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Text S1.

Expression profile of escape genes in fat and muscle. In fat and muscle, less than half of the
escape genes were differentially expressed in 45,X vs. 46,XX (Fat: 19 out of 58; Muscle: 14 out of
53) and 47,XXY vs. 46,XY (Fat: 23 out of 58; Muscle: 19 out of 53). We observed a similar
expression pattern as in blood with genes being downregulated in 45,X vs. 46,XX and
upregulated in 47,XXY vs. 46,XY.

Text S2

Enrichment analysis of DEGs.

Analysis of DEGs found in blood between 45,X and 46,XX (n=2554) revealed enrichment primary
for biological processes (GOBP) related to the immune system but also to coagulation.
Enrichment for disease association (DisGENet) revealed enrichment for terms related to
inflammatory diseases, congenital malformation and dysmorphism and neurodegenerative
disorders (Fig. 4). Based on the 174 DEGs in fat tissue, enrichments were seen for GOBP terms
related to demethylation, whereas enrichment for disease association (DisGENet) revealed
enrichment for terms related to sex chromosome aneuploidies. No enrichments were significant
based on the 62 DEGs found in muscle tissue. Analysis of DEGs in blood between 47,XXY and
46,XY (n=216) revealed enrichment for GOBP terms related to mRNA splicing, actomysin
structure organization, development of metanephric glomerulus morphogenesis and platelet-
derived growth factor receptor signaling pathways, whereas enrichment analysis of DEGs in fat
between 47,XXY and 46,XY (n=353) revealed enrichment for GO term related to the immune
system (Fig. 4). Enrichment for disease associations (DisGENet) based on DEGs in fat between
47,XXY and 46,XY revealed enrichment for terms related to severe intellectual disability,
language disorders, abnormality of the dentition as well as different skin diseases, whereas in
muscle based on 205 DEGs enrichment for terms related to hearing loss and skeletal
abnormalities was seen (Fig. 4). No enrichments for disease association (DisGENet) terms were
seen in blood and no significant enrichments were seen in muscle in relation to GOBP terms.

Text S3

Correlation between DMPs and gene expression

In blood, three autosomal genes were both hypermethylated in 47,XXY, hypomethylated in 45,X
and at the same time DEGs (OR2C3, TRIM2 and HCG11) (Additional filel: Fig. S14). OR2C3
was significantly downregulated and hypermethylated in 47,XXY and likewise upregulated and
hypomethylated in 45,X. Differential methylation of OR2C3 has been proposed implicated in mild
cognitive impairment (1). TRIM2 was hypermethylated and upregulated in 47,XXY, whilst
hypomethylated and downregulated in 45,X. TRIM2 drives neurite outgrowth and polarization and
plays a neuroprotective role (2).

Six autosomal genes were both hypomethylated in 47,XXY and hypermethylated in 45,X and
DEGs (NOVA1, ANKRD55, DIP2C, SORBS2, SERINC5, SRGAP1) (Additional file 1: Fig. S14).
DIP2C was downregulated in 45,X and upregulated in 47,XXY, and variants have been reported
in neuronal diseases (3), autism spectrum disorder (4), and epilepsy (5).

Two X chromosomal genes were both DEG and annotated to DMPs (Additional file 1: Fig. S14).
ARSD was hypomethylated and upregulated in 47,XXY, while hypermethylated and
downregulated in 45,X. KDM5C were hypermethylated and upregulated in 47,XXY, while
hypomethylated and downregulated in 45,X.

In fat, SMPX, AVPR2, POF1B, STS, and APLN were hypermethylated in 45,X and
hypomethylated in 47,XXY. SMPX and AVPR2 were both hypomethylated in 47,XXY while
hypermethylated and downregulated in 45,X (Additional file 1: Fig. S14). SMPX deficiency has
been implicated in progressive hearing loss in mice (6). Similarly sensorineural hearing loss is



frequent in 45,X (7). The AVPR2 gene is involved in production of the vasopressin V2 receptor
(8). POF1B was hypomethylated in 47,XXY and considerably downregulated in 47,XXY (log2FC
=-4.4), while STS and APLN were hypomethylated and upregulated in 47,XXY.

In muscle, THPO was hypermethylated and downregulated in 45,X vs. 46,XX, while
hypomethylated in 47,XXY vs. 46,XY (Additional file 1: Fig. S14). PWWP2B was hypomethylated
in 47,XXY while hypermethylated and downregulated in 45,X vs. 46,XX. CYFIP2 was
hypomethylated and upregulated in 47,XXY vs. 46,XY. MASP1 was hypomethylated and
upregulated in 47,XXY vs. 46,XY. Only EIF2S3 was significantly hypomethylated and upregulated
in 47,XXY and at the same time hypermethylated and downregulated in 45,X. EIF2S3 has
previously been demonstrated upregulated in blood (9,10), and has been associated with
cognition and intelligence (11).

Text S4

Correlation between DMRs and DEGs across tissues

Our analysis revealed one xXDMR/XDEG's of particular interest, KDM6A, identified as a
XDMR/DEG in both 45,X vs. 46,XX and 47,XXY vs. 46,XY in both blood, fat and muscle,
hypomethylated and upregulated in 47,XXY, while hypermethylated and downregulated in 45,X
vs. 46,XX. In blood, 20 xXDMR/DEGs (13 genes) were identified comparing 47,XXY vs. 46,XY.
One gene, PRRG1, was hypermethylated and downregulated, five genes (MAP7D2, KDM6A,
SMC1A, MED14, DDX3X) were hypomethylated and upregulated, and seven genes (SLC16A2,
CA5B, CDK16, EIF1AX, XIST PUDP, PRKX) were hypermethylated and upregulated (Fig .4).
Two aDMR/DEG in blood were found in 47,XXY, vs. 46,XY (DIP2C, DLGAP2) and nine
aDMR/DEGs were present in 45,X vs. 46,XX (ACR, H3C6, RBBP8, ZSWIM5, NBR1, EBF4,
MAML2, QTRT1, RNF216). Comparing 45,X vs. 46,XX in fat, two xDMR/DEGs were identified
(XIST and KDM6A) (Additional file 1: Fig. S15). In 47,XXY vs 46,XY, 11 xDMR/DEGs, annotated
to six genes, were identified (XIST, MCF2, PUDP, EIF1AX, GRIPAP1, RNF128) (Additional file 1:
Fig. S15).In fat, no aDMR/DEGs pairs were observed from any comparison (Additional file 1: Fig.
S15). In muscle, four xXDMR/DEG pairs, three genes, were found in 45,X vs. 46,XX (XIST,
KDMB6A, and CHIC1) (Additional file 1: Fig. S15). In 47 ,XXY vs 46,XY, 18 xXDMR/DEG, 10 genes
were identified (XIST, KDM6A, FGD1, SLC16A2, RGN, AMER1, SMC1A, RBBP7, NHS and
ACOT9) (Additional file 1: Fig. S15). Autosomal comparison of 47,XXY vs. 46,XY revealed no
aDMR/DEG (Additional file 1: Fig. S15). Only one gene, PRKAG2 was both hypermethylated and
downregulated in 45,X vs. 46,XX (Additional file 1: Fig. S15).0Our analysis identified several
DMR/DEG pairs of particular interest. KDM6A, identified as a xXDMR/DEG in both 45,X vs. 46,XX
and 47,XXY vs. 46,XY in both blood, fat and muscle, hypomethylated and upregulated in 47,XXY,
while hypermethylated and downregulated in 45,X vs. 46,XX. MCF2 was hypermethylated in
47,XXY vs. 46,XY, and hypomethylated in 45,X vs. 46,XX, across all three tissues affected in
three large DMRs. Although only a DEG in fat tissue. MID2 was both hypomethylated in 45,X vs.
both 46,XX and 46,XY in blood and muscle, while only downregulated in blood. MID2 encodes
the midline-2 protein, which is a member of the tripartite motif TRIM family with three zinc-binding
domains. SLC16A2 was hypomethylated and upregulated in 45,X and vice versa in 47,XXY in
both blood and muscle tissue. CCNB3 was hypomethylated in 45,X vs. 46,XX and
hypermethylated in 47,XXY vs. 46,XY, across all three tissues, and upregulated in 45,X vs. 46,XX
in blood. The protein encoded by this gene belongs to the cyclin family, that plays an essential
role in cell cycle control (12), proper spindle reorganization and restoration of the interphase
nucleus (13). Ccnb3 plays a regulatory role in maintenance of the meiotic arrest and in mouse
oocytes (14).
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