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Abstract

Background: The rapid accumulation of genomic information in databases necessitates rapid and
specific algorithms for extracting biologically meaningful information. More or less complete
retroviral sequences, also called proviral or endogenous retroviral sequences; ERVs, constitutes at
least 5% of vertebrate genomes. After infecting the host, these retroviruses have integrated in germ
line cells, and have then been carried in genomes for at least several 100 million years. A better
understanding of structure and function of these sequences can have profound biological and
medical consequences.

Methods: RetroTector® (ReTe) is a platform-independent Java program for identification and
characterization of proviral sequences in vertebrate genomes. The full ReTe requires a local
installation with a MySQL database. Although not overly complicated, the installation may take
some time. A "light" version of ReTe, (RetroTector online; ROL) which does not require specific
installation procedures is provided, via the World Wide Web.

Results: ROL http://www fysiologi.neuro.uu.se/jbgs/ was implemented under the Batchelor web
interface (A Lovgren et al). It allows both GenBank accession number, file and FASTA cut-and-paste

admission of sequences (5 to 10 000 kilobases). Up to ten submissions can be done simultaneously,
allowing batch analysis of <= 100 Megabases. Jobs are shown in an IP-number specific list. Results
are text files, and can be viewed with the program, RetroTectorViewer.jar (at the same site), which
has the full graphical capabilities of the basic ReTe program. A detailed analysis of any retroviral
sequences found in the submitted sequence is graphically presented, exportable in standard
formats. With the current server, a complete analysis of a | Megabase sequence is complete in 10
minutes. It is possible to mask nonretroviral repetitive sequences in the submitted sequence, using
host genome specific "brooms", which increase specificity.
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Discussion: Proviral sequences can be hard to recognize, especially if the integration occurred
many million years ago. Precise delineation of LTR, gag, pro, pol and env can be difficult, requiring
manual work. ROL is a way of simplifying these tasks.

Conclusion: ROL provides |. annotation and presentation of known retroviral sequences, 2.
detection of proviral chains in unknown genomic sequences, with up to 100 Mbase per submission.

Background

Genomic databases are growing dramatically. Not only
are reference genomes from many organisms sequenced,
the probable coming era of "personal genomics" will lead
to further substantial increases. The demand for rapid and
easily accessible pattern recognition tools increases con-
comitantly. More or less complete retroviral sequences
make up a substantial part of vertebrate genomes. After
infecting the host, these retroviruses have integrated in
germ line cells, and have then been carried in progeny
genomes for long times. Recently integrated retroviruses
may still produce viral particles and could be associated
with diseases. However, most ERVs are mutated to viral
inactivity. Some are beneficial for the host where for
example they can provide promoter elements or proteins
(for a review, see [1]) Because of mutations retroviral
sequences can be difficult to detect, especially the older
elements which can lack recognisable retroviral protein. A
better understanding of the structure and function of
these sequences can have profound biological and medi-
cal consequences.

Methods

The full version [2] of ReTe requires a local installation
with a MySQL database. The basic principle of ReTe is
"fragment threading". A collection of conserved motifs
(mostly from proteins) are tested against the sequence to
be evaluated. A chaining algorithm stitches together motif
hits, which conform to limits specified in an intermotif
distance table, to a "retroviral chain" which best fits the
retroviral genus, distances and degree of motif similarity.
Each chain is given a "retroviral score" which in essence
describes the degree of conformity to a retroviral structure
model. Protein translations ("puteins") are interpreted
with the help of several algorithms, one being the degree
of fit to an alignment of reference retroviral proteins, oth-
ers focused on finding the starts and ends of the protein.
In problematic cases, alternative chains and alternative
putein interpretations are given. Unlike most other retro-
virus-finding algorithms, ReTe is not dependent on repe-
tition, neither of LTRs nor of proviruses. It is therefore
especially important for finding low copy number provi-
ruses, like ERVFc1 [3].

The ReTe installation may take some time for unexperi-
enced users. With the latter in mind, we have now created
a "light" version of ReTe, ROL. ROL uses the same collec-

tion of conserved motifs and the same intermotif distance
table as ReTe. The results of ROL should be the same as
with ReTe. However, ReTe contains several additional fea-
tures, like LTR divergence, nucleotide frequency and most
similar reference sequences, which are not present in ROL.

ROL does not require specific installation procedures. It
can be accessed via the World Wide Web. ROL was imple-
mented under the Batchelor web interface (A. Lovgren et
al, unpublished). Batchelor is written in PHP and
designed to act as a wrapper around an existing stan-
dalone application and to integrate it with the web. As a
batch queue manager, Batchelor allows jobs with long run
times to be submitted to the web server and scheduled for
later execution by its batch queue. Users (submitters) can
monitor the state of their submitted jobs (pending, run-
ning or finished) and later download the result from the
queue view. The user interface is customizable through
templates and extendable through user defined callback
functions. Among its features are job control, statistics
and (in latest releases) web service interfaces. ROL and
Batchelor run on a Dell PowerEdge 2950 server with 2 x
Quad Core Xeon 2.50 GHz processors, 8 GB RAM with a
64-bit Gentoo Linux operative system.

Results

The RetroTector online implementation

The ROL implementation http://www.neuro.uu.se/fysi
ologi/jbgs, under the Batchelor web interface, allows both
GenBank accession number, file and FASTA cut-and-paste
admission of sequences (5 to 1000 000 kilobases) (Figure
1). Up to ten submissions can be done simultaneously.
Thus, a batch analysis of <= 100 Megabases can be speci-
fied in one instance. Jobs are shown in an IP-number spe-
cific list. Results are downloadable as text files. The text
files derive from 100 000 base chunks. Names of chunks
which contain one or several retroviral chains detected by
ReTe are shown in bold face. Each retrovirus-positive
chunk can be inspected by means of the stand-alone pro-
gram, RetroTectorViewer.jar, which has the full graphical
capabilities of the basic ReTe program. It can export in
EPS, PDF and JPG formats. Thus, a detailed analysis of any
retroviral sequences found in the submitted sequence is
graphically presented. With the current server, a complete
analysis of a 1 Megabase sequence is complete in under 10
minutes. It is possible to mask nonretroviral repetitive
sequences in the submitted sequence before analysis,
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User interface of RetroTector online. FASTA formatted
sequences, each up to 10 Mbases long, can be entered as file,
by cut-and-paste, and by GenBank accession number. Up to
ten sequences can be entered at the same time.

using host genome specific "brooms". This increases the
specificity of the analysis.

An example (Figure 2) is the analysis of ERVFc1, a gamma-
retroviruslike sequence which has several ORFs and near-
OREFs [1,3]. This low copy number sequence was present
in previous assemblies of the human genome, but has
been edited out of the hg18 assembly. The provirus shown
is from the panTro2 chimpanzee genome assembly. This
illustrates the importance of independent retrovirus
sequence detection systems, like ReTe and ROL.

Discussion

Several pattern recognition algorithms for recognition of
retroviral sequences exist (|4-9]; for a review, see [1]). The
algorithms generally have a specific purpose. Either they
emphasize LTRs, repetitiveness, conserved motifs, or open
reading frames. A combined search therefore may be
called for. ReTe is unique in its detailed analysis of the
internal proviral sequences and classification of the provi-
rus. It is modular, which allows users to add their own
program modules. Despite the existence of several pro-
grams for detection of retroviral sequences, a number of
problems remain. Several portions, especially the long ter-
minal repeats (LTRs), of retroviral genomes do not encode
proteins. The detection of noncoding nucleic acid
sequences is a specific instance of the more general prob-
lem of pattern recognition. The methods used in ReTe for
LTR detection are mainly artificial neural networks and
heuristic motif combinations [10]. These are combined
with detection of conserved protein coding motifs and
reading frames using pairwise and multiple amino-acid
alignments. ReTe is mainly targeted to higher vertebrate
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Result from a run of the chimpanzee genome
(panTro2). The chimpanzee version of the human HERVFc|
retroviral sequence [3] is shown. The components LTR (5 LT
& 3 LT), primer binding site (PBS), gag (internal structural
proteins; motifs named CA and NC), pro (protease, motifs
named PR), pol (pol gene, motifs named RT, RH and IN), env
(envelope gene, motifs named SU and TM), and polypurine
tract (PPT) are shown. Figures above each motif denote its
score (0—100). The following features are also predicted: Red
bars denote stop codons, blue bars start codons. Triple lines
denote putative protein encoding sequences. Green bars
denote putative asparagine glycosylation sites, "/" splice
donor, "\ " splice acceptor, "S" "Slippery" sequence (possible
frameshift sites), and "8" pseudoknot sequences (which are
also possible frameshift sites).

genomes. For analysis of other genomes, a further optimi-
zation for detection of Meta- and Pseudoviridae sequences
(also known as gypsy and copia-like sequences, respec-
tively) is necessary. These retrovirus-related sequences are
abundant in lower vertebrates, insects and plants, among
others. ROL is intended for analysis of 5-10 000 Kbases of
genomic sequence. For example, a batch job of 10 differ-
ent cosmid sequences of 1-2 Mbases can be specified via
a list of their GenBank accession numbers. Sequences of
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entire small chromosomes, like human chromosomes 20,
21 and 22 can be entered via cut-and-paste, accession
number or as a downloaded file.

The sensitivity and specificity of ROL is the same as that of
ReTe. However, a judgement regarding the choice of
"brooms" must be made. Brooms are a set of preselected
nonretroviral repetitive sequences prevalent in the host
genome under study. Currently, brooms for higher pri-
mate, artiodactyl, rodent, bird and marsupial genomes are
available at the ROL site. The brooms remove many of the
weak false signals from LTR-like sequences. LTRs are diffi-
cult to detect because they usually do not code for pro-
teins and therefore contain very few conserved motifs
detectable by the unaided eye. In addition some parts of
the LTRs consist of repetitive elements like C-rich or GT-
rich regions that can easily be matched by other repetitive
elements like ALUs. This can spur incorrect chain forma-
tion by ReTe and can result in poor detection specificities.
The user may experiment with different brooms to obtain
an optimal result.

Conclusion

ROL offers a convenient way to quickly search for, anno-
tate and present retroviral sequences in genomic
sequences.
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