Defining TSS groups by sequence age
To categorize human TSSs by the evolutionary age, we made use of whole genome alignments between human (hg19) and 16 other mammalian genomes (Supplemental Table S1) from UCSC Genome Browser (Tyner et al. 2017). We required a minimum liftOver mapping ratio of 90% for CAGE TSS peaks (~23bp in length on average), which usually covers Initiator (Inr) elements of promoters (Taylor et al. 2006). In addition, we required a minimum mapping ratio of 50% for TSS peaks±100 bp, which we considered to be the “core promoter” region in our study and are usually under high selective constraint (Taylor et al. 2006), although there is no standard definition for “core promoter” currently. To reduce potential false positives resulting from alignments of paralogous loci in two genomes, we further required a minimum alignment chain size of 10 kb for both target and query genomes. A human TSS locus satisfying the above criteria for the pairwise alignment was considered as having the orthologous sequence in the surveyed genome, and its sequence age should be equal to or larger than the age of last common ancestor of two species. Based upon the presence/absence patterns in alignments, we categorized the human TSSs into four groups of different ages: 1) TSSs whose sequence loci can be found in at least one non-primate mammalian genome, named ‘mammalian’ group; 2) TSSs whose sequences occurred during early primate evolution but before the last common ancestor of Old World anthropoids, named ‘primate’ group; 3) TSSs whose sequences occurred during the evolution of Old World anthropoids but before the last common ancestor of hominids, named ‘OWA’ group; 4) TSSs whose sequences occurred since emergence of hominids, named ‘hominid’ group.
We also tested multiple sets of liftOver thresholds which did not result in notable variation in the grouping results (Supplemental Table S2). We checked whether sequence alignments could be used as a suitable proxy for presence/absence of TSSs using FANTOM CAGE-defined TSSs (‘robust’ annotations) of four other mammalian species (macaque, mouse, rat and dog). Since the human genome has the most CAGE annotations, we assessed presence/absence patterns of non-human TSS loci in the human genome (using the same alignment criteria as above) and checked how many mapped loci also have a CAGE-defined TSS (Supplemental Fig. S1).
Definition of transcription types
Coding status and transcript classification were obtained from the FANTOM CAT annotation (part of FANTOM5). To facilitate analysis and interpretation, we merged three lncRNA classes (“lncRNA_antisense”, “lncRNA_divergent” and “lncRNA_sense_intronic”) into a class called “proximal lncRNA”. We also merged several minor classes (“sense_overlap_RNA”, “short_ncRNA”, “small_RNA”, “structural_RNA” and “uncertain_coding”) into a class called “other RNA”. For TSSs which are associated with multiple types of transcripts, we assigned them hierarchically to the five categories: mRNA > proximal_lncRNA > intergenic_lncRNA > pseudogene > other_RNA. 
Filtering TSSs that could confound downstream analyses
As highly repetitive genomic regions could lead to poor assemblies and erroneous alignments, we filtered out any TSS whose ±1 kb regions overlapping the blacklisted genomic regions (see Supplemental Table S3) defined by ENCODE and two other studies (Pickrell et al. 2011; Li and Freudenberg 2014). Because CAGE reads are usually short (20~70bp) (Kanamori-Katayama et al. 2011) and can be mapped to the genome multiple times, we made use of the Duke 20-bp uniqueness track from UCSC Genome Browser to filter out TSS peaks that have an average uniqueness score of <0.5 (a 20-bp uniqueness score of <0.5 means that a 20-mer can be mapped to the human genome more than twice). Some TSS loci still exhibited suspiciously high read depths in some functional genomic datasets, suggesting artifacts due to poor mappability in low-complexity tandem repeat regions; therefore we further filtered any TSS harboring >10% (i.e., >200 bp) tandem repeats within ±2kb. In addition, TSSs on chrM and chrY were excluded from all analyses, as some genome assemblies or functional datasets lack data for these chromosomes. 
We identified two further significant sources of potential false positives in the FANTOM annotation. First are pseudogene-associated TSSs (annotated by FANTOM CAT); pseudogenes were reported as a notable source of false positives for CAGE-defined TSSs because of their high sequence similarity to the original gene loci and the short lengths of CAGE reads (Zhao et al. 2011). For the GM12878 cell line, only 3.7% of primate lineage TSSs associated with pseudogenes have a corresponding transcriptional signal in GRO-cap-defined TSSs (Supplemental Fig. S8) (Core et al. 2014), suggesting that most such TSSs do not have any detectable transcription (For comparison, 43% of TSSs that are not associated with pseudogenes or poly(dA:dT) tracts can be found in the GRO-cap-defined TSS dataset).  Therefore, we excluded all pseudogene TSSs from downstream analyses. Second are TSSs associated with poly(A) or poly(T) tracts. In the GM12878 cell line, only 5.2% of poly(dA:dT)-associated TSSs in the primate lineage can be found among the GRO-cap-defined TSSs (Supplemental Fig. S8). Therefore we filtered out the TSSs flanked by a tandem repeat with A content of >50 % or T content of >50 % within ±100bp. 
Analysis of repeats associated with TSSs
The annotation of transposable elements in our analysis was based on the RepeatMasker annotations for the hg19 assembly (Repeat Library 20140131) (Tarailo-Graovac and Chen 2009). As young TSS loci are frequently associated with tandem repeats, tandem repeats annotated by TRF (downloaded from UCSC) and STRcat (Willems et al. 2014) were also used. The “Simple repeat”, “Low complexity” and “Satellite” families in RepeatMasker were considered as tandem repeats here and merged with the TRF and STRcat. For overlapping tandem repeats in these three datasets, the priority order for inclusion was STRcat > TRF > RepeatMasker. 
To investigate the repeat content around TSS loci, we first identified the nearest repeat element to each TSS and counted how many TSSs harbored repeat elements within TSS±100 bp regions. Since retrotransposons and tandem repeats were the main types of TSS-associated repeats and many tandem repeats were derived from retrotransposons, for each TSS group defined by sequence age, we further defined four TSS subgroups (‘SINE-associated’, ‘LINE-associated’, ‘LTR-associated’ and ‘Others’) based on the nearest retrotransposon within 100 bp of the TSS. 
To see whether specific types of retrotransposons are over-represented in a specific TSS group, we simulated 200,000 random intervals in the human genome (based on the same length distribution as that of FANTOM TSS peak lengths; simulation was performed using the BEDtools ‘shuffle’ command), and applied the same classification method to simulated intervals to determine four age groups as that for TSSs. We identified the nearest repeat elements of simulated intervals in each age group and compared the composition of repeat classes in simulated intervals to that of FANTOM TSS peaks.
Distances of young TSSs to CTCF or RAD21 interaction loci
When investigating distances of young TSSs to ChIA-PET interaction loci of CTCF or RAD21, we only considered the mammalian-conserved interaction pairs, i.e., whose sequences could be found in at least one of the six non-primate mammalian genomes listed in Supplemental Table S1, based on the liftOver mapping with parameters “-minMatch=0.5 -minChainT=10000 -minChainQ=10000”.
Evolutionary rate analysis
We investigated the sequence evolutionary rates around TSS loci for two recent periods (from the last common ancestor of OWAs to the last common ancestor of hominids and from the last common ancestor of hominids to present). We extracted multiple alignments for all human TSS±1kb regions against 14 other mammalian genomes from the 100-way MULTIZ genome alignments provided by UCSC (all species used for analysis are listed in Supplemental Table S1; tarSyr1 and micMur1 were unavailable and so were excluded from this analysis). To improve alignment quality, the extracted MULTIZ alignments were re-aligned using PRANK with parameter “+F”, which was found to generate more accurate gapped alignments for evolutionary analysis (Loytynoja and Goldman 2008). The re-alignment results were then used to infer ancestral sequences for each TSS locus using FASTML with parameters “--SubMatrix HKY -jointReconstruction no --indelReconstruction ML” (Ashkenazy et al. 2012). FASTML produced posterior probabilities for each position of inferred ancestral sequences. Positions with low-confidence inferred sequences (maximum marginal probability of <0.8) were excluded for subsequent analyses. Evolutionary sequence changes (substitutions, insertions and deletions) in TSS loci in different periods were identified by comparing inferred ancestral sequences and derived sequences; these changes were used to calculate substitution, insertion, and deletion rates for each period respectively. To estimate the genomic average evolutionary rates, we generated 10,000 random 2-kb intervals from the human genome, and ran the same analysis pipeline as described above for the TSS loci. The relative rates of substitutions, insertions and deletions in TSS loci were then obtained by dividing the original rates by genomic average rates estimated from random intervals.
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