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@okina A. B. bioTexHONOris MIKPOKIOHAIBHOTO PO3MHOXEHHS Origanum
vulgare L. ta Paulownia elongata S.Y.Hu X P.fortunei (Seem.) Hemsl. —
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Jucepraitiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTopa (imocodii 3a
cnieniasbHIicTIO 162 «bioTexHomorii Ta 6ioimkeHepisn» (16 — XimiuHa Ta Gl01HXKEHEPI).
— /JepxaBHui BHUIIMNA HaBYAJbHUM 3akia] «YKpaiHCHKUN Jep>KaBHUM XIMIKO-
TEeXHOJIOTIYHUN yHIBEpcUTeT», JIHinpo, 2020.

B gucepramiiHoMy JIOCHIIKEHHI MPEICTABICHO pe3yabTaTd  PO3pOOKHU
010TEXHOJIOT1 MIKPOKJIOHAIBHOTO PO3MHOXEHHS B KYJIbTYp1 in Vitro I1BOX KyJIbTYp —
MaTepuHKU 3BUYalHO1 (Origanum vulgare L.) Ta MDKXBHAOBOrO TiOpuaa NaBIOBHIl
(Paulownia elongata S.Y.Hu X P.fortunei (Seem.) Hemsl.). [lns ganux TexHOIOriH
PO3pO0JIEHO 1 MPEACTABICHO aMapaTypHO-TEXHOJOTIYHY CXEMY OTPUMAaHHS CaJUBHOTO
MaTepiany IuX KyJIbTyp.

Marepunka 3BuuaiiHa (Origanum vulgare L., Lamiaceae) € 1IHHOIO
ed1pOOTIHHOI0 KYJIbTYPOIO, SIKA BUKOPHUCTOBYETHCS Yy (apMaleBTUYHIA Ta XapydoBii
ray3sX BHUPOOHUIITBA SIK JDKEPENIO HATypallbHUX KOPHUCHHX pedoBWH. B VYkpaini
MaTeprUHKa 3BHYallHA € MAaJONOMIMPEHOI0 KyJIbTyporo. [[is poO3BUTKY CeNeKIlii
MaTEepUHKUA 3BMYAWHOI 13 BUCOKHUM BMICTOM €(ipHOI OJIii MEBHOI SKOCTI Ta IIBUAKOTO
PO3MHOXXEHHSI BUCOKOMNPOAYKTUBHUX 3pa3KiB aKTyaJbHOIO € PO3poOKa BCIX €TamiB
TEXHOJIOT1i MIKPOKJIOHAJILHOTO PO3MHOXEHHs in vitro. IlaBnoBHis (Paulownia sp.,
Paulowniaceae) — 1iHHa OloeHepreTMyHa Ta JEKOpaTWBHA JEpEeBHA KYJbTypa.
[laBmoBHIS € HOBOIO Il YKpaiHU KYJIBTYpOIO 1 JUIsl HIMPOKOTO PO3MOBCIOKCHHS
noTpedye 3HAUYHY KIJIBKICTh BHCOKOSIKICHOTO CaJMBHOTO MaTepiainy. Y 3B’SI3Ky 3 UM
aKTyaJIbHOIO € PO3PO0Ka KOMIUIEKCHOI 010T€XHOJIOT1i MIKpPOKJIOHAJIBHOT'O PO3MHOKEHHS
Ta OTPUMAaHHSI CaIMBHOTO MaTepiay MaBJIOBHII B YMOBax YKpaiHHU.

MikpoKJIOHaIbHE PO3MHOXKEHHS — 11€ OJIMH 13 CIIOCO01B PO3MHOKEHHS POCIIHMH B
aCeNTUYHIM KyJIbTYpl in Vitro, SKWAW BIAPI3HAETHCS BUCOKUM KOE(]IIIEHTOM
PO3MHOXXCHHSI TPOMAryBaHHs Ta TapaHTOBAHOI TEHETUYHOKO 1ICHTUYHICTIO MIXK

BI/IXi,Z[HOI-O MaTCpUHCBKOIO POCIIMHOIO 1 OTpUMaHUMHU pOCHI/IHaMI/I-KOHi}IMI/I.



MikpoKIIOHAIPHE PO3MHOXEHHS JI03BOJISIE 32 KOPOTKUW MEPIoJ OTPUMATH JCCATKH,
COTHI, THCSYl 1IEGHTUYHUX POCIMH-KIIOHIB 1 BUKOPUCTOBYBATH X SIK CQAMBHHI MaTepian
JUIS 3HAUHMX TUI0IM. SIK TOoKa3ye CBITOBMM JTOCBiJ, /Ui 3a0e3nedyeHHs e(eKTUBHOCTI Ta
KOHKYPEHTOCTIPOMOXHOCTI (PITOO10TEXHOIOTIUHI BUPOOHHIITBA, K] CIIEIiai3yIOThCs Ha
MIKPOKJIOHAJIBHOTO PO3MHOMKEHHI ~ CaJMBHOIO MaTepially in Vvitro, TOBUHHI MaTH
NOBHUM IMKJ CTBOPEHHS, KYJIbTUBYBAHHS 1 BHUPOILYBaHHSA CaJMBHOTO Marepiaity,
TOOTO, TPOBOAMTH POOOTH SK Ha TEXHOJNOTIUHIA CTaali MIKPOKJIOHAIBHOTO
PO3MHOXKEHHSI POCIMH B 130JbOBaHIM aceNTHYHIN KyJIbTYypl in vitro, Tak 1 Ha
TEXHOJIOTIYHIN CTaail MIKPOKJIOHAIBHOTO PO3MHOXKEHHS POCIUH B IPYHTI B YMOBaXxX ex
vitro.

O06’ekTOM JOCHIKEHHS Oylia ONTUMI3AIlisl TPOLECy MIKPOKIOHAIBHOTO
PO3MHOXKCHHS IIJISTXOM aKTHBAIlli Ma3yIIHUX OPYHBOK 1 CTEPUIILHOTO >KHUBITIOBAHHS Y
pociun. IlpenMeroM HOCHIDKEHHS — PO3pPOOKa KOMIUIEKCHUX O10TE€XHOJOTIN
MIKPOKJIOHAJIBHOTO PO3MHOKEHHSI HOBHUX 1 MAJIOTIOUIUPEHUX KyJIbTYp Ha MPHUKIaII
MaTepuHku 3BudaitHoi O. vulgare Ta riopuny nasioBHii P. elongata X P.fortunei.

OnTuMizaliito IpuioMiB 1 METO/IIB MIKPOKJIOHAIBHOTO PO3MHOXKEHHS MaTEPUHKHU
3BUYAMHOI TPOBOMWIM HA TPHUKIAAI OAWHAAMSATH  TEHOTHIIB, TMEPCICKTUBHHUX Y
CEJICKI[IHOMY BIJHOIIIEHHI, Ta OJTHOTO MI»BUIOBOTO T10pH/Ia MaBIOBHII.

[IpoBenmena onTuMizalis J03BOJIMUIA 30UIBIIMTH MaKCHUMaJIbHUNW KOEQIIlieHT
PO3MHOXKCHHSI Ha €TaIl BBEACHHS B KYJIBTYPY in Vitro y MaTCpPUHKH 3BUYAHHOI Bij
5,440,022 >xuBLs/ekcruiadT g0 7,9+0,04 >xuBI/€KCIIaHT, a y maBloBHII Big 2,2+0,2
KuBIpt/ekcranT a0 3,7+0,4 xuBug/exciiant. Y O.vulgare B 1 MUK CTEPUIBHOTO
JKUBITIOBAaHHS KOE(IIIEHT PO3MHOXEHHs 30UtbmmBes 10 11,5+0,9 sxuBLsl/ekCIUTanT, y
I mukm — go 12,9+0,6 xuBng/ekcruiant, a y VII mukimi 30epircs wa piBai 12,7+0,5
xuBlst/excrmant. Y P, elongata X P.fortunei micnga onTtumizaiii  KOeQIi€HT
po3mMuokeHHs B Il 1iukI1i cTepuibHOTO XUBITIOBaHHS BHUpIC 0 6,94+0,4 KUBIS/€KCTUTAaHT
1 10 VI nukny numascs Ha piBHI 6,8+0,2 KUBIISI/€KCIUIAHT.

VY MarepuHKH 3BUYANHOI 32 paXyHOK ONTUMI3Allll 3HAYEHHS TOKa3HUKIB JTOCSTIIN:
3a YacTOTOI0  KOPEHEYTBOpPEHHs Ha eTami pusoreHesy in vitro — 100%, 3a

BIDKMBAHICTIO MICIIE TIEPEHECEHHS 3 YMOB in Vitro B YMOBU eX Vitro B TPYHT IUJIaHIIETIB



— 66,1£1,3%, 3 mnaHmeTiB B ropmukd — 95%, 3 TOPUIIMKIB B MOJbOBI YMOBH Ha
nocrtiiHe wicie BupoiryBaHHS — 90%. VY maBnoBHIT micias onTuMizamii gactoTa
KOpPEHEYTBOPEHHSI Ha eTari pu3oreHesy in vitro ckiana 100%; BHKMBaAHICTH MiCIs
MIEPEHECEHHS 3 YMOB in Vitro B YMOBH ex Vitro B TPYHT IUIaHIIETIB gocsria 92,9+4,2%, 3
IUIAHIIETIB B ropiuku — 94,3+5,6%, micns nepe3uminil B ropiukax — 100%, micns
NePEHECEHHS 3 TOPUIUKIB B MOJHOBI YMOBH Ha MOCTIHHE MiClie BUPOITYBaHHS — 94 %.

Po3po6iieno ontumizoBaHi 0G10TEXHOJOTT] MIKPOKIOHATBHOTO PO3MHOXKEHHS B
KyJAbTYpl in Vitro MaTE€pUHKA 3BUYAWHOI Ta MDKBHJIOBOTO TiOpHa MaBJIOBHII,
MPEICTaBICHO OJIOK-CXEMH Ta anapaTypHO-TEXHOJIOTIYHI CXeMH OTPUMAaHHS CaJUBHOTO
X KYJBTYP.

B xo/1 npoBeneHHs TOCTIIKEHHS TTOTJIMOJICHO YABICHHS PO KIIFOUOBI (GaKTOpH,
Kl BH3HA4YalOTh €(QEKTUBHICTh MIKPOKJIOHAIBHOTO PO3MHOXKEHHS pociivH. Bmepiie
MOKa3aHO POJIb FTEHOTUIIOBOIO (pakTopa Ta e(heKTy B3aEMOIT «T€HOTUIIXCEPEIOBUILIE» Y
peani3aliii 31aTHOCTI MATEPUHKU 3BUUYANHOI 1O MIKPOKJIOHAJIBHOTO PO3MHOKEHHS.

Brnepiue nocmiikeHo 3[aTHICTh A0 MIKPOKJIOHAJIBHOIO PO3MHOMXEHHS MUISIXOM
aKTUBallli Ma3ylIHUX OPYHbOK Ta CTEPUIIBLHOTO KUBLIOBAaHHS OJUHAALATH T'€HOTHUIIIB
MaTE€pPUHKH 3BUYAITHOT, SIKI BAKOPUCTOBYIOTHCS K BUXIAHUI CENIEKI[INHUN MaTepian s
CTBOPEHHSI BITUM3HSHUX COPTIB 1€l KyJabTypu. Bmepiie mociikeHo MOTeHIial A0
MIKPOKJIOHAJIBHOTO PO3MHOKEHHS PI3HUX TEHOTHUINIB MATEPUHKUA 13 BUKOPHUCTAHHIM
€KCIUIAHTIB PI3HUX THUIMIB — MIDKBY3JIIB PI3HOI JIOKai3allli, Ma3ylmHUX 1 BEPXIBKOBUX
OpYHBOK.

Brnepie BCTaHOBIIEHO XapakTep 3alieKHOCTI POCTY 1 PO3BUTKY JKHMBIIB
MDKBHUJOBOTO TiOpuja TMaBJOBHII B yMOBaxX inm Vitro BIJ KOHIEHTpauii 6-
OCH3WIaMIHOMYPUHY Ha ayKCHHOBOMY 1 Oe3aykcuHoBoMmy (oHi. Bnepiie BuBYeHO
BILJIMB 0104apy Ta aKTUBOBAHOT'O BYTJLJISl HA CTAH >KUBIIIB Ta pU30T€HE3 MABJIOBHII.

OnTUMI30BaHO CKJIAJ KUBWJIBHUX CEPEJOBHIL JUIS 1HIYKIIi MaroHOyTBOPEHHS,
CTEpWJILHOTO JKHMBI[IOBAaHHS Ta PHU30TCHE3y In Vitro MaTepUHKHA 3BHYAWHOI 1
MDKBHUOBOTO T10pH/Ia MaBIOBHII 32 MIHEpAJILHUM, BITAMIHHUM, BYTJIEBOJHUM CKJIaJIOM

Ta CKJIaJIOM (pITOTOPMOHIB.



Brnepiie cknageHo KOMIUIEKCHI G10T€XHOJIOTT MIKPOKJIOHAIBHOTO PO3MHOKEHHS
in Vvitro MaTepUHKU 3BUYAMHOI 1 MDKBHIOBOTO TiOpHAa MaBJIOBHII Ta pPO3poOIEHO
anapaTrypHO-TEXHOJIOT14HI CXEMHU JIJIsi OTPUMAaHHS CaJuBHOTO MaTepially IUX KyJbTyp y
BUPOOHUIITBI.

Po3pobieHo Ta  pEeKOMEHJIOBaHO JO BUKOPHUCTaHHS B  TEXHOJOTISIX
MIKPOKJIOHAJIBHOTO PO3MHOKEHHSI MaTepUHKU 3BUYaiiHOi (Origanum vulgare L.) Ta
MDKBHUJIOBOTO TiOpuaa maBioBHii (Paulownia elongata S.Y.Hu X P.fortunei (Seem.)
Hemsl.) ymMoBU cTepuiizailii JOHOPHOTO Matepiaity, CKiaa >KUBUIBHUX CEPEIOBHUIL JIJIS
IHIYKIIT TAaroHOYTBOPEHHsI TiJI 4Yac BBEJCHHS B KYJbTYPY in Vitro, CTEPUIBLHOIO
YKUBLIIOBaHHS HA PaHHIX 1 MI3HIX UMKIAX, pU30TEHE3Y in Vitro, a TaKOX YMOBH aJanTanli
Ta BUPOIIYBAaHHS POCIMH-PETCHEPAHTIB B IPYHTI Ta OTPUMaHHS CaJUBHOTO Marepiay.
CknageHo OJIOK-CXEeMHU TEXHOJOT1l MIKPOKJIOHAJIBHOTO PO3MHOXKEHHS MATEPUHKU
3BUYAMHOI Ta MIKBUIOBOrO TiOpHa MaBJIOBHII, a TaKOX amapaTypHO-TEXHOJOTIYH1
CXEMU JJIsl 3a0€3MEUYCHHSI TEXHOJIOTIYHOTO MPOIeCy BUPOOHUIITBA MIKPOKIOHOBAHOTO
CaJMBHOTO MaTepiamy.

OTpuManuii B TIpoIleCl  BHKOHAHHS  JHCEPTAIIMHOTO  JTOCIIIKCHHS
MIKPOKJIOHOBAaHUN CaJMBHUN MaTepian mepeiaHo s anpoOarlii 1 BIPOBAKEHHS Ha
Jocnimny — CTaHIUO  JIKapChbKUX  pociauH  [HCTHTYTy — arpoekosorii  Ta
npuponokopuctyBanus HAAH (renotunu wmatepunku 3BuYaitHoi) Ta 10 TOB
«KomrekcHuii ArpocepBicy» (MIKBHIOBHM T1Opu/I MaBJIOBHI1).

Marepianu aucepraiiifHoi poOOTH BUKOPUCTOBYIOTHCS B HaBUAJIBLHOMY MpOIIEC]
MiJl 4Yac BUKJIAQJAaHHS 3MICTOBHOTO MOAYJsA «bBloTeXHOJOTis pOCAWH» AUCHUILIIIHUA
«b10TeXHOJIOTIs POCIWH Ta TBApUH» ISl CTYACHTIB CIleiabHOCTI 162 — 610TeXHOIOTi
ta O1oimkenepis B JIBH3 YIXTY.

KuirouoBi cjioBa: MiKpOKJIOHAJIbHE PO3MHOXKEHHS, in Vitro, peryiasiTopu pocry,

ajJlanTallisi, pu30reHe3, CTePUIII3allis, CKCIUIaHT



Summary

Fokina A. V. Biotechnology of microclonal propagation of Origanum vulgare L.
and Paulownia elongata S.Y.Hu X P.fortunei (Seem.) Hemsl. — Qualifying scientific
work, the manuscript.

Thesis for a PhD degree in specialty 162 "Biotechnologies and bioengineering"
(16 Chemical and bioengineering). — State Higher Education Institution "Ukrainian
State University of Chemical Technology", Dnipro, 2020.

In the dissertation research the results of the development of biotechnologies of
microclonal reproduction in in vitro culture of two plants — oregano (Origanum
vulgare L.) and interspecific hybrid of Paulownia (Paulownia elongata S.Y.Hu X
P.fortunei (Seem.) Hemsl.) are presented. For these technologies the scheme of
equipment and technology for planting material production of these cultures is
developed and presented.

Oregano (Origanum vulgare L., Lamiaceae) is a valuable essential oil crop used
in the pharmaceutical and food industries as a source of natural nutrients. In Ukraine,
oregano is a rare culture. For the development of oregano selection for high content of
essential oil of high quality and rapid reproduction of high-yielding samples, it is
important to develop all stages of microclonal propagation in vitro. Paulownia sp.,
Paulowniaceae 1s a valuable bioenergetic and ornamental tree crop. Paulownia is a new
culture for Ukraine and requires a significant amount of high-quality planting material
for widespread distribution. In this regard, it is important to develop a comprehensive
biotechnology of microclonal propagation and production of planting material of
paulownia in Ukraine.

Microclonal propagation is one of the methods of plant propagation in aseptic
culture in vitro, which is characterized by a high rate of propagation and guaranteed
genetic identity between the original mother plant and the resulting clone plants.
Microclonal propagation allows for a short period of time to get tens, hundreds,
thousands of identical clone plants and use them as planting material for large areas. As
world experience shows, to ensure the efficiency and competitiveness

phytobiotechnological production on microclonal propagation of planting material in



vitro must have a full cycle of creation and cultivation of planting material, and to
provide as a technological stage of plant microclonal propagation in isolated aseptic
culture in vitro, so as in the soil under ex vitro conditions.

The object of research is the optimization of the process of microclonal
reproduction by activating axillary buds and sterile cutting in plants. The subject of
research is the development of complex biotechnologies of microclonal propagation of
new and rare cultures of oregano O. vulgare and hybrid paulownia P. elongata X
P.fortunei.

Optimization of techniques and methods of microclonal propagation of oregano
were performed on the example of eleven, perspective for selection genotypes and one
interspecific hybrid of paulownia.

The optimization allowed to increase the reproduction rate at the stage of
introduction in in vitro culture for oregano from 5.4 + 0.02 cuttings/explant to 7.9 +
0.04 cuttings/explant, and in paulownia from 2.2 + 0, 2 cuttings/explant to 3.7 + 0.4
cuttings/explant. In O.vulgare in the first cycle of sterile cutting the reproduction rate
increased to 11.5 + 0.9 cuttings/explant, in the third cycle — to 12.9 + 0.6
cuttings/explant, and in the seventh cycle remained at 12.7 £ 0.5 cuttings/explant. In P.
elongata X P.fortunei in the second cycle of sterile cutting the reproduction coefficient
increased to 6.9 & 0.4 cuttings/explant and by the VI cycle remained at the level of 6.8 £+
0.2 cuttings/explant.

The maximum values achieved by optimization of oregano are for the frequency
of rooting at the stage of rhizogenesis in vitro — 100%, survival after the transfer from in
vitro to ex vitro conditions in the soil of the tablets — 66.1 £+ 1.3%, from tablets to pots —
95%, from pots into the field to a resident place of cultivation — 90%. The maximum
values achieved by optimization of paulownia at the stage of rhizogenesis in vitro for
the frequency of rooting are — 100%; survival after the transfer from in vitro to ex vitro
conditions in the soil of the tablets is 92.9 + 4.2%, from tablets to pots — 94.3 + 5.6%,
after overwintering in pots — 100%, after the transfer from pots in the field to a resident

place of cultivation — 94%.



Optimized biotechnologies of microclonal propagation in in vitro culture of
oregano and interspecific hybrid of paulownia have been developed; block diagrams
and equipment and technological schemes for production of planting material of these
crops have been presented.

The conception of the key factors that determine the effectiveness of microclonal
plant propagation are deepened. For the first time, the role of genotypic factor and the
effect of "genotype x environment" interaction in the realization of the ability of
oregano to microclonal reproduction were shown.

First time the ability to microclonal propagation via activating axillary buds and
sterile cutting of eleven oregano genotypes, which are used as a source of breeding
material to create national varieties of this culture, was studied. The potential for
microclonal reproduction of different genotypes of oregano using explants of different
types — internodes of different localization, axillary and apical buds was studied for the
first time.

For the first time the dependence of growth and development of cuttings of
interspecific hybrid of paulownia in vitro on concentration of 6-benzylaminopurine on
auxin and without auxin background is characterized. The influence of biochar and
activated carbon on the condition of cuttings and rhizogenesis of paulownia was studied
for the first time.

The composition of nutrient media for induction of shoot formation, sterile
cutting and oregano rhizogenesis in vitro and interspecific hybrid of paulownia in
mineral, vitamin, carbohydrate and phytohormone composition was optimized.

For the first time, complex biotechnologies of in vitro microclonal in vitro
propagation of oregano and interspecific paulownia hybrid have been compiled, and
equipment and technological schemes for production of planting material of these crops
have been developed.

Sterilization conditions of donor material, composition of nutrient media for
induction of shoot formation introduction in in vitro culture, sterile cutting in early and
late cycles, in vitro rhizogenesis, as well as conditions for adaptation and cultivation of

regenerating plants in the soil and obtaining planting material are developed and



recommended in microclonal propagation technologies of oregano (Origanum vulgare
L.) and interspecific paulownia hybrid (Paulownia elongata S. Y. Hu X P.fortunei
(Seem.) Hemsl.). Block diagrams of the technology of microclonal propagation of
oregano and interspecific paulownia hybrid as well as equipment and technological
schemes to ensure the process of production of microcloned planting material are
composed.

The microcloned planting material obtained in  dissertation research was
transferred for approbation and implementation to the Experimental Station of
Medicinal Plants of the Institute of Agroecology and Nature Management (oregano
genotypes) and to Complex Agroservice LLC (interspecific paulownia hybrid).

The materials of the dissertation are used in the educational process during the
module "Plant Biotechnology" of the discipline "Plant and Animal Biotechnology" for
students of speciality 162 - biotechnologies and bioengineering at State Higher
Education Institution "Ukrainian State University of Chemical Technology".

Key words: micropropagation, in vitro, growth regulators, adaptation,

rhizogenesis, sterilization, explant.
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