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Supplemental Figures 

 
Supplemental Fig S1. Deletion of human TP53 gene in HepG2 cells using the 
CRISPR-Cas9 system. (A) The locus and sequences of two specific sgRNAs targeting 
the exon 5 of the human TP53 gene. Gray box, the exon 5 of the human TP53 gene; 
black line, intron; blue font, single guide RNA (sgRNA); red font, the PAM motif. (B) 
Sanger sequencing showing the deletion mutation of two TP53 alleles in HepG2TP53-/- 
cells with the corresponding sequences of the wild-type TP53 gene in HepG2 cells for 
comparison. The dashed line indicated the locus of the deleted sequences in two TP53 
alleles of HepG2TP53-/- cells.  

 
  



 

Supplemental Fig S2. The RNA-seq analysis of HepG2 cells and HepG2TP53-/- cells 
upon DNA damage shows the involvement of TP53 pathway. (A) The volcano plots 
showing the fold-change and significance of all the expressed protein-coding genes in 
the two comparison groups (left, WT-ADR+ vs W-ADR-; right, WT-ADR+ vs TP53-/--
ADR+). The canonical TP53 targets (CDKN1A, FAS and BTG2) were pointed out with 
lines. The magenta spots and the green represent the differentially expressed protein 
genes and non-differentially expressed protein genes, respectively. The abscissa 
represents the difference between the two data sets following log2 conversion and the 
ordinate represents the -log10(P-value). (B) KEGG enrichment analysis for 



differentially expressed protein-coding genes in the groups above. (C) Venn diagram 
showing the overlap of protein genes between the above two comparison groups. The 
overlap genes represented TP53-dependent protein genes in response to DNA damage. 
(D) Venn diagram showing the TP53-dependent protein genes in response to DNA 
damage by excluding ADR effect for WT vs TP53-/- set from ADR effect for WT set in 
the integrative analysis. (E) Comparison of the TP53-dependent protein genes in 
response to DNA damage identified by previous two comparison groups and integrative 
analysis. The P-value was calculated by Fisher’s test.  

  



 

Supplemental Fig S3. The identification of TP53-dependent lncRNAs in response to 
DNA damage. (A) The volcano plots showing the fold-change and significance of all 
the expressed lncRNAs in the two comparison groups above. The magenta spots and 
the green represent the differentially expressed lncRNAs and nondifferentially 
expressed lncRNAs, respectively. (B) Venn diagram showing the TP53-dependent 
lncRNAs in response to DNA damage by excluding ADR effect for WT vs TP53-/- set 
from ADR effect for WT set in integrative analysis. (C) Comparison of the TP53-
dependent lncRNAs in response to DNA damage identified by previous two 
comparison groups and integrative analysis. The P-value was calculated by Fisher’s 
test. 
  



 

 

Supplemental Fig S4. The 3-nt periodicity of the translatable ORFs in lncRNAs. The 
distribution of 20 lncORFs for 3-nt periodicity. 
  



 

Supplemental Fig S5. Identification of peptides encoded by TP53-regulated lncRNAs 
and their subcellular localization. (A) The list of candidate TP53-regulated lncRNAs 
(TP53LCs). LncRNAs annotated by GENCODE v30 and HGNC were used in the list. 
The predicted peptide length and the coding ability of these annotated lncRNAs were 
also showed in the list. (B) Schematic diagram of the C-terminally 3 × FLAG-tagged 
vector (named as pCFH). (C) Subcellular localization of the verified peptides in HepG2 
cells. 



 
Supplemental Fig S6. Other unique peptides of TP53LC02 (A), TP53LC03 (B) and 
TP53LC04 (C) were identified using multiple reaction monitoring-mass spectrometry 
(MRM-MS) in HepG2-ADR+ cells. Mass chromatograms of the corresponding 
endogenous peptides are showed in left, and the corresponding heavy-peptides are 
indicated in right.  



 
Supplemental Fig S7. The genomic view of TP53LC04 locus. (A) The structure 
schematic of the transcript and ORF of the TP53LC04 peptide. The boxes represent 
exons and the lines represent introns or intergenic regions, the red box represents the 
ORF of the TP53LC04 peptide. And the length of the transcript is indicated below. (B) 
The amino acid sequences of the human TP53LC04 peptide and the customized 
antibody were generated against the sequences in the red box. (C) Genomic view of 
TP53LC04 locus in different GENCODE versions. 
 
  



 
Supplemental Fig S8. Characteristics of the expression and location of TP53LC04. (A) 
The relative RNA expression of TP53LC04 detected by qRT-PCR in HepG2, HCT116 
and U2OS cells that stably silenced TP53LC04 under the DNA-damage conditions. (B) 
The relative RNA expression of TP53LC04 detected by qRT-PCR in HepG2 cells 
overexpressing TP53LC04. (C) The protein expression of TP53LC04 detected by 
western blotting in HCT116 and U2OS overexpressing TP53LC04-3 × FLAG and its 
mutant vectors. (D) Full Western blot of the new antibody against TP53LC04. The red 
box represents the main band position of the TP53LC04 antibody. (E) The 



immunofluorescence assays showing the subcellular location of the TP53LC04 peptide 
in HepG2 cells. HepG2 cells were immuno-stained using the anti-TP53LC04 antibody. 
Scale bar, 10 μm.  



 
Supplemental Fig S9. The selected lncRNA candidates and TP53LC04 are TP53-
inducible. (A) ChIP-seq tracks of normalized sequence tags show enrichment for TP53 
along the TP53LC01 (also known as AL157788.1) and TP53LC18 (also known as 
LNCTAM34A) loci in relative treatment visualized on IGV software. The box under 
track represents the TP53 enrichment peak, and “Dox+” represented the samples treated 
with doxorubicin (dox) also called adriamycin (ADR), and “DDP+” represented the 
samples treated with cis-platinum. (B) The indicated protein levels in HCT116 and 
U2OS cells with or without ADR treatment. (C) The protein levels of TP53LC04 and 
TP53 in HCT116 and U2OS cells that stably knocked down TP53, with or without ADR 
treatment. (D) The diagram of the screening and validation process.  



 
Supplemental Fig S10. Alternative frameshift mutations showing that the TP53LC04 
peptide, not its original lncRNA, functions in regulating cell proliferation. (A) 
Schematic diagram of the 3 × FLAG-tagged vectors inserted with wild-type TP53LC04 
ORF or three different frameshift mutants. (B) The protein levels of TP53LC04-3 × 
FLAG in various cell lines overexpressing wild-type and mutated vectors. (C) CCK-8 
assays showing the cell viability in various cell lines transfected with the indicated 
vectors above. (D-E) Colony formation assays showing the abilities of colony 
formation in various cell lines transfected with the indicated vectors above. The 
representative pictures of colonies were showed in the (D) and the relative area of 
colonies was counted in the (E). (F) EdU-based assay showing the cell proliferation of 
various cell lines stably knocked down TP53LC04, with ADR treatment. 10 ×, Scale 
bar, 10 μm. (G) The qPCR assays showing the expression of TP53 and TP53LC04 in 



sh-TP53LC04 HepG2TP53-/- restoring wild-type TP53 and sh-resistant TP53LC04, with 
ADR treatment. Data are represented as mean ± SEM. *P < 0.05, **P < 0.01 and ***P 
< 0.001.  



 
Supplemental Fig S11. The TP53-inducible TP53LC02 peptide participates in 
controlling cell proliferation. (A) The protein levels of TP53LC02-3 × FLAG in 
HCT116 and U2OS cells overexpressing wild-type and mutated vectors. (B) The 
immunofluorescence assays showing the overexpression and subcellular location of the 
TP53LC02 peptide in HepG2 cells. HepG2 cells were transfected with the indicated 
vectors and then the TP53LC02 peptide was immuno-stained using the anti-FLAG 
antibody. Scale bar, 10 µm. (C) CCK-8 assays showing the cell viability in HepG2, 
HCT116 and U2OS cells transfected with the indicated TP53LC02 vectors. (D-E) 
Colony formation assays showing the abilities of colony formation in HepG2, HCT116 
and U2OS cells transfected with the indicated TP53LC02 vectors. The representative 
pictures of colonies were showed in the (D) and the relative area of colonies was 



counted in the (E). (F) The relative RNA expression of TP53LC02 detected by qRT-
PCR in HepG2, HCT116 and U2OS cells that stably silenced TP53LC02 under the 
DNA-damage conditions. (G) CCK-8 assays showing the cell viability in HepG2, 
HCT116 and U2OS cells stably silenced TP53LC02 with the DNA-damage drug ADR 
treatment for 24 h. (H-I) Colony formation assays showing the abilities of colony 
formation in HepG2, HCT116 and U2OS cells stably silenced TP53LC02. The 
representative pictures of colonies were showed in the (H) and the relative area of 
colonies was counted in the (I). (J) EdU-based assay showing the cell proliferation of 
the above three ADR+ cells that stably silenced TP53LC02, 10 ×, Scale bar, 10 μm. 

  



 
Supplemental Fig S12. The RNA-seq analysis of stable TP53LC04-silenced HepG2 
cells upon DNA damage shows the involvement of proliferation pathway. (A) The 
differentially expressed genes of the RNA-seq analysis in HepG2 cells that stable-
silenced TP53LC04, compared with the control sample (sh-LacZ), both cells treated 
with 500 ng/mL ADR. (B) The Venn diagram showing the overlap of differentially 
expressed protein genes between two comparison groups (sh-TP53LC04-1-ADR+ vs 
sh-LacZ-ADR+; WT-ADR+ vs TP53-/--ADR+). (C) The selected differentially expressed 



genes were determined by qPCR. (D-E) GO and KEGG pathway enrichment analysis 
for downregulated genes correspond to proliferation in the groups above. 


