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Next Generation Sequencing Hype
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Next Generation Sequencing Reality



MPS ▷ Introduction

GDA | 16.06.2025 | JCW 7



MPS ▷ Introduction

GDA | 16.06.2025 | JCW 8



MPS ▷ Introduction

GDA | 16.06.2025 | JCW 9

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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Short-Term Impact (Overestimated) 

• Excitement about Personalised Medicine: There was immense 
hype about how sequencing the human genome would lead to rapid, 
personalised treatments for diseases based on a person’s genetic 
profile. 

• Gene Editing Breakthroughs: Technologies like CRISPR were 
expected to immediately revolutionise medicine by fixing genetic 
disorders in real-time. 

• Direct Applications in Healthcare: We imagined widespread and 
immediate use of genetic information to prevent and treat complex 
diseases (like cancer or Alzheimer’s).
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Long-Term Effects (Underestimated) 

• Ethical Implications of Gene Editing: The long-term effects of technologies like CRISPR 
are still being worked out. Potential risks include germline editing (changing genes in 
embryos), which could have unintended consequences for future generations. The ethical 
dilemma about "designer babies" and the possibility of exacerbating social inequality are 
long-term issues that were not fully anticipated in the excitement of gene editing 
breakthroughs. 

• Genetic Data Privacy and Security: With the advent of genomic sequencing, there are 
increasing concerns about how genetic data is stored and who owns it. This data could be 
misused for discrimination (e.g., by employers or insurance companies), leading to privacy 
issues we didn’t foresee in the early days. 

• Socioeconomic Divide: Access to genomic technologies may widen the gap between those 
who can afford personalised medicine and those who cannot. This could lead to genetic 
inequality where only the wealthy benefit from cutting-edge medical advancements. 

• Unintended Consequences in Evolution: If gene-editing technologies are applied to 
populations on a large scale, it could have unforeseen effects on human evolution. We could 
unintentionally alter aspects of our species' genetic makeup in ways that are difficult to 
predict, and that may not be beneficial in the long run. 

• Ecological Impact of Genetic Modifications: In the broader context of genetic 
engineering, modifying organisms (including humans) could have unpredictable consequences 
for the environment and ecosystems. For instance, releasing genetically modified organisms 
into the wild could disrupt natural biodiversity or lead to ecological imbalances.
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Long-Term Risks: 

• Genetic Discrimination: As genetic data becomes more available, the risk of 
individuals being discriminated against based on their genetic makeup increases. 
Insurance companies, employers, or even governments could use genetic 
information to make decisions about people’s lives. 

• Ethical Dilemmas in Germline Editing: Editing genes in embryos raises issues 
about what constitutes "acceptable" genetic changes and the possible creation of 
genetic "classes" based on desirable traits. 

• Loss of Genetic Diversity: If genetic interventions become widespread, there's a 
potential risk of reducing the genetic diversity of the human population, which could 
make us more vulnerable to diseases or environmental changes in the future. 

• Unpredictable Medical Outcomes: While gene therapy and editing offer great 
promise, they could have long-term unintended effects—such as unknown side 
effects or long-term health problems that manifest in the future generations who 
undergo genetic modifications.
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Sequencing technologies have undergone a revolution - costs have plummeted, 

throughput has soared and it's now routine to generate terabytes of genomic data in 

a matter of days. But despite this explosion in data, the quality and biological 

insight of genome studies hasn't kept pace. Many assemblies remain 

fragmented or poorly annotated, especially in non-model organisms. Challenges such 

as high error rates, uneven coverage and bioinformatic bottlenecks persist. 

Perhaps more critically, the scientific approach itself has changed. Where biology was 

once driven by clear questions and hypothesis testing, it's increasingly driven by 

data-first exploration. While this has opened up new avenues, it has also led to 

unfocused 'fishing expeditions', reproducibility problems and the temptation to value 

patterns over mechanisms. In other words, we're drowning in data but still 

thirsty for understanding. 
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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, bam, pod5)

Data Set(s)

Quality Check (QC)

Filtering / Trimming

Data Storage 
(Archive)

Data Conversion
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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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Illumina Systems
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MGI Tech is the manufacturing sister of China's largest genome sequencing company, BGI Genomics.



MPS ▷ Introduction

GDA | 16.06.2025 | JCW 30

Singular Genomics (fluorescent - rapid SBS)

The G4X™ Spatial Sequencer by Singular Genomics is an advanced platform that combines high-throughput sequencing 
with spatial transcriptomics. This enables researchers to map gene expression directly within the context of tissue. Based 
on the G4™ Sequencing platform, it provides high-resolution spatial analysis, flexible throughput and rapid processing 
times. Designed to support research in cancer, neuroscience, and developmental biology, where spatial information is 
essential for understanding complex biological systems, the G4X is compatible with various tissue types. By combining 
sequencing power with spatial insight, the G4X is opening up new frontiers in functional genomics. 
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Element Biosciences (fluorescent - sequencing by avidity)
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Theranos was a Silicon Valley biotech startup founded by 
Elizabeth Holmes in 2003. It promised to revolutionise 
medicine by performing hundreds of blood tests from just a 
few drops of blood, all using a small, sleek machine - pictured 
here. It was billed as a real-world medical tricorder, seemingly 
fulfilling the dreams of science fiction. 

But the technology never really worked. For years, the 
company hid the truth behind a wall of secrecy, aggressive 
legal tactics and charismatic marketing. Investors, the media 
and even powerful political and business figures bought into 
the vision - believing more in the narrative of disruption than 
the scientific evidence.
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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 SR – less common, but valid

Single Index (typically on i7 adapter)

i7 index (Index 2)

PE with Single Index – also a valid older method

Paired-End with UDI – this is the modern best practice

Paired-End Reads (PE) – R1 and R2 with insert 
in between

Single Reads (SR) – only R1

Overlapping PE – helpful in amplicon sequencing

forward read (R1)

reverse read (R2)

insertion

Short Read Sequence Types 

Short Read Index Types 

Each sample gets a unique i5 + i7 combination.

i5 index (Index 1)
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Index Hopping in Illumina Sequencing 

What is Index Hopping? 

Index hopping (or index mis-assignment) occurs when the index sequence from one 
DNA fragment is incorrectly associated with the read data of another fragment. This 
leads to the mis-assignment of sequencing reads to the wrong sample. 

How Does It Happen? 

During library preparation or clustering, free-floating adapters or index strands can 
attach to the wrong DNA fragments. 

This is especially problematic on patterned flow cells (e.g., HiSeq 4000, NovaSeq) and 
with single-indexed libraries. 

Why It Matters? 

Mis-assigned reads can contaminate samples, especially in multiplexed runs. 

Low-frequency variants or rare taxa in microbiome studies can be incorrectly 
reported. 
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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

PacBio's HiFi sequencing technology generates high-accuracy reads by sequencing the same DNA molecule multiple times. This is done 
using circular consensus sequencing (CCS): the polymerase loops around a circularized DNA insert, producing multiple subreads from a single 
strand. These subreads are then combined into a HiFi read with high per-base accuracy (>Q20–Q30).
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HiFi Read Generation: Homoduplex vs. Heteroduplex 

PacBio's HiFi sequencing technology generates high-accuracy reads by repeatedly 
sequencing a circularized DNA molecule. This process works best with 
homoduplexes, where both strands are identical, allowing the polymerase to 
produce consistent subreads and enabling a reliable consensus (HiFi read). 

In amplicon sequencing, PCR products from similar but non-identical templates can 
anneal into heteroduplexes. These mismatches between strands cause subread 
inconsistencies if the polymerase switches strands, leading to reduced accuracy, 
ambiguous consensus, or failure to produce a HiFi read. 

Handling of Heteroduplexes in PacBio Systems 

Older PacBio Systems (e.g., Sequel II/IIe): Previously, PacBio's software could 
detect heteroduplexes and generate separate HiFi reads for each strand. This 
approach allowed users to analyze forward and reverse reads independently when 
strand differences were significant. 

Revio System: The Revio system employs advanced algorithms, including 
DeepConsensus+, for real-time data processing. However, current documentation 
does not specify whether it supports separate HiFi read generation for each strand 
in heteroduplex cases.
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ONT Sequencing

1. Leader-Hairpin Template 
A special leader and hairpin adapter directs the double-
stranded DNA through the pore. This setup enables 
sequencing of both strands (2D sequencing). 

2. Motor Protein + Nanopore 
A motor protein controls the movement of DNA through a 
biological nanopore (e.g., alpha-hemolysin). As DNA 
passes, each nucleotide modulates the ionic current in a 
characteristic way. 

3. Basecalling 
The signal trace from both strands is split and interpreted 
individually. 

4. Consensus Generation 
The forward (template) and reverse (complement) strand 
signals are aligned. 

5. High-Accuracy Read 
A final consensus read (2D read or duplex read) is 
produced, offering improved accuracy compared to single-
pass reads. 



MPS ▷ Introduction

GDA | 16.06.2025 | JCW 53

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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https://www.ebi.ac.uk/ena/browser/about/statistics
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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


