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EL CARIOTIPO HUMANO

23 pares de cromosomas: 1956

J. Lejeune (1960)
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EL CAMBIO TECNOLÓGICO: 
HACER UNA PRUEBA GENÉTICA 
VALE MENOS QUE UN TAC Y ES 
MUY COSTE EFECTIVA PUES 
SUELE SER PREDICTIVA 

EL CAMBIO EN EL ESPECTRO DE 
ENFERMEDAD GENÉTICA 
IDENTIFICABLE



AD Roses,Lancet 2000; 355: 1358–61

FROM MEDICAL GENETICS TO GENOMIC MEDICINE



UTILIDAD DE LOS ANÁLISIS 
GENÉTICOS

*DIAGNÓSTICO

*PRONÓSTICO

*TRATAMIENTO

Consejo genético

Diagnóstico prenatal

Diagnóstico preimplantacional





Colon normal Adenoma Adenoma 
avanzado



Chronic myeloid leukaemia (CML) is characterised by
the t(9;22)(q34;q11) reciprocal translocation

(The protein product from this fusion 
gene only found in ~70% of patients)

Bcr-abl = constitutively
active tyrosine kinase

Moderador
Notas de la presentación
Philadelphia chromosome = shortened chromosome 22

First discovered in the 1960s



CÁNCER HEREDITARIO

Esporádico
Agregación
Familiar
Hereditario

5%–10%
15%-20%



HNPCC families FAP families

Sequencing: MLH1 ,  MSH2,  MSH6

Classical FAP

Attenuated FAP (AFAP)

Sequencing: APC,  MYH

New genes: GWAs-mutation 
screening

Moderador
Notas de la presentación
El diagnóstico clínico de las familias HNPCC se hace siguiendo los Criterios de Amsterdam y Bethesda. Cuando una familia cumple C.A. se analizan las mutaciones en genes reparadores: MLH1, MSH2 (MSH6 lo voy a montar). Si cumple Bethesda se hace un estudio de inestabilidad de microsatélites y la inmunohistoquímica de las proteínas MLH1,  MSH2. Si estos tests son positivos se analizan mutaciones en los genes reparadores.En caso de que el tumo sea estable pero la historia familiar sugiera que se trate de una familia HNPCC, se realiza el análisis de mutaciones en los genes reparadores.
En FAP secuenciamos APC . En aquellos casos de poliposis con herencia autosómica recesiva se analizaría MYH (gen que interviene en la reparación del daño oxidativo).







Williams Deletion Region



14 Unstable Trinucleotide Repeat Disorders 
in Humans

AUG TAA
CGG GAA CAG CTG

Fragile X Syndrome
Fragile XE MR

Fredreich’s Ataxia

Spinobulbar Muscular Atrophy
Huntington’s Disease

Dentatorubral-Pallidoluyslan Atropphy
Spinocerebellar Ataxia Type 1
Spinocerebellar Ataxia Type 1
Spinocerebellar Ataxia Type 2
Spinocerebellar Ataxia Type 6
Spinocerebellar Ataxia Type 7
Spinocerebellar Ataxia Type 8

Spinocerebellar Ataxia Type 12
Machado-Joseph Disease (SCA3)

Myotonic Dystrophy



Mutaciones encontradas en los pacientes con Hiperinsulinismo Congénito 
españoles a lo largo del gen ABCC8

>60% mutaciones severas

El 70% de los pacientes CHI españoles 
presentaban al menos 1 mutación en ABCC8

8 frameshift 

7 splicing

4 nonsense 



RP causing genes
30 genes and 10 loci have been identified

arRP: RP28 (2p11-p16), RP26 (2q31-q32), RP29

(4q32-q34), RP25 (6cen-q15), RP22 (16p12.1-p12.3)

adRP: RP9 (7p15.1-p13), RP17 (17q22)

X-linked RP: RP23 (Xp22), RP6 (Xp21), RP24 (Xq26-q27)

The genetic basis of more than 50% of the cases 
remains unknown



Syndrome Genes

HCM MYH7, TNNT2, TPM1, MyBPC3, TNNI3,  MYL2, MYL3, 
ACTC, TTN, PRKAG2, MYH6, GLA, MYO6, MYLK2, 
TNNC1, TCAP,…

DCM MYH7, TNNT2, TPM1, ACTC, TNNC1, TTN, TCAP, ZASP, 
PLN, LMNA, DES, ABCC9, ACTN2, CSRP3

ARVD PKP2, DSP, JUP, DSC2, DSG2, RYR2, TGFB3, LAMR1, 
PTPLA, ZASP, DES,..

LQTS KCNQ1, KCNH2, SCN5A, ANKB, KCNE1, KCNE2, KCNJ2, 
CACNA1C, CAV3, SCN4B,…

SQTS KCNH2, KCNQ1, KCNJ2, CACNA1C, CACNB2,…

WPW PRKAG2

CPVT RyR2, CASQ2

PCCD SCN5A

Brugada SCN5A

Genetics of sudden death in young people

Moderador
Notas de la presentación
Traditionally pathologist have concentrated in ion chanelopaties as cause of SADS without being aware that in occasions cannot confirm the diagnosis of structural heart disease because there is no evidence of it or because there is not ebough evidence and the heart is felt to be relatively normal
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Analysis of 
samples

SEQUENOM

Mut (50%)
No mut (50%)

Sequencing

CLINICAL REPORT

Novel mutation

APPLIES KNOWLEDGE

CREATES KNOWLEDGE

IMPROVES RESULT

1

2

3

4

Negative cases are sequenced for the sarcomeric genes, looking for new mutations



HOW TO HANDLE THE INFORMATION:

GENETIC COUNSELING

The ultimate end is genetic counseling 
and appropriate clinical management in 
relatives at risk but the knowledge of the 
functional significance of each mutation 
is variable

http://www.facebook.com/album.php?profile&id=10227370177�


http://www.facebook.com/album.php?profile&id=10227370177�


Our knowledge of the etiopathogenesis of the disease is
limited

Our classification of diseases is mainly based in signs and 
symptoms

Limited therapeutic efficacy in many TAs



Using genetics to find genes that underlie complex traits  is a potential 
useful tool for a better understanding of the disease and 
pharmacogenetics and pharmacogenomics

But still the advance in knowledge in 
genes involved in complex traits is 
limited !



Allelic heterogenity
Locus heterogeneity

Phenocopy
Phenotypic variability

Trait heterogeneity
Gene-gene interactions

Gene-environment 
interactions
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frequency of trait in the population

Linkage analysis of families

association studies in 
populations

obtainable sample size

Linkage analysis or association studies  ?
•linkage analysis is usually more robust in the identification 
of mendelian traits (Bergman et al. Genome-wide linkage scan for breast cancer 
susceptibility loci in Swedish hereditary non-BRCA1/2 families: suggestive linkage to 10q23.32-
q25.3. Genes, chromosome, cancer 46, 302, 2007) 

• association studies have more power to detect genes with 
small effects (Risch & Merikangas, Science 1996)



>12M SNPs

http://www.hapmap.org/index.html�


Phenotype A Phenotype B

Allele 1 Allele 2

SNP A is associated 
with Phenotype

SNP A:

Allele 1 =

Allele 2 =

Human Genetic Association Study Design



Characteristics of SNP Variation
• Clustering is observed on 

all the autosomes:
Haplotype blocks: Blocks
with little evidence
of recombination

• Some clusters appear
functional : MHC on
chromosome 6 (with 
extensive replication)

Gabriel et al. Science, 296,2002

cM

Mb

1Mb windows

recombination hotspots

LD blocks (little or no 
recombination)



Length of LD spans

Nature, 2005

Yoruba (Nigeria)

China - Japan

N/W Europeans

Phase I HapMap Project

http://www.hapmap.org/index.html�


Coordination 

NODE 1
Barcelona

(CRG)

NODE 2
Santiago de 

Compostela (USC)

NODE 3
Madrid
(CNIO)

Scientific International Committee Ethical International Committeel

SNPlex / Illumina Sequenom / SNPlex/

Affymetrix

Illumina

Spanish National Genotyping Center 
GeGen





Spanish National Genotyping Center

Pre-genotyping

DNA extraction and 
quantification

Project design

SNP selection based on:
Function prediction
•Previous LD
•Known disease association

Post-genotyping

• Data download
• Format changes
• Data analysis
• Customer support

Researchers

Genotyping platforms:

Designs

Genotyping

Data checking

Genotyping

Plataform of genotyping services for research groups in Spain
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ASSOCIATION STUDIES CARRIED OUT IN OUR CENTER

Scheduled 2008-2009
5 GWAs-58 CGA



Association studies

Candidate gene approach

-Causative hypothesis or 
candidate genes

Genome wide analysis (GWAs)

-No need of gene selection 

-Lack of bias towards specific 
genes

Both approaches are complementary



Candidate gene approach
• If candidate gene approach selected:

– Look for candidate genes using pathways, functional 
studies, comparative genomics, functional data, markers 
informative for ancestry: selection signatures can provide 
clues for genes involved in complex traits

– 1st step: Possible causative SNPs (mis-sense, non-sense, 
splicing sites, factor transcription sites, AIMs...) (Frec>5%).

– 2nd step: Additional SNPs in regulating regions at 
frequencies ≥ 5% for haplotype analysis (minimum of 3 
SNPs/gen)



-



  

GGeenneettiicc  ppoollyymmoorrpphhiissmmss  aanndd  rriisskk  ooff  CCRRCC  wwiitthh  ccaannddiiddaattee  ggeennee  
aapppprrooaacchheess  

GGeennee      NNaammee          PPoollyymmoorrpphhiissmm  
AABBCCBB11      GGlliiccoopprrootteeíínnaa--PP        11223366CC>>TT  
AABBCCCC22      TTrraannssppoorrttaaddoorr  ddee  aanniioonneess  oorrggáánniiccooss  ccaannaalliiccuullaarr  33997722CC>>TT  
AABBCCGG22      PPrrootteeíínnaa  ddee  rreessiisstteenncciiaa  aall  ccáánncceerr  ddee  mmaammaa    1199557722––1199556699ddeellCCTTCCAA  
AADDHH33      AAllccoohhooll  ddeesshhiiddrrooggeennaassaa      CCooddóónn  335500  
AAPPCC      AAddeennoommaattoouuss  ppoollyyppoossiiss  ccoollii      EE11331177QQ  
AAPPOOEE      AAppoolliippoopprrootteeíínnaa  EE        εε22//33  
BBLLMM      SSíínnddrroommee  ddee  BBlloooomm        BBLLMMAAsshh  
CCBBSS      CCiissttaattiioonniinnaa  ββ--ssíínnttaassaa        iinnss6688bbpp  xx88  
CCCCDDNN11      CCiicclliinnaa  DD11          AA887700GG  
CCDDHH11      EE--ccaaddeerriinnaa        --334477iinnssAA  ((pprroommoottoorr))  
CCHHEEKK22      CChheecckkppooiinntt  qquuiinnaassaa  22        ddeell11110000CC  
CCOOXX11      PPrroossttaaggllaannddiinnaa  HH  ssiinnttaassaa  11      RR88WW,,  LL1155∆∆,,  PP1177LL,,  LL223377MM  
CCOOXX22      PPrroossttaaggllaannddiinnaa  HH  ssiinnttaassaa  22      VV551111AA  
CCYYPP11AA11      CCiittooccrroomm  PP445500  11AA11        II446622VV,,  nntt  66223355TT>>CC  
EEPPHHXX      EEppóóxxiiddoo  hhiiddrroollaassaa  mmiiccrroossoommaall      YY111133HH,,  HH113399RR  
GGCCPPIIII      GGlluuttaammaattoo  ccaarrbbooxxiippeeppttiiddaassaa      HH447755YY  
GGSSTTMM11      GGlluuttaattiióónn  SS--ttrraannssffeerraassaa  mmuu11      AAlleellooss  nnuullooss  
GGSSTTPP11       GGlluuttaattiióónn  SS--ttrraannssffeerraassaa  ppii11      II110011VV,,  AA111144VV  
GGSSTTTT11       GGlluuttaattiióónn  SS--ttrraannssffeerraassaa  tthheettaa11      AAlleellooss  nnuullooss  
HHRRAASS11      HHaarrvveeyy  rraatt  ssaarrccoommaa  vviirruuss  11      AAlleellooss  VVNNTTRR  rraarrooss  
HHFFEE      HHeemmooccrroommaattoossiiss        HH6633DD,,  CC228822YY  
IIGGFF11      IInnssuulliinn--lliikkee  ggrroowwtthh  ffaaccttoorr  11      RReeppeettiicciióónn  CCAA  
IIGGFFBBPP33      IIGGFF  bbiinnddiinngg  pprrootteeiinn        --220022AA>>CC  
IILL66      IInntteerrlleeuucciinnaa  66        --117744GG>>CC  
IILL88      IInntteerrlleeuucciinnaa  88        --225511TT>>AA  
IIRRSS11      RReecceeppttoorr  iinnssuulliinnaa  ssuubbssttrraattoo  11      GG997722RR  
IIRRSS22      RReecceeppttoorr  iinnssuulliinnaa  ssuubbssttrraattoo  22      GG11005577DD  
MMLLHH11      MMuuttLL  hhoommóóllooggoo        DD113322HH  
MMLLHH33      MMuuttLL  hhoommóóllooggoo        PP884444LL,,  SS884455GG  
MMMMPP11      MMaattrriixx  mmeettaalloopprrootteeíínnaassaa  11      22GG  
MMMMPP33      MMaattrriixx  mmeettaalloopprrootteeíínnaassaa  33      66AA  
MMSSHH22      MMuuttSS  hhoommóóllooggoo  22        nntt  22000066CC>>TT  
MMTTHHFFDD11      MMTTHHFF  ddeesshhiiddrrooggeennaassaa      RR665533QQ  
MMTTHHFFRR      MMTTHHFF  rreedduuccttaassaa        CC667777TT,,  AA11229988CC  
MMTTRR      MMeettiioonniinnaa  ssiinnttaassaa        DD991199GG,,  AA22775566GG  
MMTTRRRR      MMeettiioonniinnaa  ssiinnttaassaa  rreedduuccttaassaa      AA6666GG  
NNAATT11      NN--AAcceettiillttrraannssffeerraassaa  11        AAlleellooss  mmúúllttiipplleess,,  eejj..**1100  
NNAATT22      NN--AAcceettiillttrraannssffeerraassaa  22        AAlleellooss  aacceettiillaaddoorreess  rrááppiiddooss  
PPAAII11      PPllaassmmiinnooggeenn  aaccttiivvaattoorr  iinnhhiibbiittoorr  11      IInnss  GG  pprroommoottoorr  
PPLLAA22GG22AA      FFoossffoolliippaassaa  sseeccrreettoorraa  AA22      nntt  996644  CC>>GG,,  nntt  11007733  GG>>CC  
PPPPAARRGG      PPeerrooxxiissoommee  pprroolliiffeerraattoorr  aaccttiivvaatteedd  rreecceeppttoorr    PP1100AA  
SSHHMMTT      SSeerriinnaa  hhiiddrrooxxiimmeettiillttrraannssffeerraassaa      LL447744FF  
TTGGFFBB11      TTrraannssffoorrmmiinngg  ggrroowwtthh  ffaaccttoorr  bbeettaa11      LL1100PP  
TTGGFFBBRR11      TTGGFF  bbeettaa  rreecceeppttoorr  11        ddeell((AAllaa))33  
TTNNFFAA      FFaaccttoorr  ddee  nneeccrroossiiss  ttuummoorraall  aallffaa      --330088  GG>>AA  
TTNNFFBB      FFaaccttoorr  ddee  nneeccrroossiiss  ttuummoorraall  bbeettaa      --223388  GG>>AA  
TTPP5533      pp5533          RR7722PP  
TTSS      TTiimmiiddiillaattoo  ssiinnttaassaa        22RR//33RR  pprroommoottoorr,,  11449944ddeell66  
UUGGTT11AA11      UUrriiddiinnaa  ddiiffoossffaattoogglluuccuurroonnoossiillttrraannssffeerraassaa  11ªª    **2288,,  --33115566GG>>AA  
UUGGTT11AA99      UUrriiddiinnaa  ddiiffoossffaattoogglluuccuurroonnoossiillttrraannssffeerraassaa  99AA  **2222  
VVDDRR      RReecceeppttoorr  vviittaammiinnaa  DD        MM11TT,,  iinnttrróónn  88  BBssmmII,,  II335522II  CC>>TT    
                33’’--UUTTRR  ppoolliiAA  ccoorrttoo//llaarrggoo  
 

 



Meta-analysis of candidate CRC genes

• Xenobiotic metabolism ?N
• Iron absoprtion/metabolism ?
• Ha-ras VNTR rare alleles ?Y
• APC I1307K (Ashkenazi) Y
• MTHFR ?
• p53 N
• TGFBR1 N
• BLM*Ash ?
• CHEK2 ?N



Previous case-control (association) studies to 
identify common, low-penetrance cancer 

genes

• Many small-scale studies in past, candidate 
genes

• Many positive reports
• A priori p(false+) >>> p(true+)
• Publication bias, failure to match cases and 

controls/population stratification, lack of 
correction for multiple comparisons, lack of 
replication



Numero estimado de pacientes para el estudio de asociación con la 
enfermedad

NECESIDAD DE REDES-DEFINICIÓN DEL FENOTIPO



• H. Clínic (Barcelona)

• H. Mar (Barcelona)

• H. Arnau de Vilanova 
(Lleida)

• H. Gral. Vic

• H. Esperit Sant (Sta. 
Coloma Gramenet)

• H. Germans Trias i Pujol 
(Badalona)

• H. Alt Penedès (Vilafranca 
del P.)

• Institut Dexeus 
(Barcelona)

• H. Mútua de Terrassa

• H. Gral. Granollers

• H. Gral. Palma (Palma de 
Mallorca)

•H. Gral. València

•H. Gral. Alacant

•H. La Fe (València)

• H. Clínico (Zaragoza)

• H. Gral. Huesca

•H. Univ. Canarias (Tenerife)

• H. Reina Sofía (Córdoba)

• H. Virgen del Rocio (Sevilla)

• H. Cristal Piñor (Ourense)

• H. Meixoeiro (Pontevedra)

• H. Aránzazu (San 
Sebastián)

• H. San Eloy (Barakaldo)

• H. San Agustín (Avilés)

• H. Gral. Guadalajara

• H. 12 octubre (Madrid)

Proyecto EPICOLON

EPICOLON I (2000-2001): 515 cases 
and 515  controls

EPICOLON II (2006-2008): 900 
cases/600 controls



Interaction between nodes (5)
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http://www.isciii.es/�


TYPE I ERRORS: Population stratification



CRC GWAS Affy 6.0 
923 Spanish cases and 276 controls (detailed phenotypic information,
follow-up, pharmacogenetic data-ADRs)
PCA for QC showed significant differences amongst Spanish populations

Galician

Catalonian

Basq



Type I errors: random 

• Permutations (the most commonly used method-
computational intensive!)

• Other methods:

-False discovery rate (FDR)

-Sum Statistics

-Single Nucleotide Polymorphism Spectral 
Decomposition

-Others 

Corrections for multiple comparisons (p= 0.01           
1 false positive every  100 comparisons)

• Bonferroni method

Pcor = 1-(1-Pnoncor)n ⇒ new signif = alfa/n. 
comparisons

-Very conservative-Assumption of independence



Genes candidatos vs GWAs

McCarthy, Nature Rev Genet 2008

Common diseases&Rare alleles -Candidate 
genes- GWAs of functional SNPs

Common disease&Common alleles-GWAs



Whole-genome association analysis



GWAS
Two systems for whole genome SNP analysis are 
available each with varying densities, SNP selection and 
cost :

Illumina  1K
Cost 200€-300€/chip

Affymetrix 6.0 2 M genotypes

Principal difficulties are data management and 
statistical analysis of data generated

Affy 20K functional SNPs

Moderador
Notas de la presentación
Por partes?



A Catalog of Published Genome-Wide Association Studies
(>100.000 SNPs)

http://www.genome.gov/GWAstudies/



J. Clin. Invest. 118:1590–1605 (2008)

GWAs preliminary results
> 100 loci related with 40 diseases

Moderador
Notas de la presentación
Figure 4
SNP-trait associations detected in GWA studies. Associations significant
at P < 9.9 × 10–7 are shown according to chromosomal location
and involved or nearby gene, if any. Colored boxes indicate similar
diseases or traits. J. Clin. Invest. 118:1590–1605 (2008)



Genome-wide association study 
(GWAS) to identify low-penetrance

genes

• Require 1000s of cases and controls 
(but not always)

• Can improve power by selecting cases 
(early-onset, familial) and controls 
(cancer-free)

• Search for alleles or genotypes over-
represented in cases

• Verify in other sample sets



GWAs in stages



A multi-stage GWAS to identify common 
colorectal cancer genes

Stage 1: 550K tagging SNPs
1,000 familial cases + 1,000 controls (CORGI2)

Stage 2: ~40,000 SNPs brought forward from Stage 1
3,000 cases + 3,000 controls (NSCCG)

Stage 3: 3,000 cases + 3,000 controls (NSCCG2+VCQ)

Stage 4: Multiple replication sets (6000 cases/controls)

Stage 5: Meta-analysis with Edinburgh (14000 cases/control)

Tomlinson et al.  Nat Genet. 2008 May;40(5):623-30



RESULTS GWAS CRC
Tomlinson et al. 2008 Nature Genetics



From tagSNP to causal variation …..
Why is this important?

• Population portability
• Targeted interventions
• Learn more about how cancer develops
• Plan (?): re-sequence each region and/or type every 

SNP in databases in a small panel 
• In full sample set, genotype all SNPs in reasonable 

LD with primary association
• Maximum support regions (LD blocks) for first 5 CRC 

regions are 470kb, 160kb, 100kb, 210kb, 250kb
• For 11q, only 70kb after imputation



In some cases we could have idead... BMP pathway and 
colorectal tumorigenesis

• SMAD4 and BMPR1A 
mutations cause juvenile 
polyposis

• Inhibition of BMP signalling 
proposed to increase stem cell 
numbers in crypt

• Is tumorigenesis affected by 
subtle differences in stem cell 
numbers?

• Problem: identifying the stem 
cell

And now what?
FINE SEQUENCING-IMPUTING

FUNCTIONAL STUDIES



Common variants conferring risk of schizophrenia
Nature 1 de julio

4999 cases and 15,555 controls from Denmark (Aarhus), Denmark
(Copenhagen), Germany (Bonn), Germany (Munich), Hungary,
the Netherlands, Norway, Russia, Sweden Finland;
Spain (Santiago) and Spain (Valencia))



41 cases/170 controls





Farmacogenética

• Safety
– • TPMT (6-MP, azathioprine)
– • UGT1A1 (irinotecan)
– • CYP2C9/VKORC1 (warfarin)
– • CYP2D6 (Strattera)
– • HLAB*5701 (Abacavir)

• Efficacy
– • EGFR status (Erbitux, Tarceva)
– • Her2/neu status (Herceptin)
– • Philadelphia chromosome ~ Bcr-abl (Gleevec)
– • C-kit (Gleevec)
– • K ras mutation (Cetuximab)

http://www.emea.eu.int/�


SOLID
454

SOLEXA
2001 € 200 M Sanger/ABI  

2008 €1.4 M       Roche/454

2009 €0.17 M     Illumina

2010      € 6,000                       Solid-AB 

High-throughput sequencing



gEUVADIS
• Phase I (2009-2011):
– Sequence 1,000 genomes for each of 10 common disorders
– Research teams as core of the analysis of each disorder
– Research funds for each disorder could come from several sources

• Phase II (2012-2014):
– Sequence 1,000 genomes for each of 50 disorders
– Deep sequencing (single molecule sequencing)
– Digital molecular analysis of DNA and RNA
– Phenotype Capture

gEUVADIS Promotors
– ES: Xavier Estivill
– UK: Leena Peltonen and Richard Durbin
– NL: Joris Veltman and Han Brunner
– CH: Stylianos Antonarakis
Members
– FR: Mark Lathrop and Arnold Munich
– DE: Stefan Schreiber and Thomas Meitinger
– SE: Ann-Christine Syvänen
– UK: Ewan Birney and Peter Donnelly
– ES: Roderic Guigó, Cedric Notredame and Angel Carracedo
– NL: Gert Jan van Ommen
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