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Supplemental Figure 1 Characterization of TSS Seq 

(A) Statistics for the TSS Seq data used in this study. (B) Statistics for the TSCs and AP 

genes identified in this study. (C) Mapped positions of the TSS Seq tags relative to the 

RefSeq genes are shown. %full was calculated as (#“upstream”+#”first 

exon”+#“intron”)/(#“total tags”) within the RefSeq region. (D) Length distribution of 

the represented mRNA of the RefSeq genes. Note that TSSs of the long mRNAs are also 

represented in this dataset because random primers were used for the synthesis of first 

strand cDNA. Further experimental validation of the TSS Seq analysis using HEK293 

cells is provided in our previous paper (Tsuchihara et al. Nucleic Acids Res 37, 2249-63 

(2009)). (E) Consensus sequences observed around the TSCs at >5 ppm (left panel) and 

the TSCs at <5 ppm (right panel). (F) Number of TSCs identified using different bin 

sizes for clustering. Note that the number of the TSCs at >5 ppm remained almost the 

same regardless of the clustering bin size. (G) Distribution of the distance between the 

5’-ends of RefSeq transcript models (putative APs represented in RefSeqs). Populations 

of the APs that are separated by >500 bp in the respective databases are shown in the 
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margin. (H) Comparison of expression levels between those observed by TSS-Seq and 

RNA-Seq. Left panel: Concentration (ppm) of the TSS Seq tags (y-axis) versus rpkm 

(read per kb mRNA) of RNA Seq (x-axis). Right panel: Concentration of the TSS tags 

(y-axis) and the RNA-Seq tags for the newly identified (intronic) APs. Correlation 

coefficients between the TSS-Seq and RNA-Seq data (total RNA) are shown in the 

margin in each panel. The population of the TSCs at >5 ppm is indicated by a dashed 

box. Note that the correlation in the right panel was calculated using the concentration 

(ppm) of the RNA-Seq tags (not normalized to transcript length) that overlapped the 

intronic TSCs because the entire transcript structures were unknown. We hypothesize 

that significant correlation between TSS-Seq and RNA-Seq less than the left panel may 

be accounted for by the lack of a proper normalization method. (I-K) Top ten TSCs with 

the highest expression levels in DLD-1 cells evaluated by TSS-Seq. I: total TSCs; J: 

novel (intronic) TSCs; K: iTSCs; Fw: forward strand; and Rv: reverse strand of the 

genome according to the UCSC information.  

 

Related discussion on the expression levels of TSCs: 

Usually, 30 g total RNA is recovered from 3x10
6
 DLD-1 cells (cultured in a 10 cm 

dish). If we assume 5% are polyA+ RNA, there are 1.5 g polyA+ RNA per 3x10
6
 cells. 

If we further assume that the molecular weight of an mRNA is 2 kb x 330 (molecular 

weight per base), this corresponds to 0.5 million copies of mRNA per cell. We cannot 

directly estimate the recovery rate of RNA from a cell, but for DNA, usually 5 g of 

genomic DNA is recovered, which is consistent with the amount described in the 

manufacturer’s protocol. This indicates that the recovery rate of the genomic DNA is 

>50%. Based on these observations, we estimated that there are 0.5-1.0 million copies 
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of mRNAs per cell, and 1 ppm corresponds to 1 copy per cell. 
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Supplemental Figure 2 Statistics for ChIP Seq analysis of pol II 

(A) Enrichment of known pol II binding sites by individual quantitative PCR. The PCR 

primers used were 5’-CGTGTCCCCCATATCAGAAC-3’ and 

5’-TCAGCCTCAGTCTCCCTTGT-3’ for the random genomic region and 

5’-CGTAGCTCAGGCCTCAAGAC-3’ and 5’-GTCGAACAGGAGGAGCAGAG-3’ 

for GAPDH (-95 bp to +49 for the reported TSS). The enrichment rate, which is shown 

in the margin, was calculated based on the Ct value from real time PCR. (B) and (C) 

Number of peaks (putative pol II binding sites) when different cutoffs were used. 

(A)-(C) Representative results for DLD-1 cells; similar results were obtained for the 

other cell lines (data not shown). (D) Number of peaks identified in the indicated cell 

types, using the parameters described in the main text. (E) Frequency of the “weak” 

TSCs (whose expression levels are <5 ppm in all cell types) that overlapped the pol II 

binding sites. First column: number of the cell types in which expressions of the TSCs 

(>0 ppm) was observed. (F) Frequency of the TSCs that are located in internal exons of 

RefSeq at the indicated expression levels (exonic TSCs). Populations of the TSCs that 

overlapped the pol II binding sites is shown in parentheses.  
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Supplemental Figure 3 Nucleosome structure around the TSCs 

(A) Characterization of the micrococcal nuclease-digested DNA used for the 

Nucleosome Seq analysis by agarose gel electrophoresis and the mate-pair Illumina 

reads (left and right panels, respectively). In the right panel, the distribution of the 

distance between the mate-pair reads calculated using 2,143,342 paired-end sequence 

tags is shown. The figure shows data from DLD-1 cells, although similar results were 

obtained for the other cell lines. (B)-(D) Nucleosome occupancy score (y-axis) around 

the TSCs (x-axis) in HEK293 (B), MCF-7 (C) and TIG-3 (D) cells. The TSC 

populations are as indicated in the inset. (E) Nucleosome occupancy score of the iTSCs 

(>10 ppm) that overlapped the pol II binding signals in the indicated cell types.  

 

Related discussion on statistical analysis for differences in nucleosome patterns: 

To evaluate the statistical significance for the nucleosome patterns in the surrounding 

region of the TSCs compared to the background noise, we calculated the average and 

standard deviation of the nucleosome occupancy score at distal regions (i.e., from -5 kb 

to -2.5 kb and from +2.5 kb to +5 kb). Deviations of nucleosome occupancy scores in 

the proximal regions of TSCs were calculated assuming a normal distribution of scores 
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in the distal regions. The calculated statistical significances (p-values) are as follows: 
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expression levels of 

TSCs

>500 bp from the 5’-

ends of GENCODE

>500 bp from the 5’-

ends of GECOMDE 

(pol II plus)

#TSCs of intergenic to 

GENCODE genes

#TSCs of intergenic to 

GENCODE genes 

(pol II plus)

0-1 ppm 547672 10801 540078 10755

1-2.5 ppm 107297 4253 105658 4277

2.5-5 ppm 23548 2543 23197 2574

5-10 ppm 8772 2224 8662 2229

>10 ppm 11998 6897 11971 6928

<5 ppm, expressing cell 

types >=8, pol II plus
- 2747 - 2754

 

 

Supplemental Figure 4 Overlap of TSCs with pre-existing databases 

(A) Number of records is shown for each of the indicated categories. EPD (Eukaryotic 

Promoter Database), RefSeq and DBTSS (DataBase of Transcription Start Sites) data 

were current as of June 1, 2009. AP: alternative promoter; AP gene: genes having 

multiple promoters. (B) Population of the TSCs covered by the CAGE 
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(http://fantom.gsc.riken.jp/4/) or GENCODE (http://genome.crg.es/gencode/) databases. 

The data were current as of March 1, 2010. (C) Number of the putative novel promoters 

against the GENCODE database. Second and third columns: TSCs that overlapped 

genic regions, as defined by GENCODE, but are separated by >500 bp from the 5’-ends 

of the transcript models; fourth and fifth columns: TSCs located >50 kb outside of the 

genic regions, as defined by GENCODE. Populations of the TSCs that overlapped the 

pol II binding sites in at least one of the four examined cell types (DLD-1, HEK293, 

MCF-7 and TIG-3) are shown in the third and fourth columns. 
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Supplemental Figure 5 Statistics for complete cDNA sequencing 

(A) Statistics calculated for independent populations. For the dataset used in this study, 

non-redundant cDNAs were first selected from the FLJ and then from the MGC 

collections. However, essentially the same results were obtained from the analysis, even 

with a dataset for which the selection order was reversed (data not shown). (B) Number 

of the TSCs that exhibit the indicated possible translation caveat. TSCs were associated 

with the MGC or FLJ cDNAs when the 5’-ends of the cDNAs were located within 500 

bp of the TSCs. The indicated expression levels represent the maximum expression 

levels of the TSCs over twelve cell types. aa: amino acids; NMD: non-sense-mediated 

mRNA decay; and UTR: untranslated region. (C) Statistics for the shotgun sequencing 

of the cDNAs. (D) Results of an analysis similar to (B) that was used for the newly 

sequenced cDNAs. 
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Supplemental Figure 6 Characterization of the RNA Seq library for the subcellular 

fractions 

(A) Evaluation of the enrichment for the nuclear fraction from the cytoplasmic fraction 

using several nuclear RNAs. Fold differences, which were calculated based on the 

results of real time PCR, are shown. The PCR primers are also shown. (B) Summary of 

the statistics calculated for the individual populations. The computational procedures 

used to calculate the statistical significance were as described in the Methods. 

Consensus coding sequences (CCDSs) were obtained from NCBI as of June 1, 2009. 
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Supplemental Figure 7 Differential expression patterns of the APs belonging to 

different GO categories 

(A) Distribution of relative expression levels of AP2 (second or later AP) against AP1 

(the AP that had the highest expression levels in the twelve cell types). Black and gray 

bars represent the populations of the AP2 at >5 ppm and the AP2 at <5 ppm, 

respectively. (B) Distribution of Pearson correlation between the APs for the genes 

annotated with the GO annotation terms “cell adhesion” (white bars), “serine/threonine 

kinase” (gray bars) and “transcription factor” (black bars). 
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Supplemental Figure 8 Statistics for the iTSC 

(A) Results of an analysis similar to that shown in Table 2. Statistical significances for 

differences between populations indicated by asterisks were evaluated by the Wilcoxon 

signed rank test (*1-4) or the proportion test (*a-e) and are shown in the margin. The 

legends for the Table are as described in Table 2. (B) Sequence features characteristic of 

the intergenic TSCs for the indicated categories. Legends for the Table are as described 

in Table 2. Further details of the characterization of the iTSCs will be published 
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elsewhere. (C) Results of a similar analysis that used the newly shotgun sequenced 

cDNAs. 
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Supplemental Figure 9 Chromatin structure in the absence of transcription 

(A) The nucleosome occupancy score (y-axis) around the putative TSCs (x-axis) in the 

cell types indicated in the inset. Those TSCs had expression levels of >5 ppm in other 

cell types but were not expressed in the indicated cell type. Number of the analyzed 

TSCs in each cell type is shown in parentheses. (B) Histone modification patterns in 

DLD-1 cells around the putative TSCs that are not expressed in this cell type 

(population represented by blue line in (A)). Also, note that H3K4me3 and H3Ac show 

different distribution patterns around these TSCs. 
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Supplemental Figure 10 Accession numbers for sequence data used in this study 

 


