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a b s t r a c t

Although they are the most common neoplasms in equids, sarcoids are not fully characterized at the
molecular level. Therefore, the objective of this study was to characterize the landscape of structural
rearrangements, such as copy number variation (CNV) and copy neutral loss of heterozygosity (cnLOH),
in the genomes of sarcoid tumor cells. This information will not only broaden our understanding of the
characteristics of this genome but will also improve the general knowledge of this tumor and the
mechanisms involved in its generation. To this end, Equine SNP64K Illumina microarrays were applied
along with bioinformatics tools dedicated for signal intensity analysis. The analysis revealed increased
instability of the genome of sarcoid cells compared with unaltered skin tissue samples, which was
manifested by the prevalence of CNV and cnLOH events. Many of the identified CNVs overlapped with
the other research results, but the simultaneously observed variability in the number and sizes of
detected aberrations indicated a need for further studies and the development of more reliable bioin-
formatics algorithms. The functional analysis of genes co-localized with the identified aberrations
revealed that these genes are engaged in vital cellular processes. In addition, a number of these genes
directly contribute to neoplastic transformation. Furthermore, large numbers of cnLOH events identified
in the sarcoids suggested that they may play no less significant roles than CNVs in the carcinogenesis of
this tumor. Thus, our results indicate the importance of cnLOH and CNV in equine sarcoid oncogenesis
and present a direction of future research.

© 2017 Published by Elsevier B.V.

1. Introduction

In the genomes of cells undergoing neoplastic transformation,

alterations at different levels of DNA organization occur. One of
these alterations is a type of structural rearrangements called copy
number variation (CNV), which comprises deletion or amplification
events from 1 kbp to several Mbp [1,2]. CNVs can influence cell
function through a variety of mechanisms, such as changes of gene
dosage or disruptions of regulatory elements, e.g., enhancers [3e5].
CNVs may also lead to altered tissue specificity of genes [6] or
induce further structural rearrangements [7]. As a result, such
considerable genome rearrangements may cause recessive variants
to reveal or even inactivate genes.
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Numerous studies investigating CNV identification enabled
elucidation of the influence of copy number changes on genetic
diversity between individuals, the genetic basis of behavior, com-
plex traits or susceptibility to diseases [8]. Furthermore, cancer
genetics research often employs CNV association studies. Approx-
imately 40% of genes engaged in oncogenesis are subjected to copy
number changes [9], and almost all neoplasms are characterized by
increased numbers of copy number aberrations [10]. Moreover,
existing research suggests that not only CNV but also copy neutral
loss of heterozygosity (cnLOH) may be of great importance in
neoplastic transformation processes. This aberration occurs when a
DNA fragment inherited from one parent is lost, and the other is
duplicated. Acquired cnLOH is commonly observed in both solid
and hematological tumors and constitutes 20e80% of LOH events
identified in human tumors [11e14]. In cancer cells, cnLOH is
considered a biological equivalent to the second hit in the Knudson
hypothesis [15] because it may reveal mutated alleles when non-
aberrant alleles are lost.

Studies to characterize genomic aberrations of livestock species
are still in the development phase [16]. Similar to human associa-
tion research in this field, the involvement of CNVs in different
phenotypes was reported, such as pea-comb phenotype in
chickens, white coat in horses, osteopetrosis, copper toxicosis and
intersexuality [16]. However, no such studies have been performed
in sarcoids, which are the most commonly observed equine skin
tumors. This locally malignant, benign tumor of fibrous tissue [17]
is believed to constitute up to 40% of all diagnosed neoplasms
[18e20]. Although sarcoids do not have the ability to metastasize,
they may exhibit differences in aggressiveness [21e23] and recur-
rence if not treated properly [24]. Complete, constant remission is
sporadically observed [25], whereas unsuccessful, prolonged
treatment may result in the owner's decision to euthanize the
equid suffering from sarcoid disease. Bovine papillomavirus (BPV)
infection is generally accepted to be a crucial etiological factor for
the development of sarcoids; however, the mechanism of BPV's
oncogenic activity has not been deciphered to date [17,26,27].

Given the significant importance of equids in livestock produc-
tion, recreation, and equine-assisted therapy and as working ani-
mals in poorly developed countries, it is essential to broaden our
knowledge about equine genome organization and aberrations,
which may underlie disease processes, such as sarcoid disease.
Given that CNV, as well as cnLOH events, are commonly identified
in a variety of cancer cells and influence the function of oncogenes
and tumor suppressor genes, we hypothesized that the sarcoid cell
genome can also be characterized by genome aberrations of po-
tential functional importance. To address this issue, genotyping
using SNP microarrays followed by signal intensity analysis was
conducted. The results provide insight into the organization of the
sarcoid cell genome and disruptions caused by neoplastic trans-
formation that will facilitate our understanding of underlying
aberrant mechanisms.

2. Materials and methods

2.1. Samples and SNP genotyping

Research material collected at the ISME Equine Clinic in Bern,
Switzerland comprised sarcoid tissue samples and normal skin
biopsy samples obtained from a tumor distant site (at the neck) of
16 horses. Samples were obtained from sarcoid-affected animals
treated at the clinic. The use of excised tissue samples was
approved by the Animal Experimentation Ethics Committee of the
Canton of Berne, Switzerland (BE 30/11; 11 April 2011). After exci-
sion, the samples were stored in �80 �C. DNA was isolated using
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) according to

the manufacturer protocol and stored in �20 �C until use. All DNA
samples were genotyped using the Equine SNP64 BeadChip assay
(Illumina, San Diego, CA, USA; NEOGEN, Lansing, MI, USA) following
the standard Infinium Ultra protocol. Obtained data were assessed
for quality parameters, such as call rate and log R ratio standard
deviation. Samples with call rates less than 0.975 and samples with
log R ratio deviation greater than 0.35 were excluded due to poor
quality for CNV detection [28,29].

2.2. CNV and cnLOH calling

Data on genotypes and intensity parameters (LRR e log R Ratio
and BAF e B allele frequency) were exported from GenomeStudio
and subjected to analysis using three algorithms dedicated to CNV
and cnLOH calling, namely, cnvPartition v3.2.0 (Illumina), PennCNV
v2011Jun16 [30] and OncoSNP v2.1 (Beta) [31]. All analyses were
performed using EquCab2.0 equine genome assembly. Control tis-
sue data were analyzed using cnvPartition and PennCNV, and ob-
tained results were subsequently analyzed using PLINK software
v1.07 (http://pngu.mgh.harvard.edu/~purcell/plink/) to identify
common aberrations for these algorithms, so-called consensus re-
gions. Aberrations in sarcoid tissue were identified using OncoSNP
software, which is designed for the analysis of cancer data on the
basis of both control and tumor input files.

2.2.1. cnvPartition
The algorithm uses BAF and LRR parameters to identify sys-

tematic deviation of neighboring markers, which indicates the
occurrence of different copy numbers. The BAF parameter indicates
the relative quantity of one allele compared with the other,
whereas the LRR parameter is defined as the log ratio of observed to
expected SNP intensities [32].

The results were clustered with respect to the standard cluster
positions according to Illumina Inc. The confidence threshold for
CNVs was set to 35, whereas the minimal number of probes was set
to 3. The sex chromosomes were excluded from the analysis, given
the lack of information regarding the sex of the animals. Further-
more, GC correction implemented in GenomeStudio software was
applied to exclude the influence of so called ‘GC genomic waves’,
which can significantly reduce the ability of algorithms to detect
CNVs [33].

2.2.2. PennCNV
To confirm the obtained results, we employed another CNV

calling algorithm, namely, PennCNV, which applies hidden Markov
models (HMM). The software includes a few sources of information,
such as signal intensity and allele frequency of SNPs and the dis-
tance between neighboring SNPs.

The parameters of analysis were the same as above, including
LRR standard deviation < 0.35 and the minimum of three probes
within a CNV region. All files were prepared and analyzed accord-
ing to instructions (http://www.openbioinformatics.org/penncnv/),
including GC wave correction. The sex chromosomes were
excluded from the analysis for the abovementioned reasons.

2.2.3. PLINK software
To increase the likelihood of predictions, the control tissue data

obtained with the use of cnvPartition and PennCNV algorithms
were analyzed using PLINK software. To this end, first, the map of
the detected aberrations was generated using the command –cnv-
make-map. Then, common regions were identified applying the
–segment-group command.

2.2.4. OncoSNP
To identify aberrations in the sarcoid tissue, we used the cancer-
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