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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	 with	 UV
Alkaline solution dentaures DNA

(dsDNA à ssDNA)

Genomic DNA

Identifying a	fragment of	DNA	in	a	complex DNA	sample	 (genomic DNA)	that contains a	sequence (for	example a	(fragment
of	a	gene))	of	interest

Required:	 a	portion of	the	desired seqeunce must	have been cloned first	–>	 for	example:	 an	exon (ca 200-500nt)		

EcoRI EcoRI

Probe	 (cloned in	plasmid)

Genomic DNA

Example:	 detection of	a	GFP	containing plasmid integrated into
the	genome of	a	cancer cell line	 (stable cell line)

GFP



LABELLING	 OF	A	PROBE
1. Labelling by	incorporation of	[alpha-32P]-dCTP by	klenow fragement (exo-) PROBE	SIZE	200	– 1000nt

32P

32P	is a	high	energy beta	emitter and	and	decays into sulfur-32	by	beta	decay
half-life:	14,3	days
Protection required
A	beta	particle,	also called beta	ray or	beta	radiation,	is a	high-energy,	high-speed electron	(or	
positron)	emitted by	the	radioactive decay of	an	atomicnucleus during the	process of	beta	
decay.	

Step 1: Get dsDNA for making the probe:
Fragment (for example 1 exon) of gene cloned into plasmid MCS
Step 2: Use restriction enzymes to cut out and gel-purify your fragment of
interest
Step 3: denature dsDNA; add non-labelled mix of dNTPs and random 9-mer
primers and buffer
Step 4: reanneal random primers to your DNA of interest and add [alpha-32P]-
dCTP and the Klenow fragment. A fraction of primers that anneal perfectly will
prime DNA synthesis by Klenow à radioactive [a lpha-32P]-dCTP will be
incorporated
Step 5: purify labelled fragments us ing silca column (remove non-incorpora ted
[alpha-32P]-dCTP and other dNTPs, primers are remove
Step 6: Denature probe and mix with hybridiza tion buffer -à ready for
hybridization

[alpha-32P]-dCTP

Probe labelling

5’

5’
5’

3’

3’
3’

5’3’

[alpha-32P]-dCTP

GFP	Exon(s)
of	interest



LABELLING	 OF	A	PROBE
2.	Labelling of	 terminus of	 OLIGONUCLEOTIDE	using Polynucleotide Kinase (PNK)	and	 [gamma-32P]-ATP	 à size ca.	20	– 60	nt

32P

Step 1: Get our oligonucleotide of interest (single stranded DNA; >20mer; must be highly specific!!!
Step 2:Mix oligonucleotide with PNKand [gamma-32P]-ATP, buffer = PNK reaction
Step 3: purify labelledoligonucleotides with special slica column; remove non-incorporated [gamma-32P]-ATP andother dNTPs
Step 5: Add hybridization bufferà ready for hybridization

Probe labelling

NOT	PHOSPHORYLATED	
AT	5’end



REMEMBER	THE	DIFFERENCE	

PNK KLENOW

Transfered to	5’	end	of	DNA	probe
(“end	 labelling”)

Incorported into probe
(“body	labelling”)



Southern Blotting – Steps
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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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Southern Blotting – Steps
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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)	



Southern Blotting – Steps
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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)

1 2 3 4 5 6 7 8 11 129 10

m
arker

1000
2000
3000

EcoRI EcoRI

GFP

10	different stable cell
neomycin resistant lines stably
transfected with	plasmid
encoding GFP	and	NeoR;	
preparation of	genomic DNA,	
digest with	EcoRI
QUESTION:	which of	the	stable
lines contains the	GFP	gene	

GFP
Probe,	body	labelled



Focus	on	

DNA

Southern	Blot

Footprinting (DNA/protein interaction)

EMSA	(DNA/protein interaction)



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 denaturing 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

UV	crosslinking



40S

60S
Ribosomal
subuntis

Gapdh mRNA	(processed)

Transfer,	hybridisation with	 radioactive gapdh probe



Different levels of	expression

Different levels of	expression

Loading control	 (actin
expressed highly in	most
tissue)
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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 (detemine gene	 expression).

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.

DISADVANTAGE:	 DANGEROUSE	 (high	level of	radioactivy),	 EXPENSIVE	 (waste,	radioactivy,	 developing);	 TECHNICALLY	
DEMANDING



Anti-sense RNA preparation

Radioactive alpha32P-rGTP	 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

cDNA fragment of	gene	of	interest



RNAse protection



RNAse protection



Drug
DNA	damage

RNAse protection

Multiple	 probes in	parallel



RNAse protection assay protocol
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Electrophoretic-Mobility Shift Assay (EMSA)

50 - 200 nt probe

DNA site encoding RNA of interest

recombinant
RNA binding protein
or protein extract

Protein/DNA complex

In	vitro	transcription
incorporation of	alpha32P-GTP

+ + Non specific/specific competior RNA



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 



nM protein


