Abstract

Background: Plasmodiophorids and chytrids are zoosporic parasites of algae and land plant and
are distributed worldwide. There are 35 species belonging to theRiadenodiophoraleand
three speciefolymyxa betaeP. graminis andSpongospora subterrangare plant viral
vectors. Plasmodiophorid transmitted viruses are positive strand RNA virusesgptoniye
genera.Beet necrotic yellow vein vir/BNYVV) and its vectorpP. betae are the causal agents
for rhizomania.

Results Evidence of BNYVV replication and movement proteins associatingRvibietae
resting spores was initially obtained using immunofluorescence lataglathgvell characterized
antisera to each of the BNYVV proteins. Root cross sections were furtmeinexiausing
immunogold labeling and electron microscopy. BNYVV proteins translated fachhaf the
four genomic and subgenomic RNAs accumulate inBidgetaeresting spores and zoospores.
Statistical analysis was used to determine if immunolabelling detectgbrateins in specific
subcellular domains and at a level greater than in control samples.

Conclusion: Virus-like particles were detected in zoosporangia. Association of BNYVV
replication and movement proteins with sporangial and sporogenic stdgelsatdesuggest that
BNYVV resides inside its vector during more than one life cycle stage. Taéssuggest that
P. betaemight be a host as well as a vector for BNYVV
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Background
There is a group of soilborne plant viruses transmitted by vectors belonging taltére Or
PlasmodiophoralegPolymyxaspp andSpongosporapp) andChytridales(Olpidium spp.

These viruses are positive strand RNA viruses belonging to nine generaviilseg belonging


















Alternatively the flow of events is in the other direction: virus may be captured from the cell
exterior by pinocytotic vesicles. Virions may disassemble in the vesicles and viral RNA is
released in the cytoplasm for translation and replication (Figure 3G and 4A).

The subcellular accumulation patterns for BNYVV P25 and P31 were intriguing because
these proteins are suggested to play significant roles in virus transmission and accumulation in
roots [23, 27]. Here we show that both proteins accumulate to significant levels in P. betae. In
this study P25 and P31 are the only proteins that localize to the zoospore nucleus. Prior studies
in plant cells also show P25 traffics to the nucleus [13]. If P25 and P31 are actively transported
into the nucleus, this would suggest that they are actively interacting with cellular components
and that they may be functional within the P. betae zoospore. It has been suggested that nuclear
accumulation of P25 may play a role in symptom expression in plants [13]. It would be
intriguing to learn if P25 has similar abilities to cause disease symptoms in P. betae.

Further investigations are needed to determine if P. betae is a host for BNYVV. This
requires developing research tools to study the time course of viral RNA accumulation in P.
betae sporosori and zoosporangia. While there are examples of plant RNA viruses which
multiply inside their insect vectors, and plant viruses that can replicate in yeast, there are no
examples yet of plant viruses replicating inside plasmodiophorid vectors. BNYVYV requires the
RTD to mediate vector transmission to plants. This study revealed that there is an opportunity for
more than one BNY V'V protein to participate in vector acquisition and transmission. As we
develop more tools for studying the association of BNYVV viruses with its vector, we will learn
if transmission is actively enabled by specific viral proteins, or is the result of passive mixing of

two cytoplasms as suggested by Campbell [2].

Methods
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the cytoplasm, vesicles, and extracellular space. This could represent the path of virus
movement between the zoospore and zoosporangial sac detailed in the model in Fig 1c. Vesicles
are irregularly shaped. Some are horseshoe shaped, others are surrounding pockets of cytoplasm,
and some are reaching outside of the zoospore body. (C, D) shows zoospore and vesicles treated
with coat protein antiserum. Vesicles contain fibers of unknown origin. (E, F) Zoospores
treated with P14 and P31 antiserum, respectively. Both label the zoospore vacuoles/vesicles and
zoosporangial wall. (G, H) shows BNYVYV virions (arrowheads) in plant cells, along the plant
cell wall. Gold particle in both panels label coat protein or virions. Virions were not found
inside zoosporangium or sporosorus. (I) shows zoosporangial wall (zw) near plant cell wall
(cw) and plasmodesmata. ZW seems to block plasmodesmata. Gold particles label P31 proteins.
There are unknown projections through plasmodesmata. Edge of zoospore shows vesicles

extending into the zoosporangial milieu. Bars represent 1 pm.
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Table 2: Distribution of immunogold label in virus infected P. betae resting spores®

Antisera  No. Fields  Wall Pb1-4°  Pb5° Matrix® Storage Vacuole Central Between
(1pm?) Bodies Body Spores

Replicase 40 6.52+1.69 6.29+1.23  6.90+2.20 12.3843.32 ND 11.04+2.45  3.45+1.65
Coat 35 1.16+0.24 4.92+1.93 1.5340.74 1.55+0.49 2.46+0.74 1.5240.36 1.90+0.66
RTD 114 2.76+0.32 2.1240.61  0.9440.36 2.65+0.57 2.5140.40 2.1440.55 1.2140.28
P42 49 0.9140.15 0.8840.37 0.67+0.36 1.3240.33 1.23+0.48 1.08+0.36 0.67+0.25
P13 73 4.55+0.75 2.1240.61 2.31+0.51 1.9840.56 1.00+0.39 1.61+0.57 3.05+1.17
P15 34 3.48+0.55 1.2740.54 1.3340.50 3.55+0.68 0.14+0.14 3.67+0.91 0.40+0.31
P14 47 2.23+0.29 2.70+¢1.08 0.3840.16 0.4340.12 1.2540.52 0.80+0.39 1.07+0.22
P25 78 4.48+0.42 3.0740.90 2.29+0.49 2.62+0.53 0.67+0.33 2.58+0.55 1.27+40.39
P31 59 4.28+0.48 2.43+0.72  0.7040.22 0.68+0.20 1.67+0.66 1.42+0.34 3.714+0.96
Buffer 54 0.38+0.22 0.00+0.00  0.1940.10 0.40+0.18 0.27+0.23 0.10+0.07 0.08+0.08

* All data were analyzed using PC SAS Version 9 (SAS Institute, Cary, NC). Analysis of variance (ANOV A) models were

created to account for variability attributed to subcellular location and antisera for the total number of fields. Pairwise

comparison of each antiserum treatment with buffer, for each location was carried out using ANOVA methods. Means and

standard errors are reported. Values in bold identify means that differ significantly from the buffer control at p< 0.05.

b P betae resting spores have 5 wall layers (Pb1-5). Data for Pb5 was scored separately from Pb1-4. This is because Pb3 is

thicker and distinct from layers Pb1-4. It is also suggested to have a role in spore germination, making it functionally distinct

from the other wall layers. Because PbS might be functionally distinct from the other wall layers we decided to score Pb5

separately from Pb1-4.

¢ The matrix is the cytoplasmic layer between the wall and the central body of the resting spore. It stains light grey and often

forms conical projections extending beyond Pb5. Its function is unknown.
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