
The current version of the human 
genome reference assembly, 
GRCh38.p14 (GRCh38), has millions 
of bases represented by the letter “N,” 
which means that the actual base 
residing at that location is unknown.

There are also 169 sequences that cannot 
confidently be ordered or oriented 
within the assembly, typically owing to 
their repetitive nature

Until recently, limitations of 
sequencing technology, primarily that 
the sequencers could read no more than 
about 1000 bases at a time,

The HGP opted for a more structured 
approach. This involved cloning genomic 
DNA into pieces that could be grown in 
bacteria (clones) and indexed in 96-well 
plates. Clones from these libraries were 
first mapped to chromosome regions, then 
individually sequenced.



A next-generation human genome sequence, Volume: 376, Issue: 6588, Pages: 34-35, DOI: (10.1126/science.abo5367) 

An important attribute of the human 
reference assembly is that the source 
DNA was derived from multiple 
individuals.

when two clones from different 
haplotypes of an individual are adjacent 
in the reference assembly, this can create 
sequence representations that are not 
normally found in the population

T2T Consortium, eliminated the 
problem of allelic diversity by 
sequencing the genome of a cell line 
derived from a complete hydatidiform
mole (CHM).

This is duplicated so that the cell contains two 
copies of the same parental genome





DNA Sequencing
https://www.youtube.com/watch?v=vK-HlMaitnE

100-1000 bps

https://www.youtube.com/watch?v=vK-HlMaitnE


DNA Sequencing



Dye Terminations



•Automatic release of sequence assemblies larger than 1 kb 
(preferably within 24 hours).
•Immediate publication of finished annotated sequences.
•Aim to make the entire sequence freely available in the 
public domain for both research and development in order to 
maximise benefits to society.

Bermuda Principles



Celera Genomic



300M USD
2.9 bbp
9 months
5 donors
5.1 folds
Whole-genome shotgun



Human Genome Project

1990 15-year project 3B USD
20 groups
15 months





Next Generation Sequencing
https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8


Third Generation Sequencing



Zero Mode Waveguide
https://www.youtube.com/watch?v=NHCJ8PtYCFc

https://www.youtube.com/watch?v=NHCJ8PtYCFc


Zero Mode Waveguide

50 x 50 x 10 nm3 = 2.5 x 104 x 10-21 cc = 2.5 x 10-20 L= 25 zeptoliter







Nanopore Sequencing
https://www.youtube.com/watch?v=RcP85JHLmnI

https://www.youtube.com/watch?v=qzusVw4Dp8w

https://www.youtube.com/watch?v=RcP85JHLmnI
https://www.youtube.com/watch?v=qzusVw4Dp8w




Cell Free DNA (cfDNA)

0.01%-90% circulating tumor DNA (ctDNA)





Digital PCR



The current definition — understanding disease at a deeper level in order to 
develop more targeted therapy — clearly requires genomic tools that are both 
accurate (the genome is represented faithfully) and precise (repeating the same 
test multiple times leads to the same result).







1 hour
Known primer



Hematology Analyzer



Chemistry Analyzer



Protein Microarray













Flow Cytometry



Flow Cytometry Data



High Content Screening



High Content Screening



Single Cell Analysis



Whole Genome Amplifications



ATAC-seq (Assay for Transposase-
Accessible Chromatin using sequencing)







Computational Analysis for 
Multiomics



Computational Analysis for 
Multiomics

























Super-Resolution Microscopy



Two separate principles are rewarded. One 
enables the method stimulated emission 
depletion (STED) microscopy, developed by 
Stefan Hell in 2000. 

Eric Betzig and William Moerner, working 
separately, laid the foundation for the 
second method, single-molecule microscopy. 



Microscope



Resolution



N.A. = 0.95



Diffraction Limit









Super-Resolution Microscopy







REversible Saturable OpticaL Fluorescence Transition
s (RESOLFT)

Principle of resolution increase in a RESOLFT microscope. Horizontally a spatial dimensions is drawn. The red line 
corresponds to the spatially variable intensity of the light beam which drives molecules from a certain state (green) 
to another state (white). The blue line describes the level of saturation for this transition. Increasing the brightness 
(right side) of the light beam one can restrict the area, where molecules can reside in their original state (green) to 
arbitrarily small volumes









Confocal











Localization



Fluorescence Imaging with One 
Nanometer Accuracy (FIONA)



Fluorescence Imaging with One-
Nanometer Accuracy (FIONA)















Single-molecule High-Resolution 
Colocalization (SHREC)





Photoactivation localization microscopy 
(PALM)

Mean-squared position error:
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s is the standard deviation of the PSF. 
a is the pixel size in the image 
Nm is the total number of photons measured from molecule m 
bm is the number of background photons collected in the fitting window 

Russell E. Thompson, Daniel R. Larson, and Watt W. Webb, Biophysical Journal 82, 2775 (2002).
Eric Betzig, et al., Science 313, 1642 (2006).

Lateral resolution  Δxy ≈  0.61 λ / N.A.
≈ 200 nm

Axis resolution  Δz ≈ 2λ / N.A.2

≈ 450 nm 

Diffraction-limited system:

































Direct stochastic optical reconstruction microscopy (dSTORM) 

Angew. Chem. Int. Ed. 2008, 2009, Nature protocols 2011

Reversible photoswitching mechanism of standard fluorophores 

Localization imaging concept Multicolor imaging



Focal adhesion complexes on HS and pattern ECM surface

HS 600 nm 400 nm

Vinculin
&

FAK

Vinculin
&

Paxillin

Vinculin
&

Actinin

250 nm



TIRF images             Super-resolution images

Multicolor superresolution fluorescence imaging

500 nm
500 nm

5 μm5 μm

Vinculin

Actin filament

1. Characteristic distance between focal adhesion 
complexes.

2. Cross-correlation between different focal 
adhesion complexes.

3. Number of focal adhesion complexes at 
different adhesion types.

Objective

Vinculin

Actin filament

Fibrillar Adhesions 
(FB)

Focal Adhesions
(FA)

Focal Contacts
(FC)

J. Cell Sci. (2010).



Nature methods 6, (2009)

Pair correlation analysis

ρ(r) is the density of molecules at distance.

r from a given molecule.

is the average density of molecules, with 
this ratio averaged over the entire ensemble 
of molecules.

ρ



4 Pi
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