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Overview of Terminology Aspects

Genome (DNA or RNA) Virion Designation
Monopartite

Segmented

Monopartite

Segmented

Multipartite

One/many kinds (=> increased virion stability; Ojosnegros et al. 2011)

or

or

Mu
ltip

ar
tite

e.g. Adenovirus e.g. Tobacco mosaic virus

e.g. Influenza A virus (8 segments)

e.g. Nanoviridae (6 to 8) e.g. Beet necrotic yellow vein virus (4 to 5)
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One full  genome / One infection

or

or

or

Monopartite
Segmented

Multipartite

~ MOI
[virus]	

Lo
ci 

of
 in

fe
ct

io
n 

monopar.te	or	segmented	viruses	

mul.par.te	viruses	



CNRS I IBMP I Unistra

Benefits vs Costs

Viral genome = fixed number of each gene  

Replication cycle : « cell autonomous » and spread to neighbour cells 

Adaptation to environment through sequence mutation(s)

Replication time

Replication time÷4

10 kb

∑10 kb

* *
* *

** ** ** *mutation rate ~10-4*
* *

*

*

*

* *

*

*

*
* *

*

*

x4

Genetic exchange 
requires 
recombination

Genetic exchange 
favoured by segment 
reassortment
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Costs for multipartite viruses : what is the minimum ?

Probability of infection decreases with the number of genomic segments 
and further decreases with unequal frequencies

equal frequencies 
max ~ 4

unequal frequencies  
max ~ 1

co
re

 ge
no

me

Replication time

mutation escape*
Favoured exchange

Virion stability

Advantages are not dependant on frequencies

The different genomic 
segments should 

« accumulate » to equal 
frequencies for a minimal cost 



CNRS I IBMP I Unistra

Gene-accordions // (gene) segment frequency variation:  
convergent regulatory/adaptative  ?

Vicia faba Medicago trunculata

2016 - PLoS Pathos 12(11): e1005819

Nanovirus  
Faba bean necrotic stunt virus 

(8 ssDNA)

Cell (2012) 150:831-41

Segments accumulation is not 
equal and depend on host
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Beet necrotic yellow vein virus (BNYVV)

Beet necrotic yellow vein virusBenyviridae Benyvirus

Most segmented genome among (+) strand RNA viruses 
Multipartite virus 
Each capped and poly-A viral genomic RNA individually 
packaged into distinct rod-shaped particles 

The VIRUS

The VECTOR The HOST

Polymyxa beta 
(Protozoa) Beta vulgaris sp.
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A ‘textbook’ view for a plant multipartite RNA lifecycle 
(e.g. BNYVV)
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a Déjà vu impression 

BNYVV segment relative frequencies in infected plant tissues

inoculated 
leaf

Harvested roots

Harvested 
leaf

inoculated leaf*

Encapsidated

Total +
AAAAm7Gppp

AAAAm7Gppp

AAAAm7Gppp

AAAAm7Gppp

(d
d)

RT
-P

CR

Segment frequencies differ 
mean ~ XRNA1/YRNA2/ZRNA3/ARNA4 

= genome formula

Segment fre
quencies depend on 

Host 

Tissue

Dall’Ara (in prep)
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What is moving in plant vascular tissues, how and 
what consequences ?

core genome preserved Preservation of (core) genome integrity requires 
high MOI for each cell (without receptor saturation)

 genome fo
rm

ula 

Dall’
Ara (

in p
rep

)
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Segments are mainly present altogether in single cells

dilution/fixation 
Sampling  
(± 1 cell / multiplex 
RT-PCR BNYVV - Rubisco)

Mix of Infected / Healthy  
isolated cells

Inf
ec

ted
 pr

oto
 

No
t in

fec
ted

 pr
oto

 

No
 pr

oto
 

1 2

4 3

50 %

50 %

42 %

31 %

0 % 0 %

0 %20 %

∑rubisco+ & no signal /∑ rubisco+55 % with no viral signal

A coordinated movement of a 
collective infective unit insure 

genome integrity

43,5 %

?

Dall’Ara (in prep)
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BNYVV long distance movement:  
A Coordination that requires selection

Virion selection will require molecular Callipers to compile at least one of each size

Genomic RNA selection will require specific RNA interactions to create an RNA network

BNYVV CP is required for long distance movement 
BUT encapsidation is not mandatory

Long stretches of perfect base pairing can trigger RNA silencing

Finding the needle in a haystack
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How to find needles in a haystack without a magnet ?

An MTR HEL POL RNA1                

An 
CP RT RNA2                

*	

An 
An 

An 

TGB-p1 

TGB-p2 

TGB-p3 

p14 

Local infection 

C. quinoa 

Systemic infection 

S. oleracea 

RNA1 and RNA2 are sufficient 
for a productive infection 
locally in C. quinoa and 
systemically in S. oleracea 

We suspect a minimal 
interaction network with RNA1 
and RNA2

Subgenomic RNAs possess the same 3’ sequence : 
possible interference with the network

The interaction(s) domain(s) should be present within the 5’ region of RNA2
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How to find needles in a haystack without a magnet ?

An MTR HEL POL RNA1                

An 
CP RT RNA2                

*	

An 
An 

An 

TGB-p1 

TGB-p2 

TGB-p3 

p14 

Local infection 

C. quinoa 

Systemic infection 

S. oleracea 
We suspect a minimal 
interaction network with RNA1 
and RNA2

RNA-2a  
2715 

1 

2a monomer 

1d + 2a heterodimer 

1a
 2a
  

1b
  

1c
  1d
  1a
+ 2

a  

1b
 + 

2a
  

1c
 + 

2a
  

1d
 + 

2a
  

1e
  1e

 + 
2a

  

@ RNA2 probe

EMSA
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@ RNA2 probe

1 
RNA-2b 

73 

92 
68 

44 

116 

49 25 

97 

ODN A1 
ODN A2 

ODN A3 
ODN A4 

ODN A5 

1113 

20 
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1d+2b heterodimer 

1d
  

2b
  

1d
 +2

b 
1d

 + 
2b

 + 
A1

,2,
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,5 
1d

 + 
2b

 + 
A1

 

1d
 + 

2b
 + 

A3
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 + 

2b
 + 

A4
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 + 

2b
 + 

A5
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 + 

2b
 + 

A2
 

1d
 

1d
 +2
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2b
 

1d
 + 

2b
 + 

A1
  

1d
 + 

2b
 + 

G1
  

1d
 + 

2b
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H1
  

1d
 + 

2b
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H1
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ut
  

1d
 + 

2b
 + 

A1
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ut
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1d+2b heterodimer 

@
 R

NA
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How to find needles in a haystack without a magnet ?

Dall’Ara (in prep)
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Use of phylogeny

 D84410 BNYVV

 AF280539 BSBMV

 AB818898 BdMV

 KU140662 MILV

 EU099844 RSNV

 KX883789 HBBLV1

 M15240 RUBV

 AF051830 HVE

 KF537660 MPTLV

 V01408 TMV

 AF166084 TRV

 AB976029 GORSV

 M16576 BSMV

 X78602 PCV

 L07937 SBWMV

 AJ238607 PMTV
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BNYVV/BSBMV distribution in USA 

N 

RNA-2 
4612 / 4646 nts 

RTD 

TGB-p1 

TGB-p2 

TGB-p3 

CRP CP  

Triple Gene Block RT 
An 

RNA-1  
6746 / 6707 nts 

Pol An 

RNA-3 
1773 nts 

   

ncRNA3 
p4.6 

An 

An 

RNA-4 
1467 nts 

RNA-5 
1350 nts 

RNA-3 
1720 nts    p11 

An 

coremin 

RNA-4 
1733 nts p13 

coremin 
An An 

coremin 
An 

BNYVV BSBMV 

BNYVV / BSBMV 

ncRNA5 An 

Mtr      Hel  Pro 

Core region 
coremin 

No such genetic exchanges  
found in nature so far 

BNYVV BSBMV
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RNA-1 BNYVV 
RNA-2 BNYVV 

RNA-1 BSBMV 
RNA-2 BSBMV 

BS helper strain 

RNA-1 BNYVV 
RNA-2 BSBMV 

RNA-2 BNYVV 
RNA-1 BSBMV 

BS1 +BN2 

BS12 BN12 BN1 + BS2 BS1 + BN2 

BS12 BN12 BN1 + BS2 BS1 + BN2 

BNYVV BSBMV

Reassortants are viable and functional

Ressortants are viable
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1BN 2BN 2BS 

√ √ X 

1BS 2BN 2BS 

√ X √ 

Genomic RNAs are selectively chosen for 
long distance movement

Towards a functional validation

BN1 BN2
X

BN1mut BN2
X

BN1mut BS2

BN1 BS2

100 % 1 %

BS12 BN12 BN1 + BS2 BS1 + BN2 

BNYVV BSBMV

Kissing interactions affect BNYVV biologyBN1 BN2mut 

RIP (in protoplasts)

Dall’Ara (in prep)
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Long distance
movement

Long distance
movement

Cell-to-cell
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Drawings are not to scale  - ©Gilmer, 2018
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‘Revisited’ view for a plant multipartite RNA lifecycle 
(e.g. BNYVV)

Steps 
0: Unpacking 
1: Translation 

2-3: Replication/Transcription 
5: Cell-to-cell movement 

6: Packaging

revisited steps 

4: genomic RNA-RNA interactions regulating 
viral expression (on/off) and RNP network 
formation for cell-to-cell and long distance 
movement (5) 

5a RNP complex is autonomous 
5b RNP complex could be driven by moving 
cellular mRNAs (e.g. Knotted-1)
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