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Introduction

Despite genetic progress in production traits, morphological defects remain prevalent in
Nellore cattle, challenging beef production efficiency and sustainability. Defects such as feet
and leg malformations, chamfer deviations, falling hump, jaw abnormalities, and skin
depigmentation compromise mobility, thermoregulation, and grazing adaptability, negatively
affecting animal welfare and longevity (Souza et al., 2020; Fernandes Junior et al., 2022).
Affected animals experience pain, reduced fitness, and premature culling, causing economic
losses (Silva et al., 2023). Effective control of morphological defects requires reliable genetic
evaluation and integration into selection programs. While genetic parameters have been
reported for specific defects in Nellore cattle (Silva et al., 2023), comprehensive evaluations
of multiple defects, their genetic relationships, and prevalence remain limited. Morphological
defects are binary traits best analyzed using threshold models, which assume an underlying
continuous liability (Falconer & Mackay, 1996). Results on the liability scale limit are easily
transform to the probability scale and facilitate biological interpretation, expressing genetic
merit as expected defect likelihood (Hidalgo et al., 2024). This study leverages a large Nellore
dataset from the DeltaGen® breeding program to characterize key morphological defects
genetically. By evaluating defect prevalence, genetic parameters, and relationships using
threshold models with probability-scale transformation, this work enhances genomic
evaluation applications to improve structural soundness and animal welfare in Nellore cattle.

Materials & Methods

Phenotypic, pedigree, and genomic data. Phenotypic records from 182,964 Nellore animals
evaluated between 1998 and 2021 were analyzed for five morphological defects recorded as
binary traits (0 = absence; 1 = presence): feet and legs malformations, chamfer deviations,
falling hump, jaw defects, and skin depigmentation. Traits were visually assessed by trained
technicians following standardized protocols. Contemporary groups (CG) were defined based
on year and season of birth, sex, farm, management group, and date of measurement. Groups
with fewer than 10 animals or lacking phenotypic variability were excluded. Genetic
connectedness among CGs was evaluated using the AMC software (Roso & Schenkel, 2006),
and disconnected groups were removed before analysis.

The pedigree file contained 1,192,464 animals spanning up to 12 generations, with three
generations retained for genetic analyses. Genomic information was available for 24,562
animals genotyped using the Neogen® 50K SNP chip and imputed to high density (777K SNPs)
using FImpute v3 (Sargolzaei et al., 2014), based on a Nellore reference population previously
described by Neves et al. (2014). Post-imputation quality control was performed using
preGS190 (Aguilar et al., 2014), removing SNPs with Hardy—Weinberg equilibrium p-values
< 107", call rates < 0.90, or minor allele frequencies < 0.02, as recommended by Silva et al.
(2023). This resulted in 583,769 SNPs being retained for the analysis.
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Genetic parameters and scale transformations. Variance components and genomic
estimated breeding values (GEBVs) were obtained for each morphological defect using single-
trait threshold animal models fitted via Bayesian inference in GIBBSF90+ (Misztal et al.,
2018). The models are described as:

I=Xp+Zate (1)
where 1 is the vector of liabilities, X and Z are incidence matrices relating observations to
systematic and genetic effects, respectively, B is the vector of systematic effects of
contemporary groups, a is the vector of additive genetic effects assumed as a ~ N(0, Hc?,),
with H representing the combined pedigree—genomic relationship matrix (Aguilar et al., 2010),
0% is the additive genetic variance, and e is the vector of residuals with variance fixed to unity.
Genomic relationships were constructed following VanRaden (2008). The MCMC chains ran
for 300K to 1M iterations with burn-in of 30K to 500K and 50-sample thinning. Convergence
was assessed using Geweke and Heidelberger-Welch diagnostics in the R package "boa".
Heritabilities on the liability scale (h?%) were converted to the observed scale (h?%) using the
following equation:

h% =h? x 22/ [p(1-p)] (2)
where z is the height of the standard normal probability density function at the threshold and p
is trait prevalence (Dempster and Lerner, 1950). Genomic breeding values (GEBVs) were
transformed to the probability scale using the standard cumulative distribution function (®):
Pi=®[(t- u+ GEBV)) / o] 3)
where P; is the probability of animal i expressing the defect, t is the threshold, p is the mean
GEBV, GEBV; is the GEBV for animal i, and o, is the residual standard deviation on the
liability scale (Hidalgo et al., 2024).

Genomic breeding values derived from threshold models were directly transformed to the
probability scale using the cumulative standard normal distribution, allowing genetic merit to
be expressed as the expected probability of defect occurrence (Hidalgo et al., 2024). Genetic
relationships among morphological defects were approximated using Pearson correlation
coefficients among GEBVs. For probability scale transformation and correlation analyses, only
proven sires with at least 10 phenotyped offspring were included to ensure reliable estimates.

Results & Discussion

Defect prevalence ranged from 4.23% (jaw defects) to 7.44% (feet and leg malformations),
with intermediate values for chamfer (5.05%), hump (5.59%), and depigmentation (6.18%).
While absolute numbers of affected animals increased over time, this paralleled population
expansion in the DeltaGen® breeding program.

Heritability estimates on the observed scale ranged from 0.04 to 0.12 (Table 1), confirming
exploitable additive genetic variance for all defects. Depigmentation showed the highest heritability
(h% = 0.12; h% = 0.54), followed by hump (0.08; 0.35), feet and legs (0.06; 0.23), jaw (0.05; 0.26),
and chamfer (0.04; 0.18). These estimates align with reported values for binary fitness traits in
livestock (Boligon et al., 2016; Ghavi Hossein-Zadeh, 2021), indicating feasible genetic progress
through selection. Higher liability-scale values reflect the expected nonlinear relationship for low-
prevalence binary traits (Dempster and Lerner, 1950; Gianola, 1982). Slightly lower heritabilities
compared to Silva et al. (2023) may reflect differences in recording strategy, as binary scoring

captures less phenotypic variation than categorical systems (Varona et al., 1999).



Table 1. Heritabilities estimates for morphological defects on the liability and observed scales.
HPD interval HPD interval

Trait h% (95%) h?% (95%)

Depigmentation 0.54 0.51-0.57 0.12 0.11-0.13
Feet and legs 0.23 0.20-0.26 0.06 0.04-0.05
Chamfer 0.18 0.15-0.21 0.04 0.03-0.04
Hump 0.35 0.30-0.41 0.08 0.06-0.09
Jaw 0.26 0.20-0.32 0.05 0.04-0.06

' h%: heritability on the liability scale; h%: heritability on the observed scale. HPD: 95% highest posterior
density (HPD) intervals.

Genetic correlations revealed moderate relationships among structural defects, suggesting
shared genetic control of skeletal development (Fig. 1).
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Figure 1. Pearson correlations from the GEBVs estimated using threshold models.

Feet and leg malformations were moderately correlated with chamfer (0.39) and jaw defects
(0.38), while chamfer showed a moderate association with hump (0.53). These patterns likely
reflect pleiotropic effects or linkage among genes influencing musculoskeletal development
(Souza et al., 2020; Koeck et al., 2010), with practical relevance as selection against one
structural defect may improve related traits. In contrast, depigmentation exhibited weak
correlations with structural defects (<0.22), indicating near-independent genetic control
consistent with distinct pigmentation mechanisms (Vargas et al., 2022), allowing simultaneous
improvement without antagonistic responses.

Among proven sires with at least 10 phenotyped offspring, probability-scaled GEBVs
indicated substantial genetic variability in the expected likelihood of producing defect-free
progeny, ranging from 50% to 96% for feet and legs malformations, 61% to 98% for chamfer,
22% to 99% for hump, 59% to 99% for jaw defects, and 4% to 100% for depigmentation.
Expressing genetic merit on the probability scale provides an intuitive and biologically
meaningful interpretation, facilitating comparison across traits with different prevalence levels
and improving communication of selection responses for functional and welfare-related traits
(Ramirez-Valverde et al., 2001; Hidalgo et al., 2024).
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Conclusions

Morphological defects in Nellore cattle showed low prevalence (4.23% to 7.44%) and
moderate heritabilities (0.04-0.12 on the observed scale; 0.12-0.36 on the liability scale),
supporting their inclusion in genomic evaluations. Genetic correlations among structural
defects were low to moderate (0.27—-0.53), suggesting shared developmental pathways, while
depigmentation showed near-independent genetic control (<0.22). Transforming genomic
breeding values to the probability scale provided an intuitive interpretation of genetic merit,
with substantial variation among proven sires in expected likelihood of producing defect-free
offspring. These results support the use of morphological defects as auxiliary traits in selection
indices to improve structural soundness and animal welfare in Nellore cattle.

Acknowledgements

The first author gratefully acknowledges the Funda¢ao de Amparo a Pesquisa do Estado da
Bahia (FAPESB) for providing a doctoral fellowship and Purdue University for institutional
support. We also thank Gensys® and the DeltaGen® breeding program for providing the dataset
and valuable information that made this study possible. The authors acknowledge access to
computational resources supported by the Sao Paulo Research Foundation (FAPESP grant
#2018/20026-8).

References

Aguilar L., Misztal L., Johnson D.L. ef al. (2010) J. Dairy Sci. 93:743-752. doi.org/10.3168/jds.2009-2730

Aguilar 1., Misztal L., Tsuruta S. et al. (2014) Proc. 10th WCGALP, Vancouver, Canada.

Boligon A.A., de Vargas L., da Silveira D.D. et al. (2016) Trop. Anim. Health Prod. 48:1679-1684.
doi.org/10.1007/s11250-016-1143-1

Dempster E.R., and Lerner .M. (1950) Genetics 35:212-236. doi.org/10.1093/genetics/35.2.212

Falconer D.S., and Mackay T.F.C. (1996) Introduction to quantitative genetics, 4th ed. Longman, Essex.

Fernandes Janior G.A., Peripolli E., Schmidt P.I. ef al. (2022) Livest Sci 263:105001.
doi.org/10.1016/j.1livsci.2022.105001

Ghavi Hossein-Zadeh N. (2021) Livest. Sci. 250:104601. doi.org/10.1016/j.livsci.2021.104601

Gianola D. (1982) J Anim Sci 54:1079-1096. doi.org/10.2527/jas1982.5451079x

Harville D.A., and Mee R.W. (1984) Biometrics 40:393-408. doi.org/10.2307/2531393

Hidalgo J., Misztal 1., Tsuruta S. ef al. (2024) J. Anim. Sci. 102:skae307. doi.org/10.1093/jas/skae307

Kluyts J.F., Neser F.W.C., and Bradfield M.J. (2003) S. Aft. J. Anim. Sci. 33:170-179.
doi.org/10.4314/sajas.v33i3.3768

Koeck A., Heringstad B., Egger-Danner C. ef al. (2010) J. Dairy Sci. 93:4351-4358. doi.org/10.3168/jds.2009-
2955

Misztal 1., Tsuruta S., Lourenco D. et al. (2018) Manual for BLUPF90 family of programs. Available at:
https://nce.ads.uga.edu/html/projects/programs/docs/blupf90_all8.pdf. visited on: 15-12-2024.

Neves H.H., Carvalheiro R., O'Brien A.M.P. et al. (2014) Genet. Sel. Evol. 46:17. doi.org/10.1186/1297-9686-
46-17

Ramirez-Valverde R., Misztal 1., and Bertrand J.K. (2001) J. Anim. Sci. 79:333-338.
doi.org/10.2527/2001.792333x

Roso V.M., and Schenkel F.S. (2006) Proc. 8th WCGALP, Belo Horizonte, Brazil.

Sargolzaei M., Chesnais J.P., and Schenkel F.S. (2014) BMC Genomics 15:478. doi.org/10.1186/1471-2164-15-
478

Silva T.L. da, Gondro C., Fonseca P.A.S. et al. (2023) Front. Genet. 14:1118308.
doi.org/10.3389/fgene.2023.1118308

Souza J.S., Silveira D.D., Teixeira B.B.M. ef al. (2020) Livest. Sci. 241:104216.
doi.org/10.1016/].1ivsci.2020.104216

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

Vargas G., Neves H.H.R., Garzon N.A.M. et al. (2022) Proc. 12th WCGALP, Rotterdam, Netherlands.

Varona L., Misztal 1., and Bertrand J.K. (1999) J. Anim. Sci. 77:2003-2007. doi.org/10.2527/1999.7782003x

Zhu K., Li T., Liu D. et al. (2023) Front Genet 14:1288375. doi.org/10.3389/fgene.2023.1288375



https://www.sciencedirect.com/science/article/pii/S0022030210715174?via%3Dihub
https://link.springer.com/article/10.1007/s11250-016-1143-1
https://academic.oup.com/genetics/article-abstract/35/2/212/6033251?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S1871141322001809?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1871141321002092?via%3Dihub
https://academic.oup.com/jas/article-abstract/54/5/1079/4661768?redirectedFrom=fulltext
https://www.jstor.org/stable/2531393?origin=crossref&seq=1
https://academic.oup.com/jas/article/doi/10.1093/jas/skae307/7816211
https://www.ajol.info/index.php/sajas/article/view/3768
https://www.sciencedirect.com/science/article/pii/S0022030210004595?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030210004595?via%3Dihub
https://nce.ads.uga.edu/html/projects/programs/docs/blupf90_all8.pdf
https://link.springer.com/article/10.1186/1297-9686-46-17
https://link.springer.com/article/10.1186/1297-9686-46-17
https://academic.oup.com/jas/article/79/2/333/4625870
https://link.springer.com/article/10.1186/1471-2164-15-478
https://link.springer.com/article/10.1186/1471-2164-15-478
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2023.1118308/full
https://www.sciencedirect.com/science/article/pii/S1871141320301177?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030208709901?via%3Dihub
https://academic.oup.com/jas/article/77/8/2003/4653360
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2023.1288375/full

