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Evolution of sequencing technologies



Sanger sequencing - Dye Terminator Sequencing



Human genome project (2001 (90%) / 2003 (99%))

BAC-to-BAC sequencing Shotgun sequencing

strategie publiek consortium strategie Celera Genomics



The Human Genome

1 genome = 3.3 Gigabase (Gb)

127 volumes

1000 pages/volume

26.000 bases per page

Computer data:

3.3 billion basen

2 bits per base = 786 Mb

Wellcome Collection, London



Illumina ~90% market share- Bridge amplification



Illumina reversible dye terminator sequencing

106 clusters/mm2

Sequencing cycle

Incorporate all
four nucleotides,
each labeled 
with a different 
dye

Wash and 4-
color image

Cleave dye and 
terminating 
groups, wash



Paired-end sequencing



Cluster densiteit

• Optimale cluster densiteit

• Miseq v2 1000-1200 K/mm2; v3 1200-1400 K/mm2

• NextSeq550 : 170-220 K/mm2

• Accurate kwaliteitscontrole en kwantificatie (pM) van de 

library is essentieel!

Well-spaced clusters easier to call Densely-packed clusters difficult to call



Patterned flow cell technology

- less susceptible to overloading, more tolerant to a broader 
range of library densities.

- no need to map cluster sites (saves time).
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Library prep



Library molecules voor illumina

• P5 and P7 sequenties aan uiteinden van de adapters binden
aan de flowcell

• Index sequentie : identificeren van stalen

• Rd1 SP en Rd2 SP : Read-1 en -2 sequencing primer sequentie

• DNA insert meestal ~200bp tot 1kb5 This content is for research  use only, not  for diagnostic purposes 

No matter the input, all libraries end up looking similar 

 

The aim of the sample prep step is to obtain nucleic 

acid fragments with adapters attached on both ends 

Dual Index Library shown 



Library prep approaches



Library prep - VOORBEELD

• Stap-1 : Fragmentatie
• Nebulizer, goedkoop, OK voor 1-5 μg starting input

• Andere methodes : Covaris , Sonication, HydroShear®, 
Enzymatic!,…

• Stap-2 : End-repair, 5’ fosforylatie en dA-tailing
• Creeërt blunt ends : dNTP, T4 DNA polymerase, Klenow

polymerase

• 5’ end fosforylatie : kinase, ATP

• Converts 3’ A-overhangs: dNTP, T4 DNA polymerase, Klenow
polymerase



Library prep - VOORBEELD

• Stap-3 : Adapter ligatie

• DNA ligase

• (10:1 molar ration of adaptor to insert DNA)

• Stap-4 : Index PCR 

• Single of dual barcoding



Size selection

• On gel :

• SPRI beads (AMPure beads)

Solid Phase Reversible Immobilization  

(crowding agent Polyethylene glycol, PEG)
1. PCR reactie

2. Binding van de PCR amplicons aan de magnetische 

beads

3. PCR amplicons gebonden aan de magnetische beads 

wordt gescheiden van de contaminanten

4. Wassen van de PCR amplicons met ethanol

5. Elutie van PCR amplicons van de magnetische beads 

6. Transfer van de PCR amplicons in een nieuwe 

reactietube.
Reference : Hawkins TL et al., NAR 1994 22:4543-4



SPRI bead:DNA ratio

Dalende PEG 
concentratie



Library zuiveren, poolen en sequencen

• Library clean-up en size selectie met 0.6x 

SPRI beads (bead:DNA ratio)

• kwantificatie van de stalen met Qubit 

fluorometer

• Pooling

• Library kwantificatie met Qubit fluorometer

• Eventueel lengte bepaling met Bio-

Analyzer of TapeStation (electroforese) 

• Verdunnen naar een geoptimaliseerde 

concentratie (bvb. 10 pM)

• Library denaturatie (met NaOH)

• Laden op de MiSeq







ThermoFisher Ion semi conductor sequencing



MGI DNA nanoball sequencing (DNBSEQTM)

1. MGI Rolling Circle Replication (RCR).
2. Patterned Array Flow Cells
3. cPAS Chemistry (Combinatorial Probe-

Anchor Synthesis)
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3th Generation Sequencing



Nanopore sequencing



Nanopore sequencing



Nanopore sequencing

• Accuracy

• Direct RNA sequencing
• Sequencing epigenetic changes (methylation)



PACBIO sequencing (SMRT bell template



zero-mode waveguide

Single Molecule Real Time (SMRT) sequencing
(Pacific Biosciences)
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Toepassingen



Sequencing in human molecular diagnostics

• Germline mutation detection (hereditary 

diseases)

• Somatic mutation detection (cancer)

• mutations in proto-oncogenes:

• Genes for growth stimulation

• Mutation of 1 allele is sufficient 

• Point mutations or chromosomal translocations

• mutations in tumor suppressor genes: 

• Genes which control growth

• 2 alleles should be inactivated (Knudson two-hit model)



Oncogene signaal pathways
voorbeeld : Epithelial Growth Factor pathway



Gerlinger et al., NEJM (2012) 366;10





NIPT (non invasive prenatal testing)

▪ Foetal cfDNA

- From apoptotic cellen of placenta

- Short DNA fragments (± 150 bp)

- Foetal fraction ±10% at 10 w pregnancy

Whole genome NIPT



NIPT



Liquid Biopsy

cfDNA = cfDNA (non-tumoral) + cell free tumor DNA



• Preconception carrier testing (PCT)

• Preimplantation Genetic Testing (PGT)



Single cell sequencing



Single cell RNA sequencing

Microfluidic technologie voor single cell isolatie

Droplet-gebaseerde library bereiding
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