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Momusayus u yens: B pyHIaMEHTANBHBIX HCCIEIOBAaHMSAX BCE Yalle HCHOIB3YIOT
TCHHO-MH)KEHEPHBIE TEXHOJIOTHUH, KOTOPBIE CIOCOOCTBYIOT BBISIBJICHUIO MOJICKYJISIPHO-
TCHETHUYECKMX MEXaHM3MOB (DU3MONOr0-OMOXUMHYECKUX MPOIECCOB B PACTHUTEILHOM
opranusMe. M3BecTHO, 4TO (PUTOrOPMOHAM TPHHAUICKHUT BEeIyIask Pojib B PEryJIsSIHN
pocTa W pa3BUTHA pacTeHUil. Bmecre ¢ TeM H3y4EHHIO TOPMOHAIBHOTO cTaTyca
TPAHCTEHHBIX PACTEHHH B OTEYECTBEHHBIX M 3apyOeKHBIX UCCICIOBAHUIX yIENseTCS
HEJOCTaTOYHO BHUMaHHSA. VMEIOTCS NaHHBIE O BIMSHUM SK30T€HHBIX TOPMOHOB HA
POCTOBBIC peaklUWu TpaHCTeHHBIX pacTeHuwi [1, 2]. Jlump B oTaensHBIX paboTax
MOKa3aHO HW3MEHECHHE COJIEPXKAaHUS OJHOM WIM JBYX Tpyln (UTOTOPMOHOB Yy
TpancopmanToB [3, 4]. OnHako MposBICHUE (U3MOIOrHYECKOrO OTBETA 3aBUCUT OT
TOW TOPMOHAIIBHOM CUTYaINH, @ IMEHHO COJICPYKAHUS U COOTHOLICHUS (PUTOTOPMOHOB,
KOTOpasi CKJIaJpIBaeTCs Ha OMNpEleIeHHOM JTame OHToreHesa. llpm stom ¢
MPaKTUYECKOW TOYKU 3PEHHS BaKHO HAMETHTh MYTH PETYJSIHMHA TOPMOHAIBHOTO
cTaTyca TPaHCTEHHBIX pacTeHWi. B HacTosmiee Bpems IIUPOKOE pPaCIpPOCTPaHEHUE
NOJYYHIIH  pacTeHus, TpaHchopmupoBanubie Bt-remom wu3 Bacillus thuringiensis,
OKCIpECCHpYIOIIME  OENKH-3HJIOTOKCHHBI,  T'yOWTENbHO  JACHCTBYIOIIME  Ha
JKECTKOKPBUIBIX, H B YaCTHOCTH Ha KOJOpajackoro yka [5]. Ilpm sToM ocHOBHOE
BHUMAaHHE aBTOPHI YJENSIOT OJKOJOTMYECKUM aCIEeKTaM BO3ZEJIBIBAHUS JIaHHBIX
KyJbTyp. He HaiineHo paboT, B KOTOPBIX UCCIIEIyeTCs peaKIys TOPMOHAILHON CUCTEMBI
pacteHuss Ha TpaHcopmanuio Bt-reHoM, 4TO He TO3BONSAET HAMETHTH IyTH e
perymsimun. Llenblo paboTel OBUTO HM3ydYeHHE COJep)KaHHsS AOCIM30BOM KHCIIOTHL,
3eaTHHA, HHIOJUITYKCYCHOM KUCIIOTHI Y UCXOJIHBIX U TpaHc(hopMUpoBaHHBIX Bt-reHom
pacteHwuii kapTodens Ha Ha4aIbHOM dTare pocTa MoYeK aMKATBbHBIX TI1a3K0B KITyOHEH.
OHOBPEMEHHO HCCIIE0BAIHN BIMSHAE HE3aMEHUMBIX MUKPODJIEMEHTOB IIMHKA B Oopa
Ha cojiepKaHue (PUTOrOPMOHOB.

Memoowvr u ancopummovr: OOBEKTOM HUCCICIOBAHUS CIYXKHIM pacTeHHs Kaprodens
(Solanum tuberosum L.) copra Cynepuop U MOJy4eHHbIC Ha UX OCHOBE KOMIIAaHHEHt
Monsanto TpaHcreHHble pacTeHus ¢ Bt-renom u3 mnousenHoit Oakrtepuu Bacillus
thuringiensis, mpoayrmpyroiiei aensTa-3HA0TOKCHHBL. KiyOHM TpaHCreHOB OBIIM
npenoctasiieHbl Jlaboparopueii renetuku BHII KX um. A.I'. Jlopxa. OnbITel POBO-
JMJIH ¢ KITyOHsIMU uepe3 72 4aca rmocie nepeHeceHus nux u3 opouiexpanmmina (+4 °C)
B ycioBus saboparopun (20 =+ 2 °C). KinyOHM mpopamiyiBaiy B KIOBETaxX C YBIIaX-
HEHHBIMH OITWJIKAMHU. BapuaHThI OMbITa BKIIFOUAIN 3aMauylBaHue KITyOHEH NCXOMIHBIX U
TPAaHCTEHHBIX pacTeHuit Ha 6 yacos B pactBopax ZnSO4 (3:107° M), H3BOs (8:10° M),
KOHTPOJIBHBIX — B BOZIE. AHAJIM3UPOBAJIY alTUKAJIbHBIE TTIa3KU KITyOHeH (IToYKa-TJIa30K ¢
KOpOBO#l TapeHXWMoi) depe3 72 daca OT Hadaina mpopactanus. CoxaepikaHue

BGRS/SB-2024 1087



(UTOTOPMOHOB ayKCHHOB, TUTOKUHUHOB ¥ a0CIIU30BOI KHUCIIOTHI ONIPEEIISUIA METOZ0OM
TBepao(dazHOro MMMYyHO(QEPMEHTHOrO aHainu3a [6] ¢ HMCIOIb30BAHUEM PEAaKTUBOB
bupmer «Ypamuaeect» (Yda). B kxagecTBe cTaHAAPTHBIX PacTBOPOB (HYHTOTOPMOHOB
opn B3aTeI WMYK, 3eatmn, ABK (Serva, I'epmanms). Ha puc.l m B Taodm. 1
NpeACTaBiIeHbl CpeAHUEe apu(MeTHUecKHe U3 MATH OHOJOTMYECKHX M Tpex
AHAMNTUYECKUX TMOBTOPHOCTEH. J[OCTOBEPHOCTH OIEHWBAIH C ITOMOIIBIO KPUTEPHS
CrprofieHTa, CYHTas JOCTOBEPHBIMH pa3iM4YWs TPH YPOBHE JIOBEPUTEIHHOMN
BepoaTHocTH Beime 0.95.

Pezynomamur: Uepes Tpoe CyTOK MNpopaliuBaHUsl KIyOHEW TJIa3Ku TPaHCI€HOB
conepkanu B 1.9 pa3a Oounpie abcii30Boi KUCIoTH (puc. 1, a). Oboramenue KiryOHeH
OUHKOM YMEHBIIMJIO COJepKaHHEe NaHHOTO TOPMOHA Y TJIa3KOB HCXONHBIX U
TPaHCTeHHBIX PACTCHUH B paBHOM cTeneHu — B 1.7 paza. OnHako MUKPOdJIEMEHT 0Op He
n3MeHn1 komdecTBO ABK y TpaHCTeHOB, HO CHU3WIT Y ICXOIHBIX pacTeHwid B 1.6 pa3a.
B otmmume or ABK, TpaHCTeHBI comep)kKajli HECKOJLKO MEHBINE ITUTOKMHHUHOB (HA
17 %) mo cpaBHEHHWIO C TJla3KaMU KIYOHEW HCXOIHBIX pacTeHuidd (cM. puc. 1, 0).
OOGoraineHue IIMHKOM 3HAYMTEIbHO MOBBICHIIO YPOBEHb 3eaTMHa — B 2.3 paza y
WCXOIHBIX U B 3 pa3a y TpancreHoB. O0paboTKa MUKpPO3JIEMEHTOM 00poM ObLTa MeHee
3¢ (eKTUBHA 10 CPaBHEHUIO C IIUHKOM. AYKCHUHBI ObUIM 00JIee YUyBCTBHTEIBHBI, YEM
IUTOKMHHHBL, K TpaHcopMaluu pacteHuid Bt-reHoM: mx cojepikaHue ObLTO HHXKE
UCXOAHBIX B 2.5 pasa (cm. puc. 1, B). MukposneMeHTs! TOBBICHIIM ypoBeHb UVYK,
mprdeM B OOJIbIIEH CTETIeH! y TpaHCTeHOB (ITMHK — B 2.2, 00p — B 2.5 pasa), Torna Kak
y HeTpaHc(pOpMaHTOB IIMHK — Ha 25 %, 6op — Ha 76 %.
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Puc. 1. BiusitaHue MHKpPO3JIEMEHTOB Ha CoJepXaHWe (UTOTOPMOHOB B TJIa3Kax KIyOHEH
HCXOJIHBIX U TpacreHHbIX pacTeHnid: a — ABK; 6 — 3eatun, B — UYK
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AHau3 COOTHOWICHHS COJECpKaHUS (UTOTOPMOHOB CTHMYJSTOPOB (2KyCHHBI+
uuToknHuHE) K ABK cBHIETenbCTBYeT O 3HAYMTENHHO MEHBLIEM COOTHOMICHUH Y
TpaHC(OPMAHTOB 3a cYeT mpeobnagaHust abOCIH30BOM KHCIOTHI (cM. Tabi. 1).
OoOoramienne MUKpPO3JIEMEHTAaMH yBEJINYMIO JAHHOE COOTHOLIEHHE BHE 3aBHCHMOCTH
ot Tpancdopmanyu. bonee 3 hekTHBHBIM OBLIT MUKPOAJIEMEHT LIMHK.

Ta6auua 1. BiusiHre MUKPO3JIEMEHTOB Ha COOTHOIIEHHE (PUTOTOPMOHOB B IJIa3Kax KIyOHEH
UCXOIHBIX U TPAHCTCHHBIX PACTCHUH

Bapuant 3eatun + UYK/ABK
Vcxonuble pacTeHus TpaHCreHHbIC pacTeHUsI
Konrpoiss 17.2 6.6
ZnS04 9.70 57.2
H3BOs 41.8 9.7

Buigoovr: Takum 00pa3oM, NpPOBEICHHOE MCCICAOBAHUE CBUAETEIBCTBYET, YTO
ropMoHajbpHas cucrema Solanum tuberosum wyscTBHTENbHA K TpaHchopmanmu Bt-
reHoM. [ma3ku kiyOHeH TpaHC(OpPMAaHTOB B TIEPBBIE TPOE CYTOK MPOPACTaHUS
XapaKTepU3yTCs MOBBILIEHHBIM coaepxkanueM ABK, Ho MenbiinM — 3eatuHa u UYK.
O0paboTka KiyOHEelH CepHOKHUCIIBIM [IMHKOM U OOPHOM KUCIIOTON CHIIKACT KOJUYESCTBO
ABK, HO MOBBIIIACT IIUTOKUHUHBI U ayKCHHBI BHE 3aBUCUMOCTH OT TpaHC(OpMAIIUU.
HaunbGonpmuii monoxuTensHb 3¢ ¢GEeKT Ha COOTHOIIEHHE TOPMOHOB-CTUMYJISITOPOB K
ABK okazan MUKpPOAJIEMEHT IIUHK KaK 3a cueT 3HauuTeapHoro ymeHnouieHust ABK, tak
1 3a CYCT IMMOBLINICHUA YPOBHA 3€aTUHA.

Hormonal status and its regulation at the initial stages of growth
of Solanum tuberosum plants expressing the Bt gene

Puzina T.*, Korol V., Makeeva I.

Orel State University named after 1.S. Turgenev, Orel, Russia
* tipuzina@gmail.com

Key words: transgenic plants with the Bt gene; phytohormones; microelements zinc and boron; Solanum
tuberosum

Motivation and Aim: In fundamental research, genetic engineering technologies are
increasingly being used, which help to identify the molecular genetic mechanisms of
physiological and biochemical processes in the plant organism. It is known that
phytohormones play a leading role in the regulation of plant growth and development.
At the same time, insufficient attention is paid to the study of the hormonal status of
transgenic plants in domestic and foreign studies. There is data on the influence of
exogenous hormones on the growth responses of transgenic plants [1, 2]. Only a few
studies have shown changes in the content of one or two groups of phytohormones in
transformants [3, 4]. However, the manifestation of a physiological response depends on
the hormonal situation, namely, the content and ratio of phytohormones, which develops
at a certain stage of ontogenesis. At the same time, from a practical point of view, it is
important to outline ways to regulate the hormonal status of transgenic plants. Currently,
plants transformed with the Bt gene from Bacillus thuringiensis, expressing endotoxin
proteins that have a detrimental effect on beetles and, in particular, the Colorado potato
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beetle, are widely used [5]. At the same time, the authors pay main attention to the
environmental aspects of the cultivation of these crops. No works have been found that
study the reaction of the plant hormonal system to transformation by the Bt genome,
which does not allow us to outline ways of its regulation. The purpose of the work was
to study the content of abscisic acid, zeatin, and indolylacetic acid in the original and
transformed potato plants with the Bt gene at the initial stage of growth of the buds of
the apical eyes of tubers. At the same time, the influence of the essential microelements
zinc and boron on the content of phytohormones was studied.

Methods and Algorithms: The object of the study was potato plants (Solanum
tuberosum L.) of the Superior variety and transgenic plants obtained on their basis by
Monsanto with the Bt gene from the soil bacterium Bacillus thuringiensis, which
produces delta-endotoxins. Transgene tubers were provided by the Laboratory of
Genetics of the All-Russian Scientific Center for Chemistry named after A.G. Lorch.
Experiments were carried out with tubers 72 hours after they were transferred from the
vegetable storehouse (+4°C) to laboratory conditions (20 +2 °C). Tubers were
germinated in ditches with moistened sawdust. Variants of the experiment included
soaking the tubers of the original and transgenic plants for 6 hours in solutions of ZnSO.
(3 - 103 M), HsBOs (8 - 102 M), control ones — in water. The apical eyes of tubers (bud-
eye with cortical parenchyma) were analyzed 72 hours from the beginning of
germination. The content of phytohormones auxins, cytokinins and abscisic acid was
determined by enzyme-linked immunosorbent assay [6] using reagents from Uralinvest
(Ufa). IAA, zeatin, and ABA (Serva, Germany) were taken as standard solutions of
phytohormones. The figure and table show the arithmetic means of five biological and
three analytical replicates. Reliability was assessed using the Student's test, considering
differences at a confidence level above 0.95 to be significant.

Results: After three days of tuber germination, the transgene eyes contained 1.9 times
more abscisic acid (Fig. 1a). Enrichment of tubers with zinc reduced the content of this
hormone in the eyes of the original and transgenic plants to the same extent — 1.7 times.
However, the microelement boron did not change the amount of ABA in transgenes, but
decreased it by 1.6 times in the original plants. In contrast to ABA, the transgenes
contained slightly less cytokinins (by 17 %) compared to the tuber eyes of the original
plants (Fig. 1b). Zinc enrichment significantly increased the level of zeatin — 2.3 times
in the original and 3 times in the transgenes. Treatment with the trace element boron was
less effective compared to zinc. Auxins were more sensitive than cytokinins to the
transformation of plants with the Bt gene, namely, their content was 2.5 times lower than
the initial ones (Fig. 1c). Microelements increased the level of IAA, and to a greater
extent in transgenes (zinc — by 2.2, boron — by 2.5 times), while in non-transformants
zinc — by 25 %, boron — by 76 %.

Analysis of the ratio of the content of stimulant phytohormones (acousins + cytokinins)
to ABA indicates a significantly lower ratio in transformants due to the predominance
of abscisic acid (Table 1). Micronutrient enrichment increased this ratio regardless of
transformation. The microelement zinc was more effective.
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Fig. 1. The influence of microelements on the content of phytohormones in the eyes of tubers of
original and transgenic plants: a — ABA; b — zeatin, ¢ — IAA

Table 1. The influence of microelements on the ratio of phytohormones
in the eyes of tubers of original and transgenic plants

Option Zeatin + IAA/ABA

Original plants Transgenic plants
Control 17.2 6.6
ZnS04 9.70 57.2
H3;BO3 41.8 9.7

Conclusion: Thus, the study indicates that the hormonal system of Solanum tuberosum
is sensitive to transformation by the Bt gene. The eyes of transformant tubers in the first
three days of germination are characterized by an increased content of ABA, but less
zeatin and IAA. Treatment of tubers with zinc sulfate and boric acid reduces the amount
of ABA, but increases cytokinins and auxins, regardless of transformation. The
microelement zinc had the greatest positive effect on the ratio of stimulant hormones to
ABA due to both a significant decrease in ABA and an increase in zeatin levels.
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