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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.
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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
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Electrophoregrams of P element PCR products: a —
collected in 2008, second DNA extraction; » — col-
lected in 2008, first DNA extraction (explained in the
text); ¢ — collected in 2009; d — collected in 2010.
Natural fly populations: / — Uman, 2 — Pyriatyn,
3 — Varva, 4 — Lubny, 5 — Odesa, & — Magarach,
9 — Kyiv, 10 — Cooling Pond, 71 — Chornobyl; 6 —
negative control (Canton-S), 7 — positive control

(Harwich)

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
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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
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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-
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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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O INEPCUCTHUPOBAHMUN P BJIEMEHTA
B KVJIBTUBUPYEMDbIX JIMHUAX
DROSOPHILA MELANOGASTER

M3BecTHO, YTO P TPaHCIIO30H TIOMajl B TCHOM
Drosophila  melanogaster B 50-X romax TMpoOULLIOTO
CTOJIETUST pe3yJibTaTe TOPU30HTATBHOTO TIepeHoca
ot D. willistoni. YacTuuHO BpeMsi MHBa3UKM ObLIO
pacCYMTaHO Ha OCHOBAHWM aHAJIM3a KYJIbTUBHUPYEMBIX
JIMHUIA Ap030GUITBI, KOTOPBIE TIPOUCXOAST OT JIUKUX
0co0eif, KyJTbTUBUPYEMBIX KaK M30CAMKOBBIC JTMHUW
3370JIT0 10 aHajimM3a. Takoil aHajIW3 IOoKa3aju, YTo
P »JeMEHT OTCYTCTBOBaJl B TCHOMAaxX KYJIBTUBUpPYE-
MBIX JIMHWI, KOTOpPBbIE OCHOBaHBI M3 0cCOOei, co0-
paHHbIx B mpupoae a0 1950 r. Xots rumnotesa
rmepeHoca P 3JieMeHTa TOATBEpKICHA Pa3TMIHBIMU
TTOKA3aTeJIbCTBAMU M €€ JIOCTOBEPHOCTh HE BBI3HIBACT
COMHECHUI, MBI PEIIWJIM TIPOBEPUTH, JaeT JIM aHa-
JIN3 KYJIBTUBUPYEMBIX JIMHWI WHQOPMAIUIO O Bpe-
MEHHBIX (haKTOpax TMOMYJSIIMOHHON JWHAMWKA P
ayieMeHTa. B Hacrosuieil pabore Mbl TMOKa3bIBaeM,
41O P 3JeMEHT, TIPUCYTCTBYIOIIUNA B JIMKUX OCOOSIX,
MOXET OBITb yTpaueH B KYJbTHMBUPYEMBIX JMHUSX
yepe3 HEKOTOPOe KOJWYEeCTBO TOKojJeHWi. Takue
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pe3y/abTaThl COTJACYIOTCS C NaHHBIMM KaK MUHUMYM
OIHOI OITyOJIMKOBAaHHOI paOOTHI M CBUACTEILCTBYIOT
O TOM, 4YTO aHAJIU3 KYJIbTUBUPYEMbIX JIMHUU IpO-
30(bWJIbl HE BCEraa HajeXeH MPU BOCCO3AaHUU UCTO-
pUUYECKUX TPEHIOB TOMYJSUMOHHONW OUHAMUKU P
9JIEMEHTA, MOCKOJbKY 3TOT TPAHCIIO30H MOXET ObITh
cllyyallHbIM 00pa3oM YTepsiH, OYEBUJIHO, BCJIEJCTBUE
BBICOKOII MHOPETHOCTH JIMHUN, Y KOTOPBIX T'€HOMBI
HE BCEX CAaMOK-OCHOBaTeJIel cojiepKaiu ero.

A.1. Pooxcok, K.C. €sdokumenko, 1.A. Kosepeyvka

IMPO IMEPCUCTYBAHHSA P EJTEMEHTA
B KVJIBTUBOBAHUX JITHIAX
DROSOPHILA MELANOGASTER

Binomo, 1mo P TpaHCHO30H MOTparMB 10 T€HO-
My Drosophila melanogaster y 50-X pokax MUHYJIOTO
CTOJIITTSI B pPE3yJIbTaTi TOPU3OHTAIBHOIO TEPEHOCY
Bin D. willistoni. YactkoBo yac iHBa3ii OyB po3-
pPaxoOBaHWI Ha OCHOBI aHaJli3y KyJbTMBOBAaHUX JIiHIiN
Npo30(diiv, 1110 TOXOISTh BiJl AUKUX OCOOWH, KOTpi
KyJbTUBYBAJIUCh y JjabopaTopii SK i30CaMKOBi JIiHii
3aJ0Bro J0 aHamidy. Takuil aHami3 1mokasaB, 10 P
eJeMeHT OyB BIICYTHIl y TreHomax KyJIbTMBOBaHUX
JIiHIN, 3aCHOBaHUX 3 OCOOMH, 110 3i0paHi y mpuposi
no 1950 p. Xoua rimore3a mepeHocy P elieMeHTa
MiATBEPIXYETHCS PiI3HOMAHITHUMU JOKa3zaMu Ta ii
JIOCTOBIPHICTh HE BUKJIMKAE CYMHIBY, MU BUPIlLIWJIN
MEepeBipUTU, YU JOAa€ aHaji3 KyJIbTUBOBAHMX JIiHil
iH(opMallito 111070 YacoBOro (pakropa MOMyJSILiTHOL
nuHaMmiku P eneMmenTa. B naHiit po6oTi My Imoka3zyemo,
o P eleMeHT, MPUCYTHIN Yy TUKUX OCOOMH, MOXE
BTpayaTUCh B KYJbTUBOBAHMX JIiHISIX 4Ye€pe3 TMEBHY
KUTBKICTh TTOKOJTiHB. Taki pe3yabTaTh y3roaXylOThCs 3
NTAaHUMU LIOHAWMEHIIEe OAHI€l OMy0JIikOBaHOT pOOOTH
Ta CBiIYaTh MPO Te, 10 aHai3 KyJbTUBOBAHUX JIiHIN
npo30(diiM MoXe iHKOJIM OYyTM HEeHaIiHUM IS Bil-
TBOPEHHS ICTOPUYHUX TPEHAIB MOMYJISALIIAHOI TWHA-
Miku P ereMeHTa, OCKIJIbKM IIeii TpPaHCIIO30H MOXe
BUITaJKOBUM YMHOM BTpPAayaTUCh, OYEBUJHO, Yepe3
BUCOKY iHOPEIHICThb JIiHil, B SIKMUX T€HOMM HE€ BCiX
CaMUIb-3aCHOBHUKIB MIiCTWJIM HOTO.
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