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BREEDING VALUE ESTIMATION IN INSECTS

PRODUCED FOR FOOD AND FEED

An example of application in Diptera
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• Diploid

• Sexual reproduction

• Holometabolic

• Commonly not visible during rearing

• Isolated rearing can have detrimental effects

• The larva is the product

Hansen et al. (in prep)
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Phenotype

Additive genetic value

Other contributions

Additive genetic value

Not useful for breeding

Important for breeding
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Recorded phenotype

Relatedness information

Pedigree
Genomic information

Some way of prediction (genetic model)y = x

Practical context

Individual

Siblings

Families

Groups

Colonies



HOW COULD IT BE DONE?
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Breeding goal

Larger larvae

Shorter time from egg to adult

Base population 

Large population size

Large genetic variance

Phenotypes evaluated

Assumed unrelated

THE “EASY” PART – FIRST GENERATION
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And then it get’s more tricky from then on....

Synchronised!
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Record size Record development time

Lose track

Family average

Family average



ID group LS DT m_LS m_DT

2B371A01 A 28.84 336 24.63 354.67

2B371A02 A 16.61 336 24.63 354.67

2B371A03 A 29.56 336 24.63 354.67

2B371A04 A 21.33 336 24.63 354.67

2B371A05 A 27.75 360 24.63 354.67

2B371A06 A 25.10 360 24.63 354.67

2B371A07 A 29.69 360 24.63 354.67

2B371A08 A 31.66 360 24.63 354.67

2B371A09 A 33.03 384 24.63 354.67

2B371A10 A 21.92 384 24.63 354.67

2B371B01 B 26.47 312 28.77 324.71

2B371B02 B 31.08 312 28.77 324.71

2B371B03 B 29.10 312 28.77 324.71

2B371B04 B 30.82 312 28.77 324.71

2B371B05 B 28.76 336 28.77 324.71

2B371B06 B 31.48 336 28.77 324.71

Traits used in the model
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𝒚1
𝒚2

=
𝑿1 0
0 𝑿2

𝛃1
𝛃2

+
𝒁1 0
0 𝒁2

𝒂1
𝒂2

+
𝒆1
𝒆2

First generation

Additive genetic effectAverage

larval size

Average

development time

Pedigree is single generation!

Genetic parameters can be estimated with individual data (univariate)

Genetic correlations can be estimated with group + individual data
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𝒚1
𝒚2

=
𝑿1 0
0 𝑿2

𝛃1
𝛃2

+
𝒁1 0
0 𝒁2

𝒂1
𝒂2

+
𝒆1
𝒆2

First generation

2-n generation
𝒚1
𝒚2

=
𝑿1 0
0 𝑿2

𝛃1
𝛃2

+
𝒁1 0
0 𝒁2

𝒂1
𝒂2

+
𝒆1
𝒆2

Additive genetic effect

(pseudo) pedigree is multiple generations

Can be solved with software used in traditional animal breeding



ID group LS DT m_LS m_DT EBV_LS EBV_DT

2B371A01 A 28.84 336 24.63 354.67 -0.39 17.26

2B371A02 A 16.61 336 24.63 354.67 -0.39 17.26

2B371A03 A 29.56 336 24.63 354.67 -0.39 17.26

2B371A04 A 21.33 336 24.63 354.67 -0.39 17.26

2B371A05 A 27.75 360 24.63 354.67 -0.39 17.26

2B371A06 A 25.10 360 24.63 354.67 -0.39 17.26

2B371A07 A 29.69 360 24.63 354.67 -0.39 17.26

2B371A08 A 31.66 360 24.63 354.67 -0.39 17.26

2B371A09 A 33.03 384 24.63 354.67 -0.39 17.26

2B371A10 A 21.92 384 24.63 354.67 -0.39 17.26

2B371B01 B 26.47 312 28.77 324.71 4.06 -8.46

2B371B02 B 31.08 312 28.77 324.71 4.06 -8.46

2B371B03 B 29.10 312 28.77 324.71 4.06 -8.46

2B371B04 B 30.82 312 28.77 324.71 4.06 -8.46

2B371B05 B 28.76 336 28.77 324.71 4.06 -8.46

2B371B06 B 31.48 336 28.77 324.71 4.06 -8.46
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INDEX= 𝒘𝑳𝑺𝑬𝑩𝑽𝑳𝑺 + 𝒘𝑫𝑻𝑬𝑩𝑽𝑫𝑻

Standardised according to genetic SD

Multiplied by -1



ID group LS DT m_LS m_DT EBV_LS EBV_DT Index

2B371A01 A 28.84 336 24.63 354.67 -0.39 17.26 -18.45

2B371A02 A 16.61 336 24.63 354.67 -0.39 17.26 -18.45

2B371A03 A 29.56 336 24.63 354.67 -0.39 17.26 -18.45

2B371A04 A 21.33 336 24.63 354.67 -0.39 17.26 -18.45

2B371A05 A 27.75 360 24.63 354.67 -0.39 17.26 -18.45

2B371A06 A 25.10 360 24.63 354.67 -0.39 17.26 -18.45

2B371A07 A 29.69 360 24.63 354.67 -0.39 17.26 -18.45

2B371A08 A 31.66 360 24.63 354.67 -0.39 17.26 -18.45

2B371A09 A 33.03 384 24.63 354.67 -0.39 17.26 -18.45

2B371A10 A 21.92 384 24.63 354.67 -0.39 17.26 -18.45

2B371B01 B 26.47 312 28.77 324.71 4.06 -8.46 20.66

2B371B02 B 31.08 312 28.77 324.71 4.06 -8.46 20.66

2B371B03 B 29.10 312 28.77 324.71 4.06 -8.46 20.66

2B371B04 B 30.82 312 28.77 324.71 4.06 -8.46 20.66

2B371B05 B 28.76 336 28.77 324.71 4.06 -8.46 20.66

2B371B06 B 31.48 336 28.77 324.71 4.06 -8.46 20.66
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This is why general synchronisation is important...

Useful?...
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Selection within family is random (-ish)

2

4

Same EBV, same pedigree, no tagging required

Only from peak eclosure days



Pros

• Immediately implementable

• Doesnt require individual rearing

• Doesnt require individual tracking

• Enables across-lifestage multi-trait breeding goals

• Accommodates group mating behaviour

• Enables inbreeding management

EVALUATION

Cons

• 50% genetic gain compared to individual EBVs

• Model assumes individual records

• Bias from common environment effects

• Requires large family numbers

• Unbalanced selection pressures on juvenile and adult traits



• Mating capacity

• Fecundity vs. number of families

• Time-to-maturity

• Isolated rearing

• Tracking during mating allows individual records

IMPORTANT NOTES ON SPECIES SPECIFICITY
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