Lopes, L., Schenkel, F., Hermisdorff, 1., Steele, M., Baes, C., Renaud, D. (2026) Genomic analysis of weight gain in crossbred dairy
calves, Proceedings 13" World Congress on Genetics Applied to Livestock Production 23814: htips://doi.org/10.31274/wcgalp.23814
©2026 Lopes, et al. CC BY-NC-ND

Genomic analysis of weight gain in crossbred dairy calves

L.S.F. Lopes'’, F.S. Schenkel!, I.C. Hermisdorff', M.A. Steele!, C.F. Baes' and
D.L. Renaud'

!University of Guelph, Guelph, Canada,; *Corresponding author: llopes@uoguelph.ca

Introduction

The crossbreeding of dairy and beef breeds has recently gained traction in Canada as a strategy
to enhance the economic value of non-replacement calves. Beef semen usage in Holstein herds
increased from approximately 2% in 2013 to 30% in 2023 (Sweett & Flemming, 2024). This
shift has allowed producers to transform non-replacement calves into high-value animals that
reach premium market standards. Crossbred calves usually outperform purebred male Holstein
dairy calves, showing higher average daily gain (ADG), carcass yield, and overall meat quality
(Carter et al., 2025), advantages that can be attributed to the individual heterosis resulting from
crossing breeds and the additive effects of beef sires. However, variable performance under
commercial conditions underscore the need for a better-informed genetic selection. Despite
rapid industry adoption, the genetic architecture of crossbred dairy calves in Canadian
populations is still underexplored. Specifically, large-scale genomic studies on Angus-Holstein
calves in commercial settings are scarce. Hence, the objective of this study investigates the
genomic background of ADG across three early-life stages of Canadian Angus-Holstein calves,
aiming to develop selection strategies to support the optimization of beef-on-dairy production.

Materials & Methods

Phenotype collection. A total of 5,994 Angus-Holstein crossbred calves, sourced from 235
Canadian dairy farms, were enrolled in the study upon arrival at a commercial calf-raising farm
between July 2023 and January 2025. Individual body weights were recorded at three time
points: arrival, week 7 (weaning), and week 13. These measurements were used to calculate
three traits: average daily gain from arrival to week 7 (ADGypre), from week 7 to week 13
(ADGpost), and across the entire 13-week period (ADGrn). ADG for each period was
calculated as the difference in kilograms between the measurements, divided by the respective
interval in days. All phenotypes were assessed for measurement errors and for outliers based
on the interquartile range (IQR). After quality control of the data, 5,378 records were available
for ADGpre. Only about 33% of the calves had weights recorded at week 13, yielding 1,794
records for ADGpost and 1,701 records for ADGgunr.

Genomic analyses. Calves were genotyped using the GeneSeek® Genomic Profiler (GGP)
Bovine 100K SNP chip (NeoGen). Quality control (QC) was performed in PLINK (Purcell et
al., 2007) excluding SNPs with minor allele frequency (MAF) < 5%, and SNPs or calves with
call rates lower than 95%. Markers were not excluded based on deviation from Hardy-
Weinberg equilibrium (HWE), as deviations are expected in crossbred populations. After QC,
82,213 markers and 5,783 individuals remained. A genome-wide association study (GWAS)
was conducted in GCTA v1.93.3 (Yang et al., 2011) using a single trait linear mixed model:
y=Xb+Vf+WIl+Za+e, (D)
where y is the vector of ADG phenotypes observations for the traits; b is the vector of fixed
effects (sex, season, presence of disease treatment, and the first 10 principal components of the
Eigen-decomposition of the genomic relationship matrix as covariates); f is a vector of random
farm of origin effect to account for pre-arrival environmental variation, where f~ N(0, Ic%)
and I is the identity matrix and o°r is the farm of origin variance; 1 is a vector of random
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purchase lot effect to account for pre-arrival environmental variation, where ¢ ~ N(0, I6%) and
o? is the purchase lot variance; a is the vector of animal additive genetic effects, where a ~
N(0, Go%) and G is the genomic relationship matrix; and e is the residual error, where e ~
N(0, Io?%) and o?% is the residual variance. X, V, W and Z are the corresponding incidence
matrices for b, f, 1, and a, respectively. Quantile-quantile (QQ)-plots of the SNP effect p-values
and the genomic inflation factor (1) were used to assess possible inflation of the p-values due
to stratification. A modified chromosome-wise Bonferroni correction (o = 0.05) was applied
to the p-values of the SNP based on the expected number of independently segregating
genomic regions within the chromosome (Me; Goddard et al., 2011). The chromosome-wise
significance thresholds were defined as o/Me, where Me for the ith chromosome was calculated
as:

Me=2xNexLi/log10(NexLi), 2)
where Ne is the effective population size and L; is the length of the ith chromosome. It was
assumed a Ne = 66 for Holstein cattle (Makanjuola et al., 2020) and the length of a chromosome
was calculated as the base pair (bp) position of its last marker minus the position of its first
marker, then converted to Morgan (1 Mbp = 1 Morgan). The R package GALLO (Fonseca et
al., 2020)was used to annotate QTL and genes in the surrounding 50 kilobase pair (kbp;
upstream and downstream) of the significant SNP using the ARS-UCD1.2 reference genome
assembly (Hu et al., 2022). Gene and QTL information were obtained from Ensembl (release
110; https://ftp.ensembl.org/pub/release-110/gtf/bos_taurus/) and Animal QTLdb (Cattle
QTLdb; https://www.animalgenome.org/cgi-bin/QTLdb/BT/index). Following the QTL
annotation, enrichment analyses were performed to retrieve the list of enriched QTL based on
the significant SNPs (FDR < 0.01). The R package gprofiler2 (Kolberg ef al., 2020) was used
for the identification of Gene Ontology (GO) terms significantly associated (FDR < 0.05) with
the list of annotated genes.

Results

This study investigated the genetic architecture of growth traits in the early life of crossbred
Angus-Holstein calves. A GWAS identified candidate SNPs and performed functional
annotation of candidate genes and QTL to assess their potential relationship with the traits.
Phenotypic averages in kg per day and heritabilities were 0.61 + 0.16 (h*= 0.12 + 0.02) for
ADGpre, 1.10 £ 0.23 (h*=0.10 £ 0.02) for ADGpost, and 0.86 + 0.15 (h*> = 0.21 + 0.04) for
ADGty.

Table 1. Estimated heritability, number of significant SNP, associated enriched QTL, and
genes per trait.

Trait h?*(SD)  Significant SNPs' QTL?  Genes®
ADGpre  0.12+0.02 143 39 153
ADGpost  0.10+0.02 62 16 68
ADGrn  0.2140.04 71 26 76

! After modified chromosome-wise Bonferroni correction (o = 0.05) based on the number of independent
segments of the respective chromosome (Me).
2QTL and genes within a 50-kbp interval of the significant SNP. QTL enriched at p <0.01.

The Manhattan plots for each trait are shown in Figure 1 a, b, c. The generated QQ plots and
lambda inflation factors did not show substantial inflation of the test statistics by population
stratification or cryptic relatedness for highly polygenic traits (lambda < 1.13). A total of 143,
62, and 71 significant SNPs were identified for ADGpre, ADGpost, and ADGruri, respectively



(Table 1, Figure 1 a, b, ¢). Additionally, multiple candidate genes were identified in proximity
(50kbp) from the significant SNP. Specifically, 153 genes for ADGypre, 68 for ADGpost and 76
for ADGrun. Three lists, containing 2, 5, and 27 genes in common were identified between
ADGyre and ADGypost, ADGypre and ADGryii, and between ADGpost and ADGrun, respectively. The
significant SNPs and the genes found in their proximity show potential involvement in growth
and lipid metabolism. Gene Ontology enrichment analysis revealed significantly enriched
metabolic pathways (FDR < 0.05) associated with growth, including cellular metabolism and
communication, immune response, and nutrient transport pathways.
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each chromosome are shown in blue.

Discussion

The results of this study highlight the polygenic nature of ADG of calves and the impact of
environmental stressors. The heritability estimates for ADGpre (0.12 = 0.02) were similar to
ADGypost (0.10 = 0.02) but substantially lower than for the full period ADGsn (0.21 + 0.04)
possibly because the genetic potential of the calves is evaluated better over a longer period of
growth, which includes substantially different stages. The initial weeks of calf’s growth may
be more affected by pre- and post-partum maternal effects as, for example, the uterine
environment and colostrum quality and volume. As calves grow older, they become familiar
with solid feed and a communal environment, when the individual genetic merit for metabolic
and feed efficiency can become a driver of performance (Overvest et al., 2018). The identified
genes located close to the significant SNPs have direct influence on the growth of calves. On
chromosome 29, IGF2, is associated with the regulatory process of insulin and glucose
homeostasis, indirectly regulating the growth of calves, while TNNT3 and TNNI2 participate
in muscle contraction and meat tenderness (Joyce et al., 2023; Wang et al., 2026). The list of
identified genes also includes genes in the bovine leukocyte antigen (BoLA) region of
chromosome 23, such as TNF and LTA (Behl et al., 2016; Petersen et al., 2021). Interestingly,
for all traits, genes and QTLs associated with immune response, alongside milk production,
meat quality, and carcass traits. This highlights the complementarity of the purebred parents,
but also the complexity of the period, represented by a high metabolic demand, as calves
balance health and growth. By identifying SNPs and genes influencing growth in pre- and post-
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weaning periods, this study provides the groundwork for more targeted selection strategies to
support the production of crossbred calves that better align with the premium market standards
of the Canadian beef industry.

Conclusions

This study identified significant SNPs and genes associated with growth performance in
Angus-Holstein calves. Key findings involve the identification of several genomic regions
linked to average daily gain of calves, which provide novel insights into the genetic architecture
of average daily gain of calves during their economically crucial early-life. The findings of this
study aid the development of selection strategies to support the optimization of beef-on-dairy
production.
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