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16 Abstract: Brassica yellows virus (BrYV) is a tentative species of the genus Polerovirus, which occurs
17 widely and mostly damage Brassicaceae plants in East Asia. Since BrYV could not be transmitted
18 mechanically, an insect transmission method is required for further virus research. Here, a reliable
19 and unrestricted method was described, in which non-viruliferous aphids (Myzus persicae) acquired
20 BrYV from transgenic Arabidopsis thaliana plants with virus full length genome germinated from
21 seeds and frozen infected leaves were used to transmit the virus to healthy plants, and there was no
22 significant difference in acquisition rate though transmission rate from frozen infected leaves was
23 somehow lower compared to fresh infected leaves. This novel simple method could be applied to
24 preservation of virus inocula, evaluation of variety resistance to BrYV, biological research on
25 interaction among BrYV, aphid and host, which also provide a new idea on establishing a basic
26 method using virus genomic transgenic plants or frozen infected leaves for other poleroviruses
27 research.

28 Keywords: Brassica yellows virus (BrYV); Myzus persicae; transgenic plants with BrYV full length
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30

31 1. Introduction

32 Viruses in the Polerovirus (family Luteoviridae) cause plant diseases that are notoriously difficult
33  to manage [1]. Poleroviruses are positive single-stranded RNA (+ssRNA) viruses. The virions are
34 spherical, about 25-35 nm in diameter, and non-enveloped. The virions are composed of coat protein
35  and genomic RNA (gRNA) [2]. Polerovirus are widely distributed worldwide and can infect a variety
36 of plants such as Cruciferae, Polygonaceae, Cucurbitaceae, Gramineae plants causing serious diseases and
37 economic losses [3-5]. Polerovirus are phloem restricted and cannot be transmissible mechanically in
38  natural condition. Naturally, it can only be transmitted by aphids in a circulative, non-propagative
39  manner meanwhile it can also be spread by agroinfiltration or grafting under artificial conditions
40 [6,7].

41 Brassica yellows virus (BrYV) is a tentative newly identified species in the genus of Polerovirus,
42  which is closely related to TuYV (Turnip yellows virus) [8,9]. BrYV are widely spread in China as well
43  as in South Korea and Japan [4,10,11]. BrYV has a wide range of hosts, which mainly infects the
44  Cabbage (Brassica oleracea var.capitata), Chinese cabbage (B.pekinensis), Cauliflower (B.oleracea
45 wvar.botrytis), Mustard (B.juncea), Turnip (Raphanus sativus var.oleifera) and other Brassicaceae crops,
46  wusually causing leaf malformation and yellowing in the field [4,9-11]. BrYV has at least three
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genotypes (BrYV-A, B, and C) according to sequence analysis, the full-length infectious cDNA clones
of these three genotypes have been developed successfully [8,10-13]. Previously work have shown
that the full-length amplicon of the virus has been successfully transferred into Arabidopsis thaliana
and obtained 2 stable genetically transgenic lines named 111 and 412 which all exhibited severe
symptoms including dwarfing and the purple leaves [14]. BrYV PO protein interacted with the plant
SKP1 contributes to its stability thereby evading autophagy and proteasomal degradation [15]. In
addition, Brassica yellows virus PO protein could impair the antiviral activity of NbRAF2 in Nicotiana
benthamiana by altering its localization pattern to facilitate virus infection [16].

For poleroviruses are phloem limited and the infected plants often have less virus titre, the
infected plants could not maintain for a long time, therefore the storage and utilization of the virus
inocula source are very important [6]. Moreover, the infected plants collected from the field usually
are not infected by a single virus which greatly limits the simplicity and reliability of the research on
poleroviruses. Boissinot et al (2017) reported that extracting the virus-infected plants to obtain virus
virions and use the Agrobacterium tumefaciens containing the virus infectious clone to infect plants for
feeding non-viruliferous aphids for inoculation [17]. The full-length genomic RNA of PLRV (Potato
leafroll virus) were transferred into potato and tobacco and the transgenic plants virus titre was higher
than the infected wildtype plants. Moreover, the virus in the transgenic plants could spread to the
epidermal cells and was transmitted more efficiency through aphid feeding [18,19]. Shikata et al
(1977) reported that the RBSDV (Rice black-streaked dwarf virus) were investigated by injection into
SBPH (Small brown planthopper) artificially from RBSDV infected rice leaves could transmit the virus
to healthy plants [20]. Moreover, SBPH could directly acquire RBSDV from frozen infected rice leaves
and transmitted to a susceptible rice variety [21]. Zhang et al (2007) provide a simple, rapid and
reliable method as described by which virus-free SBPH acquired RSV (Rice stripe virus) from frozen
infected rice leaves and transmitted the virus to healthy rice plants [22]. These reports provided valid
methods to us to solve the problem of insect vector acquiring virus from frozen inocula and virus
infected plants to establish a basic research method in breeding and genetic research on plant disease
resistance. Up to now, there are no reference that aphids acquire BrYV from transgenic plants with
virus full length genome-germinated from seeds kept in storage and frozen infected leaves as a virus
inoculation material. As BrYV infectious cDNA clone could infected model plants like Arabidopsis
thaliana and Nicotiana benthamiana mediated by Agrobacterium infiltration [13,14]. For the reason of
Agrobacterium infiltration method cannot completely replace natural virus inoculation conditions.
Therefore, we develop a simple and reliable method for acquisition and inoculation of BrYV from
transgenic plants and frozen infected plants by aphids, which will provide a basic research method
for BrYV inocula preserve and transmission and make it better to unravel the interactions among
aphid, virus and host. In addition, this method also provided a new idea on establishing a similar
transmission system for other poleroviruses research.

2. Materials and Methods

2.1. Virus resource

Transgenic A. thaliana line 412 with full-length cDNA amplicon of BrYV-C that constitutively
expressed viral genomic RNA of BrYV [11,13], and the seeds used were the seventh generation. A.
thaliana line 412 seedlings at 3-4 weeks old grown in a greenhouse or a chamber could be used as
virus inocula. Alternatively, 4- to 5-week-old A. thaliana plants infiltrated with Agrobacterium
tumefaciens strain C58CI containing BrYV full-length cDNA clone were also used as virus inocula. All
the plants were grown at 24 °C/10-h light and 22 °C/8-h dark cycle.

d0i:10.20944/preprints202008.0232.v1
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92 2.2. Identification of aphid species

93 In October 2017, aphids were collected from west campus, China Agricultural University, and
94  maintained on a turnip variety Yamei No.l. For aphid species identification, we used PCR to
95  amplified the aphid cytochrome oxidase gene (COI) of the aphids. Firstly, A single aphid total DNA
96  was extracted by CTAB DNA extraction buffer. Added 300 uL of CTAB DNA extraction buffer to the
97  tube and mixed well by shaking. Placed the tube on a 65 °C heater for 30 min and mixed it well upside
98  down several times. Then added an equal volume of tris-phenolic mixture, centrifuged at 12,000 rpm
99  for 15 min and aspirated the supernatant for 300 uL. Added an equal volume of chloroform isoamyl
100  alcohol (24:1) then centrifuged at 12,000 rpm for 15 min, pipetted the supernatant for 200 ul and added
101  an equal volume of isopropanol at room temperature for 10 min. After centrifuging, added 600 uL
102 75% and 100% ethanol for washing respectively. Finally, dried the DNA in room temperature then
103 added 30 pL ddH:0 to dissolved. The mitochondrial wuniversal primer (LEP-F:
104  ATTCAACCAATCATAAAGATATTG; LEP-R: AAACTTCTGGATGTCCAAAAAATCA) were used
105  here to amplified the aphid cytochrome oxidase gene (COI) by PCR. Recovered target PCR products
106  from agarose gel electrophoresis of samples by the Gel Extraction Kit (OMEGA) and sent the samples
107 for sequencing, and then blasted the sequence in NCBI (https://www.ncbi.nlm.nih.gov/) for sequence
108  analyzing.

109  2.3. Generation of non-viruliferous aphid monoclonal population

110 Screening of the aphid colony for separating them to obtain virus-free and monoclonal aphids
111 as described [23,24]. Here, we selected one single aphid from the aphid group has been identified
112 species of Myzus persicae for oviposit and reared in healthy A. thaliana. Then transferred one nymph
113  to healthy A. thaliana and for about 5-10 generation, aphids were randomly selected and analyzed by
114 RT-PCR for confirming BrYV negatively. After that, one non-viruliferous aphid was reared in healthy
115  turnip seedlings (3-4 leaves) in the light incubator at 24 °C with a 16-h light/8-h dark cycle. For about
116 10 generation offspring, these non-viruliferous aphids were classified as a population named Mp433-
117 1. The selected aphid offspring from single aphid were further confirmed to be negative for BrYV by
118  RT-PCR. Total RNA was extracted from the aphid samples using TRIzol reagent according to the
119  manufacturer’s instructions (Invitrogen). Firstly, putted a single aphid into a 2.0 mL Eppendorf tube
120  and added the steel ball then fitted into the liquid nitrogen, grinded it and immediately centrifuge
121 the sample to 12,000 rpm in a pre-cooled centrifuge. After 10 seconds short centrifugation, 300uL
122 TRIzol was added into the sample and placed horizontally on the experiment table for 5 min to
123 allowed the sample to be fully lysed. Then added 200 uL of chloroform and shaken it for 30 seconds,
124 stewing at room temperature (25°C) for 5 min, 12,000 rpm centrifuged at 4°C for 10 min. After that,
125  took the supernatant in a new RNase-free tube and added 300 pL of isopropanol at room temperature
126 for 10 min and then 12,000 rpm for centrifugation for 15 min at 4 °C. Discarded the supernatant and
127  added 1 mL of 75 % alcohol to lightly washed the RNA pellet centrifuging at 12,000 rpm for 5 min.
128  Finally, removed the supernatant and dyed at room temperature for 5-10 min, dissolved in 20uL of
129  DEPC pretreated water. The reverse transcription system is carried out according to the instructions
130  of M-MLV reverse transcriptase (Promega). The reverse transcription system was carried out
131  according to the instructions of M-MLV reverse transcriptase (Promega). PCR detection with specific
132 primers (BrY4964F: CATAAAGCCCTTGTCGGCGAG, BrY5635R:
133 GTAGAACACTCGTTGCCTATCC) for the transcriptional products to be detected.

134 2.4. Virus acquisition experiments

135 The non-viruliferous aphid group (Mp433-1) was confirmed by RT-PCR before feeding. The
136 BrYV transgenic A. thaliana grown to 3-4 weeks were used and detached leaves were placed in
137  plantlet bottle for aphids feeding. Frozen infected leaves (The frozen time settings were 180-days and
138  270-days, respectively) were thawed in Petri dishes containing wet filter paper that retained moisture
139  for at least 4 h and then transferred to a plantlet bottle at light incubator (Figure 1). Sixty non-
140  viruliferous aphids (2nd-3rd instar) were placed into plantlet bottle. Blank controls were fresh healthy
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141  plant leaves. After a 48-h acquisition feeding period, the surviving aphids were calculated and
142 transferred from the inocula leaves to healthy A. thaliana seedlings with a brush. Each experiment
143  was repeated at least 3 times.

144

145 Figure 1. A feeding plantlet bottle, containing Myzus persicae and fresh and frozen A. thaliana leaves;
146 The left plantlet bottle with fresh BrYV transgenic A. thaliana leaves; The right plantlet bottle with
147 frozen BrYV transgenic A. thaliana leaves.

148  2.5. Virus transmission experiments

149 For aphids after feeding on the line 412, frozen infected leaves and fresh infected A. thaliana
150  leaves were inoculated for virus transmission and detection. Aphid was caged individually when put
151  on the plants and after inoculation which were all removed out for virus detection. For the best
152 transmission efficiency of BrYV which healthy A. thaliana plants were inoculated by 1, 2, 4, 6 and 10
153  aphids (2nd-3rd instar) respectively. After inoculation, aphids were eliminated with insecticide. Each
154  seedling was inoculated individually for 2 days inoculation time. After symptom investigation, the
155  inoculated plants were detected for virus by RT-PCR and western blotting [Figures 2a,b and 3]. The
156  aphids fed on healthy leaves were used as negative controls, and each treatment was repeated 3 times.
157  The inoculated plants were grown in a greenhouse at 24 °C with a 16-h light/8-h dark cycle and were
158  observed for 1-2 weeks.
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160 Figure 2. Agarose gel analysis of RT-PCR products from BrYV in A. thaliana plants inoculated by
161 aphid. (a) Aphids acquire the virus from the frozen infected leaves for transmission; (b) Aphids
162 acquire the virus from transgenic A. thaliana line 412 leaves for transmission. M: Marker (DCL 2000,

163 Tsingke); line 1-16: aphids inoculated A. thaliana; line 17: positive control.
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164  2.6. Detection of BrYV in aphids and A. thaliana plants

165 After removal of the aphids, RT-PCR and western blotting were carried out for virus detection
166  in aphids and A. thaliana plants. For aphid detection which were feed on line 412, frozen infected
167  leaves, healthy and fresh infected A. thaliana plants, virus detection was described as 2.3. For virus
168  detection of A. thaliana, the total RNA was extracted from plants samples using the TRIzol reagent
169  according to the manufacturer’s protocol. First-strand cDNA was synthesized using 2ug of treated
170  RNA, oligo d(T) primer, or gene-specific primer and M-MLV Reverse Transcriptase as instructed by
171  the protocol. Primers were designed as described above. For western blotting assay, total proteins
172 were extracted from systemic leaves of aphids inoculated A. thaliana using 2 x sodium dodecyl sulfate
173  (SDS) sample buffer {100Mm Tris (pH 6.8), 4%(w/v) SDS, 20% (v/v) glycerol, and 0.2% (w/v)
174 bromophenol blue} with subsequent heating at 100°C for 10 min [14-16]. 12.5% SDS polyacrylamide
175  gel for protein separated by electrophoresis and then transferred to nitrocellulose membrane (GE
176  Healthcare, Buckinghamshire, UK). Western blots were performed with the specific anti-BrYV
177  movement protein (MP) antibody diluted at 1:1000, and then incubated with goat anti-rabbit IgG
178  (Sigma-Aldrich) diluted at 1:3000. Finally, the membrane was detected by using the NBT and BCIP
179  substrates (Sigma-Aldrich).

180 3. Results

181  3.1. Virus inocula were ready for transmission

182 There are two BrYV inocula were selected for aphids feeding and transmission. Firstly, the
183  seedlings of the seventh generation transgenic A. thaliana line 412 with BrYV full-length cDNA clone
184  grown to 3-4 weeks with all shown typical purple symptoms and were confirmed to carry BrYV by
185  western blotting and RT-PCR which were used as fresh BrYV inocula [14]. And the transgenic plants
186  were also kept at -20 °C as frozen BrYV inocula. Secondly, the BrYV full length infectious clone was
187  transferred to Agrobacterium C58CI and was inoculated A. thaliana. After 14 days of inoculation, RT-
188  PCRwasused to detect BrYV of inoculated leaves and systemic leaves which results were shown that
189  the infection incidence of A. thaliana in inoculated leaves by BrYV was 86.34%, and the incidence of
190  systemic leaves was only 46.75% (Table 1). Transgenic A. thaliana line 412 and agrobacterium-
191  mediated BrYV infectious clone successfully infected A. thaliana plants could be used for virus
192  inoculation materials for aphids feeding and transmission.

193 Table 1. Efficiency of Agro-mediated infiltration of BrYVA in inoculated leaf or system leaves.
Position Efficiency (%)
Inoculated leaves (n=>58) 86.34
Systemic leaves (n=>58) 46.75

194 3.2. The aphid species was confirmed and non-viruliferous aphid monoclonal population was obtained

195 The aphids containing BrYV were identified as green peach aphids (Myzus persicae) and non-
196  viruliferous aphid monoclonal population Mp433-1 was obtained. DNA was extracted from a single
197  aphid and the mitochondrial gene (COI) universal primers (LEP-F and LEP-R) were used for PCR
198  amplification. The sequencing results were identified by blasted on NCBI which was 99% identity
199  with Myzus persicae strain YL. Cabbage COI (accession number: KM577343) indicating that the aphid
200  specie was green peach aphids (Myzus persicae). Screening the aphid colony (Myzus persicae) was done
201  for separating them to obtain virus-free and monoclonal aphids. One single aphid from the aphid
202 (Muyzus persicae) group has been identified species for oviposit and subsequently reared in healthy
203  turnip plant. Then transferred one nymph to healthy A. thaliana and for about 5-10 generation, aphids
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204 were randomly selected and analyzed by RT-PCR for confirming BrYV negatively. For about 5-10
205  generation offsprings of these non-viruliferous aphids were classified as a monoclonal population
206  named Myzus persicae isolate Mp433-1. The selected aphid offsprings from single aphid were
207  confirmed to be negative by RT-PCR with BrYV specific primers (BrY4964F/ BrY5635R).

208  3.3. Acquisition and transmission of BrYV by the aphids were available

209 After feeding aphids with the frozen transgenic A. thaliana line 412 leaves (the preserved time
210 were 180 d and 270 d), fresh line 412 leaves and healthy A. thaliana leaves for 2 days (each treatment
211 with 60 aphids). The mean numbers of alive aphids were 35.33, 30.33, 55.33 and 51.33 and with the
212 survival rates of 58.59%, 50.56%, 92.22% and 85.56%, respectively (Table 2). Subsequently, sixteen
213  aphids from each treatment was selected randomly in each treatment to inoculate 3-4 weeks-old
214 healthy A. thaliana singly. After 2 days inoculation, the aphids were confirmed by RT-PCR for the
215  presence of BrYV. The mean rates of viruliferous aphids fed on line 412, 180d and 270d frozen infected
216 leaves were 93.75%, 87.5%, 77.08%, respectively (Table 2). There was no signifiant difference among
217  the above three treatments. The fresh healthy plants were used as negative control. These results
218  showed that both the fresh line 412 and frozen line 412 leaves could be used for feeding aphids for
219  BrYV acquisition, though the frozen leaves affected aphid survival rate compared to the fresh leaves
220  under the same experimental conditions.

221 Table 2. Percentages of viruliferous aphids and BrYV infected plants transmitted by the aphids that
222 had acquired virus by either feeding on frozen or fresh infected leaves, respectively.
No. of Proportion of Proportion of infected
Total no. of .. . - .
Treatment aphids surviving aphids  viruliferous aphids plants
P p<0.001 (n=48) (%) p=0.0183  (n=48) (%) p =0.0942
Frozen for 180 d 180 (60 each) 106 87.5a 16.6b
Frozen for 270 d 180 (60 each) 91 77.08a 10.4c
Fresh infected 180 (60 each) 166 93.75a 33.33
leaves
Fresh healthy 180 (60 each) 154 - ;
leaves
223 Control treatment, total insect number and survivor results are included, BrYV analyzed by RT-PCR.
224 Within a column data followed by the same lowercase letters are significantly different at p <0.05.
225 After 14 days inoculation, sixteen inoculated A. thaliana were tested by RT-PCR for BrYV

226  infection. The expected size of the product was amplified from infected plants but not the no-
227  symptom plants (Figure 2a,b). The transmission rates of infected plant by the aphids fed on 412, 180d
228 and 270 d frozen infected leaves were 33.33%, 16.67%, 10.42%, respectively (Table 2). These results
229  indicated that the aphids acquiring the virus from the BrYV genome transgenic plants and frozen
230  infected leaves could transmit the virus to healthy plants, in which the symptoms inoculated by the
231  aphids acquiring BrYV were identical to those of the Agrobacterium-mediated BrYV infection or
232 BrYV genome transgenic plants.

233 3.4. The minimal aphid numbers and inoculation time were determined for the best transmission efficiency of
234 BrYV

235 In order to ensure the best transmission efficiency, the transmission efficiency test of inoculation
236  with different numbers of viruliferous aphids was carried out. The aphids were fed to fresh line 412
237  plants, each of the ten healthy A. thaliana plants were inoculated by 1, 2, 4, 6 and 10 aphids (2nd-3rd
238  instar) respectively. After 2 days inoculation, the aphids were eliminated with insecticide. After 14
239 days inoculation, the results of RT-PCR showed that the rates of infected A. thaliana by 1, 2, 4, 6, 10
240  aphids were 30%, 80%, 90%, 100% and 100%, respectively (Table 3). The repeated experiments were
241  carried out three times in each group. The results showed that only 6 viruliferous aphids transmitting
242  BrYV for 2 days, which could make the infection efficiency to 100%. Typical symptoms with purple
243  leaves in the vein on A. thaliana plants inoculated with 6 viruliferous aphids at 14 dpi (Figure 3). To
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244 determine the minimal inoculation time of aphid for virus transmission, six viruliferous aphids were
245  tested and inoculated the healthy A. thaliana plants for 6 h, 12 h, 24 h and 48 h respectively. After 14
246 days inoculation, the RT-PCR results showed that the rates of infected plants by 6 aphids for 6 h, 12
247 h, 24 h and 48 h were 12.5%, 50%, 62.5%, and 100% respectively (Table 4), indicating that 2 days
248  inoculation six viruliferous aphids could guaranty 100% infection of BrYV in A. thaliana plants.

249 Table 3. Virus transmitted efficiency by different numbers of aphids.

Total number of insects  No. of Infected plants (n=30)  Proportion of infected plants (%)

1 9 30
2 24 80
4 27 90
6 30 100
10 30 100

250

251 Figure 3. Typical symptoms with purple leaves in the vein on A. thaliana plants inoculated with 6
252 viruliferous aphids at 14 dpi. (a) The whole plant inoculated with 6 viruliferous aphids; (b) Typical
253 symptoms with purple leaves in the vein.

254 Table 4. Minimal inoculation time of 6 aphids for virus transmission.

Inoculation time (h)  Efficiency (%) (n=16)

6 12.5
12 50
24 62.5
48 100
255 4. Discussion
256 For plant virology research, virus preservation and utilization are very important part [25,26].

257  Plant virus in the Polerovirus (family Luteoviridae) cause emerging diseases with serious economic
258  consequences in many staples, vegetable, ornamental and fruit crops which the transmission by
259  aphids is classified as persistent, circulative, and non-propagative [1,5,6]. For virus acquisition and
260  transmission usually use the virus-infected plants. However, there were not very convenient for tests
261  due to virus inocula preservations and delivers. Therefore, it is important to explore a simple method
262  for the Polerovirus preservation and transmission. The significance of this technique in some ways
263  may easy for virus preserving and transmission by using the virus genomic transgenic model plants
264  and frozen infected leaves. The purpose of preservation is not only to maintain the infectivity of the
265  virus, but to prevent variations of virus from mutation and contamination.

266 In this research, a very simple, and feasible method was established by using the transgenic A.
267  thaliana with BrYV full-length genome and frozen infected leaves for aphid feeding and transmission.
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268  Previous research of Franco-Lara has shown that PLRV viral genomic RNA could transfer into
269  common tobacco and potato which the virus genomic RNA and protein could replication and
270  translation in the transgenic plants indicating that PLRV can be transmitted through seeds. Further,
271 aphids (Myzus persicae) fed on the transgenic tobacco plants readily transmitted PLRV to test plants,
272  and the inoculation efficiency of 5 aphids with 3 days was about 71% [19]. Boissinot extracted the
273  virus virions from the TuYV (Turnip yellows virus) infected plants to fed aphids through the
274 membrane which used 10 Myzus persicae (Sulzer) and four days for inoculation [17]. For the method
275  is technically demanding and poor operability which should possess virus purification equipment
276  and instruments. In this study, six aphids (Myzus persicae) were used for feeding in BrYV transgenic
277  A. thaliana and two days inoculation which the transmission rate was up to 100% (Table 3), indicating
278  that transgenic A. thaliana plants are more readily to aphids acquiring. More conveniently, BrYV
279  genomic transgenic plants could be germinated from the transgenic A. thaliana seeds at any time for
280  aphid-feeding. For virus-infected leaves frozen at -20 °C were selected from the BrYV transgenic A.
281  thaliana fresh leaves grown to 3-4 weeks or BrYV infected A. thaliana, which the preserved time were
282 180 d and 270 d. The survival rate of aphids from frozen diseased leaves was 58.89%, 50.56% that was
283  much lower than the aphids fed on the fresh infected leaves and fresh healthy leaves. Though the
284  materials treated under freezing conditions may affect the aphids surviving, there is no significant
285  difference of aphids acquiring virus from the frozen infected leaves (Table 2). The highest survival
286  rate of Myzus persicae in fresh infected leaves may be for that the condition of detached leaves infected
287 by virus could maintain the water loss rate. However, For the transmission rates of the aphids fed on
288  the frozen infected leaves are lower than the fresh infected leaves for about a half indicating that the
289  frozen samples are no picnic for aphids acquiring (Table 2). Zhou's previous work shown that there
290  was no significant difference between the SBPH fed on frozen or fresh infected rice leaves for virus
291  transmission and preserved the infected rice leaves under freezing conditions of -70 °C for 45 days
292  and 140 days, which could also be used for SBPH acquiring virus and transmission [22]. Shikata et al
293 (1977) also shown that SBPH could acquire virus from 232 days in frozen leaf tissues of RBSDV
294  infected rice leaves [20]. In this research, a single aphid could acquire the virus from fresh infected
295  leaves and frozen for 270-day infected leaves which was simple and feasible method for aphids
296  acquiring virus at any time and the infected plants could preserved under freezing conditions at -20
297  °Cfor at least 270 days. This work maybe be further improved by using aphids to be fed on the leaves
298  of infected by BrYV under -70 °C freezing conditions. Agrobacterium tumefaciens-mediated virus
299  inoculation on Arabidopsis thaliana could also be used as virus sources for aphids acquiring BrYV.
300  Since poleroviruses infected plants are very difficult for long-term preservation and utilization, this
301  method overcome the technical bottleneck of virus transmission and preservation which also can be
302  used in screening resistant varieties and genetic analysis of the variety resistance to BrYV. Taken
303  together, this developed method provided a simple and reliable approach by using the BrYV full-
304  length genome transgenic Arabidopsis and frozen infected leaves for aphid acquiring virus and
305  transmission. This novel method could be not only applied to preservation of virus inocula,
306 evaluation of variety resistance, and biological research on interactions among BrYV, aphid and host,
307  but may provide a new idea on establishing a basic method for other poleroviruses research.

308 5. Conclusions

309 BrYV can not be transmitted mechanically, in this research, we developed a simple and reliable
310  approach by using the BrYV full-length genome transgenic Arabidopsis thaliana and frozen infected
311  leaves for aphid acquiring virus and transmission. Therefore, this basic research resolves the virus
312  transmission through aphids under natural condition and provides long-term for virus preservation
313  and utilization. This method will also help speed up the research for unraveling interactions among
314  aphid, virus and host and evaluation of variety resistance to virus and aphid.
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