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First Generation Sequencing 
Sanger Sequencing 

Second Generation Sequencing 
Next Generation Sequencing (NGS) 

Third Generation Sequencing 
Single Molecule Sequencing 

Fourth Generation Sequencing 
??? Sequencing
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First Generation Sequencing 
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Second Generation sequencing 
Next Generation Sequencing (NGS) 

Third Generation Sequencing 
Single Molecule Sequencing 

Fourth Generation Sequencing
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Next Generation Sequencing Hype
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Next Generation Sequencing Reality
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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/

“The Human Genome Project has had a considerable effect on research and society more 
generally, but questions about what a human genome reference is today and how it can benefit 
human health remain to be resolved.”

Source: Rood and Regev (2021) The legacy of the Human Genome Project. Science Vol 373, Issue 6562, pp. 1442-1443.
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(A-)Typical Workflow
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DNA or RNA

Library Prep

Sequencing

Question??? Design

(or Protein)
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MPS data (fastq, fastq.gz, fast5, bam)

Data Set(s)

Quality Check (QC)

Filtering / Trimming

Data Storage 
(Archive)

Data Conversion
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Assembly

Data AnalysisScaffolding / Gap-closing

(High(er)-Quality) Reads

Mapping Clustering

Error Correctionx
x Merge Read Pairs

Contig
Reference
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Do-It Yourself

OUTSOURCING 5min

3d

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

MarkerMarker

Amplicon

?
?

Example: Fragment Length Analysis
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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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Sanger (chain termination) 

Roche 454 Pyrosequencing (pyrophosphate) 

Ion Torrent (semiconductor technology) 

Illumina (fluorescent - sequencing by synthesis (SBS)) 

Singular Genomics (fluorescent - rapid SBS) 

Aviti (fluorescent - sequencing by avidity) 

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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Autoradiogram of DNA sequencing gel covering the 
mutation region. The mutation was confirmed by full 
sequencing of the gene. 
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Sequencing by Synthesis (fluorescent)
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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

Illumina Systems
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MGI Tech is the manufacturing sister of China's largest genome sequencing company, BGI Genomics.
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Singular Genomics (fluorescent - rapid SBS)
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Element Biosciences (fluorescent - sequencing by avidity)
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Pacific Biosciences
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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
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Bionano 
(optical mapping)

Optical mapping is a technique for constructing ordered, genome-
wide, high-resolution restriction maps from single, stained 

molecules of DNA, called "optical maps".

Optical Sequencing

Optical sequencing is a single molecule DNA 
sequencing technique that follows sequence-by-
synthesis and uses optical mapping technology. 

During synthesis, fluorochrome-labeled 
nucleotides are incorporated through the use of 
DNA polymerases and tracked by fluorescence 

microscopy. 
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The best platform for a particular application depends on several factors, such as project goals, sample type, sequencing depth, budget and 
bioinformatics support. Here are some common NGS platforms: 

1. Illumina (e.g., NovaSeq, NextSeq, MiSeq): Illumina is currently the most widely used NGS platform. HiSeq instruments offer high-throughput 
sequencing, making them suitable for large-scale projects. MiSeq is a smaller benchtop sequencer that is more cost-effective for smaller projects 
or labs with lower sequencing needs. 

2. Element Biosciences (Aviti System). Aviti is an advanced DNA sequencing platform. It is designed to provide high-quality, accurate, and cost-
effective sequencing for various genomic applications. 

3. BGI Genomics (MGISEQ/T7, DNBSEQ): BGI Genomics is a cost-effective and therefore attractive option for large-scale projects.  

4. Pacific Biosciences (PacBio Sequel II): PacBio uses Single Molecule Real-Time (SMRT) sequencing and is advantageous for long read 
sequencing. It enables the sequencing of longer DNA fragments, facilitating the assembly of complex genomes and the detection of structural 
variation. 

5. Oxford Nanopore Technologies (MinION, GridION, PromethION): ONT sequencing uses nanopore-based technology to provide long reads 
and real-time data analysis. It is portable and has been used for field applications such as rapid pathogen identification and monitoring. 

It is important to evaluate the specific requirements of your project and consider factors such as read length, sequencing depth, accuracy, cost 
and data analysis needs when determining the best NGS platform to use. As the technology is advancing rapidly, it is advisable to consult the 
latest information and experts in the field to make an informed decision based on the most up-to-date information available.

What is the best NGS platform?
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The all-in-one MPS platform does not exist (yet)!
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▶ Research question 

▶ Budget (including storage and analysis) 

▶ Read / sequence length 

▶ Number of reads / coverage 

▶ Possible contaminants 

▶ Quality and quantity of template 

▶ Number of samples 

▶ Availability
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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

sequence primer

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

Sequence Read Data 
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PacBio SMRTbell Library 

Double-stranded target sequences 
(insert)

SMARTbell adapterSMARTbell adapter

? Homoduplex / Heteroduplex
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ONT Sequencing
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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.  

Keep your sequence files zipped.  

Choose the MPS technology 
according to your needs.  

1

2

3



MPS ▷ Introduction

GDA | 17.06.2024 | JCW 53

?
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EXTRAS
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Sequencing Technologies 
Extended



MPS ▷ Introduction

GDA | 17.06.2024 | JCW 56

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 
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Sequencing by Synthesis (fluorescent)
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https://en.mgitech.cn



MPS ▷ Introduction

GDA | 17.06.2024 | JCW 64



MPS ▷ Introduction

GDA | 17.06.2024 | JCW 65

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