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Supplemental Experimental Procedures 

Solexa Pipeline Analysis  

Sequence reads of mostly 25 bp were obtained using the Solexa Analysis Pipeline.  All 

reads were aligned to the human genome (hg18) and only uniquely mapping reads were 

retained. In all analyses,  reads of multiple identical copies were truncated to contain at 

most five copies to reduce potential biases. The output of the Solexa Analysis Pipeline 

was converted to browser extensible data (BED) files detailing the genomic coordinates 

of each tag. To make the files for visualization on a genome browser, reads originiating 

in non-overlapping 200 bp windows were summed, with the location of reads on positive 

(negative) strand shifted by +75 bps (-75bps) from its 5’ start to represent the center of 

DNA fragments.  

The sequence reads have been deposited in the Short Reads Archive (GSE12646). The 

BED files can be downloaded from the website 

(http://dir.nhlbi.nih.gov/papers/lmi/epigenomes/hghscmethylation.html). 
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Identification of ChIP enriched islands  

To eliminate background noise, we determined ChIP enriched regions using the “islands” 

method (manuscript in preparation, Weiqun Peng et al.) for each ChIP sample.  Brielfy, 

this involves identifying clusters of windows occupied by reads that are unlikely to 

appear by chance. All eligible summary windows were first identified, with an eligible 

window being defined as those windows satisfying a required window tag-count 

threshold determined from a preset p-value based on a Poisson background model. 

Islands were then identified by grouping consecutive eligible windows allowing gaps of 

at most two ineligible windows, with a island tag-count threshold determined by a E-

value requirement of 100 (manuscript in preparation by Weiqun Peng et. al.) under the 

background model of random reads.  The resulting islands identified for each library have 

an estimated false discovery rate of less than 1%.   

 

Gene expression and its correlation with histone modifications  

Expression information was obtained for CD133+ and CD36+ cells using Affymetrix 

human genome U133 Plus 2.0 arrays.  The coordinates for UCSC known genes 

(Karolchik et al., 2004) were obtained from the UCSC table browser.  U133P2 probes 

were mapped to UCSC genes by the table provided by the UCSC table browser. Genes 

without corresponding U133P2 ID were ignored. If multiple genes map to the same 

U133P2 ID, only one was retained.  This process resulted in 20,444 genes after further 

removal of two genes on chromosome M (Table S6).  Two types of correlation plots 

were made: 1) Correlation of gene expression value with histone modification levels. For 

correlation at the promoter, reads in the island-filtered summary windows that overlapped 
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with promoters (defined as1000 bp upstream and downstream of TSS) were summed for 

each gene to represent the modification level at the promoter. The genes were then 

grouped into 100-gene sets according to their expression values. Each set of genes is 

represented by a dot on the plot, with its representative expression (modification) level 

obtained as the geometric mean of the expression values (tag counts).  If a promoter has 

no modification, a pseudo count of 1 was used.  Correlations in gene body regions were 

obtained in a similar manner. 2) Correlation of gene expression changes with 

modification changes across cell type. Promoter and gene body regions were analyzed in 

a similar manner. We use promoter to illustrate the approach. For a gene, the normalized 

modification level was defined as the sum of the reads in the island-filtered summary 

windows that overlap the promoter (If a promoter has no modification, a pseudo count of 

10 is used.) normalized by total number of island-filtered tag count. The change of 

modification level was calculated as the logarithm of the ratio of the normalized 

modification levels in the two cell types.  The change of expression level was calculated 

as the logarithm of the ratio of the expression levels in the two cell types. Now each gene 

is associated with both an expression change and a modification change. The genes were 

ten grouped in 100-gene sets, with their expression changes and modification changes 

averaged to represent one dot in the plot. 

 

Identification of promoters with bivalent domains 

A promoter was identified as having a bivalent domain if it overlaped with both an 

H3K4me3 island and an H3K27me3 island. 
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Profiles of tag density in and around genes   

 For each gene, island-filtered reads were summed according to their shifted positions  in 

1 kb windows for the regions from 5 kb upstream of the transcription start site (txStart) to 

the txStart and from the transcription end site (txEnd) to 5 kb downstream.  Within the 

gene bodies, island-filtered reads were summed according to their shifted positions in 

windows equal to 5% of the gene length.  All window tag-counts were normalized by the 

total number of bases in the windows, and the total number of island-filtered reads in the 

corresponding sample to obtain normalized tag density.  

 

Identification of transcription factor genes 

Transcription factor genes were obtained by identifying all genes with the following GO 

terms: GO:0030528 (transcription regulator activity), GO:0003702 (RNA polymerase II 

transcription factor activity),  GO:0003705 (RNA polymerase II transcription factor 

activity, enhancer binding),  GO:0016251 (general RNA polymerase II transcription 

factor activity), GO:0003703 (general RNA polymerase II transcription factor activity), 

GO:0016252 (nonspecific RNA polymerase II transcription factor activity), GO:0003704 

(specific RNA polymerase II transcription factor activity), GO:0016563 (transcription 

activator activity), GO:0016564 (transcription repressor activity), GO:0003700 

(transcription factor activity), GO:0006357 (regulation of transcription from RNA 

polymerase II promoter), GO:0006358 (regulation of global transcription from RNA 

polymerase II promoter), GO:0006366 (transcription from RNA polymerase II promoter), 

GO:0006367 (transcription initiation from RNA polymerase II promoter), GO:0003712 

(transcription cofactor activity), GO:0003713 (transcription coactivator activity), 
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GO:0003714 (transcription corepressor activity),  GO:0006350 (transcription), 

GO:0006351 (transcription, DNA-dependent), GO:0006355 (regulation of transcription, 

DNA-dependent) 

 

Gene ontology analysis 

Genes showing more than 4-fold difference in their expression level were used for gene 

ontology (GO) analysis. Top 4 GO terms enriched in the biological process analysis were 

selected and plotted for upregulated and downregulated genes (Dennis et al., 2003).  
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Table S1. Genome-wide distribution of modification islands for various 

modifications in CD133+ and CD36+ cells. The ChIP-Seq-positive regions were 

identified as modification islands (see Experimental Procedures for details). Promoters 

indicate the genomic regions spanning the TSSs (-1 kb to + 1 kb). Gene Bodies indicate 

the regions from +1 kb downstream of TSS to the 3’ ends of genes.  
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Table S4. Histone modification patterns of CD133+ bivalent genes. Among the 2,910 

bivalent promoters, the number of promoters associated with each modification is listed 

in the total and four subgroups. BD: promoters associated with bivalent modifications. 
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Table S5. Promoters associated with H3K4me1, H3K9me1 or H3K27me1 but not 
H3K4me3. The promoters associated with any of these modifications but not H3K4me3 
were identified in CD133+ cells and examined for the presence of other modifications. 
The association of all the modifications with these promoters was also examined in 
CD36+ cells. The % in CD133+ cells indicates the percentage of promoters associated 
with a specific modification in CD133+ cells; the % in CD36+ cells indicates the 
percentage of promoters remained positive for a specific modification in CD36+ cells. 
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Figure S1. Reproducibility of histone modification patterns. Biological replicate 
ChIP-Seq analyses were performed for H3K4me1 (A) and H3K27me1 (B) in CD133+ 
and CD36+ cells, respectively. The data are displayed as custom tracks on the UCSC 
genome browser. Y-axis shows the number of sequence reads detected in 200 bp-
windows and x-axis shows the chromosome coordinates in the genome. 
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Figure S2. Histone modification profiles of all genes in CD133+ and CD36+ cells. 
Histone methylation profiles of 20,446 genes across the gene bodies as well as 5 kb 5’ 
and 3’ of the gene bodies. The modification patterns are shown in red in CD133+ cells 
and in green in CD36+ cells. 
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Figure S3. Association of histone modification islands with genomic regions. The 
fractions of human promoters and gene bodies associated with each histone modification 
in CD133+ and CD36+ cells are shown. 
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Figure S4.  Genome-wide gene expression changes reveal commitment to 
erythrocyte and inhibition of other lineages. 
A. Ontology analysis of genes differentially expressed between CD133+ and CD36+ cells. 
See Experimental Procedures for details. 
B. mRNA expression level of HoxA genes in CD133+ and CD36+ cells. The data were 
obtained from the DNA microarray analysis. Error bars indicate standard deviation.  
C. mRNA expression level of HoxB genes in CD133+ and CD36+ cells. 
D. Real-time PCR analysis confirmed the expression data obtained by DNA microarrays.  
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Figure S5. Confirmation of the ChIP-Seq data using real-time PCR assays.  The 
association of H3K4me3 (A) and H3K27me3 with selected regions in the HoxA and 
HoxB loci was confirmed using real-time PCR assays. up: the region upstream of TSS. 
Y-axis indicates the enrichment of specific regions as measured by the number of copies 
for each region present in different samples.    
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Figure S6. Histone modification changes in the Hox A locus (Chr7:27,140,000-
27,190,000) in CD133+ and CD36+ cells. The data are displayed as custom tracks on the 
UCSC genome browser. The positions of the HoxA genes are indicated below the panel. 
Y-axis shows the number of sequence reads detected in 200 bp-windows and x-axis 
shows the chromosome coordinates in the genome. The annotated TSSs are indicated by 
vertical orange lines. 
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Figure S7. Histone modification changes in the Hox B locus (Chr17:44,020,000-
44,045,000) in CD133+ and CD36+ cells. The positions of the Hox B genes are indicated 
below the panel. The annotated TSSs are indicated by vertical orange lines. 
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Figure S8. Histone modification profiles of the KLF1 gene (Chr19:12,854,001-
12,861,254) and GATA1 gene (ChrX:48,525,060-48,542,506) before (CD133+ cells) 
and after (CD36+ cells) differentiation. The annotated TSSs are indicated by vertical 
orange lines. 
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Figure S9. Histone modification profiles of the CD133 gene (Chr4:15,511,636-
15,753,983) before (CD133+ cells) and after (CD36+ cells) differentiation. The data are 
displayed as custom tracks on the UCSC genome browser. The position and direction of 
transcription of the CD133 gene are indicated below the panel. The annotated TSS is 
indicated by a vertical orange line. The histone modification patterns suggest that the 
actual TSS may be located upstream.  
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Figure S10. Histone modification profiles of 9,198 constitutively expressed genes (A) 
and 7,420 always-silent genes (B) in CD133+ and CD36+ cells.  
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Figure S11. Global modification changes of bivalent genes. Histone modification 
profiles of 2,910 bivalent genes across the gene bodies as well as 5 kb 5’ and 3’ of the 
gene bodies. The modification patterns are shown in red in CD133+ cells and in green in 
CD36+ cells. 
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Figure S12. Distinct histone modification changes are associated with different fates 
of bivalent genes. Histone modification profiles for the bivalent genes that lost 
H3K27me3 (A), H3K4me3 (B), both H3K27me3 and H3K4me3 (C), or remained as 
bivalent (D) during differentiation.  
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Figure S13. Correlation between changes in gene expression and histone 
modification in the gene body regions of bivalent genes during differentiation from 
CD133+ to CD36+ cells. The fold changes in both expression level and histone 
modification level were calculated for each gene during differentiation. The genes were 
grouped to 30-gene sets according to their expression changes and the changes were 
averaged for each set of 30 genes (one dot in the figure); the histone modification 
changes were then averaged for the same sets of 30-genes. The y-axis indicates the fold 
change (log10 scale) of histone modification in the promoter region. The x-axis indicates 
that the fold change of expression levels. The clear gaps in some figures are due to cut-
off thresholds of histone modification islands. 
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Figure S14. Correlation of H3K4me1, H3K9me1 and H3K27me1 modifications. The 
promoters associated with H3K4me3 were excluded from this analysis.  


