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Use of milk MIR spectra

Most conventionnaly:
MIR spectra = predictor of trait of interest
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What is next ? (1)

MIR spectra (wavenumbers) = traits describing
phenotypic and genetic variations

100
90 - Residual
» Herd
A Oubey 86l 2 UTRTH 80 £
| e 90 210 2008 2804 = Genetic
\ /O Avwsan Duny Scsenon Amocasen” 2010
70 -
Genetic variability of mitk components based on mid-enfrared spectral data
" w‘v ' u-gu 48 Genger™y § 60
P e e o -
-\—- . e M h— 1. ha-. !Q- -
T tnant 8 Dt ot Uy S | b @ L M— W 8 |
< SO §
— o
/2 1 Ouwy Sc 3099094008 a
I e e 3
Ganatic analynis of the Fourter-transform infrared spectra of bovine milk
with emphasis on individusl wavelengths related to specific chemical bonds 30
et SR St i, A st v (M) Sty f Pai. Vo Ind bt 20
10
\ J. Dary Sci. 9567936800
g itp A o ovmo 1968]ch 201&10&& A L.&
\‘ ,‘ © Amencan Dairy Scoos Asson * 206 0
X 4925 4425 3925 3425 2925 2425 1925 1425 925
Genetic and environmental variation in bovine milk infrared spectra
-1
Qiuyu Mng Alu uumuh .nd Henk chmm Wavenumber (cm™)

~tre Ragesegen Lryeereey P ¥ GI0AN Wagerngen the Attermno

% of the total variation of MIR wavenumbers Wang et al. 2016

40t Biannual Session of ICAR, Puerto Varas Chile, 24 - 28 Oct 2016



What is next (2) ?

@ MIR spectra (wavenumbers) = response variables to
' known factors
> response =P trait

Objectives of this talk:
» Compare the impact of known factors on wavenumbers
with their impact on predicted components

» Ability of MIR spectra to identify cow sensitivity to known
factors
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Resilience to disturbances (example)

0 Internal stress

> Fertility: Gestation
o Stress factor: length of gestation

0 External stress

> Welfare: Heat stress (HS)
o Stress factor: trajectory of temperature-humidity (THI)
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Phenotypic response to disturbances ?

o Impact of gestation and HS on :

> milk, fat, and protein (well reported): decrease in
yields and depression of quality

> novel milk-biomarkers (recently for some fatty acids)
> wavenumbers (still unknown)
o First question

> Is there any phenotypic variation of those novel milk-
based biomarkers as linked to those stress factors ?
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External stress: Heat stress

o Data
> 205,987 TD records (from 29,467 primiparous Holsteins)
o Milk, fat%, protein%, fat and protein yields (5)
o Fatty acid profile (20) and metabolites (3)
0 289 informative « wavenumbers » after 15t derivative
> TN (THI <=62): Thermo-neutral zone
> HS (THI > 62): Heat stress zone

o Proc Mixed (SAS, 9.4)
> Lsmeans
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MIR predicted phenotypic variation
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MIR absorbance variation
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Genetic variation ?

0 Genetic variability in individual responses to HS
> Productive traits (tropical and even temperate)
> Recently reported for fatty acids

0o Second question

> |Is there a genetic variation of resilience to those internal
and external stress factors ?

o Concept of “Reaction Norm” defined as:

> Phenotypic expression of a “genotype” across a range of
“environments”
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Reaction norm

v 4 o Hypothesis:
S > Animals that react less are
$ more resilient
w a Therefore:
> Larger slope indicating
Slope of B .
_________________________ oo . stronger reactions
5 i 0 In this figure:
i | X Slope A > Slope B
Level, Level, \l,
Gestation 1t month 7t month . .
THI 62 (19°C & 74% RH) 78 (32°C & 71% RH) Resilience A < Resilience B

Level of external or internal stress
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Reaction norm models

0 y; = common factors ...+ a,. + f(j) xay, +.... where
> Common factors = other needed fixed and random effects
> Y; = response j of animal i
> a, and a;; = random genetic effects of animal i
> f(j) in our 2 examples:

a f(j) = THI(TD) - 62 if THI(TD)) > 62

0 if THI(TD,) < 62
days carried calf at TD; if pregnant
0 if not-pregnant

0 £(j)
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0 Heat stress
> Same dataset
> THI values of 3-d lag correspondant to each TD

0 Gestation

> 56,902 TD records

0 Milk yield, fat%, protein% and 5 wavenumbers, identified
for showing highest phenotypic response

> Confirmed gestations = confirmed days carried calf
> 9,757 primiparous Walloon Holstein cows
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Heat stress: Ratio of Slope / Intercept Variances
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Gestation: Ratio of Slope / Intercept Variances
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Slope: phenotype for heat tolerance

o Third question
> How to identify individuals sharing similar reaction to THI?

o EBV slope: estimated for each cow and for the 317 traits

- Milk = Fat

EBV slope (standaridised units)
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Unsupersived clustering: K-Mean
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Clustering sensitive vs robust

Cluster 1: Sensitive Cluster 2: Robust
Mi'k : o T N N B (T S S s 20 .: TN o e RS B R A N T g o A I VS =

Milk-Fat-

Milk
+
C4:0-C18:1 cis9-Acetone
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MIR spectra response to THI: slope

o Fourth question

> Can we identify sensitive and robust cows based on
the response of MIR spectra to HS?

o Discriminant analysis: PLS-DA

> Sensitivity to heat stress based on K-mean clustering:
o Only slope of milk yield
o Slope of milk, fat, and protein yields
- Slope of milk, C4:0, C18:1cis9, and Acetone
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Characteristics of the discrimant models

Milk s, Rate of correct classification

72%

Milk-Fat- 5 R Rate of correct classification

71%

Rate of correct classification
Milk 92%
+

C4:0-C18:1 cis9-Acetone
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Conclusion

o First promising results from on-going studies

o Comparison of MIR wavenumbers with yield and MIR-
predicted components showed potential

O Heat-stress:

> Use of MIR signal to identify sensitive and robust cows
with good accuracy

a0 Gestation:

> Some wavenumbers showed stronger signals than
conventional traits
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