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This Supplementary text contains supporting methodology and a summary of information on the 

reproducibility and accuracy of the CAGE technology. 

SUPPLEMENTARY METHODS 

SNP density and derived allele frequencies 

To examine if TSS turnover is associated with recent adaptive evolution in humans, we analyzed 

human polymorphism data in the turnover and reference TSS sets. First, we compared their 

densities of human dbSNP(Sherry et al. 2001) polymorphisms and, as a control for any SNP 

ascertainment bias, SNPs from a a single unbiased discovery effort (see below). The densities 

were similar (3.66 x 10-3 versus 3.58 x 10-3 and 3.38 x 10-4 versus 2.79 x 10-4 respectively). Next, 

we examined the derived allele frequencies of SNPs genotyped in the HapMap project (release 

20)(Altshuler et al. 2005). No significant differences between the derived allele frequency 

(DAF) distributions of 12 SNPs residing in turnover set, and 115 SNPs within the reference set 

were found in any of the populations (see below). Although the number of observations is 

too low for any definitive conclusions, these results are consistent with the SNP density 

analysis in that they show no evidence of different selection pressures on the two TSS 

sets in human populations. 

SNPs were obtained from dbSNP build 124 (http://www.ncbi.nlm.nih.gov/SNP/) 

(dbSNPs)(Sherry et al. 2001). A subset of dbSNPs from a single unbiased discovery effort (The 

International SNP Map Working Group. 2001) was extracted by the dbSNP submitter id 

“TSC-CSHL”. Overlap determined by human genome coordinates (NCBI b35) gave 63 SNPs in 

the turnover set (toSNPs) and 877 SNPs in reference set (rfSNPs). SNP densities were 

calculated by dividing SNP count by TSS region length, and compared using Fisher's exact test. 

An unambiguous ancestral allele could be determined for 53 toSNPs and 609 rfSNPs  by 
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BLAT (Kent 2002) of the SNP alleles and 30 bp flanking sequence to each side against the 

chimpanzee genome draft (Chimpanzee Sequencing and Analysis Consortium 2005), requiring 

at least 58 matching bases and that the chimp allele matched one of the human alleles. HapMap 

(release 20) (The International HapMap Consortium. 2005.) genotypes polymorphic in at least 

one population were available for 11 toSNPs and 114 rfSNPs. The distributions of derived allele 

frequencies (DAF) for toSNPs and rfSNPs were compared in each population by a 

Kolmogorov-Smirnov test and a Fisher's exact test on SNPs partitioned by having a DAF above 

or below 10%. 

TATA-box occurrence in promoters with transcription start site 

turnover 

TATA-boxes were predicted using the position-specific weight matrix defined by 

Bucher(Bucher 1990) deposited in the JASPAR database(Vlieghe et al. 2006) in the -50 to -1 

region relative to each mouse cDNA start site in the turnover and reference set. The TFBS 

scientific programming module(Lenhard and Wasserman 2002) was used for scanning, using a 

75% score cutoff. The choice of genomic window is motivated by the preferred TATA-TSS 

distance (30-31 bp)(Carninci et al. 2006; Hahn 2004). A promoter with one or more predicted 

TATA sites was considered “TATA positive”. The turnover and background set have no 

significant difference in TATA-boxes (P=0.30, Fisher’s exact test). Other choices of cutoffs and 

genomic windows did not change the results significantly (data not shown). This is also true if 

the number of TATA sites is used instead of the number of positive promoters.  

GO analysis 

We compared the gene ontology (GO) annotation between 74 GO-annotated TUs 

(transcriptional unit as defined in(Carninci et al. 2005; Carninci et al. 2006)) from the turnover 
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set and 1,120 GO-annotated TUs from the reference set. We used the GO annotation for each 

TU provided by FANTOM3 (Carninci et al. 2005; Carninci et al. 2006) and excluded the TUs 

without any GO term assignments from the analysis. For each of the 966 testable GO terms that 

were associated with at least 3 TUs from the turnover or reference set, a two-sided Fisher’s 

exact test was performed to test if the GO term is significantly associated with the TU from the 

turnover set compared to the reference set or vice versa. The Bonferroni method(Westfall and 

Wolfinger 1997) was then applied to correct the resulting p-values for multiple testing. 

 

REPRODUCIBILITY AND ACCURACY OF CAGE TAGS 

Here is a summary of evidence for the validity of CAGE tags, which is described in more detail 

elsewhere (Carninci et al. 2006). 

CAGE technology relies on two independent biochemical events: the extension of reverse 

transcriptase to the 5-‘ end of the transcript, and the CAP-dependent second strand synthesis, 

capture and cloning of a cDNA. Instances of truncated products require a failure of both 

reactions: a failure of the reverse transcriptase to generate a full-length product combined with 

an erroneous capture of the uncapped product by the CAP trapping procedure. The cap selection 

is highly efficient: when measuring the enrichment for RNApolII-derived mRNAs to uncapped 

ribosomal RNAs: a 330-fold enrichment was observed.  

Multiple lines of evidence show that even single CAGE tags are reliable indicators of TSS 

locations. In a case study, 86% of single CAGE tags in the OPRM locus were confirmed by the 

independent RACE method. Comparison with randomly selected reported experiments on single 
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promoters (in which the TSS had been determined by nuclease protection, RNase protection and 

primer extension) show that in the majority of cases the CAGE data is wholly consistent with 

the previous results.  

TSS reproducibility over multiple libraries (each library is an independent experiment) is high: 

if an exact TSS starting nucleotide position is defined by just two tags, these are from different 

libraries in 77% of cases. Further evidence of the non-randomness of the CAGE tags was 

obtained by analyzing the distribution of initiation site [-1,+1] dinucleotides for TSS having 

different levels of CAGE tag support separately (note that the -1 position is not part of the tag). 

Regardless of the level of support, each dinucleotide distribution is significantly different from a 

distribution of randomly sampled genomic dinucleotides. Lastly, there is a clear correlation 

between TSS defined by CAGE and active promoters identified by chromatin 

immuno-precipitation of transcription complexes in humans(Carninci et al. 2006). 
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