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“The key to domestic
breeding is man’s power
of accumulative selection:
hature gives successive
variations; man adds them
up in certain directions
useful to him”

Charles Darwin
The Origin of Species
(1859)
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De los genes a los genomas...

« Genes como concepto abstracto (Mendel, 1865)
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« Genes alineados en los cromosomas (Morgan, 1910 ; Sturtevant 1913)
« Genes en el ADN (Avery 1940s)
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De los genes a los genomas...

 Estructura del ADN, Codigo Geneético ... (1950-60s)
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De los genes a los genomas...

- PCR (Kary Mullis, 1985)
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« Secuenciacion automatica del ADN (Applied Biosystems, 1986)
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De los genes a los genomas...

- Genomas secuenciados por completo (1990s - ...)

1S National Research =
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Human Genome gene identified by
Organization (HUGO) formed positional cloning
1988 1989 1990

MGG mxxlxxmmxxxxmxhxmml&xmxmxxmxm (LTl U

Analisis
masivo de

- Analisis funcional multigénico (2000s) genomas

« Secuenciacion y genotipado masivos (2005 -...)
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El estudio de la variabilidad genética

1900 - 1970 Cruzamientos y cromosomas

anos 70 Electroforesis de proteinas y grupos sanguineos
anos 80 ADN mitocondrial

anos 90 ADN nuclear

2000 - ... Gendmica

Marcadores Genéticos
Proteinas e isoenzimas
ADN mitocondrial
Polimorfismos de fragmentos de restriccion (RFLP)
Minisatélites
Secuenciacion del ADN (Sanger)
Microsatelites
SNPs
22 generacion de secuenciadores (HTS)
32 generacion de secuenciadores (proximamente)

de Barcelona
Madrid 05/05/10




Grupos sanguineos y polimorfismos bioquimicos como
marcadores genéticos (1970 — 1990)

LINKAGE AMONG CATTLE BLOOD

AND MILK POLYMORPHISMS! GENETICS AND BREEDING
Determination of Effects of Milk Protein Genotype
H. C. HINES, C. A. KIDDY, E. W. BRUM, anp C. W. ARAVE on Production Traits of Israeli Holsteins
M. RON, O. YOFFE, E. EZRA, J. F. MEDRANO," and J. . WELLER
The Ohio State University and The Ohio Agricultural Research and Development A T oo
Center; Animal Husbandry Research Division, U.S.D.A., Belisville, Maryland; 1994 J Dairy Sci 77-1106-1113 Bt (oo et Conter
and Utah State University, Logan, Utah

Genetics 62 401412 June 1960,

Associations of Bovine Blood and Milk Polymorphisms
with Lactation Traits: Holsteins'

D. 8. GONYON, R. E. MATHER,* H. C. HINES, G.F.W. HAENLEIN,?
C.W. ARAVE," and 5. N. GAUNT*

Department of Dairy Science
1987 J Dairy Sci 70:2585—2598 The Ohio Agricultural Research and Development Center

The Ohio State University
Columbus 43210

Copyright © 1994 by the Cenetics Society of America

Mapping and Analysis of Dairy Cattle Quantitative Trait Loci by Maximum
Likelihood Methodology Using Milk Protein Genes as Genetic Markers

H. Bovenhuis*' and J. I. Weller'

*Department of Animal Breeding, Wageningen Agricultural University, The Netherlands, and
YA. R. 0., The Volcani Center, Bet Dagan, Israel

CGenetics 13T 267-280 (May, 1994

Universitat Automoma
de Barcelona
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TIPOS DE POLIMORFISMOS EN EL DNA

DE REPETICION-> para un DE SECUENCIA-> para un

fragmento equivalente de ADN, el fragmento equivalente de ADN, la

numero de veces que se repite secuencia de nucleétidos no es

una secuencia nucleo no es idéntica.

idéntico.

MINISATELITES SNP (single nucleotide
polymorphism)

MICBQSATELITES Variacion que afecta a un

Repeticiones en tandem de 2 nucleétido en la secuencia

a 5 bases. del ADN.

CNVs (variaciones en el
numero de copias): incluye
inserciones y deleciones de
diversa magnitud.

Universitat Autonoma

" de Barcelona
Madrid 05/05/10



Los SNPs son los actuales marcadores de
eleccion en genomica animal

SNP: Single Nucleotide Polymorphism, un cambio de una
base nucleotidica en la secuencia del ADN

*Constituyen la fuente mas abundante de variabilidad genética.
«Aproximadamente un SNP cada 300 — 500 bases.

*Millones de SNPs caracterizados en las principales especies
domeésticas y disponibilidad de chips para su analisis masivo.
Faciles de analizar

. .GAATCTTATGCTATACATAATTATATACTAATCGGGTATTGTTCTTAT. .
. .CTTAGAATACGATATGTATTAATATATGATTAGCCCATAACAAGAATA. .

. .CTTAGAATACGATATGTATTAATATATGATTAT CCCATAACAAGAATA. .

E . .GAATCTTATGCTATACATAATTATATACTAATAGGGTATTGTTCTTAT. .

Universitat Automoma

de Barcelona Madrid 05/05/10



Microsatélites como marcadores para la construccion de
mapas geneéticos (1990 — 1997)

\@J © 1994 Nature Publishing Group http://www.nature.com/naturegenetics

article

A genetic linkage map of the
bovine genome

Mammalian Genome 8, 21-28 (1997),

alian
Meraie

© Springer-Verlag New York Inc. 1997

W. Barendse', $.M. Armitag
D. Clayton!, L. Li%, H.L. Nei

MC hl,M.R ?,A..Tl * - » - -
oo e oy A medium-density genetic linkage map of the bovine genome

W. Barendse,! D. Vaiman,? 8.J. Kemp,’ Y. Sugimoto,* S.M. Armitage,' J.L. Williams,® H.S. Sun,® A. Eggen,?

M. Agaba,’ 5.A. Aleyasin,' M. Band,” M.D. Bishop,® J. Buitkamf,’ K. Byrne,! F. Collins,! L. Cooper,'

W, Coppellliers,'".B. ch:;iys,"’ RD = L= S ST

L. Ferrenti ! N. Flavin,” Q. Gao," A Second-Generation Linkage Map of the

D. Hulme,™ C, Jorgensen, M. K

J.A. Lenstra,®® H. Leveziel,? H.A. 1
D.E. Moody ™ S.5. Mm;reﬁ S. Nal Bovine Genome
A. Shalom,” A.J. Teale, U. Thieve Steven M. Kappes,'> John W. Keele,' Roger T. Stone,’

1 32 iy 033 ,
R. Velmala,™ J. Vilkl,™ R. Welk Royal A. McGraw,” Tad S. Sonstegard,’ Timothy P.L. Smith,’

Nestor L. Lopez-Corrales,' and Craig W. Beattie'
U.S. Department of Agriculture (USDA), Agricultural Research Service (ARS), U.S. Meat Animal Research

Center, Clay Center, Nebraska 68933-0166; University of Georgia, College of Veterinary Medicine,
Athens, Georgia 30602

We report a bovine linkage map constructed with 1236 polymorphic DNA markers and 14 erythrocyte antigens
and serum proteins. The 2990-cM map consists of a sex-specificc X chromosome linkage group and 29
sex-averaged, autosomal linkage groups with an average interval size of 2.5 ¢M. The map contains 27 new
markers and 623 previously linked markers, providing a basis for integrating the four published bovine maps.
Orientation and chromosomal assignment of all the linkage groups, except BTA20 and BTA22, was provided by
88 markers that were assigned previously to chromosomes. This map provides sufficient marker density for
genomic scans of populations segregating quantitative trait loci (QTL) and subsequent implementation of
marker-assisted selection [MAS) mating schemes.

Universitat Autdnoma [Linkage groups for all 29 autosomes and the X and Y chromosomes are presented at heep:/ /www.cshlorg/gr/.]
" de Barcelona GENOME RESEARCH 7:235-249 ©1997 by Cold Spring Harbor Laboratory Press
Madrid 05/05/10



Estrategia molecular basica

DETECCION DE QTLS PARA CARACTERES PRODUCTIVOS

 Usar marcadores para monitorizar la herencia y
obtener probabilidades de los posibles genotipos
y su localizacion en el genoma.

« Asociar genotipos con probabilidades para
determinados fenotipos en cada familia.

En su inicio (anos 90) mediante marcadores del tipo
microsateélite. Actualmente mediante SNPs

nmiversitat Autonoma
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Deteccion de QTLs en especies domeésticas
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Del QTL al QTN en el ganado bovino (1995 — 2002)

Copyright © 1995 by the Genetics Society of America

Mapping Quantitative Trait Loci Controlling Milk Production
in Dairy Cattle by Exploiting Progeny Testing

Michel Georges, * Dahlia Nielsen, * Margaret Mackinnon, * Anuradha Mishra, * Ron Okimoto, *
Alan T. Pasquino,' Leslie S. Sargeant,* Anita Sorensen, * Michael R. Steele, *
Xuyun Zhao,* James E. Womack® and Ina Hoeschele '

* Genmark Inc., Sali Lake City, Utah 84108, " Department of Dairy Science, Virginia Polytechnic Institute and State University,
Blacksburg, Virginia 240610315, and * Department of Pathobiology, College of Veterinary Medicine,
Texas A & M University, College Station, Texas 77843

Manuscript received March 28, 1994
Accepted for publicason October 1, 1994

Carneticn 139 B0F =000 ( February, 1995)

Mammalian Genome 11. 136-139 (2000). —-
Meglien

© Sprmger-Verlag New York Inc. 2000

Mapping quantitative trait loci for bovine ovulation rate

Brian W. Kirkpatrick,! Becky M. Byla,' Keith E. Gregory®

!Department of Animal Sciences. 646 Animal Science Building, 1675 Observatory Drive. University of Wisconsin-Madison.
Madison, Wisconsin 53706, USA

*Roman L. Hruska Meat Animal Research Center. Clay Center, Nebraska 68933, USA

Received: 14 May 1999 / Accepted: 14 October 1999

Universitat Autonoma
de Barcelona

Article

Positional Candidate Cloning of a QTL in Dairy
Cattle: Identification of a Missense Mutation in the
Bovine DGATI Gene with Major Effect on Milk
Yield and Composition

Bernard Grisart,” Wouter Coppieters,! Frédéric Farnir,! Latifa Karim,’
Christine Ford,? Paulette Berzi, Nadine Cambisano," Myriam Mni,’
Suzanne Reid,? Patricia Simon,’ Richard Spelman,® Michel Georges,'*
and Russell Snell?

! Department of Genetics, Faculty of Veterinary Medicine, University of Liége (843), 4000-Liége, Belgium; *Vialactia
Biosciences (NZ) Ltd., University of Auckland Medical School, Auckland, New Zealand; *Livestock Improvement Corp.,
Hamilton, New Zealand

We recently mapped a quantltative tralt locus (QTL) with a major effect on milk composltion—particularly fat
content—to the centromeric end of bovine chromosome 14. We subsequently explolted linkage disequilibrium
to reflne the map position of this QTL to a 3-cM chromosome Interval bounded by microsatellite markers
BULGEI3 and BULGEO?. We herein report the positional candidate cloning of this QTL, Involving (i) the
construction of a BAC contlg spanning the corresponding marker Interval, (2) the demonstration that a very
strong candldate gene, acylCoA:dlacylglycerol acyltransferase (DGATI), maps to that contlg, and (3) the
Identfication of a nonconservative K2324 substitution In the DGATI gene with a major effect on milk fat content
and other milk characterlstics.

Genome Res. 2002 12: 222-231

Madrid 05/05/10




Importancia de las nuevas tecnicas?

“Progress in science depends on new
techniques, new discoveries, and new
ideas, probably in that order.”



Genomica funcional mediante microarrays

Genes <> Funciones
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AFFYMETRIX
F TI.E

Data Sheet

O O

GeneChip® Bovine Genome Array

Permite analizar la expresion de unos 23.000 transcritos

Critical Specifications

Bis taurus | Bovine) probe sets

24,072 —

Bis taurus | Bovine) transcripts

UniGanse clustars

approcim atel{ 23,000 )
approximately 1

Unique probe sets to single species:

Mumber of arrays in sat oneE

Array format 100

Feature size M pm

Oligonucleotide probe length 25-mar

Frobe pairs/sequence N

Hybridization controls: bio8, bioC, biol), from E. coli and cre from
P1 B. subtilis

Foly-A controls:
HouseksepingControl genes:

dap, lys, phe, thr, tnp from B. subtilis
actin, GAPDH, eflcg, 585 rRNA, 125 rRMA,

185 RMA, cyclophilin B, glutathions S-transferasa,
lactophorin, translation initiation factor elF-4E

Dietection sensitivity

Qe e i spdoas

Universitat Automoma
de Barcelona

100,000

L maigasnad oy BT W 2 T T il i D el i T e N ) o] e e o s o i o
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Secuenciacion del ADN

Roche 454 lllumina ABI SOLiD

—
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1986 / 2004 2005 /2007 2006 / 2010 2007
Ano
Humano (~ 3 x 109bp) ~ $ 3.000 millones 2000
Bovino (~ 2,9 x 10°bp) ~ $ 53 million 2004/2009
Pollo (~ 1,2 x 10%bp) - $ ? 2004
Porcino (~ 2,9 x 10°bp) < $ 20 millones 2010 ?

Costes comparativos de los proyectos de secuenciacion de algunos genomas

Universitat Autonoma
de Barcelona
Madrid 05/05/10



Coste de (re)secuenciar un genoma de mamifero

10,000,000,000 -
1,000,000,000 -
100,000,000 -
10,000,000 -
1,000,000 -
100,000 -
10,000 -

1,000 -

2015

10 1.000 $ / genoma

Universitat Autonoma
de Barcelona

Madrid 05/05/10



Costes de secuenciacion

ABI 3730XL Roche 454 lllumina ABI SOLID
2005 2006 2007

Coste de un genoma de mamifero: ~ 3 x 10°pb
(cobertura 30x)

100.000 $ a finales del 2009
30.000 $ a finales del 2010



Secuenciacion del ADN
(actualmente 1-2 Gb por maquina por dia)

1,000,000,000

100,000,000 Massively parallel
— sequencing |
O ingle
Q 10,000,000 — molecule
9] 2
O ¢ 1,000,000 -
o = Capillary I'Short-read
% -CC% 100,000 - sequencing sequencers
()
o E 10,0001 Gel-based systems icrowell
8 pyrosequencing
_L_D 1000+ Automated econd-
N Manual slab gel generation
100 slab gel First- capillary
generation sequencer
capillary
10— | | | | | |
1980 1985 1990 1995 2000 2005 2010 Future

Universitat Automoma
"% de Barcelona

MR Stratton et al. Nature 458, 719-724 (2009).25
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Rendimiento de los secuenciadores de segunda generacion...

T e
-"'..-"'.-‘j.-:..n""‘""
e

60| Produccion de un mes

Number of bp (billions)

1995 ‘96 '97 '98 '99 2000 ‘01 ‘02 ‘03 ‘04 05 ‘06 ‘07 ‘08
Years
Secuencias de ADN (en pb) depositadas en GenBank desde 1995

Universitat Autonoma
de Barcelona Gilad et al.(2009) Trends Genet. Madrid 05/05/10




Secuenciacion del genoma de especies domesticas

nature

2004

Bos taurus

2005

Draft Assembly
(7x)

2009

BCM-
HGSC

Completed

Felis catus

Mammal

Draft Assembly

WUGSC

Completed

Gallus gallus

Non-Mammalian
Vertebrate

Draft Assembly
(6,6x)

WUGSC

Completed

Canis familiaris

Mammal

Draft Assembly

BI/MIT

Completed

Pig

Rabbit

Sheep

Equus caballas

Sus scrofa

Oryctolagus
cuniculus

Ovis aries

Mammal

Mammal

Mammal

Mammal

Draft Assembly
(7x)

Draft Assembly
(BAC to BAC)

Low Coverage WGS

(~2X)

Draft Assembly

BI/MIT

Sanger

BI/MIT

BCM-
HGSC

Completed

In Process

Completed

In progress

Universitat Autdnoma
de Barcelona

2010 ?

Madrid 05/05/10



“Arrays de captura” para secuenciacion

Fragmentar y

anadir adagtadores

Exonl Exon2 Exon3 Exon4 Exon5 Exon6

AND Genomico

hibridar AR
Lavar ADN a descartar . \
— L

CET 3 3

Sondas
l Secuenciador

ADN
diana

NimbleGen Array

Universitat Automoma
de Barcelona

Madrid 05/05/10



Caracterizacion de SNPs bovinos por secuenciacion masiva

nature methods

SNP discovery and allele frequency estimation by deep
sequencing of reduced representation libraries.
Van Tasell et al. Nature Methods, 5:247-252 (2008)

I

35

N 70- 130 bp :ﬂll ll!ﬂ

- —

Addition of adapters (65bp) for

CSMA/SBS platform and sequencing F’reparative 6% polyacrg_,rlamide gel of
bovine DNA digested with Haelll

Filter sequences
SNP discovery & validation

62,042 putative SNPs were identified

Universitat Autonoma Nature Methods 2008
"N de Barcelona

Madrid 05/05/10



Estudios de asociacion a nivel genomico (GWAS)

Utilizacion de chips de
genotipado de SNPS

——
—
— i ——
—
— i ——
——

Hlumina

|

Actualmente capaces de
analizar hasta un millon

de SNPS en una mueStra AFFYMETRI}i@ :
illumina* f%ztf_-::a
‘i
b “SNP
) chips” ——==
Infinium GeneChip

Assay Array

Universitat Automoma

de Barcelona
Madrid 05/05/10



lllumina BeadArray (Golden Gate)

T/C
P > Allele Specific
Pl /:G J N_— Extension,
P2 | Address p3 Ligation
Pl D. P3 PCR with
P2 common primers
N / Product capture
Address by hybridization
to array
i Readout
A G
A/G

Madrid 05/05/10



lllumina Infinium Il SNP genotyping

From 7K to 1M SNPs — One Assay - Infinium

GENOMIC DNA 750ng
TG E

\ FRAGMENT DNA

UNLABELED
DNA
’ e
\ ALLELE DETECTION
THROUGH

* ddNTP  sSINGLE BASE EXTENSION

Universitat Autonoma | | I UI | | I na '
de Barcelona
Madrid 05/05/10



Animales Genotipados con el chip 50K
(Hlumina) en Norteamerica (Febrero 2010)

n=42.653

Predictor
B Predictee
B Young

A7)
o
lg
=
<
L
o
=
o
Q
=
>
=

o
(=
Q
N

Year of Birth

Council on Dairy Cattle Breeding, April 2010 (4)

Paul VanRaden

Madrid 05/05/10



Caracteristicas del chip de genotipado 50K

lllumina SNP50 BeadChip 58,336
Insufficient number of beads 1,389
Unscorable SNP 4,360
Monomorphic in Holsteins 5,734
Minor allele frequency <5% 6,145
Not in H-W equilibrium 282
Highly correlated 2,010
Used for genomic prediction 38,416

Van Raden P. Gordon Conference on Quantitative Genetics. (2009)




Nuevo chip de genotipado bovino de alta densidad (700K ?)
Bovine HD (lllumina)

@ Whole genome research array to complement the current
BovineSNP50 for the identification of agriculturally important
genes and for a deeper implementation of genomic selection

in cattle
— DEVE'OpEd in collaboration BovineHD : Groups, institutions and companies involved
in the development
» USDA-ARS UsA Republic of Korea
. . . @ USDA @ Chungbuk National University

" Pﬂzer Anlmal Genencs & George Mason University & Yeungnam University, Gyeongsan

. . . . & University of Missouri Danemark
: Un|VerS|tV Of MlSSDU” & University of lllinois & University of Aarhus, Danemark
- UNCE'A, INRA & Pfizer Germany

Brasil & Technical University of Munich

" Other h|gh_pr0f||e & UNESP, Aracatuba Italy

. | | . R & Embrapa, Brasil « University of Placenza
agrlcu tU ralo rga n |Zat|0 ns France & University of Milano
& UNCEIA-INRA, UK

Netherlands & Roslin Institute

Interbull Technical
Workshop

Use of Genam:: Information I | | u m I n a :

Paris, March 4-5, 2010

Madrid 05/05/10



Nuevo chip de genotipado bovino de alta densidad (700K ?)
Bovine HD (lllumina)

¢ Representing more than 20 diverse breeds

— Bos taurus taurus, Bos taurus indicus, Tropically adapted Bos taurus taurus

& Average sequence read depth >100x from over 120 animals

— >50 million putative SNPs discovered
— SNPs will be submitted to dbSNP

@ Built from an algorithm developed for the BovineSNP50

— Additions to algorithm include: breed weighting, breed-specific
gaps and MAF, differential spacing based on region of genome (i.e.
exon, repetitive, segmental duplication/CNV, other)

& Commercial launch is anticipated before the end of Q2 2010

@& The BovineHD BeadChip will be on an 8-sample format

Interbull Technical

Workshop illumlna-'

Use of Genomic Information
in Genetic evaluations

Madrid 05/05/10



Nuevo chip de genotipado bovino de alta densidad (700K ?)
Bovine HD (lllumina)

« All of BovineSNP50 SNPs will be attempted

=

« ~800,000 bead types after 60,800 beads of BovineSNP50 positioned

« 795,000 SNP positioned on BTA1-29,X

@ 5,000 beads represent unknown contigs, BTA'Y, and mitochondrial SNP

@ Breed groups used:

— Holstein, Angus, Nelore, Taurine dairy, Taurine beef, Indicine, tropically adapted Taurine

@ 852,645 total gaps

— 850,816 <20kb

— 1795 >20kb, < 100kb

Interbull Technical

Workshop

— 34>100kb T e cemmiormatin illumina:

in Genetic evaluations

Paris, March 4-5, 2010

Madrid 05/05/10



Universitat Autonoma
" de Barcelona

Hitos recientes en Genomica Bovina

Ano
Microsatélites (inicio de tests con ADN) 1992
Primera deteccion de QTLs 1995
Primer QTN (DGAT1) caracterizado 2002
Borrador de secuencia del genoma bovino 2004
58,000 SNPs seleccionados 2007
Chips de genotipado (10k, 25K Affymetrix; 50K 2007
lllumina) en el mercado
Predicciones gendmicas preliminares Abril 2008
Predicciones gendmicas oficiales Enero 2009
Bovine Genome sequence completed Abril 2009
Nuevos chips (700K i 3K) anunciados 2010

Universitat Autonoma

de Barcelona Madrid 05/05/10



Nuevo panel reducido de SNPs para genotipado en el ganado bovino

Bovine 3K panel : 3072 SNPs (GoldenGate Technology)

& Designed in collaboration with the USDA and Dairy Cattle Breed Associations

& Enables broader access of cattle herds to genetic tests for the evaluation of

net merit

© Content derived from BovineSNP50 and designed to accurately impute back to

BovineSNP50
@ Includes > 100 parentage SNPs (Heaton’s panel, USDA)
@ Less sensitive to DNA quality (esp. Shared DNA)

& Will be released in Q2, 2010.

Interbull Technical
Workshop

Use of Genam:: Information I | | u m I n a e

Paris, March 4-5, 2010
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Plataformas de genotipado en el SVGM (UAB)

3 -
“5° Nuclease Assays™ "
with*FagMan-MGB probes”

-

“VeraCode Golden-Gate>

Universitat Autonoma
de Barcelona Madrid 05/05/10
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Weterinarios Criadares  Empresas Publicaciones Equipammiento Técnicas
Priiebas analiticas Pruebas analtticas
Animales de compaiiia y exoticos Determinacion de patégenos

Patologias hereditarias
Especies de interés productivo . . .
Genes de interés productivo
Fauna salvaje Sexado de aves
ldentificacion individual y control de filiacion. Trazabilidad.
Servicios o contratos de anilisis ldentificacion de especies animales
COrigen y contaminacion en productos derivados
Proyectos con empresas

ldentificacion de microorganismos
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Secuenciar el genoma de un animal ya empieza a ser
técnicamente factible... aunque aun demasiado costoso !

Research Lrdiberes s

Whole genome sequencing of a single Bos taurus animal for single

nucleotide polymorphism discovery .

Sebastian H Eck®*, Anna Benet-Pages®*, Krzysztof Flisikowski, Hi5eq2000 launched
! o L i i T i i [ *+

Thomas Meitinger™, Ruedi Fries™ and Tim M Strom in January 2010

Addresses: "Institute of Human Genetics, Helmholtz Zentrum Miinchen, German Fessarch Center for Environmental Health, Ingolstidter
Landstr., 5764 Neuherbers, Germany. *Lehrstuhl] fisr Tierzucht, Technische Universitit Miinchen, Hochfeldwes, 85354 Freising-
Weibenstephan, Germany, *Institute of Human Genetics, Elindkam rechts der Isar, Technische Universitit Miinchen, Trogerstr., S1675

Miinchen, Germany.
Genome Biology 2009, 10:R82 (doi:10.1186/gb-2009-10-8-r82)
- 24 Gb of sequence

- 7.4-fold coverage

-2.44 millions SNPs | g 500 Gb per run or over 2 bovine
- 115’000 indels ] )
genomes at a quality allowing the
detection of single base pair

differences (to the SNP level)

@ 25 Gb/day; 7-8 days for 2 x 100 bp

illumina’

Madrid 05/05/10



La (r)evolucion gendomica en mejora animal

*Secuenciacion del genoma en especies domesticas

* Paneles masivos para el genotipado de SNPs

HACIA UN CAMBIO DE PARADIGMA ?

De la busqueda del mejor animal a la busqueda del mejor Gen(es) / Genoma

Copyright ® 2001 by the Geneties Society of America

Prediction of Total Genetic Value Using Genome-Wide Dense Marker Maps

T. H. E. Meuwissen,* B. J. Hayes+ and M. E. Goddard"

¥ Research Institule of Animal Scwence and Health, 8200 AB Lelysiad, The Netherlands, YVictonan Institute of Anvmal Science,
Attwood 3049, Vidonia, Ausiralia a tute of Land and Food Resources,
University of 52, Vicloria, Australia
Ma 1 August 17, 2000

Accepted for publicati anuary ’l?, 2001

ript

Universitat Autonoma
" de Barcelona

Genetics. Published Articles Ahead of Print: March 22, 2010, Copyright @ 2010
doi:10.1534/genetics.110.1165590

REGULAR RESEARCH PAPERS

Accurate Prediction of Genetic Values for Complex Traits
by Whole Genome Resequencing
Theo H.E. Meuwissen 1" and Mike E. Goddard 2

1 Agricultural University of Monvay
2 Depatment of Primarny Industries

To whom correspondence should be addressed. E-mail: theo.meuwissen@umb.no.

Manuscript received March 12, 2010
Manuscript accepted March 15, 2010
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Futura tercera generacion de secuenciadores

SCIENCE VOL 323 2 JANUARY 2009

Real-Time DNA Sequencing from
Single Polymerase Molecules

John Eid,* Adrian Fehr,* Jeremy Gray,* Khai Luong,* John Lyle * Geoff Otto,* Paul Peluso *
David Rank,* Primo Baybayan, Brad Bettman, Arkadiusz Bibillo, Keith Bjornson,

Bidhan Chaudhuri, Frederick Christians, Ronald Cicero, Sonya Clark, Ravindra Dalal,

Alex deWinter, John Dixon, Mathieu Foquet, Alfred Gaertner, Paul Hardenbol, Cheryl Heiner,
Kevin Hester, David Holden, Gregory Kearns, Xiangxu Kong, Ronald Kuse, Yves Lacroix,
Steven Lin, Paul Lundquist, Congcong Ma, Patrick Marks, Mark Maxham, Devon Murphy,
Insil Park, Thang Pham, Michael Phillips, Joy Roy, Robert Sebra, Gene Shen, Jon Sorenson,
Austin Tomaney, Kevin Travers, Mark Trulson, John Vieceli, Jeffrey Wegener, Dawn Wu,
Alicia Yang, Denis Zaccarin, Peter Zhao, Frank Zhong, Jonas Korlach,t Stephen Turnert
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North America.

http://www.pacificbiosciences.com

"A" pulse
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Pacific Biosciences Announces Early Access Customers for its Single Molecule Real Time System

North American Early Access Program Sold-out;

Ten Institutions to Inaugurate 3rd Generation DNA Sequencing

Menlo Park, Calif. — February 23, 2010 — Pacific Biosciences, a private company developing a
disruptive technology platform for real-time detection of biological events at single molecule
resolution, today announced the 10 institutions that have purchased its Single Molecule Real
Time (SMRT™) DNA sequencing system as part of the company’s early access program in

The North American early access customers are: Baylor College of Medicine, the Broad
Tnstitute of MIT and Harvard, Cold Spring Harbor Laboratory, the U.S. Department of Energy
Joint Genome Institute, The Genome Center at Washington University, Monsanto Company, the
National Cancer Institute/SAIC-Frederick, the National Center for Genome Resources, the
Ontario Institute for Cancer Research, and Stanford University.

Madrid 05/05/10



Futura tercera generacion de secuenciadores

-

[[02)] tOI'I'e‘I'If Semiconductor Sequencing for Life™

bkAOXDO+=

« Low cost. The instrument is tentatively priced at $45K, and
disposables (chips) are $500 per run.

 Throughput. The standard chip, called the 314, contains
1.5 million wells. It's one read per well, they expect ~50% of
wells to be filled. That's 750,000 reads; at the current read
length (100 bp), we're talking 75 Mbp per 1h run.

http://www.iontorrent.com/

Madrid 05/05/10



Entrando en la era Petabyte... de la Genética

« Un Petabyte equivale a un millon de Gigabytes

The World’s Cheapest Car | 22 Hot Summer Gadgets § X : .E. L6 Hl aF’I e ‘

| LOSC-FBSm

The End of Science

The quest for knowledge used to begin with grand theorles.
Nowr it begins with massive amounts of data. Welcome to the Petahyte Age.

“The Petabyte Age: Sensors everywhere.
Infinite storage. Clouds of processors. Our
ability to capture, warehouse, and understand
massive amounts of data is changing science,
medicine, business, and technology. As our
collection of facts and figures grows, so will the
opportunity to find answers to fundamental
questions.

Because in the era of big data, more isn't
just more. More is different. ”

Chris Anderson 23.06.08

Kilo 103 a typical gene

*In 2020 it will be more convenient to switch to EXABYTES! Mega 10°  microbial genome

Exabyte is a billion of Gigabytes

Universitat Autonoma
" de Barcelona

Giga 10° human genome
Tera  10"? bp in Genbank
Peta 10715 humanity’s hapmap

Madrid 05/05/10



Abriendo la “caja negra”

Antes: modelo

Infinitesimal
Ahora: ademas
¢, Cuantos QTLs? inforrpac_:i()n
¢ Efecto de los QTLs? S/ ANUSIIEE

¢ QTNs?

Scientist




“Niveles de entusiasmo ante las nuevas tecnologias”

Hype True
performance

Reality
check

Level of
excitement Enthusiasm

Initial R
ides Disillusionment

Time *

Collins (2006) Nature

Universitat Automoma

de Barcelona
Madrid 05/05/10
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Muchas gracias por su atencion -

http://svgm.uab.es

Jornada Sobre Seleccidon Gendmica en los Programas de Mejora Genética Animal
Madrid, 5 de Mayo de 2010




