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®OPMYBAHHS BETETATUBHOI C®EPU BU/IIB
POAIB HYLOTELEPHIUM H. OHBA 1 SEDUM L.
3A PI3HOI'O PIBHA OCBITJIEHOCTI

BuBueHi 0coOIMBOCTI PO3BUTKY 1 POCTY BETeTaTHBHOI CHUCTEMH BHUIIB POJIIB
Hylotelephium H. Ohba i Sedum L. 3a pi3HOT0 piBHS OCBITJICHOCTI IIPOTSITOM CE30H-
HOTO PO3BUTKY B YMOBaX CTEMOBOI 30HU YKpaiHu. BIIMB TIHLOBUX YMOB 3pOCTaHHS
Ha JOCII/HKYBaHi BUU BUSBISBCS y 3MEHIICHHI TalyKeHHS MMaroHiB, CKOpOYEHHI
JNIOBKUHU OJHOPIYHUX TAroHiB, KUIBKOCTI JHMCTKIB Ha HUX Ta TUIONI JIMCTKOBOL
MOBEPXHi, 10 TIPU3BOIMIIO JI0 3MEHIIICHHS 3aTJIbHOTO TabiTyCy POCIIHH 1 3HIKEHHS
PIBHS JAEKOPATUBHOCTI OYMTKIB. 3p0OIEHO BHUCHOBKH MPO MOXKIWBICTH KYJIBTHUBY-
BaHHs B TiHi S. album ta H. spectabile.

KuiouoBi ciioBa: neKopaTUBHI OYHUTKH, PiBEHb OCBITIIEHOCTI, CHCTeMa MaroHiB,
JIUCTKH, CE30HHUI PO3BHUTOK, CTEIIOBA 30HA.

Ha cy4acHoMy eTami po3BUTKY CyCHiJIbCTBA, Y 3B 513Ky 3 ITOCTIHHO 3pOCTaI0uUM
TEXHOT€HHUM HaBaHTAXCHHSM Ha TOBKULISI, 0COOIMBOI aKTyasIbHOCTI HaOyBae BUpi-
LICHHS TUTaHb HOTO 3aXKCTY 1 0310pOBJIeHHs. Ha rycro3aceneHux, CyTTeBO TpaHC-
(hopMOBaHUX TEPUTOPISIX ICHYe HEOOXIJHICTH MiJABHIICHHS KOM(MOPTHOCTI cepe-
JIOBUIIIA ICHYBAHHS, JI YOTO CTBOPIOIOTH TEPUTOPIi 31 3HATHOIO KiTBKICTIO POCIIHH,
MepeBayKHa OUTBIIICTh SKUX MPEACTABISE KyAbTypHY ypOaHOMIOpy i € OmHUM i3
HailleeKTUBHIIMX METOAIB onThUMi3auii 1oBKis [7]. IlominmuTH SKiCHY CTPYKTY-
Py Ta AEKOpPAaTHBHICTh TAKMX HACAPKEHb MOYKHA LIUIIXOM PO3LIMPEHHS aCOPTUMEH-
Ty POCIHH 32 PaxyHOK MaJIOTIOIIMPEHUX B YKpaiHi, BATPUBAINX Ta HEBUOATIMBUX
y mommsani BuAiB [13]. Bimbip mexopaTWBHUX pOCIWMH HEOOXITHO 3IHCHIOBATH HA
OCHOBI HayKOBOTO TIPOTHO3YBaHHS 1X aIalTaIlifHO1 3IaTHOCTI J0 MTii eKCTpeMaIbHUX
YUHHUKIB [9, 26]. Pe3ynbraru Takux J0CIiKEHb € HEOOX1THOI YMOBOIO pallioHaIb-
HOTO NMPHUPOAOKOPUCTYBAHHS B PEriOHaX 3i 3HAYHUM PiBHEM TEXHOTEHHOTO HaBaH-
Ta)KEHHsI, 10 AKUX BigHOCHUTHCS 1 KpuBopixoks (ctenoa 3oHa Ykpainn) [17]. Llen-
TPOM 3aJTI30pyAHOTO KOHITIoMepary € micto Kpuswuii Pir, B sikomy po3milieHa 3HauHa
IJI0MIa peKpeaniiHux 30H (Mapku, MIChKi canu, OylbpBapH, CKBepH TomIo). Bemnka
KUTBKICTB y MICTI came MMapKOBUX HACAKEHb — HEOOX1THUHA €IEMEHT ITUTHX KU TIIO0-
BHX paiioHiB. [lapku Oynu 3axmaneHi 6arato pokiB TOMY i 3 4aCOM, 3aBISIKH PO3POC-
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TaHHIO JePEBHUX HACAKEHb, IOCUTH BEJIMKA IX IUIOMIA cTaja 3arineHoro [15]. [l
onTuMizamii Ta 3a0e3rnedeHHsl CTINKOCTI Haca/pKeHb Ha IUX TEPUTOPISAX BUHUKAE
norpebda BUKOPUCTAaHHS MPUHLUITY «0ararormoBepXOBOCTI», SIKHH CHOCTEPIraeThes
B MPUPOJTHUX POCIMHHUX YTPYMOBAHHAX Ta 3a0e3medye iM CTaOUTBHICTh — BEpXHIii
SApyc U AePeB, CEPEeIHINA — KYIIiB, HIKHIA — TpaB’ THUCTUX pociuH [14]. 3nauna
YacTUHA JIEKOPATUBHUX POCIMH HE BUTPUMYE TIHBOBHX YMOB PO3BHUTKY, a/I’KE CBiT-
JIO BiJlirpa€e BaXIJIUBY POJIb Y JKUTTI POCIUH K JDKEPENo eHepril st (hOTOCHUHTE3Y
1 sIK (paKTOp, PETYIIOIOUNI pOCTOBI Ta opMOTBOPUI Tporiecr. CKIIaaHi yMOBH HEHO-
CTaTHBO 3BOJIOKCHUX 3aTIHEHHUX TUISTHOK BUTPUMYIOTH HebaraTo 0araTopiuHux poc-
JIUH, TOMY HEOOX1IHUM € 3aJIy4eHHs HaO1IbII CTIMKUX 1 JOCTaTHHO AEKOPATHBHIX
3 HuX [17]. 3a momepenHiMH TOCTIHKEHHSIMH 3HAUHA YaCTHHA caMe TIPEICTAaBHUKIB
ponunu Crassulaceae J. St.-Hil. € qekopaTUBHUMH POCIUHAMH, SIKi HEBUMOTJIUBI J10
yMOB BupoulyBanns [1, 4, 6, 11, 18].

3aIe)KHO BiJl TPUBAIOCTI 1 CHJIM BIUTMBY PI3HOMAHITHHX a0lOTHIHUX YHHHUKIB
BiZIOyBaroThCs epe0ya0BU POCIMHHOTO OPraHi3My He JIHIIe Ha piBHI (i3i00riYHIX
peaxuii, a i ioro mopdonoriunux crpykryp [22]. Tak, Ha 3MiHy piBHS OCBITJIEHOC-
Ti, HAWYaCTile, POCIMHN PearyroTh 301UIBIIEHASIM Y 3MEHIICHHSIM 1H/IWBITyaTbHO-
r0 pO3Mipy Ta BEIMYMHH JIUCTKOBUX IJIACTUHOK, @ Ie(IIUT BOJIOTH MPU3BOAUTH JIO
CKOPOYCHHS KUJTbKOCTI JINCTKIB HA POCIIMHI U TpuBanocTi ix xutts [19, 24, 30]. Bu-
BYEHHS MOp(OTeHe3y OKpEeMHUX OpraHiB 0araTopivHUX BUAIB POCIUH, TOOTO 0c00-
JMBOCTEH (OPMYBaHHS iX BEreTaTuBHOI cepH, 103BOIUTH NepeI0aYnTH MOBEAIHKY
POCTIMH Ta OXapaKTepu3yBaTH iX PO3BHTOK Yy MEBHHUX YMOBaX 3pOCTaHHS 3a CTpe-
coBOi Aii Oararb0Xx YWHHUKIB [27]. BU3Ha4eHHS TakuX 3MiH, SK MPOSABY aJamlTailii
IHTPOIYIIEHTIB 10 Pi3HUX YMOB BHPOIIYBaHHS, € BAJINBUM MTUTAHHIM 1HTPOLYKIIi{
OaraTtopiyHHUX TpaB’SHUCTUX pociuH [13].

3BakarouM Ha BHILECKa3aHE MeTa PoOOTH I0Jsrana y BUBYCHHI 0coOInBOCTEl
(hopMyBaHHS OHOPIYHOT TATOHOBOI CHCTEMH Ta MOP(HOJIOTIYHUX TTOKA3HUKIB JINCT-
kiB BuiB pouiB Hylotelephium H. Ohba i Sedum L. 3a pi3HOTO piBHSI OCBITICHOCTI
IIPOTATOM ce30HY B yMoBax KpuBopizbkoro 6oraniuHoro cany HanionanbsHoi akaze-
Mii Hayk Ykpainn (mami KbC).

Marepiaau i MeTOIM AOCTiTAKEHHS

00’ extamu gociipKeHHs Oy pociunu Hylotelephium ewersii (Ledeb.) H. Ohba
(ouutok EBepca), Hylotelephium spectabile (Boreau) H. Ohba (ounTok mokasHuii),
Sedum album L. (ountok Oinwit), Sedum reflexum L. (o4nTOK CKenbHUIA) Ta Sedum
spurium M. Bieb (ountok HecripaxHii) [12]. Hocaimkerns npoBoauiucs y KbC,
JUIsL TEPUTOPIT SIKOTO XapaKTepHi KIIIMaTHYHI yMOBH CTEIIOBOI 30HHM, a caMe HecTada
BOJIOTH B TIOBITPI 1 IPYyHTI, BUCOKI JIITHI TeMIIepaTypu MOBITPs (IIOCYIUINBA arpo-
KJIIMaTH9IHa 30Ha). 3a octanHi 30 POKiB cepeaHBOPITHA TEMIIEpaTypa MOBITPS HA
KpuBopixoki miasummiacs i cknagae +10,0—+11,5°C (y 1987 p.— +8,5°C). V nitHii
nepionn (hikCyrOThCsI BHCOKI 1000Bi Temmeparypu noBitps (+36,7-+38,1°C), gacTi
cyxosii. Piuna cyma onazis cknazgae 350—450 MM, Ipu HOMY MPOTATOM JIITHIX Mi-
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csIiB OayaHC 3BOJIOYKEHHS BiJ[3HAYAETHCS JeiIIUTOM — 32 BereTalliiHui epioy Bu-
magae gume 100—150 mm omazis [16].

st mocimkeHb Oynmy 3akimaneHi TULTHKA y BIAKPUTOMY TPYHTI (YOpHO3EM
3BUYANHMI) 3 pI3HUM piBHEM OCBITICHHS: JOOpE OCBITIICHE MICIle 3pOCTaHHS
(KOHTpoONBbHA MINITHKA) — PIBEHb OCBITICHOCTI B OOiMHIA Wac KOJUBABCS B MEKax
39000-56 500 mrokc B sicHy moroay i 14 500—23 500 sitokc B MOXMYpHil IeHb; TIHBO-
Ba JIUISIHKA — PIBEHb OCBITJICHOCTI B 001/IHIN yac B sicHy morofy csras 2 500-3 500
JIOKC, a B moxmypuit 1eHb 1 200-2 000 nroxe. Ha 000x ainsiHkax Ha MovaTKky Bepec-
HSl MHUHYJIOTO POKY Oynn BucampkeHi o 10 0ocoOOMH KOKHOTO BUY, THIIOBUX Y (heHO-
JIOT1YHOMY BiJHOMICHHI 1 TOTOKHUX 32 MOP(OIOriuHOoI0 Oy10BO, SIKi YCIIIIIHO BKO-
PEHUIIUCS IO CEPEMHH KOBTHA. [[pOTATOM HACTYIMHOTO POKY ITiJl Yac JOCIiIKEHb
(KBiTEHB-’)KOBTEHB) BC1 POCIMHHU 3pOCTAIN B yMOBaX MPHPOJHOTO BOJIOT03ade3re-
4yeHHs (0e3 JOIaTKOBOTO MOJUBY). BuBueHHS ocobmmBocTel (hopMyBaHHS acCUMIIIS-
MIHHUX OpraHiB OYUTKIB TMPOBOAMWIN y Taki TepMind: 111 nexama Tpasus, 111 mexama
nunss, [T gexana BepecHs.

MopdororiuHi MoKa3HUKH HaJ3eMHHX NaroHiB onwcysanu 3a C.M. 3uman 3i
criBaBTopamu [5], a sxkurreBi popmu — 3a C. Paynkiepom [25]. [lst BuBYeHHS 0CO0-
JUBOCTEH PO3BUTKY CHCTEMHU OJHOPIYHUX MAroHiB y KOXKEH 3 TEPMiHIB BiIOHUpau
no 50 maroniB I mopsiaky i migpaxoByBanu KijbkicTh maronis Il ta Il mopsaky Ha
HuX. Bu3Havamu ToBKUHY aroHy | mopsiaKy, KUIbKICTh By3JIiB Ha HbOMY Ta JIOBXKH-
Hy MDKBY3JIIB 13 CepelHbOi YaCTHHU MaroHa.

Juis aHamizy MOpQoIOTrivHUX MOKAa3HUKIB Ha POCIHMHAX JOCHTIDKYBaHUX BUJIIB
BiIOMpaNrcs JIMCTKU 3 CEPeAHbOI YACTHHU OIHOPIYHHMX BeretaTuBHUX (S. album,
S. reflexum, S. spurium) 4u BereTaTMBHO-TEHEpAaTHBHUX MaroHiB (H. spectabile,
H. ewersii). Po3mip BuOipku (n) 11 KOKHOTO BHAY Ta B KOXKHOMY 3 JIBOX BapiaHTIB
nmociay cranoBuB 125 mucTkiB. [LmomnTy MrcTka OYMTKIB BU3HAYAIH 32 METOIOM BijI-
outkiB [8] i oOunciroBaN 332 HOPMYIIOHO:

S=a<C/b,

Je S — momia JINCTKA; a — Maca KOHTYpy JHcTka, Mr; C — Tuiola KBajpary mnarie-
py, cM?; b — Maca kBazpaty narmepy, Mr. [Lomry JTUcTKoBOT TuiacTHHKU S. album Ta
S. reflexum He BUpaxoByBanmM 4epes crenniuHicTs dopmu nmcTkiB. KoedimieHT
BUJIOBKEHOCTI JIMCTKA BU3HAYAIIM SIK BIJTHOIICHHS JOBKUHH JIMCTKOBOT IIACTHHKH
no ii mmpuau [2]. CTaTUCTHYHE OIpPAITIOBAaHHS JAaHUX MPOBOIMIN METOIAaMH Ta-
pamMeTpu9HOI BapialiiiHoi cratuctuku Ha 95% piBHI 3HauymocTi (P<0,05) [3, 10],
BUKOPUCTOBYIOUH nakeT rporpam Microsoft Office Excel.

PesyabTaTn nocaiizkeHHs Ta iX 00roBopeHHs

JocmimKyBaHi BUIM 32 )KUTTEBOIO (hOPMOIO BiTHOCATHCS 10 XamediTiB (S. album,
S. reflexum 1 S. spurium) Ta remikpunitoditiB (H. spectabile 1 H. ewersii) [25]. B ymo-
Bax CTernoBoi 30HU Ykpainu 3a intpoaykiii y KbC S. album, S. reflexum 1 S. spurium
BUSIBJISIIOTH Ce0€ 3UMOBO3EJICHUMU HAa36MHO-IIOB3YYUMH KOPEHEBHUIIIHUMHU POCIIH-
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HaMH¥ 3 0€3p03eTOYHOI0 CHUMIIOAIATBHOI0 MOJEIIIIO ITArOHOYTBOPEHHS, JIe 4iTKO BU-
PI3HSIOTBCS BEreTaTHBHI 1 TeHepaTUBHI MaroHu. BereraTtuBHi maroHu GararopiuHi,
3UMYI0Yi, HAiHTEHCHUBHIIIE PO3BUBAIOTHCS IICHsI LBITIHHS, T€HEPaTUBHI MaroHH
BIZIMUPAIOTH TICIS IUIOAOHOIICHHS 10 0a3alibHOi YacTHHU. Ha npyruii pik sKuTTS
TOJIOBHHH TariH HaOyBa€ TOPU30HTAILHOTO TOJOXKCHHS, BKOPIHIOETHCS Y MIKBY3-
JISIX, IepeB’sHi€, BTpavyae JTUCTKH | BUKOHYE (DYHKIIIIO €MireoreHHOro KOPEeHEBHUIIIA.
Hatomicte H. spectabile i H. ewersii B iIHTpOIYKIIIHHUX yMOBaX — BECHSIHO-JIITHHO-
OCIHHBO3€EJICHI POCIMHU 3 HaliBPO3ETOYHOIO MOHOMOMIATBHOI0 MOJEIUIIO MAaroHo-
YTBOPEHHS. Y IUX OYMTKIB HAJ3€MHI [arOHU BETETATUBHO-TCHEPATUBHI, 3UMYE
ne ix 0azaibHa YacTHHA, TOJ SIK BCsl HA/I3eMHA YaCTHHA ITOBHICTIO BiIMUPAE 3 Ha-
CTaHHSM OCIHHIX 3aMOpo3KiB [21, 30].

AHaJi3 OTpUMaHMUX pPe3yJbTaTiB MOKa3aB, M0 3aJIEXKHO Bifl PiBHSA OCBITIEHOCTI
BUIOCIICHU(IUHO 3MIHIOBABCS PO3BUTOK (PICT 1 raimy>KEHHs) MaroHiB 10CIIIKyBa-
Hux BuiB. [Ipu moctarubomy ocBiTIieHH1 Y S. album, S. reflexum 1 S. spurium npo-
TSTOM BETETAIIfHOTO Ce30HY Bif0yBajocs aKTHBHE MAaroHOyTBOPEHHS Ha Berera-
TUBHUX 1 TEHEPATUBHUX MAaroHax, a 3aBJsSKHA BKOPIHEHHIO IJIATiOTPOMTHUX MAaroHiB
(hopmyBasCsI KOMIIAKTHI KYPTHHKH, SIKi ITOCTYTIOBO PIBHOMIPHO 301TBITYBaTHCS 32
po3mipom. Hanmpukinii BepecHs KibKicTh narosis I mopsinky Ha ocoOuHi B cepen-
HbOMY csirana 12 mrt. (Haitbinbie y S. album — 12—-16 wr.), a naronu I1I mopsaxy
dbopmyBanucs numie y S. album (2—4 wr.) Ta S. reflexum (1-2 mr.) (puc. 1). Buau
Hylotelephium B yMOBax NMOBHOTO OCBITICHHsSI ()OPMYyBalld KOMIIAKTHI KYIIHKH,
Maixke Kymsictol (hopMu. 3a3HAYUMO, 10 Y POCIUH H. ewersii TTarOHU TaITy3UITUCS
Tineku A0 Il mopsaxy: y KiHIi TpaBHA ix Oymo 1-2 mit., y BepecHi — 2—6 mT. Y poc-
muH H. spectabile po3BuBanucsi MOHOIIOAIaNbHI ATOHU, JUISI IKMX HE BJIacTUBE Ta-
myxxenns [30].

TiHBOBI YMOBH 3pOCTaHHS MPHU3BOAWIM A0 1HTiOyBaHHS MPOIECIB arOHOYTBO-
pennst (puc. 1). Tak, y S. reflexum i S. spurium Ha KiHEllb BepecHs B 0a3albHIl
JacCTHHI TeHEPATUBHUX ITarOHIB MmoxeKkynu hopmyBanucs 1-2 maronun Il mopsaky i 3a
rabiTycoM KypTHHKH ITUX BUAIB Oyiu 3pimkedi i posnori. Hatomicts y S. album
B TiHi, SIK 1 Ha CBITIIi, PO3BUBAINCS JTOBOJI KOMIAKTHI KypTHHKH, YOMY CIIPHUSIIO
¢dopmyBanHns Ha ocoOuni 3—7 wT. maronis Il mopsaxy. ¥V pocnun H. ewersii B ymo-
Bax TiHI maroHu | mopsaKy He ramry3uinucs, 0a3albHa YacTHUHA iX JepeB’siHiia i 3ro-
JIOM TIpHiMaJIa TIarioTPOITHE TIOJIOKESHHS, KYIIMKH BHIVISLIAIH 3P1KCHUMH.

JlocmimKeHHs TOKa3HUKIB POCTY IAaroHiB IMOKA3aJIo, M0 33 YMOB BUPOITyBaHHS
POCIIMH TIpH JIOCTaTHIA OCBITIICHOCTI BiJl TPaBHsI O BEPECHS JOBXKHHA OJHOPIYHO-
ro MaroHy O4YMTKiB 30inbiryBanacs B 1,5 (S. spurium) — 2,2 (S. album) pa3a. Haii-
JOBLIMI BereTaTUBHHUI mariH ¢opmyBaBcsi y pociuH S. reflexum 1y 1,5-1,6 paza
[IEPEBUIIYBaB PO3MIPH OJHOPIYHOIO Narony y S. spurium ta S. album (puc. 2).

Bimznauumo, 1o 3a ymoB iHtpoaykiii y KbC pocnunu S. reflexum 1 S. album
main Ha 10—15% OinbImi po3Mipn Haa3eMHOT YaCTHHH, a Y S. Spurium JOBKIHA MiXK-
BY3JIiB, SIK 1 BCbOTO OJHOPIYHOTIO MAroHy B 1,5 pasu nepeBuiyBana TaKy B IpUpo.I-
HUX yMOBax [0, 21, 23], o, BOueBHU b, 3yMOBIIEHE ITPYHTOBUM (PaKTOPOM MicCIIe3poc-
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CBITJIO TIHb
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Sedum spurium M. Bieb.
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Hylotelephium ewersii (Ledeb.) H. Ohba

Hylotelephium spictabile (Boreau) H. Ohba

Puc. 1. Cxema eanyscenns nazonie 6uoie pooie Hylotelephium H. Ohba i Sedum L. nanpuxinyi
8epecHs 3a pizHozo pieHs ocsimaenocmi 6 ymosax Kpusopizvkozo bomaniunozo cady Hayionanvnoi
akaodemii nayx Yxpainu. Ilo3nauku: wopnum Ko16opom — 0OHopiuni nazonu I nopsaoxy i iucmxu,
senenum — nazouu Il nopaoky, uepgonum — nazonu 111 nopsoky, yepeomi KyivKu — cyygimmsi.
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TaHHS BUJIB (KaM STHUCTI CXWJIH Tip). Y pocnuH H. ewersii 1 H. spectabile nosxuHa
MaroHiB Ha OCBITJICHIH AUISHII BIPOIOBK CE30HY TaKoX 3poctanay 1,5-2 pasa, sk
iy BuniB Sedum, i nocsrana ianosigao 12,16£2,51 cm ta 56,3743,40 cm. Taki x
3aBJIOBKKH BEreTaTWBHO-TeHepaTuBHI naronu H. spectabile Gopmye 1 B mpUpOAHIX
micre3pocranasx [30].

Tak sk JOCHiKyBaHI BUAW MEPEBAYKHO BiTHOCATHCS 110 TemiodiTiB, 3aTiHEHHS
MIPU3BOJIUIIO 10 3MiHU iX radiTycy i MOp(hOMETPUYHUX TOKa3HUKIB. B TIHLOBUX yMO-
Bax po3BUTKY y Il nexani TpaBHs JOBXKKMHA HAaroHiB TUIBKU y S. reflexum n0CTOBIpHO
Oysa mMeHIie B 1,6 pa3a MoKa3HUKIB MPH JOCTaTHHOMY OCBITIIEHHI. Toi sIK 710 OCeHi
(KiHeIb BEpecHs1) TOBKMHA OJJHOPIYHHX BETeTaTHBHUX ITaroHIB BUIIB pomy Sedum,
X04 1 OyJla MEHIIoro, mpoTe 3pocrana y 1,62 paswm, sk 1 Ha cBiTii (puc. 2). s
pociuH H. ewersii B yMOBax TiHi Oyau XapaKkTepHi HAlfMEHII pPOCTOBI MOKa3HUKH —
y TpaBHi JOBKMHA aroHy Oyia Maike y 2 pa3u MEHIIOIO BiJl KOHTPOJIIO, a Y BEPECHI
nocsirana nuire 8,86+0,94 cm. Y pocnun H. spectabile BereTaTUBHO-TEHEPATUBHI
MaroHW HAINPHKIHIN BepecHs Oyiu 3aBBUIIKHU 43,42+2.57 cm, mo Oyno B 1,6 paza
MEHIIIE, Hi’K Ha CBITJII.
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Sedum Sedum Sedum Sedum Sedum Sedum
album, album ,  spurium,  spurium, reflexum, reflexum,
ceimio minb cgimno minb cgimino minb

Hecna B j1iTo O ociub

Puc. 2. Ce30HHuil picm 00HOPIUHUX 8e2eMAMUBHUX NACOHI8 POCIUH 8udig pody Sedum L.
3a pisHoeo piensa ocsimnenocmi 6 ymosax Kpueopisvroeo bomaniunozo cady
Hayionanvno axademii nayx Yxpainu (konmpois — c6imno);

* — po3bisicHocmi 0ocmosipui 8i0HOCHO KoHmponio 3a kpumepiem Cmoviooenma npu p<0,05

BuBuennst OymoBM TaroHiB, a came KiTBKOCTI BY3JiB Ta TOBXHUHH MIiXKBY3-
JIB J1aJI0 MOXJIMBICTH KOHCTATYBATH, IO Y Ha3eMHOIOB3YYHX BHIIB pomy Sedum
B YMOBax [OBHOTO OCBITJICHHSI B IEpioj X aKTUBHOTO PO3BHUTKY KUIBKICTH BY3-
JIIB 3 TpaBHs 110 BepeceHb 30unbiyBanacs B 1,7 paza 'y S. reflexum 1 S. spurium ta
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Taomuns 1
MinauBicTh 03HaKk OynoBHu oqHOpiuYHMX MaroHiB BuAiB poniB Hylotelephium H. Ohba
i Sedum L. 3a pi3HOro piBHA OCBIiT/IEHOCTi MPOTATOM C€30HHOTO PO3BUTKY B YMOBAaX
KpusBopisbkoro 6otaniunoro caxy HamionaansHoi akagemii Hayk Ykpainn

PiBens ocBiTienocti
Tepwin 39000-56 500 2500-3500
AOCTIMkEHHA 3?1::;%:;0;3“5 14500-23 500 soxe 31:13::[?[[)]121‘;?3}!5 1200-2000morc.
KinabkicTs JloB:knHA KinbkicTs JloB:kuHA
BY3J1iB, IIT. MiKBY3J1iB, CM BY3JIiB, IIT. MIKBY3J1iB, CM
Sedum album L.
TpaBeHb 11,0+ 0,5 0,61 +0,06 6,3 +0,5*% 0,62 + 0,62
JIATICHb 10,3+0,6 0,93 +0,05 11,0 +0,7* 0,98 +0,05*
BEPECeHb 333+1,5 0,78 £ 0,05 29,5+ 0,7* 0,68 = 0,35*
Sedum spurium M. Bieb.
TpaBeHb 13,4+0,9 0,95+0,10 8,9+04* 0,88 +0,06*
JIMTICHB 142 +0,7 0,83 +0,07 9,7 +£0,6* 0,95 + 0,09*
BEpECEHb 249+1,2 0,83 +0,02* 23,0+1,9 1,10 +£0,57*
Sedum reflexum L.
TpaBeHb 21,5+ 1,4 0,83 +0,07 15,1 £0,4* 1,03 +£0,12*
JIAIIEHD 24,5+0,9 0,73 +0,03 23,3 +1,5*% 1,23 £ 0,09*
BEPECEeHb 36,3+ 0,9 0,72 + 0,03 38,2+0,8* 1,23 +£0,10*
Hylotelephium ewersii (Ledeb.) H. Ohba
TpaBeHb 10,0 +0,2 0,65+ 0,03 5,6 +0,3*% 0,48 +0,09*
JIUTICH 10,3+0,4 0,90 + 0,09 6,0 £0,3% 1,06 £ 0,12*
BepeCceHb 13,6 £0,5 1,40 £ 0,07 11,0 +0,4* 1,50 +£0,29*
Hylotelephium spictabile (Boreau) H. Ohba
TpaBeHb 13,0£0,3 2,29 +0,09 13,1+0,3 2,29+ 0,03
JUIIEHb 12,1 +£0,4 5,53+0,12 11,3 +0,6* 3,50 +0,29*
BEpeceHb 13,7+ 0,6 5,07 £0,29 12,1 £0,1* 3,83 +£0,17*

Ipumimka: KOHTPOJIbHI MOKa3HUKU — CBITIIO, * — p0301KHOCTI JOCTOBIPHI BiTHOCHO KOHTPOIIO 32
kputepiem Crpionenta npu p<0,05.
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B 3 pasu y S. album, TONi K JOBXKHHA MDXKBY3JIIB 3ajuinaiacs ctanorw (tadm. 1).
Y pocnun BunaiB poxny Hylotelephium BinOyBanocs 301IbIIEHHS, SIK KITBKOCTI BY3J1iB
(y H. ewersii B 1,8 pasa), Tak i JOBKWHU MDKBY3JIiB (B 2,2 paza y H. spectabile
1B 3 pasmy H. ewersii).

TinboBi yMOBH pO3BUTKY pocnuH S. reflexum, S. spurium ta S. album, BinHOCHO
OCBITJICHOI TUISIHKY, PU3BOJMIN Y TPaBHi 10 3MEHIIEHHS KiJBKOCTI By3miB y 1,4—
1,7 pa3a, HaTOMICTh 10 BEpecHs iX KiUNbKIicTh 30inmbinyBaiacs B 1,8-2,7 pasza. [Ipu
LBOMY, TUTBKH Y S. spurium MPOTATOM CE30HY MIXKBY3JI TIOZOBXKYBAINCA 1 y BepecHi
B TiH1 Oynu OUTBIIMMH, HIXK HA COHITI, 1[0 CIIPHYUHSIIO «BUTATYBaHHD TaroHiB.

Y H. ewersii y TpaBHI B JaHHX yMOBax 3pocTaHHs (opmyBanocs y 1,8 paza
MEHIIe BY3JiB, HIK Ha CBITJI, @ MDKBY3J1s Oyiau xopormumu y 1,4 pasa, Tomi sk
y KiHIIl BepecHsI TOBKMHA MIXKBY3JiB 301bIyBajiacs y moHan 2 pasu. st pociun
H. spictabile ve 3a(ikcoBaHO JOCTOBIPHUX 3MiH KIJIBKOCTI BY3J1iB, TOI SIK JOBXKHHA
MDKBY3JIiB Ha BepeceHb 30unmbmryBanacs B 1,2 pasa, mpore Oyina MEHIIIOO HIX Ha
CBITJII.

AHani3 OTpUMaHUX MOPPOMETPUYHHX TTOKA3HHUKIB PO3BHUTKY JINCTKIB TOBOJIUTH,
10 B YMOBax JIOCTaTHhOTO OCBITIICHHS Y OUIBIIOCTI TOCIIPKYBAaHUX BUIIB OYUTKIB
(S. reflexum, S. album, H. ewersii, H. spictabile) Ha OJTHOPIYHUX MATOHAX Y BEPECHI
HapaxoByBajocs B 1,2—1,4 pa3a MeHIlIe JIMCTKIB, HIX y TpaBHi (puc. 3).
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S.al, S.al, S sp., S sp., S ref, S ref, H ew, H. ew, H. sp., H. sp.,
C8IMA0 MiHb CBIMIO MIHb CBIMJIO0 MIHb CBIMJI0 MIHb CBIMA0 MIHb

0

CBecHa B 51iT0 & ociHub

Puc. 3. Kinvkicmo aucmxie Ha 00HOpiuHOMY naeoHi pocaun éuoie Hylotelephium H. Ohba i Sedum
L. 3a pi3H020 piéHs 0CEIMAEHOCMI NPOMAZOM CE30HHO20 PO3BUNMKY 8 YM0o8ax Kpueopizbkoco
bomaniunoeo cady Hayionanonoi axademii nayx Yxpainu: S. al. — Sedum album L., S. sp. — Sedum
spurium M. Bieb., S. ref. — Sedum reflexum L., H. ew. — Hylotelephium ewersii (Ledeb.) H. Ohba,
H. sp. — Hylotelephium spectabile (Boreau) H. Ohba (konmpons — ceimno); * — pozoixcHocmi
00cmogipHi 6i0HOCHO KoHmpomio 3a Kpumepiem Cmorodenma npu p<0,05.
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Taka 0cOONMBICTH PO3BUTKY AaCHUMUIALIHHUX OpraHiB y 3rajJlaHuX BUIB,
MOB’s13aHa 3 MMOCTYNOBUM BiIMUPAaHHSIM HUKHIX JIMCTKIB, Uepe3 HEJOCTaTHE OCBIT-
JICHHS! HIKHBOI yacTuHu narouiB [20]. Toxi sk y S. spurium HaBOAKH, KUTBKICTH
JIUCTKIB JI0 OCeHi 3pocraia B 1,4 pasa, 110, BOUEBHU/Ib, 3aJI€XKAIIO BijJ 301IbIICHHS
KITBKOCTI BY3JTiB YIPOIOBK CE30HHOTO PO3BUTKY.

B ymoBax TiHi (3 TpaBHS 110 BEPECEHB), MOPIBHIHO 3 TOCTATHHO OCBITIACHUM MicC-
LIE3pOCTAaHHAM, BiIOyBaNOCs CKOPOUYCHHS KiJTBKOCTI TUCTKIB y 1,3-3 pasu (puc. 3),
10 TPU3BOAIIIO 10 3MEHIICHHS YIIMCHEHOCTI TaroHiB. Haitmenre opraniB acuMi-
nsii opMyBanocs Ha maroHax S. reflexum, OCKITBKHA YePTOBE JTUCTKOPO3MITIICHHS
Bi10yBasIoCs HE 10 4—5-TH MOB3IOBXKHIM OCSIM, SIK Ha CBITIIi, @ IEPEBAKHO IO TPHOM
ocsMm. Tomi sk y H. spectabile B TiHi (hopMyBanocss MyTOBUATE JIMCTKOPO3MIIIICHHS,
Ha BiIMIHY BiJ] OCBITJICHIX YMOB 3 ITEPEBAKHUM YEPTOBUM 200 CyTIPOTUBHUM PO3Mi-
MIEHHSM JINCTKIB Ha MMaroHi, 3aBIsKH YOMY KiJTbKiCTh JJUCTKIB y BHIY IO KiHIISI Bere-
TaIifHOTO Ce30Hy Oysa MPaKTUYHO OJHAKOBOIO TIOPIBHSIHO 3 OCBITIICHOIO JIIISTHKOIO.

JocnimkeHHs KiTbKiCHUX IMTOKAa3HWKIB PO3BUTKY JINCTKIB OYMTKIB TIOKA3aJI0, 110
BHPOIIYBaHHS BUIIB pony Hylotelephium y TIHBOBHX yMOBaXxX NMPU3BOIUTH 10 (Hop-
MYBaHHS BUJIOBKCHUX JIMCTKIB Ta JIOCTOBIPHOTO 3MEHIIICHHS IIJIOIII JIUCTKOBOT TI0-
BepxHi (Tadm. 2). [Ippuomy, mpoTsIroM CE30HHOTO PO3BUTKY PO3MIPH OpraHiB ach-
missnii H. spectabile na 35% Oynu ApiOHIMIMMHK BITHOCHO TIOKAa3HHKIB 3 COHSYHUAX
TUJISTHOK, TOMI SIK Y H. ewersii 10 BepeCHS TUIOIIA JTUCTKOBOI ITOBEPXHI CKOpUIYyBasIacs
Maibke BaBidi. [Ipu moBHOMY 3aTiHeHHI Mictie3pocTaHus y S. reflexum ta S. album
KoeiIlieHT BUJOBKEHOCTI JINCTKIB 301IbIIyBaBcs K y TpaBHi (B 1,2—1,6 paza), Tak
1y BepecHi (B 2,4-2,6 pa3a). HaykoBusiMu rmokaszaHo, 1o S. album agantyro4duch J10
3MiH B CEpeAOBHUIII 3pocTaHHs (HOpMye BY)KYi 1 AOBIII 32 PO3MIPOM JIUCTKH, TPH
IEOMY HE BTpavarouy iX HopMaiabHOI hyHKITIOHATRHOCTI [23, 28]. V S. spurium B Ti-
HBOBUX YMOBAaX JIOCTOBIPHHX 3MiH IUIOIII JIFCTKA HE BUSBICHO, a/DKE 3 TPABHS I10
BepeceHb He3HAUHE 3MEHIIICHHS JOBKUHHM JINCTKA KOMIIEHCYEThCSA TAKHM K€ He3Had-
HUM 30UTBIIEHHSIM HOTOo mupuHA. LT 0cOOMMBICTh BUAY, Ja€ 3MOTY O3€JICHIOBAYaM
YCIIITHO BUKOPUCTOBYBATH HOTO B TIHROBHX canaax [20, 29].

Oxpim mokazaHux BuIe MOPQOJIOTIYHNX 0cOOIMBOCTEH (HOPMyBaHHS JHMCTKIB
BuniB Sedum 1 Hylotelephium B TIHLOBUX YMOBax, 3a3Ha9MMO, IO ITiJT KiHEIh BeTe-
TaIIfHOTO CE30HY 3MIHIOBAJIHCS HE JIUIIIC PO3MIipH, a i hopMa INCTOBUX TITACTHHOK.
Tax, y S. album, S. reflexum MUCTKH 3 BaTbKyBaTHX CTABaJIN OUTBIN MJIACKAMU 1 Ha
50° 3MiHIOBJIM KYT PO3TAITyBaHHS BiTHOCHO IUIOIIMHU ITAaroHy. XBUJISICTHH Kpai
JINCTOBOI TUTACTUHKY y H. spectabile 3rmamKyeThes, a y S. spurium 3amicTh TOPOI-
4acTOTo Kparo JIUCTKAa (POPMYEThCA XBUILSICTHH 1 YK€ 3BY)XKYEThCS OCHOBa. Kpim
TOTO, Y IIUX BUIB JIMCTKM BTpadaid BUAOCTENM(DidHE NEeKOpaTUBHE 3a0apBIEHHS,
Ha HHUX 3’ SBISIIACS BEIHKA KUTHKICTh XJIOPOTUYHUX 1 HEKPOTUIHUX TUISAM, IO 3Y-
MOBJIIOBAJIO iX TMEpemyacHe CTapiHHA. 3arajoMm, BCi 3a3Ha4ueHi 3MIiHU MPU3BOIIIIH
JI0 3HWD)KEHHS IEKOPATUBHOCTI POCIHH, ajie Pi3HOIO0 MipoIo 1 3 BUIOCTeH(DITHUMEI
OCOOJTUBOCTSAMU.
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BucHoBku

[lincymoByroun BWIKJIAJCHWI BUIIEC Marepiall MO)KHA BHUJAUTUTH 3arallbHi Ta
Bugocnenupidai ocoOnMBOCTI (OpPMyBaHHSI BEreTaTUBHOI cepu BUAIB POAIB
Hylotelephium H. Ohba i Sedum L. 3a pi3HOTO PiBHS OCBITJICHOCTI B yMOBax KpuBo-
Pi3bKOTO OOTaHIYHOTO caiy, SKUH 3HAXOMUTHCS B CTENOBIH 30HI YKpaiHH.

1. OgmHoOpiuHi BereTaTUBHI MArOHW HA POCIIMHAX MPHU ITOCTATHIN OCBITICHOCTI
ramy3uimcs 1o 1 i [l mopsinky y S. album i S. reflexum ta no 1l mopsnxy y S. spurium
i H. ewersii. HaroMicTh B TIHBOBUX yMOBaX T'ally)KCHHS TIArOHIB BiZI0yBallOCs TIBKU
1o Il mopsiaky y S. reflexum, S. spurium i S. album, a'y H. ewersii rany>xeHHs HE 3a-
(ikcoBaHo.

2. JloBXWHA OJHOPIYHUX MAroHIB 3 TPABHS MO BEPECEHb 301IbIIyBasIacs SK Ha
CBITJIi, TaK i B TiHi, ajie B TIHBOBUX yMOBaxX BOHa Oyna MeHmiow Ha 9% (S. album) —
31% (H. ewersii). KinbKicTb By371iB Ha OZHOPIYHUX ITarOHAX B TiHi IPOTATOM CE30HY
3MeHmyBanacs Ha 10-20% y Bcix BuaiB, okpim S. reflexum. Ilpu npoMy HOBKHHA
MIDXKBY3JIIB IOCTOBIpHO He 3MiHtoBanacs (S. album 1 H. ewersi) 4 cTaBajna OO0
y 1,3-1,7 paza (S. reflexum i S. spurium).

3. 3MeHMIeHHS KiJTBKOCTI JIMCTKIB B TIHBOBUX YMOBaX pO3BUTKY y 2,0-2,5 paza
Oyno xapakrepHuM it S. album 1 S. reflexum, a 3MEHIIICHHS TUTOIII JTMCTKOBOI ITO-
BEPXHI BIJTHOCHO MTOKAa3HUKIB 3 COHIYHUX JUISTHOK — Uit H. spectabile ta H. ewersii
Ha 35% Ta 50% BiamosiznHo.

4. Haii0inpin JOeKOpaTHBHUMH B yMOBax 3aTiHEHHS BUINISAANU POCIUHH
S. album, y sixux 30epiranocst BIacTUBE BUAY 3a0apBIICHHS JIMCTKIB, TIATOHH Ta-
Jy3WTUCS 1 He BUTATYBAJINCS, TOOTO (DOPMYBAIHCS TOCTATHRO IIUTBHI JIEKOPATHBHI
KypTUHKHU. PiBeHb AexopaTuBHOCTI S. spurium i S. reflexum 3HMKYBaBCS BHACIIIOK
«BUTATYBaHHS» TMAaroHiB (4epe3 30UTBIICHHS PO3MIpiB MIKBY3/IiB) Ta 3MEHIICHHS
iX yJAMCHEHOCTI, KYPTUHKH BUIIIAJAIH 3piIKeHUMH 1 po3norumu. Haiibinem Hera-
TUBHO 3aTiHEHHS BIUIMHYJIO Ha POCIMHU H. ewersii, alke picT MaroHiB Ta JIKCT-
KIiB MPUTHIYYBaBCs Maiike BJIBIYi 1 30BCIM HE Bi0yBaJIOCS JIOJATKOBOIO TajlyKeH-
HS TIaroHiB. /{151 BUKOpHCTaHHS B yMOBax TiHI MOXKHA peKOMEHIyBath S. album ta
H. spectabile, amxe pocTiHY X049 1 3MEHIITYBAJIM pO3MipH 0COOWH, TPOTE BUTIIS AN
JocuTh AekopatuBHO. Toxi sk S. spurium i S. reflexum MoxHa BUPOILyBaTH B HaIliB-
TIHBOBUX YMOBAX.

OTpuMaHi JiaHi € CKJIJI0BOK KOMILICKCHOTO BUBUCHHSI CTYTICHS YKUTTE3AATHOCTI
POCIIMH JIEKOPATHBHHUX OYMUTKIB B YMOBAax CTENOBOi 30HU YKpainu B pamkax HJIT
«KuTTE3MaTHICTD, TEKOPATUBHICTE MAJIOMOIIMPEHUX OaraTOPiYHHUKIB Ta X BHKO-
PUCTaHHA [Tt ONTHMI3allil ypooranamadTiB CTENOBOT 30HM YKpaiHu (Ha MPHUKIaIi
KpuBopizxoks)».

Crarts Hagiinuia a0 penaxuii 03.07.2024
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®OPMYBAHHS BETETATUBHOI COEPU BU/IIB
POAIB HYLOTELEPHIUM H. OHBA1SEDUM L.
3A PI3HOI'O PIBHA OCBITJIEHOCTI

Pesrome

Beryn. [l ontumizanii Ta 3a0e3nedueHHs CTIHKOCTI HacaKeHb Ha MapKOBHUX TEpH-
TOPIsIX, SIKI MPEJCTABIISIOTh 3HAYHY YacTHHY peKpealiiHuX HacapkeHb M. Kpu-
Buil Pir, HEoOXiJJHO 3aydeHHs TpaB SHUCTHX JCKOPATHBHUX POCIMH, IIO 3AaTHI
(YHKIIIOHYBaTH B yMOBax 4aCTKOBOTO 1 TOBHOTO 3aTiHEeHHS. J{J1si BU3HAUSHHS BUTPH-
BAJINX BH/IB HEOOXIHUM € JIOCIIKEHHSI 0COOIMBOCTEH (hOPMYyBaHHS BEreTaTHBHOT
ctepu OararopiyHUX POCIIUH.

Meta po6oTu nosisiraia y BUBYEHHI 0coOIMBOCTEN (hOpMyBaHHs BEreTaTHBHOI ce-
PH MJIOTIONIMPEHUX Y KyJIbTypi BUIIB poaiB Hylotelephium H. Ohba i Sedum L. 3a
PI3HOTO PiBHS OCBITICHOCTI TPOTSATOM CE30HHOTO PO3BUTKY B yMOBax KpHuBopi3zbkoro
OoraniuyHoro cany HamionanbHol akanemii Hayk YKpaiHu.

Metonuka. OO’ekraMu JOCHIDKCHHS Oynu pociunu  Hylotelephium ewersii
(Ledeb.) H. Ohba, Hylotelephium spectabile (Boreau) H. Ohba, Sedum album
L., Sedum reflexum L. ta Sedum spurium M. Bieb.. Bynmu 3akmaneHi iISHKA
y BLIKPUTOMY IPYHTI 3 Pi3HUM piBHEM OCBITJIICHHs: 100pe OCBITIIEHE Micle (KOHT-
pOJbHA JIISIHKA) — piBEHb OCBITIEHOCTI B 00iaHIH vac csraB 39 000-56 500 smrokc;
TIHBOBA AISIHKA — PIBEHb OCBITIIEHOCTI B 00iaHIN 4yac ckiagas 2 500-3 500 mrokc.
BuBuenns npoBoauin y Tpu etanu: 111 nexana TpaBHs, munHs 1 BepecHs. Busnauanu
Koe(Il[iEHT BUJOBKEHOCTI JIMCTKA SIK CITiBBIHOLICHHS JIOBXHWHH JI0 IIMPHHHU, ILIO-
11y JIMCTKA 32 METO/IOM BiIOMTKIB T2 MOP(OJIOTiI0 OHOPIYHKX IaroHiB.
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OcHoBHIi pe3yabTaTn. Bu3HaueHo, Mo py JOCTaTHHOMY OCBITJICHHI BiIOyBajocs
aKTUBHE TArOHOYTBOPCHHS — B KIiHII BEPECHS y POCIUH S. album yTBOPHOBAIOCS
16 mrt. marowis Il mopsiiky, Ha sikux 1o 2—4 it. narowis I mopsiaky, ay S. reflexum—
12 mt. Ta 1-2 mr. BignoBigHo. Y S. spurium i H. ewersii BinOyBanoCs TaayXeHHs
naroHiB TibkH 110 11 mopsiaky — y BepecHi ix Oyno 2—6 1mT. 32 YMOB BUPOIIyBaHHS
B TiHl y S. reflexum 1 S spurium 3pinka ¢popmysanucs 1-2 naronu Il mopsiiky B Oa-
3aJIbHIN YacTHHI FTeHEpaTUBHUX MaroHis, a y S. album —3—7 wrt. Pocnuun H. ewersii
B YMOBaXx TiHi HE (OpPMyBaJI OJHOPIYHMX ITTaroHiB. JOBXKHMHA MTaroHIB 32 YMOB BU-
POIILyBaHHSI OYNTKIB PU JOCTATHHOMY OCBITJICHHI 710 BepecHs 301bryBaiacs B 1,5
(S. spurium, H. ewersii) —2,2 pa3a (S. album, H. spectabile). Hatomicts y TiHi 10-
BXXMHA OJIHOPIYHHMX BEreTaTHMBHUX ITaroHiB IEPEBUIIyBala KOHTPOJIbHI TTOKa3HUKU
y 1,6-2 pa3a Tinbku y BujiB pony Sedum (y S. reflexum nocsirana 17,8 cm). B nanmnx
yMOBax HaliMEHIII POCTOBI MMOKA3HUKH OyJn XapakTepHi juist H. ewersii —y BepecHi
8,9 cm.

JlocnimkenHss MOp(OMETPUIHHUX MOKA3HUKIB PO3BUTKY JIMCTKIB JIOBOJUTH, 1110 SIK Ha
CBITJII, TaK 1 B yMoBax TiHi y S. reflexum, H. ewersii H. spectabile Ha omHOpIYHOMY
MaroHi yTBOPIOBAJIacsl MEHIIA KiJIbKICTh JIMCTKIB sIK y TpaBHi — B 1,2—1,4 pa3a, Tak
iy BepecHi—B 1,3-3 pasu. Tomi sik y S. spurium ix Oyno Oinbiie B 1,4 pasa. Buporry-
BaHHS POCJIMH y TIHBOBHX YMOBaX IMPU3BOJMTH JI0 JOCTOBIPHOTO 3MEHIIICHHS TIJIOIII
JIMCTKOBOT IMOBEPXHI, BIJIHOCHO NMOKAa3HHKIB 3 COHSIUHUX JUISHOK, Y H. spectabile
BXe B TpaBHi Ha 35%, Toni sk y H. ewersii maixe Basiui. Y S. reflexum ta S. album
301IBIITYBaBCs KOCQIIIEHT BUIOBKCHOCTI JIUCTKIB y TpaBHi B 1,2—1,6 pa3a, y Bepec-
Hi—B 2,4-2,6 pasa.

BucHoBku. TakuM 4uHOM, OTPUMaHI JaHi CBIAYaTh, 10 BiIOyBAIOTHCS 3MIHH IO-
Ka3HHUKIB POCTY Ta PO3BUTKY BETETATUBHOI ChepH JOCIIPKYBAaHUX BHIIB ITPOTATOM
CE30HHOTO PO3BUTKY POCIHMH B yMoBax KpuBopisbkoro Ooraniynoro camy Hario-
HaJIbHOT akazemii HayK YkpaiHu. B ymMoBax HeZOCTaTHbOI OCBITICHOCTI HaiiMeH-
I KUTBKICHI 3MiHI PO3BUTKY BereTaTnBHOI cepn Oynau XapakTepHi Ul pOCIHH
S. album, y sKuX, BITHOCHO MOKAa3HHKIB 3 J0OOpPEC OCBITICHUX MIJSHOK, JOBXKHHA
OJJHOPIYHUX MaroHiB 3MEHIIyBajacs Juie Ha 9%, a TOBKUHA MIXKBY3IIb JIOCTOBIp-
HO He 3MiHoBanacs. Ha BiaMiHy Bix 1bOTO, y S. Spurium IOBXWHA BEreTaTHBHUX
naroHiB y TiHi Oyna Oinbiia Ha 11%, HiX Ha cBiTNI, ale 1e BigOyBaocs 3a paxy-
HOK TIOJIOBXKEHHSI MIXKBY3J1b Ha 33%, 1110 IPU3BEIIO 10 «BUTATYBaHHs» maroHis. [Ipn
MOBHOMY 3aTiHEHHI 3HIDKYyBaJlacsl JICKOPATHBHICTB pociuH S. reflexum, y sSiKux He
TiBKK 301bIIyBanacs y 1,7 pa3u TOBXKHHA MIKBY3J1b, @ TAKOXK 3MEHIIIYBasacsi Ha
40% KIUTBKICTB JIMCTKIB Ha OJJTHOMY TaroHi. B yMoBax mMoBHOTO 3aTiHeHHS Halripie
«mouyBanu» cebe pocinuHu H. ewersii, ajpke POCTOBI MPOLECH ACUMUIAIIHHIX
OpraHiB MPUTHIYYBAIKCS Maike BIBIYl 1 HE BiIOyBaIOCS JOIATKOBOTO TallyKCHHS
TMIaroHiB.

Pesynbraty goCIiKeHb 03BOMISTH HE JIMIIE PO3IIUPUTH ACOPTUMEHT KBITHHKOBO-
JICKOPaTUBHUX POCIMH MICHKUX JIAHIIA(TIB, aje 1 BU3HAYUTH MPAKTHYHI 3acaIH iX
parioHaNbHOTO BUKOPUCTAHHS. by/yTh oXapakTepru30BaHi IEPCIIEKTHBY X 3aCTOCY-
BaHHS B 03€JICHEHHI JJIsl ONITUMI3allil BUTPAT NPU BUKOHAHHI POOIT 3 pEKOHCTPYKIIiT
KBITHHKOBO-ZICKOPATHBHUX HACA/PKEHb B ypOosaHImaTax CTernoBoi 30HH YKpaiHH.

KirouoBi ciioBa: 1ekopaTWBHI OYUTKH, PIBEHb OCBITICHOCTI, CHCTEMa IAroHiB,
JIUCTKH, CE30HHUI PO3BUTOK, CTCIIOBA 30HA.
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FORMATION OF THE VEGETATIVE SPHERE OF SPECIES
OF THE GENERA HYLOTELEPHIUM H. OHBA AND SEDUM L.
AT DIFFERENT LEVELS OF ILLUMINATION

Summary

Introduction. To optimize and ensure the stability of plantations in park territories,
which represent a significant part of recreational plantations in city Kryvyi Rih, it
is necessary to implement herbaceous ornamental plants that are able to function
in conditions of partial and complete shading. To determine hardy species, it is
necessary to study the features of the formation of the vegetative sphere of perennial
plants.

Aim. The aim of the work was to study the peculiarities of the formation of the
vegetative sphere of species of the genera Hylotelephium H. Ohba and Sedum L.
which are not common in culture at different levels of illumination during seasonal
development in conditions of the Kryvyi Rih Botanical Garden of the National
Academy of Sciences of Ukraine.

Methods. The objects of the study were plants Hylotelephium ewersii (Ledeb.)
H. Ohba, Hylotelephium spectabile (Boreau) H. Ohba, Sedum album L., Sedum
reflexum L. and Sedum spurium M. Bieb.. Plots with different levels of illumination
were organized outdoors: a well-lit area (control plot) — the level of illumination
at lunchtime reached 39000-56500 lux; a shady area — the level of illumination
at lunchtime was 2500-3500 lux. The study was conducted in three stages: the
third decade of May, July and September. The elongation coefficient of the leaf was
determined as the ratio of the length to the width, the area of the leaf using the
method of impressions and morphology monocarpic shoots.

The main results. It was determined that with sufficient lighting, active shoot
formation took place — at the end of September in S. album plants were formed
16 shoots of the II order and 2-4 pcs. III order shoots were formed; in S. reflexum —
12 pes. and 1-2 pes. In S. spurium and H. ewersii, the shoots branched only up to the
IT order — in September there were 2—6 pcs. Under the conditions of growing in the
shade, S. reflexum and S spurium occasionally formed 1-2 shoots of the II order in
the basal part of generative shoots and S. album — 3—7 pcs. Plants of H. ewersii under
shade conditions did not form monocarpic shoots. The length of the shoots under the
conditions of growing stonecrops with sufficient lighting until September increased
by 1.5 (S. spurium, H. ewersii) — 2.2 times (S. album, H. spectabile). On the other
hand, in the shade, the length of monocarpic vegetative shoots exceeded the control
indicators by 1.6-2 times only in species of the genus Sedum (in S. reflexum it reached
17.8 cm). Under these conditions, the smallest growth rates were characteristic of
H. ewersii — 8.9 cm in September.

The study of morphometric parameters of leaf development proves that both in light
and in shade conditions, S. reflexum, H. ewersii and H. spectabile formed fewer
leaves on an annual shoot, both in May — 1.2—1.4 times and in September — 1.3—
3 times. In contrast, S. spurium had 1.4 times more leaves. Growing plants in shade
conditions leads to a significant decrease in leaf surface area, compared to the sunny
areas in H. spectabile by 35% in May, while in H. ewersii it almost halved. In S.
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reflexum and S. album, the coefficient of leaf elongation increased by 1.2—1.6 times
in May and by 2.4-2.6 times in September.

Conclusions. Thus, the data obtained indicate that there are changes in the growth
and development of the vegetative sphere of the studied species during the seasonal
development of plants in the conditions of the Kryvyi Rih Botanical Garden of
the National Academy of Sciences of Ukraine. Under conditions of insufficient
illumination, the smallest quantitative changes in the development of the vegetative
sphere were characteristic of S. album plants, in which, relative to the indicators from
well-lit areas, the length of monocarpic shoots decreased by only 9%, and the length
of internodes did not change significantly. In contrast, in S. spurium, the length of
vegetative shoots in the shade was 11% longer than in the light, but this was due to
the lengthening of internodes by 33%, which led to “stretching” of shoots. With full
shading, the decorativeness of S. reflexum plants decreased, in which not only the
length of the internodes increased by 1.7 times, but also the number of leaves per
shoot decreased by 40%. In conditions of complete shading, H. ewersii plants “felt”
the worst, because the growth processes of assimilation organs were inhibited almost
twice and there was no additional branching of shoots.

The results of the research will allow not only to expand the range of ornamental
plants in urban landscapes, but also to determine the practical principles of their
rational use. The prospects of their application in landscaping will be determined to
optimize costs when performing work on the reconstruction of flower and ornamental
plantations in the urban landscapes of the steppe zone of Ukraine.

Keywords: ornamental sedums, illumination level, shoot system, leaves, seasonal
development, steppe zone.
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Bimmin inTpoaykiii Ta akimiMaTu3aiii pocivs, Byl boraniuna, 50, M. Kpusnii Pir,
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BIIINB KJIIMATUYHUX 3MIH HA ITOYATOK HOBITIHHA
JEPEBHUX POCJIMH Y CTEITIOBIU 30HI YKPAIHHU

3’scoBaHO, O BIpomoBx 1997-2023 pp. cepenHbopidHa TeMIlepaTypa MOBITPS B
ymoBax KpuBopixoxs migsummnacsk Ha 1,0 °C, pigHa KiTbKIiCTh OTaIiB 3MEHIIAIACH
Ha 32,6 MM (27%). BusiBneHo, mo KimiMaTHYHI 3MiHU TIPU3BEIH A0 TEPEMIICHHS
(ha3m moYATKY IBITIHHS HA OUTBII PaHHI CTPOKH Y I’ SITH BU/IIB JTUCTOIIATHHUX JICPCB
Ta KYIIIiB, sIKi 3pOCTAIOTh y KOJIEKIIHIX HAacaKeHHAX KpHBOpi3pKOro 00TaHIIHOTO
caxy HAH VYkpainu. Haiibinpme 3Mmimenss y ¢penonarax sussieHo y 7ilia cordata
Mill. (B cepenapoMy Ha 5 11i0).

KurouoBi ciioBa: xriMaTHdHi 3MiHH, IBITiHHSA, AepeBHI pocnuHu, CTemoBa 30Ha,
Kpwusnii Pir.

CyyacHi 3MiHH KJIiMaTy (OpPMYIOTh HOBUH pakypc (hEHONOTIYHUX JOCITI/KEHb,
TOMY SIK CE30HHI PUTMH POCIIMH B 0araTopiyHOMY aclieKTi € Ba)KJIMBOIO XapakTe-
PUCTHKOIO CTaHy Ta (DYHKITIOHYBAaHHS eKOCUCTeM [6, 41, 42]. Ce30HHI pUTMH PO3BH-
TKy OEpyTh y9acTh y IPUCTOCOBAHOCTI POCIIMH JI0 YMOB JOBKIJUIS 1 € aIalTHBHOIO
03HAKOI0, CXMJIBHOIO J0 LIBHIKOIO PO3BUTKY B YMOBaxX HECTaOUILHOTO KIiMary, Ta
KIIFOYOBOKO pUCOI0 y (hopMyBaHHI posmoniny BuaiB [19]. Kinimarnysi 3MiHU BIUTH-
BalOTh Ha CE30HHI MPOILIECH POCIUH 1 BUKIMKAIOTH MepeMilieHHs GeHoaart, mo mij-
TBEPIUKYEThCs OaraTtbma nociigaukamu [25, 29, 32, 35, 38, 41]. [Toganbliie mnore-
TUTIHHS KTIMaTy MOJKe BIUTMHYTH Ha G10pi3HOMAHITTS TIEBHOTO MICIIe3pOCTaHHs, Ta
LIJTKOM HMOPIBHO, IO AESKi BUAH, IK a0OPUTEHHI, TaK 1 IHTPOIyKOBaHi, MOXKYTh 3a
TAaKMX YMOB OTPUMATH NepeBard Jyis CBOIO PO3CEJICHHS, ad0, HaBMAaKH, MPUBECTH
10 3HUKHEHHS [19, 41]. IcHYIOTB CBiJUEHHS TOTO, IO KJIIMAaTU4YHI 3MIHH OCTaHHIX
JECSITUITITh BUSBUIIMCS CIIPUSITIIMBUMM JIJISI I€SKUX BUIIB 1 J03BOJIUIIN iM PO3MIOBCIO-
JUKYBATHCS B PETiOHH, JIe paHillle BOHW HE MaJIi IaHCIB Ha BHJKUBAHHS 1 BiITBOPEH-
HA. Y €BPOIEHUCHKUX PO3INUIITHUKAX 3pOCTAIOTh YUCICHHI BUIN Ta KyJbTHBAPH, SIKi
B OCTaHHI JIeCATUPIYYsI BUKUBAIOTH B perioHax Ha 1000 kM miBHIYHIIIE, HI)K BOHU
pasiiie MonIu OyTH BUCAIKEHi, HACJIIAKOM YOr0 MOKe OyTH 3Ha4YHA 3MiHa CKIIaAy Ta
CTPYKTYPH JCHPOHACAKEHb B ypOaHi30BaHOMY cepenoBuii [42].

3a JJaHUMU BiJIOMUX YUCHUX-KIIMATOJIOTIB y XX CT. BIIOYJI0CS T IBUIIICHHSI TEM-
nieparypu noBiTps 3emii vHa 0,3-0,6°C, 1 me nepiof MOTEMJIIHHS € TOCUTH JJOBIO-
ctpokoBuM [21, 22, 27]. TemmepaTypHi 3MmiHu TOBITpss B CTemoBiif 30HI YKpaiHu
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BiIOyBarOThCsI MPUOIIM3HO TaK, SIK 1 B IIiIoMy Ha TutaHeTi [4, 16]. YV npyrii monoBuHi
1940-x pokiB cepeaHbOpiUHA TeMIeparypa nositps craHosuia 7,8°C, y 1990-x po-
kax — 8,4°C, 2000-2010 pp. —9,1°C, y 2010-2020 pp. — 10,5°C [12].

MopentoBaHHs XapakTepy KIiMaTy Jjisi TepuTopii YKpaiHu CBIAYUTH PO Te, IO
3pOCTaHHS TEMIIEpaTypH TOBITPS 3arajioM ¥ Hamami TpuBarume. [lomanbpmia 3MiHa
KITBKOCTI OMaJliB MPOTSATOM POKY MPHU3BOAUTHME /IO 3MIIIEHHS KIIMAaTHYHUX Ce-
30HIB, 3MiHM TPUBAIOCTI BETETAIIHHOTO MEPiOAy POCIHH, 3MEHIIIEHHS TPUBAIOCTI
3aJITaHHS CTIKOTO CHIrOBOTO MOKPHWBY, 3MiHM BOJIHUX PECYPCIB MICLIEBOTO CTOKY
Tomio. 30epekeHHs PI3HOMAHITTSl BUJIB JEPEBHO-KYIIOBHX POCIHH 32 HAasBHOCTI
KJIIMaTHYHUX 3MiH Nepeadavae ix ajanTaifiro Ha OCHOBI TeHETUYHOT Ta ()EHOTHUIIIY-
HO1 BapiaTUBHOCTI, TOMY aKTyaJIbHHUM € BHBUYEHHS OCOOJHUBOCTEH MPUCTOCYBAHHS
pociMH A0 KiIiMarndHuX (haKTOpiB MEBHUX Micue3pocTanb. HebakaHi HaCHiIKu
BILTUBY ITI00QJIBHOTO TIOTEIUIIHHS Y CIOJTYYEHHI 3 JII€I0 aepOIOIIOTAHTIB B YMOBax
IIPOMHUCIIOBOTO MicTa MOKHA BUSIBUTH METOIOM (DEHOIIOT11, siKa OB’ s13aHa 3 €KOJI0-
riyHAMH, (Pi3iogorivHUMH, OIOXIMIYHUMU Tiporiecamu Toiio [7]. Boxuuit nedinur,
BUKJIMKaHUH 4aCTHMH MIOCYyXaMH 1 BHCOKOIO TEMIIEPaTypOrO IMOBITPs BIIPOJIOBK Maki-
K€ BCHOTO BETETAIlIHOTO TIEPioy, MPU3BOAUTH A0 AucOaIaHCy Y (yHKITIOHYBaHHI
pPOCIIMHHOTO OopraHi3My. ToMy Ba)KIIMBO BH3HAYHTHU BIiAMOBIIHY PEAKIIiIO IEPEBHIUX
POCIHH Ha TI00aNbHI KIIMAaTHYHI 3MiHHU 1 aHAJIITUYHO OLIHUTH iX CTAH B Cy4aCHHX
EKOJIOTIYHMX yMoBax. LlinboBe BUKOPHCTaHHS JACHAPOIOTIYHUX PECYPCIB 3 ypaxy-
BaHHSIM KJIIMAaTHYHUX 3MIH, HACJIIJIKIB TEXHOT'€HE3Y 1 COLIaJIbHO-EKOHOMIYHOIO PO3-
BHUTKY TIPOMHCIIOBHX perioHiB CTenoBoi 30HH YKpaiHU MPEACTABISAETHCS OTHUM 3
HaIpsMKIB BUPIIICHHS MPOOJIEMH MPU3YITMHEHHS IMPOTPECYIOUO0l Aerpanarii JaHi-
madTiB Ta ontuMizaiii qoBKiLIs. Taki TOCHIKEHHS TO3BOJATh OTITHOUTH Teope-
THUYHI OCHOBHM aJanTalii 1epeBHUX POCIUH Ta PO3POOUTH KpHUTepii 0OOpy pOCIHH
3 MIiJBUIIEHOI TOJCPAHTHICTIO JIO MIHJIMBHX YMOB CEpPEIOBHUIIA MICIIE3POCTaHHSI
BU/IB [8].

Buxopasau 3 1boT0, aKTyalbHUM 3aJIHIIAETHCS BU3HAUYEHHS BIUTUBY KIIMATHIHAX
3MiH B yMOBaX CTETOBOI 30HM YKpaiHu Ha (PEHOPUTMIKY JIEPEBHUX POCIHH.

Mema pobomu — BUBYSHHSI BIUTMBY KIIIMATHYHUX 3MiH Ha MTOYATOK IBITIHHS Jie-
PEBHHX POCIHMH B YMOBaX IPOMHUCIIOBOTO perioHy CTernoBoi 30HM YKpaiHH.

Marepiaau i MeTonHn

MarepianoMm JUIsl TOCHIKEHHSI MOYATKy LBITIHHS POCIHH, K€ MPOBOAMIIOCS
3 1997 mo 2023 pokw, cayryBad I'SiITb BUZIIB JIMCTONAJHUX JACPEBHUX POCIUH,
sIK1 3pocTaroTh B Kojieknii KpuBopispkoro 6oraniunoro caxy HAH Vkpainu: Acer
platanoides L., Tilia cordata Mill., Forsythia europaea Degen & Bald., Spiraea
vanhouttei (Briot) Zabel, Crataegus submollis Sarg. Bymo obpano 1o 25 ek3. KO)KHO-
ro Buty Bikom 30-35 pokiB.

Busnauenns nouarky ¢asu uBitiHeg 114 BU3Hauanu 3a Takor 03HAKOIO — BiHO-
YOK KBITKHM MOBHICTIO PO3KPHUBCS, AaTa (iKCyeThCsS MPU PO3KPUBAHHI MEPIIUX KBi-
Tok. denonaru Qa3 UBITIHHSI 0OpaHHUX BUJIIB aHAIII3YBaJIM METOJIOM IIEPEBOJTY JaT y
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Oe3nepepBHUN PsII YMCEN MOYMHAIOUH 3 nepioro Oepesns. JnHaMuka Temreparyp
ynpoposx 1997-2023 pp. gocmipKyBanach 3a JaHUMHU iHTEepHET-pecypey [12], ne
Oy B34Ti CepeHbOA000BI, CepeIHbOMICAYHI, CEPeAHBOPIUHI TEMIIEPaTypH MOBIT-
ps (°C) i cymu onaais (Mm). Jlani 3 HakonmueHHs mo3utuBHUX (TIoHa 0 °C), edek-
tuBHEX (moHan 5 °C) ta akrmBHUX TeMmriieparyp (moHax 10 °C) xapakrepu3yBayin
METOZIOM iX JO/IaBaHHS TICIS CTIMKOTO MEpexomy CepenHbOJO000BHX TEeMIIeparyp
yepes 0, 5, 10°C.

KpuBwuii Pir HanexuTp 10 perioHiB 3 Ay:Ke CHIBHUM TEXHOTCHHUM HaBaHTa)KEH-
HSIM, JIe TOJIOBHOIO MiCTOYTBOPIOIOUOIO Taily3310 € YOpHa MeTanypris. Bucoka koH-
LEHTpallis BUPOOHUIITBA HA OOMEKECHOMY MPOCTOPI 3yMOBIIIOE CKJIHY €KOJOTid-
HY CHUTYAIIli0, SIKa TIOTJIHOIOETHCS MOCYIIINBICTIO KIIMAaTHUHUX YMOB. Teputopis
Kpusopixoks po3ramosana B Crenosiii 3041, [liBHiuHOCTEIOBI# MiA30Hi [9]. Kimimat
KpHuBOPi3bKOro periony He10CTaTHHO 3BOJIOKEHHUH 3 aMILTITY10I0 aOCOIIOTHUX TEM-
neparyp 6inbme 70 °C.

Cyma onaziB 3a BeretauidHuil nepiof ckianae 6au3pko 250 M, a 3a pik — 400—
460 mm. CepeHiii moka3zHUK BUapoByBaHHst 1i1st Kpusoro Pory cranoButh 740 MM,
a cepenHii koedirient 3BonokeHHs — 0,54. BumenaBeneHi gani XxapakTepu3yrOTh
IIeH PETiOH SIK TEPUTOPII0 3 HEOCTATHIM 1 HECTIMKUM 3BOsIOKeHHsIM. CyMapHU# pid-
HUH neiluT 3BOIOKEHHS CKIIaiae B cepeiHbomy 481 MM [5]. Bererartiitanii mepiof
B [liBHiuHOCTENOBIN WiA30HI Ykpainu (3 Temmeparyporo Buie +5 °C) 3a gaHumu
rizpomereocnyxou Tpusae 215-220 nHis.

Koedirient Bapiaiii po3paxoByBayiv 3a (HOpMyIIOH0:

CV=o0/M,

Jie G — cepeHe KBapaTUYHe BIIXUIeHH, M — cepeane 3HaueHHsA. CepeqHe KBaapa-
TUYHE BIIXWJICHHS (G) pO3paxoBYBAIHM SIK KBaJAPATHUN KOPiHb 3 AUCTIEPCii.

PiBHsIHHS JiHIT TPEH/y Ta JOCTOBIPHICTH iX anpokcumaiiii (R?), a Takox 3HaueH-
Hsl HenmapameTpuyHoro koedimieHty xopesiii CripMeHa po3paxoByBasd 3a J0TO-
mororo mporpamu Exell 2016.

Pe3ynbTaTu g0CaiTKeHHsT Ta X 00roBOpeHHs.

AHali3 OTpUMaHHX JIJAHUX CTOCOBHO CE30HHOTO PUTMY PO3BUTKY B yMoBax Kpu-
BOPDLXIKS TO3BOJINB BCTAHOBUTH, IO Forsythia europaea 3aIBiTae HaPUKIHII Oe-
pe3Hsa — Ha 1moyarky KBiTHs (Ta6mn. 1). Jlemmo misHime st ¢a3a crocTepiraerbes y
Acer platanoides, B 0CHOBHOMY, y Ipyriii monoBUHI KBiTHs. [loyaTtok LBITIHHS Y
Crataegus submollis naltuactiie BigOyBa€eTbcsl y TpETill AeKazl KBiTHS, Spiraea
vanhouttei — y nepiiii nexani Tpasusi, Tilia cordata — TpeTiii Aekaji TpaBHS — Hep-
I AeKaal 9epBHSI.

BapiabenpHICTE cepenHix OaraTopiyHUX BEJIWYWH IPOaHali30BaHOI (heHOomaTH
y pi3HuX BuaiB B ymoBax Cremy YKpaiHM HE3Ha4Ha i, K MPAaBWIO, HE IEPEBUIIYE
6—10 nHiB (cepenHe KBapaTUYHE BiIXUICHHS KoMuBaeThes Bif 4,3 mo 10,0 3amex-
HO Bix BHAy). CTymiHb PO3CiIOBaHHSI JaT MOYaTKy IBITIHHS BUAIB MOXXKHA KJlacu-
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¢ikyBatu sIK cepenHiid, oqHak y BuniB 7ilia cordata, Crataegus submollis, Spiraea
X vanhouttei koeilieHT Bapiamii HAOMWKyeTbCs 10 He3HayHoro (5,3—7,4%) B 10-
piBHsiHHI 3 Forsythia europaea (30%), 110 TOBOPUTH PO OUIBIIY 3aJICKHICTh PaH-
HBOKBITYYHX POCIHUH BiJl METEONOKA3HUKIB Ocpe3Hs. UuM Olibliie 3HAUYCHHS G, THM
OinpIe BapiabembHICTh (ha3u, IMUpIIe aMILTITyaa 11 MIHIHBOCTI. MEHTII 3HaUYeHHS
XapaKTepU3yIOTh CTAOUTHFHICTh HACTAHHS CTPOKIB IMOYATKY (ha3u i TOBOPSITH PO 3HA-
YHHUI KOHCEPBAaTH3M POCIHH. B repuioMy Bumnajiky (BUCOKI 3HAUEHHS G) POCIMHAM
MpUTaMaHHa JTOCTATHS TUIACTUYHICTh, IO JIO3BOJISIE iM MPUCTOCYBATUCS O HOBUX
yMOB [2].

Tabmuus 1

CepeanbopiuHi 1aTH MOYATKY UBITIHHS JesIKUX BU/IIB JepeB TH KylIiB
B yMoBax KpuBopixiksa (27 pokiB crnocTepe:keHb)

IMouaTok UBITIHHS
Bux " Cepenns nara

19972023 ppy | Mem ° CV.%
Acer platanoides 25 15.04+£1,00 10.04 — 1.05 5,1 11,0
Crataegus submollis 25 28.04+0,84 20.04-8.05 43 7,4
Forsythia europaea 25 5.04+2,05 20.03 —20.04 10,0 30,0
Spiraea x vanhouttei 25 7.05+0,69 1.05 - 13.05 3,6 5,3
Tilia cordata 25 30.05+1,06 21.05-10.06 5,5 6,0

Haii0inpma pi3HUIS MK HaWpaHHIIIMMHM Ta HAWMI3HIIAMH JaTaMd IOYaTKy
LBITIHHS BU3Ha4YeHa y Forsythia europaea — 30 nHiB, TOMi K y Acer platanoides —
21 nenb, Crataegus submollis ta Tilia cordata — 18 nHiB, Spiraca * vanhouttei —
12 guiB.

Oninka morogaux GUIyKTYyarliii 3a 27 pokis crioctepesxens (1997-2023 pp.) moxka-
3aJia MiJBUIICHHS CepPelHbOMICIYHOI TEMIIEPaTyPH MOBITPS MaiKe Y BCIX MiCAIIAX
(tabm. 2). Pizauns mix nokazHukamu craHouth Bif 0,6 °C o 1,5°C. HaiiBimuyT-
HIIIMIA BIUIMB Ha TOYATOK BereTallii Ta IBITIHHS YUHSAThH METEOYMOBH JIFOTOIO Ta
OepesHs, SIKi 3HAYHO MOTEILIIIAM, & HalOIIbIle cepel] BECHSIHUX MICSIIB MOTEILTi-
IIaB TPAaBEeHb, y IKOMY B OKPEMi POKH BXKe ITOYNHAIOTHCA MOCYXH. be3 cyTTeBuX 3MiH
TEMIIEPaTYPHOTO PEXHUMY 3QTUIIHINCH Ci9eHb T JKOBTCHb.

Cepenns piuna temneparypa nositps 3a 2010-2023 pp. 36inpmmnace xa 1,0 °C
nopiBHsHO 3 nepiogom 1997-2009 pp.

CepenHi 3Ha4eHHS CYMH OIIaJliB BIIPOIOBK OCTaHHIX 27 POKiB 3HU3HJIIMCH Y YePB-
Hi Ha 21,4 MM, y Oepe3Hi, JIMIHI, CepIiHi, )oBTHI — Ha 4,3 — 9,7 MM (Tab:. 1). 30111b-
IIeHHS KiTBKOCTI OMafiB BIAMIYEHO Yy KBIiTHI Ha 24 MM, y CidHI, JIIOTOMY, TpaBHi,
rpyasi —Ha 0,4 — 5,2 mm. Takuii mepepo3noia onaiB IprU3BiB 10 OLTBIIOTO 3BOJIO-
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Tabmung 2
3minn kaiMaTHyHuX Noka3HUKiB 1is1 KpuBopixeks
ynponos:xk 1997-2023 pp.

Cepenns Temneparypa nosirps, °C Cyma onanis, Mm?
Micsun
1997-2009 20102023 Pizanms 1997-2009 2010-2023 Piznuus

I -2,9 -3.,5 -0,6 29,7 30,1 +0,4

II -2,1 -1,1 +1,0 26,9 27,9 +1,0
111 2,8 3,7 +0,9 35,8 26,1 -9,7
I\Y 10,1 10,7 +0,6 22,0 46,0 +24,0
\Y% 15,8 17,1 +1,3 49,0 54,2 +5,2
VI 19.8 21,6 1.8 69,7 48,3 21,4

VII 22,5 23,1 +0,6 59,1 49,8 -9,3

VIII 21,7 233 +1,6 35,9 31,6 -4,3
IX 15,4 17,2 +1.,8 42,7 33,3 -9.,4
X 9,5 9,8 +0,3 35.4 29,7 -5.4
XI 2,9 4,2 +1,3 39,8 32,0 -7,8
XII -1,7 0,3 +2,0 32,3 36,7 +4,4
3a pik 9,5 10,5 1,0 478,3 4457 32,6

JKCHHS y 3MMOBHH Ta BECHSIHUI TIEPi0]I, a B JTITHBO-OCIHHIHN 1epiof] — 10 OTTHOIeH-
HSl TIOCYHTMBOCTI MOTOAHMUX YMOB Ta aHOMAJIbHUX TEMIIEPaTypHHUX MPOSIBiB.

Hist orpuMaHHs Okl y3aranbHeHol iHpopManii 3 QuryKTyaliii MeTeoposoriy-
HUX JIaHuX 3a repioxa 3 1997 nmo 2023 pp. Oyiiu moOynoBaHi rpadiku TeMIIepaTypHOro
Ta BOJIOTOTO peXuMiB (puc. 1, 2).

Pucynok 1 neMoHCTpye MOCTyIIOBE 301IbIIEHHS CEPEIHBROPIYHUX Ta CEPEaHbO-
MicsiuHUX Temmeparyp Oepesns 3 1997 poky, mo BiaOyBaeThbcs 31e01Ib1IOTO 3a pa-
XyHOK MOTETUTIHHSI CEpIHS, BepecHs Ta rpyaHs. JliHis Tpenay s cepeaHbopiuHOl
TEeMIEpaTypH MOBITPst ONUCY€eThes piBHSHHEAM Y = 0,0944x + 8,8046, 10CTOBIPHICTH
anpokcumarii R? = 0,6546. 3HayHuii BIUIMB Ha [MOYATOK BETETAILIMHOTO MEPIoay Ta
3B’s13aHO1 3 HUM (Da3y IBITIHHS JAEPEBHUX POCITHH YHHITH METCOPOJIOTIYHI YMOBH
Oepesns. JliHisg TpeHIy VA TEMIIepaTypy y bOMY MICSI ONMUCYEThCS PIBHSHHIM
Y ==10,1232x + 1,6826, nocroBipHicTh anpokcumarii R? = 0,139. 36inbiieHns ce-
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Puc. 1. 3minu cepeonvoi memnepamypu nogimps (°C) 3a pix ma 6epezens y 1997-2023 pp.
(m. Kpusuii Pie, /[ninponemposcvka 0011.)

PeIHBOMICSYHOT TeMIepaTypH HoBiTps y OepesHi 3a e nepiox craHosuts 0,9 °C
(24%), 3a oquamuHUM BuHITKOM (-0,5 °C y 2018 potii) BOHA CTa€e IUTFOCOBOIO.

Ha i 30inbIICHHST TEMIIepaTypH MOBITPsl BiJI0YBAa€ThCSI 3MEHIICHHS KUTBKOCTI
omafis (puc. 2). JliHisg TpeHIy IS PIYHOT KIJTBKOCTI OTIaJliB OMICYETHCS PIBHIHHIM
Y =-6,9073x + 519,68, nocroBipHicTh anpokcumariii R =0,1796. Y 1997-2010 pp.

Puc. 2. 3minu cymu onadie (mm) 3a pix, 1997-2023 pp.
(m. Kpusuii Pie, [{ninponemposcvka 06:1.)
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KUIBKICTh omafiB 3MeHmmiIacs Ha 27 % nopiBusaHo 3 2011-2023 pp (tadn. 1). Boxn-
Houac, y 2022 p 3aikcoBaHO MaKCUMalIbHY KUIbKiCTh onafiB (777,4 MM), sSika KOHT-
pactye 3 MiHiManbpHOIO Y 2017 poui (180,0 mm). HalinocymumuBilunmMu BUSIBUIIUCS
2017-2021 pp., Koy piyHi cymH omnaniB koiuBaiucs y Mexax 180,0-295,0 mwm.
Omxe, aMILIITY/1a PiYHOI KUILKOCTI OmajiB 3poctae, nounHatoun 3 2009 poky, ajne
TEHJICHILIS IO MOTIMOJICHHSI MOCYIILTUBOCTI KIIIMAaTHYHUX YMOB 30epiraerbes. Oco0-
JIMBO KPUTHYHHUM JJISl POCIIMH € HEeIOCTaTHS KiIBKICTh OMAaJiB Yy JIMMHI-BEPECH] 3a
YMOB MaKCHMaJbHO BHCOKHX Temreparyp nositps. Tak, y 2018 pori y ceprHi He
OyJ10 JKOTHOTO IOy 32 MaKCHMaJbHOI Temreparypu micsaus 37,2 °C, a y BepecHi-
’KOBTHI KUIBKICTb OIaaiB CKjaja jauire 18,2 MM.

BigomMocTi ipo 3MiHM TTOKa3HUKIB CEPEIHBOMICIIHOI TEMITEpaTypH Ta KiJTKOCTI
OTIAJIIB 3a POKaMHU Ta MICSIIMH CBiT9aTh MPO JOCHTH Pi3Ki BIIMIHHOCTI Ta BiAXHU-
JICHHS BiJ] Cepe/IHiX 0araropiyHUX BEIWYUH. Y JIUIHI-CEPITHI KUIBKICTh JTHIB 3 TeM-
neparypHUMH MakcumyMmamu Buie 35°C OyBae Oinbme 10, 110 mocuiioe BUIapo-
ByBaHH:. B okpeMi poku TemmepaTypa noBitpst Moxke migHimatucs 10 37-40 °C, a
cepeHbOMICSIUHA TeMIepaTypa MOBIiTPs P LIbOMY TepeBuilye HopMmy Ha 4—5 °C.
BigHocHa MiHIManbHa BOJIOTICTh MOBITPSl MOXKe 3HIXKYBatucs 10 35-40%, mo mMeH-
e Big Hopmu Ha 20-35%.

[TigBuIIeHHS TeMIIepaTypy MOBITPst ynpoaosx 19972023 pp. BIUIMHYIO Ha JaTH
HACTaHHsI I[BITIHHS JOCIIDKYBaHUX BUIB. PIBHSHHS JIiHIT TPEH/TY 1TOYATKY I[BITIHHS
st Forsythia europaea Y = - 0,3761x + 39,821, Acer platanoides Y = -0,1838x +
48,313 Crataegus submollis Y = -0,0958x + 60,305, Tilia cordata Y = -0,4731x +
97,587, Spiraea * vanhouttei Y = -0,1172x + 69,53 (puc. 3). JloCTOBIipHICTE ammpoK-
cumartii (R?) siniit Tpeny rpadikis, modymnoBanux st Tilia cordata naiiBuina i cra-
HOBUTH 0,4659. lns Forsythia europaea, Acer platanoides, Crataegus submollis,
Spiraea x vanhouttei nmoxazauk MeHmmi i craHoButs 0,0769; 0,0759; 0,0293 i
0,0668 BiaNOBiIHO, OJTHAK OCHOBHA TEHJICHIIISI IEPEMIILICHHS 1T [TOYaTKy IBITIHHS
Ha O11bII paHHI CTPOKH 30epiraeThest. [Ipu mopiBHAHHI cepeqHiX OaraTopiyHUX aaT
HactanHs uBitiHHs y 2010-2023 pp. BizOyBanoch panime 3a nepion 1997-2009 pp.
y Forsythia europaea y cepenabomy Ha 1,15 nodu, Acer platanoides —ua 1,4 no0wu,
Spiraea % vanhouttei — 0,95 noodu, Crataegus submollis — 0,8 noowu, Tilia cordata —
5 ni6. Orxe, y Tilia cordata BusiBIieHO HalOIIbIIE IEpEMILlIeHHST PEHOJATH IOYATKY
UBITIHHSA, IO MiATBEP/PKYETHCSI HAWBUIIUM 3HAYCHHSIM alpoKcUMallii JiHii TpeHy
3 MiHIMQJIBHOIO aMIUTITYAOIO 1 KoiuBaHb (puc. 3). HaliMeHnIi nepeMilieHHs BUSBIIE-
Hi y Spiraea * vanhouttei Ta Crataegus submollis, B SKuX 3HaYCHHSI allPOKCUMAITI1
MiHIMaJbHI.

Hacranns ¢enomorivaux (a3 y pocinH Mae 3B’ 430K 13 HAKOTMYEHHSM ITO3UTHB-
aux (uie 0°C), epextuBHuX (Buie 5°C) Ta aktuBHEX Temneparyp (Buiie 10°C), Ha
10 BKA3yrOTh 1 iHII mocmigauku [3, 11]. Halimenmoi cymu BKkazaHUX TeMIieparyp
JUIsl IOYaTKy UBITIHHA noTpedye Forsythia europaea, naiidinemoi — Tilia cordata
(tabn. 3). be3 nakonuueHHs epeKTUBHUX TemIileparyp Buuie 5°C MOKe BCTyNaTH
1o Qasu usitinus Forsythia europaea, suie 10°C — Acer platanoides, Crataegus
submollis.
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Puc. 3. Ilouamox ygiminus desxux oepes ma Kywjie 3 AiHiamu mpeHoie
6 ymosax Kpueopiowcowcs: 1 — Forsythia europaea, 2 — Acer platanoides,
3 — Crataegus submollis, 4 — Spiraea x vanhouttei, 5 — Tilia,
* ghenooamu nepegedeni y b6esnepepeHuil pao dices NOYUHAIOUU 3 NepuLo2o bepesns
Tabuuis 3
Cymu temneparyp Buie 0°C, 5°C, 10°C Ha noyaTox UBiTiHHSA
(27 pokiB cnocTrepexeHb)
CyMma cepeIHB01060BHX TEMIIEPATyP HA MOYATOK UBITIHHS
Bux Cepenns nara
(1997-2023 pp.) ~0C >stC ~10°C
* - .
Forsythia europaea 5.04 691;'; %%13 01 123847%1 L 31362 8
Acer platanoides 15.04 1322’56;;211’8 4Oi%;323;5’; 0 02&7757’3
Crataegus submollis 28.04 2953’972_ 65(;7’7 13%’(}6—4;27’6 g 1_4207899
Spiraea < vanhoutet | 705 HI7005 | TSET6 | 1446
Tl cordata 005 | SLEIOND | 6059913 | 329 789

[MpumiTka *: Mexi 3HAYEHb CyMHU TeMIepaTyp, ** cepeHe 3HAYCHHsI CyM TeMIIeparyp

Krnimarnuni 3Miau Bripogoex 1997-2023 pp. mpusBenu A0 OLTBII paHHIX CTPOKIB
rmoyaTky HakonmudeHHs edekrnBHUX (Bule S °C) ta aktuBHUX (BHe 10 °C) Temre-
paryp nioBitps. Y 2010-2023 pp. nopiBasiHO 3 1997-2009 pp. BiAMiu€HO 3MEHIIICH-
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Hs cymu epextuBHUX (Ha 1,3-8,2 %) Ta aktuBHUX (Ha 3,4—15,2 %) Temneparyp Ha
MTOYATOK IBITIHHSA Y BCIX JTOCIIHKEHUX BUAIB. Lle TOBOpUTH PO HAKONIMYCHHS TeTlia
1ie 110 crifikoro nepexony 4yepes 5 °C ta 10 °C, To0TO Mpo MOTEIUTIHHS 3MMOBOTO Ta
paHOBECHSHOTO mepiomiB. [lyxe Terut 3UuMOBI MicAlli MOXYTh MPHUBECTH IO TIEpe-
MimieHHs (PEHOJIOTIYHUX J1aT Ha O1IbII paHHI TepMiH HE 3BayKalouy Ha TeMIleparyp-
HUH pexuM HaBecHi [24, 31, 33].

3a nonomororo koediuienta kopemsinii CripmeHna Oynia BU3Ha4YeHa 3aJIeKHICTD
MK HacTaHHsAM (eHoda3u Mmoyarky HBITIHHS Ta cyMoro Temieparyp Buile 0 °C,
5 °C, 10 °C (tabm. 4). Y BCiX BH/IB BCTAaHOBJICHUN MPIMUN KOPEIALIHHUII 3B SI30K,
KpiM Spiraea x vanhouttei, B sIKOi BiH € 3BOPOTHIM Y BUITaJIKy 3 HAKOITUYECHHSIM T€M-
nieparyp Bute 0°C ta 10 °C. JIoCTOBIpHUM € TIPSIMHH 3B’ 30K 3 CYMOIO TEMIIEPATyp
Butie 5 °C y Acer platanoides, Crataegus submollis Tilia cordata, a Taxox BwuIIe
0 °C -y Tilia cordata.

Tabmuusa 4
3aJieskHiCTh MOYATKY UBITiHHSA Bix KiIiMaTHYHUX daKTopiB
3a nepiox 1997-2023 pp.
Iepexia cepennbon060B0i Cyma Temneparyp
BHZ[ n TeMIIepaTrypu Ha 1€Hb MOYATKY LBITIHHA

>0°C >5°C >10°C >0°C >5°C >10°C
Acer platanoides 25 0,290 0,163 0,051 0,275 0,482%* 0,120
Crataegus submollis 25 0,260 0,056 0,274 0,314 0,643** | 0,118
Forsythia europaea 25 0,546** 0,349 -0,028 0,09 0,257 0,029
Spiraea x vanhouttei 25 0,083 0,016 0,375 -0,039 0,074 -0,413
Tilia cordata 25 0,278 -0,019 0,090 0,554** | 0,588** | 0,325

[Mpumitka: * p <0,05; ** p<0,01.

Takox BUSIBJIICHO KOPEJISIINHY 3aJIC)KHICTh MIXK JJaTaMH TI0YATKY [[BITIHHS Ta Ja-
TaMU MEePexoly cepeHbo1000B01 Temneparypu yepes 0°C, 5°C, 10°C (tabi. 4), ne
JOCTOBIPHUM 3HaUEHHs € JInulie y Forsythia europaea y BATIAJKY 3 IEPEXOIOM Yepe3
0°C. 3BopoTHiit 38’5130k 3 iepexonom depe3 10 °C BusiBneno y Forsythia europaea
ta gepe3 5°C —y Tilia cordata.

OTxe, morogHi yMoBH KpHBOpIXOKS CTalOTh Aeqaii TEIUTIIIAMHU Ta CYXiITUMHU.
[ligBuIIeHHs MOCYIUIMBOCTI KJIIMaTUYHUX YMOB Bce Ouble Oyae MOrmHOIIoBaTH
nporecu kcepodiTu3saiii AepeBHOI POCIUHHOCTI, MPU3BOAUTH JIO 3MIHU KUTTEBOT
(dbopmu Ta 6G10METPUYHHX MTAPAMETPIB, MATOJIOTTYHHUX 3MiH POCTY KPOH Ta CTOBOYPIiB
[13, 14]. Ilopsin 3 MM Ha TITi 3HIKEHHS JKUTTEBOTO CTaHY POCIUH OymyTh 3pOc-
Tatu iX ypakeHHs (HITOMATOTCHIIMH Ta SHTOMOIIKITHUKAMH, 110 Oy/le BUKIMKATH
narojorii pizHoro xapakrepy [1]. Taki npouecu nependavyaioTs Neperiisg iICHyI040ro
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CIHCKY BUIB Ta KyJbTUBAPIB, IEPCIIEKTUBHUX JUIS IHTPOAYKIIii B CTETIOBUI PETiOH,
PO3IIMPEHHS Ta 3MiHY Aiana3oHy KpUTEpiiB Bigoopy.

[Ipo BIMB KIIIMAaTHYHUX 3MiH Ha CE30HHI PUTMH PO3BHUTKY BKa3YEThCS Y HU3II
po0iT ykpaincekux pocnignukis [10, 11, 20, 39]. V tpaB’sHuCTHX pOciuH 31e011b-
LIOTO MOJOBXKYETHCSI TEPMiH KBITYBaHHSI Ta TPUBAIICTh BETeTAI[ifHOTO MEpiofy, a
TaKOXX 3MIHIOIOTECS Mopdomorivni mapamerpu [20, 39]. VYV mepeBHUX pOCITHH MPO-
CTEXKYETbCS NMEPEMIllleHHS BECHSHMX (eHOIaT Ha OUIbII paHHI TEPMiHH, 30Kpe-
Ma TIOYaTOK Bererailii, moyarok mpitiaas [10, 11]. BecHsHi (heHosOTIUHI TpoIiecH
OLTBIII YyTIWBI A0 3MiH TEMIIEPaTyPHOTO PEXKUMY, TOMY BiTIYBAIOTh HAHCHIIHHINTY
TpaHc(opMaLilo MOPIBHAHO 3 1HIIMMHU ce3oHamHu [26, 29, 34]. HaitlindopmarusHi-
moro (eHo(}azor 100 BIUIMBY KIIMATUYHHAX 3MiH Ha POCIHHU € (paza movarky
usitinas [10, 18]. JJocnimkenHs mouarky 1iei ¢a3u y 1eB’ATH BHJIIB TAPHOKBITY4NX
JepeBHUX KymiiB B ymoBax Jlico-CrenoBoi 30au Ykpainu (KuiB) nmokaszanu 3HauHi
nepeMillieHHs Ha OUTBII paHHI TePMiHU ynpoaoBk octaHHix 60 pokis [11]. [Toxai6-
Ha TEHJICHIIiSI MIO/I0 MOYaTKy IBITIHHS Oyja BCTAHOBIIEHA JUIS YOTHPHOX BHIIB Jie-
peBHHX pociauH B Cremnosiii 30HI YKpaiHu (ApTeMiBChK), e TEPMiH JOCIIKEHHS
cranoBuB 17 pokis [10].

BucHoBknu

3riIHO 3 METEOPONIOTIYHIMHE JTaHUMH B yMoBax KpmBopixoks 3a mepion 1997—
2023 pp. BigOynocs mocTynoBe 30UIbLICHHS CepeHbOPIuHOI Temiieparypu Ha 1,0
°C. [NoTerutiHHs KiIiMaTy K B YKpaiHi, TaK i B IHIIMX perioHax IUIAaHETH, MiATBep-
JDKY€ETBCSI YUCTICHHUMH BU3HAYCHHSIMH BYCHUX-KITIMATOJIOTIB.

Bussieni 3anexHoCTi (heHOIAT Bix KIIIMAaTHIHX 3MiH ITOKA3aJIH, Mo (a3a IBiTiH-
HS y ISpEeBHUX POCIHH Y Konekuii KpuBopisskoro 6oraniunoro cagxy HAH Ykpainu
MepeMicTIIACh Ha OUIBIN paHHI TEPMIHH.

Cyma MO3UTHBHUX TEMIIEPATyp Uil KOOKHOTO OKPEMOTO BHIY 3aJMIIMJIAch He-
3MIHHOIO, a CyMH €()eKTHBHUX Ta aKTUBHHX TEMIIEpaTyp CTald HaBiTh MEHIINMH,
10 TOBOPHTB PO 1X HAKOIMYEHHSI e JIO CTIMKOTO MepeXoy CepeHbO000BOT TeM-
nieparypu depe3 0°C, 5°C, 10°C, To0TO crocTepiracTbCs MOTEILTIHHS 3MMOBOTO Ta
PaHOBECHSIHOTO TIEPiOiB.

Kopensimiiiauii aHasi3 Mi>k Mo4aTKoM IBITIHHS 1 CYMOIO TeMIleparyp BUSBUB CTa-
TUCTHYHO 3HAUYIIly 3aJIe)KHICTh Bij Temreparyp suie 5 °C y Acer platanoides, Cra-
taegus submollis, Tilia cordata.

Crartsa Hagiinuia 10 penaxiii 24.07.2024

Crnncok BUKOPHCTAHOI JIiTepaTypu

1. boiiko T.O. ditocaniTapHuii cTaH 3eICHUX HacaKeHb M. XepcoH. Haykosuii sicnux HIITY Vipainu. 2020. 30
(4). C. 67-72. DOL: https://doi.org/10.36930/40300412.

2. Bymax Il E. ®eHonorundeckue KpUTEPHU YCTOHIHBOCTH B HHTPOXYKIUH pacTeHuit. [umpooykyis pocaun. 2005.
Ne 4. C. 9-19. URL: http://nbuv.gov.ua/UJRN/IR_2005 4 3.

3. Baciok C.A., Mopo3 I1.A. InTpoxyxkiis MacIuHKH OaratokBitkoBoi (Elaeagnus multiflora Thunb.) B Jlicoctemy
Vkpainu. [ToBigomnenus 1. Mopdomnoridai 0coONMMBOCTI Ta CE30HHUM PO3BUTOK. [Hmpodykyis pocaur. 2005.
Ne2. C. 17-20. URL.: http://jnas.nbuv.gov.ua/article/UJRN-0001036888

36



ISSN 2077-1746. Bicuuk OHY. bionoris. 2024. T. 29, Bur. 2(55)

10.

11.

12.

13.

14.

18.

20.

21.

22.

23.

24.

25.

Hinyx SL.II. Exonoriuni acnekTn o0anbHuX 3MiH kiaiMary: Ilpuaunn, nacninku, ail. Bicnux HAH Ykpainu.
2009. Ne 2. C. 34-44. URL: http://nbuv.gov.ua/UJRN/vnanu_2009 2 12.

JIOCBI/T KOMIUICKCHOI OL[HKM Ta KapTorpadyBaHHs (HakTOPiB TEXHOTCHHOTO BILUIHBY Ha IPUPOIHE CEPEIOBHILE
mict Kpusoro Pory ta [{ninpoxsepxuncoka / 1.1, barpiii, A.M. Binoyc, }O.I". Bunkyn ta in.; Binnos. pex. B.M.
Maniii. [ncturyT reonoriuaux nayk HAH Ykpainu. K.: ®enixe, 2000. 110 c.

€pemeeB B. M. PerionanbHi acniektd 1106anbHOi 3Minu Kiimary. Bicnuk HAH Yipainu. 2003. Ne 2. C. 24 28
. URL: http:/nbuv.gov.ua/ UIRN/vnanu_ 2003 2 3.

Baiinesa 1.0., donrosa JLI. ®i3ionoro-6ioxiMiuHi OCHOBH IHTPOXYKLII JepeBHUX pociuH B CrenoBomy
Tpuaninpos’i: Mmonorpadis. J1.: Bua-Bo Juinponerp. Hau. yH-Ty, 2010. 388 c.

3aKOHOMIPHOCTI ajanTallii a0OpUreHHUX Ta IHTPOYKOBAaHUX BB AEPEBHUX POCIIHH JI0 MiHIMBUX yMOB CTe-
nosoro [puauinpos’s / 1O. B. Jluxomnar, H.O. Xpomux, JI.B. Illynpanosa, .M. Kosasnenxo, B.C. ®enenxo,
A.A. Anexceepa. Cymu: @OII Lipoma, 2018. 186 c.

Mapuana  O.M., Ilapxomenko I.O., Ilerperxko O.M., Ilumenxo ILI. VYmockonaneHna cxema i3uko-
reorpagidHoro paifonyBaHHs YKkpainu. Vkpaincvkuil ceoepagiunuit scypuan. 2003. Ne 1. C. 16-20.
Mexencbkuit B.M. KiimMatuuHi 3MiHM Ta iX BIUIUB Ha JACPEBHI POCINHU Ha MiBIACHHOMY cXOIi YKpainu. /Ipo-
morunennas 6omanuxa. 2009. Ne 9. C. 56-59. URL: https://harvester.nas.gov.ua/Record/irk-123456789-9179.
Ouekciitaenko H.O., bpeyc H.1O. 3anexnicTs nmoyarky LBiTIHHS FAPHOKBITYUHX KyIiB BiJj KIIMaTH4YHUX 3MiH
y paiioni micta Kuesa. Hayxosi npayi Jlicisnuuoi akademii nayx Yxpainu. 2013. Bum. 11. C. 126-129. URL:
http://nbuv.gov.ua/UJRN/Nplanu_2013_11_21.

CaiiT noroau. DNeKTPOHHBIN pecypc. http://rp5.ua.

CycnoBa O.I1., Boiiko JI.I. XKutreuii cran BuniB poay Acer L. B ypbocuctemax CtenoBoi 30HH YKpaiHH.
Exonoeiuni nayku. 2023. Ne6 (51). C. 196-201. DOI 10.32846/2306-9716/2023.ec0.6-51.3.

IOxumenko FO.C. Takconomiunmii ckman i 3arambHuil craH poxy (Malus L.) B xomekuii KpuBopisbkoro
6oraniunoro caxy HAH VYxpainu. Hayxosuii eicnux HJITY Yxpainu. 2023. T. 33. Ne6. C. 7-12. DOIL:
10.36930/40330601.

. Bahuguna R.N. Jagadish K.S.V. Temperature regulation of plan phonological development. Environmental and

Experimental Botany. 2015. Ne 111. P.83-90. DOI:10.1016/j.envexpbot.2014.10.007.

. Boychenko S., Voloshchuk V., Movchan Y., Serdjuchenko N., Tkachenko V., Tyshchenko O., Savchenko S.

Features of climate change on Ukraine: scenarios, consequences for nature and agroecosystems. Proceedings of
the National Aviation University. 2016. Ne4 (69). P. 96-113. DOI: 10.18372/2306-1472.69.11061.

. Bramwell D. Plant adaptation and climate change. In: 2nd World Scientific Congress Challenges in Botanical

Research and Climate Change (29 Juni - 4 July 2008). Programme Book of abstract. The Netherlands, Delft.
2008. 3 pp.

Buonaiuto, D. M. & E. M. Wolkovich. Differences between flower and leaf phenological responses to
environmental variation drive shifts in spring phenological sequences of temperate woody plants. Journal of
Ecology. 2021. Ne109. C. 2922-2933. DOI:10.1111/1365-2745.13708.

. Chuine I. Why does phenology drive species distribution? Philosophical transactions of the Royal Society B.

2010. Ne365. P. 3149-3160. DOI: 10.1098/rstb.2010.0142.

Chypyliak T., Zubrovska O. Features of development of species of the genus Veronica L. in the conditions of
steppe zone of Ukrane. The Journal of Slovenian Academy of Sciences and Arts, Scientific Research Centre,
Institute of Biology. Hacquetia. 2022. Ne21 (1). P. 223-233. DOI: 10.2478/hacq-2021-0025.

Climate Change. The Physical Science Basis. — Working Group I Contribution to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Changes UNEP/WMO, 2013. 1552 p. URL: http://www.ipcc.ch/
report/ar5/wgl/.

Climate Change. Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)].
IPCC, Geneva, Switzerland. 2014. 151 p. URL: http://www.weadapt.org.

Cook, B.I., Wolkovich, EM. & C. Parmesan. Divergent responses to spring and winter warming drive
community level flowering trends. Proceedings of the National Academy of Sciences. 2012. 109 (3). P. 9000—
9005. DOTI: 10.1073/pnas.111836410.

Dentec C.F., Vitasse Y., Bonhomme M., Louvet J. M., Kremer A., Delson S. Chilling and heat requiremens for
leaf unfolding sn European beech and sessile oak populations at the southern limit of their distribution range. J.
Biometeorol. 2013. Ne58 (9). P. 1853—1864. DOI 10.1007/s00484-014-0787-z.

Dikin E., Proctor H., Jebb M., Sparks T., Donnelly A. The phenology of Rubus fruticosus in Ireland: herbarium
specimensprovide evidence for the response of phenophases to temperature,with implications for climate
warming. International Journal of Biometeorology. 2012. Ne 56. P. 1103. DOI:10.1007/s00484-012-0524-z.

37



ISSN 2077-1746. Bicuux OHY. Bionoris. 2024. T. 29, Bum. 2(55)

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

38

Ellowood E.R., Temple S.A., Primack R.B., Bradley N.L., Davis C. C. Record-breaking early flowering in the
Eastern united States . PLos ONE. 2013. DOI: 10.1371/journal.pone.0053788.

Fischlin A. Concern on climate Change // 2" World scientific Congress/ Challengesin in Botanical Reserch and
Climate Change. Proggramme Book of abstract. 29 Juni — 4 July 2008. Delft, The Wetherlands. 2.

Fyfe J.C., Gillett N.P. and Zwiers F.W. (2013) Overestimated Global Warming over the Past 20 Years. Nature
Climate Change. Ne3. P. 767-769. DOI: 10.1038/nclimate1972

Gordo O., Jose J. Impact of climate change on plant phenology in Mediterranean ecosystems. Global Change
Biology. 2010. Vol. 16. P. 1082— 1106. DOI:10.1111/1.1365-2486.2009.02084.x.

Harfouche A., Meilan R., Alman A. Molecular and physiological responses to abiotic stresses in forest trees and
their relevance to tree improvement. 7ree Physiology. 2014. Ne 34 (11). P. 1181-1198. DOI: 10.1093/treephys/
tpu012.

Heide O.M. High autum temperature delays spring bud burstin in boreal trees counterbalancing the effect of
climatic warming. Tree Physiol. 2003. Vol. 29. P. 931- 936. DOI: 10.1093/treephys/23.13.931.

lkovich E. M., Cook B. L., Allen J. M., Crimmins T. M.,Betancourt J. L., Travers S. E., Pau S., Regetz J., Davies
T. J., Kraft N. J., Ault T. R., Bolmgren K., Mazer S. J., McCabe G. J., McGill B. J., Parmesan C., Salamin
N., Schwartz M. D., Cleland E. E. Warming experiments underpredict plant phenologicalresponses to climate
change. Nature. 2012. Ne 485 (7399). P. 494-497. DOI: 10.1038/nature11014.

Luedeling E., Guo L., Dai J., Leslie C., Blanke M.M. Differential responses of trees to temperature variation
during the chilling and forcing phases. Agric. For. Meteorol. 2013. Vol. 181. P. 33-42. DOIL: 10.1016/j.
agrformet.2013.06.018.

Menzel A. & Fabian P. Growing season extended in Europe. Nature. 1999. Vol. 397. P. 659. DOI: 10.1038/17709.
Menzel A. European phenological response to climate changematches the warming pattern. Global Change
Biology. 2006. Ne12. P. 1969-1976. DOI: 10.1111/j.1365-2486.2006.01193 .x.

Mitteler R. Oxidative stress, antioxidants and stress tolerance. Trends Sci. 2002. Ne 7. P. 405-409. DOI: 10.1016/
$1360-1385(02)02312-9.

Mund M., Kutsch W.L., Wirth C., Kahl T., Knohl A., Skomarkova M. V., Schulze E.D. The infcuence of climate
and fructification on the interannual variability of stream growth and net primary productivity in an oldgrowth,
mixed beech forest. Tree Physiology. 2010. Ne30 (6). P. 684-704. DOI: 10.1093/treephys/tpq027.

QOerbauer S. F., Elmendorf S. C., Troxler T. G., Hollister R. D., Rocha A. V., Bret-Harte M. S., Dawes, M. A.,
Fosaa A. M., Henry G. H. R., Hoye T. T., Jarrad F. C., Jonsdottir I. S., Klanderud K., Klein, J. A., Molau U.,
Rixen, C., Schmidt, N. M., Shaver, G. R., Slider, R. T., Totland, @., Wahren, C.-H., Welker J. M. Phenological
response of tundra plants to background climate variationtested using the International Tundra Experiment.
Philosophical trans-actions of the Royal Society B. 2015. Ne 368 (1624). P. 1-13. DOI:10.1098/rstb.2012.0481
Prokhorova S. & Netsvetov M. Morphological and phenological shifts in the Plantago lanceolata L. species
as linked to climate change over the past 100 years. The Journal of Slovenian Academy of Sciences and Arts,
Scientific Research Centre, Institute of Biology. Hacquetia. 2020. Ne19 (2). P. 293-305. DOI:10.2478/hacq-
2020-0006.

Sperlich D., Chang C.T., Penuelas J., Gracia C., Sabate S. Seasonal variability of foliar photosynthetic and
morphological traits and drought impacts in a Mediterranean mixed forest. 7ree Physiology. 2015. Ne 35 (5). P.
501-520. DOI: 10.1093/treephys/tpv017.

Sykes M. Climate change impacts: Vegetation. Encyclopedia ofLife Sciences. 2009. P. 1-11. DOI:
10.1002/9780470015902.20021227.

Van der Veken S., Hermy M., Vellend M., Knepen A., Verheyen K. Garden plants get a head start on climate
change. Frontiers in Ecology and the Environment. 2008. Ne 6 (4). P. 212-216. DOI: 10.1890/070063.

Walther G.R., Roques A., Hulme P.E., Sykes M.t., Pysek P., Kuhn I., Zobel M. Alien species in a warmer
world: Risks and opportunities. Trends in Ecology and Evolution. 2009. Ne 24 (12). P. 686—693. DOI: 10.1016/].
tree.2009.06.008.

Wilczek A. M., Burghadt L.T., Cobb A.R., Cooper M.D., Welch S.V., Schmitt J. Genetic and physiological
bases for phonological responses to current and predicted climates. Phil. Trans. R. Soc. B. 2010. Ne (365). P.
3129-3147. DOLI: 10.1098/rstb.2010.0128.



ISSN 2077-1746. Bicuuk OHY. bionoris. 2024. T. 29, Bur. 2(55)

10. C. IOxumenko, O. B. Jlanuiabuyk, JI. I. Boiiko

Kpusopizpkuii 6oTaniunuit can HAH Ykpainn

Binnin inTpomykiii Ta aknimaru3anii pocnu, Bya. boraniuna, 50, m. Kpusnii Pir,
50089, Vkpaina, e-mail: yukhimenkoj@gmail.com

BIIVINB KJIIMATUYHUX 3MIH HA ITOYATOK OBITIHHA
JEPEBHUX POCJIMH Y CTEIIOBIU 30HI YKPAIHHU

Pesrome

Beryn. 3a naHumm BiIoMHX ydeHHX-KiiMmarojorie 'y XX cr. BigOynoch mif-
BHUILEHHsT TeMmeparypu noBiTpst 3emui Ha 0,3-0,6 °C, i 1eii nepiog NOTETUTIHHS €
JIOCUTH JIOBIOCTPOKOBHM. TeMnepaTyle 3MiHu TOBITpsi B CTernoBiii 30H1 YkpaiHu
B1116yBaIOTBC${ NPUOIN3HO TaK, sIK 1 B 1iJIoMy Ha TuianeTi. [TinBuieHHs Temmepa-
TYPH TIOBITPSI BUKJIMKAE 3CYBU CE30HHOTO PUTMY PO3BUTKY Y POCIHH p13H1/1x npu-
POZIHUX apeatiB, 1110 MOXE PO3INISAIATHCH SIK OJIMH 3 6101H)11/11<aTop13 3MIH KJTiMary.
BecHsini (eHONOrIYHI TpoliecH OiIbII YyTIMBI 10 3MIH TEMIIEPATYPHOTO PEIKUMY,
TOMY BiI4yBalOTh HAWCHIIBHIIIY TPaHC(OPMAIIIIO MOPIBHSIHO 3 IHIIMMH CE30HAMHU.
HaitindopmarusHimnioro ¢heHodas3oro 1110/10 BIUIMBY KIIMaTHYHUX 3MiH HA POCIIUHH €
(aza movarky nBiTiHHSA. J[epEeBHI POCIHHU € BAKJIUBHM KOMITOHCHTOM ONTHMI3allil
ypbaHomaHamadTiB 1 30ePEIKCHHS TX PIZHOMAHITTS 32 HASSBHOCTI KJIIMAaTHYHHUX 3MiH
nepeadayae amamnTaiio Ha OCHOBI TX TE€HETHYHOI Ta (DEHOTHUITIYHOI BapiaTHBHOCTI.
Buxonsun 3 1mporo, axTyaJbHHUM € BUBUCHHS OCOOJMBOCTEH MPHUCTOCYBAHHS iX
(eHOPUTMIKH 10 CydacHHX KiliMatuuHuX (akropiB CTernoBoi 30HU YKpaiHu, sKi 1mo-
IIAOJTIOIOTHCS I€10 aePOTIOIIOTAHTIB i IpreMcTB KpUBOPI3bKOTO periony.
Meta. BuBueHHs BIUIMBY TNI00AIbHUX KIIMAaTHYHUAX 3MiH Ha [TOYATOK IBITIHHS Jie-
PEBHHUX POCIHH B YMOBax rpomuciioBoro micta CrenoBoi 30Hu YKpainu.
Metonuka. DikcyBaHHs JaTW [OYATKy IBITIHHS  TNPOBOAMIIM 32 METOJHMKOIO
(EHONOTIYHKUX CIOCTEPEKEHb y OOTaHIYHMX camax. JIOCTiKeHHS KIIMaTHYHUX
3MiH yrpoaoBx 1997-2023 pp. nmpoBOIWIN 3a JaHUMHU 1HTepHET-pecypey (Cait
norogu. — http://rp5.ua). PiBHsiHHS JiHIT TPeHy Ta JOCTOBIPHICTH 1X armpokcumarii
(R?), a TakoX 3HAUCHHSI HEMApaMETPHYHOTO KoedimienTy kopemsiii Cripmena pos-
paxoByBaJiu 3a jorioMmororo nporpamu Exell 2016.

OcHoBHi pesyabraTn. Pe3yibrard aHamizy METEOPOJIOTIYHHMX JaHHX B yMO-
Bax KpuBopixoks 3a mepiog 1997-2023 pp. 3adikcyBaiy MOCTyNnoBe 30UIbIICHHS
cepenHbOpiyHOi Temmeparypu Ha 1,2 °C, mio npusBeso J0 OiIbIl paHHIX CTPOKIB
HAKONWYEHHS TO3UTHBHUX, €(DEKTMBHUX Ta aKTUBHHUX JUIS POCIMH TeMIiepa-
Typ noBitps (Bume 0, 5, 10 °C BianosinHO) y BecHsHUMIA mepion. JloBemeHO, M0
y 3B’s3Ky 3 MM (a3a UBITIHHS y JEPEBHUX POCIMH MEPEMICTHIACH HA OUIBII
panHi Tepminu. JliHig TpeHIy Juis MOYaTKy LBITIHHS Brpomosxk 1997-2023 pp.
JIEMOHCTPY€ 3HauHE TIePEeMIillleHHs] Ha OLIbII PaHHI CTPOKH 3 HAWBHUIIUM 3HAYCHHSIM
anpokcumattii y 7ilia cordata. Tlpu mopiBHSIHHI cepe/iHIX 0araTopiyHMX JIaT MOYaToK
uBiTiHHSA y 2010— 2023 pp. nopiBusiHo 3 1997-2009 pp. panitmii y Tilia cordata na
5,4 nobwu, myst Acer platanoides, Crataegus submollis, Forsythia europaea, Spiraea
X vanhouttei 115t BenmuunHa ctaHoButh Bix 0,8 1o 1,4 mobu. Kopensuilinuit anami3
MDK TOYaTKOM IBITIHHS 1 CYMOIO TEMIIEpaTyp BHUSBUB HAHOIIbIIY 3aJISKHICT BiJl
temreparyp Buiie 5 °C — J0CTOBIpHUM 1€l MOKa3HUK € y Acer platanoides, Cratae-
gus submollis, Tilia cordata.

KinpkicTh omajiB 3MEHIINIACH BIIPOIOBK 1997-2023 pp. Ha 27%, 110 € 0COOIHMBO
KPUTHIHAM mijyac Tocyx 3a3Buuail y nunHi-BepecHi. [Ipu 3p00TaHH1 NoiOHMX
KJIIMaTU4YHUX 3MiH Oyze BinOyBaTuCh MOMIMOJCHHS BIUIMBY JIITHHO-OCIHHIX ITO-
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cyx Ha (i310JIOTIYHHNA CTAaH POCIHH, 30UMBIICHHS KUTBKOCTI MHJIOBHX OypeBiiB,
IHTCHCHBHOCTI BHIIaPOBYBaHHS, AHOMAJbHUX TEMIIEPATYpPHUX IPOSBIB TOLIO.
[oniOHi KITiMaTHYHI IPOSIBY 3ATHI BHECTH 3HAYHI KOPEKTHBH JI0 ACOPTHMEHTY JIe-
PEBHUX POCIHH, SIKI BUKOPHUCTOBYIOTh B O3€JICHEHHI ITpoMucioBux MicT CrenoBoi
30HM Ykpainu. [1iBUIIEHHS TOCYNIIMBOCTI KIIMAaTHYHUX YMOB Bce Oinblie Oyne
MTOTTTHONIOBATH MPOIECH KcepodiTH3alii JepeBHOI POCIHHHOCTI, TPU3BOJUTH 10
3MiHH JKATTE€BOT POpMHU Ta OIOMETPHYHHX ITaAPaMETPiB, a TAKOXK MATOJIOTIYHUX 3MIH
pocTy KpoH Ta ctoBOypiB. [Topsia 3 MM Ha TJIi 3HHKSHHS )KUTTEBOTO CTaHy POCIIHH
OyIyTh 3pOCTaTH IX ypakeHHsS (PITOMAaTOreHAMH Ta SHTOMOIIKITHUKAMH, 0 Oyme
BUKJIMKATH MATOJOTIi pi3HOro xapakrepy. Taki mporecu nependavyaroTh rneperisyy
HassBHOTO CITUCKY BUJIIB Ta KyJIbTHBAPiB, NEPCHEKTUBHUX UL IHTPOAYKLIT B CTEIO-
BHH PerioH, pO3MIMPEHHS Ta 3MiHY Jlialla30Hy KPUTEPiiB BiIOOPY.

KurouoBi ciioBa: xrimMaTHdHi 3MiHU, IBITiHHSA, AepeBHI pociuHu, CTemoBa 30Ha,
Kpugnii Pir.
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THE INFLUENCE OF CLIMATE CHANGES ON THE
FLOWERING START OF WOODY PLANTS IN THE STEPPE
ZONE OF UKRAINE

Summary

Introduction. According to well-known climatologists, the Earth’s air temperature
increased by 0.3—0.6 °C in the 20th century, and this period of warming is quite long-
term. Air temperature changes in the Steppe zone of Ukraine occur approximately
as they do on the planet as a whole. An increase in air temperature causes shifts in
the seasonal rhythm of development in plants of various natural habitats, which can
be considered as one of the bioindicators of climate change. Spring phenological
processes are more sensitive to changes in the temperature regime, so they experience
the strongest transformation compared to other seasons. The most informative
phenophase regarding the impact of climate change on plants is the phase of the
beginning of flowering. Woody plants are an important component of optimizing
urban landscapes and maintaining their diversity in the presence of climate change
requires adaptation based on their genetic and phenotypic variability. Based on this,
it is relevant to study the peculiarities of the adaptation of their phenorhythms to the
modern climatic factors of the Steppe zone of Ukraine, which are aggravated by the
action of air pollutants from the enterprises of the Kryvyi Rih region.

Aim. To study of the influence of global climate changes at the beginning of the
flowering of woody plants in the conditions of an industrial city in the Steppe zone
of Ukraine.

Methods. Fixation of the date of the beginning of flowering was carried out
according to the method of phenological observations in botanical gardens. The
study of climatic changes during 1997-2023 was carried out according to the data
of the Internet resource (Weather website — http://rp5.ua). The equation of the trend
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line and the reliability of their approximation (R2) were calculated using the Excel
2016 program. The analysis of the non-parametric Spearman correlation coefficient
was performed in the Excel 2016 program.

Main results. The results of the analysis of meteorological data in Kryvyi Rih for
the period 1997-2023 recorded a gradual increase in the average annual temperature
by 1.2 °C, which led to earlier periods of accumulation of positive, effective and
active air temperatures for plants (above 0, 5, 10 °C, respectively ) in the spring
period. It was proven that in connection with this, the flowering phase of woody
plants had shifted to earlier periods. The trend line for the beginning of flowering
during 1997-2023 shows a significant shift to earlier dates with the highest
approximation value for Tilia cordata. When comparing the average multi-year
dates, the beginning of flowering in 2010-2023 compared to 1997-2009 is earlier
for Tilia cordata by 5.4 days, for Acer platanoides, Crataegus submollis, Forsythia
europaea, Spiraea * vanhouttei this value is from 0.8 up to 1.4 days. Correlation
analysis between the beginning of flowering and the sum of temperatures revealed
the greatest dependence on temperatures above 5 °C — this indicator is reliable in
Acer platanoides, Crataegus submollis, Tilia cordata.

The amount of precipitation decreased during 1997-2023 by 27%, which is
especially critical during droughts, usually in July—September. With the aggravation
of such climatic changes, the influence of summer-autumn droughts on the
physiological state of plants will deepen, the number of dust storms, the intensity of
evaporation, abnormal temperature manifestations, etc. will increase. Such climatic
manifestations are able to make significant adjustments to the range of woody
plants used in the landscaping of industrial cities in the Steppe zone of Ukraine.
In the future, desertification of this region, displacement of natural zones, which
will affect the composition of tree vegetation, is possible. The gradual change in
climatic conditions involves the revision of the existing list of species and varieties
prospective for introduction into the steppe region, the expansion and change of the
range of selection criteria.

Keywords: climatic changes, flowering, woody plants, Steppe zone, Kryvyi Rih.
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JTOCJIKEHHS HOBUX TEHETUYHUX JIKEPEJ BUCOKOI
BIJIKOBOCTI 3EPHA TA YPOKAUHOCTI BIJ{ AEGILOPS
TAUSCHII TA TRITICUM DICOCCOIDES

JocnipkeHo BIUIMB TeHIB Bin Aegilops tauschii ta Triticum dicoccoides Ha
BPOJKaMHICTh, CEIMMEHTAIII0 Ta OCHOBHI OlOXIMIUHI MOKa3HWKH SIKOCTI 3€pHa
nureHuI M’ sskoi 03umoi (Triticum aestivum L.). TIpu BUKOHAHHI JOCIIIKEHb BUKO-
pucrano 5 miniit 3 renoM Gpc-Bl Bin T. dicoccoides Ta 18 niHiii 3 TeHaMH BHCOKOT
OinkoBoCTI Bin Ae. taushii. SIk KOHTpOIb OyNnW 3ajydeHi COPTH, SIKI HAWOUIBII
PO3IOBCIO/PKEHI Ha TIB/IHI YKpaiHU Ta € CTaHapTaMH BPOXKaiHOCTI 1 a/lallTHBHOCTI
Ta COPTH PaHHIX €TaIiB CEeNEKIil, SIKi € eTAJIOHOM 3a MMOKAa3HUKaMHU SIKOCTI 3epHa.
3a pesysibTaraMy JOCIHIKEHb Oyl BCTAHOBIICHI 3HAYHI MMO3WTHBHI BIUIMBH T'CHIB
Bif Ae. tauschii Ta T. dicoccoides na 1moxa3HUKH sIKOCTI 3epHa. JlocmipkeHi JiHii
MOKHA PO3IVISANATH SIK JUKEPENIO TOCIIOAapChKO-IIIHHUX O3HAK Ta 3ajydaTd iX JI0
CEJIeKI[IIHUX TPpOorpam /st MOKPAIIeHHs 010XIMIYHHUX MTOKa3HUKIB SIKOCTI 3epHa.

Kurouosi cioBa: Triticum aestivum L., BpOXalHICTb, MIKPOCIEMEHTH, 010XiMiUHI
MTOKAa3HHKH, SKICTh 3¢pHA, BiJIaJICHA T10pHIH3aIlis.

Beryn

OnHi€r0 3 HAUBKIMBIIIMX BUMOT JI0 Cy4acHOTO BUPOOHHMKA € OTPUMAHHS BHCO-
KHX BaJOBHUX 300piB 3epHa MIIICHUII 3 BACOKUMHU SIKICHIMU [TOKa3HUKAMHU, B peatiza-
Lii SIKKMX MPOBIJHY poJib Bigirpae 6inok. Kpim toro, opmyBaHHs BUCOKUX XTi0orie-
KapChKHX SKOCTEH MOYIJIMBE JIUIIIE 32 JOCTaTHRO BUCOKOTO BMICTY Oika B GOpOIIHI
[1]. Tomy mpobiieMa TeHETHYIHOTO TMOJIIMIICHHS BMICTY OlTKa € OJHWUM 3 HaWBax-
JIUBIMIAX HAYKOBUX 1 MPAKTHYHUX 3aBIaHb CEJEKIil, sIKi TPaIUIiifHO € TOCTPUMH,
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a iHOJi HaBiTh AWCKyciHUME [2-4]. Xo4a y CBiTi 1aBHO BiZIOMi 3pa3KW MIIEHUII
M’sikoi o3umMoi (Triticum aestivum 1..) 3 BUCOKMM BMicTOM Oinka (Ha 2-3% Bwuiie
CTaHJapTiB), BOHU HE 3aBXK/IU MPOSBISIOTH CBOI MIEpeBary NpHu BUCIBl B IHIIHUX €KO-
JIOT1YHUX 200 arpoTeXHIYHUX yMOBax [5], iHoni popmyroun npiGHe Ta IIyIuie 3epHo.
3okpema, 11e Moke OyTH depe3 ypakeHHS 1X BipyCHHUMH Ta TPUOHHUMH XBOpOOaMH
[6, 7]. IcHyBaHHS 00epHEHOT 3aJIEKHOCTI MiXK BMICTOM OijIKa Ta MPOAYKTUBHICTIO
POCTHH, BiICyTHICTh HaIIMHUX TEHETHYHHX JKEpeJl 03HAKH Ta CHJIbHA 3aJICKHICTD
BapilOBaHHS O3HAKH BiJl (haKTOPiB HABKOJIHMIIHBOTO CEPEIOBHUIIA TPU3BOASATH 10 3HA-
YHUX TPYIHOIIIB, 1 HABITh BUKIUKAIOTH MICBHHUI CKEIITUIM3M IIIOJI0 CEJICKIIii Ha BU-
COKHH BMicCT OiJIKa, MPUHAHMHI IJISIXOM BHYTPIIIHEOBH/IOBOT TOpHIM3aIIii.

OnHUM 13 MIIAXIB BUPITIICHHS ITi€T TPOOJIEMH € CXpeNTyBaHHS BiJaICHUX BHIIIB
3 BUCOKOBPOXKalHUMH COPTaMH, 10 MOKE 3HAUHO MiJBUIIUTH BMICT OilKa B OTpU-
MaHux JiHisSX [8, 9]. OgHak copTH, OTpUMaHi B pe3yibTari MiXKBHIOBOI riOpuau-
3aii, 3a3BUYail OCTYNar0ThCs 0aThbKiBCHKUM (hopMaM 1 CTaHIapTaM, 0COOJIHMBO 3a
npoayKTuBHICTIO Ta Macoro 1000 3epeH, 3 SIKUMU 4acTo HeOakaHO KOPEIOE BMICT
Oinka. Lle MoxxHa mosicHUTH Oararbma (pakTOpamu, BKITIOUAIOYN HeePEKTUBHI TIPO-
IIeCH IHTPOTPECii Ta MMUTOIOTIYHY a00 TeHETHIHY HECTAOUTBHICT IHTPOTPECUBHOTO
Marepiaiy. CxpelnryBaHHs 3 BUJaMH, SIKi MalOThb OJHAKOBUH 3 IIIEHUIECIO T'€HOM,
0co0nmBo 3 noHOpoM TeHomy D Aegilops tauschii Coss., BUmaOThcs OinbLI mep-
CICKTUBHMUMHU B LIbOMY BiJHOIICHHI, OCKIJIBKH 3aBASKH I[bOMY TC€HOMY MIICHHUIIS
M’sika HaOylla BUCOKMX XJIIOOTIEKapCHKHMX BIACTUBOCTEH, XOpOIIOi aJanTHBHOCTI
Ta IHIINX MO3UTHBHHUX XapPaKTEPUCTHK, SKI poONATh ii HalBa)IJIMBIIIOIO XJIIOHOIO
pocimHOIO B cBiTi. Lleit renom Bin Aegilops tauschii Takox TOB’sI3aHUH 3 HU3KOIO
HETaTHBHUX PHUC, SKi MOTPeOyIOTh MOJIMIIEHHS, BKJIIOYAIOUN CIIPUHHATIAUBICTE 10
rpuOHUX XBOPOO 1 HU3BKUH BMICT OinKka B 3epHi. Bukopucranus 42-XpoMOCOMHUX
amMQIIUIUIOIIB, OIEP)KAHUX BiJI CXpELYBaHHS TETPAIUIOIIHUX BU/IB MIICHHUI 3 A.
tauschii, na€ MOXJIMBICTD IEPEHECTH B TEHOM TIIICHUIII HE TIIBKH OKpEeMi TeHH SIKic-
HUX O3HAaK A. tauschii, ane # 1iji MONIreHHI CHCTEMH, 10 KOHTPOJIIOIOTh KUTHKICHI
03HAKH, TaKi SIK CTIHKICTB 10 XBOPOO, pO3Mip 3epHA Ta BMICT OiJIKa, MIJISTXOM 3BHYaii-
HO{ rOMOJIOTYHOT KOH 'forauii XpoMocoM 3 D-reHoMiB MiIeHuni Ta JUKoro Buay [7,
10]. Takox, mepCIEeKTUBHUM HAIPSMOM Ha MOKpAIleHHs 010XIMIYHHX MOKa3HUKIB
3epHa € inTporpecis rena Gpe-B1 Bin T. dicoccoides [11].

Mertoro mocmiKeHb OyIlo, OIliHKA 3a MPOMYKTHUBHICTIO Ta MOKa3HUKAMHU SKOCTI
IHTPOTPECUBHUX JTiHIH 3 TeHOM Gpc-B1 1 reHaMu Bin Ae. tauschii 3a pi3HIX yMOBax
POKiB i BapiaHTax BHECEHHS JOOPUB 3 TIOAAIBIIINM OPIBHIHHAM KpaIluX iHTPOTpe-
CHBHHX JIiHI} 3 COPTaMH CTaHAApTaMU — HOCISIMH Pi3HUX F€HETUYHUX CHCTEM.

Marepiaau Ta MeTOIH HOCJTiTXKeHb

[TomboBi HOCTiKEHHS TPOBOIMIIMCS TTO0 YOPHOMY Tapy Ha JAOCTIiAHINA MiJsSHII
BILTUTY ceJeKIlii Ta HaciHHUITBA mieHuIl CeneKIiiHO-TeHETHYHOTO THCTUTYTY —
HanionansHoro nentpy HacinuesnascTsa i coproBuByenHs (CI'T-HLIHC) y nepiox
2020-2022 pp.
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Marepianom aiist mociikeHHs Oynu 18 IHTpOrpeCUBHUX JIiHIN 3 TeHAMH BUCOKOL
CTIHKOCTI 10 HU3KH XBOPOO, KPYITHO3EPHOCTI Ta OLTKOBOCTI Bif A. tauschii, orpuMa-
Hi B pe3ynbrari 3—10 HacHYeHnX cXpellyBaHb aIanTHBHUX COPTiB mieHui Oeck-
ka 267, 3miHa, AnpOaTpoc 3 MITYyYHUMH BHJAMU TIICHUI Ta aMiIuIuioinamu,
cxpeuryBaHHs copTy CeJsiHKa 3 MEKCUKaHChKUMHM €JTITHUMHU CUHTEeTHKaMu (amiau-
wioigamu 7. durum Dest./Ae. tauschii Coss.), axi Oymu ctBopeHi k.0.H. [.I. Moraum
[7,12], Ta 5 niniii F ~F_, orpumani Bix cxpentysanns copty Kysnbnuk (70 aestivum)
3 niHiero — noHopom reHa Gpc-Bl Bin T. turgidum ssp. dicoccoides, oTpuMaHi Bij
uned-kop. HAH ta HAAH, 1.6.1. O.1. Pubanxu.

Jis BUSIBIIEHHS arpo0ioIoTiYHIX 0COONMMBOCTEH IHTPOTPECUBHUX JTiHIN 3 TeHa-
MH BHCOKOTO BMICTy OijIKa B 3€pHi Bix Ae. tauschii Ta renoM Gpc-B1 Oynu BifiObpani
8 copTiB Ui MOPIBHSHHS, MOJUIEHI Ha Taki rpynu: Ongecbka 16 — BUCOKOpOCITHH
copt exkcrencuHoro tuny (CI'I-HLIHC) ta Onecbka 51 — BUCOKOpOCHuii copT Ha-
niBinTencuBHoro tuny (CI'I-HIIHC), inaukatopu GinkoBocti; KysnsHuk — cepen-
HBOPOCIUI COPT-CTAaHAAPT, HOCIH ajeiiB BUCOKUX XJTI0OOTIEKapChKHUX BIIACTHBOCTEH
6opomra (CI'I-HIIHC); ['ogyBansHUIT — CEPETHROPOCTUI COPT, HOCIH ajeiB BU-
COKHX XJIIOOTIEKapChbKHUX BIaCTUBOCTEH OopomrHa, [1lenpicTs — HU3bKOpOCIHii copT,
HoCill mmennyHo-xuTHBO1 Tpancnokarii (IDKT) — (1BL.1RS) (CT'T-HIIHC), Ayma
(CI''-HIIHC) Ta HoBocmymstaka (IHCTUTYT (pi3i0oTii pOCIHH 1 TEHETUKH) — HU3b-
KOpOCHi COpTH, HOCIi mmeHndHo-)uTHRO1 TpaHnciokarii (IDKT) — (1AL.1RS); ta
Npe/ICTaBHUK 3aKOPJOHHOI celekiii — copt Komonis (ppaniy3pka xommanis «Jli-
MOTPEHH»).

[TociB mpoBoAMBCS B ONTUMAITBHI TSI TBAHS YKpainu cTpoku. [lonboBi mociminn
MPOBOMJIKCS Ha TUISHKAaX 6 M2, B 3-X KpaTHiil MOBTOPHOCTI, B CYLIIbHOMY MOCIBI,
TOZIiIEHI HA JIBA BapiaHTH 3a KUIBbKICTIO BHECEHHs a30THuX no0pus (NH,NO,) na
1 ra: N60 i N120.

3a manumu ['inpomereopororiunoro LlenTpy YopHOTo Ta A30BCHKOTO MODIB, y
Beretamiiamid pik 2020/21 Bunano 500 MM, mo Ha 70% OinbIe, HIX B HACTYITHHN
pik mociimkeHb. Lled pik MOXKHA BBaXKaTH ONTHMAJIBHUM JUIs BereTallii 3a abioTuy-
HuMu (aktopamu. Y 2021/22 Berertauiiinuii pik Bunano 300 MM, ajge Ha BiAMiHY
Bix 2021 poky, B Oepe3Hi-KBiTHI piBeHb omajiB OyB Aemio BUIINUM. pyruit pik mo-
CJIIZPKEHb MO>KHA BBaXKATH MOCYIIUIMBUM, 110 POOUTH IX KOHTPACTHUMH 3a ONaZaMHU.
3aranbHUR BMICT OiJ1ka/a30Ty BU3Hadayid MeTonoM K’ebpaans Ha aBTOMATHYHOMY
anaiizaropi Kjeltec Auto 1030 (“FOSS”) [13]. PiBenb ceauMenTallii BU3HaYaBCs Me-
TOZIOM 13 IONEpeIHIM aBTOIII30M, 30Kpema, MeTogoM SDS-30 [14]. BuzHaueHHs BMic-
Ty MiHepaniB — Mg Ta Fe mpoBoawmics 3a 3arajibHO IPUHHATAMA MeToauKamH [15].

JaHi onpanpoByBajH 3a JOIIOMOTOI0 TPhOX()aKTOPHOTO 1 ABOGAKTOPHOTO iepap-
xigyHOro nucrepciiHoro anamizy — (ANOVA) 3a 101moMOror nporpaMmHoro 3ades-
neyenHs Statistica 8 (StatSoft Inc.). Jyis mopiBHAHHSA cepelHiX 3HaueHb (X) BUKO-
PHCTOBYBaIIM HaiiMeHMIy icTOTHY pisHuLro (HIP ), po3paxoBaHy /uist BIIIOBIIHOTO
¢axTopy um B3aemonii 3a b.A. JlocniexoBum [16], 1 piBeHb CTATUCTUYHOT 3HATYIIOCTI
(p). BusHaueHi HaMK MOKa3HUKH HABOASATHCS B TAOMMLSX 1 TEKCTI 3 yHI(pIKOBaHUMH
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MMO3HAYSHHSIMH 1XHBOI BipoTrigHOCTI: *, ** | *** — piporigai npu p < 0,05, 0,01 i
0,001 piBHI 3HAIYIIIOCTI, BiAIOBITHO.

[epenik ckopouens: [DKT - nimeHUYHO-)KUTHBOT TpaHciiokallii; MT3 — maca Tu-
CsI4i 3epeH.

Pe3yabraTn Ta iX 00roBopeHHs

AHaNI3yI09n OTpUMaHi pe3yIbTaTH METOIOM JIUCTIIEPCIHHOTO aHallizy BapTo 3a-
3HAUUTH, 10 TPYIyBaHHs JiHiH B pakTop «[eHOTHIY, 3 TpajalisiMu: cTapi cTaHaap-
TH, HOBI cTanaaptu, coptu 3 [DKT, ninii 6e3 Gpe-B1, ninii 3 Gpe-B1 ta niuii Bix Ae.
tauschii BUSIBUIIO BIpOT1AHICTh CAMOCTIHHOTO BIUIMBY IIBOTO (h)aKTOpa Ha BCi O3HAKH,
kpiMm MT3 (Tabum. 1). BiporinHum BUSIBUBCS TaKOX BILTHB B3a€EMOIiT ILOTO (hakTopa 3
ymoBamu fociiny («Pik gociimkerHas» — gakrop B Ta «/lo3a no6pus» — paxrop C)
Ha O3HAKW BPOXKAaWHICTH 1 30ip Oinmka. HeBiporimaummu Oyau Bei OTpiiiHI B3aeMOmii
3a y4actio ¢pakropa A «[enoruny», Oy BrumuB ymoB pociiny (dhakropu B i C).

Taki pesynbraTél TUCHIEPCIHHOTO aHAIi3y 3yMOBHIIM XapaKTep NpeICTaBICHHS
(hakTOpiTBHUX CEpEemHiX 3a MOCIIHKEHUMHU ToKa3HUKaMu B Tabmumax 2 i 3. [lpu
1bOMY OYyJIO BHUSIBJICHO, IO B LIJIOMY 3a (PakTOpoM A BpOXKAMHICTh JIIHIA 3 TEHOM
Gpc-B1 1 niHill 3 reHaMU BUCOKOi O1IKOBOCTI Bix Ae. fauschii Mana HECYTTEBY pi3-
HUIo (Tabi. 2) i Bimpi3HsIAcs BiJ YPOXKAHHOCTI IHITUX Tpamalliif 3a ¢pakTopom A,
30KpeMa IMoCTynajiacs ypoxanHocTi reHotuny 0e3 Gpc-Bl. Kpim toro, reHorun
Gpc-B1+ maB HaiiBUIIME y gociiai BMICT i 30ip Oinka, Ta cequmenTarito SDS-30,
Haitmenmry macy 1000 3epauH, a 3a abcomtoTHIM BMicToM 6inka B 1000 3epHUH 10-
CTYMaBCs JIMILIE CTapUM COpTaM-CTaHapTaM BUCOKO1 OinkoBocCTi (Tadi. 2). Brazane
LIIJTKOM Bi/ITOBiAa€e JaHuM siteparypu [17]

[ToniOHa, xo4a i A€o HIIa KApTHHA CIIOCTEpiranacs npy aHalli3i B3aeMOiN 10-
crimkeHnux Qakropis. Tak, B cepeHbOMY 3a JiHisIMU 3 reHOM Gpc-B1 BpoxkalHICTh
y BapianTi N60 cknanmana 5,62 1/ra Ta 5,48 T/ra 3a MiHIsIME 3 TeHaMH Big Ae. tauschii,
pisunns cknanana 0,14 1/ra npu HIP ., 3a B3aemonii pakropis AXC («[eHoTHID %
«Jlo3a 106puB») — 0,20 T/ra, TO6TO PI3HUIS OyNa HECYTTEBOIO. AHAJIOTIYHA CHTYa-
List cmocTepiranacs y Bapianti BHecenHs 1oOpuB N120: nuist niniit 3 reHom Gpe-B1
BpPOXaiHICTh B cepelHbOMY cKiana 6,48 T/ra, A JiHIN 3 TeHaMU Bix Ae. tauschii —
6,44 1/ra (tabmn. 3). [Ipu yomy y 2021 p. minii 3 rerom Gpc-B1, B cepeqHbOMY, Tiepe-
Bakasu reHotun 6e3 Gpc-Bl, a B 2022 p., HaBmaku NocTynauucs iomy. 3a mitepa-
TypHUMH TaHUMH, TeH Gpc-B1 He BIUMBae Ha BpoxkaiHicTh [18].

HesBaxkaroun Ha cepeHi MOKa3HUKH 3a Ipynami, Je rpagauii «JIinii 3 Gpe-B1»
ta «JIiHil Bixg Ae. tauschii» He Manu CyTTEBOI Pi3HUII MiK co00r0, Oylu BUALICHI
OKpeMi JIiHii, 110 3HAYHO BHUPI3HUIACA BpoKaiHICTIO. Brmus dakropa D «Jlimis»
Ha BPOXKaHHICTH 1 30ip Oinka OyB BHCOKOBIPOTiAHUH SIK CAMOCTIHHO, TaK 1y BCIiX
MOKJIMBHX B3a€MOISAX 3 iHIMMU ¢aktopamu (Tadm. 1). Tak, HaWOLIBITY BpOXKaii-
HicTh ¥ 2021 pomi y BapianTi N60 3 rpymu jmiHii 3 TeHaMH Bif Ae. tauschii Mann
niHii AIL96¢d/18 — 6,66 1/ra Ta E1089/19 — 6,59 T/ra, BianosigHo. Haliypoxaiiniia
B IIbOMY BapiaHTi AocHigy JiHig 3 reHoM Gpc-BI 9155 mana nmokasHUK Ha piBHI
6,37 T/ra Ta mocTyMmanacs HaOIIBIT BpOKAHIHM JiHIT 3 TeHaMu Bix Ae. tauschii Ha
0,29 t/ra (HIPO’O5 qutst B3aemozii DxBxC = 0,62 1/ra), o Bianosinae 4,5 % (tadmn. 4).
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Tabmuns 1.
Pe3yabraTu Aucnepciiinoro anamizy goc/ixKeHnX MOKa3HUKIB

O3naku, mS

HAaepeano Bapianii daf ypokaii- BMiCT 30ip

. . . MT3 P ABBY | SDS-30"
HiCTh [ %] oinka

TproxdakTopHuii Aucnepciiinmii kommieke 3a yuacri pakropa «['eHoTHIDY

Tenornm (A) 5 | 20,6%x | 21,00 | 0,387%x | 8],0%%x | 2,23%kx | 754k
Pix nocmimrenns (B) | 1| 106,6%%% | 253%%x | 0,779%%% | 98 3%kk | 9 6ok | 7007%%*
Jlo3a 106pus (C) 1| 73,6%%% | 115,0%%% | 1,075%% | 65 | 19,4%0% | 6132%%*
AxB 5| 1120 | 085 [0,027%% | 44 0,28 72
AXC 5 | 0,53%* 0,49 | 0,012%* 3,7 0,15 62
BxC 1| 2,584 | 000 | 0,034%* 0,6 0,00 385%*
AxBxC 5 0,23 0,38 0,006 0,7 0,10 11
Toxu6ka 360 | 0,16 0,48 0,004 5.1 0,14 44

JIBodaxTopHuii iepapxiunuii qucnepciiinmii kommniexc

I'enorun (A) 5 29,6%*% | 21,0%** | 0,387*** 81,0 2,23% T542% K%
Jlinis (D) 26 1,26%* | 3,99%%% | 0,029% | 60,5%** | 1,30%** | 330%**
TToxubxa 352 0,61 0,62 0,017 1,2 0,13 60

TproxdaxTopHuii Aucnepciiinmii kommiieke 3a yyacti paxkropa «Jlinis»

Jlinis (D) 31 | 5,83%*% | 6.74%%* | (,087%** | 63,8%** | ] 45%%K | ]50]F**

Pik mocnimxenns (B) 1| 106,6%** | 253%*% | 2 45%x | QR 3**x | § 6Q%**% | TOOT7*H*

Jloza no6pus (C) 1| 73,6%%% | 115.0%%x | 2,78%8% | 6 5wkk | ]9 35%u%| G]3 %
DxB 31| 042%% | 0.43%%x | 0,009%% | 2,5%kk | ]3%k | 50wk
DxC 31| 0,22% | 0.40%%x | 0,004%% | 24%kk | 2%k | gk
BxC 1| 2,584 | 000 |0073**| 06 0,00 | 385%xx
DxBxC 31 | 0,12%%% | 0.19 | 0,002%* 0,6 0,04 12
Toxu6ka 256 | 0,04 0.18 0,001 0,5 0,036 13

D' MT3 — maca 1000 3epuun; ABB — aGcomntorauii B7mict Ginka B 1000 3epuun; SDS-30 — ceaumenTa-
mist SDS-30. *, ** i *** _ piporimHo npu p < 0,05, 0,01 1 0,001, BiamoBigHO

VY BapianaTti N120 HaiOi1b1I1 TPOAYKTUBHI JiHIT 3 TeHamMu Bif Ae. tauschii E1089/19
i PIL634/18 manu BpoxaiiHicTh Ha piBHi 8,08 1 7,61 1/ra, Bignosiano. Lllomxo niHii-
HociiB reHa Gpc-Bl1, To Kpaiua 3a BpoxaiHictio niHist 9200 Gpc-B1+, naBimm Bpo-
Kait 7,26 T/Ta, BCe JK MOCTYITanacs KpaIuM JIiHIsIM 3 TeHaMH Bix Ae. tauschii.
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Tabmug 2
CepenHni 3HaYeHHS TOCTITKEHUX 03HAK
3a (pakTopom A (I'enorum)
. . . Maca . Cenn--
T'enorun Yp?man- gMICT 6:.;6“) 1000 Aﬁ.c ong.nmm MeHTaIlist
(daxrop A) HiCTD, iJiKa, iJIKa, seprnn BMiCT Bistka B | "o o0
T/ra % T/Ta r * | 1000 3epuun, r . ’
Iugukaropu GinkoBocti Y 3,65 12,7 0,46 38,0 4,83 53,6
Hogi crangapru 6,22 11,7 0,73 37,5 4,39 61,6
Copru 3 IDKT ¥ 6,64 11,1 0,74 37,8 4,20 39,7
Jlinii 6e3 Gpe-Bl 6,20 12,3 0,77 36,8 4,54 68,0
Jlinii 3 Gpe-Bl 6,05 13,0 0,79 36,4 4,73 77,6
Jlinii Big Ae. tauschii 5,96 12,0 0,72 39,1 4,69 67,7
HIP,  mo ¢baxropy 0,14 0,2 0,02 0,8 0,13 2,3

"Ipu piBus 3Hadymocti p < 0,052 Copru Onecbka 16 i Onecbka 51; ¥ coptu Kysinpauk, TomyBasib-
Huts i Konowis;, ¥ TDKT — meHnuHo-xuTHI Tpanciokanii 1AL.1RS i 1BL.IRS

Tabmui 3

Cepenni 3HaueHHs Bpo:xkaiiHoOCTi i 300py 0ijIka iHTpOrpecUBHHUX JiHii Ta COPTIB-
CTAH/IAPTIB B 3aJIE5KHOCTI BiJl MOy HA Ipyny, 1034 J100PHB Ta POKY A0CJiIKEeHb
(B3aemonii ¢pakropis AxXB i AXC, dpaxtopu B i C), 1/ra

YpoukaiinicThb 30ip Oiaxa
Pik pocaigkenns ﬂ03152g?“3, Pik pocaikenns 1103112}/‘;2?"3,
(ql;zz‘;zglz ) (®akrop B) (@axrop C) (Dakrop B) (@aron )
2021 2022 N60 N120 2021 2022 N60 N120
Tuaukaropu GinkoBocti V| 3,78 3,51 3,50 3,79 0,48 0,45 0,42 0,50
Hosi crannaptu ? 6,66 5,77 5,84 6,59 0,81 0,66 0,65 0,81
Copru 3 IDKT ¥ 7,20 6,09 6,17 7,11 0,83 0,65 0,66 0,82
Jlinii 6e3 Gpc-B1 6,45 5,94 5,75 6,064 0,80 0,73 0,68 0,85
Jlinii 3 Gpe-Bl 6,65 5,45 5,62 6,48 0,88 0,70 0,70 0,89
Jlinii Bin Ae. tauschii 6,53 5,38 5,48 6,44 0,80 0,63 0,63 0,81
HIP, . B3aemopnii 0,20 (AB) 0,20 (AC) 0,03 (AB) 0,03 (AC)
X 6,45 5,40 5,49 6,36 0,80 0,64 0,63 0,80
HIP, 1o paxtopy 0,08 (B) 0,08 (C) O(é’)l O(é))l

DTIpu piBus 3Hauymmocti p < 0,05 2 Copru Oznecbka 16 i Oneceka 51; » copru KysuipHuk, ['ogyBaiib-
auts i Konowis; ¥ TDKT — nmmennuHo-xuTHI Tpanciokanii 1AL.1IRS i 1BL.IRS
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Tabmuns 4
Bpo:kaiinicTs iHTpOorpecuBHuX JiHiil Ta copTiB-cTaHIapTIB
B 3aJI€5KHOCTI BilT 1031 700PUB Ta POKY A0CTiT:KeHb, T/TA.
. Jlo3a a30THHX 100pHB, Jlo3a a30THUX 100pHB, dakTop
((:1());}1):;::;)“]]; N 60, kr/ra, ®akTop C, N 120, kr/ra. ®aktop ? B

2021'p. | 2022'p. x 2021'p. | 2022'p. x X
Opneckbka 16 3,08 3,01 3,05 3,53 3,54 3,54 3,29
Opnecbka 51 4,34 3,57 3,96 4,18 3,92 4,05 4,00
Kystipauk 6,33 6,06 6,45 7,34 6,56 6,95 6,70
Ilexpicts 6,67 6,12 6,40 8,23 7,01 7,62 7,01
Iyma 6,54 5,54 6,04 7,76 5,63 6,70 6,37
TomyBanbHUISK 5,94 5,07 5,51 7,17 5,52 6,35 5,93
HoBocmyrmsnka 6,43 5,74 6,09 7,56 6,49 7,03 6,56
Koutonist 5,84 5,34 5,59 6,37 6,06 6,47 6,03
X 5,71 5,06 5,38 6,58 5,59 6,09 5,73

Jlinii-nocii rena GPC-B1
9099 GPC-B1- 5,95 5,56 5,76 6,96 6,32 6,64 6,20
9155 GPC-BI+ 6,37 4,85 5,61 7,05 5,77 6,41 6,01
9200 GPC-B1+ 6,22 4,95 5,59 7,26 5,96 6,61 6,10
9250 GPC-BI+ 6,23 5,03 5,63 7,13 5,84 6,49 6,06
9300 GPC-BI+ 6,01 4,87 5,44 7,07 5,76 6,42 5,93
9525 GPC-BI+ 5,75 5,57 5,66 6,89 5,88 6,39 6,02
X 6,09 5,14 5,61 7,06 5,92 6,49 6,05
JIinii - HOCIi reHiB BHCOKOT O1TKOBOCTI Bin A. tauschii

E 1598/12 5,67 5,33 5,50 6,26 6,23 6,25 5,87
PIL799/16 6,20 4,58 5,39 6,89 5,51 6,20 5.80
PIL634/18 6,19 5,01 5,60 7,61 5,69 6,65 6,13
PIL814/13 5,69 4,66 5,18 6,74 5,11 5,93 5,55
AIL379/18 6,57 5,47 6,02 7,30 6,00 6,65 6,34
AIL96()/18 6,66 5,55 6,11 7,44 6,08 6,76 6,43
F268-14 5,60 4,58 5,09 6,75 5,15 5,95 5,52
PIL690/18 6,28 5,15 5,72 6,58 5,67 6,13 5,92
PIL747/18 5,83 4,78 531 7,42 5,63 6,53 5,92
H 242-197-2 5,90 4,83 5,37 7,42 5,33 6,38 5,87
E 175-09 5,64 4,62 5,13 7,40 5,52 6,46 5,80
E 1089-19 6,59 5,63 6,11 8,08 6,56 7,32 6,72
NIL2 5,40 4,65 5,03 6,47 5,65 6,06 5,54
NIL4 6,05 5,45 5,75 7,05 6,35 6,70 6,23
AIL327/18 6,08 5,28 5,68 7,48 6,16 6,82 6,25
AIL341/18 5,47 4,67 5,07 6,97 5,57 6,27 5,67
E2778/14 5,62 4,92 5,27 7,02 5,83 6,43 5,85
PIL355PH18 5,60 4,86 5,23 6,69 5,78 6,24 5,73
®axrop AC X 5,95 5,00 5,47 7,09 5,77 6,43 5,95

Ipumitka: «'» — @akrop BMBYy A; npH piBHi 3Hauymocti p < 0,05.
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Hnst nocnimkenHs BBy reHa Gpc-B1 Ha MPOLYKTUBHICTD BayKJIMBO OyJIO TO-
PIBHATH CeCTpUHCHKI JiHii 3 reHoM Gpc-Bl i 6e3 Hworo. Jlinis 6e3 rena Gpe-Bl
Maia BpokaiHicTh y 2021 pori Ha piBHI 5,95 1 6,96 T/ra, BIAMOBIAHO 10 BapiaHTIB
N60 1 N120. Skmo mopiBHIOBaTH OKpeMi JiHii, To y BapianTi N60 TpH 3 HUX 3 TEHOM
Gpc-B1 (9155, 9200 1 9250) 3Ha9HO TIEPEBUIYBAIN CECTPUHCHKY JIiHIIO 0€3 reHa
(6,37, 6,22 16,23 1/ra, BignosigHo). Y BapianTti N120 munre oxHa niHis 9200 3 reHOM
Gpc-B1 (7,26 1/ra) 3Ha4HO MEpeBUILyBaJia CECTPUHCHKY JIiHII0 0e3 reHa Gpc-Bl.

Xoda iIHTPOTPECHBHI JiHIT 3 000X TPYI 1 MOCTyNANNCA HAHOUIBIIT MPOTyKTHBHO-
My copty-ctanaapty Lleapicts, sikuit MaB BpoxaiiHicTs y 2021 poui Ha piBHi 6,67
1 8,23 1/ra y BapianTax N60 i N120, BiamoBizHo, Bce x Bume3ramani (AIL96¢/18;
E1089/19; PIL634/18; 9200 Gpc-Bl+; 9155 Gpc-BI+) Hail-BpoxaiHimI iHTpO-
IPECHUBHI JIiHIT NepeBaKaIN 32 BPOXKAWHICTIO 1HINI COPTU-CTAHIAPTH, HAPUKIA],
Komowniro (5,84 1 6,67 T/ra, BiamoBigHo 10 Bapianty 103 100puB N60 i N120), ['o-
nyBanpHUIO (5,94 1 7,17 1/ra) Ta Kysuibauk (6,83 1 7,34 1/ra). Lle Oyno meHie
BiJl TIOKa3HMKA KPAIIKMX 32 BpoXaiiHicTio niHiit Ha 0,35 — 0,40 1/ra npu HIP . uist
B3aemonii DxBXC = 0,62 1/ra. HeoOXigHO 3a3HAYMUTH, 1[0 BHUABUIOCH AOLUJILHUM
MOPIBHIOBATH COPTH-CTaHIAPTH 32 BPOXKAMHICTIO OKPEMO IO IpajJallisiM, TOMY IO
cepenHe 3HaYeHHS MPOAYKTUBHOCTI HE OyJlO JIETITHMHUM Yepe3 3HAuHUH po3Max
Bapiauii. Lle moB’s13aH0 3 HEOOXiAHICTIO BKIIOYEHHS B JOCHIKEHHS COPTIB paHHIX
eTariB ceseKii (HU3bKOMPOIYKTUBHHUX, BUCOKOPOCINX, HAIIIBIHTEHCHBHOTO THITY),
METOI0 4Oro OyJIO 3aydeHHs CTaHJapTiB caMe 3a MOKAa3HHUKOM 3arajbHOro BMICTY
OiyKa B 3epHi.

VY 2022 p. 3arajpHa ypOKaWHICTh COPTIB 1 JIiHIA MOMITHO 3HU3WIIACH y TIOPiB-
HSIHHI 3 MUHYJTUM POKOM. Tak, cepe/iHsi BpOXKaiHiCTb JiHiii 3 reHoM Gpc-Bl cknana
5,45 T/ra, miHii 3 TeHaMH BUCOKOI O17TKOBOCTI BiTl Ae. tauschii Maau BpOXKalHICTh Ha
piBHi 5,38 T/ra, mo Ha 1,20 1/ra (18,0 %) i 1,15 1/ra (17,6 %) MeHIe, Hi>K BpOXKaii-
HICTb BiMOBIIHUX rpajaiiii 2021 poky (tabu. 3). (B minomy 1o mMarepiaiy, ypoxai-
HIiCTh 3HM3MWIACH Ha 16,3 %.) OTxe, aHai3yl0uM OTPUMaHi JaHi 32 BPOXKaHHICTIO,
MOYKHa 3pOOUTH TaKi BUCHOBKH. [HTporpecuBHi miHii 3 reHoM Gpc-B1 Ta 3 reHamu
BiX Ae. tauschi nemo nocrtynanucs — Ha 14,5-18,1 % 3a BpokaliHICTIO TaKWM BH-
COKOIHTEHCUBHMM copTaM, K Kysmbauk Ta Illenpicts. Lle moB’s3ano 3 tum, 1o
TOJIOBHUM (pakTopoM J1000py B TOCIil Oyiia sIKICTh 3epHa 1, IIepeyciM, BMICT Oika
B HbOMY. AJle IHTPOTPECHBHI JiHII MEpeBaXKaId Y MaJld OJHAKOBY BPOXKAMHICTH 3
yciMa iHIIUMH COpTaMH-CTaHJapTaMu, TakuMu ik Kosnonis, [oqyBanbHuUIs 1 BUCO-
KOpOCIIn#i copT HamiBiHTeHCcHBHOTO Ty Onecbka 51 (tabm. 4).

Cui 3a3Ha4YKTH, IO CECTPUHCHKI JIiHIT 3 TeHOM Ta 6e3 reHa Gpc-B1 B onTuMab-
HUH 3a morogHUMH yMoBaMmu 2021 pik He Many 3HAYHOI PI3HUII 32 BPOXKAWHICTIO,
Tofi siKk B pedpinuTHUH 3a onagamu 2022 pik mniHii 3 reHoM Gpc-B1 BiporigHo 1o-
CTyMaJucs 3a BpOXKAaWHICTIO cecTpUHCHKiHM Oe3 rena Ha 8,2-10 % (tabm. 3). MoxHa
MIPUITYCTUTH, 10 B ONITUMaJIbHI YMOBHU POKY HasiBHICTh reHa Gpc-BI He IPU3BOANTD
JI0 3MEHILCHHSI BPOXKAHHOCTI, ajie npu Ae(iluTi BOJIOTH CIIOCTEPIranocs 3MeHIIICH-
HS BPO’KaHOCT!I.

54



ISSN 2077-1746. Bicuuk OHY. bionoris. 2024. T. 29, Bur. 2(55)

BwmicT Oinka € oTHUM 3 OCHOBHUX TIOKa3HUKIB SAKOCTI 3€pHA Ta OOPOIIHA, KO-
My TPUJIIISETHCS 0COONMBA yBara Ipy OIlHII CeNeKIiHHOTO Marepiany. Uepes Te,
10 came OiJIOK 1 Horo SIKiCTh OyJIM TOJIOBHUMH 00’ €KTaMH HAIIUX JIOCIiKEHb, K
1 OYiKyBaJIOCh, MiJBULICHHSA J03M a30THUX JOOPHB MO3UTHUBHO BILIMHYJIO HA 3a-
rajbHUI BMICT OlJIKa 1 3aJIe)KHUH Bl HbOro 30ip Oinka (Tadm. 11i3). B cepenabomy
110 MaTepially MiJBUIIECHHS BMICTY Oinka ckmanaino Big 11,55 % (y Bapianti N60)
no 12,66 % (y sapianti N120) npu HIP . 3a paxropom C ([osa no6pus) — 0,14
%. Kpim TOro, HamMu Oyno BUSBICHO, IO MPHU 301IBIICHHI J03H a30THUX JI00pUB
PI3HHIII MK TeHETHYHUMH Tpynamu 3pocraina. [lopiBHIOIOUH pe3ynabTaTtu 3 017IKO-
BOCTI 3epHa 3a JIBa pOKH OyJia BUSBJICHA 3arajibHa TCHACHITIS 3MCHIICHHS CEPEIHIX
3Ha4YeHb BMICTy Oinmka Bpokaro 2022 poky (B cepemnbpomy 1o gociiny — 11,8 %),
MIPOTH PE3YNbTAaTIB, OJIEP’)KaHUX Y ONTHUMAaJbHUH 3a morogHuMH ymoBamu 2021 pik
(B cepenabomy— 12,4 %).

[Ipu aHamizi OTpUMaHUX PE3yJbTATIB 32 BMICTOM OiJIKa 32 OKPEMUMH JiHISIMHU
JIBOX €KCIIEPUMEHTAIbHUX TeHeTHYHUX Ipyn (JIiHi1 3 reHamMu Bif Ae. tauschii Ta minii
3renoM Gpc-B1) cioctepiranacs 3HauHa qudepenuianis. OqHak, MopiBHIOIOYN Hal-
OB BHCOKOOIIKOBI JiHIT i3 IUX TPYTI, BUSBICHO, IO Pi3HUISI MK HUIMH CKJIaana
He Ounbie, Hixk 0,40 % (32 abconrornumu 3Havennsmu) npu HIP | 3a daxropom D
(JTimist) — 0,34 %. Y 2021 p. HaiiGinpmmii BMIicT Oika 3epHa y JiHiH 3 reHoM Gpe-B1
mata migisg 9300 — 12,7 % 1 14,0 % Ta minis 9525 — 13,0 % i 14,2 %, BiAIOBIIHO 10
2-X BapiaHTiB BHECCHHS JOOPUB. 3 TOMIX JIiHIH 3 TeHAMU Bi Ae. tauschii HAUBUIIAN
BMicT Oinka OyB y minii E1598/12 — 12,7 % Tta 13,9 %, a takox y minii F268/14 —
12,8 %1 13,8 %. BaxxuBuM € TOPIBHAHHS CECTPUHCHKUX JiHIHN 3 TEHOM Ta 0€3 reHa
Gpc-B1. Y BapianTi BHeceHHs no0puB N60 miHis Oe3 TeHa Mana BMicT Oilka Ha
piBHi 11,8 %, mo Ha 1,2 % meHIe, HiX y JiHII 3 HAWBUIIO OLTKOBICTIO (HIPO’05 JUIst
B3aemonii DxC («Jlinis»*«Jlo3a modopus») — 0,48 %). Y BapiaHTi BHeCeHHs 100pUB
N120 npu BmicTi Oinka y ainii 6e3 Gpe-B1 — 13,0 %, pizHuist 3a BMicTOM O1J1Ka MiXk
ninisimu ckiana 1,2 % (tadin. 5). Orxe, B ymoBax 2021 poky JiHii 3 renom Gpe-B1
MaJsu cTadlIbHY TiepeBary 3a BMICTOM OiJIKa HaJl CECTPHHCBKOIO JIiHito 0e3 reHa.

[{omo BMicTy OiTKa B 3€pHI COPTIB-CTaHJIAPTIB, TO 3a JIBA POKHU JOCIIKCHb Ce-
penHiii BMicT Horo y Bapianti N60 OyB 11,2 %, y BapianTti N120 — 12,2 %. [TopiBHto-
BaHHSM [IUX TIOKa3HMKIB 3 CEPEHBOI0 OIJIKOBICTIO 3epHa JiHii 3 reHom Gpc-B1 Oyno
BCTAHOBJICHO, 110 pi3HMII Ha arpodoni N60 cxmanana 1,2 %, Ha arpodoni N120 —
1,3 %. Pi3uurs 3a BMicTOM OiJTKa 3epHA B CEPEIHHOMY 3a BCIMa BapiaHTaMH TOCITITY
MDX JTIHISIMU 3 TeHAMU Big Ae. tauschii i copraMu-CTaHIapTaMA He IepeBaXkaia 3Ha-
aennst HIP . 3a pakropom A («I'enorum») — 0,24 %. Ase, sik BiKe BIIOMO 3 morepe-
THIX TOCTIKEHb, CEpeaHiil TOKa3HUK IO BUOIPIN HE 3aBXKIN MOXKE TaBaTH ITOBHE
YSIBIIGHHS IIIOJI0 JTOCITI/DKYBAaHUX JiHIH Ta iX moka3HuKiB. Takoxk, 0akaHO MPOBOIH-
TH TIOPIBHSHHS JIOCIIIHUX TEHOTHUIIIB 3 HAHOUIBII BUCOKO-OIJTKOBUMHU COPTaMH, JI0
SIKHX B1THOCATBCS BUcokopocii coptu Onecbka 16 1 Oneckka 51. Beranosieno, 1mo
y 2021 p. HaiiOi1bII BUCOKOOLITKOBI JIiHIT 3 TeHOM Gpe-B1 (9300, 9525) nepeBakanu
B cepeaubomy Ha 0,6 % 3a BMicToM Oinka i coptu y Bapianti N60 ta Ha 1 % npu
N120, a moxigui Big Ae. tauschii na 0,5 % 1 0,7 %, BiAIOBIIHO.
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Tabmums 5

BwmicT 6isika 3epHa B iHTpOrpecuBHUX JiHil Ta copTiB-cTaHAAPTIB

B 3aJ1€:KHOCTI Bi/T1 1031 700pPUB Ta POKY A0CTiT:KeHb, Yo.

Copr, inist Jlo3a a30THUX 100pHB, Jlo3a a30THUX 100pHB, dakTop
®axTop N 60, kr/ra. ®axrtop C N 120, kr/ra. ®@akTtop C B

B 2021' p. | 2022'p. X 2021' p. | 2022'p. X X
Opneckbka 16 12,5 12,4 12,5 13,3 14,1 13,7 13,1
Opnechbka 51 12,0 11,5 11,8 13 12,7 12,9 12,3
KysuteHuK 11,9 11,7 11,8 13,1 12,5 12,8 12,3
lenpicts 11,4 10,5 11,0 12,4 10,7 11,6 11,3
Hyma 10,5 9,9 10,2 11,1 10,5 10,8 10,5
lonyBanbpHUIA 10,8 10,5 10,7 12,7 12,0 12,4 11,5
HoBocmyrsinka 11,2 10,8 11,0 12,5 11,4 12,0 11,5
Kosonist 11,3 10,1 10,7 12,5 11,2 11,9 11,3
X 11,5 10,9 11,2 12,6 11,9 12,2 11,3

Jlinii - Hocii rena GPC-B1
9099 GPC-B1- 11,8 12,0 11,9 13,0 12,5 12,8 12,3
9155 GPC-B1+ 12,4 12,0 12,2 13,7 13,2 13,5 12,8
9200 GPC-BI+ 12,5 12,5 12,5 13,6 13,2 13,4 13,0
9250 GPC-BI+ 12,7 12,6 12,7 13,8 13,2 13,5 13,1
9300 GPC-BI+ 12,7 12,2 12,5 14,0 13,6 13,8 13,1
9525 GPC-BI+ 13,0 12,0 12,5 14,2 14,1 14,2 13,3
X 12,5 12,2 12,4 13,7 13,3 13,5 12,9
JIinii - HOCIT reHiB BHCOKOT O1TKOBOCTI Bix A. tauschii

E 1598/12 12,7 12,2 12,5 13,9 13,9 13,9 13,2
PIL799/16 12,5 11,8 12,2 13,7 13,1 13,4 12,8
PIL634/18 11,5 10,9 11,2 12,3 12,3 12,3 11,8
PIL814/13 12,5 12,5 12,5 13,3 13,1 13,2 12,9
AIL379/18 12,6 11,6 12,1 13,3 13,3 13,3 12,7
AIL96¢/18 12,2 10,9 11,6 12,9 12,1 12,5 12,0
F268-14 12,8 11,8 12,3 13,6 12,0 12,8 12,6
PIL690/18 12,3 10,9 11,6 13,4 12,7 13,1 12,3
PIL747/18 12,1 12,1 12,1 12,7 12,3 12,5 12,3
H 242-197-2 11,7 10,8 11,3 12,5 12,3 12,4 11,8
E 175-09 12,2 11,3 11,8 12,6 11,9 12,3 12,0
E 1089-19 11,3 10,5 10,9 12,5 12,5 12,5 11,7
NIL2 11,2 10,8 11,0 12,4 11,9 12,2 11,6
NIL4 10,5 10,1 10,3 11,7 11,1 11,4 10,9
AIL327/18 10,5 10,2 10,4 11,7 11,2 11,5 10,9
AIL341/18 11,5 10,8 11,2 12,6 12,2 12,4 11,8
E2778/14 10,7 10,3 10,5 11,9 11,7 11,8 11,2
PIL355PH18 11,7 11,1 11,4 12,9 11,8 12,4 11,9
daxtop AC X 11,8 11,1 11,5 12,8 12,3 12,5 12,0

Ipumitka: «'» — @akrop BBy A.; npH piBHi 3Haaymocti p < 0,05.
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VY 2022 poui BMmicT 6inka y jdiHil 3 reHoM Gpc-BI B cepennboMy OyB Ha piBHI
12,2 % y Bapianti N60 ta 13,5 % — y Bapianti N120, mo Ha 0,3 % i 0,4 % men1e
BiJNOBIZHO 0 BapiaHTIB B MOPIBHIHHI 3 MHHYJIMM pOKOM. Taka * TeHAEHIs CIo-
cTepiranack 1 Juis NiHiH 3 TeHamu Bif Ae. tauschii: y Bapianti N60 — 11,1 % ta y
BapianTi N120 — 12,0 %, mo Ha 0,7 # 0,8 % mente, HiX MonepenHsLoro poxy. OTxe,
SIK 1 MUHYJIOTO POKY, 3arajJlbHAN BMICT OiJIka B cepeTHboMY OyB BHUIIE caMe y JIiHiH 3
renoM Gpc-B1. llpu HeclipuATIMBUX NOTOJHUX YMOBaX i JIiHIT MEHILE 3HIKYBaJIH
OimKoBiCTh 3epHa. He3Baxkaioun Ha JOBOMI CYTTEBY PI3HHUIIO B MOTOJHHX YMOBaX
MiX pOKaMH, 3aKOHOMIPHOCTI 3a BMiCTOM OiJIKa B 3€pHI IHTPOTrpECUBHHUX JIiHiH 30e-
piramucsi.

3a pesympraramu 2022 poKy, MaKCHMaJIbHANM BMICT OiJTka y Tpymmax iHTporpe-
CUBHUX JIiHIll OyB Ha OJHAKOBOMY piBHi. Y niHil 3 reHoM Gpc-BI (9250) y Bapi-
anTi N60 BMmicT Oinka OyB Ha piBHI 12,6 %, a mis JiHil 3 reHamu Bin Ae. tauschii
(PIL814/13) — 12,5 %. PizHung Oyna ue Oinbie 0,40 % mpu HIPO!05 3a B3aeMoail
DxC («Jlinis»x«/lo3a nodpus») — 0,48 %. L{i noka3Huku Oyin Ha PiBHI 3 MOKa3-
HHUKaMH BHCOKOPOCJIOTO €KCTeHCHBHOTO copTy Opneckka 16 Ta mepeBaxanu Ha 1 %
TTOKa3HUKH BUCOKOPOCIIOTO COPTY HamiBiHTeHCHBHOTO THITY Onmechbka 51. Y BapiaHTi
N120 HaitOibII BUCOKHUI BMICT OlJIKa cepe IHTpOoTpecuBHUX JiHiH 3 TeHOM Gpc-B1
OyB y miHii 9225 (14,1 %) Ta y niHii 3 reHamu Big Ae. tauschii E1598/12 (13,9 %).
[NopiBHIOrOUM Kpaiii 3a OIJIKOBICTIO 3epHA JiHii, MOJKHA 3a3HAYUTH, 110 PI3HULS U Y
LbOMY BapiaHTi BHeCeHHs 100puB Oyia HecyTTesa, y Mexax HIP . [Tpu nosi no-
OpuB N120, sk 1 B IHIIKUX BUIAJIKaX, HAHOUIBII BUCOKUH BMICT OUJTKA MaJid BUCOKO-
pocii coptu Onecbka 16 — 14,1 % 1 Onecbka 51 — 12,7 %. SIkmio BMicT 6inika y copTy
Opnecopka 16 OyB Ha piBHI 3 HAOITBIIT BUCOKOOITKOBUMH IHTPOTPECHBHUMH JIHISIMH,
TO y copty Onecwka 51 —Ha 1,3 % Menie. Ko NOpiBHIOBAaTH L pe3yJbTaTH 3 TO-
Ka3HMKaMH BHCOKOIHTEHCHBHHUX COPTIB, TO Pi3HUI 3pocTaa e Ouiblie: y BapiaHTi
N60 Bix 0,8 % no 2,7 % y Bapianti N120 Big 1,4% 10 2,7 %.

BaxmuBuM € MOPIBHSHHS CECTPUHCHKUX JIiHIN 3 TeHOM 1 0e3 rena Gpc-B1 nnst
BCTAHOBJICHHSI MOXKJIMBOTO BILTHBY ITHOTO T€HA Ha BMICT Oilka 3epHa. Y BapiaHTI
103 moopuB N60 pi3HHIS 32 BMICTOM Oiika MiX JiHi€l0 0e3 TeHa i HalOiIbIn BH-
COKOOLITKOBOIO JTiHi€ 9225 Oyna cyTTeBO MEHIIA, HixK MUHYIOTo poky — 0,6 %, y
BapianTi N120 piznuns cknana 1,6 %, mo Oyio BHILE 32 TOKa3HUKH MUHYJIOTO POKY
npu HIP | 3a B3aemonii DxC («Jlinisinx«Jlo3a noopus») — 0,48 %. 3 oTpuMaHux
pe3ysIbTaTIB 3a JiBa POKU MOXHA 3pOOUTH BUCHOBOK, 110 JTiHIT 3 reHoM Gpc-Bl cra-
OLTBHO, HE3aJICIKHO BiJI TO3W TOOPHUB 1 POKY TOCTiIKEHb, IIEPEBUIITYBAIH 32 BMICTOM
Oiska ceCTpUHCBKY JIiHit0 0e3 reHa. [Ipupict Oinka cknanas Big 0,6 no 1,6 % B 3a-
JISKHOCTI BiJl pOKy Ta arpooHny.

Bu3HaueHHs MOKa3HMKa CEIMMEHTALi] y IHTPOTPeCUBHUX JIiHIN Ta COPTiB-CTaH-
JIAPTiB JIO3BOJIWIIO BCTAHOBMTH, 1[0 HAWBHUIIMKA PIBEHb CEIUMEHTAIlli OYB y JIiHIH
3 reHoM Gpc-B (tabn. 2), B cepeqHbOMY DPI3HHUI MK TPyNaMd 1HTPOTPECUBHUX
niHiA cragana 9,9 mi (12,8 %) Ha xopucts JiHil 3 resoMm Gpce-B1 npu HIP | o110
tdakropy A (I'erorum) — 2,3 miu. Xoua 3a cepefHIMU 3HAYCHHAMH JIiHIT 3 TeHAMHU
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BiJ Ae. tauschii noctynanucs niHisM 3 reHoM Gpc-B1, ane okpeMi JiHii i€l rpynu
cTabuIbHO BUALIUCS 3a UM mokasHukoM. Cepen Hux JiHii AIL379/18, PIL814/13,
PIL690/18, NIL2, siki B OKpeMHUX BHIIaJIKaX MaJd CEJAUMEHTAIliI0 Ha PIBHI JIHIA 3
reaoM Gpc-B1.

AHaJ3yI09 CECTPUHCHKI JIiHIT 3 TeHOM 1 0e3 reHa Gpc-B1 3a piBHEM ceTUMEH-
Tawii, MOkKHA 0a4MTH 3HAYHUI HOTO BIJIMB HA IiABUIIEHHS LbOTO MOKa3HHUKA SIKOCTI
(tabm. 2). Tak, y Bapianti N60 mninis 6e3 reHa majia MOKa3HUK CEUMEHTAIlii, B ce-
penHboMy Mo pokax, 64,6 mi, mo Ha 8,4 mit (13 %) meHe, Hix y JiHil 3 Gpc-Bl.
VY BapianTti N120 ninist 6e3 rena mana ceauMenTanito Ha piBHi 70,1 i, pi3HUI
cknana 12 mu, abo 14,6 % Ha xopucts niniit 3 Gpe-Bl, npu HIP . 3a B3aemonii
(haxtopis DxC — 4,1 m.

BusiBneHo, 1mo sK y Hamomy eKCIepUMEHTI, Tak i 3TifHO 3 JiTepaTypHUMH Jia-
HUMH [ 19], HasgBHICTH MIIEHNYHO-)KUTHIX TpaHcokariiid (1BL.1RS i 1AL.1RS) 3na-
YHO 3HW)KY€E TIOKAa3HUKH CeTUMEeHTalii. BpaxoByroun Te, 1110 B HAIOMY AOCTii Oyiau
copTH-CTaHAapTu 3 HasBHiCTIO TpaHcnokaiii (Lleapicts, Jlyma, HoBocMymisiH-
Ka), TIOKa3HUK TXHBOT cepiuMenTalii mocrynascs Ha 20 — 25 mi. copram 06e3 TpaH-
cJoKamii. B TakoMy BHITanmKy, eKCIIEpIMEHTAIBbHI JIiHI JOIIIFHO MOPIBHIOBATH 31
CTaHmapTaMy 0e3 TpaHCJIOKallid. Y JOCITIDKeHUX IHTPOTPECHBHUX JIHIN cepemHiit
MOKa3HUK cequMenTauii y Bapianti N60 ckmagas 53,6 M1, pi3HULS MiX iHTporpe-
CHUBHMMH JiHISIMH 1 cTannapramu Oyna B Mexax 19,4 #1 10 mu BianmoBigHO 10 rpym
JiHi# (3 reHoM Gpc-B1 un reHamu Bif Ae. tauschi). Y Bapianti N120 cepenniii mmo-
Ka3HHK CEIMMEHTAIli] y COpPTiB-cTaHAapTiB OyB Ha piBHI 63,2 MJI, 1110 OyJI0 MEHIIIE Ha
1919 mu Bizmosinuo o rpyn miniit npu HIP |  3a daxropom A (I'erornin) — 2,3 mut.

BusnauenHs BMiCTy 3aji3a MPOBOIMIIOCS B OCHOBHOMY B 3€pHi JiHIN 3 TeHOM
Gpc-Bl. lle apryMeHTYETbCSl THUM, IO 3a JITEpaTypHUMH AaHUMHM, caMe Led r'eH
31aTeH 30UIBIIUTH 3arajibHUi BMICT 3ai3a Ta Mapranio B 3epHi [20]. Cepenniii
BMICT 3aJj1i3a B 3epHax JiHii 3 reHoM Gpc-Bl cknanas 43,6 MKI/T, mo Ha 12,1 MKr/T
ounblie, HiK y copty KysuibHuk. Taka  pi3HuLst Oyjia BCTAaHOBJICHA MK CECTPHH-
CBHKOIO JiHI€r0 0e3 reHa Ta JiHisMu 3 reHoM Gpc-B1, mo Bianosinano 34 %. B 3epHi
ninii E1598/12 BusBwiIM 3Ha4HO MEHIIMN BMICT IIbOTO MIKpOEIEMEeHTa, HiXK Yy JiHii
HociiB rena Gpc-B1, sikuii 3HaXOANBCS HA OHOMY PiBHI 3 copToM KysIbHUK 1 JIiHI€O
0e3 rena Gpc-B1 (Tabmn. 4).

CepeniHsl KOHIIGHTpALlisl MapraHilio y JOCIiIHUX 3pa3kax ckiagana 0,055 MKI/T,
TOJII SIK CepelHii MOKa3HUK 10 rpyii JiHii 3 reHoM Gpc-B1 6y 0,059 mkr/r. Pis-
HHUIS MK BMICTOM MapTraHiio y copTy KysimsHUK 1 cepemHiM Horo 3HAYCHHSIM B iH-
TpOrpecuBHUX JiHisAX 3 Gpc-B1 cknanana 0,009 MKr/T Ha KOPUCTH IHTPOTPECUBHUX
TiHIH, 10 y BiICOTKOBOMY BimHOIIEHHI ckianano 18 %. Jlinis 3 renamu Bin Ae.
tauschi Mana HalMEHIy KOHLEHTPALiI0 MapraHiio i mocrymnajiacs 3a UM IOKa3-
HuKoM copty KysuibHuk Ha 31 % Ta minisM 3 reHom Gpce-BI Ha 55 %. Otrxe, TeH
Gpc-B1 Bin T. turgidum ssp. dicoccoides miaBunIye He TUTBKH BMICT OijKa B 3€pHI,
ajie ¥ KOHIICHTPAIIIIO 3ajTi3a Ta MapTaHIIfo.
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Tabmung 6
BwmicT MikpoeneMeHTIiB y iHTpOrpecHBHUX JIiHisIX MIIeHUII
ypokaio 2020-2022 poky.
Copr, inis BMi;lTK rsz/l?ha, Bwmicr xzsﬁaﬂum,
Kystmpauk 31,5+0,2 0,050+0,002
9099 (GPC-B-) 31,5+0,1 0,049+0,002
9155 (GPC-B 1) 43,54+0,2 0,063+0,001
9200 (GPC-B 1) 42,5+0,1 0,050+0,002
9250 (GPC-B +) 41,5+0,2 0,057+0,001
9300 (GPC-B/+) 44,0403 0,060+0,001
99525(GPC-B +) 46,5+0,2 0,065+0,002
E1598/12 31,0+0,3 0,038+0,003

BucHoBkn

3a BpokalfHICTIO iHTpOTrpecuBHi JiHii 3 reHOM Gpc-BlI Bin 1. dicoccoides ta 3
TeHaMU BiXl Ae. tauschii moctynanucs Ha 14,5-18,1 % BHCOKOIHTEHCHBHUM COpTam
Kysmpauk Ta Llenpicts. Ane mepeBaskaiy Y¥ Majld OJHAKOBY BPOXKAHHICTB 3 iH-
LIMMHU COpTaMu, TakuMH, sik Konownis, ['onyBansaung i Opecbka 51. B ontumanbhi
YMOBH POKY HasiBHICTb TeHa Gpc-B1 He 3HWKyBalla BpOXKalHHICTh, ane npu AedinuTi
BOJIOTH CIIOCTEPIraBcsi HOro HeratuBHUi BIutuB. Cepel iIHTPOrpeCUBHUX JIiHIH OyI10
kinmpka (AIL96¢/18, E1089/19, NIL4, Er. 9155 ta Er. 9200), sxi He3aJIeKHO Bix
YMOB 1 BapiaHTiB BHECEHHs JOOPWB Malli BPOXKAWHICTh HA PIBHI UM BHIIE Halypo-
YKAMHIMINX CTAaHAAPTIB.

Haii0inpm BucokoOinkoBi NiHil 3 TeHoM Gpc-B1 1 reHamu Big Ae. tauschi mamu
oJiHaKoBUH BMICT Oiika. Cepejl iHIUKaTOpiB OIKOBOCTI HAWBUINUN BMICT Oinka OyB
y copty Onecpka 16. B 3aiexHOCTI BiJl pOKy i 103U JOOpHB BMICT Oinka Ha piB-
Hi IIBOTO COPTY MaJIM IO TIOJIOBHMHH AOCIIDKCHHUX JiHIN 3 TeHaMu Binm Ae. tauschi
(E1598/12, PIL814/13, AIL379/18 ta F268/14).

HasBuicte rena Gpc-BI 3HauHO 30iblyBaja piBeHb CEIMMEHTAL]; JiHii HOCIT
rena Gpc-B1 nepeBulyBalu COPTU-CTaHAAPTH, B cepenHbomy, Ha 19,0-19,4 mu, mi-
Hii 3 reHaMu Bij Ae. tauschi —Ha 9,5-9,8 M1, a CECTPUHCHKY JIiHIIO 0e3 reHa Gpc-B1
Ha 8,4—12,0 mi. Kinbka miniii 3 reHamu Bix Ae. tauschi (AIL379/18, PIL814/13,
PIL690/18, NIL2, E1598/12 ta E1089/19), He3aexHO Bix poKy i 103U MiHEpaTb-
HUX TO0OPHB, MaJIA BUIIHHA PIBEHb CETUMEHTAIlii, HI’)K COPTH-CTaH/IapTH.

HasBuicts rena Gpce-BI cyTTeBO MiABHUILYBajIO BMICT MIKPOEJIEMEHTIB y J0CTi-
okeHux reHotunax. CepenHi 3HaYEHHs BMICTY MapraHiiio y JiHisX 3 reHoM Gpc-B1
Oynu Buii Ha 18 %, Hix y copty KysnbHuK, a BMIicT 3ami3a — Ha 34 %.
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Poboma suxonana 3a niompumxu i ghinancysannsa npoexmy HOINY. «Mexanizmu
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cmauy i enobanvro2o nomeniinusy Ne 2023.03/0244 xouxypcey «llepedosa nayka 6
Yrpainiy.

14.
15.

16.

60

Crarts Hagivnma no penakmii 19.08.2024

Crnncok BUKOPHCTAHOI JIiTepaTypu

Balyan H.S., Gupta P.K., Kumar S., Dhariwal R., Jaiswal V., Tyagi S., Agarwal P., Gahlaut V., Kumari S.
Genetic improvement of grain protein and other health-related constituents of wheat grain. Plant Breeding.
2013. P. 446-457 available at http://wileyonlinelibrary.com. doi: 10.1111/pbr.12047.

Zilic S., Barac M., Pesic M., Characterization of proteins from grain of different bread and durum wheat geno-
types et. all Int. J. Mol. Sci. —2011. — V.12 (9). — P. 5878-5894. doi: 10.3390/ijms12095878.

Wenefrida, 1., Utomo, H.S., and Linscombe, S.D., Mutational breeding and genetic engineering in the develop-
ment of high grain protein content, J. Agric.Food Chem., 2013, Vol. 61, No. 48, pp. 11702-10, doi: 10.1021/
jf4016812.

Michel S., Kummer C., Gallee M., Hellinger J., Ametz C., Akgdl B., Epure D., Giingér H., Loschenberger F.,
Buerstmayr H. Improving the baking quality of bread wheat by genomic selection in early generations. Theor:
Appl. Genet., 2018, Vol. 131, No. 2, P. 477-93, doi: 10.1007/ s00122-017-2998-x.

Laidig F., Piepho H.P., Rentel D., Drobek T., Meyer, U., Huesken, A. Breeding progress, environmental varia-
tion and correlation of winter wheat yield and quality traits in German official variety trials and on-farm during
1983-2014. Theor. Appl. Genet., 2017, Vol. 130, No. 1, P. 223-45, doi: 10.1007/s00122-016-2810-3.
Mishchenko L., Nazarov T., Dunich A., Mishchenko I., Ryshchakova O., Motsnyi I., Dashchenko A., Bez-
krovna L., Fanin Y., Molodchenkova O., Smertenko A. Impact of wheat streak mosaic virus on peroxisome
proliferation, redox reactions, and resistance responses in wheat. Int. J. Mol. Sci. 2021. Vol. 22, 10218. P. 1-17.
doi: org/10.3390/ijms221910218.

Motsnyi LI, Molodchenkova O.0., Nargan T.P., Nakonechnyi M.Yu., Mishchenko I.A., Lyfenko S.Ph.,
Smertenko A.P., Mishchenko L.T. Impact of alien genes on disease resistance, drought tolerance, and
agronomic traits in winter wheat commercial varieties. The Open Agriculture Journal. 2022. V. 16. P. 1-10. doi:
org/10.2174/18743315-v16-e2111260.

Padmanaban S., Zhang P., Hare R.A., Sutherland M.W., Martin A., Pentaploid wheat hybrids: applications,
characterisation and challenges. Front. Plant Sci., 2017, Vol. 8, P. 1-11, doi: org/10.3389/ fpls.2017.00358.
Tabbita F., Lewis S., Vouilloz J.P., Ortega M.A., Kade M., Abbate P.E., Barneix A.J. Effects of the Gpc-B1 locus
on high grain protein content introgressed into Argentinean wheat germplasm. Plant Breed. 2013, Vol. 132, No.
1, P. 48-52, doi: org/10.1111/pbr.12011.

. Mujeeb-Kazi A., GulKazi A.,Dundas 1., Rasheed F., Ogbonnaya F., Kishii M., Bonnett D., Wang R. R.-C.,

Xu S., Chen P., Mahmood T., Bux, H., Farrakh S., Chapter four-genetic diversity for wheat improvement as
a conduit to food security. Advances in Agronomy. 2013. Vol. 122, P. 179-257. doi: org/10.1016/B978-0-12-
417187-9.00004-815.

. Verma S.K., Kumar S., Sheikh I. et al. Transfer of useful variability of high grain iron and zinc from Aegilops

kotschyi into wheat through seed irradiation approach. International Journal of Radiation Biology. 2016. Vol
.92. P. 132-139.

. Motsnyi 1., Lytvynenko M., Golub E., Nargan T., Nakonechnyi M., Lyfenko S., Molodchenkova O., Fanin Ya.,

Mishchenko 1., Smertenko A., Mishchenko L. Disease resistance and adaptation of winter wheat lines derived
from wide hybridisation under arid environments. Zemdirbyste-Agriculture. 2022. V. 109, Ne 3. P. 227-236. doi:
10.13080/z-2.2022.109.029.

. Jarell WM., Beverly R.B. The dilution effect in plant nutrition studies. Advances in Agronomy.1981. Vol. 34 P.

197-224.

JACTY 3768-2010. ITmennns. Texniuni ymosu. — Jlepxcnoxus-crannapt Ykpainu. —2010. — C. 14.

Pubanxa O. L., Yepsonic M. B., [Tappentses M. I'., Akcenspyn /1. B. ITar. Ne 17023 Vkpaina, (2006) AOLH 1/04.
Crioci0® HenpsiMoi OIIHKK «Cui» 0o-pomrHa — ceaumenTanis SDS-30. CenekiiiftHO-reHeTHYHUI THCTUTYT.
Ne u200610062; 3asii. 06.02.2006; omy6. 15.09.2006; Bros. Ne 9. 6 c.

JocnexoB b. A. MeTonuka IoJieBoro omsita (C 0CHOBaMHU CTaTHCTHIECKOI 00pabOTKH pe3ylIbTaToB HCCIIeI0Ba-
Huit) [5-e u3n., nom. u nepepad.]. Mocksa: Arponpomusaar, 1985. 351 c.



ISSN 2077-1746. Bicuuk OHY. Biosoris. 2024. T. 29, Bum. 2(55)

17.

18.

19.

20.

Pubanka O. I., Moprys B. B., Mopryn b. B., Iloniugyk C. C., Yepsonic M. B., Cokonos B. M. HoBa renetnuna

BapiabeNbHICTh YIS MOMiNMeHHs sSKocTi mmenut (7riticum aestivum L.). Cytology and Genetics. 2023. T. 57
(1). C 1-11.

Pubanxa O. I, Mopryn b. B., Ionimyk C. C. GPC-BI (NAM-BI) reH sik HOBHII TCHSTHYHUH pecype y celeKuil
IIICHUI] Ha MiIBUIIECHHS BMicTy OlKa B 3epHi Ta MikpoeneMeHTiB. Qusuonoeusn pacmenuil u eenemuxa. 2018.
T 50. (4), C 279-298.

JInutBunenko M.A., Toman M.M. E¢exrn nmrennano-xutHix TpaHc-nokaniii 1AL/IRS I 1BL/IRS Ha sikicTh
3epHA y COPTIB MIICHUL M’ K0T 03uMO1. ScienceRise. 2015. Ne 3.1 (8). C. 82-87.

XKememna I'I1., Kysuenosa O.A. BIuuB copToBHX BIaCTHBOCTEH Ha MPOTYKTUBHICTH Ta SIKICTH 3epHA IIICHUII
M’sIKOi 03uMO1. Bichux ITonmascokoi depoicasnoi acpaproi akademii. 2012. Ne 3. C. 23-25.

A. C. ®amnin', M. A. JIutunenko', 0. O. Moaoguenkona', I. A. Mimenko?,
L. I. Mounwuii', A. A. lyniu’, JI. T. Mimenko?

'CenexIiifHO-TeHeTUYHU IHCTUTYT — HallioHambHUI [IEHTp HACIHHE3HABCTBA Ta
copToBuBUYeHHS, OBiTioNnoNbChKa 10p., 3, M. Oneca, 65036, Ykpaina
’HauioHanbHuU yHIBEpCUTET GI0pPECYpPCiB 1 IPHUPOIOKOPUCTYBAHHS YKPaiHH,
Byl ['epoiB O6oponw, 15, m. Kuis, 03041, Ykpaina

SKuiBchkuii HallioHanbHU yHiBepcuTeT iMmeHi Tapaca IlleBuenka, By, Bomoau-
Mupcbka, 64/13, m. Kuis, 01601, Ykpaina

JOCJTIVKEHHSA HOBUX TEHETUYHUX JKEPEJT
BUCOKOI BIVIKOBOCTI 3EPHA BIA AEGILOPS TAUSCHII
TA TRITICUM DICOCCOIDES

Pesiome

Beryn. Ozni€ero 3 HalBaXXIMBIIIMX BHUMOT JIO0 CYy9acHOTO BHPOOHHKA € OTPHMaH-
HSl BHCOKHMX BaJOBHX 300piB 3epHa muueHuni Iriticum aestivum L. 3 BUCOKHMMHU
SIKICHIMH TTOKa3HUKaMH, B pealizallii SKuX MPOBiAHY POk Bimirpae Oimok. Xoua
y CBITI IaBHO BiJIOMi 3pa3KH IMIICHUII M’ SIKOI 03UMO{ 3 BUCOKHM BMIiCTOM OiiKa (2-
3%), BOHU HE 3aBX/IH MPOSBIAIOTH CBOI IIEpEBary MpH BUCIBI B 1HIIMX €KOJIOTIYHUX
a00 arpoTrexHIYHUX ymoBax. IlepcrieKTMBHUM HUIIXOM PO3B’SI3aHHS IIi€i mpooe-
MH € CXPEIIyBaHHS BiJIaJCHUX BHUJIB 3 BUCOKOBPOKAWHUMH COPTaMH, IO MOXKE
3HAYHO TIIBUIINTH BMICT OiJIka B OTpUMaHUX JiHiAX. OIUH 13 IUX HAMPSIMKIB IS
T ABUIIECHHS 010XiMIYHIX TTOKA3HUKIB € iHTporpecis reHa Gpe-B1 Bin T dicoccoides.
Merta. [1epure, or1iHKa 3a MPOYKTUBHICTIO Ta MOKa3HUKAMH SIKOCT] IHTPO-TPECUBHUX
JHIT 3 HKepeaMu BHCOKOT 01TKOBOCTI 3 reHOM Gpc-B1 i TeHiB Bin Aegilops tauschil,
ZIpyTe MOPIBHSHHS KpaIliX iHTPOTPECUBHUX JiHIH, HOCIIB PI3HUX TCHETUYHUX CH-
CTEM, 3 COPTaMH CTaHAAPTAMH.

Metoauka. IlompoBi mochipkeHHsS TpoBommincs Ha mociigaux momsax CI'T-
HITHC, Ha 1BOX KOHTpAacTHUX BapiaHTaX BHECEHHS a30THHX moopuB N60 i N120.
B nocmimxeni Opamu ydacts 2 rpymnu JiHii 3 reHoM Gpe-Bl Ta remamu Bim Ae.
tauschii. Halikpali mpeAcTaBHUKN LIUX I'PYI MOPIBHIOBAINCS 3 COPTAMH-CTAaHAAP-
tamu. JIiHIT qOCHimKyBamucs 3a TOKAa3HUKOM BPOXKAWHOCTI, BMICTy OisKa, piBHS
CeIMMEHTallii Ta MIKPOEIEMEHTHOTO CKIIAy.

OcHoBHi pe3yabraTu. Bynn nposeneHi gocmikeHHs 18 niHIN 3 TeHAMH BHCOKOT
oinkoBocTi Big A. tauschii ta 5 minii 3 reaom GPC-B1 Big T. dicoccoides. 3a
BpPOKaWHICTIO OynMM BHSABJICHI TaKi 3aKOHOMIPHOCTi: IHTPOTPECHBHI JiHIi 3 Te-
HoM Gpc-Bl Tta 3 reHamu Bin Ae. tauschi moctynamucs Ha 14,5-18,1% Takum
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BHCOKOIHTEHCHBHHM copTaM, sk Kysupauk Ta Illenpicts, ane iHTporpecuBHi TiHil
repeBaKall YM Majli OJJHAaKOBY BPOXKaWHICTh 3 yCiMa IHIIMMH COPTaMH, TAKUMH,
sk Kosowist, ['opgyBanbHUISE 1| BUCOKOPOCIHIA HAITIBIHTEHCUBHOTO THUITY copT Onech-
ka 51. BcranosneHo, Mo B ONTHMajibHI YMOBH POKY HasBHICTh TeHa Gpc-BI He
3HIKYBAJIO BPOYKAWHOCTI, aje MpH ACQIIUTI BOIOTH TaKe MOXKE CIIOCTEPIraTHC.
Bucoxko0OinkoBi Jinii 3 reHom Gpc-Bl 1 reHamu Bin Ae. tauschi Maay OIHAKOBUUN
CepeIHbO apI/I(bMeTMqHI/Iﬁ BMmicT Oinka. HaiiOinbiumii BMicT Oisika B 3epHi cepen
COpTiB- CTaHZ[apTlB OyB y copty Onmecbka 16, 3a11€XKHO Bix poKy 1 1031 JOOPUB BMiCT
Oinka Ha PIBHI IHOTO COPTY MANM BiJ OMHIET 10 JEB’ATH IHTPOrPECHBHUX IiHIiH 3
reHamu Bijg Ae. tauschi. Bmict Oinka y JiHii 3 TeHOM Gpc -B1 6yB JIeI0 BUILUMH,
34 BUHATKOM BaplaHTy N120 y 2022 porii, ko1 Bci AOCIHIiHI JiHIT 10Ka3aiu BMICT
Oinmka Ha piBHI copTy-cTaHmapty Oxecbka 16.

Jlinii Hocii rena Gpc-Bl nepeBuIIyBalll B CEPEAHBOMY COPTH-CTAHAAPTH 33 LM
nmokasHukoM Ha 19 — 19,4 mu, na 9,5 — 9,8 mu niHii 3 renamu Bix Ae. tauschi Ta
CECTPUHCHKY JTiHII0 0e3 rena Gpe-B1 va 8,4 — 12,0 mut. HasiBHicTh rena Gpe-B1 Bin
Triticum turgidum ssp. dicoccoides CyTTEBO TiABHIIYBAIO BMICT MiKpOEIEMEHTIB
y pociipkeHnx renotunax. CepeHi 3HaUSHHS! BMICTY MapraHiio y JIHIAX 3 TCHOM
Gpc-B1 Oynu Bui Ha 18%, Hixk y copry KysinbHuk, BMicT 3aiiza — Ha 34%.

Kuarouosi caoBa: Triticum aestivum L., BpOxKalHICTh, MIKpOSIeMEHTH, 0i10XiMIgHI
MTOKAa3HHKH, SKICTh 3epHA, BiJIaJICHa T10pHII3aIlis.
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STUDY OF NEW GENETIC SOURCES OF HIGH GRAIN
PROTEIN CONTENT FROM AEGILOPS TAUSCHII AND
TRITICUM DICOCCOIDES

Summary

Introduction. One of the most important requirements for a modern producer is to
obtain high gross yields of wheat grain with high quality indicators, in the realisation
of which protein plays a leading role. Although the world has long known samples
of soft winter wheat with a high protein content (2-3%), they do not always show
their advantages when sown under different environmental or agronomic conditions.
A promising way to solve this problem is to cross distant species with high-yielding
varieties, which can significantly increase the protein content of the resulting lines.
One of these ways to improve biochemical parameters is introgression of the Gpc-B1
gene from T dicoccoides.

Objective. Firstly, to evaluate the productivity and quality indicators of
introgressive lines with high protein sources with the Gpc-BI gene and genes from
Aegilops tauschii, and secondly, to compare the best introgression lines with
varieties of standards of carriers of different genetic systems.

Methods. Field studies were conducted on the experimental fields of the SGI-NCSCI,
on two contrasting variants of nitrogen fertilizer application N60 and N120. The
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study involved 2 groups of lines with genes from T. dicoccoides and Ae. tauschii.
The best representatives of these groups were compared with the standard varieties.
The lines were studied for yield, protein content, protein fractional composition,
sedimentation level and trace element composition.

Main results. 18 lines with high protein genes from Ae. tauschii and 5 lines with
the Gpc-B1 gene from T. dicoccoides were studied. The following patterns were
found in terms of yield: introgression lines with the Gpc-B1 gene and genes from Ae.
tauschi were 14.5-18.1% inferior to such high-intensity varieties as Kuyalnyk and
Shchedrish, but introgression lines were superior or had the same yield as all other
varieties, such as Kolonia, Giduvanitsa and tall semi-intensive type variety Odeska
51. It was found that in optimal conditions of the year, the presence of the Gpc-B1
gene did not reduce yields, but in case of moisture deficit, this can be observed.
High-protein lines with the Gpc-B1 gene and genes from Ae. tauschii had the same
arithmetic mean protein content. The highest protein content in grain among the
standard varieties was in Odeska 16, and depending on the year and fertilizer dose,
from one to nine introgression lines with genes from Ae. tauschii had protein content
at the level of this variety. The protein content of the lines with the Gpc-B1 gene was
slightly higher, except for the variant N120 in 2022, when all experimental lines
showed protein content at the level of the standard variety Odeska 16.

Lines carrying the Gpc-B1 gene exceeded the standard varieties by 19 - 19.4 ml on
average, lines with genes from Ae. fauschi by 9.5 - 9.8 ml and the sister line without
the Gpc-B1 gene by 8.4 - 12.0 ml. The presence of the Gpc-B1 gene from Triticum
turgidum ssp. dicoccoides significantly increased the content of trace elements in
the studied genotypes. The average manganese content in the lines with the Gpc-B1
gene was 18% higher than in the Kuyalnik variety, and the iron content was 34%
higher.

Keywords: Triticum aestivum L., yield, trace elements, biochemical parameters,
grain quality, remote hybridisation.
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IN SILICO STUDY OF THE ANTI-INFLAMMATORY
PROPERTIES OF PFOA, PFOS, KCIO,, AND AICI,

In this study, we used a machine learning-based toxicity prediction tool to assess
the potential toxic effects of military and civil chemical pollutants (perfluoroocta-
noic acid, perfluorooctane sulfonic acid, AlCls, and KC10O4). Additionally, molecular
docking and molecular dynamic simulations were employed to explore the interac-
tion of perfluorooctanoic acid and perfluorooctane sulfonic acid with key protein tar-
gets. The results indicate that these ligands exhibit high binding affinities for human
serum albumin, monoamine oxidase A and COX-1, suggesting potential impacts on
protein function.

Keywords: inflammation, molecular docking analysis, molecular dynamic, alumi-
nium chloride, potassium perchlorate, perfluorooctanoic acid, perfluorooctane
sulfonic acid, binding.

Military operations cause extensive environmental damage. This includes indus-
trial and chemical contamination, wildfires ignited by shelling, pollution and waste
from military vehicles, toxic substances from weapons and missiles, emissions from
the displacement of people, nuclear hazards and destruction of water resources [14].
War-induced environmental destruction is likely to lead to higher rates of illness
and death among civilians [12]. Chemical pollution poses the most significant envi-
ronmental threat in this situation [18]. Detonation of rockets and artillery results in
the emission of a complex mixture of chemical compounds. These include carbon
oxides, water vapor, nitrogen oxides, formaldehyde, hydrogen cyanide, and a variety
of toxic organic substances. Additionally, heavy metals such as lead, arsenic, and
mercury are released into the environment. Aluminum, while a versatile and widely
used metal, can become a pollutant in the context of war. Its presence as a pollutant
in war-torn environments arises from several factors, including its use in military
equipment, weaponry, and infrastructure. Aluminum (AI**) has a strong tendency to
bind with and cross-link proteins. Unlike other common metals like iron, manganese,
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and zinc, aluminum is not known to have any physiological role in the human body.
Besides causing oxidative stress and attaching to negatively charged membrane
structures in neurons, aluminum can also alter calcium signaling pathways in the
hippocampus, which are essential for neuronal plasticity and, consequently, mem-
ory. [21, 13, 16]. Perchlorate is another chemical compound commonly employed
in military ordnance and equipment, which poses a significant environmental and
health concern. Its presence has been detected in various environmental matrices,
including drinking water, air, soil, and even human breast milk. Human exposure to
perchlorate primarily occurs in regions affected by armed conflict and areas adjacent
to military training facilities [24, 8]. These pollutants are subsequently dispersed into
soil, air, and water

Furthermore, munitions may contain per- and polyfluoroalkyl substances (PFAS),
which are characterized by their exceptional environmental persistence [17]. PFAS
constitute a group of synthetic chemicals renowned for their oil-, water-, and heat-re-
sistant properties. These compounds, commonly used in producing a range of con-
sumer and industrial products, including non-stick cookware, food packaging, fire-
fighting foams, and munitions, have become ubiquitous environmental contaminants
due to their persistent nature [4]. Humans are primarily exposed to these contami-
nants through inhalation of contaminated air and dust, as well as ingestion. Such ex-
posure has been associated with endocrine disruption, compromised immune func-
tion, and an increased risk of developing certain cancers [27, 17, 5]. Among the most
prominent PFAS are perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic
acid (PFOA), which exhibit exceptional stability and resistance to degradation [20].
Bioaccumulation of PFAS in critical organs, such as the blood and liver, can induce
adverse health effects even after cessation of exposure, underscoring the long-term
implications of these persistent contaminants [1, 15]. Human serum albumin (HSA)
is the main protein responsible for transporting substances in the blood and has been
found to interact with PFAS at multiple binding sites. Consequently, it plays a sig-
nificant role in the distribution and accumulation of PFAS in the body [9]. From the
literature it is also known that PFAS activate nuclear receptor protein, specifically
Peroxisome Proliferator-Activated Receptor alpha (PPARa) and Peroxisome Prolif-
erator-Activated receptor gamma (PPARY) [7].

HAS and PPAR-gamma have important roles in the inflammation process, either
directly or indirectly. PPAR-gamma has strong anti-inflammatory effects and human
serum albumin can modulate inflammatory responses, although its role is more indi-
rect. These proteins are potential therapeutic targets for controlling inflammation in
various diseases [9, 7]. The aim of this study is to investigate the potential toxicity
of perfluorooctanoic acid, perfluorooctane sulfonic acid, AlCls, and KClOs using in
silico approaches.
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Materials and methods

Toxicity calculation for aluminium chloride, potassium perchlorate, perfluo-
rooctanoic acid and perfluoro-octanesulfonic acid was performed with virtual lab
ProTox 3.0 based on machine learning algorithms [2].

Molecular docking was provided using AutoDock Vina 1.2.5. (http://vina.
scripps.edu), Schrodinger Maestro —2023-2 Glide (trial license). The molecular
docking process was performed utilizing crystal structure of human serum albumin
(7Z57), crystal structures of the ligand binding domain of human PPAR-gamma
(2F4B), Human Monoamine Oxidase A in complex with Clorgyline (2BXR), Human
COX-1 Crystal Structure (6Y3C) from the database of biological macromolecules
PDB (http://www.rcsb.org/). During the research, perfluorooctanoic acid and per-
fluorooctane sulfonic acid were docked. The binding site was automatically identi-
fied based on the position of the reference ligand.

AutoDockVina-1.2.5. The structures of the ligands (perfluorooctanoic acid and
perfluorooctane sulfonic acid and reference ligands) were provided in *.pdb format
and optimized by the internal energy value in the Avogadro program (v 1.2.0) and
the Merck molecular force field - algorithm (MMFF94), protonation at a physiolog-
ical pH value of 7.4. Protein structures were optimized using AutoDock tools 1.5.7.
For protein optimization polar hydrogens, Kollman charges were added and pdbqt
format structure was obtained. The area of docking process was determined using
grid box. We determined the strong binding affinity by the most negative Autodock
Vina score [21].

Schrodinger Maestro Glide. The structures of the ligands (perfluorooctanoic acid
and perfluorooctane sulfonic acid and reference ligands) were optimized using Lig-
Prep, OPLS2005 force field algorithm, the pH range for the generation of tautomers
and protonated states was 7,4. The protein was modelled using the Protein Prepa-
ration of Schrodinger Suite; to prepare the protein structure, hydrogen atoms were
added and hydrogen bonds were optimized, pH 7.4. The following formula was used
to rank the ligands based on their G-scores: G-score = (0.05*vdW) + (0.15*Coul) +
Lipo + Hbond + Metal + Rewards + RotB + Site (1); where vdW is the van der Waals
energy, Coul represents the Coulomb energy, the term Lipo explains the lipophilicity
Rewards describes the favorable hydrophobic interactions, Hbond is an indicator
that reflects the hydrogen bond, Metal provides information about metal binding,
RotB informs about the negative effect related to the freezing of spin bonds, and
Site determines the polar interactions in the active site. The binding free energies
(MM-GBSA) of the complexes were determined using the Prime module within the
Schrodinger suite. The binding energy is determined using the formula: AG _bind =
E _complex(minimized) - E_ligand(minimized) - E_receptor(minimized) [28, 29].

Visualization of docking results was performed using Schrédinger Maestro, Dis-
coveryStudio2021 (BIOVIA, Dassault Systémes. Discovery Study), PyMOL (The
PyMOL Molecular Graphics System, Version 3.0 Schrodinger, LLC).
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Molecular dynamic simulation was performed for complex (perfluorooctanoic
acid-human serum albumin, AICI, - human serum albumin) using software PlayMol-
ecule. Ligands were prepared with GAFF2 force field and the parametrization func-
tion. We used ProteinPrepare tools for protein preparation [26] and SystemBuilder
for building system for simulation (pH=7,4, forcefield Amber) [6, 26]. SimpleRun
was used for the production molecular dynamic run, with a run time of 6 ns, globular
simulation type [26].

Results and Discussion

We estimated the toxicity of a number of compounds that may have a military
origin, using machine learning algorithm lab ProTox 3.0. ProTox 3.0 is particularly
useful for predicting the toxicity of newly synthesized or experimentally unstud-
ied compounds but can also be applied to already known chemicals to confirm or
refine existing data. While these compounds may be part of the database on which
the training algorithms were based, the new versions of ProTox 3.0 use improved
machine learning models and more complete and updated datasets, potentially
allowing for the consideration of new aspects of toxicity that may have been missed
in previous studies [2]. Also, we provided docking analysis of perfluorooctanoic
acid and perfluorooctane sulfonic acid, determining docking scores, free binding
energy and mechanisms of binding. For a broader understanding of the stability of
the complexes (human serum albumin with perfluorooctanoic acid and human serum
albumin with AICL,), molecular modeling was carried out. All studied ligands in our
research were presented in table 1.

Table 1
Structures of the studied compounds
Perfluorooctanoic acid (PFOA) Perfluorooctane sulfonic acid (PFOS)

Aluminum chloride Potassium perchlorate
Cl Cl 0 B
SAT W\ _0 +
| o7 K
c 07Ny
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Based on in silico toxicity study all studied substances (KCIO,, AICIL,, PFOA,
PFOS) may have the potential to cross the blood-brain barrier (Table 2). According to
the prediction results, potassium perchlorate and aluminium chloride have influence
on estrogenic receptors and have activity on transthyretin (TTR). Gorgogietas and
colleagues indicate that aluminum salts cause a significant rise in estrogen receptor
protein levels, potentially through alterations in estrogen receptor gene expression or
the stability of the estrogen receptor protein. The authors assume that this effect could
have impact on breast physiology by influencing estrogen receptor-mediated gene
expression, either directly or indirectly, through interactions with estrogen receptor
DNA binding [10]. Also, potassium perchlorate is primarily known for its role in
disrupting thyroid function by inhibiting iodide uptake, which can lead to thyroid hor-
mone imbalances [30]. The direct influence of KCIO, on estrogenic receptors is less
documented. The search results in scientific literature do not provide any information
about the activity of potassium perchlorate or aluminum chloride on transthyretin
(TTR). Furthermore, based on the results of ProTox 3.0 KCIO, can have impact on
pregnane X receptor (PXR). PXR is a nuclear receptor recognized as a key regulator
of xenobiotics. It plays a crucial role in the regulation of the expression of genes re-
sponsible for drug-metabolizing enzymes and drug transporters, playing a vital role
in detoxifying and removing xenobiotics and endotoxins from the body [23]. But
there is no evidence in the scientific literature that KC1O4 has this influence. AICls
exceeds the threshold for cardiotoxicity and ecotoxicity. AICL is predicted to be ac-
tive in CYP2C9 inhibition according to ProTox 3.0, which means that the compound
is likely to inhibit the enzyme cytochrome P450 2C9 (CYP2C9). It may cause adverse
interactions with drugs that are processed by this enzyme, affecting their efficacy and
safety. PFOA reaches levels associated with nephrotoxicity, carcinogenicity, and Tu-
mor Supressor p53. PFOS acid surpasses the threshold for respiratory toxicity.

ProTox 3.0 predictions indicate that PFOA and PFOS may have higher toxicolog-
ical risks, particularly related to carcinogenicity, nephrotoxicity, and potential endo-
crine disruption. In November 2023, the International Agency for Research on Can-
cer (IARC) designated PFOA as a “carcinogen to humans” (Group 1) and PFOS as
“possibly carcinogenic to humans” (Group 2B) [30]. Ducolomb and his colleagues
have shown that PFOS and PFOA act on steroidogenic ovarian cells, acting as endo-
crine disruptors, which could influence the functions dependent on sexual steroids
[3]. KC1O4 and AICI, also demonstrate significant potential for toxicity through mul-
tiple pathways, with KClO4 potentially posing risks to the endocrine systems, and
AICI, demonstrating cardiotoxicity. In the scientific literature, there is evidence that
potassium perchlorate induces the development of dystrophic processes in the bone
tissue of the jaws of rats with hypothyroidism. KCIO4 blocks the absorption of io-
dine by the thyroid gland and the synthesis of iodinase, which confirms the results of
prediction [30]. AICI, is recognized for its propensity to accumulate in several body
tissues, including the liver, pancreas, kidneys, brain, and heart. It has been linked to
liver damage, kidney toxicity, nervous system impairment, and heart toxicity [11].
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Table 2
Prediction toxicity of potassium perchlorate, aluminum chloride,
PFOA and PFOS
KClO, AICl, PFOA PFOS
Target Probability/ Probability/ Probability/ Probability/
Prediction Prediction Prediction Prediction
1 2 3 4 5

Hepatotoxicity 0.98/In 0.94/In 0.81/In 0.89/In
Neurotoxicity 0.91/In 0.68/In 0.88/In 0.94/In
Nephrotoxicity 0.62/In 0.70/In 0.51/Ac 0.52/In
Respiratory toxicity 0.61/In 0.67/In 0.59/In 0.54/Ac
Cardiotoxicity 0.97/In 0.55/Ac 0.89/In 0.88/In
Carcinogenicity 0.80/In 0.55/In 0.63/Ac 0.68/In
Immunotoxicity 0.99/In 0.99/In 0.99/In 0.99/In
Mutagenicity 0.75/In 0.84/In 0.92/In 0.64/In
Cytotoxicity 0.73/In 0.68/In 0.68/In 0.75/In
BBB-barrier 0.91/Ac 0.99/Ac 0.97/Ac 0.91/Ac
Ecotoxicity 0.52/In 0.68/Ac 0.85/In 0.61/In
Clinical toxicity 0.85/In 0.83/In 0.79/In 0.76/In
Nutritional toxicity 0.62/In 0.74/In 0.92/In 0.86/In
AhR 1/In 0.99/In 1/In 1/In

AR 1/In 1/In 1/In 1/In

AR-LBD 0.99/In 0.99/In 1/In 1/In

Aromatase 0.99/In 0.99/In 1/In 0.99/In
ER 1/Ac 0.99/In 1/In 0.99/In
ER-LBD 0.98/In 0.96/In 1/In 0.98/In
PPAR-Gamma 0.99/In 1/In 1/In 1/In

nrf2/ARE 1/In 0.90/In 1/In 0.96/In
HSE 1/In 0.90/In 1/In 0.96/In
MMP 0.99/In 0.93/In 1/In 0.93/In
Tumor Supressor p53 0.98/In 0.89/In 0.77/Ac 0.97/In
ATADS 0.99/In 0.99/In 1/In 1/In

THRa 0.85/In 0.94/In 0.90/In 0.90/In
THRp 0.81/In 0.93/In 0.78/In 0.78/In
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Table 2
1 2 3 4 5
TTR 0.58/Ac 0.56/Ac 0.97/In 0.97/In
RYR 0.97/In 0.95/In 0.98/In 0.98/In
GABAR 0.71/In 0.71/In 0.96/In 0.96/In
NMDAR 0.90/In 0.93/In 0.92/In 0.92/In
AMPAR 0.99/In 0.99/In 0.97/In 0.97/In
KAR 1/In 1/In 0.99/In 0.99/In
AChE 0.58/In 0.64/In 0.81/In 0.89/In
CAR 0.99/In 1/In 0.98/In 0.98/In
PXR 0.59/Ac 0.55/In 0.92/In 0.92/In
NADHOX 0.69/In 0.75/In 0.97/In 0.97/In
VGSC 0.8/In 0.75/In 0.95/In 0.95/In
NIS 0.94/In 0.94/In 0.98/In 0.98/In
CYP1A2 0.92/In 0.87/In 0.9/In 0.93/In
CYP2C19 0.88/In 0.84/In 0.86/In 0.89/In
CYP2C9 0.54/In 0.59/Ac 0.55/In 0.60/In
CYP2D6 0.88/In 0.79/In 0.87/In 0.87/In
CYP3A4 0.98/In 0.98/In 0.99/In 0.99/In
CYP2E1 0.96/In 0.92/In 0.99/In 0.90/In

Notes: In-inactive, Ac-active, Aryl hydrocarbon Receptor (AhR), Androgen Receptor (AR), Androgen
Receptor Ligand Binding Domain (AR-LBD), Estrogen Receptor Alpha (ER), Estrogen Receptor
Ligand Binding Domain (ER-LBD), Peroxisome Proliferator Activated Receptor Gamma (PPAR-
Gamma), Nuclear factor (erythroid-derived 2)-like 2/antioxidant responsive element (nrf2/ARE), Heat
shock factor response element (HSE), Mitochondrial Membrane Potential (MMP), Phosphoprotein
(Tumor Supressor) p53, ATPase family AAA domain-containing protein 5 (ATADS), Thyroid
hormone receptor alpha (THRa), Thyroid hormone receptor beta (THRf), Transtyretrin (TTR),
Ryanodine receptor (RYR), GABA receptor (GABAR), Glutamate N-methyl-D-aspartate receptor
(NMDAR), alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionate receptor (AMPAR), Kainate
receptor (KAR), Achetylcholinesterase (AChE), Constitutive androstane receptor (CAR), Pregnane X
receptor (PXR), NADH-quinone oxidoreductase (NADHOX), Voltage gated sodium channel (VGSC),
Na-+/I- symporter (NIS)

ProTox 3.0 has predicted that PFOA and PFOS could have pharmacophore fit to
Amine Oxidase A (MAO-A) 42.24%, 33.43%, and 38.99%, 50.55% to Prostaglandin
G/H Synthase 1 (PGHS-1), respectively. Docking of PFOA and PFOS with MAO-A
and PGHS-1 might be considered reasonable if the predicted pharmacophore fits
suggest potential binding interactions. ProTox 3.0 predictions, although showing
low prediction percentages, still indicated potential pharmacophore matches, which
provides grounds for molecular docking (Table 3).
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Table 3
Possible toxicity targets
Toxicity Target PFOA PFOS
Amine Oxidase A 42.24% 33.43%
Prostaglandin G/H Synthase 1 38.99% 50.55%

We performed docking of PFOA and PFOS with human serum albumin (7257),
PPAR-gamma (2F4B), monoamine oxidase A (2BXR) and COX-1 (6Y3C) (Table 4).
According to AutoDock Vina and MMGBSA binding free energy calculations, the
investigated ligands exhibit a strong binding affinity for human serum albumin, -9.2
kJ/mol for PFOA and -8.9 kJ/mol for PFOS (AutoDock Vina). We obtained moder-
ate binding affinity results for the studied PFAS with PPARY, particularly from the
analyses conducted using Schrodinger Maestro. The MM-GBSA binding energy for
2F4B with PFOA was —10.2 kJ/mol, while for 2F4B with PFOS, it was -4.8 kJ/
mol. Scientific literature suggests that PFAS activate nuclear PPARy [7], leading us
to hypothesize that PPARy undergoes conformational changes in vivo that enhance
binding, which may not be accurately reflected in static crystal structures. On the
other hand, ligands have moderate affinity of interaction with monoamine oxidase A.
PFOS has docking score with MAO-A AutoDock Vina -9.5 kJ/mol and MMGBSA
value -25.4 kJ/mol. PFOS also demonstrates reliable free binding energy of interac-
tion with human COX-1 (-26,1 kJ/mol).

Table 4
Docking scores and free binding energy of PFAS
with human serum albumin and PPAR-gamma
Protein Docking score PFOA PFOS Reference ligand

77257 AutoDock Vina 9.2 -8.9 -8.6
Maestro Schrodinger -6.2 -7.3 -7.3
MMGBSA -22.3 -27.9 -24.7
2F4B AutoDock Vina -7.4 -1.7 -10.6
Maestro Schrodinger -53 -4.5 9.4
MMGBSA -10.2 -4.8 -41.1
2BXR AutoDock Vina -8.9 -9.5 -6.3
Maestro Schrodinger -5.8 -6.1 2.7
MMGBSA -5.9 -25.4 -1.9
6Y3C AutoDock Vina -7.7 -7.0 -4.9
Maestro Schrodinger -5.5 5.2 -6.3
MMGBSA -21.2 -26.1 -5.9

Notes: 7z57 -Crystal structure of Human Serum Albumin in complex with surfactant GenX
(2,3,3,3-tetrafluoro-2-(heptafluoropropoxy) propanoate);

2f4b - Crystal structure of the ligand binding domain of human PPAR-gamma in complex with an
agonist;

2bxr - Human Monoamine Oxidase A in complex with Clorgy line, Crystal Form A;

6y3c - Human COX-1 Crystal Structure.
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This interaction may influence the enzyme’s function, potentially leading to tox-
icological or inflammation effects. Although there is no mention in the scientific
literature of the effects of PFAS on MAO-A and human COX-1.

The investigated PFAS create the hydrogen bonds with SER 342, ARG 410 and
TYR 411 of the HSA. PFOS creates hydrogen interaction by the sulfonic acid func-
tional group and PFOA by the carboxyl group (Fig.1).

GLY

434\

VAL
433

cys
437

ASN

ILE
A Aoz Ass
- [PRO
F : GLY i
A434
F ARG
F F ¢ \ . Az48
SR R 9
ILE 3w /
e WEESEE
\. L i b H
LEU ) —— 8 o Owsadia..,
453 MET R
w6 o
crs ARG
6 ALA / AB37 e A:485
c — A:392
a b
GLY
434 ~ VAL
433
LEU
LEU 453
pr F < "
PHE
403
ASN
|
& A:388 K
B
T
LEg x
A:387
168 MET
& g i, Aads
__— A:384 X
c 8

75



ISSN 2077-1746. Bicuuk OHY. Bionoris. 2024. T. 29, Bum. 2(55)

Interaction site of
PFOA and PFOS

Bromide ion

Legend for Schrodinger Maestro Glide results (a, c):

3 Charged (negative) ~ Polar -~ Distance —® Pi-cation
Charged (positive) & Unspecified residue - H-bond — Salt bridge
. Glycine ~ Water —+ Halogen bond Solvent exposure
©  Hydrophobic Hydration site — Metal coordination
) Metal X, Hydration site (displacedp— Pi-Pi stacking

Legend for AutoDock Vina results (b, d):

Interactions

|:| wvan der Waals

- Conventional Hydrogen Bond - Salt bridge
|:| Carbon Hydrogen Bond |:| Alkyl

- Halogen (Fluorine) D Pi-Alkyl

Fig. 1 a) Visualized position of PFOS in the specific binding sites of human serum albumin
(Schrédinger Maestro Glide); b) Visualized position of PFOS in the specific binding sites
of human serum albumin (AutoDock Vina), c)Visualized position of PFOA in the specific binding
sites of human serum albumin (Schrédinger Maestro Glide), d) Visualized position of PFOA
in the specific binding sites of human serum albumin (AutoDock Vina); e)Whole structure
of complex human serum albumin with PFOA and PFOS;

Based on the molecular docking results ARG 348 and ARG 485 participated in salt
bridges interactions with the studied ligands. Septlveda and colleagues observed that
ligands with strong binding affinity to human serum albumin (HSA) predominantly
form hydrogen bonds and salt bridges with the Arg485 and Arg348 residues [9].

Guo and colleagues reported in their studies that PFOA forms hydrogen bonds
with the Ser289, His449, and Tyr473 residues of PPARy [19]. The predicted results
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of our research indicated that PFOA creates a hydrogen bond with ARG 288 and
PFOS with TYR 327. In our case Ser289, His449 form polar contacts with ligands.
We performed molecular docking of the studied ligands at the clorgyline-binding
site of monoamine oxidase A, to analyze their interactions. PFOS creates a hydrogen
bond interaction with ALA 68 and arginine TYR 69 of the binding site of monoam-
ine oxidase A. Given that amine oxidase A regulates amines such as dopamine, ser-
otonin, and norepinephrine, the possibility of PFOA and PFOS interacting suggests
that they may affect neurotransmitter levels, potentially leading to mood-related or
neurological problems.

Both PFOA and PFOS form of the hydrogen bonds interaction with glutamate 524
and arginine 120 of the cyclooxygenase 1 (COX -1). Interaction with COX-1 raises
concerns about potential effects on inflammation, gastric health, and blood clotting.
PFOS, with a higher probability of interaction with COX-1, may pose a slightly
higher risk for these pathways than PFOA. Based on the positive molecular docking
results of PFOA with HSA, we performed molecular dynamics (MD) simulations of
these complexes to further explore the mechanisms of interaction. We also provided
MD simulation of the HSA with AICI, to modulate presence of cations Al** (fig. 2, 3).

The difference between the RMSD (root mean square deviation) values at 6 ns
and 3 ns for the protein without a ligand is 1.733. It shows a significant increase
in RMSD over time. This suggests that the protein structure undergoes substantial
conformational changes when unbound, indicating flexibility or instability in the
absence of a ligand. The protein with the PFOA ligand has a smaller RMSD range
(0.973), indicating that PFOA binding helps stabilize the protein structure to some
extent. The overall RMSD values are also lower compared to the unbound protein,
suggesting that PFOA may confer some structural stability. The protein with AICls
shows moderate structural changes over time with an RMSD range of 1.047. The
initial RMSD at 3 ns is slightly higher than for PFOA, which might suggest a more
flexible starting structure with this ligand. However, its overall stability appears
similar to PFOA, although it does not stabilize the protein as effectively as PFOA.
The complex HAS with AICI, shows the highest RMSD fluctuations, reaching peaks
close to or above 2.5 A, indicating that it undergoes larger structural deviations.

If PFOA binds tightly to HAS, it could compete with the molecules for binding
sites on HSA, potentially displacing essential substances or reducing the transport
efficiency of these molecules. It could lead to accumulation of PFOA in the
bloodstream, since it may bind strongly and remain bound to albumin over time.
HSA plays a crucial role in maintaining colloid osmotic pressure (oncotic pressure)
in the blood, which helps to retain fluid within blood vessels. If PFOA binding alters
the structure or functional sites of HSA, it could impact HSA’s ability to maintain
this pressure.

The RMSF (Root Mean Square Fluctuation) analysis was performed to assess
the movement of residues following ligand binding (Fig.3). AICls often causes the
highest fluctuation across several residues (51-101 and 501-551), indicating that
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Table 5
Visualization of the location of PFOA and PFOS in the specific binding site
of the studied targets Maestro Schrodinger Suite

Protein PFOA PFOS
2F4B
2BXR
0Y3C
3 Charged (negative) Polar === Distance —=e Pi-cation
Charged (positive) & Unspecified residue —» H-bond — Salt bridge
Glycine Water —* Halogen bond Solvent exposure
Hydrophobic Hydration site — Metal coordination
) Metal X, Hydration site (displacedp—* Pi-Pi stacking

Notes: 2F4B - Crystal structure of the ligand binding domain of human PPAR-gamma in complex
with an agonist; 2BXR - Human Monoamine Oxidase A in complex with Clorgy line, Crystal Form
A; 6Y3C - Human COX-1 Crystal Structure
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Fig. 2 RMSD values of HSA without and in complex with ligands

AICIL presence increases the flexibility of certain parts of the protein more than PFOA
or the unbound state. PFOA tends to show the lowest RMSF across most residues,

indicating that it stabilizes the protein more, potentially reducing the flexibility in
these regions.
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Fig.3 RMSF values of human serum albumin without and in complex with ligands
Conclusion

Based on the prediction toxicity machine learning based virtual lab ProTox 3.0 all
compounds (KCIO,, AICl,, PFOA, PFOS) demonstrate significant potential for tox-
icity through multiple pathways, such as carcinogenicity, nephrotoxicity for PFOA,
respiratory toxicity for PFOS, cardiotoxicity for AICI, and estrogenic receptor alpha
toxicity for KCIO,. According to ProTox 3.0 PFOA and PFOS can create interaction
with Prostaglandin G/H Synthase 1 and Amine Oxidase A.
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HSA showed the best docking score and binding free energy among the target
proteins when docked with PFOA and PFOS. Binding of PFOA to human serum
albumin, leading to its stabilization, could disrupt many of the essential functions
that HSA performs in the blood. This binding could contribute to bioaccumulation,
interfere with normal transport processes, impact drug efficacy, and potentially lead
to chronic health issues by continuously exposing the body to PFAS toxicity. The
persistence of PFOA-bound HSA in circulation thus represents a pathway for pro-
longed exposure and associated health risks.

The molecular docking results indicate that PFOS has moderate binding affinities
with Monoamine Oxidase A and COX-1. These results are theoretical predictions
and require further experimental studies.

These findings contribute valuable insights into the toxicity profiles and biologi-
cal interactions of these pollutants, providing a foundation for further toxicological
studies.

The research paper was received on November 7, 2024
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Onecbkuii HalliOHAIBHUN YHIBepcHuTeT iMeHi 1. . MeuHukoBa;

"Kadenpa ¢iziosnorii, 310poB’s i Ge3MeKH JIFOAUHH Ta TPUPOIHIYOI OCBITH;
’bioTexHOJIOTYHUI HayKOBO-HaBYa bHU 1eHTp, Oneca, By BeeBonona 3mieHka,
2, M. Oneca, 65082, Ykpaina, e-mail: bgalkin@ukr.net

IN SILICO JOCJLKEHHSA ITPOTU3AITAJIBHUX
BJIACTUBOCTEM PFOA, PFOS, KCIO, TA AICI,

Pesrome

Beryn. BiiicbkoBi il 3aBIarOTh BEIHMKOI HIKOAM HABKOJIMIIHBOMY CEPCIOBHIILY.
HaiiGinpiy ekonoriuHy 3arpo3y B Ll CHTyallil CTaHOBUTH XiMi4HE 3a0pyAHEHHs
(OKCHIM BYTIICILIO, OKCH/IH a30TY, (bopManbL[erm, LiaHiJ| BOJIHIO, KaJIiI0 IIepXJIopar,
AJIIOMIHIN Ta PI3HOMaHITHI TOKCUYHI OpraHiyHi peuoBuHu). KpiM Toro, oenpumacu
MOXYTb MICTUTH Tiep- Ta nouipropankiabhi peuoBunu (PFAS), siki xapakrepusy-
I0ThCsI BUHSITKOBOIO €KOJIOTiYHOM0 criiikicTio. Cepen HaiiBinomimux PFAS e nepd-
TOPOKTAHCYJIL(OHOBA KHCJIOTA (PFOS) i nep(bTopOKTaHOBa kuciora (PFOA), sxi
BUSIBIISIIOTH BUHSITKOBY CTaOUIBHICTB 1 CTIHKICTD 110 L[erpaz[aun Ha namry nymky wi
XIMIYHi CTIOIYKH € BUCOKO TOKCHYHHUMHU Ta MOXYTh IT1/ICUITIOBATH 3allajibHi IPOIech
B Oprasi3mi.

MeTa: 10CiPKEHHS TOTEHLIHHOT TOKCHYHOCTI ep(YTOPOKTaHOBOI KMCIOTH, epd-
TopokTanoBoi cyinbpoxucioru, AlCl i KCIO, 3a jonomororo niaxonis in silico.
Metonu. Po3paxyHOK TOKCHYHOCTI XJIOPHLY aJIFOMIHIIO, IEPXJIOpATy Kauito, mepd-
TOPOKTAHOBOT KUCJIOTH Ta NEePPTOPOKTAHCYIHL(POKUCIOTH MPOBOAMIN 32 JIOTOMO-
roro BipTyaibHOI 1aboparopii ProTox 3.0 Ha OCHOBI aJrOPUTMIB MAIIUHHOIO Ha-
BuaHHs. MoseKyJsipHU JTOKIHT OyB 3a0e3neueHuid 3a pornomororo AutoDock Vina
1.2.5. (http://vina.scripps.edu), Schrodinger Maestro—2023-2 Glide (mpo0GHa JitieH-
3ist). [Iporenypy MOJIEKYJISIPHOTO JOKIHTY TIPOBOIMIINA 3 BUKOPUCTAHHSIM KPUCTAIIY-
HOI CTPYKTYpH CHPOBATKOBOTO aJIbOyMiHy JitoauHu (7Z57), KpUCTaTiYHUX CTPYKTYD
nirana3s’s3ytouoro qomeny PPAR-ramma monunau (2F4B), MmoHoamiHOKcHzaszu A
JIIOMUHE B Komiuiekel 3 kioprimiHom (2BXR), HOI mromuuu -1 Crystal Structure
(6Y3C) 3 6a3u nanux Oionoriyanx mMakpomouiekys PDB (http://www.rcsb.org/). ITin
4ac JOCIIPKEHb ITPOBOAMIN JIOKIHT Mep(TOPOKTAHOBOI KHCIOTH Ta NeppTOpOKTa-
HOBOI Cynb(OKUCIOTH. MOJIEKYISIPHO-IUHAMIYHE MOICIIOBAHHS OYJI0 BHKOHAHO
Ut KOMIUIEKCY (mep(TOPOKTaHOBa KHCIOTA — CHPOBATKOBHU abOyMIiH JIFOMUHH,
AICI, — cupopatkoBuil anbOyMiH JIIOJMHHM) 32 OHOMOIOK IIPOIPaMHOro0 3abesie-
yenns PlayMolecule.

Pe3yabraTtu. Ha ocHoBi BipryanbHOi s1aboparopii ProTox 3.0, 3acHoBaHoi Ha Ma-
IIMHHOMY HaBYaHHI NPOTrHO3yBaHHs ToKcHuHOCTI, yci cnonyku (KCIO,, AICL,
nep(bTopOKTaHOBa KHCJIOTAa, nep(bTopOKTaHOBa CyJTB(bOHOBa KHCJIOTA) JZ[CMOHCpr-
I0Th 3HAYHI MOTEHIIaJ M TOKCUYHOCTI, TaKl SIK KaHI[ePOT'€HHICTh, HE(PPOTOKCHUHICTD
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JUIs IepTOPOKTAHOBOI KUCJIOTH, PECIipaTopHa TOKCHYHICTD U1l HEpPTOPOKTAHO-
BOi CyNb()OKHCIIOTH, KapaioToKkcHuHicTh st AlCL, i anb(a-TOKCHIHICT €CTPOTeH-
Horo pernenrropa it KCIO » Binmosimao 1o ProTox 3.0 mepdTopokTaHOBa KHCIIOTA
Ta ep(HTOPOKTAHCYIb()OHOBA KHUCIOTa MOXKYTh B3a€MOJIISTH 3 mipoctarmanaud G/H
cuHTa3010 | Ta amiHOkcHma3or A. JIFOACHKHI CHpPOBAaTKOBUI adpOyMiH ITOKa3aB
HalKpamuii IMOKa3HUK JOKIHTY Ta BUIBHY €HEprilo 3B’sI3yBaHHS Cepell IJIbOBUX
OUTKIB TIpH JOKyBaHHI 3 MEp(TOPOKTAHOBOIO KHCIOTOK Ta MEP(HTOPOKTAHOBOIO
Cynb(OKNCIIOTOI0. Pe3yabTaTi MOJICKYISIPHOTO JIOKIHTY JEeMOHCTPYIOTb, IO HIepd-
TOPOKTAHCYIIE()OHOBA KHCIIOTa Ma€ IIOMIpHY a(iHHICTE 3B’ sI3yBaHHS 3 MOHOAMIHOK-
cunazoro A Tta L{OI'-1. Ii pe3yasTaté € TCOPETHIHUMH TPOrHO3aMH 1 TOTpeOyIoTh
MOAAJIBIINX EKCTIEPUMEHTAIBHUX J0CIIKEHb.

BucnoBku. JlocmiKeHHS TOKCHYHOCTI 3a JOMOMOTOIO BipTyalbHOI J1aboparopil
ProTox 3.0 Ta MOJIEKYJISIPHOTO TOKIHTY BHSBHJIO 3HAYHHI TOKCUKOJIIOTIYHHAN TIOTCH-
mian gocnimkysanux cronyk (KClOs4, AlCls, nepdropokranoBoi kucioru, nepd-
TOPOKTaHOBOI Cynb(pOHOBOI KucHoTH). 3B’s13yBaHH PFOA 3 cHpoBaTkoBHM aiib-
OyMIHOM JIFOIFHY, IO TPU3BOIUTH 10 HOTro cTadimi3alii, MoXxe MOPYIIUTH OaraTo
ocHOBHUX (yHKIIH, ki HSA Bukonye B kpoBi. Lle 3B’s13yBaHHS MOXe cripusiTH 6i0-
AKYMYIISIII], TIepEeIIKoKaTH HOPMAJIbHUM TPAHCIIOPTHUM IpoLiecaM, BIIMBATH Ha
e(heKTUBHICTB JIiKiB i HOTCHIIHHO MPU3BOAUTHU IO XPOHIYHUX MPOOIIEM 31 30POB’ M
Yyepe3 MOCTIHHUN BIUIMB Ha opraHi3m TokcuaHocTi PFAS. Takum unHOM, CTIHKICTB
HSA, nos’szanoro 3 PFOA, y mmpkysnsnii, Moke OyTH HUIIXOM Ul TPHBAJIOTO
BIUIMBY Ta ITOB’SI3aHMX 13 UM PU3HKIB JUIS 310pOB’SI.

KoarodoBi cioBa: 3ananeHHs, aHalli3 MOJEKYISIPHOTO JJOKIHTY, MOJIEKYJIIpHA JHHA-
Mika, IepTOPOKTAaHOBA KUCIIOTA, TEPPTOPOKTAH CYIb(HOKHUCIOTA, 3B’ A3yBaHHS.
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IN SILICO STUDY OF THE ANTI-INFLAMMATORY
PROPERTIES OF PFOA, PFOS, KCIO,, AND AICI,

Summary

Introduction. Military operations cause great damage to the environment. The
great-est environmental threat in this situation is chemical pollution (carbon
oxides, nitro-gen oxides, formaldehyde, hydrogen cyanide, potassium perchlorate,
aluminum and various toxic organic substances). In addition, ammunition may
contain per- and polyfluoroalkyl substances (PFAS), which are characterized by
exceptional envi-ronmental stability. Among the most famous PFAS are
perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), which
exhibit exceptional stability and resistance to degradation. In our opinion, these
chemical compounds are highly toxic and can enhance inflammatory processes in
the body.

Aim. to study the potential toxicity of perfluorooctanoic acid, perfluorooctane sul-
fonic acid, AICls and KCIO, using in silico approaches.
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Methods. The toxicity of aluminum chloride, potassium perchlorate, perfluorooc-
tanoic acid, and perfluorooctane sulfonic acid was calculated using the ProTox 3.0
virtual laboratory based on machine learning algorithms. Molecular docking was
performed using AutoDock Vina 1.2.5. (http://vina.scripps.edu), Schrodinger Maes-
tro—2023-2 Glide (trial license). The molecular docking procedure was performed
using the crystal structure of human serum albumin (7Z57), crystal structures of the
ligand-binding domain of human PPAR-gamma (2F4B), human monoamine oxidase
A in complex with clorgyline (2BXR), human COX-1 Crystal Structure (6Y3C)
from the PDB database of biological macromolecules (http://www.rcsb.org/). Dur-
ing the studies, docking of perfluorooctanoic acid and perfluorooctane sulfonic acid
was performed. Molecular dynamics simulations were performed for the complex
(perfluorooctanoic acid — human serum albumin, AICI; — human serum albumin)
using the PlayMolecule software.

Results. Based on the ProTox 3.0 virtual laboratory based on machine learning for
toxicity prediction, all compounds (KCIO,, AICL,, perfluorooctanoic acid, perfluo-
rooctanoic sulfonic acid) show significant toxicity potential through several path-
ways such as carcinogenicity, nephrotoxicity for perfluorooctanoic acid, respiratory
toxicity for perfluorooctanoic sulfonic acid, cardiotoxicity for AICI, and estrogen
receptor alpha toxicity for KCIO,. According to ProTox 3.0, perfluorooctanoic acid
and perfluorooctanoic sulfonic acid can interact with prostaglandin G/H synthase
1 and amine oxidase A. Human serum albumin showed the best docking score and
binding free energy among the target proteins when docked with perfluorooctano-
ic acid and perfluorooctanoic sulfonic acid. The molecular docking results indicate
that PFOS has moderate binding affinities with Monoamine Oxidase A and COX-1.
These results are theoretical predictions and require further experimental studies.
Conclusions. Toxicity studies using the ProTox 3.0 virtual laboratory and molec-
ular docking revealed significant toxicological potential of the compounds tested
(KCIOs, AICIs, perfluorooctanoic acid, perfluorooctanoic acid). Binding of PFOA
to human serum albumin, resulting in its stabilization, may disrupt many of the es-
sential functions that HSA performs in the blood. This binding may promote bioac-
cumulation, interfere with normal transport processes, affect drug efficacy, and po-
tentially lead to chronic health problems due to ongoing exposure to PFAS toxicity.
Thus, the persistence of PFOA-bound HSA in the circulation may be a pathway for
long-term exposure and associated health risks.

Keywords: inflammation, molecular docking analysis, molecular dynamics, per-
fluorooctanoic acid, perfluorooctane sulfonic acid, binding.
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MNOPIBHSJIbHA OIIHKA MPOTU3AMNIAJBHOI AKTUBHOCTI
KBEPHETHUHY TA JUKJIO®EHAKY HATPIIO HA MOJAEJII
KAPATTHAHOBOI'O 3AITAJIEHHA Y LIIYPIB

Hecrtepoinni mpoTtu3ananbHi 3aco0M 3arajoM BBaKalOThCS OCHOBHUM 3aco00OM
JIKYBaHHS 3allaJIbHUX PEakIliii, IpoTe iX TpuBajie 3aCTOCYBaHHS MOXKE BHKIIMKATH
no0OiuHi edexTu. 3 ypaxyBaHHSIM pOJi aKTUBHUX (DOPM OKCUTeHY y 3arajeHHi, 3a-
CTOCYBaHHS 010()IaBOHOI/IB, N0 BUSBIISIOTH AHTUOKCHUJAHTHI BIACTHBOCTI, MOXE
OyTH e(eKTHBHUM Y JesKuX (opmax 3amajieHHs. Tomy y poOOTi JAOCHiIKyBaiu
MOPIBHSUIbHY MTPOTU3ANAIbHY JIII0 KBEPIETHHY Ta IUKIO(EHaKy HATPito Ha MOJEINi
3amnalieHHsl, SIKe BUKJIMKAJIN y Iy piB IUIIX0oM BBeAeHHs y nary 0,1 mir 1% kaparinany.
[TporuzanansHy e(eKTUBHICTB TpenapaTiB BU3HAYaIHN 32 po3MipaMu HaOpsIKy Ipo-
TATOM JTOOW, MapKepaMu 3allajiCHHs y CHPOBATIIl KPOBI Ta JUISHIN MOIIKOIKCHOT
KIHIIIBKH TBapWH: aKTHBHICTIO €JIaCTa3M, KUCIO1 hocdarazu Ta BMICTY MaIOHOBOTO
nianpaeriny. BetaHoBieHo, mo nukiIo(eHaK BUSBISIE OUTBITY MPOTHEKCYIATHBHY 1
MPOTHU3aNaibHy Jil0, a KBEPUETHH — 3HAYHIITY aHTHOKCUIaHTHY aKTHBHICTh B YMO-
BaxX KapariHaHOBOTO 3amalieHHs. Pe3yibraTd JAOCIHIIKEHHS MiATBEPIKYIOTh MOXK-
JIMBY KOPHCTh 3aCTOCYBaHHs 010()I1aBOHOI/NIB, 30KpeMa KBEPUETHUHY, B JIIKYBaHHI
3anajibHAX CTaHIB.

KarouoBi ciioBa: niypu, 3anajeHHs, KapariHaH, TUKJIO(pEHaK HATpiro, KBEPIETHH,
MpOTHU3anaibHa Jisl.

3ananieHHs € HAaUTOMUPEHIINM acTIeKTOM TKaHWHHOI 1aToJIorii 1 Oepe yJacTh
y maroreHesi 0aratbox 3aXBOPIOBaHb, BKIIOUAIOUH pakK, Aia0eT, cepleBO-CyInHHI,
HeWpoJereHepaTuBHi Ta 1HI HeOe3MeuHi A KUTTS 1 BUCHAXKINBI XBOpooOH |3,
8]. 3amanbHi CTaHU € 3aXMCHUM MEXaHI3MOM BHUIIUX OpPraHi3MiB, HEOOXITHUM IS
JoKamizauii i yCyHeHHS ypa)XeHb 1 BUJAICHHS MOIIKOKEHUX TKAHMHHUX KOMIIO-
HEHTIB, CIPUSHHS Oly’)KaHHS OpraHi3My. 3amaibHi MpoIrecH (PaKTHIHO HE MOXKHA
MIPUPIBHIOBATH JIUIIIE 0 1HPEKIIMHUX MPOIeciB. Sk mpaBuiio, MpUUNHOIO 1H]EK-
uii € GakTepiaiabHe, BipycHe a00 TpUOKOBE 3apa)KeHHS, a 3arajbHi MpoLecH BKIIIO-
Jal0Th PEaKIIIo0 OpraHi3My, HalpaBJICHY Ha CAMOBITHOBJICHHS a00 CaMO3ITiIJICHHS.
3ananeHHs MOXe OyTH MOB’Si3aHE 3 IIMPOKUM Jialma30HOM IATONOTiH, TaKUX 5K
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aJeprigyHa peaxilis, OHKOJOTIYHI MmpoiecH, XBopoba AmbIreiiMepa Ta 0e3miv iH-
IIUX [aTOJOTIYHUX CTaHIB.

Hectepoinnai nporuzanansHai 3acoou (HII33) 3aiiMaroTs poBimgHE MicIe cepen
IIUPOKOTO CIIEKTPY JIKAPCHKHUX 3ac00iB, IO YaCTillle IPU3HAYAIOTHCS IS JTiKyBaH-
Hs 3ananbHuxX edekriB. HI133 npencraBnsioTs co0or0 rpyiy pi3HHX 32 XiMI4HOIO
CTPYKTYPYIO JIIKapChKUX 3ac00iB, 110 MAIOTh IPOTU3ATIAIbHY, aHAIEICTHYHY, )Kap03-
HIKYBaJIbHY Ta aHTHATPEraTHy Jii. [XHiii MexaHi3M Jii MoB’A3aHuii 3 NPUrHIYEHHAM
AKTHBHOCTI KJIFOYOBOTO pepMeHTY MeTabomi3My apaxioHOBOI KUCJIOTH — IIUKIIOOK-
curenaszu (L{OI'), oo mpu3BOANTE 10 3HIKCHHS CHHTE3y OCHOBHHX MEiaTOpiB 3a-
najeHHs — npoctorianauHiB. Cepen HaiOuIbm BuBdeHnx Ta Bimomux HII33 € nu-
KIo(heHaK HaTPiro, SIKKH € 3aralbHOBU3HAHMM CTaHAapTOM ITPOTHU3aNalIbHOI Teparii.
3 JiTeparypHUX JKEpes BiIOMO, 10 3aCTOCYBaHHs TUKIo(eHaky HaTpito B 1031 150
MT Ha 100y, 31aTHe OJIOKYBaTH BUPOOIEHHS MPOCTOMIaHINHIB Maiixke Ha 94 % [1, 7].
Maiixe sik yci HIT33, nukinodenak HaTpiro Mae psijt moOiuHUX eeKTiB, cepel SKHX,
Ha MepIIoMY Miclli € 0171 B IUTYHKY, BAHUKHEHHS BUPA30K Y IITYHKY 200 KUIICYHH-
Ky, OJIFOBOTa, Jiapes, allepriyni peakitii, ceepoixk Tomio [1, 10].

3 omsiAy Ha 11, ChOTOJHI € MEePCIEKTUBHOK PO3poOKa 3aco0iB MPOTHU3AIIAb-
HOI [ii Ha OCHOBI MPUPOIHUX PEUOBHH — (praBaHOIAIB. AKTHBHI (DOPMHU OKCHUTEHY
(ADO), Taxi six cynepokcuna-ioH (O27), nepekuc Boauo (H202) Ta riapokcuibHuiA
paaukan (OH), € npupogarMy MoOIYHUMH TPOAYKTaMu MeTabomnizmy. OgHak, Hal-
MipHE IX HAKOITMYEHHs MOXX€ BUKJIMKATH OKHCHIOBAJIbHUN CTPEC, 1110 AKTUBYE aHTHU-
OKCHIaHTHI MEXaHI3MH 3aXHCTy, 30KpeMa CyNepOKCHIANCMYTa3y Ta Karanasy, siKi
HelTpanizyors mkiamueuil BruB AQO. [Ipumyckaiors, mo yrBopeHHs ADO y
MICIIi 3alaJieHHs] € OJTHUM 3 OCHOBHUX UYMHHHKIB TIOIIKO/KEHHS KIIITHH 1 TKaHUH,
BJIACTUBHX 0araTboM 3analibHUM MpoIiecam.

IlepexkncHe OKMCHEHHS JIINIIIB 3MaTHE CIPUUYWHATH IOIIKOMKEHHS Yepe3 I0-
PYLICHHS LiTiCHOCTI MEMOpaH i KOBaJICHTHE CIONYYEHHS PEAKTUBHHUX MPOMIKHHX
MPOIYKTIB 3 BaXKIUBIIIUMH Oi0JOTIYHUMH MOJICKYTaMH, TaKHUMH, K TIIyTaTioH.
Kpim ToTO0, BUTBHI paguiKaid, SKi YTBOPIOIOTHCS B PE3yJbTaTi TAKOTO 3B’ s3yBaHHS,
MOXYTb CIIPUYMHSATH 3allaJIbHI MPOLECH 3 BUBIIBHEHHSIM MTPO3anajbHUX HUTOKIHIB,
3[aTHUX MPU3BECTH A0 KITHHHOI 3arubeni [13]. Kpim Toro, yTBOpeHHS BiIbHUX
pazuKaiB, 110 BUHUKAIOTh BHACIIIOK LILOTO IIPOLIECY, MOXKE CHPUYMHSTH IOAATKOBE
3aMaJieHHs Yepe3 BUBUIBHEHHS! MPOTHU3aNalbHUX LUTOKIHIB. Lle miaBHILye piBeHb
OKHCHOTO CTpecy B TKAHMHAX 1 MOYKEe IPU3BOIUTH JI0 KIIHIYHUX MPOSIBIB XPOHIYHUX
3a1aJIbHUX 3aXBOPIOBaHb.

Jo HaiBiIOMIMIMX TPOTH3AMaIbHUX KOMIIOHEHTIB MPUPOJHBOTO TOXOIKESHHS
BigHOCHTECA Oiodasanoin ksepuetus. Ksepuerun (C JH, O.) — e duaBonoinnuii
AHTHOKCHJIAHT, 1110 MMOXO/UTH BiJl BTOPUHHUX TOJTI(PEHOIBHUX MeTa0omiTiB. BiH Mae
3HAaYHUN TEpareBTUYHUHN MOTEHIaNn y MPOoQUIaKTUIN W JIKyBaHHI Pi3SHOMaHITHUX
XPOHIYHMX 3aXBOPIOBaHb, TAKUX SIK MATOJIOTIl MEYIHKH, paK, CEpLEBO-CYyINHHI Ta
HelpoaerenepaTuBHi XBopoou [6, 12].

Bigomi npotu3amnanabHi BIACTHBOCTI KBEPIICTHHY MTOEIHYIOTHCS 3 TIOTY>KHOIO aH-
THOKCHAHTHOI aKTUBHICTIO Ta BIJICYTHICTIO HETAaTUBHUX MOOIYHUX €(DEeKTiB HABITh
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3a TPUBAJIOTO HOT0 BUKOPHUCTAHHA. TOMYy aKkTyaJbHHM € TOPIBHSIIBHE JOCIIKCHHS
MPOTH3aMaIbHOI aKTHBHOCTI KBEPUETHHY 3 BIIOMUM MPOTH3ANaIbLHUM JIiKAPCHKUM
3aco00M auKII0(heHakoM HaTpito Ha MOJIENI KapariHaHOBOTO HAOPSIKy CTOMH Y IIypiB.

VY xoni mpoBeneHHS EKCIIEPHUMEHTY BHKOPHCTOBYBAJM KapariHaH-iHAYKOBaHY
MOJIeNIb TOCTPOTro 3ananeHHs. Kaparinan — moiicaxapuj, o € KiJacuaHuM iroro-
ICHOM, SIKHH BUKJIMKAE 3amalipHy peakuiro 3aBusku aktuBauii L{OI, 30imbiryroun
YTBOpPEHHS O1BIIOCTI MeiaToOpiB 3armajieHHs, 30KpeMa MpOoCTariiaHIuHIB.

Meta po6oTH: MOpIBHUIFHA OIIHKA TPOTH3AMAIBHOTO Ta MPOTHHAOPSIKOBOTO
e(exTiB KBepLeTHHY Ta AUKIo(EeHAKY HATPit0 Ha MOJEII KapariHaHOBOTO 3arrajieH-
HA y OIypiB.

Marepiaau Ta MeTOIM J0C/IiIKEHb

[lopiBHsIIbHE BUBUCHHS IIPOTU3ANaIbHUX BIACTUBOCTEN 1OCIIAKYBAaHUX IIpera-
pariB IPOBOAMIIN Ha JaOOpaTOPHUX HENIHIHHUX CTaTEeBO3PLIMX CaMIIAX IIypiB (BIiK
7,0 micsuis, Baroto 180-220 r). EkcriepuMeHTanbHa YacTUHA poOOOTH BUKOHAHA Ha
0a3i dizuko-ximiunoro iHctuTyTy iM. O. B. Borarcekoro, y Bingini 6iomeauuuHu
i kepisauirBoM M. 5. Tonosenko. J{ist nocmiay Oyiio 3aKyIuieHi laboparopHi TBa-
puHu y BiBapii OmechKOro HAIlOHAIBPHOTO MEIUYHOTO YHIBEPCHUTETY, SIKi Oy Ha
CTaHIAPTHOMY paIlioHI MPU BUTFHOMY TOCTYIII 10 Tki Ta Boaw. JlocmimKkeHHsS TIpo-
BeJieHo 3 norpuManHaM JupextuBu €Bpomneiicbkoro Corozy 2010/10/63 EU mono
EKCIIEpUMEHTIB Ha TBapuHax [6].

TBapuH po3aiNMIN HA TPU TPYIH TAKUM YHHOM:

1 rpyna — urypu 3 HaOpSIKOM Jialld — KOHTPOJIbHI, TBAPUHH, SIKUM MOJICITIOBAIH
3armajieHHs BIATOBIIHO 1O METOIWKHA — BBOAWIIN €KBIBAJICHTHY KUIBKICTH (hi3ioio-
TIYHOTO PO3YUHY;

2 rpyna — UIypu 3 HaOpSIKOM JIalH, 10 OTPUMAaJId BHYTPIIIHBOOYEPEBUHHO CYC-
NeH3ito KBepueTuHy B 1031 80 MI/Kr (0gHOpa30Bo 3a 1 Toj. 10 MOAETIOBaHHS Kapa-
T'1HaHOBOTO 3alaJiCHHs);

3 rpyrmia — urypu 3 HaOPSIKOM Jiaru, [0 OTPUMAJIH CYCIICH310-pedepeHc mpenapa-
Ty TUKIO(QEHAKY HATPiI0 BHYTPINTHEOOYEPEBUHHO 8 MT/KT (0JHOPA30BO 3a | TOAuHY
JI0 MOJICITIOBAHHS KapariHaHOBOTO 3arlaJICHHS ).

st MozpenroBaHHS ToCcTpoi 3ananbHoi peakuii BBoamnu 0,1 min 1% po3unny Ka-
pariHany cyOmianTapHo (IJIaHTapHUH anmoHeBHO3) [3, 14]. BumiproBanHs po3Mipy
HaOPsIKy 32 BAKOPUCTAHHSIM 1H)KEHEPHOTO IITAaHTCHIIUPKYIIS TPOBOAWIN depes 2, 4,
6 1 24 rouHM MiCJIsl BBEICHHS KapariHaHy.

Uepes 24 ron. micias BBEACHHS KapariHaHy TBapUH BUBOIMIN 3 €KCIIEPUMCHTY
ITiJT TIOMIEHTaJIOBUM Hapko3oM (40 Mr /KT), JeKamiTyBaJd 1 OTPUMYBaJId CHPOBAT-
Ky KpOBI, y SIKHIl BU3HaYaJIX MapKepH 3amajeHHs (aKTUBHICTh Kucioi ¢ocdarasm,
enacrasu, BMICT MajoHOBOro aianbiaeriny (MJIA) [2]. Buginsumm ninsHky 3amna-
JIeHHsI 3 HaOPsIKy Ha Jarli mypis, romorenizyBanmu (50 mr/mi 0,05 M Gydepa Tpuc-
HCI, pH 7,5) i Bu3HaAUamu akTUBHICTE ellacTas3u, Kucioi ¢pocdarasu, Bmict MJIA
[2]. s mpoBemeHHs 010XiMITHOTO aHali3y CHPOBATKH KPOBi Ta M’ S130BOi TKAHWHH
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JIOJJTATKOBO BUKOPHCTOBYBAIM 7 3JI0POBHX IIYPiB TOTO K BIKYy Ta CTarTi, AKi CKIJIATH
IHTaKTHY TpYIy.

Benennst 6anky naHMX Ta IX ONpaulOBaHHs 3IiIHCHIOBAJH 3a JOIMOMOTOIO MPO-
rpamu «Microsoft Excel 2019». CratuctuuHe omnparfoBaHHs JaHUX HPOBOIMIN
MUISIXOM OOYMCIICHHS cepeaHboro apupmernaroro (M) miis omuCy IEHTPAIBHOI 3a-
KOHOMIPHOCTI, CTaHZAPTHOI IMOXHOKH CEepPemIHbOro (M) IS OIIHKHA BapiaTHBHOCTI
o3Haku. Jl111 BU3HAUSHHS CTATHCTUYHOI 3HAYYIIOCTI BiZIMIHHOCTEH 3aCTOCOBYBaN
t-recty CThIO/ICHTA, BBAYKAIOUW PE3yJIbTaTH 3HAYYIIIMMHU TIpu 3HadYeHHsX p < 0,05.

PesyabraTtn Ta ix 00roBopeHHst

JmHaMiKy 3MiH 3aMajbHOTO MPOIIECy OIiHIOBAIH HA MicTaBi MOp(OMETpUIHNX
[MOKA3HUKIB BUCOTH Ta IIMPUHU HAOPSIKY ypakeHUX KiHIIBOK ILlypiB, pe3y/IbTaTH BU-
Mipy SKHX HaBeneHi y Tadmmi 1.

[Ticnst BBeneHHS KapariHaHy y TBapUH KOHTPOJBHOI TPYINH CHOCTEpirajid BH-
pa3HU HAOPSIK JIald, IO MTOCTYIIOBO 3pocTaB. Tak, TOBITUHA (BHCOTA) KiHITIBKH
TBapuH KOHTPOJIbHOI IPpyny depe3 2 ro. Micisl MOAENIOBAaHHs 3arajleHHs 3011bIn-
nack Ha 62,5 %, uepe3 4 rox. — Ha 70,8 %. Uepe3 6 rox. micis iH’eKIil KapariHa-
Hy TOBII[MHA JIAIK [T0YaJia JICH0 3HIKyBaTucs i Oyna ymmie Ha 63,9 %, a yepes 24
roa. —Ha 52,8 % OLIbII HiX JI0 MOJICTIOBAHHS 3anayieHHs. Taki % 3MiHU CIIOCTepi-
rajiv 31 3MIiHO IIUPUHU 3al1aJIbHOTO HAOPSKY, a came, 30iibiieHHs Ha 13,2-, 28,6-,
26,4-128,6 % uepes 2,4, 6 1 24 TOAWHM ITiCIIsT MOICITIOBAHHS ITATOJIOTI, BIITOBITHO
(tabm. 1). Tobro, MakcUMaNbHUN HAOPSK JIAH IIypPiB KOHTPOJIBHOI IPYIH 3apee-
CTPOBaHO Ha 4 rojl. MOJEJIIOBAHHSI TOCTPOTO 3amajieHHs. Y 30Hi HAOpsKy (ikcyBaan
BHpA3HUH L[iaHO3, a TBAPHUHU Il Yac MEpeMillleHHs Y CTepHUIbHI OOKCH BHACIHIOK
0O0JII0 YHUKAJIM HACTYTIAaHHS HA TPAaBMOBAHY 3aJIHIO KiHI[IBKY, CIIOCTEPIraJINCh YacTi
00NM3yBaHHS KiHIIIBKH, 1 CBOEPIAHI MIATATYBAHHS JIaIlK i1 9ac MepecyBaHHs.

Binomo, 110 iH’€K11ig KapariHaHy B JIaITy TBApWUH CIIPUYHHSE TBO(A3HY BiIMOBI/Ib.
[lepmy dasy cnocTepiratroTe MpOTAroM HEPIIOi TOAWHH, BOHA OIIOCEPEIKOBYETHCS
BUBIIBHEHHSIM TiCTaMiHy Ta CEPOTOHIHY, 32 SIKOIO CIIiye aApyra (aza — MpUCKOpEeHHS
HaOpsIKy, CIPUYMHEHA BUBIUIBHEHHSIM MPOCTAIaHANHY, JIEHKOTPI€HIB, OpauKiHIHY
ta mizonuMy [4]. Kpim Toro, npyra ¢a3za HaOpsiKy 4yTJIHBa K JI0 CTEPOINHHX, TaK 1
JI0 HeCTEPOiTHUX MPOTU3anaIbHUX 3ac00iB. [Ipu cyOrmanTapHOMy BBEICHHI Y ITiJI0-
IIOBHY JIally TBapWH KapariHaH 301IbIIy€e MPOHUKHICTh CYAHH 1 IIPOBOKYE PO3BUTOK
BUPaXEHOI TUMOBOI peakLii 3 epeBaskaHHsAM eKCyJaTUBHOI (ha3u 3anayeHss [4, 5).

VY TBapuH 2-01 rpynu, SIKUM 10 MOJEIIOBAHHS 3allaJieHHs] BBOAWIN CYCIIEH31IO
KBEPIIETUHY, TaK CaMo sIK 1 B KOHTPOJIbHIH IPpyIIi criocTepirain MakCuMalibHe Hapoc-
TaHHS PO3BUTKY HaOPSKY Ha 4 rojl. ekcro3uilii. TOBIMHA KIHI[IBKYA 3HAYHO 301JIbIIIH-
Jacst yepes 2 roj. Mmicist BBeAeHHs Kaparinany, ane Oyma Ha 17,9 % MeHIoro, HiX y
koHTpoi (p, < 0,05). Ha HacTynHUX TepMiHAX CTIIOCTEPEIKEHHS TOBIIMHA KIHIIIBKU Y
TBapHH, SKi OTPUMAIIA KBEPIICTHH, TAKOXK OyJTa CTAaTHCTUIHO MEHIIOIO 3a BiIIIOBII-
HHM ITIOKa3HMKOM HaOPSKY JIaly y KOHTPOIbHUX 1ypiB (p, < 0,05). [llnpuna nabpsxy
Jam 2-0i rpyny TBapHH 301IbIIMIACS micis iH ekuii kaparinany (p < 0,05). Ajne uei
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MMOKa3HUK CTATHCTUYHO HE BINPI3HSIBCS Bif BIAMOBITHUX 3HAY€Hb Y KOHTPOJBHUX
IIypiB, 32 BUHATKOM OCTaHHLOTO TepMiHY 4epe3 24 Tojl. — NIMpUHA HAOPSKY JIaru
2-0i rpynu Oyna Ha 8,2 % (p, < 0,05) MeHLIO, HiXk y KOHTPOII 31 3anajieHHam. Y
OJIHI€T TBAPUHU 2-01 IPyNH CIOCTEPITaIn BiZICYyTHICTh O3HAK 3araneHHs Ha 24 To.

Taomums 1
JAunamika po3BUTKY HAOPSAKY YpaskeHHX KiHIIBOK LIypiB 3 KapariHaHOBUM
3anajeHHsaM Ta NPoQiTaKTHYHUM BBeIeHHAM KBEPUEeTHHY i IUKI0(peHaKy

CTPOKH JTOCJTiZKEHHSI, TOTHHI

I'pynn
nepena 2 4 6 24
1,17£0,05 | 1,23+0,05 | 1,18+0,04 | 1,10+0,05
xi?wmw sucora | 0,72:£0,01 1 T 001 | p<0,001 | p<0,001 | p<0,001
(KOHTPOJIB) mmpuna | 0,91 +0,02 1,03+£0,04 | 1,17+0,03 | 1,15+0,05 | 1,17+0,04

p < 0,001 p <0,001 p <0,001 p <0,001
0,96+0,03 | 1,10+0,05 | 0,98+0,04 | 0,86+0,04
p <0,001 p <0,001 p <0,001 p <0,001
Ksepuerus + mo- p, <0,05 p, <0,05 p, <0,05 p, <0,05
JieTIb 3araaCcHHs 1,01+0,04 | 1,12+0,08 | 1,05+0,04 | 1,01+0,04

0,75 +0,02

BHCOTaA D, > 0’05

wnpra | POV p<005 | p<00s | p<005 | p>005
P =Y p,>005 | p,>005 | p,>005 | p <005

0,7120,03 | 0,96+0,04 | 0,94=0,04 | 0,73=0,04

ncora | 0:69£003 | p>005 | p<005 | p<005 | p>005

p,>005 | p<005 | p <005 | p,<005 | p, <005
ﬁgﬁﬁﬁi* p, <005 | p.<005 | p.>005 | p.<005
o 0.970.04 | 1,03£0,06 | 1,03+0,06 | 1,030.06
0944004 | p>005 | p>005 | p>005 | p>005

p,> 0,05 p, <0,05 p, <0,05 p, <0,05 p, > 0,05
p.>005 | p.>005 | p.>005 | p.>0.05

IMpHHA

[IpumiTKa: p — BipOTiHICTh BiIXWIIEHb TOKa3HUKA BiJl 3HAYEHB MIEpe BBEICHHSAM KapariHaHy;
p, - BIpOTiIHICTh BiIXHUJICHB MOKA3HHUKA BiJl 3HAYCHBb Y KOHTPOJII;
P, — BIPOTi/IHICTh BiIXUIEHDb MK 3HAYEHHAMH MOKa3HUKIB y IPyNax «KBEPLUETUH) 1 «IMKIOPEHAK.

VY 3-iii TpyIi TBapUH, 10 OTPUMANTH JUKIO(EHAK HATPI0, BU3HAYAIH 301IbIICH-
HsI TOBIIMHU KiHIIIBKY Ha 39,1 % NOPIBHSAHO 3 BUX1IHUM 3HAYCHHSIM TiJIbKU Ha 4 TO/I.
TmicTist BBEACHHS KapariHany. Llei cran 36epirascs i Ha 6 roxa. [lpu mipomy, mupuHa
JIaT¥ TBapuH 3-01 TPYIIH BiNOBinaja BuXigHoMy ctany (p > 0,05) mpotsrom criocte-
pexenHs. Uepes 24 ro. miciisi MOJISIIOBaHHS 3allaJICHHs CIIOCTEPIrajy BiJICyTHICTh
03HaK HaOPAKY SIK 32 TOBLUIMHOIO, TAK 1 3a IMPHUHOIO KiHIIBKY MIypiB 3-01 rpymnu, sKi
orpumyBaiu aukiodenak (p > 0,05, Tadn. 1) Y Bcix TBapuH CIIOCTEPIraiu BiJCyT-
HICTh O3HAK 3alaJIeHHst Ha 24 TOJ1.

IIpu mopiBHSIHHI MpoTH3anaTbHOI €(PEKTUBHOCTI JOCTIIHKYBaHUX TIperapariB
Tpeba BiAMITUTH OB BUPaXEHY MPOTHEKCYIATUBHY [0 JUKIO(PEHAKY 32 MTOKa3-
HUKOM TOBIIUHHM JIAIH, siKa Oylla CTaTUCTUYHO MEHIIOK uepe3 2, 4 1 24 rop. mic-
JIsl BBEZICHHS KapariHaHy, Hi’)K BUCOTa HAOpSIKy Yy IypiB, SKi OTpUMalId KBEPLETUH
(p, < 0,05, Tabn. 1).
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Ha nactymrOMy eTarmi JOCTi/DKEHHS BU3HAYAIN 3aralibHy 3alaibHy PEakiliio y
IIypiB 3a MOKa3HUKaMH aKTUBHOCTI Kucioi gocdarazu (KD), enacrazu Ta BMicTy
MasioHoBoro gianbiaeriny (MJIA) y cupoBarui kpoBi. Pesynbrartu anasizy HaBeneHi
y Tabunuit 2.

MonenroBaHHS KapariHaHOBOTO 3alaJICHHS CIIPUYWHMIIO ITiIBUIIIEHHS aKTHBHOC-
Ti enacrasu Ha 54,2 % y cuposarii kposi mypis (p < 0,05). Enacta3a mae HeiTpo-
(hinpHE MoxomKkeHHs [3], TOMY 30iIbIIEHHS 11 aKTHBHOCTI y CHPOBATIIi KPOBi BBa-
KA€EThCSI O3HAKOIO 3allajieHHs, 10 1IHAYKYBaHO BBEJICHHSM KapariHany. [lonepenne
BBEICHHS KBEPUETHHY HIypaM CIPHSIIO 3HUKEHHIO aKTHBHOCTI CHPOBATKOBOT enac-
Taszu Ha 21,8 % (p, < 0,05), a muknodenaxy — Ha 27,2 % (p, < 0,05). Hespaxaroun
Ha Te, IO CTATUCTHYHO 3HAYYIIOi PI3HUII MiX aKTHBHICTIO €JacTa3u y CUPOBATII
KPOBI IIypiB, IKKM BBEIIM KBEPLETUH a00 JIUKIO(pEHaK, He BCTaHOBIEHO (p,> 0,5),
1IeH MMOKa3HUK 3amalieHHs Bi/IITOBI1aB HOPMAILHUM 3HAYEHHSIM ITiCIISl BAKOPUCTAHHS
nukiodenaxy (p > 0,05), a micnst KBEpLETHHY — MIEPEBUILYBaB PiBEHb Y IHTAKTHIH
rpymi (p< 0,05, Tabx. 2).

Tabmuus 2
JesiKi NOKa3HNKH 3anaJeHHs CUPOBATLi KPOBi IypiB 3 KapariHaHOBUM
3alaJICHHAM Ta HpO(i)iﬂaKTH‘{HI/IM BBCICHHAM KBEPUHECTUHY i zmwm(beﬂalcy

Fovim in AKTHBHICTH eJiacTasu, AxTuBHicTH KD, Bwmict MJIA,
pynu iuyp MKKAT/J1 MKKAT/J1 MMOJIB/JI
IHTakTHA 3,10+ 0,22 1,95+0,23 0,67 £0,05
Monens 3ananeHas 4,78 £ 0,35 3,51+£0,27 1,21 £0,07
(KOHTPOJIB) p <0,05 p<0,05 p <0,001
KBEDLETHH + MOLGIE 3,74+ 0,21 2,76 £ 0,23 0,78 £ 0,05
pu a p<0,05 p<0,05 p>0,05
3araaeHHs
p,<0,05 p, <0,05 p, <0,05
3,48 +£0,26 2,54+0,18 0,97 £ 0,06
JuknodeHak + Mojenb p>0,05 p <0,05 p <0,05
3amaJieHHs p,<0,05 p, <0,05 p,<0,05
p, > 0,05 p,> 0,05 p,<0,05

Ipumitka: p — BipOTiAHICTh BiAXUJICHB TOKA3HHUKA BiJl 3HAYEHb Y IHTAKTHIH rpyri;
P, — BIPOTiAHICTh BiIXMJIEHb MOKA3HKMKA BiJl 3HAYEHb Y KOHTPOJIi 3aMajeHHS;
P, — BIPOTi/IHICTh BIIXUJIEHb MiXK 3HAYCHHAMM MOKA3HUKIB y IPYNaX «KBEPUETHH» i «IUKIODEHAK).

AxrtuBzicTe KO y cupoBarii KpoBi HIypiB 3 MOAEIUIIO 3allaJICHHs TAKOX Ii/IBU-
upacs Ha 80,0 % (p < 0,05). Ockinbku KO MicTuThCs B Jliz3ocoMax 1 il aKTUBHICTh
MIJIBUIIYETHCS BHACIIZOK TOPYIICHHS I[UIICHOCTI MEMOpaH MpHW 3anajeHHI, Lek
(hepMeHT TakoXX BBXKAIOTh MapKepOM 3arajieHHs. Bigomo, o craixax 3anajieHHs,
SK TIPABHJIO, CYTPOBOMKYETHCS PI3KUM 30UTBIIEHHSM aKTHBHOCTI IIHOTO JTi30CO-
MaJbHOTO (PEpPMEHTY Y TKAaHMHAX 1 CHpOBaTIi KpoBi [3]. Y cupoBarili KpoBi TBapuH,
SIKUM BBOJIWJIM TIepe]l KapariHaHOM JOCIIKyBaHi penaparu, akTuBHicTb KO Oyna
HWKYi, HK 3Ha4€HHs y KOHTPOMI 31 3ananeHHsM Ha 21,4-27,6 %. [IpornzanansHa
e(eKTHBHICTh KBEPIETUHY 1 AUKIO(heHaKy 3a akTuBHicTIO KO Oyna npubnuzHo of-
HakoBo1o (p,> 0,05, Tabm. 2).
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MogentoBaHHs 3anajJeHHs 3a JONOMOIOI0 KapariHaHy BHKJIMKAJIO 30UIbIICHHS
Bmicty MJIA y cupoBatui kKpoBi TBapiH. M/IA € KiHIIEBUM NPOAYKTOM MEPEKUCHO-
ro OKMCHEHHS JIIMIAIB 1, SIK MPaBHJIO, 30IBLIYETHCS IPH Pi3HUX BHJAX 3arajieHHs.
VY mnamomy nocmiai BMict MJIA y cupoBartiii KpoBi TBapuH 3 3alalieHHSM ITiJIBHU-
mmBcs Ha 80,6 % (p < 0,001). ITonepenne BBemeHHS AUKIO(PEHAKY CIIPHUSIO 3HH-
KenHto pisasg MJIA y cuposarui kposi Ha 19,8 % (p, < 0,05), a micns kBepueTuny
cyrresime —Ha 35,5 % (p, < 0,05), TO6TO aHTHOKCHIAHTHA AKTUBHICTh KBEPUETUHY
3a UM Mapkepom Oyita Buioro (p, < 0,05; tabu. 2).

[Toka3zHuku 3amajneHHs BU3HAYAIM 1 y TOMOTEHATax JUISHKA HAOpPSIKy Jiam Jo-
CJIIJKYBaHUX IIYPIB, pe3y/IbTaTH Y0r0 HaBeAeHO y Tabi. 3. BBeneHHsS KapariHaHy
MPHU3BENO A0 301IbIIEHHS yCiX MOKa3HUKIB y JUIAHII HAaOpSAKY Ha jarnax TBapUH:
akTUBHOCTI enactasu i KO —y cepennpromy Ha 76,2 % (p < 0,001), a Bmicty MJIA —
Ha 80,2 % (p <0,001).

Tabmuus 3
IMoxa3HuKH 3amaJIeHHs Y M s130Bili TKaAHUHI AiNAHII HAOpPAKY
KIHIiBOK INYPiB 3 KapariHaHOBHUM 3aNaJICHHSIM Ta NPodinakTHYHUM
BBE/JCHHSIM KBEepPLETHHY i ANKJI0(EHAKY

Tovon in AKTHBHICTB ej1acTasm, AxTuBHictb KO, Bmict MJIA,
pytu myp MKKAT/KT MKKAT/KT MMOJIB/KT
InrakTHA 452+ 1,9 65,8+4.2 232+2,1
Moneins 3anajaeHHs 79,7 +£3.8 115,9+4,7 41,8 £3,0
(KOHTPOIB) p <0,001 p<0,001 p<0,001
KBEDIETHH + MOLCID 58,6 £2,1 91,4+3,0 27,6 2,3
pi A p<0,05 p <0,05 p>0,0]
3arajeHHs
p, <0,05 p,<0,05 p,<0,05
50,3+32 80,4+2)5 352+2,6
Jluknodenax + Monensb p> 0,05 p <0,05 p <0,05
3anaJieHHs p,<0,05 p, <0,05 p, <0,05
p, <0,05 p, <0,05 p, <0,05

[TpumiTtka: p — BIpOTiAHICTh BiJXWJICHB TOKA3HHUKA BiJl 3HAYEHb y IHTAKTHIH Tpy1Ii;
P, — BIPOTiAHICTb BiIXWJIEHb MOKA3HKMKA BiJl 3HAYEHD Y KOHTPOJIi 3aMajIeHHs;
P, — BIPOT{/IHICTh Bi/IXUJICHb MiK 3HAYCHHAMH MOKA3HUKIB y TPYTIaX «KBEPUETHH» i «TUKIOPEHAKY.

[TorepeHe BBEIGHHS KBEPIIETHHY T'aJIbMYBAJIO [T IBUIIICHHS AKTUBHOCTI €1aCTa3n
1iK®mmena26,5i121,1 %, BignosinHo. Bukopucranus qukinoheHaKy CIipusiio O1IbIn
3HAYHOMY 3MCHIIICHHIO aKTUBHOCTI IUX (DEPMEHTIB: aKTUBHOCTI enactaszu Ha 63,1%
(p, < 0,05), a kucnoi pocdarasu — na 30,6 % (p, < 0,05; p,< 0,05 ). Bmict MJIA y
JIHII HAOPSIKY KiHIIBOK IIypiB CYTTEBIIIE 3HU3UBCS IICIS BBEJCHHS KBEPLUETHHY
Ha 34,0 % (p, < 0,05) nopisusano 3 nuknodenakom — 15,8 % (p, < 0,05; p,< 0,05;
Taom. 3).

B xomi mocmimkenHst Oylio BHSBIEHO, IO KBEPIETHH JIEMOHCTPYE CYTTEBHUI
BIUIMB Ha 3HMKCHHSI OKUCHOTO CTPECy B KIITHHAX, IO MiJTBEPKYETHCS 3MCHIIICH-
HSIM PIiBHS MaJIOHOBOTO J{iaJIBJIETi/ly Ta IiJBUIICHHSM aKTUBHOCTI aHTHOKCHJIAHT-
HuX ¢epmenTiB. Jukinodenak, y cBow 4epry, epeKTHBHO 1HTIOye CHMHTE3 mpocTa-
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IJIaHJIMHIB, 3HIDKYIOUH 3aralibHi npouecd. [Ipore Mik HUMH iCHYIOTh BiMIHHOCTI
B MeXaHi3Max Jii: KBepLETHH MPOSBISE 3HAYHY aHTHOKCHIAHTHY aKTHUBHICTb, IO
OB’ s13aHO 3 HOTO BIUIMBOM Ha PETYIILi0 (pepMEHTAaTUBHUX cHcTeM. B TolH ke uac,
IMKIIOo(eHaK, peai3ye CBOIO MPOTH3ANAIBHY 0 Yepe3 MPUTHIYSHHS IMKJIOOKCHUTe-
Ha3W, 1110 BU3Ha4Ya€ Horo e(heKTUBHICTh Y 3MEHIIIEHH] 3amaJeHHsl.

Kpim TOTO, MU CHOoCTepiraad akTHUBAIlif0 AaHTHOKCHIAHTHUX (EPMEHTIB, IO
CBIiUUTH TIPO e()eKTUBHY KIITUHHY aJanTaiiro g0 miasumeHoro piBHI ADO. e
€ BayKJIMBUM MEXaHI3MOM 3aXHCTy KJIITHH BiJl HETAaTUBHOTO BILJIMBY OKHCHIOBAJIb-
HOTO cTpecy. BusiBjieHe 3poctaHHs akTUBHOCTI cynepokcuaucmytasu (CO/l) Ta
KaTasia3u MiATBEPKYE, 110 KIITHHH HAMararoThCsi HEHTpalizyBaTH HajJMipHE Ha-
BaHTakeHHS ADO. [Ipn oMy, ADO — Moxke OyTH HE JTUIIIE HACTIAKOM KIITHHHOTO
CTpecy, a i BaXXJIMBUMU YMHHHMKAaMHU, 110 PETYIIOITh MOJANIbII KIITHHHI peakii,
BKJIIOUAIOYH 3aIlaICHHS.

TakuM 4MHOM, MOPIBHUIBHE JTOCIIIKEHHS Jil NpOTHU3analbHUX NpenapariB Iu-
kio(eHaKy 1 KBepLUEeTHHY Ha MOJIeJi KapariHaHOBOTO 3allaliCHHs B3arai J1ajio 3MOTy
BCTAaHOBUTH OLTBII BUCOKY €(EKTUBHICTh JUKIO(EHAKY 32 METPUYHUMH MOKA3HHU-
KaMH PO3BUTKY HaOPSKY, TOOTO MPOTHEKCYIAaTUBHOI aKTHBHOCTI, a TAKOXK 3a 0i0Xi-
MIYHUM BH3HAYeHHSM aKTUBHOCTI enactasu i kucioi gocdaraszu y cuposariii KpoBi
Ta IUISHLI HaOpsKy Jam TBapHH. AJie aHTHOKCHJAHTHA aKTUBHICTh KBEPLETHUHY Y
CHPOBATIIi KPOBI 1 TKAHWHI MOIIKOKEHOT KiHI[IBKM TBAPHH 332 BMICTOM MaJIOHOBOTO
nianpaeriny Oyna Oinbina, HK AukiaodeHaky. OTpuMaHi pe3ysibTaTd CBi4aTh Mpo
MIePCIEKTUBHICTD JOCIIHKEHHS TPOTH3aNaIbHOI aKTUBHOCTI 010¢)I1aBaHOITy KBEp-
netuHy. Kpim Toro, BpaxoBytourn HU3KY MOOIYHUX e(EeKTiB, BIIOMUX Ui TUKIOhe-
HAaKy, 1 BIICYTHICTb TaKMX Ul KBEPLETHHY, BBAXKAEMO, LII0 KBEPLETHH MOXKE 3aiHs-
TH JIOCTOWHE MicCIle Cepejl MPOTU3analbHUX 3aC00iB.

BucHoBku

1. MopemntoBaHHS 3analieHHs TIPU3BEIIO IO PO3BUTKY HAOPSKY Y AUISHIN iH’ €Kil
Ta MiIBUIICHHS MapKepiB 3arajieHHs, 30KpeMa akTHBHOCTI eJlacTasu, kuciioi gocda-
Ta3M Ta BMICTY MaJIOHOBOI'O JIiaJibJICTiy.

2. luknodeHak MmpoieMOHCTPYBaB BHCOKY €(pEeKTHUBHICTh Yy rajJbMyBaHHI 3a-
MMaJTLHOTO TIPOIIECY, 30KpeMa 3HIKYIOUH HaOPsIK, aKTHBHICTH eJ1acTasu 1 Kuciioi goc-
(hatas3m, a TaKOX PiBEHH MAaJOHOBOTO JTialBAETIAY B KPOBi Ta TKAHWHAX.

3. KBepueTnH 3HMKyBaB MapKepH 3araJieHHs, ajle BUSBUBCS MEHII €()eKTUBHUM
MOPIBHIHO 3 JTUKJIO(PEHAKOM LI0A0 KOHTPOJIO HAOPSKY Ta aKTUBHOCTI ()EPMEHTIB,
x04a oro aHTHOKCHIaHTHA [Iisl OyJ1a BUpakeHa CHUJIBbHIIIE, 30KpeMa y 3HIKEHHI PiB-
HS MaJIOHOBOTO J1QJIbJICTiY.

4. [TopiBHSHHS MPOTH3ATIAIIBHOT AKTUBHOCTI ITOKA3aJI0, 0 TUKJIO(EeHaK Mae Kpa-
IIi pe3yabTaTé y 3HWKEHHI HAOPSIKy Ta 3arajeHHs, TOMI K KBEPIETHH MPOJEMOH-
CTpyBaB OiJIbII BUPAKCHY aHTHOKCHIAHTHY AKTHBHICTb.

Crarts Hajainia 10 peaakiii 4 sxostas 2024 p.
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MOPIBHAJBbHA OI[IHKA TPOTU3AINMAJBHOI AKTUBHOCTI
KBEPHETHUHY TA JTUKJIO®EHAKY HATPIIO HA MOJAEJII
KAPATTHAHOBOI'O 3AITAJIEHHSA Y LIIYPIB

Pe3rome

AxTtyanpHicTb. HecTepoimui mporm3amanpHi 3aco0m, Taki K IUKIO(PEHAK,
TPaIUIiITHO BUKOPUCTOBYIOThCA Y JIIKYBaHHI 3aITalIbHIX PEaKIliif, aie Horo TpuBaie
3aCTOCYBaHHS MOXKE BUKIMKATH MOOIUHI €(PEeKTH, BKIIFOYAI0UN ILTYHKOBO-KUIIIKOBI
po3aay, mo oOMexye iX 3acTocyBaHHs. Lle crioHyKae 10 MOIIYKy anbTepHATHB Ha
OCHOBI ITPUPOIHUX KOMIOHEHTIB, TAKUX SIK KBEPLETHH. 3 OISy Ha POJIb aKTHBHUX
(opM OKCHTEHYy y 3amayieHHi, BUKOPHCTAHHS KBEPUIETHHY, SKUH BiTOMHN CBOIMH
AQHTHOKCUJIQaHTHUMH BIIACTHBOCTAME, MOXe OyTH ¢(DeKTHBHHMH 32 IEBHHX (HOpM

3amajieHHs Ta IePCIeKTUBHUM 3aBISKNA MEHIIIH KUTBKOCTI TTOOIIHIX €(EKTiB.

Merta. [TopiBH:sUTEHA XapaKTepUCTHKA MPOTHU3ANAIBHO] /Tii KBEPIETHHY Ta AUKIode-

HaKy HaTpito Ha MOJIEJI KapariHaHOBOT'O 3allalieHHs! y LIypiB.

Metonu. B excriepuMeHTI BUKOPUCTAHO IIYpiB, SIKMM Yy 3aJHIO JIally BBOIMIH
0,1 ™ 1% kaparinaHy cyOIuIaHTapHO JUIsi MOZICIIOBAHHS 3anajeHHs. OQHOpa30BoO
3a 1 ToaMHy 10 BIITBOPEHHS 3allaJICHHS [IypaM BBOAWIM BHYTPIIIHHOOUCPEBHHHO
,Z[I/IKJIO(beHaK Hani}O abo xBepuetuH. OIHIOBAIN TPOTH3aNANBHY €()EeKTUBHICTH
npenapaTua 3a po3M1paMH Ha6p;11<y, aKTHBHICTIO eJlacTasu, Kucioi (ocdarasu Ta

BMICTY MaJIOHOBOT'O [iaJIbJICTIAy Y CHPOBATII KPOBI Ta MIISIHIII 3alaICHHS.

OcHoBHi pe3yabTaTn. Jlocmi/pkeHHs TOKa3alo, 110 BBEJCHHS KapariHaHy Irypam
BUKJIMKAJIO PO3BUTOK 3allajieHHs 3a 30UIbIICHHSIM TOBIIMHU Janu Ha 62,5% uepes
2 roqunu i Ha 70,8% uepe3 4 ropnHN. MakcumanbHAN HaOpSK criocTepiraBcs Ha
4 romuHy, MiCNSA YOTO BiH MOYAB 3MEHIIYBATHCS. BBENCHHS KBEPLUETHHY 3HU3HMIO
HaOpsak Ha 17,9% depe3 2 TOAMHYU MOPIBHAHO 3 KOHTPOJIBHOIO rpynoio (p,< 0,05).
Jluknodenak Harpito BUSIBUBCS OUIblI €()EKTHBHUM Yy 3MEHIICHHI TOBHIMHHM Ha-
OpsIKY, TIOPIBHSIHO 3 KBEPLETHHOM, MPOTSATOM BCHOTO TEPIOy CHOCTEpEeKeHHS (p <
0,05). AKTUBHICTb eacTas3u, Mapkepa 3anajieHHs, 3pocina Ha 54,2% y KpoBi TBapuH
13 3amajieHHsAM, MIPOTE IOTIEPEIHE BBEICHHS KBEPLETHHY Ta AUKIOPEHAKY HATPIiIO
3HM3WIIO 1Ieit mokazHuk Ha 21,8% Tta 27,2% BinmoBimHO. Y CHpOBATII KPOBi Ta MO-
ITKO/DKEHUX TKAaHWHAX KapariHaH MPHU3BIB 0 MiIBUINECHHS aKTUBHOCTI KUCIOT (oc-
¢arazu Ha 80,0% 1 76,2%, BiamoBigHO. BUKOPUCTaHHS KBEPLETHHY Ta IUKIO(eE-
Haky 3aro0iramo akrusaiii kucioi gocdarasu, sika 3HWKyBaacs Ha 21,4-30,6%.
binpun BupaXkeHe 3MEHIICHHS aKTHBHOCTI KUCIOi (hocdarasn 3apeecTpoBaHO Micist
BUKOPUCTAHHS TUKJIO(eHaKy HaTpito. 301IbIICHHS BMiCTY MaJIOHOBOTO Jiajb/eTiny,
MIOKA3HUKA OKUCHOTO CTpecy, Oyio OUIbII 3HAYHUM y KOHTponbHii rpymi (80,6%).
BBezeHHs KBEpLETHHY rajlbMyBaJo 3picT I[bOro Mapkepa Ha 35,5%, a nuknodeHa-

Ky —Ha 19,8%.
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Bucnoku. [TopiBHsIIBHE TOCIIHKEHHS MIPOTH3AMANBHOT €()eKTHBHOCTI ITpeTapaTiB
BCTQHOBHJIO BHILY IPOTHEKCYJATHBHY Ta IPOTU3aNalbHy e()eKTUBHICTD TUKIO(e-
HaKy HaTPilo 3a TIOKa3HUKAMH PO3MipiB HAOPSAKY Ta aKTUBHICTIO €acTa3| 1 KUCIIO1
¢docdarazu. BopHouac, KBepLETHH HPOSBISB BUILY aHTHOKCUIAHTHY aKTHBHICTD,
3MEHIIYIOYM PIBEHb MaJOHOBOTO [ialibJIeTily Y CHPOBATIl KpPOBI Ta [ISHII
TIOIKO/PKEHOT KiHIIBKH. Pe3ynpraTn MOCiDKEHHS CBIUaTh PO NEPCIEKTUBHICTD
BUKOPHCTaHHs 0i0(iaBaHOiNy KBEPLUETHHY SIK [IPOTH3aIaIbHOro 3aco0y. Bpaxosy-
09 HU3KY MOOIYHHUX e(eKTiB AMKIOPEHAKY 1 BIICYTHICTh TaKUX y KBEpPICTHHA,
BBaKAEMO, [0 KBEPLETHH MOXE 3aiiHATH JOCTOHHE MicLie cepes MPOTH3anaIbHIX
3aco0iB.

KarouoBi ciioBa: niypu, 3anajeHHs, KapariHaH, TUKIO(pEHaK HATpiro, KBEPIETHH,
MIPOTHU3anaibHa Jisl.

Yu. O. Molodan', V. B. Larionov

Odesa I. I. Mechnikov National University, Department of Physiology, Human
Health and Safety and Natural Science Education, 2 Vsevoloda Zmiienka St,
2Odesa, 65082, Ukraine
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of Molecular Pharmacology and Medicine, 86 Lustdorfska Rd, Odesa,
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COMPARATIVE ASSESSMENT OF THE
ANTI-INFLAMMATORY ACTIVITY OF QUERCETIN
AND DICLOFENAC SODIUM IN THE CARRAGEENAN
INFLAMMATION MODEL IN RATS

Summary

Introduction. Non-steroidal anti-inflammatory drugs (NSAIDs), such as diclofenac,
are traditionally used in the treatment of inflammatory reactions, but its long-term
use can cause side effects, including gastrointestinal disorders, which limits their
use. This prompts the search for alternatives based on natural components, such
as quercetin. Given the role of reactive oxygen species in inflammation, the use of
quercetin, which is known for its antioxidant properties, may be effective in certain
forms of inflammation and promising due to fewer side effects.

Aims. To compare the anti-inflammatory effect of quercetin and diclofenac sodium
in a rat model of carrageenan inflammation.

Methods. Rats were used in the experiment, in which 0.1 ml of 1% carrageenan
was injected into the hind paw subplantarly to model inflammation. The rats
were injected intraperitoneally with diclofenac sodium or quercetin once 1 hour
before the inflammation was reproduced. The anti-inflammatory efficacy of the
drugs was evaluated by the size of edema, elastase, acid phosphatase activity and
malondialdehyde content in the blood serum and inflamed area.

The main results. The study showed that the administration of carrageenan to rats
caused the development of inflammation by increasing the paw thickness by 62.5%
after 2 hours and by 70.8% after 4 hours. The maximum edema was observed at 4
hours, after which it began to decrease. Quercetin administration reduced edema by
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17.9% after 2 hours compared to the control group (p1< 0.05). Diclofenac sodium
was more effective in reducing the thickness of edema compared to quercetin
during the entire observation period (p < 0.05). The activity of elastase, a marker
of inflammation, increased by 54.2% in the blood of animals with inflammation,
but pretreatment with quercetin and diclofenac sodium reduced this index by 21.8%
and 27.2%, respectively. In blood serum and damaged tissues, carrageenan led to
an increase in acid phosphatase activity by 80.0% and 76.2%, respectively. The use
of quercetin and diclofenac prevented the activation of acid phosphatase, which
decreased by 21.4-30.6%. A more pronounced decrease in the activity of acid
phosphatase was recorded after the use of diclofenac sodium. The increase in the
content of malondialdehyde, an indicator of oxidative stress, was more significant in
the control group (80.6%). The administration of quercetin inhibited the growth of
this marker by 35.5%, and diclofenac — by 19.8%.

Conclusions. A comparative study of the anti-inflammatory efficacy of the drugs
revealed a higher anti-exudative and anti-inflammatory efficacy of diclofenac
sodium in terms of edema size and the activity of elastase and acid phosphatase. At
the same time, quercetin exhibited higher antioxidant activity, reducing the level of
malondialdehyde in the blood serum and in the area of the injured limb. The results
of the study indicate the prospects of using the bioflavanoid quercetin as an anti-
inflammatory agent. Given the number of side effects of diclofenac and the absence
of such in quercetin, we believe that quercetin can take a worthy place among anti-
inflammatory agents.

Keywords: rats, inflammation, carrageenan, diclofenac sodium, quercetin, anti-
inflammatory effect.
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CTAHOBJIEHHS TA PO3BUTOK KA®EJPU BIOXIMII
OAECBKOI'O HAHIOHAJIBHOI'O YHIBEPCUTETY
IMEHI 1. . MEHHUKOBA

Po3misiHyTO OCHOBHI €Taru CTaHOBJCHHS Ta PO3BUTKY Kadenpu Oioximii Onmech-
KOTO HarioHasbHOTO yHiBepcuteTy iMeHi I. I. MeunukoBa: Bif 3aCHyBaHHS Me-
nuaHoro (axynsrety Immeparopcskoro HoBopociiicekkoro yaiBepcutety (1901)
o peopranizamii xadeap OiomorigHoro ¢akynsTeTry OIECHKOTO HAI[iOHAIBHOTO
yHiBepcutety (2022). IToka3aHo BHECOK BHIATHUX BYCHMX, SKi MpAIfOBAIH Ha
kadenpi y pizHi poku. OxapakTepr30BaHO OCHOBHI 3100yTKH, MPIOPUTETH Ta
TOJIOBHI HAIPaBJICHHS IisSUTBHOCTI Kadeapu.

Karouogi ciioBa: icropisi, Onechkuii yHiBepcuTeT, kadeapa 6ioximii.

VYuiBepcurer B Oneci BiAUMHUB JBepi ais nepmux cryfaeHTtiB 1(13) TpaBHs
1865 p. y cknani Tpbox (axyJabTeTiB — ICTOPUKO-(iT0IOriYHOTO, (i3UKO-MaTeMa-
TUYHOTO Ta IOpUINYHOTO, a B 1900 p. OyB 3acHOBaHMi MennuHuil Gakynsret [7, 8].

B 1901-1902 H.p. Ha 1IOMHO OpraHi3oBaHOMY MeAWYHOMY (akyibreri Imrre-
patopcekoro HoBopociiicekoro yuiBepcutety (IHY) B M. Omeca Oynma cTtBopeHa
kadenpa ¢izionoriunoi ximii, IKy odonuB opanHapHUN TIpodecop AHaromiit Koc-
TAHTUHOBUY Mensenes [3-5, 13-15], mro naTy BapTo BBaXKaTH SIK MOYATOK PO3BUTKY
Oionoriunoi ximii B [HY.

Amnarounii Koctsarunosuu MenBesieB HapouBcs y 1863 p. HaBuaBcst Ha npupo/i-
HUYOMY BiJJIIIEHHI iMrieparopcekoro yHiBepcuTeTy Cankt-IletepOypry, ane moTim
TIepEHTIIOB 0 BiCEKOBO-MEIUIHOI akanemii. [1i1 yac HaBYaHHS B akameMii OpaB ak-
TUBHY Y4acTh B €KCIIEPHUMEHTaJIbHIN po0oTi. 30KpeMa, BiH BUBYAB BILUIMB CTHCIIOTO
MOBITPsI, KUCHIO 1 BYT'JIbHOT KUCJIOTH HA HEPBOBY TOIPA3IUBICTD OPraHi3my.

VY 1888 p. Mensener A.K. 3akiHUMB BiHCHKOBO-MEIMUHY aKajJEeMil0, OTPUMAB
JIUTIOM 3 BiJI3HAKOKO Ta 3BaHHsS BIHCHKOBOTO Jjikaps. Y mepiox 3 1893 mo 1895
pp. MenseneB A.K. mpairoBaB y BiHCEKOBO-MEIUYHIN akameMii ImiJl KePiBHUIITBOM
npodecopis IBana PamazoBmua Tapxanoa Ta IBana Ilerposnua Ilasmosa. B 1893
p. BiH 3aXUCTHB JOKTOPCHKY nuceprarlito: «IIpo BigHOIIEHHS JEWKOIMTIB 10 HaJl-
XODKEHHS 710 KPOB1 JISSIKUX pedoBHH» [9].
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B 1895 p. Mensenes A.K. OyB nepeBeneHmit
1o IHY mposexropom npu kadeapi ¢izionortii,
a 3 TpaBHA 1896 p. — mpUBaT-0LIEHTOM 10 Ka-
denpi dizionorii TBapuH.

3 MoMeHTy opranizarii kadenpu diziono-
rigroi ximii (1901), 11 ouinpauK A.K. Mense-
JIEB TIoYaB 4ynuTaTH Kypc «dizionoriyna ximis,
XiMist OLTKOBHX PEUOBHH Ta TX HAHOMMKIMX T1O-
X1JIHUX, ByIJICBO/IB 1 )KHUPIB, BUEHHS [TPO HEOP-
raHiyai ()epMEHTH Ta TpaBHI COKH XiMii TpaB-
HUX TIporieciB (kpoB Ta mimda)» [3-5, 12-15].
B pamkax Bkazanoro kypcy Anaromiii Kocrsin-
TUHOBUY MeBeeB 3alouaTKyBaB NpPaKTHUHI
3aHATTA 3 TPYIIaMHU CTYACHTIB.

B 1902 p. Menenes A.K. orpumas mocanay
opauHapHoro npodecopa kadeapu ¢izionoriy-
HOI Ximii MmeamaHoTro dakynsrety IHY [13-15].
Cdepa HaykoBHX iHTEpeciB HOro TopKajacs
MeXaHi3MiB YTBOPEHHS aMiaKy Yy TBapUHHO-
My opraHi3mi. BiH mokazaB mpsMuil BIJIMB

Anamoniiu Kocmanmunosuy Meosedes
1863-1921 [9]

TOPMOHIB IIUTOBH/THOI 3aJI03K Ha MIBUKICTD JIe3aMiHYBaHHS B KPOB1 (eHINaIaHIHY,
ananiny i acnaprary. Kpim Toro, Araromniit KoctsarrnrOBHY MenBeneB OyB aBTOpOM
noHax 10 HayKoBHX Ipalb, NIPUCBAYCHUX BUBUEHHIO NPOLECIB OKUCHEHHS Ta OyB
aBTOPOM HiIPYUHUKIB: «3aMUCKH 10 (PU3HOIOTHUECKON XUMUM», «Kypc nexuii mo

(U3NOTOTUIECKON XUMUI.

Amnaromniii KocTstHTHHOBHY OyB IpOrpecuB-
HOIO JTIOAMHOIO0, HOTr0 MIMOO0KO MTOBAYXKAJIH 1 Ii-
HUJIU CTYJICHTH Ta KOJIETH, TOMY caMme BiH OyB
IBiYi 0OpaHHMi TEKaHOM METUYHOTO (haKyih-
tety IHY i obiiimaB 1110 mocanay B 1905-1907
ta 1916-1920 pp. [13-15].

B 1901 p. Ha kadenpy OyB 3apaxoBaHHii
Ipyruil Buknazad — Bacwie BacunboBuu
3aB’soB [1, 2, 6, 8].

VY 1891 p. Bacunp BacnunpoBrd 3aKkiHUMB i3
30JI0TOI0 MEJAJUII0 KOCTPOMCBHKY TIMHA3iI0 Ta
BCTYNIMB Ha MeauuHMid dakymnereT. Y 1895 p.
nepeixas 710 FOp’eBa (Huni M. Tapty B EcToHIT)
Ta TEPedIIoB Ha MEAWYHUN (aKynbTeT
I0p’iBcbkoro (TapTychbkoro) yHIBEpCHUTETY, 1€
y 1896 p. oTpuMaB nuruiom Jikaps, a B 1899 p.
3axuctuB auceprariro («K Teopun 6eaxoBoro

h

Bacune Bacunvosuu 3as’sinos
1873-1930 [6]
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MUILEBAPEHUS» ), OTPUMAB CTYIIHb JOKTOPA Me-
nuuuny [13-15].

[epiox xutts B Opmeci s nmikaps B.B.
3ap’sutoBa po3noyvascs 3 1901 p., konu foro 00-
panu abopanToM Kadenpu ¢iziongorigHol Ximii
IHY, a 3romom — mpuBaT-I01eHTOM IIi€i Kade-
npu. 3 1904 o 1908 pp. 3aB’sutoB B.B. mparro-
BaB €KCTpaopAnHapHUM Tpodecopom kadeapu
300J10Tii, MOPIBHAIBLHOI aHaToMii Ta izionorii,
ay 1909-1920 pp. — opauHapHUM TIPOPECOpoOM
miei kadempm.

Hayxosi inTepecu B.B. 3ap’snoBa Oynu mm-
POKHMMH, BOHU OXOIUIIOBAJIH SIK MUTAHHA CYTO
¢izionoriuni, Tak 1 6ioximiuni. Kpim Toro, Bue-
HUH 3aiiMaBcsi mpobOieMamu OanbHEoNoTii Ta

FOpiii Bacunvosuy Medsedes KypOPTOJIOTii: BUBUCHHSIM €CEHTYKChKHUX MiHE-

1903-1969 [10] panmbHUX BOJ, KypopTHHX (aktopiB Omecn Ta

iH. Psi po6it 3aB’ 0B npucBATHB 0i0XiMil rop-

MOHIB, Hacamrepes iHcyaiHy. Takok po3poOuB opraHonpenapar «010TOHIH», SIKHH

OyB PEKOMEH/IOBaHUH 10 3aCTOCYBaHHS MPH CUMITOMax CIAOKOCTI Ta po3azax
HEPBOBOI CHCTEMH, CEPIIEBOI CITA0KOCTI, PO3IajiB 0OMiHY PEUOBHH.

T'omoBHMM HaykoBUM AocsTHeHHSM B.B. 3aB’soBa € oTpuMaHHS TUTacTEIHY i
Yac MeNCUHHOTO MePeTPaBICHHS O1IKIB.

Bacunps BacunboBud 3aB’10B BUTEHO BOJIOJIIB HIMEIIHKOIO MOBOIO 1 TIEpEKIIaAaB
Oararo ya00Boi Ta HayKOBO1 JliTeparypH, 30kpema, «KepiBHUITBO 3 ¢izionorii Ximii»
E. Abnepranbaena, «Jlunamika sxuBoi peuoBuam» k. Jleba (1910) Toio, € aBTo-
POM MipyYHHKa «AHaTOMuUs U pu3uonorus uesnoeka» (1907) [13-15].

[Ticast peopranizarii B8 1922 p. meauunoro (¢akyasreTy yHiBepcurery B Onech-
KW MEIMYHUH IHCTUTYT, Kadeapa mepecraia iCHyBaTH.

Hosuii eran GioxiMiuyaux gociifkeHb B OJecbKOMY YHIBEPCHUTETI MOYABCS B
1944 p., 3 mosiBoto npodecopa FOpis BacunboBuua Mensenesa [10, 12].

IOpiit BacunboBuu Mensenes B 1925 p. 3akiHunB XapKiBChbKHH CilTbCHKOTOCIIO-
JAPChKHUM THCTUTYT 1 BCTYIHUB J10 acmipanTypu OJeChbKOro ClIbChKOrOCIOAapChKO-
ro iHCTUTYTY Ha Kadeapy anatowmii i iziomorii pocnaun no mpodecopa-diziomora
I"'A. bopoBuxkoBa. Toro * poxy BiH BHixXaB 10 JIeHiHrpay, A€ il KepiBHUIITBOM
akaznemika Kocruuesa C.I1. crienianizyBaBcs B raiy3i 0ioximii pocnuH Ta Mikpooio-
norii. 3 1926 no 1932 pp. IOpiit BacunboBuy npattoBas y nadoparopii 6ioximii Ta
¢izionorii pociima AH CPCP. B 1932 p. [Opiit BacunsoBna MeaBenes nepeios
10 JIeHIHTpaaCchKOTo Jep’KaBHOTO YHIBEPCUTETY Ha MOCaay JIOLEHTA, e MepPIIuM y
CPCP oprani3yBaB Kypc Ta MIPaKTHKYM, SKAK OyB IPUCBIYCHNI BUBYCHHIO (hepMeH-
TiB. | B et nepiox BiH ApyKye cBoro MoHorpadito « HoBble HanpaBieHUs B yUYECHHUH O
¢depmentaxy [9]. FOpiii BacunboBruu MenBeneB po3poOHUB METO OTPUMaHHS €THIIO-
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BOro cnupty 3 AepeBuHu. Y 1933 p. Mensenena 10.B. npu3HauaioTh HauaabHUKOM
OioximMiuHOTO 11eXy UepenoBeubKoTro eKCIepuMEHTAIBLHOTO T1IPOIi3HOTO 3aBOY, A€
MPOTATOM JIBOX POKIB BiH MpAIfOBaB HaJ OpraHi3ali€lo BUPOOHUITBA €THUIIOBOTO
cnupty 3 AepeBuHU. B 1936 p. HayKkoBellb MOYaB MpAIOBaTH B 1HCTUTYTI €KCIie-
pUMEHTaTbHOI MEAUIMHU BCecoro3HOro iHCTUTYTY eKCHEepHMEHTAIbHOT MEIHIIN-
HU Ta 3aXHCTUB JIOKTOPCHKY muceprarito: «Kinernyna Teopist 610XiMivHUX TpoIie-
ciB». B 1937 p. Opiit BacunvroBuda Mengenes OyB oOpaHuii 3aBigyBadeM Kadenpu
anartoMmii Ta ¢izionorii pocauH XapKiBCbKOro yHiBepcuTety, a B 1938 p. - orpuman
3BaHHs nipodecopa [10, 12].

[icns neokymanii Onecu (1944) - FOpiit Bacuibosrny Mensenes oqonuB kade-
npy GioxiMmii 1 Mikpobiosorii Omecbkoro aepxkaBHoro yHiBepcurery (OY), ska ic-
HyBaJla OJIMH PiK i OTHOYACHO 3aiHSB TIO0Cay TUPEKTOpa OOTaHIYHOTO Cafy i 3aBiay-
Baua kaeapH XiMii 3epHa B IHCTUTYTI IHKEHEPIB OOPOIIHOMEIBFHOT TPOMHUCIOBOCTI
[10]. IIpotsirom 1945-1949 pp. - FOpiii BacunsoBuy MenBeneB odonoBas Kadenpy
Oioximii. Y 1949 p. mig THCKOM JIMCEHKIBIIB Kadeapy Oyino mikBigoBaHo. J{o KiHIs
1949 p. KOpiit BacuipoBrnu MenBeneB odomoBaB Cekiniro 6ioximii B 3000iHI mpu
oay [10].

B 1964 p. 6yna opranizoBana camocriitHa kadeapa 0ioximii, SIKy O4OJIUB JTOKTOP
MeAnYHUX HayK AHaroniii SlkoBuy Po3zanos [12-15].

Amnaroniii SlkoBuu PozanoB Hapoauecs B 1929 p. B Oneci. B 1944 p. B 15-piuno-
My BiIll MiCJIsl TOCTPOKOBOTO 3aKIHUEHHS IIKOJIU BiH BCTyHB /10 OeChKOro MeIud-
HOTO 1HCTUTYTY, KWW 3aKiHUMB 3 Bia3HaKoio B 1949 p. V Tomy X pori BiH BCTYnUB
1o acmipantypu OJechbKoro MeaudHoro iHCTUTYTY. [lin kepiBHUIITBOM Tipodecopa
J.A. IlyBepkanoBa AHaromniii SlkoBrnd Po3aHOB MiAroTyBaB KaHIUAATCHKY JIACEPTa-
uito «Bo3neicTBre AMUTEIBHOTO MEANKAMEHTO3HOTO CHA Ha MOTPEOHOCTh OpraHu3-
Ma B BUTamMuHe C», Ky 3axucTuB B 1952 p. _

B 1952 p. Po3zanoB Amnatoniii SIkoBuu OyB u
3apaxOBaHUM Ha IIOCaly acuCTeHTa Kadenpu
Oioximii Onmechbkoro MEIUYHOTO IHCTUTYTY.
Ha miif mocani BiH mpamtoBaB 10 pokis. 3a 1ei
nepiof  MiArOTyBaB JOKTOPCHKY JIUCEPTALilo
«MertabonizMm TiaMiHy Ta Horo ¢ochopHHX
edipiB 1 AUCYIB(IIIB B TBAPHHHOMY OPTaHi3Mi».
Y 1962 p. Anaromiit SIkoBud niepeiio B Omech-
kmii H/II TyGepkynpo3y Ha mocamy KepiBHHKA
OioximiuHoi mnaboparopii. Ha wmiii mocani BiH
npamoBaB g0 1963 p. YV Tomy *k poui AHaro-
qii SlkoBuu PozaHoB OyB 0OpaHuil 3a KOHKYp-
COM Ha Tocay 3aBigyBaua Jraboparopii Oioximil
[HCTHTYTY TepOHTONOTIT Ta eKCTIepUMEHTATBHOT
naronorii AMH CPCP (m. Kui). B 1964 p. Po-

3aHOB A.fl. 3aXMCTHB TOKTOPCHKY AMCEPTALIIo 1 Anamoniu Axosut Posanos
1929-2004 [15]
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OyB 3ampouenuii 10 OfechbKoro Jep>kaBHOIO YHIBEPCUTETY Ha Mocaly 3aBigyBaua
LI0IHO opraHi3oBaHoi Kadeapu Oioximii.

VY mrrati kadenpu Oyno m’sSTh BUKIIAAaqiB, OWH CTapIIXi J1a00OpaHT 1 OUH J1a00-
panT. Ha mocani Bukiamayis, kpim npodecopa Pozanosa A.fl., npairoBanu JTOIEHT
T'omy6mieBa M.B., morient Torpkmii B.M., notient Kosans B.T., acuctent Kapmos JI.
M. Ha nocani craprmoro abopanra npairoBana Monakina T.O.

Houent Tomybrniea M.B. Oyna onmHi€ro i3 acmipaHTOK Imie 3a 4aciB mpodeco-
pa Mensenesa HO.B. [ monst ckmamanacs DOCHUTH CKIIATHO. JloBruii yac napririne
KEpiBHUUTBO (aKyabTeTy HE JaBaio il PEKOMEHJAIiI0 B acMipaHTypy, TOMY IO
BOHa OyIla JIOHBKOIO TaK 3BAHOTO «BOPOTY HAPOIY.

3 BimkputTsaM B 1964 p. xadenpu, I'omydiieBa M.B. obiifiMana mocagy moreHTa i
yyuTana 3araipHui Kypce «biodizukm» i crienkypc «bioxiMis Oinkay.

Houent Tompkuit B.M. umraB cnenkypc «bioxiMis HYKICIHOBHX KHCIIOTY.
Ha xadenpi 6ioximii Toupkuit Brnaanen MukonailoBUY MiArOTYyBaB JOKTOPCHKY
JcepTalliio 1 IepeiIoB Ha mocaay 3aBiqyBada Kadenpu reHetuku. Jlonent Kosasb
B.T. unraB cnieuxypc «bioximist anTuOi0THKIB» 1 «EBOmIoniiina 6ioximisn. B 1975 p.
BiH ovouB Kademnpy 6oraniku. AcucteHt Kapmos JI.M. Ha xadempi 6ioximii miaro-
TyBaB KaHUIATChKY, a TIOTIM 1 IOKTOpchKy aucepraiii i B 2001 p. ogonus kadenpy
¢izionorii JOOUHM 1 TBAPHH.

3 mepuux JHIB iCHyBaHHS KadenpH 3aBIsaKu 3ycuiisiM AHatonist SlkoBuya Po-
3aHOBa Ha Kadepi 3’ IBUIIOCS CydacHe Ha Toi mepiof obiagHanns. Ha kagenpi ta-
KO Oyia opraHizoBaHa pajioi30TONHa 1abopaTopis, sika 3irpajia BUPIIAIbHY POIb
B MOJAIBIINX AOCIIHKCHHSIX CITiBpoOITHUKIB Kadheapu. B 1966 p. A. 5. Pozanos
oTpuMaB 3BaHHA mpodecopa [12].

Hocmimkennst xadeapu Oioximii Toro uacy OyiaM TNPHCBSYECHI BHBYCHHIO
MeXaHi3MiB B3aemMoii BitaMiHiB B opraHi3mi. [Ipodecop Pozanos A. S. opranizyBas
i JociipkeHHs i BromBoM akagemika AH YPCP P.B. Yarosus, sikuit npairto-
BaB 3aBigyBadeM BiAIiTy O6i0Ximil BiTaMiHiB Ta KohepMeHTIB [HcTUTYTY OioXimii AH
YPCP. Yarosenp P.B. OyB 3aCHOBHHKOM BiTaMiHOJIOTIYHHX JTOCIIPKEHb HE TiTBKH
B VYkpaini. [lixg #ioro BmmmBom mpodecop KO.M. OctpoBcekuil posmnodas podoTy 3
BHBUYEHHsI MeTaboui3My BiTamiHiB B M. [ poano (binopycs) B Binaini AH BPCP, sixuii
notiMm niepepic B [HcTutyT 6ioximii AH Binopyci.

3aBasKkK ICHYBaHHIO Pajiioi30TONHOI J1aboparopii criBpoOITHUKH Kadenpu 0io-
ximii OIY oTpuMany MOXJIMBICTH TOCITIKYBaTH JUHAMIKY PO3IIOALTY 1 MeTabo-
ni3M B oprauizmi “C-tiaminy, “C-HikoTHHOBOI KHCIOTH, *S-mimoary, “C-6ioTumy,
14C-pubodaginy.

[leBHE HayKoBe 3HaYEHHS MaJH JOCIIIKCHHS BIUIUBY €KCTpEMaIbHUX (DaKTOPiB
(rinokcis, Timorepmis) Ha TUHAMIKy PO3NOALTY BiTamiHiB B opranismi. Ha xadenpi
oioximii Oymu Buepie B CPCP cunre3oBani HikotuHo11-ITAMK-*C i mantoram-'*C.
dapmakogrHaMiKa IUX CHONYK TeX Oyna qociimkeHa. [cToTHHIT BHECOK B TEOPilO
MeXaHi3MiB IPOHUKHEHHS BiTaMiHIB Kpi3b 010JI0TI4HI MeMOpaHH AU J0CIKEHHS
HaKOITMYCHHS MIYCHHX BITaMiHIB Ta iX META0ONITIB Y MITOXOHAPISX.
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OcobnuBe Mice B JOCHDKEHHSX Kadenpu 3alimana mnpoOnema B3aeMomii
BiTaMiHIB y TBApHHHOMY opraHi3mi. Lli qocmikeHHs movaiucs 3 BUBUCHHS €(EKTiB
BIUIMBY OJIHOTO BiTaMiHy Ha PO3MOXLN 1 (ikcamio B TKAaHWHAX iHIIOTO. B 3HauHiH
OUTBIIOCTI BUMIANIKIB OYB OTPUMaHHMN CTHMYIIOBAaJbHUN €(QEKT MapHOTO BBEICHHS
(hyHKITIOHATBHO TTOB’ I3aHUX BITaMiHIB Ha (DiKcarlito KoxKHOTO 3 HuX. Lli mocmimkeH-
Hs 103BosiH npodecopy PozanoBy A.fl. chopmymroBaru rimoTe3y criBAPYK KHHOTO
MIPOTEiAM3yBaHHs BITaMiHIB, 110 BXOAATH Y (OpMi KOPEPMEHTIB B MYJIBTHEH3UMHI
komIuiekcH. Ll rinoresa Oyia nmpuiiHATa BiTaMiHOJIIOTAMHU SIK OAMH 3 MOXKJIMBHX Me-
XaHI3MIB B3a€MOJII1 BITAMiHIB B OpraHi3mi.

OTtpumani pe3ynbTaTi Malli ipakTHyHe 3Ha4eHHs. Ha ix ocHogi Bniepiie B CPCP
Ha kadeapi Oioximii Oyir CTBOpEHI aMITyJIbOBAaHI TIOJIIBITAMIHHI TIperiapary.

B ocranni poku cBoro xutta npodecop PozanoB A.Sl. 3aiiMaBcs mMpoOIeMoro
BIUIMBY €KCTpeMaJIbHUX (pakToOpiB Ha O10XiMiUHI poLIECH B OPraHi3Mi Ta MUTaHHS-
MH HEHpOXiMmii.

Amnaromiii SIlkoBuy Po3zaHoB OyB aBTOpPOM Ta CIiBaBTOPOM TaKUX BHAATHHUX Ha-
YKOBHX BUJaHb, SIK: «OOMEH BUTAMUHOB IIPH CEPICUYHO-COCYIUCTHIX 3a00IeBaHH-
sx» (1975), «OxcnepumenTanbHas BuTamuHONOTHS» (1979), «DepmeHTaTHBHBIE
IpoLecChl W HMX KOPPEKUMs IIPH HKCIEPUMEHTAJBHBIX cocTosSHUAX» (1985),
«Mexanun3msl perynsaun onokaraiuza» (1989), «Depmentnas rexnonorus» (1996).

3a nepiox 3aBimyBanHs Kadeaporo Oioximii (1964—1995 pp.) min KepiBHULITBOM
PozanoBa A. {. Oyno 3axumieHo Oinbiie 40 kKaHIUIATCHKUX AucepTalii. Bin OyB Ha-
YKOBHM KOHCYJIBTAaHTOM 6 JJOKTOPCHKUX AMCepTalii. AHarouii SIkoBuu Po3aHos OyB
aBTopom 10 moHOTpadiii i 0insire 200 HaykoBuX crareii [12, 15].

3 1995 p. 3aBinyBauem kadeapu ctas goueHT Onexcanap Bikroposuu 3anoposx-
yeHko [11].

3 1978 p. Onexcanap BikropoBuu 3amopox-
YEHKO IpaitoBaB y OJeChbKOMY YHIBEPCHUTETI Ha
rmocagax MOJIOIIIOTO HAYKOBOTO CITIBPOOITHH-
Ka, 3aBiyBaua i30TOIHO{ Jaboparopii, acucTeH-
Ta, CTApLIOro BUKJIajava, IOLEHTa, 3aBigyBada
kadenpu Gioximii. 3 2002 p. — mpopekTop 3 Ha-
YKOBO-TIEJIArOriyHOi poOOTH.

3axHUCTUB KaHAWAATCHKY auceprarito «Pac-
IIpeieIeHre B )KMBOTHOM OpraHU3Me U AeHCTBHE
Ha (pyHKITMOHAIHHO CBSI3aHHBIE (hepPMEHTHI HEKO-
TOPBIX AJKUJI-IIPOU3BOIHBIX 3-OKCUITUPUANHA,
AQHTUOKCHUAAHTHOTO M T€PONPOTEKTOPHOTO Jeii-
ctBus» (1990). B 1995 p. Onekcanap Bikropo-
BUY OTPHUMAaB BUEHE 3BAHHS JOIEHTa Kadenpu
Oioximii.

3anopoxxueHko O.B. HaropomkeHni Harpya-

A ” Onexcandp Bikmoposuu 3anopoocuenko
HUMU 3Hakamu «BigMinauk ocsitm» (1999), 1956 p.u. [11]
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«AnTOH Makapenko» (2005) MinicTepcTBa ocBith i Hayku Ykpainw; [louecHoro
rpamoToto MiHictepcTBa ocBiTH 1 Hayku Yipainu (2004); mpucBoeHe movyecHe 3BaH-
Hs1 «3aciTy’KeHH TIpaliBHUK OCBiTH Ykpainm» (2015).

Ounekcanjp BikTOpOBUY € OHUM 13 THX, XTO CTOSIB O1JIsl BUTOKIB YIPOBaPKEHHS
TECTOBUX TEXHOJIOT1H OIIHIOBAHHS SIKOCTI OCBiTH. Yrpomonxk 2002-2005 pp. odoto-
BaB OIeChbKUH perioHATBHUM EHTP TECTOBUX TEXHOJIOTIH, 3 Y0ro B YKpaiHi po31o-
YaBcs MIJIOTHUN €KCIIEPUMEHT 100 CTBOPEHHSI HOBOI MPO30PO1 Ta aHTUKOPYTMLIiH-
HOI CCTEeMH BCTyIy abiTypi€HTIB 10 BUILMX HABYAJIbHHUX 3aKJIAIIB.

[Tix kepiBaunTBoM O.B. 3anopoxxuenko B8 OHY imeni I.I. MeunukoBa po3po0ie-
Ha Ta BIPOBAHKEHA KOMII FOTEpHA Mporpama Jiisl 31iHCHEHHS] KOHTPOJIIO 3HAHb CTY-
JICHTIB 32 TECTOBUMH TEXHOJIOT1IMHU.

Omnexcannp Bikropouu 3anopoxueHko omyOrnikyBaB moHan 100 HaykoBHX Ta
HaBYAJIbHO-METOAMYHHX MPALLb.

OpnHuM 3 HayKOBHX HanpsMKiB Kadeapu 3 1995 mo 2010 pp. Oynu gocmipkeHHs
0co0NMMBOCTEH (QYHKIIOHYBAaHHS CUCTEMH MPOTEOITi3y 32 OHKOIIPOIIECY, SIKY OUOJIIO-
Bajia npodecop kadeapu 0ioxiMmii, JokTop Oiosoriunux Hayk Bopuyk Ipuna Jleoni-
NiBHA. 3a M HaMpsIMKOM OITy0jTikoBaHo Oinbinie 100 HayKOBUX ITyOTiKaIlil, 3aXH-
1IeHO | JOKTOPCHKY Ta 2 KaHIUAATChKI JucepTarii.

32015 mo 2022 pp. kadenporo O6ioximii 3aBigyBaB mpodecop, JOKTop Oionoriy-
Hux Hayk [lerpo Cepriit AnaromniiioBu.

Cepriit Anaroniiiouu I[lerpos Hapoauscst B Oneci B 1951 p. B 1967 p. BcTynus
Ha Giosoriunnii hakynmerer OfechKoro AepKaBHOTO yHiBepcuTety imeHi I. I. Meu-
HHKOBA, T 9ac HaBYAHHS 3aXOILTIOBABCS O10XiMi€I0, BITAMIHOJOTIEI0 Ta TEPOH-
ToJoriero. B 1972 p. BcTynuB 10 acmipaHTypu OGioJOTiHHOTO (PaKyIbTeTy, Iij] Jac
HaBYaHHS B acHipaHTypi BUBUAB (iOreHETHYHI
ocoOmuBocTi B3aeMoxii BitamiHi. Iliciasa 3a-
KIHYCHHS acIipaHTypH TPAIOBaB aCUCTCHTOM,
TOTICHTOM, TIpodecopoMm Kadeapu Oioximii. B
1980 p. Cepriif AHaToiiiOBHY yCIIITHO 3aXHC-
TUB KaHAMJATChKY AUCepTamilo 3a TeMoro «Oco-
OCHHOCTH B3aUMOIEHCTBUS (DYHKUMOHAIBHO-
CBSI3aHHBIX BHTAMHHOB B OpraHM3ME MUJIH,
kedanu u kpbicy. 3 1980 poky Ha kadeapi, i
kepiBHANTBOM norieHTa [lerpoBa C.A. OyB po3-
[OYaTUil HOBUM HAYKOBUU HANpPSIMOK 3 BUBYECH-
Hsl HeKo(hepMeHTHUX (YHKIiH BiTaMiHiB.

HeoOxiHiCTh TaKMX JOCHIKEHb Oylia Mpo-
JUKTOBaHA HACTYMHHAMH [pPUYMHAMH: 0Oararo
010XiMIYHUX e(EeKTIB, 110 CIIOCTEPIraucs Iic-
T BBeIEHHS (Di310JIOTIYHUX 103 BiTaMiHiB, HE
BKJIAJIAJIUCS B PAMKH YSIBIICHb PO KOEPMEHTHI

Ilempog Cepeiii Anamonitiosuu o e i X
1951 p.n. [14] (byHKI{ BiTaMiHIiB, a 1HOMI OyJI¥ MPSIMO TPOTH-
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JISKHUMU IIAM ysiBIeHHsIM. KpiM Toro, mociimpkeHHs 010XiMiYHUX e(PeKTiB, SKi CIo-
CTEepIrajucs MiciIa BBEICHHS KaTaOOITIB BiTaMiHiB, HE3IaTHUX TIEPETBOPIOBATHUCS B
Ko(epMeHTH, IPOJIEMOHCTPYBAN €EeKTH BIUIMBY IHX CIIOJIYK Ha Psiji O10XIMIYHUX
rporeciB. Ha 6a3i nux pocnipkens, y 1992 p. [Terpoum C.A. Oyna 3axuIiieHa J0K-
TOpCbKa aucepranis «Perynsuus THaMUHOM M ero MeTaboJUTaMHu MPOLECCOB 00-
pa3oBaHMsI 1 0OMEHa AaMUHOKHUCIIOT M KETOKUCIIOT B OpPraHu3Me».

Y mux gociimpKeHH X O0yI10 IPOIEMOHCTPOBAHO, IO TAKHH KaTaOOJIT TiaMiHy, SK
TIOXPOM 3JIaTHHI PEryJII0OBaTH aKTHBHICTh NIEeBHOT rpynu pepmenTis. Kpim toro, Oys
BHBUCHHI XapakTep KaraOosli3My B OpraHi3Mi TakuxX BiTaMiHIB SIK TiaMiH, JIIIO€EBa
KHCJIOTA, TAHTOTCHOBA KUCJIOTA 1 HIKOTUHOBA KHUCIIOTA.

Crrertudivni GpyHKIIIT KaTaOoMITIB IUX BITaMiHIB 3apa3 peTeIbHO BUBYAIOTHCS.

3a 1M HarpsiMKOM orryOmikoBaHo Oinbiie 200 HayKOBHUX CTaTe, 2 MiAPYIHUKH
i 3 MmoHOTpadii.

[Tix xepiBauuTBOoM mpodecopa C.A. [leTpoBa perenbHO BHBYAETHCS OioXiMiu-
HUH edeKT CHibHOI Mii BCiX MPUCYTHIX y KIITHHAX METa0OITiB TOTO YM iHIIOTO
BiTaminy. Takuii KOMITTEKC BCiX METa0OJITIB OKPEMHEX BiTaMiHIB, IO YTBOPIOIOTHCS,
npodecop 3anporoHyBaB Ha3Baru Bitabonomom. J10CiKeHHS B IIbOMY HAITPSIMKY,
sKi OyM TpOBEZCHI 3 TiaMiHOBUM, puOOQIaBiHOBUM, i MAaHTOTEHOBUM BiTaboio-
MOM HPOJEMOHCTPYBAJH, IO B ACSKUX BHUIAJKaX KOMIUIEKCH METaOOIITIB MalOTh
PETYIASTOPHI BIACTHBOCTI 1 MPUHITUIIOBO BIAPIZHAIOTHCS BiJl TAKUX Y BiATIOBITHUX
BiTaMiHiB 1 KO)EPMEHTIB.

B nanwii yac BiTaMiHOJIOT1YHI TOCIIPKEHHST B YKpaiHi Ta 32 KOPJIOHOM MepeKH-
BaIOTh €Tam OypXJIMBOTO PO3BUTKY. Lle moB’a3aH0, mepi 3a Bce, 3 BiAKPUTTSIM HOBUX
MIPOIYKTiB MeTa00JIi3My BiTaMiHiB, 5IKi B psA1 BUMAKIB BUSBIAIOTHCS €(hEeKTUBHUMHU
MOJYJTSITOPaMHU HAMBAYKITUBIIINX METAOOIIYHIX CHCTEM.

32018 p. Ilerpos C.A. ouomroe Onecrhke BiAAUICHHST YKPATHCHKOTO 010XiMI9HOTO
toBapuctBa (OB YBT).

B 2021 p. xadenpa Oioximii Opana yuyacTb B M>KHAPOTHOMY HayKOBOMY MPOEKTI
o Jrocitiiam OiopecypciB AHTapKTH/IH.

ITix xepiBaEIITBOM TIpodhecopa C.A. IlerpoBa Oyio 3axuimeHo 1 JOKTOPCHKY i
9 KaHIUIATCHKUX JAUCEPTAIlii.

Cepriit AnaroniiioBud [1eTpoB € aBTOpOM Ta CITiBABTOPOM TaKUX BU3HAUHUX Hay-
KOBHX BUJIaHb, sIK: «DepMeHTH 3axucTy 1 arpecii mikpoopranizmisy» (2011), «Exoio-
ris cycminbeTBay (2012), «Bitaminomnoris» (2013), «Ilaromoriyna 6ioximisi» (2021).

3apa3 010XiMivHI TOCTiHKEHHS IPOBOIATH KaHAMIATH 010JIOTIYHNX HAYK, TOIICH-
™1 Bynusk Onexcanap KocrsuturoBmu, Copokin Anppili Bikroposnu, ®enopko
Haranist Jleoninisua, Yepnamguyk Chixkana CepriiBHa.

HayxoBo-zmocnigna poOora BUKJIaAadiB CIPSIMOBaHA Ha JOCIIKESHHS:

»  bioxiwmii cTpecy Ta amanTarii.

*  MexaHIi3MiB peryisiii 0OMiHy PeUYOBHH Y HOPMI Ta 3a Jii Ha OPTaHi3M eKc-

TpeMaJbHUX (aKTOpiB.
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*  OcobOnuBocreli GpyHKIIIOHYBaHHS ()EPMEHTIB CUCTEMH JKUBUX OPTaHi3MiB 3a
YMOB €KCIIEpUMEHTAIbHUX NATONOTIH (30KpeMa 3a yMOB HEHPOIaToJIOTii).
* HexodepmentHux ¢yHKuili BiTaMiHIB B OpraHi3Mi B HOpMi Ta IiJ] BIUINBOM
eKCIIepUMEHTAIIbHUX (PaKTOPIB.
* EHepreTMdHOro CcTarycy KMBHX OpraHi3MiB 3a [ii HaBKOJHUIIIHBOTO CEpPe-
OBHILIA.
B 2022 p. BinOynace peopranizauis xadenp Oionoriudoro ¢pakynsrery OHY ime-
Hi I. [. MeunukoBa i xadenpa 6ioximii Oyna 00 eaHana 3 Kadeaporo MOJIEKYISIPHOL
Oiosorii Ta reHeTHKH (yTBOpUIIACh Kadeapa MoleKysIpHoi Oiomorii, 6Gioximii Ta re-
HETHUKH).
Taxkum unHOM, Kadempa Oioximii OmechbKOro HAIIOHATHLHOTO YHIBEPCHTETY B
2022 p. mpUIIMHUIIA CBOE ICHYBaHHS, SIK OKpeMa Kaderpa.
Hanani B po6ori (hakTé moruOIIOTh 3HaHHS MO0 1CTOpii 010XiMIYHUX JOCITi-
okeHb B OnechkoMy HallioHaIbHOMY yHiBepcuTeTi iMeHi 1. I. MeunukoBa.

Crarts Hagivnma no penakimii 21.06.2024
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Opnecekuil HaioHaTBHMH yHiBepcuTeT imeHi I. I. Meunukosa, xadenpa
MOJIEKYIISIpHOT OioIorii, Gioximii Ta reHeTukH, Byil. BeeBomoa 3MieHka, 2,
M. Opneca, 65082, Ykpaina

CTAHOBJIEHHS TA PO3BUTOK KA®EJIPU BIOXIMII
OJAECBKOI'O HAIIIOHAJIBHOI'O YHIBEPCUTETY
IMEHI L. I. MEYHUKOBA

Pesrome

Mera. BucBimieHHs OCHOBHHMX OiorpadiuHMX JaHHMX 1 pe3yiabraTiB HayKOBO-
MeIaroriyHol AisIbHOCTI HAayKOBIIIB, sIKI MIPAIfOBAIA B MIEPIOJl CTAHOBIICHHS 1 PO3-
BUTKY Kadenpu Oioximii.

OcHoBHi pe3yabraTtu. Onwucana icropis kxadeapu Oioximii Ojecbkoro Hario-
HaJIbHOTO yHiBepcuTeTy. HaBesieHi aHi 11010 11 3aCHYBaHHSI 1 BUCHHUX, SIKI MTPaIio-
Bann Ha Kadenpi. OxapakTepu3oBaHi OCHOBHI HANpPSIMKH HAyKOBHX JOCII/KEHb
cHiBpOOITHUKIB KadenpH.

BucHoBku. Hazani B po00Ti (hakTv MOTTHOIIOTE 3HAHHS 1010 ICTOPIT O10XIMIYHIX
JociipkeHb B OJiecbkoMy HallloHaJIbHOMY yHiBepcuTeTi iMeHi I. [. MeunnkoBa.

Kurouogi ciioBa: icropis, Onechkuii yHiBepcuTeT, Kadeapa 0ioximil.

S. A. Petrov, S. S. Chernadchuk, O. K. Budnyak, A. V. Sorokin
Odesa I. 1. Mechnikov National University, 2 Vsevoloda Zmiienka St, Odesa,
65082, Ukraine

FORMATION AND DEVELOPMENT OF
THE DEPARTMENT OF BIOCHEMISTRY OF
ODESA I. I. MECHNIKOV NATIONAL UNIVERSITY

Summary

Aim. To highlight the main biographical data and results of scientific and pedagogical
activities of scientists who worked during the period of formation and development
of the Department of Biochemistry.

109



ISSN 2077-1746. Bicuux OHY. Bionoris. 2024. T. 29, Bum. 2(55)

10.

15.

Main results. The history of the Department of Biochemistry of Odesa National
University is described. Data on its foundation and scientists who worked at
the department are presented. The main directions of scientific research of the
department’s employees are characterized.

Conclusions. The facts presented in the work deepen knowledge about the history of
biochemical research of Odesa I. I. Mechnikov National University.

Keywords: history, Odesa University, Department of Biochemistry.
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BIOJIOT'TYHA CEKLIA (23 CEPIIHS 2024 p.)

B MEKAX XXIV TAMOBCBKOI MIDKHAPO/JHO1
ACTPOHOMIYHOI KOH®EPEHIIII <ACTPOHOMIS TA HE
TIJIBKU: ACTPO®PIZUKA, KOCMOJIOI'IA TA I'PABITALIA,
ACTPO®I3UKA EJIEMEHTAPHUX YACTHHOK,
PAJIOACTPOHOMISA, ACTPOBIOJIOI'ISA TA TEHETUKA»,
SAKA IPOBOANJIACDH 19-23 CEPIIHA 2024 p.

B OHY IMEHI I. . MEUHUKOBA, OJIECA, YKPATHA

23 cepras 2024 poky Bxke BIIOCTE B MeXax poOoTH ['aMOBCHKOI Mi>KHApOIHOL
acTpoHOMi4YHOT KoH(epeHuii BinOynocs 3acimanHs biomoriuHoi cekmii. biomoriu-
Ha CEKIlis TPaJMIIHHO Tpoxoauia mija Ha3Bowo «Baxmusicte ineit I ['amoBa mist
Oionorii 21 cromiTrs». L{poro poky y po0OoTi cexiii B3suik y4acTh 39 HayKOBIIIB Ta
ctynentiB. CBOi HayKOBi JOTOBI/II TPEACTaBUIN BUCHI 3 YKpainu, Himeuunnwn, Be-
mukoOpuranii, Jlanii, Kamagn ta CIIA. JlomoBiai OXOIUTFOBAIH TOCTIIKESHHS, 110
0a3yl0ThCSl Ha BUBYCHHI HYKJICOTHIHUX TMOCIIJOBHOCTEH T'eHIB Ta TEHOMIB Pi3HUX
010/I0TTYHUX BHUIIB.

KurouoBi caoBa: bionoriuna cexiis, 'aMoBcbka MiKHapoIHa acTpoHOMiYHA
KOH(EpEeHITis, HyKJICOTH IHI MTOCTITOBHOCTI, TeH, TCHOM.

THE BIOLOGICAL SECTION (23 AUGUST 2024)

WITHIN THE XXIV GAMOW INTERNATIONAL
ASTRONOMICAL CONFERENCE “ASTRONOMY

AND BEYOND: ASTROPHYSICS, COSMOLOGY AND
GRAVITATION, ASTROPARTICLE PHYSICS, RADIO
ASTRONOMY, ASTROBIOLOGY AND GENETICS”, HELD ON
19-23 AUGUST 2024 AT ODESA L. I. MECHNIKOV NATIONAL
UNIVERSITY, ODESA CITY, UKRAINE

It was the sixth session of the Biological Section within the Gamow International
Astronomical Conference that took place on 23 August 2024. The Biological Section
was traditionally held under the title “Importance of G. Gamov’s Ideas for the Biology
of the 21st Century.” This year, 39 scientists and students participated in the work
of the section. Scientists from Ukraine, Germany, Great Britain, Denmark, Canada
and the USA presented their scientific reports. Those reports covered research based
on the studies of nucleotide sequences of genes and genomes of various biological
species.

Keywords: Biological Section, Gamow International Astronomical Conference,
nucleotide sequences, gene, genome.
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[Ipodecop C. Yeborap, KepiBHUK CEKIlii, BIIKPHIA 3aCilaHHS IPOMOBOIO TIPO
BHecok ['eoprist AnToHOBHYa ["'amMoBa y po3BUTOK MoJIeKyssipHOi Oionorii. Bona Ha-
rajiaja, 1o Ha CbOTOJIHIIIIHI JICHb HAIMCAHO HU3KY KHUT, ipucBsiyeHux [ A. amo-
By Ta Horo poii y po3mudpyBanHi reHetnanoro koxy. Cepen Hux kaura J[xeiimca
I1. Borcona, maypeara HobemiBchko1 peMii Ta mepIoBiAKprBada MOABIHHOT criipa-
i JIHK, «Genes, Girls and Gamow» (2001); xkaura npodecopa [leHcHIEBaHCHKO-
ro yniBepcutery Jxuno Cerpe «Ordinary Geniuses: How Two Mavericks Shaped
Modern Science» (2011), npucssuena Maxkcy [ensOpioky Ta I'eoprito ['amoBy, siki B
MEBHUI Yac TOBapHUIIyBaJIM Ta OOTOBOPIOBAIN HAYKOBI 1/1€1 BU3HAYECHHS TeHETHYHO-
ro koxy (s kHura Oyia nepeBuiana y Kuesi ykpaincskoro MoBoro y 2017 porii), a
takox kaura ['opaca @pinanma xyncona «The Eighth Day of Creation: Makers of
the Revolution in Biology» (1996). Llroro poky bionoriuna cekiist BKITro4asa Im-
POKHii CIIEKTp HAyKOBHX JOMOBIJIEH, IO IiKPECIIOITh BAXKINBICTE iier ['eopris
I'amoBa 1st cygacHoi 6iosorii.

[Tix gac pobotu cekii Oyso mpeacrasieHo 14 HaykoBux nonosinei. JJokrop 6io-
noriuaux Hayk M. Bopuciok 3 [HCTHTYTY KITITHHHOT 010JI0Tii Ta TeHEeTUYHOT 1HXKe-
Hepii HAH (M. KuiB) mpencraBuB pe3yiabTaT TOCHIKEHb, BUKOHAHUX CITUTHHO 3
HaykoBisMu Huaiyin Normal University (Kurait), y momoBizi «First nucleotide level
structure of 5S and 35S rDNA loci for plantsy». JlocniaeHHs reHiB, 110 KOAYIOTb pH-
6ocomui PHK, 6yno Bucsitieno y gonosiai npogecopa P. Bonkosa ta fioro criiBas-
topiB «Conserved sequence elements in the 5S rDNA intergenic spacer are present
in the genomes of distantly related Angiosperms»; 11i KociKeHHs OyTi BUKOHAHI
Ha Kadenpi OioTexHonorii i reHeTukn YepHiBenbKoro yHiBepcuTeTy (M. UepHiBIIi).

Morona HaykoBuis 1O. [TomoBuu y momosimi «Application of new molecular
markers for detecting genetic polymorphism of Ukrainian cultivars of Triticum
durum Desf.» mpepcraBuna pe3yibTaty JOCHIIKCHb, MPOBEICHHUX IIiJ| KEPIBHU-
urBoM npodecopa C. Ueborap Ha kadeapi MoneKyIsipHoi Oiosorii, 6ioximii Ta rene-
tuku OHY imeni I. . MeunnkoBa. Takox B AOTIOBII OyiH TIpeICTaBICH] pe3yabTaTH
JOCITIPKEHB, TIPOBE/IEHUX y CITIBIIpaIli 3 HayKoBISIMU CeneKIiifHO-TeHETHYIHOTO iH-
cTuTyTy — HanioHanbpHOro eHTpy HaCiHHE3HABCTBA Ta COPTOBUBUEHHS (M. Ozeca).

Ha ocobnuBy yBary 3aciyroByBajia AEMOHCTpALisi MPaKTUYHOTO 3aCTOCYBaH-
Hst CRISPR-Cas9 TexHomorii Jiyisi CTBOPEHHS TarjIONPOABIOCOPIB Y SUYMECHIO — IO
poboty mpencraBuia aciipantka P. Satpathy y monosini «Generation of haploidy
inducers in barley by Cas9-mediated knockout of phospholipase Aly. Ii po6ora,
BHKOHaHa Tij kKepiBHUIITBOM Tpodecopa J. Kumlehn (Leibniz Institute of Plant
Genetics and Crop Plant Research (IPK), ['atepcne6en, Himeuunna), Bukiinkana Be-
JIMKY 3alliKaBJICHICTh cepell BITUM3HIHHUX 0i0TeXHOIOTiB, 30kpema O. JI. Illectoman
i I. C 3amOpibopi, gxi mpamiooTsh y CeneKiifHO-reHeTHYHOMY 1HCTUTYTi — Hario-
HaJILHOMY IIEHTP1 HACIHHE3HABCTBA T COPTOBUBUCHHSI.

[Ipo BaxknmBicTs 3a0e3nedeHHs mpuHIUIIB FAIR 11 moCmiqHUIIBKUX TaHUX,
a caMe JOCTYITHOCTI Ta MOBTOPHOTO BHKOPHCTAHHS HAKOIMYEHUX JTAHUX Y MDKHa-
poanux npoekrax nporpamu Horizon 2020 rosopuna I. UebGoTap y cBOill gomoBizi
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«Ensuring data accessibility and reusability: the FAIR approach to research data
managementy», [0 BUCBITIIOE poOOTY 3 IaHUMHU, SIKi OyJI0 OTpUMaHO B MEXax Hay-
koBoro npoekty INCREASE, Bukonanoro y Leibniz Institute of Plant Genetics and
Crop Plant Research (IPK), I'atepcne6en, Himeuuuna.

imy HU3KYy Ham3BUYAHO IIKaBUX MOCITIHKEHb 3 TCHETHKH OakTepiid mpenm-
CTaBWJIN HayKoOBII JIBBIBCHKOTO HAIliOHAJBHOTO yHiBepcuTeTy iMeHi IBana Dpan-
ka. Cepen Hux Bapto BigzHauutu gonosigs O. FOmyka «Developing a genetic
toolkit to manipulate the rare actinobacterium Umezawaea endophytica» ta pono-
Bigp acmipantku C. MenbHuk «Exploring the genomic potential of Streptomyces
roseochromogenes NRRL 3504 for specialized metabolite production». Takox i3
JOTIOBiIsIMH BUCTYIIHIH acmipanTd B.-M. Lenymsak «Effects of mutated ribosomal
protein S12 on Streptomyces Albidoflavus J1074» Tta 1. Poman «The impact of
bioinformatics tools in the classification of prokaryotes: the case of the genus
Actinoplanes». HayxoBuus 3 Konenrarencekoro yHiBepcutetry i OpXychbKoro yHi-
Bepcurery (Jlanis) JI. XKapikoa y cBoiii momosini «The unexplored relationship
between the epigenome and the root microbiome of Zea maize» npuBepHyina yBary
JI0 HEOOX1THOCTI JOCIIKYBAaTH B3aEMOIII0 MIXK KOPESHEBHM MiKp0OOiOMOM Ta poc-
JIMHAMHU.

3a HanmpsMOM MOJIEKYJSPHO-TEHETUYHUX JTOCIIIKEeHb JIIOOUHN Oyau BHCBiTIIE-
HI CyYacHI MiJIXO/X JIO JIarHOCTHKY Ta JIiKyBaHHs. Tak, JOMOBib HAyKOBUII 13 St
George’s University of London Ta reneruka St George’s University Hospitals Dr.
K. Snape «Cancer genomics: clinical interrogation of the two genomes of cancer
patients» IpUBEpHYJA BEJIUKY yBary i IMpOIEMOHCTPYBaJIa IEPEBary 3aCTOCYBAHHS
JHK-texHonorit y miarHOCTHYHUX IUIax. Bim ykpaiHcbkoi kopmopamii «tOpis-
dapm» Onexcannp ['ybap npencrasus nonosiab «Multifactorial engineering of cap-
less mRNAs for enhanced in vitro potencies», npucssueny BukopuctanHro PHK-
TEXHOJIOTIH Y JIIKyBaHHI.

JlocmimKeHHsT 13 3aCTOCYBaHHAM MOJICKYIIIPHO-TCHETUIHUX TEXHOJOTIN, IO
mpoBozsATeess B McGill University Health Center (M. Monpeans, Kanana), Oymu
BHCBiTIIeHI y fomoBiai Dr. Yu. Monczak «Measurable residual disease (MRD) in
lymphoid malignancies: the haystack, the needle, and how to find it».

Hanpukinmi po6otu bionoriunoi cekuii, Dr. X. Li 3 Bammarroncekoro aepxas-
Horo yHiBepcutety (M. Bammarron, CIIIA) npencrasus nonoins «Graphing large
indel-based haplotypes from pan-genome facilitates gene discovery», IpHuCBsUYCHY
3aCTOCYBAaHHIO MTAaHTEHOMIKH /IS BUBYCHHS TAIUIOTHITIB Ta TXHBOT PO Y BIAKPUTTI
HOBHX T'€HIB.

[ompu cknagHi YMOBH BOEHHOTO Hacy, TIEpEpBU €IEKTPOKMBICHHS Ta 4acoBi
BIIMIHHOCTI uepe3 reorpadivHi JIOKaLii JOMOBIaYiB, HAYKOBIIi-010JI0TH MPOBEIH
Jy’Ke TIPOYKTUBHY CECii0 i BUCIOBIJIM LIMPI CIIOIBAaHHS Ha TIepeMory YKpaiHu y
BiifHI Ta HaCTaHHS MHpY!
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FIRST NUCLEOTIDE LEVEL STRUCTURE
OF 5S AND 35S rDNA LOCI FOR PLANTS

Ribosomal DNA (rDNA) plays an important part in eukaryotes by encoding four
ribosomal RNAs necessary for ribosome biogenesis, thus regulating organism’s
growth and development. Plants typically have two types of IDNA loci: the 5S rDNA
loci, containing tandem copies of 5S rRNA genes separated by non-transcribed
spacers (NTS), and the 35S rDNA loci, encoding three linked rRNA genes (18S-5.8S-
25S) intertwined with intergenic spacers (IGSs) [1]. Taking advantage of low copy
number of rDNA repeats in aquatic monocot plant Spirodela polyrhiza [2] (about
100 copies of both 5S and 35S rDNA genes, compared to thousands copies in most
of plant species), we revealed the detailed molecular organization of the rDNA
loci combining molecular cytology, conventional and extra-long Oxford Nanopore
(ON) sequencing. First, we show that relatively G/C rich 35S rDNA and 5S rDNA
arrays are imbedded in highly A/T-enriched chromosome regions. Cloning and
nucleotide sequencing of the 35S rDNA repeats located in a single chromosome
locus, demonstrated high conservation of the sequences encoding 18S, 5.8S, and
25S rRNAs and some intra-genomic heterogeneity in IGSs with an unorthodox
structure of usually conserved rRNA transcription initiation site (TIS). The latter
finding is intriguing, considering that TIS in the related species of Pistia stratiotes
[3] has a canonic TATAGGGG signature typical for majority of the plants species.
Validation of rough ON data by sequencing multiple plasmids with PCR fragments
covering individual 5S rDNA units, demonstrated that the 5S rDNA repeat clusters
localize on two different chromosomal loci, which was further confirmed by in situ
hybridization. The loci are correspondingly composed of 40 and 60 repeat units
containing the NTSs of different size and demonstrating different rates of sequence
variability, further supporting the contrasting evolutional dynamics of the two types
of 5S rDNA units in S. polyrhiza [4]. In summary, our findings put duckweeds in
the spotlight for research on the molecular evolution of the rDNA, promising new
insights into basic principles of organization and regulation of rRNA genes in plants.
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CONSERVED SEQUENCE ELEMENTS IN THE IGS 5S rDNA
OF ANGIOSPERMS

Tandemly arranged repetitive regions (repeats) that encode 5S rRNA (5S rDNA)
are an obligatory component of eukaryotic genomes. It is widely accepted that 5S
rDNA repeats within a genome are very similar due to the mechanisms of concerted
evolution. Each 5S rDNA repeat consists of a conserved coding sequence (CDS) and
a rapidly evolving intergenic spacer (IGS). The high evolutionary stability of the
CDS is the result of purifying selection to maintain the function of the 5S rRNA as
a component of the ribosome. In contrast, it is thought that the main part of the IGS
probably has no function and therefore evolves at a high rate.

In this work, we aim to uncover the patterns of IGS evolution in a broad taxonomic
context. We applied cloning, Sanger sequencing, and bioinformatic analysis of
whole-genome Illumina sequencing data to describe the molecular organization of
5S rDNA in 31 genera representing 15 families and 12 orders of angiosperms.

It was shown that the short sequence motifs at the 5’ and 3’ ends of the IGS,
which are involved in the initiation and termination of 5S rDNA transcription, evolve
relatively slowly and are obviously conserved within a genus/family. Unexpectedly,
our analysis also detected conserved sequence elements (CSEs) with a length of 50
to 200 bp in the middle part of the IGS in representatives of eight eudicot genera.
These CSEs show significant similarity (70 to 91%) to genomic sequences from
taxonomically distant families. For instance, CSEs from the 5S rDNA IGS of Lens
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spp. (Fabaceae) were found in the genomes of members of the families Malvaceae,
Oleaceae and Salicaceae. Similarly, CSEs in the IGS of Aconitum, Delphinium and
Anemone species (Ranunculaceae) matched sequences in the genomes of Oleaceae
and Amaryllidaceae. Notably, sequence similarities to CSEs were found only in the
5S 1DNA IGS of some Allium (Amaryllidaceae) species. Finally, CSEs from the
IGS of Lycium, Nicotiana and Petunia (Solanaceae) showed similarity to genomic
sequences of Fagaceae, Linaceae, and Malvaceae.

We suggest that the presence of similar sequence elements in the genomes of
distantly related taxa may be due to putative horizontal DNA transfer. Alternatively, the
CSEs could represent ancient sequences conserved in certain phylogenetic lineages.
The function of the CSEs and the mechanisms responsible for their maintenance
during long-term evolution remain enigmatic and require further investigation.
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GENERATION OF HAPLOIDY INDUCERS IN BARLEY
BY CAS9-MEDIATED KNOCKOUT OF PHOSPHOLIPASE Al

The use of doubled haploid (DH) lines is one of the most effective biotechnological
measures in modern plant breeding. Individual DH lines are genetically unique results
of meiotic recombination, while they are possessing the important characteristic of
being entirely true-breeding. This means that once a useful DH line is selected, it
can be identically reproduced through selfing. In barley, DH lines can be efficiently
obtained via microspore-derived plant regeneration. However, this principle is
genotype-dependent to some extent. An alternative means to produce DH lines
is to employ haploidy-inducing lines as paternal parents (Satpathy et al. 2021).
Among the progeny resulting from such crosses, maternal haploids can be found
that have lost the paternal genome during early embryogenesis. The phenomenon
of uniparental genome elimination was reported to occur in mutants including
those for Centromeric histone 3 (CenH3), Phospholipase (PLAI, PLD3) as well
as DUF 679 membrane protein (DMP) genes of various species (Liu et al. 2017).
Primary barley mutants carrying Cas9-triggered mutations in PLA1 produced about
6% haploid progeny upon pollination of wild-type plants. The haploidy-inducing
capacity of homozygous plal M2 mutants was then validated by pollination of
various barley accessions, which resulted in haploid formation from 6% to 16%. In
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a further approach, we are employing cas9/gRNA-transgenic plal mutant barley to
deliver these transgenes and their respective products from sperm cells to zygotes
via fertilization. Any maternal parents of choice may thus be subjected to genome
editing, while the transgene-carrying paternal genome is expected to getting lost
in some cases during embryo formation (Budhagtapalli et al. 2020). This concept
holds great promise for barley genome editing with considerably reduced genotype
dependency.
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APPLICATION OF NEW MOLECULAR MARKERS
FOR DETECTING OF GLIADIN LOCI POLIMORPHISM
OF TRITICUM DURUM DESF.

Durum wheat is an important raw material in the food processing industry and the
main ingredient in the production of pasta. It is mainly grown in the Mediterranean
basin (Italy, Turkey, Algeria and Spain, providing 50% of the world’s production).

Usually durum wheat cultivars with extraordinary frost tolerance have unsat-
isfactory yield and quality. Breeding winter —type cultivars of durum wheat with
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frost tolerance and quality on a level of classical quality spring durum varieties and
yield is challenging, but not impossible. Flour breadmaking/ pastamaking quality is
determined by properties of gluten complex consisting of monomeric gliadins and
polymeric glutenins proteins.

Gliadins and glutenins demonstrate high polymorphism and are very important
for selection durum wheat especially of winter type cultivars selection, growing in
Ukraine. Due to the complexity identification allelic variants of gliadins in durum
wheat there is a need for DNA-markers. Therefore, the aim of study was to analyze
polymorphism of Gli-41 and G/i-B1 loci of modern Ukrainian winter durum wheat
cultivars using a DNA-marker system developed on common wheat.

Eighteen durum wheat cultivars developed by Plant Breeding and Genetics In-
stitute — National Center of Seed and Cultivar Investigations were analyzed by PCR
with allele-specific primers to G/i-41 and Gli-BI loci, developed by Zhang et al
(2003). Gliadin protein specters characteristics were revealed by storage proteins
electrophoresis in acid PAGE method. Bioinformatic analysis and PCR in silico were
used for analyzing possibility of applying of primers developed for bread wheat for
durum wheat.

By using PCR with allele-specific primers to G/i-41 locus Gli-A1.2 allele was
detected in all cultivars studied. For six cultivars two alleles Gli-A1.1 and Gli-A1.2
alleles revealed in each grain analyzed. We assume these cultivars could have two
copies of amplified in PCR sequence, that was shown by bioinformatic analysis.

Using PCR with allele-specific primers to Gli-B1 locus developed by Zhang, we
revealed two diferent by length amplification fragments of G/i-B1.1 allele: 376 bp
and 379 bp. Also five different by length amplification fragments were detected for
Gli-B1.2 alele: 397 bp, 400 bp, 403 bp, 409 bp, 424 bp.

DNA-marker system for gliadins developed on common wheat (Popovych et al.,
2020) is applicable for durum wheat. Most alleles detected in the study are common
for T durum and T. aestivum species. Allele frequencies revealed for durum wheat
significantly differ from allele frequencies of bread wheat collections studied before.
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ENSURING DATA ACCESSIBILITY AND REUSABILITY:
THE FAIR APPROACH TO RESEARCH DATA MANAGEMENT

The application of multi-omics approaches for crop investigations presents re-
searchers with challenges related to the storage and integration of the obtained data.
Over the last few decades, the amount of data generated through various interna-
tional and collaborative projects has risen dramatically, and this trend is expected to
continue in the future. Therefore, clear strategies for data management and reusabil-
ity are essential. Data may be consistent with FAIR principles: Findable, Accessible,
Interoperable and Reusable, but still may be as open as possible and as closed as
necessary. Effective research data management strategies include the publication of
data in repositories with persistent identifiers, regular backups, detailed descriptions
of data formats, and comprehensive metadata documentation.

An example of open science, open innovation and open to the world project han-
dling large volumes of data is the INCREASE project, funded by Horizon 2020.
This six-year initiative involves 26 partners from 13 countries, focusing on the food
legumes common bean, chickpea, lentil, and lupin (https://www.pulsesincrease.eu/
about). The project aims to develop efficient conservation tools to enhance agricul-
tural biodiversity in Europe. From a data curation perspective, the goal is to ensure
meaningful and enduring access to the generated data.

For approximately 18,000 accessions, single seed descendant lines, around
13,000 persistent identifiers have been created (e.g. https://doi.org/10.18730/13M-
RAB), making the data findable and accessible online. Standardized templates have
been developed for about 50 traits across four crops to gather data from 80 experi-
ments, each with three repetitions. Data quality is evaluated based on metrics such
as correctness, completeness, fitness for use, and alignment with project objectives.
Passport data provided by project partners are standardized to MCPD (FAO/Bio-
versity Multi-Crop Passport Descriptors V.2.1 [MCPD V.2.1] https://www.fao.org/
plant-treaty/tools/toolbox-for-sustainable-use/details/en/c/1367915) and matched
with EURISCO and GENESYS. For phenotypic data an ISA-TAB like (https://
www.nature.com/documents/scidata-isatab-specification.pdf) format is applied.
Further data base implementation and web portal development are expected. Infor-
mation from genotyping and metabolomic experiments and results of data analysis
will be published in open repositories, e.g. Zenodo, e!DAL, ENA.

In addition to laboratory research, the project includes a Citizen Science Exper-
iment, allowing volunteers to participate in decentralized seed conservation and
agro-biodiversity preservation. Data collected through the Citizen Science App are
also integrated into the project’s database.
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DEVELOPING A GENETIC TOOLKIT TO MANIPULATE
THE RARE ACTINOBACTERIUM UMEZAWAEA
ENDOPHYTICA DSM 103496

Mycelial actinobacteria — colloquially known as actinomycetes — are soil-
dwelling Gram-positive bacteria with a high genomic GC content. Several features
of actinomycetes attract scientific attention, both in fundamental and applied
contexts. Fundamentally, these organisms are studied as models of bacterial
multicellularity due to their complex life cycles involving cellular differentiation.
On the applied side, actinomycetes are of interest for their production of various
specialized metabolites, including antibiotics, and biotechnologically relevant
enzymes. Historically, members of the genus Streptomyces have been the most
extensively studied actinomycetes, providing the majority of antibiotics of microbial
origin. However, members of other genera (often referred to as non-Streptomyces
actinobacteria or non-common actinomycetes) are equally interesting and prolific
sources of specialized metabolites, despite being much more challenging to cultivate,
handle, or manipulate genetically.

In our previous research aimed at discovering novel glycopeptide antibiotics
(GPAs — a valuable group of compounds that inhibit Gram-positive cell wall
biosynthesis by binding to lipid II), we identified a biosynthetic gene cluster
(BGC) for a putative new GPA in the genome of the non-common actinomycete
Umezawaea endophytica DSM 103496 (family Pseudonocardiaceae). With the
ultimate goal of identifying the production of this novel GPA, we first decided to
thoroughly investigate the growth properties of the strain and develop a toolkit for
genetic manipulations with DSM 103496.

When the growth and morphology of DSM 103496 were studied on various agar
media, we discovered that the culture actually consisted of two distinct morphological
types. The first, named Bht (from “barchent,” due to its velvety surface), exhibited
typical Pseudonocardiaceae morphology, including the development of aerial
mycelium that differentiated into spores, as evident from scanning electron
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microscopy (SEM) imaging. The second type, named Lth (from “leathery,” due to
its smooth surface), did not form aerial mycelium or spores. SEM imaging revealed
that the Lth type had a smooth surface composed of vegetative hyphae with short,
spike-like, presumably hyphal structures that did not resemble aerial hyphae. These
hyphal structures were easily fragmented and dissociated when the lawn surfaces
were washed with water.

After analyzing several thousand clones of Bht and Lth, no transitions between
the two morphological types were observed, confirming the stability of these forms.
Notably, co-cultivation of Lth and Bht induced the formation of typical aerial hyphae
in Bht, suggesting that Bht is unable to produce some small-molecule messenger
required for proper differentiation (similar to the A-factor of Streptomyces spp.).

Next, we tested whether hyphal fragments (Lth) and spores (Bht) could serve as
recipients in intergeneric conjugation with Escherichia coli donor strains carrying
various integrative and replicative plasmids. We found that ¢C31-, BT 1-, and VWB-
actinophage-based plasmids, as well as a pSGS5-replicon-based replicative plasmid,
could be successfully transferred using hyphal fragments of Lth. However, none of
these plasmids could be transferred when spores of Bht were used as recipients.

Overall, the obtained results highlight DSM 103496 as a peculiar example of a
non-common actinomycete. We plan to sequence the genomes of both Bht and Lth
to identify genetic differences underlying their distinct morphologies and further
optimize conjugation protocols for both forms. These findings represent an initial
step toward investigating GPA production in DSM 103496.
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EXPLORING THE GENOMIC POTENTIAL OF
STREPTOMYCES ROSEOCHROMOGENES NRRL 3504
FOR SPECIALIZED METABOLITE PRODUCTION

The current crisis of antibiotic therapy in Ukraine and the world forces us to look
for new approaches to discovering antibiotic compounds. The explosion of bacterial
genome data has led to the discovery of myriads of specialized metabolite biosynthetic
gene clusters (BGCs) of unknown chemical identity. Developing reliable methods to
access the chemical diversity hidden in these predominantly “silent” BGCs will help
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discover new biologically active compounds. Here, we report the use of a complex
approach combining detailed bioinformatic analysis of the genome of soil bacteria
Streptomyces roseochromogenes NRRL 3504 with further expression of identified
BGC:s in suitable host strains.

NRRL 3504 was first described in 1970s as a producer of gyrase inhibitor clo-
robiocin and no other specialized metabolites are known to be produced by this
strain till this report. We conducted thorough bioinformatic analysis of NRRL 3504
genome to predict chemical identity of small molecules this strain could produce
and genetic mechanisms that may limit their production. As a result we managed to
express in the heterologous hosts S.albus Dell4 and S. lividans AYA9 several BGCs
putatively involved in biosynthesis of anti-inflammatory antibiotic colabomycin E,
antitumor agent trioxacarcin A and cancer cells inhibitor ulleungdin. In-depth analy-
sis of colabomycin-like BGC (hereafter labeled as /im) revealed that the latter in fact
directs the production of unusual polyketide limocrocin (LIM) known for its antivi-
ral activities. Bioinformatic analysis of /im BGC as well as /im gene knockouts led
to the initial hypothesis about biosynthetic pathway leading to LIM that remained
hidden for the last 70 years.
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EFFECTS OF MUTATED RIBOSOMAL PROTEIN S12
ON STREPTOMYCES ALBIDOFLAVUS J1074

The discovery of spontaneous streptomycin-resistance mutations in ribosomal
protein S12 gene (7psL) that influence translational speed and accuracy has revealed
that the ribosome is more than a just passive platform for protein biosynthesis. Some
rpsL mutations induce mistranslation, while others promote slow and hyperaccurate
protein synthesis. Beyond their direct impact on translation, rpsL mutations exert
pleiotropic effects on important antibiotic-producing Streptomyces bacteria, includ-
ing upregulation of specialized metabolites production, aberrant protein biosynthe-
sis, and increased expression of ribosome recycling factor.

Previous studies of »psL mutations were performed on spontaneous mutants car-
rying additional changes in their genomes. In contrast, our study focuses on ge-
netically engineered S. albidoflavus mutants K88R, K88E, and R94G which provide
valuable insights into »psL-mediated effects due to their ‘clean’ genetic background.
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These three strains, differing only in one amino acid residue within S12 protein,
exhibit altered morphology features: the wild-type strain SAM2 and R94G show
unchanged appearance, while K88E and K88R have a reduced number of sporulat-
ing hyphae. Ribosomal protein S12 mutations did not adversely affect total protein
content or colony-forming unit counts under the conditions tested, but mutants’ dry
biomass weight was significantly decreased compared to the wild-type strain. More-
over, the level of c-di-GMP, a second messenger regulating morphological develop-
ment and antibiotic biosynthesis, was affected in the mutants, particularly in K88R,
which was extremely difficult to generate. The highest antibioticproduction levels
were observed for K88E and R94G strains exhibiting moderately decreased c-di-
GMP levels.

To conclude, our data suggest that certain rpsL mutations affect c-di-GMP levels,
through as-yet unknown mechanism. A better understanding of this phenomenon can
shed light on the antibiotic overproduction phenotype commonly associated with
rpsL mutations. This will guide rational ways of Streptomyces strain improvement,
urgently needed in times rising of antimicrobial resistance .
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THE IMPACT OF BIOINFORMATICS TOOLS IN THE
CLASSIFICATION OF PROKARYOTES, THE CASE OF THE
GENUS ACTINOPLANES

During the Antarctic thizosphere actinobiome research, about 100 isolates were
isolated. Based on the results of 16S rRNA gene sequencing, members of nine gen-
era were identified, including four isolates from the genus Actinoplanes. Since the
members of the genus Actinoplanes were isolated from Galindez Island for the first
time, we decided to perform a detailed phylogenetic analysis of these isolates. The
16S rRNA gene sequences of 57 validly published species of the genus Actinoplanes
were selected for this work, with Pseudosporangium as an outgroup. However, dur-
ing the phylogenetic analysis, Pseudosporangium was grouped with certain species
of the genus Actinoplanes and formed a separate clade. Therefore, it was decided to
perform a phylogenetic analysis of the entire Micromonosporaceae family to better
calibrate the phylogenetic tree. However, the obtained results were a bit unexpected;
the genus Actinoplanes was not only grouped with other genera (Pseudosporangium,
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Couchioplanes, Mangrovihabitans, Nucisporomicrobium and Jidongwangia), but
also formed three almost independent clades. Thus, two hypotheses emerged: 1) the
genera Pseudosporangium, Couchioplanes, Nucisporomicrobium and Jidongwangia
are described incorrectly and should actually belong to the genus Actinoplanes; 2)
the genus Actinoplanes is actually heterogeneous and includes several separate gen-
era that are mistakenly included in Actinoplanes. For further work, we divided the
genus Actinoplanes into 4 clades and studied their properties independently. After
performing the ANI analysis, we were able to establish that the members of each
studied clade have high similarity within the clade, but outside of it, the similarity
drops rapidly and does not significantly differ from the similarity to the members
of other genera. In addition, the ANI also allowed us to divide one of clades into
two subclades, as their representatives were highly diverse. The results were also
confirmed by AAI analysis. As a result, four new genera were described: Paractino-
planes, Winogradskya, Symbioplanes and Amorphoplanes.
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THE UNEXPLORED RELATIONSHIP BETWEEN
THE EPIGENOME AND THE ROOT MICROBIOME

The relationship between the microbiome and the plant is a complex and dynamic
one, with bidirectional interactions that can have significant impacts on the plant’s
fitness [1, 2]. Mechanisms involved in microbiome regulation through genetic fac-
tors of the host plant and the properties of the plant microbiome are well documented
[3, 4]. However, the plant genome is vital but may not fully explain plant functions
due to environmental influences [5]. In response to the external stresses epigenetic
changes can impact gene expression without altering the DNA sequence, via DNA
methylation, histone modifications, and small RNA-mediated gene silencing. Aimed
to afford a more comprehensive understanding of how the plant responds to environ-
mental cues and how it shapes the composition and activity of its associated microbi-
ome, along with host genome here we propose to contemplate epigenome influence.

Here, performing two experiments in greenhouses, we focused on the influence
of the plant epigenome on the root microbiome. Experiment 1 showed that a muta-
tion affecting the epigenome led to changes in the root microbiome, potentially due
to alterations in root morphology and exudates. Experiment 2 demonstrated differ-
ences in the root microbiome of plants from parents exposed to phosphorus stress,
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attributing this variation mainly to inherited epigenetic differences rather than seed
endophytes. While epigenome effects were inconsistent in phosphorus samples and
absent in nitrogen samples, genomic variation greatly affects the epigenome-micro-
biome relationship. The findings suggest that variations in the epigenome can have
significant effects in real-world scenarios beyond controlled environments. This
highlights the need for further research with replicates and clonal plant populations
to better understand the complex relationship between the epigenome and the root
microbiome.
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CANCER GENOMICS: CLINICAL INTERROGATION
OF THE TWO GENOMES OF CANCER PATIENTS

Cancer patients have two clinically relevant genomes. Firstly, the somatic
(acquired) cancer genome which contains genomic variation leading to oncogenesis.
This cancer genome can be interrogated for prognostic, diagnostic or therapeutic
information to guide cancer management. Secondly, the constitutional (germline)
genome. This contains heritable genomic variation which can increase the likelihood
of'a person developing cancer and can be utilised to identify patients at increased risk
of cancer who might benefit from additional screening, prevention or early detection
interventions.

In the UK, paired whole genome sequencing in cancer patients took place initially
through the 100,000 Genomes research study and is now embedded within the
National Health Service (NHS), alongside large cancer gene panel next generation
sequencing as part of the routine care of cancer patients.
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In this lecture, I will give an overview of the clinically relevant genomic variation
which can be identified through analysis of these two genomes in cancer patients,
using case exemplars to demonstrate important principles and how our ability to
generate large scale genomic data is transforming the care of cancer patients in
clinical practice.
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MULTIFACTORIAL ENGINEERING OF CAP-LESS MRNAS
FOR ENHANCED IN VITRO POTENCIES

Cap-less mRNAs represent an emerging platform for therapeutic nucleic acids
developed by Yuria-Pharm LLC, seeking to address key limitations of traditional cap-
dependent mRNA manufacturing, such as high reagent costs, complex purification
steps, and suboptimal product yields. These novel mRNAs incorporate engineered
group I-like lariat-capping ribozymes (LCRs) to generate a stable 5'-cap structure
and employ an internal ribosome entry site (IRES) for cap-independent translation
initiation.

In this study our primary goals were: (I) to identify LCR variants with increased
5'-end capping efficiency and downstream protein expression, and (II) to identify
3'UTR elements that enhance transcript stability in cells. A panel of natural LCR
orthologs from protists [1,2], as well as site-directed mutants of the Didymium
iridis LCR, was generated and tested in vitro. We identified variants exhibiting up
to a three-fold increase in processing rates and improved capping efficacy (from
45% to 93%), highlighting the importance of rapid lariat product release after the
transesterification step. When incorporated into synthetic mRNAs carrying an IRES,
these optimized LCRs produced a four-fold increase in luciferase output relative to
the IRES-only control, while reaching up to 20% of reporter accumulation, driven
by ARCA-capped benchmarks. LCR performance differed significantly depending
on the IRES sequence context, underscoring mutual dependence on the sequence/
folding context for both elements.

To further improve mRNA stability, we performed functional screening of
a 3'UTR library[3] derived from a pool of long-lived transcripts isolated from
CHO DG44 cells after prolonged cell culture incubation with Actinomycin D. By
subjecting this library to iterative selection (six rounds of transfection, extended
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incubation, re-cloning and mRNA library re-synthesis), we identified 194 candidate
3'UTR features showing significant enrichment, with 89 variants displaying over
ten-fold enrichment relative to the initial library. Over-representation analysis of
enriched features demonstrated enrichment of multiple GO terms including positive
regulators of transcription, transcripts associated with rRNA metabolic processes
and regulators of translation, typically associated with processes, demanding for
long-lived transcripts. 26 putative 3'UTRs were selected for further validation in
reporter assays.

Our work demonstrates that rational engineering of LCR in tandem with careful
selection of 3’UTRs can substantially improve both capping efficiency and functional
stability of cap-less mRNAs, accelerating the clinical translation of cap-less mRNA
therapeutics.
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MEASURABLE RESIDUAL DISEASE (MRD) IN LYMPHOID
MALIGNANCIES: THE HAYSTACK, THE NEEDLE, AND HOW
TO FIND IT

Most B- and T-cell lymphoid malignancies develop from a single cell by acquiring
a set of mutations in various genes, each providing a specific growth advantage to
that transformed cell. Since the immunoglobulin heavy (IGH) chain genes rearrange
very early in lymphoid cell differentiation, most clonal populations of lymphocytes
will carry the exact same gene rearrangement as in the original malignant cell.
Moreover, the IGH gene rearrangements are very stable throughout clonal expansion,
hence they can be used as clonal identity markers. Molecular detection of lymphoid
malignancies (B- or T-cell) has quickly become the gold-standard in diagnosis, and
regular end-point PCR technology using the BIOMED-2 protocol has been the “gold
standard” for over twenty years [1]. It relies on the identification of the specific
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IGH gene rearrangement common to the clonal population of cells. More recently,
next-generation sequencing (NGS) has established itself as the method of choice
for detection of lymphoid clonality, providing higher sensitivity and specificity, and
allowing additional downstream evaluation of disease treatment and response [2].

One such evaluation is the detection of the “tumor burden” in the patient following
treatment, referred to as Measurable Residual Disease (MRD) [3]. Recent studies
suggest that patient progression-free survival can be predicted depending on the
number of remaining tumor cells, usually measured by the number of circulating
clonal cells divided by the number of polyclonal (normal) cells in a patient’s blood
sample [4]. The target value is at least 1:10%, and prognosis improves if the MRD
value reaches 1:10° or even 1:10° [5]. Although flow-cytometry provides reliable
MRD analysis at least up to 1:10*, NGS technology allows us to rapidly determine
the exact sequence of the clonal IGH gene rearrangement in the malignant cell
population at diagnosis, and then use this sequence to calculate the number of times
it is found in a pool of the patient’s cells post-therapy, with MRD values up to 1:10°.
The cornerstone of this methodology is the quantity of lymphocytes that must be
sequenced in order to provide the necessary “depth of sensitivity”. In order to achieve
a sensitivity of 1:10% a total of 200ng of DNA must be sequenced, which translates
to 30,000 cells. If one is to achieve a sensitivity of 1:10°, then over 3 million cells
need to be sequenced, which poses a challenge for sample sizes and method costs.
Here we describe our attempts to achieve such high levels of sensitivity.
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26. 168-178.
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GRAPHING LARGE INDEL-BASES HAPLOTYPES
FROM PAN-GENOME FACILITATES GENE DISCOVERY

Large insertion and deletion (indel) polymorphisms contribute significantly to
phenotypic variations through altering gene structure or expression. Although pan-
genome assemblies are available from major crops, identifying and graphing large
indels across assemblies for specific genes are challenging and painstaking tasks.

To overcome the challenge, we devised two unsupervised learning algorithms,
CHOICE (Clustering HSPs for Ortholog Identification via Coordinates and
Equivalence) and CLIPS (Clustering via Large-Indel Permuted Slopes). CHOICE
automatically retrieves the segments harbouring the ortholog from each assembly
for the desired All-vs-All comparison while CLIPS groups accessions sharing same
indels into haplotypes for concisely haplotype graphing.

We then constructed an interactive webapp BRIDGEcereal (https://bridgecereal.
scinet.usda.gov/) to expedite this process. Over hundred assemblies from 5 major
cereal crops (Wheat, Barley, maize, rice, and sorghum), were compiled. The
only required input is a gene model ID or a transcript sequence. Two adjustable
parameters, up- and down-stream search boundaries, enable to survey the unknown
sizes and locations for indels outside of the gene body. We demonstrated that
mining pan-genome through BRIDGEcereal could accelerate gene discovery and
characterization with multiple wheat genes underlying QTL/GWAS intervals.

WLHS-A1 haplotype graph

Paragon

11 in total
| 14.71kb )
WLHS1 - aintact

==

Chinese Spring

; 1l in total
0 50 150 250 ] 11.708kb

chr4A (cM) b WLus1 - anovel

Fig. 1. The haplotype graph generated by BRIDGEcereal suggests WLHS-A1,
a MADS-box gene segregating a 3-kb indel containing 3 exons (open red boxes),
is a promising candidate for the classic Hooded QTL.
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The gene underlying the B/ locus controlling awn presence/absence had been
identified as a novel transcription factor while the functional site remains unknown.
BRIDGECcereal identified large deletions of 17-kb in the B/ upstream contributing
to two haplotypes as potential casual polymorphisms. Hooded is another QTL
controlling awn presence/absence, but the underlying gene had not been identified.
Results from BRIDGEcereal suggested that WLHS-A1 harbouring a 3-kb deletion
removing 3-exons as a promising gene. The versatile design enables to seamlessly
incorporate newly released assemblies.
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IH®OOPMAILIA 51 ABTOPIB

[lig wac momaHHS PyKONHUCY JIO JKypHAJy aBTOPW TOBHHHI MiATBEPIUTH HOTO
BIJIMOBI/IHICTh BCIM BCTAHOBJICHMM BHUMOTaM, BKa3aHHMM HIDKYe. B pasi BusBICH-
Hsl HEBIJIIOBITHOCTI MOJJaHOI POOOTH IYHKTaM I[UX BUMOT PEIaKilis MOBepTaTuMe
aBTOpaM Marepiajiv Ha JOOIPAIIOBaHHI. BHYTpIIIHE perieH3yBaHHs 3M1HCHIOETHCS
YIICHAMH PEIAKITIHHOT KOJIETi1, IKi MatoTh HAHOUTBII OJIM3BKY O TEMATHKH POOOTH
HayKOBy CIlelfiani3amiro. PerieH3eHT Bu3Hauae HayKoBY IIiIHHICTh aBTOPCHKOTO OPHTi-
HaJly, BIATOBIAHICTh Marepiady TeMaTuL KypHay.

30BHIIITHE pEIEH3YBaHHS 3/IHCHIOETHCS BUCOKOKBaTi(hikoBaHUMU (DaxiBIsIMHU,
SIK1 MAIOTh HAyKOBI Mpalli 3 TPOOIEMaTHKH CTaTTi. 30BHIIIHIN PelleH3eHT 00NPAETh-
csl 3 ypaxyBaHHSIM HOTrO IIOTOYHOTO HABAHTAXKEHHS Ta 3 HOTO 3TOJIH.

Penien3yBaHHS TPOBOAUTHCS KOH(IACHITIHHO 32 TPUHITUIIAMHE ITOABIHHOTO CITIIO-
TO pelieH3yBaHHs, KOJIA Hi aBTOp, Hi PEIICH3eHT HE 3HAIOTh OJIWH TPO OTHOTO.

1. llpaBuia mogaHHsl pykomucy 10 KypHaiay «BicHuk Opecbkoro Hamio-
HaJILHOTO YHiBepcuTety. biosorism»

1.1. «Bicuuk OnmechKoro HaIliOHAIBHOTO YHIBEPCHUTETY. bioyorisy 3miliCHIOE
Taki myOmiKarii:

e  HaykoBi cTaTTi, 30KpeMa OIVIsIIOBOTO XapaKTepy.

Kopotki moBijjoMiIeHHSI.
biGmiorpadis.
Marepianu koH(EpEHIIIH.
Penensii.

e  Marepianu 3 icTopii HayKy Ta YHIBEPCUTETY.

1.2. Y neBHOMY BUIYCKY OJMH aBTOpP Ma€ MPaBO HAJAPYKyBaTH TUIbKU OJHY ca-
MOCTIilHY CTaTTIO.

1.3. MoBu BuaanHs — yKpaiHChKa, aHTIIIHCHKA.

1.4. Jlo penaxiiii «BicHHKA...» TONAETHCS BipeNarOBaHUN 1 IOTOKEHUN 3 pell-
KOJIETi€r0 TeKCT cTarTi y popmari *.doc (rapritypa Times New Roman (Cyr), kerb
14, BincTanp Mix psakamu 1,5 iHTepBanm; mons: niBe — 2,5 cM, npase — 1,5 cwm,
BEPXHE — 2 CM, HIDKHE — 2 ¢M), HaOpaHuii 6e3 3actocyBanHs (ynkuii «Po3cranoBka
NEepeHOCiB» Ta JBa MiAMMCAHUX EK3EMIUISIPU «PO3APYKiBKM» 3 Hei. Pe3tome aBoma
MoBaMH (3pa3ok odopmiieHH myOrikaiii HaBeaeHo HanpukiHii KepiBauirsa). Pe-
KOMEH/IaIlis kadenpu abo HayKoBOi yCTAaHOBH JI0 IPYKY.

2. ITinroToBKa cTaTTi — 000B’I3KOBI CKJIA/I0BI
OpuriHajibHa CTaTTs Ma€ BKIIOYATH:
2.1. KopoTky aHOTAaIi10 MOBOIO OpHTiHATY MyOJiKamii i KITI04OBi cI0Ba.
2.2. Betyn, y sSIkOMy OOTOBOPIOIOTH aKTyallbHICTh MPOOIeMH, GOPMYITIOIOTh
METy Ta OCHOBHI 3aBIaHHSI JOCIIJUKEHHS.
2.3. Marepianu i METOIIN JTOCITi IKSHHS.
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2.4. Pe3ynbraTu TOCIIKEHHS Ta IX 0OTOBOPEHHS.

2.5. Anani3 pe3ynbTrariB (Moxke OyTH 00’ € IHaHUH 3 IONIEPEAHIM ITYHKTOM).

2.6. BucHoBKWH.

2.7. «CriMcoK BHKOPUCTAHOI JIITEpaTypu» — MEpPesiK YCiX BHKOPHUCTaHHUX
JDKEpe, SIKU HaBOIUTHCS MOBOIO OpHTiHaNy (BCi JDKepena MOAAlOThCS TIE0
MOBOIO, KOO 1X OMYyO0JIiIKOBAaHO, TOOTO 1 KHPHIIUIICIO, 1 TATUHHUIICIO).

2.8. “References” — TpaHCIITEpOBaHUH IIEPEIIK YCIX BAKOPUCTAHUX JIKEPET,
SIKUM HaBOJIUTHLCS JIATHHHUIICIO 1 MOBHICTIO JyOiitoe «CHMCOK BUKOPUCTAHOI
JTEepaTypm»: JHKepena KUPWIUICI0 TPAHCITITEPYIOTHCS BiIMTOBITHO IO TIPABIII
TpaHCHIiTepaLii; Jukepesa JaTHHULECIO TyOmoloThes 31 «CIMCKY BHUKOPHCTAHOT
JTepaTypm.

2.9. PosmmpenHi pe3ioMe YKpaiHCBKOIO Ta aHMIIHCHKOI0O MOBOIO 13
3a3HaUYCHHSIM KIIOYOBUX CIIiB.

3. OdopmieHHsi pykomucy, 00Csr, MOCJHiTOBHICTh Ta PO3TALIYBaHHS
000B’A3KOBHX CKJIAIOBUX CTATTi
3.1. OOcsr pykomucy HayKoBOi CTaTTi (3 ypaxyBaHHSM MaJIOHKIB,
TaOIMUIh 1 TMANKACIB 10 HUX, aHOTAIlil, pe3loMe, CITUCKY JiTteparypu) — 8—15
CTOPIHOK JIPYKOBaHOTO TEKCTY, onsiAiB — a0 20 CTOpiHOK, peueHsiii — mo 3
CTOPIHOK, KOPOTKHX IOBIJIOMJIEHb — JI0 2 CTOpPIHOK. Pykomucu OibIIoro
00cATy IPUAMAIOTHCSI JI0 )KYPHAIY TUIBKH TICIISI MOTIEPEIHBOTO Y3TO/DKEHHS 3
PeAKoIIeri€eto.
3.2. [TocimoBHICTh APYKYBaHHSI OKPEMHUX CKJIAJOBHUX HAYKOBOI CTATTI M€
OyTH TaKom:
1. VK -y niBoMy BepxXHbOMY KyTi IEPIIOT0 apKylla.
[IpizBure Ta iHimiagan aBTopa (aBTOPIB), @ TAKOXK BiATIOBIIHUN BUCHUU CTY-
ITiHB Ta MM0Caja, MOBOIO OPUTIHAIY.
Inentudikarop ORCID aBropa (aBTOpIB).
4. Ha3Ba HayKOBOi YCTaHOBH (30KpeMa Biaiy, Kadenpu, e BAKOHAHO HAYKOBY
TIpaIko).
5. TloBHa momtoBa aapeca (3a MKHAPOJHUM CTaHIIAPTOM), Tese()OH Ta eJeK-
TpOHHA anpeca (e-mail) aIs criBmparlli 3 aBTOpaMH.
6. Haz3ga crarti. BoHa MmoBUHHA TOYHO BiIOMBATH 3MICT mpaili, OyTH KOPOTKOIO
(B Mexax 9 MOBHO3ZHAYHUX CITiB), MICTUTH KJIIOYOBI CIOBA.
7. AmnoTaIis MOBOIO OPHUTiHATY HAaBOJIUTHCS K OKPEMHUiA a03all mepe;t mo4aTkoM
OCHOBHOT'O TEKCTY CTarTi 3 BizicTynoM 20 MM Bij J1iBOTO MOJISI i Ma€ MiCTUTH
He Oubiie 50 moBHO3HAa4YHUX ciaiB. CitoBO «AHoTais» (“Abstract”) He Ha-
BOJIUTHCSL.
8. Ilig aHOTawUi€r0 HABOAATHCS KIFOUOBI CJIOBA, KOJKHE 3 SIKUX B1IOKPEMITIOETHCS
KOMOIO.
9. Hami e OCHOBHHU TEKCT CTaTTi, IO BKIIIOYa€ OCHOBHI 3MiCTOBI PO3/iJH,
«Crnncok BHKOpHCTaHOI JiTepatypu» Ta “References”. Anamiz mpobmemu
Mae OazyBaTHCs Ha Cy4acHiM HayKoBii jiteparypi (3a octanHi 10 pokiB).
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10. Tabnu1ii Ta MATFOHKH pa3oM 3 MAMKACaMHU Ta HEOOX1THIMH TMOSCHEHHIMH 10
HUX PO3MIIIYIOTBCS y TEKCTI CTATTI, MICHIsI IEPIIOTO 3ralyBaHHsI PO HUX.

11. Ha okpeMoMy apKylIili HaJIalOThCSl PE3IOME CTATTi YKPaiHChKOI Ta aHIIi-
ChKOIO MOBaMH, O(OPMIICHI TaKUM UYMHOM: MPI3BHUIINE Ta IHII[IaJId aBTOpa
(aBTOpiB), HA3Ba HAyKOBOI YCTAaHOBH, ITOBHA IOINTOBA aJpeca yCTAaHOBH, Ha-
3Ba CTarTi, ci1oBO «Pe3tome» (“Summary”), TEKCT pe3roMe 1 KITFOYOBI CIIOBA
(BiAMOBITHO YKPaiHCHKOKO Ta aHIWIICHKOI0), a Takoxk “‘References”. Pesrome
Mae OyTH 3po3yMiiuM Oe3 3BepTaHHsS 10 caMoi myOrikaumii; y pesioMe mae
OyTH 3a3HaueHa aKTyaJIbHICTh IPOOJIEMHU, ME€Ta, METOH JIOCJIIJKSHHS, OCHO-
BHI Pe3yJIbTaTh JOCIIPKCHHSI, BUCHOBKH Ta KOHKPETHI MPOTO3HMIIii aBTOpa.
O06csr pesrome 250-280 cmis.

3.3. CrarTs Mae OyTH IiiTucaHa aBTOPOM (aBTOpPaMH).

4. MoBHe 0()OpMJICHHS TEKCTY: TePMiHOJIOTifl. YMOBHI CKOpO4eHHS, MOCH-
JIAHHS, TA0IUIi, CXeMH, MAJTIOHKH

4.1 ABropu HecyTh MOBHY BIJIOBiJaNbHICTh 3a Oe370raHHE MOBHE
o(OpMIICHHS TEKCTY, 3a MPaBUILHY YKpPaiHChKY HayKOBY TepMiHOJOTIIO (il
CJIiJT 3BIpSATH 32 (PaXOBUMHU TEPMIHOIOTTYHUMH CIIOBHUKAMH).

4.2 JlatuHChKi OionoriuHi TepMiHU (Ha3BH BUIIB, POIIB) MOAAIOTHCS
00OB’SI3KOBO JIATHHUIICIO 1 KYPCHBOM. 3a MEPILIOr0 BKUBAHHS JATHHCHKOT
Ha3BH y JIy’KKax ci1iJl 000B’13KOBO HAJIATH YKPATHCHKHIA BIJIOBITHUK HA3BH.

4.3 Slxmo aBTOp BBaXkae 3a MOTPIOHE CKOPOTHTH CIIOBOCIIONYHYEHHS,
[0 YacTO TIOBTOPIOIOTHCS y TEKCTI CTaTTi, TO Taki abpeBiaTypu HaBOIATH
y IOyXKax 3a IEpIIOro BKMBAHHS BIANOBIAHOTO CIIOBOCHOJYYEHHS.
Hanpuxnan: CenekuiliHo-reHeTHUHUH 1HCTUTYT — HamioHansHuMi 1IEHTp
HaciHHe3HaBcTBa Ta coproBuBueHHs (Hani CI'T - HITHC).

4.4 TlocunaHHs Ha JIITEPaTyPy HAJAIOTHCSI Y TEKCTI CTAaTTi, 000B’ I3KOBO
y KBaJpaTHUX Ayxkkax, nuppamu. udppa B myxkax mozHadae HOMEp
mpami 'y «CnucKy BHUKOPHCTaHOI JiTepaTypm». Has3Bu mpamp y crmcky
JITepaTypH PO3TAIIOBYIOTHCA Y aI(aBiTHOMY HMOPSAKY 1 0(OPMITIOIOTECS 32
ACTY 8302:2015.

4.5 Ludposuit marepiai, 3a MOKIUBOCTI, CIIi/I 3BOJUTH y TaONHUIII i HE
nyOnroBatH y TekcTi. Tabnuii MaroTh OyTH KOMIAKTHUMH 3 MPU3HAYEHUM
MOPSIIKOBUM HOMEPOM; Tpadu, KOJIOHKA MalOTh OyTH TOYHO BH3HAYCHUMH
morigao 1 rpadiuno. llmdpoBuii Marepiam TaOIHIE CIiT 0OpPOOUTH
CTaTUCTUYHO. Marepian TaObnmuIb (K 1 MaJIOHKIB) Mae OyTH 3pO3yMiTUM
HE3aJIe)KHO BiJl TEKCTy CTarTi. 3a o0 €THAHHS JEKUIBKOX PHCYHKIB,
MaJIIOHKIB a00 ¢oTorpadiifi B OJUH PUCYHOK PEKOMEHAYETHCS MMO3HAYATH
KOKEH 3 HUX MPONMCHUMH JIiTepaMu 3HKU3y. Hampukmnan:

a o

Puc. Buoose 6azamcmeo (a) ma yucenvricmo (6) mpogiunux epyn
8 YePYNOBAHHAX NIOCMUIKosux Hemamoo nicie MHIIIT
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4.6 PucyHKM BHKOHYIOTBCS 13 3aCTOCYBaHHSM  BIiATIOBiTHOTO
MpOrpaMHOro 3a0e3leueHHs Ta BCTaBIAIOTBCS Yy TeKCT. KoxkHa KpuBa
Ha PHUCYHKY Mae OyTH TMO3HA4YeHa BiJIIIOBIJIHUM HOMEPOM, 3MICT KPUBUX
MOSICHIOETHLCS Y TiATUcax mij pucyHkoM. Ha ocsix abcuuc i opuHaT pucyHka
3a3HA4Ya€THCS JTUIIE BETMIUHA, 110 BUMIPIOETHCS, 1 PO3MIPHICTh B OAMHHULIAX
CI (%, mm, T'i T.IL).

4.7 'V posnini «Pesynpratei mocimipkeHb Ta X 0OTOBOPEHHS (SIKIIO
LIeH PO3JIT He MTOETHAHMI 3 «AHATI30M Pe3yNbTariBy, AUB. 2.4) HEOOXiTHO
BHKJIACTH JIUINE BUSBJICHI edekTu Oe3 KOMEHTapiB — BCi KOMEHTapi Ta
MOSICHEHHST HAJIAIOThCSl Y PO3AUTT «AHaui3 pe3yabrariBy. [Ipu BuKIaaeHHI
pe3yIbTaTiB ClIi YHUKAaTH TIOBTOPEHHS 3MICTy TaOIWIlb Ta PHUCYHKIB, i
3BepTaTd yBary Ha HaWBaKiIuBimIi (pakTW Ta IMEBHI 3aKOHOMIPHOCTI, IIO
3 HUX BUIUIMBaIOTh. MartemarnuHi (XimiuHi) (GopMyin BUKOHYIOTBCS i3
3aCTOCYBaHHSIM 3acO0IB BIAMOBIAHOTO IMPOrpaMHOTO 3a0e3MeUYeHHs 1, 3a
noTpeOH, HyMEepYIOThCH.

4.8 Y posmini «AHami3 pe3yapTaTiBy HEOOX1THO TOKa3aTH MPUIHHHO-
HACJIAKOBI 3B’SI3KM MK BCTAaHOBJICHUMHU e()EeKTaMH, IMMOPIBHATH OTPUMaHy
iH(hopMaIlifo 3 JaHUMH JITEPaTypH 1 HATOJIOCHUTH HA BHSBICHUX HOBUX
nanux. [Ipu aHami3i ciix mocunatucs Ha UTIOCTPAaTHMBHUE Marepian CTaTTi.
AHaJi3 Mae 3aKiHYYBaTHCS BiJIMOBIIII0 HA MTUTAHHS, SIKi OyJIM MOCTaBIICHI
y BCTYIII.

4.9 Penkoreris Mae NpaBO pemaryBaTd TEKCT CTaTei, PUCYHKIB Ta
IiNHCIB 10 HUX, TIOTO/DKYIOYH BiIpelarOBaHMid BapiaHT 3 aBTOPOM, a TAKOXK
BIIXIJISATH PYKOITMCH, SKIO BOHM HE BIAMOBINarOTh BUMoraMm «BicHuKa
OHY. bionorisi». 3a mosSBU CyMHIBIB IIOI0 MPaBOMIPHOCTI BUKOPHUCTAHHS
CTaTUCTUYHUX METOIIB, 3 METOIO JIOTIOMOTH aBTOpaM, PELEH3eHTH MaloTh
MPaBo 3alPOCHUTH JIOCTYII 0 MEPBHHHUX MaTepiaiiB. Pykonucu crareid, mo
MIPUIHATI A0 MyOTIKyBaHHS, aBTOpaM HE TTOBEPTAIOTHCSI.

5. Bumorn no odopmiieHHs «CHuCKy BHKOPHCTAHOI JiTepaTypm» Ta
“References”

5.1. «Cnucok BMKOPHCTAHOI JiTepaTypw» HaBOJUTHCS MOBOIO OpHUTiHAITY
mokepen. Hazeu mxepen y «CrnucKy BHKOPHCTAHOI JITEPATYPH» PO3TAIIOBYIOTHCS
3a abeTkoro; 6ibmiorpadiuni omucu odopmirororbes 3rimao 3 JACTY 8302:2015.
3a HasBHOCTI, 000B’A3KOBO 3a3HauaTu nudposwmii ineHTHdiIKaTop 00’ekTa (Digital
Object Identifier — DOI) mist BinmoBigHOTO JHKEpena.

puxnagu 6idniorpadiuynnx onucis 3a ICTY 8302:2015
Knuzu, monozpadghii, amnacu, cnognuxku

Cerpe Jlx. 3BnyaiiHi TeHii: K JBa IWBaKW TBOPHIM cydacHy Hayky. Kuis : K.I.C.,
2017.392 c.
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Vaiserman A. M. Early Life Origins of Ageing and Longevity. Springer, Cham,
2019. 310 p.

Lewin’s cells / G. Plopper, D. Sharp, E. Sikorski, B. Lewin. 3" ed. USA : Courier
Companies, 2015. 1056 p.

AmnHaromist maM’STi: aTiiac cXeM 1 PUCYHKIB MPOBIIHUX NUISAXIB 1 CTPYKTYP HEPBOBOL
CHUCTEMH, 110 OepyTh YUacTh y MpOoIlecax maM’ sTi : MOcCi0. I CTYACHTIB Ta JIKapiB
/0. JI. Apo3nos, JI. A. I35k, B. O. Koznos, B. JI. MakoBenpkuii. 2-re BU, pO3IIHP.
Ta nonoB. JHinponerposckk : [Toporu, 2005. 218 c.

Mikpobiomoriudi gqocmimkeHas Yopaoro Mops / 3a pen. 1.6.H., mpod. IBanuti B.O.
Opeca : OHY, 2021. 282 c.

YKpalHChbKO-HIMELbKHI TeMaTH4HUN cioBHUK / [ykian.: H. Sluko Ta in.]. Kuis :
Kapnenko, 2007. 219 c.

Cmammi y nepioouunux euo0anHax

Wolbachia in natural Drosophila simulans (Diptera: Drosophilidae) populations in
Ukraine / S. Serga et al. Symbiosis. 2023. Vol. 89. P. 187-196. DOI: https://doi.
org/10.1007/s13199-023-00899-8

Cignsik O. JI. PerynspHicTs Meii03y B paHHIX TeHepallisx riOpuaiB M’ K01 MIIeHHII
31 MITY4HOIO crenbTor0. BicHMK OAechbKOro HAaIiOHAIBHOTO YHIBEPCHTETY.
bionoecis. 2018. T. 23, pum. 1(42). C. 23-32. DOI: https://doi.org/10.18524/2077-
1746.2018.1(42).129125

Levitsky A., Maykova A., Makarenko O. Some indicators in rat blood samples taken
from the portal vein and the inferior vena cava after consumption of different edible
fats. Journal of Education, Health and Sport. 2018. Vol. 8(5). P. 299-308. DOI:
https://doi.org/10.5281/zenodo.1320448

30ipKku Kongepenuyiii, 2naeu Knuz, po3oiau Monozpagii

Zinchenko O. Yu., Shmatkova N. V., Seyfullina 1. Y. Evaluation of antiviral
activity  4-dimethylaminobenzaldehyde 2-hydroxybenzoyl-, nicotinoyl- and
isonicotinoylhydrazones and their chelates with SnCl, on "phage-host" model.
Modern aspects of science : 21th volume of the international collective monograph.
Czech Republic : Mezinarodni Ekonomicky Institut s.r.o., 2022. P. 62-73.

De Man J. C., Rogosa M., Sharpe M. E. Cell transfer and interferon studies. Abstracts
of the V International symposium of immunopharmacology (Quebec, 17-21 May
2004). Quebec, 2004. P. 31.

Jucepmauii, asmopegepamu oucepmauii

Bakyma A. O. I'enetuunuii nomimopdisM 1o jokycam Ppd Ta ¢oronepioguyHa
JyTIUBICTH CYyYaCHUX YKPATHCHKUX COPTIB M SAKOI MIIICHHUIII : aBTOPEd. THC... KaH/I.
Oioi. Hayk : 03.00.22. Kuis, 2021. 24 c.

UYepuaguyk C. C. AKTHBHICTh IPOTEOJITUYHNUX (EPMEHTIB B TKAHHHAX Tijla MaTKH
JKIHOK 0€3 HOBOYTBOPEHb Ta 3 OHKO-3aXBOPIOBAHHSAMH : TTUC... KaHI. O10J. HayK :
03.00.04. Xapkis, 2006. 189 c.
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/lenonoeani naykogi po6omu, namenmu, aemopcovKi ceiooymea

Crioci0  ¢apmakoioriyHoi  KOpeKlii 3aKpHTOi YepernHO-MO3KOBOI  TpaBMH
KOMITJIEKCHOIO CIIOJIYKOIO Ha OCHOBI T€pMaHiio 1 JieTUICHTPUAMIHOMEHTAOITOBOT
KHUCJIOTH 3 HaTpieM : mat. 83323 Ykpaina : A61P 43/00 Ha KOPUCHY MOJEIH ; 3asBII.
03.09.2012 ; omry6:. 10.09.2013, brom. Ne 17. 6 c.

5.2 “References” — 11¢ TpaHCIiTepOBaHUM JaTHHULECIO « CTMCOK BUKOPUCTAHOT
niteparypmu». Ha3eu mkepen y “References” po3ramoByroTbes 3a abeTKOIO Bimo-
BiJTHO TOMY, SIK BOHH po3mitieHi y "CHucKy BUKOpHCTaHOI JiTeparypu'"; 6i0miorpa-
¢biuHi ormrcH 0(OPMITIOIOTHCS BIATIOBIIHO 10 MIXKHAPOIHOTO CTaHAAPTY AMEpUKaH-
ChKOI TIcHXOJIOT19HOI acorianii (American Psychological Association — APA). 3a Ha-
SBHOCTI, 000B’sI3K0BO 3a3Hauaru nudposuii inenrugikarop 06’ exra (Digital Object
Identifier — DOI) my1st BimoBiiHOTO JKEpea.

Tpancniteparis 3aificHIOETbCs BinoBiaHO /10 [ToctanoBu Kabinety MiHicTpiB
VYkpaiam Ne 55 Bim 27 ciuas 2010 p. «IIpo BmopsakyBaHHS TpaHCTITEparlii
YKpaiHCBHKOTO an(aBiTy JIATHHHUIICION:

* CrangapTHa yKpaiHChbKa TpaHCIITEpaLis («IIacropTHay»):
http://ukrlit.org/transliteratsiia

Im's (iHimianm) Ta mpi3BUILE aBTOpa (aBTOPIB) i HA3Ba BUJIABHHIITBA TPAHCIIITE-
PYIOThCS (CIIOBO «BHIABHUIITBO» HE 3a3HaUa€Thes). Miclie BUaHHs (MicTo, KpaiHa)
MePEKIIATAETHCS aHTTIHCHKOTO.

Ha3Bu nepioqudHNX BUIaHb HaBOISATHCS BiJIMOBIIHO A0 OQiIliifHOTO HAMKMCaH-
HS JTaTUHULEIO 32 HoMepoM peectpauii ISSN (TpancnitepoBana HazBa abo odiniiina
Ha3Ba aHnIikceKor0). [1ig yac TpancmiTepamii 10UiIbHO BUKOPUCTOBYBATH OQiLiiHI
abpeBiaTypu Ha3B MEPiOUYHIX BUAaHb BianosiaHo 10 ISSN (Abbreviated key title).

BuxiaHi gaHi s KHUAT, YaCTHUH/PO3AUIIB KHUT, 301pOK, T€3 JA0MOBiAeH — Miclie
BHUJIaHHS, TOM, YaCTHHA, CTOPIHKH TOIIO — HABOMATHCSA Yy TEPEKIIaji aHTIiHCHKOIO
(mampuxman: Odesa; Vol., Prt., pp.). Ha3Ba mxepena abo Tpancmitepyerbes (i3
000B’SI3KOBUM 3a3HAYCHHSIM IEpEKIIasy aHIIIHCHKOI0 y KBaApaTHUX AYKKax), abo
0JIpa3y HaBOAUTKLCS Y NIEPEKIIaJIl aHIIIHCHKOIO (JIHIIE 33 HASIBHOCTI aBTOPCHKOTO Ba-
pilaHTy Ha3BH aHTIIIHCHKOIO).

B ommcax ykpaiHO- 4 pOCIMICBKOMOBHUX JKEpPEN THUIl BHJIAHHS (HAIPHUKIAL;
MoHOTpadis, HayK.-IIPaKT. moci0.) He BKa3ytoTs! [y ycix onucis, mo ix Oyi1o TpaH-
CIIITEPOBAHO 3 YKPaiHChKOI a00 pOCIfChKOi, 000B’SI3KOBO 3a3HAYAETHCSI MOBA OpH-
rinany y kBagpaTHuX Oyxkkax (Hampukiaza: [in Ukrainian]). Jnst mxepen iHIIAMH
MOBaMH (aHIIIHCHKOIO, HIMEIBKOIO, TIOJIBCHKOIO TOII0) MOBA OPHUriHATY HE 3a3Ha-
YaeThCSl.

OHaitH-KepiBHUIITBO 3 TIPUKJIaJaMH OIUCY YCiX BUIIB MyOImiKarliii 3a cranmap-
ToM APA MO)XHA 3HAITH 3a TAKUM [TOCUIAHHSIM:

https://apastyle.apa.org/style-grammar-guidelines/references/examples
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Mpuxnagn 6idmiorpadivyaux onucis 3rigHo 3i crannaprom APA

Knueu

Jackson, L. M. (2019). The psychology of prejudice: From attitudes to social
action (2nd ed.). American Psychological Association. https://doi.org/
10.1037/0000168-000

Sapolsky, R. M. (2017). Behave: The biology of humans at our best and worst.
Penguin Books. https://www.sackett.net/sapolsky behave.pdf

Shnayder, S. A., & Levitskiy, A. P. (2017). Eksperimentalnaya
stomatologiya: Chast 1. Eksperimentalnye modeli stomatologicheskikh
zabolevaniy [Experimental dentistry: Part 1. Experimental models of dental
diseases]. Odessa: KP OGT. [in Russian].

Kucheriavyi, V. P, Dudyn, R. B., Kovalchuk, N. P, & Pylat, O. S.
(2004). Dereva, chaharnyky i liany v landshafinii arkhitekturi [Trees,
shrubs and vines in landscape architecture]. Lviv: Kvart. [in Ukrainian].

Andreiuk, K. 1., Iutynska, G. O., & Antypchuk, A. F. (2001).
Funktsionuvannia mikrobnykh tsenoziv gruntu v umovakh antropohennoho
navantazhennia [The functioning of microbial communities in soil under
anthropogenic load]. Kyiv: Naukova dumka. [in Ukrainian].

Takhtajan, A. (2009). Flowering Plants. Berlin: Springer Verlag.

Cmammi y nepioOuunux eu0aHHAX

Tkachenko, V. O., Sytnik, Yu. M., Solyanik, J. V., Saliy, S. M., & Borbat, M.
O. (2008). Suchasnyi stan ikhtiofauny r. Desna v mezhakh Ukrainy
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Science of Ukraine, (3), 46—52. [in Ukrainian].

Rodier, F., & Campisi, J. (2011). Four faces of cellular senescence. J Cell Biol,
192(4), 547-556. https://doi.org/10.1083/jcb.201009094

Torp K. (2023). Bookshelf: A biomedical database of books and documents.
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Oliarnyk, O. D. (1998). Doslidzhennia protsessiv perekysnoho okyslennia
lipidiv ta aktyvnosti fermentiv antyoksydantnoho zakhystu pry tsukrovomu
diabeti [The study of lipid peroxidation and activity of antioxidant enzymes
in diabetes] [Candidate’s dissertation, [van Franko State University of Lviv;
133 p.]. Lviv. [in Ukrainian].

Zambrano-Vazquez, L. (2016). The interaction of state and trait worry on
responsemonitoring in those with worry and obsessive-compulsive
symptoms [Doctoral dissertation, University of Arizona]. UA Campus
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6. 3pa3ox opopmiieHHs myOsTiKamii

YAK 575.17:575.113.2:633.34

10. A. ITonoBu4', acmipanTka;

ORCID iD https://orcid.org/0000-0001-6576-7606

O. M. Baaroxapoa?, HayKoBa CIiBpOOITHHIIS,

ORCID iD https://orcid.org/0009-0000-4505-6313

C. B. Ueborap'?, 1. 6. H., mpodecopka,;

ORCID iD https://orcid.org/0000-0002-9130-7272

'Onecbkuii HanioHANBHKH yHiBepeuTeT iMeHi I. I. MeunukoBa, kadenpa
MOJIEKYIISIpHOT Oiosorii, 6ioximii Ta reneruku; [llammancekuit pos., 2, M. Ofeca,
65015, Ykpaina

2 CenekuiiiHO-reHeTHYHUT iIHCTUTYT — HanioHansHU HEHTp HACIHHE3HABCTBA
Ta coproBuBUYeHHsI, OBigionoabCchKa 10p., 3, M. Oxeca, 65036, Ykpaina

MOJIMOP®I3M MIKPOCATEJIITHOT'O IOKYCY TAGLGAP
TA UOT'O 3B’S130K 3 AJIEIbHUMHU BAPIAHTAMHU
INMITAJAUHIB MINEHU LI M’AKOI

Hocnimkeno noniMopdizm MleocaTemTﬂoro nokycy Taglgap B yKpaiHChKHX Ta
3apy61>1<HHx copTax Ta JHISX MIICHUI M’ SIKOT (T riticum aestivum L.). 3Haiineno 11
aneniB Mikpocarenity 7aglgap, 3 sKuX CiM ajlelliB y Copris, CTBOPCHUX B VYkpaini
Ta JECATb ANCiB y COPTIB, CTBOPCHUX B 3apyOIKHMX CENCKUIMHMX yCTaHOBAX.
[TokazaHO sIK acOLIIOIOTHCS ayeii MIKpOCaTeliTHOro JIokycy Taglgap 3 anenbHU-
MU BapiaHTaMu [IiaauHiB 3a JIoKycoM Gli-Bl. TIpoBeneHo aHami3 HYyKICOTHIHHUX
mocnigoBHocTeH y 0a3i mannx NCBI, Ta mokazaHo mpHCYTHICTh # MOXKJIMBI ajeli
Taglgap y uusku BuniB poxis Triticum L. Ta Aegolops L.

KarouoBi cnoBa: Triticum aestivum L., anenvHi BapiaHTH TiiaauHiB, Taglgap,
MiKpocareniT, moiimMopdiszm, Gli-B1 mokyc.

Tekct BcTymy 1o crarti

Marepiaau Ta MeTOIH HOCJTiTXKeHb
Tekct MaTepiaiiB Ta METOMIIB pOOOTH

Pe3yabraTn Ta iXx 00roBopeHHs
Buknanenss pesyasraris Ta ix aHamis

BucHoBkau...

CnHcok BUKOPHCTAHOI JiTepaTypu

140



ISSN 2077-1746. Bicuuk OHY. bionoris. 2024. T. 29, Bur. 2(55)

Posuiupene pesrome yKpaincoKo ma an2niiicbKow Moeamu:

10. A. IlonoBuy!, O. M. Biaronaposa?, C. B. Ue6orap'?

'Onecobkuit HanioHanbHUI yHIBepcuTeT iMeHi 1. I. MeunukoBa, kadeapa
MOJIEKYISIpHOi Oiosorii, 6i0ximii Ta reretnku; lllammanckkuii npoB., 2, M. Ofeca,
65015, Ykpaina

2 CenekuiiiHO-reHeTHYHUIT IHCTUTYT — HanioHanbHuUil HEHTp HaCIHHE3HABCTBA Ta
copToBuBUeHHS, OBiIIOMOIBCHKA JI0P., 3, M. Oneca, 65036, Ykpaina

IMOJIMOP®I3M MIKPOCATEJITHOTI'O JIOKYCY TAGLGAP
TA UOT'O 3B’AA30K 3 AJIEJIbHUMHU BAPIAHTAMMU
INITAJAWHIB MINEHWIT M’AKOI

Pesrome

IIpo6aema. [miaquHan — MOHOMEpHI Ta BHCOKOMOJIMOpGHI 3amacHi OUIKK eHo-
criepMy MIICHHII, SIKi pa3oM 3III0TeHIHAaMH (DOPMYIOTh TIIFOTEHOBUI KOMILIEKC, 1110
BU3HAYa€ XJIIOOTEKapChKi BIACTUBOCTI. AJIENTbHI BapiaHTH IIIaJJHIB € Ba)KINBOIO
03HAKOIO ITPHU BiI0OPI Marepiaity Juls CeseKIii, IpoTe BU3HAYEHHS X METOJOM eJIeK-
Tpodopesy Bkuciomy I[TAAI € 1ocuTh CKI1aTHUM.

MeTa. Metoro 1aH01 poOoTH OyI10 TOCTIIUTH ONIIMOP(]I3M MIKPOCATETITHOTO JIOKY-
cy Taglgap Ta mpoaHaizyBaTu HOTO 3B 30K 3MOJIIMOP(I3MOM ajeIbHIX BapiaHTIB
IJTiaIMHIB BU3HAYEHUX METO/IOM eJleKTpodopesy Bkuciomy [TAAT.

Metonuka. Y poOoti mocmimpkyBanu 140 copTiB Ta JiHIA MIICHUI M’ SIKOT
yKpaiHChKOI Ta 3apyOikHOI cenekii. Enexrpodopes 3amacHux OLIKIB MPOBOANIN
Bkuciomy [TAAT 3a metonukoro @. O. [Tonepeni [1989], anenbHi BapiaHTH TO3HA-
YaJii 32 MDDKHapOJIHOI HOMeHKIIaTypoto [Metakovsky et al., 2018]. JJTHK Buinsim 3
BukopucranusimM CTAB 6ydepyra nposouu [1JIP 3npaiiMepamu 1o Mikpocaresity
Taglgap (Devos et al., 1995). [Iponyktu [1JIP ¢hpakmionysamu B 7% [TAAT ta dap-
OyBaJIK 3a IOMTIOMOT OO apTreHTyM HiTpaty. Hyk/IeoTH IHI MOCIiI0BHOCTI aHATI3y BTN
3a nonomororo BLAST Ta BupiBaroBaniu MAFT Metonamu.

OcHoBHi pe3yabraTn. BusieiieHo 19 anenpHuX BapiaHTiB iaquHiB Ta 11 anemnis jo-
kycy Taglgap. B xonekuii ykpaiHChKHMX copTiB 3yctpivanucs Gli-B1b, Gli-Blc, Gli-
Bld, GliBle, GliBlf, GliBlg, GliB1h, GliB1l Ta Gli-Blo aneibHi BapiaHTH i anei
Taglgap 216 n.u, 237 n. H., 246 1.1, 248 m.H, 252 n.H, 267 m.H, 270 m. H. Ta null.
VY 3apy6ixkHiit konekii coptiB — GliBla, GliB1b, GliBlc, GliBld, GliBle, GliBlf,
GliBlg, GliB1h, GliBli, GliBlj, GliBlk, GliB1l, GliB1m, GliB1n, Gli-Blo, Gli-Blp,
Gli-Blq, Gli-Blr, Gli-Bls ta 213 m. H., 216 m.H, 237 1. H., 246 1.H, 248 m.H, 250
.H, 252 m.H, 270 . H., 285 n. H. Ta null. AHai3 HyKJICOTUIHUX MTOCIIIOBHOCTEH B
6a3i nannx NCBI noka3aB HasiBHICTB psijly 1HIIHX ayeniB Mikpocarenity Taglgap He
TIBKH Y MIICHUII M K01, aJie i B AeIKUX BUIIB pomiB Triticum L. Ta Aegilops L.
BucnoBku. BusiBnenuil mnomiMopdisM Kopemoe 3 1moiaiMop(dizMOM  aleirbHUX
BapiaHTiB mriaguHiB Gli-B1 nokycy ta no3sossie posnimtu GliBla, GliBld, GliB1h
ta Gli-B1!] anenbHi BapiaHTH, a JUIsl yKPATHCHKUX COPTIB 3 BUCOKOIO IMOBIPHICTIO 1€
W Gli-B1b anenvHuii Bapiant. [IpoTe, nanuit Mapkep He J03BOIIsIE iIeHTH(DIKYBaTH
GliBlc, 1110 € BaXKJIMBUM JUIS CEJIEKITIT.

KuarouoBi caoBa: Triticum aestivum L., anenbHi BapiaHTH DimiaauHiB, Taglgap,
MikpocareniT, mosimopdizm, Gli-B1 nokyc.
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Yu. A. Popovych', O. M. Blagodarova?, S. V. Chebotar'?

'Odesa I. I. Mechnikov National University, Department of Molecular Biology,
Biochemistry and Genetics; 2 Shampanskyi Ln, Odesa, 65015, Ukraine

2Plant Breeding and Genetics Institute — National Center of Seed and Cultivar
Investigation, National Academy of Agrarian Sciences of Ukraine; 3 Ovidiopolska
Rd, Odesa, 65036, Ukraine

POLYMORPHISM OF TAGLGAP MICROSATELITE LOCUS
AND ITS ASSOCIATION WITH ALLELELIC VARIETIES OF
GLIADINS OF BREAD WHEAT

Summary

Introduction. Gliadins are monomeric and highly polymorphic storage proteins
of wheat endosperm, which together with glutenins form a gluten complex that
determines the breadmaking properties of wheat. Allelic variants of gliadins are
an important feature in the selection for breeding material, but their detection by
electrophoresis in acid PAGE is quite difficult.

Aim. The aim of this study was to investigate the polymorphism of the Taglgap
microsatellite locus and to analyze its correspondence to the polymorphism of allelic
variants of gliadins that have been revealed by acid PAGE electrophoresis.
Methods. 140 cultivars and lines of bread wheat of Ukrainian and foreign selection
were analyzed. Electrophoresis of storage proteins was performed in an acid PAGE
according to the method of F.O. Poperellia (1989), allelic variants were designated
according to the international nomenclature [Metakovsky et al., 2018]. DNA was
isolated by CTAB method and PCR was performed with primers to the Taglgap
microsatellite [Devos et al., 1995]. PCR products were fractionated in 7% PAGE and
stained with silver staining method. Nucleotide sequences were searched by BLAST
and aligned by MAFT methods.

The main results. 19 allelic variants of gliadins and 11 alleles of the Taglgap locus
were identified. In the collection of Ukrainian varieties there were G/li-B1b, Gli-Blc,
Gli-Bld, Gli-Ble, Gli-Blf, Gli-Blg, Gli-Blh, Gli-B1l and Gli-Blo allelic variants
and alleles of Taglgap 216 bp, 237 bp, 246 bp, 248 bp, 252 bp, 267 bp, 270 bp and
null. In the foreign collection of varieties — Gli-Bla, Gli-B1b, Gli-Blc, Gli-Bld, Gli-
Ble, Gli-Blf, Gli-Blg, Gli-Blh, Gli-Bli, Gli-Blj, Gli-Blk, Gli-Bl1l, Gli-Blm, Gli-
Bin, Gli-Blo, Gli-Blp, Gli-Blq, Gli-Blr, Gli-Bls and 213 bp, 216 bp, 237 bp, 246
bp, 248 bp, 250 bp, 252 bp, 270 bp, 285 bp and null. Nucleotide sequence analysis in
the NCBI database showed the presence of a number of other alleles of the Tuglgap
microsatellite not only in bread wheat but also in some species of the Triticum L.
and Aegilops L. genus.

Conclusions. The detected polymorphism correlates with the polymorphism of
allelic variants of gliadins of G/i-BI locus and makes it possible to identify GliBla,
Gli-Bld, Gli-B1h and Gli-B1l allelic variants, and for Ukrainian varieties with
high probability also G/i-B1b allelic variant. However, this marker does not allow
identifying Gli-B1c, which is important for breeding.

Key words: Triticum aestivum L., allelic variants of gliadins, Taglgap, microsatellite,
polymorphism, Gli-B1 locus.
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7. IloJ107keHHS PO aBTOPCHKI MpaBa
ABTOpH, SIKi MyONKYIOTBCS Y IIBOMY JKYpHAli, MOTOUKYIOTHCS 3 TaKHMHU

YMOBaMH:

1.

ABTOpH 3aJIMIIAIOTH 32 COOOO TPaBO Ha aBTOPCTBO CBOEi pOOOTH Ta Tepe-
JAIOTh KYPHAIY TIpaBo Iepiroi myOmikaiii miei poboTr Ha ymMoBax JineH3ii
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0).

ABTOpPHM MarOTh MPaBO YKJIAJAaTH CaAaMOCTIHHI JIOJAAaTKOBI YroJIy HION0 HEeK-
CKJTFO3MBHOTO PO3MOBCIOKEHHS POOOTH Y TOMY BHIVISIII, B IKOMY BOHA Oyrna
omyOIIiKOBaHa y IIbOMY JKypHaITi (HaIIPUKIIad, TETOHYBAaTH POOOTY B €IIEKTPO-
HHOMY CXOBHIIII YCTAHOBH a00 IyOIiKyBaTH y cKJaai MoHOTpadii), 32 YMOBH
30epeKeHHsI MOCUIIaHHS Ha MepIry MmyOITiKaiiro poOoTH Y IbOMY JKypHATI.
[NoniTrka >xypHay A03BOJISIE 1 320X0Uy€ PO3MIILLIEHHS aBTOPaMU TIpalli B Me-
pexi [HTepHeT (HanmpuKiaj, B eIEKTPOHHUX apXiBax-perno3uTapisix ycTaHOB
a00 Ha ocoOHcTUX BeO-caiiTax), OCKUIBKY II¢ CIIPHsIE€ BAHUKHEHHIO TIPOIYK-
THBHOI HAyKOBOI JUCKYCil Ta MTO3UTHBHO MO3HAYAETLCS HA OMEPATHBHOCTI Ta
JTUHAMIII TATYBaHHS OITyOIIiIKOBaHOT pOOOTH.

[lyGnikauwis mpamb B SKypHali 3OiMCHIOETbCS Ha HEKOMEPUiHIA OCHOBI.

Kowmiciiina nnara 3a opOpMIICHHS CTATTi HE CTATYETHCA.

IMonoxkenHs npo KoHdineHUiHHICTD
IMeHa Ta emeKTpOHHI ampecH, sIKi BKa3yIOTHCS KOPHUCTYBadaMH CAHTy IIHOTO

KypHaiy, OyayThb BHKOPHCTOBYBATHCH BHKJIIOYHO [UIsi BHKOHAHHS BHYTPILIHIX
TEXHIYHUX 3aBIaHb [IbOTO KYPHAITY; BOHU HEe Oy1y Th ITOIIUPIOBATHCH Ta [IEPEIABATUCH
CTOPOHHIM 0c00aM.
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