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1. Understand the underlying components of the complex trait “efficiency of feed 
resource use” in sheep and goats.

2. Generate novel phenotypes to predict feed efficiency using automated measures 
and biomarkers available on a large scale.

3. Estimate genetic parameters and detect genomic regions underlying the 
efficiency of feed resource traits in sheep and goats. 

4. Quantify the extent, if any, of genotype-by-environment (GxE) interactions for 
efficiency of feed resource between different: (a) diets (i.e., local forages, 
concentrate, pastures) and (b) breeding systems (i.e., intensive vs extensive and/or 
agro-ecological). 

5. Measure at larger scale promising resource use efficiency phenotypes (from Task 
1.1) for assessing the impact of their use in small ruminant breeding programmes.

SMARTER: WP1 Objectives
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Task 1.1: Identification & characterization of novel phenotypes 
related to resource use efficiency 

Task 1.2: Analysis of the genetic determinism of feed efficiency

Task 1.3: Genetic correlations between phenotypes and 
production traits

Task 1.4: GxE interaction for the resource use efficiency-related 
phenotypes

WP1 Tasks

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Grant Agreement n°772787



4

WP1 Participants

Partner_ID Full name Contact person Animals

INRA Institut National de la Recherche Agronomique

Capgenes Capgenes

IDELE Institut de l’Élevage

RDF Races de France

AUTH Aristotelio Panepistimio Thessalonikis

INIA UY
Instituto Nacional de la Investigación 
Agropecuaria

SRUC Scotland's Rural College

TEXELS Texel Sheep Society

Y-DG Yorkshite Dairy Goats

NSG Norwegian Association of Sheep ad Goat Breeders

UNILEON Unversidad de León-CSIC
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WP1 Animal populations
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WP1 at a glance
Task 1.1: Identification & characterization of novel phenotypes related to resource use efficiency 

DL 1.1
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Group of traits1 Trait2 Species3 Experimental  
Commercial 

Reference 
FE trait

Protocol
Prediction 

performances 4

# animals on which the 
prediction performance was 

assessed

Ease of 
recording

Zootechnical REI DG Commercial cf. D1.1 NA 6124 2

Zootechnical Body weights
MS

Experimental
RFI

growing lambs, 
100%concentrate ad 

libitum R²=0.07 ±0.05 277 1

Zootechnical Body weights
MS

Experimental
FCR

growing lambs, 
100%concentrate ad 

libitum R²=0.20 ±0.09 277 1

Zootechnical Body weights
MS

Experimental
Feed intake

growing lambs, 
100%concentrate ad 

libitum R²=0.71 ±0.05 277 1

Zootechnical Body weights

MS

Experimental

RFI

8 months old lambs, 
2/3 forage 

+1/3concentrate ad 
libitum R²=0.32 ±0.10 166 1

Zootechnical Body weights

MS

Experimental

Feed intake

8 months old lambs, 
2/3 forage 

+1/3concentrate ad 
libitum R²=0.59 ±0.09 166 1

WP1 at a glance
Performance of Proxies: Zootechnical traits
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WP1 at a glance
Performance of Proxies: Rumen Microbiota
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WP1 at a glance
Performance of Proxies: Faecal NIRS
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WP1 at a glance
Performance of Proxies: Molecular information
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WP1 at a glance
Task 1.2: Analysis of the genetic determinism of feed efficiency

DL 1.3
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Grant Agreement n°772787

Genetic parameters of Feed efficiency trais: h2

Population NEICMR REI RFI CH4 MY FP PP LC BW DMI BCS CD CW HW
Lacaune 0.10 0.11 0.16 0.36 0.43
Chios 0.11 0.13 0.01
Frizarta 0.05 0.15 0.14
YDG 0.25-0.35 0.3-0.1 0.3-0.6
Alpine 0.18 0.19
Saanen 0.20 0.20
NWS 0.34
Merino 0.34 0.37 
Romane
Texel 0.16
Suffolk 0.22
Charollais 0.14
BMC 0.062 0.177 0.129 0.176
MV 0.296 0.245 0.180 0.321
RO 0.161 0.273 .060 0.32
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WP1 at a glance
Task 1.2: Analysis of the genetic determinism of feed efficiency
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Biological Basis of Feed Efficiency: Transcriptomic Data

40 first lactation ewes

RNA-Seq= 28 ewes

1017 DEGs
(FCR< 0.05, 

|log2FC| > 1)
(FCR+RFI)

High-FE

Lipid
synthesis

Milk
protein

synthesis

Low-FE

Cytoskeleton
organization

Cell adhesion

Laminins

Collagen

Integrins
Extracellular Matrix

DL 1.3
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WP1 at a glance
Task 1.3: Genetic correlations between phenotypes and production traits

DL 1.2
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• Phenotypic correlations have been estimated with high precision in all commercial 
small ruminant populations analyzed. 

• The estimated genetic correlations between FE proxies and productive traits have 
been presented in

• A negative correlation between milk fat content and production in Greek breeds has 
been observed. 

• In Lacaune the FE proxies show a positive correlation with MY and a negative with 
milk fat and protein contents 

• In Yorkshire dairy goats, the correlations show that selection for increased MY results 
in decreased feed intake. 

• In the case of Merino, no correlation between RFI and grease fleece weight has been 
detected 
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WP1 at a glance
Task 1.4: GxE interaction for the resource use efficiency-related phenotypes

DL 1.4

Three Case studies:

1. Lacaune dairy sheep

• Greece vs France (AUTH & INRAE)

2. Romane meat sheep (INRAE

• extensive vs intensive

• concentrate vs hay

3. • Alpine and Saanen dairy goats (INRAE)

• extensive vs intensive

• season vs out of season breeding

DL1.4 & ML1.4 : M56 
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Thank you for your attention

www.smarterproject.eu

SMARTER PARTNERS
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