
12

S
u

m
m

e
r 

2
0

13
 J

o
u

rn
a

l 
N

o
. 

10

 

Point of view

Summary Focus Point of view Lab news Networks Agenda

Introduction
Genomics has seen great technological progress since the 
development of the first DNA sequencing methods and the 
publication of the first whole genome — that of the bacteriophage 
ΦX174 — in 1977. Today, sequencing an individual’s genome 
only takes a few hours and costs little more than $1000, but the 
first whole human genome was obtained in 2003 after 13 years 
of work and cost roughly $2.7 billion. In bacteria alone, and only 
20 years after the sequencing of the first genome of a living 
organism (Haemophilus influenzae, with a genome size of 1.83 
Mb), nearly 4000 whole genomes are now available and four 
times this number are incomplete or being completed. Rapid 
progress in whole genome sequencing has been driven by the 
quest to understand, treat and predict diseases; to innovate in 
the fields of biotechnology, environment, agronomy, etc.; and 
also to better comprehend, on a basic science level, life and 
biological evolution. 

A brief description of contagious equine metritis 
(CEM)
CEM is an economic threat for the horse industry (breeding, 
export, sales). This sexually transmitted and contagious 
bacterial infection appeared in the late 1970s in several regions 
around the world where horse dealing is particularly active. 
Today, the disease is still found worldwide, but mandatory 
testing has limited outbreaks to only a few cases. The clinical 
signs include inflammation of the endometrium in mares, which 
is typically accompanied by temporary infertility. Without 
treatment, horses (males and females) may become carriers 
of the disease for several years. Treatment failure seems to be 
frequent although none of the strains appear to show resistance 
to the administered antimicrobials. First classified in genus 
Haemophilus, the causative agent of CEM was reclassified in a 
new bacterial genus in 1985 named Taylorella, now made up of 
two species: Taylorella equigenitalis, which leads to an outbreak 
of a case of CEM, and Taylorella asinigenitalis, considered 
as non-pathogenic despite clinical signs of metritis following 
experimental intra-uterine infections in several mares. Despite 
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The number of available whole genomes has been regularly increasing while costs and sequencing times continue 
to decrease. Many laboratories — both public and private — participate in whole genome sequencing and this 
investment has radically transformed basic research and all fields that deal with biological processes. In the near 
future, whole genome sequencing will likely become a routine tool for microbiology diagnostic and reference 
laboratories.

Figure 1. Genetic maps of the T. equigenitalis MCE9 and T. asinigenitalis MCE3 genomes.
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the slow growth of Taylorella bacteria on current culture media 
compared to the commensal flora of the genital tract, the official 
diagnosis of CEM is based on the isolation and biochemical 
identification of the pathogen. Moreover, the species must be 
confirmed by PCR because T. equigenitalis and T. asinigenitalis 
are phenotypically very similar. 
The national reference laboratory (NRL) and European 
reference activities (carried out as part of the European Union 
Reference Laboratory for equine diseases) for CEM are based 
at the Bacteriology and Parasitology Unit of the ANSES Dozulé 
Laboratory for Equine Diseases. 

Whole genome sequencing for reference 
activities, the case of CEM
For a reference laboratory whose role is to develop reliable 
tools for detecting and characterising pathogens as well as new 
typing methods, the lack of genetic information can drastically 
hamper progress. For example, in CEM, the theoretically 
close genetic relationship between genus Taylorella and other 
bacterial genera (e.g. Bordetella and Haemophilus) and the 
absence of sequence data other than ribosomal operons has 
limited the development of efficient diagnostic tools. To address 
this limitation, we undertook the de novo sequencing of the 
genomes of both Taylorella species in collaboration with the 
UMR1319 Micalis at INRA (Jouy-en-Josas, France); two high-
throughput sequencing technologies were combined: 454 
technology (Margulies et al., 2005) coupled with “paired-end” 
reads (Fullwood et al., 2013) to facilitate genomic assembly of 
both genomes, and Illumina (Solexa) technology (Bentley et 
al., 2008). Both genomes were then annotated and compared 
(Hébert et al., 2011; Hébert et al., 2012; Figure 1). 
The availability of genetic sequences has greatly aided the 
development of molecular diagnostic tools. To improve the 
reliability of CEM testing, we are currently collaborating to 
optimise a real-time multiplex PCR protocol that will improve 
upon the 16S ribosomal DNA sequences and therefore 
increase specificity. Knowledge of genome sequences also 
benefits the development of bacteriological or serological 
diagnostic methods. For example, the in silico reconstruction 
of the metabolic pathways of Taylorella species helps to better 
understand the bacteria’s nutritional needs and develop a more 
appropriate culture medium to increase the sensitivity of the 
current official diagnosis method for CEM. The optimisation of 
this culture medium began in January 2013 in collaboration with 
the AES CHEMUNEX company (bioMérieux Industry, France).
There are several available molecular epidemiology tools, 
depending on the pathogen in question and the intended 
application (Sabat et al., 2013). For genus Taylorella, we chose 
multilocus sequence typing (MLST), which is not only a robust, 
easy to perform and portable method, but also a standard 
method for global epidemiological surveillance of a disease and 
the study of the evolution of bacterial populations. Based on 
the annotated genomes of T. equigenitalis and T. asinigenitalis, 
we selected several genes that are shared between the two 
species and whose products are essential for cell survival. 
Seven of these genes were validated in 113 T. equigenitalis and 
50 T. asinigenitalis strains collected in six countries over 35 
years. This molecular epidemiology tool for CEM will eventually 
be shared with other NRLs in the European Union to determine 
the status of the Taylorella strains that circulate in Europe and to 
conduct retrospective studies on the available strain collections. 
MLST data (epidemiology of strains and DNA sequences from 

seven MLST markers) will be shared and made accessible in 
a Taylorella-specific database (http://pubmlst.org/taylorella/) 
hosted at the Department of Zoology, University of Oxford, UK 
(Jolley and Maiden, 2010). 
Along with the development of diagnostic and molecular 
epidemiology tools, reference laboratories conduct research 
to enhance basic knowledge on pathogen biology and their 
infectivity in interaction with their host and the environment. 
The whole genome sequence will greatly help take this research 
forward over the long term. For example, from the comparison of 
the annotated genomes of T. equigenitalis and T. asinigenitalis, 
we have listed the potential colonisation and virulence factors 
that are common to both species and those that are specific 
to one of the two species. To shed further light on the genomic 
diversity of Taylorella species, we plan to sequence the genomes 
of some 10 strains in collaboration with ANSES’ genomic/
transcriptomic facility (at the Viral Genetics and Biosafety Unit 
of the ANSES Ploufragan-Plouzané Laboratory). 

Routine use of whole genome sequencing 
The routine use of whole genome sequencing has been 
addressed in several papers and review articles with, among 
others, a pilot study on Staphylococcus aureus and Clostridium 
difficile (Eyre et al., 2012). All have demonstrated that the ever-
decreasing costs and sequencing time have resulted in a 
dramatic change in the capability of microbiology diagnostic 
and reference laboratories. The most obvious applications are 
the identification of microorganisms (particularly those that 
are non-culturable, difficult-to-culture or highly pathogenic) 
and genotyping strains with optimal resolution in “real-time”. 
The enterohemorrhagic Escherichia coli O104:H4 outbreak 
in Germany in 2011 (Mellmann et al., 2011) and the recent 
identification of the causative agent of Theiler’s disease 
(Chandriani et al., 2013), which conventional identification 
techniques had failed to identify for more than a century, are 
good examples of these applications. Data from genome 
sequencing and new sequencing technologies can also be used 
to analyse specific target genes alone (e.g. antibiotic resistance 
genes) and thus reduce the cost of preparation, analysis and 
data storage.
It is however clear that, even though the technical constraints 
and costs incurred by generating sequence data are no longer 
limiting factors, as shown by the advent of ‘push-button’ 
sequencing, it seems difficult to envisage the routine use of 
whole genome sequencing as a method of diagnosis and 
epidemiology in the near future. Indeed, several technological 
advances have yet to be made to facilitate the analysis of 
data using software that can automatically interpret results 
and can be run by microbiologists who are not bioinformatics 
specialists, and to share data over common interfaces that are 
user-friendly and efficient enough to allow data incrementation 
and comparison with existing data. This last point implies the 
standardization of the formats and software from different 
sequencing platforms, and the suitability of infrastructures 
for the storage and transport of the large amounts of data 
generated.
In conclusion, although it is unlikely that whole genome 
sequencing will completely replace current diagnostic and 
epidemiology methods, it nevertheless represents a promising 
method for reference laboratories and offers greater possibilities 
than at present.
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