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GMG: Why? How? What?

® Genetic progress can make a permanent and impressive contribution to reducing
methane output from livestock systems globally

® We aim to accelerate genetic progress and to implement breeding strategies for
reduced methane emissions in ruminants in the global North and South by supporting
® sharing of protocols and data,
® expanding phenotyping, breeding program design
® genetic evaluations

® development of Global Livestock Genetics and Genomics Programs
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Global Methane Genetics initiative (GMG)
Accelerate genetic progress for low CH, emitting ruminants

Investment of 27M US$
25 countries, 50 partners, 25 breeds
Methane pheno- & genotypes ~110k cattle & sheep, ~20k microbiome

Africa
Dairy & crossbreeds (~1.5k)

World-wide sharing
Develop protocols
Phenotyping for
reference populations
Genetic evaluation
Impact of genetics

Dairy:
Holstein (~42k)
Jersey (~8k)
(Nordic) Red Breeds
(~7.3k)
Brown Swiss (~3.3k)

South America
Beef & indigenous (~7k)

Microbiome:
Beef: . World-wide reference
Sheep: world-wide .
North America (~6k) P population

_ reference population ~20Kk |
Australia, Ireland, Australia & New Zealand (~20k samples)

UK, NZ (~18.5k) UK & Ireland BEZOS
Uruguay (~17k) ( EARTH
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Context - creation of a database

What is the amount of information associated with a dataset
relevant for a genetic evaluation?

" Depends on:
e Number of records
e Environmental factors (aka fixed effects)
e Trait definition

® Genetic parameters (e.qg., heritability, repeatability)
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Amount of information # number of records

nh?

Based on Selection Index theory: Reliability = rEv—L

n: number of records, h?: heritability o
Heritability = 0.20
t: repeatability

=>Number of records not appropriate!

Reliability

= Need of an estimate that quantifies
the effective contribution of
phenotypic data to genetic

= O | | | | | | |
evaluations O 10 20 30 40 50 60 70 80

__Number of records
Repeatability = h Repeatability = 0.50 ——
Repeatability = 0.25
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Aim

To develop and validate a framework
that quantifies the amount of information
of a given dataset contributing to
the prediction of breeding values

for a trait of interest
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Effective record contribution - concept

" Concept introduced in the late 80’s
" Context: approximation of reliabilities

" Equivalent or similar concept to

7\

® “record equivalent”, "daughter equivalent”, “effective daughter
contribution”
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Effective record contribution - concept

1 ERC

nJ

1 record corrected perfectly for all effects
other than additive genetic and residual effects

f[* ' @% Same EBV w

|

Q)
i * /\ < D |

Relatives’

=g =

N phenotypes ? ERC
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Effective record contribution - definition

Total ERC for an individual:

1—h%* REL
h? 1—REL

ERCiorqr =

h?: heritability of the trait

REL: reliability of an estimated breeding value of an individual
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Effective record contribution - definition

1-h? REL

ERCtorar = h2 1-REL

ERCreiationsnips (Parents and progeny) + ERC,,, (Own performances)

% £ &
r\j'—sug ;‘-' . | ) Same EBV s [y
X +

| A‘ < > l " |
Relatives’ S REL Relatives’

N phenotypes ? ERC,n
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Effective record contribution - definition

u
ER Ctotal' ER CRelationshipS

e \Vary with addition of records through relationships

® ERCyyn

® Independent of records of related individuals

> ERCyyn @and ERCreigrionsnips Must be approximated
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Quantification of the effective contribution of
phenotypic data to genetic evaluations

" Based on the concept of effective record contributions

" Effective contribution of phenotypic data = sum of ERC,,,,, associated
with all phenotyped animals

" Development of a robust and flexible 3-step approach
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3-step approach

Data Step 1 REL & ERC,,, Step 2 ERC,m, Step 3 ERCy4¢q

1. Approximation of REL and ERC,,;,; for the trait of interest using a
pedigree-based evaluation and the original model

2. Estimation of ERC,,,,, for all animals with records

® Using a reverse reliability algorithm

e Assuming a univariate model with only additive genetic and residual
effects

3. Effective contribution of a dataset: ERC;4:q = Y, ERCyum
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3-step approach - requirements

" Data
® Phenotypic records
e Pedigree (e.g., for 5 generations)
e Original model
® \/ariances components

® Observed trait and trait of interest

" Software for approximating and reversing reliabilities
® e.g., MiXBLUP
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Example - data

" CH4 weekly emissions
® 187,219 records (until June 2024)

" Individuals with records: 8668
" Pedigree (5 generations): 31,471
" Original model
e herd + animal + within-lactation + across-lactation + residual
" h2:0.18
® Repeatability: 0.47
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Scenario 1 - whole dataset

Total
187,219
25,724.0

Average Maximum
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Scenario 1 — whole dataset

Minimum Average Maximum Total
Number of records 1 21.6 80 187,219
ERCiotar 1.0 3.2 6.3 25,724.0
ERC,yn 0.0 1.5 2.7 12,671.4

0.6
05
04

03 -

Reliability

ERCyu1q = Z ERC,,, = 12,671

02~

0.1 -~
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Scenario 1 — whole dataset

" Trait of interest: CH4 weekly emissions

ERCya1q = Z ERC,,, = 12,671

® Trait of interest: correlated trait
® h%:0.20

® Genetic correlation: 0.80

ERCia1q = Z ERC,,, = 3,287
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Scenario 2 — 2 submissions

Submission 1 Submission 2
Up to Oct. 2023 Oct. 2023-June 2024
8,034 individuals 634 new individuals
125,169 records 62,050 records
ERC;4¢q-1 = 10,870 ERC4¢q0-2 = ERCy4¢q — ERCyqtq—1 = 1801

ERCautq = ERCyurq—1 + ERCygra—r = 12,671
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Scenario 3 — 2 submissions

Submission 1 Submission 2

Up to June 2024
8,668 individuals
125,484 records

No new individuals
61,735 records

ERCdata—l - 12,137 ERCdata—Z - ERCdata - ERCdata—l — 534‘

}

f

ERCautq = ERCyurq—1 + ERCygra—r = 12,671
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Conclusions

" Robust and practical framework for quantifying the effective
contribution of phenotypic data to genetic evaluations

" Three steps

1. Approximation of reliabilities of a pedigree-based genetic
evaluation using phenotypic information

2. Approximation of ERCs due to own performances from
reliabilities of phenotyped animals

3. Calculation of the total effective contribution of phenotypic
records as the sum of ERCs associated with all phenotyped
animals
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Thank you!

Questions?
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