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We analyzed mutation counts in five generations of laboratory culture of isofemale lines
established in 2009 from 7 natural populations of Drosophila melanogaster from Ukraine.
A mutant male white (w: 1-1.5) was revealed among the third generation progeny of the
Chornobyl Nuclear Power Plant cooling pond population. The sepia(se: 3-26.0) mutation
was observed in 27 individuals in the third and fourth generations progeny of the Chor-
nobyl city population. Mutants spread (sprd: 3-65,0) were revealed in a total of 54 indi-
viduals in the third and fourth generations of inbreeding progeny from Kyiv population.
The molecular nature of these mutations remains to be studied.
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ntroduction. Studies of spontaneous mutation are important in that they con-

tribute to the understanding of population genetics aspects and evolutionary
processes in populations. Historically, Drosophila melanogaster has been a
widely used model in spontaneous mutation research. This species has been re-
ported to have rather high spontaneous mutation rates [1], however estimates
differ depending on methods employed [2, 3]. Estimates based on DNA se-
quence alignment are also ambiguous [4, 5].

Studies of D. melanogaster populations from the former USSR territory have
shown oscillating rates of some spontaneous mutations, with the basic rates
getting elevated from time to time [6]. The molecular nature of most of these
mutations had not been studied, though they were believed to be caused by TE
activity [7, 8].

Understanding of the molecular nature of mutationsisimportantin population
and evolutionary studies. After all, itis the nature of a mutation that determinesits
evolutionary and practical significance in each particular case. Still, research in
this areais limited [9].

During 2005-2010, studies of D. melanogaster natural populations from
Ukraine have not revealed incidents of “mutation outbursts” [10, 11], although
heritable deviations were found in each of the studied populations. In laboratory
culture of flies from 7 natural populations collected in 2009, we found eye
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coloration and wing orientation mutations.
Herewe presenttheresults of hybridological
and molecular analysis of the revealed
mutations.

Materials and methods

We studiedflies from natural populations
collected in Kyiv, Odesa, Uman, Varva,
Magarach (Yalta), and the Chornobyl zone
of alientation. Flies were collected during
August-September, 2009. In the Chornobyl
zone, we sampled two populations from
locations with different background
radiation (30 uR/h in an apple garden and
500 uR/h near the nuclear power plant
cooling pond). The locations also differed
by the sampling biotopes [11].

All collected flies were first examined
under a stereoscopic microscope to screen
forvisible phenotype deviations. 30 females
from each populationwere used to establish
isofemale lines, each being screened for
visible phenotype deviations for 5
generations of laboratory culture. Diviant
individuals were removed from the
isofemale lines and further studied to test
for heritability of the phenotypic
alternations.

For hybridological analysis, we used
fliesfromthe mutant D. melanogaster strain
collection of the General and Molecular
Genetics Department of Taras Shevchenko
National University of Kyiv. Details on these
strains are presented in Table 1.

To investigate the molecular nature of
revealed mutations, we used PCR
amplification with further sequencing of
regions in question. PCR products were
sequenced on 3130 Genetic Analyzer
(Applied Biosystems, USA). Sequence
alignment was performed using BLAST
[12].

Flies were reared on the standard
medium at room temperature [13].

Statistics were calculated with reference
to [14].

Results and Discussion

Mutation spectra and rates

We analyzed a total of 36433 flies being
progeny of wild females sampled from 7
populations from Ukraine and cultured in
laboratory for 5 generations (Table 2). We
found mutations in three different loci which
had not been reported for Ukrainian
populations before [6]. The mutation “white
eyes” was found only in progeny of the

Table 1. Fly strains used in hybridologic analysis

Strain Mutation Phenotype
Symbol Name Localization
Cc-3S C-S Canton S Wild type
w w white 1-1.5 Eye colour: white
se se sepia 3-26.0 Eye colour: brown
y w; If/CyO; Sb/Tb y yellow 1-0.0 Body colour: yellow
w white 1-1.5 Eye colour: white
If Irregular facets 2-107. Irregular facets
CyO CurlyO 2-66.1 Wings curled upward
Sb Stubble 3-58.22 Small and thicker bristle
Tb Tubby 3-90.6 Larvae, pupae and adult
are short and thickset
stsse st scarlet 3-44.0 Eye colour: bright red
ss spineless 3-58.5 Bristles only a little larger
than hairs
e ebony 3-70.7 Body colour: dark
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Chornobyl NPP cooling pond population in
the fourth generation; its frequency in this
generation equalled 0.07% (one male in
1,428). The mutation “brown eyes” was
only found in flies originating from the
Chornobyl city (apple garden) population in
the third and fourth generations with the
frequency of 1.6% (25 mutantfliesin 1,566)
and 0.1% (2 flies in 1,530), respectively.
The mutation “spread wings” was only
found in flies from Kyiv in the third, fourth,
and fifth generations. The mutant
frequencies were for F3 - 2.27% (31 flies in
1,363), F4 — 2.2% (23 flies in 1,026), and
F5 - 1.0% (6 flies in 595) (see Table 2).
Complementation tests revealed that the
mutation “white eyes” was allelic to the
gene white (w: 1-1.5) and thus was sex-
linked, the “brown eyes” was allelic to the
gene sepia (se: 3-26.0) and thus was
located in the chromosome 3. To identify
the chromosomic position of the mutation

“spread wings”, we used a strain with
marked chromosomes (see Table 1). This
mutation was also found to localize in the
chromosome 3. Accordingtorecombination
tests, the mutation “spread wings” mapped
on the genetic map between the genes
spineless (ss: 3-58.5) and ebony (e:
3-70.0) withthe recombination frequencies
7.5% and 5.2%, respectively, which allowed
us to identify this allele as one of the spread
(sprd: 3-65.0) gene.

The revealed visible mutation spectrum
somewhat differed from that observed in
2005-2008 [10, 11]. For instance, the
mutations w and sprd are reported for the
first time. Meanwhile, the mutation
abnormal abdomen, which had previously
been typical for all populations, was not
found in 2009, as were a number of other
mutations. The mutation se, on the other
hand, had persisted through both periods
of study.

Table 2. Phenotypic deviation spectra and frequencies in the studied D. melanogaster

populations
F F, Fa F4 F5

Population o 0 0 0 0
c C C C C
[ 5 [ g s | S| s 8| = | %
i) £ i) g ks £ 9 £ ke =
Chernobyl City | ¢ | 996 0 1173 17 796 | 177 | 797 | 2" | 844 | 0
4| 936 0 1112 14 770 | 9 | 733 | O 761 0
Kyiv Q| 593 0 535 0 701 | 16™ | 534 | 10 | 388 | 3"
4| 560 0 495 0 662 | 157 | 492 | 13" | 251 | 3"
Uman’ Q 684 0 495 | 0 | 529 | 0 |523 | 0
3 621 0 458 | 0 | 518 | 0 | 500 | 0O
Coolingpond | ¢ | 830 0 716 0 739 0 878 0 845 0
g1 790 0 710 0 689 | 17" | 804 | 0 |83 | 0
Yalta (Maga- | @ | 685 0 693 0 575 | 0 |715| 0 | 580 | 0O
rach) d 1 625 0 680 0 545 | 0 706 0 567 | 0O
Odesa Q 284 0 155 | 0 | 221 0 | 209 | O
3 270 0 161 0 | 221 0 | 214 | ©
Varva Q 523 0 460 | O | 370 | 0 | 462 | 0O
J 487 0 416 | 0O | 362 | 0 |43 | 0

*— sepia; **- spread; ***— white
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Therefore, certain changes in the visible
mutation spectra can be traced in the
studied populations of D. melanogaster.

Molecular nature of the mutations

We analyzed the molecular nature of two
out of the three revealed mutations. For the
sepia mutation, we designed three primer
pairs with overlapping PCR amplicons: two
pairs for the coding part of the gene
(8L:8,513,652..8,514,596) and one for the
regulatory region -350+46. BLASTing of
the amplicon sequences didn’t reveal any
changes, suggesting that the mutation had
happed in some other (distal) regulatory
parts of the gene.

The gene white in D. melanogaster is
encoded by a 5 kb (X:2,684,632..2,690,499)
region. We approached the analysis of this
sequence from a functional standpoint. Of the
1,779 known alleles, w' has spontaneous
origins and has been obtained independently at
least 635 times [15]. So first we designed
primersforthedistal partofthe codingsequence
ofthe gene, asthisallele deviationisknownto be
caused by MGE insertions in the region
X:2,690,518..2,690,530. No changes in the
resulting amplicon sequence were found.
Further we turned our attention to yet another
allele with known 14,448 spontaneous
occurrences — the allele wf72, This allele
results from the large deletion Df( 7)wf7°23 with
breakpoints in 3C2;3C5 on the cytologic map.
Using the Coordinates Converter [15], the
deleted sequencewas approximatelyidentified,
and the primer pair was designed so that no
PCR product formed in the presence of this
deletion. Nonetheless, we did obtain the PCR
product. Sequence analysis of this product
revealed three nucleotide substitutions (G-A,
C-A, and T-A at different sites). All the three
substitutions were silent (did not alter the amino
acids) and could not have been the cause of the
deviation. Thus, we didn’t find any mutations in
the analyzed parts of the gene, and this topic
requires further investigation.

We were unable to study the molecular
nature of the changes in the sprd gene, as
this gene has yet not been mapped on the
physical map [15] and its sequence is
unknown. Further research is necessary to
clarify this question as well.
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SKadenpa 6uonorndeckux Hayk, YHusepceutet KOx-
Has Kaponuna
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MpoaHann3mMpoBaHo BbIXOL MyTauMii B NSTU NO-
KoneHusix nabopaToOpHOro pasBefeHus CaMoK
(1M30CaMKOBBIX JIMHWIA) U3 7 NPUPOLHbLIX NONyNs-
unii Drosophila melanogaster YxpauHsl 2009
ropa cbopa. MyTtaHTHbIn camel, white (w: 1-1,5)
OblN1 HANAEH B TPETHEM MOKONEHUM MOTOMKOB MO-
nynsuun Bopoiom oxnagmtens YASC. Myta-
uus sepia (se: 3-26.0) Habnioganack y 27 oco-
6eil B TPETbEM U YETBEPTOM MOKOJIEHUX MOTOM-
KOB CamoK NMPUPOLHOW nonynsaumm r. YepHoObinb.
MyTaumein spread (sprd: 3-65,0) xapakrepu-
30Banmcb 54 0cobu B TPETLEM U YETBEPTOM MO-
KOneHusix MmopuamHra camok nonynsumm r. Kun-
eBa. [lpoBefeHHbI MONekynspHo Guonormyec-
KU aHaNnn3 He MO3BOJINA YCTAHOBUTL MPUpoay
MOYYEHHbIX MyTaLLNA.

Knto4yesble ¢10Ba: MOHUTOPWHI, MyTaumun, white,
sepia, spread.
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MpoaHanisoBaHo BMXi4 MyTauiii y M’ ATV NMOKOMIHHAX
n1abopaTopHOro PO3BedeHHs1 CaMoK (i30CamMKOBUX
NiHiN) i3 7 npupogHux nonynsauii Drosophila me-
lanogaster Yxpainm 2009 poky 360py. MyTaHTHOro
camug white (w: 1-1,5) Gyno 3HaaeHo y TPETLOMY
NMOKOMHHI HaLLaakiB nonynsuji Booonmm oxonomxy-
Baya YAEC. Myraujio sepia (se: 3—-26.0) cnoctepi-
ranuy 27 0CobuH y TpeTbOMY Ta YETBEPTOMY MOKO-
JiHHI HaLLaaKiB CaMOK NPUPOAHOI nonynsuji M. Yop-
HoOunb. MyTauijio spread (sprd: 3—-65,0) 3HalineHo
y 54 0cobBVHU TPETHOro Ta YETBEPTOro MOKOJIHHS
iHOpUanHry camok nonynsuji M. Kuesa. MNpoeene-
HWIA MONeKyNsapHO-6ionoriyHniA aHania He AO3BOSINB
BCTAHOBWTUW NPUPOAY OTPUMAHNX MyTaLLiA.

Kntoyosi coBa: MOHITOPWHN, myTauji, white, se-
pia, spread.
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