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The 1983 collection (1) of mature 5S RNA sequences is updated. The

sequences reported are based on actual sequence determinations and not on

the basis of oligonucleotide catalogues. Some of the earlier published

oligonucleotide catalogues are given in reference 2.

For a summary of the possible structure and function of the ribosomal

5S and 5.8S RNAs the reader is refered to references 3-8.

For this year the collection of 5S RNA sequences will be presented ac-

cording to the recently proposed secondary structure model of De Wachter,

Chen and Vandenberghe (8), even though we realize that these structures,

being deduced by a comparative approach, have not been experimentally proven

to be correct. Not all investigators agree that the double-stranded area

D-D' (see below) is present in eubacterial as well as in eukaryotic 5S RNAs.

We would like to thank those colleagues who have sent us their pre- or

reprints on small ribosomal RNA sequences in 1983, and who have pointed out

several mistakes in our previous collection.

ALIGNMENT OF 5S rRNA SEQUENCES

The alignment of 5S RNA sequences is divided in 5 groups : eubacteria,

chloroplasts, plant mitochondria, archaebacteria, and eukaryotes. The pro-

cedure followed to align the sequences, described in detail elsewhere (8),

is based on the presence of conserved bases, indicated on the secondary

structure models in Fig. 1. The set of conserved bases differs slightly

from one group to another, but there is a sufficient number of universally

conserved positions to allow an alignment of each of the 5 groups with re-

spect to the others. Although the number of 5S RNA sequences has increased

from 93 in the previous collection (1) to 175 in the present one, the

number of positions needed to align all these sequences has decreased from

150 to 148. This is because some superfluous positions could be eliminated
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as a consequence of sequence corrections (9,10) whereas only one new

position had to be created to accomodate new sequences. Other corrections

which are in progress may allow further simplification in the future. The

148 positions needed do not include a 108 nucleotide insertion between

positions 124 and 129 in Halococcus morrhuae 5S RNA.

SECONDARY STRUCTURE MODEL

All presently known 5S RNA sequences can be fitted in a uniform secon-

dary structure model (8) featuring 5 double-stranded areas indicated on the

alignments as A-A', B-B', C-C', D-D' and E-E', in the order of occurrence

from 5'- to 3'-end. In order to state the topological rules that this model

obeys it is useful to consider the following definitions :

- Double-stranded area: an area consisting of a single helix segment or of

several helix segments connected by bulges or, more exceptionally, by

small interior loops.

- Helix segment: a stretch of double helix uninterrupted by bulges or

interior loops.

- Standard base pair: one of the base pairs G.C, A U and G*U.

- Non-standard or odd base pair: one of the 7 other conceivable base pairs.

The topological rules can then be summarized as follows. A hairpin

loop cannot contain less than 3 bases. A helix segment should consist of at

least two standard base pairs. Any non-standard base pair occurring in such

a segment should be intercalated between two standard base pairs.

The non-standard base pairs postulated in the secondary structure model

occur most frequently in area E-E', as well as in area D-D' of plant and

eubacterial 5S RNAs. It is extremely rare to find more than one non-

standard pair in any one double stranded area.

The secondary structure is represented in Fig. 1. There are slight

variations in the dimensions of helices and loops, as well as in the set of

conserved bases, among the 5 major groups of sequences. Even within one

group such as the eukaryotes, there are variations. Fig. 1 shows the most

commonly encountered structure within each of the two groups, eubacteria

and eukaryotes, for which the largest set of sequences is known. It should

be realized that the set of residues conserved at the 90% level, which are

indicated on both models, may change slightly as the number of known se-

quences will increase in the future.
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Fig. 1. General shape of the secondary structure model in eubacteria and in
eukaryotes. A to E, double-stranded areas; M, multibranched loop;
Il, I2, interior loops; H1, H2, hairpin loops. Residues conserved
at the 90% level are indicated by the conventional character, less
conserved positions by filled circles. Terminal bases that are not
present in all 5S RNAs are symbolized by hollow circles. Squared
symbols indicate positions in eubacterial 5 S RNAs that have no eu-
karyotic counterpart and vice versa. Some of the conserved resi-
dues common to eubacterial and eukaryotic 5S RNAs are numbered to
facilitate comparison with the alignment.
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ABBREVIATIONS AND CONVENTIONS USED IN THE 5S rRNA ALIGNMENTS AND REFERENCES

The double-stranded areas A-A', B-B', C-C', D-D' and E-E' are boxed.

Bulges or small interior loops connecting helix segments within a double-

stranded area are indicated by nested boxes. Bases belonging to odd base

pairs within a helix segment are put in parentheses. Terminal residues

found in submolar amounts because of length heterogeneity in the 5S RNA

preparations are written in lower case characters.

For some species, more than one sequence has been published. The

following cases may be distinguished:

- A published sequence has been reexamined later and corrected: in this case

only the corrected sequence appears in the alignment, but the reference of

the original paper is mentioned, followed by the reference of the correc-

tion.

- Different sequences have been published and it is not known which is the

correct one, or different strains have been examined: all reported se-

quences are aligned and numbered sequentially.

- A single species contains more than one 5S RNA variant due to gene poly-

morphism: if the variants have been isolated and separately sequenced,

each variant sequence is aligned. If heterogeneity was detected during

sequencing of a mixture, a single sequence is aligned and heterogeneous

positions are mentioned in a footnote on the reference page. The position

numbers refer to the alignment and not to the distance from the

5'-terminus.

The taxonomic position indicated for each species on the reference page

is according to Kaestner (11) for the metazoa and protozoa, Ainsworth et al.

(12) for the fungi, Engler (13) for the plants, Fritsch (14) for the algae

and phytoflagellates, Zillig et al. (15) for the archaebacteria, and ac-

cording to the 8th edition of Bergey's Manual (16) for the eubacteria. In

some cases the rank of a taxon has been altered according to newer systemat-

ic insights as discerned by the authors.

ALIGNMENT OF 5.8S rRNA SEQUENCES

The alignment of 5.8S rRNA sequences does not take into account any

potential secondary structure interaction. To facilitate the recognition

of species, the name of a higher taxon, beleived to represent a monophyletic

group, is given in parentheses. Sequences solely determined at the DNA

level are marked by an asterisk in front of the species name. 2'-0-methyl-

riboses are indicated by underscoring and pseudouridine by P. The position
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of the internal transcribed spacer in diptera is marked by 0. As explained

previously (141), the vertebrate sequences published before 1978 probably

all contain the same sequencing error, which was revealed when the Xenopus

laevis (132,133), rat (123) and mouse (128) sequences were reexamined at the

DNA level. In analogy the GC at position 50 of the original sequences of

Xenopus borealis, chick, turtle and trout has been omitted. We would like

to point out that the latter sequence alterations have not been confirmed

by sequencing data.

The program ALIGNSTAT (152) available as part of the program package

SAGE for the IBM PC/XT was purchased from Technoma, Heidelberg, West

Germany. It was run on the IBM 3081 computer of I.P. Sharp Associates in

Toronto, Canada.

ACCESSIBILITY OF THE DATA

The 5S and 5.8S rRNA databases are now also online accessible world-

wide via the I.P. Sharp Timesharing Network. Requests should be sent either

to Volker A. Erdmann or to mailbox code VAEFU in the I.P. Sharp electronic

mail system. In the near future the databases will also be integrated into

the EMBL nucleotide sequence data library.
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