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ABSTRACT

Transterm is a database that facilitates studies of
translation and the translational control of protein
synthesis. It contains a curated collection of
elements in mRNAs that control translation, and
biologically relevant mRNA regions extracted from
GenBank. It is organised largely on a taxonomic
basis with files and summaries for each species.
Global patterns that may affect translation in particular
species, for example bias in the context of initiation
codons (Kozak’s consensus or Shine–Dalgarno
sequences) or termination codons, can be detected
in the consensus and information content bias
summaries. Several types of access are provided via
a web browser interface. Transterm defined elements
may be matched in a user’s sequence or in the database.
Alternatively, elements can be entered by the user to
search specific sections of the database (for
example, coding regions or 3′ flanking regions or the
3′-UTRs) or the user’s sequence. Each Transterm
defined element has an associated biological
description with references. The database is accessible
at http://uther.otago.ac.nz/Transterm.html.

INTRODUCTION

Transterm is a database of elements in mRNAs and mRNA
sequences in which they may be found. Elements in particular
mRNAs and translated viral RNAs have been shown to
mediate many post-translational controls in cells (reviewed in
1–5). In the Transterm database, elements are now stored and
classified in two ways, functionally and structurally.

ELEMENTS FOUND IN CELLULAR AND VIRAL RNAS

Functional classification of elements

For the purposes of classification we divide the elements into
the following classes: (i) mRNA localisation elements (zip code
elements); (ii) stability elements (SE); (iii) translational repressors
(TR); (iv) translation enhancers (TE) (6,7); (v) polyadenylation
elements (PE) (8); (vi) elements that control the efficiency of
translation initiation in abnormal contexts [e.g. Internal

Ribosome Entry Sites (IRES)]; and (vii) elements which
promote alternative reading of the genetic code [e.g. frameshifting
elements (FSE), readthrough elements (RE), selenocysteine
incorporation elements (SECIS)]. This is not an absolute classifi-
cation but facilitates searching and comparison. At time of
writing the database contained 47 such elements. For each
element, information concerning its structure, functional
description, location in the mRNA, confirmed phylogenetic
distribution, example mRNA, place discovered, required
elements or factors in cis or trans, structural classification and
a short bibliography are provided. These elements are typically
located in certain regions of the mRNA (Fig. 1).

Structural classification of elements

These elements can be classified into three broad classes based
on sequence and structure: (i) sequence alone; (ii) secondary
structure alone; and (iii) combination of sequence and structure.
These classifications are a useful approximation of the biology
but may not describe the biology fully; for example, elements
defined as sequence alone may still require an ‘A’ helical
mRNA structure (1,9). Also, some elements originally defined
largely by core primary structure have subsequently been
shown to require additional structure (10).

BIOLOGICALLY RELEVANT mRNA REGIONS 
EXTRACTED FROM GenBank

The Transterm database contains files of specific parts of
mRNA sequences extracted from GenBank. Currently these
are the 5′ flank, initiation region, CDS, termination region and
3′ flank. The regions are extracted based on GenBank annotation
with a reduction in redundancy, several accuracy checks and
constraints as previously described (11).

Species by species consensuses of initiation, termination 
and coding regions

As the database is organised by species using GenBank
TAXIDs, global summaries for each species can be calculated
(12). For the termination and initiation regions summary statis-
tics are calculated for each species. These include the inci-
dence of each base before and after the initiation codon, a
consensus of this region and the information content in this
region. For all the CDSs of a species the codon usage is calcu-
lated and provided in GCG format.
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Parameters describing each mRNA

In addition to containing the sequence of regions for each
CDS, Transterm contains several calculated parameters
describing the CDS. These include measures of codon bias,
GC% and length.

APPLICATIONS OF THE DATABASE

The database and associated tools provide users with an entry
point to address several types of biological questions. FAQs
and extensive online help can be found on the web site (http://
uther.otago.ac.nz/Transterm.html). Examples of applications
include: does my mRNA sequence contain any defined translational
control elements? Is my newly discovered element found in
any other 3′-UTRs? What is the bias around the context of the
initiation codon in a particular species? What is the codon
usage in a particular species?
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Figure 1. Typical locations of the functional classes of elements in a mRNA sequence.


