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Supplementary Figure S1 

 

 

Supplementary Figure S1 | Differences of 24 circulating indicators of metabolism in serum. ‘L’, ‘T’ and ‘R’ 

mean Landrace, Tibetan and Rongchang pig, respectively. ‘M’ and ‘F’ mean male and female, respectively. Data 

normally distributed (Kolmogorov-Smirnov test, P > 0.05). The statistical significance was calculated by two-way 

repeated-measures ANOVA (n = 9 per breed per sex, where ‘B’ and ‘S’ mean breed and sex, respectively) and is 

denoted by PB, PS, and PBxS. Values are means ± s.d. They are adiponectin (Adipo) (PB = 0.0005, PS = 0.648, 

PBxS = 0.515), adiponectin receptor (AdipoR) (PB = 0.490, PS = 0.942, PBxS = 0.613), C-peptide (PB = 0.007, PS = 

0.215, PBxS = 0.076), cholecystokinin (CCK) (PB = 0.536, PS = 0.157, PBxS = 0.965), gastrin receptor (GsaR) (PB = 

0.019, PS = 0.291, PBxS = 0.901), growth hormone (GH) (PB = 0.159, PS = 0.827, PBxS = 0.988), highly sensitive 

C-reactive protein (hs-CRP) (PB = 0.004, PS = 0.855, PBxS = 0.077), insulin (PB = 3.525 × 10
-5

, PS = 0.418, PBxS = 

0.457), interleukin - 6 (IL-6) (PB = 0.115, PS = 0.485, PBxS = 0.315), leptin (Lep) (PB = 0.04, PS = 0.012, PBxS = 

0.342), leptin receptor (LepR) (PB = 0.249, PS = 0.0003, PBxS = 0.329), orexin-B (OX-B) (PB = 0.001, PS = 0.333, 

PBxS = 0.016), orexin receptor (OXR) (PB = 0.003, PS = 0.841, PBxS = 0.684), plasminogen activator inhibitor-1 

(PAI-1) (PB = 0.004, PS = 0.224, PBxS = 0.693), tumor necrosis factor-� (TNF-�) (PB = 7.757 × 10
-5

, PS = 0.842, 

PBxS = 0.515), somatostatin (SS) (PB = 0.024, PS = 0.519, PBxS = 0.979), total cholesterol (TC) (PB = 0.0159, PS = 
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0.0002, PBxS = 0.033), triglycerides (TG) (PB = 0.017, PS = 1.936 × 10
-5

, PBxS = 0.001), high density lipoprotein 

(HDL) (PB = 0.0001, PS = 0.017, PBxS = 0.115), low density lipoprotein (LDL) (PB = 1.634 × 10
-8

, PS = 0.0002, PBxS 

= 0.261), very-low density lipoprotein (VLDL) (PB = 0.124, PS =3.524 × 10
-9

, PBxS = 0.001), lactate dehydrogenase 

(LDH) (PB = 2.068 × 10
-12

, PS = 0.821, PBxS = 0.002), apolipoprotein A-1 (Apo-A1) (PB = 8.633 × 10
-5

, PS = 0.081, 

PBxS = 0.879) and apolipoprotein B (Apo-B) (PB = 0.0006, PS = 0.015, PBxS = 0.422). The Pearson’s correlation 

was calculated between each pair of indicators. The bar graph was created using the visualization system 

VANTED60, and the blue and red connecting lines showed positive and negative correlations (*P < 0.05, **P < 

0.01, ***P < 0.001), respectively. 
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Supplementary Figure S2 

 

 

Supplementary Figure S2 | Morphological and immunohistochemistry measurements of adipocytes and 
myosin heavy chains (MHCs). (a) Enlarged photos of the eight adipocytes (ASA: abdominal subcutaneous 

adipose, GOM: greater omentum, IAD: intermuscular adipose, ILB: inner layer of backfat, MAD: mesenteric 

adipose, PAD: pericardial adipose, RAD: retroperitoneal adipose, ULB: upper layer of backfat), and two 

cross-sections of myofibers (LDM: longissimus dorsi muscle, and PMM: psoas major muscle). Paraffin 

embedded H&E stain. (b) Immunofluorescence against slow-twitch Type I MHCs and fast-twitch Type IIa / IIb 

MHCs (green) for LDM and PMM cross sections. The nucleuses were stained by DAPI (blue). 
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Supplementary Figure S3 

 

Supplementary Figure. S3 | Percent of CpGs covered by read depth thresholds on average over all 
samples. Values are means ± s.d (n = 180). 
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Supplementary Figure S4 

 

Supplementary Fig. S4 | Correlation between differential methylation and differential mRNA/miRNA 
expression. A scatter plot and trend line (Pearson correlation) showed correlation between the log2 ratios of 

mRNA /miRNA expression difference and the log2 ratios of the methylation differences. Line represents linear 

regression. Blue and orange dots represent the mRNA/miRNA– DMR pairs that exhibit the inverse and the same 

relationships, respectively. The number of mRNA /miRNA–DMR pairs that display a specific relationship are 

provided in each quadrant (upper left: hypermethylated being downregulated, bottom left: hypomethylated being 

downregulated, upper right: hypermethylated being upregulated, bottom right: hypermethylated being 

downregulated). 
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Supplementary Figure S5 
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Supplementary Figure S5 cont. 1 
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Supplementary Figure S5 cont. 2  
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Supplementary Figure S5 cont. 3 
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Supplementary Figure S5 cont. 4 

 

Supplementary Figure S5| Hierarchical clustering of samples using DMRs in different genomic elements 
and differentially expressed (DE) mRNAs. (a) adipose B-DMRs and DE mRNAs, (b) muscle B-DMRs and DE 

mRNAs, (c) adipose T-DMRs and DE mRNAs, (d) muscle T-DMRs and DE mRNAs, (e) adipose vs. muscle 

T-DMRs, (f) adipose S-DMRs and DE mRNAs, (g) muscle S-DMRs and DE mRNAs. The number of DMRs or 

mRNAs used for clustering is provided in brackets. If the number of DMRs are small than 10, the dendrogram 

has not been generated. The DMRs in promoters include those in miRNA and mRNA. 
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Supplementary Figure S6 
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Supplementary Figure S6 cont. 1 

 

Supplementary Figure S6 | Examples of known obesity-related genes showing differential DNA 
methylation in promoter. (a and b) The adipose B-DMR in (a) ESD and (b) PPP1R3C promoters. (c-f) The 

muscle B-DMR in (c) GHSR, (d) LIPA, (e) MC4R and (f) PROX1 promoters. (g-k) The adipose vs. muscle 

T-DMR in (g) HEXB, (h) HTR2A, (i) ACE, (j) PRKAR1A and (k) PRKCQ promoters. Top panels: top half: CpG 
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methylation. Each point represents methylation level (MeDIP-seq read depth) of a sample at a given CpG site. 

The curves showed average over the samples. The two vertical dashed lines marked the boundaries of the DMR 

identified. Lower half: CpG dinucleotides (black tick marks on X axis), CpG density (gray line), TSS (black arrow), 

exons and introns (filled black and white boxes, respectively). Plus and minus marks denote sense and 

antisense gene transcription. Second panels: validation of individual CpG methylation by MassArray (mapping to 

yellow box in upper panel). Third panels: a scatter plot and trend line (Pearson correlation) showing correlation 

between the log2 ratios of mRNA expression from microarray and CpG methylation of the DMR from MeDIP-seq. 

Bottom panels: validation of mRNA expression levels by q-PCR. Bars represent the mean expression level. 
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Supplementary Figure S7 

 

Supplementary Figure S7 | Examples of putative genes located in QTLs region affecting fatness and 
pork quality showing differential DNA methylation in promoter. (a and b) The adipose B-DMR in (a) C3orf14 

and (b) C15orf29 promoters. (c-e) The muscle B-DMR in (c) C3orf14, (d) C9orf93 and (e) C14orf174 promoters. 

(f-h) The adipose vs. muscle T-DMR in (f) C14orf50, (g) C14orf179 and (h) C15orf38 promoters. Top panels: top 
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half: CpG methylation. Each point represents methylation level (MeDIP-seq read depth) of a sample at a given 

CpG site. The curves showed average over the samples. The two vertical dashed lines marked the boundaries 

of the DMR identified. Lower half: CpG dinucleotides (black tick marks on X axis), CpG density (gray line), TSS 

(black arrow), exons and introns (filled black and white boxes, respectively). Plus and minus marks denote sense 

and antisense gene transcription. Second panels: a scatter plot and trend line (Pearson correlation) showing 

correlation between the log2 ratios of mRNA expression from microarray and CpG methylation of the DMR from 

MeDIP-seq.   
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Supplementary Figure S8 

 

Supplementary Figure S8 | Statistics of genes with DMRs in promoters. (a) Muscle B-DMRs, (b) adipose 

B-DMRs, (c) adipose S-DMRs, (d) muscle S-DMRs, (e) muscle T-DMRs, (f) adipose vs. muscle T-DMRs, and (g) 

adipose T-DMRs. To identify specific adipose T-DMRs in a given adipose tissue, we looked for DMRs which 

hyper- or hypomethylated over half of the target tissues (i.e. a DMR for a given adipose tissue should be hyper- 

or hypomethylated against more than four of seven target tissues, simultaneously). 
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Supplementary Table S3| Primer sequences used for q-PCR. 

Gene 
symbol Primer sequence (5’ to 3’) Amplicon 

size(bp) Ensembl/Genebank ID 

ACE 
AAAACCCAGAGCCCAAAC 

103 ENSSSCG00000017296 CCTCGGCATACTCGTTCA 

ATP1B1 
ACTGGCAAGCGTGACGAAGATAA 

195 ENSSSCG00000006296 CGCCTTACACTCTATGCGGATTT 

COL8A2 
CCGTTAAGTTTGACCGGACTCT 

117 ENSSSCG00000003635 CCTTGACGTGTACGTGGTAAGC 

ESD 
AGTAAATGGAAGGCTTATGATGC 

211 ENSSSCG00000009407 TTGCGATGAAGTAGTAGCTGTGA 

FTO 
CAGCAGTGGCAGCTGAAATA 

133 ENSSSCG00000002832 TGACCAGGTCCCGAAATAAG 

GHSR 
TACGCCACAGTGCTCACCATCA 

108 ENSSSCG00000011754 GACCAGCTTTACCCGGCCCTTG 

HEXB 
ATGCCCGGCACAGTAGTTCAGGT 

208 ENSSSCG00000014073 CTCCGCCAAGGACACGCTTTCTC 

LIPA 
TATGTGGGTCATTCTCAAGGT 

133 ENSSSCG00000010450 CTAGAGGGCTAGTAGCGAACT 

MC4R 
TACCCTGACCATCTTGATTG 

226 ENSSSCG00000004904 ATAGCAACAGATGATCTCTTTG 

PPP1R3C 
GAAACAGGAAGCCAAATCACAGA 

170 ENSSSCG00000010464 CATTAAGGTCCAAGAGGTCAAAC 

PRKAR1A 
GCCATGTTTCCGGTTTCCTTTAT 

128 ENSSSCG00000017259 ACACTGGTTGCCCACTCATTGTT 

PRKCQ 
AGGAAGAACAACGGGAAGACAGA 

195 ENSSSCG00000011131 CTCGTGACACTTGACATGGTGGA 

PROX1 CCGTTTCAGAGTCCGTTAGGT 122 ENSSSCG00000015584 TGGTGGGATGACATCTTGGTC 

ACTB* TCTGGCACCACACCTTCT 114 ENSSSCG00000007585 / 
DQ178122 TGATCTGGGTCATCTTCTCAC 

TBP* GATGGACGTTCGGTTTAGG 124 DQ178129 
AGCAGCACAGTACGAGCAA 

TOP2B* AACTGGATGATGCTAATGATGCT 137 ENSSSCG00000011213 / 
AF222921 TGGAAAAACTCCGTATCTGTCTC 

*: ACTB (� actin), TBP (TATA box binding protein) and TOP2B (topoisomerase II �) are the endogenous control 

genes. 
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Supplementary Methods 

Body density 

Individual body weight was measured before sacrifice. We calculated the pig body volume on the 

basis of three anthropometric parameters as previously described61. The pig body is considered to 

be like a truncated cone where the base is represented by the abdomen (A), the top by the neck (N) 

and the length by the body size (BS). Pig body volume was defined (l) as: 

Volume (l) = (� (BS/3) (cm) × {(A)2 (cm) + (N)2 (cm) + (A (cm) × N (cm) ) } ) × 10-3 

where BS is the body size and A and N are the radius of the abdomen (A) and the neck (N). 

It was then possible to determine the density in kg per litter as: 

Density (kg�l-1) = BW (kg) / V(I) 

Circulating indicators of metabolism in serum 

At 210 days of age (when the pigs reached peak commercial value), venous blood (50 ml) was 

collected from each fasted pig immediately before sacrifice. The whole blood was immediately 

centrifuged at 1,800 g for 10 minutes at RT, and then the resultant sera were stored at -80 °C. 

Serum concentrations of total cholesterol (TC), triglycerides (TG), high density lipoprotein (HDL), 

low density lipoprotein (LDL), very-low density lipoprotein (VLDL), lactate dehydrogenase (LDH), 

apolipoprotein A-1 (Apo-A1) and apolipoprotein B (Apo-B) were determined in triplicates for each 

pig by using CL-8000 clinical chemical analyzer (Shimadzu) via standard enzymatic procedures. 

Serum levels of 16 hormones / cytokines, which are well known to be associated with ATs 

deposition and SMTs growth, were measured in triplicates for each pig using a pig-specific ELISA 

kit (RuiCong). These analyzed molecules included adiponectin (Adipo), adiponectin receptor 

(AdipoR), C-peptide, cholecystokinin (CCK), gastrin receptor (GsaR), growth hormone (GH), 

highly sensitive C-reactive protein (hs-CRP), insulin, interleukin - 6 (IL-6), leptin (Lep), leptin 

receptor (LepR), orexin-B (OX-B), orexin receptor (OXR), plasminogen activator inhibitor-1 (PAI-1), 

tumor necrosis factor-� (TNF-�) and somatostatin (SS). 

Histology of adipocyte and myofiber 

After sacrifice, all ATs and SMTs were fixed in 10% neutral buffered formalin solution, embedded 

in paraffin using TP1020 semi-enclosed tissue processor (Leica), sliced at a thickness of 6 �m 

using RM2135 rotary microtome (Leica) and stained with hematoxylin and eosin (H&E). The mean 

diameter of an adipocyte cell was calculated as the geometric average of the maximum and 

minimum diameter, and 100 cells were measured for each sample in randomly selected fields 

using a TE2000 fluorescence microscope (Nikon) and Image Pro-Plus 7.0 software 
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(Media-Cybernetics). The mean adipocyte volume (V) was obtained according to the following 

formula: 

V = �/ 6 �fi Di
3/ �fi 

where Di is the mean diameter; fi denotes number of cells with that mean diameter Di. 

The myofiber cross-sectional area was measured as an average of 100 fibers in randomly 

selected fields. 

Myofiber type ratio (fast / slow) 

Immunofluorescence staining was performed as previously described62. Two MHC monoclonal 

antibodies, NLC-MHCs and NCL-MHCf (Novocastra), were raised against pig slow-twitch Type I 

MHCs and fast-twitch Type IIa / IIb MHCs, respectively. The myofiber type ratio was determined 

by the area rate of fast MHCs versus that of slow MHCs for 100 fields of vision (randomly chosen). 

Fatty acid composition 

We determined the fatty acid composition of each AT as previously described63 with some 

modifications. The fatty acid methyl esters (FAME) were quantified using GC-14C gas 

chromatograph (Shimadzu), which is equipped with an on-column injector and a flame ionization 

detector, under the following conditions: 60m × 0.25 mm capillary column size (CP-sil 88 for FAME, 

Varian - Chrompack), 0.20 �m film thickness, H2 as carrier gas, flame injector split 20:1 at 260 °C 

and ionization detector. Response factors were determined by analyzing a standard solution of the 

relevant pure FAME. Individual compounds were identified by comparing their retention times with 

those of standards (Sigma). FAMEs were identified by comparison with standards previously run 

independently or together with samples. Results were expressed as grams of each fatty acid per 

100 g of FAMEs detected. 

MeDIP–seq 

To account for variation of DNA methylome among individuals of a breed, we randomly selected 

three pigs with a specific sex from each breed as biological replicates. We selected ten tissues 

from each individual, so in total 180 samples were sequenced separately. 

  MeDIP DNA libraries were prepared following the protocol as previously described54. Each 

MeDIP library was subjected to paired-end sequencing using Illumina HiSeq 2000 at a 50 bp read 

length. Five microgram of original DNA was isolated using E.Z.N.A. HP Tissue DNA Midi Kit 

(Omega) and was sonicated to ~ 100 – 500 bp fragments with a Bioruptor sonicator (Diagenode). 

Then libraries were constructed by adopting the Illumina Paired-End protocol consisting of end 

repair, <A> base addition and adaptor ligation steps, which were performed using Illumina’s 
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Paired-End DNA Sample Prep kit following the manufacturer’s instructions. Adaptor-ligated DNA 

was immunoprecipitated by monoclonal anti-methylcytidine antibody. The specificity of the 

enrichment was confirmed by qPCR using SYBR green mastermix (Applied Biosystems) and 

primers for positive and negative internal control DNA of non-human samples were supplied in the 

Magnetic Methylated DNA Immunoprecipitation kit (Diagenode). Cycling of qPCR validation 

consisted of 95 °C 5 min, followed by 40 cycles 95 °C 15 s and 60 °C 1 min. The enriched 

fragments with methylation and 10% input DNA were purified on ZYMO DNA Clean & 

Concentrator-5 columns (ZYMO) following the manufacturer’s instructions. DNA was eluted in 30 

μl buffer EB and its concentration was measured. Enriched fragments were amplified by 

adaptor-mediated PCR in a final reaction volume of 50 μl consisting of 23 μl purified DNA, 25 μl 

Phusion DNA polymerase mix (NEB) and 2 μl PCR primers. Amplification consisted of 94 °C 30 s, 

10 cycles of 94 °C 30s, 60 °C 30 s, 72 °C 30 s, followed by prolonged extension for 5 min at 72 °C 

and the products were held at 4 °C. Amplification quality and quantity were evaluated by Agilent 

2100 Analyzer DNA 1000 chips purified by 2% agarose gel and eluted in 15 μl buffer EB. 

Ultra-high-throughput 50 bp paired-end sequencing was carried out using the Illumina HiSeq 2000 

according to manufacturer’s instructions. Raw sequencing data was processed by the Illumina 

base-calling pipeline.  

Mapping reads  

We filtered low quality MeDIP-seq reads that contained more than 5 ‘N’s or over 50% of the 

sequence with low quality value (Phred score < 5). The sequencing reads were aligned to the 

UCSC pig reference genome (Sscrofa9.2, ftp://hgdownload.cse.ucsc.edu/goldenPath/susScr2/), 

allowing up to four mismatches using SOAP2 (Version 2.21)55. Rarely, multiple reads from the 

same sequencing library mapping to the same genomic location were regarded as potential clonal 

duplicates due to PCR amplification biases, and therefore were used as one read. To avoid 

stochastic sampling drift, we filtered out CpG sites that were covered by less than a 10 read depth. 

Identification of DMRs 

Instead of the classical peak detection method that was controversially suited for DMR 

identification, we use a novel method which calculates the variation of single CpGs for scanning 

the genomic regions enriched for methylated CpGs across breeds (B-DMRs), sexes (S-DMRs) 

and tissues (T-DMRs). 

First, the normality and equal variances of read depth at each CpG across different sample 

groups were tested using Bartlett's test (passed for P > 0.05, failed for P < 0.05). To compare 

between two sample groups (i.e. adipose S-DMRs, muscle S-DMRs, muscle T-DMRs and adipose 

vs. muscle T-DMRs), we used Student’s t-test (if passed Bartlett's test) or Wilcoxon rank-sum test 
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(if failed Bartlett's test). To compare among three or more groups (i.e. adipose B-DMRs, muscle 

B-DMRs and adipose T-DMRs), we used one-way repeated-measures ANOVA followed by 

Holm-Sidak’s post-hoc test (if passed Bartlett's test) or Kruskal-Wallis non-parametric ANOVA 

followed by Tukey’s post-hoc test (if failed Bartlett's test).  

If the read depth difference at a single CpG across the sample groups was 

statistically significant (P < 0.01), the CpG was regarded as the seed site of a candidate DMR. 

Then a 3’ downstream adjacent CpG was incorporated with this seed CpG. To highlight the CpG 

enriched regions, up to 200 bp inter-distance was allowed between the two adjacent CpGs, which 

resulted in a coverage of ~88.82% of all CpG sites in the pig genome. The average read depth of 

these two CpGs was under a new round of tests, and would repeatedly go on for the next CpG 

until encountering a low-variance CpG (P > 0.01), which was allowed to be up to 2 kb from the 

seed CpG. In order to eliminate “trailing smear” (i.e. the difference of a high variance CpG covers 

up the downstream low variance CpGs), we repeatedly performed the above test procedures from 

the last CpG in 3’ downstream to the first site in 5’ upstream (i.e. seed CpG). If five or more CpGs 

in a genomic region have statistical significance (P < 0.01) different read depth across the samples, 

then this region was taken as a DMR. The resulting P values for DMRs were corrected using the 

Benjamini-Hochberg method (FDR < 0.01, 1,000 permutations).To highlight the specific B-DMRs, 

S-DMRs and T-DMRs, mutual DMRs (more than 60% overlap) between these three DMR types 

(excluding the adipose vs. muscle T-DMRs) were filtered out. 

Functional enrichment analysis for DMRs in promoters 

Functional enrichment analysis of Gene Ontology (GO) and pathway was performed using the 

DAVID (Database for Annotation, Visualization and Integrated Discovery) web server 

(http://david.abcc.ncifcrf.gov/)59. Genes with DMRs in promoters were mapped to their respective 

human orthologs, and the lists were submitted to DAVID for enrichment analysis of the significant 

overrepresentation of GO biological processes (GO-BP), molecular function (GO-MF) 

terminologies, and KEGG-pathway category. In all tests, the whole known genes were appointed 

as the background, and P values (i.e. EASE score), indicating significance of the overlap between 

various gene sets, were calculated using Benjamini-corrected modified Fisher’s exact test. Only 

GO-BP, GO-MF or KEGG-pathway terms with a P value less than 0.05 were considered as 

significant and listed.  

Gene expression microarray 

The total RNA (10 μg) of the 180 samples that corresponded to the samples used for MeDIP-seq 

sequencing was extracted with TRIzol (Invitrogen) and further purified using an RNeasy column 

(Qiagen). The total RNA quantity and purity passed the analysis of NanoDrop ND-1000 
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spectrophotometer (Nano Drop) at 260/280 nm (ratio > 2.0). The integrity of total RNA also passed 

analysis with the Bioanalyzer 2100 and RNA 6000 Nano LabChip Kit (Agilent Technologies) with 

RIN number > 6.0. The labeling procedure was carried out using an RNA Fluorescent Linear 

Amplification Kit (Agilent Technologies). The sample was labeled with Cy-3 dye only. 

Fragmentation was carried out by incubation at 60 °C for 30 min in a fragmentation buffer (Agilent 

Technologies), and the process was stopped by the addition of an equal volume of hybridization 

buffer (Agilent Technologies). The fragmented target was applied to an Agilent Pig Gene 

Expression Oligo Microarray (Version 2). Hybridization was carried out at 60 °C for 17 h in a 

hybridization oven (Robbins Scientific). The hybridized single channel array was scanned with an 

Agilent microarray scanner. The TIFF image generated was loaded into Feature Extraction 

Software (Agilent Technologies) for feature data extraction, and data analysis was performed with 

MultiExperiment Viewer (MeV)64.  

In order to identify differentially expressed (DE) mRNAs (P < 0.01) for the clustering analysis, 

we used one way ANOVA for comparisons of more than two groups or Student’s t-test for two 

groups comparisons, with each group corresponding to one of the seven DMR types. Resulting P 

values of above tests were corrected with adjusted Bonferroni method (FDR < 0.01, 1,000 

permutations).  

In order to obtain high-confidence gene expression data, we mapped 43,603 probes (60 mer in 

length) to the pig reference genome allowing up to one mismatch, this resulted in 27,955 probes 

(64.11%) that were uniquely mapped, of which 4,983 (11.43%) probes were uniquely mapped to 

exons of the Ensembl genes (more than 60% sequence overlap). Multiple probes mapped to the 

same or different exons of a specific gene were filtered. Only 3,074 probes (7.05%) uniquely 

representing 3,074 genes were used in subsequent analysis. 

Small RNA-seq 

Eight ATs and two SMTs of the three female Landrace pigs were used for small RNA-seq. Total 

RNA was extracted using mirVanaTM miRNA isolation kit (Ambion) following manufacturer’s 

instruction and subjected to quality control as above for gene expression microarray.  

For each library, equal quantities (5 μg) of small RNA isolated from every three female Landrace 

pigs were pooled. Approximately 15 μg of small RNA representing each tissue was used for library 

construction and sequencing. The small RNA fragments (between 10-40 nt) were isolated by 

polyacrylamide gel electrophoresis (PAGE) and ligated with proprietary adaptors (Illumina). The 

short RNAs were then converted to cDNA by RT-PCR and each small RNA library was sequenced 

individually using Illumina Genome Analyzer II according to manufacturer’s instructions. The 

sequencing generated a total of 7.12 Gb of 36-nt single-end reads for ten libraries.  
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In silico analysis of the small RNA-seq data 

Reads were processed using Illumina’s Genome Analyzer Pipeline software and then carried out 

as described by our previous report57 with some improvements. 

The reads were then subjected to a series of additional filters with acceptance criteria derived 

from the statistics of mammalian miRNAs in miRBase 16.0: (1) not sequencing adapters; (2) 

containing no more than 80% A, C, G, or T; (3) containing no more than two N (undetermined 

bases); (4) containing not only A and C or G and T, (5) containing no stretches of A7, C8, G6, or T7; 

(6) being longer than 14 nt or shorter than 27 nt; (7) not containing � 10 repeats of any dimer, � 6 

repeats of any trimer, or � 5 repeats of any tetramer; (8) been observed more than two times; and 

(9) not originating from porcine known classes of RNAs (i.e. mRNA in NCBI database65; rRNA, 

tRNA, snRNA and snoRNA in Rfam database66; and repetitive sequence elements in Repbase 

database67). All reads were counted and the identical reads were combined into a single kind. 

The reads that satisfy the acceptance criteria were passed through and called “mappable reads”. 

The mappable reads were mapped to the UCSC pig reference genome (~2.26 Gb) 

(Sscrofa9.2, ftp://hgdownload.cse.ucsc.edu/goldenPath/susScr2/) using NCBI Local BLAST. 

The mapping process included several major steps: (1) map the mappable reads to the known 

porcine and then to other mammalian pre-miRNAs registered in miRBase 16.068; (2) map the 

mapped reads in step 1 to pig genome to obtain their genomic locations and annotations; (3) 

cluster the unmapped sequences in step 2 (that have been mapped to miRBase sequences, but 

not to the pig genome) as potential novel miRNAs from gaps in the genome; and (4) predict 

hairpin RNA structures of the mappable reads not-mapped to miRBase in step 1 from the 

adjacent 60 nt sequences in either direction using UNAFold69. To avoid ambiguous reads that 

have been assigned to multiple positions in pig genome, only reads longer than 18 nt in length 

were included in step 4. 

Mapping and cataloging miRNAs  

In ten libraries, miRNAs frequently exhibited extensive sequence-heterogeneity, producing 

multiple mature variants (named isomiRs) from the miRBase depository as reported in 

literatures70-72. In these cases, as our previous report57, the most abundant isomiR was chosen as 

a reference sequence. This provides the most robust approach for evaluation of differential 

expression. Measuring the abundance of a given miRNA using the count of the most abundant 

isomiR correlated well with the expression level of the total counts of all isomiRs (average r = 0.95, 

Pearson). In general, the following discussions refer to the most abundant isomiR and its counts, 

when describing a family of sequences that may vary by length and/or vary by one nucleotide. 
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   The pre-miRNAs and mature miRNA transcripts identified from the mappable reads are divided 

into five groups with high-to-mid confidence73 in order (Supplementary Data 9): (1) 301 miRNAs 

corresponding to 174 known porcine pre-miRNAs which are also mapped to the pig genome. 

Specifically, 169 miRNAs and 34 miRNA*s are known in miRBase, and 98 were not previously 

identified (and thus new) porcine miRNA*s; (2) 131 miRNAs corresponding to 87 other known 

miRBase mammalian pre-miRNAs which are mapped to the pig genome. These miRNAs were 

labeled PN(a) (porcine novel, “a” type); (3) 79 miRNAs (the most abundant isomiR encoding from 

the pre-miRNAs in group 1 or 3) corresponding to 79 novel predicted hairpins in the pig genome. 

These miRNAs were labeled PN(b) (porcine novel, “b” type); (4) 45 miRNAs (mapped to 169 other 

known miRBase mammalian pre-miRNAs, which do not map to the pig genome) corresponding to 

44 novel predicted hairpins in the pig genome. These miRNAs were labeled PN(c) (porcine novel, 

“c” type); and (5) 458 miRNAs (longer than 18 nt and unmapped to any known miRBase 

mammalian pre-miRNAs) encompassing 419 candidate pre-miRNAs, which were predicted RNA 

hairpins derived from the pig genome, and were labeled PC (porcine candidate). 

In order to obtain high confidence expression data for the analysis of relationship between 

miRNA expression and methylation changes, we only used the counts of the predominantly 

expressed mature product for miRNAs and their respective miRNA*s. In addition, the pre-miRNAs 

that mapped to multiple genomic loci, or the distinct pre-miRNAs that expressed identical mature 

miRNAs were also excluded. 
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