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Pedepar:

1. locnimpkeHHs IpUCBSIYeHe aHali3y npolecis ayrodarii B pocinHax Arabidopsis thaliana nig BrimuBom
MiKporpasiTalii 3 0CO0JIMBAM aKLIEHTOM Ha PoJli MIKpOTpy6oUuOK. AyTo(aris sIKk BHYTPilIHbOKJIITUHHUI MEXaHi3M
Ierpanauii Ta peuupKyJIsLii MAKpOMOJIEKYJI i OpraHes BUCTYyIA€ KIIOYOBUM (PAaKTOPOM B aJaIlTallii pOCJIMH A0
cTpecoBux yMoB. Ha croropHi BuB4eHHs (isiosioriunoi posii ayrodarii npu cTpeci € ofHi€l 3 akTyaJbHUX IIPO6IeM
6ioJ10rii, OCKIiJIPKY B 3aJ1€KHOCTI Bifl CTyI€Hs OIKOAKEHHS KJITUH Lie# IPoLeC MOXKe CIIPUSITH ab0 BUXKUBAHHIO,
a6o 3arubeJti KiTuH. TOMy y JaHOMY IOCTIIKEHH] 30C€PEKEHO yBary Ha BUBYEHHI PO3BUTKY IIPOLIECiB ayTodarii, a
TaKOX POJIi HUTOCKEJIEeTy, 30Kpema MiKpOTPyOOUOK, Y POCIMH B YMOBax 3MiHeHOI rpasiTalii. BuBuenHs aganTauii

POCJIMH 10 3MiHEHOI rpaBiTaliii € KJII040BUM JJIs1 PO3BUTKY CHUCTEM KUTTe3abe3edeHHs B KocMoci. HemomasHo



OyJ10 MoKa3aHo, mo Arabidopsis thaliana Ta iHi BUgy pocavH MOXYTh PO3BUBATHCS Ta 1aBaTU yPO>Kall HACIHHS y
KOCMIYHHUX YMOBaX, IPOTE 3a TAKAX YMOB PO3BUTKY BOHHU 3a3HAIOTh IEBHUX MOJIEKYJISIPHUX 3MiH [1, 2]. JlocmimkeHHs
ajanTanuii pocauH 3a ydacTio ayrodarii B 3M0Je/1IbOBaHMX YMOBAaX € HaJj3BUYalHO aKTyaJlbHUM, OCKIJIBKY Ja€ 3MOTY
CTBOPUTH QYHIAMEHT 17151 IOAJIBIINX KOCMIYHUX JOCJIIIKEHD i3 BUPOLIYBAaHHSIM POCJIMH, a AaJli — JJ1s1 OTPUMAaHHS
IIPOAYKTIB Xap4yyBaHHA B yMOBaX 3MiHEHOI rpasiTtatii. Ik Marepian JociigKeHb BUKOPUCTOBYBAJIM POCIIVHU A.
thaliana ekotumny Columbia Col-0 Ta anBi TpaHcrenHi jidii A. thaliana: GFP-ATG8a ta GFP-MAP4. CtpecoBi ymoBu
MOJ€JIIOBAJIY 32 JOIOMOIOIO KIIHOCTAaTy, Ha SIKOMY BUPOLIyBaju POCIUHU (peKUM obepTaHHS 4 00 /XB).
BukopucTaHHs KJIiHOCTaTy NO3BOJIS€ IMITYBaT¥ YMOBY MIKpOTrpasBiTallii, [0 € BaKJIMBUM [J151 JOCIIKEHHSA
ajanTaliiHuX MexaHi3aMiB pocyyH. Bisyasizarito ayrodarocom 31ilicHIOBaNIN 32 JOIIOMOTOIO JIa3epPHOi
KoHQoKanbHOI Mikpockorii. lleit MeToz, 103BOJIsle OTPUMATH I€Ta/IbHi 300pa’KeHHSI BHYTPIlIHbOKJIITUHHUX
CTPYKTYP Ta IPOLECIB, IO € KIIOYOBMM JJIs1 aHali3y ayTodarii. 3a 10MOMOT00 MOJIEKY/ISIPHO-TEHETUYHUX METOLiB
OLIiHIOBAJIM eKCIIpecilo reHiB 6inkiB ATG, o- i 0-TyOyJ1iHIB B OCTiIKyBaHUX pocanHaX. Lli MeTonu 103BOSIOTH
KiJIbKICHO OLIIHUTH PiBHi €KCIIpecii reHiB Ta BUSIBUTY 3MiHU, SIKi BAHUKAIOTS IiJ], BIIJIMBOM MiKporpasiTalii. byso
IIpOaHaJli30BaHO BIIJIMB MiKpoOrpagiTallii Ha picT Ta pO3BUTOK IPOPOCTKiB A.thaliana. Y pe3ysnbpTaTi IpoBeeHUx
OOCJiIKeHb HaMU 0yJI0 BUSIBJIEHO, IO KJIIHOCTATyBaHHS HE BILJIMBAJIO HA TPOPOCTAHHS HACIHHS, a TAKOX He
BUKJIMKAJIO CYTTEBUX BiXuJieHb Y MOPQOJIOrii IaroHiB NpopoCTKiB. 3aTpUMKa B PO3BUTKY IIarOHIB CIIoCTepiraau
Juuie Ha 6-Ty Ta 9-Ty #0OY KJIiHOCTAaTyBaHHsI, Ha 12-Ty 1,06y aroHu NpakTUYHO MOPQOJIOriYHO HE BifPi3HSINCS Bif,
KOHTPOJIBHUX POCJIMH. Takox 12-eHHi MPOPOCTKY Majly MIPaBUJIbHY JIMCTKOBY PO3ETKY, sIKa CKiaganacs 3 4-6
OBaJILHUX 3€JIEHUX JIUCTKIB. Y TOM e Yac MPOPOCTKY, 110 3pOCTAJIN B EKCIIEPUMEHTAJILHMX YMOBAX, HA BiIMiHY Bif
KOHTPOJIIO MaJly [,e30Pi€eHTOBAHUI PiCT KOPEHIB, 1110 6yJI0 HACIIKOM [TOCTiIiHOI 3MiHM BeKTOpa cuiu TsDKiHHS. [Ipu
aHaizi Mop¢osorii Ta po3BUTKY r'0JIOBHUX KOPEHiB IPOPOCTKIB 0yJ11 BUSBIIEH] BiTMIHHOCTI B IX 30HaX pOCTY.
30KpeMa, 30HU PO3TATy Ta NepexifgHa 0y/M KOPOTIIMMH 32 YMOB KJIIHOCTaTyBaHHS B IIOPiBHSIHHI i3 KOHTPOJILBHUMU
pocnmHamu. KinbKiCHUN aHai3 cepeHbOi IO eMlilepMalbHUX KJIiTUH B IIePEXifHil 30Hi 10Ka3aB HE3HAYHI
BigMiHHOCTI (MeHIIe Ha 29 %) y po3Mipax [OCiI)KyBaHUX POCJIMH IIOPIBHSIHO i3 KOHTpoJieM. Takox 6yso
[IPOaHaJli30BaHO KyT rpasiTponivyHoro Haxuiy (GSA). PesysibraTi okasany 3HauHe 36inbmeHHs1 GSA y IpOPOCTKiB
A. thaliana B ymoBax KJIiHOCTaTyBaHHS, [0 CBiTYUTb [IPO BiTXWUJIEHHS BiJl HOPMaJIbHOI BEPTUKAJIbHOI OpieHTalji
KOPEHIB, SIK, HAlIpYKJIal, y KOHTPOoJli. MeTogamu ¢giryopeclieHTHOI Ta KOH(POKAJIbHO] JIa3epHOi CKaHyI040i
MIKpOCKOIIii 6yJI0 TPOBEIEHO IOCIiI>)KEHHS PO3BUTKY CTpeC-iHAyKOBaHOi ayTogarii Ha MOpdOIOTriYyHOMY PiBHI.
BusiByieHO XapaKTepHi 03HaKM PO3BUTKY ayTodarii mifi BIJIMBOM MiKporpasiTallii, 30KkpeMa 36i71bLIeHHSs KiIbKOCTi
ayTroarocom y KJIiTHHax KOpeHs. 3a [onomoromwo ¢guyopecueHTHOro 6apsHuka MDC 6yJ10 BUSIBJIEHO IOSIBY
CTPYKTYp po3MipoM Bif, 3 1o 20 MKM, 110 CBilYATh IIPO aKTUBHUI PO3BUTOK ayTo@arii nif, BIJINBOM CTPECOBUX YMOB
MikporpasiTtauii. OTprMaHi pe3yabTaTy 3a BUKopucTanHs 6apeHUKa LTR Ta TpaHcreHHoi jiHii A. thaliana (GFP-
ATG8a) B 060X BuIIaaKax IoKazaau iHAyKLio ayrodarii Ta MaKCMMaJIbHUN PiBEHb YTBOPEHHS ayTOdarocom y
eriiepMajibHUX KIIITUHAX KOPEHs NepexinHoi 30Hu pocivH A. thaliana nicss 6-Tu 1i6 Ky/bTHBYBaHHS. Bu3HaueHO
KiJIBKiCTb ayTOogarocom 3a JoIOMOrolo TpaHCreHHoi JiHii A. thaliana GFP-ATG8a. PesysbTaTu okazany 3HaYHe
30i7IbII€HHS KiJILKOCTi ayTo(darocoM y KJiTHHAX, [0 3HaXOOWUIINCS Tif, BIVIMBOM MiKpOrpasiTaliii, 110 CBiTYMTb PO
aKkTuBanio ayrodarii sk 3axucHoro mexanizmy. Ha 6-Ty no6y BupoIyBaHHS criocTepiranacs Hanbisipln cyTTeBa
3MiHa KisbKoCTi ayTodarocom (6inbie HiX y 2 pa3a) IOpPiBHSHO 3 KOHTPOJIEM, X04a Ha 9-Ty LOOY KiJlbKiCThb
ayToarocom 3aMeHIIuIacs y KIiTUHax NepexigHoi 30H1 KOpeH4, ix Oysi0 Bce OfHO 6ijbllle, HiXX Y KOHTPOJIbHUX
pocinHax. Ha 12-Ty 106y BUpoLLlyBaHHS KiJIbKiCTb ayTO(arocom y KiliTHHaX KOPEHIB POCIMH B YMOBAxX

KJIIHOCTaTyBaHHS 6yJj1a MOAiGHOIO 0 KOHTPOJIbHUX POCJIMH.

2. The research is dedicated to the analysis of autophagy processes in Arabidopsis thaliana plants under the
influence of microgravity, with a particular focus on the role of microtubules in this process. Autophagy, as an
intracellular mechanism of degradation and recycling of macromolecules and organelles, is a key factor in the
adaptation of plants to various stress conditions. Currently, studying the physiological role of autophagy under
stress is one of the actual problems of biology, as depending on the degree of cell damage, this process can either
contribute to survival or cell death. Therefore, the scientific work focuses on the induction of autophagy processes
under conditions of altered gravity. Studying plant adaptation to microgravity is key for developing life support



systems in space. Recent experiments have shown that Arabidopsis thaliana and other species can develop and
yield seeds in space conditions, however, they undergo molecular changes. Researching plant adaptation involving
autophagy in simulated space conditions is extremely important, as it allows creating a foundation for further
space research in plant cultivation, and subsequently food production in altered gravity conditions. A. thaliana
plants of the Columbia Col-0 ecotype and two transgenic lines of A. thaliana were used as research material: GFP-
ATG8a and GFP-MAP4. Stress conditions were modeled using a clinostat on which the plants were grown (4 rpm
rotation mode). The use of a clinostat allows to simulate microgravity conditions, which is important for the study
of plant adaptation mechanisms. Autophagosomes were visualized using laser confocal microscopy. This method
allows to obtain detailed images of intracellular structures and processes, which is key for the analysis of
autophagy. Molecular genetic methods were used to evaluate the gene expression of ATG, o- and o-tubulin proteins
in the studied plants. These methods allow us to quantify gene expression levels and identify changes that occur
under the influence of microgravity. It was analyzed the effect of microgravity on the growth and elongation of A.
thaliana seedlings. As a result of our studies, we found that wedge-statement did not affect seed germination and
did not cause significant deviations in the morphology of seedling shoots. Delayed shoot development was
observed only on the 6th and 9th day of wedging, and on the 12th day the shoots were practically morphologically
indistinguishable from control plants. Also, 12-day-old seedlings had a regular leaf rosette consisting of 4-6 oval
green leaves. At the same time, seedlings growing under experimental conditions, unlike the control, had
disoriented root growth, which was a consequence of a constant change in the gravity vector. The analysis of the
morphology and development of the main roots of seedlings revealed differences in their growth zones. In
particular, the tensile and transitional zones were shorter under wedging conditions compared to control plants.
Quantitative analysis of the average area of epidermal cells in the transition zone showed insignificant differences
(29 % less) in the size of the treated plants compared to the control. The gravitropic slope angle (GSA) was also
analyzed. The results showed a significant increase in GSA in A. thaliana seedlings under wedge conditions,
indicating a deviation from the normal vertical root orientation, as in the control. The development of stress-
induced autophagy at the morphological level was studied by fluorescence and confocal laser scanning
microscopy. The characteristic signs of autophagy development under the influence of microgravity were
revealed, in particular, an increase in the number of autophagosomes in root cells. Using the fluorescent dye MDC,
the appearance of structures ranging in size from 3 to 20 pm was detected, indicating the active development of
autophagy under the influence of stressful microgravity conditions. The results obtained using the LTR dye and the
transgenic line of A. thaliana (GFP-ATG8a) in both cases showed the induction of autophagy and the maximum
level of autophagosome formation in the epidermal cells of the root transition zone of A. thaliana plants after 6
days of cultivation. The number of autophagosomes was counted using the transgenic line of A. thaliana GFP-
ATG8a. The results showed a significant increase in the number of autophagosomes in cells exposed to
microgravity, indicating the activation of autophagy as a defense mechanism. On the 6th day of cultivation, the
most significant change in the number of autophagosomes was observed (more than 2-fold) compared to the
control, although on the 9th day the number of autophagosomes decreased in the cells of the root transition zone,
they were still more than in the control plants. On the 12th day of cultivation, the number of autophagosomes in
the cells of plant roots under conditions of clonostatization was similar to that of control plants.
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IloBHe HaliMEeHYBaHHS IOPHUAUYHOI 0COOM: HaujoHanbHuil 60TaniyHmit caz iM. M. M. I'puiika

HanionanbHoI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417228

Micuesnaxomxemm: ByJ1. CagoBo-botaHniuHa, 6yz,. 1, Kuis, 01014, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PaeBcrkuii Osekciit Bonogumuposuy

2. Alex Rayevsky

KBastigikanis: . 6. 1., 03.00.03
InenTudgikarop ORCID ID: 0000-0002-7596-6294
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: [lepkaBHa yCTaHOBA "[HCTUTYT Xap40BOi 6i0TeXHOIOT Ta

reHoMiky HanioHasnbHOI akageMii Hayk YKpainu"

Kopg 3a €IPIIOY: 02128514

Micueanaxonmeunﬂ: ByJI. Baiinu-Bumnesenskoro, 6yz. 2-a, Kuis, 04123, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ilipko fIpocnas BacunboBuy

2. Yaroslav Pirko

KBastidikanis: 5. 6. u., crapmmit naykosuii cniiBpo6ithuk, 03.00.22



InenTudikarop ORCID ID: 0000-0003-1887-5406
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [lepkaBHa ycTaHOBA "[HCTUTYT Xap4OBOi 6i0TeXHOIOTi Ta

reHoMiku HanioHasnbHOI akageMii Hayk YKpainu"

Kopg 3a €IPIIOY: 02128514

Micuesnaxomxeﬂnﬂ: ByJI. Baiinu-Bumnesenskoro, oyg. 2-a, Kuis, 04123, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI Kaprios I1aByio AuzpiiioBny
TOJIOBH pagu

BaacHe IlpizBume Im's ITo-6aTbKOBI Kaprnos I1aBo AHApiiioBId
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY IMacryxosa H.JL.

00JIIKOBHX JJOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peeCTpallil0o HAayKOBOIi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




