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Somos genes y ambiente. El ambiente y las circustancian también condicionan
lo que somos
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Tanto genes como ambiente no son siempre favorables

Lo primero que permite la ciencia es entender las causas de lo que pasay
no atribuirlas a fendmenos supranaturales

Momia de Siptah
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4500 millones de afios 4000 millones de anos
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TAT ATC CCG ATC TGG ...
Parental DNA 3,300 millones de pares de
bases

Daughter DNA

TAT ACT GCG TCG GAT GCT GCG ATT GCT GAC CAA CAT CGT GAC AGT TAG ACA AAC
GAT TGA CTG TTA GGA TTG ACCA CCAATT ACG ATGACGTTG GAC...3,3x10°



MUTACIONES
AGC CAA TGG CAG TGA TGG oooo O O Ooo
ATG GTA GCT GAG TGC TGG.... O O e )

Silent mutation Missense mutation Monsense mutation VarlaC|on Toxi SOBREVIVE
oxicos

TGT — TGC TGET —= TGG TGT —= TGA o o o

Cys —> Cys Cys —= Trp Cys —> Stop o o

-
OO 008 SE EXTINGUE

Sin variacion

CON ESE SOL HAY MAS LUZ
CON ESA SAL HAY MAS LUZ
ONE SES OLH AYM ASL UZ
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Diversidad de HLA y riqueza de patogenos
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Decreased-function variants CYP2D6*10,
CYP2D6*17, and CYP2D6*41 are common in
Asian, African, and Western Asian populations
Null function variant CYP2D6*4 is common in
European populations.




@ EPIGENETICA: COMO EL AMBIENTE
INFLUYE EN LOS GENES

SAL CON ESE./
HAY MAS LUZ!!!

Methyl tags usually turn genes off

Methyl tags are added to a cytosine at the sequence CG
They silence genes by:
@ Blocking transcription machinery from binding to DNA

@ Recruiting proteins that bind to methylated DNA, which
then block transcription machinery from binding

Methyl tags

Acetyl tag
Heredabilidad: Varianza genética en el total

de la varianza genética mas ambiental
Cancer de colon: 35%

Cancer de mama: 28%

Esquizofrenia: 82%

Autismo: 85%
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Next-Generation Sequencing Technologies

Technology Sequencing method grztphllc;g:atlon Read lenght (bp) Throughput (Mb/run)
454 Synthesig (Pyrosec 50-500-900
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i ; X ; '";m..m S
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8 4 Single DNA Molecule
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Analysis of variation

Somatic mutations Germline mutations
B Occur in nongermline tissues M Present in egg or sperm

B Are nonheritable M Are heritable

B Cause cancer family syndrome

@

i

:L} Nonheritable *

Somatic mutation Mutation in All cells
(e.g., breast) egg or sperm  affected in
offspring




“  Cromosopatias y defectos
estructurales
2 l
g 1 %“. ﬂﬂﬂﬂﬂﬂﬂﬂ =
Cariotipo Arrays de CGH (Hibridacion

genomica comparada)

FISH Hibridacion fluorescente Microarrays de SNPs y sondas para

in situ CNVs
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Williams Deletion Region

7q11.23

WSBTRP

GTF2I

D781778 : D7S489A

i1 | Williams Syndrome Common Deletion Region
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Unstable Trinucleotide Repeat Disorders in
Humans

GAA

l Fredreich’s Ataxia l Myotonic Dystrophy

Fragile X Syndrome QMMquLAtrophy
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Dentatorubral-Pallidoluyslan Atropphy

. \“% W Spinocerebellar Ataxia Type 1
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la norma pero no solo para
enfermedades comunes sino para
las mendelianas

~:La heterogeneidad de la enfermedad es

Characteristic signs and

CGLOMERULAR DISEASES OMIM No.  MOI feature: Gene symbol(s), gene product(s)
Congenital SRNS (Finnish type) #256300 AR congexital nephrotic syndrome,  NPHSI, nephrin
CED
SRNS type 2 #600995 AR SRS, FSGS. CKD NPHS2, podocin
SRNS type 3 #610725 AR SRS (S3NS), DMS, FSGS, PLCEI, phospholipase C
CED
SENS type 4 #600995 AR, (AD) SRNS,FSGS CD24P, CD2AP
Pierson syndrome #609049 AR SENS and microcoria LAMB2, laminin-§2
SRNS, adult-onset - e .CKD  NPHS2, g-actinin-4 (ACTN)
SENS, adult-onset .CED TRPCG, transient receptor

Denys-Drash syndrome, Frasier

cyndrome

Mail-Patella syndrome

potential cation channel C§

WTI, WT suppressor gene

ella, IMX1E, LIM homeodomain

s protemn
Schimke immuno-ossecus dystrophy #242900 AR Bone ab 1 MARCALI, HepA-related
immunodeficiency, SRNS protem (HARF)
Mitochondrial disorders with SRS #607426 AR SENS +/~ neurologic C0Q2, PD552, MTTL1
impaimment/'SND
Lysosomal disorders with SRNS 254900 AR Action myoclonus, SRNS, CKD  SCARB2, lysosomal integral
membrane protein (LIMP2)
Glomerulopathy with fibronection #601894 AD Protemmuna, dRTA FNI. fibronectin-1
deposits
Alport syndrom #301050 XD Nephritis, SND, CKD COL4AS, aS(IV)-collagen
Alport syndrom with leiomyomatesis 308940 WD Alport syndrom with COL4AS, ob(IV)-collagen
leiomyomatosis, CKD
Alport syndrom #203780 AR Alport syndrome or bemign. COL443, a3(IV)-collagen
familial hematuna
Syndrome Genes
HCM MYH7, TNNT2, TPM1, MyBPC3, TNNI3, MYL2, MYL3,
ACTC, TTN, PRKAG2, MYH6, GLA, MYO6, MYLK2,
TNNC1, TCAP,...
DCM MYH7, TNNT2, TPML, 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, SCN5SA, ANKB, KCNE1, KCNE2, KCNJ2,
CACNAI1C, CAV3, SCN4B,...
SQTS KCNH2, KCNQ1, KCNJ2, CACNA1C, CACNB2,...
WPW PRKAG2
CPVT RyR2, CASQ2
PCCD SCN5A
Brugada SCN5A

Cambio de paradigma: El diagndstico de la enfermedad lo orienta a menudo el

propio analisis genético y no el fenotipo



~  Limited therapeutic efficacy in many TAs

Productivity of the pharma industry @)

Finding the true cost of a new drug is complex and controversial...
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Cost of a new drug in USS (billions)*

at Rathi | theconversation.com  *New drug cost and R&D spend could be 30% higher if non-PhRMA members are included
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2 ’ 4th cause of death (100.000 d /
e e ] i e T year USA)

¢ |n 1991 unpredictable PK was the main reason for failure

4billionsS/year

e Today main reason for failure is lack of efficacy
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Que es la fiebre una enfermedad o un
sintoma?

Y la hipertension, diabetes, asma,
artritis, esquizofrenia ....?

Los conceptos de enfermedad, sintomay signo se han
asimilado erroneamente

Los tratamientos sintdmaticos no solucionan el
problema si no se soluciona por si solo

Debido a la heterogeneidad, los pocos tratamientos
contra las causas tienen eficacia solo para un subgrupo
(por ejemplo: una antibidtico para la fiebre tendria una
eficacia de alrededor del 20%)

Necesitamos estratificar la enfermedad
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SNP: SINGLE NUCLEOTIDE POLYMORPHISM

ATCGGCGTACCTGATTCCGAATCCGTATCG
ATCGGCGTACCTGAATCCGAATCCGTATCG
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3.3 Gigabases Human Genome /
>20 M SNP
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Number of human Bendelian trats
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%> Human Genetic Association Study Design

Cancer Non-cancer
Re onder' Non-responder
T o
Allele 1 Allele 2 Marker A:
Allele 1 17
SNPs are the ideal Allele 2 i 1

markers

Marker A is
associated with
Phenotype
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Published Genome-Wide Associations through 12/2013
Published GWA at p<5X10°# for 17 trait categories

Dagestive system dis=ase
Cardiavascular disease=
Metabolic disssss

Immune system dnmsss
Nervous system dis=asse
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Cardiovascular measurrment
Dither msasurament

Respanse o daig

Bialogical process

Cancer

Other discase

Other trart

- § ReR=R J JN-ReReg-) Fuleg-F K ]

NHGRI GWA Catalog
T —— www.genome.gov/GWAStudies
#{E.'.';l.";“““'“ www.ebi.ac.uk/fgpt/gwas/ EMBL-EBI




=
Common variants conferring risk of schizophrenia S .

Nature Stefansonn et al. Aug 2009 (SGENE Consortium) o

Genome-wide significant association of seven markers with schizophrenia

e SMP[allele] Frequency SGEME-plus* Follow-up SGEME-plus + follow-up SGEME-plus + follow-up Region,/
(2,663 cases; 13,458 (459599 cases; 15,655 (7,662 cases; 29,053 + I5C + MGS neighbouring
controls) controls) controls) (12,951 cases; 34,594 controls) gene
OR P value OR P value OR P value OR P value
(95% CI) (959 Cl) (959 CI) (55% CI)
rs6913660[C1T+ 0.85 1.22 000023 111 0.0021 114 4.7 x107° 1.15 1.1x107° MHC/
(1.10,1.36) (1.04, 1.19) (1.08,1.21) (1.10,1.21) HIST1IHZEB)
rs13219354[T]{#  0.90 1.25 0.00043 119 0.00022 121 4.4 %1077 1.20 13x107'% MHC/
(1.11,1.42) (1.08, 1.30) (1.12,1.30) (114,127 PRSS1G
rs6932590[T18+r 0.78 1.15 0.0024 117 4.9x 1077 117 4.4 %1077 1.16 14 X107 MHC/
(1.05 1.26) (1.10, 1.25) (1.11, 1.23) (1.11,1.21) PRSS1G
rs13211507[T1||+ 0.92 1.24 0.0027 1.27 31x10°° 1.26 3.1x107°® 1.24 83x 107" MHC/
(1.08,1.42) (1.15, 1.40) (1.16, 1.36) (1.16,132) PGBD1
rs3131296[G]Y+ 087 1.21 00011 1.20 53x10°° 121 2.1x10°¢® 1.19 23 %107 MHC/
(1.08,1.36) (1.11, 1.30) (1.13, 1.29) (113, 1.25) MNOTCH4
rs12807809[T] 083 1.19 0.00045 1.13 0.00022 115 5.0x 1077 1.15 24 %1077 NRGN
(1.08,1.32) (1.06, 1.21) (1.09 1.22) (1.10,1.200
rs9960767[Cl#+ 0.056 1.30 00011 1.20 0.00044 123 2.2x107° 1.23 41x107%  TCF4
(1.11,1.51) (1.08, 1.33) (1.13, 1.34) (115 1.32)

19,000 cases and 35,000 controls from Iceland, Denmark (Aarhus), Denmark
(Copenhagen), Germany (Bonn), Germany (Munich), Hungary,

the Netherlands, Norway, Russia, Sweden, Finland;

Spain (Santiago) and Spain (Valencia)

15t 2,663 cases and 13,498 controls lllumina 300 and 550 K
2" top 1,500 in 4500 cases and 4500 controls

3 top 25 in 4,999 cases and 15,555 controls

4t top 10 in 14,000 cases and 16,000 controls
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Patient Technologies Data Analysis Integration and interpretation
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GC3
Cell communication
Synaptic tranamission

Transcriptional regulation

® TADA gene
DAWM-predicts=d gene
Intermediate from PP

PPl connectivity

Olow () High

Synaptic, transcriptional and chromatin genes disrupted in autism
De Rubeis et al. Nature (2014) 4000 casos y 10,000 controles



Epigenetics
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DNA contains the instructions for building and
maintaining all parts of the body

Cell

Nucleus

Chromosomes

...but DNA is only part of the story




The DNA in our cells is wrapped around proteins
called histones

A group of 8 histone
proteins come together
e ey,

{{/g %% oM | to form a spool.

||||\H
Pt
CNTIP National Human Genome Research Institute




DNA and histones are covered with chemical tags

Chemical tags

Histones

This second layer of structure, in the form of proteins and chemical tags,
is called the epigenome (“epi” means above, on, or in addition to).
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Methyl tags usually turn genes off

Methyl tags are added to a cytosine at the sequence CG
They silence genes by:

@ Blocking transcription machinery from binding to DNA

@ Recruiting proteins that bind to methylated DNA, which
then block transcription machinery from binding

Methyl tags
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The epigenome shapes the physical structure of
the genome

e

® o0

[

The epigenome relaxes active genes, making them easily accessible.
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The DNA code remains fixed for life, but the
epigenome is flexible

Factors from the environment interact with the epigenome,
affecting gene expression

@ Diet

@ Toxins

@ Physical activity
@ Stress
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%l National Human Genome Research Institute



Identical twins have the exact same genetic
information

But their epigenomes become increasingly different over time

@ Epigenetic changes can cause dramatic differences between twins,
including many cases where one twin develops a disease and the
other does not.




Diet affects the epigenome

—

These two mice are genetically & acout
. ] / gouti Gene
identical. 2\

During pregnancy, the mother of the brown
mouse ate a diet rich in methyl groups.

A N N

Obess methyl groups

The mother of the yellow mouse ate regular
7, Prone to cancer
mouse food. \34 and diabetes =~

The high methyl diet affected the ?é |
developing mouse’s epigenome, causing it ) '
to be born brown, thin and healthy.

4

.
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Waterland and Jirtle, 2003. Mol. Cell Biol 23(15): 5293-300. :I';:;llth
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Maternal care affects the epigenome

—y.
™

Highly nurtured rat pups tend to grow
up to be calm adults.

—
e o, INgy,

§ Ml

(D g

: g .

%, m( O National Human Genome Research Institute

&

Rat pups who receive little nurturing
tend to grow up to be anxious adults.

(Wever et al, 2004. Nature Neuroscience, 7, 847)




The Human Epigenome Project hopes to clarify
connections between gene expression and disease

Human Epigenome Project Goals:
@ Identify methylation patterns in all of the body’s major tissues
@® Compare healthy and disease methylation patterns

@ Understand interactions between genes, the epigenome, and
the environment
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‘%%m O National Human Genome Research Institute
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Human Microbiome Project
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Using large-scale DNA sequencing fo understand
how microbes affect our health

The cells in our bodies are outnumbered 10:1 by microbes
@ About 3 to 4 pounds of microbes live on and in our bodies.

@ These microbes represent thousands of different species, and
include bacteria, fungi, archaea and viruses.

Fungi :
(CDC/Dr. Libero Ajello) Viruses

. CDC/Cynthi
Bacteria Archaea ( Golésni?[h)la
(P.M. Poon)

T & 15 (Tm—
S 1

iy
M National Human Genome Research Institute




Some microbes cause disease

Many disease-causing microbes have been sequenced, including:

Bacillus anthracis (Anthrax)

Bacillus cereus (foodborne illness)

Borrelia burgdorferi (Lyme disease)
Camphylobacter, multiple species (diarrheal illness)
Chlamydia trachomatis (STD)

Clostridium botulinum (Botulism)

F. tularensis holarctica (tularemia)
Tuberculosis

Legionella pneumophila (Legionnaires’ disease) bacteria

Listeria monocytogenes (foodborne illness)
Mycobacterium tuberculosis (Tuberculosis)
Neisseria gonorrhoea (STD)

Rickettsia rickettsii (Rocky mountain spotted fever)
Salmonella enterica (foodborne illness)
Streptococcus pneumoniae (Pneumonia)

Vibrio cholerae (Cholera) Cholera
bacteria
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Microbes are important for many normal body
functions

Digestion Immunity

Nutrition ...and more

Metabolism

Microbes in our intestines
break down certain foods so
we can absort them.

Microbes in our intestines
produce vitamin K, which
helps our blood clot.
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Variations in "healthy” microbe populations may be
associated with complex diseases

Genetically obese mice contain gut
microbes that are more efficient than
normal at harvesting energy from
their food.

Transferring these microbes to
genetically normal mice causes the
thin mice to gain body fat.

(Turnbaugh et al., Nature 444, 1027-131)

Photo: Umut Ozcan

Studies suggest that obese and thin
humans also have different gut microbes.

National Human Genome Research Institute
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The Human Microbiome Project

Part 1: Identify and characterize the microorganisms that are
found on and in the human body (the microbiome)

@ Build a basic data set based on about 1,000 different microbes

The human microbiome project Nasal
will focus on the microbe
populations in 5 body regions:

Oral
Skin
Gastro-

intestinal

Urogenital
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Microbes live In specialized environments around
the body

Most of our resident microbes
cannot be cultured outside of
the body.

New “metagenomics”

tools can analyze large
populations of microbes
directly and simultaneously.

¢ DNA sequences
e RNA sequences
¢ Protein sequences

Metabolic products
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The Human Microbiome Project

Part 2: Examine the species represented in samples from healthy people
@ Do humans share a common microbiome?
@ Is the microbiome more similar between relatives? Members of a community?

@ How does the microbiome change over the course of a day? year? lifetime?

Enterococcus faecalis, a
bacterium that lives in the gut.

National Human Genome Research Institute
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The Human Microbiome Project

Part 3: Examine the species represented in samples from people
with diseases

@® How do changes in the microbiome correlate with changes in
human health?

Helicobacter pylori, a bacterium
that causes stomach ulcers.

(Yutaka Tsutsumi, M.D.)
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National Human Genome Research Institute




The Human Microbiome Project

Diseases that may be affected by microbes include:
Obesity @ Inflammatory bowel disease
Acne Antibiotic-associated diarrhea
Asthma Chronic periodontal (gum) disease
Diabetes Dental cavities
Gall stones Stomach and colon cancer

Stomach ulcers

One day doctors may be able to
make changes to an individual’s
microbiome to treat these and
other diseases.
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HELIX

The Human Early-Life Exposome — novel tools for integrating early-
life environmental exposures and child health across Europe

Study Protocol - Pregnancy Panel Study

V2, 7 March 2013

A. Introduction

B. Methods
1) Overview
2) Study population
3) Health parameters
4) Biological samples
5) Exposure assessment
6) Field work
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