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EL CARIOTIPO HUMANO
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* El conjunto completo de
genes de un organismo,
donde se guarda toda la
informacion genetica.

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

ATACCTGCGTCGGATGCTGCGATTGCTGACCAACATCGTGACAGTTARR ¥ C;G“

ACAAACGATTGACTGTTAGGATTGACCACCAATTACGATGACGTTGG...
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THE -
HUMAN
GENOME

EMBL Qutstation
European Bioinformatics Institute

OMIM 7

Online Mendelian Inheritance in Man

Johns
Hopkins
. University

HGMD"™

The Hurean Gene Mutation Database
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sQueé sabemos?

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

*Que un gen tiene de media 3000 bases pero varia mucho su tamaio
*Que el numero de genes total que tenemos es alrededor de 26,000
*Que los seres humanos somos un 99,9% idénticos

*Que sodlo el 2% del genoma codifica para proteinas

*Que la mayoria del ADN es no codificante

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



¢Queé no sabemos?

*El nUmero exacto de los genes

*La funcion de la mayoria

*La manera como interaccionan

*La mayoria de los genes implicados en enfermedades comunes
*Muchas de las funciones del ADN no codificante

*La coordinacidén exacta de la expresion génica, sintesis de proteinas y
eventos postraslacionales.

*El proteoma (Contenido total de proteinas, su funcion e interrelaciones)
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Genética médica: Fundacion Galega de Medicina Xendmica




UTILIDAD DE LOS ANALISIS
GENETICOS

*DIAGNOSTICO
*PRONOSTICO
*TRATAMIENTO

Consejo genético
Diagnadstico prenatal

Diagnaostico preimplantacional
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Retinitis
pigmentosa
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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




Chromosome Chromosome

9

Chromosome
22

t(9:22)(q34;q11)
Heciprncal translocation

q11—7J | c-BCR >

q34 —! c-ABL

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

9g4

Chromosome
220~

BCR=-ABL

The Fhiladelphia
chromosome

Bcr-abl = constitutively
active tyrosine kinase

. ABL-BCR

Chronic myeloid leukaemia (CML) is characterised by
the t(9;22)(g34;q11) reciprocal translocation

5!



Moderador
Notas de la presentación
Philadelphia chromosome = shortened chromosome 22

First discovered in the 1960s
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Personal Decision

° Detection? Test
o Treatment? Results?

THE HUMAN VARIOME
PROJECT


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

R&D Investment in Billions

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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Many Common Illnesses Still Represent

Unmet Needs

Drug efficacy rate by therapeutic area

Oncology
Alzheimers
Incontinence
Hepatitis C
Rheumatoid Arthritis
Acute Migraine
Diabetes

Schizophrenia
Cardiac Arrythmias
Asthma

Depression (SSRI)
Analgesics (COX II)
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Numnbar of human Bendelian tralite
Tor which molsculsr basls found

ﬁlfq\i’ CEGEN®

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
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But still the advance in knowledge ir
genes involved in complex traits is
limited !
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Human Genetic Association Study Design sC

Phenotype A Phenotype B

fFitp!

Allele 1 Allele 2 SNP A

Allele 1 1]
Allele 2 :.

SNP A is associated
with Phenotype




Genotyping means patient classification

All patients with the same diagnosis
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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/

Human

DNA




Characteristics of SNP Variation :: S
i
* Clustering is observed on /3:'“ /

all the autosomes:
Haplotype blocks: Blocks

with little evidence
of recombination 1Mb windows

*
e Some clusters appear .

functional : MHC on
chromosome 6 (with
extensive replication)

LD blocks (little or no
recorrpbination)

Gabriel et al. Science, 296,2002 Mb ~

Iﬁl é? CEGEN?®

recombination hotspots



Chromosome
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GENOME ESPaflt

Spanish National Genotyping Center
GeGen

Ethical International Committeel
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GWAs preliminary results UsC

> 100 loci related with 40 diseases

J. Clin. Invest. 118:1590-1605 (2008)


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)
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Locus gen MAF | OR alelico P-val
8g24 Ninguno/MYC/ 0.48 1.35 1.3"10-1
POUSF1p1 (1.20-1.53)
18q21 SMAD7 0.47 0.84 1.0*10-12
(0.75-0.94)
15q GREM1 0.19 1.17 4.4*1014
(1.06-1.30)
8q23 EIF3H 0.07 1.27 3.3*1018
(1.20-1.34)
10p Ninguno 0.33 0.87 2.5*1012
(0.83-0.91)
11923 POUS2AF1 1.1 7.7°1028

(1.08-1.15)

Tomlinson et al. 2008 Nature Genetics

LETTERS

s

A genome-wide association study identifies colorectal
cancer susceptibility loci on chromosomes 10p14
and §q23.3

lan PM Tomlinson ™%, Emily Webh?, Luis Carvajal-Carmona!, Peter Broderick?, Kimberley Howarth!,

Alan M Pittman?, Sarah Spain', Steven Lubbe, Axel Walther', Kate Sullivan®, Emma Jaeger', Sarah Fielding',
Andrew Rowan', Jayaram Vijayakrishnan®, Enric Domingo', lan Chandler’, Zoe Kemp', Mobshra Qureshi’,
Susan M Farrington®, Albert Tenesa®, James GD Prendergast’, Rebecca A Barnetson®, Steven Penegar’,

Ella Barclay', Wendy Wood®, Lynn Martin1*, Maggie Gorman!, Huw Thomas®, Julian Peto™,

D Timothy Bishop®, Richard Gray'®, Eamonn R Maher®, Anneke Lucassen'’, David Kerr',

[ Gareth R Evans', The CORGI Consortium™, Clemens Schafmayer™'", Stephan Buch®®', Henry Valzke',
Jochen Hampe'®, Stefan Schreiber''7, Ulrich John'®, Thibaud Koessler™, Paul Pharoah'®, Tom van Wezd',
Hans Morreau™, Juul T Wijnen™, John L Hopper®, Melissa C Southey™, Graham G Giles™™,

Gianluca Severi™, Sergi Castellvi-Bd™, Clara Ruiz-Ponte™, Angel Carracedo™, Antoni Castells™,

The EFICOLON Consortium®, Asta Forsti™**, Kari Hemminki®, Pavel Vodicka®, Alessio Maccarati™,
Lara Lipton™, Judy WC Ho'®, KK Cheng®, Pak C Sham™, | Luk™, Jose AG Agindez”, Jose M Ladero™,
Miguel de la Hoya™, Trinidad Caldés®, lina Niittymaki*, Sari Tunpanene, Auli Karhu*, Lauri Aaltonen®!,
Jean-Baptiste Cazier**, Harry Camphell***, Malcolm G Dunlop*** & Richard § Houlston®**
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Common variants conferring risk of schizophrenia
Nature 1 de julio

Genome-wide significant association of seven markers with schizophrenia

ne/ SMP[allele] Frequency SGEME-plus* Follow-up SGEME-plus + follow-up SGEME-plus + follow-up Region/
(2,663 cases; 13,458 (459599 cases; 15,555 (7,662 cases; 29,053 + I15C + MGS neighbouring
controls) controls) controls) (12,951 cases; 34,594 controls) gene
OR P value QR P value DR P value QR P value
(55% CI) (959 Cl) (55% CI1) (55% CI)
rs6913660[C1T+ 0.85 1.22 0.00023 111 0.0021 1.14 4.7%107° 1.15 1.1x1077 MHC/
(1.10,1.36) (1.04, 1.1%) (1.08, 1.21) (1.10,1.21) HIST1IHZES
rs13219354[T]i#  0.90 1.25 0.00043 119 0.00022 121 4.4% 1077 1.20 13x 107 MHC/
(1.11,1.42) (1.08, 1.30) (1.12, 1.30) (1.14,1.27) PR5516
rs6932590[T1§+r 0.78 1.15 0.0024 117 4.9%x1077 117 4.4%107° 1.16 1.4 %107 MHC/
(1.05, 1.26) (1.10, 1.25) (1.11, 1.23) (111,1.21) PRSS16
rs13211507[T]||% 092 1.24 0.0027 127 3.1x107® 1.26 3.1x 107" 1.24 83x 107 MHC/
(1.08, 1.42) (1.15, 1.40) (1.16, 1.36) (1.16,1.32) PGBD1
rs3131296[G]Y+  0.87 1.21 0.0011 1.20 53x10°° 121 21x 1078 1.19 23x107 MHC/
(1.08, 1.36) (1.11, 1.30) (1.13, 1.29) (113, 1.25) WNOTCH4
rs12807809[T] 0.83 1.19 0.00045 1.13 000022 115 50x 1077 1.15 24x107%  NRGN
(1.08, 1.32) (1.06, 1.21) (1.09, 1.22) (110, 1.20)
rs2960767[Cl#+% 0.056 1.30 00011 1.20 0.00044 123 2.2x107° 1.23 41x107% TCF4
(111,151 (1.08, 1.33) (1.13, 1.34) (1.15,1.32)

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

Normal

HERZ mRNA” W

Overexpressing

i
Growth \ LA !
factor T T

AN -

Safety
— o TPMT (6-MP, azathioprine)
— ¢ UGT1A1 (irinotecan)
— « CYP2C9/VKORC1 (warfarin)
— o CYP2D6 (Strattera)
— o HLAB*5701 (Abacavir)
Efficacy
— o EGFR status (Erbitux, Tarceva)
— ¢ Her2/neu status (Herceptin)
— o Philadelphia chromosome ~ Bcr-abl (Gleevec)
— o C-kit (Gleevec)
— o K ras mutation (Cetuximab)

y



http://www.emea.eu.int/�

Evolucion del coste de secuenciacion

* Human Genome Project: 8:JCVI. 50 genomas a

- Banger sequencing 0.000 cada uno
13 years

> 2800 scientists

2.7 billion § 8: Solexa. $150.000
(> 98%) finished in 2003

« Genome of James Watson: 2: BioNanomatrix y
- GS-FLX plete Genomics. S1000
4.5 months
27 scientists
< $1.5 million §
finished in 2007: Nature (2008) 452:872.

35
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gEUVADIS

e Phase | (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
e Phase 11 (2012-2014): (Asthma |

Depression

— Sequence 1,000 genomes for each of 50 disorders
— Deep sequencing (single molecule sequencing)
— Digital molecular analysis of DNA and RNA ererTion
— Phenotype Capture Migraine

Multiple sclerosis

Diabetes

Fibromyalgia




Genética de poblaciones y Genética forense idis
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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. 


Two different individuals

Human ldentity Testing with Multiplex STRs

AMpFISTR® SGM Plus™ Kit
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match: ~1 in 3 trillion
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Slmultaneous Analysis of 9 STRs and Gender ID




PATERNITY TESTING

| Auto-Scaled Data ® Size [Bases] |
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|Calculation results

Executing the query with 3 default populations and the 34 SNPs of the individual to classify :
|GTCCCCCTAGAACTCCAACTGGGGTTCCAACCAACCAAGGCCAACCTTACAAGGTTCGAAGGTTACAC

| Gal-Dani || 41.109466

2.50%

| Moz-Som | 66.935324

0.00%

|Chi-Taiw | 65629561

0.00% ‘

The -log(LIKELIHOOD) (lower is best) and PERCENTILE (percent of population samples with lower likelihoods than individual submitted).

This persc

training set:

Gal-Dani
Moz-Som

Gal-Dani
Chi-Tamw

Moz-Som
Chi-Taiw

-log likelinood

41.109458
66.835324

£1.1094586
65.629581

66.935324
65.629551

percentile

2.50%
0.00%

2.50%
0.00%

0.00%
0.00%

EXp

1.40033E-18
B8.5184E-30

1.40033E-18
3.14372E-28

8.5184E-30
3.14372E-28

“times more likely to be{verbal predicate

EUR not AFR
1.64448E+171

EUR not ASN
44559668806

164 biilion fimas moaore likely to be European than African

44 billjon fimes more likely fo be Eurcpean than Asian

AFR not ASMN
0.270965708

CC AaM CT| GG |GG TT CC AMA CC AA CC AL GG CC AA CC TT AC TT GG TT AA CG TT GG AC AC

CT AG AA CT

Blue Green “_ﬁ._'_' T
(Unknown)ll 34plex 1 . I dedbdh i bl ol
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- I
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MUESTRAS ANALIZADAS:
V' Corazén
v Cabellos de Maria Antonieta, madre de Luis XVII

v Cabellos de Juana Gabriela y Maria Josefa,

hijas de Maria Teresa de Austria, abuela del infante B &
o oA

EL "CORAZON DE PIEDRA" PERTENECE
AL DEL HIJO DE MARIA ANTONIETA

NADIE HA DEMOSTRADO QUE SEA EL
HIJO DE LUIS XVI...
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Primate Tree
gorillas

modern
humans

AN = Neanderthal
Root
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orangutans chimpanzees



% de pares

20 Humano-neanderthal

Humano-chimpancé
15 Humano-humano

'M_g,,l_

30 35 40 45

Nimero de diferencias



130,000 yrs

“Out of Africa”

40,000-60,000 yrs
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Lake
Letariz

Tanasbyita

Fambazs

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



mtDNA signature of SLAVE TRADE

From 1518 to 1850 approximately 11,000,000 slaves were
shipped from Africa 1o the Western Hemisphere; of these
& about 500,000 or 5% were impaorted into areas now part of
! ;- the United Statas
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10,000 BP

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).

18,000 BP

tt g
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5,000 BP
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10,000 BP
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el - Hay secretos sSimples de revelar..

Test ADN de Paternidad

www.paternidad.cl [T

800 800 007
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Criminal forensic
casework +
Databases
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Fundacién

Xendmica

El cambio de valores en los ultimos afios (¢ 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
Platon-Un mundo feliz o GATTACA




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



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

Seguramente una pregunta
mellor seria...

AN

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




50% investigacion
50% a la aplicacion practica de la genética

70% son licenciados o doctores: Biologia (42), Farmacia (8), Medicina
(7), Biotecnologia (3), Matematicas (2), Bioinformatica (2), Fisica (1),
Quimica (1), Veterinaria (1), Filosofia-Derecho (2)

30% técnicos

12 nacionalidades- Inglés es esencial- Movilidad
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