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Abstract

Hoof and udder conformation are important to the longevity and productivity of beef
cattle. Selection for hoof and udder quality reduces the incidence of lameness and udder disease
to improve animal welfare. Genetic selection is an effective means of improving traits such as
these, especially through the use of single nucleotide polymorphism(SNP) genotyping to identify
indicator traits. This study used genotype data and hoof and udder scores from previous research
to determine if there is significant effect between polymorphisms of heat shock protein 70
(Hsp70), cytochrome P450 (CYP450), interleukin-8 receptor (IL8), lactate dehydrogenase
(LDH), and melatonin receptor 1A (MTNRZ1A), and hoof and udder traits in (n=76) beef cows.
The SNP site A1125C of Hsp70 affected hoof angle (P<0.0006) and claw set (P=0.0007). The
SNP C994G of Cytochrome P450 affected hoof angle (P<0.0024), and claw set (P=0.0054). The
SNP C541A of LDH affected teat size (P<0.0001), and the SNP G777C of IL8 receptor affected
udder suspension (P=0.0355). The MTNRZ1A receptor had two polymorphisms G497A, which
affected teat size (P=0.032) and hoof angle (P<0.01), and A455G, which affected udder
suspension (P=0.0004) and teat size (P=0.02). These results suggest that Hsp70, CYP450, IL8
receptor, LDH, and MTNR1A genes could be markers for selection of hoof and udder traits in

cattle.
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Introduction

Hoof and udder scores are both critical in evaluating the productivity of cows. These
scores are used to determine the longevity of cows because they govern the level of production
efficiency. Selection for hoof and udder scores that improve performance can be done by visual
observation, and in Arkansas the opportunity to improve cowherd performance through genetic
selection is an opportunity to that the beef cattle industry has recently placed important focus
(Gadberry et al., 2019).

Proper hoof structure is essential to a long productive lifespan of beef cattle, and can be
evaluated by scoring hoof angle and claw set (Alexander, 2014). Animals that have abnormal
growth of the hoof and claw tend to become lame and be more prone to hoof diseases that result
in decreased mobility (Vermunt & Greenough, 1996).

Udder structure of beef cows is very important to longevity and calf performance. Poor
teat and udder confirmation decrease profitability due to decreased calf weaning weight, increase
incidence of mastitis, and decreased lifelong productivity of beef cows (Beard et al., 2019)
Proper udder structure is evaluated by teat size and udder suspension. Longevity and welfare are
both important to the beef cattle industry as the health of cows can impact the entire industry.

Visual selection of traits has greatly improved the beef cattle industry; however, in the
dairy cattle industry, genomic selection has had excellent improvements for production
(Meuwissen et al., 2013). Indicator traits of lameness can be used to improve selection and
genetic gains (Ring et al., 2018). As it becomes more apparent that genetic selection can be used
to improve the production and efficiency of beef cattle, it is important to start linking genes that
correlate to specific traits. The analysis of single nucleotide polymorphisms in cattle is one
method that can be used to correlate genes to phenotypic traits to improve genetic selection.

Once genes are identified that correlate to hoof and udder scores, selection for specific genes can



be used to significantly reduce lameness and udder disease as well as well as improve production

and overall efficiency of beef cattle.

Literature Review
Structural Characteristics

Hoof Structure

Cattle hooves are made up of keratin proteins that are formed when epidermal cells die
and harden to create a barrier from the natural environment (Tomlinson et al., 2004). This
keratinization continues throughout the animal’s life and is important in maintaining hoof
hardiness which helps protecting cattle from hoof disorders that cause lameness (Mulling et al.,
1999). The growth of this outer layer has major effect on the conformational structure of the
hoof, and cattle hoof trimming is recommended to prevent overgrowth (Archer et al., 2015).
Hoof trimming helps to maintain a healthy hoof angle and claw set to improve hoof quality and
prevent lameness (Archer et al., 2015).

Hoof wear can be impacted by several factors including environment, nutrition, and
management practices. Inadequate nutrition, lack of management, and high moisture content in
the ground all lead to an increase in horn wear (Vermunt & Greenough, 1995). A study by
Telezhenko et al. (2009) recorded that claw was also affected by the use of abrasive flooring
such as concrete. A quality claw set is not only determined by the hardness and resistance of the
hoof to wear, but also the shape and size of the claw (Vermunt & Greenough, 1995). The bones,
joints, and ligaments around the hoof are the foundation of the conformational structure of the
hoof and have major impact on the shape and size aspect of the quality of the hoof (Richter et al.,

2011). Quality claws have low susceptibility for claw disorders and lameness and as well as low



required foot care (Politiek et al., 1986). Genetics are important to the structure of hooves as well

as, they are the main contributing factor to the formation of the body structure.

Hoof Conformation

Conformation of the animal has been important in assessing desirable qualities and their
effect on the value of an animal (Soule, 1902). The conformation of an animal relates to the
shape or proportionate dimensions of an animal or part there of (Vermunt & Greenough, 1996).
Characterizing the proper structure and conformation of the hoof as well as abnormalities that
appear has been an important aspect of cattle evaluation for several decades (Phillipsson, 1989).
Many studies have been done to determine appropriate measurements for the hoof to define the
optimal hoof conformation. Hoof angle, which measures the slope of the hoof with respect to the
floor surface, and toe length, which measures the length of the dorsal aspect of the claw from the
skin-hoof junction to the apex, are the two measurements that have been proposed to be
sufficient for quick and precise classification of the hoof (Vermunt & Greenough, 1995). The
ability to accurately assess conformational traits is of significant benefit to selection and being
able to gauge the impact of the environment or nutrition on the hoof (Laven et al., 2015). Claw
measurements are partly symptoms but are also predisposing factors to lameness (Politiek et al.,
1986). Ideally the claws of each foot should be symmetrical and distribute the weight of the
animal evenly, however large variations in claw conformation are seen within cattle of the same
breed as well as across different breed (Boelling & Pollott, 1998; Baird et al., 2009; Haggman et
al., 2013). Cattle with quality hoof conformation should not have short, or straight pasterns, and
the claws should not be uneven, twisted, curled, or crooked because these things can lead to an

increased incidence of lameness (Barham et al., 2005). Lameness causes major losses to



production, and economically is costly due to treatments, culling, and management (Huxley et
al., 2013). In dairy cattle, lameness is categorized in the top 3 reasons for culling (Kossaibati &
Esselmont, 1997). Production losses result from decreased milk yield (Green et al., 2010;
Hernandez et al., 2002), varied nutrition intake (Huxley et al., 2013), and decreased likelihood of
ovulation (Morris et al., 2009). While the overall economic costs of lameness are difficult to
quantify, it is clear that lameness negatively effects the health and production of cattle.
Lameness is also a major animal welfare problem and it is important to used animal based

assessment to evaluate the relationship between lameness and welfare (Sadiq et al., 2017).

Udder Structure

The udder is made up of four mammary glands, referred to as quarters, which are skin
glands that have been modified to secrete milk (Richter et al., 2011). The udder is made up of the
body and teat which both vary in size by the individual cow, and lactation status (Richter et al.,
2011). The suspensory apparatus is important to supporting the weight of the mammary glands
as they fill with milk and is the primary structure that holds the udder suspended above the
ground (Richter et al., 2011). Throughout the life of a cow the udder structure may vary as older
cows tend to exhibit reduced suspension and increased teat size from multiple lactations

(Goonewardene et al., 2003).

Udder Conformation
Proper udder conformation is highly important to the beef cattle industry as it directly
effects calf performance (Beard et al., 2019). Dairy cows with large teats, and loose, pendulous

udders are shown to have an increased risk of mastitis which has major economic costs to the



dairy industry (Persson Waller et al., 2014; Romero et al., 2018). The longevity of dairy cows is
also significantly affected by udder conformation as cows with well positioned teats and,
moderate udder suspension are more likely to produce well and stay in herds longer (Stefani et
al., 2018).

While the beef cattle industry does not place the importance of milk production at the
same level of the dairy industry, it is indicated that udder conformation also influences both cow
longevity and health, as well as calf performance. The size and shape of teats can limit calf
growth as enlarged teats that are more difficult to suckle can decrease the growth potential of
calves (Devani et al., 2019). Cows with pendulous udders were reported to negatively affect calf
nursing ability (Wythe, 1970). Long teats, also known as bottle teats, have been associated with
higher calf mortality due to inability to nurse, thus indicating that the size and shape of teats have
an impact on calf milk consumption (Frisch, 1982). The finding that cows with small udders, or
large teats with pendulous udders had slower growing calves that had lighter weaning weight
also confirmed the impact of udder and teat conformation on calf performance (Goonewardene et
al., 2003). Cows with tighter udder suspension and smaller teats are associated with decreased
incidence of mastitis and management costs (Bradford et al., 2015). Improvement of udder
quality could increase the longevity of cows and decrease economic costs of purchasing

replacements (Bradford et al., 2015).

Hoof and Udder Scoring
Cattle evaluation can be effectively accomplished by visual scoring because the
appearance of an animal is directly related to its reproductive efficiency (Barham et al., 2005).

Several breed associations, such as Holstein Association USA, the American Angus Association



(AAA), as well as the Beef Improvement Federation (BIF) have adopted scoring systems to
evaluate cattle for foot and udder quality. It is important to purebred and commercial operations
to select for quality traits because selection will improve not only the characteristics of the breed,
but also the profitability of the operation (Barham et al., 2005). There are scoring systems for
many phenotypic aspects of cattle, but for the purpose of this study, only udder scoring and hoof
scoring will be reviewed.

The Holstein Association USA, has one of the most extensive trait evaluation guidelines
with 50 point scales for each trait. The foot angle is scored from 1, extremely low angle, to 50
extremely steep angle with 25 being intermediate (Holstein, 2018). Due to the importance of the
udder to dairy cattle, there are several traits that are evaluated including Fore Udder Attachment
(FU), Rear Udder Height (UH), Rear Udder Width (UW) Udder Cleft (UC) and Udder Depth
(UD) which are also scored from 1-50 in the same format as the hoof scores (Holstein, 2018).
The teats are scored by Front Teat Placement (TP) ranging from 1, extremely wide to 50
extremely close, and Teat Length (TL) ranging from 1, extremely short to 50, extremely long
(Holstein, 2018). While this extensive scoring system is feasible in dairy cattle, the beef cattle
scoring system of hoof and udder scores is far more simplified since beef cattle are not handled
on a daily basis. The udder scoring for the Beef Improvement Federation has a 9 point scale to
evaluate udder suspension (US) and teat size (TS). For udder suspension, a score of 9 indicates a
very tight udder suspension while a score of 1 indicates a very pendulous udder suspension with
broken floor. The range for teat size is 9, which indicates very small teats, to 1 which indicates
very large, balloon shaped teats.

The American Angus Association has made the most commonly used foot scoring

guidelines for beef cattle in the United States. The foot angle and claw set are evaluated on two



nine point scales with a score of 5 being ideal. For foot angle a score of 1 indicates extremely
straight pasterns and very short toe, a score of 5 is ideal with an approximately 45-degree angle
at the pastern joint and appropriate toe length and heel depth, and a score of 9 indicates
extremely shallow heel, long toe and weak pasterns. The udder scoring guidelines from the Beef
Improvement Federation and the hoof scoring guidelines from the American Angus Association

were the two scoring systems used to collect the data for this thesis.

Genetic Characteristics

Genetic Selection

The goal of many beef cattle producers is to increase productivity of animals through
genetic selection. The dairy industry over the past century has used genetic selection to greatly
increase production traits, and over the past few decades, has begun genetic selection to increase
longevity, fertility, and health (Miglior et al., 2017). For traits to be considered for selection, it is
important that there is a significant economic value, that there is large genetic variation and
heritability, and that the trait can be consistently recorded (Shook, 1989). As the beef cattle
industry has sought to increase productivity and decrease costs through genetic selection, trait
records and genetic studies to determine variation and heritability of traits has begun to increase.
Selection of traits before time and resources are invested increases the quality of animals
produced and decreases costs associated with production loss (Thompson et al., 2014). Genetic
markers, and single nucleotide polymorphisms can be found through genetic testing and
correlated to conformation traits to determine relationships and select for desirable traits

(Thompson et al., 2014)



Variation and Heritability

Heritability is defined as the phenotypic variation in a population that is attributed to
genetic differences. Higher heritability indicates an increased probability that genetic selection
will have notable results.

Heritability estimates of teat and udder traits indicate that there is an opportunity that
genetic selection for specific traits will exhibit improvement to udder scores. Teat length
heritability has been reported as 0.30, 0.29, and 0.33, and teat placement heritability has been
reported as 0.26, 0.29, and 0.52 by Rupp and Boichard (1999), Degroot et al. (2002), and Royal
et al. (2002), respectively. Teat size heritability was reported by Kirschten et al. (2001) as 0.38,
Sapp et al. (2003) as 0.21, and Bradford et al. (2015) as 0.28. The heritability for udder score
related traits of beef cattle have been reported as 0.33, 0.22, and 0.31 for udder attachment and
suspension by Kirschten et al. (2001), Sapp et al. (2003), and Bradford et al. (2015). Devani et
al. (2019) reported that estimated heritability scores for teat and udder score were 0.32 and 0.15,
respectively. The genetic correlation between teat size and suspension was 0.81 so selection for
one of these traits would have positive correlation to improve the other trait.

Heritability of hoof angle in beef cattle has been reported to be 0.50, and 0.35 for the
front and rear hoof angle respectively by Jeyaruban et al. (2012) and 0.20 and 0.19 by Jensen
(2017). Heritability estimates of claw set in beet cattle have been reported by Jeyaruben et al.
(2012) as 0.46, and 0.42 for front and rear claw set respectively, and 0.09 and 0.17 by Jensen
(2017). Kasasrda et al. (2018) estimated heritability of claw traits to be 0.28. Chawala et al.
(2013) supports that despite the low heritability scores, genetic selection for resistance to

lameness is an option that could have substantial impact on the cattle industry.



Several studies have indicated the importance of genetic selection to improve both hoof
and udder traits and due to the low to moderate heritability estimates for there is opportunity for
genetic selection to improve these traits.

Single Nucleotide Polymorphisms

Single nucleotide polymorphisms (SNP) are the alteration of a single nucleotide in an
animal’s genetic sequence. Genotyping has become increasingly popular due to the increasing
accuracy of genetic merit prediction and the availability of this form of testing (Schefers &
Weigel, 2012).

Heat Shock Protein 70

Heat shock proteins (Hsps) are molecular chaperons that are named by their weight in
kilo Daltons (Marruchella et al., 2004). Heat shock proteins are activated as a response to
stressors and are released both intracellularly, and extracellularly (Schmitt et al., 2007).
Intracellular Hsp have a protective function while extracellular Hsp mediate immunological
function (Schmitt et al., 2007). Hsps through receptor mediated interactions can deliver
maturation signals and peptides to antigen presenting cells (Pockley, 2003). Hsp70 plays a
significant role in both heat tolerance as well as the proinflammatory immune response (Pockley,
2003). Hsp70 has also been shown to play an important role in apoptosis or programmed cell
death (Schmitt et al., 2007). Redirection of the blood flow to the periphery of the body is a
common response to heat stress (Gaughan et al., 2013).

Polymorphism of the Hsp70 promoter region at base -1125 was predictive of body
condition, breed lineage, LDH concentration, calving rate, hormone concentrations, and
nonesterified fatty acid concentration (Rosenkrans, 2011). Other polymorphisms of Hsp70 have

been predictive of somatic cell count, and milk protein concentration, and could serve as genetic



markers for production and reproductive traits (Rosenkrans, 2011). Although there have not been
any significant effects reported between Hsp70 and hoof traits in cattle, due to the heat stress
response of blood flow redirection to periphery, and the role it plays in apoptosis which is
important in keratinization of hoof tissue there is a possible relationship to the expression of
these traits.
Cytochrome P450

Cytochromes P450 (CYP450) are hemoproteins that is important to drug metabolism, and
the clearing of toxins and dietary compounds (Ryder, 2009). Cytochrome P450 are significant
sources of reactive oxygen species (ROS) in many tissues (Puntarulo & Cedarbaum, 1998).
Reactive oxygen species contribute to oxidative stress as well as muscle function (Abdel-
Rahman et al., 2016). Massive production of ROS has been suggested to induce age related
muscle dysfunction and subsequent muscle atrophy (Abdel-Rahman et al., 2016). In beef cattle,
polymorphisms of CYP450 coding sequence have been predictive of calving traits, milk
production, milk protein concentration, calf weight, and calf height (Rosenkrans, 2011; Sales et
al., 2013). Cytochrome P450 genotyping has also be associated with possible improvements to
productivity of dairy heifers (Sales et al., 2016). While CYP450 has exhibited some significant
effect on udder traits due to its predictability of milk production and milk protein concentration,
the effect of C'YP450 on hoof traits has not been studied.
Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is the final enzyme in the glycolytic pathway. It is used in
conversion of pyruvate to lactate in the absence of oxygen and then reverses the conversion
when oxygen is present. Lactate dehydrogenase originates from somatic cells, leukocytes, and

foreign microorganisms in the milk (Larsen, 2005). Isoenzyme patterns are shown to vary within

10



related plasmas with LDH-1 and LDH-2 being most commonly found in the liver of ruminants
(Arai et al., 2003). Varying isoenzyme patterns of LDH, leading to higher concentrations in the
milk, have been associated as a possible indicator of mastitis infections (Larsen, 2005; Kato et
al., 1989) SNPs of LDH have also shown relations to calving weight, milk production, and calf
height, and somatic cell count (Rosenkrans, 2011).
Interleukin 8 Receptor

Interleukin 8 (IL-8) is a multifunctional chemokine related to chemotaxis, enzyme
release, neutrophil function, and surface adhesion molecule expression. Chemokines are
classified in four main sub families: CXC, CC, CX3C, and XC, and all interact with guanine-
nucleotide protein-linked receptors called chemokine receptors and IL-8 is part of the CXC
subfamily (Mélik-Parsadaniantz & Rostene, 2008). Interleukin 8 has also been linked as an
autocrine growth factor for carcinoma cells (Hidaka et al., 2002). Curcumin, a traditional
medicine for inflammatory disease, has been found to significantly inhibit IL-8 concentration
(Hidaka et al., 2002). The most common IL-8 receptor is the CXCR2. Polymorphisms of the
CXCR2 gene have demonstrated a significant association to subclinical mastitis in dairy cows
due to decreased neutrophil ability to suppress apoptosis and produce reactive oxygen species
(Rambeaud et al., 2006). Kopecny (2013) also supports this significant effect between
polymorphisms of the CXCR2 receptor and mastitis.
Melatonin

Melatonin is a hormone secreted by the pineal gland. It is the primary regulator of
circadian rhythm and is important to sleep regulation (Carter & Juurlink, 2012). Melatonin is
mainly metabolized in the liver by cytochrome P450, but an also be metabolized by free radicals

(Singh & Jadhav, 2014). Melatonin levels are regulated by light exposure and play an important
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role in long day and short day seasonally breeding mammals (Reiter et al., 2009). Melatonin
receptors have two subtypes, MT1 and MT2, that are G protein-coupled transmembrane
receptors. MT1 receptor activation inhibits adenylyl cyclase and reduces CAMP production to
reduce protein kinase activity, while M T2 receptor activation inhibits guanylyl cyclase and
reduces the formation of cGMP (Singh & Jadhav, 2014). The reduction of cCAMP and cGMP by
MT1 and MT2 reduces the release of hormones related to ovulation. Serotonin has been
hypothesized to synthesize melatonin to act as a radical scavenger and calmodulin antagonist in
ova to protect tissues from free radical damage (Singh & Jadhav, 2014). A study by Wang et al.
(2017Db) also recorded the importance of melatonin in bovine oocyte maturation, and oocyte
complex hormone secretion. Melatonin stimulates the synthesis of glutathione which is an
antioxidant that reduces electron leakage from the mitochondrial electron chain (Reiter et al.,
2003).

The MTR1 receptor (MTNRZ1A) for melatonin has been associated to the reproductivity
of water buffalo, and ability to reproduce during parts of the breeding season that are not normal
as well as conception rates (Gunwant et al., 2018; Pandey et al., 2019). In bovine granulose cells,
melatonin and MTNRZ1A are important to regulating cellular progression, apoptosis hormone

secretion, and reproduction related genes (Wang et al., 2017a).

Methodology

Design, Purpose, Data Collection
This is a quantitative study of historical data using analysis of variance between hoof and

udder scores and genotype of (n=76) crossbred Angus beef cows. The purpose is to determine if

12



there is significant effect between single nucleotide polymorphisms (SNPs), and hoof and udder
score.

The genetic polymorphisms and hoof and udder scores that were analyzed in this study
were collected during previous research studies done at the University of Arkansas using
crossbred Angus beef cows. The genomic data was gathered in a study completed in 2017 by
collecting blood samples, and extracting DNA. Genotypes of the cows were determined using
the Sequenom technology (GeneSeek, Lincoln, NE). The genetic extraction was done as
explained in the methodology of Davis (2019). The hoof and udder scores of cows enrolled into
this study were recorded by trained technicians in 2017 for a previous study that included the
American Angus Association guidelines for hoof angle (HA) and claw set (CS), and the Beef
Improvement Federation (2016) guidelines for udder suspension (US) and teat size (TS).
McGuire (2019) has published a deeper explanation of the methodology used in scoring. The
University of Arkansas Institutional Animal Care and Use Committee (IACUC), approved the
current study (Protocol #19117).

Data Analysis

This current study analyzed SNPs of heat shock protein 70 (Hsp 70), melatonin (MTN),
cytochrome p450, lactate dehydrogenase (LDH), and interleukin 8-receptor in association to the
hoof and udder scores of (n=76) cows. The SNP data and hoof and udder scores were analyzed
using a mixed model ANOVA with the main effects of SNPs, HA score, CS score, US score, and
TS score. The differences of least square means separated the means of the scores in relation to
the alleles of each SNP, and T-tests and Tukey Kramer adjustments were used to determine if the

effects were significant (P<0.05). The results of the T-tests and Tukey Kramer adjustments were

13



used to determine if there was significant effect between cattle genotype, and hoof and udder

Score.

Results

Heat shock protein 70

Statistical analysis showed significant effects between the coding sequence
polymorphism A1125C in Hsp70 promotor region for both hoof angle and claw set. Cows that
were homozygous for both the major and minor allele (AA; CC) had lower (P=0.0006;
P=0.0003) hoof angle scores than heterozygous (AC) cows. Hoof angle scores were not
significantly different (5.9, 5.8, and 6.5, respectively for AA, CC, and AC), with less than half a
point difference in score, but they do indicate a trend for heterozygous cows to have worse hoof
angle scores. A similar trend was seen in relation to claw set score as cows that were
homozygous for the major allele (AA) had significant lower (P=0.0007) claw set scores than
heterozygous cows. Homozygous cows scored close to a full point lower score than
heterozygous cows, 5.9 and 6.8 respectively, which indicates that AA cows tend to have better
claw set scores than heterozygous cows. The cows homozygous for the minor allele did not have
significantly different scores from either the major allele homozygous cows or the heterozygous
cows. (See Table 1)
Cytochrome P450

The coding sequence polymorphism C994G of cytochrome p450 indicated the major
homozygous allele was significantly different (P=0.0024) from the minor homozygous (GG) as
well as the heterozygous alleles (P=0.002) in relation to hoof angle. Hoof angle scores of the

primary homozygous allele (CC) cows, compared to the minor homozygous, and heterozygous
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cows differed by less than half a point, but this does indicate a trend for the major homozygous
(CC) cows to have higher hoof angle scores that are further from an optimal hoof angle score
(6.3,5.9,5.9; for CC, CG, and GG, respectively).

This polymorphism C994G of the coding sequence had significant effect (P=0.0054) on
claw set. Homozygous (CC) cows had higher mean claw set scores (6.7) than the heterozygous
cows (6.0), by more than half a point. (See Table 2)

Lactate dehydrogenase B

The coding sequence polymorphism C541A of lactate dehydrogenase had significant
effect (P<0.0001) on the teat score in cows. Homozygous cows (CC) had mean teat scores of 5.8
which is more than a full point lower than the heterozygous teat scores of 6.9. Both scores could
be considered acceptable, however a higher teat size score indicates smaller teats. Smaller teats
would be acceptable on heifers or younger cows, but would be less desirable in cows that had

calved several times. (See Table 3)

Interleukin 8 Receptor

The interleukin 8 receptor coding sequence polymorphism G777C showed a significant
(P=0.0355) effect on the mean udder score. The homozygous (CC) cows had close to half a point
lower in udder score than heterozygous (CG) cows with mean udder scores of 7.1 and 7.5,
respectively. An udder suspension score in the range of 7 to 8 indicates a tight udder suspension.
Tight udder attachment is essential to udder conformation, and the heterozygous cows tend to
have higher scores which indicate tighter attachment of the udder, however both scores would be

acceptable. (See Table 4)

Melatonin Receptor 1A

A455G
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The coding sequence polymorphism A455G of melatonin receptor 1a had a significant
effect (P=0.0004) on udder suspension scores. Cows that were homozygous (AA) had a lower
mean udder suspension score of 7.1 compared the heterozygous (GA) cows which had udder
scores of 7.8, more than half a point higher. Cows with udder suspension scores in the range of 7
to 8 have tight udder suspension, which is desirable because it indicates a strong udder
attachment. This coding sequence polymorphism also had a significant effect (P=0.02) on the
teat score with the homozygous AA cows having a lower mean teat score (5.8) than the
heterozygous cows (6.5) by more than half a point. While both of these teat size scores fall

within an acceptable range, a moderate teat size score (5) is the most desirable. (See Table 5)

G497A
The coding sequence polymorphism G497A of melatonin receptor 1a had significant

effect (P<0.03) on teat size scores. The major homozygous allele (GG) had a higher mean teat
scores of 6.0 by more than half a point than the minor homozygous allele(AA) cows which had
mean teat scores of 5.3. This shows a trend for the minor homozygous allele cows to have a more
desirable teat size score than the major homozygous allele cows.

Interestingly, this coding sequence polymorphism G497A also significantly affected
hoof angle scores. The minor homozygous (AA) cows had lower hoof angle scores compared to
the major homozygous (GG) cows (P=0.0043) and the heterozygous cows (P=0.01). The
difference in hoof angle score was less than half a point but does indicate a trend for the minor
homozygous cows to have better hoof angle scores (5.6, 6.0, 6.1; for AA, GA, and GG,

respectively). (See Table 6)
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Discussion

Heat shock protein 70

Prior studies of bovine heat shock protein 70 have been associated with productivity and
health. SNPs in the coding sequence of Hsp70 have been associated with an ill effect on
susceptibility of mastitis (Huang et al., 2015). Polymorphisms of Hsp70 at A1125C and G1128T
have been indicated to have significant effect on fertility and lower calving percentages
(Rosenkrans et al., 2010). One SNP of Hsp70 at C895D has also been indicated to have
significant effect on Julian Calving date (Finney, 2018). These previous studies have all
indicated an effect on reproduction and udder health, however there have not been any studies
that indicate the significant effect of Hsp70 at A1125C on hoof angle and claw set, as was found
in this study.
Cytochrome P450

According to Sales et al. (2012), a cytosine to guanine transversion at base 994 (C994G)
had significant effect on calving rate, milk yield, and calving date. A more recent study of the
transversion C994G on Hsp 70 indicated effect on average daily gain in dairy heifers (Sales et
al., 2016). One study of inflammatory response in hoof dermal tissues found down regulation of
subfamilies of cytochrome P450, and the potential of CYP450 to be used in development of anti-
inflammatory drugs (Tian et al., 2019). Although the importance of CYP450 to drug metabolism
and productivity has been found, the effect of CYP450 on hoof angle and claw set found in this
study has not been researched.

Lactate Dehydrogenase B
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Single nucleotide polymorphisms of LDH-B have been related to hormonal and
enzymatic activity, growth and carcass traits in heifers (Turner, 2013). Polymorphisms of LDH-
B have also been shown to affect calving rate at G-348A and non-essential fatty acids at C541A
(Alaamri, 2011). The LDH-B has been negatively related to milk protein content (Wang et al.,
2019), and enzyme concentrations of LDH are presently used for automatic detection of mastitis
(Khatun et al., 2019). Compared to previous studies and the implication of LDH with
productivity traits and udder health, this current study, which identified significant effect at
C541A on teat size scores, furthers the previous research done on LDH.

Interleukin-8 Receptor

Polymorphisms of the Interleukin-8 receptor also known as CXCR2 have been
significantly related to production traits in cattle. The SNP at C777G has been previously
associated with birth weight, calf weaning weight, cow body condition score at weaning, and
cow weight at weaning (Deaton, 2017). Associations between polymorphisms in IL8 Receptor A
and neutrophil traits and mastitis have been described (Verbeke et al., 2012). The relation of
SNPs in IL8 Receptors to production and udder health has been shown in previous studies and
the finding that the C777G polymorphism has significant effect on udder suspension score
supports the importance of IL8 to cow productivity.

Melatonin Receptor 1A

The SNPs of bovine MTNR1A have been associated with meat quality traits (Yang et al.,
2015). Melatonin receptor 1A has also been suggested to play an important role in granulosa cell
function by regulating cellular progression, hormone secretion, apoptosis, and reproduction-
related genes (Wang et al., 2017b). The MTNR1A SNP site A583G has been indicated to effect

both hair coat and calving rate (Meyer, 2016). Several studies have found that polymorphisms of
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MTNRZ1A had no effect on traits such as sperm quality and testicular size, hair condition score,
prolactin concentrations, or cow body weight (Davis, 2019; Kianpoor et al., 2018). While there is
a variation in the effect of MTNRZ1A on different traits, the effect of the A455G and G497A
polymorphism of MTNRZ1A on udder suspension scores, teat size scores, and hoof angle scores

found in this study indicate that there is a link to productivity.
Tables
Table 1

Effect of A1125C coding sequence polymorphism of Hsp70
promoter region on mean cow hoof angle score, and mean cow claw set score

A1125C Genotype
Hoof Angle  Claw Set
Homozygous Cows (AA)  5.9a 59a
Homozygous Cows (CC) 5.8a 6.3b
Heterozygous Cows (AC)  6.5b 6.8b

P-Value 0.0006 aa 0.0007 ac
0.0003 cc

[ab Least-square means without a common superscript differ (P<0.05);
Superscript on P-Value indicates allele associated with the value]

Table 2

Effect of C994G coding sequence polymorphism of cytochrome
P450 on mean cow hoof angle score, and mean cow claw set score

C994G Genotype

Hoof Claw Set
Angle
Homozygous Cows (CC) 6.3a 6.7a
Homozygous Cows (GG) 5.90 6.1b
Heterozygous Cows (CG)  5.9b 6.0b
P-Value 0.0024cc  0.0054 GG
0.002cc

[ab Least-square means without a common superscript differ (P<0.05);
Superscript on P-Value indicates allele associated with the value]
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Table 3

Effect of C541G coding sequence polymorphism of Lactate
Dehydrogenase on mean cow teat size score

C541A Genotype
Teat Size
Homozygous Cows (CC) 5.8*
Heterozygous Cows (CA) 6.9

P-Value <0.0001

[ * means P<0.05]

Table 4

Effect of G777C coding sequence polymorphism of Interleukin
8 Receptor on mean cow udder suspension score

G777C Genotype
Udder Suspension

Homozygous Cows (CC) 7.1*
Heterozygous Cows (CG) 75

P-Value 0.0355

[ * means P<0.05]
Table 5

Effect of G497A coding sequence polymorphism of Melatonin
Receptor 1A on mean cow teat size score, and mean cow hoof angle score

G497A Genotype
Teat Size Hoof
Angle
Homozygous Cows (GG) 6.0a 6.1a
Homozygous Cows (AA) 5.3b 560
Heterozygous Cows (GA) 5.7 ab 6.0a
P-Value 0.032 0.0043 GG
0.01cA

[ab Least-square means without a common superscript differ (P<0.05);
Superscript on P-Value indicates allele associated with the value]
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Table 6

Effect of A455G coding sequence polymorphism of Melatonin Receptor
1A on mean cow udder suspension score, and mean cow teat size score

A455G Genotype

Udder Teat Size
Suspension
Homozygous Cows (AA) 7.1* 5.8*
Heterozygous Cows (AG) 7.8 6.5
P-Value 0.0004 0.02
[ * means P<0.05]
Conclusions

Based on the results of this study there are several single nucleotide polymorphisms that
have significant effect on hoof and udder scores in cows, so there is possibility of genetic
selection to improve hoof and udder scores in cows.

The A1125C polymorphism of Hsp 70 indicated a trend for homozygous cows to have
lower hoof angle and claw set scores which would be more desirable for productivity. The
homozygous (AA) cows had close to a full point better score than the heterozygous (AC) cows.
The polymorphism C994G of CP450 indicates a trend for the homozygous allele cows to have
higher hoof angle and claw set scores, which would be less desirable than the heterozygous(CG)
cows. The LDH-B polymorphism C541A and IL8 receptor polymorphism G777C indicated
significant effect on teat size scores and udder suspension scores respectively. The cows that
were homozygous had lower scores than the heterozygous cows. A moderate teat size is more
desirable so the cows with the homozygous genotype for LDH-B would be better for
productivity. The MTNR1A polymorphism A455G indicated trends for both teat size and udder
suspension as cattle that were not homozygous had more than half a point increase in both scores

away from the optimum score. Melatonin receptor G497A indicated a trend in relation to teat
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size score as cows that were minor homozygous(AA) had better scores than the major
homozygous(GG) and heterozygous genotypes. Melatonin receptor G497A also indicated that
cows with the minor(AA) homozygous allele had better hoof angle scores marginally. Based on
this it can be predicted that alleles for heat shock protein 70, cytochrome p450, lactate
dehydrogenase, interleukin 8 receptors, and melatonin can be selected for to improve the hoof
and udder quality of beef cattle. Selection to improve these traits would improve overall

productivity and health in beef cattle.

22



References
Abdel-Rahman, E., Mahmoud, A. M., Khalifa, A. M., and Ali, S. S. (2016). Physiological and
pathophysiological reactive oxygen species as probed by EPR spectroscopy: The
underutilized research window on muscle ageing. The Journal of Physiology, 594(16),

4591-4613.

Alaamri, O. T. (2011). Effects of Lactate Dehydrogenase Haplotypes and Body Condition on
Beef Cow Production. Theses and Dissertations Retrieved from

https://scholarworks.uark.edu/etd/130

Alexander, J. (2014). Evaluation of breeding soundness. (pp. 64-67). Hoboken, NJ, USA: John

Wiley and Sons, Inc.

American Angus Association. (2015). Foot score guidelines. http://www.angus.org/performance/

footscore/footscoreposter.pdf.

Arai, T., A. Inoue, Y. Uematsu, T. Sako, and N. Kimura. (2003). Activities of enzymes in the
malate-aspartate shuttle and the isoenzyme pattern of lactate dehydrogenase in plasma and
peripheral leukocytes of lactating Holstein cows and riding horses. Research in Veterinary

Science. 75; 15-19.

Archer, S. C., Newsome, R., Dibble, H., Sturrock, C. J., Chagunda, M. G. G., Mason, C. S., and
Huxley, J. N. (2015). Claw length recommendations for dairy cow foot trimming.

Veterinary Record, 177(9), 222-222.

23



Baird, L. G., O’Connell, N. E., McCoy, M. A., Keady, T. W. J., and Kilpatrick, D. J. (2009).
Effects of breed and production system on lameness parameters in dairy cattle. Journal of

Dairy Science, 92(5), 2174-2182.

Barham, B., and Troxel, T. R. (2005). R., 1954, Jones, S. M., and University of Arkansas
(System). Cooperative Extension Service. An analysis of beef cattle conformation No. 398;
398.). University of Arkansas, U.S. Dept. of Agriculture, and county governments

cooperating; Little Rock, Ark.: Cooperative Extension Service.

Beard, J. K., Musgrave, J. A., Funston, R. N., Mulliniks, J. T. (2019). The effect of cow udder
score on cow/calf performance in the Nebraska sandhills. Translational Animal Science,

3(1), 14-19.

Beef Improvement Federation. (2016). Guidelines For Uniform Beef Improvement Programs.
Ninth Edition. Revised September, 2016. https://beefimprovement.org/wp-

content/uploads/2013/07/BIFGuidelinesFinal_updated0916.pdf

Boelling, D., and Pollott, G. E. (1998). Locomotion, lameness, hoof and leg traits in cattle I.:

Phenotypic influences and relationships. Livestock Production Science, 54(3), 193-203.

Bradford, H. L., Moser, D. W., Minick Bormann, J., and Weaber, R. L. (2015). Estimation of
genetic parameters for udder traits in hereford cattle. Journal of Animal Science, 93(6),

2663.

Carter, M. D., and Juurlink, D. N. (2012). Melatonin. CMAJ : Canadian Medical Association

Journal = Journal De I'Association Medicale Canadienne, 184(17), 1923-1923.

24



Chawala, A. R., Lopez-Villalobos, N., Margerison, J. K., and Spelman, R. J. (2013). Genetic and
crossbreeding parameters for incidence of recorded clinical lameness in New Zealand dairy

cattle. New Zealand Veterinary Journal, 61(5), 281-285.

Davis, E. (2019). Determining the Relationship Among Cattle Genotype, Hair Coat Score, and
Productivity Through the Investigation of Single Nucleotide Polymorphisms within

Prolactin, Dopamine Receptor D2, and Melatonin Receptor 1A. Animal Science

Undergraduate Honors Theses Retrieved from https://scholarworks.uark.edu/anscuht/30

Deaton, A. (2017). Genetic Polymorphisms of the Glucocorticoid Receptor and Interleukin-8
Receptor Genes are Related to Production Traits and Hair Coat Score in Crossbred
Cattle. Animal Science Undergraduate Honors Theses Retrieved from

https://scholarworks.uark.edu/anscuht/13

Degroot, B. J., Keown, J. F., Van Vleck, L. D., and Marotz, E. L. (2002). Genetic Parameters
and Responses of Linear Type, Yield Traits, and Somatic Cell Scores to Divergent Selection
for Predicted Transmitting Ability for Type in Holsteins. Journal of Dairy Science, 85(6),

1578-1585.

Devani, K., Valente, T. S., Crowley, J. J., Orsel, K. (2019). Development of optimal genetic
evaluations for teat and udder structure in canadian angus cattle. Journal of Animal Science,

97(11), 4445-4452.

Finney, A. (2018). Relationships Among Beef Cow Productivity Traits and Single Nucleotide
Polymorphisms in the Bovine Heat Shock Protein 70 Gene. Animal Science Undergraduate

Honors ThesesRetrieved from https://scholarworks.uark.edu/anscuht/19

25


https://scholarworks.uark.edu/anscuht/30

Frisch, J. E. (1982). The use of teat-size measurements or calf weaning weight as an aid to

selection against teat defects in cattle. Animal Production Science 32:127-133.

Gadberry, M. S., Robinson, J., Looper, M. L., Justice, T., Montgomery, P., Jennings, J., Beck, P.
A., Russell, M., Ward, H., Kimbrough, C. (2019). Arkansas beef cattle industry: 2017 self-

assessment. Applied Animal Science, 35(4), 357-370.

Gaughan, J. B., Bonner, S. L., Loxton, I., and Mader, T. L. (2013). Effects of chronic heat stress
on plasma concentration of secreted heat shock protein 70 in growing feedlot cattle. Journal

of Animal Science, 91(1), 120-129.

Goonewardene, L. A., Wang, Z., Price, M. A., Yang, R.-C., Berg, R. T., and Makarechian, M.
(2003). Effect of udder type and calving assistance on weaning traits of beef and dairyxbeef

calves. Livestock Production Science, 81(1), 47-56.

Green, L. E., Borkert, J., Monti, G., and Tadich, N. (2010). Associations between lesion-specific
lameness and the milk yield of 1635 dairy cows from seven herds in the xth region of chile
and implications for management of lame dairy cows worldwide. Animal Welfare, 19, 419-

427.

Gunwant, P., Pandey, A. K., Kumar, A., Singh, I., Kumar, S., Phogat, J. B., Kumar, V., Patil, C.
S., Tomar, P., Kumar, S., Magotra, A. (2018). Polymorphism of melatonin receptor
(MTNRZ1A) gene and its association with seasonal reproduction in water buffalo (bubalus

bubalis). Animal Reproduction Science, 199, 51-59.

26



Haggman, J., Juga, J., Sillanpad, M. J., and Thompson, R. (2013). Genetic parameters for claw
health and feet and leg conformation traits in Finnish Ayrshire cows. Journal of Animal

Breeding and Genetics, 130(2), 89-97.

Hernandez, J., Shearer, J. K., and Webb, D. W. (2002). Effect of lameness on milk yield in dairy

cows. Journal of the American Veterinary Medical Association, 220(5), 640-644.

Hidaka, H., Ishiko, T., Furuhashi, T., Kamohara, H., Suzuki, S., Miyazaki, M., lIkeda, O., Mita,
S., Setoguchi, T., and Ogawa, M. (2002). Curcumin inhibits interleukin 8 production and
enhances interleukin 8 receptor expression on the cell surface:Impact on human pancreatic

carcinoma cell growth by autocrine regulation. Cancer, 95(6), 1206-1214.

Holstein Association USA, Inc. (2018). Linear descriptive traits. 2112224: 750. 11/18.

Huang, P., Lu, C., Li, J., Xu, J., Liu, Z., Wang, Q., Wang, Z., Huo, J., Li, H., Teng, Y., and Cai,

Y. (2015). Mutations in HSP70-2 gene change the susceptibility to clinical mastitis in

Chinese Holstein. Gene, 559(1), 62-72. doi:https://doi.org/10.1016/j.gene.2015.01.015

Huxley, J. N. (2013). Impact of lameness and claw lesions in cows on health and production.

Livestock Science, 156(1), 64-70. doi: https://doi.org/10.1016/j.livsci.2013.06.012

Jensen, B. R. (2017). Genetic parameter estimates for feet and leg traits in Red Angus cattle.

MSc Thesis, Kansas State University, Manhattan, Kansas.

Jeyaruban, G., Tier, B., Johnston, D., and Graser, H. (2012). Genetic analysis of feet and leg
traits of Australian Angus cattle using linear and threshold models. Journal of Animal

Production Science 52:1-10.

27


https://doi.org/10.1016/j.gene.2015.01.015
https://doi.org/10.1016/j.livsci.2013.06.012

Kasarda, R., Vi¢ek, M., Candrak, J., and Moravcikova, N. (2018). Estimation of heritability for
claw traits in Holstein cattle using Bayesian and REML approaches. Journal of Central

European Agriculture, 19(4), 784-790.

Kato, K., Mori, K., and Katoh, N. (1989). Contribution of leucocytes to the origin of lactate
dehydrogenase isozymes in milk of bovine mastitis. Nihon Juigaku Zasshi.the Japanese

Journal of Veterinary Science, 51(3), 530-539.

Khatun, M., Bruckmaier, R. M., Thomson, P. C., House, J., and Garcia, S. C. (2019). Suitability
of somatic cell count, electrical conductivity, and lactate dehydrogenase activity in foremilk
before versus after alveolar milk ejection for mastitis detection. Journal of Dairy Science,

102(10), 9200-9212.

Kianpoor, S., Abdolmohammadi, A., Hajarian, H., Nikousefat, Z., and Khamisabadi, H. (2018).
Association of MTNR1A and CYP19 genes polymorphisms with sperm quality and

testicular size in Sanjabi breed rams. Annals of Animal Science, 18(3), 699-711.

Kirschten, D. P., Kress, D. D., Tess, M. W., and Davis, K. L. (2001). Estimating genetic
parameters of a linear type scoring method in beef cattle. Canadian Journal of Animal

Science 51(1): 21-30.

Kopecny, L. (2013). Veterinary immunology. 9th edn. Edited by IR Tizard . Elsevier, St Louis
2013. 554 pages. price A$92.99. ISBN 978 1 45570 362 3 Wiley Subscription Services,
Inc.

Kossaibati, M. A., and Esslemont, R. J. (1997). The costs of production diseases in dairy herds in

England. The Veterinary Journal, 154(1), 41-51.

28



Larsen, T. (2005). Determination of lactate dehydrogenase (LDH) activity in milk by a

fluorometric assay. Journal of Dairy Research, 72(2), 209-216.

Laven, L. J., Wang, L., Regnerus, C., and Laven, R. A. (2015). Measuring claw conformation in
cattle: Assessing the agreement between manual and digital measurement. Animals, 5(3),

687-701.

Malling, C. K. W., Bragulla, H. H., Reese, S., Budras, K.-D., and Steinberg, W. (1999). How
structures in bovine hoof epidermis are influenced by nutritional factors. Anatomia,

Histologia, Embryologia, 28(2), 103-108.

Marruchella, G., Di Leonardo, M., Di Guardo, G., Romanucci, M., Mara, M., G Tiscar, P.,
Mosca, F., and Della Salda, L. (2004). Heat shock proteins (Hsps) 27, 72 and 73 in normal
and pre-ulcerative mucosa of the gastric pars oesophagea in swine. Journal of Comparative

Pathology, 131(1), 10.

McGuire, C. L. (2019). The Effects of Foot and Udder Scoring on Cow and Calf Performance.

Theses and Dissertations Retrieved from https://scholarworks.uark.edu/etd/3459

Mélik-Parsadaniantz, S., and Rosténe, W. (2008). Chemokines and neuromodulation. Journal of

Neuroimmunology, 198(1), 62-68.

Meuwissen, T., Hayes, B., and Goddard, M. (2013). Accelerating improvement of livestock with

genomic selection. Annual Review of Animal Biosciences, 1(1), 221-237.

Meyer, L. R. (2016). Associations of Single Nucleotide Polymorphisms in the Bovine Prolactin,

Melatonin Receptor 1A, and Dopamine Receptor D2 Genes with Hair Coat Shedding Scores

29



and Productivity Traits in Beef Cattle. Theses and Dissertations Retrieved from

https://scholarworks.uark.edu/etd/1726

Miglior, F., Fleming, A., Malchiodi, F., Brito, L. F., Martin, P., and Baes, C. F. (2017). A 100-
Year Review: Identification and genetic selection of economically important traits in dairy

cattle. Journal of Dairy Science, 100(12) 10251-10271.

Morris, M. J., Walker, S. L., Jones, D. N., Routly, J. E., Smith, R. F., and Dobson, H. (2009).
Influence of somatic cell count, body condition and lameness on follicular growth and

ovulation in dairy cows. Theriogenology, 71(5), 801-806.

Pandey, A. K., Gunwant, P., Soni, N., Kavita, Kumar, S., Kumar, A., Magotra, A., Singh, 1.,
Phogat, J. B., Sharma, R. K., Bangar, Y., Ghuman, S. P. S., and Sahu, S. S. (2019).
Genotype of MTNRZ1A gene regulates the conception rate following melatonin treatment in

water buffalo. Theriogenology, 128, 1-7.

Persson Waller, K., Persson, Y., Nyman, A., and Stengdrde, L. (2014). Udder health in beef

cows and its association with calf growth. Acta Veterinaria Scandinavica, 56, n/a.

Phillipsson, J. (1989). An international review of recording and evaluation of secondary traits in

bull selection. Proceedings of the 40t Annual Meeting of EAAP, Dublin.

Pockley, A. G. (2003). Heat shock proteins as regulators of the immune response. The Lancet,

362(9382), 469-476.

Politiek, R. D., Distl, O., Fjeldaas, T., Heeres, J., McDaniel, B. T., Nielsen, E., Peterse, D.,

Reurink, A., and Strandberg, P. (1986). Importance of claw quality in cattle: Review and

30



recommendations to achieve genetic improvement. report of the E.A.A.P. working group on

“claw quality in cattle”. Livestock Production Science, 15, 133-52

doi:https://doi.org/10.1016/0301-6226(86)90023-0

Puntarulo, S., and Cederbaum, A. I. (1998). Production of reactive oxygen species by
microsomes enriched in specific human cytochrome P450 enzymes. Free Radical Biology

and Medicine, 24(7), 1324-1330.

Rambeaud, M., Clift, R., and Pighetti, G. M. (2006). Association of a bovine CXCR2 gene

polymorphism with neutrophil survival and killing ability. Veterinary Immunology and

Immunopathology, 111(3), 231-238. doi:https://doi.org/10.1016/j.vetimm.2006.01.019

Reiter, R. J., Tan, D., Manchester, L. C., Paredes, S. D., Mayo, J. C., and Sainz, R. M. (2009).

Melatonin and reproduction revisited. Biology of Reproduction, 81(3), 445-456.

Reiter, R. J., Tan, D., Mayo, J. C., Sainz, R. M., Leon, J., and Czarnocki, Z. (2003). Melatonin as
an antioxidant: Biochemical mechanisms and pathophysiological implications in humans.

Acta Biochimica Polonica, 50(4), 1129.

Richter, R., Starke, D., Jahrmarker, G., Berg, R., and Budras, K. (2011). Bovine anatomy. 2nd,

extended ed. Hannover, Germany: Schlutersche Verlagsgesellschaft mbH and Co. KG.

Ring, S. C., Twomey, A. J., Byrne, N., Kelleher, M. M., Pabiou, T., Doherty, M. L., Berry, D. P.
(2018). Genetic selection for hoof health traits and cow mobility scores can accelerate the

rate of genetic gain in producer-scored lameness in dairy cows. Journal of Dairy Science,

101(11) 10034-10047.

31


https://doi.org/10.1016/0301-6226(86)90023-0
https://doi.org/10.1016/j.vetimm.2006.01.019

Romero, J., Benavides, E., and Meza, C. (2018). Assessing financial impacts of subclinical

mastitis on Colombian dairy farms. Frontiers in Veterinary Science, 5, 273.

Rosenkrans, C. F. (2011). Bovine polymorphisms and methods of predicting bovine

traits. Patents Granted. Retrieved from https://scholarworks.uark.edu/pat/66

Rosenkrans, C., Banks, A., Reiter, S., and Looper, M. (2010). Calving traits of crossbred
Brahman cows are associated with heat shock protein 70 genetic polymorphisms. Animal

Reproduction Science, 119(3), 178-182.

doi:https://doi.org/10.1016/j.anireprosci.2010.02.005

Royal, M. D., Pryce, J. E., Woolliams, J. A., and Flint, A. P. F. (2002). The Genetic Relationship
between Commencement of Luteal Activity and Calving Interval, Body Condition Score,
Production, and Linear Type Traits in Holstein-Friesian Dairy Cattle. Journal of Dairy

Science, 85(11), 3071-3080.

Rupp, R., and Boichard, D. (1999). Genetic Parameters for Clinical Mastitis, Somatic Cell Score,
Production, Udder Type Traits, and Milking Ease in First Lactation Holsteins. Journal of

Dairy Science 82(10), 2198-2204.

Ryder, D. J. (2009). Regulation of two P450 isoforms: CYP2D6 and CYP4F11. The University
of Texas Graduate School of Biomedical Sciences at Houston, ProQuest Dissertations

Publishing, 2009. 3376899.

Sadig, M. B., Ramanoon, S. Z., Mossadeq, W. M. S., Mansor, R., and Syed-Hussain, S. S.

(2017). Association between lameness and indicators of dairy cow welfare based on

32


https://scholarworks.uark.edu/pat/66
https://doi.org/10.1016/j.anireprosci.2010.02.005

locomotion scoring, body and hock condition, leg hygiene and lying behavior. Animals: An

Open Access Journal from MDPI, 7(11), 79.

Sales, M. A., Larson, M. J., Reiter, S. T., Brown, A. H., Brown, M. A., Looper, M. L., Coffey,

K. P., and Rosenkrans, C. (2012). Effects of bovine cytochrome P450 single-nucleotide
polymorphism, forage type and body condition on production traits in cattle. Journal of

Animal Physiology and Animal Nutrition, 96(4), 545-553.

Sales, M. A., Meyer, L. R., and Rosenkrans, C. F. (2016). 074 cytochrome P450 polymorphisms
influence growth and immune function of dairy heifers grazing stockpiled endophyte-

infected tall fescue. Journal of Animal Science, 94(suppl_1), 37-37.

Sales, M. A., Murphy, K. Y., Reiter, S. T., Brown, A. H., Brown, M. A., Looper, M. L., and
Rosenkrans, C. F. (2013). Effects of forage type, body condition and single-nucleotide

polymorphisms in the bovine cytochrome P450 regulatory region on cow productivity.

Journal of Animal Physiology and Animal Nutrition, 97(1), 91-96.

Sapp, R. L., R. Rekaya, and J. K. Bertrand. (2003). Simulation study of teat score in first-parity

Gelbvieh cows: Parameter estimation. Journal of Animal Science, 81(12), 2959-2963.

Schefers, J. M., and Weigel, K. A. (2012). Genomic selection in dairy cattle: Integration of DNA

testing into breeding programs. Animal Frontiers, 2(1), 4-9.

Schmitt, E., Gehrmann, M., Brunet, M., Multhoff, G., and Garrido, C. (2007). Intracellular and
extracellular functions of heat shock proteins: Repercussions in cancer therapy. Journal of

Leukocyte Biology, 81(1), 15-27.

33



Singh, M., and Jadhav, H. R. (2014). Melatonin: Functions and ligands. Drug Discovery Today,

19(9), 1410-1418.

Shook, G.E. (1989). Selection for disease resistance. Journal of Dairy Science, 1989; 72: 1349-

1362

Soule, A. M. (1902). Conformation of beef and dairy cattle. United States Department of

Agriculture Farmers’ Bulletin, No. 143.

Stefani, G., El Faro, L., Santana Junior, M. L., and Tonhati, H. (2018). Association of longevity

with type traits, milk yield and udder health in holstein cows. Livestock Science, 218, 1-7.

Telezhenko, E., Bergsten, C., Magnusson, M., and Nilsson, C. (2009). Effect of different
flooring systems on claw conformation of dairy cows. Journal of Dairy Science, 92(6),

2625-2633.

Thompson, N. M., DeVuyst, E. A., Brorsen, B. W., and Lusk, J. L. (2014). Value of Genetic
Imformation for Management and Selection of Feedlot Cattle. Journal of Agricultural and

Resource Economics, 39(1), 139-155.

Tian, M., Fan, J., Zhuang, Z., Dai, F., Wang, C., Hou, H., and Ma, Y. (2019). Effects of
silymarin on p65 NF-«kB, p38 MAPK and CYP450 in LPS-induced hoof dermal

inflammatory cells of dairy cows. BMC Veterinary Research, 15(1), 127.

Tomlinson, D. J., Mulling, C. H., and Fakler, T. M. (2004). Invited review: Formation of keratins
in the bovine claw: Roles of hormones, minerals, and vitamins in functional claw integrity.

Journal of Dairy Science, 87(4), 797-809.

34



Turner, C. M. (2013). Relationship of Lactate Dehydrogenase & Prolactin Genotypes to Immune

Function, Growth, and Composition of Replacement Heifers Grazing Tall Fescue. Theses

and Dissertations Retrieved from https://scholarworks.uark.edu/etd/791

Verbeke, J., Piepers, S., Peelman, L. J., Van Poucke, M., and De Vliegher, S. (2012). Pathogen-
group specific association between CXCR1 polymorphisms and subclinical mastitis in dairy

heifers. J Dairy Res, 79:341-51.

Vermunt, J. J., and Greenough, P. R. (1995). Structural characteristics of the bovine claw: Horn
growth and wear, horn hardness and claw conformation. The British Veterinary Journal,

151(2), 157.

Vermunt, J. J., and Greenough, P. R. (1996). Claw conformation of dairy heifers in two

management systems. The British Veterinary Journal, 152(3), 321-331.

Wang, S., Liu, B., Liu, W., Xiao, Y., Zhang, H., and Yang, L. (2017a). The effects of melatonin
on bovine uniparental embryos development in vitro and the hormone secretion of COCs.

Peerj, 5, €3485.

Wang, S., Liu, W., Wang, L., Pang, X., and Yang, L. (2017b). The role of melatonin receptor
MTNRZ1A in the action of melatonin on bovine granulosa cells. Molecular Reproduction

and Development, 84(11), 1140-1154.

Wang, T., Jeon, S. W., Jung, U. S., Kim, M. J., and Lee, H. G. (2019). I-lactate dehydrogenase B
chain associated with milk protein content in dairy cows. Animals: An Open Access Journal

from MDPI, 9(7), 442.

35


https://scholarworks.uark.edu/etd/791

Wythe, L. D. (1970). Genetic and environmental effects on characters related to productive
ability of the American Brahman. PhD Diss. Texas A and M University. College Station,

TX.

Yang, W., Wang, Y., Fu, C., and Zan, L. (2015). Association study and expression analysis of

MTNRZ1A as a candidate gene for body measurement and meat quality traits in Qinchuan

cattle. Gene, 570(2), 199-204. doi:https://doi.org/10.1016/j.gene.2015.06.012

36


https://doi.org/10.1016/j.gene.2015.06.012

	Association of Single Nucleotide Polymorphisms in Bovine Heat Shock Protein 70, Cytochrome P450, Lactate Dehydrogenase, Interleukin 8 Receptor, and Melatonin Receptor 1A with Hoof and Udder Traits in Beef Cows
	Citation

	Introduction
	Literature Review
	Structural Characteristics
	Hoof Structure
	Hoof Conformation
	Udder Structure
	Udder Conformation
	Hoof and Udder Scoring

	Genetic Characteristics
	Genetic Selection
	Variation and Heritability
	Single Nucleotide Polymorphisms
	Heat Shock Protein 70
	Cytochrome P450
	Lactate Dehydrogenase
	Interleukin 8 Receptor
	Melatonin


	Methodology
	Design, Purpose, Data Collection
	Data Analysis

	Results
	Heat shock protein 70
	Cytochrome P450
	Lactate dehydrogenase B
	Interleukin 8 Receptor
	Melatonin Receptor 1A

	Discussion
	Tables
	Table 1
	Table 3
	Table 4
	Table 5
	Table 6

	Conclusions
	References
	Soule, A. M. (1902). Conformation of beef and dairy cattle. United States Department of Agriculture Farmers’ Bulletin, No. 143.

