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CAGE: cap analysis of gene expression



FANTOM: functional annotation of the

mammalian genome



Crosslinking with formaldehyde

Cell lysis, DNA fragmentation
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Genome-wide structural 

organization of PICs

a, Raw ChIP-exo tag distribution for GTFs

and Pol II around the RPS14B gene. Filled

plots represent unfiltered 59 ends of

sequencing tags on the sense (darker fill)

and antisense strand (lighter fill).

b, Average GTF and Pol II occupancy

around the TATA box of 676 annotated

mRNA genes.



Co-association between transcription factors



Nucleosome mapping



Clustering promoter nucleosome signatures. (a) Average nucleosome occupancy for each cluster, 

covering 800 bp surrounding the TSS. The clustergram was generated with k-means clustering using the 

Euclidean distance metric. The four clusters contain 1,211, 766, 1,374 and 1,663 transcripts. (b) k-Means 

clustergram for the set of B5,000 verified transcripts with known annotations. Blue represents areas

depleted for nucleosomes; yellow areas are more occupied.
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Hi-C technique (chromosome conformation capture)



Protein analysis



Western blotting



2D gel electrophoresis



Mass spectrometry



Partial proteolysis
Mass spectrometry

Computer search in databases



Protein-protein interactions: Pull-down

Protein mixture

A protein 

immobilized 

on a column

Wash the column and 

analyse the proteins that 

were bound



Two proteins 

interact in a mixture

Precipitation by 

antibodies

Analysis by 

western blotting
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Protein-protein interactions: 

protein immunoprecipitation



S. cerevisiae interactome



Visualization.

Electron microscopy



Atomic force microscopy

Advantages:

1. Little sample preparation, with
native biomolecules usually being
imaged directly.

2. 3D reconstruction of the sample
surface in real space at ultra-high
resolution.

3. Less destructive than other
techniques (e.g., electron
microscopy) commonly employed.

4. It can operate in several
environments, including air, liquid,
and vacuum.



Contact mode Dynamic mode

Atomic force microscopy



Atomic force microscopy



Fluorescent in situ Hybridization (FISH)



Fluorescent in situ Hybridization (FISH)



Green Fluorescent Protein (GFP)



Green Fluorescent Protein (GFP)





Discosoma striata







Confocal microscopy





Fluorescence recovery after photo-bleaching (FRAP)



Fluorescence recovery after photobleaching of the transcription site.

Dashed circle indicates photobleached region. Bleaching (d) and recovery 

(e–i) of YFP–Pol II17 at active site, monitored for 545 s. (j) Pol II FRAP 

data fit to a sum of exponentials.





STED microscopy (Stimulated emission depletion)



Single-molecule microscopy



Single-molecule microscopy



Physical methods for studying macromolecules

 X-ray crystallography

 Spectroscopy

• spectrophotometry

• fluorescent spectroscopy

• circular dichroism

• NMR

• 2D NMR

 Molecular dynamics and other modeling methods



X-ray crystallography

Crystalls



Spectrophotometry









Circular dichroism (CD)

Difference in absorbtion of left and 

right circularly polarized light 

depends on the conformation

Proteins

DNA



Fluorescent spectroscopy



DNA 

concentration 

increases

Binding isotherm that 

gives the binding constant 

and other parameters
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Förster (Fluorescence) Resonance Energy Transfer 

(FRET)

FRET efficiency depends on 

the distance between the 

donor and acceptor

Donor
Acceptor

E=1-Fa/Fad = 1/[1+(R/R0)
6]













Positions of FRET pairs in the 70 S ribosome (yellow spheres)

on ribosomal proteins S6, S11 and L9. The arrow indicates the

direction of rotation of the 30 S subunit relative to 50 S

induced by EF-G binding, and the observed axis of rotation

from cryo-EM reconstructions is indicated by a red dot





Nuclear Magnetic Resonance (NMR) spectroscopy



Information about the number 

and types of atoms in a 

molecule

Nuclear Magnetic Resonance (NMR) spectroscopy



2D NMR

Pulse sequence gives 

correlated signals from 

different atoms

2D spectrum gives an information about 

distances between different atoms



2D NMR
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DNA stretching



Protein stretching

I ← U



DNA looping



RNA polymerase in real time

RNA polymerase





Ribosome in real time



Molecular dynamics simulation
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Coordinates and 

velocities of all 

the atoms




