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Los genes y el genoma



Dos genomas en cada una de nuestras células

Organism
(human)

Constituent
cells

MNucleus containing Enlargement of
two sets of 23 part of a pair of
chromosomes chromosomes

{each set constitutes
a genome)

One gene, a
functional region
of chromosomal
DMNA
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El genoma es una biblioteca




GAATTCGCCGGTTAGGTTTTAGTATCAAGAAGAGAAGGAAATTTTGGACAGTGAATGGGC
AATAAATGTGAGTAATATGGGAAATAAATGAATTTAAGAGGATTTGTTGTGATCGTTATT
ATATGCGTGAAAGTCTTTAAATGCGTTTTTCCTTTTTCTTCACCATAAACCTTCTAGTTC
ATATAGAGGGACCACGTCCCACATGTTCTCCAAAATGTACATTCGTTCTAACATTCAAAT
TTCACGAGATTTCATTTAGGTTTAAATTGAGCTTAAATTGTTGTGTATATATAGTACTAG
TGCAAGTTTGATCGGTTATTTTTCTTTACTAATTGACATACTTGTCGTTGTCGTAAAAAA
CATGGATTGTTTATTTGTTTATATCAATTTGTTTGCACCAACCACCACAAGAAAATTAGT
TTTGATCGGCCAGTTTAATACAAAGTCCACTTCATATGATACTTATTTCTTTCATAATTT
GTTAGCCCCTCTGATTATTATTATGTACAACATCATTATTTTGCTTGAAAATATATATAT
CCAAGAGTCTTTGGAAGTCCTTGTTCAAACATTGGCAATGGGTTCTAAAATGTAAGAGTT
TCGACCTGAGATTTTCTCCGGGATGTATATCACATTATAGTTATGAATGTCTAATATATT
GTATAAAAACATACTGATATAATAATAATAATAATTTTCTAATTATTTTATTTATTTTCC
TGATGTCTCAAATCCAAGGTATCATTTGAAAACTACAATTTGACCTGCAAAATGAAAAAG
CTCAAAGAAATCATGAAACAAGACAAGAAACCGAAACATATCAAAAGATTAAGATCAATG
ACGCAAAAGATTCGCTATCGATGAAAGGAGCGAAACCATGAAGCAAGATAGGTTGTAGAT
GAACTAGGAAAGGTTGAAGATGGACTAATTTTGTACTGGAAAAGGTGACGGTATAGACCT
GTAAGCTTGAATTTCCTTAACAAGTAACCGAGCCGGTTTGGAGACAGTAGTGTGAAGCCT
TGCATTTCTTTCTCTCCACAAAGTGTAAACAGCTGCTTGAAAAATAATTTTTTTGTTAAA
TTAATATTAATTTTTTGAATATAATGTTAAATTAAATATATAAAAATAACGTTTTTACAA
CTAGTGCATCGTGTTTTTGAAAATCGAATCTAAAAAGGCAGAATATATGAATTGAAACAC
AACTCTATTTAAATTAATATATCATCCAAACGTTATGCTTTTGTTTCTCTCAAAAATAAA
AGTTCTAAATTGCATGATACAAAACTTCTCTAAATTGCATGATACAGCTAGCCTATTACA
ACATGAGAATACCAACTATATCAGTGTAGTCGTTTTGTTTTTACCTCTTTCGCTAAACTG
ATTGCATCCAAGAATGAATTAACTTTTACTAGGCCAGAAGTGTAGCTAACATAGAAGAGG
CCCATTATAAAACTCTTTAAAATCAAAATCTAAAACAGGCCCAGCCCATTCATAACAAAG
CCCTAATATATCGAGTAAACCTAGCTCCACTCAAAACCTAACTATATAACCTTCACACAC

Pagina 1



“= NCBI «3{ NCBI Map Viewer

PubMed Nucleotide Protein Genome Gene Structure PopSet Taxonomy Help

on chromosome(s) assembly Al - Advanced Search
Homo sapiens (human) genome view BLAST search the human genome

Build 37.2 statistics Switch to previous build
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Lineage: Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia: Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae; Homo;
Homo sapiens
November 2010: NCBI released an incremental update of the human genome reference assembly and updated annotation for all assemblies. The chromosomes and
alternate loci regions are not changed: the new assembly includes the second set of genomic region Patches released by the Genome Reference Consortium (Genome

Reference Consortium (GRCY) and is named GRCh37.p2. A previous version of the reference genome assembly, NCBI Build 36.3, can still be accessed for Map Viewer display
and for BLAST. For additional information about changes, statistics, and the status of the CCDS project please refer to:

+« Release Noles
« Slatistics

+ CCDS Project

The NCBI Map Viewer provides graphical displays of features on the human genome sequence assembly as well as cytogenetic, genetic, physical, and radiation hybrid maps.
Extensive documentation is provided to describe the resource features and methods used, tutorials, and statistics.

Map features that can be seen along the sequence include genes, transcripts, NCBI contigs (the 'Contig' map), the BAC filing path (the 'Component' map), STSs, FISH
mapped clones, ESTs and transcripts from several different organisms, Gnomon predicted gene models, and more.

Genomic

www.ncbi.nlm.nih.gov/genome/guide/human



NCBI Map Viewer

PubMed OMIM

Search | Find in This View

Homo sapiens (human) Build 37.2 (Current)

Master Map: Genes On Sequence
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Find in This View Advanced Search

Home sapiens (human) Build 37.2 (Current) BLAST The Human Genome

Master Map: Genes On Sequence B of s :
Beegion Displayed: 22,400K-28,900K bp Download View Sequence/Fvidence
Tdeogran2l2] contigx - weumicAM - Genes-seqX] gl o Links E Cyto Description
- FHERR RS :‘é‘.;'::f 5] - Locetze HGNCsv  dlevmm best RefSeq 22q11.22 family with sequence similarity 108, member A6, pseudogens
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= it e 1550 eLvivse s HGNCsv dlevmm sts  best RefSeq 22q112 immunoglobutin lambda variable (IV)-59 peendogene
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www.ncbi.nlm.nih.gov/genome/guide/human



El tamano del genoma humano

3.234 millones de pb = 3,2 Gb

21.000 genes, aprox



o enética Medica

Ormacion Contacto

SIGUENOS:

¢Cuantos genes tiene el genoma humano?

GEMETICA MEDICA

Amparo Tolosa, Genética Médica News

Desde los inicios del Proyecto Genoma Humanao, alla por el arnio 1990, todao parecia indicar gue la
respuesta a una de las preguntas mas relevantes de la Genetica, |a de cuantos genes tiene el

genoma humano, estaba cerca

Las primeras estimaciones previas a la secuenciacion del genoma humano calculaban gue habia

e Tala)

unos 100.000 genes. Sin embargo, para sorpresa de muchos, el Proyecto Genoma Humano
reveld que el nimero de genes que codifican para proteinas era sustancialmente menor de lo
esperado: entre 30.000 y 35.000 genes. Desde aguel primer borrador del genoma, publicado
en 2007, el ndmero de genes se ha ido reduciendo poco a poco y hace no tanto se hablaba de
19.000 genes codificantes para proteinas. Pero lo que es cierto es gue todavia no hay un

namero oficial definitivo

SUSCRIBETE A GENETICA MEDICA NEWS

Nombre

gratuitas y eventos en el area de la Genetica
Medica y Genomica)
Suscribirme

Suscribete ahora a nuestro boletin de

notioias Genetica Me

0 en temas de
ymica Medicas

revistageneticamedica.com/2018/07/09/genes-genoma-humano/




Dogma Central expandido

Protein

RNA
M Transcription \“WNM m .
i g RNA processing Post-translational
Transcriptional regulation ; : as o
and translational regulation modification

3-Dimensional : : .
DNA Ep|gene[|c mRNA1 = Protein 1

structure changes MU .

mRNA2 P~ Protein 2 —>

Transcriptional > preRNA/ MNU @

complex v \
RNA3 Protein 3 —s- Mature
LU - Protein protein 3
Protein-DNA RNA-DNA AL @
rotein -

interaction interaction

Mature
protein 2

\ Mature
‘ protein 4

Small functional
\ RNA molecules MatL.;re
(e.g., miRNA, siRNA) protein 5

Feero et al (2010). Genomic Medicine, an updated primer. N Engl J Med 362: 2001-11. e NEW ENGLAND
JOURNAL of MEDICINE




Enfermedades genéticas
y diagnostico geneético



A Single-base-pair changes

Example: sickle cell disease, A—T in human
B-hemoglobin gene

e 4 Mutaciones en el
e e genoma humano

Example: oculocutaneous albinism, insertion of 1 base
pair, T-A

C Structural rearrangements

Chromosome 9

Chromosome 22

—_—
BCR

Feero et al (2010)
Genomic Medicine, an updated primer
N Engl J Med 362: 2001-2011

slocation

|
ABL IJ’A

Example: chronic myelogenous leukemia, chromosome 9
and 22 translocation, BCR-ABL gene fusion

The NEW ENGLAND
JOURNAL of MEDICINE




Mutaciones somaticas y
mutaciones germinales

. Mutant
\sector

-
Py
)
£ Normal
progeny

Normal
progeny
Germinal
tissue

Mutant #.}
sector/-
Yy Mutant

— =
——

progeny




Dos tipos de herencia

 Herencia mendeliana simple: son enfermedades
monogenicas (casi siempre enfermedades raras).

» Herencia compleja: son enfermedades multifactoriales
(casi siempre enfermedades comunes, aunque algunas
son enfermedades raras).



Herencia autosomica dominante

(Ej. Neoplasia endocrina multiple)



Herencia autosomica recesiva

(Ej. Fibrosis quistica)



Herencia recesiva ligada al X

(Ej. Distrofia muscular de Duchenne)



Ejemplos de enfermedades genéticas

Fibrosis quistica
Hemofilia

Sindrome de Marfan
Talasemia

Poliquistosis renal
Distrofia miotonica
Retinitis pigmentosa
Ataxias hereditarias
Sindrome de Prader-Willi
Cancer de mama y ovario
Osteogénesis imperfecta

Distrofia muscular de Duchenne
Enfermedad de Huntington
Neurofibromatosis

Enfermedad de Charcot-Marie-Tooth
Fenilcetonuria

Sindrome del X-fragil
Acondroplasia

Hemocromatosis
Hipercolesterolemia familiar
Neoplasia endocrina multiple
Enfermedad de Alzheimer



Cerca de 8.000 enfermedades
geneticas, de las cuales ya
podemos diagnosticar unas 5.000
(analizando genes individuales)



OMIM o
= Hopkins
Online Mendelian Inheritance in Man 3 University

MNucleotide Protein Genome Structure

3 d
Search OMIM [+ for |

[ Limits | Preview/index | History | Clipboard | Details |

E Show 20 E Send to |Z|

[ All: 1 1 OMIM URiSTS: 0 | OMIM dbSNP: 0 \

Display | Detailed

MIMID +113705
BREAST CANCER 1 GENE; BRCA1

MG, GeneTests, Links

Other entities represented by this entry
PANCREATIC CANCER, SUSCEPTIBILITY TO, 4, INCLUDED; PNCA4, INCLUDED

Gene map locus: 17g21
Description Bach to Top

BRCA1 plays critical roles in DNA repair, cell cycle checkpoint control, and maintenance of genomic stability. BRCAL forms
several distinct complexes through association with different adaptor proteins, and each complex forms in a mutually
exclusive manner (Wang et al., 2009).

Cloning Back to Top

Miki et al. (1994) identified cDNA sequences corresponding to the BRCA1 gene by positional cloning of the region on 17921
implicated in familial breast-ovarian cancer syndrome {604370). The deduced 1,863-residue protein with zinc- finger domains
near the M terminus. A 7.8-kb mRNA transcript was identified in testes, thymus, breast and ovary. There appeared to be a

complex pattern of alternative splicing. @

Bennett et al. {1995) found that the mouse Brcal gene shares 75% identity of the coding region with the human sequence
at the nucleotide level, whereas the predicted amino acid identity was only 58%.

Jensen et al. (1996) demonstrated that BRCA1 encodes a 190-kD protein with sequence homology and biochemical analogy
to members of the granin protein family, including chromogranin A (118910), chromogranin B (118920}, and secretogranin II,
also known as chromogranin C (1189307, They noted that BRCAZ2 also includes a motif similar to the granin consensus at the
C terminus of the protein. Both BRCA1 and the granins localize to secretory vesicles, are secreted by a regulated pathway,
are posttranslationally glycosylated, and are responsive to hormones. The authors stated that as a regulated secretory
protein, BRCA1 appears to function by a mechanism not previously described for tumor suppressor products. As reviewed by
Steeg (1996), granins are a family of acidic proteins that bind calcium and aggregate in its presence. Known members of the
granin family have been solely neuroendocrine or endocrine in origin; if BRCAL is a granin it will necessarily expand the protein
family boundaries.

www.ncbi.nlm.nih.gov/omim

My NCBI
Sign In] [Register

Table of Contents

MIM +113705
Description
Cloning
Gene Structure
Mapping
Gene Function
Molecular Genetics
Genotype/Phenotype Correlations
Evolution
Animal Model
Allelic Variants

- See List
See Also
References
Contributors
Creation Date
Edit History

Links

Selected Gene Related Links
KA Entrez Gene

Nomenclature

;1 Refseq
GenBank

I} Protein

7 UniGene
Other NCBI Links

BioSystems

Books

Free in PMC

GEO Profiles

Gene

Gene Genotype

GeneTests

GeneView in dbSNP




OMIM Entry Statistics

Number of Entries in OMIM (Updated September 12th, 2018) :

MIM Number Prefix Autosomal
Gene description ™ 15,153
Cene and phenotype, combined + 47
Phenotype description, molecular basis known # 4,960
Phenotype description or locus, molecular basis unknown % 1,450
Other, mainly phenotypes with suspected mendelian basis 1,656
Totals 23,266

omim.org/statistics/entry

X Linked

730

0

327

124

105

1,286

¥ Linked

49

Mitochondrial

35

31

Totals

15,967

49

5,322

1,578

1,764

24,680



Técnicas de diagnostico genético
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Teécnicas de secuenciacion de ADN

DNA sample

Fragment sample

]

Traditional sequencing

Clone fragments into
bacteria and select clones

Grow
bacteria,
isolate DNA

Create multiple copies
of single fragment

Sequence
about 100
fragments
in parallel
(=1 Kb
each)

0.1 Mb
of sequence per “run”

Next-generation sequencing

Separate fragments in
fluid or solid substrate

With or
without PCR
amplification

Create multiple copies
of multiple fragments

Sequence
millions of
fragments

in parallel
(50 to 100 bp
each)

>100 Gb
of sequence per “run”

Secuenciacion
mediante el método
de Sanger
VS
Secuenciacion NGS

Feero et al (2010)
Genomic Medicine, an updated primer
N Engl J Med 362: 2001-2011

The NEW ENGLAND
JOURNAL of MEDICINE

&




Extraccion y analisis del ADN (o ARN)



Acceso a las regiones relevantes del genoma
mediante PCR




The Human Gene Mutation Database at the Institute of Medical Genetics in Cardiff B I o B AS E
C. h s

| iff” ity sigh

®
HGMD BIOLOGICAL DATABASES

Search help Statistics What's new Background Publications i e iy
Gene symbol - Missense/nonsense -

- oy
adable results; 5. And much m the ma efite of HGMD Professional, take the tour

| d <] ¥
maintained by D.N. Coc .V.Bal, P.D. S A .D. Philli and M.E. Mort with the
*Please note that this less up-to-date public [y avai tered users from acade: nstitutions non-profit organisations. All commerc:
(4Ll Bl required to purchase a license from BIOB. : al is available to both commercial and academic/non-profit use shi
bl most up-to-date version of the database (see example HGMD Profe ut how HGMD is funded.
. ]

Free Biobase webinar: Introduction to H or diagno

. Public entries: Total entri
Description: smicnonpeofit | HGLID Drofssional 2

Mutation totals (as of 2010-11-10) 76676 105135

The gene description. gene symbol (as recommended by the HUGO Nomenclature Committee) and chromosomal
location is recorded for each gene. In cases where a gene symbol has not yet been made official. a provisional 2011 3889
symbol has been adopted which is denoted by lower-case letters.

cDNA sequence cDNA sequences are presented numbered by codon.

Single base-pair substitutions in coding regions are presented in terms of a triplet change with an additional flanking

base included if the mutated base lies in either the first or third position in the triplet.

Mutations with consequences for mRNA splicing are presented in brief with information specifying the relative
Splicing position of the lesion with respect to a numbered intron donor or acceptor splice site. Positions given as positive

integers refer to a 3' (downstream) location, negative integers refer to a 5' (upstream) location.

Substitutions causing regulatory abnormalities are logged in with thirty nucleotides flanking the site of the mutation on
Regulatory both sides. The location of the mutation relative to the transcriptional initiation site, initiaton codon, polyadenylation

site or termination codon is given.

Micro-deletions (20 bp or less) are presented in terms of the deleted bases in lower case plus, in upper case, 10 bp
Small deletions DNA sequence flanking both sides of the lesion. The numbered codon is preceded in the given sequence by the

caret character (™).

Micro-insertions (20 bp or less) are presented in terms of the inserted bases in lower case plus, in upper case, 10 bp

DNA sequence flanking both sides of the lesion. The numbered codon is preceded in the given sequence by the

Comparacion frente a las
bases de datos de mutaciones



Interpretacion biolégica de los resultados
Interpretacion clinica
Emision de un informe de utilidad clinica
Comunicacion al médico
Comunicacion al paciente
Toma de decisiones



Hacia la Medicina Genomica y
Medicina Personalizada

Del analisis de genes individuales al analisis del genoma completo



ey

The NEW hNGLAND JOURNAL of MbDlCINJ:

JuLy 22, 2010

The Path to Personalized Medicine
Margaret A. Hamburg, M.D., and Francis 5. Collins, M.D., Ph.D.

Major investments in basic science have created
an opportunity .'-'Dr -=j<rniﬂn:'=n- progress in

clinical medicine. Res
hundreds of g

to human il'ness, identified ge-
netic variability in patients’ re-
sponses to dozens of treatments,
and begun to target the molecu-
lar causes of some diseases. In
addition, scientists are developing
and using diagnostic tests based
on genetics or other molecular
mechanisms to better predict
patients’ responses to targeted
therapy.

The challenge is to deliver the
benefits of this work to patients.
As the leaders of the National
Institutes of Health (MIH) and
the Food and Drug Administra-
tion (FDA), we have a shared vi-
sion of personalized medicine
and the scientific and regulatory
structure needed to support its
growth. Together, we have been

archers have
s that ’-L irbor variations contributing

discovered

focusing on the best ways to de-
velop new therapies and optimize
prescribing by steering patiemts
to the right drug at the right
dose at the right time.

We recognize that myriad ob-
stacles must be overcome to
achieve these goals. These include
scientific challenges, such as de-
termining which genetic markers
have the most clinical signifi-
cance, limiting the off-target ef
fects of gene-based therapies, and
conducting clinical studies to
identify genetic variants that are
correlated with a drug response.
There are also policy challenges,
such as finding a level of regu-
lation for genetic tests that both
protects patients and encourages
innovation. To make progress,

N EMGLJ MED 3634 NEIM.DRG JULY 23, 2010

The New England Journal of Medicine
Downloaded from www nejm.org on Movember 2, 2010. For personal use only. Mo other uses without permission.

Copyright © 2010 Massachusetts Medical Society. All ights reserved.

the NIH and the FDA will invest
in advancing translational and
regulatory science, better define
regulatory pathways for coordinat-
ed approval of codeveloped diag-
nostics and therapeutics, develop
risk-based approaches for appro-
priate review of diagnostics to
more accurately assess their va-
lidity and clinical utility, and make
information about tests readily
available.

Moving from concept to clini-
cal use raquires basic, translation-
al, and regulatory science. On the
basic-science front, studies are
dentifying many genetic varia-
tions underlying the risks of both
rare and common diseases. These
newly discovered penes, proteins,
and pathways can represent pow-
erful new drug targets, but cur-
rently there is insufficient evi-
dence of a downstream market
to entice the private sector to ex-
plore most of them. To fill thae

void, the NIH and the FDA will




Aplicaciones de la Medicina Gendomica

Geneética Médica

Comprension de la enfermedad y desarrollo de
nuevos farmacos

Farmacogenomica y farmacogenética

Genomica personal: tests genéticos directos al
consumidor (!)



Farmacogenetica

y
Farmacogenomica



CONCEPTOS BASICOS

.org/tutorials/pharmacogenomics

www.phgfoundation



Hacia una prescripcion individualizada

Diagnostic test positive
likely to benefit
from treatment

Diagnostic test negative
Unresponsive to therapy

www.youtube.com/user/PHGFoundation#p/a/DFDD9CFF28132E1F/0/-6TEfYZQZnw



AtoZIndex | Follow FDA | FDA Voice Blog

U.S. Food and Drug Administration I
S)/A\

Protecting and Promoting Your Health

Most Popular Searches

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Tobacco Products

Drugs

© Home ©® Drugs © Science & Research (Drugs) © Additional Research Areas

Table of Pharmacogenomic Biomarkers in Drug Labels

. Pharmacogenomics can play an important role in identifying responders and non-responders to medications,
Additional Research Areas avoiding adverse events, and optimizing drug dose. Drug labels may cantain information on genomic biomarkers
and can describe:

& o

Genomics
Drug exposure and clinical response variability
Risk for adverse events

L]
Owerview of the Genomics Group a
» Genotype-specific dosing
L]
L]

Presentations on Genomics . :
Mechanisms of drug action

Publications on Genomics Polymorphic drug target and disposition genes

The table below lists FDA-approved drugs with pharmacogenomic information in their labels. Some, but not all, of
the labels include specific actions to be taken based on genetic information. Relevant sections of the label with
such information are noted in the last column of the table. Biomarkers may include gene variants. functional
deficiencies, expression changes, chromosomal abnormalities, and others. Microbial variants that influence
sensitivity to anti-infectives are not included in the table. Please note that the table columns can be sorted.

Pharmacogenomic information can appear in different sections of the label. For more information on the relevance
of information in various parts of the drug label (e.g. Indications and Usage, Dosage and Administration, Boxed
Warning, etc.). please go to the relevant labeling guidance. For information on the FDA's initiative to improve
prescription drug labels, visit the FDA/CDER Learn website.

Pharmacogenomic Biomarkers in Drug Labels

www.fda.gov/drugs/scienceresearch/researchareas/pharmacogenetics/ucm083378.htm



Pharmacogenomic Biomarkers in Drug Labels

Drug

Azathioprine

Flurbiprofen

Clamiphene

Tolterodine

Crospirenone and
Ethinyl Estradiol

Tiatrapium
Aripiprazole

Atomoxetine

A

Therapeutic
Area

-

Rheumatology

Rheumatology

Reproductive and
Urologic

Feproductive and
Lirologic

Reproductive

Pulmaonary
Fsychiatry
Psychiatry

Biomarker

TPMT

CYP2CY

Rh genotype

CYFP2D6

CYP2C19

CYP2DE
CYP2DE6
CYP2DE

Ak

Label Sections

4k

Dosage and Administration,
Warnings and Precautions, Drug
Interactions, Adverse Reactions,
Clinical Pharmacology

Clinical Pharmacology, Special
Fopulations

Precautions

Clinical Pharmacology, Drug
Interactions, Warnings and
FPrecautions

Precautions, Drug Interactions

Clinical Pharmacology

Clinical Pharmacology

Daosage and Administration,
Warnings and Precautions, Drug
Interactions, Clinical
Pharmacology
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An Introduction to the Improved FDA Prescription Drug Labeling -
Transcript

Welcome and thank you for participating in the Food and Drug Administration, Center for Drug Evaluation and
Research continuing education activity on the improved prescription drug labeling.

This activity is designed to give you a better understanding of:

» the revised prescription drug labeling,
» the format changes that were made. and
» why they were necessary.

We'll also discuss other labeling initiatives that are helping FDA fulfill its mission of promoting and protecting the
health of the American people in the 21st century.

Let me first introduce myself and my colleague who is presenting with me today. | am Mary Kremzner, a
pharmacist in the Center for Drug Evaluation and Research Division of Drug Information. And | am Steven Osborne,
Medical Officer in the FDA Center for Drug Evaluation and Research.

The goal of today's program is to make information about the revised prescription drug labeling clearer and more

easily understood. For teaching purposes, we're going to be using three fictitious drugs in this activity to describe
the nature of the labeling changes.

www.fda.gov/Training/ForHealthProfessionals/ucm090801.htm




GENOMIC MEDICINE
W. Gregory Feero, M.D., Ph.D., and Alan E. Guttmacher, M.D., Editors

Genomics and Drug Response

Liewei Wang, M.D., Ph.D., Howard L. McLeod, Pharm.D.,
and Richard M. Weinshilboum, M.D.

Wang et al (2011). N Engl J Med 364(12): 1144-1153.



A Tumor genome

EGF receptor

Gefitinib Tumor genome
Lung cancer
Gefitinib EGFR activating
mutations

(kinase inhibitor)

Increased tumor
sensitivity to gefitinib

B Germline genome

Low expression of UGT1A1 and
low level of glucuronidation

Germline genome

SN-38
(active drug)

Irinotecan

UGT1A1*28
(TA), TAA

Healthy liver @ é -
Irinotecan SN-38 UGT1A1 : g!ucuronide ;
(prodrug) (active drug) (TA)(TAA (inactive metabolite)

Germline genome

High expression of UGT1A1 and
high level of glucuronidation

Figure 3. Cancer Pharmacogenemics and Tumeor and Germline Genomes.

Both the tumor genome (e.g., in the case of gefitinib therapy) and the patient's germline genome (e.g., in the case
of irinotecan therapy) can contribute to pharmacogenomic variation in response to antineoplastic drugs. The tumor
genome plays a critical role in the response to gefitinib (Panel &), since the sensitivity of non—small-cell lung cancer
to this drug is enhanced by activating mutations in the kinase domain of the gene encoding epidermal growth factor
receptor (EGFR).*%® Tumeor EGFR encoding activating mutations within the kinase domain results in enhanced tu-
mor sensitivity to gefitinib. The rate of toxic effects associated with irinotecan (diarrhea and myelosuppression) is
increased in patients with seven TA dinucleotide repeats rather than the more common six repeats in the promoter
region of UGT1A1 encoding a UDP-glucuronosyltransferase in germline DMA, resulting in lower enzyme activity and
a decreased rate of drug metabolism (Panel B).%-52




Hacia los genomas personales

La secuencia de ADN que salvo al pequeno Nicholas
EE UU usa por primera vez esta técnica para evitar la muerte de un enfermo

DAVID ALANDETE - Washington - 08,/01/2011

Vota 7% ¥ 7577 ¥ | Resultado vy e Y 289 votos 2= e € || Twittear| 68 387
El pequeno Nicholas Volker, que ahora tiene seis arios, estuvo a punto de fallecer en .
. . . ~ - . I" 1o SUSCRIPTOR
numerosas ocasiones. Sufria no una, sino dos extranas enfermedades casi imposibles de dicion en I:F’[]F
identificar a través de sus sintomas. Cuando comia, se producian en sus intestinos unos Descubre nuestro visor de la edicidn im _
agujeros enormes, por los que las heces se colaban a una herida en su abdomen. Sufria Permite visualizarla y descargaria

intensos dolores. Desnutrido, en seis meses fue operado en mas de 100 ocasiones. En SUSCRIBASE
una de ellas le extirparon el colon, recubierto por una misteriosa tlcera amarilla. Vivia
asi desde los 23 meses, incapaz de comer ni un solo bocado durante la mayor parte de
su corta vida.

Los médicos pensaban que su dolencia podia ser

» Menos raras la enfermedad de Crohn, que provoca que el
sistema inmunitario ataque al intestino del
La noficia en ofros webs paciente. El tratamiento habitual era, sin
webs en espaiol embargo, inefectivo sobre Nicholas. En junio de
0 olros idoms 20009, su pediatra, el doctor Alan Mayver, decidio

pedirle a un grupo de especialistas del Centro de

El nifio sufr € und dﬂfﬂ?cm que le Genética Humana v Molecular del Colegio Médico
causa agujeros en el intestino

- . . . . Nicholas Volker. - CORTESIA DE JOURNAL SENTINEL NEWSFAPER
de Wisconsin que analizaran la secuencia genética  awp JoURNAL COMMUNICATIONS DN
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Personalized Medicine

vs Guideline-Based Medicine

Wdberger, MD, MBA
wston, MDD

Jeffres ) 0
Mired E. }

WO PHILOSOMICAL APPROACHES TO THE IMPLEMEN-
tation of optimal health care are emerging—the use
of evidence-based guidelines and the application of
personalized (or “precision”) medicine. Even though

both approaches have important merits, they both also can

present conflicring priorities that must be reconciled be-
fore they can be best leveraged

Evidence-based guidelines are generated based on the body
of clinical data available for a particular question. The highest
level of evidence assigned in a gusdeline ts based on muluple
randomized comtrolled clinical trials. In general, randlomized
climscal trials have specific inclusion and exclusion criteria de
signed to represent a population broad enough and sufficiemly
enriched to anain a requisite number of end poines and dem-
onstrate astatistically and clinically segnaficans difference in out-
come. Subgroup analyses (both those that are prespecilicd and
other post hoc analyses) are often performed to identify char-
actenstacs within the study population that are associated with

tex benefit from the intervention, with o benefin, or even

with harm. Yetthese analyses are accompanied by warnings that
findings shoukd be cautiously interpreted

Indeed, there 1s well-deserved skepiicism regarding the
utility and accuracy of subgroup analkysis from clinscal iials,
and these analyses are therefore generally not used in the
formulation of guidelines. Patients (including those en
rolled in trials) have multiple charactenstics, each of which
may inflluence the behavior and significance of other char-
actenstics. Analysis of a subgroup showing thata single char-
acteristic influences outcome s of limited clinical signifi-
cance unless multiple variables that may modify the
nnportance of the single variable are considered. However

f well-conducted analyses from muluiple sources demon-

strate concordant findings, perhaps these subgroup analy-

ses should be considered when guidelines are constructed
and revised, glven the impracticality of performing random-
ized clinical trialks to answer the question of appropriate-
ness for every possible subgroup

In the end, “the guidelines™ are usually established based
on the incluston criteria for the trial. The applicability of the
guidelines may be questioned, or even suspect, when individual
pattents within the heterogencous population o which the

02013 American Medical Assaciation, All rights rescrved

guidelines are applicd in clinscal practice differ in cenain criti-
cal characteristics from those of the trial population on which
the guideline recommendation is based, That is, the general-
zability of trial resudts to clinical practice may be compromised
by i number of factors s ol the trial, such
as where patients were recruited (eg. inpatient vs outpatient
venue, tertiary referral centers vs primary care centers)

The Presadent’s Council of Advisors on Science and Tech-
nology noted that personalized medicine “refers to the tai-
loring of medical treatment to the individisal characteris-
tics of cach patient. It does not literally mean the creation
of drugs or medical devices that are unique to a patient, but
rather the ability 1o classily individuals into subpopula-

Ived in execution

sons thas differ in theie susceptibility to a particular dis-
ease or their response Lo a specific treatment. Preventive ot
therapeutic interventions can then be concentrated on those
who will benefit, spanng expense and side effects for those
who will not.” Although the increasing anention directed
to personalized medicine has largely focused on the inter
action of an individual's genome with specific ireatments,
any individual characteristics that affect treatment out-
comes may be relevant to chinical decision making, Uf cer-
tain subpopulations within the total cohort of a clinical trial
were considlered unlikely to benefit from the intervention-
based, for example, on actual subgroup analysis—this hy
pothesis would need 1o be tested prospectively in a sepa-
rase chindeal il to achseve a sufficient level of evidence abous
the value of the intervention in this paticnt subpopulation
Although it is possible to make a case for equipotse in such
a stmation, once the gusdelines include this s ulation in
the general group in which the intervention & recommended
based on the resules (or entry enteria) of clindcal tials, it ks
diffscult 1o overcome the multidimensional resistance 1o ac-
wally testing “not providing the intervention” when the guide-
lines recommend otherwase, Thus, the development of ¢
dence-based guidelines based on a relatively broad set of
enrolbment criteria inhibats the subsequent development of pee-
sonalized medicine within this “enrollment criteria” space

e, CAcags, Binon (Or
partment of Moditine, Scth headl Dea
chunett:
Mrey | Goldborper, ML
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L Feu
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Next Generation Sequencing - NGS
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Figure 1 | Sequencing technologies are evolving, with many platforms now reaching maturity as a few
others have failed or are being phased out. The future face of sequencing is unclear, but a bountiful
sequencing capacity is assured for the future.

Mc Pherson (2014). A defining decade in DNA Sequencing. Nature Methods. Octubre 2014



The NEW ENGLAND JOURNAL of MEDICINE

Elizabeth G. Phimister, Ph.D., Editor

Diagnostic Clinical Genome
and Exome Sequencing

Leslie G. Biesecker, M.D., and Robert C. Green, M.D., M.P.H.

EQUENCING OF THE GENOME OR EXOME FOR CLINICAL APPLICATIONS,

hereafter referred to as clinical genome and exome sequencing (CGES), has

now entered medical practice.* Several thousand CGES tests have already
been ordered for patients, with the goal of establishing diagnoses for rare, clini-
cally unrecognizable, or puzzling disorders that are suspected to be genetic in ori-
gin. We anticipate increases in the use of CGES, the key attribute of which — its
breadth — distinguishes it from other forms of laboratory testing. The interroga-
tion of variation in about 20,000 genes simultaneously can be a powerful and effec-
tive diagnostic method.?

CGES has been hailed as an important tool in the implementation of predictive
and individualized medicine, and there is intense research interest in the clinical
benefits and risks of sequencing for screening healthy persons?; however, current
practice recommendations* do not support the use of sequencing for this purpose,
and for that reason we do not further address it here. We have also limited this
overview of CGES to the analysis of germline sequence variants for diagnostic
purposes and do not discuss the use of CGES to uncover somatic variants in can-
cer in order to individualize cancer therapy.

Because the success rate of CGES for the

identification of a causative variant is approximately 25%,> it is important to un-

derstand the basis of this testing and how to select the patients most likely to
benefit from it. Here, we summarize the technologies underlying CGES and offer

our insights into how clinicians should order such testing, interpret the results,
and communicate the results to their patients (an interactive graphic giving an
overview of the process is available with the full text of this article at NEJM.org).

NEJM. Junio 2014



SECUENCIACION DE EXOMAS (1)
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SECUENCIACION DE EXOMAS (2)

DNA Sequencing
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SECUENCIACION DE EXOMAS (3)

Analysis of Exome Sequencing
Results of exome sequencing

Advantages of Exome Sequencing:
Sequence reads Provides higher coverage of exons
Costs less

| -
' S— (B Is currently offered by more laboratories
1 sequence

A
ACCTTCCTCGTGGACTGLT

CGCCGGGGCTAGCC «—— Patient sequence

Sequence reads

T T T T T T T T T T T T T T T PTT T T T T T TP T T TTUT T «<— Reference sequence
ACCTACAGATGAACCTTCCTCGTGGACTGTCGCCGGGGCGAGCCTAGGTAAGTCC

Intron Exon Intron

Biesecker et al (2014). Diagnostic Clinical Genome and Exome Sequencing. NEJM. Junio.



EXOMA vs GENOMA COMPLETO

Analysis of Genome Sequencing

Results of genome sequencing Advantages of Genome Sequencing:

Is more sensitive and accurate than exome sequencing for
detecting structural variation, such as insertions, deletions,

and translocations (although both have limited sensitivity)
Sequence reads

Includes non-exonic regulatory regions, although these are

<~ Reference usually irrelevant to mendelian variation

sequence . . —_— . - -
Identifies common variants in intronic and intergenic

regions (most common complex-disease risk variants and
some pharmacogenetic variants)

CTACAGATGAACCTTCCTCGTGGACTG CGECGGGGETAGI.'.CTAGGTAAGTCCﬂ_—PaﬂEﬂtieqUEHEE

Sequence reads

T T T T T T T T T T T T T T T T T TTT PP T TTTIT T PTTTT TTTUT TTTT «— Reference sequence
ACCTACAGATGAACCTTCCTCGTGGACTGTCGCCGGGGCGAGCCTAGGTAAGTCC

Intron Exon Intren

Biesecker et al (2014). Diagnostic Clinical Genome and Exome Sequencing. NEJM. Junio.




CLINICAL GENOME AND EXOME SEQUENCING

with information representing the number of se-

Gl
quence reads generated (depth of coverage) and ossany

the accuracy of the genotype at each position.
The output file is computationally filtered in ac-
cordance with the clinical objective of the test
and the preferences of the laboratory. Typically,
the file is filtered for variants that are rare or
have not previously been reported (because it is
reasoned that a common variant cannot cause a
rare disease), variants predicted to cause a loss or
altered function of a gene, and variants previ-
ously reported to cause disease.**'*

CGES is most useful for the detection of sin-
gle-nucleotide substitutions and insertions or
deletions of 8 to 10 nucleotides or smaller; it is
less accurate for other types of genomic varia-
tion (Table 1). The yield of sequence reads is
inherently uneven across the exome (or genome)
— typical results provide adequate coverage of
85 to 95% of the targeted sequence. With exome
sequencing, there is also variable coverage of
flanking intronic regions, which may include
disease-causing variants that affect the splicing
of messenger RNA encoded by the gene (splice
variants).

Exome sequencing: DNA sequencing that targets the
exons of all genes in the genome. The exome makes
up about 1% of the genome, primarily exons of genes
that code for proteins. This type of sequencing is
sometimes referred to as “whole-exome sequenc-
ing,” even though coverage of the exons is not 100%.

Exons: Segments of genes that are spliced together after
gene transcription to form messenger RNA, which,
in turn, is translated into protein.

Expressivity: Variation in the severity of a genetic dis-
order among persons with some features of the
condition.

Filtering analysis: The process of excluding DNA vari-
ants from further consideration because of various
attributes, with the use of bioinformatics and manual
curation. For example, most filtering analyses exclude
synonymous variants (DNA variants that are pre-
dicted not to change the amino acid sequence of a
protein).

Genome sequencing: DNA sequencing that targets the
entire genome. It is sometimes termed “genome
shotgun sequencing” or “whole-genome sequenc-
ing,” even though coverage is not 100%,

Germline variant: A DNA sequence variant that was
transmitted by means of a gamete (sperm or egg) or
that was caused by a mutation in the zygote or at a
very early stage of fetal development and is pre-
sumed to be present in all of a person’s nucleated
cells.

INDICATIONS FOR ORDERING CGES Human genome reference sequence: A reference se-
quence that provides a haploid mosaic of different
DNA sequences from multiple donors, which is re-

vised periodically and is not necessarily normal.

Penetrance: The likelihood that a person with a caus-
ative variant in a gene has any recognizable symp-
tom, sign, or laboratory feature of the disease asso-
ciated with that variant.

Sanger sequencing: A method of sequence determina-
tion, invented by Frederick Sanger, that uses dideoxy
terminator nucleotide chemistry, with the reaction
products separated by gel electrophoresis.

(pensive. Patients can be of any age but are com-
monly children, since many genetic conditions
are manifested in childhood; evaluations are per-
formed because parents are searching for the
cause or for information to guide management
and treatment and desire accurate information

Variant: A difference in a DNA sequence in comparison
with the normal reference sequence. A variant may
be benign (sometimes referred to as a polymor-
phism) or pathogenic (sometimes referred to as a
mutation).

regarding the risk of recurrence, as noted below.

The preparation for ordering CGES should
include four key elements: gathering informa- other potentially relevant manifestations. For

and phenotypes.** In the literature, however,
there are many false attributions of disease to
variants, a problem that is in part due to the
conflation of association with causation.*s Clini-
cians reviewing the results of sequencing should
be aware of the possibility of a false attribution
of pathogenicity to a variant'® and should realize
that the chances of false attribution are in-
creased in CGES because thousands of genes are
tested simultaneously.

The clinical usefulness of identifying the
variant that is the cause of a previously undiag-
nosed syndrome or heritable disorder varies. In
some cases, it can lead to a specific treatment or
management strategy that dramatically changes
the clinical outcome.'® In the majority of cases
in which the finding does not change clinical
management, treatment, or prognosis, it may still
be useful because it can end an expensive, poten-
tially invasive, and stressful diagnostic odyssey.
The identification of the causative variant may
provide accurate estimates of recurrence risk
and facilitate preconception intervention or pre-
natal diagnosis for the affected patient or affected
or at-risk relatives. In adult-onset disease, one of
the most useful outcomes of successfully identi-
fying the causative variant is the subsequent
detection of presymptomatic, at-risk siblings for
whom screening or preventive therapy might
improve the clinical outcome. Examples include
enhanced surveillance or prophylactic surgery
for patients found to have a genetic susceptibil-
ity to cancer.

19 In addition,

findings unrelated to the reason for testing may

be found and reported, as described below. It
may also be important to discuss the cost of the
test with the patient. As is the case with many
medical services, assessment of the cost is com-

Table 2. Examples of Online Databases to Assist
Clinicians in Differential Diagnosis or Candidate-Gene
Identification for Rare Syndromic Disorders before
CGES Is Performed.

Free access (or an available free-access version)
Genetic Testing Registry (www.ncbi.nlm.nih.gov/gtr)
HuGE Navigator (http://hugenavigator.net/HuGENavigator)

Human Gene Mutation Database (www.biobase
-international.com/product/hgmd)

Online Mendelian Inheritance in Man (www.omim.org)
Phenomizer (http://compbio.charite.de/phenomizer)
SimulConsult (www.simulcensult.com)

Subscription or fee required for access

Isabel (www.isabelhealthcare.com/home/default)
London Medical Databases (http://Imdatabases.com)
POSSUM (www.possum.net.au)

published billing charge for some single-gene
sequencing tests, which is why exome sequenc-
ing can be more efficient in a number of clinical
scenarios. Some laboratories have reported that
third-party payers are reimbursing for this test-
ing, but practices vary widely, and patients
should understand this in advance.

INTERPRETING AND
COMMUNICATING CGES RESULTS

Clinicians should review the CGES results deliv-
ered by the laboratory geneticist and place the

considerations. Sometimes an identified variant
will spur additional history taking or an addi-
tional examination of the patient, which may re-
veal clinical features of a previously unrecog-
nized syndrome or lead to the conclusion that

(PEétest cotinseling is' particulatly important, ) findings into context with other relevant medical

the patient should be advised that incidental the variant is not related to the disorder in the

patient (Table 4).

In some cases, the CGES report from the test-
ing laboratory identifies a causative variant (or
two variants for a recessive disorder) in a single
gene that is considered sufficiently pathogenic

plicated by many factors. The published billing and specific that a diagnostic association with a

charge for CGES in most laboratories is in the

range of $4,000 to $15.000 per patient, with

heritable disorder is strongly supported. Such a
conclusion by the laboratory geneticist is typi-

Biesecker et al (2014). Diagnostic Clinical Genome and Exome Sequencing. NEJM. Junio.



© American College of Medical Genetics and Genomics

Genetics
inMedicine

REVIEW

Solving the molecular diagnostic testing conundrum
for Mendelian disorders in the era of next-generation
sequencing: single-gene, gene panel, or exome/genome
sequencing

Yuan Xue, PhD, FACMG', Arunkanth Ankala, PhD', William R. Wilcox, MD, PhD?
and Madhuri R. Hegde, PhD, FACMG'

Next-generation sequencing is changing the paradigm of clinical
genetic testing. Today there are numerous molecular tests available,
inchiding single- -gene fests, gene panels, and exome sequencing or
genome sequencing. As a result, ordering physicians face the conun-
drum of selecting the best diagnostic tool for their patients
genetic conditions. Si gene testing is often most appropriate for
condition inij

geneity. Next-generation sequencing-based gene panel testing, wl

can be complemented with array comparative genomic hybri

and other ancillary methods, provides a comprehensive and fea-
sible approach for heterogeneous disorders. Exome sequencing and
genome sequencing have the advantage of being unbiased regarding
what set of genes is analyzed, enabling parallel interrogation of most

INTRODUCTION
Next-generation sequencing (NGS) technology has been rap-
idly adapted to clinical testing and is radically changing the
paradigm of clinical diagnostics. In some cases, the technology
helps end the lengthy eJth for a genetic cause, referred to as
the ic ” These changes are apparent from the
rapid increase in the number of laboratories offering NGS-based
tests, the variety of diseases for which the tests are being uﬁlnd
and the number of such tests being ordered by ¢
April 2014, the Genetic Testing Registry listed more than
e-targeted clinical NGS panels comprising multiple gen
lable in both the commercial sector and academically af
ated clinical laboratories. Currently, there are approximately 10
clinical laboratories that offer exome sequencing (ES); genome
available from a handful of laboratories.
NGS tﬁhnnlng\' has the appeal of reducing the time and
cost of testing, especially when the sequencing involves a larger
number of genes, but i e
enarios? Does targeted single-gene analy
For gene panels, is including more genes always better? Why
choose gene panel testing when ES can give information about
all coding regions and is becoming more widely available? ES

The first two authors contributed equally to this wor

tory, Department of Hun
Submitted 2 May

GENETICS in MEDICINE

of the genes in the human genome. However, current limitations of
next-generation sequencing technology and our variant interpreta-
tion capabilities caution us against offering exome sequencing or
genome sequencing as either stand-alone or first-choice di i
approaches. A growing interest in personalized medicine

application of genome sequencing in clinical diagnostics, j
challenges must be addressed before its full potential can be realized.
Here, we propose a testing algorithm to help clinicians opt for the
‘most appropriate molecular diagnostic tool for each scenario.

Genet Med advance online publication 18 September 2014

Key Words: exome sequencing; gene panel; molecular diagnostic
testing; next-generation sequencing; single-gene test

may even have become the first-tier test to screen for genetic
causes for some ordering ph ns. The question of what
role the clinician plays in performing a detailed clinical 3
ment of the patient in order to choose the best diagnostic tool
is raised. Therefore, a comprehensive overvi mparing the
ifferent testing approaches and outlining the indications for
each test type is urgently needed. In this review, we evaluate
these genetic testing options in terms of clinical indications,
challenges in the interpretation and reporting of sequencing
variants, and technical strengths and limitations. We also pro—
pose a testing algorithm that may help ordering ph
for the most appropriate molecular diagnostic tool for
scenario.

INDICATIONS FOR SINGLE-GENE, GENE PANEL,
AND ES TESTING
‘The power of NGS-based tests has been demonstrated in many
reme example is a 50-hour offered at neo-
natal intensive care units that identified a genetic diagn
two children.! However, it is critical to note that the traditional
approach (e.g., single-gene testing and methylation analysi
still holds great value for many disorders. In a retrospective

is in

nical Division, Department of Human Gen ory University,

.2014.122




¢Qué test genético es el indicado en nuestro caso clinico?

Table 1 Indications for single-gene, gene panel, and ES tests
Testing option Indications Examples Reference

Single-gene test Minimal locus heterogeneity CFTR for CF 32

Distinctive clinical findings (e.g., X-ray, biochemical evaluation) clearly FGFR3 for achondroplasia; 4,33
point to a specific gene PAH for PKU

Limitations of NGS sequencing technology to detect trinucleotide repeat Fragile X; Prader-Willi and 34,35
disorders and disorders with epigenetic abnormalities Angleman syndrome

Gene panel Heterogeneity Muscular dystrophies panel 16
Disorders with overlapping phenotype—differential diagnosis Cardiomyopathy panel 36

Disorders share one manifestation but may have completely different Epilepsy panel 37
overall presentation

Diseases associated with genes from a common pathway or structure RASopathies panel 38
ES/GS? Extreme heterogeneity and de novo changes are the major mutations Autism, ID 39

Two or more likely unrelated phenotypes in one patient Oculocutaneous albinism 40
and neutropenia

No key phenotypic feature is present at the time when the test is ordered Kabuki syndrome 41

Phenotype is indistinct, and the real underlying cause is not easy to identify Congenital diarrhea; 42,43
Zellweger syndrome

CDG, congenital disorder of glycosylation; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; ES, exome sequencing; FGFR3, fibroblast growth
factor receptor 3; GS, genome sequencing; ID, intellectual disability; NGS, next-generation sequencing; PAH, phenylalanine hydroxylase; PKU, phenylketonuria; RASopathies,
a group of genetic disorders caused by pathogenic variants in genes that encode components of the Ras/mitogen-activated protein kinase (MAPK) pathway.

ES/GS selection is based on cost and ability to performance analysis. GS is typically performed at a lower depth than ES; the cost of performing the assay, performing analysis,
and storage is more than that for ES.

Xue et al (2014). Genetics in Medicine. Septiembre




¢Queé test genético es el indicado?

Clinical presentation suggestive of a genetic conditi

 Distinctive clinical features * Multiple nonspecific concerns

* Family history of a specific disorder * Autism and intellectual disability

* Indicative biochemistry, X ray, or * No gene panel available
complementary assays, etc.

Single gene involved * Multiple genes involved

Suspicion of epigenetic or
triplet repeat disorders

Single-gene

sequencing Negrs’tive after 1% = m P

i or 2™ visit(s)* gene panel te: Negative Negative | Heseal
T”F"Iet repeat (s) complemented wi ; Gene discovery
analysis exon CNV analysis Exome/genome

Methylation analysis

Figure 1 Molecular genetic testing algorithm. *This suggestion is based on the study by Shashi et al.?

Table 2 Comparison between single-gene, gene panel, and ES tests
Single-gene test Gene panel Exome sequencing

Phenotype Specific features point to one Genetically heterogeneous disorders Multiple nonspecific features;
level disorder associated with one gene extreme heterogeneity (e.g., ID)

Gene level Disease-causing genes Well-defined disease-associated genes All 20,000 genes with 4,600
medically well-defined genes
Variant level ~ Minimal VUS Fewer VUS than exome sequencing Large number of VUS
No IFs Less likely to find IFs Potential to find IFs
Technical Traditional Sanger: gold standard Need Sanger confirmation Need Sanger confirmation
1S5Ues for sequencing Overall higher coverage than exome sequencing Coverage is compromised

Sanger fillin for 100% coverage; complementary assays No Sanger fill in
such as targeted gene arrays to detect deletions/duplicatio

ID, intellectual disability; IF, incidental finding; NGS, next-generation sequencing; VUS, variants of unknown significance.

Xue et al (2014). Genetics in Medicine. Septiembre
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ABSTRACT

BACKGROUND
Whole-exome sequencing is a diagnostic approach for the identification of molecular
defects in patients with suspected genetic disorders.

METHODS
We developed technical, bioinformatic, interpretive, and validation pipelines for whole-
exome sequencing in a certified clinical laboratory to identify sequence variants
underlying disease phenotypes in patients.

RESULTS
We present data on the first 250 probands for whom referring physicians ordered
whole-exome sequencing. Patients presented with a range of phenotypes suggesting
potential genetic causes. Approximately 80% were children with neurologic pheno-
types. Insurance coverage was similar to that for established genetic tests. We
identified 86 mutated alleles that were highly likely to be causative in 62 of the
250 patients, achieving a 25% molecular diagnostic rate (95% confidence interval,
20 to 31). Among the 62 patients, 33 had autosomal dominant disease, 16 had auto-
somal recessive disease, and 9 had X-linked disease. A total of 4 probands received
two nonoverlapping molecular diagnoses, which potentially challenged the clinical
diagnosis that had been made on the basis of history and physical examination.
A total of 83% of the autosomal dominant mutant alleles and 40% of the X-linked
mutant alleles occurred de novo. Recurrent clinical phenotypes occurred in patients
with mutations that were highly likely to be causative in the same genes and in dif-
ferent genes responsible for genetically heterogeneous disorders.

CONCLUSIONS

Whole-exome sequencing identified the underlying genetic defect in 25% of con-
secutive patients referred for evaluation of a possible genetic condition. (Funded by
the National Human Genome Research Institute.)

N ENGLJ MED 369,16 NEJM.ORG OCTOBER 17, 2013

The New England Journal of Medicine

Downloaded from nejm.org on June 21, 2014. For personal use only. No other uses without permission.

IMPORTANCE Clinical whole-exome sequencing is increasingly used for diagnostic evaluation
of patients with suspected genetic disorders.

OBJECTIVE To perform clinical whole-exome sequencing and report (1) the rate of molecular
diagnosis among phenotypic groups, (2) the spectrum of genetic alterations contributing to
disease, and (3) the prevalence of medically actionable incidental findings such as FBNT
mutations causing Marfan syndrome.

DESIGN, SETTING, AND PATIENTS Observational study of 2000 consecutive patients with
clinical whole-exome sequencing analyzed between June 2012 and August 2014.
Whole-exome sequencing tests were performed at a clinical genetics laboratory in the

United States. Results were reported by clinical molecular geneticists certified by the
American Board of Medical Genetics and Genomics. Tests were ordered by the patient's
physician. The patients were primarily pediatric (1756 [88%]; mean age, 6 years; 888 females
[44%]. 1101 males [55%). and 11 fetuses [1% gender unknown]), demonstrating diverse clinical
manifestations most often including nervous system dysfunction such as developmental delay.

MAIN OUTCOMES AND MEASURES Whole-exome sequencing diagnosis rate overall and by
phenotypic category, mode of inheritance, spectrum of genetic events, and reporting of
incidental findings.

RESULTS A molecular diagnosis was reported for 504 patients (25.2%) with 58% of the
diagnostic mutations not previously reported. Molecular diagnosis rates for each phenotypic
category were 143/526 (27.2%; 95% Cl, 23.5%-31.2%) for the neurological group, 282/1147
(24.6%; 95% Cl, 22.1%-27.2%) for the neurological plus other organ systems group, 30/83
(36.1%; 95% Cl, 26.1%-47.5%) for the specific neurological group, and 49/244 (20.1%;

95% Cl, 15.6%-25.8%) for the nonneurological group. The Mendelian disease patterns of the
527 molecular diagnoses included 280 (53.1%) autosomal dominant, 181 (34.3%) autosomal
recessive (including 5 with uniparental disomy), 65 (12.3%) X-linked, and 1(0.2%)
mitochondrial. Of 504 patients with a molecular diagnosis, 23 (4.6%) had blended
phenotypes resulting from 2 single gene defects. About 30% of the positive cases harbored
mutations in disease genes reported since 2011. There were 95 medically actionable
incidental findings in genes unrelated to the phenotype but with immediate implications for
management in 92 patients (4.6%), including 59 patients (3%) with mutations in genes
recommended for reporting by the American College of Medical Genetics and Genomics.

CONCLUSIONS AND RELEVANCE Whole-exome sequencing provided a potential molecular
diagnosis for 25% of a large cohort of patients referred for evaluation of suspected genetic
conditions, including detection of rare genetic events and new mutations contributing to
disease. The yield of whole-exome sequencing may offer advantages over traditional
molecular diagnostic approaches in certain patients.

JAMA. doi:10.1001/jama.2014.14601
Published online October 18, 2014.

Copyright 2014 American Medical Assaciation. All rights reserved.
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El incierto futuro de la Genomica Personal

The dynamic Sun
in closeup p. 305

Does race belong on
the U.S. Census? p.307

PERSPECT

SCIENCE AND REGULATION

Changes on the horizon for
consumer genomics in the EU

Test results may no longer be available directly to consumers

By Louiza Kalokairinou,' Heidi Carmen
Howard,? Pascal Borry'

Ithough the direct-to-consumer (DTC)
genetic testing market has been de-
veloping for over a decade, effec-
tive oversight has been challenging,
with regulations remaining complex
and often unclear. Recent develop-
ments indicate that important changes in
the regulatory landscape may be immi-
nent. In November 2013, the U.S. Food and
Drug Administration (FDA) halted the DTC
genetic testing company 23andMe from
marketing its “Personal Genome Service”
without marketing clearance or approval,
which highlighted concerns over potential
adverse health consequences
POLICY of the genome-wide testing of-
fered (I). The company has no
timeline for when it will offer health-related
genetic testing again in the United States (2).
Meanwhile, in the European Union (EU), a
proposed regulation could limit availability
of such test results directly to consumers.
‘We describe this ongoing revision of the EU
in vitro diagnostic (IVD) medical device di-
rective and how this may drastically affect
market authorization of genetic tests.

The safety and performance of DTC ge-
netic tests entering the EU market falls
within the scope of Directive 98/79 on IVD
medical devices. In contrast to national leg-
islations in some EU member states, this di-
rective has had little or no practical impact
on the offer of DTC genetic t« Above and
beyond concerns over IVD medical devices
for DTC genetics, the need for revision of the
regulatory framework has been highlighted
by the rapid evolution of the health care in-
dustry, emerging weaknesses of the current

296 17 OCTOBER 2014 + VOL 346 IS: sciencemag.org SCIENCE

Kalokairinou et al (2014). Science . Octubre
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Figure 1 | Chromosomal locations of 114 cancer predisposition genes. Gain-of-function mutations in genes that predispose carriers to cancer are shown in
red. Loss-of-function mutations in genes that predispose carriers to cancer are shown in black.

Rahman (2014). Realizing the promise of cancer predisposition genes. Nature. Enero 2014




Cancer Cancer

genes with predisposition
somatic genes with
driver germline
mutations mutations

Figure 3 | Overlap between somatically mutated cancer genes and cancer
predisposition genes (CPGs). 468 genes with somatic driver mutations in
cancers are recorded in the COSMIC database of which 49 are also included
within the 114 CPGs.
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Imegen exoma

Imegen utiliza el método de analisis mas amplio del mercado con capacidad para
capturar hasta 19.369 genes y ofreciendo consejo genético personalizado a través de
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El Instituto en cifras

+ 1.200 enfermedades genéticas

+ 1.300 genes

+ 2.000 test disponibles

Portafolio en crecimiento constante
12.000 muestras procesadas cada ano
Plantilla de 80 personas



Ademas del diagnéstico, los
pacientes necesitan medicamentos

Investigacion traslacional



Con los genomas de referencia se
acelera nuestra comprension de los
procesos fisiologicos y las
alteraciones patologicas:
dianas terapéuticas y
desarrollo de tratamientos



VALENTIA BioPharma,
un laboratorio biofarmacéutico del Parque
Cientifico de la Universitat de Valencia

Creacion de herramientas para la comprension de las
enfermedades genéticas humanas



Analizando la expresion de los genes




Analizando mutantes para
comprender los fenomenos bioldgicos
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Aislando los genes relevantes




Manipulando el genoma de insectos para
comprender las enfermedades humanas
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Mecanismo de patogénesis de la
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Industrializando los procesos




El resultado de Valentia BioPharma

Una bateria de compuestos, potencialmente
terapéuticos, para combatir la distrofia muscular
miotonica, una enfermedad genética rara
(todos ellos en desarrollo preclinico)



Orphan Drug Designation

A candidate molecule against Myotonic Dystrophy

English (en)

PUBLIC HEALTH

European
Commission

European Commission > DG Health & Consumers » Public health > Reference documents » Register > Orphan Medicinal Products (alphab)

print version i [ (20 B I
egister of designated Orphan Medicinal Products (alphabetical)

Product EU Designation Designated Orphan Sponsor Designation date Tradename
Indication EU Centralised Nr
implemented by

Treatment of dystrophic Malentia BicPharma S.L




nature
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RM&-based therapeutics have generated significant attention in

recent years due to their potential to treat a variety of chronic and
rare diseases, and address targets that have proven to be
intractable to antibody and small-molecule approaches. To
highlight advances in delivery technologies and improved
chemistry that have propelled the clinical advancement of RMA-
based therapies (antizsense, siRMAs, aptamers, microRNA
mimics/anti-miRs and synthetic mRMA), Nature Biotechnology and
MNature Reviews Drug Discovery present a joint focus on RMA-

based therapies.
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{fe)y RNA-BASED THERAPIES

'MicroRNA therapeutics: towards
a new era for the management of
cancer and other diseases

Rajesha Rupaimoole and Frank J. Slack

Abstract | In just over two decades since the discovery of the first microRNA (miRNA), the field of
miRMNA biclogy has expanded considerably. Insights into the roles of miRNAs in development
and disease, particularly in cancer, have made miRNAs attractive tools and targets for novel
therapeutic approaches. Functional studies have confirmed that miRNA dysregulation is causalin
many cases of cancer, with miRNAs acting as tumour suppressors or oncogenes (oncomiRs), and
miRNA mimics and molecules targeted at miRMNAs (antimiRs) have shown promise in preclinical
development. Several miRNA-targeted therapeutics have reached clinical development,
including a mimic of the tumour suppressor miRNA miR-34, which reached phase | clinical trials
for treating cancer, and antimiRs targeted at miR-122, which reached phase | trials for treating
hepatitis. In this article, we describe recent advances in our understanding of miRNAs in cancer
and in other diseases and provide an overview of current miRNA therapeutics in the clinic.

We also discuss the challenge of identifying the most efficacious therapeutic candidates and
provide a perspective on achieving safe and targeted delivery of miRNA therapeutics.

MATURE REVIEWS | DRUG DISCOVERY VOLUME 16 | MARCH 2017 | 203

£ 20 F Macrnillan Publishers Limited, part of Springer Mature. All rights reserved.
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Table 1| Representative oligonucleotide-based drugs targeting miRNAs, repetitive RNAs and pre-mRNAs currently in clinical trials

Mirna MRX-34 dsRNA (liposomal miRNA mimic miR-34 targets  Solid tumoursand  Phase | 39,142
nanoparticle haematological
formulation) malignancies
Regulus RG-101 GalNAc-conjugated miRNA inhibitor miR-122 HCV Phase Il 143,144
RG-012 NA NA miR-21 Alportsyndrome  Phasel 145
RG-125 GalNAc-conjugated miRNAinhibitor miR-103/107  Nonalcoholic Phase| 146
(AZD4076) steatohepatitis
Roche Miravirsen LINA miRNA inhibitor miR-122 HCV Phase I 147-150
(SPC3649)
miRagen MRG-201 NA miRNA mimic miR-29b Cutaneous Phasel -
targets and pulmonary
fibrosis
MRG-106 LNA miRNA inhibitor miR-155 Haematological ~ Phasel =
malignancies
BioMarin Drisapersen 2'-0-methyl Exon skipping Exon 51 of DMD Phase I 51,52,58
(also known as phosphorothioate dystrophin {completed)
GS5SK-2402968 or pre-mRNA
PRO051)
BMN 044 (also 2-0O-methyl Exon skipping Exon 44 of DMD Phase ll 151
known as PRO044)  phosphorothioate dystrophin (discontinued)
pre-mRNA
BMMN 045 (also 2'-0O-methyl Exon skipping Exon 45 of DMD Phasellb 151
known as PRO045)  phosphorothioate dystrophin (discontinued)
pre-mRNA
BMN 053 (also 2°-0-methyl Exon skipping Exon 53 of DMD Phase /1l 151
known as PROD53)  phosphorothioate dystrophin (discontinued)
pre-mRNA
Sarepta Eteplirsen PMO Exonskipping  Exon 51 of DMD Phase Il 56
(also known as dystrophin
AVI-4658) pre-mRNA
SRP-4053 PMO Exonskipping  Exon 53 of DMD Phase I/l -
dystrophin
pre-mRNA
SRP-4045 PMO Exonskipping  Exon 45 of DMD Phase| -
dystrophin
pre-mRNA
lonis/Biogen  Nusinersen 2'-0O-methoxyethyl Exoninclusion  Intron7 SMA Phase I, 57,152
(also known as and phosphorothioate of SMNZ Phase Il
IONIS-SMNg,) chemistry pre-mRNA
IONIS-DMPK-2.5,,  2"-O-methoxyethyl, cET  Gapmer Exon 9 of DM1 Phase I/lla = 81
and phosphorothioate DMPK mRNA

chemistry
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miR-23b and miR-218 silencing increase
Muscleblind-like expression and alleviate myotonic
dystrophy phenotypes in mammalian models
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Diseccion del gen BRCA1 para mejorar el
diagnostico genético en cancer de mamay
ovario
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Amparo Tolosa, Ge

Investigadores de la Universidad de Washington han recreado y analizado el efecto de casi

4.000 mutaciones diferentes en el gen BRCAT con el objetivo de mejorar el consejo genético y

la interpretacion de las pruebas genéticas que estiman el riesgo a desarrollar cancer de mama

u ovario.
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Desarrollada una nueva metodologia molecular
para la deteccion de niveles minimos de células
tumorales en leucemia

GENETICA MEDICA

Miguel Gallardo, Unidad de Tumores Hematologicos, Programa Clinico, CAIO

El equipo del Or. Martinez-Lopez, del departamento de Hematologia Traslacional del Hospita
Universitario 12 de Octubre, ha desarrollado una nueva metodologia basada en la técnica de
Next-Generation Sequencing (NGS) por la cual es posible detectar niveles hasta ahora

indetectables de enfermedad en pacientes con leucemia mieloide aguda (LMA).
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Se resuelven las bases genéticas del Glitimo tipo de grupo sanguineo.

Desarrollada una nueva metodologia molecular para la deteccion de niveles minimos de células
tumorales en leucemia. Miguel Gallardo

La combinacidn de los biomarcadores H-FABP y GFAP permite identificar pacientes con posibles
lesiones cerebrales después de un traumatismo craneoencefalico leve.
Elena Palé, Alejandro Bustamante y Joan Montaner.

El descubrimiento de un nuevo tipo de célula pulmonar proporciona nuevas formas de estudiar
la fibrosis quistica.

Corrigen una mutacién responsable del sindrome de Marfan en embriones humanos.

Un ensayo clinico ofrece resultados prometedores para el tratamiento el angioedema hereditario.
Un estudio calcula el riesgo poligénico de desarrollar cinco de las enfermedades mas comunes.
TRATAMIENTOS

La FDA aprueba una terapia basada en ARN de interferencia para tratar una enfermedad rara.
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