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OPEN Epigenetic landscape of hormone-
independent sexual dimorphism
and characterization of canine XIST

Seong-Ju Oh~%, Dayeon Kang™*, Subin Jang**, Tae-Seok Kim*, Chae-Yeon Hong?,
Yong-Ho Choe*, Chan-Hee Jo*, Are-SunYou?, Yoon Jung Do?, Gyu-lin Rhot, Jaemin Kim>* &
Sung-Lim Lee®

Sexual dimorphism in dogs {Canis [upus familiaris) manifests throvgh pronouvnced differences

in morphology, physiology, and disease susceptibility. Despite early neutering, the persistance

of sex-specific differences highlights the need to investigate factors beyond sex hormones that
contribute to these characteristics. We collected whaole blood tissue from spayed female {n=4) and
castrated male (n=%) beagles and performed whole genome bisvifite sequencing (WGEBS) and RMA
seq. To investigate hormone-indepandent sex dimorphism of DNA methylation in nevtered dogs,

we investigated differentially methylated genes (DMGs) between sexes and candidate molecular
pathways. Furthermore, we analyzed sex-related correlations between gene expression and
methylation levels. Sex-related differentially methylated genes, independent of hormone influence,
are associated with oncegenic signaling and neuronal pathways. Differences in methylation status
between the sexes were significantly associated with alterations in gene exprassion, indicating that
methylation plays a regulatory role in gene transcription. ldentification of canine XIST, previously
annotated as LOC102 156855, suggests a conserved mechanism of X-chromosome inactivation across
species and a sex-specific epigenetic imprint on the genome, which is maintained independent of sex
hormones. These findings enrich the vnderstanding of sex-specific biolegy in dogs and highlight the
intricate interplay betwaen epigenetic modifications and gene expression in determining sex-specific
phenotypes and disease susceptibilities.

Keywords Dog, Hormone-independent sexual dimorphism, DNA methylation. Gene expression, Canine
XI5T

Sexual dimorphizm in dogs is an important research field with clinical and biclogical implications, including
disease development, physiological varfations, and behavioral differences'™. Investigating the molecular
mechanisms responsible for sex-related venations linked o dlinical characteristics is important for
understanding disease morbidity and physiological ditferences considering sexusl dimorphism. In humans,
genetic and epigenetic disparities between males and females play 2 crucial role in shaping these differences
and are associated with varions diseases® 7. However, only a limited number of studies have imc;lignta.i the
malecular mechanisms undedying sexuzl dimorphism by enalyzing epigenetic modification in dogs® "

Sex hormones, also known s gonadal mmi?hmunes. have the greatest influence on sexual dimorphism.
Elimination of sex hormones affects varions physiological processes, incduding cefl proliferation, immunity,
behavior, and hody corrdthpn::silion inboth males and females. These hormonal changes may zlter the manifestations
of diseases known for their sexually dimorphic characteristics, leading to different presentations in the absence
of these hormones' 4, In fact, for dogs with no plans for breeding, elimination of the effects of sex hormanes is
favored to improve their quality of life and overall health. Gonadectomy, commonly referred to as nentering, is a
widespread procedure in many countries, that is used to control reproduction in companion dogs and reduce the
number of abandoned dogs'®. It is also used to alter undesirable behavioral characteristics (such as aggression
and roaming]'™"* and reduce the incidence of reproductive diserders™*', However, despite early neutering and
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