The value of conserved samples in gene banks for animal breeding in the
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Summary
Population size of the Meuse-Rhine-Yssel cattle breed has decreased considerably between
1992 and 2014, while total genetic merit increased as a result of an effective breeding
program. Genetic diversity decreased at the same time and inbreeding rate was 1.24% per
generation. In addition to the genetic diversity in the live population, semen samples have
been conserved in gene bank collections. We characterized genetic diversity in conserved
samples and the current bull population by typing DNA with the 50K SNP chip, and
investigated whether using conserved samples may help to restore genetic diversity in the
breeding program, as measured by expected heterozygosity (Hexp), and what the effect is on
total genetic merit. Hexp is 0.334 in the conserved bulls and 0.324 in the current breeding
bulls. Hexp in the next generation can be maximised to 0.333 when using only current bulls,
but to 0.344 when including conserved bulls. When the Hexp is constrained to 0.322 genetic
merit can be maximised to 101 using current bulls only and to 105 when including conserved
bulls. Under a more strict constraint of 0.331 genetic merit can increase to 56 for current and
to 72 including conserved bulls. Conserved samples from gene bank collections may thus
help to restore genetic diversity and even increase genetic merit when loss of diversity is
constrained.
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Introduction
Livestock production is dominated by a few high producing international transboundary
breeds while a large number of local breeds is “at risk”. Within breeds, both selection and
genetic drift diminish genetic diversity. One way to prevent further loss of diversity is to
store germplasm samples in gene banks. These samples may be later used to restore genetic
diversity, or even to revive a breed after extinction.
The Maas-Rijn-IJssel cattle breed (MRIJ, or Meuse-Rhine-Yssel) is a local cattle breed in
the Netherlands. Numbers have declined because farmers increasingly switch to the Holstein
breed. However, an active breeding program is still in operation, and average genetic merit
still increases. Semen samples have been stored in the national gene bank of the Centre for
Genetic Resources, the Netherlands (CGN) and by breeding companies, for over 40 years.
Apart from a backup in case of extinction stored samples may also serve as a pool to support
breeding in the live population. Here we investigate what the effect is of using conserved

semen samples for breeding in the MRIJ cattle breed on genetic diversity and genetic merit.

Material and methods
Breed data and samples
The MRIJ breeding programme is managed by the breeding organisation CRV and
supported by two regional breeders associations to maintain the breed that combines a good
milk production with good health, fertility and meat value (The cattle site, 2017). Data,
including year of birth and ancestry of all registered animals were extracted from the herd
book. Average breeding values for total genetic merit of all cows per year of birth were
extracted from yearly statistics published by the herd book (CRV, 2017)
Semen samples of about 300 bulls have been stored in the national gene bank since the 1970s.
192 of these samples were available for genotyping. These samples were supplemented by
221 samples provided by CRV, which include all bulls currently used in the breeding program
and bulls used in the past. The samples were split in two groups. Samples of 294 bulls born
before 2000 were used to historic conserved population, which is still available for breeding,
samples of 119 bulls born in or after 2000 were considered as the current population, as these
contain the current cow ancestry.
DNA typing
Samples were typed with the BovineSNP50 BeadChip (Illumina Inc., San Diego, CA, USA),
resulting in set of 49438 markers present in all the different genotyping batches. Data editing
comprised i) individual call rate > 85% ii) marker call rate > 95%, iii) minor allele frequency
> 0.0036 iv) at least one homozygous and one heterozygous genotype should be present, v)
Mendelian inconsistencies < 5% per marker. After edits 39793 markers remained. Missing
genotypes on the remaining markers were imputed using Fimpute (Sargolzaei et al. 2014).
Characterization of genetic merit and genetic diversity
Genetic merit was analysed using individual breeding values for the NVI, the Dutch Flemish
total merit index combining production, health, fertility and conformation (GES 2016).
Genetic diversity was analysed by calculating the inbreeding of animals using the available
pedigree, and by the observed heterozygosity of the DNA markers.
To estimate the effect of using samples of the conserved population for current breeding one
generation of breeding using genetic contributions was simulated. With this method
contributions of animals to the next generation are based on their relatedness and on
constraints set by the user (Meuwissen 1997). We compared three scenarios. In the first
scenario genetic diversity was maximised (conservation scenario). In the second scenario
breeding values were maximised given a restriction on the inbreeding to a level of 1% above
the current bulls, while in the third scenario the restriction was to 1% above all bulls.
Comparisons were made for when using only current animals to using both all animals.

Results
Number of calves born in the early 1980s was around 160 000 per year. Since then numbers
dropped sharply (Figure 1). Since 2005 less than 4000 purebred calves are born per year. The
breed is nowadays more frequently used in cross breeding and in 2014 more than 20000
calves were born with at least 25% MRIJ ancestry. In 2014, 3452 purebred calves (>87%

MRIJ ancestry) were born.

Figure 1. Population size of the MRIJ breed.
Evolution of genetic merit and diversity over time
Average genetic merit of the total cow population increased from around -250 for animals
born in 1980 to +5 for animals born in 2014 (figure 2).The genetic merit of bulls followed the
same pattern, but preceded the cow population by about 5 to 10 years, roughly the generation
interval. The average genetic merit of bulls born in 2014 was +65. The average of the
conserved bull population, animals born before 2000, was -183, while the average of the
current population was +5. The yearly increase in genetic merit since 1990 was about 7.5
points per year.

Figure 2 Average genetic merit (left panel) and average inbreeding coefficient (right panel)
for bulls with conserved semen samples (blue lines) and for the live population = female
calves in farms (orange lines)
The average inbreeding level also increased from just above 0.0 to 0.055 for the cow
population. Although roughly following the same pattern, the average inbreeding level of
bulls was more irregular, and before 2000 somewhat higher than in the cow population and
after 2000 somewhat below (Figure 2). The average inbreeding level was 0.02 in the
conserved bull population and 0.04 in the current bull population, while average observed
heterozygosity was 0.32 and 0.33, respectively. Before 1992, the inbreeding rate (ΔF) in the
cow population was 0.06% per year, and 0.34% per generation. After 1992 it increased to
0.22% per year and 1.24% per generation.

Effect of using conserved semen samples in breeding
Average heterozygosity will increase from 0.324 to 0.333 when only bulls of the current
population are used in breeding and genetic diversity is maximised. Under this conservation
scenario the genetic merit decreases from 5 to 0.2 (Figure 3). When both conserved and
current bulls are used under the conservation scenario the heterozygosity increases from
0.333 to 0.344, and the average genetic merit decreases from -129 to -143.
Under the improvement plus conservation scenario, the heterozygosity is constrained to either
0.322 or 0.331. In the first case genetic merit increases to 101 when using only current bulls
and slightly higher (105) when using all bulls. In the second case genetic merit increases less,
to 56 when using current bulls, but to 72 when using all bulls. Thus using conserved bulls in
the breeding program allows to increase genetic merit more when inbreeding is restricted
more severely.

Figure 3. Genetic merit (average EBV) and diversity (expected heterozygosity) for current
bull population (born in 2000 or later) and conserved bull population (= born before 2000),
and resulting next generation when bred using optimal contributions, either from current or
combined bull population, and either maximising diversity by minimising inbreeding level (F)
only, or when maximising EBV and constraining inbreeding level to +1% either from
combined population (F low) or from current population (F high)

Discussion
The MRIJ breed was one of the dominant breeds before the introduction of Holstein Friesian
in the Netherlands. Population size has decreased sharply but the MRIJ breed is still
considered as a viable breed with an active breeding population providing livelihood for a
large group of farmers, in contrast to other endangered breeds for which number of breeding
animals became very small. Currently, efforts are underway to implement genomic selection
in MRIJ. Although the MRIJ breed is not endangered based on number of breeding animals,
the genetic diversity in the breed has been clearly reduced since the 1970s. This is probably
due to both the reduced population size and selection for improved genetic merit at the same
time.
The lost genetic diversity, however, has been at least partly conserved in stored semen

samples. Use of stored samples from gene bank collections in the current breeding program
may increase the effective population size and prevent problems associated with excessive
inbreeding rates (Berg and Windig 2017). Here we show for an actual population that genetic
diversity indeed can be increased by using stored samples. The loss in genetic merit, can be
limited when using the optimal contribution method.
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