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Production ⇗ Consumption ⇗

Tropical area 
breeding ⇗

Climate change
• Mean T°C ⇗
• Frequency and intensity 

of heat waves ⇗

Pig (Sus Scrofa)
⇒ Susceptible to heat stress
⇒ Poor heat loss
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Adaptation 
mechanisms



• Animal related
• Breed
• Sex
• Age
• Tissue-specific

• Stress related
• Intensity
• Duration
• Periodicity

• Mechanisms from one situation to 
the other

• Similar
• Contrasting
• Absent
• Etc.

Variability of the adaptation mechanisms
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Well-being 
⇘

Feed 
intake ⇘

⇗ Physiological 
disorders 

(oxidative stress, 
ect..) 

⇘ Performance (meat)

HS

Economic losses
e.g. : yearly cost for US industry = $ 2.4 billion (St Pierre 

et al, 2003) 

Direct 
effects



How duration of HS affect adaptation 
mechanisms in pigs ?



• 34 pigs (6 weeks old castrated males)
• Two divergent lines breed on their mean daily residual feed intake ~ Feed

efficiency

• In a controlled environment :
• 7 days at 24°C
• Then 28 days at 30°C

• Two replicates

Experimental design

CMJR- (x17) CMJR+ (x17)

Transition at d0 of 2°C/hour
from 10:00 to 13:00
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Campos et al. Thermoregulatory responses during
thermal acclimation in pigs divergently selected for
residual feed intake. Int J Biometeorol 58, 1545–1557
(2014). https://doi.org/10.1007/s00484-013-0759-3



Effect of heat stress duration

Effect of the line (CMJR+/CMJR-)



Data available

• Transcritptome : 7 time step x 13 pigs
• Metabolome : 6 time step x 16 pigs
• Blood dosages (hormones and metabolites) : ~5 to 15 time steps x 19 pigs
• Thermoregulation : Nearly everyday x 34 pigs
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• Longitudinal data

• Small number of animals for some omics

• High dimension of the data

• Multiple omics

• Integration of heterogenous data

• Blood = agregator of responses from the whole body

A few questions with these data…
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• Data on 34 pigs

• Bi-modal reaction to 
heat stress

• Increase in ST, RR

• Then smaller 
decrease

• Short-term vs long-
term HS

• Mean by day

Thermoregulation

11



Transcriptome



• Microarray data for 60k probes

• In total :  2,502,224 records of transcript expression

• Data already preprocessed
with 32924 probes

Transcriptome

13 pigs Replicate 1 Replicate 2

CMJR- 3 4

CMJR+ 2 4



A « promising » first idea of pipeline
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Modelisation
with splines

1st and 2nd

order derivatives

Clustering

Selection

Integration

Functional
enrichment

Transcriptome



• Selection of the HSPA8 
(Hsp70) gene

• Heat Shock Protein
• Chaperone protein (act

on the folding of 
protein)

• Presence during
cellular stress

• Known response
during HS

Test on one probe
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• For spline modelisation (or GAM 
for Generalized Additive Model)

• Package R mgcv
• Splines, fixed or random effects

• Model taking into account
• time
• line (CMJR+/CMJR-)
• replicate
• individual effect

• Time term expressed as hours
from start of HS

Test on one probe
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gam(formula = expression_value_scale ~ 1 + s(interval_time_hours, bs = "tp", 
k = 4, pc = 0) + s(pig_id, bs = "re") + s(Rep, bs = "re") + lignee,                  
data = dat, gamma = 0.7)



• For spline modelisation (or GAM 
for Generalized Additive Model)

• Package R mgcv
• Splines, fixed or random effects

• Model taking into account
• time
• line (CMJR+/CMJR-)
• replicate
• individual effect

• Time term expressed as hours
from start of HS

But…
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• How does it work ?
• Select a basis
• Select the basis 

dimension

•

Back to the spline model
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• For spline modelisation (or GAM 
for Generalized Additive Model)

• Package R mgcv
• Splines, fixed or random effects

• Model taking into account
• time
• line (CMJR+/CMJR-)
• replicate
• individual effect

• Time term expressed as hours
from start of HS

But…
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• Data at d-5, d0_9h, d0_13h, d0_18h, d+1, d+2, d+13

A possible solution in two steps

Transcriptome

Preprocessing
• Centering data on 

preHS level

Long-term HS

Short-term HS

Pre-HS Short-term
HS

Long-term
HS
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• Data at d-5, d0_9h, d0_13h, d0_18h, d+1, d+2, d+13

Is d-5 expression level similar to d0_9h ?
• Paired t-test with multiple test correction (fdr)

• 1656 probes have significantly different values, out of 32924 probes (~5%)

• Possible sources of differences
• Age
• Possible experimental stress at d0

A possible solution

Transcriptome

Preprocessing
• Centering data on preHS level

Long-term HS

Short-term HS

Pre-HS Short-term HS Long-term HS
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New pipeline idea

Transcriptome

Preprocessing
• Centering data on 

preHS level

Long-term HS
• Comparaison between d3 vs d13

• Differential analysis
• Enrichment up/down
• Integration with metabolites and hormones dosages

Short-term HS

Splines
from d0 to d+2

• Splines
• Time

• Fixed effects
• Line

• Random effects
• Replicate
• Pig

Temperature effect
Extract.of
1st and 2nd

derivatives 

Metabolome

Dosages

Physio.

Line effect

Enrich. 
Fonction.

Integration

Enrich. 
Fonction.

Integration
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• How does it work ?
• Select a basis
• Select the basis 

dimension

•

• Possibility to had some
penalty term to play on 
the smoothness of the 
curve

Back to the spline model
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• We choose to perform a grid.search (i.e. exploring all the possible sets of 
parameters)

• Basis : Thin-plate spline, cubic regression spline (each with an alternative)
• Basis dimension : 3 to 5
• Gamma (penalty) : 0.5 to 2.5 by 0.2 increments
• In total 4 x 3 x 10 = 120 possibilities

• Approach by k-fold cross-validation difficult based on the small number of 
animals

Selection of the model’ parameters
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• We choose to perform a grid.search (i.e. exploring all the possible sets of 
parameters)

• Approach by k-fold cross-validation difficult because of the small number of 
animals

• We tried a kind of similar home-made method

Selection of the model’ parameters

25

Select some
random probes

Separate in 
train/test set

Train the model 
on train set

Fit and evaluate
on test set

Repeat for each probe

Select best 
model 

Repeat for each combination of parameters



• We choose to perform a grid.search (i.e. 
exploring all the possible sets of parameters)

• Basis : Thin-plate spline, cubic regression
spline (each with an alternative)

• Basis dimension : 3 to 5
• Gamma (penalty) : 0.5 to 2.5 by 0.2 

increments
• In total 4 x 3 x 10 = 120 possibilities

We have a winner

26



New pipeline

Transcriptome

Preprocessing
• Centering data on 

preHS level

Long-term HS
• Comparaison between d3 vs d13

• Differential analysis
• Enrichment up/down
• Integration with metabolites and hormones dosages

Short-term HS

Splines
from d0 to d+2

• Splines
• time

• Fixed effects
• Line

• Random effects
• Replicate
• Pig

Temperature effect
Extract.of
1st and 2nd

derivatives 
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Line effect

Enrich. 
Fonction.

Integration

Enrich. 
Fonction.

Integration



• We extract derivatives at times 
of prelevment

• 5 point for each derivatives
• From 2.5M observations to 

32k models to a matrix of size 
32k x 10

• We perform a PCA to visualize
the data

• Using FactoMineR package

PCA on the 1st and 2nd derivatives

28



• Colored with the p-value of the 
temporal term

• Darker = Smaller p-value

• Seems to be some structure on 
the data

• We can try to filter the probes 
affected by time

Visualization of the first 3 axis
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Visualization of the first 3 axis
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p.value < 0.05 p.value < 0.001



Or maybe a umap can give even better results
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• There definitly seems to be
some structure found in the 
data

• Some clustering might be
interesting



• According to what we have 
seen, we want 2 clusters

• But when we try a simple 
kmeans or hclust clustering =>

Trying some clustering
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Not exactly what
we want /:



• We want to :
• maximize inter-clusters 

distance 
• minimize intra-cluster distance

• We can use the elbow and 
silhouette plot to decide

• Between 5 or 6 clusters seems
a good compromise

Finding the right number of clusters
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• Look interesting but maybe
better results could be
obtained

• Few ideas to improve
• Clustering directly on the 

curves
• Other clustering techniques
• More derivative points
• Consensus clustering like in 

Straube et al, 2015

Visualisation of PCA results with clustering
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A « promising » first idea of pipeline
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Modelisation
with splines

1st and 2nd

order derivatives

Clustering by 

consensus

Selection

Integration

Functional
enrichment

Transcriptome



Other omics
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Hormones & Metabolites



Hormones – Start of stress



• Normally, 1H-NMR spectra

• But for now, we only have buckets

• Impossible to use ASICS for automatic identification and quantification of 
metabolites

Metabolome
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Integration ?

40



Thanks for your
attention ! 🐷🐷

Any questions ? 🐷🐷
GROW
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