Challenges for closing the
phenomic gap in farm animals
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New challenges for livestock breeding

Animal husbandry research is focusing on the selection of
animals that should be:

 Efficient In terms of the processing of food resources
to limit their use at the maximum and to reduce
emissions to the environment,

e Robust and adaptable towards climate change and
towards a wide range of livestock breeding systems
and

 Able to generate a high yield of quality products to
meet consumers’ needs in taste, health and nutrition
and citizens’ expectations concerning for instance
animal welfare.
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Robustness

Robustness is the property that enables an animal to produce normally but
to adapt to or withstand changes in its environment, in particular,
climate changes that are becoming increasingly frequent with higher
amplitude (sauvant & Martin, 2010, Inra Prod Anim 23:5-10).
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Robustness, dynamic aspects

An animal’'s performance response to environmental variations (and therefore
the assessment of its robustness) requires high-frequency measurement of
specific traits, hence the importance of high-throughput phenotyping
(Friggens, Sauvant, Martin, 2010, Inra Prod Anim 23:43-52).
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Robustness: a new target

e Robustness assessments
- based on a set of physiological functions of interest

- Involve the measurement of diverse characteristics

animal health, reproduction, behavior and life span, ability to withstand
stress and grow normally (Morméde et al. 2011, Animal 5, 651-657)

e TO better assess robustness

—->Recording of (new) traits which are sensitive to the

environment (and not only direct productive traits): vitality,
longevity, fertility, disease resistance, feed efficiency, carbon footprint,
social and feeding behaviour, etc

Sources: Boichard & Brochard (Animal 2010, 6:4, 544-550) for dairy cattle; Merks et al. (Animal 2012, 6:4,
535-543) for pigs and Amer 2012 (Turning science on robust cattle into improved genetic selection
decisions).
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Potential economic gains

« The value of animal production at farm level in the
European Union-25 (EU25) is €132 billion, amounting to
40% of the value of agricultural production (2004).

* A conservative estimate of the economic gain achieved
each year by animal breeding at farm level is €1.83
billion in Europe alone. Hence, the genetic gain achieved
by breeders is carried over to producers as an economic
gain reaching approximately 1.5% of the economic
value of EU farm animal production.

From FABRE Technology Platform, February 2006. Sustainable Animal
Breeding and Reproduction — a Vision for 2025
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Potential economic gains

One Euro invested for genomic selection, three Euros earned
(Fest'lA, 2012).

« A 1% improvement in feed efficiency in beef cattle has the
same economic impact as a 3% increase In rate of gain
(http://www.nbcec.org/FeedEfficiencyBeefCattlelSU.pdf).

 Reducing calving interval by 63 days in a herd of 100 dairy
cows saves 9500 Euros per year (Bovins Croissances 03, France).

 Worldwide the productivity of farm animals is 30—-40% below
their genetic potential because of suboptimal conditions and
health status (Leo den Hartog, Nutreco Director R&D).
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A first challenge: genomic selection

The key objective is to establish ever more fine-grained functional
relationships between animal genotypes and their phenotypes

Phenotype

Genotype
yb Growth

Milk production
W Meat tenderness
Social reactivity
Currently animal breeding programs can only improve measurable traits or traits
genetically related to measurable traits.

The genomic selection is also an opportunity to consider new and complex
phenotypes (e.g. adaptation, robustness) if we are able to measure them !



Challenges

« Genotyping Is performed in a standardized and automated
way using robots.
- It should be the same for phenotyping

e For traits with low measurement repeatability (r < 0.95), 2 or
3 independent measurements of the same trait should be
obtained on the same samples.

 Individuals should be genotyped solely for strongly correlated
traits for independent measurements (Barendse 2011).

- In a few words: standardization, automation,
high repeatibility.

 ‘In the age of the genotype, phenotype is King’ (coffey 2011,
ICAR Meeting).
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A second challenge: predictive biology
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Dehareng F. 2011. Optimir new tool for a more sustainable dairy sector, General Evaluation of energy balance

Assembly and annual workshop of ICAR 2011 ‘New technologies and new challenges | Early detection of masticis
for breeding and herd management’. Bourg-en-Bresse, France, June 22nd to 24th, 2011. . . :
http://lwww.icar.org/Documents/Bourg-en-Bresse2011/Presentations/session%204%20- Estimation of methane productlon
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Prediction of beef quality in Australia

Prediction @

MSA2000model®

Hang (AT/TC/TS/TX)
Sex (M, F)

Est.% Bos Indicus
Hump Height cms
Hot Std Carc Weight
USDA Ossification
Milk Fed Vealer Y/N
USDA Marbling
Days Aged (min 5)
Quarter Point Ribfat
Ultimate pH

AUSMEAT Meat Col.
Saleyard? (Y, N)

Waght/App.Maturity

Muscle |Days

Cut Description | Reference | Aged
AT Tenderloin TDROB2
m Cube Roll CUB045
0 Striploin STRO45
0 Qyster Blade | 0YS036
200 Bolar Blade BLDO96
100 Chuck Tender | CTROBS
N Rump RMP131
130 Point End Rump | RRMP231
5 Knuckle KNU099
5 Outside Flat OuUTO00S
5.40 Eye Round EYEQOTS
Topside TOPO73

2 Chuck CHKO78 |
n Thin Flank TFLO51
Rib Blade RIB041
1.32 Brisket BRID56
Shin FQshin
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A third challenge: Precision Farming

Example: Feed efficiency

Variation of forage value with time or space L
Feed distribution

7

Feed value

| —

Feedstuff analysis

Feedstuff analysis are done to formulate rations.
Feed distribution may be slightly over or under real animal needs.
Therefore, rations do include safety margins with the intent of
covering at least animal needs. This has a cost !




How to Iincrease feed efficiency and to
save money

Space / time

7

Feed value

Forage variability cannot be removed but
it can be managed thanks to frequent
sampling and analysis (Feedstuff NIR
analysis is accurate, fast and cheap)

http://www.icar.org/Documents/Bourg-en-
Bresse2011/Presentations/session%205%20-
%2023%20pm/04b%20Barbi.pdf




Precision Farming

 Precision Farming Is the use of technologies to
measure physiological, behavioral, and production
iIndicators on individual animals to Improve
management strategies and farm performance.

 Real time data used for monitoring animals may

be Incorporated into decision support systems
designed to facilitate decision making for issues
that require compilation of multiple sources of

data. Jeffrey Bewley,, 2010
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Precision Farming

« The main objectives of Precision Farming are
maximizing individual animal potential, early
detection of disease, and minimizing the use
of medication through preventive health
measures.

 Perceived benefits of Precision Farming
technologies Include increased  efficiency,
reduced costs, Improved product quality,
minimized adverse environmental impacts, and
iImproved animal health and well-being (Jeffrey
Bewley, 2010).
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Definitions : trait, phenotype,
mesurement « Animal trait Ontology »

R

Measurement

Single feature or
guantifiable measurement
of an organism

Ex: weight, tenderness

What is
measured to
determine
status of trait

Ex: tenderness after
cooking at 55°C or 74°C

Status or value
of atrait or an
organism
relative to xxx




High-throughput phenotyping

v Phenomics means the measurement of animal
phenotypes.

v Measurement of phenotypes using rapid and
repeatable methods that can be automated so
that the process generates a large number of data

v  Two components:

x systematic phenotyping (a few variables on many animals)

x targeted or deep phenotyping (more variables for a trait family
on a small number of animals)




High-throughput phenotyping
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Here is an animal with a multi-sensor onboard system that, in addition to the ID process (RFID chips),

would also reproduce the animal’s perceptions and monitor physiological parameters (temperature,

ruminal pH, cardiac and respiratory rate, etc.) and behavioral parameters (travel, lameness, estrus,

interactions with other animals, etc.) without disturbing either the animal’s behavior or welfare. ‘
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The monitoring approach

The classic strategy
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Different physical characteristics we can record
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Our strategy

531‘\ L Data acquisition and
b =1 \/ phenotype recording

— :
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A known :
and A trait easy to measure Phenotyping
: : —_ y i —> infrastructures to be
Interesting (ex: weight)
developed
phenotype 1‘
A trait NOT easy to High-throughput method
> —>
measure to be developed
An unknown Basic research to develop
but interesting —> first: ontology,
phenotype measurement, etc

All laboratory techniques have the potential to be upgraded in order to

perform high-throughput procedures



Outline

 New challenges for livestock breeding
o Scientific challenges

* High-throughput phenotyping: definitions
and methodologies

| The need for standardisation

 Towards a new organisation?

NeA



A prerequisite: ontologies

An ontology Is a formal, structured representation of a set
of objects (in this case, animal traits or measurements),
and of the relationships between these objects.

Concepts are clearly defined with no ambiguity.

The concepts are organized in a structured manner (often a
hierarchical structure).

The terms used must be machine readable (enabling
automated measurements or data use).

Ontologies are needed for animal traits, methods and
environmental conditions under which the measurements
are taken.

« Animal Trait Ontology of Livestock » (ATOL) Programme ‘ : r]A‘
—



Ontology of farm animal traits

http://www.atol-ontology.com/

Over 1600 traits have been defined so far concerning animal adaptation and well-

being (> 330), nutrition (> 470), growth and meat production (> 230), milk production
(> 420) and reproduction (> 280)

DBO-Edit version Z.1-betal0: atol_wv2.4.oho

File Edit Layout Editors Wiewers %Search Tools Metadata

-

E Classes [ - -
= trait Text Editor (3 warnings)
+— W animal environment trait D PH:0000829

B +— B animal trait
E +— H adaptation and welfare trait - -
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+— W health trait l/Deﬂnitinn* " Comment | Cross Products
= 4+— psychoneuroendocrinological state trait Definition |
=l +— B behaviour trait
= 4+— camfort behaviour trait
+— [ allo-body care trait
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any measurahle or observahle characteristic related to [
physiolagical and behaviaral adjusterments to maintain a
stahle and constant central temperature whatewver the
surrounding termperature, or to display a variation of
temperature dependent on the surrounding

Source: Hurtaud C., Bugeon J., Dameron O., Fatet A., Hue |., Meunier-Salain M.C., Reichstadt M., Valancogne A., Vernet J.,

Reecy J., Park C., Le Bail P.Y. 2011. ATOL: a new ontology for livestock. General Assembly and annual workshop of ICAR 2011.
Bourg-en-Bresse, France, June 22"9to 24th2011.
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Other standardization approaches

« MIAME for « Minimum information about a
microarray experiment » (Brazma et al., 2001).

e MIAPE for « minimum information about a
proteomics experiment » (Taylor et al., 2007).

 MIBBI for « minimum reporting requirements for

biological and biomedical investigations » (Taylor,
2007).

e MIASE for « Minimum Information About a
Simulation Experiment » (Waltemath et al., 2011).
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Need of new Information systems

Why?
Current collection systems are obsolete or unsuitable
Volumes of recorded data are increasing
Multiplicity of information sources (farms, labs, slaughterhouses, etc.)
Limited human and financial resources ( — automatic methods)
How?

Information systems (IS) must be scalable and secure
Standardization and centralization of data: only one IS
Data fishing system from the web (semantic analysis) more efficient
Interoperability of databases

Custom-server software on workstations

Better numerical methods for analysis and modelling are needed to
address a whole range of biological problems from the molecular to
the ecosystem level.

- INA



We need to develop a central computational
system between research organizations and
private partners for data sharing and modeling
purposes.

Today a person is subjected to

more new information in a day
than a person in the middle ages

in his entire life!
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Towards international initiatives

* International Guidelines of ICAR

e International Guidelines of FAO within the « Global
Plan of Action for Animal Genetic Resources»

 IMGC (International Milk Genomics Consortium)

« Canada: “Application of next generation genomic tools
In Beef: Addressing the Phenomic Gap”. “The Poultry
research centre”.

 USA : “Beef efficiency”.

 Germany: PHENOMICS. “Farm animal performance,
health and welfare in cattle and pig”.

« Austria: “Health Monitoring Cattle”.
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Infrastructures for phenotyping

* ANAEE - Infrastructure for Analysis and
Experimentation on Ecosystems =Mmandee |

e IPPN. International Plant Phenomics Network.
http://www.plantphenomics.com/

e European Mouse disease clinic, www.eumodic.org

 |nternational Mouse Phenotyping Consortium
(IMPC)

 Infrafrontier — The European research infrastructure
for phenotyping and archiving of model mammalian
genomes

EEE— =) p— v,y



http://www.plantphenomics.com/�

Conclusions

 Phenotyping: the poor partner in integrative biology and
the rate-limiting step in genomic selection

« Unlike genomics (focused on DNA), phenomics is
concerned by many targets and different methods.

« Some technological problems to solve before moving to
high-throughput measurements

« A challenge: storage and analysis of data

« Even more difficult for new phenotypes: robustness

« Towards an European infrastructure between public and
private organisations (large-scale organisations)?
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Main source

Objectives and applications of phenotyping network
set-up for livestock
Jean-Francois HOCQUETTE,"? Carine CAPEL,’ Valérie DAVID,* Daniel GUEMENE," Joél BIDANEL,®

Claire PONSART,’ Pierre-Louis GASTINEL,? Pierre-Yves Le BAIL,® Philippe MONGET, 0111213
Pierre MORMEDE,'*"> Maurice BARBEZANT,'® Florian GUILLOU'®""'2"2 3nd Jean-Louis PEYRAUD'"'®

Animal Science Journal (2012) 83, 517-528
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