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Multilocus sequence typing (MLST) has been the gold standard for typing and identification of a wide range of
bacteria for two decades [1–3]. Public MLST databases allow researchers worldwide to analyze and deposit data, and
enable the study of the global prevalence and epidemiology of a broad range of bacteria [3,4]. A Burkholderia cepacia
complex (Bcc) MLST scheme based on partial atpD, gltB, gyrB, recA, lepA, phaC and trpB gene sequence analysis
was developed for both species and strain level differentiation [5–7]. PCR primers were subsequently improved to
reliably amplify the target loci from both Bcc and non-Bcc Burkholderia bacteria and to enable the use of a single
primer set for amplification and sequencing [8]. The large number of recent publications that used MLST and the
accompanying Bcc PubMLST database as a tool for epidemiological studies shows that MLST is a well-established
method that enabled outbreak surveillance, shed light on the global distribution of strains and elucidated Bcc
epidemiology and population structure [9]. While the first few hundred sequence types were primarily originating
from European, American and Canadian isolates, there has been an increase in submissions from Australia and
countries in Asia and South-America. Reproducibility and portability have been considered major advantages of
MLST over earlier typing and identification methods [1,2]. In today’s genomics era, traditional Sanger sequencing
of MLST loci is gradually replaced by the extraction of MLST alleles from next-generation sequencing data, thus
sustaining the continued use of the same MLST schemes [2,10]. As curators of the Bcc PubMLST database [3,11]

we observed that genome sequence derived MLST data revealed several types of conflicts with earlier MLST data
that were generated through Sanger sequencing. We generated genome sequences from high-coverage Illumina data
for 113 Bcc isolates (method as previously described by Peeters et al. [12], [unpublished data]) for which Sanger
sequencing based MLST data were available; for 34 of these isolates (30%) there was a conflict between the genome
sequence derived and earlier MLST data.

Generally, two types of conflict were found. In one type of conflict the genome sequence derived MLST alleles
revealed one or a few single nucleotide polymorphisms compared with the earlier MLST data. An example of this
type of error was found for Burkholderia multivorans outbreak strain C1576 [13], for which the initial MLST analysis
yielded lepA-8 and trpB-6 [7], while more recent analyses uncovered lepA-224 [14] (1/397 nucleotide differences) and
trpB-415 (GenBank/ENA accession number ERS784904) (3/301 nucleotide differences), changing the sequence
type from ST-27 into ST-899. Because the coverage of Illumina data by far exceeds that of traditional Sanger
sequencing, it is not unexpected to find a few false single nucleotide polymorphisms in the original MLST
data [15,16].
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In a second type of conflict, strongly different alleles were observed. An example of this type of error was found
for B. multivorans LMG 18824, for which the initial MLST analysis yielded gyrB-307, while the genome sequence
uncovered gyrB-445 (36/454 nucleotide differences), changing the sequence type from ST-523 into ST-1530. This
kind of discrepancy was most likely introduced by human error, for example, a mix-up of amplicons during PCR
or a typographical error during the submission of the MLST data to the PubMLST database. This type of error not
only causes a change in sequence type but may also alter the strain’s phylogenetic position. Indeed, the gyrB-307
allele is detected only in Burkholderia cenocepacia IIIB while gyrB-445 thus far occurs only in B. multivorans, so this
mix-up incorrectly revealed shared MLST loci between Bcc species and suggested interspecies recombination [5].
So far, we found that 92% (i.e., 48/52) of those alleles that were originally thought to be shared among several Bcc
species and that were verified through new sequence data could in fact be explained by human error, challenging
the concept of interspecies recombination within the Bcc. Of note, we confirmed three alleles that were shared
between B. cenocepacia lineages IIIA and IIIB (atpD-16, phaC-6 and phaC-121), and detected only a single case
of genuine interspecies recombination, more specifically atpD-123 that was found both in B. multivorans and B.
pseudomultivorans.

The errors described above not only affected the allele profile and sequence type of taxonomic reference strains
such as the Burkholderia anthina, Burkholderia dolosa, ‘Burkholderia paludis’, Burkholderia plantarii, Burkholderia
pyrrocinia and Burkholderia vietnamiensis type strains, but also well-documented Bcc strains such as B. cenocepacia
K56-2, a representative of the ET12 epidemic lineage [17], and B. cenocepacia H111 [18].

While the occurrence of sequencing errors that lead to a few false single nucleotide polymorphisms can be
expected to gradually disappear with increasing use of genome sequence derived MLST data, researchers, but also
referees and editors ought to be more alert for human error and strain mix-ups. For example, a recent study [19]

presented both Sanger sequencing based MLST data and a genome sequence for strain MSh1Tthat was presented as
the type strain of the novel Bcc species ‘B. paludis’. Its Sanger sequencing based sequence type ST-1043 was marked
as suspicious during our November 2016 curation of the database because it formed an unusual long branch in the
phylogenetic tree of concatenated allele sequences of all Bcc STs (data not shown). Closer inspection of the data
revealed that ST-1043 comprised alleles from seven different Burkholderia species. The sequence type extracted
from the genome sequence generated in the Ong et al. [19] study yielded ST-1347, and comprised new alleles for all
seven loci. Furthermore, when we accessioned the deposited ‘B. paludis’ type strain from the BCCM/LMG bacteria
collection (i.e., LMG 30113T [20]), its resequenced genome sequence yielded ST-1381 which differed in its gltB
(2/400 nucleotide differences), gyrB (10/454 nucleotide differences), recA (1/393 nucleotide difference) and phaC
(2/385 nucleotide differences) alleles from ST-1347, suggesting that MSh1T and LMG 30113T do not represent
the same strain, or possibly another cause of large experimental error.

We are also cocurator of the Achromobacter PubMLST database [21] and this database too suffers from the same
conflicts between earlier MLST data and genome sequence derived MLST data. Thus far, genome sequences of 84
Achromobacter isolates (method as previously described by Peeters et al. [12], [unpublished data]) for which earlier
MLST data were in the database, revealed similar conflicts for 26 of these isolates (31%).

Clearly the Sanger sequencing methodology and human errors introduced an unexpectedly high number of
errors in MLST databases that are considered of superior reproducibility and portability [1,2]. The pubMLST
databases and underlying BIGSdb platform provide a well-documented, extensive tool set to not only query
available sequence and provenance data, but also conveniently submit new data through an easy-to-use submission
portal [3]. Together with the increasing numbers of high-quality genome sequences that can be expected in the near
future, this will lead to a gradual disappearance of false single nucleotide polymorphisms and mistaken cases of
interspecies recombination. The true extent of interspecies recombination within the Bcc will become clear and it
will be most interesting to study the alleles – and larger sets of genes – that are genuinely shared among species.
However, the ‘B. paludis’ example also shows that vigilance of researchers, database curators, referees and editors
is mandatory to safeguard the quality of the data in these public databases and ensure a correct understanding of
distribution, population structure and epidemiology of the bacteria involved.
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