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We studied the expressivity of radius incomletus and cubitus interruptus traits of Drosophila melanogaster
imagoes, depending on the individual’s genotype, sex, and analyzed wing. It has been established that the
presence of kni" mutation leads to the change of cubitus interruptus trait expressivity (partial suppression of
mutant phenotype at the background of general venation pattern changings). On the contrary the presence of ci’
mutation in the genotype does not affect the radius incompletus trait expressivity. Males demonstrate more
pronounced expressivity of both traits than females. No bilateral asymmetry in the expressivity of corresponding
mutant features has been detected. Standing on the results obtained we suppose that knirps and cubitus
interruptus loci do interact in wing veins pattern formation, and knirps is the regulatory factor for cubitus
interruptus expression.
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B3anmopgenctBue nokycoB knirps m cubitus interruptus npn doopmupoBaHnmn

naTtTepHa XXunkoBaHusa Kpbina Drosophila melanogaster (aHanu3 mopdonorumn)
H.C.®ununoHeHko, H.E.BonkoBa, J1.1.BopobbéBa

Mbl  n3yunnu akcnpeccuBHOCTb MpusHakoB radius incomletus wu cubitus interruptus y wmaro Drosophila
melanogaster, B 3aBUCUMOCTU OT reHoTuna ocobu, nona v aHanuavpyemoro kpbina. Beino ycraHoBneHo, 4To
MPUCYTCTBUE MyTauuu kni” NPUBOAMUT K M3MEHEHUIO 3KCMPECCUBHOCTM Mpu3Haka cubitus interruptus (4acTuuHas
cynpeccusi MyTaHTHOro ¢peHoTuna Ha poHe U3MeHeHusi obLLero naTTepHa XunkoBaHusi). HaobopoT, Hanuune
MyTauum ci’ B reHoTUNe He BIUSIET Ha 3KCMPECCMBHOCTL NpuaHaka radius incomletus. Camupl xapakTepusytotcs
GonblUen 3KCNPECCUBHOCTBLIO OBGOMX MNPU3HAKOB, YeM camku. He BbisiBneHo GunateparnbHOW acuMMeTpuu B
3KCMPECCMBHOCTU COOTBETCTBYIOLUMX MYTaHTHbIX deHOTUnoB. Mcxoasa W3 MOnyyYeHHblX pesynbTaToB, Mbl
nonaraem, 4To MNOKYCbl knirps w cubitus interruptus B3avmopencTByoT npyu HOPMMPOBAHUN OCOBEHHOCTEN
XWUIKOBaHUSA Kpbina, U knirps aBnseTcs akTopoM perynsauum akcnpeccun cubitus interruptus.

KnroueBble cnoBa: Drosophila melanogaster, akcripeccusHocmb, radius incompletus, cubitus interruptus,
e3aumodelicmeue HeasnnebHbIX 2eHO8.

B3aemogpisa nokyciB knirps Ta cubitus interruptus npu doopmMmyBaHHi natepHy

XuUnkyBaHHA Kpuna Drosophila melanogaster (aHanis mopdonorii)
H.C.®ininoHeHko, H.€.BonkoBa, J1.|.Bopo6ioBa

Mwn BuBUMNM ekcnpecuBHICTb 03Hak radius incomletus i cubitus interruptus B imaro Drosophila melanogaster,
3anexHo Big reHoTUnNy ocoGuHK, CTaTi Ta aHanisoBaHoro Kpuna. byno BCTaHOBMNEHO, WO NPUCYTHICTL MyTauii kni’
npu3BOANTb A0 3MiHW EKCNPEeCUBHOCTI 03HakM cubitus interruptus (4acTkoBa cynpecis MyTaHTHOrO (OeHOTUNY Ha
TNi 3MiH 3aranbHOrO NaTepHy XWNKyBaHHs). Haenaku, HasBHicTb MyTauii ci’ B reHoTuni He BnnuMBae Ha
eKcnpecuBHiCTb 03Haku radius incomletus. Camui xapakTepuaytoTbCsa BiNbLUOK eKCNPECUBHICTIO 000X 03HAK, HiX
camkun. He BusiBneHo GinatepanbHOi acMMETPIi B eKCMPEeCUBHOCTI BiAMOBIAHMX MYTaHTHUX dheHoTUniB. Buxoasaun
3 OTPMMaHUX pes3ynbTaTiB, MU BBaXaEMO, LLUO FOKYCU Knirps i cubitus interruptus B3aeMopfitoTb Npu popmMyBaHHI
0CcoBNMBOCTEN XUIKyBaHHS KpUna, i knirps € YMHHUKOM perynsauii ekcnpecii cubitus interruptus.

KnrouoBi cnoBa: Drosophila melanogaster, ekcripecusHicmb, radius incompletus, cubitus interruptus,
83aeMo0isi Hearle/lbHUX 2eHis.

Introduction
One of the most actively studied questions in modern genetics is the investigation of systems of

quantitative traits genetic control. In addition to poor understanding of quantitative traits genetic control

© dininoHeHko H.C., BonkoBa H.€., Bopo6uosa Jl1.1., 2014
© Filiponenko N.S., Volkova N.Ye., Vorobyova L.l., 2014



H.C.®ininonetko, H.€.Bonkosa, J1...Bopo6iiosa [ 169 |
N.S.Filiponenko, N.Ye.Volkova, L.l.Vorobyova

mechanisms, ways of their developmental formation and population dynamics responses to direct and
indirect artificial selection pressure, their role in the evolution of species also is not described completely.

Various genes interactions within the genotype affect significantly the overall genotype norm of
reaction. As a result physiological manifestations of the same gene in the same environmental conditions
may differ in individuals with different genotypes. The gene can manifest itself as a dominant one in some
individuals but have no manifestation in others. The degree of phenotypic expression of the gene can vary
significantly (even to its 100% penetrance). The manifestation of traits with variable expressivity depends not
only on external and internal (genetic) environment, they are also usually characterized by developmental
variability resulted from the errors or alternative metabolic circuits in genotype realization (Vorobyova,
Gogadze, 2001).

The genetic factors are very important for the formation of traits with variable expressivity. In the
continuation of genotype effects studies on the expressivity of some of them (radius incompletus, vestigial,
Bar, eyeless, and others) in Drosophila melanogaster (Zolotykh, Nekrasova, 2004; Kirpichenko et al., 2002;
Philiponenko et al., 2008) this work has been carried out.

It should be said that both knirps and cubitus interruptus loci are well studied and their interactions
with other genes are described rather completely (Gene Dmel\kni..., Gene Dmel\ci...), but the information
about their interaction with one another is rather reduced (Diaz-Benjumea, Garcia-Bellido, 1990). Thus, the
aim of this work is to evaluate the features of interaction between knirps and cubitus interruptus mutant loci
breaking wing venation in Drosophila melanogaster. To accomplish this goal the following tasks were
formulated: (1) to analyze radius incomletus and cubitus interruptus traits expressivity, depending on the
genotype, the sex of individuals, and analyzed wing (left or right), (2) to analyze the mutual influence of
mutations on correspondent phenotypes expressivities, (3) to establish if there any correlation between
changes in traits studied.

Materials and methods

We used three Drosophila melanogaster stocks: knirps (kni"), cubitus interruptus’ (ci’) and the double
mutant kni”; ci’ from the Collection of drosophila stocks of Genetics and Cytology Department of V.N.Karazin
Kharkiv National University that is among objects that constitute Ukraine National Heritage (fig. 1). Since the
stocks carrying the mutations may have modifiers which influence their phenotype, we have outcrossed them
to wild type (Canton-S) before study.
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Fig. 1. Phenotypic expression of mutations tested

Individuals of all stocks were reared in the standard corn-meal medium under the constant
temperature (t=23+1°C) and humidity conditions. During the first day after imagoes emerge they were
separated according to the sex and were holding separately on temporary food till the wing morphology
analysis (not longer than 3 days).

Traits expressivity was evaluated individually both in right and left wings as the ratio of the length of
the missing portion of the correspondent vein to the projection of its full length. We analyzed 40 individuals of
each sex. Measurements were carried out in digital photographs of imagoes wings, made by means of
stereoscopic microscope (Delta Optical NTX-3C), digital camera (Sigeta UCMOS 3100 3.1MP) and Image
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analysis® software. Image processing was performed using the ImageJ® software. The result was performed
as a fraction. Statistica 6.0° was used for statistics analysis (ANOVA, Pearson correlation).

Results and their discussion

The index of radius incompletus trait expressivity (fig. 2) in kni" stock for females varies as 0,38+0,01
both on the left and the right wings. Males of the same stock are characterized by higher values of the index
supported by low level (but statistically insignificant; t=1,4; P>0,05) of bilateral asymmetry: 0,46+0,01 — in the
left wing and 0,44+0,01 — in the right one. The asymmetry of manifestation of this trait was tested because
previously it has been shown by us in radius incompletus males (Philiponenko et al., 2008). In this study, it
was found that the proportion of males with the most profound manifestation of radius incompletus trait is
significantly higher than the proportion of females of the same class.

The presence of cubitus interruptus mutation in the genotype of radius incompletus individuals only
slightly reduces the radius incompletus trait expressivity (fig. 2). At the background of general decline in
expressivity there is a slight change in the asymmetric expression of the mutation in females (0,36+0,02 —
left wing and 0,35+0,02 — right wing) probably resulted from the variability level increase in general that can
be indirectly indicated by an increase of the standard error of the mean (as it relates to the indication of the
variance). The differences between the expressivity of the trait in males on different sides of the body, on the
contrary, is not changed: 0,45+0,02 — left wing and 0,43+0,01 — the right wing.

ANOVA confirmed the dependence of the radius incompletus trait expressivity on the sex of the
individual (F=49,23; P<0,001) that may indicate the modifying effect of sex chromosomes genes in the
genetic control system of the radial wing veins formation.
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Fig. 2. radius incompletus trait expressivity depending on the genotype, sex and wing analyzed
(n=40)

The system of knirps gene expression is the example of classical polygenic systems. It contains the
main effect gene (knirps) and a large number of modifier genes (polygenes), each of which makes rather
small contribution to the expressivity of the trait. The size variation of two (proximal and distal) vein
fragments depends on the action of modifier genes (Vasilyeva, Ratner, 2000). More than 50% of Drosophila
genome is represented by the genes with the function of quantitative traits modifiers (Vasilyeva, 2004).
Individuals, which we refer to a particular class, probably, have a different combination of modifier genes
alleles.

The variability of cubitus interruptus trait expressivity depending on the same factors (genotype, sex
and side of the body) is characterized by several different parameters (fig. 3). The presence of kni” mutation
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significantly alters the degree of manifestation of ci’: trait expressivity decreases in both sexes on both
wings.

In females cubitus interruptus expressivity in the left wing is changed from 0,43+0,03 to 0,27+0,03
(t=3,8; P<0,01), and in the right one — from 0,41+0 04 to 0,27+0,03 (t=2,8; P<0,01). Existed originally slight
asymmetry is absent in the double mutants. In males, there are less pronounced changes: in the left wing
the expressivity changes from 0,48+0,02 to 0,41+0,04, and in the right one — from 0,50+0,02 to 0,39+0,03.
But it should be noted that in males the asymmetry of changings is more pronounced.
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Fig. 3. cubitus interruptus trait expressivity depending on the genotype, sex and wing analyzed
(n=40)

ANOVA has proved the dependence of cubitus interruptus trait expressivity on the genotype (i.e., the
presence of additional mutation affecting the veins pattern formation) — F=33,18; P<0,001 — and on the sex
of individuals — F=22,93; P<0,001. There is also the correlation between the these two traits expressivity
changings: for females on the right wing r=-0,32; P<0,05, and for males on the same wing r=0,32; P<0,05).
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Fig. 4. Wing veins pattern changings in double mutants kni";ci’

It should be also said that besides changes directly in the cubital vein (the gap reduction) the presence
of kni" mutation in the genotype of ¢’ mutants causes an increase in the frequency of individuals with
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complex venation anomalies (absence or fragmentation of other veins, abnormal cells, etc.) (fig. 4), which
partly confirms the hypothesis about the importance of kni" expression product for the regulation of ci’
functioning.

It is known that in Drosophila ci locus is necessary for normal development. This gene is expressed in
all cells of anterior compartments, in embryos and in imaginal discs (Schwartz et al., 1995). And it is the
regulatory one for the two genes controlling segmentation — Hedgehog and decapentaplegic. Thus, the
results of this study fulfill this picture with the evidence of cubitus interruptus and radius incompletus genetic
systems interaction.

Conclusions

It was found that all three D. melanogaster stocks examined (kni", ci’ and kni"; ci') are characterized
by persistent intersexual differences in correspondent mutations expressivities. And the traits expressivities
in males are higher than in females. None of the genotypes studied revealed any bilateral asymmetry in the
expressivity of corresponding mutant traits. It is shown that the presence of ¢/’ mutation in the genotype does
not affect radius incompletus trait expressivity. But it was found that the presence of kni” mutation changes
cubitus interruptus trait expressivity: the magnitude of the gap between the fragments veins decreases, but
the frequency of individuals with complex venation anomalies (absence or fragmentation of other veins,
abnormal cells) arises also.
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