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Southern blot - Introduction

Blots are techniques for transferring DNA ,RNA and proteins onto a carrier so they can be separated, and often
follows the use of a gel electrophoresis. 

The Southern blot is used for transferring DNA, the Northern blot for RNA and the western blot for PROTEIN.

In the 1970s Edwin Southern of
Oxford University invented a
revolutionary DNA blotting 
technique.

The Southern Blot allows the 
visualization of one DNA 
fragment from a whole
genome DNA extract.

Southern blotting



Southern Blotting

Crosslink DNA to membrane



Southern Blotting – general scheme
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By purifying DNA use
• DNAse free solutions and reagents
• RNAse to avoid RNA contamination
• ice

Crosslink DNA to membrane
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Probe: fragment of ideally 200 – 1000 bp containing the sequence of interest
(present in plasmid; RE;  gel-eletrophoresis; purification from gel; alpha-32P-
dCTP labelling using Klenow and random oligos) 
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Making the probe
Label the probe to be hybridized using radioactive or non-radioactive 
methods

Non-radioactive methods A) Colorimetric
B) Chemiluminescent                              



Southern Blotting – Results

Gel after RE digest
and electrophoresis

Hybridized membrane
(using a gene specific probe)
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DNA-protein interaction: Footprinting and EMSA

Detecting interactions between DNA and Proteins (for example transcription factor (TF) binding sites)

DNA: short seqeunce containing putative binding site for TF
Protein: TF, recombinant protein

DNA: short seqeunce containing putative binding site for TF
Protein: TF, recombinant protein

Electophoretic mobility shift assay



Electrophoretic-Mobility Shift Assay (EMSA)

20-30 nt probe

+

DNA binding site

DNA binding protein

Protein/DNA complex



Electrophoretic-Mobility Shift Assay (EMSA)

free probe

shifted probe

+

-
protein concentration
0

Incubate protein and DNA probe
Load onto non-denaturing PAGE
Resolve complexes & free probe



Electrophoretic-Mobility Shift Assay (EMSA)

Resolution of multiple protein/DNA
complexes: Proteins sharing a DNA
binding element 



Electrophoretic-Mobility Shift Assay (EMSA)



Electrophoretic-Mobility Shift Assay (EMSA)
Verifying the specificty of DNA-protein interaction



DNAseI- Footprinting
Increasing protein

conectration
Control
digest

2 0



DNAseI- Footprinting

G
A G 0 0

100-300 bp DNA fragment
with unique end-label

Incubate with test protein(s)
Digest with DNase I

Run digested DNA on PAGE

1 10

*

Chemical
degradation
of DNA
Maxam-
Gilbert
sequencing
(no protein)

*

Protein concentration
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Northern blotting

Northern analysis remains a standard method for detection and quantitation of mRNA levels despite the advent of 
powerful techniques, such as RT-PCR, gene array analysis and nuclease protection assays. 
Northern analysis provides a direct relative comparison of message abundance between samples on a single membrane. 
It is the preferred method for determining transcript size and for detecting alternatively spliced transcripts

The steps involved in Northern analysis include:
•RNA isolation (total or poly(A) RNA)
•Probe generation
•Denaturing agarose gel electrophoresis
•Transfer to solid support and immobilization
•Prehybridization and hybridization with probe
•Washing
•Detection
•Stripping and reprobing (optional)



-transfer of RNA from a gel to a membrane (e.g., nitrocellulose, nylon)
-reveals mRNA size (and approximate protein size), tissue- and organ-
specific expression, and kinetic patterns of expression

X RNA

X

x
salt

X
RNA

Northern blotting vs Southern blotting



40S

60S
Ribosomal
subuntis

Gapdh mRNA (processed)

Transfer, hybridisation with radioactive gapdh probe





1. Cross linking with FA

H3 K9-methylation is required for HP1 localizationCHROMATIN IMMUNOPRECIPITATION

Question: Does a Transcription
factor bind to a specifc gene 
promoter??



H3 K9-methylation is required for HP1 localizationCHROMATIN IMMUNOPRECIPITATION

2. Cross linking followed by sonication (fragmentation of chromatin)

Chromatin is bulky à needs to be cut into small pieces
to become soluble 



3. Immunoprecipitation (IP)
The protein of interest is immunoprecipitated together with 
the crosslinked DNA: Modified histones; epignetic writers,
epigentic readers

H3 K9-methylation is required for HP1 localizationCHROMATIN IMMUNOPRECIPITATION

Antibody is coupled to
a solid resin (agarose, magentic beads)

H3 K9-methylation is required for HP1 localization
CHROMATIN IMMUNOPRECIPITATION



4.Decrosslinking of PFS crosslinked chrmatin and and purification of the DNA

H3 K9-methylation is required for HP1 localizationCHROMATIN IMMUNOPRECIPITATION

-Reverse the FA: 65C, high salt 
concentrations: crosslink break

-RNAse and Protease treatment

- Purification of DNA



Identification of DNA regions associated with 
the protein/modification of interest 

Methods of ChiP analysis

H3 K9-methylation is required for HP1 localizationCHROMATIN IMMUNOPRECIPITATION

Easiest detection method:
Make PCR using primers specific
For the respective promoter of interest

If TF specifically
binds to the 
promoter,
ChIP gives a high 
number of genomic
fragments in this
region
(remember: DNA is
fragemted in a non-
sequence specific
manner by 
sonication)



Lecture  3: Hallmark discovery and analysis of histone modifications

CHROMATIN IMMUNOPRECIPITATION (ChIP)  à DETAILLED ANALYSIS

à Localization of protein at a defined region - seqeunce

5. Elute chromatin at high salt concentration and

revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase

7. Purify DNA and precipitate DNA

8. Measure the amount of immunoprecipitated DNA

By PCR; microarray or NGS

METHODS:

Quantitative PCR: design PCR oligos to amplify defined

sequences in immunoprecipitates. Per PCR reaction only one

Locus can be examined by real-time PCR

1. Crosslink chromatin

(treatment of cells with Paraformaldehyde

2. Sonicate crosslinked cells

4. Recover antibody-chromatin complexes using

a resin that binds to the constant region of antibodies

5. Elute chromatin at high salt concentration and

revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase
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RNAse protection assay

The RNase Protection Assay (RPA) is a specific, sensitive, and qualitative method for the detection, mapping, and quantitation
of specific mRNAs.

The RPA is at least 10-fold more sensitive than Northern blot analysis and is more accurate and direct than RT-PCR analysis. 

In addition, RPA provides information that cannot be obtained reliably by other methods:

For example, mapping transcription start sites, studying intron-exon junctions, and detecting very small differences in 
related transcripts can be achieved with RPA. The RNase protection assay can be performed with either total RNA or poly
A+ RNA, and the results are not dependent upon having purified or non-degraded RNA

CONCEPT: a labeled, single-stranded antisense RNA probe is allowed to hybridize to the target RNA. RNA probe molecules
and transcripts that do not form hybrids are degraded by a mixture of RNases. The final inactivation of RNases and the 
precipitation of protected RNA hybrids are performed simultaneously. Electrophoresis followed by autoradiography reveals
the presence, size, and relative level of RNA that was protected by the antisense probe.



Anti-sense RNA preparation

Radioactive 32P-NTP is incorporated during in vitro transcription (body labelling) 

- Run on polyacrylamide gel
- Cut out radioactive, in vitro 
trasncribed RNA
- Purify RNA
- Deterimine concentration
by measuring incorporated
radioactive nucleotides



RNAse protection



RNAse protection



RNAse protection assay protocol


