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Development of soybean somatic
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ABSTRACT

Soybean (Ghyine max (L.) Merr. cv. 'Primorskaya 28') plantlet development from
somatic embryos (embryoids) under different spectra was studied. Light irradiation
with intensity of 48 pmol/(m*s) was generated by LEDs (light emitting diodes)
with vatious spectra: cold white (CW), white (W), warm white , full spectrum
(FS, 450 nm and 660 nm), red (R, 630 nm), blue (B, 440 nm), and sun box (SB, close
to the sun spectrum at wavelength range 440—660 nm). Fluorescent lamps were
used as a control illumination (K). Our results showed that experimental LED lights
with different spectra possessed the dpotential to positively affect the development
of soybean plantlets from embryoid phase to a full-fledged plantlet, ready to be
transferred into soil. The best effect was observed for the FS, which provided de-
velopment of the highest plantlets. SB lifght was promising after one month of
cultivation, but provided no significant differences in plantlets growth at the end of
the experiment. A tendency to the lower growth was observe§ for plantlets under
CW, \55, WW, and K. Red light did not provide notable shoot elongation, as was
sup%osed to. Investigations will be continued to clarify and refine the obtained data
on the effect of light spectra on soybean plantlet development from embryoids.

Keywords: Glycine max, embryoid, in vitro, plant growth, artificial light, light emitting
diodes, different spectra

PE3IOME

Muxeepa A.B., Hakoneunaa O.B., Cy66orun E.I1., I'pumenxo O.B.,
T'adunxaa M.B., Kyapunn FO.H. Pazsurne comatnyecKkux sMOPHOHUAOB
COU IIOA Pa3AMYHBIMU CHEKTpaMH cBera. lsyueno passmrue mMmkpopacre-
it cou (Glhycine max (L..) Merr. copr «IIpumopcxkas 28»15 M3 COMATIYCCKUX 3a-
POABIIIEH (9MOPHOMAOB) IIPH HCIIOAB3OBAHNN PA3AMYHBIX CIICKTPOB OCBEIIIE-
HuA. AA 3KCIIEPHMEHTA HCIIOAB3OBAAHM ITOAHXPOMHBIE CBeTOAHOAHBIE (CA)
HCTOYHHKH C HHTCHCUBHOCTBIO OCBeIIeHMs 48 MKMOAB/ (M?*C) I € pasAMYHBIMI
crexTpamir: XOAOAHBI Oeantit (CW), 6eanrit (W), Terabni 6eanrii (WW), moa-
meiii cektp (FS, 450 um u 660 Bm), kpacusii (R, 630 uwm), curmit (B, 440 mm)
¥ COAHEUHBIN DOKC (SB, crekTp OAM3OK K COAHEYHOMY CIIEKTPY B AMAIIA30HE
aanH BoAH 440-660 mm). B kauectBe korTpoarHoro ocsemenus (K) mcrroasb-
30BAAN AFOMUHECIIEHTHBIE AAMIIBL. PE3YABTATBI HMCCAEAOBAHUSA IIOKA3AAM, UTO
SKCIICPUMEHTAABHBIC CBETOAHOAHBIC AAMIIBI C PA3ANYHBIME CIIEKTPAMHU ODAa-
AAFOT ITOTEHITHAAOM IIOAOKHTEABHO BAUATH HA PAZBUTHE SMOPHOMAOB COM AO
ITOAHOIIEHHOTO MHKPOPACTCHNSA, TOTOBOTO K IIepeHOCYy B mouBy. Hamaydrmii
acgcpem HAOAFOAAACA Y MEKPOPACTEHIH, BEIPAIIIEHHBIX TIOA HCTOYHHUKOM CBETA
IS, obecrreqnBIimm pasBuTHE CaMBIX BRICOKHX pacteHnii. CBeT cBeTrAbHIKA SB
OBIA ITEPCIIEKTHBHBIM B TEICHUE IIEPBOIO MECAIA KYABTUBUPOBAHNA, HO HE 00e-
CIICYHA 3HAYUTEABHBIX OTAHMYNI B POCTE IPOPOCTKOB B KOHIIE SKCIICPUMECHTA.
TeHACHIIUA K HU3KOMY POCTY HAOAFOAAAACH Y IIPOPOCTKOB B YCAOBHAX BAPHAH-
ToB Geaoro ceera (CW, W, WW u K). KpacHsiif cBer He obecrieanBaA 3aMETHOTO
VAAMHEHHA ITOOETOB, KaK IPEAIIOAAraroch. FlccAeaoBaHIA OYAYT ITPOAOAKEHDI
AASl yTOIHCHHUSA 1 AOITOAHCHISA TIOAYICHHBIX AAHHBIX O BAHAHIN PA3HBIX CIICK-
TPOB OCBEINEHHA HA PA3BHTHE IIPOPOCTKOB COM M3 COMATHYECKUX 3APOABIIIICH.

Karouessre caosa: Glycine max, SMOPUOUA, i1 vitro, POCT PACTEHUIA, CBETOAHOABL, PA3HBIC
CIICKTPEI

In the world agricultural production soybean (Ghveine
max (L) Mert.) is one of the main legumes. With the help
of this culture a problem of producing vegetable protein of
full value has been solved.

It is a self-pollinated species with low genetic variation.
The latter can be expanded by induction of somatic em-
bryogenesis, i.e. the formation of embryoid structures (em-
bryoids or somatic embryos) in the cell culture without any

©Botanical Garden-Institute FEB RAS. 2021

additional mutagens. Somatic embryogenesis is a process of
a plant development from a single haploid or diploid soma-
tic cell through characteristic embryological stages without
gamete fusion (Williams & Maheswaran 19806). Regenerated
plants are considered to be clones, differing at the same time
from the parent plant by one or several characters (Larkin
& Scowcroft 1981).

Theliterature data on the G. zax embryoids development
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under different illumination spectra are fragmentary. A
compatison of soybean plant growth under light-emitting
diodes (LEDs) illumination with different emission spectra
(white and blue-red spectra) was conducted previously
(Ushakova et al. 2016). According to the results, the effect
of different light spectra on plant growth was cultivar-spe-
cific, and red-blue light cither did not influence plant de-
velopment, or resulted in total plant biomass and seed num-
ber decrease, compared to the plants grown under white
LEDs (Ushakova et al. 20106).

Bonacin et al. (2000) studied the embryogenic capability
of five soybean cultivars (Renascenca, IAS-5, IAC-17, BR-
16,and FT-Cometa) at different light intensity, auxin concen-
trations, and medium pH. The results showed the influence
of genotype on somatic embryogenic capability of each
cultivar; three cultivars appeared to be more embryogenic,
than others (BR-16, FT-Cometa and IAS-5). No significant
differences in somatic embryo production were observed
depending on the light intensity. The interactions light X
pH, auxin X pH, and cultivar X pH were significant for
ebryogenesis (Bonacin et al. 2000).

Investigation of soybean plantlet development from
somatic embryos iz vitro under mono- and polychromatic
radiation using the LEDs was the aim of our reseatch, in
order to find the optimal spectrum for development of full-
fledged plantlets.

MATERIAL AND METHODS
Plant material and culture conditions

Soybean cultivar 'Primorskaya 28' was used for the expe-
riments. Immature cotyledons were used to induce somatic
embryogenesis. The immature beans were selected 7-14
days after flowering (Fig. 1). They were surface sterilized for

Figure 1 Immature seed from pod and somatic embryos of Gheine max (L.)
Merr. A — immature seed from pod; B — truncated immature cotyledon (explant);
C — somatic embryos (or embryoids) with normal and abnormal morphologies;
D — somatic embryos selected for the experiment in the cotyledonary stage of
development. Scale bar = 0.25 cm

5 min in 70 % ethyl alcohol and at 0.1 % Diocide solution for
5 min, followed by three washes in sterile distilled water after
each treatment. Then, under aseptic conditions, the bean was
cut and the seminal membrane of the seed was removed. At
this stage of development, the cotyledons should be light
green, not transparent and not dull. Immature cotyledons
were isolated according to the Lazzeri technique (Lazzeri
et al. 1985), cutting off the embryonic axis. Cotyledons
(explants) up to 5 mm long were placed on nutrient medium
containing vitamins, macro- and micro salts according to the
MS prescription (Murashige & Skoog 1962).

Embryogenesis was induced by phytohormone 2,4-di-
chlorophenoxyacetic acid (2,4-D) at concentration of
20 mg/L. Test tubes with explants wete placed in a culture
room under controlled conditions — 25 * 1°C, relative hu-
midity 50 %, 16/8 h day/night photopetiod, illumination
48 pmol/(m*s) (2500 lux). After 30 days of cultivation, the
explants with proembryonic cell complexes were transferred
to a hormone-free growth medium (MS). Somatic embryos
on cotyledonary stage of development were selected for the
experiment and placed in boxes with different LEDs. Length
of the plantlets was measured after one and two months
of culturing, Growth index was calculated as 1-month-old
embryoid height/initial embryoid height ratio for one-month-
old embryos, and 2-month-old plantlet height/1-month-old
embryoid height ratio for two-month-old plantlets.

Light conditions

Light irradiation with the intensity of 48 pumol/(m*s)
was generated by LEDs with vatious spectra: cold white
(CW)), white (W), warm white (WW), full spectrum (IS,
450 nm and 660 nm), red (R, 630 nm), and blue (B, 440 nm)
(Fig. 2). Three variants of white light sources had the first
emission maximum at approximately 440 nm
corresponding to blue light, with different
intensity for each type of white light. The
second maximum corresponded to green-to-
red spectrum within the wavelength range of
540—630 nm. Fluorescent lamps OSRAM L
36W /765 were used as control illumination (K)
in the same climate conditions and photoperiod
(16/8 h). An innovative LED light soutce sun
box (SB) simulating the solar spectrum in the
wavelength range of 440—660 nm was also used
(detailed description in (Subbotin et al. 2018).

Statistical analysis

The data were processed using Statistica
ver. 13.3. The results are represented as the
means T standard errors of means and were
tested by a paired Student’s t-test and by ana-
lysis of variance (ANOVA), where statistical
significance of differences between means was
tested using Fishers test. A difference of p <
0.05 was considered as statistically significant.

RESULTS AND DISCUSSION
The results showed that plantlets grown

from embryoids differed in growth rates during

two months of cultivation, depending on the
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light spectrum. The initial appearance of somatic embryos
is shown in Fig. 3A. One-month-old somatic embryos and
two-months-old soybean plantlets are shown in Fig, 3B, and
Fig. 3C-3D, respectively.

During the first month of cultivation embryoids under
ES spectrum were characterized with the highest growth
rates, and were reliably higher than the embryoids exposed
to K, CW, W, WW; and R spectra (Fig. 4). No difference was
observed between these embryoid groups. Higher growth
rate was also observed for embryoids exposed to SB spect-
rum with the growth increase coefficient of 1.8, against
the data on the intact embryoid height, though it was not
confirmed statistically.

Surprisingly, the lower growth rates were found for so-
matic embryos grown under R and B spectra—1.62 and 1.59,
respectively (Fig. 4). Formation of one, sometimes two and
three roots and the first true leaves was found in plantlets
grown under R and B spectra, as well as under
ES, by the end of the first month of cultivation.

Soybean somatic embryos under different LED spectra

(590 nm), or combinations red:blue or red:blue:green. It
was shown that combination of ted:blue waves produced
stronget, shorter tomato plants, while seedlings grown only
under red LEDs had the longest hypocotyl.

In our experiment, the FS light, which can be considered
as blue:red combination, also provided the best growth of
soybean plantlets from somatic embryos, as compared to
other light variants. Single red and blue lights did not pro-
vide any noticeable effect on plantlet development from em-
bryoids and did not cause elongation or shortening of hy-
pocotile, comparing with the control group. These data are
in agreement with previously shown by Ushakova and col-
leagues for several soybean cultivars (Ushakova et al. 20106).

It is obvious that during the first month of cultivation
spectral peculiarities of the white light sources (blue:green-
red ratios) appeared to be insufficient for intensive soybean
plantlet growth from embryoids. Monochromatic R and B

Lower growth rate was observed in embryoids
exposed to polychromatic spectra CW, W, W
and K. The height increase coefficients were
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slow down, comparing with the growth inten- Figure 2 Spectra of LED light sources. K — white fluorescent, SB — sun box, CW

ities duri he fi th of cultivati — cold white, W — white, WW — warm white, FS — full spectrum (450 nm and 660
sities during the first month of cultivation. am), R — red, B — blue light

By the end of the experiment, the develop-
ment of real leaves and roots was observed in
plantlets of all experimental groups, but their sizes
were larger for plantlets under R and FS lights
(data not shown). Soybean plantlets that success-
fully developed from embryoids during the expe-
riment, were adapted enough to be transferred
into soil (Fig, 3C).

It is known that the spectral composition of
light has a noticeable effect on organogenesis,
with different wavelengths being more active at
certain stages of organogenesis. For example,
blue part of the spectrum contributed to shoot
formation in callus of tobacco, while root
initiation in Jerusalem artichoke callus occurred
more intensively under red light (Timofeeva &
Rumyantseva 2012). Blue area of the spectrum
is necessary to minimize the elongation of
hypocotyls and petioles of lettuce seedlings, and
is probably also necessary for any plants that
grow due to the expansion of the hypocotyl and
stem (Hoenecke et al. 1992). Liu et al. (2011)

evaluated the response of Cherry tomato Figure 3 The somatic embryos of Ghine max (L) Mert. growth under different
seedlings to vatious illumination spectra: red hﬁrht c((j)ndmons A —atthe be%1ngnn]§ ofﬁtlhﬂe efxperlrcrllexllt 3 onfe rno]?th laterhundeé‘

the red spectrum as an example; C, D — fully formed plantlets of soybean at the en
(650 nm), blue (450 nm), green (520 nm), yellow of the experiment. Scale bar = 0.5 cm
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light sources appeared to be also less effective in promoting
plantlet development, than FS.

The difference of the FS light, in comparison with the
white light varieties, is that the second emission peak is
shifted to the red area, and includes wavelengths from 630
to 730 nm, absent in the white lights spectra. As the CW,
W, WW, and FS light variants have the first emission peak
at the same wavelength, we can propose that the second
red peak in the FS is responsible for the effect on soybean
plantlet development.

Our experiments will be continued to find out more on
the influence of the different spectra on soybean embry-
oid development, as the use of various lights instead of
luminescent light seem to positively affect the plantlet tran-
sition from the embryoid phase to the phase of full-fledged
plantlet ready to be transferred into soil.

CONCLUSIONS

The study of soybean (Ghcine max (L) Mert. cv. "Primort-
skaya 28" somatic embryoids development under different
spectra revealed that embryoids differ in growth rates du-
ring two months of cultivation, depending on the light
spectrum. The plantlets under FS were characterized with
the maximal height at the end of the experiment, showing
that spectrum composition of the FS light source, with the
presence of the red-far red wavelengths, in particular, was
preferable for soybean plantlets growth among other light
sources. Red LED showed no stimulating effect on plantlet
growth. It seems that light with different spectra can be a
potential non-chemical agent promoting the development
of soybean somatic embryos into viable plants. Further
studies will be conducted.
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