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1 As editors, we also wanted to have a similar discussion of methodology for environmental

bacterial DNA sequencing (‘metagenomics’) as a companion for this article, but it was the
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Overview
The six articles in this section center on and around the movement of

prokaryotic genomics toward a more population-based science. In the early

days of genome biology, when per base sequencing costs were relatively high,

the emphasis was on the acquisition of a limited set of model organism

sequences. The first bacterial project, Escherichia coli, was funded partially as a

proof of concept for the human genome project. Since the application of the

shotgun sequencing approach to whole bacterial genomes more than 10 years

ago, the pace and scope of sequencing has increased, to the extent that more

than a thousand diverse prokaryotic genomes have now been undertaken and

can be searched against in public databases for a given protein or DNA

sequence of interest. Now the next generation of ultra-low cost sequencing

(ULCS) technologies [1], just starting to be employed, have opened the door

to the sequencing of many genomes from the same species [2–4] in order to

obtain a much better sampling of the gene population. This new concept has

been called ‘Pan-Genomics’ [5] and is already starting to help us understand

individual bacterial genomes in the context of their species [4,5].

Given this background, the first article by Field et al.1 outlines some of the

computational tools and approaches for large-scale microbial genome com-

parison. There are actually many tools available for comparative genome

analysis; in our opinion, this article is a good place to start for those traditional

microbiologists wanting to try and make sense of their newly sequenced

genomes. Many microbiologists are likely to feel a bit overwhelmed with the

explosion of genomic information, and many are either not aware of the

available bioinformatics tools, or do not find them intuitive to use. There is a

need for a concerted effort to build interfaces between comparative geno-

mics data and the bench scientist. In addition to the tools used to compare

genomes, it is now becoming evident that a complete genome sequence is

not the same as a single gene entry in GenBank. In this regard, we need to

learn more about the biology of sequenced organisms. These genome

sequences should be considered as a valuable resource, and work is now

being done to try and obtain a set of minimal information for each genome

sequence in order to have the data for comparisons. With the possibility of

thousands of genomes being sequenced, it makes sense for the people

sequencing the genomes to report at least the conditions under which the

respective organism was grown and the genomes isolated.

Of course, in order to compare hundreds of genomes, there should be some

sort of consistent gene annotation, which is the subject for the article by
opinion of the expert asked that there were currently more metagenomics review articles than

original research papers; thus this topic is best saved for a later issue.
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Stothard and Wishart. Most annotations submitted with

sequencing papers use a combination of automated anno-

tation with (more or less intensive) human curation.

‘Semi-manual methods’ for comparative analysis of many

similar genomes are also available that can yield con-

served genes and regulatory elements not readily found in

a single genome [6]. Field et al. articulate the need for a

standard, universally accepted mark-up language for bac-

terial annotation (Minimal Information about a Genome

Sequence). One could imagine uploading a target list of

genome sequences and have the computer to perform

annotation using geographically dispersed web services

that can communicate and output results through this

shared language. What would be the role for human

annotators in this process? Certainly, in collating high-

level information about large groups of related genes and

also perhaps for quality control of individual genome

annotations. What is quite clear is that is that prokaryotic

genome annotation in the future cannot be done in the

same way that it has in the past, where it has taken several

years to annotate a genomic DNA sequence that could

now be generated in an afternoon using ULCS

technologies.

Part of the annotation process involves determining the

function of genes, and how they are regulated. Thus the

subject of the article by Luscombe and colleagues is the

transcriptional regulatory networks in bacteria, looking at

the whole process from input signals to output responses.

In the past decade, in tandem with sequencing of micro-

bial genomes, there has been the development of net-

work methodologies which enable the description of

genes within a given organism in terms of interacting

networks of proteins. For example, it was only at the end

of the 1990’s that two key articles were published (each of

which have been cited more than a thousand times!)

establishing the foundations for current network analysis

of biological systems [7,8]. From our perspective, one

interesting point from this third article is how much we

don’t know — even for E. coli, the most studied model

bacteria, regulatory information in the current databases

is lacking for roughly 50% of the transcription factors.

Thus, even though the possible function has been pre-

dicted for �96% of the genes in E. coli K-12 [9], we still

have a long way to go in terms of gathering enough data

about even E. coli. This is in context of the fact that there

are now at least 20 different E. coli genomes that have

been sequenced (see Table 1 in [10]). The first version of

the E. coli pan-genome will include a core set of about

2000 genes, as well as another roughly 8000 or so different

E. coli genes which are found in some but not all strains.

In addition to transcription factors, gene expression can

be controlled by chromatin. The article by Sandman and

Reeve focuses on archaeal histone proteins. Although

likely to be equally as abundant as bacteria, archaeal

genomes have so far been vastly under-represented in
www.sciencedirect.com
terms of the genomes being sequenced: at the current

count as of 27 June, 2006, 27 archaeal genomes against 327

bacterial genomes sequenced. Having said that, it is worth

noting that the authors use metagenomic information from

the Sargossa Sea to obtain information about Crenarchaeal

histone sequences. Also, in keeping with the theme of pan-

genomes, recently the pan-genome of the halophilic

archaeon ‘Haloquadratum walsbyi’ has been published

[11]. Furthermore, the sequence of a methane-producing

archaea found in rice fields was recently obtained from

metagenomic data [12]. It is our hope that these papers are

indications of more archaeal genomes to come.

The article by Siguier et al. deals with insertion sequences

(ISs) in prokaryotic genomes. ISs are a key feature of

archaeal and bacterial genomes, and differences in the

load and composition of these elements can differentiate

very closely related strains. ISs, and related elements such

as miniature inverted repeat transposable elements

(MITEs), might play a major role in reductive evolution

of bacterial strains and acquisition of genes through lateral

transfer. However, as Siguier et al. point out, ISs are

frequently mis-annotated or even missed completely if

the genes contain frameshifts. In this regard, annotation

seems to be lagging behind that of other key genes.

Coming back to the problem-solving aspect of microbiol-

ogy, in the final article Rino Rappuoili outlines how

reverse vaccinology (genome-based vaccine target filter-

ing) has been updated by the new population genomics. It

is clear that just having one genome sequence for a

pathogen such as Streptococcus agalactiae was not enough

to develop an effective vaccine. However, once several

more S. agalactiae genomes were sequenced, and thus at

least a start towards the pan-genome for these species, a

universal vaccine could be developed [13].

One of the interesting results of this explosion of geno-

mics is that microbiology is poised to rediscover its past

but with much greater richness of information. Research-

ers are reconsidering top-down approaches to microbio-

logical questions [14] after going through more than 50

successful years of reductionistic molecular biology. To

do this we need to reconsider prokaryotic population

biology, a discipline that has lagged behind human and

vertebrate population biology. The irony here of course is

that we would have come a full circle in genomics —

using the human as a model organism to improve our

understanding of prokaryotes.
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