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Abstract The methylation patterns of cytosine and adenine
residues in the Arabidopsis thaliana gene for domains rear-
ranged methyltransferase (DRM2) were studied in wild-type
and several transgene plant lines containing antisense fragments
of the cytosine DNA-methyltransferase gene METI under the
control of copper-inducible promoters. It was shown that the
promoter region of the DRM2 gene is mostly unmethylated at
the internal cytosine residue in CCGG sites whereas the 3PP-end
proximal part of the gene coding region is highly methylated.
The DRM2 gene was found to be also methylated at adenine
residues in some GATC sequences. Cytosine methylation in
CCGG sites and adenine methylation in GATC sites in the
DRM2 gene are variable between wild-type and di¡erent trans-
genic plants. The induction of antisense METI constructs with
copper ions in transgene plants in most cases leads to further
alterations in the DRM2 gene methylation patterns.
( 2002 Published by Elsevier Science B.V. on behalf of the
Federation of European Biochemical Societies.
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1. Introduction

The ¢rst complete nucleotide sequence of a plant (Arabi-
dopsis thaliana) genome became available by the end of the
year 2000 [1]. Its analysis supports the recent view that plants
possess three major families of cytosine DNA-methyltransfer-
ase genes (MET) encoding DNA-methyltransferase proteins
that are di¡erent in both structure and putative function [2].
The ¢rst gene family, METI, encodes four proteins closely
related to mouse maintenance cytosine DNA-methyltransfer-
ase Dnmt1 [2]. METI encodes, in particular, the predominant
DNA-methyltransferase that is most highly expressed in mer-
istematic cells in both vegetative and £oral plant tissues [3^5].
METIIa/b are also transcribed in all tissues but the level of

transcripts is about 10 000-fold lower than that for METI [5].
The expression of METIII has not yet been studied. The pre-
dominant protein encoded by METI is evidently the major
maintenance DNA-methyltransferase that methylates mostly,
if not exclusively, symmetrical CpG sequences [6]. The second
family of the A. thaliana cytosine DNA-methyltransferase
genes encodes three so-called chromomethylases unique for
plants [7]. One of these chromomethylases (CMT3) seems to
be the major non-CpG maintenance DNA-methyltransferase
[8,9]. The third family of the A. thaliana DNA-methyltrans-
ferases consists of one functional gene and several pseudo-
genes related to animal de novo DNA-methyltransferases
Dnmt3 [10]. This family is distinguished from all known eu-
karyotic cytosine DNA-methyltransferases by an unusual ar-
rangement of the conserved cytosine DNA-methyltransferase
motifs and it is, therefore, named DRM (domains rearranged
methyltransferases). Their function is still unknown though
the high level of similarity to animal de novo methyltransfer-
ases suggests them to be the plant de novo DNA methyltrans-
ferases.
N6-Methyladenine (m6A) along with 5-methylcytosine

(m5C) was isolated from total DNA of some higher plants
[11] ; m6A was detected in wheat mtDNA [12], and it seems
that some nuclear (zein) genes in corn plants may also be
methylated at adenine residues [13]. It was found that an
open reading frame for a putative protein containing all con-
servative motifs typical for prokaryotic DNA-(amino)methyl-
transferases is present in the genome of A. thaliana (GenBank,
BAB02202.1) as well as of some other eukaryotes [14], and an
N6-adenine DNA-methyltransferase (wadmtase) was recently
isolated from wheat coleoptiles [15]. Since m6A was found in
DNA of higher plants [11] and it seems to a¡ect gene tran-
scription and plant development [16^18], it was assumed that
methylation at both adenine and cytosine residues may be
essential for regulation of gene activity. In particular, methyl-
ation of adenine residues in DNA seems to control mtDNA
replication in plants [12]. Unfortunately, the nature and char-
acter of methylation of DNA-methyltransferase genes them-
selves in higher plants are unknown.
Recently we produced a number of transgenic lines of

A. thaliana containing copper-controllable antisense METI
constructions (to be described in detail elsewhere). As part
of a general investigation of these transgenic plants we have
studied the methylation patterns of di¡erent DNA-methyl-
transferase genes. In this paper we describe the methylation
character of adenine and cytosine residues in the coding and
promoter regions of the DRM2 gene.
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2. Materials and methods

2.1. Plant material
The leaves of A. thaliana plants (Columbia ecotype) were used as

the source of DNA samples. Transgene plant lines were produced by
in planta transformation of Columbia wild-type A. thaliana by a re-
combinant binary vector plasmid pPMB765 [19] containing a 5P-prox-
imal fragment of the Arabidopsis METI gene (V0.6 kb polymerase
chain reaction (PCR) fragment from +12 to 592 bp of the gene coding
sequence [20]) or fragments of METI cDNA from recombinant plas-
mid pYc2 (V2 kb 5P-end proximal part of the full-length METI
cDNA sequence) and pYc8 (V2.6 kb 3P-end proximal part of the
full-length METI cDNA sequence) [3] in antisense orientation under
the control of copper-inducible promoters from the recombinant plas-
mids pPMB7066 [21] and pPMB768 [19]. The plants were grown in a
Fisons Plant Growth Cabinet (UK) with a 16/8 h day/night cycle at
23‡C. For copper induction of transgenes the respective populations
of 14 day old plants (denoted +Cu) were grown for 30 days being
watered with 10 WM CuSO4 solution.

2.2. Analysis of DNA methylation patterns
The DNA hybridization probes DRM2Pro, complementary to the

immediate 5P-£anking sequence of the DRM2 gene (from +54 up to
3755 bp relative to the transcription initiation site), and DRM2Str,
complementary to the exon 9 sequence (from +1997 to +2648 bp),
were obtained by PCR ampli¢cation of the respective segments of
Arabidopsis genomic DNA. Probes were cloned in a plasmid vector
pGEM3Zf+ (Promega), their sequences were veri¢ed by complete
sequencing of both strands and they were used for Southern blot
hybridization experiments.
The DNA samples were ¢rst hydrolyzed with PstI and then with a

number of methylation-sensitive restriction endonucleases [22]; result-
ing fragments were fractionated by 0.7% agarose gel electrophoresis
and blotted to Hybond-N+ membranes by the alkali-blotting method
as recommended by the supplier (Amersham). The blots were ¢rst
hybridized to the 32P-labeled DRM2Pro probe at 65‡C in a hybridi-
zation bu¡er solution containing 5USSPE, 5UDenhardt’s solution,
1% SDS and 100 Wg/ml denatured salmon sperm DNA. The mem-
branes were washed at 65‡C three times (15 min each) with 1USSPE,
1% SDS followed by three washes with 0.1USSPE, 0.1% SDS solu-
tion. Wet blots were wrapped in SaranWrap and exposed to X-ray
¢lm. After exposure the ¢lters were stripped of labeled DRM2Pro
probe by a freshly boiled 0.5% SDS solution and hybridized with a
32P-labeled DRM2Str probe under the same conditions. Of the meth-
ylation-sensitive restriction endonucleases used HpaII does not hydro-
lyze DNA when either of the two C residues in the CCGG recognition
site is methylated, whereas its isoschizomeric restriction endonuclease
MspI is inhibited by methylation of the external C residue only, and it
cleaves DNA irrespective of the methylation of the internal C residue;
the cleavage of DNA by restriction endonuclease Sau3A is inhibited
by methylation of the C but not the A residue in the GATC recog-
nition sequence, whereas its isoschizomeric restriction endonuclease
MboI has opposite sensitivity to methylation, it is insensitive to C
methylation and inhibited by A methylation on either or both DNA
strands. Their unique isoschizomeric restriction endonuclease DpnI
cleaves only GATC sites methylated at adenine residues on both
DNA strands.
The restriction fragments of the 5P-£anking and structural regions

of the DRM2 gene produced by each of the restriction endonucleases
mentioned were compared with a detailed map of their corresponding
recognition sites deduced from the known nucleotide sequence of the
DRM2 gene (GenBank, AL163792). The positions of DRM2 exons
along the complete genomic sequence were deduced from its align-
ment with the DRM2 cDNA sequence (GenBank, AF240695 [10]).

3. Results and discussion

The schematic structure of the DRM2 gene in A. thaliana is
shown in Figs. 1C and 2C. The analysis of the cytosine and
adenine methylation patterns was limited to a 5.3 kb fragment
of A. thaliana chromosome 5 DNA located between two rec-
ognition sites for restriction endonuclease PstI and containing
the entire coding sequence of the DRM2 gene together with

some £anking sequences. There are three recognition sites for
HpaII/MspI in this region: one of them is located in the pro-
moter region of the gene (V0.5 kb upstream of the transcrip-
tion initiation site), another is found just a few bp down-
stream of the transcription initiation site, and the last one is
found in the 3P-end proximal half of the gene inside the ninth
exon. Just one fragment of the expected length (5.3 kb) was
cut out from genomic DNA upon its hydrolysis with restric-
tion endonuclease PstI (lines P in Figs. 1A,B and 2A,B). This
means that none of the DRM2 homologous genomic sequen-
ces are detectable under the stringent hybridization/washing
conditions used. Further digestion of PstI-digested genomic
DNA with either HpaII or MspI restriction endonucleases
completely reduces the 5.3 kb PstI fragment to smaller frag-
ments (Fig. 1A,B). Therefore, all DNA molecules of the ge-
nomic DNA samples contain some unmethylated CCGG se-
quences inside the 5.3 kb PstI fragment. The methylation
degree of individual HpaII/MspI recognition sites in di¡erent
DNA samples may be deduced from the length of fragments
detected with the use of the DRM2Pro and DRM2Str probes.
The predominant DRM2Pro hybridizing fragment is 1.2 kb
long (Fig. 1A). This band evidently corresponds to a segment
of the DRM2 5P-£anking region con¢ned between the up-
stream PstI site (31.7) and the promoter HpaII site (30.48)
(Fig. 1C). Since this band seems to be predominant in the
hybridization patterns for all DNA samples investigated, the
promoter CCGG site is signi¢cantly (pYc2-7066, pYc2-768,
pYc2-768+Cu and pYc8-7066+Cu DNA samples) or com-
pletely (Col-WT, PCR-7066, PCR-7066+Cu and pYc8-7066
DNA samples) unmethylated at both external and internal
cytosine residues. The cleavage of DNA at the HpaII
(30.48) and HpaII (+0.02) sites would produce a short (0.5
kb) DRM2Pro hybridizing fragment that is not visible since it
has evidently migrated out of the gel. On the other hand, the
state of HpaII (+0.02) site methylation may be deduced from
the presence or absence of the 2.6 kb HpaII (30.48)^HpaII
(+2.1) or still longer HpaII (30.48)^PstI (+3.6) fragments.
Since no such fragments were detected, the CCGG site at
the 5P-end of the DRM2 coding sequence is also completely
unmethylated at both external and internal cytosine residues.
With some DNA samples (pYc2-7066, pYc2-768, pYc2-
768+Cu and pYc8-7066+Cu) we did observe a number of
longer (1.7, 2.1 and 2.6 kb) bands. As can be easily seen in
Fig. 1C, the 2.1 kb band is produced by the cleavage of
DRM2 at the HpaII (+0.02) and HpaII (+2.1) sites. The
chance detection of this band with the DRM2Pro probe seems
to be the trivial consequence of their very short overlapping
sequence (37 bp). Indeed, the 2.1 kb band was readily ob-
served upon hybridization of the same blots with the
DRM2Str probe that have a more substantial overlapping
sequence with the HpaII (+0.02)^HpaII (+2.1) fragment (105
bp) (Fig. 1b). The presence of 1.7 and 2.6 kb bands indicates
that there is some level of methylation of the HpaII (30.48)
and HpaII (+0.02) sites in the respective DNA samples. The
methylation state of the HpaII (+2.1) site may be easily de-
duced from the DRM2Str probe hybridization patterns. The
cleavage of the DRM2 gene at this site (Fig. 1C) produces a
1.5 kb HpaII (+2.1)^PstI (+3.6) fragment readily detectable
by hybridization with the DRM2Str probe, and longer HpaII
(+0.02)^HpaII (+2.1), HpaII (30.48)^HpaII (+2.1) or PstI
(31.7)^HpaII (+2.1) fragments (2.1, 2.6 and 3.8 kb) that
have a shorter overlapping sequence with the DRM2Str probe
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Fig. 1. Methylation patterns of HpaII/MspI recognition sites in the DRM2 gene of A. thaliana. A: Methylation patterns of the promoter re-
gion. Samples of genomic DNA isolated from leaves of Columbia wild-type and seven transgenic plant lines were digested with restriction en-
donuclease PstI (line P) and further digested with restriction endonucleases HpaII (H) or MspI (M) and analyzed by Southern blot hybridiza-
tion with probe DRM2Pro. The DNA samples are from: WT: Columbia wild-type plants; 1^7: transgenic lines containing antisense
constructions: 1, 5P-proximal PCR fragment of the Arabidopsis METI gene (V0.6 kb from +12 to 592 bp of the gene coding sequence), under
the control of copper-inducible promoter from pPMB7066 plasmid; 2, 5P-proximal PCR fragment, plants grown in the presence of copper
ions; 3, fragments of METI cDNA from recombinant plasmid pYc2 (V2 kb 5P-end proximal part of the full-length METI cDNA sequence),
under the control of the pPMB7066 promoter; 4, pYc2 fragment, under the control of the pPMB768 promoter; 5, pYc2 fragment, under the
control of the pPMB768 promoter, plants grown in the presence of copper ions; 6, pYc8 (V2.6 kb 3P-end proximal part of the full-length
METI cDNA sequence) fragment, under the control of the pPMB7066 promoter; 7, pYc8 fragment, under the control of the pPMB7066 pro-
moter, plants grown in the presence of copper ions. The positions of marker fragments (V phage DNA cleaved with restriction endonuclease
HindIII) are shown on the left. B: The blotting membrane shown in A was stripped of labeled DRM2Pro probe and rehybridized with labeled
DRM2Str probe. C: Schematic representation of the DRM2 gene structure. Exons are shown as numbered open boxes. The positions of the re-
striction sites for PstI (P) and HpaII/MspI (H) are shown in kb with respect to the transcription initiation site. The relative positions of the
DRM2Pro and DRM2Str probes are shown underneath. 1 kb bar is shown for scale.
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(105 bp) and would, therefore, be detectable as weaker bands.
The methylation of the HpaII (+2.1) site may be detected by
the presence of the 3.6 kb fragment HpaII (+0.02)^PstI (+3.6)
or still longer fragments. As shown in Fig. 1B, the HpaII
(+2.1) site is completely resistant to HpaII cleavage in DNA
samples from Col-WT, PCR-7066, PCR-7066+Cu, pYc2-768
and pYc2-768+Cu plants, it is mostly resistant in DNA from
pYc2-7066 plants and less than 50% resistant in DNA from
pYc8-7066 and pYc8-7066+Cu plants. MspI cleaves this site
much more readily as compared to HpaII but not completely
in all DNA samples. Thus, the CCGG site located in the ninth
exon of the DRM2 gene is completely methylated at the in-
ternal cytosine residue in DNA of Col-WT, PCR-7066, PCR-
7066+Cu, pYc2-768 and pYc2-768+Cu plants; it is highly
methylated in DNA of pYc2-7066 plants and partially
(6 50%) methylated in DNA of pYc8-7066 and pYc8-
7066+Cu plants. In all DNA samples this site is partially
methylated at the external cytosine residue but always to a
lesser extent compared with the methylation at the internal
cytosine residue.
The location of GATC sites recognized by isoschizomeric

restriction endonucleases Sau3A, MboI and DpnI is shown in
Fig. 2C. The close spacing between these sites makes it rather
di⁄cult to correlate the bands observed with the methylation
state of the individual GATC sites, but some deductions are
still possible. The most prominent DRM2Pro hybridizing
band in Sau3A and MboI digests (Fig. 2A) is probably the
product of DNA cleavage at GATC sites (30.93) and (+0.21)
(Fig. 2C), which are, therefore, mainly unmethylated at both
cytosine and adenine residues. The presence of longer frag-
ments in digests of DNA from pYc8-7066 and pYc8-7066+Cu
plants shows that one or both of the bases mentioned are
partially methylated in these plants. The partial resistance of
DNA cleavage to Sau3A is not at all unusual since methyla-
tion of cytosine residues in plant DNA may easily a¡ect a
share of the GATC site population because the C residue
may be a part of canonical CG or CNG sites. In contrast,
the resistance of DNA to MboI is totally unexpected since the
cleavage by this restriction endonuclease is reported not to be
a¡ected by C5 methylation and it is inhibited by the adenine
methylation only. Nevertheless, it is not improbable that some
unmethylated GATC sites might be refractory to MboI cleav-
age due to some peculiar sequence context. The incubation of
PstI-digested DNA with restriction endonuclease DpnI in
most cases does not lead to further cleavage of DNA (Fig.
2A,B). Since DpnI cleaves DNA only at Gm6ATC sites this
insensitivity of DNA to hydrolysis with DpnI could indicate
that DNA of A. thaliana plants is mostly devoid of adenine-
methylated GATC sites. Unexpectedly, we did observe DpnI
cleavage of DNA from Col-WT and to a much lesser degree
of DNA from pYc8-7066 and pYc8-7066+Cu plants. The
length of DRM2Pro hybridizing with DpnI-speci¢c restriction
fragments (V1.1^1.3 kb) indicates that the adenine methyla-
tion may occur at some of the GATC sites in the nearest 5P-
£anking region (30.93, 31.06, 31.2) and in the ¢rst three
exons of the DRM2 gene.
The most prominent band produced by Sau3A and MboI

digestion in DRM2Str hybridization patterns is V0.8 kb long
(Fig. 2B). This is probably due to cleavage of the DRM2 gene
at GATC sites (+2.22) in the ninth exon and (+3.0) in the
tenth exon (Fig. 2C). The presence of larger fragments
(V0.9^1.2 kb) seems to indicate that there is some level of

methylation of GATC sites in exons 9 and 10 at both cytosine
and adenine residues. The adenine methylation in this region
is further con¢rmed by its partial cleavage by DpnI. Quite
consistent with this notion the cleavage by DpnI is most ob-

A

B

C

Fig. 2. Methylation patterns of Sau3A/MboI/DpnI recognition sites
in the DRM2 gene of A. thaliana. A: Methylation patterns of pro-
moter region. The samples of genomic DNA isolated from leaves of
Columbia wild-type and seven transgenic plant lines were digested
with restriction endonuclease PstI (P) and further digested with re-
striction endonucleases DpnI (D), MboI (M) or Sau3A (S), and ana-
lyzed by Southern blot hybridization to probe DRM2Pro. The des-
ignations of DNA samples are the same as in Fig. 1. The positions
of marker fragments (V phage DNA cleaved with restriction endo-
nuclease HindIII) are shown on the left. B: The blotting membrane
shown in Fig. 1A was stripped of labeled DRM2Pro probe and re-
hybridized with labeled DRM2Str probe. C: Schematic representa-
tion of the DRM2 gene structure. The positions of the restriction
sites for PstI (P) and Sau3A/MboI/DpnI are shown in kb with re-
spect to the transcription initiation site. The relative positions of the
DRM2Pro and DRM2Str probes are shown underneath. 1 kb bar is
shown for scale.
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vious in DNA samples that are most resistant to MboI cleav-
age (DNA from plants Col-WT, pYc8-7066, pYc8-7066+Cu).
The major ¢nding of our work concerning the methylation

patterns of the DRM2 gene at CCGG sites is quite straight-
forward. The 5P-end proximal part of the gene represented by
the HpaII sites (30.48) and (+0.02) is mostly unmethylated,
whereas the 3P-end proximal gene part (HpaII (+2.1) site) is
mostly methylated at the internal and partially methylated at
the external cytosine residues. Interestingly, the methylation
degrees of the HpaII sites in the DRM2 gene are di¡erent in
DNA of the wild-type Columbia plants and that of the trans-
genic lines containing the antisense constructs of the METI
gene under the control of copper-inducible promoters. More-
over, the induction of these transgenic constructs with copper
ions in most cases leads to further alterations in DRM2 gene
methylation patterns. We suggest that the activity of the
METI gene may somehow a¡ect the expression of the
DRM2 gene (and probably genes for other methyltransfer-
ases). It should be noted that this in£uence may be rather
complex, involving both direct e¡ects of DRM2 gene pro-
moter methylation by METI methyltransferase and secondary
e¡ects through changed activity of other methyltransferases
(including DRM2 itself), chromatin remodelling proteins
and other factors. As a matter of fact the existence of a com-
plicated network of mutual interactions of di¡erent DNA-
methyltransferases active in the plant cells seems to be quite
plausible. The possibility of such interactions should be taken
into account when analyzing the e¡ects of inactivation of the
individual DNA-methyltransferase genes.
Another and a rather more intriguing ¢nding of our study

is the methylation of the DRM2 gene at adenine residues. The
presence of this methylation in the cells of A. thaliana is evi-
denced by both partial resistance of DNA to cleavage with
restriction endonuclease MboI (known to be sensitive to ad-
enine methylation in GATC recognition sites) and detectable
though minor cleavage of the same DNA with restriction
endonuclease DpnI that is known to cleave only Gm6ATC
sites. However, the partial resistance of single GATC sites
to MboI cleavage irrespective of their methylation state due
to some kind of unusual sequence context cannot be ruled
out. But this explanation for the observed partial resistance
of the DRM2 gene to MboI cleavage seems unlikely, since it
would similarly a¡ect all DNA samples investigated, which is
evidently not the case. The appearance of additional DNA
hybridizing fragments in the PstI+DpnI cleavage patterns as
compared to those of PstI cleavage is evidently not a result of
a spurious hybridization of the DRM2Pro and DRM2Str
probes to some homologous PstI fragment of the A. thaliana
genomic DNA. First, the length of these additional fragments
is exactly the same as that of some MboI and Sau3A restric-
tion fragments. That seems to be too much of a coincidence if
these fragments are not produced due to DNA cleavage at the
same GATC sites. Second, we never observed such ‘spurious’
bands in the PstI hybridization patterns. Last, but not least,
Blast-N search against the complete sequence of A. thaliana
genome revealed no sequences of signi¢cant homology to the
DRM2Pro probe except for the DRM2 gene itself, whereas
two additional sequences with signi¢cant homology to the
DRM2Str probe were found. The ¢rst, located in an inter-
genic region of chromosome 1 (GenBank, AC012375), con-
sists of two nearby DNA segments (184 and 169 bp) with
V80% homology to the DRM2Str probe sequence; the sec-

ond, located in chromosome 5 (GenBank, AL353993.1), con-
sists of a short (67 bp) segment of a protein coding sequence
with V85% homology to the DRM2Str probe. These sequen-
ces could possibly give some additional DRM2Str hybridizing
bands in PstI digests of A. thaliana DNA but the lengths of
corresponding PstI fragments (calculated from the DNA se-
quence) are s 8 and 4.64 kb, respectively, whereas the length
of ‘additional’ bands in PstI+DpnI digests observed in our
study is V1 kb or less. All these considerations convince us
that there are indeed some adenine residues in the genomic
DNA of A. thaliana that are methylated. These methylated
adenine residues are found in Gm6ATC sites that could be a
constituent part of a sequence TGATCA recognized and
methylated by wheat adenine DNA-methyltransferase (wadm-
tase) [12]. Unfortunately, we do not know whether adenine
DNA-methyltransferase in the cells of A. thaliana has the
same site speci¢city as it has in wheat plants.
Though the functional signi¢cance of cytosine DNA meth-

ylation as a regulatory mechanism of gene transcription in
plants is well established [23], whether the adenine DNA
methylation is essential for regulation of plant gene expression
or some other genetic processes is still unclear. The presence
of a gene for putative adenine DNA-methyltransferase in the
genome of A. thaliana [14], the detection of m6A residues in
the DRM2 gene (this paper) and the adenine DNA-methyl-
transferase found in wheat coleoptiles [15] suggest that ad-
enine DNA methylation may play a signi¢cant role in plant
cells. The e¡ects of arti¢cial adenine methylation on plant
gene expression [16^18] further support this notion. The ad-
enine methylation introduced into transgenic tobacco plants
via expression of the bacterial dam methylase was found to be
directly proportional to expression levels of the dam construct,
and methylation of all GATC sites was observed in a highly
expressing line [16]. Increasing expression levels of the enzyme
in di¡erent plants correlated with increasingly abnormal phe-
notypes a¡ecting leaf pigmentation, apical dominance, and
leaf and £oral structure. The methyladenine produced by
dam methylation in vitro was shown to increase gene expres-
sion from constructs based on the Arabidopsis alcohol dehy-
drogenase (Adh1), maize ubiquitin (Ubi1) and rice actin
(Act1) genes in transient assays in protoplasts and micropro-
jectile-bombarded whole tissues [17]. The increase in gene ex-
pression ranged from three-fold for Ubi1 and Adh1 in proto-
plasts to 50-fold for Act1 in bombarded wheat tissues.
Similarly modi¢cation with dam methylase was found to be
necessary and su⁄cient for the high levels of GUS expression
driven by the promoters of genes which belong to the Patho-
genesis Related family (PR-1a and PR-2d) in tobacco proto-
plasts [18]. Since bacterial dam methylase recognizes the same
sites that we have found to contain methylated adenine in
Arabidopsis (GATC) the methylation of plant DNA by endog-
enous adenine DNA-methyltransferase may well be a mecha-
nism of transcription regulation. However, this line of reason-
ing seems to be far from conclusive since all the above cited
examples of plant gene expression modulation by adenine
methylation were obtained in experimental situations involv-
ing arti¢cial plant DNA methylation at adenine residues to
levels that are much higher than those detected in wild-type
plants.
Interestingly the adenine methylation of the DRM2 gene

observed in our study is most prominent in wild-type plants
and appears to be diminished by the presence of antisense
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METI transgenes. Since METI does not possess adenine
DNA-methyltransferase activity its action on adenine methyl-
ation is evidently a secondary e¡ect mediated through adenine
DNA-methyltransferase or some other factors.
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