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Animal adaptation to
environmental
conditions and

response to
challenges

Biological functions:

- reproduction

- production

- Behaviour, health...

Key mechanism for

Ratio = available

resources / needs
(maintenance & production)

Hypothesis = Animals better adapted or more resilient may show a better management of
body reserves



Experimental facilities:

INRA experimental farm La Sapiniére INR’A’experimentaI farm La Fage

Bourges, centre of France
( g ) (Roquefort sur Soulzon, south of France)
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Meat sheep : Romane Meat sheep : Romane Dairy sheep : Lacaune

intensives crnditions extensive fonditions Semi-intensive conditions
= Exclusively indoor = Exclusively outdoor = |ndoor and outdoor
* high inputs system =  One lambing /year (in April) =  One lambing /year (in
= 17t and 2" mating = 10 = Harsh environment: high December or January)
and 18 month of age, seasonal variations (feed quality = @Grazing (6 months : April to
respectively and quantity) October)
=  Low inputs system (1 ewe/ha)
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Phenotypes:

Meat sheep : Romane Meat sheep : Romane Dairy sheep : Lacaune

intensives conitions extensives conditions Semi-intenive conditions
N=65 primiparous ewes N=180 primiparous N=220 primiparous ewes
\ N=63 multiparous ewes N=220 multiparous N=250 multiparous ewes j
Phenotypeys : Genotypers :

= Body reserves (BR): Body Condition Score, Body weight, 15K and 50K SNP beadchip
key metabolites and hormones associated with lipids
metabolism
» Longitudinal phenotyping (3 to 6 points /1 to 2
productive cycles): mating, early pregnancy (2months),
late pregnancy (2weeks before lambing), suckling (3
weeks after lambing), weaning

Objective: characterize novel phenotypes for BR and investigate
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genetic determinism




Phenotypes:

++* Body Condition Score:

- from the original grid described by Russel et al. (196¢
—> A scale from 1 to 5 (0.25 or 0.1 increments)

+* Key metabolites and hormones associated with lipids metabolism :
- Blood sampling (plasma)

® Non Esterified Fatty Acids (NEFA) : produced by adipose tissue during BR
mobilization
® Beta-hydroxybutyrate (BOHB) : produced by liver tissue during use of fatty acids
to produce energy
® Triiodothyronine (T3) : thyroid hormone produced to activate lipolysis
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Body reserves at physiological stages

In Romane wul
intensives conditions
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=>» Alternation of BR accretion and mobilization throughout a
productive cycle
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Biomarkers of Body Reserves
4
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in Romane
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Body reserves at physiological stages

in Romane
extensive conflitions
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Mobilisation

Accretion

Mating Early Late Suckling Weaning Mating
Pregnancy Pregnancy

-=-BW Prim. —=-BW Mult. -=+-BCSPrim. —+BCS Mult.
=>» Alternation of BR accretion and mobilization throughout a
oroductive cycle
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Biomarkers of Body Reserves
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Body reserves at physiological stages

in Lacaune
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Body reserves levels: heritability in Lacaune

0,5
0,45 Genetic correlations:
0,4
5035 - Bw
= 0,3 BCS 0 to 0.23 (+0.13)
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T 51c =» BCS are not
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0,05
O _
Late Weaning Mating
pregnancy
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=» BR levels are heritable traits.
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Body reserves levels: heritability in Romane

Heritability

Mating Early Late Suckling  Weaning
pregnancy pregnancy

W BW mBCS

=» BR levels are heritable traits.

- —
f —

Genetic correlations:

BCS NS to 0.32 (+0.13)

BW at
Weaning

BCS at 0.50 (+0.10)
Suckling

=» BCS are
somewhat related
to BW
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Body reserves trajectories in Romane

*»* Multiparous ewes (n~500, background data)
e 2nd |ambing
® age = 2-3 years (2.5 in avg. in each cluster)

® Litter size = 2 lambs (pregnancy and suckling) extensive conditions
33 Cluster %
Blue 65.8
Red 20.7
Green 13.5
30 -
. /\\/\/ —> Three main
2 groups of ewes
2.5 A differing by their BR
5 trajectories.
20 T | | | — | , | imal
M Pa Ph L Sa Sh W D Macé et al, Animal, 2018

Physiological stage

=» Inter-individual variability in the level and the form of
BR trajectories.
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Body reserves changes over time: genetic
parameters

in Romane in Lacaune
0,2 0,2
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weaning mating weaning mating
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=» BR mobilization and accretion processes are
heritable traits.

:;E:lN?A iISAGE Training Course and Workshop, Zaragoza, SP — D. Hazard et al. 10/ 12/ 2019

—=" SCIENCE & IMPACT



Body reserves changes over time:
genetic correlation between loss and gain

in Romane in Lacaune
0 - e .
c =>» No significant correlation
o] e .
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=» BR mobilization (loss) and
accretion (gain) processes
are genetically linked.
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Biomarkers for body reserves: genetic parameters

in Romane in Lacaune

Late Suckling Mating Late Weaning Mating
Pregnancy Pregnancy
m NEFA m[3-OHB m T3 m NEFA m 3-OHB

=» Levels in biomarkers of BR metabolism are
heritable traits.
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Biomarkers for body reserves: genetic parameters

in Romane in Lacaune

Loss: Gain: Loss: Gain:
Late Pregnancy Suckling to Late Pregnancy Weaning to
to suckling mating to weaning mating
m NEFA mB-OHB ™ T3 m NEFA mB3-OHB

=» Changes over time in biomarkers are lowly
heritable except B-OHB in meat sheep to be confirm.
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Genomic analysis in Romane

=» Several genomic

regions associated with - S M)

body reserves. BCS 44.73 DIRASS...
M/P/
Lyw 1 20881 NAPILL.
S —— * 12 19.22 LYPLAL]1, TGFB2...
DIRAS3, GTP-binding protein Di-Ras3 ; NAP1LL, Nucleosome
871 ¢ ° Assembly Protein 1 Like 1 ; LYPLAL1, lysophospholipase-like 1;
. TGFB2, Transforming growth factor-beta 2.
S - X
kg Biological functions: body composition,
o subcutaneous-to-visceral white adipose tissue
ratio, adipogenesis regulation
| =>» Two main regions associated with

T2 g 3TETE o T i e E BCS on chromosomes 1 and 12.

Position on Chromosomes
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Take Home Message

*»» Body reserves successfully assessed with:
= body condition score (and body weight)
= metabolic biomarkers

*»* Body reserves dynamics:
= alternation of mobilization and accretion processes throughout
productive cycles
= |inked to physiological and environmental factors

+** Levels and variations in body reserves:
= are heritable traits (low to moderate heritabilities)
= are associated with genomic regions

= Genetic selection of sheep that better manage BR can be envisaged
in future breeding programs to improve their resilience.
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Body reserves and production :

iIn Romane in Lacaune
Genetic correlations: Genetic correlations:
weight growth or BCS at -0.4t0-0.6
litt i ) +0,
ey | weaning
weight
BCS loss -0.45 (0,30)
BCS NS to -0.3 NS to -0.35
(0,10) (0,10) .
BCS loss -0.40 (:0,10) NS BCSgain  -0.6(:0.13)

BCS gain 0.34 (+0,16) NS
(Early Pregnancy)

=>» Higher level of production

=>» Higher level of production associated associated with lower BR level at
with lower BR level at mating and higher mating and lower BCS gain before
BCS loss during pregnancy and suckling mating in dairy sheep.

in meat sheep.
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