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ABSTRACT

Kiintzel et al. (1981) (Nucleic Acids Res. 9, 1451-1461) recently concluded
that the sequence of wheat mitochondrial 5S rRNA is significantly more related
to prokaryotic than to eukaryotic 5S rRNA sequences, and displays an especially
high affinity to that of the thermophilic Gram-negative bacterium, Thermus aqua-
tz.cus. However, the sequence on which this conclusion was based, although
attributed to us, differs in several places from the one determined by us. We
show here that the correct sequence (Spencer, D.F., Bonen, L. and Gray, M.W.
(1981) Biochemistry, in press) does not support the conclusions of Kuntzel
et al. about potential secondary structure in wheat mitochondrial 5S rRNA and
its phlyogenetic significance. We further show that when the wheat mitochon-
drial 5S rRNA sequence is matched against published alignments for E. coli,
T. aquaticus, and wheat cytosol 5S rRNAs, the mitochondrial sequence shows no
greater homology to the T. aquaticus sequence than to the E. coli sequence,
and only slightly more homology to these two sequences than to wheat cytosol
5S rRNA. This analysis confirms our original view (Biochemistry, in press)
that wheat mitochondrial 5S rRNA is neither obviously prokaryotic nor eukary-
otic in nature, but shows characteristics of both classes of 5S rRNA, as well
as some unique features.

INTRODUCTION
Plant mitochondria contain 5S rRNA [1], while those of other eukaryotes

apparently do not. Wheat mitochondrial 5S rRNA is distinguished from its cyto-
sol counterpart by its unique T1 oligonucleotide catalogue [2] and by its spe-
cific hybridization to wheat mitochondrial DNA [3]. More recently, determina-
tion of the complete nucleotide sequence of wheat mitochondrial 5S rRNA proved
that it is indeed a structural homologue of other 5S rRNAs [4], and also showed
that it possesses a mix of eukaryotic and prokaryotic characteristics, as well
as some unique features. Sequence homology between wheat mitochondrial and
E. coli 5S rRNAs was found to be only slightly greater than between wheat mito-
chondrial and cytosol 5S rRNAs, leading us to conclude that the mitochondrial
sequence is neither obviously prokaryotic nor eukaryotic in nature.

Prior to publication of the details of our sequence determination [4],
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Kuntzel et al. [5] published a paper in which they claimed that wheat mitochon-
drial 5S rRNA is significantly more related to prokaryotic than to eukaryotic
5S rRNA sequences, and displays an especially high affinity to the 5S rRNA of
the thermophilic Gram-negative bacterium, Therrmus aquaticus. Our intent here
is to discuss why we and Kuntzel's group come to quite different conclusions
about the phylogenetic status of wheat mitochondrial 5S rRNA. We also comment
briefly on the difficulties in aligning sequences that are obviously homologous
but widely divergent, which is at the crux of all attempts to derive phylo-
genetic relationships from sequence comparisons.

DISCUSSION
Kuntzel et al. [5] cite as their source of the wheat mitochondrial 5S rRNA

sequence an abstract of a poster presented by us at the 12th International Bari
Conference on Mitochondria (Martina Franca, Italy, June 23-28, 1980). However,
the sequence of wheat mitochondrial 5S rRNA did not actually appear in the ab-
stract cited by Kuntzel's group, and the sequence they attribute to us differs
in several places (Fig. 1) from the one presented by us at the Bari Conference
and documented in full in [4].

In the sequence used by Kuntzel et al., one of the inaccuracies occurs in
region L5, which they suggest is involved in complementary base pairing with

region L3. The putative duplex is S ...CCG...3 (L3) The potential presence
3'...GGU...5' (L5)

of this structure was considered by Kuntzel et al. to be a prokaryotic property
of wheat mitochondrial 5S rRNA, since an analogous duplex can be postulated for

10 20 30 40 L3 50 60
(I) (A)AACCGGGCACUACGGUGAGACGUGMMCACCCGAUCCCAUU CGACCUCGAUAUAUA®...

(II) AACCGGGCACUACGGUGAGACGUGAAAACACCCGAUCCCAUU CGACCUCGAUAUAUA®...

80 LSnoL5...GUGGAAUCGUCUUGCGCCAE UACUGAAAUU©UUCGGGAGACAUGGUCAAAGCCCGGAA(A)

GUGGAAUCGUCUUGCGCCA u( G UACUGAAAUU(UUCGGGAGACAUGGUCAAAGCCCGGAA

FIGURE 1. Primary sequence of wheat mitochondrial 5S rRNA. (I) as determined
by Spencer et al. [4] (correct sequence); (II) as listed by Kuntzel et al. [5]
(incorrect sequence). The circled residues denote positions which differ in the
two renditions. The boxes enclose the two regions, L3 and L5, which KUntzel et
at. suggest could interact by forming three adjacent base pairs.
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E. coli 5S rRNA. However, it is evident (Fig. 1) that when the correct version

of the wheat mitochondrial 5S sequence is used, base pairing between L5 and L3

cannot exist.

Potential Secondary Structure
Kuntzel et al. further assert that the "eukaryotic stem" (S4/S4' in their

terminology) cannot be formed in wheat mitochondrial 5S rRNA. However, as

shown in Fig. 2 and documented more fully in [4], moderately-stable duplexes
(EE' and FF'; Fig. 2) corresponding in position to those which can be written
for wheat cytosol and other eukaryotic 5S rRNA sequences [6-8] are potentially
present in wheat mitochondrial but not in E. coli or T. aquaticus 5S rRNA.

The potential mitochondrial helix EE' shares with the analogous eukary-
otic helix (see [9]) the following characteristics: (i) a length of at least
five consecutive base pairs; (ii) a conserved G-U base pair in the penultimate
position; and (iii) a low thermodynamic stability. However, as previously
noted [4], the mitochondrial helix EE' is closed by a small (4 nucleotide) pro-

karyotic-like loop rather than the large (9-12 nucleotide), well-conserved loop
that closes helix EE' in eukaryotic cytosol 5S rRNA.

Prokaryotic 5S rRNAs, including those of E. coli and T. aquaticu8, con-

tain a different potential helix (DD'; Fig. 2), one having considerable thermo-
dynamic stability. However, no helix corresponding in position to eukaryotic
helix FF' can be formed in prokaryotic 5S rRNA.

In a recently proposed generalized model of secondary structure in eukary-
otic cytosol 5S rRNA [10], helix AA' (the base-paired region comprising the 3'
and 5' ends) is made continuous with helix FF' by the addition of further base
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Hori and Osawa [9]. Potentially heli-

c d cal regions are designated as in [4],
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the figure and indicated in [9]. He-
lix FF' corresponds in S4/S4' in 15].
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pairs between these two duplexes. It is noteworthy that the wheat cytosol 5S
rRNA sequence fits this model [10], but the wheat mitochondrial 5S rRNA sequence
does not.

The region of 5S rRNA that contains helices EE' and FF' (eukaryotic cyto-
sol) or DD' (prokaryotes) is the region most variable in sequence between the
two classes of 5S rRNA, and the one that distinguishes most clearly between
them [9-12]. The additional observations made above reinforce our previous
conclusion [4] that in this region, wheat mitochondrial 5S rRNA is as distinct
from both prokaryotic and eukaryotic 5S rRNAs as these are from each other, al-

though the mitochondrial RNA does possess certain features of both classes.

Alignment of Sequences
In evaluating sequence homologies [4], we aligned the wheat mitochondrial

5S rRNA sequence with representatives of eukaryotic cytosol (wheat) and prokary-
otic (E. coli) 5S sequences, these two being matched against one another accord-
ing to the scheme of Hori and Osawa [9]. Since the latter investigators inclu-
ded the sequence of T. aquaticus in their analysis, its alignment against the
wheat mitochondrial 5S rRNA sequence follows automatically from the data presen-
ted in [4] and [9]. Fig. 3 presents a matrix of the resulting homologies cal-
culated from pairwise comparisons. It is evident that the wheat mitochondrial
5S rRNA shows a similar degree of homology with E. coli, T. aquaticus, and
wheat cytosol 5S rRNAs, whereas the two prokaryotic 5S sequences are signifi-
cantly more homologous to each other than either is to the wheat cytosol or
mitochondrial 5S sequences. It should be noted that the alignment employed by
Kuntzel et al. differs substantially from ours. When the two alignments for the
wheat mitochondrial 5S rRNA are matched against the E. coli sequence, only about
one-half of the positions correspond. Moreover, Kuntzel's alignment between
E. coli and T. aquaticus 5S rRNAs differs from that of Hori and Osawa [9] at
about 20% of the positions.

wheat E oi T qaiucytosol S ci T qaiu

wheat 5 15mitochondria 5 15

wheat635
cytosol635

E. coli 73

FIGURE 3. Numbers of iden-
tical residues at equiva-
lent positions in pairwise
comparisons among 5S rRNA
sequences from wheat mito-
chondria, wheat cytosol,
T. aquaticus, and E. coli.
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For assessment of homologies, our approach [4] was to fit the wheat mito-
chondrial 5S rRNM sequence into the scheme of Hori and Osawa [9] by following
general principles [9,11,12] which emphasize the juxtaposition of helical re-
gions (particularly within the highly-variable region, residues 76-113, of the
mitochondrial sequence). In doing so, we made the following assumptions
(helical regions are designated as in Fig. 5-7, ref. [4]):

(i) Positions 55-60 (AUAUAU) constitute an insertion. The unusual sequence
AUAUAUAU, which is unique to wheat mitochondrial 5S rRNA, is located between
helices CC' and GG' [4], in the same position as an AA sequence in E. coZi,
T. aquaticus, many other prokaryotic 5S rRNAs [9].

(ii) U67 is an insertion. This aligns C68 with the universal C residue which
corresponds to the 5'-terminal residue of B' in all (except higher plant cyto-
sol) sequenced 5S rRNAs, including that of wheat mitochondria.

(iii) Single nucleotide deletions occur between C51 and G52 and between U73
and G74. E. coli and wheat cytosol 5S rRNAs have different nucleotides at the
place of each assumed deletion, whereas residues on either side are identical
in these two RNAs.

(iv) U24 and G25 are additions. This provides a better register of sections
A and B with the corresponding regions in E. coli and wheat cytosol 5S rRNAs.

(v) Deletions occur between U82 and G83, U92 and U93, and G94 and U95. In
this region, wheat mitochondrial 5S rRNA aligns better with wheat cytosol than
with E. coli 5S rRNA; in particular, such an alignment produces an excellent
match of sequences corresponding to helices EE' and FF' [4]. Note that 8 of

the assumed deletions (3 between U92 and U93, 5 between G94 and U95) fall within
the 4-nucleotide loop which encloses helix FF' and which is 9-12 nucleotides
long in eukaryotic cytosol 5S rRNA. The remaining 4 deletions (between U82 and
G83) are placed where 1-2 deletions have been assumed for eukaryotic 5S rRNAs.

CONCLUSIONS
Obviously, the phylogenetic conclusions that one draws from primary se-

quence comparisons are crucially dependent on the alignment chosen [9]. The
availability of reasonable numbers of eukaryotic cytosol and eubacterial 5S
rRNA sequences lends some credibility to additions and deletions assumed in
aligning these sequences against one another, and in certain cases deletions in
widely separated parts of the sequence are seen to be concerted, leading to the
elimination of individual base pairs in helical regions [9]. The difficulty
in the case of wheat mitochondrial 5S rRNA is that its primary sequence is very
different from all other 5S sequences, both prokaryotic and eukaryotic. We
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know of no totally objective method for validating the alignment of such a di-
vergent sequence, and therefore the additions and deletions we have assumed,
although reasonable and soundly based, are nevertheless somewhat arbitrary.

For this reason, we feel it is premature to draw firm phylogenetic con-
clusions from a single very divergent sequence. Rather, it is important first
to broaden the data base by determining additional plant mitochondrial 5S rRNA
sequences, as well as further eukaryotic and prokaryotic 5S sequences. This
will not only provide a much more convincing basis for the alignment ultimately
chosen for plant mitochondrial 5S rRNA, but may also produce more suitable 5S
rRNA sequences for comparison. In this regard, it will be particularly impor-
tant to determine the sequences of 5S rRNA from those organisms (such as Para-
coccus denitrificans and Rhodopseudromonas spheroides) for which a specific phy-
logenetic affinity with mitochondria has been proposed on other grounds [13].

In sumnary, we do not agree with Kuntzel et al. [5] that the sequence of
wheat mitochondrial 5S rRNA "strongly supports the idea of an endosymbiotic
origin of plant mitochondria" . We would point out that much more convincing
data in favor of such a proposal already exist in the literature [14,15]. In-
deed, these data, based on the T1 oligonucleotide catalogue of wheat mitochon-
drial 18S rRNA, still constitute the strongest available evidence for the
specifically prokaryotic nature of any mtDNA-encoded macromolecule.
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