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Abstract

Background: Although the molecular function of wolframin remains unclear, the lack of this protein is knowr] to
cause stress in the endoplasmic reticulum. Some variants in the Wolfram SyndromeWgShedre associated
with various neuropsychiatric disorders in humans, such as aggressiveness, impulsivity and anxiety.

Results:Here we present an in silico study predicting a single nucleotide polymorphism (rs852850348) in th
canineWFSZIene which was verified by direct sequencing and was genotyped by a PCR-based technique. [We

D

found that the rs852850348 polymorphism is located in a putative microRNA (cfa-miR-8834a and cfa-miR-1838)
binding site. Therefore, the molecular effect of allelic variants was studied in a luciferase reporter system that
allowed assessing gene expression. We demonstrated that the variant reduced the activity of the reporter protein
expression in an allele-specific manner. Additionally, we performed a behavioral experiment and investigated the
association with this locus to different performance in this test. Association was found between food possessivity

and the studiedWF& gene polymorphism in the Border collie breed.

Conclusions:Based on our findings, the rs852850348 locus might contribute to the genetic risk of possessi
behavior of dogs in at least one breed and might influence the regulation of wolframin expression.

ty
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Background social environment, but they also share various behav-
Investigation of the genetic background of behavior is inioral disorders, such as over-aggression, attention deficit
the center of interest for more than two decades. Psy-hyperactivity disorder, anxiety and obsessive-compulsive
chogenetic studies of human personality began in 199&lisorder [2].
when associations were found between a repeat poly- Compared to human polymorphism data, very few ca-
morphism in exon Il of the dopamine D4 receptor gene nine polymorphisms can be found in databases. Even
(DRD4) and novelty seekingl]. Dogs are increasingly though some databases exist which contain polymor-
applicable models in human psychogenetic studies, nophisms in canine genes, usually predicted by in silico
only because they live together with humans in similar methods, they do not have sufficient subject number or
do not consider several breed8][ Therefore, it is of im-
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explored yet f]. Several phenotypes were investigatedactivities by promoters and transcription factors24].
such as dog-directed aggression, owner-directed aggrezurrently it is also applied for testing the effect of
sion, nonsocial fear, separation anxiety and touch sensimiRNA-mediated, post-transcriptional regulation in tar-
tivity [5-8]. Furthermore, associations between get genes by composing a luciferase gene construct con-
polymorphisms in the dopamine receptor D4 gene taining the predicted miRNA targeting sequence from
(DRD4 and the tyrosine hydroxylase gen@il) and im-  the target gene (often located in the BTR) [25].
pulsivity, activity, inattention of German shepherd dogs The aim of our study was to investigate if any poly-
and Siberian husky dogs; and oxytocin recept@®XTR)  morphism in the WFS1gene regulates wolframin expres-
and mu () opioid receptor OPRMJ) genes and greeting sion. Particularly, we aimed to demonstrate if there is
behavior and human directed social behavior in Germanany locus which is a functional polymorphism. Addition-
shepherd dogs and border collies were published by ourlly, we aimed to associate this genetic marker to a be-
group previously §-12]. However, the previously men- havioral trait in dogs to determine its possible role in
tioned studies did not investigate the molecular effectsthe molecular genetics of dog behavior. According to
of carrying different alleles. our best knowledgeWWFS1polymorphisms and their role

Several common Wolfram Syndrome 1 gen®V/ES) have not been studied in dogs yet. Moreover, this is the
alleles were shown to associate with various neuro-first report describing the functional effect of a miRNA
psychiatric disorders 13], such as bipolar depression binding site polymorphism inWFS1lgene in dogs.
[14], high risk to attempt suicide and aggression, or with
behavioral traits, such as anxiety, impulsivittq, and Methods
impulsive verbal and physical aggressiod6] among Samples
humans. This gene encodes an endoplasmic reticulumn total, 274 animals were included in the study
membrane protein (wolframin), present mainly in neu- (German shepherd dogs) = 104; border colliesn = 83;
rons and pancreatic -cells. The function of this protein Eurasian wolves anis lupug, n=34; Labrador re-
is not completely understood yetl[7], however, it is well trievers,n = 23; beagles) = 19; golden retrieversn =11).
known that its malfunction causes an increased stress irBuccal samples were collected from the animals as de-
the endoplasmic reticulum, leading to the destruction of scribed in P6]. Briefly: the inner surface of the cheek
cell cycle and calcium homeostasid§. Rare mutations was rubbed with a cotton swab for about 10s, and the
in the human WFS1gene, located on human chromo- procedure was repeated with a second swab. DNA puri-
some 4, are responsible for the development of Wolframfication was carried out as desribed earlier for human
syndrome, which is considered monogenidq. This samples 27]. Typical DNA concentration of the dogs
disease is a clinical condition with the presence of dia-genomic DNA samples isolated from buccal swabs was
betes insipidus, diabetes mellitus, optic atrophy andaround 20 ng/ I.
deafness2q].

Wolfram syndrome is considered a monogenic dis- Sequencing
order, however, behavioral traits associated with poly-The dog WFS1 gene sequence was obtained from
morphisms in the WFS1gene are more complex2l]. GenBank [ttp://www.ncbi.nim.nih.gov) and Ensembl
To understand this complexity, the functional role of (http://www.ensembl.org) databases, accession numbers
these polymorphisms should be investigated for whichwere as follows: NC_006595.3 and ENSCAFGO000
microRNAs (miRNASs) are suitable candidates. MiRNAs 00001781, respectively. Five sets of PCR primers were
are a family of small, non-coding RNAs that play im- constructed by the NCBI/Primer-Blast toolhttp://www.
portant regulatory roles in many physiological and dis- nchi.nlm.nih.gov/tools/primer-blast). The Qiagen Hot-
ease processe2?]. Although 355 miRNAs are predicted StarTaq polymerase kit (Qiagen, Hilden, Germany) was
in silico having a putative binding site in the’8TR re- used for PCR amplification. The reaction mixture in-
gion of the humanWFS1gene fttp://zmf.umm.uni-hei- cluded 1 M of each primer (Tablel), approximately 5
delberg.de/apps/zmf/mirwalky, only a few of them have ng of DNA template, 200 M dNTP, 0.025U HotStar-
been confirmed by molecular method<28]. To under- Tag DNA polymerase, 1x buffer, and 1x Q-solution
stand the role of miRNAs in different physiological pro- supplied together with the enzyme. The PCR cycle con-
cesses, it is important to utilize experimental approachessisted of an initial denaturation at 95 °C for 15 min, 40
that allow for the detection of miRNA-induced alter- cycles of 1-min denaturation at 95 °C, 1-min annealing
ations in mRNA expression. Firefly luciferase is com-at different temperatures shown in Tabl&, a 1-min ex-
monly used as a reporter to assess the transcriptionatension at 72 °C, and a 10-min final extension at 72 °C.
activity of target genes in intact cells. After its introduc- The total volume of the reactions was 20. The ob-
tion to the market, the luciferase reporter gene assaytained PCR products were cleaned with a Wizard SV
was used to examine the regulation of transcriptional Gel and PCR Clean-Up System (Promega A9282
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Table 1 Sequencing primers and annealing temperatures used for PCR amplification of dog WFS1 gene regions

Sequencing primers Forward primer Reverse primer Product lenght (base pairs) o (°C) T

Primer pair 1 CACCCCTGCCACATCCGCAA CGGCCACGTCGACTCCCAAC 525 59

Primer pair 2 GTCCTGCAGCCCCGGCAATG GCGACCAGAGGTGTCCGCAG 531 59
Primer pair 3 GGCCGCGGAGGAGCTATGC CCACGTCGACTCCCAACGCT 562 60

Primer pair 4 ACGGCCGCGGAGGAGCTATG GTTCCTGTGGTGCTGGTGCCC 537 60
Primer pair 5 CGGAGGAGCTATGCCGCCTGA GCTGCAGGCAGTTCCTGTGGT 540 60

Madison, Wisconsin, USA) and sequenced with Sangeiightning Site-Directed Mutagenesis Kit (Agilent Tech-
method (Microsynth AG, Balgach, Switzerland) in both nologies, Santa Clara, USA). A control construct was
forward and reverse directions with the same PCRused containing a different insert with the same length
primers used for amplification. SNPs were identified bylacking any sequence complementary to miR-8834a and
aligning and comparing the sequence data with the Clus-miR-1838. All constructs were confirmed by Sanger
tal Omega tool [ttp://www.ebi.ac.uk/Tools/msa/ sequencing.

clustalo.

Genotyping miRNA binding assay

The rs852850348 SNP in the do@/FS13 UTR was ge- An in silico study was performed to identify miRNA
notyped as follows: PCR amplification was performedbinding sites in the dogWFS1 gene. Canine mature
with the following primers: 5 GTCCTGCAGCCCCG miRNA sequences were downloaded from the miRBase
GCAATG 3 and 5 GCGACCAGAGGTGTCCGCAG database [Http://www.mirbase.org). Based on the se-
3. The following thermocycle was used: 95°C for 15 quence of theWFS13 UTR, two miRNAs (cfa-miR-
min, then 40 cycles of 94 °C for 1 min, annealing at 58 °C8834a and cfa-miR-1838) were suggested to have a
for 30s and 72 °C for 1 min. The final step was 72 °C forputative interaction with the mRNA in close proximity
10 min. Total reaction volume was 10. PCR products to the rs852850348 locus. The Human Embryonic Kid-
were incubated for 36 h at 37 °C in a restriction enzyme ney cell line (HEK293T) was cultured in DMEM
mixture consisting of 0.5 U/l Pvull restriction enzyme medium (Gibco Invitrogen, Carlsbad, California, USA),
(NEB), 1x BSA and 1x NEBuffer 3.1 in a total reactionsupplemented with 10% bovine fetal serum (Lonza
volume of 20 I. The digested PCR products were ana-Walkersville, Inc., USA). The cells were maintained at
lyzed by conventional submarine agarose gel electro37°C in a 5% C@ atmosphere. For miRNA assays the
phoresis (Biocenter, Szeged, Hungary), using 1.5%ells were seeded into 24-well plates and were incubated
agarose mixed with 2% MetaPhor® Agarose gel (LonZar 24 h before transfection. Subsequently, 0.0% of the
Walkersville, Inc., USA) and visualized by ethidium luciferase reporter construct were cotransfected with

bromide staining. 0.2 g -galactosidase plasmid (Ambion, Kaufungen,

Germany) and 5 pmol of cfa-miR1838 and cfa-miR8834a
Assessment ofWFSlexpression (Thermo Fisher Scientific, Waltham, Massachusetts,
Plasmid construction USA) using Lipofectamine 2000 (Invitrogen, Carlsbad,

A 524 base-pair long segment of the 3intranslated re- California, USA) according to the manufacturisr proto-
gion (3UTR) of the WFS1gene was amplified by PCR col. Cells were collected 48 h after transfection, washed
using a DNA-sample of a dog with known (homozygous with PBS, then extracted by three consecutive freeze
AA) genotype for the previously identified SNP. We thaw cycles and subsequent centrifugation. Supernatants
used the following primers: 5 CGT TCC GAG CTC were used for enzyme activity measurements. Luciferase
CCG TGT GAG CCC GTC C 3 (the Sad restriction  activity was measured by adding 60 Luciferin reagent
enzyme site is underlined) forward and 5AAA TAA  (Promega Corporation, Madison, Wisconsin USA); 0.16
ACG CGT GAC CAG CAG TAG GTT TCG TGA 3  mg/ml Luciferin K, 20 nM Tricine, 2.6 nM MgS04, 0.1
(the Mlul restriction enzyme site is underlined) reverse nM Na2EDTA, 33.3nM DTT, 0.27nM Li3CoA and
primers. The PCR products were digested wiad and 0.53nM Na2ATP) to 12| of each cell extract.
Mlul and were cloned downstream of the firefly Luminescence was measured using a Varioskan multi-
luciferase gene in a pMIR-Report plasmid (pMIR-RE-well plate reader (Thermo Fisher Scientific, Waltham,
PORT miRNA Expression Reporter Vector System; ABI)Massachusetts, USA). Values for luciferase activity were
by T4 DNA ligase (New England BiolLabs, Ipswich,normalized to -galactosidase activity (measured by
Massachusetts, USA) using standard protocols. The constandard protocol using the same Varioskan plate reader
struct with the G allele was generated by Quick Changein  photometry mode). Each experiment was
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independently repeated three times, and each samplequal than 0.05 were considered significant. Association

was studied in triplicate. betweenWFS1rs852850348 and behavior was assessed
by Generalized Linear Model (ordinal logistic). Sex
Phenotypic measurement (male, female), genotype (AA, AG, GG) were used as

Only breeds with at least 60 individuals have been in-factors and age as covariate in the model. We analyzed
cluded in the analysis, i.e. border collies and Germarthe inter-rater reliability and test-retest reliability of the
shepherd dogs. The number of border collies with behavior in case of 14 dogs (independent sample) using
complete genotype, age and sex data was 64 (mean agewo-way random intraclass correlation, looking for abso-
4, age range: -9 years, male/female = 28/36); in case oflute agreement between average measures.

German shepherd dogs the respective sample size was

72 (mean age =3, age range:-8years, male/female = Results

40/32). The studied dogs were individually tested in anln silico determination of rs852850348, cfa-miR-1838 and
undisturbed park in a bone take away tes?d]. In the cfa-miR-8834a

test a bone (cooked humerus of a swine) was given tdA bibliographic review was carried out looking for can-
the dog by the owner. When the dog was chewing thedidates. Two DNA and 1 miRNA databases were used.
bone, the experimenter, wearing an artificial hand, Altogether, 11 SNP candidates were considered for ana-
approached the dog, touched the back and head of thdysis in the 3UTR region of the dog WFS1 gene.
dog, put the hand on the bone then pulled away the Amongst them, 1 resulted convenient rs852850348-
bone with a string attached to it. We measured at which with the highest minor allele frequency of 0.35 observed
phase the experimenter could take away the bone fromin any population. Additionally, based on miRBase data-
the dog Bone possessivity scdje when the artificial base, it was a putative miRNA binding site of two miR-
hand: was on the back of the dog (score 0); was on théNAs, cfa-miR-1838 and cfa-miR-8834a.

bone (score 1); moved the bone (score 2); pulled away

the bone from the dog (score 3). The dog was on a leastsequencing

in this test, tethered to a tree in order to avoid an attack Sanger sequencing of the doyFS1gene 3 UTR region

on the experimenter (Figl). (1084 basepairs downstream the stop codon) verified the
predicted rs852850348 A >G polymorphism in position
Statistical analyses 33 of the 3 UTR as shown in Fig2. Additionally, Fig 2

The Hardy-Weinberg equilibrium (HWE) for genotype demonstrates the sequence alignment of cfa-miR-1838
distributions was assessed by-test. No significant dif- and cfa-miR-8834a and their binding sites in th&FS1
ference p>0.05) could be observed between the meamRNA with the «+AZand «GZallele, respectively. It shows
sured and expected genotype frequencies in each groupthat the rs852850348 SNP is located 1 base pair next to
separately for the investigated SNP. the binding sites of the seed sequence of these
The comparison of genotype frequencies among the 5microRNAs.
dogs breeds and the Eurasian wolves was performed by
2.tests. ANOVA of the luciferase assays was performed N
using SPSS software (version 17.®).values lower or

-

Fig. 2 Sequence alignment of cfa-miR-18Bar{el a), and cfa-miR-
8834aPanel b) microRNAs and their putative binding sites in the A
Fig. 1 Bone take away test. Photo: courtesy of Judit Vas and G allele of th&VFShene

J
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The seed sequence of miRNAs is shown in grey andrable 2 Allele frequencies of rs852850348 among the six
the rs852850348 locus in red. Vertical lines representsubgroups

complementary nucleotides between miRNA and Allele A Allele G
MRNA. Border collie 0.58 0.42
G o German shepherd 0.68 0.32
eno n .
A geny(ftyging method was designed for the analysis ofG olden remeYer 045 055
rs852850348 using a PCR-RFLP technique. In case gfPrador retriever 0.87 0.13
*AZ allele, thePvul enzyme digested the PCR product Beagle 0.44 0.55
to three fragments with different lengths (334 + 148 + 46 Wolf 0.53 0.47

bp), however, the sequence witGZallele provided only
two products (334 + 194 bp). The completion of restric- the construct with the «GZ allele at the rs852850348
tion digestion were controlled by the 334 base pair-longlocus was created by site directed mutagenesis. More-
fragment produced by a control cleavage site independ-over, a construct without any binding site of cfa-miR-
ent from the polymorphism (Fig 3a). The obtained 8834a and cfa-miR-1838 (referred to asontrol)) was
DNA fragments were detected by horizontal gel electro- also prepared.
phoresis (Fig3b). Cotransfection of miR-8834a and the reporter con-
Using the above method, rs852850348 genotypes oftruct containing thesAZ allele of the rs852850348 SNP
240 privately owned dogs from 5 different breeds and 34showed the lowest level of relative luciferase activity
wolves were determined, and the results are presented iff47.15% of thesControl). When miR-8834a was coin-
Table 2 and Fig 3. In most breeds the G allele was the fected with the construct carryingGZ allele, 24,85% of
minor allele with a variable frequency from 13 to 47%, increase was observed in relative luciferase activity com-
except for golden retrievers and beagles where its freparing to the construct withsAZ allele (72% of the con-
quency rised up to 55% (Tabl@). In accordance with trol). Although the rs852850348 polymorphism is not
the measured allele frequencies, genotype distributionocated in the seed sequence of the miRNAs (see. E)g
showed also a variable picture (Fig). The AA genotype it is only one base pair adjacent to the seed sequence in
was the most frequent among Labrador retrievers andboth cases. Nonetheless, significant changps 0.029)

less frequent among beagles. in luciferase activity were detected between the con-
struct with an *AZ and a+GZ allele in the presence of
The impact of rs852850348 on luciferase signal miR-8834a, demonstrating that the mMRNA-miRNA

The molecular impact of rs852850348 SNP was analyzeéhteraction was weaker in the presence eBZ allele. In

by in vitro miRNA assay. As predicted by the miRBaseaddition, the scontrolZ construct without a binding site
database, two miRNAs were identified having a possibleof cfa-miR-8834a and cfa-miR-1838 resulted in the high-
role in altering the gene expression. The entirédUIR  est luciferase activity in the presence of cfa-miR-8834a.
region (524 base pairs) of th&V/FS1 gene with the Additionally, significant changes were found between
rs852850348+AZ allele variant was subcloned into a the construct containingsAZ allele and the control (=
pMIR-Report luciferase reporter vector. Subsequently,0.022) (Fig5a).

A B

FS1
500 bp g

Wi
Forward primer Reverse primer
> rs852850348 —
/ PCR \ b

@
300 bp)| s

—_— —0—

200 bp s
/ Pvu ||\ y
GEElE 100 bp| W

Fig. 3 Genotyping of rs852850348 SNP by restriction digestion of PCR amplastisa shows the principle of the applied genotyping

method. Amplicons of A allele were digested with thall enzyme into three fragments with different lengths, while in case of G allele only 2

fragments were generateBanel b shows the separated fragments of various genotypes as detected by horizontal agarose gel electrophoresis
J
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Fig. 4 Variations in rs852850348 genotype distribution among the six subgroups

Application of cfa-miR-1838 did not result in a

Figure 6 shows the potential functional consequence

significant decrease p(=0.074) in relative luciferase of this polymorphism when miR8834a binds to the
level, and no significant differences were found be-3'UTR of the dogWFS1lgene.
tween the relative luciferase activity of the allelic The entire 3 UTR region of the canineWFS1gene

variants (Fig 5b).

Fig. 5 Luciferase reporter assaWdFSBUTR allelic variants with
co-infected cfa-miR-8834Rafel a) or cfa-miR-183®é&nel
b) microRNA

was subcloned into the pMIR luciferase riporter vector.
Transient transfection were performed in HEK293 cells
(for details, see Methods section). Luciferase activity
values normalized tgs-galactosidase activity were mea-
sured, Panel A represents average = SD values of three
independent experiments in case of co-transfection with
cfa-miR-8834a. (< 0.05). ThesAZ luciferase construct
harbored the rs852850348 A allele, whereas #@& con-
tained the rs852850348 G variantControlZ construct
had a different DNA-insert with the same length lacking
any sequence complementary to cfa-miR-8834a. Panel B
demonstrates average £ SD values of three independent
experiments in case of cfa-miR-1838 co-transfection.
The circumstances are the same as described before.

Gene-behaviour association study

Both the inter-rater reliability and the test-retest reliabil-
ity were satisfactory (ICC =0.704 and 0.872, respectively,
N =14).

The Generalized Linear Model has not revealed associ-
ations between theBone possessivity scdrand WFS1
genotypes in the German shepherd dogs. However, in
border collies, homozygote GG individuals were less in-
clined to leave the bone (i.e. they were more possessive)
than homozygote AA dogs (Wald Chi square =6.379,
df =2, p=0.041, Fig7). Sex and age had no significant
effect on the behaviour. Bone possessivity was not linked
to aggressivity, as only 4 dogs growled and 2 attempted
to bite during the test. The detailed data of the gene-



Kolleret al. BMC Genetics  (2020) 21:82

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

anxiety. PLoS One. 2013;8(18)Https://doi.org/10.1371/journal.pone.

0080613

Klausz B, Kis A, Persa E, Mikidsi A, Gacsi M. A quick assessment tool for
human-directed aggression in pet dogs. Aggress Behav. 2014;4088):178
https://doi.org/10.1002/ab.21501

Holder A, Jones G, Soutter F, PalmeispBaAR, Catchpole B. Polymorphisms

in the canine IL7RUTR are associated with thymic output in Labrador retriever
dogs and influence post-transcriptional regulation by microRNA 185. Dev Comp
Immunol. 2018;81:24..https://doi.org/10.1016/j.dci.2017.12.008

Zhang L, Xu Y, Jin X, et al. A circulating miRNA signature as a diagnostic
biomarker for non-invasive early detection of breast cancer. Breast Cancer
Res Treat. 2015;154(2):823ttps://doi.org/10.1007/s10549-015-3591-0

Zhao 'Y, Pogue Al, Lukiw WJ. MicroRNA (miRNA) signaling in the human CNS in
sporadic Alzheimirdisease (AD)-novel and unique pathological features. Int J
Mol Sci. 2015;16(12):301https://doi.org/10.3390/ijms 161226223

Qiu L, Tan EK, Zeng L. microRNAs and Neurodegenerative Diseases. In:
Santulli G, editor. MicroRNA: Medical Evidence: From Molecular Biology to
Clinical Practice: Cham, Springer International Publishing; 2018.05. 85
https://doi.org/10.1007/978-3-319-22671-2_6

Serafini G, Pompili M, Hansen KF, et al. The involvement of MicroRNAs in
major depression, suicidal behavior, and related disorders: a focus on miR-
185 and miR-491-3p. Cell Mol Neurobiol. 2014;3430:h#ps://doi.org/
10.1007/s10571-013-9997-5

Issler O, Chen A. Determining the role of microRNAs in psychiatric disorders.
Nat Rev Neurosci. 2015;16(4):201

Serafini G, Pompili M, Innamorati M, et al. The role of microRNAs in synaptic
plasticity, major affective disorders and suicidal behavior. Neurosci Res. 2012;
73(3):1790.https://doi.org/10.1016/j.neures.2012.04.001

Németh N, Kovacs-Nagy R, Székely A, Sasvari-Székely M, Rénai Z. Association of

Impulsivity and Polymorphic MicroRNA-641 target sites in the SNAP-25 gene.
PL0S One. 2014;8(12:https://doi.org/10.1371/journal.pone.0084207

Rahman OA, Sasvari-Szekely M, Szekely A, Faludi G, Guttman A, Nemoda Z.
Analysis of a polymorphic microRNA ¢augjte in the purinergic receptor P2RX7
gene. Electrophoresis. 2010;31(11):57@€ps://doi.org/10.1002/elps.200900664
Fujiwara-lgarashi A, Igarashi H, Mizutani N, et al. Expression profile of
circulating serum microRNAs in dogs with lymphoma. Aust Vet J. 2015;
205(2):3121.https://doi.org/10.1016/.tvjl.2015.04.029

Zhao F-R, Su S, Zhou D-H, et al. Comparative analysis of microRNAs from the
lungs and trachea of dog€énis familiaji;nfected with canine influenza virus.

Infect Genet Evol. 2014;21:38izhttps://doi.org/10.1016/j.meegid.2013.11.019
Jeanson-Leh L, Lameth J, Krimi S, et al. Serum Profiling Identifies Novel Muscle
miRNA and Cardiomyopathy-Related miRNA Biomarkers in Golden Retriever
Muscular Dystrophy Dogs and Duchenne Muscular Dystrophy Patients. Am J
Pathol. 2014;184(11): 288 https://doi.org/10.1016/j.ajpath.2014.07.021
Hoeppner MP, Lundquist A, Pirun M, et al. An improved canine genome and a
comprehensive catalogue of coding genes and non-coding transcripts. PLoS
One. 2014;9(3)ttps://doi.org/10.1371/journal.pone.0091172

Penso-Dolfin L, Swofford R, Johnson J, et al. An improved microRNA
annotation of the canine genome. PL0oS One. 2016;11(@ttps://doi.
0rg/10.1371/journal.pone.0153453

Kehl T, Backes C, Kern F, et al. About miRNAs, miRNA seeds, target genes
and target pathways. Oncotarget. 2017;8(63):107438itps://doi.org/10.
18632/oncotarget.22363

Madden SF, Carpenter SB, Jeffery IB, et al. Detecting microRNA activity from
gene expression data. BMC Bioinformatics. 2010;11ttpS7/doi.org/10.
1186/1471-2105-11-257

Elek Z, Németh N, Nagy G, et al. Micro-RNA binding site polymorphisms in
the WFS1 gene are risk factors of diabetes mellitus. PLoS One. 2015;10(10):

Page 10 of 10

1.17.https://doi.org/10.1371/journal.pone.0139519

Borchelt PL. Aggressive behavior of dogs kept as companion animals: Ready to submit your research? Choose BMC and benefit from:
classification and influence of sex, reproductive status and breed. Appl Anim

Ethol. 1983;10(2):4561.https://doi.org/10.1016/0304-3762(83)90111-6 ¢ fast, convenient online submission

Perez-Guisado J, Munoz-Serrano A. Factors Linked to Dominance o thorough peer review by experienced researchers in your field
Aggression in Dogs. J Anim Vet Adv. 8:336 o rapid publication on acceptance

Mao J, Hu Y, Ruan L, Ji Y, Lou Z. Role of endoplasmic reticulum stress in o support for research data, including large and complex data types

depression (review). Mol Med Rep. 20t8s://doi.org/10.3892/mmr.2019.10789 o gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

B BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pone.0080613
https://doi.org/10.1371/journal.pone.0080613
https://doi.org/10.1002/ab.21501
https://doi.org/10.1016/j.dci.2017.12.008
https://doi.org/10.1007/s10549-015-3591-0
https://doi.org/10.3390/ijms161226223
https://doi.org/10.1007/978-3-319-22671-2_6
https://doi.org/10.1007/s10571-013-9997-5
https://doi.org/10.1007/s10571-013-9997-5
https://doi.org/10.1016/j.neures.2012.04.001
https://doi.org/10.1371/journal.pone.0084207
https://doi.org/10.1002/elps.200900664
https://doi.org/10.1016/j.tvjl.2015.04.029
https://doi.org/10.1016/j.meegid.2013.11.019
https://doi.org/10.1016/j.ajpath.2014.07.021
https://doi.org/10.1371/journal.pone.0091172
https://doi.org/10.1371/journal.pone.0153453
https://doi.org/10.1371/journal.pone.0153453
https://doi.org/10.18632/oncotarget.22363
https://doi.org/10.18632/oncotarget.22363
https://doi.org/10.1186/1471-2105-11-257
https://doi.org/10.1186/1471-2105-11-257
https://doi.org/10.1371/journal.pone.0139519
https://doi.org/10.1016/0304-3762(83)90111-6
https://doi.org/10.3892/mmr.2019.10789

