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Active DNA demethylation plays an important role in controlling methylation patterns in eukaryotes. In plants,
the DEMETER-LIKE (DML) family of 5-methylcytosine DNA glycosylases initiates DNA demethylation through a
base excision repair pathway. However, it is poorly understood how these DNA demethylases are recruited to
their target loci and the role that histone marks play in this process. Arabidopsis REPRESSOR OF SILENCING 1
(ROS1) is a representative enzyme of the DML family, whose members are uniquely characterized by a basic
amino-terminal domain mediating nonspecific binding to DNA, a discontinuous catalytic domain, and a
conserved carboxy-terminal domain of unknown function. Here, we show that ROS1 interacts with the N-ter-
minal tail of H3 through its C-terminal domain. Importantly, phosphorylation at H3 Ser28, but not Ser10, ab-
rogates ROS1 interaction with H3. Conserved residues at the C-terminal domain are not only required for H3
interaction, but also for efficient DNA binding and catalytic activity. Our findings suggest that the C-terminal
domain of ROS1 may function as a histone reader module involved in recruitment of the DNA demethylase

Histone reader domains
Epigenetics

activity to specific genomic regions.

1. Introduction

DNA methylation at carbon 5 of cytosine (5-methylcytosine, 5-meC)
is a stable but reversible modification, usually associated with gene
silencing, that functions as an epigenetic mark in embryonic develop-
ment, X-chromosome inactivation, imprinting, and control of trans-
poson activity [1]. In mammals, DNA methylation mainly occurs in the
symmetric CG context, although non-CG methylation has been reported
in brain tissues and embryonic stem cells [2,3]. Plant DNA methylation
occurs at any cytosine sequence context: CG, CHG, or CHH (H=A, T, C)
[1]. DNA methylation patterns, which change during normal develop-
ment, are controlled by the antagonistic actions of methylation and
demethylation pathways. DNA demethylation can be either passive or
active. Passive demethylation involves dilution of 5-meC after DNA
replication cycles in the absence of maintenance methylation. Active
demethylation occurs independently of replication and involves one or
more enzymes [4]. Despite the knowledge gained on the mechanisms of
DNA methylation, how active DNA demethylation is regulated and how

the proteins involved in such process are recruited to target loci remain
open questions.

Plants possess a distinctive active DNA demethylation mechanism
involving DNA glycosylases that directly excise 5-meC and initiate its
replacement with unmodified C through a base excision repair (BER)
pathway [5]. Plant 5-meC DNA glycosylases are typified by Arabidopsis
ROS1 (REPRESSOR OF SILENCING 1) [6-8] and its paralogs DME
(DEMETER) [7,9], DML2, and DML3 (DEMETER-LIKE proteins 2 and 3)
[5,7,10,11]. These proteins are grouped in the DEMETER-LIKE (DML)
family, which belongs to the HhH-GPD superfamily, the largest and most
functionally diverse group of DNA glycosylases [12].

Arabidopsis ROS1 is a multi-domain bifunctional DNA glycosylase
with a bipartite catalytic domain divided by a large insert predicted to
have an unstructured conformation, a short N-terminal domain signifi-
cantly rich in lysine, and a large C-terminal domain exclusively
conserved among DML family members. Sequence alignment and
available structural data of HhH-GPD enzymes allowed generating a
tridimensional model of the discontinuous catalytic domain of ROS1
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[13]. Together with biochemical analysis, this model has been used to
identify residues important for ROS1 function [13]. The N-terminal
basic domain is not essential for catalytic activity [14,15], but in ROS1
mediates methylation-independent binding to DNA and endows the
protein with the capacity to slide along DNA substrates in search of
5-meC [15,16]. The C-terminal domain of ROS1 lacks detectable enzy-
matic activity and binds DNA with very low affinity [15], whereas the
isolated DNA glycosylase domain is inactive for 5-meC excision but re-
tains partial AP lyase activity [17]. It has been shown that the addition
of the C-terminal domain in trans to the DNA glycosylase domain re-
stores base excision capacity, suggesting that the C-terminal region is
essential for the 5-meC DNA glycosylase activity, perhaps by stabilizing
the DNA glycosylase domain and/or stimulating its enzymatic activity
[17].

ROS1 removes 5-meC at several hundred loci across the genome in
vegetative tissues, apparently to counteract excessive methylation [10,
18]. It is still poorly understood how ROS1 is directed to specific
genomic regions, although the process likely involves the presence of
specific chromatin modifications at target loci and/or the activity of
recruiting factors. In chromatin, DNA is closely associated to core his-
tones proteins (H2A, H2B, H3 and H4) whose N-terminal tails undergo
different post-translational modifications [19]. Such modifications act
as signal marks that can be read by different effector/reader proteins
and chromatin-remodeling enzymes, thus influencing particular cellular
processes [20]. It has been reported that loci targeted by ROS1 are
enriched for H3K18Ac and H3K27me3 and depleted of H3K27me and
H3K9me2 [21]. Furthermore, it has been identified a regulatory
pathway initiated by the increased DNA methylation (IDM) complex in
active DNA demethylation in Arabidopsis [22,2.3]. In this pathway, ROS1
is targeted to specific genomic loci through a complex that includes
IDM1, IDM2, IDM3, the Methyl-CpG-Binding Domain-containing pro-
tein 7 (MBD7), and the Harbinger transposon-derived proteins HDP1
and HDP2. The IDM complex catalyzes histone acetylation at a subset of
DNA demethylation target loci [23-25]. The histone acetylation marks
created by the IDM complex are recognized by the SWRI1
chromatin-remodeling complex, which mediates ROS1-mediated DNA
demethylation at some loci [22]. However, whether ROS1 interacts with
other histone variants or any histone modification is still unknown.
Here, we report that ROS1 interacts with the N-terminal tail of H3 core
histones through its C-terminal domain. We also show that ROS1
interaction with H3 is specifically abolished by phosphorylation of H3
Ser28 (H3S28) and requires conserved residues that are also important
for DNA binding and catalytic activity.

2. Materials and methods
2.1. Protein expression and purification in E. coli

2.1.1. WT ROS1 and mutant versions (E1305Q, C1286A/R1287A and
Y1300A/F1301A)

Site-directed mutagenesis was performed using the Quick-Change II
XL kit (Stratagene). The mutations were introduced into the expression
vector pET28a (Novagen) containing the full-length wild-type (WT)
ROS1 cDNA using specific oligonucleotides (Table 1, Supplementary
Data). Mutational changes were confirmed by DNA sequencing and the
constructs were used to transform Escherichia coli BL21 (DE3) dcm™
Codon Plus cells (Stratagene). WT and mutant versions were expressed
and purified as N-terminal His-tagged proteins, as follows: a fresh single
transformed colony was inoculated into 10 ml of LB (Luria-Bertani)
medium containing kanamycin (30 pg/ml) and chloramphenicol (34 pg/
ml), and the culture was incubated at 37 °C overnight with shaking. A
2.5 ml aliquot of the overnight culture was inoculated into 250 ml of LB
medium containing kanamycin (30 pg/ml) and chloramphenicol (34 pg/
ml) and incubated at 37 °C, 250 rpm, until the Aggp was 0.1. The culture
was then placed at 23 °C, and incubation continued at 250 rpm for 90
min before adding 5 mM betaine, 5 mM Na-glutamate and 0.5 M NaCl.
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When the Agoo reached 0.7, expression was induced by adding isopro-
pyl-1-thio-B-D-galactopyranoside (IPTG) to 1 mM and incubating for 2 h.
After induction, cells were collected by centrifugation at 13,000 g for 30
min, and the pellet was kept frozen at —80 °C. The stored pellet was
thawed and resuspended in 3.5 ml of Sonication Buffer (SB: 20 mM
Tris-HCl pH 8.0, 500 mM NacCl, 20% glycerol, 15 mM p-mercaptoe-
thanol, 1% Tween-20) supplemented with 5 mM imidazole. Cells were
disrupted by sonication and the lysate was clarified by centrifugation.
The supernatant was loaded onto a Ni?t-sepharose column (GE
Healthcare) pre-equilibrated with SB buffer supplemented with 5 mM
imidazole. The column was washed with 10 ml of SB supplemented with
5 mM imidazole, followed by 10 ml of SB supplemented with 100 mM
imidazole. Proteins were eluted with a 30 ml gradient of imidazole (100
mM to 1 M) in SB and collected in 0.5 ml fractions. An aliquot of each
fraction was analyzed by SDS-PAGE and those containing a single band
of the overexpressed protein were pooled and dialyzed overnight against
Dialysis Buffer (DB: 50 mM Tris-HCI pH 8.0, 1 mM DTT, 50% glycerol)
containing 200 mM NaCl. The protein preparation was divided into al-
iquots, and stored at —80 °C. All steps were carried out at 4 °C or on ice.
Protein concentration was determined by the Bradford assay [26]. De-
natured proteins were analyzed by SDS-PAGE (10%) using broad-range
molecular weight standards (Bio-Rad).

2.1.2. ROS1 truncated versions (NA294, NA88CA1075, NA1080 and
NA519CA313)

ROS1 deletion constructs [15] were expressed and purified as
N-terminal His-tagged proteins, as described above, except that
expression was induced by adding IPTG to 1 mM and performed at 15 °C
overnight. Pooled pure fractions were dialyzed against DB containing
200 mM NaCl except for NA88CA1075 and NA519CA313 where 500
mM NaCl was added.

2.2. Binding of ROS1 to a histone peptide array

The MODified™ Histone Peptide Array (Active Motif) was used to
study the interaction of ROS1 with different histones tails and their post-
translational modifications. The array consists of a glass slide (26 x76
mm) with a cellulose membrane containing 19-mer peptides from eight
different regions of the N-terminal tails of H3, H4, H2A and H2B his-
tones (H3 1-19, 7-26, 16-35 and 26-45, H4 1-19 and 11-30, H2A 1-19
and H2B 1-19). The peptides are covalently bound to cellulose via their
C-terminus. The array contains 59 different post-translational modifi-
cations for histone acetylation, methylation, phosphorylation and/or
citrullination. Each peptide may contain up to four modifications. In
total, 384 different modification combinations are spotted in duplicate
onto the array. Five control spots are included (locations P20-P24):
biotin peptide, c-Myc tag, no histone peptide and two background
spots containing a mixture of modifications that are present on the array.
The array was pre-incubated in blocking solution [5% non-fat dried milk
in TBS-T buffer (10 mM Tris-HCl pH 7.4, 150 mM NaCl and 0.05%
Tween-20)] at 4 °C overnight, washed three times with TBS-T bulffer,
and incubated with purified Hisg-tagged ROS1 (10 nM) for 1 h at 25 °C
in binding buffer (50 mM Tris-HCI pH 8, 1 mM DTT, 100 pg/ml BSA, 1
mM EDTA, 100 mM NacCl and 0.1% glycerol) with gentle agitation. After
washing three times with TBS-T buffer, the array was incubated with
His-tag monoclonal antibody (Novagen) at a 1:4000 dilution in blocking
solution for 1 h at room temperature. Then, it was washed three times
with TBS-T buffer and incubated with horseradish peroxidase-
conjugated anti-mouse IgG (GE healthcare) at a 1:5000 dilution in
blocking solution for 1 h at room temperature. Finally, the array was
incubated with ECL Western blotting Detection Reagent (GE Healthcare)
and images were captured using the LAS-3000 analyzer (Fujifilm).

2.3. Pull-down assays

Histone peptides used for pull-down assays were obtained from
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Biomatik, Millipore or Anaspec. All peptides were biotinylated at the C-
terminus, purified by HPLC before use (purity > 90-95%) and dissolved
in sterile distilled water before dilution in the desired buffer. Their
sequence, modifications, and molecular weight are shown in Table 2
(Supplementary Data). For peptide loading, 30 pl of Dynabeads M-280
Streptavidin (Invitrogen) were washed once with PBS-T (Phosphate
Buffer Saline pH 7.4 and 0.1% Tween-20) and then incubated with the
appropriated biotinylated histone peptide (400 pmol) in PBS at 4 °C
overnight, according to the manufacturer’s instructions. After incuba-
tion, beads were washed three times with PBS-T and twice with Binding
Buffer (50 mM Tris-HCI pH 8, 1 mM DTT, 1 mM EDTA, 100 mM NacCl,
0.1% Tween-20, 0.01% protease inhibitor cocktail p8849 (Sigma), 50
nM tautomycin and 50 nM okadaic acid). Once loaded with the appro-
priate peptide, the beads were incubated with 50 pmol of purified Hise-
tagged ROS1 (WT, truncated or mutant versions) in 400 pl of Binding
Buffer containing 0.09 ug/ul BSA for 2 h at 4 °C. After incubation, beads
were washed three times with Binding Buffer. Proteins bound to beads
were separated by SDS-PAGE (7% acrylamide/bisacrylamide, 37.5:1)
and transferred to nitrocellulose membranes at 30 V at 4 °C overnight.
After blotting, the membranes were blocked with Blocking Solution [1%
BSA (bovine serum albumin) in TBS (10 mM Tris-HCI pH 7.4 and 150
mM NaCl)] for 1 h at room temperature and washed three times with
TBS supplemented with 0.5% Tween-20 (TBS-T). Then, membranes
were incubated with a His-tag monoclonal antibody (Novagen) at a
1:1000 dilution in Blocking Solution for 1 h at room temperature,
washed three times with TBS-T, and incubated with horseradish
peroxidase-conjugated anti-mouse (Cell Signaling) at a 1:3000 dilution
in Blocking Solution for 1 h at room temperature. After three washes
with TBS-T, membranes were incubated with ECL Prime Western Blot-
ting Detection Reagent (GE Healthcare). Images were captured using the
LAS-3000 analyzer (Fujifilm).

2.4. DNA substrates

Oligonucleotides used as DNA substrates in enzymatic assays
(Table 3, Supplementary Data) were synthesized by Operon or Inte-
grated DNA Technologies (IDT) and purified by polyacrylamide gel
electrophoresis (PAGE) or dual HPLC before use. Double-stranded DNA
substrates were prepared by mixing a 5 pM solution of a 5'-fluorescein-
labeled oligonucleotide (upper-strand) with a 10 pM solution of an un-
labeled oligomer (lower-strand), heating to 95 °C for 5 min and slowly
cooling to room temperature. DNA containing a natural AP site opposite
guanine was prepared by incubating a DNA duplex containing a U:G
mispair (200 nM) with 2.5 U of Escherichia coli Uracil DNA glycosylase
(NEB) at 30 °C for 5 min.

2.5. Enzyme activity assays

For DNA glycosylase/lyase activity assays, fluorescein-labeled
duplex oligonucleotides containing 5-meC:G (20 nM) were incubated
at 30 °C for 24 h in a reaction mixture containing 50 mM Tris-HCl pH
8.0, 1 mM EDTA, 1 mM DTT, 0.1 mg/ml bovine serum albumin (BSA)
and 20 nM of WT ROS1 or mutant variants in a total volume of 50 pl.
When measuring DNA glycosylase activity, after incubation NaOH (100
nM) was added and samples were immediately transferred to 90 °C for
10 min. For AP lyase activity assays, a fluorescein-labeled duplex
oligonucleotide containing an AP site opposite G (20 nM) was used.
After 2 h reaction at 30 °C, the mixture was incubated with 300 mM
NaBHy at 0 °C for 30 min and neutralized with 100 mM Tris-HCI pH 7.4.
All reactions were stopped by adding 20 mM EDTA, 0.6% sodium
dodecyl sulphate (SDS) and 0.5 mg/ml proteinase K, and the mixtures
were incubated at 37 °C for 30 min. DNA was extracted with 1 vol of
phenol:chloroform:isoamyl alcohol (25:24:1, Sigma) and precipitated
with 3 volumes of ethanol absolute at — 20 °C in the presence of 0.3 mM
NaCl and 16 pg/ml glycogen. Samples were resuspended in 10 pl of 90%
formamide and heated at 95 °C for 5 min. Reaction products were
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separated in a 12% denaturing polyacrylamide gel containing 7 M urea.
Fluorescein-labeled DNA was visualized in a FLA-5100 imager and
analyzed using Multigauge software (Fujifilm).

2.6. Electrophoretic mobility shift assay (EMSA)

WT ROS1 or ROS1 variants were incubated with 100 nM of a
fluorescein-labeled duplex oligonucleotide. DNA binding reactions were
carried out at 25 °C for 5 min in 10 mM Tris-HCI, pH 8.0, 1 mM DTT, 10
pg/ml BSA, 1 mM EDTA, in a final volume of 10 pl. Complexes were
electrophoresed through 0.2% agarose gels in 1X TAE (40 mM Tris-HCI,
pH 8.0, 20 mM acetic acid, 1 mM EDTA). Electrophoresis was carried out
in 1X TAE for 40 min at 80 V at room temperature. Fluorescein-labeled
DNA was visualized in a FLA-5100 imager and Multigauge software
(Fyjifilm).

3. Results

3.1. ROS1 binds all four core histones but specific modifications abrogate
the interaction

As a starting approach to determine whether ROS1 interacts with
histones and specific histone marks, we performed a massive scrutiny
using a histone peptide array (MODified Histone Peptide Array). The
array comprises 384 spots containing 19-mer peptides of different re-
gions of the N-terminal tails of core histones (H3 1-19, 7-26, 16-35 and
26-45, H4 1-19 and 11-30, H2A 1-19 and H2B 1-19). It features 59
post-translational modifications in different combinations including
acetylation, methylation, phosphorylation, and citrullination. For
quality control, all peptides included in the array are spotted in dupli-
cate. The array was incubated with purified His-tagged ROS1, and
bound protein was detected with an anti-His antibody. The results
(Fig. 1A) showed that ROS1 remained bound to most peptides, as well as
to two control spots (Fig. 1A, P23 and P24) containing a mixture of
modifications that are present in the array. The apparent absence of
ROS1 binding at spot A18 (H3T11P) was not consistently observed in
independent experiments, and spots P17-P19 contain H2B modifications
not detected in plants [27]. Importantly, no signal was detectable in
three negative control spots (Fig. 1A, P20-P22) containing a biotin
control peptide, a c-myc tag or a non-histone peptide, thus ruling out
non-specific interactions.

Although ROS1 bound most histone peptides, it was consistently
observed, in independent experiments and on both duplicates in the
same array, that no signal was detectable at specific spots (Fig. 1A). The
most relevant observation was that ROS1 binding to H3 was disrupted
when Ser28 was phosphorylated, independently of the presence of other
modification marks in the same peptide (Fig. 1A and B). In contrast,
phosphorylation at H3510 did not affect ROS1 binding (Fig. 1A and B,
A17). The inhibition of ROS1 binding by specific modifications was also
observed for other histones. For example, binding to H2B was inhibited
when Serl4 was phosphorylated in combination with acetylation at
Lysl5 (Fig. 1A and B, P14). Additionally, binding to H4 was not
detectable when acetylation at both Lys12 and Lys16, and di-
methylation at Lys20 were combined in the same peptide (Fig. 1A and
B, N17). Altogether, these results suggest that ROS1 interacts with the N-
terminal tails of all four core histones, and that such interaction may be
abolished by specific modifications.

3.2. Phosphorylation of H3528, but not H3S10, specifically abrogates
ROS1 interaction with histone H3

The results described above suggested that, although H3S28 and
H3S10 are located at regions sharing the consensus ARKS sequence
(Fig. 2A), only phosphorylation at Ser28 disrupts ROS1 binding to H3.
To specifically analyze differences in ROS1 binding to H3S10 and
H3S28, we performed pull-down assays with His-tagged ROS1 and
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Peptide position Peptide sequence Name Mod1 Mod2 _ Mod3 Mod4 N-terminus
A1 ARTKQTARKSTGGKAPRKQ H3 1-19 unmod free
A17 ARTKQTARKpSTGGKAPRKQ H3 1-19 S10P free
J20 PRKQLATKAARKSAPATGG H3 16-35 unmod acetylated
K4 PRKQLATKAARKpPSAPATGG H3 16-35 S28P acetylated
K9 PRKQLATKAARmMe2s KpSAPATGG H3 16-35 R26me2s S28P acetylated
K14 PRKQLATKAARmMe2aKpSAPATGG H3 16-35 R26me2a S28P acetylated
K18 PRKQLATKAACitKpSAPATGG H3 16-35 R26Citr S28P acetylated
K19 PRKQLATKAARKmel pSAPATGG H3 16-35 K27me1 S28P acetylated
K20 PRKQLATKAARKme2pSAPATGG H3 16-35 K27me2 S28P acetylated
K21 PRKQLATKAARKmMe3pSAPATGG H3 16-35 K27me3 S28P acetylated
K22 PRKQLATKAARKacpSAPATGG H3 16-35 K27ac S28P acetylated
K23 PRKQLATKAARmMe2s Kmel pSAPATGG H3 16-35 R26me2s K27me1 S28P acetylated
K24 PRKQLATKAARme2s Kme2pSAPATGG H3 16-35 R26me2s K27me2 S28P acetylated
L1 PRKQLATKAARMe2s Kme3pSAPATG G H3 16-35 R26me2s K27me3 S28P acetylated
L2 PRKQLATKAARme2s KacpSAPATGG H3 16-35 R26me2s K27ac S28P acetylated
L3 PRKQLATKAARme2a Kme1 pSAPATGG H3 16-35 R26me2a K27me1 S28P acetylated
L4 PRKQLATKAARmMe2a Kme2 pSAPATGG H3 16-35 R26me2a K27me2 S28P acetylated
LS PRKQLATKAARme2a Kme3pSAPATG G H3 16-35 R26me2a K27me3 S28P acetylated
L6 PRKQLATKAARmMe2aKacpSAPATGG H3 16-35 R26me2a K27ac  S28P acetylated
N17 GKacGGAKacRHRKme2VLRDNIQGIT H4 11-30 K12ac K16ac K20me2 acetylated
P14 PDPAKSAPAPKKGpPSKacKAVT H2B 1-19 S14P K15ac free
P20 BioAANWSHPQFEKAA [ trol y biotinylated
P21 EQKLISEEDLA free
P22 HAc n acetylated
P23 K Kme1 Kme2 Kme3 Kac R Rme2s R Rme2a R Cit K Kme1 Kac Kme3 RK | acetylated
P24 R Rme2s K Kme1 Kac R Rme2a Kme2 K Kme3 R Kme1 Rme2s KKacRK b g acetylated

Fig. 1. Massive scrutiny of ROS1 interaction with different histone peptides. (A) Binding of ROS1 to a histone peptide array (MODified Histone Peptide Array, Active
Motif) including 384 peptides of different regions of the N-terminal tails of core histones containing different post-translational modification combinations. The array
was incubated with purified Hiss-tagged ROS1 (10 nM) for 1 h at 25 °C and ROS1 binding was detected by an anti-Hise-tag antibody. Colored boxes indicate selected
spots described in panel B. (B) Description of selected spots of the histone array. The position, sequence, name, and type of modifications are shown. Coloring scheme
is as in panel A. See http://www.active motif.com/catalog/668/modified histone-peptide-array for a detailed annotation of all spots.

biotinylated H3 peptides containing H3S10 (amino acids 1-21) or
H3S28 (amino acids 21-43) in either unmodified or phosphorylated
form (Fig. 2A). Consistent with the array results, ROS1 interacted with
both regions of unmodified histone H3 (Fig. 2B, lanes 3 and 10),
although the percentage of ROS1 bound to the region containing amino
acids 1-21 was higher compared to the region containing amino acids
21-43 (Fig. 2D). However, ROS1 interaction was virtually abolished by
H3S28 phosphorylation, but remained unaffected when H3S10 was
phosphorylated (Fig. 2B lanes 5 and 12 and Fig. 2D). These results
suggest that ROS1 interaction with H3 is sequence-specific and most
likely involves residues preceding and/or following each ARKS
consensus sequence.

3.3. The C-terminal domain of ROS1 is responsible for H3 binding

ROS1 is a large and complex protein composed of three major do-
mains: a lysine-rich N-terminal domain, a discontinuous DNA glyco-
sylase catalytic domain, and a C-terminal domain that is highly
conserved among DML family proteins [5]. In order to identify the
domain(s) involved in the interaction of ROS1 with histone H3, different

His-tagged truncated versions of ROS1 (Fig. 2C) were purified and
compared to the WT protein in their ability to bind H3 peptides with
either unmodified or phosphorylated versions of Serl0 or Ser28
(Fig. 2B). A ROS1 variant lacking the N-terminal domain (NA294)
behaved like the WT protein, since it bound H3 peptides unless Ser28
was phosphorylated (Fig. 2B, lane 3,5,10 and 12 and Fig. 2D). However,
the percentage of bound protein was lower compared to the WT version,
particularly when Ser10 was phosphorylated (Fig. 2D). Conversely, the
interaction of a ROS1 version containing only the N-terminal domain
(NA88CA1075) was virtually undetectable with any H3 peptide
(Fig. 2B, lane 3, 5, 10 and 12 and Fig. 2D). These results indicate that the
N-terminal domain of ROS1 is not essential for the interaction with
histone H3. Furthermore, a truncated ROS1 version containing only the
discontinuous DNA glycosylase domain (NA519CA313) also showed a
significantly reduced capacity to bind the unmodified H3 peptide con-
taining amino acids 1-21 and the interaction with the H3S10P peptide
was barely detectable (Fig. 2B, lane 3 and 5 and Fig. 2D). Also, in
contrast to the WT protein, NA519CA313 displayed a very weak inter-
action with the peptide containing phosphorylated Ser28, and the
binding to the unmodified version was almost completely abolished
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Fig. 2. Analysis of ROS1 interaction
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(Fig. 2B, lane 10 and 12 and Fig. 2D). Finally, a ROS1 variant containing
only the C-terminal domain (NA1080) displayed a binding capacity
similar to that of the full-length protein. Importantly, NA1080 bound the
two unmodified H3 peptides and the one phosphorylated at Ser10 but
was unable to bind the peptide containing phosphorylated Ser28
(Fig. 2B, lane 3, 5, 10 and 12 and Fig. 2D). Altogether, these results
suggest that the main region responsible for ROS1 interaction with
histone H3 is located at the C-terminal domain of the enzyme.

3.4. The methylation status of H3K27 does not affect ROS1 binding

Adjacent to H3S28 there is a lysine residue (H3K27) that can be
mono-, di- or tri- methylated [28]. Since methylation at H3K27 is an
important histone mark associated to transcriptional repression [28], we
asked whether the methylation status of H3K27 affects ROS1 binding.
To this end, the C-terminal domain of ROS1 (NA1080) was incubated
with each of four versions of an H3 peptide (21-43 amino acids) con-
taining unmodified, mono-, di- or tri-methylated H3K27 (Supplemen-
tary Figure 1A). We found that the amount of NA1080 bound to all four
peptides was very similar (Supplementary Figure 1B and C). These
findings agree with those observed in the peptide array experiments,
where spots containing unmodified, mono-, di- or tri-methylated
H3K27, retained ROS1 with similar affinity (Fig. 1A, spots Al, J24, K1
and K2, respectively). Altogether, these results indicate that the
methylation status of H3K27 does not affect ROS1 binding.

were used as the control for non-specific
binding (C) Schematic diagrams
showing the domains deleted in the
different ROS1 variants. The N-terminal
domain is shown in green, the discon-
tinuous DNA glycosylase domain is
distributed over two segments (blue and
red) separated by a non-structured
linker region (striped), and the C-ter-
minal domain is colored in yellow.
Discontinuous lines indicate deleted re-
gions. (D) Graphs show the percentage
of bound protein to each histone pep-
tide normalized to the corresponding
input. Values are the mean ( + SEM)
from two independent experiments. As-
terisks indicate statistically significant
differences compared to WT ROS1 (**=

BH3S28
OH3S28P

3.5. Identification of ROS1 C-terminal residues important for interaction
with histone H3

In order to identify candidate residues involved in the interaction of
ROS1 with H3, we performed a multiple sequence alignment of the C-
terminal domains of several DML family proteins (Supplementary
Figure 2). The alignment confirmed that the C-terminus is highly
conserved among members of this family of atypical DNA glycosylases.
Two major conserved regions are observed, separated by a section
containing 4 Cys residues that may be a permuted version of a single unit
of a ZF-CXXC domain [29]. However, the two highly conserved regions
separated by such domain are not related to any known protein.
Sequence conservation is particularly high in the second region (resi-
dues 1279-1317 in Arabidopsis ROS1), suggesting that this area contains
amino acids important for ROS1 function. Since there is no structural
information available for the C-terminal domain of ROS1, we opted for
residues located in such conserved region (residues 1279-1317) and
representing different chemical classes: polar uncharged (C1286),
positively charged (R1287), aromatic (Y1300 and F1301), and nega-
tively charged (E1305). Therefore, we generated three different
His-tagged ROS1 C-terminus mutant versions, one containing a single
mutation (E1305Q), and two double-mutants (C1286A/R1287A and
Y1300A/F1301A) (Fig. 3A and Supplementary Figure 2). All three
mutant versions showed a drastically reduced capacity to interact with
the unmodified version of H3S28 (21-43 region of H3) (Fig. 3B, lane 10
and Fig. 3C). As expected, none bound the H3S28P version (Fig. 3B, lane
12 and Fig. 3C). However, they retained at different degrees the capacity
to interact with both the unmodified and phosphorylated versions of
Ser10 (1-21 region of H3) (Fig. 3B, lanes 3 and 5 and Fig. 3C). These
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Fig. 3. Analysis of the interaction of ROS1 C-terminal mutant proteins with H3 peptides containing either unmodified or phosphorylated versions of Ser10 and
Ser28. (A) Partial multiple sequence alignment of the C-terminal domain of several DML family proteins. Inverted grey triangles indicate mutated amino acids. Names
of organisms are abbreviated as follows: Ath, Arabidopsis thaliana; Nta, Nicotiana tabacum; Osa, Oryza sativa; Vvi, Vitis vinifera. Genbank accession numbers are as
follows: Ath ROS1: AAP37178; Ath DME: ABC61677; Ath DML2: NP_187612.5; Ath DML3: OA099112; Nta ROS1: BAF52855; Osa DMLb: BAF04322; Osa DMLc:
EEE63898; Vvi DMLa: CAO46558. (B) Pull-down assays performed with WT ROS1 or C-terminal mutant variants and biotinylated H3 histone peptides (1-21 or
21-43 amino acids) phosphorylated or not at Ser10 or Ser28, respectively. A representative gel is shown for each protein. Input: 3% of each protein variant used for
binding, FT: 3% of Flow-Through, bound: 25% bound proteins, beads with no peptide were used as the control for non-specific binding (C) Graphs show the per-
centage of bound protein to each histone peptide, normalized to the corresponding input. Values are the mean ( - SEM) from two independent experiments. Asterisks
indicate statistically significant differences compared to WT ROS1 (**= P < 0.01; Student’s unpaired t-test).

results suggest that the mutated residues (C1286 and/or R1287, Y1300
and/or F1301 and E1305) are specifically involved in the
phosphorylation-sensitive recognition of the region surrounding H3S28
but are only marginally implicated in the phosphorylation-independent
interaction with the region surrounding H3S10.

3.6. The C-terminal mutant proteins E1305Q, C1286A/R1287A and
Y1300A/F1301A are deficient in 5-meC excision

It has been previously reported that the C-terminal domain of DML
family proteins is necessary for 5-meC excision [14,17]. Therefore, we
examined the catalytic activity of the C-terminal mutant proteins

E1305Q, C1286A/R1287A and Y1300A/F1301A in order to study the
role of these residues in ROS1 enzymatic function. We found that the
amount of incision products generated by C1286A/R1287A was signif-
icantly reduced compared to that of the WT protein, whereas mutants
E1305Q and Y1300A/F1301A displayed almost undetectable activity
(Fig. 4A and Supplementary Figure 3A). Therefore, the results suggest
that the mutated residues are required for efficient ROS1 catalytic
function.

Since ROS1 is a bifunctional DNA glycosylase/lyase that catalyzes
both the release of 5-meC and the cleavage of DNA at the resulting abasic
site [7], we further analyzed the reduced capacity of the three mutant
proteins to determine if it was due to a deficiency in DNA glycosylase
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Fig. 4. Analysis of the catalytic activity of ROS1 C-terminal mutant proteins. (A) Combined DNA glycosylase/AP lyase activity of WT ROS1 and C-terminal mutant
variants on a DNA substrate containing a 5-meC:G pair. Purified proteins (20 nM) were incubated at 30 °C for 24 h with a double-stranded oligonucleotide substrate
(20 nM) containing 5-meC opposite G. Products were separated in a 12% urea denaturing polyacrylamide gel and the amount of incised oligonucleotide was
quantified by fluorescent scanning. Values are the mean ( + SEM) from two independent experiments. Asterisks indicate statistically significant differences compared
to WT ROS1 (**= P < 0.01; Student’s unpaired t-test). (B) Top, schematic diagram of ROS1 DNA glycosylase/AP lyase activity on 5-meC. ROS1 excises 5-meC as a
free base and then cleaves the phosphodiester backbone at the 5-meC removal site by successive §,5-elimination. Bottom left, DNA glycosylase assay. The generation
of incision products was measured by incubating purified WT ROS1 or mutant variants (20 nM) at 30 °C for 24 h with a double-stranded oligonucleotide substrate
(20 nM) containing a single 5-meC:G pair. After incubation, NaOH (100 nM) was added and samples were immediately transferred to 90 °C for 10 min. Bottom right,
AP lyase assay. A double-stranded oligonucleotide substrate containing an AP site opposite G (20 nM) was incubated at 30 °C for 2 h in the presence of purified WT
ROS1 or mutant variants (20 nM). Samples were treated with NaBH4 (300 mM) at 0 °C for 30 min to stabilize non-processed AP sites and neutralized with 100 mM
Tris-HCl, pH 7.4. Products were separated in a 12% urea denaturing polyacrylamide gel and the amount of incised oligonucleotide was quantified by fluorescent
scanning. Values are the mean ( &+ SEM) from two independent experiments (* = P < 0.05; **= P < 0.01; Student’s unpaired t-test).

activity, AP lyase activity or both (Fig. 4B and Supplementary
Figure 3B). To detect DNA glycosylase activity, the reaction products

Figure 3B, right). These results indicate that E1305, C1286 (and/or
R1287) and Y1300 (and/or F1301) are required for efficient 5-meC

generated by the different ROS1 variants were analyzed after an addi-
tional alkaline treatment with NaOH, which cleaves all abasic sites
generated by the enzyme and reflects 5-meC excision activity. All three
mutant variants showed a significantly decreased DNA glycosylase ac-
tivity (Fig. 4B, left and Supplementary Figure 3B, left). To determine
whether the three variants retained AP lyase activity, the proteins were
incubated with DNA substrate containing an AP site opposite G. The
C1286A/R1287A mutant variant cleaved the abasic site less efficiently
than WT ROS1, whereas E1305Q and Y1300A/F1301A mutant proteins
lack significant AP lyase activity (Fig. 4B, right and Supplementary

excision and the subsequent sugar-phosphate cleavage step.
3.7. Residue E1305 is required for DNA binding

Since the catalytic activity of C-terminal mutant proteins was null or
drastically reduced, their DNA binding capacity was examined to
determine whether the mutated residues are also important for binding
methylated DNA. Two different concentrations of WT ROS1, E1305Q,
C1286A/R1287A or Y1300A/F1301A proteins were incubated with a
labeled DNA substrate containing a 5-meC:G pair in a gel-shift assay
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Fig. 5. DNA binding capacity of ROS1 C-terminal mutant proteins. WT ROS1 or
C-terminal mutant variants (40 and 100 nM) were incubated at 25 °C for 5 min
with a double-stranded oligonucleotide substrate (100 nM) containing a single
5-meC:G pair. After non-denaturing gel electrophoresis, protein-DNA com-
plexes were identified by their retarded mobility compared with that of free
DNA, as indicated.

(Fig. 5). In the case of WT ROS1, a major band with retarded mobility
was observed at the highest protein concentration and a minor diffuse
band was detectable at the lowest protein concentration (Fig. 5, lanes 2
and 3), suggesting the formation of protein-DNA complexes containing
more than one ROS1 molecule, which agrees with previously reported
data [30]. In contrast, no protein-DNA complexes were detected in
binding reactions containing the mutant protein E1305Q (Fig. 5, lanes 4
and 5); only a barely detectable, diffuse band was observed at the
highest protein concentration. On the other hand, both
C1286A/R1287A and Y1300A/F1301A proteins bound DNA less effi-
ciently than WT ROS1, since an intermediate and a major band with
retarded mobility was observed at the highest concentration, whereas a
minor diffuse band was detectable at the lowest protein concentration
(Fig. 5, lanes 6-9). The intermediate band suggests the formation of
protein-DNA complexes containing a smaller number of ROS1 mole-
cules than the major band. Altogether, these results suggest that E1305
is essential for DNA binding, whereas C1286 (and/or R1287) and Y1300
(and/or F1301) contribute to stabilizing the DNA-protein complex.

4. Discussion

ROS1 is an atypical DNA glycosylase containing a C-terminal domain
of unknown function that is highly conserved among DML family pro-
teins [7]. In this study we show that ROS1 C-terminal domain binds the
N-terminal tail of H3 histone and its post-translational modifications,
pointing towards a mechanism for targeting ROS1 demethylation ac-
tivity to specific loci. Several works have reported results supporting the
existence of a targeting mechanism that regulates DNA demethylation in
plants. For instance, the analysis of DNA methylation in the genome of
Arabidopsis ros1 dml2 dml3 triple mutant compared to WT plants showed
no global changes but significant differences were observed in a small
set of genes [10,18]. One of the existing models for ROS1 targeting to
specific loci involves small RNAs bound to ROS3, a RNA-binding protein
required for demethylation at a number of loci, some of which overlap
with ROS1 targets [31]. Alternatively, since DNA demethylation occurs
in a chromatin environment, nucleosome positioning, histone modifi-
cations and histone variants may contribute to removal of 5-meC. In this
regard, it has been reported that IDM1 (Increased DNA methylation
1)-dependent histone acetylation regulates active DNA demethylation of
a subset of loci targeted by ROS1 and its homologs in Arabidopsis. IDM1
binds methylated DNA at chromatin sites with unmethylated H3K4 and
acetylates H3K18 and H3K23 to create a chromatin environment that
allows 5-meC DNA glycosylases to function [23]. Interestingly, it has
been recently shown that ROS1 is recruited to some of its genomic tar-
gets by interaction with the histone variant H2A.Z deposited by the
SWR1 chromatin-remodeling complex, which in turn is recruited to
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chromatin through recognition of histone acetylation marks created by
the IDM1 complex [22]. Our results further support the idea that ROS1 is
able to interact with histones in the nucleosome core.

4.1. Phospho-sensitive interaction of ROS1 with histone H3

We have found that ROS1 interacts with the N-terminal tail of H3
through its C-terminal domain. Interestingly, phosphorylation of Ser28,
but not Ser10, specifically inhibits ROS1 interaction with H3, indepen-
dently of the presence of others histone modifications. Moreover, both
Ser10 and Ser28 are part of the same ARKS sequence motif, therefore,
the absence of ROS1 interaction with phosphorylated histone H3 at
Ser28 is sequence-specific and most likely involves residues preceding
and/or following the ARKS consensus motif. In agreement with this
hypothesis, a study showed that the chromodomain of Polycomb (Pc)
proteins, which specifically binds to H3K27me3, discriminates between
the H3K27 and H3K9 methylation sites, both part of ARKS motifs, due to
recognition of five additional residues preceding the ARKS consensus
sequence [32].

Histone H3 phosphorylation has been associated with chromosome
condensation/segregation during mitosis and meiosis, but also with
chromatin relaxation and transcription activation of specific genes
during interphase in both animals and plants [33-36]. The role of both
H3S10 and H3S28 phosphorylation is better understood in combination
with other histone marks within a particular chromatin context [33].
Since many methylated lysine residues of histone H3 are adjacent to
residues suitable to be phosphorylated, a “phospho-methyl switch” has
been suggested as a mechanism to control the association of proteins
with chromatin in various biological processes: during mitosis and
during gene transcription regulation [37-41]. In mammals, the
amino-terminal chromodomain of heterochromatin protein 1 (HP1) in-
teracts with tri-methylated H3K9 during interphase, mediating hetero-
chromatin formation. Phosphorylation of the adjacent H3S10 during
mitosis abrogates HP1 binding to methylated H3K9 [42], and dephos-
phorylation of H3S10 at the end of mitosis re-establishes the association
of HP1 with chromatin, suggesting that this binary “phospho-methyl
switching” permits dynamic control of the HP1-H3K9me interaction
[37]. Moreover, the mammalian Polycomb Repressive Complex 2
(PRC2) di- and tri-methylates H3K27 and binds such marks in order to
repress Polycomb group (PcG) target genes [28]. Phosphorylation of the
adjacent H3S28 by MSK1/2 kinases in response to mitogen, stress or
differentiation signals displaces PcG proteins, leading to gene activation
[41].

Although DNA and H3K27 methylation are traditionally considered
as mutually exclusive chromatin marks, their relationship appears to be
complex and there are reports supporting that both epigenetic modifi-
cations can act either synergistically or antagonistically [43]. In fact, the
genomic regions targeted by ROS1 are generally enriched for
H3K27me3 and depleted of H3K27me and H3K9me2 [21]. We have
found that ROS1 binding to H3 is, at least in vitro, independent of the
methylation status of H3K27. Interestingly, Arabidopsis PWWP-DOMAIN
INTERACTOR OF POLYCOMBS1 (PWO1) protein also binds H3 inde-
pendently of H3K27 methylation, and such interaction is inhibited by
H3S28 (but not H3S10) phosphorylation [44]. It is possible that H3S28
phosphorylation serves as a general mechanism to displace activating
and repressive modifiers from chromatin in response to mitotic, differ-
entiation and/or stress signals.

4.2. The C-terminal domain of DML family proteins: a putative new
histone reader motif

In this work, several pieces of evidence indicate that ROS1 C-ter-
minal domain is the main responsible for mediating ROS1 interaction
with histones and their specific post-translational modifications, thus
suggesting that the C-terminus of ROS1 harbors a histone reader motif.
First, the C-terminal domain is sufficient for specific interaction with
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histone H3 and for discrimination between the regions surrounding
phosphorylated Ser10 and phosphorylated Ser28. In comparison, the N-
terminal domain of ROS1 does not interact with histone H3 peptides,
either unmodified or phosphorylated at Ser10 or Ser28, and so far its
function has been mainly related with non-specific DNA binding [15,
16]. The DNA glycosylase domain, on the other hand, may modulate the
C-terminal interaction with the 1-21 region of unmodified H3. Second,
analysis of several ROS1versions mutated at different highly conserved
residues of the C-terminal domain in DML family proteins identified
C1286 and/or R1287, Y1300 and/or F1301 and E1305 ROS1 residues as
strong candidates for mediating phosphorylation-sensitive recognition
of the region surrounding H3S28. Interestingly, a region containing 4
Cys residues at ROS1C-terminus may be a permuted version of a single
unit of a ZF-CXXC domain [29], which is found in a variety of
chromatin-associated proteins (e.g. KMD2, DNMT1, MBD1, TET1/3)
and binds non-methylated CpG. This putative ZF-CXXC separates the
two C-terminal regions highly conserved among the members of DML
family proteins, but they are not related to any known protein. Here, we
show that the highest conserved subregion contains amino acids (C1286,
R1287, Y1300, F1301 and E1305) are important for ROS1 function in
histone interaction and in DNA demethylation.

Our data suggest that the C-terminal domain of ROS1 may harbor
more than one histone-reader motif or unidentified versions of already
known motifs. This is supported by the observation that ROS1 is able to
bind unmodified histones and, at least, phosphorylated and methylated
marks, and the fact that each histone mark is usually recognized by
defined motifs [45,46]. There are several histone readers that interact
with unmodified histone tails (PHD fingers, ADD and WD40 modules),
phosphorylated marks (14-3-3 proteins, tandem BRCT and BIR do-
mains) or methylated marks (the Royal superfamily, ADD, ankyrin,
BAH, DCD PHD, WD40, Zf-CW and Tudor domains) [45,46]. A recent
study revealed that plant and human histone readers share domain types
and recognition mechanisms [47]. Furthermore, several proteins that
interact with both DNA and histones or its epigenetics marks contain
more than one histone reader domain. For example, UHRF1contains a
SRA (SET and RING-associated) domain, a PHD finger and a TTD histone
binding domain, whereas DNMT3A and DNMT3B contain a
cysteine-rich ADD motif and PWWP domains [48].

4.3. Catalytic function of the ROS1 C-terminal domain

In addition to a role in histone interaction, several conserved C-ter-
minus residues are required for efficient ROS1 catalytic activity, sup-
porting the observation that, unlike the N-terminal domain, the C-
terminal domain of DML family proteins is necessary for 5-meC excision
[14,17]. The isolated DNA glycosylase domain of ROS1 is not able to
excise 5-meC but partially cleaves the sugar phosphate backbone [17]
and the isolated C-terminal domain is not able to process 5-meC [15].
The 5-meC excision activity is restored after addition of the C-terminal
domain to the DNA glycosylase domain [17]. Furthermore, a small
deletion at DME C-terminus (51 amino acids) was enough to completely
abolish the DNA glycosylase activity of an otherwise active truncated
version lacking 677 amino acids of the N-terminus [14]. Our results
suggest that ROS1 C-terminus might play a role in ROS1 DNA binding,
since E1305 is essential to form a DNA-protein complex and at least two
of the other mutated residues, C1286 (or R1287) and Y1300 (or F1301),
contribute to its stabilization. A previous study showed that the trun-
cated ROS1 version containing only the C-terminal domain (NA1080)
was able by itself to bind methylated DNA, but with very low affinity,
and a truncated version containing only the discontinuous catalytic
domain of ROS1 (therefore lacking both the C-terminal domain and the
major responsible domain for ROS1 DNA binding, the N-terminal
domain), did not exhibit any detectable DNA binding capacity [15], also
suggesting that the C-terminal domain of ROS1 is somehow involved in
DNA binding.

In conclusion, the present study provides new insights on the
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functional organization of plant DNA demethylases, revealing that their
highly conserved C-terminal region contains a histone reader domain.
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Supplementary Figure 1. Analysis of ROS1 C-terminal domain interaction with H3
peptides containing different methylation states of Lys27. (A) Schematic diagram of a
region of the N-terminal tail of histone H3. Box indicates the sequence of histone H3
peptides (either unmodified or methylated at Lys27, in green) used in pull-down assays. (B)
Pull-down assay of ROS1NA1080 with biotinylated H3 histone peptides (21-43 amino acids)
unmodified, mono-, di- or tri-methylated at Lys27. Peptides were fixed to streptavidin
dynabeads and incubated with Hiss-tagged ROS1NA1080. Proteins associated to beads
were separated by SDS-PAGE, transferred to a nitrocellulose membrane and detected with
an anti-Hise-tag antibody. Beads with no peptide were used as control for non-specific
binding. (C) Graph shows the percentage of bound protein to each histone peptide,
normalized to input. Values are the mean from two independent experiments.
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Supplementary Figure 2. Multiple sequence alignment of the C-terminal domain of
several DML family proteins. The upper schematic diagram shows the conserved regions
among members of the DML family: a N-terminal lysine-rich region (green), a non-
contiguous DNA glycosylase domain distributed over two segments (blue and red)
separated by a non-structured linker region (striped), and a highly conserved C-terminal
domain (yellow) that is not found in any other protein family. The C-terminal domain contains
two conserved sub-regions separated by 4 invariant Cys residues (highlighted in red).
Inverted grey triangles indicate mutated amino acids. Names of organisms are abbreviated
as follows: Ath, Arabidopsis thaliana; Nta, Nicotiana tabacum; Osa, Oryza sativa; Vvi, Vitis
vinifera. Genbank accession numbers are as follows: Ath ROS1: AAP37178; Ath DME:
ABC61677; Nta ROS1: BAF52855; Osa DMLB: BAF04322; Osa DMLC: EEE63898; Osa
DMLA: BAD23025; Vvi DMLA: CAO46558. The alignment was performed with the Clustal W
algorithm of Align X (Vector NTI Suite, version 11.0, Invitrogen).
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Supplementary Figure 3. Representative gel images of ROS1 C-terminal mutant
proteins catalytic activity analysis. (A) Combined DNA glycosylase/AP lyase activity of
WT ROS1 and C-terminal mutant variants on a DNA substrate containing a 5-meC: G pair.
Purified proteins (20 nM) were incubated at 30°C for 24 h with a double-stranded
oligonucleotide substrate (20 nM) containing 5-meC opposite G. Products were separated in
a 12% urea denaturing polyacrylamide gel and visualized by fluorescent scanning by a FLA-
5100 imager (Fujifilm). (B) Left, DNA glycosylase assay. The generation of incision products
was measured by incubating purified WT ROS1 or mutant variants (20 nM) at 30°C for 24 h
with a double-stranded oligonucleotide substrate (20 nM) containing a single 5-meC:G pair.
After incubation, NaOH (100 nM) was either added or not, as indicated, and samples were
immediately transferred to 90°C for 10 min. Right, AP lyase assay. A double-stranded
oligonucleotide substrate containing an AP site opposite G (20 nM) was incubated at 30°C
for 2 h in the presence of purified WT ROS1 or mutant variants (20 nM). Samples were
treated with NaBH4 (300 mM) at 0°C for 30 min to stabilize non-processed AP sites and
neutralized with 100 mM Tris—HCI, pH 7.4. Products were separated in a 12% urea
denaturing polyacrylamide gel and the amount of incised oligonucleotide was visualized by
fluorescent scanning by a FLA-5100 imager (Fujifilm). Indicated are the f,3-elimination
products generated by ROS1 after excision of the 5-meC as a free base and cleavage of the
phosphodiester backbone at 5-meC removal site.
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Table 1. Oligonucleotides used as primers for generation of ROS1 mutant variants.

Name Sequence (5’-3°)2

ROS1CR1286AA-F | GAGGGACAATTTTGATTCCTGCTGCAACAGCGATGAGGGGTAG

ROS1CR1286AA-R | CTACCCCTCATCGCTGTTIGCAGCAGGAATCAAAATTGTCCCTC

ROS1YF1300AA-F CCTCTAAATGGAACGGCCGCTCAAGTAAATGAGGTGTTTGCG

ROS1YF1300AA-R | CGCAAACACCTCATTTACTTGAGCGGCCGTTCCATTTAGAGG

ROS1E1305Q-F CTTTCAAGTAAATCAGGTGTTTGCGGATCATGCATCCAG

ROS1E1305Q-R CTGGATGCATGATCCGCAAACACCTGATTTACTTGAAAG

4Underlined is indicated the mutagenized codon.

Table 2. Biotinylated histone peptides used in pull-down assays.

Name Sequence (N-terminal to C-terminal)? MW (Da)
H3S10 ARTKQTARKSTGGKAPRKQLA-GGK-biotin 2724
H3S10P ARTKQTARK][pS]TGGKAPRKQLA-GGK-biotin 2801.7
H3S28 Ac-ATKAARKSAPATGGVKKPHRYRP-GGK-biotin 2959.51

H3S28P Ac-ATKAARK[pS]JAPATGGVKKPHRYRP-GGK-biotin | 3039.49

H3K27mel | ATKAAR[MelK]SAPATGGVKKPHRYRP-GGK-biotin | 2932.9

H3K27me2 | ATKAAR[Me2K]SAPATGGVKKPHRYRP-GGK-biotin | 2947.6

H3K27me3 | ATKAAR[Me3K]SAPATGGVKKPHRYRP-GGK-biotin | 2961

& Ac = Acetylation; post-translational histone modifications are colored. p: phosphorylation;
me: methylation

Table 3. Oligonucleotides used as substrates.

Name DNA Sequence Strand | X= L?Sg)t h
5 TCACGGGATCAATGTGTTCTTTCAGCTCX

FL-CGF | GGTCACGCTGACCAGGAATACC 3 Upper | C 51

FL-meCGF | 5 TCACGGGATCAATGTGTTCTTTCAGCTCX | (oo™ | g e | o

GGTCACGCTGACCAGGAATACC X

5 TCACGGGATCAATGTGTTCTTTCAGCTCX
FL-UGF | 5 GTCACGCTGACCAGGAATACC 3 Upper | U 51

3’AGTGCCCTAGTTACACAAGAAAGTCGAGX

CCAGTGCGACTGGTCCTTATGG 5 Lower | G 51

CGR
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