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Abstract. A pooled data set of Gram-negative eubacterial, mainly Vibrionaceae, 5S rRNA
sequences from MacDonell and Colwell [15] and from Erdmann et al. [10] was processed by
single, average, and complete linkage procedures, as generated by the CLUSTAN program suite
[23]. The hierarchical structures produced broadly resembled those for the published data: the
resolution of the new genus Shewanella MacDonnell and Colwell 1985 [15] and an expanded
definition for Photobacterium are supported. The new phenon representing Listonella [15] was
not resolved, but the related species Vibrio mimicus and V. cholerae were linked by one
procedure. It is suggested that recognition of synonymy between Photobacterium angustum
and P. leiognathi and the incorporation of V. anguillarum, V. damsela, and V. pelagius into the
new genus Listonella be held in abeyance pending supporting evidence. It is concluded that this
widely available program produces analyses of SS rRNA sequences of quality comparable to

more specialized packages.

Ribosomal RNA has become an increasingly ac-
cepted vehicle for phylogenetic classification. This
has been due largely to the 16S ribosomal cataloging
technique [11]. This classification scheme relies,
firstly, upon the existence in molecules of a neutral
evolutionary process [13] and, secondly, assurnes
the presence of isochronic molecular clocks [22].
The ribosomal RNA molecule was selected over
other molecules for its ubiquity and its relative iso-
lation from selective evolutionary pressure [20].
The structural conservation of this molecule has
been demonstrated by the functionality of hybrid
ribosomes reassembled from lesser subunits of dis-
tantly related species of bacteria [6, 26]. The 16S
ribosomal subunit has been chosen by some work-
ers as a suitable vehicle for analysis in acknowledg-
ment of susceptibility of the much shorter 5SS rRNA
molecule to ‘‘perturbations’’ and ‘‘convergent evo-
lution”” (homoplasy) [24]. Heterogeneity of 35S
rRNA sequences has also been shown within
strains of Escherichia coli [8]. The cataloguing tech-
nique, however, is an indirect assay, which relies
upon selective enzymic fragmentation of the
molecule and assumes that larger sequence
fragments are site specific and occur only once
in each molecule [24]. The shorter length of

the 5S rRNA subunit, about 120 bases, compared
with about 1600 in the 16S molecule, allows for a
more rapid analysis of comparative sequence
data.

The mutational clock of the 5S rRNA molecule
has been shown by Lane et al. [14] to be slower than
that of the genome. It follows that the resolution of
the molecule varies in accordance with the rate of
evolution and age in different groups.

Phylogenetic analyses have been produced by a
variety of minimum length (parsimony) procedures,
matrix methods, and by an ancestral sequence
method [22]. The statistical relevance of resultant
classifications has been addressed by some [7, 12,
21]; all procedures generated confidence limits that
encourage conservative interpretation of the data.
On the basis that strong data should generate the
same classification irrespective of procedure, a
commercial matrix-generating program, CLUSTAN
[23], was tested for its ability to resolve, from 5S
rRNA sequence data, the phylogenetic structure of
the Vibrionaceae, in context with other known and
unknown strains. Sequences for different strains of
Escherichia coli and Vibrio cholerae were included
to form cluster nuclei and gauge intraspecific vari-
ance.
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Table 1. Sequence and strain sources

Species Strain source [Ref]
Aeromonas hydrophila ATCC 9071 [15]
A. media ATCC 33097 [15]
A. salmonicida ATCC 27013 [15]
Azotobacter vinelandii NCIB 8789 [10]
Escherichia coli MRE600 (1) 1 [10]
E. coli MRE®600 (2) 1 [10]
E. coli MREG600 2 [10]
E. coli Al9 1 [10]
E. coli Al9 2 [10]
E. coli CA265 ¢))] [10]
E. coli CA265 2 [10]
Photobacterium angustum ATCC 25915 [15]
P. leiognathi ATCC 25521 [15]
P. phosphoreum 8625 [10]
Plesiomonas shigelloides ATCC 14029 [15])
Proteus vulgaris Unknown [15]
Pseudomonas aeruginosa CLEB 481 [15]
Ps. fluorescens ATCC 13525 [15]
Shewanella putrifaciens ATCC 8071 [10]
S. benthica UMI140, W145 [10]
Vibrio alginolyticus ATCC 17749 [15]
V. anguillarum ATCC 19264 [15]
V. carchariae ATCC 35084 [15]
V. cholerae ATCC 14033 [15]
V. cholerae E8498 [15)
V. cincinnatiensis ATCC 35912 [15]
V. damsela ATCC 33539 [15)
V. diazotrophicus ATCC 33466 [15]
V. fischeri ATCC 7744 [15]
V. fluvialis ATCC 33812 [15]
V. gazogenes ATCC 29988 [15]
V. harveyi 392 [10]
V. logei ATCC 15382 [15]
V. marinus ATCC 15381 [15]
V. metschnikovii ATCC 7708 [15]
V. mimicus ATCC 33655 [15]
V. natriegens ATCC 14048 [15]
V. parahaemolyticus ATCC 17802 [15]
V. pelagius ATCC 25916 [15]
V. proteolyticus ATCC 15338 [15]
V. psychroerythrus ATCC 27364 [15]
V. vulnificus ATCC 27562 [15]
Unidentified symbiont Calyptogena magnifica [10]
Unidentified symbiont Odontella regia [15]
Unidentified symbiont Odentella sinensis [15]
Unidentified symbiont Riftia pachyptila [10]
Unidentified symbiont Solemya velum [10]
Unidentified BNL-1 [15]

Materials and Methods

5S rRNA sequence data (Table 1) from Erdmann et al. [10] and
Mac Donell and Colwell [15] were pooled and synchronously
aligned; the species are shown in Table 1. Unmatched or ambigu-
ous data were scored as spaces. The bases adenine, guanine,
cytosine, and uracil were numerically coded 1-4, respectively.
Spaces were coded as zero. The data were analyzed by the cLus-
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TAN program suite (release 2.1) [23] on a Digital Equipment KL
10 computer. The Jaccard similarity coefficient was selected to
operate under single, average, and complete linkage protocols.

Results

The dendrograms (Figs. 1-3) were produced by sin-
gle, average, and complete linkage procedures, re-
spectively. These show the homogeneity of the
data. By complete linkage, all clusters were linked
with a similarity of 78%; by average and single link-
age, the similarities were 88% and 92%, respec-
tively. Vibrio species, with few exceptions, were
resolved by all analyses into a discrete cluster,
though the arrangement of species within the group
fluctuated between analyses. Vibrio parahaemolyti-
cus, V. natriegens, and V. pelagius formed a tight
sub-cluster independent of cluster method. Stable
sub-clusters were also formed by V. carchariae, V.
diazotrophicus, and V. proteolyticus. The dou-
blets— V. metschnikovii with V. fluvialis and V. cin-
cinnatiensis with V. gazogenes—were maintained
throughout, The remaining species—V. harveyi, V.
vulnificus, Aeromonas salmonicida, V. alginolyti-
cus, V. anguillarum, V. cholerae, V. damsela, and
V. mimicus—were not associated with any single
species. The last five of these were linked with dif-
ferent species in each analysis. Vibrio cholerae was
linked to V. mimicus only by average linkage. Un-
der single and complete linkage V. cholerae was
associated most closely with V. harveyi and V.
vulnificus, respectively. Vibrio harveyi, by all but
average linkage, was grouped with the V. carcha-
riae subcluster. Vibrio vulnificus under single link-
age was most similar to A. salmonicida. By average
linkage it was grouped into the cluster formed by V.
cholerae and V. mimicus. The species which consti-
tute the proposed new genus Listonella—V. anguil-
larum, V. damsela, and V. pelagius—were never
linked to each other by any protocol.

All cluster protocols resolved an identical clus-
ter of luminescent species. The species of Photo-
bacterium maintained an identical hierarchical
structure. Photobacterium angustum and P.
leiognathi exhibited total sequence homology and
were then linked by P. phosphoreum. The two Vi-
brio species, V. fischeri and V. logei, remained as
stable outliers to the cluster. The photobacterial
group was most closely associated with the vibrio
cluster only by single linkage. By other procedures
the vibrio cluster was only distantly associated with
the other groups.

By average and complete linkage procedures,
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Fig. 1. Hierarchical tree for 5S TRNA sequences as rendered by CLUSTAN under single linkage regimen.

the Shewanella species S. putrifaciens and S. ben-
thica were most closely related to the luminesceat
group. Under single linkage these species linked
with the combined Vibrio/Photobacterium cluster.
The enterobacterial species Escherichia coli, Ple-

siomonas shigelloides, and Proteus vulgaris main-
tained a constant spatial relationship under all of the
cluster protocols. Escherichia coli always linked
with Pl. shigelloides before Pr. vulgaris. The Aero-
monas species A. hydrophila and A. media in all
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Fig. 2. Hierarchical tree for 5S rRNA sequences as rendered by cLUSTAN under average linkage regimen.

cases associated most closely to each other and
then with the enterobacterial group. Aeromonas

salmonicida was not linked to the other Aeromonas The

species by any analysis method. It was found al-
ways associated with the vibrio group.
pseudomonad group (Pseudomonas
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Fig. 3. Hierarchical tree for 5S rRNA sequences as rendered by CLUSTAN under complete linkage regimen.
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fluorescens, Ps. aeruginosa, and Azotobacter vine-
landii) was constant in structure irrespective of
cluster protocol. The symbionts from Solemya ve-
lum, Calyptogena magnifica, and Riftia pachyptila
were clustered by complete linkage into a separate
group most closely associated with the pseudo-
monads, but by average and single linkage only the
symbiont from Calyptogena maintained this associ-
ation. The other symbionts, from Odontella regia
and O. sinensis, were most closely associated with
Vibrio marinus. This triplet formed usually at the
margin of the vibrios, except by single linkage,
where no association with any group was evident.
The sequences for V. psychroerythrus and strain
BNL-1 were most closely associated with the pho-
tobacterial and Shewanalla groups by average link-
age. By single linkage there was a distant associa-
tion with the combined vibrio and enterobacterial
groups. Under complete linkage the association was
also distant but with the enterobacterial and photo-
bacterial groups.

The variance which was encountered within
and between strains of E. coli was not seen in either
of the two strains of V. cholerae or between Photo-
bacterium angustum and P. leiognathi.

Discussion

The cluster hierachy of major taxonomic groups as
rendered by CLUSTAN under single linkage was
grossly in accord with the 16S rRNA cataloguing
scheme of Woese et al, [25], despite its formulation
from catalogs of only luminescent species. It was
consistent also with the rRNA/DNA hybridization
scheme of Baumann and Schubert [5]. The most
notable deviation of the current scheme from those
above was the inclusion of Aeromonas salmonicida
in the vibrio group. Aeromonas salmonicida was
shown phenotypically to be significantly different
from other Aeromonas species [1, 19]. The taxo-
nomic status of this species was reviewed by Austin
and Allen-Austin [2], and its uncertain classification
was restated. DN A hybridization studies [16], how-
ever, would seem to support the traditional scheme.
The placement of A. salmonicida within Vibrio is
consequently attributed to procedural ‘“‘noise’ or
homoplasy.

The failure of V. mimicus and V. cholerae to
associate in all cases despite their demonstrated
close DNA pairing [9], and likewise the failure of V.
parahaemolyticus and V. alginolyticus to associate
directly despite an average DNA homology of 65%
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[5], under any regimen for this analysis or those of
MacDonell and Colwell [15], strongly suggest the
susceptibility of the 5S rRNA molecule to noise and
homoplasy as indicated by Woese [24]. When these
features of 58S rRNA are considered, it can be seen
that it is beyond the scope of this molecule to inde-
pendently discern relationships amongst the con-
stituent species of the Vibrionaceae. Consequently,
without support from simultaneous analysis of se-
quence data from V. ordalii, (V. anguillarum bio-
group II), which has 75% DNA homology with V.
anguillarum [5], the possibility that the sub-cluster
generated by MacDonell and Colwell [15], and sub-
sequently described as Listonella, was not an arti-
fact has not been addressed. Additional work
should also be directed toward a comparison of
DNA homologies from within Listonella and Vi-
brio. The assignment of the species V. anguillarum,
V. damsela, and V. pelagius into the new genus
Listonella MacDonnel and Colwell 1985 [15] is not
supported. It is recommended that the combina-
tions Vibrio anguillarum, Vibrio damsela, and Vi-
brio pelagius be maintained, and that the genus Lis-
tonella should meanwhile be held in abeyance
pending its evaluation by comparative procedures.

The association of V. fischeri and V. logei with
Photobacterium in the analyses was consistent with
the results of MacDonnell and Colwell [15]. Addi-
tional molecular evidence supporting this relation-
ship has been presented [3, 4, 17]. Phenotypically,
*“Vibrio™ fischeri has been shown to resemble Pho-
tobacterium species more closely than it did Vibrio
harveyii [17] despite the presence of sheathed polar
flagella.

The species Shewanella benthica and §. putri-
faciens were likewise linked in all analyses. Conse-
quently, this analysis supports the proposal [15] for
the genus Shewanella. The synonymy of P. angus-
tum and P. leiognathi [15] cannot be justified solely
on the basis of 5S rRNA sequence homology. The
results may simply reflect the only recent diver-
gence of the two species; Reichelt et al. [18], in
DNA/DNA hybridization analysis of these species,
found only 57% homology. Lane et al. [14] found
similar high 5S rRNA homology for more ancient
species of Thiobacillus with low DNA homology.

The cLUSTAN program package produced
results similar to the more specialized but less
widely available phylogenetic programs. Inaccura-
cies of the resultant phylogenies may be attributable
as much to the slower rate of evolution, compared
with DNA, and also to noise and homoplasy in the
58S rRNA molecule as to clustering procedure,



S.P. Nearhos and J.A. Fuerst: 5S rRNA Similarity and Vibrio Phylogeny

ACKNOWLEDGMENT

We are most grateful for valuable advice and discussions with
Dr. J.L. Reichelt.

Literature Cited

1.

10.

11.

Allen DA, Austin B, Colwell RR (1983) Aeromonas media, a
new species isolated from river water. Int J Syst Bacteriol
33:599-604

. Austin B, Allen-Austin D (1985) A review: bacterial patho-

gens of fish. J Appl Bacteriol 58:483-506

. Bang SS, Baumann P, Nealson KH (1978) Phenotypic char-

acterization of Photobacterium logei (sp. nov.), a species
related to P. fischeri. Curr Microbiol 1:285-288

. Baumann L, Baumann P (1976) Study of the relationship

among marine and terrestrial enterobacteriaceae by means
of in vitro DNA/ribosomal RNA hybridization. Microbios
Lett 3:11-20

. Baumann P, Schubert RHW (1984) Vibrionaceae. In: Krieg

NR (ed) Bergey’s manual of systematic bacteriology. Balti-
more: Williams and Wilkins, pp 516-534

. Bellemare G, Vigne R, Jordon BR (1973) Interaction be-

tween Escherichia coli ribosomal proteins and 5S RNA mol-
ecules: recognition of prokaryotic 5S RNA's and rejection of
eukaryotic 58S RNA'’s. Biochimie 55:29-35

. Blanz PA, Gottschalk M (1986) Systematic position of Sep-

tobasidium, Graphiola and other Basidiomycetes as de-
duced on the basis of their 5S ribosomal RNA nucleotide
sequences. Syst Appl Microbiol 8:121-127

. Brownlee GG, Sanger F, Barrell BG (1968) The sequence of

58 ribosomal ribonucleic acid. J Mol Biol 34:379-412

. Davis BR, Fanning GR, Madden JM, Steigerwalt AG, Brad-

ford HB, Smith HL, Brenner DJ (1981) Characterization of
biochemically atypical Vibrio cholerae strains and designa-
tion of a new pathogenic species, Vibrio mimicus. J Clin
Microbiol 14:631-639

Erdmann VA, Wolters J, Huysmans E, DeWachte R 1985.
Collection of published 5S, 5.8S and 4.5S ribosomal RNA
sequences. Nucleic Acids Res 13r:105-153

Fox GE, Pechman KR, Woese CR (1977) Comparative cata-
loging of 16S ribosomal ribonucleic acid: molecular ap-

12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23,

24,

25,

26.

335

proach to procaryotic systematics. Int J Syst Bacteriol
27:44-57

Hori H, Osawa S (1979) Evolutionary change in 5S RNA
secondary structure and a phylogenetic tree of 54 5S RNA
species. Proc Natl Acad Sci USA 76:381-385

Kimura M (1983) The neutral theory of molecular evolution.
Cambridge: Cambridge University Press

Lane DJ, Stahl DA, Olsen GJ, Heller DJ, Pace NR (1985)
Phylogenetic analysis of the genera Thiobacillus and Thiomi-
crospora by SSRNA sequences. J Bacteriol 163:75-81
MacDonell MT, Colwell RR (1985) Phylogeny of the Vi-
brionaceae, and recommendation for two new genera, Lis-
tonella and Shewanella. Syst Appl Microbiol 6:171-182
Maclnnes JI, Trust TJ, Crosa JH (1979) Deoxyribonucleic
acid relationships among members of the genus Aeromonas.
Can J Microbiol 25:579-586

Reichelt JL, Baumann P (1973) Taxonomy of the marine
luminous bacteria. Arch Microbiol 94:283-330

Reichelt JL, Baumann P, Baumann L (1976) Study of genetic
relationships among marine species of the genera Beneckea
and Photobacterium by means of in vitro DNA/DNA hy-
bridization. Arch Microbiol 110:101-120

Smith IW (1963) The classification of ‘‘Bacterium salmoni-
cida.”’ J Gen Microbiol 33:263-274

Stackebrandt E, Woese CR (1981) The evolution of proka-
ryotes. In: Carlile MJ, Collins JF, Mosely BEB (eds) Molec-
ular and cellular aspects of microbial evolution. Cambridge
Society for General Microbiology Symposium 32. Cam-
bridge: Cambridge University Press, pp 1-31

Templeton AR (1983) Systematics of basidiomycetes based
on 5S RNA sequences and other data. Nature 303:732-733
Wilson AC, Carlson SS, White TJ (1977) Biochemical evolu-
tion. Annu Rev Biochem 46:573-639

Wishart D (1982) CLUSTAN user manual (release 2.1). Edin-
burgh: Program Library Unit, Edinburgh University
Woese CR (1982) Archaebacteria and cellular origins: an
overview. Zentralbl Bakteriol (Naturwiss) C3:1-17

Woese CR, Weisburg WG, Hahn CM, Paster BJ, Zablen LB,
Lewis BJ, Macke TJ, Ludwig W, Stackebrandt E (1985) The
phylogeny of the purple bacteria: the gamma subdivision.
Syst Appl Microbiol 6:25-33

Wrede P, Erdmann VA (1973) Activities of B. stearother-
mophilus 508 ribosomes reconstituted with prokaryotic and
eukaryotic 5 S RNA. FEBS Lett 33:315-319






