
Alexander Indra

Human Pathogen Sequencing in Austria



WHOLE GENOME SEQUENCING

The present

http://upload.wikimedia.org/wikipedia/commons/7/77/Illumina_Hiseq_2000_sequencers,_BGI_

Hong_Kong_sequencing_room.JPG



Current generation sequencing:

Limitations

Read length

• Between 35bp-1000bp

• Quality reduces the longer 

the read length

Homopolymer-problem 

• a sequence of identical bases

• brightness of the light or the pH increase 

indicates the length of the homopolymer, 

because each homopolymer sequence 

is called in a single flow

• difficult to distinguish 

e.g. AAAAA from AAAA or AAAAAA

Source: https://www.thermofisher.com/at/en/home/life-

science/sequencing/next-generation-sequencing/ion-torrent-next-

generation-sequencing-technology.html

Source: https://www.thermofisher.com/at/en/home/life-

science/sequencing/next-generation-sequencing/ion-torrent-next-

generation-sequencing-technology.html



Current generation sequencing:

Limitations

• Indel-Errors

• "indel" a combination of insertion and deletion

• Insertions

• An additional nucleotide base is inserted into the Sequence

 due to sequencing errors

• Deletion

• An nucleotide base is left out of the Sequence

 due to sequencing errors

• Difficult interpretation



Current generation sequencing

Applications

• De novo sequencing and Resequencing

• Metagenomics

• Amplicon-sequencing

• Transcriptome Sequencing 



Current generation sequencing:

De novo sequencing/Resequencing

• De-novo-sequencing

• Assambly of an unknown strain without an reference Genome

• Various software tools are used

• Velvet (http://www.ebi.ac.uk/~zerbino/velvet/)

• SPAdes (https://en.wikipedia.org/wiki/

SPAdes_%28software%29)

http://www.ebi.ac.uk/~zerbino/velvet/
https://en.wikipedia.org/wiki/SPAdes_(software)
https://en.wikipedia.org/wiki/SPAdes_(software)


Current generation sequencing:

De novo sequencing



Current generation sequencing:

De novo sequencing

• Coverage

• number of reads 

mapped

• the higher the better  

Contig:

• set of overlapping DNA 

segments

• the more sequences overlap the 

better 



Current generation sequencing:

De novo sequencing

• Scaffolding

• overlapping contigs separated by gaps of known length



Amplicon-Sequencing



Amplicon Sequencing

Quelle: https://eurofinsgenomics.eu/media/529879/amplicon_scheme.png



Amplicon Sequencing



Amplicon Sequencing
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Amplicon Sequencing



Current generation sequencing:

Resequencing

• Mapping of NGS reads to a known reference genome sequence

• As in de-novo-sequencing coverage is important

• Allelic variations (Gene variants) can be found for genes calling

• Single nucleotide polymorphism (variants)  (SNP or SNV)

• Deletions/Insertions



Current generation sequencing:

Resequencing

21

• Genome wide mutation calling (SNP-calling) 

• Single nucleotide polymorphism (variants)  (SNP or SNV)

• two or more chromosomes differ by one or more single 

nucleotide DNA sequence variations

• Best applicable within clonal populations 

• One reliable complete genome needed

• Comparison has do be done against the same chromosome

• SNP occur with every cell cycle

• Every isolate is different 

Source: A. Indra



Current generation sequencing:

Resequencing

22Source: A. Indra

Annotation:

• identifying the locations of genes 

and all coding regions

• determining what those genes do

Reference Genome:

• Sequenced and annotated genome 

analysis is compared do



Current generation sequencing:

Resequencing

23Source: A. Indra

consensus sequence

• most frequent residues found at each 

position in a alignment.

• Allelic variations can be identified
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cgMLST Listeria monocytogenes



cgMLST Listeria monocytogenes

• Source of food bourne outbreaks

• PFGE currently standard

• Problematic discrematory power
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cgMLST 

Listeria monocytogenes

http://bitesizebio.com/13546/sequencing-by-synthesis-explaining-the-illumina-sequencing-
technology/



cgMLST 

Listeria monocytogenes
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• Allele by allele comparison 

• Basicly a large MLST

• Gene variants (allele) are compared against each other

• Regardless of the number of SNP´s within the gene its is only taken as one 

new allele

• A “core” group of genes – defining isolates of the same species – are compared

• Gives the broader picture

• Lacks the discriminatory power of SNP and Chromosome comparison

• Enables a simple nomenclature

Source: A. Indra, 2015



Minimum-spanning tree illustrating the phylogenetic relationship based on the cgMLST allelic 

profiles of 33 L. monocytogenes isolates from the outbreak associated with acid curd cheese 

(ACCO) (22, 23) consisting of two clones (ACCO I and ACCO II). 

Werner Ruppitsch et al. J. Clin. Microbiol. 2015;53:2869-

2876



Future generation Sequencing?



Source: https://cov-spectrum.org/



covSpectrum Austria



10 samples per 9 Districts and 1 Pool from the Vienna Airport

• 100 samples per Week

• Sequenced in cooperation with CeMM

Samples are collected in participating lab and send to us in the next week

• Sequenzing is done afterward using Illumina System at CeMM

• Results finished 6 to 10 days later

Sentinel System Austria



Sentinel Results week 49/2021 to 2/2022

59

6 1

473

39

0

50

100

150

200

250

300

350

400

450

500

B.1.1.529 (BA.1) B.1.1.529

(BA.1.1)

B.1.177.43 B.1.617.2 genome

sequencing

failed



SARS-Seq Results 2022
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Nanopore Pipeline AGES

https://www.nanoporetech.com/science-technology/how-it-works

https://www.nanoporetech.com/science-

technology/how-it-works



2 Oxford Nanopore Minion Mk1c

Updated Workflow using for seamless analysis

• Repeated Software errors (Bascalling during analysis) 

within original application made System unstable

• errors AGES had to establish new analysis Workflow within 

Mk1c

• Since then no analysis error was encounterd

Nanopore Midnight Kit

• 96 samples/Flowcell

• 8 houres Labtime + 24 hours analysis

• Material costs per sample 22€ including RNA-extraction

• Lillimina costs ar 2-4 times higher

Nanopore Pipeline AGES

Source: https://www.nanoporetech.com



Analysis Pipeline

• Adaped from Nanopore suggested pipeline

• ARTIC SARS-CoV-2 Workflow

 Primer Trimming

 Variant Calling

 Consensus Sequenz (Medaka)

 Lineage Assinment (Pangolin)

 HTML Report

• Additional AGES specific

 SARS-CoV-2 Analysis Pipeline

 VariantCalling (Ivar Version 1.3.1)

 Coverage (Samtools Version1.12) 

 additional reports are generated

Nanopore Pipeline AGES



Nanopore Pipeline AGES



Nanopore Pipeline AGES



covSpectrum Austria



AGES Nanopore Data Week 50/2021 to 4/2022
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AGES Nanopore Data Week 50/2021 to 4/2022

158

45

2

324

465

428

30

212

0

50

100

150

200

250

300

350

400

450

500

BA.1 BA.1.1 BA.2 Delta

Austria AGES Nanopore Data

DEC. 2021  Jan. 2022

20

253

2187
2081

85

1091

0

500

1000

1500

2000

2500

AY.4.2 B.1.1.529 B.1.1.529

(BA.1)

B.1.1.529

(BA.1.1)

B.1.1.529

(BA.2)

B.1.617.2

SARS-Seq Results 2022



Future generation Sequencing

• Single molecule sequencing

• No amplification step

• Shorter analysis time

• Cheaper reagents

• Less laboratory intensive

• Several methods out there



Future generation Sequencing?

Single molecule real time sequencing (SMRT)

• A single DNA polymerase enzyme is affixed at the 

bottom of a detector well

• a single DNA molecule as a template

• The well is small enough to observe a single 

nucleotide being incorporated 

by DNA polymerase

Source: www.pacb.com

Source: http://decodingdna.yolasite.com/single-molecule-real-time-sequencing.php
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