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La biologia molecular constituye el area de la
biologia que estudia la estructura, contexto y
funcion de moléculas de ADN, ARN y proteinas.

Se encuentra relacionada con otras ciencias como
la bioquimica y la genética.

En la actualidad, area de soporte fundamental en
el contexto de la Genética Médica



La Genética es la ciencia que estudia la variacion,
la diversidad bioldgica y la herencia

La Genética Médica estudia los aspectos genéticos
en la especie humana y su relacion con la salud y la
enfermedad, asi como su aplicacion al diagnostico,
pronostico y asesoramiento de enfermos vy
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“1t 1s not the
strongest of the
species that
survives, nor the
most intelligent,
but the one most
I'GSPOHSIVC‘? to
change.”

-Charles Darwin, 1809
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Charles Darwin
“Origin of Species”
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George Mendel
Leyes Mendelianas
de la Herencia

Hitos de la Biologia Molecular
(Pre-Genomic Era)
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(“nucleina”)
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Hitos de la Biologia Molecular

(Pre-Genomic Era)
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Estructura del DNA /RNA
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Hitos de la Biologia Molecular
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Estructura del gen en Eucariotas
(Pre-Genomic Era)

Transcription Transcription
initiation termination
| }Exon 1 intron 4 Exon 2 — Exon 3 } |
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Promoter 1 t
region  Translation start Translation
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Hitos de la Biologia Molecular
(Genomic Era)

PROYECTO GENOMA HUMANO 1990 - 2003

“Adquirir la informacion fundamental sobre nuestro material genético
para profundizar en el conocimiento de la genética humanay el papel
de los distintos genes en la salud y la enfermedad”

~

Francis Collins " 0
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Director Human Genome Project ﬁ— tote




Hitos de la Biologia Molecular
(Genomic Era)
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HISTORIA DE LA GENOMICA: EL PROYECTO GENOMA HUMANO
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Proyecto genoma humano

OBIJETIVOS
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Identificacion de = 30.000 genes

Determinar la secuencia de ADN (3 billones pb)
Generacion de Bases de Datos publicas
Mejorar herramientas para analisis de datos
Redefinir principios éticos, legales y sociales
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Proyecto genoma humano
HALLAZGOS

Humans have fewer genes

In Thursday's issue of the journal Mature, researchers
who decoded the human genome concluded that
people have only 20,000 to 25,000 genes, a drop
from the 30,000 to 40,000 estimated in 2001,
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Proyecto genoma humano

HALLAZGOS

DNA

INFOGRAPH IS

* DNA: 3 billones de pb

NH,,
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=== Adenine

 Entre 20,000-25,000 genes (50% con funcion desconocida)

OI

e 98-99% del genoma es no-codificante
7 e

e Guanine

[ ¢ 99,9% idéntico entre individuos

e Compartimos el 99,9% de nuestra secuencia génica con
nuestros congéneres, y mas del 99% con otras especies

* Se estiman alrededor de 10x10° SNPs ﬂ :
Single Nucleotide Polimorphism (1 SNP ¢/1000 pb) 4—[ to
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Mutaciones vs. polimorfismos

Definiciones

natuare

articles
]

A map of human genome sequence
variation containing 1.42 million
single nucleotide polymorphisms

The International SNP Map Working Group*

* A i Jesx of authors appenrs ai he esed of thes paper

We describe a map of 1.42 million single nucleotide polymorphisms (SNPs) distributed throughout the
human genome, providing an average density on available sequence of one SNP every 1.9 kilobases.
These SNPs were primarily discovered by two projects: The SNP Consortium and the analysis of clone
overlaps by the International Human Genome Sequencing Consortium. The map integrates all publicly
available SNPs with described genes and other genomic features. We estimate that 60,000 SNPs fall
within exon (coding and untranslated regions), and 85% of exons are within 5 kb of the nearest SNP.
Nucleotide diversity varies greatly across the genome, in a manner broadly consistent with a standard
population genetic model of human history. This high-density SNP map provides a public resource for
defining haplotype variation across the genome, and should help to identify biomedically important
genes for diagnosis and therapy.

Los SNP constituyen hasta el 90% de
todas las variaciones gendmicas
humanas, y aparecen en promedio, cada

1,000 pb

Estas variaciones en la secuencia del
ADN pueden afectar la respuesta de los
individuos a enfermedades herditarias,
enfermedades infecciosas y respuesta a
farmacos
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Mutaciones vs. polimorfismos

POLIMORFISMO: cambio en la secuencia del ADN en donde al menos dos secuencias
diferentes pueden estar presentes, cada secuencia presente en al menos 1% de la
poblacion sin asociarse en forma directa con el desarrollo de enfermedad

RE08A-50-8

Gonoral T
population

Sri. 8% 0.1 %
MUTACION: MAF (Minor allele frequency) < 1% i
POLIMORFISMO: MAF >1%, existen por lo menos 2 alelos —eras
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Mutaciones vs. polimorfismos

Definiciones

SNP codificantes: se localizan en la secuencia codificante pueden modificar o no |a
cadena de aminoacidos de proteinas> Variabilidad genética poblacional

SNP no-codificantes: en regiones intronicas, 5’UTR, 3’UTR, promotora. Consecuencias en
el proceso de traduccion (splicing, factores de transcripcion) > Reguladores

Transcription factor

binding sites =plicing signals miRNA binding sites
TRAMNSFAC, JASPAR ESEfinder, Ace\iew miRanda, mikBase, miRDB
v Y v
* A I_‘ ' 1 i~ * *
- o Exon
T B T T | UTRT
Long-range Amino acid substitutions Polyadenylation
enhancers FolyApred, Polyadg, Erpin
EEL P

HSFECVCACP
HCFERWVCACF
DEFERICASF
HSESFERVCGCPF
RAFERISWVSPF
HEVERVCACP

Sequence analysis Structure analysis CIBIC + INDEAR
SIFT, Pmut, PANTHER,. MutDE FPolyFPhen, SMPs3D, LS _MUT
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Proyecto genoma humano

Hallazgos HALLAZGOS

* La complejidad del genoma no radica en el nro. de genes, sino en la interaccion entre
ellos

Genes reguladores
Genes con mas de una funcion
Moléculas reguladoras (ADN,ARN,mARN,siARN)

La mayoria de los genes son polimadrficos (variabilidad genética)

Vv

Estrategia biologica para la evolucion y para la supervivencia

(HGP 2001)
“It is not the strongest of the species that survives, nor the most
intelligent, but the one most responsive to change” " i
(Charles Darwin, 1809) —HArtag
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Proyecto genoma humano
BASES DE DATOS

International

1000 Genomes Project

Defining Genetic Variatiort in People

- Reas

;1.5.(;

www.1000genomes.org




ACTGATGGTATGGGGCCAAGAGATATATCT
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC
CCATGGTGCATCTCGACTCCTCAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Proyecto genoma humano
BASES DE DATOS

dbSNP

Database of single nucleotide polymorphisms (SNPs) and multiple small-scale variations that include
insertions/deletions, microsatellites, and non-polymorphic variants.

ClinVar

ClinVar aggregates information about genomic variation and its relationship to human health.

OMIM

OMIM is a comprehensive, authoritative compendium of human genes and genetic phenotypes that is freely
available and updated daily. OMIM is authored and edited at the McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University School of Medicine, under the direction of Dr. Ada Hamosh. Its official
home is omim.org.
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Hitos de la Biologia Molecular

71
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OBIJETIVOS

Identificacion de regiones de
transcripcion, factores
asociados, estructura de la
cromatina y modificacion de
histonas

ENCODE (ENCyclopedia Of DNA Elemens)

National Human Genome Research Institute
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Regulacion Genética

Clasificacion

ADN —— Pre-ARNMm — ARNM —— Proteina —— Proteina
l activa

Transcripcion Splicing Traduccion Modificaciones
post-traduccionales

A 4 \ 4
Cromatina Estabilidad

ADN-B
Splicing
alternativo

ADN-Z
| e | |

A4
Nivel principal
de regulacion

Transcripcional Post-transcripcion Post-Traduccional
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REGULACION GENETICA
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Regulacion Genética

Transcripcional

Activator I—b Transcription Repressor No Transcription

Transcription unit Transcription unit

Promoter Operator Promoter Operator

No Activator No Transcription Transcription
No Repressor

Transcription unit Transcription unit
Promoter Operator Promoter Operator
, i
REGULACION POSITIVA REGULACION NEGATIVA AMTAS
- LAl

CIBIC + INDEAR



Regulacion Genética

Splicing altenativo del RNA mensajero

» “Sintonia fina” de la expresidon genética a nivel post-trascripcional

» Variabilidad de proteinas a partir de un numero finito de genes
» Expression diferencial de proteinas

pre-mRNA

B — o2 — e —  oons

alternative splicing

B o eons  QEGSEEN o3 oons

mRMNA isoform 1 mRNA isoform 2

Post-Transcripcional

T /7 Y
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Regulacion Genética

Post-Transcripcional

Regulacion de la expresion genética mediada por microRNAs (miARNSs)

e TRON > Secuencias cortas de mRNA (18-26 nt)
Elg » Interaccion en region 3’UTR
A LY L SRS » Esenciales durante embriogénesis
Pre-miRNA ll I T)— P Cytoplasm
!

RISC
X e . - . complex
3" UTR of target mRNA m

Degradation or Transcriptional Repression

i)




Regulacion Genética
Post-Transcripcional

MicroARNSs en la enfermedad

M eta Stat i C Some of them: miR-7,50-52

miR-17/20,53,54 miR-22,55-

m | R N AS 57 miR-30,58,59

O n Coge n i C Some of them:miR10-b, miR-
m i R N AS 17, miR-21,miR-155

Tumor
Some of them: Let 7 family,
S u p p r‘es SO r‘ miR 34b, m:g;gg, miRZOS\,’
MIiRNAS




REGULACION EPIGENETICA
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Regulacion Epigenética
Definicion
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Phenotype Phenotype
Twin 1 Twin 2
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Regulacion Epigenética

Definicion

Cambios heredables de |la expresion génica que ocurren sin que se presenten
modificaciones en la secuencia de ADN

Principales mecanismos epigenéticos

» Metilacion del ADN
» Modificacién post-traduccional de Histonas
» Silenciamiento de genes mediados por microARNs

.l— '
—HAras
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Regulacion Epigenética

Definicion

Chromosome 3 Pairs
3-year old twins vs. 50-year-old twins

3-year-old twins

-
~aff————— YYcl|OW Shows where the

twins have epigenetic tags
in the same place.

Epigenetics of
discordant
monozygotic twins:
implications for
disease

50-year-old twins

e Rd and green show where

the twins have epigenetic
tags in different places.
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Regulacion Epigenética
Metilacion del ADN

> Metilacion del ADN

J’ Transcription possible i

CTACGTACGTACCATGCGT

:GATGCATGCATGGTACGCA

—

Ocurre generalmente en Citosinas,
especialmente en nucleotidos emparejados CpG
(Dimeros metilados CpG)

Quimicamente muy estable
Mecanismo de silenciamiento de genes, OMAS
impronta gendmica, inactivacion cromosoma X




Regulacion Epigenética

Life-point DNA methylation factors
Fertilisation Pregnancy Infancy Young Adult Senior
Parent-of-origin Maternal diet Early life Environmental, Age-related
(imprinted genes) exposure to diet, lifestyle changes
microbes

o
—HAras
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Regulacion Epigenética

Metilacion del ADN

Metilacién aberrante Metilacidn fisialdgica |
Cancer: hipometilacion (inestabilidad del ADN, I
activacidn de ancogenes) e hipermetilacian Inactivacion del cromosoma X
{mutacion de genes y silenciamiento

de genes supresares de tumores)

Silenciamiento de transposones

Mutaciones

Mantenimiento de la estabilidad cromosamica

%

Sindromes de X fragil,
Backwith Wiedemann, Prader ‘ *l

Modulacién de la estructura de la cromating

willifAbgelman, ICF, ATRX, Rull

Regulacian transcripcional
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Regulacion Epigenética

Modificacion de histonas

» Metilacion del ADN
» Modificacidon post-traduccional de Histonas
» Silenciamiento de genes mediados por microARN

Histonas: unidades fundamentales de la cromatina
CORE: histonas del cuerpo central del Nucleosoma
(H2A, H2b, H3, H4)

LINKER: Histonas de enlace (H1)

Octamero de histonas

) DNA

AN IS




Regulacion Epigenética

Modificacion de histonas

» Metilacion del ADN
» Modificacidon post-traduccional de Histonas
» Silenciamiento de genes mediados por microARN

Histonas
acetiladas —
ADN de FE— Inestabilidad del
célula
normal ADN ’ ¢
mutaciones
Histonas
hipermetiladas Gen supresor de
ADN de ) . .
célula Silenciamiento tumores
cancerosa

"
4‘{,’,\,'_{ ;)
clas
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Regulacion Epigenética

Silenciamiento mediado por microRNAs

» Metilaciéon del ADN
» Modificacion post-traduccional de Histonas
» Silenciamiento de genes mediados por microARN

Dicer

4

5 1T 37 miRNA

Base-pairing with
target mMRNA

(b) Imperfect base-pairing
with 3’-UTR of
mRNA (animals)

(d) Perfect or near-perfect
base-pairing with middle
of mRNA (plants and
certain examples
in animals)

Ca A, Ca A,
(c) Translation (e) mMRNA
block leavage

Ca ””;;“”A,, Ca A,

O




Histone
modifications

micro RNA
regulation

Methylation

Lines of evidence supporting a role of
epigenetics in etiology and pathogenesis

of specific NDGs

Alzhemier’s disease

Reduced DNA methylation
in the anterior temporal
neocortex neuronal nuclei

Hypermethyation of HTERT
gene

Hypomethylation of
inflammatory genes iNOS,
IL-1, and TNF-a in the AD
cortex

increased phosphorylated
histone H3 in hippocampal
neurons

Modulation of histone
acetylation by HDAC
inhibitors improved learning
and memory in mouse
models

Deregulation of several
miRNAs in brain

Parkinson’s disease

Overall reduction of
methylation potential

Hypomethylation of SNCA
gene in brain tissue

a-synuclein related reduction
of Dnmt1 methyltransferase
availability

Differential methylation of
ARK16, GPNMB, STX1B and
CYP2E1

Response to treatment with
HDACIs in disease models

a-synuclein related
reduction in histone
acetylation and histone
gene expression

Differential expression of
dapaminergic neuron specific
miRNA miR-133b

Differential Expression of
miR-7,-10a, -10b, -34b/c -212,
-132, -495 miRNAs in brain
tissues

Huntington’s
disease

Early reports of increased
variability at HTT gene locus

Beneficial effect of HDACIs in
disease models

Sequestration of proteins with
HDAC activity (CBP)

Increase of histone proteins
carrying H3K9 marks in brain
and blood tissues

Down-regulation of nine
miRNAs in animal models of
HD (AC128 and R6/2 mice)

High 3'terminal sequence
variability of miRNAs in HD

miR-34b unregulated in
plasma of pre manifest HD
patients

Regulacion Epigenética

o
—HAras
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Aplicaciones de la Biologia Molecular en Genética Médica

 Genética de Poblaciones

 Medicina Forense

 Enfermedades Hereditarias Mendelianas
* |nfectologia

 Farmacogenética

 (Cancer hereditario y somatico

* Fertilidad y Reproduccion
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1990 - 2003

Proyecto Genoma Humano Pon
USD 3,000,000,000 LAMtaS
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International

1000 Genomes Project

Defining Genetic Variatiort in People

"t-p.(,f

www.1000genomes.org

BASES DE DATOS



Enfermedades hereditarias Mendelianas

Bases de Datos

dbSNP

Database of single nucleotide polymorphisms (SNPs) and multiple small-scale variations that include
insertions/deletions, microsatellites, and non-polymorphic variants.

ACTGATGGTATGGGGCCAAGAGATATATCT - elinVar
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC
CCATGGTGCATCTGACTCCTGAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

ClinVar aggregates information about genomic variation and its relationship to human health.

OMIM

OMIM is a comprehensive, authoritative compendium of human genes and genetic phenotypes that is freely
available and updated daily. OMIM is authored and edited at the McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University School of Medicine, under the direction of Dr. Ada Hamosh. Its official
home is omim.org.




Number of OMIM entries

16,000

OMIM

OMIM is a comprehensive
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Bases de Datos

, authoritative compendium of human genes and genetic phenotypes that is freely

available and updated daily. OMIM is authored and edited at the McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University School of Medicine, under the direction of Dr. Ada Hamosh. Its official
home is omim.org.
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OMIM Entry Statistics

Number of Entries in OMIM (Updated April 15th, 2016) :

Prefix

* Gene description

+ Gene and phenotype, combined

# Phenotype description, molecular basis known

% Phenotype description or locus, molecular basis unknown
Other, mainly phenotypes with suspected mendelian basis

Totals

Autosomal X Linked Y Linked Mitochondrial Totals
14,450 705 48 35 15,238
81 2 0 2 85
4,369 303 29 4,705
1,495 126 5 0 1,626
1,693 112 2 0 1,807
22,088 1,248 59 66 23,461
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Next Generation Sequencing
(NGS)
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NGS

Watson & Crick identified 2 Release of 454 GS-20, first NGS
1953 DNA double helix structure 2001 First human genome 2005 / \ / \
draft was published
First complete RNA genome of 2007 Release of 454 GS-FLX,
1976 | 3 bacteriophage was sequenced ABI- SOLID sequencer
2008 Release of 454 GS-FLX Titanium,
= Sieicaed dide Hlumina GAll
er o :
1977 d‘::‘ RSN m? 2002 | HapMap project started 2010 | Release of llumina HiSeq
1977 Maxam & Gilbert developed
chemical degradation method K J
I [ 1 [ [ [ 1
1950 1970 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 201
Sanger started
work on DNA 1972 : Introduction of lllumina/ 2011 | Release of
First living organism 2006 cBio
Taumee 1995 H.influenzae was sequenced Solexa sequencer e
Automation in DNA 1000 genome Release of lon-torrent
1996 || sequencing was developed project started el A0 ” 0
by Applied Biosystems
Introduction of At e
. Helicos technology 2008 { o, k_j )
1997 L0 gen:me e Release of lllumina GAllx,
QU 2009 | agisoLip 3.0




1990

Proyecto Genoma Humano

13 anos

USD 3,000,000,000

100,000

10,000 —

Cost (thousands US$)

1,000

—
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10

Cost of
genome
sequencing.

Next generation
sequencers enter
the market.

Enfermedades hereditarias Mendelianas

Moaore's law for
computing costs.

The price of
sequencing a
whole human
genome hovers
around $5,000
and is expected to
drop even lower.

NGS

2018
Exoma Clinico

LEEINERES
USD < 1,000

2002 2003 2004 2005 2006 2007

2008

2009 2010 2011 2012 2013
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Population frequency Databases ExAc / GhomAD

atino
African
European
South Asian

Other

10000 20000 30000 40000 50000 60000

Individuals with Exome Sequence Data

1000 ESP ExAC
Genomes

exac.broadinstitute.org
Estandarizacion de diversos datasets de proyectos
de secuenciacion existentes

¥ e

v' Generacion de grandes grupos control (individuos sanos) I ArTaa
v Herramienta indispensable para interpretacion de variantes cllas
en el contexto de estudios NGS
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¢COMO UTILIZAR EFICIENTEMENTE
LA INFORMACION GENERADA
VIA NGS ?
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Harvard Business Review

Ll LR

Data Scientist: The Sexiest Job of
the 21st Century
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Gracias !!!
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