v
—
FoA el bl aea o)

0@LIoX oIo[80 I 8OLXH oROKoI
Institut National de la Recherche Agronomique

o ) ¥
4

Genomic bases of local adaptation
in sheep and goats

Badr Benjelloun, PhD

On behalf of the NextGen Consortium

INRA Morocco
CNRS-UGA France

Innovative Management of
Animal Genetic Resources

EU-funded project



Context

Environmental changes
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Context

Environmental changes

Observed monthly global
mean surface temperature

Estimated anthropogenic
warming to dateand

likely range

Likely range of modeled responses to stylized pathways
Global CO2 emissions reach net zero in 2055 while net
non-CO2 radiative forcingis reduced after 2030 (greyinb, ¢ &d)
2017 » [] Faster CO2 reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5°C

> [_]No reduction of net non-CO: radiative forcing (purple ind)
results in a lower probability of limiting warming to 1.5°C

1960 1980 2000 2020 2040 2060 2080 2100

Source: GW 1.5°C, IPCC, 2018



Context

Local adaptation

Organisms

E—
Possible
responses

Local adaptation Acclimatization Local Extinction




Context

Local adaptation... Genetic bases

Genetic bases of adaptive mechanisms
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Sustainable management of livestock genetic resources under climate changes
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Context

Sheep and goats

Diversified

Moroccan
Sheep &

goats Adpated

Selection signatures linked to environmental variation in sheep and goats?

Congruence of selection signatures in both species?



Approach

Landscape genomics framework
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1412 sheep and 1283 goats sampled in the Northern part of Morocco (= 450,000 km?2)

O

164 sheep and 164 goats selected to maximise coverage of environmental gradients
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Approach

Environmental gradient
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Selection signatures

Whole genome 14 environmental variables:
sequences: 160 sheep Altitude, Slope, Solar radiation,
and 160 goats Temperature, Rainfall

and biological
processes involved in
local adaptation
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Genomic regions under selection
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EN TS

Genomic regions under selection
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Results

Biological processes

Clara cell
differentiation

AV node cell to . . Ventricular
bundle of His Biological cardiac muscle

cell processes cell action
communication potential
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Results

Biological processes

Clara cell
differentiation

AV node cell to . . Ventricular
bundle of His Biological cardiac muscle

cell processes cell action
communication potential

Heart
contraction

Association with high altitude in lama
(Heath et al. 1976. Exp. Cell. Biol.)
and with hypoxia in rabbits (Uhlik et al.
2005. Vet. Med.)

Goats




Results

Biological processes

Clara cell
differentiation

AV node cell to . . Ventricular
bundle of His Biological cardiac muscle

cell processes cell action
communication potential

Cardiac processes associated with
hypoxia, e.g. (Zhou et al. 2015.
Can. J. Physiol. Pharmacol.)

Heart
contraction




EN TS

Congruence of selection signatures

Variants

SheeF G#

12,966 0 8,055

One common genomic region
One common gene associated to sunshine duration (CA2)

No similar biological processes
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Highlights ...

Adaptive convergence

Divergent adaptation?

Adaptation

A

Adaptive trait 1

Adaptive trait 2
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Gene or pool of genes 1

Gene or pool of genes 2
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Highlights ...

Adaptive convergence

Divergent adaptation? MCM3, EPAS1 (hemoglobin)
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Highlights ...

Adaptive convergence

Divergent adaptation? MCM3, EPAS1 (hemoglobin) CA2 (Sunshine)
Adagtgtion Adaptation Adaptation
Adaptive trait 1 Adaptive trait 2 Adaptive trait Adap“){e trait
A
Gene or pool of genes 1 Gene or pool of genes 2 Gene 1 Sheep

égulation Gene
? Shee,p ” &\9‘”\ Gene 2 M"orocco ﬁ "




Whole genome data

Adaptative diversity
(specific traits)
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Integration in assisted selection
schemes?
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Increasing of the productivity in harsh
environnements
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Whole genome data

Adaptative diversity - _ -
g : —> Association with neutral diversity
(specific traits)
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Integration in assisted selection . ..
Conservation priorities

schemes?
Increasing of the productivity in harsh Universal plans for biodiversity

environnements monitoring
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