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Abstract

extraction could be a reliable method to confirm the presence of a f5
virus in a plant. To date, several attempts were conducted to extract
dsRNA from different plants, but not from soybean.As the symp- g
toms of nutritional deficiency and viral diseases are very similar,
intending to assess the presence of the virus (es), and particularly
SMYV, in soybean farms in the north of Iran, the dsSRNA from soy-
bean fresh leaf tissues were extracted.

Materials and Methods: In this study, the soybean samples were collected from the north of Iran followed
by extraction of dsRNA using CF-11 column chromatography. DsSRNA was run on 1% agarose gel and
SMV was recognized by RT-PCR. The PCR product was bidirectionally sequenced.Results: By using
changes in other methods, we successfully extracted viral dSRNA from soybean. To confirm the dsRNA
structure of the extracted molecules they were subjected to DNase I treatment; according to the results,
dsRNA bands still existed after DNase I treatment which confirmed the RNA structure of the isolated mol-
ecules. According to the RT-PCR results, dsSRNA extracted from SMV infected-soybean were confirmed
through virus Helper Component Proteinase (HC-Pro) sequence amplification which verified the integrity
of the extraction method.

Conclusions: In this study, it was demonstrated that dsRNA is a favorite tool for constructing of cDNA
library, as it is more stable and resistant to RNase degradation in comparison with ssSRNA, when the total
RNA extraction is not feasible due to the low titer, instability of particles or the presence of inhibitors.
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1.Introduction human nutrition is the most important legume crop

. worldwide. Different biotic and abiotic agents can
Soybean [Glycine max (L.) Merr., 2n = 40], an an- o ) )
. ) cause significant losses in crops most particularly
nual and autogamy plant species belonging to the .
) ) ) ) in soybean.
Fabaceae, which provides both protein and oil for
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Viruses are including the destructive agents that

vantage, the thermodynamic stability of the dsR-

make an impact on the quality and quantity of NA molecule and its resistance to RNase degra-

soybean. Plant viruses are known to cause con-
siderable losses in crop yield, quality of plants,
and plant products around the world. They pose a
particular risk as they are difficult to detect and
identify (11). Unlike other plant pathogens, there
are no direct methods available yet to control vi-
ruses and, consequently, the current measures
rely on indirect tactics to manage the diseases.
Hence, methods for the detection and identifica-
tion of viruses play a critical role in the manage-
ment of the disease.

Accurate diagnosis of diseases is the first im-
portant step for any crop management system.
With virus diseases, plant treatment after infec-
tion often does not lead to effective control. Ac-
cordingly, the diseases are managed more effec-
tively if control measures are applied before in-
fection occurs. The use of healthy plant propaga-
tion material is among the most effective ap-
proaches to adopt by farmers. One of the ele-
ments essential for successful certification pro-
grams to produce such propagation material is the
availability of sensitive diagnostic methods (16).

dation makes it an excellent molecule for virus
characterization when virus purification is not
feasible due to low titer, instability of particles, or
the presence of inhibitors. A disadvantage of this
procedure is that would generally not be used to
process a large number of samples at a time. Al-
so, since dsRNA is related to replication of the
virus, the titer of the dsSRNA molecule (s) may
increase or decrease in the plant at certain times
of the year, thereby influencing detection. Sum-
mer is generally an unfavorable time of the year
for plant growth and virus replication due to the
heat. It’s also important to note that this tech-
nique doesn’t work for all positive ssSRNA virus
groups, especially the ilarviruses. It also doesn’t
work for the ambisense tospoviruses (Tomato
Spotted Wilt and Impatiens Necrotic Spot virus-
es) but works well for the cucumoviruses, al-
famoviruses, tobamoviruses, potyviruses, po-
texviruses, and closteroviruses. It is important to
note that although most uninfected plants do not
produce dsRNAs, there are some, like the cucur-
bits, that produce indigenous dsRNA molecules.

Due to the increased worldwide movement of Several efforts have been done to extract dsSRNA

germplasm through seed and other propagative
material in global trade and agriculture, diagnosis
of viruses in these materials assumes greater im-
portance for national quarantine services to en-
sure the safe movement of germplasm across the
borders.

More than 111 viruses/strains, belonging to dif-
ferent virus genera and families can infect soy-
bean in field conditions. Soybean mosaic virus
(SMV), one of the most economically damaging
viruses and a member of the genus Potyvirus in
the family Potyviridae, is a devastating soybean
pathogen found in all soybean-growing regions
and reduces soybean yields and seed quality
worldwide (13).

The first step to control viral diseases is to identi-
fy the virus. Double-stranded RNA (dsRNA), is
an indicator of the presence of viruses in plants
(14). Considering the stable structure of dsSRNA
in comparison to RNA molecules, dsSRNA extrac-
tion is a liable tool and quick method to demon-
strate the viral genome sequence (9-7) before pro-
cessing a serological and molecular procedure
that may be time-consuming and costly. The ma-
jority of the RNA, some of ambisense and DNA
viruses are producing dsRNA molecules which
are the copies of the virus genome. As an ad-

from many different plants such as barley (18),
grapevine (2-15, 21), sour cherry (25), rice (19),
potato (6), strawberry (12), European mountain
ash (5), however, the procedure is either time
consuming or relatively costly; Which sometimes
is not affordable for some laboratories or student
works without financial support.

Several methods have been reported to extract
dsRNA (4-8, 17, 20, 23), however, the extraction
time, tissue amount, infected plant species, viral
group, and extraction costs have been important
within the time. In most of the established meth-
ods, dsRNA is extracted through a cellulose col-
umn using buffers containing different percent-
ages of ethanol (3-24) and phenol from infected
plant tissues (18-24).

As sometimes the symptoms of a nutrient defi-
ciency are very similar to viral symptoms that can
confuse explorer, extracting dsRNA from viral-
suspected plants can be very helpful. Hence, this
study was carried out to extract dsSRNA from soy-
bean samples with viral symptoms and to prove
the presence of the virus (es) in soybean.
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2. Materials and Methods
2.1. Sample Collection

The samples of viral-symptomatic soybean leaves
were collected from soybean growing farms in the
north of Iran, Golestan, and Mazandaran provinces
and stored in plastic bags at 4 °C until use. Inocula-
tions were done on different varieties of soybean
including Williams 82, Essex, Amir, Sahar, Saman,
and Gorgan 3, as well as on plants belong to several
families.

2.2. DsRNA extraction

Extraction of dsSRNA was conducted, in-room tem-
perature (RT) conditions and 2ml tubes, from
healthy and viral-symptomatic soybean leaves by
homogenization of 0.2 g fresh leaf tissue in 1000 pl
STE lysis buffer [S00 pl of STE buffer pH 6.8 (200
mM Tris, 500 mM NaCl, ImM EDTA), 500 ul of
Saturated phenol, 100 ul of SDS 10% and 100 pl of
Bentonit 2%]. After a one min vigorous vortex,
centrifugation was done at 5,100 x g for 3 min. 400
pl of the supernatant was transferred into a new
tube.

Thereafter, 440 pl of STE buffer, 160 pl of abso-
lute ethanol, and 10 mg of CF 11 cellulose (Sigma-
Aldrich Corp., Schnelldorf, Germany) was added
and vigorously mixed by vortex for 10 s. After a 3
min centrifuge at 5,100 X g, the upper phase was
removed and 1000 ul washing buffer (STE /16%
ethanol) was added and vigorously mixed. After
centrifugation at 5,100 x g for 3 min, the pellet and
transparent aqueous phases were produced. The
aqueous phase was removed and the washing step
repeated. 500 ul of eluting buffer (STE) was added
to the pellet and mixed vigorously by vortex for 5 s,
followed by centrifugation at 5,100 x g for 3 min
400 pl of supernatant was transferred into a new
tube, then 30 pl of Sodium Acetate (3 M, pH 5.5)
and 1200 pl of chilled absolute ethanol was added.
The solution was gently vortexed and to precipitate
the expected dsRNA (s), the tube was centrifuged
at 8,490 x g for ten min. Afterward, the solution
was removed carefully and the pellet was incubated
at room temperature for 1 min. Eventually, dSRNA
was dissolved in 35 pl of Nuclease-Free Water and
maintained in -20 °C (Fig. 1).To confirm the isolat-
ed dsRNA, agarose gel electrophoresis and molecu-
lar detection were carried out.

Hemonization of fresh leaf ‘ : > 500 pl of elute buffer was
R eheredvhie gl BRI LEL added to pellet and mixed
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Fig. 1 The schematic diagram of the viral dSRNA extraction method from infected leaves of soybean plants
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2.3. DNase I treatment

To eliminate the possible host DNA contamination,
extracted dsSRNA were subjected to DNase I kit
(DNAbiotech, Life Science, KalaZist, Cat #:
DB9717-K, Iran). To perform the reaction, 8 pl of
dsRNA, 1 pl of 10X reaction buffer (200 mM Tris
HCL, pH 8.3, 20 mM MgCI2), and 1 pl of DNase I
were added to an RNase free PCR tube. The reac-
tion was mixed gently, and incubated for 5 min at
room temperature. Then, 1 pl of stop solution (50
mM EDTA) was added to the mixture to bind calci-
um and magnesium ions and to inactivate the
DNase I. 5 ul of the enzyme-treated dsRNA was
electrophoresed on 1 % agarose gel (1X Tetraborate
buffer) stained with safe nucleic acid stain (DNA
green viewer, pars tous) and visualized using inte-
grated electrophoresis system (All in One Electro-
phoresis System, SabzBiomedicals™", SB-14001)
by safe blue light. 1 kb DNA ladder RTU
GeneDirex” (Life Science Technology Inc., Seoul,
Korea) was used as a size marker to identify the
desired band.

2.4. SMV detection through RT-PCR

RT-PCR was performed by using Potyviruses de-
generate primers, [helper component-proteinase
(HC-Pro) and cylindrical inclusion (CI)] and SMV
coat protein (CP) specific primer pair to confirm
the identity of extracting dSRNA (Table 1). To syn-
thesis, the cDNA, 3 pul dsRNA, and 1 pl random
Hexamer primer (Yekta Tajhiz Azma Com.,
YT4550, Iran) was mixed and adjusted with ribonu-
clease-free water to the total volume of 12 pl and
preheated at 95 °C for 5 min and then chilled on ice
and briefly centrifuged. It was added in 8 pl the
prepared solution including 2 pl Thermo-resistant H
Minus Moloney Murine Leukemia Virus (M-
MuLV) Reverse Transcriptase (pars tous biotech-
nology, Mashhad, Iran), 4 ul 5 X RT buffer accom-
panied with the enzyme and 2 pl 10 mM dNTP mix
and mixed by pipetting gently up and down. The
mixture was incubated for 10 min at 25 °C and then
60 min at 47 °C. Eventually, the reaction was
stopped by heating at 70 °C for 10 min.

PCR amplification of the first-strand cDNA was
performed in a total reaction mixture of 25 pl con-
taining 12.5 pl Taqg DNA Polymerase 2x Master
Mix RED (Amplicon, Denmark), 0.5 pl of each for-
ward and reverse primers (10 pmol/ pul), 2 ul cDNA
and 7.5 pul PCR-grade H20. PCR with Potyviruses
degenerate primers was performed in 3-step cycling
as follows: initial denaturation at 94 °C for 3 min,
followed by 40 cycles of denaturation at 94 °C for
30 s, annealing at 40 °C for 30 s, and extension at
72 °C for 1 min and a final elongation step at 72 °C
for 10 min. Amplification of cDNA with SMV spe-
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cific primers (CP) also carried out in 3-step: initial
denaturation at 94 °C for 2 min, 35 cycles of dena-
turation at 94 °C for 40 s, annealing at 50 °C for 40
s, and extension at 72 °C for 90 seconds and a final
elongation step at 72 °C for 10 min.

PCR
product
size (bp)

Annealing
tempera-
ture (°C)

Refer-
ences

Primer

name Sequence (5'-3")

GGIVVIGTIG-
GIWSIGGIAAR
ClIfor TCIC

40.0 700

(10)
Clrev ACICCRTTY-
TCDATDATRTT

IGTIGC

TGYGA-
YAAYCARYTI

HPfor GAYIITAAYG

40.0 700

(10)
HPrev GAIC-
CRWAIGARTCI

AIIACRTG

TAGAGTGG-
GAYAGRAGCA

CPf AAG

50.0 1272

(€]

CPr TTCTCCCTGCY

ATTCATAAAC

2.5. Sanger sequencing

To confirm the RT-PCR result, the PCR product
was bidirectional sequenced (Macrogen, South Ko-
rea). The sequence was subjected to nucleotide
BLAST program using NCBI BLAST tools.

2.6. Sequence Accessions and Phylogenetic Anal-
ysis.

Database accessions for sequences used here were
from Iran and other several countries. The Plum
Pox Virus [PPV; (GeneBank: M92280.1)] was used
as an outgroup. The percentage of nucleotide sub-
stitution was obtained by the Maximum likelihood
statistical method and Tamura-nei model (22). A
phylogenetic tree was constructed using the Neigh-
bor-Joining function of Clustal W using the Mega-
X software and bootstrapped with 1000 replicates.

3. Results

The loading of the extracted dsRNA on 1% agarose
gel showed several bands where an upper band (™
9.5 kb) was presumably related to SMV (Fig. 2A)
and dsRNA was unaffected by DNase I. The virus
dsRNA from soybean fresh leaves was identified by
RT-PCR. Agarose gel electrophoresis of the DNA
products generated from RT-PCR using HC-Pro
and CI degenerate primer and a CP specific primer
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0.5

0.25

Fig. 2 Agarose gel electrophoresis (1 %) pattern of viral dsSRNA extracted from symptomatic soybean (A); RT-PCR
with potyviruses degenerate primers. Marker: 100 bp ExcelBand™ DNA ladder, Smobio Technology Inc., Hsinchu,
Taiwan (B) and RT-PCR with SMV coat protein-specific primer. Marker: 1 kb DNA ladder RTU GeneDirex®, Life

Science Technology Inc., Seoul, Korea (C).

Of potyviruses revealed the presence of a = 700 bp
(Fig. 2B) and ~ 1300 bp (Fig. 2C) fragment, re-
spectively, while, no amplicon obtained for the
non-template control (NTC) and healthy plants
(Fig. 2B&C), indicating successful detection of
SMYV in virus-symptomatic soybean samples. This
was similar to the results that came from total
RNA as a template for RT-PCR.

The nucleotide sequence data of the HC-Pro cod-
ing region came from macrogen was compared to
other viral sequences using the BLAST computer
program in GenBank. The results showed that the
SMV segment amplified by HPfor/HPrev primer
pair was of 700 bp, and the sequence similarity
with other sequences in GenBank ranged from 92
% to 94 % where the lowest similarity was found
with SMV strain G5 (AY294044) and SMV strain
G6 (FJ640980) from Korea, and the highest simi-
larity of 94% was found with SMV isolate
XFQO001 (KP710871) and SMV strain G2
(KP710874) from China. To determine the rela-
tionship of this isolate with other SMV isolates, a
phylogenetic tree was constructed. The construct-
ed tree was shown that this isolate has no relation-
ship with others already reported SMV isolates
from Iran (Fig. 3).

5. Discussion

There are some works of literature published on
plant virus (es) isolated by dsRNA methods. To
date, several studies were conducted in isolation
of dsRNA from several plant species such as bar-
ley (18), grapevine (2), sour cherry (24), rice (19),
potato (6); however, no reports were found in
which Virus dsRNA could be extracted because
organic reagent enables protein denaturalized, and

D00507.2 China
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®

Fig. 3 The constructed phylogenetic tree related to the HC-Pro gene of the
SMY isolate under study here and 20 SMV isolates from different countries.
Numbers on or near branches represent bootstrap values over 50 % as calculat-
ed by maximum likelihood. 0.2.
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dsRNA was directly extracted from soybean
plants. dSRNA was combined with cellulose pow-
der in 15% ethanol, and the purified dsSRNA was
obtained after DNA and ssRNA were completely
washed off (18). So, in this study, we used Sodi-
um dodecyl sulfate (SDS) 10%, where is a syn-
thetic organic compound to denature the protein,
and cellulose powder in 16% ethanol. There are
many dsRNA extraction methods which majority
of them use a relatively large amount of plant tis-
sue and are time-consuming and costly (15).

In another study, self-prepared cellulose powder-
based micro-spin columns were used to purify
dsRNA molecules that effectively reduced the


https://www.ncbi.nlm.nih.gov/nucleotide/FJ640980.1?report=genbank&log$=nuclalign&blast_rank=99&RID=WWP1SHV4013
https://www.ncbi.nlm.nih.gov/nucleotide/KP710871.1?report=genbank&log$=nuclalign&blast_rank=1&RID=WWP1SHV4013
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expenses and extraction time, however, the extrac-
tion was carried out on some limited plants that
could be fracturable, as extract compounds from
different hosts enable impress the dsRNA extrac-
tion procedure (19). In this study, for the first time,
we extracted dsSRNA from 0.5 g fresh leaf tissue of
soybean and squash (not published) in a short peri-
od (30 min). According to the earlier studies, plant
host and virus are considered as the principal fac-
tors interfering with ribonucleic acid extraction
(15).

Based on our experiences from this study, using
dsRNA as a template compared with total RNA, to
construct a cDNA library is an acceptable way to
sequence the SMV genome that originated from
different geographical regions.

6. Conclusions

In this study, the system of dsSRNA extraction from
soybean plants and its identification using agarose
gel electrophoresis followed by RT-PCR was well
revealed that type of plant and concentration of
virus are two important factors for dsRNA isola-
tion successfully. We could not be able to isolate
dsRNA from soybean and cucurbits dried leaves,
so only fresh leaves from the young leaves of in
vitro plantlets or field-grown plants were appropri-
ate for dSRNA extraction. Using dsSRNA for cDNA
library construction and sequence, compared with
total RNA, obtained more reliable results, as some-
times non-specific PCR product from the total
RNA cDNA library may interfere to achieve the
desired result.
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