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INTRODUCTION thias.Sprinzl@uni-bayreuth.de. Software allowing search for

tRNA sequences according to several criteria, e.g. source, partial

guence, modified nucleoside, anticodon, amino acid specificity
printout of sequences in a form of tables or cloverleaves, is
available.

The 1995 compilation contains 2700 sequences of tRNAs a
tRNA genes. The last edition which appeared two yearslago (5,
was supplemented by 694 new sequences. The sequences
tRNA mutants and of tRNAs originating from transformed or
differentiated cells were not considered.

The tRNAs included in the compilation are listed in Tdble
Each tRNA or tRNA gene is specified by the (abbreviated) naniéhe sequences in the database are divided into three parts. The
of the organism from which it was isolated and a four digit coddirst two parts contain the sequences of the tRNA genes and
the first three digits identify the organism, the last digit specifieiRNAs, respectively, which can be fitted into the canonical tRNA
the particular isoacceptor. The amino acid specificity of the tRNAlignment. The third part contains tRNA and tRNA gene
is indicated by a one-letter amino acid code. The tRNAs codirggquences, mainly of animal mitochondria, whose secondary
for selenocysteine were annotated with the letter Z. Initiatatructures differ from most tRNAs and could not be aligned
tRNAs are annotated with the letter X. according to Figuré.

The sequences, references and footnotes of tRNAs and tRNAAN example for sequence presentation in the database is given
genes listed in Tableare deposited in the European Bioinformat-in Table 2. Each sequence in the compilation occupies two
ics Institute (EBI) Data Library. The references are restricted wnsecutive lines. The first line begins with the letter ‘D’ or ‘R’
the first complete publication of the sequence unless additiorehd contains the six-position identification code of the sequence
information (e.g. base modification, corrections, etc.) was lat¢D’ or ‘R’ for DNA or RNA, respectively; a one-letter code for
obtained. In such cases additional references were added. the amino acid, X for methionine-initiator, Z for selenocysteine;

In order to facilitate a computer analysis an alignment is useahd the four-digit code specifying the organism and isoacceptor.
which is most compatible with the tRNA phylogeny and knowrfter this, the sequence of the anticodon (in the case of tRNA
three-dimensional structures of tRNA. The correspondingequences in its modified form) is given, followed by the name
numbering system is shown in Figdre and the kingdom of organism (Tallg and the sequence (99

As was the case in the previous editidnthis publication does standard positions). The second line begins with the sign ‘+' and
not contain a sequence printout. Instead, the sequences have loeerains the information about base-pairing (double helical
deposited in the EBI Data Library. This publication should beegions only, tertiary interactions are not annotated). All other
therefore quoted as a reference for data obtained from tlieesinthe compilation begin with signs other than ‘D, ‘R’ or ‘+’
electronically accessible database. Information on how to accéssually *') and contain comments.
the sequence files can be obtained by electronic mail: send emaMucleotides involved in Watson—Crick pairs are marked with
to Netserv@ebi.ac.uk containing the command ‘HELP TRNA.=, the G-U pairs are indicated with the sign **’. Nucleotides 26
The help file will contain all the information needed to obtain thand 44 are considered to form a base pair included in the
requested sequence. The tRNA database is also available afsicodon stem (Fid.).
anonymous FTP from ftp.ebi.ac.uk in the directory pub/databasesiThe sequences in original publications denoted as ‘yeast’ are
tRNA. It is also distributed on the EBI CD-ROM. Contact the EBlssigned t&accharomyces cereviside user should be aware,
Data Library, Hinxton Hall, Hinxton, Cambridge CB10 1RQ, UKhowever, that some of these organisms have possibly been
(Fax: +44 1223 494468, email: DataLib@EBI.AC.UK). misclassified and that the original literature should be consulted.

Researchers who wish to obtain the sequence information on &his compilation uses a one-letter code for all nucleotides
floppy disk, or as a hardcopy should contact M. Sprinzlincluding modified ones. For standard nucleotides, adenosine,
Laboratorium fiir Biochemie, Universitat Bayreuth, D-9544Ccytidine, guanosine, thymidine and uridine the usual abbrevi-
Bayreuth, Germany, Fax: +49 921 552432, email: Maations, A, C, G, T and U, respectively, are used. To designate

Presentation of sequences
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Table 1.List of tRNA sequences and sequences of tRNA genes included in the compilation L ial B
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nucleotides in the stem are numbered from 11 to "i3r&Bch)

and from 27 to 21, in reverse ordef;l§Banch), to indicate base
pair formation between nucleotides 11-21, 12-22, etc. XJig.

In the tRNAs where the extra arm position 45 is empty but where
the nucleotides 46-48 between the extra arm and T-domain are
present, the positions will be filled in the order 48, 46, 47, i.e.
tRNASs use position 48, 46 and 47 for the first, second and third
nucleotide, respectively, depending on the length of the sequence
in this region. A similar situation occurs in tRNAs without a long
extra arm, where the most variable position 47 is deleted in many
sequences.

Alignment of animal mitochondrial tRNAs

In properly aligned tRNA sequences, nucleotides occupying the
same position in different tRNA sequences should play a
comparable structural or functional role. Most animal mitochon-
drial tRNAs cannot be easily aligned with other tRNAs mainly
because of the absence of information about their three-dimen-
sional structure. Experimental data, however, point to the
existence of tertiary interactions in these tRNAs. In this
compilation, we use an alignment which accounts for these
interactions as much as possible. Where we could do so, the
Figure 1. Numbering of nucleotides in tRNAs. Circles represent nucleotides animal mitochondrial tRNAs were included in Parts | and Il. The
which are always present; the ovals, nucleotides which are not present in ea@nignment of animal mitochondrial tRNA is, however, not yet
structure: these are nucleotides before the position 1 ofreéhd Sefore and unambiguous.

after the two invariant GMP residues 18 and 19 in the D-loop, and the S imal mitochondrial tRNAs h letel |
nucleotides in the variable loop. The nucleotide to be added at a given site is ome animal mitochonarial t S have completely unusua

indicated by the number of the preceding nucleotide followed by a colon angecondary structure and cannot be fitted in the tRNA alignment
aletter in alphabetical order. The nucleotides in the variable stem have the prefissed here (Parts | and Il). We treated these sequences separatel
‘e’ and are located between positions 45 and 46 obeying the base-pairing “"eiﬁcluding them in Part Ill. Here, each particular sequence has its

The nucleotides in the-Strand and the'3trand are numbered by ell, el2, . : .
el3, ... and e21, e22, e23, ... respectively; and the second digit identifies tr%W” ahgnment' To this group belong the tRNAs from: (I)

base-pair. In the case of a long variable region, the loop can be formed by u@!tOChondr!a ofa paraSitiC_Worm lacking the T-,or D-c_lomain; (ii)

to five nucleotides: e1, €2, e3, e4 and e5. mitochondria of molluscs, insects and echinoderm, with extended
anticodon and T-stems; (iii) mammalian mitochondria, lacking

e . . the D-domain.

modified nucleotides, the other ASCII signs are employed asc,. some tRNA genes the secondary structure pattern cannot

deﬁlned '(;‘ Tables. T_erm_motllgg’g\l);\and structurs of the dmOd'f'Ed be clearly established. We have also included these sequences ir

nUCIEoSIdEs occurring In s were used accordingo ( payt |y, It js possible that post-transcriptional modifications of

Positions in particular sequence which are not filled (gaps in ttﬂﬁ

: ! L ese tRNAs will result in improvement of the secondar
generalised structure, Fig) are indicated by a dash. All structure P y

nucleotide insertions are denoted by underlining at the place 0

insertion. ACKNOWLEDGEMENTS
_ . _ _ This project was supported by Fonds der Chemischen Industrie,
Numbering and alignment of the variable region Deutsche Forschungsgemeinschaft, Project Sp 243/5-1, and

The alignment of the variable region has been done in accorda’l]\églekuIargenetlscher Arbeitskreis Rhein/Main e.V.

with Steinberg and Kissele8)( The extra arm is placed between

nucleotides 45 and 46. The extra arm includes two double heli¢ggE FERENCES

strands forming a stem and a loop. The annotations of the

nucleotides in the extra arm positions begin with the letter ‘e? géembggg S., Misch A. and Sprinzl, M. (198&cleic Acids Reg1,
(extra) followed by a one- or two-digit number. We have .reserveq Lin::tachlPS.A., Crain P.F. and McCloskey, J.A. (1994gleic Acids Res
a space for 7 base pairs in the stem and 5 nucleotides in the 100p 22 2183-2106.

The nucleotides in the loop are numbered from 1 to 5, whereas the Steinberg S.V. and Kisselev L.L. (19%pchimie74, 337-351.
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Table 2.Format of tRNA sequences in EBI databank
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(Continued in the EBI databank. See text for instructions.)
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Table 3.Modified nucleosides in tRNA and their abbreviations
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