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DNA METHYLATION IN DROSOPHILA 
MELANOGASTER MAY DEPEND 
ON LINEAGE HETEROGENEITY

DNA methylation has been discovered in Drosophila 
only recently. Current evidence indicates that de novo 
methylation patterns in drosophila are maintained in a 
different way compared to vertebrates and plants. As the 
genomic role and determinants of DNA methylation are 
poorly understood in invertebrates, its link with several 
factors has been suggested. In this study, we tested for 
the putative link between DNA methylation patterns in 
Drosophila melanogaster and radiation or the activity of 
P transposon. Neither of the links was apparent from the 
results, however, we obtained some hints on a possible 
link between DNA methylation pattern and genomic 
heterogeneity of fly lineages.

Introduction. DNA methylation is believed 
to play a crucial role in regulation of many 
genomic processes in eukaryotes, including ge-
ne silencing [1, 2], chromatin structuring [3], 
and repression of the activity of transposons 
[4, 5]. In most cases and groups of organisms, 
methylation involves addition of the methyl
group to the 5th carbon atom in the cyto-
sine molecule leading to creation of the 5-me-
thylcytosine. The genome-wide pattern is heri-
table and copied to new DNA molecules du-
ring replication (maintenance methylation) or 
reproduced anew during ontogenesis (de novo
methylation) [6]. Most methylation in verte-
brates and plants involves cytosines within CpG 
dinucleotide motifs. Unlike vertebrates, little is 
known about methylation and its functions in 
invertebrates, particularly in Drosophila. Ho-
wever, there are a number of features that 
distinguish Drosophila from other organisms for 
which methylation is known, which makes the 
fly a rather interesting study object in the context 
of methylation. First of all, in Drosophila both 
types of methylation – maintenace and de novo – 
appear to be catalyzed by the DNA methyl-
transferase 2, which differs from the mechanism 
in vertebrates where these functions are per-
formed by DNA methyltranferases 1 and 3A/B,
respectively [7, 8]. Second, methylation in 
Drosophila is not so heavily concentrated on 
cytosine in CpG dinucleotide contexts as in 
vertebrates and plants, and methylation in CpT, 
CpC and CpA motifs is very common [7, 9]. 
And third, unlike in vertebrates, the amount of 
DNA methylation rapidly decreases during onto-
genesis, with only about 1% of cytosines  
remaining methylated in adults [9, 10].

Although one of the earliest publications in-
dicating the presence of methylation in Droso-
phila dates back to the 1980s [11], methylation 
has long been thought to be restricted to po-
lytene chromosomes. Just a decade ago, methy-
lation was still thought to be absent from the 
Drosophila genome [12, 13], but was discovered 
soon thereafter [9, 14, 15].

One of the most interesting peculiar traits in 
Drosophila is the fact that its DNA methylation 
is scattered throughout coding regions of genes, 
again unlike in vertebrates which methylation 
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is primarily concentrated in the gene CG-rich 
promoter regions [16]. This difference may be 
indicative of a potential difference in prevalent 
functions: gene silencing in vertebrates and gene
expression regulation in Drosophila (see also [17]).

DNA methylation has been shown to be in-
volved in retrotransposon repression [18, 19]. 
In this context, an interesting question that still 
remains open is whether DNA methylation is 
involved in repression of transposon activity 
in Drosophila. Transposons do get methylated 
[20]. However, there is evidence that appears 
to argue against the involvement of methyla-
tion in transposon activity regulation in Dro-
sophila (reviewed in [16]), and most of the 
regulative function is ascribed to RNA inter-
ference. Nonetheless, experiments with trans-
genic hypermethylated flies [21] demonstrate 
that hypermethylation leads to extra methyla-
tion of heterochromatin and, thus, has a pro-
found effect on its structure. As the majority 
of transposable elements are actually found 
in heterochromatin [22], such an influence of 
methylation may be expected to cause steric 
silencing of many heterochromatin structures, 
including transposons. In the case of P ele-
ments, two primary repression mechanisms are 
known – repression proteins produced by in-
complete copies of P element and RNA inter-
ference. However, methylation may well con-
stitute at least part of the repression system act-
ing through chromatin restructuring or other as 
yet unidentified mechanisms.

The aim of the present study was to address 
this question using flies with potentially differing 
levels of transposon activity. Experimental 
evidence suggests that ionizing radiation causes 
increased activity of transposition in Drosophila 
transposable element [23, 24]. In this study, we 
hypothesized that the putative involvement of 
DNA methylation in Drosophila in regulation 
of transposon activity should produce different 
genome-wide methylation patterns in flies from
radioactively uncontaminated areas and flies 
living near a cooling pond from the Chornobyl 
Nuclear Power Plant, an area with very high 
ambient radiation levels. Other research that is

underway in our lab suggests rapid evolutio-
nary responses to P element invasion in popu-
lations from highly contaminated areas that 
may be related to maternally inherited cytotype 
(unpublished data). These data are in accor-
dance with the hypothesis of higher activity 
of P elements in radioactively contaminated 
areas, as the rate of evolution of cytotype is 
inherently assumed to depend on the activity 
of P elements. In this way, if the hypothesis of 
the involvement of methylation in P element 
regulation turns to be true, we can expect hig-
her methylation levels in populations with cyto-
types that are characterized with a more 
developed P element repression potential (i.e. 
Q and P cytotypes). In the case of Ukrainian 
populations, this means that the genome of 
Chorobyl flies is expected to be methylated 
heavier than that of any other population from 
uncontaminated areas. Going further, evidence 
of the involvement of DNA methylation in 
P element activity regulation would imply 
that DNA methylation is actually part of the 
cytotype «hardware», along with suppressor 
proteins and RNA interference.

Materials and methods. D. melanogaster flies
were collected in the summer 2009 from 
three locations in Ukraine. The first location 
(«Cooling Pond») was located adjacent to the 
Chornobyl Nuclear Power Plant cooling pond 
and had an ambient background radiation level 
of about 2100 R/h. The second site («Varva»)  
was located in Chernigiv region of Ukraine, 
an area which was not affected by the fallout 
from the Chornobyl disaster, and has very low 
natural background radiation levels (typically 
< 3 R/h), making it one of the cleanest 
places in Ukraine in this respect. The third 
population (Motovylivka) was sampled 50 km 
south of Kyiv from a non-contaminated area. 
All the three populations are known to contain 
fragments of P elements and these P elements 
have two HhaI restriction sites [25]. Laboratory 
wild type strains Canton-S, which does not 
contain P elements and possesses M cytotype, 
and Harwich, which contains P element and 
has well-developed P cytotype were used in 
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standard crosses to obtain control progeny with 
activated or repressed P element.

DNA was extracted using the DNeasy Blood 
& Tissue DNA Extraction Kit («Qiagen», USA)
following manufacturer’s protocol. A total of 
50 flies were used in each extraction.

To assess the patterns of methylation, the 
restriction endonuclease-based technique refer-
red to as MSRE (Methylation Sensitive Res-
triction Enzyme analysis) was used (for sum-
mary see [26]). DNA was digested with the 
cytosine methylation-sensitive HhaI restriction 
endonuclease which restriction site includes 
CpG doublets. 10U HhaI were used with the 
appropriate buffer in a total restriction mix 
volume of 35 l. Incubation lasted for 5 hours 
at 37 C.

Digestion results were visualized using the 
standard 1 % agarose gel electrophoresis with 
ethidium bromide staining.

Results and discussion. To test whether 
radiation affects DNA methylation pattern 
in D. melanogaster we analysed MSRE pat-
terns of female and male flies caught in the 
wild. The results are shown in Fig. 1. As can 
be seen from Fig. 1, a clearly discernible dif-
ference in MSRE methylation patterns exists 
between males and females from two popu-
lations – Varva and Cooling Pond. This dif-
ference is, however, absent from Motovylivka 
flies, which DNA seems to be less methylated. 
No radiation level-consistent pattern is evident 
from Fig. 1, as the two populations from clean 
areas produced different MSRE pattters. Be-
sides, the sex dimorphism shared by the Cool-
ing Pond and Motovylivka flies contributes to 
this conclusion.

To analyze the putative link between DNA 
methylation and the activity of transposons, 
we tested laboratory wild type strains Canton-S 
(lacks P element at all), Harwich (possesses 
autonomous P element which is repressed 
though by the P cytotype), as well as their cros-
ses female Canton-S  male Harwich (which 
results in the activation of P element in the 
genome of the F1 progeny) and female Har-
wich  male Canton-S (the F1 progeny contain 

P element which activity is repressed). The 
respective MSRE patterns are shown in Fig. 2. 
As can be seen from Fig. 2, hybrids of both 
sexes produce more event MSRE patterms, 
and sex dimorphism is more notable from pu-
re strains. This distribution suggests that acti-
vation of P element is not linked with altered 
methylation, as both crosses produced similar 

Fig. 2. MSRE patterns of DNA methylation in laborato-
ry strains and their hybrids: 1 – females Harwich  
 Canton-S, 2 – males Harwich  Canton-S, 3 – females 

Canton-S  Harwich, 4 – males Canton-S  Harwich, 5 – 
females Canton-S, 6 – males Canton-S, 7 – females 
Harwich, 8 – males Harwich, M – molecular weight 

marker

Fig. 1. MSRE patterns of DNA methylation in wild 
caught D. melanogaster flies: 1 – Varva females; 2 – Var-
va males; 3 – Cooling Pond females; 4 – Cooling Pond 
males; 5 – Motovylivka females; 6 – Motovylivka 

males

      1          2          3         4          5          6
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MSRE patterns. However, interestingly both 
laboratory strains share a similar pattern that 
is still different from that produced by hybrids.

The results we obtained suggest that nei-
ther the activity of transposons nor radiation 
exposure correlate with MSRE methylation 
patterns in D. melanogaster. However, we ob-
tained very similar methylation patterns in two 
very different laboratory strains. As both strains 
are very old, they are highly inbred. We suggest 
that inbreeding leading to significantly reduced 
genetic heterogeneity may have accounted for 
the methylation patterns we obtained. This hy-
pothesis needs further testing and suggests that 
genome heterogeneity may influence the pat-
tern of de novo methylation in Drosophila.

Authors thank Dr. G. Milinevskyi, the staff of 
Biology Department of Mechnikov National Uni-
versity of Odesa, and the staff of the National 
Institute of Viniculture and Wine Industry UAAS 
for their valuable help in material collection.
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ÂÎÇÌÎÆÍÀß ÑÂßÇÜ ÌÅÆÄÓ 
ÌÅÒÈËÈÐÎÂÀÍÈÅÌ ÄÍÊ 

È ÃÅÒÅÐÎÃÅÍÍÎÑÒÜÞ ÏÎÏÓËßÖÈÉ 
Ó DROSOPHILA MELANOGASTER

Ìåòèëèðîâàíèå ÄÍÊ îïèñàíî ó äðîçîôèëû ñðàâ-
íèòåëüíî íåäàâíî. Ñîâðåìåííûå äàííûå ñâèäåòåëü-
ñòâóþò î òîì, ÷òî ìåõàíèçìû ìåòèëèðîâàíèÿ de novo 
ó äðîçîôèëû îòëè÷àþòñÿ îò òàêîâûõ ó ïîçâîíî÷íûõ 
æèâîòíûõ è ðàñòåíèé. Ïîñêîëüêó íà ñåãîäíÿ ðîëü 
ìåòèëèðîâàíèÿ ó áåñïîçâîíî÷íûõ îêîí÷àòåëüíî íå 
âûÿñíåíà, ýòîò ïðîöåññ ñâÿçûâàþò ñ íåñêîëüêèìè 
ôàêòîðàìè. Â íàñòîÿùåì èññëåäîâàíèè ïðîâåðåíà 
ïîòåíöèàëüíàÿ ñâÿçü ìåæäó ìåòèëèðîâàíèåì ÄÍÊ 
ó äðîçîôèëû, ðàäèîàêòèâíûì çàãðÿçíåíèåì è àê-
òèâíîñòüþ Ð òðàíñïîçîíà. Íàëè÷èå òàêîé ñâÿçè íå 
ïîäòâåðæäåíî ïîëó÷åííûìè ðåçóëüòàòàìè. Â òî æå 
âðåìÿ ïîëó÷åíû ñâèäåòåëüñòâà âîçìîæíîé ñâÿçè ìå-
òèëèðîâàíèÿ ÄÍÊ ñ ãåòåðîãåííîñòüþ ïîïóëÿöèé.

Ò.À. Ðåä÷óê, À.². Ðîæîê, Î.Â. Æóê, 
².À. Êîçåðåöüêà, Ò.À. Ìþññå

ÌÎÆËÈÂÈÉ ÇÂ’ßÇÎÊ Ì²Æ ÌÅÒÈËÓÂÀÍÍßÌ 
ÄÍÊ ÒÀ ÃÅÒÅÐÎÃÅÍÍ²ÑÒÞ ÏÎÏÓËßÖ²É 

Ó DROSOPHILA MELANOGASTER

Ìåòèëóâàííÿ ÄÍÊ áóëî îïèñàíî ó äðîçîô³ëè 
äîñèòü íåäàâíî. Ñó÷àñí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî 
ìåõàí³çìè ìåòèëóâàííÿ de novo ó äðîçîô³ëè â³äð³ç-

íÿþòüñÿ â³ä òàêèõ ó õðåáåòíèõ òâàðèí òà ðîñëèí. 
Îñê³ëüêè çàðàç ðîëü ìåòèëóâàííÿ ó áåçõðåáåòíèõ 
îñòàòî÷íî íå ç’ÿñîâàíà, öåé ïðîöåñ ïîâ’ÿçóþòü ç 
ê³ëüêîìà ôàêòîðàìè. Â äàíîìó äîñë³äæåíí³ ïå-
ðåâ³ðåíî ïîòåíö³éíèé çâ’ÿçîê ì³æ ìåòèëóâàííÿì 
ÄÍÊ ó äðîçîô³ëè, ðàä³îàêòèâíèì çàáðóäíåííÿì òà 
àêòèâí³ñòþ Ð òðàíñïîçîíà. Íàÿâí³ñòü òàêîãî çâ’ÿçêó 
íå ï³äòâåðäæåíî îäåðæàíèìè ðåçóëüòàòàìè. Íàòî-
ì³ñòü îòðèìàíî äàí³, ùî ñâ³ä÷àòü ïðî ìîæëèâèé 
çâ’ÿçîê ìåòèëóâàííÿ ÄÍÊ ç ãåòåðîãåíí³ñòþ ïîïó-
ëÿö³é.
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