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Pedepar:

1. Incepraiist npucBgYeHa BUBYEHHIO MOP(OJIOTIYHUX i MOJIEKYJIIPHUX MApKePiB, MOB'I3aHMUX i3 €BOIOLiHUMNA
3MiHaMU cKeJieTa KUTONOAi6HUX. PO3IJISIHYTO [1OCTHATaJIbHE OKOCTEHIHHS 1IBiB yepena, TeHeTUYHI MapKepu
TpaHc@opMmalii nepeHix KiHIiBOK i €KCIIPECio reHiB y jlacTax, MJIaBLSIX i XBOCTi. MopQosIoriyHnil aHai3 OXOIIoe
434 gyepenu 1 145 ckeseTiB KiHIIiBOK i3 My3eMHUX KOJIEKIIiH, a TAKOX 56 JiitepaTypHux onucis. EBosnoLio
OKOCTEHIHHS Ta JOJATKOBUX KiCTOK PEKOHCTPYHOBAHO 32 IOIIOMOTOI0 METOIiB MAaKCUMAaJIbHOI ITPaBAONOiOHOCTI i
CTOXaCTUYHOTO KapTyBaHHS; (pisloreHeTHYHi curHau ouiHeHo 3a Blomberg’s K, Pagel’s o Ta D-cTatuctukoro. [y

CTaTUCTUYHOTO MOPIBHSIHHS MiX rpyllaMy BUKOPUCTOBYBAJIMCS t-TeCcTU abo KpuTepii ManHa-YiTHi. Mozesi TeMIIiB



€BOJIIOLil TeCTYBaJM 3a JOTIOMOTOI0 IIporpam geiger, evorates Ta BAMM. ['eHeTUYHi MOCIigOBHOCTI 6yJ10 B3SITO 3 6a3
maHux GenBank, NCBI ra DNA Zoo. Bukopuctano MAFFT, PAL2NAL, MrBayes, PAML i HyPhy. [Ins anamnisy
ekcrpecii reHis 3actocoByBasin metoq, ACt micss sugineHHs PHK, cunresy k[IHK i qPCR. 3pa3ku TKaHUH 1714
aHali3y eKcrpecii reHiB BiliopaHO 3 MEPTBUX KUTOMOAIOHUX il 4aC PO3THHIB aBTOPOM i Kojieramu. ¥ IOCIiIpKeHH
PO3BUTKY ueperna (47 KUTONOiOHUX, 15 MapHOKONUTHYX) BUSBIIEHO [IOBiJIbHE OKOCTEHIHHS IIBIB i CUJIbHUN
dinoreHeTMYHUN CUTHAaJ. [eHTU(iKOBaHO 1iCTh TUIIB NOAATKOBUX KiCTOK, AESIKi 3 SIKUX MOXYTb OYTH peBepcisiMu
abo iHHOBallisSIMU. 3MEHIIEHHS OKOCTEHIHHS KOPEJIIO€E 3 HasIBHICTIO IOJaTKOBUX €JIEMEHTIB i po3IIensieHb B Yeperli.
PeKOHCTpyKIii IpegKOBOro CTaHy [10Ka3aJjHy, 0 TOAATKOBI KiCTKY MOTJIM 3'SBUTHCS BXXE HA [109aTKy €BOJIOL]
ByCaTuX i 3y6aTUX KUTIB, ajie 6yJIiu BTpayeHi B IesKuX rpynax. BAMM BusiBUB 3arajibHe YIIOBiLJIbHEHHSI OKOCTEHIHHSI.
CepeJ, MOXKJIMBUX [IPUYMH — 301/IbLIEHHST MO3KY, TPUBAJIMI OHTOT€HE3, afialTallii 10 MiJBOAHOTO XXUBJIEHHS Ta
exoJjiokalii. Mop@oJiorito nepeHix KiHIiBOK BUBYaJIM BUKOPMCTOBYIO4YM PEKOHCTPYKIiIO PEJIKOBUX CTaHIB y 88
BUZiB ccaBliB (55 kuTonoi6bHux). Bapiauii KibKocTi anaHr i KicTOK 3am'sicTKa CTaju MifiCTaBOIo 17151 BUOOPY
(dinoreHeTMYHUX I'JIOK AJ1s1 aHai3y [o6opy. YV 25 reHax BUSIBJIEHO peJlakcaliilo crabinisytouoro nob6opy B HoxD,
EVX1/2 i GDF5. InentudikoBaHO HEKOHCEpPBaTHBHi 3aMiHU, 30kpema B BMP2 y BCix KUTIB i MiBHIYHOTO MOPCBHKOTO
CJIOHa. 3MiHU JOBXUHU NosianaHiHoBoro ¢pparmeHta HOXD13 aconifioBaHi 3 aHOMamisiMU KiHIIiBOK, x04a 15
KOpeJidLis He € yHiBepcasnbHO. Cepef 11 reHiB, 10B’s13aHUX i3 GOPMYBaHHSIM I1JIEY0BOI KiCTKU, peIakCOBaHU J06ip
BussseHo B PTCH1, GLI3 i PBX3. ¥V GLI3 B Kogia breviceps 3HalifieHO fBa cailTu Mif, BIVINBOM [TO3UTUBHOTO JOOOPY.
3minu PBX3 € 3HaUYHO IPUCKOPEHMMH y BycaTux KUTiB. Y Delphinapterus 3HalineHo nepegyacHA CTON-KOAOH Yy
PANX3 6e3 mop¢osoriynux 3miH. Lle CBigunuTh Ipo poJib PETyISTOPHUX TEHIB B €BOJIOLI [17I€40BOi KiCTKU.
Excnpecito HoxD, HOXA13 i HOTTIP gocigpkeHo y TphOX BUIIB 3y6aTUX KUTIB HA PI3HUX CTaLisX XXUTTS. Y
1oBeHinbHOro H. ampullatus HaiiBumy excrnpecito manu HOTTIP, HOXD10, HOXD11i HOXD13 y nnaBLji Ta XBOCTi. ¥
nopocioi P. phocoena piBeHsb ekcripecii 6yB Bumum, ocobarso HOXD11 /13 y cnuHHOMY n1aBi. Y ceHinbHoro T.
truncatus HaiBua excrpecis HOXD11 i HOTTIP 6yna BumipsiHa B s1actax. HOXD12 He BUSIBJIEHO B JOPOCIIUX
3paskax. OTxe, aKTUBHICTb 5'-KiHLeBUX HOX reHiB 36epiraeTbcs MPOTIrOM YChOTO JKUTTS, 110 IOTPebye MOAANBIIOr0
BMBYEHHS. Po60Ta Briepie Hajiae KibKiCHY OLIIHKY OKOCTEHIHHS LIBIB i 1OJATKOBUX KiCTOK Y KUTIB, a TAKOE aHai3ye
(inoreHeTMYHUI CUTHAJ i TEMIIM €BOJIIOLII €JIeMEHTIB ueperty i KiHIiBOK. BuB4eHO Kopesisuii Mixk aHaTOMi€lo Ta
reHeTHKOI0, ineHTH(}iKoBaHO pesiakcallito o6opy B KIIOUOBUX reHax. Briepiie BuBuYeHO ekcrpeciio Hox reHis y
[IOCTHATaJbHOMY Billi B JIaCTax, IVIaBLSIX i XBOCTI KUTONOiOHMX. [IpakTHYHA LiHHICTh AaHOi POOOTHU MOJISITAE Y
3aMIpONIOHOBAHUX METOJax, 3i0paHuxX MaTepiajnax i miaxoai 7o aHamnisy acouianii reH-(QeHOTUI y HEMOEIbHUX
TBapuH. lle BinkpuBae nepcrneKkTuBy [Jis MEeIULVHY 11 BUKJIaaHHs KypciB «EBostouifina mopdosorisy Ta «OcCHOBU

¢dinorenii TBapUH».

2. The dissertation investigates morphological and molecular markers linked to evolutionary changes in the
cetacean skeleton. It addresses postnatal suture ossification, genetic markers of forelimb transformation, and gene
expression in flippers, fins, and flukes. Morphological analysis used 434 skulls and 145 limb skeletons from
museums, plus 56 literature records. Ossification and accessory bone evolution were reconstructed via maximum
likelihood and stochastic mapping; phylogenetic signals were assessed with Blomberg’s K, Pagel’s 0, and D-statistics.
Statistical tests included t-tests and Mann-Whitney U. Evolutionary rate shifts were tested with geiger, evorates,
and BAMM. Gene sequences were sourced from GenBank, NCBI, and DNA Zoo. Tools used included MAFFT,
PAL2NAL, MrBayes, PAML, and HyPhy. Expression studies used RNA from stranded animals; ACt method was
applied after RNA extraction, cDNA synthesis, and qPCR. Cranial development study (47 cetaceans, 15 artiodactyls)
revealed slow suture ossification and strong phylogenetic signal. Six accessory bone types were found; some
suggest reversals or innovations. Ossification reduction correlated with accessory bones and clefts.
Reconstructions showed accessory bones appeared early in crown cetaceans but were lost in some lineages.
BAMM showed slowdowns without shifts. Factors like brain size, ontogeny, feeding, and echolocation may drive
cranium evolution. Forelimb morphology was studied via ancestral state reconstruction across 88 mammals (55
cetaceans). Bone number variation (hyper-/hypophalangy and carpal count) guided selection scan targets. Among
25 genes, distal HoxD, EVX1/2, and GDF5 showed relaxed selection, linking to bone number variation. Non-
synonymous changes (e.g., BMP2 in cetaceans and elephant seal) were noted. Polyalanine tract changes in HOXD13



were associated with limb anomalies, though not universally. In 11 humerus morphogenesis genes, relaxed
selection appeared in PTCHI, GLI3, and PBX3. GLI3 had two selected sites in Kogia breviceps. PBX3 showed
mysticete-specific acceleration. PANX3 had a premature stop codon in Delphinapterus, without visible phenotype.
These findings support the role of regulatory gene changes in humerus evolution. Expression of posterior HoxD,
HOXA13, and HOTTIP was studied in odontocetes across life stages. In juvenile H. ampullatus, highest expression
was observed in fluke and fin. In adult P. phocoena, expression increased, especially HOXD11/13 in the dorsal fin. In
old T. truncatus, flipper expression was the highest. HOXD12 was absent in all adult samples. Posterior Hox activity
persists postnatally and requires further study. The study presents the first quantitative data on cetacean cranial
ossification and accessory bones, highlighting phylogenetic patterns and evolutionary rates. It provides insights
into limb evolution via anatomical and genetic trait correlation, relaxed selection, and element-specific gene
analysis. Persistent postnatal expression of posterior Hox genes in flippers, fins, and flukes is newly reported. The
work has methodological and conceptual value for skeletal evolution studies. Datasets support hypothesis testing,
pattern identification, and Al training in anatomy. The approach enables linking genes with phenotypes across
taxa. Expression findings stress the need to study gene activity in non-model species, with implications for
medicine. The results are applicable in teaching courses like “Evolutionary Morphology” and “Fundamentals of
Animal Phylogeny.”
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