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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
o-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; cutled,
curved, or undirected wings; blister on the wings, without one wing, with deformation of the head, thorax and abdo-
men, mutation of sterility. Sterility was tested in several generations of flies. A characteristic feature of all morpho-
ses 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%.
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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 o-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 a-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 o-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 rescarched and well characterized higher organisms in genetics.
Approximately 2/3 of genes that are responsible for a human disease are homologous to genes in Droso-
phila 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 meta-
bolism 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 of males in the population can be determined in 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 aline of flies in the experiment is 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-chromo-
somes. Since crossing occurs in long inversions, another, shorter inversion 8 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].

A recessive mutation wé-apricot eyes and dominant mutation Bar-striped eyes serve 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.
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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 chro-
mosome. 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 morpho-
logical 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 con-
ditioned 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].
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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]

F, analysis did not reveal recessive sex-linked mutations. Nevertheless, to evaluate the possible geno-
toxic effect of a-radiation on individual development of flies, the frequency of occurrence of morphoses
was estimated (Table 1).
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Table 1- Frequency of morphoses in flies irradiated with a-particles and without it

Index Number of flies analyzed Absolute frequency Relative frequency
Sample (absolute) of morphoses of morphoses, %
With o-radiation (expirement) 3848 28 0.73+0.04
Withouta-radiation (control) 3700 10 0.27+0.01

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].

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-inhe-
rited 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 morpho-
ses 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 a-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).

F

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
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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 F;, but
unlike modifications, they did not reveal phenotypic invariance. So a wing morphosis in Focould 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 b
) (the number of flies (the number of flies >
Experiment without mutation and morphoses) with mutation and morphoses)
3820 28 3848
c d
(the number of flies (the number of flies
Control without mutation and morphoses) with mutation and morphoses)
3690 10 3700
> 7510 38 7548

A statistical experimental data processing in the Muller-5 test-system showed that xzexp =6,99, a
ranle=3,8atk =1 and P< 0,05. Therefore at P< 0,03y o> % able. 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 modi-
fications 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 demon-
strated 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.
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On-Dapabu aTeiHaars! Ka3ak ¥ITTBIK YHHBEPCUTETI, OHOIOTHS jKOHE OHMOTEXHOIOTHS Mocenenepii F3Y,
Ammarsr, Kazakcran

JIPO3OPHUTIAHBIH TECT-) KYUECIHAEIT ¢-COYJIEJEHYAIH MY TATEH/I 9CEPIH TAJIIAY

AnnHoTammsi. ATCHTTIH Tipi aF3ara ocep Tyl )KOHEC OHONOTHSIIBIK HOTWIKECI KOPIHY apachlHAA YJIKCH YaKBIT
aNBIPMAIIBLIBIFGI 00JIA/IBI, COHABIKTAH KOPIIAFaH OPTAHBIH JKEKE KOMIIOHEHTTEPI, KOMIUICKCTEPI CEKLII MOTCHIUA-
bl MyTareHAi OCJICCHAIMKTI AHBIKTAY YIIH OMICTEP KAKET. DKOJOTHIBIK CTPECC-(PaKTOPIAPIBIH TCHETHKABIK
AKTUBTLIIrH Tekcepy yIuiH O0i3 mocrypra Memnep-5 (Basc) Tecr-xyiiecin Drosophila melanogaster-re maiiganana
OTBIPBIN KYPri3Aik. PamoHHBIH bIIBIPAy 6HIMIEP] Ke3iHAETrl HEeri3ri maiaa OONAaThIH O-COYJICJICHY AIH T€HETHKAIIBIK
3¢ ¢exricid TanmaasK. KonmanraH TecT-KyHe KIAaCCHKAIBIK TCHETUKAIA MY TALMSUIAPAbIH ABTOHOM/IbI KOPIiHY JKaF-
JaiibIHA aHBIKTAyFa KOoJJaHbLTraH. Kasipri ke3ae aBTOHOMIIBI €MeC MIAPTThI MyTALUMUIAPABIH KOPIHY JKafJaibIHIA
KourgaHathiH 0omasL. [IlapTTsl MyTanmsiap Tipi OpraHu3MHIH TYP OCHHECiIHIH 63TepMEHTIH epeKiue Oenriaepai Kam-
Tamace3 ereni. [apTTel MyTaumsIapablH aHBIK KacHeTi — o0J1 Mop(o3aapabiH naiaa Oomysl. bizain seprreyimizae
Mopdo3aap eKiHmi ypHakra maiaa Oonmbl skoHE OipiHIN YPHAKTAH aIbIHFAH ATAIBIKTAPAAFbl IIAPTThI MyTaLUsi-
JapMeH HerizaemiHreH. ITIapTTsl MyTanuaIapAbH naiga 0odybHA OipiHINTK HHAYKTOP OOMBII HOHAAY LI O-CIY-
nenep O6onabl. Keneci yprnakra onapasl aTanbIKTapAblH FCHETUKAIBIK CPEKIICTIKTEPI — HHBEPCUIAPHI TOITHIPBL
Tabburran MOp(hH0O37ap KEMTAPIBIKTAPAbIH CUNATTAIFAH TOOBIH KYPAaCThIPABL: AcHE OCTIHAETI Kapa (MeIaHOMamiap),
HEMECE aK JAKTap; OpajfaH, MAHbICKAH, HEMECE yKaWblIMaFaH KAHATTAp, KAHATTAPAAFbI KOIipIIikTep, Oip KAHATCHI3,
0AacTBIH, KO3/iH, TOPAKCTHIH JKOHE KAPBIHHBIH IC(OPMAIMACH], YPHIKCHI3ABIKTHIH MYTAUACHL. ¥PBIKCHI3IBIK MIbI-
ObHAapAbIH OipHEIIEe yprnakrapAa Tekcepiami. bapmasik Mopdo3mapablH cUmaTTaiFad Oenrici accHMETpHs 0O0JIAbI
JKOHE OJ1 KOPIIAFaH OPTAHBIH ©3TepiCcTepiMeH OaIaHbICTHI KeKe MOP(OTCHE3AiH IeHETHKAJBIK TYPAaKThl eMeC Ba-
puammics! 0oabin cananagsl. Memnep-5 (Basc) TecT-skylie CTaTHCTHKAIBIK TaldIaybl 0-COyJICHIH 95%-1aH keM emec
CCHIMIUTIKIICH My TareH Il OCEPiH KOPCETTI.

Tyiiin co3aep: pagoH, sMaHALM, 0-COyJIEICHY, HHBEpcus, Basc, aposoguia, Mopdosaap.
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Kazaxckuit HaMOHAMBHBIH yHUBEPCUTET HMEHH anb-Papadu, HUW npobiaem Ouonoruu u OHOTEXHOJIOTHH,
Amvarter, Kazaxcran

AHAJIN3 MYTATEHHOT'O D®®EKTA ¢-U3JIYUYEHUA B TECT-CHCTEME APO30PHNJIbL

Annoramusi. Mexay BO3ACHCTBHEM arcHTa HA YKUBOM OPraHM3M M IPOSBICHHEM OHOIOTHYSCKUX IMOCICACT-
BUH NMPOXOAMT 4YacTO OONBINON IPOMEXKYTOK BPEMCHHU, NMOSTOMY HEOOXOAUMBI MCTOJHKH ONPENCICHHSA HOTCH-
LIUATBHOM MyTAarcHHOH AKTHBHOCTH KAK OTAC/IBHBIX KOMIIOHCHTOB OKPY KAKOIIEH CPEIbl, TAK U KOMIUICKCOB. Jlid
NPOBEPKU TEHETUUYECKUX 3(PPEeKTOB (HaKTOPOB OKPYIKAFOLIEH CPEeAbl Mbl HCIOIb30BATH TPATUIMOHHBIA TECT
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Memnep-5 (Basc) ma Drosophilamelanogaster. C moMOIIbr 3TOH TECT-CHTEMBI MBI IPOAHATH3HPOBAIH TCHCTH-
yeckue dPPEKTh (-U3IYUCHUA, KOTOPOES 00pa3yeTCs MpU PATHOAKTHBHOM PACHaie AOYCPHUX MPOAYKTOB PATOHA.
JIaHHAST TECT-CHCTEMA B KJIACCHYCCKOM TCHETHKE HCIIOJIB30BAIACH UL ICTCKIMH MYTALHMA C ABTOHOMHBIM IIPOSIB-
neHueM. B HacTosmee BpeMs €6 MPUMEHSIOT M A1 OOHAPY KCHUSI YCIOBHBIX MyTAaLMi C HCABTOHOMHBIM IPOSIBIIC-
HHEM, KOTOpbIe (JOPMHUPYIOT 0COOBIC MPU3HAKU, OTHOCSINMECS K MHBAPHAHTHOH YACTH BHIOBOTO OOJHKA >KHBOTO
opranu3ma. CamMoe ApKOE CBOWCTBO YCIOBHBIX MyTalHi — 370 00pa3oBaHue MOpP(030B. B HAIIMX HCCICAOBAHUAX
MOP(}03bI IPOSBHINCH BO BTOPOM HMOKOJCHHU M OBLTH OOYCIIOBJICHBI HAMYKMEM YCIOBHBIX MyTALUMH V POAUTENCH,
B3ATBIX W3 mepeoro mokosieHus (Fp). IlepBuuHBIM HHIYKTOPOM BO3HHKHOBCHUS YCJIOBHBIX MYTALUH SBILIOCH
HOHHM3HPYIOIIEE 0-U3JIyUYCHHE, a B CICAYIOMEM NOKOJICHHU UX JOTOTHAIU TeHETHUSCKUE 0COOCHHOCTH POIUTENICH —
310 HHBepcHu. OOHAPY KeHHBIE MOP(O3bI COCTABUIIN XapPAaKTEPHYIO IPYIINLYy YPOACTB: YCPHBIC ILITHA HA Tene (MM
MEJIAHOMBI); 3aKPYICHHBIC, H30THYThIC, HJIM HEPACTIPABJICHHBIC KPbLIbS, OCIbIC MATHA HA TEJIC, Iy 3bIPH HA KPBUIBSX,
0e30aHOTO KpbUTA, ¢ Ac(opMaumeii TOJOBBI, I71a3, TOPAKCA M OPIOIIKA, MYTalMH CTCPHIbHOCTH. CTCPHUIIBHOCTH
MPOBEPSIACh B HECKOJIBKHX TMOKOJCHHAX MyX. XaApaKTCPHOH 4epTOH BCeX MOP(O30B SBIACTCA ACCHUMETPHS H
OTIPEAEIACTCS OHA KAK TEHETHYECKH HEe CTAOMIbHAS BapHALM HHIMBHIYATHHOTO MOP(OTeHe3a, CBSI3aHHASL C H3ME-
HCHHSIMH OKpYy>Karomeii cpeapl. CTaTHCTHUCKHMI aHATH3 JAHHBIX 3KCICPUMEHTA B TecT-cHCTeMe Meiep-3 (Basc)
TOKA3aJ1a, YTO O-H3JIyYEeHHE 001a1aeT MyTareHHbIM 3(D()eKTOM C BEPOATHOCTHIO HE MeHee 95%.
KmouyeBsbie cioBa: pagoH, 3MaHALM, O-H3JIyUCHHE, HHBEPCHS, Basc, aposzoduma, Mopdo3sl.



