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Abstract 
Whole genome DNA sequencing is a rapidly developing 
technology in the field of food microbiology. DNA 
sequencing can quickly identify all organisms in a sample 
in one assay, and potentially give a rough estimate of the 
relative quantity of organisms present. While most are 
aware of how DNA sequencing can be used to track the 
origins of an outbreak, DNA sequencing has multiple other 
beneficial applications. We demonstrate how DNA 
sequencing can be an important tool in quality control, 
presumptive confirmations and environmental monitoring. 
We sequenced four samples, including isolated colonies 
and probiotic preparations, using Oxford Nanopore’s 
MinION device and the Rapid Sequencing Kit. Data 
analysis was performed using the EPI2ME (Metrichor) 
Fastq What’s In My Pot (WIMP) workflow, which uses  
the NCBI database, to identify organisms present in  
each sample. Samples were sequenced between one and 
six hours, with live basecalling performed by the 
MinKNOW. We confirmed the presence of Salmonella  
at 1,000 CFU/ml in about one hour, and could clearly  
identify 10 of 14 species claimed in a probiotic mix. The 
remaining four species were present at very low levels 
(<10/418,875 reads). Furthermore, four species not listed 
as an ingredient in the probiotic mix were also identified. 
DNA sequencing can also be used to track recurring 
contamination in a food processing plant, as organism 
recovery can be identified as a new or previously 
observed organism. Importantly, species or strain 
identification is only as good as the database used, as  
we were unable to reliably distinguish between Bacillus 
cereus and B. thuringiensis, which are commonly 
misclassified. DNA sequencing is an important tool to 
identify all organisms in a sample in one assay. 
Sequencing is especially useful when strain-level 
identification is important, such as in quality control  
of probiotic products, environmental contamination 
tracking or pathogen confirmation.

Materials 
•   Bacillus cereus

•   Bacillus thuringiensis

•   Salmonella enterica

•   Freeze-dried probiotic powders

•   DNA isolated from probiotic strains

•   Naturally contaminated samples 

•   MinION (Oxford Nanopore Technologies)

•   Rapid Sequencing Kit (Oxford Nanopore Technologies)

•   SpotON Flow Cell R9.4 (Oxford Nanopore Technologies)

•   DNeasy PowerFood Microbial Kit (Qiagen)

• What’s In My Pot (Oxford Nanopore Technologies)
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Methods

Results

Contamination tracking 
WGS can allow strain-level identification and tracking of pathogens or other 
contaminants in a facility. We investigated the limit of detection (LOD) of a common 
pathogen, Salmonella, and showed how a contaminant can be distinguished from 
laboratory control strains.

What did we do?
A Salmonella enterica sample at ~1,000 CFU/mL was sequenced for 2 hours. 

What did we learn?
•  Due to low levels of reads achieved, we determined that ~1,000 CFU/mL is near the 

LOD of this method

•  This matches or beats the LOD of many rapid detection platforms 

Can a contaminant be distinguished from a control strain? 
We sequenced our laboratory control strain (LCS) of L. monocytogenes and compared 
it to naturally contaminated samples.

•  Over 90% of Listeria reads map to L. monocytogenes for all samples

•  The dominant identified strains for the naturally contaminated samples were identical; 
in keeping with their common environmental origin

•  The LCS gave a distinct strain from the samples, eliminating the potential for 
laboratory control contamination

Which probiotic species are in my product?
•  Probiotic sales have increased dramatically over the last few years. 

•  It is common for different organisms than claimed to be present in a sample  
(Morovic et al., 2016).

•  DNA sequencing can uniquely capture the full profile of organisms present in a 
sample to ensure product labeling integrity. 

What did we do?
We sequenced a freeze-dried probiotic mix claiming 14 unique species on the label 
and analyzed the sequences with the WIMP workflow. 

What did we find?
The 14 declared organisms plus organisms identified in at least  
1,000 sequencing reads are shown.

What did we learn?
•  All 14 organisms on the label were identified, some only at extremely low levels

•  At least 4 organisms not listed on the label were identified

•  Organisms on the label are listed in order, from highest to lowest content

•  Order of species listed on the label did not correlate well with number of  
sequencing reads

Was the label or the data analysis wrong? 
We hand-made our own probiotic mix using equal weights of four known probiotic strains.

What did we learn?
•  All 4 species were clearly identified

•  Most reads were mapped to a species, and not a strain

•  Equal weights of 4 unique probiotic strains did not produce equal number of reads

Does DNA extraction or sequencing bias affect quantitation?
We sequenced pure, quantified DNA consisting of 4 ng of B. animalis, 1.75 ng of  
L. rhamnosus, and 1.75 ng of L. acidophilus. 

What did we learn?
•  All 3 DNA samples were definitively identified

•  Bias remains in sequencing read numbers compared with expected sample input

Bacillus cereus or Bacillus thuringiensis?
•  B. thuringiensis - used for insect control on crops.

•  B. cereus - can cause food poisoning. 

•  Genotypes and phenotypes are very similar.

•  Classically distinguished microscopically by presence of toxin crystals in  
B. thuringiensis (takes minimum 5 days).

•  For positive release decisions it can be imperative to know as quickly as possible 
which species is present. 

What did we do?
We sequenced pure Bacillus cereus and Bacillus thuringiensis samples and analyzed 
the sequences with the What’s In My Pot (WIMP) workflow. 

What did we find?
Percent of total Bacillus reads from each sequenced organism is shown. 

 

What did we learn?
•  Sequencing and analysis performed by the “WIMP” workflow did not distinguish these 

two species, since the largest percent of reads for the B. cereus sample aligned with 
B. thuringiensis 

•  This could be due to misclassification in the database between the two species

Conclusions
•  WGS is an excellent way to identify all components of a complex sample, such as 

probiotic blends 

•  WGS can track contamination, showing whether that strain has been observed in a 
particular facility previously

•  Sequencing results may not be quantitative, depending on sample preparation

•  WGS ability to identify species and strains depends on the quality of the database used

Sequenced 

Organism

% of Bacillus reads

B. thuringiensis B. cereus
B. cereus 

group
Bacillus

B. thuringiensis 55 12 29 3

B. cereus 38 21 21 16

*Bacillus cereus group includes B. thuringiensis, B. cereus, and B. anthracis

L. acidophilus
B. lac�s
L. plantarum
L. rhamnosus
L. casei
L. salivarius
L. bulgaricus
B. breve
L. paracasei
Lc. Lac�s
S. thermophilus
L. brevis
B. bifidum
B. longum

Pediococcus
L. helve�cus
L. reuteri
Enterococcus Faecium
Other

Organisms present, but 
not listed on the label

Organisms on 
the label

Lactobacillus acidophilus

Lactobacillus rhamnosus

Bifidobacterium animalis

Streptococcus thermophilus

other

% reads (expected) % reads (actual)

Bifidobacterium animalis

Lactobacillus acidophilus

Lactobacillus rhamnosus

Organism identified # of reads

Salmonella enterica 7

Sample type
# of Listeria  

reads
%  

L. monocytogenes reads
Potential strains 

Laboratory control 666 98.8 ATCC 19117

Sample 1 23 91.3 6179

Sample 2 677 99.4 6179
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