
 
 

Figure S1. Development of the evolving CRISPR CAPTURE systems 

(a) Schematic of vector design for the evolving CAPTURE systems. 
(b) Comparisons of capture efficiency and on-target enrichment of various CAPTURE systems. CAPTURE-ChIP-

qPCR was performed in K562 cells co-expressing HBG1/2-specific sgRNA and biotinylated dCas9 protein. The 
ChIP signal as % of input DNA using PCR primers for the sgRNA-targeted HBG1/2 promoter and the non-
targeted HBB promoter (control). The fold enrichment of ChIP signals is shown. Results are mean ± SEM of N = 
3 or 4 experiments and analyzed by a two-sided t-test. ***P < 0.001. 

(c) Expression of human β-globin genes (HBE1, HBG1/2, HBD and HBB) were unaffected by co-expression of 
dCas9 with target-specific (sgHBG or sgLCR) or non-targeting sgRNAs relative to wild-type (WT) K562 cells. 
The expression of β-globin mRNAs was analyzed by qRT-PCR. Results are mean ± SEM of N = 3 independent 
experiments.  

  



 
 

Figure S2. A computational workflow for CAPTURE-3C-seq data analysis 

(a) Data processing and statistical analysis pipeline for CAPTURE-3C-seq.  
(b) Schematic of the computational metric for the identification of hub enhancers by H-score. 
(c) Schematic of the workflow to identify E-P interactions and other interactions by multiplexed capture. 
  



 
 

Figure S3. Analysis of locus-specific chromatin interactions by multiplexed and individual CAPTURE 
experiments 

Browser view of the long-range DNA interaction profiles at LCR enhancers identified by multiplexed or individual 
CAPTURE analyses is shown (chr11:5,222,424-5,323,623; hg19). Contact profiles compiled from two or three 
CAPTURE-3C-seq experiments including the density map and interactions are shown for LCR and each HS 
enhancer (HS1 to HS5). DHS, ChIP-seq, RNA-seq, ChromHMM, ChIA-PET (CTCF and RNAPII) [1, 2], HiChIP 
(H3K27ac) [3], DNase Hi-C [4], and in situ Hi-C [5] data are shown for comparison. 
  



 
 

Figure S4. Comparions between CAPTURE and other 3C-based methods 

(a) Comparisons between ChIA-PET (RNAPII and CTCF) [1, 2], HiChIP (H3K27ac) [3], DNase Hi-C [4] (genome-
wide or LCR-targeted), in situ Hi-C [5], UMI-4C [6], and CAPTURE-3C-seq (CAPTURE1.0 and CAPTURE2.0) in 
K562 cells are shown. Comparing with ChIA-PET, CAPTURE-3C-seq shows significantly higher % of unique 
PETs and on-target enrichment as measured by the number of PET interactions per kb of bait region per million 
mapped reads. The unique PETs were defined as pair-end sequence tags with distinct genomic locations at one 
or both sides of the pair-end reads. Comparing with Hi-C, CAPTURE-3C-seq shows comparable or slightly 
higher % of unique PETs but significantly higher on-target enrichment. Comparing with UMI-4C, CAPTURE-3C-
seq displayed higher % of unique PETs but comparable or slightly lower on-target enrichment. Comparing with 
H3K27ac HiChIP, CAPTURE-3C-seq displayed higher % of unique PETs but comparable or slightly higher on-
target enrichment.  

(b) Browser view of CRE-mediated long-range interactions (chr1:26,937,310-27,045,510; hg19) identified by 
multiplexed CAPTURE-3C-seq and in situ Hi-C. Contact profiles including the density map and interactions for 
the dCas9-captured LCR region or the resolved individual enhancers are shown. Down-sampling of multiplexed 
CAPTURE-3C-seq or Hi-C using 100M, 200M, 500M and 1000M reads is shown for comparison. 

  



 
 

Figure S5. Representative loci for super-enhancer and target gene interactions 

(a) A representative locus is shown for single SE to single gene interactions (SE27). Contact profiles including the 
density map and interactions for the dCas9-captured SE region (red bar) are shown. The statistical significance 
of interactions was determined by the Bayes Factor (BF) and indicated by the color scale bars. DHS, ChIP-seq, 
ChromHMM, ChIA-PET (CTCF and RNAPII) and in situ Hi-C data are shown for comparison.  

(b) A representative locus is shown for single SE to multiple genes (SE11). 
(c) A representative locus is shown for multiple SEs to single gene (SE154 and SE155). 
(d) A representative locus is shown for multiple SEs to multiple genes (SE34 and SE35). 
  



 
 

Figure S6. Representative loci for hierarchical and non-hierarchical super-enhancers 

(a) A representative locus is shown for a hierarchical SE containing the hub enhancer (SE121). Contact profiles 
including the density map, interactions between enhancers and all interactions for the dCas9-captured SE 
region (red bar) are shown. The identified hub and non-hub enhancers are depicted by green (hub) and red 
(non-hub) lines, respectively.  

(b) A representative locus is shown for a non-hierarchical SE without hub enhancer (SE65 and SE66). 
(c) Top enriched TF motifs associated with hierarchical and non-hierarchical SEs. The name and P value of 

enrichment for each motif are shown. 
(d) Violin plots are shown for the distance between hierarchical or non-hierarchical SEs and their gene targets. The 

mean and median distances are shown and indicated by black and red lines, respectively. P value was 
calculated by the Student’s t-test. 

  



 
 

Figure S7. Transcriptomic analyses of G1ER erythroid differentiation 

(a) Expression of Gata1 mRNA in G1E, undifferentiated (0h) and differentiated (24h) G1ER cells. Results are mean 
± SD of the normalized transcripts per million (TPM) values (N = 2 RNA-seq experiments), and analyzed by 
Welch’s ANOVA followed by Dunnett’s T3 multiple comparisons. *P < 0.05, n.s. not significant. 

(b) The numbers of GATA1 ChIP-seq in G1E, undifferentiated (0h) and differentiated (24h) G1ER cells (left). Venn 
diagram is shown for the overlap analysis of GATA1 ChIP-seq peaks in G1E, undifferentiated (0h) and 
differentiated (24h) G1ER cells (right). 

(c) Differential gene expression analysis was performed using RNA-seq in undifferentiated (0h) G1ER cells 
expressing dCas9-CBio with sgRep or non-targeting sgGal4. The captured activated or repressed promoter-
associated genes are indicated by green and red, respectively. Pearson correlation coefficient (R) value is 
calculated for each comparison (N = 3 RNA-seq experiments). 

(d) Differential gene expression analysis in undifferentiated (0h) G1ER cells expressing dCas9-CBio with sgAct or 
sgGal4.  

(e) Differential gene expression analysis in differentiated (24h) G1ER cells expressing dCas9-CBio with sgRep or 
sgGal4. 

(f) Differential gene expression analysis in differentiated (24h) G1ER cells expressing dCas9-CBio with sgAct or 
sgGal4. 

  



 
 

Figure S8. Representative loci for captured promoter-centric interactions during erythroid differentiation 

(a) Expression of Mafk mRNA during G1ER differentiation (0 to 24h). The mRNA expression relative to Gapdh was 
determined by qRT-PCR. Results are shown as mean ± SEM (N = 4 independent experiments), and analyzed 
by one-way ANOVA for multiple comparisons. **P < 0.01, ***P < 0.001, n.s. not significant. 

(b) Expression of Tmem184a mRNA during G1ER differentiation (0 to 24h).  
(c) Expression of Gata2 mRNA during G1ER differentiation upon GATA1 activation (0 to 24h). 
(d) A representative locus is shown for the activated promoter (Btn1a1)-mediated chromatin interactions during 

erythroid differentiation. Contact profiles including the density map and interactions for the dCas9-captured 
target region (blue bar) and the interacting CREs (red bar) are shown. The statistical significance of interactions 
was determined by the Bayes Factor (BF) and indicated by the color scale bars. Two independent replicate 
experiments (rep1 and rep2) are shown for RNA-seq, ATAC-seq and ChIP-seq in G1ER cells at varying time 
points of GATA1-induced erythroid differentiation (0, 2, 6, 12 and 24h). 

(e) A representative locus is shown for the repressed promoter (Ms4a2)-mediated chromatin interactions during 
erythroid differentiation.  

  



 
 

Figure S9. Correlation analysis of promoter-centric interactions, gene expression and epigenetic landscapes 

(a) The changes in gene expression by RNA-seq, chromatin interactions (all, E-P and other interactions) by 
CAPTURE-3C-seq, chromatin accessibility by ATAC-seq, and histone marks (H3K27ac and H4K4me3) by 
ChIP-seq associated with dCas9-captured activated promoters at various time points of G1ER differentiation (0 
to 24h). The x-axis denotes the time points of undifferentiated (0h) or differentiated (2, 6, 12 and 24h) G1ER 
cells. The y-axis denotes the normalized signals calculated by the mean normalized gene FPKM (NFPKM for 
RNA-seq), reads counts (NFPKM for ATAC-seq and ChIP-seq), or PETs (NPPKM for CAPTURE-3C-seq) per kb 
of captured genomic region per million mapped reads (see Methods), and shown as mean ± SEM (N = 22 
activated promoters). 

(b) The changes in gene expression, chromatin interactions, chromatin accessibility, and histone marks associated 
with dCas9-captured repressed promoters during G1ER differentiation (0 to 24h). The y-axis denotes the 
normalized signals and shown as mean ± SEM (N = 20 repressed promoters).  

  



 
 

Figure S10. Chromatin occupancy of TFs at captured promoters and interacting regions 

(a) Chromatin occupancy of GATA1 at the captured activated or repressed promoters, and other regions interacting 
with activated or repressed promoters in undifferentiated (0h) and differentiated (24h) G1ER cells. P values 
were calculated using the two-sample Kolmogorov-Smirnov (K-S) test.  

(b) Chromatin occupancy of TAL1 at the captured activated or repressed promoters, and other regions interacting 
with activated or repressed promoters in undifferentiated (0h) and differentiated (24h) G1ER cells. 

(c) Chromatin occupancy of CTCF at the captured activated or repressed promoters, enhancers and other regions 
interacting with activated or repressed promoters in undifferentiated (0h) and differentiated (24h) G1ER cells. 

(d) Spatial distribution of H3K4me3 ChIP-seq signals at the captured activated or repressed promoters, enhancers 
and other regions interacting with activated or repressed promoters in undifferentiated and differentiated G1ER 
cells. 
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