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ABSTRACT 

Steady-state levels of RNA transcripts are controlled by their rates of synthesis and 

degradation. Here we used nascent RNA Bru-seq and BruChase-seq to profile RNA 

dynamics across 16 human cell lines as part of ENCODE4 Deeply Profiled Cell Lines 

collection. We show that RNA turnover dynamics differ widely between transcripts of 

different genes and between different classes of RNA. Gene set enrichment analysis 

(GSEA) revealed that transcripts encoding proteins belonging to the same pathway 

often show similar turnover dynamics. Furthermore, transcript isoforms show distinct 

dynamics suggesting that RNA turnover is important in regulating mRNA isoform 

choice.  Finally, splicing across newly made transcripts appears to be cooperative with 

either all or none type splicing. These data sets generated as part of ENCODE4 

illustrate the intricate and coordinated regulation of RNA dynamics in controlling gene 

expression to allow for the precise coordination of cellular functions.  
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INTRODUCTION 
Gene expression is regulated at many levels in mammalian cells. Transcription initiation 

is directed by epigenetic marks allowing regulatory DNA elements to be accessible to 

activating or repressive transcription factors.  Epigenetic regulation to compact 

chromatin restrict transcription and we recently reported that only about 20% of the 

genome in human cells is actively producing measurable amounts of RNA1. 

Furthermore, chromatin organization dictates the proximity of genes to regulatory 

elements2-5. The abundance and quality of synthesized RNAs are then regulated 

through different processing and degradation pathways in the nucleus and the 

cytoplasm. For example, the nuclear RNA exosome participates in the processing and 

degradation of precursors of tRNA, rRNA and mRNA as well as RNA generated from 

enhancer elements (eRNA) and promoter upstream regions (PROMPTs)6-10. 

Furthermore, RNA degradation may take place in the cytoplasm in association with 

translation via nonsense-mediated decay (NMD)11-14, nonstop-mediated decay (NSD)15, 

16 or no-go-decay (NGD)17.  

 RNA turnover can be assessed by measuring the decay of steady-state RNA 

either after transcriptional inhibition or following a chase of metabolically bromouridine-

labeled steady-state RNA18-20. While transcription inhibition with pharmacological 

inhibitors such as actinomycin D is stressful to cells, metabolic labeling of RNA with 

bromouridine for extended periods of time has minimal effects on transcription, post-

transcriptional processing, as well as cell viability20, 21. In approach-to-equilibrium 

experiments, actively synthesizing RNAs in cells are labeled for increasing periods of 

time until the labeled population is at steady-state and decay rates can be determined 

by comparing labeled RNA abundance at different labeling times with the steady-state 

RNA levels22. Another popular approach is to label nascent RNA with a short pulse of a 

uridine analog and then compare the RNA abundance of the nascent transcriptome with 

the steady-state transcriptome. Such techniques include SLAM-seq23, Time-lapse-seq24 

and TUC-seq25. Nano-ID can be used to assess isoform-specific turnover26 and Dyrec-

seq employs double metabolic labeling with Bromouridine and 4sU for synthesis and 

degradation determinations27. Finally, INSPEcT is a computational approach using 
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steady-state RNA-seq data to assess RNA turnover rates without the need of metabolic 

labeling28. 

 When comparing nascent RNA synthesis to steady-state RNA levels in cells it is 

assumed that RNA degradation follows first order exponential decay kinetics29. 

However, the kinetics of decay may be differentially affected by quality control 

processes removing aberrant RNA and by cytoplasmic degradation of mature mRNAs. 

To assess the dynamics of RNA without relying on steady-state RNA comparisons, we 

used BruChase-seq, which assesses the abundance of different RNAs at different time 

points after pulse-labeling with bromouridine and a uridine chase30, 31. By collecting RNA 

at different time points after labeling, transcriptomes of defined ages can be studied and 

compared to each other in an unbiased way32. In these studies, Bru-labeled RNA was 

collected either directly after labeling (nascent RNA) or after a 2 or 6-hour chase in 

uridine.  

We recently reported, using Bru-seq, that co-transcriptional splicing is removing 

only about half of the introns from pre-mRNA in human cells21. Similar findings have 

been reported in studies subjecting nascent RNA to long-read RNA sequencing 

techniques where transcripts were found to be either fully spliced or not spliced at all, 

with a smaller group of transcripts showing a mixture of spliced and retained introns33, 

34. However, after a 6-hour chase time, the transcripts are almost completely spliced. 

This scenario suggests that the intron-containing transcripts are either removed from 

the transcriptome by quality control mechanisms and degradation35, or they are post-

transcriptionally spliced34.  

The results from our study using BruChase-seq across 16 human cell lines, show 

that RNA turnover plays a major role in regulating gene expression. The trajectories of 

degradation of RNA synthesized from individual genes were found to differ widely both 

during the early time interval (0-2h) and during the later time interval (2-6h). 

Furthermore, the pattern of transcript degradation appeared to be coordinated among 

genes coding for proteins belonging to the same cellular pathways as previously 

suggested29, 32, 36-41. Interestingly, genes coding for constituents of large molecular 

machines, such as the proteasome, spliceosome, ribosome, or the oxidative 

phosphorylation machinery, showed high rates of synthesis and turnover during the first 
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2-hour chase period. However, the transcripts that survived this initial purge were found 

to be very stable during the next time interval of chase suggesting a unique logic for 

regulating RNA turnover for these multi-protein complexes. Furthermore, assessment of 

turnover rates of different mRNA isoforms synthesized from the same gene showed 

different RNA degradation rates, suggesting that the choice of which isoform to express 

may not only be regulated during splicing but also by targeted post-transcriptional 

turnover. Finally, our results suggest that nascent pre-mRNAs are either fully spliced or 

not spliced at all and that the unspliced pool of transcripts rapidly diminishes. This data 

set generated for ENCODE4 gives us a comprehensive insight into the regulation of 

RNA processing in coordinating gene expression to accommodate homeostatic cell 

function. 

 
RESULTS 
Using BruChase-seq to assess RNA degradation dynamics across 16 cell lines 
It is well known that certain RNA species are very unstable, such as introns, enhancer 

RNA (eRNA) and promoter upstream transcripts (PROMPTs) produced upstream of 

most active gene promoters in the divergent direction of the gene42. The functions of 

eRNA and PROMPTs are not well characterized but these transcripts are short (<4 kb) 

and are turned over very rapidly by the RNA exosome8, 43 making it difficult to capture 

them from steady-state RNA isolations. RNA is also generated from transcriptional 

read-through at the ends of genes1, 44 as well as from repetitive DNA sequences, which 

make up over half of the human genome45. To assess the relative turnover of these 

different classes of RNA, we performed nascent RNA Bru-seq and BruChase-seq. 

Newly labeled RNA were captured at time zero (Bru-seq or 0h) or after a 2-hour or a 6-

hour uridine chase interval (BruChase-seq, 2h and 6h) across 16 human cell lines (Fig. 
1a). These experiments were performed on two independent growths of these cell lines 

and the RNA was sequenced to a depth of ~50 million paired-end reads1 (Table S1). As 

RNA ages, it is expected that the fraction of intronic signal should decrease as splicing 

and degradation take place while the fraction of exonic signal should increase. Indeed, 

compared to the 0h samples, the exonic read fraction across all 16 cell lines increased 

2.9-fold for the 2h sample and about 4.3-fold for the 6h sample while intronic reads  
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Figure 1. a) Experimental outline. b) Relative stability of different RNA categories compared to 

protein-coding exons. Data are averages of values collected from 16 human cell lines (Table 

S1). Relative stability at 0h (green), 2h (blue) and 6h (red). c) Read distribution of different RNA 

categories at 0h (top), 2h (middle) and 6h (bottom) across 16 human cell lines. Exons (dark 

blue), introns (red), exons antisense (orange), intergenic RNA (blue) and ambiguous (green). d) 

Splicing index (SI) across 16 human cell lines at 0h, 2h and 6h after Bru-labeling. The SI values 

across 24272 introns are displayed in violin plots showing the median (hatchbar) and the 95th 

percentile of the data in a white boxplot.  

 

decreased by 0.66-fold and 0.49-fold for 2h and 6h, respectively. We next compared the 

stability of introns relative to exons over the two time periods. The results show that 

compared to the stability of exons, intronic stability was only 0.23-fold and 0.11-fold 

after a 2-hour and a 6-hour chase period, respectively (Fig. 1b, Table S2). PROMPT 

RNA and eRNA showed similar degradation patterns to intronic sequences while 

transcription readthrough RNA was slightly more stable. Interestingly, RNA generated 

from repetitive sequences showed an extremely fast turnover rate. It is possible that this 
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type of RNA is specifically targeted for rapid degradation because its presence can elicit 

strong inflammatory signaling46. These results show that different types of RNA species 

are degraded by different kinetics. 

We next compared the fraction of reads obtained from all exons, introns, exon 

antisense, intron antisense, intergenic sequences across the 16 cell lines. In addition, 

we included ambiguous reads which are reads that could not be mapped. At time 0h, 

the intronic signal made up 72-80% of the total signal and exonic reads made up 9-13% 

across the cell lines, while intergenic (or non-annotated) reads made up 5-9% and 

ambiguous reads made up 3-4% of all the reads. (Fig. 1c, Table S3). Antisense RNA 

amounted to less than 2% of all the reads. Following a 2h and 6h chase, exonic reads 

increased and intronic reads decreased while the fractions of antisense, intergenic and 

ambiguous reads stayed fairly constant. We noticed a large discrepancy in the intronic 

signal across the 16 cell lines at the later time point. For example, a much higher 

retention of intronic signal following a 6-hour chase was observed in IMR90 cells (61%) 

than in Panc1 cells (28%). This may suggest that either the rate of splicing or the rate of 

intron turnover differ between the cell lines.  

To explore whether the high retention of intron signal in IMR90 may correspond 

to poor splicing, we estimated the splicing index (SI) of genes that were expressed 

across all 16 cell lines as previously described21. Co-transcriptional SI, defined as a 

measure of splicing occurring during the 30-minute bromouridine-labeling period (0h), 

showed that the median SI values ranged from 0.30 (for PC9) to 0.61 (for HMEC) (Fig. 
1D, Table S4). Upon assaying the RNA two hours after labeling (2h), the median SI 

values jumped to 0.75 for K562 cells and to around 0.87 or higher for most of the other 

cell lines. Finally, median SI values increased to over 0.9 following a 6-hour chase for 

most cell lines. These results show that, on average, only about half of the splicing 

junctions flanking introns are co-transcriptionally spliced but with time, splicing of the 

transcriptome becomes more complete. This may be the result of either post-

transcriptional splicing activities or the RNA degradation machinery purging the 

transcriptome of intron-containing transcripts. Indeed, it has been shown using the 

BruChase-seq technology that intron-containing transcripts are considerably less stable 

than spliced transcripts35, suggesting a targeted degradation of unspliced transcripts. 
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The high retention of introns in IMR90 cells after a 6-hour chase period (61%) does not 

correlate to a conversely low splicing index (>87%), suggesting that these introns are 

spliced out but not efficiently degraded during the chase period in this cell line. We do 

observe a slight trend that the cell lines with highest intron retention were also the cell 

lines with the lowest splicing indexes at 2h and 6h.  

 

Cell type and pathway-specific RNA dynamics  
To compare the trajectory of Bru-labeled RNA degradation over time across the 16 cell 

lines, we obtained relative stabilities of expressed genes in the early (0-2h) and late (2-

6h) chase periods. We used only exonic reads for this measurement as introns are 

rapidly turned over post-splicing with kinetics very different from the exons in the mature 

mRNA (see Fig. 1b). We found that correlations of gene stabilities among the cell lines 

were generally stronger at 2h than at 6h chase and that hierarchical clustering was quite 

different between the two chase periods (Fig. 2a-b).  

To learn more about whether turnover rates for protein-coding gene transcripts 

change over time, we compared the relative stability of individual genes during the early 

and late chase period. As an example for these analyses, we chose the Panc1 cell line 

which showed low intron retention and high splicing index at 6 h compared to other cell 

lines (Fig. 1c&d). Using an expression threshold of >0.5 RPKM in the 0h sample, we 

found that the relative stability increased significantly for 161 genes and decreased 

significantly for 114 genes in Panc1 cells during the first 2 h after synthesis (-Log10padj 

>2, log2FC >+/-1.5) (Fig 2c, Table S5a&b). For the 2 h to 6 h period, we found that the 

relative stabilities of 66 transcripts increased and 885 decreased significantly (Fig. 2d, 
Table S3). In many of the 16 cell lines there are more transcripts with higher relative 

turnover between 2 h and 6 h than between 0 h and 2 h (Extended Fig. 1). From the 

read coverage profile of FAF2 (Fig. 2e) it can be seen that reads are distributed across 

the gene at 0h but concentrate to the exonic regions at 2h and 6h. This gene 

exemplifies genes which transcripts show high relative stability across both time periods 

(Fig. 2e). In contrast, DUSP1 transcripts show low relative stability at both time points 

(Fig. 2f). Finally, MAT2A transcripts show high relative stability during the first 2 hours 

but then appear to be extensively degraded during the next 4-hour chase period (Fig.  
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Figure 2. Gene and pathway-specific relative RNA stability. a) We used pairwise correlations 

(Pearson's r) to cluster the cell lines according to their relative stability of transcripts from all 

expressed genes during the 0-2h time period b) and during the 2-6 h time period. c) Volcano 

plot of relative stability of transcripts 0-2h in Panc1 cells. d) Volcano plot of relative stability of 

transcripts 2-6h in Panc1 cells. e) Read coverage profiles for FAF2, f) DUSP1 and g) MATA2 in 

Panc1 cells at 0h, 2h and 6h.  GSEA analyses of relative RNA stability in Panc1 cells showing 

up-regulated Hallmark pathways at 2h h), and at 6h i) and Hallmark pathways down-regulated 

at 2h j) and at 6h k). i) GSEA analyses in Panc1 cells of 4 GSEA KEGG pathways involving 

multiprotein complexes showing down-regulated RNA stability at 2h but up-regulated RNA 

stability at 6h.  

 
2g). These findings show that degradation rates differ between transcripts and do not 

necessarily follow first order kinetics47.   

To better understand what cellular processes may be influenced by relative gene 

stability, we performed gene set enrichment analysis (GSEA) using rlog fold-change for 

ordering of the gene lists48 (2h vs. 0h or 6h vs. 2h) to rank genes. For Panc1 cells, 

Hallmark gene sets such as “androgen response” and “mitotic spindle” were enriched 

for high-stability genes after the early period (0-2h) (Fig. 2h) and “MYC targets V1” and 

“protein secretion” after the late period (2-6h) (Fig. 2i). Gene sets enriched in low-

stability genes included “TNF signaling via NFkB” and “oxidative phosphorylation” for 
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the early period (Fig. 2j) and “TNF signaling via NFkB” and “p53 pathway” for the late 

period (Fig. 2k). Interestingly, genes in KEGG pathways such as “ribosome”, “oxidative 

phosphorylation” (mitochondria), “proteasome” and “spliceosome” produced transcripts 

that were relatively unstable at the early period but were of above average stability at 

the late period. (Fig. 2l). This trend holds up when analyzing the stability of transcripts 

of these pathways across all 16 cell lines (Extended Fig, 2a). These genes code for 

large biomolecular machines and it is possible that the cellular strategy is to over-

produce these transcripts and then rapidly “purge” the excess to arrive at stoichiometric 

levels for the biosynthesis of these machines. 

A number of Hallmark gene sets were commonly enriched for transcript stability 

(both positively and negatively) across the 16 cell lines at the early period (0-2h) 

(Extended Fig. 2b). High gene stability examples include “androgren response” (NES > 

1 in all cell lines) and “mitotic spindle” (NES > 1 in 15/16 cell lines) and low gene 

stability examples include “TNF signaling via NFkB” (NES < -1 in 14/16 cell lines) and 

“oxidative phosphorylation” (NES < -1 in 15/16 cell lines). Transcripts with high relative 

stability during the 2-6h chase included “MYC targets” and “oxidative phosphorylation” 

while “TNFA signaling” and “hypoxia” gene sets are associated with high turnover. For 

KEGG pathways, we observed a similar trend that the degradation of transcripts 

belonging to similar pathways were coordinated (Extended Fig. 2c). These results 

suggest that transcripts coding for proteins belonging to a specific pathway share a 

similar turnover rate and that this logic is consistent across cell lines. 

 
Post-transcriptional regulation of mitochondrial encoded transcripts  
The circular mitochondrial genome is transcribed as three polycistronic transcripts 

covering 2 rRNA genes, 22 tRNA genes and 13 protein-coding genes needed for the 

mitochondrial oxidative phosphorylation system (OXPHOS)49 These polycistronic 

transcripts are processed into individual transcripts via the “tRNA punctuation model”50, 

although additional cleavage sites in these transcripts have been observed 51. It has 

been noted that the levels of individual mRNAs are regulated by differential 
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degradation52 and that Suv3p helicase plays a role in regulating processing and 

turnover of mitochondrial transcripts53. When exploring the Bru-seq and BruChase-seq 

data from the 16 cell lines we observe that the expression of the mitochondrial genes is 

differentially regulated post-transcriptionally. It can be seen from the distribution of read 

counts across the mitochondrial genome that ND1, ND2 and ND3 genes produce 

relatively unstable transcripts while CO1, CO3, ATP6, ATP8 and ND4 genes generate 

relatively stable transcripts (Extended Fig. 3). However, K562 and PC3 cells show 

higher stability of the ND2 transcript compared to all other cell lines. In concurrence with 

a previous study, we notice the expression of antisense RNA for the ND5 gene51, which 

is a very unstable transcript except in the A673, Caco2, HUVEC and K562 cells where 

this ncRNA was relatively stable (Extended Fig. 3). Thus, our data suggest both gene- 

and cell type-specific post-transcriptional regulation of mitochondrial gene expression.  

 
Unique RNA dynamics for individual genes  
We next compared the dynamics of degradation for transcripts of individual genes 

across the 16 cell lines. In Figure 3a-d we plotted read coverages for four different 

genes in Panc1 cells with widely different dynamics to display differences in relative 

degradation. To compare the trajectories of degradation of transcripts of individual 

genes during the two chase periods across the 16 cell lines, we scaled the log2FC 

relative stability values between 0 and 1 (Table S6). The result of this scaling for the 

MTPN transcripts shows that data points from all 16 cell lines clustered in the upper 

right corner implicating high stability across both time intervals (Fig. 3e). In contrast, 

transcripts from the MYC gene shows a high degree of degradation during both time 

periods across all 16 cell lines (Fig. 3f). Both MTPN and MYC have transcripts that 

center around the diagonal, implying that the degradation rates were comparable during 

both time intervals. In contrast, most of the data points for the TRMT10C transcript fell 

below the diagonal (Fig. 3g) reflecting initial high stability followed by low stability while 

the scaled stability values for GAPDH fell above the diagonal line, implicating initial fast 

turnover followed by high stability (Fig. 3h). These results show that some transcripts 

have different degradation rates during the first 2 hours and the next 4 hours following  

 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 12, 2024. ; https://doi.org/10.1101/2024.06.12.598705doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.12.598705
http://creativecommons.org/licenses/by/4.0/


 

11 

Figure 3. Different RNA stability dynamics for selected genes. a-d) Graphs displaying read 

counts across selected genes in Panc1 cells at the three time points. e-h) The log2FC scaled 

stability scores of the transcripts portrayed in a-d were plotted for each of the 16 cell lines in a 2-

dimensional matrix. i) Distribution of scaled stability scores of all transcripts in Panc1 cells 

during the 0-2h time period and j) during the 2-6h period. k-n) Distribution of scaled stability 

scores for transcripts belonging to selected GSEA pathways. The stability scores of each 

individual transcript were averaged across the 16 cell lines and plotted in a 2-dimensional matrix 

with the number of genes sampled in the pathway indicated. 

 

synthesis and thus, suggest that not all transcripts follow first order degradation 

kinetics47.  

The patterns of transcript stability were in general similar across the cell lines, 

implicating that the transcript, rather than the cell type, is the major determinator of 

these degradation patterns. However, we found exceptions where transcripts showed 

cell type specific RNA dynamics trajectories (Extended Fig. 4). The distribution of the 

scaled RNA stability values of all expressed genes in Panc1 cells are shown for both 

the first 2 h (Fig. 3i) and the next 4 h (Fig. 3j). Similar analyses for all 16 cell lines can 

be found in Extended Fig. 5.  
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 We next displayed the coordinates for normalized stabilities of transcript coding 

for proteins belonging to the same functional pathways. For each transcript we 

averaged the 2h vs 0h and the 6h vs 2h stability values from all 16 cell lines. For the 64 

transcripts expressed across all 16 cell lines representing the GSEA “KEGG ribosome” 

pathway, the trajectories of degradation are different between the two time points in that 

the initial phase show a higher rate of degradation than during the later period (Fig. 3k). 

Similar patterns were observed also for transcripts representing the pathways “oxidative 

phosphorylation”, “proteasome” and “spliceosome” (Fig. 3l-m). These findings are in 

concordance with the data presented in Figure 2l and in Extended Fig. 2c. 

Furthermore, breaking out specific genes from these pathways, we observe high 

concordance across the 16 cell lines in that individual transcripts show higher 

degradation during the first 2-hour chase than during the next 4 hours (Extended Fig. 
6). For most other pathways analyzed in this way, we find distributions that are centered 

around the diagonal suggesting a constant degradation rate over both time periods. For 

some pathways, such as the p53 pathway (Fig. 3o), the stability scores of individual 

transcripts show a wider distribution suggesting that there was less pathway-specific 

regulation of post-transcriptional processing of transcripts in this pathway (Fig. S7). 

These data suggest that transcript stability most often is transcript specific with similar 

dynamics across the cell lines although some cell-type specific regulation was found for 

a smaller set of transcripts.   
 

Isoform-specific post-transcriptional processing 
Most human genes generate multiple transcript isoforms due to the use of alternative 

promoters, splice junctions or poly(A) sites54. While the choice of a specific promoter for 

transcriptional initiation is regulated by transcription factor binding and epigenetic 

marks55-57 the choice of splicing junctions is regulated by protein binding to splicing 

enhancer and silencer sequences in the RNA molecule54. What is less understood is 

whether isoform-selective RNA turnover may contribute to the emergence of a dominant 

isoform from a field of synthesized isoforms. To determine whether isoform-selective 

post-transcriptional processing operates in human cells, we analyzed the Bru-seq (0h) 

and BruChase-seq (2h & 6h) data using the RSEM software tool58. We expressed the  
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Figure 4. Isoform-specific post-transcriptional processing. a) Coverage of captured Bru-labeled 

RNA across ETV3 isoforms. Isoform percentages as computed by the RSEM pipeline for 

transcript isoforms generated by ETV3 (b), ATF4 (c), NDUFS5 (d) and HNRNPR (e) genes for 

the tree time points. (f) Percentage of genes (1076 genes with at least 2 isoforms) under study 

whose isoforms showed varying patterns of dominance over time: always dominant (AD), gain 

dominance (GD) and lose dominance (LD). 

 

isoform abundances as a percentage of all isoforms for each gene and time point. Both 

ETV3 and ATF4 genes (Figs 4a-c) show opposing abundance patterns for their 

respective isoforms across a majority of the 16 cell lines, with one isoform’s abundance 

decreasing and the other’s increasing over the time course. NDUFS5 (Fig. 4d) isoforms 

abundances vary between cell lines. While both isoforms of the gene seem to coexist 

equally throughout the time course in 10 cell lines, isoform #1 is the dominant isoform in 

the remaining 6 cell lines. Its dominance is established within the first 30 mins of 

production (0h) and is maintained through the chase periods. HNRNPR (Fig. 4e) shows 

a behavior similar to ETV3 and ATF4 genes with its 3 isoforms (#2 ,3 and 5). Taking an 

isoform percentage of 50% as the threshold for annotating an isoform as dominant (or 

major), roughly 30% of the genes we studied showed a pattern wherein one of their 
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isoforms established dominance at 0h and stayed dominant through the time course 

(always dominant, AD). Examples include isoform #1 in NDUFS5 in 6 cell lines. Around 

20% of the genes had an isoform that gained dominance (GD, ETV3 and ATF4 isoform 

#2), starting below 50% prevalence but moving above during the time course, while 

roughly 15% of the genes had an isoform that lost dominance (LD) over time. ETV3 and 

ATF4 would be genes that would get classified under both GD and LD. The abundance 

patterns for the remaining genes could not be clearly delineated. These results suggest 

that many genes generate multiple isoforms up front that are then regulated by isoform-

specific turnover to arrive at the desired stable isoform. 

 

Splicing dynamics and “all or none” splicing 

Introns are spliced co-transcriptionally from nascent RNA as it exits the RNA 

polymerase59, 60. Thus, it would be expected that introns are removed in a sequential 

manner as the RNA molecules exit the RNA polymerase. However, several studies 

have reported that the order of splicing does not always proceed in the direction of 

transcription 34 and that co-transcriptional splicing is often not complete21. To explore 

whether transcripts show consistent SI values for individual introns across the 

transcripts or whether each intron of a transcript is removed independently of each 

other, we analyzed multi-intron genes producing a single annotated isoform (RPKM 

>=0.5 at 0h, n=626 genes with 7231 introns). 

 When analyzing the SI values of individual multi-intron transcripts, we found that 

the splicing efficiency along the transcripts differed markedly. Transcripts synthesized 

from the DUSP12 gene in the A673 cell line shows that most introns are still present 

following the 30-min Bru-labeling of the nascent RNA and they have not been spliced 

out evenly (Fig. 5a). Following a 2-hour chase period, introns 1-4 are almost completely 

spliced out (>93%) and the introns are turned over. In contrast, intron #5 is poorly 

spliced even at the 2-hour time point but is efficiently spliced out and degraded by 6h 

(Fig. 5b). This example suggests that co-transcriptional splicing is not coordinated 

across all introns of this transcript and that one intron is initially retained in the transcript 

due to incomplete splicing. Intron # 4 in the STAM gene, on the other hand, is spliced 

out by the 2h chase time (Fig 5c-d) yet remains present even in the later chase  
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Figure 5. Splicing patterns differ within and between transcripts. a) Trace diagrams of RPKM 

values across the DUSP1 gene in A673 cells at 0 h, 2 h, and 6 h with red numbers indicating SI 

values for individual introns numbered in black. While introns 1-4 show >93% splicing at 2 h, 

intron 5 only shows ~50% splicing but approaches complete splicing by 6 h. b) SI values for the 

introns along the DUSP12 transcript (left graph) and the corresponding relative intron 

abundances (right) are shown for the different time points. c) Trace diagram of RPKM values 

across the introns 2-5 of the STAM gene in A673 cells showing retention of intron 4 throughout 

the time course despite being efficiently spliced at 2 h. d) SI values along the STAM transcript 

(left) and relative intron abundance (right) in A673 cells. e) distribution of SI values for 7231 

introns from 626 protein-coding genes at 0 h, 3 h and 6 h. (Table S4). f) Diagram of the 

formation of four different splicing patterns. g) Fraction counts of the four co-transcriptional 

splicing pattern bins for 47,163 introns across 16 cell lines. h) Fraction counts of averages from 

each of the 16 cell lines for the different time points. 

 

timepoint. A similar pattern is observed for this intron across all 16 cell lines (Extended 
Fig. 8 a&b). It is possible that after splicing, this intron serves a non-coding function in 

the cells and is therefore not targeted for immediate degradation. Finally, we compared 

the distribution of splicing values of all the 7231 introns at the three different time points 

and as expected, the distribution of SI values increased to represent more spliced 

introns over time (Fig. 5e). These results illustrate the complexity of the splicing process 

and that the splicing index increases over time as a result of either post-transcriptional 

splicing or purging of unspliced transcripts.  

It has been shown using long read sequencing that a large portion of transcripts 

show an “all or none” splicing pattern33, 34, 61. Since the sequencing of the Bru-seq 
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assays were performed using 150 nucleotide paired-end sequencing of fragments 400-

500 bp in length, it was possible to use this data to assess two splicing events on the 

same sequenced fragment. While still focusing on single-isoform genes (n=4578 genes 

with 47,163 exons), we computed the splicing patterns of fragments spanning an exon 

(instead of an intron as studied earlier). The various splicing possibilities (Fig. 5f), as 

captured by the sequencing reads were computed across each exon and summed up. 

The two biggest groups of splicing patterns that emerged were “all spliced” and “all 

unspliced” in all 16 cell lines (Fig. 5g, Table S7). With chase, the “all spliced” fraction 

increased at the expense of the “all unspliced” fraction (Fig. 5h). We also observe that 

of the two smaller groups depicting intermediate splicing patterns (spliced-unspliced and 

unspliced-spliced), about twice as many exons with the upstream intron only spliced 

were found compared to exons with the downstream intron only spliced. Taken 

together, these findings show that there are two major modes of transcription; one that 

leads to complete splicing and one that leads to no splicing. Our study concurs with, 

and extends, earlier findings33, 34, 61 by showing that this pattern holds true across 16 

human cell lines. Furthermore, we show that the fraction of unspliced transcripts rapidly 

diminishes over time. Whether this increase in splicing index is due to post-

transcriptional splicing or targeted degradation of the pool of unspliced transcripts will 

need to be further elucidated in future studies. 

 
DISCUSSION 
RNA turnover is a critical component in the regulation of gene expression. While 

substantial attention has been given to the mechanisms of transcription initiation via 

transcription factors and epigenetic modifications, less is known about how RNA 

turnover is regulated62. In these studies, we used Bru-seq and BruChase-seq 

technologies to assess nascent RNA synthesis, splicing and degradation. BruChase-

seq differs from other technologies that have been used to assess RNA degradation in 

that it does not depend on comparisons with steady-state RNA levels. Instead, Bru-

labeled RNA is monitored as it is aging during uridine chase periods (2h or 6h in this 

study) and then captured and relative RNA abundance is assessed genome-wide. While 

other studies assessments of steady-state cellular RNA have shown that degradation is 
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occurring by first order kinetics, our BruChase-seq approach found clear exceptions to 

this. Performed across 16 human cell lines as part of the ENCODE 4 project we 

observed that several transcripts showed different degradation kinetics during the two 

time periods. Furthermore, we found that RNA degradation varies widely among 

different transcripts, is mostly transcript dependent with only a few transcripts showing 

cell type-specific regulation. 

 As expected, intronic sequences showed a rapid turnover compared to exonic 

sequences (Fig. 1b). The same was true for readthrough transcripts, PROMPT RNA 

and eRNA. RNA generated from repetitive sequences were highly unstable which may 

be by design since this RNA can elicit an inflammatory response if not rapidly 

eliminated63. The rapid turnover of the vast amount of intronic RNA is critical for 

recycling of ribonucleotides that then can take part in new synthesis. Interestingly, we 

found that cell lines differed quite a bit in the turnover of intronic sequences where the 

normal fibroblasts IMR90 retained over 60% of the intronic sequences after 6h of chase 

(Fig. 1c). This high intron retention in IMR90 was not due to lack of splicing but rather 

must be the result of slow degradation of spliced introns. Co-transcriptional splicing 

rates were found to be between 30% and 60% across the 16 cell lines but the splicing 

index increased to near 90% after a 2h chase (Fig. 1d).  

  It has been previously suggested that there is a physiological logic governing the 

decay rates of functionally linked transcripts29, 32, 36-41. This is found for transcripts 

encoding multimeric protein complexes both in yeast41 and in human cells36. 

Furthermore, transcripts linked to regulatory functions, such as transcription factors, 

typically have short half-lives so that cells can rapidly respond to environmental stimuli 

and challenges32, 37, 39. This was found for some but not all transcripts coding for 

transcription factors where KLF6, KLF10 and MYC were very unstable transcripts while 

TP53, HIF1A and SMAD5 are examples of rather stable transcripts (Flagship). We 

observed an unusual pattern of RNA degradation for transcripts encoding protein 

complexes such as the ribosome, the proteasome, the spliceosome and the oxidative 

phosphorylation machinery where the degradation patterns of these transcripts differed 

between the first 2-hour uridine chase and following 4-hours of chase where the initial 

degradation was extensive but reduced during the latter chase period. (Figs. 3k-n, 
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Extended Fig. 2c). It is possible that the cellular strategy to obtain stoichiometric 

amounts of subunits for multimeric protein complexes is to synthesize these transcripts 

in excess and then rapidly purge this transcript pool to obtain a stoichiometric set of 

transcripts that are then used for translation.  

 Most genes in eukaryotic cells produce multiple transcript isoforms through 

alternative splicing or selection of alternative promoters. Alternative splicing can lead to 

frameshifting followed by rapid degradation or result in the synthesis of unique proteins 

leading to the diversification of the proteome54, 60. The mechanisms by which alternative 

splicing is regulated is not fully understood but specific sequences in exons and introns 

are thought to attract or block the binding of RNA-binding proteins involved in the 

splicing process64. Furthermore, epitranscriptomic modifications of pre-mRNA and 

sequence-mediated structural features can affect splice-site selection leading to 

generation of preferred transcript isoforms60. In addition, cells may generate a plethora 

of transcript isoforms from a gene and then remove unwanted isoforms through 

selective degradation. Using the BruChase-seq approach we observed several genes 

producing multiple isoforms up front followed by the ascent of one or many isoforms at 

the expense of other isoforms (Fig. 4). This finding suggests that a prominent 

mechanism of isoform selection is through selective post-transcriptional degradation of 

unwanted isoforms. Future studies are needed to further elucidate the mechanisms 

dictating this selective degradation. 

Splicing is thought to occur directly after the RNA exits the RNA polymerase 

when the splice sites are exposed to the splicing machinery59. However, sequencing of 

nascent RNA has provided evidence that a high level of introns remains in transcripts 

long after the RNA polymerases have finished transcribing21, 33, 34, 61. It has also been 

noted that the order of splicing does not always correspond to the order of the introns in 

the transcript. Our previous study using Bru-seq technology corroborated these studies 

in that we found that only about half of all introns are co-transcriptionally spliced and the 

order of splicing is not always occurring in a linear fashion21. Here we extended these 

studies of splicing across 16 cell lines measuring splicing index across time. We found 

examples of introns that showed poor splicing even 2 hours after synthesis while 

neighboring introns were efficiently spliced (Fig. 5b). We also found introns that were 
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efficiently spliced at 2 hours but the intronic signal remained (Fig 5d) suggesting that it 

was selectively retained perhaps because it provides a specific function for the cells.  

 We used pair-end sequencing of fragments size-selected around 500-600 bp in 

our Bru-seq and BruChase-seq studies. Since many exons are about 150 nucleotides 

long, we were able to explore two splicing events on the same molecules. Adding up 

splicing events for the four possible different combinations of splicing around these 

exons, we found that most molecules were either all-spliced or all-unspliced across all 

16 cell lines (Fig. 5g). This finding agrees with previous studies using long-read 

sequencing of nascent RNA33, 34, 61. When assessing splicing over time, the fraction of 

all-spliced molecules increased at the expense of the all-unspliced fraction which 

diminished over time. One interpretation of this increase in splicing index over time is 

that these transcripts are spliced post-transcriptionally. Alternatively, all splicing may 

occur co-transcriptionally while transcripts that did not splice undergo a time-dependent 

degradation to eliminate them from the transcriptome. Why would cells expend time and 

energy transcribing genes into pre-mRNA that would not become spliced and doomed 

to undergo degradation? One possible explanation is that this excessive transcription is 

utilized for DNA damage scanning in a mutation-suppressing mechanism as previously 

proposed65.  

 These studies using Bru-seq and BruChase seq across 16 cell lines as part of 

ENCODE4, provides a deep data set of the synthesis and degradation of RNA in human 

cells. Furthermore, many complementary transcription and chromatin assays were 

performed on the same cell growths making it possible to directly compare data from 

many different assays. We show here examples of the complexity of RNA dynamics in 

human cells and the clear patterns of cellular logic in post-transcriptional regulation of 

gene expression.  This is an understudied area, and future studies will certainly uncover 

the importance of the precise regulation of RNA dynamics for cellular homeostasis and 

how defects in this regulation can lead to human disease.  

 
MATERIALS AND METHODS 

Cell lines. The following human cell lines were used in this study: A673 (Ewing’s 

sarcoma), Caco2 (colorectal cancer), Calu-3 (non-small lung cancer), GM12878 (normal 
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lymphoblastoid), HCT116 (colorectal cancer), HepG2 (liver cancer), HMEC (normal 

human mammary epithelial cells), HUVEC (normal human umbilical vein endothelial 

cells), IMR-90 (normal lung fibroblasts), K562 (leukemia), MCF-7 (breast cancer), MCF-

10A (normal breast epithelial), OCI-LY7 (B-cell non-Hodgkin lymphoma), Panc-1 

(pancreatic cancer), PC3 (prostate cancer) and PC9 (lung adenocarcinoma). These 16 

cell lines were assayed as part of the ENCODE 4 Deeply Profiled Cell Lines collection 

and cultured as 2 independent growths as described1. 

 

Bromouridine labeling, chase, and library preparations 
Cells were incubated in 2 mM bromouridine (MilliporeSigma) for 30 min to label nascent 

RNA and then immediately lysed (0h) or chased in 20 mM uridine (MilliporeSigma) for 

either 2 hours (2h) or 6 hours (6h) as previously described30, 31. Cells were then lysed in 

TRIzol reagent (Invitogen), total RNA isolated and a Bru-labeled RNA spike-in cocktail 

was added66. Bru-labeled RNA was then captured from 100 µg of total RNA using anti-

BrdU antibodies (BD Biosciences). Stranded library preparation was carried out 

according to documents linked to each experiment on the ENCODE portal 

(encodeproject.com) and is also described in detail elsewhere1. 

 
Alignment parameters 
Alignment was carried out as described elsewhere1. Briefly: BruChase-seq libraries are 

sequenced on the Illumina Novaseq platform (150bp paired-end reads) to a depth of 

approximately 50 million read pairs per sample. Raw reads were first trimmed using 

BBTools to remove adapter sequences and were then pre-aligned to the ribosomal RNA 

(rRNA) repeating unit (GenBank U13369.1), and the mitochondrial (chrM) and EBV 

genomes (from the hg38 analysis set) using Bowtie267, where any reads aligning to 

these sequences were recorded then removed. Finally, STAR68 was used to perform 

the alignment of the remaining reads to the reference genome (GRCh38).  

 

RNA abundance calculation for features of interest 
Uniquely mapping reads (MAPQ>=255) to intergenic regions, introns and exons on the 

sense or antisense strand, were counted using custom scripts, and their relative fraction 
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to all uniquely mapping reads in the standard chromosomes were calculated. The 

fraction of reads that mapped to more than one gene in the standard chromosomes 

were assigned to the ambiguous class. PROMPTs, intergenic enhancer regions, and RT 

segments were obtained similarly to those described elsewhere1. Briefly, intergenic 

enhancers were obtained from BruUV-seq peak calls that were intersected with the 

gencode v29 gene annotation (bedtools intersect -v) to remove those overlapping 

annotated genes. Intergenic RT segments were extracted using classifications defined 

by McShane et. al.1 where segments were retained if they were tagged as classes Ia or 

Ib, meaning they did not overlap a gene on the same strand. Counts for genes, 

PROMPTs, eRNA and read-through regions were obtained by calculating a fractional 

coverage of sequenced reads over each base in a strand-specific manner, and then 

summing the fractional coverages along the entire feature. Counts for repetitive 

elements were calculated using the fractional counting method implemented in the 

RepEnrich computational pipeline69. 
 
Splicing Index calculation 
Splicing Index calculations were performed as previously described21. Briefly, an intron-

centric Splicing Index (SI) was calculated for all introns common across the 16 cell lines 

in both Bru-seq and BruChase-seq assays, after merging the reads from the two 

replicates per cell line per assay. The SI was defined as a/(a+(b+c)/2), where a = split 

reads (i.e reads from exon to exon), b = 5 ’Exon-Intron junction reads (with a minimum 

10 bp overlap on either side of the junction), c = 3 ’Intron-Exon junction reads (with a 

minimum 10 bp overlap on either side of the junction) and jrsum = junction reads sum 

(a+b+c). 

 

Dynamics of protein-coding RNA  
Reads were counted in exons only ("exonic") per gene across Bru-seq (0h) and 

BruChase-seq (2h and 6h) libraries. For each cell line, counts from 2 replicates for each 

condition were normalized and compared using DESeq2 (DESeq2 v1.18.1, R v3.4.3)48.  

The resulting log2 fold change values were used to represent stability between the 0 to 

2 h and 2 to 6 h time points.  Those genes not rejected by independent filtering in any 
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time point comparison (DESeq2) for all 16 cell lines were retained (17049 genes for 

exonic stabilities).  Pairwise correlations (Pearson's r) were calculated and used to 

cluster the cell lines.   
To compare the trajectories of degradation of transcripts from individual genes 

during the two chase periods across the 16 cell lines, we computed DESeq2-based log2 

fold change (log2FC) values from two biological replicates using exonic reads using 

DESeq248. Two separate log2FC values were computed, one based on 0h vs 2h 

timepoints, and the other on 2h vs 6h timepoints. We applied an expression filter of 0.5 

RPKM in the earlier time point for both comparisons (at 0h for the 0h vs 2h comparison, 

and at 2h for the 2h vs 6h comparison) to ensure genes with a healthy expression were 

used as the starting point. Volcano plots were generated using log2FC and -Log10padj 

significance data from 2 biological experiments using VolcoNoseR70. Gene set 

enrichment analysis (GSEA 4.2.3.) were performed using a rlogFC ranked lists to obtain 

Hallmark and KEGG pathway gene set enrichments.   
To compare the trajectories of RNA stability for genes across cell lines, we 

selected genes expressed at RPKM>0.5 for the earlier time point in the comparison 

across all 16 cell lines and we obtained 4415 genes that qualified after employing these 

strategies. We then scaled (using rescale function in R) the log2FC values between 0 

and 1 per cell line for these 4415 genes, with 1 representing highest stability and 0 

lowest stability. This allowed us to compare the RNA dynamics for 4415 genes across 

the 16 cell lines. The scaled coordinates for RNA stability for the two time periods were 

then plotted in a two-dimensional matrix. 

 
Isoform-specific RNA dynamics 
For gene isoforms-specific analysis, we merged the raw data for both replicates of a cell 

line for each of the 3 assays (Bru-seq 0h, BruChase-seq 2h and BruChase-seq 6h) and 

processed them through the RSEM pipeline58. Specifically, merged reads were first 

trimmed using bbduk (bbTools v38.46 https://sourceforge.net/projects/bbmap/). Reads 

not rejected during trimming were aligned to the premap reference set (human rRNA, 

human mitochondrial genome, EBV genome and select spike-in references (D. 

melanogaster (dm6) rRNA, dm6 mitochondrial genome)). Reads that did not align to 
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premap references were aligned to the main (genome) reference set (hg 38 GENCODE 

29, select spike-in references (dm6 genome, E. coli genome (K-12 MG1655) and in vitro 

transcribed A. thaliana RNA sequences)) using the following RSEM options (rsem-

calculate-expression --num-threads 16 --star --star-gzipped-read-file --output-genome-

bam --sort-bam-by-coordinate --sort-bam-memory-per-thread 8G --temporary-folder 

/temp --keep-intermediate-files --time --paired-end). The RSEM output yielded isoform 

TPM and isoform percentage quantification files. For downstream analysis, we 

shortlisted genes that were expressed at >= 1 TPM in only the Bru-seq (0h) timepoint 

and common across all 16 cell lines which resulted in 1076 genes with at least 2 

isoforms. An isoform with isoform percentage >=50% at a given timepoint was called 

the dominant or major isoform. A shiny tool was created that projects the isoform 

percentages for these common genes over the time course. 
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Extended Figure 1. Volcano plots of relative RNA stability displayed as Log2FC vs -Log10padj for 0-2 h (left) and 2-6 h (right) time 
periods across 16 cell lines. Red dots represents transcripts with significantly high relative stability while blue dots represents transcripts 
with significant low relative stability. 
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pathways A673 Caco2 Calu3 GM12878 HCT116 HepG2 HMEC HUVEC IMR90 K562 MCF10A MCF7 OCILY7 panc1 PC3 PC9 all average STDEV
HALLMARK_MYC_TARGETS_V1 3.502897 3.3600924 3.262854 3.6418848 3.0372765 2.9164505 2.5328288 3.4874089 3.335328 1.455193 3.1046345 3.1903648 3.111361 3.2925506 2.177554 3.038111 3.02792436 0.55601607
HALLMARK_OXIDATIVE_PHOSPHORYLATION 2.5810988 3.0163646 3.0122895 3.1787841 2.8345938 2.7267835 2.1757991 2.9978237 2.9112945 0.6627143 2.5203748 2.8542123 3.3897338 2.5029385 2.0908597 2.5438182 2.6249677 0.62686838
HALLMARK_FATTY_ACID_METABOLISM 2.640192 2.5500653 2.9053755 2.6904602 2.5304656 2.2526882 1.7317344 2.6305087 2.7360713 1.027054 2.3444974 2.40024 2.2343285 2.4541397 1.8280832 2.4261782 2.33638014 0.4656763
HALLMARK_APICAL_JUNCTION 2.1196349 2.5183556 1.9781873 2.1138284 2.3463254 1.9996206 2.6055849 2.3723712 1.8122103 1.9156864 2.4160907 2.1318336 1.7099067 2.3392367 2.0595596 2.1423583 2.16129941 0.25317013
HALLMARK_PROTEIN_SECRETION 2.7469814 2.6196208 2.9355865 1.3260978 2.5803897 2.1461856 1.649979 2.3734064 2.7218623 1.2818046 2.3575842 2.2680237 -0.9528136 2.6964731 1.7611551 2.1335394 2.04036725 0.9444974
HALLMARK_MTORC1_SIGNALING 2.7047334 2.8238623 2.5310442 1.531632 2.234126 1.9899986 1.926968 2.0399156 2.5228813 1.4813257 1.924895 2.287069 -0.9917545 2.6027827 2.1238585 2.4619007 2.01220241 0.89104234
HALLMARK_COAGULATION 1.7307901 2.2066178 2.1543627 2.070548 1.9155167 2.121633 1.5037817 2.1566074 2.8053765 0.8454321 1.6345522 1.689937 1.2027086 1.7891077 1.945993 2.1220145 1.86843619 0.45232868
HALLMARK_XENOBIOTIC_METABOLISM 1.6792712 2.174667 2.3245974 1.9927391 2.0393353 2.2907162 1.6244488 1.8916667 1.7061578 0.5812291 2.050555 2.3564746 1.2493258 1.9527322 1.7384558 2.0950108 1.85921143 0.44963314
HALLMARK_MYOGENESIS 1.8596524 2.2214408 1.6139021 1.8755957 1.9515524 1.9460706 1.7118591 1.9404136 1.2930132 1.3598046 2.07658 2.0180545 1.7851167 1.3623068 1.6984241 1.7263947 1.77751133 0.26678327
HALLMARK_ADIPOGENESIS 1.4866627 2.1577277 1.9949344 2.1782281 1.9713784 1.7802689 1.5598303 1.9695696 1.845763 0.8777673 1.677906 1.7226357 1.6671377 1.842199 1.7034551 1.9476719 1.77394599 0.30947269
HALLMARK_PEROXISOME 1.7634488 1.9942805 2.118812 1.6845384 1.8142579 1.9150509 1.5718846 1.8293159 2.1244185 0.98064065 1.6876271 1.8897706 -0.7483441 1.7053394 1.6038597 1.7898842 1.60779907 0.68157687
HALLMARK_GLYCOLYSIS 1.7649233 2.2805362 2.0528781 1.5315168 1.8504642 1.9349036 1.5136085 2.0424316 2.160436 0.7599658 1.6141187 1.5901605 -0.8095261 1.7750446 1.7038167 1.7764983 1.59636105 0.72922041
HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY 1.0554721 2.1299376 1.8062074 1.4348158 1.9219718 2.100406 1.2179562 1.8389322 1.0068299 -1.0805702 1.8176634 1.826743 1.8743502 1.2478353 1.4036869 1.8037572 1.46287468 0.7667619
HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 1.2056258 2.2479033 1.815534 1.5708655 1.5373216 2.0002007 -1.1745635 1.9976842 2.45401 1.2303411 1.4038181 1.4357973 -0.8510143 1.7356237 1.5533389 1.5699091 1.35827472 0.98888956
HALLMARK_DNA_REPAIR 1.2579634 1.6153921 1.2299029 1.3192191 1.559323 1.5359291 1.3784062 1.713469 1.3586515 1.101613 -0.6693017 1.7129354 1.163043 1.4542421 1.6229185 1.7075714 1.31632988 0.56607841
HALLMARK_PI3K_AKT_MTOR_SIGNALING 1.6921046 1.7328053 -0.9008503 1.3538599 1.4244666 1.4191283 1.9129449 1.2684255 1.3179486 1.7334555 1.2635067 1.5466641 -0.8270593 1.9065357 1.9442917 2.0625143 1.30317138 0.88442515
HALLMARK_UNFOLDED_PROTEIN_RESPONSE 1.355713 1.6977782 1.470851 -0.8933657 1.4294713 1.5360707 1.6905687 1.3479851 1.5728326 1.2572047 1.363528 1.261045 -0.899986 1.7833498 1.4273127 1.7299819 1.19564631 0.83310499
HALLMARK_ALLOGRAFT_REJECTION 1.2606585 1.6784921 1.417813 1.2755654 1.3189332 1.5680909 0.88321424 1.5388324 -0.7805318 0.97722936 0.9842848 1.0278362 -0.9966242 1.5913846 1.3260039 1.3657824 1.02731031 0.78500288
HALLMARK_BILE_ACID_METABOLISM 1.3703874 1.5046371 1.3092426 1.1680634 1.5486846 1.5959141 0.490433 1.18438 1.5468261 -0.8873576 1.1718353 1.690689 -0.8312176 1.3416263 0.971336 1.0966252 1.01700656 0.78777567
HALLMARK_E2F_TARGETS 1.5884547 1.5131938 -0.792494 1.1389318 1.2098539 1.0420328 0.8738166 1.6000103 1.233845 1.493377 -0.8671365 1.2993313 -0.9009837 1.8794572 1.1057409 1.8062958 0.95148293 0.93624931
HALLMARK_MYC_TARGETS_V2 1.1856825 1.3893727 0.8722216 0.8733906 1.2108473 1.175767 1.5053028 1.1956247 -0.823732 1.5820619 -0.7871315 0.9181435 -0.8424498 1.591495 1.152357 1.9316528 0.88316288 0.88956893
HALLMARK_ANDROGEN_RESPONSE 1.3573602 1.4860498 1.4486684 -0.9606689 1.7950267 1.711262 1.1211243 1.227074 -1.2249166 1.5083256 -0.9409518 1.3883967 -1.3369138 1.7532808 1.3748758 1.8827736 0.84942293 1.19236767
HALLMARK_ESTROGEN_RESPONSE_LATE 1.3679998 1.7764341 1.4823548 -1.0328016 1.618136 1.8049077 -1.0982442 1.713907 -0.9997205 1.2816159 -0.8611778 1.5836637 -1.2942194 1.8485641 1.439281 1.7377506 0.7730282 1.28646302
HALLMARK_MITOTIC_SPINDLE 1.2697855 0.8944146 -0.9096773 0.9701428 1.1394114 1.0231874 1.4657569 0.9051168 -1.1883684 1.8392289 0.83379775 0.90547335 -0.9048434 1.5461872 1.0481856 1.3387824 0.76103634 0.91788172
HALLMARK_CHOLESTEROL_HOMEOSTASIS -0.7788392 1.3809191 1.4527624 -1.0021737 1.3580161 1.5173761 0.90827477 1.1720136 -1.2790403 1.9511102 0.97821337 1.389343 -1.1054599 1.0297563 1.370618 1.7161263 0.75368851 1.10516807
HALLMARK_HEME_METABOLISM -0.8248349 1.1407155 1.1253983 -0.8883063 1.4249184 1.3143003 1.4428931 -0.75626 -1.1514072 1.112618 1.4540898 1.1379488 -1.2766929 1.4682455 1.4864169 1.4525865 0.60391436 1.11628953
HALLMARK_COMPLEMENT -0.9472434 1.5698246 1.2628185 1.0445367 1.31014 1.2372758 0.8625631 -1.0570533 1.3146887 0.8615216 -1.0609636 1.1111802 -1.203434 -0.9560123 1.5151715 1.2834315 0.50927785 1.09976979
HALLMARK_G2M_CHECKPOINT 1.2809154 1.0634509 -1.031757 -0.7268849 0.931339 0.8882666 0.99600357 1.2280507 -0.9424388 1.6863089 -0.8093456 -0.6416734 -1.3326252 1.8331336 1.1684332 1.5107628 0.44387123 1.1240188
HALLMARK_UV_RESPONSE_UP -1.1427004 1.4282025 -0.9061574 -1.3064505 1.2974795 1.3968049 -1.496448 1.2198253 -1.1371201 1.3255774 -0.9770414 1.139943 -1.1703411 1.4854987 1.3590292 1.4737288 0.2493644 1.29460175
HALLMARK_IL6_JAK_STAT3_SIGNALING 0.90409344 -0.8713039 1.5179437 -0.9721469 -0.6638733 1.3035622 -1.4023565 -0.7245433 1.0223721 0.8321794 -0.8287559 0.8823202 -1.3720028 1.4182286 1.0470003 0.96775234 0.19127936 1.09549237
HALLMARK_SPERMATOGENESIS -0.7552871 0.73707855 -0.8251656 -0.7267881 0.9186598 -0.6970249 -0.411513 -0.7675279 -1.0992954 0.9548428 -1.0332453 -0.7498873 -1.014637 1.3371344 -0.7739359 0.80559963 -0.256312 0.86315069
HALLMARK_INTERFERON_ALPHA_RESPONSE -1.2198043 -1.0022857 1.2339225 -0.8487409 0.9735131 -0.9282985 -0.9618532 -1.2156059 -0.8516958 0.86108 -1.0270848 -0.7833351 1.2403861 -1.0432734 1.6577623 -0.9637505 -0.3049415 1.06142202
HALLMARK_ESTROGEN_RESPONSE_EARLY -1.0720438 1.4194494 -1.0185902 -1.5137694 -1.4153345 1.4766581 -1.2228607 -1.2861568 -1.4063208 1.1658149 -1.2978365 -1.3880357 -1.686516 1.2219507 1.2894644 1.2674034 -0.3416702 1.32948649
HALLMARK_WNT_BETA_CATENIN_SIGNALING -1.1894534 0.85369146 -0.5502288 -0.9216122 -0.9022623 -0.8094914 -0.888315 -1.1092213 -1.0700023 1.2786804 -0.9291665 -1.4676534 -0.5002773 -0.8248006 -1.2258357 1.1964545 -0.5662184 0.86859741
HALLMARK_IL2_STAT5_SIGNALING -1.2748802 -0.9548206 -1.0539979 -1.5613544 1.1003264 1.1808474 -1.1794908 -1.3065314 -1.4312917 1.2052534 -1.1931318 -1.2709949 -1.7363751 -1.1278328 -1.0631231 1.121484 -0.6591196 1.09706427
HALLMARK_INTERFERON_GAMMA_RESPONSE -1.4265262 -1.1805081 -0.8481174 -1.1518303 -1.0496011 0.88054675 -0.9634211 -1.4168701 -1.1062788 0.9195249 -1.1965806 -0.9781366 -1.0452614 -0.9459927 1.6532933 -0.9628416 -0.6761626 0.93373933
HALLMARK_APOPTOSIS -1.3352257 -1.0815692 -1.4015572 -1.2818476 -1.1432127 -1.0721585 -1.7932715 -1.2960294 -1.0269675 1.2258666 -1.4804878 -1.294115 -1.5765984 -0.9286611 -1.2554499 -1.3016298 -1.1276822 0.66372051
HALLMARK_KRAS_SIGNALING_DN -1.5119851 -1.2951609 -1.19918 -1.4236991 -1.263518 -1.0309616 -1.6886108 -1.9278127 -1.9448677 1.1517967 -1.4801952 -1.6891248 -1.5061153 -1.610229 -0.8378261 -1.5784187 -1.3022443 0.71787294
HALLMARK_INFLAMMATORY_RESPONSE -1.7109398 -1.1949693 -1.2253785 -1.7994506 -1.497766 -0.9216363 -1.6362906 -1.7832923 -1.1674649 0.8873113 -1.5755754 -1.6511317 -1.4866526 -1.382789 -1.4233605 -1.4151596 -1.3115341 0.63419404
HALLMARK_KRAS_SIGNALING_UP -1.5363543 -1.3665417 -0.9817804 -1.6880814 -1.081845 -1.0047497 -1.6890144 -1.0967548 -1.2578186 -1.0089794 -1.7138771 -1.7142756 -1.437137 -1.1508932 -1.3291215 -1.1976572 -1.3284301 0.27183171
HALLMARK_UV_RESPONSE_DN -1.6874788 -1.5855023 -1.4997433 -1.7827625 -1.4597424 -0.968159 -1.8035109 -1.5991304 -1.4994475 0.72928154 -1.4538659 -1.4842726 -1.651052 -1.0183865 -1.3953696 -1.6496372 -1.3630487 0.60381695
HALLMARK_P53_PATHWAY -1.7491176 -1.4546635 -1.6065964 -1.8074768 -1.7668322 -1.362285 -1.6930128 -1.7285073 -1.416047 0.63523275 -1.5793024 -1.6313839 -1.141941 -1.6917193 -1.5051187 -1.6017126 -1.4437802 0.58104706
HALLMARK_TGF_BETA_SIGNALING -1.6603911 -1.4594339 -1.4788915 -1.5199391 -1.5363462 -1.4368945 -1.774504 -1.5550245 -1.4873034 -1.4619336 -1.5109415 -1.6592475 -1.211703 -1.2396576 -1.6480745 -1.6997107 -1.5212498 0.15154013
HALLMARK_HYPOXIA -1.6002231 -1.2171474 -1.68033 -1.6601245 -1.6775786 -1.3846681 -2.1874542 -1.8524907 -1.4640557 -1.4815911 -1.6477728 -1.8198403 -1.1458024 -1.6169614 -1.6088442 -1.8765919 -1.6200923 0.25530414
HALLMARK_TNFA_SIGNALING_VIA_NFKB -2.8207269 -2.7434936 -2.4628181 -2.5152266 -2.9902594 -2.7180831 -3.0945942 -2.9053552 -2.3602169 -2.1188827 -2.6002584 -3.1699243 -1.9344643 -2.6605117 -2.9035602 -3.3202944 -2.7074169 0.37293155

pathways A673 Caco2 Calu3 GM12878 HCT116 HepG2 HMEC HUVEC IMR90 K562 MCF10A MCF7 OCILY7 panc1 PC3 PC9 average all STDEV
HALLMARK_ANDROGEN_RESPONSE 1.6410654 1.8560866 1.4161313 1.6750911 1.6434622 1.7618437 1.3936378 1.6294998 1.5133998 1.4940286 1.4404163 1.7198089 1.6145264 1.7265865 1.5374588 1.6883808 1.6029339 0.13249562
HALLMARK_MITOTIC_SPINDLE 1.9323434 1.6863728 1.7005761 2.1508012 1.5490526 1.8324171 0.62226266 1.4617287 1.7645558 1.609419 1.1351001 1.6206187 1.3422648 1.6351267 1.3694336 1.4902838 1.5063896 0.34730175
HALLMARK_PROTEIN_SECRETION 1.3648343 1.5118877 1.277924 1.6724824 1.6235285 1.5305289 1.471404 1.3447661 0.94058424 1.8248078 1.6101041 1.3963951 1.6813437 1.5144005 1.4195076 1.4579409 1.49906106 0.20219445
HALLMARK_CHOLESTEROL_HOMEOSTASIS 1.2594527 1.3765115 1.0378621 1.1532539 1.4068321 1.5775743 1.386327 1.7107074 1.2502276 1.2852558 1.1840217 1.6250105 1.9175175 1.6055747 1.2197577 1.5889369 1.45469208 0.23799821
HALLMARK_G2M_CHECKPOINT 1.7287412 1.6041635 1.5745618 1.9931328 1.6492566 1.7171525 0.95525223 1.1663718 1.1666805 1.8826653 1.1902199 1.705226 1.45999 1.5356264 1.3329465 0.9725805 1.44054623 0.3147084
HALLMARK_PI3K_AKT_MTOR_SIGNALING 1.1731042 1.6878673 1.2979646 1.2235671 1.6001525 1.7013012 1.2931174 1.4853269 0.81610674 1.1864437 1.3381497 1.452475 1.3005201 1.3230463 1.4597405 1.4223282 1.35402118 0.21801165
HALLMARK_MTORC1_SIGNALING 1.5234362 1.838886 1.206977 1.4772505 1.7170173 1.7228272 1.4588641 1.585818 -1.397312 1.3101937 1.3664914 1.6562846 1.6341009 1.5236955 1.5816903 1.311236 1.30370442 0.75081875
HALLMARK_HEME_METABOLISM 1.5357758 1.4542027 1.2369932 1.4391869 1.507763 1.3109059 1.2686392 1.3981605 1.0491402 0.95444334 1.4973385 1.2425153 1.4236473 1.3717754 0.89431393 1.1976426 1.27349785 0.19607503
HALLMARK_ESTROGEN_RESPONSE_EARLY 1.613127 1.3897173 -1.2355105 1.4640542 1.2961153 1.6312951 1.0791502 1.4606768 1.128256 1.090998 -0.9888769 0.88798887 1.4604287 1.3622525 1.475171 1.5612462 1.14682738 0.86770614
HALLMARK_SPERMATOGENESIS 0.8413665 1.147646 0.89254284 1.7093699 1.3475592 1.0877174 1.1741023 1.1972585 0.6969368 1.1607661 0.95158875 1.1926482 1.202826 1.0689973 0.6181363 0.6430177 1.08084034 0.28064108
HALLMARK_PEROXISOME 1.3173153 1.2588634 1.3624804 1.1494998 1.2617425 1.1154155 1.2420853 1.486782 -0.7641977 0.81065243 1.4312634 1.1841835 1.4348963 1.2007107 0.8146135 0.9035096 1.02085822 0.53220365
HALLMARK_E2F_TARGETS 1.0879898 1.2377745 1.4703318 1.6178644 1.4135885 1.3030531 0.945444 0.76204133 -0.8284447 1.4583926 0.92268586 1.4430264 1.278777 1.2623402 1.1386049 0.49072602 1.01600766 0.58351881
HALLMARK_UV_RESPONSE_DN 1.5184082 1.1336744 -1.3715116 1.1490576 0.9213208 1.4559535 1.0791746 1.0036855 0.9910773 1.5894675 -1.1434455 0.88054866 1.0102957 1.3170738 1.2664105 1.4944541 1.00115954 0.86963578
HALLMARK_UNFOLDED_PROTEIN_RESPONSE 0.85799897 1.3696009 0.88128644 1.1648902 1.3961985 1.4571829 1.5210422 0.81230694 -1.309667 0.7430483 0.9972115 1.2009857 1.2887961 1.1682417 1.3001206 1.0571915 0.98442686 0.65910279
HALLMARK_WNT_BETA_CATENIN_SIGNALING 0.92781574 1.1754465 0.86418444 1.2528766 0.7134813 1.132298 1.524972 1.0722144 -0.766788 0.92632365 0.9620871 0.7211013 1.1316346 0.74212515 1.2877243 1.0218484 0.90168452 0.5009795
HALLMARK_APICAL_JUNCTION 1.123098 1.1964728 1.6661319 1.4735526 0.9503566 1.2184299 -1.0989212 1.1725935 -0.8178679 0.95114577 0.640855 0.90014076 1.1795007 1.1948267 1.2018714 1.3507097 0.79363027 0.76188704
HALLMARK_TGF_BETA_SIGNALING 1.1388892 0.9229339 -1.4885575 1.1416677 0.9344583 1.1420953 0.98763555 1.1584498 1.0916622 1.3191013 -1.1519288 1.0410011 -1.2101148 1.0144457 1.3387159 1.2517725 0.77376629 0.9761418
HALLMARK_UV_RESPONSE_UP 1.0327519 1.1757071 -1.2332965 0.81837827 1.136688 1.2998201 0.7765851 1.1193405 -1.6375496 0.85117215 -1.4932438 1.1189272 1.3498 1.0100918 1.6959494 1.205288 0.71163439 1.06458309
HALLMARK_MYC_TARGETS_V2 0.7107204 0.8483093 0.895656 0.7015432 0.7432089 1.4069691 0.7150509 0.7053726 -1.2893701 0.6913933 -0.8123583 1.2141783 0.89569557 0.73438287 1.5892315 0.8009733 0.62279009 0.72505976
HALLMARK_IL2_STAT5_SIGNALING 0.91570246 1.2525139 -1.3142201 1.1837063 1.2217014 1.2009126 1.0601915 0.83226657 -1.6002821 1.0112305 -1.3657966 -1.1211084 1.0191661 1.0747621 1.2764909 1.3779676 0.55163142 1.11623244
HALLMARK_COMPLEMENT 1.2361877 0.79074156 -1.006035 1.0075681 1.1606253 0.7116289 0.8713082 -0.9813922 -1.7529057 1.1549318 -1.2938623 0.89610547 1.1871638 0.7681321 0.78095317 1.1543497 0.43573895 1.02594473
HALLMARK_BILE_ACID_METABOLISM 0.5835884 -0.8067073 0.75205857 0.76729125 0.7187706 -1.0971345 0.8706033 1.2525814 -0.7865889 -0.717121 1.1759325 0.5388507 0.8351626 0.7746359 0.46522477 0.7739091 0.42862444 0.765314
HALLMARK_XENOBIOTIC_METABOLISM -0.9058799 0.68015444 -0.729277 0.8486073 0.910294 0.6374568 0.86875117 1.4369367 -0.8000686 0.51422966 0.61406285 -0.8733309 1.0630909 0.6078112 -1.0222139 0.72421336 0.42537235 0.83246474
HALLMARK_KRAS_SIGNALING_UP 1.1267636 0.85252637 -1.4806323 0.68747836 0.9852795 1.0178102 1.0011902 -1.1412332 -1.3756517 1.3957707 -1.8599129 0.7399661 -1.132181 1.0755211 1.0192586 1.5686568 0.30630406 1.19732016
HALLMARK_ESTROGEN_RESPONSE_LATE 0.9431997 -1.0596857 -1.1444758 0.8579036 0.80567884 0.985357 -0.983539 0.9948241 -1.1267198 0.70414215 -1.5241195 -1.2264234 0.8262272 0.78633887 1.0900773 1.3429465 0.27174568 1.07076384
HALLMARK_ADIPOGENESIS 0.81697875 0.8845038 0.78538066 0.77088886 0.96569705 0.7389057 1.0666653 0.8651857 -1.4752421 -0.9329888 0.78824174 0.6275261 0.8046402 0.90674835 -0.892081 -1.1170433 0.23978029 0.88083731
HALLMARK_APOPTOSIS 0.8682137 0.8104948 -1.4918845 -1.1724521 1.0277426 0.9281356 1.159268 0.929099 -1.7348213 0.68166614 -1.6456068 0.6916569 0.9233445 -0.9074543 0.98101467 0.9685404 0.21770257 1.11964828
HALLMARK_ALLOGRAFT_REJECTION -1.0070778 0.9162314 -0.8273962 -1.2655525 0.8600029 0.6165264 0.98681736 1.046678 -1.758828 0.69646406 -1.4454093 -1.33096 0.7124055 0.83104515 0.7948538 1.3735018 0.16288809 1.1073906
HALLMARK_IL6_JAK_STAT3_SIGNALING 1.4581225 1.0294423 -1.2689544 -1.3149514 1.0675693 0.7424426 1.3052162 0.97961265 -1.485271 -1.011075 -1.4524419 -1.3078933 1.1717232 0.79376 1.3072829 1.3146255 0.16235383 1.22950768
HALLMARK_GLYCOLYSIS 0.5292568 0.6703787 0.91921306 -0.8424136 0.92184705 0.61612374 0.8506366 0.48271367 -1.4343224 -1.0363016 -0.6816467 0.63078016 0.73685277 0.81218284 -0.7863349 0.7752544 0.08041324 0.82704427
HALLMARK_FATTY_ACID_METABOLISM -1.2758034 0.6273054 0.768124 0.65300435 1.0449958 0.56017494 0.7393733 1.1241097 -1.522719 -0.9055294 -0.877309 0.53072 0.884636 0.790999 -1.1514815 -0.9297625 0.0724009 0.96512545
HALLMARK_MYC_TARGETS_V1 -1.342008 0.65362495 -0.9464606 0.74939466 0.909093 1.0491728 0.79020065 -1.1355101 -2.4341843 1.0776743 -1.7196022 0.7099406 0.8046798 -0.9893666 1.0732834 -1.3548431 -0.036159 1.22232742
HALLMARK_MYOGENESIS 0.862253 -1.070377 -1.1617489 0.87534684 0.96970963 0.7936955 -2.1013231 1.0379236 -0.972843 -1.3229543 -1.4510441 0.9484293 0.5906175 -0.9988388 -1.1347731 0.9695907 -0.1381895 1.14651968
HALLMARK_COAGULATION -1.0246456 -1.4831927 -0.8837184 0.7080993 0.8452095 -1.1369804 -0.8815907 0.71513414 -2.0117238 0.634276 -1.1517807 -0.7267246 1.2582383 -1.0392573 -1.0367991 1.4015249 -0.1863365 1.08694502
HALLMARK_KRAS_SIGNALING_DN 0.8684055 0.82915175 -1.2323676 0.957286 0.7797546 0.9962 -1.2341133 0.9671548 -1.262718 -1.2198297 -1.3484967 -1.434371 -1.2356124 -1.065918 1.1548175 1.1678829 -0.2136895 1.15239094
HALLMARK_INTERFERON_GAMMA_RESPONSE 0.95678836 0.8958766 -0.8496794 -1.3350263 0.90003115 -1.1067425 1.3396653 0.93525153 -1.8729218 -1.0582095 -1.2596982 -1.0698317 -1.3345737 0.7161512 0.922478 1.3186533 -0.2234441 1.18161944
HALLMARK_DNA_REPAIR -1.4639461 0.62240666 1.0072079 -0.9570093 0.61855197 0.7475799 1.0975009 0.81235915 -1.579284 -1.0304614 -1.1794057 -0.8811978 -0.8411937 -1.0060669 0.71618766 -1.4377407 -0.3784754 1.0288259
HALLMARK_INFLAMMATORY_RESPONSE 0.98969275 0.9095692 -1.361125 -1.6161139 1.0492792 1.114942 1.2379149 -1.6136888 -1.4921783 -1.1925498 -1.8638128 -1.3631837 -1.8568879 -1.1073464 1.1825162 1.9055514 -0.431966 1.41008502
HALLMARK_INTERFERON_ALPHA_RESPONSE -0.8823456 0.7234001 0.8065753 -1.445035 0.8146589 -1.1963843 1.0078297 1.1040998 -1.4247787 -1.2414851 -0.6635907 -1.309326 -1.038825 -0.946841 -0.950632 0.94629186 -0.4880013 1.02771729
HALLMARK_P53_PATHWAY -1.1774874 -1.5102606 -1.9757397 -1.3000922 0.67898583 -1.1193889 0.99892783 0.96229964 -1.8272898 -1.2336333 -1.8444054 -1.4210542 -1.4338135 -1.3641521 1.0676128 1.1295121 -0.5158839 1.19537156
HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION -0.7692035 -0.957961 -1.6259037 -0.9235153 -0.7685024 -1.0077233 -1.649003 -1.1867421 -1.7612886 -0.8446232 -1.8308334 -1.318399 -1.3689603 -0.9675208 0.7771834 1.5475805 -0.8694113 0.89556209
HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY -1.4381398 -1.467133 -1.1697327 0.9919662 -0.8258264 -1.0527283 0.65760285 -1.3790824 -2.158853 -0.9473412 -1.7559321 -1.193371 -0.8583097 -1.4580148 -1.358505 -1.406896 -0.980407 0.80696192
HALLMARK_HYPOXIA -1.0098512 -1.3927959 -2.3151748 -1.9379035 0.83349574 -1.3352284 -1.1716814 -1.605996 -2.335703 -1.2308245 -2.2159178 -1.4459065 -1.3619953 -1.7647288 0.82508665 1.3567588 -1.0300418 1.1393704
HALLMARK_TNFA_SIGNALING_VIA_NFKB -1.5644311 -2.1190796 -2.9937308 -2.6364372 -1.773344 -1.2881254 1.2360327 -2.5259988 -2.8914135 -1.6683799 -3.16591 -2.19581 -2.4154947 -2.3829923 1.812303 2.1801057 -1.362728 1.7110382
HALLMARK_OXIDATIVE_PHOSPHORYLATION -2.9531908 -2.1498516 -1.3595774 -2.0147765 -1.8841246 -1.4445554 0.8347802 -1.7963094 -2.9047189 -1.3095375 -2.11743 -2.2672114 -2.1763883 -2.0178316 -1.8520724 -2.5257158 -1.8058378 0.86353269

Extended Figure 2a. Co-regulation of RNA stability for transcripts with similar functions. GSEA analysis showing the Normalized 
Enhancement Score (NES) of relative stability of transcripts across 16 cell lines at 0-2h (left) and 2-6h (right). The different 
Hallmark pathways (rows) were averaged for all 16 cell lines and this average was used to order the different pathways from the 
most positive (green) to the most negative (red). The standard deviation of averages of the NES values of the 16 cell lines are 
shown in the column on the right. 

GSEA Hallmark 0-2h GSEA Hallmark 2-6h
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Extended Figure 2b. Co-regulation of RNA stability for transcripts with similar functions. GSEA analysis showing the Normalized 
Enhancement Score (NES) of relative stability of transcripts across 16 cell lines at 0-2h (left) and 2-6h (right). The different KEGG 
pathways (rows) were averaged for all 16 cell lines and this average was used to order the different pathways from the most 
positive (green) to the most negative (red). The standard deviation of averages of the NES values of the 16 cell lines are shown in 
the column on the right. 

KEGG 0-2h KEGG 2-6h
pathways A673 Caco2 Calu3 GM12878 HCT116 HepG2 HMEC HUVEC IMR90 K562 MCF10A MCF7 OCILY7 panc1 PC3 PC9 all average STDEV
KEGG_GLIOMA 1.6955296 1.3444061 1.8088722 1.8206674 1.5614259 1.6318685 0.93726134 1.8109154 2.2748094 1.6358265 1.5862677 1.5553454 1.6178694 1.8120121 1.6218076 1.4902835 1.65856991 0.27649154
KEGG_NON_SMALL_CELL_LUNG_CANCER 1.8184823 1.1743455 1.9056113 1.7005764 1.4806062 1.6429756 0.9712925 1.7411506 2.0870352 1.6520373 1.6250727 1.5814922 1.574415 1.7070973 1.3473724 1.484363 1.61488645 0.26996601
KEGG_PHOSPHATIDYLINOSITOL_SIGNALING_SYSTEM 1.6228338 1.0335147 1.6827885 1.7699697 1.4177461 1.7169528 0.84343815 1.8469579 2.0188818 1.4998381 1.8050997 1.4396242 1.3249338 1.681405 1.5850979 1.5918975 1.57862248 0.29899652
KEGG_PROSTATE_CANCER 1.9416983 1.015667 1.6778672 1.8121505 1.6306871 1.648679 1.2576103 1.6528589 1.5477641 1.6034222 1.3744256 1.5526618 1.7014259 1.5710051 1.7132522 1.4568182 1.57751732 0.21919845
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 1.7755765 1.2065203 1.8521985 1.5802811 1.5777426 1.6382645 1.1519082 2.035068 1.405428 1.6685395 1.5855423 1.4962019 1.2774262 1.8571215 1.3280406 1.5353949 1.57032035 0.24749529
KEGG_CHRONIC_MYELOID_LEUKEMIA 1.8270897 1.4629488 1.4769876 1.7644957 1.4037699 1.7132031 1.0114205 1.8652253 1.589304 1.6899799 1.3748515 1.5047315 1.4303148 1.6102874 1.5711546 1.5506011 1.54159851 0.20741058
KEGG_FC_EPSILON_RI_SIGNALING_PATHWAY 1.7987604 1.3832284 1.8304935 1.7052312 1.3273189 1.6707777 1.0804282 1.6713761 1.783782 1.3050958 1.5361516 1.6895667 1.3918625 1.6587914 1.4328787 1.6303065 1.52912565 0.21332409
KEGG_GAP_JUNCTION 1.3904055 1.3446237 1.7683432 1.5515857 1.604996 2.0940204 1.1990412 1.4962691 1.4819849 1.1075085 1.3017864 1.5036892 1.4990653 1.7959673 1.3519441 1.6146424 1.51235582 0.24234042
KEGG_MELANOMA 1.7390926 1.2253258 1.5757624 1.7009842 1.3771635 1.4241161 1.2633203 1.5220138 2.0350025 1.4597943 1.2565234 1.5009991 1.3732041 1.7072322 1.3941804 1.4286171 1.51094123 0.2126843
KEGG_INOSITOL_PHOSPHATE_METABOLISM 1.347608 1.2926787 1.4091852 1.5661168 1.2588227 1.5364234 1.1331768 1.7815887 1.6673658 1.6442517 1.804772 1.241042 1.19897 1.3980958 1.5641912 1.3505964 1.47551143 0.20782465
KEGG_NEUROTROPHIN_SIGNALING_PATHWAY 1.7890966 1.1944373 1.4739342 1.7901515 1.3944085 1.675843 0.98250514 1.6229157 1.2424102 1.8510661 1.1155386 1.3856164 1.4355067 1.4685999 1.583492 1.4345229 1.45132379 0.24954532
KEGG_REGULATION_OF_ACTIN_CYTOSKELETON 1.6096321 0.87466455 1.7630761 1.9018967 1.5599301 1.6343302 0.72574437 1.4979209 1.5468086 1.5309731 1.3302764 1.5014181 1.250608 1.4769943 1.4016292 1.4825566 1.45062734 0.29525576
KEGG_PATHWAYS_IN_CANCER 1.7533964 1.0491903 1.5969753 1.6756232 1.4766234 1.7080166 0.9987815 1.5334312 1.510747 1.4515964 1.1722012 1.3921345 1.5529134 1.4819695 1.623271 1.5509481 1.45036708 0.22096289
KEGG_LONG_TERM_POTENTIATION 1.6089582 1.2632259 1.5386081 1.8017312 1.5834641 1.7712216 0.66263807 1.2073958 1.4402578 1.6329052 1.4898038 1.2678075 1.5328043 1.5372901 1.3498507 1.4134529 1.44793813 0.2689575
KEGG_APOPTOSIS 1.8016746 1.6356068 1.716053 1.4071342 1.3646842 1.4793948 1.4353378 1.6693178 1.3855436 1.1827534 1.5334105 1.3902894 1.4817356 1.4237686 1.6455683 1.2964945 1.43212454 0.16542928
KEGG_PANCREATIC_CANCER 1.6038004 1.0544446 1.5771003 1.8497545 1.245519 1.5167946 1.1491231 1.1934769 1.4993325 1.4675401 1.4645042 1.4586009 1.4597697 1.3607922 1.464113 1.1116047 1.42410979 0.20844424
KEGG_RENAL_CELL_CARCINOMA 1.7186419 0.87186 1.1087002 1.8198054 1.4645038 1.4635917 1.1096544 1.6460004 1.1683413 1.4752187 1.1795952 1.0503024 1.4690254 1.6471668 1.49611 1.1636611 1.40847323 0.27531325
KEGG_ENDOMETRIAL_CANCER 1.6008059 1.4071453 1.3814852 1.8225236 1.3359433 1.539961 1.0363522 1.1262581 1.7121038 1.7330949 1.0710497 1.1873614 1.5563463 1.3679023 1.4738513 1.4126781 1.40808151 0.23589024
KEGG_INSULIN_SIGNALING_PATHWAY 1.7046909 1.291831 1.4713717 1.5236776 1.5465331 1.4057796 0.81882846 1.6986638 1.7023147 1.1456007 1.3591316 1.0932778 1.6854091 1.4403355 1.3070089 1.3844136 1.40177745 0.24701293
KEGG_FOCAL_ADHESION 1.6593994 1.3602916 1.6849055 1.693514 1.405051 1.4473664 0.67555827 1.3885612 1.5006737 1.5746254 1.2139058 1.2870681 1.6550215 1.4940593 1.3155272 1.5054027 1.3941277 0.2490336
KEGG_AXON_GUIDANCE 1.67773 1.5765877 1.373935 1.5761713 1.2708422 1.6991941 0.8064455 1.3173699 1.4928889 1.7022201 1.2588304 1.3790781 1.2115718 1.6184866 1.3991405 1.4150314 1.39391808 0.23099105
KEGG_GLYCEROPHOSPHOLIPID_METABOLISM 1.2602926 1.3258691 1.7267193 1.5418837 1.4500523 1.1717172 1.1341588 1.5750679 1.198359 0.84253305 1.926537 1.762611 1.2684503 1.4351059 0.8828751 1.3985351 1.39149783 0.29870454
KEGG_ENDOCYTOSIS 1.7110955 1.4180344 1.4357338 1.4087518 1.3665284 1.5233709 0.955121 1.6650213 1.223454 1.5054216 1.3916143 1.4795204 1.35528 1.3296093 1.3022223 1.2251588 1.38215391 0.17851935
KEGG_MELANOGENESIS 1.921821 1.2299044 1.4514551 1.3020561 1.5363117 1.6307738 0.9517897 1.23882 1.7217518 1.0653124 0.9664237 1.2795534 1.6782851 1.56708 1.2408918 1.7781339 1.35801434 0.29464857
KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION 1.7806474 1.0239772 1.5394089 1.5604062 1.3834647 1.597456 0.9945416 1.343492 1.5050935 0.7503501 1.3997227 1.5000721 1.4024222 1.4936328 1.046021 1.1279415 1.35733217 0.27482478
KEGG_WNT_SIGNALING_PATHWAY 1.6296982 0.42019883 1.1780906 1.6641245 1.3900721 1.5169928 1.1815015 0.95290273 1.2456069 1.5314455 1.0821891 1.1865182 1.668212 1.4590845 1.6053687 1.4064866 1.35260453 0.32617988
KEGG_OOCYTE_MEIOSIS 1.4740028 1.1283776 1.386317 1.5037094 1.4979122 1.5796373 1.158108 1.1918374 1.0503634 1.239397 1.2335738 1.4337778 1.4368893 1.5219635 1.0944625 1.0436134 1.34974265 0.18623881
KEGG_ERBB_SIGNALING_PATHWAY 1.6587255 1.4024734 1.0660135 1.5700446 1.4032409 1.4510913 0.9715041 1.3201427 1.6739111 1.354723 1.1074815 1.1472819 1.3247635 1.5029893 1.4240348 1.4350652 1.3479249 0.20381354
KEGG_ADHERENS_JUNCTION 1.4941964 1.7690398 1.4566989 1.6296513 1.2513422 1.6102158 1.0543262 0.9908701 1.1892871 1.7575923 0.97291714 1.3231474 1.3780805 1.375072 1.5882899 1.4690303 1.32113655 0.25239846
KEGG_CALCIUM_SIGNALING_PATHWAY 1.2350342 1.4919301 1.8636203 1.3059131 1.4847265 1.3107574 0.590961 1.7158409 1.8288523 0.5686831 1.324698 1.127863 1.3206526 1.6670036 1.0638756 1.4186077 1.2950865 0.37430066
KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 1.5094371 1.3622378 1.6255898 1.3349711 1.2157595 1.489982 0.9665351 1.5061628 1.4455367 1.3145382 1.3898189 1.2254723 1.0581524 1.2622881 1.0957278 1.1940818 1.29174701 0.18208513
KEGG_VASOPRESSIN_REGULATED_WATER_REABSORPTION 1.3597394 0.63063663 1.2914602 1.3425837 1.5658419 1.6545699 0.9369325 1.4329975 0.9579588 1.1196412 1.2570198 0.9288635 1.5770099 1.4141699 1.2215935 1.3914347 1.28978078 0.27816172
KEGG_GNRH_SIGNALING_PATHWAY 1.5146233 1.3210558 1.2222831 1.7098975 1.2829343 1.4639341 0.674797 0.99855644 1.2662727 1.3611814 1.0564574 1.1660615 1.4344128 1.492852 1.421533 1.2432746 1.26430519 0.2426316
KEGG_LONG_TERM_DEPRESSION 1.2570959 1.2678076 1.2640498 1.5183096 1.0731199 1.5345466 0.7107926 1.4228358 1.3002459 1.1885301 0.9944907 1.1075913 1.4826797 1.4025683 0.8674622 1.3508162 1.24870095 0.23481618
KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 1.5528226 0.69177175 1.3643305 1.5001647 1.5547136 1.5594136 1.2782679 1.4343259 -0.7950934 1.6329744 1.3896899 1.321985 1.4475058 1.3919599 1.5415689 1.182674 1.24690066 0.58904803
KEGG_SMALL_CELL_LUNG_CANCER 1.4951013 0.7877568 1.4977505 1.2647817 1.2276647 1.4525837 0.7715768 1.0598588 1.295668 1.409286 0.9671236 1.3890867 1.1911378 1.4388968 1.5891502 1.6334713 1.22433315 0.26534336
KEGG_CELL_CYCLE 1.3582423 1.4761621 1.2140232 1.3687828 1.2795675 1.3442373 1.1383868 1.0624543 0.82308626 1.3795531 1.1378019 1.32292 1.2428792 1.3027952 1.2893854 1.1271238 1.21840585 0.15726605
KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY 1.2634169 1.7283586 1.2568403 0.9597743 1.3984799 1.2926813 1.1441028 1.6556119 0.995107 1.0175391 1.1472077 1.2476158 1.2246103 1.2231021 1.3084614 1.5045007 1.20962111 0.21657762
KEGG_P53_SIGNALING_PATHWAY 1.3305521 1.1208091 0.952147 1.3051112 1.2461615 0.9426385 1.5125786 1.129926 1.2696226 0.9089627 0.9947378 1.1441228 1.4694905 1.2817804 1.0640141 1.5958654 1.2004666 0.20909364
KEGG_ACUTE_MYELOID_LEUKEMIA 1.6762427 1.7831967 1.1834755 1.6115521 1.1262497 1.4821635 0.95637375 1.3427649 1.0990447 1.2967365 0.8274506 1.116622 1.2063026 1.0814307 1.1270072 1.385981 1.19515373 0.26390562
KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION 1.2559586 0.6606985 1.5234404 1.5392998 1.3637096 1.4819996 0.57955575 1.1757542 0.9362308 1.3081256 1.1952853 0.9868859 1.229571 1.340083 1.0383258 1.4225061 1.19422732 0.28598107
KEGG_VEGF_SIGNALING_PATHWAY 1.5601082 0.63028234 1.3744215 1.5341718 1.0826722 1.330216 0.68105716 1.436013 1.2707543 1.0061643 0.9633293 1.1970015 1.2113924 1.3647443 1.0485506 1.1439989 1.18886511 0.27026992
KEGG_ARRHYTHMOGENIC_RIGHT_VENTRICULAR_CARDIOMYOPATHY_ARVC 1.26746 1.6083932 1.4974447 1.260256 1.2942295 1.278259 0.60280925 1.5468903 1.577799 1.0185642 0.79976547 1.0847285 1.3672833 0.9925069 0.91809726 1.3224763 1.16573558 0.29057836
KEGG_NOTCH_SIGNALING_PATHWAY 1.0429982 1.153836 1.6690233 1.3036517 0.8530434 1.2149479 0.84013957 1.8130691 1.6244954 0.8634559 0.83905774 0.7637729 1.3388895 0.8899681 1.1886954 1.1985161 1.12222647 0.32561236
KEGG_THYROID_CANCER 1.172068 0.72897476 -0.7256421 1.5026606 1.0550294 1.3580216 0.9125682 0.8847591 1.1020583 1.4171892 0.6615573 1.043547 1.3397499 0.9499239 1.2507786 1.3101947 1.11155132 0.52048505
KEGG_AMYOTROPHIC_LATERAL_SCLEROSIS_ALS 1.2901667 1.643088 1.411249 1.3354985 1.2579058 1.2721777 1.4171163 1.4667175 -0.6231219 0.90598804 1.4596412 1.1249429 1.2100703 1.2749616 1.2999334 1.3225085 1.10017254 0.51037159
KEGG_LYSINE_DEGRADATION 1.1104413 1.261996 1.2640312 1.2813427 1.1576109 1.2381675 0.8329941 1.2241465 0.81971294 0.9559902 0.93745023 1.1523585 1.2903448 1.166361 0.8948576 1.1854471 1.09604358 0.16570333
KEGG_N_GLYCAN_BIOSYNTHESIS 0.78733283 1.2093587 1.0778342 1.0618078 1.0464619 0.86134315 1.1735337 1.0232409 0.8461229 1.012027 1.1174417 1.0501995 1.6255667 1.0088737 0.9185491 0.82059145 1.07514718 0.19928571
KEGG_VIBRIO_CHOLERAE_INFECTION 1.1186705 0.5573773 1.1224704 1.0910962 1.4619958 1.1712654 1.1815344 1.6638284 -0.8994009 1.2121133 1.4132122 1.0199955 1.5403543 0.9413812 0.85977435 1.0815624 1.07248871 0.58179297
KEGG_MTOR_SIGNALING_PATHWAY 1.1926379 1.2094278 0.76315314 1.4357948 0.90848374 1.2062597 0.87508523 0.9519629 1.175754 1.2209353 0.663145 1.1455306 0.9072338 1.1123713 1.002827 0.99116564 1.05477785 0.199201
KEGG_CHEMOKINE_SIGNALING_PATHWAY 1.6374676 1.4667816 1.4380867 1.3044155 1.2708418 1.4521201 0.6919898 1.2443454 1.3004804 1.4727253 -1.0061598 1.4207555 1.2000353 1.1565177 1.0403221 1.297966 1.04618791 0.61400097
KEGG_GLYCEROLIPID_METABOLISM 0.9793752 1.3405247 1.3084527 1.2175009 1.1154478 0.8524447 0.83796483 0.9704743 0.7429677 0.6810604 1.0900788 1.0142844 1.1742843 1.377603 -1.0822098 1.4247357 1.00673738 0.58475754
KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 1.1927689 0.85992503 0.91561115 0.72548985 1.1672403 1.3405436 1.2350885 0.89845884 0.77350026 1.1481535 0.87908226 0.9546662 0.8414951 1.0696219 1.2734115 1.1929182 1.00303094 0.19441489
KEGG_BLADDER_CANCER 1.2799219 1.5338469 0.8719913 1.3422477 1.137239 1.4855809 1.0300303 0.8576969 0.9997035 1.4361354 -0.9320061 1.1173521 1.1748557 1.3835081 1.2696579 1.6744317 1.00294032 0.59114708
KEGG_COLORECTAL_CANCER 1.4314697 1.455892 -1.1269507 1.4290423 0.9515083 1.2060789 0.73340684 1.2048302 1.0375357 1.250899 -1.2941481 0.862516 1.5401142 1.1120243 1.5101508 0.9448663 0.91216433 0.85565635
KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 1.2507681 1.272948 1.4806479 1.3773739 1.3545166 1.3523984 0.39037305 0.94724536 -1.0960004 1.3643174 0.8507357 1.1618117 0.99973375 1.2299539 1.2997391 1.3524612 0.90295085 0.63006815
KEGG_BASAL_TRANSCRIPTION_FACTORS 0.9345311 1.5429897 0.89698654 0.94091815 0.9414848 1.3064669 1.7678286 1.2163417 -0.7452597 0.78814906 0.71459806 1.2214231 0.8878567 0.8890644 1.2000718 1.2233117 0.90262471 0.54026815
KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM 1.1360551 1.3117887 0.99940896 1.231349 1.671904 1.0550971 0.57810193 0.8910614 -0.8778279 1.0722362 0.81586516 1.088853 1.2249092 1.0645561 0.8845883 1.4495333 0.8923732 0.55658984
KEGG_CITRATE_CYCLE_TCA_CYCLE -0.8047249 1.457389 1.2175481 0.99059546 1.3414339 0.85121185 1.0054402 1.0804517 -1.6660993 0.77060413 1.387604 0.9581842 1.1986525 1.7542082 0.5444113 -0.9659184 0.8792988 0.97174951
KEGG_RNA_DEGRADATION 0.7346648 0.8559683 0.6032537 1.2723519 0.97727287 0.7678921 1.5492867 1.0010059 -1.1302106 1.1619834 1.1168977 1.1196527 1.0490682 0.77464855 1.2118683 0.74794483 0.87816813 0.58501748
KEGG_SNARE_INTERACTIONS_IN_VESICULAR_TRANSPORT 0.8531263 0.7742891 0.76393414 1.1096562 1.1196812 0.62741536 0.97799337 0.9146129 0.64435107 0.74910545 1.0732918 0.9237934 0.77077115 0.74290323 0.4820681 0.8380259 0.87759774 0.17906957
KEGG_DILATED_CARDIOMYOPATHY 0.9473726 1.4309587 1.2669524 1.1595118 1.3813534 1.2380518 -1.1658775 1.2304845 0.97151667 0.7873938 0.7582402 0.9923528 1.1603072 0.88108873 0.6520065 1.3742989 0.85403849 0.61005387
KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 1.492587 1.5655785 0.98182195 1.3136141 0.98792523 1.341838 0.9442365 1.4622587 -1.0324221 1.5513493 -1.1022496 1.0123496 1.2670414 1.0791699 1.5220942 1.2289153 0.80228282 0.82634461
KEGG_TGF_BETA_SIGNALING_PATHWAY 1.4669341 0.749543 -1.0490611 1.4335335 0.72741866 1.5720598 1.0906372 1.0668452 -0.885466 1.4433914 -0.8709716 0.8678617 1.0886497 1.2750691 1.4108799 1.4596436 0.80082079 0.90160724
KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY 1.546096 0.753171 -1.0981816 1.3246115 0.9845055 1.3961499 0.69929236 1.4180986 -1.1672949 1.4999974 -1.1293364 1.0882981 1.3390572 1.1181734 1.5142857 1.1055068 0.77923206 0.9787564
KEGG_MAPK_SIGNALING_PATHWAY 1.3414382 1.2349837 -1.346969 1.4193691 1.1146156 1.3024603 1.1062257 1.3171743 -1.4628104 1.5603927 -1.3572304 1.1699578 1.1896487 1.1090629 1.6278052 1.5154618 0.76989694 1.09913777
KEGG_EPITHELIAL_CELL_SIGNALING_IN_HELICOBACTER_PYLORI_INFECTION 1.3523896 1.4067205 -0.8557515 1.1359558 1.2414321 1.0669997 1.1957189 1.3523558 -0.9049289 1.3169354 -1.0132687 0.864213 1.2787971 0.83566844 1.4012502 1.1362066 0.76089806 0.87279568
KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 1.1179019 1.0493729 0.933159 1.2045817 1.4343964 1.6574091 0.74639994 0.7754482 -1.4572803 1.0715027 -0.7995068 1.2786347 0.998618 1.1942793 1.1818283 1.0496689 0.73677117 0.8091152
KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION 0.8970462 1.1960621 -0.9343822 0.8806344 0.5307255 0.98167074 -1.2493087 1.023511 1.7167176 -1.0412397 0.6406387 1.7654296 1.1829624 1.0625639 0.7032197 1.0037396 0.68130049 0.9171827
KEGG_CELL_ADHESION_MOLECULES_CAMS 1.3979125 1.4914356 1.572778 -1.2347065 0.8432309 1.1964827 0.7869591 1.0776243 -0.705799 0.9599657 0.6895652 1.2048357 0.80377716 1.2560503 1.1757811 1.5621765 0.62527141 0.77915546
KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 1.0200621 1.439891 0.824905 -0.9276106 1.2126914 1.4654032 1.1583742 0.74064344 -1.1639721 1.455864 -1.0834653 1.2865229 1.2719519 1.0422484 1.6986523 1.4388483 0.58715013 0.95764932
KEGG_TIGHT_JUNCTION 1.2259835 0.7078731 1.1707515 1.3412986 0.9785549 1.0325634 -0.8430399 1.0576884 -1.0330682 1.4534789 -0.5300799 0.8373175 1.0799186 0.86472195 0.85480946 1.2026322 0.56721402 0.78125735
KEGG_ARGININE_AND_PROLINE_METABOLISM 0.7863616 1.62465 0.6756202 1.0555681 0.96870434 0.6729918 0.5792641 0.99998116 -1.0552962 -1.5321965 0.5872936 1.0058669 1.5274181 0.97069347 -1.6668639 1.1830944 0.52548081 1.01437617
KEGG_LYSOSOME 1.1363906 1.2399515 0.69323975 0.83744526 0.89788157 0.8223637 0.6030261 0.81491953 -1.0404505 -0.974215 1.199683 0.66964847 1.2653022 0.68243265 -0.8015477 0.99183846 0.52527609 0.77579875
KEGG_VIRAL_MYOCARDITIS 1.5314881 0.48793176 1.1492829 -1.1302718 1.3546892 1.0449314 -1.0860392 1.2413812 -1.0406097 0.92362034 0.8318751 1.0687263 0.93910164 1.3784387 0.9562285 1.4622569 0.50234938 0.92070493
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 1.4074272 1.4434419 0.6772589 0.7669939 0.9901182 1.1794055 1.5075041 0.99946815 -0.8989596 0.9275423 -1.3894843 0.8238989 -0.8311769 1.30829 1.5511875 1.8123974 0.4894182 0.95595846
KEGG_JAK_STAT_SIGNALING_PATHWAY 1.7048619 1.2767125 -1.5759093 1.3485321 1.1758907 1.1220001 0.9454653 -1.2876376 -1.5632163 1.4119918 0.955203 -1.2091408 1.0809946 1.230062 1.4985695 1.5600439 0.47364954 1.22080006
KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 1.2499602 1.1909866 -0.768586 0.8840635 1.129609 1.3062587 1.4008313 -1.5730559 -1.0597463 1.2008238 -1.5774688 1.2429433 1.2825087 0.6597887 1.3781214 1.4678516 0.44514145 1.12441413
KEGG_CYSTEINE_AND_METHIONINE_METABOLISM 0.7181386 1.4497503 -0.5627329 0.8281896 0.92454493 1.0008707 0.9572045 -0.9280934 -1.036852 -0.7185814 0.83757365 1.172175 0.99866074 0.58503795 0.73519015 0.5306046 0.42006638 0.79895524
KEGG_PROTEIN_EXPORT -1.0218929 0.91611004 -0.9014025 0.86704636 1.1423341 0.6073333 1.3416321 -1.02577 -1.1762122 0.6476924 0.7837418 0.54240775 1.2175578 -0.9331197 0.4899378 -1.063421 0.36496761 0.96743703
KEGG_PYRIMIDINE_METABOLISM -0.7755311 0.8983601 1.1550299 0.7854198 0.7462743 0.763962 0.7729764 0.746772 -0.8524658 -0.9329833 -0.9893139 0.7213644 1.0744532 0.93999815 -1.0143569 0.6994833 0.3433143 0.8525966
KEGG_PPAR_SIGNALING_PATHWAY 0.7992925 -1.0685494 1.1903733 0.7346607 0.53357893 -1.3914292 -0.8147752 1.0345979 1.1941327 -1.2620671 1.0123154 0.73286384 0.930597 1.0274279 -1.0344812 0.97159225 0.3392639 0.99639294
KEGG_AMINO_SUGAR_AND_NUCLEOTIDE_SUGAR_METABOLISM 0.9484174 1.6558057 0.9184599 0.39249372 0.7816214 -0.7486035 0.9677298 0.7456117 1.0117679 -1.3874145 1.3490946 -1.0756996 0.84211105 0.6469811 0.9146664 0.91275454 0.32051761 0.86031385
KEGG_PEROXISOME -1.0942196 -0.8742331 -0.7638904 0.48881298 0.559946 -1.0736384 1.1019812 1.0150416 0.85180336 -0.9654847 1.2389789 -1.2952121 0.6661787 0.6241421 -1.091003 -1.083323 0.29204997 0.97922406
KEGG_RNA_POLYMERASE -0.8362573 0.8505713 1.2928264 0.7550938 0.7807827 -0.8864524 0.9001288 0.6683526 -0.8653668 0.75022095 -1.214883 0.6447428 0.83461076 0.8283028 0.7534167 0.62644744 0.290503 0.80415606
KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 1.0553125 1.6384066 1.063207 -1.5554526 1.0797968 0.56604385 0.9344827 0.5465702 -1.6154782 -0.5460359 -0.8362792 1.0693345 0.6913378 0.98594326 0.86938894 -0.8946946 0.12002393 1.03821264
KEGG_NUCLEOTIDE_EXCISION_REPAIR 0.6906748 1.1283911 -0.7730214 0.7785111 -0.8086782 0.73557705 0.8218568 0.6290005 -1.2053953 -0.8332512 0.7201125 0.5626864 0.72530615 -0.8464543 0.63489246 -0.9265159 0.11629741 0.83459001
KEGG_FATTY_ACID_METABOLISM -0.8230121 1.3886427 -0.7777231 0.5490785 0.69129616 0.57459044 0.69096404 0.7549074 -1.163059 -0.790973 -0.7930667 -0.6872094 0.75697106 0.44881567 -1.2032914 -0.9397765 0.09384683 0.87342605
KEGG_VALINE_LEUCINE_AND_ISOLEUCINE_DEGRADATION -0.9843952 0.68322265 -1.1170312 0.71443 0.74650925 0.54942095 0.46665347 0.59510684 -1.4333196 -0.6119468 -0.7207723 -0.9484177 0.62865996 0.49539644 -0.6505466 -1.5582979 0.04379278 0.86974181
KEGG_FRUCTOSE_AND_MANNOSE_METABOLISM 1.2186091 1.3589942 0.7679061 1.050847 0.7697657 -0.7745295 -1.0917008 0.8581941 -1.0198163 -1.2977235 0.7065242 -1.0243689 0.8171609 0.66978407 0.90755934 1.0455219 -0.030533 0.96308692
KEGG_PURINE_METABOLISM -0.8590105 0.9052371 1.0498241 -0.759827 0.6588634 0.91448706 0.64498013 -0.826317 -1.3147576 -0.957569 -1.1811415 0.6726268 0.77180696 0.7930372 0.81634784 0.77851945 -0.0530737 0.90622558
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 1.1535865 0.7059774 -1.2479278 0.8509062 0.9117767 0.9012675 0.80280334 -1.2198174 -1.8084266 1.0376241 -1.4213694 -0.9229118 1.2492687 -1.0777562 1.626274 1.1964015 -0.0633304 1.19542659
KEGG_PYRUVATE_METABOLISM -1.1720774 0.8925538 0.4345857 0.67977035 0.802736 -0.5748929 0.41307095 -0.8350546 -1.7214075 -0.8505006 -0.5174543 -0.6689491 0.46405002 0.75071853 -1.186495 -1.2149392 -0.187083 0.8782895
KEGG_SPLICEOSOME -1.3134533 -0.8448722 -1.041819 0.7966744 0.52268064 0.4984222 0.6117705 -1.1587858 -2.104603 1.0860002 -1.5870419 -1.0828037 0.63702214 -1.2523761 1.3204498 -1.0473771 -0.2757309 1.10430295
KEGG_PROTEASOME -1.8651583 -0.6566888 -0.5085115 0.5288323 0.55517554 0.573691 0.93177676 -0.4937285 -2.3567681 0.86881465 -1.3348033 -0.8210897 -0.724756 -1.497064 0.73726904 -1.1305729 -0.3427199 1.04296723
KEGG_BASE_EXCISION_REPAIR 0.6495771 -0.8416138 1.1044824 -1.3350624 -0.9940471 -0.9874195 -1.1902548 0.58390415 -1.3511558 -1.8774352 0.8205276 0.6936609 0.5880957 0.751936 -1.4743122 0.767262 -0.3906591 1.06411865
KEGG_GLUTATHIONE_METABOLISM -1.7129577 -1.0894574 -0.7261659 -1.1015232 0.7646932 -1.2296623 0.6715477 0.6764361 -1.5331553 -1.1582441 -1.0199637 -1.0680765 0.8646934 -0.8604034 -1.9201016 -1.6791943 -0.4539689 0.95049578
KEGG_LEISHMANIA_INFECTION 0.7287809 -1.202593 -1.3518765 -1.6220385 0.7927593 -1.0644959 1.0284363 -0.9387197 -1.7483877 1.0758193 -1.4983646 -1.1700827 0.9098879 -1.3671702 1.4570898 0.7548875 -0.5093051 1.20151066
KEGG_DNA_REPLICATION -0.685482 -0.9818313 -0.9001069 -0.7992418 -1.2845763 0.5951951 -1.2087556 -0.7963953 -0.9231607 -0.9421387 -0.9443513 0.6146546 0.58853364 -1.1569624 0.81521994 -0.9258105 -0.5688363 0.73976605
KEGG_GLYCOLYSIS_GLUCONEOGENESIS -0.5230572 1.3251057 -0.5779661 -0.8970311 0.6924198 -0.7219117 -1.2777584 0.9475686 -1.8660258 -1.1366743 -0.7683106 -1.0557 0.40957355 -0.7341977 -1.5660292 -1.1524668 -0.5825498 0.92059049
KEGG_PROPANOATE_METABOLISM -1.6006261 -0.6138217 -1.2352264 -0.8552229 0.85691345 0.7559562 -0.7223863 -1.060337 -1.6190192 -0.8270263 -0.6962827 -1.0470508 -0.8401714 -0.5956641 -0.5455 -1.4877939 -0.6045719 0.70261536
KEGG_HUNTINGTONS_DISEASE -2.6044643 -2.366671 -1.3979408 -1.9353164 -1.9663222 -2.0954382 -1.3745899 -2.0443137 -2.4920425 -1.3101684 -2.5172617 -2.7501495 -2.3855922 -2.3593261 -2.202036 -2.4205081 -2.1118655 0.44757929
KEGG_ALZHEIMERS_DISEASE -2.8846931 -2.3773189 -1.5451232 -2.1962643 -1.8775895 -2.16493 -1.3549148 -2.2480822 -2.6510143 -1.145845 -2.4082377 -2.809498 -2.301031 -2.3924236 -2.2924783 -2.7550106 -2.1408937 0.50606333
KEGG_CARDIAC_MUSCLE_CONTRACTION -2.5393221 -2.283403 -1.7300173 -2.0056362 -2.1206756 -2.330487 -1.8363439 -1.9715527 -2.4266942 -1.2072793 -2.4663527 -2.797572 -1.9910717 -2.418011 -2.1893127 -2.2547162 -2.1428797 0.37619053
KEGG_PARKINSONS_DISEASE -3.3400338 -3.041391 -1.9466887 -2.8426256 -2.6504877 -2.8046274 -1.6518192 -2.694987 -2.9951963 -1.8270268 -2.8639243 -3.458157 -3.0928264 -2.951703 -2.7663088 -3.359837 -2.7121255 0.5329495
KEGG_OXIDATIVE_PHOSPHORYLATION -3.5724466 -3.133992 -2.2981637 -3.0356174 -2.8206148 -3.0117118 -1.9290729 -2.745185 -2.9876056 -1.6943963 -2.985924 -3.5363514 -3.2740014 -3.3814826 -2.9142706 -3.3252232 -2.8547239 0.5351263
KEGG_RIBOSOME -4.4953 -4.613316 -3.68619 -4.7156663 -4.3505588 -4.2658834 -4.389822 -4.345956 -3.7180758 -3.5004978 -4.1271434 -4.798218 -4.7210474 -4.5171056 -4.380947 -4.8056455 -4.313634 0.40144916

pathways A673 Caco2 Calu3 GM12878 HCT116 HepG2 HMEC HUVEC IMR90 K562 MCF10A MCF7 OCILY7 panc1 PC3 PC9 all average
KEGG_PROTEASOME 2.7259874 2.9808862 3.106407 2.8634522 2.8077958 2.3179822 2.2555373 2.9403806 2.5624835 1.0631727 2.6334832 2.584404 3.239067 2.3391747 1.8422341 2.6653895 2.53831861 0.53137072
KEGG_RIBOSOME 2.245851 3.1359825 3.072415 3.3394186 2.6967208 2.7313602 2.3513107 3.1903112 2.514967 -1.0045451 2.3942199 2.454919 4.2916136 1.7876837 1.9007558 2.1778774 2.48979521 1.11161452
KEGG_PARKINSONS_DISEASE 2.1862888 2.712288 2.73834 3.1190982 2.4443614 2.892203 1.9514997 2.7804189 2.273919 0.7184654 2.2500954 2.6540427 3.5650537 1.8985015 1.8555562 2.2614076 2.41813165 0.64390534
KEGG_VIBRIO_CHOLERAE_INFECTION 2.6235151 2.814611 2.7631922 2.4926746 2.6130848 2.5276887 2.0154157 2.506759 2.6278038 1.5375361 2.5409281 2.2162087 1.7428619 2.5244205 2.1946487 2.378859 2.36555956 0.3575643
KEGG_LYSOSOME 2.6777966 2.834438 2.9833026 2.635074 2.7977278 2.444401 1.6368426 2.6587138 2.469411 1.1229614 2.6922183 2.7742586 1.2755297 2.2677317 2.0446045 2.2353683 2.33122964 0.56108457
KEGG_OXIDATIVE_PHOSPHORYLATION 2.1886723 2.7226717 2.778548 2.90002 2.5924463 2.7610078 1.7423778 2.8149495 2.305526 -0.6508739 2.486106 2.689091 3.7592313 1.9065307 1.7583308 2.1677163 2.32614021 0.93602363
KEGG_ARRHYTHMOGENIC_RIGHT_VENTRICULAR_CARDIOMYOPATHY_ARVC 2.2505913 2.6348543 2.3546162 2.2826416 2.5469053 2.3086276 2.1457615 2.0931828 2.4900098 1.392371 2.544341 2.4770048 1.5775689 2.557929 1.7839855 2.2114205 2.22784281 0.363
KEGG_REGULATION_OF_ACTIN_CYTOSKELETON 2.4183462 2.402262 2.3400993 2.2672908 2.4593492 2.3876925 2.263934 2.329136 1.7376324 2.0019507 2.5883605 2.2339797 1.2697442 2.57258 2.3244426 2.3939743 2.22703242 0.332586
KEGG_ALZHEIMERS_DISEASE 1.8758981 2.499262 2.4884262 2.4148622 2.3653748 2.5963228 1.6872456 2.6397552 1.9353566 0.95117915 1.9644439 2.597626 2.680644 1.736523 1.8279421 2.0229547 2.17035454 0.47406047
KEGG_HUNTINGTONS_DISEASE 1.7485552 2.4000428 2.1713305 2.520116 2.4006662 2.5617445 1.7400628 2.6813722 1.56288 0.87198377 2.0227108 2.6382267 2.7514746 1.9909445 1.8328449 2.15964 2.15331431 0.50045243
KEGG_CITRATE_CYCLE_TCA_CYCLE 2.527175 2.3587208 2.5713658 2.678195 2.1776326 1.9067471 1.606197 2.5098891 2.4572663 0.70060885 2.2246299 2.2675126 2.5945694 2.3949053 1.6578947 1.98018 2.15043818 0.50779565
KEGG_GLYCOLYSIS_GLUCONEOGENESIS 2.2532527 2.3047202 2.3239682 2.400363 2.364234 1.7998037 1.7269297 2.3249424 2.3533158 1.1154188 2.1408513 2.213746 2.289041 2.283162 1.886493 1.925521 2.10907065 0.34139755
KEGG_LONG_TERM_POTENTIATION 2.0844831 2.123573 2.3485863 2.1265714 2.3565094 2.1232736 2.2027936 2.1185186 1.7686228 1.9232092 2.450338 2.2692513 1.1015354 2.5920296 1.9011643 2.2051911 2.10042689 0.33882622
KEGG_DILATED_CARDIOMYOPATHY 1.9686825 2.4469426 2.5542927 2.2287297 2.3969874 2.0073905 1.4076182 2.310266 2.5522122 1.2847267 2.4370792 2.4137073 1.5697161 2.0636384 1.6176636 2.1667957 2.09221219 0.41472086
KEGG_CELL_ADHESION_MOLECULES_CAMS 2.3687289 2.3739097 2.1713438 2.1230774 1.6747648 2.4845312 2.1722097 2.359234 2.1642797 1.3727214 2.6215386 1.9693484 1.6738412 1.8948605 1.7748135 1.9402182 2.05931956 0.33841002
KEGG_FOCAL_ADHESION 2.553169 2.388022 2.2963867 1.9280661 2.4727118 2.22322 2.3279736 2.4063313 1.9399134 1.9094523 2.289269 2.3170335 -0.7348478 2.4292896 2.342551 2.3525138 2.03824089 0.77747571
KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 2.3654459 2.4701118 2.0397673 2.128558 1.845821 2.1802642 1.4611225 1.9755127 2.1278126 1.4576706 1.7025352 2.22348 2.0517855 2.639943 2.0427175 2.2365913 2.02479299 0.32480868
KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION 2.1857994 2.1992972 1.9329671 2.3640366 2.0948536 2.0838878 1.9982197 2.004402 1.7237254 1.7250383 2.4325392 2.1430655 1.4666928 2.1945727 1.8313566 1.804243 2.01390389 0.25478196
KEGG_VIRAL_MYOCARDITIS 2.3462965 2.1529648 2.1036777 2.261471 2.1463864 2.2984004 1.9932595 2.1704473 1.9309686 1.6437972 2.184947 1.8953679 1.4249367 1.8318856 1.7563463 2.0116978 1.98534689 0.25242929
KEGG_PENTOSE_PHOSPHATE_PATHWAY 1.9657276 2.1331694 2.1629257 2.406133 2.2388015 1.816474 1.574051 2.1527286 2.0241811 0.708243 1.8604044 2.194861 2.7797458 1.7377031 1.6169683 1.8524401 1.95759928 0.45020374
KEGG_CARDIAC_MUSCLE_CONTRACTION 1.5199598 2.2777169 2.3831763 1.8884484 2.0910037 2.4933343 1.535736 2.2656817 2.1113265 0.8591828 2.0254714 2.076559 2.1867871 1.9639405 1.1768711 1.7488922 1.95251684 0.44571958
KEGG_CALCIUM_SIGNALING_PATHWAY 1.9510475 2.2672637 1.9773762 1.9843547 2.145305 2.0627954 1.5843116 2.0326707 1.7263598 1.737679 2.012582 2.238131 1.4671872 2.019417 1.8643222 1.8119322 1.93712539 0.22122187
KEGG_TIGHT_JUNCTION 2.1627038 2.049013 1.6864375 2.2167366 1.7318528 2.2101758 2.0627017 2.1116421 1.6110367 1.5672734 2.1754618 1.9212652 1.9233065 2.219991 1.5980772 1.9771538 1.93464081 0.23957743
KEGG_GLUTATHIONE_METABOLISM 2.0282865 2.6105497 2.2751906 2.218978 2.3209167 1.9728973 1.2146038 2.483392 2.069555 0.40041402 2.0139153 2.1641994 2.0477986 1.8042103 1.4589047 2.0986166 1.93253753 0.53811454
KEGG_ARGININE_AND_PROLINE_METABOLISM 2.1688993 2.3267152 1.9114732 2.1262834 2.0235898 1.8710266 1.9053571 2.1423485 2.2160423 1.1208607 2.0528414 2.074245 1.7256346 1.891702 1.4676429 2.2050016 1.91826876 0.30645021
KEGG_ADHERENS_JUNCTION 2.235542 2.3561633 2.127547 1.7279102 2.0227647 2.179081 1.9990771 1.7976347 1.4348836 1.6059314 2.1247406 1.7537097 1.0003847 2.1967375 1.7539918 1.8513831 1.86289695 0.34715038
KEGG_PYRUVATE_METABOLISM 2.085947 1.9221051 2.2163675 2.4319487 1.774654 1.600834 1.2827657 2.1636615 2.1929474 0.6927996 1.8342193 1.8847622 2.514864 1.9850413 1.5298549 1.5973845 1.85905894 0.45502169
KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 1.5268636 2.1297967 2.2670777 2.6323023 1.9298562 1.6582226 1.0991764 2.1713393 1.8947241 1.2830524 2.2350981 1.7970191 1.7314034 1.31012 1.7437159 1.8088086 1.84877887 0.40519772
KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 1.8166664 2.045119 1.457192 1.9207566 1.7383811 2.0826764 2.0964026 1.969793 1.8358312 1.7174491 1.7779312 1.4310963 1.5250175 2.193259 1.8566365 1.8042592 1.83196725 0.22469247
KEGG_LONG_TERM_DEPRESSION 1.8918859 1.8801852 1.9602383 2.1371012 1.9940246 2.1027255 1.7743053 1.6717583 1.0213188 1.6479889 1.8055513 1.9239689 1.1011835 2.3471785 1.586789 2.1588798 1.78245124 0.35635238
KEGG_GAP_JUNCTION 2.2121172 1.8001318 1.8105042 1.9664268 1.5406525 1.8398601 1.8587997 1.5898671 1.4328064 1.7702081 1.5961801 2.1001472 1.1769648 2.162762 1.8537868 2.1614864 1.74993554 0.2868758
KEGG_SPLICEOSOME 2.2282944 1.7118984 1.5577152 2.1526985 1.9629531 1.9493976 1.375697 2.2320993 1.6749899 1.6122519 1.515632 1.9964639 1.1084878 2.1000423 1.456951 2.0289838 1.74337699 0.33639625
KEGG_FATTY_ACID_METABOLISM 1.9957349 2.2098105 1.8900344 2.4251657 1.720961 1.881443 1.308296 1.8739074 2.210173 0.50341016 1.553633 1.7756107 1.6101398 1.8238038 1.4491479 1.6387569 1.73110974 0.44027613
KEGG_PROPANOATE_METABOLISM 1.9941411 2.060568 2.0838614 2.425667 1.9421732 1.4774443 1.0340923 1.854892 2.1859303 0.78126186 1.4056605 1.8289429 2.3646476 1.7213748 0.98611146 1.3694432 1.72518769 0.49695154
KEGG_OOCYTE_MEIOSIS 1.7943811 2.0015395 1.7748578 1.7056599 2.0020454 1.6682217 1.9700922 1.9474386 1.8233155 1.7732791 1.8484514 1.7531798 -0.7368176 2.0311375 2.313296 2.312436 1.70540691 0.68983092
KEGG_VALINE_LEUCINE_AND_ISOLEUCINE_DEGRADATION 2.055741 2.2437778 2.0693424 2.3430786 1.6088486 1.7730575 0.76076204 1.975658 2.0731826 0.58576286 1.4722689 1.8838542 2.6076226 1.4448357 0.72145337 1.438406 1.68310751 0.59576677
KEGG_PROTEIN_EXPORT 1.6994246 2.0423954 2.1995006 1.6425995 1.808486 2.0408928 1.3659792 2.082122 2.4799714 1.0088676 1.7689061 2.0076835 -0.8110002 2.0442607 1.3583517 1.8390344 1.64564402 0.75173141
KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM 1.6237235 2.1700037 2.0687923 1.7125068 2.1495612 1.8252995 1.1932374 1.7480007 2.2121794 1.1186926 1.8896325 2.1704683 -0.8232432 1.9948022 1.4608356 1.7672249 1.63505493 0.73756496
KEGG_VASOPRESSIN_REGULATED_WATER_REABSORPTION 1.8845592 1.8961564 1.9591899 1.5276759 1.9035286 1.4744097 1.9733626 1.9725206 1.5723919 1.7539647 2.004115 1.8891047 -1.0235415 1.8746595 1.5390236 2.1647203 1.59404011 0.73958277
KEGG_GLYCEROPHOSPHOLIPID_METABOLISM 1.7486196 1.7648187 1.6007942 1.4627794 1.7059153 2.0191047 1.5013733 1.4500839 0.68723226 1.2227259 1.8231539 1.5984867 0.81217974 2.0639522 1.5747918 1.6911992 1.520528 0.3750278
KEGG_FRUCTOSE_AND_MANNOSE_METABOLISM 1.3333348 1.8007258 1.4180962 1.7315515 1.7605172 1.2559804 1.6720369 1.7560253 0.706663 0.65664 1.4700977 1.8583281 1.6145233 1.7692002 1.3726721 1.52997 1.48878984 0.36224641
KEGG_PRION_DISEASES 1.4521197 2.188187 1.7912941 1.4365895 2.0082576 1.8188778 1.208101 1.6299545 1.7434295 0.84519297 1.1675881 2.0741339 -1.113753 1.9531099 1.8109822 1.3982153 1.46871036 0.77792551
KEGG_EPITHELIAL_CELL_SIGNALING_IN_HELICOBACTER_PYLORI_INFECTION 1.4974343 1.8608057 1.4846885 1.2698071 1.557801 1.829705 1.5216198 1.2031962 1.224884 1.4439107 1.3775692 1.603098 0.9121319 1.7224258 1.3497345 1.7040257 1.4543841 0.24977243
KEGG_PURINE_METABOLISM 1.3941272 1.7260046 1.378597 1.5570587 1.6537921 1.651517 1.5421753 1.5020605 1.1382662 0.899092 1.2006546 1.6590573 1.3211718 1.5378828 1.4461863 1.5625807 1.44382259 0.2210153
KEGG_PYRIMIDINE_METABOLISM 1.2909197 1.4208422 1.0894455 1.2941098 1.3700697 1.3613986 1.7966337 1.7755617 1.237556 1.0831212 1.4798613 1.4999268 1.128234 1.3829753 1.8606063 1.4202859 1.41288158 0.23806111
KEGG_AXON_GUIDANCE 1.4580032 1.3837215 1.2949938 1.3740488 1.3816953 2.0316403 1.8177282 1.3004155 1.3955686 1.6935716 1.9095953 1.3920729 -0.8636469 1.8567786 1.808935 1.8505129 1.41265132 0.6642567
KEGG_BUTANOATE_METABOLISM 1.6713576 1.9272506 1.7161834 1.7184795 1.3414853 1.4664531 0.89461696 1.5921212 1.4833406 0.9067242 1.2106521 1.5935811 1.865148 1.0897015 0.74814934 1.7188795 1.39670621 0.36492205
KEGG_PPAR_SIGNALING_PATHWAY 1.6790147 1.9707979 2.0324001 1.7899649 1.6986191 1.2762899 1.2612691 1.7259084 1.4990673 1.0479422 1.2693923 1.5245551 -0.6533661 1.4137309 1.5131292 1.5923212 1.38355002 0.61180546
KEGG_N_GLYCAN_BIOSYNTHESIS 1.6601976 1.8122269 2.298168 -0.7751867 1.4059052 1.8690863 1.7496341 1.9925028 2.119442 1.2720298 1.800134 1.4070032 -1.2597455 1.8769577 1.6705002 1.8698982 1.37418986 0.99164836
KEGG_AMYOTROPHIC_LATERAL_SCLEROSIS_ALS 1.596625 1.8523492 1.6543484 0.7119403 1.4467245 1.7518353 1.4058578 1.7665541 1.217351 1.6119522 1.2255317 1.8067065 -0.7266007 1.6770955 1.4276032 1.9846545 1.34494636 0.6458942
KEGG_THYROID_CANCER 1.4752079 1.759216 1.7324705 1.404865 1.7503954 1.4399053 1.4482538 1.4830842 1.4934294 1.4286685 1.1824522 1.6538695 -0.9417623 1.5044641 1.0322957 1.6577291 1.31225766 0.64012813
KEGG_ENDOCYTOSIS 1.5564191 1.5346185 1.1255727 1.0882275 1.8050414 1.7879411 1.5148273 1.3049614 0.8468772 1.3369354 1.983032 1.3559098 -1.0390025 1.831593 1.8601936 1.6074755 1.30976631 0.70912825
KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION 1.461572 1.7099763 1.1882137 1.2544729 1.8752106 1.5559508 1.6494745 1.4946588 0.7539204 1.5063404 1.4155397 1.2884796 -1.0760598 1.6662328 1.6589847 1.8992175 1.28152824 0.70101713
KEGG_CHEMOKINE_SIGNALING_PATHWAY 1.7413238 1.7138426 1.3398899 1.1805269 1.8241963 1.6514926 1.7951362 0.96374804 -0.6258144 1.7122726 1.6245466 1.8083874 -0.6363006 1.782578 1.5110067 1.6686299 1.26039349 0.79747285
KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 1.9791241 1.3699609 0.9283524 1.5675559 1.6626245 1.8250924 1.9383322 1.3610888 -0.723613 1.320992 1.694547 1.4004841 -0.6844172 1.976055 1.9928741 1.8025433 1.25928065 0.85086831
KEGG_VEGF_SIGNALING_PATHWAY 1.2052568 1.3784496 1.1588812 1.457575 1.6067433 1.8266721 1.9357072 1.5695109 -0.5964609 1.6503446 1.5053334 1.5930119 -0.951153 1.2935218 1.7145146 1.9667245 1.22447512 0.83365799
KEGG_GLYCEROLIPID_METABOLISM 1.3060614 1.3645724 0.9505247 0.7876429 1.5074943 1.8367099 1.907263 1.1685314 0.80964375 1.3374492 1.5673451 1.5648665 -0.9747214 1.4707502 1.5652746 1.2413021 1.20452475 0.66564197
KEGG_GNRH_SIGNALING_PATHWAY 1.4281312 1.3311726 1.4577717 1.4252915 1.6328207 1.7086198 1.6553346 1.2319832 -0.7346995 1.6945683 1.5542984 1.7515262 -0.7313495 1.4089568 1.4187834 1.5815595 1.20036273 0.78323295
KEGG_MELANOGENESIS 1.3713807 1.3357664 1.4868333 1.6499658 1.36355 1.9209671 1.8083416 0.9756376 -0.8047602 1.7168258 1.734731 1.4880065 -1.1989836 1.6030835 1.474066 1.521392 1.18243077 0.89616815
KEGG_NUCLEOTIDE_EXCISION_REPAIR 1.0800563 1.191506 1.0877475 1.2060412 1.4368469 1.0040015 0.81770134 1.1912706 1.1546993 1.2074084 1.1126494 1.2381247 1.2485011 1.2064244 1.0914081 1.1937901 1.15673789 0.13159998
KEGG_AMINO_SUGAR_AND_NUCLEOTIDE_SUGAR_METABOLISM 1.4371936 1.606363 1.5046493 0.9035888 1.606176 0.9641706 1.6930761 1.3792325 1.0175519 0.49412814 1.4417881 1.4245604 -0.6382062 1.4442216 1.0964001 1.4899822 1.13840716 0.58107867
KEGG_INSULIN_SIGNALING_PATHWAY 1.2750056 1.495328 1.2018607 1.2700845 1.6867363 1.5634494 1.7622625 1.3217574 -1.1529173 1.3076655 1.6481776 1.463982 -1.0773898 1.3078836 1.6682917 1.4849565 1.10479801 0.89649611
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 1.2282209 1.1533444 0.84348357 0.9626951 1.578087 1.9172883 1.6415823 1.5490638 -0.7602497 1.5442817 1.494013 1.272427 -1.1198949 1.624597 1.7392468 1.9171163 1.10285467 0.87776625
KEGG_PHOSPHATIDYLINOSITOL_SIGNALING_SYSTEM 1.2146343 1.2293977 0.7460619 1.1139889 1.7178493 1.5014204 1.734087 1.1864831 -1.1190025 1.8327504 1.5131822 1.4970664 -0.80281 1.4080993 1.7100214 1.6504979 1.09061396 0.86679609
KEGG_DNA_REPLICATION 1.2597616 1.461891 0.97074354 1.4784371 1.5732434 0.7739989 -0.4008045 1.4904306 1.2029008 0.8146837 0.92424494 1.2339727 0.928101 1.4492157 0.7668414 1.2561227 1.04770717 0.4808584
KEGG_INOSITOL_PHOSPHATE_METABOLISM 1.010282 1.2351434 0.75846046 0.70417327 1.6616622 1.5534018 1.4231666 1.0949475 -0.9702445 1.6712554 1.1686718 1.5853201 -1.1159188 1.4075325 1.5904374 1.7773366 0.98342923 0.8723017
KEGG_RNA_POLYMERASE 0.8653995 1.0504394 -0.8039981 1.0256351 1.0150545 1.1097941 1.5323163 1.2734423 0.6892901 0.9879158 0.94146997 1.1231794 1.0709907 0.79696316 1.6650622 0.9075213 0.9626825 0.53062466
KEGG_SPHINGOLIPID_METABOLISM 1.4972457 1.4788398 1.7472255 -1.2814468 1.30706 1.5259428 1.6954436 0.84920305 1.18259 1.309886 1.1972691 1.1301969 -1.6269304 1.3890336 1.4585679 1.5458038 0.9544915 0.99506791
KEGG_REGULATION_OF_AUTOPHAGY 1.3750823 1.1423585 1.0253457 1.120367 1.2996079 1.3753823 0.7227132 1.1946211 0.7464259 0.6558515 1.0011334 1.1553211 -1.1177915 1.4387445 1.3764068 1.1658081 0.93832053 0.60929446
KEGG_RENAL_CELL_CARCINOMA 1.1327252 1.0029796 1.0657959 -0.7955352 1.2088257 1.6873217 1.8126565 1.0994488 -1.0053453 1.4839429 1.4327275 1.1380655 -1.0626774 1.7954642 1.4843308 1.7523621 0.88200009 0.98473052
KEGG_PANCREATIC_CANCER 1.1315286 0.9961289 0.9189336 -0.6434164 1.48813 1.229912 1.8097862 1.2091845 -0.6884133 1.2319268 1.3682634 1.1708248 -1.0529441 1.4316142 1.6084365 1.5362501 0.86274051 0.88487456
KEGG_CYSTEINE_AND_METHIONINE_METABOLISM -0.7138748 1.4245461 1.3767806 1.6739472 1.4290087 1.4231656 -0.7862386 1.4821471 1.0344919 -0.9864135 0.8138785 1.2260351 1.4212071 1.003845 -0.7364194 1.465421 0.84285582 0.97292409
KEGG_PEROXISOME 1.0088989 1.4730793 1.2669297 1.0568087 1.1709632 1.2942771 -0.3897061 0.9237252 1.5255979 -0.9980158 -0.556177 1.3144914 1.0588905 1.2432448 0.7882057 1.0534487 0.79802247 0.7647487
KEGG_NOTCH_SIGNALING_PATHWAY 1.00955 1.2411723 1.2064487 -0.6709037 1.6125817 1.1306311 1.3714607 1.1020333 -1.2745593 1.4693409 1.4092929 1.4448481 -0.7523872 0.79814595 0.84339637 1.5404481 0.78082156 0.90275906
KEGG_ENDOMETRIAL_CANCER -0.7105193 1.0127258 1.3085295 -0.8520076 1.2899319 1.1140659 1.4404502 0.9984785 -1.1764647 1.3990324 1.2071524 1.3224496 -1.2753291 1.1126571 1.3279686 1.3819236 0.73068861 1.01992243
KEGG_MTOR_SIGNALING_PATHWAY 0.858246 1.0232856 0.98092186 -0.7270359 1.3286095 1.1008979 1.391853 0.9358555 -1.0041065 1.3629069 1.3645434 1.1554595 -1.2253978 1.1729896 1.3108069 1.3623502 0.7265421 0.89373316
KEGG_NEUROTROPHIN_SIGNALING_PATHWAY 1.1390845 1.2082806 -0.867383 1.0773603 1.3109471 1.6664252 1.4425058 1.2463771 -1.1401236 1.7347151 -1.0344391 1.4733287 -0.961308 1.2729223 1.4095647 1.3061019 0.70279809 1.06945014
KEGG_LEISHMANIA_INFECTION -1.0670278 1.1373345 1.1321009 1.9049532 1.3798838 1.3535072 -1.637428 -0.9412843 0.805965 1.1230872 -1.0350735 1.1166785 1.4611378 1.13806 0.83193505 0.92880815 0.69791838 1.09729213
KEGG_SNARE_INTERACTIONS_IN_VESICULAR_TRANSPORT -0.4200417 0.9092693 0.85690683 -0.8537273 1.1148833 0.9628624 0.9462845 0.7868316 0.861482 0.7125329 0.7179704 0.69432384 -0.8076564 0.701907 0.71550363 -0.5403503 0.594241 0.68130446
KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 1.0443503 0.9427662 -0.9421803 1.0676144 1.306152 1.2211092 1.0086645 0.8125844 -1.2105198 1.6183654 -0.7443381 1.3985057 -1.0795426 1.0029904 1.1733642 1.2087617 0.54110969 0.98142026
KEGG_RNA_DEGRADATION 0.76452893 1.0497869 -0.7782257 0.8354614 1.2291309 0.84215033 0.9722002 -0.7351979 -0.777203 1.3226638 0.8781265 1.036398 -0.9207563 0.98387617 0.8550113 0.86044514 0.48524447 0.80632686
KEGG_LYSINE_DEGRADATION 0.68777853 0.8264922 -0.9510526 1.1212054 0.83140457 0.93828183 0.81165516 1.2545532 -0.8640046 1.4392501 -0.861784 1.1718713 -0.7647669 0.77199453 1.0254872 1.1338489 0.48218482 0.85562165
KEGG_MELANOMA -0.7853558 1.1516848 -1.0926756 -1.0609152 1.0836664 1.3359239 1.6912013 -1.0278858 -1.0860932 1.1328475 1.2812359 1.0530056 -1.2767259 1.2449826 1.3874891 1.4689242 0.41555296 1.18245206
KEGG_PORPHYRIN_AND_CHLOROPHYLL_METABOLISM 1.3485458 0.75629467 1.2773597 1.0986445 -0.8108143 1.2080758 -1.0277691 0.84149945 -0.8722554 0.48984408 0.9316981 0.9045962 0.5419922 0.7773128 -0.8030785 -1.1446105 0.37952859 0.9218869
KEGG_CELL_CYCLE -0.9256644 0.990124 -1.1155819 -0.8550835 1.1744763 0.7604965 1.0482919 0.85780525 0.9232064 1.4816849 -1.1798116 -1.0244361 -1.1518228 1.3237733 1.0542442 1.3817217 0.30624049 1.08897241
KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY -0.4758656 0.8023415 0.677734 0.6661498 0.75831985 1.1206521 -1.1361454 0.7010224 -1.0934532 1.0640843 0.74409413 -0.866853 -1.1965591 1.008072 0.77431875 1.1095257 0.28741272 0.89227498
KEGG_NON_SMALL_CELL_LUNG_CANCER -0.7670084 -0.8765365 -1.1235183 -0.9675856 1.0521909 1.2453966 1.7737331 -0.9317553 -1.1724658 1.4645313 1.1302711 0.97708285 -1.1066039 1.1043676 1.3857297 1.1686053 0.28248841 1.16970674
KEGG_BASE_EXCISION_REPAIR 0.6864247 0.73998016 -0.9035268 1.0750071 0.6860473 -0.7202901 -0.8822717 0.9772174 -0.8004838 0.8286276 -0.7786604 0.89858764 0.98705775 0.9366906 0.53698367 0.72349954 0.25578332 0.79839086
KEGG_COLORECTAL_CANCER 0.8611334 1.1696762 0.9427958 -1.0096592 1.2882767 1.2342228 -0.9346741 0.9431716 -0.9660901 1.0588174 -0.795068 -0.9496652 -1.415926 1.2383571 0.9960194 1.1880047 0.20001817 1.06534933
KEGG_WNT_SIGNALING_PATHWAY -0.8449445 1.0296415 1.1314355 -0.7389178 -1.0895156 1.2267618 1.358155 -0.9035588 -0.9897633 1.4284571 -0.8648841 -1.2578189 -1.0741534 1.3587294 1.567335 1.3382742 0.15585025 1.18613232
KEGG_APOPTOSIS 0.94448 -0.7035865 -1.0397314 -1.1577165 0.9813405 0.9049814 -1.0368885 1.0998167 0.83655655 1.5176376 -0.9976361 1.1072783 -1.3342717 0.98126805 0.9564796 1.1093961 0.15110914 1.06150394
KEGG_GLYCOSYLPHOSPHATIDYLINOSITOL_GPI_ANCHOR_BIOSYNTHESIS 0.7232153 0.77826524 -0.6550736 -0.7490204 -0.6566777 0.94906527 -0.8003659 0.88745826 0.96951985 -1.617169 0.73239803 0.7133572 -1.1494529 1.0981222 0.54270566 0.6138748 0.07450945 0.90641759
KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS -0.8538615 0.90366286 -1.0308151 -0.6255188 0.9755759 0.9831596 1.009235 -1.0512056 -0.7935579 1.2602873 -0.8354524 -0.8098863 -1.0769475 1.0731927 1.036458 1.1073794 0.0727277 1.00413975
KEGG_BLADDER_CANCER -0.8218159 0.9580042 -0.8025068 -1.0538822 -1.0298092 -1.0778068 1.1304098 -0.8951669 0.9605286 0.8992922 0.99996877 -0.9215334 -0.957982 1.1775122 0.8592145 1.0599656 0.01758879 1.01262175
KEGG_MISMATCH_REPAIR -0.5216938 -0.662301 -0.5878533 0.6511421 0.7546843 -0.8914535 -0.7365199 0.9517772 -0.681406 0.63551664 -0.3494622 0.5469128 -0.9167812 0.9883647 0.43617126 0.74324656 0.00991371 0.7364
KEGG_PATHWAYS_IN_CANCER -0.964334 1.0225781 -1.1453245 -0.9515994 -1.1285748 1.3261511 1.7462931 -1.1543026 -1.1941632 1.5902084 -0.7580954 -1.184033 -1.2444623 1.2776512 1.3880556 1.2800436 -0.0292584 1.2723835
KEGG_MAPK_SIGNALING_PATHWAY -0.7413723 0.8861189 -0.8822087 -0.8300392 0.9560081 0.9190271 -1.4371256 -1.1213689 -1.246286 1.6193393 -1.3003007 -0.906403 -1.214517 1.2022069 1.0067983 1.0077732 -0.1677679 1.13283966
KEGG_ACUTE_MYELOID_LEUKEMIA -0.9359947 -0.9785308 -1.0715022 -0.7319053 -0.8861457 1.0242734 1.4126581 -0.9886369 -1.4646972 1.5006032 -0.6989636 -1.1736654 -1.0766302 0.8546115 1.3560015 1.1660684 -0.2087521 1.13204423
KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY -0.8013716 -0.7089623 -1.1702206 -0.7961341 0.97368336 1.0803185 -1.0795999 -0.9095957 -1.3840712 1.5105131 -0.6990503 0.9472854 -1.1919229 -0.7748724 1.1031691 1.1363872 -0.22139 1.06117143
KEGG_PROSTATE_CANCER -1.101104 -1.008663 -1.4147755 -1.1144309 0.9909067 0.8884572 1.2670879 -0.9699991 -1.2188432 1.6380503 -0.9696816 -1.1601218 -1.4394959 -0.9989787 1.3874571 1.2905259 -0.2945022 1.20939415
KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY -1.2401263 0.72861195 -1.2479222 -0.8562397 0.67392135 0.9602302 -1.351041 -1.3469038 -1.1792341 1.4264642 -1.5487279 1.0925664 -1.0182164 -0.8089986 -0.7503533 -0.9432985 -0.3732745 1.03619749
KEGG_HOMOLOGOUS_RECOMBINATION -0.6649897 -0.489229 -0.8947142 0.70175195 -0.5295019 -1.0373023 -1.0788355 0.7018152 -0.80256 0.8388877 -0.48605 -0.488371 -0.4894411 -0.4380194 -1.0722803 -0.5472007 -0.3974179 0.62294289
KEGG_P53_SIGNALING_PATHWAY -1.1887475 -0.834239 -1.370973 -1.4604452 -1.2019745 0.7342325 -1.2086244 -1.2395146 1.0839185 1.200516 -1.2051166 -1.2320141 -1.5085697 1.0527623 1.1479528 1.2253802 -0.4315778 1.17297865
KEGG_ERBB_SIGNALING_PATHWAY -1.0267667 -0.8920859 -1.0859861 -1.0271168 -0.9124743 0.88254046 1.4053057 -1.2898088 -1.6256659 1.4345021 -1.0133709 -0.9847516 -1.3009022 -1.1029032 1.302698 -0.9164892 -0.4435728 1.07463466
KEGG_BASAL_TRANSCRIPTION_FACTORS -0.9596324 -0.8075849 -1.404161 -1.0320381 -0.6814176 0.7286556 -0.7707129 -0.7378269 -0.6048788 1.3574487 -1.2802383 -0.8472141 -1.3440901 -0.692191 0.8342856 0.7504563 -0.5201403 0.86972952
KEGG_ALDOSTERONE_REGULATED_SODIUM_REABSORPTION -1.1258302 -1.0565656 -1.3563026 -0.8955288 0.92466223 0.988824 -0.9435082 -1.1888192 -1.4038424 0.967406 -1.2123318 -1.2043698 -1.517447 -0.8709681 1.2471498 -0.9299881 -0.5372601 0.99119577
KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY -1.3438886 -1.0777792 -1.1288677 -0.7232609 -0.6235007 -0.4924042 0.6540106 -1.1494496 -1.1759707 1.2213136 -1.3046311 -0.958158 -1.2054454 -0.7962098 0.68320155 -0.9587333 -0.5769394 0.79074509
KEGG_CHRONIC_MYELOID_LEUKEMIA -1.0524127 -1.1401944 -1.109938 -1.0809985 -0.914192 -0.8927496 1.2844489 -1.116103 -1.4043934 1.3872875 -0.924584 -1.4338806 -1.3393543 -0.8595128 0.9700479 1.1282662 -0.6124369 1.04489127
KEGG_BASAL_CELL_CARCINOMA -1.659623 -1.3541105 -1.4974579 -1.3183978 -1.6604577 1.0372187 1.3348838 -1.3432299 -1.542481 1.3060287 -0.9638264 -1.5298134 -1.431627 -0.6963093 0.867604 -0.8559285 -0.6279983 1.13637967
KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY -1.4541265 -0.9663935 -1.2124022 -1.1711053 -0.929623 -0.5196432 -1.4309013 -1.1111721 -1.3860594 1.0627807 -1.3870491 -0.9767898 -1.2120836 -0.9246457 -0.8443905 -1.0008284 -0.9292484 0.59592395
KEGG_AMINOACYL_TRNA_BIOSYNTHESIS -0.5771444 -1.0900626 -1.2565928 -0.805591 -1.1726781 -1.3105508 -1.3619702 -0.7370455 0.48670143 -0.7405827 -0.9633128 -0.9597487 -0.83546 -1.2983409 -1.0713067 -1.2244471 -0.9368958 0.44690894
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION -1.5146486 -1.534726 -1.0729232 -1.9407233 -1.5892847 1.2732419 -1.2797234 -1.551799 -1.1602286 -0.6202446 -1.3867413 -1.8724843 -1.6498048 -0.9351899 1.018892 -1.337662 -1.0215528 0.92924767
KEGG_SMALL_CELL_LUNG_CANCER -1.4885671 -1.2113507 -1.4673717 -1.3043298 -0.9408079 -1.0700636 -0.9811593 -1.4445533 -1.050335 1.4177161 -1.1188421 -1.3552183 -1.5232102 -1.4338952 -0.8290237 -0.8748187 -1.0223175 0.6960543
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY -1.2619877 -1.1025678 -0.8597019 -1.3446103 -1.028269 -0.7691467 -1.2641698 -1.5697246 -1.4575137 1.0424547 -1.5314133 -1.18605 -1.3212947 -0.9982703 -1.0314649 -1.3476268 -1.0301245 0.60677305
KEGG_TYPE_II_DIABETES_MELLITUS -1.186288 -1.3406738 -1.1636295 -0.8751854 -1.0214031 0.7948208 -1.632853 -1.5743753 -1.6583507 -0.9050899 -1.0314784 -1.3937614 -1.4896057 -1.2533071 -1.0196646 -1.2772225 -1.1117541 0.56967174
KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION -1.4868706 -1.5827079 -1.1818782 -1.7434381 -0.7088817 -1.0661694 -1.3868408 -1.4740705 -1.3110363 -1.7401294 -0.9940127 -1.4006149 -1.361183 -1.4345499 0.83141863 -1.0173094 -1.1824353 0.60663372
KEGG_JAK_STAT_SIGNALING_PATHWAY -1.205978 -1.6211902 -1.289046 -1.4228042 -1.1468728 -1.2829789 -1.3531531 -1.4998529 -1.5234039 0.97621876 -1.3113109 -1.5017741 -1.4787046 -1.503073 -1.3717335 -1.9459615 -1.2378342 0.63007304
KEGG_TGF_BETA_SIGNALING_PATHWAY -1.9039772 -1.6022993 -1.6581417 -1.3812038 -1.472768 -1.2980527 -1.8169029 -1.45804 -1.5405139 0.95879555 -1.3734946 -1.7808483 -1.3284789 -0.8651621 -1.393441 -1.5143228 -1.286468 0.6597735
KEGG_SELENOAMINO_ACID_METABOLISM -1.4450252 -1.4772893 -0.7698836 -1.0377038 -1.7005208 -1.7092075 -2.0384192 -1.3935314 -0.6809759 -1.7925873 -2.0247567 -1.6279459 -1.4304681 -1.5678197 -1.5202112 -1.4750261 -1.4836657 0.38194184
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Extended Figure 2c. Normalized enrichment scores (NES) for relative transcript stability averaged across 16 cell lines for the KEGG 
pathways indicated. The error bars indicate the standard deviation of NES scores from the 16 cell lines. Related to Figure 2l. 
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Extended Figure 3. Mitochondrial transcripts show differential turnover rates. Read coverages across the mitochondrial genome are 
displayed for 2h vs 0h (top), 6h vs. 2h (middle) and 6h vs. 0h (bottom) across 16 cell lines. 
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Extended Figure 4. Transcript-specific vs. cell type-specific stability. a) Examples of transcripts that show very similar 
degradation patterns across all 16 cell lines. b) Examples of transcripts that show diverse degradation patterns across the 16 
cell lines.
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Extended Figure 5. Distribution of Log2FC scaled stability values across the 16 cell lines for the 0-2h time period (top in 
blue) and for the 2-6h time period (bottom in red).
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Extended Figure 6. Initial high degradation rates followed by high stability for transcripts encoding proteins assembled into a) 
proteasomes b), ribosomes and c) mitochondria.
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CELL CYCLE PATHWAYS IN CANCER RNA DEGRADATIONTNF SIGNALING
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Extended Figure 7. Distribution of scaled stability values for transcripts belonging to GSEA pathways. The scaled stability values 
of each individual transcript were averaged across the 16 cell lines and plotted in a 2-dimensional matrix with number of genes 
sampled in the pathway indicated. 
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Extended Figure 8. Retention of intron #4 in the STAM transcript despite efficient splicing across all 16 cell lines. (Related 
to Figure 5 c&d). a) The splicing indices across the STAM transcript at 0h, 2h and 6h were averaged from the 16 cell lines 
and plotted across the gene. b) The relative stabilities of the different introns across the STAM gene at 2h (0-2h) and 6h 
(2-6h) were averaged and plotted across the gene. 
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