JIOJIATOK

BUBPAHI TE3H JJONTOBIJAEN
Ha XI 3’1311 YKpaiHCbKOro TOBapuCcTBa reHeTHKIB i cesiekunioHepiB imeni M.I. BaBuiioBa
Ta acouiifoBaniii 3i 3’'i3qom XX Miknapoaniii HaykoBiii koHdepeHuii
«DaKTOPHU eKCNEPUMEHTAJIbHOI €eBOJIIOIII OpraHizMiB»
(2629 Bepecns 2025 p., m. Kuis, Ykpaina)

BUSLYK T.V.!, PEKA M.Yu.??, KOZAK M.R.!, YUZVIAK M.O.!, SALYHA Yu.T.!, STAPAY P.V.!,
SAIENKO A.M.2

!Institute of Animal Biology of NAAS, Lviv, Ukraine

’Institute of Pig Breeding and Agroindustrial Production of NAAS, Poltava, Ukraine

SV.N. Karazin Kharkiv National Universit, Kharkiv, Ukraine

e-mail: tvbuslyk@gmail.com

CHARACTERIZATION OF SNPS IN THE NON-CODING REGIONS OF THE MYOSTATIN GENE
IN UKRAINIAN CARPATHIAN MOUNTAIN SHEEP AND THEIR POTENTIAL AS A GENETIC
RESOURCE FOR SHEEP BREEDING

The preservation and rational utilization of the sheep gene pool are highly urgent issues in the develop-
ment of modern sheep breeding. Contemporary methods of selection and breeding enable the realization of
genetic potential for increased productivity and farm animals® breeding value.

The Ukrainian Carpathian Mountain sheep is a local breed from the Carpathian region of Ukraine. This
breed is well-adapted to grazing in mountainous terrain. The myostatin (MSTN) gene is considered a promising
marker for improving economically important traits in livestock, particularly those related to muscle tissue
development. Myostatin is a well-established negative regulator of muscle growth and development in mam-
mals, and genetic variations within the ovine MSTN gene are linked to differences in sheep musculature.

In order to find potentially beneficial mutations we performed Sanger sequencing of 1093 bp nucleotide
sequence of the 3* untranslated region (3'UTR) of MSTN gene of the Ukrainian Carpathian Mountain sheep.
Eight known single nucleotide polymorphisms (SNPs) were found to be monomorphic in the Ukrainian Car-
pathian Mountain breed in 3'UTR. The following genotypes were identified: c.*707TT, c.*709A4A, c. *874TT,
. ¥10984A4, ¢.*1232GG, ¢.*1267A4A4, ¢.*1316GG, c. *1489GG. Thus, it can be concluded that marker-associ-
ated selection involving SNPs of the 3'UTR region of the MSTN gene is not suitable for the Ukrainian Carpa-
thian Mountain sheep due to the confirmed monomorphism of the studied SNPs in this region.

Also, to identify SNPs within this breed, a 1062 bp sequence of intron 1 of the ovine MSTN gene was
sequenced using Sanger sequencing. Sequence analysis revealed nine SNPs (¢.373+241T>C, ¢.373+243G> A4,
¢.373+246T>C, ¢.373+249T>C, ¢.373+259G>T, ¢.373+283T>C, ¢.373+323C>T, ¢.373+563G>4,
¢.373+607G>A), which collectively contributed to the formation of six distinct haplotypes. All loci, with the
exception of the ¢.373+2837>C polymorphism, were found to be in Hardy-Weinberg equilibrium.

We successfully identified several SNPs that may be of critical importance for future studies. It also lays
the foundation for subsequent association studies needed to assess the potential of these SNPs as genetic mark-
ers for economically important traits in Ukrainian Carpathian Mountain sheep breeding.
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TEHETUYHI PECYPCH KOJIEKIIII KYJIbTYP MIKPOOPT AHI3MIB — INPOAYHEHTIB
AHTUBIOTHUKIB B KOHTEKCTI PO3BUTKY MIKPOBHUX BIOTEXHOJIOI'IU YKPAIHMU.
[0 30-PI9Y4 BI/I 3ACHYBAHHSA

BiopecypcHi nmeHTpH, 30KkpemMa MiKpOOHI KOJIeKIIii, BiIirpat0Th HEHTPaIbHY POJh K OCHOBHI CXOBHIIA
i mocTavyaIbHUKU KYJIBTHBOBAaHUX MiKpOOpPTraHi3MiB Ta ixHiX ckinagoBux (Diaz et al., 2021). ®yHkiionyBaHHsS
LEHTPIB OCOOIUBO aKTyallbHE Y KOHTEKCTI Cy4aCHHUX II100aJbHUX BUKJIHMKIB, TAKHMX SIK 3pOCTal04a aHTUO10TH-
KOPE3UCTEHTHICTh, XIMIUHE 3a0pyAHEHHS JOBKIIIISA, HEOOXITHICTh y HOBHX O10TEXHOJNOTIYHUX pilIeHH X (a-
pMariitHoro, arpoHOMiYHOT0, XapUYOBOTO, EKOJIOTIYHOTO CIIPSIMYBaHb.

Komnexkuist kynbTyp MikpoopraHizmiB — nponyuentis antudiotukis (KKMIITA) 3acaoBana y 1995 pomi
Ha Kacdenpi renetuku i OioTexHomorii JIEBIBCHKOTO HAIliOHATHHOTO yHiBepcHTETy iMeHi IBana ®panka, i
BKITFOUEHA B JleprkaBHUIT peecTp HAyKOBUX 00’ €KTIB, III0 CTAHOBIATH HalliOHAbHE HaMOaHHS YKpainu. bazo-
BUM HanpsiMmoM fociimkens KKMITA € BuB4eHHS MiKpOOHOTO 010pi3HOMAaHITTSI IPUPOTHUX 1 TEXHOTEHHHX
CepeIOBHILI, XapaKTEPUCTHUKA IXHHOTO 0i10TEXHOJIOTTYHOTO MOTeHIiany. MU 341CHIOEMO CKPUHIHT HOBHX TPH-
pomHUX 0I0aKTHBHHX CIIONYK, JOCHIHKYEMO MEXaHI3MH PETyIIOBaHHS €KCIIpecii reHoMa aKTHHOMIIIETIB Ta
TCHETUYHOTO KOHTPOJIO 010CHHTE3y aHTHOIO0THKIB 1 CTIKOCTI 10 HUX, KOHCTPYIOEMO MOKpAIlleH] IITaMt MiK-
pOOpraHi3MiB st BAPOOHHIITBA aHTHOIOTHKIB, PO3pOOISIEMO TEXHOJIOTIi BUPOOHUIITBA OaKTEpialbHUX KOH-
LIEHTPATIB ISl Xap4OBOi MPOMHUCIOBOCTI, & TAKOX IiIXOAH 10 OiopeMeiallii IpyHTIB Ta eKoJori3allii arpoe-
KOCHCTEM Ha OCHOBI MPUPOTHUX MiIKPOOHHUX 130JISTIB.

Croromni ponaun KKMITA naniuytots 6inbme 4 000 oguHuIb 30epiranus: akTuHoMineTn (35 ponis),
iHmr Oakrepii (8 kmacis, 22 poau), B T.4. MIKCOOaKTepii, MOJIOYHOKHCII OakTepii, rpudn (8 pomiB), pekomoOi-
HauTHI Monekynu JIHK, 6a3y cexBeHOBaHMX reHiB Ta reHOMiB. 3HauHy 9acTky KKMIIA ckianatoTs npupoaHi
130JI1TH, O € OE3IIHHUM JKEpPEeNIOM TeHETUYHOro pi3HOMaHiTTs. bnmsbko 2 500 mpeacraBHHKIB Kiacy
Actinomycetes BunizeHi Hamu 3 6iotoniB Kpumcekoro niBoctposa, Oiibiie 500 — 3 6i0ToIiB AHTapKTUKH, 1110
€ YHIKaJIbHUM BHECKOM Yy CBITOBY KOJIEKI[if0 eKCTPeMOQiIbHHUX IITaMiB, a Takox 01u3pko 200 i3omsrie 3 Ka-
prnarcekoro periony, Cepen kiacu(pikoBaHUX MPUPOIHHUX 130JISTIB MPEACTABHUKH PIIKICHUX Ta MaJlOYHCENb-
HUX poAiB Actinorectispora, Embleya, Mumia, Plantactinospora, Umezawaea, Melittangium toio. Y pe3yib-
TaTi peknacudikauii pony Actiniplanes mum ommcanum 4 HOBI poam: Paractinoplanes, Symbioplanes,
Winogradskya ta Amorphoplanes. Onvicano 1Ba HOBUX BHJIM aKTUHOMILETIB — Mumia girimensis Pv 4-285"
(Lv 822) 1a Streptomyces explomaris Je 1-4" (Lv 166). Y noprdeni KKMITA xapakTepuCTUKH T€HETHYHOIO
KOHTPOJIO 010CHHTE3y aHTHOIOTHKIB KaHAMIIIMHY, €PUTPOMIIIMHY, MOCHOMIILIMHY, JIAHJIOMIIMHIB TOIIO, TeX-
HOJIOTii KOHCTPYIOBAaHHS HAAMPOIYIIEHTIB aHTHOIOTHKIB, 27 HOBHX MPUPOJIHUX O10JIOTIYHO aKTUBHUX CTIOIYK
(roHinepouti A, JIOMOJIIHOBA KUCIIOTA, PYOIMIIIMHOH A, oyieaMiliiHu A i B To1110), HOBHIT KJTac aHTHOIOTHKIB
IrpOMOMINIMHIB A—H 3 MIUPOKUM CIIEKTPOM aHTHOAKTEPIHHOI JIiT, TEXHOJIOTisSI BUTOTOBJICHHS OaKTepiaJbHOTO
KoHIIeHTpaTy «Carpaticusy, akuii Burorosisie KKMIIA, Ta ycmimno 3actocoBye Monouna kommanis «I anu-
YMHA» Y BUPOOHHIITBI HOTYpPTIB.

Croroani KKMITA € oHUM 3 HaHOUIBIIKMX 1 HAHAKTUBHIIINX [IEHTPIB MIKPOOHUX OiopecypcCiB Ta reHe-
THUKO-CEJIEKLIHHUX JOCIiIKEeHb MIKpOOPIraHi3MiB B YKpaiHi, PO 10 CBiT4aTh OKPECIECHI B [bOMY ITOBiIOM-
JICHHI OCHOBHI 3100yTKH (yHIaMEHTAIBHUX 1 MPUKIaTHUX JOCTiHKeHb. JleTtansHa iHpopmanis mpo KKMITA
JIOCTYIIHA Ha caiTi: http://mccap.org.ua.
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PO3POBKA IHTEI'PAJIBHOT'O HIAXOAY 10O HNIJIBUHIEHHA AJAIITUBHOI'O
MHNOTEHIIAJTY POCJIMH BUAIB POAY CARLINA L. IN VITRO

306epekeHHsT PI3HOMAHITTS MIHHUX JIKapChKUX POCIHH 3AJIAIIAETHCS BAKIMBUM 3aBJAaHHIM Cy4acHO-
cTi. [ToripieHHs: eKONIOriYHOro CTaHy Ta aHTPOIOTEHHHUH BIUIMB CIPUYMWHIIIN 3MEHIIEHHS YUCETBHOCTI HO-
nyssiuiid BuniB pony Carlina L. OgauM 3 eeKTUBHUX IUISIXIB PO3B’s3aHH 1i€l TPOOIEMH € 3aCTOCYBaHHS
010TEeXHOJIOTIYHIX METO/IB KYJIbTUBYBAHHS in Vitro, SIKi JTO3BOJISIOTH HE JIUIIE 30eperTH MPUPOIHE pi3HOMA-
HITTS, a i 3a0e3neunTH (papMarieBTHIHY TalTy3b 010TEXHOJIOTIYHOI CHPOBHHOIO.

3 METO0 MiIBUIICHHS MPUCTOCYBAIbHUX MOKIMBOCTEH BiIKACHUKIB HAMH 3alIPOIIOHOBAHO 1HTETPab-
HUH MiIXi1 Ha OCHOBI panimie po3pobaeroi JI. P. ['pumak Ta H. M. JIpo6uk B maboparopii exosorii Ta 6GioTex-
Houorii TepHOMiTBCHKOTO HaIliOHAFHOTO MEeJaroTivHoro yHiBepcuTeTy iMeHi Bomomumupa ['Hatioka Ta yc-
MIITHO PeaTi30BaHOl TEXHOJIOTIT 30epeXeHHsI BUCOKOTIPHUX BUJIIB HA MPHUKIIai BUIIB pony Gentiana L. Tex-
HOJIOTIs Tiependayae po3poOKy MiIXOIB O IMiJBUIICHHS aJalTUBHOTO MOTCHINIATY POCIWH Ie Ha CTajii
in vitro Ta JO3BOJISIE OTPUMATH BHCOKOKUTTE3NaTHUIN TOCAIKOBHI MaTepian. 3aBasku Moaudikamii Gpizuko-
XIMIYHMX yMOB KyJIbTUBYBaHHS POCIIHH i1 Vitro, MOKHA LIIECIPSMOBAaHO BILUTUBATH Ha (Hi310JIOT1UHI MPOLECH,
a, BiJTaK, MiJBUIYBATUA aJalTaIliiiHI MOKIIUBOCTI O YMOB ex Vitro Ta in situ. Ilopsn i3 1ium, He0OXiTHOO
YMOBOIO € BpaxyBaHH (Pi310JIOTIYHHX OCOOIMBOCTEN BUIB Y IPUPOIHIX YMOBAX POCTY, SIKi BU3HAYAIOTH I10-
TpeOU POCIIHH in Vitro y CBITIIOBOMY, BOJTHOMY Ta TEMIICPATYPHOMY PEXKHMAaX, a TAKOXK €JICMEHTAX KHUBIICHHS.

VY 3B’s3KY 3 1IUM, OYJI0 TIPOBEACHO JOCIIPKCHHS KIIIMATUYHUX Ta e1a(iuHuX YMOB POCTY BiJKACHUKIB,
a TaKoX 1XHIX (i310JJOTIYHUX OCOOIUBOCTEH Y MIPUPOTHUX MOMYJIAMisX. L{e mamo 3Mory BU3HAYUTH KpUTEPii-
MapKepH OLiHKH (DYHKI[IOHATHHOTO CTaHy POCIHH JJISI KOHTPOJIO MOAU(IKaIiil in vitro y BilIOBI b HA 3MIHH
YMOB KyJIbTHBYBAaHHS. 3 LI€I0 METOK BHBUCHO CTaHy (POTOCHHTETHYHOTO amapary Ta BOIHOIO OaiaHcy
Carlina acaulis L., Carlina onopordifolia Besser ex Szafer, Kulcz. et Pawl, Carlina cirsioides Klokov in situ,
a TaKO)K BU3HAYCHO XIMIYHHH CKJIaJ Ta OOMIHHY KUCJIOTHICTD IPYHTIB 3 IPUPOIHUX MICITh POCTY.

[IpoBeneHe KOMIUIEKCHE JIOCIIPKEHHS BMICTY Ta CITiBBIIHOMICHHS (DOTOCUHTETUYHHX MIFMEHTIB BiJKa-
CHHKIB, TIapaMeTpiB IHAYKLIT (ayopecieHiii xJiopodiny a Ta BOJHOrO OajgaHCy POCIUH in Sifu Jajio 3MOTY
ONITUMIi3YBaTH CBITJIOBUH PEXUM Ui KyJIbTUBYBaHHS in vitro C. onopordifolia, C. cirsioides ta C. acaulis.
BuB4eHHS €IEeMEHTHOTO CKJIaAy Ta OOMIHHOI KMCIIOTHOCTI TPYHTIB 13 IPHPOJTHHUX MICIIb 3pOCTaHHS CTAJIO OC-
HOBOIO JIsI 30a1aHCYBaHHsI XIMIYHOTO CKJIaTy KUBHJILHOTO CEPEIOBHILA B YMOBAX in Vitro.

BpaxoByrouu Bullle 3a3HaUCHE, HAMU 3alTPOIIOHOBAHO MOJIE/b IHTEIPAIBHOTO MIIXO0Y J0 MiABUIICHHS
aJIANTUBHOTO TIOTEHIIAY POCITHH BUIIB poxry Carlina in vitro, sika nepenbadae NepiioueproBe BpaxyBaHHs
EBOJIIOIIIHO chopMOBaHUX O10JIOTIYHHX MOTPEO BUIIB Y CBITIIOBOMY PEKUMI (IHTCHCUBHICTH OCBITJIICHHS Ta
CHEKTPATbHUN CKJIaJ), eJIeMEHTaX MiHEPaJbHOTO JKUBJICHHS Ta PErysaTopax/cTuMysitopax pocry. Lle MiHi-
Mi3y€ BIUIHB YMOB in vitro Ha Mop¢o-(i3ioJoriuHi 03HAKH POCIUH, HAOIMKAIOYH iX 10 TPUPOIHUX, 1 TiABH-
IIy€ aAanTHBHUN MOTESHIIA POCIHH 0 YMOB X Vitro.

OT1xe, HaMH PO3pO0JICHO OIOTEXHOJIOTIYHI MIIX0/H, CIIPSIMOBAHI Ha IiABUIICHHS aJallTUBHOTO IIOTEH-
Hiary piKicCHUX JiKapchbKuX BUIIB poxy Carlina, ski MOXKYTh OyTH BUKOPHCTaHI y IPUPOJOOXOPOHHUX IPO-
rpamax Juist 30epeXeHHsI Ta MiABUILEHHS CTINKOCTI 1HIIUX PiAKICHUX BUIIB POCIIHH.
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PHA3UKHU JJIA TOITYJISIIN 300ITAPKOBUX TA CBIHCHKHUX ITTAXIB:
AHAJII3 HIOCTMOPTAJIBHUX JOCJIAKEHb

VY cy4acHHX yMOBax 3pOCTa€ CHEKTP PU3HKIB, SIKi 3arPOKYIOTh OJIarOMOIyY4Io MOMYJISALii NTaxiB, o0
YTpUMYIOThCSI B HeBoxi. OO’ €KTHBHI JjaHi MO0 iX BIUIMBY YacTO BJAETHCA OTPUMATH JIUIIE IICIIS aHANI3Y
MOCTMOPTAIBHOTO JOCIIIKECHHS 3aru0IuX NTaxiB Ta BpaxyBaHHs aHaMHe3y (HacamIiepes, OLiHKH YMOB yT-
pumanH 1 roaisii). Cepes Hailypa3IMBILINX KaTeropild 3a/IMIIAI0THCS 30011aPKOBI MITaXU Ta CBiMCBbKI KypH 3a
YTpUMaHHS y KIIITKOBUX Oatapesx. BucBiTiienHs BinmoBigHoi iHopmarii cripusie po3poOiii eeKTHBHUX Mpe-
BEHTHUBHUX 3aXO/[iB 3 YCYHEHHS MOTEHIIIHHUX 3arpo3 sl OJaromoxyvds NTaxis.

HocnimpkyBany Ta aHaTi3yBalll MAaTOIOroMOPQOJIOTIUHI 3MiHHU Y 3aruOIMX 300MapKOBUX NTaXiB PI3HUX
BH/IiB, a TAKOX Y CBIMCHKUX Kypei Ta IHIUKIB i3 ITaXiBHUYMX TOCMONAPCTB pizHUX (popm BiaacHOCTI. [TocT™mo-
PTaJIbHUH aHANI3 3MiH IIPH TOCIIHKEHHI 3aTHOIUX 300MMapKOBUX Ta €KOTAPKOBUX (pa3aHiB, TaBUYiB, KPHXKHIB,
nebeniB, rony0iB YacTo BKa3yBaB Ha 3B'I30K iX JETAIBHOCTI i3 TOPYIIEHHSIMUA YMOB YTPUMAaHHS Ta irHOpYBaH-
HSIM TpO(IYHMX JAHIIOTIB MPH iX rofiBii. B ocTaHHI pokn 3pocia yacTka MPUXOBAaHUX Ta HEBPAXOBAHUX 32
KUTTS IITaxiB (y 3B’ 53Ky i3 BIICYTHICTIO XapaKTEPHOTO KIIHIYHOTO MPOSBY) PU3UKIB YPpaXKEHHS PI3HUX Opra-
HiB y NMaBU4iB Ta JIEOCAIB NPU CHUIFHOMY CKYITYEHOMY YTPHMAaHHI i3 TOTOJIIB’SIM MTHUI iHIIMX BUAIB (IO
MIPAKTUKYETHCS 3 METOI0 €KOHOMIT PEeCypCiB B XOJIOJHY NOPY POKY). JoOpoOyT nTaxiB mpH OMY HOPYIITY-
€THCS, IO MPOBOKYE PI3HOMAHITHI YCKIIAJHEHHS IS iX OpraHi3My. 3a CKym4eHHX YMOB, 30KpeMa, CIIOCTepi-
Tar0ThCS TPABMATHYHI ITOIMIKOKEHHS Y TIaBUUiB Ta JIeOeIiB, SAKi € BEINKOTa0APUTHIMHU NITaXxaMu. 3a JTaHUMH,
OTPUMaHHMMHU T/ Yac aBTOICIH, y HUX YaCcTO TPaBMYIOThCS, HacaMmIiepea, Kpuia. Takox, mpyu maToMopgoo-
TIYHOMY JOCTI/DKEHHI 3aru0INX TMaBUYiB, SKi YTPUMYBAIHCS B €KOMIAPKaX, BCTAHOBJICHI MOPIBHSAHO HOBI IS
[UX MTaxiB (POPMHU NIEUIiHKOBUX yPaKeHb, SIKi y Cy4acHi HOMEHKIIATYpi MaToJIOTiH KI1acu(iKyIOThCS, SIK CHH-
JPOM TeMOpariii JKUpHOI MEeYiHKUA. YPaKeHHs NMEeUiHKH TaKOTO POAY MPHU3BOIMIO A0 Jy>KE€ IIBUAKOI, YacTO
panTtoBoi, 3arudeni 6aTbKiBChKUX Map MaBUYiB. 32 HASSBHOCTI Y HUX MTAIIEHT 3pOCTajia 3arpo3a BTpaTH Bei€el
ciM’i. Y 3aruOnmx nekopaTuBHUX JeOeiB 1iarHOCTYBaM TaK0X METa0O0IiuHI MaToNOTl Ta IHTOKCUKAIIHHUH
CHUHJPOM Yepe3 XpoHiuHi oTpyeHHs. Y (azaHiB, IpHU NOPYIIEHH] BETEpUHAPHO-TITIEHIYHUX TapaMeTpiB Ta ir-
HOPYBaHHI 1X BUI0BOT Tpo(iuHOI crieriaizaiii, 4acTo BUSBJISIIN YPAKEHHS PI3HOTO TeHE3Y 3 JIOKAJI3alli€r0 Yy
KHUITKOBOMY TPAaKTi, 1, IK HACIJIOK, 3arajlbHe BUCHAXXCHHS, aHEMII0 Ta JETiApaTaiio opraHizmy. Y caMuIlb
(azaHiB Npu 1OMY NpUNMHSIACA siineknanka. CmepTh (as3aHiB yacTille CHOCTEPIiran Micias XPOHIYHOTO
nepediry 3aXBOproBaHb. Y Toiy0iB BUSBISUIN Mapa3uTapHi iHBa3ii, KOMOPOIHICTh Mapa3uTo3iB i MiKO3iB, a
TaKOXX OTPYEHHS KYXOHHOIO CUJLTIO TicIsl 0OOpOOKH JJOPI’KOK €KOTAPKY 3 METOI0 MPOQUIAKTUKH 0XKEIC THIII.

V cBIHCBHKHX Kypeil, 3a yTpUMaHHA y KIITKOBUX OaTapesix B yMoBax nraxogaOpuK, 1iarHOCTyBaIM pi3Hi
MO€AHAHHS TPABMATUYHUX Ta METa0OMIYHUX NATOJIOTIH. Y Kypeil i3 MpUBaTHUX MiHi-(pepM JOMIHYBaJIM yIITKO-
JOKEHHSI TIEUiHKHY Ta KUITKOBOT CTIHKHU Mapa3uTapHoi eTionorii. B okpeMux monysiisx Kype# i3 nTaxorocmno-
JApCTB, JIe YTPUMYIOTBCS OCOOMHU OZHI€l CeNeKIiiHOT JiHii, BUSBISUIN mpoiidepaTUBHI YpaKEHHS i3 3aiy-
YEHHSM I'€MOIOETUYHUX CTPYKTYP Ta JIM(POIAHNX OpraHiB, Ta iX KPUTHUHI yCKIaIHEHHS. Y 3arn0IuX iHIUKIB
OpoiiiepiB criocTepiraiy MPOTETHOBO-MIIITHAN Ta MOJiBITAMIHHO-MiHEpabHUN AeinuT 13 ypaxxeHHsIMU Oa-
raTbOX OpraHiB Ta CUCTEM Ha TJIi He30aIaHCOBAaHOI TOIiBII.

Cepen eTiONOTiYHUX YMHHUKIB, SIKi BCTAHOBJICHI 32 BUNAJKIB 3aru0ei JOCIiPKEHUX NTaxiB, IMepeBa-
Kalli nopyulerHs IXHbO1 TOJIIBII1, TapaMeTpiB yTPUMaHHSI, iTHOPYBaHHS BHJIOBUX Ta BIKOBUX OCOOJIMBOCTEH.
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ENHANCEMENT OF TRANSFORMATION AND REGENERATION EFFICIENCY
IN CUCURBITA L. PLANTS USING ACYL-HOMOSERINE LACTONES

Plants of the genus Cucurbita L., belonging to the family Cucurbitaceae, are widely cultivated vegetable
crops due to their high nutritional and medicinal value. Their biological activities include immunomodulatory,
anti-inflammatory, antiviral, hepatoprotective, and geroprotective effects (Amin et al., 2019; Priori et al.,
2017).

To enhance the agronomic and pharmacological potential of Cucurbita, molecular biotechnology meth-
ods are employed, primarily Agrobacterium-mediated transformation. However, the efficiency of target gene
integration into the nuclear genome remains relatively low. The application of various approaches, such as
using proximal cotyledon explants, vacuum infiltration, and optimizing seedling age, has increased transfor-
mation efficiency up (Nanasato Y, Tabei Y, 2020; Jing Fen et al., 2023).

A promising strategy to improve transformation efficiency involves the use of acyl-homoserine lactones
(AHLs) — bacterial signaling molecules that regulate quorum sensing in Agrobacterium tumefaciens. AHLs
activate the expression of virulence (vir) genes responsible for T-DNA transfer and enhance bacterial-plant
interactions (Lang, Faure, 2014; Dessaux, Faure, 2018). Beyond interbacterial communication, AHLs can in-
fluence plant growth, development, and immunity by modulating phytohormonal signaling pathways (Schenk,
Schikora, 2015).

Based on these insights, the present study investigated the effect of short-chain N-hexanoyl-L-homoser-
ine lactone (C6-HSL) on Agrobacterium-mediated transformation and regeneration of three different zucchini
cultivars — Zebra, Ranniy Krasunchik and Zolotynka — differing in fruit maturation time and coloration. C6-
HSL was applied at a concentration of 10 uM during the subcultivation stage of explants co-cultivated with
Agrobacterium and subsequent incubation on selective medium.

In the Zebra cultivar, the regeneration rate on medium containing AHL was 65% at the initial stage (two
weeks post-transformation), decreasing slightly to 60,87% two weeks later. Conversely, in Ranniy Krasunchik,
the regeneration efficiency was 33,33% initially but increased to 40% one month post-transformation. The
most pronounced and sustained effect of AHL was observed in Zolotynka, where the regeneration percentage
initially was 63,64% and later rose to 75%.

Thus, the addition of C6-HSL to the subcultivation and selection media positively influenced regenera-
tion across all three cultivars; however, the pattern of regenerative response varied. In Zebra, the effect was
pronounced early but diminished over time; in Ranniy Krasunchik, the response appeared later; and in Zolo-
tynka, the effect persisted and intensified throughout the observation period. It was also established that the
plant response to C6-HSL addition is cultivar-specific, as demonstrated by varying degrees of regeneration
under its influence. Future work will focus on evaluating the impact of C6-HSL on transformation efficiency.
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MMPOTHO3YBAHHSA HEHPOITPOTEKTOPHUX BJIACTUBOCTEM CIIOJYK
IMPUPOJHOI'O NIOXO/’)KEHHS 3A TOIIOMOI'OO METOMAIB IN SILICO

3pocTaHHs ICUXOHEBPOJIOTIYHUX po3naiB, 30kpema [ITCP, B ymoBax moBHOMacmTabHOI BiiHU B YK-
paiHi CTBOPIOE CEPHO3HY MEINKO-COIlianbHy pobiemy. Lle 00yMOBIIO€ 3pocTaHHS MONMUTY HA 3aCO0U MIAT-
PUMKH HEPBOBOI clcTeMH. PocinHHI npenapat € NpuAaTHUMU A7l TPUBAJIOTO 3aCTOCYBAHHS Ta MEPCIEKTH-
BHI y 1iboMy HampsiMi. OfiHi€I0 3 HAaHOUTBIN TIOTEHIIIHHO KOPUCHUX pociiuH € Scutellaria baicalensis Georgi,
110 IEMOHCTpY€ HeHPOIPOTEKTOPHI Ta AHKCIONITHYHI BIacTHBOCTI. Ii 0CHOBHI (h1aBOHOIIHI KOMIIOHEHTH, 3/1a-
THI TIPOHUKATH Yepe3 remMaToeHneamigauii 6ap’ep 1 BIDIMBATH HA HEHPOMEMIaTOPHI CHCTEMH, IO POOUTH
HIOJIOMHHITIO aKTYaJIbHUM 00’ €KTOM (hapMaKoJIOTiYHHUX JTOCHIKEHb.

Merto10 goCTiKEHHS € po3po0Ka, ONTUMI3allis Ta anpobaiis epekTuBHUX in silico MOnenel mporHo-
3yBaHHS HEWPONPOTEKTOPHHUX Ta AHKCIOJIITUYHUX BJIACTHUBOCTEH CIIONYK MPUPOAHOTO MOXOMKCHHS.

Mertonauxka peasnizamii. /[y noOynosu in silico moaeneii 0yno chopMOBaHO JaTaceT Ha OCHOBI 0i0J10-
TYHO aKTUBHUX CIOJYK 13 0a3u nanux ChEMBL 3a BignoBimnumMu MexaHizMamu aii. s BUpilIeHHs 3a1a4i
OiHapHoOi Kiacudikailii 3 MeToro (opMyBaHHS JBOX KJaciB cronyk (akTuBHI — 1 Ta HeakTuBHI — 0) Oyio po3-
poOJIeHO TpH MOAENI MAaITMHHOTO HaBYaHHS, Ha ocHOBI anroputmiB: Random Forest, XGBoost, Light GBM.
3arajbpHy BHOIPKY, 10 TpECTaBlieHa HA00OpOM 3 687 CONyK, 3 HEOOXITHUMH MOJICKYJIIPHUMHU JECKPUIITO-
pamu, Oyno po3AiIeHO Ha HaBYaJIbHY Ta TeCTOBY y cmiBBinHoueHHI 80% Ha 20% BinnosigHo. Pe3ysabTaTu.
[ToGynoBani kinacudikaropu gocsariau TogyHOCTI 75—-78%. CTBOpEHO CIMCOK HalBaXJIMBIIIMX AECKPUIITOPIB
JUIsL KOSKHOT MOJIeTTi, HaJiHICTh SKMX MiATBEp/pKEeHA NUITXoM BepHdikamii Ha Habopi 3 78 crONyK, ONMMCAHUX
y cknani S. baicalensis. 13 3a3nauenoro Habopy 46 cromyk Oynu imeHTH(])IKOBaHI K aKTHBHI, IIOHAWMEHIIIS
OJIHI€I0 3 MOZETIEH.

BucHoBku. [ToOymoBani Mojeni J03BOJISIOTE 3HU3UTH MTOTPEOY B in Vitro Ta in vivo JOCHIKEHHSX, a
TaKOXX CKOPOTHTH 4Yac CKPUHIHTY. JlOCTiIKEHHS MiATBEPIXKYE NOUUIBHICTh BUKOPUCTAHHS MTOOYJ0BAHUX i
silico Mmonieneil A5l MPOrHO3YBaHHS HEHPONPOTEKTOPHUX Ta aHKCIOJIITHYHUX BiacTuBocTel. Lle ocobnuso Ba-
XKIJIMBO JIJTsl MEHII JIOCIPKEHHUX JIIKAPCHKUX POCIMH y KOHTEKCTi npodinaktuku Ta miarpuMku npu [TTCP i
HEPBOBHX PO3JIAaX.
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CHARACTERISTICS OF WNT PROTEINS OBTAINED REVEALED BY IN SILICO METHODS

Wnt family proteins are secreted glycoproteins with a molecular weight of approximately 40 kDa and
length of approximately 350 to 420 amino acid residues. The Wnt signaling pathway plays a key role in regu-
lating diverse developmental processes, including body axis formation, morphogenesis, cell migration and
proliferation, cell type specification, and tissue regeneration and repair. Investigating the structural and phys-
icochemical properties of Wnt proteins is essential for elucidating their functions as key modulators of signal-
ing pathways. However, current knowledge of their structural organization, physicochemical characteristics,
and dynamic behavior remains limited and requires further clarification, particularly in light of the growing
availability of experimentally determined three-dimensional protein structure data.

We employed a range of in silico tools to analyze human Wnt family proteins at multiple levels of
structural organization (primary, secondary, and tertiary). Our analysis included assessment of amino acid
group composition, calculation of various physicochemical indices, identification of signal peptides, prediction
of secondary structure elements (o-helices and B-strands), modeling of three-dimensional structures, introduc-
tion of post-translational modifications, and molecular dynamics simulations.

This comprehensive in silico approach revealed several conserved features of Wnt proteins. Notably, all
members of the family possess N-terminal signal peptides enriched in hydrophobic amino acids. /n silico anal-
ysis of the primary structure revealed that WNT proteins are generally hydrophilic, but the introduction of
palmitoleoylation as a post-translational modification renders these proteins hydrophobic. This physicochem-
ical shift, reflected in changes to solubility, also influences the protein’s tertiary structure and dynamic behav-
ior. Structurally, Wnt proteins exhibit a characteristic two-domain architecture, with the N- and C-terminal
domains forming shapes resembling “thumb” and “index finger,” respectively. Molecular dynamics simula-
tions demonstrated the ability of Wnt proteins to undergo conformational transitions and to exist in structurally
distinct states with varying degrees of compactness.

In general, these findings contribute to a more comprehensive understanding of the structural and phys-
icochemical properties of Wnt proteins, which is essential for clarifying their roles in signal transduction and
developmental biology.
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OHIHKA TEHETUYHOTI O TOJIMOP®I3MY AHTOHIHCBKO-303YJEHELBKOI'O
BHYTPIIIHbOIIOPOJHOI'O TUITY YKPAIHCBKOI PAMYACTOI IOPOJH KOPOIIA
METO/JIOM ISSR-AHAJII3Y

Kopom 3anuimaerbes mpoBigHIM 00'€KTOM BHPOIYBaHHA B pUOHUX rocriofapcTBax Ykpainu. [ mmboke
BUBYEHHS FTEHETHYHNX OCOOIMBOCTEH HOT0 Pi3SHOMaHITHUX BHYTPIITHHOMOPOAHUX THITIB € (YHAAMEHTOM IS
YCHINIHOT CeNeKIIHHOI poOOTH.

Hamre mocnimkenns 6azyBanocst Ha aHaii31 IUIEMIHHOTO CTaAa KOpOIiB, Bigibpanoro y 2024 porii 3 To-
cnogapctBa TOB «Mepkypiit» (Binaumpka 061acTh). 3aBASKH 3aCTOCYBAaHHIO MKMIKpOCATEIITHOTO aHATIi3y
nonimopdizmy JJHK mMu oTpumanu wiHHi 1aHi PO TeHETHYHY CTPYKTYPY LHUX pHO.

Jl1s MONEeKyISIpHO-TEHETUIHOTO aHaJlizy OyIo BifmiOpaHo 3pa3ku KpOBi BiJ 0COOWH aHTOHIHCHKO-303Y-
JICHETIPKOTO BHYTPIIIHEOIIOPOAHOTO TUITY KOpOIia pamMuacToi mopoan. Bixgbip 3pa3kiB KpoBi y pubd 3miicHrO-
BaJlM CTAaHAApPTHUM CIIOCOOOM 13 XBOCTOBOI BEHH. 3a JIOTIOMOTOI0 KomepuiiiHoro Habopy «Quick-DNA.
MiniPrep Kit» («BioLabTech LTD», Ykpaina) suainena JJHK. Ammuridikaris nmpoBeaena Ha aMmrntidikaTopi
«Termo scientific thermocycler» («Arktik Termal Cycler») 3 ISSR-mapkepamu 3a cTaHZapTHOIO MPOTPAMOIO
ISSR-meTony. AMIutikoHH (hpakmioHyBaJld METOJOM elekTpodopesy y 2%-omy arapo3nomy remi B 1XTBE
Oydepi 3 nogaBaHHsIM OpomucToro eruiito. OOpoOKa AaHMX MPOBEACHA 3 MIATPUMKOIO 3arajbHOBU3HAHUX
koMt foTepHux mporpam «POPGENE 1.31» i cienianprOoro Makpocy GenAlEX6 mns «MS-Excely.

[IpoBeneHo aHai3 TEHETUYHOI CTPYKTYPH TPYITH KOPOTIa YKPaiHChKOi paMuacTol HOPOAH aHTOHIHCHKO-
303yJICHEI[FKOTO BHYTPIITHHOMIOPOAHOTO THITY Ha OCHOBI MOJMIMOP(hi3My MiXXKMIKpOCAaTEeIITHUX MapKepiB: A —
(CTCO)6C; B (GAG)sC; C — (AGC)6G; D — (ACC)sG; E — (AGC)sC. Cymapno 3a Bukopuctanus 5 ISSR-
mpaiimMepiB Oymo orpumano 138 mpoaykri ammutidikarii, po3mipom Bix 280 mo 1500 m.H. Haiibinemry Kinb-
KicTh moniMoppHHX (parMeHTiB oxepxkaHo 3a Bukopucranus npaiimepy C (AGC)sG — 37, y To# 4ac sk 3a
mpaiimepamu D (ACC)sG 1 E (AGC)sC Oyna HaliMeHIIIa KinbKicTh momiMopdraux ¢parmentis — 21. 3a mpaii-
MepoM A fiana3oHu aMInTikoHiB Oymu y Mexax 430—-1500 m.u. (33 dparmenTn), 3a npaiimepom B Bing 290 1o
1365 n.H. (26 dparmenriB), 3a mparimepom C — 280-1320 m.u. (37 dparmeHnTiB), 3a npaiimepom D noBxnHa
cranoBuia Bij 355 no 1415 m.u. (21 ¢pparment), 3a nmpaiimepom E — 500-920 1.H. (21 dpparmenr).

[IpoBeneno ouinky iHpopmaTuBHOCTI ISSR-mpaiimepiB y koporiB. 3aranbHa Mipa KOPUCHOCTI MapKep-
HOi cucTeMu Oylia olLliHeHa 3a JJOTIOMOTro0 MapkepHoro iHgekcy (MI): Tak, HaiiOlIbIIe 3HAYeHHS 1aHOTO TI0-
Ka3HHKa 3adikcoBaHo 3a jokycoMm C — 5,13, a HaiiMeHIe — 3a JokycoMm D — 2.9, i3 cepenim 3HaueHHs M MI =
3.9. 3a obpanumu ISSR-nokycamu posainbHa notyxHicTs (Rp) Oyina HaliMeHIIIO0 32 BUKOPUCTAaHHS ITpaiiMepa
D - 6,0; a 3a npaitmepom C BoHa ctanosuna 10,9; y cepenapomy R, = 8,3.

BuznaueHo anernti, o 3ycTpivanucs 3 BACOKOK YaCTOTOIO i TPOJEMOHCTPYBAIU clen(iKy TeHETHYHOT
CTPYKTYpH PaM4acToi MOPoax KOpola aHTOHIHCHKO-303yJICHEI[bKOTO BHYTPIIIIHHOIIOPOTHOTO TUITY 3a 00pa-
Humu ISSR-mapkepamu. Takum unmHOM, Oynno mociimkeHo nonaiMopdHi reHetnuHi ISSR-mapkepu xopoma
pamuacToi Opoiu aHTOHIHCEKO-303YJIEHEIIEKOTO BHYTPIIIHBOTIOPOIHOTO TUITY. BuBUeHO eeKTHBHICTD 00-
paHuX npaliMepiB, AKI CKIAJATUCH 3 TPUHYKJICOTHIHUX MOTHBIB 3 OJHOSKIPHUM HYKJICOTHIOM Ha 3'-KiHII,
JUIs1 OLIIHKH TOMiMOP(i3My T€HETUYHOT CTPYKTYPH AOCIHIHKEHOI rpynu. OTpuMaHi pe3yabTaTH TaKOXK MOXKYTh
OyTH BUKOPHCTaHI AJIS1 KOMIUIEKCHOT OLIIHKM FeTePOreHHOCT] KOpOoIa aHTOHIHCHKO-303YJIEHEIIbKOTO BHYTPilLI-
HBOITOPOTHOTO THUITY.
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3ABJIAHHSI CEJIEKIIIT EXOCHORDA LINDL. JIJISI YPBAHI30BAHOT'O CEPEJIOBHIIIA

VY cknagi poay exzoxopna (Exochorda Lindl.) poauau mmmmmuHOBUX (Rosaceae Juss.) HAHI BU3HAETHCS
nutie onuH BUA Exochorda racemosa (Fortune ex Lindl.) Rehder, 3 mpupoxanm apeanom y cepeqHpo-a3iich-
KHX JepxkaBax Ta perioHax [liBnenHo-llentpanbroro it [liBgenno-Cximnoro Kurtaro, Manpwkypii i B Koped.
Moro pociMHM NpecTaBiIeHi JOCHTh JeKOPATHBHO-TIPUBAGIMBIMHY JTHCTONATHIMH YarapHUKAMH 3 IIPOCTUM
0J1110-3€JIEHUM JIUCTSIM 1 OITIOIIe-TTOIIOHIMHE S-TIETFOCTKOBUMH KPACHBUMU OLTHMMU KBITKAMH Y KIHIIEBUX CY-
LBITTAX, MO0 IBITYTh TpoTsIroM 20-35 1i0, moYnHAI0YH 3 YETBEPTOI IEKaaH KBITHS.

Pin Oy onmcanmii y 1858 poui 6putancekum 6otanikom xxonom Jlinmmi (John Lindley, 1799-1865).
oo BHYTPIIIHBO-POIOBOTO PIZHOMAHITTS, 32 MOP(OJIOTIYHUMHU KPUTEPISIMH OYIIO BHIIICHO NEKiTbKa J10-
CUTHh ONM3BKUX BHIIB, YHACIIOK YOTO iXHIO KUTBKICTh BH3HAYAIOTH MO-pi3HOMY. CBOTO Hacy aBTOPHUTETHUH
HiMenpkuii gerapostor I'epa Kproceman (Johann Gerd Kriissmann, 1910—1980) y cknani poay Exochorda po-
3pi3HsB I’ sTh BUIIB: E. giraldii Hesse., E. korolkowii Lav., E. x macrantha (Lemoine) Schneid., E. racemosa
(Lindl.) Rehd. ta E. serratifolia Moorem 3 goMa migBugamu E. racemosa subsp. giraldii (Hesse) F.Y.Gao &
Maesen ta E. racemosa subsp. serratifolia (S.Moore) F.Y.Gao & Maesen. He 3arnu0mior04uich y aerani Tak-
COHOMIT 3a3HauuMo, 10 B YKpaiHi ek30X0p/a, a came E. korolkowii 3raiyeTbes y epuioMy CIHHCKY POCIUH
Hikitcpkoro 6otaniynoro caxy y 1890 porti. FOpiit Ko6iB y 2004 pori anst poxy Exochorda HaBoguTh ykpa-
THChKY HAayKOBY Ha3By nepiaucmka, a ius E. korolkowii — nepaucmra cadoséa, Ky NOTIOBHIOE HAPOIHOIO Ha-
3BOI0 KUMALICbKA HapeueHa, 0 MabyTh BUHUKJIIA 3aB/SIKK CYLBITTSM, 31€01TBIIOT0 6iJIOr0 KOIBOPY, 3 COPTO-
BHMH BapiamisiMi POKEBOTO i KPEMOBOTO.

Hwuni Ha pocnuHM eK30XOpAM MOKHA HATPAIUTH Maike B yCiX OOTaHIYHMX KONEKIiAX YKpaiHw, a Ta-
KOX Yy CKJIaJli Haca/PKEHb 3arajlbHOTO Ta CIelliaibHOro KopuctyBanHs Kuesa, Binnui, Onecu, JIbBoBa i iH-
mwmx Mict. CaguBHUE Martepiai 11 copTiB 1 GopM NpomoHyeThCs 6araTbMa po3caJHUKaMHU, OJJHAK 32 PiBHIMHU
BITPOB/KCHHS B 03CJICHECHHSI €K30X0P/Iy MOXHA BIIHECTH JIO0 Hapa3i HETOOI[IHEHUX JICKOPATUBHUX POCIIUH 3
HEBUKOPHCTAHUM BEJIUKUM TOTEHIAIOM JUIsl CENEKIIii. 3-MOMiXK HaHOIIbII BArOMUX MIPUYWH, 110 TAJIbMYIOTh
BIIPOBAJ[)KCHHS €K30X0P/IH, CJIiJI Ha3BaTH HEJOCTATHIO a/IallTOBAHICTh 11 IHO3EMHHUX COPTIB 710 YMOB ypOaHi30-
BaHOTO CepeloBHUIIA. 30KpeMa KYIIIl eK30X0p/IU, X04a i He HAATO BUOATIIHBI 0 TPYHTIB il edinuTy BoIoru
Ta BUTPUMYIOTh YMOBH 3UMIBJII, OTHAK MOXKYTh YPaXKyBaTHUCS KOMIUICKCOM 30yIHUKIB XBOPOO, 1110 XapakKTe-
PHU3YIOThCS B'STHEHHSIM, BIJIOMHMH 1 Ha 0araThOX iHIIUX CiJIbCHKOTOCIIOIAPCHKUX W IEKOPATUBHUX POCIHHAX
i 3arajibHOI0 HAa3BOIO “BINT”.

CrBopeHuii OIU3BKO cTa POKiB TOMy copT ek3oxopau 'The Bride' monynsipauii y €Bpomni norenep. He
MeHII TpuBabIKBi BUBE/IEHI Mi3HilIe: OilocHXXHME copT 'Niagara', 1110 XapaKTepU3y€eThCsl KOMITAKTHUM Taoi-
TycoMm, a Takox copt 'Irish Pearl' 3 my>xe moBrumu KBiTy4rMu rinkamu, copt 'Snow White' 3 uncto Ginmnmu
CYUBITTSAMH ¥ BpaXarounii HI>KHO-POKEeBUMU KBiTaMu copT “Blushing Pearl”.

Tox cenexiiifine 3aBIaHHs MOIIIIEHHS €K30X0P/IU BKIIIOYAE B ce0e ITiIBUIIIEHHS CTIMKOCTI MPOTH 30Y-
JTHHUKIB XBOpOO 31 30epeKeHHSIM i TTOKPALICHHSM KOMITIEKCY 03HaK 3arajibHOI IGKOPATUBHOCTI, 8 TAKOK CTBO-
PEHHS epCIEeKTUBHUX JUIs (hapMarii COpTiB.

CisHLi eK30X0pAM, OTPUMaHi i3 310paHOro y NepBUHHMX apeayiax, a iHoAl i y OOTaHIYHUX KOJEKLifxX
HACIHHS, MOXXYTh OyTH JDKEpPEJIOM BHXIJIHOTO MaTepiaiy MpH CTBOPEHHI HOBUX COPTIB METOJaMHU KJIACHYHOTO
HITYYHOTO JI0OOPY 3 BKJIFOUSHHSIM €JIEMEHTIB ITPUPOIHOTO J000pY H 3a]TydeHHSIM TEXHOJIOTIH in vifro Ha moc-
JIIIOBHUX eTarax ceJIeKIi.

196 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). PakTopu excnepmeHTansHoi eBontoLi opraHiamie 2025. Tom 36


mailto:opalko_a@ukr.net

MIPKO 51.B."", KO3YEB H.0."*", PABOKOHb A.M.!, BJIIOM P.4.!, IIUIIA O.M.!, CO3IHOB 1.0.2,
KAPEJIOB A.B. 2, CO3IHOBA O.L.'?, KBACKO A.IO. !, CAXAPOBA B.I'. !, EMEIb A.Ll,
BJIIOM S1.B.!

L TV «Incmumym xapuosoi 6Giomexnonozii i eenomixu HAH Yrpainuy, Kuis, Yxpaina;

2 Tnemumym 3axucmy pocaun HAAH, Kuis, Ykpaina,

*e-mail: yarvpl@gmail.com; natalkozub@gmail.com

CTBOPEHHS O3UMHUX JI'.IHII7'I M’SIKOI MINEHALI 31 CTIMKICTIO A0 BUCOKOBIPYJIEHT-
HUX PAC CTEBJIOBOI IPKI 3A 1OIIOMOI'OI0 MAPKEP-ACOIIMOBAHOI CEJIEKIIII
HJIAXOM KOMBIHYBAHHSA Sr 'EHIB

Cre0a10Ba ip:ka, cnpuunHeHna rpudom Puccinia graminis Pers., € cepiio3H0I0 3arpo3010 AJs BUPO-
wyBands nwenuui (7riticum aestivum L.) B ycboMy €BiTi, OCKiIbKH NMOTEHIiliHi BTPaTH BPOKal0 MO-
*kyTh caratu 100% (Leonard & Szabo, 2005; McIntosh et al., 1995; Olivera et al., 2015). IlosiBa i
LHIBH/KE NOUIUPEHHS BUCOKOBipyJeHTHUX pac, Takux ik Ug99 (TTKSK) (Pretorius et al., 2000; Singh
etal., 2011) i TKTTF (Olivera et al., 2019), mitkpec/10I0TH HEOOXiTHICTH CTBOPEHHS TeHETHYHO CTIIKHUX
Ji”id mmennni. OqHUM i3 eQEKTHBHUX MIAXO0MIB 10 OOPOTHOM 3 XBOPOOOIO € BBEACHHS I'eHIB CTIHKOCTI (S7
T'CHIB) Y CydacHi COPTH MIIEHUIl. 30KpeMa 1€ CTOCYEThbCs TeHiB Sr2, Sr 33, Sr39, Sr40 ta Sr57 (Lr 34). I'en
Sr33, orpumanuii Bin Aegilops tauschii, 3a0e3medye MUPOKY CTIHKICTh, 30KpeMa H 10 BHCOKOBIPYIEHTHOI
pacu Ug99. /Iy cTBOpeHHSsI 03UMOi MIISHUIII 3 TeHoM S7°33 OyIo mpoBeneHo cxpenryBanus mixk DH31 (spa
MIICHUIS KaHAJCHKOI CeJeKIii 3 reHoM S733) 1 BITYU3HIHUMH O3UMHMH COPTAMHM IIIECHUIN. 3a JOMOMOTI'0I0
MapkepHoro 106opy (MAS) 3 Bukopucranasam mapkepa Sr334 (IBamryk Ta iH., 2018) Oynu BiniOpani cTiiiki
pocnuan mokoinieb F3—Fs. DH31 Takox BHiC cripusTiuBi aneni 3amacHuX OiikiB (Hanpukian, Glu-Blal, Glu-
D1d), noB’s3aHi 3 BUCOKOIO SIKICTIO TicTa. AHaII3 ypO:KalHOCTI He BUSBHUB 3HWKCHHS MPOJYKTUBHOCTI Yepe3
HasBHICTB TeHa Sr33, 1m0 poOUTS i JiHIT MePCTIeKTHBHUMU TS ceNteKii. st po3mmpeHHs! CIeKTPY CTIHKOCTI
Takox Oynmu BBeneHi renn Sr39 ta Sr40 musaxom MAS y cxperryBaHHsAX 3a ydactio JiHii RL5711 (Sr39) Ta
RL6089 (Sr40). byno mportectoBaHo HU3KY SSR- Ta renHo-cnenngiuHux MapkepiB (Hanpukian, Sr39#50,
Sr39#22, Xwmc344). Pe3ynbTatu aHanizy MapKepiB BUSBHIN HWKUYY YaCTOTY POCIWH 3 reHamu Sr39/Sr40,
WMOBIpHO, Yepe3 3HWKEeHY 3UMOCTIHKICTb JIiHIH 3 IHTPOyKOBAaHUM T€HETHYHUM MaTepialioM JI0 XpOMOCOMH
2B nenuii. BogHouac, 11i TeHOTHITY € I[IHHUMH JIJIsi CTBOPEHHS COPTIB IIICHHUIII 3 ITUPOKUM CIIEKTPOM CTiii-
KOCTI J10 cTe010BO1 ipyKu. Takok MpoBeIeHO pOOOTH 13 3alIydeHHS J0 CENEKIIHHOT pOOOTH COPTIB, IO MIiCTATH
asien cTifkocTi reHiB Sr2 ta Sr57 (Lr34). Cepen 03uMHX JIiHIHM, CTBOPEHHX 3a Y4acTIO KaHaJICBKOTO SIPOTo
MaTepiany mieHui, BusBiaeHo reHotumu 3 pseudoblack chaff (PBC — nceBrouopHi Jiyckun) — MOpQOIOTiYHIM
MapKepoM TeHa JI0pociIol paco-HecrnenudiyHoT CTIMKOCTI /1o cTe10Boi ipki S¥2, 110 OyII0 MiATBEPXKEHO 32
JIOTIOMOTOI0 MOJIEKYJISIPHO-TeHETHYHHUX MapKepiB. SIK CB1T4aTh pe3ysIbTaTH FTeHETUYHOTO aHAIli3Y, cepe]l JIiHi i
Bix cxpemtyBanb DH-G76-54 x 3umosipka Ta DH31 x Mupxan, nonepeanso BiliOpaHuX 3a MPUCYTHICTIO T'eHa
Sr33, dacTora HOCIIB TO€IHAHHS JIBOX aJEJIB CTIMKOCTI reHiB Sr33 ta Sry7 Oyna HU3BKOIO B Marepiaji Bij
000x KOMOiHaIIii cxpenryBaHHa. AHaii3 MaTepiany npeakosux jdiHid F4 DH31 x Mupxan, skuii MiCTUB Te€HO-
TinM K 3 Sr33, Tak 1 0e3 HBOro, MOKa3aB, IO alelb CTIHKOCTI IiIbOBOro reHa Sr33 OyB TepeBa)KHO
acoLIMOBaHNii 3 aJleJIEM HECTIMKOCTI reHa Sri7.

Poboma suxonana ¢ pamxax npoexkmy HOIAY 2021.01/0313 « Cmeoperus ceHomunié nuueHuyi M saKoi 3
2eHamu CMIUKOCMi NPOmu BUCOKONAMO2EHHUX pac cmed.10801 ipaici 3 BUKOPUCTHAHHAM MOACKYIAPHUX MapKe-
Pis Ax 3anopyka xapuoeoi besnexu Yrpainuy.
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MIHJIMBICTHh TEHOMIB IHTPOT' PECUBHUX JITHINA
TRITICUM AESTIVUM / AMBLYOPYRUM MUTICUM
3A JUISHKAMMU I'EHIB CTIMKOCTI 10 TATOI'EHIB

IaTpOTrpecuBHy TiOpuaN3aIii0 BAKOPUCTOBYIOTH JJIS MMOKPAIEHHS TeKCaIIOiqHOI MIIeHHUIII, IKa KyITb-
THUBYETHCS, 32 arpOHOMIYHO-BKIIMBIMHU O3HAKaMU, Cepell SKUX CTIHKICTh 0 MaToreHiB. BinOyBaeThcs 3amy-
YCHHSI TCHETHYHOI PI3HOMAaHITHOCTI OJIM3bKOCTIOPITHEHUX BH/IIB TIIICHUIT, Tukopociux poauyis (King et al.,
2022). IloegraHHs B OJHOMY SIIPi TOCIAOBHOCTEN PI3HOTO MOXOMKEHHS (TIIIEHUYHOTO Ta B/l TEHOMY-TOHOPa
OaxaHOi 03HAKM) CIPUYNHSIE TEHOMHY HECTaOIbHICTh a00 TeHOMHMIA / TiOpuAHMIA oK. PiBeHs HecTabimpHO-
CTl 3aJICKUTh BiJ PiBHS BIIMIHHOCTEH I'€HOMIB JIOHOpa Ta penumieHTa. [IposBaMu € akTUBAIlisi MOOITBHHUX
TeHETUYHHX EJIEMEHTIB, XPOMOCOMHI mepe0y/I0BH depe3 Moil pekoMOiHaIliil, 3MiHa eKcTpecii TeHiB Ta iHIIi
(Glombik et al., 2020). Yepe3 Taki moxii BinOyBa€eThcsl cTadinizamis riOpuaHOTO TeHOMY, SIKa MOXE CIPUSATH
BTpaTi IIILOBOT 03HAKK. ToMy Mae OyTH KOHTPOJIb Mepeadi MOoCIiJOBHOCTEH iHTepecy yepe3 BUKOPUCTAHHS
JOCTYITHHUX MOJIEKYJISIPHO-TEHETHYHHX ITiJXOIiB.

Jis poboTr BUKOpUCTaHO TeHOMHO-3aMiternid ampimumuioin ABpotika (AABBTT, 2n=6x=42), iioro
reKCcaIuIoiiHI iHTporpecuBHi JdiHii T. aestivum/Am. muticum (cepis tica), crBopeni y 2014 pomi (Iefimenko et
al., 2015). Jlinii € 0’ATUM NOKONIHHSAM POCIHH BiJ iHILIATEHOTO CXpEIIyBaHHS, OTPUMaHi 4epe3 3aluiIeHHs
PE3UCTEHTHOT /10 30yTHUKa OOPOITHUCTOI POCH ABPOTIKH COPTOM MIIIEHUII M sIKOT ABpopa (dyTiuBa 10 Bgt).
O1iHKy pOCIMHHOTO MaTepiary MPOBOIMIN Y TIOTFOBUX YMOBaX 3a 9-0anbHO0 mKanor. i1 BUBYEHHS MiH-
JUBOCTI JIiHIH BUKOPUCTAIN KOHCEPBATHBHI MOCIITOBHOCTI T€HIB CTIHKOCTI /10 ATOTeHIB Pi3HOI IPUPOAH, SIK
MapKepHi, IpY OEAHAaHHI TIpaliMepiB, K1 (IaHKYIOTH i AUTHKH, Y Tapu 3a MeToankoro RGAP (Chen et al.,
1998). Iponykru ammiidikanii po3aismm y 1,9% arapo3nomy reni. Knacrepusanito MHOXXHHE T€HOTHIIIB
npooauy y nporpami STRUCTURE 2.3 .4.

CriliKicTh 10 OOPOIIHUCTOT pocH OyJia MOYATKOBOI 03HAKOK IHTEPECY, 32 SIKOK BUSIBHIIA MIHJIUBICTD /
HecTabiMbHICTh IHTPOTPECHBHUX JiHINA. PocinHY, sSIKI BUPOCTH 3 3€pHA CTIHKHUX IHTPOTPECHBHHX JiHIHA (poc-
suau F5), He Oyiiv 0THOMaHITHUMU 3a JIAHOK 03HAKOK0. [T’k JiHiA Maau Big 3 10 53% 4UyTIMBUX POCIIHH.
Hecta0inpHicTh / MIHIUBICTB JIHIM CIIOCTEPIraiy sK 32 OILIHKOIO B MOJILOBHX YMOBAaX, TaK i HA MOJEKYJISIp-
HOMY piBHi. PociimHu aHamizyBany 3a KOHCEPBATUBHUMU JUISTHKAME T€HIB CTIHKOCTI JI0 TATOTEHIB Pi3HOI pH-
ponu (Blumeria graminis f. sp. tritici (Bgt), uuct Hemaron, Pseudomonas syringae, Xanthomonas oryzae pv.
oryzae). BUKOPHCTOBYBaJIM MpaiiMepu 10 IIISHOK, AKi KOJAYIOTh TOBTOPH, OaraTi Ha JICUIIMH, IOMEHH 3 KiHa-
3HOI0 aKTHBHICTIO, HYKJIEOTH/3B sI3yBalbHi JoMeHU. Uepe3 momapHe CIiBCTaBICHHS CHEKTPIB «ABpOTiKa —
TiHis», OTpUMaHUX 3 14 KoMOiHAIIIMU TIpaliMepiB, JiHIT MAIOTh OLTBINY KUTBKICTh Ta BapiaOelbHICTh aMILTi-
KOHiIB (€ / HeMa). ['eHOMH IHTPOTPECUBHHX JIiHIM Pi3HUX MOKOJIHb MAlOTh PI3HUIIIO Y CIIEKTPax 3a BUKOPHUC-
TaHHs TpaiMepiB 0 AUISHOK, SKi KOJAYIOTh KiHa3HI JJOMEHH, JICHIIMH-0araTi MoBTOpH. PociuHu Oinbin mi3-
HBOTO TOKOJTIHHS MalOTh MEHIITY KUIbKiCTh KOMIIOHEHTIB y criekTpi. Lle Moxe Bka3zyBatu Ha cTalimi3allito re-
HOMIB JiHIH Yepe3 BTpaTy MOCIiAOBHOCTEH, Xo4a OM THX, 3a SKuUMH crioctepiranu. [lin gac kmacrepuszarii
TFCHOTHUIIB HAMO1IBII HMOBIPHUM € PO3IIOJIiJ HA JABI MiArpyH, TOOTO icHye nud)epeHIiallis OpraHi3MiB 3a J10-
CJIITHUMU AUISTHKaMK TeHoMiB. Uepes BapiaGenbHICTh JiHIN, MiJ Yac nepeaadi CTiHKOCTi 3a IXHBOIO JI0TIOMO-
rOI0, CJiJ iHAMBIAyalbHO MPALIOBATH 3 POCIMHAMH (JIiHIsIMU Ta Ti0puAaMu, CTBOPEHUMH 3a iXHBOI y4acTi)
JUTSL ITPOCITIIKOBYBAHHS ITOBEIIHKH O3HAKH.
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COMPARATIVE ANALYSIS OF DNA STRAND INTERACTION ENERGY IN PROMOTER
REGIONS OF BACTERIAL GENOMES WITH DIFFERENT PHYLOGENETIC POSITIONS

The physical properties of DNA promoter sequences are crucial for understanding genome organization,
gene expression regulation, and evolutionary processes. One such property, the energy of DNA strand inter-
action (DSI), may influence the binding affinity of enzymes and regulatory proteins to promoter regions. A
known challenge in gene analysis is the asymmetric nucleotide composition between the leading and lagging
DNA strands, affecting gene orientation. For example, in B. subtilis, approximately 75% of genes are located
on the leading strand, whereas in E. coli, this figure is around 55%. This study aimed to analyze the DSI energy
in the promoter regions (£200 p. n. from the transcription start site) of three bacterial species with varying
phylogenetic distances (E. coli, B. subtilis, S. typhimurium — using genome data from the KEGG database).
The minimum DSI energy, calculated via a sliding window algorithm, was used to identify site-specific regions
within promoter zones.

The assessed mean DSI energy differed among all tested species, which was associated with differences
in nucleotide frequencies between the leading and lagging DNA strands. The DSI energy was consistently
lower in the pre-promoter region compared to the coding region, with the lowest values observed in the pro-
moter region itself. In genes with direct (forward) orientation, the DSI energy was higher in the regions from
—150 to +1 and +51 to +150, whereas genes with reverse orientation showed lower DSI energy in the —150 to
+1 segment.

A statistical analysis using ANOVA of 50-nucleotide k-mers revealed significant differences in DSI
energy among the three bacterial species (p <0.001). Gene orientation also significantly influenced DSI energy
(p = 0.044). Pairwise comparisons of species showed statistically significant differences in mean DSI energy
in both gene orientations: (1) S. typhimurium vs. B. subtilis, (2) S. typhimurium vs. E. coli, and (3) B. subtilis
vs. E. coli.

In the —200 to —1 region, E. coli and S. typhimurium displayed similar patterns of DSI energy distribu-
tion, while B. subtilis showed markedly lower mean DSI energy. This likely reflects the greater phylogenetic
distance of B. subtilis from the other two species. Notably, reductions in DSI energy near the —55, -35, —10,
and +6 nucleotide positions—sites crucial for transcriptional regulation—suggest a potential functional link
between DSI energy and gene expression. The proposed approach—assessing DSI energy in genomes—rep-
resents a promising tool for identifying genotypic differences among organisms with distinct phylogenetic
positions.

Analyzing DSI energy in asymmetric DNA strands presents a promising approach for identifying spe-
cies-specific bacterial genomic features associated with there evolutionary distances. The similarity in DSI
energy profiles between E. coli and S. typhimurium, and their contrast with B. subtilis, correlates with their
phylogenetic relationships and may reflect functional genomic adaptations.
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BILJIUB CHEPMIJIMHY HA HEHPOJAETEHEPATHUBHI 3MIHU MYTAHTIB
3ATEHOM SWS CHEESE D. MELANOGASTER

HeiiponerenepatrBHi npouecH CynpoOBOIKYIOTHCS POrPECYIOU0I0 BTPATOIO HEHPOHIB 1 MOPYLICHHSIM
(hyHKIIIOHATBHOTO CTaHy opranizmy. OpHi€l0 3 HAHOIIBII MOCTIPKEHUX MYTAIliid, [0 BHUKIWKA€E MOIOHI
3MiHH, € MyTallisl TeHa SWiss cheese (sws), sKa TPU3BOJUTD JI0 aronTo3y HEHPOHIB 1 TiMepOropTaHHs iXHBOT
COMHU TJialbHUMU KiTiTHHaMH. CIepMiInH — eHAOTeHHHI MoJliaMiH, o Oepe y4JacTh y perynsuii ayrodartii,
AHTHOKCHJAHTHOI'O 3aXUCTY Ta KJIITUHHOTO FOMEOCTAa3y, PO3IIIAAA€THCS SIK NOTCHUIHHII HEUPOIIPOTEKTOP.

Mertoro nocmimkeHHs Oyio OI[iHUTH BIUTHB CIIEPMIiIMHY Ha TPOSBH HEUPOIETEHEPATUBHOTO (DEHOTHUITY
B MyTaHTiB sws’ Drosophila melanogaster y opiBHsIHHI 3 0co6MHaMK auKoro TuIy Oregon-R.

Y Mexax TocIiKEeHHS MTPOBOAMIN BUZHAYCHHS TPUBAIOCTI )KHUTTS, JJIsI aHAi3y TIOBEIIHKOBHUX PEAKITii
OyI10 3acTOCOBaHO MOAU(IKOBAaHHUI TECT Ha HETATUBHUI T€OTAKCUC IS OI[IHKK PyXOBOi aKTUBHOCTI, Ta KalTi-
JSIPHUM TeCT A BU3HAUCHHS CMAaKOBOI MOBEIIHKH. AHali3 ()EHOTUNOBUX 3MiH TKaHUH MO3KY 31MCHUIIN
IUITXOM BUT'OTOBJICHHS TICTOJIOTIYHUX 3Pi3iB.

BcranoBneno, mo cnepMiguH y KOHUEHTpauii 5 MM CKOpOUye TPUBATICTD KHUTTA K y MyX JUKOTIO
TUIy, TaK i y SWs'-MyTaHTiB, ToAi K HK4i KoHenTpauii (0,5 i 1 MM) migBHILYIOTh BUKHMBaHICTh JIUIIE B
MyTaHTiB sws’. PyXoBa akKTUBHICTb y JMKOTO THITY 3aJIMILIANACS HE3MIHHOKO, HATOMICTh Y MyTaHTIiB Sws’' 1pu
5 MM criepMinHI CYyTTEBO 3HIDKYBAIACH, IO CITIBIAAAE 31 3SMEHIIEHHIM TPUBAJIOCTI )KHUTTS. TECT Ha CMaKOBY
MTOBEIiHKY BUSBUB i HOPYIIECHHs Y MyTaHTIB B IOPIBHAHHI 3 JUKUM THIIOM, & CTIOXKUBaHHSI CIIEPMiIUHY TIPH-
BEJIO JI0 BiIHOBJICHHS CIIPUMHATTS cMaKy. MopdoIoTiyHuii aHami3 He MMoKa3aB 3MEHILICHHS 30H JIeTeHeparii y
TKaHWHI MO3Ky MYTaHTIB IpH 3aCTOCYBaHHI HABHUIIOI KOHIEHTpalliii ciepmianHy. Ta 3a xoHneHTpartii 0,5
MM MU BHUSIBIIIHU JIesIKEe 3MEHIIICHHS PO3Mipy HeHpoJereHepaTHBHIX BaKyOJei.

CrniepMiZiMH Ma€ MOTEHIIaN SIK HEHPONPOTEKTOP 32 YMOB ONTUMAabHOI KOHIICHTpAIIil, 10 3a0e3mneuye
MOKpaIieHHs QYHKIIOHAJTBHOTO CTaHy MPH TeHETHYHO 00YMOBJICHUX HEHPOJIeTeHEPaTHBHIX 3MiHAX.
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THE IRON-SPECIFIC COMPLEX REGULATORY NETWORK LIES BEHIND THE
RIBOFLAVIN OVERPRODUCTION IN THE YEAST CANDIDA FAMATA

Riboflavin (RF, vitamin B2) is produced in industrial quantities. Vitamin B2 is used as a feed additive
in agriculture, as a natural dye in the food industry, for food fortification, and in medicine. In recent decades,
RF has been produced by biotechnology using the bacteria Bacillus subtilis, fungi of the genera Ashbya and
Eremothecium, and the yeast Candida famata. Although the metabolic pathway of RF biosynthesis is well
established in various yeast species, relatively little is known about its regulation. SEF', a gene considered to
be a key regulator of flavinogenesis in the yeast C. famata, encodes the transcription factor Sefl, which acti-
vates RF overproduction under conditions of iron deficiency in the medium. Other genes potentially involved
in the regulation of flavinogenesis in C. famata include MET?2 (encoding homoserine-O-transacetylase), SEF2
(encoding a transcription factor), and the structural biosynthesis gene R/B3 (encoding a deaminase), as muta-
tions in these genes have been identified in the RF-overproducing strain AF-4. However, the detailed mecha-
nisms of action of these genes remain unclear.

We have developed a yeast-one-hybrid system in Saccharomyces cerevisiae to investigate the role of
SEFI in the activation of structural genes of RF biosynthesis in C. famata. S. cerevisiae was transformed with
two plasmids: the first contains the LAC4 reporter gene of Kluyveromyces lactis (encoding -galactosidase)
under the control of the promoter of one of the structural genes of RF biosynthesis (R/BI-RIB?7); the second —
the SEF'1 gene under the control of the GALI promoter, which is induced by the addition of galactose to the
medium. The resulting strains were grown on a medium with galactose for Sefl induction and the B-galacto-
sidase activity observed in the case of the interaction of Sefl with the promoters of the RIBI-7 genes was
determined. The results obtained indicate that Sefl activates the expression of the R/B/ gene by interacting
with the sequence TAAAAATCCGAACCCCGG within the promoter. Replacement or deletion of this se-
quence leads to the loss of B-galactosidase activity. Sefl also activates the promoters of the RIB3, RIB5, RIB6,
RIB7 genes, but not RIB2.

Additionally, we have analysed the changes of the expression of the structural genes of RF biosynthesis
upon overexpression of SEF'/ gene to prove the specific role of Sefl as the key transcriptional activator in the
C. famata yeast under iron starvation. The results suggest the strongest increase of the expression of R/B7
gene, reaching 2,5-fold compared to control. The expression of the genes RIBI, RIB3, RIB5, RIB6 increased
1,3-fold, 1,5-fold, 1,8-fold, 1,3-fold, respectively. The gene RIB2 did not demonstrate a significant change of
its expression.

To study the involvement of the MET2, SEF2, and RIB3 genes in the regulation of RF biosynthesis, their
expression under the control of their own or a strong TEFI gene promoter was enhanced in the wild-type
VKMY-9 strain of C. famata. The introduction of an additional copy of the R/B3 gene led to an increase in RF
production by 1.5-3 times compared to the original strain. Overexpression of the MET?2 gene did not affect the
flavigenic activity of C. famata. When the SEF2 gene was expressed under the control of the TEF1 promoter,
a 5-fold decrease in RF production was observed. The results obtained indicate the participation of the SEF2
gene in the negative regulation of RF biosynthesis in C. famata.

The work was performed with the support of the National Research Foundation of Ukraine, project
2023.03/0035.
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GENETIC DIFFERENCES BETWEEN PIG BREED POPULATIONS
IN INDIVIDUAL MISSENSE VARIANTS OF THE TERT GENE

The telomerase complex comprises two principal components: telomerase RNA, encoded by the TERC
gene (Telomerase RNA Component), which serves as a template for the synthesis of telomeric repeats; and
telomerase reverse transcriptase, encoded by the TERT gene (Telomerase Reverse Transcriptase), which car-
ries out the enzymatic function of the complex. Previous studies have demonstrated that mutations in these
human genes influence telomerase activity, thereby affecting telomere length and the biological aging process.
However, the polymorphism of these genes in farm animals remains poorly investigated.

In the present study, we examined the polymorphism of the TERT gene in several pig breeds. Specifi-
cally, we analyzed the missense variants rs698799571 and rs706045634, which result in amino acid substitu-
tions Y159F and R201P in the N-terminal (TEN) domain; rs325294961, which causes the R354G substitution
in the telomerase RNA-binding domain (TRBD); and rs705602819, which results in the R629W substitution
in the reverse transcriptase domain (RTD).

Based on allele frequency distributions for these four variants, clustering analysis and the calculation of
genetic distances were conducted among the following pig breeds: Pietrain, Meishan, Duroc, Large White,
Large Black, and Vietnamese Pot-bellied Pig. The analysis revealed that Duroc, Large White, and Large Black
form one genetic cluster, while Meishan and Pietrain form a separate cluster. The Vietnamese Pot-bellied Pig
exhibited the greatest genetic distance from all other breeds and did not cluster with any of them. These find-
ings suggest that TERT gene polymorphism as a phylogenetic marker can be used to assess genetic relation-
ships among pig breeds and, in particular, highlight the distinctiveness of the Vietnamese Pot-bellied Pig from
European breeds.

Future research may focus on establishing associations between TERT gene variants and economically
important traits in pigs, such as viability, resilience, aging rates, reproductive performance, and meat produc-
tivity.
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GENETIC TRANSFORMATION OF UKRAINIAN VARIETIES OF SOYBEAN

Soybean (Glycine max) is one of the most important agricultural crops in the world. Soybean seeds are
a source of high-quality protein, essential fatty acids, isoflavones, and other biologically active compounds.
Due to its economic significance, this crop has become the subject of numerous studies aimed at its genetic
modification. Despite advancements, the efficiency of soybean transformation remains lower compared to
many other crops. The main challenges include genotype-specific regeneration and generally low transfor-
mation efficiency in this species.

The aim of our study was to select regeneration media and optimize the transformation protocol for
Ukrainian soybean varieties.

In vitro regeneration experiments were conducted using cotyledons from one-week-old aseptic soybean
seedlings of 10 different varieties. The nutrient media used in this work were based on MS macro- and micro-
nutrients, supplemented with varying concentrations of micronutrients and growth regulators. For genetic
transformation, a vector was constructed containing a selectable gene bar conferring resistance to phosphino-
thricin, as well as two reporter genes: zsgreen and gus. This vector allowed us to assess transformation effi-
ciency via visualization of reporter gene expression.

Genetic transformation was carried out using Agrobacterium tumefaciens strains GV3101, LBA4404,
and LBA4404 with the accessory virulence plasmid. Following transformation, stepwise selection was per-
formed on phosphinothricin-containing media at concentrations of 5 and 7 mg/L. Instead of agar, Phytagel was
used in the selection medium, as impurities in agar reduced the selective pressure of phosphinothricin.

As a result of the conducted experiments, regeneration conditions were optimized for 10 different soy-
bean varieties. The most effective medium contained a fourfold concentration of MS micronutrients and 9
mg/L of 6-benzylaminopurine (BA). Based on visualization of reporter gene expression in explants and regen-
erants, it was determined that the highest transformation efficiency was achieved using 4. tumefaciens strain
GV3101.
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«CTEXXKAMMU BIIATHOI'O 3EMJISIKA-HAYKOBLISI»: 1O 125-PIYYSA
BIJI HAPOI’KEHHS TOBP2KAHCBKOI'O ®EOJOCIA I'PUT'OPOBHUYA

Sk nucas l'onga 1. M., «Icropis Hayku cipsMoBaHa HE Ha MHUHYJIE, iK€ MH HE B 3MO03i 3MIHUTH, a B
ManOyTHE, SKe 3aJIeKUTH Bi HAIIMX TYMOK Ta TOii».

®deonociii ['puroposuu [Joopkancekuii (25.01.1900 — 18.12.1975), onuH i3 3aCHOBHUKIB CHHTETUYHOL
Teopii eBoroIlil, HapoauBcs 125 pokiB ToMy B M. Hemupis, HuHi BinHumbkoi oonacti. 3akinuns KuiBchkuit
yHiBepcuteT (1921). IlpamroBaB BUKIIagadeM 300JI0Ti1 arpoHOMigHOTO (haKynsTeTy KHiBCHKOTO TOJITeXHIY-
HOTO IHCTHTYTY. XOIIMO HOT0 CTEKKaMH 110 YKPaiHChKI 3eMJTi, YU 1T0O6aYNMO MU O3HAKH, IO HOTO ITaM’sTa-
I0Th, MUIIAIOTHCSI HOT'O BETMYYIO B IOBiNIeHHUH pik? Ha npeBennkuii xaib, Hi. ..

®eopociit ['puroposmd J{oOp:kaHCHKHI BiTOMUH SIK OCHOBOTIOJIOKHUK aMEPUKAHCHKOI ITKOIIN TIOMTYJIs-
uiinoi reneruku. Pobora @. I'. HoOpxkancekoro «lIpo reorpadiuny ¥t iHguBinyansHy MiHMHBiCTE Adalia
bipunctata ta A. decempunctata” ctana BiIIpaBHOIO TOYKOIO B PO3BUTKY reHoreorpadii Ta aHaizy 3MilleHb
4acTOT NOJIMOP(HUX O3HAK y reorpadiuHuX MOMYJLisX, iHII poOoTH, 30kpema «[Ipo OymoBy craTteBoro
amaparty JesKuX MyTaHTiB Drosophila melanogaster”, — 3aay BeKTOp y BUBUEHHI MEXaHI3MiB PETPOTyKTH-
BHOT 130715111 reHeTHYHO BigMiHHUX (opM. Lli Ta moaiOHi nparmi Oyau NpOBiCHUKAMH PO3BUTKY CHHTETUYHOL
Teopii eBOIIOLI1, IK CHHTE3y TeHETHKH, MOPQOIIOTii Ta (iTIOreHETHKH.

Jpyruii pik MOCIib iHIMIaTHBHA TPpyIa MpariBHUKIB KHiBCEKOTO HAIliOHAIEHOTO YHIBEPCUTETY TEXHO-
JIoriil Ta AM3aiiHy, 3al10YaTKyBaBIIN OCBITHbO-HAYKOBO-KYJIbTYPOJIOTiUHUM NPO€eKT «CTeKKaMU BUAATHUX 3€-
MJISIKiB-HAYKOBIIiB», IPOIIOHYE HOBY (hOpMy Mpe/ICTaBIeHHS Ta OMIMPEHHS HAYKOBO-KYJIBTYpHOI iH(opMariii,
HacaMmIlepes ISl CTyI€HTChKOI MOJIOII.

Excriequmiss o OarekiBmmmam ~ @eomocist  I'puropoBuua  JloOpxkancekoro B Hemwupis
(https://knutd.edu.ua/pod-ta-publkats/news/18370/), Ha >kajb, BCTAHOBWIIA BiZICYTHICTD 3aI[IKaBJICHOCTI 3 OOKY
aJIMiHICTpallii MiCTa, Ta Ha I1aCTs, He0AMIyKiCTh MICIIEBUX CAMOPO/IKIB, JIIaMaHTOM CepeJl AKUX € JICHUCEHKO
Muxomna @enopoBud, MeAaror, XypHalicT, YWIEH CHUIKK XYPHATICTIB YKpaiHu, Kpa€3HaBELb-10CIIIHUK, €T-
Horpad), MMCbMEHHHUK, TIOEeT, MOeT-MiCHSp, JIaypear JiTepaTypHO-MUCTeNbKo1 npemii imeni Mapka Bosuka,
CHeiaNicT-eKCIePT 3 KYIbTYpPHOI CIIaIIUHKA, TYPUCTUYIHOT Ta My3eiHOT cIipaB.

M 3 ONTHMI3MOM PO3IIIIAEMO NIepIi pe3yabTaT criBnpaui: Jlenucenko M. @. B3siB y4acTb y ceMi-
Hapi KHY T «Mixunaponuuii nens JJHK — 2025», npucBsuenomy 125—piuuro 3 gust HapomxenHs JoOpxan-
cekoro deomocist ['puroposuya 3 monosimto «Pix Joopxkancekux X VIII — XX cr. Micro Hemupis — 6aThbKki-
BiuHa Jloopkancekoro @eonocist ['puroposuyay (https://knutd.edu.ua/pod-ta-publkats/news/18388/).

3 1927 poky xurrs ®. I'. Jlobpkancekoro Oyno moB’s3aHe i3 Cronydernmu [ltaramu Amepukn. [1po
el mepioj MisIbHOCTI PO3MOBiB Ha ceMminapi Poman [1lupokoB, ronosa Mennko-0iosoriuHoi cekiii Hayko-
Boro toBapuctiBa «Shevchenko Scientific Society», cniBzacHoBHuK «Genetics Cluby, nouenT kadenpu dap-
MaKkoJiorii, Bizionorii Ta Heiiporayku Patrepcrkoro yrisepcurery, Horo-Hopxk, CILIA.

€ MOXJIMBICT 3aHYPUTHCH B 1CTOPIiIO, ajle YW BUCTAUYUTh CHJI IIOLIUPUTH ICTOPIIO y CHOTOAEHHI: pO3po-
OWTU MapuIpyT, MOB'SI3aHUH 3 KUTTEMUCOM YUEHOTO; CTBOPHTH apT-00'€KT, 3alliKaBUTH CBITOBE TOBAPHCTBO
6ionoris Ha loOpxacekuii—¢pect 1o Hemuposa, uac moxaxe.
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POJIb ITIOJIIMOP®I3MIB I'EHY CD36
Y ®OPMYBAHHI IHAEKCA MACH TIJIA

CD36 € perienTopoM-TpaHCIOPTEPOM KJiacy B st OKUCIIEHUX Ta HATUBHUX JITOMPOTEIHIB Ta JKUPHUX
KHCIIOT, 1110 IIHPOKO eKCIPECy€EThC KIITHHAMU OpTraHi3My, 30KpeMa B TpOMOOINTax, Makpodarax, KIiTHHAX
KHLICYHHUKA, CHAOTEN 1, TMaKUX MiOLUTaX, aAUMOLUTAX, CKEJIETHUX M’ SI30BUX BOJIOKHAX, KApA1OMIOIUTAaX Ta
Ma€ MUPoKui ciekTp GyHkuiid. Bin 3aaTeH TpaHCIOpTyBaTH Ta 3B’ s13yBaTH AOBrOJNIAHIIOTOBI KUPHI KUCIIOTH,
Oepe y4acTp B IMyHOJIOTIYHOMY pO3ITi3HAaBaHHI, 3aNaJieHHs, KINITHHHIN afaresii. Piseas CD36 30imbIyeThCA Y
BIJIMTOBiIb HA 1HCYIIH Ta M’s130Be CKOpodeHHs. HakommueHi B nmitepatypi faHi cBiqgats mpo te, mo CD36 Oepe
y4acTh y TOTJIMHAHHI KUPHUX KHCIOT M’SI30BUMH Ta KUPOBUMH KIITHHAMH 1 HOTO MOMiMOp]i3MHu MOXKYTb
BHKIIMKATH Pi3HI MeTabOMiYHi 3aXBOPIOBAaHHS Ta BIUTMBATH Ha iHAeKC Macu Tina. bimok CD36 O0yB 3HaiineHnit
Ha KIITHHAX CMaKOBHUX PEIIETITOPIB, a OKPEMi TOCIiIKEHHS MOKa3ykTh, M0 MONIMOP(i3MHU TeHy BIUIUBAIOTh
Ha CIIPUAHATTS KUpiB y 1ki. Oxpim Toro, CD36 BrumMBae Ha nporpamy JudepeHIiloBaHHs aUIONUTIB 3 Ipe-
aJIUIIOLUTIB.

CD36 y TOHKOMY KHIIIEYHUKY BiJlirpae BaKJIMBY POJIb Y BCMOKTYBaHHI XapuOBHX JKHPIB Ta XOJeCTe-
poity, hopMyBaHHI B IOJaJIbIIIOMY XijoMikpoHiB. Daisaku Masuda ta cmiBat. (2009) nokasaiu, 1o ocoou i3
nedimurom CD36 Manu miBUINEH] 3aTUIIKKA XIJIOMIKPOHIB B IJIa3Mi KPOB1 4epe3 MOCUICHHUM CHHTE3 JITON-
poTeiHiB, a MutIi 13 HOKayToBaHUM TeHOM CD36 BUSABMIIN TTiABUIIICHE IOTTTHHAHHAS OKHCIEHUX JIIMTOTPOTEHIB
HU3BKOI misHOCTI. HasiBHICTE TpaHcnokasu CD36 Oyna moka3aHa y KIIITHHAX BEHTPOMEIIATBHOTO TiloTaa-
Myca K BOXJIMBHN (pakTOp HEHPAILHOTO CIIPUHAHSTTS JOBTOJAHIIOTOBUX KUPHUX KHUCIOT 1 peryisropa ro-
MeO0CTa3y TIIIOKO3M Ta eHepreTndroro Oamancy. llItamu mummeit CD36-null nemoHCTpyBamu 3aXUCT BiJ po3-
BHUTKY aT€pPOCKIIEPO3Y, IHIYBaHOTO MI€TOIO.

I'omo3uroTHi ocobu-Hocii anemo rs3840546 B cepenuboMy Maiy BUIIUH iHIeke MacH Tina (IMT) 3a
reTePO3UTrOTHUX HOCIIB Ta 0Ci0 0e3 3a3HavyeHoro ajiens. Stewart Ta iHii (2010) npogeMOHCTPYBaJIH, 1110 0CO0H
13 I IBUIIIEHOIO YYTJIMBICTIO 10 Xap4oBuX kupiB Mamu Hwk4i IMT. Byno gocmimkeHo, 10 okpeMi MmoxiMop-
¢izmMu CD36 manu 38’5130k 13 301nbienum IMT y eBponeiicbkux miamiTkiB (rs3211867, rs3211883, rs3211908
Ta 151527483), nopocnux kopeiiiB (rs75326924) ta eBpomnetiniB (s9784998, rs3211883, rs3211908 Ta
1s3211956). PiBens Tpancnokasu CD36 3Hmwkenuit y ocib i3 cunapomom [panepa-Bimni, mo nos’s3yroTs 31
3MIHOI0 KOHTPOITI0 TOMEOCTa3y JIIiiB Ta HEHACUTHUM TOJOAO0M y Takux ocib. Pravenec M. Ta iH. Hamanm
JI0Ka3u, o AepilUT TPAHCIIOKA3X BILIMBAE HA PO3BUTOK PE3UCTEHTHOCTI J0 IHCYJIIHY Ta MOPYIIEHh METabO0-
ni3My kupHHUX KucnoT. Hasmaku, SNP rs3211938 OyB moB’si3aHuii 31 3HHKEHUM PU3UKOM BUHUKHEHHS MeTa-
6omiynoro cuaapomy. IlinBummennii pisers CD36 crocrepirascs y JinigHO-acoLiHoBaHUX Makpodaris BicLe-
PaNILHOI )KUPOBOI TKAHWHHM JIF0JIe 3 oxupiHHAM. Mexani3zm BBy CD36 na IMT ocraTo4HO He 3’sicOBaHUIA.
[pumnyckatoTe, Mo TpaHcIoKa3a KUpHUX KUcIOT CD36 sk penenTop-TpaHCIopTep BIUIMBAE HA META00IIYHY
JOCTYITHICTB JKUPHUX KUCIIOT.

Bce Bume3azHadyene cBiquuTh Ipo Te, M0 TpaHcinokaza CD36 BmnBae Ha MeTaboIi3M JMiIB, X J0C-
TYIHICTH 1, K Hachigok, Ha IMT. T'en CD36 Moxke cnyryBaTu MillICHHIO B JIIKyBaHHI METaOOJIIYHOTO CHH]I-
pomy, koperyBanHi IMT, npodinakTiku po3BUTKY aT€pOCKIEPO3y Ta CEPLEBO-CYJUHHUX 3aXBOPIOBAHb.
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HPOTETH(I)OC(I)ATA.?;A 2A (PP2A): BAJIAHC KIHA3H'O-(I>OC(I>"ATA3HOT
PEI'YJisIII TA HEPCIHIEKTHUBU HIJIbOBOI TEPAIIII

[MocTTpancnsniiina Moaudikamis MPOTEiHIB € XapaKTEPHOIO JIJAHKOIO peatizalii iX 61070riuyHoi QyHKIi.
V oMy mporieci (pocOpHITIOBAHHS € HANMOIMPEHIIIO TOCTTPaHCIALIiHOK Moaubikariero 6inkis. Horo
3HAa4YeHHs BiIOOpa))aeThCs B MPOCTOPi, BUAUICHOMY B TeHOMI ais KiHa3. ['enn mist monax 500 kixa3 Oymm
11eHTU]IKOBaHI Y JIIOJUHH, IO CTaHOBUTH 1,7% ycboro renomy. @yHKIIOHYBaHHS KIITHUHU 3HAYHOIO MIpOIO
BHU3HAYAETHCS 0ATAHCOM aKTHBHOCTI KiHa3 1 hocdaras. [lopyieHHs 1[boro 0alaHCy € TaTOTCHETUYHOIO OCHO-
BOIO 06araTh0X 3aXBOPIOBAaHb — META0OJIIYHUX, HEHPOAETEHEPATHBHUX a TAKOK OHKOJIOTIYHUX. BcTaHOBICHO
BaXIHBY poiib (hocdaras, 30kpema npoteindocdarazu 2A (PP2A), y po3BUTKY pi3sHHX 3aXBOproBaHb. PP2A
HaJIOKUTh 10 CEpUH-TpeoHiH-(pocdaTas i pazom i3 PP1 Bignosinae 3a =~ 90% iXHBbOT aKTUBHOCTI B €yKapioTH-
YHHX KIIITHHAX. BoHa QyHKIIOHYE SIK TeTepOTPUMEPHHUN KOMIUIEKC, SIKUH CKIIAIAETHCS 3 TPHOX CyOOTUHHIIB:
kapkacHoi cybomuautli A (PP2Aa abo PP2A-A), karamituunoi cybonuauti C (PP2Ac abo PP2A-C) ta pery-
nsitoproi cybonunuti B (PP2Ab abo PP2A-B). SIk PP2Aa, Tak i PP2Ac, marots aBi i30dopmu (o Ta ), npu-
YoMy MEepPEeBaKHO eKcpecyeThes a-i3odopma. Cydoaunui B mae 15 reHiB, siKki MOXKYTh CIUIAHCYBAaTUCS IS
KOJyBaHHS 26 peryisiTopHuX cyboanHuIls 3aranom. Lle mo3Bounse yreopenns no 100 BapianTiB romodepmen-
TiB, 1[0 BU3Ha4ae crenndidaicts faii PP2A 3a cybcTpaTom i okamizamiero (aaepHa, MUTOIUIa3MaTHIHa, TTPH-
MeMOpaHHa) Tomo. Docaraza Oepe ydyacth y Oarathox curHanbHux nuiaxax (Wnt, mTOR, PI3K-Akt,
MAPK), xortponi kimituaHOTO mukiy (G1—S), cuaresi JHK Ta inimiamii mito3y. 3HMKEHHS aKTHBHOCTI
PP2A acomiroeTbes 3 pO3BUTKOM Pi3HUX 3aXBOPIOBaHb. [Ipu HelipomereHepaTuBHAX 3aXBOPIOBAHHSAX, TAKUX
K XBOpoOa Anblreiimepa, nmopymeHHas ¢ochaTa3Hol akTUBHOCTI MPHU3BOAUTE N0 TinepdocdopumroBanHs
Tay-0inka (MAPT), mo cripusie Helipoaerenepaiiii. Y OHKOJIOTIT, 3HIKEHHS akTHBHOCTI PP2A cripusie HekoH-
TPOJIBOBaHIN Mpomideparii KIITHH Ta BIDKUBAHHIO NMYXJIMHHUX KIiTHH. [HTiOyBaHHs ¢yHKHii PP2A, wacto
3yMOBIIeHe abepaHTHOIO ekcipeciero ennorenHux inridiropis (SET, SETBP1, CIP2A), cnpusie po3BUTKY ma-
ToJIOTii. IX JIeTeKIlish Moske BHCTYHATH MapKepoM MyXJIMHHOTO MpOIECY, a 610Ka/ia — BiHOBIIIOBATH aKTUB-
Hicte PP2A Ta npurniuyBatu KiHa3Hy akTuBHIiCTh. CTpareris BukopuctanHs ¢ocdarazu PP2A npu neBHii
maToJorii MoXke TepeadavyaTh HACTYIHE: BU3HAYEHHS PiBHSA aKTHUBHOCTI (pepMeHTy, JeTeKiis BapiaHTiB B
cyboauHuti (cyocTparHa cnennivHicTh), po3podka crenudiaHux MoandikaTopiB.

Po3ymiHHS CTpYKTYpHOI opraHi3aiiii Ta MexaHi3miB peryisiii PP2A BijgkpuBae HOBI MOKIHUBOCTI JIsI
PO3pOOKH TeparneBTHYHUX CTPATETiN, CIPSIMOBAHKX Ha pealizaito. ii aktuBHOCTI. [loganbmni nociipKeHHs B
¥ raiy3i MOXXYTb IPU3BECTH JI0 CTBOPEHHSI €)EKTHBHUX METO/IiB JIIKyBaHHS OHKOJIOTIYHUX Ta HIINX 3aXBO-
pIoBaHb, TIOB's3aHKX 3 TUCQYHKIiE0 PP2A.

206 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). PakTopu excnepmeHTansHoi eBontoLi opraHiamie 2025. Tom 36



TKAYYK 3.10.
Tuemumym monexynsapuoi 6ionozii i eenemuxu HAH Yxpainu, Kuis, Ykpaina
e-mail: ztkachuk47@gmail.com

ETHKA EPBIHA YAPTA®®A I CYYACHU CTAH YKPATHCHKOI HAYKH

[Ipodecopo Epsin Yapradd, Hapomkenuii B Ykpaini BumaTHuii 010XiMIK, SKAN 3aJUIIUB TITHOOKUI
ciif B icTopii Hayku. Bin Bimomuii He nuiiie cBOIMH BIIKPUTTSIMHE B Taly3i HyKJIETHOBUX KHCIIOT, & i ETHYHUMHU
3acazam, sIKi croBigyBaB. Moro izei mpo BimoBianbHICTh BUCHOr0, MEKi BTPYYaHHS HAYKOBIIS B TIPUPOJTY
Ta MOPaJIbHI PU3UKH HAYKOBOTO MPOTPECy 3aJHINAIOTHCS HAA3BUUANHO aKTyaJbHUMH, OCOONMBO B HAII 4ac
CTBOPEHHSI «A3epKaIbHUX» BipyCiB 1 MIKpOOPTaHi3MiB, peZlaryBaHHsI JIIOACHKOTO TeHOMY i T.11. OCOOIMBO BOHU
aKTyaJIbHI ISl Cy9acHOi yKpaiHChKO1 HayKH, 10 iepedyBae Ha iepexpecTi Tpanchopmariii, BUKIHUKIB 1 60po-
THOM 32 1IEHTHYHICTE.

OcHoBHi etnyHi npuHIUNH npogecopa E. Yapradda: BigmMoBa BiJ peayKIioHi3My, a came, 0 KHUTTS
HE MOXXHA 3BECTH JI0 XiMIYHUX (POPMYJ YU MEXaHI3MiB; KpUTHKA HAYKOBOTO TEXHOKPATHU3MY, KOJIH HAYKOBHU
NpOrpec BUKOPUCTOBYETHCS JIUIIE JUIS TEXHOJIOTIYHOTO 3pOCTaHHA 03 BpaxyBaHHS MOPAIBHOT OLIHKH HAac-
JIJIKIB HAYKOBUX BIKPHUTTIB JIJIS JIFOJIUHH 1 JIFOJICKKOTO CYCIUILCTBA. BiH MiAKPECII0BAaB 3HAYCHHS MOPAJTBLHOL
BiJINIOBiJaTIbHOCTI HAYKOBIIS 33 CTBOPEHI HUM 3HAHHS; PO3YMiHHS TOTO, IO YOTO IIi 3HAHHS MOXYTb IIPU3BECTH.

Oco6mmBo etrka npodecopa Yapradda BakmuBa s yKpaiHCHKOI HAyKH, sIKa CTUKAETHCS 3 Oe3mperie-
JeHTHUMHU BUKIMKaMu. Lle i HemodinancyBaHHS QyHIaMEHTANBHOI HAYKH B YMOBaX BiifHH, TOHUTBA 3a Qop-
MaJIbHUMH TOKa3HUKaMHM, KOJIHM KiJIBbKICTh CTaTel BXKJIMBIIIA 32 IXHIO SKICTh Ta ETHYHICTH 3MicTy. DopManbHe
3aIO3WYCHHS 3aKOPJIOHHIX METOIB YIIPABIiHHS HAYKOIO 1 OCBITOIO O€3 He3aJIe:KHOI OIiHKH iX e()eKTUBHOCTI
B YKpaiHCHKHUX YMOBaXx. 3aJIe)KHICTh Bi/I 30BHINIHIX JOHOPIB Ta TEMATHKH, HE 3aBXK/IH [TOB'I3aHO1 3 HAIliOHAIb-
HUMH 10Tpe6amu. HMoro 3aKiIMKH 10 CTPUMAHOCTI Ta TIOBATH 10 XKUTTS € 0COOIHBO aKTYalbHi T/l yac BiiiHH.
He3zanexxnicTs Hayku B yMOBax iH(popMamiiHoi BifHH, KOJIM BaXKIHBO (POPMYBATH BIACHI HAYKOBI IPIOPUTETH
ta ctanaapTi. OcoOIMBO B IIeH JKOPCTOKUI BOEHHUH Yac eTUKa i TyMaHi3M IOBHHHI TOTIOMaraTé yKpaiHChKUM
BUCHHUM 3aJTUIIATUCS JIFOJITHUMH, 3aXUIIATHU T1THICTh JIOAMHU Ta CIYXHUTH CYCILJIbHOMY T00pY.

VY wac, Koy Hayka Jienani Oinpllie HaraJlye 3MaraHHs 3a KiIbKICTh IIUTYBaHb, a Jaboparopii cTaloTh
IPHIATKAMK JI0 iHaycTpiit, imM’st EpBina Yapradyda ae Ham npaBHiIbHHI HAIPAMOK JUTst fii. Moro etuka Bu-
IISJIA€ «apXaldHoIo», ajie, MOXKJIMBO, CAME BOHA € TUM, YOTO HaM TaK HE BUCTAya€. 3 BIaJHUX KaOIHETIB MO-
1016 yacto uye: «To0i motTpiOHo Oinbie mybmikamiiy, «lykaii rpanTy, «Maeur miamTyBaTucs mij] TEMY».
AJle MaJlo XTO 3alUTy€E, & UM CIpaB/i 1 TeMa noTpioHa Ykpaini? A 4u He MIKOAWUTH LIed TPAHT HALLIOMY CyC-
minscTBy? E. Uapradd 3axnmkaB qyMaTv HeE JIMIIE PO PE3YINIbTaT, a i Mpo Horo Hachiaku. BiH He BipuB y
«HEUTpanbHy» HayKy, 00 KO’KHE 3HAaHHsI Ma€ HaCliKu. B yMoBax BiliHM ykpaiHChKa HayKa 1 yKpaiHChKi BUEHI
MaloTh YHIKaJIbHHI IIIAHC TIEPEOCMUCIUTH ceOe. BoHa Moske mepectaTu OyTH JIUIIIe CUPOBUHOLO JIJIst 00CIyTro-
BYBaHHS 30BHIIIHIX HAYKOBUX PUHKIB 1 CTAaTH HAIIOHAIILHOK MOpaNbHOIO iHCcTUTYHIE. A E. Uapradd npu
LIbOMY CTa€ COFO3HUKOM, KM 3aKJIMKA€E JI0 BiJIIIOBIIAJIBHOCTI, TyMaHI3MYy, IO CJIYXKIHHS HPaB/i 1 CBOEMY Ha-
poxy. Orxe eruka E. Uapradda Moxe T0NOMOITH YKPATHChKIN HaYIll HE JIMIIE BUCTOSATH, a W BiTHAHTH CBii
YHIKJIBHUH TOJIOC Y TII00aTBHOMY HayKOBOMY TIPOCTOPI.
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KOHIENIIA CTBOPEHHA A®I 3 IIPOTUBIPY CHOIO
I HPOTUBAKTEPIAJIBHOIO AKTUBHICTIO

Bucokonarorensi Bipycu Ta 0akTepii BUKIUKAIOTh NaHeMii, 110 POOUTH iX BiINOBiJaTbHUMH 32 BHCO-
KW piIB€Hb CMEPTHOCTI Ta BEJIMKI €KOHOMIYHI 30UTKH. [0 CydacHHX MPOTHBIPYCHHUX 1 MPOTHOAKTEPiaTbHAX
mpemnapartiB, Yepe3 BUCOKUI piBeHb MyTareHe3y, pO3BUBAETHCS PE3UCTEHTHICTh. Hamu 3anmpomnoHoBaHa HOBa
KOHIICTII[iSl CTBOPEHHS BUCOKOE(DEKTUBHUX MPOTHBIPYCHUX 1 MPOTHOAKTEpiaIbHUX MpenapaTiB Ha OCHOBI PO-
toHoBaHWX HykieotuniB (I[TH). KopucTytouucs cBoero Brcokoro minodinpHicTio, [IH Kpatne npoHnkaooTs y
KIIITUHY, JIe CTBOPIOETHCS iX HAIMINOK, IKWA TPU3BOJUTH 10 aKTHBAIlli eHepreTnyHoro ceacopy AMPK ams
€yKapioTiB Ta iX aHAJIOry y Oaktepisix. Takoxk yTBOPIOETHCSA HAIUIUIIOK ceKoHI-MeceHpkepiB (CAMP, c-di-
AMP, c-di-GMP, (p)ppGpp, cGMP). V¥ pesynbrarti opraizMm «IIpHTaIEMOBY€E» PEILTIKAIiI0 i POCTOBI mpo-
rpamu. [TH 3MmiHIOI0TE KOH(OpMAITi0 OLIKIB Ta peenTopiB KIIITHH, 10 3a0e3meuye OI0KyBaHHS TPOHUKHEHHS
BIpYCiB y KIITHHY i Ji3uc OakTepiii. B ocHOBI MexaHizmy nii [TH nexxuTh B3aeMomist i MpoTOH-10HHUN 00MiH
Mix poroHami (I1) i 6inkamu Ta petnentopamu. BHacmigok moaBiiHOTO THCKY (€HEPreTUYHUHN + CUTHAILHUIA)
IPOSIBIAETHCS JTiKyBanbHa Ta podinaktuuna edexrusnicTs ITH cynpoTy Bipycis i 6akrepiit. Im cknagno Bu-
poOuTH CTiliKicTh 10 Takux npenapatis. [IH matoTe BuIy 61040CTYyIHICTB, IO HaJa€ iM AyKe BaKIuBi dap-
MAaKOJIOT14Hi BIIACTHBOCTI.

Jis GinbIiocTi BipyciB MeXaHi3M 3apaXeHHS KIIITHHH Tepen0dadae yTBOPEHHS €HI0COMH, I TIPOTOHHI
Hacocu (V-ATPase) 3akauytors nporonu (H ) B enmocomy, 3umwkyroun ii pH mo (~5.0—4.5). B kuciomy ce-
PENOBHILI 3MIHIOEThCS KOH(pOpMAaIis BipycHHX OiJIKiB, Hajaoun iM GopMmy, sika 3a0e3mneuye 3MUTTs MeMOpaH
ta BuBiIbHEeHHs: PHK Bipycy B muromnazmy. OCHOBHHIA MEXaHi3M MPOTHOAKTEPIANbHOT il 3aKkiiagernnii y da-
rouuTax i momiOHuit 1o eHmocoM BipyciB. Brums ITH Ha daromuru npusBoauts g0 Oydepusamnii pH, mo, B
CBOIO Yepry, MPU3BOAMTH JI0 3MiHM KOH(OpPMAIIii Ta aKTUBHOCTI T1J[p0Jia3, a TAKOK aKTHBHOCTI 1HIIHNX (epme-
HTiB. BOHU TakoX BIUIMBaIOTh HA CUTHAI3aI0, 1 Moau@ikamii eHxouTo3y. [IpoTOHOBaHI HYKJICOTHIM TI0-
pyurytoTh podoty V-ATPase, a Tako BIUIMBAIOTh Ha TPAHCIOPT HYKJICOTUAIB Yepe3 MEMOpaHy 3a paxyHOK
BIuHBY Ha podoty ENT/CNT tpancnoprepis. Lle HaituyTimBinn ctaii B MeTabomi3mi BipyciB i 6akTepiid.

Yomy mexanizm [1H «mpattioe Ha 1Ba ppoHTHY», IPOTH BipyciB 1 OakTepiii? BoHu kpaliie NpOHUKAIOTH B
KIIITHHY, JIe CTBOPIOIOTH Haumiok [TH, sikuit mpu3BoauTh 10 akTHBaiii eHepreTndHoro ceHcopy AMPK s
eyKapioTiB Ta ix aHamory y Oakrtepisix. BHacmimok 1poro BimOyBa€ThCsl YTBOPEHHS CEKOH[[-MECEHDKEPiB
(CAMP, c-di-AMP, c-di-GMP, (p)ppGpp, cGMP). Konu ix 3abarato, opratizm «IpUraibMOBY€e» PeruTiKaiito
YKl pOCTOBI IporpaMu. BHAcTiIOK MOJBIHHOTO TUCKY (€HEPTETHYHHIA + CUTHAIBHHN) MIPOSBIISIETHCS JIiKyBa-
npHa Ta npodinaktrnyHa edexruBHicTh [IH mportu BipyciB i 6akrepiit. [l{omo Bipycis, To [TH wepes AMPK
raneMytoTh MTOR, cunTes nimiaiB i NF-kB/p38-3ananeHns Ta 3puBaroTh 30MpaHHs 1 BUXiJl BipioHiB. Y BUMa-
1Ky Oaxtepii, npu aii [TH BinOyBaeThcs aenosspusaitis MeMOpanu, aucbananc 1n-1i-AM® i i-ni-I'M®, na-
niaHs ATO-, ' TO-pecypciB Ta mpuIyIIeHAS eKCTIPeCii TOKCHHIB.

Ortxe, mpotoHoBaHi MHT noBozasiTecs sik “eHepreTndHi cabOTaXXHUKHK’, @ caMe, IIBUIKO IPOHUKAIOTH
4yepe3 MeMOpaHy, MiiHIMaOTh BHyTpilmHil piBeHb AM®, TM® i inmux MHT, pyiiHyroTh MeMOpaHHUH TIO-
TEHIIaJ 1 3aMyCKaIOTh TII00aJbHY PEaKIilo «PeKUMY €KOHOMII», 110, MPUPOJHO, TANBMYE PicT Bipycy 1 Oak-
Tepii.
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MOBUIIBAIIA TEHETUYHUX PECYPCIB GINKGO L. 1)1 CEJEKIII

VY cknaai enuHoro B ponuHi Ginkgoaceae Engl pony Ginkgo L. HuHI BU3HA4YarOTh JIUIIE OJUH BUJ —
Ginkgo biloba L., 3 nocuth KOHCEpBaTUBHUM reHOMOM. G. biloba BBaXKa€ThCS HAUCTAPIIIO PEIIIKTOBOKO PO-
CJIMHOIO 3-TIOMDXK yCiX HWHI ICHYIOUMX BHIB TOJIOHaciHHUX. [lepeBarkHa GULIBIIICT HOTO MPEeICTaBHUKIB Ha-
MPUKIHLI [UTIOIEHY i Ha TOYaTKy MIeHCTOLEHOBHUX IUKIIIB 3JI€ACHIHHA 1 AeTIsianii BAMEPIH B YChOMY CBITi,
3a BUHSATKOM OKPEMUX JIbOJIOBHKOBUX pepyriymiB miBIeHHO-cXi1HOTO KHTaro, fe 3anmmiocs Tuie AeKiibKa
TIOMYJISAMIN, 3 IKAX YHACIHIIOK TpUBajioi quBepcrudikamii Ta GiToreHeTHIHOTO PO3MIEIIICHHS i ChOPMYBaBCA
cydyacHuii reHo¢doH/ Buay. OqHaK, HABITh ¥ IUX apealiaX BHYTPIITHHOBHUOBE TeHETUYHE PIZHOMAHITTS 311~
[IaJI0Csl HEBUCOKHUM YIIPOJIOBK TPUBAJIOTO Yacy.

[Tpubnu3HO B mepiIiif MOJOBUHI BICIMHAAIATOTO CTOPiYYS JepeBa TiHKro Oyim iHTPOAyKOBaHi y O0oTa-
HIYHI cagu €Bponw, a yepe3 JeKiabKa aecaThpid 3aBe3eHi y [liBHIUHy AMepuKy. 3 TOYaTKy AeB’ ATHAIIISTOTO
CTOPiYYs TIHKIO MOYaiy KyJIbTHBYBaTH y KpacHOKyTChKOMY akiimMatuzaliiiHoMmy cany, Kpemenenpkomy i
HikiTcbkoMy OOTaHIYHMX CaJlaX, a HEBJIOB31 1 B yCiX OOTaHIYHMX cajiax i ACHIponapkax YKpaiHu.

G. biloba — e ABOJOMHA BiTpO3aNMIbHA POCIHHA 3 YACIOM XPOMOCOM y COMAaTHYHUX KIiTHHAX 21 = 24
1 BUpaKEHUM CTaTeBUM AuUMOp¢izMoM. ['eHeTHuHi ocHOBU BU3HaueHHs ctati y G. biloba HemocTaTHBO BU-
BYCHI AOTEMNEp, X0Ua € TOBIAOMIICHHSI PI3HUX aBTOPIB MPO CHCTEMH CTaTeBUX XpoMocoM XY Ta ZW, a Takox
PO YOJIOBIYYy T€TEPOraMeTio, TOXK MOIITYKH CIIOCO0iB BU3HAYEHHS ITOJIOKEHHS CTATEBOTO JIOKYCY Ha TEHETH-
YHHX KapTaxX TpuBaroTh. [loTpebda y panHill niarHoctuili crati KynbTuBoBaHuX G. biloba 3yMOBII€HA ICTOTHOIO
PI3HUIICIO0 MiXK 3PiTMMH KIHOYMMH Ta YOJOBIYMMH OCOOMHAMH SIK 32 MOP(OJIOTIYHUMHE O3HaKaMHu U ¢izioo-
TIYHAMH OCOOJIMBOCTSIMH, TaK 1 32 MPAKTUYHUM BUKOPUCTAaHHSAM. Y0IOBI4i 0COOWHU YaCTiIlIe 3aCTOCOBYIOTHCS
Y JeKOPATUBHOMY CaJliBHHIITBI, MOKYTh OyTH IMEPCIIEKTUBHUM J[XKEPEJIOM CHPOBUHHU IS (papmarlii, HATOMICTb
XKIHOYI — HEOOXiZHI IepeBaKHO JJIsl HACIHHEBOTO PO3MHOXKEHHS, Xo4a B Jesikux kpainax (Kuraii, Kopes i
SmoHist) TpaIUIifHO HIHYIOThH cMak ropixiB G. biloba, He3Baxkaroun Ha IXHiH crienniYHUN MIKAHTHAN 3arax.
VY nopocnomy Bili YOJOBiYi i *KIHOYI OCOOMHU PO3PI3HAIOTE 32 PEIPOAYKTUBHUMH OpraHaMH, OJHAK MiKpO-
Ta MEracTpoOiy, 3a3Bu4ail He (OPMYIOTHCS JOTIOKHU JIEPEBY HE BUIIOBHIOETHCS OJIM3bKO 25—30 poKiB.

[MornubmneHi ToCipPKeHHS Pi3HOMaHITTS HaciHHEBUX nonynsnii G. biloba y HamioHanbHOMY JeHIPO-
noriunoMy napky «CodiiBkay posnoyanucs 3 2002 poky, xoda nepiui HOro pociuHu OyiIn BUCADKEHI e
HanpukiHmi 19-ro cropivusa. 3i0paHe mpoTAroM >KOBTHsA—JMCTONana HaciHHA G. biloba xapakTepu3yBajocs
JIOCTATHBOIO JJIs CeCKI[IHHO-TEHETHUHUX JOCITIIKSHbD KUTTE3IATHICTIO 3 PO3TATHYTOIO Y Yaci CXOXKICTIO, 10
0e3 crpaTudikarllii i OyIb-sIKUX IHIIMX JIOJATKOBUX TEXHOJIOTIYHHUX 3aX0iB jocsrana 50—85%.

3aBIsKU He3alepevHiid JeKOPaTUBHIH 1 JiKapchKil LIHHOCTI Ta BUTPUBAJIOCTI LIOJ0 CTPECOBUX YMOB
ypOaHi30BaHOTO cepenoBHla MONyNApHicTs G. biloba ocTaHHIMU JECATUPIYUSMH Y MPOBIAHUX JIEepiKaBax
CBITY PI3KO 3pOCIIa, 10 CTUMYJIFOBAJIO MOJICKYJIIPHO-TCHETUYHI JTOCIPKEHHS W aKTHUBI3YBAJIO CENCKIIHHY
MpakTUKy. HUHI BiToMO BXKe TOHA/I IBICTi BUBEJEHUX BIIPOJOBK OCTAHHIX TPUALSATH POKIB COPTIB, IECATH 3
SKHX BHBYaeThCs B Konekuiitnomy caxy H/III «CodiiBka» pa3om i3 cisHusgMH BiacHoi cenekuii. Hapasi sik
BUXI1JTHUI MaTepial HAMH BUKOPHCTOBYIOTHCS ITOMYJISIIIT CisIHIIIB 3 HACIHHS 310paHoTO 3 JIepeB y iCTOPHUHIH
YaCTUHI MapKy i B pi3HUX OOTaHIYHUX cajax, ACHAPONApKax Ta OOTaHIYHUX KOJEKILifAX YHIBEpCUTETIB YKpa-
iau. [lepcnekTHBY MOAANBLIOl CeNeKLii OYiKYIOThCSl B aKTHBI3aLlil MOIIYKY CIIOHTAHHUX TEHHHUX MYTaliil, a
TaKOX TaIuioiliB, 30KpeMa JUILIOTIN30BaHUX, 1 OIIIUIOINIB, 3 BUKOPUCTAHHSM N VitFo TEXHOJIOTIH.
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JOCJIIKEHHSA 'EHOMY POCJIMH METO/JOM FISH

®dnyopecuenTtHa riopuausauis in situ (FISH) — BaxxnuBmii incTpyMeHT 1151 imeHTH]iKaLii XpoMOocoM y
0araTb0X BUIB POCIIHH, a TAKOXK METOJ (i3MIHOT0 KapTyBaHHA reHiB. Ll TeXHOTIOT1s J03BOJISE Bi3yali3yBaTh
TeHeTHYHI 3MIHM B KJIITHHI Ta OTPUMATH BiJAIMOBiAI HA 3aNIUTaHHSA, TIOB’S13aHi 3 CTPYKTYpPOIO, MyTaIlisIMHA Ta
EBOJIIOIIEI0 HE JIUILE OKPEMUX XPOMOCOM, ajie 1 [INX TeHOMIB, a TaKOX 3 eKCIIpeci€ro reHiB. B skocti Map-
KepiB Hal4acTille BUKOPUCTOBYIOTH AK MOBTOproBaHi nociigoBHocti JHK, Tak 1 yHikansHi Bumocnenudivni
JISTHKA TEHOMIB.

Hamu mpoeneno FISH ananiz 6araThox BUAIB POCIIHH, 30KpeMa Tpubu Triticeae (IIISHALIS, KUTO, ST9-
MiHb Ta iXHi IUKi IPEJIKN), SIKi € MOHO(IIETHKaMHU, TOOTO MAIOTh OJJHAKOBE OCHOBHE XPOMOCOMHE YHCIIO X=7,
a TaKO’K 1HIITMX OJTHOJIOJIBHUX BUIIB poiB [ris Ta Musa. Sk mapkepu BukopructoByBanu reau 5SS ta 45S p/IHK,
3a JIOTIOMOTOFO SIKHX YacTO 3’SICOBYIOTh €BOJIOIIfHE TIOXOPKEHHS BUIIB; IEHTPOMEPHi Ta TEIIOMEPHi 30H/H,
a TakoX >kuTocnenudivHi, cyoTenmomepHi nocuigosHocTi pScl19.2, pSc200 ta pSc250.

MoneKkynapHO-UMTOTCHETHYHAN aHali3 MOKa3aB XpOMOCOMO-CIielM(iuyHy JOKaji3alilo MOBTOPiB
pSc200 ta pSc250 Ha TIeyax XpOMOCOM Y Pi3HHUX copTax xuta. [lopsa 3 UM, BCTAaHOBHIIN 1HIITHHA XapakTep
PO3MOAITY TETepOXPOMAaTHHOBHX AUISTHOK Ha XpOMOCOMAax JUKUX 37aKiB Dasypyrum ta Agropyron, mopiB-
HSIHO 3 KyJIbTYpHOIO hopmoro Secale cereale L. Takox 3po0iieHo (uryopeciieHTHUH aHami3 Ha ¢iopuinax JJHK
Ta OKPEMHUX XPOMOCOMAX JKUTA 1 MIIIEHHUII TICIIs COPTUHTY XpoMocoM. OTprUMaHi pe3ynbTaT HeoOXiTHI IS
MTOIAJBINOT iMeHTH(IKAIIT XPOMOCOM Y KapioTHIIaX, a TAKOXK ISl BCTAHOBIICHHS CIIOPiTHEHOCTI MiX JOCITi-
JDKYBaHUMH BHUJIAMU 1 HalIpsSIMKaM¥l TUBEpreHii y Tpuoi Triticeae.

[Ipu mposenenni FISH ananizy Deschampsia antarctica E. Desv. Hamu 11oKa3aHO HasiBHICTH JIOKYCiB
45S p/I1HK Ha nBOX mapax xpomocoM Ta caitti 5S p/IHK Ha 1’ 1T mapax XpoMOCOM y AMILUIOTHUX T€HOTHTIAX
BuAy. Y kapiotuiii 3 B xpoMocomamMu MOJIEKyISIpPHO-IIUTOT€HETUYHU I aHalli3 BUSBUB HasBHICTH caiiTiB pJHK
y cyOTenoMepHiil auiaHIi oaHiel B xpomocomu. Y TpurioinHoro mMikcormioiga (2n=36—39) 3 XxpoMOCOMHOI0
nepedynoBoro BusiBiieHo 6 caidTiB 45S p/JlHK Ta 14 caiiris 5S p/IHK, 110, iiMOBipHO, CIPUYHHEHO 3pOCTaHHAM
3arajibHOTO YUCJIa XpPOMOCOM Y IIbOTO TCHOTHITY.

[pu pocnimkenni pony Musa L. nokazano pizny kinbkicts FISH curnanis 45S p/IHK Ha xpomocomax
PI3HHX BUJIB, IO BKa3y€ HA BiJIMIHHOCTI B KUTBKOCTI KOMil 1ux reHiB. [Ipu oMy criocTepirany OinbIny
Bapiairo y KinbkocTi Jokycis 5S pJIHK.

Brnepiie nposeneno FISH na pocnunax [lris pumila L.(2n=32) Ta Iris pseudopumila Tineo (2n=16) 3
BUKOPUCTAHHSIM PHOOCOMHUX 30H/IB, 3 METOIO 3’SICYBaHHS MOXO/KCHHS IIUX BUJIIB Ta iX MOXIIUBOTO B3ae-
MO3B’s3Ky. PesynbraTu nokaszanu HasBHicTh 10 maxopHux curHaiiB 45S p/IHK na xpomocomax I. pumila ta
6 —y I. pseudopumila. Cnioctepiranu 12 curnainis 5S p/IHK na intepdazuux sapax . pumila, Toai sik auiie
nBa — y 1. pseudopumila. Mu npunyckaemo, mo 1. pseudopumila moxe OyTH OIHIEIO 3 OaTBKIBCHKUX (HOpM
asoreTparuioinHoro /. pumila.

OTtpumaHi pe3ynbTaTH MOJIEKYJISIPHO-IUTOICHETHYHOTO aHaJli3y PO3IIMPIOIOTh 3HAHHS T€HOMHOTO PO-
snoaity p/IHK y Oaratbox BUIB pOCIIHMH, a TAKOXK JOMOMAraiTh Y P03’ ICHEHHI JCSIKUX MUTaHb TAKCOHOMIY-
Hoi knacugikaii poJiB Ta po3yMiHHS €BOJIOLIMHOT0 NOXOIKEHHS BUIB.
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A NEARLY 25-YEAR JOURNEY OF USING BRACHYPODIUM AS
A MODEL SYSTEM IN PLANT MOLECULAR CYTOGENETICS:
CURRENT STATUS AND FUTURE PROSPECTS

Nearly twenty-five years have passed since Draper et al., 2001 proposed Brachypodium distachyon as a
model organism for temperate zone grasses, particularly cereals. Over time, other representatives of the genus
Brachypodium have also attracted attention due to their diverse life strategies, geographical distribution, kar-
yotypes, and complex phylogenetic relationships. As a result, the entire genus has gained recognition as a
valuable model for studying various aspects of grass biology, as recently reviewed by Hasterok et al., 2022.

Among grasses, Brachypodium nuclear genomes are notable for their small size, low repeat content, and
diverse basic chromosome numbers. Owing to the well-developed research infrastructure (The International
Brachypodium Initiative, 2020; Gordon et al., 2020), the genus has become a unique object for comparative
studies on multiple aspects of plant genome organisation from a cytomolecular perspective (Wolny et al.,
2025). Research conducted so far has addressed, among others: (i) the structure and evolution of individual
chromosomes and entire karyotypes (Sancho et al., 2021); (ii) the organisation of ribosomal DNA, with par-
ticular emphasis on genome-specific inactivation of the 35S rDNA locus, a phenomenon known as nucleolar
dominance (Borowska-Zuchowska et al., 2023); (iii) the arrangement of chromosome domains and territories
during interphase (Idziak et al., 2015; Robaszkiewicz et al., 2016); and (iv) genome stability and instability
following treatment with mutagens (Kus et al., 2018). In this presentation, we outline the main areas of our
current research on Brachypodium and discuss prospects for its further use as a model for advancing the un-
derstanding of plant genome structure, evolution, and dynamics at the cytomolecular level.
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