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Abstract. Juvenile hormone plays a “status quo” role in Drosophila melanogaster larvae, preventing the untimely meta-
morphosis, and performs a gonadotropic function in imagoes, ensuring the ovaries’ preparedness for vitellogenesis.
The decreased level of juvenile hormone results in reproductive disorders in D. melanogaster females including a delay
in the oviposition onset and a fertility decrease. Another factor that can affect the insect reproduction is an infection
with the maternally inherited symbiotic a-proteobacterium Wolbachia. The present study is devoted to the analysis of
the expression of two juvenile hormone metabolism genes encoding enzymes of its synthesis and degradation, juve-
nile hormone acid O-methyltransferase (jhamt) and juvenile hormone epoxide hydrase (JhehT), respectively, in four
wild-type D. melanogaster lines, two of them being infected with Wolbachia. Lines w153 and Bi90 were both derived
from an individual wild-caught females infected with Wolbachia, while lines w1537 and Bi90" were derived from them by
tetracycline treatment and are free of infection. Line Bi90 is known to be infected with the Wolbachia strain wMel, and
line w153, with the Wolbachia strain wMelPlus belonging to the wMelCS genotype. It was found that infection with either
Wolbachia strain does not affect the expression of the studied genes. At the same time, it was shown that the w153 and
w1537 lines differ from the Bi90 and Bi90 lines by an increased level of the Jheh1 gene expression and do not differ in
the jhamt gene expression level. Analysis of the fertility of these four lines showed that it does not depend on Wolba-
chia infection either, but differs between lines with different nuclear genotypes: in w153 and w1537, it is significantly
lower than in lines Bi90 and Bi90". The data obtained allow us to reasonably propose that the inter-line D. melanogaster
polymorphism in the metabolism of the juvenile hormone is determined by its degradation (not by its synthesis) and
correlates with the fertility level.
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Pasanuus B INIOGOBUTOCTY MeXIY OBYMSI IMHUSIMU
Drosophila melanogaster IUKOT0O TUIIa KOPPEIUPYIOT

C pasanumMsIMM B 9Kcripeccuu reHa Jhehl,

Koaupymoilero pepMeHT gerpaganmni BeHNJIbHOTO TOPMOHA
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AHHoTauusA. FOBEHUNbHBIA FOPMOH UrpaeT y NMYnMHOK Drosophila melanogaster ponb “status quo” ropmoHa, npenaT-
CTBYA MpexAeBpeMeHHOMY HacTynneHnio meTaMop$o3a, a y MMaro BbIMOSIHAET roHafoTPOorHyto GyHKLUMIo, obecneyn-
Bas MOArOTOBKY AVYHMKOB K BUTENNOreHe3y. Mpy CHUXKEHNN YPOBHA I0BEHUIBHOMO roOpMoHa Y camok D. melanogaster
HaboAATCA HapYLLEHNA PENPOAYKLIMI, BbipaxaloLwmecs B 3a4epKKe Havana oTKIaAKy ANL, U CHXKeHUV NIOA0BKTO-
c. Ewe ogHMM $pakTOpOM, CMOCO6HbBIM NMOBANATL Ha PENPOAYKTUBHYIO GYHKLIMIO HACEKOMbIX, ABNAETCA MHOMLIMPOBa-
HVe MaTePVHCKN HacnesyeMoli cuMbrnoTyeckoln a-npoteobaktepuenn Wolbachia. Hactoswee nccnegosaHue nocss-
LLeHO aHanM3y 3KCNPeccumn AByX reHOB MeTabonM3Ma IOBEHMIBHOrO rOPMOHa, KOAMPYIOLNX pepMeHTbl ero cMHTe3a 1
Aerpagaumnn — kucnyio O-metuntpaHcpepasy I0BEHUNbHOTO ropMoHa (jhamt) n snokcuarnapasy BEHUNbHOTO FrOpMOHa

© Andreenkova O.V., Adonyeva N.V,, Efimov V.M., Gruntenko N.E., 2024
This work is licensed under a Creative Commons Attribution 4.0 License



O.V. Andreenkova, N.V. Adonyeva
V.M. Efimov, N.E. Gruntenko

Fertility differences between two D. melanogaster lines
correlate with expression of the Jheh1 gene

(Jheh1) cooTBETCTBEHHO, Y YeTblpex NuHUIA D. melanogaster gukoro Tna, fBe U3 KOTopbix MHGUUmpoBaHbl Wolbachia.
JInHn w153 n Bi90 nponcxodaT oT oTAeNbHbIX CAMOK, OT/IOBJIEHHbIX B VKON Npupoae, u uHdurumposanbl Wolbachia,
a nuHuK w1537 n Bi90T nonyueHbl Ha NX OCHOBE NMOCPEACTBOM TETPALMKIIMHOBOM 06paboTK/ U XapaKTepu3yTcs OT-
cyTCTBMEM MHEKLMU. M3BeCTHO, uTo NuHKA Bi90 nHounumposaHa wrammom Wolbachia reHotvna wMel, a nuHna w153 —
wrammom Wolbachia wMelPlus, otHocAawmMcA K reHoTny wMelCS. O6Hapy»eHo, YUTo MHGULMPOBaHME Kak OAHMM, TaKk
n apyrum wrammom Wolbachia He BnuAeT Ha aKCNpeccuio NccnefoBaHHbIX reHoB. B To e Bpema nokasaHo, uto obe
NINHWN C AREPHBIM FEHOTUMOM W153 OTANYAOTCA OT IMHUIA C FeHOTUNOM Bi90 NOBbILLIEHHbIM YPOBHEM SKCMPECCUN reHa
Jheh1 n He pa3nnyaloTCA NO YPOBHIO SKCNpeccumn reHa jhamt. YpoBeHb NAIOAOBUTOCTU He 3aBUCeN OT UHOULMPOBaHUA
Wolbachia, Ho y nuHWIA C AKEPHBIM reHOTUMNOM W153 OH OKa3anca CyLeCTBEHHO HUXKE, YeM Y NIMHWIA C AJEPHbIM reHo-
TNom Bi90. MonyyeHHble faHHbIe NO3BONAT CAeNlaTb 060CHOBAHHOE MPEAMONOXKEHNE O TOM, UTO MEXIVHENHDBIN NO-
numopdunsm D. melanogaster no meTabonr3my 10BEHUIbHOTO FOPMOHa KOPPENUPYeT C YPOBHEM MAIOAOBUTOCTU U Onpe-
fenaeTca aerpajaumei ropMoHa, a He ero CUHTE30M.

KnioueBble cnosa: Drosophila melanogaster; Wolbachia; jhamt; Jheh1; skcnpeccusa reHoB; MOAOBUTOCTb; METAGONN3M

IOBEHNJIbHOIO rOPMOHa.

Introduction

According to the current understanding of the genetic control
of Diptera reproduction, a key role is played by 20-hydroxy-
ecdysone (20E), while juvenile hormone (JH) only prepares
ovaries for vitellogenesis, unlike in most other insect orders,
where JH has the function that in Diptera is performed by
20E (Roy etal., 2018; Wu et al., 2021). The balance between
these two hormones determines many events in the life of
holometabolic insects from the larval period, where 20E
initiates the start of moulting, and the JH level determines
whether it will be larval moulting (if it is high), or the onset
of metamorphosis (if it is low) (Truman, Riddiford, 2007),
the neurohormonal stress response, which involves both hor-
mones, and the regulation of changes in ovaries under heat
stress or starvation (Gruntenko et al., 2003a; Terashima et al.,
2005; Gruntenko, Rauschenbach, 2008).

Despite the secondary role of JH in oogenesis regulation
and reproduction control in Drosophila, there are data indicat-
ing that in flies with a decreased level of JH, the reproduction
process is disrupted, which is expressed as a delay in oviposi-
tion onset and a fertility decrease (Altaratz et al., 1991; Grun-
tenko et al., 2003b; Yamamoto et al., 2013; Meiselman et al.,
2017), and endogenic JH treatment of females speeds up egg
maturation (Richard et al., 2001). Thus, we can assume that
through controlling vitellogenins uptake by oocytes (Berger,
Dubrovsky, 2005), JH takes part in the determination of the
fertility level in Drosophila.

The intracellular signaling of JH is well described in the
literature (Jindra et al., 2015; Roy et al., 2018), including the
JH receptor complex Methoprene-tolerant (Met) — Taiman —
Germ cell-expressed (Gcee), the heat shock protein HSP83 and
nucleoporin Nup358, which interact with Met and ensure JH
transfer into the nucleus and the activation of the transcrip-
tional factor Kr-hl by it. At the same time, the mechanisms
of the JH level regulation are still underresearched.

To add to the knowledge regarding this subject, we have
estimated the level of fertility and expression of the genes
responsible for JH synthesis and degradation, jhamt and
Jhehl, in four Drosophila melanogaster lines, two of which
were earlier demonstrated to differ in the fertility level (Ado-
nyeva et al., 2021). jhamt codes for juvenile hormone acid
O-methyltransferase (JHAMT), transforming JH acid or inac-
tive JH precursors into the active form of the hormone at the
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final stage of JH biosynthesis in insects (Niwa et al., 2008).
Jhehl codes for one of the forms of JH epoxide hydrolase
that inactivates the hormone via hydrolysis of the epoxide
functional group producing JH diol (Flatt et al., 2005).

Notably, another factor capable of affecting fly fertility as
well as JH metabolism is the infection with the maternally-
inherited symbiotic a-proteobacterium Wolbachia pipientis
(Werren et al., 2008; Burdina, Gruntenko, 2022). Wolbachium
is a widely spread intracellular insect symbiont infecting more
than 40 % of the studied species and greatly affecting host
physiology (Werren et al., 2008; Burdina, Gruntenko, 2022).
As lines w1537 and Bi907, the differences in the fertility of
which were shown earlier, were derived from lines wi/53
and Bi90, which, in turn, were derived from single females
caught in nature and were initially infected with Wolbachia,
we decided to use for analysis lines w/53 and Bi90, carrying
the infection, and lines w1537 and Bi907, having undergone
antibacterial therapy, to search for possible effects of Wol-
bachia on the fertility level and the expression of the JH
metabolism genes.

Materials and methods

Drosophila lines. In the work, we used four D. melanogaster
lines: the wi53 and Bi90 lines, derived from single females
and carrying Wolbachia strains of the wMelCS and wMel
genotypes, respectively (Ilinsky, 2013), and their derivatives,
w1537 and Bi907, which underwent antibacterial therapy prior
to the start of experiments. The lines were received from the
collection of the Institute of Cytology and Genetics SB RAS.
Notably, the Wolbachia wMelPlus strain, infecting the wi53
line, differs from other published strains of wMelCS by a large
chromosomal inversion (Korenskaia et al., 2022).

Flies were kept on a standard medium (agar-agar, 7 g/l;
corn flour 50 g/l; dry yeast 18 g/l; sugar 40 g/1) in an incubator
(Sanyo, Japan) at a temperature of 25 °C, relative humidity
of 50%, and 12:12 h light cycle. For the experiments, flies
were synchronized at eclosion (they were collected 3—4 h
afterwards). To analyze fertility and gene expression levels,
10-days-old females were taken.

Total RNA isolation and real-time RT-PCR. To assess
the number of mRNA of the jhamt and Jhehl genes, 15 fe-
males per biological replicate per line were frozen in liquid
nitrogen in 1.5 ml Eppendorf tubes. In total, three biological
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replicates of all four Drosophila lines were performed. After
removing the tubes from liquid nitrogen, 150 pl of TRI re-
agent No. BCBT8883 (Sigma, USA) was added to each tube
and flies were homogenized. To remove large tissue fragments
from the homogenate, the tubes were centrifuged for 5 min
at 10,000 rpm in an Eppendorf centrifuge at a temperature of
7 °C and then the homogenate was transferred to clean 0.5 pl
tubes. 30 pl of cold chloroform was added, and after shaking
the tubes were left for 15 min at room temperature. Afterwards,
the homogenate was centrifuged for 15 min at 12,000 rpm and
a temperature of 7 °C. 75 pl of cold isopropanol was added
to the supernatant, and after shaking the tubes were left for
10 min at room temperature. After centrifugation (12,000 rpm;
10 min), pellets were washed with 150 pl of 75° ethanol
twice with centrifugation in-between, dried and dissolved in
100 pl of deionized water. RNA concentration was measured
with the use of Nanodrop OneC (Thermo Scientific, USA)
and adjusted to 200 ng/ul by the addition of deionized water.
cDNA synthesis was performed with the use of ABScript 111
RT Master Mix for qPCR with gDNA Remover No. RK20429
(ABclonal Technology, China) in accordance with the manu-
facturer’s protocol.

jhamt and Jhehl expression were analyzed with CFX96
Touch amplificator (Bio-Rad, USA) using real-time RT-PCR
with the M-427 set with SYBR-Green I (Syntol, Russia). Data
were normalized on Act5C. For every sample, three technical
replicates were performed. Primer sequences used in the study
are presented in Table 1.

Fertility. To assess fertility, three male-female pairs aged
0-5 h were placed in cultivation vials (10 vials per experi-
mental group), where they were left to lay eggs under standard
conditions; flies were transferred to new vials every 24 h for
10 days. Fertility was calculated as the number of offspring
(imagoes) eclosed from the eggs laid by experimental flies
during the 10th day per one parent female.

Statistical analysis. Statistical significance of the differen-
ces in fertility (number of eggs per day per female) in the
experimental groups was assessed using Student’s z-test.
Pairwise comparisons were performed using the Benjamini—
Hochberg correction. In all cases, p<0.05 was considered
statistically significant. Histogram data are presented as aver-
age means+SEM.

Data on gene expression were analyzed by 2 2A€T method
(Livak, Schmittgen, 2001) using three biological replicates,
each of which was obtained from three technical ones. Since
Real-Time CFX96 Touch amplificator (Bio-Rad) provides

Primer sequences used in RT-PCR
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only the average mean of three technical replicates and
standard mean error, it is impossible to check normality, use
non-parametric criteria or bootstrap. However, these data are
sufficient to calculate sum of squares of the three replicates.
The general formula for the squared error of the mean:

SEM*(X) = (X ~Nx%) /(Nx(N-1)).
For each biological replicate, N = 3, and
Yx2 = 6SEM?(X) + 3x.
This is sufficient to calculate both the average mean and
it error:

x= (Z)_Ck)/3§
SEM?2(%) = (6ZSEM2()_Ck)+32)_612{79)72)/72.

The total sum of technical values for each average mean
equals 9. When calculating Student’s criterion of the sig-
nificance of the difference between two average means,
2x9 —2 =16 degrees of freedom are obtained. It is known
that significance criteria like Student’s criterion are resistant
to deviations from normality (Kendall, Stewart, 1961) due to
the distribution of means approaching normality with increas-
ing sample size.

As we made six comparisons in total, the Benjamini—Hoch-
berg correction was additionally calculated for the p-value to
compare with three standard significance levels (Narkevich,
Vinogradov, 2020).

Results and discussion

Real-time RT-PCR did not reveal significant differences in
the expression level of the gene of juvenile hormone acid
O-methyltransferase, jhamt, both between D. melanogaster
lines Bi90/Bi90T and wi53/wi53T (the same genetic back-
ground but infected/uninfected with Wolbachia), and between
lines Bi90/w153 and Bi90T/wi53T (the same infection status
but different genetic background) (Fig. 1, a). At the same time,
the expression of the JH epoxide hydrolase gene, Jhehl, was
significantly decreased (p<0.001) in lines Bi90 and Bi90"
compared to lines w153 and w1537 (see Fig. 1, b). This means
that Wolbachia infection has no influence on the expression
level of jhamt and Jhehl, which allows us to assume that
synthesis and degradation of JH do not change under the
bacteria effect. On the other hand, the existing differences in
the gene expression level of Jheh I, which encodes an enzyme
degrading JH, between D. melanogaster lines Bi90/Bi90T and
wi53/wi153T allow us to assume the existence of differences
in the enzyme activity level and, as a result, in JH content,

Gene name 5'—3'
jhamt ........................ F ............... GTCAGTTGTTGAACGATGTGGGT .............
R CCTCATTATTTICACCTIGCTGC
J he h1 ......................... F ............... AGTTT ACCAGGTTATGGCTGGTC ..............
R CAGICTCCACCCTGGATAAAGAA
Act5c ........................ F ............... GCGCCCTTACTCTT TCACCA ......................
R ............... ATGTCACGGACGATTTCACG ......................

Length Tm, °C Reference
.................. 2358QUEta|2017
.................. 2455
.................. 2357Gu|0eta|2014
................. 2356
................. 2058Gu|oeta|2014
................. 2055
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jhamt

05

Relative normalized expression
level (relative units)

Jheh1

05

Relative normalized expression
level (relative units)
Q
o

Bi90T Bi90 w1537 wi53

Fig. 1. Relative expression level of the jhamt (a)
and Jheh1 (b) genes in females of D. melanogas-
ter lines Bi90 (infected with the wMel strain of
Wolbachia), w153 (infected with the wMelPlus
strain of Wolbachia), Bi90T (uninfected), w1537

(uninfected).

Each value is the average mean of three biological
replicates+ SEM. a - the significance of the diffe-
rences from females of the w153 line (p<0.001);
b - the significance of the differences from fe-
males of the w1537 line (p<0.001).

Fertility (progeny/female)

w1537

Bi9oT

Bi90 wi53

Fig. 2. Fertility level of D. melanogaster lines
Bi90 (infected with the wMel strain of Wolba-
chia), w153 (infected with the wMelPlus strain
of Wolbachia), Bi90T (uninfected), w1537 (unin-
fected).

Each value is the average mean of 10 replicates
(three females per replicate) +£ SEM. a - the signifi-
cance of the differences from females of the Bi90
line (p<0.001); b - the significance of the diffe-
rences from females of the Bi907 line (p <0.001).

Fertility differences between two D. melanogaster lines
correlate with expression of the Jheh1 gene

the level of which should be elevated in the Bi90 and Bi90" lines with a decreased
expression level of the gene coding for an enzyme degrading the hormone.

Fertility analysis of the Bi90, Bi907, wi53 and w1537 lines revealed that the
line with a supposedly lower JH level (w753 and w1537) are characterized by sig-
nificantly lower fertility (p<0.001) compared to both the Bi90 line and the Bi90T
line (Fig. 2). This agrees well with earlier data on the correlation of low fertility
level with low JH level (Altaratz et al., 1991; Gruntenko et al., 2003b; Yamamoto
etal., 2013; Meiselman et al., 2017) or with the Me#?” mutation in the gene of the
JH receptor (Gruntenko et al., 2000). Data regarding a decrease of the number of
germline stem cells in the ovaries of D. melanogaster, carrying mutations in the
jhamt and Met genes or with a knockdown of the latter, also indicate the important
role JH plays in fertility regulation (Luo et al., 2020).

However, it is worth noting that most researchers attribute the demonstrated dis-
ruptions in reproduction and the decrease in fertility to disturbances in JH synthesis
or the functioning of its receptor (Altaratz et al., 1991; Yamamoto et al., 2013;
Meiselman et al., 2017; Luo et al., 2020), whereas our results indicate a correla-
tion of interline differences in fertility in D. melanogaster with differences in the
expression of gene encoding the enzyme that does not synthesize but degrades JH.

The lack of difference in fertility between the lines with the same genetic back-
ground infected and the uninfected with Wolbachia (Bi90/Bi90T and wi153/wi1537)
correlates with the lack of difference in the expression of genes responsible for JH
synthesis and degradation and allows us to assume that Wolbachia does not influ-
ence this trait. There is a slight contradiction with our earlier data obtained on the
Bi90wMelPlusline, where fertility and JH degradation differed from those of the Bi90
line (Gruntenko et al., 2019).

However, it is necessary to note that the Bi90"MelPlus Jine was received by trans-
ferring cytoplasm carrying a Wolbachia strain from the w/53 line to the nuclear
background of the Bi90 line (via 20 generations of backcrossing females carrying
the corresponding Wolbachia strain with males of the Bi907 line), and there is a non-
zero probability that some aspects of Wolbachia influence on the physiology of the
host can be attributed to the recent bacteria transfer and not merely to its presence
in the cytoplasm. This hypothesis is indirectly confirmed by the lack of Wolbachia
effect on fertility and JH degradation in the Bi90 line, which was discovered in the
same study (Gruntenko et al., 2019).

Additionally, transcriptomic analysis data obtained on infected D. melanogaster
females revealed no changes in the differential expression of genes of the JH signa-
ling pathway and the enzymes of its metabolism compared to uninfected females,
which correlates with the lack of Wolbachia effect on the expression of the jhamt
and Jhehl genes in D. melanogaster females in our work (Detcharoen et al., 2021;
Lindsey et al., 2021).

Conclusion

To sum up, three reasonable hypotheses could be made based on our data: 1) JH does
play a certain part in the regulation D. melanogaster reproduction; 2) JH catabolism
has no less, or perhaps more, of a role in providing interline polymorphism by the
JH level; 3) Wolbachia does not affect the JH level and fertility in D. melanogaster
given the long history of symbiosis between a certain bacterium strain and host
line.

References

Adonyeva N.V., Menshanov P.N., Gruntenko N. A link between atmospheric pressure and ferti-
lity of Drosophila laboratory strains. Insects. 2021;12(10):947. DOI 10.3390/insects 12100947

Altaratz M., Applebaum Sh.W., Richard D.S., Gilbert L.I., Segal D. Regulation of juvenile hor-
mone synthethis in wild-type and apterous mutant Drosophila. Mol. Cell. Endocrinol. 1991;
81(1-3):205-216. DOI 10.1016/0303-7207(91)90219-1

Berger E.M., Dubrovsky E.B. Juvenile hormone molecular actions and interactions during
development of Drosophila melanogaster. Vitam. Horm. 2005;73:175-215. DOI 10.1016/
S0083-6729(05)73006-5

Burdina E.V., Gruntenko N.E. Physiological aspects of Wolbachia pipientis—Drosophila mela-
nogaster relationship. J. Evol. Biochem. Phys. 2022;58(2):303-317. DOI 10.1134/S002209
3022020016

188 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2024 - 28 - 2



O.B. AHppeeHkoBa, H.B. AjoHbeBa
B.M. Edumos, H.E. lpyHTeHKO

Detcharoen M., Schilling M.P., Arthofer W., Schlick-Steiner B.C.,
Steiner F.M. Differential gene expression in Drosophila melanogas-
ter and D. nigrosparsa infected with the same Wolbachia strain. Sci.
Rep. 2021;11(1):11336. DOI 10.1038/s41598-021-90857-5

Flatt T., Tu M.P., Tatar M. Hormonal pleiotropy and the juvenile hor-
mone regulation of Drosophila development and life history. Bio-
Essays. 2005;27(10):999-1010. DOI 10.1002/bies. 20290

Gruntenko N.E., Rauschenbach LY. Interplay of JH, 20E and biogenic
amines under normal and stress conditions and its effects on re-
production. J. Insect Physiol. 2008;54(6):902-908. DOI 10.1016/
j-Jjinsphys.2008.04.004

Gruntenko N.E., Khlebodarova T.M., Vasenkova I.A., Sukhanova M.J.,
Wilson T.G., Rauschenbach 1.Y. Stress-reactivity of a Drosophila
melanogaster strain with impaired juvenile hormone action. J. Insect
Physiol. 2000;46(4):451-456. DOI 10.1016/s0022-1910(99)00131-6

Gruntenko N.E., Bownes M., Terashima J., Sukhanova M.Zh., Rau-
shenbach LY. Heat stress affects oogenesis differently in wild-type
Drosophila virilis and a mutant with altered juvenile hormone and
20-hydroxyecdysone levels. Insect. Mol. Biol. 2003a;12(4):393-404.
DOI 10.1046/j.1365-2583.2003.00424.x

Gruntenko N.E., Chentsova N.A., Andreenkova E.V., Bownes M.,
Segal D., Adonyeva N.V., Rauschenbach 1.Y. Stress response in a
juvenile hormone-deficient Drosophila melanogaster mutant ap-
terous3®f. Insect Mol. Biol. 2003b;12(4):353-363. DOI 10.1046/
j.1365-2583.2003.00419.x

Gruntenko N.E., Karpova E.K., Adonyeva N.V., Andreenkova O.V.,,
Burdina E.V,, Ilinsky Y.Y., Bykov R.A., Menshanov P.N., Rauschen-
bach 1.Y. Drosophila female fertility and juvenile hormone metabo-
lism depends on the type of Wolbachia infection. J. Exp. Biol. 2019;
222(Pt. 4):jeb195347. DOI 10.1242/jeb.195347

Guio L., Barron M.G., Gonzalez J. The transposable element Bari-Jheh
mediates oxidative stress response in Drosophila. Mol. Ecol. 2014;
23(8):2020-2030. DOI 10.1111/mec.12711

Ilinsky Y.Y. Coevolution of Drosophila melanogaster mtDNA and
Wolbachia genotypes. PLoS One. 2013;8(1):¢54373. DOI 10.1371/
journal.pone.0054373

Jindra M., Bellés X., Shinoda T. Molecular basis of juvenile hormone
signaling. Curr. Opin. Insect Sci. 2015;11:39-46. DOI 10.1016/
j.c0is.2015.08.004

Kendall M.G., Stuart A. The Advanced Theory of Statistics. Vol. 2. In-
ference and Relationship. London: Charles Griffin, 1961

Korenskaia A.E., Shishkina O.D., Klimenko A.I., Andreenkova O.V.,
Bobrovskikh M.A., Shatskaya N.V., Vasiliev G.V., Gruntenko N.E.
New Wolbachia pipientis genotype increasing heat stress resis-
tance of Drosophila melanogaster host is char-acterized by a large
chromosomal inversion. Int. J. Mol. Sci. 2022;23(24):16212. DOI
10.3390/ijms232416212

Lindsey A.R.1., Bhattacharya T., Hardy R.W., Newton I.L.G. Wolbachia
and virus alter the host transcriptome at the interface of nucleotide
metabolism pathways. mBio. 2021;12(1):e03472-20. DOI 10.1128/
mBio0.03472-20

Paznuuna B nnogoBmtocTn Mexay ABymMA nuHuammn D. melanogaster
KOppenvpyoT ¢ pasnnumamin B SKkcnpeccum reHa Jheht

2024
28.2

Livak K.J., Schmittgen T.D. Analysis of relative gene expression data
using real-time quantitative PCR and the 2-AACT method. Methods.
2001;25(4):402-408. DOI 10.1006/meth.2001.1262

Luo W., Veeran S., Wang J., Li S., Li K., Liu S.N. Dual roles of juvenile
hormone signaling during early oogenesis in Drosophila. Insect Sci.
2020;27(4):665-674. DOI 10.1111/1744-7917.12698

Meiselman M., Lee S.S., Tran R.T., Dai H., Ding Y., Rivera-Perez C.,
Wijesekera T.P., Dauwalder B., Noriega F.G., Adams M.E. Endo-
crine network essential for reproductive success in Drosophila mela-
nogaster. Proc. Natl. Acad. Sci. USA. 2017;114(19):E3849-E3858.
DOI 10.1073/pnas.1620760114

Narkevich A.N., Vinogradov K.A., Grjibovski A.M. Multiple com-
parisons in biomedical research: the problem and its solutions.
Ekologiya Cheloveka = Human Ecology. 2020;27(10):55-64. DOI
10.33396/1728-0869-2020-10-55-64 (in Russian)

Niwa R., Niimi T., Honda N., Yoshiyama M., Itoyama K., Kataoka H.,
Shinoda T. Juvenile hormone acid O-methyltransferase in Droso-
phila melanogaster. Insect Biochem. Mol. Biol. 2008;38(7):714-720.
DOI 10.1016/j.ibmb.2008.04.003

Qu Z., Bendena W.G., Nong W., Siggens K.W., Noriega F.G.,
Kai Z.P.,, Zang Y.Y., Koon A.C., Chan H.Y.E., Chan T.F., Chu K.H.,
Lam H.M., Akam M., Tobe S.S., Lam Hui J.H. MicroRNAs regulate
the sesquiterpenoid hormonal pathway in Drosophila and other ar-
thropods. Proc. Biol. Sci. 2017;284(1869):20171827. DOI 10.1098/
rspb.2017.1827

Richard D.S., Jones J.M., Barbarito M.R., Cerula S., Detweiler J.P.,
Fisher S.J., Brannigan D.M., Scheswohl D.M. Vitellogenesis in
diapausing and mutant Drosophila melanogaster: further evidence
for the relative roles of ecdysteroids and juvenile hormones. J. /n-
sect Physiol. 2001;47(8):905-913. DOI 10.1016/S0022-1910(01)
00063-4

Roy S., Saha T.T., Zou Z., Raikhel A.S. Regulatory pathways control-
ling female insect reproduction. Annu. Rev. Entomol. 2018;63:489-
511. DOI 10.1146/annurev-ento-020117-043258

Terashima J., Takaki K., Sakurai S., Bownes M. Nutritional status af-
fects 20-hydroxyecdysone concentration and progression of ooge-
nesis in Drosophila melanogaster. J. Endocrinol. 2005;187(1):69-
79. DOI 10.1677/joe.1.06220

Truman J.W., Riddiford L.M. The morphostatic actions of juvenile
hormone. [nsect Biochem. Mol. Biol. 2007;37(8):761-770. DOI
10.1016/j.ibmb.2007.05.011

Werren J.H., Baldo L., Clarkm M.E. Wolbachia: master manipulators of
invertebrate biology. Nat. Rev. Microbiol. 2008;6(10):741-751. DOI
10.1038/nrmicro1969

Wu Z., Yang L., He Q., Zhou S. Regulatory mechanisms of vitelloge-
nesis in insects. Front. Cell Dev. Biol. 2021;8:593613. DOI 10.3389/
fcell.2020.593613

Yamamoto R., Bai H., Dolezal A.G., Amdam G., Tatar M. Juvenile hor-
mone regulation of Drosophila aging. BMC Biol. 2013;11:85. DOI
10.1186/1741-7007-11-85

Funding. The work was done with the support of the Russian Science Foundation grant No. 21-14-00090. The maintenance of experimental D. melano-
gaster lines was carried out in the Drosophila collection of the Institute of Cytology and Genetics SB RAS and was supported by BP #FWNR-2022-0019

of the Ministry of Science and Higher Education of the Russian Federation.

Acknowledgements. The authors thank Darya Kochetova for the translation of the article.

Conflict of interest. The authors declare no conflict of interest.

Received December 1, 2023. Revised January 17, 2024. Accepted January 18, 2024.

FEHETUKA YXMBOTHbIX / ANIMAL GENETICS 189


https://doi.org/10.1371%2Fjournal.pone.0054373
https://doi.org/10.1371%2Fjournal.pone.0054373
https://doi.org/10.1146/annurev-ento-020117-043258
https://doi.org/10.1016/j.ibmb.2007.05.011
https://doi.org/10.1016/j.ibmb.2007.05.011

