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Low cost

Permanent

Cumulative

Genetic Improvement→ Promising Tool…
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Genetic Improvement → Breeding Program
http://www.wcgalp.org/system/files/proceedings/2014/how-teach-animal-breeding-and-genetics-undergraduate-students-presentation-thinking-process.pdf
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Breeding Program → Breeding Goal
http://www.wcgalp.org/system/files/proceedings/2014/how-teach-animal-breeding-and-genetics-undergraduate-students-presentation-thinking-process.pdf
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▶ In short: “What we want to achieve by breeding”

▶ In long: A function of the traits to be improved 

- Considering the emphasis (weight) given to each “breeding goal trait”

▶ Crucial to create Genetic Improvement (GHG )

▶ Developing appropriate Selection Indexes 

▶ And keeping breeding balanced

What is a “Breeding Goal”?
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➔ direction in which we want to improve animals
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Breeding Program → Phenotypes
http://www.wcgalp.org/system/files/proceedings/2014/how-teach-animal-breeding-and-genetics-undergraduate-students-presentation-thinking-process.pdf
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▶ High investments needed in measuring emissions

▶ Often associated also to (feed) efficiency  also costly

- Energy                              → CH4

- Nitrogen use efficiency (NUE)                  → N20

▶ Direct measurements of CH4

Acquiring GHG related phenotypes…
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Measuring CH4
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➔ difficult and expensive
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▶ What is a “Selection Index”? 

- Definition: best (linear) predictor of the breeding goal

- Combination of information from many traits

› NB: concept of “information” vector

- Many variants here important “Desired Gain SI”

› Forced response of GHG

▶ Concept of “selection index traits”

- Weighted into a single “combined” index value

Selection Index to the rescue…
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➔what we really measure and select to improve our animals
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▶ Important disclaimer:

▶ Therefore (illustrating by our context):

- Direct CH4 / N20 emissions in breeding objectives
➔ few thousand records CH4, “none” for N20  outside animal

- But proxies for CH4 emission, NUE (i.e., based on milk composition)
➔ tenth of millions of records

▶ Strong interest to find appropriate indirect proxies

Selection Index to the rescue…

“Breeding goal traits” can be ≠ from “Selection index traits”

➔ Importance of international collaboration 
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Possibility: Use of Mid-Infrared Spectrometry

Milk samples
(milk payment, milk recording)

Raw data = MIR spectra

Calibration equations Quantification:

Existing and new traits

MIR spectrometry analysis
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▶ Use of milk mid-infrared (MIR) spectra based proxies

- MIR-CH4

- MIR-NUE

MIR-CH4 and MIR-Nitrogen Use Efficiency (NUE)
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Near IR (NIR) on feces
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Breeding Program → Routine Breeding
http://www.wcgalp.org/system/files/proceedings/2014/how-teach-animal-breeding-and-genetics-undergraduate-students-presentation-thinking-process.pdf
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▶ Use of milk mid-infrared (MIR) proxies ➔ Estimated Breeding Values?

- MIR-CH4

- MIR-NUE

Selecting on MIR-CH4 and MIR-NUE possible?
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➔ Heritability in ~ 0.10 – 0.20 range, similar to somatic cells 
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▶ Disclaimer:
- A lot of movement

- Here especially dairy cattle situation, uncertainty about next steps

▶ CH4, very different approaches: 
- All taking advantage of genomics→ increased reliabilities of EBV

- Indirect through feed efficiency: NLD, AUS, USA…   

- Only direct CH4 or indirect (MIR): CAN, IRL (?)… 

▶ N20 → use of Urea as a proxy for NUE, some doubts

And Routine Breeding➔ only starting…

https://orbi.uliege.be/bitstream/2268/263087/1/EAAP21_71_YansenCHEN.pdf

➔ Importance of international collaboration 

https://orbi.uliege.be/bitstream/2268/263087/1/EAAP21_71_YansenCHEN.pdf
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Breeding Program → Genetic Improvement
http://www.wcgalp.org/system/files/proceedings/2014/how-teach-animal-breeding-and-genetics-undergraduate-students-presentation-thinking-process.pdf
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CH4 example presented
@ ATF-EAAP 2022 event
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CH4 example presented
@ ATF-EAAP 2022 event

Benchmark - current ICO

Carbon prices

• €43.37/t of CO2e

• Moderate scenario from BEIS, (2017)

Desired gains

• 20% reduction of CH4 in 10 years



Low cost

Permanent

Cumulative
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▶ Many approaches exist to mitigate GHG

- Genetics → potential to be an excellent tool

▶ But: practical implementations needed!

- First progress in the field

▶ Also: international collaborations key-issue

- Acquisition data

- Genomic selection → reference populations

Take Home Messages

➔ Needed: support for international collaboration (EU?) 
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nicolas.gengler@uliege.be

Thank you for your attention!
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Special thanks


