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Abstract

Obesity is a serious problem in numerous dog breeds, but knowledge of its hereditary background
is scarce. On the contrary, numerous DNA polymorphisms associated with human obesity have
been identified, with the strongest effect being demonstrated for F70 gene. We used targeted next-
generation sequencing (tNGS) to search for polymorphisms in the region harboring F70 and IRX3
in 32 Labrador dogs. Moreover, we investigated the selected regions of F70 and IRX3, ortholo-
gous to the human regions associated with obesity, in 165 Labradors. For all dogs, the following
information was available: age, sex, gonadal status, body weight, and body conformation score
(BCS). The use of tNGS revealed 12,217 polymorphisms, but none of these obtained significance
when lean and obese dogs were compared. Study of two SNPs in the 5’-flanking region of F70 in
165 dogs — creating two upstream reading frames (WORFs) — also showed no association with body
weight and BCS but suggested the need for improvement in F70 annotation. No polymorphism
was found in the S’UTR of /RX3. Additionally, no differences of CpG islands methylation status
between lean and obese dogs were found. Our study suggests that F70 and IRX3 are not useful
markers of obesity in Labrador dogs.
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Obesity is a serious health problem in dogs and is mainly a consequence of diet,
limited physical activity, age, sex, and neutering (Gossellin et al., 2007; German,
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2016). Some breeds (e.g., Labrador retrievers, Beagles, and Cocker spaniels) are
especially predisposed to this condition, suggesting the presence of genetic or epige-
netic variants responsible for excessive adipose accumulation.

The vast majority of canine hereditary diseases, particularly monogenic disor-
ders, have clinical and molecular analogues in humans (Switonski, 2014; van Steen-
beek et al., 2016). Among polygenic disorders, canine obesity is considered an im-
portant model for its human counterpart (Osto and Lutz, 2015; Stachowiak et al.,
2016; Yeo, 2017), although knowledge of the genetic background of obesity in dogs
remains limited. Markers associated with canine predisposition to obesity can be
identified in several ways (Switonski and Mankowska, 2013), but to date only the
candidate gene approach, based on human obesity markers (Pigeyre et al., 2016), has
been used. These studies revealed that the polymorphisms of POMC (Raffan et al.,
2016; Mankowska et al., 2017 a) and TNF (Mankowska et al., 2016) are associated
with canine obesity, whereas other strong candidates, such as MC4R (Mankowska et
al., 2017 b) are not.

Among the genes associated with human obesity, the FTO encoding fat mass
and obesity-associated protein, has the strongest effect (Frayling et al., 2007). The
genome-wide association studies (GWAS) performed in different human popula-
tions have confirmed F70’s association with body mass index (BMI) (Loos and Yeo,
2014). It has been shown that the SNP in the first intron of F7O occurs within the
enhancer for the iroquois homeobox 3 (/RX3) gene, which plays a role in adipocyte
differentiation (Smemo et al., 2014). Both genes are located near to each other on
canine chromosome 2 (CFA2).

DNA methylation of some markers is associated with a risk of obesity in humans
(Huang et al., 2015). For example, in obese children, the FYN gene is hypermethyl-
ated while PIWIL4 and TAOK3 are hypomethylated. Usefully, the DNA methyla-
tion pattern in blood provides a good representation of the methylation profile in
adipocytes (Crujeiras et al., 2017) and this allows conducting such analysis in an
non-invasive manner.

In this study, we searched for DNA variants and differentially methylated CpG
islands in a positional candidate region of CFA2, which overlaps FTO and IRX3,
and which could be associated with body weight and body condition score (BCS) in
Labrador dogs.

Material and methods

Animals

Three sample sets of Labrador dogs were used: A (N =32), B (N =165), and C
(N = 28, Table 1). The condition of the animals was described according to the
commonly used 5-score BCS system, where BCS3 represents normal weight, and
BCS4 and BCSS5 represent overweight and obesity, respectively (https://www.aaha.
org/public_documents/professional/guidelines/weightmgmt bodyconditionscoring.
pdf). Animals of both sexes were included and age (minimum 12 months), weight
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(only dogs with 25-50 kg of body weight), and gonadal status (neutered or intact)
were recorded. Distribution of the dogs with different BCS, according to age and
weight, is shown in Figure 1. Blood samples were exclusively collected from dogs
without obesity-related diseases which could affect body weight. Genomic DNA was
isolated from whole blood samples using the MasterPure DNA Purification Kit for
Blood Version II (Epicentre, Illumina), and quality and quantity were checked on
a Nanodrop 2000 (ThermoFisher Scientific). Samples were collected according to
standard Polish veterinary protocols in veterinary clinics during routine visits, with
the consent of the owners and the approval of the local Bioethical Commission for
Animal Care and Use in Poznan, Poland (31/2013). No pedigree information was
available.

Table 1. Structure of the three sample sets of Labrador dogs

Sample set

Structure

Type of analysis

AN=32

B N=165

CN=28

16 healthy (BCS=3); 8 females, 4 neutered individuals; Age:
mean 39 months, median 30 months, range 12-96 months;
Body weight: mean 31 kg, median 30.5 kg, range 26-40 kg

16 obese dogs (BCS=5); 9 females, 2 neutered individu-
als; Age: mean 69 months, median 71 months, range
24-108 months; Body weight: mean 43 kg, median 43 kg,
range 38-50 kg

44 healthy dogs (BCS=3); 26 females, 9 individuals neu-
tered; Age: mean 44 months, median 30 months, range
12-171 months; Body weight: mean 31 kg, median 30 kg,
range 22-40 kg

80 overweight dogs (BCS=4); 42 females, 14 neutered; Age:
mean 61 months, median 48 months, range 12—144 months;
Body weight: mean 36 kg, median 36 kg, range 30-46 kg

41 obese dogs (BCS=5); 23 females, 9 neutered indi-
viduals; Age: mean 79 months, median 79 months, range
24-180 months; Body weight: mean 41 kg, median 40 kg,
range 35-46 kg

15 healthy dogs (BCS=3); 7 females, 4 individuals neutered;
Age: mean 51 months, median 48 months, range 12—96 months;
Body weight: mean 33 kg, median 33 kg, range 27-40 kg

13 obese dogs (BCS=5); 9 females, 1 neutered individual; Age:
mean 60 months, median 60 months, range 24—-108 months;
Body weight: mean 43 kg, median 44 kg, range 35-50 kg

Targeted NGS

DNA
Sanger sequencing

DNA methylation
analysis
by pyrosequencing

Targeted next-generation sequencing (tNGS)

Targeted resequencing was applied using a 2.1 M custom-designed sequence
capture array (NimbleGen, Roche). DNA samples (1 pg) were sonicated using
a Bioruptor (Diagenode) to obtain fragments of the recommended lengths (200—
800 bp). The end-repair, A-tailing and adapter ligation steps were performed using
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a KAPA Library Preparation Kit (KAPA Biosystems), following the manufacturer’s
recommendations. Three samples were multiplexed in each library. The SeqCap EZ
Library kit (NimbleGene, Roche) was used to hybridize the capture probes with se-
lected genomic region following separation using a SeqCap EZ Pure Capture Bead
Kit (Roche). The libraries were then enriched with an LM-PCR Master Mix (Roche).
Size distribution and library quality were verified using the Agilent DNA 1000 kit
on the 2100 Bioanalyzer (Agilent). The concentration of the final library was deter-
mined using the Qubit 2.0 fluorometer (ThermoFisher Scientific) and normalized to
10 pmol. PhiX genome DNA was used as an internal control (5% concentration of
the final library). Sequencing runs were performed on the MiSeq platform (Illumina)
using the MiSeq Reagent Kit version 2, 2x250 bp (Illumina), following the manu-
facturer’s protocol. Reads were trimmed with Trimmomatic software (Bolger et al.,
2014) and aligned to the reference dog genome (CanFam3.1) using BWA software
(Li and Durbin, 2010). Postalignment processing (fixing paired read alignment, re-
moval of duplicates, and collection of alignment metrics) was performed with Picard
(https://broadinstitute.github.io/picard/). GATK software was used to call small vari-
ants (SNPs, indels) (Van der Auwera et al., 2013). We rejected variants with less than
twelve informative reads and low GATK quality parameters.
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Figure 1. Relation between age, body weight, and body condition score (BCS) in 165 Labrador dogs.
Circles: lean dogs (BCS = 3); crosses: overweight dogs (BCS = 4); filled circles: obese dogs (BCS = 5)
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Sanger DNA sequencing

The PCR amplification primers, amplicon lengths, and annealing temperatures,
used in detecting the polymorphisms, are shown in Table 2. The amplicons were
purified using alkaline phosphatase and exonuclease I (ThermoFisher Scientific).
Amplification was then performed using a BigDye Terminator v3.1 Cycle Sequenc-
ing Kit (Life Technologies). Finally, after purification on a Sephadex G-50 (Sigma),
capillary electrophoresis was run on a Genetic Analyzer 3130 (Applied Biosystems).
Sequences were analyzed using DNAStar software (Lasergene).

In silico studies

We performed in silico analysis of the genomic regions overlapping the identified
polymorphisms in order to search for possible functional relevance. We used BLAST
software to compare the canine (CanFam3.1) genomic sequence with the human
one (GRCh38) (Zhang et al., 2000). RepeatMasker software (http://repeatmasker.
org) was used for repetitive element masking. MatInspector software (Genomatix)
was used to search for potential transcription factor binding sites. StarORF soft-
ware (http://star.mit.edu/orf/) was used to search for upstream open reading frames
(uORFs) in the FTO gene.

DNA methylation analysis by pyrosequencing

Primers were designed using PyroMark Assay Design 2.0 software (Qiagen) and
the reverse primers were 5’-labelled with biotin. Details of PCR amplification are
given in Table 3. Briefly, 500 ng DNA (isolated from blood) was bisulfite-convert-
ed using the EZ DNA Methylation Gold kit (Zymo Research) and amplified with
touchdown PCR; in the first eight cycles, the annealing temperature was decreased
by 0.5°C per cycle, starting at 58°C, and the next 32 cycles were run at 54°C. The
quality of PCR products was tested by agarose electrophoresis. The methylated con-
trol was prepared using CpG methyltransferase (M.Sssl, Thermo Scientific) with the
following modifications: a threefold increase in M.Sssl levels and incubation time
at 37°C. The nonmethylated control was prepared using the REPLI-g Mini Kit (Qia-
gen). The biotinylated strands of the amplicons were captured on streptavidin-coated
beads and incubated with sequencing primers. The specific amplicons were then py-
rosequenced on the PyroMark Q24 System (Qiagen), following the manufacturer’s
protocol.

Statistical analysis

Association analysis with representative biallelic sites in sample set A was con-
ducted using the Fisher exact test and Plink2 (Chang et al., 2015). We used a false
discovery rate (FDR) of 5% as the cutoff for significance. The association between
DNA polymorphism, BCS (BCS 3, 4, 5), and body weight (25-50 kg) in sample
set B was studied by a linear regression model adjusted by age (12—180 months)
and sex. Association was computed assuming an allelic additive model for 0, 1, or
2 copies of the allele increasing the trait under study. Prior to the association tests,
the effect of neutering status and two-way interactions were examined and excluded
from the model as insignificant. The final general statistical model was as follows:
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y=p,tpxst+pxat+pxgt+e

where:
y is body weight (or BCS),
s 1s the fixed effect of sex (0 or 1),
a is age (in months),
g is allele content (0, 1 or 2).

To assess empirical power of association test we conducted a power analysis by
randomly permuting genotypes 5000 times. The null hypothesis — that the Hardy—
Weinberg equilibrium holds — was tested using the chi-squared test. Methylation
levels in sample set C were compared with the Mann—Whitney rank sum test. All
analysis was carried out in R using the packages stats, car, and Hardy—Weinberg
(R Core Team, 2017).

Results

Targeted next generation sequencing (tNGS)

We targeted a region on chromosome 2 (CFA2) harboring functional candidate
genes (FTO and /RX3) in 16 lean (BCS = 3) and 16 obese (BCS = 5) Labradors
(sample set A, Figure 2). In total, 3.794 Mb on CFA2 were sequenced (CanFam3.1:
61,545,000-65,339,000). The long fragment upstream of 70 was also sequenced
due to a preliminary GWAS experiment (data not shown) tentatively indicating some
SNPs, which, however, did not reach genome-wide significance. Later, the GWAS
results were reinterpreted and the experiment considered unsuccessful, however, the
selected fragment had already been sequenced. Altogether, 84% of reads passed the
trimming process with a 99% mapping rate. On average, 98% of the targeted re-
gion was covered with at least twelve reads and the mean coverage depth was 255
reads per position. The FTO gene coverage depth was 275 reads (> 99% of genes
covered by at least twelve reads in each individual), whereas the coverage depth for
IRX3 was lower (an average of 54 reads, with 94% of the gene region covered by at
least twelve reads) and varied between dogs (45%—-99% of bases covered by at least
twelve reads). The tINGS raw data are available from the European Nucleotide Ar-
chive, no. PRJEB20547 (https://www.ebi.ac.uk/ena/data/view/PRIEB20547).

We observed that the nucleotide identity of the canine /70 to the human ortholog
is only 56% (coding sequences — 90%), which is a consequence of long introns (ap-
proximately 0.4 Mb in both species), whereas the identity between the /RX3 or-
thologs is 72% (95% of coding sequences). In total, we found 12,217 biallelic vari-
ants (10,040 with a minor allele frequency — MAF > 0.05), including 2051 indels. We
detected 1057 intronic variants (1038 with MAF > 0.05) and two 5’UTR variants in
FTO, but only two intronic variants (one indel and one SNP) in /RX3. The heterozy-
gosity rate (the relative frequency of heterozygous dogs in the group) tended to vary
between the sixteen obese and sixteen healthy dogs. Dogs with BCS = 3 had lower
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heterozygosity rates (median 0.19) than the dogs with BCS = 5 (median 0.25). We
performed association tests for 272 biallelic variants, but the remaining correlated
SNPs (r = 1.0) were excluded. After adjusting for multiple testing (FDR), we found
no evidence for association between any of the 272 representative variants or BCS
status in sample set A (Figure 3).
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Figure 2. Structure of the two canine candidate genes. Schematic representation of 70 (A) and /RX3
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Candidate gene polymorphism and its association with body weight and BCS
The effect of neutering status and two-way interactions were non-significant and
excluded from the statistical model for association study.
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Three candidate regions were selected for the polymorphism search in a larger
cohort of Labradors (sample set B, N = 165). Two regions were located in F7O:
exon | and intron 1 (Figure 2). The analyzed region in intron 1 is orthologous to the
human sequence harboring a SNP representative for a cluster of polymorphisms as-
sociated with obesity (Smemo et al., 2014; Yang et al., 2017). In the /RX3 gene the
studied fragment corresponding to a region covering a known obesogenic polymor-
phism (rs3751723) in humans (Srivastava et al., 2017) overlapped 409bp (365bp of
5’UTR and 44bp of an adjacent coding region) and showed a high (93%) identity
with its human ortholog (Figure 2). Moreover, our in silico studies have shown that
the orthologous sequence in 5’UTR of canine /RX3, if polymorphic, would harbor
the Myc—Max transcription factor site.

Table 4. Allelic and genotype frequencies at six polymorphic sites in the canine 70 gene

Polymorphism Number of animals Allele frequency Genotype frequency
¢.23C>T cC CT T C T cC CT T
15852870212 18 40 7 0.836  0.64 0700 0274  0.026
N=165
¢26A>G AA AG GG A G AA AG GG
15851456185 164 1 0 0.997  0.003 0994  0.006  0.000
N=165
¢.88C>T cC CT TT C T cc CT TT
15852065588 164 1 0 0.997  0.003 0994 0.006  0.000
N=165
¢.220-33577 delA  del/del  del/ins  ins/ins del ins del/del  del/ins ins/ins
$53029952148 6 6 150 0.056 0944  0.003 0.105  0.892
N=162
€220-33549 C>T  CC CT TT C T cC CT TT
$$3029952147 152 7 1 0972 0028 0944  0.055  0.001
N=160
¢.220- del/del  del/ins  ins/ins del ins del/del  del/ins ins/ins
33485 33484 insT 154 6 0 0981  0.019 0963 0037  0.000
$s2137541474
N=160

We found six polymorphic sites in F70: five (rs851456185, rs852065588,
$83029952148, 53029952147, ss2137541474) with a low MAF (0.003-0.056) and
one SNP in the coding sequence (¢.23C>T, rs852870212, MAF = 0.16, Table 4) that
was suitable for the association study. No polymorphic site was found in the region
orthologous to the human F70 sequence harboring the cluster of SNPs associated
with human obesity. We also found no polymorphism in the studied canine /RX3 re-
gion. We next analyzed the association of the ¢.23C>T (1rs852870212) substitution in
FTO with body weight and BCS in the sample set B (N = 165). This polymorphism
showed no deviation from Hardy—Weinberg equilibrium. According to the permuta-
tion analysis, the observed genotype distribution provided 98.7% chance to detect an
effect of 1.0 phenotypic standard deviation (SD) and 54.0% chance for 0.5 SD. No
significant correlation was found between the ¢.23C>T (rs852870212) substitution
and BCS or body weight.
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In silico studies

The C>T polymorphism at position ¢.88 in F7O (CanFam3.1: 62,079,972
rs852065588) is interesting because, according to the current annotation, the ¢.88T
variant is predicted to introduce a premature TGA stop codon, resulting in a 29-ami-
no-acid (aa) truncated polypeptide, instead of the normal 551-aa polypeptide. As this
is unlikely to be true, we carefully examined the sequenced fragment and identified
a downstream ATG codon (62,079,924-2, ¢.136_138) that we propose is the correct
start codon (Figure 4). The sequence alignment (needle algorithm, EMBOSS) of the
predicted protein reveals 89.8% identity with human F7O for the newly proposed
OREF, but only 82.5% for the currently annotated ORF. This suggests that the position
of start ATG codon in the canine F70 reference sequence (62,080,059-7) has been
identified incorrectly, and that the downstream ATG codon (at positions: 62,079,924-
2, c.136_138) is the correct one. Note that, unlike the human F70 annotation, the
current annotation for the canine F70 is not based on experimental evidence on the
protein level. Further, as a consequence of the new location of the start codon, the up-
stream ATG codon (the start codon in the current annotation at 62,080,059-7), con-
ditional on the ¢.88T variant (62,079,972), creates a 90bp upstream ORF (uORF1, at
62,080,059-62,079,970). Moreover, the ¢.23T variant (62,080,037; rs852870212),
together with the ¢.88T variant (62,079,972; 1s852065588), creates another 69bp
uORF (uORF2, at 62,080,038—-62,079,970 localization) — Figure 4.
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| LEr e
HSA16:53,703,963 CTACGCTCTTCCAGCTGTCGGACCTGGGAAATTCTCCTGTGCTARATCCCGTGGCGCTCG

rs852870212 C>T
62,080,037

T — CTCTGAYGGAGAATGGC

Il LRt rrrerer 1
CGGGTGTCGCCGCGGTGCATCCTGGGAGTTGTAGTTTTTTCTACTCAGAGGGAGAATAGC
rs852065588 C>T

62,079,972
solid line - UORF2 69bp; CFA2:62,080,038-62,079,970

|
GCCGGGCGGGAGCAGGACGCCGAGAGAACTACAAGCAGGAGGCGGGGTCCAGGGYGAAGG
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Newly proposed dog ORF
from CFA2:62,079,924
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Human annotated ORF

GCAGAGGARAGAGAGCGCGAAGCTAAG  CFA2:62,079,880

FETrrrer rererrrrrr et
GCCGAGGAACGAGAGCGCGAAGCTAAG  HSA16:53,704,229

Figure 4. Alignment of canine and human exon 1 of FTO. The positions of the newly proposed open

reading frame (ORF), two upstream ORFs (uORF), and two identified SNPs within the canine F70

gene are shown. All positions are given according to CanFam3.1 and GRCh38.p12 for dog and human
assembly, respectively
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DNA CpG methylation analysis

We selected two CpG islands (CGIs): located in exon 1 of the F70 and in
a 5’-flanking region of the /RX3 gene (Figure 2), for DNA methylation analysis in
fifteen lean (BCS = 3) and thirteen obese (BCS = 5) Labradors (sample set C). Seven
and six cytosines were analyzed in F70 and IRX3, respectively. In both CGIs, the
mean percentage of methylated cytosines was low, ranging from 7% to 15% in FTO
and from 10% to 25% in /RX3 (Figure 5). Interestingly, the methylation of the seven
FTO cytosines was highly correlated, while the methylation of the six /RX3 cytosines
was not. We did not detect any significant difference in CpG methylation between the
lean and obese groups. Moreover, our data suggests the methylation level in F70 and
IRX3 has no relation to age, sex, or neutering.
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Figure 5. Results of the association study on methylation level in two candidate genes (F70 and IRX3)

and obesity. Methylation was studied in 15 lean (BCS = 3) and 13 obese (BCS = 5) Labrador dogs. No

statistically significant differences were found between the lean and obese dogs. The mean percentage

of methylation + SD in the examined CpG islands is shown. The particular cytosines in each analyzed
fragment are indicated by CpG1, CpG2, etc.

Discussion

Studies on human obesity over the past decade have identified more than 220
genetic markers (Pigeyre et al., 2016; Singh et al., 2017), however, a genetic con-
tribution to canine obesity is poorly recognized (Switonski and Mankowska, 2013;
Yeo, 2017). Limited studies on this disease have indicated the presence of breed-
specific gene pools responsible for obesity in dogs. As human F70O, MC4R, POMC,
BDNEF, and PCSK1 genes show the most pronounced effects (Pigeyre et al., 2016),
these genes have been considered as candidates for canine obesity. Recently, a strong
effect predisposing to obesity of Labrador retrievers and the closely related Flat-
coated retrievers was reported for a 14 bp deletion in POMC (Raffan et al., 2016;
Mankowska et al., 2017 a). Another candidate, the MC4R gene, showed no asso-
ciation with obesity (Mankowska et al., 2017 b) or with morphological measures
in Golden retrievers (van den Berg et al., 2010), but is tentatively associated with
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body weight in Beagles (Zeng et al., 2014). These findings are expected because of
selective dog breeding which means that within breeds, genetic determinants of even
complex disease can be very different to those in other breeds. Therefore we limited
our association study to a single obesity-prone breed. On the contrary, Miyabe et
al. (2015) analyzed a multibreed cohort and detected a significant effect of canine
GPR120 gene on BCS.

Based on our sample of Labrador retriever dogs we collected a suggestive evi-
dence that human and canine F70 genes may have different contribution to obesity.
The widely studied FTO polymorphisms located in intron 1 show associations with
body weight, BMI, and body fat distribution in multiple human populations (Hardy
et al., 2010; Gonzalez et al., 2012; Zermefio-Rivera et al., 2014). In our study, we
resequenced the orthologous region in intron 1 of the canine F70 gene, but found no
polymorphism. Alternatively, this result may suggest that the largest determinant of
polygenic obesity in humans is not having a detectable effect in a single dog breed.

Although the well-known effect of human /70 was not found in our sample of
dogs, we discovered that two SNPs in the canine /70 create two different uORFs. It
is known that uORFs are translated in the same manner as major ORFs into a short
polypeptide that may interfere with the subsequent translation of the major ORF,
due to its inability to reinitiate ribosome subunits after uORF translation (Somers et
al., 2013). As a result, the expression of the major ORF can be reduced by as much
as 80% (Calvo et al., 2009). Interestingly, no association was observed with BCS or
body weight of the ¢.23C>T polymorphism (rs852870212) creating the uORF in the
canine F70 gene. It should be pointed out that the minor variant (c.23T) occurred
in the studied cohort with a low frequency (0.16), and thus our study had a limited
power to find similar effect of F7O to that seen in human populations. However, we
gave an evidence, by applying permutation power analysis, that the studied sample
set had a reasonable size to look for a larger allelic effect.

Smemo et al. (2014) showed that F70 and IRX3 genes interact with each oth-
er. A multianalytical approach of 55 SNPs in 28 obesity-related human genes has
confirmed the strong linkage disequilibrium (LD) between SNPs in F70 and IRX3,
along with polymorphisms in T7CF7L2 and TMEM18 genes, indicating that they are
the major SNPs contributing to BMI in the North Indian population (Srivastava et
al., 2017). Based on these results and the fact that the G>T SNP (rs3751723) located
in the 5’UTR of human /RX3 is highly associated with the BMI index, we decided
to study the corresponding region of 5’UTR in obese dogs. However, in spite of
the high sequence similarity between the orthologous regions in the human and ca-
nine genomes (256 bp with 94.53% identity), no such polymorphism was found
in Labrador dogs in this study. The association between human obesity and /RX3
polymorphisms has been reported for a Chinese population. It has been observed
that the rs8053360 (C>T) SNP is associated with birth weight in females (resulting
in an increase with CC genotype) (Liu et al., 2018). Additionally, GG genotype for
rs1126960 increased birth weight in females.

Several studies have reported correlations between the methylation pattern in
blood cells and obesity (Campion et al., 2009; Crujeiras et al., 2013, 2017). Also
a recent report has shown a difference in CpG methylation in PTPRS and PER3
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genes between obese and nonobese children (Samblas et al., 2018). We observed
very low cytosine methylation levels in both analyzed CGIs. The CGI studied in the
FTO gene was localized in the structural regions (exon 1). The role of DNA meth-
ylation within the gene body is still unclear, but there is evidence that it influences
transcriptional elongation and alternative splicing (Lee et al., 2015).

The well-known contributors to canine obesity include age, sex and gonadal sta-
tus (neutered or intact) (German, 2006). Our data confirmed a significant effect of
age and sex, whereas the effect of gonadal status appeared to be non-significant. It
should be pointed out that study of Lefebvre et al. (2013) carried out on a larger dog
cohort showed that risk for becoming overweight was significantly greater in neu-
tered than in intact dogs, but only during the first 2 years after gonadectomy. In our
study the age of dogs ranged from 12 to 180 months and therefore only a part of the
sample was at increased risk of being overweight due to neutering.

Conclusions

Our study suggests that, unlike in humans, 70 and /RX3 are not promising
markers of obesity in Labradors. However, the two identified upstream reading
frames (UORFs) created by two SNPs deserve further study in a larger cohort of
obese and lean Labradors. Based on in silico study we propose an improvement in
the current annotation of F70. Additionally, DNA methylation of short CpG islands
in FTO and IRX3 showed no association with obesity.
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