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The dissertation is dedicated to investigating morphological and molecular
markers accompanying the evolutionary changes in the cetacean skeleton. In the
process of transitioning to a fully aquatic lifestyle, cetaceans underwent numerous
modifications of anatomy and physiology, with the changes in skeletal structure being
the most prominent and including skull, vertebrae, and limb transformations. These
morphological changes are characterized by temporal changes in postnatal ontogeny
that were previously demonstrated in different examples of heterochronies, such as
paedomorphosis and peramorphosis. Due to the complex and interconnected nature of
the processes of evolutionary development of cetaceans, the mechanisms of their
skeletal changes remain poorly understood and require additional studies. Thus, this
work aims to fill gaps in our knowledge by addressing several morphological and
genetic aspects of evolution of cetacean skeleton, that include postnatal suture
ossification of the cetacean cranium, genetic markers of transformations of forelimb
skeletal elements, and gene expression patterns in flippers, fins, and flukes.

The morphological part of the research was conducted on cranium and limb
skeleton specimens of cetaceans and other mammals from world museum collections.
Photographs and three-dimensional surface scans were taken for further assessment.
Some specimens were personally examined and all the images were personally
assessed by the author. A total of 434 skull and 145 limb specimens were analyzed,
along with an additional 56 limb skeleton records from literature sources. Cranial
suture ossification was assessed across 25 sutures using a binary scoring system (0 =

open, 1 = fully ossified). The presence of accessory bones and clefts was recorded



2

based on visual inspection, with additional juvenile and fetal specimens included to
evaluate early developmental stages. Ancestral state reconstruction of ossification
rates and accessory bones was performed using maximum likelihood and stochastic
character mapping, with model selection based on AIC. Phylogenetic signal was
evaluated using Blomberg’s K, Pagel’s A, and Fritz and Purvis’ D-statistics. Statistical
comparisons between groups were made using t-tests or Mann—Whitney U tests,
following normality checks. Evolutionary rate models were fitted using geiger, while
variation in rate dynamics was assessed with evorates and BAMM. Gene and protein
sequences for selection analysis were collected from the GenBank public database or
extracted from genome data deposited in NCBI and DNA Zoo. Methods used for gene
selection study included MAFFT 7 and PAL2NAL for sequence alignment, MrBayes
3.7a for tree reconstruction, PAML 4 and HyPhy 2.5.33 software package for inferring
selection pressure. Tissue specimens for the gene expression study were collected from
stranded animals by the author and colleagues. Gene expression was examined in
cetacean flippers, tail flukes, and dorsal fins using tissue samples collected from
stranded animals. Laboratory work included RNA extraction, cDNA synthesis, and
quantitative PCR, with expression levels quantified via the ACt method.

The study of cranial development across 47 cetacean and 15 terrestrial
artiodactyl species revealed an unusually low rate of postnatal suture ossification in
cetaceans, with strong phylogenetic signal and evolutionary conservatism across
lineages. Mysticetes exhibited the least ossified skulls (2-4 sutures), while ziphiids
among odontocetes showed relatively higher degrees of ossification (up to 17). Six
types of accessory cranial bones were identified, some of which may represent
evolutionary reversals or developmental innovations, diverging from the trend of skull
simplification typical for mammals (Williston’s law). Statistical analyses confirmed a
significant correlation between reduced ossification rates and the presence of
accessory elements or cranial clefts. Ancestral state reconstructions indicated that
accessory bones likely originated at the base of the crown cetacean clade, although

losses occurred in specific lineages such as Kogiidae and Ziphiidae. Evolutionary rate



3

modeling (evorates, BAMM) demonstrated an overall slowing trend in the ossification
rate, with the absence of shifts. However, few delphinid taxa (e.g., Orcaella,
Lissodelphis) showed marginally significant acceleration of rates. These results
suggest that delayed cranial development, likely influenced by paedomorphic
processes, accompanied the re-emergence or retention of multiple ossification centers.
Prolonged ontogeny, large brain, and functional adaptations for underwater feeding
and echolocation were discussed as the possible correlates and/or drivers of changes
In cetacean cranium development.

During the study of forelimb morphology, the evolution of skeletal elements of
the manus was traced using ancestral state reconstructions based on a dataset
comprising 88 mammal species, including 55 cetaceans. The sample included all the
diversity of variants of forelimb bone number in whales, with extreme cases of both
hyperphalangy and hypophalangy, as well as variation in the number of distal carpal
bones. These ancestral reconstructions were then used to choose target lineages with
either increased or decreased states for gene selection scans. The analysis of 25 limb-
related genes showed relaxation of purifying selection in distal HoxD genes,
EVX1/EVX2, and GDF5 as the main trend underlying flipper evolution in cetaceans,
while no signs of positive selection were detected. The genes under relaxed selection
were also associated with observed cases of bone number variation, including changes
in phalanges, metacarpals, and carpals.

Additionally, specific non-synonymous substitutions were identified in
mammals with unusual limb morphology, including one in BMP2 that was shared by
all cetaceans and the northern elephant seal (Mirounga angustirostris). Analysis of the
polyalanine tract length in HOXD13 across our dataset demonstrated that variation in
alanine number relative to the ancestral state (both increase and decrease in alanine
residues) was associated with deviant limb structures. However, contrary to previous
studies, this pattern was not universal, as some cetaceans retained the ancestral number

of alanines.



4

Selection analyses of 11 genes involved in humerus morphogenesis across 45
cetacean species identified relaxed purifying selection in several regulatory genes,
including PTCH1, GLI3, and PBX3. Two positively selected sites were detected in
GLI3 in Kogia breviceps. Additionally, PBX3, a gene associated with proximal
humerus development, showed mysticete-specific acceleration. A premature stop
codon in PANXS3, a gene involved in osteoblast function, was identified in
Delphinapterus leucas, although no apparent morphological anomalies were observed.
These results show that evolutionary shifts in the genetic regulation of humerus
development — through a combination of relaxed and positive site selection — likely
contributed to the morphological diversification of this element in living whales and
dolphins.

Gene expression analysis of posterior HoxD genes, HOXA13, and the IncRNA
HOTTIP was performed on flipper, fluke, and dorsal fin tissues from three odontocete
species representing juvenile, adult, and senescent stages. Expression levels varied
substantially between tissues and species. In a juvenile Hyperoodon ampullatus,
HOTTIP, HOXD10, HOXD11, and HOXD13 showed the highest expression in the
fluke and dorsal fin, while HOXD12 and HOXA13 were minimally expressed or absent.
An adult Phocoena phocoena had a similar distribution but with generally higher
expression levels, particularly HOXD11 and HOXD13 in the dorsal fin. In contrast, an
old Tursiops truncatus showed unusually high expression of HOXD11 and HOTTIP
in the flippers, with low or undetectable levels in the fluke and dorsal fin. HOXD12
was consistently undetectable across all adult samples, supporting earlier findings that
its activity is limited to early developmental stages. These results demonstrate that
posterior Hox gene activity persists into postnatal life and highlight the need for further
studies to clarify its role in limb and fin development in cetaceans.

The scientific novelty of the study consists in integrative analysis of both
morphological and genetic markers of skeletal evolution in cetaceans during the
postnatal development. It provides the first comprehensive quantitative assessment of

cranial suture ossification and accessory bone formation in modern whales, and
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explores evolutionary patterns, such as phylogenetic signal and evolutionary rates of
skull ossification. The work also offers novel insights into the evolution of the forelimb
skeleton, including the analysis of correlations in evolution of anatomical traits and
regulatory genes in cetaceans compared to other mammals, detailed ancestral state
reconstructions and the identification of relaxed selection in key regulatory genes.
Selection patterns in genes were also first analysed in the context of evolution of
specific bony elements, such as phalanges, carpals and humerus. Finally, this is the
first study to report persistent postnatal expression of posterior Hox genes in cetacean
flippers, dorsal fin and tail flukes.

The practical value of the work lies in providing new directions for future
research — methodological, descriptive, and conceptual — within the field of
comparative skeletal development. Published datasets of morphological characters can
be used to identify evolutionary patterns, test functional hypotheses, link anatomical
variation with genetic data, and train automated methods in comparative anatomy. The
approach of using ancestral reconstructions to identify target lineages for selection
analysis could be adopted to investigate gene-phenotype correlations on a broader
scale. The identification of unusual expression patterns points to the importance of
further studies on gene expression in non-model animals, which could potentially shed
light on processes relevant to human health and medicine. The materials of the
dissertation can be used during the teaching of such educational courses as

“Evolutionary Morphology” and “Fundamentals of Animal Phylogeny”.
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AHOTALIS

Tenixkenko B. C. I'enetnyHi 1 MOpQOJIOTIUHI 1HAUKATOPU €BOJIOLIMHUX 3MIH
OHTOTEHE3y CKejeTa kurononaioHux. — KBamidikamiliHa HayKoBa Mpalls Ha MpaBax
PYKOTIHCY.

Hucepranisi Ha 3700yTTS HAyKOBOrO CTymHeHs JokTopa dimocodii 3a
cnemianbHicTiO 091 — «biosorisy. [nctutyT 30050r1i iMeHi 1. 1. [lImansrayzena HAH
VYkpainu, Kuis, 2025.

HucepraiiitHa poOOTa MNPUCBSIYEHA BHBYEHHIO MOPQOJOTIYHUX O3HAK 1
MOJIEKYJIIPHO-TEHETUYHUX MapKepiB, 110 XapaKTEpU3yIOTh EBOJIOLINHI 3MIHU ¥y
CKeJIeTl KUTOMOMIOHMX. Y Tpolieci epexoay 0 MOBHICTIO BOAHOTO CIIOCOOY KUTTS
KUTOMOAIOHI ~ 3a3HAJM  YWUCJIEHHUX  AHATOMIYHUX 1  (DI310JIOTIYHUX  3MiH,
HaWBUpPA3HIIIUMH 3 IKUX CTaJIM TpaHcpopmarlii ckeneTa — yeperna, XxpeoTa Ta KiHI[IBOK.
i Mopdosoriuni 3MIHHM CYNPOBOJKYIOTHCS YaCOBUMH 3CyBaMH  IIPOLIECIB
MTOCTHATAIbHOT'O OHTOT€HE3Y, 1110 paHille OyJI0 MOKa3aHOo Ha MPUKJIIaJaxX Te€TePOXPOHiil,
Takux sK rnegomopdo3 1 mepamopdos. Uepes CKIATHICTG 1 B3a€MOIOB’SI3aHICTD
MPOIIECIB €BOIOLIMHOTO PO3BUTKY KUTOIMOIIOHUX MEXaHi3MH, IO JeXKaTb B OCHOBI
3MiH OyJ0BH X CKeJleTa, 3aJuIIaloThCs HEJIOCTaTHHO BUBYCHHUMHU Ta IOTPEOYIOTH
MOIANBIITUX JOCIIKEHb. TakuM YUHOM, METOIO 11i€1 pOOOTH € 3aIIOBHEHHS MPOTAJIUH
y po3yMiHHI (OpMyBaHHsS CKeJieTa KHUTOMOJIOHMX IUIIXOM aHaji3y OKpPEeMHUX
MOPGOJIOTIYHUX 1 TEHETUYHUX AaCIEKTIB €BOJIIOIIT CKeleTa, 30KpeMa CKOCTEHIHHS
IIBIB yepena, FeHeTUYHUX MapKepiB TpaHcPopMalliil nmepeaHix KiHIIBOK Y 3B'SI3KY 3
MEePETBOPEHHSIMU OyJOBH 1X CKEJIETHUX €JIEMEHTIB, 3aKOHOMIPHOCTEH ekcrhpecii
PETYJISTOPHUX TE€HIB Y MEePEAHIX KiHIIBKaX 1 IJIABIISIX.

Marepiaiom st MOPQOJIOTIYHOT YACTHUHU JOCHIDKCHHS Oyiau depenu 1
KIHITIBKM KUTOIMOIOHMX Ta 1HIIKUX CCABIIIB 3 KOJICKIIA My3€iB €Bpornu Ta AMEpPUKH.
KinbkicHi anamizu mopdosorii mpoBeaeHO Ha maTepiajiax 3 TPUBHMIPHUX CKaHIB
noBepxHi Ta ¢otorpadiid. YacTuHy eK3eMIUISIpIB OCOOMCTO BHUMIPSHO aBTOPOM.
3aranom mpoananizoBaHo 434 uepernu, 145 ex3eMmIuIsIpiB KIiHIIIBOK, a Takox 56

JTEpaTypHUX OMUCIB CKeNETIB KiHIIBOK. CKOCTEHIHHS LIBIB Yepera OL[iHIOBaIY 3a 25



mBamu 3a OiHapHOIo mkanoro (0 = BigkpuTHii, 1 = moBHicTIO 3aKkpuTHil). OLIHEHO
HAsIBHICTh JIOJATKOBUX KICTKOBHMX €JIEMEHTIB Ta PO3LICIUICHb; NJIsi MOPIBHSIHHS 3
paHHIMH eTaraMyi OHTOTEHE3Y BKITIOUEHO JI01aTKOB1 €K3eMILISIPU FOBEH1IBHUX OCOOUH.
PexoHcTpyKIlii MpenKoBUX CTaHIB CKOCTEHIHHS 1 HAsSBHOCTI JOJAaTKOBHUX KICTOK
BUKOHAHO 3a JIOIOMOTOK) METOJIIB MaKCHUMaJbHOI MpaBAOMOJIOHOCTI Ta
CTOXaCTHUYHOTO KapTyBaHHS, BUOIp Mojeneil mpoBeaeHo 3a kputepiem Akaike (AIC).
@DiJOTeHEeTUYHUI CUTHAJT OIIHEHO 3a JomoMoror koedimieHtiB Blomberg’s K,
Pagel’s A, 1 D-cratuctuku. J[lns CTaTUCTUYHOrO TOPIBHSHHSA MDK TIpYIaMH
3aCTOCOBYBaJIM t-rectTh abo kpuTepii MaHHa—YiTHI micisi TEpeBIpKH Ha
HOPMaJIbHICTh. MoOJIeNi eBOMIOIIMHUX TEMITIB MOOYI0BaHO B cepeoBuIlli R y makeri
geiger, a 3MIHM TEMIIIB €BOJIIOLII aHaji3yBaju 3a JONOMOIOIO MMAaKETIB evorates 1
BAMM.

["'eHOMHI ¥ O1JIKOBI1 MOCIIOBHOCTI JIJIs aHAI3Y 000PY OTPUMAHO 3 6a3u JaHUX
GenBank a6o 3 renomiB, moctynmHux y NCBI i DNA Zoo. Ilpu pocinimkeHHi
npupoaHoro no6opy 3actocoByBain MAFFT 7 1 PAL2NAL nisi BUpIBHIOBaHHS
nocnioBHocted, MrBayes 3.7a nns moOGynoBu aepes, a takoxxk PAML 4 1 HyPhy
2.5.33 nns OWiHKMA THUCKY N00OpYy. 3pa3Ku TKaHWH JJisi aHaji3y eKchpecii TeHiB
BiIIOpaHO 3 MEPTBUX KHUTOMOMIOHWX IIiJI Yac PO3THUHIB aBTOPOM 1 KOJIETaMH.
Excnpecito reHiB BU3HAYalIM y TPYJHHUX KIHIIBKaX, XBOCTOBUX JIOMATSIX 1 COMHHUX
wiaBigix. Jlabopatopua poGota Brmowana ekctpakiito PHK, cuntes xJIHK 1
kinbkicHy T1JIP 3 ominkoro piBHA ekcrpecii 3a metogoM ACt.

HocnimkeHHs: po3BUTKY uepena y 47 BUAIB KUTOMOAIOHMX Ta 15 BuIiB
Ha3eMHUX MapHOKOMUTHUX BUSIBUJIO HAJ3BUYAHO HU3bKI TEMITH CKOCTEHIHHS IIBIB Y
KUTOMOAIOHUX y MOCTHATATLHOMY OHTOTEHE31, a TAKOXK BUPAKEHUHN (PLIIOreHeTUYHUI
CUTHAJI 1 €BOJIONIMHY KOHCEPBATHUBHICTh IMX MPOIECIB. Y ByCaTHX KHUTIB Yepenu
Maju HalMEHINy KUIBKICTh 3pOIICHMX MIBIB (2—4), ToAl K y N3bOOOPHINX KHUTIB
(Ziphiidae) — mo 17. Tako y KUTOMOAIOHUX BUSBJICHO IIICTh JIOJJATKOBUX YEPEITHUX
KICTOK, III0 € BUHSTKOM 3 3arajlbHOl TEHJIEHIII 10 CHpOIIEHHS CKJIaay uyepena y

ccaBIiB (3akoHy Bimrictona). CraTUCTHYHI aHaTI3W MIATBEPAWIA 3HAUYILY



KOPEJISIiI0 MK HU3BKHUM PIBHEM CKOCTCHIHHS Ta HASIBHICTIO JOJATKOBHUX CJIEMEHTIB
abo po3uieruieHb y uyepeni. PeKOHCTpYKIi MpeaKOBOTO CTaHy IMOKa3aiH, IO
JOJJATKOB1 KICTKA MOTJIM 3 SIBUTHCS BXE Ha TOYATKy €BOJIOIII BycaTHX 1 3y0aTux
KHUTIB, X04a Yy JESKHX TpyI, 30kpeMa B poauHax Kogiidae 1 Ziphiidae, BoHu Oynu
BTpaueHi. MojenoBaHHs TeMITIB eBourolii (evorates, BAMM) Bka3ano Ha 3arajibHe
VIOBUIBHEHHSI CKOCTEHIHHS 0€3 BUpPAa3HUX 3CYBIB, X0oua y KUIBKOX Jeib(pPIHOBUX
(manpukian, Orcaella, Lissodelphis) cioctepiranocs aeske npuckopenns. OTpumai
pe3yNbTaTH CBiAYATh, IO YIMOBUIBHEHHS PO3BHTKY dYepera CIPHUSIO MOBTOPHOMY
BUHUKHEHHIO a00 30€peXCHHI0O YHUCJIEHHUX IEHTPiB cKocTeHiHHs. Lli mpormecu
MOXXYTbh OyTH TOB’3aH1 3 TPUBAJIUM OHTOTE€HE30M 1 QYHKIIIOHATHLHUMU aJanTallisiMu
710 3aXOIUIEHHS 3100141 M1 BOJOKO i €XOJIOKaLli.

Y nmocnimxenHi Mop@osorii mepenHiX KIHIIBOK IPOCTEKEHO EBOJIIOIII0
€JIEMEHTIB KUCTI Ha OCHOBI PEKOHCTPYKIIii MIPEAKOBOTO CTaHy JJisi 88 BU/IIB CCaBIIIB,
30KkpeMa 55 KuTOmoaiOHUX. JlOCHIIKEHHAM OXOIUIEHO pPI3HOMAHITTS BaplaHTIB
KUTBKOCTI KICTOK y MepeH1N KIHI[IBIII Y KUTIB, 30KpeMa KpaitHi ¢opMH sIK Tinep-, Tak
1 rinogananrii, a TakoXX PI3HOMAHITTA BapiaHTIB JUCTAJIbHUX 3all SICTKOBUX KICTOK.
PexoHCTpyKINii IPEAKOBUX CTaHIB JO3BOJWIM BU3HAYUTH (DITOTCHETHYHI TIIKH 3
BapialliiMi y KIJbKOCTI KICTKOBUX €JIEMEHTIB (30UTbIIEHHS YH 3MEHIICHHS Y
MOPIBHSIHHI 3 TPEAKOBUM CTAaHOM ), SIK1 OyJI0 0OpaHo 1 TOAANIBIIIOr0 aHa3y 1000pYy.
AHami3 25 TeHiB, IOB’S3aHUX 13 PO3BUTKOM KIHIIIBOK, BHSBHB PEIaKCAIIiIO
cTabinizyrodoro g106opy y 5’-kinnesux reaax HoxD, EVX1/EVX2 i GDF5 sik ocHOBHY
TEH/JICHIIII0, TIOB’sI3aHy 3 €BOJIIOIIEI0 TIEPEAHIX KIHIIBOK Y KUTOMOAIOHUX, 0€3 03HaK
pyuriiiHoro n1o0opy. Taki cTaHM IeHIB TakoK OyJM IMOB’sI3aHI 3 OKPEMHUMH BUSBAMU
Bapiallii KUIbKOCTI KICTOK — (hajiaHT, I’ SICTKIB 1 3am’SICTKIB.

Kpim Toro, Oynu inentudikoBani crienindiaHi HECUMHOHIMIYHI 3aMiHU Y CCaBIIIB
3 HE3BUYHOIO MOP(QOJIOTi€I0 KIHIIBOK, 30KpeMa ojiHa MyTallis y reni BMP2, criinbHa
JUIS BCIX KUTOMOIOHMX 1 MIBHIYHOrO Mopchkoro ciona (Mirounga angustirostris).
AHaimi3 noxuHU nojiana"iHoBoro ¢parmenta B HOXD13 moxka3zaB, 1o Bapiariii

KUIBKOCT1 aJIaHIHIB Y MOPIBHSIHHI 3 MPEAKOBUM CTAHOM KOPEIOITh 3 HETHUIIOBOIO



CTPYKTYpOIO KIHITIBOK, X04a, Ha BIAMIHY BiJl JaHMX IOIMEPEAHIX JOCTIIHKECHb, I
KOPEJIALisl HE € YHIBEPCAIBHOIO — Y ACSKUX KUTOMOI0HUX MOJI1aJlaHIHOBUHM ()parMeHT
3QJIMIITABCS HE3MIHHUM 3a JIOBKUHOIO TTOPIBHSHO 3 TIPEIKOBUM.

Anaimi3 n1o6opy ansa 11 reHiB, 1mMoB’sa3aHuX 3 MOP(OTreHe30M IIIICYOBOT KICTKH,
cepen 45 BUIIB KUTOIMOIIOHUX BUSBUB pejlakcallito ctadiaizyrodoro 1o06opy y PTCHI,
GLI3 1 PBX3. ¥ Kogia breviceps 3naitneno n1Ba caidTH ImiJ1 €0 pymiiHOTO T000py Y
GLI3. Kpim Toro, 3minu PBX3 € 3Ha4yHO MNPUCKOPEHUMHU y BYyCaTUX KHUTIB. Y
Delphinapterus leucas BusBieHO nepenuyacHuid cron-kogoH y reHi PANX3, 1o
BIAMOBIa€e 3a (PYHKIIIO OCTE00IACTIB, X04a IBHUX MOP(OJIOTIYHUX 3MIH Y HUX HE
3adikcoBano. Lle cBiAUNTD, 110 €BOIOIINAHI 3CYBH Y TEHETUUYHINA PEryJsilii pO3BUTKY
MIJIEYOBOT KICTKH — Yepe3 MOETHAHHS PEIaKCOBAHOTO CTa0II3yI04uoro Ta pyuiiitHOro
no0opy — crapusiiii MOp¢oJIoTiuHIi nuBepcudikaliii GopMu 1i€i KICTKA Y Cy4YaCHUX
KHTIB 1 Jeab(DiHIB.

Amnaniz ekcnpecii 5’-kianesux HoxD-renie, HOXA13 i nmexomyrouoi PHK
HOTTIP npoBoauBcs Ha 3pa3kax IpyAHUX KIHI[IBOK, XBOCTOBHUX JIOTIATEH 1 CHMHHOTO
MJIaBUS TPHOX BUIIB 3y0aTHX KHUTIB Y IOBEHUIBHOMY, TOPOCIOMY 1 CEHIJIbHOMY BIIIi.
PiBHI excrpecii 3HaYHO BapitOBaIM B 3aJIS)KHOCTI BiJl TKaHWHU 1 BUay. Y Hyperoodon
ampullatus waiiBuiy ekcrpecito y XBOCTi ¥ crnuHHOMY mmiaBii Mamu HOTTIP,
HOXD10, HOXD11 i HOXD13, toxmi sx HOXD12 i HOXA13 mnpaktudHO HE
ekcnpecyBanucs. 3pa3ku Phocoena phocoena nemoHcTpyBain cX0xi 3aKOHOMIPHOCTI,
aJie 3 BULUMHU piBHAME ekcrpecii, ocoommBo HOXD11 i HOXD13 y cnuaHOMY MiaBIii.
Hatomicts ekcripeciss HOXD11 i HOTTIP Gyna my»ke BUCOKOIO y TPYJHUX KIHITIBKaX
Tursiops truncatus i wMaibke BiacyTHs B iHmUX cTpykrypax. HOXD12 e
EKCITPeCyBaBCs y KOJHOMY JTOPOCIOMY 3pa3Ky, IO MiATBEPIKYyE HOTO aKTUBHICTbH
JIUIIIE HA PAHHIX CTaIAX pO3BUTKY. L1 pe3yiapTaTu 1EMOHCTPYIOTh, 1110 AKTUBHICTH 5 -
kiHIeBuX Hox-TeHiB 30epiraeTbCsi MpOTATOM YChOTO JKHUTTS, Ta BKa3yIOTh Ha MOTPeOy
NOJANBIINX JTOCHIKEHD IXHBOI POJII Y PO3BUTKY KIHIIIBOK 1 TUIABI[IB KUTOMOAIOHUX.

HaykoBa HOBHM3Ha pOOOTHM TOJIATa€E B I1HTErPOBAHOMY aHami3l 3MiH Y

MOP(OJOTIYHUX CTPYKTYpax 1 MOCHIJTOBHOCTSX T'€HIB peryisuii Mopdorenesy, 1o
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CYIIPOBO/IKYIOTh €BOJIIOIIIO CKEJIeTa KUTOMOIOHMX y MOCTHATAIbHOMY OHTOTEHE31.
Bnepmie mpoBeneHo KOMIUIEKCHY KUIBKICHY OIIIHKY CKOCTEHIHHS IIBIB uUeperna Ta
(dbopMyBaHHS JTOJATKOBHUX KICTOK, JOCTIKEHO (DUIOTCHETHYHUA CHTHAI 1 TEMITH
EBOJIIOIINHUX 3MIH IHUX TmporeciB. [IpoBegeHo aHami3 KOpENSIiid B €BOIIOLIT
AHATOMIYHMX O3HAK CKeJIeTa MePe/IHIX KIHIIBOK 1 BIJIMOBIIHUX PETYJIATOPHUX T'€HIB y
KUTOMOIOHUX y MOPIBHSHHI 3 IHITUMH CCABISIMH, aHAJI3 PEKOHCTPYKIIIN MPETKOBUX
CTaHIB 1 BUSIBJICHHS PEIAKCOBAHOTO J000PY Y HAMBAXIUBIIIUX PETYISITOPHUX FeHaX.
Brnepie 3akoHOMIpHOCTI 000PY T€HIB OyJI0 TPOaHaII30BAHO Y 3B SA3KY 3 €BOJIIOLIEI0
OKpEMUX €JIEMEHTIB CKeJleTa KIHIIBOK: (pajlaHramu, 3am’ sCTKaMU 1 TNIEYOBOIO KiCTKOIO.
Taxoxx Brepie BUSBICHO €KCIpecito 5’-KiHueBUX Hox-reHiB B MOCTHaTalbHOMY
OHTOreHe31 (MPOTIrOM YChOTO KHUTTS) y TPYJHUX KIHI[IBKaxX, a TAaKOX CIIMHHHX
TUTABISX 1 JIONMATSX XBOCTA KUTOMO/I10HUX.

[TpakTHuHe 3Ha4YeHHA POOOTU MOJSATa€ y BIAKPUTTI HOBHX HANpsMIB AJis
MOJAJIBIIUX JOCIIKEHb Y rainy3l NOpiBHIbHOI Mopdoorii ckenera. OnmyOikoBaH1
HaObopu MOPQOJOTIYHUX JaHUX MOXKYTh BHUKOPHUCTOBYBAaTHCh JJIsi BHSIBJIECHHS
€BOJIIOLIMHUX 3aKOHOMIPHOCTEH, MEepeBIPKU (PYHKLIOHATBHUX T1MOTE3, 31CTaBIICHHS
aHATOMIYHHMX BapiaHTIB 3 TEHETUYHUMHU JAHUMU Ta JJIsl PO3BUTKY aBTOMATHU30BaHUX
METOMIB y TMOPIBHAIBHIN aHartomii. [ligxig 13 BHUKOPUCTAHHAM PEKOHCTPYKIIIN
MPEAKOBUX CTaHIB JUisi BUOOpPY ILUIBOBHX (DUIOT€HETHUHUX TUIOK MOXe OyTu
3aCTOCOBAHMU I BUBUEHHS 3B 3Ky MDK TI'€HaMH Ta (PEHOTUNAMHU B IIHPIIOMY
MacimTabl. BusBieHHs HETUNOBUX BHSBIB €KCIpecii BKa3ye Ha BaXJIHUBICTh
MOJAIBIINX TOCTIKEHb €KCITPECli T'eHIB Y HEMOACIBHUX OPraHi3MIB JJIsI OTPUMAHHS
JaHUX, 10 MOXKYTh OyTH 3aCTOCOBaH1 y MeAWIMHI. MaTepianm nucepTariii MOXyThb
OyTH BUKOPHUCTaH1 y BUKIIAJIaHHI TaKUX JUCLHUIUIIH, sIK «EBomowiiiHa MOpQoJIoTis,

«OcHOBH (i0TeHIi TBApUH» TOIIIO.

Kiro4oBi cioBa: KUTOMOMIOHI, CCaBIll, KUTH, AelbdiHu, ckener, Hox-renu,

€BOJTIOIIA, (DIITOTEHIsI, EKCIIPECis TeHIB, T€TEPOXPOHIi, Yeper, KiHI[IBKU
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