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Construction of a Phylogenetic Tree from tRNA Sequences
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Abstract: We have constructed a phylogenetic tree for eleven species by comparing their tRNA
sequences. The tree suggests that prokaryotes diverged very early before the emergence of
animals. The fact that H. volcano, an archaebacterium, clusters with eukaryotes implies that
eukaryotes did not diverge directly from their common ancestor with eubacteria. The branching
order of phage T, and phage T indicates that they have diverged separately from their hosts
and they might have evolved independently. A correlation between nucleotide substitution in
tRNAs and paleontological record was observed. We verified that our phylogenetic tree fits very
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well with traditional ones very well by imposing the molecular clock on the tree.

Key words: tRNA sequences/computer analysis/phylogenetic tree

Early studies in evolution were derived large-
ly from paleontology, anthropology and sys-
tematic biology. However, with the progress of
biochemistry and molecular biology new
approaches to understanding evolution at the
molecular level have been developed. Examples
of their approaches include studies on the
degree of interspecific hybridization of DNA,
the degree of cross reactivity of antisera to
purified proteins, the number of differences in
peptides from enzymatic digests of purified
homologous proteins and the number of amino
acid replacements between homologous pro-
teins whose complete primary structures have
been determined (for review, see Ferguson,
1980 ; Wilson et al., 1977 ; Wiley, 1981,
Nei and Koehn, 1983), Many phylogenetic

trees using each of these approaches have been
constructed. However, it should be noted that
none of these methods are completely satisfac-
tory because the portion of the genome
examined is very restricted and the variable
measured does not reflect the mutation dis-
tance between the genes examined with suffi-
cient accuracy. But the advent of various nu-
cleotide sequencing methods has made it pos-
sible to detect all mutations{Maxam and Gil-
bert, 1977 . Sanger ef al, 1977 ; Simoncsits
et al., 1977 ; Doniskeller et al., 1977). Some
evolutionist have constructed phylogenetic
trees by comparing 55 rRNA sequences(Hori
et al, 1985; Hori and Osawa, 1979, Deiko
et al, 1984 . Rogers ef al., 1985; Walker,
1985). However, the study with 55 rRNA
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has several disadvantages. There is no consen-
sus on the secondary structue of 55 rRNA.
Sequence alignment is, therefore, somewthat
arbitrary. Most of the 55 rRNA sequences
have been derived from RNA sequencing data
which are less accurate than DNA sequencing
data. There is less 5S rRNA sequencing data
compared to those of tRNA. In this report we
constructed phylogenetic tree by comparing the
nucleotide sequences of tRNA.

MATERIALS AND METHODS

Sequence alignment of tRNA

The sequences used in this report were adapt-
ed from the compiled tRN A sequences of Sprin-
zl and Gauss (1984), To make it possible to
compare both DNA and RNA sequences, RNA
was transformed into DNA, i.e., modified
bases were changed into their premodified form
and the base ‘U was designated as ‘T,
Organelle tRN A sequences were excluded and
tRN As which have the same pattern of recogni-
tion were compared (see Results).
Construction of phylogenetic tree

The evolutionary distance, Knuc., and stan-
dard error of Knuc., o k, between two
sequences compared were calculated using the
equations previously described by Kimura
(1980) and Deiko ef al. (1984). Knuc. corre-
sponds to the number of base substitutions per
nucleotide site that have occurred in the course
of evolution extending over T years.

Knue. = — (1/2) log. ((1-2P-Q) (1-2Q) ?)

Where P and Q are fractions of nucleotides
showing transition- and transversion-type
differences, respectively.

ok’=[(a’P+b*Q) - (aP+bQ) %) /n

Where n is the number of nucleotide sites to be
compared a and b are calculated by the follow-
ing equations:
a=1/(1-2P-Q)
b=[((1-2P-Q)+1/(1-2Q))/2

The mismatching bases were regarded as tran-
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sversion type mutations.

We constructed a phylogenetic tree by em-
ploying the unweighted pair-group method
using arithmatic averages (UPGMA) from the
evolutionary distance values calculated by the
above equations(Hori. 1976 ; Sneath and
Sokal, 1973 ; Jardin and Sibson, 1970).

RESULTS

We examined the sequence homology of
tRNAY® sequences in  Aspergillus nidulans
and other species to observe whether there is
any correlation between the sequence
homology of tRNA and the phylogenetic devel-
opment. It was found that the sequence
homology shows good agreement with tradi-
tional evolutionary distance (Lee, 1986). Fig.1
shows the dendrogram for tRNA  construct-
ed from homology matrix using the arithmatic
average linkage cluster method. This figure
strongly supports the idea that organelle tRN A
genes have evolved separately from the nuclear
tRNA genes. Rodriguez-Vargas e¢f al (1984)
reached the same conclusion, even when they
changed the clustering methods. Thus, to sim-
plify the system, the organelle tRN A data were
discarded.

In addition, it appears that tRNAs that rec-
ognize the same codon usage i.e. the same
patterns of codon recognition, were clustered
together (data not shown). Therefore, we only
compared the sequences of tRNAs that have
the same wobble codon among tRNAs within
the same amino acid family.

Fig.2 shows the dendrogram constructed by
Kimura’s distance matrix of tRNA**® using
UPGMA. This shows relatively good consis-
tency with the traditional evolutionary tree for
amino acid sequence except in the branching
order of fungi. We thought that this inconsistan-
cy may be due to the large contribution of each
nucleotide due to the short sequence of tRNA.
To counteract this, we chose eleven model
species in which many tRNA sequence data
have been reported. The dendrogram for these
model species were obtained from Kimura's
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After constructing the homology matrix the branching order was determined using the aver-
age linkage cluster method. This figure is a copy of the original picture drawn by comp-
uter. M represents mitochondria tRNA** and C represents chloroplast tRN A2
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Fig.2, Dendrogram of tRNA*TE

Only the arginine tRNAs that have ACG
anticodon were analyzed and those ar-
ginine tRN As from organelles were exclud-
ed. After computing the evolutionary dis-
tance values, dendrogram was constructed
using UPGMA. Except for the sequence of
A. nidulance (Lee and Kang, 1986), all
data were adapted from Gauss and Sprinzl
(1984),

distance value matrix by using UPGMA (Fig.
4). Atleast 2 tRNA sequences were compar-
ed between two nearest species in this figure.
The clustering pattern in this dendrogram
shows very good agreement with the traditional
phylogenetic tree.

Fig.3 denotes the relationship between nu-
cleotide substitution and paleontological time.
The fit of points to the line is fairly good, i.e.,
every point meets the line within the error
range.

Finally, to verify that our dendrogram fits
the traditional phylogenetic tree constructed by
comparing amino acid divergence, we plotted
the paleontological time on the dendrogram
(Fig.4), Our phylogenetic tree shows good
agreement with that obtained from amino acid
divergence in relation to the molecular clock.
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Fig.3, Relationship between nucleotide substitu-
tion and paleontological time.

The total nucleotide substitution for
tRNAs are plotted for pairs of organisms:
A: rat-human; B: mouse-human; C:
Xenopus-mouse; D: Drosophila-human;
E: rat-Caenorhabditis; F: rat-Euglena; G:
Bacillus-£. ¢oli ; H: human-yeast; and I:
human-E. coli. Calculations for determin-
ing divergence time of each pair, were
taken from Wilson ef al (1977). Fer-
guson (1980), Hori et al. (1985) and
Hori and Osawa (1979), The extended
bar from each dot (—e—) represents the
error range.

DISCUSSION

The goal of this study is to investigate the
possibility of estabilishing the methods by
which one can construct a phylogenetic tree
using tRN A sequence data. As discussed in the
introduction, many methods have heen devel-
oped and applied to constructing a phylogenetic
tree (Ferguson, 1980 ; Wilson ef al, 1977 ;
Fitch and Margolish, 1967 ; Sneath and Sokal,
1973). However, construction of the
phylogenetic tree by direct comparison of the
nucleotide sequence of gene(s) may be more
accurate and convenient than comparision of
other biochemical parameters(such as nucleic
acid hybridization, antigenic cross hybridiza-
tion, isozymic pattern analysis etc.). In this
respect, tRNA provides a very useful system
because a lot of tRNA sequence data have been
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Fig.4, Phylogenetic tree of
species.
The tree was constructed by the same
methods used in Fig.2, except that tRNAs
which can recognize the same wobble
codon were regarded as the same tRNA. In
addition, the paleontological time was
plotted and the stadard deviations ( o k.,
designated as +--0--4) were calculated
(see Materials and Methods).

eleven model

and the
et al.,

reported (Sprinzl and Gauss, 1984)
structure of tRNA is strict (Schimmel
1979). It is, therefore, very easy to align and
compare interspecies sequences. Another
advantage of this system is that tRNA genes
are relatively easier to isolate compared to
other genes.

Previous efforts to construct phylogenetic
trees from an analysis of tRN A sequences have
provided some problems. One approach
involved finding ancester of tRNA, which is
both very difficult and somewhat abstract (Dil-
lon. 1974), Another approach is very similar
to ours except that only one tRN A sequence per
species in the tree was compared, and Kimura’
s equation for distance value was not used (Ro-
driguez-Vargas ef al, 1984). In this latter
approach, there is a large contribution by each
nucleotide; thus, a single base difference might
change the branching order. Actually, in both
this latter study and in our study, the branching
order is slightly different according to the kind
of tRNA analyzed. Therefore, in this report we
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chose eleven model species and analyzed them
as described in the Materials and Methods. We
finally decided to use Kimura's equation to
calculate the distance value and UPGMA as the
clustering tool. This approach has two advan-
tages; first, it is generally regarded as a good
method for construction of a phylogenetic tree.
Secondly, most of the phylogenetic trees of 5
S rRN A were constructed using this procedure,
it is, therefore, convenient to compare our
results with those of 5S rRNA.

As a result, we found that our approach to
constructing a phylogenetic tree is consistent
with traditional approaches. For example, the
evolutionary distance value (Knuc.) shows a
linear relationship with paleontological time
(Fig.4). When we plotted the paleontological
time on our phylogenetic tree, the divergence
time of mammals from Drosophila, is about
seven hundred million years. This result is
consistent with the studies on cytochrome ¢
(Ferguson, 1980),

Another significant fact emerging from this
study is that Halobacterium volcano, an ar-
chaebacterium, clusters with eukaryotes. This
is not really surprising; two other lines of evi-
dence supporting this idea have been reported.
Hori et al (1979 ; 1985) reached the same
conclusion using 55 rRNA sequence analysis.
Moreovor, the base modification pattern of
Halobacterium tRNA**® is more similar to
that of eukaryotes than prokaryotes (Lee,
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1986). The importance of this fact cannot be
as vet accurately assessed. However, it seems
obvious that eukaryotes did not diverge direct-
ly from a common ancestor with the eubacteria.
Additionaly, there is a possibility that eukar-
yotes, eubacteria and archaebacteria have
diverged differently from a common ancestor
(Pace et al, 1986). Phage tRNAs are not
closely related to their host tRNA, a feature
that is very similar to the relationship between
nuclear tRNA and organelle tRNA. Thus, we
can say that phages have evolved separately
from their host.

The best method for constructing the
phylogenetic tree would be to compare all the
nucleotide sequences between organisms, but
this is impossible. Transfer RNA is a very good
system for the construction of a phylogenetic
tree. We have shown the validity of tRNA
sequence data for the construction of
phylogenetic tree. The phylogenetic position of
a certain species can be determined using this
eleven model species.
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