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3 MOMEHTY BIiOKPUTTA HEOHIKOTMHOIOM BBaXKanucsl Hambinbll NepcrnekTUBHUMW crionykamu 3 iHCEeKTULWOHO
aKTUBHICTIO B cuny cneuundiyHoi aii Ha HIKOTMHOBI aLEeTUNXOMIHOBI peLenTopy came Komax i HU3bKY TOKCUYHICTb
AN cCaBLIiB Y BUKOPUCTOBYBAHMX [diana3oHax KOHLEHTPaLil, a TakoX Yy 3B'A3Ky 3 BiACYTHICTIO DOpMyBaHHS
CTIMKOCTi [0 HUX Yy KOMaX. YBeOeHHsI HEeOHIKOTMHOIAIB Y CiNlbCbKOrocnoAapchbKy MpakTUKy A03BOMUMO iCTOTHO
NigBULLMTU BPOXaMHICTb Pi3HUX KynbTyp. OgHaK nNpyv akTUBHOMY MOBCOAHOMY BUKOPWUCTAHHI JAHOro Kracy
iHCeKkTMumAaiB Oyno BUABIEHO Liny HU3KYy HeraTMBHUX HacMigkiB, 30KkpemMa Ans Komax-3anunioBadis. BussneHHs
OaHux ecdbekTiB Npu3Beno A0 CyTTeEBOro obMexeHHss abo A0 3abOpOHM BUKOPUCTAHHSA OaHMX CMONyK Yy
cinbcbKorocnoaapchbkin npakTuui paay KpaiH. YKkpaiHa Ao nepeniky umx kpaiH He BXxoauTb. Buxoasaum 3 Toro, Wwo
npenapaTty 4aHOoro Knacy BiNbHO NpoaarTbes | GE3KOHTPONBHO BUKOPUCTOBYHOTLCS, BiAMNOBIAHI AitoYi pe4oBUHM
NMOCTINHO MPWCYTHI B arpoueHo3ax, Ta IiX 3anuKoBi (He neTanbHi) KOHUEHTpauii MOXyTb BMnMBaTM Ha
KUTTERIANBHICTL | penpoaykUilo KoMax, NPUYOMY SIK LUKIOHWKIB, Tak i KOPUCHWX abo HenTpanbHux. [aHe
OOCTIOXEHHS € eKcrepMMeHTanbHUM NOPIBHANBHUM aHari3oM BMMMBY 3arMLIKOBUX KOHLEHTPALN iHCeKTMumnaie
HEOHIKOTUHOIAHOIO pPsiAYy | HIKOTMHOBOI KUCMOTM Ha OCOONMBOCTI PO3MHOXEHHSA Apo3odinu. Pesynbtatu
EeKCNEePUMEHTY MoKasanu, WO HIKOTUHOBA KUCNOTa YMHUTL MOAIOHMI 32 HanPsSMKOM (NMPUrHIYeHHs1), ane MeHLU
CUNbHUIA (y MOPIBHSIHHI 3 BUKOPUCTAHMMM IHCEKTMLMOAMM) BASMB Ha MMOAKMICTb i XKUTTE3OATHICTb FrE€HETUYHO
pi3HUX MiHin apo3odinu. BusBneHo reHoTun-3anexHi edekTn OoCniakKeHMX OOMILLOK Ha CMepPTHICTb Ha cTagii
nsaneYkn. BctaHOBNEHO TakoX, LLIO cepen HallaakiB 0COOUH, siKi TepeXxxuni BNve, Yactka Takux, ski A0XKUBaOTb
[0 NUYMHKOBOI cTafii, 30inbLIyeTbCA Y MOPIBHSAHHI 3 KOHTPOSbHOK rpyroto. [HWMMK croBamu, 3anexHo Bif
reHoTuny TpuBanui (B OHTOreHesi) BMNMB HEOHIKOTMHOIAIB i HIKOTMHOBOI KUCMOTU B HU3bKUX KOHLIEHTpaLifx
MoXe 3cyBaTu [o6ip y MOTOMCTBI OCOOWH, siKi MEpexvnu BnvMB, 3 paHHbOi eMOpioHanbHOi cTagii y Oik
6aTbKiBCbKMX 0COOUH (TOBTO BNMBATWN Ha ramMeToreHes i XUTTe3aaTHICTb raMerT).

KniwouoBi cnoBa: OJposogina, iHcekmuuyudu, HEOHIKOMUHOIOU, HIKoOmuHo8a Kucrioma, 3anuwKosi
KOHUeHmpauii, nnodrdicms, Xumme3ddamHicmb, cMepmHicmb Ha cmadii nsnedku, embpioHanbHa
cMepmHicmb, 006ip.

Larval exposure to low concentrations of neonicotinoids and niacin affects

Drosophila melanogaster indices of reproductive success
V.A.Kovach, N.S.Filiponenko, N.V.Kolot, N.Ye.Volkova

Since the discovery, neonicotinoids have been considered as the most promising compounds with insecticidal
activity due to the specific effect on nicotinic acetylcholine receptors of insects and low toxicity for mammals in
the applied concentration ranges, and also because of the lack of resistance formation to them in insects.
Neonicotinoids introduction into agricultural practice has resulted in significant increase of different crops
yields. However, with the active widespread use of this class of insecticides, a number of negative
consequences have been identified, in particular for pollinating insects. The detection of these effects led to a
significant restriction or ban on these compounds use in agricultural practices in a number of countries.
Ukraine is not among them. Considering that insecticides of this class are freely sold and their use is
uncontrolled, the corresponding active substances are constantly present in agroecosystems, and their
residual (non-lethal) concentrations can affect the viability and reproduction of insects, both harmful and useful
or neutral. This study is an experimental comparative analysis of the effect of residual concentrations of
neonicotinoid insecticides and nicotinic acid on Drosophila reproduction. The results of the study have shown
that nicotinic acid has a similar (inhibition), but less strong (in comparison with the insecticides used) effect on
the fertility and viability of genetically different Drosophila stocks. The genotype-dependent effects of the
studied compounds on the lethality at pupa stage have been revealed. It has also been established that
among the offspring of individuals who survived under the effect of neonicotinoids and niacin, the proportion of
those who survive to the larval stage increases in comparison with the control group. Therefore, depending on
the genotype, the long-term (in ontogenesis) effects of neonicotinoids and nicotinic acid at low concentrations
may shift the selection in the offspring of exposed individuals from the early embryonic stage towards the
parents (i.e., affect gametogenesis and viability of gametes).

Key words: drosophila, insecticides, neonicotinoids, nicotinic acid, residual concentrations, fertility, viability,
lethality at pupa stage, embryonic lethality, selection.
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3miHM penpoaykTMBHUX Noka3HUKIB Drosophila melanogaster npu Aii HA3bKUX KOHLEHTPaLiN ...
Larval exposure to low concentrations of neonicotinoids and niacin affects Drosophila ...

N3meHeHNAa penpoayKTUBHbLIX nokasaTtenen Drosophila melanogaster npu
BO3eNCTBUU HU3KUX KOHLIeHTPaLumM HEOHUKOTUHOUAOB U HUaLUMHa Ha

JINMMHOYHOM cTaauun
B.A.KoBauy, H.C.®ununoHeHko, H.B.KonoT, H.E.BonkoBa

C MOMeHTa OTKPbITUS HEOHWKOTUHOMAblI CYMTanUCb Hambornee nepcnekTUBHbIMKU COeOUHEHUSIMU C
WHCEKTUUMOHOW aKTUBHOCTbIO B CUly cneumduyeckoro OencTBUMSI Ha HUKOTMHOBbIE aLETUIXONMHOBLIE
peLenTopbl MUMEHHO HaCeKOMbIX M HU3KOW TOKCUYHOCTU OSis1 MAEeKONUTAaloLWMX B UCMOSb3yeMbIX AManasoHax
KOHLEHTpaLuMin, a Takke B CBA3N C OTCYTCTBMEM (QOPMMPOBAHUSA YCTOMYMBOCTM K HUM Y HACEKOMbIX.
BBeneHne HEOHMKOTMHOMOOB B CEIbCKOXO3AMCTBEHHYIO MPaKTUKY MO3BOSIUIIO CYLECTBEHHO MOBbICUTb
YPOXXaHOCTb PasfuyHbIX KynbTyp. OOHAKo nNpu akTUBHOM NMOBCEMECTHOM WCMONb30BaHUM OAHHOrO Kracca
WMHCEKTMUMAOB Obln BbISIBNEH Uenbli psn HeraTMBHLIX MOCMEACTBUI, B 4aCTHOCTU ANsi HAceKOMbIX-
onbinutenen. O6HapyxeHne AaHHbIX 3MMEKTOB NPUBENO K CYLLECTBEHHOMY OrpaHUYeHU0 UK K 3anpeTy
NCMNONb30BaHUSA AaHHbIX COEAUHEHMI B CEITbCKOXO3AWCTBEHHONM NPAKTUKE psga CTpaH. YKpavHa B YMCMO 3TUX
CTpaH He BxoauT. Mcxoas us Toro, 4To npenapatbl 4aHHOrO Krnacca cBoOOAHO NpoAakTcs U 6eCKOHTPONBHO
MCMNONb3YHTCA, COOTBETCTBYHOLUNE AEACTBYIOLIME BELLECTBA MOCTOSHHO MPUCYTCTBYIOT B arpoLeHo3ax, N nx
OCTaTOYHble (He rneTanbHble) KOHLUEHTPauMM MOryT BMWUSATb Ha KU3HEOEATENbHOCTb M PEnpoAyKUMIO
HacCeKkoMbIX, MPUYEM Kak BpeauTenen, Tak M MOMe3HblX WM HeWTpanbHbiX. [JaHHOe wuccregoBaHue
npeacTaBnsieT COOOM SKCMEepPMMEHTANbHbIA CPABHUTENbHBIN aHanM3 BIIMSHMS OCTATOYHbIX KOHLEHTpaLuun
WHCEKTMUNOOB HEOHMKOTMHOMOHOrO psiAga M HUKOTUHOBOW KUCHOTbI Ha OCOGEHHOCTU pPa3MHOXEHMS
aposodunbl. PesynbTaTthl 3KCNepumeHTa Mokasanu, YTO HWUKOTMHOBAs KMCMNOTa OKasblBaeT CXOL4HOE Mo
HanpaBfeHuto (YrHeTeHne), HO MeHee curbHoe (MO CPaBHEHMKO C MCMNOSIb30BAHHLIMW WHCEKTULMOAMMN)
0EencTBMe Ha NIOLOBUTOCTb M KU3HECNOCOOHOCTb FEHETUYECKN Pa3fNYHbIX NUHUIA Apo3odunbl. BeisBneHsl
reHoTUN-3aBNCUMbIE 3DEKTLI NCCNEAOBaHHbIX 0OABOK HA CMEPTHOCTb Ha CTaguWM KYKOIKW. YCTaHOBIIEHO
Takke, YTO cpeaun NOTOMKOB 0CObeln, NepexnBLUMX BO3AENCTBMNE, OONS A0OXKUBAOLWMX OO NIMYNMHOYHON CTaaum
NoBbILLAETCA MO CPAaBHEHUIO C KOHTPONbHOW rpynnon. Lpyrumu crioBamu, B 3aBUCMMOCTU OT reHoTuna
anutenbHoe (B OHTOreHese) BO3O4EWCTBME HEOHWKOTMHOMAOB W HUKOTMHOBOW KUCNOTblI B HU3KUX
KOHLEHTpaUMsX MoxeT cMelwatb oTbop B NOTOMCTBE OCOOEN, NEepexuBlUMX BO3LENCTBME, C pPaHHen
3MOpMOHanbHOWM CTagun B CTOPOHY pOAUTENbCKUX OCODEN (T.e. BNUSITb HA raMeToreHes3 v XMU3HecnocobHOCTb
ramer).

KnioueBble cnoBa: dpo3oghurna, UHCeKmMuUuObl, HEOHUKOMUHOUObI, HUKOMUHOBasT KUc/ioma, 0CmamoyYHble
KOHUeHmpauuu, niodo8umocms, XU3HeCrnocobHoCMb, CMepmMHOCMb Ha cmaduu KyKOJIKU, 3MBpUOHarbHasi
cmepmHocmb, ombop.

Introduction

Different species of phytophagous insects and other pests destroy crops, transmit plant diseases
and compete for resources in various agro- and ecosystems affecting crop production that results in
considerable yield losses (Tonnang et al., 2017). The search for unusual chemical structures for insect
control optimization revealed neonicotinoids as a new class of insecticides (Tomizawa, Casida, 2009)
with relatively low toxicity for mammals and environment. This class of systemically acting neurotoxic
compounds is uptaken by plants, mainly through the roots, and is transmitted to all plant parts through
xylema and phloema (Bromilow et al., 1990). This systemic property together with very high toxicity to
insects enabled to propose neonicotinoids for protection of the whole plant from pest insects.

Neonicotinoids target the cholinergic system of insects’ central nervous system (CNS) (Yamamoto,
Casida, 1999). The nicotinic acetylcholine receptors (nAChR) playing a central role in rapid cholinergic
synaptic transmission (Sattelle, 1980; Sattelle, Breer, 1990) is an important target site. Neonicotinoids act
mainly agonistically on nAChRs on the postsynaptic membrane, mimicking acetyl choline (Ach) by
binding with high affinity (Buckingham et al., 1997; Matsuda et al., 2005) and inducing neuronal hyper-
excitation, which can lead to the insect’'s death within minutes (Belzunces et al., 2012; Palmer et al.,
2013; Tomizawa, Casida, 2005). The vertebrate nervous system nAChR binding sites differ from those in
insects, and in general they have lower numbers of such receptors with high affinity to neonicotinoids,
that makes neonicotinoids to show selective toxicity for insects in comparison with vertebrates
(Tomizawa, Casida, 2005; Casida, 2010; Liu et al., 2010).

Although neonicotinoids are still successful in control of many insect species, their popularity has
imposed a mounting natural selection pressure for increased resistance to neonicotinoids, and in several
species resistance has now reached levels that compromise the effect. Resistance to neonicotinoids
(imidacloprid) can arise either through nAChR subtypes expression, detoxification mechanisms and/or
structural alterations of target-site proteins (Thany, 2010). However, experimental data on this problem
are limited. For example, Chao, Casida (1997), Yamamoto, Casida (1999), Sheets (2002) have
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demonstrated that low doses of neonicotinoids do not cause reproductive or developmental toxicity. For
target-site resistance, field-evolved mutations have only been characterized in two aphid species. So,
metabolic resistance appears much more common, with the enhanced expression of one or more
cytochrome P450s frequently reported in resistant strains (Bass et al., 2015).

From the other hand, with the active widespread use of this class of insecticides, a number of
negative consequences have been identified, in particular for pollinating insects (Moffat et al., 2016;
Tomizawa, Yamamoto, 1992; Barbara et al., 2008; Shi et al., 2017; Di Prisco et al., 2013; Henry et al.,
2012). The detection of these effects led to a significant restriction or ban on these compounds use in
agricultural practices in a number of countries. Ukraine is not among them. Considering that insecticides
of this class are freely sold and their use is uncontrolled, the corresponding active substances are
constantly present in agroecosystems, and their residual (non-lethal) concentrations can affect the
viability and reproduction of insects, both harmful and useful or neutral. This study is an experimental
comparative analysis of the effect of residual concentrations of neonicotinoid insecticides and nicotinic
acid on Drosophila reproduction.

Materials and methods

Two Drosophila melanogaster stocks were used to carry out the experiment: the wild type stock
Canton-S (C-S) and the mutant one — knirps (kni") from the Collection of drosophila stocks of Genetics
and Cytology Department of V.N.Karazin Kharkiv National University that is among objects that constitute
National Heritage of Ukraine. The gene knirps [radius incompletus] (kni") occupies the 3-47.0 locus
(http://flybase.org/reports/FBgn0001320). The normal allele of this gene ensures the formation of a
complete radial wing vein, and kni" mutation interrupts the vein, dividing it into two fragments: proximal
and distal (Vasilyeva, 2005). The mutation is characterized by 100% penetrance and highly variable
expressivity, which, apparently, is controlled by several systems of modifier genes (Vasilyeva, 1984). The
kni" stock used in the study was synthesized by N.S.Filiponenko from the original stri stock using a
system of crosses with the balancer stock CyO/Pin; Ly/TM3. The stock used here is characterized by
stable phenotypic manifestation: the proximal part of radial wing vein presence only. The symbol ri will be
used further to mark this stock through the text.

Insecticides thiamethoxam (MW 291.71) (3-[(2-Chloro-1,3-thiazol-5-yl) methyl]-5-methyl-N-nitro-
1,3,5- oxadiazinan-4-imine) — ACTARA® (dry powder) — and acetamiprid (MW 222.676) (N-[(6-chloro-3-
pyridyl)methyl]-N’-cyano-N-methylacetamidine) — MOSPILAN (dry powder), as well as NICOTINIC
ACID - pyridine-3-carboxylic acid (MW 123.111) (in a solution) were used for the experiment. Actara is an
insecticide used for cultivated plants protection from a complex of sucking and leaf-eating pests. Hazard
category: according to FAO classification thiamethoxam consider to be moderately hazardous to humans
(WHO class Ill). Route of entry: contact and oral. Manufacturer: Syngenta TM. Packing: bag 0,004 kg.
Mospilan is a systemic insecticide of a broad-spectrum of action. Hazard category: according to US EPA
acetamiprid has been classified as an “unlikely” human carcinogen, causing generalized, nonspecific
toxicity in  mammals, and did not appear to have specific target organ toxicity
(https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs_PC-099050_15-Mar-02.pdf).
Route of entry: contact and oral. Manufacturer: Nippon Soda Co., Ltd., Japan. Packing: soluble powder,
available in foil bags of 2.5 g. Nicotinic acid (niacin) is water-soluble vitamin of the B complex required for
the formation of coenzymes NAD and NADP (The vitamins ..., 2007). Manufacturer: PrJSC
“Pharmaceutical Firm “Darnitsa”. Packing: solution for injection in vacuum sealed ampoules (10 mg/ml).

Neonicotinoids (Actara, Mospilan) and niacin were added to the culture medium (fed to the larvae),
so that the final concentrations of supplements in the medium were 0.005 mg/ml and 0.01 mg/ml
respectively. The need to use different concentrations is caused by the lethal effect of higher
concentrations of neonicotinoids.

For each stock, the experiment was carried out according to the following scheme: from the
collection, the parental pairs (P) of each stock were randomly selected for each studied group: control —
offspring developed on a standard medium; experimental — the offspring developed on a medium with the
addition of "Actara" (actara), "Mospilan" (mospilan) or "Nicotinic acid" (niacin). Parental individuals were
placed in tubes with medium supplied with appropriate tested compounds (5 ml). In the offspring (F1) the
number of individuals surviving to the stage of the pupa (fertility; number of individuals), the death rate
during metamorphosis (pupa lethality; %), and the number of individuals surviving to the stage of adults
(viability; number of individuals) were recorded. For this virgin females and males of each experimental
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group (in the age of 3 days) were placed in test tubes with medium in the amount of 29 and 2 4. The egg
laying period was 7 days. Then the parents were removed. For each experimental group we analyzed 5—
10 tubes in parallel, the data on which were averaged. The analysis of changes occurred in gametes of
individuals survived in the presence of neonicoticotinoids or niacin in the medium was carried out
according to their progeny (F2). That is imagoes F1 were used as parents to assess embryonic mortality.
The offspring F2 in all cases developed on a standard (minimal) medium.

As a criterion for changes occurring in gametes of imagoes, the frequency of dominant lethal
mutations (DLM) at early stages of embryogenesis was used (Tikhomirova, 1990).The frequency of DLM
was defined as the percentage of eggs that stopped their development at a certain stage to the total
number of eggs laid. To perform the experiment, virgin imagoes F1 were separated according to their sex
within the 1st day after eclosion and were kept separately until sexually mature age (three days) in vials
with temporary culture medium. Then males and females were put together for 12 hours for mating. After
that inseminated females were placed in Petri dishes (d=10 cm) with temporary medium in an amount of
10 individuals per dish for 8 hours to obtain eggs. After the time, egg production was counted. Accounting
was carried out with stereoscopic microscope (Delta Optical NTX-3C). Then the eggs were placed in a
thermostat (t=23°C) for 48 hours. After the time, the DLM level was recorded according to the following
parameters: white eggs — early embryonic lethality (the first 6-9 hours of embryonic development) —
eDML; yellow and brown — late embryonic lethality — IDLM. For each variant of the experiment, 5-15
measurements were performed. The term of egg development arrest was confirmed by comparison with
the standard photos of different stages of D. melanogaster embryonic development (Bownes, 1975). For
this purpose, from each Petri dish, separately white and yellow eggs were collected on the single concave
microscope slides in a 3% solution of sodium hypochlorite (NaOCI), which provides rapid dechorionization
of the embryo. The analysis of embryos was carried out using the microscope "Konus" (at magnification
of x400) (Kostenko et al., 2015). The time of egg development arrest was confirmed by microscopic
studies for all undeveloped embryos.

For fertility and viability indicators the arithmetic means, standard deviations, and standard errors
were calculated. The effect of neonicotinoids and niacin on these indicators of studied stocks was
established using a quantitative analysis of variance (ANOVA). The effects of the genotype and the
presence of supplements in the culture medium on the levels of pupa, early and late embryonic mortality
were established by two-way analysis of variance for qualitative characteristics (Plokhinsky, 1969).
Calculations were carried out using Microsoft Excel and Statistica 6.0 software.

Results and discussion

The results of the experiment show that fewer individuals of both used drosophila stocks survived
till pupa stage (Fig. 1) under the influence of supplements to the medium studied in concentrations under
investigation. Anyway, initial differences in fertility between stocks (higher fertility in C-S; lower — in ri —
Fig. 1, control) are observed in all experimental variants, even they become more distinct. The most
pronounced reduction in fertility is observed in the case of larval development in culture medium supplied
with actara (0.005 mg/ml). Mospilan (0.005 mg/ml) seems to be less effective. And in the case of C-S
stock its effect does not differ from niacin one. On the contrary, in the case of ri stock it is almost as
effective as actara. The effect of niacin is the weakest among supplements studied in spite of
concentration being the highest (0.01 mg/ml).

The results of ANOVA corroborate significant genotype dependent (F=75.33; p<0.001) effect of
supplement presence in culture medium (F=29.05; p<0.001), and reveal the interaction of two factors
(F=3.22; p<0.05).

Surely, actively feeding larvae are affected by various chemical compounds used to protect plants,
especially those of contact mechanism of action and due to oral consumption. So, the most active
selection might take place within individuals at this stage; especially while the first contact with the agent.
Still, applying various insecticides one should take into account different susceptibility (survivability) of
individuals of different genotypes.

On the contrary to fertility index, the initial level of pupa lethality does not differ significantly
between D. melanogaster stocks used when larvae develop in standard culture medium (Fig. 2). Both
analyzed neonicotinoids demonstrate similar pronounced effect — rise of pupa lethality index in C-S stock,
but not in ri stock. Niacin induces pupa lethality in ri stock but not in C-S stock. These results show that
neonicotinoids-mediated effects at larva-pupa period was more pronounced in ri stock.
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Fig. 1. The genotype dependent effects of larval exposure to low doses of neonicotinoids
and niacin on Drosophila melanogaster fertility (blue, circles — C-S; red, squares — ri)
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Fig. 2. The genotype dependent effects of larval exposure to low doses of neonicotinoids
and niacin on Drosophila melanogaster pupa lethality

The results of two-way ANOVA for qualitative characteristics of Drosophila melanogaster pupa
lethality index under larval exposure to low doses of neonicotinoids and niacin prove that existing
variability of the index depends on the genotype (F=16.35; p<0.001), on the presence of supplement in
culture medium (F=6.26; p<0.001), as well as on these two factors interaction (F=24.27; p<0.001).

The trend we observe for fertility index (Fig. 1) is kept for the viability of stocks studied (Fig. 3-5),
although the analysis of sex-specific viability reveals (compare Fig. 3 and 4) that there are strong
genotype-dependent differences in females’ viability (the index for C-S stock is higher than for ri) but not
in males’ one when larvae develop in the standard culture medium. Under the influence of supplements
used these differences become more pronounced, especially in females. We also can say that drosophila
males of both stocks used tend to be less viable if being a larva they were subjected to low doses of
neonicotinoids and niacin.
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Fig. 3. The genotype dependent effects of larval exposure to low doses of neonicotinoids
and niacin on Drosophila melanogaster females’ viability (circles — C-S; squares — ri)

Vertical bars denote +/- standard errors
40

25t {{
20t }

| [

i

Males" viability (number of individuals)

control actara mospilan niacin

Supplement

1~ Genotype

CS
I Genotype
ri

Fig. 4. The genotype dependent effects of larval exposure to low doses of neonicotinoids
and niacin on Drosophila melanogaster males’ viability (circles — C-S; squares — ri)

The results of ANOVA corroborate significant genotype dependent (F=81.99; p<0.001) effect of
supplement presence in culture medium (F=21.77; p<0.001) on females’ viability, as well as on males’
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one (the genotype effect — F=17.74; p<0.001; the supplement presence effect — F=30.68; p<0.001). We
also observe the effect of two factors interaction (F=3.88; p<0.05) on males’ viability.

The changes of general index of viability (Fig. 5) completely reflect fertility index changes with the
significant effect of genotype (F=59.19; p<0.001) and supplement presence in the culture medium
(F=33.08; p<0.001).

Vertical bars denote +/- standard errors
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Fig. 5. The genotype dependent effects of larval exposure to low doses of neonicotinoids
and niacin on Drosophila melanogaster imagoes viability (circles — C-S; squares — ri)

It should be said that both fertility and viability reduction is a typical nonspecific reaction of
laboratory Drosophila stocks on diet changes, especially on the excess of the supplement (see, for
example, Volkova et al., 2010, 2013). Still, among various compounds examined by our research group
the effect of neonicotinoids is the most pronounced.

Survivability of F2 progeny from individuals developed in the presence of neonicoticotinoids or
niacin in the medium was analyzed according to the effectiveness of larva hatching from eggs (embryonic
lethality indexes) (Fig. 6, 7). According to the results obtained there is a strong effect of genotype both on
early (F=27.55; p<0.001) and late embryonic lethality (F=909.21.55; p<0.001). Initially C-S and ri stocks
are contrast in these indexes: C-S stock is characterized by rather low level of eDLM (Fig. 6) but relatively
high level of IDLM (Fig. 7); on contrary, ri stock is characterized by high level of eDLM (Fig. 6) and low
level of IDLM (Fig. 7). Parents’ development in the culture mediums supplied with neonicotinoids or niacin
raised slightly the level of eDLM among C-S offspring but reduced significantly the level of eDLM among
ri offspring (Fig. 6). The effect on IDLM depends on supplement type (Fig. 7). For example under actara
supplement we observe the reduction of index in both stocks that is more pronounced in C-S one.
Mospilan appears to have no effect on this index in concentration used. While parents’ development in
the culture medium supplied with niacin tends to result in index reduction among C-S offspring but rises it
significantly among ri offspring. The two-way ANOVA for qualitative characteristics proved the effect of
supplement as well as the combined effect of both controlled factors on early and late embryonic lethality
indexes. Therefore, depending on the genotype, the long-term (in ontogenesis) effects of neonicotinoids
and nicotinic acid at low concentrations may shift the selection in the offspring of exposed individuals from
the early embryonic stage towards the parents (i.e., affect gametogenesis and viability of gametes).
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Fig. 7. The effects of larval exposure to low doses of neonicotinoids and niacin on
Drosophila melanogaster late embryonic lethality

The genotype-determined differences can be explained from the point of view of nucleotides
substitutions in NAChR subunit genes that can affect receptor-ligand affinity. Genome studies have
identified 11 nAChR subunit genes in the honeybee (Jones et al., 2007, 2006), compared with 10 each in
D. melanogaster (Jones et al., 2007). There are core nAChR subunits conserved between various insect
species with over 60% of amino acid sequences homology (Jones et al., 2007; Sattelle, 2009). However,
at least one divergent subunit in the fruit fly, mosquito and honeybee has less than 20% homology
(Sattelle, 2009). In D. melanogaster genes encoding the ligand-binding a-type (Dal, Da2, Da3, Da4,
Da7) subunits and for the structural B-type subunits (D1 and DB2) have overlapping distributions in
various regions of the nervous system. However, expression of homomeric receptors with either the Dal
(ALS) or Da2 (SAD) alone does not generate a functional receptor and Drosophila 8-type (ARD and SBD)
subunits do not contribute to functional receptor expression. Coexpression of the Drosophila a- and -
type subunits in various combinations does not produce any electrophysiological or biochemical
response. At present, the functional receptor with ion channel property and/or ligand binding activity can
be generated only when any of the three a-type subunits is coexpressed with the vertebrate (chick or rat)
B-type subunit. These results strongly suggest the importance of the 8- or non-a-type subunit and the
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heterooligomeric status of the native Drosophila nAChR with possible involvement of unidentified
subunit(s) (Lansdell, Millar, 2000).

Conclusions

The results of the experiment showed that niacin has a similar effect (reduction of indexes) on the
fertility and viability of the genetically different Drosophila stocks in comparison with the neonicotinoids
used, but the effect of neonicotinoids is more pronounced. The genotype-dependent effects of the studied
supplements on pupa mortality were also established. Depending on the genotype, low concentrations of
neonicotinoids and niacin may enhance selection processes at feeding (larva) and metamorphosis (pupa)
stages of insect development that will result in better survivability of embryos formed by imagoes survived
under the pressure of such factor. Therefore, the formation of insects’ resistance to neonicotinoids is
possible in agroecosystems.
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