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Introduction
Two large consortia exists with large-scale genotyping in the Holstein breed: North-America
and Eurogenomics. However, many other countries that have an interest in genomics, either
fail to acquire enough genotypes to build their own significant training population or may
lack the resources to build efficient software. These ‘small’ countries, at least in number of
genotyped bulls, therefore have limited resources for commercial-driven implementation of
genomics. The Dutch-Flemish cattle breeding cooperative, CRV, has now sided with two such
countries to build training populations of sufficient size to have significant genomic
reliabilities in a cost-efficient solution. This gives those countries the opportunity to have
genomic breeding values not only for import bulls, but also for local genetic resources, which
may prove very useful in maintaining and improving the local breeding program to be
tailored to the country’s needs. In this paper a comparison is made between the genomic
system with training population bulls from Hungary versus Hungary + CRV, and between
Israel and Israel + CRV.

Method
Model
MACE breeding values (EBV) from the Interbull international evaluation are used as
phenotypes in the genomic evaluation. The MACE EBV are deregressed to deregressed
proofs (DRP) in a matrix-deregression according to Calus et al. (2016), where information
from genotyped relatives is removed from the individual’s EBV and an accompanying
equivalent record contribution (ERC) is derived from the reliabilities to be used as weight in
the SNP effect estimation. The SNP effect estimation is done using Bayes Stochastic Search
Variable Selection (B-SSVS), where SNP effects are sampled from two distributions, with
efficient right-hand-side updating for fast computing, according to Calus (2014).

Data
From CRV, 7,260 CRV-owned bulls were available with genotypes, of which 5,923 had a
daughter-based MACE EBV for kg protein. For Hungary, a total of 909 bull genotypes were
available, of which 510 had a MACE EBV for kg protein. For Israel, a total of 1,876 bull
genotypes were available, of which 1,188 had a MACE EBV for kg protein. Not all bulls had
phenotypes for all traits. A total of 25 traits were available for Hungary, whereas 11 traits
were available for Israel. Traits are mentioned in Table 1a and 1b.

Validation
Two validations per country were performed. For Hungary, the validation group was selected
from bulls genotyped by Hungary, and comprised approximately 140 bulls. The training
population either contained bulls genotyped by Hungary only, or contained bulls both from
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Hungary and from the CRV population. For Israel, the validation group was selected from
bulls genotyped by Israel, and approximated 400 bulls. The training population either
contained bulls genotyped by Israel, or both bulls from Israel and from the CRV population.
A classical validation was performed where DRP of the validation animals were discarded
from the training population. Estimated breeding values for these bulls from a model without
SNPs (BLUP model) and a model with SNPs (DGV model) were then correlated to their DRP
to estimate the improvement in correlation. The squared difference in correlation - expressed
as equivalent daughter contribution (EDC, which is a linear function, contrary to reliabilities),
corrected for average EBV reliability of the validation bulls, and extrapolated to the full
training population size - is a measurement for added reliability due to genomics.

Results
Table 1 shows the heritabilities and genetic correlations between The Netherlands (CRV
bulls) and Hungary (Table 1a), and Israel (Table 1b). For calving traits and longevity
correlations are below 0.80, the lowest correlation being 0.51 for longevity (NLD –
Hungary). For production, conformation (Hungary only), and udder health, most correlations
were above 0.80.

In Table 2 results of the validations are shown; for Hungary in Table 2a, and for Israel in
Table 2b. Table 2 shows the number of bulls in the used training populations per trait. There
is a large increase in bulls when adding the CRV bulls to the training populations.
The regression (b) of DGV on DRP is also in Table 2. This regression should be 1.0,
implying that both DGV and DRP are on a similar scale (Mantysaari et al, 2010), but may
vary slightly due to a sampling effect in the validation group. Large deviations from 1
indicate overestimation (b<<1) or underestimation (b>>1) of the genomic breeding value
compared to the MACE EBV. Adding the CRV bulls to the training population of Hungary
results in b-factors that generally deviate less from 1, the overall b-factor for Hungary is 0.99.
Hungary has passed the Interbull validation test for all traits. For Israel, b-factors generally
improve when adding the CRV bulls, except for calving traits, where the b-factors drop below
0.8, likely due to the low genetic correlation between Israel and The Netherlands. Israel is not
yet planning to participate in GMACE.
Table 2 also shows the SNP reliability, expressed as EDC. This is the ‘added’ reliability in a
breeding value due to genomic information. Finally, the last column in table 2 shows the
expected reliability of the published genomically enhanced breeding value of young bulls
without daughter information, calculated as the EDC of a typical parent average with 30 %
reliability (sire and maternal grandsire have a 99% reliable EBV), plus the added EDC due to
genomics, converted to a reliability.
For Hungary added EDC doubles when adding the CRV bulls to the training population,
resulting in an average young bull reliability of over 50%. For a validation with Israel bulls
only, added EDC is very low or negative. Adding CRV bulls leads to a 3 to 4 times larger
added EDC for most traits and an overall reliability of 40%. For production, young bull
reliability is 45-50%.

Discussion
Supplying powerful software and a foreign population to countries is an effective way to
implement a local genomic breeding value estimation. Adding a foreign population to the
training population of a ‘small’ country (in terms of genotyped animals) results in extra added
reliability of genomic information, and gives the opportunity to genomically test any desired
animal on the local country scale. A disadvantage of the method is that, when the number of
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foreign bulls in the training population is significantly larger than the number of local bulls
(with daughters in the country), the SNP effect estimation is largely based on converted
MACE breeding values, which makes the bull rankings largely based on foreign information.
Therefore, the software cannot fully capture the local genotype-by-environment
interaction(GxE). This can be shown by selecting a validation group of bulls not from the
local country, but from the CRV population, which results both in b-factors very close to 1.0,
and increased added EDC, compared to selecting a validation group from the local country
(results not shown). In other words, adding the CRV training population to a country’s
population improves validation results, and therefore the prediction of their young bull
performances, but not so much as when you would have a training population of the same
size with all bulls having daughters in the country of interest. To solve this disadvantage, and
predict the GxE more effectively, a bivariate model using national EBV as input data might
perform better.
In general, adding the CRV population to the Hungarian data is more effective than for the
Israeli data. This is likely caused by a higher kinship between the first two populations, partly
due to a more common total merit index in these countries, when compared to Israel, as well
as more import of common bulls.
The next step for these countries is to implement the genomic system in their country, and
start (commercial) genotyping of females. Not only is this an effective way to harvest the
benefits of genomics (both in the breeding program as in farm management on the female
side of the population), it also gives the opportunity to add the female population to the
training population, increasing the amount of local information capturing the local GxE more
effectively.

References
MPL Calus (2014) Right-hand-side updating for fast computing of genomic breeding values.
Genetics Selection Evolution 201446:24
MPL Calus, J. Vandenplas, J. en Napel, and R.F. Veerkamp (2016) Validation of simultaneous
deregression of co wand bull breeding values and derivation of appropriate weights. J. Dairy
Sci. 99:6403-6419
E Mantysaari, Z Liu, and P VanRaden (2010) Interbull validation test for genomic

evaluations. Interbull bulletin no. 41



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.157

Table 1b. Heritabilities for Israel and genetic
Correlations* between Israel and The Netherlands

Trait h2 rg

Kg milk 0.43 0.82

Kg fat 0.52 0.81

Kg protein 0.41 0.82

Direct longevity 0.11 0.68

Direct calving ease 0.07 0.87

Maternal calving ease 0.04 0.67

Direct still birth 0.02 0.56

Maternal still birth 0.02 0.81

Somatic cell score 0.43 0.81

Conception rate 0.07 0.86

Interval-first_last-ins 0.07 0.69
* genetic correlations from Interbull run Aug 2017

Table 1a. Heritabilities for Hungary and genetic
Correlations* between Hungary and The Netherlands

Trait h2 rg

Kg milk
0.2
5 0.85

Kg fat
0.2
0 0.83

Kg protein
0.2
0 0.81

Direct longevity
0.0
5 0.51

Direct calving ease
0.2
8 0.75

Maternal calving ease
0.1
7 0.56

Somatic cell score
0.1
5 0.88

Stature
0.4
3 0.94

Chest width
0.2
8 0.81

Body depth
0.3
0 0.84

Angularity
0.2
6 0.57

Rump angle
0.2
8 0.96

Rump width
0.2
1 0.91

Rear leg side
0.1
3 0.88

Rear leg rear
0.0
5 0.82

Foot angle
0.0
8 0.82

Fore udder attachment
0.1
4 0.87

Rear udder height
0.1
5 0.84

Udder support
0.1
2 0.86

Udder depth
0.2
7 0.95

Front teat placement
0.2
0 0.94

Front teat length
0.2
5 0.96

Overall conformation
0.2
0 0.76

Overall udder
0.1
2 0.79

Overall feet&legs
0.1
5 0.69

* genetic correlations from Interbull run Aug 2017
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Table 2a.Validation results for Hungary(HUN). Number of bulls in the training population, regression factors (b), added EDC,
and the expected GEBV reliability of a young bull (gebvrel).

# bulls Regression factor b Added EDC

Trait HUN HUN+CRV HUN HUN+CRV HUN HUN+CRV gebvrel HUN+CRV

Kg milk 369 6059 1.02 1.11 4.09 18.11 0.62

Kg fat 369 6061 0.94 1.13 4.74 15.76 0.56

Kg protein 369 6057 0.91 1.06 4.93 14.29 0.54

Direct longevity 370 6001 1.58 1.80 98.39 0.00 0.30

Direct calving ease 364 5979 0.59 0.83 0.98 4.80 0.44

Maternal calving ease 356 5873 1.63 1.20 12.72 10.27 0.47

Somatic cell score 371 6080 1.40 1.21 5.07 9.32 0.44

Stature 352 6081 0.78 1.01 1.84 19.90 0.74

Chest width 352 5507 1.41 0.97 3.84 11.39 0.56

Body depth 352 5547 1.50 0.95 7.12 11.87 0.58

Angularity 352 2961 0.90 1.02 0.64 9.20 0.52

Rump angle 352 6082 0.35 0.91 0.01 11.13 0.56

Rump width 352 6063 1.26 1.14 9.02 78.83 0.83

Rear leg side 352 6072 1.09 0.93 6.14 29.18 0.58

Rear leg rear 352 5145 1.41 0.97 2.74 23.10 0.42

Foot angle 350 5382 1.23 0.85 0.00 16.28 0.43

Fore udder attachment 352 5515 1.16 0.85 8.32 15.57 0.50

Rear udder height 352 5530 0.63 0.92 2.56 10.27 0.45

Udder support 352 6070 1.18 0.93 9.81 22.88 0.53

Udder depth 352 6082 0.89 0.81 2.08 13.85 0.59

Front teat placement 352 6078 0.92 0.87 2.74 8.60 0.47

Front teat length 352 6079 1.49 0.97 4.93 16.05 0.60

Overall conformation 352 6035 0.90 0.74 5.41 13.51 0.53

Overall udder 352 6048 0.73 0.64 4.39 7.25 0.40

Overall feet&legs 352 6010 1.57 0.99 6.39 4.56 0.38

Overall 1.10 0.99 8.36 15.84 0.52
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Table 2b. Validation results for Israel. Number of bulls in the training population, regression factors (b), added EDC,
and the expected GEBV reliability of a young bull.

# bulls Regression factor b Added EDC

Trait ISR ISR+CRV ISR ISR+CRV ISR ISR+CRV gebvrel ISR+CRV

Kg milk 706 4474 0.87 0.98 0.08 4.87 0.50

Kg fat 706 4472 0.85 0.87 1.23 3.56 0.49

Kg protein 706 4474 0.81 0.86 1.13 3.77 0.46

Direct longevity 706 4437 0.62 0.68 0.00 3.25 0.34

Direct calving ease 251 4007 0.71 0.96 0.00 0.00 0.30

Maternal calving ease 702 4017 0.89 0.87 5.59 45.50 0.46

Direct still birth 247 3527 0.92 0.78 0.00 8.96 0.33

Maternal still birth 700 4424 0.86 0.71 0.00 0.00 0.30

Somatic cell score 706 4467 0.93 0.73 1.37 4.17 0.48

Conception rate 705 4476 1.28 0.95 0.00 16.65 0.42

Interval-first-last-ins 706 4428 1.24 0.91 0.00 0.00 0.30

Overall 0.91 0.85 0.85 8.25 0.40


