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B cTaTbe paccMaTpuBalOTCS BONPOChl CBETOBOW
perynsiumm reHeTU4eCcKom CUCTeMbl pacTeHUMn
M CBETOBOrO ynpasjieHus mopdoreHesom. [laHo
npeacTaBjeHUe 0 MeXaHU3Max TpaHca[aLumn
CBeTOBOro curHana B knetke. MokasaHa
B3aMMOCBS3b MeXay poTopeLenTopHbIMU
6es1KaMun M S3HAOreHHbIMU MpOrpaMMamMm
pasBMTUS pacTeHnin. OxapakTep1MsoBaHa
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B NpoLieccax perysisiuus oHToreHesa pacTeHuin.
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AeMOHCTpUpylolue CBETOBOE yrpaBjieHue
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BBEOEHUE

Co/THEYHBIM CBET — BaKHBIM ANAMTAllUOHHBIM CTH-
MyJl, U MHOTHe >XHBBle OPraHH3MBbI IIpHCIIOCcabau-
BAIOT CBOM MeTabO/NH3M K YCJIOBHSM HM3MeHseMOM
OCBeIleHHOCTH B OKPYKaoIlel cpefie, BOCIPHHHUMAs
CBETOBble CUTHAJIBL U pearupys Ha HUX H3MeHeHHeM
cBoMX pusnonoruyeckux GyHKIuH [1]. IIpyu 3ToM cBeT
BBICTYIIa€T MHOTOTPAaHHBIM (QAKTOPOM, XapaKTepHU3y-
IOITUMCSI KaYeCTBEHHBIMHU (IUAMIa30HOM JIMH BOJIH)
U KOJMMYeCTBeHHBIMU (MHTEHCHUBHOCTBIO, HUHTEIPaIb-
HOI CyTOYHOM pafualyer, oTolepHosoM) I1apame-
TpaMH, a Takke HaIlpaB/leHHEM U IIOASpU3aLIMeH.
Kak mpaBuIO, OCHOBHas IpHYMHA HHU3KOHM MPOAYK-
TUBHOCTU PACTYLIUX B €CTeCTBEeHHBIX YCIOBUSX pacTe-
HHUHU 3aK/II0YaeTCsI B TOM, YTO TPOMaJHOe KOJTHYeCTBO
noctynamomer or ColHIA SHEPruu obeclieHHUBAETCS
KakK dakTop GOTOCHHTE3a BCJIeACTBHE HEBIArompUsT-
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INTRODUCTION

Sunlight is an important adaptive stimulus, and
many living organisms adapt their metabolism to the
conditions of variable lighting in the environment,
perceiving and reacting to light signals by changing
their physiological functions [1]. In this case, light
acts as a multifaceted factor characterized by
qualitative (range of wavelengths) and quantitative
(intensity, integral daily radiation, photoperiod)
parameters, as well as direction and polarization.
As a rule, the main reason for the low productivity
of plants growing under natural conditions is that
a huge amount of energy coming from the Sun is
depreciated as a factor in photosynthesis due to
unfavorable combinations of lighting parameters
with other productivity conditions: heat, humidity,
and soil fertility conditions [2]. Given that light
controls the functioning of endogenous regulation
systems (gene, enzymatic, trophic, hormonal,
etc.), the combined effect of which provides an
adequate response of plants to lighting conditions,
by manipulating the characteristics of lighting, it
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HBIX COUeTAaHHUM IIapaMeTpPOB OCBellleHMs C JIPYyTHMH
YCJIIOBUSIMU IIPOAYKTHUBHOCTH: TeIlJIOM, BJIAKHOCTBIO
U YCIOBUSMH IIOYBEHHOIO IJIOHOpOAHUs [2]. YUMTEI-
Basl, YTO CBeT KOHTPOJIHUpYeT (QYHKLHOHHPOBaHHE
CHCTeM SHJOTeHHOM peryasluu (reHHoH, ¢epMeH-
TaTUBHOM, TPOodHUYECKOM, TOPMOHJJIBHOM M T.II.),
COBOKYITHOe [EeHCTBHe KOTOPHIX obecIiedrBaeT afleK-
BaTHYIO PeaKIIMI0 pacTeHHUI Ha YCJIOBHS OCBeIlleHHS,
MOKHO, MaHHUIIYJIHUPYSl XapPaKTEePUCTHUKAMHU OCBelle-
HHS, MaKCHMMaJIbHO PAaCKPBITh IIOT@HLIHAJI, OIIpelesis-
eMBI1 TeHeTHUeCKUM IIJIAHOM pacTeHHs. TeM CaMbIM,
HCIIO/Nb3YSl PA3JIHMYHbIe YaCTH CIIeKTpa, MOKHO 3aJa-
BaTb PACTeHHIO BXOAHBle NAHHBIe, HIH “HUHCTPYK-
LIMK», KOTOPble IIPHUBENYT K IIpelCKa3yeMbIM OHOXH-
MHYECKHM COOBITUSIM K OLIYTHMBIM YIIPAB/ISeMBIM
[IpaKTHYeCKHMM pe3yjbTaTaM. B [JaHHOM ciydae
Habmogaemele 3¢deKThl yIpaBaeHUs: MopdoreHe3oM
pacTeHHM, OCHOBAHHBIE Ha UCIIONB30BAHUH Pa3iHy-
HBIX CIIeKTPOB OCBEIeHMSI, B HEKOTOPOM CMBIC/IE POJ-
CTBEHHBI TeHHOH MoAudHUKallMM, HO IIPH 3TOM He
HM3MEHSIOT caMoro reHopoHa pacTeHus [3].

Hpesl UCIIO/Ib30BAHUS PAa3HBIX CIIEKTPAIbHBIX KOM-
IIOHEHT CBeTa [IJIs yIIpaBieHUs Pa3sBUTHEM PacTeHUH
He HOBa. Ho 4YTOOBI IOHSTH, II0YEMY 3TOT IIOAXOL
BO3MOXKEH, HeobXomHMMO 3HaTh, KaK (GOPMUPYIOTCS
OTK/IMKH PaCTeHHUMH B pe3ylbTaTe 3KCIIPecCHU pas-
HBIX TeHOB IIOfl BO3JEMCTBHeM CBeTa. DTH MCCIeNo-
BaHHUS IPeICTaB/IsIOT OTPOMHBIM HHTepec, TaK KakK
OTKPBIBAIOT BO3MOXKHOCTh MaKCHMaJIBHOTO PACKPBI-
THSl TeHeTH4eCcKOro MOTeHIMana KyJbTyp pacTeHHH
6e3 reHeTH4eCKON MOIUPUKALMK KK YBeTHYeHUS
KCII0/Ib30BaHMSI XMMHUYeCKUX BellecTB. Llelb HACTOS-
Ier paboThl 3aK/II0YAeTCsl B PACCMOTPEHHH BOIIPOCOB,
CBS3aHHBIX CO CBeTOBBIM YIIpaBjieHHeM MopdoreHe-
30M pacTeHHH.

1. MMATMEHTHDbIE BEJIKA B OHTOIEHE3E
PACTEHUA

s TOro 4yTobbl CBET MOI OKa3blBaTh BJIHSIHHE Ha
pacTuTeNnbHBIe OPTaHU3MBI KM, B YAaCTHOCTH, UCIIONb
30BaThCsl B Iporecce GOTOCHHTe3a, HeoOXOoIHMO
ero moriouieHve GpOTOUYBCTBUTENBHBIMU OelKkaMu
(aHTeHHAMH) - IINTMeHTaMHU [4], oCyIIecTB/ISIOMIMU
n3buparenbHOoe IIOIJIONIeHHe CBeTa. IIMIMeHTHI
WI'PAlOT BOKHYIO U Pa3sHOOOpPa3HYIO Posib B SKU3HeZe-
SATEIBPHOCTH OPraHU3MOB, 0COOEHHO B IIPOTEKAIOIIHX
B HUX GOTOOMONIOTHYECKUX IIPOLIeCcCaX.

InaBHBIN GOTOOHOIOrHYeCKUH ITpoLiecC — GOTOCKHH-
Te3, B XOIe KOTOPOr0 3HEpPrHs 3/MeKTPOMAarHHTHOIO
H3/IydeHHUs IIpeBPallaeTcss B XUMHUYECKYI0 3HEepPrHIo
OpraHHYeCKHUX COefUHeHUH [5].

Habop, coCcTaB U COOTHOIIEHHE IMUTMEHTOB CIIeLH-
GUUHBL /15 Pa3/IMYHBIX TPYILI OpraHK3MoB [6]. ITHr-
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is possible to maximize the potential determined by
the genetic plan of the plant. Thus, using various
parts of the spectrum, it is possible to give input
data, or «instructions», to the plant which will
lead to predictable biochemical events and tangible
controlled practical results. In this case, the
observed effects of controlling plant morphogenesis,
based on the use of different lighting spectra, are
in a sense related to gene modification, but do not
change the plant’s gene pool itself [3].

The idea of using different spectral components
of light to control plant development is not new.
However, in order to understand why this approach
is possible, it is necessary to know how plant
responses are formed as a result of the expression of
different genes under the influence of light. These
studies are of great interest, since they open up
the possibility of maximizing the genetic potential
of plant crops without genetic modification or
increased use of chemicals. The purpose of this
article is to consider issues related to the light
control of plant morphogenesis.

1. PIGMENT PROTEINS IN PLANT
ONTOGENESIS

In order for light to influence plant organisms
and, in particular, to be used in the process of
photosynthesis, it is necessary to absorb it
with photosensitive proteins (antennas), i.e.
pigments [4], which selectively absorb light. Th
pigments play an important and diverse role in the
life of organisms, especially in their photobiological
processes.

The main photobiological process is
photosynthesis, during which the energy of
electromagnetic radiation is converted into the
chemical energy of organic compounds [5].

The set, composition and ratio of pigments
are specific for various groups of organisms [6].
Pigments of photosynthesis in higher plants are
concentrated in plastids. They can be divided into
four groups: chlorophylls, carotenoids, phycobilins,
and flavonoids [7, 8].

Chlorophylls play a crucial role in the process
of photosynthesis [9]. All higher plants contain
chlorophylls a and b. Chlorophyll a in a solution
has an absorption maximum at wavelengths of 440
and 700 nm, and chlorophyll b - at wavelengths
of 460 and 660 nm. However, there are forms
of chlorophyll that absorb light at a wavelength
of 642, 710, and even 720 nm. The synthesis of
chlorophyll is a multi-stage process proceeding
with the participation of various enzymes, the
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MEHThl POTOCHHTE3a y BBICIIMX PACTeHHH CKOHLIEH-
TPUPOBAHbI B IUIACTHOAX. MX MOXKHO pasmenuTh Ha
YeThlpe TPYIIIBL: XJIOPOQMIIIBI, KAPOTUHOUIBI, QUKO-
61T HBL ¥ GJIABOHOUIHI [7, 8].

X/10podH/IIIBI HTPalOT Ba’KHEHINYI0 POlIb B IIPO-
Lecce ¢oTocuHTe3a [9].YV Bcex BBICIIMX PacTeHHUM
cofep>KaTcs XI0podrUIIBL a4 U b. Xnopodumt a B pac-
TBOpe HMMeeT MaKCHMYM IOIJIOIeHHS Ha IJIHMHaX
BOJIH 440 1 700 HM, a X/1I0podHIIIT b - Ha gyIHUHAaxX BOIH
460 u 660 HM. OmHarko ecTb QOpMBI XI0poduiia,
IIOIJIONIAOII e CBET C JJIMHOM BOJIHEI 642, 710 U maske
720 HM. CHUHTe3 XJI0podH/IIa — MHOILOSTAIIHBIK IIPO-
LlecC, MPOTeKAMIIHWH C ydyacTHeM pa3/IM4YHBIX ¢ep-
MEeHTOB, 06pa3oBaHKe KOTOPBIX YCKOPSIeTCS Ha CBETY.
[Ipy uccleqOBaHUM BIMSIHUS CBeTa Ha obpasoBa-
HHe X/Jopoduia B OGONBIIMHCTBE C/ydaeB IIPOSBU-
JIaCh II0JIOKMTE/IbHAs POJIb KPACHOrOo CBeTa. bosblioe
3HayeHHe MMeeT TaKKe MHTeHCHBHOCTH OCBeILIEeHHS.
CyLlecTBYIOT HIJKHHUHM M BePXHHUM IIpefie/ibl UHTeH-
CHUBHOCTH OCBelLleHHOCTH PacTeHHH, HauuHasl C KOTO-
PpbIx 06pa3oBaHUe X7T0POdHIA TOPMO3UTCS.

Hapsany ¢ 3eJIeHBIMH IMITMEHTaMHU B XJIOPOIIIacTax
U XpomaTopopax COmepsKaTCA MUIMEHTHI, OTHOCSIIM-
ecsi K TpyIIle KapOTHUHOUAOB. KapoTHHOHIBL — 3TO
SKeJIThle U OPaH’KeBble IUITMeHThl. OHU IIPUCYTCTBYIOT
y BCeX BBICIIMX PaCTeHUH U Y MHOTMX MHUKPOOPTraHH3-
MoB [10]. OCHOBHBIMH IIpe[CTaBUTEISIMH KapOTHHO-
HJI0B Y BBICHIMX PAacTeHHM SBJISIIOTCS [1Ba IUTMEHTA —
B-kKapoTHH (OpaH>KeBBIN) KM KCAaHTOQU/UT (KeNITBIM).
B-kapoTHH HMeeT [Ba MaKCHMyMa IIOIJIOLIEHHS,
COOTBETCTBYIOIIME JIHHAM BOJIH 452 1 482 HM, a KCaH-
TOQMWIN - Ha MIUHAX BoIH 470 u 502 HM. YCTaHOB-
JIEHO, YTO KAapOTHHOMJBI, IIOIJIOLIAs OIpeleeHHbIe
y4aCTKH COJIHEYHOIO CIIeKTpa, I[epefaloT SHEePTHI0
3THX JIy4er Ha MOJIeKY/Ibl XJIOpodH/Ia ¥ TeM CAMBIM
CITI0COOCTBYIOT MCIIOJIB30BAHUIO CIIEKTPAJIBHOIO JHa-
[Ia30Ha CBeTa, KOTOPBHIM XJIO0pOdHIIIOM He IOIJIOIA-
ercs. MMeroTcs JaHHBIe, YTO KapOTHHOMBL TaKKe
BBIMIOJIHAIOT 3aIMUTHYIO QYHKIUMIO, IIPefoXpaHss pas-
JTHUYHBIe OpPraHHYecKkHe BelllecTBa KJIeTOK PacTeHHH,
B IIEPBYIO OYepenb MOJIEKY/IBl XJI0pPodHiIa, OT pas-
PYLIEHHMS Ha CBeTy B IIpoliecce GOTOOKUCIeHUs. IIpu
GOpPMHUPOBAHUM JTHUCThEB KAPOTHHOUABI 0OPa3yrOTCS
M HaKaIUIMBAIOTCS B IUIACTHAAX W He TpebyIOT cBeTa
IIPU CUHTe3e.

OUKOOUINHBL — KpacHble U CHHHe IMUIMEHTBHI,
IPUCYTCTBYIOIIHe Yy IIMaHOOaKTepUH M HEKOTOPBIX
Bomopocien [11]. OHU IpelCTaB/leHBl CleAYIOIMHMMHA
ONUIMeHTaMH: QUKOLUMAHMHOM, GUKO3PUTPUHOM
U aII0QHUKOUMAHUHOM. PUKOOMIMHBI IIOIJIOMAIOT
JTy4Hd B 3€JIeHOM M JKelITOM YacTsIX CIIeKTpa CBeTo-
BOTO M3JIyYeHHs. DTO Ta 4YaCTh CIIeKTpa, KOTOpas
HaXOOMUTCS MeXIy [MOBYMS OCHOBHBIMH JIMHUSMH
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formation of which is accelerated in the light. In
the study of the effect of light on the formation of
chlorophyll, in most cases the positive role of red
light has been prominent. The intensity of lighting
is also of great importance. There are lower and
upper limits on the intensity of lighting of plants,
starting from which the formation of chlorophyll is
inhibited.

Along with green pigments, chloroplasts and
chromatophores contain pigments belonging to the
group of carotenoids. Carotenoids are yellow and
orange pigments. They are present in all higher
plants and in many microorganisms [10]. The main
representatives of carotenoids in higher plants are
two pigments - B-carotene (orange) and xanthophyll
(yellow). B-carotene has two absorption maxima
corresponding to wavelengths of 452 and 482 nm,
and xanthophyll - at wavelengths of 470 and 502
nm. It was established that carotenoids, absorbing
certain parts of the solar spectrum, transfer the
energy of these rays to chlorophyll molecules and
thereby contribute to the use of the spectral range
of light that is not absorbed by chlorophyll. There is
evidence that carotenoids also perform a protective
function, protecting various organic substances of
plant cells, primarily chlorophyll molecules, from
destruction in the light during photooxidation.
During leaf formation, carotenoids are formed and
accumulate in plastids, and do not require light
during synthesis.

Phycobilins are red and blue pigments present
in cyanobacteria and some algae [11]. They are
presented as the following pigments: phycocyanin,
phycoerythrin and allophycocyanin. Phycobilins
absorb rays in the green and yellow parts of the
spectrum of light radiation. This is the part of
the spectrum that lies between the two main
absorption lines of chlorophyll. Phycoerythrin
absorbs rays with a wavelength of 495-565 nm, and
phycocyanin - at 550-615 nm. It is believed that
phycobilins absorb the energy of light and, like
carotenoids, transmit it to the chlorophyll molecule,
after which it is used in photosynthesis.

Flavonoids are the largest class of plant pigments
found in the form of glycosides in moisture of plants.
These include anthocyanins, anthocyanidins,
aurons, dihydrochalcones, isoflavones, catechins,
leukoanthocyanidins, flavononols, flavones,
flavanones, flavonols and chalcones. Depending
on the pH of the medium, flavonoids have red,
yellow, blue and violet color. They take part in
photosynthesis, lignin formation, and are involved
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[IOTJIOIeHUs XJaopoduinna. PUKOIPUTPUH IIOIJIO-
IIAET JIyYH C IUIMHOM BOJIHBI 495-565 HM, a QUKOIIH-
aHUH - 550-615 HM. CumHTaercs, 4TO GUKOOMITHHBI
MIOIVIOIIAIOT SHEPTUI0 CBeTa U, MOLOOHO KapOTHHOU-
JaM, IepefalT ee Ha MOJIEKYIy XJI0poduiia, mocie
Yero OHa MCII0/Ib3YeTCs B IIpolecce GOTOCUHTE3A.

®r1aBOHOMBI ~ KPYIITHEHNIIHUH KIacC PACTUTENbHBIX
IIUTMEHTOB, HaXOMSIIIUXCSI B BU/JIe TTIMKO3HUO0B B COKe
pacTeHHM. K HHM OTHOCAT aHTOLIMAHBI, aHTOLIMA-
HUJHWHBI, ayPOHBI, AUIHIPOXAJIKOHBI, HM30QJIaBOHBHI,
KaTeXUHbI, JIeMKOAHTOLMAHUIUHBI, (IABOHOHOIIHI,
dnaBoHBI, QIaBaHOHBI, (PIABOHOJBI H XAJTKOHBI.
B 3aBucuMocTd 0T PH cpennl ¢praBOHOMALI MMEIOT
KPacHYIO, SKeITyI0, CMHIOI U QHOTIeTOBYI0 OKpAaCKYy.
OHM INPUHUMAIOT y4acTHe B GOTOCHHTe3e, 06pa3oBa-
HUM JIMTHHWHA, BOBJIEYEHDBl B PEry/SLUI0 IIPOLIeCCOB
IIpOPaCTaHUs CeMsSH, Mpoaudepaliii U OTMHPaHUS
(myTeM amormnTosa) kjeTok [12, 13].

H3BecTHO, YTO yCIIellHas 3aK/IaJKa TeHepaTUBHBIX
CTPYKTYyp U BBI3peBaHHe IIJIONOB, CeMSH MU APYIHX
XO3MMCTBEHHO LIEHHBIX OPraHOB KYJIBTYPHBIX pacTe-
HHU BO MHOTOM 3aBHCAT OT Pery/JsiLiuU 3THX IIpoLiec-
COB, B KOTOPBIX 33JIeHICTBOBAHO MHOXKECTBO I'€HHBIX
KOMIUIEKCOB. B HacrosImee BpeMs $CHO, 4YTO Ppas-
Mep U CTabUIBPHOCTh AaHTEHH (QOTOCHHTETHYECKOTO
ammnapaTa BaskHBI He TOJIBKO AJISI POTOCUHTETHUECKOH
GYHKIIMM, HO U JJI OCYIIeCTBJIEHUS PeryasTOPHBIX
CUT'HAJIOB, PACIIPOCTPAHSAIOIMXCS 3a IIPefesibl XJIOpo-
IIJIACTOB KJIETOK pacTeHUH [14].

B xone OHTOreHe3a KJIeTKHM PAacTeHUM [OJ/IKHBI
3¢ PeKTUBHO KOOPAUHUHPOBAThL AKTHUBHOCTL [BYX
FeHOMOB - SIIePHOr0 M IIIaCTUAHOro. Takas Koop-
OUHALMS OKa3blBaeTCsl BO3MOXKHOI Oraromaps cyie-
CTBOBAHMIO [BYX I[IPOTHMBOIIOJIOKHO HaIlpaBJIeHHBIX
nporieccoB. C OHOM CTOPOHBI, 3TO SIAEPHBIN KOHTPO/Ib
HaJ 3KCIIpecCHer reHOMa XJIOpPOILIACTOB, C APYLOH -
3To0 obpaTHasi pery/siLusi, HaIllpaBleHHas OT XJIOPO-
IUIACTOB K SOPY, Hecyass MHGOPMALIMIO O COCTOS-
HUHU U QYHKIIMOHUPOBAHUH 3THX OpraHe/lI B JaHHBIX
KOHKPETHBIX YCIOBHUSIX M obecreduBaromias TaKUM
obpazoM o00OpaTHYI CBSI3b MEXAY LIUTOIUIA3MOMU
U AOpoM. B JaHHOM C/ly4dae HIpU M3MeHEeHHH CIIeK-
TPJIBHOIO COCTaBa HMJIM MHTEHCHBHOCTH OCBeleHHUs
MeHsSIeTCsl CTeXHOMeTPHUYEeCKHUE COCTaB OeskoB CBe-
TOCOOHPAOIINX KOMILIEKCOB XJIOPOIIJIACTOB, & TaKKe
MHTEeHCHBHOCTb IIPOLIeCCOB OHMOCHHTe3a XJIOPOdHII-
JIOB, KapOTHHOHUIOB, GUKOOMITMHOB U (PJIAaBOHOMIOB.
[TpakTHYeCcKH BCe BOBJIEYEeHHBIE B OCYIIeCTBIIEHHE
3THX IIPOLIeccoB 6elIKU KOAUPYIOTCS B siipe. B cBs3u
€ 3TUM HHPopManus 06 M3MeHEeHUHU CIIeKTPAIbHOIO
COCTaBa MJIH HHTEHCHBHOCTHU OCBEIeHHS O>KHA
IIOCTYyIIaTh B AAPO OT XJIOPOIUIACTOB U IIPUBOLUTH
K HM3MEHEHHIO 3KCIIPeCCHH COOTBETCTBYIOIIUX sAep-

in the regulation of seed germination, proliferation,
and cell death (by apoptosis) [12, 13].

It is known that the successful laying of
generative structures and the ripening of fruits,
seeds and other economically valuable organs of
cultivated plants largely depend on the regulation
of these processes, which involve numerous gene
complexes. It is now clear that the size and stability
of the antennas of the photosynthetic apparatus are
important not only for the photosynthetic function,
but also for the implementation of regulatory
signals propagating beyond the chloroplasts of the
plant cells [14].

During ontogenesis, plant cells should effectively
coordinate the activity of two genomes - nuclear
and plastid. Such coordination is possible due to
the existence of two oppositely directed processes.
On the one hand, there is a nuclear control over
the expression of the genome of chloroplasts, on
the other hand, there is reverse regulation directed
from chloroplasts to the nucleus, which carries
information on the state and functioning of these
organelles under the specific conditions, and thus
provides feedback between the cytoplasm and the
nucleus. In this case, with a change in the spectral
composition or light intensity, the stoichiometric
composition of the proteins of the light-harvesting
complexes of chloroplasts, as well as the intensity
of the biosynthesis of chlorophylls, carotenoids,
phycobilins and flavonoids, change. Almost all
proteins involved in the implementation of these
processes are encoded in the nucleus. In this
regard, information on changes in the spectral
composition or intensity of lighting should enter
the nucleus from chloroplasts and lead to a change
in the expression of the corresponding nuclear
genes. The specific mechanisms of generation and
transmission of plastid-nuclear signals in plants
have not been studied to date. It is believed that
such signals are reactive oxygen species generated
with the participation of plastid-bound proteins,
which, through a series of cascades with the
participation of more stable forms of compounds,
ensure the transmission of information through
the cytoplasm to the nucleus [15, 16].

2. PLANT PHOTOMORPHOGENESIS

Plant growth and development are controlled by
genetic determinants, their expression products,
and environmental signals. The physiological
effects of light signals in plants are very
differentiated: lightisaunique source of energy that
provides photosynthesis, but it also has a powerful
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HBIX IeHOB. KOHKpeTHhIe MeXaHH3Mbl TeHepaLiuu
U IepefayM IUIACTUAHO-SOePHBIX CUTHAJIOB Yy pacTe-
HUM H3y4eHbl Ha CeTOAHSIIHUN JeHb HeJOCTaTOYHO.
CUMTaeTCsl, YTO TAKUMH CUTHAJIAMU SBJISIIOTCS AKTHUB-
Hble GOPMBI KHUCI0POJa, TeHepHupyeMble IIPU Y4acTUH
CBSI3aHHBIX C IUIACTUOAMU OelKOB, KOTOpHIE IIOCpeN-
CTBOM psifia KacKafIoB C ydacTHueM bosee cTabHIBHBIX
bopm coenmHeHUH 0becIieUUBAIOT Iepenavdy HHOOP-
MallMH 4yepe3 LIMTOILIa3My B sapo [15, 16].

2. ®OTOMOPDOrEHE3 PACTEHUI

PocT U pa3BHUTHe PAcCTeHUM KOHTPOIHPYIOTCS TeHe-
TUYeCKUMHU JeTepDMHHAHTAMM, MPOAYKTAMH HX 3KC-
IIpecCHM WU CHTHaJIaMH BHeIIHeH cpenbl. Pu3moio-
ru4eckre 3¢pQeKThl CBETOBBIX CUIHAJIOB B PACTeHMSX
BechbMa IHGOepeHIIMPOBaHEBI: CBeT SBIASETCS YHU-
KaJIBHBIM HCTOYHHKOM 3Hepruu, obecreuuBaroUiiM
doTocHTE3, HO OH TaKKe OKa3blBaeT MOIIHOe CTHU-
MyJIHpYIOllee BIHUSIHHe Ha MopdoreHes pacTeHun [1].
doropelnienys - BKHeHIIas QyHKIHs, HeoOXoou-
Masi PacTeHHsSIM IJIS IIPUCIIOCOONIEHMS K YCIOBHUSIM
OCBeIleHUs M [APYyIrHM IIapaMeTpaM cpenbl, u60
CBeT CIYKMT IJISl HUX CHHXPOHH3aTOPOM CyTOYHBIX
U Ce30HHBIX OHOPHTMOB, a TAKKe UCTOYHUKOM CIIell-
HdUUeCKON CUTHAIBHOM HHPopManuu [17]. Mopdore-
He3 PacTeHMM, KOTOPBIH yIIpaB/seTcsl ITapaMeTpaMU
OCBellleHHs1, Ha3bIBaeTcsi oToMopdoreHesom [18].

Ha cerogHAIMHUN OeHb OOLIENPUHSATBIMU CUHTA-
IOTCSL HEeCKOJIBKO MeXaHHU3MOB PeryJIsiTOPHOIO BJIMS-
HHUS CBeTa Ha pacTeHUs, NeHCTBHE KOTOPBIX MOKET
HOCUTb KaK M30JIMPOBAHHBIM, TaK M COBMECTHBIH
xapakrep [16]:

* HeIIOCPeACTBEHHOE [eHCTBHEe CBETOBOTO H3Jyde-
HHS Ha TeHeTUYeCKUH allapaT pacTeHHUH 4Yepe3
B0o30y>kIeHHe QOTOPEeLIeIITOPOB, KOTOpOoe CII0co6-
CTBYeT CUHTe3y HeoOX0oMBIX 6eKOB;

* DHJOTeHHAas PeryJsiLus, IIPOSB/AIOIIAsACI Yepes
B036y>KeHHe CBeTOM QOTOPEIeIITOPOB aKTHBHO-
CTH QUTOTOPMOHOB, KOTOPbIE SIBJISIIOTCS OMHUMU
M3 OMMKAaMIIKUX K GOTOXpPOMHBIM benkaM 3Be-
HbeB PeryaaTOPHOM CHUCTEMBI B KJIeTKax pacTe-
HUH,

* BIHSHHEe CBeTa Ha (QYHKUHOHAIbHYIO AKTHB-
HOCTh KJIETOUHBIX MeMOpaH, OCyIIecTBIIsSeMoe
Jepe3 H3MeHEHHe 3IeKTPUYeCKHUX XapaKTepH-
CTUK MeMOpaH KIeTOK U TKaHeH, 00JydaeMbIX
CBETOM OPraHOB PacTeHHH, YTO BbI3BIBAET OIIpe-
neneHHble dusHonoruyeckue 3¢PpeKTh: HOBOOO-
pasoBaHHe QUTOTOPMOHOB M aKTHBALIUIO HEKO-
TOPBIX TeHOB.

BcencTBre 3BOIOLIMOHHOM afaNTAlluK K U3MeHSs-

FOIIMMCS ¥ 3KCTPEeMaJIbHBIM yCI0BHSIM OCBeIlleHHOCTH
pacTeHHsT MMeEIOT YCJIOKHEHHYI CIIeliMaJn3HupPOBaH-
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stimulating effect on plant morphogenesis [1].
Photoreception is the most important function
necessary for plants to adapt to lighting conditions
and other environmental parameters, because light
serves as a synchronizer of daily and seasonal
biorhythms for them, as well as a source of specific
signaling information [17]. Plant morphogenesis,
which is controlled by lighting parameters, is
called photomorphogenesis [18].

Today, several mechanisms of the regulatory
influence of light on plants are considered generally
accepted, the action of which can be both isolated
or joint [16]:

« thedirecteffectoflightradiation onthe genetic
apparatus of plants through the excitation
of photoreceptors, which contributes to the
synthesis of necessary proteins;

« endogenous regulation, manifested through
the excitation by light of photoreceptors of the
activity of phytohormones, which are one of
the links of the regulatory system closest to
photochromic proteins in plant cells;

« the effect of light on the functional activity
of cell membranes, carried out through a
change in the electrical characteristics of the
membranes of cells and tissues illuminated
with light from plant organs, which causes
certain physiological effects: the formation of
phytohormones and the activation of certain
genes.

Due to evolutionary adaptation to changing
and extreme lighting conditions, plants have a
sophisticated specialized photoreceptor network.
In plants with the most developed light reception
system responsible for the implementation of a
variety of photoresponders, several types of
regulatory photoreceptor proteins (photoreceptors)
function, the spectral sensitivity of which allows
for controlling morphogenesis of practically all
areas of the optical spectrum. These include
phytochromes, sensors of red (R) and far red (FR)
light (operating range of 600-750 nm); cryptochroms
and phototropins, receptors of near-ultraviolet (UV-
A) and blue (B) light (operating range of 320-500
nm); as well as the UVR8 protein, a photon receptor
in the far ultraviolet region of the spectrum (UV-B)
(operating range of 290-320 nm) [19].

The expression of light-regulated genes
in plants is controlled by various classes of
photoreceptors [20,21], which transform light
signals into biochemical signaling cascades that
cause physiological cellular responses. The photon
sensors of photoreceptor proteins are chromophore
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HYI0 QOTOPEeLIeNITOPHYIO CeTh. Y pacTeHUH ¢ Haubosee
Pa3BUTOM CHCTEMOM pellelll[UU CBeTa, OTBETCTBEHHO
3a peanM3alldI0 pa3Hoobpa3HBIX GOTOOTBETOB, QYHK-
LIMOHHPYeT HeCKOJIbKO THUIIOB PeryIsiTOPHBIX poTope-
LIeIITOPHBIX OeIKOB (OTOPerenITOPOB), ClIeKTpaIbHAS
YyBCTBUTEIBHOCTh KOTOPBIX I103BOJISIET KCII0/Ib30BaTh
IJIsL yIpaBleHHs MOpdOreHe3oM IIPaKTHYeCKH BCe
0671acTH ONTHYECKOro CmekTpa. K HHUM OTHOCSTCA
dUTOXPOMBL ~ CeHCOPHI KpacHoro (R) U JalbHero Kpac-
Horo (FR) cBeTa (0o6macTh QyHKIIMOHHpOBaHUS 600-
750 HM), KPUIITOXPOMBI H (GOTOTPONIMHBI - peliel-
TOPEHI b6/1KsKHero yiabTpadroneroBoro (UV-A) U CHHero
(B) cBeta (0bnacTh GYHKUHMOHUPOBAHHUS 320-500 HM),
a Takke 6enok UVRS - pelieniTop GOTOHOB [a/bHeMH
yiapTpadroneToBor obnactu crexrpa (UV-B) (obmacTs
dyHKIMOHMPOBaHUA 290-320 HM) [19].

IKCIIPeccHsi CBeTOPeryIHpyeMbIX TeHOB y pacTeHHUH
KOHTPOJIMPYeTCsl Pa3IMYHBIMU K1accaMu oTopewern-
TopoB [20,21], KoTopble TPaHCHOPMHPYIOT CBETOBBHIE
CUTHa/Ibl B OMOXMMHUYeCKHe CUTHAJIbHble KaCKaJbl,
BBI3bIBalOlKe PU3HOIOrHYeCcKHe KIeTOUHble OTBETHI.
CeHcopamu GOTOHOB y (OTOpeleNTOPHBIX 6enkoB
CIy>KaT MOJIEKY/Ibl XpoModopoB, (oTorpeBpalleHHe
KOTOPBIX HHHULHUHPYET CTPYKTypHBble M3MeHEeHHs
B $OTOCEHCOPHOM [IoMeHe C IOoC/eAyoller TPaHCAyK-
LIMel CUTHala K 3G$eKTOpHBIM JoMeHaM ¢oTopeLer-
TOPOB HJ/IM B3aHMOJEHCTBYIOIIUM bOelkaM, BbI3bIBAs
MOZY/ISILIUI0 UX aKTUBHOCTH.

TakuM obpa3om, ocHOBoM doToMopdoreHesa pac-
TeHUN SB/ISIeTCSl JeTeKTUPOBaHHe CIleLlHaJbHBIMU
$OTOUYBCTBUTENIBHBIMHU 00pa3oBaHUSIMU - GoTope-
LIeNITOPHBIMU bellKaMu (poTopelielITOpaMu) — HaJHU-
YMsl WIM OTCYTCTBHS CBETOBOM 3HEPrHH 3aJaHHOM
MHTEHCHBHOCTH B 33aJlaHHOM /[IMalla30He IJIMH BOJH.
IIpenrionaraeTcsi, YTo CBeTOBble CUTHAJIbI, IIPUHAThIE
doTopeLienITOPaMHU, HOKHBI OBITh ITpeobpa3oBaHEI
U Jajee JO/DKHBI IlepeflaBaThCsl depe3 GoToperys-
TOPHBIE CHCTEMBI, BBI3bIBAasl SKCIIPECCHIO I'€HOB, UTO
B KOHEYHOM HTOre IIPUBOAUT K QH3HOTOTHUECKOMY
OTBeTy. [JoOKa3aHO, YTO pacTHTe/bHble TOPMOHBI Yepe3
cucteMy QOTOpellelIMH TaKKe BOBJIEYEeHBl B peakx-
IIMIO Ha CBeT. B pe3ysbraTe mpu o6HApPYKeHHUH 33aH-
HBIX HM3MEHeHHUH IlapaMeTpoB cBeTa (oTopeLenTop
3aIyCKaeT ILeMo4YKky OHMOXMMHUYECKHUX IIPOLIeCCOB,
aKTUBUPYIOUIUX B KOHEUHOM HTOre TpebyeMylo peak-
LIMIO OPTaHK3Ma pacTeHHUs (puc. 1).

B3aumocBsisp Mexay oTopelleTOPHBIMU be-
KaMH U SHIOTeHHBIMHU IIPOrPaMMaMU Pa3sBUTHS pac-
TEeHUH 3aKIlodaeTcs B UX BIMSHHUK Ha POCT U pas-
BUTHe KJIeTOK, KOTOpOoe IIPOSIB/ISIETCSI B Pery/IsLHHU
IOBIDKEHUS XJIOPOILIACTOB, M3MeHeHHUHU IpOHHIIae-
MoCTH MeMOpaH, cHHTe3e GpepMeHTOB U GUTOrOpMO-
HOB. IIpM 3TOM HpeAIoNaraeTcsi, YTO MOITOIEeHHBII

=

molecules, the photoconversion of which initiates
structural changes in the photosensory domain,
followed by signal transduction to the effector
domains of the photoreceptors or interacting
proteins, causing modulation of their activity.

Thus, the basis of plant photomorphogenesis is
the detection by special photosensitive formations -
photoreceptor proteins (photoreceptors) - of the
presence or absence of light energy of a given
intensity in a given wavelength range. Itis assumed
that the light signals received by photoreceptors
must be converted and then transmitted through
photoregulatory systems, causing gene expression,
which ultimately leads to a physiological response.
It has been proven that plant hormones, through
the photoreception system, are also involved in the
reaction to light. As a result, when predetermined
changes in the parameters of light are detected,
the photoreceptor starts a chain of biochemical
processes that ultimately activate the desired
reaction of the plant organism (Fig. 1).

The relationship between photoreceptor proteins
and endogenous plant development programs is
their effect on cell growth and development, which
is manifested in the regulation of chloroplast
movement, changes in membrane permeability,
and the synthesis of enzymes and phytohormones.
It is assumed that the absorbed quantum (or several
quanta) of light converts the photoreceptor protein
into an active form. Subsequently, a certain signal
is generated that enters the cell nucleus to DNA,
which derepresses the potentially active gene,
bringing it into an active state, which results in
switching in the matrix synthesis of messenger
RNA (mRNA) and proteins.

Phytochrome genes are found in nuclear
DNA. Therefore, gene expression is carried
out in the nucleus, and phytochrome protein
synthesis is carried out in cytoplasmic ribosomes.
Phytochromobilin (phytochrome chromophore) is
synthesized in plastids, and only then enters the
cytoplasm. Autocatalytic covalent attachment of
the chromophore to the phytochrome protein takes
place in the cytoplasm. As a result, a functionally
active phytochrome molecule is formed [22].

Thus, there is a two-way relationship between
the signal systems and the plant genome: on the
one hand, the proteins of the signal systems are
encoded in the genome, and on the other, the
signal systems control the genome, expressing or
inhibiting the activity of other genes. Therefore,
studies related to the study of plant signaling
systems are intensively developing [3].

PHOTONICS VOL. 14 N2 22020 197



BUOD®OTOHUKA

QuToXpoMm _. | CuHrTes 6enkos
W3MeHeHHUs Phytochrome Protein synthesis
HHTEHCHBHOCTH AKTHBALYSI U CHHTe3 UTOTOPMOHOB IKRCTIpeccHs KoHeuHas
HICHERTDOB KpUIITOXpOM Activation and synthesis TRETERD Ppeaxmis
OCBeIleHUS — Cryptochrome — | of phytohormones g Gene ind doTomopdorenesa
_ Changes H3MeHeHHe GYHKIHOHAIBHOM expression Final reaction of
in) RISy AKTUBHOCTH MeM6PaH KIETOK photomorphogenesis
and light spectra ®OTOTPOITHH Changes in the functional activity
- Phototropin | of cell membranes

Puc. 1. lMpednonazaemas cxema npouecca pomomopdozeHesd y pacmeHutl
Fig. 1. Proposed scheme of photomorphogenesis process in plants

KBaHT (M/IM HEeCKOJIbKO KBAaHTOB) CBeTa II€PeBOAUT
doTopelienITOPHBIM 6€I0K B aKTUBHYI0 popMy. B 1anp-
HeMIleM IeHepPUPYeTCcsl HeKHUM CHUIHaj, IIOCTyIalo-
IIMH B 44p0 K1eTKHU K JJHK, KoTOphIH fepenpeccupyeT
[IOTeHIIMA/IbHO aKTUBHBII I'eH, IPUBOAS €ro B aKTHB-
HOe COCTOSIHHMe, B pe3y/ibTaTe 4ero IIPOHUCXOAUT IIepe-
KI0YeHHe B MaTPUYHOM CHHTe3e HHPOPMALIMOHHOU
PHK (uPHK) u 6enKoB.

FeHBl QUTOXPOMOB HaxomsTcs B saepHou IOHK.
[To3TOMy SKCIIpeccHsl TeHOB OCYILeCTB/SeTCS B Sfpe,
a cuHTe3 6elKOB GUTOXPOMOB - B LIMTOIJIA3MaTH-
yeckux pubocomax. PUTOXpoMOOGUIHH (xpomodop
duTOXpOoMa) CHHTE3HpPyeTCsl B IUIACTHUAAX, a YKe
IIOTOM IIOCTYIIaeT B IMTOIIJIa3My. B IIMToIIa3Me IIpo-
HCXOAUT ABTOKATAJUTUYECKOe KOBAaJIEGHTHOE IIPHCO-
ennHeHHe xpoModopa K benky puroxpoma. B pesynp-
TaTe 0b6pasyeTcst PyHKLUHOHATBHO AKTHBHAS MOJIEKY/Ia
duroxpoma [22].

Takum o6pasoM, MeXAy CUTHAJIbHBIMH CHCTe-
MaMH M FeHOMOM PaCTeHHH CYIIeCTByeT [IByCTOPOH-
HSSI CBSI3b: C OJHOM CTOPOHBI, O€IKHM CHUTHAIBHBIX
CUCTeM 3aKOJHPOBAaHHl B FeHOME, C JPYTOM — CUTHaIb-
Hble CHUCTeMBbl YIIPABISIOT IeHOMOM, 3KCIIPeCCHpYs
WM IOAABISIsl aKTUBHOCTb IPYTUX TeHOB. Ilo3Tomy
HCCIeIOBaHHUS, CBSI3aHHBIE C H3y4eHHeM CUTHAIbHBIX
CHCTeM pacTeHHH, MHTeHCHBHO pa3BUBAIOTCA [3].

3. OPUTOITOPMOHANDbHASA PErYNaUns
OHTOrEHE3A PACTEHUN

CuHTe3upyeMble B KJIeTKaX PacTeHHN GUTOTOp-
MOHBI - HHM3KOMOJIEKYJIsSpHbBle OpraHHYecKHe
BellecTBa, BbIpabaThiBaeMble PACTEHUSIMH U HMe-
IOllMe peryasiTopHble QYyHKUHUK. PUTOTOPMOHEI
BBI3BIBAIOT Pa3lUYHble QU3HUONIOTHUYECKHEe U MOP-
donoruyueckre U3MeHEHHUS B UYBCTBUTEIBHBIX K UX
OEeNCTBUIO YacTsX PacTeHHH. BellecTBa, TpaguIU-
OHHO CUMTAIONKecs GUTOrOPMOHAMHU, - AYKCHHBHI,
rubbepennuHEl, ILUTOKUHUHBI, 3THJIEeH, Opaccu-
HOCTEpOUABl U abcuy3oBas KUCI0TA. JacTo K HUM
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3. PHYTOHORMONAL REGULATION

OF PLANT ONTOGENESIS
The phytohormones synthesized in plant cells
are low-molecular organic substances produced
by plants and having regulatory functions.
Phytohormones cause various physiological and
morphological changes in parts of plants sensitive
to their action. Substances traditionally considered
phytohormones are auxins, gibberellins, cytokinins,
ethylene, brassinosteroids and abscisic acid. Often,
jasmonic and salicylic acids and some phenolic
compounds are added to them [23,24].

Unlike animals, plants do not have special organs
that synthesize hormones. However, some of their
organs are more saturated with hormones compared
to others. For example, apical stem meristems
and the apical part of the root are enriched with
auxins [25], abscisins usually act at the synthesis
point, spreading only a short distance, and ethylene
is transported only as a precursor [26].

Phytohormones have a wide spectrum of action
and coordinate between individual cells and plant
tissues. They regulate many processes of plant
life: seed germination, growth, differentiation
of tissues and organs, flowering and ripening of
fruits. Forming in one organ (or its part) of a
plant, phytohormones are usually transported
to another organ (or its part). Exogenous
phytohormones penetrate the plants quite evenly,
and endogenous are localized in separate cell depots.
Therefore, hormonal «feeding» of plants from the
outside does not replace the natural synthesis of
phytohormones and is able to help plants only under
certain conditions, and therefore it is necessary
to develop a controlled process for the synthesis of
phytohormones.

The phytohormonal regulatory effect on plant
growth and development is achieved in two ways:
by changing the dose of phytohormone and the



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
= BIOPHOTONICS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

n06aBISIIOT SKACMOHOBYIO, CAJIUIIUJIOBYIO KHCIOTHI
U HeKoTopble GeHO/NbHBIE COefUHEeHUS [23,24].

B oTanuMe OT XUBOTHBIX PacTeHHUS He HMeIOT
CIeIMJIBHBIX OPTaHOB, CHHTE3HUPYIOIIUX TOPMOHBI.
BMmecte ¢ TeM oTMedaeTcst 66bIIast HACBIIEHHOCTD
TOPMOHAaMH HEKOTOPBIX MX OPraHOB I10 CPABHEHHUIO
C mpyrumu. Hampumep, ayKCHHaMH oborameHbl
BepxXylIedHble MePHUCTeMBI CTebass M anuKaJbHAs
YacTh KOPHS [25]: abciU3UHBI 0OBIYHO [EHCTBYIOT
B TOYKe CHHTe3a, PacCIpPOCTPaHIiaCh JHIIb Ha
HebOJIBIIIOE PAacCTOSIHMeE, a 3THJIeH TPAHCIOPTHUPY-
eTCsI TOJIBKO B BUJe IIpefliecTBeHHUKA [26].

OUTOrOpMOHB 00/1aKAOT IMIHUPOKUM CIIEKTPOM
JOEeCTBUS U OCYIIeCTB/ISIIOT KOOPAHMHALIMI0 MEXIY
OTAEeNbHBIMU KJIeTKaMHU H TKaHSIMHU pacTeHHH.
OHH peryiupyroT MHOTHe IIPOLlecChl >KH3Heles-
Te/IbHOCTH pacTeHHUM: IpopacTaHHe CeMSH, POcCT,
IubdepeHIMALINI0O TKAaHEHW MU OPraHOB, I|BeTe-
HHe U Co3peBaHHe ILIOAOB. O6pa3ysick B OLHOM
opraHe (MJHM ero 4acTH) pacTeHHUs, GUTOTOPMOHBI
06BIUHO TPAaHCIOPTUPYIOTCS B APYToH opraH (Miu
ero 4acTh). DK30TeHHble QUTOTOPMOHBI IIPOHUKAIOT
B pacTeHHs [NOCTATOYHO PaBHOMEPHO, a 3HJOTeH-
Hble JIOKA/IHM3YIOTCS B OTHeJbHBIX [eI0 KJIeTOK.
[ToaToMy rOpMOHAJIbHAS «IOJKOPMKAa» PacTeHHH
HM3BHe He 3aMeHseT eCTeCTBeHHBINM CHHTe3 QUTO-
TOPMOHOB U CIIOCOOHA IIOMOYb PACTEHHUSM TOJIBKO
B OITpefleJIeHHBIX YCJIOBHUSX, B CBSI3HU C 4YeM HeobXo-
OHUMO Ppa3sBHTHeE YIIPAaBJIsSeMOro IIpoliecca CHMHTe3a
GUTOTOPMOHOB.

®UTOropMOHA/IBHOE PEryaaTOPHOE BO3[EeHCTBHE
Ha POCT M pa3BUTHe pacTeHHUI AOCTHUIAeTCsl AByMs
INyTSIMH: W3MeHeHHeM [03bl QUTOTOPMOHA M B3a-
HMOJENCTBHEM QUTOTOPMOHOB. B 3aBHCHMOCTH
OT KOHLEHTpalUHUKU QUTOTOPMOHA ero MOeHCTBHe
Ha OAMH K TOT >XKe IIPoLecC MOXXeT H3MEeHSThCS
OT CTUMYISILUH 00 MHrubupoBaHuUs. Kpome ToroO,
H3MeHeHHe ero KOHIeHTPAallUH MOXKeT IPHBeCTHU
U K H3MeHEeHHI0 XapaKTepa HeHCTBUS QUTOrop-
MOHAa U GH3HOJOTUUYECKOTO0 OTBeTa [27].

CoryslacHO COBpPeMeHHBIM IIpe[CTaBIIeHUSM pery-
JISITOPHOe BO3[eNCTBHe QUTOTOPMOHOB 00YC/IOBIEHO
TeM, YTO OHH PeryJIHUpPYIOT 3KCIIPECCUIO TeHOB B pac-
TeHUU (28], IpK 9TOM [IeHCTBYIOT Ha PasHBIX YPOB-
HsIX. DUTOTOPMOHEI B3aKMMOJEHNCTBYIOT B PAaCTUTEIb-
HOM KiIeTke C benkaMHU-peLielITOpaMH KU 06pasyor
CB0OeOOpa3HBIM T'OPMOH-PEeLIeIITOPHBIN KOMIIIEKC,
KOTOPBIH Jajiee IPOHUKAET B AP0 U BCTyIIaeT B KOH-
TaKT C XPOMaTHUHOM. PellelITOPHI pacIioaralTcs KaK
Ha MeMOpaHax, Tak U B ILUTO30Je. [[03TOMy OIUH
U TOT >XKe TOPMOH MO’KeT CBSI3BIBATbCS C Pa3HBIMU
peLlelITOpaMH, TeM CaMBIM BBI3bIBASl pPa3/IM4YHbIE
OTBeTHbIe PHU3HOI0THYeCKHe peaKuU. FIMeHHO 3TO

interaction of phytohormones. Depending on
the concentration of phytohormone, its effect
on the same process can vary from stimulation
to inhibition. Furthermore, a change in its
concentration can lead to a change in the nature of
the action of the phytohormone and physiological
response [27].

According to modern concepts, the regulatory
effect of phytohormones is due to the fact that
they regulate gene expression in a plant [28],
and at the same time they act at different levels.
Phytohormones interact in the plant cell with
receptor proteins and form a kind of hormone-
receptor complex, which then penetrates the
nucleus and comes into contact with chromatin.
Receptors are located both on membranes and in
the cytosol. Therefore, the same hormone can bind
to different receptors, thereby causing different
physiological responses. This is one of the reasons
for the multilevel action of phytohormones. At the
first level, the direct interaction of phytohormone
with DNA changes the structural state of chromatin
and thereby affects its matrix activity. The second
possible level of phytohormone effect is associated
with the implementation of hereditary information
through their influence on specific RNA polymerase
enzymes that can «recognize» certain genes
and synthesize giant molecules - precursors of
messenger RNA (pre-mRNA). At the same time,
phytohormones can regulate the life time of mRNA,
as well as the process of its entry into the cytoplasm.
Phytohormonal regulation of gene expression
is possible at the level of translation - protein
synthesis in ribosomes.

Thus, phytohormones not only regulate cell
growth and development, but also are supra-cellular
regulatory mechanisms. Methods of regulation
can be different: some phytohormones can lower
the expression of the target gene, others, on the
contrary, can activate it. Therefore, competitive
relationships arise between phytohormones. The
formation and accumulation of one hormone
instead of another, leads to a change in the nature
of growth processes. Furthermore, one hormone
can stimulate or inhibit the synthesis of another
hormone.

Along with the differential effect on genome
activity, the influence of phytohormones on the
regulation of cell membrane permeability is of
great importance. As a result of the association of
the phytohormone with the membrane receptor,
the membrane potential changes, which leads to
the activation of the functional system of the cell,
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SIBJISIETCS. OOHOM M3 MNPHUYMH MHOIOYPOBHEBOCTHU
nercTBUs GUTOrOpMOHOB. Ha mepBoM ypoBHe IIpsi-
MoOe B3aHMMoOAeHCTBHe ¢uToropmoHa c JHK wu3Me-
HSET CTPYKTYPHOE COCTOSSHHE XPOMAaTHHa U TeM
CaMBIM BJIMSIeT Ha ero MAaTPHUYHYI aKTHBHOCTD.
BTopoil BO3MOKHBIM yPOBEHBb BO3[eMCTBUI QUTO-
TOPMOHOB CBSI3aH C peajH3alikell HacaeACTBeHHOMU
MHOPMALIMM IIOCPEeNCTBOM MX BJIHMSAHHS Ha CIell-
nduveckue ¢epMeHTH PHK-monmmepassl, CIIocob-
Hble Yy3HABaTh OIpeeeHHbIe I'eHBl U CHHTEe3HPO-
BaTh TMTAaHTCKHE MOJIeKY/bl — IIpellleCTBeHHUKHU
nuHpopmanuonHon PHK (mpe-uPHK). IIpu 3Tom
GUTOrOPMOHBEI MOTYT PeryJIMpoBaTh BpeMs >KH3HU
MPHK, a Takke mporecc ee IIOCTYIJIEHHS B LIUTO-
I1asMy. Q@UTOrOpMOHaJIbHAsA PEryasalus 3KCIIpec-
CUY IeHOB BO3MOXXHA H Ha YpOBHE TPAHUIALMUHU -
cuHTe3a 6enka B pubocoMax.

Takum o6pasom, GUTOTOPMOHBI He TOJIBKO pery-
JIUPYIOT POCT U Pa3sBUTHE KJIETKH, HO U ABJIAKTCS
HaJIKIeTOYHBIMU MeXaHM3MaMu peryasuuu. Cro-
Co6BI pery/asiliii MOIyT 6BITh PAa3HBIMU: OLHU GUTO-
TOPMOHBI MOIYT IIOHHM3HMTh 3KCIIPECCHUIO LeJIeBOT0
reHa, Apyrue, Hao60poT, MOTYT ero aKTUBHPOBATh.
[TosToMy MeXAy GUTOTOPMOHAMH BO3HHKAIOT KOH-
KypeHTHble OTHoIIeHHUsi. O6pa3oBaHMHe W HaKOILIe-
HHe OJHOr0 TOPpMOHAa BMECTO IPYroro IPHUBOSUT
K H3MEeHEeHHIO XapaKTepa POCTOBLIX IIPOIIECCOB.
Kpome TOro, ogvH TOPMOH MOXKET CTHMY/JIHPOBATh
WJIM UHTUOWPOBATh CHHTE3 IPYroro ropMoHa.

Hapany ¢ nuddepeHIHaNbHBIM AeHCTBHEeM Ha
aKTUBHOCTh TeHOMa O6osibIloe 3HA4YeHHE HMeeT
B/IMsHHE QUTOTOPMOHOB Ha PeryislHIo IPOHMIIA~
eMOCTH KJIeTOUHBIX MeM6paH. B pe3ynbTaTe CBSI3U
duTOropMoHa C peLenTopoM MeMOpaHBl H3Me-
HsieTcss MeMOpPaHHBIN IOTeHLHaT, YTO HMPUBOAHUT
K aKTHBaLUH QYHKIMOHAJIbHOM CHCTEMBI KIETKH,
BC/Ie[ICTBHE Yero MPOMCXOAUT aKTHBALIM/ UHAKTHU-
BallMs COOTBETCTBYIOIIMUX reHOB [26, 29, 30].

FopMoHa/sbHasA CHUCTeMa Ha KaXXOOM 3Talle pas-
BUTHS PacTeHMUsS XapaKTepHUu3yeTCsd OIpeeeH-
HBIM CTaTyCOM: COCTOSHHeM (HTOTOPMOHAIbHOH
CHCTeMBl B OHTOre€He3e pacTeHHs, YPOBHEM KOH-
LIeHTPAallU¥ U COOTHOIIEHHEeM MeXAy GUTOropMo-
HaMHU B Ipolieccax HUX obpasoBaHUs, IepeiBIHKe-
HHS, MCIIOJb30BAHUSA M MHAKTUBAllMK B OTBET Ha
BHeIIHHe BO34elCTBUS [31]. TopMOHa/IBHBIH CTATyC
MOXeT OBITh M3MeHEeH BO3[eHCTBHEM 3K30TeHHBIX
$aKkTOpoB (pPa3sIMYHBIX TeXHOJIOIUYECKUX IIPHUEMOB,
H3MeHSIOMKX YCI0BUS pocTa). Hcxonass M3 3Toro,
MOXKHO IIPeAII0JIOKUTE, UYTO CBET SBJISETCS OSHUM
U3 3HAYMMBIX (PAKTOPOB HM3MeHEeHHS TOPMOHAa/b-
HOIO CTaTyCa PacTeHHH, a ClefloBaTelbHO, U pery-
AWMU MX OHTOTeHesa.
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as a result of which the corresponding genes are
activated/inactivated [26, 29, 30].

The hormonal system at each stage of plant
development is characterized by a certain status:
the state of the phytohormonal system in plant
ontogenesis, the concentration level and the ratio
between phytohormones in the processes of their
formation, movement, use and inactivation in
response to external influences [31]. Hormonal
status can be changed by the influence of exogenous
factors (various technological methods that change
the growth conditions). Based on the above, it
can be assumed that light is one of the significant
factors in the change in the hormonal status of
plants, and, consequently, in the regulation of their
ontogenesis.

4. EXPERIMENTAL RESULTS OF THE
STUDY OF LIGHT CONTROL OF PLANT
MORPHOGENESIS

A number of previous studies using monochromators

and special spectral filters made it possible to study

in detail the effect of the qualitative composition
of light on plant development [32]. However, these
studies still have not given an unambiguous answer
to the question: how does light control the genome
of plants and how to create an optimal lighting
mode by combining the spectral components of
radiation and their intensity to maximize the
genetic potential of plants? Apparently, this was
largely due to the absence of broadband radiation
sources with a controlled spectral composition. One
of the ways to obtain broadband light radiation is
the joint use of various semiconductor LEDs in one
lighting device. Modern LEDs cover an extremely
wide range of radiation spectra - from ultraviolet to
infrared [33]. Thus, combining a set of different LEDs,
you can create multispectral controlled light sources
that allow you to get light of any intensity and
with almost any spectral composition. Fig. 2 shows
the spectral characteristics of a controlled multi-

element matrix LED light source described in [34,

35]. This light source allows for a given program

to change the intensity, spectral composition and

duration of the light flux.

The authors of [36] studies the influence of the
spectral composition and intensity of broadband
light radiation on the growth and development
of plants using a multi-element matrix LED light
source, the emission spectrum of which varied in
the wavelength range of 440-660 nm and could be
emitted both in mono and polychromatic modes,
and close in spectral composition to the solar
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4. SKCMNMEPUMEHTAJ/IbHDIE PE3YJIbTATDI
MN3YHEHUA CBETOBOI O YINPABJIEHUA
MOP®OIEHE30OM PACTEHUN

MHOXeCTBO paHee BBIIIOJIHEHHBIX HCCIe0BaHHMU

C HCII0/Ib30BAaHHEeM MOHOXPOMAaTOPOB U CIeLHallb-

HBIX CIIeKTPAJIbHBIX GH/IBTPOB II03BOJIMJIO [eTalbHO

HU3Y4UTb BIHSHHe KaueCTBEHHOIO COCTaBa CBeTa Ha

pasBHUTHe pacTeHUH [32]. OmHAKO 3TH HCCIe0OBaHUS

JI0 CHX IIOP He Ja/Ih OJHO3HA4YHOI0 OTBeTa Ha BOIIPOC:

KaKUM 006pa3oM CBeT yIpaBiseT FeHOMOM PacTeHUM

M KaK KOMOMHaIHel CIIeKTPaIbHBIX KOMIIOHEHT M3y~

YeHMS U UX UHTEeHCHBHOCTH CO34aTh ONTHMAaJIbHBIN

PeKMM OCBeIleHHs, 4ToObl MaKCHUMAJIbHO PacKPBITh

reHeTH4YeCKHH IIOTeHIIHMa/l pacTeHU1?! [Io-BUIUMOMY,

B 3HAUYUTEIbHOM Mepe 3TO 6bIIO 06yC/IOBIEHO OTCYT-

CTBHEM IIHMPOKOIIOJOCHBIX HCTOYHHKOB H3/Ty4eHHS

C yIpaB/iseMbIM CIeKTPaJbHBIM COCTaBOM. OJHHM

13 CII0CO00B I0Ty4YeHH S I POKOIIONIOCHOIO CBETOBOTO

H3/1y4eHUs SBJSIETCI COBMeCTHOe HCIIO/Nb30BaHHe

B OZJHOM OCBETHTeJIbHOM IIPUOOpe PasJIHYHBIX IIONY-

[IPOBOJHHUKOBBIX CBETOAHONOB. COBpeMeHHBIe CBETO-

IHOABI TepeKpPhIBAIOT YPe3BbIYaMHO U POKUH JHalla-

30H CIIeKTPOB M3/Iy4eHHs ~ OT yIbTPadHOIeTOBOIO A0

nHdpakpacHoro [33]. TakuM obpa3om, KOMOUHHUDYs

Habop pasHBIX CBETOAMOMOB, MOXKHO CO3[aThb MYJIb-

THUCIIeKTpajJbHble YIIpaBisieMble HMCTOYHHKHU CBeTa,

I103BOJISIOIIME [TOTTYYUTh CBET 1F0060K MHTeHCHBHOCTH

U C IPaKTHYeCKH JII0OBIM CIIEeKTPaJbHBIM COCTABOM.

Ha puc. 2 npuBeleHBl CIIeKTpaJbHble XapaKTepH-

CTUKH YIIPaB/seMOr0 MHOI031eMeHTHOI0 MaTpHhy-

HOT'O CBETOJHOAHOIO MCTOYHHKA CBeTa, OIKCAHHOIO

B pabotax [34, 35]. JaHHBIM HCTOYHHK CBeTa I103BO-

75T 10 3afaHHOK IIporpaMMe HM3MeHSITh MHTeHCHB-

HOCTb, CIIeKTPaJIbHBIM COCTaB M JJIMTEIBHOCTH CBETO-

BOI'O IIOTOKA.

B pabore [36] u3y4ueHO BIMSHHE CIEKTPAJIbHOIO
COCTaBa M HHTEHCHBHOCTH IIHPOKOIIOJIOCHOIO CBe-
TOBOTO H3/Iy4eHHs] Ha POCT M Pa3BUTHe PaCTeHHH
C HCII0/Ib30BAaHHEM MHOT03/IeMeHTHOIO0 MaTpPHUYHOIO
CBETOAHOJHOIO MCTOYHHMKA CBeTa, CIIeKTp H3/yde-
HHS KOTOPOTO BaPbHPOBAJICS B MaIla30He JJIHH BOJIH
440-660 HM M MOT H3/y4aThCd KaK B MOHO- U IIOJTHX-
pPOMaTHUYeCKOM PeXKHMax, TaK U B OIM3KOM IIO CIIeK-
TPaJIbHOMY COCTaBy K CIIeKTPy H31ydeHHs CoJHLA
(puc. 2). DKCIepHUMeHTbHl IPOBOAMIM Ha pacTe-
HUSIX - pereHepaHTax KapTodens Solanum tuberosum L.,
03[J0POB/IEHHBIX METOJOM aIlHKaJIbHOM MePHCTeMBI
Y KyJIbTHUBHUPYeMBbIX B yC/IOBHSX in Vitro. sl KOHTPO/IS
HCIIO/Ib30BA/IM pacTeHMs, BbIpallleHHble II0f, JTIOMH-
HeCLIeHTHBIMM jaMnaMu (LFW). Pe3ynbTaThl 3KCIIe-
PHMEHTOB, HW/UIIOCTPUPYOIIHe JUHAMHUKY Pa3sBHUTHS
pacTeHHI IIPH BO3JEHCTBUM Pa3HBIX CIIEKTPOB H3/y-
YeHMs, IIpe[iCTaB/IeHbl Ha pHc. 3 [37].
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Puc. 2. Mpumepbl cnekmpos u3ay4eHusl, co30aeaempix
MHO0203/eMeHMHbIM MAmpU4HbIM C8eMOOUOOHbIM UCMOYHU-
KoM ceema: a — MOHOXpomamuueckuti cnekmp: 1- KpacHabili
(R), 2 - 2ay60Kuli kpacHbili (DR), 3 = xeambili (Y), 4 - 3ene-
Hbili (G), 5 - 20ay6oli (B), b - 2ny6okuti 20ay6oli (RB); b -
cnexmpbl U3Ay4deHus: 1- AOMUHecueHmHas Aamna 6en0zo
caema (LFW), 2-5 — noAuxpomamuyeckuli cnekmp mampuy-
H020 MHO0203/emMeHMH020 LED: 2 - x0n00Hbil 6enbili (CW),

3 - 6enbili (W), 4 — menabili 6eabiii WWW), 5 - noaHbili cnekmp
(FS); ¢ - cnekmp u3ayuenus CoaHua (S) -1, noAHbili cnekmp
MH0203/eMeHMH020 Mampu4Hozo LED (SS) -2

Fig. 2. Examples of radiation spectra generated by a multi-
element matrix LED light source: a — monochromatic
spectrum:1-red (R), 2 - deep red (DR), 3 - yellow (Y),

4 -green (G), 5 - blue (B), 6 - deep blue (RB); b - emission
spectra: 1- white light fluorescent lamp (LFW), 2-5 - poly-
chromatic spectrum of a matrix multi-element LED: 2 - cold
white (CW), 3 - white (W), 4 - warm white (WW), 5 - full
spectrum (FS); ¢ - solar radiation spectrum (S) -1, full spec-
trum of multi-element matrix LED (SS) -2
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Puc. 3. MUKpOKAOHAAbHblE
pacmeHus kapmodensl, 8bipa-
LWeHHble in vitro npu 06ny4e-
HUU pasHbiMU cnekmpamu
u3Ay4eHus, co30a6aemoz0
ynpasasembimu Mampuy-
HbimMU LED-ucmo4Hukamu
ceema (UHMepsan puk-

cauuu pesyabmamos
3KcnepumeHma — 7 dHell)

Fig. 3. Microclonal potato
plants grown in vitro when illu-
minated with different spectra
of radiation generated by con-
trolled matrix LED light sources
(interval of recoding the results
of the experiment is 7 days
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OnBITHl IIOKAa3aJIM, YTO pacTeHHUs, BBIpOCIIME Ha
cuHeM cBeTy (B, RB), IpH3eMUCTBI, a Ha KpPacHOM
(R, DR) - BBITSHYTHI. JIHUCTbsSI IEPBBIX HMMEIOT HOP-
MaJbHBbIe pa3Mephbl, BTOPBIX — HeJOPa3BUTHI K HeIlpa-
BHUIBHOM GOpMBI. [laHHBIE IIPOSIBIEHUSI OHTOreHe3a
06yCTIOB/IEHBI TeM, YTO KPACHBIE JIYYH CIIEKTPa CTUMY-
JHUPYIOT $a3y pacTSKeHMS KIETOK, a CUHe-QpHOJIeTO-
Bble - Qasy nuddepeHuHalMKU. PacTeHHs, BEIPOCIIHE
IIO[, SKeJITBIM U 3e/leHbIM H3nydeHueMm (Y, G), meMoH-
CTPHPYIOT BBITSIHYTOCTh U (j1aboe pa3BUTHe JIMCTBHI,
T.e. MOHOXPOMAaTHUYeCKHH >KeITBIM U 3e/eHbIH CBeT
criocobcTByeT OBICTPOMY POCTY B AJIKHY (IIPH 3TOM
bOPMHUPYIOTCS XPYIKHe U TOHKHe pacTeHMsI), HO 3TO
He IIPUBOJUT K HAKOITJIEHHIO JOCTATOYHOM 6HOMACCHI.
B 11es10M /151 pacTeHHH, KyJIbTUBUPYEMBIX IIPU MOHO-
XPOMaTH4YeCKOM CBeTe (KpoMe CHHero M ITyDOKOTo
CHHero), oTMeyeHa MaKCHMMaJbHas BBICOTA CTebJs,
B 1,5 pasa IIpeBhIINAIOMAS AHAIOTUYHBIN I10Ka3aTellb
y KOHTPOJIBHOM I'PYIIIbl PacTEeHHI, BbIpalllliBaeMbIX
II0[ JIIOMHUHECLIeHTHOM Jiammou. Hawubonbinee yBe-
JIMYeHHe IJIUHBI CTeb/Isl y JAaHHBIX IPYII PacTeHUI
NIPOMCXOAUT 3a CYeT BBITSTUBAHUSA MEXIOY3JIHUH.
ITony4deHHEIe pe3yabTaThl, II0-BUAMMOMY, CBSI3aHBI CO
CIIeKTPAJIbHOM 3aBHUCHMOCTBI0 MOHOXPOMATHYECKOro
CBeTOBOTO CTHMYJIHMPOBAaHHS IOPMOHOB pOCTa pacTe-
HMH: ayKCUHOB K LIUTOKUHHUHOB.

ITepexof K MOTHUXPOMaTHUeCKOMY M IIHPOKOIIOIOC-
HoMmy u3nyderuro (CW, W, WW, FS u SS) nemoHCTpH-
PYeT SIBHOe OTIMYHe OT MOHOXPOMAaTHYeCKOro OCBe-
IIeHUsI, KOTOpOe MposBIseTcs B 6oiee HHTEHCHBHOM
Pa3BUTHHU JIMCTBB M KOPHEBOM CHCTeMBI PACTeHHH.
B To ke BpeMsl BBICOTA pacTeHMH, KYIbTHBHUPYEeMBIX
IIpY MOIMXPOMaTHUeCKOM cBeTe, B 0,6 pa3a MeHbllle,
4YeM B KOHTpoJsie (JIOMHHeCLleHTHas jaMmia - LFW)).
Hawmbonpmas [IMHA U IIMPHHA JIUCTheB Habmoma-
IOTCSI y PacTeHHMH, BBIPAIIMBAEMBIX IIPU ITyOOKOM
cuneM (RB) u xonogHoM b6ermom csete (CW). Makcu-
MaJIbHasi Macca Haf3eMHOI YacTH pacTeHUI OTMe-
YeHa Y 3K3eMIUISIPOB, BBIpPAIleHHBIX IPH I10OTHXPO-
MaTtudeckoM ceere (CW U W). 310 CBHUOETEIbCTBYET
06 3PeKTHBHOCTH IOTHXPOMATHYECKOIO CBETOBOI'O
H3/IydeHHs], UMeIOLero IIapHble CIIeKTpa/bHble Mak-
CUMyMBI Ha JJIMHaX BOJH 446,8 u 546,9 HM (CW),
446,8 u 550,2 uMm (W), 4TO CTHMYIHPYeT IIpoliecc
obpazoBaHUs XI0POQUIIIIOB M KPATOMHOUIOB K BIIH-
sieT Ha yBeJIMUeHHe MacChl pacTeHHH.

OueHb YacTO YHHBEPCAJIBHOCTb U 3O EKTHBHOCTD
He coBIIagawoT. HcciemoBaHHsS Ha IeHO3aX ITOKa-
3a7IM, YTO Y PacTeHHI Pa3sHBIX BUJOB HaOJIIOAAIOTCS
pasnuuHble TpebOBAaHHUS K ONTHMAJIBHOMY COuYeTa-
HHUIO CIEeKTPAJIBHBIX M 3HEpPreTHYeCKUX XapaKTepH-
CTUK CBETOBOro pexkuma [38]. Kak oTMeuasnock BhILIE,
OCHOBHYIO PO/Ib B PETyJSILIUH MOPPOreHeTHYeCKHUX

=

radiation spectrum (Fig. 2). The experiments were
carried out on plants - regenerants of the potato
Solanum tuberosum L., healed by the apical meristem
method and cultivated in vitro. For control, plants
grown under fluorescent lamps (LFW) were used. The
experimental results illustrating the dynamics of
plant development under the influence of different
radiation spectra are presented in Fig. 3 [37].

The experiments showed that plants grown in blue
light (B, RB) are low-growing, and in red (R, DR) -
elongated. The leaves of the former are of normal
size, the latter are underdeveloped and irregular
in shape. These manifestations of ontogenesis are
due to the fact that the red rays of the spectrum
stimulate the cell stretching phase, and the blue-
violet rays stimulate the differentiation phase.
Plants grown under yellow and green radiation
(Y, G) show elongation and poor development of
foliage, i.e. monochromatic yellow and green light
promotes rapid growth in length (brittle and thin
plants are formed), but this does not lead to the
accumulation of sufficient biomass. In general,
for plants cultivated under monochromatic light
(except for blue and deep blue), the maximum stem
height was 1.5 times higher than that of the control
group of plants grown under a fluorescent lamp.
The greatest increase in stem length in these plant
groups occurs due to the extension of internodes.
The results obtained are apparently associated with
the spectral dependence of monochromatic light
stimulation of asthenia growth hormones: auxins
and cytokinins.

The transition to polychromatic and broadband
radiation (CW, W, WW, ES and SS) demonstrates
a clear difference from monochromatic lighting,
which manifests itself in a more intensive
development of foliage and root system of plants.
At the same time, the height of plants cultivated in
polychromatic light is 0.6 times less than in control
(fluorescent lamp - LFW). The greatest length and
width of leaves are observed in plants grown in deep
blue (RB) and cold white light (CW). The maximum
mass of the aerial parts of plants was observed in
specimens grown in polychromatic light (CW and
W). This indicates the effectiveness of polychromatic
light radiation having paired spectral maxima at
wavelengths of 446.8 and 546.9 nm (CW), 446.8 and
550.2 nm (W), which stimulates the formation of
chlorophylls and cratinoids, and affects the increase
mass of plants.

Very often, versatility and effectiveness do
not match. Studies on cenoses have shown
that different types of plants exhibit different
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[IPOLIECCOB Y PAaCTeHUH BBIIIOJIHSIOT GOTOPeLIelITOPhI:
GUTOXPOMBEI, KPUITOXPOMBI U QOTOTPOIIMH, yIIpaB-
nsoure GUTOrOpMOHAMHU KIETOK pacTeHHI, CUHTe3
M BO3JeHCTBUE Ha KOTOPble aKTUBHPOBAaHHBIX CBe-
TOM GOTOpelenTOPHBIX 6eIKOB 1160 He UCCIe0BaHBI
Boob1Ie, K60 M3yueHbl HEeOCTATOYHO. B WacTHOCTH,
KM3BECTHO, YTO KPAaCHBIM M CHHUM CBeT H3MeHseT
coflep>kaHUe OTHENbHBIX I'PYNIl GUTOTOPMOHOB, YTO
MO’KET IIPOSIBUTBCSI B CIELUPUUHOCTH [eHCTBUS
CIIeKTpa U3/1y4eHHus Ha MopdoreHe3 pacTeHHH.

BeIiM mIpoBefieHbl 3KCIIEPUMEHTHI 110 BBIPAIIHBA-
HUIO in Vitro MUKPOKJIOHAJIBHBIX PAcTeHUMN KapTodess
Solanum tuberosum L. TIp1 OCBelLlleHUU ABYXKOMIIOHEHT-
HBIM H3JIyYeHHeM C JIMHaMH BOJIH 460 u 660 HM,
KOTOpBbIe IIONaJaloT B MaKCUMYM IIOIJIOIIEHHUS XJI0-
podrna b, a Takke IpU OCBeIleHHUU LIHMPOKOIIOIOC
HBIM CBEeTOZMOLHBIM H3/lydeHHeM (SS) B Auama3oHe
JIUH BOMH OT 440 mo 660 HM. B mociemHeMm ciydae
SS-CIeKTp H3JIyueHUs I103BOJISeT He TOIBKO BO30Y-
IOUTH X710podH/T @ U b, HO U aKTUBHPOBATh IIPAKTHU-
YecKH BCe QoTopelLlelITOpHble benku pacTeHHH. Ha
puc. 4 npuBeneHbl oTorpadUu AUHAMUKU Pa3BUTHS
MHUKPOK/IOHATIBHBIX PACTeHUN B CPAaBHEHUHM C KOH-
TPOJIBHBIM OCBeIleHHeM JIIOMHHEeCHeHTHON JIaMIION
benoro cBera. Pe3ynbTaThl 3KCIIEPHMEHTOB IIOKa-
3QJIM, YTO MCII0/Ib30BaHHe SS-HCTOYHHKA HU3yUeHHUs
I103BOJIsIeT MOOKTHCS yBeMH4YeHHs Oromacchl pacre-
HHUH Ha 30% B CpPaBHEHHH C ABYXBOJIHOBBIM 00i1yue-
HHUeM M yBelIW4YeHUs] 6rmomaccel Ha 17% 1o OTHoIIe-

requirements for the optimal combination of
spectral and energy characteristics of the light
regime [38]. As noted above, the main role in the
regulation of morphogenetic processes in plants
is played by photoreceptors: phytochromes,
cryptochromes and phototropin, which control
plant cell phytohormones, the synthesis of which
and exposure to light-activated photoreceptor
proteins are either not studied at all or are not well
understood. In particular, it is known that red and
blue light changes the content of individual groups
of phytohormones, which can manifest itself in the
specificity of the action of the radiation spectrum
on plant morphogenesis.

In vitro experiments were carried out on growing
microclonal potato plants Solanum tuberosum L.
when lighted with two-component radiation with
wavelengths of 460 and 660 nm, which fall at the
maximum absorption of chlorophyll b, as well as
when lighted with broadband LED radiation (SS) in
the wavelength range from 440 up to 660 nm. In
the latter case, the SS radiation spectrum allows
not only to excite chlorophyll a and b, but also to
activate almost all plant photoreceptor proteins.
Fig. 4 shows photographs of the dynamics of the
development of microclonal plants in comparison
with the control lighting with a white light
fluorescent lamp. The experimental results showed
that the use of SS-radiation source allows to achieve
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Puc. 4. MukpoknoHanbHble pacmeHusi Kapmodeas, 8blpalieHHble in Vitro npu 0bayyeHuU: a — AlOMUHecUeHmHouU Aamnot 6en020
cgema (LFW), 6 — dgyxcnekmpabHbiM LED-UCMOYHUKOM C MAKCUMYMAMU Ha OAUHAX 80AH 460 U 660 HM, 8 — ynpasAasieMbliv
SS-MH020KOMNOHEHMHbIM Mampu4HbIM LED-UCMOYHUKOM C pa3HbIMU CNeKmpamu u3Ay4eHust Ha 0AUHAX 80AH 440-660 HM.
WHmepsan pukcauuu pazsumus pacmeHuil -7 dHell

Fig. 4. Microclonal potato plants grown in vitro upon illumination with: a — a white light fluorescent lamp (LFW),

b - a two-spectral LED source with maxima at wavelengths of 460 and 660 nm, ¢ - a controlled SS-multicomponent matrix LED
source with different emission spectra at wavelengths of 440-660 nm. The interval of recording plant development is 7 days
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HUIO K KOHTPOJIBPHOMY OCBellleHHI0. Takum obpasom,
s obecriedeHHs MaKCHMAalbHOM ITPOAYKTHBHOCTH
PacTeHUH 1ie/1eco0O6pa3sHO HCII0Nb30BaHUe HIMPOKOIIO-
JIOCHOTO CBETOBOTO H3/Iy4eHHUs.

CylecTBYyIOIMe HCTOYHHUKH UCKYCCTBEHHOTO CBeTa,
33 peIKHM HCKIYeHHeM, He MOTYT BOCIIPOM3BO-
OUTh COJTHEYHBIHM CIeKTp B JHama3oHe (GpOTOCHHTe-
THUYeCKd aKTUBHOHM pajHallud MM T[eHepHUpPYyIoT
IIOXOKUI CIIeKTP, HO C IHMKOBBIMHM BbIOpOCaMHU Ha
psifle OTAeNBHBIX YacTOT (pHC. 1), YTO He IMO3BOJIsSET
IOOUTHCSI HMX MAKCHMAUIBHON 3)PeKTHBHOCTH. I103-
TOMY SS-MHOTOKOMIIOHEHTHBIM MAaTpH4HBEIN LED
HCTOYHHK H3JIy4eHHs IIPefCTaB/IseT 3HAUHTe/IbHbIH
HHTepec A/ IOBBIIIEHUS YPOSKAKHOCTH CeIbCKOXO-
3S1CTBEeHHBIX KYJIBTYP. B TO >Ke BpeMs Hapsay C IIOf-
6OpOM CIIeKTPa/JIBHOTO COCTaBa M3/Ty4eHHs] Heobxo-
ouMoO obpamaTh BHUMaHHE M Ha JHEPreTHYecKylo
KOMIIOHEHTYy M3/ly4eHus. HcclenoBaHMS, BBIIIOHEH-
HBIe in vitro ¢ pacTeHUSIMH - pereHepaHTaMH KapTo-
dens S. tuberosum copToB «PO>KIECTBEHCKUM» U «CHe-
rupp», a Takke CTeBHUH MemoBo¥ (Stevia rebaudiana),
[IOKa3aJIi Ha/IM4YHe ONTHMaJbHOM HHTEHCHBHOCTH
I POIIONIOCHOTO OCBEIleHHsI PACTeHHH, IIPHU KOTOPBIX
IOCTUTAEeTCSI UX MaKCHUMaJIbHBIF OTKIHK [39, 40].

Ha puc. 5 npuBeneHsl oTorpaduu, HUIIIOCTPUPY-
romye 3¢QeKTUBHOCTL IIpoLiecca pasBUTHUS CTeBHUU
MeIOBOM IIPH Pa3sHOM ypOBHe HMHTEHCHBHOCTH ee
OCBeIleHHs HIMPOKOIIOJIOCHBIM MCTOUHHUKOM H3jIy4e-
HUS CIIeKTpa SS.

BocriprHHMMas CBeTOBBIE CUTHAIBI, GOTOPeLlelITOPbL
MHHULMHUPYIOT BHYTPHUK/IETOYHblEe CHUTHAIbHBIE IIYTH
U TeM CaMBIM PeryJIHpYIOT Pa3sBUTHe pacTeHHUH Ha IIpo-
TSDKEHHH BCET0 KM3HEHHOro LMKIA. CUIHAJIOM s
3aIycKa MopdoreHesa pacTeHHUH C/Iy>KMT H3MeHeHHe
COOTHOIIEHHSI QUTOrOPMOHOB LIMTOKMHHHOB M ayK-
CHHOB, KOTOpBIe SIBJISIIOTCSI PeryasaTopaMH He TOJIBKO

i g

an increase in plant biomass by 30% compared with
two-wave irradiation and an increase in biomass by
17% in relation to control lighting. Thus, to ensure
maximum plant productivity, it is advisable to use
broadband light radiation.

The existing artificial light sources, with rare
exceptions, cannot reproduce the solar spectrum
in the range of photosynthetically active radiation
or generate a similar spectrum, but with peak
emissions atanumber of separate frequencies (Fig. 1),
which does not allow achieving their maximum
efficiency. Therefore, the SS-multicomponent
matrix LED radiation source is of significant interest
for increasing crop yields. At the same time, along
with the selection of the spectral composition of
the radiation, it is necessary to pay attention to the
energy component of the radiation. In vitro studies
with regenerated plants of S. tuberosum potatoes of
the Rozhdestvensky and Bullfinch varieties, as well
as of Stevia rebaudiana, showed the presence of an
optimal intensity of broadband lighting of asthenia,
at which their maximum response is achieved [39,
40].

Fig. 5 shows photographs illustrating the
effectiveness of the development process of Stevia
rebaudiana at different levels of its intensity of
lighting by a broadband radiation source of the SS
spectrum.

Perceiving light signals, photoreceptors initiate
intracellular signaling pathways and thereby
regulate plant development throughout the entire
life cycle. A signal for starting plant morphogenesis
is a change in the ratio of phytohormones of
cytokinins and auxins, which are regulators of not
only growth, but also differentiation of cellular
structures. The interaction of plant hormones
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pocTa, HO U AubdpepeHIIUPOBKU KIETOUHBIX CTPYKTYP.
B3anMo/iericTBHe TOPMOHOB PacTeHUI MOKeT Habiiro-
IaThcs B opMaxX CHHepru3Ma U aHTaroHusMa. CHHep-
THYecKoe JeHCTBHE CBSI3aHO C B3AaUMHBIM YCHJIEHHEeM
IerCTBUSl TOPMOHOB Ha KakoM-nubo mporecc. Tax,
B YaCTHOCTH, pereHeparys 1oberos 13 Kaulyca aKTH-
BU3HPYeTCsl IIOf, JelCTBHeM LIUTOKMHHUHOB B IIPUCYT-
CTBHUH ayKCHHOB. KaK MIpaBU/IO, CyLIeCTBYyeT HECKOIBKO
IIyTeHt, [0 KOTOPBIM MOKeT IOMTH pa3BHTHe KaJUIyC-
HOU KJIeTKHU. IT0CKOJIbKY OCHOBHYIO POJIb B Pery/IsluH
MOpP)OreHeTHUeCKUX ITPOLECCOB CBETOM BBIIIOJIHSIOT
doTopenenTopsl, TO B Ka/UIyCHOM CTPYKType IIOf, BO3-
JeHCTBHeM CBeTa IIPOUCXOOUT CUHTe3 GUTOTOPMOHOB,
KOTOPBIK aKTHUBHUPYETCsl Pa3sIHUYHBIM CIIeKTPOM H3/y-
yeHHs dyepe3 GOTopellelITOPHbIe OeIKH.

B KynbpType KaJ/UIyCHBIX TKaHeM Ioj MopdoreHe-
30M IOHHMMAIOT BO3HHKHOBEHHE OPraHH30BaHHBIX
CTPYKTYp M3 HEOPraHM30BAHHOM MacChl KJIETOK.
B pabore [34] uccinenoBanock BIUSHUE CIIeKTpa 00Iy-
YeHHS Ha pa3BUTHe AubbepeHLIHPOBAaHHBIX 30H
B KaJUIyCHOM Macce KJIeTOYHOM KYyJIBTYPhl PHCa COpTa
«JonuHHBIN». Ha puc. 6 mpusemeHH QoTorpadu,
WJUIIOCTPUPYIOLIe IIOHee/IbHYI0 JHHAMMKY Pa3BH-
THSI KaJIJTYCHOM KYJIBTYPBI B if Vitro.

BBUIO yCTaHOBIEHO, 4YTO IS Ka’KLOrO CIIeKTpa
H3/Iy4eHHs] CyIIeCcTBYyeT ONTHMaJIbHasg HHTEHCHB-
HOCTb H37y4eHHs, IIPU KOTOPOX HablIofaeTcs Mak-
CHMaJIbHasi CKOPOCTh Pa3BUTHS KaJ/UIyCHOMU KYJIBTYPBHI.
B Tabnuiue 1 mpuBeseHBl pe3yabTaThl HabMIOAEHUH
BPeMEHHOI0 IIpoLlecca Pa3sBUTHS KaJIJIyCHOM K/IeTOY-
HOM KyJIBTYPHl pHca copTa «JIoIMHHBIN» IIOA BO3ZEN-
CTBHEM Pa3/JIMYHBIX CIIeKTPOB K3/1y4eHHs, KOTOpble
[I03BOJISIIOT IPOCIAefAUTh AHUHAMHUKY BIHSHHUS pery-
JTHPYeMOT0 Pa3IHMYHBIM CIIEKTPOM

can be observed in the forms of synergism and
antagonism. A synergistic effect is associated with
a mutual increase in the action of hormones on
any process. So, in particular, the regeneration
of shoots from callus is activated by the action of
cytokinins in the presence of auxins. As a rule, there
are several ways in which callus cell development
can go. Since photoreceptors play the main role
in the regulation of morphogenetic processes by
light, phytohormones are synthesized in the callus
structure under the influence of light, which is
activated by a different radiation spectrum through
photoreceptor proteins.

In the culture of callus tissues, morphogenesis
is understood as the emergence of organized
structures from an unorganized mass of cells. In [34],
the influence of the irradiation spectrum on the
development of differentiated zones in the callus
mass of the cell culture of rice of the Valley variety
was studied. Fig. 6 shows photographs illustrating
the week-wise dynamics of the development of
callus culture in vitro.

It was found that for each radiation spectrum
there is an optimal radiation intensity at which the
maximum rate of development of the callus culture is
observed. The table shows the results of observations
of the temporary process of development of the
callus cell culture of rice of the Valley variety under
the influence of various radiation spectra, which
allow us to trace the dynamics of the effect of
the photoreceptor response regulated by various
radiation spectra on the interactions of auxin and
cytokinin hormones. It is known that auxins act

HU3/Iy4yeHHS QOTOpeLieITOPHOIO
OTKJIHMKA Ha B3aWMOIEHCTBHUS
TOPMOHOB ayKCUHOB K LIUTOKH-
HUHOB. H3BecTHO, YTO ayKCHHBI
DeHCTBYIOT Ha POCT KJIETOK JBYyX-
$da3HO B 3aBHCHUMOCTH OT KOH-
LleHTpalluK: IpH HHU3KHX [03aX
YCKOPSIIOT, a IpH 6osee BBICOKHMX
TOPMO3ST IPOLIeCcCEl pocTa. B cTe-
PUJIBHBIX TKaHEeBBIX KyJbTypax
yBeJIMUYeHHe COoAepKaHHUsl ILIUTO-
KUHHHOB BbI3bIBaeT JUPPepeHIIH-
POBKY K/IETOK B 3aBHCHMOCTH OT
KOHILIeHTpallu1 FOpPMOHa.

B 4YacTHOCTH, IOA OeHCTBHEM
duTOropMoHa LIUTOKMHUHA B pac-
TeHUSX CHHTe3UPyeTCcsl XJI0po-
éunn. Kak BUAHO, IPHUCYTCTBHE
3HAYHUTEJBHOM YacTH CHHEro

Puc. 6. KanaycHas macca (m) knemouHoli KyAbmypbl puca copma «oAuHHbIi» (a)
c ekatoueHusmu 3eneHoli (Chl) u kopuuresoli (R) 30H, a makxe noHedeAbHAs
duHamuka passumus Kyabmypebl in vitro (6)

Fig. 6. Callus mass (m) of the cell culture of rice of Valley variety (a) with inclu-
sions of the green (Chl) and brown (R) zones, as well as the weekly dynamics of
the in vitro culture development (b)
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CBeTa C HeDONBIIUM COoJlepsKaHKeM KPAaCHOIO B IOIHX-
poMaTHueckoM u3aydeHHH LFW um CW (cmeKkTpaisb-
HBIM COCTaB M37y4eHHs IIOKa3aH Ha pPHUC. 2) IIPUBO-
OUT K POCTY 3e/leHOM (X/IOpOGH/IIBHOM) Macchl, 4To,
[0-BUIUMOMY, ODYC/IIOBTIEHO IIOBBIIIEHHEM KOHIIeH-
TpaliMy LMTOKMHHUHOB I10 OTHOIIEHHIO K ayKCHHAM.
YMeHbIIeHHe MM OTCYyTCTBHEe [O0JIM CHUHEero CBeTa
B CIIeKTpe H3/y4eHHs TOPMO3UT obpa3oBaHMe XI0PO-
®M/UTBHOM MacChl, TOrJA Kak IIOBBIIIeHKe JOIH Kpac-

BIOPHOTONICS m
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on the growth of cells in two phases, depending
on the concentration: they accelerate at low doses
and inhibit growth processes at higher doses. In
sterile tissue cultures, an increase in the content of
cytokinins causes differentiation of cells depending
on the concentration of the hormone.

In particular, under the action of the
phytohormone cytokinin, chlorophyll is synthesized
in plants. As can be seen, the presence of a

Ta6bnuua 1. luHaMmnKa pocTa 3e/1eHOM N KOPUYHEBOW 30H, @ Takoke KasislyCHOW MaCChl KNETOYHOM Ky/bTypbl pyca copTa
«[JONNHHbIA» NOJ, BO3AENCTBMEM PA3INYHBLIX CMEKTPOB U3/yHEHUS.
Table. The growth dynamics of the green and brown zones, as well as the callus mass of the cell culture of rice of the

Valley variety under the influence of various radiation spectra.

[eHb CrnekTp nsny4yeHus
HabnaeHus Emission spectrum
Observation
day

- - - - m m m m m -

49 ++ + + + = = = = ++ ++
- - - - m m m m - -

56 ++ + + + - - - - +++ ++
- - - - m m m m - -

63 +++ + + + = = = = +++ +
- - - - m m m m - m

70 +++ +++ + + - - - - ++ +
— — — R — — — — R —
- - - - m m m m - m

77 +++ +++ = + = = = = + =
- - - R R R - - R -
- = = = m m m m m m

84 +++ ++++ - ++ - - - - + -
- - - R R R - - R -
- - - - m m m m m m

91 +++ +++++ = ++ = = - - - -
= = = R R R = = R =
- - m m m m m m m m

98 +++ +4++++ - ++ - - - - - -
R - - R - R - - R -
- - m m m - m m m m

105 +++ +++++ = ++ = = = = + =
R R - R - R - - R -
- m = m - - m m m m

IIpuMeyaHHUe. + - yBelnHueHHe ob6beMa xopoduiia, R - ysenuueHre o6beMa KOpHYHEBOK 30HEI, N - yBeAudeHHe o6beMa Ka/IyCHOM Mac-

CBI. HPO‘{EPK O3Ha4daeT OTCYTCTBHE POCTa.

Note: + - increase in the volume of chlorophyll, R - increase in the volume of the brown zone, m - increase in the volume of callus mass. A dash

indicates «no growth».
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HOM KOMIIOHEHTBI BefleT K 06pa30BaHHI0 KOPUUHEBO
(KOpHeBOM) KJIETOYHOM CTPYKTypPhl KM POCTY MacCh
KaJllyca, 4YTo, BUAMMO, 0OYyC/IOBIeHO IOBBIIIEHHEM
KOHLIEHTPALIMK ayKCHHOB.

TakuM 00pa3oM, BBISBIEHHBIM IIPOIECC peryss-
TOPHOI'O I€HCTBUS CIIeKTpa M3/1yueHHs Ha KIIO4YeBble
sTanbl IUPdepeHLINPOBKU KIETOK KajUlyca, 3aBHCS-
e OT COOTHOLIeHHS TOPMOHOB ayKCHHOB M I[HUTO-
KUHUHOB, 00pa3sylolyxcsl MoJ BO3fercTBHeM (oTo-
PeLIelITOPHOM CHUCTeMBI B KJIIETOYHOM Macce KaJllyCoB,
IaeT OCHOBaHHeE TOBOPUTDH 0 HeOOXOAMMOCTH Ja/IbHeR -
IIero pasBUTHUS QYHIAMEHTA/JIbHBIX HCCIel0BaHUN
PEeryJIsiTOPHOTO [JEHCTBUSI CBeTa, KOTOpPble [OJIKHBI
IIOCTY>KUTb IIPOTPeccy B CO3JAHUU HOBBIX MeXaHM3-
MOB 3HJ,0TeHHOMU pery/sliuU Pa3BUTHS PaCTeHHUH.

3AK/TKOYEHUE

B oTnH4Me OT >KMBOTHBIX PACTeHHUSI HM3HAYAIBHO
NO/DKHBL pearnpoBaTh Ha CBET, YTOOBI SKUTH. [ist
3TOr0 Yy HUX CYIIeCTBYeT CO3JaHHas MpHUponou ¢oro-
pelierITopHast cucTeMa. I103TOMy CBeT [yIsi pacTeHHUH
He TOJIBKO MCTOYHUK SHEePruu, HO U BAKHBIN GaKTOp
OKPY>KaIOIIeH Cpefibl, KOTOPBIK KOHTPOIUPYET pasauy-
Hble IIyTU IIepeflauM CUTHA/IOB. CBeT SIB/ISIeTCsl ONHUM
13 OCHOBHBIX Pery/siTOPOB Pa3sBUTHS PacTeHUH U HX
MeTabonm3Ma. IKCIIPecCcHsi FeHOB Y PAaCTeHUH peryiu-
PyeTcs cBeToM Ha MHOTHX YPOBHSIX. YPOBEHBb TeHHOTO
IIPOAYKTa MOKET KOHTPOJHPOBAThCS IIyTeM peryss-
LMK YPOBHS TPAHCKPUIILIUHK €T0 FeHa U IIyTeM pery-
JSIUUY TpaHoanuu ero MPHK B 6estok [41].

Ha ceropHs B3auMOCB$I13b MeXXIy GOTOpeLlelITOPHOM
CUCTeMOM PAacTeHUM U SHIOTeHHBIMH ITPOrpaMMaMU
X Pa3BUTHS IIO-IIPeKHEMY OCTaeTCs MaIOH3y4eH-
HOM. XOTSl aKTHUBAIlMs CBETOM TeHETUYeCKOro ara-
parta 6rocrHTe3a 6eJIKOB y>Ke He BhI3bIBAeT COMHEHHH,
clefyeT IOAYEpPKHYTb, UTO, IIO-BUIHMMOMY, I10106-
HBI 30deKT IpencraBiseTr coboM He HaYaabHBIH,
a OMUH U3 3aKTIOUUTENIBHBIX 3TAIIOB AEHMCTBUS POTO-
peLlelITOPHBIX OelKOB, a MaTepHa/lbHAas IIPUPOLA
CHTHaJIa, PaCIpPOCTPAHSIONIETOCsl OT QOTOopeLenTopa
K SIAPY KIeTKH, OCTAaeTCs HeBbISICHEHHOM . [IonoxkeHHe
YCJIOKHSIETCsL ellle ¥ TeM, YTO OKIMKH Pa3IHYHBIX
doTopelienITOpHBIX 6elKOB B psifie ClIydaeB Ay6rnupy-
IOTCSI JTH UMEIOT CXOHOe JeHCTBHUeE.

OTBeTHUTH Ha BCe 3TH BOIIPOCH HEODXOOHMMO, eCIH
YeJI0BEeUYeCTBO CTABHUT CBOEH 3ajadell OB/IAJeTh IIPO-
nieccom doToMopdoreHesa pacTeHHUM B LENSIX ITOBBI-
meHus 3@PeKTUBHOCTU ITPOU3BOACTBA CEIBCKOXO3SIK-
CTBEHHBIX KyJIbTYp K Haubosiee IIOJIHOTO PacKPBITHS
KX TeHEeTHUYeCKOro MoTeHIhaja.

PaboTa BbINIOJIHEHA P QHMHAHCOBOM IIOZJEPKKe
MUHHCTepPCTBA HayKH M BbIcIIero obpasoBaHmus PO,
HoMep cornamenus: 05.604.21.0229.
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significant part of blue light with a small red content
in the polychromatic radiation of LFW and CW (the
spectral composition of radiation is shown in Fig.
2) leads to an increase in the green (chlorophyll)
mass, which is apparently due to an increase in
the concentration of cytokinins with respect to
auxins. A decrease or absence of the proportion of
blue light in the emission spectrum inhibits the
formation of chlorophyll mass, while an increase
in the proportion of the red component leads to the
formation of a brown (root) cell structure and an
increase in callus mass, which is apparently due to
an increase in the concentration of auxins.

Thus, the revealed process of the regulatory effect
of the radiation spectrum on the key stages of callus
cell differentiation, depending on the ratio of the
hormones of auxins and cytokinins formed under
the influence of the photoreceptor system in the cell
mass of calluses, gives reason to talk about the need
for further development of fundamental studies
of the regulatory action of light, which should
contribute to progress in creating new mechanisms
of endogenous regulation of plant development.

CONCLUSION

Unlike animals, plants must initially respond to
light in order to live. For this, they have a nature-
created photoreceptor system. Therefore, light for
plants is not only a source of energy, but also
an important environmental factor that controls
various signal transmission paths. Light is one
of the main regulators of plant development and
their metabolism. Cene expression in plants is
regulated by light at many levels. The level of a
gene product can be controlled by regulating the
level of transcription of its gene or by regulating the
translation of its mRNA into protein [41].

As of today, the relationship between the plant
photoreceptor system and endogenous programs of
their development remains poorly studied. Although
light activation of the genetic apparatus of protein
biosynthesis is no longer in doubt, it should be
emphasized that, apparently, this effect is not the
initial, but one of the final stages of the action of
photoreceptor proteins, and the material nature of
the signal propagating from the photoreceptor to
the cell nucleus remains obscure. such reactions
that occur almost immediately after lighting.

It is necessary to answer all these questions
if humanity sets out to master the process of
plant photomorphogenesis in order to increase
the efficiency of crop production and the fullest
disclosure of their genetic potential.
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