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ARTICLE

The Effects of Temperature, Light and Moisture on the Seed Germina-
tion of Siphonostegia chinensis Benth.

Shuaiqun Fan Kaiyu Qin Jingping Li Qinggui Zhang Fenguo Zhang Yongji Wang
Shanxi Normal University, Linfen, Shanxi, 041004, China

ARTICLE INFO ABSTRACT

To explore the optimum temperature, light intensityand water conditions
for seed germination of Siphonostegia chinensis Benth.,seed germination
experiment were carried out under different temperatures (5/15, 10/20,
15/25, 20/30 C ), different light intensity (14h light/10h darkness, com-
plete darkness) and different concentrations (0%, 5%, 10%, 15%, 20%)
of PEG-6000 solution. In terms of concentration, 5% PEG was regarded
as the low level, 10% and 15% as the medium level, and 20% as the high
level. The results showed that (1) Germination rate, germination poten-
tial, and germination index were increased with the rise of temperature.
In addition, seed germination was significantly higher under the dark con-
ditions than that with the 14h light/10h darkness. (2) No seed germination
occurred when the temperature was below 10/20 °C at 14h light/10h
darkness. (3) Under 14h light/10h darkness, the germination rate, germi-
nation potential and germination index first increased and then decreased
with the increase of PEG concentration. The low concentration was more
beneficial to the seed germination. (4) Under the condition of complete
darkness, the germination rate, germination potential and germination
index decline with fluctuation with the increase of PEG concentration.
Seed germination of Siphonostegia chinensis Benth. was inhibited in high
concentration of PEG.

Article history

Received: 21 May 2019
Accepted: 3 June 2019
Published Online: 30 July 2019

Keywords:

Seed germination
Siphonostegia chinensis Benth
PEG-6000

Drought dress

1. Introduction may be three types, such as stimulation, inhibition and

no significant effect **'. Therefore, the response of seeds
ight intensity has a great impact on seed germina-

tion of plants and seedling growth, which is a key
environmental factor on population regeneration

to light can be used as a signal factor to indicate the ap-
propriate environment for germination “”. In addition,

temperature and water are two key ecological factors for

of plants. The germination of plant seeds is the adaptive germination, especially for plants in arid and semi-arid

[8]

response to specific lighting conditions'". According to the regions ¥/

different responses to light in the seed germination pro-
cess, the seeds can be divided into positively photoblastic
seeds, negatively photoblastic seeds and non-photoblastic

seeds ! The effect of light on plant seed germination

*Corresponding Author:

Yongji Wang,

Shanxi Normal University, Linfen, Shanxi, 041004, China;
Email: wangyongjil26@126.com

Distributed under creative commons license 4.0

Siphonostegia chinensis Benth, a species of Scrophula-
riaceae, Siphonostegia, is an annual herb, with the height
of 30-80 cm. With an opposite leaf arrangement, flowers
are arranged opposite on the upper part of stems and

DOI: https://doi.org/10.30564/jrb.v1i2.861 1
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branches, being loose racemes'”. It has two lips on corolla,
with the upper lip slightly purple and the lower lip yellow.
It is widespread in China, such as dry mountain slopes and
grasslands at 800-3400 m above sea level in the northeast
China, central China, southern China, northern China, In-
ner Mongolia, southwest China. It is also found in Japan,
South Korea, and Russia. Its entire parts have high me-
dicinal value. Long-term gathering of wild plants leads to
a sharp decline in the number of wild plants. The species
have disappeared in some regions'”. Therefore, the study
of optimum germination conditions and growth environ-
ments of its seeds is of great value and significance. How-
ever, current research on Siphonostegia chinensis Benth.
has focused on the study of chemical composition and the
comparison of plant composition in southern and northern
regions. Little research has been reported on the optimum
germination and screening of growth conditions for the
seeds of Siphonostegia chinensis Benth. On the basis of
the background, the seeds of Siphonostegia chinensis
Benth. were used as the primary materials in this study.
Data of germination under different conditions (tempera-
ture, light, and water) were analyzed through filter paper
germination method in Petri dishes to provide reference
data for the study of optimum growth environment condi-
tion of germination, artificial planting, and introduction,
thereby enlarging the application range of Siphonostegia
chinensis Benth. and improving its economic value.

2. Materials and Methods
2.1 Experimental Materials

The experimental materials in this study were obtained
from mature seeds of Siphonostegia chinensis Benth. in
Huo Mountain (36°43'00" — 36°25'50” N, 111°47'15" -
112°2'46" E), Huozhou, Shanxi, China in October 2017.
The mountain is located in the metamorphic zone formed
2.5 billion years ago. It has a warm temperate semi-humid
continental monsoon climate. Its main characteristics are
hot and less precipitation in summer, cold and dry in win-
ter. The seeds were treated cleanly and placed in a 5 °C
freezer for storage !'"'Y. Healthy and full seeds with the
uniform size were randomly selected as the experimental
subjects in the study.

2.2 Experimental Methods

2.2.1 Seed Morphology Observation and Thou-
sand Grain Weight Determination

Healthy and full seeds with the uniform size were ob-
tained to determine the physical properties of seeds, such
the thousand grain weight, length, and width. A total of

2 Distributed under creative commons license 4.0

250 seeds were randomly selected to weigh on an analysis
electronic balance with the readability of 0.001 g""*'*. The
experiment was replicated 4 times. The final mean of 4
sets of data was used as the thousand-seed weight value of
Siphonostegia chinensis Benth.

2.2.2 Different Temperature and Light Treatment

While performing the experiment, 25 seeds were placed
evenly in each disposable petri dish with a diameter of 90
mm and two layers of sterilized filter paper. All Petri dish-
es were numbered and four temperature gradients5/15 C .
10/20 C. 15/25 C. 20/30 C were set. In the meantime,
two light treatments (14h light/10h darkness and complete
darkness) were carried out at each temperature, with 4
repetitions per treatment. During the test, 2 mL of distilled
water was added to each Petri dish to keep the filter paper
moist in the Petri dish. In a set of repeat experiment, 4
Petri dishes were loaded into transparent zip-lock bags
(1415191 petri dishes in the dark treatment were loaded into
the opaque aluminum foil bag. All bags were placed in the
monitoring-temperature incubators for culture. All the ex-
periments were set to observe and record the germination
situation at the same time every day from the 2nd day of
the experimental layout. Radicle breaking through 2 mm
of the seed coat was regarded as the germination standard
171 1f moldy seeds were found, the seeds were picked
out with disinfectant tweezers and recorded in time during
the test period, avoiding contaminating other seeds ',
If seed germination was not seen for 3-4 consecutive days
after the germination period, it was regarded as the end of
the germination experiment. The vitality of the seeds was
determined after the end of the experiment. The remaining
seeds were gently pressed with tweezers under the micro-
scope. If the seeds were hard, they were regarded as ac-
tive species, and vice versa were non-active seeds. Active
seedswere continuously cultured under the corresponding
light and temperature conditions *'**\. The experiment
was terminated when the seeds were not germinated for
two consecutive days. Finally, data were counted and ana-
lyzed to obtain the optimum environmental conditions for
stimulating germination *****,

2.2.3 Different Moisture Gradient Treatment

According to the first round of experimental data, the tem-
perature conditions with the highest germination rate and
the fastest germination speed were selected. Under con-
ditions of optimum constant temperature, 14h light/10h
darkness and complete darkness, Petri disheswere cultured
in different concentrations (0%-. 5%+ 10%-. 15%.

20%-+ 25%) of PEG-6000 to simulate water treatment.

DOI: https://doi.org/10.30564/jrb.v1i2.861
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After marking the number, the media were cultured in the
constant temperature incubator, the germination data are
counted at the same time every day. During the test, the
media were changed once two days to prevent the change
of the medium concentration, seed mildew, or inaccurate

experimental results ***7

2.3 Determined Indexes

Germination percentage (%;) =total number of germina-
tions / number of seeds testedx100%;

Germination energy( %; )=total number of germination
peak / number of seeds testedx100%;

Germination index (GI) = Z( Gt/ DD

Note: Gt(daily germination), Dt(the corresponding number of days of
germination)

2.4 Data Processing

Microsoft Excel was used to perform statistics and cal-
culation for the germination rate, germination potential,
and germination index of seeds of Siphonostegia chinen-
sis Benth. The variance, standard error and single-variable
analysis were conducted with SPSS17.0 software. The
significant differences between the factors were compared
and the difference map was drawn by Microsoft Excel.

3. Results and Analysis

3.1 Thousand Seeds Weight, The Length and the
Width of Seed

Thousand seeds weight 0.077+0.006g, seed length
(1.019+0.062cm), seed width0.583+0.037cm.

3.2 The Impact of Light Duration on the Seeds of
Siphonostegia chinensis Benth. under Different
Temperature

The germination rate, germination potential and ger-
mination index of the seeds of Siphonostegia chinensis
Benth. showed obvious difference under the condition
of 5/15 °C,10/20 °C,15/25 °C,20/30 °C, 14h light/10h
darkness, and complete darkness. Under the condition of
14h light/10h darkness, the seeds of Siphonostegia chin-
ensis Benth. were not germinated in the 5/15°Cand 10/20
°Ctemperature range. With the same light, the germina-
tion rate, germination potential and germination index
increased with the increase of temperature in 15/20 °Cand
20/30 °Ctemperature range. Under different light duration
in 15/20 °Cand 20/30 °Ctemperature range, the difference
between the germination rate, germination potential and
germination index of Siphonostegia chinensis Benth. were
statistically significant. In addition, the germination rate

Distributed under creative commons license 4.0

in the complete darkness was significantly greater than
that of 14h light/10h darkness, indicating that high tem-
perature and dark conditions were more suitable for seed
germination of Siphonostegia chinensis Benth.

3.3 The Impact of Light Duration on the Seeds of
Siphonostegia chinensis Benth. under Different
PEG

Under the light duration of 14h light/10h darkness, the
germination rate, germination potential, and germination
index of Siphonostegia chinensis Benth. increased first
and then decreased with the increase of PEG concentra-
tion. Among which, each index was the maximum at 5%
of PEG concentration; differences of the indexes were sta-
tistically significant with 10% and 15% of the PEG con-
centration. Under the condition of complete darkness, the
germination rate, germination potential, and germination
index of Siphonostegia chinensis Benth. showed a fluctu-
ating trend with the increase of PEG concentration. With
the same light condition and 20% of PEG concentration,
the seeds of Siphonostegia chinensis Benth. were not ger-
minated. It demonstrated the low drought tolerance ability
of Siphonostegia chinensis Benth.

4. Discussion and Conclusion

Seed germination requires environmental factors such
as suitable water, oxygen, temperature or light. The
environmental conditions required for different seed
germination are various. The effects of different envi-
ronmental factors diverse from each other, but they are
related to each other and affect the life activities of seeds
in an integrated way. Different plant seeds have various
requirements for temperature conditions. Seedshave ac-
tive metabolic reactions during germination. Therefore,
in a certain temperature range, the germination process
stimulates with the increase of temperature, whereas
too elevated temperature results in denaturation in some
living active substances, such as enzyme degeneration,
and then it has a negative effect on germination. The
experimental results showed that the germination rate,
germination potential, and germination index of Sipho-
nostegia chinensis Benth. were on the rise with the in-
crease of temperature. the germination index reached the
highest under 20/30 °C, and seed germination indexes of
Siphonostegia chinensis Benth. under all dark conditions
were significantly higher than that of 14h light/10h dark-
ness. Seeds of Siphonostegia chinensis Benth. were not
germinated at 10/20 °Ctemperature. This result is similar
to the study results of Zheng et al. ondrtemisia sphaero-
cephala.

DOI: https://doi.org/10.30564/jrb.v1i2.861 3
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Light is a key factor affecting seed dormancy, which
is mainly controlled by the far original red-light absorp-
tion photosensitizer (Pfr) and red-light absorption pho-
tosensitizer in the seed ***’\. The effect of light on seed
germination is different because of different threshold
requirement of original Pfr content to the Pfr/Pr. Quiros et
al. proposed that the light cycle demand for the growth of
the Lepidium meyenii was not clear. In the origin of Lep-
idium meyenii, the daytime was less than 13h during the
growth, indicating that it may be a short-day or mid-day
plant. This study showed that seed germination indexes of
Siphonostegia chinensis Benth. undercomplete dark con-
ditions were significantly higher than that of 14h light/10h
darkness. However, under the condition of drought, the
germination rate, germination potential and germination
index of Siphonostegia chinensis Benth. firstly increased
and then decreased at 14h light/10h darkness, and the low
concentration was more conducive to the seed germination
of Siphonostegia chinensis Benth. The germination rate,
germination potential, and germination index of Siphonos-
tegia chinensis Benth. under all dark conditions showed a
fluctuating decline trend, inhibiting the seed germination.

Moisture is an important factor affecting seed germina-
tion. Because the seed coat permeability of each species
and the water absorption of seed internal components
are quite different, seed germination of each species is of
great difference in the water potential of the environment,
and the minimum moisture required for seed germination
of different plants is also various. Some studies showed
that the seeds of some species could not germinate when
the concentration of PEG-6000 was higher than 15%.
Wild chrysanthemum seeds could not germinate when
the concentration of PEG-6000 was greater than 20%
BO31321 1n this study, it showed that the germination rate,
germination potential, and germination index of the seeds
of Siphonostegia chinensis Benth. firstly increased and
then decreased with the rise of PEG concentration and
14h light/10h darkness. The low concentration was more
conducive to seed germination of Siphonostegia chinen-
sis Benth. The germination rate, germination potential,
and germination index of Siphonostegia chinensis Benth.
under all dark conditions showed a fluctuating decline
trend with the rise of PEG concentration. Under the high
concentration and drought condition, the seed germination
was inhibited.

In conclusion, suitable water, temperature, and light
are key techniques for seed germination of Siphonostegia
chinensis Benth. This result provides a scientific reference
and an effective way for the protection and rational de-
velopment and utilization of introduction and cultivation
of Siphonostegia chinensis Benth. as one of wild Tradi-

4 Distributed under creative commons license 4.0

tional Chinese medicine resources Furthermore, there are
diverse factors affecting seed germination and seedling
growth of Siphonostegia chinensis Benth., which need to
further study.
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Supplements

Tablel. The impact of light duration on the seeds of Si-
phonostegia chinensis Benth. under different temperature

tempera- | Light time/ | Germination | Germination | Germination
ture/ C h-d-1 percentage energy index
5/15C 14 0.00+£0.00d | 0.00+0.00e | 0.00+0.00¢
10/20C 14 0.00+0.00d | 0.00+0.00e | 0.00+0.00¢
15/25C 14 8.2543.69d | 7.00+2.00d | 0.26+0.14d
20/30C 14 28.50+4.73¢ | 15.25+3.60c | 0.96+0.16bc
5/15C 0 0.00+0.00d | 0.00+0.00e | 0.00+0.00¢
10/20C 0 0.00+£0.00d | 0.00+0.00e | 0.00+0.00c
15/25C 0 42.00+12.44b | 22.00+5.16b | 1.24+0.44b
20/30C 0 67.00+8.87a | 40.00+8.64a | 2.15+0.36a

Table 2. The impact of light duration on the seeds of
Siphonostegia chinensis Benth. under different PEG

PEG concen-| Light | Germination | Germination | Germina-
tration/% |time/h-d’| percentage energy tion index
0 14 28.50+4.73¢c | 15.25+3.59bcd | 0.96+0.16bc

5 14 46.00+15.49b | 24.00+£9.80b | 1.07+0.37b

10 14 39.00+£16.13bc| 22.00£12.44b | 0.98+0.43bc

15 14 11.00+3.83de | 7.00+2.00cde |0.28+0.93de

20 14 5.00+3.83¢ 4.00£3.27de | 0.12+0.94¢

0 0 67.00£8.87a | 40.00+8.64a | 2.15+0.36a

5 0 37.00+12.38bc| 19.00+8.25bc | 0.82+0.29bc

10 0 41.00+11.49bc| 19.00+8.25bc | 0.95+0.29bc

15 0 26.00+15.49¢d| 16.00+10.83bed | 0.59+0.37cd

20 0 0.00+0.00e 0.00+0.00e | 0.00+0.00e
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Figure 2. The germination energy impact of light duration
on the seeds of Siphonostegia chinens is Benth. under
different temperatures.

Note: Each bar represents the mean of three replicates; bars with differ-
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various treatments at p < 0.05 (Tukey test).
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ent lowercase letters are significantly different from each other under
various treatments at p < 0.05 (Tukey test).
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various treatments at p < 0.05 (Tukey test).
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various treatments at p < 0.05 (Tukey test).
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1. Introduction

eeds are an important stage in the life history of
a plant, and an important time for the study of
drought resistance of the plant " The germination
rate, germination potential and germination index of the
seeds mirror the germination speed, uniformity and the
strength potential of seedlings, all of which declined dra-
matically with the increasing of drought stress intensity
3 Under the action of severe drought stress (over 15%),
the seed germination rate was extremely low, implying
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With polyethylene glycol (PEG-6000), of 0% (CK), 5%, 10%, 15%, 25%
used to simulate drought stress, and CaCl2 concentration 0 (CK), of 15,
20, 25 and 30mmol/L as ion gradient of exogenous calcium, the effects of
drought, exogenous calcium and the interaction between the two on the
Datura seed germination, so as to explore the optimal application amount
of exogenous calcium to ease the suppression of drought stress on Datura
seed germination. The results showed that the germination rate, germi-
nation potential and germination index of the Datura seeds were signifi-
cantly lower than those of the control group. Under the normal moisture
condition, exogenous calcium of moderate and low concentration had
no significant effect on the Datura seed germination, while that of high
concentration showed an inhibitory effect on the seed germination. Under
drought stress, with the increasing concentration of exogenous calcium,
the three indicators of Datura seeds showed a trend of increasing first and
then decreasing. When the exogenous calcium had the concentration of
20 mmol/L, all the indicators of seed germination reached the maximum
value, while showed a downward trend when exogenous calcium con-
centration was 25-30 mmol/L, and even increasingly sharp with drought
intensifying. Therefore, in the production and utilization of Datura, 20
mmol/L of exogenous calcium can be used to soak seeds before sowing to
improve the emergence rate under low and moderate drought conditions.

that even if the seeds were germinated, the growth of the
seedlings was significantly inhibited, showing that it is
feasible to study the drought resistance of Datura with
PEG solution of different osmotic potential gradients to
simulate drought stress .

33.6 percent of the land area on earth is arid or semi-
arid. Years of research data show that among the meteo-
rological disasters in China, drought influences as much
as half the national territorial area, more seriously than

flood(27.8%) . In the blue book of China’s Science and
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Technology, drought is listed as top of climate disasters
in China. Since the beginning of the 21st century, drought
occurs every year in China, different in impact scope and
severity, but seasonal drought occurs almost yearly .
Compared with the second half of the 20th century, the
frequency of drought has increased significantly, and the
average area affected by drought remains almost the same,
but the percentage of the disaster area has increased "),

Since Shanxi Province is home to limestone resources
1 plus the requirements of national development, moun-
tain quarrying has become an important economic source
in parts of Shanxi Province. However, because of the fact
that the quarrying technology is not advanced, the policy
provisions are not strict enough, with excessive pursuit
of economic benefits, over-exploitation and the like in-
appropriate actions, the regional ecological environment
has been dramatically damaged. There lies a decline in
biodiversity, serious soil erosion, environmental pollution,
broad distribution of bare rock, etc "*'". The exposed
quarries and quarrying wasteland will lead to intensified
soil erosion, loss of species diversity, waste of resources,
reduced vegetation cover, and the like problems !'>'>',
However, with a further increase in the demand for lime-
stone, the mining scale is expanding year by year, and
problems like environmental damage becomes increas-
ingly prominent, so is the difficulty of rectification. The
recovery management of limestone after mining is urgent
(%1 In the process of ecological restoration, the selected
species need to show good adaptability to the soil envi-
ronment with high calcium.

In recent years, the impact of the mining of such lime-
stone mountains on the environment in Shanxi Province
has been studied by many experts and scholars, who try
to solve the environmental problems in limestone lands
through a scientific method and approach """, Unfortu-
nately, there has been no mature theoretical and technical
standard for this technology. In the restoration project,
imported plants like Bermudagrass, Chloris virgata, and
alfalfa are adopted. These plants have various problems,
such as their ability to adapt to the slope habitat and the
distinct climate of the Loess Plateau, their shortcomings
of single variety, poor resistance against diseases, popu-
lation degradation, potential threat to the native species
and so on !">'"*"**°?122 ‘However, there is less report on the
restoration of limestone mountains with native species.

Datura stramonium Linn. can be seen throughout the
country. As a herb or suffruticose therophyte, Datura
grows well in places with abundant light. Since it is a he-
liophyte, it has a strong adaptability to the environment,
with low requirements for soil conditions ******° If there
is a piece of soil rich in organic matter and calcareous,

Distributed under creative commons license 4.0

Datura can live here quite well. The Chinese herbal med-
icine field has not only developed a long history, but also
has won a good reputation at home and abroad. As one of
the traditional Chinese herbal medicines in China, Datura
has been recognized and applied for a long time. Its seeds
can be used to treat diseases like insomnia and headache,
its leaves can be used to treat asthma, its flowers can be
used for cough relieving, and furthermore, its flowers also
have a positive effect in drugs cessation, especially for the
elimination of heroin, which can effectively reduce the
relapse of drug addicts *"*****” The Datura flower is rel-
atively large, with a high ornamental value for a brightly
beautiful color, tubular flower buds and a funnel-shaped
corolla, so it plays an irreplaceable role in gardening, ur-
ban greening construction, environment beautifying, soil
conditions improvement, etc. What’s more, Datura has
volatile oil with complex components, which can be used
to make green pesticides, so it is of great value in agricul-
ture and forestry **'%34,

The materials collected in this experiment are located
in the limestone area of Huoshan, Linfen City, Shanxi
Province, where it is dry, with low precipitation and many
calcium ions. Therefore, the effects of different PEG and
calcium chloride concentrations as well as the interaction
of PEG and calcium chloride on seed germination can be
explored™*° thereby providing references and a theo-
retical basis for the reproduction of native Datura and a
scientific basis for the germination conditions of Datura
seeds. In addition, it can also provide references for the
improvement of the ecological adaptability and ecological
restoration of Datura.

2. Materials and Method
2.1 Experimental Materials

Collection time of Datura seeds for the test: October 2017;
collection location: Huoshan, Shanxi Province.

2.2 Experimental Method

The CaCl, concentration was designed to be the five
gradients of 0, 15, 20, 25 and 30mmol/l, respectively, to
simulate exogenous calcium. The PEG — 6000 solution
was used to simulate the drought stress, and it was set a
total of six osmotic pressure gradients0%, 5%, 10%, 15%,
25%at room temperature (2542 C ). The two factors have
a total of 30 treatments, each of which was repeated 4
times.

The seed germination test was carried out on the petri
dish paper. Full seeds were selected and placed on the
petri dishes which has two layers of filter paper at the
bottom. On each petri dish lay 25 seeds, with 2mL of
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pre-configured CaCl, and PEG solution added into it, and
then the petri dishes were placed in a constant tempera-
ture incubator of 25 C for germination. Every day, the
number of germinated seeds was observed and recorded,
and the fact of germ breaking through the seed coat by
2mm was taken as the standard of germination, and the
evaporated moisture was supplemented every day.

Seed germination rate (Gr) = the number of germinat-
ed seeds in 15 days/ the number of seeds tested x 100%.

Germination potential (Gp) = the number of normally
germinated seeds in the first 5 days / the total number of
seeds x 100%.

Germination index (Gi) = MDG ¢ PV. Seed vigor
index (Vi) = seedling growth potential (seedling fresh
quality) x Gi.

In the equations, MDG is the average number of seed
germination per day, i.e. the number of germinated seeds
at the end of the germination test / the number of days
of the germination test; PV is the maximum germination
rate of the seed, i.e. the largest germination number on
any day during the test /the number of days the maxi-
mum value needed.

2.3 Data Processing

All data were processed with SPSS 16 software. The
two-way analysis of variance and the least significant
difference (LSD) were used to compare the differences
between different data sets. The significance level was
set as a=5.

3. Results and Analysis

3.1 The Length, Short Diameter, Thickness and
Weight of Datura Seed

A mature Datura seed appears to be of a slight brownish
or blackish color. The seed is morphologically large, kid-
ney-shaped, with a leathery seed coat of a waxy struc-
ture. The umbilicus is triangular and inwardly recessed.
The length diameter, short diameter, thickness and TKW
of the seed are shown in Table 1.

3.2 Effects of Drought on the Datura Seed Ger-
mination

The germination rate (GR), germination potential (GP)
and germination index (GI) of the Datura seeds de-
creased with the increase of drought stress intensity, and
the difference between the drought treatments reached
a significant level (P< 0.05). Based on table 2, it can be
known that under normal moisture conditions, the ger-
mination rate and germination potential were 64% and

10 Distributed under creative commons license 4.0

37%, respectively, both of the two indicators significant-
ly reduced when drought stress was 15%, and reached
the minimum when drought stress intensity was 25%,
21.8% and 21.6% of the control respectively. The GI of
the Datura seeds was 1.47 and decreased gradually with
the increase of drought stress intensity and reached the
minimum at 25%, 77% of the control, indicating that
drought stress seriously affected the Datura seed germi-
nation.

3.3 Effects of Exogenous Calcium on Datura
Seed Germination

The temperature of the seed germination period of the
limestone mountain was simulated, i.e. the tempera-
ture of 15/25°C, under which condition the Datura seed
germination test was conducted with different CaCl,
concentrations. The results analysis of the germination
rate of the Datura seeds are shown in Table 3. With the
changing of CaCl, concentration, the germination rate,
germination potential and germination index of the seeds
vary sharply, that is, first increase and then decrease.
The germination rate varies little among the treatment
groups, and the other two indexes reduced to the lowest
at 30 mmol/L of CaCl,, which was significantly different
from the other control groups. The results showed that
exogenous calcium had little effect on the Datura seed
germination, but inhibited it when the concentration
reached to be 30%.

3.4 Effects of Interaction between Exogenous Cal-
cium and Drought on the Germination Rate of
Datura Seed

The two factors analysis of variance on the three indica-
tors of Datura showed that the interaction between exog-
enous calcium and drought had an effect on the germi-
nation rate, germination potential and germination index
of Datura seeds, and all the three indicators reached a
significant level (P<0.05).

According to Table 2, under the same drought stress
gradient, the germination rate, germination potential,
germination index and vigor index of Datura all rised
first and then reduced with the increase of exogenous
calcium concentration. When the drought stress was
5%, all the four indexes significantly decreased when
the exogenous calcium concentration was 30mmol/L
(P<0.05). When the drought stress was 10%, the germi-
nation rate and germination potential index reached the
maximum when the exogenous calcium concentration
was 20mmol/L, which were 0.64 and 0.34, respectively,
reaching a significant difference (P<0.05). With a further
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increase in the exogenous calcium concentration, the
three indicators began to decline, and the four indicators
were significantly lower than the value at 0% when the
exogenous calcium concentration was 30 mmol/L. When
the drought stress was 15%, the three indexes reached
the maximum when the exogenous calcium concentra-
tion was 20mmol/L, which was 1.23, 1.29, and 1.14
times those at 0%, respectively. When the exogenous
calcium concentration was 30mmol/L, the three indexes
decreased sharply, 0.56, 0.76, and 0.59 times those at 0%,
respectively. When the drought stress was 25%, the three
indicators reached the maximum when the exogenous
calcium concentration was 20 mmol/L, with no signifi-
cant difference from the control group under their own
drought gradient, and then reduced with the increase of
exogenous calcium concentration, the three indexes were
significantly lower than those at 0% of the drought gra-
dient (P<0.05).1t can be seen that the exogenous calcium
of appropriate concentration (20mmol/L) can promote
the Datura seed germination under drought stress, es-
pecially the moderate drought level (10%, 15%), while
that of high concentration (25~20mmol/L) would further
inhibit the Datura seed germination under drought stress.

4. Results

Datura has a high medical, agroforestrial and ornamental
value. The first important problem that must be faced in
the cultivation and application of Datura is that the ger-
mination rate of Datura seeds is relatively low. Datura
seeds are naturally in dormant state, with a dormancy
period of about 6-8 months. The Datura seeds selected
for this experiment were collected in early October 2017
and the experiment started in mid-March 2018, so the
seeds had been stored for nearly 6 months, and the sub-
stances inhibiting germination in the seeds had almost
been decomposed. The dormant state had been broken,
so no mechanical friction or other processing of the seed
was needed during the test.

Calcium is one of the essential elements for the
growth of advanced plants. As a signal substance, Ca’"
involves in the physiological processes such as plant
growth and development, seed dormancy and germina-
tion, etc. Also, Calcium is an activator for some enzymes
like ATP, hydrolysis, dehydrogenation of succinic acid,
etc. The exogenous Ca’’ of an appropriate concentration
can promote the increase of endogenous free Ca’ con-
tent in seeds, while the intracellular free Ca*" and calm-
odulin are combined to directly or indirectly regulate the
activity of relevant enzymes and cell function within the
cell, thus to a certain extent reduce the damage of the ad-
versity to the seed and improve the seed germination and
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vitality. In this study, under normal moisture conditions,
15%-20% of exogenous calcium showed no significant
effect on the germination rate, germination potential and
germination index of Datura, with differences not reach-
ing a significant level compared with the control group,
indicating that exogenous calcium had no positive effect
on the Datura seed germination, which varies from the
results of previous studies. In the experiment, when the
concentration of exogenous calcium ion was 30%, the
difference between the treatments reached a significant
level, implying that exogenous calcium of high concen-
tration inhibited the Datura seed germination. Exoge-
nous calcium and drought have a significant interactive
impact on the Datura seed germination.Under drought
stress, exogenous calcium of an appropriate concentra-
tion (20%) could promote the Datura seed germination.
Under moderate drought conditions (10%, 20%), the
promotion was noticeable; severe drought ruined the
physiological mechanism of the Datura seed, so exog-
enous calcium showed no significant effect. Therefore,
for the production and utilization of Datura, 20% of ex-
ogenous calcium can be applied to soak the seeds before
sowing to enhance the germination rate in the moderate
arid areas.

Thanks to the weathering effect and some of human
activities in the Huoshan Mountain area, a special geo-
logical condition---saline-alkali land---formed. The
saline-alkali land features calcium ions of a high concen-
tration and drought. Datura seeds have certain tolerance
to calcium ions and can germinate normally under the
soil conditions in the Huoshan Mountain area. This has a
positive effect on improving soil quality of the Huoshan
Mountain area.
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Supplements

Table 1. The length diameter, short diameter, thickness

and TKW of Datura seed
length diam- |short diame- . mass of 1000
eter (mm) ter (mm) thickness seeds/g (g)
(mm)
max 3.49 2.77 1.40 6.472
min 2.77 2.46 1.20 6.151
ave 3.12 2.64 1.31 6.227

DOI: https://doi.org/10.30564/jrb.v1i2.862 11



Journal of Botanical Research | Volume 01 | Issue 02 | July 2019

Table 2. Effects of drought on seed germination rate, ger-
mination potential and germination index of Datura seed

PE(:;)—6000 Germination Germina‘tion Vigor index
%o rate potential

CK 0.64+0.07° 0.37+0.04" 1.47+0.36"

5 0.58+0.09* 0.31+0.05" 1.36+0.23"

10 0.53+0.04° 0.29+0.03" 1.33+0.13%

15 0.30+0.08° 0.17+0.05° 1.29+0.09%

25 0.14+0.06° 0.08+0.06° 1.14+0.09°

Note: different letters in the table indicate significant differences in data
(P<0.05).

Table 3. Effects of Calcium Chloride on Germination
Rate, Germination Potential and Germination Index of

Datura Seed
Cockmmoll | CTUT | o oy | tom e
CK 0.64+0.07° 0.374+0.04® 1.47+0.36™
15 0.63+0.07" 0.40:£0.05® 1.78+0.42"
20 0.68+0.03" 0.4240.03" 1.88+0.27°
25 0.61+0.11° 0.49+0.11° 1.46+0.20™
30 0.57+0.05° 0.34+0.10° 1.33+0.14°

Note: different letters in the table indicate significant differences in data
(P<0.05).

Table 4. Effects of interaction of drought and calcium
chloride on seed germination rate, germination potential
and germination index of Datura seed

PEG-6000 | CaCl,mmol/ | Germination | Germination Vigor index
% L rate potential g

0 CK 0.64+0.07* | 0.37+0.04* | 1.47+0.36"

5 0 0.58+0.09® | 0.31£0.05 | 1.36+0.23"

15 0.62+0.08° | 0.36£0.05° | 1.47+0.22°

20 0.64+0.07° | 0.37+0.04° | 1.47+0.36

25 0.57+0.07° | 0.33£0.06® | 1.35+0.32°

30 0.5340.06° | 0.30+£0.04™ | 1.3140.33"

10 0 0.53£0.04° | 0.29+£0.03" | 1.61£0.19"

15 0.56+0.04 | 0.30+0.03® | 1.45+0.22°

20 0.61£0.05" | 0.34+0.05" | 1.38+0.08%

25 0.5240.07° | 0.31+£0.03" | 1.42+0.40"

30 0.44+0.06™ | 0.26+0.02° | 1.08+0.32°

15 0 0.30+£0.08° | 0.17£0.05° | 0.92+0.29°

15 0.33+0.05° | 0.18+0.03° | 0.68+0.14™

20 0.37+0.03% | 0.22+0.02" | 1.05+0.22°

25 0.28+0.03 | 0.17+0.02° | 0.59+0.09°

30 0.17+0.06° | 0.13£0.03% | 0.55+0.17°

25 0 0.14+0.06° | 0.08+0.06* | 0.40+0.19°

15 0.1740.05¢ | 0.11+0.05¢ | 0.47+0.16°

20 0.19+0.07° | 0.12+0.04° | 0.46+0.17°

25 0.10+0.03° | 0.08+£0.03* | 0.36=0.13°

30 0.04+0.03° | 0.04+0.03" | 0.15+0.10°

Note: different letters in the table indicate significant differences in data
(P<0.05).
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1. Introduction

he long juvenile phase before reproductive onset in

perennial trees is a major obstacle in breeding and

studies of flower development. To overcome this
challenge various methods were developed to induce early
flowering such as pruning, girdling, water stress and growth
regulator paclobutrazol '"*. More recently transgenic up-
regulation of floral meristem identity genes like LEAFY and
Flowering Locus T (FT) were successfully used to induce
early flowering in many trees "', However, ectopic ex-
pression of floral meristem identity genes produces severe
pleiotropic phenotypes which renders transgenic plants
unusable for breeding purposes and studying gene function.
To overcome this problem inducible system driving three
FT homologs, two from poplar (FT1 and FT2) and one
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Trees have a long juvenile phase before reproductive onset. This makes
their breeding and studying floral development difficult. Precocious flow-
ering using FT technology has shown promise. However, transgenic FT
overexpression has significant negative pleiotropic effects. Hence, there
has been interest in inducible FT expression for flower induction. Pre-
viously reported heat inducible expression of FT in poplar successfully
induced flowering. However, flowering was sporadic and took up to 6
weeks. Here we report improvements in the protocol, which led to faster
and more prolific flowering. Specifically, we increased the once to three
times daily heat treatment. The repeated heat inductive treatments led to
nearly five times higher FT expression, compared to the single daily treat-
ment. The highly increased FT expression led to significant acceleration
and abundance of flowering.

from Arabidopsis (FT), was developed in poplar . The
system employed the heat inducible promoter from soybean
heat shock protein and tested in a male (353) and female
(717) poplar clones . Surprisingly, among the three FT ho-
mologs, the Arabidopsis FT showed best results in inducing
flowering in both clones, although the male clone typically
produced earlier and more prolific flowers . Although the
system was successful, flower inflorescences were sporadic
and needed weeks of treatments (3 weeks for the male and
6 weeks for the female clone). The induction protocol em-
ployed a daily single 37°C treatment. We hypothesized that
this treatment is insufficient to mount sufficient FT expres-
sion and thus the lengthy and inefficient flower production.
The major objective of this study therefore was to modify
the existing protocol to increase the F7T expression and ac-
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celerate and improve flower abundance.

2. Methodology

We used 353 male and 717 female poplar clones trans-
formed with the Arabidopsis Flowering Locus T (FT) reg-
ulated by a heat-inducible promoter . These clones were
kindly provided by Dr. Steven Strauss at Oregon State
University.

2.1 Heat Induction Experiment

Approximately 5-6 weeks old plants, grown in a greenhouse
(16-hour light, 20-22°C) were used for the heat induction
experiment. The 353 and 717 plants were 40-45cm and 45-
50cm in height respectively at the time of heat treatment
initiation. The plants were transferred to growth chamber (set
at 16-hour light, 20°C, except during heat induction period).
Heat shock (37°C for 90 min) was administered once daily
at same time each day . To increase FT expression, we used
three cycles of heat induction of 90 min at 3h intervals: First
heat cycle 4.30am-6:00am, second 9:00am-10.30am and
third cycle 1:30-3:30pm). The rest of the time growth cham-
ber setting was 16h light (4am-8pm), 20°C.

2.2 RNA Isolation and Quantitative Real-time
PCR (qRT-PCR) Analysis

Total RNA was extracted using the RNeasy Plant Mini
Kit (Qiagen) from leaf samples. 500ng of the total RNA
from each sample was used to generate cDNA using an
iScript cDNA synthesis kit (BioRad). Selected ACT7
reference genes were validated using GeNorm Software
¥ gRT-PCR analyses were carried out with StepOnePlus
Real-Time PCR System (Applied Biosystems, Life Tech-
nologies) using Maxima SYBR Green qPCR master mix
(Thermo Scientific Co.), and relative expression values
were calculated using the A-CT-method, as previously
described . A complete list of primers used in RT-PCR
analysis is presented in Table 1.

Table 1. List of primers used in this study

Gene Forward Primer (5°-3”) Reverse Primer (5°-3%)
ACT7 TGGCCGATGCCGAGGA- | ATCACCTGCAAACCCAG-
TATTCAAC CCTTCAC
FT CAGGAATTCATCGTGTC- | AGCCACTCTCCCTCTGA-
GTG CAA
3. Results

Using the previously described protocol and transgenic
clones, we found similar flower induction as previously
described "', We used transgenics transformed with Ara-

16 Distributed under creative commons license 4.0

bidopsis FT, because they showed the best results in both
clones. The daily, 90 min of heat treatment (37°C) did in-
duce flowering in both clones but flowering was sporadic
and took up to 6 weeks (Figure 1).

353 717

on n on m

Figure 1. Floral development in transgenic poplar harbor-
ing the heat inducible /T construct (P,sp::FT)

Note: Plants of approximately 40 cm height were exposed to 37°C of
90 min per day for 3-6 weeks, (A) 353 (male) clone initiated flowering
after 3 weeks of heat induction (B) 717 (female) clone took more than 6
weeks of heat induction to initiate flowering, White arrows indicates the
emerging inflorescences (C) comparison of FT expression at Oh, and 2h
after the heat indicative treatments in both genotypes, actin used as inter-
nal control to normalize gene expression, error bars + SE.

Specifically, flowering initiated in 3 weeks in the male
353 genotype and 6 weeks in the female 717 genotype
(Figure 1A-B). We studied the FT expression in leaf sam-
ples at 2h and 4h after heat induction in both clones. We
found higher expression in male genotype 353, as com-
pared to female genotype 717 (Figure 1C), which took
twice longer to induce floral development. Based on this
expression pattern of /7, we hypothesized that insuffi-
cient F'T expression may be the limiting factor to induce
early flowering. To increase FT expression, we used three
cycles of heat induction of 90 min at 3h intervals. The re-
peated heat inductive treatment resulted in an almost five-
fold increase in F7T expression compared to normal once
daily heat induction and earlier and more uniform flower-
ing (2-3 weeks after heat induction) (Figure 2 A-H).

™
)
50

8 &

8

FI Expression/ACT?

much early flowering in transgenic poplar (P :FT)

Note: Plants of approximately 40 cm of height were exposed daily three
heat cycles (3HC) of 37°C for 90 min with a 2 hour breaks for 2-3 weeks
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(see Methodology for more details). (A) 353 (male) clone start flowering
only after 2 weeks of heat treatment (B, C, F, G) close-up of terminal
and axillary catkin in 353 and 717 clones (D, H) expression of FT at
Oh (OHC), 2h after the one heat cycle (1HC) treatment and 2h after the
three heat cycles (3HC) treatment; actin was used as internal control to
normalize gene expression; error bars + SE (E) 717 (female) clone takes
less than 3 weeks of heat induction to initiate flowering.

The repeated heat inductive treatment also resulted in a
greater number of catkins in both clones (Figure 3 A, B).
These results indicate that FT is a limiting factor during
heat induction methods used previously, and our method
of three cycles of heat induction is a more efficient to in-
duce much earlier and more prolific flowering.
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Figure 3. Three cycles of heat induction induce more
flowering in transgenic poplar (P FT)
Note: (A) Number of catkins in 353 (male) clone after one heat cycle
(1HC), and three heat cycles (3HC) (B) Number of catkins (nascent flo-
rescence) developed in 717 (female) clone. Data shown are mean values
from 10 plants of each genotype, error bar + STDEV and asterisks over

bar indicate significance differences at P<0.001 with corresponding one
heat cycle treatment.

4. Discussion

FTis well studied flowering time gene and ectopic expres-
sion induces early flowering across plant species including
trees """, However constitutive upregulation causes ma-
jor negative pleiotropic effects ', Previously developed
FT inducible system in poplar showed promise to address
this challenge but also had some significant limitations
Ul Specifically, up to 6 weeks of the inductive treatments
were needed and flowering was sporadic . We show here
that the likely cause for these problems was insufficient
induction of F7. Male genotype 353 flowers twice as fast
as compared to the female 717 genotype . FT induction
at the same time points and conditions was much higher in
353 compared to 717 (Figure 1A-C). Increase in the once
to three times of heat induction daily, resulted in almost
five-fold expression increase of FT in both genotypes.
This led to significant acceleration of flowering, particu-
larly in the female 717 clone, which as mentioned earlier
has a significantly lower F'T induction compared to the

Distributed under creative commons license 4.0

male 353 clone. In addition to acceleration of flowering,
the modified treatment and higher FT expression also led
to increase in number of catkins (Figure 3A, B). Despite
carlier flowering and increased number of catkins, the in-
florescence development in the female clone was not com-
plete and catkins aborted within 3-4 weeks after treatment
termination. The most likely cause was the much lower
expression of F7 in the female background. Even after the
improvement in administrating the heat treatments, 7 ex-
pression was nearly 10-fold lower in the female genotype
(Figure 2D, H). The cause for the lower induction of FT'
in the female background is unknown. It could be a result
of a position effect due to insertion of the construct in a
less active chromatin, overall less effectiveness of the heat
induction system in this background or methylation and
other chromatin modifications of the transgene. Further
investigation of these potential causes will lead to strate-
gies that can overcome the low FT induction.

5. Conclusions

We report improvements to the heat induction protocol of
FT in poplar, which leads to faster and more prolific flow-
ering. The primary cause for the observed improvements
is likely the significant increase in /7 induction, caused
by the repeated administration of the inductive treatments.
The improvements in the protocol can be also applied to
other inducible technologies employing the same promot-
er.
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1. Introduction

Somatic plant cells, grown under normal conditions, in-
tegrate into specialized tissues and organs performing
different physiological functions. However, under the
influence of certain environmental and anthropogenic fac-
tors (injuring, insect and infectious invasions), plants are
capable of forming tumors in the form of growths, crowns
galls, plant leaf deformations, etc. One of the types of cell
neoplasms is tumors induced in plants by the Agrobac-
terium tumefaciens Ti-plasmid . Tumors caused by this
pathogen are common in berries, fruit trees, grapes and
some field crops and can be modeled in vitro in the pa-

*Corresponding Author:
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In the work, bean callus raised from a leaves of Bean common mosaic
virus infected bean plant was obtained and adapted for the testing of
antiviral activity of liposomal glycan-glycolipid complexes. Ganoderma
adspersum glucans and Pseudomonas spec. thamnolipids were constitu-
ents of liposomal compaunds. It has been shown that under the long-term
cultivation (up to 3 months) in the presence of a liposomal preparation
containing (10-100 mg/l), the virus is eliminated from the tissue. This is
evidenced by the absence of 391 bp sequence amplification product estab-
lished by RT-PCR in the callus tissue, cultured on a medium containing
the liposomal complex. The proposed model system is analogous to plant
tumors and has obvious advantages over similar systems in vivo, since the
callus growth is controlled and independent of environmental factors.

renchymal tissues of some vegetable plants and potatoes
! In this work, we showed high antitumor and antiviral
activity of glycan-containing preparations. Since abnormal
plant growth induced by external agents (viruses, bacteria,
fungi, insects) as well as by physical and chemical means
are actively discussed in literature, the testing of antiviral
activity of such substances in callus culture is of particular
interest. Thus our earlier studies have shown the possibil-
ity of using callus culture (as a species of such tumors) as
a model for the selection and study of the mechanism of
action of antitumor preparations ),

This paper deals with tumors formed by meristematic
cells that are generated after mechanical wounding of
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cambium, and can also be cultured on artificial/synthetic
medium with subsequent regeneration of new plants under
the plant growth regulators (auxins and kinetins) influence
M In our laboratory, it has repeatedly been shown the
possibility of eliminating the virus in case of cultivating
a virus-infected callus and obtaining healthy and virus-
resistant plants-regenerants . The use of such a method
of plant recovery is especially relevant for plants with
seed transmission of plant viruses as it was shown for
beans infected by bean common mosaic virus (BCMV)
and bean yellow mosaic virus (BYMV) .

The purpose of our research was to: develop a callus
cell culture (CCC) for BYMV or BCMYV infected bean
and try to recover it from viral infection using liposomal
glycan preparations (LPs) developed in our laboratory .

2. Materials and Methods

2.1 Callus Cell Culture

4-8 week-old seedlings of bean plants P. vulgaris cv. Red
Riding Hood were grown in spring and summer period in
a greenhouse with a temperature cycling between 18 and
24°C. The plants were inoculated by rubbing of extracted
sap (in cold 0.1 M phosphate buffer, pH 7.2 (1:10 w/vol)
onto leaves pre-dusted with carborundum. Bean plants
infected with BCMV or BYMV and showing suspected
virus symptoms patterns of mosaic, yellowing, mottling or
chlorosis were used for callus formation (Figure 1).

Bean leaf and stem internodes used as the starting ma-
terial were excised from the mother plant and washed with
running tap water. Surface sterilization was done within a
laminar air flow cabinet by dipping the runner tips in 70%
ethanol (2 min) and 3.0 % sodium hypochlorite (NaOCI)
for 3-5 min. Afterwards, explants were rinsed several
times with sterile distilled water. The explants (leaves
and nodal segments sliced into 0.5-1.0 cm” pieces) were
cultured on Gamborga (GB) nutrient mediums containing
kinetin and 2.4-D at a concentration of 0.1 and 1.0 g/I, re-
spectively. The pH was adjusted to 5.5 before adding agar
and autoclaving (121 °C, 0,5 MPa, 60 min). The culture
vessels containing explants were incubated in a growth
chamber under a 16/8 h light/dark cycle at 25 + 2 °C.
During 1-3 months the observations were made on explant
development and all calli were screened for the presence
of virus by RT-PCR. The culture passage was performed
once a month.

2.2 Antiviral Praparations

Liposomal-based glycan preparations (LPs) were obtained
according to previously described methodology . In this
work, we used two liposomal glycan-glycolipid complex-
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es (GGK-3 and GGK-4), formed on the basis of the wa-
ter-soluble glucan Ganoderma adspersum (GGK-3), and
mix of three glycans (Candida maltose mannan, Ganoder-
ma adspersum glucan, Tremela mesenterica glucuronoxy-
lomannan) (GGK-4). Methods of obtaining and properties
of polysaccharides were described earlier ”. Rh-1 and
Rh-2 rhamnolipids extracted from Pseudomonas spec.
PS-17 culture fluid were used for LPs obtaining. Different
concentrations of GGK-3 and GGK-4 (10-500 mg/l) in the
form of an emulsion were added to the cultural mediums.
Mediums without test substances served control in antivi-
ral activity experiments .

2.3 Virus Detection and Identification

Bean leaf samples and callus tissues were assayed by the
Reverse Transcription and Polymerase Chain Reaction
(RT-PCR). Presence of virus RNA in the calli was assayed
every transfer. Total RNA was isolated using AmpliSens
Ribo-Sorb DNA/RNA extraction kit. PCR test kit AmpliS-
ens Reverta-L-100 was used to generate cDNA according
to the manufacturer’s instructions. The reaction mixture
for the PCR (of 20 pl) contained: 1 x PCR buffer with 1.5
mM MgCl,, 0.2 mM dNTPs, 10 - 50 ng of cDNA, 0,5U
Taq polymerase. Primers were used at final concentra-
tion of 5 pmol. The amplification was performed in DNA
Thermocycler “Tertsyk” TP4-PCR-01.

The primer pairs chosen for BCMV detection amplified
DNA fragments comprising 391 bp of 5’- coat protein
region . BYMV1f and BYMV2r primer pairs to the site
in the coat protein sequence were used in the study for the
BYMV detections ", Synthesis of primers was made by
Biolabtech (Kyiv, Ukraine).

For the specific primers, amplification was used for 35
cycles: denaturation at 94°C for 5 min, 35 cycles of am-
plification (94°C for 30 s, 60°C for 30 s, and 72°C for 30
s), and a final extension at 72°C for 7 min. The PCR frag-
ments were verified in a 1.5% (w/vol) non-denaturing aga-
rose gel after ethidium bromide (0.5 mg/ml) staining. The
gel was run at 120 volts and maximum current for 45 min
before being viewed under UV light and photographed.

3. Results

In Ukraine fairly high incidence of three virus diseases
occurs on bean crop. Soybean mosaic virus (SMV), bean
common mosaic and bean yellow mosaic viruses have been
found to reduce yield and adversely affect seed quality *°.
BYMV is the most destructive disease of bean. The virus
is widespread and causes economic damage in susceptible
bean cultivars that react with apical bud necrosis, leading to
plant death ", In addition, the virus is spread by a number
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of aphid species non-persistently as well as being seed and
mechanically transmitted. In view of these facts, before
studying antiviral activity of liposomal preparation in plant
tissue culture, we aimed to develop a suitable model system
“virus — CCC”, firstly, for BYMV.

To obtain the virus callus BYMV-infected bean plants
exhibited mild to severe yellow mosaic symptoms on
leaves were used (Figure 1).

Figure 1. Callus derived plants of Phaseolus vulgaris,
infected with BYMV

Leaf blades were cultured on GB basal medium to
study their callus induction ability. The explants formed
white friable callus after 2 weeks of culture. Results ob-
tained are illustrated in Figure 2. The results reveal that
leaf segments yielded a mass of compact white soft cal-
lus with a smooth, wet-looking surface (Figure 2A) that
turned pink-yellow over time. In 20-23 days of incubation
callus induction rates decreased significantly, callus start-
ed to be compact and granular (Figure 2B). The explants
turned to yellow in color following two weeks of incuba-
tion. With time calli growth was stopped then tissues were
dried out, necrotized and wrinkled showing the sign of dy-
ing off (Figure 2C). The features of proliferation of callus
originally raised from the BYM V-infected bean leaves, as
well as the low growth rate of callus tissue, are probably
due to the high pathogenicity of the virus in bean plants,
which significantly restrained the growth of callus.

Figure 2. Callus initiation from leaf segments: young
calluses after 3 weeks of culture (A); an aging 6 weeks
culture (B); later stage of callus incubation (C)
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The results obtained indicate that this model system is
not suitable for further research on the study of antiviral
substances. Therefore, in further work, we focused on
the BCMYV, as a possible component of the experimental
system. According to our observations ¥/, BCMYV is less
pathogenic then BYMYV and is transmitted at a high fre-
quency through seeds. This circumstance made it possible
to obtain virus-infected callus from the 2 sources of ex-
plants — leaf and seed germs. Therefore, there was a real
opportunity to recovery bean seedling grown from infect-
ed seeds. As in the previous case, for callus formation it
was selected the bean plants with characteristic symptoms
of the BCMYV infection — light and dark green systemic
mosaic, rugosity, upward and downward leaf curl, stunted
growth, leaf roll and malformation of leaves. As a control
we used callus raised from a healthy (uninfected) bean
plants.

Presence of BCMV in symptomatic plants (Figure 3)
was confirmed with polymerase chain reaction (RT-PCR).
The amplification of the CP gene from tissues of infected
plants with BCMV primers generated a single DNA frag-
ment of the expected size (~391 bp). Amplification did not
occur in the control samples (Figure 4).

Figure 3. Callus derived plants of Phaseolus vulgaris,
infected with BCMV

Figure 4. Agarose gel electrophoresis of RT-PCR amplifi-
cation products

Note: lane 1 (M), 100-bp marker; lane 2, negative control; lane-3, ex-
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tracts from healthy bean; lane-4, extracts from symptomatic bean; ex-
pected BCMV band = 391bp

Callus, raised from BCMV-infected bean leaf, seed
germ and stem internodes was cultured in a thermo-
stat at 24-25° C for two weeks, and therefore in a lu-
minostat under a photon flux density of 50 pmol/m?/
s, emitted from ‘Fluora’ fluorescent lamps up to 2.5-3
months. Callus initiation was observed in a week after
the explants were placed on media. Generally, the cal-
lus tissues grew quite intensively and did not differ in
all variants of the experiments (leaf or stem internodes,
virus-infected and virus-free) at the beginning. The
effective formation of callus was observed in all cases.
With time callus proliferated into pale yellow and be-
came compact (Figure 5).

Figure 5. Callus induction on leaf explants (A) and stem
internodes (B). Yellow 4-week-old calli initiated from leaf
explants. All calluses were raised from BCM V-infected
bean

During the experiment, it was found that formation of
the derived from different sections of one leaf occurs un-
evenly: no notable callus formed in a number of explants
obtained from infected plant. Eventually explants were
died without forming primary callus. In other cases the
calluses having translucent pale yellow or white periph-
eral tissue with greenish inner tissue grew and were not
watery in consistency, somewhat fragile, but with a dense
inner part. Translucent tissue gradually became dark yel-
low or orange with brown and relatively compact inner
core in later stage. Subsequently, the cell growth stopped,
but degenerative processes were not observed.

Antiviral activity of liposomal glycan preparations was
measured by inhibitory effects of BCMV replication in
cell culture and has been used to evaluate their efficiency
in vitro. For this purpose we first examined toxicity of
LPs to callus cells. According to our previous experiment
GGK-3 and GGK-4 application at concentrations in the
nutrient medium (500 mg/1) led to severe toxicity devel-
opment. The date obtained indicates the negative impacts
of even at relatively low concentrations of GGK-4 for
callus cells and their viability (data not shown). Therefore,
in further experiments only GGK-3 was tested at low con-
centration (100 and 10 mg/1).

Our findings demonstrate that exposure to 10 mg/l
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of GGK-3 did not decrease the relative growth rate of
callus and as a result did not show a clearly pronounced
inhibitory activity on callus tissue formation in vitro
compared with the control (Figure 6). As can be seen
from Figure6, morphogenic responses leaf explants
exposed to lower concentrations of GGK-3 (Figure 5)
and normal (Figure 6) conditions did not differ. The
effective callus formation with large cell colonies was
observed on leaf explants in all variants of the experi-
ments. The calli grown in both control and experimen-
tal groups were composed of translucent and soft inner
tissue with white or cream-colored and compact periph-
eral tissue. This compound at a concentration of 100
mg/l was also slightly toxic. It should also be noted that
the most suitable for obtaining the CCC is the explants
obtained from the internode and the leaf sections along
the central vein.

Control GGK.10 mgl1 GGK, 100mg/l

Figure 6. Proliferation of callus obtained from BCM V-in-
fected leaf after 1 day of culture (A), 6 days of culture (B),
13 days of culture (C), 33 days of culture (D)

Thus, in callus tissue growing on the Hamburg B-5
medium with the liposomal glycan-glycolipid complex at
a concentration of 10-100 mg/l, probably, a gradual (during
2-3 month) elimination of the virus occurs (Figure 7).
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Figure 7. Agarose gel electrophoresis of RT-PCR amplifi-
cation products

Note: lane 1, starting leaf; lane 2, callus on medium without GGK; lane

3 (M), 100-bp marker; negative control; lane 4, callus on medium with

GGK 0,1 mg/l; lane 5, callus on medium with GGK 0,01 mg/l; expected
BCMYV band = 391bp

These data obtained can be useful for efficient erad-
ication of various viruses from almost all of the most
economically important crops and cultivation of virus-free
plants as one of the important approaches in novel viral
disease control strategy.

4. Discussion

Viruses cause many important plant diseases and are
responsible for significant losses in crop. The most un-
protected are plants capable of transmitting viruses from
generation to generation by seeds or through vegetative
propagules. These viruses include Bean yellow mosaic
virus and Bean common mosaic virus that affect legumi-
nous plants beans *. Many important horticultural and
agronomically important crops are routinely freed of viral
contamination using tissue culture procedure combined
with chemo- or thermotherapy.

The tissue culture technology is being improved all the
time for the mass propagation of plant, but Fabaceae plant
are lagging behind due to their recalcitrant nature to in
vitro techniques . By this time the using of environmen-
tally friendly preparations in the tissue culture technology
is unknown.

In this work, to obtain the virus-free plant we attempt-
ed to combine callus cell culture technique with the using
liposomal preparations. For testing antiviral activity of
LPs it was selected nutrient media that is most appropriate
for bean somatic tissue cultivation. Also it was shown the
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possibility of virus elimination from callus in the presence
of liposomal forms of glycans.

Earlier Shcherbatenko and Oleshchenko reported !
that under the long-term cultivation, tospoviruses can be
eliminated from infected callus. As shown previously,
glycans obtained from yeasts and higher Basidiomycetes
mushrooms, can inhibit viral infections and activate non-
specifc defense mechanisms in host plants as well as
suppress tumor growth induced by A. tumefaciens . In
this study liposomal forms of glycans were used at the
first time for in vitro methods for plant virus eradication.
Their high efficacym as a means of controlling plant vi-
ral diseases was confirmed on the callus cell culture .
In general, our and literature data demonstrate, on the
one hand, the nonspecificity of the action of glycans and
glycan-containing complexes against pathogens, and, on
the other, some analogy of transformed pathogens with
undifferentiated (meristematic) plant cells. This makes it
possible to use for practical purposes a system with such
features of plant cell cultures - as universal models for
screening or studying antiviral and antitumor properties of
different compounds. The authors hope that further work
in this direction will allow to develop a new technology
for cultivation of virus-free plants and new effective
means against viral, fungal and bacterial diseases.
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