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A typical day in the
life of a modern
bioinformatician

o

Automatizacion y robotizacion
del laboratorio

Experimentos de alta escala
(high-throughput)

Grandes volumenes de datos
Conjuntos de datos complejos
Datos interconectados

Gendmica - Secuencias

Protedmica - Mass spectra = Secuencias
Metabolomica = Mass spectra - farmacos, drogas
Spatial Omics - Secuencias + Localizaciones
High-content microscopy = Imagenes
High-content screenings = datos complejos

Fernan Agiiero




Secuencias (de ADN, de ARN, de proteinas, polimeros)
Estructuras (de proteinas, de complejos macromoleculares)
Taxonomia (organismos, especies, relaciones filogenéticas)
Vias metabodlicas celulares (reacciones quimicas)
Compuestos quimicos (metabolitos, farmacos)

Bibliografia (papers, articulos cientificos)
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* Secuencias biologicas y formatos

>U54469.1

CGGTTGCTTGGGTTTTATAACATCAGTCAGTGACAGGCATTTCCAGAGTTGCCCTGTTCAACAATCGATA
GCTGCCTTTGGCCACCAAAATCCCAAACTTAATTAAAGAATTAAATAATTCGAATAATAATTAAGCCCAG
TAACCTACGCAGCTTGAGTGCGTAACCGATATCTAGTATACATTTCGATACATCGAAATCATGGTAGTGT
TGGAGACGGAGAAGGTAAGACGATGATAGACGGCGAGCCGCATGGGTTCGATTTGCGCTGAGCCGTGGCA
GGGAACAACAAAAACAGGGTTGTTGCACAAGAGGGGAGGCGATAGTCGAGCGGAAAAGAGTGCAGTTGGC

>ENA|U54469|U54469.1 Drosophila melanogaster eukaryotic initiation factor 4E (eIF4E) gene, complete cds, alternatively spliced.
CGGTTGCTTGGGTTTTATAACATCAGTCAGTGACAGGCATTTCCAGAGTTGCCCTGTTCAACAATCGATA
GCTGCCTTTGGCCACCAAAATCCCAAACTTAATTAAAGAATTAAATAATTCGAATAATAATTAAGCCCAG
TAACCTACGCAGCTTGAGTGCGTAACCGATATCTAGTATACATTTCGATACATCGAAATCATGGTAGTGT
TGGAGACGGAGAAGGTAAGACGATGATAGACGGCGAGCCGCATGGGTTCGATTTGCGCTGAGCCGTGGCA
GGGAACAACAAAAACAGGGTTGTTGCACAAGAGGGGAGGCGATAGTCGAGCGGAAAAGAGTGCAGTTGGC

Qué podemos decir acerca de los datos? Qué tipos de datos vemos? Y
cudntos distintos tipos de datos identifican?

Y del formato?
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 FASTA: el formato mas comun y popular para trabajar con secuencias

>_ éEtiqueto, identificador de la secuencia

Delimitador
Indicador de formato FASTA

. o . Datos = Secuencia
Indicador de inicio de un registro
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 FASTA: el formato mas comun y popular para trabajar con secuencias
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1. Header
2. Feature Table
3. Sequence >

Ejemplo:

ID U54469; SV 1; linear; genomic DNA; STD; INV; 2881 BP.

XX

AC U54469;

XX

DT 19-MAY-1996 (Rel. 47, Created)

DT 23-JUN-2017 (Rel. 133, Last updated, Version 5)

XX

DE Drosophila melanogaster eukaryotic initiation factor 4E (eIF4E) gene,
DE complete cds, alternatively spliced.

XX

KW

XX

0s Drosophila melanogaster (fruit fly)

oC Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda; Insecta;
Pterygota;

oC Neoptera; Holometabola; Diptera; Brachycera; Muscomorpha; Ephydroidea;
oC Drosophilidae; Drosophila; Sophophora.

XX

RN [1]

RP 1-2881

RX DOI; .1074/jbc.271.27.16393.

RX PUBMED; 8663200.

RA Lavoie C.A., Lachance P.E., Sonenberg N., Lasko P.;

RT "Alternatively spliced transcripts from the Drosophila eIF4E gene
produce

RT two different Cap-binding proteins";

RL J Biol Chem 271(27):16393-16398(1996) .

XX

RN [2]

RP 1-2881

RA Lasko P.F.;

RT 3

RL Submitted (09-APR-1996) to the INSDC.

RL Paul F. Lasko, Biology, McGill University, 1205 Avenue Docteur
Penfield,

RL Montreal, QC H3A 1B1l, Canada

XX

DR MD5; 303680f06£f3441eb47a0de3a028a8d06.

DR FLYBASE; FBgn0015218; eIF-4E.
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https://www.ebi.ac.uk/ena/browser/api/embl/U54469.1

Formato EMBL / Genbank

1. Header
2. Feature Table
3. Sequence

FH
FH
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

Key

source

gene

mRNA

mRNA

CDS

Location/Qualifiers

1..2881

/organism="Drosophila melanogaster"

/chromosome="3"

/map="67A8-B2"

/mol type="genomic DNA"

/db_xref="taxon:7227"

80..2881

/gene="elF4E"

join (80..224,892..1458,1550..1920,1986..2085,2317..2404,
2466..2881)

/gene="elF4E"

/product="eukaryotic initiation factor 4E-I"

join (80..224,1550..1920,1986..2085,2317..2404,2466..2881)
/gene="elF4E"

/product="eukaryotic initiation factor 4E-II"

join (201..224,1550..1920,1986..2085,2317..2404,2466..2629)
/codon_start=1

/gene="elF4E"

/product="eukaryotic initiation factor 4E-II"
/note="Method: conceptual translation with partial peptide
sequencing"

/db_xref="GOA:P48598"

/db xref="InterPro:IPR001040"

/db xref="PDB:5T47"

/db xref="PDB:5T48"

/db xref="UniProtKB/Swiss-Prot:P48598"

/protein id="AAC03524.1"
/translation="MVVLETEKTSAPSTEQGRPEPPTSAAAPAEAKDVKPKEDPQETGE
PAGNTATTTAPAGDDAVRTEHLYKHPLMNVWTLWYLENDRSKSWEDMONEITSEFDTVED
FWSLYNHIKPPSEIKLGSDYSLEFKKNIRPMWEDAANKQGGRWVITLNKSSKTDLDNLWL
DVLLCLIGEAFDHSDQICGAVINIRGKSNKISIWTADGNNEEAALEIGHKLRDALRLGR
NNSLQYQLHKDTMVKQGSNVKSIYTL"
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Se usan para describir y mapear caracteristicas sobre las
secuencias

Permiten asignar anotaciones a posiciones en la secuencia

Vienen en varias formas
Genbank / EMBL

GFF

BED

No es importante saberlas de memoria

Es importante el concepto. Capturan informacioén en
forma estructurada.

(Gene 1 with a very long name|

Small feature
]
0 150 300 450 600 750 900

Ejemplo visual de una tabla de features con 4 features

Table 1.1 Indicating locations within the feature table.

345

345..500

<345 . 500

345. .>500

<1..888
(102.110)

1237124
123" 177

join{12..78,134
complement (4318

J00154:100. 202

..202)

..B12§)

Single position within the sequence

A continuous range of positions bounded by and including the
indicated positions

A continuous range of positions, where the exact lower boundary
is not known; the feature begins somewhere prior to position 345
but ends at position 500

A continuous range of positions, where the exact upper boundary
is not known; the feature begins at position 345 but ends
somewhere after position 500

The feature starts before the first sequenced base and continues to
position 88

Indicates that the exact location is unknown, but that it is one of
the positions between 102 and 110, inclusive

Points to a site between positions 123 and 124

Points to a site between two adjacent nucleotides or amino acids
anywhere between positions 123 and 177

Regions 12-78 and 134-202 are joined to form one contiguous
sequence

The sequence complementary to that found from 4918 to 5126 in
the sequence record

Positions 100=202, inclusive, in the entry in this database having
accession number JO0194

10

Fernan Agiiero




EMBL

ET gene
F'T
F'T
F'T mRNA
F'T
ET

100..500 (Gene 1 with a very long name|
/gene="GeneA"
/locus tag="GENEO1™“ {_Gene2 |
jOiH(lOO..200,400..500) )
/gene="GeneA" . . . . . . .

0 150 300 450 600 750 900

/product="GeneA protein product"
Ejemplo visual de una tabla de features con 4 features

GFF (General Feature Format)

##gff-version 3

chrl RefSeq
chrl RefSeq
chrl RefSeq
chrl RefSeq

gene
mRNA
exon
exon

100 500 . + ID=gene01l; Name=GeneA

100 500 . + ID=mrnall; Parent=genell; Name=GeneA-mRNA
100 200 . + ID=exon0l;Parent=mrnall

400 500 . + ID=exon02;Parent=mrnall

BED (Browser Extensible Data)

Chrl 99
Chrl 99
Chrl 99
Chrl 399

500
500
200
500

genel1l
mrnall
exon(01
exon02

11
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1. Header
2. Feature Table
3. Sequence

XX
SQ

//

Sequence 2881 BP;

cggttgcttg
acaatcgata
cgaataataa
catttcgata
cggcgagccg
tgttgcacaa
[...]
gtcactgtca
g

849
ggttttataa
gctgcctttg
ttaagcccag
catcgaaatc
catgggttcg

gaggggaggc

ataatggatt

A; 699 C;

catcagtcag
gccaccaaaa
taacctacgc
atggtagtgt
atttgcgctg
gatagtcgag

agacggaaaa

585 G;

tgacaggcat
tcccaaactt
agcttgagtg
tggagacgga
agccgtggca
cggaaaagag

gtatattaat

748 T;

0 other;
ttccagagtt
aattaaagaa
cgtaaccgat
gaaggtaaga
gggaacaaca
tgcagttggc

aaaaacctac

gccctgttca
ttaaataatt
atctagtata
cgatgataga
aaaacagggt
gtggctacat

attaaaaccg

®

60
120
180
240
300
360

2880
2881
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Mas sobre los formatos: todos son FLAT FILES

FLAT FILES = archivos de texto plano = .txt

Son archivos de tipo TXT (*.txt)
* Solo contienen caracteres
« Nada mas

En un programa de computadora? (Python por ejemplo)

L_T,E-[LJEHCI'-EI.P'}" ®

sequence = "CGGTTGCTTGGGTTTTATAACATCAGTCAGTGACAGGCATTTCCAGAGTTGCCCTGTTCAACAATCGATA"
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« Secuencias (de ADN, de ARN, de proteinas, polimeros)

« Estructuras (de proteinas, de complejos macromoleculares)
 Taxonomia (organismos, especies, relaciones filogenéticas)
* Vias metabodlicas celulares (reacciones quimicas)
 Compuestos quimicos (metabolitos, farmacos)

« Bibliografia (papers, articulos cientificos)

14
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Estructuras

-« >

CPK spheres ball & stick licorice trace

E & F

: Secondary Structure
Regular sub-structures

tube ribbon cartoon surface

Tertiary Structure Quaternary Structure
Three-dimensional structure complex of protein molecules
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www.compoundchem.com

COMPOUND

What makes up the chemical structure of DNA? INTEREST

The sugar-phosphate backbone

What holds DNA strands together?

BASE BASE BASE

o] o [0}
i 0 i
k i, e,
P =0 “‘o—f—o ’o—ll’—o 00—
o

o} o

H‘ (o] H N{H
N—H------Q Yp” e
% 2 )
DNAis a pol de up of uni i i N=-===-H=N ) A= Nt O
polymer made up of units called nucleotides. The nucleotides are made of "LLl N= N
three different compaonents: a sugar group, & phosphate group, and a base. There )_N \
are four different bases: adenine, thymine, guanine and cytosine, d J\“J ’N—H ------- 0 o~
H
o Adenine o Thymine From DNA to proteins
The bases on a single strand of DMA act as a code. The letters form three letter
H N \ codons, which code for amino acids - the building blocks of proteins,
-~ N

DMA strands are held together by hydrogen bonds between bases on adjacent
strands. Adenine (A} always pairs with thymine (T), while guanine (G) always pairs
with cytosine {C). Adenine pairs with uracil {U) in RNA.

Transcription Translation

An enzyme, RNA polymerase, transcribes DNA inte mRNA (messenger ribonucleic
acid). It splits apart the two strands that form the double helix, then reads a strand
and copies the sequence of nucleotides. The only difference between the RMA and
the original DMA is thatin the place of thymine (T}, another base with a similar
structure is used: uracil {U).

onseuence HHOOOO0000000660
e gL < Lc Jullc TaTalc I Tc Ts Tuful o)

Amino acid Phenylalanine Leucine Asparagine Praline Leucine

In multicellular organisms, the mRNA carries genetic code out of the cell nucleus,
to the cytoplasm. Here, protein synthesis takes place. ‘Translation' is the process of
turning the mRMA's 'code’ inta proteins. Molecules called ribosomes carry out this
process, building up proteins from the amine acids coded for.

Andy Brunning/Compound Interest 2023 | C ymmans Attribution-N

Sugar-phosphate
backbone

Phosphorus

Carbon in
sugar-phosphate
“backbone”
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HEADER  ELECTRON TRANSPORT 19-MAR-30  2TRX ITRER 1
COMEND  THIOREDOXIN 2TRER 2
SOURCE (ESCHERICHIA $COLI) ITRE 4
AUTHOR  S.K.KATTI,D.M.LE*MASTER,H.EKLUND 2TRE S
JRHL AUTH &.K.EATTI,D.M.LE*MASTER,H.EKLUND ITRE 7
JRNL TITL CRYSTAL STRUCTURE OF THIOREDOXIN FROM ESCHERICHIA  2TRX 8
JRHL TITL 2 $COLI AT 1.68 ANGSTROMS RESOLUTION ITRE 9
JRHL REF  J.MOL.BIOL. V. 21z 167 1390 2TRE 10
1 Header JRHL REFN ASTM JMOBAK UE ISSM DO022-2836 070 2ZTRX 11
b REMARE 2 ITRE 31
BEMARE 2 RESOLUTION. 1.64 ANGSTROMS . 2TRY 12
REMARE 3 2TRE 33
2 Remarks / Com ments > BREMARE 3 REFINEMENT. BY THE RESTRAINED LEAST-SQUARES PROCEDURE OF J. 2TRK 34
® REMARE 31 KONNERT AND W. HENDRICKSON AS MODIFIED BY B. FINZEL 2TEX 35
REMARE 31 (FROGRAM *PROFFT*). THE R VALUE IS 0.165 FOR 25969 2TRE 36
° REMARE 31 REFLECTIONS IN THE RESOLUTION RANGE B.0 TO 1.68 ANGSTROMS  ZTRX 37
3. Primary Structure (sequence) Smaxx 3 wrm soms T, 3.0ssau(roms) a2
REMARE 3 2TRE 39
SEQRES 1 A 108 SER ASP LYS ILE ILE HIS LEU THR ASP ASP SER PHE ASP 2TRK 74
4 C 4 - SECRES 2 A 108 THR ASP VAL LEU L¥S ALA ASP GLY ALA ILE LEU VAL ASP 2TRX 7%
° ompuestos qu‘mlcos SEQRES 3 A 108 PHE TRF ALK GLU TRP CY¥S GLY PRO C¥S L¥S MET ILE ALA 2TRX 76
SEQRES 4 A 108 PRO ILE LEU ASP GLU ILE ALA ASP GLU TY¥R GOLN GLY L¥S 2TRX 77
SEQRES 5 A 108 LEU THR VAL ALA L¥YS LEU ASN ILE ASP GLN ASN PRO GLY 2TRX 78
5 S d St t SEQRES & A 108 THR ALA PRO L¥S TYR GLY ILE ARG GLY ILE PRO THR LEU ZTRX 73
° econ ary ruc u re SEQRES 7 A 108 LEU LEU PHE LYS ASN GLY GLU VAL ALA ALA THR L¥S VAL ZTRX 80
SEQRES 8 A 108 GLY ALA LEU SER L¥S GLY GLN LEU L¥S GLU PHE LEU ASP 2TRX 81
. R SEQRES 9 A 108 ALA ASN LEU ALA 2TRE 82
6 Atom-lc Coo rd-l nates HET  MED 606 B 2-METHYL- 2, 4- FENTANEDIOL 2TRE 107
° HET  MED 607 B 2-METHYL- 2, 4- FENTANEDIOL 2TRE 108
HET  MED 08 B 2-METHYL- 2, 4- FENTANEDIOL 2TRE 109
FOBMUL 3 U 2{OUL ++) 2TRYE 110
FORMUL 4 MED B{CE H14 02) 2TRE 111
FORMUL 5 HOH  +140(Hz 01) 2TRYE 112
HELIX 1 AlA SER A 11 LEU A 17 1 DISORDERED IN MOLECULE B 2TRE 113
HELIX 2 A2ACYS A 32 TYRA 49 1 BENT BY 30 DEGREES AT RES 39  2TRK 114
HELIX IAIAASH A 50 ASN A 63 1 2TRE 115
HELIX 431ATHR A 66 TYRA 70 & DISTORTED H-DONDING C-TERMINE 2TRY 116
HELIX 5 AdA SER A 95 LEUD A 107 1 2TRE 117
HELIX 6 AlE SER B 11 LEUE 17 1 DISORDERED IN MOLECULE B 2TREE 118
SEEOND 1 CYS A 12 cYs B 35 TR 143
ATOM 1 N SERA 1 21.389 25.406 -4.628 1.00 23.22 2TRE 152
ATOM 2 oA SERA 1 21.628 26.691 -3.983 1.00 24.42 2TRE 153
ATOM 3 C SERA 1 20.937 26.944 -2.679 1.00 24.21 2TRE 154
ATOM 4 0 SERA 1 21.072 28.079 -2.093 1.00 24.97 2TRE 1S5S
ATOM 5 CB SER A 1 21.117 27.770 -5.002 1.00 28.27 2TRE 156
ATOM 6§ 0O SER A 1 22.276 27.925 -5.861 1.00 32.51 2TRE 157
ATOM 7 N ASPF A 2 20.173 26.028 -2.163 1.00 21.39 2TRE 158
ATOM 8 CA ASF A 2 19.395 26.125 -0.949 1.00 21.57 2TRE 159
ATOM 9 © ASPFA 2 20.264 26.214 0.297 1.00 20.89 2TRE 160
ATOM 10 0 ASPA 2 19.760 26.575 1.371 1.00 21.49 2TRE 161
ATOM 11 ©B ASP A 2 18.439 24.914 -0.856 1.00 22.14 2TRYE 162
ATOM 22 CE LYS A 3 21.620 21.104 2.B44 1.00 25.84 2TRE 173
ATOM 23 Wz L¥YS A 13 20.830 20.757 1.615 1.00 25.55 2TRE 174
Source: Bioinformatics (4th Ed), Baxevanis, Bader, Wishart.

Figure 12.6 An example of a Protein Data Bank formatted file showing the first ~50 Llines of the
Escherichia coli thioredoxin entry (Protein Data Bank database identifier: 2TRX).




« Secuencias (de ADN, de ARN, de proteinas, polimeros)

e Estructuras (de proteinas, de complejos macromoleculares)
 Taxonomia (organismos, especies, relaciones filogenéticas)
* Vias metabodlicas celulares (reacciones quimicas)
 Compuestos quimicos (metabolitos, farmacos)

« Bibliografia (papers, articulos cientificos)
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P a . q
n M
Plantae | Protista___ Animalia Node___ THE TREE OF LIFE
( f.rl’m_ [ Myxo- \.,',§P_"-'!B—M; ’ b R A phylogenetic tree shows the evolutionary relationships among different organisms. The
et S mycetes "hm“;m . - branches of the tree show where genetic or physical similarities and differ b
Anthopheyts | Ples \ Root =L organisms begin or end.
. A phylogenetic tree is like a family tree. The root of the tree represents a distant ancestor
Branch of the species that appear at the ends of the branches. The branch P at nodes, or
—~ points where ancestral lines split into new lines of evolution.
Deuterostomia "\| Protostomia

(insects, crustaceans, spiders, ticks)
~1,500,000 species

\ ;Qc Nematoda
s S (roundworms) Tardigrada
\ ~20,000 species (wale? bears)
- ~1,200 species

~ Chordata
(ver

~60,000 species

Echinodermata p Mlusu
_(starfishes, sea urchins) i
& ~7,000 species

~8,500 species

“Annelida Vv,
(earthworms, leeches)
~12,000 species

This tree of life shows the relationships

among common groups of animals. The - s
main branch in this tree, which separates ?I;ﬁ she'll s; o
the animals into two distinct groups, -IOOps tas

D ia and P ia, split e

about seven hundred million years ago.

This tree shows how today’s animal ~700 million Platyhelmintha
species have diverged over time from years ago (flatworms)
commen ancestors. ~13,000 specie:

Porifera Cnidaria

(sponges) (sea anemones,
=3 -SAOO_O corals, hydra,
n NAT'ONAL species jellyfishes)

~9,000 species

GEOGRAPHIC

Child1

I,Fd: pmnq (729 Stimme)

II,Pﬂ: PXYq (I Stamme)
"m:f'-'v (f Stamm) | Radix oneres |Stammbaum dr Organismen Child3
1

Fille der communis

niersaen, Consalngi o |orsnimeren SRR 0| it trancal e, 655
b 1

Ernst Haeckel. General Morphology of Organisms (1866)

Parent

Child4

| NN

Child2

Child5

Childé

Esquema conceptual de datos jerdrquicos
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« Secuencias (de ADN, de ARN, de proteinas, polimeros)

e Estructuras (de proteinas, de complejos macromoleculares)
 Taxonomia (organismos, especies, relaciones filogenéticas)
* Vias metabdlicas celulares (reacciones quimicas)
 Compuestos quimicos (metabolitos, farmacos)

« Bibliografia (papers, articulos cientificos)
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A

‘ 2=EN
X ¥ o G AR ey on
Que informacion capturan? E«Ei iR
Reacciones enzimaticas que convierten unos e u
metabolitos en otros (ej glucosa en etanol)

E1—O@-—>E2—>@—>Es

I
=
[aes=m)p

o
:?—l,f_‘

.......

( |
fl
A I, TP

E1 p———» E2 [—P| BE3

Esquema de una via metabdlica genérica.
E = enzima; C = compuesto quimico (metabolito)

3 :
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Pyruvate

R00014

ThPP
1.2.4.1

!

R03270

Lipoamide-E R07618

1.8.1.4

2-Hydroxy-ethyl-ThPP

S-Acetyldihydro-lipoamide-E

Dihydro-lipoamide-E

Parent

-

Child1

N

Child2

FON N

Child3

Child4

Child5

Childé

Esquema conceptual de datos jerdrquicos

R02569

3.1

Acetyl-CoA

Qué tipo de datos son estos? Y como los representamos electronicamente en la computadora?

22
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Los grafos son objetos de la matematica discreta.

Un grafo es una estructura compuesta por conjuntos
de nodos (o puntos) y aristas (o vértices o links).

Son parte de la Teoria de Grafos:
« permiten abstraerse de la naturaleza de los objetos
« estudian y resuelven problemas de conectividad

Los grafos se pueden describir en FLAT FILES (.txt)

Grafo:
nodos = {1, 2, 3, 4, 5, 6}
aristas = { {1,23}, {2,3}, {2,5}, {3,4}, {4,5}, {1,5}, {4,6} }

OWNG

A graph with six vertices and seven edges
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https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)
https://en.wikipedia.org/wiki/Graph_theory

Los grafos son objetos de la matematica discreta.

Un grafo es una estructura compuesta por conjuntos
de nodos (o puntos) y aristas (o vértices o links).

Son parte de la Teoria de Grafos:
« permiten abstraerse de la naturaleza de los objetos
« estudian y resuelven problemas de conectividad

Los grafos se pueden describir en FLAT FILES (.txt)

Grafo:
nodos = {a, b, ¢, d, e, f}
aristas = { {a,b}, {b,c}, {b,e}, {c,d}, {d,e}, {a,e}, {d,f} }

&

A graph with six vertices and seven edges
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https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)
https://en.wikipedia.org/wiki/Graph_theory

Propiedades de los grafos:

Grado de conectividad de los nodos (degree)
Direccionalidad de las aristas

Intensidad (sentido vectorial) de cada arista

Las aristas pueden tener asociado un valor numérico
(peso, largo, costo)

Posibilidad de identificar los nodos
Son elementos de un conjunto
Grafos etiquetados (labeled)

vs no-etiquetados (unlabeled)

Operaciones con grafos (algunos ejemplos):

Complementaciéon, Union, Suma, Interseccion,
Diferencia, ...

Un grafo etiquetado

assign
—
weights

Un grafo pesado

"‘:\‘ 7
N
~\

DA
A

4

Un grafo y su complemento

3
5@3
3

Grados de los nodos

<

Grafo simple o regular

Grafo dirigido (red)
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bom : 1991.07-21
name - Ahlam
age: 28
female - true

{"type":"node”,
“14": 70",
“labels":[“Person”],
“properties”:{
“name"”:"Sara",
“age":35)
}
{“type":"node”,
“ig”:"3".
“labels”:[“Person”],
“properties”:{
"born":"1991-07-21",
“name”:"Ahlam",
“age":28,
“female":true)
}
£ 1d": 9",
“type":“relationship”,
“label”™:"KNOWS",
“properties”:{"since":2015)},
“start":{"id":"@","labels":["Person”]},
“end":{"id":"1","labels":["Person”]}

26
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« Secuencias (de ADN, de ARN, de proteinas, polimeros)

e Estructuras (de proteinas, de complejos macromoleculares)
 Taxonomia (organismos, especies, relaciones filogenéticas)
* Vias metabodlicas celulares (reacciones quimicas)

« Compuestos quimicos (metabolitos, farmacos)

« Bibliografia (papers, articulos cientificos)
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A BRIEF GUIDE TO SELECTED COMMON PAINKILLERS

THERE ARE TWO MAIN CLASSES OF PAINKILLERS - PARACETAMOL IS AN EXCEPTION. 'ﬁey.‘ o NON-STEROIDAL ANTI-INFLAMMATORY DRUGS o PARACETAMOL o OPIOID ANALGESICS

© ASPIRIN O IBUPROFEN © TRAMADOL © MORPHINE © HYDROMORPHONE © BUPRENORPHINE

ALSO COMMONLY USED TO TREAT
OPIOID DEPENDENCE

MOSTLY USED INTRAVENOUSLY IN
A HOSPITAL SETTING

MORE COMMONLY PRESCRIBED
FOR BLOOD CLOT PREVENTION

POTENTIAL FOR SERIOUS SIDE
EFFECTS LESS THAN OTHER NSAIDS

METABOLISED IN THE BODY TO A
MORE POTENT OPIOID

THE FIRST INDIVIDUAL PLANT
ALKALOID EVER ISOLATED
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Salicylate drug A phenylpropanoic acid . Synthetic opioid Naturally-occurring opioid .o Semi-synthetic opioid Semi-synthetic opioid

TRADE NAMES TRADE NAMES TRADE NAMES TRADE NAMES TRADE NAMES TRADE NAMES

Aspirin, Acuprin, Ecotrin Advil, Nurofen, Motrin, Brufen Ryzolt, Tramal, Ultram MS Contin, Oramorph, Sevredol Palladone, Dilaudid Suboxone, Subutex, Zubsolv

Binds to opioid receptors in the
central nervous system, & inhibits
noradrenaline & serotonin reuptake,

inhibiting pain transmission. :

Precise mechanism unknown; binds

to opioid receptors in the central to opioid receptors in the central

nervous system responsible for nervous system responsible for
transmitting pain. : : transmitting pain.

Precise mechanism unknown; binds Precise mechanism unknown; binds
to opioid receptors in the central
nervous system. Also has potent

local anaesthetic properties.

Exact mode of action unknown.
However, it is known to inhibit COX
enzymes, and thus the formation of

prostaglandins.

Inhibits cyclo-oxygenase enzymes,
(COX) preventing formation of

prostaglandins and reducing .

inflammation & pain. -
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POTENCY (VS. MORPHINE)
© PARACETAMOL © CODEINE © HYDROCODONE © METHADONE © FENTANYL

: A.K.A ACETAMINOPHEN, OR + THE MOST WIDELY USED OPIATE IN : AROUND 99% OF WORLDWIDE : ONE OF THE MOST ABUSED COMMONLY USED TO PREVENT OFTEN USED FOR PAIN RELIEF :
. TYLENOL IN THE USA o THE WORLD . SUPPLY CONSUMED IN THE USA . PRESCRIPTION OPIOIDS HEROIN WITHDRAWAL SYMPTOMS e e DURING SURGICAL PROCEDURES o
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: Antipyretic analgesic e Naturally occurring opioid M Semi-synthetic opioid M Semi-synthetic opioid Synthetic opioid e Synthetic opioid M
N TRADE NAMES .. TRADE NAMES : TRADE NAMES : TRADE NAMES TRADE NAMES b _ TRADE NAMES :
« Acetaminophen, Tylenol, Panadol . o  Co-codamol (with paracetamol) 4 Vicodin (with paracetamol) . Roxicodone, OxyContin, Oxecta Methadose, Dolophine, Symoron P Actiq, Durogesic, Abstral e
: Mode of action not well understood; : : Precise mode of action unknown; : Precise mode of action unknown; : Precise mode of action unknown; : : PT_ECiSE mod_e PfaCtiOH UFIk.HOWH: : : PT?USE madg f)f action UHleOWH: :
* itsthoughtitmayactinasimilar * e  bhindsto opioid receptorsinthe binds to opioid receptors in the ®  binds to opioid receptorsinthe  ® e bindsto opioid receptorsinthe e o bindsto opioid receptorsinthe o
: manner to aspirin, but also have : : central nervous system responsible : central nervous system responsible : central nervous system responsible : : central nervous system TE_SPUT‘S‘ME : : central nervous system fe_SPOHSItﬂe :
. effects in the brain. .. for transmitting pain. . for transmitting pain. . for transmitting pain. .o for transmitting pain. .o for transmitting pain. .
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Note: Potency values are for oral administration. Numeric measures of potency are variable; the figures given are merely general approximations, and can be affected by a number of factors.

© COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebaok: www.facebook.com/compoundchem @@@@
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence. = Nl N

Farmacos contra el dolor




Bound ligand

Detected pocket

Ejemplo: farmaco (droga, ligando)
interaccionando con un sitio funcional
(bolsillo) de una proteina.
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« Secuencias (de ADN, de ARN, de proteinas, polimeros)

e Estructuras (de proteinas, de complejos macromoleculares)
 Taxonomia (organismos, especies, relaciones filogenéticas)
* Vias metabodlicas celulares (reacciones quimicas)
 Compuestos quimicos (metabolitos, farmacos)

« Bibliografia (papers, articulos cientificos)
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Discovery of tankyrase scaffolding inhibitor
specifically targeting the ARC4 peptide binding
domain
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Shoshy A Brinch 4, Faranak Nami 3, Johan Paakkénen 1, Veeti Pulju 7, Maureen T Meling #,
Maria Candamo-Lourido *, Jo Waaler 4, Mads H Clausen 2, Lari Lehti® °

Affiliations + expand
PMID: 41619733 DOI: 10.1016/].5tr.2025.12.015 &

Free article

Abstract

Tankyrases are poly-ADP-ribosyltransferases that orchestrate numercus biclogical processes involved
in disease. Their established regulatory roles, particularly within the WNT/B-catenin pathway, have
driven notable drug discovery efforts aimed at inhibiting their catalytic activity. Targeting tankyrases’
interaction with proteins through their ARC domains represents an alternative strategy to be explored
as a therapeutic approach against specific protein-protein interactions. In this article, we employed a
pre-established FRET-based assay to screen the EU-OPENSCREEN libraries for identification of ARC4
inhibitors. We discovered a series of pyrrolone-based compounds, and we synthesized compound 58
(ARCher-142), which binds selectively to ARC4 with a potency of 8 pM. NMR analysis and X-ray
crystallography allowed us to identify the binding site and to rationalize the observed selectivity.
Despite binding exclusively to ARC4, the inhibitor can attenuate the WNT/[-catenin signaling pathway
in cells. Our work demonstrates that targeting single ARC domains is possible, offering an inhibition
approach tailored to tankyrase ARC4.

Keywords: ARC; TNKS; WNT signaling pathway; ankyrin repeat cluster; drug discovery; inhibitor;
protein-protein interactions; pyrrolone; tankyrase; -catenin.
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Secuencias (de ADN, de ARN, de proteinas, polimeros)
« Cadenas de caracteres (strings), 1D

Estructuras (de proteinas, de complejos macromoleculares)
« Grafos, 3D

Taxonomia (organismos, especies, relaciones filogenéticas)
« Grafos, datos jerarquicos

Vias metabdlicas celulares (reacciones quimicas)
» Grafos,

Compuestos quimicos (metabolitos, farmacos)

- Cadenas de caracteres (representaciones 2D)
« Grafos, 3D

Bibliografia (papers, articulos cientificos)
« Cadenas de caracteres (texto)
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and pﬂSSlny some
cookies.

INTERVALO
Fin del Slot 1
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Slot 2

BASES DE DATOS




Qué es una base de datos?

Como colecciono los datos?

Una coleccion de datos

Decision del usuario. Disefo de
la base de datos.

Puedo usar:

Procesador de texto?

(Word, Google Docs)

Planilla de Calculo?

(Excel, Google Calc)

Si. Permite sélo busqueda y
ordenamiento simples.

También. Como los datos estan
en columnas independientes, se
puede ordenar en formas mas
complejas. Las busquedas
siguen siendo simples.
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Bases de datos: introduccion: conceptos basicos: registros

Planilla

Version simple de
una base de datos

N\

« Una coleccion de registros (records).
» Cada registro tiene varios campos.
« Cada campo contiene informacion especifica.

e Cada campo contiene datos de un tipo
determinado.
- Ej: dinero,texto, niUmeros enteros, fechas, direcciones
« Cada registro tiene una clave primaria. O sea,
un identificador unico que define al registro
sin ambiguedad.

Accession Version | Date Division | Tax ID | Organism No of chromosomes

NM_000014 01/06/2000 9606 Homo sapiens 22 diploid + X + Y
NM_000014 2 12/10/1999 PRI 9606 Homo sapiens 22 diploid + X + Y
NM_000014 1 04/02/1999 PRI 9606 Homo sapiens 22 diploid + X + Y
X63129 1 06/06/1996 MAM 9913 Bos Taurus 29 diploid + X + Y
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« Cada campo de una base de datos contiene un tipo
particular de datos
- 211203
e Es un numero?
e Es texto?
e Es una fecha?

 Ejemplo de una busqueda: buscar todos los registros en
donde el valor almacenado sea mayor que 211203

- Es obvio que para poder comparar los valores almacenados tenemos
que saber ge tipo de valores estamos comparando.

- Siesunafecha: 21 1203 <212 04
- Sies un numero: 211 203 > 21 204

- Si es texto: 211203 # 21204, las comparaciones < y > pueden dar
distintos resultados (evaluan orden o longitud)
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Numericos (enteros, decimales)
- 1, 85, 23, 553.45, 1243.32, 3.14159

Texto
 Hola, “Sos un 10”, GAATTC, “23/Jun/2026”, “3.14159”

Tiempo: fechas y timestamps (DD/MM/YYYY, HH:MM:SS)
e 23/Jun/2026, 23/06/2026, "2026-08-01 12:34:56"

Logicos (boolean)

» verdadero / falso

- 1,0

Geometricos (punto, linea, circulo, poligonos, etc.)

« POINT(x,y), POINT(x,y,z), POLYGON(x1, y1, x2, y2)
o POINT(-34.5669884854995, -58.528324629181434)

Secuencias (ADN, Proteinas)
«  GAATTC, CATATGTTCC, MQSDFHRMKNFANPKSMF
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Bases de datos: conceptos basicos: clave primaria

_ Accession Version | Date Division | Tax ID | Organism No of chromosomes

6226959 NM_000014 01/06/2000 PRI 9606 Homo sapiens 22 diploid + X + Y
6226762 NM_000014 2 12/10/1999 PRI 9606 Homo sapiens 22 diploid + X + Y
4557224 NM_000014 1 04/02/1999 PRI 9606 Homo sapiens 22 diploid + X + Y
41 X63129 1 06/06/1996 MAM 9913 Bos Taurus 29 diploid + X + Y

gi = Genbank ldentifier: Clave unica : Clave primaria

Cambia con cada actualizacion del registro correspondiente a la secuencia

Accession Number: Clave secundaria

Refiere al mismo locus y secuencia, a pesar de los cambios en la secuencia.

Accession + Version es equivalente al gi (representa un identificador Unico)
Ejemplo: AF405321.2  Accession: AF405321 Version: 2
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Bases de datos relacionales

Accession | Version | Date Division | Tax ID | Organism No of chromosomes

NM_000014 01/06/2000
NM_000014 2 12/10/1999 PRI
NM_000014 1 04/02/1999 PRI
X63129 1 06/06/1996 MAM

9606
9606

9606

9913

Homo sapiens

Homo sapiens

Homo sapiens

Bos Taurus

22 diploid + X + Y
22 diploid + X + Y

22 diploid + X + Y
29 diploid + X + Y

Base de datos relacional:

Normalizar una base de datos: repartir sub-

NM_000014 01/06/2000 9606 . ] )
elementos repetidos en varias tablas, relacionadas
NM_000014 " 12 12/10/1999 PR 9606 a través de un identificador Unico (clave primaria).
NM_000014 1 04/02/1999 PRI 9606
X63129 1 06/06/1996 MAM 9913
| Tax ID_| Organism | No of Chromosomes
9606 Homo sapiens 22 diploid + X + Y
9913 Bos Taurus 29 diploid + X + Y
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Bases de datos: distribucion de la informacion

“ annotation

5693  Trypanosoma cruzi chromosome 3, ORF 1234, similar to gi| 12345|AF934567
caseine kinase (Candida albicans)

5694  Candida albicans hypothetical protein in region 21922..24568

5695  Sarcocystis cruzi 16SRNA gene

5696  Lutzomyia cruzi cytochrome b; best similarity to gi| 1234568

g JOmanism Aot simlarto
5693 Trypanosoma cruzi Chromosome 3, ORF 1234 12345
5694 Candida albicans Hypothetical protein in region 21922..24568
5695 Sarcocystis cruzi 16S RNA gene 786512
5696 Lutzomyia cruzi Cytochrome b 1234568
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 Ejemplos de relaciones

- Proteins <« Bibliographic references

Proteins

Accession Description Mw pl
AF1234 Malate dehydrogenase 36000 6.4
AM44432 Cysteine proteinase 45000 4.5

Bibliographic References

PubMed ID Journal Year Title
1234556 J Biol Chem 1978 The malate dehydrogenase ...
23445 Biochem J 1982 A malate dehydrogenase from ...

Linking table

Accession

AF1234

AF1234

Vol

13

PubMed ID
1234556

23445

Las claves primarias (o secundarias)
permiten generar asociaciones (links)
entre datos de distintos tipos.
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 Ejemplo: representacion en forma tabular de

arboles y grafos
- Informacioén estucturada jerarquicamente
- Taxonomy (NCBI), SCOP (Structural Classification of Proteins)

Phylogenetic Tree of Life
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Relational modeling of biological data: trees and graphs.
Aaron J. Mackey. http://www.oreillynet.com/pub/a/network/2002/11/27/bioconf.html
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Ejemplo: adjacency list

Campo

Tipo de dato

PK Taxon_id

Entero

FK Parent_id

Entero (ref a PK)

Nombre

texto

Este tipo de
representacion
conoce como
‘adjacency list":

Cada relacion

se

jerarquica ‘padre-hijo’
esta definida en forma

explicita.

Taxon_id Parent_id nombre
1 raiz
2 1 Bacteria
2157 1 Archaea
2759 1 Eukaryota
1224 2 Proteobacteria
543 1236 Enterobacteriaceae
561 543 Escherichia
562 561 Escherichia coli
83333 562 Escherichia coli K12
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Adjacency list: consultas

e Qué consultas podemos hacer sobre los datos organizados en
forma de ‘adjacency list’?

- Podemos encontrar el taxén inmediatamente superior de cualquier
elemento taxondémico.

- Podemos encontrar taxones terminales sin ‘hijos’
- Podemos encontrar un taxon (o taxones) buscandolos por nombre

e Y cuales son dificiles de hacer con esta representacion de
los datos?
- Podemos encontrar todos los taxones ‘hijos’ de un determinado taxén?

« Ejemplos tipicos de este tipo de consultas: buscar todos los
mamiferos, todos los vertebrados, o todos los miembros del orden
Apicomplexa.

« Como harian esta consulta? Es posible responder estas preguntas con
una unica consulta sobre la base de datos? Cuantas consultas deberian
hacer?

Eukaryota; Fungi/Metazoa group; Metazoa; Eumetazoa; Bilateria; Coelomata;
Deuterostomia; Chordata; Craniata; Vertebrata; Gnathostomata; Teleostomi;
Euteleostome; Sarcopterygii; Tetrapoda; Amniota; Mammalia; Theria; Eutheria; Primates;
Catarrhini; Hominidae; Homo/Pan/Gorilla Group; Homo; Homo sapiens
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Representacion relacional de arboles: nested set

Campo Tipo
PK Taxon_id entero
FK Parent_id entero
Left_id entero
Right_id entero
Nombre texto

Los valores left y right
son numeros arbitrarios,
pero deben cumplir con
la siguiente propiedad:

Para cada par ‘padre-

hijo’ los valores del hijo
tienen que estar dentro
de los valores del padre.

Taxon Nombre Parent | Left Right
1 Root NULL 1 323458
2 Bacteria 1 21703 | 87862
3 Archaea 1 87863 | 92266
4 Eukaryota 1 92267 | 323456
1224 Proteobacteria 2 23982 | 49591
543 Enterobacteriaceae | 1236 | 26681 | 27938
561 Escherichia 543 | 26852 | 26891
562 Escherichia coli 561 26853 | 26868
83333 | Escherichia coli K12 | 562 | 26856 | 26857
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« Como se generan los valores para left y right?
- Hay que recorrer el arbol asighando estos valores

*Arboles / Grafos

e — Hay distintas maneras
Left right de recorrerlos
. — Depth-first

— Breadth-first
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Materialized Paths

Campo Tipo
PK Taxon_id entero
Name Texto
Path Texto
1

En este disefo, el camino (path) hacia
cada nodo del arbol, esta incluido en
forma explicita en la informacion
asociada a cada nodo.

Taxon Nombre Path
1 Root 1
2 Bacteria 1.2
3 Archaea 1.3
4 Proteobacteria 1.2.4
5 Cyanobacteria 1.2.5
6 Actinobacteria 1.2.6
7 Crenarchaeota 1.3.7
8 Euryarchaeota 1.3.8
9 Thaumarchaeota 1.3.9
10 Alfa-Proteobacteria 1.2.4.10
11 Gamma-proteobacteria 1.2.4.11
12 Delta-proteobacteria 1.2.4.12
13 Coriobacteridae 1.2.6.13
14 Actinobacteria 1.2.6.14
15 Methanobacteria 1.3.8.15
16 Thermococci 1.3.8.16
17 Cenarchaeales 1.3.9.17
18 Nitrosopumiales 1.3.9.18
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« Buscar un nodo y todos sus parentales
» Ej: buscar todos los parentales del nodo ‘Thermococci’
» Buscar todos los registros cuyo Path esté contenido dentro del nodo de
interés
« Path del nodo ‘thermococci’ = 1.3.8.16
» Lista de Paths que cumplen la condicion,
* 1.3.8 (Euryarchaeota), 1.3 (Archaea), 1 (root)

« Buscar un nodo y todos sus descendientes (directos o
indirectos)
* Ej: buscar todos los descendientes del nodo ‘Bacteria’
* Buscar todos los registros cuyo Path contenga al del nodo de interés
« Path del nodo de ‘Bacteria’ = 1.2
« Lista de Paths que cumplen con la condicion,

* 1.2.4 (Proteobacteria), 1.2.5 (cyanobacteria), 1.2.6 (Actinobacteria),
1.2.4.10 (alpha-proteobacteria), 1.2.4.11 (gamma-proteobacteria),
1.2.4.12 (delta-proteobacteria), etc.
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|41 3 BADEF INED AS A graph database is a database that
uses graph structures with nodes,
edges and properties to represent
and store information.

Nodes and Edges are used
Graph
Database?

to represent and store
Y@ Neosj

'..’ the world’s leading
graph database

information

RECORDS
DATA IN

Human Interactome
CONNECT

NAVIGATES
ORDER

Protein

—— Y2H (Rual etal.)

- Literature

IDENTIFIES

Topological pe'::
N TRAVERSAL

——
L

Yeast: Yu et al. 2008; Kr¢
More Conmactad Tetwerk e o .'.- '...
: ‘@ neotechnology

2006; Gavin et al. 2006; v
"-ﬁ-ﬁ:‘dllv

Human: Rual et al 2005; Stelzl et al 2005.
2001; Uetz et al 2000.

Drosophila: Giot et al. 2003.
C. elegans: Li et al 2004.

Fernan Agiiero

50




bom : 1991.07-21
name - Ahlam
age: 28
female - true

{"type":"node”,
“14": 70",
“labels":[“Person”],
“properties”:{
“name"”:"Sara",
“age":35)
}
{“type":"node”,
“ig”:"3".
“labels”:[“Person”],
“properties”:{
"born":"1991-07-21",
“name”:"Ahlam",
“age":28,
“female":true)
}
£ 1d": 9",
“type":“relationship”,
“label”™:"KNOWS",
“properties”:{"since":2015)},
“start":{"id":"@","labels":["Person”]},
“end":{"id":"1","labels":["Person”]}
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Navegando un mar de datos

BASES DE DATOS BIOLOGICAS




Secuencias (de ADN, de ARN, de proteinas, polimeros) EMBL §§§§§§§§§

Estructuras (de proteinas, de complejos macromoleculares) <
< NCBI

Taxonomia (organismos, especies, relaciones filogenéticas)

Vias metabolicas celulares (reacciones quimicas) " reactome

Compuestos quimicos (metabolitos, farmacos) Pub@hem @Ch EMBL

Bibliografia (papers, articulos cientificos) PUb'@Ed .‘ Europe PMC
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« Number of Structures Released Annually
u Total Numrber of Entries Awilable

Adenovirus
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> 25?,5?1 1,062,058
== Structures from the Computed Structure
PROTEIN DATA BANK PDE archive Models (CSM)

Data Storage Growth

PDB Core Archive and Related Holdings (single copy)

Year Size of PDB legacy archive snapshot Size of PDB versioned archive
2025 1583 GB for 246,905 PDB structures 293 GB

2024 1437 GB for 229 564 PDB structures 269 GB

2023 1242 GB for 214,121 PDB structures 231GB

2022 1086 GB for 199,755 PDB structures 218 GB

2021 923 GB for 185,541 PDB structures 174 GB

2020 822 GB for 173,005 PDB structures 148 GB

2019 577 GB for 159,140 PDB structures 117 GB

2018 441 GB for 136,472 PDB structures 85 GB

Size of EMDB Core Archive

29 TB for 52,944 EMDB entries

21 TB for 41,282 EMDB entries

13 TB for 32,033 EMDB entries

7.5 TB for 25,319 EMDE entries
4.5 TB for 18,059 EMDB entries
2.9TB for 13,731 EMDB entries
1.7 TB for 10,370 EMDB entries

592 GB for 5,753 EMDB entries
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e Una base de datos primaria es un repositorio de datos

derivados de un experimento o de conocimiento cientifico
validado.

LY \ VI
- GenBank, ENA (secuencias nucleotidicas) - W
- dbSNP (mutaciones, SNPs) < (1) (N | S
- GenPept, Swissprot, TrEMBL (secuencias de proteinas) "o 4
- PDB (estructuras de proteinas, y macromoléculas) | I A
- PubMed (literatura)

- KEGG (base de datos de vias metabalicas)

Publed =5
Advanced Create slert Create RSS User Guide
Swe | Emal | Sendto Sortby Mostrecent & | 1t

Display options £

ress v [ o g T s B
» Japanese [ identification and Characterization of a Phenyl(trifluoro-methyl)-pyrimidine
1 Positive Allosteric Modulator of the Secretin Receptor.
te R Sergienko EA. Miller LI
KEGG Home KEGG: Kyoto Encyclopedia of Genes and Genomes 390/membranes 16070242

Release notes

i More recently, it has been sppreciated that drugs can also modulate the action of natural agonists of
Current statistics

KEGG Database
KEGG overview
KEGG mapping

KEGG is a database resource for understanding high-level functions and utilities of
biological systems, such as cells, organisms, ecosystems and the biosphere from
molecular-level information, especially large-scale molecular datasets generated by
genome sequencing and other high-throughput experimental technologies.

See Release notes (July 1, 2026) for new and updated features.

these receptors. thus providing unique chinical advantages. ..This compound can serve 35 3 lead to the
development of other drugs that enhance the action of natura

[C] Discovery of GPCR Antagonists with Potent In Vitro and In Vivo Macrofilaricidal
2 Activity.

) 1 year

. . : 2 Cite  Rosa BA Han Z. Arun A, Tricoche N. Paguero R Banas V. Shadrick M, Fath M, Suksomboon P, BhartiS.
Color codes Announcement: KEGG reorganized into 23 types of data objects ) 5 years i A N 65 bt M X 'S o N MR
KEGG identifier New article: KEGG Syntax for comparison of organisms, organism groups and ) 10 years I 10.1021/a¢s jmedchem 6c01435. Online ahead of print.

KEGG WebLinks
Entry format

viruses by conserved gene repertoires

) Custom Range

PMID: 42470372

Cheonic filarial infections remain a global health burden, with fimited adulticidal therapies highlighting
the need for new drugs. tagonists

pimozide. proroxan and suloctidil along with 45 rationally desiq ..
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e Una base de datos secundaria contiene informacion derivada de otras

fuentes (primarias, entre otras).
- Refseq (Coleccion curada de GenBank en NCBI)
- Unigene (Clustering de ESTs en NCBI)
- TrEMBL (secuencias de proteinas traducidas a partir de secuencias de DNA)

o Las bases de datos organismo especificas son en general una mezcla
entre primaria y secundaria.

e Hoy en dia muchas otras bases de datos son hibridos
« Integran diversos tipos de datos
e son primarias para algunos tipos de informacion
e y son a la vez secundarias para otros tipos
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The Human Protein Atlas

TISSUE BRAIN

Tissue profiles based on transcriptomics, antibodies and MS-based Protein and spatial RNA profiles in brain based on microdissected
proteomics regions

CANCER

Spatal, subcellular protein profiles in human cells based on

CELL LINE
w @

® . @ T ANV

STRUCTURE

Protein and RNA profiles in cell fnes, including best model human 3D-structures of human proteins with antibody-binding sites and
cancers genetic variants

https://www.proteinatlas.org/

Cancer profiles based on transcriptomics, antibodies and MS-based
antibodies proteomics

RNA and protein profiles in fissues and cells, based in single cell and
bulk transcriptomics as well as DVP

Blocd protein levels in health and disease based on affinity and MS-
based proteomics

7
PRPFB f CD2BP2  gnRNPan

L

AAR2
= 03— SNR
TUBB2AT EFTUD2 o £\

Human protein-protein interactions including 3D-structures and
metabolic enzyme profiles

Core Data Types and Sub-Atlases
Tissue Atlas: Protein expression profiles across normal human organs
using antibody-based microarrays and RNA-seq.

Single Cell Type Atlas: Single-cell and single-nucleus RNA sequencing
datasets mapping cell-type-specific expression in healthy tissues.

Cell Atlas: Subcellular localization data and immunofluorescence
microscopy images of cell lines.

Pathology Atlas: Protein expression data linked to patient Survival
statistics across major cancer types.

Brain Atlas: Detailed regional mapping and distribution of proteins in
human, mouse, and pig brains.

Blood Protein Atlas: Profiles of circulating blood proteins and immune
cell-type restrictions for biomarker discovery.

Metabolic Atlas: Maps of human metabolic enzymes integrated with 3D
structural contexts.

Cell Line Atlas: Transcriptomic and antibody-based protein expression
data from standard human cell lines.

Protein Structure/Interaction Resource: Predictive 3D structures and
protein-protein interaction networks powered by Al models like AlphaFold
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Bases de datos bioldgicas: DNA

Nucleotide databases:
- Genbank: International Collaboration
« NCBI (USA), EMBL (Europe), DDBJ (Japan and Asia)
e European Nucleotide Archive (ENA) - Europe
« Sequence Read Archive (SRA)

- Organism specific databases M@I

 Human Genome Browser (UCSC)

Mouse Genome Informatics (MGI) \M FlyBase
Drosophila Genetics Database (FlyBase) ™
Escherichia coli (EcoCYC) % ECOCYC

Saccharomyces Genome Database (SGD) " Saccharomyces
The Arabidopsis Information Resource (TAIR) GENOME DATABASE

@
7 tair
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Es un Banco: no se intenta unificar datos.

No se pueden modificar las secuencias sin el
consentimiento del autor (submitter).

No se intenta unificar (puede haber mas de una secuencia
para un locus/gen).

Puede haber registros de diversas calidades de secuencia y
diferentes fuentes - Se separan en divisiones.

i,

59

Fernan Agiiero




Organismal Divisions

Secuencias de alta calidad en divisiones taxonémicas: Database Division BLAST Example
PR| 9 Pr-l mates BCT Bacterial sequences nr, month
, PRI Primate sequences nr, month Human Phase 3
MAM 9 Mam]feros ROD Rodent sequences nr, month
INV = Invertebrados MAM Other mammalian sequences nr, month
VRT Other vertebrate sequences nr, month
INV Invertebrate sequences nr, month Drosophila, C. elegans Phase 3
Secuencias de menor calidad en divisiones PLN Plant and Fungal sequences  nr, month Arabidopsis Phase 3
e VREL Viral sequences nr, month
USO'eSpeCIfI cas: PHG Phage sequences nr, month
GSS 9 Genome Seq uence Survey RMA Structural RNA sequences nr, month
EST 9 Expressed Sequence TagS SYN Synthetic and chimeric sequences nr, month
UNA Unannotated sequences nr, month
HTG - High Throughput Genomic Sequencing (unfinished
contigs, BACs, cosmids, chromosomes). Functional Divisions
Database Division BLAST Example
EST Expressed Sequence Tags dbest, month
STS Sequence Tagged Sites dbsts, month
GSS Genome Survey Sequences dbgss, month

HTG High Throughput Genomic sequences htgs, month  All Organisms: Phase 0, 1, and 2

Phase 0 sequences are single-few pass reads of a single clone (not contigs usually).
Phase 1 sequences are unfinished, unordered, and contain gaps.

Phase 2 sequences are unfinished, ordered, and can contain one or more gaps.
Phase J sequences are high quality finished sequences that do not contain gaps.

https:/www.ncbi.nIm.nih.gov/genbank/htgs/divisions/
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Concepto de Banco A

Los depdsitos son del depositante (submitter) “""
Redundante: misma secuencia depositada por varios depositantes . ——
Con errores: solo el depositante puede corregirlos

Dificil de actualizar

Para poder corregir, mejorar y mantener actualizada la anotaciéon de

los registros, el NCBI creé RefSeq (coleccion curada de registros de
GenBank)

- toma records de GenBank y los actualiza/corrije % Refseq ﬁ

- unifica para reducir redundancia
- Accession numbers del tipo XX_123456
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RHMAP ECOCYCCOMP - —  ECOCYCCOLI |

MIMMAP RHDB CPGISLE
[ RHEXP L
OMIM ECOCYCPATH ECOCYCENZ
RHPANEL ECDBBH'[E' — PRODOM
\ ECOGYCPROT .
VIRGIL ECDC (U /
DBEST _ / o a ECOCYCGENE SWISSDOM
. NRSUB ECZD
UNITEST L 7 : j 5
‘. ";"J‘ WORMPEP ; PDBFINDER
o8 'lf"é..—-ﬂ SPTEMBL @
UNIGENE - - EMBL/GENBANK > *smss-mor L "
= : N
‘q’—"?{l ‘ﬁ-\\, ““"“.-‘E?#m PDBSHORT
% : @ﬁ% SBASE REBASE
5 R 2y
/ > ?ﬁdﬂq‘%‘@‘”’ NRL3D
LISTAHOP . P s LN B B W 2 R
LISTAHON LISTA e i thqi'
FLYGENE ' pRoSITE 4’.
- o
snnPMnP| _ SACSEQ - T FFm

?

SACLOC

SACGMAP |

/I FLYCLONES | ) _ :
PROSITEDOC swissPrAM | LIS

PRINTS |

ST FLYREFS BLOCKS TEMATRIX S TFFACTOR
LIMB
| GBRNA SEQANALRABS 2 SEQANALREF N
NAKAIMATRIX
M sequence [l Protein Structure SeqRelated Genome Metabolic  ELiterature  MOthers M Transfac [ Mapping

Las claves primarias o secundarias
(accession numbers) se usan para
generar los links o asociaciones
entre diversos recursos
bioinformaticos.
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\SCenunc Name/ ' T‘v'} " '7Nucvl;ti-€e" lr‘fﬁ\ \ I INUIDEY = P;tEeiGnAID ucscip
D e » UniGene ID

efSeq ncRNA
Ensembl Paralog Ens
Taxon ID efSeq Pl"oteln Protein ID Gene ID
Accession Homolog Ens
RNA I e Nomolog €
ns
0 enBank Nucleotide Eneer i Protein D
s Transcript ID miRBase ID
omt;ggene RefSeq Genomic IPIID
nBank Protel Accession WormPep
':MfM Accession Protein ID
nfo
COSMIC ID
‘GSEA Standard MIM ID RefSeq mRNA SNP Info
Name Accession
Homol
GSEA Grogp '\ Gene ID InterPro ID (Agn;m = dbSNP ID
Genal MGI ID r
EC Number CCDSID hmeromogoml
RGD /‘ /"
7 \/ @ //[A\[\\// \\ ///_' HPRD ID
Gene Synonyms ZEN) v BIND ID
PBRID InAct ID
VectorBase Gene 1D H-Inv Locus |
XenBase Gene ID FlyBase Gene ID Sl
UniSTS ID H-Inv Transcript |D HMDB Enzyme —
Biocarta HGNC ID PDBID UniProt Entry Name
Pathway Name TAIR ID Hbéggfgml—
Biocarta Pathway am/ID WormBase KEGG Gere |0
Title Gene ID HMDB Metabolite
mgggGC/ng; :D e A KEGG Disease |D
GCIX mage HMDB Metabolite
MGC(ZGC/XGC) Info SGD ID
GO Annotation KEGG Dig ID KEGG Disesse Info
COG Term Pfam ID EropS ID(KEGG Drug Name KEGG Drug Info
MultiFun 1D s KEGG Pathway ID
FunCatDB 1D 2 10 Rinlarins) INTS | e KFGG

Las claves primarias o secundarias
(accession numbers) se usan para
generar los links o asociaciones
entre diversos recursos
bioinformaticos.
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UniProtkB - Advanced | List ESEElHY

https:/www.uniprot.org/
m National Library of Medicine No imponen restricciones
National Center for Biotechnology Information . . .
El usuario tipea palabras libremente

Se usan estrategias para intentar
“adivinar” la intencion del usuario

i

Search NCBI Search NCBI

https:/www.ncbi.nlm.nih.gov/search/

Enter text search ferms Search Q,

Examples: hisions, BNOD0O0ES

Enter accession View @

Examples: Taxon-D80E, BNDDD0ES, PRIEBLN2

https:/www.ebi.ac.uk/ena/browser/home
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El usuario tipea libremente un término Entrez busca
en qué listas mapea ese término:

MeSH (Medical Subject Headings): vocabulario controlado utilizado

para indexar articulos en PubMed.

Journals: nombre completo del journal, abreviaturas usadas en

v

MEDLINE y numeros ISSN.

Lista de frases: cientos de miles de frases generadas a partir de

v

MeSH y otros vocabularios controlados similares.

v

Indice de autores: apellido e iniciales.

Stopwords: palabras comunes, presentes en casi todos los registros
de la base de datos (a, an, by, of, the ...)

v

Cancer

Explosion de términos y
sindbnimos

Cancer, BMC Cancer, Nat Rev Cancer

“breast cancer”

Alice Cancer, Pablo F Cancer,

Matko Cancer, ...

65

Fernan Agiiero




Neoplasms
Cysts

Search NCBI ‘ Search NCBI m Arachnoid Cysts
- Ca,ncer Bone Cysts +

Branchioma

H Breast Cyst
Term mqpplng Bronchogenic Cyst
Chalazion
Choledochal Cyst
National Library of Medicine Colloid Cysts
National Center for Biotechnology Information Dermoid Cyst

Epidermal Cyst
Esophageal Cyst

National Library of Medicine All MeSH Categories
‘ National Center for Biotechnology Information Diseases Category

MeSH MeSH v||cancer /' Follicular Cyst
Create a Limits ~ Advanced Ganglion Cysts
Lymphocele

Summary v 20 per page v Sendto: o Mediastinal Cyst

- Mesenteric Cyst
Search results Mucocele

L3 .
Items: 1 to 20 of 409 Page [1_]of21 | Next» | Last>> Term eprOS|on Ovarian Cysts +
— Pancreatic Cyst +

Parovarian Cyst
Pilonidal Sinus
Ranula

[ MNeoplasms
1. New abnormal growth of tissue. Malignant neoplasms show a greater degree of anaplasia and have the properties of invasion and
metastasis, compared to benign necplasms. -
Year introduced: /diagnosis was NEOPLASM DIAGNOSIS 1964-1065 Synovial Cyst +
Tarlov Cysts

Thyroglossal Cyst
https:/www.ncbi.nIm.nih.gov/mesh/?term=cancer Haman—ﬁ;:gha' Cyst

Hamartoma Syndrome, Multiple +

Pallister-Hall Syndrome

Tuberous Sclerosis

Meoplasms by Histologic Type

Histiocytic Disorders,_Malignant +

Leukemia +

Lymphoma +

Neoplasm, Lymphatic Tissue +

MNeoplasms, Complex and Mixed +

MNeoplasms, Connective and Soft Tissue +

Neoplasms, Germ Cell and Embryonal +

MNeoplasms, Glandular and Epithelial +

MNeoplasms, Gonadal Tissue +
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e Ventajas
- rapidas de formular

- no hay que leer el manual

- ni hacer un curso ©

 Desventajas
- poco selectivas
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Presuponen un cierto conocimiento sobre la
organizacion subyacente de los datos

Hay que especificar sobre qué campos buscar:
= hay que conocer los campos

Entrez: se especifican entre corchetes f
Tags predefinidos (hay que conocerlos)
https://www.ncbi.nlm.nih.gov/books/NBK3799/table/catalog.Taa/

* Escherichia coli[organism]

* review[publication type], 2026[DP]

* attenuator[feature key]

EMBL-EBI: formulario avanzado (no hay que
conocer términos o tags)

PubMed:
Cancer[Journal]
Cancer[AU]
Cancer[TI]
Cancer[AB]
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Find your protein

Examples: Insulin, APP, Human, P05067, organism_id:9606

Advanced Search’ x

Searching in

- Las busquedas avanzadas son mas faciles de construir.
— OK para usuarios interaccionando via web.

— NOT OK para interacciones desde otras interfaces:

AND v [RECRIESBES | Mammalia (mammals) [40674] x  Remove ° ACCGSO progromdtico (Vi(] APl S)

UniProtkB

Keyword [KW] o o
AD - & Remore * Acceso repetitivo
All
AND - Al - Remove
Foc el
UniProtkB AC
Type *inthe s Entry Name [ID] es for the selected field.

Secondary Accession
Protein Name [DE]
Gene Name [GN]
QOrganism [0S]
Taxonomy [OC]

Virus host

Protein Existence [PE]
Function >

Subcellular location »
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En busquedas simples o avanzadas siempre tienen a

disposicion operadores l6gicos para encadenar términos

AND (interseccion)
- human AND genome
- +human +genome
- human && genome

OR (union)
- human OR genome
- human | | genome

NOT (subconjunto)

- human NOT genome

Los operadores légicos funcionan sobre
conjuntos. Para pocos conjuntos pueden
visualizarse con diagramas de Venn.
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https://es.wikipedia.org/wiki/Teoría_de_conjuntos
https://es.wikipedia.org/wiki/Teoría_de_conjuntos
https://es.wikipedia.org/wiki/Teoría_de_conjuntos
https://es.wikipedia.org/wiki/Teoría_de_conjuntos

 El orden de los términos es importante

e Un query se evalua de izquierda a derecha
- human NOT genome no es lo mismo que genome NOT human

e Si el query tiene muchos términos pueden forzar
el orden de evaluacion usando paréntesis

- human AND cancer AND (cell OR science OR nature)
- casein kinase NOT (human OR mouse)
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My favorite part of the work day
is the end of it.

som@dcards
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