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Although bacteria are single-celled organisms, they do not live alone but in populations. 

Each time a single bacterial cell divides it can start a new clone/community. They colonize 

almost all niches on earth where they often meet other bacteria and engage into complex 

polymicrobial communities, involving many other different types of cells and organisms. 

They also colonize almost all cavities of the human body. In this short review, we will 

describe the potentiality of some recent bioinformatics approaches to address the 

dynamics of human bacterial communities, either containing commensals or pathogenic 

individuals. 

 
 
 
Bacterial cooperation and the secretome 
Cooperation is a key point in evolutionary 
theory. It is the behaviour that benefits 
another individual (the recipient) and which is 
maintained for its beneficial effect on it (West 
et al., 2006). It allows unicellular 
microorganisms to coordinate the social 
interactions between partners, by releasing to 
the environment proteins that become 
available for the profit of their neighbours. 
Within microbial communities bacteria 
communicate and cooperate to perform a 
wide range of multicellular behaviours such 
as: dispersal, foraging (nutrient acquisition), 
biofilm formation, shelter, microbial and 
chemical warfare, and quorum sensing, and 
mobility (Crespi, 2001; Keller and Surette, 
2006; West et al., 2006, 2007; Turnbaugh et 
al., 2007; Brito et al., 2012). Social bacteria 
can release to the extracellular milieu, or 
exhibited at its surface, molecules such as: 
siderophores, quorum-sensing molecules, 
virulence factors, antibiotic degradation 
compounds (Neu, 1992; West et al., 2006, 
2007). These proteins are thus considered as 
bacterial public goods. In other words, social 
bacteria share their secretome (the set of 
genes whose proteins are also shared 
because they are released to the extracellular 
milieu or exhibited at its surface). 

The pan genome: core and accessory 
genome 
When we cluster genomes into phylogenetic 
clades, we can define the pan genome as the 
set of all non-orthologous genes in the 
genomes datasets. In order to define the pan 
genome we need to have completely 
sequenced close related strains. The 
datasets may contain both chromosomal or 
plasmid DNA sequences issuing from 
different specimens. Within pan genomes, 
there are genes whose orthologs are 
represented in all genomes of the clade. 
Those define the core genome. As bigger the 
pan genome dataset is the smallest is the 
fraction of genes that belong to the core 
genome (Fig. 1). The core genome is shared 
by all the members of a clade, encoding 
housekeeping proteins, and should define the 
common traits of the genomes of the clade. 
On the other hand, the remaining genes, 
those not belonging to the core genome, 
define de auxiliary genome that comprises all 
the genes that are only found in some 
species of a clade. These are expected to 
encode for some supplementary biochemical 
pathways, which allow the expression of the 
different phenotypes and lifestyles of the 
clade, as well as for adaptive and plastic 
traits of strains, in response to local 
competitive or environmental pressures. 
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Fig.1. Classification of the bacterial genomes. 
 
The accessory genome is thought variable 
and species/strain dependent, it is dynamic (it 
is easily lost and found) as it is preferentially 
encoded on or near genetically mobile 
elements, and over represent extracellular 
proteins (social traits) (Nogueira et al., 2009; 
2012).The Figure 2 represents the relative 
size of the core genome and accessory 
genome of some human bacterial pathogens 
that is very variable from clade to clade, 
according to their lifestyles. 
 
It is worth to note that it is the accessory 
genome that gives bacteria its specific 
adaptation and the ability to respond to the 
environment, which distinguishes them from 
their mates in a population, and therefore 
define genetically its species or clade. Within 
polymicrobial populations, related bacteria 
can share their accessory genome by 
horizontal gene transfer. The core genome, 
on the other hand, tends to comprise only the 
genes essential for the survival, or coding for 
the primary metabolism.  
 
 
 
 
 

 
The mobilome  
The mobilome comprises all the mobile 
genetic elements (MGEs) in a genome that 
can move either within or between genomes. 
They can be: plasmids, prophages, 
transposons, integrons or other ICEs 
(Integrating and Conjugative Elements). 
Nogueira and co-workers have demonstrated 
that the secretome is overrepresented on 
MGEs like plasmids (Nogueira et al., 2009), 
and frequently on conjugative plasmids 
(Nogueira and Rocha, unpublished). The 
preferential location of cooperative genes on 
plasmids will thus favour both the spread by 
infecting nearby cells (infectiveness) and will 
increase the relatedness between other 
neighbouring individuals as a result of 
infection (Smith, 2001; Nogueira et al., 2009; 
Mc Ginty et al., 2011; Svara and Rankin, 
2011; Rankin et al., 2011a; 2011b). Dionisio 
and colleagues have demonstrated that 
plasmids are more transmissible in 
heterogeneous communities (Dionisio et al., 
2002), meaning that some plasmids are 
genetically promiscuous and able to be 
shared by some different individuals with 
inside a polymicrobial community, to cross 
specie barriers, and thus favouring bacterial 
cooperation.
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Fig. 2. The relative size of the core and accessory genomes of the pan genome of different 
bacterial human pathogens. 
 
By analysing the core-, accessory- and pan 
genome of 42 bacterial clades with more than 
400 bacterial genomes, both Firmicutes and 
Proteobacteria, Nogueira and colleagues 
have showed that the secretome itself is 
over-represented on more dynamic regions of 
the genome, and that this genetic mobility 
drives bacterial sociality (Nogueira et al., 
2009; 2012). Bacterial cooperation can be 
maintained by enforcement, as is often co-
localize with toxin/antitoxin and restriction-
modification systems (Nogueira et al., 2009). 
The authors also have suggested that genetic 
mobility shapes the evolution of social traits 
and that MGEs elements are a mine of genes 
encoding social traits, including virulence 
factors and secreted proteins. 
 
Bacterial lifestyle and pathogenesis – the 
virulome 
The plasticity of the bacterial genomes allows 
them to have a variety of different lifestyles, 
encompassing from commensals to 
pathogenic, besides the cooperative 
behaviour. During infection, bacteria are able 
to interact with their hosts, as they can 

secrete virulence factors. All the arsenal of 
the virulence factors can be referred to as the 
virulome, and it is often organized in 
pathogenicity islands (PAIs), which are 
clusters of genes encoding virulence traits 
Some virulence factors can be seen as social 
proteins as they are expressed outside the 
bacterial producing cell and are involved in 
interactions with the host. They enable 
pathogenic bacteria to colonize a niche in 
their hosts, or inducing tissue damage or 
systemic inflammation (Chen et al., 2005). 
Conventional VFs can be classified as: (i) 
offensive, like those involved in adherence 
(pili, fimbriae and adhesins) and invasion of 
the host’s cells (allowing an intracellular 
lifestyle), toxins (like proteolitic and pore-
forming toxins), actin-based motility, be 
effectors of the secretion machineries; (ii) 
defensive, like those involved in the 
interactions with the host immune system as 
in antiphagocytose, antigenic phase variation 
or Ig proteases; (iii) nonspecific, like those 
involved in iron or magnesium uptake and 
exoenzymes (to harvest nutrients inside the 
host); and (iv) regulation of virulence-
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associated genes (Chen et al., 2012). Now, it 
becomes clear that many genes encoding 
virulence traits, such as secretion 
machineries, siderophores, catalases, 
regulators, etc. are indirectly involved in 
pathogenesis, which is also important for 
bacteria to establish infection (Chen et al., 
2005). 
 
In his work on social evolution on bacterial 
pathogenesis, Jeff Smith has postulated that 
many bacterial virulence factors are 
maintained on genetic mobile elements as 
plasmids. In a pathogenic population, mutant 
cheaters would increase in frequency 
because they do not pay the metabolic cost 
of producing the virulence factor, but HGT 
converts them into producers, increasing 
genetic relatedness. Nogueira and co-
workers have demonstrated that the bacterial 
sociality and virulence are mainly encoded on 
mobile elements (Nogueira et al., 2009; 
2012). Secreted virulence factors, like 
exotoxins for example, are biochemically 
costly to the producer cell (Nogueira et al., 
2009) but will favour all bacteria inhabiting the 
same niche, due to the fact that they are 
freely released into the environment. In order 
to be efficient, bacteria cooperate with each 
other for the production of virulent factors. In 
2009, Raymond and co-workers have 
suggested that when bacterial pathogens are 
at high density within their host, they would 
reduce their virulence power, in order to avoid 
the early death of the host they parasite. 
(Raymond et al., 2009). It has been have 
established a link between the variance of the 
infectious dose of bacterial pathogens, 
quorum sensing, and the bacterial pathogenic 
strategy (Merrel and Falcow, 2004; Gama et 
al, 2012). 
 
Assessing bacterial communities - the 
metagenome 
The vast majority of life on earth is microbial. 
For many years, microbiologists have sought 
to determine the species richness of bacterial 
communities (Schloss and Handelsman, 
2006). Nevertheless it is estimated that less 
than 1% of all microbial species can be grown 
in laboratory (Molloy, 2005). This hurdle 
began to be overcome with the development 
of metagenomics, an emergent field in 
molecular biology. It consists on sequencing 
DNA directly from environmental samples, by 

next-generation high-throughput DNA 
sequencing technology, without the need to 
isolate and generate pure cultures. It is thus 
possible to analyse the genomes of entire 
microbial communities, comprising: bacteria, 
viruses and fungi, most of them (mainly 
viruses) that would otherwise be inaccessible. 
In this sense, it is a key tool for cataloguing 
microbial life (Morgan et al., 2010), and it 
helps us to understand diversity, ecology, 
evolution and functioning of the microbial 
world, and can also providing new molecules 
for therapeutic and biotechnological 
applications (Hugenholtz and Tyson, 2008).  
One of the purposes of metagenomics is to 
evaluate the specie/strain composition of 
microbial natural community samples. Phylo-
typing consists of sequencing cloned specific 
genes (often the 16s rRNA gene) in order to 
produce a profile of the diversity in a natural 
sample, by grouping them into OTU 
(operational taxonomic units). OTUs 
represent a collection of sequences not more 
than 3% distant from each other (Schloss and 
Handelsman, 2006). While phylo-typing we 
assume that the shotgun metagenomics 
protocol provides an unbiased sampling of 
the community. 
 
A different bioinformatics approach that can 
be made to metagenomic sample is to do 
binning. It is one of the benchmark of 
metagenomic protocols, focused mainly on 
the informatics challenge of assigning reads 
from a priori unknown organisms to 
taxonomic groups, in a reference phylogeny 
(Mavromatis et al., 2007; Morgan et al., 
2010). 
 
In short, metagenomics allows us to 
investigate the interactions between 
community members and to address the 
average proportion of the communities: gene 
content and abundance. According to Trina 
McMahon, metagenomics can have many 
applications such as: community composition 
estimates; de novo genome assembly; 
population genomics with reference 
genomes; novel gene or protein discovery, 
metabolic reconstructions; comparisons 
across time, space, organisms, or treatments. 
Studying microbial communities can lead to 
advances in: human health, earth Science 
and global change, agriculture, environmental 

http://www.spmicrobiologia.pt/


Magazine da SPM 2013 (2) 29.12a  

www.spmicrobiologia.pt  
5 

remediation, energy and more (McMahon, 
personal communication, 2011). 
 
Today there is a huge amount of 
metagenomic data that include more than 
1.7*104, samples and more than 1.5*109 
sequences, representing more over 40 
biomes, more than 2.9*104 OTU, and 
involving 134 collaborators (Earth Microbiome 
Project - Metadata Portal) 
 
The microbiome: enterotypes, core- and 
accessory genes  
Metagenomics has allowed researchers to 
access human microbial communities. It has 
been estimated that microbes in human 
bodies exceeds tenfold the number of our 
cells, and they encode 100-fold more unique 
genes than our own genome (Qin et al., 
2010). The majority of microbes live in the 
gut, where they can reach up to 1014 cells 
and about two kilograms, weighting more 
than our brain (MetaHIT). There they have a 
profound influence on human physiology and 
nutrition, they help us digest food, they 
synthesize vitamins and amino acids that are 
needed by our body, and stimulate the 
immune system. Many different diseases 
originate from microbial disorders, as it is the 
case of infectious diseases of the digestive 
system. However, there is a steadily increase 
of chronic diseases in our modern societies 
that are due to unusual changes in 
microbiota. Some associations had been 
arisen between some psychological disorders 
such as autism, bowel diseases or obesity, 
and an overgrowth of certain gut microbes 
(Qin et al., 2010). 
 
The MetaHIT (Metagenomics of the Human 
Intestinal Tract) is the name of a consortium 
involving the collaboration of Chinese and 
European scientists from 8 countries, who 
have already sequenced 3,3 *10 6 genes, 
found in stool samples from 124 people. 
Since 2008 they have been being collecting 

and analysing genomes of our gut microbiota, 
with the aim of providing the basis for 
personalize medicine (Jones, 2011), early 
detection of chronic diseases, and more 
healthful food. They have published the 
established catalogue of bacterial genes in 
the intestine, and suggested that all the 
human microbiomes would fall into one of 
three different enterotypes: Bacteroides, 
Prevotella and Ruminococcus. However, 
today gut microbial 'enterotypes' become less 
clear-cut, and it has been suggested, on 
contrary, that the communities of gut bacteria 
may form a spectrum rather than falling into 
distinct groups (Young, 2012). Extensive 
bioinformatics analysis of the human 
microbiome has shown that they are at least 
1000 different bacterial species frequent in 

our gut, accounting for 3,3 1012 genes, 150‐
fold more numerous than in our own genome. 
Nature had called it “Our Other Genome” (Qin 
et al., 2010). This arsenal of bacterial genes 
reveals the genetic potential of the bacteria 
colonizing the human gut. To the moment 
over 5000 new functions were found (Qin et 
al., 2010). 
 
Deep metagenomic sequencing provides the 
opportunity to explore the existence of a 
common set of microbial species (common 
core) (Qin et al., 2010). The core Human 
microbiome is the set of genes that that are 
present in a certain habitat in the vast 
majority of humans (Turnbaugh et al., 2007). 
It constitutes the minimal functional core, 
which may be required for the proper function 
of the human gut microbiota. Among these 
are the functions that our genome lacks, such 
as the ability to degrade the fibres present in 
our food or the synthesis of some essential 

vitamins and amino‐acids essential for us 
(Qin et al., 2010). By contrast, the remaining 
genes belong to the accessory metagenome, 
which is more flexible. 
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