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PE®EPAT

Humnomuas pabota 39 crpanutl, 6 pucyHkoB, 61 HCTOUHUKOB.

POCT KOPHS, 3KI, ABUOTUYECKHWH CTPECC, HMKEJb,
I'MCTUAWH, ITIOACOJIHEYHUK, I'OPOX.

N3yuyenne MexaHW3MOB YCTOMYMBOCTM PACTEHUHW K NOBPEXAAIOIIEMY
JNEUCTBUIO a0MOTHYECKUX (PAaKTOPOB SBISETCS OAHOM W3 (PyHIAMEHTAIbHBIX
npobiem Ouonorumu. Ee pemieHne wWMeeT MNPUHIMIUAIBLHOE 3HAYCHUE IS
MOHUMAHUS CTPATETMH BBDKUBAHUS PACTEHHM B SKCTPEMAJIBHBIX YCIOBHSIX, TAKHX
KAK TOBBILIEHHBIE YPOBHHU TSDKENIBIX METAUIOB B cpefe. OCOOEHHO aKTyallbHBIM
IIPEICTABIIIETCS AHAIN3 TOKCUYECKOT0 IEWCTBHS HUKENS, TaK KaK OH YPE3BbIYaitHO
IIMPOKO HCMOJb3YETCSd B MPOMBIIUIEHHOCTU. J[IS BaXHEWIIUX KYJIbTYyp —
nojaconneunuka (Helianthus annuus L.) u ropoxa (Pisum sativum L.) nepBUYHBIC
pEaKlMK Ha HUKEJIEBBIN CTPECC MPAKTUUYECKU HE U3YyUEHBI, B YaCTHOCTH HE J10 KOHILIA
MOHATEH MEXaHW3M MHIYKLIWHU 3alporpaMMHpOBaHHON kieTtouHoi rubenu (3KI).
JletranpHOE€ TOHMMAaHHWE MOJEKYJISAPHbIX MexaHu3MoB 3KI' Jie)xuTr B OCHOBE
pa3BUTHS (PyHIAMEHTANIbHBIX MPEACTABICHUN O (DPU3MOJOTUH MHOTOKJIETOYHBIX
pacTeHud U HEOoOXOJMMO MpPHU CO3JAaHUHU CPEJICTB KOHTPOJSI MPOLECCOB POCTa U
Pa3BUTHS PACTEHUI, CTUMYJISALIMU UX TPOTYKTUBHOCTU U CTPECCOYCTOMUMBOCTH.

Llens Hacrosimieil pabOThl — BBIIBUTh OCOOEHHOCTH PA3BUTHSA CHUMITOMOB
3anporpaMMUPOBAHHON KJIETOYHOW THOENH, WHIYIIUPOBAHHON aOMOTHYECKUMHU
cTpecc-(hakTopaMu, B KJIETKaxX KOPHS MOJICOTHEYHHUKA U TOPOXa.

B xauectBe 00BEKTOB HCClIe0BaHUS ObUIM UCTIOJIb30BaHbI KOpHU Helianthus
annuus L. copta Orion u kopuu Pisum sativum L. copta Ilemromika.

B paGoTe npuMeHsIIUCh CeAyIoIne METOIMKHI: POCTOBBIE TECTHI PYJIOHHBIM
METOJOM,  cBeToBass M 3NUQIYOpecleHTHass  MHKPOCKONMS,  aHajIu3
Mopdonornueckux cumntoMmoB 3KI'.

Bruto mokazaHo, 4ro BBeaeHHE Ni’'comepiKalluX pPacTBOPOB B CpELy
BbIpAILIUBAHUS UHTHOUPYET POCT IIIaBHOTO KOpHS U uHAyuupyetr cumntomsl 3KI' B
KOpPHEBBIX BoJIoCKax H. annuus wn P. Sativum. BBeneHne ructuaviHa B Cpemy
BBIPALIMBAHMS CHIYKAET TOKCHYECKOe nelicTBre Ni’' Ha KOPHM IOJCOJHEYHHKA,
Jaxke NpU JeTalnbHoM KoHmeHtpamuu Ni** (10 mMMonn/n1) Ha (oHE THUCTHAMHA
Ha0JII01AJIOCH TPOpPACTaHUE CEMSTH, a J10Ji Ki1eTok KopHs ¢ 3KI' mopdonorueii 6bi1a
Ha YPOBHE KOHTpOJIS. DTO CBUIECTENBCTBYET O BAXKHOM POJIM THUCTHAMHA Kak
NpPOTEKTOpa TMpU HHUKEIEBOM cTpecce. [0pox JIeMOHCTpUpPOBAI OOJBIIYIO
YCTOMYUBOCTh K Ni*" mo CpPaBHEHHIO C TOJCOJIHEUHUKOM, MPU ITOM J100aBIICHHE
TUCTUIMHA OKa3bIBAJIO JHIIb HEOOJbIIOE MPOTEKTOPHOE MACHCTBUS Ha pPOCT
KOpHEBOH cucTeMbl Ha Gore 3 u 10 Mmons/n Ni**, ognako 3Gp(eKTUBHO CHUXKAIIO
KOJIMYECTBO TPUX001acTOB ¢ Mopdosornueckumu cumnromamu 3KI.



POD®EPAT

JpimioMHuast padota 39 craponak, 6 MaaroHkay, 61 KpbIHiIa.

POCT KOPAHS, 3KI, ABIATBIYHBI CTPEC, HIKEJIb, TI'ICLIJ3IH,
CJIAHEYHIK, T'APOX.

JlacnenaBanHe MexaHi3May YCTOMIIBACIll paciiH Ja MamKoKBajJbHAra
N3esHHS a0IATBIYHBIX (QakTapay 3'ayisernia agHon 3 GpyHaaMeHTaIbHBIX MpadieM
Oistorii. fle pamdHHE Mae NPBHIHIBINOBAE 3HAUYSHHE JUIS Pa3yMEHHS CTpAaTarii
BBDKBIBAHHS PACiH Yy 3KCTPIMajbHBIX YMOBAaX, TaKiX SIK MaBbIMIAHBIA Y3pOYHI
IPDKKIX MeTanay y acspoiasi. AcaOiiBa akTyaldbHa WpajCTayJIeHbl aHaTi3
TaKciyHara A3esHHs HIKeJs, TaK K €H HaJ3BbIYail IIBIPOKA BBHIKAPBICTOYBaeIA ¥
npambicioBacii. /[l HallBaXHEMIIBIX KyabTyp — chaHeuHika (Helianthus
annuus L.) 1 rapoxa (Pisum sativum L.) niepuiacHbIsl pIaKiibli Ha HIKEJIEBBI CTPIC
IpPaKThlYHA HE BBIBYYaHbI, Y MpBIBATHACIl HE Ja KaHIAa 3pa3yMesibl MEXaHI3M
IHAYKIBI 3anparpamipaBaHail kietaunail rioem (3KI). JlaraneBae pa3zymeHHe
MaseKyJsipHbIX MexaHi3may 3KI' nskpilb y acHOBE pa3Bilils (QyHIaMEHTaIbHBIX
ySYJIEeHHSY mpa (i317I0T1I0 MHArakjIeTauyHbIX paciiH 1 HeaOX0oHa Mpbl CTBAPIHHI
CpOJIKay KaHTpOJIIO Tpalnpcay pocTy 1 pasBills paciiH, CTBIMYJSLBI 1X
NpaayKThIYHACII 1 CTP3CayCTOMIIBACLII.

Mbra canpayaHaii paboThl — BBISBILB acadmiBacil pa3BILLS CIMITOMAY
3amparpaMmipaBaHail kjieTrayHad ri0eini, IHIyIbIpaBaHail aOIsITBIYHBIMI CTp3C-
(dakTapami, y KJIETKax KOpaHs CJIaHEYHIKa 1 rapoxa.

VY skacui ab'ektay nacnegaBaHHs ObLIlI BBIKApbICTaHbl kapaui Helianthus
annuus L. copty Orion 1 kapani Pisum sativum L. copty Ilentomika.

VY pabolie BBIKAPBICTOYBAIICS HACTYMHBISI METOJIbIKI: POCTaBbIS TACTHI
PYJOHHBIM MeTaJaMm, CBeTaBass 1 OJmiiyap3clUdHTHas MikpacKamisi, aHaii3
mapdanariuaeix  cimnromay 3KI. Bputo makasama, mro VBsagseHHe Ni?'-
YTPBIMJIIBAIOUBIX PACTBOpAY Yy BBIPOIIYBAIbHAE acsApoja3e 1Hri0ipye Yy3pocT
rajioyHara kopass 1 inayusipye cimnroMsl 3KI' y kapHeBbIx Basackax H. annuus 1
P. Sativum. YBsiI3eHHE TiCLI/I31HA ¥ BBIPOITYBAILHAE acAPOIJI3€ 3HIkKAE TaKCIUYHAE
n3esHne Ni** Ha kapani claHedHika, HaBaT IPbI CMAPOTHAN KaHIPHTpaubi Ni**
(10 mmoutb/11) Ha poHE ricliI31Ha Ha3ipanacs npapacTaHHE HACEHHS, a 101l KJIeTaK
kopans 3 3KI" mapdanorisii Opl1a Ha aHBIM Y3pOYHI 3 KaHTpoJieM. ['3Ta cBeqUbIlb
npa BaXHYI POJIIO TICIA31HAa SK MpaTdKTapa Mpbl HiKeNeBbIM cTpace. ['apox
IDMaHCTpaBay BBICOKYIO ycToimiBacip na Ni*' y mapayHaHHi 3 cliaHedHiKaM, IpbI
rITHIM AabayJIeHHE TiCII31Ha aka3Bajia TOJIbKI HEBsUTIKAe MpaTIKTapHae I3EsHHS Ha
pOCT KapaHeBail cicToMbl Ha done 3 1 10 mmons/i Ni?*, agnak sdekTeIyHa 3Hikana
KOJIbKAcIlb Tphixabmnactay 3 MapdanariuabiMi cimnroMami 3KT.



ABSTRACT

Thesis 39 pages, 6 figures, 61 sources.

Root growth, PCD, ABIOTIC STRESS, NICKEL, HISTIDINE,
SUNFLOWER, PEA.

One of the fundamental problems of Biology is to study the mechanisms of
plant resistance to abiotic stress factors. Studying the mechanisms of plant resistance
to the damaging effects of abiotic factors is one of the fundamental problems of
biology. Its solution is of fundamental importance for understanding the survival
strategy of plants in extreme conditions, such as elevated levels of heavy metals in
the environment. Especially relevant is the analysis of the toxic effect of Nickel,
since it is extremely widely used in industry. For the most important crops-sunflower
(sunflower L. the primary reactions to Nickel stress have not been studied, in
particular, the mechanism of induction of programmed cell death (PCD) is not fully
understood. A detailed understanding of the molecular mechanisms of PCD is the
basis for the development of fundamental concepts about the physiology of
multicellular plants and is necessary for creating tools for controlling the processes
of plant growth and development, stimulating their productivity and stress
resistance.

The purpose of this work is to identify the features of the development of
symptoms of programmed cell death induced by abiotic stress factors in sunflower
and pea root cells. The roots of Helianthus annuus L. of the Orion variety and the
roots of Pisum sativum L. of the Pelyushka variety were used as objects of research.

The following methods were used in the work: growth tests by the roll method,
light and epifluorescence microscopy, analysis of morphological symptoms of PCD.

It has been shown that the introduction of Ni*" and-containing solutions into
the growing medium inhibits the growth of the main root and induces symptoms of
PCD in the root hairs of H. annuus and in P. sativum. Introduction of histidine into
the growing medium reduces the toxic effect of Ni** and on sunflower roots, even at
a lethal concentration of Ni*" and+ (10 mmol/l), seed germination was observed
against the background of histidine, and the proportion of cells with the root
morphology of PCD was at the control level. This indicates the important role of
histidine as a protector in Nickel stress. Peas showed greater resistance to Ni** and
compared to sunflower, while the addition of histidine had only a small protective
effect on the growth of the root system against the background of 3 and 10 mmol/I
of Ni** and, but effectively reduced the number of trichoblasts with morphological
symptoms of PCD.



