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Powxa H.M. «5S pubocomna JIHK Tta remn CO1-COZ sx monekymnspHi
MapKepH B OLIHII TEHETUYHOTO PI3HOMAHITTS KoMax». — KBaniikamiiiHa HayKkoBa
npais Ha MpaBax pyKOTMHCY.

Hucepranis Ha 3700yTTS HAyKOBOTO CTymHeHs Joktopa dutocodii 3a
cneianbHIicTIO 091 — Bionoris. — UepHiBelbKUil HAIIIOHAILHUN YHIBEPCUTET IMEH1
Opisa ®enpkoBruua MOH VYkpainu, Yepnisii, 2023 pik.

HNucepraniiina po0oTa TPHUCBSIYCHA aHaAI3y MOJEKYJSPHOI Oprasizaiiii,
esommonii ta Bukopuctanuga 5S p/IHK Ta renis COI/-CO2 B gKocTi MapKEpHHX
JUISHOK B OLIHII T€HETUYHOTO PI3HOMAHITTS MPEACTaBHUKIB PI3HUX TPyH KOMax
(Insecta).

Y Bcmyni oO0rpyHTOBaHO BUOIp TeMHU Ta ii aKTyaJbHICTb, 3(hOopMyIIOBaHHI
METa Ta 3aBJaHHS JIOCIIUKCHHS, HaBeJIeH] JaHi PO ONPIIIIOIHEHHS PEe3yIbTaTiB y
HAyKOBHX TIpalsgX Ta ampoOaifito jgucepraiii Ha HaykoBUX ¢opyMax.
OxapakTepu3oBaHl HaykOBa HOBH3HAa Ta IMpakTUYHA IIHHICTh OTPUMaHUX
pe3yabTaTiB. 3aBepHIyeEThCS BCTYIN 1HGOpPMAIED TMPO CTPYKTYpy Ta oOcar
JUCepTaIlii.

Ilepwuti  po3odin  sBAsie COOOK CTUCIUK OIS JIiTepaTypH, Yy SKid
BHCBITJIIOIOTHLCS ICHYIOU1 MPOOJIEMHU Ta HEBUPIIICH] TUTAaHHS B CUCTEMATHII KOMaXx.
Takox, y pO3aUIl OXapakTEPU30BAaHO IIMPOKO PO3IMOBCIOHKEHI MapKepHi
MOCIIITOBHOCTI, $KI 3aCTOCOBYIOTBCS B CYYaCHUX MOJEKYJISPHO-TEHETHYHUX
JTOCTIHKeHHSIX JI71s1 omiHKU OlopizHoMaHiTTs (JJHK-0apkoaunry) He nuiie komax, a
¥ 3aranmom eykapiot. Ogaum 13 HarlinpopmaTuBHimux JIHK-MapkepiB 1ist komax Ha
CHOTOJIHINIHIA JIeHb BBAXXAIOTHCSA ToJiIMOp(hHI Jokycu MiToxoHapiansHOi JIHK,
OJIHAK BUKOPUCTAHHS JIMIIIE JUISHOK MITOTEHOMY MAa€ CBOi MEBHI OOMEKEHHS Ta
HEJIOJIKK. 3Ba)karouu Ha 1e Kpim nociigoBHocted MTJIHK HeoOXinHo 3amydaTtu i
MapKepH1 T€HU SASPHOTrO I'eHOMY, JI0 SKHUX HajiexaTh reHu pubocomuux PHK, a
came 5S p/IHK. IIpote, miis xomax moteHmian ukopuctanus 5S pJIHK B sxocTi
MOJICKYJISIPHOTO MapKepy BCE I 3aJIUIIAE€ThCA HETOCTATHHO BUBYCHHUM. 3 OTJISILY

Ha 11, METOI0 JIUCEPTAlITHOTO AOCIIIKEHHS OyJi0 MpoaHai3yBaTh MIHJIUBICTh



MitoxoHapianbHuXx reHiB COI-CO2 Ta saepnHoi 5SS p/IHK y pizHux rpymax komax
Ta OLIHUTA MOJIMBOCTI BHMKOPHUCTAHHS UIUX JUISHOK T€HOMY B SKOCTI
MOJIEKYJIIPHUX MAapKepiB il OapKOJIMHTY Ta PEKOHCTPYKLII (PUIOreHeTHYHUX
BIIHOCHH Y JOCJIIJIP)KYBaHUX TaKCOHAX.

Jliis nocATHEHHS MeTH OYIJI0 TIOCTABICHO HACTYIIHI 3aBJIaHHS:

1. AmrunipikyBaTH, KJIOHYBAaTH Ta CHKBEHYBATH IOCIIJIOBHOCTI TE€HIB
COI-CO2 ta 5S p/IHK mpencTaBHUKIB pI3HUX TAKCOHOMIYHUX IPYyN KOMax.

2. [MpoananizyBatu 0aHK HYKJICOTHUAHUX mocainoBHocTel (GenBank) Ha
HasSIBHICTh MPOCUKBeHOBaHUX AUITHOK COI-CO2 Tta 5S p/IHK nocnimkyBaHux Ta
OJIM3BbKOCTIOPITHEHUX BUIIB.

3. JlocmiauTy MOJIEKYJISIpHY OpraHi3allilo 0OpaHuX ISl aHATI3y JAUISTHOK
reHOMY Ta OLIHUTHU iX TOJIMOPGi3M

4. 3a 10TIOMOT 00 OTPUMAHKX JaHUX 3pOOUTH BUCHOBOK ITPO MOKIIUBICTh
BukopuctanHs nuisHok CO1-CO2 ta 5S p/IHK B o11iHII TeHETUYHOTO PI3HOMAHITTS
KOMax.

06’exm Oocniddcentss — TEHETUYHUN TOIIMOP(}I3M Ta €BOJIIOIIS T'€HOMIB
eyKapioT.

IIpeomem — 5S pubocomua JIHK Ta rern nuroxpom okcugazu COI ta CO2.

Memoou docniddicenns: y mpoleci MiAroTOBKY AUCEPTaIlii 0yI0 BUKOPHUCTAHO
cydacHi Ja0opaTopHI METOIM MJOCHIJDKEHHS, SKI 3rajilaHi 'y opyeomy po3oiii,
30Kkpema: BuaUIeHHS TeHomHOoi Ta twasmigHoi JIHK, xBanTudikamis JIHK,
nosiiMepasna nanirorosa peakiis (IIJIP), enextpodopeTnunuii anami3, CTBOPEHHS
PEKOMOIHAHTHUX KOHCTPYKTIB Ta KioHyBaHHs ¢parmentiB JIHK, cukBenyBanHs
JIHK. Takox Oynu BukopucTaHi 0ioiH(GOpMATHYHI METO/IH: aHaJli3 CUKBEHOBAaHUX
nociigoBHocTelt JIHK, ckpuHIiHr reHOMHMX 0a3 JAaHUX, aHaji3 MOBHOI'CHOMHHUX
apxiBiB, BupiBHIOBaHHA TochigoBHocTer JIHK Ta moOymoBa dinoreHeTHaHUX
JCHIPOTPAM.

HaykoBy HOBHM3HY HOHMCEpTaliiHOTO AOCIHIJPKEHHS Ha OCHOBI OTPUMAaHUX

pe3ynbTaTIB (mpemiti po30in) PO3KPUBAIOTh HACTYITHI TTOJOKECHHS :



1. Brnepuie kioHoBaHO Ta cukBeHOBaHO TeHHM COI-COZ2 Ta MOBTOPIOBaHI
ainsaku 5S pIHK s pisaux migBuaiB MegonocHoi Omxomu Apis mellifera,
METEIMKIB-IUKIIHUKIB poauHu Drepanidae Ta IUIOAOBUX MYIIOK pPOJIUHU
Tephritidae.

2. Brnepmie omucaHo XpoMocoMHY Jokanizamito kinactepiB 5SS p/IlHK y
MEJIOHOCHUX OJIXK1J, METEJHMKIB Ta IUJIOJOBUX MYIIOK, BHUSBICHO HOBUN THII
nucneproBanoi oprasizauii 5S p/IHK y renomax MeTenukis.

3. JletTaspbHO oOmHMCaHO Ta MPOAHATI30BAaHO MOJEKYJSIPHY OpraHizailiio,
nosiimopizm ta xapakrep minuBocTi 5SS p/IHK y nocnimkyBaHux BUIIB.

4. BcTaHOBIIEHO CYTTEBI BIAMIHHOCTI B MOJIEKYJISIpHIM oprasizauii Ta
mBuakocTi eporolii 5S p/IHK y pisHux rpynax komax.

5. TlpoBeaeHO TOPIBHSUIBHY OIIIHKY MOXKJIMBOCTEH 3aCTOCYBAaHHS PI3HHUX
mosekynsipaux mapkepiB, 5S pIHK ta renu COI-CO2 nns GapKOIUHTY Ta
PEKOHCTPYKIIiT (hUTOTeHE3y KOMaX.

Otpumani pe3ynbTaTH MOXKYTb OYTH BHUKOPHUCTAaHI [JII MOJEKYJISIPHOI
nacrioptu3aiii (0apkoauHry) Ta imeHTHdikaiii KoMax, 30KpemMa MiABUIIB/TIOPia
MEJIOHOCHOT OJIPKOJIM Ta KOMaX-MIKITHUKIB. YacTUHY OTpUMaHUX Pe3yJbTaTiB OyIIo
BIIPOBaKEHO y cenekiiiny pob6oty 'O «Chinka mnaciuHukiB YkKpaiHu» Ta
«Acorriallis BUpOOHUKIB MPOAYKTIB OKITBHUIITBA «BYKOBHHCHKUI OJKOISIPYHY.
Temarnka puceprarniiiHoi pPoOOTH TOBHICTIO BIAINOBiIa€ HAYKOBIH TeMaTHIIl
Kadeapu MOJIEKYIISIPHOI TeHETUKH Ta 610TeXHOJO0T1i YepHIBEIHKOTO HAI[IOHATEHOTO
VHIBEpCUTETY B pamkax KadeapanbHoi Ttemu: «CTpYKTYpHO-(DYHKITIOHATIBHA
oprasizaiisi TeHOMY Ta MeXaHi3Mu ajantaiii y eykapior» (2021-2025; romep
nepkaBHoi peectparii 0121U111109) ta nepxOromkeTHOl TeMu «[ eHeTHUHMI
noyiiMopdi3M, pO3MOBCIOKEHICTh Ta afanTalliifHl 3[aTHOCTI YKpaiHCHKUX TOPIA
MeaoHocHOT O xomu» (2020-2022; Homep aepxkaHOi peectparii 0120U102119).

Huceprariitny po6oty BukiameHo Ha 158 cTopiHKax MaNIMHOMHUCHOTO
TeKcTy. Jluceprailis CKiIafnaeThes 31 BCTYIY, OTJIAly HayKOBOI JIITEPATypH, OMUCY
BUKOPHUCTAaHUX MaTepiaiaiB Ta METOJIB JOCTIIKEHb, OTPUMAaHUX PE3yJIbTATIB Ta iX

00rOBOPEHHSI, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIXKEPEN JITEpaTypu Ta TOJATKIB.



Po6ora mictuth 11 Tabnune, 26 pucyHkiB Ta noaarok. bidmiorpadiuauii cnucok

ckiagaetbes 3 188 mitepaTypHux mKepen.

KurouoBi cjoBa: MosekyssipHa €BOJIOLIS, TEHETUYHUN MoaIMOpdi3Mm,
mouekysipai Mapkepu, JJHK-0apkoaunr, ¢piiorenetuka, reHy, HIUTOXPOM OKCH1a3a
COI-CO2, mixrennuii cnevicep 5S p/IHK, Oioindpopmatuunuii anamiz, ITJIP,

CUKBEHYBaHHsI, 010p13HOMAaHITTS, eykapioTu, 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



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-CO2 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
COI-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 CO! 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):



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.



Keywords: molecular evolution, genetic polymorphism, molecular markers,
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