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Comment on: Resistance gene naming and numbering: is it a new gene or not?

Dear Sir,

In their recent Leading Article, Hall and Schwarz state their intention is to stimulate debate on how resistance genes should be named, with a view to reaching an agreement that can be universally applied.1 Debate on the classification of resistance genes has produced differences of opinion.2, 3 Two obvious ways in which antibiotic resistance genes can be named are either by (1) their evolutionary relatedness (i.e. sequence similarity), or by (2) the functional similarities of the gene products. Hall and Schwarz suggest that naming of resistance genes should be based upon sequence similarity of either  the DNA or the predicted protein, and that a cut-off of ≥2 % difference should be used to determine whether a new number should be assigned (e.g. blaOXA-1, blaOXA-2 etc.), with variants differing by <2 % given an additional secondary number (e.g. blaOXA-1-1, blaOXA-1-2 etc.).1 While I agree that numbering based upon sequence similarity is a sensible suggestion, I do not believe a ≥2 % cut-off value would be appropriate. To illustrate this, of the 33 OXA-23-like β-lactamases that have currently been identified, and that are derived from the same common source (the chromosome of Acinetobacter radioresistens),4 there is up to ~8% difference in amino-acid sequence between a given pair of sequences (Evans, unpublished data). As such, under the proposed naming system, rather than all being named blaOXA-23-1, blaOXA-23-2 etc., those that crossed the ≥2 % threshold would receive a completely new number. Thus a ≥2 % cut-off would lead to an unwarranted proliferation of gene names.

In the spirit of Hall and Schwarz’s article in stimulating debate, I suggest a modification of the system they propose. Rather than a fixed numerical cut-off value for assignment of a new number, there should be an emphasis on considering these genes in context and their recent evolutionary history. For example, intrinsic chromosomally-carried genes can vary substantially but clearly belong to the same ‘group’ for naming purposes. On the other hand, mobilised genes are usually genetically very similar due to their recent evolutionary bottleneck and as such it would be appropriate for them to belong to the same named group. Variants that share the same recent history would be assigned an additional secondary number, as Hall and Schwarz suggest. It is clear there is much discussion to be had to define this. One suggestion is that an approach analogous to that used for assigning new bacterial species names could be considered i.e. agreement by a resistance gene-naming committee. Such a system will require community effort to maintain, but would ensure that genes sharing common recent ancestry would be grouped together, and would be robust against the future inevitable increase in genetic diversity in a way that a fixed numerical cut-off would not be.

[bookmark: _GoBack]Alongside an agreed numbering and naming system, it is essential that an openly accessible database of resistance genes that details the phenotype conferred by the gene is developed. Indeed, it could be argued that such a database is more important to establish than re-numbering resistance genes themselves, as it would illustrate the similarities between genes regardless of what they were called. An example of such a database is being constructed by the NCBI for β-lactamases (http://www.ncbi.nlm.nih.gov/pathogens/submit_beta_lactamase/). As we move into the era of bacterial genome sequencing in the clinic for surveillance and diagnosis, it is essential that we have the tools not just to tell us which allele of a particular resistance gene an isolate has, but simultaneously what the implications are for the isolate phenotype. The establishment and curation of such a database will require ongoing funding and should be identified as a priority area by science funding councils.

Hall and Schwarz rightly highlight that as a community we must debate and come to a conclusion on a common and sustainable system for gene naming that will cope with the explosion in genome sequencing and thus identification of resistance gene variants. While it is no small feat to overhaul and unify the disparate range of naming systems that currently exist, it is important that we do so soon to maximise the use of this data both in research and healthcare.
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