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Supplementary Figure 1. NAP-seq-NGS and NAP-seq-TGS exhibit a strong 20 

correlation. a The design of dual RNA adapters for capturing both ends of napRNAs 21 

and the schematic of NAP-seq-NGS. b, c Removal efficiency of RNAs from total RNA 22 

using DNA probes and RNase H treatment. The expression level of rRNA and some 23 

snoRNAs were measured by RT-qPCR with RNase H treatment (b). Source data are 24 

provided as a Source Data file. Genomic distribution of reads in HepG2 rep1 library 25 

after RNase H treatment (c). d Scatterplot show the correlation between reads obtained 26 

by the NAP-seq-NGS and NAP-seq-TGS (rep1, replicate1). Read numbers, RPM, reads 27 

per million. P value was calculated by two-sided Pearson’s correlation test. e The 28 
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distribution and the percentage of NAP-seq-NGS and NAP-seq-TGS reads in annotated 29 

gene types. f Workflow of napRNA identification in NAP-seq-NGS and NAP-seq-TGS. 30 

g Pie plot show that the napRNAs identified by NAP-seq-NGS were supported by NAP-31 

seq-TGS in humans and mice. 32 

33 
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 34 

Supplementary Figure 2. NAP-seq reliably detects napRNAs at single-nucleotide 35 

resolution. a snoRNAs with >100nt length can be detected by NAP-seq and mRNA-36 

seq. b Intersection of 5'-start-sites of napRNAs detected by NAP-seq and 5'-cap-sites 37 

detected by CAP-seq. c Genome Browser view of 5’-start signals from NAP-seq and 38 
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CAP-seq (RPM, reads per million) in an extended region of three overlapped sites. d 39 

and e Number of coincidences between the 5’-start (or 3’-end) sites in NAP-seq-NGS 40 

reads and the 5’-start (or 3’-end) sites in known ncRNAs in HEK293T (d) and U87 (e) 41 

cells. The x-axis shows the distance from the 5’-start (or 3’-end) site in a NAP-seq-42 

NGS read to the annotated 5’-start (or 3’-end) sites in known ncRNAs, and the y-axis 43 

shows the number of reads within a certain distance. The bottom panel shows a heatmap, 44 

in which each row represents a gene that shares the same 5’-start (or 3’-end) site with 45 

the NAP-seq-NGS read, and each column represents the expression values of genes at 46 

a specific distance. expr, expression value. 47 

 48 

49 
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 50 

Supplementary Figure 3. Characters of structured ncRNAs detected by NAP-seq. 51 

a Overview of the computational pipeline applied for NAP-seq analysis. b and c 52 

Distribution of napRNAs identified by NAP-seq-NGS within annotated gene types in 53 

humans (b) and mice (c). RE, repetitive elements. d Cumulative curves and box plots 54 
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showing the lengths of previously undiscovered napRNAs identified by NAP-seq and 55 

known ncRNAs (including miRNAs, snoRNAs, and tRNAs) in humans. e Cumulative 56 

curves and box plots showing the average minimum free energy (avg. MFE) values of 57 

napRNAs identified by NAP-seq and of random sequences in humans. P values in d 58 

and e were calculated by two-sided Mann-Whitney-Wilcoxon test. Each boxplot shows 59 

the minima, maxima, centre, bounds of box, whiskers, first and third percentile. f NAP-60 

SHAPE-MaP reactivity of the napRNA. X axis represent various secondary structure 61 

region of napRNA. Y axis represent the mean reactivity of SHAPE-MaP. g The 62 

secondary structure model and SHAPE-MaP reactivity score for each base of 63 

SCARNA3 (left) and SNORA14B (right), with different colors representing different 64 

range of reactivity scores. h Covariation structure of a specific napRNA, hsa-napRNA-65 

1852 (chr3:193,155,217-193,155,403: -) and hsa-napRNA-2666 (chrX: 20194567-66 

20194942: -). The coevolving base sequences are annotated with a green background 67 

pattern. i The secondary structure model and SHAPE-MaP reactivity score for each 68 

base of hsa-napRNA-1852 and hsa-napRNA-2666, with different colors representing 69 

different range of reactivity scores.  70 

71 
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 72 

Supplementary Figure 4. Evolutionary conservation of napRNAs. a Simplified 73 

phylogenetic tree of napRNAs by species. The tree tips indicate the number of 74 

napRNAs in each species. The pie plots indicate the genomic distribution of napRNAs 75 

with varying degrees of conservation. b Sequence alignment for conservation analysis 76 

of hsa-napRNA-2120 77 

(https://rnasysu.com/napSeq/structure_browse.php?organism=human&assembly=hg378 

8&protein=&factor_type=napRNA&sample_id=hsa-napRNA-2120). c Top enriched 79 

Gene Ontology (GO) enriched with the host genes of the napRNAs originated more 80 

than 300 Myr ago. 81 

82 
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 83 

Supplementary Figure 5. napRNAs are stable rather than byproducts of RNA 84 

degradation. a The steady-state level of napRNAs and other functional RNA species, 85 

e.g. mRNA, lncRNA, miRNA and snoRNA, using total RNA-seq data from the 86 

GSE88089 dataset and small RNA-seq from ENCSR000CRX dataset. P values were 87 

calculated by two-sided Mann-Whitney-Wilcoxon test. Each boxplot shows the minima, 88 

maxima, centre, bounds of box, whiskers, first and third percentile. b-f The RNA half-89 
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life assay of napRNAs in HepG2 cell by using 5μg/ml ActD treatment. b The RNA 90 

half-life of CD-napRNA and ACA-napRNA; c The RNA half-life of sliRNA and the 91 

ACTB intron which is rapid degraded; d The RNA half-life of snotrons and snoRNAs; e The 92 

RNA half-life of misRNA and miRNA; f the The RNA half-life of mRNA and sno-end 93 

lncRNA. Source data are provided as a Source Data file. 94 

 95 

96 
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Supplementary Figure 6. Structured ncRNAs with dynamic expression profiles. a 98 

The heatmap showing the differentially expressed napRNAs in three human cell lines. 99 
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b Box plot showing the differential expression (3 biological replicates) of hsa-napRNA-100 

48 (chr8:11,853,940-11,854,141: -), which was highly expressed in U87 cells compared 101 

to the other cell lines. RPM, reads per million. c The heatmap showing the differentially 102 

expressed napRNAs during different cellular stress responses. d Scatterplot show the 103 

correlation between reads (RPM, reads per million) obtained by the NAP-seq (napRNA 104 

regions) and RNA-seq (host gene regions) in human. e The heatmap showing the 105 

differentially expressed napRNAs at different myoblast differentiation stages. Each row 106 

in a, c and e represents a differentially expressed napRNA, and each column represents 107 

a sample with 3 biological replicates, except for CoCl2 treatment, which had 2 108 

biological replicates. The colour, ranging from blue to red, represents the relative 109 

expression values from low to high, respectively. f Box plot showing the differential 110 

expression (3 biological replicates) of mmu-napRNA-263 (chr10:111,983,386-111 

111,983,649: +), which was differentially expressed during myoblast differentiation. g 112 

Genomic distribution of differentially expressed napRNAs in mouse C2C12 cells 113 

during developmental stages. h-j Scatterplot show the correlation of differential gene 114 

changes between NAP-seq (napRNAs) and RNA-seq (host mRNAs of napRNAs). P 115 

values in d and h-j were calculated by two-sided Pearson’s correlation test. D72 116 

represents for C2C12 cells induced to differentiate for 72h; D96 represents for C2C12 117 

cells induced to differentiate for 96h; D144 represents for C2C12 cells induced to 118 

differentiate for 144h. 119 

 120 

121 
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Supplementary Figure 7. Structured ncRNAs with histone modifications. a Histone 123 

modification status in previously unidentified napRNAs in humans. Radar plots 124 

showing the kinds of napRNA clusters and the corresponding numbers. b-i Diverse 125 

types of histone modifications are abundant in previously unidentified napRNAs in 126 

humans. The x-axis shows the regions of napRNA bodies and the regions up to 2 kb 127 

upstream and downstream. The clusters H3K27ac (b), H3K4me1 (c), H3K79me2 (d), 128 
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H3K36me3 (e), H3K27me3 (f) and H3K9me3 (g) represent the kinds of histone 129 

modifications that were dominant, while clusters H4K20me1 (h) and H3K4me3 (i) 130 

represent various histone modifications that worked in synergy. j Histone modification 131 

patterns of previously unidentified napRNAs in mice. Radar plots showing various 132 

kinds of napRNA clusters and the corresponding numbers. k-o Clusters of histone 133 

modifications within napRNAs in mice. 134 

135 
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Supplementary Figure 8. Computational pipeline for discovering several 137 

subgroups of ncRNAs and characteristics of Pol3-napRNAs. a An overview of the 138 

computational pipeline developed for the identification of a previously unknown 139 

subgroup of ncRNAs. b Multiple sequence alignment of the previously unidentified 140 

Pol3-napRNAs. The relatively conserved A/B box sequences and 4U tails are 141 

highlighted in red boxes. c and d Genome Browser view of 5’-start, 3’-end and 142 

coverage signals (RPM, reads per million) in an extended region of Pol3-napRNAs at 143 

single-nucleotide resolution. e The highly stable secondary structure of hsa-novel-Pol3-144 

5. A negative z score indicated that a sequence was more stable than expected by chance. 145 

f Distribution of candidate mouse Pol3-napRNAs in annotated gene types. Only the 146 

napRNAs located within intergenic, intronic, and repetitive elements were retained and 147 
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are shown in the figure. RE, repetitive elements. 148 

149 
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 151 

Supplementary Figure 9. Characteristics of C/D box napRNAs. a Distribution of 152 

candidate mouse C/D-napRNAs in annotated gene types. Only the napRNAs located 153 

within intergenic, intronic, and repetitive elements were retained and are shown in the 154 

figure. b Cumulative curves and box plots showing the lengths of previously 155 

unidentified C/D-napRNAs and known C/D box snoRNAs (from snoRNABase). P 156 



18 

 

value was calculated by two-sided Mann-Whitney-Wilcoxon test. Each boxplot shows 157 

the minima, maxima, centre, bounds of box, whiskers, first and third percentile. c-g 158 

Genome Browser view (c, e and g) and RNA secondary structure (d and f) of C/D-159 

napRNAs. A negative z score indicated that a sequence was more stable than expected 160 

by chance. h The interaction between FBL protein and snoRNAs identified by NAP-161 

seq were confirmed by RIP-qPCR in HepG2 cells. The values are mean ± SEM of 3 162 

independent experiments. Two-sided t-test. ns, not significant. Source data are provided 163 

as a Source Data file. 164 

 165 



19 

 

 166 

Supplementary Figure 10. Characteristics of H/ACA box napRNAs. a Distribution 167 

of candidate mouse H/ACA-napRNAs in annotated gene types. Only the napRNAs 168 

located within intergenic, intronic, and repetitive elements were retained and are shown 169 

in the figure. b Cumulative curves and box plots showing the lengths of previously 170 

unidentified H/ACA-napRNAs and known H/ACA box snoRNAs (from snoRNABase). 171 

P value was calculated by two-sided Mann-Whitney-Wilcoxon test. Each boxplot 172 

shows the minima, maxima, centre, bounds of box, whiskers, first and third percentile. 173 
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c-g Genome Browser view (c, d and f) and secondary structure (e and g) of H/ACA-174 

napRNAs. A negative z score indicated that a sequence was more stable than expected 175 

by chance. h The intersection of H/ACA-napRNAs identified by NAP-seq and the 176 

previously identified Alu-H/ACA snoRNAs. i The interaction between DKC1 protein 177 

and snoRNAs identified by NAP-seq were confirmed by RIP-qPCR in HepG2 cells. j 178 

Intersection of snoRNA-like napRNAs identified from humans and mice. For 179 

conservation analysis, 521 Alu-ACA napRNAs identified by NAP-seq were excluded 180 

from the 1115 snoRNA-like napRNAs in human. The values in i are mean ± SEM of 3 181 

independent experiments. Two-sided t-test.ns, not significant. Source data are provided 182 

as a Source Data file. 183 

184 
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 185 

Supplementary Figure 11. mmu-novel-CD-6, derived from a repetitive element, 186 

inhibited C2C12 myoblast differentiation. a The dynamic expression of mmu-novel-187 

CD-6 during C2C12 myoblast differentiation. Genome Browser view of 5’-start, 3’-end 188 

and coverage signals (RPM, reads per million) in an extended region of mmu-novel-189 

CD-6. b The highly stable secondary structure of mmu-novel-CD-6. The detailed 190 

information and the z score calculated by RNAz are shown. c and d The 3’-end site in 191 

mmu-novel-CD-6 was confirmed by poly(T) RT–PCR (c) coupled with Sanger 192 

sequencing (d). e Subcellular localization of mmu-novel-CD-6 (yellow), as assessed by 193 

smiFiSH. Nuclear DNA was stained with DAPI (blue). Simultaneously, FBL protein 194 

(green) and SC-35 domains (red) was stained by immunofluorescence (IF). All images 195 

are representative of two biological replicates. f qPCR was used to assess the RNA 196 

expression of mmu-novel-CD-6 and its host gene-Exosc2 when C2C12 myoblasts were 197 

induced to differentiate for 0 h (D0), 72 h (D72), 96 h (D96) and 144 h (D144). g The 198 

expression levels of mmu-novel-CD-6 and Exosc2 were determined by qPCR in mmu-199 
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novel-CD-6-overexpressing C2C12 cells and mmu-novel-CD-6 mutant with D box 200 

mutation-overexpressing cells (mmu-novel-CD6-mD) at 48 h (D48). Western blotting 201 

analysis showed the level of MHC and Mef2c compared with that in control C2C12 202 

cells at 48 h (D48). h The expression levels of mmu-novel-CD-6 and Exosc2 were 203 

determined by qPCR in mmu-novel-CD-6 knockdown C2C12 cells at 48 h (D48). 204 

Western blotting analysis showed the level of MHC and Mef2c compared with that in 205 

control C2C12 cells at 48 h (D48). The values in f, g and h are mean ± SEM of 3 206 

independent experiments. Two-sided t-test. Source data are provided as a Source Data 207 

file.. 208 

209 
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 210 

Supplementary Figure 12. Dynamic expression of sliRNAs. a and b The number of 211 

overlapping napRNAs harbouring both a 5’-SS and 3’-SS in humans (a) and mice (b); 212 

these napRNAs were named sliRNAs. c and d The expression of sliRNAs in human 213 
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cells. Genome Browser view of both terminal sites and read coverage (RPM) in an 214 

extended region of sliRNAs in humans. e and f The dynamic expression of sliRNAs 215 

during myoblast differentiation. Genome Browser view of both terminal sites and read 216 

coverage (RPM, reads per million) in an extended region of sliRNAs during myoblast 217 

differentiation. 218 

219 
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 220 

Supplementary Figure 13. Genomic features of sliRNAs. a Cumulative curves and 221 

box plots showing the conservation scores of sliRNAs (stable introns) and other introns 222 

in humans. b The heatmap showing the differentially expressed sliRNAs in HepG2 cells 223 

under control and three stress-response treatment conditions. Each row represents a 224 

differentially expressed sliRNA, and each column represents a treatment type. The 225 

colour, ranging from blue to red, represents the relative expression values from low to 226 
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high, respectively. c Stress-response expression profiles of sliRNAs in HepG2 cells. 227 

The c-means fuzzy clustering method identified four different stress-response patterns. 228 

The x-axis shows the four treatments in HepG2 cells, while the y-axis shows the log2-229 

transformed, normalized intensity ratios in each condition. d Expression values of 230 

representative genes of pattern 1 in c. Box plot showing the log2 RPM values in HepG2 231 

cells under four conditions. Each box shows the first quartile, median, and third quartile. 232 

e The heatmap showing the differentially expressed sliRNAs in mouse C2C12 cells at 233 

four developmental stages. f Temporal expression profiles of sliRNAs in C2C12 cells. 234 

The c-means fuzzy clustering method identified four different temporal patterns. The 235 

x-axis shows the four developmental stages, while the y-axis shows the log2-236 

transformed, normalized intensity ratios in each stage. g Expression values of 237 

representative genes of pattern 4 in f. Box plot showing the log2RPM (RPM, reads per 238 

million) values in C2C12 cells at four stages. Each box shows the first quartile, median, 239 

and third quartile. h The consensus sequences of splicing signals, including the 5’ splice 240 

sites (top), 3’ splice sites (middle) and branch points (bottom) of sliRNAs and other 241 

introns. The x-axis shows the relative base position, and the y-axis shows the base 242 

identity. i Cumulative curves and box plots showing the distance from intron 3’ splice 243 

sites to branch points (A) in human sliRNAs. Each box shows the first quartile, median, 244 

and third quartile. ns, not significant. j Comparison of RBP binding to sliRNAs or other 245 

introns. The RBP-binding percentages of sliRNAs and other introns are shown. The x-246 

axis shows the RBPs (top 20), and the y-axis shows the percentage of introns that can 247 

be bound by the RBP among all introns. k Cumulative curves and box plots showing 248 

the MFE values of sliRNAs and other introns with a length ≤500 nt in mice. Each 249 

boxplot in a, i and k shows the minima, maxima, centre, bounds of box, whiskers, first 250 

and third percentile. P values in a, i and k were calculated by two-sided Mann-Whitney-251 

Wilcoxon test. 252 
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 253 

Supplementary Figure 14. Evolutionary conservation and characteristics of 254 

snotrons. a The expression profile of snotrons in humans. Genome Browser view of 255 

5’-start, 3’-end and coverage signals (RPM, reads per million) in an extended region of 256 

the snotron hsa-snotron-3 (chr1:173,864,707-173,864,905). b The secondary structure 257 

of snotron hsa-snotron-3. c The interaction between the FBL and snotrons containing 258 

C/D box snoRNA sequences was confirmed by RIP-qPCR in HepG2 cells. The values 259 

are mean ± SEM of 3 independent experiments. Two-sided t-test. Source data are 260 

provided as a Source Data file. d Evolutionary conservation analysis of the snotron hsa-261 
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snotron-1 (chr3:186,784,797-186,784,960) is shown by the conservation score (PhyloP) 262 

and multiple sequence alignment in 100 vertebrate species. e Comparion of the snoRNA 263 

and snotron expression. The expression of snoRNAs were calculated by PEN-seq in 264 

HepG2 (GSE160887 265 

[https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160887]). Snotron 266 

expression was compared to snoRNAs by removing the batch effect, correcting the 267 

library depth, and normalizing the gene length. f The heatmap showing the differentially 268 

expressed snotrons in HepG2 cells under control and three stress-response treatment 269 

conditions. Each row represents a differentially expressed snotron, and each column 270 

represents a treatment type. The colour, ranging from blue to red, represents the relative 271 

expression values from low to high, respectively. g Stress-response expression profiles 272 

of snotrons in HepG2 cells. The c-means fuzzy clustering method identified two 273 

different stress-response patterns. The x-axis shows the four stress conditions in HepG2 274 

cells, while the y-axis shows the log2-transformed, normalized intensity ratios under 275 

each condition. h Expression values of representative genes of pattern 1 in g. Box plot 276 

showing the log2RPM (RPM, reads per million) values in HepG2 cells under four 277 

conditions. Each box shows the first quartile, median, and third quartile. i The heatmap 278 

showing the differentially expressed snotrons in mouse C2C12 cells at four 279 

developmental stages. j Temporal expression profiles of snotrons in C2C12 cells. The 280 

c-means fuzzy clustering method identified two different temporal patterns. The x-axis 281 

shows the four developmental stages, while the y-axis shows the log2-transformed, 282 

normalized intensity ratios in each stage. k Expression values of representative genes 283 

of pattern 1 in j. Box plot showing the log2RPM (RPM, reads per million) values in 284 

C2C12 cells at four stages. Each box shows the first quartile, median, and third quartile.  285 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160887
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 286 

Supplementary Figure 15. Previously undiscovered sno-end lncRNAs identified by 287 

NAP-seq. a The expression profiles of previously undiscovered sno-end lncRNA in 288 

humans. Genome Browser view of 5’-start, 3’-end and coverage signals (RPM, reads 289 

per million) in an extended region of sno-end lncRNA. b The secondary structure of 290 

previously unidentified sno-end lncRNA. c The dynamic expression profile of 291 

reannotated ACA68 (napACA68, mmu-napRNA-9570), with a long length, during 292 

myoblast differentiation. Genome Browser view of 5’-start, 3’-end and coverage 293 

signals (RPM, reads per million) in an extended region of napACA68. d The secondary 294 

structure of the napACA68.  295 
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 297 

Supplementary Figure 16. Examples of misRNAs. a Genome Browser view of the 298 

full-length misRNAs (RPM, reads per million) in an extended region of misRNA mmu-299 

misRNA-18. b Genome Browser view of coverage signals (RPM, reads per million) in 300 

an extended region of misRNA hsa-misRNA-3. c The secondary structure of the 301 

misRNA hsa-misRNA-3. d Evolutionary conservation analysis of the misRNA hsa-302 

misRNA-4 (chr7:100,093,630-100,093,775: -) by the conservation score (PhyloP) and 303 

multiple sequence alignment in 100 vertebrate species. 304 
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 305 

Supplementary Figure 17. Verification of homologous misRNAs in humans and 306 

mice by poly(T) RT–PCR coupled with Sanger sequencing. a-c The dynamic 307 

expression of misRNAs in humans and mice. Genome Browser view of the coverage 308 

signals (RPM, reads per million) in an extended region of the misRNAs hsa-misRNA-309 

1 (a), mmu-misRNA-1 (b) and mmu-misRNA-3 (c). d The verification of misRNAs by 310 

using poly(T) RT–PCR. e The validation of misRNAs by Sanger sequencing. The 311 

precise 3’-end sites in hsa-misRNA-1, hsa-misRNA-3, mmu-misRNA-1, and mmu-312 

misRNA-3 were identified using Sanger sequencing. 313 
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 314 

Supplementary Figure 18. Dynamic expression profiles of misRNAs and 315 

illustration of miRNA biogenesis. a Stress-response expression profiles of misRNAs 316 

in HepG2 cells. The c-means fuzzy clustering method identified four different stress-317 

response patterns. The x-axis shows the four stress conditions in HepG2 cells, while the 318 

y-axis shows the log2-transformed, normalized intensity ratios under each condition. b 319 

Expression values of representative genes of pattern 1 in a. Box plot showing the 320 

log2RPM (RPM, reads per million) values in HepG2 cells under the four conditions. 321 

Each box shows the first quartile, median, and third quartile. c Temporal expression 322 

profiles of misRNAs during myoblast differentiation. The c-means fuzzy clustering 323 

method identified two different temporal patterns. The x-axis shows the four 324 

developmental stages, while the y-axis shows the log2-transformed, normalized 325 

intensity ratios in each stage. d Expression values of representative genes of pattern 1 326 

in c. Box plot showing the log2RPM (RPM, reads per million) values in C2C12 cells 327 

in the four stages. Each box shows the first quartile, median, and third quartile. e 328 

Comparison of the RBP-binding percentage between misRNA 5’-start and 3’-end 329 
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sequences. The x-axis shows the RNA-binding proteins (top 20), and the y-axis shows 330 

the percentage of misRNA 5’-start (or 3’-end) sequences that can be bound by a certain 331 

RBP. 332 

 333 
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Supplementary Figure 19. Verification and knockout of DINAP by CRISPR/Cas9. 335 

a Genome Browser view of 5’-start, 3’-end and coverage signals (RPM, reads per 336 

million) in an extended region of the napRNA DINAP. b The highly stable secondary 337 
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structure of DINAP. c The secondary structure model and NAP-SHAPE-MaP reactivity 338 

for each base of DINAP, with different colors representing different range of reactivity 339 

scores. d and e The 3’-end site in DINAP was verified by poly(T) RT–PCR in three 340 

cell lines (HepG2, HEK293T and U87) (d) and by Sanger sequencing (e). f The mRNA 341 

expression level of DINAP was assessed by qPCR in DINAP-overexpressing cells 342 

generated using recombinant plasmids. g The mRNA expression level of DKC1 was 343 

determined by qPCR in DINAP-overexpressing HepG2 cells (showing a decrease of 344 

approximately 4%). h The design of sgRNAs for DINAP KO using the CRISPR/Cas9 345 

system. i and j The expression of DINAP in DINAP-KO HepG2 cells was verified by 346 

RT–PCR (i) and Sanger sequencing (j). k The expression level of DINAP was measured 347 

by qPCR in DINAP-KO cells. l The expression level of the DINAP host gene was 348 

measured by qPCR in DINAP-KO cells. m The expression level of DINAP was 349 

determined by qPCR after DINAP expression was rescued in DINAP-KO cells. Nd, not 350 

detected; ns, not significant. The values in f, g, k, l and m are mean ± SEM of 3 351 

independent experiments. Two-sided t-test. Source data are provided as a Source Data 352 

file. 353 
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 354 

Supplementary Figure 20. The napRNA DINAP promotes cell proliferation. a 355 

Inhibition of cell proliferation was examined by a CCK-8 assay in DINAP-KO cells 356 

and control cells. b Effect of DINAP KO on colony formation ability. c The expression 357 

level of DKC1 was examined by qPCR and western blotting in DKC1-knockdown 358 

HepG2 cells. d CCK-8 assays showing the suppressive effect of DKC1 on proliferation 359 

in DKC1-knockdown cells. e Colony formation assay in DKC1-knockdown HepG2 360 

cells. f CCK-8 assays showing the effect of DINAP on restoring cell proliferation in 361 

KO-DINAP cells. g Colony formation assay in KO-DINAP HepG2 cells with 362 

restoration of DINAP expression. h The protein level of DKC1 was examined in DKC1-363 
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overexpressing wild-type and DINAP-KO HepG2 cells. The pcDNA-3.1 plasmid was 364 

used as the vector. i A working model of DINAP. NapRNA DINAP interact with DKC1 365 

to promote cell proliferation by maintaining DKC1 protein stability in HepG2 cells. 366 

The values in a-g are mean ± SEM of 3 independent experiments. Two-sided t-367 

test.Representative images of crystal violet staining of cells in b, e and g are shown. 368 

Colonies were counted in three independent experiments by ImageJ. Source data are 369 

provided as a Source Data file. 370 


