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TEMA 2: GENOMICA

Genomica es el conjunto de ciencias y técnicas
dedicadas al estudio integral del funcionamiento, el
contenido, la evolucion y el origen de los genomas.

Es una de las areas mas vanguardistas de la
Biologia. La gendmica usa conocimientos derivados
de distintas ciencias como son: biologia molecular,

bioguimica, informatica, estadistica, matematicas,
fisica, etc...

Fuente: Wikipedia



¢, Quée estudia la Genomica?

Contenido
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Genomica Estructural: composicion de los Genomas

Tema 3: Expresion Génica DNA eucariético

Genes funcionales DNA repetido
de copia Unica

Tema 4: Regulacién

Tema 1: |. Genética

Tema 6: Transposicion




Gendmica Estructural: composicion de los Genomas

ADN Génico vy Relacionado: 37% (1.5% CODIFICANTE, EXONES!!)
ADN No Codificante: 63% (44 % ELEMENTOS TRANSPONIBLES)

DMA eucaridtico




Tipos de Secuencias Repetidas

TIPOS DE SECUENCIAS REPETIDAS

e SECUENCIAS GENICAS QUE CODIFICAN PRODUCTOS
ARN

- Familias multigénicas
PROTEINAS

e SECUENCIAS GENICAS NO CODIFICADAS
- Origenes de replicacion.
- ADN satélite centromérico |ADN REPETIDO EN TANDEM
- ADN telomérico

e SECUENCIAS SIN FUNCION CONOCIDA.

ADN satélite.
Secuencias simples repetidas. CTADN REPETIDO EN TANDEM

\

- SiNEs
- LiINEs
- TRANSPOSONES. ” ADN REPETIDO DISPERSO
- ELEMENTOS RETROVIRALES.

J




Gendmica Estructural
(aproximaciones al analisis de un genoma)

Citogenética

Mapa Genético (marcadores)
Mapa Fisico

Secuenciacion



Mapas CromosOmicos

Hibridacion
In situ




Mapas CromosOmicos

© Chrombios

Hibridacion
In situ




Mapas Genéticos

— Posicion relativa de fragmentos de ADN
— Unidad distancia (cM)
— Resolucion media



(a) (b) (<)

Meiosis

landll

Figure 2-16
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company
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La probabilidad
de
entrecruzamiento
disminuye
conforme
aumenta la
cercania de los
marcadores

Posiciones
relativas de unos
con respecto a
otros
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DNA markers
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Mapas Fisicos

— Posicion directa del ADN
— Unidad distancia (pb)
— Mayor resolucion



Hierarchical shotgun sequencing

Genomic DNA

BAC library

Organized
mapped large
clone contigs

BAC to be
sequenced

N P~
Shotgun ~f )~y AN ~ >

-\ ,,._ ~ ) T o~

clones Lo ldrm 2 TR -
Shotgun . ..ACCGTAAATGGGCTGATCATGCTTAAA
sequence TGATCATGCTTAAACCCTGTGCATCCTACTG. . .

Assembly . ..ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .



Del Mapa Genetico al Mapa Fisico
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YAC clones
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Fig_19-03 Genetics, Second Edition © 2005 W.H. Freeman and Company
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Gendmica Estructural
(aproximaciones al analisis de un genoma)

|
| Chromosome (:[Ii

aenatic Map

Physical Map
Large Clones

Physical Map
amall Clones

R
SEqUENCE AREGTCAGGCCTCAG




Genodmica Funcional

ADN

Transcriptoma

ARN

Proteoma

PROTEINA



Ratones knockout

Gendmica Funcional: mutagénesis
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Genomica Funcional: prediccion de genes

Prediccion de ORFs

&0 Open Reading Frames
File: BRCAZ gene.seq
Q) AW @) |422| Min. ORF Size: 1] aa pos: | 22454
+1 mi _n mann _| | | (1 || ! | | | | |
+2 n; 0 W 11 N 0O 0 A OO A R RO 000
g miil il iMrmim i (F E N EEEE mimmil Ui o fiie N
<8 20882 27073 o
-1 | . | P11 Nl Lm0 W 0 B r o m | R 1 m |
-2 COOH M 1IN mil | N I (N N D | NN [ . Il WHz
-3 | | (. | - [ | ] hin [ | I
HL Codons colored by frequency (highest on left)
R.Fr. Position Protein  Molecular Weight Mean pka
I I .
[+2] | 22454 - 27004 1517 aa 170223.0 7.1
vioiaa 15892022430 2244022430 22480 22470 22480 22490 22300 22310 22
+1 FNSYFOQOGCSVWYEKTPSHDTF-RQRTITIOQMNTVYVRQADQRS-QQQL-1I-0¢C
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3 AT CAGCAT ARG T T TACAAGACACTTTEGAT CAGTACTAAAGATCTCCGTT TCTTAGTATGT T T TACAGTCTGTTCGAGTTTCCATTGTTAATACTTAGACTA 5

-1 M - SRS GLIMNMG -V - DIHHNRSAFTF-VFHS-VLETFTWVTITITFT RTI

-2 COOHIT K ¥V G ¥V E L 5§ TR DFRTMTIE P LSDVYLIDSLSLPLL - 50D 5]|HNH

-3 K L E - KWDPHETL G + 5 K - L CLIMUCFTLT CAS-LTYOCMHNUHTIZG G

ik L= J 4[] 4



>secuencia_de_ADN

ATGAGCTGGTGGTGGGCTGGAGCGATAGGCGCTGCAAAGGTAATAAGTT
AACATTTATCGCATAATTGCAACAATCCTAGCTATTTATGTGTAATCTGACT
GGTAATTGGTTGAAATAGAAAAGGTTGGAAGAAGATGACGCACAGCCAAA
GCATTCGAGCGTGGCGTTGATAGTTGGGGTAACCGGAATCATCGGCAAC
AGCCTGGCGG

This search in Gene shows 1593 resutts, including
POR (Homo sapiens): P45D (eytachrome) axidoreductase

Por (s musculus): PAED (cytochrome) oxidoreductase
o (Rattys nonvegicus): PASD (eytochrome) oxidoreductase

Items 1 - 20 of 1385

[  Cyanothece sp. PCC BB02, complete genome
1. 4,689,813 bp circular genamic
NC_D13161.1 GI:257097919

of 70 Next

[]  Homo sapiens P450 (cytochrome) ouidoreductase (POR) on chromasome 7
78,794 bp linear genarmic
WG_00B930.1 Gl211904121

[0  ersinia enterocoliica subsp. enterocoliica 8081, complete genome
4,615,899 by circular genormic
NC_008500.1 GI:123440403

[0  Helicobacter acinonychis str. Sheeba, complete genome
1,553,927 bp circular genarmic

NC_008223.1 GI109948640

TR




Gendmica Funcional: Bases de Datos

EBl * Toolz » Similarity & Homology » BLAST > WU-BLAST2

WU-BLAST2 - Nucleotide Database Query

WU-BLAST? stands forwashington University Basic Local Alignment Search Toal Yersion 2.0. The emphasis
ofthis tool is to find regions of sequence similarity or hormalogy quickly, with minimum loss of sensitivity.
This will vield functional and evolutionary clues ahout the structure and function of vour novel sequence. Dr
Wiarren Gish atWashington University released this first"gapped” version of BLAST allowing for gapped
allgnments and statistics.

;?_] Download Software

Mew interface
A preview of the newr interface for this senice is now available! Please try it here.

FROGRAM DATABASE RESLULTS SEARCHTITLE  YOUR EMAIL
BLASTMN [ | Mucleic Acid [ interactive [ |Sequence |
EMBL Release [+]
Ml AT R EXFP.THR FILTER WIEWY FILTER SEMSITIVITY DA STRAND
default [ |default ] | none & no B nornal B both [

SCORES ALIGNMENTS SORT STATS topcombai FORMAT
default [ | default [ |pwalue B | sump B [ defaut B Defautt

Enteror Paste a DNA}'RNAD Sequence in any format;

EMBL-EBI

Upload afile: Run BLAST | Reset |

GenBank,
Swiss-Prot,
BLAST, ...

FMCBI' BLAST! blastn suite

blastn | blastp | blastx | tblastn | thlastx |

= NCBI

Mational Center far
Biotechnaolagy Informatian

Enter Qluery Sequence

BLASTH programs search nucleo

Enter accession number, gi, or FASTA sequence & Clear Query subrange &
From
To
Or, upload file Q9
Job Title
Enter a descriptive title for your BLAST search &
[ Align two or more sequences &
Choose Search Set
Database @ Hurnan genomic + transcript OMouse genomic + transcript OOthers (nr etc):
Human genomic plus transcript (Human G+T) B e
Exclude [ Madels gnP) O Unculturedfervironmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &



Micromatrices, Microarrays o Chips de ADN

Microarray chip
with DNA probes

T
RLIRRegy) ] R

. PRl

Cancer RNA cDNA with TP TISPI TS
cells fluorescent bases
b— - —O
— — —_— —H —0
Noncancer I I I I I I Ii Ii Ii
cells . -0 =0

— - —O \ 5 J

I

oo

Conclusion: Seventy genes were identified whose expression patterns accurately predicted the recurrence of breast cancer
within 5 years of treatment.

Fig_19-20 Genetics, Second Edition © 2005 W.H. Freeman and Company



Micromatrices, Microarrays o Chips de ADN

Estudio de expresion de genes asociados
a una enfermedad

Estudio de expresion de genes en
distintos estadios de un organismo

Estadio de expresion de genes
iInvolucrados en la respuesta a algun
agente



Genomica Comparada

l Table 19.3 ' Characteristics of some eukaryotic genomes that have been

completely sequenced
Genome size Number of
(millions of predicted
Species base pairs) genes
Saccharomyces cerevisiae (yeast) 12 6,144
Arabidopsis thaliana (plant) 125 25,706

Drosophila melanogaster (fruit fly) @ @

Caenorhabditis elegans (roundworm) @ 0,598

Anopheles gambiae (mosquito) 278 14,707
Danio rerio (zebrafish) 1465 22,409
Takifugu rubripes (tiger pufferfish) 329 22,089
Mus musculus (mouse) 2627 26,762
Ratus novegicus (Norway rat) 2571 23,761
Pan troglodytes (chimpanzee) 2733 22,524

Homo sapiens (human) @ ~24,000

Source: Ensembl Web site: http//www.ensembl.org

Table_19-03 Genetics, Second Edition © 2005 W.H. Freeman and Company



Gendmica Comparada: Paradoja del Valor G

0 10,000 20,000 30,000 40,000 50,000
Approximate number of genes



Gendmica Comparada: Paradoja del Valor G

|

|
LEVADURAS
|

NEMATODOS

=i Li I.

ADN ADN INTRONES
GENICO REPETIDO




Genomica Comparada: Paradoja del Valor G

BACTERIAS: 1GEN/1KB (GENES: 95%)
LEVADURAS: 1 GEN/2 KB (EXONES: 65%)
NEMATODOS: 1 GEN/5 KB (EXONES: 27%)
HUMANOS: 1 GEN/100 KB (EXONES: 1,5%)



Genomica Comparada: Paradoja del Valor C

Marmmals

_— Birds =i
Y¢ = humans R

Frogs b————+
Salamanders bF———=%——
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Teleost fishes p——t——o-—
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Cartilaginous fishes p—t——nrd
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Insects |
L
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} * 1 Molluscs
1

e
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Annelids ¢

g 1
———— Echinoderms
Water bears (Tardigrada) p=——————=—e>—m
Flatworms (Platyhelminthes) |

Ratifers f—e—
i & | Red algae (Rhodophyta)
Green algae (Chlorophyta) | * {
p————— Brown algae (Phasophyta)
Flowering plants (Angiosperms) *
Non-flowering seed plants (Gymnosperms) &—]

Ferns (Monilophytes) | : |
Club mosses (Lycophytes) | = {
p——— Mosses and kin (Bryophytes)
Roundworms (Nematoda) | & {
——— Cnidarians
Sponges (Porifera) | —]
} % { Fungi
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I + i Bacteria
f——— Archaea
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- 0 1 2 3 4 5 6

Logyg C-value (Mb)



Mecanismos de Aparicion de Nuevos Genes

PROCARIOTAS

DUPLICACION GENICA
TRANSFERENCIA HORIZONTAL DE GENES

EUCARIOTAS

DUPLICACION GENICA
BARAJAMIENTO DE EXONES
GENES DERIVADOS DE ELEMENTOS MOVILES



Genomica Comparada

ORTOLOGO: Genes homdlogos encontrados en especies
diferentes que evolucionaron a partir de un misgroen
un antepasado comun.

PARALOGO: Genes homdlogos encontrados en un mismo s
organismo originado por duplicacién de un gen anaes




