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The histone H3 lysine 79 methyltransferase DOT1L/KMT4 can promote an oncogenic pattern of gene
expression through binding with several MLL fusion partners found in acute leukemia. However, the normal
function of DOT1L in mammalian gene regulation is poorly understood. Here we report that DOT1L recruit-
ment is ubiquitously coupled with active transcription in diverse mammalian cell types. DOT1L preferentially
occupies the proximal transcribed region of active genes, correlating with enrichment of H3K79 di- and
trimethylation. Furthermore, Dot1l mutant fibroblasts lacked H3K79 di- and trimethylation at all sites
examined, indicating that DOT1L is the sole enzyme responsible for these marks. Importantly, we identified
chromatin immunoprecipitation (ChIP) assay conditions necessary for reliable H3K79 methylation detection.
ChIP-chip tiling arrays revealed that levels of all degrees of genic H3K79 methylation correlate with mRNA
abundance and dynamically respond to changes in gene activity. Conversion of H3K79 monomethyl-
ation into di- and trimethylation correlated with the transition from low- to high-level gene transcription. We
also observed enrichment of H3K79 monomethylation at intergenic regions occupied by DNA-binding tran-
scriptional activators. Our findings highlight several similarities between the patterning of H3K4 methylation
and that of H3K79 methylation in mammalian chromatin, suggesting a widespread mechanism for parallel or
sequential recruitment of DOT1L and MLL to genes in their normal “on” state.

Histone lysine methylation encodes genomic functions into
the chemical state of nucleosomes (38). The collective actions
of lysine methyltransferase and lysine demethylase enzymes
maintain a landscape of steady-state methylation of histones
around which eukaryotic DNA is packaged. Histone methyl-
ation can facilitate or abrogate a variety of protein-protein
interactions occurring along the chromatin fiber, thus permit-
ting stable regulation over localized regions of the genome.
Several recent high-throughput descriptions of histone lysine
methylation across mammalian genomes have documented the
pervasiveness of this form of epigenetic organization (2, 15,
23). However, the full biological significance of most histone
lysine methylation pathways in mammals has yet to be re-
vealed.

Methylation of histone H3 at lysine 79 (H3K79) is conserved
among most eukaryotic species. In budding yeast, nearly 90%
of histone H3 bears monomethylation (H3K79me1), dimethy-
lation (H3K79me2), or trimethylation (H3K79me3) at lysine
79, all catalyzed exclusively by the histone methyltransferase

Dot1 (27, 46). H3K79 methylation is widely distributed across
the euchromatic yeast genome but markedly depleted at het-
erochromatic mating-type, ribosomal DNA, and telomeric loci
(26, 30). Genes in these regions are controlled by silent infor-
mation regulator (SIR) proteins, which can bind nucleosomes
and silence transcription (reviewed in reference 33). Genetic,
as well as biochemical, evidence suggests a mutual antagonism
between H3K79 methylation by Dot1 and the association of
SIR proteins with chromatin (1, 10, 26, 46). Therefore, the
action of Dot1 in yeast serves to impose a boundary that
confines SIR proteins to silent telomeric heterochromatin. In
Drosophila, H3K79 methylation is also a prominent modifica-
tion within euchromatin, with levels in transcribed regions cor-
relating with gene activity (35). Mutations in the Drosophila
Dot1 ortholog grappa lead to Polycomb and Tri-thorax-group
phenotypes (37), suggesting that H3K79 methylation may in-
fluence developmentally regulated gene expression in multi-
cellular eukaryotes.

DOT1L, the mammalian ortholog, displays enzymatic prop-
erties similar to those of its counterpart in yeast (9). Accord-
ingly, H3K79 methylation can be detected on mammalian hi-
stones by mass spectrometry, with monomethylation being the
most abundant species and correlating with the fraction of
histone H3 modified by acetylation, suggesting enrichment at
active genes (53). Several reports of individual genes in mam-
malian cells have correlated H3K79 methylation with tran-
scriptional activation but also with gene repression (15, 17, 26,
54). All three degrees of H3K79 methylation were recently
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FIG. 4. Levels of H3K79 methylation correlate with gene expression in mammalian cells. (A to G) ChIP-chip analysis of methylation with the indicated
antibodies. The graphs shown are composite representations of similarly expressed genes with a moving median of 25 adjacent data points (spanning 660 bp).
Each location is relative to the TSS, measured in base pairs. All methylation signals were normalized to the input and total histone H3.
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regulatory elements and contribute to establishing H3K79me1.
Using ChIP, we found significant enrichment for PPAR� in
adipocytes but not preadipocytes at both the �41- and �27-kb
regions enriched for H3K79me1. The signals were comparable
to the proximal promoter (�0.2 kb) and significantly above an
intervening control region (�2.2 kb) (Fig. 7G). Thus, occu-
pancy of PPAR� at distal regulatory elements of Cd36 corre-
lates with the acquisition of H3K79me1 and H3K4me1/me2.
This methylation pattern is distinct from that observed near
the TSSs, where H3K79me2/me3 and H3K4me3 were strongly
enriched (Fig. 7C, E, and F). These findings suggest that in-

tergenic H3K79 monomethylation demarcates gene-regulatory
elements.

Seventy-five locations of intergenic H3K79me1 were identi-
fied across the panel of 47 tiled genes (see Fig. 16 at http:
//stokes.chop.edu/web/blobel/). Importantly, 97% of these sites
were also marked by enrichment of H3K4me1, which has pre-
viously been shown to be a methyl mark predictive of enhancer
activity (16). This highlights an additional similarity between
H3K4 methylation and H3K79 methylation, suggesting that
both modifications can demarcate enhancer regions. However,
it should be pointed out that intergenic H3K4me1 generally

FIG. 5. Dynamic acquisition or removal of H3K79 and H3K4 methylation reflects the transcriptional activity of genes regulated by adipogen-
esis. A summary of ChIP-chip data from 47 dynamic genes is shown.1 represents a 1.5- to 2.5-fold change.11 represents a 2.5- to 7-fold change.
111 represents a �7-fold change. A minus sign represents no significant change. All methylation changes were normalized to the input and total
histone H3.
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displayed greater overall enrichment and was seen more fre-
quently across tiled genes (110 sites) than H3K79me1 (75
sites). Thus, H3K4me1 may display greater sensitivity in anno-
tating potential regulatory regions, while H3K79me1 might be
more selective for certain classes of regulatory DNA elements.
Future work will examine the broader range of elements that
possess H3K79me1 and whether a consistent relationship ex-
ists with specific sequence features. Our findings suggest that
patterning of the degree of H3K79 methylation across mam-
malian genomes may have utility in distinguishing potential

regulatory elements (H3K79me1 alone) from the transcribed
region of active genes (H3K79me1/me2/me3).

GATA-1 is required for H3K79 monomethylation at the
LCR of the murine �-globin locus. To investigate further the
relationship between H3K79me1 and transcription factor oc-
cupancy, we examined H3K79 methylation at the well-charac-
terized regulatory elements of the murine �-globin locus.
High-level transcription of Hbb-b1 requires occupancy of the
erythroid transcription factor GATA-1 at the proximal pro-
moter and at the upstream locus control region (LCR). While
H3K79 dimethylation has previously been observed at a few
sites across the �-globin locus, a relationship with transcription
factor binding or enhancer activity was not determined (17).
To evaluate a potential relationship between GATA-1 binding
to its target enhancer elements and H3K79 methylation, we
performed ChIP-qPCR studies with the GATA-1 null ery-
throid cell line G1E. Conditional activation of a stably ex-
pressed fusion of GATA-1 and the ligand binding domain of
the estrogen receptor (GATA-1–ER) leads to direct activation
of Hbb-b1 transcription (48). We measured the profile of
H3K79 methylation at 14 regions across the �-globin locus in
GATA-1–ER-expressing G1E cells treated for 24 h with estra-
diol. Similar to observations at many adipogenesis-regulated
genes, all degrees of H3K79 methylation were acquired at the
activated Hbb-b1 transcribed region upon GATA-1 activation,
with H3K79me1 bearing a somewhat broader localization pat-
tern than H3K79me2/me3 (Fig. 8B to D). However, GATA-1
binding to each site within the LCR correlated with significant
increases in H3K79me1 but not at an intervening region
(IVR4/3) (Fig. 8D). H3K79me2/me3 signals were limited to
the Hbb-b1 transcribed region (Fig. 8B and C). These results
suggest that GATA-1 may establish a pattern of intergenic
H3K79me1 at bound elements within the LCR in parallel with
the pattern of H3K79me1/me2/me3 established at Hbb-b1
upon gene activation.

To evaluate a possible contribution of intergenic transcrip-
tion to the establishment of H3K79me1 at the LCR, we acti-
vated GATA-1 in the presence of the pTEFb kinase inhibitor
5,6-dichloro-1-�-D-ribofuranosylbenzimidazole (DRB), which
potently inhibits Hbb-b1, as well as intergenic transcription at
the �-globin locus (18). To permit survival of G1E cells during
DRB treatment, a G1E cell line overexpressing the antiapop-
totic molecule Bcl-XL was used (49). In addition, the duration
of estradiol treatment was reduced to 18 h. RT-PCR revealed
that intergenic transcription of DNase-hypersensitive site 1
(HS1) of the LCR was not significantly increased following
GATA-1 activation (see Fig. 17 at http://stokes.chop.edu/web
/blobel/). In addition, DRB treatment strongly reduced the
level of detectable HS1, as well as Hbb-b1 transcripts, consis-
tent with prior findings (18). Notably, we found that DRB
treatment does not reduce GATA-1-induced accumulation of
H3K79me1 at HS1 (Fig. 9A). In contrast, H3K79me1 in the
transcribed region of Hbb-b1 failed to accumulate in the pres-
ence of DRB (Fig. 9B). As a control, we observed that
GATA-1 occupied the LCR normally under these conditions
(Fig. 9A). This result suggests that intergenic H3K79 mono-
methylation can be initiated by DNA-binding activators inde-
pendently of transcription elongation.

The observations that GATA-1 and PPAR� can be cor-
related with the acquisition of H3K79me1 at bound ele-

FIG. 6. H3K79 monomethylation is converted into di- and tri-
methylation upon induction of Acsl1 transcription. ChIP-chip analysis
of H3K79 methylation at Acsl1 in either undifferentiated (preadipo-
cytes) or differentiated (adipocytes) 3T3-L1 cells is shown. All meth-
ylation signals were normalized to the input and total histone H3.
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