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EL CARIOTIPO HUMANO

23 pares de cromosomas: 1956

J. Lejeune (1960)



1985-1995



El genoma es...
• El conjunto completo de 

genes de un organismo, 
donde se guarda toda la 
información genetica. 3.200.000.000 de pares de 

bases (A, T, C, G)

http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml�


GENOMA HUMANO

3.000.000.000 de pares de 
bases (A, T, C, G)

Alrededor de 30.000 
genes

ATACCTGCGTCGGATGCTGCGATTGCTGACCAACATCGTGACAGTTAG
ACAAACGATTGACTGTTAGGATTGACCACCAATTACGATGACGTTGG…





*Que tenemos unos 3 mil millones de pares de bases (A,C,T, G)

*Que un gen tiene de media 3000 bases pero varía mucho  su tamaño

*Que el número de genes total que tenemos es alrededor de 26,000

*Que los seres humanos somos un 99,9% idénticos

*Que sólo el 2% del genoma codifica para proteínas

*Que la mayoría del ADN es no codificante

*Que sobre un 50% del ADN son frases que se repiten (mucho más que 
ninguna otra especie) 

¿Qué sabemos?



*El número exacto de los genes

*La función de la mayoría

*La manera como interaccionan

*La mayoría de los genes implicados en enfermedades comunes

*Muchas de las funciones del ADN no codificante

*La coordinación exacta de la expresión génica, síntesis de proteínas y 
eventos postraslacionales.

*El proteoma (Contenido total de proteínas, su función e interrelaciones)

¿Qué no sabemos?



Genética médica: Fundación Galega de Medicina Xenómica



UTILIDAD DE LOS ANÁLISIS 
GENÉTICOS

*DIAGNÓSTICO

*PRONÓSTICO

*TRATAMIENTO

Consejo genético

Diagnóstico prenatal

Diagnóstico preimplantacional







Williams Deletion Region



Retinitis 
pigmentosa



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



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 22First discovered in the 1960s



CÁNCER HEREDITARIO

Esporádico
Agregación
Familiar
Hereditario

5%–10%
15%-20%



Consejo Genético

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
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Using genetics to find genes that underlie complex traits (such as cancer) 
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 !



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



Genotyping means patient classification



SNP: SINGLE NUCLEOTIDE POLYMORPHISM

ATCGGCGTACCTGATTCCGAATCCGTATCG
ATCGGCGTACCTGAATCCGAATCCGTATCG

Distribution: 1 every 250bp

>10 million  SNPs  in the human genome (around 
6M validated)->11M in dbDNP

Mutation rate: 10-7

Human

DNA
A SNP MAP



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



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

Biólogos (Genética)
Médicos
Técnicos

Tecnólogos 
(Biólogos-
Biotecnólogos)
Técnicos
Bioinformáticos

Biólogos (Genética)
Matemáticos
Bioinformáticos
Médicos

I+D: Biológos, Químicos, Físicos 
(Nanotecnólogos), Bioinformáticos
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J. Clin. Invest. 118:1590–1605 (2008)

GWAs preliminary results
> 100 loci related with 40 diseases

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



RESULTS GWAS CRC
Tomlinson et al. 2008 Nature Genetics



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))



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/�


35

Evolución del coste de secuenciación

2008: JCVI. 50 genomas a 
$300.000 cada uno

2008: Solexa. $150.000

2012: BioNanomatrix y 
Complete Genomics. $1000



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
– AU: Kurt Zatloukal
– European Commission: Manuel Hallen and Jacques Remacle



Genética de poblaciones y Genética forense



Moderador
Notas de la presentación
As you all know, DNA typing or DNA profiling as it is now known, was first described in 1985 by Alec Jeffreys  and co-workers and it has had a tremendous impact in forensic genetics From then the field has experienced a continuous technical revolution.Let me just to remember and to summarize in a few slides how fast the methodology for DNA typing has evolved over the last 15 years. 
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Results obtained in less than 5 
hours with a spot of blood the 
size of a pinhead

probability of a random 
match: ~1 in 3 trillion

Human Identity Testing with Multiplex STRs

Simultaneous Analysis of 9 STRs and Gender ID

AmpFlSTR® SGM Plus™ kit



P. FATHER 1

MOTHER

CHILD

*

* *

*

P. FATHER 2

6 9

6 8

83

93

PATERNITY TESTING





11-M was a ‘closed’ 
ancestry analysis

personal items 
from bomb 
assembly site in 
Liganés

un-detonated explosives in a 
holdall found at El Pozo station



This person was European

... and had blue eyes:  rs12913832 = GG



Análisis de los restos de la familia 
Romanov

Gill et al. Nature Genetics, 1994



Familiares vivos estudiados (descendientes actuales de los Habsburgo):
Reina Ana de Rumanía y su hermano príncipe Andrés de Borbón-Parma

MUESTRAS ANALIZADAS:

Corazón

Cabellos de María Antonieta, madre de Luis XVII

Cabellos de Juana Gabriela y María Josefa,
hijas de María Teresa de Austria, abuela del infante

EL “CORAZÓN DE PIEDRA” PERTENECE 
AL DEL HIJO DE MARÍA ANTONIETA

NADIE HA DEMOSTRADO QUE SEA EL 
HIJO DE LUIS XVI….



MUESTRA 3
¿CRISTÓBAL COLÓN?



IML.- Proceso para extraer y amplificar muestras críticas







“Out of Africa”



ATAPUERCA  7500 B.D.



Bantu farmers adopted 
invented a type of grain 
that grows  in winter as 
opposite to the 
Mediterrenean type of 
agriculture.
Later on they 
developped new 
technologies which 
would give them clear 
advantages during the 
expansion:
.- iron making
.- growing of 
domesticated bananas 
and plantains (north-
eastern corner of 
equatorial rain forest)



mtDNA signature of SLAVE TRADE



10,000 BP

45,000 BP

18,000 BP

A possible  scheme of 
population movements since Paleolithic

Northern Europe was gradually recolonized from refugia
after the Last Glacial Maximum (LGM), ∼20,000
years ago (Housley et al. 1997). The two major refugia
were in southwestern France/Cantabria (Atlantic and
western Mediterranean zone) and Ukraine/Central 
Russian Plain (Periglacial zone), but other minor refugia
could have existed in between (Dolukhanov 2000).

10,000 BP





Justice

Police

Private

Criminal forensic 
casework + 
Databases

2008

Economic pressure in favor 
of  general databases



El cambio de valores en los últimos años (¿Por qué valoramos distinto 
seguridad y libertad?)

Las bases de datos son necesarias pero la libertad individual también

Una pendiente deslizante peligrosa que recuerda el mito de la caverna de 
Platón-Un mundo feliz o GATTACA



Determinismo genético versus 
determinismo cultural. ¿Otra vez el 
debate?

http://upload.wikimedia.org/wikipedia/commons/1/1c/Lombroso.JPG�


¿Hai diferencias de CI entre as razas?
¿Esto é xenético ou ambiental?

Seguramente una pregunta
mellor sería...

¿Qué mide exactamente o CI?
¿E qué significa unha raza?



50% investigación
50% a la aplicación práctica de la genética

70% son licenciados o doctores: Biología (42), Farmacia (8), Medicina 
(7), Biotecnología (3), Matemáticas (2), Bioinformática (2), Física (1), 
Química (1), Veterinaria (1), Filosofía-Derecho (2)
30% técnicos

12 nacionalidades- Inglés es esencial- Movilidad
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