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Figure 2: Functional noncoding elements at the CUL3 locus correlate with physical 

chromatin interactions, chromatin accessibility and recent evolutionary conservation. 

A) Plot of interaction frequencies with the CUL3 promoter based on chromatin conformation 

capture (3C) in A375 cells. Data points represent three independent 3C libraries 

generated with three separate restriction enzymes (BglII, EcoRI, and HindIII). The grey 
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curve shows a smoothed estimate of interaction frequency by convolution of the 3C data 

points with a Gaussian kernel. For the Gaussian kernel, the standard deviation is half the 

average distance between restriction sites in each library (4.3 kb).  

 

B) The average enrichment of sgRNAs (log2 ratio of vemurafenib/DMSO reads) near all 3C 

sites with an interaction frequency with the CUL3 promoter equal to or greater than the 

indicated value. Nearby sgRNAs were grouped into overlapping windows of the same 

size as the average distance between restriction sites in each library (4.3 kb) and the 

closest window was selected for each 3C site. 

 

C) An example of enriched sgRNAs (red) that overlap with a melanoma-specific region of 

open chromatin. Assay for Transposable and Accesible Chromatin Sequencing (ATAC-

seq) in A375 melanoma (orange), MCF-7 breast cancer (purple) and U-87 glioblastoma 

(blue) and Melanoma DNAse I hypersensitivity sequencing (DNAse I HS-seq) (green, 

ENCODE/OpenChromatin/Duke Colo-829). Approximate location of region (3´ of 

CUL3) is shown at top(yellow highlighted region). Scale bar: 500 bp. 

 

D) Fold enrichment of enriched sgRNAs near ATAC-seq open chromatin peaks in 

melanoma, breast cancer and glioblastoma cell lines. Fold-enrichment is computed by 

first finding the average sgRNA enrichment near ATAC peaks over the entire region 

targeted by the sgRNA library. This quantity is then divided by the mean of a distribution 

of the same quantity calculated from 10,000 random reshufflings of open chromatin 

peaks.  

 

E) Fold enrichment of enriched sgRNAs near DNAse I HS-seq (below) open chromatin 

peaks in melanoma, breast cancer and glioblastoma cell lines. Fold-enrichment is 

computed by first finding the average sgRNA enrichment near DNAse peaks over the 

entire region targeted by the sgRNA library. This quantity is then divided by the mean of 

a distribution of the same quantity calculated from 10,000 random reshufflings of open 

chromatin peaks. DNAse I HS data is from ENCODE/OpenChromatin/Duke. 
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F) An example of enriched sgRNAs (red) that coincide with regions that show primate-

specific conservation. Primate, placental mammal and vertebrate conservation 

represented as phastCons probabilities (two-state phylogenetic hidden Markov model). 

Approximate location of region (5´ of CUL3) is shown at top (yellow highlighted region). 

Scale bar: 200 bp. 

 

G) Fold enrichment of enriched sgRNAs near phastCons (conserved sequence) peaks in 

primates, placental mammals and vertebrates. Fold-enrichment is computed by first 

finding the average sgRNA enrichment near phastCons peaks over the entire region 

targeted by the sgRNA library. This quantity is then divided by the mean of a distribution 

of the same quantity calculated from 10,000 random reshufflings of phastCons peaks. 
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Figure 3.  

 
Figure 3: Noncoding mutations impact CUL3 expression via long-range and local changes 

to the epigenetic landscape.  

A) Criteria for selection of a subset of library sgRNAs targeting noncoding regions for 

individual cloning and validation. The sgRNAs chosen for follow-up validation are 

enriched (log2 ratio of normalized vemurafenib/DMSO read counts > 0) and have at least 

one other similarly enriched sgRNA within 500 bp. From this group, a subset of 25 
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sgRNAs across the diversity of genomic categories (CDS, 5` UTR, promoter/first intron, 

3` UTR, neighboring gene exon, and intergenic) was chosen for follow up studies. 

 

B) (left) CUL3 RNA expression in A375 cells after transduction with lentivirus carrying 

non-targeting (triangles), selected noncoding region-targeting (colored circles) and exon-

targeting (squares) sgRNAs. Changes in CUL3 mRNA were quantified using droplet 

digital PCR (ddPCR) and all values are normalized to the median of cells transduced with 

non-targeting sgRNAs.  

(right) Relationship between CUL3 expression and cell survival in A375 cells after 3 

days of treatment with 2uM vemurafenib. Cells were transduced with lentivirus carrying 

non-targeting (triangles), selected noncoding region-targeting (colored circles) and 

exon-targeting (squares) sgRNAs. Linear fit and correlation is only to noncoding 

sgRNAs (r = -0.54, p = 0.005) and does not include exon-targeting or non-targeting 

sgRNAs. 

 

C) Schematic of histone modifications typically found at promoter proximal and distal 

regulatory elements. H3K4me3 is often found at the transcription start site of active or 

poised genes, whereas H3K27ac and H3K4me2 are found both at promoters and distal 

regulatory elements. 

 

D) Percent change in average H3K4me3 chromatin immunoprecipitation (ChIP) at 7 days 

post-transduction for all validation sgRNAs within 1 kb of the transcription start site of 

CUL3. Percent change in average H3K27ac and average H3K4me2 chromatin 

immunoprecipitation (ChIP) at 7 days post-transduction for all validation sgRNAs 

outside of the promoter proximal region of CUL3.  

 

E) Screen enrichment near a promoter proximal and a distal sgRNA site that coincide with 

p300 ChIP-seq peaks (ENCODE/SYDH/p300). Dashed arrow indicates a strong 

interaction frequency measured between the distal site and the CUL3 promoter by 3C. 

Scale bars: 10 kb (screen enrichment), 250 bp (p300 ChIP-seq). 
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F) Smoothed 3C signal measuring CUL3 promoter interaction around distal sgRNA site in 

(E).   

 

G) Model of chromatin looping interaction to bring p300 enhancer element into proximity 

with the CUL3 promoter. 

 

H) p300 ChIP around cut sites at 7 days post-transduction with distal element-targeting or 

promoter-targeting sgRNA (normalized to cells transduced with non-targeting sgRNA). 

 

I) H3K27ac ChIP at promoter-proximal and distal sites at 7 days post-transduction with 

distal element-targeting sgRNA (normalized to cells transduced with a non-targeting 

sgRNA).  

 

J) CUL3 expression at 7 days post-transduction with distal element- and promoter-targeting 

sgRNA (normalized to cells transduced with non-targeting sgRNAs).  
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Figure 4. 

 
Figure 4: Cas9 mutagenesis disrupts binding of predicted transcription factors and DNA 

binding proteins at target sites of vemurafenib enriched sgRNAs. 

A) Location and noncoding screen enrichment of selected sgRNA target sites in the 5’-UTR 

(B,), first intron (D) and 3’ distal sites (F, H) for transcription factor binding analysis. 

 

B) - I)  

(top) Target locations for sgRNAs in relation to bioinformatically-predicted binding sites. 

Motifs are from the Jaspar vertebrate database and motif scores are Jaspar relative scores 

(defined as 1 for the maximum-likelihood sequence). ChIP-seq for each region/protein is 

from K562 cells from ENCODE datasets (SYDH, UChicago OpenChrom/UTAustin). 

(bottom) Change in transcription factor /DNA binding protein occupancy by ChIP around cut 

site at 7 days post-transduction and change in CUL3 expression by ddPCR at 7 days post-

transduction. Both measurements are normalized to cells transduced with non-targeting 

sgRNAs. 
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