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European alternative splicing network of 
excellence



• The Alternative Splicing Network of Excellence  

brings together 30 leading research groups and ten 

Young Investigators, from eleven European 

countries as well as Israel and Argentina.

• For a period of five years (2006 - 2010), this 

consortium has secured ten million Euros in funding 

within the Framework 6 Program (FP6) of the 

European Union, for Research in Alternative 

Splicing (starting January 1st, 2006).

• Coordination by Prof. Reinhard Lührmann of the 

Max Planck Institute for Biophysical Chemistry in 

Göttingen, Germany



The main objectives of the network are:

• elucidate the mechanisms of alternative splicing and the 
interference with other regulatory processes

• establish a communication platform for the exchange of 
information, methods and material among the network partners

• support ten “Young Investigators” to join EURASNET and establish 
new research groups

• raise awareness of the importance of alternative splicing among 
medical practitioners, policy makers and the general public



Objectives of today



Molecular Genetic testing
• Make the most use of
the genetic test results.

• Distinguish pathogenic
from polymorphic sequence
changes.

Resolve diagnostic uncertainty.





Wessex Regional Molecular 
Genetics Laboratory

• 1085 breast cancer screens

• 30% sequence variation pick up 

• Half of these, 15%, unknown pathogenicity

• 160 families



Minigene Assay example

BRCA1 exon 18 unclassified sequence variant, 5077 G>C

wt   C A   T   A   T  G A   C   G   C   G   T   A   C  G   A   C   G  A  G  G
4 5 7

108 9 11





atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgccttc

 
cgttccagttaccgggacaggtcattctctcctggctcctatgagagagagacttttgctttgacatccttggaaacagtcacagaagctttgttggagatcatggaggta

 
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata

 
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataataaacattatttaaacagttctaaaaacatttatgtacaatatgtattcagagtatc

 
ccctttttttaggcatgcatgagagatattccaacgtgcaagtggctggaccagtggacagaactagctcaaaggtatgtcctaaattaaatataagttgtaaaaatatgc

 
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatcttttaattgcagattt

 
gcattccaatataatccatccctgcaaccaagagctcttgttgtctttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag

 
gtacctgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata

 
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg

 
aagatgtctttaaaataaaatatgttgcctcttttgctaagcaggtacacttagtattttaccagttttcaaagcatttaattatatggtaagactatagccttgcataaa

 
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat

 
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt

 
ttcctaaaaggcacttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa

 
ggtaattactgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttctttcaaagagtttagaaaataagatgaattgagaataagttataaagaa

 
aaaactatagttaaagtagaacctcttaaagtttagttgtttgaagtagtcatattagaagaagagtaagtatggatagtatgttctcaagcgcttgtaagtttttggtct

 
catcagtgctaaaggaaagataggtatatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac

 
aaagcccataaaactcactgccttcatggagcttactttctggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta

 
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag

 
gatggtctgaccttatcccatttttatatttaagatatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa

 
agtggtttaattctgtgatttgagtacaaaggtatgccagacttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta

 
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg

 
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt

 
taagagtgacaagaagttgaaaagacagtttaaaataaagttaaagggaaacataggagttaatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat

 
ggagggaaggtgggtagaacattctagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt

 
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag

 
taaaaagaatccacctttataataaagaaggttggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa

 
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa

 
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgctttatttttaactgcagtgtgttttgaaagagactatgtcatgatt

 
catcttactagcctcaaacatatcttctttgccaggactcgcctctgcacaaagccctcttttgggtagctgtggctgtgctgcagcttgatgaggtcaacttgtattcag

 
caggtacggcacttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag



atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgccttc

 
cgttccagttaccgggacaggtcattctctcctggctcctatgagagagagacttttgctttgacatccttggaaacagtcacagaagctttgttggagatcatggaggta

 
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata

 
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataataaacattatttaaacagttctaaaaacatttatgtacaatatgtattcagagtatc

 
ccctttttttaggcatgcatgagagatattccaacgtgcaagtggctggaccagtggacagaactagctcaaaggtatgtcctaaattaaatataagttgtaaaaatatgc

 
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatcttttaattgcagattt

 
gcattccaatataatccatccctgcaaccaagagctcttgttgtctttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag

 
gtacctgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata

 
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg

 
aagatgtctttaaaataaaatatgttgcctcttttgctaagcaggtacacttagtattttaccagttttcaaagcatttaattatatggtaagactatagccttgcataaa

 
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat

 
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt

 
ttcctaaaaggcacttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa

 
ggtaattactgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttctttcaaagagtttagaaaataagatgaattgagaataagttataaagaa

 
aaaactatagttaaagtagaacctcttaaagtttagttgtttgaagtagtcatattagaagaagagtaagtatggatagtatgttctcaagcgcttgtaagtttttggtct

 
catcagtgctaaaggaaagataggtatatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac

 
aaagcccataaaactcactgccttcatggagcttactttctggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta

 
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag

 
gatggtctgaccttatcccatttttatatttaagatatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa

 
agtggtttaattctgtgatttgagtacaaaggtatgccagacttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta

 
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg

 
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt

 
taagagtgacaagaagttgaaaagacagtttaaaataaagttaaagggaaacataggagttaatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat

 
ggagggaaggtgggtagaacattctagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt

 
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag

 
taaaaagaatccacctttataataaagaaggttggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa

 
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa

 
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgctttatttttaactgcagtgtgttttgaaagagactatgtcatgatt

 
catcttactagcctcaaacatatcttctttgccaggactcgcctctgcacaaagccctcttttgggtagctgtggctgtgctgcagcttgatgaggtcaacttgtattcag

 
caggtacggcacttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag



atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgccttc

 
cgttccagttaccgggacaggtcattctctcctggctcctatgagagagagacttttgctttgacatccttggaaacagtcacagaagctttgttggagatcatggaggta

 
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata

 
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataataaacattatttaaacagttctaaaaacatttatgtacaatatgtattcagagtatc

 
ccctttttttaggcatgcatgagagatattccaacgtgcaagtggctggaccagtggacagaactagctcaaaggtatgtcctaaattaaatataagttgtaaaaatatgc

 
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatcttttaattgcagattt

 
gcattccaatataatccatccctgcaaccaagagctcttgttgtctttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag

 
gtacctgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata

 
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg

 
aagatgtctttaaaataaaatatgttgcctcttttgctaagcaggtacacttagtattttaccagttttcaaagcatttaattatatggtaagactatagccttgcataaa

 
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat

 
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt

 
ttcctaaaaggcacttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa

 
ggtaattactgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttctttcaaagagtttagaaaataagatgaattgagaataagttataaagaa

 
aaaactatagttaaagtagaacctcttaaagtttagttgtttgaagtagtcatattagaagaagagtaagtatggatagtatgttctcaagcgcttgtaagtttttggtct

 
catcagtgctaaaggaaagataggtatatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac

 
aaagcccataaaactcactgccttcatggagcttactttctggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta

 
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag

 
gatggtctgaccttatcccatttttatatttaagatatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa

 
agtggtttaattctgtgatttgagtacaaaggtatgccagacttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta

 
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg

 
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt

 
taagagtgacaagaagttgaaaagacagtttaaaataaagttaaagggaaacataggagttaatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat

 
ggagggaaggtgggtagaacattctagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt

 
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag

 
taaaaagaatccacctttataataaagaaggttggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa

 
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa

 
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgctttatttttaactgcagtgtgttttgaaagagactatgtcatgatt

 
catcttactagcctcaaacatatcttctttgccaggactcgcctctgcacaaagccctcttttgggtagctgtggctgtgctgcagcttgatgaggtcaacttgtattcag

 
caggtacggcacttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag



Adapted from Ruskin et al. 1984 Cell 38: 317-331 

Nobel laureats
1993

Discovery of intervening 
sequences (intron) in 1977

R. Roberts Ph. Sharp



Pre-mRNA splicing

• Essential step in gene expression

• >15% of human genetic diseases involve splicing errors

• Important regulatory step in gene expression

Alternative splicing

AUG

AUG UGA

UGA



Two step mechanism of pre-mRNA splicing

5‘ Splice site 3‘ Splice siteBranch site pre-mRNA

Splicing 
Intermediates

Splicing 
Products

Intron mRNA

STEP 1

STEP 2





Assembly and structural dynamics of the 
spliceosome, one of the most complex molecular 

machines in the cell



Disease causing disruption of pre-mRNA splicing 
regulatory elements



Over the years, a great number of Enhancer and Silencer factors have been identified:

Enhancers Silencers

SR protein family hnRNPs (such as A/B family, PTB,
CELF protein family hnRNP H…etc).
hnRNP L TDP-43
Tra2
YB-1
NOVA

In many cases exclusion/inclusion may thus determined by the resulting balance of power  



NF1 intron 3 Mutation 288+5 G>C

83y Numerous CAL, and 
neurofibromas. Axillary and 
inguinal freckling

Died at 40y RTA. Mild NF1

Macrocephaly. Died 31y 
malignant peripheral nerve 
sheath tumour (MPNST) 
of coeliac axis. 





NF1 ex 3 
(wt)

NF1 ex 3 
(+5 G>C)

U1snRNP
(C>G)

344bp
298bp

220bp

NF1
ex3

NF1 ex 3 
(+5 G>C)

Baralle et al, J.Med. Gen. 2003



Pull down analysis of the wt and mutated (+5G>C) exon 3 sequence.



FIG. 4



ex3

U1 SnRNA

 

ggUCCAUUCAUA

Base-pair match



pTB NF1-29

Ex 29

NF1

IVS28 IVS29
1 2 33

341bp145bp 225bpEDB-1 EDB+1

Nonsense, missense, synonymous mutations in NF1 exon 29



Fig.4

+5g>a +4g>a+5g>a

U1+5A
3’ cgguccauuUaua 5’

U1+4G+5A
3’ cgguccauCUaua 5’

a)

b)

5 __ACCCGAUUUACGguagauuuuuua______3
IVS29+5g>a

. | |

OHU1___cgguccauucaua____5
. ||||o | |

OHU6 _____gagaca____5

‘

‘

‘ ‘

U1+5A U1+4G+5A U1+5A(-)(-)

29 incl.
(%+S.D.) 0 0 0 64.2±6.5 79.8±4.1

+

-

U1 Cotrasf.

Minigene



NF1 c.31-279A>G

• Multiple Café au Lait
• >100 neurofibromas
• Plexiform neurofibroma
• Spinal neurofibromas- quadriplegia



(M)   (WT) (-279a>g)

.     .      .               

CMV/Globin
promoter

pTB NF1-31

Ex 31

NF1

IVS30 IVS31
1 2 33

341bp345bp 225bpEDB-1 EDB+1-279 A>G

ex 31

ccacatttccttttatagTGAGAATAAAACAACTTTTTAAC
AAGAAAGGACTAAAATGGAGGAAAATAAGACAAAACTTTTC
AAAAATTGGCTTACTGGCTTTTAAAATTACTTTCTTCAAGG
ACTGTTCTTTCTTCGCCTCTACAAAAATATATTTGCCAAGT
GTCTTTTCTCCAGGCCTGATTCTAGgtaatagtctt

604 bp--

433 bp--

Raponi M, Upadhyaya M, Baralle D. Functional splicing assay shows a pathogenic intronic mutation in neurofibromatosis type 1 
(NF1) due to intronic sequence exonization. Hum Mut. 2006 Mar;27(3):294-5.  



Point mutations in mutant sequence rescue the 
inclusion of the cryptic exon

                                                  t1                         t2                g1 g2 
                                                  |                         |                 | | 
Human       CCAAACTTTCTATGATTACCACAT-TTCCTTTTATAGTGAGAATAAAACAAC----TTTTTAACAAGAAAGG-----ACTAAAATG 
Dog         AGTAACTTTCTGTGATTGCCATATATTCCTTTTACAGTTAGAATAAAACAATAACTTTTTTAACTAGAAGAGGAATGATTAAGAGG 

Human dog comparison

(M)     X      tl     t2     g1 g2

50          0           0          0
% cryptic exon inclusion

Human
Dog



Pull down Sequence analysis by 
mass spectrometry

Western against PTB, 
hnRNPA1 and hnRNPC2

PTB

A1/A2

C2



RNA i
C2           P1   P1/N1 100ng   250ng   750ng

pNF1c.31- 279A>G

•PTB is preventing exonizatin of these seqs. Is this function more widespread than we think?

• In this case detected only because of the mutation observed in this patient.

0       10ng



How frequent?



Nature Review 
Genetics 2002



How frequent?

• Extent of splicing mutations has been 
underestimated. 

• 50% for some genes, eg NF1, ATM

• Baralle et al 2005 J. Medical Genetics

• Buratti et al 2006 Nucleic Acids Research.  
Defective splicing, disease and therapy: 
searching for master checkpoints in exon 
definition.



Wessex pilot study

• National genetics reference lab, salisbury, 
wessex regional genetics lab. and

• Which genes? How many? RNA, DNA 
assays? Which techniques?
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