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Introduction

The eight permanent anterior teeth of cattle erupt sequentially, and cows have a full mouth by
42 mo of age (FSIS, 2021). The incisors are adapted to an herbivorous diet, and they are
essential for grasping and cutting forage. As cows age, dental wear manifests as a loss of tooth
height and increased spacing between incisors (broken mouth) until no incisors remain (smooth
mouth). Cows greater than 10 yr of age are more likely to have no anterior teeth and they are
at risk of losing body condition during the winter when supplemented with hay (KSUBCI,
2023). Nutritional deficit is associated with reproductive disorders and compromises the
immune response, increasing susceptibility to health problems (Bruinjé and LeBlanc, 2025;
Serbetci et al., 2023). Loss of incisors in older cows affects their ability to graze forage leading
to malnutrition, a reduced productive life, and removal from the herd.

Premature tooth wear or loss is influenced by environmental factors such as feeding,
management, and health. There are also genetic factors related to enamel and dentin quality,
and craniofacial and mandibular conformation. In a multigenerational cross population of
Nellore-Angus cattle managed under the same environmental conditions in central Texas, some
cows over 10 yr of age were observed to still have a full mouth of anterior teeth whereas other
cows of the same age were smooth mouth. The objective of this study was to identify genome-
wide associations for mouth scores in Bos indicus-Bos taurus crossbred females at least 10 yr
of age.

Materials & Methods

Animal records. All procedures involving animals were approved by the Texas A&M
AgriLife Research Institutional Animal Care and Use Committee. Records used in this study
were for females from the Fi to F3 generations of a Nellore-Angus cross population (Munguia
Viésquez et al., 2024) raised at the Texas A&M AgriLife Research Center in McGregor, Texas
(latitude: 31.3865, longitude: -97.4105). Females from the first cycle of the population were
Nellore-Angus F2 cows produced by embryo transfer in spring or fall calving seasons from
2003 to 2007. Females from the second cycle of the population were reciprocal F2 cows
produced by natural service and born in spring from 2010 to 2015; records for the Angus-
Nellore and Nellore-Angus Fi cows used to produce cycle 2 were also included in the study.
Females from the third cycle were Nellore-Angus F3 females produced by natural service and
out of cycle 1 cows calving in the spring from 2009 to 2013. Cows were kept on a variety of
warm season pastures supplemented with minerals and salt in the spring and summer. Coastal
bermudagrass hay or Sudangrass hybrid hay supplementation was provided in the winter
(Tolleson et al., 2017). Cows from all generations were exposed to Angus bulls as yearlings
and then to Nellore-Angus bulls from the same generation. Females were removed from the
herd when they failed to wean their second calf or for health-related issues (Engle ez al., 2018).
After 14 yr of age, females were removed upon their first failure to conceive or wean a calf
(Munguia Vasquez et al., 2024). Beginning at 10 yr of age, mouth scores (solid, short solid,
weak, broke, popcorn, smooth) were recorded in the chute when cows were palpated to
determine pregnancy status in the fall as calves were weaned.
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Genome-wide association study (GWAS). Mouth scores were modeled as an ordinal trait; a
female received a score of 1 if she had solid or short solid teeth, 2 if she had weak, broke, or
popcorn teeth, and 3 if she was smooth mouth. Phenotypes were preadjusted for the fixed
effects of generation and birth year-season within generation. Resultant residuals and imputed
high density single nucleotide polymorphism (SNP) genotypes with age at scoring as a
covariate were used for GWAS applying the univariate procedures of the GEMMA software
(Zhou and Stephens, 2014). Single nucleotide polymorphisms for all autosomes were included
simultaneously in a standardized genomic relationship matrix. The Bonferroni correction
(Dunn, 1961) was 8.34¢8, which corresponded to a genome-wide significance level of o =
0.05. The suggestive threshold for GWAS was set to 1.67¢, which corresponds to one false
positive in a genome scan under the null hypothesis (Lander and Kruglyak, 1995). Manhattan
and quantile-quantile (QQ) plots were generated using the qqman package (Turner, 2018).
Pairwise 1 values for linkage disequilibrium (LD) between the lead SNP and all other SNP in
a 0.5 Mb window were calculated using PLINK v1.9 (Chang et al., 2015) and associations
stratified by LD were plotted using the locuszoomr package (Lewis and Wang, 2025). The
AnnotationHub package within Bioconductor was used to identify annotations for Bos taurus
aligned to reference assembly ARS-UCD 1.2 (Ensembl v110, accession number AH113573).

Results & Discussion

After filtering for the most recent mouth score for each cow that also had genotypes there were
199 records (Table 1). The average age at which the scores used were taken was 13.6, 14.6,
10.9, and 12.1 yr for the Fi, cycle 1, 2, and 3 cows, respectively.
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Figure 1. Manhattan and quantile-quantile plots (inset) of GWAS for mouth scores in cows 10
yr or older. The x-axis is the bovine autosomes and the y-axis is the -logio p-value of the
association. Red dashed line is the Bonferroni significance threshold and blue dotted line is the
Lander and Kruglyak (1995) suggestive threshold.



Table 1. Number of records for each mouth score by cycle.
Mouth Scores!

Cycle? 1 2 3
Fi 8 10 31
1 5 13 43
2 36 19 6
3 15 10 3

1'1 = solid or short solid teeth; 2 = weak, broke, or popcorn teeth; 3 = smooth mouth
2F, = Angus-Nellore and Nellore-Angus F; cows that produced cycle 2; 1 = Nellore-Angus
F, cows; 2 = reciprocal F, cows; 3 = Nellore-Angus F; cows.

Significant associations were identified on bovine chromosome 5 at 109 Mb based on the ARS-
UCD1.2 bovine assembly (Figures 1 and 2). The lead SNP is in an intron of PRKCA-binding
protein (PICK1), which affects trafficking of synaptic vesicles (Yong et al., 2020), but has no
known role in dentition. Within this region SRY-box transcription factor 10 (SOX10) is
functional candidate gene. SOX10 is a transcription factor involved in the development,
differentiation, and maintenance of neural crest cells that form peripheral nerves, melanocytes,
and glial cells (Pingault et al., 2022).
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Figure 2. LocusZoomR plot centered on the lead SNP for mouth scores. The x-axis shows
the chromosomal position spanning a 500 kb window centered around the lead SNP,
represented by the purple diamond. The y-axis shows the -logio p-value. Association signals
are colored by their linkage disequilibrium (r?) values relative to the lead SNP. Below the
axis is the track of genes annotated in Ensembl v110 with coordinates based on build ARS-
UCDI1.2 of the Bos taurus reference genome.



In humans and mice, epithelial stem cells in incisors develop from a population of cranial
neural crest cells expressing SOX10 at tooth initiation early in development (Yu ef al., 2015).
In rats, expression of SOX10 was also detected later in development when dentin and enamel
matrices are secreted and then mineralized during tooth development (Tomazelli ef al., 2015).

Conclusions

In a multigenerational herd of Nellore-Angus crossbred cows, SNP significantly associated
with mouth scores for females at least 10 yr of age were identified. The transcription factor
SOX10 was identified as a functional candidate. Genetic variation affecting the differentiation
of odontoblasts and ameloblasts could result in anterior incisors with lower quality enamel or
dentin, making them more susceptible to premature wear or loss in older cows.
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