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ON THE PERSISTENCE OF P ELEMENT 
IN CULTURED LINEAGES OF 

DROSOPHILA MELANOGASTER

P transposon is known to have invaded the 
Drosophila melanogaster genome in the 1950s as a result 
of horizontal transmission from D. willistoni. Part of 
the evidence supporting the timing of its invasion comes 
from analyses of cultured drosophila lineages originating 
from wild flies cultivated long time in laboratory before 
analysis. Such analyses have shown that P element was 
absent from the genomes of cultured lineages established 
from wild flies caught from the wild before the 1950s. 
Although the hypothesis of P element transmission has 
obtained multiple lines of evidence and is beyond doubt 
today, we decided to test whether analysis of cultured 
lineages can provide some temporal information on the 
P element population dynamics. In the present work we 
demonstrate that P element present the in wild-caught 
flies may be lost in the cultured fly lineages after some 
generations. This result is in accordance with the results 
of at least one published work and suggests that analysis 
of the cultured fly lineages may sometimes be unreliable 
in establishing historical trends in P element population 
dynamics, as the transposon may be occasionally lost, 
perhaps in the highly inbred lineages in which not all 
founding females carry it.

Introduction. P element is a DNA transposon 
2.9 kb long present in the genomes of a number 
of drosophilid species and having been perhaps 
the most intensively studied transposable element 
over the last few decades [1]. Several reasons lie 
behind this remarkable popularity of P element. 
First of all, P elements have become a handy tool 
in Drosophila genetics [2], particularly as muta-
genesis agents [3] and vector for the fly germline 
transformation [4]. Second, sometimes P element 
inflicts a drastic damage to the hosting genome 
as a result of its vehement transposition activity, 
and this behavior can be manipulated experimen-
tally [5, 6]. This second feature makes P element 
a opportune model for studying transposition of 
cut-and-paste mobile elements. Besides, a num-
ber of P element horizontal transfer events have 
been recorded between different drosophilids, 
which has drawn the attention of evolutionary 
biologists. Once in the genome of a new species, 
the transposon quickly propagates over huge dis-
tances, invading many populations on rather large 
geographic scale [7–9]. Altogether these charac-
teristics make P element a perfect model to study 
the evolution and function of DNA transposons.

A particularly fascinating thing about P ele-
ment is that it seems to have invaded the genome 
of Drosophila melanogaster via horizontal transfer 
event less than a century ago and, since that time, 
has propagated all over the world in populations 
of the species [7, 10]. Multiple lines of evidence 
support this horizontal transfer scenario in prin-
ciple. These include, among other, the identity of 
the P element DNA sequence in D. melanogas-
ter and the putative evolutionary distant donor of 
the transposon, D. willistoni, combined with the 
absence of P element in species closely related 
to D. melanogaster [11, 12]. The timing of this 
transfer was initially deduced from an analysis 
of D. melanogaster laboratory lineages established 
from the wild flies caught in different times [7]. 
This analysis revealed that P cytotypes were ab-
sent from laboratory lineages established from the 
flies caught before 1950. P cytotype is a condition 
of cells that enables them to repress the activity 
of P element and results from a certain period of 
coevolution of P element and its hosting genome. 
Opposed to it is M cytotype, the primeval status 
of cells characteristic of flies that have not hosted 
P element in their genome or hosted it for a too 
short period. The presence of only M cytotypes in 
these lineages suggested that P element invaded © A.I. ROZHOK, K.S. IEVDOKYMENKO, 
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this fly species not long before 1950. It has been 
shown, however, that some aspects of laboratory 
culture, such as perhaps small population size, 
may act to eradicate P element from cultured 
lineages with time in a matter of several thousand 
generations [13].

This data did not undermine the cumulative 
evidence about the timing of P element invasion 
of D. melanogaster genome, but suggested that 
historical analysis of the lineages may hide some 
barely discernible pitfalls as a stand-alone tech-
nique for mobile element invasion analysis and 
should only be used in combination with other 
methods. To further investigate this problem and 
assess the number of culture generations that may 
matter in this type of analysis, we monitored the 
presence of P element in our laboratory lineages 
of D. melanogaster established from the flies col-
lected from nature during three successive years. 
Our results suggest that P element may disappear 

from culture lineages on even shorter timescales 
within a matter of hundred generations.

Materials and Methods. Flies were collected 
during August 2008, 2009, and 2010 from 9 dif-
ferent locations (the cooling pond of the Chor-
nobyl Nuclear Power Plant, the cities of Chor-
nobyl, Kyiv, Varva, Lubny, Pyriatyn, Uman, 
Odessa, Yalta [Magarach]) distributed so that 
they represent a latitudinal cross-section of the 
territory of Ukraine (for the map refer to [14]). A 
total of 30 isofemale lines were established from 
each collected population (reviewed in [15]). In 
order to imitate the random nature of DNA sam-
pling while analyzing old laboratory lineages, we 
prepared mixed DNA samples representing all 
isofemale lines available for each population.

Total DNA was extracted from adult indi-
viduals of each population using QIAamp DNA 
Micro Kit («Qiagen», USA).

We amplified a 437 bp region of P element 
DNA sequence by PCR using primers 5'-ACGT-
TTGCTTGTTGAGAGGA-3' and 5'-AACAGG-
ACCTAACGCACAGT-3' specific to the region 
of P element ranging from the 41th to the 477th 
base. This region is believed to be part of all 
known types P element. The PCR profile was 
as follows: denaturation 95 °C/4 min; 30 cycles: 
denaturation 95 °C/40 s, annealing 58 °C/40 s, 
elongation 73 °C/40 s; final elongation 73 °C/10 
min. Sequencing was performed in the Engen-
core sequencing lab of the University of South 
Carolina, USA, using the 3130 Genetic Analyzer 
(«Applied Biosystems», USA).

For the sequence refer to [14] or NCBI (Gen-
Bank ID: HQ607781). All diagnostic PCRs were 
repeated three times and with proper positive and 
negative controls to ensure the absence of acci-
dental mistakes.

As a P element-containing positive control, 
we used the laboratory drosophila strain Harwich. 
The wild-type laboratory strain Canton-S was 
used as a negative control (lacking P element).

Sequence alignment was performed using the 
Vector NTI software («Invitrogen», USA).

Results. All populations had been checked for 
the presence of P element within a week after 
collection and all were P element-positive [14]. 
We maintained fly isofemale lineages of 2008 col-
lection from August, 2008 through August 2009, 
when the first DNA extractions were done. The 

Electrophoregrams of P element PCR products: a – 
collected in 2008, second DNA extraction; b – col-
lected in 2008, first DNA extraction (explained in the 
text); c – collected in 2009; d – collected in 2010. 
Natural fly populations: 1 – Uman, 2 – Pyriatyn, 
3 – Varva, 4 – Lubny, 5 – Odesa, 8 – Magarach, 
9 – Kyiv, 10 – Cooling Pond, 11 – Chornobyl; 6 – 
negative control (Canton-S), 7 – positive control 

(Harwich)
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rest of 2008 collection was maintained up to No-
vember, 2010, when another round of extraction 
was performed. DNA from the lineages of 2009 
and 2010 collection was extracted in November 
2010. In order to imitate the random nature of 
DNA sampling while analyzing old laboratory 
lineages, we prepared mixed cultures of all isofe-
male lines available for each population and then 
extracted DNA from 10 randomly chosen flies of 
both sexes. Such a pooled random DNA sample 
was considered as being representative of the cor-
responding lineage or population and was, thus, 
notedly biased compared to any representative 
sample normally taken from a population or lin-
eage. As a result, we had four DNA samples: two 
one-year old lineage DNA samples (collections: 
2008 second extraction and 2009), one two-year 
old lineage DNA (collection: 2008 first extrac-
tion), and one three-month old lineage sample 
(collection: 2010). The results of diagnostic PCRs 
are shown in Figure.

As can be seen from Figure, most lineages 
contained P elements after three months to two 
years of laboratory cultivation. However, the lin-
eages established from three populations (Pyri-
atyn, Magarach (Yalta), and Kyiv) collected in 
2008 appeared to have lost P element after one 
year of laboratory maintenance (2008 first extrac-
tion samples).

Discussion. Our results are in accordance 
with that published by Engels [13] and, more-
over, demonstrate that P element may be lost 
from the originally «P element-positive» popula-
tions within a much shorter period of laboratory 
cultivation than known before. The reasons that 
stay behind such a phenomenon may primarily 
lie in the fact that laboratory fly lineages become 
highly inbred with time, and chances are that the 
flies taken into tests may represent only one or 
a few of the wild caught flies which in fact did 
not contain P element. Such a scenario may well 
have been the case with our Ukrainian flies, as 
P element appeared in our populations relatively 
recently and may have not invaded all flies in 
some regions.

Nonetheless, our results in no way indicate 
that the inferences made by Kidwell [7] were 
wrong, as Kidwell dealt with cytotypes. Cytotype 
requires time to evolve after initial P element 
invasion, and this suggests that once no occur-

rences of P cytotype had been found in lineages 
established from flies collected before 1950, re-
cent invasion was a plausible assumption. Our 
preliminary unpublished results, as well as those 
in [14], demonstrate that the populations which 
lineages lost P element in laboratory culture pos-
sessed M’ cytotype. This means that they have 
P element, but have not yet adapted to it. Such 
populations may, perhaps, be partially invaded 
by the transposon and some P element-free flies 
may have been involved in isofemale line estab-
lishment. In any case, however, our results sug-
gest that historical analysis of old laboratory fly 
lineages can not be a stand-alone approach, as 
the low population numbers and inbreeding make 
lineages deviate from being representative of their 
natural ancestor populations and may produce 
unexpected stochastic effects in the behavior of 
P element in the fly genome.

Authors thank Dr. G. Milinevskyi, the staff of 
Biology Department of Mechnikov National Uni-
versity of Odessa, and the staff of the National In-
stitute of Viniculture and Wine Industry UAAS for 
their valuable help in material collection and Prof. 
T. Mousseau and S. Ostermiller for help with se-
quencing.
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Î ÏÅÐÑÈÑÒÈÐÎÂÀÍÈÈ Ð ÝËÅÌÅÍÒÀ 
Â ÊÓËÜÒÈÂÈÐÓÅÌÛÕ ËÈÍÈßÕ 

DROSOPHILA MELANOGASTER

Èçâåñòíî, ÷òî Ð òðàíñïîçîí ïîïàë â ãåíîì 
Drosophila melanogaster â 50-õ ãîäàõ ïðîøëîãî 
ñòîëåòèÿ ðåçóëüòàòå ãîðèçîíòàëüíîãî ïåðåíîñà 
îò D. willistoni. ×àñòè÷íî âðåìÿ èíâàçèè áûëî 
ðàññ÷èòàíî íà îñíîâàíèè àíàëèçà êóëüòèâèðóåìûõ 
ëèíèé äðîçîôèëû, êîòîðûå ïðîèñõîäÿò îò äèêèõ 
îñîáåé, êóëüòèâèðóåìûõ êàê èçîñàìêîâûå ëèíèè
çàäîëãî äî àíàëèçà. Òàêîé àíàëèç ïîêàçàë, ÷òî 
Ð ýëåìåíò îòñóòñòâîâàë â ãåíîìàõ êóëüòèâèðóå-
ìûõ ëèíèé, êîòîðûå îñíîâàíû èç îñîáåé, ñîá-
ðàííûõ â ïðèðîäå äî 1950 ã. Õîòÿ ãèïîòåçà 
ïåðåíîñà Ð ýëåìåíòà ïîäòâåðæäåíà ðàçëè÷íûìè 
äîêàçàòåëüñòâàìè è åå äîñòîâåðíîñòü íå âûçûâàåò 
ñîìíåíèé, ìû ðåøèëè ïðîâåðèòü, äàåò ëè àíà-
ëèç êóëüòèâèðóåìûõ ëèíèé èíôîðìàöèþ î âðå-
ìåííûõ ôàêòîðàõ ïîïóëÿöèîííîé äèíàìèêè Ð 
ýëåìåíòà. Â íàñòîÿùåé ðàáîòå ìû ïîêàçûâàåì, 
÷òî Ð ýëåìåíò, ïðèñóòñòâóþùèé â äèêèõ îñîáÿõ, 
ìîæåò áûòü óòðà÷åí â êóëüòèâèðóåìûõ ëèíèÿõ 
÷åðåç íåêîòîðîå êîëè÷åñòâî ïîêîëåíèé. Òàêèå 
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ðåçóëüòàòû ñîãëàñóþòñÿ ñ äàííûìè êàê ìèíèìóì 
îäíîé îïóáëèêîâàííîé ðàáîòû è ñâèäåòåëüñòâóþò 
î òîì, ÷òî àíàëèç êóëüòèâèðóåìûõ ëèíèé äðî-
çîôèëû íå âñåãäà íàäåæåí ïðè âîññîçäàíèè èñòî-
ðè÷åñêèõ òðåíäîâ ïîïóëÿöèîííîé äèíàìèêè Ð 
ýëåìåíòà, ïîñêîëüêó ýòîò òðàíñïîçîí ìîæåò áûòü 
ñëó÷àéíûì îáðàçîì óòåðÿí, î÷åâèäíî, âñëåäñòâèå 
âûñîêîé èíáðåäíîñòè ëèíèé, ó êîòîðûõ ãåíîìû 
íå âñåõ ñàìîê-îñíîâàòåëåé ñîäåðæàëè åãî.

À.². Ðîæîê, Ê.Ñ. ªâäîêèìåíêî, ².À. Êîçåðåöüêà

ÏÐÎ ÏÅÐÑÈÑÒÓÂÀÍÍß Ð ÅËÅÌÅÍÒÀ 
Â ÊÓËÜÒÈÂÎÂÀÍÈÕ Ë²Í²ßÕ 
DROSOPHILA MELANOGASTER

Â³äîìî, ùî Ð òðàíñïîçîí ïîòðàïèâ äî ãåíî-
ìó Drosophila melanogaster ó 50-õ ðîêàõ ìèíóëîãî 
ñòîë³òòÿ â ðåçóëüòàò³ ãîðèçîíòàëüíîãî ïåðåíîñó 
â³ä D. willistoni. ×àñòêîâî ÷àñ ³íâàç³¿ áóâ ðîç-
ðàõîâàíèé íà îñíîâ³ àíàë³çó êóëüòèâîâàíèõ ë³í³é 
äðîçîô³ëè, ùî ïîõîäÿòü â³ä äèêèõ îñîáèí, êîòð³ 
êóëüòèâóâàëèñü ó ëàáîðàòîð³¿ ÿê ³çîñàìêîâ³ ë³í³¿ 
çàäîâãî äî àíàë³çó. Òàêèé àíàë³ç ïîêàçàâ, ùî Ð 
åëåìåíò áóâ â³äñóòí³é ó ãåíîìàõ êóëüòèâîâàíèõ 
ë³í³é, çàñíîâàíèõ ç îñîáèí, ùî ç³áðàí³ ó ïðèðîä³ 
äî 1950 ð. Õî÷à ã³ïîòåçà ïåðåíîñó Ð åëåìåíòà 
ï³äòâåðäæóºòüñÿ ð³çíîìàí³òíèìè äîêàçàìè òà ¿¿ 
äîñòîâ³ðí³ñòü íå âèêëèêàº ñóìí³âó, ìè âèð³øèëè 
ïåðåâ³ðèòè, ÷è äàº àíàë³ç êóëüòèâîâàíèõ ë³í³é 
³íôîðìàö³þ ùîäî ÷àñîâîãî ôàêòîðà ïîïóëÿö³éíî¿ 
äèíàì³êè Ð åëåìåíòà. Â äàí³é ðîáîò³ ìè ïîêàçóºìî, 
ùî Ð åëåìåíò, ïðèñóòí³é ó äèêèõ îñîáèí, ìîæå 
âòðà÷àòèñü â êóëüòèâîâàíèõ ë³í³ÿõ ÷åðåç ïåâíó 
ê³ëüê³ñòü ïîêîë³íü. Òàê³ ðåçóëüòàòè óçãîäæóþòüñÿ ç 
äàíèìè ùîíàéìåíøå îäí³º¿ îïóáë³êîâàíî¿ ðîáîòè 
òà ñâ³ä÷àòü ïðî òå, ùî àíàë³ç êóëüòèâîâàíèõ ë³í³é 
äðîçîô³ëè ìîæå ³íêîëè áóòè íåíàä³éíèì äëÿ â³ä-
òâîðåííÿ ³ñòîðè÷íèõ òðåíä³â ïîïóëÿö³éíî¿ äèíà-
ì³êè Ð åëåìåíòà, îñê³ëüêè öåé òðàíñïîçîí ìîæå 
âèïàäêîâèì ÷èíîì âòðà÷àòèñü, î÷åâèäíî, ÷åðåç 
âèñîêó ³íáðåäí³ñòü ë³í³é, â ÿêèõ ãåíîìè íå âñ³õ 
ñàìèöü-çàñíîâíèê³â ì³ñòèëè éîãî.
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