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Genomic and classic selection f%%

Pedigree + performance data SNP data

8 o -

evaluated with BLUP

Motivation

e Etablished technique in several
livestock species
* Higher accuracy of breeding values

* Shortened generation interval for

increased genetic gain
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Traits Genotyped queens
* Honey yield 1000 - -
* Gentleness
800 _
* Docility
* Swarming drive % 600 -
* Hygienic behavior >
400 -
e Varroa development
200 -
Samples I
° _ch;"_ RIS QE Q& & o 0 A
e 224,081 colonies in the pedigree (2021) L 2 S S S L L 2

Y f birth
* 3005 queens with genotype and performance data €ar ot bir

» 2389 gueens after quality control

call rate, pedigree relationshi
( P g p) Jones, J. C., et al., Ecology & Evolution, 2020
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First SNP chip

SNP chip development

e 103,270 SNPs on the chip

* At least every 5000 BP there is a
SNP

* SNP selection focussed on genes

relevant for breeding

Quality control on SNPs

* Hardy Weinberg equilibrium
* Callrate 0.9
* MAF 0.01 leaves 68,510 SNPs

Chromosomes
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Coverage of the genome
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OMb 10Mb 20Mb 30Mb
Length in mega basepairs
48 1551

SNPs per mega basepair

Jones, J. C., et al., Ecology & Evolution, 2020
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Calculation of breeding values H

Breeding

classic BLUP with ___—
adaptation to values

— honeybees [1&2]
Data
» performance ﬁenomic BLUP [3&4]

* pedigree
T Breeding

* (genotypes)

__— values

Genomic BLUP with
weights on loci [5]

Breeding

values

[1] Brascamp, E. W., Bijma, P., Genetics Selection Evolution, 2014

[2] Bernstein, R., et al., Journal of Animal Breeding and Genetics, 2018
[3] Legarra, A., et al. Journal of Dairy Science, 2009

[4] Christensen, O. F., & Lund, M. S., Genetics Selection Evolution, 2010
[5] Wang, H., et al., Genetics Research, 2012
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Data separation for validation

Calculation of breeding values

Queens with performance data and pedigree

Years of birth 2007-2016 2017

Number 2124 265

Data used Performance, pedigree
pedigree

Additionally for Genotypes Genotypes

genomic BVE

Scale of success — predictive ability

Comparison of breeding values to corrected performance data

Bernstein, R., et al., Heredity, 2023
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Predictive ability =

Correlation (estimated BVs, corrected performances)

Influence of environment

* The model cannot be expected to predict the environment
e Take apiary effects from a BVE with all phenotypes

* Correction by aplary effect Bernstein, R., et al., Heredity, 2023
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: : e Swarming | Hygienic Varroa

BLUP
classic 0.06 0.30 0.41 0.20 0.20
BLUP genomic 5 ng 0.31 0.41 0.19 0.19
Genomic with
weights 0.11 0.31 0.44 0.22 0.20

Predictive ability for candidate queens

0.04

0.05

0.04

Bernstein, R., et al., Heredity, 2023
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: : e Swarming | Hygienic Varroa

BLUP
classic 0.06

BLUP genomic 0.09

Genomic with
weights 0.11

I t
mprovemen 0.05

Favorable traits

0.30 0.41 0.20
0.31 0.41 0.19
0.31 0.44 0.22
0.01 0.03 0.02

Predictive ability for candidate queens

0.05 Honey yield, 0.03 Docility, 0.02 Swarming drive

0.20 0.04
0.19 0.05
0.20 0.04
0.00 0.01
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: : e Swarming | Hygienic Varroa

BLUP
classic 0.06 0.30 0.41 0.20 0.20

BLUP genomic 5 ng 0.31 0.41 0.19 0.19

Genomic with

weights 0.11 0.31 0.44 0.22 0.20

Predictive ability for candidate queens

Best method

* Genomic BLUP with weights

0.04

0.05

0.04

* The advantage of weights diminishes when a higher number of reference animals

becomes available

Lourenco, D. A. L., et al,, J. Anim. Breed. Genet., 2017

Wang, H., et al., Genetics Research, 2012

Richard Bernstein



Discussion

LIB.

Landerinstitut
flr Bienenkunde

: : e Swarming | Hygienic Varroa

BLUP
classic 0.06 0.30 0.41 0.20 0.20

BLUP genomic 0.09 0.31 0.41 0.19 0.19

Genomic with

weights 0.11 0.31 0.44 0.22 0.20

Predictive ability for candidate queens

* Improvements range up to 0.05
 Comparable results in other species for maternally influenced traits:

0.01 to 0.05 (calving ease and 3 for weight gain in Aberdeen Angus)
-0.02 to 0.09 (6 for litter size in Large White)

Lourenco, D. A. L., et al., Journal of Animal Science, 2015

0.04

0.05

0.04

Putz, A. M., et al., Journal of Animal Breeding and Genetics, 2017
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: : e Swarming | Hygienic Varroa

Discussion %

BLUP
classic 0.06 0.30 0.41 0.20 0.20 0.04
PtuPgenomic g o9 0.31 0.41 0.19 0.19 0.05
Genomic with
weights 0.11 0.31 0.44 0.22 0.20 0.04

Predictive ability for candidate queens

Genomic breeding value estimation

is possible for honeybees!

Richard Bernstein
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: : e Swarming | Hygienic Varroa

BLUP
classic 0.06 0.30 0.41 0.20 0.20

BLUP genomic 5 ng 0.31 0.41 0.19 0.19

Genomic with

weights 0.11 0.31 0.44 0.22 0.20

Predictive ability for candidate queens

Notes

* Low amount of data for Varroa traits

e Gathering more reference samples can increase the predictivity

0.04

0.05

0.04

Richard Bernstein
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Improvement of accuracy over classic BLUP

N

o—"°

0 20 40 60 80 100
%-age of genotyped queens (calculated points are highlighted)

Bernstein, R., et al., GSE, 2020
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Note:

It yields little additional genetic gain to genotype
gueens after performance testing.

Performance test

Hatching Genotyping
R . " 8 .ZQ
\ g
Parent Genomic BV =1 =
average without Deployment
performnce test on mating station

No further use

Low BV . in breeding

Richard Bernstein



Rl

A /\l
Genotyping techniques for queens —.%!UBAO

{ Landerinstitut

| fur Bienenkunde

Flight muscle Queen cell Drone eggs or
larvae

* Highest DNA quality  Available right after « Pools of at least 30 is
* Lethal hatching recommended
* Low amount of DNA * High DNA quality

* Complicated protocol
Jones, J. C., et al., Ecology & Evolution, 2020
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Conclusion

Genomic Selection in honeybees is possible

Genomic preselection would make an efficient breeding scheme

For other subspecies, a new reference population is required
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