Animal Science Papers and Reports vol. 41 (2023) no. 1 27-38
Institute of Genetics and Animal Biotechnology
of the Polish Academy of Sciences, Jastrzebiec, Poland

CATHL? polymorphism and milk production
and reproductive traits in dairy cattle

Sonia Hiller'*, Inga Kowalewska!, Ewa Czerniawska-Pigtkowska?,
Marcjanna Wrzecinska?, Dorota Banaszewska®

! Department of Genetics, Faculty of Biotechnology and Animal Husbandry,
West Pomeranian University of Technology, Szczecin, 70-311, Poland

? Department of Ruminant Science, Faculty of Biotechnology and Animal Husbandry,
West Pomeranian University of Technology, Szczecin, 71-270, Poland

3Institute of Animal Science and Fisheries, Faculty of Agrobioengineering and Animal Husbandry,
University of Natural Science and Humanities in Siedlce, Prusa 14, 08-110 Siedlce, Poland

(Accepted December 10, 2022)

Cathelicidins are a group of host defense proteins that exhibit antibacterial, antiviral and
immunomodulating properties, while they also promote wound healing and participate in cell
proliferation and angiogenesis. Cathelicidins have been detected in many animal species, including
cattle, in which 8 genes coding for these proteins were identified. Moreover, in cows these proteins
are involved in the response to mastitis. The aim of this study was to estimate associations between
polymorphism in the CATHL?2 gene in the 807 G>A position and some milk production traits and
reproductive traits. The study included 539 Polish Holstein-Friesian Black-and-White cows. The
ACRS and PCR-RFLP method was used to identify genotypes. The CATHL2/Msel frequencies
were as follows: GG — 0.644, GA — 0.311 and A4 — 0.045. In this study, no statistically significant
associations between CATHL?2 genotypes and the analyzed traits were found; however, a tendency
to maintain a relationship of genotypes with milk production traits and reproductive indicators is
shown.
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Cathelicidins are a major class of short cationic proteins, which are part of the
immune system [Cristelo et al. 2021, Li et al. 2021, van Harten et al. 2022]. Together
with defensins they constitute a group of host defense peptides (HDP) [ Young-Speirs
et al. 2018]. Inactive precursors are stored in neutrophilic granules and mast cells, with
cathelicidines being degranulated and released under the influence of pathogens, e.g.
after detection of lipopolysaccharide (LPS). During the activation of these peptides the
protein structure is shortened and its final form has 12-80 amino acid residues [Petkovic
et al. 2021, Young-Speirs et al. 2018]. They have antibacterial [van Harten et al. 2018],
antiviral, antifungal and antiparasitic properties [Petkovic et al. 2021, Young-Speirs
et al. 2018]. However, among their functions these proteins play an important role in
angiogenesis, cell proliferation, wound healing, chemotactic ability and regulation of
the immune response [Mylonas et al. 2021, Petkovic et al. 2021]. Cathelicidins have
been detected in many species of mammals, birds, reptiles, and amphibians [van Harten
etal. 2018]. Moreover, 10 cathelicidin genes have been detected in cows, while only one
in humans and mice, hence these proteins are considered to be crucial for the immune
response of cows [Li et al. 2021]. In cattle there are at least eight cathelicidin genes
located at the CATHL locus on the long arm of chromosome 22q24, with each gene
consisting of four exons and three introns. The expression of precursor cathelicidines in
cattle takes place mainly in the bone marrow cells, lymphoid tissue, and the mammary
gland, but also in the small intestine [Young-Speirs et al. 2018]. Cathecilidins are
involved in the defense response during mastitis in cows [Li et al. 2021].

Cattle performance traits include, among other things, milk yield, fat and protein
contents. Milk production and its high quality are key features of cows influencing the
profitability of dairy herds. Milk yield traits are related to quantitative traits, which
are controlled by environmental and genetic factors [Strzatkowska et al. 2009, Jozwik
et al. 2010ab, Liu et al. 2020]. Therefore, suitable candidate genes are currently
being searched for. The dairy industry invested enormous resources to identify
polymorphisms and select QTLs that would increase the efficiency and limit losses of
dairy cattle and milk production [Liu et al. 2020].

In high-yielding dairy cows, during the early lactation energy absorption
capabilities are reduced [Cardoso Consentini et al. 2021]. The consequence is a
negative energy balance, that is compensated by the absorption of energy from fat
tissues [Schmitz et al. 2018]. In order to prevent a negative energy balance, cows
mobilize fat reserves from adipose tissue. This causes an increase in the content of
non-esterified fatty acids in the blood and leads to an increase in the amount of ketone
bodies causing ketosis [Bekuma and Galmessa 2019]. Moreover, early lactating cows
develop insulin resistance, which aims to maintain high milk yield and increases the
availability of glucose in the mammary gland. This reduces the availability of glucose
for the muscles. In the early stage of lactation subacute rumen acidosis (SARA)
may occur due to disturbance of the nutritional balance, which leads to a decrease in
rumen pH [Schmitz et al. 2018]. The energy balance has a direct impact on metabolic
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changes as well as pathways related to immune functions. This affects susceptibility
to the disease, including mastitis [Wrzecinska et al. 2021].

A particularly important aspect in large-scale dairy cattle breeding is the
assessment and monitoring of reproductive indicators [Pérez-Méndez et al. 2020].
Cow reproduction is a pivotal factor influencing the profitability of dairy farming
and is important for the economic efficiency of dairy, as it affects continuity of
milk production and the length of calving intervals, while also facilitating genetic
progress [Lonergan and Sanchez 2020]. To achieve sustainable livestock production,
the reproductive potential should be increased without disturbing animal welfare.
This potential can be exploited by the implementation of reproductive biotechnology
techniques, such as oestrus synchronization, semen analysis, or artificial insemination
[Hufana-Duran and Duran 2020, Kaya et al. 2018]. Reproductive disturbances can
lead to the lowering of milk production, culling of cows and an overall decline in
farm profitability [Gussmann et al. 2019, Lonergan and Sanchez 2020]. Reproductive
traits are influenced by both environmental factors [Eetvelde et al. 2017] and genetic
predisposition.

It is important to constantly monitor the reproductive indicators of cattle, which
are closely related to lactation and milk production. Analysis using molecular
techniques in the field of genetics facilitates the search for dependence between the
genetic variant of a cow and performance traits.

The aim of this research was to conduct preliminary studies upon the analysis
of polymorphism in the CATHL?2 gene in the G>4 807 position with reference to the
characteristics of milk and reproductive traits of the Polish Holstein-Friesian breed.

Material and methods

Animal source and sample collection

The research included 539 Polish Holstein-Friesian Black-and-White cows.
Animals were kept in one herd located in western Poland. All subjects were kept
under similar environmental conditions. Cows were fed as standard, and in spring
and summer they were kept in pastures. Milking was carried out twice a day using
a mechanical milking machine. The herd performance was assessed using the A4 —
method. Data on the milk performance traits and reproductive indicators of cows
originated from breeding documentation conducted as part of the milk performance
assessment. The following traits were recorded: daily milk yield, protein yield and
content, fat yield and content, calving interval, open days, pregnancy, dry period,
postpartum resting period, period of insemination service and insemination index.

Peripheral blood collected from each individual from the zygomatic vein to
vacuum tubes containing the anticoagulant agent K3EDTA was used to isolate DNA.
Genomic DNA was isolated using a commercial DNA isolation kit (Genomic Mini
Purification Kit, A&A Biotechnology) according to the manufacturer’s instructions.
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Amplification, genotyping, and statistical analyses

The studied polymorphism is located in exon 1 of the CATHL?2 gene at position
807 (rs110278258).

Genotyping was performed using the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). PCR primers were designed based on
the CATHL?2 gene sequence available in GenBank (EU380692) including amplification
created restriction site (ACRS) modification in the forward primer sequence at position
805 C—T. Table 1 shows the used primer sequences, PCR conditions, PCR product
size, restriction enzyme and size of fragments after restriction endonuclease digestion.

Table 1. Primer sequences, PCR conditions, PCR product size, restriction enzyme and
size of fragments after restriction endonuclease digestion

Primers F: GAG CTA GAC CCT ACA CCC ATT
(mismatched nucleotide underlined) R: AGG CTC ACC CCA TTC TCC TTG AA
PCR conditions
initial denaturation 5 minutes at 95 °C
denaturation 30 cycles : 30 seconds at 94 °C
annealing 30 cycles : 45 seconds at 51 °C
extension 30 cycles : 30 seconds at 72 °C
final extension 8 minutes at 72 °C
Product size 253 bp
Restriction enzyme Msel
GG: 253 bp
Size of fragments after digestion GA: 253,233,20 bp
AA: 233,20 bp

After incubation the fragments were separated in a 3% agarose gel. Based on the
molecular results, the frequencies of genotypes and alleles were determined.

Means and standard deviations were calculated.

The following linear model was used for the studied association of genotypes with
recorded traits:

yijkl=p+s + Lj+ P + €
where:
s, — the fixed effect of i-th calving season;

Lj — the fixed effect of j-th lactation j = 1,2,3,4;
P, — the fixed effect of k-th genotype;
€y — a random error connected with ijkl-th observation.
Statistical inferences were based on the Fisher-Snedecor (analysis of variance)
and the Duncan multiple range test. These computations were performed using the
Statistica 12 PL software [Statsoft INC., 2013].
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Results and discussion

In this study, where the fragment of the CATHL2 gene was analyzed, three
genotypes were found: GG (253 bp), G4 (253, 233, 20 bp) and 44 (233, 20 bp).
Frequencies of genotypes and alleles are presented in Table 2.

The effect of nucleotide substitution on selected milk yields of cows was analyzed.
Table 3 presents the milk yield of cows in subsequent 305-day lactations depending
on the genetic variant of CATHLZ2. There were no statistically significant differences;
however, some trends were observed between the genotype and the analyzed traits.

Table 2. Genotype and allele frequencies of CATHL2/Msel

polymorphism
Numbers Genotype frequencies Allele frequencies
of cows yp q q
347 GG 0.644 G 0.800
168 GA 0.311 4 0.200
24 AA 0.045 i

Table 3. Means and standard deviations of studied traits in references to genotypes

Genotype Number Milk yield Fat yield Fat content Protein yield Protein content
of cows (kg) (kg) (%) (kg (%)
Ist lactation
GG 347 9342 (1373) 358.80 (57.30) 3.86 (0.45) 320.10 (59.90) 3.44 (0.48)
GA 168 8973 (1632) 345.52 (62.750) 3.88 (0.45) 306.98 (66.91) 3.43 (0.51)
AA 24 9210 (1515) 355.08 (53.90) 3.89 (0.48) 322.62 (51.90) 3.51(0.21)
2nd lactation
GG 346 10730 (1921)  419.90 (78.30) 3.94 (0.46) 371.50 (62.40) 3.48 (0.23)
GA 168 10759 (1845)  422.40 (74.20) 3.95(0.48) 371.50 (58.20) 3.47 (0.24)
A4 24 10258 (1325)  400.20 (73.70) 3.91 (0.59) 365.60 (43.00) 3.58 (0.22)
3rd lactation
GG 302 11419 (7137)  453.50 (276.00) 3.99 (0.47) 391.10 (248.70) 3.44 (0.26)
GA 150 11165 (1677)  441.60 (83.40) 3.97 (0.58) 379.20 (59.80) 3.41 (0.36)
A4 22 10931 (1641)  440.30 (83.00) 4.03 (0.49) 375.60 (52.10) 3.45(0.21)
4th lactation
GG 206 10893 (1796)  430.90 (80.30) 3.97 (0.47) 370.50 (54.70) 3.42 (0.23)
GA 103 10839 (1936)  426.10 (86.90) 3.95(0.49) 369.70 (61.10) 3.43 (0.25)
A4 16 10779 (1548)  428.50 (69.50) 3.99 (0.50) 367.30 (48.90) 3.42 (0.21)

p>0.05 — differences between mean values were statistically non-significant.

Table 4. Averages and standard deviations of selected reproductive indicators in the tested cow
population, taking into account CATHL2/Msel polymorphism

Traits CATHL2/Msel
GG GA AA
Intercalving period (days) 496.00 (191.76)  487.00 (182.36)  496.00 (192.21)
Interpregnancy period (days) 124.00 (87.70) 123.00 (88.00) 133.00 (77.39)

Pregnancy (days) 279.89 (23.07) 279.16 (16.17) 277.40 (12.79)
Dry period (days) 73.94 (36.63) 72.57 (28.25) 77.33 (30.87)
Postpartum resting period (days) 58.63 (18.94) 60.24 (19.00) 57.25 (19.02)
Period of insemination service (days)  63.02 (79.79) 60.92 (71.65) 75.93 (84.43)
Insemination index 3.03 (2.44) 2.91 (2.13) 3.15(2.23)

p=>0.05 — differences between mean values were statistically non-significant.
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The potential relationships between CATHL2/Msel polymorphism and recorded
reproductive indicators in the studied herd were also analyzed (Tab. 4).

Associations between the genotypes and milk production traits were not statistically
significant. Milk, protein, and fat yield (kg) were compared in each lactation where no
effect of the animal genotype was found. Protein and fat contents (%) was similar for
three genotypes: A4, AG and GG in each lactation.

There were no statistically significant differences; however, some trends were
observed. Duration of the parturition interval was the shortest in heterozygous cows,
whereas in homozygous GG and A4 individuals there was the same number of days.
The parturition interval was similar in the case of cows with genotypes GG and G4,
while in animals with genotype 44 it was slightly prolonged. The pregnancy length
was almost the same for genotypes GG and G4, while in cows with genotype A4 the
length was slightly shortened. It was observed that in the case of the drying period
length the animals with the 44 genotype were characterized by a prolonged time in
relation to animals of genotypes GG and G4, in which the drying time was similar.
GA-genotype animals had a slightly extended postnatal resting time relative to the
other genotypes analyzed. In the case of insemination period a significant extension
was observed in the case of animals with genotype 44 in relation to cows of the
genotype GG and GA, which had the shortest insemination period. Results related to
the insemination index are the same, because the highest value was recorded in cows
with genotype 44, while the lowest in cows with genotype GA.

To link the dependence between polymorphism and milk performance traits, a
number of studies on genes encoding proteins of the so-called somatotropic axis were
undertaken [Habel and Sundrum 2020, Haubold et al. 2020]. Among them, insulin-like
growth factor type 1 (IGF-1) can be distinguished [Habel and Sundrum 2020]. In the
case of IGF-1 there are some dependencies in connection with cathelicidins. IGF-1 is a
factor that induces the production of cathelicidins [Chieosilapatham et al. 2018]. It can
therefore be assumed that cathelicidins are also indirectly related to the milk yield of
cows [Seo et al. 2016]. IGF-1 is one of the main regulators of growth and metabolism
after birth. Its key role can be observed in the development of the mammary gland,
control of lactation and reproduction in cattle [D’Occhio et al. 2019, Habel and Sundrum
2020, Sharmin et al. 2021]. IGF-1 influences the proliferation of mammary gland cells
[Cohick 2022, Sharmin et al. 2021] and may increase the proliferation of epithelial cells
lining the mammary gland [Cohick 2022]. Cathelicidins also have properties associated
with stimulation of cell proliferation [Cristelo ef al. 2021].

During the analysis no statistically significant differences were found. However, it
can be seen that in the 2nd lactation the highest values of milk yield, fat yield and fat
content were observed for cows with genotype GA. In turn, the A4 genotype affected
the highest fat content (1st, 3rd and 4th lactation) and the highest protein content (1st,
2nd and 3rd lactation).
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In the case of reproductive indices the following traits were analyzed: calving
interval, parturition interval, length of pregnancy, duration of the drying period, period
of insemination service and insemination index.

The calving interval should be between 360 and 400 days [Dalcq et al. 2018]. In
this study the average calving interval was 493 days, which is a considerable deviation
from the assumed norm. In the case of high-yield cows a fertility problem can be seen.
They are a consequence of high efficiency in the last weeks of lactation, which results
in problems with drying [Mezzetti et al. 2020]. Drying period should last about 40-60
days [Pascottini et al. 2020]. In this study an average drying period of nearly 75 days
has been obtained on the basis of analysis. Extending the drying period can lead to the
exposure to mastitis [ Khalil and Hussein 2019].

The search for the relationships between mastitis and genetic predispositions were
conducted by Szyda et al. [2019]. According to Bates and Dohoo [2016], Oprzadek et
al. [2018] and Welderufael et al. [2017], there is a relationship between the Holstein-
Friesian breed and susceptibility to mastitis, and the research results show that the
greater the share of this breed in the genotype of animals, the greater the risk factor
for mastitis susceptibility. Mastitis in an infectious disease responsible for economic
losses in dairy farms. It is inflammation of the mammary gland which occurs as a
result of infection with pathogenic microorganisms or trauma to the teat [Pascu et al.
2022]. This disease results in a reduction in milk yield and quality of milk and may
also reduce the fertility of cows [Ashraf and Imran 2020]. Mastitis has an impact
on embryo mortality and abortion in dairy cattle, which may be due to the immune
response [Dahl et al. 2017, Dalanezi et al. 2020]. Moreover, mastitis lowers the
conception rate, disrupts the development of oocyte and embryos [Dalanezi et al.
2020]. Many specific and non-specific mechanisms are responsible for the natural
protection of the mammary gland against mastitis. Initial protection against pathogens
is ensured by the continuity of the teat skin, as well as the secretion of fatty acids
through the skin, which are bacteriostatic. On the other hand, closing the teats after
milking by the muscles of the teats inhibits the penetration of bacteria. The presence
of microflora in the teat and milk ducts of cow’s udder, which protects against
pathogens, is found. In turn, contact with pathogens is followed by the production
of inflammatory mediators, i.e. cytokines, chemokines and B-defensin [Katsafadou
et al. 2019]. Moreover, after contact with pathogens in the udder cells cathelicidin
is synthesized, which is produced under the influence of leukocytes flowing into the
mammary gland. Cathelicidin is also secreted by neutrophils, which neutralizes the
bacteria in the teat [Cubeddu et al. 2017, Katsafadou et al. 2019]. In the epidermis
cathelicidins are secreted, which affects cell proliferation and wound healing.
However, in research conducted by the authors of this study no association of the
CATHL?2 gene genotype was observed with a possible shortening of the drying period,
and at the same time a reduction in susceptibility to mastitis.

In the case of the parturition interval the optimum length is 110-130 days
[Micinski et al. 2010]; however, in high-performance cows Krzyzewski et al. [2004]
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determined the average length of the parturition interval for 111 days, while stating
that extending this period up to 160 days does not bring any adverse effects on milk
yield. In the conducted studies the length of the parturition interval was determined to
be on average 127 days.

Post-partum resting period in the examined herd amounted to 60 days on average.
However, according to Borkowska et al. [2012], the rest period should be extended to
min. 90 days in high-yielding cows in order to preserve the proper functioning of the
reproductive system.

When analyzing the average duration of an insemination service, one can notice
a significant extension for all tested genotypes in the authors’ studies. This period
amounted to an average of 71 days, which significantly deviates from the assumed
standards; however, it was noted that the period of insemination service for high-
performance cows was extended. The insemination index should be in the range of
1.7-2.5, while above 2.5 it is considered unfavorable. When analyzing the insemination
index in the conducted studies it can be seen that its average value of around 3.0
is excessively high. However, the relationship between a high insemination index
and high milk yield was described by researchers [Cardoso Consentini ef al. 2021,
Marumo et al. 2022].

Conclusion

Summing up the obtained research results, trends can be noticed and confirmed
indicating deterioration in dairy cattle breeding indices at the expense of high milk
yield. In the conducted analyses there were no statistically significant differences in
the associations between CATHL?2 gene polymorphism and milk performance traits;
however, some promising trends were observed. However, the research is preliminary
in nature and knowledge related to the analysis of genetic predisposition in relation to
the characteristics of milk yield and reproductive indicators should be broadened in
order to find possible ways to obtain cows with high milk yield, which will not affect
the reproductive capacity of cows in the future.
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