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The development of express method for detection viral diseases in plants

Abstract: Nowadays there are numerous methods in identifying viral infections. Many of them
require the use of radioactive isotopes and application raised against virus derived proteins. In this
research we aimed to develop new inexpensive methods of quick identification of viral infections.

Keywords: express method, P19, viral diseases, RNA silencing, Tomato bushy stunt virus

DOI: https://doi.org/10.32523/2616-7034-2018-124-3-65-69

Introduction. Viruses are the most widespread agents of economical damage in farming agricul-
ture. Although the number of methods to protect the plants from pathogens has been implemented,
the virus infections are still damaging agriculture by decreasing its productivity throughout the
world [1]. The infection of plants by viruses starts from spreading through the cellular pathways,
which continuously damages cells and tissue. Consequently, it leads to development of viral symp-
toms such as significant growth inhibition, fading of leaves, visible damage of tissues and apical
necrosis [2]. Therefore, disease detection is one of the valuable ways to reduce the system dam-
age in plants [3]. However, the detection of viruses requires well-equipped laboratory that is not
always economically affordable. Thus, it is suggested that the development of low-cost methods
in detection of virus infections may play an important role in earlier detection. In this work the
research object is a close relative of tobacco Nicotiana benthamiana and the type species of the
tombusvirus family Tomato bushy stunt virus (TBSV). They are well-confirmed exemplary for the
research of plant viruses in which TBSV can affect systemic infection [4]
Materials and Methods Plant conditions
N. benthamiana plants were grown under dark condition for 8 h at 22 0 C and under lighting for
16 h at 25 0 C with 70-75% relative humidity during 35-40 days. Temperatures varied from 21 to
28 0 C. The spectrum of lamps which were used for illumination of growth room was 2700 K and
6400 K [5].
Transformation. For transformation DNA plasmid pUC-19 with inserted virus genome and the
competent cells of Escherichia coli (E.coli) JL-109 strain were used. Transformation process was
conducted by the heat shock method. Firstly, the combination of chemically competent bacteria
and DNA was incubated in ice for short time and then the blend was located at 42 0 C for 3 min
(heat shock) and placed back in ice. Super Optimal broth (SOB) medium was added in order to
promote effectiveness transformation of plasmids. Secondly, the transformed cells were incubated
at 36-37 0 C for 30 min with shaking. E.coli JL-109 strains were grown overnight at 28 0 C in
Lauria Bertani (LB) broth supplemented with 50 µ g/ml ampicillin. Bacterial cultures were then
centrifuged at 4000 rpm/min for 5 min and supernatant was discarded. The cells were plated in
solid medium in Petri dish. They were incubated for 24 h at 37 0 C [6].
Extractions and purification of plasmids.The competent cells were resuspended in 250-350 µ l of
the resuspension solution and then transferred in a microcentrifuge , added 250 µ l lysis solution.
It was mixed 4-6 times. After that 350 µ l neutralization solution was added. The solution was
centrifuged for 5 min at 10 000 rpm/min. The next step was the purification of plasmids through
transportation the supernatant to the supplied Gene Jet spin column. It was pelleted during 1 min
at 10 000 rpm and then discarded the flow-through and peace the column back. It was followed
by adding the washing solution and centrifuging for 30-60 sec. Then this step was repeated twice.
After transferring the spin column into a fresh 1.5 ml tube 50 µ l of the elution buffer was added
and centrifuged. Then column was discarded and the purified plasmid was stored at -20 0 C [7].
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In vitro transcription. Before in vitro transcription the restriction Sma1 enzyme digest linearized
at the 3’-end of the viral cDNA sequence of inserts which was included in plasmids. After that,
transcripts were synthesized via T7 RNA polymerase. These transcripts were used for inoculation
of the plants [8].
Plant inoculation
N. benthamiana was inoculated by wild type TBSV and ∆ p19 TBSV (mutant with changes p19
genes). 9 For plants inoculation in vitro generated transcripts of full-length TBSV cDNAs were
used. Control plants were mock-inoculated by using phosphate buffer without viral RNA. Healthy
and infected plants were grown separately in the same conditions [9].
Detection of viral infection in inoculated plants. The leaves of N. benthamiana were analyzed for the
presence of TBSV virions. There were three samples from three different plants. Control plants,
samples from wild type TBSV and inoculated by its mutant type without P19 were severally
homogenized in TRIS/EDTA (TE) buffer in ratio 1/2 (sample/buffer) on ice. The next step was
centrifuging all samples at 10 000 rpm (4 0 C) for 20 min, and then 15 µ l of each sample were
mixed with 6×Loading buffer. Separation of macromolecules was in 1% agarose gel with ethidium
bromide for 45 min with Tris/Borate/EDTA (1×TBE) buffer. UV light used to detect viral
particles in agarose gel. It is followed by capillary transfer onto nitrocellulose membrane with TBSV
virion-specific polyclonal antibodies as the evidence there were TBSV virions. Membrane blocking
and determination of phosphatase activity after incubation with antibodies, were performed like
it was described for Nothern blotting [5].
Results and discussion
Detection of viral infection in inoculated plants
N. benthamiana plants infected with TBSV wild type and its mutant type without P19 ( ∆
P19 TBSV) transcripts developed typical severe symptoms at 1 week post inoculation (Fig. 1
B, C).Visual investigation of infected plants disclosed morphological signs of viral infection: sig-
nificant retardation in growth, visible damage of tissues, withering of leaves and apical necrosis
[5]. Usually the plants which was infected by TBSV grew weaker of at 2 weeks post inoculation
than plants was infected by ∆ 19 TBSV transcripts.

Figure 1 – The effect of TBSV infection on symptoms development in N. Benthamiana. (A)Healthy plant,
(B) inoculated with Wt TBSV plant at 1 week postinoculation, (C) inoculated with ∆ 19 TBSV at 1 week
postinoculation

Moreover, plants were tested for the presence of viral particles. For this aim, samples extracted from
inoculated and healthy plants were subjected to electrophoresis in 1% agarose gel with subsequent
staining with ethidium bromide. The presence of virus particles in agarose gel was visualized
by UV light. TBSV virions were readily detectable as a major band in samples extracted from
virus infected leaves. On the contrary, samples extracted from healthy plants did not contain such
particles (Fig. 2).
To verify that separated bands represent TBSV virions, a capillary transfer onto nitrocellulose
membrane was performed followed by immuno-staining with TBSV virion-specific polyclonal anti-
bodies. Analysis with antibodies, revealed a presence of the viral protein in upper leaves, indicating
systemic infection (Fig. 3).
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Figure 2 – Detection of viral particles in N. benthamiana (A) Healthy plant, (B) infected with TBSV,
(C) infected with ∆ 19 TBSV

Figure 3 – Nothern blot assay for detection TBSV virions. (A) Healthy plant, (B) infected with TBSV,
(C) infected with ∆ 19 TBSV

Conclusion. This methodological approach could be successfully realized for express detection
of virions in inoculated plants. This procedure could be particularly used in cases when visual
morphological signs of viral infection are not very clear. This was evident for plants infected with
TBSV P19-null mutant which causes relatively mild symptoms compared to the wild type due to
the lack of silencing suppressor expression [10]. This work was supported by grant № AP05135013,
№ BR05236574 of the MES RK.
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов]
Ключевые слова: приближенное дифференцирование, восстановление по неточной
информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний]

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в
случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN

δN

(
εN ;

(
l(N), ϕN

))
Y
, (1)

где
δN

(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·) − ϕN

(
l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.
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Таблица 3 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 6 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
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