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Powxa HM. «5S pubocomna JIHK ta remn CO1-CO2 sk ModexymspHi
MapKepu B OLIHIII TEeHETUYHOTO PI3HOMaHITTS Komax». — KBamidikamiiiHa HayKoBa
mparis Ha IpaBax pyKOIMHCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTyIeHs JokTtopa ¢dimocodii 3a
cnemianpHicTIO 091 — biosorisa. — YepHiBelbKU HalllOHAJIBHUI YHIBEPCUTET 1MEHI
FOpis ®enpkoBnua MOH VYkpainu, YUepnisi, 2023 pik.

Huceprariiiina poboTa NpUCBSUEHA aHaANI3y MOJEKYISIpPHOiI OpraHizaiii,
eBomtomii Ta BukopuctanHs 5S p/IHK ta reniB COI-CO2 B SKOCTI MapKEpHHUX
JUISTHOK B OLIHII T€HETUYHOrO PI3HOMAHITTS MPEACTABHUKIB PI3HUX TPy KOMax
(Insecta).

Y Bcmyni o6rpyHTOBaHO BUOIp TEMH Ta ii aKTyalIbHICTh, 3()OpPMYJIIOBaHHI METa
Ta 3aBJaHHS JOCIIJDKEHHS, HaBEJEHI JaHl MpO ONPHWIIOJHEHHS pe3yNbTaTiB Y
HAyKOBUX Tpalsgx Ta amnpobario jamcepramnii Ha HAyKOBUX  (opymax.
OxapakTepu3oBaHl HayKOBa HOBM3HAa Ta [MpakTUYHA IIHHICTh OTPUMAHHUX
pe3ynbTariB. 3aBEpUIYEThCA BCTyH I1HQOpMALIEld TMPO CTPYKTypy Ta o0OCsT
JycepTatii.

llepwuii  po3din sABIA€ COOOK CTUCIAMM OrJsA JITEpaTypH, Yy AKIA
BUCBITJIIOIOTHCS ICHYIOY1 TTPOOJIEMHU Ta HEBUPIIIEHI MUTAHHS B CUCTEMATHIIl KOMax.
Takox, y pO3IUIl OXapaKTEepU30BAaHO IIMPOKO PO3MOBCIOKEHI  MapKepHIi
MOCJIIJIOBHOCTI, SIKI 3aCTOCOBYIOTBCS B CYYaCHHX MOJIEKYJISIPHO-T€HETUYHUX
TOCIIJKEHHSX 11 oliHKu OlopizHOMaHITTs (JJHK-6apkonuury) He nuie komax, a i
3arajgoMm eykapioT. OnuuM 13 HaliHpopmatuBHimmx JIHK-mapkepiB nis komax Ha
CHOTOAHIIIHIM JI€Hb BBAXKAIOThCA NOJIMOPQHI JOKycH MitoxoHapianbHoi JIHK,
OJIHAaK BUKOPHCTAHHS JIMIIE AUISHOK MITOT€HOMY Ma€ CBOi MEBHI OOMEXKEHHS Ta
HEJOJMIKU. 3BaKarouu Ha 1ie KpiMm nociigoBHocTe MTIHK HeoOxigHO 3amydatu i
MapKepHi Te€HH SACPHOTO TEHOMY, J0 SIKUX Hanexarh renu pubocomuux PHK, a came
5S p/IHK. Ilpore, mms komax mnorteHmian BukopuctanHs 5S pJHK B skocri
MOJIEKYJISIPHOTO MapKepy Bce I 3aUIIAEThCS HEJOCTaTHRO BUBYCHUM. 3 OTJISAY Ha
e, METOI0 JAMCEpTAIlitHOro JOCHKeHHs Oyl0 MpoaHali3yBaTU MIHJIUBICTh

MitoxoHApianbHUX TeHiB COI-CO?2 ta sinepHoi 5S p/IHK y pizHux rpynax komax Ta
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OLIIHUTH MOXJIMBOCTI BUKOPUCTAHHS IUX AUISTHOK T€HOMY B SIKOCTI MOJEKYJSPHHUX
MapkepiB s OapKOJUHTY Ta PEKOHCTPYKILIl (IIOTeHEeTUYHUX BIIHOCHH Y
JOCITIJIKYBAaHUX TaAKCOHAX.

Jlnia nocarHeHHs: MeTH OyJI0 MOCTABJIEHO HACTYIHI 3aBIAHHS:

1. AmutipikyBaTH, KIOHYBAaTH Ta CUKBEHYBATH MOCIITOBHOCTI reHiB COI-
CO2 ta 5S p/IHK npeactaBHHKIB pi3HUX TAKCOHOMIYHUX TPy KOMaXx.

2. [TpoanamizyBatn OaHK HYKJICOTHIHHUX mociigoBHocTel (GenBank) na
HasBHICTh MPOCUKBeHOBaHMX AUIIHOK COI-CO2 Tta 5S p/IHK nocmimkyBaHux Ta
OJIM3BKOCTIOPITHEHUX BUJIIB.

3. JlocniauT MOJIEKYJISIpHY OpraHizaiito oOpaHuX IS aHali3y AUISTHOK
reHOMY Ta OLIHUTH iX MoIiMophizm

4, 3a A0MOMOTroI0 OTPUMAHUX AAHUX 3POOMTH BHCHOBOK IPO MOXJIHUBICTH
Bukopuctanusa AustHOK CO1-CO2 ta 5S p/IHK B oliiHIll TeHETUYHOTO PI3HOMAHITTS
KOMax.

06’exkm OocniodxcenHs — TEHETUYHHA MONIMOP(]I3M Ta €BOMIOLIS T€HOMIB
eyKapior.

IIpeomem — 5S pudocomua JIHK Ta renu nuroxpom okcunazu COI ta CO2.

Memoou docniosxcenus: y mpoleci MiAroOTOBKU AUcepTallli 0ys0 BUKOPUCTAHO
CydacHi JabopaTopHi METOJIU OCHIIKEHHS, SIK1 3rajiaHl y opy2omy po30ini, 30Kpema:
BuaUIeHHsT TeHoMHO1 Ta mmnasmignoi JIHK, xBantudikamis JAHK, mnomimepasna
nanioroa  peakmiss  (IIJIP),  enexrtpodoperwynuit  aHami3,  CTBOPEHHS
PEKOMOIHAHTHUX KOHCTPYKTIB Ta KioHyBaHHs (pparmentiB /IHK, cuxBeHyBaHHA
JHK. Taxox Oymu BukopucTtaHi 0i0iH(GOpPMATHYHI METOJU: aHAJll3 CUKBEHOBAHUX
nociigoBHoctert JIHK, ckpuHiHT reHoMHMX 0a3 JaHUX, aHaI3 MMOBHOTCHOMHHX
apxiBiB, BHpiBHIOBaHHsS mochigoBHocte J[HK Ta mnoOynoBa ¢inoreHeTHUHUX
JECHAPOTPaM.

HaykoBy HOBH3HY aMCEpTaIliiHOIO JOCIHIPKEHHS Ha OCHOBI OTpHUMaHUX

pe3yabTatiB (mpemiii po30in) pO3KPUBAIOTh HACTYITHI TTOJIOKEHHSI:
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1. Bnepme kioHOBaHO Ta cukBeHOBaHO Tenun COI-CO2 Ta MOBTOPIOBaHI
nistakn 5SS p/IHK ot pisHMX miaBuaiB MemoHocHOl Omxomm Apis mellifera,
METEeJMKIB-IIKITHUKIB poauHu Drepanidae Ta mimogoBux mymok poaunu Tephritidae.

2. Bmepmie omucaHo XpoMocoMHYy Jokamizamito kmactepiB 5SS p/IHK y
MEJOHOCHUX OJIKIJ, METEJNUKIB Ta IUIOJOBUX MYIIOK, BHUSBICHO HOBHUH THI
nucneprosanoi opranizamii 5S p/IHK y renomax merenukis.

3. JletanpHO OMNHMCAaHO Ta MPOAHANI30BAHO MOJEKYJISPHY OpraHizaliio,
nomimMopdizm Ta xapakrep MinauBocTi 5S p/IHK y nocnimkyBanux BUiB.

4. BcTaHOBIEHO CYTT€BI BIAMIHHOCTI B MOJEKYJSpHIN opraHizamii Ta
mBuaKocTi eBonmonii 5SS p/IHK y pi3Hux rpynax komax.

5. IlpoBeneHO MOPIBHSUIBHY OIIIHKY MOKJIMBOCTEH 3aCTOCYBAaHHS pI3HHUX
MousiekysisipHux MapkepiB, 5SS pAHK ta remn COI-CO2 pns OapKOOUHTY Ta
PEKOHCTPYKIIIi (pioreHe3y Komax.

Otpumani pe3ynbTaTH MOXYTh OYyTH BHKOPHCTAaHI ISl MOJIEKYJSIPHOI
nacnoptusanii (OapkoAMHTY) Ta 1AeHTH(IKalil Komax, 30KpeMa MiJBUIIB/IOpPIA
MEJIOHOCHO1 OJIKOJIM Ta KOMaX-IIKIIHUKIB. YacTHHY OTpUMaHUX pe3yibTaTiB Oyso
BIPOBA/PKEHO Yy cenekiiiiny pobory 'O «Cminka mnaciyHUKIB YKpaiHu» Ta
«Acoriaiisi BUPOOHHUKIB MPOIYKTIB OMKUIbHUITBA «BYKOBHUHCHKUN OIKOIIAP».
TemaTuka aucepraniiiHoi poOOTH MOBHICTIO BIJINOBIJIa€ HAYKOBIM TeMaTHULl Kadeapu
MOJIEKYJISIpHOT TE€HETHMKHM Ta OloTexHoJsiorii UYepHIBEIBKOrO0  HalllOHAJIBHOTO
YHIBEpCUTETY B paMmkax KadeapanbHoi Temu: «CTpyKTypHO-(YHKIIIOHATBHA
Oprasizaifisi TeHOMy Ta MeXaHi3Mu ajanTamii y eykapio™» (2021-2025; nHomep
nepkaBuoi peecrpamii 0121U111109) Tta naepxOromkerHol Temu «I'eHeTHUHHIA
noiMopdi3M, PO3MOBCIOKEHICTh Ta aJaNTalliiHl 37aTHOCTI YKPAiHCHKUX TMOPiJ
MenoHocHOI 0 kory» (2020-2022; Homep aepkaBHoI peectpamii 0120U102119).

HuceprariitHy po6oTty BuKIageHo Ha 158 cTopiHKax MalIuHOMHCHOTO TEKCTY.
Juceprariisi CKJIamaeThCs 31 BCTYMy, OISy HAYKOBOI JIiTEpaTypH, OIHCY
BUKOPUCTAHUX MaTepiaiiB Ta METOAIB JOCIHIJKEHb, OTPUMAHUX PE3YJIbTATIB Ta iX

O0OTOBOpEHHS, BUCHOBKIB, CIIMCKY BHKOPHUCTAHHUX JDKEpEN JITepaTypu Ta JOJATKIB.
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Po6orta mictute 11 Tabauup, 26 pucyHkiB Ta gonatok. biGmiorpadiunuii crnucok

ckianaerbes 3 188 mitepaTtypHux mkepen.

Kaw4oBi ciaoBa: MojekyasipHa €BOJIIOIS, TEHETHYHHH MoIiMopdisMm,
monekyisipHi mapkepu, JJHK-6apkomunr, ¢inorenerrnka, reHH, ATOXPOM OKCHIIa3a
COI-CO2, wmixrennuii cneiicep 5S pAHK, O6ioindpopmarnunuit awnamiz, IJIP,

CHUKBEHYBaHHS, O10p13HOMaHITTSI, eykapioTH, Insecta

ABSTRACT

Roshka N.M. «5S ribosomal DNA and CO1-CO2 genes as molecular markers
in the evaluation of insects genetic diversity». Manuscript.

Thesis for the degree of Doctor of Philosophy (PhD) in speciality 091 —
Biology. — Yuriy Fedkovych Chernivtsi National University, Chernivtsi, 2023.

The dissertation is focused on the analysis of the molecular organization,
evolution and use of 5S rDNA and CO1-CO2 genes as marker loci in the evaluation
of the genetic diversity of representatives of different groups of insects (Insecta).

The Introduction justifies the choice of topic and its relevance, formulates the
aim and tasks of the research, provides information on the publication of results in
scientific papers and on the approval of the dissertation at scientific forums. The
scientific novelty and practical value of the obtained results are characterized. The
introduction ends with information about the structure and scope of the dissertation.

The first section is a brief review of the literature highlighting existing
problems and unresolved issues in insect taxonomy. The section also describes
popular marker sequences used in modern molecular genetic studies to assess
biodiversity (DNA barcoding) not only of insects but also of eukaryotes in general.
Polymorphic loci of mitochondrial DNA are now considered one of the most
informative DNA markers for insects. However, the use of only mitogenome regions
has its limitations and disadvantages. Considering this, in addition to mtDNA
sequences, it is necessary to use marker genes of the nuclear genome, which include

ribosomal RNA genes, namely 5S rDNA. However, for insects, the potential of using
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5S rDNA as a molecular marker still remains insufficiently studied. In view of this,
the aim of the dissertation research was to analyze the variability of mitochondrial
CO1-C02 genes and nuclear 5S rDNA in different groups of insects and to evaluate
the possibilities of using these genomic regions as molecular markers for barcoding
and reconstruction of phylogenetic relationships in the taxa studied.

To achieve the goal, the following tasks were set:

1. To amplify, clone and sequence the CO1-CO2 genes and 5S rDNA of
representatives of different taxonomic groups of insects.

2. To search the nucleotide sequences database (GenBank) for the presence of
COI1-CO2 and 5S rDNA sequences of the studied and closely related species.

3. To study the molecular organization of the genomic regions selected for
analysis, and to evaluate their polymorphism.

4. Based on the data obtained, draw a conclusion about the possibility of using
CO1-CO2 and 5S rDNA regions in the assessment of the genetic diversity of insects.

The object of research is genetic polymorphism and evolution of eukaryotic
genomes.

The subject is 5S ribosomal DNA and genes of cytochrome oxidase COI and
CO?2.

Research methods: in the process of preparing the dissertation, modern
laboratory research methods were used, which are mentioned in the second chapter,
in particular: isolation of genomic and plasmid DNA, DNA quantification,
polymerase chain reaction (PCR), electrophoretic analysis, creation of recombinant
constructs and cloning of DNA fragments, DNA sequencing. Bioinformatics methods
were also used: analysis of DNA sequences, screening of genomic databases, analysis
of whole genome archives, alignment of DNA sequences and construction of
phylogenetic dendrograms.

The following statements reveal the scientific novelty of dissertation research

based on the results obtained (third section):
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1. For the first time, CO1-CO2 genes and 5S rDNA repeated regions were
cloned and sequenced for different subspecies of the honey bee Apis mellifera, pest
butterflies of the Drepanidae family, and fruit flies of the Tephritidae family.

2. The chromosomal localization of 5S rDNA clusters in honeybees, butterflies
and fruit flies was described for the first time, and a new type of dispersed
organization of 5S rDNA in butterfly genomes was discovered.

3. The molecular organization, polymorphism, and nature of variability of 5S
rDNA in the studied species are described and analyzed in detail.

4. Significant differences in the molecular organization and rate of evolution of
5S rDNA in different groups of insects were revealed.

5. A comparative assessment of the possibilities of using various molecular
markers, i.e., 5S rDNA and CO1-CO2 genes for barcoding and insect phylogeny
reconstruction was carried out.

The obtained results can be used for molecular genotyping (barcoding) and
identification of insects, in particular subspecies/breeds of honey bees and insect
pests. The obtained results were partially implemented in the breeding process of the
NGO «Beekeepers' Union of Ukraine» and «Association of beekeeping products
producers «Bukovynsky beekeeper»». The topic of the dissertation fully corresponds
to the research area of the Department of Molecular Genetics and Biotechnology of
Chernivtsi National University within the framework of the project: «Structural-
functional organization of the genome and mechanisms of adaptation in eukaryotes»
(2021-2025; state registration number 0121U111109) and the state budget grant
«Genetic polymorphism, distribution and adaptive abilities of Ukrainian honey bee
breeds» (2020-2022; state registration number 0120U102119).

The thesis is presented on 158 pages of typewritten text. It consists of the
introduction, the literature review, the description of research materials and methods,
the results of own research and their discussion, the conclusions, the list of
references. The work contains 11 tables and 26 figures. The references consist of 188

literature sources.
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Keywords: molecular evolution, genetic polymorphism, molecular markers,
DNA-barcoding, phylogenetics, genes, cytochrome oxidase CO1-CO2,5S rDNA
intergenic spacer, bioinformatics analysis, PCR, sequencing, biodiversity, eukaryotes,

Insecta.
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