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Ribotyping is the most widely used method for differentiat-
ing strains of Clostridium difficile for epidemiological stud-
ies and infection control. Recently there have been calls for
standardisation of the technique to which sophisticated
technical solutions have been offered. The present note
offers a solution for standardisation based on conserved
rrn operon Type-specific flanking genes. Furthermore, this
technique can be used to detect Type-specific 7rn operon

deletions in passages from a single strain of C. difficile.

The ribosomal RNA operon is present in up to 12 copies per genome
in Clostridium difficile’. Since the early 1990s it has been used for
‘ribotyping’ strains of C. difficile by exploiting sequence variations
between operons on the same genome and between operons from
different strains®. Detailed analysis of the main ribotypes for which
whole genome sequencing (WGS) are available has been per-
formed" and will not be presented here. Rather, it will be shown
how the 771 operons are predictably related to each other between
strains by their flanking genes according to Type position on the
genome. I'will draw on two recent studies™* of the well characterised
630 strain that show that according to ribotype, the relatedness of
flanking genes (Figure 1) makes it possible to reliably show that 77z
operons have been lost and gained between passages of the same
strain (e.g. Figure 1a, 77nA is absent in 630AM but present in 630CP
and 630AERM).

Many ribotyping schemes have been used and reported for
C. difficile’ and there is increasing interest in standardisation
of methodology with a recent Internationally-Standardised, High-
Resolution Capillary Gel-Based Electrophoresis PCR-Ribotyping

Protocol providing the technical basis’. However, this protocol does

not address the fundamental underlying issue of how the prediction
of the systematic similarities and differences in operons can be
treated in this way for typing bacterial strains®. The purpose of this
short note is to demonstrate how the analysis of 7772 Types can be
standardised, with simplicity, to provide more reliable typing infor-
mation, just by including the flanking genes of each 7772 operon. By
including this information a surprising amount of detail can be

obtained regarding the insertion of whole operons between strains’.

First, the genomic position of all the 7772 operons can be generalised
between strains according to their proximity to Type-specific flank-
ing genes (Figure 1a). This makes it possible to identify specifically
deletions, insertions and double 7772 operons in some strains of
affected Types. The insertions and deletions affect whole genes
(168, 23S and 5S) as well as extragenic regions (ITS1, pre-16S and
post-5S). However, all specific Types have identical genes flanking
their 777 operons (e.g. Type 1 has sigB and smb in all strains except
CF5 and M120). The only exception is when the flanking genes are
not present and in this case the 777 operons are absent too.
Therefore in these strains the whole Type is missing or rearranged.
As can be seen, the genes directly flanking the 7772 operons are good
for identifying 7772 Types and their associated deletions, insertions

and rearrangements.

Second, the only Type that has been duplicated in the 630AERM
strain can be reliably identified and tracked in the related strains as
“Type 1’ (Figure 1b). Even though the deletion of 7712A (16S and 23S
genes) was useful for differentiation of the three CD630 passages
it was not specific to CD630, also occurring in CD196 (Figure 1a).
But of particular note was the observation that Single Nucleotide
Polymorphisms (SNPs) in the two flanking genes (Figure 15, Open
Reading Frames (ORFs) ‘sigB’ and ‘smb’ labelled yellow) could be
clearly used to differentiate the three 630 passages from the other
five strains (G46R2, BI1, CD196, 2007855 and R20291) with smb

having up to 80 times more SNPs than the 7772 genes.

This method of analysis has determined that in the 777 operon of
“Type 1’ of C. difficile strains, the duplication of 7772A has occurred
in multiple strains of different lineages (i.e. in strains 630AM and
CD196). There is potential for the method outlined here to be used
to differentiate between passages of other C. difficile strains and

strains of different bacterial species.
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Figure 1. (a) Identification of ‘Types 1-9’ by genes (yellow) immediately flanking the Type-specific rrn operons marked in respective colours.
‘Types 1,3,4’ have double rrn operons in some strains. (b) Alignment for ‘Type 1 showing two lineages: (i) three 630 (ribotype 12) passages and
(ii) ribotype 027 strains G46R2, BI1, CD196, 2007855 and R20291. The % SNPs is stated under identity and the number of deletions for each gene
region in parentheses. Abbreviations: sigB, RNA polymerase sigma-37 B factor; smb, putative small-molecule-binding protein; tnf, putative
glycosyl transferase; pycA, pyruvate carboxylase; cwID, germination-specific N-acetylmuramoyl-L-alanine amidase, Autolysin; aspC, aspartate
aminotransferase; nrdG, anaerobic ribonucleoside-triphosphate reductase-activating protein; CHP00159, conserved hypothetical protein; ATPase,
putative K/Mg/Cd/Cu/Zn/Na/Ca/Na/H-transporting P-type ATPase; DedA, putative membrane protein; mgeN, putative mannosyl-glycoprotein endo-
beta-N-acetylglucosamidase; aaa_cwp16, putative N-acetylmuramoyl-L-alanine amidase,autolysin; C60B, putative peptidase C60B, sortase B;
PSD, putative polysaccharide deacetylase; ABC, ABC-type transport system, sugar-family ATP-binding protein; sirC, precorrin-2 dehydrogenase;
speA, putative arginine decarboxylase; lysS, lysyl-tRNA synthetase (Lysine-tRNA ligase).
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