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Merging of Clusters 
Although WGS has made a notable contribution the way we detect clusters, it is important to 

understand limitations and parameter considerations in any methodology. Once such challenge with 

the SNP addresses is as datasets and representation of the strain population increases, you can get 

the merging of clusters. When new isolates are added to the Snapper database of each eBG [1], if they 

are within a SNP threshold (i.e. 5-SNPs) from two separate clusters which were previously unlinked at 

the 5-SNP level, these two clusters will merge to include this new isolate. This results in all of the 

isolates of the old and new clusters as well as the new isolate which has ‘linked’ them adopting a single 

SNP address (the numerically lowest one); this is called a SNP cluster merge. These merges and 

subsequent SNP address changes are a function of the use of single linkage clustering and while this 

changes the membership of the isolates with a given SNP address. The change of SNP address does 

not change the genetic relatedness of the isolates; their phylogenetic relationship remains the same 

and it is for this reason the phylogeny is utilised for assessing genetic relationships between isolates 

during outbreak investigations. Two examples of merged clusters include the S. Typhimurium, 

1.2.3.175.175.175.x outbreak associated with eggs from a Polish producer [2,3] and the S. Enteritidis 

1.2.3.38.38.38.x outbreak associated with eggs from a German producer [4-8]. A merge in relation to 

these clusters have now occurred and the SNP addresses have subsequently changed 

(1.2.3.18.175.175.x and 1.2.3.18.38.38.x respectively) (Table S1). Merging of clusters are managed 

with prospective reporting of merged clusters with every batch of data and updating our SNP cluster 

analysis in relation to any change. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Principles of the maximum SNP distance within Single Linkage Clusters (SLC)  
As well as merging of clusters,  consideration is needed when using SLC reside in long persistent 
clusters and accumulation of SNPs. SLC is based on grouping isolates in agglomerative clustering, 
each new isolate will be aggregated to its closest pair. If the closest isolate is part of an existing 
cluster, the cluster is then expanded with the new isolate added. It results in clusters where isolates 
at opposite ends of the clusters having larger distance than the initial cluster level threshold. 

 

 

If an initial cluster was detected at 5 SNPs and isolates were originally all within 5 SNPs of each 
other, then addition of new isolates overtime can lead to an increase of the maximum distance 

within a cluster (see above figures). New SNPs within related isolates could be explained by mutation 
of strains across time or selective pressure within the environment. 

The assessment of clusters is always made by looking into the SNP address derived by SLC followed 
up by phylogenetic reconstruction as the phylogeny will show the topology/placement of isolates 
within a clusters. This is to ensure, cluster with exceeding maximum distance can still be interpreted 
using SNP addresses or if they need more bioinformatics context for interpreatation. 

 

One example of a cluster that was initially defined at t5 but as has become larger over time is the 
example of  the  S. Enteritidis 1.2.3.18.175.175.% cluster (Table S1), which contains over 800 isolates 
with a maximum distance of 20 SNPs. These types of clusters pose a challenge to interpret, but 
integrated approaches of epidemiological evidence, microbiology, genomics and phylogeny are 
useful to interpret context.  

 

Recombination 
Most of organisms in bacterial kingdom have the possibilities of rearranging their genomes, include 
extra DNA in terms of mobile genetics elements (phages, prophages, plasmids integration…). Within 
UKHSA, each new outbreak  has regions of mobile elements removed.  
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