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Abstract

Background: The mastitis is one of the most important diseases affecting losses of milk
yield and functional longevity resulting in economic losses in dairy farms. The cow’s in-
flammation of the mammary gland is a consequence of complex processes in the innate
immune system, activation of several cells and accompanying factors that lead to the elim-
ination of microorganism invaders. The study aimed to investigate genetic background
by the genome-wide association study (GWAS) for identified copy number variations
(CNVs) in one of the most important economically disorders — the mastitis in dairy cattle.

Methods: We investigated 682 Polish-HF cows previously genotyped and analyzed using
the following steps: i) identification of CNVs across all the cows based on ARS-UCD1.2
genome map, ii) to perform the GWAS with the utilization of logistic regression models,
iii) functional analysis for identified CNVs to indicate putative candidate genes. The cow’s
genotypes were deposited in the Polish cattle SNP genotypes database (cSNP-db). The
phenotype database information covered the veterinary history of mastitis was collected
from four experimental farms belonging to the National Institute of Animal Production,
Balice, Poland.

Results: The study identified 326 CNVs of which only 28 CNVs were significant with
p-value <0.05. The most significant CNVs were identified for BTA17, BTA22, and BTA25,
respectively. However, the most interesting from the functional point of view of previously
reported CNVs overlapped with genes associated with mastitis were loaded on BTA03
(MSH4), BTA18 (FOXC2, FOXL1, MTHFSD) and BTA27 (TLR3), respectively.
Conclusions: Study clearly concluded that the identification of candidate genes associated
with mastitis using of CNVs is feasible. Therefore, one can apply this GWAS approach
between the common CNVs and mastitis as a case-control experiment. Our study identi-
fied few genes like MSH4, MTHFSD, FOXC2, FOXL1, and TLR3 which were overlapped
with tree CNVs to functionally assess and might be considered as the candidate genes for
mastitis in Polish HF cattle population. Moreover, obtained results supported by the dif-
ferent genome and transcriptome analysis could lead to a better understood of the genetic
background of mastitis.

Keywords: mastitis; cattle; CNVs; GWAS; case-control.

Introduction

The cow’s inflammation of mammary gland - mastitis is one of the most
important factors determining their production capacity in terms of milk
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yield and functional longevity. The udder health is affected by numerous
factors related to the udder structure, housing conditions and the way
of milking, as well as, other factors related to the functioning of the im-
mune system, among which those of a hereditary nature is the subject
of broad breeders’ interest, mainly due to the possibility of improving
them under the program’s breeding. One of the essential elements of the
body’s response to pathogenic factors, especially microorganisms, appear
to be proteins from the B-defensin family, which are expressed in the re-
spiratory system, reproductive system and mammary gland of cows. The
activity of these proteins may be affected by genetic polymorphism, which
by modifying the sequence of proteins and the activity of their synthe-
sis may play an important role in the functioning of individual elements
of the immune response, including elements associated with the action
of B-defensins. The f-defensins are amphipathic cationic peptides, acting
as antimicrobial peptides (AMP) for gram-negative bacteria, gram-posi-
tive bacteria, viruses, fungi and other unicellular parasites [1]. Their anti-
microbial activity consists mainly of permeabilisation of the cell membrane
or stimulation of hydrolases, leading to degradation of the cell wall [2].
Currently, 58 p-defensin genes are known, located in four clusters in the
bovine genome, on chromosomes: 8, 13, 23 and 27, which were named
as cluster A, B, C and D, respectively [3-4]. Among the (-defensin genes
located within BTA27, there are, among others: LAP, DEFB1, DEFBS5,
DEFB10 and DEFB4A. A direct relationship between LAP expression and
somatic cell count (SCC) has also been demonstrated in which a higher
concentration of LAP transcripts was observed in the milk of cattle in-
fected with Streptococcus aureus, Streptococcus bovis, Streptococcus dys-
galactiae and E. coli than in healthy cows [5-7]. It has also been found
that the DEFB1 gene is inducible expression during mammary gland in-
fection [5], while DEFB5 transcripts are described in coagulase-positive,
and coagulase-negative Staphylococcus infected gland [8]. Importantly,
B-defensins have also been shown to affect milk performance traits, where
4-defensin polymorphisms (DEFB4A) were significantly associated with
protein yield and fat or protein content [9] and milk yield [10] in Polish
Holstein-Friesian cattle.
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The copy number variation (CNV) is a type of genetic variation of ge-
nome sequences up to 5million base pairs. The CNVs show the high
impact on function and gene expression, such as altering gene dosage,
disrupting coding sequence, or perturbing long-range gene regulation
[11-12]. There were only a few studies using CNVs as genetic markers
for genome-wide association study (GWAS) with diseases and economic
phenotype: study of Zhou et al. 2016 [13] associates CNVs with growth
traits in Bos indicus, studies of Xu et al. 2014 [14] and Zhou et al. 2018
[12] with milk production traits in Holsteins and study of Ben Sassi et al.
2016 [15] with economically important traits in Spanish Holstein. Here,
we applied CNV detection and GWAS analysis for mastitis phenotypes
reported as case-control of Polish HF dairy cattle. The study aimed to in-
vestigate genetic background by the genome-wide association (GWAS)
for identified CNV in one of the most important economically disorders —
mastitis in dairy cattle.

Materials and Methods

Animals: A total of 682 Polish HF dairy cows with available DNA, identi-
fied among high production cows were selected from four experimental
farms belonging to the National Institute of Animal Production. The us-
ing PLOWET platform collected the observations of mastitis. The user-
friendly PLOWET system allows collecting a group of traits associated
with health, reproduction, disease prevention and control linked with the
history of veterinary treatments, insemination and calving, and postpar-
tum characteristics of calves.

Methodology: The Polish HF Cows were genotyped with the Illumina
BovineSNP50 v3 BeadChip (Illumina Inc., San Diego, CA) at the Depart-
ment of Animal Molecular Biology of the National Institute of Animal
Production. Ear tissue samples used to extract DNA were collected in the
course of a routine procedure. The raw genotype data were routinely de-
posited in Polish cattle SNP genotypes database (cSNP) [16]. We per-
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formed additional data collection for the log R ratio (LRR) and the B allele
frequency (BAF) values. The exclusion criteria for SNPs were minor allele
frequency <0.001 and call rate <0.95. The exclusion criteria for animals
was call rate <0.95. The position of SNPs was remapped onto the ARS-
UCD1.2 cow genome assembly [17]. After quality control and removing
SNPs located on Y and MT chromosomes and unassigned chromosome,
52,972 SNPs remained for the copy number variation genome-wide as-
sociation analysis.

Data were analysed by using the PennCNV software (v1.0.5) with the
default parameters and with a dedicated population frequency of the B
allele file [18]. According to the hidden types and states of CNV we were
able to recognise fill deletion, single copy deletion, single copy duplica-
tion, double copy duplication and normal state for homozygote across all
autosomes and chromosome X [19]. The identified CNV's with a frequen-
cy lower than 5% were removed from the analysis.

Next, we employed a case-control genome-wide association study
(GWAS) design with the model assuming correction by the population
stratification procedure based on multidimensional scaling analysis [20].
We assume the disease status depends on CNV presence (without distin-
guishing on type of CNV) through a logistic regression (LR) model:

Logit(y) = Bo + B1CNV

Likelihood ratio test (LRT) was used to compare the null model with
SNP, tested models, where one predictor variables were incorporated
in the model. LRT test the null hypothesis:

Hy: o =0

The deviation with the null model (-2 log-likelihood [-2LL] of the
null model) was compared to the corresponding term for a given model
with explanatory variables (-2 log L of the given model). The differenc-
es between the two -2 log L produce the Chi-square statistic (x?), with
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k degrees of freedom. The associated CNV regions were functionally an-
notated to 27,607 genes deposited in the Ensembl database.

Results

Estimation of population stratification using multidimensional scaling
analysis: To examine the possible population structure in the analysed
Polish HF population, multidimensional scaling analysis was performed
for all 682 Polish HF cows based on the kinship matrix estimated from
SNPs. The four farm sub-group cows were mixing between each other,
and the results were shown in Figure 1.

0.10
0.05

P
£0.00

-0.05

-0.10

-0.10 -0.05 0.00 0.05 0.10
mds1

Farm « Four © One * Three * Two

Figure 1. Multidimensional scaling analysis of the total sample of 682 high produc-
tion Polish HF cows exanimated on four experimental farms

Genome-wide association analysis accounting for copy number
variation: A total of 5627 CNV events was identified using PennCNV
software, and the results were shown in Table 1. Most of them were re-
ported as a single copy deletion (3065). Next, the dataset was limited to
events which were observed with a frequency higher than 5% and based
on this. We were able to identify the highest number of 162 CNV events
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for single-copy deletion. Based on these assumptions, the dataset was
analysed using a logistic regression CNV model. A comparison of both
models with the likelihood-ratio test shows that only 28 significant CNV's
(Table 1) with p-value higher than 0.05. However, we were not able to rec-
ognise significant CNV region for double copy duplication. The manhat-
tan plot of the obtained p values was presented in Figure 2.

Table 1. The number of CNV events across interpretation state and subsequent
analysis steps across all investigated Polish HF cows

CNYV state interpretation Overall count CNV count with CNV count with
frequency < 5% p value < 0.05
Double copy duplication 23 6 0
Full deletion 411 11 1
Normal homozygote 1782 117 9
Single copy deletion 3065 162 17
Single copy duplication 346 30 1
Sum 5627 326 28
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Figure 2. Manhattan plot showing the LRT values from the test of association of CVN
region with mastitis. The dashed line shows a significant level of 0.05
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The most significant CNVs were identified for BTA17, BTA22 and
BTA25. Most of them were interpreted as single-copy deletion. One of the
events, full deletion, was identified on BTA24. The most frequent, repre-
sented of 87 cases, were identified on BTA01 and the CADM2 gene was
indicated as candidate gene overpaid for region chr1:33655711-33734709.
The CNV reported on BTA18 as single-copy duplication overlapped with
tree genes: MTHESD, FOXC2, FOXL1. The longest and covering the larg-
est number of SNPs CNV region was identified on BTA06 and contained
200 kbp and 17 SNPs, respectively. The list of the highly significant CNV
events with the assigned candidate genes was presented in Table 2.

Discussion

The analysis of GWAS procedure was preceded by CNV identification.
The similar procedure, in consideration of cattle was previously used by
Zhou et al. 2016 [12], Zhou et al. 2018 [13] and Xu et al. 2014 [14] respec-
tively, but instead of case-control mastitis design, they used phenotype
observations. Moreover, the presented study based on ARS-UCD1.2 in-
stead of UMD3.1 cattle genome assembly previously utilized [12-14] and
all SNP positions were remapped to the ARS-UCD1.2 release. Identifica-
tion of CNVs is highly dependent by the density of SNP map or trivi-
ally speaking by used technology or chip [21]. Therefore, we were able
to identify only 3845 CNVs events (not including homozygote regions)
across 682 Polish HF cows. The shared CNV regions were aligned to bare-
ly 80 events, of which 25 constitutes loss of heterozygosity regions. The
obtained results fit in summary reported by Upadhyay et al. 2017 [21] and
covering studies based on mid (50K) and high-density (777K) microar-
rays, comparative genomic hybridisation and whole-genome sequencing.
There were six CNVs overlapping with 17 protein-coding genes and one
IncRNAs ENSBTAG00000050741 with the unknown function and aetiol-
ogy. However, the high local similarity between ENSBTAG00000050741,
human and the mouse reference genome has been shown and this results
suggested candidate genes like MYO6 or MPZL2 which played a vital
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role in tumorigenesis of breast cancer [22-23]. Among 17 protein-cod-
ing genes, twelve (BCR, CADM2, FOXC2, FOXL1, MSH4, MTHFSD,
NCBP2, NCBP2AS2, PAK2, RAB36, TDRD3, TLR3) of them were pre-
viously reported as genes directly or indirectly associated with mastitis
or breast cancer [21, 24-29] and conversely, one gene was located within
a B-defensin region on BTA27 [30].

Conclusions

Our study concluded that the identification of genes associated with mas-
titis by the using of CNVs is possible. We have successfully applied this
GWAS approach between the common CNV's and mastitis as a case-con-
trol experiment. We identified few genes like MSH4, MTHESD, FOXC2,
FOXL1, TLR3 overlapped with tree CNVs to functionally assess and there-
fore they might be considered as the putative candidate genes for masti-
tis. Furthermore, obtained results supported by the different genome and
transcriptome analysis could lead to the better understood of the genetic
background of mastitis.
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