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Reminder of the WP objectives

1. Develop genetic models to deal with resilience and efficiency under micro- and
macro- environmental challenges

2. Infer (genomic) breeding values for R&E from longitudinal data on productive traits

3. Develop and assess methods for genomic prediction particularly suited to small
ruminants

4. Develop and implement new methods for selected and under-utilised populations of
sheep and goats while conserving genetic variability
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Task 5.1: Novel genetic models for efficiency and resilience traits
under challenge (M1-M48)

* Objective of the task

— Develop genetic models to deal with resilience and efficiency under micro-
and macro- environmental challenges

e Work done so far
— not at INRAE

* Main results achieved so far
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Task 5.2: Data mining of longitudinal performance data to identify
and characterise events of environmental challenges (M1-M36)

* Objective of the task

— Infer (genomic) breeding values for R&E from longitudinal data on
productive traits

e Work done

— A method based on mixture models for datamining longitudinal
performance datasets to detect unrecorded challenges -> published
(Garcia-Baccino et al., GSE) and "delivered”.
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What did we find?

2) Detection of stress:

It is unusual that we see the stress, except when exceptional meteorological situations
(but as they are uncommon, it is definitely useless).

For farms in continuous performance recording (growth in control station, milk recording
with on-farm automatic meters...) we have developed a method to detect stresses /
challenges (and we do hope that such equipment will be more and more affordable).

- In days with a challenge, there are more or less sensitive animals

- We detect this differential sensitivity (resilience) in performances of animals with more
variations this very day.

- When looking at the daily variability, we detect, we “see” the days with stress.
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What did we find?

2) Detection of stress:
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SMARTER — Deliverable D5.1

SMARTER

SMAIl RuminanTs breeding for Efficiency and Resilience

Research and Innovation action: H2020 — 772787
Call: H2020-5FS-2017-2
Type of action: Research and Innovation Action (RIA)
Work programme topic: SFS-15-2016-2017

Duration of the project: 01 November 2018 — 31 October 2022

**GUIDELINES**
Complete parts that are highlighted in yellow
Guidelines are highlighted in green

Method for identifying environmental challenge events and
assessment of their value for selection for resilience

Carolina Garcia-Baccino

Andres Legarra



This was also part of the Smarter training School
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Task 5.3: Enhancing performance of genomic prediction
methodology (M1-M36)

* Objective of the task

— Develop and assess methods for genomic prediction particularly suited to
small ruminants

e Work done so far

— Derived Linear Regression method (LR) to assess bias and accuracy of
genomic prediction.
* DONE: Application to single breed, single trait (Manech, Latxa)
* DONE: Application to single breed, multiple trait (Lacaune)

— Implementation in software of metafounder method for analysis of multi-
population data (purebred or crossbred).
* DONE: model-based (individual) reliability
* DONE: existing software (blupf90)
— DONE: change of QTL substitution effects across populations

10



SMARTER — Table Ronde

What did we find?

3) Genomic selection:

« bias » of EBVs

Comparing “old” and “recent” breeding values
permits to seize the quality of the breeding N underestimation
values estimation (whatever genomic or -
polygenic) good P —* e
: ! s : : .

Genomic evaluation would increase the @ _ ' . - ! ° 2 o
reliabilities of the breeding values between 5 © .
and 10% ©o | ° *

o ; overestimation

| | |
2010 2014

The breeding evaluations are not perfect: we |
underestimate or overestimate the young
randomly way, according to the birth year

2008 evil year

It does not seem to generate an important
effect on selection

11
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What did we find?

3) Genomic selection:

 We validated method LR using simulations

* we find more accuracy and less bias using
genomic than with pedigree

 Some models are better than others

RESEARCH ARTICLE



?gmarter

SMARTER — Deliverable DX -

SMARTER

SMAIl RuminanTs, breeding for Efficiency and Resilience

Research and Innovation action: H2020 — 772787
Call: H2020-SFS-2017-2
Type of action: Research and Innovation Action (RIA)
Work programme topic: SFS-15-2016-2017

Duration of the project: 01 November 2018 — 31 October 2022

**GUIDELINES**
Complete parts that are highlighted in yellow
Guidelines are highlighted in

Use of method LR to assess potential bias due to design of
cross-validation analysis

Andres Legarra

INRAE

* Deliverable leader — Contact: andres.legarra@inrae.fr

DELIVERABLE D5.3

13
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MILESTONE MS19

A computer software or method for assessing and avoiding
potential bias due to design of cross-validation analysis

Andres Legarra*

Fernando Macedo

INRAE, GenPhysSE, Toulouse

* Milestone leader — Contact: andres.legarra@inrae.fr

14
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Task 5.3: Enhancing performance of genomic prediction
methodology (M1-M36)

* Objective of the task

— Develop and assess methods for genomic prediction particularly suited to
small ruminants

e Work done so far

— Derived Linear Regression method (LR) to assess bias and accuracy of
genomic prediction.
* DONE: Application to single breed, single trait (Manech, Latxa)
* DONE: Application to single breed, multiple trait (Lacaune)

— Implementation in software of metafounder method for analysis of multi-
population data (purebred or crossbred).
* DONE: model-based (individual) reliability
* DONE: existing software (blupf90)
— DONE: change of QTL substitution effects across populations

15
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 Metafounders allow easier treatment of missing relationships
within breeds (Unknown Parent Groups) and across breeds
(crossbreds) and better compatibility of G and A for Single Step

* They have been programmed in blupf90 and their use explained
in a Tutorial
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MILESTONE MS20

A computer software to improve calculation of genomic
relationship between purebred and crossbred populations

Andres Legarra

INRA, GenPhySE, Toulouse

* Milestone leader — Contact: andres.legarra@inrae.fr

17
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* DONE: reliability with genetic groups/metafounders

— the reliability with fixed genetic groups is undefined , which means that (a)
there is no theory and (b) the approximations can be very bad

— metafounder are random effects so we can have a definition
— We have now a good definition and methods for estimation

— Work with Matias Bermann (UGA — “not Smarter”) and Ignacio Aguilar
(INIA Uy — “Smarter”)
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e Reliability
— A reliability refers to a base population

— With metafounders, we use one (e.g. the oldest) base population
(metafounder) as a reference,

— we use reliability of the contrast (uznf - uﬁl}c) :

PEV (u —umf) = PEV(u;) + PEV (i) — 2PEC (s, )

B ) ) )
Var (u;nf - u%}:) (Aiz/ + Arr):f,mf - ZAi?-:nf) O-zf—related

rel™ =1 -

— this is equal to the “classical” reliability if there is 1 metafounder
— Programmed in blupf90+ using a few matrix algebra tricks

19
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What did we find?

3) Combining breeds for a better prediction:

When we combine two (close) populations, do we have a boost of the
genomic reliabilities?

That would mean that the same genes have the same effects across breeds.
Yet, it is not true:

- the Myostatin gene produces “culards” animals in some bovine breeds,
but not in other breeds

- the DGAT1 gene increases milk yield by +350 kg/yr in Holstein but +140
kg/yr in Normande

It looks like clear that the breeds must be “close” for gene effects to be the
same, but how much close?

We have proposed a way to calculate it ...
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What did we find?

3) Combining breeds for a better prediction:

Breeds are

Genes effects are

similar if:

%

And the action of the
genes is not too much
“epistatic”

Similarity between the genes effects (rough estimation!!)

# + Manech Téte Rousse — Latxa Cara Rubia: 0.98 ©
|+ Manech Téte Rousse — Manech Téte Noire:  0.92 () | -
 Manech Téte Rousse — Lacaune: 0.80 ® l

...and moreover, we assume that the environment and the breeding
system are alike
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Task 5.4: Incorporating genomic information to improve
management of genetic diversity and to promote expression of
heterosis (M1-M36)

* Objective of the task

— Develop and implement new methods for selected and under-utilised populations
of sheep and goats while conserving genetic variability

e Work done

— Method to calculate inbreeding combining genotyped and ungenotyped
individuals.

— Inbreeding depresion analysis of reproductive traits

— Reduction of genetic variance due to Bulmer / due to inbreeding
— selection footprint in Manech Tete Rousse

— characterization of long-term contributions

23
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) J. Dairy Sci. 103
i'} https://doi.org/10.3168/jds.2019-17750
"R S  © American Dairy Science Association®, 2020.

Short communication: Methods to compute genomic
inbreeding for ungenotyped individuals

A. Legarra," @ |. Aguilar,’ @ and J. J. Colleau’

"UMR GenPhySE, INRA, Castanet-Tolosan 31320, France

“Instituto Nacional de Investigacién Agropecuaria (INIA), 11100 Montevideo, Uruguay
"UMR GABI, INRA, AgraParisTech, Université Paris-Saclay, 78350 Jouy-en-Josas, France

Programmed in the blupf90 suite (preGSf90)
OPTION saveDiagH
OPTION saveDiagHOrig
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What did we find?

4) A better way to manage inbreeding:

o
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We have better estimated the evolution of genetic variability, which is indeed

well managed.

In particular, we have verified the effect of 30 yrs of selection on the genetic

variability for milk yield:

Initial genetic
variance

400

300

200

100

Bulmer effect (temporary
loss): 10%

-
=

Inbreeding depression: 3%

Current genetic variance

1980 1984 1988 1992 1996 2000 2004 2008 2012

I

25
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Task 5.4: Incorporating genomic information to improve
management of genetic diversity and to promote expression of
heterosis (M1-M36)

* Characterization of long-term contributions

— Tracing back all Mendelian Sampling that constitute the genetic progress
(Woolliams et al. 1999, Garcia-Cortes et al. 2008)
* R package AlphaPart (Obsteter et al)

— It allows finding where genetic variation is drawn from

— French dairy breeds: Basco-Bearnaise, Lacaune, Manech Tete Rousse, Manech Tete
Noire
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* Tracing back, by sex, Mendelian Sampling that constitute the long-term

genetic progress

EBV Milk (Liter)

EBV Milk (Liter)

1004
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50

251

-
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o
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Basco-Bearnaise

754

501

251

Lacaune Female

Male

1985 1990 1995 2000 2005 2010 2015

Manech Téte Noire

100 1

751

501

254

1985 1990 1995 2000 2005 2010 2015

Manech Tete Rousse

1985 1990 1995 2000 2005 2010 2015
year

1985 1990 1995 2000 2005 2010 2015
year

— female — male 27




The international journal of animal biosciences

https://dol.org/10.3168/jdsc.2020-0010
Short Communication
Genetics
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Milestones and Deliverables status

Milestones: All done

Deliverables: all done for INRAE
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