














and H3K36me3, could already explain 40–50% of the
mRNA expression variance. We chose these three
modifications because they are the most widely profiled
and have been shown to be the most informative for gene
expression prediction (26). As genome-wide histone modi-
fication profiles accumulate over time (59,60), we could
improve our model by integrating more histone modifica-
tions. It is worth noting that in this study we evaluate
significance mostly in the statistical sense, and biological
significance needs to be confirmed by further experimental
investigations.

Our computational model relies on two important
assumptions, both of which depend on steady-state con-
ditions. The first assumption is that histone modification is
reflective of the steady-state transcription rate. In MCF7
cells, E2 treatment has significant transcriptional effect in
only 10min (61). Thus, transient transcriptional changes
in response to outside stimuli may be faster than changes
of the three histone marks we selected. The second

assumption is that mRNA transcription rates and degrad-
ation rates are independent. This assumption is supported
by the observation that the transcription rate measured by
GRO-seq has little correlation (0.0058) with the half-lives
measured by pulse-labeling experiments. Upon cell
differentiation or environmental stimulation, the tran-
scription rate could be coupled with the degradation rate
(56,62–64). Further studies are needed to refine the
computational models for better prediction of degradation
during non-steady-state conditions.
Steady-state mRNA levels represent a balance between

transcription and degradation. Although our analysis
revealed that unstable mRNAs are significantly more
likely to be targeted by microRNAs, incorporating
microRNA binding sites or AU-rich elements within the
30UTRs (65) only marginally improved the fitness of our
model. For mRNAs with available half-life data, the most
informative sequence feature (the number of all microRNA
binding sites within the 30UTR) merely explains 1% of the

Figure 6. Histone modification levels are informative for inferring mRNA stability. (A) Zones A–D are defined in the middle plot according to the
measured RNA level (FPKM cutoff of the mRNAs with low expression is 1, whereas that of the highly expressed mRNAs is 7) and the studentized
residual (cutoff is �1 and 1). Zone A refers to mRNAs with lower abundances and absolute value of studentized residuals < 1. Those with lower
abundances and residuals <�1 constitute Zone B. Zone C is defined as highly expressed RNAs with residuals > 1, whereas Zone D is composed of
those highly expressed mRNAs with absolute values of studentized residuals < 1. The four tables contain GO significantly enriched for Zones A–D,
respectively. The red color denotes that mRNAs involved in the GO term tend to have longer half-lives, whereas the blue color indicates shorter
half-lives. Green denotes no tendency on half-lives, and black means that the information about half-lives is unclear. All the half-life data are from
Schwanhäusser B et al. (B) Comparing mRNA half-lives between Zone C and Zone D. The half-life data are available for 48% of the mRNAs in
Zone C and 53% in Zone D, separately.
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variance of the residuals whereas half-lives could explain
13% of the variance. This finding suggests that other
factors, such as RNA-binding proteins or the secondary
structure of the 30UTR, may also be involved in regulating
mRNA stability and decay (65–67).
In summary, we propose the first computational

method for inferring mRNA stability by comparing
transcriptome and histone modification profiles. As
histone mark ChIP-seq data continue to grow, our
approach provides a cost-effective alternative to the
direct measurement of RNA stability by pulse-labeling ex-
periments (53–56) or transcriptional inhibition (62,68,69).

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online:
Supplementary Tables 1–2 and Supplementary Figures 1–6.

ACKNOWLEDGEMENTS

We thank Jianxing Feng, Ying Ge, Chao Chen, Qixuan
Wang, Lin Wang, Yiqian Zhang and Wei Li for their
helpful discussions about the project.

FUNDING

National Basic Research [973] Program of China No.
[2010CB944904], National Natural Science Foundation
of China NO. [31028011] and NIH grant [HG4069].
Funding for open access charge: National Basic
Research [973] Program of China No. [2010CB944904],
National Natural Science Foundation of China No.
[31028011] and NIH grant [HG4069].

Conflict of interest statement. None declared.

REFERENCES

1. Barski,A., Cuddapah,S., Cui,K., Roh,T.Y., Schones,D.E.,
Wang,Z., Wei,G., Chepelev,I. and Zhao,K. (2007) High-resolution
profiling of histone methylations in the human genome. Cell, 129,
823–837.

2. Li,B., Carey,M. and Workman,J.L. (2007) The role of chromatin
during transcription. Cell, 128, 707–719.

3. Heintzman,N.D., Stuart,R.K., Hon,G., Fu,Y., Ching,C.W.,
Hawkins,R.D., Barrera,L.O., Van Calcar,S., Qu,C., Ching,K.A.
et al. (2007) Distinct and predictive chromatin signatures of
transcriptional promoters and enhancers in the human genome.
Nat. Genet., 39, 311–318.

4. Jenuwein,T. and Allis,C.D. (2001) Translating the histone code.
Science, 293, 1074–1080.

5. Berger,S.L. (2007) The complex language of chromatin regulation
during transcription. Nature, 447, 407–412.

6. Khan,A.U. and Krishnamurthy,S. (2005) Histone modifications as
key regulators of transcription. Front Biosci, 10, 866–872.

7. Egloff,S. and Murphy,S. (2008) Cracking the RNA polymerase II
CTD code. Trends Genet., 24, 280–288.

8. Svejstrup,J.Q. (2004) The RNA polymerase II transcription cycle:
cycling through chromatin. Biochim. Biophys. Acta, 1677, 64–73.

9. Guenther,M.G., Levine,S.S., Boyer,L.A., Jaenisch,R. and
Young,R.A. (2007) A chromatin landmark and transcription
initiation at most promoters in human cells. Cell, 130, 77–88.

10. Kolasinska-Zwierz,P., Down,T., Latorre,I., Liu,T., Liu,X.S. and
Ahringer,J. (2009) Differential chromatin marking of introns and
expressed exons by H3K36me3. Nat. Genet., 41, 376–381.

11. Krogan,N.J., Kim,M., Tong,A., Golshani,A., Cagney,G.,
Canadien,V., Richards,D.P., Beattie,B.K., Emili,A., Boone,C.
et al. (2003) Methylation of histone H3 by Set2 in Saccharomyces
cerevisiae is linked to transcriptional elongation by RNA
polymerase II. Mol. Cell. Biol., 23, 4207–4218.

12. Mikkelsen,T.S., Ku,M., Jaffe,D.B., Issac,B., Lieberman,E.,
Giannoukos,G., Alvarez,P., Brockman,W., Kim,T.K., Koche,R.P.
et al. (2007) Genome-wide maps of chromatin state in pluripotent
and lineage-committed cells. Nature, 448, 553–560.

13. Boyer,L.A., Plath,K., Zeitlinger,J., Brambrink,T., Medeiros,L.A.,
Lee,T.I., Levine,S.S., Wernig,M., Tajonar,A., Ray,M.K. et al.
(2006) Polycomb complexes repress developmental regulators in
murine embryonic stem cells. Nature, 441, 349–353.

14. Zhou,W., Zhu,P., Wang,J., Pascual,G., Ohgi,K.A., Lozach,J.,
Glass,C.K. and Rosenfeld,M.G. (2008) Histone H2A
monoubiquitination represses transcription by inhibiting RNA
polymerase II transcriptional elongation. Mol. Cell, 29, 69–80.

15. Ng,H.H., Robert,F., Young,R.A. and Struhl,K. (2003) Targeted
recruitment of Set1 histone methylase by elongating Pol II
provides a localized mark and memory of recent transcriptional
activity. Mol. Cell, 11, 709–719.
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