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Los origenes...

La bioinformatica que hoy conocemos ha surgido en torno a la gendmica,
jugando un papel clave en su desarrollo

Pero sus fundamentos conceptuales vienen de mucho mas atras: Biologia
tedrica, Biologia computacional, Biocomputacion...

La informacidn es un concepto fundamental en Biologia
Primero se descubrid su transmision: leyes de Mendel

El contenido en informacion es lo que mas distingue a un ser vivo de algo
que no lo es (Muller, 1916)

What is Life? (Schrodinger, 1943): Cristal aperiodico, portador de informacién



Los origenes...

* Biologia Molecular: moléculas informacionales (ADN y proteinas) -> la
informacion bioldgica es digital, no analdgica

* Un ser vivo no es mas que la realizacidon de un programa genético
(Waddington, Longuet-Higgins, Jacob, Luria...)

* Secuenciacion de ADN y proteinas: el estudio del contenido en informacion de
los seres vivos se convirtid en un topico del mayor interés

* Pero el lanzamiento del Proyecto Genoma pronto produjo una acumulacion
explosiva de secuencias que reclama la atencidén prioritaria de los
bioinformaticos...



El desarrollo...

Secuenciacién de proteinas y ADN, primeras bases de datos: EMBL-Bank (Heidelberg, 1980), GenBank (Los Alamos,
1982)...
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El desarrollo...

Swiss-Prot = UniProt;:

Prot s

swissrot
3D structures: PDB, Cambridge (UK), Brookhaven (USA), 1971

PDEB

PROTEIN DATA BANK

Software para analisis de secuencias: Genetic Computer Group (Wisconsin, 1982), EMBOSS (EMBL, 2000)
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El Proyecto Genoma Humano

* Fue una iniciativa internacional lanzada en 1990 ‘to identify and map all of the
genes of the human genome from both a physical and a functional standpoint’

* La primera secuencia de referencia del genoma humano se publicé en 2003
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Hoy ya vamos por el ensamblado de referencia hg38 (2013):
https://www.ncbi.nlm.nih.gov/assembly/GCF_000001405.39

GRCh38.p13
Description: Genome Reference Consortium Human Build 38 patch release 13 (GRCh38.p13) Global statistics
Organism name: Homo sapiens (human) Number of regions with alternate loci or patches 358
BioProject: PRINA31257 10:3: A 'lengtthh ;gz:;gg:g:
i . otal ungappedad len ’ ) )
Submitter: Genome Reference Consortium sapp g
Gaps between scaffolds 349
Date: 2019/02/28 Number of scaffolds 472
Assembly type: haploid-with-alt-loci Scaffold N50 67,794,873
Release type: patch Scaffold L50 16
Assembly level: Chromosome PUITHG? O GRITiTES 998
Genome representation:  full Sotighi>o SHARE
RefS t . f Contig L50 18
€1>€eq category:  reference genome Total number of chromosomes and plasmids 24
Number of component sequences (WGS or clone) 35,613

Contigs are continuous stretches of sequence containing

There are already 227 assemblies for this organism! )
only A, C, G, or T bases without gaps

Scaffolds are created by chaining contigs together using
additional information about the relative position and
orientation of the contigs in the genome

Alineadores graficos (como HISAT2 and HISAT-genotype) -> representaciones graficas del genoma, capaces de incorporar
todas las variantes, tanto puntuales como estructurales, en un solo pan-genoma.



El desarrollo explosivo...

Next Generation Sequencing (NGS) -> Secuenciacidon de genomas a gran escala
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Read Length Histogram

Summary read length distribution
Estimated N50: 160.96 Kb
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Telomere-to-telomere assembly of a complete human X chromosome

Date: 16th August 2019
Source: BioRxiv
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Figure 1. CHM13 whole-genome assembly and validation. (a) De novo assembly of the
CHM13 genome using 39x of ultra-long Nanopore sequencing combined with 70x PacBio
sequencing. Gapless contigs are illustrated as blue and orange bars next to the chromosome
ideograms (two colors used only to better highlight contig breaks). Several chromosomes are
broken only at centromeric regions (e.g. chrl0, chrl2, chrl8, etc.). Large gaps between contigs
(e.g. middle of chrl) indicate sites of large heterochromatic blocks or rDNA arrays where no
GRCh38 reference sequence is available. (b) The X chromosome was selected for manual
assembly, and was initially broken at three locations: the centromere (artificially collapsed in the
assembly), a large segmental duplication (DMRTC1B, 120 kbp), and a second segmental
duplication with a paralog on chromosome 2 (134 kbp). The relative placement of gaps in the
GRCh38 reference are shown in the annotation track in black, known segmental duplications
that are in red (with segmental duplications with paralogous sequence on the Y chromosome
indicated in pink). Positions of repeats larger than 100 kb are indicated with the repeat sizing
for use under a CCO license.

T2T genomics!



1000 Genomes
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A Deep Catalog of Human Genetic Variat,i;mmt.
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e Caracterizacion de la variacion genética en el genoma humano

* La mayor parte de las variantes genéticas se localizan en las regiones no-codificadoras del
genoma > elementos reguladores

e (Cada ser humano lleva por término medio 200-300 variantes de pérdida de funcion (LOF)

 Una variante cada 20 bp!



ENCODE
Encyclopedia of

DNA Elements

El proyecto ENCODE
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. La ‘Encyclopedia of DNA Elements’ (ENCODE) surge de una colaboracion internacional iniciada en 2003.
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Principales hallazgos de ENCODE (Nature 515, 355-364, 2014)

La mayor parte del genoma (80.4%) se puede asociar con al menos una funcién en alguno de los 147 tipos
celulares analizados. Puesto que puede haber hasta 2.000 tipos celulares, este porcentaje podria llegar a ser
mucho mas alto!

Muchas de los elementos funcionales encontrados se localizan en las regiones no-codificadoras (fuera de los
genes).

Muchas enfermedades se asocian con un determinado factor de transcripcidon que varia entre tipos celulares.

v90 released!

New software version released!



mRNA-Seq whole-transcriptome analysis
of a single cell

Fuchou Tang, Catalin Barbacioru, Yangzhou Wang, Ellen Nordman, Clarence Lee, Nanlan Xu, Xiaohui
Wang, John Bodeau, Brian B Tuch, Asim Siddiqui, Kaigin Lao™ & M Azim Surani =

Nature Methods 6, 377-382 (2009) ~ Download Citation

Each cell is unique

Bulk analysis Averages
contributions of
individual cells

Single-cell analysis Cell types

clearly defined

40x increase in number of publications in last 10 years
1000
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BRCA1 Gene Expression from GTEx (Release VE)
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Single-cytosine resolution
methylomes: DMRs, DMls, DMCs

Prof. José L. Oliver

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

>>  »>> zoomin 1.5x

move <<< << < >

3x  10x base zoom out 1.5x

3x

10x

chr19:2,248,838-2,256,966 8,129 bp. ‘ enter position, gene symbol, HGVS or search terms

100x

chri9 (p13.8) [ Jopis. 3 ]

15015, 1]

Scale
chris: |

Strict set

sTLeer_soteen || 0 WIL | (WM 0 |
sTLeez_spreen | [ LT 11O O |
STL88: Teen [ LW WTT T H0AWE W1

2 Ko}
2,252, aaal 2,255, 8ol
UCSC_SMnotATions of RefSeq RNAS (NM_s and NR.

| 2,254, a66|

| ha3s

%)

2,255, aa8|

2,258, 808|

-
CpG_is1ands by CRGC lUster - STrict set

Methy lat ion_Maps

MIR4321

JSRPL

1JKYN_lower_lea_skin |
1aKYN_pancreas_koay | | ||
1JKYN_spleen |
1JKYN_testicle |
1IKCYN_Thyr id_g 1and | I
1JKYN_upper_Teft_lung_lobe AT
1K2DA_adrenal_gland Ii
1K2DA_pancreas_body I ‘I
|
I

1K2DA_prostate_sland
1K2DA_STomach
1K2DA_testicie
1K2DA_T ibial_nerve 1
1LGRE_Gdrenal_gland Il
1LGRB_ovary (Il

ILORE_t ik ial_nerve 1l

1LVAN_ lower_leg_skin [l
1LVAN_owary |

1LUAN_sp leen |
1LVAN_STomach |
1LVAN_thuro id_g land. |
1LVAN_upper_ 1e8ft_lung_ 1obe. |
AS43_a 1veo | ar_adenocar cinoma
GM12878_lumphok 1asto id_ce 115
GM23248_arn_f ibrob 1asts
H-22516_heart |
H-23763_large_intest ine I
H-23763_sma 1 1_intest ine I
H-24720_ske letal_trunk_muscle
H-24516_Stomach
H-24943_p 1acenta
H-24943_spinal_cord 1T
H-24943_Thumus [N
H-24596_leg_nusc le 11l
H-25665_adrenal_gland I
Hi_embryon ic_stem_ce11s |
Hi_mesenchuna |_stem_ce11s |‘
I

He_hepatocutes
HI_smooth_muscle_cells

HSMM_S ke 18Ta 1 _IUS < 18_muoh 1St
HUES64_e ctoderm |

HUESE4_enibryon ic_stem_ce 115 |
HUESE4_endodern |

HUESE4_mesodern |

HeLa-S3_cery ical_adenocarcinoma
HepG2_hepatoce ] 1Ular_carcinoma |1
IMR-98_feral_lung_f ibrob1asts T
KS62_chron | C_mye 1028nous._. 1euken ia 1 1w
OCI-LY¥7_hon_Hodak ins_B_ce 1 1_ lumphoma i
RO-81549_CO34p_inye 10 id_progen itor 1 |
RO-82835_B_ 1yiiphacytes | ]
RO-62835_CD1i4p_monocytes
RO-92635_NK_ce 115 |

RO-0235_T_ lumphocdtes I
SK—N-SH_hone_marrow_metastat ic_neuroh 1astons I
STL@01_ad ipose_t issue
STL@01_left_ventricle |
STLEG1_ps0as_muscle
STLO81_right_ventricle I

STL@81_s igmo id_co lon |
STL81_Small_intestine
STL#B1_stomach

STL@02_ad ipose_t issue T
STLO02_adrenal_gland I i

£TLO62_aorta [T

STLEB2_pSoas_muscle |l

STLOB2Z_Sna | I_intest ine Il
STLO82_stomach |

STLOS3_ad ip0se_t issue | |
STL883_adrenal_gland |
STL#B3_left_ventricle 1o

Il

|

|

I

|

STLBO3_r ight_atr jum
STLBAS_right_ventricle |
STLOB3_S igmo id_co 1on |

I

|

STLOB3_small_intest ine
TLO83_stomach

I
(578 dohors)

Methylat ion_Maps

J
I |III'IHI\
i
il
Jm

move start

< |20 >
track search

Universidad de Granada

dafault tracks dafanlt ordar

hide all

add custom tracks

track huhs confianra mi

reversa

Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars
or labels up or down to reorder tracks. Drag tracks left or right to new position. Press "?" for keyboard shortcuts.

resize

move end
< 2.0 >
refrash

http://www.ugr.es/~oliver



A DMRs DMGs
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Reconstructing Denisovan Anatomy Using DNA Methylation Maps
David Gokhman, Nadav Mishol, Marc de Manuel, David de Juan, Jonathan Shuqrun, Eran Meshorer, Tomas Marques-Bonet, Yoel Rak, Liran Carmel
Cell, Volume 179, Issue 1, Pages 180-192.e10 (September 2019)
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DNA hypermethylation was used to infer gene
downregulation

Phenotype of downregulation was inferred from
known loss-of-function phenotypes

Neanderthal and chimp profiles reconstructed and
tested against their known anatomy

A reconstructed Denisovan anatomical profile was

proposed
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Areas de investigacion activa

Biomarcadores

Interactoma

GWAS (phasing, tamafio de muestra)
Gendmica de caracteres complejos
Analisis multi-6micos

Exomas

Aprendizaje automatico, clasificacion

Inteligencia artificial: algoritmos genéticos, redes neuronales

Gendmica personalizada
Medicina de precision
Farmagendmica

-‘,’: Global Alliance

Collaborate. Innovate. Accelerate.

Enabling responsible genomic data sharing
for the benefit of human health

The Personal Genome Project ‘.ﬂ

https://www.personalgenomes.org/ n

Dedicated to creating public genome, health, and trait
data. The PGP approach is to invite willing participants to
publicly share their personal data for the greater good.


https://www.personalgenomes.org/

Bioinformatica: itecnologia o ciencia?

* Los métodos son informaticos, estadisticos, IA... Pero los conceptos son bioldgicos

e Algunos opinan que esta muriendo de éxito: una mayoria de bidlogos ya la usan rutinariamente
e Otros (Birney, Valencia...) dicen que sélo esta en sus comienzos
e La bioinformatica hunde sus raices en principios biolégicos fundamentales y, ademas de sus multiples

aplicaciones, seguira siendo imprescindible para resolver también problemas de ciencia basica



.vuelta al origen: What is Life?’

e La caracteristica fundamental de la vida es el flujo de informacion a lo largo del
tiempo: transcripcioén, traduccion, codigo genético, sensores...

* Pero équé es la informacion?
e iPuede tener efectos causales?

e ¢Se conserva, como la materia y la energia?

éAumenta o disminuye a lo largo del proceso evolutivo?

El origen de la vida o el de la consciencia, no podran resolverse sin responder esas preguntas.

Y en ello la bioinformatica esta llamada a jugar un papel clave.
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