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1. Inceprarnifina po60Ta IPUCBIYEHA BUBYEHHIO BILJIMBY IIPOLIECIB aJIONOJIIIOIAI Ha PI3BHOMAHITTS reHiB pOAUHU
TyOyJliHy y MOZIeJIbHOI poJuHM XPEeCTOLBITUX, 30KpeMa Ha IPUKIIAJli IpeJCcTaBHUKIB poiB Arabidopsis, Brassica Ta
Camelina. I[Tonnpu PpyHIaMeHTaNbHY POJIb TYOYJIiHIB SIK CKJIal0BOI MiIKpOTPYOOUOK, FeH! 11X Oi/IKiB 3a/IMIIAI0ThCS
MaJIOBUBYEHUMY, a QYHKIIii OKpEMUX i30THUIIIB HEBiZOMUMU. HeocTaTHE pO3yMiHHS €BOJIIOLIITHOTO [10XOIPKEHHS
reHiB TyOyJliHy Ta iX OPTOJIOTrii Y KBiITKOBUX POCJIMH 3HAYHOIO MipOIO YCKJIAHIOE €KCTPATIOJISILI0 PE3YbTaTiB
LIUTOCKEJIETHUX [IOCJII>KeHb Ta YHEMOJKJIMBIIIOE ITOPIBHSHHSA Cleliani3oBaHuX QYHKIIN MiKPOTPYOO4OK y pi3HHX
BUJIiB. BomHOYac, IONpy 3Ha4HUI IIPOTPEC Y PO3YMiHHI TEHOMHOI €BOJIIOLI PI3HUX POJIVH I€HiB POCJIMH Ta
HasIBHICTb 3HAYHOT'O OOCSTY 3arajlbHOAOCTYITHMX T€HOMHUX JAHUX, TyOYyJIiHM 3a/IMMIAI0ThCSI HEOCTAaTHbO
BMBYEHVMH y KBiTKOBUX POCJIMH. B X0li BUKOHAHHS NOCJIIKE€HHS 11711 IOBHOT€HOMHOTO TIOLIYKY Ta I€TaJbHOTO

IIOPiBHSIJIbHO-T€HOMHOTO €BOJIIOLIIMHOIO aHaji3y POJIMHU IeHiB TyOysiHy Oys10 ITpoaHasli3oBaHO reHoMHU B. oleracea,



B. nigra, B. napus, B. carinata, B. juncea, C. sativa, C. laxa, C. neglecta, C. hispida ssp. grandiflora ta ssp. hispida, a
TaKoX MoJesbHUX BUiB A. thaliana ta A. lyrata. Bysio BUKOpUCTaHO HU3KY F€HOMIB iHIINX BUJIIB /1711 BUBYEHHS
IIPUYMH BUHMKHEHHS HasIBHOTO i30TUIIOBOTO Pi3HOMAHITTS reHiB TyOyJsliHy y cyyacHUX XpecTouBiTux. Takox
BMBYEHO BHYTPILIHbOBUIOBY BapiabeJbHICTh JOBXMHU iHTPOHIB Ha IPUKJIa/li TEHOMIB Pi3HUX NiAgBUAiB B. rapa.
[TokazaHo, 1110 aJI0NOiNIoigM3allis I0-Pi3HOMY BILJIMBA€ HA KOHCEPBALlilo reHiB TyOyJliHy y Pi3HUX pOJiB
XpecTouBiTux. 3arajbHUN BIUIMB IOBHOT€HOMHMUX AYIUTiKaLii Ta MOAiN aloNoJIiNIoigu3alii Ha KiJIbKiCTb TeHiB
TyOyJliHy € HEpiBHOMIPHUM [1J1s Pi3HUX MiTPOAMH KX 6ijKiB. TakuM 4MHOM 0yJI0 I0KA3aHO, 110 eJliMiHallig
rOMEOJIOTiYHUX KOTIili TeHiB y C. sativa e 6ibIl 3HaYyII0I0, HDK Y aJI0MOJIIIOIfHMX IPeCTaBHYUKIB Brassica.
3okpema, y anorekcansuoifgHoro suay C. sativa 6inbiicTs reHiB Ty6ysIiHy 30€periuch y BUTJsii IOBHUX
rOMEOJIOTIYHUX TPUILIETIB, TOJI 5K y aJIOTETPAIIOIIHNX IIPEICTaBHYKIB Brassica y HaIMipHO IyIIiIKOBaHOMY CTaHi
30eperiuch JIMIIEe FTeHd OKPEMUX i30TuUIIIB (O-TyOyIIiH 2, 4 Ta 9). Ciig TakoX 3a3HAYUTH, 11O Y pPi3HUX BUAiB Brassica
IepeBa)kHa OibLIICTh i30TUIIB O-TyOY1iHY (1, 6, 7, 8 Ta X) XapaKTepu3yIOTbCsl MAJIOIO KiJIbKIiCTIO KOIIill y FeHOMAX, y
TOH 4ac sIK 0-TyOyJliHu 2, 4 Ta 9 IpefCcTaB/IeHi BEJIMKOIO KiJIbKiCTIO OHO-, FOMEO- 4/ NapajoriyHux KoImii. [IpuyrHa
BiIMiHHOCTE y €BOJIIOLiMHIN KOHCepBallii reHiB 0-TyOyJIiHy pi3HUX i30TUIIIB, IMOBIpHO, MOXKE OyTU I1OB’s13aHa 3
(PYHKLIOHAJIBHUMU BiiMiHHOCTSIMU. [10T€HLIHO O-Ty0OYJIiHM MOXYTh YMOBHO NOJNSTUCh HA KOHCTUTYTUBHI Ta
cIieniasiizoBaHi, OfHi 3 IKMX IIEpeBa’kHO BiflirpaloTh pOJib CTPYKTYPHOI CKIIAZ0BOi MIKpPOTPY6OUOK, a IIPeLCTaBHUKU
Ipyroi rpynu MoxKyTb 6yTH HEOOXiJHi 1711 TOHKOTO MifJIalTyBaHHs QYHKLIN UTOCKEIETY, 1110 A0OPE Y3roIKyeThCs
3 iCHYI0UMMH Ha CbOTOJIHI TIOTE3aMU «MHOKMHHUX TYOYJIiHiB» Ta «TyOyJIIHOBOrO KOZY». 3anpONIOHOBAHMM TiIXi/]
iHTerpallii reHOMHMX JJaHUX IIPO OPTraHi3alilo reHiB 0-TyOyJIiHy 3 FeHOTUITYBaHHSIM MOXKe OYTU BUKOPUCTaHUII B
CEJIEKLITHUX IIPOrpamax, CIIpSIMOBaHUX Ha IMOKPAILEHHS OJIMHUX KYJbTYP, 10 BUKOPUCTOBYIOTHCS [JIsI
BMPOOHULITBA CUPOBYHY Yy BilHOBJIOBaHiN eHepreTulli. (Linb crasoro po3suTky 7. Yucra Ta BilHOBJIIOBAHA €HEPTis).
TakuM YMHOM, OTPMMAaHI Pe3yJbTaTh EMOHCTPYIOTS, IO HE 3BaKAl04M HA BUCOKY KOHCEPBATUBHICTb OCHOBHUX
dyHKLi TyOyIiHIB, Y X0[Ii eBoJIOLii KBITKOBUX POCJIMH, a came XpecTOoLBiTHX, Habip ix i30TUIIOBUX BapiaHTIB
Oe3repepBHO 3MIHIOETHCS Uepe3 CKIIAJHE NIepeIyIeTeHHs ITPOLIeCiB 30iIbIIE€HHS KiJIbKOCTI IUX T'eHiB Ta peryKIii
OKpeMUX ix BapiaHTiB. OTpYMaHi Pe3yJIbTaTH TaKOK CTABJIATH IiJl CyMHIB, KO0 MipOIO JOCJIIKEHHS LUTOCKEIIETa,
IIPOBEJEHI HA MOJIEJIbHUX BUJIAX, MOKHA €KCTPAIIOJIIOBATH Ha iHIII POCJIMHY, BPaXOBYIOUM CKJIA[HY KAPTUHY
€BOJIIOLi] TyOyJIiHIB Ta, y [eSIKUX BUIaNKax, BUCOKY BUIocnelndiuHicTh Habopy ix reHiB. OHOBIEHUH NOIJIS Ha
€BOJIIOLiI0 TA PI3HOMAHITTS TyOYJIiHIB y XpeCTOUBITUX JEMOHCTPYE, SK Lisl POAMHA BUCOKOKOHCEPBAaTUBHUX IrEHIB
0i7IKiB IUTOCKEJIETY MOXKE OyTM BUKOPUCTAHA i SIK MOZeJIb [1J11 BUBYEHHS NIPoLeciB cy0QyHKIiOHai3alii TeHiB y
CKJIa[IHUX TMOJIIJIOIAHMX BUIB, i SIK IpKepesio BUCOKOePEeKTUBHUX MOJIEKYJIIPHUX MapKepiB [JIs aHaJlizy MDX- Ta

BHYTPILIHbOBUIOBOTO Pi3HOMAHITTS He Jnlie XPEeCTOLBITHX, a ¥ KBITKOBUX POCJIVH Y LIIJIOMY.

2. The theses for the degree of Doctor of Philosophy are devoted to the study of the effects of allopolyploidy on the
diversity of genes of the tubulin family in the model family Brassicaceae, particularly using representatives of the
genera Arabidopsis, Brassica, and Camelina as model taxa. Despite the fundamental role of tubulins as components
of microtubules, the genes encoding these proteins remain insufficiently studied, while the functions of particular
isotypes remain unknown. The limited understanding of the evolutionary origin of tubulin genes and their
orthology in flowering plants substantially complicates the extrapolation of results of cytoskeletal studies and
makes it almost impossible to compare specialized microtubule functions among different species. At the same
time, despite considerable progress in understanding the genomic evolution of various plant gene families and the
availability of a large amount of publicly accessible genomic data, tubulins remain insufficiently investigated in
flowering plants. In present study, the genomes of B. oleracea, B. nigra, B. napus, B. carinata, B. juncea, C. sativa, C.
laxa, C. neglecta, C. hispida ssp. grandiflora and ssp. hispida, as well as the model species A. thaliana and A. lyrata,
were analyzed for genome-wide identification and detailed comparative genomic evolutionary analysis of the
tubulin gene family. A number of genomes of other species were also used to investigate the causes underlying the
existing isotypic diversity of tubulin genes in modern Brassicaceae. In addition, intraspecific variability in intron
length was studied using the genomes of different subspecies of B. rapa as a model. It was shown that
allopolyploidization affects the conservation of tubulin genes differently in different genera of Brassicaceae. The
overall effect of whole-genome duplications and allopolyploidization events on the number of tubulin genes is



uneven across different subfamilies of these proteins. Thus, it was demonstrated that the elimination of
homeologous gene copies in C. sativa is more pronounced than in allopolyploid representatives of Brassica. In
particular, in the allohexaploid species C. sativa, most tubulin genes were retained as complete homeologous
triplets, whereas in allotetraploid representatives of Brassica, only genes of individual isotypes were preserved in
an overduplicated state, namely o-tubulins 2, 4, and 9. It should also be noted that, in different Brassica species, the
majority of o-tubulin isotypes (1, 6, 7, 8, and X) are characterized by a low number of genomic copies, while o-tubulins
2,4, and 9 are represented by a large number of ohnologous, homeologous, or paralogous copies. The reason for
the differences in the evolutionary conservation of o-tubulin genes of different isotypes is likely to be associated
with functional variance. Potentially, o-tubulins may be conditionally divided into constitutive and specialized
forms, some of which mainly act as structural components of microtubules, whereas representatives of the second
group may be required for fine-tuning cytoskeletal functions. This is consistent with the currently existing
hypotheses of “multiple tubulins” and the “tubulin code”. This made it possible to define the range of target
amplification products and to increase the efficiency of accurate genotyping of turnip rape samples of hybrid
origin, including intersubspecific hybrids. The proposed approach, which integrates genomic data on the
organization of o-tubulin genes with genotyping, may be used in breeding programs aimed at improving oilseed
crops used for the production of raw materials for renewable energy (Sustainable Development Goal 7: Affordable
and Clean Energy). Thus, the obtained results demonstrate that, despite the high conservation of the basic
functions of tubulins, during the evolution of flowering plants, specifically Brassicaceae, the set of their isotypic
variants has continuously changed through a complex interplay of processes involving an increase in the number
of these genes and the reduction of some of their variants. The obtained results also raise questions about the
extent to which cytoskeletal studies performed on model species can be extrapolated to other plants, given the
complex pattern of tubulin evolution and, in some cases, the high species specificity of their gene sets. An updated
view of the evolution and diversity of tubulins in Brassicaceae demonstrates how this family of highly conserved
cytoskeletal protein genes can be used both as a model for studying the processes of gene subfunctionalization in
complex polyploid species and as a source of highly effective molecular markers for the analysis of interspecific
and intraspecific diversity not only in Brassicaceae, but also in flowering plants as a whole.
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