology, Pennsylvania State University, University Park, Pennsylvania 16802, USA
4Institute of Cytology and Genetics, Novosibirsk 630090, Russia

Received: 6 August 1999 / Accepted: 22 September 1999

The B2 element is a typical tRNAlys–derived SINE, specific for
three rodent families: Muridae, Cricetidae, and Spalacidae. These
elements are composed of three regions: a 58 RNA-related region
(RNA-polymerase III promoter), a tRNA-unrelated region, and a
38 AT-rich region (polyadenylation signals); the total length of a
B2 element is approximately 200 bp (Deininger 1989; Weiner et
al. 1986; Rogers 1985; Krayev et al. 1982).

Previously, Kass et al. (1997) and Serdobova and Kramerov
(1998) concluded B2 elements do not exist in the human genome.
Our computer analysis of sequences from nucleotide databases
(Altschul et al. 1990; Benson et al. 1999) revealed several human
sequences with significant homology to the rodent B2 consensus

sequence (Bains and Temple-Smith 1989; Jurka et al. 1992; Okada
and Oshima 1995). However, some of these sequences were ob-
tained from human–rodent hybrid cells and may represent con-
tamination or transposition within the cells of the hybrids. To
verify the presence of B2 SINEs in the human genome, we de-
signed oligonucleotide primers from the mouse B2 element con-
sensus sequence. The 58 primer identified the tRNA-related region,
and the 38 primer identified the 38 region immediately upstream
from the AT-rich sequences of the B2 consensus sequence (Fig. 1).

Human genomic DNA from different sources (placenta, blood,
and commercial placental DNA) was amplified, cloned, and se-
quenced. The average divergence of these sequences from the
rodent B2 consensus sequences (Kass et al. 1997) is about 6%.
However, only one specific subclass of human B2 elements, am-
plified with mouse B2 primer sequences, was analyzed, and con-
clusions about the divergence of all human B2 elements cannot be
attempted. Examples of potential human B2 elements from sub-
telomeric DNA sequences (Ning and Flint 1996) with significantly
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Fig. 1. Alignment of mouse B2 consensus sequences (MBTCON1 and
MBTCON2; Kass et al. 1997), several human and other primate B2 ele-
ments. Sequences, aligned with homology searches, represent four cloned
human elements HB2-10, HB2LA15, HB2R12, HB29F, (GenBank acces-
sion numbers AF144685, AF144686, AF144687, AF144688, respectively),
and three cloned elements OBB2-3, RBB2-20, MACB2-4 from the olive
baboonPapio hamadryas anubis,red baboonPapio hamadryas pavio,and
the macaca rhesusMacaca mulata,(GenBank accession numbers
AF169038, AF169039, AF169040, respectively); and two human subtelo-
meric DNAs (Ning and Flint 1996): Z96504 (positions 257–450) and

Z96647 (positions 390–222). Cloned elements were amplified with primers
designed from the mouse consensus sequence. Primer target sequences
(HB2-1, HB2-2, HB2-3) are underlined. Ready-To-Go PCR Beads (Phar-
macia Biotech), 0.1mg of genomic DNA, and 10 pmol of each primer in
a total volume of 25ml were used to perform three-step PCR reactions:
denaturation (95°C, 15 s), annealing (55°C, 15 s) and elongation (72°C, 20
s); 30 cycles. PCR products were separated in an 2% agarose gel, and DNA
was isolated from agarose pieces, cloned into pGEM-T Easy vector (Pro-
mega) and sequenced.
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mutated second primer target sites are also shown in Fig. 1 (Gen-
Bank accession number Z96504 and Z96647). In the Z96647 se-
quence, a short direct repeat (12 bases with 1 mismatch) flanks the
B2 sequence. With the same primers, B2 elements were found and
cloned from genomic DNA of several subspecies of baboons (a
gift from A. Perelygin, Georgia State University) and macaca rhe-
sus genomic DNA (Clontech). Examples of these sequences are
also shown in Fig. 1. Comparison of all available primate B2
sequences with rodent consensus sequences (Kass et al. 1997)
suggests that this set is essentially a random sampling of rodent B2
sequences. No obvious differences between primate and rodent B2
consensus sequences were revealed (Fig. 1). Features of older (the
MBTCON1 consensus) and younger (the MBTCON2 consensus)
rodent B2 subfamilies (Kass et al. 1997) were observed in the
primate B2 elements. For example, only two sequences, HB2LA15
and OBB2-3, share CC dinucleotide in positions 34–35 with MB-
TCON2, whereas almost all primate B2 elements share positions
110, 117, and 118 with MBTCON2 (Fig. 1).

Estimation of the copy number shows there are approximately
50 B2 copies in the human genome (Fig. 2). The presence of
identical copies of human B2 elements (three pairs of identical
sequences were found among the 30 sequenced clones) confirms
that the actual number of B2 elements is not very high. The copy
number of B2 elements in baboons and macaca rhesus genomes
was estimated to be approximately the same (data not shown).
These estimates may be biased by the procedure of PCR amplifi-
cation, and the actual B2 copy number (with mutated primer-
binding sequences) may be underestimated. However, our results

suggest that the copy number of the human, baboon, and the mon-
key B2 elements is significantly lower than in mouse. In rodents,
the copy number of B2 elements varies between 2500 and 100,000
(Kass et al. 1997). Our findings support Kass and associates
(1997), who demonstrated the presence of B2 elements in guinea
pig, nutria, and human genomes. In these, the copy number is less
than 100, which prompted the authors (Kass et al. 1997) to con-
clude their data were unreliable.

Finally, comparison of sequencing data demonstrate the pres-
ence of B2 (or B2-like) elements with a high degree of homology
to the rodent B2 consensus sequence in the human and other pri-
mates genomes. It seems unlikely these B2 elements emerged
independently from rodents, since the tRNA-unrelated regions
have very similar structure (Fig. 1). More valid explanations can
be suggested for their origin. The B2 elements could be horizon-
tally transferred from rodents into the primate precursor, a vali-
dated possibility (Okada and Oshima 1995; Takasaki et al. 1994).
One example of potential recent horizontal gene transfer is shown
in Fig. 3. A region of almost perfect homology between the human
Z96647 sequence and the mouse X75040 sequence is revealed
(Fig. 3). This region is located at the ends of both sequences (58
end for the human Z96647 sequence and 38 end for the mouse
X75040). No significant matches between this region and other
database sequences (including repeated elements) are found. These
results suggest the Z96647 sequence [or a part of this sequence
containing the B2 element (Fig. 1)] was horizontally transferred in
human genome. The divergence (3%) of these human and mouse
sequences indicate transfer occurred less then 10 My ago (Kapi-
tonov and Jurka 1996).

Another possible hypothesis about the origin of B2 elements in
the human genome also cannot be excluded: a few copies of an-
cient B2 could have been introduced into the primate lineage be-
fore radiation of mammals. These copies could have been inten-
sively amplified in rodents and sequestered predominantly in
SINEs. In other species, B2 elements were lost or only slightly
amplified, thus forming a low frequency class of SINEs. With our
data, neither mechanism can be excluded. However, the presence
of B2 elements in human DNA can be advanced, reflecting a high
complexity of genomic evolution and raising a question about the
applicability of B2 elements for tracing horizontal transfer in
mammals.
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