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Introduction

Single-step genomic models (SSM; Aguilar et al., 2010; Liu et al., 2014) have become the
standard for official genomic evaluation in dairy cattle. In April 2025, a single-step SNP BLUP
model was implemented in routine evaluation for German Holstein (Liu ef al., 2025). Prior to
this implementation, a multi-step genomic model (MSM; Liu et al., 2011) had been used for
official genomic evaluation for German Holstein until March 2025. Although GEBV derived
from SSM and MSM models have been shown to be highly correlated across diverse animal
groups (Liu et al., 2025), the comparability of SNP effect estimates between the two SNP
BLUP models remains unknown. Given the differing assumptions of the two models (Liu et
al.,2011; Liu et al., 2025) and the variations in residual polygenic variance (RPG) across traits,
the primary objectives of this study were 1) to evaluate and compare SNP effect estimates from
the SSM and MSM models, and 2) to assess the accuracy of SNP effect estimates derived from
the two genomic models.

Materials & Methods

Phenotypic, genotypic, and pedigree data were obtained from the official genomic evaluation
conducted in December 2024, which marked the final genomic evaluation using the MSM
model for German Holstein cattle. Table 1 provides an overview of the data sets utilized for
the SSM evaluation in December 2024. Specifically, it includes: 1) the total number of animals
with phenotypic records, including domestic cows and bulls with daughters outside Germany;
2) the total number of animals with both phenotype and genotype information; 3) the total
number of animals contained in the final pedigree file; and 4) the total number of estimated
model effects of the SSM model.

Table 1. Description of the genotypic, phenotypic, and pedigree data of German Holstein cattle
used in the single-step genomic evaluation in December 2024.

Number of Number of animals Test-day trait Calving Clinical

genotyped with protein yield traits mastitis

animals Phenotypic records 14,313,579 35,254,716 1,326,934
Phenotype and 713,735 1,184,145 436,266
genotype

1,702,070 Included in pedigree 22,931,615 42,562,772 5,454,479

Total number of effects 382,296,584 687,658,794 13,605,064

The same number of genotyped animals was utilized across all traits for the SSM evaluation.
For milk production test-day trait, protein yield, the dataset included test-day records from a
total of 14,209,131 cows. Additionally, the multiple across country evaluation data from
104,448 bulls with foreign daughters were incorporated. The pedigree dataset used for the
single-step evaluation comprised information on 22,931,615 animals. A total of 42 traits from
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6 trait groups were evaluated (see Table 2). These included 5 test-day traits, 5 female fertility
traits, 4 calving traits, 2 workability traits, 25 linear type traits, and 1 health trait: clinical
mastitis.

Table 2. Abbreviations for 42 traits of the six trait groups.

Trait  Abbreviation Trait Abbreviation Trait  Abbreviation
Milk yield MIL Milking MSP Udder support USU
Work-
. ability  SPecd
Fat yield FAT Y Tempera- TEM Front teat FTP
Test- ment placement
day Protein yield PRO Clinical CMA Rear teat RTP
4 Health ..
traits mastitis placement
Persistency PRS Dairy type  MTY Fore udder FUA
attachment
Somatic cells SCS Body score  KOE Udder depth UDE
Heifer interval FLH Stature STA  Teat length FTL
Heifer rate HCO Angularity ANG Udder balance EUB
Fertility Cow cycling CRC Body depth BDE Feet & legs OFL
traits Cow rate CCl1 Chest width CWI Rear IF:g set RLS
side view
Cow interval CC2 Type Rump RAN Foot angle FAN
traits angle
Calving ease DCE Rump RWI  Hock quality SPR
direct width
Stillbirth DSB Body cond. BCS Rear leg set RLR
Calving direct score rear view
traits Calving ease MCE Udder OUS Locomotion LOC
maternal score
Stillbirth MSB Rear udder RUH Front feet VOV
maternal height orientation

In comparison to Table 1 for the SSM model, Table 3 provides the numbers of genomic
reference animals, including daughter-proven bulls and cows with their own phenotypes, for
selected traits of the six trait groups of the MSM model. The number of reference animals
varies between trait groups as well as among individual traits within the same group.

Table 3. Number of genomic reference bulls and cows of German Holstein cattle for the multi-
step genomic evaluation of selected traits within the six trait groups.

Test- MIL 635,284  Female FLH 703,396 Linear STA 502,188
day FAT 635,277  fertility CRO 626,864  type USU 502,183

traits PRO 635,277 CC2 557,031 traits UDE 502,211

SCS 635,264  Calving DSB 532,971 FAN 517,910
Work- MSP 295,193  traits MCE 702,233 ANG 350,068
ability TEM 219,728 MSB 734,502 Health CMA 401,508

Equal residual polygenic variance between the genomic models. The official SSM model
assumed the RPG effect accounts for 30% of the total additive genetic variance across all the
traits (Liu et al., 2025). To enable direct comparability of SNP effects between the two models,
the same RPG variance was used to re-estimate SNP effects of the MSM model for all traits.



This approach differed from the official MSM evaluation conducted up to December 2024 (Liu
etal.,2011).

Comparison of the accuracy of SNP effect estimates. Due to a restriction of data availability,
SNP effects were estimated using data from the August 2020 evaluation, along with a truncated
dataset from August 2017, only for the conformation traits, excluding the newly introduced
traits EUB and VOV. These datasets were utilized to evaluate and compare the accuracy of
SNP effect estimates between the two genomic models.

Results & Discussion

Pearson correlations of SNP effect estimates between the two models are shown in Fig. 1 across
the 42 traits. The observed correlations range from 0.67 for direct stillbirth (DSB) to 0.87
(FAN) with an average correlation of 0.81 across all traits. The notably low correlation of DSB
can be attributed to the biased genomic reference population in the MSM model caused by
genotyped calves being exclusively alive at birth and the limited number of genotyped male
calves. In contrast, the SSM model benefits from incorporating phenotypic data from both dead
calves and male calves through pedigree relationships. Similarly, the new trait ANG
demonstrates a relatively low correlation, 0.69, due to the limited amount of phenotypic data.
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Figure 1. Observed correlations of SNP effect estimates between the single-step and multi-
step genomic models for all 42 traits.

Variances of the SNP effect estimates were analysed and compared between the two genomic
models. Fig. 2 presents the ratio of standard deviations of SNP effect estimates (MSM/SSM)
for each of the 42 traits. The ratios range from 0.58 for the new trait ANG to 1.52 for OFL with
average ratio of 1.20. The ratios suggest that SNP effect estimates of the MSM model exhibits
greater variation compared to the SSM model. The higher variance in the MSM model may be
partially attributed to deregressed EBV of reference cows, which often had relatively low
reliability particularly for the traits with low heritability.

The accuracy of the SNP effect estimates of the genomic models was determined by the
observed correlation of SNP effect estimates between the full and truncated evaluations, as
shown in the left graph of Fig. 3. The results clearly demonstrate that the SSM model yields
more accurate SNP effect estimates, with an average correlation of 0.94 across all traits,
compared to the MSM model, which achieves an average correlation of 0.86. For all 798
validation bulls, the SSM model has a higher GEBV correlation between the full and truncated
evaluations than the MSM model. Prediction bias was assessed using the regression slope of
SNP effect estimates obtained from the complete evaluation on those from the truncated
evaluation. As illustrated in the right graph of Figure 3, the SSM exhibits significantly lower
prediction bias in comparison to the MSM.
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Figure 2. Ratio of standard deviations of SNP effect estimates between the multi-step and
single-step genomic models for all 42 traits.
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Figure 3. Correlations (left graph) and regression slopes (right graph) of SNP effect estimates
between the full and truncated evaluations for conformation traits in the single-step and multi-
step genomic models.

Conclusions

Marker effects play a critical role in genomic prediction, whether using the MSM or SSM
models. Due to the inherent model differences, the observed correlations of SNP effect
estimates between the two models averaged 0.81, which was notably lower than the GEBV
correlations of young candidates in German Holstein cattle. The larger variance of SNP effect
estimates of the MSM can likely be attributed to the relatively low reliability of deregressed
EBYV of reference cows. When comparing the SNP effect estimates from the truncated to the
full evaluations, the SSM consistently demonstrated higher accuracy across all conformation
traits. Furthermore, regression slope analyses of SNP effect estimates between the full and
truncated evaluations revealed that the SSM exhibited minimal prediction bias, whereas the
MSM displayed inflated variance in SNP effect estimates. The correlations of SNP effect
estimates from the two genomic models were moderate to high across all traits. However, the
single-step SNP BLUP model gave SNP effect estimates with higher accuracy and lower
prediction bias compared to the MSM model. This study, which compares SNP effect estimates
between the SSM and MSM models, provides valuable insights into the superiority of the SSM
over MSM genomic models in terms of GEBV accuracy and bias for animals.
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