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You better ask if there’s doubts



Outlook

• Breeding as a process

• What is genetic gain?

• Decisions for estimating genetic gain

• Guidelines for calculation



Why we want to estimate the rate of genetic 

gain?

Five stages towards data drive culture



Breeding as 

a process



Any process requires KPIs
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Where genetic gain comes from?
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1) Understood in a population basis

2) Comes from a recurrent selection system (relatively closed system)

3) Comes from the increase in the frequency of alleles responding positively 

to natural and/or simulated environmental conditions.



What is not “rate of response to selection” or 

“genetic gain”?
Years
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Take the expectation for individuals selected in 1d)

If we apply selection (*) in the parental generation based in 1b):

Assuming no dominance, g = a (the additive component), remember that:
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Now remember:
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Remember 1c) and:
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Re-arrange

How to derive 

the expected

genetic gain?



How to derive the realized genetic gain?

𝑦 = 𝑋𝛽 + 𝑍𝑢 + 𝑒
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Methods for calculating the rate of genetic gain



Decisions for measuring ∆𝑮

1. Associated target (Market segment: TPE + product description)

2. Trait of interest [productivity (yield), other trait or an index; BV or 

genetic value?]

3. Germplasm stage sample (PYT, IYT, AYT, On-Farm, … trials)

4. Time period of interest (i.e. last 10 years)

5. Method to produce the data (explicit era trial or historical information)

6. Methodology to calculate ∆𝐺 (mixed models; 1-step, 2-step, etc.)



What makes a good estimate of rate of genetic 

gain?

• Accurate

• Precise

• Inexpensive

$



Guidelines to maximize accuracy and 

precision of ∆𝑮

• Make sure you can connect your data (A) to remove year effects. 

Make sure you can cover the target (i.e. TPE) properly (B).
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Guidelines to minimize cost of estimating the ∆𝑮



Adoption of ∆𝑮 KPI estimation

∆𝐺 used
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method 
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Thank you for your 

interest!



Recipe to calculate ∆𝑮

1. Define target associated (i.e. Drought conditions environments).

2. Define time period of interest (i.e. last 20 years).

3. Define trait of interest (i.e. yield).

4. Define germplasm stage sample (PYT & AYT).

5. Produce field data:
1. Run an era trial with PYT&AYT materials from last 20 years under drought 

environments and record yield.

2. Collect historical information from PYT&AYT materials from last 20 years 
under drought environments and extract yield )

6. Fit a MET analysis with a mixed model and extract adjusted means 
for genotypes.

7. Merge year of origin to the adjusted means.

8. Fit a linear model of the form adjusted.mean~year.origin

9. The slope is the rate of genetic gain.



Typical structure of a breeding program

Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 1 Cohort 2 Cohort …

Year Cycle 0 Cycle 1

2015 Cross.F1

2016 F2.F3.SSD Cross.F1

2017 F4.F5.SSD F2.F3.SSD Cross.F1

2019 Stage 1 F4.F5.SSD F2.F3.SSD Cross.F1

2020 Stage 2 Stage 1 F4.F5.SSD F2.F3.SSD Cross.F1

2021 Stage 3 Stage 2 Stage 1 F4.F5.SSD F2.F3.SSD Cross.F1

2022 Stage 3 Stage 2 Stage 1 F4.F5.SSD F2.F3.SSD Cross.F1

2023 Stage 3 Stage 2 Stage 1 F4.F5.SSD F2.F3.SSD …

2024 Stage 3 Stage 2 Stage 1 F4.F5.SSD …

2025 Stage 3 Stage 2 Stage 1 …

2026 Stage 3 Stage 2 …

2027 Stage 3 …

2028 …

First 

recycling

5-year

cycle


