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Figure 3. Distribution of RNA-seq and Ribo-seq reads. RNA-seq and Ribo-seq data from 

human osteosarcoma U2OS cells [84] were mapped to the human transcriptome, and only reads 

mapping to mRNAs or lncRNAs were considered. Plotted is the fraction of reads mapping to the 

indicated features. 

  

Coding 
sequence
98.75% 

lincRNAs
0.08% 

5'UTRs 
0.80% 3'UTRs

0.36% 

Ribo-Seq reads 

Coding 
sequence

73% lincRNAs
2% 

5'UTRs 
1% 

3'UTRs 
24% 

RNA-seq reads 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 



 18 

References 

[1] A.M. Khalil, M. Guttman, M. Huarte, M. Garber, A. Raj, D. Rivea Morales, K. Thomas, A. Presser, 
B.E. Bernstein, A. van Oudenaarden, A. Regev, E.S. Lander, J.L. Rinn, Many human large intergenic 
noncoding RNAs associate with chromatin-modifying complexes and affect gene expression, Proceedings 
of the National Academy of Sciences of the United States of America, 106 (2009) 11667-11672. 

[2] M. Guttman, M. Garber, J.Z. Levin, J. Donaghey, J. Robinson, X. Adiconis, L. Fan, M.J. Koziol, A. 
Gnirke, C. Nusbaum, J.L. Rinn, E.S. Lander, A. Regev, Ab initio reconstruction of cell type-specific 
transcriptomes in mouse reveals the conserved multi-exonic structure of lincRNAs, Nature biotechnology, 
28 (2010) 503-510. 

[3] M. Guttman, I. Amit, M. Garber, C. French, M.F. Lin, D. Feldser, M. Huarte, O. Zuk, B.W. Carey, 
J.P. Cassady, M.N. Cabili, R. Jaenisch, T.S. Mikkelsen, T. Jacks, N. Hacohen, B.E. Bernstein, M. Kellis, 
A. Regev, J.L. Rinn, E.S. Lander, Chromatin signature reveals over a thousand highly conserved large 
non-coding RNAs in mammals, Nature, 458 (2009) 223-227. 

[4] T. Ravasi, H. Suzuki, K.C. Pang, S. Katayama, M. Furuno, R. Okunishi, S. Fukuda, K. Ru, M.C. 
Frith, M.M. Gongora, S.M. Grimmond, D.A. Hume, Y. Hayashizaki, J.S. Mattick, Experimental 
validation of the regulated expression of large numbers of non-coding RNAs from the mouse genome, 
Genome research, 16 (2006) 11-19. 

[5] Y. Okazaki, M. Furuno, T. Kasukawa, J. Adachi, H. Bono, S. Kondo, I. Nikaido, N. Osato, R. Saito, 
H. Suzuki, I. Yamanaka, H. Kiyosawa, K. Yagi, Y. Tomaru, Y. Hasegawa, A. Nogami, C. Schonbach, T. 
Gojobori, R. Baldarelli, D.P. Hill, C. Bult, D.A. Hume, J. Quackenbush, L.M. Schriml, A. Kanapin, H. 
Matsuda, S. Batalov, K.W. Beisel, J.A. Blake, D. Bradt, V. Brusic, C. Chothia, L.E. Corbani, S. Cousins, 
E. Dalla, T.A. Dragani, C.F. Fletcher, A. Forrest, K.S. Frazer, T. Gaasterland, M. Gariboldi, C. Gissi, A. 
Godzik, J. Gough, S. Grimmond, S. Gustincich, N. Hirokawa, I.J. Jackson, E.D. Jarvis, A. Kanai, H. 
Kawaji, Y. Kawasawa, R.M. Kedzierski, B.L. King, A. Konagaya, I.V. Kurochkin, Y. Lee, B. Lenhard, 
P.A. Lyons, D.R. Maglott, L. Maltais, L. Marchionni, L. McKenzie, H. Miki, T. Nagashima, K. Numata, 
T. Okido, W.J. Pavan, G. Pertea, G. Pesole, N. Petrovsky, R. Pillai, J.U. Pontius, D. Qi, S. 
Ramachandran, T. Ravasi, J.C. Reed, D.J. Reed, J. Reid, B.Z. Ring, M. Ringwald, A. Sandelin, C. 
Schneider, C.A. Semple, M. Setou, K. Shimada, R. Sultana, Y. Takenaka, M.S. Taylor, R.D. Teasdale, M. 
Tomita, R. Verardo, L. Wagner, C. Wahlestedt, Y. Wang, Y. Watanabe, C. Wells, L.G. Wilming, A. 
Wynshaw-Boris, M. Yanagisawa, I. Yang, L. Yang, Z. Yuan, M. Zavolan, Y. Zhu, A. Zimmer, P. 
Carninci, N. Hayatsu, T. Hirozane-Kishikawa, H. Konno, M. Nakamura, N. Sakazume, K. Sato, T. 
Shiraki, K. Waki, J. Kawai, K. Aizawa, T. Arakawa, S. Fukuda, A. Hara, W. Hashizume, K. Imotani, Y. 
Ishii, M. Itoh, I. Kagawa, A. Miyazaki, K. Sakai, D. Sasaki, K. Shibata, A. Shinagawa, A. Yasunishi, M. 
Yoshino, R. Waterston, E.S. Lander, J. Rogers, E. Birney, Y. Hayashizaki, Analysis of the mouse 
transcriptome based on functional annotation of 60,770 full-length cDNAs, Nature, 420 (2002) 563-573. 

[6] P. Carninci, T. Kasukawa, S. Katayama, J. Gough, M.C. Frith, N. Maeda, R. Oyama, T. Ravasi, B. 
Lenhard, C. Wells, R. Kodzius, K. Shimokawa, V.B. Bajic, S.E. Brenner, S. Batalov, A.R. Forrest, M. 
Zavolan, M.J. Davis, L.G. Wilming, V. Aidinis, J.E. Allen, A. Ambesi-Impiombato, R. Apweiler, R.N. 
Aturaliya, T.L. Bailey, M. Bansal, L. Baxter, K.W. Beisel, T. Bersano, H. Bono, A.M. Chalk, K.P. Chiu, 
V. Choudhary, A. Christoffels, D.R. Clutterbuck, M.L. Crowe, E. Dalla, B.P. Dalrymple, B. de Bono, G. 
Della Gatta, D. di Bernardo, T. Down, P. Engstrom, M. Fagiolini, G. Faulkner, C.F. Fletcher, T. 
Fukushima, M. Furuno, S. Futaki, M. Gariboldi, P. Georgii-Hemming, T.R. Gingeras, T. Gojobori, R.E. 
Green, S. Gustincich, M. Harbers, Y. Hayashi, T.K. Hensch, N. Hirokawa, D. Hill, L. Huminiecki, M. 
Iacono, K. Ikeo, A. Iwama, T. Ishikawa, M. Jakt, A. Kanapin, M. Katoh, Y. Kawasawa, J. Kelso, H. 
Kitamura, H. Kitano, G. Kollias, S.P. Krishnan, A. Kruger, S.K. Kummerfeld, I.V. Kurochkin, L.F. 
Lareau, D. Lazarevic, L. Lipovich, J. Liu, S. Liuni, S. McWilliam, M. Madan Babu, M. Madera, L. 
Marchionni, H. Matsuda, S. Matsuzawa, H. Miki, F. Mignone, S. Miyake, K. Morris, S. Mottagui-Tabar, 
N. Mulder, N. Nakano, H. Nakauchi, P. Ng, R. Nilsson, S. Nishiguchi, S. Nishikawa, F. Nori, O. Ohara, 
Y. Okazaki, V. Orlando, K.C. Pang, W.J. Pavan, G. Pavesi, G. Pesole, N. Petrovsky, S. Piazza, J. Reed, 
J.F. Reid, B.Z. Ring, M. Ringwald, B. Rost, Y. Ruan, S.L. Salzberg, A. Sandelin, C. Schneider, C. 
Schonbach, K. Sekiguchi, C.A. Semple, S. Seno, L. Sessa, Y. Sheng, Y. Shibata, H. Shimada, K. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 19 

Shimada, D. Silva, B. Sinclair, S. Sperling, E. Stupka, K. Sugiura, R. Sultana, Y. Takenaka, K. Taki, K. 
Tammoja, S.L. Tan, S. Tang, M.S. Taylor, J. Tegner, S.A. Teichmann, H.R. Ueda, E. van Nimwegen, R. 
Verardo, C.L. Wei, K. Yagi, H. Yamanishi, E. Zabarovsky, S. Zhu, A. Zimmer, W. Hide, C. Bult, S.M. 
Grimmond, R.D. Teasdale, E.T. Liu, V. Brusic, J. Quackenbush, C. Wahlestedt, J.S. Mattick, D.A. Hume, 
C. Kai, D. Sasaki, Y. Tomaru, S. Fukuda, M. Kanamori-Katayama, M. Suzuki, J. Aoki, T. Arakawa, J. 
Iida, K. Imamura, M. Itoh, T. Kato, H. Kawaji, N. Kawagashira, T. Kawashima, M. Kojima, S. Kondo, H. 
Konno, K. Nakano, N. Ninomiya, T. Nishio, M. Okada, C. Plessy, K. Shibata, T. Shiraki, S. Suzuki, M. 
Tagami, K. Waki, A. Watahiki, Y. Okamura-Oho, H. Suzuki, J. Kawai, Y. Hayashizaki, The 
transcriptional landscape of the mammalian genome, Science, 309 (2005) 1559-1563. 

[7] J. Ponjavic, C.P. Ponting, G. Lunter, Functionality or transcriptional noise? Evidence for selection 
within long noncoding RNAs, Genome research, 17 (2007) 556-565. 

[8] P. Bertone, V. Stolc, T.E. Royce, J.S. Rozowsky, A.E. Urban, X. Zhu, J.L. Rinn, W. Tongprasit, M. 
Samanta, S. Weissman, M. Gerstein, M. Snyder, Global identification of human transcribed sequences 
with genome tiling arrays, Science, 306 (2004) 2242-2246. 

[9] I. Ulitsky, A. Shkumatava, C.H. Jan, H. Sive, D.P. Bartel, Conserved function of lincRNAs in 
vertebrate embryonic development despite rapid sequence evolution, Cell, 147 (2011) 1537-1550. 

[10] M.H. Tan, K.F. Au, A.L. Yablonovitch, A.E. Wills, J. Chuang, J.C. Baker, W.H. Wong, J.B. Li, 
RNA sequencing reveals a diverse and dynamic repertoire of the Xenopus tropicalis transcriptome over 
development, Genome research, 23 (2013) 201-216. 

[11] A. Pauli, E. Valen, M.F. Lin, M. Garber, N.L. Vastenhouw, J.Z. Levin, L. Fan, A. Sandelin, J.L. 
Rinn, A. Regev, A.F. Schier, Systematic identification of long noncoding RNAs expressed during 
zebrafish embryogenesis, Genome research, 22 (2012) 577-591. 

[12] S. Washietl, M. Kellis, M. Garber, Evolutionary dynamics and tissue specificity of human long 
noncoding RNAs in six mammals, Genome research, 24 (2014) 616-628. 

[13] A. Necsulea, M. Soumillon, M. Warnefors, A. Liechti, T. Daish, U. Zeller, J.C. Baker, F. Grutzner, 
H. Kaessmann, The evolution of lncRNA repertoires and expression patterns in tetrapods, Nature, 505 
(2014) 635-640. 

[14] I. Ulitsky, D.P. Bartel, lincRNAs: Genomics, Evolution, and Mechanisms, Cell, 154 (2013) 26-46. 

[15] T. Gutschner, S. Diederichs, The hallmarks of cancer: a long non-coding RNA point of view, RNA 
biology, 9 (2012) 703-719. 

[16] A. Fatica, I. Bozzoni, Long non-coding RNAs: new players in cell differentiation and development, 
Nature reviews. Genetics, 15 (2014) 7-21. 

[17] M. Sauvageau, L.A. Goff, S. Lodato, B. Bonev, A.F. Groff, C. Gerhardinger, D.B. Sanchez-Gomez, 
E. Hacisuleyman, E. Li, M. Spence, S.C. Liapis, W. Mallard, M. Morse, M.R. Swerdel, M.F. D'Ecclessis, 
J.C. Moore, V. Lai, G. Gong, G.D. Yancopoulos, D. Frendewey, M. Kellis, R.P. Hart, D.M. Valenzuela, 
P. Arlotta, J.L. Rinn, Multiple knockout mouse models reveal lincRNAs are required for life and brain 
development, eLife, 2 (2013) e01749. 

[18] J.L. Rinn, H.Y. Chang, Genome regulation by long noncoding RNAs, Annual review of 
biochemistry, 81 (2012) 145-166. 

[19] C.P. Ponting, P.L. Oliver, W. Reik, Evolution and functions of long noncoding RNAs, Cell, 136 
(2009) 629-641. 

[20] M.E. Dinger, K.C. Pang, T.R. Mercer, J.S. Mattick, Differentiating protein-coding and noncoding 
RNA: challenges and ambiguities, PLoS computational biology, 4 (2008) e1000176. 

[21] N.T. Ingolia, L.F. Lareau, J.S. Weissman, Ribosome profiling of mouse embryonic stem cells reveals 
the complexity and dynamics of mammalian proteomes, Cell, 147 (2011) 789-802. 

[22] M. Wilhelm, J. Schlegl, H. Hahne, A. Moghaddas Gholami, M. Lieberenz, M.M. Savitski, E. 
Ziegler, L. Butzmann, S. Gessulat, H. Marx, T. Mathieson, S. Lemeer, K. Schnatbaum, U. Reimer, H. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 20 

Wenschuh, M. Mollenhauer, J. Slotta-Huspenina, J.H. Boese, M. Bantscheff, A. Gerstmair, F. Faerber, B. 
Kuster, Mass-spectrometry-based draft of the human proteome, Nature, 509 (2014) 582-587. 

[23] B. Banfai, H. Jia, J. Khatun, E. Wood, B. Risk, W.E. Gundling, Jr., A. Kundaje, H.P. Gunawardena, 
Y. Yu, L. Xie, K. Krajewski, B.D. Strahl, X. Chen, P. Bickel, M.C. Giddings, J.B. Brown, L. Lipovich, 
Long noncoding RNAs are rarely translated in two human cell lines, Genome research, 22 (2012) 1646-
1657. 

[24] M. Guttman, P. Russell, N.T. Ingolia, J.S. Weissman, E.S. Lander, Ribosome profiling provides 
evidence that large noncoding RNAs do not encode proteins, Cell, 154 (2013) 240-251. 

[25] L. Wang, H.J. Park, S. Dasari, S. Wang, J.P. Kocher, W. Li, CPAT: Coding-Potential Assessment 
Tool using an alignment-free logistic regression model, Nucleic acids research, 41 (2013) e74. 

[26] K. Sun, X. Chen, P. Jiang, X. Song, H. Wang, H. Sun, iSeeRNA: identification of long intergenic 
non-coding RNA transcripts from transcriptome sequencing data, BMC genomics, 14 Suppl 2 (2013) S7. 

[27] L. Kong, Y. Zhang, Z.Q. Ye, X.Q. Liu, S.Q. Zhao, L. Wei, G. Gao, CPC: assess the protein-coding 
potential of transcripts using sequence features and support vector machine, Nucleic acids research, 35 
(2007) W345-349. 

[28] J. Liu, J. Gough, B. Rost, Distinguishing protein-coding from non-coding RNAs through support 
vector machines, PLoS genetics, 2 (2006) e29. 

[29] R.D. Finn, A. Bateman, J. Clements, P. Coggill, R.Y. Eberhardt, S.R. Eddy, A. Heger, K. 
Hetherington, L. Holm, J. Mistry, E.L. Sonnhammer, J. Tate, M. Punta, Pfam: the protein families 
database, Nucleic acids research, 42 (2014) D222-230. 

[30] S.R. Eddy, Profile hidden Markov models, Bioinformatics, 14 (1998) 755-763. 

[31] E. Rivas, S.R. Eddy, Secondary structure alone is generally not statistically significant for the 
detection of noncoding RNAs, Bioinformatics, 16 (2000) 583-605. 

[32] D. Managadze, I.B. Rogozin, D. Chernikova, S.A. Shabalina, E.V. Koonin, Negative correlation 
between expression level and evolutionary rate of long intergenic noncoding RNAs, Genome biology and 
evolution, 3 (2011) 1390-1404. 

[33] J. Yang, J. Zhang, Human long noncoding RNAs are substantially less folded than messenger RNAs, 
Molecular biology and evolution, (2014). 

[34] D. Incarnato, F. Neri, F. Anselmi, S. Oliviero, Genome-wide profiling of mouse RNA secondary 
structures reveals key features of the mammalian transcriptome, Genome biology, 15 (2014) 491. 

[35] I.H. Witten, E. Frank, Data Mining: Practical Machine Learning Tools and Techniques, Second 
Edition, Elsevier Science, 2005. 

[36] S.J. Andrews, J.A. Rothnagel, Emerging evidence for functional peptides encoded by short open 
reading frames, Nature reviews. Genetics, 15 (2014) 193-204. 

[37] K. Hanada, K. Akiyama, T. Sakurai, T. Toyoda, K. Shinozaki, S.H. Shiu, sORF finder: a program 
package to identify small open reading frames with high coding potential, Bioinformatics, 26 (2010) 399-
400. 

[38] B. Vanderperre, J.F. Lucier, X. Roucou, HAltORF: a database of predicted out-of-frame alternative 
open reading frames in human, Database : the journal of biological databases and curation, 2012 (2012) 
bas025. 

[39] A. Skarshewski, M. Stanton-Cook, T. Huber, S. Al Mansoori, R. Smith, S.A. Beatson, J.A. 
Rothnagel, uPEPperoni: an online tool for upstream open reading frame location and analysis of transcript 
conservation, BMC bioinformatics, 15 (2014) 36. 

[40] W. Hu, B. Yuan, J. Flygare, H.F. Lodish, Long noncoding RNA-mediated anti-apoptotic activity in 
murine erythroid terminal differentiation, Genes & development, 25 (2011) 2573-2578. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 21 

[41] R.B. Lanz, N.J. McKenna, S.A. Onate, U. Albrecht, J. Wong, S.Y. Tsai, M.J. Tsai, B.W. O'Malley, 
A steroid receptor coactivator, SRA, functions as an RNA and is present in an SRC-1 complex, Cell, 97 
(1999) 17-27. 

[42] M.I. Galindo, J.I. Pueyo, S. Fouix, S.A. Bishop, J.P. Couso, Peptides encoded by short ORFs control 
development and define a new eukaryotic gene family, PLoS biology, 5 (2007) e106. 

[43] K. Panzitt, M.M. Tschernatsch, C. Guelly, T. Moustafa, M. Stradner, H.M. Strohmaier, C.R. Buck, 
H. Denk, R. Schroeder, M. Trauner, K. Zatloukal, Characterization of HULC, a novel gene with striking 
up-regulation in hepatocellular carcinoma, as noncoding RNA, Gastroenterology, 132 (2007) 330-342. 

[44] S.A. Slavoff, A.J. Mitchell, A.G. Schwaid, M.N. Cabili, J. Ma, J.Z. Levin, A.D. Karger, B.A. 
Budnik, J.L. Rinn, A. Saghatelian, Peptidomic discovery of short open reading frame-encoded peptides in 
human cells, Nature chemical biology, 9 (2013) 59-64. 

[45] A. Pauli, M.L. Norris, E. Valen, G.L. Chew, J.A. Gagnon, S. Zimmerman, A. Mitchell, J. Ma, J. 
Dubrulle, D. Reyon, S.Q. Tsai, J.K. Joung, A. Saghatelian, A.F. Schier, Toddler: an embryonic signal that 
promotes cell movement via Apelin receptors, Science, 343 (2014) 1248636. 

[46] P. Wang, Y. Xue, Y. Han, L. Lin, C. Wu, S. Xu, Z. Jiang, J. Xu, Q. Liu, X. Cao, The STAT3-binding 
long noncoding RNA lnc-DC controls human dendritic cell differentiation, Science, 344 (2014) 310-313. 

[47] N. Brockdorff, A. Ashworth, G.F. Kay, V.M. McCabe, D.P. Norris, P.J. Cooper, S. Swift, S. Rastan, 
The product of the mouse Xist gene is a 15 kb inactive X-specific transcript containing no conserved ORF 
and located in the nucleus, Cell, 71 (1992) 515-526. 

[48] S. Carpenter, D. Aiello, M.K. Atianand, E.P. Ricci, P. Gandhi, L.L. Hall, M. Byron, B. Monks, M. 
Henry-Bezy, J.B. Lawrence, L.A. O'Neill, M.J. Moore, D.R. Caffrey, K.A. Fitzgerald, A long noncoding 
RNA mediates both activation and repression of immune response genes, Science, 341 (2013) 789-792. 

[49] N.T. Ingolia, S. Ghaemmaghami, J.R. Newman, J.S. Weissman, Genome-wide analysis in vivo of 
translation with nucleotide resolution using ribosome profiling, Science, 324 (2009) 218-223. 

[50] J.A. Steitz, Polypeptide chain initiation: nucleotide sequences of the three ribosomal binding sites in 
bacteriophage R17 RNA, Nature, 224 (1969) 957-964. 

[51] A.A. Bazzini, T.G. Johnstone, R. Christiano, S.D. Mackowiak, B. Obermayer, E.S. Fleming, C.E. 
Vejnar, M.T. Lee, N. Rajewsky, T.C. Walther, A.J. Giraldez, Identification of small ORFs in vertebrates 
using ribosome footprinting and evolutionary conservation, The EMBO journal, 33 (2014) 981-993. 

[52] P. Juntawong, T. Girke, J. Bazin, J. Bailey-Serres, Translational dynamics revealed by genome-wide 
profiling of ribosome footprints in Arabidopsis, Proceedings of the National Academy of Sciences of the 
United States of America, 111 (2014) E203-212. 

[53] J.E. Smith, J.R. Alvarez-Dominguez, N. Kline, N.J. Huynh, S. Geisler, W. Hu, J. Coller, K.E. Baker, 
Translation of small open reading frames within unannotated RNA transcripts in Saccharomyces 
cerevisiae, Cell reports, 7 (2014) 1858-1866. 

[54] G.L. Chew, A. Pauli, J.L. Rinn, A. Regev, A.F. Schier, E. Valen, Ribosome profiling reveals 
resemblance between long non-coding RNAs and 5' leaders of coding RNAs, Development, 140 (2013) 
2828-2834. 

[55] N.T. Ingolia, G.A. Brar, N. Stern-Ginossar, M.S. Harris, G.J. Talhouarne, S.E. Jackson, M.R. Wills, 
J.S. Weissman, Ribosome profiling reveals pervasive translation outside of annotated protein-coding 
genes, Cell reports, 8 (2014) 1365-1379. 

[56] C. Fritsch, A. Herrmann, M. Nothnagel, K. Szafranski, K. Huse, F. Schumann, S. Schreiber, M. 
Platzer, M. Krawczak, J. Hampe, M. Brosch, Genome-wide search for novel human uORFs and N-
terminal protein extensions using ribosomal footprinting, Genome research, 22 (2012) 2208-2218. 

[57] S. van Heesch, M. van Iterson, J. Jacobi, S. Boymans, P.B. Essers, E. de Bruijn, W. Hao, A.W. 
MacInnes, E. Cuppen, M. Simonis, Extensive localization of long noncoding RNAs to the cytosol and 
mono- and polyribosomal complexes, Genome biology, 15 (2014) R6. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 22 

[58] J. Carlevaro-Fita, A. Rahim, R. Guigo, L. Vardy, R. Johnson, Widespread localisation of long 
noncoding RNAs to ribosomes: Distinguishing features and evidence for regulatory roles, 2015. 

[59] J.L. Aspden, Y.C. Eyre-Walker, R.J. Phillips, U. Amin, M.A. Mumtaz, M. Brocard, J.P. Couso, 
Extensive translation of small Open Reading Frames revealed by Poly-Ribo-Seq, eLife, 3 (2014) e03528. 

[60] B.A. Wilson, J. Masel, Putatively noncoding transcripts show extensive association with ribosomes, 
Genome biology and evolution, 3 (2011) 1245-1252. 

[61] J. Crappe, W. Van Criekinge, G. Trooskens, E. Hayakawa, W. Luyten, G. Baggerman, G. 
Menschaert, Combining in silico prediction and ribosome profiling in a genome-wide search for novel 
putatively coding sORFs, BMC genomics, 14 (2013) 648. 

[62] J. Ma, C.C. Ward, I. Jungreis, S.A. Slavoff, A.G. Schwaid, J. Neveu, B.A. Budnik, M. Kellis, A. 
Saghatelian, Discovery of human sORF-encoded polypeptides (SEPs) in cell lines and tissue, Journal of 
proteome research, 13 (2014) 1757-1765. 

[63] M.S. Kim, S.M. Pinto, D. Getnet, R.S. Nirujogi, S.S. Manda, R. Chaerkady, A.K. Madugundu, D.S. 
Kelkar, R. Isserlin, S. Jain, J.K. Thomas, B. Muthusamy, P. Leal-Rojas, P. Kumar, N.A. Sahasrabuddhe, 
L. Balakrishnan, J. Advani, B. George, S. Renuse, L.D. Selvan, A.H. Patil, V. Nanjappa, A. 
Radhakrishnan, S. Prasad, T. Subbannayya, R. Raju, M. Kumar, S.K. Sreenivasamurthy, A. Marimuthu, 
G.J. Sathe, S. Chavan, K.K. Datta, Y. Subbannayya, A. Sahu, S.D. Yelamanchi, S. Jayaram, P. 
Rajagopalan, J. Sharma, K.R. Murthy, N. Syed, R. Goel, A.A. Khan, S. Ahmad, G. Dey, K. Mudgal, A. 
Chatterjee, T.C. Huang, J. Zhong, X. Wu, P.G. Shaw, D. Freed, M.S. Zahari, K.K. Mukherjee, S. 
Shankar, A. Mahadevan, H. Lam, C.J. Mitchell, S.K. Shankar, P. Satishchandra, J.T. Schroeder, R. 
Sirdeshmukh, A. Maitra, S.D. Leach, C.G. Drake, M.K. Halushka, T.S. Prasad, R.H. Hruban, C.L. Kerr, 
G.D. Bader, C.A. Iacobuzio-Donahue, H. Gowda, A. Pandey, A draft map of the human proteome, 
Nature, 509 (2014) 575-581. 

[64] H. Sun, C. Chen, M. Shi, D. Wang, M. Liu, D. Li, P. Yang, Y. Li, L. Xie, Integration of mass 
spectrometry and RNA-Seq data to confirm human ab initio predicted genes and lncRNAs, Proteomics, 
14 (2014) 2760-2768. 

[65] J. Crappe, E. Ndah, A. Koch, S. Steyaert, D. Gawron, S. De Keulenaer, E. De Meester, T. De Meyer, 
W. Van Criekinge, P. Van Damme, G. Menschaert, PROTEOFORMER: deep proteome coverage through 
ribosome profiling and MS integration, Nucleic acids research, (2014). 

[66] D.S. Kelkar, E. Provost, R. Chaerkady, B. Muthusamy, S.S. Manda, T. Subbannayya, L.D. Selvan, 
C.H. Wang, K.K. Datta, S. Woo, S.B. Dwivedi, S. Renuse, D. Getnet, T.C. Huang, M.S. Kim, S.M. Pinto, 
C.J. Mitchell, A.K. Madugundu, P. Kumar, J. Sharma, J. Advani, G. Dey, L. Balakrishnan, N. Syed, V. 
Nanjappa, Y. Subbannayya, R. Goel, T.S. Prasad, V. Bafna, R. Sirdeshmukh, H. Gowda, C. Wang, S.D. 
Leach, A. Pandey, Annotation of the zebrafish genome through an integrated transcriptomic and 
proteomic analysis, Molecular & cellular proteomics : MCP, 13 (2014) 3184-3198. 

[67] G. Menschaert, W. Van Criekinge, T. Notelaers, A. Koch, J. Crappe, K. Gevaert, P. Van Damme, 
Deep proteome coverage based on ribosome profiling aids mass spectrometry-based protein and peptide 
discovery and provides evidence of alternative translation products and near-cognate translation initiation 
events, Molecular & cellular proteomics : MCP, 12 (2013) 1780-1790. 

[68] A.G. Schwaid, D.A. Shannon, J. Ma, S.A. Slavoff, J.Z. Levin, E. Weerapana, A. Saghatelian, 
Chemoproteomic discovery of cysteine-containing human short open reading frames, Journal of the 
American Chemical Society, 135 (2013) 16750-16753. 

[69] A. Koch, D. Gawron, S. Steyaert, E. Ndah, J. Crappe, S. De Keulenaer, E. De Meester, M. Ma, B. 
Shen, K. Gevaert, W. Van Criekinge, P. Van Damme, G. Menschaert, A proteogenomics approach 
integrating proteomics and ribosome profiling increases the efficiency of protein identification and 
enables the discovery of alternative translation start sites, Proteomics, 14 (2014) 2688-2698. 

[70] A.D. Tinoco, D.M. Tagore, A. Saghatelian, Expanding the dipeptidyl peptidase 4-regulated 
peptidome via an optimized peptidomics platform, Journal of the American Chemical Society, 132 (2010) 
3819-3830. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 23 

[71] A. Staes, P. Van Damme, K. Helsens, H. Demol, J. Vandekerckhove, K. Gevaert, Improved recovery 
of proteome-informative, protein N-terminal peptides by combined fractional diagonal chromatography 
(COFRADIC), Proteomics, 8 (2008) 1362-1370. 

[72] P. Van Damme, D. Gawron, W. Van Criekinge, G. Menschaert, N-terminal proteomics and ribosome 
profiling provide a comprehensive view of the alternative translation initiation landscape in mice and 
men, Molecular & cellular proteomics : MCP, 13 (2014) 1245-1261. 

[73] S. Prabakaran, M. Hemberg, R. Chauhan, D. Winter, R.Y. Tweedie-Cullen, C. Dittrich, E. Hong, J. 
Gunawardena, H. Steen, G. Kreiman, J.A. Steen, Quantitative profiling of peptides from RNAs classified 
as noncoding, Nature communications, 5 (2014) 5429. 

[74] J. Crappé, W. Van Criekinge, G. Menschaert, Little things make big things happen: A summary of 
micropeptide encoding genes, EuPA Open Proteomics, 3 (2014) 128-137. 

[75] I. Ezkurdia, J. Vazquez, A. Valencia, M. Tress, Analyzing the First Drafts of the Human Proteome, 
Journal of proteome research, (2014). 

[76] B. Pei, C. Sisu, A. Frankish, C. Howald, L. Habegger, X.J. Mu, R. Harte, S. Balasubramanian, A. 
Tanzer, M. Diekhans, A. Reymond, T.J. Hubbard, J. Harrow, M.B. Gerstein, The GENCODE pseudogene 
resource, Genome biology, 13 (2012) R51. 

[77] M. Kretz, Z. Siprashvili, C. Chu, D.E. Webster, A. Zehnder, K. Qu, C.S. Lee, R.J. Flockhart, A.F. 
Groff, J. Chow, D. Johnston, G.E. Kim, R.C. Spitale, R.A. Flynn, G.X. Zheng, S. Aiyer, A. Raj, J.L. 
Rinn, H.Y. Chang, P.A. Khavari, Control of somatic tissue differentiation by the long non-coding RNA 
TINCR, Nature, 493 (2013) 231-235. 

[78] J.M. Dijkstra, K.T. Ballingall, Non-human lnc-DC orthologs encode Wdnm1-like protein, 
F1000Research, 3 (2014) 160. 

[79] A. Pauli, E. Valen, A.F. Schier, Identifying (non-)coding RNAs and small peptides: Challenges and 
opportunities, BioEssays : news and reviews in molecular, cellular and developmental biology, 37 (2015) 
103-112. 

[80] T. Saric, C.I. Graef, A.L. Goldberg, Pathway for degradation of peptides generated by proteasomes: 
a key role for thimet oligopeptidase and other metallopeptidases, The Journal of biological chemistry, 279 
(2004) 46723-46732. 

[81] S. Baboo, P.R. Cook, "Dark matter" worlds of unstable RNA and protein, Nucleus, 5 (2014) 281-
286. 

[82] P.B. Hackett, R.B. Petersen, C.H. Hensel, F. Albericio, S.I. Gunderson, A.C. Palmenberg, G. Barany, 
Synthesis in vitro of a seven amino acid peptide encoded in the leader RNA of Rous sarcoma virus, 
Journal of molecular biology, 190 (1986) 45-57. 

[83] A. Chen, Y.F. Kao, C.M. Brown, Translation of the first upstream ORF in the hepatitis B virus 
pregenomic RNA modulates translation at the core and polymerase initiation codons, Nucleic acids 
research, 33 (2005) 1169-1181. 

[84] S.W. Eichhorn, H. Guo, S.E. McGeary, R.A. Rodriguez-Mias, C. Shin, D. Baek, S.H. Hsu, K. 
Ghoshal, J. Villen, D.P. Bartel, mRNA destabilization is the dominant effect of mammalian microRNAs 
by the time substantial repression ensues, Molecular cell, 56 (2014) 104-115. 

[85] J. Ruiz-Orera, X. Messeguer, J.A. Subirana, M.M. Alba, Long non-coding RNAs as a source of new 
peptides, eLife, 3 (2014) e03523. 

[86] M.L. Crowe, X.Q. Wang, J.A. Rothnagel, Evidence for conservation and selection of upstream open 
reading frames suggests probable encoding of bioactive peptides, BMC genomics, 7 (2006) 16. 

[87] K. Wethmar, J.J. Smink, A. Leutz, Upstream open reading frames: molecular switches in 
(patho)physiology, BioEssays : news and reviews in molecular, cellular and developmental biology, 32 
(2010) 885-893. 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 24 

[88] S.E. Calvo, D.J. Pagliarini, V.K. Mootha, Upstream open reading frames cause widespread reduction 
of protein expression and are polymorphic among humans, Proceedings of the National Academy of 
Sciences of the United States of America, 106 (2009) 7507-7512. 

[89] J.T. Mendell, N.A. Sharifi, J.L. Meyers, F. Martinez-Murillo, H.C. Dietz, Nonsense surveillance 
regulates expression of diverse classes of mammalian transcripts and mutes genomic noise, Nature 
genetics, 36 (2004) 1073-1078. 

[90] A. Gaba, A. Jacobson, M.S. Sachs, Ribosome occupancy of the yeast CPA1 upstream open reading 
frame termination codon modulates nonsense-mediated mRNA decay, Molecular cell, 20 (2005) 449-460. 

[91] C.M. Smith, J.A. Steitz, Classification of gas5 as a multi-small-nucleolar-RNA (snoRNA) host gene 
and a member of the 5'-terminal oligopyrimidine gene family reveals common features of snoRNA host 
genes, Molecular and cellular biology, 18 (1998) 6897-6909. 

[92] S. Lykke-Andersen, Y. Chen, B.R. Ardal, B. Lilje, J. Waage, A. Sandelin, T.H. Jensen, Human 
nonsense-mediated RNA decay initiates widely by endonucleolysis and targets snoRNA host genes, 
Genes & development, 28 (2014) 2498-2517. 

[93] G. Dieci, M. Preti, B. Montanini, Eukaryotic snoRNAs: a paradigm for gene expression flexibility, 
Genomics, 94 (2009) 83-88. 

[94] S. Washietl, S. Findeiss, S.A. Muller, S. Kalkhof, M. von Bergen, I.L. Hofacker, P.F. Stadler, N. 
Goldman, RNAcode: robust discrimination of coding and noncoding regions in comparative sequence 
data, RNA, 17 (2011) 578-594. 

[95] M.F. Lin, I. Jungreis, M. Kellis, PhyloCSF: a comparative genomics method to distinguish protein 
coding and non-coding regions, Bioinformatics, 27 (2011) i275-282. 

[96] M. Re, G. Pesole, D.S. Horner, Accurate discrimination of conserved coding and non-coding regions 
through multiple indicators of evolutionary dynamics, BMC bioinformatics, 10 (2009) 282. 

[97] R.T. Arrial, R.C. Togawa, M. Brigido Mde, Screening non-coding RNAs in transcriptomes from 
neglected species using PORTRAIT: case study of the pathogenic fungus Paracoccidioides brasiliensis, 
BMC bioinformatics, 10 (2009) 239. 

[98] L. Sun, H. Luo, D. Bu, G. Zhao, K. Yu, C. Zhang, Y. Liu, R. Chen, Y. Zhao, Utilizing sequence 
intrinsic composition to classify protein-coding and long non-coding transcripts, Nucleic acids research, 
41 (2013) e166. 

[99] A. Li, J. Zhang, Z. Zhou, PLEK: a tool for predicting long non-coding RNAs and messenger RNAs 
based on an improved k-mer scheme, BMC bioinformatics, 15 (2014) 311. 

[100] Y. Wang, Y. Li, Q. Wang, Y. Lv, S. Wang, X. Chen, X. Yu, W. Jiang, X. Li, Computational 
identification of human long intergenic non-coding RNAs using a GA-SVM algorithm, Gene, 533 (2014) 
94-99. 

[101] A.K. Biswas, B. Zhang, X. Wu, J.X. Gao, CNCTDiscriminator: coding and noncoding transcript 
discriminator - an excursion through hypothesis learning and ensemble learning approaches, Journal of 
bioinformatics and computational biology, 11 (2013) 1342002. 

[102] D. Ulveling, M.E. Dinger, C. Francastel, F. Hube, Identification of a dinucleotide signature that 
discriminates coding from non-coding long RNAs, Frontiers in genetics, 5 (2014) 316. 

[103] S. Lertampaiporn, C. Thammarongtham, C. Nukoolkit, B. Kaewkamnerdpong, M. 
Ruengjitchatchawalya, Identification of non-coding RNAs with a new composite feature in the Hybrid 
Random Forest Ensemble algorithm, Nucleic acids research, 42 (2014) e93. 

[104] A. Siepel, G. Bejerano, J.S. Pedersen, A.S. Hinrichs, M. Hou, K. Rosenbloom, H. Clawson, J. 
Spieth, L.W. Hillier, S. Richards, G.M. Weinstock, R.K. Wilson, R.A. Gibbs, W.J. Kent, W. Miller, D. 
Haussler, Evolutionarily conserved elements in vertebrate, insect, worm, and yeast genomes, Genome 
research, 15 (2005) 1034-1050. 

 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889


 25 

 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 10, 2015. ; https://doi.org/10.1101/017889doi: bioRxiv preprint 

https://doi.org/10.1101/017889

