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    When biologists first encountered microscopic bacteria, they were 

puzzled as to how to classify them. Bacteria were clearly not animals or 

rooted plants. Attempts to build a taxonomic system for bacteria based on 

the phylogenetic system developed for plants and animals failed. In the 

earlier editions of Bergey’s Manual, bacteria were grouped by 

morphology (rod, coccus), staining reactions, presence of endospores, and 

other obvious features. Although this system had its practical uses, it also 

had many limitations, somewhat like grouping bats and birds together on 

the basis of their having wings. The knowledge of bacteria at the 

molecular level has now expanded to such a degree that it is possible to 

base the latest edition of Bergey’s Manual on a phylogenetic system. For 

example, the genera Rickettsia and Chlamydia are no longer grouped 

together by their common requirement for intracellular growth. Members 

of the genus Chlamydia are now found in a phylum named Chlamydia, 

but the rickettsias are now grouped in a distant phylum, Proteobacteria, in 

the Alphaproteobacteria class. Some microbiologists find such changes 

upsetting, but they reflect important differences. These differences are 

primarily in the ribosomal RNA (rRNA) of the microbes, a genetic 

component that is slow to change and performs the same functions in all 

organisms.  

   The mid-19th century, Ernst Haeckel proposed a third kingdom, the 

Protista, to include the bacteria, fungi, protozoans and algae. In the 20th 

century, an increased focus on the cellular and molecular similarities and 

dissimilarities between organisms led to proposals for further refinements 



to the three-kingdom system. One of the most widely accepted of these 

has been the fivekingdom system proposed by Robert Whittaker in 1969. 

Like some of its predecessors, this took into account the fundamental 

difference in cell structure between procaryotes and eucaryotes, and so 

placed procaryotes (bacteria) in their own kingdom, the Monera, separate 

from single-celled eucaryotes. Molecular studies in the 1970s revealed 

that the Archaea differed from all other bacteria in their 16S rRNA 

sequences, as well as in their cell wall structure, membrane lipids and 

aspects of protein synthesis. These differences were seen as sufficiently 

important for the recognition of a third basic cell type to add to the 

procaryotes and eucaryotes. This led to the proposal of a three-domain 

scheme of classification, in which prokaryotes are divided into the 

Archaea and the Bacteria. The third domain, the Eucarya represents all 

eucaryotic organisms. The domains thus represent a level of classification 

that goes even higher than the kingdoms. Although the Archaea (the word 

means ‘ancient’) represent a more primitive bacterial form than the 

Bacteria, they are in certain respects more closely related to the 

eucaryotes, causing biologists to revise their ideas about the evolution of 

the eucaryotic state. In hierarchical systems of classification, related 

species are grouped together in the same genus, genera sharing common 

features are placed in the same family, and so on. Table 1 shows a 

modern classification scheme for the gut bacterium Escherichia coli. 

Table 1 A modern hierarchical classification for E. coli; note that in this 

classification, there are no kingdoms. 

Domain      Bacteria 

Phylum      Proteobacteria 

Class          Zymobacteria 

Order        Enterobacteriales 

Family       Enterobacteriaceae 

Genus        Escherichia 

Species      coli 



   The first edition of Bergey’s Manual of Systematic Bacteriology 

(henceforth referred to as ‘Bergey’), published in the mid-1980s, mainly 

used phenotypic characteristics such as these to classify bacteria. The 

result placed bacteria into taxonomic groups that may or may not reflect 

their evolutionary relationship to one another. In the years since the first 

edition of Bergey, the remarkable advances made in molecular genetics 

have led to a radical reappraisal of the classification of bacteria. 

Comparison of nucleic acid sequences, notably those of 16S ribosomal 

RNA genes, has led to a new, phylogenetically based scheme of 

classification, that is, one based on how closely different groups of 

bacteria are thought to be related, rather than what morphological or 

physiological features they may share. Ribosomal RNA occurs in all 

organisms, and serves a similar function, thus to a large extent these 

sequences are conserved (remain similar) in all organisms. The nature 

and extent of any differences that have crept in during evolution will, 

therefore, be an indication of the relatedness of different organisms. 

   The second edition of Bergey aims to reflect this change of approach 

and reassign many bacteria according to their phylogenetic relationship, 

as deduced from molecular evidence. Due to be issued in five volumes 

over a number of years, the first volume was published in 2001. As an 

example, the genus Pseudomonas previously contained some 70 species 

on the basis of phenotypic similarities, but in the second edition of 

Bergey, taking into account 16S rRNA information, many of these are 

assigned to newly created genera. 

   It must be stressed that Bergey (second edition) does not represent the 

definitive final word on the subject, and that the classification of bacteria 

is very much a developing science, in a constant process of evolution. 

Indeed, microbiologists are by no means unanimous in their acceptance 

of the ‘molecular’ interpretation of bacterial taxonomy. Some point to 



perceived inadequacies in the collection of data for the scheme, as well as 

errors in the data arising from the sequencing and amplification 

techniques utilised. Other critics question the validity of a scheme based 

on 16S rRNA data when it seems increasingly likely that lateral gene 

transfer played an important role in bacterial evolution. Bacteria may 

acquire genes from other organisms by a variety of genetic transfer 

mechanisms. This is known as horizontal or lateral gene transfer, to 

distinguish it from vertical inheritance, in which the parental genotype is 

passed to the offspring. In the following pages, the major taxonomic 

groupings are discussed according to their arrangement in the second 

edition of Bergey.  

 


