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Introduction

The goal of managing genetic diversity is to maintain both the genomic uniqueness and
adaptability of a population. This entails both maintaining heterozygosity and avoiding
deleterious alleles from drifting to higher frequencies. Thus, genomic management strategies
should remain neutral in regard to allele frequencies and not cause systematic change in
frequencies at neutral loci, as has been observed in current genomic management (Meuwissen
et al.,2020).

In theory, for neutral loci we expect that drift- (Farirt) and homozygosity-based inbreeding (From)
remain equal (Cockerham, 1969). However, if the loci are subject to selection this equivalence
breaks. Divergence between Farit and From at neutral loci may therefore signals that the
inbreeding management is not neutral regarding allele frequency and thus changing allele
frequencies independent of selection.

The goal of this study is to evaluate the ability of different genomic relationship matrices to
balance genetic gain and diversity, while also maintaining equivalence between Fgrit and Fnom
under optimum contribution selection (OCS). We compared relationship matrices based on
VanRaden method I (Gvr), runs-of-homozygosity (Gron), and linkage analysis (Grgra), as well
as true identity-by-descent (IBD)

Materials & Methods

A historic population with a constant effective population size of 1,000 was simulated using
msprime (Baumdicker et al., 2022). We simulated a synthetic species with 30 autosomes
totalling at a 3Gbp long genome, with a mutation and recombination rate of 2.2 X 10-9 and 1
X 10-8 per base pair per meiosis, respectively. From the historic population, 10,000 neutral
markers, 50,000 SNPs, and 10,000 quantitative trait loci (QTL) with a minimum 1% minor
allele frequency were randomly sampled. Only the SNPs were used for population management.
For all marker types, in addition to being biallelic, they also carried unique founder alleles that
were defined using the IDs of the 100 males and 100 females sampled from the historic
population. The inheritance of these founder alleles thus enables the calculation of true IBD.
The Gisp matrix was calculated as the proportion of SNPs loci homozygous for founder alleles
across all possible gamete combinations of individual j and i, divided by twice the number of
loci.

After sampling from the historic population, using the stochastic simulation software xyBnG
(Yu, 2024) we ran 10 generations of random breeding where 100 males and 100 females were
selected to produce 400 offspring.

This was followed by 10 generations of OCS using the method of Meuwissen (1997), with a
target inbreeding rate of 0.5% per generation. Estimated breeding values (EBV) were produced
using GBLUP (Meuwissen and Goddard, 2007) with the VanRaden I relationship matrix
(VanRaden, 2008) for all schemes except Gisp-ruLL scheme where EBV estimation used true
IBD.

As we are mainly interested in inbreeding management the naming convention of the schemes
were based on the matrix used for the inbreeding constraint. Included were true IBD (Gigp),
Van Raden method I using base allele frequency (Gvr), linkage analysis-based relationships
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(GrgLa) (Meuwisen et al., 2026) and ROH-based matrices (Gron) with minimum ROH lengths
of 1, 5 or 8 cM. The ROH were detected using phasedibd (Freyman et al., 2021) with a
minimum of 20 SNP, and the matrix was calculated using the framework of de Cara et al.
(2013). Using the simulated data we evaluated the matrices ability correctly estimate true
coancestry by calculating Concordance-correlation-coefficient (CCC) between Gigp and the
other matrices (Lin, 1989). We also compared true and estimated rate of inbreeding (AF), AF
was based on the coancestry (f) and calculated as the slope of -log(1-f;) regressed on generation
t.

Results

For the final simulated generation GrgLa showed near-perfect CCC for both inbreeding (0.9949)
and coancestry (0.9988) with true IBD. Gyr had high concordance for coancestry (CCC =
0.9833) but showed lower concordance for inbreeding estimates (CCC = 0.8838). Grou
performance was highly sensitive to the minimum ROH length. Gronor overestimated
inbreeding (CCC = 0.1327), while Gronos (CCC = 0.9067) and Gronos (CCC = 0.9670)
provided more accurate estimates.

Grara produced nearly identical estimates of AF to true IBD. Gyr and ROH with 1cM
minimum length also approximated AF well, while ROH matrices with long thresholds (5—
8 cM) underestimated AF.

Grara and IBD achieved the highest genetic gain per unit true inbreeding, with slopes of
approximately 98.83 and 98.61 respectively (Fig. 1). Gvr also performed well with a slope of
95.95. for Gron there seemed to be an optimum with a lower threshold of 5cM resulting in the
steepest slope (92.86), followed by 1¢M and 8cM.
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Figure 1. Average True breeding value plotted against accumulated inbreeding. The vertical
black line indicates target level of inbreeding when selecting with a 0.05 constraint.

There was no significant difference between drift and homozygosity-based inbreeding at neutral
loci for Giep, GrgLa and Gronos (Fig. 2). Gvr had a slightly higher From in comparison to Fsif.
Gronos and Grono1 where the two most extreme methods and were mainly just managing the
increase in homozygosity.
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Figure 2: The difference of Farift - From over time. The Selection scheme is represented by the
line colour. Figure A shows the neutral markers and B the SNPs

Discussion

This study demonstrates that relationship matrices differ markedly in their ability to maintain
neutrality, control inbreeding, and support genetic gain under OCS. GrgLa most closely
approximated true IBD, yielding accurate relationship estimates and the most genetic gain per
unit inbreeding.

While Gvyr also had high CCC scores for both inbreeding and coancestry estimates, and was
able to capture the rate of inbreeding, it did not achieve the most genetic gain per unit of true
inbreeding. This can potentially be attributed to the fact that the method leans towards drift-
based management thus not truly capturing IBD.

The performance of ROH-based matrices depended strongly on minimum ROH length. Longer
ROH (>5¢M) have a higher likelihood of representing IBD, and as our results show the methods
only using long ROH behave more in line with what we would expect from an IBD-based
matrix. On the other hand, including short ROH results in mainly homozygosity-based
management. This is in line with previous studies (Caballero et al., 2022; Lavanchy and Goudet,
2022; Tang et al., 2022). The drawback is that long ROH does not capture the accumulative
nature of inbreeding as recombination breaks up longer ROH. Using a ROH based relationship
matrix is therefore dependent on population specific calibration to effectively manage a
population.

Conclusions

Our results demonstrate that genomic relationship matrices differ in their ability to manage
inbreeding and genetic diversity under OCS. GrgLa provided the most accurate estimates of
relationships and inbreeding, achieved the highest genetic gain per unit of inbreeding. In
contrast, Gvr, although effective in achieving high genetic gain, introduced systematic allele
frequency changes. Gron showed strong dependence on the chosen ROH length threshold, with
short ROH favouring homozygosity control at the expense of drift and long

ROH underestimating inbreeding. These findings indicate that GrgLa may offer an accurate
IBD-based measure of inbreeding, and thus improved OCS based diversity management.



References

Baumdicker F., Bisschop G., Goldstein D., ef al. (2022) Genetics 220:iyab229.
https://doi.org/10.1093/genetics/ivab229

Caballero A., Fernandez A., Villanueva B., et al. (2022) Genet. Sel. Evol. 54:82. https://doi.org/10.1186/s12711-
022-00772-0.

de Cara M.A R., Villanueva B., Toro M.A., et al. (2013) Mol. Ecol. 22:6091-6099.
https://doi.org/10.1111/mec.12560.

Cockerham C.C. (1969) Evolution 23:72—84. https://doi.org/10.1111/j.1558-5646.1969.tb03496.x

Freyman W.A., McManus K.F., Shringarpure S.S., et al. (2021) Mol. Biol. Evol. 38:2131-2151.
https://doi.org/10.1093/molbev/msaa328

Lavanchy E., and Goudet J. (2022) Mol. Ecol. Resour. n/a. doi.org/10.1111/1755-0998.13755.

Lin L.I.-K. (1989) Biometrics 45:255-268. https://doi.org/10.2307/2532051

Meuwisen T., Yu X., and Berg P. (2026) Genet. Sel. Evol. 58:20. https://doi.org/10.1186/s12711-026-01038-9

Meuwissen T.H. (1997) J. Anim. Sci. 75:934. https://doi.org/10.2527/1997.754934x

Meuwissen T.H.E., and Goddard M.E. (2007) Genetics 176:2551-2560
https://doi.org/10.1534/genetics.107.070953

Meuwissen T.H.E., Sonesson A.K., Gebregiwergis G., et al. (2020) Front. Genet. 11:880.
https://doi.org/10.3389/fgene.2020.00880

Tang K., Naseri A., Wei Y., et al. (2022) GigaScience 11:giacl11. https://doi.org/10.1093/gigascience/giacll1

VanRaden P.M. (2008) J. Dairy Sci. 91:4414-4423. https://doi.org/10.3168/jds.2007-0980

Yu X. (2024) - xijiang/xyBnG.jl - Available at: https://github.com/xijiang/xyBnG.jl - visited on: 05-12-2024



https://doi.org/10.1093/genetics/iyab229
https://doi.org/10.1186/s12711-022-00772-0.
https://doi.org/10.1186/s12711-022-00772-0.
https://doi.org/10.1111/mec.12560.
https://doi.org/10.1111/j.1558-5646.1969.tb03496.x
https://doi.org/10.1093/molbev/msaa328
https://doi.org/10.2307/2532051
https://doi.org/10.1186/s12711-026-01038-9
https://doi.org/10.2527/1997.754934x
https://doi.org/10.1534/genetics.107.070953
https://doi.org/10.3389/fgene.2020.00880
https://doi.org/10.1093/gigascience/giac111
https://doi.org/10.3168/jds.2007-0980
https://github.com/xijiang/xyBnG.jl

