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A Drosophila melanogaster mitotype
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Several different mitochondrial clades have been found in natural populations of Drosophila melanogaster.
Most often, the difference is in single nucleotide substitutions, some of which are conservative. Some clades
are rare, and others dominate. It has been reported that clade Il dominates over clades V and VI in seven popu-
lations of D. melanogaster. We compared D. melanogaster strains with different mitotypes by locomotor activity
(using TriKinetics Drosophila Activity Monitor), energy expenditure (by indirect calorimetry, based on measur-
ing oxygen consumption) and life span (under extreme conditions at 29 °C). The nuclear genomes of these
strains were aligned for several generations by backcrosses. According to our data, individuals with the mito-
type from clade lll had a higher level of locomotor activity and longer life span. In terms of energy expenditure,
the strains studied did not differ. However, the same level of energy expenditure may be differently distributed
between the state of activity and the state of rest or sleep. If the energy expenditure during the sleep in flies
with different locomotor activity is the same, then an individual with the same overall energy expenditure
can move a greater distance or be active longer. This can be interpreted as an advantage of the strain with
the mitotype from clade Ill compared to the other two mitotypes studied. If individuals have different energy
expenditure values at rest, the strains with lower energy expenditure at rest spend less energy during forced
inactivity. In this case, the mitotype from clade Il should also be advantageous. What nucleotide substitutions
in the mitotype from clade Ill can provide an adaptive advantage is not clear yet. We assume that individuals
with widespread clade M(Ill) may have adaptive advantages compared to other mitotypes due to their greater
locomotor activity even with the same energy expenditure. Further studies are required, for mitotypes are poly-
morphic for single nucleotide polymorphism not only between but also within the clades.
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B npupogHbix nonynauusax Drosophila melanogaster o6Hapy»K1BaloT HECKONBbKO MUTOXOHAPUANbHbBIX Knag, oT-
nMyaloLwmMxca Apyr oT Apyra no nepBrMYHON NocnefoBaTelbHOCTY. Yalle BCero 3To O4HOHYKIeOTUAHbIE 3aMeHbI,
YacTb 13 HUX KOHCepBaTVBHA. OfHM Knafbl BCTPEYaloTCA pefKko, Apyrue JOMUHUPYIOT. B cemy nccnefoBaHHbIX
Ha cerofHsAWHMI feHb nonynauuax D. melanogaster knaga Ill npeobnagaeT no cpaBHeHUto ¢ knagamu V u VI.
MbI cpaBHuBanu nuHun D. melanogaster ¢ pasHbIM MUTOTMMAMM, HO C BbIPOBHEHHBIMU B TEYEHME HECKOSTbKIUX
NOKONEHNIN 6eKKpoccamm AfepHbIMY FeHOMaMU, Mo ABUraTeNbHOM akTUBHOCTY (C ncnonb3osaHmem TriKinetics
Drosophila Activity Monitor), sSHeproobmeHy (METOAOM HENPAMOW KanoprMeTprK, Ha OCHOBE U3MEPEHUS Mo-
TpebneHna KNCIoPoAa) 1 NO ASIMTENIBHOCTU XM3HM (B SKCTPEMasbHbIX YCIoBUAx cogepxanua npu 29 °C). Mo
HaLVIM AaHHbIM, y 0COBEN C MUTOTMMOM, OTHOCALMMCSA K Knage I, Bbile ypoBeHb TOKOMOTOPHOW aKTVBHOCTH
1 60nbLLEe NPOAOCIKUTENBHOCTb XM3HW. [0 3HepronoTpebneHnto NcciefoBaHHble MMHKUK He pa3nudatotca. Og-
HaKO OfIMH 1 TOT e YPOBEHb SHEPrOOOMEHA MOXKET ObITb MO-Pa3sHOMY pacnpefeneH MeXay COCTOSHUEM aK-
TUBHOCTUN U COCTOAHVEM NOKOSA. ECnn SHeproobmeH B COCTOAHMMN NOKOSA Y MyX C pa3HOI JIOKOMOTOPHOW aKTMB-
HOCTbIO OVMIHAKOB, TO 0COOb NPV OMHAKOBBIX TPATax CYMMapHOI SHEPrM MOXET NepeMeLLaTbCs Ha 6onbLuee
paccTofHne nnu fosiblue NPoABAATb aKTMBHOCTb. 9TO MOXKHO MHTEPNPEeTMPOBaTb Kak NpenMyLLecTBoO NHUK
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C MUTOTUMOM, OTHOCALMMCA K Knage lIl, no cpaBHeHUIo ¢ ABYMSA APYrMU UCCIefO0BaHHbIMU MATOTUMAMU, OT-
Hocawmmunca K knagam V u VI. Ecnim ocobu rmetoT pasHblii 3HeproobmeH B MNOKOe, TO IMHUM C HAUMEHbBLIVM
3Heproo6MeHOM B NMOKOe MOTPATAT MeHbLUIe SHepPrum Npu BbIHYKAEHHOM 6e3feicTBrm. / B 3TOM criyyae mu-
TOTUMN, OTHOCAWMICA K Knage lIl, GyneT nmeTtb npermyLyectsa. Kakve HyKneoTvaHble 3aMeHbl B 3TOM MUTOTUME
MOryT o6ecrneurBaTb afAanTUBHOE NPENMYLLECTBO, NMOKa OCTAETCA HEMOHATHBIM. Mbl Mpefnonaraem, 4to ocobm
13 WNPOKO PacnpoCcTpaHeHHo Knadbl Ill MoryT nmeTb alanTrBHble NPEMMYLLEeCTBA MO CPAaBHEHWIO C APYTrMU
MUTOTUMaMK Gnarofaps 6osbLUel TOKOMOTOPHON akTUBHOCTY fiaXke NPU OAUHAKOBOM 3HeproobmeHe. Tpeby-
10TCA fanbHeNLWmne NcciefoBaHus, MOCKObKY MUTOTUMbI NONMMOPGHbI MO HAGOPY OAHOHYKNEOTUAHBIX 3aMeH

HE TONIbKO MeXAy Knafamu, HO U BHYTPW Knajbl.

Kniouesble cnosa: DI’OSOphiIG melanogaster; MUTOTUN; NPOAOTXKUTENIbHOCTb KM3HW; NOKOMOTOPHAaA akTuB-

HOCTb; 3Hep|’006MeH.

Introduction

The mitochondrial genome is responsible for supplying cell
with energy. In particular, it encodes a number of the proteins
involved in the Krebs cycle, B-oxidation of fatty acids, and
oxidative phosphorylation. Many studies indicate that there is
a link between the mtDNA structure and life span (Lehmann
etal., 2008; Muradian et al., 2010). For example, it is thought
that the mutation frequency in mtDNA of placental mammals
enables lower production of reactive oxygen species (ROS)
(Rottenberg, 2007). Different mito-haplotypes of Drosophila
simulans vary in ATPase activity, mitochondrial cytochrome C
content, hydrogen peroxide content, and other bioenergetic
parameters (Katewa, Ballard, 2007). Though the mentioned
authors used D. simulans from sympatric populations, the
effect of mitonuclear interactions on the observed differ-
ences can hardly be ruled out (Stuart, Brown, 2006). Among
numerous ageing theories, the free-radical theory of ageing
takes a special place. According to this theory some ROS,
specifically those produced in mitochondria, impair the cells
(Harman 1956; Halliwell, 2012).

Due to the significant mtDNA variability, the difference
between the mitochondria that belong to different strains may
exceed one hundred SNPs (Zhu et al., 2014). The researchers
studying mtDNA polymorphism in D. melanogaster identify
several mitochondrial clades. One classification divides them
into the M and S clades different by one conservative single-
nucleotide substitution 37C/T (position 2187 in the sequence
with GenBank accession number NC001709) (Richardson et
al., 2012; Ilinsky, 2013; Ilinsky et al., 2013). Another clas-
sification defines eight clades grouping into M(I-V, VIII)
and S(VI-VII). The clades are different by their SNP sets,
which are partly conservative (Richardson et al., 2012;
Early, Clark, 2013; Ilinsky, 2013). Clade M(III) prevails in
such natural populations as Raleigh, North Carolina (United
States) (Richardson et al., 2012), Beijing (China), Ithaca (NY,
United States), Netherlands, Tasmania, and Zimbabwe (Early,
Clark, 2013) if compared to clades M(V) and S(VI), and it is
highly polymorphic with regard to its SNP set. According to
(Maklakov et al., 2006), the intrapopulation variability may
affect life span and other physiological parameters.

In the present study we compare strains with different mi-
totypes, such as a mito-haplotype from clade III (M(III)), a
mito-haplotype from clade V, and a mito-haplotype from clade
IV (S(VI])), by their locomotor activity, energy expenditure,
and life span to understand whether any of these strains have
physiological advantages over others.

Materials and methods

Drosophila strains. Mitochondria are considered to be an
important factor affecting life span and other physiological
parameters. However, the variability of a mitochondrial ge-
nome is influenced by the genetic background determined by
the nuclear genome (Clancy, 2008). While the mitochondrial
genome is inherited from the mother, the nuclear genome is
contributed by both parents. By means of backcrosses, this fea-
ture allows scientists to obtain strains with different mitotypes
but the same nuclear DNA. Saturation backcrosses during
at least 10 generations for male flies (strain Bi90) produced
Drosophila strains having similar nuclear genomes and three
different mitochondrial genomes: M(III), M(V), and S(VI).
The Drosophila strains used in this study were provided by
N.E. Gruntenko. Two generations of flies were treated with
tetracycline (0.25 mg/ml) to make a Wolbachia-free strain and
prevent the possible effect the bacteria may have on important
physiological parameters (Gruntenko et al., 2017). It should
be noted that this antibiotic does not affect Drosophila’s life
span (Min, Benzer, 1997). The strains were partly duplicated
to avoid the possible effect of incomplete genome substitution
(Gruntenko et al., 2017). The following strains based on the
strain Bi90 nuclear genome were studied: M(II) — a mitotype
from clade I11 (initial genome of strain W304, two lineages),
M(V)—amitotype from clade V (initial genome of strain B90,
two lineages), and S(VI) — a mitotype from clade VI (initial
genomes of strains W1118 (two lineages), W153 and W181
(one lineage each)).

The energy expenditure of the tested flies was studied
by indirect calorimetry, measuring oxygen consumption in
a hermetically sealed chamber with alkali. When breathing,
animals consume oxygen and exhale carbon dioxide and
water. The exhaled CO, reacts with the alkali (KOH) to form
a solid matter (K,CO,) so the initial pressure in the chamber
falls proportionally to the amount of the consumed oxygen.
The apparatus to carry out energy expenditure measurements
was designed to be similar (with slight modifications) to that
described in (Diarra et al., 1999). It consisted of ten thermo-
static chambers (eight measuring chambers and two reference
ones) of 3 cubic ml each and a single pressure sensor. Ten
male flies (3—7 days old) were placed into each chamber. The
experiment lasted from 11 a.m. to 4 p.m., the measurements
starting one hour after acclimation of the flies to a temperature
of 29 °C. The pressure drop in each chamber was measured
twice, 6 min each time.

To estimate the energy expenditure, the inclination angle
of the approximation curve on the pressure measurement
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Fig. 1. Example of oxygen consumption measurement.

The solid line is the pressure in the chamber; the dotted line is the
approximating line.

graph was measured (Fig. 1). For the purposes of statistical
analysis, the average value for two repeated measurements
was considered. The flies were weighed immediately after
the experiment. Four experiments were carried out in total.

The locomotor activity in the male flies of the tested
strains was monitored using TriKinetics Drosophila Activ-
ity Monitor (“Trikinetics”, Waltham, MA, United States). To
perform the monitoring, each male was placed in a glass tube
containing its standard feed. The locomotor activity of the
fly was determined as the number of times the fly crossed an
infrared beam per minute within five days. For each fly, its
daily average locomotor activity was calculated based on its
average hourly activity from 11 a.m. to 4 p.m. from day 2 to
day 4 of the experiment. The flies that did not survive until
the end of the experiment were excluded from the analysis.
For each strain, 12 to 16 flies (3—7 days) were analyzed. The
experiment was conducted at 29 °C.

The life span of the tested flies was determined at the same
temperature (29 °C), each tube containing 20 male flies. For
each strain, five tubes were analyzed.

Statistical analysis. The results were evaluated with
Statistica 6.0. To compare the mean values, Fisher’s least
significant difference method (LSD) was applied. The life
span was estimated by the logrank test (Bland, Altman, 2004)
with the y* statistics.

Results

In daytime hours, the maximum locomotor activity was
recorded in M(III) — mitotype flies (Fig. 2). Their average
daily activity was 51.2 + 5.9 crossings per hour, which was
statistically higher (p < 0.02) than in S(VI) (39.9 + 2.9) or
M(V) (35.0+4.0, p <0.05). The difference between the M(V)
and S(VI) mitotypes in average daily activity was insignificant
(p>0.4).

The average oxygen consumption per fly was 2.76 pl/h.
In the studied flies, this parameter statistically correlated with
body weight (R = 0.44, p = 0.01) (Fig. 3). When averaged
over strain, the values of oxygen consumption correlated
with the average daily activity (R =0.61, p = 0.1). However,
when calculated as oxygen consumption per mg of fly body
weight, they statistically correlated with neither body weight
(p > 0.2) nor average daily activity (p > 0.8). The performed
experiments demonstrated statistically significant differences
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Fig. 2. The daily dynamics of the locomotor activity in different Drosophila
mitotypes (mean =+ SE).
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Fig. 3. Correlation of the average values of oxygen consumption with the
average body weight of flies.

Energy expenditure in different Drosophila mitotypes

Mitotype n  Bodyweight,  Average oxygen consumption
mg perﬂy .................. pergrambOdy
pl/h weight,
ml/g/h
M) 8 0662£0014 283x019  427£025
M(V) 8 06530019 279+019 4312035
SV 12 06440023  270+011 4212012

Notes: n-number of flies; the data are presented as mean+SE.

between the mitotypes in neither body weight nor oxygen
consumption (Table).

The life span in the M(III) mitotype flies was statistically
higher than that in the S(VI) (3> = 9.24, p < 0.01) and M(V)
(x> = 4.83, p < 0.05) mitotypes. No statistically significant
differences between the S(VI) and M(V) mitotypes were
found (Fig. 4).

Discussion

The studied M(IIT) — mitotype flies demonstrated the higher
level of locomotor activity, but their energy expenditure was
close to that in flies of M(V) and S(VI) mitotypes, which
can be considered an adaptive advantage of M(III) flies. The
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Fig. 4. Life spans of males with different mitotypes.

dependence of oxygen consumption on locomotor activity
can be linearly approximated (Schmidt-Nielsen, 1982), so
the inclination angle of the line can be interpreted as price of
activity or efficiency, while its vertical intercept reflects the
metabolic rate at rest (metabolic rate at zero activity). This is
important, because the same level of energy expenditure in
flies with different genotypes can be distributed differently
between the rest and active states.

Since in our study we had only one activity/energy
expenditure point on the plane for each mitotype, and since
through a single point a myriad of lines can be drawn, we could
not unambiguously estimate the energy distribution between
the rest and active states. Nevertheless, we can consider two
extreme cases.

If in flies with different mitotypes the energy expenditure
values at rest are similar, the approximating lines for these
mitotypes would have different inclination angles, hence
different prices of activity (Fig. 5, a). The least steep line
(for M(IIT) mitotype) means that these individuals can move
further distance or remain active longer spending the same
amount of energy, which can be interpreted as an advantage
of the mitotype if compared to the others. However, if
individuals have different energy expenditures at rest (See
Fig. 5, b) and similar prices of activity (similar approximation
curve inclination angles), then the M(III) strain would get
an advantage over the strains of the other studied mitotypes,
because the least energy expenditures at rest would help these
flies spend less energy during inevitable inactivity under
unfavorable conditions.

From all viewpoints, the actual pattern seems to be a
combination of the two extreme cases, and in order to
study the way energy expenditure depends on the activity
parameter it is strongly recommended to investigate both
parameters simultaneously. In this case, a series of energy
expenditure and activity values can be obtained for every
strain, which makes it possible to trace the true effect of a
mitotype.

In D. simulans, the life span does not correlate with ex-
haled CO, (Melvin et al., 2007). The same was confirmed
in our experiments with D. melanogaster. However, the life
span of the M(III) mitotype male flies kept under extreme
conditions (29 °C) turned out to be higher than those of the
M(V) and S(VI) mitotypes, whose life expectancies were
similar.
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Fig. 5. Hypothetical variants of energy expenditure dependence on the
locomotor activity in flies with different mitotypes.

a, flies with different mitotypes have the same level of oxygen consumption
at zero activity, but the angles of inclination of the approximating straight
lines are different; b, flies with different mitotypes have the same angles of
inclination of the approximating straight lines, but the levels of oxygen
consumption differ at zero activity. The lower straight line is M(Ill), the upper is
M(V), and the middle is S(VI).

Conclusion

We assume that individuals of the M(III) mitotype strain,
belonging to the most widespread clade, have adaptive advan-
tages as compared to the other mitotypes due to their higher
locomotor activity. Which nucleotide substitutions in M(III)
are responsible for this advantage remains an open issue, and
further investigation should be performed with more strains
related to the same clade and to other mitotic clades.
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