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Comparison of the nucleotide sequences of "structural" RNAs (ribosomal and transfer
RNA) has enabled the construction of phylogenetic trees to be achieved. Data from 16S rRNA,
5S rRNA, and tRNA from a total of eight Mollicutes (excluding T. acidophilum) including
representatives of the families Mycoplasmataceae, Spiroplasmataceae, and Acholeplasmata-
ceae, show that these families share a close relationship and a common ancestor with the gram-
positive eubacteria. Thermoplasma acidophilum is a member of the kingdom Archaebacteriae
and has no relationship to the other Mollicutes.

The ideal information required for studying the phylogenetic relationship between
different species is obviously the complete nucleotide sequence of the genome. While
it is now possible to obtain this information and for one or two organisms this may
well be available within a year or so (the longest sequence available in April 1983 was
48,502 base pairs) [1], it is unlikely that, in the foreseeable future, this information
will be available for even a representative sample of organisms. The work entailed is
unlikely to be justified by the results obtained.
Thus as a compromise it is necessary to compare limited pieces of the genome

which are related to each other or, alternatively, to look at the gene products. At
present, to identify the genome position coding for a specific protein can be a
lengthy business, the alternative of comparing protein sequences is also tedious, and
differences in genome sequence are often masked by code degeneracy. In any case,
there are few, if any, proteins which are present in all species and which can be
recognized as having evolved from a common precursor and so, although some
valuable information in terms of fine structure has been obtained by comparison of,
for example, cytochrome C sequences [2], the method does have its limitations.
There thus remains the possibility of comparing the gene products which are

transcribed but not translated- the ribosomal RNAs (rRNA) and transfer RNA
(tRNA). Comparison of the genome sequence coding for these "structural"
molecules has the advantage that they are present in all cells and had thus evolved
into their present form before the precursors of any of the species now present di-
verged. Thus in principle there should be no barrier to the comparison of phyloge-
netic relationships of species in all kingdoms.

If we accept that these structural RNAs (as compared to mRNA which contains its
information in the form of nucleotide sequence) are suitable candidates for the study
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of phylogenetic relationships, we have four candidates in any one species for con-

sideration. These are three ribosomal RNAs-two from the large subunit and one

from the smaller subunit -and as these will be the focus of another paper from this
Symposium, they will only be briefly mentioned here for the sake of completeness.
The large rRNA from the large subunit (23S in the bacterial system) has about 3,700
nucleotides. To sequence this length of RNA is still very difficult as RNA sequencing
is not as straightforward as DNA sequencing and, whereas this length of DNA
would be a reasonable task to approach for many different organisms, very few
RNA sequences of this size have been reported [1]. The alternative of locating the
gene for this rRNA species and sequencing that is again possible but tedious if many
hundreds of different species need to be compared.
The rRNA from the small subunit (16S in the bacterial system) contains around

1,700 nucleotides. This is still a formidable challenge either by sequencing directly or

by locating and sequencing the genome. A compromise has been made with this
rRNA by Woese and his co-workers, who have compared sequences of the
oligonucleotides produced by T1 RNase digestion of this rRNA from several hun-
dred species [3,4]. This work led to the discovery of a hitherto unrecognized
kingdom-the Archaebacteriae-whose members are as phylogenetically distinct
from the Eubacteriae (true bacteria) as the latter are from the Eukaryotes. This
work, which has been extensively reviewed, has laid the groundwork for our

understanding of phylogeny on a molecular basis and has provided detailed
phylogenetic trees which appear to be very sensible in areas where there is little con-

troversy and hence demonstrates that this approach to phylogeny via the study of
molecular sequences is valid.
The small ribosomal RNA (5S) was originally thought to be far too small (- 120

nucleotides) for it to be able to still contain any phylogenetic information of any im-
portance. The advantage of this molecule as a candidate for phylogenetic studies is
that it is very easily isolated and sequenced and therefore can be readily compared
from a wide range of species. This molecule has also been of considerable interest to
molecular biologists for some years, and hence many sequences were available [5]
when an attempt to extract phylogenetic information was made. Three groups have
shown that this is a very real possibility, and phylogenetic trees have been published
[6,7,8].
There now remains tRNA as the final molecule to be considered, which is the

main subject of this review. tRNAs have one advantage, namely that they are in-
teresting molecules in terms of structure and function in protein biosynthesis and
they have therefore attracted a good deal of attention and were indeed the first
nucleic acid to be sequenced [9]. Since then, several hundred sequences have become
available [10], determined for the most part by people who had no or little interest in
phylogeny. However, there are several disadvantages in sequencing tRNA molecules
for phylogenetic purposes. Although the molecules are relatively small (-70-90
nucleotides), any cell normally contains around 50 or more different tRNAs which
are used to translate the 61 codons. To sequence a tRNA, a unique species has to be
isolated, and this can involve a lengthy process of separating the one molecular type
required from some 50 or more almost identical molecules. RNA sequencing is not
easy and tRNA sequencing is even more difficult because of the tight tertiary struc-
ture of the molecule and the presence of many modified bases.

There then arises the question as to whether the tRNA molecule contains any

phylogenetic information anyway. Certainly, until recently the general opinion was
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that it did not [11]. The molecule is small, there are many "invariant" bases (those
which are present in the same position in nearly all tRNAs from all species), and
within the double-stranded regions, if one base changed, in order to retain the base
pair, the partner automatically has to change; thus the number of independent
separate mutations which are allowable is much lower than the number of
nucleotides in the sequence. Indeed, in the normal 76 nucleotide-containing tRNA,
Eigen has shown that only 30 nucleotides can be accepted as being able to vary with
complete independence [12]. Is this number of only 30 nucleotides sufficient for
phylogenetic information to be extracted? The answer, quite clearly demonstrated
by elegant analyses of the data by the independent groups of Cedergren et al. [13,14]
and Eigen and Winkler-Oswatitsch [12] is that indeed sufficient information remains
and that the constraint upon base mutation has been such that tRNAs do not con-
tain random sequences.
Thus to summarize this theoretical introduction to the use of nucleotide sequence

as a basis for phylogenetic relationships, the position is that the "structural" RNAs
are very suitable candidates for this type of analysis. The larger ribosomal RNAs
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FIG. 1. Cloverleaf structures of all tRNAs sequenced from Mollicutes.



have been too large for complete analyses to be performed but the compromise of
comparison of oligonucleotides found by specific enzymatic digestion does give very
valuable, and so far the most detailed, information. 5S rRNA and tRNA sequences
can also be used for this purpose; they have their disadvantages but, as long as the
data analysis is interpreted with caution, general phylogenetic relationships can be
deduced although the fine detail may need to be established by other means.

Phylogeny of Thermoplasma acidophilum

It is reasonable to deal with the phylogeny of T. acidophilum separately as, once
its correct base analysis became available [15], it was clear that it could not possibly
have any close relationship to the other members of the Mollicutes. Indeed, it has
several distinctive properties which are now recognized to be characteristic of ar-
chaebacteria, and the work of Woese and his co-workers clearly establishes from
16S rRNA data that this cell wall-less organism is definitely an archaebacterium [4];
thus the loss of a cell wall has occurred at least twice in evolution. The results from
5S rRNA [16] and the tRNAfMet [18] and tRNAMMet [17] species (see Fig. 1) clearly
confirm that T. acidophilum is an archaebacterium, but at present there is not really
sufficient information for one to be able to locate its closest relative with any cer-
tainty, although it does seem to have more in common with the other archaebacterial
acidothermophile Sulpholobus acidocaldarius than with the halophiles or
methanogens [4]. The exact relationship between the ancestor of the present
eukaryotes and the ancestral eubacterial and archaebacterial species is not yet finally
settled [19]. T. acidophilum tRNAfMet sequence is very similar to that of yeast,
whereas the tRNAMMet sequence shows nearly 90 percent homology with the tRNA
ancestral quasi-species deduced by Eigen and has little homology with anything
else [12].

PHYLOGENY OF MEMBERS OF THE ORDER MYCOPLASMATALES

Only three tRNA sequences from mycoplasma species have been published. These
are tRNAPhe from M. capricolum [20] and tRNAfMet [21] and tRNAGly [22] from M.
mycoides sp. capri PG3 (see Fig. 1), 5S rRNA sequences from M. capricolum [23],
M. mycoides sp. capri, Spiroplasma BC3 [24], Acholeplasma laidlawii [Woese, un-
published results], M. pneumoniae and A. modicum [Leach, Rogers, Walker, un-
published results] are also known. 16S rRNA Catalogue data is available for S. citri,
M. capricolum, M. gallisepticum, and A. laidlawii [4]. Thus the data is very limited
and rather fragmented and one must be careful not to generalize too much as there is
only data available on these few species.
The tRNA data is interesting from many viewpoints but here we are only con-

cerned with its phylogenetic significance. This shows quite clearly that all the se-
quences determined are characteristic of those expected for gram-positive bacteria
[10]. As it happens, phylogenetic trees are available for all these three tRNA species
(Phe [13,14], Metf [12], and Gly [13,14]), and in each case the mycoplasma species
concerned is placed in such a position that it and the gram-positive bacteria share a
common ancestor. It is not possible, nor is it ever likely to be possible, to be more
specific than this; particularly when one bears in mind that with a genome size of
N 106 bp, it is likely that 75 percent of the genome has been lost in the process of
evolution from its ancestor.

Again one must emphasize the paucity of the data here. Strictly, all that has been
shown is that M. capricolum and M. mycoides sp. capri have a common ancestor
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with present gram-positive bacteria. Thus one can assume (and the 5S rRNA data
supports this), that these two species are related to each other but, although it is
tempting (and probably correct) to assume that all mycoplasma (including
spiroplasma, ureaplasma, and acholeplasma) species are all related, there is as yet no
evidence from tRNA sequences to support or refute this possibility. As we know that
the cell wall has been lost on more than one occasion (vide thermoplasma), it is still
possible that the remaining members of the Mollicutes have arisen independently
from closely related ancestors. It is also not possible to be more specific concerning
the identity of the gram-positive bacterium which most closely resembles any one
mycoplasma, and this data will need to come from other sources-presumably
serological.
Some 5S rRNA sequence data supports and extends these conclusions. M.

capricolum [23] and M. mycoides sp. capri [Walker et al., unpublished results] dif-
fer in only three nucleotides and are thus probably as closely related to each other as
two E. coli strains. They are phylogenetically related to the gram-positive bacteria
but the unusually small size of mycoplasma 5S rRNAs (107 or 108 nucleotides),
spiroplasma (107 nucleotides), and acholeplasma (112 and 108 nucleotides) makes it
very difficult to be more specific than this. The 5S rRNA sequences of the bee
Spiroplasma BC3 and A. laidlawii show that representatives of these two families
are related to each other and to the mycoplasma. The 16S rRNA data of Woese [4]
shows that S. citri and the other three Mollicutes investigated (M. capricolum, M.
gallisepticum, and A. laidlawii) are related to each other.
The exact positioning of the different families in the order Mollicutes both to each

other and with respect to other gram-positive bacteria is not straightforward because
of the differences in mutation rates and/or genome sizes; thus the present clustering
of mycoplasma and spiroplasma and a close but distinct clustering of acholeplasma
with Clostridium ramosum and C. innocuum [3] must be regarded as provisional.
The mycoplasma undoubtedly fall within the bacillus-lactobacillus-streptococcus
cluster but even then the loss of a cell wall and loss of a major fraction of the
genome may have occurred more than once. For a more detailed analysis of the
phylogeny of these organisms, a recent review [25] should be consulted.
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