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Polymyxa spp.
© Tricholome (2020)



Plasmodiophorids involved in plant diseases

Spongospora subterraneaPlasmodiophora brassicae

No symptoms

Polymyxa betaePolymyxa graminis

Not a virus vector

Gall maker

Virus vector

Gall maker

Virus vector

No symptoms

Virus vector

BNYVV, BSBV, BVQ, BSBMV PMTVBaMMV, BaYMV, CWMV, IPCV, JSBWMV, 
OGSV, OMV, PCV, RNMV, RSNV, SBCMV, 

SBWMV, SrCSV, WhSMV, WSSMV, WYMV 3 / 18



Polymyxa spp. life cycle
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Virus 
transmission

4 / 18



Sugar beet

P. betae 

BNYVV Rice

P. graminis f. sp. colombiana 

RSNV

Two pathosystems with Benyvirus

Rhizomania Rice stripe necrosis virus
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Host-Polymyxa-virus interactions

HOST

POLYMYXA SPP.

VIRUS

Reverse genetics
CP-RT (Tamada et al., 1996)
P31 (Rahim et al., 2007)

Microscopy
(Verchot-Lubicz et al., 2007; Abe 
and Tamada, 1986; Rysanek et al., 
1992; Dubois et al., 1994)

Reverse genetics
Omics analyses

Transcriptomics (Schmidlin et al., 2008; Peltier et al., 2011; Fan et al., 2015; 
Liu et al., 2017; Fernando Gil et al., 2020)

Proteomics (Larson et al., 2008; Webb et al., 2014, 2015)
Metabolomics (Webb et al., 2020)

Representational difference analysis
Microarray
McGrann et al. (2007, 2009), Desoignies (2012)

?
(1) How does Polymyxa manage 

to bypass host defenses ?

(3) Specificity of Polymyxa-virus 

interactions ?

(2) Does the virus impact 

Polymyxa-host interactions ?
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Plasmodiophorids genomes

© Sibbald and Archibald (2017)

Plasmodiophorids
Ø Hillenburgia nasturtii
Ø Ligniera junci
Ø Plasmodiophora brassicae
Ø Polymyxa betae 
Ø Polymyxa graminis
Ø Pseudoligniera verrucosa
Ø Sorosphaerula viticola
Ø Sorosphaerula veronicae
Ø Spongospora subterranea
Ø Tetramyxa parasitica
Ø Woronina pythii

Lack of genomic data for Plasmodiophorids
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Alain Decroës

First Polymyxa betae genomes

Genome size: 

Protein coding genes:

GC content:

25.4 – 26.5 Mb 

10222 – 10224

45%
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Plasmodiophorida

RhizariaAlveolataStramenopile

Phytophtora
infestans

Plasmodium 
falciparum.

Bigelowiella 
natans

Polymyxa 
betae RESF41

Plasmodiophora 
brassicae

Spongospora
subterranea

Polymyxa 
betae A26-41

Genomes comparison

24.0 – 25.1 Mb 

9231 – 12590
58,5 – 59,4%

28.1 Mb 

9742
45,7%

25.4 – 26.5 Mb 

10222 – 10224
45%

Genome size: 

Protein coding genes:
GC content:
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Ciaghi et al., 2018Schwelm et al., 2015
Stjelja et al., 2020

Decroës et al. 2022
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A B

C

P. betae
A26-41

P. betae
RES F41

P. brassicae
e3

S. subterranea
SSUBK13

94149457
6481 6303

Size of each list

Cluster count Protein count

Pbet_RESF41Pbet_A2641
Pbra_e3 Ssub_SSUBK13
P. betae A26-41
P. brassicae e3

P. betae 
A26-41

P. betae 
RESF41

P. brassicae 
e3

S. subterranea 
SSUBK13

Genomes comparison

P. betae RESF41
S. subterranea SSUBK13
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P. betae 
A26-41

P. betae 
RES F41

P. brassicae 
e3

S. subterranea 
SSUBK13

Proteome 10799 10808 12163 10700
Step 1 3423 3420 4332 3098
Step 2 3413 3409 4319 3092

Secreted Membr. Secreted Membr. Secreted Membr. Secreted Membr.

Step 3 991 2422 1010 2399 1283 3036 796 2296
Step 4 655 1525 670 1514 834 1942 526 1489

Polymyxa betae

Secreted proteins
Membrane proteins

Effectors?

Specific 
interactions 
with viruses?

Secreted and membrane proteins
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Alain Decroës

Tripartite sugar beet – P. betae – BNYVV interactions 

12 / 18



BNYVV accelerate P. betae life cycle
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Treatment

Undifferentiated 
plasmodia

Zoosporangia

Sporosori

Microscopical observations

P. betae P. betae + BNYVV P. betae + BNYVVP. betae
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PB

PB

PB

PB

PB
PB

PB

P. betae manipulates host defenses
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Polymyxa betae

Down-regulation of 
plant defenses
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P. betae manipulates host defenses

Effector triggered 
susceptibility ? 



PB PBBN

PB PBBN

PB PBBN

PB PBBN

PB PBBN
PB PBBN

PB PBBN

BNYVV induces stronger plant defense response

Enhanced wall 
remodeling
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Conclusion
Genomic Transcriptomic

ü P. betae circumvent plant defensesü First P. betae genomes

ü Identification of effectors and membrane proteins

ü BNYVV accelerates P. betae life cycle

ü P. betae and BNYYV have a win-win relationship

ü Polymyxa graminis genome ? ü Role of Polymyxa effectors in compatible interactions ?  

ü Specificity of virus transmission ?  

Perspective

ü P. betae closer to S. subterranea than P. brassicae
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