
MRSA phylogeography revisited
Microbes possess remarkable adaptability, including the 
capacity to rapidly acquire antibiotic resistance, threaten-
ing our ability to fi ght infectious disease epidemics [1]. 
Understanding the mechanisms of resistance and spread 
is critical for defense against such threats, but traditional 
genotyping methods lack suffi  cient resolution and speed. 
Recent improvements in throughput and cost have made 
whole-genome sequencing a promising alternative [2]. In 
2010 Bentley and colleagues [3] published a ground-
breaking survey of 63 temporally and geographically 
diverse isolates of methicillin-resistant Staphylococcus 
aureus (MRSA) clone ST239, demonstrating pathogen 
surveillance across four decades at the resolution of 
single-nucleotide polymorphisms (SNPs). In this issue of 
Genome Biology, Feil and colleagues [4] build on this 
seminal study by sequencing 102 additional ST239 
isolates and analyzing the recombination trends of this 
important pathogen. Th eir updated sampling and analyses 
confi rm the previously reported phylogeographic cluster-
ing, but also raise important new questions and highlight 
the challenge of accurately quantifying bacterial recom-
bination rates.

Sources of diversity: recombination, horizontal 
transfer, and mutation
Feil and colleagues [4] meticulously address the question 
of MRSA diversity by applying a population genomics 
approach to 165 global isolates. Specifi cally, the authors 
report variation in recombination rates between phylo-
geo graphically distinct subgroups of MRSA clone ST239. 
Th e key metric presented is the ratio of SNPs caused by 
recombination relative to mutation (r/m), and this value 
is observed to vary signifi cantly across the three sub-
groups analyzed: South America, Asia, and Turkey. Th is 
variation is most apparent when including mobile genetic 
elements (which are either manually annotated or defi ned 
as any sequence more than 1  kb long not present in all 
isolates), but it is also apparent in the core genome 
(sequences conserved in all isolates, excluding mobile 
genetic elements). Th e authors specu late about genomic 
characteristics, population character istics, or transmis-
sion dynamics as possible sources, but the true cause of 
the observed variation remains an intriguing open question.

Th e three described subgroups are apparent from the 
core-genome phylogeny, with deep, well-supported 
branches separating them from the rest of the phylo-
genetic tree. Th e authors [4] argue that this refl ects 
discrete introductions from Europe in the 1980s and 
1990s, followed by region-specifi c diversifi cation of the 
founding clones. In addition to these top-level phylogeo-
graphic groups, there is evidence of hierarchical popu la-
tion structure on multiple regional scales, from individual 
cities to countries to continents. Th is ability to resolve 
evolutionary and transmission dynamics across such a 
wide temporal and geographic range reinforces an 
optimistic outlook that future epidemics can be tracked, 
and countered, in real time with the help of whole-
genome sequencing.

Th is technique of whole-genome typing depends on the 
identifi cation of high-quality core-genome SNPs from 
conserved, non-recombined regions of the genome. 
Th us, it is critically important that the SNPs selected for 
tree building stem from unique regions of vertical 
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inheritance and not from duplicated, recombined, or 
horizontally transferred sequence. To accomplish this, 
Feil and colleagues [4] chose a careful approach involving 
multiple techniques, including the manual annotation of 
non-core elements and the computational segmentation 
of recombined sequences using both BRATNextGen [5] 
and an approach similar to ClonalFrame [6]. Highlighting 
the importance of these approaches, 53% of all SNPs were 
identified as having been introduced by recombination 
and excluded from the tree reconstruction. In a more 
extreme case, a previous study of Streptococcus pneumoniae 
showed 88% of SNPs as resulting from recombination [7].

It is clear from Feil and colleagues’ results [4], and from 
previous work, that any attempt to trace transmission 
history without first identifying recombination will be 
prone to error. In addition, the aggressiveness of this 
segmentation process can directly affect both the phylo
genetic tree and the value of r/m - too strict a segmen
tation process may bias the value of r/m, and too relaxed 
may bias the tree. Because of this, and other challenges 
outlined below, it is important to approach such analyses 
with a degree of caution.

Sources of bias: a call for caution
Feil and colleagues [4], along with other recent studies, 
lay the framework for pathogen surveillance using whole-
genome sequencing. With these approaches becoming 
more widespread and destined to inform public health 
strategies, the authors are rightly cautious in acknow
ledging and controlling for potential sources of bias. We 
feel it is important to emphasize these points so that 
future studies may follow their lead and use improve
ments in technology to increase understanding of these 
complex phenomena. Here, we note three sources of 
potential bias and how they were addressed in this study: 
SNP filtration bias, reference bias, and sampling bias.

One source of bias lies in segmenting the genome by 
provenance into vertically inherited, horizontally trans
ferred, and recombined regions. The statistical models 
for distinguishing simple mutation from foreign sources 
rely on identifying genomic regions with a higher SNP 
density than the background mutation rate. This approach 
assumes that allelic recombination and gene transfer 
affect only a small fraction of the genome. However, 
when this is not the case, as in S.  pneumoniae [7], it 
becomes difficult to estimate the background mutation 
rate. Alternatively, it is difficult to distinguish recombined 
sequences when the source is closely related because 
there may not be a detectable difference in SNP fre
quency. Feil and colleagues [4] provide an excellent 
blueprint on how to perform this segmentation by focus
ing on the core genome and combing manual annotation 
of mobile genetic elements with two redundant methods 
for recombination detection.

Selection of a reference genome is a second potential 
source of bias. Using a single reference genome ignores 
mobile genetic elements present in the population that 
are absent from the reference. As a result, the diversity of 
the non-core genome will be underestimated, making the 
statistics regarding mobile genetic elements difficult to 
interpret. Feil and colleagues [4] acknowledge the effect of 
a reference bias when accounting for mobile genetic 
elements, but note that ST239 genomes are highly similar 
because of this clone’s recent emergence and that the core 
genome analysis is unaffected by selection of a reference.

Sampling bias is a third and important potential source 
of error to be addressed. For a true summary of the 
population, samples must be randomly selected across 
both temporal and geographic domains. However, this is 
not feasible as microbial sampling is typically oppor
tunistic and diverse samples, particularly from healthy 
individuals, are often difficult to obtain. Thus, sampling 
bias is often unintentionally introduced, as has been 
previously discussed in the context of human influenza A 
[8]. The authors [4] mitigated this bias by including over 
150 strains across three continents to capture an impres
sive range of diversity of ST239. As evidenced by this and 
previous studies, Feil and colleagues are leaders in the 
politically challenging realm of global sampling, and we 
stress the importance of these types of international 
collaborations along with open data sharing.

Paving the way
This study [4] offers an exciting result - that recombi
nation to mutation ratios seem to differ by geographic 
subtype. It adds to the growing knowledge of MRSA 
evolution and leads the way for future studies of bacterial 
recombination. Following the blueprint it provides, we 
advocate a cautious approach in light of the potential 
biases. Forthcoming advances in sequencing technology 
and bioinformatics promise to address these challenges 
further. New algorithms, scalable to many genomes, 
continue to be developed for the detection and manage
ment of recombination and horizontal gene transfer. The 
emergence of third-generation sequencing promises the 
affordable closure of bacterial genomes [9], which would 
eliminate reference bias and enable a greater under
standing of the non-core genome. Lastly, the continued 
plummeting of sequencing costs will help dampen the 
effects of sampling bias by enabling systematic sampling 
approaches to include latent microbial reservoirs in both 
the natural and built environments. Ideally, future sequen
cing technologies will feed a universally deployed sensor 
network, capable of providing a comprehensive view of 
pathogen population diversity [10]. The remarkable popu
lation sequencing studies of today, such as this one [4], 
continue to predict a bright future in the fight against 
infectious disease.
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