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Global genomic methylation
related to the degree of parasitism
In cattle
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The objective of the present study was to characterize a herd of 72 %2 Angus x %2 Nellore heifers,
identify the resistant, resilient and susceptible animals to parasites, relate the overall DNA
methylation of these animals with the degree of parasitism, evaluated by the egg count per gram of
feces (EPG), Haematobia irritans count (horn fly) and Rhipicephalus microplus count (bovine tick). The
experiment was carried out in a completely randomized design, containing 72 treatments, with each
animal considered a treatment, and 11 repetitions, with each collection within a year considered a
repetition. The data obtained from the counts of the evaluated parasites were subjected to statistical
analysis using the SISVAR program, to classify heifers according to the degree of parasitism in low
(resistant), intermediary (resilient) and high (susceptible) parasite load for infection by nematodes,
infestation by ticks and flies. Addition the animals in these three groups, by hierarchical grouping
using the GENES program, heifers were classified as to the degree of parasitism by the three parasites
along with the DNA methylation content of the animals in each group. A negative relationship was
observed between resistance and methylated DNA content in both classifications, with the resistant,
resilient, and susceptible animals showing the highest, intermediate, and lowest methylated DNA
quantifications, respectively. Thus, the methodologies used herein enabled the classification of 72
heifers according to the degree of collective infection by gastrointestinal nematodes and infestation
by ticks and horn flies, thereby establishing a link between the degree of parasitic resistance in cattle
and the global methylated DNA quantification.

Parasitic diseases constitute a major cause of reduced productivity in ruminants’, with Rhipicephalus microplus
(cattle tick), Haematobia irritans (horn fly), and gastrointestinal nematodes being the main parasites®. Their
control is, thus, extremely important and is performed mainly via the use of antiparasitic drugs (anthelmintics,
acaricides, and insecticides)®. However, the indiscriminate and frequent use of the same pharmacological agents
leads to the emergence of antiparasitic resistance®, thus necessitating a search for parasite control alternatives,
such as the use of resistant animals.

The mechanisms involved in the animal resistance process are complex and poorly understood. It is known
that resistance is a heritable trait that depends on a large number of antibodies, cytokines, cells, and genes>S,
with a role in the expression of molecules that regulate the host’s immunity, that is, molecules that regulate the
response capacity to antigens, in this case, antigens found in parasites. This response consists of the clustering,
targeting and activation of leukocytes, mainly eosinophils”#, which are indicators of resistance against parasites
and can be found in blood samples. However, the establishment and maintenance of phenotypes are independ-
ent of the genetic material and occur via epigenetic marks or mechanisms that modify gene expression’; such
phenotypes to transgenerational effects are reversible and also heritable!®.

DNA methylation is one of the most studied epigenetic mechanisms, involving the addition of a methyl
radical (-CH3) at the carbon-5 position of a cytosine, yielding 5-methylcytosine (5mC)!. It normally occurs in
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DNA sequences with a high density of cytosine and guanine bases (CpG islands)'? and its location in a gene can
either silence, activate, or overexpress the gene'’.

Thus, research on epigenetic mechanisms can be used as a tool for the identification and possible selection of
resistant animals. Studies in this field, correlating the methylated content in bovine DNA and parasitism, are non-
existent. Thus, the present study aimed to characterize a herd of 72 % Angus x ¥ Nellore heifers evaluated during
an one-year period without anti-parasitic treatment, to identify the animals resistant, resilient, and susceptible to
endo and ectoparasites by correlating the global DNA methylation of these animals with the degree of parasitism.

Material and methods

The experiment was conducted in accordance with the ethical guidelines for experimentation on animals of the
Ethics and Animal Welfare Committee of the Faculty of Agricultural and Technological Sciences of Sao Paulo
State University “Julio de Mesquita Filho” (UNESP), Dracena (FCAT/UNESP). The study was approved by the
ETHICS COMMISSION IN THE USE OF ANIMALS—CEUA of the College of Agricultural and Technological
at UNESP under registration number 13/2017.

Seventy-two first-cross ¥ Angus x % Nellore heifers from the same homogeneous herd of fixed-time arti-
ficially inseminated Nellore cows using semen from a single Aberdeen Angus bull, were used. This crossbreed
is currently the most used in Brazil, given the great demand for this type of animal due to its precocity, carcass
quality and adaptation to the country’s climatic conditions'*.

The heifers remained in the same environment from birth to the end of the study, as did their dams, which
had the same genetic characteristics and were kept in the same batch and under the same conditions throughout
pregnancy and lactation. The animals only received antiparasitic treatment two months prior to the beginning
of the evaluations, which started at weaning at 8 months of age, comprising levamisole 18.8% injected subcuta-
neously at a dose of 4.7 mg/kg of body weight for the control of gastrointestinal helminths, and cypermethrin
(7 mg/kg), applied on the dorsal line, for the control of ectoparasites; no further anti-parasitic treatment was
administered over the following year.

The design used was completely randomized, considering each animal as a treatment (72 treatments) with 11
repetitions, referring to the number of collections performed. Afterwards, the counts of eggs per gram of feces
(EPG), numbers of ticks and numbers of horn flies were submitted to statistical analysis to divide the heifers into
three groups by statistical difference (p <0.05): resistant to parasites, resilient and susceptible.

Resistant animals are those that manage to eliminate or suppress the development of parasites, without
presenting a parasitic or very low load. Susceptible animals are animals with a high parasitic load, whose per-
formance is impaired by parasites. Resilient animals are those that have a parasitic burden however they suffer
little damage due to the parasites’.

The degree of parasitism was evaluated through fecal collection and horn fly and tick counts, every 28 days.
Feces were collected directly from the rectum of the animals for coprological exams, conducted at the Laboratory
of Parasitology and Animal Health in the Faculty of Agricultural and Technological Sciences, by counting eggs
per gram of feces (EPG) using a McMaster chamber". Coproculture and larvae extraction were also performed*®
for later identification of the genera present therein'’.

The counting of horn flies entailed leading the heifers into the corral for quantification of their cervical-dorsal-
lumbar region during the mildest periods of the day (the morning)'®. The evaluation of ticks was performed by
quantifying engorged females with a size equal to or greater than 4.5 mm on one side of the animal and then
multiplying by two®.

Global DNA extraction and methylation. Total genomic DNA was extracted from the blood, collected
in the last evaluation, using the EasyPureBlood Genomic DNA Kit (Transgen Biotch, Beijing, China). Sample
quantification and quality assessment were performed using a spectrophotometer (NanoDrop2000—Thermo
Scientific).

Methylation analysis was performed using the Imprint DNA Methylation Quantification kit (Sigma), using
strips with pre-treated wells containing methylated DNA-binding reagent and using a DNA methylation-sensitive
capture antibody and a detection antibody, allowing colorimetric detection of the absolute amount of DNA
methylation in each animal. The absorbance of the solution contained in the wells was measured on an ELISA
spectrophotometer (Kasuaki-DR-200Bs-BI) at a wavelength of 450 nm.

Statistical analysis. The distributions of EPG, tick, and horn fly counts were verified through the Shapiro-
Wilk test using SISVAR 5.4%.

The EPG, tick, and horn fly counts were analyzed separately in a completely randomized design, comprising
72 treatments and 11 replicates for each collection; the means of each variable were subjected to analysis of vari-
ance (ANOVA) and subsequent statistical clustering analysis by the Scott-Knott test (5%) using SISVAR 5.4%.
Thus, the animals in the herd were, according to the degree of parasitism based on the statistical difference of
the means of each animal, clustered into three categories for each variable: resistant, resilient, or susceptible.

The general classification based on the degree of parasitism was performed using Selegen software?!, and a
dendrogram was subsequently created using the hierarchical clustering method (Ward’s method) of the 72 heif-
ers considering the three variables simultaneously (EPG, tick, and horn fly counts); the genetic distances were
calculated?. Thus, the animals were also classified into three groups: resistant, resilient, and susceptible, and the
average counts of the three variables were analyzed by ANOVA using SISVAR 5.4%, and subsequently, the means
were compared by the Tukey’s test (p <0.05). This classification was used because the animals are affected by the
three parasites simultaneously in the environment, so the resistance mechanisms occur for the three parasites.
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Figure 1. Distribution of 72 % Angus x ¥ Nellore heifers based on number of eggs per gram of feces (EPG)
counts. Green, yellow and red bars means resistant, resilient and susceptible animals, respectively.
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Figure 2. Distribution of 72 % Angus x ¥z Nellore heifers based on tick counts. Green, yellow and red bars
means resistant, resilient and susceptible animals, respectively.

The statistical analysis of global DNA methylation was performed in a completely randomized design, with
three treatments (resistant, resilient, or susceptible) and 72 repetitions, using the absolute absorbance values
and the mean values of methylation difference between animals transformed as In + 0.5, where n is absolute
absorbance values of methylation, the which were analyzed by ANOVA using SISVAR 5.4%° to evaluate the sta-
tistical significance between the different methylation values of the three groups; the counts of gastrointestinal
helminths, ticks, and horn flies were analyzed by the Tukey’s test (5%).

With the study it was possible to evaluate two different forms of classification through statistical analysis, the
first classifying the animals using the SISVAR program according to the degree of parasitism caused by helminths,
ticks and horn flies separately, and the second form classifying the animals through the GENES program through
a hierarchical grouping that considered the degree of parasitism by helminths, ticks and flies, correlating them
with DNA methylation, simultaneously.

Compliance with ethical standards. The authors assert that all procedures contributing to this work
comply with the ethical standards of the Ethics and Animal Welfare Committee of the Faculty of Agricultural
and Technological Sciences of Sio Paulo State University “Julio de Mesquita Filho”, Dracena, SP (FCAT/UNESP),
approved under registration number 13/2017. All animal experiments were adhered to ARRIVE guidelines.

Results

The individual EPG, tick and horn fly counts of the 72 heifers showed significant differences between the ani-
mals (p <0.05), enabling the distribution of the herd into three categories: resistant, resilient, or susceptible to
infections by gastrointestinal nematodes, infestation by R. microplus and infestation by H. irritans, respectively
(Figs. 1,2 and 3).
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Figure 3. Distribution of 72 %2 Angus x % Nellore heifers based on horn fly counts. Green, yellow means
resistant and resilient animals, respectively.

Parasite Classification | N (%) | Average | Methylation DNA
Resistant 26 36 86 a* 0.238
Resilient 38 53 392b 0.225
EPG gastrointestinal nematode | Susceptible 8 11 1087 ¢ 0.197
Mean 359 0.227
CV (%) 74.65 15.19 9.32
Resistant 19 26 3a 0.295a
Resilient 43 60 8b 0.216 b
Cattle tick Susceptible 10 14 19¢ 0.151 ¢
Mean 8 0.227
CV (%) 50.42 9.61 8.46
Resistant 39 54 17a 0.245
Horn fly Resilient 33 46 32b 0.205
Mean 23 0.227
CV (%) 40.72 9.55 11.15

Table 1. Average number of eggs per gram of feces (EPG), Rhipicephalus microplus (cattle tick), Haematobia
irritans (horn fly), global DNA methylation quantification (absolute absorbance value), and number of heifers
per group (N) distributed into resistant, resilient, and susceptible groups, by Scott-Knott test (5%). *Different
letters in the column show significant differences between groups by the Scott-Knott’s test (p <0.05).

Table 1 shows the mean EPG, tick and horn fly counts values, the global DNA methylation content (absolute
absorbance value), and the number of animals per group of 72 heifers classified as resistant, resilient, or sus-
ceptible. There were significant differences (p <0.05) between the average variables counts of the animals per
classification category.

For infections by gastrointestinal nematodes, the genera of helminths found through co-culture showed a
higher prevalence of Haemonchus spp. (44.47%) and Cooperia spp. (30.17%), followed by Oesophagostomum spp.
(15.5%) and Trichostrongylus spp. (9.86%).

The frequency distribution of EPG counts in heifers throughout the evaluation period, which included a total
of 792 evaluations, showed that 47% (373) of the evaluations exhibited a low EPG count (0-50), whereas only
12.5% (99) showed high counts (800-4000 EPG, or over 4000 EPG).

One can observe that there were no significant differences among the global DNA methylation contents of
the three groups (Table 1).

For infestation by R. microplus, the frequency distribution of tick counts in the 72 heifers throughout the
evaluation period showed that 98% (778) of the evaluations performed yielded low numbers (0-50 ticks); only
2% (14) showed counts of over 50 ticks.

Unlike the case of the infection by helminths, there were significant differences among the global DNA
methylation contents of the three groups (p <0.05) (Table 1).
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Figure 4. Dendrogram of the clustering of 72 % Angus x % Nellore heifers based on three traits (number of
eggs per gram of feces (EPG) and tick and horn fly counts), studied using Ward’s method. Red line indicates the
cut used to general classification.

For infestation by H. irritans, the frequency distribution of the fly counts in the 72 heifers, throughout the
evaluation period (792 evaluations in total), showed that 87% (689 examinations) had a count between 0 and 50
flies, 11% (89 examinations) between 50 and 100 flies, and only 2% (14 examinations) above 100 flies/animal.

In this case, there was no significant difference between the global DNA methylation content of the two
groups; however the link between the mean horn fly count values and the methylated DNA quantifications of the
animals can be observed; the group of resistant animals exhibited the highest methylated DNA quantification,
whereas susceptible animals exhibited the lowest.

General classification by degree of parasitism and global DNA methylation content. Figure 4
shows the hierarchical clustering of the 72 heifers according to parasitism resistance to gastrointestinal hel-
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Classification N EPG Cattle tick Horn fly Methylation DNA
Resistant 24 307 a* 34a 19a 0.247 a

Resilient 37 205b 104b 26b 0.227 ab
Susceptible 11 988 ¢ 102b 24b 0.185b

Mean 359 8 23 0.227

CV (%) 2392 19.11 14.29 63.84

Table 2. Average number of eggs per gram of feces (EPG), Rhipicephalus microplus (cattle tick), Haematobia
irritans (horn fly), global DNA methylation quantification (absolute absorbance value), and number of heifers
per group (N) distributed into resistant, resilient, and susceptible groups, by GENES program. *Different
letters in the column show significant differences between groups by the Tukey’s test (p <0.05).

minths, ticks, and horn flies calculated with GENES using Ward’s method. It was possible to classify heifers into
three groups: parasite-resistant (33.3%), -resilient (51.4%), or -susceptible (15.3%) animals.

Table 2 shows the mean EPG, tick, and horn fly counts; the global DNA methylation content (absolute
absorbance value); and the number of animals per group of the 72 heifers classified as either resistant, resilient,
or susceptible. The EPG counts were significantly different among the three groups (p <0.001), whereas R.
microplus and H. irritans counts differed significantly (p <0.001) only between the resistant and the resilient and
susceptible groups; the latter two did not differ significantly from one another.

The global DNA methylation quantification showed significant differences between resistant and susceptible
animals (p <0.05) (Table 2), thus allowing the establishment of a link between parasitic resistance in animals and
global DNA methylation content, with the resistant animals exhibiting greater methylated DNA quantifications,
whereas susceptible animals exhibited lower contents. The resilient animals group exhibited an intermediate
global methylation content, which did not differ significantly from the others.

Discussion

The classification of heifers according to the degree of infection by gastrointestinal nematodes (Table 1) was in
line with the literature, that described a 25:50:25 resistant:resilient:susceptible animal ratio, with the average
EPG counts of the animals in each category being typical of infections by gastrointestinal nematodes®. In other
work, mean counts under 200 EPG represent a mild degree of infection; between 200 and 700 EPG represent
a moderate degree; and above 700 EPG represent a high degree of infection?. It can also be observed that the
mean EPG counts in resistant animals were close to that in Nellore cattle, that observed EPG counts below 50
for resistant animals®.

Regarding the distribution of heifers per degree of tick infestation (Table 1), different methods of cattle clas-
sification can be found in the literature.?>, for example, classified 2 Canchim female cattle groups according to
the total number of ticks counted in each animal. It was reported that 87.5% and 12.5% of an Angus x Nellore
heifer herd were resistant (14 animals) or resilient (2 animals), respectively?.

In the present study, the tick counts in all heifers, including those classified as susceptible, were average. It
is possible to observe that the average tick counts (Table 1) were close to the counts observed in zebu animals
or crossbreds with a higher percentage of zebu blood*”?. It was reported mean tick counts (transformed data)
of 3.47 (Nelore), 10.22 (Camchim x Nellore), 17.2 (Angus x Nellore) and 26 (Simental x Nellore)?, and it was
observed counts averages of 8.52 ticks/animal (Nelore), 18.81 ticks/animal (Nelore x Senepol) and 75.34 ticks/
animal (Nelore x Angus)®.

In a study using also using heifers Angus x Nellore, showed tick counts reporting loads from 0 to 100 ticks/
animal for most animals (68.75%), with 87.5% classified as resistant and 12.5% as resilient®®.

For the infestation by H. irritans, heifers were classified into only two categories (resistant or resilient)
(Table 1), differing from the distribution using two clustering methods—descriptive analysis and best linear
unbiased predictions (BLUPs)—and reported that the former identified 16% and 10.7% of the animals as resistant
and susceptible, respectively, whereas the latter clustered 12% of the animals as resistant and 12% as susceptible®.

The mean horn fly counts for both categories (Table 1) were within the tolerable range, being below the 50-300
flies/animal considered harmful for cattle'®. These counts, as well as the general average fly count (Table 1) were
also similar to the infestation observed for crossbreed Bos indicus cattle. It was observed an infestation of 17 flies/
animal for Angus x Nellore cattle, a value closer to that found in the present study?.

The frequency distribution of horn fly counts in heifers is similar to that found in the literature for Nellore
animals, which observed 50% of animals with infestations below 50 flies/bovine, 38% between 50 and 100 flies,
10% between 100 and 150 flies, and only 2% with more than 150 flies/bovine®.

GENES clustered the 72 heifers into three categories (resistant, resilient, or susceptible) by the hierarchical
clustering of the animals (Fig. 4), according to parasitism resistance to gastrointestinal nematodes, R. microplus,
and H. irritans. The distribution found in the present study (Table 2) is similar to the 25:50:25 ratio suggested
for the EPG count, where the majority of a herd comprises resilient animals®. EPG, tick, and horn fly counts,
described in Table 2, also showed ratios and statistical differences similar to those found for each separate vari-
able in the classification analyzed by the Scott-Knott (5%) and Tukey (5%) tests (Table 1).

Analyzing the global DNA methylation content (Table 2), a relationship was observed between this param-
eter and the degree of parasitism (gastrointestinal nematodes, ticks, and horn flies), being this the first report
in the literature relating parasitic resistance and global DNA methylation in cattle. It was reported a lower DNA
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methylation rate in cows with high milk production and the inverse in animals with low milk production®'.
However, there is a need for further studies to verify the different patterns of DNA methylation in different types
of blood cells, as methylation is influenced by cell and tissue type, such as immune system cells*’; age; exposure
to environmental stimuli; and a myriad of other factors®**.

The results found in the present study provide promising information regarding the possibility that global
DNA methylation in the blood is linked to the regulation of bovine resistance to parasites-involved gene expres-
sion. This fact can also be observed in studies involving cattle in other research areas®>*®. Thus, the best way to
classify animals will depend on the characteristic you want to observe, whether it is a specific parasite or whether
you want to evaluate the main parasites of cattle in general.

Given the importance and the increase in the number of studies aimed at understanding epigenetic mecha-
nisms and their relationship with cattle development, the present study is the first to evaluate the relationship
between an epigenetic mechanism (global DNA methylation) and the resistance of cattle to helminths (gastro-
intestinal nematodes), R. microplus and H. irritans. Thus, future studies on the subject are extremely necessary
to gain a deeper understanding of the factors involved in parasitic resistance.

It was possible to relate the degree of resistance in animals to parasites using the global DNA methylation
content. These results are promising and encourage further studies on the subject while raising expectations
regarding epigenetic mechanisms becoming a tool for the selection of parasite-resistant animals.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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