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Animal welfare
IS a multi-dimensional concept:

d From a pure biological approach:
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Our omics study in pigs

It combines:

= Metabolomics

= Genomics

» Hypothesis free approach

ST » Hypothesis generating approach
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Metabolomics measures all
endogenous metabolites of a
tissue or body fluid under given
conditions (l.e.metabolome)

SECONDARY METABOLITES XENOBIOTICS
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From Junot et al. 2014
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Metabolomics
(Genomics free)
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Animal resources

0000

associazione nazionale allevatori suini

-

Spees!

~6,000 performance
lested Italian Landrace

~15,000 performance
tested Italian Large
White

4
~1,000 pigs

~300 phenotypes
~200 metabotites)

~8,000

performance
tested Italian
Duroc

~400 pigs
~300 phenotypes
(~200 metabolites)
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Metabolites ®» Metabotypes

» Quantitative measure of metabolites

» Phenotypes
= Molecular phenotypes
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Metabolites ®» Metabotypes

» Quantitative measure of metabolites

» Phenotypes

Targeted metabolomic
analysis on blood plasma:
~200 metabolites

Measured by LC-MS/MS or
FIA-MS/MS with a

AB SCIEX 4500 mass
spectrometer

Molecular phenotypes

1. Register the Assay in MetLIMS
Import and register samples, generate 88-well plate overview
and MS batch for Analyst software

2. Assay preparation
Prepare reagents and perform assay in the laboratory

3. Process Assay in the Mass Spectrometer

Instrument specific acquisition methods are provided

3a. Perform LC-MS run (analysis of amino acids and biogenic amines)
3b. Perform FIA-MS run (analysis of lipids, acylcarnitins and hexose)

4, LC-MS-based quantitation in Analyst software
Calculation of analyte concentrations, manual check of peak integration
(Concentrations of calibration standards and quantitation methods are provided)

5. Convert Mass Spectrometer Data

Analyst wiff files (FIA-MS run) are imported and the concentrations are
automatically calculated; LC-MS-based concenfrations are imported
from the Analyst rdb resulis file

6. Validate the Kit Plate
Automated guality assessment of Biocrates calibration standards,
quality controls and internal standards

7. Evaluate and Export Data
The results (concentration values for metabolites) are evaluated and
can be exported into MS5-Excel for further analysis

Statistical Analysis (optional)
Mean, median, standard deviation, TV
Bou plots, Scatfer plots, univariate fests {p-values), ROC curves, PCA
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Time required

30 min.

3 - 4 hours

17 hours
12 hours

3 - 4 hours

15 min.

20 min.

20 min.




Metabotypes
Metaboliteclasses ~ No. Biological relevance (selected examples)

Energy metabolism, fatty acid transport and

Acylcarnitines 40 mitochondrial fatty acid oxidation, ketosis, oxidative
stress, mitochondrial membrane damage (apoptosis)
Amino acid metabolism, urea cycle, activity of
gluconeogenesis and glycolysis, insulin
sensitivity/resistance, neurotransmitter metabolism,
oxidative stress

Neurological disorders, cell proliferation, cell cycle
19 : ” o

progression, DNA stability, oxidative stress

Amino acids 21

Biogenic amines

Hexoses 1 Carbohydrate metabolism
Glycerophospholipids 90
Degradation of phospholipids (phospholipase
- lysoPhosphatidylcholine acyl — lysoPC a Cx:x 14 activity), membrane damage, signalling cascades,
fatty acid profile
- Phosphatidylcholine diacyl — PC aa Cx:x 38 Dyslipidemia, membrane composition and damage,
- Phosphatidylcholine acyl-alkyl — PC ae Cx:x 3gfatty acid profile, activity of desaturases
Sphingolipids 15 Signalling casca_des, membrane damage (e.g.
— neurodegeneration)
& 7}}“ T\ N
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Metabotypes
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Metabotypes
Metaboliteclasses ~ No. Biological relevance (selected examples)

Energy metabolism, fatty acid transport and
Acylcarnitines 40 mitochondrial fatty acid oxidation, ketosis, oxidative
stress, mitochondrial membrane damage (apoptosis)

Amino acids Database 1

B|Ogen|c amlnes
Database 2

Hexoses
Glycerophospholipids - hoce 3

- lysoPhosphatidylcholin

- Phosphatidylcholine di:J
- Phosphatidylcholine ac

atabase 4

Database 5

metabotypes
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L

Metabolytes present |n body fluids
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Metabotypes

Acylcarnitines Aminoacids Biogenic Amines
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Metabotypes

Heatmap with
phenotypic
correlations

e

metabotypes
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Metabotypes

Heritability Large White mDuroc
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Acylca;nitines Glyceropr;ospholipids Sphingc')Iipids Amino'acids Biog'enic
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Metabotypes
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_ taurine
serotonin
Glycerophospholipids Sphingolipids Amino acids Biogenic
amines




Serotonin:
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Kynurenine:
Intermediate
metabolite of
the tryptophan
catabolism
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Taurine:
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Metabotypes

Gaussian Graphical Model (GGM)

Based on partial correlation
coefficients (PCC):

pairwise Pearson correlation
coefficients conditioned against
the correlation with all other
metabolites
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Metabotypes

Top 8 positive GGM edge weights (i.e. partial
correlation coefficients, PCC) in our data set

Metabolite Metabolite PCC

SM C18:0 SM C18:1 0.775 desaturation (1)

lysoPC a C16:0 lysoPC a C18:0 |[0.731 elongation (1)

SM C16:1 SM C18:1 0.692 elongation (1)

PC aa C38:6 PC aa C40:6 0.689 elongation (1)

PC aa C38:3 lysoPC a C20:3 | 0.653 phospholipid association ?
PC aa C40:4 PC aa C40:5 0.604 desaturation (1)

lysoPC a C18:2 lysoPC a C20:4 |0.600 elong.+ desat. (2)
Serotonin Taurine 0.594 interaction/regulation ?

' IysoPhosphatldyIchoIme acyl: lysoPC
+ Phosphatidylcholine diacyl: PCaa

5 Phosphatidylcholine acyl-alkyl: PCae
Sphingolipids: SM ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Metabotypes

Top 8 positive GGM edge weights (i.e. partial
correlation coefficients, PCC) in our data set

Metabolite Metabolite
SM C18:0 SM C18:1 aturation (1)
lysoPC a C16:0 ySQoS n sation (1)

SM C16:1 Jation (1)
elongation (1)

phospholipid association ?

desaturation (1)

elong.+ desat. (2)

lysoPC a C20:4
Taurine 0.594 interaction/regulation ?

|| lysoPhosphatidylcholine acyl: lysoPC
.| Phosphatidylcholine diacyl: PCaa

A . .
- Phosphatidylcholine acyl-alkyl: PCae
Sphingolipids: SM ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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How can we link potential
«welfare bio-markers»
with genomics information?
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Metabolomics

+
Genomics

/N0
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Running title:

Searching the happiness genes in pigs ...

YT
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Animal resources

0000

associazione nazionale allevatori suini

-

Spees!

~6,000 performance
lested Italian Landrace

~15,000 performance
tested Italian Large
White

4
~1,000 pigs

~300 phenotypes
~200 metabotypes)

~8,000

performance
tested Italian
Duroc

~400 pigs
~300 phenotypes
(~200 metabotypes)
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PorcineSNP60 BeadChip

Genotype space

¢ 4 4

Internal phenotypes Metabotypes

External
phenotypes
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PorcineSNP60 BeadChip

Genotype space

¢ 4 4

Internal phenotypes

Metabotypes ~200 metabotypes

External
phenotypes
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PorcineSNP60 BeadChip

Genotype space

¢ 4 4

Internal phenotypes

Metabotypes ~200 metabotypes

@ ﬂ ﬂ 200 x 200 = 40000 ratios

External
phenotypes
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