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THE VII UKRAINIAN ANTARTIC EXPEDITION TRANSATLANTIC
JOURNEY IMPACT ON THE DROSOPHILA MELANOGASTER
CROSSING OVER

The processes of adaptation and, fimaley survival of species in a changeable environment
largely depend on its fitness and plasticity. Crossing over, or homologous recombination,
is one of the mechanisms providing biological species with the vital variability. The
mechanisms of recombination are practically universal and characteristic of diverse taxa.
However, recombination frequency is known to be substantially depends’ on the various
factors. The rapid changes of latitudinal (geomagnetic field inclination and intensity)
and climatic factors during the transequatorial passage make such journey unique for
the genetic experiment.

In this study we have made an attempt to investigate the effect of latitude and climatic
factors on recombination in the sex chromosomes of Drosophila melanogaster based
on the data obtained during the transequatorial passage as a part of the VII Ukrainian
Antarctic expedition. Effectively, such a systems was assumed to elicit the processes that
might take place in the biological systems during sudden changes in the environment
(abrupt climate changes, ecological catastrophes, extreme living conditions, etc). Fly
crosses were obtained during two transequatorial marine journeys: in winter (outbound
from Sevastopol for Ushuaia) and in spring (Ushuaia—Sevastopol) in 2002. We have
measured recombination frequency between the genes white (w: 1-1.5) and cut (ct:
1-20.0). Concurrent control experiments were performed at Taras Shevchenko National
University of Kyiv. In spite of the putative sensitivity of homologous recombination
of the external factors, we have found out no significant differences in recombination
frequencies between the control and expedition experiments. In spring, we have even
observed a slight decrease in recombination frequency between the genes white and cut,
both in the control and expedition groups. These results do not resolve well with the
reputed high sensitivity of the applied test to external influences. Further research is
necessary to clarify the observed stability of recombination frequency.
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Variability is an important evolutionary factor and an ultimate property of all biota. This phe-
nomenon is ascribed a chief responsibility for adaptation of organisms to changing environments.
One of the mechanisms which provide biological species with a range of variability and result in
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biodiversity and uniqueness of any given genotype is crossing over, or homologous recombination
[1-3]. The mechanisms behind recombination are practically universal and are found to be much
the same in nearly any investigated animal or plant [1, 2].

The frequency of recombination between two loci of the same chromosome has been shown
to be constant. However, it can vary within a certain range if affected by various biotic and abiotic
factors, such as temperature, humidity, population density, age, genotype features, the distance to
centromere, ionizing radiation etc. [1, 3, 4, 5]. Research on the mechanisms of adaptation to changing
environmental conditions, including its genetic basis, is important for prediction of possible genetic
processes driven by adaptation. From the viewpoint of applied ecology and fundamental grounds of
adaptation theory, this is an important question.

Drosophila is a convenient research object. The effect of various factors on genetic processes
in whole and crossing over in particular have traditionally been studied on fruit flies [6, 7]. The
conditions of a transequatorial passage are unique for a genetic experiment because of the rapid
changes of latitudinal and climatic factors accompanying such a journey. Studies of the effect of
these conditions on the mechanisms of variability are necessary for understanding the processes
taking place in biological systems during sudden changes of environment in whole (rapid climate
changes, ecological catastrophes, extreme conditions of existence) and a transequatorial passage in
particular. The recombination test is known to be reliable and sensitive [1, 3, 5]. Many papers report
the effects of abiotic factors on crossing over in drosophila, however publications on the impact of
latitude and longitude are lacking.

Actually, the list of latitudinal and/or longitudinal factors that could potentially influence
recombination rates in a given genome region is subject to speculation, as their influence on
organismal development is as yet poorly understood. Among such potential factors, we can put
forth the geomagnetic field or variation in the solar radiation intensity and composition to number
a few. Ambient magnetic field has been reported to influence some cellular processes, such as, for
instance, cell division symmetry, in fish embryos [8]. The Earth’s magnetic field is known to vary and
form latitudinal gradients of its intensity and inclination. Therefore, geographic location-specific
parameters of the geomagnetic field might potentially constitute a factor affecting recombination
during cell division in Drosophila.

In this study we attempted to investigate the effect of latitude factors on recombination in the sex
chromosomes of Drosophila melanogasterbased on data obtained during two transequatorial passages
as part of the VII Ukrainian Antarctic expedition.

Materials and methods

We used two strains of Drosophila melanogaster from our laboratory: Canton S (wild type) and a
strain carrying a recessive mutation in the genes white (w: 1-1.5) and cut (c: 1-20.0) located on the
first (sex) chromosome.

Recombination frequency was calculated as the frequency of crossover flies in the second genera-
tion. The crossing scheme is shown in Fig. 1. Flies (three females in one tube) were maintained on
standard medium at 25 °C [9]. Standard error was measured according Fleis [10].

Crossings were performed on the research ship “Horyzont” during transequatorial marine journeys
of the VII Ukrainian Antarctic expedition in the winter (outbound from Sevastopol for Ushuaia)
and in the spring (Ushuaia — Sevastopol) in 2002. Concurrent control tests were performed at the
Department of General and Molecular Genetics of Taras Shevchenko National University of Kyiv.
A total of six crossings were made (two on the way from Sevastopol to Ushuaia and four during the
reverse journey).
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Figure 1. The crossing scheme used in the test for recombination between the genes white and cut.

Results

The experiment was performed during two seasons (the Antarctic summer and Antarctic autumn)
from early January (8.01) through mid-April (15.04) in 2002. Six crossings were made: two during the
way from Sevastopol to Ushuaia (1, 2 points), four on the way back (3-6 points). The first, second and
sixth series of crossings were made in the Northern Hemisphere with the extreme point of 11°49°N;
25°18’W, the third, fourth and fifth were made in the Southern Hemisphere with the extreme point
of 54°48’S; 68°18’W (Table 1).

The winter in the Northern Hemisphere concurs with the summer in the Southern Hemisphere.
Therefore, the crossings of the first journey which were done in the Northern Hemisphere in
January concurred with the Antarctic summer, while the crossings during the reverse journey which
were done in the Southern Hemisphere in March and April (except for the last point) concurred
with the Antarctic autumn. As a result, we obtained the following data: crossing over frequency for
experiments conducted during the Sevastopol — Ushuaia way (1) was significantly higher than for

Table 1
Recombination frequency between the genes white and cut.
) Recombination frequency, %
Point number Date Geographic
coordinates Experiment Control (experiment date in Kyiv,
P 50139°N; 30°47°W),
1 08.01.2002 11°49°N; 25°18°'W 20,6242,06 18,21£1,82 (4.01)
2 13.01.2002 10°50°N; 31°50°'W 21,71£2,17 19,41£2,09 (11.01)
3 27.03.2002 54048°S; 68°18°W 13,94+1,4 19,4%1,94 (29.03)
4 03.04.2002 33°44’S; 47°56°'W 13,21£1,32 15,51£1,51 (5.04)
5 09.04.2002 7°41°S; 33°24'W 14,47+1,45 16,34+1,63 (12.04)
6 15.04.2002 10°54°N; 24°44°'W 14,57+1,46 14,52+1,45 (19.04)
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Figure 2. Crossing over frequency between the genes whife and cut in a sex chromosome of D.
melanogaster.

experiments conducted during Ushuaia — Sevastopol way (2). Meanwhile, the results of two crossings
conducted with periodicity in 7 days in the Antarctic summer (08.01.2002 and 13.01.2002) did not
differ significantly, just as it did not in the four experiments conducted with periodicity in around 7
days during the Antarctic autumn. Still, seasonal differences were registered (Table 1, Figure 2), but
were also found to occur in control.

Thus recombination in the tested flies closely followed patterns observed in control. In spite of
the reputed sensitivity of recombination processes to environmental factors, latitudinal effects were
not detected.

Discussion

Recombination frequency is known to be sensitive to many environmental factors [1]. Therefore
the seasonal dependence of crossing over frequencies obtained in our experiments was expected.
However, the absence of geographic position effects was a little surprising, as was the similar
recombination pattern in tested and control flies.

A difference with control was only evident for one point (27.03.2002). A steep decline between
point 2 (13.01.2002) and point 3 (27.03.2002) was revealed in experimental flies (Figure 1). Crossing
at point 2 was done during the journey from Sevastopol to Ushuaia in the Northern Hemisphere,
while mating at point 3 was done on the return way to Sevastopol in the Southern Hemisphere. At
the same time, a decline in control was observed between points 3 and 4 (29.03.2002 and 05.04.2002,
correspondingly). This might be related to seasonal changes as well: point 2 mating in the experiment
was done in mid-January, while that of point 3 was done in late March. March in the coordinates
(54°48’S; 68°18’W) coincides with the autumn to early winter. The analysis of the obtained results is
limited by the relatively small sample sizes and few mating points. However, the results are interesting.
Finding out the reasons of such unusual stability of homological recombination frequency in different
latitudinal and longitudinal zones requires further research.

Conclusions

Crossing over frequencies were significantly higher in experiments during the Sevastopol—Ushuaia
journey compared to the return trip.

Contrary to the reputed sensitivity of the recombination test to external factors, we found no
reliable difference in the recombination frequency between control (Kyiv) and expedition experiments.
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BJINAHUE TPAHCATIIAHTUYECKOI'O IIEPEXOJIA
HA KPOCCUHI'OBEP Y DROSOPHILA MELANOGASTER

Iporecchl amanTalvy U, B KOHEYHOM CYETe, BBLKMBAHUS BUIOB B U3MEHUMBBIX YCJIOBUSIX OKPY-
Karolieli cpeibl BO MHOTOM 3aBUCST OT pazMaxa USMEHUMBOCTU. KpocCuHToBep, UM TOMOJIOTMYecKast
peKOMOMHALIMS, OIMH U3 MEXaHM3MOB CO3AaHMsI FeHETUYEKOT0 pa3HOOOpa3ust. MexaHU3Mbl pEKOM-
OMHAIIMY YHUBEPCAIBHBI KaK B (KUBOTHOM TaK U B PaCTUTEIBHOM MUpe. B To ke Bpemsi, Ha 4acToTy
PEKOMOMHALIVY BIIMSIIOT pa3IMUHbIe (haKTOPhI, KaK BHEITHEH, TAK ¥ BHYTPEHHEM pupoabl. beicTpast
CMeHa IIIMPOTHBIX U KITMMAaTUYECKUX (haKTOPOB, a TAKXKE MAarHUTHOT'O TTOJIs1 3eMJTM YHUKATbHbIE YCIIOBUS
TSI TEHETUYEKOTO 9KCIIEpUMEHTa, KOTOPhIE CO3AAI0TCS B TIPOLIECCE TPaHCATIaHTUYECKOTO Iepexoa.

M3ydanm 3aBUCUMOCTB YaCTOTHl PEKOMOWHAIIAY OT IIIMPOTHO-IOJITOTHBIX XapaKTePUCTUK MeCTa-
PAacCITONIOKEHUST SKCTIENUIINY. YCTAaHOBJICHHE TTOCIIEICTBUI TAKMX BIVSTHUI HA MEXaHU3MbI M3MEHIM -
BOCTU HEOOXOIMMBI [/IsI TOHUMAaHUSI MMPOLIECCOB, KOTOPbIE UMEIOT MECTO B OMOJIOTMUYECKMX CUCTEMaX
B YCJIOBUSIX OBICTPOTO M3MEHEHMS (haKTOPOB OKPYXKaroIlei cpeabl (KIMMaTUuYecKue U3MEHEeHU,
5KOJIOTMUYECKIE KAaTacTpodbl, SKCTePMaIbHBIC YCIIOBUSI CYIIIECTBOBAaHUS, U T. 1.). [locTaHOBKa CKpe-
ITUBAaHMIA TTPOBOIMIIACH BO BpeMsI TpaHcaTIaHTIIecKoro riepexona VII YkpanHckoit aHTapKTUIecKoi
aKcneauimu 3umoii (CeBactonodib- Yiyast) 1 BecHoit (Yiyasi-CeBacronosnb) B 2002 . MU3ydyanu yactoty
PpEKOMOMHAIIMY Ha yJacTKe MexKy reHamu white (w: 1-1.5) u cut (ct: 1-20.0). OmHOBpeMEHHO, B Ka4eCTBe
CUHXPOHHBIX YCJIOBHO KOHTPOJIBHBIX 3KCTIEPUMEHTOB aHAJIOTUYHBIC CKPEIITUBAHMST OBLIH IIPOBEICHBI
B KueBckom HalmoHasibHOM yHUBepcuTeTe uMeHu Tapaca [lleBueHko. Pe3ynbraTel eKCrepruMeHTOB,
TMOJTyYEHHBIX BO BpeMsl dKCNeaulvy U B Krese, cTaTUCTUYECKU JOCTOBEPHO HE OTIIMYATTUCh, HE CMOTPSI
Ha YyBCTBUTEIBHOCTh YaCTOThI PEKOMOMHALIMY K BO3AECTBUIO (DaKTOPOB OKpyXKartollieit cpenbl. B To
Ke BpeMs, TIOKa3aHO TOCTOBEPHOE CHIKEHME YaCTOThI PEKOMOMHAIINY MEXKITy TeHaMu white and cut
B BECEHHUI TIepUOJI, KaK B OKCIIETUIIMOHHBIX YCIOBUSIX, TaK M B KOHTPOJIE. YCTAHOBJICHUE TTPUIMH
ONUCaHHBIX (hEHOMEHOB TPEOYET MPOBEACHUS JaTbHEUILIMX UCCAEIOBAHUA.

Kumouessie cioBa: Drosophila melanogaster, peKOMOMHALIMS, XPOMOCOMBI, IITUPOTA, KIMMaTH -
yeckuit (pakTop
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BIIVIMB TPAHCATIAHTUYHOI'O ITIEPEXOAY
HA KPOCHUHT'OBEP Y DROSOPHILA MELANOGASTER

[Ipolieccu aganTallii Ta BUKMBaHHS BUIiB B MiHJIMBUX YMOBaX OTOYYIOYOTO CEPEOBHUIIA 3HA~
YHO 3aJIexKaTh Bill po3Maxy iX MiHIMBoCTi. KpocrHroBep, a0o romojiorivHa peKoMOiHallist, OIMH 3
MeXaHi3MiB (popMyBaHHS TCHETUIHOTO PI3HOMAHITTS. 3 OHIET CTOPOHU MeXaHi3MU peKOMOiHaIlii
YHiBEepCaJIbHi Y TBAPUHHHUX Ta POCIMHHUX OPraHi3MiB, 3 iHIIOI iX 4acTOTa 3HAYHO 3aJIEXKUTh Bill
KoJIMBaHHs (hakTopiB oTouyouoro cepeaonuina. LlIBuaka 3MiHa mMPOTHUX (haKTOPIB, a TAKOX
MarHiTHOTO TSt 3eMJli YHiKaabHi YMOBHU JIJISI TECHETMYHOTO €KCIIEPUMEHTY, Ki (DOPMYIOThCS B
YMOBaX TPAaHCATIIAHTUIHOTO MEPEXOIY.

BuBuaiu 3ay1eXXHICTh YaCTOTU peKOMOiHALLi1 Bil KOOPAMHATHUX Ta KIIIMATUYHUX XapaKTePUCTUK
Micusipo3ralyBaHHs ekcrneaulii. [neHTudikanis HacaiIKiB TaKMX BIUIMBIB HA MEXaHi3MU MiHJIU -
BOCTi HEOOXiTHa /TSI PO3YMiHHS MPOLIECiB, SIKi MalOTh Miclle B YMOBax IIBUIKOI 3MiHU (aKTOpiB
OTOYYIOUOTO cepeAoBHINa (KJIiMaTUIHI 3MiHM, €KOJIOTiUHI KaTacTpodu, eKCTpeMaabHi YMOBH ic-
HyBaHHS, i T. iH.). [TocTaHOBKa cxpelllyBaHb MPOBOAMIIACS TIiJl Yac TPaHCATIAHTUYHOTO MEPEXOy
VII YkpaiHcbKoi aHTapKTUUYHOI ekcnenuilii 3umoro (CeBacTonoJib-Yiilyasi) Ta BecHoto (Yiiyasi-
Cesacrornosib) 2002 p. locaimKyBaau 4acTOTy peKOMOiHallii Ha TiTsTHIII Mixk reHaMu white (w: 1-1.5)
Ta cut (ct: 1-20.0). OgHOYACHO, B SIKOCTi CHHXPOHHUX, YMOBHO KOHTPOJIbHBIX €KCTICPUMEHTIB,
aHAJIOTiIYHi cxXpelyBaHHs poBoaurcs B KuiBckomy HallioHaabHOMY yHiBepcuTeTi iMeHi Tapaca
LlleByeHka. Pe3yabraTl eKCIIEpMMEHTIB OTPUMAaHUX ITPOTSATOM eKcreaullii Ta B Kuesi craTucTuuHO
JIOCTOBIPHO HE BiIpi3HSIOTHCS, HE TUBISYMCH HA YYTJIMBICTh YACTOTH PEKOMOiHALlii 10 BIUIMBY
(akTOpiB 30BHIIIHLOTO cepeoBUIa. B Toi1 Xe yac, IpoaeMOHCTPOBAHO TOCTOBIpHE 3HMKCHHS
YacTOTU peKOMOiHallii MixX reHaMU white Ta cut B BECHSIHUM MEpiofl, 1K B eKCIeIULIHHUX YMOBaXx,
TaK i B KOHTpOJIi. BcTaHOBICHHS MPpUUKMH ONMKUcaHUX (DEHOMEHIB MOTPeOYE MOJATBIINX JOCIIIKEHb.

KuouoBi ciioa: Drosophila melanogaster, peKoMOiHallis, XxpOMOMOMM, IIMPOTA, KJIiMaTUIHUI

dakTop.
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