EXTENDED EXPERIMENTAL PROCEDURES
MicroRNA constructs and antagomir synthesis
[bookmark: OLE_LINK79][bookmark: OLE_LINK91]Genomic DNA isolated from HEK293T cells was used as PCR templates to obtain miRNA precursor fragments. Pre-hsa-mir-26a-1, pre-mir-339, pre-hsa-mir-3179-2, pre-hsa-mir-3180-2, pre-hsa-mir-24-1 and pre-hsa-mir-24-2 were cloned into pSUPER.retro.neo+gfp vector at BglII (5’) and HindIII (3’) sites. miR-24-1 mutation vectors were got through using QuikChange Site-Directed Mutagenesis Kit and following its manual (Agilent Technologies). Hsa-miR-3179-2 and hsa-mir-24-3p mimics and the control nucleotides were synthesized by GenePharma. Hsa-miR-24-3p antagomir 1, the control nucleotides (cel-miR-239b-5p antagomir), and Cy5-labeled hsa-miR-24-3p mimics were synthesized by Guangzhou RiboBio. 

MicroRNA related transfection 
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]The transfections of HEK293T cells with miRNA precursor constructs, miRNA mimics, and antagomir were performed using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. miRNA mimics transfection were conducted three times at 0h, 36h and 72h, and the transfected cells were harvested at 96h. miRNA antagomir transfection were conducted twice at 0h and 36h, and the transfected cells were harvested at 72h.

shRNA transfection and lentivirus infection  
[bookmark: OLE_LINK74]AGO2 shRNA constructs were obtained from Open Biosystems (AGO2#1 Lot. V2LHS_16115, AGO2#2 Lot. V3LHS_391783, AGO2#3 Lot. V3LHS_391785, GIPZ Control Lot. RHS4351). The packaging construct psPAX2, the envelope vector pCMV-VSV-G, and the shRNA constructs were used to co-transfect. Viral supernatant was collected 48h post-infection and filtered through a 0.45μm filter and titered. The titered viral suspension was mixed with 8μg/ml polybrene (Sigma) to infect HEK293T. After viral infection, HEK293T medium were changed back to fresh culture medium and maintained for culture for 48-96hr for following experiments. In the case of shRNA knockdown, viral infection was performed 24h post-transfection of pre-miRNA constructs. 48h of 4μg/ml puromycin (Sigma) screen was used to optimize the knockdown efficiency, which was quantified by qPCR.

Luciferase reporter assay
HEK293T genomic DNA was used for enhancer-associated miRNA enhancer fragments amplification. The amplified fragments were inserted into pGL3-promoter-vector (Promega, E1761) at the BamHI restriction site. For reporter gene activity, enhancer-associated miRNA enhancer construct of the luciferase reporter gene and internal positive control plasmid (pGL3-control-vector, Promega, E1741) were co-introduced as 50:1 into HEK293T cells in triplicate using lipofectamine 2000. Medium was replaced overnight and cells were harvested 48h post-transfection. The luciferase activities from each testing enhancer-associated miRNA enhancer construct and the internal control plasmid were measured using Dual-Luciferase reporter assay system (Promega). Reported luciferase activity was normalized with internal renilla control.

Confocal microscopy
HEK293T cells were seeded on lab-tek chamber coverslips (Thermo Fisher Scientific) 24h prior to Cy5 labeled hsa-mir-24-3p mimic transient transfection. Then the transfected cells were rinsed three times with PBS (5 min each), fixed and permeabilized. The nuclear DNA were stained with 2μg/ml DAPI. Images were captured using Leica confocal laser scanning microscopy system (Leica Microsystems, Mannheim, Germany). 

Western blot
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK58][bookmark: OLE_LINK59]Total protein was extracted with SDS lysis buffer in the presence of protease inhibitors (Roche). 20μg total protein was dissolved with 8% SDS-polyacrylamide gel electrophoresis and then subjected to standard western blot procedure. 
Protein Isolation in Trizol: Proteins are isolated from the phenol-ethanol supernatant layer left over after nucleus and cytoplasm RNA precipitation step. Isolate the protein using the protein precipitation protocol from Trizol manuscript.
Anti-β-Tubulin (T-8328-25ul, Sigmal), Histone H3 Polyclonal Antibody (A2348, ABclonal), anti-FBP1 (AP7385a, Abgent), anti-FANCC (AP9522b, Abgent)，anti-TCF7L1 (AP20423a-ev, Abgent), anti-NDST1 (AP13224b-ev, Abgent), anti-MARK7 (10036-2-AP, Proteintech) and anti-β-actin (Sigma) antibodies were used. Western blot analysis of genes whose 3’UTR were targeted by miR-24-1 as previously reported 2-4

RNA Isolation and Real-time PCR
The cytoplasmic and nuclear fraction of cells was extracted using a PARISTM kit (Ambion). Cells were washed three times with PBS on ice followed by centrifugation at 300 Xg for 5 min. Cell pellets were resuspended in cell fraction buffer from the PARISTM kit, incubated on ice for 10 min, and then centrifuged at 500 Xg for 5 min at 4°C. Nuclear pellets were lysis by Trizol and the fraction remaining is cytoplasm and it was extracted using Trizol LS.
Total RNA was isolated using Trizol reagent (Invitrogen) and then processed with RQ1 RNase-Free DNase kit (Promega, M6101) to eliminate genomic DNA contamination. First-Strand cDNA was synthesized with Superscipt III reverse transcriptase kit (Invitrogen). Real-time qPCR was performed in triplicate using the SYBR Green I Master mix (Roche) with Roche LightCycler 480Ⅱ Realtime qPCR system, and the data were normalized against GAPDH.

Northern Blot for miRNA
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Five microgram Cyto and one microgram Nuc RNA for miR-24-overexpressed sample collected from cultured transfected cells was separated on 8 M Urea-20% PAGE gel, stained with Ethidium Bromide (EB), transferred onto a nylon membrane and UV-cross linked. DNA probe complementary to the mature miR-24 was synthesized and labeled with digoxin. DNA oligos with the sequence same to the miR-24 was used as positive controls. NB was conducted based on the instruction manual of Dig Northern Starter Kit (Roche).

NOMe-seq
[bookmark: OLE_LINK7]NOMe-seq was conducted based on the published protocol with a few modifications. Cells were fixed and lysed as afterward described in ChIP assay, nuclei were suspended in methyltransferase reaction buffer (NEB) and chromatin was sonicated into fragments longer than 1kb. The methyltransferase reaction was prepared as follows: 100μl fragmented chromatin (250,000 cells), 0.75μl 32mM SAM, 10μl 100nM DTT, 5μl 10×GC Reaction Buffer and 5μl M.CviPI GpC methyltransferase (NEB) in a volume of 150μl , then incubated at 37°C for 4 h. Next, the reaction was subjected to proteinase K treatment and incubation at 65°C overnight. Afterwards, RNA elimination was conducted prior to DNA extraction. Finally, bisulfite conversion was performed on 1μg DNA using the EZ DNA Methylation-Gold™ Kit (zymo research) according to the manufacturer's instructions. Nested PCR was adopted to amplify the genomic region of interest. KAPA HiFi DNA Polymerase (KAPA biosystems) and Taq PCR Master Mix (Lifefeng) were used in the primary and secondary PCR reactions, respectively. The PCR reaction was prepared as follows: 1μl DNA template, 0.5μl of forward and reverse primer (10mM) and 15μl KAPA/Taq mix in a volume of 30μl, and performed as follows: 98°C for 30s, followed by 30 cycles of [98°C for 15 s , 52°C for 15 s,72°C for 1 minute], 72°C for 3mins. The target PCR product was recovered with Gel extraction kit (Qiagen), purified DNA fragments were cloned into pMD 18-T Vector (Takara) and submitted for sequencing. 

Generation of TALEN constructs and obtain single clone cell
Design and construction of TALE DNA-binding domains directed to selected genomic loci was performed through using one-step ligation using the FastTALETMTALEN Assembly Kit (SIDANSAI) as manuscript indicates. To induce a genomic deletion, two TALEN pairs were transfected owing to dimerization requirement of the FokI nuclease for double-strand break formation. Repair of chromatin cleavage at the left and right boundaries of the target locus relies on non-homologous end joining (NHEJ). Then we got the cell with the deletion of a TALEN-targeted DNA segment through cell monoclonal screening and evaluation. For cell selection and identification, we used the Cruiser mutation detection assay (a modified version of endonuclease Cel I used for cleaving the base-mismatch) to quantify NHEJ (Cruiser Mutation Detection Kit, Genloci, cat. no.GLMD100).

Enhancer-associated miRNA identification
Homo sapiens microRNAs annotation was retrieved from the miRBase database (http://www.mirbase.org/; v19 July 2012 released) 5. H3K27ac ChIP-seq data were obtained from the ENCODE data repository site (http://genome.ucsc.edu/ENCODE/). Since the enhancer marker, H3K27ac, is also enriched in the promoter region, the H3K27ac tags overlapped with promoters (±1k around TSS) were removed. We calculated the ChIP-seq enrichment of a miRNA by adding up the counts of covering reads on each bp and defined the density as the ratio of enrichment to the length of the miRNA. Afterwards we got 303 miRNAs with H3K27ac density ≥10 in at least one of seven cell types, which were defined as enhancer-associated miRNA.
  
Enhancer-miRNA-mRNA heatmap
We downloaded the data from the ENCODE repository site (http://genome.ucsc.edu/ENCODE/), which included H3K27ac, H3K4me1, p300 ChIP-seq data, DNase I hypersensitive sites (DHSs), small RNA-seq, and mRNA-seq data in GM12878.
Epigenetic modification data We defined a list of regions that lie from -5 to +5kb around the midpoint of miRNA coordinates in hg19. Each region was further divided into 100 uniformly sized bins, in which the ChIP-seq and DHSs densities were calculated. Finally we obtained a density matrix, which represented the ChIP and DHS signal distributions around miRNA.
Small RNA-seq data We calculated small RNA densities in each miRNA loci, and normalized the densities against the length of miRNA. The normalized density matrix represented miRNA expression estimation. The RNA-seq data we use are from cellular fractionation (GSE24565, Small RNA-seq from ENCODE/Cold Spring Harbor Lab). The separation method is as follows: to get nuclear and cytoplasmic fractions, cells were lysed in RLN buffer (Qiagen). The lysate then was spun at 3,200 rpm for 10min at 4℃ to pellet the nuclei. The supernate (cytoplasm) was removed from the nuclear pellet. RLT buffer (Qiagen) was added to the washed nuclear pellet and the sample was homogenized by passing it through an 18½ gauge needle. Six and seven volumes of Qiazol (Qiagen) solution were added to the nuclear and cytoplasmic fractions, respectively. The RNA isolation was subsequently performed according to the manufacturers’ directions.
mRNA-seq data We used the GREAT (v2.0.2) package to identify nearest genes for each miRNA. If the distance was greater than 1000kb, the resulted gene would be ignored. The expression data of the neighbor genes was directly obtained from the ENCODE website.
We combined above epigenetics, small RNA, and gene expression data into a matrix, and sorted the matrix according to H3K27ac density over miRNA. The R packages, pheatmap (v0.7.7) was used to perform a heatmap for the matrix.

Conservation of miRNAs
We downloaded the phastCons score 6 (46-way placental mammal) from the UCSC website, and then performed a score comparison between enhancer-associated miRNAs and non-enhancer-associated miRNAs loci.

RNA-seq and analysis
DNA-free total RNA was subjected to rRNA removal procedure with the RiboMinus Eukaryote Kit (Life Technologies). RNA-seq library was established using RNA-Seq Library Preparation Kit (Gnomegen), which was compatible with the Illumina NGS Sequencing platforms. The sequencing reads were mapped to human genome (hg19) using TopHat package (v1.1.2) 7. FPKM (fragments per kilobase per million mapped reads) were calculated using the Cufflinks package (v0.9.2) 8, and the differentially expressed genes by Cuffdiff package (v2.1.1).

[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Chromatin Immunoprecipitation (ChIP) and next generation sequencing 
ChIP assays were performed according to the standard cross-linking ChIP protocol (Abcam technical) with minor modiﬁcations 9. Briefly, transfected cells were harvested and crosslinked with 1% formaldehyde for 10 minutes at room temperature. After sonication, the soluble chromatin was incubated with 5μg antibody. Chromatin immunocomplexes were then precipitated with Protein A or Protein G magnetic beads (Millipore, 16-661, 16-662). The immunoprecipitated complex was washed, and DNA was extracted and purified by QIAquick PCR Purification Kit (Qiagen, 28106). ChIP DNA was analyzed by qPCR using specific primers, and the data were normalized by input DNA. The results were derived from three independent experiments. The antibodies used were: anti-H3K4me1(ab8895), anti-H3K27ac (ab4729), anti-H3K9me3 (ab8898), anti-KAT3B/p300 (ab14984) and anti-polⅡ (ab5408), Anti-Ago2/eIF2C2 (ab32381). For ChIP-seq, extracted DNA was ligated to specific adaptors followed by deep sequencing in the Illumina HiSeq 2500 system as according to the manufacturer’s instructions.

ChIP-seq analysis 
We first used the bowtie (v0.12.7) 10 package to uniquely map ChIP-Seq raw reads against human reference genome (hg19), which was downloaded from the UCSC. Then we removed PCR duplicated reads, and extended each reads to average lengths of DNA fragment (about 230bp) from 5’- to 3’-end. Peaks were identified by MACS (v1.3.7.1) 11 with default settings.

Microarray and GO term analysis
We identified gene expression abundance with RAM, and set 2-fold change as differential expressed genes. Gene Ontology analysis was done by DAVID 12.

miRNA target prediction and motif analysis
miRNA was transfected into cells and H3K27ac ChIP-seq was performed. Compared to control, H3K27ac peaks in miRNA overexpressed cells were identified by MACS. We selected peaks that were not in the promoters, not in repeat elements, and overlapped with putative enhancers. These peaks were considered as potential targets of miRNA. 
We predicted the miRNA target region using miRanda 14 among all the up-regulated peak regions. miRNA predictions parameters are optimized by comparing the difference in the up-regulated H3K27ac peaks group and the random peaks group. The parameters of miRanda were set to: score cutoff ≥130, energy cutoff ≤-20kcal/mol, gap opening penalty =-9.0 and gap extension=-4.0.We further selected the peaks whose fold-enrichment>20, and detected H3K27ac consensus motif with MEME (v4.4.0) 13.

MiRNA target genes 3’UTR
We acquired miR24-1 target genes from 5 miRNA target predicting tools, which were DIANA-microT 15, RNA22 16, miRBase Targets 17, miRanda 18, PITA 19. 
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