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DNA Methylation profiling of HIV-lymphoma 

Supplementary Methods 

Statistical analyses 

Six gene regions: within 1,500 bps of a transcription start site (TSS1500), within 200 bps of a 

transcription start site (TSS200), the 5′ untranslated region (5′UTR), first exon (1stExon), 

body, and 3′ untranslated region (3′UTR) and intergenic regions following Illumina criteria 

were used for further analyses. Average linkage hierarchical clustering analysis was 

performed using Pearson’s correlation coefficient as a similarity measure. To assess the 

reliability of the clustering results for Human Methylation450 microarray data, we calculated 

the approximated unbiased p-value (AUp) via multi-scale bootstrap resampling (Suzuki R, et 

al., Bioinformatics 22:1540-42, 2006) using the R pvclust package, which is commonly used 

in phylogenetic analysis. We generated 1,000 bootstrap samples to estimate AUp. The 

p-value of the cluster, which ranges between 0 and 1, indicates how strongly the cluster is 

supported by the data. The clustering structure of the Cancer Panel I microarray data was 

visualized using the HeatmapViewer module of GenePattern (Broad Institute, MA). 

Statistical analyses other than cluster analysis were performed with SAS (ver. 9.2, SAS 
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Institute, Cary, NC). The chi square test and Wilcoxon’s rank sum test were used to assess the 

statistical significance of differences in categorical or continuous variables, respectively, 

between two independent groups. Fisher's exact test was applied when one of the frequency 

table cell values was ≤5. Two-dimensional false discovery rates (FDRs) (Ploner A, et al. 

Bioinformatics 22:556-65, 2006) were calculated for the data of Cancer Panel I to select 

candidate target genes for enrichment analysis because the sample size for Cancer Panel I 

analysis was small (n = 9). The statistical significance level was set at p < 0.05 and FDR < 

0.01. 

 

Enrichment analysis of target genes 

From the genes measured on the HumanMethylation450 BeadChip, 2,541 target sites were 

extracted using Wilcoxon’s rank sum test (p < 0.05) and β values >0.30 in comparisons 

between HIV-associated and non-HIV lymphomas. Subsequently, 2,118 targets were 

extracted from UCSC_REFGENE_ACCSESSION for DAVID analyses. DAVID (v6.7), the 

database for annotation, visualization, and integrated discovery 



DNA Methylation profiling of HIV-lymphoma 

(http://david.abcc.ncifcrf.gov/), was used for gene-annotation enrichment analysis and 

biological pathway mapping (Huang DW, et al., Nucleic Acids Research 37:1–13, 2009). 

Fisher’s exact test for the null hypothesis (H0) that the percentage of the differentially 

methylated 2,118 target genes on the corresponding pathway is the same as the percentage of 

the 30,000 human genes that belong to the corresponding pathway. p-values indicate 

statistical significance (p < 0.05). Of the genes measured on the Cancer Panel I, 1,421 probes 

for XY chromosomes were extracted from all 1,505 probes. From these, 439 probes were 

extracted based on the cut-off value with a false discovery rate (FDR) <0.01 and β values 

>0.30 in comparisons between Groups 3 and 4. p-values indicate significance on Fisher’s 

exact test (p < 0.05). 

 

Validation by combined bisulfite restriction analysis (COBRA), and bisulfite DNA sequences 

Among the genes measured on the HumanMethylation450 BeadChip, those with an absolute 

difference ∆β > 0.3 and showing a significant (p < 0.05) expression difference between 

HIV-associated and non-HIV lymphoma samples, where the genes measured on the Cancer 
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Panel I had an absolute difference ∆β > 0.3, and that showed an expression difference with a 

two-dimensional FDR <0.01 between the two clusters were used for validation by PCR and 

sequencing analyses. Genomic DNA was treated with sodium bisulfite using an EZ DNA 

Methylation kit (Zymo Research, Irvine, CA) and used as a template for combined bisulfite 

restriction analysis (COBRA) and bisulfite sequencing analysis, as previously reported 

(Xiong Z, et al., Nucleic Acids Res. 25:2532-4, 1997; Frommer M, et al., Proc. Nat. Acad. 

Sci. USA. 89:1827-31, 1992). The sequence data of at least seven cloned fragments per 

sample were examined using the program QUMA 

(http://quma.cdb.riken.jp/top/quma_main_j.html). Methylated and non-methylated DNA 

samples (Cat # D5014, human HCT116 DKO; Zymo Research) were used as controls. 
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