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14.04.2025 2

UNIVERSITY OF VETERINARY MEDICINE, 

FOUNDATION, HANNOVER

founded in 1778

 6 clinics 
20 institutes 

Institute of Food Quality and Food Safety

• Department of Foodborne Zoonoses

• Department of Milk Science

• Department of Meat technology 

• Department of Food Microbiology
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14.04.2025 3

Department of Foodborne Zoonoses:

Functions:

• Lectures of veterinary medicine and biology

• Services 

• Research projects 
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14.04.2025 4

Department of Foodborne Zoonoses

Functions:

➔ Services 

• Detection characterization of food borne pathogen 

• Identification of animal species in meat and meat products

• Sex determination of the meat animal

• Detection of genetic modified organism GMOs

• Detection of Allegens like:

• Wheat

• Celery

• Mustard

• Nuts

• Quantitative detection of probiotics
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14.04.2025 5

FOOD-PCR (EU-Project) 

“Validation and standardization of diagnostic polymerase chain reaction for 

detection of food-borne pathogens- FOOD-PCR”

BSE-Risk material 

„Novel molecular method for detection of bovine-specific central nervous 

system tissues as BSE risk material in meat and meat products “

Characterization of novel bacterial species of different genera from 

varios habitats

Development of Loop-mediated isothermal amplification assays as a 

rapid method for the immediate detection of pathogens in the case of 

food infections and intoxications  

Selected research projects 
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The role of bioinformatics in 

microbial analysis
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The role of bioinformatics in microbial analysis

Introduction

• Definition of bioinformatics

• Importance in microbial research

• Examples

14.04.2025 7
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Introduction to bioinformatics

The bioinformatics

Paulien Hogeweg and Ben Hesper coined it in 1970 

Complex data from the life sciences can be processed, presented and

used with the help of bioinformatics

14.04.2025 8

Informatics Life Sciences
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Introduction to bioinformatics

Tasks in bioinformatics

14.04.2025 9

Bioinformatics

Biology

Food

Biochemistry

Medicine

Statistics

Engineering

Mathematics

Computer

science

Informatics

Life Sciences
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Focus of today's presentation

• Connection to microbial analysis issues 

• Relevant databases

• Characterisation of bacterial isolates

• Further analysis tools for sequence data

• BioNumerics

• GGDC / TYGS

• Next-generation sequencing (NGS) and Metagenomics  

14.04.2025 10
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Genome sequencing and bioinformatics

Connection to microbial analysis issues

• Identification of new species (WGS)

• Species characterization 

• Microbiological profile of samples (NGS)

• Tracking pathogens along the process chain

• Input sources, prediction models

• Authenticity control of food

• GMO, animal species differentiation

14.04.2025 11
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Focus of today's presentation

• Connection to microbial analysis issues 

• Relevant databases

• Characterisation of bacterial isolates

• Further analysis tools for sequence data

• BioNumerics
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• Next-generation sequencing (NGS) and Metagenomics  
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Genome sequencing and bioinformatics

14.04.2025 13

Databases

Biological

data

analysis

Save

Retrieve

Manage

Evaluation

Data obtained as part of research 

projects is usually stored in large 

databases and can thus be retrieved 

and processed for subsequent use.
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Genome sequencing and bioinformatics

Databases

14.04.2025 14

Examples

• SepsiTest BLAST

• The European Molecular Biology Laboratory (EMBL)

• European Bioinformatics Institute (EBI)

• DNA Data Bank of Japan (DDBJ) 

• The National Center for Biotechnology Information

• NCBI databases (https://www.ncbi.nlm.nih.gov/)

https://www.ncbi.nlm.nih.gov/
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Genome sequencing and bioinformatics

International Nucleotide Sequence Database Collaboration (INSDC)

Bioinformation and DDBJ Center

14.04.2025 15
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Genome sequencing and bioinformatics

NCBI databases

14.04.2025 16

https://www.ncbi.nlm.nih.gov/)

https://www.ncbi.nlm.nih.gov/
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Genome sequencing and bioinformatics

NCBI-databases

14.04.2025 17

The search can be specified in 

more detail and limited to certain 

databases, e.g.

• Nucleotide database

• PubMed database

• Taxonomy database
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Genome sequencing and bioinformatics

Key Databases and Their Size

NCBI-databases

14.04.2025 18

GenBank (NCBI’s DNA Sequence Database)

• Current Size: Over 2 trillion nucleotides from hundreds of millions of 

sequences.

• Growth: Data doubles approximately every 18 months.

Sequence Read Archive (SRA) (High-Throughput Sequencing Data)

Storage: 

• Over 40 petabytes of sequencing data.

1 Petabyte (PB) = 1.000 Terabyte (TB)

1 Petabyte (PB) = 1.000.000 Gigabyte (GB)

1 Petabyte (PB) = 1.000.000.000 Megabyte (MB)
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Genome sequencing and bioinformatics

Key Databases and Their Size

NCBI-databases

14.04.2025 19

PubMed (Biomedical Literature Database)

• Number of Articles: Over 36 million citations.

• Annual Growth: More than 1 million new citations

are added yearly.

• Daily Queries: Over 3.5 million searches per day.
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Genomsequenzierung und Bioinformatik

NCBI-Datenbanken

14.04.2025 20

Search using "All databases“
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Genomsequenzierung und Bioinformatik

NCBI-Datenbank

14.04.2025 21

Publication data, information on the 

sequence (accession no., origin, length, 

methods, etc.) and sequence data can 

be called up for each entry, downloaded 

and entered into other programmes
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Genomsequenzierung und Bioinformatik

NCBI-Datenbank

14.04.2025 22
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Genomsequenzierung und Bioinformatik

NCBI-Datenbank

14.04.2025 23
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Pathogenomix

Infection intelligence

14.04.2025 24

Genome sequencing and bioinformatics

Rapid & accurate pathogen ID
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Pathogenomix

Infection intelligence

14.04.2025 25

Genome sequencing and bioinformatics

Rapid & accurate pathogen ID

Using this bulk analysis you can 

save a lot of time on your pure 

samples - with bulk upload, bulk 

analysis against any of our 

curated reference databases, 

automatic confidence status 

flags and automatic report 

generation. 

You do not have to sift 

through hundreds, or even 

thousands of references in 

GenBank anymore! 
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Pathogenomix

Infection intelligence

No matter if you have a pure 

sample, or you have a more 

complex sample resulting in a 

mixed chromatogram -

Pathogenomix Sanger Poly can 

also analyze samples you 

otherwise would have to discard or 

at best culture and separate, and 

not knowing if you missed anything. 

No need to re-culture or discard 

a sample! 

14.04.2025 26

Genome sequencing and bioinformatics

Rapid & accurate pathogen ID
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Pathogenomix

Infection intelligence

Using this novel algorithms Pathogenomix

NGS will process your targeted NGS 

sequence file locally, and reduce the 

information needed to upload by a factor 

of 1000:1, while still retaining resolution 

and specificity. This means no lengthy file 

upload, and no costly big data file storage. 

After upload, our cloud based software 

will analyze the uploaded reads against 

any of our curated reference databases -

no matter the target. 

Complete NGS analysis in less than 5 

minutes! Including reporting! 

14.04.2025 27

Genome sequencing and bioinformatics

Rapid & accurate pathogen ID
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Focus of today's presentation

• Connection to microbial analysis issues 

• Relevant databases

• Characterisation of bacterial isolates

• Further analysis tools for sequence data

• BioNumerics

• GGDC / TYGS

• Next-generation sequencing (NGS) and Metagenomics  

14.04.2025 28
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The role of bioinformatics in microbiological analysis

Characterisation of bacterial isolates

14.04.2025 29
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Characterisation of bacterial isolates

Fine typing and differentiation of microorganisms

14.04.2025 30

The determination of the similarity or relationship of strains of a species, e.g. 

for epidemiological questions.

Example:

Between 1 and 30 July, E. coli O157:H7 was isolated in a city from:  

• A 3-year-old child with haemolytic uraemic syndrome 

• faeces from cull cows  

• beef  

• Lettuce  

The laboratory observed that all 4 isolates have the same biochemical profile. 

Do you conclude that all 4 isolates are the same and could have come from 

the same source ?
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A number of methods have been developed:

• Pulsed field gel electrophoresis (PFGE)

• Multilocus sequence typing (MLST)

• Multilocus VNTR Analysis (MLVA) 

• …..

• …..

• Next-Generation-Sequencing (NGS)

14.04.2025 31

Characterisation of bacterial isolates

Fine typing and differentiation of microorganisms
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Multilocus sequence typing (MLST)

The S. aureus MLST scheme utilises internal fragments of the 

following seven housekeeping genes

• arcC (Carbamate kinase)

• aroE (Shikimate dehydrogenase)

• glpF (Glycerol kinase)

• gmk (Guanylate kinase)

• pta (Phosphate acetyltransferase)

• tpi (Triosephosphate isomerase)

• yqi (Acetyle coenzyme A acetyltransferase)

14.04.2025 32

Staphylococcus aureus

genome

arcC

aroE glpF

yqi

tpi

pta

gmk
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Multilocus sequence typing (MLST)

14.04.2025 33

Werner Ruppitsch 2016 
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Multilocus sequence typing (MLST)

https://pubmlst.org/

14.04.2025 34
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The role of bioinformatics in microbiological analysis
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Multilocus sequence typing (MLST)

Staphylococcus aureus

MLST Typing of Staphylococcus aureus

isolates associated with bovine milk

14.04.2025 36

Minimum spanning tree of the

S. aureus bovine mastitis

isolates in this study (n = 70)

combined with isolates from a

human in Germany (n = 118).

All the S. aureus isolates were

analyzed by MLST. The tree

was constructed by using

BioNumerics version 7.5

allowed a presumptive

coefficient. The clusters were

created from two types within

two changes of neighboring

distance.

Sheet OH, Grabowski NT, Klein G, Reich F, Abdulmawjood A (2019).
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Further analysis tools for sequence data

14.04.2025 37

The role of bioinformatics in food analysis
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Further analysis tools for sequence data

GGDC - Genome-to-Genome Distance Calculator (DSMZ)

DSMZ-German Collection of Microorganisms and Cell Cultures GmbH

Freely available at: http://ggdc.dsmz.de/ggdc.php#

14.04.2025 38

http://ggdc.dsmz.de/ggdc.php


Le
b

e
n

sm
itte

lq
u

a
litä

t u
n

d
 -sich

e
rh

e
it

Le
b

e
n

sm
itte

lq
u

a
litä

t u
n

d
 -sich

e
rh

e
it

Further analysis tools for sequence data

TYGS - Type (Strain) Genome Server (DSMZ)

Freely available at: https://tygs.dsmz.de/user_requests/new

14.04.2025 39

https://tygs.dsmz.de/user_requests/new


Le
b

e
n

sm
itte

lq
u

a
litä

t u
n

d
 -sich

e
rh

e
it

Le
b

e
n

sm
itte

lq
u

a
litä

t u
n

d
 -sich

e
rh

e
it

CGView.js

14.04.2025 40

https://js.cgview.ca/examples/example-plasmid.html

https://js.cgview.ca/index.html

https://js.cgview.ca/index.html
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Challenges and Future Perspectives

❖ Data storage and management issues

❖ Need for advanced computational methods

❖ Ethical and regulatory concerns

❖ Future trends in microbial bioinformatics

14.04.2025 41
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Thank you for your attention

14.04.2025 42
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