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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 fu
within the Framework 6 Program (FP6) of the
European Union, for Research in Alternative

Splicing (starting January 1st, 2006).

Coordination by Prof. Reinhard Lihrman
Max Planck Institute for Biophysical Ch

Gottingen, Germany



The ﬁ:r:jain objec}i\fes of the network are:
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e elucidate the mechanisms of alternative splicing and the
Interference with other regulatory processes

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

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

e 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 e
from polymorphic sequence | ettt
changes.

Resolve diagnostic uncertainty.



Medical Genetics Service ~Addenbrooke’s Hospital
Molecular Genetics Laboratory i e o TR

Copy to:
Department of Clinical Genetics Department of Clinical Genetics
Clinical Genetics, Box 134 )
Addenbrooke's Hospital File copy
Cambridge
Cambridgeshire
CBz 2QQ

MOLECULAR GENETIC ANALYSIS FOR BREAST CANCER

Name of Patient: Date of Birth:

REFERRAL REASON:

REPORT SUMMARY:

BRCA2 sequence variant in family - plse screen for this.

Sequence variant of unknown clinical significance

REPORT INTERPRETATION:

has a family history of breast/ovarian cancer and has had breast cancer herself. A sequence
variant (¢.3690C>T) of unknown clinical significance has been identified in 3 of
including one case of male breast cancer.

affected relatives,

CITCET CTIETSTY 50 313-320 2004, TS Varant may Ue e Causanve MU= o Dreast Cancer TS
family or a tightly linked polymorphism. A mutation in the BRCAZ2 gene would be consistent with the male breast
cancer that occurred in this family

We will arrange for an affected member of this family to have the remainder of the BRCAZ gene screened for
mutations. We anticipate that this will be completed by the end of June 2005. We recommend that DNA testing
is not offered to unaffected relatives at present.

BASIS OF TEST:

Fluarescent sequence analys:s of exon 11 of the BRCAZ gene

Reported: Sitwrg Sally Cumming 07/02/2005

Checked: R.7Treacy Becky Treacy 07/02/2005

Regional Medical Genetics Service

Please note:
Molecular Genetics Laboratory
Kafford House, Maris Lane The remainder of the DNA from this

Trumpington, Cambridge B2 2FF patient has been stored in the laboratory

Telephone: +44(0)1223 550700
Fax: +44(0)1223 550701




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
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BRCAL exon 18 unclassified sequence variant, 5077 G>C




m;lm_GCMG CGTGTCAGTACCGTACTTAGCGT
CGTACTA ACGTETCAGTACCGTACTCGIGT VKGL
TCAGTACCGTACT TAGCLINICAL MOLECULARACGTGTE,

Leik ) hIIJEL
GTGTCAGTACCGTACTGENETICS SOCIETYACGTGTCAGT

Practice guidelines for the Interpretation and Reporting of
Unclassified Variants (U'Vs) in Clinical Molecular Genetics.

Prepared and edited by Jennie Bell’, Danielle Bodmer’, Erik Sistermans’ and Simon € Ramsden®

1. West Midlands Regional Cenetics Laboratory, Birmingham Women's Hospital NHS Trust, Metchley Park Foad,
Edzbaston, Birmimzham, B15 2 TG, United L..mcdu.m

I Dept of boman genefics, Radboud University Nijmezen Aedical Centre, PO box 2101, 6500 HE Nijjmesen, The
Netherlands

3. Dept of climical genetics, VU University Medical Center, van der Boechorststraat 7, 1081 BT Amsterdam, The
MNetherlands

4 National Genetics Reference Laboratory (Manchester), Dept of Medical Genefics, Saint Mary's Hospital, Hathersage
Foad, Manchester, 313 OJH, United EKingdom.

Guidelines ratified by the UK Chinical AMolecular Cenetics Society (11* Jawuary, 2008) and the Dutch Socety of Climical
Genetic Laboratory Specialist: (Versnizing Klinisch Genetische Laboratoriumspecialisten; VEGL) (22 Octaber, 2007

1. INTRODUCTION

With the increased demand for melecular genefic testing
ower recent years thers has besn 2 marked change in the
scale and semsitivity of molecular penetic amalysis withm
the semvice enviremmert Insvitably this has resulted in a
I-u._md ipcrease in the detecizon of novel saquence vamatons
of unknown pathogenicity. Whilst research labomatones
may have large resources af their disposal to muves ug:m!
individual variants, routne diagnostic service loboratomias
must nndertake this analysiz within a limited tmescale and
It is essemtial, therefore, that diazpastic laboratories have a
sef of agresd standands o assist in the determepation of the
climical significance of vaziants idsntdfied in routios testns.
In addition gwidelines should be designed iv educaie
refermies chimicians 23 to possible testing outcomss so tat
they may infiorm their patents and families approprately.
The standards outlined here have been drawn up 25 3 guide
to assess wamants of uokpown climical signficance for
sinuations whers there i3 likely 1o be a climical benefin It
may not be appropriate to perform this amalysis oo all
identifi=d vanants, The aubors and the mdfying bodies
(CMGS and VGEL) ecognize that these madslmes are
aspiratienal and the practcalides of mmplementation may
lead to fwnue ravision.

I SCOPE OF THE GUIDELINES.

boundanes, This decumert does wot considar chanzes thar alter
the invamapt AG/GT boundries por ooopsense mmiations
bhowever we do recogmize that these chapges cammot be
exchasively regarded as pathogenic.

3 QUALITY STANDARDE.

21 Mimmum guoabivy  stapdards  for  laboratories
mnterpreting and reporting unclassified variamnts

It is essemizal that the inferprecation and reporing of varamss of
imkmown pathogenicity 15 carmied out by appropriacely qualifisd
and experenced staff workmg within ceriified laboratories that

are working to recopmized infermational guality standards (sach
25 IS0 17025 and 15189}

3.1 Test Validation and Externmal Quality Assesiment’
Proficiency Testing

All technologizs used to idennfy sequence vamamis must be
app:‘opnateh validated to ensure that they meet accepuabla
performance standards and are fit for the purpose for which thay
will be used Validaton can be paniculasly difficult for genstic
testiog for rare disorders when it may be diffcult o obain
suitable positve ousaton conirels. There is lade zwidance oo
the cuniream requiremnents for validation. However the Clinical
and Laboratory Standards Instroate (aowwy.clslorg) bas published
guidance on the vse of moleoular dizgrostic metheds for genstc
disease which ipclhede: 2 comprshensive sectom om tast
validation



9br

123——567809 | 19 1112 131415161718 12202122 23 23242526 27 282930313233 8894041424344454647484849
............||||||||||IIIIIIIIIIIIIIIIIIIImIm il
abc abec ab 12a

atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgecttc
cgttcc.ttaccgggacaicattc tctcctggctcctatgagagagagacttttgectttgacatccttggaaacagtcacagaagectttgttggaga tcatggaia
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataa taaacattatttaaac.ttc taaaaacatttatgtacaatatgtattcagagtatc
ccc ttttttt.gcatgcatgagaga tattccaacgtgcaagtggctggaccagtggacagaactagce tcaaaia tgtcctaaattaaatataagttgtaaaaatatgc
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatc ttttaattgc.attt
gcattccaatataatccatccctgcaaccaagagctcttgttgtectttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag
.acc tgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg
aagatgtctttaaaataaaatatgttgcctcttttgc taagc-acac ttagtattttaccagttttcaaagcatttaattata t‘aagac tatagccttgcataaa
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt
ttcctaaaaggcacttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa
'aattac tgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttc tttcaaa’tttagaaaa taagatgaattgagaataagttataaagaa
aaaactatagttaaagtagaacctc ttaaagtttagttgtttgaagtagtcatattagaagaagiaagta tggatagtatgttctcaagcgc tt.aagtttttggtc t
catc.tgc taaaggaaaga ta’a tatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac
aaagcccataaaactcactgccttcatggagcttactttetggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag
gatggtctgaccttatcccatttttatattt atatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa
agtggtttaattc tgtgatttgagtacaaa;tgccagac ttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt
taagagtgacaagaagttgaaaagacagtttaaaa taaagttaaagggaaacataggi taatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat
ggagggaa’gggtagaacattc tagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag
taaaaagaatccacctttataa taaagaa’ tggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgctttatttttaac tgc.tgtgttttgaaagagac tatgtcatgatt
catcttactagcctcaaacatatctte tttgcc.gac tcgcctctgcacaaagecctecttttgggtagetgtggetgtgetgecagettgatgaggtcaacttgtattcag
ca’acggcac ttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag
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atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgecttc
cgt tcc.t taccgggacag.cattc tctcctggctecctatgagagagagacttttgectttgacatccttggaaacagtcacagaagetttgt tggagatcatggag.a
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataa taaacattatttaaac.ttc taaaaacatttatgtacaatatgtattcagagtatc
ccc ttttttt.gcatgcatgagagatat tccaacgtgcaagtggctggaccagtggacagaactagce tcaaa’a tgtcctaaattaaatataagttgtaaaaatatgc
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatc ttttaattgc.at tt
gcattccaatataatccatccctgcaaccaagagctcttgttgtectttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag
.acc tgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg
aagatgtctttaaaataaaatatgttgcctcttttgc taagc-acac ttagtattttaccagttttcaaagcatttaattata t‘aagac tatagccttgcataaa
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt
ttce taaigcac ttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa
’aattac tgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttc tttcaaa’tttagaaaa taagatgaattgagaataagttataaagaa
aaaactatagttaaagtagaacctc ttaaagtttagttgtttgaagtagtcatattagaagaagiaagta tggatagtatgttctcaagcgc tt.aagtttttggtc t
catc.tgc taaaggaaaga ta’a tatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac
aaagcccataaaactcactgccttcatggagcttactttetggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag
gatggtctgaccttatcccatttttatattt atatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa
agtggtttaattc tgtgatttgagtacaaa;tgccagac ttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt
taagagtgacaagaagttgaaaagacagtttaaaa taaagttaaagggaaacatagg' taatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat
ggagggaa’gggtagaacattc tagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag
taaaaagaatccacctttataa taaagaa’ tggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgctttatttttaac tgc.tgtgttttgaaagagac tatgtcatgatt
catcttactagcctcaaacatatcttc tttgc'gac tcgcctctgcacaaageccectettttgggtagetgtggectgtgetgecagettgatgaggtcaacttgtattcag
ca’acggcac ttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag
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atggaagagaccaagcaagttttgagactcagtctgacagagttctcattacccaaattttacttgctgtttggcattagcaaagtcaagtcagctgctgtcattgecttc
cgttccagttaccgggacaggtcattctctcctggectecctatgagagagagacttttgectttgacatccttggaaacagtcacagaagectttgt tggagatcatggag.a
tagaagccaaaatgataagaaactaagttaaaatctttttttaaaaatatgttaatactatatagaagaaatattggtttattgtgctattttgtacttaatgcttaaata
aaaacacttgcatggactgtgttattggtaacaggtcacttaatgacatcataataaacattatttaaacagttctaaaaacatttatgtacaatatgtattcagagtatc
ccc ttttttt.gcatgcatgagagatat tccaacgtgcaagtggctggaccagtggacagaactagce tcaaa’a tgtcctaaattaaatataagttgtaaaaatatgc
atattgttgaaaatacagctattactgtatgatcaatgttataatttattatttagtatatataaacacaaaggtttttataagttctgtggatc ttttaattgc.at tt
gcattccaatataatccatccctgcaaccaagagctcttgttgtectttgggtgtattagcaaacgagtgtctcatgggcagataaagcagataatccgtattcttagcaag
.acc tgttccgccctcacttctcccaaatatttatggttctcaagttgtaaagcatatctttcatttttctaaaagacgtttaaatttgaggtcaatgaaatatcttata
tgttacttattaagcctttaaaatgtattttgattatttattgtaattctttgaagaagtcttctctaaagaagctgtctttatatgtaaactctgattacttcattaagg
aagatgtctttaaaataaaatatgttgcctcttttgctaagcaggtacacttagtattttaccagttttcaaagcatttaattatatggtaagactatagccttgcataaa
aattatttaatttgtaattactataataatgtctgactcttataatgtagaaatgtcaaaaaataagaaaacaaatgtacattaagctagctaccaagatcaccatagcat
gagaaatcattctagcatttattaaataagtaaatgttcctgaattcattccgagattcagtttaggagttaatgttttatttcaatgaaagtaaaataaaaaattctgtt
ttce taaigcac ttgagagttgcttaaaaggacctgacacttacaacagtcaagttctgatagaagctacagtaatagcactaaccaaattacagccacttcttaataa
’aattac tgtatagaaaatgagtgcattcattttgggtatcagtgttgaatgttactttctttcaaagagtttagaaaataagatgaattgagaataagttataaagaa
aaaactatagttaaagtagaacctcttaaagtttagttgtttgaagtagtcatattagaagaagagtaagtatggatagtatgttctcaagcgecttgtaagtttttggtcet
catcagtgctaaaggaaagataggtatatattcttaattattttatcttataactattaattatctgctattgccaagtactgttttaggcgctagagatagagtactaac
aaagcccataaaactcactgccttcatggagcttactttetggggtgggtgtggaggttggggagtgaatggataatgaagtaaacaaaatacgtagtatgttagtgatta
ttactatggagaaattaaagctgggagaagtatacttgatcgtcataagagtttgggtgccaaatgaagattatatttaaaaggagtaaaatgaagtggccactgttttag
gatggtctgaccttatcccatttttatatttaagatatctggaaatcatgtttttgtattaataaaatgaaaaagattcgataatggcatggtattaccatccagttctaa
agtggtttaattctgtgatttgagtacaaaggtatgccagacttgggagagataacagagaaataatacctgttatattcctggtttgtctacaagcatcctaattttgta
ttatacaaaatggttctctggtccccatcttctaagtgaaaatgagctcagaagggctaaataacttgcccaaagtcacatacctaataaaagaaccatgattctaatgtg
atactatttgactctaaagtccatgtattttccctaatatcacagtgctaagtaaagattgccagtaataaatacttttaattcagagcagcaagagattaccatactggt
taagagtgacaagaagttgaaaagacagtttaaaataaagttaaagggaaacataggagttaatgtaggtagagagaaagggagagagctgcacaagaatgccaggacaat
ggagggaaggtgggtagaacattctagttgtaatggagaagcttttcaaaggaatcgagagagggaaagttgtgaggactggatagacctcatctcacattcagcattgtt
caaaagagtttggaaatgtacagtttttaagcagacaagtcatacgatgaaagcaggacttagctcctggtggtagtgtgcacagtggattggagtagggagaaactgaag
taaaaagaatccacctttataataaagaaggttggcatgtggtaatgtcattagcaataagaaagaaatgacaaaagatacaaaagagactactctagaagaatcaacaaa
ccttggtgactggatttagaaatcaaagaacagggagaagtcaaaggaggtgctaagtaacgttctcagtccagctaacagtgtctttagttatacatatggaaaagtgaa
gagcttactcatatctttatcttccccaaaagagaaaacatgggtaatttaggaagataagctgectttatttttaactgecagtgtgttttgaaagagactatgtcatgatt
catcttactagcctcaaacatatcttc tttgc'gac tcgcctctgcacaaageccectettttgggtagetgtggectgtgetgecagettgatgaggtcaacttgtattcag
caggtacggcacttcttgaacaaaacctgcatactttagatagtctccgtatattcaatgacaag
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Pre-mRNA splicing
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e Essential step In gene expression
e >15% of human genetic diseases involve splicing errors

Alternative splicing

e [mportant regulatory step in gene expression



Two step mechanism of pre-mRNA splicing
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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
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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

Q—i 8} Died at 40y RTA. Mild NF1

‘ ‘ Macrocephaly. Died 31y

Q ’ malignant peripheral nerve

sheath tumour (MPNST)
of coeliac axis.




NF-1 wt

9br
123——56789 | 101112 131415161718 12202122 23 23042526 27 2829303132333435363738394041424314451647484849

N ..........||||||umlIIIIIIIIIIIIIIIIIIqunuu.......... c

abc 12a
o0 eoeooe YTYY)
UUgUgUAAQUA
00000000 000000 a9 g ggAggUAUAgA 000000 o
UggggUAAQUA  UAAGQUAACAU UAAGQUAAUUA
NF-1 ex3 +5G>C
9br

12 2 _ccrgo| 10 1132 131415161718 12202122 23 23242526 27_2829303132333435363738394041424344454647484849

NI .......||||||||||IIIIIIIIIIIIIIIIIIIIIlmllm..........

abc abc ab 12a

e00000 o
UggggUAACUA

UlsnRNA ggUCCAUUCAUA

® base-pair match



——-1 —] —
____'_'_,_,—:-""'_'_'_'- -\-\"-\-\___\_\__
.i-’*ﬁﬂ' 84 &
J0 463 "’
L ke |J| b i
| I
IVS 2 axan 3 IVE 3

Exon 3 Wr TCTTGCTGGG/gtaagtaaa
Exon 3 +5G>C TCTTGCTGGG/gtaactaaa

mdmIn=l +1#2+3H-44E

NF1L ex 3 NF1l ex 3 NF1 ex 3
wt +5 G>C +5 G>C
(wt) ¢ ) ( ) NFL
ex3
344bp o mE T
298bp /
220bp <I ;
UlsnRNP
(C>6)
Wr-ul E WT-uUl iﬁ o>G-Ul E
gguccauucaua gguccauucaua gguccauugaua

S-S O I I I O -~ O I I SR A O 1 I e B
5 —UCUUGCUGGGguaaguaaa— 3 'Exon WT 5 '—UCUUGCUGGGguaacuaaa— 3'Exon 3 G>C 5'— UCUUGCUGGGguaacuaaa—3 'Exon G>C

Baralle et al, J.Med. Gen. 2003



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

NE-1 NE-1
Exon3 Exon3
(wt)  (+5G>C)

1 P/Q Splicing Factor (P23246) kDa

2 Farlpstream Bde Protein (Q96AF4) , |—170

mc2: MLL septin-like fusion (Q9Y5W4)
mc3: hnRNP M (P52272) | — —

- — &3
3 U1-70K (P08621) 2 —
1
4 4nrb (Q15233 3— — 62
mcl: Paraspeckle-Protein (Q8WXF1) 4 —— )

5 NP H (P31943/ P557 R EE T
mcl: Nuclear elicase (000148) ==
mc2: hypothetical protein FJ1.10849 ' — 47.5
6 hnRNhP D-like E01497?) 6 ——
mcl: hnRNP B1 (P22626 —
mc2: hnRNP A3 (P51991) — x’:
T T — — 32.5

7
7 U1-A (P09012) 3
8 CSmRNP B/BI (P14678

Coomassie




A. Exon 3 (wt) UlsnBNP

gguccauucaua
s alrtrnnn
UCUUGCUGGGguaaguaaa

B. Exon3WT
UlsaRNP

gguccauucaua

Egﬁgglllll

§
UCUUGCUGGGguaaguaaa
hnRNFE HI

C. Exon 3 (G=0) UlsnRNP

ggucCauucaua

§ $848811 11

UCUUGCUGGGguaacuaaa
hnRMNP HI

D. Exon 3 (G=C, G=A)

LisnENE

?guccauucuua
R I

UCUUGCUGAGguaacuaaa




NF-1

NF-1

NF-1

NF-1

exon

exon

exon

exon

3 (wt)
3 (+5G>C)
3 (-2G>A)

3 (-2G>A,+5G>C)

NF-1 NF-1
Exon3 JExon3  Exon3
(wt)  (-2G=A)

000000000
UCUUGCUGGGguaaguaaa

eeccee oo
UCUUGCUGGGguaacuaaa

000000000
UCUUGCUGAGquaaguaaa

00000 o0
UCUUGCUGAGgQuaacuaaa

oH

Western

Ul SnRNA ggUCCAUUCAUA

® Base-pair match




Nonsense, missense, synonymous mutations in NF1 exon 29

M M IVEZS IVEZ2S
100bg WT T1742X R1745X R1748X RIT55{ AlT64% C1796X RI1AODSS R1AQSL RIADSE 100bp  #5G-A #159T>A

—— See——gee— P Ty e ey P $  we—— S— —_——

_—— e T = -_

pTB NF1-29 e

145bp  341bp 225bp
NF1

T{T174ZX} G(RL745K) T(R1748X) G [BL755K) T[R17E43)

| | I | I
GIT GGET ICT RCT GCT GTC CAk GTA RCT TCR GCR GAG CGA ACR RRR GTC CTR GGG CAR TCA GTC TTT CTA AAT GAC ATT TAT TAT GCT TCG GAA RTT

R{CL78EXK)

|
GRR GAR ATC TGC CTA GTIR GAT GRG RAC CRG TTC ACC TTA ACC ATT GCR RAC CRG GGC RCG CCE CTC ACC TIC ATG CAC CAE GRG TGT GAA GCC RTT

A(R1EQ%T)
|T [R1804EL)
| T (R1805R}

Il
BIC CAG ICT RTIC ATT CRT ATC OG5 RCC CeC TE: GAR CTG TCA CAG CCC GAC ICT AIC CCC CAR CAC ACC ARG ATT CBG CCR ARR GAT GIC CCT GGG

ACE CTE CTC RAT ATC GUA TTA CTT RAT TTA GGC RGT TICT GAC COG AGT TTA C&



owUl  cgguccauucaua 5
c Il11lo | | ]
5  ACCCGAUUUACGguagauuuuuua 3 IVS20+5g>a
OHU6_____gz!lgacz!1____5‘
b)
Minigene +50g>a +4g>a+5g>a

U1l Cotrasf. (-) Ul+5A U1+4G+5A (9) Ul+5A

el ‘ + U1+5A

37 cgguccauulUaua 57

U1+4G+5A
37 cgguccauCUaua 57

--—hbo -

29 incl.

%+s.D) O 0 0  64.2+65 79.8+4.1

Fig.4



NF1 c.31-279A>G

Multiple Cafe au Lait

>100 neurofibromas

Plexiform neurofibroma

Spinal neurofibromas- quadriplegia



pTB NF1-31

oMV/Globin EpB-1  345P . 341bp 2250p  Lopig

promoter I NFl I

M (WT) (-279a>9)

604 bp--

- 433 bp--
ccacatttccttttatag GAATAAAACAACTTTTTAAC P
AAGAAAGGACTAAAATGGAGGAAAATAAGACAAAACTTTTC
AAAAATTGGCTTACTGGCTTTTAAAATTACTTTCTTCAAGG
ACTGTTCTTTCTTCGCCTCTACAAAAATATATTTGCCAAGT
GTCTTTTCTCCAGGCCTGATTCTAGgtaatagtctt

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

Human dog comparison
T

t 01 92

| | 11
H uman CCAAACTTTCTATGATTACCACAT-TTCCTTTTATABTGAGAATAAAACAAC----TTTTTAACAAGAAAGG-=-—- ACTAAAATG
Dog AGTAACTTTCTGTGATTGCCATATATTCCTTTTACABTTAGAATAAAACAATAACTTTTTTAACTAGAAGAGGAATGATTAAGAGG

D) X ti 12 gl g2

 H

50 0 0 0

% cryptic exon inclusion




Pull down Sequence analysis by

Western against PTB,
mass spectrometry

hnRNPA1 and hnRNPC2

kDa 7

175 —| w—-— Iwt PTB 34%

53 —| - = = | PTB

62— ' Al/A2

z_ | ».!
47.5 —| W :
C2

32.5 — . .



RNA I

pNF1c3%t 2/79A>G

C2 P1 P1/N1 0 10ng 100ng 250ng 750ng

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

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



How frequent?



Table 2 | Missense and silent mutations associated with altered splicing

Gene Mutation
Missense mutations
ADA A215T
ATM E2032K
ATPTA G1302R
BRCAT1 E1694K
CFTR G58E
D565G
F8 R1997TW
FAH Q279R*
FBNZ D1114H*
FECH A155Pt
HEXB P404L
HMES E29L*
HPRT1 G40V
R48H
A161E
G180E
G180V
E182K
P184L
D194Y
E197K
E197V
D201V
IL2RG R285Q¢
VD R21C
R21P
D20N
MAPT N279KS
S305N"¢
MLH1 RB59P
R659L

Exon

£~

(\®] — e —t
0O o N O A

NN G 0D 0D 00O WN @A

- ek =k
~N SN

17

Ref.

116
49
117
78
118
119
120
121
122
123
124
125
73
73
73
Fi<)
73
73
73
73
73
73
73
126
127
127
127

128
128

Gene Mutation
PDHAT A1TST
PMMZ2 E139K
RHAG G380V
Silent mutations
APC RE623R
AR S888S8
ATM S706S*
S11358¢
CYP27A1 G112G
FAH N232N
FBN1 12118l
HEXA L187L}
HMBS R28R
HPRT1 F199F
ITGB3 T420T
LIPA Q277Q¢
MAPT 1284l %
N296N"
83055“
MLH1 S577S*
NFT K354K
PAH V399V
PDHAT G185GH
PKLR A423A
PTPRC P48P
PTS EB1E!
RET 16471
SMN1 F280F
TNFRSFS T136T
UROD E314E

o o >;

14

16
26

51

= -t
@0t ~N = & & O G = 0 0 0 0 0 O O ® WO

—h

Ref.
129
130
131

132
133
49
49
134
135

136
137

73
138
139

140
141
142
143
144
145
146
147

148
149

Nature Review
Genetics 2002



How frequent?

e Extent of splicing mutations has been
underestimated.

 50% for some genes, eg NF1, ATM

 Baralle et al 2005 J. Medical Genetics

e 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 EURASNET

* \Which genes? How many? RNA, DNA
assays? Which technigues?
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