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Biomedicino

»Estudiar processos
biologics amb l'ocbjectiu
final de d'entendre
malalfies, desenvolupar
tractaments i cures
efectives
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» Bioinformatica i Big Data

» Edicid genetica
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3 mil milions
de bases
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- La majoria de malalties tenen alguna base geneética

cardior')aﬁes) depenen de més d"un gen i'el medi
ambient té un rol important.

AN
P e rq U e El coneixement dels gens implicats en la malaltia, dels seus mecanismes de control i de
I'efecte dels SNPs i mutacions permetra:

voliem (i
volem) tenir
g e n O m eS 8 2. PREVENCIO: Evitar I'exposicié a factors ambientals que afavoreixin |'aparicié de

malalties. Avaluacié de riscos per exposicid a contaminants, agents quimics o radiacions.

1. DIAGNOSTIC: tests genétics per detectar predisposicié a malalties

3. TERAPEUTICA: - Terapia génica - Farmacogendmica: drogues personalitzades. Disseny de
medicaments especifics per a un patrd genétic determinat. Reduccio dels efectes
secundaris en coneixer la capacitat genetica del pacient per assimilar-los.
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Evolucid de la seguenciacio

nature 2001: el genoma huma (public)
\Qi&%ﬂ 2.7G$, 11 anys

7
_ A 2007: 454
ol 1M$, 3 mesos
~ 2001: el genoma 2008: ABI SOLID
6T 8 huma (privat) 60K$, 2 setmanes
e 100M$, 3 anys ® 2010: 15K$,
4+ . pocs dies
2009: lllumina, o
Helicos
>dk 40-50K$
2019: 10009,
<48 hores
2000 2005 2010

any



Pero quina es la realitat de la
sequenciacio avui¢

3 mil milions de bases 36-100 bases
___3.000 000 000 bps

30 milions de sequencies !l



Reconstruir un genoma és un simple trencaclosques
de 300 milions de peces!

30 milions de sequencies !l




Non-LTR
retrotransposons
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Un COMPLEX trencaclosques
de 300 milions de peces!




Un COMPLEX trencaclosques
de 300 milions de peces!

50%
repeticions

30 milions de sequencies !l



Comparacio amb l'assemblatge
del genoma huma

Identification of genetic differences in comparison to a reference

reference  TGGACCATCTGGTTGAGCATGTGGGGGTCAACTCCCACATTCCCAGGGAGCCCCCGG

TG CATCTGGTTGAGC TGGGGGTCAAC CACATTCCCAGGGA Cit‘CCCGG
TGGACCATCTGGTTGAGCACGTGGGGGTCAACTTLCACATTCCCAGGGAGGCCCCGEG

T
I ¢ /
\l 4
ref/ref refialt alya reflal
/o (13 / 153
homazygous reference heterazygous homozygous allematve heterozygous

Aligned CATCTGGTTGAGC TGGGGGTCAAC CACATTCCCAGGGAGCLCCCGG
sequencing data GGGGGTCAAC CACATTCCCAGGGAGCLCCCGG
derived from the GGGGGTCAAC CACATTCCCAGGGAGCLCCCGG

sample TGGGGGTCAAC CACATTCCCAGGGAGCLCCCGG

TGGGGGTCAAC CACATTCCCAGGGAGCLCCCGG

GGGGGTCAAC CACATTCCCAGGGAGGCCCCGG

TGGGGGTCAAC CACATTCCCAGGGAGCLCCCGG

GGGGGTCAAC CACATTCCCAGGGAGCLCCCCGG

TGGGGGTCAAC CACATTCCCAGGGAGGCCCCGG

CATCTGGTTGAGC GGGGGTCAAC CACATTCCCAGGGAGCICCCCGG

rel/ref ref/alt alt/alt
00 heterazygous V1
homazygous reference 50% alternative allele homozygous alternatrve - 78
0% alternative allele 100% allernative alisle 20% allernative
allele
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(log scale)
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Developments in
High Throughput Sequencing
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Com es troben les mutacions “sencilles”¢
Malaltia (sindrome de Kabuki)

nature
g‘.‘ﬂCUCS

10 pacients

ng identifies MLL2 mutations as a cause

of Kabuki syndrome

i a4

3 PASsSOs:
« Buscar variants en comu entre pacients

« Buscar variants que no fingui la resta de la poblacio

« Buscar variants que «trenquiny un gen




Diagnosis pre-natal

Methods of prenatal diagnosis

INVASIVE NON-INVASIVE

® Genetic amniocentesis e Ultrasonography (US)
(GAC)

Chorionic villus sampling
(CVS)

Chordocentesis (percutan o (Fetal cells and) cell-free
umbilical blood sampling fetal DNA in maternal
— PUBS) blood (NIPT)

Circulating Fetal Cells

Chorionic Villi

1 Enter the bloodstream (~6 and 12 weeks)
1 Fetal cells, only 1/100,000 in mother’s blood
1 Techniques need to be developed



GERM-LINE MUTATIONS

Germ-line (. J

mutation < 1

Entire
organism —
carries the
mutation

4144
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Cancer

Primary tumor Metastasis 1

@

Normal cell

®

Founder clone

Metastasis 2

@eCe

Subclones

First relapse
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¥ Pathogenic mutations

Clonal fractions at initial diagnosis

* DNMT3A, NPM1, FLT3, PTPRT, SMC3

Chemotherapy

Relapse enriched (cluster 3) @ Relapse specific (cluster 5)
Relapse enriched (cluster 4) © Random mutations in HSCs

AML1/UPN933124

Mutations:
Founding (cluster 1)
® Primary specific (cluster 2)

Cell type:
@ Normal @ AML

30x whole genome

Standar

Basic analysis

PRIMARY
TUMOR

RELAPSE

CLONAL
EVOLUTION

5 driver mutations,
1 cell of origin, 2 subclones

50x exome
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ONE GENOME FROM MANY

Sequencing the genomes of single cells is similar to sequencing

fhose from multile cals — but evors are mre kel
» Standard genome sequencing
Loaasd
SR > &
282> g ]

A sample containing thousands to DNA s extraxted from allthe nuclei DNA s broken into fragmerts The sequences are assembled to give a
millions o cels is isobted. and then sequenced. common, ‘coasensus’ sequence.

» Single-cell sequencing
°
ONAampification
A single ol is difficult to isolate, but The DNA is extracted and amplified, Amplified DNA s sequenced. Errors introduced in earlier steps make
it can be done mechanically or wth during which errors can creep in. saquence assembly diffcat;the final
an automated cell sorter. ‘sequence can have gaps.
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Microbiomes

= Gut microbiota’s

Gettlng to know your gut microbiota

undreds of trillions) of bacteria and other microorganisms
inhabit your intestines fulfilling key functions for your health and wellbeing

= Bacteria are

weight can

reach up to / /

of our own bacteria
located in the
gastrointestinal

(GI) tract

times smaller
than human cells’

= The Gl tract = In our body microbes
surface s as big outnumber human
as 2 tennis courts cells by

BERERBRAEE

¥ Laid end to end, our
body’s bacteria would
circle the earth

Table 1. Changes in the Gut Microbiots Associated with Disease

Implicated M

Alergues

Lactobacilus spp. |

Bifidob acerium adokescentis |

Clostridum difficle |
Sea5e

Bacteroides wigatus 1
Eschedchia coli

Bacteradetes 1
Pratecbacteria 1

Lactobacillis |

Firmicules/Bacterocidetes ratio |

Methanobrey bac e smil

Methanobrey bacter smi

IBD sDeease
Bacteroides ovalue |
Bacteroides wuigatus |
Bacteroides uniformis
IBD

Bacteradetes |
Lachnospimceae |
Actnobacteria |
Prateobacteria |
Clostricium leptum |
Clostridium coccoides |
Faecalibactedum prasnitsi |

Firmicutes/Bacteroidetes ratio |

Bifidobac e ria
Type
Firmicutes |
Clostrica |

eady cobnizaton with Lactobacilius associated widecrensed allergies

eafy cobnizaton with more diverse microbiota
might prevent dlemgies

H. pyflori tolerance mediated by Tregs hal suppress asthma
higher dversity (Shannon-Wiener index) in

Celiac's disease patents versus contmoils

impartant element in carcinogenic pathway for developing gastic

adenocainomas

increased bacteral dversity in fecas of autistic children compared
1o controls

significant changes ih gut microbiota are associsted with
inceasing obesity

Bacteroidetes, Fimicutes, and Lactobacilks similar to
jean patients, though M. smithii significantly increased

less diversity in patents with Crohn's disease compared to
neathy patients

IBD associsted with overall community dysbiosis rather
than single causal bacterial species

shifis in gut microbiota associsted wih ingeases in plasma
glucose concantmtions

Round et al., 2011
Round and Mazmarnian, 2009

Amold et &, 2011

Hirav & a_, 2011

Latheop o &, 2011

Ley & &, 2005: Plughoeft and
Versalovic, 2011

Loy o & 2006
Tumnbaugh &t al, 2008b

Armougom et al., 2008,
Pliughoaft and Versalovic, 2011

Dicksved o al, 2008

Spor etal, 2011;
Perry et al, 2006

Bacteroides-Prevotela | varsus
Clostridia coccoides-Eubactentim
rectale |

Benprokobacteria
Bacteradstes Firmicutes ratio t

versus diseased individuals




Medicina

° .-"x‘\_.IDFFfR’F'Z‘?.-a’-h_'Z 38% i il il i\
personalitzado P
ASTHMA DRUGS 40% T T T 1|
DIABETES DRUGS 43% i i\ i| i| I
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persones azuemersorues 7o% IR PR P R T Y
Eviteu reaccions adverses CANCER DRUGS 75% i i! i! i! i li i ||
als medicaments
Redueix els costos de
tractament [Do You wavE THE Gene varuwT? |
Deteccid precog de la
malaltia
Millor prondstic de la PV |£3
progressio de la malaltia Piok-Up ),
Facilitar la medicina
preventiva proactiva
b~

Moltes medicines no funcionen per a tothom




Que podem esperare

»En 10 anys:

»- Genoma sencer de oot oy man Genom fesearc- @ (D) -

0,1% de la poblccién Thanks to everyone who attended this week's

mundial. #Genomics2020 Strategic Planning Workshop.
#ICYMI visit bit.ly/2MvKPfT to see the entire

»- Malaltia freqUents: > webcast. &8 Mike Pazin, NHGRI
1000 malalties amib risc ' NN
poligenic, variants i gens
causals.

»-Malalties rares: > 95%
entendrem la base 237 PM - 24 Jan 2019
genética i entraran de
rutina en sequenciacio
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3 etapes en la nostra especie



How Crispr-Cas9 Works

Until a few years ago, altering an organism’s genome was a cumbersome process, usually involving insertion
of long strands of DNA or entire genes. Now scientists can cut and paste precise units of the genome.

Guide RNA (Crispr)

DNA-cutting
Targeted DNA enzyme (Cas9)

sequence

Cas9 cuts
the DNA

RNA seeks
targeted DNA

o Researcher identifies e Researcher engineers a guide e Guide RNA finds targeted e DNA repairs itself.

a specific sequence RNA to match the targeted DNA sequence on the Engineered sequence
of DNA to modify. DNA sequence. Guide RNA genome. Cas9 cuts the DNA of DNA can be
is attached to a DNA-cutting strand at the target, preparing inserted into the gene
enzyme known as Cas9. it for repair or replacement. to further modify it.

Arriba la revolucio:
CRISPR/CAS9

Emmanuelle Charpentier (Sueciaq)
Jenniffer Doudna (EEUU)
Francisco Mujica (Spain)




10 AMAZING THINGS SCIENTISTS DID WITH CRISPR

1. CANCER
2, HIvV
: , Cas9 PAM
3, CHRONIC PAIN Genomic DNA 3 /4
4. LYME DISEASE {m QI} Target Sequence {m ul}(
5, MALARIA N ﬁﬂ
. CROE TR

T
7. HUNTINGTON'S DISEASE Guide RNA i

crRNA
8. PREVENTING BLINDNESS ’ L\
4, DUCHENNE MUSCULAR DYSTROPHY tracrRNA
10. EDITING A VIABLE HUMAN EMBRYO

s
powee |

Per a que serveixe




Immunizing
Animal Reservoirs

of Disease
Safely Controlling

Gene Drives and

Transgenes
Human Health

Controlling
Vector-Borne

Disease . RNA-Guided

i\ Gene Drives

New Tools for

Nontoxic Ecology

Pesticides &
Herbicides

Aiding
Threatened

Species ‘%

Environment

Controlling
Invasive
Species

Sustainable
Pest
Management
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HOW AN EMBRYO CAN BE ‘EDITED’ TO PREVENT HIV

A single sperm

is placed into a
single egg to create
an embryo. At the
same time, the

> Embryo
repairs itself

CRISPR-Cas9
acts like

: molecular ‘scissors’ to
: snip out part of the
: DNA bhefore the

Healthy embryo

This knocks out
agene called

: CCRS5, which creates
: the ‘doorway’ protein
: thatlets HIV into \

gene- editing tool : embryo has even : human cells
R-Cas9is added : divided into four cells :

News  Genome Editing i

He Jlankm Flred in Wake of CRISPR
Babies Investigation

By Kevin Davies - January 21,2019 80

| la
polemica®
curar vs
millorar



BIOMEDICINA Y SALUD: Ciencias clinicas

Un farmaco biologico para tratar el
cancer de retina en nifnos

5 DLE0 o

Una investigacion liderada por el Hospital Sant Joan de Deu de Barcelona ha probado la eficacia de una
nueva inyeccion intraocular contra el retinoblastoma en dos pacientes pediatricos. Para acabar con el
tumor de la retina sin recurrir a la extirpaciéon quirtrgica del ojo, este método —desarrollado a partir de un
virus que mata las células cancerosas— se combinaria con la quimioterapia.

Mas informacion sobre: enucleacion retinoblastoma 0jo  quimioterapia

Elena Turrion | | 23 enero 2019 20:00

Nifio con retinoblastoma. / Wikipedia

Fent server
Virus
modificats

geneticament
per curar
cancer
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