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Abstract. The aim of the present study was to identify copy-number variations (CNVs) in Cinisara (CIN) and
Modicana (MOD) cattle breeds on the basis of signal intensity (logR ratio) and B allele frequency of each marker,
using Illumina’s BovineSNP50K Genotyping BeadChip. The CNVs were detected with the PennCNV and SVS 8.7.0
software and were aggregated into CNV regions (CNVRs). PennCNYV identified 487 CNVs in CIN that aggregated into
86 CNVRs, and 424 CNVs in MOD that aggregated into 81 CNVRs. SVS identified a total of 207 CNVs in CIN that
aggregated into 39 CNVRs, and 181 CNVs in MOD that aggregated into 41 CNVRs. The CNVRs identified with the
two softwares contained 29 common CNVRs in CIN and 17 common CNVRs in MOD. Only a small number of CNVRs
identified in the present study have been identified elsewhere, probably because of the limitations of the array used. In total,
178 and 208 genes were found within the CNVRs of CIN and MOD respectively. Gene Ontology and KEGG pathway
analyses showed that several of these genes are involved in milk production, reproduction and behaviour, the immune
response, and resistance/susceptibility to infectious diseases. Our results have provided significant information for the
construction of more-complete CNV maps of the bovine genome and offer an important resource for the investigation
of genomic changes and traits of interest in the CIN and MOD cattle breeds. Our results will also be valuable for future

studies and constitute a preliminary report of the CNV distribution resources in local cattle genomes.
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Introduction

Copy-number variations (CNVs) are classes of polymorphic
genomic regions, including deletions, duplications and insertions,
in DNA fragments ranging from at least 0.5 kb to several
megabases that vary relative to a reference genome (Mills
et al. 2011; Jiang et al. 2013). CNVs represent an important
source of genetic variability, and provide genomic structural
information that complements single nucleotide polymorphism
(SNP) data. They are considered promising markers of some
phenotypic variations, environmental adaptability and economically
important traits or disease susceptibility in livestock species
(Wang et al. 2007; Jiang et al. 2013; Xu et al. 2014). CNVs
can be classified as deletions (losses) or duplications (gains)
relative to the reference genome. There are several techniques
to identify CNVs within a genome, including SNP-genotyping
microarrays, next-generation sequencing and comparative
genomic hybridisation arrays. Each of these techniques has its
advantages and disadvantages. SNP arrays provide a measure
of'the intensity signal (log R ratio) and B allele frequency (BAF)
for each sample. Multiple software have been developed to
identify CNVs from SNP arrays: QuantiSNP (Colella et al.
2007), PennCNV (Wang et al. 2007), SVS (Golden Helix,
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Inc., Bozeman, MT, USA; www.goldenhelix.com, accessed
27 April 2016), cnvPartition (Illumina Inc., San Diego, CA,
USA) and others. Comparative analyses of the algorithms used
for CNV identification have been published (Winchester et al.
2009; Xu et al. 2013). As reported by several authors (Marenne
et al. 2009; Yavas et al. 2009; Seroussi et al. 2010; Ma et al.
2017), PennCNV is the most reliable and accurate algorithm
in detecting CNVs from Illumina BeadChip data. PennCNV is
a tool that incorporates multiple sources of information, such as
the signal intensity at each SNP marker, the distance between
neighbouring SNPs, and the BAF, and integrates a computational
approach by fitting regression models of the GC content to avoid
‘genomic waves’. Nevertheless, several authors (Winchester
et al. 2009; Pinto et al. 2011) have recommended the use of at
least two algorithms that differ in their performance and impact
to identify CNVs.

Copy-number variations have been shown to be associated
with complex traits in several species, including chimpanzee
(Perry et al. 2008), rat (Guryev et al. 2008) and mouse (Adams
et al. 2005), and in livestock species such as cattle (Liu et al.
2010; Hou et al. 2011), goat (Fontanesi et al. 2010), sheep
(Fontanesi ef al. 2011) and horse (Dupuis et al. 2013).
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The coat colours of horse, pig and sheep are partly determined
by CNVs (Clop et al. 2012), and milk production (Xu et al.
2014), female fertility failure (Kadri et al. 2014), osteoporosis
(Meyers et al. 2010), abortions and stillbirth in cattle
(Flisikowski et al. 2010) have been shown to be influenced by
CNVs. CNVs have been identified in different cattle breeds,
including African, Indicine and Taurine breeds (Matukumalli
et al. 2009), and Bae et al. (2010) and Fadista e al. (2010)
created two CNV maps of the bovine genome using SNP
genotyping and CGH arrays. Currently, few studies of
genome-wide CNVs have been reported in local cattle breeds,
such as Cinisara (CIN) and Modicana (MOD).

These two breeds are adapted to the harshness of mountain
areas because of their good grazing characteristics, have an
excellent aptitude for dairy production, and are resistant to
environmental conditions (Mastrangelo et al. 2014). However,
there is currently no whole-genome CNV map for Sicilian
cattle breeds. The aim of the present study was to identify
CNVs in the CIN and MOD cattle breeds using the Illumina
BovineSNP50K BeadChip v2 (Illumina Inc., San Diego, CA,
USA), and to compare the results with previously reported CNVs
from other breeds so as to expand the catalogue of CNV
regions (CNVRs) in the bovine genome. We hypothesised that
in response to the environmental conditions in which these
breeds are reared, particularly CIN, they may be characterised
by undiscovered CNVs. Therefore, the present study should
provide information on genomic variations that have important
implications for the development of conservation programs for
these local cattle breeds and for future association studies
between CNVs and phenotypes.

Materials and methods

Sampling and genotyping

In total, 142 individuals from 14 farms were sampled. The
procedures involved in animal sample collection were according
to the recommendations of European Union (EU) Directive
2010/63/EU. The samples were randomly collected from 71
CIN and 71 MOD individuals. The number of animals
sampled per farm ranged from 8 to 10. Genomic DNA was
extracted from the blood samples with a salting-out method
(Miller et al. 1988). The sample DNA was quantified with a
NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA), diluted to a final concentration of
50 ng/uL (as required by the Illumina Infinium protocol), and
stored at 4°C until use.

Genotyping was  performed with the Illumina
BovineSNP50K BeadChip v2 with 54609 SNPs. We excluded
sexual (ChrX) and unknown (ChrUn) chromosomes from the
CNV calls in our analysis because PennCNV assumes that two
copies of each SNP occur in the normal copy-number state,
which was not likely to be the case within the pseudoautosomal
region (Sonstegard et al. 2001) or the segmental duplications
on chrX. Furthermore, chrUn contains unassigned sequence
contigs, so it was not included because of the lack of sequence
and SNPs and the uncertainties in SNP mapping. Consequently,
the number of SNPs included in the final analyses was
reduced to 52 886. The genomic positions of the SNPs on the
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chromosomes were determined from the bovine UMD3.1
genome sequence assembly.

CNV and CNVR detection

Two softwares, PennCNV and SVS 8.7.0, based on different
algorithms were used for the detection of the CNVs. PennCNV
incorporates multiple factors, including the logR ratio (LRR),
BAF, the marker distance, and the population frequency of the B
allele. The LRR and BAF values for each SNP were obtained
with the GenomeStudio 2.0 software (Illumina Inc.). The
population frequency of the B allele file was calculated with
PennCNYV on the basis of the BAF value for each marker in each
individual. PennCNYV integrates a computational approach by
applying a regression model to the GC content to overcome
genomic waves. The gcmodel file was generated by calculating
the GC content in the 500-kb genomic region on both sides
of each SNP and the genomic waves were adjusted using the
-gcmodel option. Because the bovine genome has 29 autosomal
chromosomes, we used an alternative program argument, the
-lastchr 29 in the -detect argument. CNVs were also detected
using the HMM parameter file. The quality of the final dataset
was assessed with the following criteria: a logR ratio standard
deviation (LRR_s.d.) 0f <0.30, BAF drift 0of <0.01, and waviness
factor of >0.05 or <—0.05 for each sample. After quality control,
10 outlier samples were excluded in total. To reduce the possible
false CNV calls, we also considered only those CNVs that
contained three or more consecutive SNPs.

The copy-number analysis module (CNAM) implemented
in the SVS 8.7.0 software was also used for CNV identification.
The following options in CNAM were chosen: univariate outlier
removal, maximum number of 100 segments per 10 000 markers,
minimum markers per Segment 3, 2000 permutations per pair
with a P-value cutoff of 0.005. Individuals that had —0.05 >
waviness factor > 0.05 were also excluded, as suggested by
Diskin et al. (2008).

The CNVRs were determined by aggregating the overlapping
CNVs identified across all samples within each breed (Redon
et al. 2006). Overlapping was identified with the BEDTools
software (Quinlan and Hall 2010). The CNVRs common to
PennCNV and SVS were determined by intersecting the
datasets and inferring the overlapping CNVRs using the
approach described by Wain et al. (2009), which identifies
CNVRs that fully overlap each other.

Gene contents and functional annotation

The gene contents of the CNVRs were assessed with Cattle
RefSeq in the Genome Data Viewer genome browser at the
National Center for Biotechnology Information Database
(https://www.ncbi.nlm.nih.gov/genome/gdv/browser/?context =
genome&acc = GCF_000003055.3, May 2016). The DAVID
Bioinformatics Resources 6.8 (https://david.ncifcrf.gov/summary.
jsp, May 2016) for gene ontology (GO) analysis and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) Database (http://
www.genome.jp/kegg/pathway.html, accessed May 2016) for
pathway analysis were used. The following options were used
for the GO analysis with DAVID: a high classification
stringency and a false discovery rate correction. We also
performed an enrichment analysis using the cattle quantitative
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trait locus (QTL) database (http://www.animalgenome.org/cgi-
bin/QTLdb/BT/index, accessed May 2016) to identify CNVRs
that overlapped QTL regions (QTLRs). We filtered the QTLRs
that were >5 Mb, and only those overlapping at least 50% of
each CNVR were considered.

Results and discussion
CNV and CNVR detection

In the present study, we analysed the CNVs in two local cattle
breeds by using two different algorithms.

Using PennCNV, atotal of487 CNVs was detected in the CIN
breed, with an average number of 7.4 per sample and an average
length and median size of 147.86 kb and 146.35 kb respectively.
In the MOD breed, a total of 424 CNVs was detected, with an
average number of 6.4 per sample and an average length and
median size of 117.33 kb and 120.56 kb respectively (Fig. 1,
File S1-Table S1.1 and File S2-Table S2.1, available as
Supplementary material for this paper). By aggregating the
overlapping CNVs, a total of 86 (in CIN) and 81 (in MOD)
CNVRs (File S1-Table S1.2 and File S2-Table S2.2) was
identified, ranging from 50 to ~500 kb. The 86 CNVRs of
CIN covered 12.51 Mb, 0.50% of the genomic sequence of
the autosomes, and 0.47% of the total genome length; the
average number of CNVRs was 4.50 per individual, with an
average length and median size of 145.51 kb and 125.93 kb
respectively. The 81 CNVRs of MOD covered 11.01 Mb, 0.44%
of the genomic sequence of the autosomes, and 0.41% of the
total genome length; the average number of CNVRs was 4.25
per individual, with an average length and median size of
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136.02 kb and 120.56 kb respectively. In CIN, we found 74
CNVRs with only gains (duplications), nine with only losses
(deletions), and three CNVRs with both; 67 CNVRs with
a frequency of >2.5% and 19 with a frequency of >5% were
detected. The CNVRs with the highest frequencies were located
at Chr3:120547501-120647330 (19.7%) and Chr23:34673581—
35007295 (18%), whereas the greatest number of genes (i.e. 19
genes) was mapped to one CNVR located at Chr17:74123863—
74393620. In MOD, we found 71 CNVRs with gains and 10
with losses; 51 CNVRs had a frequency of >2.5% and 19 had
a frequency of >5%. The CNVRs with the highest frequencies
were located at Chr17:74123863-74182044 (39.4%) and Chr5:
59364363-59598727 (16.7%), whereas the greatest numbers of
genes were mapped to two CNVRs located at Chr17:73944911—
74344162 and Chr11:105778702-106019172, which contained
28 and 23 genes respectively.

To assess our results, we compared the 167 CNVRs here
reported with those found in other studies using BovineSNP50K
BeadChip (Table 1). There was high variability in the total
number and length of the CNVRs identified in the different
studies and only a small number of CNVRs identified in the
present study were reported in other studies, which has also
been reported by Bagnato et al. (2015). The greatest coincidence
of CNVRs was found with the studies of Hou ef al. (2011,
2012a), with 31.1% and 29.9% common CNVRs respectively,
and the total lengths of overlapping regions were 7.6 and 7.4 Mb
respectively. Thirty-five CNVRs in our study coincided with
CNVRs reported by Prinsen et al. (2016) and the length of the
overlapping regions was 6.6 Mb. In all, 27 of the 39 CNVRs
identified by Xu et al. (2014), which were associated with one or
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Fig. 1. Genomic distribution of copy-number variations (CNVs) in Cinisara and Modicana cattle breeds on the 29 autosomal chromosomes.
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Table 1. Comparison between copy-number variation regions (CNVRs) detected in previous studies and those detected in the present study

Reference

Findings from different studies

Overlapped CNVRs of the present study

Method of Total Total Algorithm used Count  Percentage  Total length  Percentage

detection CNVR  length (Mb) of count (Mb) of length
Bae et al. (2010) Bovine SNP50 368 63.1 PennCNV 17 10.2 2.8 11.9
Hou et al. (2011) Bovine SNP50 682 139.8 PennCNV 52 31.1 7.6 323
Hou et al. (2012a) Bovine SNP50 811 141.8 PennCNV 50 29.9 7.4 315
Seroussi ef al. (2010)  Bovine SNP50 410 51.7 PennCNV 19 114 32 13.6
Xu et al. (2014) Bovine SNP50 39 37.54 SVS 27 16.2 42 17.9
Jiang et al. (2013) Bovine SNP HD 367 23.8 PennCNV 10 6.0 1.6 6.8
Prinsen et al. (2016) Bovine SNP HD 563 57.6 PennCNV-CNAM_SVS 35 21.0 6.6 28.1
Present study Bovine SNP50 167 23.52 PennCNV

more milk production traits, were detected in our study, and
the length of the overlapping regions was 4.2 Mb (Table 1). When
we compared our CNVRs with those in the study of Hou ef al.
(2012a), which examined the CNVs associated with resistance
or susceptibility to gastrointestinal nematodes, we found that
many of our CNVRs overlapped CNVs associated with either
susceptibility or resistance (File S1-Table S1.3 and File
S2-Table S2.6). When we compared our results with those
obtained in the aforementioned studies, differences among the
identified CNVs were apparent. The use of different algorithms,
different technologies, different criteria for various parameters,
and differences in the numbers of samples and breeds tested
could be responsible for these discrepancies. Moreover, the
different environmental conditions in which the cows live,
particularly the CIN breed, could also generate unique CNVs.
Among the factors that contributed to these discrepancies, the
most important is the density of the array used. Several authors
(Hou et al. 2012b; Jiang et al. 2013; Salomon-Torres et al.
2015) have shown that the use of high-density (HD) SNP arrays
provides more precise boundary information for CNV detection.
Therefore, some CNVRs were not detected in our study
because of the limitations of the array used. Although the
BovineSNP50K BeadChip can be used to detect CNVs, the
SNP probes on the chip are neither dense enough nor
sufficiently uniformly distributed to achieve an unbiased high-
resolution cattle CNV map (Jiang et al. 2013). The CNVRs
identified with HD panels are much shorter than those obtained
with BovineSNP50K (Hou et al. 2012a; Jiang et al. 2013).
Therefore, when an HD panel is used, more CNVs will be
identified throughout the genome (Jiang et al. 2013). However,
because the CNVRs from different studies do not overlap
completely, we infer that a great number of CNVRs are still
undiscovered, particularly in local breeds.

In all, 207 CNVs were identified in CIN with CNAM-SVS
(File S1-Table S1.9) on the 29 autosomes, and the average
number per sample was 3.2, with an average length and
median size of 228.92 kb and 150.76 kb respectively. By
aggregating the overlapping CNVs, a total of 39 CNVRs (File
S1-Table S1.10) was detected, corresponding to 18 gains and
21 losses. These 39 CNVRs covered 7.4 Mb and 0.29% of the
genomic autosomal sequence, with an average length and
median size of 189.4 kb and 121.0 kb respectively. Using the
same algorithm, we found 181 CNVs in MOD on the 29
autosomes (File S2-Table S2.3), and the average number per

sample was 2.79, with an average length and median size of
200.45 kb and 159.96 kb respectively. In this breed, 41 CNVRs
were identified by aggregating the CNVs (File S2-Table S2.4),
corresponding to 11 gains and 30 losses. The 41 CNVRs covered
8.2 Mb and 0.32% of the genomic autosomal sequence, with
an average length and median size of 200.58 kb and 163.88 kb
respectively. The differences in the numbers of CNVs and
CNVRs detected in each breed by the two software were
probably attributable to the identification of longer CNVs
with the univariate approach of SVS (Bagnato et al. 2015).

The overlapping CNVRs identified with the two software led
to the identification of only 29 common CNVRs in CIN (File
S1-Table S1.11), with a total length of 5.45 Mb, and 17
common CNVRs in MOD (File S2-Table S2.5), with a total
length of 2.1 Mb.

Finally, a further analysis of the common CNVRs among
breeds detected with both software was conducted. As a first step,
we compared the CNVRs in CIN and MOD detected with the
PennCNV software, and identified 39 common CNVRs with
a total length of 5.19 Mb (File S3-Table S3.1). In the second
step, we compared the CNVRs identified in the two breeds with
the CNAM-SVS software, and identified 17 common CNVRs,
with a total length of 2.31 Mb (File S3—Table S3.2). Finally, we
compared the CNVRs common to both breeds and the two
software, and identified a small number of common CNVRs,
i.e. 11, with a total length of 1.32 Mb (File S3—Table S3.3).

CNVR gene contents and functional annotations

The CNVRs detected with PennCNV contained abundant
annotated genes. In total, 178 and 208 genes, completely or
partially overlapping the CNVRs, were identified in CIN and
MOD respectively, with the Genome Data Viewer genome
browser. The 178 genes in CIN and the 208 genes in MOD
(File S1-Table S1.3 and File S2-Table S2.6) were found in 62
of 86 CNVRs and 66 of 81 CNVRs identified with PennCNV
respectively. Within these CNVRs in CIN, we found 123 protein-
coding genes, 29 pseudogenes, 21 noncoding RNA (ncRNA)
genes, four tRNA genes and one unknown gene, whereas in
MOD, we found 157 protein-coding genes, 22 pseudogenes, 25
ncRNA genes, three tRNA genes and one unknown gene.

The results of GO and KEGG analyses showed that the
functions of the proteins encoded by these genes included a
wide spectrum of biological processes, cellular components,
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molecular functions, clustering gene (File S1-Tables S1.4, S1.5,
and S1.6, and File S2-Tables S2.7 and S2.8), and pathways (File
S1-Table S1.7 and File S2-Table S2.9). In particular, the GO
terms for cellular components were most strongly represented
by ‘plasma membrane’ in both CIN, with 18 genes, and in MOD,
with 25 genes. The GO terms for molecular functions were most
strongly represented by ‘olfactory receptor activity’, with 11
genes in CIN and 14 genes in MOD. In MOD, ‘G-protein-
coupled receptor’ was represented by 13 and 10 genes in the
GO terms for ‘molecular functions’ and ‘biological processes’
respectively. The KEGG results showed that ‘olfactory
transduction” was the most strongly represented pathway in
both breeds (11 genes in CIN and 17 in MOD), followed by
‘metabolic pathways’ (six genes in both CIN and MOD),
PI3K-AKT (six genes in CIN and five in MOD), and the
prolactin signalling pathway (seven genes in CIN and three in
MOD; File S1-Table S1.7 and File S2-Table S2.9). We do not
discuss all the genomic regions within the CNVRs in detail,
but selected regions that include genes associated with traits
peculiar to livestock breeding. For example, the LOC788322,
LOC788372, LOC788285,LOC788258, LOC788357, OR5AS1,
ORS5 L2, LOC788242, LOC513384, LOC788210 and ORI10A7
genes are involved in the olfactory transduction pathways (from
KEGQG). In animals, chemosensory receptors are used to find
food, detect mates and offspring, recognise territories and avoid
danger (Nei et al. 2008). There are significant numbers of CNVs
in these genes in other species (Nei et al. 2008; Qanbari et al.
2014). Some interspecific variations in copy number can readily
be explained by the adaptation of organisms to different
environments. The CNVs observed within populations may be
largely neutral, but if a population moves to a new niche,
a proportion of these may be used selectively by that
population to adapt to the new niche (Nei et al. 2008). The
SERPINDI gene in mammals plays a crucial role in the control
of the endopeptidases that mediate important pathways, such as
blood coagulation, fibrinolysis, inflammation and complement
activation (Rau et al. 2007; Silverman et al. 2001), some of
which are considered the host’s first line of defence to
hematophagous and blood-dwelling parasites. The POUIFI
gene encodes a protein reportedly involved in productive life
(Huang et al. 2008), whereas PTK2 (Wang et al. 2013), FOXF2
(Capomaccio et al.2015) and LAMB3 (Gutiérrez-Gil et al. 2015)
reportedly encode proteins associated with milk production
traits. ZBTB20 is a gene that overlaps the bovine QTL regions
associated with milk traits and encodes a transcription factor
that has been implicated in hematopoiesis, oncogenesis and
the immune response in mammals (dos Santos et al. 2017).
The SEC24D gene encodes a protein associated with various
pathways, including in the immune system and transport to the
Golgi, and is involved in transcriptional regulation in cattle
(Salleh et al. 2017). SDF2 L1, MAPKI and mir301b are
involved in the processing of a wide range of defensins
(Meredith et al. 2013). We also detected MEGF10, which
encodes a protein that regulates the myogenesis of satellite
cells in skeletal muscles (Park et al. 2014), and CRIMI,
which is located close to a QTL on Chrll and encodes an
insulin-like growth factor-binding domain (Kolle et al. 2000).
Other putative candidate genes included SMADY9, which
encodes a protein with a potentially important role in
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follicular initiation and development (Xu et al. 2015), GRIK?2,
which encodes a protein that plays important physiological
roles in maturation and puberty (Widmann et al. 2013),
LRBA, which encodes a protein related to reproductive traits
(Taye et al. 2017), H19, which encodes a protein associated
with embryogenesis and fetal growth in livestock species
(Zaitoun and Khatib 2006) and /GF2, which encodes a
protein considered to regulate the postnatal growth and
differentiation of the mammary gland (Bagnicka et al. 2010).
The protein encoded byLSPI has a negative regulatory role
in leukocyte recruitment to sites of inflammation and in
resistance/susceptibility to intestinal nematodes (Hou et al.
2012a). A biological link to traits such as milk production,
reproduction and behaviour, the immune response and
resistance/susceptibility to infectious diseases, which are
known to be under selection, can be inferred for most genes
within CNVRs. CIN and MOD are two local breeds that are
extremely well adapted to harsh environments, are resistant to
infectious diseases, have good maternal aptitude, and produce
high-quality milk. The genes involved in these traits were
detected in our study, and are consistent with the phenotypic
characteristics of these two breeds.

When we compared the 86 and 81 CNVRs with the reported
QTL regions annotated in the cattle QTL database, we found
151 QTLRs in only 51 CNVRs identified in CIN (File S1-
Table S1.8), and 167 QTLRs in 49 CNVRs identified in MOD
(File S2-Table S2.9). Many of these QTLs have been associated
with calving traits, milk fatty acids, the percentage protein in
milk, bodyweight and clinical mastitis.

Conclusions

Although many studies of CNVs are available for specialised
cattle breeds, such as Holstein and Brown Swiss, no information
has been available until now for local breeds such as CIN and
MOD. The present study is the first to use an SNP data analysis
to detect CNVs in the CIN and MOD breeds, using two
different algorithms. Although we used BovineSNP50K, high-
resolution methods should also be used. Several of the genes
detected within the identified CNVRs have important roles in
adaptation or resistance to diseases. Our results have provided
significant information for the construction of a more complete
CNV map of the bovine genome and offer an important resource
for the investigation of genomic changes and traits of interest
in the CIN and MOD cattle breeds. Therefore, our results should
be of value for future studies, and constitute a preliminary report
on the distribution of CNV resources in local cattle genomes.
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