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SUPPLEMENTAL DATA 

 

SUPPLEMENRATY FIGURE LEGEND 

 
Figure S1: H3K27Me3 staining is sensitive to DNA-FISH conditions whereas 

H3K4Me2 is resilient. SW480 cells were subjected to conventional FISH protocols 

involving fixation of cells in 4% para-formaldehyde (PFA) followed by immunostaining, 

which was then followed by a 1% PFA fixation prior to heat denaturation of nuclear DNA 

for FISH. Images shown are not of the same nuclei, but represent typical observations 

before and after FISH. 

 

Figure S2: Outline of the methodology of combined immunostaining and FISH. (A) 

Overview of the protocol. (B) Maintenance of histone patterns before and after DNA-FISH. 

SW480 cells were immunostained for H3K27Me3 and imaged. The cells were then 

processed for DNA-FISH (MLH1) and the same nucleus was imaged again. Three different 

corresponding z-slices are shown to demonstrate maintenance of H3K27Me3 pattern before 

and after FISH. The z-projection of the overlayed H3K27Me3 (red) and MLH1 (green) is 

shown. No image processing was applied to the H3K27Me3 images except the intensity 

levels were adjusted to improve visualization. Scale-bar is 5 μm. 

 

Figure S3: Nuclear position of MLH1, SFRP4, ACTB and HBB loci in SW480 and 

RKO cells. Combined immunostaining and multi-color FISH was performed to detect a 

gene of interest and ACTB in the same nucleus. Each panel shows the overlay of the 

modified histone image (red) and FISH signals (green) in same nucleus. All alleles in the 
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nucleus are shown in different rows. Line scan plots the intensity of the modified histone 

(red) and gene signal (green). Inset shows the colocalizing pixels in white. Only one 

example of ACTB positions in the same nucleus is shown for RKO (A-B) and SW480 (G-

H).  

 

(A) Nuclear positions of MLH1 (top panel) and ACTB (bottom panel) with respect to 

H3K4Me2 domains in RKO nucleus. 

(B) Nuclear positions of MLH1 (top panel) and ACTB (bottom panel) with respect to 

H3K27Me3 domains in RKO nucleus. 

(C) Nuclear positions of SFRP4 with respect to H3K4Me2 domains in RKO nucleus. 

(D) Nuclear position of SFRP4 with respect to H3K27Me3 domain RKO nucleus. 

(E) Nuclear position of HBB with respect to H3K4Me2 domains RKO nucleus. 

(F) Nuclear position of HBB with respect to H3K27Me3 domain RKO nucleus. 

(G) Nuclear positions of MLH1 (top panel) and ACTB (bottom panel) with respect to 

H3K4Me2 domains in SW480 nucleus. Top panel: Allele 2 is present at the top of the 

nucleus (perinuclear) devoid of strong H3K4Me2 staining. Inset shows DNA staining in 

this plane. Scale-bar is 5 μm. 

(H) Nuclear positions of MLH1 (top panel) and ACTB (bottom panel) with respect to 

H3K27Me3 domains in SW480 nucleus. 

(I) Nuclear position of SFRP4 with respect to H3K4Me2 domains in SW480 nucleus. 

(J) Nuclear position of SFRP4 with respect to H3K27Me3 domains in SW480 nucleus. 

(K) Nuclear position of HBB with respect to H3K4Me2 domains in SW480 nucleus. 

(L) Nuclear position of HBB with respect to H3K27Me3 domains in SW480 nucleus. 
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Figure S4: Methylation specific PCR analysis. Methylation status of MLH1, SFRP4, 

SFRP5 and ICAM1 in the three CRC cells lines was analyzed by MSP. DKO was used as 

unmethyalted control while in vitro methylated DNA (IVD) was used as fully methylated 

control. 

 

Figure S5: ChIP on chip profiles. Plot showing normalized enrichment of the two histone 

marks (y-axis) as a function of the distance (x-axis) from the transcription start site (TSS; 0 

indicating the TSS; minus is upstream; plus is downstream) for the CR genes, MLH1 (A), 

SFRP4 (B), SFRP5 (C), and ICAM1 (D), in SW480 and RKO cells. The ChIP profiles of 

ICAM1 (D) in HCT116 and DKO cells are additionally shown. 

 

Figure S6: Position of MLH1 (A), HBB (B), ACTB (C) with respect to the perinuclear 

and perinucleolar domains. Orthogonal sections passing through the different alleles 

showing their position relative to H3K27Me3-enriched (red) perinuclear or perinucleolar 

regions. The latter can be seen as devoid of DNA staining (blue). Scale-bar is 2 μm. 

 

Figure S7: Nuclear position of SFRP5 and ICAM1 loci in SW480 and RKO cells.  

Combined immunostaining and multi-color FISH was performed to detect a gene of 

interest and ACTB (not shown) in the same nucleus. Each panel shows the overlay of the 

modified histone image (red) and FISH signals (green). All alleles in the nucleus are shown 

in different rows. Line scan plots the intensity of the modified histone (red) and gene signal 

(green). Inset shows the colocalizing pixels in white. 

(A) Nuclear position of SFRP5 with respect to H3K4Me2 domains in RKO nucleus. 
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(B) Nuclear position of SFRP5 with respect to H3K27Me3 domains in RKO nucleus. 

(C) Nuclear position of SFRP5 with respect to H3K4Me2 domains in SW480 nucleus. 

(D) Nuclear position of SFRP5 with respect to H3K27Me3 domains in SW480 nucleus. 

(E) Nuclear position of ICAM1 with respect to H3K4Me2 domains in HCT116 nucleus. 

(F) Nuclear position of ICAM1 with respect to H3K27Me3 domains in HCT116 nucleus. 

(G) Nuclear position of ICAM1 with respect to H3K4Me2 domains in SW480 nucleus. 

(H) Nuclear position of ICAM1 with respect to H3K27Me3 domains in SW480 nucleus. 

 
 
Figure S8: CIMP status of SW480 and RKO. The set of CIMP markers were analyzed 

for their methylation state using the Infinium methylation array. Methylation levels are 

given by the β-value, which is a ratio of intensity of the methylated probe (M) to the sum 

of the intensity of methylated and unmethylated probes (M+U). Higher β-values (> 0.5) 

indicates methylation. RKO shows methylation of the majority of the marker genes, 

while SW480 has minimal methylation. HCT116 shows intermediate methylation of the 

marker genes. 

 

Figure S9: (A and B) Low and high expressing genes tend to have lower or higher NES 

values, respectively, in both SW480 and RKO cells. (C and D) NES values calculated 

after randomization of probe positions in the genome. (E) Distribution of probe 

intensities in the two cell types. Genes with probe intensity below the red line were called 

low-expressing genes and those above the black line were called high-expressing genes 

which corresponds to a greater than two-fold difference in expression. The low probe 
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intensities for genes called methylated in SW480 (blue) and RKO (red) shows that 

majority of genes called methylated by the Infinium methylation array are silenced. 
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 SUPPLEMENRATY METHODS 

Cell culture, Combined immunostaining and FISH 

SW480, HCT116 and DKO cells were maintained in McCoy’s 5A modified medium and 

RKO cells in MEM supplemented with 10% fetal bovine serum (Gemini Bio-Products) and 

1% penicillin/streptomycin (Invitrogen). Cells were grown at 37°C in 5% CO2 atmosphere. 

For microscopy, cells were grown in sterilized glass coverslips (VWR). The cell lines used 

in this study were obtained from ATCC. The most recent authentication of the cell lines 

were done on June 9, 2010 by short tandem repeat (STR) profiling and were matched with 

the profile published in ATCC. 

 

Cells grown on coverslips were briefly washed with phosphate buffered saline (PBS) and 

treated with 0.5% Triton X-100 in CSK buffer (100 mM NaCl, 300 mM sucrose, 10 mM 

piperazine-N,N’-bis(2-ethane-sulfonic acid) (PIPES) pH 6.8, 3 mM MgCl2, Complete 

protease inhibitor cocktail (Roche)) for 1 min. Cells were immediately fixed in 4% 

paraformaldehyde (EM Sciences) in PBS for 10 min followed by three 5 min washes in 

PBS. Cells were blocked in 1% BSA in 4xSSC for 30 min followed by incubation with 

primary antibodies for 1 hour diluted in the same buffer. Following rabbit polyclonal 

antibodies were used as primary antibodies: anti-H3K27me3 (#6523) (kindly provided by 

Thomas Jenuwein) and anti-H3K4Me2 antibody (#07-030, Upstate) which have been 

previously characterized for their specificity (1, 2). Subsequently cells were washed three 

times in 4X SSC + 0.5 % Triton X-100 for 5 min each. Cells were then incubated in Alexa-

647 conjugated anti-rabbit IgG antibody (Molecular Probes) for 1 hour followed by similar 

washes. Cells were then post-fixed in freshly prepared 50 mM Ethylene 
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glycolbis(succinimidylsuccinate) (EGS, Pierce Biochemicals) in PBS for 30 min followed 

by extensive washes in 100 mM glycine in PBS. Cells were washed on 2x SSC and were 

then dehydrated through a 70%, 90% and 100% ethanol series and air dried. Cover slips 

were laid on slide with the probe mix and sealed with rubber cement. Nuclear DNA was 

denatured at 80oC for 3 min in a slide thermocycler (MJ Research) and incubated at 37oC 

for 2-3 days or greater.  Cells were then washed and probes detected as described 

previously(3, 4). Alexa-488 conjugated streptavidin (Molecular Probes) was used to detect 

biotin labeled probes; nuclear DNA was counterstained with Hoechst 33258 and coverslips 

were mounted in Vectashield (Vector Labs). 

 

Probe preparation 

Following BAC DNA (CHORI) were used to prepare gene specific probes: RP11-746H21 

(MLH1), RP11-709L10 (SFRP4), RP11-197O4 (ICAM1), RP11-636N24 (SFRP5), RP11-

754B14 (ACTB).  Plasmid containing HBB was kindly provided by Mark Groudine. All 

BAC clones were confirmed by PCR with primers against two different regions of the 

target gene (primer sequences available upon request). Biotin-labeled probes were prepared 

using nick-translation reaction as in the manufacturer’s protocol (BioNick kit, Invitrogen). 

ACTB was labeled with Cy3-dUTP using the modified DOP-PCR protocol (5, 6). Labeled 

probes were purified using G-50 columns (Amersham). Probe mix for hybridization was 

prepared by lyophilizing 60 to 100 ng of biotin-labeled probe, 60 to 100 ng of Cy3-labeled 

ACTB probe, 10 ug human COT DNA (Roche), 20 ug salmon sperm DNA. Lyophilized 

probe mix was dissolved in 6 ul formamide and denatured at 90oC for 10 min and 
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immediately mixed with 6 ul of hybridization buffer (0.4% BSA, 4 X SSC, 20% dextran 

sulphate) and applied to the cells. 

 

Image acquisition, processing and quantitative analysis of colocalization 

8-bit images of whole nuclei were acquired using a laser-scanning confocal microscope 

(Zeiss LSM 510) equipped with a 63x/1.4 plan-apochromat/DIC oil objective using the 

sequential mode to scan the four colors (Alexa-488, Cy3, Alexa-647, Hoechst 33258). 

Entire nuclei were imaged with an axial distance of 150 nm between the z-sections and a 

xy-pixel size of 56 nm. Images were deconvolved using the CMLE algorithm (0.01 

threshold) in Huygens software (SVI). 0.2 µm TetraSpeck beads (Invitrogen) were used to 

create a point spread function for the deconvolution and to monitor chromatic shifts which 

were corrected using the TJ Shift plugin in ImageJ after deconvolution. 

Images were then processed to separate histone modification signal from background. This 

was manually guided by the background signal from immunostainng with only the 

secondary antibody and subtracting signals corresponding to the nucleoli for each nucleus. 

Gene signals were delineated manually by subtracting all background signals not 

emanating from the strongly staining FISH signal. For quantifying the colocalization 

between the modified histone and gene signal, a region of interest was selected including 

the z-sections spanning the FISH signal (3-4 z-slices).  The colocalization of the modified 

histones (red) and the gene signals (green) were performed using Manders’ coefficient 

function in JACoP plugin in ImageJ (7). In Figures, the line scan is shown only for 

visualization of the correlation between gene signal and the histone signal; no 

quantification is done from the lines scans. 
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Statistical differences between the associations of a gene with H3K4Me2 or H3K27Me3 

domains between the cell lines were determined by the one-dimensional Kolmogorov-

Smirnov test using the Manders’ coefficients generated for all the alleles from an 

experiment. Ratios of median colocalization values of genes of interest to that of ACTB 

from three independent experiments were computed to directly compare relative 

colocalization across the cell lines. This was done because of the different thresholding 

used for different images due to inherent variation in noise and staining intensities (8). 

The shortest distance of the FISH signal (30 to 45 alleles) to the nuclear periphery or 

perinucleoli was measured using LSM Image Browser (Zeiss) and whichever is lesser was 

recorded for the distance measurements. 

FISH signals were enhanced in ImageJ in the linear scale for presentation in figures. 

Images were processed in ImageJ, Volocity (Ortho-sections) and Adobe Illustrator for 

preparing figures. 

 

Genomic Analysis of Neighborhood Expression 

Microarray data was obtained from previously described data (9). Data were processed and 

analyzed using R statistical computing platform (10) and packages from Bioconductor 

bioinformatics software project (11, 12). Microarray probe intensities for HCT116, RKO 

and SW480 from duplicate arrays were quantile normalized, probes were annotated and 

ordered according to their occurrence on the chromosomes. The Neighborhood Expression 

Scores (NES) for each gene was calculated by determining the median expression level of 

probes in a window of 7 genes centered around every gene (three genes on each side) but 

excluding that gene.  A window size of 7 was used because the long range silencing 
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observed for MLH1, SFRP4 and SFRP5 spanned 5 to 8 genes (Fig. 4A). The central gene 

was excluded so that the NES score is a function solely of the activity status of neighboring 

genes independent of the methylation status of the gene of interest. Since the methylation 

status of the central gene will decrease the median probe intensity in the small window size 

of 7 genes, the central gene was excluded which allows direct comparison of differentially 

methylated genes across the two cell-types. 

Low and high expressing genes were called based on the plot shown in Fig. S7E. Genes 

with mean probe intensity below 7 were called low expressing while those above 8 were 

called high expressing. The probe intensities are in the Log2 scale. 

Genes methylated in SW480, HCT116 and RKO were identified using two criteria: (1) the 

β-value of probes in the Infinium methylation array was > 0.75 and (2) the mean probe 

intensities for each of these genes in the Agilent Whole Genome expression array is < 7. 

 

Methylation Specific PCR Analysis 

DNA was extracted using standard phenol-chloroform extraction method. Bisulfite 

modification of genomic DNA was carried out using the EZ DNA methylation Kit (Zymo 

Research, http://www.zymoresearch.com/). Primer sequences specific to unmethylated 

and methylated promoter sequences were designed using MSPPrimer 

(http://www.mspprimer.org). MSP was performed as previously described (13). All PCR 

products were loaded directly onto 2% agarose gels containing GelStar Nucleic Acid Gel 

Stain (Cambrex, http://www.cambrex.com/) and visualized under ultraviolet illumination. 

Primer sequences and conditions for MSP are available upon request. 
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Infinium Methylation Array and Analysis of CIMP status 

DNA methylation was assessed using the Illumina Infinium platform as previously 

described (14, 15). The methylation status of a gene is given by the β-value, which is the 

ratio of the methylated probe intensity to the sum of the methylated and unmethyalted 

probe intensities in the Infinium array. Each probe is assigned a β- value, indicating full 

methylation of a specific CpG site (β = 1), absence of methylation (β = 0), and ranges in 

between (0  β 1). In vitro methylated DNA (IVD) and DNA from cells genetically deleted 

for DNMT1 and DNMT3b (DKO) were used as fully methylated and fully unmethylated 

controls. β- values above 0.5 indicate methylation. 

 

A set of CIMP markers (16, 17) that best defines the CIMP status of colon tumors were 

used to analyze the CIMP status of SW480, HCT116 and RKO. The CIMP markers 

included CACNA1G, HTR6, IGF2, MAP1B, MLH1, NEUROG1, RUNX3 and SOCS1. The 

Infinium Methylation array data was queried for the methylation status of these genes 

(Supplementary Fig. S8). 
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