
 

Supplementary Data 

Supplemental Data 1: Gene-level TPM expression levels (Cell_RSEM), splicing efficiencies 
and specificities (in WCE, Cyto and Nuc fractions), splicing efficiencies of 
worst intron (in WCE, Cyto and Nuc fractions), localization (Cyto/Nuc log2 
ratios), and classified localization (cytoplasmic/intermediate/nuclear) for nine 
ENCODE cell lines. 

Supplemental Data 2: Intron-level splicing efficiencies for nine ENCODE cell lines. The 
Intron.pos column contains our intron index, and coordinates of the intron in 
hg19. 

Supplemental Data 3: Pol2 pausing indices and Pol2 occupancy over introns for six ENCODE 
cell lines. 

Supplemental Data 4: ChIP mean signals of chromatin modifications over introns and over 
exon-intron junctions for seven ENCODE cell lines. 

Supplemental Data 5: Gene architecture and sequence features - length parameters, splice-
site scores and conservation, hexamers’ enrichment and nucleotide 
enrichment in 3rd positions of codons (codonPref). 

Supplemental Data 6: A list of the features used for linear regression models and random 
forest classifiers (Fig. 5) with a brief description and data sources. For more 
details, see Methods section. 

Supplemental Data 7: (A) AUC, precision and recall mean values for the three localization 
classes in indicated cell lines as calculated by 100 repeats of 10-fold cross 
validation. SD is indicated in parentheses. (B) AUC, precision and recall 
values of models trained and tested on pairs of cell lines. (C) AUC, precision 
and recall values of models trained on data from human HepG2 and K562 
cell lines and tested on mouse liver data and vice versa. 

Supplemental Data 8: Gene-level expression levels (Liver_Cell_RSEM), splicing efficiencies 
and specificities (in WCE, Cyto and Nuc fractions), splicing efficiencies of 
worst intron (in WCE, Cyto and Nuc fractions) and localization (Cyto/Nuc log2 
ratios) for mouse liver. 

Supplemental Data 9: Human-mouse orthologs list, gene IDs refer to GENCODE v26 and M13 
annotations for human and mouse, respectively. 

Supplemental Data 10: GO enrichments in ranked lists of nuclearly retained PCGs for nine 
ENCODE cell lines. 

 

  



 

Supplementary Figures 

 
Supplemental Figure 1. An additional example of gene-level splicing quantification. As in Fig. 
1, for the lncRNA ZFAS1.  

  



 

 
 

Supplemental Figure 2. Distribution of different parameters in PCGs and lncRNAs. (A) 
Distributions of expression levels for the nine ENCODE cell lines. (B) Gene-level length parameters of 
PCGs and lncRNAs. Maximal value among all gene isoforms were used. (C-E) Subcellular localization, 
splicing efficiency and specificity distributions for lncRNAs and a sample of PCGs matched for their 
expression and exon counts to the lncRNAs (see Methods). Asterisks indicate P<10-6 for localization 
and P<10-16 for the other parameters (Wilcoxon rank sum test). (F) Example of the binning approach 
used to generate gene lists for panels C-E. Binning was initially performed on lncRNAs (left), using exon 
counts (columns) and expression levels (rows). Numbers and color indicate amount of genes in each bin 
with non-missing subcellular localization values in K562 dataset. PCGs were classified using the same 
limits (middle). The final amount of genes per bin used for plotting localization distributions are shown in 
the right. 



 

 

Supplemental Figure 3. (A-B) As Supplemental Figure 2A-B, for different classes of lncRNAs as 
defined by GENCODE. (C-E) As Fig. 2B-D, for different classes of lncRNAs as defined by 
GENCODE and nine ENCODE cell lines. 



 

 
Supplemental Figure 4. (A) As in Fig. 3A, random sampling of PCGs to match the amount of lncRNA 
shown in Fig. 3B. (B) As in Fig. 3C, random sampling of PCGs to match the amount of lncRNA shown 
in Fig. 3D. (C) As in Fig. 3B, showing splicing-localization correlations separately for different classes of 
lncRNAs as defined by GENCODE. (D) Same as Fig. 3E, but showing correlations between differences 
in splicing specificity and localization. 



 

 

Supplemental Figure 5. Gene architecture and Pol2 features are associated with 
localization. (A) As in Fig. 4A, showing separately correlations for antisense (top) and lincRNA 
(bottom) gene biotypes as defined by GENCODE. (B) As in Fig. 4A, showing partial correlations 
controlling for expression levels and gene architecture (number of exons and exonic and intronic 
length). (C) Distributions of Pol2 pausing index (left) and mean Pol2 coverage over introns (right) 
for PCGs and lncRNAs in K562 cells. Asterisk indicates P value < 10-5 (Wilcoxon rank sum test). 

 



 

 

Supplemental Figure 6. Association of promoter-proximal Pol2 pausing and subcellular 
localization. (A) Correlation between Pol2 pausing index and localization fir PCGs (left) and 
lncRNAs (right) in HepG2 cells. Coloring indicates local point density. Regression line is shown in 
bold. Fisher Z-transformation P value = 4.07e-05 (comparing PCGs and lncRNAs). (B) Same as A, 
separately for sub-groups of lncRNAs split by the conservation scores of their first intron 5’ (left) or 
3’ (right) splice site sequences. Correlation coefficients and P-values computed using Spearman’s 
correlation. The difference between the correlations for genes with high and low SS conservation is 
significant, with Fisher Z-transformation P values 0.0021 (5’) and 0.022 (3’). 



 

 

Supplemental Figure 7. Correlation of sequence elements with splicing and localization. 
(A-C) Correlation between the indicated measures of nucleotide preference and Cyto/Nuc ratios 
(A), splicing efficiency (B), and Cyto/Nuc ratios when controlling for splicing efficiency (C). 
Correlation coefficients and FDR-adjusted P-values computed using Spearman’s correlation. 



 

 

Supplemental Figure 8. Correlation of chromatin marks with splicing and 
localization. (A) Correlation of splicing and localization with coverage of chromatin marks 
over splice junctions. Correlation coefficients and FDR-adjusted P-values computed using 
Spearman’s correlation. (B) Same as A, but for average coverage over the intron. 

 



 

 
Supplemental Figure 9. Predictive models for localization in various cell lines. Same as 
Fig. 6A-B, but for additional cell lines.  

Pol2 over introns

C
ha

ng
e 

in
 R

2

PCGs
lncRNAs

A

B

N
S**
*

N
S**
*

**
*

N
S

N
S**
*

N
S**
*

N
S**
*

N
S**
* *

**
*

N
S*

N
S**
*

N
S* *

**
*

N
S*

N
S**
*

N
S**

N
S**
*

**
*

**
*

N
S**
*

N
S**
*

N
S**
*

N
S**
*

N
S**
* *

**
* *

**
* ** *

**
* *

**
*

N
S*

N
S**
*

N
S*

*
**

*

**
*

**
* *

N
S

N
S**
* *

**
*

N
S**
*

N
S**
* ****
*

N
S**
* ****
*

N
S

N
S

N
S**
*

N
S** N
S**
*

N
S**
*

N
S**
*

**
*

**
* ****
*

N
S**
*

N
S**
*

N
S**
*

N
S**
* *

**
* **

N
S*

N
S**
*

HUVEC (0.427, 0.34) IMR90 (0.353, 0.223)

GM12878 (0.371, 0.171) HeLa S3 (0.423, 0.23)

expression
exons count
exonic length
intronic length
splicing eff.
worstIntron eff.
splicing specif.
Pol2 pausing

H
3k27ac

H
3k4m

e2
H

3k4m
e3

H
3k79m

e2
A-rich pref.
C

-rich pref.

Pol2 over introns

expression
exons count
exonic length
intronic length
splicing eff.
worstIntron eff.
splicing specif.
Pol2 pausing

H
3k27ac

H
3k4m

e2
H

3k4m
e3

H
3k79m

e2
A-rich pref.
C

-rich pref.
−0.25

0.00

0.25

0.50

−0.25

0.00

0.25

0.50

R
el

at
ive

 c
on

tri
bu

tio
n 

to
 lo

ca
liz

at
io

n

HUVEC IMR90

GM12878 HeLa S3

expression
Pol2
histone m

arks
Pol2+histone m

arks
gene structure
splicing
hexam

ers

expression
Pol2
histone m

arks
Pol2+histone m

arks
gene structure
splicing
hexam

ers

−0.2

−0.1

0.0

0.1

−0.2

−0.1

0.0

0.1



 

 

Supplemental Figure 10. (A-B) Correlation between splicing efficiency, averaged across all 
introns, and localization of PCGs (A) and lncRNAs (B) in mouse liver. (C-D) Correlation 
between the splicing efficiency of the least efficient intron and localization of PCGs (C) and 
lncRNAs (D) in mouse liver. Coloring indicates local point density. Regression line is shown in 
bold. Correlation coefficients and P-values computed using Spearman’s correlation. 



 

 

Supplemental Figure 11. (A-D) Difference in splice site strength (A-C) and conservation (D) 
between PCGs and lncRNAs. P-values computed using Wilcoxon rank-sum test. (E-H) 
Correlation between half lives (from Schueler et al. 2014) and changes in splicing (E-G) or 
expression levels (H) following inhibition of splicing for six hours using spliceostatin A (from 
Yoshimoto et al. 2017) in HeLa S3 cells. In E, the difference between the splicing change in the 
cytoplasm and the splicing change in the nucleus is shown on the Y axis. Correlation 
coefficients and P-values computed using Spearman’s correlation. 

 


