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Figure S1. The ZNF556 neighborhood contains other KRAB-ZNF genes that, unlike ZNF556, are not expressed 
preferentially in myoblasts or cerebellum. ZNF554 is implicated in modulating trophoblast cell invasion [1] and ZNF57 (a 
paralog of ZNF555) in normal hearing [2] while the roles of ZNF556 and ZNF555 in normal development are uncertain. (A) The 
region shown is chr19:2,816,866-2,968,497. RNA-seq for cell cultures is shown as log transform of the overlay signal and for 
37 tissues as bar graphs with relative heights (linear scale) from GTEx median values. (B) Chromatin state segmentation (18-
state) is based on key histone methylation and acetylation profiles (Roadmap Epigenomics Project). (C) Significant myoblast 
DMRs and SkM (psoas) DMRs and WGBS and EM-seq for myoblasts; two different myoblast cell cultures, CM3 and CM1, 
were used for the WGBS and EM-seq, respectively). Blue horizontal bars are regions of significantly lower methylation than in 
the whole genome for the same sample. All tracks are horizontally aligned in this and other figures (pink line) and are from the 
UCSC Genome Browser (http://www.genome.ucsc.edu/) hg19 reference genome. (D) CTCF and MyoD binding sites are from 
UniBind. Abbreviations: Cb, cerebellum (in GTEx bar graph); Str, strong; Wk, weak; Prom, promoter; Enh, enhancer; Txn-
chrom, chromatin with the H3K36me3 indicative of active transcription; Low signal, negligible signal for H3K27ac or me3, 
H3K4me1 or 3, H3K9me3, or H3K36me3; Repr, repressed; Myob, myoblasts; LCL, lymphoblastoid cell line (GM12848); ESC, 
human embryonic stem cells (H1); NHLF, lung fibroblasts; NHEK, normal human erythroid keratinocytes; HUVEC, human 
umbilical cord epithelial cells; SkM1, skeletal muscle (psoas); SkM2, female leg SkM; IMR90, fetal lung fibroblasts; BM-MSC, 
bone marrow-derived cultured mesenchymal stem/stromal cells.  
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Figure S2. Promoter hypomethylation in cerebellum is associated with upregulated expression of ZIC1 while, in 
myoblasts, hypermethylation of the neighboring gene, ZIC4, is associated with repression of its expression. ZIC1 encodes 
a transcription factor that is involved in neurogenesis, mainly in the development of the cerebellum and spinal cord [3,4]. Its 
altered expression is associated with several brain diseases [5,6]. ZIC1 is also implicated in regulation of myogenesis [7]. The 
single RefSeq Curated isoform for ZIC1 and the RefSeq Select isoform of ZIC4 are shown at chr3:147,071,570-147,145,591. 
Panels A to D are similar to those of Figure S1 except that Panels C and D are combined. Panel A includes strand-specific RNA-
seq for cerebellum from ENCODE/Washington University (setting 0-0.5) and Myob (Long RNA-seq from ENCODE/Cold 
Spring Harbor Laboratory, vertical viewing range, 0-150 for the plus strand and 0-30 for the minus strand). Abbreviations: Fib, 
fibroblasts; Brain CG, cingulate gyrus; PFC, prefrontal cortex; HMEC, mammary epithelial cell culture. Panel D, blue, the CTCF 
site was seen in myoblasts but not in HMEC or ESC; black, the CTCF binding sites that were seen in myoblasts and ESC or 
HMEC. SkM, psoas skeletal muscle.  
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Figure S3. Intragenic hypomethylation in CHRD is associated with its upregulation in cerebellum. CHRD encodes a gene 
for chordin, a protein that is a bone morphogenetic protein antagonist implicated in various aspects of prenatal development 
[8]and expressed in neurons and astrocytes in adult rat brains [9]. The RefSeq Select isoform is shown at chr3:184,096,218-
184,115,042. Panels A-C are similar to those described in Supplemental Figure S1. Panel D shows DNaseI hypersensitivity 
profiles from ENCODE/Duke University (vertical viewing range 0–0.2). Cbl, cerebellum and SkM, leg skeletal muscle in the 
GTEx bar graph.  
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Figure S4. Cerebellar hypomethylation and myoblast hypermethylation in KCNJ12 are associated with up- or down-
regulation of this gene. KCNJ12 encodes an inwardly rectifying potassium channel protein that may be involved in muscle 
regeneration after injury [10]. The single RefSeq Curated isoform shown is shown at chr17:21,267,797-21,336,264. Panels A-D 
are similar to those in previous figures. 
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Figure S5. Hypermethylation upstream of the VAX2 promoter in myoblasts and in intron 1 in myoblasts and cerebellum 
is associated with VAX2 preferential expression in both cell populations. VAX2 (ventral anterior homeobox 2) encodes a 
homeobox protein that is implicated in eye development [11] and may be involved in forebrain development [6]. The single 
RefSeq Curated isoform is shown at chr2:71,109,681-71,161,247. Panels A-D are similar to those in previous figures.  
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Figure S6. The promoter region of ST8SIA5 in cerebellum is more extensively hypomethylated than that of brain 
prefrontal cortex. ST8SIA5 encodes an α-N-acetyl-neuraminide α-2,8-sialyltransferase, a family of proteins important for brain 
development [12] and may play a role in myoblast differentiation [13].  The RefSeq Select isoform is shown at chr18:44,241,613-
44,344,659. Panels A-D are similar to those in previous figures. 
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Figure S7. EN2 and CNPY1 have differential DNA methylation associated with tissue-specific expression levels and display 
cerebellar DNA hypermethylation in a promoter-upstream region previously associated with autism-linked 
hypermethylation. EN2 encodes an engrailed homeobox protein while CNPY1, its downstream neighbor, encodes a signaling 
regulator. EN2 is associated with cerebellar hypoplasia [14], postmitotic dopaminergic neuron development [15], and skeletal 
muscle fiber type specification [16]. The single EN2 RefSeq Curated isoform and some of the CNPY1 isoforms are shown at 
chr7:155,236,960-155,446,110. Panels A-D are similar to those in Figures S2 and S3. The cell culture RNA-seq tracks in Panel 
A shows both the overlay color-coded RNA-seq signal from six cell cultures and the individual profile for myoblasts. Panel G 
displays at higher magnification DNA methylation profiles for EN2 and surrounding sequences. Blue-highlighting in Panels C 
and E indicates with blue highlighting the region shown to be significantly more methylated and hydroxymethylated in the 
cerebellum of autism patients than controls and to have higher EN2 RNA and protein levels in patients [17,18]. The two nearby 
orange bars above the cerebellum tracks in Panels C and D indicate the position of DNase-seq peaks exhibiting low methylation 
surrounded by regions of high methylation uniquely seen in cerebellum.   
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Figure S8. Extensive upstream hypermethylation in myoblasts and SkM and hypomethylation in cerebellum is associated 
with enhanced LBX1 expression in muscle. LBX1 encodes a homeobox gene required for development of neurons in the spinal 
cord and specifies pre-myogenic progenitor cells during embryonic SkM formation [19]. It is implicated in myogenic gene 
expression in myoblasts [20], and is necessary for normal SkM formation by acting downstream of Pax3 in mice [21]. The single 
RefSeq Curated isoform is shown at chr10:102,971,927-103,005,906. Panels are similar to those in previous figures.  



10 
 

 
Figure S9. Myoblast DMRs in MCF2L likely affect promoter usage in cerebellum and myoblasts. MCF2L encodes guanine 
nucleotide exchange factor that has been mostly studied for its role and that of MCF2L-AS1 in oncogenesis [6,22]. The region 
shown is chr13:113,544,791-113,775,670. As in Figure S7, Panel A shows both the individual strand-specific RNA-seq track for 
myoblasts and the overlaid non-strand specific signal RNA-seq profiles (two tracks; upper track is just myoblast profile; lower 
track is the overlaid signal from the indicated six cell cultures). Other panels are similar to those in previous figures. 
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Figure S10. An intragenic region of myoblast and cerebellum hypermethylation is associated with repression of alternative 
promoter usage for DOK7 in these cell populations. DOK7 encodes a docking protein and is essential for neuromuscular 
synaptogenesis [23]. The RefSeq Select isoform is shown at chr4:3,457,238-3,504,003.  Panels are similar to those in previous 
figures. Strand-specific RNA-seq profiles indicated that HMEC, unlike myoblasts and cerebellum, predominantly uses the 
alternative downstream promoter (data not shown).  
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Figure S11. Transcription factor (TF) binding at four Myob/Cbl gene regions showing DNA hypomethylation in both 
myoblasts and cerebellum. Coordinates (hg19) for the regions shown are: ZNF556, chr19:2,866,622-2,868,563; MCF2L, 
chr13:113,629,238-113,629,542 (6 kb downstream of the most distal MCF2L TSS for RefSeq Curated isoforms); ANK1, 
chr8:41,654,321-41,656,977; TRIM72, chr16:31,225,264-31,226,003. Predicted sites for myoblast or brain-specific TFs were 
determined by JASPAR 2022 CORE with the minimum score set at 400. UniBind TF binding sites for myoblast or brain-related 
TF that were identified by ChIP-seq are as follows: MyoD sites in either myoblasts or a rhabdomyosarcoma cell line; NeuroD1 
sites in medulloblastoma; NeuroG2 sites in fetal lung fibroblasts reprogrammed to neurons GEO Accession viewer (nih.gov); 
and OTX2 sites in a medulloblastoma cell line. The Myob hypomethylated region is shown as a blue bar above the Myob 
chromatin segmentation profile.  
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Figure S12 Relative mRNA levels for five of the Myob/Cbl genes in embryonic tissues or pre-implantation embryos. The 
relative mRNA levels are shown by the intensity of color in the outer bar in the pie charts with yellow indicating no detectable 
RNA (EmAtlas. Spatiotemporal Expression Analysis, Expression Analysis (imu.edu.cn)). Colored sectors highlight cell 
populations or tissues of interest. Relative RNA levels, which are in nTPM, are not scaled; the highest level for each gene is 
indicated in the heading for each panel. See Figure 4 for the analogous data for ZNF556. 
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