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ABSTRACT

The 5' and 3' untranslated regions of eukaryotic
mRNAs may play a crucial role in the regulation of gene
expression controlling mMRNA localization, stability
and translational efficiency. For this reason we devel-
oped UTRdb (http://bigarea.area.ba.cnr.it:8000/
BioWWW/#UTRdb ), a specialized database of 5 "and 3’
untranslated sequences of eukaryotic mMRNAs cleaned
from redundancy. UTRdb entries are enriched with
specialized information not present in the primary
databases including the presence of nucleotide se-
guence patterns already demonstrated by experi-
mental analysis to have some functional role. All these
patterns have been collected in the UTRsite database
so that it is possible to search any input sequence for
the presence of annotated functional motifs. Further-
more, UTRdb entries have been annotated for the
presence of repetitive elements.

INTRODUCTION

Several regulatory signals have been already identifiédan 5
3'-UTR sequences, usually corresponding to short oligonucleo-
tide tracts, also able to fold in specific secondary structures, which
are protein binding sites for various regulatory proteins.

The analysis of large collections of functionally equivalent
sequencesl(,12), such as sand 3-UTR sequences, could be
indeed very useful for defining their structural and compositional
features as well as for searching the alleged function-associated
sequence patternsl¥-15). For this reason we constructed
UTRdb, a specialized sequence collection, deprived from redun-
dancy, of 5 and 3-UTR sequences from eukaryotic mRNAs.

UTRdb entries have been enriched with specialized informa-
tion, not present in the primary databases, including the presence
of sequence patterns demonstrated by experimental evidence to
play some functional role. Additionally, becauS&0% of
mammalian mRNAs contain repetitive elements in their UTRs
(16) which are not usually annotated in the original records, we
decided to include this information in our database as well.

We also created UTRsite, a collection of functional sequence
patterns located in the-®r 3-UTR sequences which could prove
very useful for automatic annotation of anonymous sequences

Understanding the basic mechanisms of cell growth, differenfi€nerated by sequencing projects as well as for finding previously
ation and response to environmental stimuli, i.e. the prograHfidetected signals in known gene sequences.

controlling the temporal and spatial order of molecular events, is

becoming a real challenge in molecular biology. Indeed, althougts SEMBLING UTRdb COLLECTIONS

most of the regulatory elements are thought to be embedded in the

non-coding part of the genomes, nucleotide databases are biasbhd specialized database of UTR sequences was generated by
by the presence of expressed sequences mostly correspondingT&db_gen, a computer program we devised for this task. Seven
the protein coding portion of the genes. Among non-codingequence collections were generated for bottasd 3-UTR
regions, the '5and 3 untranslated regions'(6TR and 3UTR)  sequences, one for each of the eukaryotic divisions of the
of eukaryotic mMRNAs have often been experimentally demorEMBL/GenBank nucleotide database, namely: (i) human;
strated to contain sequence elements crucial for many aspectgipfrodent; (iii) other mammal; (iv) other vertebrate; (v) inverte-
gene regulation and expressidn{). brate; (vi) plant; (vii) fungi.

The main functional roles so far demonstrated ferahd UTRdb_gen, performing an accurate parsing of the Feature
3-UTR sequences are: (i) control of mRNA cellular andTable of the relevant EMBL entries is able to automatically
subcellular localization4(7); (ii) control of mRNA stability generate the various UTRdb collections. Although the Feature
(1,8); (iii) control of MRNA translation efficiencyd(10). keys ‘BUTR’ and ‘3UTR’ are valid features for the EMBL/Gen-
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Bank entries, only a small percentage of the entries are adequaf@lte 1. Number of entries (N) and nucleotide length (L) of UTRdb
annotated. Indeed, of the 65 084 primary entries whe®!lections (release 7.0) after redundancy cleaning
UTRdb_gen was able to extra¢t br 3-UTR sequences, only :
10.9% contained theé BTR or 3UTR feature key. UTRdb_gen  Collection Redundancy

is able to define UTR regions even when these keys are not N L %N %L
reported in the primary entry by using a predefinite syntactics_jTr

parsing of other relevant feature keys, such as mRNA, CDSriun
exon, intron, etc.

gi 931 161789 25.1 13.2

UTRdb_gen automatically annotates generated UTR entries buman 6669 1380128 39.0 218
adding some specialized information such as completeness or n@tertebrate 4054 829754 28.1 25.4
_of the UTR region, number of spanned exons and cross-referen6-ther_mammaI 2106 201282 355 17.0
ing to the primary database entry. A cross reference betWween 5
and 3-UTR sequences from the same mRNA has also beeffther_vertebrate 2846 431565 272 20.7
established. Plant 5993 633846 24.0 11.2

The gen_eration of UTR entries cleaned from rt_adu_ndancy hagodent 7056 1357490 35.6 19.7
been obtained by using CLEANUP prograh?)(which is able Total 29 655 5 085 854

to generate automatically, and fast, cleaned collections by
removing entries having a similarity and overlapping degree withs-UTR
longer entries present in the database above a user-fixedingi 1154 286567 13.2 8.1

threshold. In thl_s case the cut-off parameters we used for thg,man 7503 5541031 37.9 245

CLEANUP application were 95% for similarity and 90% for

overlapping. Invertebrate 5067 2006870 20.3 19.8
The UTR entries have been further enriched, by using théther_mammal 2457 1172955 37.9 24.9

program UTRnote (kindly provided by G. Grillo, S. Brunetta and other vertebrate 3499 1697054 22.6 15.0

D. Colangelo) including information about the location of

; . . . lant 8116 1965316 15.2 13.1
experimentally defined patterns collected in UTRsite and of o

repetitive elements present in the Repbase datab&seThe ~ Rodent 7633 4733472 351 21.7
UTRsite entries describe the various regulatory elements presenttal 35429 17 403 265

in UTR regions whose functional role has been established onan

experimental basis. Each UTRsite entry is constructed on tHéRdb 7.0 was generated from EMBL release 54. Relevant redundancy percen-

basis of information reported in the literature and revised ges calculated with respect to the number of entries (%N) and to the nucleotide
. . . . . . 0, indi

scientists experimentally working on the functional characteriZsn9th (*6L) are also indicated.

ation of the relevant UTR regulatory element.

Table 2.Functional patterns included so far in UTRsite (v2.0)

CONTENT OF UTRdb

Functional Patterns Reference Hits found in
UTRdb 7.0
Table1 reports a summary description of UTRdb (release 7.0)ron-responsive element (IRE) 20 65
which in total contains 65 084 entries and 22 489 119 nucleotides, . » 11 stem-loop structure 21 7
On average, >30% of entries proved to be redundant and were
removed from the database. AU-rich class Il destabilizing element 22 175

5'-UTR sequences were defined as the mRNA region spanningGE translational regulation element 23 45
from the cap site to the starting codon (excluded), whereageenocysteine insertion sequence (SECIS) 24,25 189
3-UTR sequences were defined as the mRNA region spanning N
from the stop codon (excluded) to the poly-A starting site. PP 3-UTR stability control element 26 !

A sample entry of UTRdb is shown in FigureThe UTRdb  Cytoplasmatic polyadenylation element (CPE) 27 4614
entries have been formatted according to the EMBL databas@anos 28 397
format. . ” 15-LOX-DICE 29 83

Table 2 reports functional patterns and repetitive elements B
included in UTRsite (release 2.0). More entries will be includedRepetitive elements 5476

In further releases. A sam_ple UTRsite entry .IS reported_ n Figur_e For each pattern the number of hits with UTRdb entries is also reported.
Functional patterns, defined on the basis of the information

reported in the literature and/or advice by the scientists expert in
the field, were described by using the pattern description syntax
used in the PATSCAN program). AVAILABILITY OF UTR
We have made available a novel version of PATSCAN (Sandra OF UTRdb
Brunetta and Donata Colangelo) at http://bio-www.ba.cnr.it:8000JTRdb is publicly available by anonymous FTP (ftp://area.ba.
BioWWW/patscanGCG.html cnr.it/pub/embnet/database/utr/ ) and UTRdb entries can be
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<Entry>

iD 3MMU006284 standard; DNA; ROD; 3044 BP. IRON-RESPONSIVE ELEMENT; U0002

XX <Description>

AC CC051318; The “iron-responsive element” (IRE) is a particular hairpin structure located in the 5’
untranslated region {5/-UTR) or in the 3’-untranslated region (3'-UTR) of various mRNAs coding

X for proteins involved in cellular iron metabolism. The IREs are recognized by trans-acting

DT  03-APR-1998 (Rel. 7, Created) proteins known as Iron Regulatory Proteins (IRPs) that c 1 mRNA translation rate and

DT  03-APR-1998 (Rel. 7, Last updated, Version 1) stability. Two closely related IRPs, denmoted as TRP-1 and IRP-2, have been identified so far

x which bind IREs and become inactivated (IRP-1) or degradated P-2) when the iron level in the

cell

) . - creases. IRPs show a significant degree of similarity to mitochondrial aconitase (EC
DE  3'UTR in Mus musculus insulin-like growth factor IT (Igf2) gene, complete . It has bsen shown that under high iron conditions IRP-1, which contains a 4Fe-4S
DE cds. that possibly acts as a cellular iron biosensor, has enzymatic activity and may act as a
w® cytosolic aconitase.
. | Cellular iron homeostasis in mammalian cells is maintained by the coordimate regulation of the
DR EMBL; U71085; expression of “Transferrin receptor”, which determines the amount of iron acquired by the cell,
DR UTR; BB045319; and of “Ferritin”, an iron storage protein, which determines the degree of intracellular iron
DR UTR; BB045320; sequestration. Thus if the cell requires more irom, the level of transferrin receptor has to
DR UTR; BB045321; increase and conversely the level of ferritin has to decrease.
Ferritin, in vertebrates, consists of 24 protsin subunits of two types, type H with Mr of 21 kba

x and type L with Mr of 19-20 kDa. The apoprotein (Mr 450 kDa) is able to store up to 4500 Fe
0S  Mus musculus (house mouse) (I11) atoms.
OC  Eukaryota; Metazoa; Chordata; Vertebrata; Mammalia; Eutheria; Rodentia; The 5-UTR of H- and L ferritin mRNAs contain one TRE whereas multiple IREs are located in the
OC  Sciurognathi; Muridae; Murinae; Mus. 3 -UIR of transferrin receptor mRNA. o .
In the case of low iron concentration, IRPs are able to bind the IREs in the 3'-UTR of H- and L-
XX Ferritin nRNAS repressing their translation and the IREs in the 3’-UTR of transferrin mBNA
uT 3'UTR; Complete; 1 exon(s) increasing its stability. Conversely, if iron concentration is high, IRP binding is diminished,
. v
x which increases translation of ferritins and downregulate expression of the transferrin
: ATiES receptor.
FH  Key Location/Qualifiers IREs have also been found in the mRNAs of other proteins involved in iron metabolism like
FH “erythroid S-aminolevulinic-acid synthase (eALAS) “ imvolved in heme biosynthesis, the rRNA
FT  3UTR EMBL: :U71085:24594..27637 encoding the mitochondrial aconitase (a cifric acid cycle enzyme) and the mRNA encoding the
- /gene=n1gEan iron-sulfur subunit of succinate dehydrogenase (another citric acid cycle enzyme) in Drosophila
: s melanogaster.
FT /product="insulin-like growth factor II" Two alternative IRE consensus (type A or type B) have been found. In certain IREs the bulge is
FT IRE EMBL::U71085:25658..25680 best drawn with a single unpaired cytosine, whereas in others the cytosine nucleotide and two
FT /evidence="Pattern Similarity” additional bases seem to oppose one free 3’ eotide. Scme evidences also suggest a structured
FT /standard_name=r"Irom Responsive Elementh loop with an interaction between nucleotide ome and nucleotide five (in boldcase).
FT /db_xref="UTRsite:U0002" - G o
FT  CPE EMBL: :U71085:26356. .26438 A ¢ A G
FT /evidence="Pattern Similarity" ¢ H ¢ H
FT /standard_name="Cytoplasmic Polyadenylation Element" A -
FT /db_xref="UTRsite:U0005" ot N
FT  NANOS EMBL: :U71085:27558..27572 o o
FT /evidence="Pattern Similarity" CNN CN“
FT /standard _name="nanos Translation Control Element" - .
FT /db_xref="UTRsite:U0007" NN X
FT  RSINE2 EMBL: :U71085:25414 . .25462 NN NN
FT /evidence="Pattern Similarity" o A
FP /repeat_name="RSINE2"
FT /repeat_class="SINE/B4" The lower stem can be of variable length and is AU-rich in transferrin mRNA. W=A,U and D=not G.
XX N <Pattern>
i : N . 71 . . . rl= a,9¢,cg,gu,ug} ! rl represents pairing rules

SQ  Sequence 3044 BP; 775 A; 825 C; 710 G; 734 T; O other; (pl=2...8 c p2=5...5 CAGWGH rl~p2 rl-pl | pl=2...8 nnc p2=5...5 CAGWGH rl~p2 n rl-pl)

ATCAAATTAT GTGGTAATTC TGCAATGTAG TACCATCAAT CTGTGACCTC CTCTTGAGCA 60 1 {type Altype B)

GGGACAGTTC CATCACGTCC CACACTAAGA TCTCTCTGCT CCACTCCCTC CCCAGGTTTC 120 <Bibliography>

____________________________________________ Hentze MW and Kuhn LC (1996) Molecular control of vertebrate iron metabolism: KRNA based
7 A regulatory circnits operated by iron, nitric oxide, and oxidative stress. Proc. Natl. Acad. Sci.

USA 93: 8175-8182.

Figure 1. Sample entry of UTRdb. Specialized information not present in the
primary EMBL/GenBank database is shown in boldcase with active crosslinks

with other databases underlined. The ‘UT’ line reports informatic_m about (IRE)' (20). The IRE functional pattern which consists of both primary and
completeness or not of the relevant UTR entry (€.g. complete or partial) as wellse . ondary structure information is described in the ‘Pattern’ section according

as the number of spanned exons in the case of genomic DNA sequences. Thg e format adopted by PATSCAN program (http://bio-www.ba.cnr.it:8000/
presence in this sequence entry of an ‘iron responsive element’ (20) (UTRS'teBioWWW/patscanGCG.htmI ).

entry: U0002), of a ‘cytoplasmatic polyadenylation element’ (27) (UTRsite
entry: U0005), of a Nanos element (28) (UTRsite entry: U0007) and of a
repetitive element SINE/B4 has been also annotated.

Figure 2. Sample entry of UTRsite describing the ‘iron responsive element

indications for further experimental work, such as site-directed
mutagenesis.

; ; UTRdb will be updated with the new EMBL database releases
retrieved on the Web by using SRS at the EBI WWW server L X ¢ >
(http://srs.ebi.ac.uk:80/ )yor at %he BioWWW server (http://bio-‘"’anI UTRsite W'”_be continuously update(_JI by ".idd'ng new entries
www.ba.cnr.it:8000/srs/ ). SRS retrieval allows crosslinking!€Scribing functional patterns whose biological role has been
between UTRdb, EMBL/GenBank and UTRsite entries. Th&XPerimentally demonstrated.
computer program UTRscan (http://bio-www.ba.cnr.it:8000/cgi-
bin/BioWWW/UTRscanHTML.pl ) has been made available ttACKNOWLEDGEMENTS
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The important role that UTRs of eukaryotic mRNAs may play i

gene regulation and expression is now widely recognized. Inde

experimental studies have demonstrated that sequence moti

located in the UTRs are involved in crucial biological functions.
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