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Abstract

Retrotransposons have been generally known to integrate randomly into host genomes. Jurka
(1997) [3], however, showed consensus sequence patterns at integration sites of certain mammalian
retrotransposons, and suggested involvement of sequence specific enzymes that mediate integration.

We have conducted comprehensive sequence analyses of 5’ flanking regions of primate Alu elements.
In contrast to the small but clean data set Jurka (1997) [3] used, (1) larger number of samples were
used, (2) wider region of 5’ end of Alu elements was analyzed, and (3) comparisons were made among
different subfamilies for comprehensive analyses in order to identify characteristic sequence pattern(s)
preceding 5’ end of Alu elements. The nucleotide occurrences at each position within 500 bases of 5’
end of Alus were counted to obtain profiles. Information content at each nucleotide position in the
same region was, then, computed. Distinctive difference in the nucleotide composition and information
content values that divides the region into two was observed. The region between —20 and 5’ end of Alu
elements is found to be highly adenine-rich and shows significantly higher information content values
compared to the rest of the region, implying the existence of certain characteristic sequence pattern
in this region. Also, younger subfamilies of Alu elements show higher information content values than
older subfamilies. This implies that certain characteristic sequence pattern already existed in the
region between —20 and 5’ end of Alu elements at the time of Alu integration, and accumulation of
mutation in the course of time resulted in the less distinctive sequence pattern in older sequences.
Frequencies of all possible triplets (total of 64) were measured in the same region in order to identify
characteristic sequence pattern(s). Observation that frequencies of triplets “aaa,” “taa” and “tta” in
the 5’ flanking sequences were high is consistent with Jurka (1997) [3]. Frequencies of some other
triplets such as “gaa,” “caa,” “aac,” “ctt,” “gtt,” “atg,” etc. which do not comprise the primary
candidates for the nick site in Jurka (1997), also show significantly high frequencies.

1 Introduction

Retrotransposons are a type of repetitive elements commonly found in genomes of various organisms, yet
the general mechanism of their integration has not been completely understood (Rogers, 1985 [9]). The
general understanding has been that their integration into host genomes occurs at random. However,
Jurka (1997) [3] demonstrated that there are possible consensus sequence patterns at integration sites of
certain mammalian retrotransposons, which strongly suggests sequence-specific enzymatic involvement
that mediates integration. In the study conducted by Jurka, approximately 344 human Alu sequences
and 56 rodent ID sequences that retain full length with identical flanking repeats at both ends were
carefully selected.

We have conducted comprehensive analyses of 5’ flanking regions of nearly 30,000 primate Alu ele-
ments, in order to identify sequence pattern(s) and their location that may be characteristic to the region.
The following 3 aspects make our study distinct from Jurka’s work: (1) a larger number of samples were
used; (2) wider region of 5’ upstream of Alu elements was considered; and (3) each of 12 subfamilies was
individually analyzed.
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Alu repetitive sequences constitute an Alu-family of short interspersed nucleic elements (SINEs). They
are about 300 base pairs (bps) long and are fixed in primate genomes (Weiner et al., 1986 [11]). Their
copy number in a human genome is estimated to be several hundred thousand to one million, which
accounts for approximately 5 to 10% of the entire human genome (Weiner et al., 1986 [11]; Okada, 1991
[6]; Okada, 1994 [7]). Structurally, an Alu sequence consists of 2 similar subunits, connected with an
adenine-rich (A-rich) linker, and a 3’ poly-A tail. This unit is usually flanked immediately by 5’ end and
3’ end direct repeats (4-10 bps long on the average) (Rinehart et al., 1980 [8]; Daniels and Deininger,
1985 [2]).

Alu elements are subclassified into three groups, namely, Old, Middle, and oung. They are further
classified into 12 subfamilies (Old o, b; Middle S , Sx, Sq, Sp, Sg, Sc; oung , al, a5, b8)in
accordance with their putative time of proliferation and based on diagnostic positions in their nucleotide
sequences ( at er et al., 1996 [1]).

In the current study, the nucleotide occurrences at each position in the 5’ flanking region of Alu
elements were counted to obtain profiles of nucleotide composition. We then computed information
content value (Schneider et al., 1986 [10]) at each nucleotide position to visuali e possible locations of the
characteristic nucleotide pattern. In order to specify the sequence pattern(s), frequencies of all possible
triplets (total of 64) were also measured.

rimate Alu sequences longer than 250 bps were extracted from N I en ank file release 103.0, along
with their 5" flanking sequences up to 500 bps long, a computer program named ENSOR ( urka et al.
1996). Altogether, 29,663 Alu sequences were extracted and classified into 12 subfamilies. The number
of analy ed Alu sequences of each subfamily is shown in Table 1.

Occurrences of four nucleotides (adenine, thymine, guanine, cytosine) at each nucleotide position up
to 500 bps upstream of 5’ flanking region were counted in order to obtain nucleotide profiles for each
subfamily.

The following formula was used to compute information content values which were standardi ed to avoid
influence from base composition of analy ed sequence.

Information content log (1)

where

Observed frequency of base at specific position
Expected frequency of base at specific position

An observed expected (O E) ratio of each nucleotide is defined as the observed frequency divided by the
expected frequency, where the expected frequency is computed from the base composition of the whole
analy ed sequences. igh information content value at a certain position indicates a small variety in base
composition, i.e., specific nucleotide(s) appear at the position more often than expected.
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