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Next (Next) Generation Sequencing Hype
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Next (Next) Generation Sequencing Reality



NGS ▷ Introduction

18.06.20 | GDA20 | JCW 4

The First Law of Technology says we invariably 

overestimate the short-term impact of a truly 

transformational discovery, while 

underestimating its longer-term effects. 
https://www.scientificamerican.com/
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(A-)Typical 
Workflow
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DNA or RNA

Library Prep

Sequencing

Question???
Design
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NGS data (fastq, fastq.gz, fast5, bam)

NGS data set

Quality Check (QC)

Filtering / Trimming

Data Archive 
Storage

Data conversion
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Assembly

Data AnalysisScaffolding / Gap-closing

(High-Quality) Reads

Mapping Clustering

Error Correctionx
x Merge Read Pairs
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Do-It Yourself

OUTSOURCING ?

3d

- better understanding 
- learn something new 
- often not more expensive 
- turn-around time 
- troubleshooting 
- understand data mixup
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Amplicon

MarkerMarker

Amplicon

?
?
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“To map the genetic loci influencing a 
complex phenotype, one seeks to 
establish an association between 
genotype and phenotype. In such an 
effort, the maintenance of the 
concordance between genotyped and 
phenotyped samples and data is critical. 
Sample mislabeling and other sample 
mix-ups will weaken associations, 
resulting in reduced power and biased 
estimates of locus effects.”  
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Sequencing 
Technologies
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… the all-in-one NGS platform does not exist (yet)!
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Sanger (chain termination) 

Roche 454 Pyrosequencing (pyrophosphate) 
Ion Torrent (semiconductor technology) 

Illumina Sequencing by Synthesis (fluorescent) 

PacBio (fluorophore) 
Nanopore (ionic current) 
Helicos - SeqLL (fluorescent) 

Bionano - Saphyr (third-generation optical mapping) 
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The Nobel Prize in Chemistry 1980 was divided, one half 
awarded to Paul Berg "for his fundamental studies of the 
biochemistry of nucleic acids, with particular regard to 
recombinant-DNA", the other half jointly to Walter Gilbert 
and Frederick Sanger "for their contributions concerning the 
determination of base sequences in nucleic acids".
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http://www.illumina.com

1.8-7.5 Gb 
8-25 million 
2 x 150 bp 

50

0.3-15 Gb 
1-25 million 
2 x 300 bp 

384

20-120 Gb 
130-400 million 

2 x 150 bp 
96

125-1500 Gb 
2.5-5 billion 
2 x 150 bp 

12

134-6000 Gb 
Up to 20 billion 

2 x 150 bp 
48

900-1800 Gb 
3-6 billion 
2 x 150 bp 

16
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Data from a 35 kb size-selected E. coli library using the SMRTbell 
Express Template Prep Kit 2.0 on a Sequel II System (1.0 Chemistry, 
Sequel II System Software v7.0, 15-hour movie)*.

Sequel

(Pacific Biosciences)

https://www.pacb.com
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https://www.nanoporetech.com
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MinION Mk1C



NGS ▷ Introduction

18.06.20 | GDA20 | JCW 24



NGS ▷ Introduction

18.06.20 | GDA20 | JCW 25

▶ Research question 

▶ Budged (including storage and anaylsis) 

▶ Read / sequence length 

▶ Number of reads / coverage 

▶ Possible contaminants 

▶ Quality and quantity of template 

▶ Number of samples 

▶ Availability
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Few but good 
sequences

High coverage or 
many samples but 

shorter reads

Longer sequences 
but not so many 

samples

Fast results, long 
reads but higher 

error rate 

Structural variants 
and smaller sample 

size 
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Sequencing 
Data
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Extended Single Reads (SR) with Index

Single Reads (SR) with Index
Index

Paired-End (PE) Reads with Index

Paired-End (PE) Reads with Dual Indexing

Paired-End (PE) Reads

Single Reads (SR)

Overlapping Paired-End (PE) Reads

target with adapters

forward read

reverse read

insertion size

Illumina Sequence Read Data 
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paired-end (PE) mate-pair (MP)

Illumina Sequence Read Data 
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PacBio SMRTbell Library 
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The UniProt Knowledgebase (UniProtKB) is the 
central hub for the collection of functional 
information on proteins, with accurate, consistent 
and rich annotation. 

UniProtKB consists of two sections: 

Reviewed (Swiss-Prot) - Manually annotated 
Records with information extracted from literature 
and curator-evaluated computational analysis. 

Unreviewed (TrEMBL) - Computationally analyzed 
Records that await full manual annotation. 
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The proportion of annotated genes and their types of annotations for nine sequenced genomes (as 
of February 2013). Humans (Homo sapiens) and Arabidopsis thaliana have the highest number of 
annotations for animals and plants, respectively. They also have the most experimentally derived 
annotations. Most other species, except Drosophila melanogaster, are annotated mostly 
electronically. 

Primmer et al. (2013) Mol Ecol
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Data 
Submission
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Sequence Read Archive (SRA) makes biological sequence data available to the research community to 
enhance reproducibility and allow for new discoveries by comparing data sets. The SRA stores raw 
sequencing data and alignment information from high-throughput sequencing platforms, including 
Roche 454 GS System®, Illumina Genome Analyzer®, Applied Biosystems SOLiD System®, Helicos 
Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.

The European Nucleotide Archive (ENA) captures and presents information relating to experimental 
workflows that are based around nucleotide sequencing. A typical workflow includes the isolation 
and preparation of material for sequencing, a run of a sequencing machine in which sequencing data 
are produced and a subsequent bioinformatic analysis pipeline. ENA records this information in a 
data model that covers input information (sample, experimental setup, machine configuration), 
output machine data (sequence traces, reads and quality scores) and interpreted information 
(assembly, mapping, functional annotation).
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Data Deposition Example from the Literature: 

Mushegian et al. (2018) Environmental sources of bacteria and genetic variation in 
behavior influence host-associated microbiota. AEM doi:10.1128/AEM.01547-18. 

Sequence data are deposited in the European Nucleotide Archive of the EBI under 
accession number PRJEB30308 (http://www.ebi.ac.uk/ena/data/view/PRJEB30308). 
Data tables, OTUs sequences and code used for analysis can be found on Github at 
https://github.com/amusheg/Daphnia-microbiota-behavior and will be deposited in 
Dryad upon publication. 
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Keep your raw data safe and  
submit it as early as possible.  

Coping one file (archive) is 
safer than coping multiple files.  

Choose the NGS technology 
according to your needs.  

1

2

3
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EXTRAS
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Sequencing 
Technologies 

Extended
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Capillary sequencing
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chain termination
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The PyroMark uses Pyrosequencing technology for 
real-time, sequence-based detection and quantification 
of sequence variants and epigenetic methylation. The 
PyroMark Q24 is highly suited for the analysis of CpG 
methylation, SNPs, insertion/deletions, STRs, variable 
gene copy number, as well as for microbial identification 
and resistance typing.

Pyrosequencing

Roche 454GS Junior
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Pyrosequencing (pyrophosphate)

The first step cleaves the triphosphate 
nucleotide after an addition, releasing 
pyrophosphate. The second step converts 
pyrophosphate into adenosine triphosphate 
(ATP) via the enzyme ATP sulfurylase. The 
third step uses the newly synthesized ATP 
to catalyze the conversion of luciferin into 
oxyluciferin via the enzyme luciferase and 
this reaction generates a quanta of light 
that is captured from the picotiter plate by 
a charge- coupled camera.  
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Ion Torrent (semiconductor technology)
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http://www.illumina.com

1.8-7.5 Gb 
8-25 million 
2 x 150 bp 

50

0.3-15 Gb 
1-25 million 
2 x 300 bp 

384

20-120 Gb 
130-400 million 

2 x 150 bp 
96

125-1500 Gb 
2.5-5 billion 
2 x 150 bp 

12

134-6000 Gb 
Up to 20 billion 

2 x 150 bp 
48

900-1800 Gb 
3-6 billion 
2 x 150 bp 

16
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Sequencing by Synthesis (fluorescent)
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https://en.mgitech.cn
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PacBio RS II

http://www.pacb.com
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Data from a 35 kb size-selected E. coli library using the SMRTbell 
Express Template Prep Kit 2.0 on a Sequel II System (1.0 Chemistry, 
Sequel II System Software v7.0, 15-hour movie)*.

Sequel



NGS ▷ Introduction

18.06.20 | GDA20 | JCW 56

PacBio (fluorophore)
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https://www.nanoporetech.com
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