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Abstract

Background: In recent years, a disease caused by Southern rice black-streaked dwarf virus (SRBSDV) has resulted in
significant loss in rice production in Southern China and has spread quickly throughout East and Southeast Asia.
This virus is transmitted by an insect vector, white-backed planthopper (WBPH) Sogatella furcifera (Hemiptera:
Delphacidae), in a persistent propagative manner. Aside from rice, SRBSDV can also infect numerous Poaceae plants.
However, the molecular mechanism of interaction between SRBSDV and its plant or insect vector remains unclear.
In order to address this, we investigated the whole viral genome relative mRNA expression level in distinct hosts
and monitored their expression level in real-time in rice plants.

Methods: In this study, a reliable, rapid, and sensitive method for detecting viral gene expression transcripts is
reported. A SYBR Green | based real-time polymerase chain reaction (PCR) method was adopted for the quantitative
detection of SRBSDV gene expression in different hosts and real-time changes in gene expression in rice.

Results: Compared to the relative mRNA expression level of the whole genome of SRBSDV, P3, P7-1, and P9-2 were
dominantly expressed in rice and WBPH. Similarly, these genes also exhibited high expression levels in corn,
suggesting that they have more important functions than other viral genes in the interaction between SRBSDV and
hosts, and that they could be used as molecular detection target genes of SRBSDV. In contrast, the levels of P6 and
P10 were relative low. Western blotting analysis partially was also verified our gPCR results at the level of protein
expression. Analysis of the real-time changes in SRBSDV-infected rice plants revealed four distinct temporal
expression patterns of the thirteen genes. Moreover, expression levels of P1 and other genes were significantly
down-regulated on days 14 and 20, respectively.

Conclusion: SRBSDV genes showed similar expression patterns in distinct hosts (rice, corn, and WBPH), indicating
that SRBSDV uses the same infection strategy in plant and insect hosts. P3, P7-1, and P9-2 were the dominantly
expressed genes in the three tested hosts. Therefore, they are likely to be genes with the most crucial function and
could be used as sensitive molecular detection targets for SRBSDV. Furthermore, real-time changes in SRBSDV
genes provided a basis for understanding the mechanism of interaction between SRBSDV and its hosts.
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Background

A disease caused by Southern rice black-streaked dwarf
virus (SRBSDV), a notorious member of Fijivirus, was
first detected in 2001 in Yangjiang City, Guangdong
Province, P.R. China and has caused serious loss in rice
production in recent years [1-6]. SRBSDV is a plant virus
that can infect plants of the Poaceae family, such as rice
(Oryza sativa) and corn (Zea mays) [7-9]. SRBSDV is also
an insect virus that affects the white-backed planthopper
(WBPH) Sogatella furcifera Horvéth, the main insect vector
species that transmits SRBSDV in a persistent propagative
manner [5,7,9,10]. This disease possesses a long latent
period and is difficult to detect at its early stages. However,
symptoms readily develop it’s the later stages of infection
and include dwarfing of plants, stiff leaves, witches’
brooming of leaves, branching at upward rootlets in the
nodes, and the development of small waxy swellings on the
stems [11,12]. Thus, understanding the interaction between
SRBSDV and its hosts is crucial to develop a better under-
standing of the biology and management of this disease. Xu
et al. (2012) constructed two transcriptome groups (virulif-
erous and non-viruliferous WBPH) and further analyzed
potential interaction genes. The genes involved in primary
metabolism, ubiquitin-proteasome, cytoskeleton dynamics,
and immune responses were up-regulated in viruliferous
WBPH [13]. However, the molecular mechanism through
which SRBSDV successfully infects and replicates in both
plant and insect hosts remains unclear. Thus, whole-gene
expression analysis of SRBSDV in the various hosts, includ-
ing rice, corn, and WBPH is vital for gaining insights into
the infection and replication process.

SRBSDV, a double-band RNA virus, is most closely
related to but distinct from rice black-streaked dwarf
virus (RBSDV), which is also a Fijivirus member [11,14].
Comparison of the different genomic segments of
SRBSDV with their counterparts in RBSDV suggests
that SRBSDV encodes thirteen open reading frames
(ORFs) and possesses at least six putative structural
proteins (P1, P2, P3, P4, P8, and P10) and five putative
nonstructural proteins (P6, P7-1, P7-2, P9-1, and P9-2)
[11]. However, the functions of these thirteen genes
have rarely been studied. P7-1 induces the formation of
tubular structures in heterologous Lepidoptera Sf9 cells
and has been proposed to transport SRBSDV particles
[15]. Immunofluorescence staining of P9-1 in Sf9 cells
has shown that P9-1 is sufficient to induce the forma-
tion of viroplasm-like structures [16]. The P6 protein
has been identified as an RNA silencing suppressor
[17]. However, no reports are available to date for other
ORFs. The putative function of the translated proteins
can only be postulated based on their RBSDV homo-
logs. P1, P2, and P4 are putative RNA-dependent RNA
polymerase (RdRp), a core protein, and an outer-shell
B-spike protein, respectively [14,18]. P3, P8, and P10
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are an inner shell protein, a putative core, and a major
outer capsid protein, respectively [14,18,19].

At present, the primary methods for detecting SRBSDV
major are reverse transcription-polymerase chain reaction
(RT-PCR) [12,20-23] and dot enzyme-linked immunosorb-
ent assay [20,24,25]. However, both methods are only quali-
tative and not quantitative, and the sensitivity of these
assays is limited. SYBR Green I-based real-time quantitative
PCR is a reliable, accurate, and effective method that has
been extensively applied to detect mRNA levels. Real-time
PCR has been recently used in the detection of plant vi-
ruses, such as Epstein—Barr virus [26], Pseudorabies virus
[27], cauliflower mosaic virus (28], Tenuivirus [29], rice
tungro bacilliform virus, and rice tungro spherical virus
[30]. Recently, two papers have reported on the quantitative
PCR (qPCR) detection of SRBSDV based on a single gene.
Zhang et al. (2013) used the P4 gene as a detection gene to
conduct qPCR for the simultaneous detection and differen-
tiation of RBSDV and SRBSDV [31]. SRBSDV titer in rice
plants was determined using qPCR based on P10 [32].
However, simultaneous detection of the real-time mRNA
expression level of the whole genes in hosts has not been
conducted so far. In this study, a qPCR method was
adopted to simultaneously analyze the whole-gene expres-
sion levels of SRBSDV in distinct hosts (rice, corn, and
WBPH) and monitor changes in their expression in real-
time in rice. The results of this study are crucial for under-
standing the interaction between SRBSDV and its hosts.
And further to provide molecular information for investi-
gating the function of viral genes. Moreover, this study may
serve as a basis for future investigations on interactions be-
tween SRBSDV and its major plant hosts and insect vector.

Results

Analysis of the relative mRNA expression level of SRBSDV
genes in rice, corn, and WBPH

The goal of our study was to provide basic information
on interactions between SRBSDV and its distinct hosts.
A qPCR method was constructed to investigate the
relative mRNA expression level of SRBSDV genes in
infected rice, corn, and WBPH. The relative mRNA ex-
pression levels of all thirteen SRBSDV genes were quan-
tified according to the 2" algorithm (Figure 1 and
Table 1). The relative mRNA expression level of the
whole SRBSDV genome displayed similar patterns in rice,
corn and WBPH. For instance, P3, P7-1 and P9-2 showed
relatively high expression in all three hosts. In rice plants,
the expression levels of P7-1, P9-2, and P3 are 456.50-,
212.42- and 146.29- higher, respectively, than that of P10.
In corn plants, the expression levels of P9-2, P3 and P7-1
were 97.06-, 57.38- and 50.96-fold higher, respectively,
than that of P10. In WBPH, the expression levels of P3,
P9-2, and P7-1 were 1567.84-, 1142.97-, and 862.69-fold
higher, respectively, than that of P10. Furthermore, the
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Figure 1 Relative mRNA expression levels of SRBSDV in (A) rice (green bars), (B) corn (earth yellow bars) and (C) WBPH (blue bars).
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level of P6 expression was relative low in all three hosts.
In rice and corn plants, P6 expression was only approxi-
mately 31% and 0.07%, respectively, of the P10 expres-
sion level.

Temporal expression of SRBSDV genes in rice plants

To investigate the temporal expression of SRBSDV
genes in rice plants and further lay the foundation for
understanding the SRBSDV infection process, an qPCR
method was adopted to detect the relative mRNA ex-
pression levels in rice plants at 14, 20, 30, 40, and 50

days after infection (d.a.i.) (Figures 2 and 3; Table 2). All
gene expression levels were relative low on day 14 and
rapidly increased from day 14 to day 20 (except those
for P1). However, by day 30, all gene expression levels
decreased (except for P1), and all genes (except those of
P1) continued to increase on day 40, and then finally
remained relatively stable on day 50. The thirteen genes
of the SRBSDV genome showed four different expression
patterns in the periods of day 14 to day 50. In the first
pattern, certain genes (P2, P4, P5-1, P6, P7-1, P7-2, P8,
P9-1 and P10) showed rapidly increased in expression
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Table 1 Relative mRNA expression levels of SRBSDV
genes in distinct hosts

Gene name Zea mays Oryza sativa Sogatella furcifera
P1 1682+ 291 14.19+£2.09 7866 +42.51
P2 36.10£5.12 3957+ 1.16 26218+ 126.16
P3 57.38+2.56 146.29+8.76 1567.84 £ 461.50
P4 3741 +7.05 1242 +£226 2748 +9.74
P5-1 4408 +7.77 29.50 £ 040 44993 £159.57
P5-2 0.07 £ 0.001 22194535 148.89 +40.06

P6 097+0.19 031+0.001 6.70+336
P7-1 5096 +£5.79 21242 +39.16 862.69 +261.07
P7-2 792+0.28 3.84+1.08 1757 £057

P8 29.35+4.59 84.72+7.74 14336 +47.37
P9-1 87.81+10.34 5493 +3.82 23445+ 118.27
P9-2 97.06 £0.97 456.50 + 170.05 114297 £512.12
P10 1.00 1.00 1.00

levels with two rapid increases between 14 and 20 d.a.i
and between 30 and 40 d.a.i. In the second pattern, the
expression level of P1 sharply declined from 14 to 20
d.ai. On day 20, the expression level of P1 was only
approximately 30% of that on day 14. Additionally, from
day 30 to day 40, its expression level rapidly increased
by approximately 50-fold. In the third pattern, P9-2
displayed a relatively stable expression level in all
detected time points, showing a less than 2-fold vari-
ation between days 20 and 40. In the fourth pattern, for
genes P3 and P5-2, the expression levels rapidly in-
creased from day 14 to day 20, decreased to day 30, and
then finally recovered on day 40. In summary, P3, P7-1
and P9-1 displayed more consistent higher expression
levels at all time periods sampled, P9-2 showed the
highest expression levels, but did not have higher ex-
pression levels than the other genes at the remaining
sample time points. Conversely, P1 displayed lower
expression levels in the early stages of infection and
relatively higher expression levels at later sample points.

Western blotting verification

mRNA levels cannot be used as surrogates for corre-
sponding protein levels without verification. To confirm
the result of RT-qPCR, we carried out western blot as-
says using polyclonal antibodies against P10 and P9-1 on
the rice and corn samples (Figure 4). The P9-1 protein
was more abundant than P10 both in infected corn and
rice, which was consistent with our qPCR data.

Discussion

It has been previously reported that SRBSDV is a dsSRNA
virus whose genome lacks poly-A [7,11]. In this study,
Oligo-(dT)18 primers were used as anchor primers to
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simultaneously synthesize the single-stranded cDNA
templates of the whole thirteen genes of SRBSDV. We
have identified that in SRBSDV-infected Z. may, poly-A
is added to P10 and P7 mRNA (Additional file 1). We
propose that in the processing of primary RNA tran-
scripts to produce mature mRNA molecules, the viral
mRNA uses poly-A polymerase of the host to add
poly-A to increase the stability of the molecule and
avoid degradation by the ribozyme in host cells. Further
research should clarify whether poly-A generally exists
in all SRBSDV genes and investigate the molecular
mechanism by which this occurs.

In distinct hosts (rice, corn, and WBPH), the thirteen
SRBSDV genes displayed some similarities in expression
levels suggesting that SRBSDV uses the same strategy to
infect and replicate in these hosts. P3, P7-1 and P9-2
were the dominantly expressed genes in rice and WBPH.
These genes also displayed relatively high expression
levels in corn, suggesting that they have important roles
during infection of hosts by SRBSDV. The P7-1 protein
in SRBSDV is a virus movement protein that induces the
formation of tubular structures in insect cells [15]. The
observed high expression of P7-1 suggests that the
formation of tubular structures is important for SRBSDV
infection after the host cell is invaded. P3 and P9-2 are
thought to encode an inner shell protein and a non-
structure protein, respectively [11]. However, the mo-
lecular functions of these two genes have not yet been
characterized in detail. The observed high expressions of
P3 and P9-2 suggest that they have important roles in
SRBSDV infection. Further studies should verify the
significance of their functions. The P6 gene, a suppressor
of SRBSDV, was found to be expressed at a relatively
low level. The NS3 protein, a suppressor of the rice
stripe virus, displayed the highest expression levels in
the rice plant and insect vector [29]. The high expres-
sion level of P6 may indicate that it is sufficient for sup-
pression of immune responses in plant and insect hosts.
Notably, several interesting differences can be consid-
ered. Expression levels of most genes relative to P10
were higher in rice and WBPH than in corn. Thus, corn
may exhibit stronger immune response against SRBSDV
infection. Although P9-1 displayed high expression level
in corn, but it showed low expression level in rice and
WBPH. P9-1 has been characterized to be involved in
viroplasm formation and viral replication inside the
infected cell [16]. The high expression level of P9-1 may
indicate that SRBSDV hastens its replication against the
strong immune response of corn. Furthermore, most
genes showed higher abundance in WBPH than in rice
and corn. This finding may be attributed to more
intensive replication and assembly of SRBSDV in insect
hosts than in plant hosts. These high-expression genes
could be used as target genes because of their greater
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Figure 2 Temporal mRNA expression levels of 13 SRBSDV genes in O. sativa.

J

sensitivity than other genes (P10 is a common gene for
SRBSDV detection) in disease diagnostics and molecular
biology studies of SRBSDV. To verify this speculation, a
RT-PCR method was adopted for the detection of single
SRBSDV-infected WBPH using P9-2 and P10 primers.
SRBSDV-infected WBPH was successfully detected by
using the P9-2 primers. However, no detection was evi-
dent in two parallel tests when using the P10 primers
(Additional file 2).

A gPCR method was used to trace the expression
levels of the SRBSDV genes in SRBSDV-infected rice on

days 14, 20, 30, 40 and 50. On day 20, only P1 (putative
RdRp) displayed a down-regulation among the 13 genes.
On day 30, expression levels of the other 12 genes were
reduced to 5.10, 8.20, 15.15, 4.46, 3.25, 6.93, 3.80, 3.09,
4.92, 540, 6.71 and 75.16% of day 20, respectively.
Reduction rate of the 12 genes was approximately 90%,
except for P10, which had a reduction rate of approxi-
mately 24%, close to that of P1 on day 20. The increase
rate of P1 on day 30 was 46.75%, which was very close
to the average increase rate (56.02%) of the other 12
genes. Additionally, except those of P1, The expression
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Figure 3 Temporal mRNA expression levels of 13 SRBSDV genes in O. sativa. The red, blue, green, yellow, purple, and dark red bars indicate

of O. sativa at 14, 20, 30, 40, 50 d.a., respectively.

levels of the other 12 proteins decreased on 30 days. It
was proposed that the mechanism of changing of virus
amount at plant host was deemed to relate with plant
immunity [33]. In many plant virus, like as Alfalfa
mosaic virus (AMV), Cucumber mosaic virus (CMV),
Tomato spot wilt virus (TSWV), Tobacco mosaic virus
(TMV) and so on, the concentration of virus will reach
at high peak at 7-10 days after infecting plant host, then
virus concentration will be decreased at a lower levels

[34]. At present, many proteins, genes, materials and
signal pathways were found to possess the activity of
inhibition replication of virus under the stress of virus
infection, for instance, pathogenesis-related proteins,
N gene, phytoalexin and SA signal pathway [35]. More-
over, P5-1 and P5-2, P7-1 and P7-2, as well as P9-1 and
P9-2 are in the same segment of SRBSDV dsRNA. How-
ever, significant differences in expression levels were found
even between ORFs in the same segment. In addition,

Table 2 Temporal expression pattern of SRBSDV genes in rice

Gene name Day 14 Day 20 Day 30 Day 40 Day 50
P1 9.96 £0.90 0.28 £0.07 1337 £3.56 67835 +226.12 73052 £40.98
P2 2941 +6.02 731.21£122.02 3728+ 1.10 2380.62 + 793.54 1363.34+£174.79
P3 11328 +£32.10 1737.93 £ 360.04 14254 +29.14 2363.30+787.77 1553.93 + 316.65
P4 8.57 £046 43.05+3.19 6.52£1.11 205.49 £ 68.50 153.88+2.26
P5-1 2237 £ 544 1109.14 £ 234.76 4951 +£557 2681.72 £ 89391 3123.61+871.97
P5-2 1485+0.16 972143472 3.16+£0.92 11572 +3857 78.50 +26.34
P6 0.23+0.05 6.71+1.76 047 +0.06 7512 +25.04 59.23+948
P7-1 17371 £ 66.53 3033.53+32533 11540 £ 4.52 13955.59 + 4651.86 5081.56 + 1048.93
P7-2 2514015 2418 +5.14 0.75+0.07 5280+ 17.60 160.33 +33.94
P8 66.54 +20.60 59794 £132.96 2940 £ 245 1387.03 £462.34 1508.68 + 316.38
P9-1 42.72+1246 1200.19 £179.52 64.78 £ 539 323323+ 1077.74 433048 £1391.08
P9-2 403.25+207.70 574.79 £ 194.67 3859+0.38 993.75+331.25 831.74 £ 4599
P10 1 4.17+0.79 313£1.12 2344 +7.81 19.05+5.70
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expression level of P9-1 was higher than that of P9-2, ex-
cept on day 14. P9-2 was suggested to be more important
during the early stages of SRBSDV infection because of its
dominate expression. Future studies should investigate the
function of these genes and the factors leading to differ-
ence in their expression levels.

Conclusion

These results provide a basis for further studies on the in-
fection mechanism and interaction rules between SRBSDV
and its hosts. A SYBR Green I-based real-time qPCR
method was used to simultaneously analyze the expression
levels of 13 SRBSDV genes in distinct hosts (rice, corn,
and WBPH) and to monitor real-time changes in their ex-
pression levels in rice. P7-1, P9-2, and P3 were the most
dominantly expressed genes in the three hosts, suggesting
that they have significant roles in the SRBSDV infection
process and that they could be targets for SRBSDV diag-
nosis. Moreover, similar expression patterns of SRBSDV
were observed in distinct hosts, which suggested that the
same strategy was taken by SRBSDV to infect different
hosts. Real-time changes in SRBSDV gene expression
levels in rice were analyzed at different time points after
infection. Four different expression patterns were found in
13 genes and the time point corresponding to P1 down-
regulation was also identified.

Methods

Virus, plants, and insect vector resources
SRBSDV-infected rice plants collected from Shidian
County, Yunnan Province, PR China were confirmed by
RT-PCR [20]. WBPHs collected from Shidian County were
fed with SRBSDV-infected rice plants in an artificial cli-
matic chamber at 26 + 1°C with a light/dark condition
of 16/8.
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Transmission and detection methods of SRBSDV

Second-generation WBPH nymphs of third to fourth
WBPHs propagated on SRBSDV-infected rice plants
were collected and starved for 2 h. The insects were
then transferred to virus-free rice (Keyou 21) or corn
(Zhengdan 518) seedlings at two- to three-leaf stage in a
test tube. The insects were allowed to feed on the seed-
lings for 24 h. The plants inoculated with confirmed
viruliferous WBPH were subjected to RT-PCR detection
after 10 d. Total RNA of WBPH, rice, and corn was
extracted using RNAiso Plus (TaKaRa) following the
manufacturer’s protocol. RT-PCR was conducted using
One Step RT-PCR Kit Ver. 2 (TaKaRa) with primers
S10F/S10R and P9-2-F/P9-2-R. The cycling parameters
were as follows: 1 cycle at 50°C for 30 min; 1 cycle at
94°C for 2 min; and 40 cycles of 94°C for 15 s (denatur-
ation), 58°C for 30 s (annealing), and 72°C for 45 s
(extension). RNA (5 pL) was added in each RT-PCR
system. mRNA level of the 18 s rRNA gene was used as
positive control. The primers are listed in Additional file 3.

Quantitative real-time PCR

After 10 d of SRBSDV infection, the mRNA expression
levels of rice leaf, corn leaf (at least three replications
with six individuals each), and WBPH (three replications
with 20 individuals each) were analyzed in distinct hosts.
For analysis of SRBSDV multiplication in rice, additional
samples in the same group from infected rice were
collected on 20, 30, 40, and 50 d.a.i. Total RNA was
extracted using an RNAiso Plus Kit (TaKaRa, Dalian,
China) following the manufacturer’s instructions. The
RNA level was detected using ultraviolet spectropho-
tometry and agarose gel electrophoresis. Single-stranded
cDNA templates were synthesized using 2 pg of total
RNA from various samples with Oligo-(dT) 18 primer as
anchor primers (Additional file 1). Moloney murine
leukemia virus reverse transcriptase (TaKaRa, Dalian,
P. R. China) was used for cDNA synthesis. The reaction
was conducted at 42°C for 1 h and terminated by
heating at 70°C for 15 min. The qPCR reaction for each
sample was performed on an iCycle iQ (Bio-Rad, CA,
USA) using 20 ng of cDNA template and 10 pM gene-
specific primers designed using Beacon Designer 7.7
(PREMIER Biosoft International, CA, USA). The primers
used are listed in Additional file 3. The reactions were
run for 30 s at 95°C, followed by 40 cycles of 95°C for
5 s and 60°C for 30 s. The mRNA levels were measured
via qPCR using SYBR Premix Ex Taq™ (TaKaRa, Dalian,
P. R. China). Afterwards, fluorescence was measured via
melting curve analysis at 55°C to 95°C to detect a single
gene-specific peak and verify the absence of primer
dimer peaks. Under these conditions, a single and
discrete peak was detected for all primers tested. Non-
template reactions (replacing cDNA with free RNase
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H,0) were used as negative controls. A 10-fold dilution
series was used to construct a relative standard curve for
determining PCR efficiencies and further quantification
analysis. All primers exhibited 90% to 100% amplifica-
tion efficiencies in all experiments. Each reaction was
run in triplicate. The mRNA level was quantified in rela-
tion to expression of rice 18S rRNA (GenBank Acc. No.
AKO059783). Primer pair for the 13 SRBSDV genes was
designed to amplify a 70 bp to 250 bp product (rice and
corn 18S rRNA primer as described before [29]; WBPH
18S rRNA primer as described before [13]), which was
verified by nucleotide sequencing and agarose gel elec-
trophoresis (Additional file 4). The means and standard
errors of the histograms were obtained from averages of
three independent replicates. Relative copy numbers of
SRBSDV genes were calculated using the 274" method
[36], and the P10 gene was set as unity.

Western blot

Western blot assays were conducted using P9-1 and S10
polyclonal antibodies as described previously [20,24]. The
protein supernatant of rice and corn were collected and
separated by 12% SDS-PAGE electrophoresis using the
same protein amount. Separated proteins in the gels were
transferred electrophoretically onto a PVDF membrane at
90 mA for 1.5 h. The blotted membrane was cut off at
about 50 kDa and two membrane pieces were blocked
with 5% skim milk in TBST buffer. After washing the
membrane three times with TBST for 15 min, the mem-
branes were incubated with P9-1 and P10 polyclonal anti-
bodies at 5 ug mL ™. The bound antibodies were detected
by horseradish peroxidase reaction at 1:3000 dilutions.

Additional files

Additional file 1: A JPEG file named, “The 3’'RACE results of P7 and
P10 in Z. mays.” The SRBSDV sequences of “p7” and “p10” used for
these alignments have the following Genbank numbers: JQ034354 and
JQ034357, respectively. 7-1, 7-4, 7-5, 7-7, 10-4, 10-5, 10-6 and 10-7
were the sequencing results. Red shadows indicate the polyA region.

3" RACE was conducted using the BD SMART™ RACE cDNA Amplification
Kit (Clontech). The 3’ gene specific primers (GSP) for P7 and P10 were
P7-3GSP: 5-TTGGCAAGCGATGGAAAGAAGATGG-3" and P10-3GSP:
5-GCCAACAATTTATTGAAGGCGGATCG-3'.

Additional file 2: A JPEG file named, “Detection of SRBSDV using
P10 and P9-2 in S. furcifera.” To validate the sensitivity of P10 and P9-2
primers for detecting SRBSDV infection in S. furcifera, two SRBSDV-
infected S. furcifera plants were selected. PCR products were analyzed via
electrophoresis using 3% (w/v) agarose gel. Electrophoresis was
performed using an electrophoresis meter (DYCP-31BN, Liuyi instrument
factory, Beijing). The reaction mixture was placed in a 200 uL centrifuge
tube. The reactions were conducted at 94°C for 30 s, followed by

40 cycles of 94°C for 30 s, 63°C for 30 s, and 72°C for 1 min.

Additional file 3: A word file named, “Primers used for the
detection and expression level analysis of SRBSDV.”

Additional file 4: A JPEG file named, “Agarose gel electrophoresis
and RT-PCR analysis of SRBSDV genes in distinct hosts.” These
methods were used to detect the thirteen SRBSDV genes in three distinct
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hosts, namely, O. sativa, Z. mays and S. furcifera. Preliminary tests were
performed with each primer by RT-PCR. PCR products were analyzed via
electrophoresis using 3% (w/v) agarose gel. Electrophoresis was
performed using an electrophoresis meter (DYCP-31BN, Liuyi instrument
factory, Beijing). RT-PCR reactions were performed using C1000 (Bio-Rad,
CA, USA) and 10 uM gene-specific primers designed by Beacon Designer
7.7 (PREMIER Biosoft International, CA, USA). The reaction mixture was
placed in a 200 plL centrifuge tube. The reactions were conducted at
94°C for 30 s, followed by 40 cycles of 94°C for 30 s, 63°C for 30 s, and
72°C for 1 min. The 13 putative gene fragments were present in all three
SRBSDV hosts, as indicated by the presence of target bands.

Competing interest
The authors declare no conflicts of interest related to this manuscript.

Authors’ contributions

BAS, SY, and PH designed the study. BAS, PH, and JIL wrote the paper. ZCW,
JJL, PH, MH, ZC and RG collected the samples. PH and JJL performed the
gPCR tests. PH, JIL, and MH analyzed the data. BAS, SY, JC and PH thoroughly
revised the manuscript. All authors read and approved the final manuscript.

Acknowledgement

The research is supported by National Key Program for Basic Research of China
(2010CB 126105 and 2012CB722503); National Natural Science Foundation of
China (21132003); Special Fund for Agro-scientific Research in the Public
Interest of China (No. 201203022).

Author details

'State Key Laboratory Breeding Base of Green Pesticide and Agricultural
Bioengineering, Key Laboratory of Green Pesticide and Agricultural
Bioengineering, Ministry of Education, Guizhou University, Guiyang 550025,
People’s Republic of China. “National Agricultural Extension Service Centre,
Beijing 100026, People’s Republic of China. *Department of Plant Pathology,
University of Arkansas, Fayetteville, Arkansas 72701, USA.

Received: 8 February 2013 Accepted: 19 April 2013
Published: 1 May 2013

References

1. Ha VC Nguyen VH, Vu TM, Masaru M: Rice dwarf disease in north Vietnam
in 2009 is caused by southern rice black-streaked dwarf virus (SRBSDV).
Bull Inst Trop Agric Kyushu Univ 2009, 32:85-92.

2. Guo R, Zhou G-H, Zhang S-G: Character of rice Southern black-streaked
disease and its control strategy. China Plant Prot 2010, 30:17-20.

3. Chen Z Song B-A: The Technology of Prevention and Control on Southern
Rice Black-Streaked Dwarf Virus. Beijing, China: Chemical Industrial Press;
2011:1-3.

4. Hoang AT, Zhang HM, Yang J, Chen JP, Hébrard E, Zhou GH, Vinh VN,
Cheng JA: Identification, characterization, and distribution of southern
rice black-streaked dwarf virus in Vietnam. Plant Dis Rep 2011,
2011:1063-1069.

5. PulL-dL, Xie G-H, Ji C-Y, Ling B, Zhang M-X, Xu D-L, Zhou G-H: Transmission
characteristics of Southern rice black-streaked dwarf virus by rice
planthoppers. Crop Prot 2012, 41:71-76.

6. Zhang S-B, Luo H-G, Zhang Q-D, Zhang C-Q, Wu Z-J, Xie L-H: A dwarf
disease on rice in hubei province, china is caused by southern rice
black-streaked dwarf virus. Chin J Rice Sci 2011, 25:223-226.

7. Yin X, Xu F-F, Zheng F-Q, Li X-D, Liu B-S, Zhang C-Q: Molecular
characterization of segments S7 to S10 of a southern rice black-streaked
dwarf virus isolate from maize in northern China. Virol Sin 2011, 26:47-53.

8. Zhu J-Z, Zhou Q, Cui Y, Gao B-D: New natural host of Southern rice
black-streaked dwarf virus. J Hunan Agri Univ 2012, 38:58-60.

9. LiY-Z CaoY, Zhou Q, Guo H-M, Ou G-C: The efficiency of southern rice
black-streaked dwarf virus transmission by the vector sogatella furcifera
to different host plant species. J Integ Agri 2012, 11:621-627.

10. Cao 'Y, Pan F, Zhou Q, Li G-H, Liu S-Q, Huang Z-N, Li Y-Z: Transmission
characteristics of sogatella furcifera: a vector of the southern rice
black-streaked dwarf virus. Chin Appl Entomol 2011, 48:1314-1320.


http://www.biomedcentral.com/content/supplementary/1743-422X-10-136-S1.jpeg
http://www.biomedcentral.com/content/supplementary/1743-422X-10-136-S2.jpeg
http://www.biomedcentral.com/content/supplementary/1743-422X-10-136-S3.docx
http://www.biomedcentral.com/content/supplementary/1743-422X-10-136-S4.jpeg

He et al. Virology Journal 2013, 10:136
http://www.virologyj.com/content/10/1/136

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Zhou G-H, Wen J-J, Cai D-J, Li P, Xu D-L, Zhang S-G: Southern rice
black-streaked dwarf virus: a new proposed fijivirus species in the family
reoviridae. Chin Sci Bull 2008, 53:3677-3685.

Zhou G-H, Zhang S-G, Zou S-F, Xu Z-W, Zhou Z-Q: Occurrence and
damage analysis of a new rice dwarf disease caused by Southern rice
black-streaked dwarf virus. Plant Prot 2010, 36(2):144-146.

Xu'Y, Zhou W-X, Zhou Y-J, Wu J-X, Zhou X-P: Transcriptome and comparative
gene expression analysis of Sogatella furcifera (Horvath) in response to
southern rice black-streaked dwarf virus. PLoS One 2012, 7:236238.

Wang Q, Yang J, Zhou G-H, Zhang H-M, Chen J-P, Adams MJ: The complete
genome sequence of Two isolates of southern rice black-streaked dwarf
virus, a new member of the genus fijivirus. J Phytopa 2010, 158:733-737.
Liu'Y, Jia D-S, Chen H-Y, Chen Q, Xie L-H, Wu Z-J, Wei T-Y: The P7-1 protein of
southern rice black-streaked dwarf virus, a fijivirus, induces the formation
of tubular structures in insect cells. Arch Virol 2011, 156:1729-1736.

Jia DS, Chen H-Y, Zheng A-L, Chen Q, Liu Q-F, Xie L-H, Wu Z-J, Wei T-Y:
Development of an insect vector cell culture and RNA interference
system to investigate the functional role of fijivirus replication protein.

J Virol 2012, 86:5800-5807.

Lu Y-H, Zhang J-F, Xiong R-Y, Xu Q-F, Zhou Y-J: Identification of an RNA
silencing suppressor encoded by southern rice black-streaked dwarf virus
S6. Sci Agri Sin 2011, 44:2909.

Zhang H-M, Chen J-P, Adams MJ: Molecular characterisation of segments
1 to 6 of Rice black-streaked dwarf virus from China provides the
complete genome. Arch Virol 2001, 146:2331-2339.

Isogai M, Uyeda |, Lee BC: Detection and assignment of proteins encoded
by rice black streaked dwarf fijivirus S7, S8, S9 and S10. J Gen Virol 1998,
79:1487-1494.

Wang Z-C, Yu D-D, Li X-Y, Zeng M-J, Chen Z, Bi L, Liu J-J, Jin L-H, Hu D-Y,
Yang S, Song B-A: The development and application of a Dot-ELISA assay
for diagnosis of southern rice black-streaked dwarf disease in the field.
Viruses 2012, 4:167-183.

Yang Y-Q, Zhou G-H, Pu L-L, Lan B, Li X-M: Construction of one-step
detection method on two rice dwarf viruses. J Huazhong Agri Univ 2012,
31:337-340.

Zhou Q, Zhu J-Z, Liang J-G, Chen X-Y, Gao B-D: Rapid detection of
southern rice black-streaked dwarf virus. Genomics Appl Biol 2010,
29:1009-1012.

JiY-H, Gao R-Z, Zhang Y, Cheng Z-B, Zhou T, Fan Y-J, Zhou Y-J: A simplified
method for quick detection of rice black-streaked dwarf virus and
southern rice black-streaked dwarf virus. Chi J of Rice Sci 2011, 25:91-94.
Chen Z, Yin CJ, Liu J-J, Zeng M-J, Wang Z-C, Yu D-D, Bi L, Jin L-H, Yang S, Song
B-A: Methodology for antibody preparation and detection of southern rice
black-streaked dwarf virus. Arch Virol 2012, 157(12):2327-2333.

Chen Z, Liu J-J, Zeng M-J, Wang Z-C, Yu D-D, Yin C-J, Jin L-H, Yang S, Song B-A:
Dot immunobinding assay method with chlorophyll removal for the
detection of southern rice black-streaked dwarf virus. Molecules 2012,
17:6886-6900.

Pan Y-R, Fang C-Y, Chang Y-S, Chang H-Y: Analysis of Epstein-Barr virus
gene expression upon phorbol ester and hydroxyurea treatment by real-
time quantitative PCR. Arch Virol 2005, 150:755-770.

Tombacz D, Toth JS, Petrovszki P, Boldogkoi Z: Whole-genome analysis of
pseudorabies virus gene expression by real-time quantitative RT-PCR
assay. BMC Genomics 2009, 10:491.

Chaouachi M, Fortabat MN, Geldreich A, Yot P, Kerlan C, Kebdani N, Audeon C,
Romaniuk M, Bertheau Y: An accurate real-time PCR test for the detection
and quantification of cauliflower mosaic virus (CaMV): applicable in GMO
screening. Eur Food Res Technol 2008, 227:789-798.

Li S, Li X, Sun L, Zhou Y-J: Analysis of rice stripe virus whole-gene
expression in rice and in the small brown planthopper by real-time
quantitative PCR. Acta Virol 2012, 56:75-79.

Sharma S, Dasgupta |: Development of SYBR Green | based real-time PCR
assays for quantitative detection of Rice tungro bacilliform virus and Rice
tungro spherical virus. J Virol Methods 2012, 181:86-92.

Zhang P, Mar T-T, Liu W-W, Li L, Wang X-F: Simultaneous detection and
differentiation of Rice black streaked dwarf virus (RBSDV) and Southern
rice black streaked dwarf virus (SRBSDV) by duplex real time RT-PCR.
Virol J 2013, 10:24.

Matsukura K, Towata T, Sakai J-i, Onuki M, Okuda M, Matsumura M:
Dynamics of Southern rice black-streaked dwarf virus in rice and
implication for virus acquisition. Phytopathology 2013, 103:509-512.

33.

34,

35.

36.

Page 9 of 9

Loon LG, Dijkstra J: Virus-specific expression of systemic acquired resistance
in tobacco mosaic virus- and tobacco necrosis virus-infected ‘Samsun NN’
and ‘Samsun’ tobacco. Neth J Plant Path 1976, 82:231-237.

Xie L-H, Lin Q-Y: Plant virology. Beijing, China: China agriculture press;
2004:61.

Durrant WE, Dong X: Systemic acquired resistance. Annu Rev Phytopathol
2004, 42:185-200.

Livak KJ, Schmittgen TD: Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods
2001, 25:402-408.

doi:10.1186/1743-422X-10-136

Cite this article as: He et al: Quantitative detection of relative
expression levels of the whole genome of Southern rice black-streaked
dwarf virus and its replication in different hosts. Virology Journal 2013
10:136.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Results
	Analysis of the relative mRNA expression level of SRBSDV genes in rice, corn, and WBPH
	Temporal expression of SRBSDV genes in rice plants
	Western blotting verification

	Discussion
	Conclusion
	Methods
	Virus, plants, and insect vector resources
	Transmission and detection methods of SRBSDV
	Quantitative real-time PCR
	Western blot

	Additional files
	Competing interest
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


