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Supplemental Methods

RNA-seq data analysis

The strand-specific RNA-seq data (SRA accession number SRP158448) used in this study were
obtained from our previous study (Yang et al. 2019). We utilized three biological replicates per
developmental stage. Raw reads were filtered using Trim Galore! and aligned to the pig genome
with HISAT2 (v2.2.1, --rna-strandness RF) (Kim et al. 2015). FeatureCounts (v2.0.1) (Liao et al.
2014) was used to quantify the number of reads assigned to each gene based on the genomic
coordinates of gene exons listed in the gene annotation file (Ensembl release 112). Gene
expression levels were normalized by calculating TPM values and further corrected for library size

using edgeR, resulting in a final gene expression matrix for all developmental stages.

Functional annotation of genomic features

To assign associated genes to genomic features (such as H3K27ac peaks, TEs, and SEs), we
followed the basal plus extension rule of GREAT (McLean et al. 2010). To further refine our
results, we filtered the associated genes based on their expression levels (TPM > 0.5 in at least one
sample). Subsequently, we explored the functionality of a set of genomic features by annotating
their associated genes with GO functions using clusterProfiler (v4.12.0) (Yu et al. 2012) R

package.

WGBS data analysis

The WGBS data (SRA accession number SRP160645) used in this study were retrieved from our
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previous study (Yang et al. 2021). To assess the degree of methylation at each CpG site, we

calculated the proportion of methylated reads to total reads. For each genomic region, we

determined the average methylation level by calculating the ratio of methylated reads across all

internal CpG sites to the total reads. Non-methylated regions across the genome were identified

using tiletHMM R package (v1.0.5) (Humburg and Humburg 2009) and established methods (Bell

et al. 2020).

Enrichment analysis of genomic features for genomic functional marks

Simulations of random peaks were used to determine the enrichment of a set of genomic features

in a set of functional genomics marks (Liu et al. 2022) including: GWAS hits within + 20 kb,

cis-eQTLs, and conserved DNA elements. Briefly, we counted the number of features overlapping

with the marks as the observed value (Obs). Then 1000 simulations were performed to assess the

enrichment of these features for the marks. In each round, we sampled genomic intervals to match

the number and length of the features and recorded the number of intervals that overlapped with

the marks as Sim. After 1000 iterations, we calculated the mean of Sim as Rand. Finally, the

enrichment fold was calculated as Obs/Rand, and its significance p was determined as the

proportion of instances where Sim > Obs.

Identification of eRNAs

Seqmonk (v1.47.2) was utilized to detect eRNAs using established methods (Carullo et al. 2020).

The approach involved the following steps: (1) Defining distal H3K27ac peaks from this study as

potential active enhancers; (2) Defining potential eRNA transcription regions as enhancer ranges
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within £ 500 bp; (3) Utilizing strand-specific RNA-Seq data (Yang et al. 2019) to calculate the
read count of potential eRNA transcription regions; (4) Inferring the bidirectional transcription
behavior of eRNAs when the number of reads matched to positive strands accounted for 5% to

95% of the total reads.

References

Bell E, Curry EW, Megchelenbrink W, Jouneau L, Brochard V, Tomaz RA, Mau KHT, Atlasi Y, de
Souza RA, Marks H, et al. 2020. Dynamic CpG methylation delineates subregions within
super-enhancers selectively decommissioned at the exit from naive pluripotency. Nat Commun
11: 1112. doi: 10.1038/s41467-020-14916-7.

Carullo NVN, Phillips 11l RA, Simon RC, Soto SAR, Hinds JE, Salisbury AJ, Revanna JS, Bunner KD,
lanov L, Sultan FA, et al. 2020. Enhancer RNAs predict enhancer—gene regulatory links and are
critical for enhancer function in neuronal systems. Nucleic Acids Res 48: 9550-9570. doi:
10.1093/nar/gkaa671.

Humburg P, Humburg MP. 2009. Package ‘tileHMM.’

Kim D, Langmead B, Salzberg SL. 2015. HISAT: a fast spliced aligner with low memory requirements.
Nat Methods 12: 357-360. doi: 10.1038/nmeth.3317.

Liao Y, Smyth GK, Shi W. 2014. featureCounts: an efficient general purpose program for assigning
sequence reads to genomic features. Bioinformatics 30: 923-930. doi:
10.1093/bioinformatics/btt656.

LiuY,FuY, Yang, YiG, LianJ, Xie B, Yao Y, Chen M, Niu Y, Liu L, et al. 2022. Integration of

multi-omics data reveals cis-regulatory variants that are associated with phenotypic



61

62

63

64

65

66

67

68

69

70

71

72

differentiation of eastern from western pigs. Genet Sel Evol 54: 62. doi:

10.1186/s12711-022-00754-2.

McLean CY, Bristor D, Hiller M, Clarke SL, Schaar BT, Lowe CB, Wenger AM, Bejerano G. 2010.

GREAT improves functional interpretation of cis-regulatory regions. Nat Biotechnol 28:

495-501. doi: 10.1038/nbt.1630.

Yang Y, Fan X, Yan J, Chen M, Zhu M, Tang Y, Liu S, Tang Z. 2021. A comprehensive epigenome

atlas reveals DNA methylation regulating skeletal muscle development. Nucleic Acids Res 49:

1313-1329. doi: 10.1093/nar/gkaal203.

Yang Y, Zhu M, Fan X, Yao Y, YanJ, Tang Y, Liu S, Li K, Tang Z. 2019. Developmental atlas of the

RNA editome in Sus scrofa skeletal muscle. DNA Res 26: 261-272. doi: 10.1093/dnares/dsz006.

Yu G, Wang L-G, Han Y, He Q-Y. 2012. clusterProfiler: an R package for comparing biological

themes among gene clusters. Omi a J Integr Biol 16: 284—287. doi: 10.1089/0mi.2011.0118.



	Supplemental Methods
	RNA-seq data analysis
	Functional annotation of genomic features
	WGBS data analysis
	Enrichment analysis of genomic features for genomic functional marks
	Identification of eRNAs

	References

