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The Project QUANTOMICS

From Sequence to Consequence - Tools for the
Exploitation of Livestock Genome

!  8m project

17 Partners

Started June 1, 2009

Duration 48 months
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The QUANTOMICS Team
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The QUANTOMICS 5 Main Objectives

1) To provide the tools to combine information from
reference genome sequence, mapping, comparative
genomics, annotation, functional studies and dense
sequence data from the latest hyper-parallel re-
sequencing technologies to identify rapidly the causative
DNA variation underlying important traits in livestock
species.

2) To provide the methodologies and software tools to
exploit effectively and efficiently genomic information in
sustainable breeding programmes.
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The QUANTOMICS 5 Main Objectives

3) To determine the benefits and constraints relating to
the effective application of these tools to health and
welfare traits in chickens and cattle - hence providing
information across contrasting breeding schemes that
span the breath of livestock improvement.

4) To provide a framework for moving from genome
sequence to commercial application for all livestock
species which can be expanded to include other forms of
information such as epigenetic effects when their
importance has been established.
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The QUANTOMICS 5 Main Objectives

5) To disseminate results of the project to ensure broad
and long-term beneficial impact on European
competitiveness and EU policy on animal health and
welfare and sustainable agriculture.
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Combining Two Strategies
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Combining Two Strategies

WP1 to WP5 are aimed to

! Linking information on genomic variation (SNP, inde l, CNV)
to its function

! Making this publicly available

WP6 to WP8

! will develop and test tools to gather and utilise h igh density
genomic information in commercial livestock populat ions
without evidence of direct functional effects

WP9

! Integrated Genomic Management Tools
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Tools and Technologies

In Silico Tools

! Cattle, Chicken, Pig, and Sheep genomic sequence

Ex Silico - Develop and test further tools

! Dairy Cattle and Broiler Chicken

¥ Crucial for society and economy in EU

¥ Diverse industry and breeding programs

¥ Most developed genomic tools
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Tools and Technologies

Use of very latest technologies

! High-throughput genomics and computational biology

! Hyper-parallel re-sequencing

! Availability of genomes of a range of specie

Bioinformatics, molecular and quantitative genetics and
animal breeding approaches to identify

! Potential functional elements

! Their SNP and CNV

! Their association to relevant phenotypes
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The QUANTOMICS WPs

WP1 - Comparative Genomic

! Cedric Notredame, CRG

Will focus on the genome-wide identification of potential
functional elements (PFE)

Objectives

! Establish criteria and protocols to detect PFE in c attle,
chicken, pig and sheep genome

! Identify the PFE in these genomes and order them ac cording
to conservation score and known biological feature
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The QUANTOMICS WPs

WP2 - Web-based portal for storage and annotation in
Ensembl

! Xose Fernandez, EMBL-EBI

As new tools and approaches are developed (e.g. CNV)
there is need to produce new data management and
mining tools

Objectives

! Deliver integration of project results in into the Ensembl
genome browser

! Develop new visualisation tool for variation data i n Ensembl

! To deliver the tools to make the project data publi cly
available for the benefit of the whole research com munity
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The QUANTOMICS WPs

WP3 - Bioinformatics pipeline

! Peter F. Stadler, ULEI

Information form WP1 used to identify good
candidates for functional polymorphisms.

 Information generated stored and displayed in
Ensembl (WP2).

Tools developed in WP3 will have application in all
species.
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The QUANTOMICS WPs

WP4 - Allele discovery by resequencing

! Lars-Erik Holm, AU

To obtain the necessary sequence information to identify
genetic variation present in the functional elements
within the relevant regions of the genomes of cattle and
chicken

More than 60 terabyte of sequence data and CNV data
expected

! in 2007 when project conceived

! É. Who knows in 2011!!!
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The QUANTOMICS WPs

WP5 - Validation of major alleles

! Johanna Vilkki, MTT

Aims to verify the effect of identified polymorphisms
(WP1-WP4 + WP8) and identify useful selection
markers/haplotypes or candidate genes.

Objectives
! Select the regions whose allelic effects are to be validated
! Select the set of markers (SNPs and/or CNVs) to be genotyped for

these regions
! Genotype and analyse the effects of the selected markers in the

validation populations
! Functional studies of priority candidate causative mutations
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The Causative DNA change may be

A small change in DNA sequence
GGATGTGGTCG
GGATGTGCTCG

! A Single Nucleotide Polymorphism (SNP)

GGATGTGGTCG
GGATGTAGGTCG

! An insertion or deletion (indel)

Larger scale structural changes
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Structural Variation

Copy number
polymorphisms/variation
(CNP/CNV)
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DNA segment 1kb or larger and present at
variable copy number in comparison with a
reference genome

Range from Kb to Mb

Deletions, insertions, duplications and complex
multi site variants

Common CNV (minor allele frequency >5%)
termed copy number polymorphism (CNP)

Functional significance yet to be fully ascertained

Copy Number Variants (CNV)
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Distribution of 1447 Human CNVs
From 150 apparently healthy individuals in the human HapMap project

¥These CNV cover 360Mb or
about 12% of the genome

¥Average size

¥360kb by tilepath array

¥166kb by 500k SNP

¥Number per person

¥70 by tilepath array

¥24 by 500k SNP

¥Evidence for specific effects
on gene expression/dosage,
diseases and complex traits
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The QUANTOMICS WPs

WP6 - Molecular tools development and validation

! Dave Burt, RI

The overall aim is to provide high resolution mapping
tools for genome-wide association tests (GWA) and
genome-wide selection (GWS), and to annotate the cattle
and chicken genomes for features contributing to
quantitative trait genetic variation, including:

! location and approximate boundaries of CNV loci

! haplotype block structure
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The QUANTOMICS WPs

WP7 - Genome-wide selection Tools

! Theo Meuwissen, UMB

The most efficient methods to deal with large-scale
applications are not clear and a user-  friendly software
tool is not available.

GWS approaches incorporating CNV or epigenetic effects
are yet to be developed.

 This WP will deliver tools that industry can use and that
can be tested in WP8 (and identify target loci for WP4),
and for their robustness in WP9
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The QUANTOMICS WPs

WP8 - Application and evaluation of tools in commer cial
populations

! Alessandro Bagnato, UMIL

The central WP of the ex silico  component responsible for (i)
providing the necessary practical data to be obtain ed from the
commercial study populations associated with the pr oject, (ii)
the application and evaluation of the new molecular  and
statistical tools developed by other WPs in Quantom ics to this
data.

Two approaches
! GWA => Dairy Cattle - Mastitis resistance
! Case control (inverted pyramid approach) => Chicken (Avian

Pathogenic E. Coli)

Genotyping on Illumina platforms
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The QUANTOMICS WPs

WP9 - Integrated Genomic management tools

! John Woolliams, RI

It is necessary to have tools that manage the rate of inbreeding
at specific loci, possibly multiple loci, based on dense SNPs.

WP9 will examine two approaches to achieve this, on e
extending the traditional approaches, albeit with b arriers that
need to be addressed, and one that is more revoluti onary and
forward looking.
! Develop methods to manage inbreeding at multiple specified loci

across the genome using IBD matrices
! Develop methods to manage inbreeding across the genome

through Ôdesigner footprintsÕ
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The QUANTOMICS WPs

WP10 - Dissemination

! Chris Warkup, GFP

Objectives

! Increase awareness of the project among relevant academics, end-users
and policy customers

! Direct transfer of knowledge to other relevant research programmes and
to potential end- users

! Brokerage of licences for the commercialisation of Intellectual Property
and know-how
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A Chronology

1800s
Formation
of herdbooks

1865/6
Mendel

1906
ÒGeneticsÓ

1920s and 30s
Fisher, Lush
and others
Population
Genetics

1953
Watson and
Crick

1970s +
Advances in
quantitative
analysis

1977
DNA
sequenced

2003
Human
Genome
sequenced

2004
Chicken
genome

sequenced

1991
ÔHalothaneÕ
gene test

2009
Genome

Sequence
T. Cattle
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The QUANTOMICS an open eye to the futureÉ

The project will provide substantial advances in the
annotation of livestock genomes and the downstream
tools to exploit dense genomic information in innovative
new ways.

Application of these new tools will greatly advance the
ability of livestock breeders to improve animal production
and animal health and welfare, leading to a more
competitive and environmentally sustainable livestock
industry.

Our project will leave an additional legacy of valuable
genomic resources to accelerate future research and
industrial innovation.
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