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My name is Øyvind Nordbø, and I work as a researcher in Geno, a farmer owned Norwegian breeding cooperative. The work I will present today is mainly conducted by Arne Gjuvsland, Sigbjørn Eikje and me, with support from Ismo Stranden. 



Agenda

Overview of breeding scheme of Norwegian Red
– Breeding goal 
– Implementation of genomic selection

ssGBLUP based breeding programme
– Challenges and biases
– Solutions

Genetic groups as random effect reduces some biases
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Today, I will present the status of the routine single-step genomic predictions on Norwegian red. I will briefly go through the main challenges we have had by being one of the pioneers on implementing single step genomic predictions in a dairy cattle breeding programme.  Further, I will present the effect of inclusion of genetic groups as fixed and random effects in the single step predictions.



Norwegian Red

• Breed Established in 1935 by Geno
(farmer owned cooperative)

• Dual purpose breed (milk and meat)
• From 70’s health and fertility in 

breeding goal
• > 40 traits included

• 2012 – genomic selection (SNP-
BLUP) of test bulls

• 2015 – ssGBLUP, switched from 
progeny testing to GS bulls
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Norwegian Red was established as a dual purpose breed, by Geno, back in 1935. Already in the 70’s health and fertility traits were included in the breeding goal, and the long term focus on these traits has made the breed relevant for many customers worldwide. Until 2012, the selection was based on BLUP models and progeny testing of about 115 young bulls each year. In 2012, a SNP-BLUP was introduced to improve the precision when recruiting test bulls, and in 2015, we started running single step genomic predictions for routine evaluations. 



Norwegian Red – breeding programme

130000 genotypes=>ssGBLUP

30.000 + new genotypes/year
8.000 bull calves
6.000 heifer calves

16.000 + females (producer init.)

All elite bulls and embryo heifers are 
regenotyped on 777K (1823 bulls)
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Now, we perform national evaluations every second week, and all selection is based on updated data.  In Noway, we have about 200000 cows, and the whole population works as a breeding nucleus.  We genotype about 30000 new animals pr year. This consist of the best 8000 bull calves, based on parental average, the best 6000 heifer calves in addition to approximately 16000 farmer initiated cows and heifer calves. From these animals, we select about 50 new elitebulls and 90 embryo heifers every year.    



Challenges with biases

• Inflation (young genotyped animals overpredicted)
• Selection of SNPs for the H-1 matrix is crucial
• Method for building H-1 (setting allele frequencies equal to 0.5)

• Level-bias (Nordbø et al 2019. EBV Increase, after genotyping)
• Strict filtering of SNPs within and across SNPchips
• Not adding anything to diag(G) before inverting

• Genetic groups
• Genotyped animals with unknown ancestors are over-predicted
• Animals with genotyped offspring and unknown ancestors are over-

predicted
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As most breeding companies, working with genomic predictions, we also have had some challenges with different biases. When most people talk about biased predictions, they talk about inflated breeding values of young genotyped animals, that the regression coefficient from cross validation studies are less than one. To hinder inflation, we have implemented two efficient measures in our single step methods. We impute all genotypes to high density resolution, before extracting a tailor-made subsample of SNPs, chosen to avoid inflation. In addition, we put all allele frequencies equal to 0.5 before building H inverse. We have also had some challenges with level-bias. For some years ago, we observed that in average, animals tended to increase their breeding values when being genotyped. The solution to improve this was to do a more strict filtering of SNPs and a better imputation job. In addition, we found out that if we added a small number to the diagonal of the genomic relationship matrix, to make it invertible, this increased the level-bias. More recently, we have been working to improve the inclusion of genetic groups in a good manner. We have been obseriving that genotyped animals and animals with genotyped offspring and one or more unknown ancestors, tend to be over-predicted.   We have not found any optimal way of hindering this, but we have made some improvements, that could easily be implemented in routine predictions



3-trait repeatability animal model for milk

• 3 traits (milk, %protein, %fat) ssGBLUP
with genetic groups using QP 
transformation on A-1 (approximation)

• 124493 genotyped animals
• 8.1 mill. 305d records (1st-5th lactation) 

on 3.8 mill. animals
• 4.8 mill animals in pedigree, 118 genetic

groups
• Mix99

Milk Protein% Fat%
Milk 0.42
Protein% -0.44 0.61
Fat% -0.36 0.62 0.36

Gen.corr. and heritabilities

H-1 :
• Imputation: to 777k: 122k SNPs
• Allele frequency: 0.5
• Scaling: G=ZZ’/k -> mean(diag(G))=1
• Weight A-matrix: 10%
• hginv_lapack_para
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The starting point for the rest of the presentation is a 3 trait repeatability model for lactation production of kgmilk, fatpercentage and proteinpercentage, where the genetic groups are fitted as fixed effects. In the current work we have applied the Quaas Polak-transformation of the A-inverse only, which is a crude approximation. We have 3.8 million animals with one or more records and 4.8 million animals in pedigree, whereof 124 thousand are genotyped..Up in the right corner, you can see the heritabilities on the diagonals and genetic correlations between the different traits, and in the lower right corner the key parameters for the H inverse matrix. We use 122 thousand SNPs, put the allele frequency equal to 0.5, and scale the G-matrix so the mean diagonal value becomes one, and gives the A-matrix 10% weight.



Validation: Interbulls GEBV-test

• Masking 5 year of data. 
• Prediction of GEBVs on reduced

data set
• Compare with DYDs
• Weighted linear regression

Milk Fat% Protein%
R2 β R2 β R2 β

org 0.573 1.02 0.63 0.96 0.699 1.11
ggr 57.4 1.02 63 0.96 70 1.11

• Level-bias ≈ 0 (average change in EBV when being genotyped)

weights
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To confirm the quality of the predictions, we used Interbulls GEBV-test and masked 5 years of data to have a proper validation set. We predicted GEBVs, using mix99, based on this reduced dataset, and then compared these with DYDs, based on the full dataset, using weighted linear regression. All traits passed the test, with a reasonable accuracy, and a regression coefficient of 1.02, 0.96 and 1.11 respectively. We also masked the genotypes of a set of 1000 animals to see whether they had any average change in breeding values, however we observed that the level-bias was very low, just a few percent of the genetic standard deviation.



Validation: Mendelian sampling?

• Compare EBVs with parentage
average for groups of animals.

• Genotyped animals or animals
with genotyped offspring

• Method for fitting genetic groups
• Fixed effects
• Random effect

𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = Mean
𝐸𝐸𝐸𝐸𝐸𝐸 − 0. 5(𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝 + 𝐸𝐸𝐸𝐸𝐸𝐸𝑚𝑚)

𝜎𝜎𝑔𝑔
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1 missing grandparent

2 missing grandparents

3 missing grandparents

4 missing grandparents

𝑀𝑀
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As mentioned before, one of the challenges we have had in our evaluations is that genotyped animals and animals  with genotyped offspring and additionally some missing pedigree data, tend to be overpredicted. In the total pedigree, about 7% of the animals have missing mother and 14% have missing sire. To evaluate whether the mendelian sampling term was biased, we computed the difference between the breeding value and the parental average for groups of animals. For a group of non-selected animals, this value should be not too far from zero. In the figure here, we present this mendelian sampling bias  fori the union of set of genotyped animals and animals with genotyped offsprings. We have then grouped these animals by the number of missing grand parents, from zero to four. As you can see  that this kind of bias is increasing with the number of missing grandparents. We have mada an alternative to this model, where we fit the genetic groups as random effects, with the same variance as the additive genetic effect instead as fixed effects. As you can see, the mendelian sampling term seems to be less biased when the genetic groups are fitted as random effects, especcially when the amount of information about parents and grandparents is decreasing. For the groups where 3 or 4 gradparents are missing, the bias of the mendelian term of breeding values was reduced by about 25%.



Genetic groups as random effect (𝜎𝜎𝐺𝐺2) vs. fixed

Interbulls GEBV-test:

Level-bias ≈ 0

Milk Fat% Protein%
R2 β R2 β R2 β

Fixed 0.573 1.02 0.63 0.96 0.699 1.11
Random 0.574 1.02 0.63 0.96 0.700 1.11

Fixed Random

0 missing grandparents

1 missing grandparent

2 missing grandparents

3 missing grandparents

4 missing grandparents

𝑀𝑀
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Looking at the results from Interbulls GEBV-test, the run where we modelled the genetic group as a random effect gave margiannly better accuracy than when they were fitted as fixed effects, and the beta values were also at the same level. Another way too look after bias is to investigate the genetic trend from evaluations with full and reduced data-sets, and also to compare these curves with those from a corresponding BLUP-run. As you can see, the single-step EBV for kgmilk , with genetic groups fitted as random effects, with a five year cut off data (shown in blue), gives almost a identical trend as the one with a full data set (in green), and better correspondance than when the genetic groups are fitted as fixed effects. You expect that there should be some devation from the BLUP, the very last years, due to selection based on genomic information. But otherwise, the curves seem to correspond very wellARNE:Endra overskrifta eller kutta overskrifta- introdusera på slide 7 eller 9 and du har test genetiske grupper både som fixed og random- "Genetic groups as random reduces level bias" eller 



Genetic Trends

All animals

Genotyped
animals

Kgmilk Fat% Protein%

BLUP
ssGBLUPRed
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Looking in more detail, for all the traits, for the group of all animals and also for the genotyped animals, only , we can see the same pattern. Fitting genetic groups as a random effect seem to give highly similar genetic trends between the single step runs on the full vs reduced data-set and between BLUP and single-step genomic predictions. So in future model development, we will fit genetic groups as random effects. We are also about to test out fitting J-factors and meta-founders to improve this further, but so far, we have not seen any significant improvement. 
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QUESTIONS?
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