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ABSTRACT

Uridine insertion/deletion RNA editing is a post-
transcriptional RNA modification occurring in the
mitochondria of kinetoplastid protozoa. The U-insertion/
deletion Edited Sequence Database is a compilation of
mitochondrial genes and edited mRNAs from five
kinetoplastid species. It contains separate files with the
DNA, mRNA (both unedited and edited) and predicted
protein sequences, as well as alignments of the
Leishmania tarentolae and Trypanosoma brucei protein
sequences from edited and unedited genes. The
sequence files are in GCG format. A ‘map’ sequence file
showing the location of U-deletions, U-insertions and
the translated amino acid sequences is also provided
for each gene. Genomic maps for each species are also
provided with clickable genes, including maxicircle-
encoded gRNAs. Sets of aligned nuclear rRNA
sequences from kinetoplastid protozoa are also
provided, which were used for phylogenetic
reconstructions in an analysis of the origin of RNA
ediing. The database is available through the
World Wide Web as an HTML document at the URL
http:/Mmww . lifesci.ucla.edu/RNA/trypanosome/database.html

INTRODUCTION

downstream of the region to be edited, thereby forming the
‘anchor duplex’ {7). A single gRNA mediates the editing of a
‘block’ of sequence. Frequently, an editing domain consists of
multiple overlapping gRNAs. The 3 5' polarity of editing-site
selection within a domain is caused by the creation of anchor
sequences for upstream gRNAs by downstream editi)g (

The maxicircle molecules correspond to the informational
DNA molecules in other organisms, and encode two rRNAs,
18 structural genes and a few gRNAgL9,20). The minicircle
molecules encode the majority of the gRNAs. The kinetoplastid
protozoa consist of at least two major lineages, the trypanosoma-
tids and the bodonids/cryptobiid&l(22). The trypanosomatids,
which are the best studied organisms, contain a single network
consisting of thousands of catenated minicircles and maxicircles
situated within the single mitochondrion adjacent to the basal
body of the flagellum. Only one example of the second major
lineage has been studied in detail. The cryptobiyghanoplasma
borreli, contains two types of circular mitochondrial DNA
molecules: the 40-80 kb circles contain rRNA genes, structural
genes and cryptogenes, and the 180—200 kb circles contain gRNA
genes 23-25).

We describe here a database of mitochondrial genes, cryptogenes,
and edited mRNA sequences from kinetoplastid protozoa.

DESCRIPTION OF DATABASE

This database (Fid) is a compilation of mitochondrial sequences

Multiple mRNAs from the maxicircle mitochondrial genome of from four trypanosomatid speci¢gishmania tarentola@-ig. 2A),
kinetoplastid protozoa undergo uridine (U)-insertion/deletionTrypanosoma brucék-ig. 2B), Trypanosoma cruziot included as
RNA editing (.-5). In this process, Us are inserted and deleted at clickable map)Crithidia fasciculata(Fig. 2C), and one cryptobiid
precise sites, usually within coding regions. Editing provides apecies,Trypanoplasma borrel{Fig. 2D). The database contains
mechanism for the alteration of the reading frame and, in sonfies of the 9S and 12S mitochondrial rRNA sequences, the

cases, the creation of translation initiation coddhs){ Genes

sequences of unedited structural genes, pre-edited cryptogenes, fully

whose transcripts are modified by RNA editing are terme@dited MRNAs, and the predicted peptide sequences encoded by the
‘cryptogenes’ §), and the region in which editing occurs is termedunedited genes and the fully edited mRNAs. All files are HTML
the ‘pre-edited region’ or the ‘editing domain’. In several instanceglocuments, with the sequences in GCG format, which can be
editing is so extensive as to take an unrecognizable G-rictcessed either by clicking the name of the gene in a Tabl8)(Fig.
cryptogene and render it into an open reading frame; this is termedthe gene itself in a genomic mépg. 2A-D). Preceding each

‘pan-editing’. The resulting edited RNAs are haogous to
sequences encoding known mitochondrial protéirsa).

sequence is the gene name, the species, the accession number i
GenBank, and notes on sequence correctiorissad3ocalizations.

The information for the precise insertion and deletion events in A ‘map’ file is also provided for each gene. The map file
a cryptogene transcript is provided by guide RNAs (gRNAs)onsists of the DNA sequence (the pre-edited sequence for
Guide RNAs can base-pair to the pre-edited mRNAs justryptogenes), followed by the RNA sequence (fully edited when
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The U-insertion/deletion Edited Sequence
Database

This database contains sequences of mitochondrial genes and cryptogenes from kinetoplastid
protozoa. Edited mRNA sequences and translated amino acid sequences are also provided. The
sequences are in GCG format and can be obtained as HTML files either by clicking the gene in
the genomic maps, or by clicking the gene name in the Table. A novel "map" format provides the
edited RNA sequence aligned with the genomic DNA sequence and the translated amino acid
sequence; both U-deletions and U-insertions are indicated by gaps in the edited sequence or the
genomic sequence. In the Leishmania tarentolae genomic map, the sequences of the maxicircle-
encoded gRNAs are also indicated. For Trypanoplasma borreli, the sequences of the known
gRNA genes encoded in the 200 kB component I DNA are provided. Alignments of nuclear
rRNAs of kinetoplastids are also provided in the proper format for running phylogenetic
programs.

Map of L. tarentolae maxicircle with clickable genes.

Map of T. brucei maxicircle with clickable genes.

Map of T. borreli maxicircle with clickable genes.

Map of C. fasciculata maxicircle with clickable genes.

Table of maxicircle genes in different species with links to sequences.

Ribosomal RNA alignments for phylogenetic reconstructions of kinetoplastid protozoa.
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Figure 1. The U-insertion/deletion Edited Sequence Database web site, located at the following URL: http://iww.lifesci.ucla.eddRdsangidatabase.html . This
site provides access to clickable genomic maps of the maxicircle DNA4. fiamentolae, T.brucei, C.fasciculatand T.borreli (Fig. 2A-D), a Table of maxicircle genes
from these species (Fig. 3), and several sets of aligned nuclear rRNA sequences from several kinetoplastid species.

appropriate), and the translated amino acid sequence underneath

the edited RNA sequence. The DNA sequence of edited genes

contains gaps at the positions corresponding to U insertions, amgure 2. (Overleaf) Clickable genomic maps of maxicircle DNAs from four
the edited RNA sequence contains gaps at positions of lWnetoplastid speciesa] L.tarentolag (B) T.brucej (C) C.fasciculataand D)
deletions. This is useful since the specific U-deletion informatiorT.borreli. The molecules are linearized. Genes above the line are ih-tl% 5

is otherwise difficult to determine from the separate sequenceirection, left to right, and genes below are in the opposite orientation. The
files. Nucleotide and amino acid numbering is provided, the topj]umber of Us added qnd deleted are indicated for each e(jiting domgin in the
line of numbers corresponding to nucleotide positions in the DN/A-tarentolagandT.bruceimaps (A and B), and the number of sites shown in par-
sequence, the second row of nucleotide numbers (located belcﬁ&hes'sf The locations of maxicircle-encoded gRNAs are indicated and the
the RNA sequence) to the mature RNA, and the bottom line to tr%é\lAs identified by gene and editing block(%' within the editing domain).

. . . . . ful f h and 9S, mitochondrial rRNAs; CO, cytochrome oxidase; MURF, maxicircle
predicted amino acid sequence. This format is useful for t Bnidentified reading frame; ND, NADH dehydrogenase; CYb, cytochrome b;

design of primers for various analyses. _ _ A6, ATPase subunit 6; RPS12, ribosomal protein S12; G1-G5 and CR1-CRS,
The alignment of th&.bruceiandL .tarentolaepredicted amino  G-rich regions 1-5. Clicking on the gene gives an HTML file of the unedited or

acid sequences of each mitochondrial gene from both edited améited sequence. Clicking on the gene name gives the map file. Clicking on the
unedited RNA sequences is provided. These pairwise alignmenggecies name gives the entire maxicircle sequence from GenBank.
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U insertion/deletion editing in kinetoplastid mitochondria
' Sequence Database

Total Maxicircle Sequences:

L. tarentolae (partial - lacks complete divergent region)
T. brucei

C. fasciculata (partial - two files)
File 1 (9S and 12S rRNAs, COII, 5' end of Cyb)
File 2 (ND1, COII, Murf2 and the 3' portion of COI)

Gene:

Mitochondrial ribosomal RNA genes
9S rRNA
* L. tarentolae
» T. brucei

* C. fasciculata
12S rRNA

e L. tarentolae
» T. brucei
* C. fasciculata

COI1
Edited mRNA
o T. borreli
Unedited mRNA
* L. tarentolae
o T. brucei
o T. borreli
* C. fasciculata
Amino acid sequence of mRNA
* L. tarentolae
s T. brucei
» T. borreli
* C. fasciculata
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map :
s L. tarentolae
* T. brucei
e T. borreli
* C. fasciculata

con
Edited mRNA
* C. fasciculata
* L. tarentolae
e T. brucei
* T. cruzi
Unedited mRNA
* C. fasciculata
e L. tarentolae
o T. brucei
s T. cruzi
Amino acid sequence of mRNA
s C. fasciculata

s L. tarentolae
» T. brucei
o T. cruzi

Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map

* C. fasciculata

* L. tarentolae

* T. brucei

* T. cruzi

Colll
Edited mRNA
* C. fasciculata
» L. tarentolae
* T. brucei
Unedited mRNA
* C. fasciculata
* L. tarentolae
e T. brucei
Amino acid sequence of mRNA
* C. fasciculata
* L. tarentolae
» T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
* C. fasciculata -
* L. tarentolae
» T. brucei

Cyb
Edited mRNA
* C. fasciculata
* L. tarentolae
* T. brucei
* T. borreli
Unedited mRNA
* C. fasciculata
e L. tarentolae
 T. brucei
» T. borreli
Amino acid sequence of mRNA
* C. fasciculata
* L. tarentolae
» T. brucei
s T. borreli
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
* C. fasciculata
» L. tarentolae

Figure 3. Table of mitochondrial genes. The sequence of each gene is accessible by clicking the species name. The sequencesraratim@iCthd exception

of the map filesT.cruzisequences are also included.
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» T. brucei
e T. borreli

G3

Edited mRNA
s L. tarentolae

Unedited mRNA
e L. tarentolae

Amino acid sequence of mRNA
s L. tarentolae

Map
s L. tarentolae

G4 (CR4)
Edited mRNA
» L. tarentolae
s T. brucei
Unedited mRNA
* L. tarentolae
e T. brucei
Amino acid sequence of mRNA
e L. tarentolae
» T. brucei
Bestfit alignment of proteins - L. farentolae vs T. brucei
Map
¢ L. tarentolae
» T. brucei

MURF1
Unedited mRNA
s L. tarentolae
o T. brucei
Amino acid sequence of mRNA
s L. tarentolae
o T. brucei
Bestfit alignment of proteins - L. farentolae vs T. brucei
Map
¢ L. tarentolae
s T. brucei

MURF2
Edited mRNA
* C. fasciculata
e L. tarentolae
* T. brucei
Unedited mRNA
* C. fasciculata
s L. tarentolae
e T. brucei
Amino acid sequence of mRNA
* C. fasciculata
s L. tarentolae
* T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
» C. fasciculata

Figure 3. continued

* L. tarentolae
s T. brucei

A6 (MURF4)
Edited mRNA
¢ C. fasciculata
* L. tarentolae
¢ T. brucei
o T. cruzi
Unedited mRNA
* C. fasciculata
* L. tarentolae
e T. brucei
e T.cruzgi
Amino acid sequence of mRNA
* C. fasciculata
» L. tarentolae
e T. brucei
e T cruzi
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
* C. fasciculata
e L. tarentolae
» T. brucei
e T cruzi

MURF5
Unedited mRNA
e L. tarentolae
s T. brucei
Amino acid sequence of mMRNA
* L. tarentolae
» T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
» L. tarentolae
* T. brucei

ND1
Unedited mRNA
* L. tarentolae
¢ T. brucei
» C. fasciculata
Amino acid sequence of mRNA
e L. tarentolae
¢ T. brucei
* C. fasciculata
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
¢ L. tarentolae
s T. brucei
¢ C fasciculata

ND3 (G5,CR5)
Edited mRNA
* L. tarentolae



s T. brucei
Unedited mRNA
e L. tarentolae
e T. brucei
Amino acid sequence of mRNA
e L. tarentolae
o T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
¢ L. tarentolae
o T. brucei

ND4
Unedited mRNA
» L. tarentolae
s T. brucei
Amino acid sequence of mRNA
* L. tarentolae
» T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
s L. tarentolae
e T. brucei

ND5
Unedited mRNA
¢ L. tarentolae
s T. brucei
Amino acid sequence of mRNA
* L. tarentolae
e T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
e L. tarentolae
* T. brucei

ND7
Edited mRNA
* C. fasciculata
e L. tarentolae
e T. brucei
Unedited mRNA
* C. fasciculata
» L. tarentolae
* T. brucei
Amino acid sequence of mRNA
* C. fasciculata
e L. tarentolae
e T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
¢ C. fasciculata
e L. tarentolae
e T. brucei

ND8 (G1,CR1)

Figure 3. continued
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Edited mRNA
e L. tarentolae
e T. brucei
Unedited mRNA
e L. tarentolae
e T. brucei
Amino acid sequence of mRNA
e L. tarentolae
e T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
* L. tarentolae
* T. brucei

ND9 (G2,CR2)
Edited mRNA
* L. tarentolae
s T. brucei
Unedited mRNA
s L. tarentolae
s T. brucei
Amino acid sequence of mRNA
* L. tarentolae
* T. brucei
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
s L. tarentolae
e T. brucei

RPS12 (G6,CR6)
Edited mRNA
* C. fasciculata
o L. tarentolae
s T. brucei
o T. borreli
Unedited mRNA
* C. fasciculata
e L. tarentolae
o T. brucei
e T. borreli
Amino acid sequence of mRNA
* C. fasciculata
e L. tarentolae
o T. brucei
e T. borreli
Bestfit alignment of proteins - L. tarentolae vs T. brucei
Map
* C. fasciculata
e L. tarentolae
e T. brucei
* T borreli
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were performed using the BESTFIT local homology program iiREFERENCES
the GCG package26). Identities are designated by and
conserved substitutions by and *.". ) )

Nuclear ribosomal RNA alignments are provided for multiple  SmPson - and Thiemann,O.H. (195l 81, 837-840.

. . . ; . . . impson,L., Maslov,D.A. and Blum,B. (1993) In Benne,R. @NA
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