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THE INFLUENCE OF RL (660 nm) AND BL (450 nm) ON THE PROCESSES
OF CALLUSOGENESISAND MORPHOGENESISIN VITRO
OF TOMATO VARIETIES OF CONTRARY PRECOCITY

Aim. To study the effect of RL (660 nm) and
BL (450 nm) photoirradiation on the growth and
morphogenetic reactions of callus of different
origin of two tomato varieties contrasting in precoc-
ity. Methods. Two tomato varieties differing in
growth type and precocity — ACE 55 VF and Kre-
menchutskyi — were used as plant material. Primary
callus was obtained through the stage of aseptic
seedlings, and three types of organs were used as
explants: hypocotyl segments, cotyledon leaves,
and apical parts of roots. Callus was grown on basa
medium MS + 5 mg/l 2.4 D, in the dark at +26°C.
The photoactivation with RL (660 nm) and BL (450
nm) was performed using Korobov LEDs. The fre-
guency of calus proliferation, growth and morpho-
genetic reactions of the callus culture in vitro were
analysed. Results. It was found that hypocotyl seg-
ments and cotyledon leaves of both studied varie-
ties are more effective explants for obtaining prima-
ry callus. The ACE 55 VF variety, characterised by
indeterminate growth type, forms mature callus
tissue more efficiently than the determinate Kre-
menchutskyi variety. The photoexposure with RL
(660 nm) stimulates the growth response of callus
of ACE 55 VF variety. It is shown that irradiation
with RL and especialy BL activates the manifesta-
tion of morphogenetic reactions in callus of both
varieties. Conclusions. To implement different
pathways of morphogenesis in vitro, it is necessary
to take into account the type of growth in vivo. Ac-
tivation of the photoreceptor systems with RL and
BL in the mature callus culture stimulates the pro-
cesses of morphogenesisin vitro.

Keywords: Lycopersicon esculentum Mill.,
growth rate and type, callus culture, light irradiation,
RL (660 nm) and BL (450 nm), growth index, mor-
phogenesisin vitro.

It is known that light is the most important
environmental factor that affects the plant organism
and ensures the processes of photosynthesis and
photomorphogenesis. Plants percelve information
about light signals (light intensity, photoperiod,
spectral composition) using several photoreceptor
systems and transduce it to regulate growth and
development processes. The most important photo-
receptor systems in plants are the phytochrome
system, which is activated by red/far-red light, and
the cryptochrome system with phototropins, that are
activated by blue light [1]. Phytochromes Phy A
and Phy B regulate a wide variety of photomorpho-
genetic and physiological reactions in the plant
organism, such as seed germination, etiolation/de-
etiolation reactions, shade avoidance, metabolic
activity, flowering, fruiting and other processes [2].
According to current information, phytochromes
also act as thermoreceptors [1] and have a protec-
tive effect under the influence of abiotic and biotic
factors [3]. Cryptochromes and phatotropins regu-
late chlorophyll biosynthesis, stomata movements,
anthocyanin synthesis, flowering time, and many
other reactions. It has aso been shown that differ-
ent photoreceptor systems interact with each other
and are connected to other plant signalling path-
ways, such as phytohormonal, trophic, and
pro/antioxidant systems [1,4]. Tomato is one of the
most widespread and valuable vegetable crops in
the world and in Ukraine. In addition, Lycopersicon
esculentum Mill. is also a convenient biological
model for molecular genetic and physiological-
biochemical studies of economically valuable traits
of vegetable crops. Thisis due to a number of char-
acteristics of tomato, including a small (12 chromo-
somes with more than 1300 genes) and fully se-
guenced genome, a rather short growing season and
high reproductive potential, the ability to vegeta-
tively reproduce, pronounced photoperiodic sensi-
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tivity, and identified photoreceptors (5 phyto-
chromes, as in the model object Arabidopsis thali-
ana) [3]. In addition, it can be successfully cultivat-
ed in greenhouses [5] and is adso a convenient ob-
ject for in vitro cultivation [6, 7]. Cultivation of
plants under controlled conditions requires a certain
lighting regime, which has traditionally been main-
tained by fluorescent lamps and sodium lamps.
LEDs, as an dternative to traditional lamps, cer-
tainly have a number of advantages:. energy effi-
ciency, absence of thermal radiation, and a mono-
chromatic spectrum of light flux [8]. All of this
contributes to their widespread use in the cultiva
tion of plants in closed ground conditions, includ-
ing in vitro culture, and to the intensification of
research on the effect of various effects of light
irradiation for the purpose of programmed regula-
tion of the growth and development of cultivated
plants [9]. Studies on tomato seedlings cultivated in
greenhouses showed that a certain ratio of red and
blue light (10:1) stimulated the processes of photo-
synthesis, biomass growth, increase in the content
of photosynthetic pigments, etc. [5]. It was adso
experimentally established for tomato seedlings that
additiona illumination in the morning with LED
lamps at red and blue spectra of 7:2 ratio led to the
activation of photosynthetic enzymes, including
RuBisCo, and maximum synthesis of assimi-
lates[6]. In vitro culture is known to be a tool that
is widely used in modern phytobiotechnology —
genetic transformation of plants, microclona re-
production, production of valuable metabolites,
preservation of gene pool, plant material recovery,
etc. In addition, in vitro culture is a convenient bio-
logical model for studying fundamental biological
processes. The use of light to improve the quality of
in vitro-grown plants has been confirmed by nu-
merous researchers in the field of plant tissue cul-
ture [9]. Tomato is quite easy to introduce into in
vitro culture. Optimisation of cultivation conditions
for callusogenesis and tissue regeneration of differ-
ent tomato genotypes has been the subject of many
studies [6, 7, 10]. The study of photoactivation by
red and blue light of morphogenetic reactions of
tomato genotypes under in vitro culture conditions
is promising in this regard. Thus, the am of this
study was to investigate the effect of photoreceptor
activation on the growth and morphogenetic re-
sponses of callus of different origins of two tomato
varieties contrasting in growth rate and type.

Materials and methods
The study was carried out on the basis of the

laboratory ‘Morphogenesis of higher plants in vitro’
of the Department of Physiology and Biochemistry
of Plants and Microorganisms of V. N. Karazin
Kharkiv National University. The plant materia
used in the study was tomato cultivars L. esculen-
tum that differ in maturity groups and growth type:
ACE 55 VF (USA), amid-season variety with inde-
terminate growth type, and Kremenchutskyi
(Ukraine), an ultra-early variety with determinate
growth type. The primary callus was obtained from
aseptic seedlings that were cultured on hormone-
free Murashige and Skoog medium (MS) for 7 days.
Sections of hypocotyls, roots, and cotyledon leaves
were used as explants for primary callusogenesis,
which were placed in Petri dishes with MS medium
+ 5 mg/L 2.4 D (2,4-dichlorophenoxyacetic acid)
under sterile conditions (Laminar Box Bionom V).
After the formation of the primary callus, after 4
weeks of cultivation in the dark at +26 °C (thermo-
stat TCO-80), the photoreceptor systems were pho-
toactivated by irradiating the experimental callus
with red (RL, A = 660 nm) and blue (BL, A = 450
nm) light using Korobov LEDs for 2 weeks for 30
minutes each day. Control callus was grown with-
out irradiation. Subsequently, to anayse the afteref-
fects of photoactivation on in vitro morphogenesis,
experimental and control callus were subcultivated
onto MS regeneration medium + 2 mg/L NAA
(naphthylacetic acid) + 15 mg/L BAP (6-
benzaminopuring) + 2 mg/L kinetin and grown in
luminostat at 2 lux with a photoperiod of 16 h/8 h
(day/night) for 5 weeks. The efficiency of primary
callusogenesis, growth index (Gl), and the manifes-
tation of different pathways of morphogenetic reac-
tions were analysed. The frequency of callusogene-
sisand in vitro morphogenesis was calculated as the
ratio of explants that formed certain morphogenetic
structures to the total number of cultured ex-
plants[11]. The graphs show the mean values and
their standard deviations; the significance of differ-
ences between the control and experimental vari-
ants was calculated by pairwise comparison using
the Tukey's test at P<0.05 using Statistica 5.0 soft-
ware.

Results and discussion

The first stage of our study was to obtain
primary callus using aseptic seedlings in vitro cul-
ture. Three types of meristematic tissues were used
as explants: hypocotyl segments (1-1.5 cm in size),
cotyledon leaves, and apical root segments (1-1.5
cmin size). Tomato is easily introduced into in vitro
culture using a variety of explants [10]. According
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to the results of our experiments, it was found that
the primary callus is formed quite quickly — within
the first 7 days we observed the formation of callus
using sections of hypocotyls and cotyledon leaves,
only apical sections of roots formed callus later - at
this time (7 days after passage) the formation of
callus tissues was not yet observed. The most effec-
tive explants were hypocotyl segments, which
formed callus with a maximum frequency of 80—
100 %. Primary cotyledon leaves were aso quite
effective as explants, the frequency of callusogene-
sis was lower, but quite high at 71-90 %. Apica
segments of roots were characterised by the lowest
rates — the frequency of callusogenesis was 40—
78 %. The fastest primary callusogenesis occurred
during the first 14 days regardless of the type of
explant, and then the growth slowed down or
reached a “plateau” (Fig. 1). It should be noted that
varieties that differed in speed and type of growth
differed in terms of frequency of callusogenesis —
early ripe variety Kremenchutskyi was character-
ised by dlightly higher frequency of calusogenesis
than mid-season indeterminate by type of growth
ACE 55 VF — by about 10-25 % when using all
types of explants. No differences were found in the
morphological characteristics of callus when using
different types of explants and different genotypes
of varieties.

All formed caluses were heterogeneous,
heavily watered, actively growing, and darkly col-
oured. Thus, in the study of primary callusogenesis,
it was found that all types of explants are capable of
forming callus tissues, but with varying degrees of
efficiency. The most effective is the use of hypo-
cotyl segments and cotyledon leaves. The genotype
of the variety and the type of explant do not affect
the morphological characteristics of primary callus,
but the ultra-early variety is characterised by higher

rates of callusogenesis regardiess of the type of
explant.

Since the maximum rates of primary calluso-
genesis were characterised by callus where hypo-
cotyl segments and cotyledon leaves were used as
explants, further studies of influence of light irradi-
ation were carried out on calus of this origin. The
analysis of the growth response of callus tissue of
two tomato varieties under photoexposure with RL
and BL light showed that there are certain differ-
ences in the response of genotypes that differ in
type and growth rate under in vivo conditions. In
general, the callus culture of the indeterminate vari-
ety ACE 55 VF is characterised by growth index
values in the range of 224-288 %, which signifi-
cantly exceeds the Gl of callus of the ultra-early
variety Kremenchutskyi, which is 88-185 % for all
experimental variants regardless of the origin of the
explant (Fig. 2). A significant stimulation of the
growth response was observed in callus of the inde-
terminate variety ACE 55 VF of hypocotyl and
cotyledon origin under photoinduction of CS. Simi-
lar effects were shown in the works of other re-
searchers on many plant crops [9, 12]. Activation of
callus growth can occur due to intensification of
cell proliferation or growth by “stretching” of callus
cells or both processes simultaneoudy. The photo-
activation with BL by light did not significantly
affect the growth of callus cultures of different
origin of ACE 55 VF variety (Fig. 2). In callus of
the determinant variety Kremenchutskyi, a signifi-
cant inhibition of the growth response was shown
under RL irradiation, and under BL photoexposure
— inhibition of Gl in cotyledonous callus and no
significant effect in hypocotyl callus (Fig. 2). Pho-
toreactions in cotyledonous callus of both varieties
are more pronounced than in hypocotyl callus.

Fig. 1. Frequency of primary callusogenesis in tomato varieties contrasting in precocity depending on the type of

explant, % (m+SD, n = 14-21).
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Fig. 2. Influence of irradiation with RL and BL on the growth index of primary callus of tomato varieties
contrasting in precocity depending on the type of explant, % (m+SD, n = 14-21). C — control (darkness without
irradiation), RL — irradiation with red light A = 660 nm, BL — irradiation with blue light A = 450 nm.

Photoactivation of photoreceptor systems in
mature callus led to certain changes in their mor-
phological structure (Fig. 3). An increase in mor-
phological heterogeneity was observed; compact
and loose areas, light and dark coloured parts, mor-
phogenic foci in the form of separate numerous
inclusions or morphogenic structures were simulta-
neoudy formed in callus.

A greater degree of heterogeneity and stimu-
lation of morphogenic structures formation was
observed under the influence of BL in callus of
both varieties. In further experiments, we investi-
gated the aftereffect of photoactivation of photore-
ceptor systems on the manifestation of morphoge-
netic reactions in callus cultures of two tomato va-
rieties contrasting in growth rate and type. Calluso-
genesis in the mature callus culture of the indeter-
minate variety ACE 55 VF was most intensivein dl
experimental variants of callus of different origin.
Cdlus cultures of hypocotyl and cotyledonous
origin actively increased new callus tissues and the
frequency of callusogenesis in al variants was
100 % (Fig. 4). The processes of callusogenesis in
Kremenchutskyi variety, which is determinant by
growth type, were significantly inhibited by phyto-
chromes activation and occurred in different direc-
tions under the influence of BL in callus of different
origin. In hypocotyl calus, the photostimulation
with BL did not show a significant effect, and in
cotyledonary callus it was significantly inhibited
(Fig. 4). The same reaction was observed in the
analysis of Gl in primary callus of this variety. The
frequency of callusogenesisin the determinate vari-
ety Kremenchutskyi was significantly lower than in
mature callus of the indeterminate variety ACE 55
VF. Morphogenetic reactions under photoexposure

108

with RL and BL were significantly stimulated in
callus cultures of both varieties. The genera re-
sponse is a more significant stimulation of morpho-
genic structures formation under activation of cryp-
tochrome photoreceptor systems. The stimulation of
various pathways of morphogenesis in vitro under
the influence of RL and BL or cultivation under
monochromatic light irradiation has also been
shown in a number of experimental studies [12-14].
In our experiments, the opposite effect of photoac-
tivation with RL and BL on callusogenesis and
morphogenesis in vitro was found in the determi-
nant variety Kremenchutskyi callusogenesis is in-
hibited by photoirradiation, while morphogenesisis
stimulated. This reaction may indicate that the pro-
cesses of callusogenesis and morphogenesis are
determined by different genetic systems. Nowadays,
the analysis and search for candidate genes for
stimulating callusogenesis is becoming a new area
of molecular genetic research [15]. The indetermi-
nate variety ACE 55 VF shows a greater ability to
form and grow transplant callus culture under in
vitro conditions than the Kremenchutskyi variety
with a determinant type of growth and faster devel-
opment under in vivo conditions. It is possible that
the original donor plants characterised by a longer
vegetative or ontogenetic period are more efficient
in forming callus cultures, which may indicate cer-
tain genetic determinants that are unidirectionally
manifested both in vivo and in vitro.

Conclusions

According to the results of our experiments,
it was found that the most effective explants in both
varieties for obtaining primary callus culture are
hypocotyl segments and cotyledon |eaves.
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Fig. 3. Influence of irradiation with RL and BL on the morphologica characteristics of mature callus tissue of
tomato variety ACE 55 VF (a — darkly coloured areas; b — loose callus, ¢ — matte, compact callus, d — morphogenic

structures).
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Fig. 4. Influence of irradiation with RL and BL on morphogenetic reactions in vitro of tomato varieties con-
trasting in precocity depending on the type of explant, % (m+SD, n = 14-21). C — control (darkness without irradiation),
RL — irradiation with red light A=660 nm, BL — irradiation with blue light A = 450 nm.

The variety ACE 55 VF, characterised by an inde-
terminate type of growth in vivo, forms mature
callus with a significantly higher frequency com-
pared to the variety of determinate growth type.
Photo-irradiation with RL (660 nm) light has a
positive effect on the processes of callusogenesis
and stimulates the growth index of callus of ACE
55 VF. The activation of photoreceptor systems
through photoexposure with RL (660 nm) and BL
(450 nm) stimulates the manifestation of morpho-
genetic reactions in the mature callus culture of
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®OTOBIIJIUB YC (660 nm) TA CC (450 am) HA ITPOLECHU KAJTIOCOTEHE3Y TA MOP®OT'EHE3Y IN
VITRO COPTIB TOMATY, KOHTPACTHHX 3A CKOPOCTHUIJIICTIO

Mema. Busuenns By ¢poroonpomineHHs UC (660 M) Ta CC (450 HM) Ha pocTOBY Ta MOP(HOTCHETHYHY peaKIii
KaJIIOCiB Pi3HOTO ITOXO/PKEHHS IBOX COPTIB TOMATiB, KOHTPACTHHX 3a CKOPOCTHTIICTIO. Memoodu. Y SIKOCTI POCIMHHOTO
MaTepialy BUKOPUCTOBYBAIIM [[Ba COPTH TOMATY, IO PI3HATHCS THUIOM pocTy Ta ckopocturiictio — ACE 55 VF Ta
Kpemenuyipkuii. IlepBHHHI KallOCH OTPUMYBald uepe3 CTa/il0 aCeNTUYHUX IPOPOCTKIB, y SKOCTI EKCIUIAHTIB
BUKOPHCTOBYBaIM TPH THUIHM OpraHiB: YaCTHHU TiMOKOTHJIB, CiM’SI/IOJBbHI JIMCTKM Ta amiKajbHI YaCTUHH KOPEHIB.
Kamtocu kynpTuByBanum Ha OasanpHoMy cepenoBuini MC + 5 wmr/n 2,4 JI, B TempsiBi 3a Temmneparypu +26°C.
®oroaxruBanito YC (660 um) Ta CC (450 HM) CBITIIOM NPOBOAMIIM 32 JOMIOMOTOK CBITJIONIOAHMX MaTpuils KopoboBa.
AmarnizyBanu dactoTy mpodideparii KamociB, pocToBy Ta MOP(HOTEHETHUYHI peakilii KaarocHOI KyJbTypu in Vitro.
Pesynemamu. BcTaHOBIEHO, MO €(EKTHBHIMIUME EKCIUIAHTaMHU U OTPHUMAHHS MEPHHHOTO KaioCy € BiIpi3KH
TIMOKOTHJIIB Ta CIM’S0JBHI JMCTKH B 000X nocmimpkyBaHux copriB. Copr ACE 55 VF, mo xapakrepusyeTbcs
IHIETEPMIHAHTHUM THIOM pPOCTY e(eKTHUBHiIIe (OpMye 3pily KIOCHY TKaHWHY, HDK JETepMIHAHTHUH COpT
Kpemenuynpkuii. @orosmms YC (660 HM) cTumymoe pocToBy peakiiro kairociB copty ACE 55 VF. Ilokazano, mo
onpomineHHss YC ta oco6nmmBo CC akTHBYIOTH NPOSB MOP(OTEHETHYHUX PEaKIiil y Kamocax 000X copTiB. Bucnosku.
Hnst peanizanii pisHHX ULUIIXiB MopdoreHesy in Vitro HeoOXimHO BpaxoBYBaTH THI POCTY iN ViVO. AKTUBaLis
doropenenroprux cuctem YC ta CC y mepecaakoBiii KaqrOCHIH KyJIbTypi CTUMYITIOE TIpoiiecH MOpdoreHesy in Vitro.
Kmiouosi cnosa: Lycopersicon esculentum Mill., mBuakicts Ta THII pOCTY, KaTlOCHA KYJIBTYpa, OMPOMIHEHHS CBITIIOM,
YC 660 um ta CC 450 um, pocToBuit iHmekc, Mopdorenes in vitro.
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