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MUTAGENIC EFFECTS OF ALPHA RADIATION
IN DROSOPHILA TEST-SYSTEM

Abstract. There is a long period of time between an agent intervention on a living organism and biological
consequences. For this reason, methods for determining a potential mutagenic activity of individual environmental
components and natural complexes are required. We used a traditional Muller-5 (Basc) test based on Drosophila
melanogaster for testing the influence of ecological factors. Due to this test system, we analyzed genetic effects of a-
radiation, which is formed during the radioactive decay of radon daughter products. The test system was used to
detect mutations with an autonomous manifestation. Now days, it is also used for detecting conditional mutations
with non-autonomous manifestation, which form special features related to an invariant part of species appearance of
a living organism. The most striking property of conditional mutations is morphoses formation. In our research, the
morphoses appeared in the second generation and were due to the presence of conditioned mutations in parents taken
from the F,. The primary inducer of the conditional mutations emergence was ionizing o-radiation, and in the next
generation they were supplemented by the genetic characteristics of the parents being the inversions. The revealed
morphoses formed a characteristic group of deformities: blackspots (melanomas) or white spots on a body; curled,
curved, or undirected wings; blister on the wings, without one wing, with deformation of the head, thorax and
abdomen, mutation of sterility. Sterility was tested in several generations of flies. A characteristic feature of all
morphoses is asymmetry and it is defined as a genetically unstable variation of individual morphogenesis associated
with changes in the environment. A statistical analysis of experimental data in the Muller-5 test system (Basc)
showed that a-radiation has a mutagenic effect with a probability of not less than 95%.

Key words: radon, emanation, a-radiation, inversion, Basc, Drosophila, morphoses.

Introduction

Almaty is a city with the highest natural radiation in Kazakhstan, which rich in such natural resources
as minerals, metal ores and natural gas and oil reserves. Kazakhstan has 12 % of the world’s uranium
resources and may be exposed to a variety of hazardous materials including radon, a radioactive gas
occurring naturally as an indirect decay product of uranium. Radon gets out of the earth surface through 5
tectonic faults crossing the city territory. Radon and its decay products are sources of a-radiation - a
stream of heavy positively charged particles [1]. In nature, alpha particles occur as a result decay of heavy
elements atoms, such as uranium, radium and thorium. Emanation (a release of radon into the air pores)
happens when the radium decay took place near the soil surface and it was mainly carried out by recoil
energy produced by a radon nucleus in the process of radium nucleus disintegration.

Most of radiation is produced not so much from radon but its decay daughter products. Radon
emissions are supposed to be dangerous for living organisms and can cause oncological diseases in
humans. In human body, radon facilitates some processes also leading to lung cancer. The decay of radon
nuclei and its daughter isotopes in the lung tissue causes a micro-burn, as the whole alpha particles
energy is absorbed at its decay point. Combination of radon and smoking is especially hazardous and
increases the disease risk. According to the US Department of Health, radon had regarded to be the
second factor (after smoking) that causes lung cancer, mostly, of bronchogenic (central) type. Lung cancer
caused by radon irradiation is the sixth most frequent reason causing death from cancer [2]. Radon
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radionuclides cause more than a half radiation dose, which a human body receives from natural
and technogenic environmental radionuclides [3-4].

For this reason, the aim of present work is a-radiation mutagenic activity by Drosophila melanogaster
test-system based on Meller-5 or Basc method.

Materials and methods

The uranium isotope — U*** isotope was used as source of o-radiation used. Alpha-rays is one of the
ionizing radiation types performing a stream of rapidly moving, positively charged particles (alpha-
particles). The main source of this radiation is the radioactive isotopes and daughter products of a natural
radon gas. One of the peculiarities of alpha-radiation is its low penetrating power. Alpha particles range in
matter (that is a path where ionization is producing) is very short (hundreds of millimeter in biological
media, 2.5-8 cm in air). However, along a short path, alpha particles create a great number of ions. That
provides a relative biological efficiency, 10 times greater than when exposing the X-ray and gamma
radiation.

Testing of a-radiation genetic activity was carried out using the fruit fly Drosophila melanogaster. So,
some tests based on incidence of different mutations types have been developed for drosophila. The
processes occurring in the Drosophila melanogaster are extremely interesting for the community of
researches engaged in developmental genetics [5]. This fly is chosen as an object in the variety genetic
schemes, as it is one of the highly researched and well characterized higher organisms in genetics.
Approximately 2/3 of genes that are responsible for a human disease are homologous to genes in
Drosophila melanogaster genome. The main biochemical processes in Drosophila melanogaster and
mammalian cells are identical. Also, one of the Drosophila melanogaster main advantages lies in the fact
that in metabolism process a microsomal activation of substances occurs, when promutagens can be
converted into mutagens. This makes it possible to find invisible mutagens, which acquire genotoxicity in
metabolism process. Tests based on Drosophila melanogaster are recommended by WHO for studying the
mutagenic and toxic activity of anthropogenic xenobiotics and pharmacological agents [6].

A traditional Muller-5 (Basc) test based on Drosophila melanogaster was used for testing mutagenic
activity of a-radiation. Muller-5 method allows to identify lethal and morphological mutations in
the F, (second generation) X-chromosome. The body of Drosophila, like those of all other insects, is
divided into segments having certain morphological differences [7]. All flies were identified by their eyes,
wings and bristles, because they contained yellow and white genes [8]. We divided males of Oregon wild-
type into two samples: the first sample with the males was irradiated by the U238 isotope at the exposure
of 20-24 hours, and the second control sample was placed nearby, which was not exposed to a-radiation.
To obtain F; in the Muller-5 (Basc) test system, we used parents different in body and eyes color as well
as the shape, because it greatly facilitates females and males identification for parents crossing and second
generation analysis.

Presence or absence ofmalesin the populationcan  be determinedin a  tube
without anesthesia. Flies crossing for getting F; was carried out massively and individually for F,
females. The scheme provides an opportunity for F, flies crossing without selecting the virgin females.
One female from the first generation and two or three M-5 males from the original tube or from the M-5
line have been places in the test tube. For females, such crossing was individual, and the number of tubes
was corresponded to half of the analyzed X-chromosomes [9-10]. Sterility was tested using several
generations of flies.

The test scheme and a line of flies in the experimentis known as Muller-5 method. This method
was developed by H.J. Muller for identifying and recording recessive, sex-linked lethal mutations
in drosophila. In the X-chromosome of this line there are 2 inversions - sc® and — sc* (8 49), which impede
a crossing-over between sex chromosomes. The sc®inversion captures a major part of X-
chromosomes. Since crossing occurs in long inversions, another, shorter inversion 6 49, is introduced into
the sc® inversion. So, the & 49 inversion suppresses the cross in the middle region of the X-chromosome.
The genes order in sc® & 49 chromosome is violated twice, therefore the cross in it is completely excluded.
As a result, both inversions are not associated with a recessive lethal effect, and females homozygous for
the Muller-5 chromosome and the same hemizygotic males are viable [6].

—— Y4 ——
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A recessive mutation w%-apricot eyes and dominant mutation Bar-striped eyesserve as
phenotypic markers (Figure 1). We obtained two phenotypic classes of females and in the second
generation (F,). In the first generation (F,) we received B / + females, carrying in the heterozygote X-
chromosome of Muller-5 and irradiated male’s X-chromosome, and males bearing the Muller-5 X —
chromosome in a hemizygot. The recessive lethal cannot move from the irradiated chromosome to
the Meller-5 chromosome, because of locking crossing-over between the irradiated normal chromosome
and the Muller-5 chromosome. This makes it possible to bring the irradiated chromosome to
a hemizygous state [11].

Figure 1 — Muller-5 line flies: on the left male (smaller) and female on the right
The cultures of the genetic lines and all crosses were kept and propagated on a standard medium [9].

Results and their discussion

Genetic analysis of a-radiation mutagenic activity was carried out according to the scheme shown in
Figure 2. Every culture is analyzed visually for revealing morphological mutations after the second-
generation flying-out. The conditional mutations are regulatory gene mutations, which are responsible for
forming interspecies of similar characteristics [13]. The morphosis formation is a considerable
phenomenon of conditional mutations. "Morphosis" means non-inherited morphological disturbances,
caused by parent genetic peculiarities. The morphosis, appearing in conditioned mutants, is considered to
be different manifestation rates of developmental disturbance. In the case of alpha-radiation induction the
offspring were characterized by mutant phenotype of body (white and black plaques, asymmetrical body)
and wing: moderate, medium, pronounced, extreme (reduction and even complete disappearance of wing)
(Figure 3) [8].

PP: Q Q v w'B sc” 549 6 6\ yw" B
_— I
v+ waB 54:3 849 X

Fl: QQ v w'B sc® 549 88 y w'B sc® 549

e x el

Fgf Q Q vy w'B sc® 549 vy w' B 6\6\ y w'B sc® 549 y w* B
E— —_—
y w'B sc 549 y w'B sc® 549
1 2 3 4

Figure 2 — The scheme of flies crossing according to Muller-5 method for revealing lethal and morphological mutations in X-
chromosome: 1 — Muller-5 females; 2 — females with a gray body, with narrow apricot eyes, heterozygote by inducing lethal
mutations in X — chromosome;3 — gray males with narrow apricot eyes; 4 — yellow males with a lethal mutation in X-
chromosome are not develop. Irradiated X-chromosome is shown as a bold line[11]
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F, analysis did not reveal recessive sex-linked mutations. Nevertheless, to evaluate the possible
genotoxic effect of o-radiation on individual development of flies, the frequency of occurrence of
morphoses was estimated (Table 1).

Table 1- Frequency of morphoses in flies irradiated with a-particles and without it

Index Number of flies analyzed Absolute frequency of Relative frequency of
Sample (absolute) morphoses morphoses, %

With o-radiation

. 3848 28 0.73+0.04
(expirement)

Withouto-radiation

(control) 3700 10 0.27+0.01

D 2! I

Figure 3 —Morphosis of the second generation according to Muller-5 test-system:

A, B —black plaques on a body; C — moderate mutant wing phenotype (improperly outspreaded wing); D — pronounced mutant
wing phenotype (improperly outspreaded wing); E —extreme mutant wing phenotype — a right wing in the form of an unstructured
bubble; F — morphoses combination - extreme mutant wing phenotype(without a wing), deformation of the head, thorax and
abdomen

Classical genetics is built on mutations with an autonomous manifestation, based on inheritance signs
laws. The Muller-5 (Basc) test system used was designed to evaluate just such mutations. At the present
time we began studying mutations with non-autonomous manifestation, which form special features
related to an invariant part of species in a living organism appearance. The researchers named such
mutations — conditional mutations and received them in Drosophila under the influence of ionizing
radiation (X-ray irradiation) [13].

— 46 ——
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One of the main conditions for manifesting a conditional mutation was the presence of chromosome
rearrangement in the genotype. At the time being, a conditional mutation is called a local DNA damage,
its manifestation being depending on the structure of other genome regions. The most striking property of
conditional mutations is the morphoses formation. The term "morphosis" is used to determine non-
inherited morphological disorders (deformities) caused by the exposure of extreme environmental factors.

In the genetic literature, morphosis is defined as a non-adaptive and unstable variation of individual
morphogenesis, associated with the changes in the external environment. In our experiment, the
morphoses were manifested in the second generation (F,;) and were due to the presence of conditioned
mutations in parents taken from F;. A primary inducer of conditional mutations emergence was o-
radiation, and in the second generation they were joined by genetic characteristics of the parents - these
are inversions. The morphoses in our experiment formed a very specific group of deformities (Figure 3).

Most morphoses do not prevent flies from hatching out of pupa, existing, mating, and even giving
offspring. The researchers also encounter with cases of morphoses forming, but occurs not so often [13].

As seen in Figure 3, a peculiar feature of all morphoses is asymmetry. They can be distributed over
all parts of the body and affect the shape of the head, eyes, chest, legs and wings. Dark spots (or
melanomas) similar to necrotic spots that contain conglomerates of dark tissue can appear on all parts of
the body.

There can be a single or several individuals containing ugliness may arise. Thus, we found up to 6
morphoses in one F, tube. All of them had an individual appearance. The morphoses appeared in Fs, but
unlike modifications, they did not reveal phenotypic invariance. So a wing morphosis in F,could be
revealed as melanoma in F; and vice versa. You can say that the type of morphosis is not inherited.

Experimental and control comparison of results was carried out by the Yates’ chi-squared test (Table
2) [12].

Table 2 — Experiment and control results in the 2x2 table [14]

a (the number of flies without mutation and b (the number of flies with mutation 5
Experiment morphoses) and morphoses)
3820 28 3848
c(the number of flies without mutation and d (the number of flies with mutation
Control morphoses) and morphoses)
3690 10 3700
3 7510 38 7548

A statistical experimental data processing in the Muller-5 test-system showed that Xzexp =6,99, a
leable=3,8atk =1 and P< 0,05. Therefore at P< O,OSXZeXp> thable. For this reason we can affirm that alpha-
radiation possesses a mutagenic effect.

Conclusion

Recessive, sex-linked lethal mutations, modifications and morphoses as the main criterion of a-
radiation mutagenic effect evaluation in drosophila have been chosen. Classical genetics is based on
mutations with an autonomous manifestation and in our case they are recessive lethal. Mutations with
non-autonomous manifestation have been studied quite recently. Due to this, it stands to the reason that
the genes, which are responsible for such mutations, form special signs. Basically, these are modifications
and morphoses that touch on invariable part of organism’s morphology. A common method of mutations
evaluation based on Drosophila melanogaster test-system has been used in the experiment. The RK
Committee for the mutagenicity evaluation of pharmacological preparations recommends this test.

According to the results obtained, a statistically significant difference in the incidence of recessive
lethal mutations and conditional mutations induced in the X - chromosome of the drosophila’s Oregon
line males with alpha irradiation and without it has been shown. The nonparametric chi-square test
demonstrated that the frequency distribution control is statistically different at 95% probability level in the
experiment and control. Thus, mutagenic activity is revealed in drosophila by alpha-rays irradiation.

Acknowledgments. The Ministry of Education and Science of the Republic of Kazakhstan (grant
2554 / GF4) supported this study.
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3.M. Busimea, A.H. Kymaobaii, A.M. lllaiizannnosa, M.7K. Tney6eprenosa, C.JI. Cap:xanoBa

on-®apadu ateiHgarel Kasak ¥ATThIK YHUBEPCUTETI, OMOJIOTHs )KOHE OMOTEXHOIOTHS Macenenepinin F3VY,
Kazakcran PecniyGnukacsl, AJMartsl K.

JIPO30®UIAHBIH TECT-)KXYWUECIHJIETT a—COYJIEJIEHYJIIH MYTATEH/II 9CEPIH TAJIJIAY

AHHOTAUMA. ATCHTTIH Tipi ar3ara ocep €Tyl KoHE OHMOJIOTHSUIBIK HOTFDKECI KOPIHY apachlHIA YIKEH YaKbIT
alBIPMaIIbUIBIFBl 00JIATBI, COHABIKTAH KOpIIaFaH OPTaHBIH JKEKE KOMITIOHEHTTEpl, KOMIUIEKCTEpi CEKUIIi IMOTeH-
UAIABl MyTareHIi OeJICeHIUTIKTI aHBIKTay YIIIH 9ICTep KaXeT. DKOJOTHSIBIK cTpecc-PpaKTopiIapAblH TeHETHKA-
JBIK aKTUBTUITH Tekcepy yiuiH 613 moctypui Memtep-5 (Basc) tecr-xyiiecin Drosophila melanogaster-re naii-
JlaliaHa OTBIPBIN KYPri3aik. PagoHHBIH bIIbIpay OHIMJEpI Ke3iHIeri Herisri mnaiifia OoJIaThIH O-COyJIEeNeHYIIH
reHeTuKanbIK 3¢ dexTicin Tannansik. Konganran TecT-xyie KIacCHKaIbIK TeHETHKAla MyTalysuIapAblH aBTOHOM/IbI
KOpiHy jkarJaliblHa aHbIKTayFa KojjaHpurraH. Kasipri ke3je aBTOHOMIBI €MeC IIapTThl MYTalMsUIapIblH KOpPiHY
KarnaibiHaa KojaHatelH Oonabl. LlapTThl MyTauusuiap Tipi opraHu3MHIH Typ OeifHECiHIH e3repMeiTiH epekiie
Oenrinepai kamramach3 eteni. 1lapTTel MyTanMsIapIblH aHBIK KacueTi — oy Mop¢o3aapAblH maiia 6onysl. biznin
3eprTeyimizzie Mop¢o3aap eKiHIIl yprakra mnaiaa 60abl xoHe OipiHII YpIIaKTaH aJIbIHFaH aTaJIbIKTapAarsl [apTThl
MyTanusuiapMeH Herizaeninres. [apTTsl MyTanusiap/AbiH naiaa 60irybHa OIpIHITIIIK HHAYKTOP OOJIBIN HOHIAYIIIbI
o-coynmenep Oommel. Keneci ypmakra omapiael aTainbIKTapAblH TEHETHKAIBIK EPeKIIeNKTepi — HWHBEPCUSIIAPHI
TONTHIpAEL. TaObutraH Mop¢o3map KEMTAPIBIKTAPABIH CHIATTAIFAaH TOOBIH KYpAacTHIpABI: AEHE OeTiHAeri Kapa
(MenaHoManap), Hemece aK JaKTap; OpaliFaH, MAaibICKaH, HeMece >KalblUIMaraH KaHATTap; KaHATTaplarbl
KemipirkTep, 0ip KaHaTCh3, OACThIH, KO3IH, TOPAKCTHIH KOHE KAPBIHHBIH 1e(hOPMALUACHI, YPBIKCHI3IBIKTHIH
MYTalUACHL. ¥ PBIKCHI3IBIK IIBIOBIHAAPABIH OipHele yprakrapaa tekcepinai. bapnsik Mopdo3napasly cunarTanran
Oenrici accuMeTpHUsl OOJIBI JKOHE OJ KOpIIaraH OPTAHBIH ©3repiCTepiMeH OalIaHbICTBI JKEeKe MOP(OreHE3miH
TeHETUKAJIBIK TYPaKThl €MeC Bapuauuschl 0okl caHanaasl. Mesiep-5 (Basc) TecT-kyie cTaTUCTHKANIBIK Tajllaybl
o-coyneHiH 95%-1aH keM eMec CeHIMIUTIKIIEH MyTareHai 9CepiH KOpCeTTi.

Tipek co3mep. pagoH, aMaHalus, 0-CoyJIeNeHy, nHBepcus, Basc, npo3oduina, Mmopdosaap.
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3.M. busimeBa, A.H. Kymao6aii, A.M. llaiizangunosa, M.2K. Taey6eprenosa, C./I. Cap:kanoBa

Kazaxckuit HaroHaBHBIN YHUBEpCUTET NIMEHH anb-Papadbu, HU npobnem 6ronornu u OMOTEXHOIOTHH,
PecniyOnuka Ka3zaxcran, r. AnMatsl

AHAJIN3 MYTAT'EHHOI'O 2®®PEKTA o-U3JTYUYEHUS B TECT-CUCTEME JPO30®NJIbI

AHHOTanusi. Mexxay Bo3eliCTBUEM areHTa Ha >KUBOH OPraHU3M U IPOSIBICHHEM OHOJIOTHYECKHX MOCIEACTBUH
MPOXOMT YacTo OOJBIION MPOMEXYTOK BPEMEHH, TOITOMY HEOOXOAMMBI METOANKHU OINpPEEICHUS TOTCHIUAIbHOM
MYTareHHOW aKTHBHOCTH KaK OTHEIBHBIX KOMIIOHEHTOB OKpY)Karomled cpenpl, TaK M KOMIUIEKCOB. I mpoBepku
TEHETHIECKUAX dPPEKTOB (PaKTOPOB OKPY’KAIOIICH CPEIbl MBI HCIIOIB30BAIIN TPAIUIMOHHKIA TecT Memrep-5 (Basc)
Ha Drosophilamelanogaster.C moMomso 3TOH TECT-CHTEMBI MBI IIPOAHAM3UPOBANN TeHeTndeckne >(P(EeKTs o-
U3JIy4eHHs1, KOTopoe 00pa3yeTcs PH PaJHOaKTHBHOM pacnajie JOYepHHUX NPOAYKTOB pafoHa. JlaHHas TecT-cucremMa
B KJIACCHYECKOI I€HeTHKE HMCIONb30Baach I ACTEKIMU MyTalMii ¢ aBTOHOMHBIM IIpOsBIEHHEM. B Hacrosiee
BpeMs €€ NPUMEHAIOT U JUIi OOHApY)KeHUs YCIOBHBIX MyTalMii ¢ HEAaBTOHOMHBIM IIPOSIBICHHEM, KOTOpPbIE
(bopMupYyIOT 0COOBIE MPU3HAKH, OTHOCSIIUECS K MHBAPUAHTHOM YacTH BUJOBOIO OOJIMKA XKHBOTO opranusma. Camoe
SPKOE CBOWCTBO YCIOBHBIX MyTalWii — 3T0 oOpa3oBaHue Mop¢o30oB. B Hammx wuccienoBaHusix Mop¢ho3bl
MMPOSABUIIUCH BO BTOPOM IMOKOJICHUU U ObLIH O6yCHOBﬂeHbI HaJIMYMUEM YCJIOBHBIX MyTaI_ll/Iﬁ y pO}IHTeﬂeﬁ, B34ATBIX U3
nepBoro nokosierns (Fy). [lepBU4HBIM HHIYKTOPOM BOSHMKHOBEHHMS YCIOBHBIX MYTalWi SBISIIOCH HOHU3UPYIOIIEE
0-H3JIyYeHHE, a B CIIEIYIOIIEM NOKOJEHNH UX JOMOJIHSIN IeHETHYeCKUEe OCOOCHHOCTH POJMTEINEH — 3TO HHBEPCHHU.
OOHapyxeHHble MOP(O3bl COCTABUIIM XapaKTEpPHYIO I'PYIILY YPOJCTB: YEpHbIE ISITHA Ha Tesie (WJIM MENaHOMBI);
3aKpy4YeHHbIE, H30THYTbIE, WK HEepaclpaBlIeHHbIC KPBUIbs; OeNbIe MSTHA HA Tejle, My3bIpy Ha KPBUIBAX, 0€30JHOr0
KpbUIa, ¢ AeopManueii ToIoBBI, TJ1a3, TOpakca U OPIOLIKa, MyTallMd CTEPHUILHOCTH. CTepUIIBHOCTD IIPOBEPSUIaCh B
HECKOJIBKUX ITOKOJICHUSIX MyX. XapaKTepHOH 4epToil BceX MOp(HO30B SBISIETCS ACCHMETPUS U ONPEACIISAESTCS OHA KaK
TeHEeTHYECKH He cTaOMiIbHAs Bapualys MHANBHIYaJIbHOTO MOp(OoreHesa, CBI3aHHas C M3MEHEHHUAMHU OKpY)Karomen
cpenpl. CTaTHCTHYEKWH aHAWM3 JaHHBIX JKCIEpUMEHTa B TecT-cucTeMe Memtep-5 (Basc) mokaszama, 4To O-
u3yueHue odaaaaeT MyrareHHbIM 3(p(heKToM ¢ BepOsSTHOCTHIO He MeHee 95%.

KaioueBble ci1oBa: paJioH, sMaHanus, o-u3jlyueHue, nHBepcus, Basc, npo3oduia, Mopdo3bl.
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