
Supplementary Figure 1. The workflow of methylation haplotype analysis. 
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Supplementary Figure 1. The workflow of data analysis contains the following steps: 1) 
Pre-processing of Illumina data involved detecting whether the read was a PCR product or 
bisulfite converted sequence and taking the reverse complement of PCR product sequences.   
Then the read sequences were demethylated in silico. 2) Reads were mapped to the 
unmethylated bilsulfite converted hg18 reference genome.  3) Reads that did not uniquely map to 
the reference are filtered out. Paired end reads that mapped too closely together or too far away 
were treated as single end reads.  4) The read coordinates of the mapped in silico demethylated 
reads were assigned to the read’s original sequence.  The methylated state of any known CpGs 
covered by the reads were investigated.  5) SNPs were called based on the mapped read data 
using our own algorithm and SAM Tools. The intersection of SNP calls from these two algorithms 
was used in further anlayses. 6) The methylation states of new CpGs created by SNPs were 
investigated. 7) The methylation information was used for LD and SNP ASM analyses. 1 



Supplementary Figure 2. Methylation frequency histograms for CpG dinucleotides located in 
chromosome X. 
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Supplementary Figure 2. Methylation frequency histograms for CpG dinucleotides located in chromosome X.  The X-
axis represents the methylation frequency bins and the y-axis represents the number of CpG dinucleotides within a 
certain methylation frequency bin.  A methylation frequency value of one represents complete methylation at a CpG.  
Hues63, a male cell line, has a methylation frequency distribution in chromosome X that visibly contains more fuzzily 
methylated probes (.25 < methylation frequency <.75) than other male cell lines.  Fuzzily methylated probes in 
chromosome X are indicative of female cell lines (Hues12, IMR90, PGP3L, PGP9L) rather than male cell lines (BJ 
family, Hues42, PGP1L), which is due to allele specific methylation. 
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Supplementary Figure 3. Linkage disequilibrium 
analysis of CpG methylation haplotypes.  
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Supplementary Figure 4. Linkage disequilibrium analysis of CpG methylation haplotypes. (a),
(c), and (e) are from differentiated cells and the heatmap shows that the r2 value distribution 
shifts downwards as pairwise distance increases.  (b), (d), and (f) represent undifferentiated cells 
and the distribution of r2 values is maintained as pairwise distance increases.  These figures 
show that undifferentiated cells contain organized methylation patterns that tend to span farther 
distances than in differentiated cells. 
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Supplementary Figure 4. Cell type specificity and individual dependent of ASM.  
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Supplementary Figure 6. Cell type specificity and individual dependence of ASM. (a)-(d) 
Illumina and Sanger sequences from PGP1L and PGP1F showing cell type specificity of ASM in 
rs2236416 indexed region in the intron of MMP9 gene (chr20:44073908-44074010 in Illumina 
and chr20:44073583-44074121 in Sanger data).   ASM is seen in PGP1L near rs2236416 but not 
seen in PGP1F. (e)-(h) Illumina reads from hFib2, IMR90, hFib2-iPS 
(chr12:100560403-100560470) and IMR90-iPS (chr12:100560412-100560464) show the cell 
type specificity of ASM in rs2293468 indexed region.  ASM around SNP rs2293468 is seen in 
hFib2, hFib2-iPS, and IMR90 but not IMR90-iPS. 4 
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Supplementary Figure 5. ASM example in PGP3L. 
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Supplementary Figure 5. ASM example in PGP3L. (a) Sanger reads from PGP3L show ASM at 
a CpG dinucleotide that overlaps with SNP rs6061990 (chr20:60061657-60062273).  The other 
CpG dinucleotides do not show ASM.   (b) Methylation frequency diagram of the SNP rs6061990 
region produced by Illumina data (chr20:60061712-60061895). The diagram supports the ASM 
behavior observed in the Sanger sequences. The orange triangles represent a SNP site that 
overlaps with a CpG. There is a difference in methylation frequency at coordinate 60061798 but 
it is not considered significant due to low read depth; only 6 mapped Illumina reads of the G 
allele cover this CpG dinucleotide.    
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Supplementary Figure 6.  Linkage disequilibrium analysis of CpG methylation haplotypes in SNP 
indexed region rs3746459 (NECAB3 Intron) in BJ-iPS11. 
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Supplementary Figure 3.  Linkage disequilibrium analysis of CpG methylation haplotypes 
around rs3746459 in BJ-iPS12 (chr20:31718871-31719492). (a) Sanger shows sequences that 
are either mostly methylated or unmethylated. In this case, the T SNP allele destroys the CpG 
dinucleotide and CpGs at this location on the T allele are thusly unmethylated.  The methylation 
organization shows characteristics of ASM but the SNP identity at rs3746459 does not clearly 
separate the methylated and unmethylated sequences. (b) and (c) CpG pairwise r2 value plots 
and heatmap show that the r2 values in this region are significant and maintain significance as 
the relative distance between the two CpG dinucleotides increases. 
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Supplementary Figure 7. Examples of ASM flipping. 

PGP1F PGP1L 

BJ BJ-iPS12 

rs2071450 rs2071450 

rs11180483 rs11180483 

Supplementary Figure 7. Examples of ASM flipping. (a) and (b) Illumina reads from PGP1F and 
PGP1L show ASM in SNP rs2071450 region (chr12:52714771-52714885). The G allele is 
predominantly more methylated than A allele in PGP1F whereas A allele is more methylated than 
G allele in PGP1L. (c) and (d) Illumina reads from BJ (chr12:74071334-74071435) and BJ-iPS12 
(chr12:74071328-74071389) show ASM around SNP rs11180483 indexed region. C allele is 
predominantly more methylated than T allele in BJ whereas T allele is more methylated than C 
allele in BJ-iPS12. 
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Supplementary Table 1. SNPs and ASM by Sanger sequencing. 

Supplementary Table 1. SNPs and ASM by Sanger sequencing. ASM statistics of the Sanger 
sequences compared to the Illumina read regions.  Minimum allele read depth shows the 
minimum number of aligned Sanger sequences for either allele at each SNP region.  The ASM 
categories were determined using the same criteria as for the Illumina sequences.  Two called 
heterozygous SNPs in Hues63 and hFib2 from the Illumina data were not found in Sanger 
sequences.  Illumina and Sanger ASM categories were considered consistent if both sequencing 
methods called ASM (i.e. category I or II).  There were 7 cases where the ASM calls were not 
consistent between the Illumina and Sanger data.  Rs2072788 in PGP1F and PGP1-iPS1 was a 
SNP that destroyed the cytosine of a CpG dinucleotide in one of the alleles in the Sanger 
sequences, which made this region ineligible for a category II ASM label.  These two SNP 
regions were considered category I ASM in the Illumina data because of a neighboring CpG site 
that showed ASM. This corresponding CpG site in the Sanger data did not have sufficient read 
depth for a statistical call of ASM.  Rs20889908 in PGP1F and rs2018002 in PGP3L also had 
insufficient Sanger read depth for ASM categorization.  The discrepancy involving rs1061726 in 
BJ-iPS11 cannot be explained by read depth or single stranded coverage. 
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Supplementary table 2. Primer sequences. 

Index SNP Forward primer Reverse primer 
Amplicon 
size (bp) 

rs1061726  GTAGAAATTTGGAAGTGGAAATTT  TAATCAATAATTTTTCCAAAAAAAA 645 
rs10846023  TTTAGGGGTTGTTAGAGGGTTAGA AAATTTTTAAAACCAACCCAAACTC 674 
rs2018002 GTTTTTGTTTTGGGAAAAGTTAAG CAAAAAACAACTCAAAATTCATACT 773 
rs2072788 GTGAGGTTTTGTTGATTTAGGAGAG   ATCCAAACATTTAAATTAAAAATTC 671 
rs2089908 AAGTTTTTGTTGGTTGGATTTTTTA  AAAAAAACCCATATTACCCCTAATC 746 
rs2236416 TGGGTTAAAGAATAGGATATATTTGG  AAAAAACCCAAAACCTTAAATAAAC  643 
rs3746459 GAAGTTAGGAAATAGTGTGGAGT AATATACCCAAAACAATAACCC  640 
rs6061990 AGGTTTGGGTTATTTTATTTGTTTG ACTTTCCCAACTCTCAAAACTCTAC 753 
rs2277324  GGTTAAGGATGTTTGTAGAAA  ATTAAAACCTCTCACCCTAAAACAC  557 
rs220030  TAGGTTGTTTTTTGAGAGAAGTTAT  CTTTTAAAAAAATTTCAAATCTAAC 559 
rs10877897  GAGATGATGGTTTGGATTTTTTAG   AAAATCTTTAACCACTACCTACCC  615 
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Supplementary Table 3. Summary of Illumina Sequencing Data. 

Supplementary Table 3. Summary of Illumina sequencing data.  Single end data is taken from 
the previously published data set and the paired end data is from new experiments.  Cell lines 
labeled as a mixture of reads contain single end and paired end Illumina sequences, which were 
merged together before alignment. 
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Supplementary Table 4. Genes with Conserved LD Blocks across 12 or more Cell Lines. 

Supplementary Table 4. Genes with Conserved LD Blocks across 12 or more cell lines.  These 
genes contain CpG dinucleotides that are strong candidates for biological regulation via 
methylation.  Cell line names are abbreviated so that they can be printed on a single line. 
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Supplementary Table 5. SNP calling statistics. 

Supplementary Table 5. SNP calling statistics. Candidate sites include all chromosomal locations with 
sufficient read coverage (minimum 10x coverage on analyzed strands) and sequence quality.  Double 
stranded sites were checked for reverse complementarity.  SNP calls were filtered so that only SNP calls 
made at rs129 sites that matched the reported SNP bases were recorded. 
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Supplementary Table 6. Pairwise common heterozygous SNPs between cell lines. 

Supplementary Table 5. Pairwise common heterozygous SNPs between cell lines. Each matrix 
entry represents the number of heterozygous SNPs called in the row i cell line that match with 
those called in the column j cell line. 
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Supplementary Table 7. Pairwise common homozygous SNPs between cell lines. 

Supplementary Table 6. Pairwise common homozygous SNPs between cell lines. Each matrix 
entry represents the number of homozygous SNPs called in the row i cell line that match with 
those called in the column j cell line. 
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