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ABSTRACT

Transterm facilitates studies of messenger RNAs
and translational control signals. Each messenger
RNA (mRNA) from GenBank is extracted and broken
into its functional components, its coding sequence,
initiation context, termination context, flanking
sequence representing its 5 ′′′′ UTR (untranslated
region), 3 ′′′′ UTR and translational signals. In addition,
numerical parameters characterising each coding
region in Transterm, including codon and GC bias,
are available. For each species in Transterm, the
initiation and termination regions are aligned by their
start or stop codons and presented as base
frequency matrices and tables of the information
content of the bases in the alignments. Users can
obtain summaries of characteristics of the mRNAs for
species of their choice and search for translational
signals both in the Transterm database and in their
own sequence. The current release contains data
from over 10 000 species, including the complete
genomes of 20 prokaryotes and three eukaryotes.
Both flat-file and relational database forms of Transterm
are accessible via the WWW at http://biochem.otago.
ac.nz/Transterm/

SEQUENCE DATA IN Transterm

Originally designed for studies of control of translation termi-
nation, recent versions of Transterm are aimed at studying
translational control signals wherever they might occur in a
messenger RNA (1,2). Messenger RNA (mRNA) sequences in
Transterm are considered to be composed of several functional
components (Fig. 1), which can be analysed by species and are
searchable (see below). Experimentally determined untranslated
regions (UTRs) are a small subset of the known sequence data
(3). We have created a large sequence database of 5� and 3�
flanks in Transterm which can be searched for translational
signals in lieu of experimentally-determined UTRs. These 5�

and 3� flanks are considered to span from the base immediately
outside the coding region for 1000 or 3000 bases, respectively, or
until another coding sequence (CDS) is encountered. Likewise,
initiation and termination regions consist of up to 100 bases on
either side of the start and stop codons, respectively, which are

truncated if an adjacent CDS is encountered <100 bases f
the start or stop codon.

Three sequence datasets are available (Table 1), be
(i) sequences with no duplicates removed (‘redundant
(ii) with duplicates removed by the Cleanup algorithm (4) an
(iii) with duplicates removed by previous Transterm criteri
using the immediate start and stop contexts (1). The numer
parameters of each sequence (Table 2) of the latter datase
stored as tables which users can access by species via
WWW interface.

SUMMARY PARAMETERS FOR THE CODING REGIONS
OF EACH ENTRY AND SPECIES IN Transterm

In additional to numerical parameters for each sequence en
the alignment of ‘Transterm non-redundant’ initiation an
termination regions (Fig. 1) for each species is summarised
a consensus matrix (Table 3). New to this release is the inclus
of the tables describing the information content (5) of th
initiation and termination regions of each species in Transte
(Table 3). These data include indications of sequence bias,
example as in start and stop contexts and sequence bias d
motifs associated with translation initiation [e.g., Shine–Dalgar
(5), Kozak (6) and termination (7) motifs]. Codon usage tabl
are also available for each species.

TOOLS FOR SEARCHING FOR SEQUENCE MOTIFS
OR FEATURES IN Transterm

A collection of patterns describing known motifs or feature
found in mRNAs are available for users. Using a graphic
WWW interface which interacts with the Transterm sequen
data files and relational database, users can search al
portions of the Transterm database for each of these pattern
for user-defined patterns. Each of the mRNA regions defin
in Figure 1 and Table 1 can be searched, allowing the use
choose both the region of the mRNAs and the sequence dat
(which differ in the treatment of redundant sequences) to
searched. Users may also search their own sequences with
or all of the patterns defined in Transterm, or a pattern th
have defined.

THE CURRENT RELEASE

Transterm comprises a large number of files summarisi
sequence parameters, sequence datafiles and a relational
base accessed via a WWW interface. The current releas
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Transterm was built using GenBank (8) release 112.0. In
previous releases, Transterm included only those species with
more than 40 complete CDS entries. The current release
contains all species with any CDS entries, providing better
coverage of less well-studied species. Transterm now includes
data from 10 320 species. The number of entries of each
sequence region for each dataset are summarised in Table 3.

Separately, 20 prokaryotic and three eukaryotic genomes
have been processed to yield complete datasets for these
genomes. For genomes the numerical parameters are summarised
for all entries, rather than just the non-redundant sequences, so

that genomes are treated as a whole rather than a collectio
individual entries. The genomes are also present as individ
entries in their respective species, where duplicate entries
discarded.

GenBank LOCUS and Accession indices are associated w
each entry in Transterm. With these identifiers, users c
access other data associated with entries of interest via En
(9) or other databases available via the WWW. Links to oth
transcript-related databases are available at the Transterm

Species in Transterm are now defined by the species de
nations of the NCBI Taxonomy database (3) (http://www.ncb
nlm.nih.gov/Taxonomy/tax.html ), represented in GenBank
‘taxids’. This, with better filtering of all steps in creating Transterm
entries, has improved the quality of the database as a wh
The SSN (short species name) abbreviations for a species h
been updated to a form which should be more stable from o
release to another.

Further improvements in this release are mostly data qua
improvements which are described in online documentation
the Transterm WWW site. The source code for Transterm

Figure 1. Functional regions of mRNAs which may be searched for motifs or patterns. Within Transterm a coding sequence from GenBank is broken into� flank,
Initiation, Full CDS, Termination and 3� flank. The Initiation and Termination regions are further divided into their UTR, start or stop codons (hatched box
CDS portions. The scale at the top gives the size of these regions. The regions flanking a given CDS will be shorter if ‘limited’ by the presence of an adjacent CDS
within the number of bases shown (see text).

Table 1.Number of entries in Transterm (excluding separate complete genome datasets)

n.d., not determined.

Dataset Initiation region Termination 5� flank 3� flank CDS

All sequences 237 898 264 377 237 898 264 377 237 898

Non-redundant by Cleanup (4) n.d. n.d. 188 713 194 469 178 431

Non-redundant on termini 175 884 192 005 175 884 192 005 175 884

Table 2.Numerical parameters for each coding sequence

Parameter Meaning

Coding sequence length Length of coding sequence from first base of start codon to last base of stop codon, inclusive

Nc (10) Effective number of codons

GC3 (10) Fraction of third codon position G+C

CAI (11,12) Codon adaptation index

Table 3.Summary tables available for each species

Parameter Sequence region (see Fig. 1)

Base frequencies (13) Initiation region and termination region

Base information content (5) Initiation region and termination region

Codon usage CDS
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available online, including Perl scripts for various tasks, for
example processing the NCBI Taxonomy database into species
indices.
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