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Abstract. Three human LINE families comprise 20.4% of the
human genome. LINE-1 sequences with 55 subfamilies account
for 16.9% and contain all retrotransposons for which autonomous
retrotransposition has been documented although most L1 ele-
ments are non-functional. While it is known that there are ∼7000
elements in the human genome, the number and distribution of au-
tonomously active LINE-1 elements are less certain. We scanned
the draft sequence of the human genome for the essential functional
parts, viz. promoter, ORF1 and ORF2. These fragments were as-
sembled by allowing gaps of varying sizes between promoter and
ORF1 or between ORF1 and ORF2. This procedure reduces the
number of potentially active LINE-1 elements from overall searches
(∼7000) to 177 potentially autonomously active elements including
previously described functional LINE-1 elements. Intact elements
are apparently stochastically distributed in the genome, with the
potential exception of the X chromosome. Unexpectedly, plots of
gap sizes between promoter and ORF1 and ORF1 and between
ORF2 revealed that while the distribution of intact LINE-1 parts
is also random, their distance is not. This list of candidates of
autonomously active LINE -1 elements and their exact position
within the human genome provides a basis for functional analyses
of retrotransposition.
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1. Introduction

Transposable elements are classified into elements transposing via
DNA intermediates (transposons) or RNA intermediates (retroelements),
respectively. The most prevalent classes of transposable elements in
the human genome are all retroelements, long interspersed elements
(LINEs) represented predominantly by LINE-1 (L1) sequences, small5

interspersed elements (SINEs) represented predominantly by ALU se-
quences, LTR retrotransposons, which resemble retroviruses, repre-
sented primarily by human endogenous retrovirus sequences (HERVs).
The latter two classes are unlikely to include autonomously active el-
ements in humans while recent transposition of LINEs has been doc-10

umented in a number of cases, in disease (1), (2), (3), (4) as well as
in cell culture (5), (6). The published draft of the human genome (7)
predicted 45% of the human DNA sequence to consist of transposable
element sequences and a fraction of 16.9% to consist of LINE-1 elements
(7). LINE-1 amplification during human evolution has been examined15

in detail recently (8), (9), (10). It appears that after the divergence
of humans from their closest relatives the LINE-1 family has further
expanded in the genome. LINE elements are believed to be present
in all mammals and have a great impact on mammalian genomes, but
may also impinge on their regulation (11) as follows. First, LINEs con-20

tain their own retrotransposition machinery which is thought to also
enable Alu transposition (for example SINEs) and the creation of pro-
cessed pseudogenes. In fact, a considerable number of SINEs survive
by exploiting the LINE retrotranspositional mechanism (7), (12). Sec-
ond, LINE-1 retrotransposons are capable of transducing neighboring25

sequences. Sequences including coding exons adjacent to active LINE
elements can be shuffled to new sites (4). Third, it has been proposed
that LINE-1 elements significantly influence the regulation of surround-
ing genes (13). Fourth, in a number of cases LINE elements have been
associated with human diseases. An ancient retrotransposition under-30

lies Fukuyama muscular dystrophy (14). Recent transpositions include
insertion of an L1H element into the gene encoding factor VIII in two
independent patients (1), an L1H insertion into the MYC gene in a
breast adenocarcinoma (2), and the disruption of the APC gene in
a colon cancer (3). Furthermore, transcription of LINE elements is35

strongly activated in teratocarcinomas (15), (16) and to a lower degree
in other tumors (17), (18) and may contribute to genomic instability.
This activation is likely facilitated by hypomethylation of the promoter
region of active LINE elements frequent in human cancers (19).
The distribution of LINE elements within the human genome has been40
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considered in various publications (for an overview see: (7), (20). It
appears that LINE elements are rather evenly distributed on differ-
ent chromosomes with the prominent exception of the X chromosome.
Three types of LINEs are found in the human genome, but it is believed
that only LINE-1 elements are still active (7). Within this family ap-45

proximately 55 closely related subfamilies can be distinguished. Over-
all, 516,000 LINE copies have been reported corresponding to a fraction
of 16.9% of the draft genome sequence (7). In the ensembl database
(21) 1,265,498 LINEs are presently annotated (v.7.29 a.3; July, 12th

2002), among them 846,411 LINE-1, of which 6,761 are apparently full-50

length (i.e. > 6000 bps). Intact full-length elements contain an internal
5 promoter sequence, and two open reading frames, ORF1 encoding an
RNA-binding protein possibly required for translation and ORF2 en-
coding the reverse transcriptase (RT) and endonuclease essential for
retrotransposition. However, even most full-length elements are not55

capable of autonomous retrotransposition due to internal mutations, al-
though fragmented elements can occasionally transpose through trans-
complementation by autonomous active elements (22).
It has been estimated that only around 60-100 LINE-1s per diploid
genome are active (23), (7). A very recent search for Ta elements60

which are considered the most active family, was based on a 19 nt con-
sensus sequence and yielded 124 elements while only for 40 elements
intact ORF1 was found (10). However, this search would miss intact
elements that do not exhibit the consensus in the 3‘ UTR whose func-
tional relevance is uncertain. However, we demonstrate that for the65

vast majority of 177 outative active elements significant matches for
the 19 nucleotide consensus sequence in the 3‘ UTR can be found.
Simple BLAST searches using the full length sequence on the other
hand may miss elements with gaps in non-essential regions, while iden-
tifying those with inactivating point mutations. We therefore chose a70

new approach. First, we derived a consensus sequence from 18 LINE-1
elements for which at least RT activity has been demonstrated or that
have transposed very recently (24), (25), (23), (26). We searched the
human genome for putative active LINE-1 elements by searching each
part, promoter, ORF1 and ORF2 separately with very strict settings75

and merging of the parts allowing variable gap lengths between them.
In this fashion, we restricted the list of around 7000 full-length ele-
ments to 177 LINE-1 elements which are likely to retain retrotranspo-
sition potential. Interestingly, their distribution relative to the full set
suggests that the initial set of LINEs was more evenly distributed, and80

subsequently altered by spread, deletion and insertion. This evolution-
ary mechanism appears to have included a certain extent of specificity
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which led to specific chromosomes (and regions) such as X containing
a very high percentage of LINE-1 sequences.

2. Results85

2.1. Comparison of published full length LINE-1 elements and
derivation of a representative consensus sequence. To derive
a consensus sequence for potentially active LINE-1 elements in the
human genome, we selected 18 full-length active LINE-1 sequences from
the literature (Table 1). Of these, two inserted into the β-globin gene90

and retinitis pigmentosa-2 gene, resp. (25), (24). The others, including
L1.3 (accession number L19088), L1.4 (L19092), L1.19 (U93568), L1.20
(U93569) and L1.39 (U93574) were shown to encode at least active RT
and/or to be capable of retrotransposition in HeLa cells (23). We used
ClustalW to align the sequences and to derive a consensus sequence95

(27). The alignment of these 18 full length elements showed at least
98% similarity and no mismatch was longer than 2 bps, which indicates
very close relationship. All differences between individual sequences
towards the consensus sequence were due to point mutations, but not to
gaps, insertions, deletions or inversions. Overall, all sequences showed100

at most 2% dissimilarity to the derived consensus sequence (Table 1).
We therefore assume that all active full-length LINE-1 retrotransposons
are closely related and show only small mutational differences within
promoter, ORF1 and ORF2, which can be accounted for by allowing
point mutations in genome-wide searches. The consensus sequence is105

available at: http://www.molgen.mpg.de/~steinhof/LINE.

2.2. Databank Search. To determine the distribution of active LINE-
1 elements in the human genome, the following strategy was used. We
first searched for the three essential functional parts, i.e. promoter,
ORF1 and ORF2, separately with very strict settings only allowing110

point mutations but no deletions or insertions using BLAST. In the
following we define gap length to be the DNA sequence not examined
by BLAST search between promoter and ORF1 and between ORF1
and ORF2 with respect to the definition of promoter, ORF1 and ORF2
given below. We performed BLAST searches along the draft of the hu-115

man sequence (goldenPath version 28thJune 2002). From the output we
selected only full length matches, allowing 1% discrepancy in length.
Merging these parts using variable gap lengths between them gives
a view of the distribution of LINE-1 elements depending on the gap
length. This describes a LINE-1 element dependent on the length x of120

the non-aligned gap between promoter and ORF1 and the length y of
the non-aligned gap between ORF1 and ORF2. Of these, only those
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with appropriate gap lengths remain candidates for ability to transpose
autonomously.
The definition of the essential promoter region was based on the re-125

port by Swergold et al. (28), describing a sequence of 661 bp in the
5‘ UTR region as essential for full promoter activity of the LINE ele-
ment which is in accord with our own studies of the L1.2B promoter
(unpublished data). The corresponding region from the consensus se-
quence was therefore defined as ”promoter”. Based on the literature,130

we defined ORF1 to comprise bps 913-1927 and ORF2 bps 1991-5818
in the consensus sequence. With this selection for each matched part
or the full length elements, we examined the following parameters: (A)
We looked for correlation between the total number of elements found
on each chromosome and (i) the length of the chromosome, (ii) known135

CpG islands, (iii) number of known genes, (iv) number of known ALU
sequences and (v) number of annotated LINE sequences. Annotations
of known genes, ALU sequences and LINE sequences were obtained
from the ensembl annotation (21). The results of the correlation study
are illustrated in figure 1. We considered the distribution of the el-140

ements within each chromosome and relative to CpG islands (Figure
1). Distributions of neither promoter nor ORF1 nor ORF2 sequences
correlated with those of CpG islands (B), genes (C) or ALUs (D), while
they correlated well with chromosomal length (A) and LINE sequences
annotated in the ensembl database (E-G). In particular, correlation of145

the essential parts with annotated full length LINE-1 elements was high
and stronger than towards annotated LINE-1 of any length or LINEs
of all families overall, as would be expected (F-G).

2.3. Potentially active LINE-1 elements in the human genome.
In order to find potential autonomously active elements we assembled150

the fragments from the retrieval described above. The resulting ele-
ments should be members of the LINE-1 class with high retrotranspo-
sition potential. Thus we searched for successive fragments in the order
promoter-ORF1-ORF2 on both strands as a function of gap lengths (in
the sense of gap length definition given above) between promoter and155

ORF1 and between ORF1 and ORF2. We examined the gap lengths
in 50 bps steps up to a gap length of 1000 bps between promoter and
ORF1 and up to 500 bps between ORF1 and ORF2. For comparison,
the consensus sequence shows 252 bps between promoter and ORF1
and 63 bps between ORF1 and ORF2. The number of elements de-160

pending on the gap width are displayed as 3-D plots in Figure 2. Here
we displayed the number of elements found on each human chromo-
some as a function of the gap length between promoter and ORF1
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and between ORF1 and ORF2. Thus, gap lengths in 50 bps between
promoter and ORF1 are displayed on the x-axis, gap lengths between165

ORF1 and ORF2 on the y-axis and the number of elements we find for
the respective values on the x- and y-axis on the z-axis.
These plots show some features which are unexpected if one assumes
that LINE-1 elements and fragments are essentially randomly spread in
the human genome. First, there is a small plateau at gap lengths of 250-170

300 bps (promoter-ORF1) and 100 bps (ORF1-ORF2) for almost all
chromosomes. Above that gap length an abrupt increase in the number
of assembled elements is detected. Assuming that functional elements
show a gap length of 250-300 bps between promoter and ORF1 and
∼ 100bps between ORF1 and ORF2 the low first plateau comprises175

all functional elements. If we further assume that there is a random
event of spreading, truncating and deleting LINE elements at random
sites we would expect that the 3-D function depending on both param-
eters of gap length displayed on the x- and y-axis to be continuously
increasing at almost constant slope. In fact, there are plateaus at very180

specific gap lengths sizes which are similar for all chromosomes. Sec-
ondly, after this first increase in the number of assembled elements,
some chromosomes, such as the smaller chromosomes 16, 17, 19, 20,
21, 22 and Y, show almost no further increase. This finding is not com-
patible with random deletion of individual parts of LINE-1 elements185

on these chromosomes. Finally, while after the first step the number
of elements continues to grow steadily with increasing gap length on
many chromosomes, e.g. chromosomes 4 and 6, some display further
discontinuities, e.g. chromosome 13.
From the 3-D plots (Figure 2) it is clear that the gap width settings of190

300 and 100 bps, resp., yield a discrete group of elements not within the
range of random assembly of element parts. Obviously, this setting still
overestimates the true number of active LINE-1 elements but ought to
comprise all in the available human sequence. The distribution of ele-
ments extracted from this search along the length of each chromosome195

is displayed in Figure 3a. Interestingly, no candidates were identified on
chromosomes 21 and Y. As in the searches using full-length sequences
(7), our approach yielded more then twice as many potentially active
LINE-1 elements on chromosome X (11.2 elements per 108 bps) than
on the average autosome (mean 5.1 elements per 108 bps). Because200

of the high variance (mean 5.1 per 108 bps; standard deviation (SD)
3.0), this value lies within a range of 2 standard deviations around the
mean. This is graphically shown in figure 3b.
A complete list of all 177 elements including their chromosomal po-
sition is available at: http://www.molgen.mpg.de/~steinhof/LINE/.205
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As a further check of the procedure we searched for elements of which
the chromosomal position is documented in the list of putative active
elements and confirmed the positions for those with accession numbers
U09116; U93563; U93565 and U93572. Finally, we checked from each
chromosome (apart from chromosome 21 and Y) a subset of the puta-210

tive active elements found in this study for their annotation in ensembl.
In fact, in all cases the respective sequences were annotated as L1-
elements of full length. A summary of this search is displayed in table
2. All putative active elements showed at least a pairwise similarity of
88% using the ClustalW algorithm. Dissimilarities were mainly due to215

sequencing gaps in the human draft sequence. For all elements we found
in this study we searched for the 19 nt consensus sequence (published
in (10)) in the 3‘ UTR characteristic of the Ta subfamily. In fact 24.3%
showed perfect matches and 53.7% showed only mismatches for either
the last nucleotide or the last three nucleotides (3‘ end). Interestingly,220

almost all mismatches concerning the last nucleotide at the 3‘ end were
due to a A to G change while for mismatches concerning the three nu-
cleotides we regularly found GAG instead of ACA. Furthermore, 10.7%
showed one further mismatche and for and for 8.5% we found 1-3 ad-
ditional single nucleotide mismatches. Only 2.8% contained multiple225

mismatches an two elements displayed unsequenced stretches at the
positions of the consensus sequence. The results from the alignment
are available at: http://www.molgen.mpg.de/~steinhof/LINE/.

3. Discussion

In previous searches for LINE-1 sequences in the human genome (7),230

(29), full-length elements were examined after selection for elements
comprising around 6 kb with a consensus sequence similar to the one
used here. However, to obtain an indication on the potential function-
ality of these elements, differences in their sequence must be weighted
according to the sites where they appear. Evidently, deletions or point235

mutations within the promoter, ORF1 or ORF2 sequence will have a
larger impact on functionality than those in connecting sequences or
the 3’ UTR. Searching for the essential parts first and assembling them
in a second step allows much stricter BLAST settings and a better
selection for potentially active elements. This method leads to the re-240

striction of ∼ 7000 full length LINE-1s (7) to 177 putative functional
elements which comprise all those already described as functional in
the literature.
Approximately half of the elements in our list belong to the Ta subfam-
ily. A large group of our elements differ by a common exchange either of245
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the nucleotide at the very 3‘ end or in the three nucleotides at the very
3‘ end. Thus, there is a significant group of full-length elements with in-
tact ORFs and promoter not fitting the Ta consensus. The compilation
obtained here can now be used in molecular assays to better define the
actual requirements for function. For instance, it is not exactly clear250

which gap sizes are compatible with retrotransposon function. In order
to get all putative functional elements while minimizing the number of
false negatives we allowed gaps of 300 bps between promoter and ORF1
and 100 bps between ORF1 and ORF2. There may therefore be some
false positives in this collection. This is difficult to ascertain, because255

the effect of gap size is not known but can now be studied on this set of
elements. An overview of all putative functional elements is available
at: http://www.molgen.mpg.de/~steinhof/LINE.
The chromosomal localization of the resulting putative functionally
active elements shown in figure 3a suggest that their distribution is260

random. Thus, there is no positive or negative correlation with the
distribution of either CpG islands or annotated genes that would indi-
cate a requirement for chromosomal environment to maintain function
over evolutionary times, in accord with (30). The chromosomal envi-
ronment may still restrict the actual retrotransposition function, e.g.265

by influencing promoter DNA methylation (unpublished data).
As in previous searches (31), (29), (7), there are indications in the
present investigation that more intact LINE-1 elements as well as el-
ement parts are present on the X chromosome, although this enrich-
ment is within the range of 2 standard deviations. This distribution270

may reflect evolutionary mechanisms. Likely, an initial overall equal
distribution has been destroyed by events specific for sequence or chro-
matin structure conditional for either insertion, recombination or dele-
tion events. The lack of full-length LINE-1 elements on the smallest
chromosomes 21 and Y, on the other hand, could well be due to chance,275

i.e. a low frequency would be expected for chromosomes of this size.
An unexpected finding revealed by the procedure applied in this study
is the appearance of plateaus in the function displaying the number of
elements depending on the length of the gaps between promoter and
ORF1 as well as between ORF1 and ORF2, instead of the expected280

continuous distribution. The non-stochastic increase in the number
of assembled elements does not fit the assumption of random deletion
or integration of LINE-1 elements. For almost all chromosomes but
chromosome 21 and Y, a unique increase in the number of assembled
elements occurs at 250-300 bps (promoter-ORF1) and 100 bps (ORF1-285

ORF2). These plateaus do not occur on chromosome 21 and Y, where
no active element could be detected. Here, the threshold is 1000 bps
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(promoter-ORF1) and 300 bps (ORF1-ORF2) for chromosome 21 and
700 bps (promoter-ORF1) and 900 bps (ORF1-ORF2) for chromosome
Y. Obviously, these large gaps make it unlikely that the successive pro-290

moter, ORF1 and ORF2 sequences are part of the same element. This
first plateau may reflect the border line between autonomously active
elements and non-autonomous parts. Furthermore, on several chromo-
somes further increases in the number of assembled elements above the
first threshold are also not stochastic. Overall, these findings suggest a295

specificity in the mechanism by which clusters of LINE-1 sequences are
created or destroyed leading to an overall depletion in active elements.

4. Materials and Methods

4.1. Derivation of a Consensus Sequence. Sequences of 18 LINE
elements were downloaded from GenBank (32) according to the pub-300

lished accession numbers (Table 1). The consensus sequence was ex-
tracted using GAP v4.6 (Staden package (version 4.4), (33)). Align-
ments for comparison with the extracted consensus sequence were per-
formed using ClustalW (27). The consensus sequence is available at:
http://www.molgen.mpg.de/~steinhof/LINE305

4.2. Database Search. In this study the NCBI assembled human se-
quence from April 05th, 2002 GenBank (goldenPath version 28th June
2002) was used. For the parts: part 1: -193/+661 (promoter); part 2:
913-1927 (ORF1); part 3: 1991-5818 (ORF2) of the consensus sequence
separate BLAST searches against the human genome were performed310

using the following settings: expectation value: 0.01, cost to open a
gap: 20, and cost to extend a gap: 104. Fragments of lengths: pro-
moter > 654 nt; ORF1 > 1003 nt and ORF2 > 3788 nt were filtered
and subjected to further analysis. These lengths correspond to full
length of either of the parts 1, 2 or 3 with up to 1% variation in length.315

4.3. Extraction of putative functional elements by assembly.
Assembly of the parts 1, 2 and 3 of the elements with their localiza-
tion was examined using MATLAB (Mathworks, Inc., Version 6.0.0.88
Release 12, Sept 2000). For this purpose, the localization of each frag-
ment obtained from the BLAST search was used and parts were as-320

sembled according to their gap lengths between part 1 and part 2 or
between part 2 and part 3 on both strands. Analysis of the distribution
of sequence parts, graphical features, localization of fragments on the
chromosomes, analysis of gap lengths and statistical analyses were also
programmed in MATLAB. The algorithm is available upon request.
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6. Figure legends

Figure 1 Correlation of fragments of LINE-1 consensus sequence parts330

found by BLAST searches relative to chromosomal length (A), CpG
islands (B), annotated genes (C), annotated ALUs (D), annotated
LINEs (E), annotated full-length LINE-1 (F). Information about CpG
islands, genes, ALUs and LINEs as well as their localization in the
human genome were obtained from the ensembl database. For each335

chromosome, chromosome length, number of CpG islands, number
of annotated genes, annotated LINEs, annotated LINE-1, full length
LINE-1s were plotted vs. the number of either promoter, ORF1 or
ORF2 parts found by BLAST search. Correlation (r) was calculated

(Cov(xij)/
√

(Cov(Xii)Cov(Xjj))), where (xij) is the matrix of num-340

ber of promoter, ORF1, ORF2 or full length element vs. either of the
variables CpG islands, annotated genes, annotated ALUs, annotated
LINEs, annotated LINE-1, full length LINE-1.

Figure 2 Display of the number of assembled elements (z-axis) de-
pending on gap widths between promoter and ORF1 (x-axis) or ORF1345

and ORF2 (y-axis). Gap lengths increase in steps of 50 bps.

Figure 3 Distribution of potentially active LINE-1 elements
(a) Genomic localization of potentially active LINE-1 elements with
gap lengths of up to 300 bps between promoter and ORF1 and up
to 100 bps between ORF1 and ORF2 and localization of annotated350

CpG islands. For each chromosome (C) the upper row indicates CpG
islands, the lower localization of potentially active LINE-1 elements.
Arrows mark the positions of four representative elements described
in the literature: LRE2 (Chromosome 1) (4), L1.6 (Chromosome X)
(23), L1.12 (Chromosome 18) citeSassaman1997, L1.25 (Chromosome355

1) (23).
(b) Plot of chromosome length versus number of putative active ele-
ments found by allowing gap widths of 300 bp between promoter and
ORF1 and up to 100 bp between ORF1 and ORF2. Human chromo-
somes are marked by ”C” followed by chromosomal number or X, Y360

resp.

12



7. Tables

Table1: Result from the alignment of each of the indicated sequences with the consensus sequence.

Accession
Number

Chromo-
some 5´UTR ORF1 ORF2

Nr
Name Number % match (# mismatch)*

Reference

1
AF148856

L1 RP -
99%
(3)

99%
(3)

99%
(8) [18]

2
AF149422
L1 b-thal -

99%
(3)

98%
(6)

98%
(19) [19]

3
U93562

L1.5
11

98%
(7)

98%
(6)

98%
(24)

[20] [16]

4
U93571
L1.24 12

98%
(7)

98%
(12)

98%
(29) [20] [16]

5
U93573
L1.33 20

99%
(1)

99%
(3)

98%
(12) [20] [16]

6
L19088

L1.3
14

99%
(4)

99%
(4)

98%
(10)

[20]

7
L19092

L1.4 9
99%
(5)

99%
(3)

98%
(13) [20]

8
U09116
LRE2 1

99%
(3)

98%
(9)

98%
(17) [4]

9
U93563

L1.6
X

98%
(10)

99%
(5)

98%
(27)

[16]

10
U93564

L1.8 14
99%
(1)

99%
(1)

98%
(22) [16]

11
U93565
L1.12 18

99%
(6)

99%
(5)

98%
(16) [16]

12
U93566
L1.14

X
99%
(2)

99%
(4)

98%
(18)

[16]

13
U93567
L1.15 5

99%
(3)

99%
(3)

99%
(9) [16]

14
U93568
L1.19 7

98%
(10)

99%
(2)

98%
(18) [16]

15
U93569
L1.20

20
99%
(4)

99%
(5)

98%
(20)

[16]

16
U93570
L1.21 n.d.

98%
(8)

99%
(5)

98%
(34) [16]

17
U93572
L1.25 n.d.

98%
(11)

98%
(6)

98%
(24) [16]

18
U93574
L1.39

14
99%
(5)

99%
(2)

98%
(20)

[16]

* The consensus sequence was generated by comparing the sequence of the 18 full length elements shown.

For each sequence the similarity to the consensus is given in percentage of matched base pairs within

5´UTR, ORF1 and ORF2 each. Numbers of mismatches are shown in brackets.
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Table 2: List of putative autonomously active LINE-1 elements for which site was verified using ensembl

(http://www.ensembl.org )

Chr* Nr† prom start ‡ pred. start‡ Length1 Name2

1 1.1 119841703 119841701 6029 L1HS
1 1.2 245708125 245708125 6031 L1HS
1 1.3 114453178 114453178 6011 L1HS
1 1.4 72477906 72477903 6032 L1PA2
1 1.5 72103442 72103403 6044 L1HS
2 2.1 165900157 165900157 6036 L1HS
2 2.2 195958931 195958928 6031 L1HS
2 2.3 156156620 156156621 6032 L1PA2
2 2.4 164397636 164397637 6029 L1PA2
2 2.5 157310690 157310687 6032 L1PA2
3 3.1 105262191 105262191 6025 L1HS
3 3.2 154773080 154773077 6024 L1HS
3 3.3 78664337 78664337 6028 L1PA2
3 3.4 105712753 105712718 6031 L1HS
4 4.1 80553571 80553571 6029 L1HS
4 4.2 59682318 59682318 6030 L1HS
4 4.3 79197313 79197311 6033 L1HS
4 4.4 93056714 93056711 6202 L1HS
4 4.5 14618743 14618742 6030 L1HS
5 5.1 110261109 110261109 6024 L1HS
5 5.2 39966007 39966007 6019 L1PA2
5 5.3 73745410 73745409 6030 L1PA2
5 5.4 101124265 101124262 6029 L1HS
5 5.5 151525245 151525245 6001 L1HS
6 6.1 19822661 19822661 6026 L1HS
6 6.2 121254168 121254168 6009 L1HS
6 6.3 83990010 83990007 6029 L1HS
6 6.4 117258608 117258608 6032 L1HS
6 6.5 116116511 116116509 6028 L1PA2
6 6.6 104772934 104772934 6031 L1PA2
7 7.1 30121341 30121338 6032 L1HS
7 7.2 15900428 15900426 6029 L1PA2
7 7.3 22210401 22210398 6035 L1PA3
8 8.1 58900807 58900806 6027 L1PA2
8 8.2 91049016 91049016 6019 L1PA2
8 8.3 88101397 88101397 6032 L1HS
8 8.4 97316885 97316892 6023 L1PA2
8 8.5 87588499 87588497 6032 L1PA2
9 9.1 104351577 104351574 6032 L1HS
9 9.2 83751577 83751577 6030 L1HS
9 9.3 89273441 ME 3 ME3 L1HS
9 9.4 68083515 68083516 6030 L1HS
10 10.1 86072224 86072224 6032 L1HS
10 10.2 5334889 5334883 6031 L1HS
10 10.3 65495501 65495282 5976 L1PA3
11 11.1 87362537 87362534 6032 L1HS
11 11.2 62693555 62693555 6029 L1PA2
11 11.3 96100343 96100342 6031 L1PA2
11 11.4 97499769 97499698 6030 L1HS
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11 11.5 95200195 95200123 6035 L1HS
12 12.1 90234332 90234330 6032 L1PA2
12 12.2 92100083 92100083 6025 L1PA2
12 12.3 62083874 62083871 6029 L1PA2
12 12.4 116660787 116660715 5850 L1HS
12 12.5 78692466 78692591 6057 L1PA2
13 13.1 29863060 29863058 6031 L1HS
13 13.2 40999345 40999342 6032 L1PA2
13 13.3 80587150 80586893 6031 L1PA2
14 14.1 68519050 68519044 6032 L1HS
14 14.2 46885143 46885143 6018 L1PA2
14 14.3 28208705 28208633 6031 L1PA2
14 14.4 77740107 77739850 6033 L1PA3
15 15.1 84189324 84189324 6029 L1HS
15 15.2 90661119 90661119 6029 L1PA2
15 15.3 78121091 78121087 6032 L1PA2
15 15.4 31831188 31831181 6030 L1PA3
15 15.5 53975285 53975068 6030 L1PA2
16 16.1 44490368 44490368 6028 L1HS
16 16.2 18014706 18014706 6020 L1HS
16 16.3 36109048 36109048 6026 L1HS
16 16.4 74519813 74519728 6044 L1HS
17 17.1 63816393 63816383 6016 L1HS
17 17.2 9870580 9870577 6016 L1HS
17 17.3 70697534 70697534 6011 L1HS
17 17.4 68210666 68210594 6031 L1HS
17 17.5 58951457 58951454 6023 L1PA2
18 18.1 45489985 45489987 6029 L1HS
18 18.2 73278584 73278584 6032 L1HS
18 18.3 54957741 54957784 6032 L1PA2
18 18.4 32820300 32820307 6030 L1PA2
19 19.1 38942715 38942713 6031 L1PA2
20 20.1 11601485 11601485 6025 L1HS
20 20.2 51817685 51817613 6035 L1PA2
22 22.1 25755371 25755368 6032 L1HS
X X.1 53556713 53556713 6032 L1HS
X X.2 68139155 68139155 5654 L1P1
X X.3 141261544 141261544 6033 L1HS
X X.4 68414002 68414002 6022 L1HS
X X.5 124297077 124297076 6030 L1HS

* Chromosome

† Numbering index

‡ Genomic localization according to the human draft sequence from 28th June 2002 with starting nucleotide

in bps from p to q end of the chromosome as predicted in this study and ‡ genomic localization as predicted

in ensembl (http://www.ensembl.org).

1 Length and 2  name of the predicted element according to the human draft sequence from 28th June 2002.

3  Multiple elements were predicted in this region.
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Table 3: Summary of 177 putative autonomously active LINE-1 elements.

Chromosome # putative
functional *

# putative functional LINE-
1/108 bps †

1 12 4.86
2 10 4.15
3 11 5.64
4 17 8.85
5 15 8.29
6 14 8.22
7 4 2.54
8 13 9.04
9 5 3.78
10 3 2.23
11 11 8.00
12 9 6.85
13 5 4.41
14 5 4.79
15 6 6.05
16 5 6.12
17 6 7.50
18 4 5.16
19 1 1.67
20 2 3.18
21 0 0
22 2 4.19
X 17 11.39
Y 0 0

Total ‡ 177 5.29 ± 2.90

*Total numbers of putative functional elements on each chromosome found in our study

† Number of putative functional elements per 108 bps

‡ Total number of elements, mean number of elements adjusted to genome length and standard deviation

(SD)
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